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Abramovitch methodology, 374–375,

377–378

Absolute rate constants, 511, 512

Absorption, transient, 10–11, 537–538, 541

Absorption bands, transient, 7, 9, 230, 235

Absorption maxima, for aryl nitrenium

ions, 202

Absorption spectra, 155

detecting aromatic azide, 27

electronic, 497, 501–502, 525

of hydrazoic acid, 54

transient, 6, 7–9, 11, 18, 23, 24, 527

Acetamido moiety, 243

4-Acetamidophenyl nitrenium ion, 240,

241, 242

Acetamido-substituted phenyl nitrenium

ions, TR3 spectroscopy of, 240–244

Acetonitrile (ACN, CH3CN), 12, 135–136,

510, 511

photolysis of, 529–530

Acetonitrile–water solutions, 225, 226

Acetonitrile–water solvents, 227, 230

Acetophenone, 171, 172

derivatives of, 173

Acetophenone-sensitized photolysis, 493

N-Acetoxyacetanilides, hydrolysis of, 125

N-Acetoxy-(carbonyl-14C)-N-

arylacetamides, decomposition of, 124

N-Acetoxy-N-acetyl-2-aminofluorene,

hydrolysis products of, 125

Acetylated benzidine nitrenium ions, 142

N-Acetylated ions, 142–143

Acetyl azide, 487

thermal decomposition of, 484–485

2-Acetyl groups, 210

N-Acetyliminoquinols, 126

Acetylmethyl nitrenium ion, 199

N-Acetyl-N-(2-fluorenyl) nitrenium

ion, 134

Acetyl nitrene, electronic structure and

properties of, 515

N-Acetyl-p-benzoquinone imine, 126

Acid–base chemistry, 140–144

amino substituents and, 143

of nitrenium ions, 132

Acid–base equilibria, 144

Acid–base reactions, heterocyclic ions

subject to, 149

Acid catalysis, 426

Acid-catalyzed rearrangement, 390–391

Acidity, 25–26, 48

of nitrenium ion, 103
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9-Acridinyl nitrene, Type II ring opening

to, 304–305

Activation barriers, for nitrene ring

closure, 328–329

Activation free energy, 484. See also Free

energy of activation (DG#)

Acyclic singlet formyl nitrene, 498

N-Acylaminophthalimides, 434

iodine(III)-mediated intramolecular

trifluoroacetoxyamidation of

unsaturated, 435–436

N-Acylated esters, 129–130

Acyl azide photolysis, 505

Acyl azides

Curtius rearrangement of, 483

synthesis of, 482

thermal and photochemical

decomposition of, 483

N-Acyl-N-alkoxy nitrenium ions, 199–200,

384, 385, 386

formation of, 392

intramolecular reaction of, 425

Acyl nitrenes, 481–482

electronic structure of singlet, 496

progress in understanding, 541

Acyl nitrenium annulation, applications

of, 396

N-Acyl nitrenium ion annulation,

application to target-directed

synthesis, 395–401

Acyl nitrenium ion formation, 420

Acyl nitrenium ions, 199–200, 384, 419

heteroatom-stabilized, 384–407

primary, 401

spirocyclization of, 393–394

N-Acyl nitrenium ions, 388

trapping with heteroatoms, 399

N-Acyl nitrenium ion spirocyclization,

application to target-directed

synthesis, 401–407

Acylnitroso derivatives, 388

(�)-Adalinine, 407

Addition product formation, 408

Adduct formation, 153

Adenine ring, 106

Adenosine diphosphate (ADP), 93

Adenosine triphosphate (ATP), 93. See also

ATP binding studies

Alanine, cross-linking to, 97

Alcohol formation, 522

Alcohols. See alsoMethanol

amino, 421

1,2-amino, 430

Aldehydes, 363

Aliphatic carbonyl azides, Curtius

rearrangement of, 483

Alkanesulfonyl nitrenes, 526

Alkene addition

of N-stabilized nitrenium ions, 407–410

of O-stabilized and aryl nitrenium

ions, 410–419

of stabilized nitrenium ions, 407–419,

418–437

Alkene–electrophile reaction, 357–358

Alkenes

aryl nitrenium ion annulation with, 414

electron-rich, 415

intramolecular addition of nitrenium ions

with, 373

intramolecular electrophilic substitution

with, 381, 382

nitrenium ion reactions with, 412

reaction with aryl azides, 414

Alkene substitution, 381, 382, 427–428

Alkene trifluoroacetoxyamidation,

iodine(III)-mediated cyclization

via, 422–423

Alkoxycarbonyl nitrene, 178

Alkoxy nitrenium ions, 199–200, 383

Alkoxyphenyl azides, ultraviolet excitation

of, 235

para-Alkoxyphenyl nitrenium ion, 155

4-Alkoxyphenyl nitrenium ions, properties

of, 239

N-Alkoxy substituents, 387–388

Alkoxy-substituted phenyl nitrenium ions,

TR3 spectroscopy of, 235–240

O-Alkyl arylhydroxamates, iodine(III)-

mediated spirocyclization of, 393, 395

Alkylaryl nitrenium ions, 206–210

chemical reactivity of, 357

Alkyl azides

photoreactions vs. intramolecular energy

transfer in, 180–185

singlet excited states of, 57

structure and photochemistry of, 54–57

O-Alkyl chlorohydroxamate reactions,

389–390
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O-Alkyl hydroxamates

iodine(III)-mediated intramolecular

oxamidation of cyclic

unsaturated, 431–432, 434

iodine(III)-mediated intramolecular

oxamidation of unsaturated, 428–429

spirocyclization of, 391–393

Alkyl nitrene formation, 185–186

Alkyl nitrenes, x, 168

oxygen trapping of, 179–180

singlet triplet energy gap in, 170

in solution, 173–176

solution reactivity of triplet, 176–178

triplet, 167–189, 171, 173, 174

Alkyl nitrenium ions, 196–199

chemical reactivity of, 354, 360–371

early studies on, 360–362

ring expansion/contraction

of, 369–371

Alkyl nitrenium ion singlet–triplet energy

gaps, 197, 198

Alkyl substituents, 486

branching on, 198–199

N-Alkyl substituents, 134

Alkyl substitution, 207–208

on NH2
þ, 197

Alkynes

electron-deficient, 425

iodane activation of, 425, 426

Alkyne trifluoroacetoxyamidation, iodine

(III)-mediated cyclization via, 424

b-Alkynylamides, 424

b-Alkynylamide substrates, cyclization

of, 425

a-cleavage, of azidoalkanes, 180–183

a-conhydrine, synthesis of, 433

a-diazo ketones, 509

a-hydroxymethyl piperidine, 430

Ambident nucleophiles, 157

Amidate, phosphoryl azide rearrangement

to, 540

Amide formation, 495

Amides, 426–427, 512

Amidohydroxylation, 420

Amidohydroxylation methodology, 424

Amidotrifluoroacetoxylation, 421

Amination

aromatic, 359

efficiency of, 359

Amination pathway, 358

Amine carcinogenicity, nitrenium ion

hypothesis for, 133–134

Amine formation, 289

Amines, 364

heterocyclic, 469

primary, 388

ring contraction and, 284

4-Amino-2-nitrophenyl azide unit, 96

4-Amino-3-nitrophenyl azides, 102

2-Amino-5-methylacetophenone, 123

Amino acid content, protein reactivities

and, 92

Amino acid reactivity, 92

Amino acid residues, 97

cross-linking between, 93

Aminoacylation, 107

Amino alcohols, 421

1,2-Amino alcohols, 430

2-Aminoazepines, 275

Aminodiazonium tetrachloroaluminate, 359

o-Amino group, 275

Aminohydroxylation–reduction

protocol, 421

N-Aminolactams, 434

Aminonitrenes, 38

p-Aminophenyl azides, 83

o-Amino phenyldiazomethane, 276

N-Aminopyridinium ion, 194

1-Aminopyridinium perchlorate, photolysis

of, 353

N-Aminopyridinium salts, as thermal and

photochemical precursors, 139

1-Aminoquinolinium perchlorate, photolysis

of, 359

Amino substituents, acid–base chemistry

and, 143

Aminyl radical, 367

Angular momentum, 56

Angular momentum compensation, 45–46

Aniline oxidation, fluorinated, 466–467

Anilines, 356, 357, 359

reactions in, 462–463

N-substituted, 414

Anisotropic interactions, 38

Annulation, of aryl nitrenium ions with

alkenes, 414. See also N-Acyl

nitrenium ion annulation

Annulation process, 388–389
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Annulation products, nitrenium ions

and, 420

Annulation reactions, 374

spirocyclization in, 399

Anomeric effect, 385–386

Anthranilium salts, 134

photolysis of, 123

Anthranils, photolysis of, 122–123

Anthrylnitrene, 48

anti-addition products, 425

Antibacterial activity, organic compounds

with, 467–468

Antibiotic effects, 144

Antibodies, PAL labeling of, 97

Antibody–hapten complexes, 96, 97

anti (trans) conformers, 65, 66, 486, 487

anti isomers, 394

anti–syn isomerization, 485, 486

Aporphine ring system, 377

Aprotic solvents, 46

Aqueous solution lifetimes, of ions, 139

Aqueous solutions

aryl nitrenium ion formation in, 223–230

aryl nitrenium ions in, 117–165

Arene aminations, 359

Arenes, nitrenium ion reactions with, 152

Arene–TFA mixtures, 152. See also

Trifluoroacetic acid (TFA)

Argon matrices, 175–176, 331, 332

irradiation of compounds in, 169–170

Ar-HCl matrices, 19, 20

Aromatic amination, 359

Aromatic amine metabolites,

carcinogenicity of, 118

Aromatic amine reactions, 151

Aromatic amines, 218

accessing, 358

biphenylyl ester reactions with, 151

carcinogenic, 123

metabolism of, 124

Aromatic anilines, oxidation of, 463

Aromatic azide groups, reagents

carrying, 110

Aromatic azides, 64

detecting absorption spectra of, 27

photolysis of, 2

Aromatic carbene ring expansion, 274–284

Aromatic compounds, sulfonyl nitrene

reactions with, 527

Aromatic nitrene ring expansion, 274–284

Aromatic nitrenes, matrix studies,

273–315

Aromatic rings

conjugation to, 206

dihedral angles between, 254

Aromatic substitution, intramolecular, 376,

379, 384–395, 401

Aromatic systems, electrophilic amination

of, 359–360

Aroyl azide decomposition, intramolecular

sensitization of, 493–496

Aroyl azides, 482

Aroyl nitrenes, 508

singlet ground state of, 494

5-Aroylpyrrolidinones, 424

Aryl amines, 358

reactions with, 79–80

N-Arylation, 386

Aryl azide(s), 54

aryl nitrenium ion generation

from, 373–374

aryl nitrenium ion reactions

with, 244–255

cyclic alkene reaction with, 414

decomposing in aqueous acid, 121

disubstituted, 460

fluorinated, 454

investigating, 473–474

irradiation of, 459

LFP of, 136

as nitrenium ion precursors, 82–89

for photoaffinity labeling, 49, 470

in photoaffinity labeling studies, 90

photochemical reactions of, 452–453

photochemistry of, 320, 321, 473

photodissociation mechanism of, 58–59

properties of, 82–89, 380

quantum yield studies of, 57–58

solvolysis of, 375

structure and photochemistry of, 57–65

Aryl azide cross-linking, 109–110

Aryl azide excited states, nitrenes and, 4–16

Aryl azide PAL agents, 98. See also

Photoaffinity labeling (PAL)

Aryl azide photochemistry

new branch of, 82–83

ultrafast time-resolved studies of, 1–31

Aryl azide reaction pathways, 2
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Aryl azide reactions, 255

