
v

 Preface xiii

Part I Asymmetric Synthesis 1

1	 Introduction	and Characteristics	 3
Yong-Bin Wang, Shao-Hua Xiang, and Bin Tan

1.1	 	Introduction	and Classification	 3
1.2	 	Specification	of Configuration	 9
	 	References	 11

2	 Metal-Catalyzed	Asymmetric	Synthesis	of Biaryl	Atropisomers	 13
Tao Zhou and Bing-Feng Shi

2.1	 	Introduction	 13
2.2	 	Biaryl	Coupling	 13
2.2.1	 Cross-coupling	 13
2.2.1.1	 Kumada–Tamao–Corriu	Cross-coupling	 14
2.2.1.2	 Negishi	Cross-coupling	 15
2.2.1.3	 Suzuki–Miyaura	Cross-coupling	 15
2.2.2	 Other	Types	of Cross-coupling	 24
2.2.3	 Oxidative	Coupling	 24
2.2.3.1	 Cu-Catalyzed	Oxidative	Coupling	 25
2.2.3.2	 Oxidative	Coupling	Reactions	with Other	Metals	 27
2.3	 	Desymmetrization	and (Dynamic)	Kinetic	Resolution	via	Functional	Group	

Transformation	 29
2.3.1	 Desymmetrization	of Prochiral	Biaryls	 29
2.3.2	 Kinetic	Resolution	of Racemic	Axially	Chiral	Biaryls	 30
2.3.3	 Dynamic	Kinetic	Resolution	of Racemic	Axially	Chiral	Biaryls	 30
2.3.4	 Ring-opening	Reactions	 32
2.4	 	Formation	of Aromatic	Ring	via	[2	+	2	+	2]	Cycloaddition	 35
2.4.1	 Cobalt-Catalyzed	Enantioselective	[2	+	2	+	2]	Cycloadditions	 35
2.4.2	 Rhodium-Catalyzed	Enantioselective	[2	+	2	+	2]	Cycloadditions	 36

Contents

Tan_ftoc.indd   5 25-07-2021   04:31:26



Contentsvi

2.4.3	 Iridium-Catalyzed	Enantioselective	[2	+	2	+	2]	Cycloadditions	 36
2.5	 	C─H	Bond	Functionalization	 38
2.5.1	 Chiral	Catalyst-Controlled	C─H	Bond	Functionalization	 38
2.5.2	 Chiral	Auxiliary-Induced	C─H	Bond	Functionalization	 40
2.5.3	 Atroposelective	C─H	Arylation	 40
2.6	 	Summary	and Conclusions	 42
	 	References	 42

3	 Organocatalytic	Asymmetric	Synthesis	of Biaryl	Atropisomers	 47
Shaoyu Li, Shao-Hua Xiang, and Bin Tan

3.1	 	Introduction	 47
3.2	 	Atroposelective	Synthesis	of Biaryls	by	Kinetic	Resolution	Strategy	 47
3.2.1	 Conventional	Kinetic	Resolution	 47
3.2.1.1	 Kinetic	Resolution	via	Asymmetric	Alkylation	 48
3.2.1.2	 Kinetic	Resolution	via	Asymmetric	Acylation	 50
3.2.1.3	 Kinetic	Resolution	via	Asymmetric	Transfer	Hydrogenation	and Michael	

Addition	 53
3.2.2	 Dynamic	Kinetic	Resolution	Strategy	 54
3.2.2.1	 DKR	via	Asymmetric	Electrophilic	Bromination	 54
3.2.2.2	 DKR	via	Asymmetric	Nucleophilic	Addition	 56
3.2.2.3	 DKR	Based	on Asymmetric	Ring-Opening/Expansion	Transformation	 57
3.3	 	Atroposelective	Synthesis	of Biaryls	by	Desymmetrization	Strategy	 59
3.4	 	Atroposelective	Arene	Formation	to Access	Axially	Chiral	Biaryls	 61
3.4.1	 Intramolecular	Atroposelective	Arene	Formation	 61
3.4.2	 Atroposelective	Arene	Formation	via	Intermolecular	Annulation	 63
3.5	 	Atroposelective	Synthesis	of Biaryls	via	Direct	C–H	Arylation	Strategy	 67
3.5.1	 Organocatalytic	C–H	Arylation	by	[3,3]-Sigmatropic	Rearrangement	 67
3.5.2	 Atroposelective	Arylation	Based	on Quinone	Derivatives	 68
3.5.3	 Atroposelective	Nucleophilic	Aromatic	Substitution	 71
3.6	 	Conclusion	 72
	 	References	 72

