Ry L
e T /A
S =

i e I
L, h_";'V'.M&-.
'Q‘\‘; "\ifiiif | _
Parc Cientific
MRCELONA de Barcelona

Multicomponent Reactions with Heterocycles

Modular Access to Privileged Structures

RODOLFO LAVILLA GRIFOLS

VII Jornadas de la Sociedad Espainola de Quimica Terapéutica
Sitges, Octubre 2006



Organic Synthesis and Drug Discovery

“The most fundamental and lasting objective
of synthesis is not the production of new

compounds, but production of properties”
G. S. Hammond (1968)

Drug Discovery and Drug Development
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Some thoughts about O. S. in Med Chem

Submissions to FOA

U.5. pharmaceutical R&D spending, 19%3=100 80
230 /"' 70
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— 50 . . '
150 | - ' / submitied for drug approval
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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



Exploration of the Chemical Space
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-bond formation
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‘ H-bond formation ‘ E
Ry @ ¢ "=
Polarity ‘ QD [:] Polarity
O | o % S
Polarity ?g‘,\ @
« » ®
Target-Oriented O Di ‘tv-Oriented
nthesis v Parall iversity-Oriente
Y syathlels Synthesis

Rational Design
S.A.R.

Chemical Genetics



Chemlcol Space
“Estimated: 1062 - 108 drug | //ke molecufes (MW < 500)
108- 1010 scaffolds (6 10° heteroar‘omahcs) |

Explored 108 compounds 780 scaffolds (approx)
. . i I‘ L
. . | .
4 .\“The current fallure of gombmatorlal ||brar|es Universe
. _to generate robust preclinical candidates may : )
5o -reflect the restricted region of chemical space | - 10%® m Radius
) explored by products of combinatorial 2 ot 1078 Atoms.

--synthetlc methods” M. Feher, Slgnal Gene



Multicomponent Reactions

StepW|se Approach

Solvent ;; ‘
Activation Solvent ’£ Sol\}A

4‘

Work up I‘-’\vctl\ll(atlo I‘;\\;:tl\ll(atlon
ork up ork up

Multicomponent Approach

v. + I -

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

LRV

1 Solvent
1 Activation
1 Work up

e Atom Economy-BFE
- e Feasibility
e Selectivity
e Versatility




Multicomponent Reactions
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Multicomponent Reactions

Imino Diels-Alder

B H+ COZEt
EtOCO-CHO + =1+ @ 7

NH, N

\

Bigin

R4-CH(

- We Do Need

R4-CHC
" New MCRs "
Trang
Ar-Br + N + HN\-“ EORTTRTY m\/’\\/\N'“"
Rt Pph, Ry | MeO
Domino Anionic Ho 55 sTeps!
R Z

Z B : -

R-CHO + // + R'-NH, ase o T4 Ecteinascidin 743 (1, R = OH)

: T. Fukuyama y cols.
Sio, _>’N‘R' wm. Chem. Soc. 2002, 124, 6652j
z




Discovery of New Multicomponent Reactions

e Serendipity . ‘ :;

e Massive Screening
e Computer Search

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

Jerry Lewis
e RATIONAL SPECULATION The nutty professor, 1963

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

Francis Bacon, 1597

“Ciencia sin seso, locura doble”
Ordculo Manual de Arte y Prudencia
Baltasar Gracian, 1647




Multicomponent Reactions

based on N- and O- heterocycles

e

Dihydropyridines

Molecular
One-p - Scaffolds =) Diversity

RN 0 0o
| g — 1 J = ~
High Throughput

Synthesis

Enol Ethers



DHPs as Electron-Rich Components In

Lewis Acid-Promoted Cycloadditions

. R Acid
Povarov Reaction + CHO + | -
1 11}

L. S. Povarov

(i:Ho |!1 Lewis Acid
DHP Variant é * * JI/\J >

[ “Redox” Interference ] LA LA




Proposed Mechanism
Inés Carranco DHP
Dr. José Luis Diaz Imlne Attack
Formatlon

3

Rq R;
N LA
)T\J N + R,CHO —» > \4] Tor >

‘?

