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addition—elimination reactions 123-125, 140,
206, 246, 247, 250, 252-257, 259, 261,
262, 269-271, 276

first step 160
second step 160

additions, 1,2 119, 121-124, 247, 248, 250,
251, 254, 279

additions, 1,4 121-124, 143, 247, 266

additions, conjugate 143, 266

additions, intramolecular 248

agriculture 8

agrochemicals 135

alcohol 6, 136

alcohols 6, 25, 26, 31, 32, 52, 87, 120, 157

acylation of 141
deprotonation of 33

from aldehydes 139

from carbonyls 120, 123
from carboxylic acids 139
from ketones 139

oxidation of 139

pK, of 157

primary 138

protonated 161

protonated, pK, of 158, 199
protonation of 48, 94, 161, 228
secondary 138

aldehydes 1, 6, 27, 31, 123, 124, 138, 143,

157, 263
carbonyl 161
from alcohols 139
pK, of 157, 186
protonated, pK, of 48, 158

aldol condensation 140-142, 161, 219, 221,
247, 266, 267

alignment 93

alkanes 87, 158

alkanes, pK, of 33, 158, 199

alkenes 6, 87, 158

alkenes, pK, of 33, 158

alkoxide 46, 252, 253

alkoxide anions 26, 54, 215, 216

protonation of 219

alkoxide leaving group 123

alkoxide, elimination of 124

alkyl 46

alkyl anion 246

alkyl chloride 160

alkyl bromides 137

alkyl Grignard 144

alkyl group branching 32

alkyl groups 91, 201

alkyl halides 2, 135, 137, 246
alkyl iodide 159
alkyl migrations 94-96
alkyl nitrile 159
alkyl shifts 92, 101, 105, 140, 283
carbocation-associated 105
alkyl shifts, 1,2 93-95, 106, 228, 229
alkylation 140
alkylation reactions 141
alkyllithium 144
alkyllithium reagents 120, 123
alkylmagnesium bromide 144
salts 246
alkynes 6, 87, 158, 224, 227
alkynes, pK, of 33, 158
allyl bromide 279
allyl carbocation 229
allylic carbocation 91
allylic cation 239
allylic displacements 121
allylic systems 121
amides 6, 31, 46, 138, 156, 157, 160, 252,
253, 262
from amines 141
from carboxylic acids 137, 139
from esters 137, 139

pK, of 156, 187
protonated, pK, of 158, 198, 199
tertiary 27

tertiary, pK, of 157
amines 6, 26, 31, 32, 34, 46, 48, 87,
138, 157, 224
acylation of 141
allylic 237, 238
deprotonation of 33
from amides 139
pK, of 68, 157, 200
protonated, pK, of 158, 200
p-aminoaniline, pK, of 195
p-aminobenzoic acid, pK, of 182
ammonia 46, 263
ammonia, pK, of 157
ammonium ions 48
ammonium salt 160
anhydride, mixed carbonic 257,
259, 260
aniline, pK, of 194
anion 104, 108
carboxylate 259, 263, 278
concentration 24
delocalization of 107
enolate 122, 266



anionic conditions 120
anionic form 68
anionic intermediates 105
anionic species 45
anionic stability 19, 20, 30, 71
decreasing 30
increasing 30
anions 19, 23, 29, 50, 85
anions, destabilization of 32
antiaromatic 179
aromatic rings
addition of carbon atoms 142
aromatic 179
rings 255
rings, nucleophilic 270
aromaticity 71
arrow pushing 1, 4, 5, 8, 19, 20, 21, 29, 34, 45,
65,71, 72, 85, 95, 108, 116, 119, 121,
122, 124, 135, 139, 143, 144, 159-165,
210, 218, 235, 241, 246, 249, 251-255,
257, 260, 264-269, 275, 276
application of 145
arrows 5
single-barbed 5, 163
double-barbed 5, 164
double-headed 21
aryl groups, functionalization of 141
aspirin 152, 275
asymmetrical olefins 117
asymmetrical products 117
atomic centers 5
atomic orbitals, overlap of 5
atomic size 52
atoms 2
azide 136
azide anion 51

base 22

conjugate acid of 46
bases 23, 45, 69, 104, 193

organic 9, 19
basic 25

conditions 29, 120

sites, protonation of 198
basicity 50, 55, 143, 193, 198
benzaldehyde 276
benzene 46, 48, 167