Aryl azide system, modification of, 85–86

Arylazirine, 47, 48

Aryl carbene, 308

Aryl chloramines, 365

N-Arylhydroxamic acids, hydrolysis of

esters of, 132

Aryl hydroxylamines, substituted, 372

N-Arylhydroxylamines, 117, 121, 131, 132,

379

Bamberger rearrangement of, 132

hydrolysis of esters of, 132

hydrolysis of pivalic acid esters of, 129

Aryl nitrene cyclization, 309–310

Aryl nitrene precursors, fluorinated,

451–479

Aryl nitrene protonation, 17, 140, 141

Aryl nitrene reactions, 255

Aryl nitrene reactivity, 96, 454

Aryl nitrene ring contraction, 311–312

Aryl nitrenes (ArN), 44, 110, 227, 229. See

also Singlet arylnitrene

electron-donor-substituted, 49

ortho modifications of, 9

polycyclic, 85

polyfluorinated, 50, 451–452

properties of, 481–548

as strong bases, 85

Aryl nitrene studies, 2, 3

Aryl nitrenium cations, 16–17, 22

Aryl nitrenium cyclizations, 374

Aryl nitrenium ion applications, in

photoaffinity labeling, 90–102

Aryl nitrenium ion correlation, 243

Aryl nitrenium ion reactions

with aryl azides, 244–255

with guanine derivatives, 256–267

TR3 spectroscopy studies of, 244–267

Aryl nitrenium ions, 16–27, 47, 200–206,

209, 436

absorption maxima for, 202

alkene addition of, 410–419

annulation with alkenes, 414

in aqueous solution, 117–165, 223–230

calculating the properties of, 130–131

characterizing, 218

in chemical carcinogenesis, 193–194

chemical reactivity of, 354–356, 371–383

1894–1990, 119–131

formation in aqueous solutions, 223–230

future prospects of, 157–158

generating, 268

generation from aryl azides and

cyclization, 373–374

generation in water by heterolytic

cleavage, 118–119

ground state of, 237

intramolecular addition with alkenes, 373

intramolecular cyclization of, 376

intramolecular nucleophilic interception

of, 373

intramolecular reaction of, 419–420

lifetime changes in, 244

1990–2010, 131–157

reaction with biological molecules,

79–80

reaction with C8-methylguanosine

substrate, 265

reaction with nucleophiles, 412–414

stabilization of singlet, 352, 353

survival in water, 81

time-resolved resonance Raman

spectroscopy of, 217–272

Aryl nitrenium ion stability, effect of

4-substituents on, 136

Aryl nitrenium reviews, 119

Aryl nitrile protonation, 12

4-Aryl substituents, effects on kinetic

stabilities, 136

Asymmetric fluoroazo compounds,

462–463

ATP binding studies, 105–106, 107,

108–109. See also Adenosine

triphosphate (ATP)

Axial transitions, 333, 335, 342

2-Azabicyclo[2,2,1]heptane, rearrangement

of, 367

Azabicyclo[3,2,1]octane, 361, 362–363,

364

Azabicycloheptadiene, 154

Azacycloheptatetraenes, 274, 275, 277, 279,

281

4-Azalactones, 373

1-Azaspirane ring systems, 401–402

Azaspiranes, 392

Azaspirocyclization, nitrenium ion, 402,

403

Azaspirodienones, 392
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Azepine (AZ), 454

Azide(s), 487

acetyl, 484–485

acyl, 483, 505

aroyl, 482

aryl, 49, 54, 98, 109–110, 320, 321, 470

aryl nitrenium ion reactions with,

244–255

benzenesulfonyl, 526

biaryl, 381, 382

carbethoxy, 518, 520, 521

Curtius-like rearrangement of

dimethylphosphinyl, 533–534

Curtius rearrangement of, 485

Curtius rearrangement of carbonyl,

482–483, 489, 504

cyclic alkenes reaction with aryl, 414

decomposing in aqueous acid, 121

decomposition of benzoyl, 486

diphenylphosphoryl, 536, 537

disubstituted aryl, 460

excited states of phosphyl, 68

excited triplet states of, 57

fluorinated 2-nitrophenyl, 465–467

fluorinated aryl, 454

fluorophenyl, 473–474

geometry and electronic structure of,

53–54

investigating aryl, 473–474

iodo-phenyl, 319

irradiation of aryl, 459

LFP of aryl, 136

mesyl, 525

as nitrenium ion precursors, 82–89

o-nitrophenyl, 465, 466

para-substituted perfluorophenyl,

470–472

pentafluorophenyl, 454–458

phenyl, 319

phosphinyl, 67, 531–535

phosphoryl, 67

in photoaffinity labeling studies, 90

photochemical decomposition of

carbonyl, 489

photochemistry of, 35

photochemistry of 2-naphthoyl, 507

photochemistry of aryl, 1–31, 82–83, 473

photochemistry of

diphenylphosphoryl, 541

photochemistry of fluorophenyl, 454–455

photochemistry of fluorinated

phenyl, 454–458

photochemistry of iodosubstituted

perfluorophenyl, 472

photochemistry of methoxycarbonyl, 521

photochemistry of phenyl, 453–454

photodissociation of aryl, 58–59

photodissociation mechanism of aryl, 58–

59

photolysis of, 200

photolysis of benzoyl, 502

photolysis of diarylphosphinyl, 532

photolysis of diethylphosphoryl, 535–536

photolysis of diphenylphosphinyl, 533

photolysis of sulfonyl, 525, 528

photolysis of tert-butyl(mesityl)-

phosphinic, 533

photoreactivity of perfluorophenyl, 472

photosensitized decomposition of, 521

pivaloyl, 490–491

properties of aryl, 82–89

quantum yield studies of aryl, 57–58

reactivity of carbonyl, 519

rearrangement of

dimethylphosphoryl, 539

rearrangement of phosphoryl, 540

structure and photochemistry of aryl, 57–

65

structure and photochemistry of

phosphyl, 67–69

syn-carbonyl, 486

syn conformers of, 488

synthesis of acyl, 482

tosyl, 526

triplet-sensitized photolysis of

carbonyl, 492–493

vacuum pyrolysis of

diphenylphosphinyl, 531

“Azide clock” methodology, 132, 133, 134,

135, 138

Azide decomposition, intramolecular

sensitization of, 493–496

Azide dissociation, 53

Azide formates, 521–522

Azide group numbering, 53

Azide groups, 109

Azide irradiation, 51

Azide linkage, conformation of, 66
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Azide PAL agents, 90–91, 95, 96. See also

Photoaffinity labeling (PAL)

Azide photolyzation, 143

Azide precursors, 52–53

Azides in amines, photochemistry of

fluorinated phenyl, 459–463

Azide/solvent selectivity, 136

Azide states, 4–5

Azide–tetrazole tautomerization, 106

7-Azido-1-ethyl-6,8-difluoroquinolone-3-

carboxylate (AFQ), 467–469

2-Azido-2-methylpropane, irradiation

of, 168–169

4-Azido-2-nitrophenyl amine PAL

agents, 99. See also Photoaffinity

labeling (PAL)

4-Azido-2-nitrophenyl amine PAL

units, 100, 101

4-Azido-2-nitrophenyl amines, 86, 90–102

3-Azido-4-nitrophenyl carboxamide PAL

agent, 98–99

5-Azido-8-methoxypsorelen, 150

p-Azidoacetophenone, 60

Azidoacridine, 64

Azidoadamantane, photolysis of, 169

1-Azidoadamantane, 171–172

2-Azidoadenine, 106

8-Azidoadenosine, 104, 105, 107, 108

2-Azidoadenosine derivatives, 107

Azidoalkanes

a-cleavage of, 180–183

direct photolysis and thermal activation

of, 168–170

intermolecular triplet-sensitized

photolysis of, 171–173

intramolecular hydrogen atom abstraction

in, 184–185

intramolecular triplet-sensitized

photolysis of, 173–185

photoinduced azido cleavage in,

183–184, 185

Azido chloropyrazine, photolysis of, 291

Azido cleavage, in azidoalkanes, 183–184,

185

4-Azidodimethylpyrimidine, 290

Azido diphosphates, 107

Azidoformates, 518, 519, 620

photochemistry of, 522

photolysis of, 522–523

8-Azidoguanosine, 104, 105

Azidomethane, irradiation of, 168–169

Azido moiety, 53

1-Azidophosphetan oxide, photolysis of, 532

8-Azidopurines, 105

3-Azidoquinoline, matrix photolysis of, 287

Azido radicals, 183–184

cis-2-Azidostilbene, cyclization and

thermolysis of, 381, 383

Azirenes, 279–281, 303, 309–310

Aziridine(s), 416, 417, 418, 490, 516

cyclic, 454

cis-Aziridine, 491–492

trans-Aziridine, 491–492

Aziridinium ion rearrangement, 408–409

Aziridinium ion ring opening, 430

Aziridinium ions, 354, 364, 366, 407,

408–410

Azirine formation, 46–47

Azirines, 82

formation of, 328

isomeric, 320

Azirinyl radical, 320, 331

9,90-Azoacridine, 305, 306

4,40-Azobisbiphenyl formation

reaction pathways for, 247–248

cis-Azobisbiphenyl pathway, 248–251

trans-Azobisbiphenyl pathway, 248–251

4,40-Azobisbiphenyl species, 245–246, 253

trans 4,40-Azobisbiphenyl species, 251

2,20-Azobisfluorene, 253, 255

Azo cations, 250, 251, 255

cis and trans, 252

Azo compound formation, 58

Azo compounds, ring contraction and, 284

Azo dimers, 171

Azo isomers, trans, 246

Azulene, 2

B3LYP calculations, 489, 498–499, 504,

505, 515, 523–524

Bamberger rearrangement, 117, 119, 120,

128, 193, 371–373

of N-arylhydroxylamines, 132

intramolecular, 373

Basicity, 25–26

aryl nitrene, 85

nitrene, 84

Bent azide structure, 62
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Bent geometry, of nitrenium ions, 192

Bent ketenimine function, 274

Benzamide, 493

Benzazirine(s) (BA), 4, 13, 44, 47, 454, 457,

460, 462

Benzazirine formation, 7, 42

Benzazirine isomers, 460, 461

Benzene imine, 154

Benzenesulfonyl azide, 526

Benzidene, 142

Benzidine dications, 143–144

Benzisothiazol-3-ones, 400

1-Benzisoxazolium perchlorates, photolysis

of, 357

Benzo derivatives, Type II ring opening

to, 299–302

1,4-Benzodiazepin-2-ones, 397–398

Benzofuran, 467

Benzofuroxans

biological applications of, 465

fluorinated, 466

as intermediates, 465

Benzolactams, 388

Benzooxazine, 385

Benzophenone (BP), 171, 172, 360, 494

Benzophenone-sensitized

decomposition, 495

Benzophenone-sensitized photolysis, 493

Benzothiazole derivatives, 150

Benzoxazepines, 390

Benzoxazoles, 390

Benzoyl azide, 487

decomposition of, 486, 514

photolysis of, 502

N-Benzoyl dibenzothiophene sulfilimine,

photochemistry of, 514

Benzoyl nitrene

electronic structure of triplet, 501–502

reaction with methanol, 513–514

Benzoyl nitrene reactions, singlet,

510–514

Benzoyl radicals, 180–183

O-Benzyl esters, 392

Benzylic carbocations, 138

Benzylic C—H bonds, 194

1-Benzyloxy-3-arylureas, 384

b-alkynylamides, 424

b-alkynylamide substrates, cyclization

of, 425

b-bromohydrazinium salts, 408

b-conhydrine, synthesis of, 433

b-hydroxy ester, 405, 407

b-hydroxypyrrolidinone, 427

b-lactam formation, 393

b-lactams, disubstituted, 405

Biaryl azides, 381, 382

Biaryltetrazoles, photolysis of, 380–381

Bibenzyl species, 194

Bicyclic intermediates, 279, 280

Bicyclic N-chloramines, solvolysis

of, 361–362

Bicyclic nitrenium ion, 199, 420

Bicyclic products, formation of, 364–365

Bi-exponential function, 506, 508, 509

Bifunctional chelating agent (BFCA), 472

photoactive, 474

Bifunctional photochemical probes, 469–

473

Bifunctional probes, photoconjugation

of, 474

Bimolecular rate constant, 511, 512, 528

Bioactive molecules, modifications of, 469

Biochemistry, photoaffinity labeling in, 452

Biology–chemistry synergy, viii

Biomolecules, identifying binding sites

of, 100

4-Biphenyl azide, 4-biphenyl nitrenium ion

reaction with, 250–251, 253, 255

o-Biphenyl azide, 60

p-Biphenyl azide, 60

4-Biphenyl nitrenium ion

decay of, 246–247

diagnostic Raman features for, 247

quenching of, 255

reaction with 4-biphenyl azide, 250–251,

253, 255

4-Biphenyl species, 253

dihedral angles between aromatic rings

in, 254

o-Biphenylyl azide (o-BpN3), 274. See also

ortho-Biphenylyl azides

para-Biphenylyl azide(s) (p-BpN3), 4–7,

14–16

ultrafast laser photolysis of, 17–18

o-Biphenylyl azide reaction pathways, 7

ortho-Biphenylyl azides, 4–7, 8, 14–16

Biphenylyl diazo compound studies, 5

p-Biphenylyl diazo ketone, 509–510
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Biphenylyl ester reactions, with aromatic

