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Introduction:

; - @
with charged R@ chiral
catalysts: catalyst

chiral cation-directed
catalysis (Section 2)

with neutral
catalysts: catalyst

A ’,

e \‘ 'I

R M®
cation-binding catalysis
(Section 3)
Coulomb's law : E = 192
dree,r

&) 9
B P
Q9

contact solvent-shared

@ chiral 2
R | catalyst

chiral anion-directed
catalysis (Section 4)

chiral
catalyst
@ \\‘ l,,
R X©
anion-binding catalysis

(Section 5)

solvent-separated

low dielectric solvents higher dielectric solvents

N. Bjerrum, K. Dan. Videsk. Selesk. Math.-Fys. Medd. 1926, 7, 3;
Robinson, G. C. JACS 1954, 76, 2597; Sadek, H. JACS 1954, 76, 5897.



Introduction:

€ Comparative Directionality of Catalyst—Substrate Interactions of

Common Asymmetric Catalysis Strategies

R+ R4 ML H-B’ R X*
N 0 O or
R1J\R2 R1J\R2 R1J\R2 R X
iminium Lewis acid Brgnsted acid ion-pairing

L

inherent directionality of interaction

(L,*=chiral ligand; B*H =chiral Brensted acid; X*=chiral counterion)
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Chiral Cation-Directed Catalysis

€ History

| |
¢ o LO\C,% Cl o
Cl 1a (10 mol%) Cl Me
Ph MeCl ",
MeO MeO Ph

toluene/50% aq NaOH (5:1)
20°C 92% ee
95% vyield

First reported
enantioselective phase-transfer-catalyzed alkylation of indanone derivatives

induce high levels of enantioselectivity in a wide range of reactions,
including enolate alkylation, Michael, Aldol, Mannich, and
Darzens reactions, as well as epoxidations and aziridinations.

Dolling, U. H. JACS 1984, 106, 446.



Chiral Cation-Directed Catalysis(l)

€ Quaternary Ammonium Cations

Ar _
L =
= +
N
N+
S T T
"fzoér AI’

2, Ar = 3,4,5-F3-C¢H,

1b, R = H, Ar=Ph, X = Cl el
1¢, R = H, Ar = 9-anthracenyl, X = Cl Me._ © N—Ar -
1d, R = CH,CH=CH,, tBu>< . ,—Ar 2
Ar = 9-anthracenyl, X = Br O™ ™ _N*
Me ~—Ar

3, Ar = 4-MeO'CGH4



Chiral Cation-Directed Catalysis(l) Quaternary Ammonium Cations

Enantioselective Alkylation Catalyzed by Various Quaternary Ammonium lons

o quaternary ammonium
salt (1-10 mol%) 0

il \(/N \)J\OtBu ﬁ;:: Fh YN %OtBu

Ph 4 solvent, temp Ph  Bn

1b, 64% ee (S), 85% yield
1c, 91% ee (S), 68% yield 2,99% ee (R), 90% yield
1d, 94% ee (S), 87% yield 3,93% ee (R), 87% yield

Interfacial Mechanism for Phase-Transfer Catalysis

o) 0 Q" g o)
Ph?CZN\):\OtBu PhZC:NV/SI\OtBu T thczNj‘)\mBu
* Bn
Q Br

MBr
ORGANIC PHASE

o} o~ M*
PhZCzN\)I\OtBu —_— thczN\/\OtBu +H0 INTERFACE
MOH
“ AQUEOUS PHASE
MOH

O'Donnell, M. J. JACS 1989, 111, 2353.

1b, R=H, Ar=Ph, X=ClI
1¢, R = H, Ar = 9-anthracenyl, X = Cl
1d, R = CH,CH=CHs,,

Ar = 9-anthracenyl, X = Br

Ar _
SONiI4e
-+
N
T U

2, Ar = 3,4,5-F3-C¢H,




2.Chiral Cation-Directed Catalysis(l) Quaternary Ammonium Cations

Tetrahedron Stereoselectivity Model for Cinchona Alkaloidderived Catalysts

Corey, E. J. JACS 1997, 119, 12414; Houk, K. N. JACS 2002, 124, 7163.

Proposed Internal Hydrogen-Bonding via a Water Molecule

F X
NG F Y ‘Zz((r;lj %
F o

F

Il

1e 1f 1g 1h
98% ee 94% ee 98% ee 98% ee

Park, H.-g. OL 2002, 4, 4245.



