Index

a

activated acyl donors 128-129

alcohols, KR 14, 22, 51, 129

—1,2-diols 81, 87

— C,-symmetric
diferrocenyl-pyrrolidinopyridine
nucleophilic catalyst 77

— allylic alcohols 77

— benzylic alcohols 77

— chiral 1,2-diamine 80

— chiral acylation catalysts 76

— chiral appendage 77

— chiral palladacycles 87

— chiral phosphine catalyst 76

— copper(II)-catalysed benzoylation 79

— Cu(II)—azabis(oxazoline)
complexes 80

- enantiopure secondary alcohols 76

— free carboxylic acids 80

- non-enzymatic catalysts 76

— oxidative. See oxidative KR, alcohols

— Rh-catalysed 87

- sulfonylations 87

— unsaturated alcohols  76-79
alkenes, KR
— 2,3-allenoates 99, 100

— asymmetric hydroborations 98

— [2.2.2]-bicyclooctadienes 98

— (S)-BINAP derived catalysts 98

— chiral C;-symmetric olefin polymerization
101

— chiral (salen)cobalt(IT) complexes 100

— chiral bisphospholanes 98

— chiral drugs 97

— dioxiranes uses 97

— HIV protease inhibitor GRL-06579A 99

— lignans synthesis 97

— natural products 97

— nitrocyclopropanes synthesis 99

— organoaluminium reagents 98

— Pd-catalysed couplings 100

— Rh-catalysed 99

— selectivity factors 100

— Sharpless asymmetric dihydroxylation 97

allenes, KR

— regioisomers 44

— stereochemical model 44-45

— zirconium  43-44

amide and peptide formation

— acyl chlorides 32

— chiral benzoylating agent  34-35

— chiral resins 33

- DAQ 31-32

- 1-(2,2-dimethoxyethyl)-1,2,3,4-tetrahydro-
carboline 30

— y-substituted y-lactones 34

— heterocyclic amines 32

— 2-methylpiperidine 30-31

— N, N’-dimethylpropylene urea
(DMPU) 32

— preparation of peptides 33

— racemic amino acids  34-35

— stereoselectivity 30

amines, KR 13,129

— azlactones 95

— azomethine imines 96

— p-hydroxy-N, N-dialkylamines 94

— CALB effect 131-132

— chiral ruthenium-catalysed olefin metathesis — chiral zirconium catalysts 95

99
— copper-catalysed 98
— cyclic allylic acetates 98

— Diels—Alder cycloaddition 95
— 2,3-dihydro-2-substituted 4-quinolones 96
— enzymatic kinetic resolution 132

Separation of Enantiomers: Synthetic Methods, First Edition. Edited by Matthew Todd.

(© 2014 Wiley-VCH Verlag GmbH & Co. KGaA. Published 2014 by Wiley-VCH Verlag GmbH & Co. KGaA.

291



292

Index

amines, KR (contd.)

— ethyl acetate 131

— ketoazirine, organocatalytic asymmetric
cyclization 97

— lipase-catalysed KR 132

— nitrogen substituent 95

— O-acylation 94

— oxazolidinediones, methanolysis 94

— pure organic solvents 131

anisotropy factor 272

asymmetric autocatalysis

— autocatalytic aldol reaction 283

— chiral additives 282

— CPL-irradiated reaction product 282

— isotopomers 282

— organoautocatalytic reactions

— Soai reaction 282

283

b

Baeyer—Villiger reaction 55, 233-234

borane reactions

— B-chlorodiisopinocampheylborane (DIPCI)
41-43

— 2-vinyloxirane and monoepoxides 43

c
Candida antarctica lipase A (CALA) 130
Candida antarctica lipase B (CALB)  129-130

