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Organocatalysis: “The catalysis with small molecules, where an inorganic element is not a part of the active principle

. Lewis bases
1. Iminium catalysis
» Activation modes
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» 1894 — Knoevenagel condensation
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» 2000 — MacMiillan. The first asymmetric iminium-catalyzed cycloaddition reaction
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MacMillan, J. Am. Chem. Soc. 2000, 122, 4243
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- selective (E)-iminium isomer formation to avoid geminal methyl substituents
- favor si-face due to the effective shield of benzyl group

»  Amine benzylation

Ri<, -R1 R
N P
H N

Y
L

Et;N, iPrOH, 70 °C

Clift, Org. Lett. 2016, 18, 3446
»  Friedel-Crafts alkylation
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5 THF, water R4 R 3

68-90% yield, 87-97% ee
MacMillan, J. Am. Chem. Soc. 2001, 123, 4370
2. Enamine catalysis

> Activation mode
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» Ketone — Aldehyde Aldol
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DMSO 54-97 % yield
60-96 % ee

List, J. Am. Chem. Soc. 2002, 124, 2395
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>  Aldehyde Cross - Aldol

D—COZH
i e H (10 %mol) i T
Jl\/Rz + —°> Jl\)\
H HJLR H Y R
THF, 4 °C R,

75-88 % yield
91-99 % ee

MacMillan, J. Am. Chem. Soc. 2002, 124, 6798

» Enolexo Aldolization

E>_ OH
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OHC CHO N °H°"~.('j
/-
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R DCM, RT R

74-95 % yield
75-99 % ee

List, Angew. Chem. Int. Ed. 2003, 42, 2785

O—cozu _PMP
PMP_ N O HN
o N H (5%mol) J]\/\
y J\/Rz + J\ —» H CO,Et

» Mannich reaction

Dioxane, RT ﬁz

45-89 % yield
91-99 % ee

Barbas I1, J. Org. Chem. 2003, 68, 9624
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0.2 - 5 mol% cat. O H
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R,

NHSO,CF;
42-99 % yield
97-99 % ee
NH

Maruoka, J. Am. Chem. Soc. 2005, 127, 6798

CO,R

» Michael Addition

o N 4 o A
NN R =
— ‘. _NO,
-
by N —— i
5 mol%
CHCI;, 0 °C

92-100 % yield
88-98 % ee

Kotsuki, J. Am. Chem. Soc. 2004, 126, 9558
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10 mol% H
> (10 mol%) >

THF, RT
85 - 99 % yield
80 -97 % ee

List, Angew. Chem. Int. Ed. 2004, 43, 3958
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»  Three-component domino reaction
Ph
a A Lo i
OTMS
! H o H R, "
(20 mol%)
> R Y R,

H
J)‘\ PhMe £
Ry 0°C to RT NO;
Enders, Nature, 2006, 441, 861
3. NHC-catalyst
» 1948 — Ugai
Me
N=<
M
HO\/\/<94§\_/<N Ph
==\ @ HO
N—"o NH 0 /S,Ar
é S~/ 2; )H/Ph me &
- Ph N\
Ph™ H MeOH, NaOH OH I > &
R” S
observed expected
Ugai, J. Pham. Soc. Jpn. 1943, 63, 296
» 1958 - Breslow
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Breslow intermediate
Breslow, J. Am. Chem. Soc. 1958, 80, 3719
»  Asymmetric Benzoin Condensations
N\(R/Ph
4
o< Je
N BF,
o o
t-Bu
R)I\H > R)l\./R
(2eq) KOtBu, THF, RT, 16 h &H
46 - 92% yield
53 -99% ee

Enders, Angew. Chem. Int. Ed. 2002, 41, 1743
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»  Stetter reaction
F

F
0/\|//N\@
N F
N
H o F F
BF,
o o}

R — > =
! H Ri N Ewe

KOtBu, PhMe
X/Y\EWG X

R,
11 - 85% yield
82 -99% ee

Rovis, J. Am. Chem. Soc. 2004, 126, 8876
General method for asymmetric intermolecular Stetter reaction has not been developed!!!

