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Index
2
2,2'-azobis(isobutyronitrile)
AIBN, 12
photochemcial initiator, 17
thermal initiator, 12
2-deoxypyranos-2-yl radicals
radical conformation, 107

3
3-deoxypyranos-3-yl radicals
radical conformation, 107

4
4-deoxypyranos-4-yl radicals
radical conformation, 107

A
absolute rate constants
definition, 149
radical reactivity, 149
acetone
photochemical initiator, 17
acyloxy group migration
more rapid reaction in polar solvents, 25
rate constants listed in Table 8 of Chapter 8, 167
the tetra-O-acetyl-D-galctopyranose-1-yl radical, 111
addition reactions
addition typically is to the less-substituted atom of a
C-C multiple bond, 194
chain-transfer step, 23
factors influencing rates of reaction, 139
frontier-orbital interactions, 201
importance of addition to an electron deficient
multiple, 22
importance of polar effects, 198
irreversible addition to a carbon–carbon double bond
by a carbon-centered radical, 195

least-hindered pathway in addition to an unsaturated
carbohydrate, 242
rate constants given in Table 7 of Chapter 8, 166
regioselectivity, 193
requirements for successful addition, 21
role of steric effects in determining regioselectivity, 198
the persistent-radical effect, 39
transition-state structure, 195
α addition, 66
adduct-radical stabilization
importance to regioselective addition, 202
AIBN
2,2'azobis(isobutyronitrile), 12
2-cyano-2-propyl radical, 12
alkoxy radicals
formation from hypoiodite photolysis, 53
formation from phthalimides, 89
fragmentation reactions, 155
regioselective ring-opening reactions, 213
ring-opening reaction, 87
allylic strain
definition, 271
transition-state destabilization, 271
13
alpha- C hyperfine coupling constants
determining radical configuration, 102
alpha-fragmentation
elementary reactions, 69
ambiphilic radicals
definition, 134
radical philicity, 133
ammonium cerium(IV) nitrate
nonchain reactions, 41
oxidation of CH-acidic compounds to produce
electrophilic radicals, 41
oxidative electron transfer, 34
anomeric effect, 108, 113
definition, 108
explained by orbital interactions, 108
Arrhenius equation, 128
atom electronegativity
used to determine radical philicity, 129
atomic orbital coefficients
value in determining the regioselectivity of an addition
reaction, 201, 202
atom-transfer reactions
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rate constants, 150
azo compound initiators, 13
Table 1 (Chapter 2), 13

B
barrier to rotation
radical conformation, 120
benzophenone
photochemical initiator, 17
beta-fragmentation (heterolytic)
elementary reactions, 69
beta-fragmentation (homolytic)
elementary reactions, 67
beta-fragmentation reactions
regioselective bond cleavage, 213
beta-glycoside synthesis
stereoselective reaction, 273
bis(cyclopentadienyl)titanium(III) borohydride
hydrogen-atom donor in nonchain reactions, 44
bis(cyclopentadienyl)titanium(III) chloride
inner-sphere electron transfer, 43
nonchain reactions, 42
reductive ring opening, 44
see also titanocene(III) chloride, 42
boat-like transition state, 205, 270
five-membered ring formation, 268
stereoselective ring formation, 269
bond polarities
radical philicity, 126
bond strengths
importance to regioselective addition reactions, 196
bond-dissociation energies
radical philicity, 126
bromine atom
site-selective, hydrogen-atom abstraction, 222
Bu3SnD
steric requirements, 244

C
carbohydrates as chiral auxiliaries
reaction at remote radical centers, 275
carbon–carbon bond homolysis
nonchain reactions, 52
carbon-centered radicals
chemoselective radical formation, 178
chemoselective reaction, 187