amines, 151

4-Biphenylyl esters, 153

Biphenylyl ions, 133, 139

4-Biphenylyl ions, 154–155

lifetimes of, 138

ortho-Biphenylyl nitrene (o-BpN), 18–19

p-Biphenylyl nitrene (p-BpN), singlet, 275

ortho-Biphenylyl nitrene protonation, 19

ortho-Biphenylyl nitrenium cation, 18–19

para-Biphenylyl nitrenium cation

(p-BpNHþ), 17–18
Biphenylyl nitrenium ions, 203, 231, 232,

233, 234

ring-substituted, 154

Bis-imines, 143, 144

Blue ylide, 288

Bond alternations, 263

Bond angles, in mesyl nitrene, 530

Bond dissociation energy, 184

Bond distance, 497

Bonding interaction, 496, 541

Bond lengths, 238–239

calculated, 131

C����N, 242–243

diphenyl nitrenium ion C—N, 235

in mesyl nitrene, 530

in phenyl rings, 233

related to nitrogen atoms, 249

Bond-switch cumulenes, 281–284

Bovine serum albumin (BSA) labeling, 90

Bowen, Edward G., xi, 347

BPW91 singlet energy, 39

Bromine group substitutions, 263

Bromoform, 362

Bromoguanosine. See C8-bromoguanosine

b-Bromohydrazinium salts, 408

Brrnsted acid–catalyzed decomposition, of

phenyl azide, 373

Bulky nitroxide spin label, 96

Burdzinski, Gotard, xi, 1

N-tert-Butyl groups, 210

tert-Butyl groups, 208

tert-Butyl(mesityl)-phosphinic azide,

photolysis of, 533

N-tert-Butyl-N-aryl nitrenium ions,

photolytic generation of, 135

N-tert-Butyl-N-chloroanilines

methanolysis of, 127

solvolysis of, 121

tris-tert-Butylphenyl azide, 281

C-8 adduct formation, 155

inhibition of, 156

C-8 adducts, 153, 154, 265, 266, 267

of guanosine, 194

C8-bromoguanosine, 256, 257, 259, 261,

267. See also C8-bromo intermediate

C8-bromoguanosine reactions, 265–266

C8-bromo intermediate, 259–261, 264, 266.

See also C8-bromoguanosine

C8-bromo substitution, 263

C8 intermediates, 259–261, 261–263,

264–265, 267

C8-methylguanosine, 256, 257, 259, 266,

267. See also C8-methyl intermediate

in mechanistic investigations, 265

C8-methylguanosine substrate, aryl

nitrenium ion reaction with, 265

C8-methyl intermediate, 259–261, 264.

See also C8-methylguanosine

C8-methyl substitution, 263

Calculated bond lengths, 131

Calculated D-tensor, analysis of, 344

Calculated free energy profiles, 131

Carbamate formation, 522

Carbazole(s), 278, 355

cyclization to, 378–383

formation of, 381, 382

N-protected, 379

Carbazolenium, 211

Carbazolenyl nitrenium ion, 211

Carbazole synthesis, 379

Carbene–carbene rearrangement, 298

Carbene character, 337, 338

Carbene contribution, 343–344

Carbene/iminyl type electronic

structure, 323

Carbene–nitrene rearrangements, 284, 288,

289

Carbene precursors, 284

Carbene ring expansion, 274–284

Carbenes, 284

aryl, 308

cyanovinyl, 297

diphenyl, 308

electronic ground-state structure of, 349

nitrene-isomeric, 286
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Carbenes (Continued)

phenyl, 312

pyridazinyl, 301, 302

3-pyridazinyl, 297–298

pyridyl, 277–278

rearrangement of 3-pyridazinyl, 298

Carbenium ions, 132, 138

Carbethoxy azide, 518, 520, 521

Carbethoxy nitrene, 520, 521

Carbocation intermediates, 410

spirane, 388–389

Carbocations, 132, 136, 154

benzylic, 138

electronic ground-state structure of, 349

Carbocycle formation, 376

Carbocyclic ions, 149

Carbodiimides, 278–279, 290, 291, 305,

306

Carbon–carbon bonds. See C—C entries

Carbon–hydrogen bonds. See C—H entries

Carbon–nitrogen bonds. See C—N entries

Carbon–oxygen bonds. See C—O entries

Carbonyl azides, 486

channels for the excited states of, 66

Curtius rearrangement of, 482–483, 489,

504

photochemical decomposition of, 489

photo-Curtius rearrangement of, 509

photolysis of, 483

reactivity of, 519

structure and photochemistry of, 65–67

triplet-sensitized photolysis of, 492–493

Carbonyl group, photochemical behavior

of, 65–66

Carbonyl nitrene bands, 67

Carbonyl nitrene reactions, triplet, 495

Carbonyl nitrenes, 65–66, 520, 541, 542

adding to olefins, 490

electronic structure of, 41

generation and properties of, 482–518

properties of, 481–548

singlet, 490, 505, 506

Carbonyl–nitrogen bond, 387

Carbonyl substituents, 393

Carboxylic esters, 147

Carcinogenesis

aryl nitrenium ions in, 193–194

nitrenium ion role in, 79

Carcinogenic aromatic amines, 123

Carcinogenic esters, 132

Carcinogenicity, of aromatic amine

metabolites, 118

Carcinogens, environmental, 79

Cardiolipin, 98, 99

CASPT2 energy corrections, 43

CASPT2 singlet energy, 39

CASSCF augmented with second-order

perturbation theory (CASPT2), 43

CASSCF/CASPT2 method, 501

Cation lifetimes, 134

Cation reactivity, 148

Cation stabilization, 143

CBS-QB3 level of theory, 484–485, 504

C—C aromatic ring stretching mode, 207

C—C aromatic stretch vibrational

bands, 264

C—C aromatic stretch vibrational

modes, 264

C—C bond alternation, 234, 238–239, 243

C—C bonds, 62

CCSD(T) calculations, 197

C—C stretch mode, 242, 243

C����C stretch mode, 239
14C-double labeling reagent, 99–100

C-electrophiles, aryl nitrenium ions as, 355

CH3CN. See Acetonitrile (ACN, CH3CN)

Charge coupled devices (CCDs), 221, 222

Charge density, 419

C—H bonds, benzylic, 194

Chelating agents

bifunctional, 472

photoactive bifunctional, 474

Chemical carcinogenesis, aryl nitrenium

ions in, 193–194

Chemical reaction studies, experimental and

computational methods in, 219–223

Chemistry. See Acid–base chemistry;

Computational chemistry; Nitrenium

ion chemistry; Photochemistry

Chemistry–biology synergy, viii

C—H insertion, 470, 471, 472

C—H insertion products, 490, 494

N-Chloramine reactions, 367–368

Chloramines, 365

cyclization of, 366

N-Chloramines, 360, 362

cyclization of unsaturated, 362–369

solvolysis of bicyclic, 361–362
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N-Chloramine solvolysis, 196

1-Chloro-2-naphthyl azide

reaction pathways for, 10–11

ultrafast photolysis of, 21

9-Chloro-9-azabicyclo[3,2,1]nonane, 370

N-Chloroaniline derivatives, solvolysis

of, 193

Chloroaniline formation, rate of, 371

N-Chloroaziridines, solvolysis of, 356

trans-1-Chlorodecahydroquinoline, 370

Chloro derivatives, 294

N-Chlorohydroxamate esters, 385

N-Chloroisoquinuclidine, 360–361

N-Chloro-N-alkyl nitrenium ions,

rearrangement of, 371

Chloro-substituted analogues, 294

cis-aziridine, 491–492

cis-azobisbiphenyl pathway, 248–251

cis azo cations, 252

cis (syn) conformers, 65, 66

Closed-shell nitrenes, 45–46

Closed-shell singlet ground-state

nitrenes, 40

Closed-shell singlet nitrenes, 50, 87–88

Closed-shell singlet states, 36–38, 191, 192

protonation from higher-energy, 51–52

C—N bond cleavage, 183–184

C—N bond lengths, 232, 233

of diphenyl nitrenium ion, 235

C����N bond lengths, 242–243

C—N bonds, 234, 261, 342, 343

C—N—H bond angles, 205, 206

C—N stretch, 175–176

C—N stretch mode, 242

C����N stretch vibrational mode, 232–233

C—O bond, 497

Complete active space self-consistent field

(CASSCF) procedure, 43

Complete basis set (CBS) methods, 43

Computational chemistry, 3

Computational methods

in chemical reaction studies, 219–223

improved, 213

role of, 34

Computational studies, 34

CON-fragments, 497, 508, 510, 523

a-Conhydrine, synthesis of, 433

b-Conhydrine, synthesis of, 433

Conjugation, to aromatic ring, 206

C—O stretch mode, 241–242

Coulombic repulsion, 40

Coulomb integral, 42

Coumarins, 374

Coupled cluster calculations, 61

Coupled cluster methods, 43

Coupling, spin–orbit, 45

Covalent adducts, 16–17

Creatine kinase study, 105–106

Critical membrane-bound enzyme

studies, 98–99

Cross-linking. See also Photo-crosslinking

to alanine, 97

aryl azide, 109–110

between amino acid residues, 93

PAL strategies for, 99

Cross-linking agents, 93

Cross-linking bonds, 85

Cross-linking processes, 97–98, 99

of fluorinated nitrenes, 88

Cross-linking strategies

double, 93–94

with PAL agents, 78

Cross-linking studies, 90, 92–93

Cryogenic matrices

irradiation of compounds in, 169–170

in triplet nitrenes, 46

Crystalline-state photoreaction, of

o-nitrophenyl azide, 466

(þ)-Cularine synthesis, 375

Cumulenes, 281–284, 310

Curtius-like rearrangement, 533–535, 540

of dimethylphosphinyl azide, 533–534

Curtius rearrangement, 66, 67, 482–484,

520, 515. See also Photo-Curtius

rearrangement

of azides, 485

of carbonyl azides, 489, 504

of cyclopropenoyl and cyclopropanoyl

azides, 486–488

CVS-1778, building blocks for, 396–397

Cyanamide, 290, 291

Cyanato radicals, 522

20-Cyano-2-biphenylyl nitrene, 305

Cyanoallene, 297

1-Cyanobenzimidazole, 293, 294, 295, 296

9-Cyanocarbazole, 304, 305

Cyanocarbazoles, 305

3-Cyanocyclopropene, 297
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1-Cyanoimidazole, 290, 291

