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AMI, 416, 421
potential energy surfaces, 421
SRP method, 417
Amine-catalyzed aldo reactions, 316
examples, 316
Amines
C—H bond, 220
Ammonia
electron density, 27
reaction with formylketene, 173
Anharmonicity effects
cyclopropane, 71
Anh-Eisenstein model
attack predictions, 311
nucleophile position, 312
Anh-Eisenstein procedure, 303
Anh—Eisenstein variations, 304
Anion
creation, 295
organic reactions, 279-335
aldol reaction in water
catalysis, 330-333
amine-catalyzed intermolecular
aldol reactions, 318—-323
asymmetric induction
via 1,2-addition to carbonyl
compounds, 301-313
asymmetric organocatalysis
of aldol reactions, 314-317
gas phase SN2 reaction, 280-289
Mannich reaction, 327-329
nucleophilic substitution at
heteroatoms, 290—-295
proline-catalyzed intramolecular
aldol reactions, 324-326
solvent effects on Sy2 reactions,
296-300
substitution reactions, 279-295
photoelectron spectrum, 236
Annelated benzenes
localization of, 97
Annulene isomers, 87
geometries, 89
relative energies, 88
ANO. See Atomic natural orbital (ANO)
basis sets
Anti and syn transition states
energy difference between, 311
AO. See Atomic orbital (AO)

Aqueous Diels—Alder reactions, 355-361
Aromatic compounds
computational evaluation, 77
magnetic properties, 81
stabilization energy, 76
Aromatic configuration
Slater determinants, 135
Aromatic effects, 78
Aromatic hydrocarbons
polycyclic, 258
Aromaticity, 104
definition, 104
history of, 105
organic chemistry, 76—103
aromatic compound case studies,
87-103
ASE, 77-82
NICS, 81-87
o-aromaticity, 74-75
Aromatic Mobius annulene, 95
Aromatic molecules
NICS, 83
Aromatic rings
reaction energies, 262
Aromatic stabilization energy (ASE)
benzene, 80
evaluation, 79
homodesmotic reactions, 92
toluene, 80
Aryl nitrenes
chemistry development, 213
ASE. See Aromatic stabilization energy
(ASE)
Asymmetric organocatalysis of aldol
reactions
anions in organic reactions, 314-317
aldol reaction in water catalysis,
330-333
amine-catalyzed intermolecular aldol
reactions, 318-323
Mannich reaction, 327-329
proline-catalyzed intramolecular
aldol reactions, 324—-326
Atomic natural orbital (ANO) basis sets, 77
Atomic orbital (AO), 4, 5, 8, 28
schematic of, 217
Atoms-in-molecules, 29
A-T pairs, 395
interaction energy, 397