internal, hydrogen-atom abstraction, 227
pyramidal configuration, 101
rate constants for hydrogen-atom abstraction, 127
rate constants for radical generation, 150
regioselective ring opening, 214
carbon–cobalt bond homolysis
cobaloxime complexes, 38
coenzyme B12, 35
nonchain reactions, 35
carbon–mercury bond homolysis
nonchain reactions, 39
carbonyl compounds
hydrogen-atom abstraction following photochemical
excitation, 49
cation and anion stability
use in determining radical philicity, 129
chain collapse
causes of chain collapse, 173
definition, 173
due to chain shift, 174
due to chain termination, 173
due to chlorine-atom or bromine-atom abstraction by a
carbon-centered radical, 179
chain length, 20
reaction efficiency, 27
chain reactions, 9
chemical initiation, 18
efficiency, 27
inefficient reactions, 28
initiation phase, 10
photochemical initiation, 15
termination, 25
thermal initiation, 10
chain termination
caused by radical combination, 22
caused by radical combination or disproportionation,
25
minimized by exclusion of molecular oxygen from the
reaction mixture, 26
reaction with oxygen, 25
chain-transfer step, 10
addition reactions, 23
definition, 22
chair-like transition state, 205, 270
five-membered ring formation, 267
pseudoequatorial substituents, 272
radical conformation, 117
six-membered-ring formation, 272

285
chelation control, 277
chemical initiation
chain reactions, 18
chemical initiator
triethylboron, 18
chemoselective reaction
carbon-centered radical formation, 178
group abstraction, 181
halogen-atom abstraction, 179
importance of unreactive groups and atoms, 187
preventing reversible addition by bond fragmentation,
186
preventing reversible addition by hydrogen-atom
abstraction, 184
preventing reversible addition by radical cyclization,
185
radical addition, 183
reactions of carbon-centered radicals, 187
chemoselectivity, 178
definition, 178
effect of a reversible reaction on chemoselectivity, 181
chiral auxiliaries, 276
radical addition reactions, 276
reaction at remote radical centers, 275
stereoselectivity in bromine-atom transfer, 276
chromium(II) reagents
nonchain reactions, 48
cobaloxime complexes
carbon–cobalt bond homolysis, 38
coenzyme B12
carbon–cobalt bond homolysis, 35
complex-controlled reactions, 276
configurational effects
definition, 235
conformation
pyranos-1-yl radicals, 105
conformational and stereoelectronic effects
stereoselectivity in reactions of pyranos-1-yl radicals,
261
conformational effects
definition, 235
conformational mobility
effect on stereoselectivity, 254
contra-thermodynamic regioselectivity, 215
contra-thermodynamic ring opening
regioselective reactions, 214
Curtin-Hammett principle, 254, 276
radical conformation, 248

Index
cyclization reactions
regioselectivity, 204

D
D-galactopyranos-1-yl radical
conformation, 106, 111
D-glucopyranos-1-yl radical, 103, 114, 115
conformation, 105, 111
distorted B2,5 boat conformation, 105
nucleophilic radical, 131
π-type radical, 102
diastereoselectivity
definition, 235
disciplined behavior, 21
D-lyxopyranos-1-yl radical
conformation, 106, 111
D-mannopyranos-1-yl radical
conformation, 105, 111
role of kinetic anomeric effect in determining
transition-state stability, 255
D-xylopyranos-1-yl radical, 115
conformation, 105, 111, 114

E
electron spin resonance, 100
electron transfer
an elementary reaction, 72
from a CH-acidic compound to manganese(III) acetate,
40
from samarium(II) iodide to a carbohydrate with a keto
group, 46
homolysis of a carbon–cobalt bond, 70
inner-sphere, 34
outer-sphere, 34
oxidative electron transfer, 34
reductive electron transfer, 34, 42
transition-metal complexes, 157
transition-metal-generated radicals, 34
electronegativity of substituent atoms
effect on radical conformation, 111
electron-transfer reactions
rate constants, 156
electron-withdrawing substituents
effect on rate constants for radical addition, 166
electrophilic radicals
principal component analysis, 139
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radical philicity, 125, 132, 137
elementary reactions, 58
addition forming a hypervalent atom, 66
addition to a multiple bond, 64
bond homolysis, 70
cyclization, 67
definition, 58
disproportionation, 76
electron transfer, 72
group abstraction, 63
group migration, 78
halogen-atom abstraction, 61
hydrogen-atom abstraction, 61
radical combination, 75
Table 1, 58
transition-metal complexes, 72
α-fragmentation, 69
β-fragmentation (heterolytic), 69
β-fragmentation (homolytic), 67
enantioselective reactions, 277
enantioselectivity
definition, 235
endo designation
a term used in describing radical cyclization, 213
endo face
a term used to describe ring system, 239
endo-exo designations
terminology for describing ring formation, 213
Evans-Polanyi relation, 125, 138, 196, 201
transition-state location, 223
exo designation
a term used in describing radical cyclization, 213
exo face
a term used to describe ring systems, 239
exo-endo designations
terms used in describing ring formation, 205

