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Absidia sp. 17
a-acetamido cinnamic acid
asymmetric hydrogenation 201-2
asymmetric reduction 184-6
reduction by rhodium (B[3.2.0]DPO)
complexes 185
acetophenone
asymmetric hydrogenation
oxazaborolidine borane
reduction 146-8
17a-acetoxy-11-deoxycortisol 3
N-acetylglucosamine 38
acid phosphatase 28
Acinetobacter calcoaceticus 24
Acinetobacter sp. 24
acrylic acid derivatives 176
acryloyl amide 30
acyclic diene 31
acyclic dienol ester 33
a-(acylamino)acrylic acids and esters,
Rh-catalyzed asymmetric
hydrogenation 202
N-acyloxazolidinones, preparation of
optically active 188
acyloxyboron complexes 32
aldehydes 32
alkaloid derivatives 22
(Z)-alkenes 21
alkenes
aminohydroxylation 19
catalytic asymmetric epoxidation 51
dihydroxylation 19
epoxidation 87-102
hydrocyanation 35
reduction 13-16
alkylaryl ketones, reduction 11
(E)-2-alkyliden-1-ox0-1,2,3,
4-tetrahydronaphthalenes,
epoxidation 65
alkylidene malonates 30
allylic alcohols 14, 19, 20
asymmetric epoxidation 73-81
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epoxidation 71-86
non-asymmetric epoxidation 72-3
oxidation 20, 84
almond meal 26
amides, hydrolysis 4-9
a-amidoacrylate, hydrogenation
amino acid anions 171
amino alcohol-borane complex 143
amino alcohols 160
amino borohydride anion unit
(NBH3) 145
amonoindanol axazaborolidine,
sythesis 157
p-anisaldehyde reagent, preparation 50
aromatic ketones, asymmetric
hydrogenation 127-34
aryl aldehydes 26
Aspergillus sp. 17
asymmetric aminohydroxylation of
4-methoxystryrene 103-5
asymmetric dihydroxylation of
(1-cyclohexenyl) acetontrile
asymmetric epoxidation 51-3
allylic alcohols  73-81
disubstituted E-alkenes 94-8
disubstituted Z-alkenes 88-93
(E)-benzylideneacetophenone 59-60
(E)-benzylidenecetophenone 66-9
(E)-UNDEC-2-EN-1-OL 81-4, 82-4
using chiral modified diethylzinc 61-2
using poly-D-leucine 5661
asymmetric hydrogenation
a-acetamidocinnamic acid  201-2
acetophenone 133-4
v-(acylamino)-y,3-unsaturated-B-keto
esters catalysed by Rh[(COD)
(S)-BINAP]*CIO; and RuBr,
[(S)-BINAP] 217
aromatic ketones 127-34
carbon-carbon double bonds
dehydroamino acids 194-202
a-enamides 176

179-86

105-8

175-212
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asymmetric hydrogenation (contd.)
ethyl 4-acetamido-3-oxo-5-phenyl-4-
pentenoate 214-17
keto esters 128
B-keto esters 121-3
ketones 115-36
methyl-(Z)-3-phenyl-2-methyl-
carboxamido-2-
propenoate 209-10
using a metal catalyst 117-21
using Rh(I)- and Ru(II)-
catalysts 213-17
vinylphosphonic acids
asymmetric hydroxylation
asymmetric oxidation
4-bromothioanisole
methylsulfides 110
sulfides 109-13
asymmetric reduction
a-acetamido cinnamic acid
bromoketone 157-66
2-bromo-(3-nitro-4-
benzyloxy)acetophenone 157-8
(Z)-N-carbobenzyloxy-3-ketoproline
ethylester, using bakers’
yeast 140-2
carbonyl compounds, using bakers’
yeast 139
chloroacetophenone
ethyl acetoacetane
ketones 148
prochiral ketone
(chloroacetophenone)
using bakers’ yeast 137-42
using nonmetallic catalysts 143-73
vinylphosphonic acids 192-3
asymmetric ruthenium-catalysed
hydrogenations 194