» Hydroacylation of Unactivated Double Bonds
N
O/Y NG
krn\//
Bn © H
cl :
DBU, Dioxane, 80 °C o
o/\f

X: 99% yield, 99% ee
Yox
Y)\YA/\.:H
R

Glorius, Angew. Chem. Int. Ed. 2011, 50, 4983

1. Lewis bases
1. Phase transfer catalysis
»  Alkylation
¢l o ¢ o
cl cat, R,CI Cl R,
R bhMe, 50% aq NaOH R
e, 50% aq Na MeO
MeO 20°C, 18 h €
cat=
Dolling, J. Am. Chem. Soc. 1984, 126, 446
» Michael Addition
C?@TMS Ez
ONS v R cho R N Notmis
° \I /T Ar= 3,5-tBuPh \b‘,:\(\
R 3 2 K3

PhMe, -78 °C

up to 99% yield, 99% ee
Maruoka, J. Am. Chem. Soc. 2003, 125, 9022
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(o] Ph Ph

0o )l\/\ |
Ph N\)I\ Ph Ar o N CO,tBu
Y OtBu _— HY| H
Ph Ph Ar

cat. (2 mol%)

Cs,CO; . .
Mesitylene . 98 A’: 92% ee
single diastereomer
-20°C

Ph
cat. = Ph, o/ Ny

ph’L—Nw)\ N/)\?
| ©c

Ph

Tan, J. Am. Chem. Soc. 2011, 133, 2828

» Mannich reaction

NBoc
|
BocHN
Ph *
Me Me Ph
JE— . *
(L= o
N
Boc cat. (3 mol%) Noc
PhCO,K, PhMe, -40 °C
24 h 99 %, >99:1 dr, 88% ee

Ar = 3,5-(CF;),-CeHs

Maruoka, Angew. Chem. Int. Ed. 2009, 48, 4559
2. Ketone catalyzed epoxidation

CO,Et
F
H
R
Rs (10 mol%) {0
R )\/RZ —>0 R1)\=:/Rz
1 Oxone, RT

Armstrong, J. Org. Chem. 2002, 67, 8610

cat. (10 mol%) o

PR Ph/<1
Oxone, RT

90% ee

0
o4
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o" o

ﬁ,

Shi, Org. Lett. 2003, 5, 293 (Shi epoxidation)

Oun.
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3. BINOL catalyzed conjugate addition

o
)\/B(OH)Z )\
N X \E o]
—» H
QL—NH N
Mg(OtBu),, 4 A MS, PhMe, reflux C

\_NH
TN1 (20% mol)

May, Org. Lett. 2012, 14, 6104

_ (-

TN1 (20% mol)

H 4 AMS, PhMe, 80°C

May, Angew. Chem. Int. Ed. 2015, 54, 9931
I11.  Brensted Bases (BB)

Model A Model B
@ HBB*©
HBB*
NuH
i ®@ ©
© o, NuH + E === (NuH-E)*
Nu (Nu-E) (Nur-E) (Nu-Ee)*
(Nu-EH) (NU_EH)*
BB~ .
BB

Early (A) and late (B) participation of a chiral BB catalyst

»  Michael addition

(o]
7 7 __/u\
Z o cat. (1 mol%) §
CO,Me /\f = " = < co,Me
ccly, -21°C

MeO 99%, 76% ee

cat. =

Wynberg, J. Org. Chem. 1979, 44, 2238
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Ph
o \/\NOZ
J]\/U\ Cat. (1 mol%) MeO,C -CO:Me
MeO,C CO,Me _—
Et,0, 0 °C Ar NO,
84-92%, 93-97% ee
CF,
O
cat. =
NJ\N CF,
H H
I NMe,
] (bifunctional catalyst)
Wang, Org. Lett. 2005, 7, 4713
» Mannich reaction
Ph NBoc
NC_ _CN N NC NNHB
Cat. (2 mol%) H °¢
—_—
PhMe, RT Ph
s 99%, 99% ee S
oUve
H H H
/N\
Chen, J. Am. Chem. Soc. 2007, 129, 1878
» Henry reaction
j\ Rk1 Cat. (10 mol%) oH
KOtB : R
R"H t Sno, __OFU R/\r !
THF, -78 °C NO,
74-96%, 93-99% ee
Ar.
cat. = H,, Ar = p-CF3-CgH,
cl
Ooi, J. Am. Chem. Soc. 2007, 129, 12392
»  Strecker reaction
Ph Cat. (2 mol%) Ph
—_—
Ph)\)IN\ + HCN MeOH, -75 °C Ph)\NHH
Q79 -99Q0, N
Ph H 80-97%, 64-99% ee Ph”” NeN
H NH
o Y
NH
HN -
cat. =
NH
R
Ph O