carbonyl derivatives, KR

— asymmetric esterification 101

— chiral acyloins 102

— Corey—Bakshi—Shibata (CBS) reduction
methodology 101

— homobenzotetramisole 101

— intramolecular aldol reactions 102

— oxazaborolidine-catalysed asymmetric
reductions 101

— transesterification reactions 101

catalytic KR. See kinetic resolution

chiral stoichiometric reagents

— amide and peptide formation 30-35

— benzylic hydroperoxides 50

— borane-involving reactions 41-43

— conjugate additions 39-41

— cycloaddition reactions  35-38

— deprotonation reactions 48-49

— electrophilic selenium reagents 51

— esterification 22-30

— kinetic resolution of allenes

— olefination reactions 45-48

— phosphines 51

— recyclable chiral silanes

— silyl ethers  49-50

43-45

49-50

CIDR. See crystallization-induced dynamic
resolution

circularly polarized light (CPL)

classical resolution 3

conglomerate 2

conjugate additions

— iron complex 39

— lithiated reagent 41

— lithium amide 40

— lithium dibenzylamide 39

— (1S,2S,3R)-3-methyl-2-aminocyclopentane

carboxylic acid 39

— mutual KR process 39

— a,B-unsaturated lactone 40

Corey—Bakshi—Shibata (CBS) reduction
methodology 101

crystallization and racemization

- CIDR 275-276

- ripening  277-278

crystallization-induced dynamic resolution

271

279

(CIDR) 275-276
- CIAT 275
— combinations 276

— crystalline salt formation 275

— racemization 275

cyclic deracemization, DKR  207-208
cycloaddition reactions

— chiral nitrones 37, 38

— Diels—Alder process 35-36

— diiron acyl complex 37-38

— exo-adduct 38

— lactone 38

d

DCC. See dicyclohexylcarbodiimide
deprotonation reactions

— ketone 49

— methyl carboxylate 48-49

— s-Buli/(-)-sparteine 48
deracemization (DR) 3,278

— amino acids and amines 151-152

— benzoin, Rhizopus oryzae 149

— carboxylic acids  150-151

— cyclic secondary amines 152

— definition 2-3

— enantioselective oxidation 150

— enol actates  152-153

— one-pot, two-step 152

— racemic a-amino acids 148

— secondary alcohols  148-150
diastereomer kinetic resolution 56-58
dicyclohexylcarbodiimide (DCC) 23, 281
Diels—Alder reaction 35-36, 60



difunctional substrates, regiodivergent RRM
— cyclic anhydride cleavage 248-249
— N-acyl groups  249-250
— Pseudomonas cepacia lipase  250-251
— regiodivergent mono-silylation of racemic
diols 251
divergent reactions of a racemic mixture
(DRRM)
— chiral compounds 1
— chiral non-enzymatic hydride donors
227-229
— enantiopure compounds 1
— ketone reduction  222-227
— new methods 1-2
— oxidative conditions  229-237
— parallel kinetic resolution (PKR) 7,
252-262
— pseudo-enantiomeric reagents
— resolution 7
DKR. See dynamic kinetic resolution
DTR. See dynamic thermodynamic resolution
Dutch resolution approach 3
DYKAT. See dynamic kinetic asymmetric
transformation
dynamic combinatorial chemistry
(DCC) 281
— racemate, enantioenrichment
— trifluoroacetate (TFA) 281
dynamic kinetic asymmetric transformation
(DYKAT)
— complete conversion of racemate 6, 279
— single enantiomeric intermediate 6, 205
dynamic kinetic resolution (DKR)
— asymmetric benzoylation, racemic rotaxane
198-199
— chiral phosphine-Pd [130]/-Ni [131] catalyst
199-200
— classification, racemization 163-164
— cyclic deracemization 207-208
— DTR, two diastereomeric intermediates
206
— DYKAT 6, 205
— elimination-addition and
addition-elimination 184-193
enantio-convergent transformation
207-208
— enantiomer-selective reaction 162-163,
204
— enantiomeric purities, product 202, 203
— enantioselective transformation 139
— kinetic models 201
- KR 161
— metal-catalysed racemization 141-142