Cyanoimidazoles, 285

3-Cyanoindole, 287, 289

1-Cyanopyrazoles, 285, 305, 306

Cyanopyrroles, 301

Cyanovinyl carbenes, 297

Cyanovinyl nitrene, Type II ring opening

to, 299

Cyclic alkenes, reaction with aryl

azides, 414

Cyclic aziridine, 454

Cyclic carbodiimides, 293, 294, 295, 296,

300, 308

Cyclic ketenimines, 13, 283–284

Cyclic nitrile imine, 310

Cyclic nitrile ylides, 281–284, 310–311

Cyclic structure, of singlet formyl

nitrene, 497–498

Cyclic substrates, cyclization of, 427

Cyclic unsaturated O-alkyl hydroxamates,

iodine(III)-mediated intramolecular

oxamidation of, 431–432, 434

Cyclization

of b-alkynylamide substrates, 425

aryl nitrenium, 374

aryl nitrenium ion generation from,

373–374

of aryl nitrenium ions, 376

of cis-2-azidostilbene, 381, 383

barriers to, 462

to carbazoles, indoles, and other

N-heterocycles, 378–383

of chloramines, 366

iodine(III)-mediated, 422–423, 424

nitrenium ion, 390

of styrene-based substrates, 427

thermal, 466

transition states for, 462

of unsaturated N-chloramines, 362–369

Cycloaddition, 357, 415, 416

Cycloaddition reaction, 513

N-Cycloalkyl nitrenium ions, 369

Cyclofunctionalization reactions, 425

2,5-Cyclohexadienones, 404

Cyclohexadienyl character, 233, 237, 238,

243

Cyclohexane, 503, 504

Cyclohexane derivative, heating, 365–366

Cyclohexane insertion, 89

Cyclohexane solution, 489–490, 491, 492

Cyclohexene, solvolysis of, 363

Cyclohexyl N-chloramines, solvolysis

of, 368

Cyclohexyl radical, 403

Cyclopropanoyl azide, Curtius

rearrangement of, 486–488

Cyclopropenoyl azide, Curtius

rearrangement of, 486–488

Cyclopropyl nitrenium ion, 197

Cytochrome c oxidase, 98

d-ATGCAT self-complimentary

oligomer, 156

Deacetylated ion pairs, 127

Dearomatization, 394

Decafluoroazobenzene (DFAB), 455, 463,

465

Decay channel inhibition, singlet nitrene

lifetime extension through, 49–50

Decomposition

of azides, 521

of benzoyl azide, 514

Decomposition rate constants, 193

Degenerate frontier orbitals, 40

Dehydroaromatic nitrenes, x

Dehydroazepine (DA), 44, 47, 48, 454, 460,

461, 470

4-Dehydrophenyl nitrene, theoretical studies

with, 332–333

Dehydrophenyl nitrenes, electronic structure

of, 321–322

de Loera, Denisse, xi, 451

Density functional theory (DFT), 22, 43, 62

Density-functional theory calculations, 184,

185, 218, 223, 541

20-Deoxyguanosine, 239–240

2-Deoxyguanosine (dG) reactions, with

nitrenium ions, 153, 155

2-Deoxyguanosine (dG) residues, 156

Deprotonation, 149

by H2O, 156

Destabilized triplet nitrenes, 178, 179

Deuterium labeling experiments, 390

Dialkyl nitrenium ions, 196–199

Diaryl nitrenium ions, 210–211

cyclization of, 378

intermolecular interception of, 378–379

Diarylphosphinyl azides, photolysis of, 532
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Diastereoselective iodine(III)-mediated

spirocyclization, 395

Diazenium ions, 409, 410

Diazepine synthesis, 279

Diazidoalkanes

direct photolysis and thermolysis of

geminal, 170–171

triplet-sensitized photolysis of, 172–173

Diazirine formation

energy barriers and thermodynamics

of, 46–47, 48

transition states of, 47

Diazirines, photolysis of, 2

Diazo compounds, 297, 308

a-Diazo ketones, 509

Diazo PAL agents, 90–91. See also

Photoaffinity labeling (PAL)

1,6-Dicarbonyl group, latent, 407

Dicationic species, 120

Dichloromethane (DCM), 12

Dicyanotetrahydropyrazines, 416, 417

Dienone, 407

Dienone imine, 84

Diethoxyphosphoryl nitrene formation, 531

Diethylamine, 460

reactions in, 459–462

Diethylphosphoryl azide, photolysis

of, 535–536

Difference density plots, 60–61

for dimethylphosphoryl azide, 69

for phenyl azide, 63

Diffusion limits, 136

Difluoronitrene, 47

Dihedral angles

between aromatic rings, 254

related to nitrogen atoms, 249, 250, 253

Dihydropyrazine products, 416

Dihydroquinolinone, 385

Diiminoquinone, 104

Diiminosuccinonitrile (DISN), 415,

416–418

Dimerization, 176, 178

Dimethoxyamine, reaction with

nucleophiles, 411–412

1,3-Dimethylbenzotriazolium ion, 352

Dimethylphosphinoyl azide, free energy of

activation for, 68

Dimethylphosphinyl azide

Curtius-like rearrangement of, 533–534

free energy of activation for, 68

Dimethylphosphinyl nitrene, rearrangement

of, 534–535

Dimethylphosphoryl azide

difference density plots for, 69

free energy of activation for, 68

rearrangement of, 539

Dimethylphosphoryl nitrene, singlet, 538

Dimethyl sulfoxide (DMSO), 25

Dimroth parameters, 25

ortho-Dinitrosobenzene intermediate, 467

Dioxaziridinyl derivatives, 180

diPAL reagent, 108, 109. See also

Photoaffinity labeling (PAL)

Diphenyl carbene, 308

1,1-Diphenyldiazenium perchlorate, 409

Diphenyl nitrenium ion, 139, 210, 230, 231,

232

C—N bond length of, 235

parent, 415

Diphenylphosphinyl azide

photolysis of, 533

vacuum pyrolysis of, 531

Diphenylphosphoryl azide, 68, 536, 537

photochemistry of, 541

Diphenylphosphorylnitrene, 68

Diradicals, Type II ring opening to, 298–

309

Direct photolysis

of azidoalkanes, 168–170

of geminal diazidoalkanes, 170–171

Disubstituted aryl azide, 460

Disubstituted b-lactams, 405

Double cross-linking strategy, 93–94

Double-stranded super-coiled plasmid

pUC19, 156

Doublet ground state, orbital populations

of, 324

Doublet–quartet splitting, 324

Doublet radicals, 330

Doublet states, 322, 323–324, 333

D-tensor, 338, 339, 340, 342, 343, 344

analysis of calculated, 344

Dual reactivity, of alkylaryl nitrenium

ions, 357

D-value, 338, 342

(�)-Dysibetaine, synthesis of, 406–407

Electrochemical oxidation, 392
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Electron configurations. See also Electronic

configurations

excited, 40

of triplet ketone, 182

Electron-deficient alkynes, 425

Electron densities, 5

Electron density donation, 350–351

Electron-donating capacity, of para-amino

group, 102

Electron-donating group (EDG), 86

Electron-donating meta-substituents, 353

Electron-donating substituents, 168

Electron-donating/withdrawing groups, 96

Electron-donor-substituted arylnitrenes, 49

Electronic absorption spectra, 497,

501–502, 525

Electronic configurations, 191, 192. See

also Electron configurations

influence on reactivity, 193

Electronic environment, of nitrene

nitrogen, 96

Electronic exchange energy, 192

Electronic spectroscopy, ultrafast, 13

Electronic states

of nitrenes, 35–36

relative energies of, 38

Electronic structure

of acetyl nitrene, 515

carbene/iminyl type, 323

of carbonylnitrenes, 41

of nitrenium ions, 348, 349–353

of nitreno radical ground states, 322–323

of singlet acyl nitrenes, 496

of triplet benzoyl nitrene, 501–502

Electronic transition energies, 238

Electron paramagnetic resonance (EPR)

spectroscopy, 537. See also EPR

entries

on iodophenyl nitrenes, 325–326

Electron-rich alkenes, 415

Electron-rich aryl nitrenes, protonation

of, 88

Electron spin resonance spectroscopy, 176–

178

Electron transitions, 174

Electron-withdrawing group (EWG), 86

Electron-withdrawing substituents, 178

Electrophile–alkene reaction, 357–358, 436

Electrophiles, “super,” 359

N-Electrophiles, 348, 436

synthetic application of, 348–349

Electrophilic amination, of aromatic

systems, 359–360

Electrophilic substitution, 365

intramolecular, 377–378, 381, 382

endo-heteroaryl nitrenium ions, 211

endo-trig process, 390

Energetic penalty, 40

Energy barriers, 66

in diazirine formation, 46–47, 48

Energy differences, understanding, 192

Energy separation, singlet–triplet, 196, 198

Energy transfer

triplet, 181–182

vs. photoreactions in alkyl azides, 180–

185

Entrapment technique, 94–95, 96

Environmental carcinogens, 79

Enzyme action dynamics, 108

Enzyme systems, 107

EPR signals, 524. See also Electron

paramagnetic resonance (EPR)

spectroscopy

angular dependence of, 343

weak, 339

EPR spectra, 333–334, 339–341, 495, 524–

525

EPR transitions

assignment of, 342

table of, 335

ESR signals, 495

Esters

hydrolysis reactions of, 145–146

mutagenic and carcinogenic, 132

Ethoxycarbonylnitrene, 46

4-Ethoxyphenyl nitrenium ion, singlet and

triplet states of, 237

para-Ethoxyphenyl nitrenium ion, 155

Eupolauramine, 395, 396

E-value, 334, 338, 342, 343, 344

Exchange integrals, 38, 42

Excited-state difference density plots, 60–

61

Excited state nitrene reactions, 50–52

Excited-state photoprecursors, of

nitrenes, 33–76

Excited-state potential energy surfaces, of

hydrazoic acid, 55
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Excited states, 1, 2, 5, 27

understanding, 59–65

Excited triplet states, of azides, 57

exo-heteroaryl nitrenium ions, 211, 212

5-exo-trig cyclization, of triplet

species, 364

exo-trig process, 390

Experimental methods, in chemical reaction

studies, 219–223

Experimental systems, vii

F-actin filament linking, 92–93

Falvey, Daniel E., x, xi, 191

Farnesyl units, 103

Fast laser spectroscopy, ix

Femtosecond spectroscopy, 53

Femtosecond timescale methods, ix

2-Fluorenyl azide (FlN3), 223, 224

photoexcitation of, 266

ultrafast photolysis of, 24–25

2-Fluorenyl esters, 153

2-Fluorenyl ions, 138, 154–155

2-Fluorenyl nitrene (FlN), 25, 230

2-Fluorenyl nitrenium cation, 24–27

2-Fluorenyl nitrenium ion (FlNHþ), 25,

223, 224, 227, 230, 231, 256–263

reactions with guanosine, 266, 267

singlet, 225

Fluorescence quenching, 495

Fluorinated 2-nitroanilines, 465–467

Fluorinated 2-nitrophenyl azides, 465–467

Fluorinated aniline oxidation, 466–467

Fluorinated aryl azides, 103, 454

performance in C—H and N—H

insertion, 89

photochemical behavior of, 88–89

Fluorinated aryl nitrene precursors,

451–479

Fluorinated benzofuroxans, 466

Fluorinated nitrene insertion products,

formation of, 89

Fluorinated nitrenes, cross-linking processes

of, 88

Fluorinated nitrenium ions, 103

Fluorinated phenyl azides, photochemistry

of, 454–458

Fluorinated phenyl azides in amines,

photochemistry of, 459–463

Fluorinated phenyl nitrenes, 326–327

stability of, 327

Fluorinated systems, 85

Fluorination, singlet nitrene rearrangement

and, 460–462

Fluorine atoms, 279, 280

Fluorine substituents, 50, 319–320, 457

phenyl nitrenes with, 326–327

Fluorine substitution, 462

Fluoroanilines, oxidation of, 463–465

Fluoro aryl nitrene precursors, novel, 465–

469

Fluoroazobenzenes, 463, 464

Fluoroazo compounds, asymmetric, 462–

463

Fluorophenyl azides (FPhN3), 473–474

photochemistry of, 454–455

Fluorophenyl nitrene, singlet, 463, 464

o-Fluorophenyl nitrene, 462

3-Fluorophenyl nitrenium ion, 205

Fluoroquinolone antibacterials, 468

Fluoroquinolones, 468

Fluoro substituents, 460, 461

Formic acid, 12

Formyl azide, 487

Formylmethylene, 510

Formyl nitrene

acyclic singlet, 498

cyclic structure of singlet, 497–498

rearrangement of, 505

FR901483, tricyclic skeleton of, 403

Franck–Condon excited state, 61

Free energies of reaction, 534, 538

Free energy, 484, 519

Free energy of activation (DG#), 484, 485–

489, 515, 520, 540

for phosphyl azides, 68

Free energy profiles, calculated, 131

Free energy surface, 538–540

Free radical mechanism, 364

Frontier orbital gaps, 38, 41

Frontier orbitals, 38–41

degenerate, 40

G-actin, 92

Gassman’s bicyclic nitrenium ion, 199

Gaussian laser pulses, 221

Geminal diazidoalkanes, direct photolysis

and thermolysis of, 170–171

Glan Taylor polarizer, 222
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Glutacononitilres, 299, 300, 301