B3LYP, 24
Baldwin’s rules, 253, 254
Base pairs, 390-391
Basis functions
MOs, 8
Basis set superposition error (BSSE),
12, 124
BCCD energy, 156, 168, 251, 252
composite method, 158
bep. See Bond critical point (bep)
BDE. See Bond dissociation enthalpy
(BDE)
Benzanneleated species
bond alterations, 102
Benzene
antiaromatic bond alterations, 100
aromatic compounds, 76
ASE, 80
biradical characters, 241
chemical shifts of, 86
DFT, 399-400
DPE, 62-63
electron density, 27
hydrogenation of, 77
imaginary frequencies, 76
member rings of, 99
neutral bond alterations, 100
NICS, 85, 99, 176
polylithiated, 64
rings
endo bond lengths, 98
exo bond lengths, 98
Benzocyclobutenylidene, 31
Benzyne, 238-253
DFT, 245
reactivity, 250-253
relative energies, 241-246
singlet-triplet gap, 250—253
structure, 246—-249
theoretical considerations, 238-241
Bergman cyclization, 118, 148—-170,
151, 238, 290
activation energy, 158
body temperature, 164
computed energies, 156—157
Cope rearrangement, 154
cyclic enediynes, 161-165
cyclization, 165
mechanisms, 165
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Myers—Saito, 165-170
NICS criteria, 160
parent Bergman cyclization, 153-161
pericyclic reactions, 148—170
prototype, 153
quantum calculations, 153
reaction energy, 158
theoretical considerations, 153
theory reproduction, 159
transition state, 160
Bicyclo[3.1.0]hex-2-ene, 430
Bimodal trajectory distribution, 429
Biradical separation energy (BSE), 242
Boltzmann distribution, 373-374
Bond. See specific type e.g. C—H bond
Bond critical point (bep), 72
Bond dissociation enthalpy (BDE)
Bordwell’s electrochemical values, 48
C—OMe bonds, 47
electron correlation, 45
experimental method, 46
organic chemistry
case studies, 4651
predicted method, 46
simple organic molecules, 44
Bond paths, 30
Borden, Weston Thatcher
interview, 190-193
Borden—Davidson rules, 191
Born equation, 351
Born Oppenheimer approximation, 3
Hamiltonian, 3
validity of, 3
Born—Oppenheimer molecular
dynamics, 418
Brauman’s gas-phase experiments, 288
Brillouin’s Theorem, 14, 17
Brillouin—Wigner CCSD, 237
Brueckner orbitals, 17
BSE. See Biradical separation energy (BSE)
BSSE. See Basis set superposition
error (BSSE)
Butadiene
with acrolein
Diels—Alder reaction, 360, 361
HOMO, 119
restriction, 123
Butenone
water, 359
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Caldera, 424
critical point, 429
Calichaemicin, 152
DNA cleavage, 295
mechanisms of actions, 151
Carbene, 207-266
benzynes, 238-253
chemistry, 221
intramolecular additions of radicals
to C—C double bonds, 253-265
cyclization of acyl-substituted
hexenyl radicals, 253-258
cyclization of hexadiene-5-yn-1-yl
radical, 258-263
methylene, 208
tetramethyleneethane, 231-237
Carbon
nucleophilic attacks, 302
nucleophilic substitution,
290, 291, 292
Carbon acids
gas-phase DPE, 52
Carbon basis sets
composition, 11
Carbon 13 kinetic isotope effect, 448
Carbonyl group
nucleophile, 301
Carbonyl oxygen
C—C bonds, 323
Carboxylic acid
acidic properties of, 58
acidity, 59, 61
alcohol, 58
derivatives, 279
Hajos—Parrish—Wiechert—Eder—Sauer
reaction, 326
CASPT2, 19
CASSCEF. See Complete active space SCF
(CASSCF)
Catalysis, 330
Catalytic antibodies
development, 315
C—C bond
aldol products, 332
aldol reaction, 321
carbonyl oxygen, 323
C—H bonds, 47
creation method, 314
Newman projection, 323

proline, 318
proton transfer, 331
proton transfers, 324
rotation angle, 303
CCD. See Coupled cluster doubles
(CCD) method
C—C double bonds
radicals to, 253-264
CCSD. See Coupled cluster single and
double (CCSD)
Centauric models, 144
Centaurs
cope rearrangement, 143—148
Chameleonic models, 145
Chameleon models, 144
Chameleons
cope rearrangement, 143—148
C—H bond
alkynyl, 56
amines, 220
Cieplak model, 307
cyclobutane, 74
cyclopropane, 74
homolytic of, 43
planar cyclobutane, 71
propane, 74
strainless, 73
Chemical shifts
benzene, 86
furan, 82
pyrrole, 82
Chemist’s Guide to Density Functional
Theory, 24
Chiral dideutrated cyclopropane,
432-433
Chloride
activation energies, 288
methyl reactions, 287
Chloroethanal reaction with lithium
hydride
optimized transition structures, 307
transition states, 308
Chloromethylene carbon, 412
Chloropropanal reaction with cyanide
optimized transitions states, 305
CI. See Configuration interaction (CI)
CID. See Collision induced dissociation
(CID); Configuration interaction
doubles (CID)



