
Tableofcontents

Radicalreactionratesinliquids

Partc:RadicalscenteredonN,S,Pandotherheteroatoms.Nitroxyls

Generalintroduction

H.Fischer,Physikalisch-ChemischesInstitutderUniversitatZurich,Switzerland

ADefinitionandcoverage1
BArrangementandcontentsoftables1
CImportantmonographs,series,compilations2
DSymbolsandabbreviations3

5Nitrogen-centeredradicals

K.U.Ingold,NationalResearchCouncilCanada,DivisionofChemistry,Ottawa,Canada

5.0Introduction5

5.1Aminylradicals,RR/N･6
5.1.1Bimolecularself-reactionsandradical-dimerequilibria6
5.1.1.1Monoalkylaminyls(R=alkyl,R'=H)6
5.1.1.2Acyclicdialkylaminyls(R,R'=alkyl)6
5.1.1.3Cyclicaminyls(R,R',andNformaring)7
5.1.1.4Monoarylaminyls(R=aryl,R'=H)9
5.1.1.5Acyclicalkarylaminyls(R=alkyl,R'=aryl)10
5.1.1.6Acyclicdiarylaminyls(R,R'=aryl)11
5.1.2Reactionswithadifferentradical14
5.1.2.1Monoalkylaminyls(R=alkyl,R'=H)14
5.1.2.2Cyclicaminyls(R,R',andNformaring)14
5.1.3Unimolecularreactions15
5.1.3.1Acyclicdialkylaminyls(R,R'=alkyl)15
5.1.3.2AcyclicaminylswithleadingatomofRand/orR'aheteroatom17
5.1.3.3Cyclicaminyls(R,R',andNformaring)18
5.1.4Intermolecularhydrogenatomabstractionsfromcarbon20
5.1.4.1Aminyl(R,R'=H)20
5.1.4.2Acyclicdialkylaminyls(R,R'=alkyl)21
5.1.4.3AcyclicaminylswithleadingatomofRand/orR'aheteroatom22
5.1.4.4Cyclicaminyls(R,R',andNformaring)22
5.1.4.5Acyclicdiarylaminyls(R,R'=aryl)23
5.1.5Intermolecularhydrogenatomabstractionsfromoxygen25
5.1.5.1Aminyl(R,R'=H)25
5.1.5.2Cyclicaminyls(R,R',andNformaring)26
5.1.5.3Acyclicalkarylaminyls(R=alkyl,R'=aryl)26
5.1.5.4Acyclicdiarylaminyls(R,R'=aryl)26
5.1.6Intermolecularhydrogenatomabstractionsfromnitrogen;aminyl(R,R'=H)28



5.1.7Intermolecularhydrogenatomabstractionsfromsulfur28
5.1.7.1Monoalkylaminyls(R=alkyl,R'=H)28

5.1.7.2Acyclicdiarylaminyl(R,R'=aryl)29

5.1.8Intermolecularreactionsotherthanhydrogenatomabstraction29
5.1.8.1Aminyl(R,R'=H)29

5.1.8.2Acyclicdialkylaminyls(R,R'=alkyl)32

5.1.8.3Cyclicaminyls(R,R',andNformaring)33
5.1.8.4Monoarylaminyls(R=aryl,R'=H)35

5.1.8.5Acyclicdiarylaminyl(R,R'=aryl)36

5.2Aminiumradicals,RR'R"Nt36

5.2.1Bimolecularself-reactionsandradical-dimerequilibria36
5.2.1.1Acyclicdialkylaminiums(R,R'=alkyl,R"=H)36

5.2.1.2Secondarycyclicaminiums(R,R',andNformaring,R"=H)37

5.2.1.3Acyclictrialkylaminiums(R,R',R"=alkyl)39

5.2.1.4Acyclictriarylaminiums(R,R',R"=aryl)39
5.2.2Reactionswithadifferentradical45

5.2.2.1Tertiarycyclicaminiums(R,R',andNformaring,R"=alkyl)45

5.2.2.2Monoarylaminiums(R=aryl,R',R"=H)45
5.2.3Unimolecularreactions45

5.2.3.1Aminium(R,R',R"=H)45

5.2.3.2Monoalkylaminiums(R=alkyl,R',R"=H)46

5.2.3.3Acyclicdialkylaminiums(R,R'=alkyl,R"=H)46
5.2.3.4Secondarycyclicaminiums(R,R',andNformaring,R"=H)47