F
first-formed radicals, 100
five-membered ring formation
chair-like transition state, 267
flagpole interactions, 205
fragmentation reactions
alkoxy radicals, 155
elementary reactions, 67
rate constants, 155
regioselective radical explusion, 213

regioselective ring opening, 213
free radical
definition, 9
free-radical reaction
definition, 9
frontier-orbital interactions
definition, 103
electrophilic radicals, 138
explaining radical addition reactions, 142
explaining radical conformation, 106
explaining radical nucleophilicity, 135
explaining radical philicity, 134
explaining radical structure, 103
explaining the quasi-anomeric effect, 110
importance to regioselective addition, 201, 202
pc/po orbital interaction, 107
when it is appropriate to use these interactions, 134
furanos-1-yl radicals
conformational mobility, 262
radical conformation, 118
stereoselectivity of reactions, 262
fused-ring systems
endo face, 239
exo face, 239

G
group abstraction
chemoselective reaction, 181
group compression, 196
group migration
rate constants, 167
sequential reactions, 94
group-transfer reactions
rate constants, 152
reversible reactions, 152

H
halogen-atom abstraction
chemoselective reaction, 179
order of reactivity, 179
rate constants, 150
site-selective reaction, 228
Hammond’s postulate, 222
hexamethylphosphoramide (HMPA)
effect on samarium(II) iodide reaction, 47
highest occupied molecular orbital
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HOMO, 103
HOMO, 110, 201
definition, 103
electrophilic radicals, 138
nucleophilic radicals, 135
hydrogen bonding
effect on radical conformation, 115
effect on radical cyclization, 117
effect on stereoselectivity, 117
effect on transition-state stabilization, 271
hydrogen-atom abstraction, 180
by D-glucopyranos-1-yl radicals (unexpectedly small
rate constant), 171
by excited carbonyl compounds, 49
dependence on radical philicity, 139
rate constants, 158
regioselectivity, 220
stereoselectivity, 242
hydroxyl radical, 107
abstraction of a hydrogen atom, 222
hydrogen-atom abstraction from a C-H bond, 222
hydrogen-atom abstraction from sucrose, 224
reaction with α-D-glucopyranose, 100
hypervalent atoms
elementary reactions, 66
hypoiodite photolysis
alkoxy-radical formation, 53

I
induced decomposition, 12, 15
initiation phase
chain reactions, 10
initiators
azo compounds, 13
azo compounds (Table 1, Chapter 2), 13
half-life, 12
peroxides, 14
peroxides (Table 2, Chapter 2), 14
requirements for successful initiators, 12
inner-sphere electron transfer, 34
bis(cyclopentadienyl)titanium(III) chloride, 43
manganese(III) acetate, 40
samarium(II) iodide, 46
internal hydrogen-atom abstraction
carbon-centered radicals, 227
oxygen-centered radicals, 225
inversion of configuration

carbon-centered radicals, 104
iodine-atom abstraction
rate constants, 159
isonitriles
site-selective reactions, 230

K
kinetic anomeric effect, 260, 262, 274
definition, 255
maintaining stabilizing orbital interaction in the
transition state, 259
stabilization due to orbital interactions, 246
supersteric radicals, 265
transition-state stabilization, 255

L
least-hindered pathway, 237
importance to stereoselectivity, 236
minimizing steric interactions, 236
radical addition to an unsaturated carbohydrate, 242
locked conformations
radical conformation, 119
lowest unoccupied molecular orbital
LUMO, 103
low-temperature initiation
triethylboron–oxygen, 19
LUMO, 110, 202
definition, 103
nucleophilic radicals, 135, 137

M
manganese(III) acetate
structure, 41
manganese(III) acetate reactions
formation of cations from carbon-centered radicals, 41
inner-sphere electron transfer, 40
nonchain reactions, 40
oxidative electron transfer, 34
radical formation from CH-acidic compounds, 40
molecular mechanics
regioselective ring opening, 214
molecular orbital theory
radical philicity, 134
molecular-orbital calculations (ab initio)
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determining radical philicity, 130
radical conformation, 113