Cieplak model
C—H bond, 307
negative reaction, 306
Cieplak transition state
stabilization, 307
CISD. See Configuration interaction
singles and doubles (CISD)
Cizek coupled-cluster theory, 16—17
Classical molecular dynamics, 414
C—LG bond
nucleophilic attack, 286
Collision induced dissociation (CID),
241, 242
benzyne, 241
ortho-benzyne isomer, 245
Combustion, 258
Complete active space SCF (CASSCF)
critical points optimized geometries, 440
direct dynamics trajectory
computation, 441
electron configuration, 17-19
optimized structures, 437
phenylcarbene, 223
phenylnitrene, 223
theory, 17-19
Computed spectral properties
quantum mechanics, 30-37
IR spectroscopy, 30-37
nuclear magnetic resonance, 33-35
optical rotation, 35-37
optical rotatory dispersion, 35-37
Condon-Slater rules, 15
Configuration interaction (CI)
method, 15
wavefunction, 14
Configuration interaction doubles (CID), 15
Configuration interaction singles and
doubles (CISD), 15
Continuous diradical transition state, 424
Conventional ring strain energy (CRSE), 64
cyclobutane, 74
RSE, 69
Cope rearrangement, 133—148, 192
activation enthalpies, 141, 145
Bergman cyclization, 154
boat transition state geometries, 141
calculated activation enthalpies, 144
centaurs, 143—-148
chair transition state geometries, 141
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chameleons, 143148
computational results, 136—143
intermediate states, 138
nature of, 134
pericyclic, 140
representation of active space, 136
stereochemistry, 133
substitution states, 148
theoretical considerations, 135-136
transition state, 138, 140, 142, 143
COSMO approach, 320, 330, 331, 353,
383, 386
Counterpoise-corrected (CP), 12
potential energy surfaces
Diels—Alder reaction, 125
reaction comparison, 124
TS, 124
Coupled cluster doubles (CCD) method, 17
Coupled cluster singles and doubles
(CCSD), 17, 19, 21
Coupled cluster singles and doubles with
perturbative triples (CCSD(T)), 17, 19
Coupled-cluster theory, 16—17
CP. See Counterpoise-corrected (CP)
C-PCM, 298, 386, 387, 389, 390
Cramer, Christopher
interview, 397-400
CRSE. See Conventional ring strain
energy (CRSE)
Curie—Weiss plots, 236
Cyanide
reactions, 304
Cyclic alkanes
RSE estimates, 67
Cyclic enediynes, 161
DFT computations, 163
distances, 160
stabilities, 160
Cyclic enyne-allenes, 170
Cyclization
activation free energies, 169
acyl-substituted hexenyl radicals, 253-258
computed activated energies, 187
computed activation, 263
outward transition states, 188
rate constants, 187
reactions
activation energies, 254
relative energies, 257
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Cycloaddition reactions, 171
Cycloalkenes
isodesmic reactions, 67
Cyclobutadiene
MO diagram of, 18
NICS, 85
Cyclobutane
C—H bond, 71, 74
CRSE of, 74
RSE, 65, 70
surface delocalization, 75
Cyclobutene
activation energies, 182
HOMO, 180-182, 183
LUMO, 181
Cyclohexadiene
HOMO, 187
Cyclohexane
HOMO, 135
hydrogenation heat of, 77
NICS value, 83
Cyclohexanone
lithium hydride reaction, 308
optimized structures, 308
Cyclohexatriene molecule
gedanken molecule, 105
Cyclohexenes
MCPBA, 126
Cyclo-olefins
RSE estimates, 67
Cyclopentadiene
chemical shifts, 82
Diels—Alder reaction
with acrylonitrile or
butenone, 357
gas-phase free energy, 360
Cyclopentane
aromaticity, 75
Cyclopropanation reactions, 317
Cyclopropane
anharmonicity effects, 71
C—H bond, 74
DPE, 53
RSE, 65, 70, 73
stabilization, 74
stereomutation, 432—433
surface delocalization, 75
Cytosine tautomers, 378—379
lowest-energy structures, 379