N H2 - R4 ’ 4 .
Ry |
R, Stereoselecitivity
Nt
~
> | N
R ¥ LA
R, .

Ring closure
Rearomatization



DHP range

0 CH, L. A.
N MS 4A
)T\J + + H.C,0,C-CHO
R; CH,CN
NH, rt.12h
Lewis Yield Stereo-
R, R, . -
Acid % selectivity
Me CO,Me InClI, 63 1:2
CO,Me H Sc(OTf); 83 1:2
Me COMe InCl, 56 2:1
Me CN Sc(OTf); 86 2:1
Bn CONH, Sc(OTf), 67 1:1

Org. Lett. 2003, 5,717



Aniline and Carbonyl Range

NO, CO,Et CONH,
: : i i : : : ; _OMe
NH, NH,
- X=F, Br R =Me, iPr
Too o _ Too
Deactivated Good Reactivity Profile Activated
COZ e
Q H
& CO,Et : i : : i :
CHO CHO HO
Complex

Good Reactivity Profile Reactions



Intramolecular Approach

( )
R3 N ““\Ar
_ - | H
N
N R 3
I I NH, +N ﬁb a \ 4 )
E—— | N
R R,-CHO
2 4LA R, NH \ 4 R )
R, b Aﬂ
N
NH
R;
\_ Ry J

Q]/\ "
N

N InClI

H | | + H5C,0,C-CHO + @ 3 CZHSOZC‘M COCH,
COCH, C"'3CN NH CN

CN CO,C;H;
(66%)



Why not Aliphatic Amines?

$1 R;-CHO . $1 /\ |
N R,-NH, N\ Nu N Nu
| ] ——— | H —> || H
N-R, N-R,
Sc(lll) R; R,
R3 R3

R;
Et0,C-CHO (2eq) Riy R
2 N_J_N._ ,CO,Et
R4-NH; (2eq) | Y
- 1 N, 45%
R, CH5CN, Sc(OT#); R; Y R,
N MS 4A, 4h rt H co,Et R, = alkyl
=
)T\J — R, = EWG
R EtO,C-CHO (1.2eq) R R, = alkyl
2 R,-NH, (2.2eq) N COEt
> 0
CH.CN, Sc(OTf), 40%
5 days 60°C R, CHO

Tetrahedron letters, 2003, 44, 8449



Tandem processes
4~ 56 Components

Formal [4+2]
NH, cycloaddition

'
Lewis acid

! 3CR

Tandem Tandem
Reaction i N Rs-X Reaction

Dr.José Luis Diaz
Dr. M. Carmen Bernabeu




In situ generation of the reactive DHP

N\ * N Lewis Acid
| —_— )T\J + NH —_—
2 CH,CN 2 CH,CN

Ry i *R,CHO

Molecular Diversity 2003, 6, 171



5-(6)-Component Sequential Processes

Reissert — Povarov

. + TMSCN CH; Molecular Diversity
| AN Sc(OTf), 2003,06, 171
NS + + H;C,0,C-CHO
7 Y +CICOR CH3CN
NS NH,
1\ J N\ J
Y Y
i ~ H
CH, CH; CH;
(I:OZR R02(I; R02C
NC N NCA N NCOANG
LJ N R \ ‘o, NH r \ l,{N~
|r: . r/ r, H §/
¢ v V...t CO,CoHs
.“c:o" C02C2H5 ~,‘::,' C02C2H5

Rs = Ac, Boc, Ts
6 Bonds Formed!