N
nonchain reactions, 33
ammonium cerium(IV) nitrate, 41
bis(cyclopentadienyl)titanium(III) borohydride, 44
bis(cyclopentadienyl)titanium(III) chloride, 42
carbon–carbon bond homolysis, 52
carbon–cobalt bond homolysis, 35
carbon–mercury bond homolysis, 39
chromium(II) reagents, 48
manganese(III) acetate, 40
oxidative electron transfer, 34
oxygen–iodine bond homolysis, 53
photochemically generated radicals, 48
reductive electron transfer, 42
samarium(II) iodide, 45
nucleophilic radicals
radical philicity, 125, 131, 135

O
orbital interaction
the quasi-anomeric effect, 109
orbital interaction (pc/po)
radical conformation, 107
radical structure, 103
orbital interaction (pc/σ*)
radical conformation, 106
order of reactivity
halogen-atom abstraction, 179
organosamarium compounds, 45
organotitanium compounds, 43
O-thiocarbonyl group abstraction
chemoselective reaction, 182
outer-sphere electron transfer, 34
oxidative electron transfer
ammonium cerium(IV) nitrate, 34
homolytic cleavage of a carbon–cobalt bond, 35
manganese(III) acetate, 34
nonchain reactions, 34
oxygen, molecular
chain termination, 25
oxygen-centered radicals
intramolecular hydrogen-atom abstraction, 225
regioselective ring-opening, 213

oxygen–iodine bond homolysis
nonchain reactions, 53

P
parallel reactions
sequential reactions, 93
Pauling’s electronegativity values, 126
peroxide initiators
Table 2, (Chapter 2), 14
persistent radicals, 9
persistent-radical effect, 39
phosphatoxy-group migration, 167
photochemical initiation
chain reactions, 15
photochemical initiators
2,2'-azobis(isobutyronitrile), 16
acetone, 17
benzophenone, 17
hexaalkylditins, 18
photochemically generated radicals
nonchain reactions, 48
pi-type radical, 102
D-glucopyranos-1-yl radical, 102
radical configuration, 101
planar configuration
radical structure, 101
polar effects
definition, 198
importance to regioselective addition, 198
polarity matching, 128
hydrogen-atom abstraction by an oxygen-centered
radical, 220
rate of hydrogen-atom abstraction, 143
polarity-reversal catalysis
radical philicity, 142
polymerization
prevented by hydrogen-atom abstraction, 184
polymerization reaction, 10
primary radicals
internal hydrogen-atom abstraction, 228
principal component analysis, 139
determining radical philicity, 129
propagation phase
chain reactions, 19, 20
pseudo-1,3-diaxial interaction, 273
transition-state destabilization, 270
pseudoequatorial substituents
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chair-like transition state, 272
radical conformation, 117
p-type orbital, 103
radical structure, 101, 102
pyramidal configuration
radical structure, 101
pyranos-1-yl radical formation
stereoselectivity, 246
pyranos-1-yl radical reactions
stereoselectivity, 249
pyranos-1-yl radicals
conformation, 105
effect of radical conformation on reaction
stereoselectivity, 256
reduced ability to abstract hydrogen atoms, 172
stereoselectivity determined by the kinetic anomeric
effect, 255
stereoselectivity when steric effects are demanding,
261
transition-state stabilization by the kinetic anomeric
effect, 255
pyranos-5-yl radicals
quasi-anomeric stabilization, 117
radical conformation, 117

Q
quantum yield
definition, 16
interpretation, 50
nonchain reactions, 50
quasi-anomeric effect, 113, 114, 247
"locked conformations", 119
orbital interaction, 109
quasi-anomeric stabilization
pyranos-5-yl radicals, 118

