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Stereochemistry is an Essential Dimension of our World Ic1Q°

Nature’s inherent chirality requires us to create
e chiral molecules in enantiomerically pure form
in order to interact with or modify our world
P

Mirror

Enantioselective Catalysis: rationally approaching
stereochemistry in an economical, energy-saving, and
environmentally benign way
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The work-horses of enantioselective organocatalysis

D. Seebach et al., Helvetica Chim. Acta 2008, 91, 1999-2034

Revolutionizing the way to Asymmetrically Functionalize Carbonyl Compounds

B. List, R. A. Lerner, C. F. Barbas lll, J. Am. Chem. Soc. 2000, 122, 2395-2396
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Activation Modes in Aminocatalysis
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K.A. Jgrgensen, Y.-C. Chen, et al.,

Trienamines in asymmetric organocatalysis: Diels-Alder and tandem reactions

JACS 2011, 133, 5053-35061

For a recent Highlight on Trienamines Activation:
E. Arceo, P. Melchiorre

“Extending the Aminocatalytic HOMO-Raising Activation Strategy: Where is the Limit?”

Angew. Chem. Int. Ed. 2012, 51, 5290-5292

Vinylogous Reactivity in Aminocatalysis

Aminocatalytic Activation Modes Trienamine Activation
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Fuson RC (1935) The Principle of Vinylogy Chem. Rev. 16: 1-27.

The transmission of electronic effects through a conjugated n-system

For a recent Highlight on Trienamines Activation:

E. Arceo, P. Melchiorre
“Extending the Aminocatalytic HOMO-Raising Activation Strategy: Where is the Limit?”

Angew. Chem. Int. Ed. 2012, 51, 5290-5292

Revisiting the Indole-2,3-Quinodimethane Strategy
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Magnus, P., et al

The indole-2,3-quinodimethane strategy for the synthesis of indole alkaloids.

Acc. Chem. Res. 17, 35-41 (1984).
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Meaningful Reference:
K.A. Jgrgensen, Y.-C. Chen, et al., Trienamines in asymmetric organocatalysis: Diels-Alder and tandem reactions

JACS 2011, 133, 5053-35061
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N
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72h,15:1d.or. Br 24h, >20:1d.r. 40h, 10:1 d.r. 72h, 1:1d.r. 97% vyield 92% yield 85% yield 94% yield
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exo0 98% e.e. >99% e.e. >99% e.e. 98% e.e. 98% e.e.
with Y. Liu, M. Nappi, E. Arceo & S. Vera with Y. Liu, M. Nappi, E. Arceo & S. Vera
J. Am. Chem. Soc. 2011, 133, 15212-15218 J. Am. Chem. Soc. 2011, 133, 15212-15218
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with Y. Liu, M. Nappi, E. Arceo & S. Vera
J. Am. Chem. Soc. 2011, 133, 15212-15218
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Developing General & Efficient Catalysts

Activation of Challenging Compound Classes
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Functionalization of Hindered Carbonyls

Expanding the potential of Aminocatalysis beyond Aldehyde Functionalization

Cinchona-based Primary Amines cl1Q®
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Natural Cinchona Alkaloids Primary Amine

The first applications: Review:
Y.-C. Chen et al., ACIE 2007, 119, 393-396
P. Melchiorre, et al OL 2007, 1759-1771

Jiang, L.; Chen, Y.-C. Catal. Sci. Technol. 2011, 1, 354-365
Melchiorre, P. Angew. Chem. Int. Ed. 2012, in press

A Novel Iminium Activator of Enones

= FRIEDEL-CRAFTE ALKYLATION OF INDOLES

o F RO

X
catalyticsalt1 ||
R1A\/JLR2 —_— \'n':_—_<)“;‘, R2
]

HN—
56-99% yield 70-96% ee

X=0Me, Cl  R'and R?= Aryl, Alkyl

" ASYMMETRIG f-HYDROXYLATION |abile N-O band

N-OH e
! G 1 =N
" R
MeQ OMe Ri R2

R'and R?= Alkyl 46-56% yield B0-94% ee

= ASYMMETRIC SULFaA-MICHAEL ADDITION
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Org. Lett. 2007, 9, 1403

