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Representative Asymmetric Activation Modes
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The Progression of ACDC: Early Use of Chiral Anion
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Favarger, F. et al., Tetrahedron Lett. 1998. 39, 4825.
Yamamoto, H. et al., J. Am. Chem. Soc. 1994. 116, 10520



The Progression of ACDC: Chiral Non-Coordinating Anion

1. Copper(l)-catalysed aziridination

3 mol% [Cu(NCMey)][5]
Ph” XX + PhINTs >

Benzene, 0 °C
10

2. Ring-opening of meso-aziridinium ions

Ph ICI BNH, Ph INHBn
Ph D 50 mol% [X][5] Ph D
13 + + + + 14 2

X = Et,NH,, EtsNH, Na, Ag  e.e. < 15%

Ts
N

L
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86% vyield, 7% e.e.

Ph

via:
Ph
(]
+
Ph
[S]

Points: chiral anions can be used for asymmetric catalysis reaction.
new asymmetric counteranion is need.

Arndtsen, B. A. et al., Org. Lett. 2000. 2, 4165.
Nelson, A. et al., Tetrahedron. 2003. 14, 1995.



The Progression of ACDC: Chiral Phosphate Anion

1. Combination of metal and phosphoric acid catalyst

5 mol% 4-H COOH
13 mol% PdCls

— 25 mol% CuCly
CO, O,
THF, H50, conc. HCI, r.t.

15 16
81% yield, 84% e.e.

OMe
1.Yb[(R)~(-)-BNP], r.t. 2o
RCHO + < 2. H* — y NN AT Ar= 3 { _.
O R | ) \:!FI
TMSO NS ! 0-\(';
¥ T, 5
A I 0] OH (1.2 equiv)
Yb[(R)-(-)-BNP]5: NN NAr
Yb xR
Ph" " TEt.Zn (1.2 equiv), CHal, (1.2 equiv)
CH,Cl,, 0 °C, 38 h
3

Inanaga, J. et al., Synlett. 1997. 1, 79
Charette, A. B. et al., J. Am. Chem. Soc. 2005. 127, 12440



The Progression of ACDC: Chiral Phosphate Anion

2. Defined as Bragnsted Acid Catalysts
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o {200kt
Me PhCHs, -78 °C P N 92
17 18 20 =
87:13 syn/anti
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Akiyama, T. et al., Angew. Chem. Int. Ed. 2004. 43, 1566
Terada, M.et al., J. Am. Chem. Soc. 2004. 126, 5356



The Progression of ACDC: Chiral Phosphate Anion

3. Work as counteranion, give birth to ACDC

CHO o) CHO
| MeO,C CO,Me 20mol% [,,j |(R)-27]
N ""l,
¥ : >
H iPr Dioxane, 50°C
25 26 28
87% yield, 96% e.e.
% iPr x|
Q
|
iPr
s 29 | | iR

List, B. et al., Angew. Chem. Int. Ed. 2006. 45, 4193
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Application: Derived from Br@gnsted Acid Catalysts

(Goal: Using substrates in which hydrogen bonding with the catalyst
would be mechanistically improbable.

1. Conversion of B-chloro tertiary amine

Achiral silver AgHCO3 Ag,CO3

salts insoluble 3 \ /
Chiral silver salt / \
now soluble \

0] O
e O R

P 4G r Ph
o & T o, j’
Ph D f Ph 'N
= o)
(£) 4 AMS ,:P( o /\|/
PhCHg, 50 °C, 24 h Q750
34 T - With 15 mot% )-TRIP:
35 84% vyield, 94% e.e.

Toste, F. D. et al., J. Am. Chem. Soc. 2008. 130, 14984.
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Application: Derived from Br@gnsted Acid Catalysts

2. Mukaiyama aldol reaction

0 OSiMe; MesSiO O
2 mol% 41 :
HY \‘)\OMe TN OMe
Et,0,
~78°C, 24 h
39 40 42

98% yield, 94% e.e.
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NH Ar =

/

s 40 OMe
8 m e s
k yex (R)-41 $0,
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List, B. et al., Angew. Chem. Int. Ed. 2009. 48, 4363.
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Application: Metal Catalysis with Chiral Counteranion

Goal: Inducing asymmetry by using chiral ions that interact with a metal
only through electrostatic interactions, rather than using chiral
ligands that coordinate tightly to the metal.

Comparison between chiral ligand and chiral counteranion!
Comparison between chiral phosphine and chiral phosphate!

L1
LY ]



Application: Metal Catalysis with Chiral Counterions

1. Intramolecular hydroalkoxylation of allenes

H
.MOH 3 mol% L(AuCl),, 3 mol% AgX O/\E(}
07 CH,Cly
1 2
0
c ( O L=3 X=BFy 52% yield, 6% ee
PR, e PRo PR 68% yield, 0% ee
PR o) PR2 L=5, X =BF, 79% yield, 2% ee
o <o O L =4, X = 4-(NO,)-CgH3-CO,™ 89% yield, 8% ee
3,R=Ph 5R= 3,5-f-BU2-4-(CH30)'CBH2
4, R = 3,5-(CHg)>-CgHa Benzene for the

