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ammonium bifluorides, chiral quaternary,
see quaternary ammonium bifluorides

ammonium bromide, chiral quaternary,
see quaternary ammonium bromide

ammonium fluorides, chiral quaternary,
see quaternary ammonium fluorides

ammonium phenoxide, chiral 37
ammonium salts
– 2,20-bimorpholinium 132
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101–105
asymmetric cyclopropanation,

cycloalkenones 39

asymmetric Darzens condensation 162
asymmetric Darzens reaction 35, 36
– catalytic 128
asymmetric diazo-aldol reaction 40
asymmetric dihydroxylation 42
– Sharpless 52
asymmetric epoxidation 153
– catalytic 108, 109
– chalcone derivatives 41
– crown ethers 166
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– transition state 67
– a,b-unsaturated ketone 7
asymmetric fluorination 46, 47
asymmetric Michael addition
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– malonate 38
– iso-Nobin derivatives 173
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asymmetric Mukaiyama-type aldol

reactions 192–194, 198
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asymmetric oxygen-functionalization 40–42
asymmetric phase-transfer alkylation

115–134
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aziridination
– asymmetric 39
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– aqueous 73
– BTPP 17, 18
– glycine ester Schiff bases 71–84
– inorganic base-promoted activation 2–6
BEMP 17, 18, 100
benzophenone imine glycine ester 50
benzylation
– p-bromobenzylation 92
– phase-transfer 73
– Schiff bases 18, 19
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see quaternary ammonium bifluorides
bimetallic–salen complexes 174
2,20-bimorpholinium ammonium salt 132
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PTCs 71–113
binaphthyl subunit, chiral 76
BINOL (1,10-bi-2-naphthol) 128–130
biphasic systems, phase-transfer catalysis

1–8
bis-ammonium salts 35–48
bis(bromomethyl)-linker 53
Brändström–Montanari modification 6
bromide, chiral quaternary ammonium,

see quaternary ammonium bromide
p-bromobenzylation, alanine ethyl ester 92
BTPP 17, 18
butenolides, asymmetric synthesis

38
tert-butyl 2-oxocyclopentanecarboxylate,

asymmetric C-benzylation 138
tert-butyl glycinate benzophenone Schiff

base 9, 10
– alkylation 14–16

c
carbanion species 2, 3
carbon nucleophiles 37
carbon–carbon bond-forming reactions,

asymmetric 197–204
catalysis, phase-transfer 1–8
catalysts
– di-cation 127
– mono-cation 127
– monomeric 14–16
– organocatalysts 197–204
– recovery and reuse 126, 127
– recyclable 87
– second-/third-generation 10, 17
– structure 73

– TaDiAS, see tartrate-derived diammonium
salt

catalytic asymmetric alkylation 132
catalytic asymmetric Darzens reaction 128
catalytic asymmetric epoxidation 108, 109
catalytic asymmetric Michael addition 129
catalytic asymmetric phase-transfer

alkylation 118, 119
catalytic asymmetric phase-transfer

Mannich-type reaction 122, 123
catalytic asymmetric phase-transfer

Michael addition 127
– enones 120–122
– a,b-unsaturated esters 119, 120
catalytic efficiency, quaternary ammonium

salts 140, 141
catalytic enantioselective Michael

addition 150–152
catalytic enantioselective phase-transfer

alkylation 80, 82
catalytic enantioselective synthesis 91
chalcone derivatives, asymmetric

epoxidation 41
chiral ammonium phenoxide 37
chiral binaphthyl subunit 76
chiral cinchona-PTCs
– asymmetric synthesis 9–70
– stereoselectivity 50
chiral pentacyclic guanidine-type PTC,

C2-symmetric 139, 140
chiral phase-transfer catalysts
– binaphthyl- and biphenyl-modified 71–113
– crown ethers 163–166
– dimeric 50–60
– Taddols 166–170
chiral polymeric cinchona-PTCs 49–70
chiral quaternary ammonium bifluorides,

see quaternary ammonium bifluorides
chiral quaternary ammonium bromide,

see quaternary ammonium bromide
chiral quaternary ammonium fluorides,

see quaternary ammonium fluorides
chiral quaternary ammonium salts 9, 70
– N-spiro 74, 75
chloroketones 36
cinchona alkaloids 9, 49, 50, 132
– natural 153, 154
cinchona-derived monomeric catalysts