1912
103-8

109-11

184-6

151-6
137-9

167-8

asymmetric sulfoxidation 109-13
(1S,3R,4R)-2-
azanorbornylmethanol 127-34

2-azido-3-hydroxypropanal 28

Baeyer—Villiger monooxygenases 24
Baeyer—Villiger oxidation 24, 25
Baeyer—Villiger reaction 24
bakers’ yeast 14

asymmetric reduction using

immobilization 140
Beauvaria sulfurescens
benzomorphans 14
N-benzylcinchoninium salt 34
(E)-benzylideneacetophenone, asymmetric

epoxidation 59-60
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8,9

(S)-2-benzyloxymethylpropanal 14
Betnovate 17
biaryl compound 31
BINAL-H 11
[(BINAP)Rh(MeOH),]"[ClO4]~ 15
(R)-BINAP-RuCl, 13
[(R-BINAP)RuCl
(n-CD3][NH2(CoHs)o] 13
BINAP-RuCl, 11
BINOL-TiCl, 29
BINOL-Ti("PrO), 29
(S,S)-1,1"-bis
(a-acetoxyphenylmethyl)ferrocene,
synthesis  205-6
(R,R.,,S.pS5)-1,1"-bis(a-acetoxypropyl)-
2,2'-bis(diphenyl-
phosphino)ferrocene,
preparation 198-9
(aS,a’S)-1,1"-bis(e-N,N-
dimethylaminophenylmethyl)-
(R,R)-1,1'-
bis(diphenylphosphino)ferrocene,
synthesis 207-8
(S.,8)-1,1’-bis(a-N,N-
dimethylaminophenylmethyl)
ferrocene, synthesis 206-7
(R,R,S,pS)-1,1"-bis[a-
(dimethylamino)propyl]-2,2’-
bis(diphenyl-phosphino)ferrocene,
preparation 197-8
(R,R)-1,1"-bis[a-
dimethylamino)propyl]ferrocene,
preparation 196-7
(»S.pS)-1,1"-bis(diphenylphosphino)-2,2'-
bis(1-ethylpropyl)ferrocene
[(S, S)-3-PT-ferrophos],
preparation 199-200
(S.,9)-1,1"-bis
(a-hydroxyphenylmethyl)ferrocene,
synthesis  204-5
(R,R)-1,1"-bis(a-hydroxypropyl)ferrocene,
preparation 195-6
bisisoxazolines 30
BisP, synthesis and use as ligand
BisP-Ru, synthesis 125-6
bisphosphinite 35
preparation 182-3
bis(phospholane) ligands 121
3,5-bis-trifluorophenyl 35
borane, carbonyl reduction by 144
borane complexation with valinol 144
borane-dimethylsufide (BH;.SMe,) 143
borane-tetrahydrofuran (BH;. THF) 143
Brevibacterium sp. R312 9

123-7
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bromoketone, asymmetric
reduction 157-66

2-bromo-(3-nitro-4-
benzyloxy)acetophenone, asymmetric
reduction 157-8

2-bromo-(3-nitro-4-
benzyloxyphenyl)ethanol,
recrystallization 158-61

4-bromothioanisole, asymmetric
oxidation 109-11

Broensted acid-assisted choral Lewis
acids 32

Burkholderia cepacia lipase 6

2,3-butadione monoxime trityl ether,
stereoselective reduction 161-2

t-butylhydroperoxide 20, 21

Caldariomyces fumago 25
Candida antarctica, lipase 5
(Z)-N-carbobenzyloxy-3-hydroxyproline
ethylester, enantioselctive
synthesis  140-2
(Z)-N-carbobenzyloxy-3-ketoproline
ethylester, asymmetric reduction
using bakers’ yeast 140-2
carbon—carbon bond-forming
reactions 26-37
carbon—carbon double bonds, asymmetric
hydrogenation 175-212
carbonyl compounds
asymmetric reduction using bakers’