2.Chiral Cation-Directed Catalysis(l) Quaternary Ammonium Cations

Ar B
esaliee .
+
N jf
99 o9 ool h 2
\_
Ar g TAr

2, AI’ = 3,4,5‘F3'C6H2 3, Ar - 4'MeO'CSH4

a well-defined pocket by blocking two sides of the central ammonium cation

Ar= 3,4,5-F3—C6H2

Maruoka, K. JACS 2003, 125, 5139; Shibasaki, M. T 2004, 60, 7743. 10



2.Chiral Cation-Directed Catalysis(11)

€ Quaternary Phosphonium Cations

-+ Ty -
Pl o LK Cl
0 ke,
Ar Ar Ar
6, Ar = 3,5-(CF3),-C¢H3 7, Ar = 3,5-(tBuMe,Si),-CgH3

catalytic enantioselective amination, Michael, and Mannich reactions

Py
J&j 1 mol%) OJS;/

sat. ag K;PO,
3a 4a

Maruoka, K. ACIE 2008, 47, 9466; ACIE 2009, 48, 4559;
Ooi, T. ACIE 2009, 48, 733.

11



2.Chiral Cation-Directed Catalysis(I1) Quaternary Phosphonium Cations

As a Supramolecular Chiral Organic Base Catalyst

O
M /@ (1 mol%
0o toluene
e

N -40°C
>20:1 d.r.
95% ee
95% vyield
via [
) | Me
\ — ArOH N,
Ph + azlactone N~
Ph 4 4§ Ph = Ph ,_'1 H Ph
y ¢ Ar = 3,5-Cl,-CgH o 0o
Ar”a‘ ~ '(H)“‘Ar emes Ar"H _ HAr
Cl" o
Ar OM
L 8 ¥ =y _

Ooi, T. Science 2009, 326, 120. 12
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3.Cation-Binding Catalysis

@ Polyether Catalysts

14



3.Cation-Binding Catalysis

Enantioselective Michael Addition Reactions

() 0 crown ether (20 mol%) 0
N @] KOtBu (20 mol%) ~COMe
CO,Me VLMe toluene, —78 °C 0
Me
99% ee
via 48% yield
F\o/\\
“COgMe
b
(b) 0 crown ether (20 mol%) o OtBu
KOtBu (20 mol%)
PrCaN I e . —— . N
, OtBu Bt CHCL—78°C  ppcaN \ 4
96% ee  Et

via|

Q Q < 65% yield
Oﬁol_/\oj\\o Q 0 o
o O__,_.,g-._,__O:Q\O PR.C=N_AN

60 \‘-J \/’l 0 f

Cram, D. J. JCSCC 1981, 625;
Akiyama, T. CC 2003, 1734.

15



3.Cation-Binding Catalysis

Desilylative Kinetic Resolution of Silyl-protected Secondary Alcohols

OTMS polyether 11 (20 mol%) OTMS OH
3 KF (0.7 equiv) :
Me - Me + Me
dioxane, 20 °C
MeQ 10 MeO MeO
97% ee
56% conv
s =30

o> AD

Me _ 11

V—dTz
5

10011eKF  p,

Song, C. E. ACIE 2010, 49, 8915; ACIE 2009, 48, 7683.
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€ Types of ion-pairing interactions.

4. Chiral Anion-Directed Catalysis

"
R3.+_H R3. +_R4
N N = .
/||\ recent )l\ X reviewed
R1 R2 references R R2 here
hydrogen-bonded strict
ion pair ion pair

\.

4.1. Borate Anions

4.2. Phosphate Anions
4.3. N-Triflylphosphoramidate Anions

4.4. Noncovalent Interactions between Cationic Intermediates
and BINOL-derived Phosphates and Phosphoramidates

4.5. Disulfonimide Anion
4.6. Imidodiphosphate Anion



4. Chiral Anion-Directed Catalysis(I)

& Borate Anions

(@)

Ph

(b)

Ph™ X

[CU(CHZCN),+][12] (3 mol%) | [(CH5CN),Cu=NTs]" Ts
2,2'-bipyridine (3.1 mol%)
O -0 - u\
PhINTs *( B\ ) * Ph
benzene, 0 °C _ O O 10% ee
43% vyield
[CUlCHCN)*I13] | 1 cH.CN), Cu=C(H)CO,EL " CO,Et
(1 mol%) .
0. - .0 — .
N2C(H)CO,Et * (0/ B‘O ) : Ph
benzene, 0 °C | )

up to 34% ee

CO;Me MeO,C

O‘ OO R\NLNH HN
770,540 04’1’"« O- o
oo ee oo™

12 NH 43 HNW"

CO,Me  MeO,C

Arndtsen, B. A. OL 2000, 2, 4165; Asymmetry 2005, 16, 1789.