Eur. J.Org. Chem. 2007, 5492

Adv. Synth. Catal. 2008, 350, 49

How does it work?
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Major Enantiomer

with A. Moran, A. Hamilton, & C. Bo
Unpublished results

® FRIEDEL-CRAFTS ALKYLATION OF INDOLES
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o Organocascade with a-Branched Enals
- . - e
Developing General & Efficient Catalysts NH
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. . . N ® Targeting o,B-disubstituted unsaturated aldehydes
Activation of Challenging Compound Classes =/Ch ¢ 0 OMe
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| Functionalization of a-Branched Unsaturated Aldehydes I E: Azodicarboxylate E: Azodicarboxylate
Aryl-Amination Thio-Amination
Previous aminocatalytic activations of a-substituted acroleyn derivatives &
K. Ishihara, K. Nakano, J. Am. Chem. Soc. 2005, 127, 10504 c1Q?
:"-'zf N with P. Galzerano & F. Pesciaioli  Angew. Chem. Int. Ed. 2009, 48, 7892-7894
7 2
The next Target Ic1Q® i i Icl1Q®
IQ Toward a Programmable Chiral Organic Catalyst 1Q
a-branched enones

Nu@

Nucleophilic Addition to a-Branched Enones generates 2 Stereocenters

Challenging Target in Asymmetric Synthesis:

access the full matrix of all possible stereoisomeric products
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A Programmable Chiral Organic Catalyst for Selecting Stereodivergent
Chemical Pathways

with X. Tian C. Cassani Y. Liu, A. Moran, A. Urakawa, P. Galzerano, E. Arceo

J. Am. Chem. Soc., 2011, 133, 17934-17941

Selected for the Editors’ Choice in Science 2011, 334, 570




Syn-selective SMA of a-branched enones

Anti-selective SMA of a-branched enones
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catalyst 7 catalyst 7
(20 mol%) (10 mol%)

AN

§ Ph™ S
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= ]

A Single Catalyst able to fully control the stereochemical
outcome of the SMA reaction
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Suitable Catalyst for:
Enones & a-Branched Enals/Enones Activation

Design Novel Organocascade Reactions
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Design Novel Organocascade Reactions

® Dienamine catalyzed y-amination of a.,B-unsaturated aldehydes.

OTMS
Ar
] EtO,C N ]
| 25N PhCO,H (10mol%)  EtO2Cy |
+ |
N —_—
“CO,Et Toluene, RT EtOzC'N
-58Y i
Angew. Chem. Int. Ed. 2012, DOI: 10.1002/anie.201109036 R R gg_ggoﬁ i:ld
S About the Asymmetric Functionalisation of Carbonyls
- after the Advent of Cinchona-based Primary Amine Catalysis K. A. Jgrgensen et.al. ). Am. Chem. Soc. 2006, 128, 12973-12980
FunCtlonaIIZIng Y-POSItlon = Dienamine catalyzed y-amination of o.3-unsaturated aldehydes. |C|Q 9
OTMS bt
Challenges connected with the y-Functionalization 0 N L Ar
. .. EtO,C. EtO,C.
n S|te.se|ect|v|ty I . H PhCOzH (10 mol%) ﬁ))
. . . . . . - *co Et Toluene, RT EtO,C”
= Stoichiometric pre-activation of the vinylogous nucleophilic components S 2 b sosen yield
(dienolate equivalents) iﬁ_\ 88-93% ee
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Me_Me
Ar Ar
MOTMS ) Ar ) Ar
z =7, I N COzEt
> XL \N-CO,Et
Solution: Dienamine Catalysis | gk strans scis b e ff,;ffscei R cycloaddition
product

Dienamine Catalysis-induced Vinylogous Nucleophilicity
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RWLR1 ’ RW\ Elec RNW

Elec

Fuson RC, The Principle of Vinylogy, Chem. Rev. 1935, 16, 1-27.
The transmission of electronic effects through a conjugated n-system