(6 Acceptable yields (40-60%) [Q Low stereocontrol]
Commercially available reagents




Solid Phase Approach

Supported Aldehyde ©
i J/\) Access to
(e ——) Amino acids
Sc(OTf)3
Merrifield co. CH3;CN- CHZCIZ
'.21 EtO'Na*
N / EtOH-THF 80-90%
I COZ Na
R, NH R;
Qo :
NuH N
“ssmsmsmsmsmEmEEEEEE > I
NH

New Diversity

R R .
° ’ CONu Point
Ri R
N N
I NH I NH
R, R,

COOMe COOEt CONHEt
J. Combinatorial Chemistry, 2005, 7, 33



4-CR with Enol Ethers

e )

RN
- Sc(ll) n(
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1 2 3 4
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NuH // R,
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William S. Johnson
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MCRs with Enol Ethers
on . [;(No2

+ CHOCO,Et

Sc(OTf); 0% OFEt
CH4CN, r.t. 3
NH, HN
81 %
Yield
&: Selectivity [Q Stereocontrol ] NO,
Intramolecular Trapping
@ NO, Sc(ll)
* + CHOCO-H CH.CN t> Stereochemical
NH 3N, I Correlation
2
H
ol o
O 83 %
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Amine range

r

/ Sc(OTH); O ~OEt \
Et0,C-CHO  + EtOH ———>

EJ + R_NH2 + ‘<

n

H
CH,CN N~Rr
n
CO,Et
Sc(OTf); 0 0
HO,C-CHO — 0
¢ CH4CN 4
n HN-R
O._+OEt Jre 0. .OEt 0._.OEt
H H
N\/\/
EtO,C EtO,C EtO,C
81 % 71 %

“‘OEt

N
EtO,C \©\0Me
55 % 82 %
o
EtOZC Et02C
93 %

H
ol o
o
0 =
H ?\1
> 99 %

L
83 % NOz
Angew. Chem. Int. Ed. 2005, 44, 6521

65 % O
Dr. Oscar Jiménez

Guillermo de la Rosa



Carbonyl range

NH, Sc(OTf); R

o)
NO, CH5CN NH

81 % 83 % NO,
O .OFt
O wOEt O wOFEt o
y H N NO
O Fe

42 % 88 %



Terminator Range

[ NH, Sc(OTHf)3 O_..+Nu \

o]
U + @ + EtO,C-CHO + NuH —_—> q/cozEt
CH;CN
Mok HN@NOZ

0. +OMe 0. +OFEt O .OH HCHO 37 % 0.0
H H H 3
N NO, N NO, N NO, — > N NO,
CH,CN
EtO,C EtO,C EtO,C Et0,C
81 % 81 % 35 % 67 %
O._+SEt o §o 0.0 0O

H H
N

H
Et0,C \© Et0,C \©/ Et0,C \©/ Et0,C \©/

83 % 83 % 10 % 15 %



“Biotic” Terminators

HN\©/N02

Detected




Enol Ether Range

| + + HO,C-CHO > Y g
CH,CN 2
220, HN\Q

o ‘\\\OEt O ‘\OEt
H
Q%/N NO, O\(

Et0,C N NH

2
71 % 81 % 77 % ©/ 59 % ©/

AcO

NO,

36 %, 14d 40°C 15 %,14d 40°C
55%,2d 12 Kbar 20 %,2d 12 Kbar



Glycals in MCRs

Microwave Conditions : 2 min, 100°C

OMe




“Tailored” Enol Ethers

Heck & isomerization

\@m

Enantioselective access to 2-arildihydrofuranes:
T. Hayashi et al. J. Am. Chem. Soc., 1991, 113, 1417

Cl

ﬁ

[4 + 2] Cycloaddition

Enantioselective access to HDA cycloadducts:
E. N. Jacobsen et al. Angew. Chem. Int. Ed. 2002, 41, 3059
K. A. Jorgensen, Angew. Chem. Int. Ed. 2000, 39, 3559



0y © —"v

Dr. Nicolas Isambert

Dr. Montse Cruz
Edgar Baguena ( \
OTf)3 0
X ey
MeCN O

Mechanism \ 54 % /




Enol Esters (ll)