pK, of 158

symmetry of 167
benzoic acid 273

pK, of 179
benzyl alcohol 276
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benzyl cation 174
betaine 264, 265
bimolecular 105
bimolecular elimination 162
bimolecular reaction 67, 83
bond angles 86
bond cleavage, homolytic 268
bond, carbon-oxygen 218
bond, carbon-phosphorus 218
bond, unpolarized 115
bond unsaturation 71
bonding 87
bonding pair 119
bonds 1, 2
single 2, 4
double 2
rearrangement of 5
triple 2
branching 32
effect on pK, 32
bromide 108
bromide anion 51, 85, 116, 213-216
displacement of 116
bromide ion 210
bromide radicals 163
addition of 163
bromine 7, 115, 117
addition of 136, 243, 244
molecular 116
bromine molecule,
homolytic cleavage of 163
3-bromo-4-acetoxycyclohexanone 280
2-bromo-2,3-dimethylpentane 103
solvolysis of 103, 104
4-bromo-3-methyl-2-pentanone 240
2-bromobutane 208
bromomethoxyethane 233
1-bromopropane 245
2-bromopropane 245
bromonium ion 115
bromonium ion, bridged 116
butane 46
tert-butanol 46, 47, 162
tert-butanol, pK, 32
2-butanone 254
2-butene 6
tert-butoxide 54
tert-butoxide anion 162
tert-butoxide anions as bases 54
tert-butyl alcohol 22, 120, 254
tert-butyl bromoacetate 215
tert-butyl isobutylamine 201
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tert-butylbromide 84-86, 102

solvolysis of 84, 85
tert-butyl cation 85, 105
tert-butyl group 54
butyllithium 46, 144
sec-butyllithium 144
tert-butyllithium 144
2-butyne 6

carbanions 101
carbocations 83—-86, 88, 92, 101, 102,
104, 105
allylic 91, 92
formation of 94, 104
lifetime of 95
nature of 86
planarity of 90
primary 90, 93, 94, 105, 118, 228, 229
reactivity of 86, 105
rearrangements of 92, 93
secondary 90, 91, 105, 118, 229
sp? hybridized 89
stability of 86, 90, 118
stabilization of 92, 105, 117
tertiary 90-94, 105, 118, 245
carbon 1, 3, 7, 33, 69
carbon-alkyl bond 106
carbon atoms 50, 71, 116
more substituted 119
nucleophilic 246
olefinic 119
primary 118
secondary 118
terminal 71
carbon-based nucleophiles 120
carbon-carbon double bonds 115, 143
carbon dioxide 257, 260, 269
carbon—hydrogen bonds 91-93, 102,
105, 106
carbon—hydrogen o bonds 167
carbon ion 86
carbon-leaving group bond 106
carbon monoxide 269
carbon—nitrogen triple bond 223, 224
carbon—oxygen bond 85, 218
carbon—oxygen double bonds 115,
143, 218
carbon—phosphorus bond 218
carbon tetrachloride 20, 21
carbon, tetra-substituted 66
carbonates 125
carbonic anhydrides 257

carbonyl—based groups 31
carbonyl—based systems 125
carbonyl carbon atom 119, 121
carbonyl diimidazole 259
carbonyl functionality, retention of 123
carbonyl groups, polarity of 119
carbonyl groups, protonation of 120
carbonyl oxygen 48
carbonyl oxygen atom 119
carbonyl, protonated 48
carbonyl systems, «,B-unsaturated 122
carbonyls 26, 87, 119, 165, 166, 257
addition of nucleophiles 120
addition reactions to 119
addition to 119
alcohols from 120
geometry of 120
protonation of 121
carboxy group, activated 260
m-carboxybenzaldehyde, pK, of 183
carboxylate anions 20-22, 25, 26, 28, 259,
263, 278
resonance stabilized 26
carboxylic acids 6, 20, 21, 23, 25-29,
31, 48, 156, 198
from alcohols 139
electron withdrawing 169, 170—172
from esters 137
oxygen-alkylated 28
dissociation of 21
pK, of 156, 187, 188, 200
protonated 261
protonated, pK, of 158
protonation of 49
catalysts 256
cation, acyl 256
cation, allylic 239
cation-7 cyclization 143, 164, 248
cationic center 94
cationic character 118
cationic intermediates 105
cationic species 45
cationic stability 71
cationic stabilization 91
charge 6
charge—charge interactions 19
charge delocalization 179
charge distribution 179, 211, 255
charge—heteroatom interactions 19
charge separation 263
charged molecules 173
charged species 115



charges
delocalized 20
localized 20
partial positive 7, 8
partial negative 7
chemical bonds 2, 3, 8, 87
adjacent, alignment of 105
breaking of 2
formation of 2
chemical reactions 2, 8
chemical reagents 275
chiral 240
chiral product 90
chloride 6-9, 252
electron-donating 170, 172
chloride anion 51, 209, 211, 212
displacement of 162
elimination of 257
chloride ions 68, 71, 210
chlorine 168
chlorine anion 252
chlorine atom 69
chloro group 197
chloroacetic acid 28
chloroacetic acid, pK, of 156
m-chloroaniline 197
p-chloroaniline 197
m-chlorobenzoic acid, pK, of 185
p-chlorobenzoic acid, pK, of 184
chloroform 21
chloromethane 69
chloropropane 160
cinnamic acid 152, 276