relative energies, 379, 380
structure, 379, 380

Delocalization effects, 78
Density functional theory (DFT), 21-24,
51, 139, 245
acyclic enediynes, 163
benzenes, 399-400
cyclic enediynes, 163
delivery of, 283
Diels—Alder reaction, 143
energy solution, 22
exchange-correlation functionals, 23-24
theories, 23
Deprotonation energy (DPE), 50, 61
acetic acid, 51
acetone, 51
alkanes, 53
computational method, 50
cyclopropane, 53
formic acid, 61
free energy, 56
phenyllithium, 63
propane, 51
Deprotonation enthalpy
phenyl anion, 62
DFT. See Density functional theory (DFT)
D-glucopyranose, 376—377
D-glucose
computed populations, 374
computed relative energies, 372
low-energy configurations, 377
pentahydrate, 377
structure, 362, 370-371
Diazabicyclo[2.2.1]hept-2-ene
deazetization, 436
Dichloroketene
trajectory outcomes for reactions, 450
Didehydro-pyridines, 253
Dielectric medium
solute, 349
Diels—Alder reaction, 118—132,
120, 238
alternative mechanisms, 126
aqueous solution, 355-361
barriers, 174
butadiene with acrolein, 360, 361
concerted pathway, 128
CP potential energy surfaces, 125



cyclopentadiene
with acrylonitrile or butenone, 357
gas-phase free energy, 360
DFT methodology, 143
endo:exo product ratios, 357
enhanced in water, 356
ethylene
concerted reaction, 119-126
nonconcerted reaction, 126—128
hydrophobic effect, 356
isoprene with maleic anhydride, 355-356
KIE, 128-133, 130
pericyclic reaction, 180
pericyclic reactions, 118—132
reaction barriers, 125
Diels—Alder transition state
kinetic isotope effects, 128—133
Dimethylamine, 54
Dimethylcyclopropene, 54
Diphenylcarbene, 225
Diphenylketene
trajectory outcomes for reactions, 450
Diphenyl substitutions, 147
Dipole strengths
vibrational frequencies, 36
Diradicals and carbenes, 207-266
benzynes, 238—253
intramolecular additions of radicals
to C—C double bonds, 253-265
cyclization of acyl-substituted
hexenyl radicals, 253-258
cyclization of hexadiene-5-yn-1-yl
radical, 258-263
methylene, 208-212
phenylnitrene and phenylcarbene, 213231
tetramethyleneethane, 231-237
Direct dynamics, 416
Direct trajectories
in rotational vibration mode, 422
Direct trajectory, 423
Dissociation energies
cyclopropane, 72
propane, 72
Dissociation free energies, 355
DMSO (Onsager model), 316, 318, 319,
324, 325, 387
energies, 320
DNA cleavage
calichaemicin, 295
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Dodecahedrane, 54

DPE. See Deprotonation energy (DPE)
Dynamic electron correlation, 18
Dynamic matching, 422, 426

Electrocyclic reactions, 176
Electrocyclic ring opening
activation free energies, 179
Electrocyclization
active orbitals, 171
rotatory transition state, 188
Electron configuration
CASSCEF theory, 17-19
composite energy methods, 19-21
configuration interaction (CI), 14-17
coupled-cluster theory, 16—17
multiconfiguration SCF (MCSCF)
theory, 17-19
perturbation theory, 16
size consistency, 15-16
Electron distribution, 10
Electron donors
hydroxyl groups, 180
methyl groups, 180
Electrostatic attraction
halogens, 291
Endo-methyl analogue, 420
Enediyne. See Bergman cyclization
Enediyne drugs, 150, 152, 251
antibiotic activity, 250
antitumor activity, 250
Environmental and Molecular Sciences
Laboratory (ESML), 12
Enyne allene cyclization, 443—-444
Epoxide ring, 164
ESML. See Environmental and Molecular
Sciences Laboratory (ESML)
ESR
hyperfine coupling, 399-400
spectrum, 235-236, 237
studies, 209
Essential of Computational Chemistry, 1
Ethanol atomic charges, 59
Ethylamine, 54
Ethylene
Diels— Alder reaction
concerted reaction, 119-126
nonconcerted reaction, 126—128
isodesmic reaction, 78
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Ethylene glycol, 362—-363, 398—-399
computed gas-phase population, 365
computed gas-phase relative energies,

