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NMR and Mössbauer spectroscopy, 298–300

quantum-chemical calculations, 300–301

reference compounds, 296–297

Polycyclic aromatic hydrocarbons (PAHs), stable

ion chemistry

benzo[a]anthracenium BA cations, 254–256

benzo[c]phenanthrenium/benzo[g]chrysenium

cations, 256–260

biological applications, 239–241

1,6- and 1,8-bis(diphenylmethylenium)pyrene

dications, 263–265

carboxonium-substituted pyrenium ion,

265–268

chrysenium ions, 252–254

cyclopenta[a]phenanthrenium cations,

246–251

dihydrocyclobuta[3]pyrenium ions, 269

dihydropyrenium(ethanophenanthrenium)

cations, 260–261

fluoranthrene carbocations, 272–274

future research issues, 274–275

methylene-bridged PAH-arenium ions,

269–272

phenanthrenium ions, 242–244

protocols, 241–242

protonation, 241

(1-pyrenyl)diphenylmethyl cation, 263–265

regioisomeric a-pyrenyl-substituted

carbocations, 261–263

regioisomeric carbocations, a-phenanthrenyl-

substituted carbocations and carboxonium

ions, 244–246

research background, 238–239

Polyfluorinated carbocations

chemical properties and synthetic applications,

193–208

electrophiles, 201–208

isomeric tranasformations, 193–201

NMR data, 178–185

research perspective, 159–160

stability properties, 185–192

structure and generation, 160–177

INDEX 389



Potential energy surfaces

cationic p-cyclization reactions, 151–152

hydrogen/deuterium exchange, small alkanes,

DF-SbF5, 324–325

neutral carbocationic analogs, zwitterionic

viability, 51

Protonated cyclopropane intermediates, fast rear-

rangement reactions, 215–218

Proton exchange reactions, strong acids and alkanes

methane-ethane, 311–319

hydrogen/deuterium exchange, liquid acids,

311–317

FSO3H-based superacids, 313

HF-based superacids, 313–317

sulfuric acid, 311–313

hydrogen/deuterium exchange, solid acids,

317–319

research background, 309–311

small alkanes, two-plus carbon atoms, 319–328

hydrogen/deuterium exchange

liquid acids, 319–325

solid acids, 326–328

hydrogen/deuterium exchange liquid acids

DF-SbF5, 323–325

DSO3F-SbF5, 323

fluorosulfonic acid, 321–323

sulfuric acid, 319–320

triflic acid, 320–321

Proton exchange transition state, hydrogen/

deuterium exchange, methane-ethane,

sulfuric acid, 312

Pyramidane, neutral carbocationic analogs,

carbene-Lewis acid complexes, 61–62

Pyrenium ions

carboxonium-substituted ions, 265–268

dihydrocyclobuta[e]pyrenium ions, 269

(1-Pyrenyl)diphenylmethyl cation, polycyclic

aromatic hydrocarbons, 263

a-Pyrenyl-substituted carbocations, polycyclic

aromatic hydrocarbons, 261–263

Quantum chemical studies

aurophilicity principles, 293

isotopic perturbation, carbocations, 232–234

polyaurated carbocations, 300–301

polyfluorinated carbocations, stability

parameters, 186–192

Quenching mechanisms

long-lived carbocations, arenium ion structure

and reactivity, 138–140

polycyclic aromatic hydrocarbons

cyclopenta[a]phenanthrenium cations, 251

future research, 274–275

Quinine, superacid-catalyzed rearrangement,

373–374

QUIVER program, isotopic perturbation, carbo-

cations, 224–234

Radialene derivatives, zwitter anionic carbocation

analogs, 64–67

Raman spectroscopy, arenium ion structure and

reactivity, 128–140

Rate constants, electrophilicity scales, carboca-

tions, 336–345

Reactivity parameters, electrophilicity scales,

carbocations, 339–345

Reactivity-selectivity principle, long-lived carbo-

cations, arenium ion structure and

reactivity, 131–140

Reference compounds, gold carbocations,

296–297