highest enantioselectivities

H
G~ -OH LAUCI or L(AuCl),, AgX O/\EO)
g CH,Cly

1 2

o L = dppm (2.5 mol%), X = (R)-6 (5 mol%) 76% yield, 65% ee

Rt
0 L = PhgP (5 mol%), X = (R)-6 (5 mol%) 89% yield, 48% ee

6, R = 2,4,6--Prz-CgHo

16
Toste, F. D. et al., Science 2007. 317, 496



Application: Metal Catalysis with Chiral Counterions

2. Tsuji—Trost reaction
1.5 mol% (R)-TRIP </
Ph 3 mol% Pd(PPh3)4
J\ 3 /]\ 5 A MS, MTBE, 40 °C, 8 h >\
Ph”~ NCHO Ph” SN then 2N HCI. EL,O ERAEN " CHO
57 H r.t., 30 min 59
58 85% yield, 97% e.e.
X CHO R ER R’
quaternary allylated S R HANR O A A NI )
R' R2 I Lo R2” >CHO
stereocenter 56 Ho o 53
o_/
H,0 [129
R 0 Ff o ¢ !
Hepls _O,HHO +N"'H_O,l|:|>__~o chiral enammonium
| |
M o_J, [ l ol phosphate salt
":RZ Pdo 54 R1 R2
R1
*
P s
; O,\PiO
0~ X0
i
4 H R
55 /Pd -\N/
LK R‘l o
RZ

List, B. et al., . Am. Chem. Soc. 2007. 129, 11336



Application: Metal Catalysis with Chiral Counterions

3. Jacobsen—Katsuki epoxidation

chiral ligand \ / achiral ligand
O
tBu-_~ WN__»H N‘_’| |,\N-_
Bu - X 8y tBu 0. !Q tBu=>~~"(Bu
achiral munteranron Q - I~
] "~ chiral counteranion
5 mol% —N N— ; 7 l
‘Mn
‘Bu 0270 Bu

/@[OJL ;
NC = 1.2 eq. PhlO NC

Benzene, r.t., 12 h 62

98% vyield, 94% e.e.

18
List, B. et al., Angew. Chem. Int. Ed. 2010. 49, 628.



Application: Metal Catalysis with Chiral Counterions

4. Other breakthroughs

Overman rearrangement

CF;
1 mol% palladacycle
NEPT 2 mol% (S)-27-Ag P N0
i » ! Ci-Pld ||||||
Ph/\/\/\o)\ca CHCl3, 35°C, 40 h PhW64 Lo
b Palladacycle = (S)-65 93% vield, 98% e.e. (S)-65
Palladacycle =66 94% vyield, 94% e.e. -
Semi-Pinacol rearrangement
F’Il‘ FH /’t‘\ ]
r Pfl via (o) 0
- o~ F’/
Q 10 mol% Pd(OAc); 07N\
%oy 20 mol% (S)-TRIP o
\ 2 eq. benzoquinone - H
0 = g
PhCF3, 55 °C, 48 h ,_I\
67 68

59% yield, 8:1 d.r., —
97% e.e.

List, B. et al., Angew. Chem. Int. Ed. 2011. 50, 9752.
Rainey, T. J. et al., J. Am. Chem. Soc. 2012. 134, 3615
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Application: Hydrogen-Bonding Catalysts
1. Asymmetric Pictet—SpengIer

10 mol% 87 3 O
TMSCI, TBME N
~78 0 -55 °C, 48 h N
H 88

90% yield, 97% e.e.

@rﬁé Q g
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rfl
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Cl
H 89
CI‘

Jacobsen, E. N. etal., . Am. Chem. Soc. 2007. 129, 13404.
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Application: Hydrogen-Bonding Catalysts

2. Other breakthroughs

via: S
Ar\ )’L Ui
0 1.0 eq. H,O FI\I N 7

Br 10 mol% AcOH

20 mol% 95 N
H —— Br
i Ph)\ Ph Mol J\ 3
Ph FvRb * Ph Jk
93 94 Toluene, r.t., 3d 96 Ph”” Ph FsC N~ N

70% yield, 91% e.e. — 97 = H H

NHR
via: [ R=H, 95
Ph s
CF4
NH, 0.5 eq. benzoic anhydride HN /go JJ\ o
20 mol% DMAP : FsC o PE L
20 mol% 99 0 pp H H NHR R=
> AT g-&
PhMe, 4 A MS Y 0120 S CF3 » 99
Br 98 -78°C,1h  Br 100 NE k
42% conv., I Ph
s-factor = 20 =
101
NMEZ

Jacobsen, E. N. etal., . Am. Chem. Soc. 2010. 132, 9286.
Seidel, D. et al., J. Am. Chem. Soc. 2010. 132, 13624.
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Application: Phase-Transfer Catalysis

1. Fluorocyclization of enol ether

Selectfluor (102)
(msoluble /_C|

Z * + 2BF4”

x /O
f+
/—Cl
2NaBF,
BF,~
NaBF, NJ .

cl
[NJO 103 'N/_O <
+ ~p~
O.\ //O ZNJ O/P\OD*
*C /P"--. &
0 o F

Chiral ion pair
(soluble)

Antifluorocyclization

87% yield, 93% e.e., >20:1 d. r

Toste, F. D. et al., Science. 2011. 334, 1681.
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Application: Phase-Transfer Catalysis

2. Fluorination of cyclic enamide

NHBz 5 mol% (S)-104

1.5 eq. Na;,CO3
“ 1.5 eq. Selectfluor
Hexane, r.t., 24 h

Favoured

Toste, F. D. etal., J. Am. Chem. Soc. 2012. 34, 8376.

NBz

@éi
110

88% yield, 96% e.e.

Disfavoured
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