R
radical addition
chemoselective reaction, 183
factors controlling regioselectivity, 195
radical philicity, 140
rate constants, 165
steric effects in reactant molecules, 241
radical anomeric effect
see kinetic anomeric effect, 255
radical chain reactions, 10

radical combination
stereoselective reaction, 264
radical configuration
13
α- C hyperfine coupling constants, 102
π-type, 101
radical conformation
(pc/σ*) interaction, 106
2-deoxypyranos-2-yl radicals, 107
3-deoxypyranos-3-yl radicals, 107
4-deoxypyranos-4-yl radicals, 107
chair-like transition state, 117
Curtin-Hammett principle, 248
effect of substituent-atom electronegativity, 111
frontier-orbital interactions, 106
hydrogen bonding, 115
molecular-orbital calculations (ab initio), 113
pseudoequatorial substituents, 117
pyranos-5-yl radicals, 117
radical structure, 104
stereoselectivity, 248, 260
stereoselectivity in reactions of pyranos-1-yl radicals,
256
steric effects, 114
the quasi-anomeric effect, 109
radical cyclization
factors determining ring size, 204
rate constants, 162
transition-state structure, 205
radical philicity, 124
a limitation on extrapolating alkyl radical reactivity to
carbohydrate radicals, 143
comparing procedures for assigning radical philicity,
130
determined from ab initio molecular orbital
calculations, 130
determined from cation and anion stability, 129
determining radical philicity, 128
effect of atom electronegativity, 129
effect of diminishing delocalization, 145
electrophilic radicals, 125, 132, 137
explaining radical philicity, 130
extrapolating results from model radicals, 142
frontier-orbital interactions, 134
hydrogen-atom abstraction, 139
importance of bond polarities, bond-dissociation
energies, and rate constants for hydrogen-atom
abstraction reactions, 126
in addition reactions, 140
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loss of transition-state stabilization, 144
molecular orbital theory, 134
nucleophilic radicals, 125, 131, 135
of ambiphilic radicals, 133
polarity-reversal catalysis, 142
principal component analysis, 129
reduction potentials, 141
site-selective reactions, 227
SOMO energy level, 136
valence bond theory, 130
radical reactions
solvent effects, 24
radical reactivity
absolute rate constants, 149
reaction rate constants, 148
relative rate constants, 149
radical structure, 99
frontier-orbital interactions, 103
radical-center configuration, 101
the anomeric effect, 108
σ-type radical, 102
radical-center configuration
radical structure, 101
rate constants, 23
atom-transfer reactions, 150
chain collapse due to chain shift, 174
chain collapse due to chain termination, 173
effect of electron-withdrawing, multiple-bond
substituents on radical addition, 166
effect of radical philicity on hydrogen-atom abstraction
reactions, 126
electron-transfer reactions, 156
fragmentation reactions, 155
generation of carbon-centered radicals, 150
group migration, 167
group-transfer reactions, 152
halogen-atom transfer, 150
hydrogen-atom abstraction, 158
hydrogen-atom abstraction by carbohydrate radicals,
extrapolating results from model radicals, 142
hydrogen-atom abstraction by primary, secondary, and
tertiary, carbon-centered radicals, 127
hydrogen-atom abstraction by pyranos-1-yl radicals,
171
iodine-atom abstraction, 159
radical addition, 165
radical cyclization, 162
radical reactivity, 148

Index
rate of hydrogen-atom abstraction
polarity matching, 143
reaction cycle, 20
reaction efficiency
chain length, 27
chain reactions, 27
reaction rates, 23
reactive radicals, 9
reduction potentials
radical philicity, 141
reductive electron transfer
nonchain reactions, 42
regioselective addition
electrophilic radical adding to an electron-rich double
bond, 200
importance of adduct-radical stabilization, 202
importance of frontier-orbital interactions, 201
importance of polar effects, 198
importance of steric effects, 196
nucleophilic radical adding to an electron-deficient
multiple bond, 199
role of bond strengths, 196
regioselective bond cleavage
β-fragmentation reactions, 213
regioselective cyclization
stereochemical control, 208
terminology for describing ring formation, 213
thermodynamic or kinetic control, 207
regioselective radical expulsion, 217
regioselective reaction
contra-thermodynamic ring opening, 214
definition, 192
torsional strain, 224
regioselective ring formation
altering normal regioselectivity, 206
five- and six-membered rings, 204
rings with more than six members, 211
three- and four-membered rings, 210
regioselective ring opening
molecular mechanics, 215
oxygen-centered radicals, 213
regioselectivity, 191
addition reactions, 193
cyclization reactions, 204
hydrogen-atom abstraction reactions, 220
regiospecific reaction
definition, 192
relative rate constants
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radical reactivity, 149
restricted conformations
definition, 257
stereoselectivity in reactions of pyranos-1-yl radicals,
257
reversible addition
effect on chemoselectivity, 183
prevented by bond fragmentation, 186
prevented by cyclization, 185
prevented by hydrogen-atom abstraction, 184
reversible reaction
effect on radical reactivity, 153