5.2.3.5Acyclicdrialkylaminiums(R,R',R"=alkyl)48

5.2.3.6Tertiarycyclicaminiums(R,R',andNformaring,R"=alkyl)50

5.2.3.7Monoarylaminiums(R=aryl,R',R''=H)51
5.2.4Intermolecularhydrogenatomabstractionfromcarbon52

5.2.4.1Aminium(R,R',R"=H)52

5.2.4.2Monoalkylaminiums(R=alkyl,R',R''=H)53

5.2.4.3Acyclicdialkylaminiums(R,R'=alkyl,R"=H)54
5.2.4.4Secondarycyclicaminiums(R,R',andNformaring,R"=H)67

5.2.4.5Acyclictrialkylaminiums(R,R',R"=alkyl)72

5.2.4.6Tertiarycyclicaminiums(R,R',andNformaring,R"=alkylorformsasecondring).73

5.2.5Intermolecularreactionsotherthanhydrogenatomabstraction74
5.2.5.1Aminium(R,R',R"=H)74

5.2.5.2Acyclicdialkylaminiums(R,R'=alkyl,R"=H)75

5.2.5.3Secondarycyclicaminiums(R,R',andNformaring,R"=H)76

5.2.5.4Tertiarycyclicaminiums(R,R',andNformaring,R"=alkyloraryl)77

5.2.5.5Tertiaryarylaminium(R,R',R"=aryl)79

5.3Carboxamidylradicals,R'CONR79
5.3.1Bimolecularself-reactions79

5.3.1.1Acyclicacylalkylaminyls(R,R'=alkyl)andalkyl(alkoxycarbonyl)aminyls

(R=alkyl,R'=alkoxy)79

5.3.1.2Acyclicacylarylthioaminyls(R=alkyl,R'=arylthio)81

5.3.2Intramolecularhydrogenatomabstractions81

5.3.2.1Acylaminyls(R=H,R'=alkyl)81
5.3.2.2Acyclicacylalkylaminyls(R,R'=alkyl)andalkyl(alkoxycarbonyl)aminyls

(R=alkyl,R'=alkoxy)82

5.3.3Intramolecularadditionstoamultiplebond83

5.3.3.1Acyclicacylalkylaminyls(R,R'=alkyloralkenyl)83

5.3.3.2Acyclicaroylalkylaminyls(R=alkyl,R'=aryl)85

5.3.4Otherunimolecularreactions85
5.3.5Intermolecularhydrogenatomabstractionsfromcarbon86

5.3.5.1Acyclicacylalkylaminyls(R,R'=alkyl)86

5.3.5.2Cyclicacylalkylaminyls(R,R'CO,andNformaring)87

5.3.6Intermolecularreactionsotherthanhydrogenatomabstraction,acyclicacylalkylaminyls

(R,R'=alkyl)89



5.4Sulfinamidylradicals,RR'SON･,andsulfonamidylradicals,RR'SO2N･89

5.4.1Bimolecularself-reactionsandfirst-orderdecays89

5.4.2Intermolecularhydrogenatomabstractionsfromcarbon92

5.5Imidylradicals,RCOR'CON･93

5.5.1Unimolecularreactions93

5.5.2Intermolecularhydrogenatomabstractionsfromcarbon93

5.5.3Intermolecularhydrogenatomabstractionsfromcarbonvs.intermolecularadditionstoC―C