7-8

281

Index

- non-enzyme-catalysed racemization
139-141

— nucleophilic substitution 193-198

— P-chirogenic phosphine  199-200

— pyramidal inversion, deformation and
rotation 181-184

— rate of racemization 138

— ratio of enantiomers, conversion 5-6

— reaction, racemic allyl acetate and stabilized
carbanion 200-201

— requirements 138

sec-alkyllithium/(—)-sparteine/CO,

200-201

secondary alcohols 6

selectivity profile 202

simple KR 217-218

stereoinversion 206-207

— strategies classification, patterns 205

— substrate enantiomer ratio 218-219

— tautomerization 164-181

dynamic thermodynamic resolution (DTR)

201, 206, 279

e
electrospray ionization mass spectrometry
(ESI-MS) 63
elimination-addition and addition-elimination,
DKR

— active tertiary cyanohydrin carbonates

— amine-imine—amine redox, palladium
187-188

— chiral allene racemization,
nucleopalladation 193, 195

— chiral secondary cyanohydrins 187-188

— conversion, 2-Chloro-1-phenylethanol
187-188

— DMAP-based chiral catalyst

— Hantzsch ester 193-194

— hemithioacetals 189

— in situ generated cyclopentenone derivatives
193

— KR, racemic secondary alcohols 184

— lipase-catalysed enantioselective acylation
190-191

— Michael adduct, ethyl
3-(2-mercaptophenyl)-2-propenoate and
B-methylstyrene 190-191