Glycine, 92

Gritsan, Nina P., xi, 28, 481

Grote, Dirk, xi, 317

Ground state(s)

nitreno radical, 322–323

phenyl nitrene triplet, 317

Ground-state alkyl nitrenium ions, 354

Ground-state aryl nitrenium ion, 237

Ground-state nitrenium ions, 349

Ground-state triplet nitrenium ions, 214,

353–354

Ground-state triplets, 350

Guanine derivatives, aryl nitrenium ion

reactions with, 256–267

Guanosine, 79, 80, 259–261

C-8 adducts of, 194

2-fluorenyl nitrenium ion reactions

with, 266, 267

nitrenium nitrogen attachment to, 81

Guanosine adducts, 123–124

Guanosine triphosphate (GTP), 105

Gudmundsdottir, Anna D., x, xi, 167

Gustafson, Terry, 28

Hadad, Christopher M., xi, 28, 33

Halogenated solvents, 362

Halogen atom, 472

Halogen substitution, 194–195

Halolactamization, 419

Hamilton matrix, 333, 340

Haptens. See Antibody–hapten complexes

Heteroaromatic azides, excited state

characteristics of, 64–65

Heteroaromatic carbene ring

expansion, 274–284

Heteroaromatic nitrene ring

expansion, 274–284

Heteroaromatic nitrenes, matrix studies

on, 273–315

Heteroaryl nitrene cyclization, 309–310

Heteroaryl nitrene ring contraction, 284,

311–312

Heteroaryl nitrene ring opening, types

of, 311–312

Heteroaryl nitrenes, ring expansion of,

310

Heteroaryl nitrenium ion precursors, 145–

146

Heteroaryl nitrenium ions, 145–146, 150,

211–213

types of, 211

Heteroaryl nitrenium ion singlet–triplet

energy gaps, 213

Heteroatoms, trapping N-acyl nitrenium ions

with, 399

Heteroatom-stabilized acyl nitrenium

ions, 384–407

Heteroatom-stabilized nitrenium ions, 436

chemical reactivity of, 357–358

Hetero-azides, 54, 70

structure and photochemistry of,

65–69

O-Heterocycle formation, 374

Heterocycles

p-route to, 362–363

synthesis of, 415

N-Heterocycles, cyclization to, 378–383

Heterocyclic amines, 469

Heterocyclic ions, subject to acid–base

reactions, 149

Heterocyclic nitrenium ions, 144–150

conjugate bases of, 147

Heterocyclic nitrogen (N), 148

Heterocyclic-ring synthesis, 465

Heterolysis, 386

Heterolytic cleavage, aryl nitrenium ion

generation via, 118–119

Higher-energy closed-shell singlet states,

protonation from, 51–52

Highest-occupied molecular orbitals

(HOMOs), 59–60, 501

of hydrazoic acid, 55

of olefins, 417

High-spin assemblies, triplet nitrenes as

building blocks for, 168

High-spin quintet systems, 317–318

HN3 dissociation, 54, 55. See also

Hydrazoic acid (HN3)

HN3 dissociation photoproducts, rotational

state distribution of, 55

Hofmann rearrangement, 512

Homo-azides, structure and photochemistry

of, 54–65

HOMO–LUMO energy gap, 64

HOMO–LUMO transition, 203

Hund’s rule, 38, 349

Hydrazidohydroxylation, of styrenes, 410
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Hydrazine derivatives, 469

Hydrazines, 460, 461

Hydrazoic acid (HN3), 54–55. See also HN3

entries

channels for, 55

protonation of, 359

Hydrocarbon insertion, 89

Hydrogen atom (H-atom) abstraction, 172,

354

in azidoalkanes, 184–185

photochemical, 455

by triplet alkyl nitrenes, 178–179

Hydrogen atom (H-atom) donors, 353–354

Hydrogen atom deprotonation, 265, 267

Hydrogen-atom transfer, 56

Hydrogen bonding, 230, 253, 458

Hydrogen bonding acceptor (HBA)

solvent, 25

Hydrogen bonding donor (HBD) solvent, 25

Hydrogen bonding effects, in water, 268

Hydrogenolysis, 392

Hydrolysis

of N-acetoxyacetanilides, 125

of N-hydroxyacetanilide esters, 126

of N-sulfonatooxyacetanilides, 128

Hydrolysis kinetics

of pivalic acid esters, 128–129

of reactive esters, 127

Hydrolysis products, of N-acetoxy-N-acetyl-

2-aminofluorene, 125

Hydrolysis rate constants, 146

Hydrolysis reactions, of esters, 145–146

Hydroxamate aziridinium ion ring opening,

regioselectivity of, 430

Hydroxamate oxamidation, 428–429,

431–432, 433

Hydroxamic acid(s), 130, 145, 146, 147

Hydroxamic acid esters, hydrolysis of,

125–126, 132

Hydroxide ion, 250

N-Hydroxyacetanilide esters, hydrolysis

of, 126

N-Hydroxyamines, 360

b-Hydroxy ester, 405, 407

2-Hydroxylaminoimidazole, 144

Hydroxylamine esters, 150, 151

Hydroxylamine-O-sulfonate reactions, 127
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N-sulfonyl-N-methoxy, 393

survival in water, 84

synthetic applications of, 347–449

theoretical treatments of, ix–x

in thermal and photochemical

reactions, 131
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with, 412–414

p-Nucleophiles, reactions with, 151–157

Nucleophilic attack, 127, 355. See also

Nucleophile attack

Nucleophilic interception, of aryl nitrenium

ions, 373

Nucleosides, purine, 154

Nucleus-independent chemical shift

(NICS) values, open-shell singlet

state, 211

O-alkyl arylhydroxamates, iodine(III)-

mediated spirocyclization of, 393, 395

O-alkyl chlorohydroxamate reactions,

389–390

O-alkyl hydroxamates

iodine(III)-mediated intramolecular

oxamidation of cyclic

unsaturated, 431–432, 434

iodine(III)-mediated intramolecular

oxamidation of unsaturated, 428–429

spirocyclization of, 391–393

o-amino group, 275

o-amino phenyldiazomethane, 276

O-benzyl esters, 392

o-biphenylyl azide, 274

o-biphenylyl azide reaction pathways, 7

cis-4-Octene, 529

trans-4-Octene, 529

Off-axis transitions, 335, 342

o-fluorophenyl nitrene, 462

O-heterocycle formation, 374

O—H insertion products, 494

o-iminoquinone methide, 276, 277
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Olefin amidohydroxylation

methodology, 424

Olefins, 416–417

adding carbonyl nitrenes to, 490

o-methoxy substituents, 395

o-methyl group, 276

o-nitrophenyl azide (NPA), 465

crystalline-state photoreaction of, 466

Open-shell nitrenes, 45–46

Open-shell organic species, instability

of, 192

Open-shell singlet states, 36, 191, 192

Open-shell states, triradical, 323

Open-shell triplet state, 191, 192

o-quinone diimine, 275

Orbital degeneracy, 36–38

Orbital energy splitting, 192

Orbitals

nonbonding, 321–322

nondegenerate, 36

ORCA program package, 335

Organic compounds, with antibacterial

activity, 467–468

Organic synthesis, application of nitrenium

ions to, 436

ortho-alkyl substituents, 486

ortho-attack, 134

ortho-biphenylyl azides, 4–7, 8, 14–16

ortho-biphenylyl nitrene (o-BpN), 18–19

ortho-biphenylyl nitrene protonation, 19

ortho-biphenylyl nitrenium

cation, 18–19

ortho-dinitrosobenzene intermediate, 467

ortho-fluorinated systems, 327

ortho-fluorine/fluoro substituents, 320, 460,

461

ortho nitreno radical, 323

ortho position, 318

ortho-products, 127

ortho substituents, 208, 465, 466

ortho substitution, 234–235
18O scrambling, 130

O-stabilized nitrenium ions, alkene addition

of, 410–419

Oxamidation, 427, 428–432

Hydroxamates, 428–429, 431–432, 433

iodine(III)-mediated, 428–429, 431–432,

434

Oxazirines, 502, 503, 509

Oxidation

of aromatic anilines, 463

electrochemical, 392

fluorinated aniline, 466–467

of fluoroanilines, 463–465

Oxime, 391

Oxindole, 396

Oxocarbazole derivatives, 379

Oxocarbocation character, 239–240

Oxocarbocations, 244

Oxygen–hydrogen bonds. See O—H

insertion products

Oxygen-saturated methanol solutions, 175

Oxygen trapping, of triplet alkyl

nitrenes, 179–180

PAL agents, 87, 88, 90–99, 104. See also

Photoaffinity labeling (PAL)

aryl azide, 98

4-azido-2-nitrophenyl amine, 98–99

3-azido-4-nitrophenyl carboxamide,

98–99

designing, 110

nitrenium ion, 97

PAL applications, 108

PAL experiments, designing, 100

PAL intermediates, nitrenium ions as,

81–82

PAL medical applications, 470

PAL molecules, 77–78

PAL molecule synthesis, 109

PAL process, 452

PAL reagent formation, 100

PAL reagents, 93, 109

implementation of, 109

PAL species, generation of, 102

PAL strategies

for cross-linking, 99

nitrenium, 103–104

PAL studies, 86, 92, 96–97

PAL synthetic photoprobes, 469, 470

para-amino group, electron-donating

capacity of, 102

para-biphenylyl azides (p-BpN3), 4–7,

14–16

ultrafast laser photolysis of, 17–18

para-biphenylyl nitrenium cation

(p-BpNHþ), 17–18
para-carbon attack, 151
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para-electron-donating groups, 89