Substrate variations

Acyclic Series Aromatic Aldehydes
: : CO,Me ZH C: O;Me
Y R
Sc(OTf), Sc(OTf), >~
CHsCN o CH4CN O

v-Lactams Solid Phase
OMe Cl

@ I O ﬁ ) :

1 N J o OJ N NoH
2 @)

Sc(OTf)3 i, Sc(OTf)3 CH3CN

CH4CN 5 ii, KOH (cleavage) o



Enol Esters (lll)

Substrate variations

Vinyl acetate @ I @
RAE.
Sc(OTf)3

CH5CN

Not Detected 3%

Mechanism Elimination

OX|dat|on
o o.__H ;‘I
H /N
\EENG ’ ,I[
Towards a modular syntheS|s of Qumollnes'?



Passerini and Ugi MCRs

Passerml O
R,-CHO + R,-COOH + -N=C
- ﬂ - /{ )\n’”‘
Nf a'addition
~C;
o0 _r Passerini
2 R
g \ﬂ’ 2 Reaction
_ (0 |
Y o)
gl
R,-CHO + R,-COOH + .N=C + R,-NH, - RZJLN.R4
4CR )\n’“
R, ~
o)
H\ ¢R4
a-addition N
ol Ugi
OG_-R
2 -
\Lr Reaction




MCRs with Isocyanides (l)

Passerini Ugi
chemistry chemistry

o. E F—~ R>-NC X

U==QE ﬂ I\;LR7 &R7

+
R5-N=C-E




MCRs with Isocyanides (ll)

DHPs Cyclic enol ethers
RSO,H O
RSO,H 3 R
CN— R5 ®\[”j CN—CRs 0 e
I H
o H
Yield Yield
R R; Rs (%) n R, Rs (%)
Me CN tert-Bu 97 1 H tert-Bu 71
Me CO,Me C/H,, 89 1 H CcH,, 65
Me CO,Me Bn 75 1 CH,OAc tert-Bu 56
Bn COMe tert-Bu 70 0 H tert-Bu 65
Bn COMe CH,, 85 0 H C¢H, 60
Bn CONH, CH,, 64
Carme Masdeu Tetrahedron letters, 2004 45 ,7007

Miriam Miguel



MCRs with Isocyanides (lll)

* Different Electrophiles

PhSeCl
O R;-N=C
|| ——
THF
|Y|e Br2 -
N R3-N=C
| | »
THF

y, ,///
Br

E* = X*, RSe?
(0,
—l H
""SePh 65 %
Me o)
H,O \
NC e 70%

* Post-Condensation Transformations

OSAR Comb. Sci.
2006, 25, 465

Me 0] Me o
Br 53 THF NC

e
0 N
dLH
12
i 1, L0
o N
_ H
15




MCRs with Isocyanides (IV)

* Interaction with Carbon Electrophiles

Z'e CH'ZN_C Me o C,H3,N30,l
JT\J = IN N-Cefii MW 370
+ n
MeO,C THF ) MeO,C 2O Not 6?
(0]
CeH.,-N=C NH )
[ 67 N CeH,7" detected 85%

Mechanistic
Proposal




MCRs with Isocyanides (V)

Dr. José Luis Diaz

Miriam Miguel N-Acyl Pyridinium Salts

. o . - DHP ,‘ r'o:{n
e T 2oln] o S J
. ; c - _ 5 Qe
r e YT Ny’ e
: O i N ) - 3 N‘n’:]
L w LS H,O Q o
| N“~0
i 0/ | H
R,-OCOCI