Claisen rearrangement 139, 140, 164,

266, 267, 280
concerted 108
concerted mechanisms 5, 164, 165
condensation reactions 140
configuration 67
configuration, inversion of 67
conjugate 92
conjugate acids 45, 48, 206
acidity of 48
conjugate additions 143, 266
conjugate bases 45, 50, 68, 119
basicity of 52
relative stability of 55
conjugated system, extended 71
conjugated systems 167, 168
conjugated unsaturated systems 125
conjugation, direct 91
conjugation, full 91
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Cope rearrangement 4, 5, 139, 140, 239

cuprate 219

cyanide anion 51, 192, 212

cyanohydrins 120

cycloheptatriene cation 71

cyclohexane, 1,2-cis-substituted 107

cyclohexanedione 266, 267

cyclohexanone 246

cyclohexene 107, 242

cyclohexylidine
triphenylphosphorane 280, 281

cyclopentadiene 264

cyclopentane carboxylic acid 239

dehydration 250, 251

delocalization 176

deprotonation 22, 47, 104, 107
base-mediated 162

destabilizing 30

dialkyllithiocuprates 143, 144

diastereomers 244

diatomic halogen molecules 117

1,2-dibromoalkanes 116

1,2-dibromoethane 116

dichloromethane 21

dicyclohexylcarbodiimide 258, 259

dicyclohexylurea 259

Diels-Alder reaction 2, 139, 264, 266, 267

diene 238, 264, 281

dienophile 264

diester 29

diethyl ether 6, 7, 21

diisopropylethylamine 144

dimerization 247

1,3-dimethoxybenzene 274

dimethyl cynomethylphosphonate
anion 217

dimethyl ether 208

dimethyl malonate 22, 23, 29, 278, 279

dimethyl malonate anion 51

dimethyl malonate, pK, of 51, 157

dimethyl sulfide 270

dimethylamine 251

dimethylamine, addition of 251

dimethylaminobenzene 272

dimethylaniline 272

dimethylformamide 21, 52, 95

dimethyllithiocuprate 123, 143, 144, 219

dimethylsulfoxide 21, 95, 269

diol, vicinal 93

diphenylmethyl cation 175

1,3-dipolar cycloaddition 149, 268
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dissociation 22, 27
spontaneous 23

dissociation constants 19

DMF 21

DMSO 21

dots, pairs of 2

double bond 71, 87, 101, 108
addition across 117
addition of acids to 135
addition of halogens to 115, 135
carbon—carbon 143
carbon—oxygen 143, 218
character 101
electron rich character of 117
nucleophilic nature of 143, 255, 270
nucleophilicity of 119
phosphorus-oxygen 218, 265
polarization of 168, 169
protonation of 117
reaction with bromine 115

El 65

El elimination mechanism 101

E1 eliminations 101, 105, 106, 108,
222,237, 267

E1 mechanism 101-103, 140

E1 process 102

E1 reactions 102, 104, 105

E1 related products 105

E2 65

E2 elimination mechanism 101, 242

first step 162
second step 162

E2 eliminations 104—106, 108, 218, 238,
270, 281

E2 reactions 104, 105

electrical circuit 6

electrical potential 6

electricity 6

electrocyclic reactions 139, 143, 264266,
268

electrocyclic rearrangements 139

electron deficiency 91

electron density 3, 5, 27, 28, 31, 32, 53, 69, 91,

92, 116, 198

absorption of 31

delocalization of 31

donation of 6, 32

withdraw 6
electron-donating 6, 20, 28, 167
electron donating group 26, 29-33
electron flow 6