— nitroaldol reaction, 4-nitrobenzaldehyde
with 2-nitropropane  189-190

— racemization, chiral cyclic N,N-acetal
192

— Rh/phenanthroline complex
185, 186

189

190-191

190,

293



294

Index

elimination-addition and addition-elimination, - regioisomeric products 28

DKR (contd.)
— thioester, 3-aryl-4,5-dihydroisoxazol-
S-ylacetic acid 190, 192

enantioconvergent reactions 55-56, 153,
207-208

enantiodivergent reactions 21, 25, 37, 51

— conversion and yield limits 217, 218

- DKR 217-219

- PKR 219-222

— product ee vs. % conversion (C) 217,218

— regiodivergent RRM  237-251

— simple KR 217,218

enantio-impure auxiliaries

- mutual KR 21

— use of racemic reactants 22

enantioselective protonations

— catalyticand 280

— chiral acid 279

— deracemization 278

- DYKAT 279

— dynamic thermodynamic resolutions

— stereoablative 278

— thermodynamically controlled
deracemization 279-280

enantioselective transformation 139

enantioselectivity, enzyme-catalysed reaction

— directed evolution and enzyme libraries
137-138

— immobilization and chemical modification
136-137

— solvent engineering 134-136

— substrate engineering 134

enzyme libraries and evolution 137-138

enzyme-catalysed racemization 146-147

epoxide hydrolases 133-134

epoxides, kinetic resolution

— hydrolytic 88-92

— nucleophiles, ring opening  92-93

ESI-MS. See electrospray ionization mass

spectrometry

esterification 101-102, 269

— 2-acyl-3-phenyl-l-menthopyrazoles
25-27

— bicyclic iminium salt 27

— chiral acylating agents  22-23

— cyclic dicarboxylic anhydride 27-28

— DCC-esterification methodology 23

— diacylimides 24

— enantioselective process 28-30

— (R)-enriched 1-phenylethanol 23

— N-methylimidazole derivative 25-27

— phenacyl bromide 28

— pyridinium salt 25

279

— secondary alcohols 25
- t-Bu group 24
— two-phase hydrolysis process 28

f

ferrocenes, kinetic resolution 103-104
first-order reactions, substrate

— chiral or achiral product formation 14-15
— conversion (%) 18

— drawing of curves, software 15-17

— equivalent formulations 19

— kinetic resolution 16

— svalues 17-18

— scope and validity 18-19

— values of sand eey, (%) 18

g

g factor. See anisotropy factor

h

Hoffmann test

— ‘classical’ methods 66

- ‘mutual KR’ experiment 66

— organolithium compounds

— sulfur-stabilized organolithiums

— zirconaaziridines 68

hydrogen transfer, metal-catalysed

racemization 142

hydrolytic enzymes, KR. See lipases

hydrolytic kinetic resolution, epoxides

— bimetallic chiral cobalt salen catalysts 90

— bioactive molecules 88

— biologically active products 88

— chiral bimetallic Co(III) salen-calix[4]arene
hybrid 90

— chiral cobalt(III)-based complexes 88

— cyclohexene 92

— dimeric homochiral Co(III) salen complex
91

— epoxypentenol 88

— functional groups 88

— Jacobsen methodology 89

— lithium diisopropylamide (LDA) 92

— natural products and bioactive compounds
synthesis  89-90

— unsymmetrical macrocyclic oligomeric
Co(salen) catalyst 91

606, 67
67-68

k

Kazlauskas’ rule 127-128
ketone reduction, DRRM

— molar fractions 223

— Mortierella isabellina  226-227



— NMR assay methods

— PKR 223-224

— racemic camphor 222-223

— reagent control 225-226

— Rhodotorula rubra  224-225

— simple KR 225

— stereodivergent RRM 222

ketones and chiral non-enzymatic hydride
donors, DRRM

— acetyl para-[2.2]-cyclophane 228-229

— borane-tetrahydrofuran (THF) 227-228

— Corey—Itsuno oxazaborolidine catalysts

227

— oxazaborolidine catalyst 228

— simple KR 227, 228

— steroid intermediate 229, 230

kinetic resolution (KR)

— alcohols  76-87

— alkenes 97-101

— amines 93-97

— carbonyl derivatives

— catalytic 5

— definition 161

— enantiodivergent reactions

226

101-102

218-222

— enzymatic and non-enzymatic 13-14
— epoxides 88-93

— fast-reacting enantiomer 4

— ferrocenes 103-104

— hydrolytic enzymes. See lipases

— mutual condition 203

— and racemization 161, 204

— selectivity factor, s 3

— slow-reacting enantiomer 4

— stoichiometric reactions  14-71

— sulfur compounds 102-103

KR. See kinetic resolution

I

lactams and nitriles, hydrolysis  132-133

lactone concept 182

lipases 105

— activated acyl donors 128-129

— amines, resolution 131-132

— catalysed hydrolysis/acylation 125

— catalysed resolutions, monitoring 126-127
— 3D structure 124

— enantioselectivity 134-138

— epoxide hydrolases 133-134

— esterases, substrates for 125-126

— Kazlauskas’ rule 127-128

— lactams and nitriles, hydrolysis
— oil-water interface 124

— in organic synthesis 123-124
— secondary alcohols, resolution 129-131

132-133

Index

- solvent engineering 125

— tetrahedral intermediate 124

m

majority rules principle 268

mass spectrometry (MS)

— calibration measurements 63-64

— enantiomeric excess determination 64—65

— ESI-MS 65

— keto groups 66

— labelled and non-labelled achiral products
63

— ‘mass-tagged’ chiral acylating agents 63

— N-acylprolines 64

— pseudo-enantiomers 63, 65

— pseudo-racemic mixture 63

— stereoselectivity factor s 65-66

metal-catalysed racemization

— enzyme-catalysed racemization 146-147

— enzymes, thermostability 142

— hydrogen transfer 142

— non-ruthenium catalysts

— ruthenium-based catalysts

— Shvo’s catalyst 142-144

144-146
142-144

n

non-enzyme-catalysed racemization, in situ

— addition/elimination 139-140

— free radical mechanism 141

— nucleophilic substitution 141

— oxidation/reduction 140-141

— protonation/deprotonation 139

non-ruthenium catalysts 144-146

Novozyme 435. See Candida antarctica lipase B

(CALB)