yeast 139
hydrogenation 118
reduction 10-13

carbonyl reduction by borane 144
catalysts working in tandem 213-17
CH,Cl, 30-4, 36
CH;CN 22
chalcone derivatives 23
CHsCN 29
chiral a-amino acids, enantioselective
Rh-catalysed preparation 202-10
chiral dioxiranes 22
chiral ketones 22
chiral modified diethylzinc, asymmetric
epoxidation using 61-2

chiral Ru(II) catalysts, synthesis 190
chiral salen-manganese complex 88-93
chloroacetophenone

asymmetric reduction 151-6, 167-8

oxazaphosphinamide borane

reduction 148-50
reduction using sulfoxamine
borane 153-5

chloroperoxidase 25

cinnamyl alcohol, epoxidation 74-6

cis-aminoindanol oxazaborolidine
157-66

(R)-citronellol 14

CMHP 68

(COD),Rh*BF,, preparation

[(COD)Rh((S,pS)-1,1'-bis
(diphenylphosphino)-2,2’-bis
(1-ethylpropyl) ferrocene)]™ BF;,
preparation 200-1

[(COD)Rh(R,R)-Me-DuPHOS] 181

[(COD)RK(S,S)-Me-BPE] 181

Comamonas acidovorans 8

copper complexes 30

copper(I)-bis(oxazoline) complexes 32

cortisol (hydrocortisone) 3

crotonyl amide 30

cumene hydrogen peroxide 23

Cunninghamella echinulata 24

Cunninghamella sp. 17

Curvularia lunata 3

(R-cyanohydrins 26, 27

(S)-cyanohydrins 27

[44-2]-cycloaddition 30

cyclohexa-3,5-diene-1,2-diol 18

cyclohexadienediols 17

cyclohexane derivative 33

(1-cyclohexenyl) acetontrile, asymmetric
dihydroxylation 105-8

cyclopentadiene 30, 31

cyclopropanation reactions 36

cylindrically chiral diphosphine,
synthesis  194-202

cytochrome P450 17

180-2

D-fructose based catalyst 94-8

D,-symmetric chiral (E)-
dioxoruthenium(VI)
porphyrins  98-101

D-threonine aldolase 28

DBU 56

dehydroamino acids, asymmetric
hydrogenation 194-202

dehydrogenase 11

DHQ 18

DHQD 18

dialkyl tartrates 84

dialkylketones 11

diamino ferriphos, synthesis and
application 202-10

(S)-(R)-diamino ferriphos as chiral
ligand 209-10

diazabicycloundecene 24
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diazo-ester 37
1,1’-di(benzoyl)ferrocene, synthesis
202-3

di-tert butyl 2,2-dimethylmalonate 31
Diels—-Alder reaction 30, 32, 33
diethyl tartrate 19
diethylzinc 65

chiral modified 61-2

(R,R)-1,2-
dihydroxycyclohexyl)acetonitrile
acetonide 107-8

(+)-diisopropyl tartrate 21
dimethyl itaconate, hydrogenation
E-dioxoruthenium(VI) complexes,
preparation 98-9
disubstituted E-alkenes 87
asymmetric epoxidation 94-8
disubstituted Z-alkenes 87
asymmetric epoxidation 88-93
B,B-disubstituted enamides,
hydrogenation 181
DuPHOS 16