electron impact mass spectrometry 268
electron pairs 266
lone 94
movement of 164
nonbonding 87
electron rich 115
electron withdrawing 6, 20
electron-withdrawing group 26, 29-33
electronegative 7, 33, 69, 191
electronegative atoms 68, 71
electronegative groups 27
electronegativities 68, 185, 200
relative 68
electronegativity 7, 28, 34, 48, 50, 52, 68,
69, 191, 200
effect on acidity 34
electronegativity trends 68
electronic configuration 20
electrons 1, 2, 68
bonding pair of 119
dot notation 2
flow of 5
movement of 5, 159, 163
pairs 2, 5
sets of two 2
single 5
valence 3
electrophiles 8, 50, 69, 115
electrophilic 69, 116, 121
electrophilic aromatic substitution
256, 271
electrophilic carbon centers 86
electrophilic centers 73, 96
electrophilic sites 72, 115
electropositive groups 28
elements 1
first-row 52
elimination 104
elimination mechanisms 115
elimination reactions 86, 101, 104,
108, 115
mechanistic basis behind 105
eliminations 90, 105
enamines 139, 251
from aldehydes 138, 139
from ketones 138, 139
enantiomers 66, 67, 243, 244
ene reaction 149, 267
enolate anion 122, 206, 266
enols 122, 266
epoxide 214
opening of 214



equilibrium 19, 21-23, 47, 93, 249
equilibrium constant 23
calculated 188
equilibrium process 45
equivalence point 173
ester carbonyl 28-29
esterification, acid-mediated 277
esters 27, 28, 31, 34, 48, 107, 123-125, 136,
138, 157, 160
active 259
charge delocalized into 108
deprotonation of 29
from alcohols 141
from carboxylic acids 137, 139
hydrolysis of 261, 281
hydrolysis, base-mediated 277
pK, of 157, 187
protonated, pK, of 158, 199
protonation of 49
ethane 6, 7
substituted 117
ethanol 6
ethanol, pK, of 32, 157
ethers 6, 31, 87
from alcohols 137
protonated, pK, of 158
protonation of 48
ethoxide 54
ethyl acetate 21
ethylamine 6, 7
ethyl group 54
ethylene 115, 116, 118, 233, 268
addition of bromine to 116
polymerization of 163
reaction with an acid 117
ethyllithium 120

Favorskii rearrangement 140, 238
five-membered interaction 254
fluoride anion 51
fluorenyl cation 174
fluoride anion 213
fluorine 7, 31, 68
electronegativity of 31
food science 8, 135
formal negative charge 30
formal positive charge 30
formaldehyde 218, 219
trimer of 217
formic acid 26-28
formic acid, pK, of 156
free radical 4, 5, 163
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Friedel—Crafts acylation 141, 142, 150, 151,
256, 270, 271
functional group manipulations 135
functional group transformations 137, 139
functional groups 2, 4, 68, 25-27, 30, 31, 34,
45, 48, 135, 137
carbonyl-based 48, 123
common 155
effect on acidity 34
electronic properties of 135
neutral 156—158
nitrogen-containing 32
oxidative conversions of 138
oxygen-containing 32
protonated 158
reductive conversions of 138
functionality 6

general chemistry 2, 23, 24, 173

glyoxylic acid 28

glyoxylic acid, pK, of 156

geometry, linear 223-225, 227

geometry, tetrahedral 223-225

geometry, trigonal planar 223, 225-227
Grignard reagents 120, 123, 214, 233, 246

halides 2
halide ions 53
order of nucleophilicity 53
halogen molecules, diatomic 117
halogens 1, 7, 31, 137
addition of 115, 143
hard base 52, 53, 192, 200
hashed wedge 66
hemiacetal 123
collapse of 123
Henderson—Hesselbach equation 24, 25,
173, 193
heteroatom—induced stabilization 91
heteroatoms 2, 68, 25, 31, 91, 94, 167, 168
heterolytic cleavage 4, 5, 8, 9
heterolytic reactions 45, 50
heterolytic reaction mechanisms 65, 164
heterolytic-type reaction mechanisms 164
hexane 21
homolytic bond cleavage 268
homolytic cleavage 4, 5, 8, 9, 163
homolytic process 268
Horner—Emmons reaction 142, 218, 265, 276
mechanism of 277
hybrid orbitals 87
hybridization 87, 223
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hybridization, sp 88 imidazole 260
hybridization, sp2 88 elimination of 260
hybridized centers, sp” 87 imidazolide 260
hybridized, sp 88, 223-227 imines 87, 139, 225, 250
hybridized, sp2 88, 223, 225-227 from aldehydes 138, 139
hybridized, sp” 88, 223-225 from ketones 138, 139
hydrazoic acid, pK, of 51, 156 inductive effects 20, 27-34, 45, 179, 185,
hydride ion 217 188, 194, 198
hydride migrations 96 electron-donating 29
hydride shifts 92, 93, 101, 103, 105, electron-withdrawing 29
140, 283 interaction, five-membered 254