14–16
cinchona-PTCs
– chiral 9–70
– dimeric 50–60
– polymeric 49–70
– trimeric 62
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cinchonidine 50
complexes
– bimetallic–salen 174
– copper(salen) 175–182
– glycine-derived nickel(II) 171
– heterobimetallic 200
– Ni(salen) 173
– salen-Cu(II) 147, 148
compounds, acidic organic 2–6
condensation, Darzens 162
conformations, copper(salen) complexes

179
conjugated addition, asymmetric 36–39
copper(salen) complexes 175–182
– a-amino acids 175
– conformations 179
– enantioselectivity 180
(þ)-CP-99,994 125, 126
crown ethers 7
– asymmetric epoxidation 166
– asymmetric Michael addition 163–165
– Darzens condensation 165, 166
cyanoacetates, asymmetric conjugate

addition 104, 105
cyanocarboxylates, asymmetric phase-

transfer alkylation 98
cyanohydrin, acetone 46
cyclization, asymmetric oxidative 41
cycloalkenones, asymmetric

cyclopropanation 39
cyclodextrins, neutral 156
cyclopropanation 29–30
– asymmetric 39
(þ)-cylindricine 124, 125

d
Darzens condensation
– asymmetric 162
– crown ethers 165, 166
– diastereocontrolled 183
– metal(salen) complexes 183, 184
Darzens reaction 35–48
– catalytic asymmetric 128
di-cation catalyst 127
a,a-dialkyl-a-amino acids
– asymmetric synthesis 89–94
– enantioselective synthesis 148, 149
diammonium salt, tartrate-derived,

see tartrate-derived diammonium salt
diastereocontrolled Darzens

condensation 183
C(2) diastereomer, amprenavir 196
diastereoselective alkylation, glycine

Schiff bases 86, 87

diazo-aldol reaction, asymmetric 40
1,5-dienes 41
dihydroxylation, asymmetric 42, 52
dimeric ammonium salts 49–70
dimeric chiral cinchona-PTCs 50–60
– anthracene-linked 61, 62
– enantioselectivity 55
– general structure 52
– 2,7-naphthyl-linked 57–60
– 1,3-phenyl-linked 57–60
– phenyl linker 51–56
dimeric quaternary ammonium salts,

cinchona-derived 53
dimerization effects, Sharpless asymmetric

dihydroxylation 52
dimethyl-linker 53
1,3-dinitro compounds, stereocenters 203
dipeptides, stereoselective N-terminal

alkylation 95
direct asymmetric aldol reactions 5
– aldehydes 106, 107
direct asymmetric alkynylation 44
disease, Parkinson’s 88
a,a-disubstituted amino esters 176
double bonds, electrophilic C¼X 5, 6

e
efficiency, catalytic 140, 141
electronically modified phenyl linker 56
electrophilic C¼X double bonds 5, 6
enantioselective Michael addition
– b-keto esters 103, 104
– silyl nitronates 202
enantioselective phase-transfer alkylation

80, 82
enantioselective synthesis
– aeruginosin 298-A 123, 124
– catalytic 91
– a,a-dialkyl-a-amino acids 148, 149
enantioselectivity 10, 20, 24
– asymmetric benzylation 81
– copper(salen) complexes 180
– dimeric cinchona-derived chiral PTCs 55
enol silyl ethers 195, 201–202
enolate alkylation 182, 183
enones 119, 120
epoxidation
– catalytic asymmetric 108, 109
– chiral PTCs 152–156
esters
– acetylenic 104, 105
– alanine ethyl 92
– amino 176
– benzophenone imine glycine 50
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– a,b-unsaturated 119, 120
ethers
– enol silyl 195, 201, 202
extraction mechanism, Starks 2
18F-labeled amino acids, synthesis 172