para-electron-donating substituents, 102

para nitreno radical, 323

para-phenyl-substituted phenyl nitrenium

ions, TR3 spectroscopy of, 230–235

para position, 317, 318

para-s-complex, 153

para-substituents, 39, 244

para-substituted hydroxylamines, 119

para-substituted perfluorophenyl

azides, 470–472

para substituted phenyl nitrenium ions, 201,

202

para-substituted products, 119–120

para-thioethers, 102

para-tosyl ester, rearrangement of, 130

Parent diphenyl nitrenium ion, 415

Parent nitrenium ion, 350, 353–354,

358–360

PBE/TZ2P level of theory, 485, 487, 505

p-biphenylyl nitrene, singlet, 275

Pentafluoroaniline (PFA), 455

Pentafluorophenyl azide (PFPhN3),

454–458

product distribution after photolysis

of, 456

Pentafluorophenyl nitrene, singlet, 454, 455,

457

Pentane, 140

4-Pentenamides, iodine(III)-mediated

cyclization of, 422–423

4-Pentynamides, iodine(III)-mediated

cyclization of, 424

Perfluorinated quartet systems, 324

Perfluorophenyl azides

para-substituted, 470–472

photochemistry of iodosubstituted, 472

photoreactivity of, 472

Perhydrohistrionicotoxin, synthesis

of, 404

Pericyclic process, nitrnium ion–based, 356

Peroxy radicals, triplet, 180

pH dependence, 155–156

pH-dependent trapping, 149

9-Phenanthridinyl nitrene, Type II ring

opening to, 304–305

Phenanthridones, 401

Phenols, 375

2-Phenyl-3-cyanoindole, 288

Phenyl azide(s) (PhN3), 12

Brrnsted acid–catalyzed decomposition

of, 373

difference density plots for, 63

excited state of, 64

IR spectra of, 13–14

photochemistry of, 13–14, 83, 319,

453–454

photochemistry of fluorinated, 454–458

photolysis of, 3, 121–122, 170

reaction pathways for, 14

substituted, 64

thermolysis of, 121–122

ultrafast photolysis of, 22

Phenyl azide derivatives, 465

Phenyl azides in amines, photochemistry of

fluorinated, 459–463

Phenyl azide studies, 85

Phenyl carbene, 312

Phenyl carbene derivative, 304

N-Phenylhydroxylamines, meta-

substituted, 120

Phenyl nitrene(s), 46, 277, 285–286, 307,

308, 318–319, 320

EPR spectroscopy on, 325–326

with fluorine substituents, 326–327

generation of, 325

para-substituted, 39

singlet, 454, 457, 459–462

singlet and triplet states of, 37–38

singlet vs. triplet molecular structure

of, 41–42

triplet, 454, 457

Phenyl nitrene-2-yl radical, 339–345

Phenyl nitrene-4-yl radical, 331–339

Phenyl nitrene decay, 22

Phenyl nitrene derivatives, triplet, 180

Phenyl nitrene irradiation, weak signals

following, 339

Phenyl nitrene ring expansion, 274

Phenyl nitrene states, 42

Phenyl nitrene triplet ground state, 317

Phenyl nitrenium, 200–201

Phenyl nitrenium cation, 22–23

Phenyl nitrenium ion(s) (PhNHþ), 22–23,
203, 205

formation of, 371–372

para substituted, 201, 202

singlet, 201
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TR3 spectra of acetamido-

substituted, 240–244

TR3 spectra of alkoxy-substituted, 235–

240

TR3 spectroscopy of para-phenyl-

substituted, 230–235

Phenylnitrine, 47

Phenyl rings, bond lengths in, 233

Phenyl substituents, 352–353

Phenyl-substituted analogues, 294–295

Phillips, David Lee, xii, 217

Phosphinoylnitrene, 67

Phosphinyl azides, 67, 531–535

Phosphinyl nitrenes, generation and

properties of, 531–535

Phosphofructokinase-1, 108–109

Phosphonate, 375

Phosphoryl acids, 535–541

Phosphoryl azides, 67

rearrangement to amidate, 540

Phosphoryl nitrene(s), 67, 68–69

generation and properties of, 531,

535–541

singlet, 541, 538

Phosphoryl nitrene reactions, singlet, 537

Phosphyl azides

excited states of, 68

structure and photochemistry of, 67–69

Photoactive bifunctional chelating

agents, 474

Photoaffinity labeling (PAL), 49, 70,

451–453, 469–473. See also PAL entries

aryl azides in, 470

aryl nitrenium ion applications

in, 90–102

increasing application of, 77–78

intermediates involved in, 203

nitrenium ions in, 77–115

Photoaffinity labeling agent, 78

Photoaffinity labeling experiments, 474

Photoaffinity-labeling systems, development

of, 85

Photoaffinity labels, in studying biological

processes, 93

Photochemical analogue, 472

Photochemical bifunctional chelating agents

(BFCAs), 472–473

Photochemical decomposition

of acyl azides, 483

of carbonyl azides, 489

Photochemical generation, of 2-quinolyl

nitrene, 311

Photochemical hydrogen

abstraction, 455

Photochemically induced insertion

reactions, 469, 470

Photochemical precursors,

N-aminopyridinium salts as, 139

Photochemical probes, bifunctional,

469–473

Photochemical reactions

of aryl azides, 452–453

nitrenium ions in, 131

Photochemical ring expansion, 274

Photochemical wavelength-dependent

reactions, 2

Photochemistry

of aryl azides, 1–31, 320, 321, 473

of azides, 35

of azidoformate, 522

of N-benzoyl dibenzothiophene

sulfilimine, 514

of diphenylphosphoryl azide, 541

of fluorinated phenyl azides, 454–458

of fluorinated phenyl azides in

amines, 459–463

of fluorophenyl azides, 454–455

of methoxycarbonyl azide, 521

of 2-naphthoyl azide, 507

of o-nitrophenyl azide, 466

of phenyl azide, 319, 453–454

of symmetrically substituted

nitrenes, 328, 329

Photoconjugation, of bifunctional

probes, 474

Photo-crosslinking, 49

Photo-Curtius rearrangement, of carbonyl

azides, 509

Photodissociation mechanisms, of aryl

azides, 58–59

Photoexcitation, of 2-fluorenyl

azide, 266

Photo-fragmentation, of 1,3,5-triazine-2,4,6-

trinitrene, 309

Photo-induced azido cleavage, in

azidoalkanes, 183–184, 185

Photo-induced dissociation, 13

Photoinsertion, 105–106
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Photolysis. See alsoMatrix photolysis;

Ultrafast photolysis

of acetonitrile, 529–530

acetophenone-sensitized, 493

of acyl azide, 505

of 1-aminopyridinium perchlorate, 353

of 1-aminoquinolinium perchlorate, 359

of anthranilium salts, 123

of anthranils, 122–123

of aromatic azides, 2

of aryl azides, 380

of azides, 200

of azidoadamantane, 169

of azidoalkanes, 168–170, 171–173,

173–185

of azido chloropyrazine, 291

of azidoformate, 522–523

of 1-azidophosphetan oxide, 532

of 1-benzisoxazolium perchlorates, 357

benzophenone-sensitized, 493

of biaryltetrazoles, 380–381

of tert-butyl(mesityl)-phosphininc

azide, 533

of carbonyl azides, 483, 492–493

of diarylphosphinyl azides, 532

of diazirines, 2

of diethylphosphoryl azide, 535–536

of diphenylphosphinyl azide, 533

of geminal diazidoalkanes, 170–171

of hydrazoic acid, 54

of 4-hydroxyphenyl azides, 275

of pentafluorophenyl azide, 456

of phenyl azides, 3, 121–122, 170

solid-state, 176, 177

of sulfonyl azide, 525, 528

of tosyl azide, 526

of N-tosyliminodibenzothiothene, 529

triplet-sensitized, 135, 208

Photolysis products, generated in acid, 122–

123

Photolytic generation, of N-tert-Butyl-N-

aryl nitrenium ions, 135

Photoprobes, synthetic, 469, 470

Photoreactions, vs. intramolecular energy

transfer in alkyl azides, 180–185

Photoreactivity, of perfluorophenyl

azides, 472

Photosensitized decomposition, of

azides, 521

Phthalimido nitrenium ion, 199

N-Phthalimido substituents, 387–388

Picosecond infrared (IR) studies, 15

Picosecond Kerr gated time-resolved

resonance Raman (ps-KTR3)

experiments, 223–224.

See also ps-KTR3 spectra

Picosecond TR3 spectroscopy

experiments, 221, 222

p-electron donors, 39, 40

p-facial selectivity, 393–394

p-nucleophiles, reactions with, 151–157

Pipek–Mezey localization, 324

p-route to heterocycles, 362–363

Pivalic acid esters, hydrolysis kinetics

of, 128–129

Pivaloyl azide, 66, 490–491

Platz, Matthew S., xii, 1, 70

PNU-95666E preparation, 396

Polar aprotic solvents, 153

Polar protic solvents, 153

Polycyclic aryl nitrenes, 85

Polyfluorinated aryl nitrenes, 50, 451–452

Polyfluorination, 457

Polymeric materials, magnetic properties

of, 192

Polymeric tar formation, 12

Population decay, 6

p orbitals, 191, 192

Potential energy surface (PES), 483, 484,

486, 487, 488

Precarcinogens, 123

Precursor azides, 70. See also Nitrenium ion

precursors

Primary acyl nitrenium ions, 401

Primary amines, 388

Product trapping studies, 206–207

Propiophenone radical, 176, 177

Protein reactivities, reactive amino acid

content and, 92

Proteins, mapping, 108

Protic solvents, 46

nonnucleophilic, 420

Protonated triplet nitrene, 201

Protonating nitrenes, 3

Protonation, 86–87.

See also Deprotonation

aryl nitrene, 140, 141

aryl nitrile, 12
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Protonation (Continued)

of electron-rich aryl nitrenes, 88

from the higher-energy closed-shell

singlet state, 51–52

hydrazoic acid, 359

nitrene, 47–49, 140

nitrenium ion, 141

singlet nitrene, 118–119

triplet aryl nitrene, 141

Protonation rate constant, 19, 20–21, 25

Protonation rates, 86–87

nitrene, 27

Proton-donating ability measures, 26

Proton sources, methanol as, 89

Proton transfer reactions, 17

ps-KTR3 spectra, 223, 224, 225, 228.

See also Picosecond Kerr gated time-

resolved resonance Raman (ps-KTR3)

experiments

pUC19 plasmid, 156

Pump and probe laser pulses, 219–221, 222

Pump–probe spectra, 221

Purine azides, 104–110

Purine nucleosides, 154

2-Pyrazinyl carbene, 280, 281, 287

2-Pyrazinyl nitrenes, 289–292

Pyrazoloquinolin-4-ones, 399

Pyrazolotriazole, 275

Pyridazinyl carbenes, 301, 302

3-Pyridazinyl carbenes, 297–298

rearrangement to 2-pyridyl

nitrene, 298

3-Pyridazinyl nitrenes, 297–298

Pyridine, nitrenium ions based on, 212

Pyridine molecular probe, 455, 460

Pyridinium ions, laser flash photolysis

of, 211

Pyridinyl azide, 64

3-Pyridyl carbene, ring opening of, 286

Pyridyl carbenes, 277–278

2-Pyridyl carbenes, 285, 286

2-Pyridyl nitrene precursors, 284

2-Pyridyl nitrenes, 278

3-pyridazinyl carbene rearrangement

to, 298

Type II ring opening to, 299–302

3-Pyridyl nitrenes, 280, 281

ring opening of, 287

4-Pyridyl nitrenes. 280, 281

Pyrimidine, nitrenium ions based on, 212

2-Pyrimidinyl nitrenes, Type II ring opening

to, 305–309

4-Pyrimidinyl nitrenes, 289–292

2-Pyrimidyl nitrenium ion, 145

Pyrimidyl nitrogens, 145

Pyroglutamate derivatives, 405

Pyrolysis, of diphenylphosphinyl

azide, 531. See also Thermolysis

Pyrrolecarbonitriles, 299–300

Pyrrolidine derivatives, 419–420

Pyrrolidines, 362

Pyrrolidinones, 419

Pyrrolo[2,1-c][1,4]benzodiazepines, 398

Pyrrolo[2,3-f]diazepinone, 398

Quantum yield studies, of aryl

azides, 57–58

Quartet species, ZFS parameters of, 339

Quartet spin system, 344

Quartet states, 318–319

of nitreno radicals, 333

Quartet systems, perfluorinated, 324

Quaternary stereogenic/nonstereogenic

centers, 394

Quaternary tetrahydroisoquinoline-3-

carboxylic acid, 405

Quenching, 171, 172

of 4-biphenyl nitrenium ion, 255

fluorescence, 495

Quenching experiments, transient

absorption, 253–255, 266

Quinazoline analogue, 305, 308

4-Quinazolinyl carbene, 288, 289

1-Quinazolinyl nitrene, 292–296

2-Quinazolinyl nitrenes, Type II ring

opening to, 305–309

Quinodiimines, 83

Quinoidal character, 234

Quinoline, 399

Quinolones, 468

2-Quinolyl nitrene

photochemical generation of, 311

Type II ring opening to, 302

3-Quinolyl nitrene, 287

Quinone, 84

o-Quinone diimine, 275

Quinonoid compounds, 150

Quinonoid species, neutral, 149, 150
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2-Quinoxalinyl nitrene, 292–296