carbocation-associated 105 intramolecular addition 248

hydride shifts, 1,2 92-95, 106, 117, iodide 6
227-229, 245 iodide anion 51, 212, 213

hydride shifts, 1,5 100, 232 1-iodo-2-butene 208
hydrobromic acid, addition of 136 iodomethane 6, 159, 278-280
hydrobromic acid, pK, of 51, 156 ion-based 4
hydrocarbons 6, 33 ion concentrations 23

acetylenic 34 ionic species 4

deprotonation of 33 ionic stability 140

olefinic 33 ionic transformations, spontaneous 140

saturated 33 ionization 137
hydrochloric acid 222 ions 5, 23

elimination of 250, 252 ions, negatively charged 50

pK., of 51, 67, 156 isobutyl chloroformate 257
hydrocyanic acid 121 isobutylene 102

pK, of 51, 156, 192 formation of 102
hydrofluoric acid 52 isopropanol, pK, of 32
hydrofluoric acid, pK, of 51, 156 isopropoxide 54
hydrogen 1, 33 isopropyl group 54

anions 217 isopropylidene triphenylphosphorane 264

atoms 24, 25, 91

atoms, dissociable 105 K, 23,24

cations 19 Keq 23

gas 217 ketones 1, 6, 27, 31, 93, 95, 123, 138,

ions 19, 24, 93 157, 263

substituents 86 deprotonation of 220
hydroiodic acid, pK, of 51, 156 from alcohols 139
hydrolysis 261 from esters 123
hydrolysis reaction 261 pK, of 157, 188
hydroxide anion 212, 215, 261 protonated, pK, of 48, 158
hydroxy 225
3-hydroxy-1-pentene 228 LDA 144, 215, 219, 281
hydroxybenzene 279 leaving groups 1, 8, 9, 54, 67-70,
m-hydroxybenzoic acid, pK, of 181 73, 83, 85, 104, 120, 137, 201, 209, 210
p-hydroxybenzoic acid, pK, of 181 displacement of 65, 67, 104
hydroxyketone 238 dissociation of 83, 84
hydroxyl group, protonation of 267 elimination of 104
hydroxylamine 251 Lewis acid 256

addition of 251 Lewis structures 2
hyperconjugation 90-93, 101, 102, 105, linear 88, 226

117, 118, 167 linear geometry 223-225, 227



lithium bromide 215

lithium cation 254

lithium, coordination of 254

lithium dialkylamide 144

lithium diisopropylamide 144, 215,
219, 281

lone pairs 2, 3, 31, 50, 85, 87, 88

magnesium 246
magnesiumbromide complex 214
malonate anions 22
malonate diester 29
malonic acid 278
Markovnikov’s rule 117-119, 135, 245

mechanistic basis 118
mass spectrometry 268

electron impact 268
material science 8, 135
McLafferty rearrangement 149, 268
Mechanisms

concerted 165

radical-based 163

types 1
mechanistic course 25, 45
mechanistic organic chemistry 45
mechanistic progression 101
mechanistic steps 5, 214
mechanistic subtypes 283
mechanistic types 65
mechanistic understandings 143
meta position 170, 179, 194
metal hydride 144
metal hydroxide 144
methane 46, 52, 86
methane, pK, of 51, 192
methanethiol, pK, of 157
methanol 21, 46, 52, 85, 252, 261

elimination of 252

pK, of 32, 67, 157, 213
methoxide 54

elimination of 246
methoxide anion 51, 213
methoxide ions 67, 68, 210
methoxy 171
p-methoxyaniline, pK, of 196
p-methoxybenzoic acid, pK, of 183
p-methoxybenzyl alcohol 216
methoxy group 196
methoxybenzene 255, 270, 272
methyl 31, 224-226
N-methylacetamide 160
methyl acetamide 252, 253

INDEX
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methyl acetate 6, 7, 46—48, 160, 252, 254