f
fluorides
– chiral quaternary ammonium,

see quaternary ammonium fluorides
fluorination, asymmetric 46, 47
fluorobenzenes, asymmetric aromatic

substitution 45
fluorotetralone, asymmetric benzylation 43
formal synthesis
– (þ)-CP-99,994 125, 126
– (–)-lepadiformine 124, 125
gauche-conformations, copper(salen)

complexes 179
in-situ generation 189–193

g
glutamic acid, g -methyl 167
glycinate benzophenone Schiff bases,

tert-butyl, see tert-butyl glycinate
benzophenone Schiff base

glycine amide Schiff bases, asymmetric
monoalkylation 84–86

glycine derivatives 198
glycine-derived nickel(II) complex,

alkylation 171
glycine ester, benzophenone imine 50
glycine ester Schiff bases, asymmetric

monoalkylation 71–84
glycine imine, asymmetric C-benzylation

144
glycine Schiff bases 4, 5
– diastereoselective alkylation 86, 87
– monoalkylation 9–19
glycine Weinreb amides, protected

85, 86
glycolate, asymmetric alkylation 42
green chemistry 35
guanidine-type PTC, C2-symmetric chiral

pentacyclic 139, 140
guanidinium salt 140

h
halides, alkyl 86, 87
a-haloamides 128
Henry, see aza-Henry reaction
heterobimetallic complexes 200
HIV protease inhibitor 39
hydroxylation 156, 157

i
imine glycine ester, benzophenone 50
imines
– asymmetric alkylation 148
– glycine 144
inorganic base-promoted activation, acidic

organic compounds 2–6
interfacial mechanism, Makosza 2
isomannide 143
isosorbide 143

k
b-keto esters 97, 98
– asymmetric alkylation 43
– enantioselective Michael addition 103,

104

l
18F-labeled amino acids, synthesis 172
b-lactam 170
lactonization, chiral ammonium

phenoxide 37
(–)-lepadiformine 124, 125
linkers
– anthracene 61, 62
– bis(Bromomethyl)- 53
– dimethyl- 53
– electronically modified 56
– naphthalene 57
– phenyl 51–56

m
Makosza interfacial mechanism 2
malonate, asymmetric Michael addition 38
Mannich-type reactions 29, 106, 107, 122, 123
mechanistic aspects, phase-transfer

catalysis 1–8
mechanistic investigations, asymmetric

alkylation 149, 150
l-menthol-derived quaternary ammonium

salts 142
metal salts 6, 7
metal(salen) complexes 174–184
– Darzens condensation 183, 184
– enolate alkylation 182, 183
– square planar 183, 184
g -methyl glutamic acid 167
a-methyl phenylalanine, synthesis 173
Michael addition 62, 99–105
– asymmetric 99–105
– tandem 37
Michael reaction, glycinate benzophenone

Schiff bases 22, 23
mono-cation catalyst 127
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monoalkylation, glycine Schiff bases
9–19

monodeazacinchona alkaloid derivatives
152–153

monomeric catalysts, cinchona-derived
14–16

monomeric PTCs 51
Montanari, see Brändström–Montanari

modification
Mukaiyama-type aldol reactions,

asymmetric 192–194, 198

n
naphthalene linker 57
1,10-bi-2-naphthol, see BINOL
2,7-naphthyl-linked dimeric PTCs 57–60
natural cinchona alkaloids 153, 154
Neber rearrangement 106–108
(–)-nemonapride 125, 126
neutral cyclodextrins 156
nickel(II) complex, glycine-derived 171
nickel(salen) complexes 174, 175
– a-methyl phenylalanine 173
g -nitro aldehydes, optically active 201
nitroaldol reactions
– asymmetric 199
– transition state 200
nitroalkanes, asymmetric conjugate

addition 101
nitronates, silyl 202, 203
Nobin 145, 170–173
iso-Nobin derivatives, asymmetric Michael

additions 173
non-cinchona-PTCs, alkylation 136–150
non-linear effect, alkylation 180
nucleophiles, carbon 37
nucleophilic addition reactions 5, 6
nucleophilic substitution reactions 4, 5

o
onium carbanion
– reactive species 2, 3
– reactivity 3, 4
– stability 3
optically active g-nitro aldehydes 201
optically enriched alkyl halides 86, 87
organic compounds, acidic 2–6
organic synthesis, phase-transfer catalysis