multiplebonds(relative)96

5.5.4IntermolecularadditionstoC―Cmultiplebonds97

5.5.5SH2reactionswithtetraalkylstannanes97

5.6Iminylradicals,RRC=N･98

5.6.1Bimolecularself-reactions98

5.6.1.1Iminyl(R,R'=H)98

5.6.1.2Monoalkyliminyls(R=alkyl,R'=H)99

5.6.1.3Acyclicdialkyliminyls(R,R'=alkyl,includingCF3)99

5.6.1.4Cycliciminyls(R,R',andCformaring)99

5.6.1.5Acyclicdiaryliminyls(R,R'=aryl)100

5.6.2Unimolecularreactions100

5.6.2.1Acyclicdialkyliminyls(R,R'=alkyl)100

5.6.2.2Cycliciminyls(R,R',andCformaring)101

5.6.2.3Alkarylanddiaryliminyls(R=aryl,R'=alkyloraryl)101

5.6.3Intermolecularhydrogenatomabstractionsfromcarbon101

5.7Alkoxyaminylradicals,RR'ON･102

5.7.1Bimolecularself-reactionsandradical-dimerequilibria102

5.7.1.1Hydroxyaminyl(R,R'=H)102

5.7.1.2Alkoxyaminyls(R=H,R'=alkyl)102

5.7.1.3Alkoxyalkylaminyls(R,R'=alkyl)102

5.7.1.4Alkoxyarylaminyls(R=aryl,R'=alkyl)103

5.7.2Unimolecularreactions103

5.7.2.1Alkoxyalkylaminyl(R,R'=alkyl)103

5.7.2.2Alkoxyaminyls,withleadingatomofRaheteroatom103

5.7.3Intermolecularhydrogenatomabstractionfromoxygen104

5.8Thioaminylradicals,RR'SN･104

5.8.1Bimolecularself-reactionsandradical-dimerequilibria104

5.8.1.1Arylthioalkylaminyls(R=alkyl,R'=aryl)104

5.8.1.2Alkylthioarylaminyls(R=aryl,R'=alkyl)104

5.8.1.3Arylthioarylaminyls(R,R'=aryl)105

5.8.2Unimolecularreactions107

5.8.2.1Alkylthioalkylaminyl(R,R'=alkyl)107

5.8.2.2Aminothiylalkylaminyls(R=alkyl,leadingatomofR'=N)107

5.8.3Intermolecularreactionswithmolecules108

5.9Dithioaminylradicals,RSR'SN･108

5.9.1Bimolecularself-reactionsandradical-dimerequilibria108

5.9.1.1Cyclicdithioaminyls(RS,R'S,andNformaring)108

5.9.1.2Diarylthioaminyls(R,R'=aryl)109

5.9.2Intermolecularreactionswithmolecules109

5.10Hydrazylradicals,R'R"NftR110

5.10.1Bimolecularself-reactionsandradical-dimerequilibria110

5.10.1.1Hydrazyl(R,R',R"=H)110

5.10.1.2Monoalkylhydrazyls(R=alkyl,R',R"=H)110

5.10.1.3Acyclicdialkylhydrazyls(R=H,R',R"=alkyl)110

5.10.1.4Acyclicdialkylhydrazyls(R,R'=alkyl,R"=H)Ill

5.10.1.5Cyclicdialkylhydrazyls(R=H,R',R"andtheNtowhichtheyareattachedformaring).111

5.10.1.6Acyclictrialkylhydrazyls(R,R',R"=alkyl,includingCF3)112



5.10.1.7Cyclictrialkylhydrazylsandrelatedspecies(R=alkyl,R',R"andtheNtowhichtheyare

attachedformaringor,R'=alkyl,R,N,N,andR"formaring)112

5.10.1.8Acyclicdiarylhydrazyls(R,R'=aryl,orsimilargroup,R"=H)113

5.10.1.9Diarylaroylhydrazyls(R=aroyl,R',R"=aryl)116

5.10.2Reactionswithadifferentradical120

5.10.3Unimolecularreactions120

5.10.3.1Cyclictrialkylhydrazyls(R=alkyl,R',R",andtheNtowhichtheyareattachedformaring).121

5.10.3.2Cyclictrialkylhydrazyls(R,R',NandNformaring,R"=alkyl)121

5.10.3.3Tri-substitutedhydrazylswithleadingatomofRand/orR',R"aheteroatom122

5.10.3.4Acyclictriarylhydrazyls(R,R',R"=aryl)122

5.10.4IntermolecularhydrogenatomabstractionsbyDPPHfromhydrocarbons123

5.10.5IntermolecularhydrogenatomabstractionsbyDPPHfromamines123

5.10.6IntermolecularhydrogenatomabstractionsbyDPPHfromphenols126

5.10.7IntermolecularhydrogenatomabstractionsbyDPPHfromthiols142

5.10.8IntermolecularhydrogenatomabstractionsbyDPPHfromethers145

5.10.9IntermolecularhydrogenatomabstractionsbyDPPHfromacids,alcohols,anhydridesand