4	 Enantioselective	Synthesis	of Heterobiaryl	Atropisomers	 75
Damien Bonne and Jean Rodriguez

4.1	 	Introduction	 75
4.2	 	Atropisomeric	Heterobiaryls	Featuring	Two	Six-Membered	Rings	 75
4.2.1	 Functionalization	of Heterobiaryls	 75
4.2.2	 Atroposelective	Ring	Formation	 81
4.3	 	Atropisomeric	Heterobiaryls	Featuring	a Five-Membered	Ring	 87
4.3.1	 From	Preformed	Cyclic	Systems	 87
4.3.2	 Formation	of the Heterobiaryl	Axis	 93
4.3.3	 Atroposelective	Ring	Formations	 95
4.4	 	Atropisomeric	Heterobiaryls	Featuring	Two	Five-Membered	Rings	 103
4.4.1	 Functionalization	of Heterobiaryls	 103
4.4.2	 Aromatization	of a Bis-heterocycle	 104

Tan_ftoc.indd   6 25-07-2021   04:31:26



Contents vii

4.4.3	 Atroposelective	Ring	Formations	 105
4.5	 	Conclusion	and Outlook	 106
	 	References	 106

5	 Asymmetric	Synthesis	of Nonbiaryl	Atropisomers	 109
Mirza A. Saputra, Mariel Cardenas, and Jeffrey L. Gustafson

5.1	 	Introduction	 109
5.2	 	Styrenes	 109
5.2.1	 Axially	Chiral	Styrenes	via	Point-to-Axial	Chirality	Transfer	 110
5.2.2	 Axially	Chiral	Styrenes	Controlled	by	Chiral	Auxiliary	 111
5.2.3	 Metal-Catalyzed	Enantioselective	Synthesis	of Axially	Chiral	Styrene	 111
5.2.4	 Organocatalytic	Synthesis	of Axially	Chiral	Styrenes	 114
5.3	 	Amides	 118
5.3.1	 Stereochemical	Stability	of Atropisomeric	Amides	 118
5.3.2	 Lithiation	of Atropisomeric	Amides	to Access	Various	Alkylations	 118
5.3.3	 Syntheses	of Atropisomerically	Stable	Amides	via	Chiral	Auxiliaries	 120
5.3.4	 Catalytic	Asymmetric	Dihydroxylation	via	Sharpless	KR	Conditions	 121
5.3.5	 Atroposelective	Aldol	Reactions	via	DKR	Approach	 121
5.3.6	 Atroposelective	Halogenation	of Aromatic	Amides	 122
5.3.7	 Atroposelective	[2	+	2	+	2]	Cycloaddition	Toward	Atropisomerically	Stable	

Benzamides	 123
5.3.8	 Enantioselective	O-alkylation	of Axially	Chiral	Amides	 123
5.4	 	Diaryl	Ethers	 124
5.4.1	 Resolution	Studies	of Diaryl	Ethers	 124
5.4.2	 Enantioselective	Synthesis	of Diaryl	Ether	 125
5.4.3	 Enzyme-Catalyzed	Synthesis	of Diaryl	Ether	 126
5.4.4	 Synthesis	of Scaffolds	Related	to Diaryl	Ethers	via	Csp2-H	Activation	 127
5.5	 	Anilides	 127
5.5.1	 Stereochemical	Stability	of Axially	Chiral	Anilides	 129
5.5.2	 Kinetic	Resolution	or	DKR	to Access	Axially	Chiral	Anilides	 129
5.5.3	 Synthesis	of Axially	Chiral	Anilides	via	Planar	to Axial	Chirality	Transfer	 130
5.5.4	 Metal-Catalyzed	Synthesis	of Chiral	Anilides	 131
5.5.5	 Organocatalytic	Synthesis	of Chiral	Anilides	 131
5.6	 	Lactams	and Related	Scaffolds	 133
5.6.1	 Stereochemical	Stability	of Atropisomeric	Lactams	 134
5.6.2	 Diastereoselective	Cyclization	Toward	Atropisomeric	Lactams	 134
5.6.3	 Enantioselective	N-arylation	Toward	Lactam	Atropisomers	 134
5.6.4	 Atroposelective	[2	+	2	+	2]	Cycloaddition	with Isocyanates	 135
5.6.5	 Chiral	Auxiliary	Approach	Toward	Resolving	Atropisomeric	Lactams	 136
5.6.6	 Enantioselective	Brønsted	Base-Catalyzed	Tandem	Isomerization–Michael	

Reactions	Toward	Atropisomeric	Lactams	 136
5.7	 	Diaryl	Amines	 137
5.7.1	 Stereochemical	Stability	of Diaryl	Amines	 137
5.7.2	 Atroposelective	Approaches	Toward	Diaryl	Amines	or	Related	Scaffolds	 138
	 	References	 138