Quintet systems, high-spin, 317–318

Radical chain mechanism, 364–365, 366, 368

Radical recombination, 332

Raman activity, 252–253

Raman band frequencies, 229–230

Raman bands, 224–225, 226, 228, 229,

231–232, 242

resonance, 245

Raman features, 257, 258

Raman spectra, 221, 235, 261

transient resonance, 237, 238

Raman spectroscopy, ix

time-resolved resonance, 156, 217–272

Raman vibrational frequencies, 232

Ranaweera, Ranaweera A. A. U., xii, 167

Random-phase approximation (RPA), 238,

242

Ras protein, 103

Rate constants, 145–146, 511–513, 537. See

also Decomposition rate constants;

Hydrolysis rate constants; Protonation

rate constant

absolute, 511, 512

bimolecular, 511, 512, 528

for nitrenium ion reactions, 137

for nitrenium ions, 91

for ring expansion, 4

Reaction medium, role of, 355

Reaction products, 127, 132, 134, 148–149

isolated, 133, 134

Reactions, with aryl amines, 79–80

Reactive amino acid content, protein

reactivities and, 92

Reactive esters, hydrolysis kinetics of, 127

Reactive intermediates

advances in understanding of, ix–x

focus on, vii

study of, 34

Reactive singlet nitrenes, 49

Reactivity, influence of electronic

configurations on, 193

Reactivity studies, of nitrenes, 52–53

Rearrangement. See also Bamberger

rearrangement; Carbene–nitrene

rearrangements; Curtius rearrangement;

Hofmann rearrangement; Nitrene

rearrangement; Photo-Curtius

rearrangement; Singlet nitrene

rearrangement; Wagner–Meerwein

rearrangement; Wolff rearrangement

acid-catalyzed, 390–391

of 2-azabicyclo[2,2,1]heptane, 367

aziridnium ion, 408–409

carbene–carbene, 298

N-chloramine, 369

of N-chloro-N-alkyl nitrenium ions, 371

Curtius-like, 540

of dimethylphosphinyl nitrene, 534–535

of dimethylphosphoryl azide, 539

of formyl nitrene, 505

in methanol, 130

nitrene–carbene, 277

of para-tosyl ester, 130

of phosphoryl azide to amidate, 540

of 3-pyridazinyl carbene to 2-pyridyl

nitrene, 298

of singlet phosphoryl nitrene, 540

unimolecular, 170–171

Rearrangement barriers, 197–198

Rearrangement reactions, 329–330

Recombination, radical, 332

Red compound, 308

Reduced metabolites, 144

Regioselectivity, 156, 157, 376, 377

of hydroxamate aziridinium ion ring

opening, 430

of nitrenium ion reactions, 157

Resonance Raman bands, 245

Resonance-stabilized iminium ions, 354

Resonance structures, for carbonyl azides, 65

Restricted active space CASSCF

computations (RASSCF), 43

Ribosomes, tRNA binding to, 107–108

Ring carbodiimides, 278–279

Ring closure

activation barriers for nitrene, 328–329

of nitreno radicals, 330

Ring contraction, 284–285

of alkyl nitrenium ions, 369–371

heteroaryl and aryl nitrene, 311–312

of nitrenium ions, 369, 370

Ring contraction mechanisms, 312

Ring expansion, 88, 140, 274–284, 308–309

of alkyl nitrenium ions, 369–371

of heteroaryl nitrenes, 310

rate constant for, 457
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Ring expansion products, 532

Ring nitrenes, six-membered, 273–274

Ring opening, 208, 209, 285–309, 430

types of nitrene, 311–312

Ring-opening products, 532

Ring-opening reactions, identifying, 311

Ring-substituted biphenylyl nitrenium

ions, 154

Rokita, Steven E., viii

Rotational stability/motion, 55–56

Rotational state distribution, of HN3

dissociation photoproducts, 55

S0 to S2 transition, 4–5

Sample handling/light collection

system, 220–221

Sander, Wolfram, xii, 317

Scallop myosin studies, 95–96

SecA protein, 109

Secondary amine formation, 364

Second-order rate constants, for nitrenium

ions, 91

Selectivity data, 136

for nitrenium ion reactions, 137

Sensitization studies, internal triplet, 57

Sensitized decomposition, 495

Sensitized photolysis, 135, 171–173

Seven-membered ring intermediates, 279

Short-lived intermediates, 473

s-complexes, 388

s orbitals, 191, 192

spp-triradicals, 318

Single electron transfer (SET), 383

Single-reference methods, 43

Singlet 2-fluorenyl nitrene (1FIN), 25

Singlet 2-fluorenyl nitrenium ion, 225

Singlet 2-naphthyl nitrene (12-NpN), 20

cyclization of, 11–12

Singlet 4-ethoxyphenyl nitrenium ion, 237

Singlet 4-methoxyphenyl nitrenium

ion, 237

Singlet acyl nitrenes, electronic structure

of, 496

Singlet alkyl nitrenes, 168

Singlet aryl nitrene(s), 141

branching pathways of, 45

Singlet aryl nitrene protonation, 47–48

Singlet aryl nitrenium ions, 141

reaction with nucleophiles, 412–414

stabilization of, 352, 353

Singlet benzoyl nitrene reactions, 510–514

with methanol, 513–514

Singlet carbenes, 87

Singlet carbonyl nitrenes, 41, 490, 505, 506

Singlet dimethylphosphoryl nitrene, 538

Singlet fluorophenyl nitrene (1FPhN), 463,

464

Singlet formyl nitrene, cyclic structure

of, 497–498

Singlet ground state, 515–516

Singlet ground-state nitrenium ions, 349

Singlet ground-state nitrenes, closed-

shell, 40

Singlet ion reduction, 132

Singlet methyl nitrene, 170

Singlet nitrene, 521, 541

central role of, 44–52

Singlet nitrene configuration, substituent

effects on, 40–41

Singlet nitrene decay, 17, 18

Singlet nitrene insertion, 470

Singlet nitrene lifetime extension, through

decay channel inhibition, 49–50

Singlet nitrene protonation, 118–119

Singlet nitrene rearrangement, fluorination

and, 460–462

Singlet nitrenes, 3, 17, 27, 87–88, 167, 310,

509, 523, 542

closed-shell, 87–88

reactive, 49

reactivity and decay channels of, 35

triplet nitrenes vs., 35

typical reactions of, 481

Singlet nitrene states, 36

Singlet nitrenium ions, 407–408, 421, 426

Singlet o-biphenylyl nitrene (1o-BpN), 18–

19

protonation of, 19

Singlet p-biphenylyl nitrene, 275

Singlet pentafluorophenyl nitrene

(1PFPhN), 454, 455, 457

Singlet phenyl nitrene decay, 22

Singlet phenyl nitrenes (1PhN), 170, 454,

457, 459–462, 466, 470

Singlet phenyl nitrenium ion, 201

Singlet phosphoryl nitrene reactions, 537

Singlet phosphoryl nitrenes, 538, 541

rearrangement of, 540
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Singlet reactions, 134–135

Singlet species, 508. See also Singlet state

species

Singlet state designations, ambiguity

in, 36–38

Singlet-state iminium ion, 197

Singlet-state parent nitrnium ion

(1NH2), 358

Singlet state phenyl nitrene, 37–38

Singlet states, 41

protonation from higher-energy closed-

shell, 51–52

Singlet state species, 214. See also Singlet

species

Singlet sulfonyl nitrenes, 527

Singlet–triplet (S–T) configuration

orderings, 40

Singlet–triplet (S–T) energy differences/

gaps/separation (DEst), 196, 198, 237,

238, 241

in alkyl nitrenes, 170

in alkyl nitrenium ion, 196, 198

effect of N-substituents on, 350

in heteroaryl nitrenium ions, 213

of nitrenes, 38–39

Singlet–triplet splitting, 496, 498, 515,

516–518, 530, 531, 542

Singlet–triplet state nitrenium ions,

optimized geometries for, 351

Singly occupied molecular orbitals

(SOMOs), 337, 338. See also SOMO

densities

Singly occupied molecular orbital

wavefunctions, 42

Six-membered ring nitrenes, 273–274

Solid-state photolysis, 176, 177

Solvatochromic solvent parameters, 25–26

Solvent molecules, 59

Solvent polarity, 507, 508

Solvent radicals, 494–495

Solvents

aprotic, 46

halogenated, 362

influence of, 24–27

influence on nitrenium ion formation,

25–27

polar aprotic, 153

polar protic, 153

protic, 46

Solvent systems, nitrenium ions in, 139–140

Solvolysis

of aryl azide, 375

of bicyclic N-chloramines, 361–362

of N-chloramine, 196

of N-chloramine precursor, 196

of N-chloroaniline derivatives, 193

of N-chloroaziridines, 356

of cyclohexene, 363

of cyclohexyl N-chloramines, 368

of N-tert-butyl-N-chloroanilines, 121

SOMO densities, 205. See also Singly

occupied molecular orbitals (SOMOs)

Species decay, 225

Spectroscopic characterization, of nitreno

radicals, 331–345

Spectroscopic signatures, of nitrenes, 34

Spectroscopic studies, x

Spectroscopy. See also Time-resolved

transient absorption spectroscopy

experiments

electron spin resonance, 176–178

fast laser, ix

femtosecond, 53

infrared, 175

laser transient, 85

matrix isolation, 3

Raman, ix

time-resolved, 52

time-resolved resonance Raman, 156,

217–272

time-resolved vibrational, 207

transient absorption, 173–175

ultrafast, 17

ultrafast electronic, 13

ultrafast time-resolved, 3

ultrafast time-resolved resonance

Raman, 221–222

ultrafast transient absorption, 3

ultrafast UV–Vis, 14, 15, 27

Spin density distribution, 330–331

Spin-forbidden processes, 52, 58

Spin inversion, 362

Spin label, bulky nitroxide, 96

Spin–orbit coupling (SOC), 45, 325, 335,

336, 342

Spin–orbit coupling forbidden process, 52

Spin purification procedures, 43

Spin–spin integrals, 335–337
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Spin–spin interactions, 337, 342

Spin-unrestricted natural orbitals

(UNOs), 324

Spirane carbocation intermediate, 388–389

Spiroazetidine, 421

Spiroazirene, 300

Spirocyclic b-lactam formation, 393

Spirocyclization. See also N-Acyl nitrenium

ion spirocyclization

of O-alkyl hydroxamates, 391–393

in annulation reactions, 399

iodine(III)-mediated, 393, 395

nitrenium ion, 391

Spirocyclization products, nitrenium ions

and, 420

Spirodienone, 391

Spirolactams, 388, 399

Spirolactones, 374

Spirooxindole ring system, 396

Stabilized nitrenium ions, 131, 132, 387

intermolecular alkene addition of, 407–

419

intramolecular alkene addition of, 418–

437

Stable salt formation, 351–352

Stereogenic/nonstereogenic centers,

quaternary, 394

Stereoselectivity, 395

Stern–Volmer analysis, 68

4-Stilbenyl ions, 136

Strong p donors, 40, 41

Styrene-based substrates, cyclization

of, 427

Styrenes, intermolecular

hydrazidohydroxylation of, 410

Subnanosecond transient studies, 89

Substituent donation, 37, 38–39, 41

Substituent effects, on singlet nitrene

configuration, 40–41

Substituents

carbonyl, 393

o-methoxy, 395

ortho-alkyl, 486

4-Substituents, effects on kinetic

stabilities, 136

N-Substituents, effects of, 136–138

4-Substituted anilines, 357

Substituted aryl hydroxylamines, 372

N-Substituted benzidine ions, 142

2-Substituted indoles, 383

Substituted phenyl azides, 64

2-Substituted pyroglutamate

derivatives, 405

Substitution. See also Alkyl substitution;