19



4. Chiral Anion-Directed Catalysis(l) orate Anions

Chiral borate anion-directed aziridinium opening reaction

[Et;NHI[12] (50 mol%) - q
BnNH,, (2.0 equiv) + Ph NHBn
Ph._Cl Et:N (2.0 equiv) )Nij J’
]’ Ph .
Ph ID THF/toluene, 100°C | <0.\ é,\\o} Ph D

T ™
L O 12 O B 15% ee

25% yield
seolyes
O’BUO

12

Nelson, A Tetrahedron: Asymmetry 2003, 14, 1995.

20



4. Chiral Anion-Directed Catalysis(I1)

€ Phosphate Anions

0.~ ~p?
‘ g 0" "o ‘ ! 0" o
R G G
(R)-14 (S)-14
14a,R = H, G = 2,4,6-(iPr)s-CsH, 14d, G = 4-NO,-CgH,

14b,R = H, G = SiPh;
14c, R = H, G = 3,5-(CF3)-C4H5
14d, R = CgHy7, G = 2,4,6-(iPr)3-C¢H,

21



4. Chiral Anion-Directed Catalysis(l |) Phosphate Anions

€ 1. Reactions of Iminium lons-- Enantioselective Transfer Hydrogenations of Enals

chiral amine salt

X e 2 2
Me o Hantzsch ester Me O
citral (_}_|_1| Feql'\t"ily) citronellal
(a) covalent asymmetric catalysis - _t
COQME
Me @] _ P = H
A N (S)-citronellal CF3CO, N /,.' CO-Me
tBu™" N " Bn 40% ee O g, Me/ 7
_ o . ;
H2 CF3C02 58% yleld B . I._I
Me=N_ _*Ny ~ R
amine salt catalyst : o
tBu H Me
(b) ion-pairing asymmetric catalysis _ _t
COyMe

0 H L _~IiPr
[ ] O\\P,O (R)-citronellal ﬁ .0, 0
+ _O’ \O * 90% ee MeOZC "'-M H ,P «

N N
Hy  14a 71% yield i 2\8
A +
amine salt catalyst R~ =N
Me H

List, V. B. ACIE 2005, 44, 108; MacMillan, D. W. C. JACS 2005, 127, 32; 22

Goodman, J. M. JACS 2008, 130, 8741.



4. Chiral Anion-Directed Catalysis(l1) phosphate Anions

----Reactions of Iminium lons

Epoxidation of Enals

.
SHiR CF3
(a) O -
2 * o CF3 2 2
ji\/l 14a (20 mol%) u
N
R’ 0 {BUOOH RV>" 70
H Me H Me Me H
M 0 M 0
0 © o)
>99:1dr. 72:28d.r.
96% ee 8%‘(!/“/“ ge 76% ee
76% yield o yie 95% yield

(b) Proposed mechanism for R' = R? = Me:

o) % 0
O i - * O P O i
“P~0 NR: {BuOOH &, ~0—H NR, tBUOH ~B-3 NR;

i n'
O /L)‘\H # tBuO‘)(‘ =~ "H —L’ ;HJ\H
| enantio- 9)
determining

Me Me Me Me
15

List, V. B. ACIE 2008, 47, 1119; 23
Jorgensen, K. A. JACS 2005, 127, 6964; Gilmour, R. ACIE 2009, 48, 3065.



4. Chiral Anion-Directed Catalysis(l1) phosphate Anions

----Reactions of Iminium lons

N-acyliminium lon Cyclization Cascade

(a) ° 0
N
NH; 14b-H (10 mol%) \
N + Me 0 |
N toluene, 110 °C N Me
H Et OH H Et
Me Me
97:3d.r.
94% ee
o
(b) Dynamic kinetic resolution of N-acyliminium salts: 81% yield
— ] 9 ) - — 0_ ] 9 ] .
‘!?‘"O (@] ‘r =0 O
AN N N ANGe) N
N +14b-H A ) |+14bH N
1
D gt - 14b-H N R L] 1461 S i’
R2 H N ﬁz
L H 17 - L 16 - H 18 .
l fast l slow

major enantiomer

Dixon, D. J. JACS 2009, 131, 10796; OL 2010, 12, 4720.