Regioisomeric carbocations

carboxonium-substituted pyrenium ion,

265–268

persistent ArCþ(R)CF3 carbocations, 264–265

polycyclic aromatic hydrocarbons,

a-phenanthrenyl-substituted carbocations,

244–246

a-pyrenyl-substituted carbocations, 261–263

Regioselective chlorination, polyfluorinated

carbocations, 170–177

Resonance position

polycyclic aromatic hydrocarbons,

cyclopenta[a]phenanthrenium cations,

251

polyfluorinated carbocations, 160–161,

183–185

stability parameters, 186–192

Resonance stabilization energies (RSE), cyclo-

pentadienyl free radical aromaticity and

antiaromaticity, 115–120

RF-BF3 complexes, long-lived alkyl cations,

10–15

Rhodizonate, zwitter anionic carbocation analogs,

65–67

Ring expansion

7-benzonorbornenyl cation, 286–287

cyclobutylmethyl cations, long-lived structure,

83–86

policyclic aromatic hydrocarbons, chrysenium

ions, 255–256

‘‘Rule of eight’’ valence electrons, carbocation

chemistry, 28–29

Salt effect, solvolytic studies of indenyl and

fluorenyl cations, 112–113

390 INDEX



Secondary isotope effect, cyclopentadienyl car-

bocations, 108–111

Secondary kinetic isotope effects (SKIEs),

hydrogen/deuterium exchange, methane-

ethane, HF-based superacids, 313–317

Seven-coordinate carbocations, chemical proper-

ties, 30–38

s basicity

hydrogen/deuterium exchange, small alkanes,

DF-SbF5, 323–325

superacid-alkane proton exchange reactions,

310–311

s C-C bonds

cyclopropylmethyl cations, 78

3-spirocyclopropyl-2-norbornyl cations, 81

zwitterionic carbocations, basic properties,

44

Sigmatropic rearrangements, long-lived carboca-

tions

arenium ion structure and reactivity, 136–140

nonarenium carbocation structure and

reactivity, 145–148

[1,5]-sigmatropic rearrangement, cyclopentadi-

enyl carbocations, 109–110

[3,3]-sigmatropic rearrangement, cyclopentadi-

enyl carbocations, 109–110

Six-coordinate carbocations, chemical properties,

30–38

Six-membered ring structures, indenyl and fluor-

enyl cations, 113

Skeletal rearrangements, carbocations, nonclassi-

cal ion structure, 19–25

Solid acids

carbocation chemistry, superacids, 17

hydrogen/deuterium exchange

methane-ethane complexes, 317–319

small alkanes, 326–328

Solvent effect, indenyl and fluorenyl cations,

112–113

Solvolysis

allyl cations, fast rearrangement reactions,

220–221

2-benzonorbornenyl cation, 285–286

cyclopentadienyl carbocations, 106–111

electrophilicity scales, carbocations, 334–335

indenyl and fluorenyl cations, 111–113

polycyclic aromatic hydrocarbons,

cyclopenta[a]phenanthrenium cations, 251

Spin saturation transfer, long-lived carbocations,

127–128

arenium ion structure and reactivity, 130–140

3-Spirocyclopropyl-2-bicyclo[2.2.2]octyl cation,

structure and properties, 81–82

3-Spirocyclopropyl-2-norbornyl cations, structure

and properties, 80–81

Splitting effects, isotopic perturbation, carboca-

tions, 224–234

Square pyramidal structures, cyclopentadienyl

carbocations, 105–111

Stable ion chemistry

2-benzonorbornenyl cation, 285–286

chromium tricarbonyl carbocations, 281–282

electrophilicity scales, carbocations, 331–334

polycyclic aromatic hydrocarbons (PAHs)

benzo[a]anthracenium BA cations,

254–256

benzo[c]phenanthrenium/

benzo[g]chrysenium cations, 256–260

biological applications, 239–241

1,6- and 1,8-

bis(diphenylmethylenium)pyrene

dications, 263–265

carboxonium-substituted pyrenium ion,

265–268

chrysenium ions, 252–254

cyclopenta[a]phenanthrenium cations,

246–251

dihydrocyclobuta[3]pyrenium ions, 269

dihydropyrenium(ethanophenanthrenium)