methyl acetoacetate 222

methyl acetoacetate anion 215

methyl acetoacetate, pK, of 215

methyl alcohol 277

methyl alcohol, pK, of 51

methyl anion 51, 192

2-methyl-2-butanol 120

2-methyl-2-propanol, pK, of 157

methyl fert-butylether 84, 85, 102

methyl ester 6, 206

methyl Grignard 120, 144

methyl groups 32, 54, 69, 94, 167, 196
electron donating 167, 169, 171

methyl iodide 6, 159, 278-280

N-methyl-N-methoxylamine 255

N-methyl-N-methoxypropionamide 254

2-methyl-2-pentanol 123

N-methyl, N-propylammonium chloride 160

methyl salicylate 153, 277
methyl thioacetate 253
methyl vinyl ketone 123, 143, 264, 266
methylamide anion 51
methylamine 52, 250, 252, 253
addition of 250
pK, of 51, 157
m-methylaniline, pK, of 196
p-methylaniline, pK, of 196
methylbenzene 271
m-methylbenzoic acid, pK, of 182
p-methylbenzoic acid, pK, of 183
methylchloride 6
methyllithium 46, 144, 254
addition of 254
methylmagnesium bromide 120, 123,
144, 249
addition of 249
Michael addition 143, 144
migrating group 101, 105
migration, equilibrium-controlled 93
migration reactions 104
mirror images 66
mixed carbonic anhydrides 257, 259, 260
molecular bonds 66
molecular fragments 54
molecular geometries 88, 89
molecular structure 135
molecular structure, bent 225, 226
molecular transformation 101
molecular volume 54
molecules, chiral 240
MTBE 84, 85, 102
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name reactions 135, 139
2-naphthaldehyde 278, 279
negative 69
negative charge 21, 26, 30, 48, 50, 168
delocalization of 30, 122
developing 30
negative logarithm 24
negatively charged 4
neopentyl bromide 228
neutral bases
conjugate acids of 48
neutral functional groups 156—-158
neutral species 45
nitriles 6, 27, 31, 87, 136, 158, 166, 223,
224,225, 261
hydrolysis of 262
pK, of 158, 186, 187
protonated, pK, of 158, 199
nitro 6, 27, 31, 170, 176, 194
nitro compounds 158
nitro groups, electron
withdrawing 176
nitroacetone anion 175
3-nitroacetophenone anion 176
m-nitroaniline, pK, of 195
o-nitroaniline, pK, of 194
p-nitroaniline, pK, of 195
nitrobenzene 273
m-nitrobenzoic acid, pK, of 180
o-nitrobenzoic acid 179
o-nitrobenzoic acid, pK, of 180
p-nitrobenzoic acid, pK, of 180
nitrogen 1, 3, 7, 33, 68
nitrogen anion 252, 253
nitrogen lone pairs 48
nitromethane 6, 7
nitromethane, pK, of 158
o-nitrosobenzoic acid, pK, of 184
non-bonding pairs 2
nonpolar 7
nonpolar molecule 167
nonpolar solvents 19, 21, 231
nonpolarized wire 6
novel reagents 143
nucleophiles 1, 8, 45, 50, 53, 65, 67, 69, 70,
72,73, 83, 104, 115, 116, 120, 137,
191, 193, 206
addition of 122, 123
addition to carbonyls 120
carbon-based 120
incoming 137
reactivity of 96

nucleophilic additions 125
nucleophilic atom 69
nucleophilic bases 52
hardness of 52
softness of 52
nucleophilic displacement 88, 104, 137, 269
nucleophilic reactions 8, 9, 54, 55
nucleophilic sites 115
nucleophilic substitution 67, 101, 108, 193
bimolecular 71
nucleophilicities, relative 137
nucleophilicity 50, 52, 69, 143
order of 52, 53
relative 52, 68

oil of wintergreen 153, 277
olefinic systems 125
olefins 1, 104, 115, 119, 135, 163,
218, 264
addition of protic acids to 117
asymmetrical 117
cis 249
protonated 117, 118
reaction with halogens 117
trans 249
orbital, empty p 101, 105, 106, 231
planar alignment of 105
orbital hybridization 87-89
orbital hybrids 88
orbital overlap 105
orbital, unoccupied p 88, 92
orbital, vacant p 92, 93, 102
orbitals 96, 223
bonding 108
nonbonding 108
overlapping p 115
p 87, 88
planar relationships of 108
s 87,91
sp hybrid 87
sp® hybrid 87
sp> hybrid 87
unhybridized p 87
organic acids 9, 19, 26, 68, 283
deprotonation of 205
organic anions 23
organic bases 9, 19, 55, 283
organic chemicals 1
organic chemistry 1, 2, 45, 65, 73, 83, 87,
135, 145
foundation of 145
general principles of 139



introductory 283
mechanistic 9, 283
transformations 139
organic mechanisms 1, 3, 9
organic molecules 1, 7, 19, 24, 34, 45
acid/base properties of 135
acidity of 194
organic reaction mechanisms 139
organic reactions 25, 34, 45, 48
mechanistic components 135
organic salts 214
organocuprates 123
organometallic reagents 123
ortho position 171, 172, 179, 194
oxallyl chloride 269
oxallyl group 269
oxetane 216
oxidation 269, 281
oxidative conversions 138
oxidative mechanisms 139
oximes 139, 251
from aldehydes 138, 139
from ketones 138, 139
oxonium ions 48, 85
acidity of 48
oxygen 1, 3, 7, 33, 68, 167
oxygen, trivalent 48
oxygen anion 210, 211, 252, 253
oxygen atom 95, 170
oxygen cation 85