Lipton, J. Am. Chem. Soc. 1996, 118, 4910
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» MBH reaction

OBoc 10 mol% cat
lcozme DCM rt
\

Barbas 111, J. Am. Chem. Soc. 2011,133, 4672

N— :
R;T\ Ph

» Kinetic resolution

o Cat. (10 mol%) (o]
—_—
R1 R1 n,
o R,OH, Et,0 - OR;
°\\< 61-80%, up to 96% ee OH

cat. =

Deng, J. Am. Chem. Soc. 2002, 124, 2870

» Desymmetrization
COOH Cat. (10 mol%)

(o} R
J B *
*
THF, 70°C )LN)\RZ
up to 70% ee H

cat. = N N

N~

Baur, Eur. J. Org. Chem. 2003, 2854

Brgnsted acids
> Activation modes

2 R4 R,

ion pairing

bidentate H-bonding double H-bonding
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»  Diels —Alder reaction

/'I"'e o Me O
. (5 mol? o
. ﬁ‘\Et cat. (5 mol%) SN
—_—
NS
TIPSO PhMe, -78°C  TIPSO” Y
R A R
OO r up to 93% ee
o, //O
P SO,CF
cat. = 0” SNH”T 23
OO Ar Ar = 2,4,6-(iPr);-CgH,
Yamamoto, J. Am. Chem. Soc. 2006, 128, 9626
» Nazarov cyclization
o 0
o R cat. (2 mol%) o
I | @ — = R
Ry CHCl;, 0 °C
Ar 87.93% i
OO 90-98% ee
(o) //O
cat. o- Py~ S0CFs
OO Ar = 9-phenanthryl
Ar

enantioselective ,, diastereoselective
electrocyclization protonation

= O
Q

Rueping, Angew. Chem. Int. Ed. 2007, 46, 2097

» Mannich reaction

OTBS t-B
l!l :
Qi-Pr
NBoc 0  NHBoc Bn”
H R . \
cat. (5 mol %) i-Pro R

cat. =
TFA
OCOt-Bu

Jacobsen, J. Am. Chem. Soc. 2002, 124, 12964

(o] (o] R
JNI\Bot: )I\/u\ HBoc OO
H R —_— A Ac o 0

R cat. = ~p?
cat. (2 mol %)

0~ “oH
DCM Ac
up to 99%, 99% ee R = 4-(napthyl)-C¢H,
R

Terada, J. Am. Chem. Soc. 2004, 126, 5356

mZ

» Aza-Henry reaction

R (€]
A
NBoc R/\Noz H @ o
JI\ NHBoc N/ NH
H” MAr —_— NO, cat. = H
cat. (10 mol %) r N A
-20 °C R A

up to 69%, 99% ee, 19:1 d.r. j H

Chiral proton

Johnson, J. Am. Chem. Soc. 2004, 126, 3418
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»  Michael addition

O,N
o z o
10 mol% cat O O
J— .
MeNO,

80-97%, 89-98% ee

/O
cat. = HN§ CF3
SA %)
H
CFs3
Soos, Org. Lett. 2005, 7, 1967
» Morita-Baylis-Hillman reaction
o]

R E cat = OH
R™ "H 10 mol% cat OH
Et,P, THF “

Schaus, J. Am. Chem. Soc. 2003, 125, 12094

»  Cycloaddition
Ar. Ar

\ (0 OH
o OH
TBSO W R Ar” Ar
Y Ar = 1-napthyl TBSO R PhMe, 15 min
X )

o R
U
10 mol%
y mo o CH,coCI -
PN

PhMe N 52.97%
7N 92-98% ee

Rawal, Nature 2003, 424, 146

References: Claudio, Chem. Soc. Rev., 2009, 38, 632
Rueping, Chem. Soc. Rev., 2011, 40, 4539
Handout: “Asymmetric Organocatalytic Transformation”, Stoltz/Reisman Group

Hand out: “Organocatalysis: Almost everything you wanted to know, but never asked”, Wipf Group
Handout: “NHC organocatalysis” MacMillan group

The end
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