Tan_ftoc.indd   7 25-07-2021   04:31:26



Contentsviii

6	 Asymmetric	Synthesis	of Chiral	Allenes	 141
Jinbo Zhao and Yunhe Xu

6.1	 	Introduction	 141
6.2	 	Substrate-	and Reagent-Controlled	Chiral	Allenes	Synthesis:	Stoichiometric	

Asymmetric	Reactions	 142
6.2.1	 Chirality	Transfer	 142
6.2.1.1	 Chirality	Transfer	from Propargyl	Alcohol	and Its	Derivatives:	

Rearrangements	 142
6.2.1.2	 Processes	Involving	Stereospecific	Rearrangements		

of Propargyl	Amine	 143
6.2.1.3	 SN2′	Reaction	 145
6.2.1.4	 Pd-Catalyzed	Stereospecific	Reaction	 146
6.2.1.5	 Isomerization	of Propargyl	Metals	 148
6.2.1.6	 Chirality	Transfer	from Functionalized	Allylic	Derivatives	 149
6.2.1.7	 Chirality	Transfer	via	Wittig	Olefination	 150
6.2.2	 Asymmetric	Reaction	with Stoichiometric	Chiral	Reagents	 151
6.3	 	Catalytic	Asymmetric	Strategies	for the Syntheses	of Chiral	Allenes	 151
6.3.1	 Catalytic	Enantioselective	Synthesis	from Achiral	Substances	 152
6.3.1.1	 Enantioselective	Proton	Migration	(Isomerization)	of Alkyne	 152
6.3.1.2	 Enantioselective	Addition	to	1,3-Enyne	 154
6.3.1.3	 Enantioselective	Elimination	Reactions	 160
6.3.1.4	 Catalytic	Asymmetric	Reactions	Involving	Diazo	Compounds	 161
6.3.1.5	 Desymmetrization	 162
6.3.2	 Enantioselective	Allene	Synthesis	from Chiral	Substrates	 163
6.3.2.1	 Kinetic	Resolution	 163
6.3.2.2	 Dynamic	Kinetic	Processes	 164
6.3.2.3	 Deracemization	 167
6.4	 	Conclusion	and Perspective	 168
	 	References	 169

7	 Asymmetric	Synthesis	of Axially	Chiral	Natural	Products	 173
He Yang and Wenjun Tang

7.1	 	Introduction	 173
7.2	 	Diastereoselective	Coupling–Point	to Axial	Chirality	Transfer	 175
7.2.1	 Intramolecular	Diastereoselective	Coupling	 176
7.2.1.1	 Diastereoselective	Coupling	Enabled	by	Intrinsic	Chirality	 176
7.2.1.2	 Diastereoselective	Coupling	Facilitated	by	Chiral	Auxiliaries	 182
7.2.2	 Intermolecular	Diastereoselective	Aryl	Coupling	 183
7.2.2.1	 Diastereoselective	Coupling	Enabled	by	Intrinsic	Chirality	 183
7.2.2.2	 Diastereoselective	Coupling	Facilitated	by	Chiral	Auxiliary	 189
7.3	 	Atroposelective	Aryl	Coupling	with Chiral	Catalyst	 191
7.3.1	 Catalytic	Oxidative	Aryl	Coupling	 191
7.3.2	 Transition	Metal-Catalyzed	Atroposelective	Aryl	Coupling	 194
7.4	 	Asymmetric	Transformation	of Biaryls	 196
7.4.1	 Dynamic	Kinetic	Resolution	of Biaryl	Structure – The	Lactone	Method	 196

Tan_ftoc.indd   8 25-07-2021   04:31:26



Contents ix

7.4.2	 Desymmetrization	of Prostereogenic	Biaryls	 197
7.4.3	 Catalytic	Atroposelective	C–H	Functionalization	of Biaryls	 199
7.4.4	 Diastereoselective	Synthesis	from Racemic	Biaryls	 199
7.5	 	Atroposelective	Aromatization	 200
7.6	 	Diastereoselective	Macrocyclization	 202
7.7	 	Conclusions	and Perspectives	 204
	 	References	 204