177-8

a-enamides, asymmetric
hydrogenation 176
enantioselective epoxidation, (E)-B-
methylstyrene 98-101
enantioselective reduction of ketones,
using N-arylsulfonyl
oxazaborolidines 166-8
enantioselective Rh-catalysed preparation
of chiral a-amino acids 202-10
enantioselective Ru-catalyzed
hydrogenation of vinylphosphonic
acids 1904
enantioselective synthesis of (Z)-N-
carbobenzyloxy-3-hydroxyproline
ethylester 140-2
enol carbonates, hydrogenation
enol silanes 28
enones, epoxidation 61
epoxidation
(E)-2-alkyliden-1-o0x0-1,2,3,4-
tetrahydronaphthalenes 65
allylic alcohols 71-86
cinnamyl alcohol 74-6
enones 61
(Z)-ethyl cinnamate 91-2
(E)-2-hexen-1-ol  78-80
2-isobutylidene-1-tetralone 62-3
(E)-2-methyl-3-phenyl-2-propenol
76-8

186-9

(Z)-methyl styrene 89-90

unfunctionalized alkenes 87-102

a,B-unsaturated carbonyl
compounds 55-69
o,B-unsaturated esters
epoxy alcohol 20
a,B-epoxy ketones 65
Escherichia coli 28
Escherichia coli IM109 17

87-102

esters

epoxidation 87-102
hydrolysis  4-9
Et;AICI 31

ethyl 4-acetamido-3-oxo-5-phenyl-4-
pentenoate, asymmetric
hydrogenation 214-17

ethyl (Z)-4-acetamido-3-oxo0-5-phenyl-4-
pentenoate, synthesis 213-14

ethyl aluminium dichloride 30

(Z)-ethyl cinnamate, epoxidation 91-2

ethyl-3-oxobutanoate 12

ethyl (1S,3R,4R)-2-[(S)-1-
phenylethylamino]-2-
azabicyclo[2.2.1] hept-5-ene-3-
carboxylate, synthesis 129-31

functionalized carbohydrates 22
furylhydroperoxides 111

galactosyltransferase 38

gas chromatography (GC) 49
Genkt modification 120
geraniol 14

hapten 34
Hevea brasiliensis 27
(E)-2-hexen-1-ol, epoxidation 78-80
high pressure liquid chromatography
(HPLC) 49
homoallylic alcohols, oxidation 84
HSi(OEt); 171
hydrocyanation, alkenes 35
hydrogen transfer reduction of
ketones 134
hydrogenation
a-amidoacrylate 179-86
B,B-disubstituted enamides 181
carbonyl compounds 118
dimethyl itaconate 177-8
enol carbonates and 4-methylene-N-
acyloxazolidinone 186-9
hydrogenation reaction, scope 1934
B-hydroxy-a-amino acid derivatives 28
(R)-3-hydroxyester 13
(S)-hydroxyester 12
(R)-5-hydroxyhexanoic acid 10



(1S,3R,4R)-3-hydroxymethyl-2-
azabicyclo[2.2.1]heptane,
sythesis 131-2

6-hydroxynicotinic acid 17

(R)-2-(4-hydroxyphenoxy)propanoic
acid 17

B-hydroxysulfoxamine borane,
preparation 151-3

hydroxysulfoximines 12

2-isobutylidene-1-tetralone,
epoxidation 62-3

Katsuki—Sharpless oxidation 20, 21
keto esters, asymmetric
hydrogenation 128
B-keto esters, asymmetric
hydrogenation 121-3
ketones 22,23
asymmetric hydrogenation
asymmetric reduction 148
enantioselective reduction using
N-arylsulfonyl
oxazaborolidines 166-8
hydrogen transfer reduction 134
reduction by borane catalysts 145
reduction using amino acid anions as
catalyst and hydrosilane as
oxidant 169-72
kinetic resolution of racemic
4-bromophenyl methyl
sulfoxide 111-13
kinetic resolution of sulfoxides