1–8
organocatalysts 197–204
– asymmetric reactions 193–197
oxidative cyclization, asymmetric 41
oxygen-functionalization, asymmetric

40–42

p
Parkinson’s disease 88
pentacyclic guanidine-type PTC,

C2-symmetric chiral 139, 140
peptides
– dipeptides 95
– Schiff base-activated 94–96
peroxidative hydroxylation 156, 157
phase-transfer alkylation
– catalytic enantioselective 80, 82
– a,a-dialkyl-a-amino acids 91
phase-transfer benzylation 73
phase-transfer catalysis (PTC), basic

principals 1–8
phase-transfer catalysts (PTCs)
– binaphthyl- and biphenyl-modified

71–113
– cinchona-derived 9–70
– crown ethers 7
– metal(salen) complexes 174–184
– Nobin 170–173
– polymeric and dimeric 49–70
– C2-symmetric chiral pentacyclic

guanidine-type 139, 140
– L-tartrate-derived 151
phase-transfer Mannich-type reaction

122, 123
phase-transfer Michael addition 119–122,

127
phenoxide, see chiral ammonium

phenoxide
1,3-phenyl-linked dimeric PTCs 57–60
phenyl linker 51–56
– electronically modified 56
1-phenylcyclohexene, asymmetric

epoxidation 154
phosphazene bases 17
phosphoglutamic acid derivatives,

synthesis 169
phosphonium salts 1, 137
planar metal(salen) complexes 183,

184
polymeric cinchona-PTCs
– asymmetric epoxidation 63–67
– chiral 49–70
propargylation, asymmetric 83
protected glycine Weinreb amides,

asymmetric phase-transfer alkylation
85, 86

protonated ammonium salts 154
PTC, see phase-transfer catalysis
PTCs, see phase-transfer catalysts
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quaternary ammonium bifluorides,

chiral 197–204
quaternary ammonium bromide, chiral

77, 78, 84
quaternary ammonium fluorides
– chiral 189–205
– in-situ generation 189–193
quaternary ammonium salts 1–8, 51
– catalytic efficiency 140, 141
– chiral 9, 70
– cinchona-derived dimeric 53
– l-menthol-derived 142
– N-spiro chiral 74, 75
quaternary stereocenter 97, 98, 104
quinine 9, 50

r
radical reaction 28, 29
reaction mechanisms, phase-transfer

catalysis 1–8
reactions
– asymmetric allylation 83
– asymmetric benzylation 81
– asymmetric conjugated addition 35–48
– asymmetric Darzens reaction 35, 36
– asymmetric dihydroxylation 52
– asymmetric epoxidation 7, 63–67
– asymmetric Mukaiyama-type aldol

192–194, 198
– asymmetric propargylation 83
– asymmetric SN aromatic reaction 45
– aza-Henry 25, 26, 39, 40
– aziridination 27, 28
– carbon–carbon bond-forming 197–204
– catalytic asymmetric Darzens reaction

128
– catalytic asymmetric epoxidation 108,

109
– cyclopropanation 29, 30
– Darzens 35–48
– Darzens condensation 162, 165, 166
– Mannich-type 29, 106, 107, 122, 123
– Michael 22, 23
– Neber rearrangement 106–108
– nuclueophilic substitution 4, 5
– organocatalytic asymmetric 193–197
– p-bromobenzylation 92
– phase-transfer benzylation 73
– radical 28, 29
– Sharpless asymmetric dihydroxylation 52
– Strecker 27, 109, 110
reactive onium carbanion species,

generation 2, 3

reactivity
– onium carbanion 3, 4
– phase-transfer benzylation 73
recovery, catalyst 126, 127
recyclable reagents 87
reuse, catalyst 87, 126, 127

s
salen-Cu(II) complexes 147, 148
salts
– ammonium, see (quaternary) ammonium

salts
– 2,20-bimorpholinium ammonium 132
– bis-ammonium 35–48
– chiral 9
– chiral quaternary ammonium bromide,

see quaternary ammonium bromide
– dimeric ammonium 49–70
– guanidinium 140
– metal 6, 7
– phosphonium 1, 137
– quaternary ammonium bifluorides