S
samarium ketyl, 46
samarium(II) iodide
effect of hexamethylphosphoramide on reactivity, 47
electron transfer, 157
inner-sphere electron transfer, 46
nonchain reactions, 45
sequences of reactions
sequential reactions, 93
sequential reactions, 82
addition-fragmentation, 87
advantages and disadvantages, 83
cyclization-addition, 85
cyclization-cyclization, 85
cyclization-fragmentation, 87
cyclization-rearrangement, 86
definition, 82
fragmentation-addition, 89
fragmentation-fragmentation, 87
group migration, 94
hydrogen-atom abstraction--addition, 90
hydrogen-atom abstraction--cyclization, 89
parallel reactions, 93
sequences of reactions, 93
three-step reactions, 90
two-step reactions, 85
shielding groups
groups not adjacent to the radical center, 241
groups on opposite faces of a cyclic radical, 238
groups on the same face of a cyclic radical, 239
shielding of radical centers
fused and bridged ring systems, 239
stereoselectivity, 237
sigma-type configuration, 103

sigma-type radical
radical structure, 102
singly occupied molecular orbital
SOMO, 110
site selectivity
definition, 219
site-selective reactions
halogen-atom abstraction, 228
isonitrile group abstraction, 230
radical philicity, 227
regioselectivity, 219
thiocarbonyl-containing compounds, 229
site-selective, hydrogen-atom abstraction
by a bromine atom, 222
by the hydroxyl radical, 222
by the sulfate radical anion, 222
six-membered ring formation
chair-like transition state, 272
solvent effects
radical reactions, 24
SOMO, 111, 201, 202
definition, 110
electrophilc radicals, 138
nucleophilic radicals, 135, 136, 137
SOMO-LUMO interaction
electron transfer, 137
SOMO-σ* interaction
effect on radical conformation, 112
sonochemically initiated reactions
chain reactions, 11
stable radicals, 9
stereoelectronic effects
definition, 235
stereoselectivity, 234
affected by shielding of radical centers, 237
definition, 235
determining factors, 235
effect of conformational mobility, 254
effect of reaction temperature, 265
importance of σ*-orbital interaction involving the C2–O
bond in pyranos-1-yl radicals, 260
of D-glucopyranos-1-yl radical reactions, 250
of pyranos-1-yl radical formation, 246
of pyranos-1-yl radical reactons, 249
of radical combination reactions, 264
of reaction from a restricted conformation, 257
of reaction of supersteric radicals, 263
of reactions involving boat-like transition states, 269
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population and reactivity of conformational isomers,
253
radical conformation, 248, 260
torsional effects, 244
stereoselectivity due to group shielding
hydrogen-atom abstraction reactions, 242
steric compression, 196
steric effects
definition, 235
effect on radical conformation, 114
importance to regioselective addition, 196
steric requirements
of Bu3SnD and (Me3Si)3SiD, 244
structural formulas
radical structure, 100
sulfate radical anion
site-selective, hydrogen-atom abstraction, 222
supersteric radicals
reaction stereoselectivity, 263

T
termination phase
chain reactions, 25
thermal initiation
chain reactions, 10
thermal initiators
2,2'-azobis(isobutyronitrile), 12
azo compounds, 13
peroxides, 14
thiocarbonyl-containing compounds

site-selective reaction, 229
torsional effects, 245
definition, 235
stereoselectivity, 244
torsional strain, 244
regioselective reaction, 224
transition-metal complexes
electron transfer, 157
transition-metal-generated radicals, 34
transition-state destabilization
allylic strain, 271
pseudo-1,3-diaxial interactions, 270
transition-state location
Evans-Polanyi relation, 223
transition-state stabilization
hydrogen bonding, 271
kinetic anomeric effect, 255
loss due to diminishing delocalization, 145
pyranos-1-yl radicals, 255
transition-state structure
radical cyclization, 205
triethylboron–oxygen
chemical initiation, 18
low temperature initiation, 19

V
valence bond theory
radical philicity, 130
vinylic radicals
internal hydrogen-atom abstraction, 227