Conformational equilibrium

S. Bertelsen, M. Marigo, S. Brandes, P. Dinér, K. A. Jgrgensen, J. Am. Chem. Soc. 2006, 128, 12973-12980

why Dienamine Catalysis is not considered a generic mode of activation?
» follow a [4+2] cycloaddition path instead of a more generalizable nucleophilic

addition manifold
» a-site selective alkylation step via enamine catalysis

MacMillan, D. W. C. The advent and development of asymmetric organocatalysis.
Nature 455, 304-308 (2008)




Expanding the potential of Dienamine Catalysis rggq
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Direct Vinylogous Michael Addition

0 (0]
primary amine (20 mol%)
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OH
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N |
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90% yield, 82% ee i
77% yield, 98% ee

Bifunctional Catalysis

Y.-C. Chen et al.

Angew. Chem. Int. Ed.2007, 46: 7667
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Direct Vinylogous Michael Addition Efgq
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o primary amine (10 mol%)
2F-PhCO,H (20 mol%
Me toluene 0.2M,
40°C-48h
OH y-site selective pathway
NH,
N . |
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M

with G. Bencivenni & P. Galzerano
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70%y 87%y
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PNAS 2010, 107, 20642

Primary Amine Catalysis
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Dienamine-induced Vinylogous Nuclophilicity
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Secondary Amine Catalysis
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Z.-Y. Xu et al. Angew. Chem. Int. Ed.2009, 48: 3821-3824




Direct Vinylogous Michael Addition Icl1Q° Icl1Q°
e Target: e
O primary amine (20 mol%)
xNO 2TPCOA (0 mot) R? Expanding the Scope of Dienamine Catalysis
N2 ——— a - ce en .
R toluene 0.2M, ! __NO, > to Nucleophilic Substitution Reactions
R RT-48h
R!
y-site selective pathway
OH
N 2
N
L0 A0 A0 X0
H NO, H NO, H NO, H NO,
Me 72%y allyl  24%y Bn  65%y Ph 86%y
9:1dr 11.5:1dr 7:1dr 2:1dr
92% ee 94% ee 85% ee 90% ee
OMe NO,
(o} (o} o =
@ @ $s
2 _NO, A _NO, 2 _NO,
Me 78%y Me  65%y Me 90%y
10:1 dr 3:1dr 3:1dr
94% ee 95% ee 84% ee
with G. Bencivenni & P. Galzerano PNAS 2010, 107, 20642
The y-Alkylation of Unsaturated Aldehydes IclQs The y-Alkylation of Unsaturated Aldehydes Ic1@°
(o] O
Me Me
OH H Me, OH H Me,
NH, N-Me NH, N-Me
N P R Cat (20 mol%) 0 N P R Cat (20 mol%) )
< ‘N Chiral Acid (30 mol%) H Q ~ |N Chiral Acid (30 mol%) H Q
OH CHCI; 0.5M, OH CHCI; 0.5M,
RT-18h Me RT-18h Me
2 O e O
Me\,}‘ N.Me Me\'}l N_Me
Me Me N-Me Me Me " N-Me
e