para position 169, 170, 179, 194

partial charges 7, 26, 29, 72, 115, 165, 179,
185, 198

partial negative charge 30, 48, 68, 69, 71, 119,
120, 165-169, 171, 198

partial positive charge 30, 48, 69, 71, 116, 119,
165-172

perfect equilibrium 24, 25

pericyclic reactions 5

periodic table of the elements 7, 52, 68,
185, 198

trans-periplanar 106—108, 233,
240-242

pH 24, 25

definition of 24

pharmaceuticals 8, 135

phenol 279

phenol anion 280, 214

phenyl 46

phenylfluorenyl cation 178, 179

phenyllithium 46, 47
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phenylsulfonate anion 209
phosphate anion 218
phosphetane 218
phosphetane ring 218
phosphorus 218
phosphorus ylide 263
phosphorus—oxygen double bond 218, 265
pinacol rearrangement 93-95, 139, 140
pK, 24, 25, 28, 45, 173
definition of 24
units 47
values 31, 46, 68, 193
values, calculated 185
values, relative 125
planar 88
planar alignments 105
polar aprotic solvents 192, 231
polar protic solvents 192
polar solvents 19, 21, 85, 95
polarity 5-7, 69, 70, 85, 119, 165, 166
induced 8
polarizability 50, 52, 200
polarizable 52, 200
polarization 168
polarized 6, 69, 165, 166
polarized bond 69
polarizing groups 119
polarizing influences 52, 53
polycyclic systems 248
polyethylene 163
polymerization,
free radical-mediated 163
positive 69
positive charge 48, 50, 70, 92, 93, 95,
101, 116, 164, 168
positively charged 4
positively charged species 8
potassium alkoxide 144
potassium fert-butoxide 22, 46, 47,
144, 280
potassium cation 22, 214, 217, 218
potassium cyanide 120
potassium hydride 144, 217
potassium hydroxide 144
potassium salt 214
primary alcohol, pK, of 187, 200, 215
primary amide 26
primary amine 136
primary carbocation 228, 229
primary position 117
product mixtures 72
products 2, 5, 65
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2-propanol, pK, of 157
propene 117, 118
protonation of 118
protic acids, addition of 117
protic acids, addition to olefins 117
protic acids, common 156
proton acidities 25
proton exchange, acid—base 213, 215
proton transfer 259
proton, vinyl, pK, of 199
protonated alcohol 161
protonated alcohol, pK, of 199
protonated amide, pK, of 198, 199
protonated amine, pK, of 200
protonated ester, pK, of 199
protonated functional groups 158
protonated nitrile, pK, of 199
protons 19, 20, 22, 23, 25, 45, 46, 50
acidity of 155
dissociation of 101, 102
extraction of 104
pseudo-double bond 93, 102
pushing electrons 95

racemic mixture 90
radical cation 268
radical mediated 268
radical-based mechanisms 163
rate-limiting step 85
reactants 4, 83
reaction
conditions 83
products 1
rate 8, 69
sites of 1, 70
trajectory 69
types 1
reaction mechanisms 1, 8, 83
concerted 164, 239
heterolytic 9, 19, 164
heterolytic-type 164
reaction processes 145
reaction products 145
reactive base 217
reactive centers 96
reactive sites 19
reactive species 19
reagent classes, properties of 143
reagents 1, 2, 8, 143, 275
Lewis acid 256
novel 143
organometallic 123

rearomatization 256, 271
rearrangements 86, 90, 92, 94, 101
reduction 269
reductive conversions 138
reductive mechanisms 139
relative acidities 23-26, 29, 31, 45, 48, 55
resonance 22, 48, 71, 262, 267
resonance capabilities 26, 27
carboxylic acids 27
alcohols 27
resonance effects 20, 26, 28, 45, 91
resonance forms 25, 71, 167, 175
resonance stabilization 25, 26, 91
resonance-stabilized 21
resonance structures 116, 173
charge-delocalized 117
rings
aromatic 255
four-membered 264
phosphetane 218
six-membered 2
three-membered 115, 214
trioxane 218
Robinson annulation 140, 141, 248, 266, 283,
284
rotation 249