1 / y R2-N=C R -
Reissert-Ugi Reaction C@ N O |

CH,Cl,-H,0 A

O 6P NHR,
R,-0COCI T
. H,0
Mechanism

I1 - R2'N=C $1 7

O _N& —_— O. .N

RIS Al

O ci o |l
J. Org. Chem. 2004, 69, 3550 ®N



Substrate Range

Isocyanides and Chloroformates

Me ?i) Me KJEG Me (J\:G E\)@
NHcHex NH¢-Bu NH—\/ 0O NHBn

90% 72% 43% e R: é‘ﬁ”’ ot
. o
Hete rocycles g; ;\;:g;;yl, 15%
Me© HN N
NHcHex NH¢-Bu NHcHex O Me 0 OJ\O-Me
70% 72% 75% 90% 90%

Acylating Reagents Inert Heterocycles (to date)

}G @&G CEXD ) 2emcom

NHcHex NHt-Bu

35% 40% Journal of Organic Chemistry, 2004, 69, 3550



Extension to related processes

OMe N

Intramolecular Approach Q(F y N
N

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

N o+ )?\ + — @N/ —
N CI” “OMe /\ o _
NC“ SN O M @_)—<N
o
=G J

Tandem MCRs

CO,Et
R,-OCOCI
Z R,-N=C Ri 7 CHO-CO,Et
N e " ey
X CH,Cl,-H,0 5 Sc(OTf), R
0” “NHR, CH4CN O P NHR,
Solid Phase version
o)

N R-N=C O_l:l DDQ z
cocl + | .
= H,0
H- 07 NHR

Tandem MCRs




Multicomponent Reactions

Applications In
Medicinal Chemistry

- Synthesis of Bioactive Compounds
- Structure — Activity Relationships



AChE Dual Inhibitors

Dr. Elena Gomez
Dr. P. Camps; Dr. D. Muiioz-Torrero (UB)
Acetylcholinesterase

* Hydrolizes Acetylcholine

* Low levels of neurotransmitter
in Alzheimer patients

* Mediates aggregation of
B-amyloid protein

Peripheral Site
- Allosteric Centre
- B-Amyloid aggregation

N
=z

X

Catalytic Site NH,

Tacrine
IC50 23 O nM




AChE Dual Inhibitors

Inhibitor
Catalytic
Centre

Binder

Linker Peripheral
Centre

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

Inh. Catalytic Linker
Centre I I
IC5o ~ 10 nM Inactive as

1 stepl  AchEinh

(‘ B-amyloid ‘,

Aggregation?



B-Catenin Antagonists

p-Catenin:

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

Dra. M. Duiiach (UAB)
Dr. A. Riera (PCB-UB)
{ m@ Cyteplasm

hucs  dEen F‘ET]_

IC50 10 uM
- Selective

- Drug like
- Non toxic (mM)
- Trans isomer inactive

- 4 diversity points

1C50 15 uM \C .
PKF222-815 ™ A
4.1 um é
M. Lepourcelet y cols. E. Emamiy cols., ﬁ
PNAS 2004, 101, 12862 CO,C>Hs

Cancer Cell 2004, 5, 91



Dr.Elena Gomez
Carme Masdeu

Dr. E. Giralt (PCB-UB)
Dra. T. Tarrago6 (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.

Inhibitors of Human P.O.P

SAORA.

eVery Active (nM)
eShort Half-lives
eNo drug-like
eDon’t cross B.B.B.

CO,Et cl

CO,C,Hs

H

« Low Potency (uM)
« Drug-like
e Cross B.B.B.




Accesible Scaffolds (N)

Efficient Scaffold Molecular High throughput
protocols variability diversity synthesis




Accessible Scaffolds (O)

o)

@1 n W_Ra
@) i :
@ N

0 BE-~c
n / Re Re
0./ \®
(O o I,/
' o~_N_ A4
n &
Efficient Scaffold Molecular High throughput

protocols variability diversity synthesis
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Dra. M.C. Bernabeu; 1. Carranco; Dr. J. L. Diaz;
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C. Masdeu; M. Miguel; G. de la Rosa; Dra. N. A. Williams
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