nucleophilic substitution, DKR

— desymmetrization, 1,2-diols 197

— dichloroacetate, meso-1,2-cyclohexanediol
198

— epoxide ring, aryl glycidyl ethers

— Payne-type inversion, allylic alcohol
197

— racemic allyl acetates 197

— racemic epichlorohydrin  194-196

— type, racemization process 194-195

196-197
195,

o

olefination reactions

— acrolein  45-46

— 2-alkylsubstituted cyclohexanones 47
— 2-benzylcyclohexanone 47-48

— chiral phosphonopropionate 46

— (#)-2-methylcyclohexanone 45

— N-diphenylphosphinoyl aldehyde 47

295



296

Index

organometallic reagents, regiodivergent RRM

— alcohol or amine nucleophiles  240-241

— aldol condensation 246

— allylic C-O bonds 239-240, 247-248

— chiral rhodium catalyst 244

— dihydrofuran 241-242

— hetero-Diels—Alder reactions

— racemic acetate 238-239

— racemic diazoacetate 242-243

— racemic substrate, cyclization 247

— simple KR conditions 242

- sodium malonate 239

organometallics and analogues

— allenylzinc bromide 58-59

— Diels—Alder reaction 60

— enantiomers of allysilane 61

— Hoffmann test 58

— (R)-(—)-isopiperitenone 60

— o-anisaldehyde(tricarbonyl)chromium
58-59

— racemic y-alkoxyallylstannane 59

— racemic enolate  59-60

Ostwald ripening 277, 278

oxidative conditions, DRRM

244-246

— Acinetobacter NCIMB 9871, 233-234
— AD-mix-p 237,238
— Aspergillus ochraceus  231-232

— cytochrome P-448-containing
monooxygenase system 232-233

— di-iso-propyl tartrate (DIPT) and
tert-butylhydroperoxide 235

— enantiodivergent epoxidations

— metabolic oxidation 229

— non-enzymatic Baeyer—Villiger procedure
235

— Pseudomonas putida  234-235

— regioisomer 231

— Sporotrichum sulfurescens

oxidative KR, alcohols

— aliphatic alcohols 83, 84

— arsinooxazoline—ruthenium(II)
complexes 82

— l-arylalkanols 82

— 1,1’-binaphthalenyl-2,2’-diamine
(BINAM) 86

— catalysts 82

— chiral ketoiminatocobalt(II) complex 86

— (S)-clopidogrel 86

— hydride reduction 81

— ketones, asymmetric hydrogenation 81

— Mn(salen) complexes 86

— Pd-catalysed 83, 85

— Ru-catalysed 83, 85

— Ru(salen) complexes 82

236

230

— secondary arylalcohols 87
— sparteine 84
— titanium and vanadium complexes 86

p

parallel kinetic resolution (PKR)

— achiral reagent  255-256

— achiral stoichiometric reagents

— Acinetobacter NCBI 9871 253

— bakers’ yeast 252

— chiral reagents 255

— ChiroCLEC  260-261

— cyclopropene carboxylate-mixed anhydrides
258-259

— definition 7

— enantiomeric excess 219-222

— nitrone enantiomers 257, 258

— NMR spectroscopy 255

- non-purified oxidases 252

— phenmenthyl-derived reagents 256

— quasi-enantiomeric alkenes 257

— Rhodotorula rubra 253

- simultaneous kinetic resolution 254

— single-reagent procedures 256, 257

— two-reagent PKR 257, 258

photochemical methods

- CPL 271

— diastereomeric interactions

- DKR 273

- enantioenrichment 272

— excited states 273

— g (or anisotropy) factor 272

— photodecomposition 272

— photoderacemizations 272

— regular chemical kinetic resolution 272

— sequential reactions 274

photoderacemizations 272

photoresolutions 272

polymerization. See stereoselective

polymerization
pyramidal inversion, deformation and
rotation, DKR

— electrophilic aromatic substitution,
N-bromosuccinimide (NBS) 183-184

— Heck reaction, o-iodoacrylanilide with
Pd/(R)-BINAP system 182-183

— lactone concept 182-183

— photochemical cyclization,
(Z)-1,2-diarylethenes to hexahelicenes
183-184

— (S)-proline mediated addition of acetone
182-183

— racemization process

261-262

273-274

181-182



r

racemate 2,8
regiodivergent RRM
— difunctional substrates 248-251

— organometallic reagents and  237-248
regioisomers, enantiodivergent formation
— 3-cholestanone 54