minor enantiomer

24



4. Chiral Anion-Directed Catalysis(l1) phosphate Anions

----Reactions of Iminium lons

Enantioselective N-alkylation with Cyclic N-acyliminium lon Intermediates

N\
0 14a-H (5 mol%) or /©\/> 14a-H: 86% ee,
@ 19-H (10 mol%) Cl '}' 65% yield
+ o
Cl H ﬁN—Bn toluene, RT Bn—N}A 19-H: 90% ee,

25% yield
20 4

G
via
o 0 O O---HO Oe
G o — G D oS
O Y “*N= No YT iNx 0" s
T e
Y=0o0rS G

19, G= 2,4,6-(iPr)3-C6H2

25
Huang, H. ACIE 2011, 50, 5682.



4. Chiral Anion-Directed Catalysis(l |) Phosphate Anions

€ 2. Reactions of Carbocations----

Ph

22-H (2.5 mol%)

Antilla, J. C. ACIE 2010, 49, 9734.

via *(‘o
P/’O“"

4A MS
benzene, RT

Pinacol Rearrangement

ph 9

Ph
N
N
Me
96% ee
94% yield

998
0. .0

o~

. ! o o
G

22, G = 1-naphthyl

26



4. Chiral Anion-Directed Catalysis(l1) phosphate Anions

----Reactions of Carbocations

o-Alkylation of a-Branched Enals

on RNH; (15 mol%) 0o
Y Me by 14d-H (30 mol%)
| + A _ — Ar
r Ar Me ----ul<
CHCl3, 50 °C

Bn  Ar=4-NMey<CgH, Bn Ar
95% ee
84% vyield

via

27
Melchiorre, P. ACIE 2010, 49, 9685



4. Chiral Anion-Directed Catalysis(l |) Phosphate Anions

& 3. Oxocarbenium lons----
Enantioselective Transacetalization Reactions

OEt OEt OEt
ot 14a-H or 24-H (1 mol%) \ OFEt
23 - 0 +
OH 4AMS, 20 °C 3 ~OH
RT R2 benzene or CH,Cl, R' R? R :’Rz
R'=R?=Ph 95% vield, 89% ee
R' = H, R? = Ph (racemic) 55% conv, 94% ee, 13:1d.r. 97% ee
R' = Et, R? = Ph (racemic) 55% conv, 97% ee, 9:1d.r.  92% ee

via [ Et H N
+ -
ot o EO0Et 0, o
-0~ ’\ ~H P )
H " o/ O 50" )"
O. .*'0 1 \H'
H R R2
R' R?
B Sy1-alkylation Sy2-alkylation i

28
List, B. JACS 2010, 132, 8536;



4. Chiral Anion-Directed Catalysis(l1) phosphate Anions

----Oxocarbenium lons

Aldol-type Reaction and Semipinacol Rearrangement

(a) 0O

OtBu + Ph\.ej\o
Me,i'/) N=<

Ar

Ar= 3,5‘(MGO)2CGH3

1. 14a-H (5 mol%)
CH,Cly, RT

2. NaOMe, MeOH

via [ + B + 1B |
T 7
Meﬁ)\ Me\{)\
H oo H "
el 0 6 9
'P\O "P-g
O i
- e/

. MaHor[Ag'14a) | O
o, N (10 mol%) X...
OH H "o
| CCly, RT P

Terada, M. JACS 2009, 131, 3430;
Tu, Y. T. ACIE 20009, 48, 8572.

fBu.
Y~o

M
® OMe

PH NH
Ar (0]

96:4 syn:anti
97% ee (syn)
99% yield

(@]
o — K
-~ O O

Q J|  X=H 94%ee
X = Hor A * 96% yield
sHorAg o ye Ag: 98% ee,
90% yield

29



4. Chiral Anion-Directed Catalysis(l |) Phosphate Anions

€ 4. Chiral Anion Phase-Transfer Catalysis

(@)

Ph j,CI

ent-14a-H (15 mol%)

PhJ,OR

+
Ph D 0.6 equiv Ag,CO;4 )
. 4A MS *( P
() toluene, 50 °C 96% ee
chiral anion PTC 87% yield
(b) :' -------------------------------------------------- S
BH AgA R-X MX QB R-H
: phase halide phase proton H
' transfer abstraction : transfer abstraction :
' AgB AgX' MB HB