Part II Applications	 209

8 Asymmetric Transformations 211
Gaoyuan Ma and Mukund P. Sibi

8.1	 	Asymmetric	Transformation	of Axially	Chiral	Biaryls		
and Heterobiaryls	 211

8.1.1	 Asymmetric	Transformations	with Preservation	of Axially		
Chiral	Backbone	 212

8.1.2	 Asymmetric	Transformations	with Axial-to-central		
Chirality	Transfer	 213

8.2	 	Asymmetric	Transformation	of Axially	Chiral	Non-biaryl		
Compounds	 214

8.2.1	 Cycloadditions	and Cyclizations	 214
8.2.1.1	 [4	+	2]-Cycloaddition	 214
8.2.1.2	 [3	+	2]-Cycloaddition	 214
8.2.1.3	 Radical	Cyclization	 215
8.2.1.4	 Heck	Cyclization	 217
8.2.1.5	 Carbanionic	Cyclization	 217
8.2.2	 Reaction	with Nucleophiles	 218
8.2.3	 Reaction	with Electrophiles	 220
8.2.3.1	 Reactivity	as Enolates	 220
8.2.3.2	 Lithiation	 221
8.2.3.3	 Rearrangements	 222
8.2.4	 Photoreactions	 224
8.2.4.1	 Photocycloaddition	 224
8.2.4.2	 Photocyclization	 225
8.2.4.3	 Hydrogen	Atom	Abstraction	 226
8.3	 	Asymmetric	Transformation	of Chiral	Allenes	 226
8.3.1	 Cyclization	 226
8.3.1.1	 Palladium-Catalyzed	Cyclization	 226
8.3.1.2	 Rhodium-Catalyzed	Cyclization	 228
8.3.1.3	 Gold-Catalyzed	Cyclization	 231
8.3.1.4	 Silver-Catalyzed	Cyclization	 231
8.3.1.5	 Organic	Reagent-Mediated	Cyclization	of Chiral	Allene	 232
8.3.2	 Cycloaddition	 233
8.3.2.1	 Intermolecular	Cycloaddition	 233

Tan_ftoc.indd   9 25-07-2021   04:31:26



Contentsx

8.3.2.2	 Intramolecular	Cycloaddition	 234
8.3.3	 Reaction	with Nucleophiles	 236
8.3.3.1	 Reaction	with Carbon	Nucleophiles	 236
8.3.3.2	 Reaction	with Heteroatom	Nucleophiles	 238
8.3.4	 Chiral	Allene	as Nucleophiles	 240
8.4	 	Conclusion	 242
	 	References	 243

9	 Application	for Axially	Chiral	Ligands	 245
Bing-Chao Da and Bin Tan

9.1	 	Introduction	 245
9.2	 	Monodentate	Phosphines	 246
9.2.1	 Asymmetric	Hydrogenations	 246
9.2.2	 Asymmetric	Hydrosilylation	of Olefins	 248
9.2.3	 Asymmetric	Allylic	Substitutions	 249
9.2.4	 Miscellaneous	Catalytic	Asymmetric	Transformations	 250
9.3	 	Diphosphine	Ligands	 252
9.3.1	 Hydrogenation	Reactions	 252
9.3.2	 C─C	Bond	Formation	 255
9.3.3	 C─X	Bond	Formation	 257
9.4	 	Phosphoramidite	and Phosphamide	Ligands	 259
9.4.1	 Asymmetric	Conjugate	Addition	with Organometallic	Nucleophiles	 259
9.4.2	 Hydrogenation	 260
9.4.3	 Hydroboration/Hydrosilylation	Reactions	 261
9.4.4	 Allylic	Substitutions	 262
9.4.5	 Other	Asymmetric	Transformations	 263
9.5	 	N–P	Ligands	 264
9.5.1	 Applications	of N,	P-Ligands	 265
9.6	 	C2-Symmetric	Diols	 267
9.6.1	 Mukaiyama	Aldol	Condensation	Reactions	 267
9.6.2	 Diels–Alder	Reaction	 268
9.6.3	 Arrangement	Reaction	 269
9.6.4	 Reductive	Reactions	 269
9.7	 	Other	Axially	Chiral	Ligands	in Asymmetric	Transformations	 270
9.8	 	Conclusions	 271
	 	References	 271

10	 Application	for Axially	Chiral	Organocatalysts	 275
Takahiko Akiyama

10.1	 	Introduction	 275
10.2	 	Chiral	Brønsted	Acid	Catalysts	 276
10.2.1	 Chiral	BINOL	Derivatives	 276
10.2.2	 Chiral	Phosphoric	Acid	 276
10.3	 	Chiral	Counteranion	Catalysts	and Chiral	Phase	Transfer	Catalysts	 285

Tan_ftoc.indd   10 25-07-2021   04:31:26



Contents xi

10.4	 	Brønsted	Base	Catalyst	 288
10.5	 	Lewis	Base	Catalysts	 289
	 	References	 294

11	 Application	in Drugs	and Materials	 297
Yong-Bin Wang, Shao-Hua Xiang, and Bin Tan

11.1	 	Drugs	 297
11.2	 	Chiral	Recognition	 302
11.3	 	Chiral	Additives	in Liquid	Crystals	 307
	 	References	 313

Index	 317

Tan_ftoc.indd   11 25-07-2021   04:31:26



Tan_ftoc.indd   12 25-07-2021   04:31:26