— in kinetic resolution 54

— racemic ketone, enolborination 54-55
ripening processes 8

— chiral compound, reversible synthesis
— clopidogrel 278

— Ostwald ripening 277, 278

— racemizing imine 277

— sodium chlorate 277

— solid chiral state 277

— solid-liquid mixture 278
ruthenium-based catalysts

277

142-144

s
s (selectivity) factor 3, 28, 40, 63-64, 67,
76-77,86-87, 137, 206, 280-281

secondary alcohols, resolution

— biotransformation 130

— Candida antarctica lipase A (CALA)

— Candida antarctica lipase B (CALB)
129-130

— cyanohydrins, lipase PS-30 130

— lipase-catalysed resolution 129

— Rhodotorula mucilaginosa DQ832198 131

— stereoselective transformations 129

sergeants and soldiers 268

Soai reaction 8-9, 282-283

solvent engineering 125, 134-136

stereogenic unit, enantiodivergent formation

— chiral Horner—Wittig type reagent 54

— diastereomeric ratio (cis/trans) 53

— enantiopure substrate 52

— partial or total transformation, racemic
mixture 52-53

— rac-2-methyl-cyclopentanone 53

— regioisomeric products 53

stereoinversion, DKR  206-207

stereoselective polymerization

— base-mediated racemization 268

— chiral N-carboxyanhydrides 269

130

— chiral supramolecular structures 267

— diverse polymerization processes 270
— dynamic kinetic resolution (DKR) 269
— enantioenrichment 268

— helix, single chiral sense 269

— liquid crystals forming domains 268

— majority rules principle 268
— methacrylates 271

Index

— monomers, polymerization 268

— racemic alpha-methylbenzylmethacrylate
271

— racemic chiral olefins 271

— ring-opening reactions 269

stoichiometric KR reactions

— bishomoallylic alcohols 69

— chiral reagents  22-51

— diastereomer KR 56-58

— enantioconvergent reactions 55-56

— enantiodivergent formation 51-55

— enantio-impure auxiliaries 21-22

— enantiomeric excesses 69

— first-order reactions, substrate 14—-18

— Hoffmann test 66-68

— mass spectrometry 63—-66

— organometallics and analogues

— parallel KR 21

— pest attractant, (2S,5R)-pityol 69

— pheromone (R)-sulcatol 69

— racemic catalysts  61-62

— sfactors  70-71

— zero-or second-order reactions, substrate
19-20

substrate engineering 134

sulfur compounds, kinetic resolution

102-103

58-61

t

tautomerization, DKR

— 5-aryl-1,3-dioxolane-2,4-diones

— carbapenem antibiotics 176

— chymotrypsin 170-172

— cyclic sulfamidate imine 4,5-diphenyl-
5H-1,2,3-oxathiazole-2,2-dioxide
178-179

— hydantoinase 164-165

— hydrolysis, carboxylic acid derivatives
167, 169

— oxazinone 165, 168

— phenylpropiophenone 177-179

— preparation, ketorolac 170

— Pseudomonas thiazolinophilum  165-166,
168

— racemic 3,5-dialkylcyclopentenones

— racemic 4-substituted oxazolones
(azlactones) 165-167

— racemization, allenyl samarium
intermediate 172, 173

— recombinant Escherichia coli strain
172-173

— reduction, a-substituted p-keto esters
174-176

166-168

180

172,

297



298

Index

tautomerization, DKR (contd.)

— reductive amination, a-branched ketones

and p-anisidine 178, 180
— tetrahydro-4 H-thiopyranone 181
— t-leucine-modified NaBH, 177
— o-transaminase 179-180
— tricyclic racemic acyloin derivative
— two-step racemization 181-182
TFA. See trifluoroacetate

170

total spontaneous resolutions 2
triage 2
trifluoroacetate (TFA) 281

z

zero-or second-order reactions, substrate
— first-order reactions 19-20

— KR second-order 20

— pseudo-first-order KR processes 19