* e . e
A" ucleophiic R A : QX glectrophiic Q* R
addition P addition
R-Nu  NuH R-E  E-X

chiral anion PTC chiral cation PTC

30
Toste, F. D. JACS 2008, 130, 14984.



4. Chiral Anion-Directed Catalysis(l1) phosphate Anions

----Chiral Anion Phase-Transfer Catalysis

Enantioselective Fluorocyclization of Olefins and Fluorination of Enamides

Br 14e-H (10 mol%) F
Selectfluor (1.5 equiv)
o Proton Sponge (1.1 equiv) O>,®-Br
p)
NH

CgH4F, —20 °C N
>20:1d.r.
93% ee
87% yield
(o] (@]
HNJJ\R 14e-H (5 mol%) NJLR

Selectfluor (1.5 equiv)
Me Na,COy (1.25 equiv) @wm
"E
CgHsF/hexane (1:1), RT

R =Me; 3% ee, 84% yield
R = Ph; 90% ee, 91% yield

via
(O‘ O ‘N/:‘CI 0, ’O>
* P - ,P *
o o {"ij d o
14e¢ e Selectfluor

soluble chiral
fluorinating agent

Toste, F. D. Science 2011, 334, 1681; 31
Toste, F. D. JACS 2012, 134, 8376; Masson, G. JACS 2012, 134, 10389.



4. Chiral Anion-Directed Catalysis(l |) Phosphate Anions

€ 5. Desymmetrization Reactions of Episulfonium and Halonium lons

(@)

HNYCCI3

(b)

Ph
Ph
Ph OH N—I or NBS

Ph OH
-

Ph OH
Ph

ent-14a-H (15 mol%)

toluene, RT

OH

[Na*][ent-14b]

(20 mol%)
Na;COj; (1 equiv) | pPh
4A MS PH
CHQC'Z, 0°C _

X+Q

-0
o)
o.. O+

¥

X=lorBr _

Li, 56% ee; Na, 62% ee; K, 46% ee

92% ee
98% vyield

X=1. 82% yield,
71% ee

X =Br: 82% vyield,
67% ee

ent-14a

l l SiPh,

0. .0
Pz e &)

07 ~O~ Na
g g SiPh,

[Na*][ent-14b]

not readily accomplished by traditional Lewis acid catalysis

Toste, F. D. JACS 2008, 130, 14984;
Hennecke, U. OL 2011, 13, 860.

32



4. Chiral Anion-Directed Catalysis(l |) Phosphate Anions

€ 6. Transition-Metal Catalyzed Reactions

H
Y. L(AuCl), (255 mol%)| ‘o-F=0~H
o)

~

z AgX (3-6 mol%) R Y\Z NCY
O/Q benzene, RT &Q z

H H SO:Mes
L = (R)-binap, X =BF; 52% vield, 6% ee L = Ph(Me),P, X = 14a
L =dppm, X =14a 90% yield, 97% ee 97% yield, 96% ee
H o H II%loc:
L = (R)-binap, X =14a 91% yield, 3% ee L =dppm, X = 14a
L = (S)-binap, X =14a 88% vyield, 82% ee 75% yield, 99% ee

an important breakthrough

33
Toste, F. D. Science 2007, 317, 496.



4. Chiral Anion-Directed Catalysis(l | |) N-Triflylphosphoramidate Anions

€ Acidity of Phosphoric Acid versus N-triflylphosphoramide Catalysts

) 904
0. .0 25a, G = 9-phenanthryl

O-p2©  versus >p?° 4¢ 25b, G = SiPhs [Hg]
0" “OH 0" "N~ 25¢. G = Ph[Hg]
OO ‘O H  25d G =24 6-(Pr);CeHs
G G
14-H 25-H
phosphoric acid N-triflylphosphoramide
pKa = 13-14 (in CHCN) pK, = 6-7 (in CH3CN)
pK, = 2.2-2.4 (in DMSO) pK ~ 3.3 (in DMSO)

34
Yamamoto, H. JACS 2006, 128, 9626.



4. Chiral Anion-Directed Catalysis(l | |) N-Triflylphosphoramidate Anions

Nucleophilic Addition to N-alkylindolium and N-acyliminium lons

Me
(@) 0 2514a-H N/ °
5 mol%)
HO._~oMe O
/ © N-Me-indole OMe
W Ph  toluene , == Ph
N _78°C O A
N
Me B | Me
56% ee
b - _ 0
(b) 25 o0 o
0 HabH O N
CE\\ Bn. | (5 mol%) |<\_o' N AL
+ _ - o — e
ﬁ HO CH,Cly Bn\l\r N
Me —65 °C N
‘ H
- Me - 84% ee
61% yield

Rueping, M. ACIE 2008, 47, 593; Synlett 2010, 1109.