197–204
– quaternary ammonium fluorides

189–205
Schiff base-activated peptides, alkylation

94–96
Schiff bases 9–33
– alkylation 19–21
– benzylation 18, 19
– tert-butyl glycinate benzophenone 9, 10
– glycinate benzophenone 22, 23
– glycine amide 84–86
– glycine ester 71–84
second-generation catalyst 10
second-generation synthesis, TaDiAS

118
selectivity, phase-transfer benzylation 73
Sharpless asymmetric dihydroxylation,

dimerization effects 52
short synthesis, (þ)-cylindricine 124, 125
side chains, influence on alkylation 178
silyl ethers, enol 195, 201, 202
silyl nitronates, enantioselective Michael

addition 202, 203
solid-phase synthesis 87
solvent, phase-transfer benzylation 73
solvent base 14–16
N-spiro chiral quaternary ammonium

salt 74, 75
square planar metal(salen) complexes

183, 184
stability, onium carbanion 3
Starks extraction mechanism 2, 6
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stereocenters 87
– 1,3-dinitro compounds 203
– quaternary 97, 98, 104
stereoselective N-terminal alkylation,

dipeptides 95
stereoselectivity 11, 18–20, 25
– cinchona-PTCs 50
sterically hindered tertiary amine 49
straight alkyl chains, number 81
Strecker reaction 27, 109, 110
Strecker synthesis, asymmetric 45, 46
substituent, aromatic 72
substitution reactions
– asymmetric aromatic 45
– nuclueophilic 4, 5
subunit
– achiral 77
– binaphthyl 76
sulfones, a-amido 46, 110
C2-symmetric chiral pentacyclic

guanidine-type PTC 139–140
synthesis
– aeruginosin 298-A 123, 124
– a-alkylalanines 20, 21
– amino acids 9–33
– a-amino acids 9–29, 59
– b-amino acids 29, 30
– asymmetric Strecker synthesis 45, 46
– catalytic enantioselective 91
– (þ)-CP-99,994 125, 126
– (þ)-cylindricine 124, 125
– a,a-disubstituted amino esters 176
– 18F-labeled amino acids 172
– b-lactam 170
– (–)-lepadiformine 124, 125
– a-methyl phenylalanine 173
– (–)-nemonapride 125, 126
– organic 1–8
– phosphoglutamic acid derivatives 169
– solid-phase 87
– TaDiAS 118
– two-center PTCs 115–118
synthetic applications, two-center PTCs

123–126

t
Taddol-catalyzed alkylation 169
Taddols 117, 145, 166–170
tandem Michael addition, chiral

ammonium phenoxide 37
tartrate-derived diammonium salt

(TaDiAS) 116–127, 130
– second-generation synthesis 118
– structure 116, 121
L-tartrate-derived PTCs 151
tartrate-derived two-center PTCs

130–132
N-terminal alkylation, stereoselective 95
tertiary amine, sterically hindered 49
tetraalkylammonium fluoride 197–204
tetraalkylammonium salts 1
tetrabutylammonium bromide 11, 17
tetrabutylammonium fluoride 190
third-generation catalyst 10, 17
total synthesis, (–)-nemonapride 125, 126
transition state
– asymmetric epoxidation 67
– nitroaldol reactions 200
trimeric cinchona-PTCs 62
two-center chiral PTCs 115–134
two-center PTCs
– BINOL 129
– design and synthesis 115–118
– synthetic applications 123–126
– TaDiAS, see tartrate-derived diammonium

salt
– tartrate-derived 130–132

u
a,b-unsaturated esters 119, 120

v
van der Waals forces 67

w
Weinreb amides, protected glycine 85, 86

y
yield 14–16
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