TFA as the acid: ee in the range of the 60’s

Can we use a Chiral Acid?
OH Xe
Me. M Me., .Me
N Ne N N
Me Me Me Me
H-X
acid

H,0

P.G. Cozzi et al., Angew. Chem. Int. Ed. 2009, 48, 1313-1316

H. Mayr et al. JACS 2001, 123, 9500-9512

OO o)
OZP(
O™ “oH -
OO Ee in the range of the 90’s

Cooperative Dual Catalysis:
Dienamine & Bronsted Acid Catalysis
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The y-Alkylation of Unsaturated Aldehydes iclQ® The y-Alkylation of Unsaturated Aldehydes iclQs
(o] (0]
Ph
oH Ho N Me Ve Ho N Me N” FPh Ve
i N-Me H  OSiPh,Me _—
N P R Cat (20 mol%) 0 R Cat (20 mol%) 0
« |N Chiral Acid (30 m&l%) H Q saccharin (40 mol%) H Q
CHCI;0.5M, =
d RT-18h Me oH ‘3'3‘326 Me
ISRt O )
Me\N N_Me Me\N N_Me O
U 1 — 1 U
Me Me N-Me Me Me N-Me
M€ M
with M. Silvi & C. Cassani,
R =Bn R= AIIyI R = Ph Unpublished results
82%y, 90% ee 91%y, 87% ee 63%y, 90% ee | 9 examples: 40-84% yield; 87-96% ee
R=Bn R =Allyl
84%y, 95% ee 65%y, 94% ee
with G. Bergonzini & S. Vera, Pertinent precedent:
Angew. Chem. Int. Ed. 2010, 49, 9685-9688 Cordova, A. et al. Chem. Eur. J. 2011, 17, 7904-7917
State of the Art of Aminocatalysis About Vinylogous Reactivity Ic1Q°

Secondary Amines Asymmetric Aminocatalysis Cinchona-based
Primary Amines
&COOH enamine
N —_— &
H L-proline " SOMO R! 3
o, Me R?
PatInN: LR
= iminium-ion ——
M % 1 N.# R=
PA N H  OTMs R@ * R=H, Me
MacMillan  Jargensen-Hayashi
catalyst catalyst R7-®
= dienamine ~——=
i Substrate Scope
R!
Substrate Scope @ = g-branched aldehydes
o a = trienamine > R? E o = g-branched enals
HJ\/\R H)H E ® simple enones
s Aldehydes The Activation Modes = g-branched enones

TRIENAMINE WITH ENONES:
Chen, Y.-C. et al., Angew. Chem. Int. Ed. 2012, 51, 4401-4404

Aminocatalytic Activation Modes
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pace

-selectlwty

IEIR2 u




About Vinylogous Reactivity Ic1Q®

o ‘+,H vinylogous electrophlllmoty
N

Nu = Nuc

L LUMO-lowering

\
RS

&SR Nu R

About Vinylogous Reactivity
o Q+,H vinylogous electrophilicity
Nu = Nuc
™ R I J\ LUMO-lowering
B: R= OH & Nu SR
vinylogous nucleophilicity
‘ H o
N
E = Elec
Y R
R HOMO-raisin H
1] 5 9 E
(o] primary amine (20 mol%)
2F-PhCO,H (30 mol%) )
+ Rz’\/Noz EE—— |§
toluene 0.2M, A NO,
R! RT-48h R PNAS 2010, 107, 20642

y-site selective pathway

A Step Further... the 6-Functionalization via 1,6 Addition rggq

Institut
c:

e} o :
1,6 Addition ‘ s
P4 I + BnSH _— !

toluene/H,0

yield: 66% ee: 91%

acid (7.5%)

1,6-Additions

precedents based on the selective activation of the nucleophiles:
Jorgensen, K. A. etal. J. Am. Chem. Soc. 2007, 129, 5772-5778.
Alexakis, A, Stephens, J. C. et al. Angew. Chem., Int. Ed. 2011, 50, 5095

First use of the 2’-modified cinchona amine:

List, B. et al. Angew. Chem., Int. Ed. 2011, 50, 1707

|vinylngous iminium ion activation

0 .ng 0 NH,
. N Ph
Cat R“™SH 3
> > N Cat N
1,6-addition . g
1®
R '\ R-SMOR MeO

14 examples: 51-70% yield; 87-93% ee

with X. Tian & Y. Liu

IClQ”
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Quimica

Angew. Chem. Int. Ed. 2012, 51, 6439-6442

Selected Examples

yield = 54% ee = 89%

o S/_@
Iy

yield = 63% ee =92% yield = 60% ee = 87%

O o}
cl ' S/—O—OME

yield = 65% ee = 93%

o
L

yield = 62% ee = 90%

S/\/

yield =60% ee =91%

e




Cascade Reactions by Sequential Iminium lon Activation IcI1Q?
o Guimiea e
Q Ar
s ATSH —— S Ar= /@j(
12 eq Ar MeO
R A
5 examples: 4:1 dr; 95-97% ee OMe

5 mol%

Y

BocHN™ “COOH
acid (7.5%)

with X. Tian & Y. Liu
Angew. Chem. Int. Ed. 2012, 51, 6439-6442
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