115-36

109-13

La-(R)-BINOL-Ph3PO/cumene
hydroperoxide system 66-9

Lactobacillus sp. 11

lanthanoid-BINOL complexes 23

leucine N-carboxyanhydride,
synthesis 57-8

maleimide 31
manganese(II) complex 88
manganese—salen complex 21
Manihot esculenta 27
(S)-Me-CBS 148
MeCN3Mo(CO); 37
(MC3C02C)2CM62 31
menthol 30
metal-catalysed reduction
mechanism 118
methacrolein 31
4-methoxystryrene, asymmetric
aminohydroxylation 103-5
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(S)-2-methyl-2,3-butanediol,

synthesis 187-8
(R)-(—)-methyl-3-hydroxypentanoate,
synthesis 1267

methyl-3-oxobutanoate 13

methyl-3-o0xo0-2-trityloxyiminostearate,
stereoselective reduction 163-4

(E)-2-methyl-3-phenyl-2-propenol,
epoxidation 76-8

(Z)-methyl styrene, epoxidation 89-90

methyl para-tolyl sulfide 25

oxidation 26

4-methylene-N-acyloxazolidinone,
hydrogenation 186-9

methylene chloride 15

(1R,2R)-N-methylpseudoephedrine 65

(E)-B-methylstyrene 22
enantioselective epoxidation 99-101

methylsulfides,asymmetricoxidation 110

morphinans 14

Mosher esters, preparation 171

MTPA chloride, derivatization with  75-6

Mucor sp. 17

Mukaiyama coupling 28

NaHCO; 22

NaOH 34

naphthyl constituent 192-3

naproxen precursor 36

[NH2(C;Hs)] 13

nickel-DIOP system 35

Ni(COD), 35

nitriles, hydrolysis 4-9

non-asymmetric epoxidation 55-6
allylic alcohols  72-3

nonmetallic catalysts
asymmetric reduction using
reduction by 156

nonracemic chiral epoxides 51

143-73

n-octane 7
olefin hydrogenation by transition metal
complexes 177
organometallic catalysts
oxabicyclooctene 34
oxazaborolidine borane reduction of
acetophenone 146-8
oxazaborolidines 32
oxazaphosphinamide borane reduction of

175-212

chloroacetophenone 148-50
oxazaphosphinamides 12
oxidation

(Z)-allylic alcohols 84
homoallylic alcohols 84
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oxidative transformations 17-26
oxiranes, hydrolysis 4-9
5-oxohexanoic acid 10

oxone 22

Pd(PPh3); 37

pentane-2,4-dione 13

(R,R)-2,4-pentanediol 13

3-phenylcyclobutanone 24

phosphino-oxazoline copper(I1)
complex 33

Pichia farinosa 14

pig liver esterase (ple) 5

pivaldehyde 25

polyamino acids 24

polyclonal antibody 34

poly-D-leucine

asymmetric epoxidation using 5661
synthesis 58-9

poly-D-leucine catalyst 56

poly-L-leucine 24, 61

poly(octamethylene tartrate) 84

poly(octamethylene-L-(+)-tartrate,
synthesis 81-2

poly(tartrate) 84

porcine pancreatic lipase 6

potassium caroate 22

potassium ferricyanide 18

potassium peroxomonosulfate 51

progesterone, hydroxylation 17

proline 172

(R)-N-propionyl-4,5,5-trimethyl-
1,3-oxazolidine-2-one, synthesis 189

N-(2-pryidinesulfonyl)-1-amino-2-
indanol 169

Pseudomonas cepacia lipase 6

Pseudomonas fluorescens lipase

Pseudomonas putida 5

N-(2-pyridinesulfonyl)-1-amino-2-
indanol, synthesis 166-7

6,7

racemic 4-bromophenyl methyl sulfoxide,
kinetic resolution 111-13
RAMA 28
recrystallization of 2-bromo-(3-nitro-4-
benzyloxyphenyl)ethanol 158-61
reduction
a-acetamido cinnamic acid, by
rhodium (B[3.2.0]DPO)
complexes 185
acetophenone, by oxazaborolidine
borane 146-8
alkenes 13-16
alkylaryl ketones 11

by nonmetallic catalysts 156
carbonyl, by borane 144

carbonyl compounds 10-13
chloroacetophenone, using sulfoxamine

borane 153-5
dialkylketones 11
ketones

by borane catalysts 145
using amino acid anions as catalyst
and hydrosilane as oxidant