N- to C-substitution ratio

alkene, 427–428

alkyl, 207–208

electrophilic, 365

fluorine, 462

halogen, 194–195

intramolecular aromatic, 376, 379,

384–395, 401

intramolecular electrophilic, 377–378,

381, 382

methoxy, 199

methyl, 197

unsymmetrical, 328

N-Substitution products, 153

Sulfate esters, 218

Sulfilimines, 514, 515, 516, 528, 529

Sulfonamides, 525

N-Sulfonatooxyacetanilides, hydrolyisis

of, 128

Sulfonyl azide photolysis, 525, 528

Sulfonyl azides, structure and

photochemistry of, 69

Sulfonyl nitrenes, 530, 531

generation and properties of, 524–531

reactions with aromatics, 527

singlet, 527

N-Sulfonyl-N-methoxy nitrenium ions, 393

Superacid media, 120

“Super electrophile,” 359

Swain acidity, 48

Swain acidity parameters, 25, 26, 27

Symmetrically substituted nitrenes,

photochemistry of, 328, 329

Symmetry relaxation, 37

syn-addition products, 425

syn–anti isomerization, 485

Syn/anti-problem, 107

syn-carbonyl azides, 486

syn (cis) conformers, 65, 66, 486, 487

of azides, 488

Synthetic nitrenium ion chemistry, 348

Synthetic nitrenium ion field, future

challenges in, 436

Synthetic photoprobes, 469, 470
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(�)-TAN1251A, synthesis of, 402–403

Tar formation, 12

Target-directed synthesis

application of N-acyl nitrenium ion

annulation to, 395–401

application of N-acyl nitrenium ion

spirocyclization to, 401–407

Tautomeric ions, 143

Tautomeric nitrenium ion equilibrium, 143

Tautomeric reactions, 467

Tautomerization, azide–tetrazole, 106

tert-butyl(mesityl)-phosphinic azide,

photolysis of, 533

Tetrahydrobenzazepinone, 396–397

Tetrahydroisoquinoline-3-carboxylic acid,

quaternary, 405

Tetrazoles, 292, 293

Tetrazolophenanthridine, matrix photolysis

of, 311

Tetrazolopyridazine, 297

Tetrazolopyridines, Type II ring opening

to, 299

Theoretical methods, maturation of, 35

Theoretical treatments, of nitrenes and

nitrenium ions, ix–x

Thermal activation, of azidoalkanes,

168–170

Thermal cyclization, 466

Thermal decomposition

of acetyl azide, 484–485

of acyl azides, 483

Thermal precursors, N-aminopyridinium

salts as, 139

Thermal reactions, nitrenium ions in, 131

Thermal ring expansion, 274

Thermolysis

of cis-2-azidostilbene, 381, 383

of geminal diazidoalkanes, 170–171

of phenyl azide, 121–122

of tosyl azide, 526

2-Thiocytidine (S2C), 101–102

Thiol groups, linked, 94

Thioxanthone (TX), 494

Time-dependent density functional theory

calculations, 55

Time-resolved infrared (TRIR) absorption

experiments, 218

Time-resolved infrared (IR)

spectra, 14–16

Time-resolved infrared (TRIR)

spectroscopy, 503, 504, 506, 515–516

Time-resolved resonance Raman (TR3)

spectroscopy, 156, 268. See also

Nanosecond TR3 (ns-TR3)

spectroscopy; TR3 spectra

of acetamido-substituted phenyl nitrenium

ions, 240–244

of alkoxy-substituted phenyl nitrenium

ions, 235–240

of aryl nitrenium ions, 217–272

of para-phenyl-substituted phenyl

nitrenium ions, 230–235

Time-resolved resonance Raman

spectroscopy studies, of aryl nitrenium

ion reactions, 244–267

Time-resolved spectroscopy, 52

Time-resolved transient absorption

spectroscopy experiments, 218

Time-resolved vibrational

spectroscopy, 207

Ti:sapphire oscillator/amplifier

systems, 221–222

Toluene capture, 457

Toluene studies, 454–455

4-Tolyl ions, 136

Tosyl azide, 526

N-Tosyliminodibenzothiothene, photolysis

of, 529

Tosyl nitrenes, triplet, 524, 525, 528

TR3 spectra, 244–245, 259, 268. See also

Time-resolved resonance Raman (TR3)

spectroscopy

trans 4,40-azobisbiphenyl species, 251

trans-aziridine, 491–492

trans-azobisbiphenyl pathway, 248–251

trans azo cations, 252

trans azo isomer, 246

trans/cis ratios, 516

trans (anti) conformers, 65, 66

Transfer RNA (tRNA), 100–101

binding to the ribosome, 107–108

Transient absorption, 10–11, 537–538, 541

Transient absorption bands, 7, 9, 235, 230

Transient absorption quenching

experiments, 253–255, 266

Transient absorption spectra, 6, 7–9, 11, 18,

23, 24, 527

Transient absorption spectroscopy, 173–175
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Transient resonance Raman spectra, 230–231,

232, 235, 236, 237, 238, 241, 242

Transient resonance Raman vibrational

frequencies, 237–238

Transient spectra, 173, 174, 522

Transient studies, 85

Transitions

axial, 342

off-axis, 335, 342

Transition states

for cyclization, 462

of diazirine formation, 47

Trapping, pH-dependent, 149. See also

Oxygen trapping; Product trapping

studies

Trapping mechanisms, 132, 135, 136, 139

Triaminobenzenes, 95

Triatomic nitrenium ions, 194–195

Triazepine-2,4-dione nucleoside, 279

Triazine, nitrenium ions based on, 212

1,3,5-Triazine-2,4,6-trinitrene, photo-

fragmentation of, 309

Triazolium ions, 212

Triazolopyridazine, 297

Trifluoroacetamide, 375

Trifluoroacetate, 425, 427

Trifluoroacetic acid (TFA), 375, 414, 426

Trifluoroacetoxyamidation

iodine(III)-mediated cyclization via, 422–

423, 424

of unsaturated N-acylaminophthalimides,

435–436

Trifluoroethanol, 391

Trimethylpyridinium salts, 139

Trimethylsilyl triflate (TMSOTf), 412

Triphenylmethyl radicals, 183

Triplet 4-ethoxyphenyl nitrenium ion, 237

Triplet 4-methoxyphenyl nitrenium ion, 237

Triplet alkyl nitrene formation, 169, 185–

186

Triplet alkyl nitrenes, x, 167–189

hydrogen atom abstraction by, 178–179

oxygen trapping of, 179–180

reactivity of, 186

in solution, 173–176

solution reactivity of, 176–178

stability of, 178

Triplet aryl nitrene protonation, 141

Triplet benzoxy nitrene, 175

Triplet benzoyl nitrene, electronic structure

of, 501–502

Triplet carbonyl nitrene reactions, 495

Triplet-derived products, 140

Triplet energy transfer, 181–182

Triplet free energy surface, 538–540

Triplet ground state, 194, 210, 495

phenyl nitrene, 317

Triplet ground-state nitrenes, 40, 44, 45

Triplet ground states, 192

Triplet ketone, electron configuration

of, 182

Triplet methyl nitrene, 171

Triplet N2, 58–59

Triplet nitrene(s), 35, 49, 87, 174–175,

292–293, 305, 306, 327, 469, 495–496,

514, 528, 540, 541

as building blocks for high-spin

assemblies, 168

cryogenic matrices in, 46

destabilized, 178, 179

ZFS parameters of, 326

Triplet nitrene detection, 537

Triplet nitrene intermediates, 167–168

Triplet nitrene lifetime (t), 537

Triplet nitrenium ion, 208–209

Triplet peroxy radicals, 180

Triplet phenyl nitrene (3PhN), 454, 457, 470

Triplet phenyl nitrene derivatives, 180

Triplet phenyl nitrene states, 37–38

Triplet p-nitrophenyl nitrene, 175

Triplets, ground-state, 350

Triplet sensitization, 171, 185–186

Triplet-sensitized photolysis, 135, 208

of azidoalkanes, 171–173, 173–185

of carbonyl azides, 492–493

of diazidoalkane, 172–173

Triplet sensitizers, 494

Triplet species, intramolecular 5-exo-trig

cyclization of, 364

Triplet stabilization, 208

Triplet-state nitrenium ion, 362

Triplet states, 349

electronic configurations of, 353

excited, 57

Triplet tosyl nitrenes, 524, 525, 528

Triradical open-shell states, 323

Triradicals, 318–319

Tris-tert-butylphenyl azide, 281
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Tryptophan, 94–95

Two-pulse nanosecond TR3

experiment, 219, 220. See also

Nanosecond TR3 spectroscopy

Two-pulse picosecond TR3

spectrometer, 222

2-substituted indoles, 383

2-substituted pyroglutamate

derivatives, 405

Type I ring opening, 285

to nitrile ylides, 285–298

Type II ring opening, 285

to nitrenes/diradicals, 298–309

Tyrocidine synthesis, 107

Ultrafast electronic spectroscopy, 13

Ultrafast infrared (IR) studies, 12–16

Ultrafast laser flash photolysis (LFP), 4, 9–10

of para-biphenylyl azide, 17–18

of 1-naphthylazide, 7, 8

Ultrafast photolysis, 5

of 1-chloro-2-naphthyl azide, 21

of 2-fluorenyl azide, 24–25

of phenyl azide, 22

Ultrafast spectroscopy, 17

Ultrafast time-resolved resonance Raman

(TR3) spectroscopy, 221–222

Ultrafast time-resolved spectroscopy, 3

Ultrafast time-resolved studies, of aryl azide

photochemistry, 1–31

Ultrafast time-resolved UV–Vis

spectroscopic methods, 27

Ultrafast transient absorption

spectroscopy, 3

Ultrafast UV–Vis spectroscopy, 14, 15, 27

Ultrafast UV–Vis studies, 4–12, 13, 15

Ultraviolet (UV) excitation, 4. See also

UV–Vis entries

of alkoxyphenyl azides, 235

Ultraviolet (UV) irradiation, of

nitrenes, 328, 329, 330

Ultraviolet (UV) photoexcitation, 16

Unimolecular rearrangements, 170–171

Unrestricted density functional theory

(UDFT), 43

Unsaturated chloramines, 365

Unsaturated N-acylaminophthalimides,

iodine(III)-mediated intramolecular

trifluoroacetoxyamidation of, 435–436

Unsaturated N-chloramines, cyclization

of, 362–369

Unsaturated O-alkyl hydroxamates, iodine

(III)-mediated intramolecular

oxamidation of, 428–429

Unsymmetrical substitution, 328

UV–Vis spectroscopy, 203. See also

Ultraviolet (UV) entries

ultrafast, 14, 15, 27

UV–Vis studies, ultrafast, 4–12, 13, 15

Vacuum pyrolysis, of diphenylphosphinyl

azide, 531

Valence shell electron pair repulsion

(VSEPR), 194

Vertical excitations, 60

Vibrational bands, 238

Vibrational cooling (VC), 6, 9, 25,

506

Vibrational frequencies, 232, 233, 237

transient resonance Raman, 237–238

Vibrational modes, 56

nitrogen-atom related, 252–253

Vibrational spectra, 218

Vibronic coupling, 45

Vinyl azides, structure and photochemistry

of, 57

Vinyl cation, 424, 425

Vinyl nitrenium ions, 199–200

2-Vinylpyridines, 277

4-Vinyl substituents, effects on kinetic

stabilities, 136

Vitamin D3, 99–100
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Wolff rearrangement, 509, 510

Ylides

blue, 288

cyclic nitrile, 281–284, 310–311

nitrile, 290, 291, 293, 294, 295, 296

Ylide-type product, 455

Yukana–Tsuno correlation, 143

Zero-field splitting (ZFS) parameters, 325,

326, 333

of quartet species, 339

of triplet nitrenes, 326

Z-nitrile ylide, 296

Zwitterionic azirine character, 41

Zwitterionic intermediate, 417–418

Zwitterionic nitrenium ion, 415–416

Zwitterions/p(N) radical, 323
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