cations, 260–261

fluoranthrene carbocations, 272–274

future research issues, 274–275

methylene-bridged PAH-arenium ions,

269–272

phenanthrenium ions, 242–244

protocols, 241–242

protonation, 241

(1-pyrenyl)diphenylmethyl cation,

263–265

regioisomeric a-phenanthrenyl-substituted

carbocations and carboxonium ions,

244–246

regioisomeric a-pyrenyl-substituted

carbocations, 261–263

research background, 238–239

polyfluorinated carbocations, 185–192

Stable ion conditions, carbocation chemistry,

18–19

Stereochemical studies, carbocations, early

research, 8–10

Sterically crowded carbocations, 75–77

2-(adamantylidenemethyl)-2-admantyl cation,

76–77

1,10-diadamantylbenzyl cations, 75–76

tris(1-naphthyl)- and tris(2-naphthyl)methyl

cations, 77

INDEX 391



Steric hindrance

carboxonium-substituted pyrenium ion,

267–268

electrophilicity scales, carbocations,

347–352

polycyclic aromatic hydrocarbons,

benzannelation, 257–260

polyfluorinated carbocations, 170–177

Structure-reactivity relations, long-lived carboca-

tions, nonarenium carbocation structure

and reactivity, 142–148

Sulfur deltate oxocarbon analog, zwitter anionic

carbocation analogs, 66–67

Sulfur dioxide, carbocation chemistry , 2–6

Sulfuric acid, hydrogen/deuterium exchange

methane-ethane, 311–313

small alkanes, 319–320

Sulfur ylides, methane carbon auration, 295

SO3, neutral carbocationic analogs, remote H

replacement, 51–52

Superacids

alkanes, proton exchange reactions

methane-ethane, 311–319

hydrogen/deuterium exchange, liquid

acids, 311–317

FSO3H-based superacids, 313

HF-based superacids, 313–317

sulfuric acid, 311–313

hydrogen/deuterium exchange, solid acids,

317–319

research background, 309–311

small alkanes, two-plus carbon atoms,

319–328

hydrogen/deuterium exchange

liquid acids, 319–325

DF-SbF5, 323–325

DSO3F-SbF5, 323

fluorosulfonic acid, 321–323

sulfuric acid, 319–320

triflic acid, 320–321

solid acids, 326–328

arenium ion structure and reactivity, 128–140

carbocation chemistry, 15–17

cyclobutylmethyl cations, long-lived structure,

83–86

hypercoordinate carbocations, 34–38

isotopic perturbation, carbocations, 229–234

organic synthesis

electrophilic hydroxylation

aromatic amines, 367

indoles and alkaloids, 367–370

fluorination and ionic hydrogenation,

alkaloids, 370–373

nonactivated carbon-hydrogen bond

functionalization, 360–367

acyclic ketones, imines, and amides,

360–363

cyclic ketone carbonylation

(carboxylation), 363–364

polycyclic ketone dehydrogenation to

dienones, 364–367

quinine rearrangement, 373–374

polyfluorinated carbocations, 162–163

electrophile properties, 207–208

isomeric transformations, 194–201

Superelectrophiles, long-lived carbocations,

phenol/Lewis acid complexes, 141

Symmetric geometry, a-ketol rearrangements,

57–59

Syn-diol epoxides, polycyclic aromatic hydrocar-

bons, cyclopenta[a]phenanthrenium

cations, 246–251

Syn-metal complexes, 2-benzonorbornenyl cation,

285–286

Synthetic processes, polyfluorinated carbocations

electrophiles, 201–208

isomeric transformations, 193–201

Synthons, long-lived carbocations, phenol/Lewis

acid complexes, 141

TEMPO reactions, cyclopentadienyl free radical

aromaticity and antiaromaticity, 116–120

Tertiary carbocation, 1,3-hydride shifts, 218–219

1,1,3,3-Tetracyclopropyl-1,3-propanediyl dica-

tion, structure and classification, 93–96

Tetragoldmethanes, auration principles,

293–294

Tetranuclear cations, heteroleptic gold carboca-

tions, 297

Tetravalent structure, carbocations, 27–29

Three-membered ring structures, zwitter anionic

carbocation analogs, 64–67

Toponondegenerate rearrangement, long-lived

carbocations, 144

Trans-isomers

allyl cations, fast rearrangement reactions,

220–221

polyfluorinated carbocations, 185

Triarylcarbenium salts, ‘‘neutral’’ carbocationic

analogs, 46–48

Triarylphosphine complexes, polyaurated carbo-

cations, spectroscopic data, 298–299

Triaxane-2-methyl cation, structure and proper-

ties, 79–80

Tricyclanes, carbocations, nonclassical ion struc-

ture, 19–25

392 INDEX



Triflic acid/hydroden/deuterium exchange, small

alkanes, 320–321

Trinuclear cations, heteroleptic gold carbocations,

297

Triphenylmethyl cations, early studies, 8

Tris(1-naphthyl)-methyl cations, steric

hindrance, 77

Tris(2-naphthyl)methyl cations, steric hindrance,

77

Tritylium ions, electrophilicity scales, carboca-

tions, 344–345

Trivalent carbocations, Koch-Haaf reactions,

36–38

Tropylium ions, carbocation analogs, 44

Van’t Hoff structure, polyaurated carbocations,

quantum chemical calculations, 300

Wagner-Meerwein rearrangement

carbocation chemistry, historical perspective,

2–6

protonated cyclopropane intermediates,

215–218

Water reactions, cyclopentadienyl free radical

aromaticity and antiaromaticity, 119–120

Wolff rearrangement, cyclopentadienyl free

radical aromaticity and antiaromaticity,

117–120

Woodward-Hoffmann rules, long-lived carboca-

tions, arenium ion structure and reactivity,

136–140

X-ray diffraction

arenium ion structure and reactivity, 128–140

cyclopentadienyl carbocations, 109–111

high-coordinate carbocations, 30–38

isotopic perturbation, carbocations, 229–234

long-lived carbocations, nonarenium

carbocation structure and reactivity,

142–148

neutral carbocationic analogs

CHþ carbocation, isoelectronic BH

substitution, 54–57

positive/negative organic fragment

stabilization, 53–54

Zeolites, hydrogen/deuterium exchange, methane-

ethane complexes, solid acids, 317–319

Ziegler-Natta polymerization, hypercoordinate

carbocations, 38–39

Zwitterionic carbocations

‘‘anionic’’ carbocation analogs, 64–67

neutral carbocationic analogs

carbene-Lewis acid complexes, 59–62

delocalized carbanion stabilization, 52–53

formation strategies, 49–50

isoelectric BH substitution of CHþ, 54–57

a-ketol rearrangement symmetric geometry,

57–59

Lewis acid complexes, 62–64

negative anion delocalization, remote H

replacement, 51–52

nonclassical analogs, 45–48

research background, 44

stabilized positive/negative organic fragment

links, 53–54

structure and properties, 45–51

long carbon-carbon bonds, 48–49

zwitterionic analogs, 49–50

zwitterionic viability, computational

criteria, 50–51

research background, 44

INDEX 393