Sy designation 67, 83

Snl 65, 84

Sn1 mechanism 84, 90, 137, 140, 216

Sn1 reactions 83-86, 88, 90, 96, 101-105,
137

multiple products from 95

Sy1 substitution 117

Sn1 transformations 104

SN2 65, 83

SN2 displacement 212, 213, 237, 249

Sn2 mechanism 65, 83, 85, 86, 121, 122, 137,
159, 160, 216

SN2 processes 83

Sn2 reactions 66—-68, 69-71, 73, 83, 86,
88, 90, 96, 101, 104, 119, 121, 125,
137, 278

SN2 substitution 104

SN2/ 71

SN2’ displacement 213, 238

Sn2' mechanism 122, 279

Sn2' reactions 71, 73, 121

Sn2' reactions, intramolecular 221

salicylic acid 275-277

same plane 101

secondary amine 136



secondary carbocation 229
secondary substituted product 117
side products 108
side reactions 83, 86, 90, 92, 104
silver 227, 233
silver cations 239
single bond, rotation around 108
single electrons, movement of 163, 164
sodamide 46, 240
sodium bicarbonate 278
sodium bromide 216
sodium hydride 144, 221, 247, 265,
266, 279
sodium hydroxide 144
sodium methoxide 46
soft base 52, 53, 192, 200
solvating 85
solvent 8, 85, 137, 261
solvent effects 19, 20, 50, 52, 53
solvent polarity 8, 19, 20
solvent shells 53
solvents
nonpolar 231
polar 53
polar aprotic 52, 192, 231
polar protic 52, 192
solvolysis 84, 94, 216
solvolysis, acid-mediated, 161
first step 161
second step 161
solvolysis-mediated processes 140
solvolysis reactions 85, 101, 102, 222, 228,
229, 234, 235
solvolytic conditions 137, 267
spatial relationships 88
starting materials 2, 5, 8, 65, 68, 83, 88
dissociation of 104
starting molecule 84
stereochemical 66
control 90
identities 90
outcome 88
progression 88
stereochemical configuration 237
preservation of 237
stereochemically pure 90
stereochemistry 66, 67, 88, 211, 212, 240
inversion of 88, 212
stereoisomers 67, 90
steric bulk 69, 70, 86
steric congestion 201
steric constraints 72
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steric effects 53, 54

steric environment 96

steric factors 50, 115, 213

sterically accessible 70

straight line 66

substituents 104
electron-donating 194
electron-withdrawing 194

substitution 67, 83
electrophilic aromatic 256, 271

sulfides 136, 253

sulfur 1

sulfur anion 253

Swern oxidation 150, 269, 276, 277, 281

symmetry 115, 167

synthetic processes 139

synthetic strategy 275

tautomerizes 266

tertiary alcohol, solvolysis of 161

tertiary amine 136

tertiary amide, pK, of 157, 186

tertiary carbocation 245

tertiary center 93, 94, 213

tetrahedral 86, 88

tetrahedral carbon atom 70

tetrahedral geometry 223-225

tetrahedron 66

tetrahydrofuran 21, 214

TFA 21

THF 21

thioesters 125

thiols 157

tin hydride dehalogenation 2

titration curve 173

titration, acid—base 173

titration, equivalence point 173

titration, midpoint 173

toluene 271

tosylate, solvolysis of 237

trajectory of nucleophile 70

trialkylamine 144

trans-periplanar 106—108, 233, 240-242

tributyltin hydride 2

trienes 239

triethyl phosphonoacetate 265, 276

triethylamine 46, 48, 144, 270
basicity of 48

triethylammonium cation 46, 47

trifluoroacetate 213

trifluoroacetic acid 21, 28

trifluoroacetic acid, pK, of 156
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trifluoroacetoxy anion 213, 214
2,2, 2-trifluoroethanol, pK, of 32, 157
trifluoromethane sulfonate 204
trifluoromethyl 31
trifluoromethyl group 32
trigonal planar 88, 89, 120
trigonal planar geometry 223, 225-227
trigonal pyramidal 225
1,3,5-trimethoxybenzene 274
trioxane 217
trioxane ring 218
triphenylmethyl cation 177, 179
triphenylphosphine oxide 264
triple bonds 87

carbon—nitrogen 223, 224

undissociated acid 23, 24
unimolecular 85

unimolecular reaction 84, 104
unsaturated bonds 71, 72
a, B-unsaturated carbonyls
addition to 123
unsaturated system 71
unsaturation 91, 101
sites of 115

valence shell 2

vicinal diol 93

vinyl group 223, 226

vinyl proton, pK, of 187, 199

water 20, 52, 216
wedge 66
Wittig reaction 1, 2, 142, 263, 265, 281

ylide, phosphorus 263