othercompounds146

5.10.10DPPH-solventassociationequilibria147

5.11Hydrazylradicalcations,(R'R"NNR2)*,andrelatedspecies147

5.11.1Bimolecularself-reactions147

5.11.2Reactionswithadifferentradical148

5.11.3Unimolecularreactions149

5.11.4Intermolecularreactionswithmolecules150

5.12Verdazylandrelatedradicals151

5.12.1Bimolecularself-reactions151

5.12.2Reactionswithadifferentradical151

5.12.3Intermolecularreactionswithmolecules152

5.13Diazirinylradicals,RC=N―N･154

5.13.1Bimolecularself-reactions154

5.13.1.1Alkyldiazirinyl(R=alkyl)154

5.13.1.2Aryldiazirinyl(R=aryl)154

5.14Diazenylradicals,RN=N･155

5.14.1Bimolecularself-reactions155

5.14.2Unimolecularreactions155

5.14.3Otherreactions156

5.15Azidylradical,N3156

5.15.1Bimolecularself-reactions156

5.15.2Otherreactions156

5.16Triazenylradicals,R2N3,anddiazaallylradicals,(RN)2CR';bimolecularself-reactions157

5.17Benzolnitrileradicalanions,ArCMT:unimolecularreactions158

Referencesfor5.1･･-5.17160

6Aminoxylandrelatedradicals

K.U.Ingold,NationalResearchCouncilCanada,DivisionofChemistry,Ottawa,Canada

6.0Introduction166

6.1Aminoxylradicals,RR'NO･167

6.1.1Bimolecularself-reactionsandradical-dimerequilibria167

6.1.1.1Monoalkylaminoxyls(R=alkyl,R'=H)167

6.1.1.2Acyclicdialkylaminoxyls(R,R'=alkyl,includingCF3)167

6.1.1.3Cyclicaminoxyls(R,R',andNformaring)171

6.1.1.4Monoarylaminoxyls(R=aryl,R'=Hore~)175

6.1.1.5Acyclicalkarylaminoxyls(R=alkyl,R'=aryl)176



6.1.1.6Acyclicdiarylaminoxyls(R,R'=aryl)177

6.1.1.7Acyclicacylaminoxyls(R=acyl,R'=alkyloraryl)178

6.1.1.8Nitroarylradicalanions(R=O~,R'=aryl),hydroxyarylaminoxyls(R=OH,R'=aryl),and

relatedspecies180

6.1.2Reactionswithadifferentradical181

6.1.2.1Acyclicdialkylaminoxyls(R,R'=alkyl)181

6.1.2.1.1Withcarbon-centeredradicals181

6.1.2.1.2Withheteroatom-centeredradicals182

6.1.2.2Cyclicaminoxyls(R,R',andNformaring)182

6.1.2.2.1Withcarbon-centeredradicals182

6.1.2.2.2Withorganicradicalionsorzwitterions191

6.1.2.2.3Withsolvatedelectrons(eaq)196

6.1.2.2.4Withhydrogenatoms197

6.1.2.2.5WithhydroxylradicalsorOT198

6.1.2.2.6Withinorganicradicalanions198

6.1.2.3Acyclicalkarylaminoxyls(R=alkyl,R'=aryl);withcarbon-centeredradicals199

6.1.2.4Acyclicdiarylaminoxyls(R,R'=aryl)200

6.1.2.4.1Withcarbon-centeredradicals200

6.1.2.4.2Withheteroatom-centeredradicals200

6.1.3Unimolecularreactions201

6.1.3.1Acyclicdialkylaminoxyls(R,R'=alkyl)201

6.1.3.2Cyclicaminoxyls(R,R'andNformaring)202

6.1.3.3Acyclicacylaminoxyls(R=aryl,R'=alkyloraryl)204

6.1.3.4Acyclicalkoxyalkaminoxylsandalkoxyarylaminoxyls(R=alkoxyorsiloxy,R'=alkyloraryl)205

6.1.3.5Nitroarylradicalanions(R=O~,R'=aryl)andhydroxyarylaminoxyls(R=OH,R'=aryl).206

6.1.4Intermolecularhydrogenatomabstractionsfromcarbon216

6.1.4.1Acyclicdialkylaminoxyls(R,R'=alkyl)216

6.1.4.2Cyclicaminoxyls(R,R',andNformaring)218

6.1.4.3Acyclicdiarylaminoxyls(R,R'=aryl)220

6.1.4.4Acyclicaroylaminoxyls(R=aroyl,R'=alkyloraryl)221

6.1.5Intermolecularhydrogenatomabstractionsfromoxygen222

6.1.5.1Acyclicdialkylaminoxyls(R,R'=alkyl)222

6.1.5.2Cyclicaminoxyls(R,R',andNformaring)223

6.1.5.3Acyclicalkarylaminoxyls(R=alkyl,R'=aryl)226

6.1.5.4Acyclicdiarylaminoxyls(R,R'=aryl)227

6.1.6Intermolecularhydrogenatomabstractionsfromnitrogen;cyclicaminoxyls(R,R',andN