169-72
metal-catalysed mechanism 118
oxazaphosphinamide 148-50
reactions 9-16

see also asymmetric reduction;
enantioselective reduction;
hydrogen transfer reduction;
stereoselective reduction
[Rh((R)-BiNAP)] complexes 186-9
Rh(B[3.2.0]DPO) complexes 180-6
a-acetamido cinnamic acid reduction
by 185
Rh-catalyzed asymmetric hydrogenation
of a-(acylamino)acrylic acids and
esters 202
Rh-DuPHOS 16
Rh(I)-BINAPHOS 35
Rh(I) catalysts, asymmetric
hydrogenation using 213-17
Rh(I) complexes 35
Rhizopus sp. 17
[Rh((S,S)-Me-BPE)] 177-8
[Rh((R,R)-Me-DuPHOS)] 179-80
Rhodococcus erthyrolpolis 8
Rhodococcus sp. SP361 9
Ru(II)-(2-azanorbornyl-methanol)
complexes 129, 134
Ru-BINAP 13, 14, 15, 117-21
Ru(II)-catalysed asymmetric
hydrogenation 15
Ru(II) catalysts 192-3
asymmetric hydrogenation using
213-17
Ru(II) porphyric 101
Ru(S)-tetrahydroBINAP 15

Saccharomyses sp. 12

salen-manganese complexes

Schlenk tube 119-20

sialyl Lewis tetrasaccharide 38

sodium hypochlorite 21

stereoselective reduction
2,3-butadione monoxime trityl

ether 161-2

88-93
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methyl 3-oxo-2-
trityloxyiminostearate 1634
1-(tert-butyldimethylsilyoxy)-3-oxo-2-
trityloxyiminooctadecane 1646
sulfides, asymmetric oxidation 109-13
sulfonamine catalyst 151-6
sulfoxamine borane, chloroacetophenone
reduction using 153-5
sulfoxides, kinetic resolution
sylyl enol ethers 30
sylylketene acetals 30

109-13

TBHP 20, 68

tert-butyldimethyl silyl 29

1-(tert-butyldimethylsilyoxy)-3-oxo-2-
trityloxyiminooctadecane,
stereoselective reduction

tert-butyl hydroperoxide 23

tert-butyl methyl ether 6

THF 23,24

thin layer chromatography (TLC) 50, 61

L-threonine aldolase 28

Ti(O-i-Pr)s 21

Ti(O'Pr); 25

Ti(O—i-Pr)4(+)-diethyl tartrate 20

titanium chiral complex 73-81

titanium-TADDOL system 33

titanium tetra-isopropoxide 19

titanium(IV) chiral complex 71, 72

T™MS 27

toluene 34

164-6

trans-2-acetylaminocyclohexanol 7

transition metal complexes, olefin
hydrogenation by 177

(S)-4,4,5-trimethyl-1,3-dioxolane-2-one,
synthesis 1867

1-trimethylsilyloct-(1 E)-en-3-0l 21

triphosgene 58

trisubstituted alkene 87

(E)-UNDEC-2-EN-1-OL, asymmetric
epoxidation 81-4

a,B-unsaturated carbonyl compounds,
epoxidation of 55-69

a,B-unsaturated ketones, epoxidation
55-6

urea-hydrogen peroxide 24

valinol, borane complexation with 144
vinyl acetate 6, 7
vinylphosphonic acids
asymmetric hydrogenation 191-2
asymmetric reduction 192-3
enantioselective ruthenium-catalyzed
hydrogenation 190-4

Xanthomonus orysae 28
10, 14

Yamadazyma farinosa

Zimmerman-Traxler transition state
30