OO Ar Ar = 9-phenanthryl
0. /fo 02

.P. s

Sevilae

Ar
25a-H

SiPhg
|I li o)

el

07 TNH
SesR
: SiPhs

25b-H

35



4. Chiral Anion-Directed Catalysis(l | |) N-Triflylphosphoramidate Anions

Enantioselective Allylic Alkylation Reaction

Me_ OH

toluene, —78 °C

= 25c-H (10 mol%) m
Ph O “Ph
OH

]
H“'Q\/&‘
o-R
0

*

Me

— 0
0~ "Ph

Tf

92% ee
92% vyield

Enantioselective Protonation of Silyl enol Ethers

MesSi-. 26b-H (5 mol%)

PhOH (1.1 equiv)
@ toluene, RT
via [PhOH,]*[26b]

or 26b-H L

L,
o}

o™ N

LI,

26a, G = 2,4,6-(iPr);-CgHa

0

’ H
N [ en
Ph-0SiMe,

82% ee
97% vyield

Using 2,4,6-(Me)3CgH,CO,H (1.1 equiv),
phosphoramide 25d-H: 54% ee,

98% vyield

thiophosphoramide 26a-H: 78% ee,

26b, G= 4-tBu-2,6-(iF’r)2-CeH2

Rueping, M. JACS 2011, 133, 3732;
Yamamoto, H. JACS 2008, 130, 9246.

97% yield

Ph

0. 0
o0~ "NH

Tf
Ph

36



4. Chiral Anion-Directed Catalysis(1V)

€ Noncovalent Interactions between Cationic Intermediates and BINOL-derived
Phosphates and Phosphoramidates

(2

/" substrate \\ common
/ recognition site \, % organizational
O._,Y == Brensted basic site interactions

; P\ = I
;0" "X === ion-pairing site

-+

S
steric shielding and
n—m interactions

/

Substrate recognition site created by the 3,3’-substituents (G) of
chiral BINOL-derived anions (Y=0, S; X=0, NTT).

37



4. Chiral Anion-Directed Catalysis(V)

€ Disulfonimide Anion---- Mukaiyama aldol reaction
(a) . - <S\02 -
* N- OSIMe3
27- % / : B
Ar)LH + OSiMey H (2 mol%) so, +O,SI|V|63 — : CO,Me
Et,0, —78 °C |
Me\]/\OMe )\ Me Me
. . Ar® H
via 27-SiMe3 94% ee
Me _28, Ar = 2—naphthyl_ 98% vield
(b) OSiMe,

G G
M

OO SO e\l/)\OMe OO SO

\ 2 M 2

NH e\ . N-SiMe;

/ \ /
9% P e

G Mej)konne G

27-H Me 27-SiMe;
G = 3,5-(CF3)-CgH3 G = 3,5-(CF3)-CgH3

List, B. ACIE 2009, 48, 4363; ACIE 2011, 50, 754. 38



4. Chiral Anion-Directed Catalysis(V1) imidodiphosphate Anion

Enantioselective Spiroacetalization

- 0 .
(J/\/\/ TBME, —25 °C o7 [T%yeld
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5. Anion-Binding Catalysis

€ Modes of electrophile activation by dual hydrogen-bond donors.

hydrogen-bonding | anion-binding
catalysis catalysis

*

4 A A
PR

neutral substrates ion-pair intermediates

J \ J

Jacobson, E. N. CR 2007, 107, 5713.



5. Anion-Binding Catalysis
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Summary:

cation-binding
catalysis

asymmetric

ion-pairing catalysis

chiral anion-
directed catalysis

anion-binding
catalysis
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Summary:

» Noncovalent interactions, weakly directional

» Secondary interactions:
hydrogen-bonding, a—m, and cation—m interactions
Others?

» Discovery of interesting and useful new transformations

» Design and ldentify novel catalyst structures

» Deeply understanding of mechanisms
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Thank you for your attention !
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