formaring)228

6.1.7Intermolecularreactionswithmoleculesinexcitedstates231

6.1.7.1Acyclicdialkylaminoxyls(R,R'=alkyl)231

6.1.7.2Cyclicaminoxyls(R,R',andNformaring)236

6.1.7.3Aminoxylbiradicals246

6.1.8Otherintermolecularreactions249

6.1.8.1Acyclicdialkylaminoxyl(R,R'=alkyl)249

6.1.8.2Cyclicaminoxyls(R,R',andNformaring)251

6.1.8.3Nitroarylradicalanions(R=O~,R'=aryl)252

6.2Iminoxylradicals,RR'C=NO･257

6.2.1Bimolecularself-reactions257

6.2.1.1Acyclicdialkyliminoxyls(R,R'=alkyl)257

6.2.1.2Cycliciminoxyls(R,R',andCformaring)258

6.2.1.3Monoaryliminoxyl(R=aryl,R'H)258

6.2.1.4Acyclicalkaryliminoxyls(R=alkyl,R'=aryl)258

6.2.1.5Acyclicdiaryliminoxyls(R,R'=aryl)...･259

6.2.2Unimolecularreactions260

6.2.2.1Monoalkyliminoxyls(R=alkyl,R'=H)260

6.2.2.2Acyclicdialkyliminoxyls(R,R'=alkyl)260

6.2.2.3Cycliciminoxyls(R,R',andCformaring)262

6.2.2.4Acyclicalkaryliminoxyl(R=alkyl,R'=aryl)263



6.2.3Intermolecularhydrogenatomabstractionsfromcarbon263
6.2.4Intermolecularhydrogenatomabstractionsfromoxygen264
6.2.5Intermolecularhydrogenatomabstractionsfromnitrogen264
6.2.6Otherintermolecularreactions265

6.3Aminothiylradicals,RR'NS･,iminothiylradicals,RR'C=NS-,andrelatedspecies265
6.3.1Bimolecularself-reactionsandradical-dimerequilibria265
6.3.1.1Acyclicdialkylaminothiyls(R,R'=alkyl)265
6.3.1.2Cyclicaminothiyls(R,R',andNformaring)266
6.3.1.3Iminothiylradicals267
6.3.1.4Otherradicals267
Referencesfor6.1--6.3267

7Radicalscenteredonsulfur,phosphorusandotherheteroatoms

B.P.Roberts,DepartmentofChemistry,UniversityCollegeLondon,U.K.

7.0Introduction271
7.0.1Arrangementoftables271
7.0.2Definitions271
7.0.3Coverage271

7.1Boron-centeredradicals272

7.2Silicon-centeredradicals272
7.2.1Absoluterateconstants272
7.2.1.1Radical-radicalreactions272
7.2.1.2Radical-moleculereactions273
7.2.2Relativerateconstants,radical-moleculereactions281

7.3Phosphorus-centeredradicals287
7.3.1Absoluterateconstants287
7.3.1.1Rearrangement287
7.3.1.2Fragmentation295
7.3.1.3Radical-radicalreactions301
7.3.1.4Radical-moleculereactions302
7.3.2Relativerateconstants,fragmentationorrearrangement304

7.4Sulfur-centeredradicals308
7.4.1Absoluterateconstants308
7.4.1.1Fragmentationorrearrangement308
7.4.1.2Radical-radicalreactions310
7.4.1.3Radical-moleculereactions313
7.4.2Relativerateconstants,radical-radicalreactions320

7.5Germanium-centeredradicals321
7.5.1Absoluterateconstants321
7.5.1.1Radical-radicalreactions321
7.5.1.2Radical-moleculereactions322
7.5.2Relativerateconstants,radical-moleculereactions322

7.6Arsenic-centeredradicals322

7.7Tin-centeredradicals323
7.7.1Absoluterateconstants323
7.7.1.1Radical-radicalreactions323
7.7.1.2Radical-moleculereactions323
7.7.2Relativerateconstants,radical-moleculereactions324

7.8Mercury-centeredradicals337
7.8.1Absoluterateconstants337
7.8.1.1Radical-radicalreaction337
7.8.1.2Radical-moleculereaction337

Referencesfor7.1･･･7.8338


	page1
	page2
	page3
	page4
	page5
	page6