363
microsolvation, 366
optimized conformers, 363
water, 365-367

Ethylene with chloromethylenecarbene
reaction, 412

Euler’s method
ODE, 415

Exo-methyl substitution, 420

Experimental thermolysis, 169

Explicit trajectory analysis, 419

Fast trajectories, 422
Felkin— Anh model, 306
hydride prediction, 313
ketone reduction, 312
nucleophile, 314
Felkin—Anh rule, 314
Felkin’s model, 304
Fluorenylidene, 225
FluorophenylIntirene
rearrangement of, 228

FMO. See Frontier molecular orbit (FMO)

Formaldehyde
transition states, 305
Formic acid
atomic charges, 59
DPE, 61
Formylketene
ammonia, 173
reaction with water, 173
Free energy
deprotonation, 56
Friedel - Crafts alkylations, 317
Frontier molecular orbit (FMO)
development of, 336
schematic diagram, 180
theory, 307
Functional
definition, 21
Furan
chemical shifts, 82
RSE, 80

G2, 20
G2MP2, 20

Gas-phase barrier
reactions, 298
Gas-phase DPE
carbon acids, 52
Gas-phase ion dipole, 297
Gas phase Sy2 reaction, 280—-289
potential energy surface, 280
Gaussian-type orbital (GTO),
9, 10
GB. See Generalized Born (GB)
approximation
G-C pairs, 393, 394
interaction energy, 395
mono- and dihydrated pairs, 395
Gedanken molecule
cyclohexatriene molecule, 105
Generalized Born (GB) approximation,
398
Generalized gradient approximation
(GGA), 23-24, 158
Generic PES, 435
Geometry optimization, 24—-27
GGA. See Generalized gradient
approximation (GGA)
Ghost orbitals, 12
Glucopyranose, 376-377
Glucose, 362-370
computed populations, 374
computed relative energies, 372
low-energy configurations, 377
pentahydrate, 377
structure, 362, 370-371
Glycerol, 367-368
Goldstein’s experiments, 133
Gordon Conference, 264
Gross atomic population, 27
GTO. See Gaussian-type
orbital (GTO)
Guanine tautomers, 382—-383
relative energies, 383
structure, 383

Hajos—Parrish—Wiechert—Eder—Sauer
reaction, 324
carboxylic acid, 326
mechanistic possibilities, 325
proton transfer, 327
Halogens
electrostatic attraction, 291



Hamiltonian
Born—Oppenheimer approximation, 3
diagonalization, 14
Hamiltonian matrix
wavefunction, 14
Hamilton’s equations of motion, 414
Hartree Fock (HF) equation, 4
Hartree Fock (HF) method, 2—-13, 15
basis sets, 8—12
BDE, 44
configuration, 13
equations, 7
nonrelativistic mechanics, 2—3
One-electron wavefunction, 3—4
SCF, 8
SCF computations, 120
theory, development, 7
wavefunctions, 135
restricted vs. unrestricted, 7
Hartree—Fock—Roothaan algorithm, 6
Hartree—Fock—Roothaan procedure,
5-7
H—C—H angle
methylene, 210
triple methylene, 208-209, 210
Heart isomers
relative energies, 88
Heisenberg Uncertainty Principle, 411
Heptatriene
cope rearrangement, 440
Hessian matrix, 25, 26, 416
Hexadiene
Cope rearrangement, 134
Hexadiene-5-yn-1-yl radical
cyclization, 258-263
HF. See Hartree Fock (HF) equation
Highest occupied molecular order
(HOMO), 172
butadiene, 119
cyclobutene, 180—183
cyclohexadiene, 187
cyclohexane, 135
energy gap, 18
LUMO interaction, 307
nucleophile, 304
perturbation theory, 16
Hohenberg—Kohn existence theorem, 21
HOMO. See Highest occupied molecular
order (HOMO)
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Homodesmotic reactions, 66
ASEs, 92
RSE, 69
Homolytic cleavage, 43
Houk, Kendall
interview, 334-336
Houk’s torquoselectivity model, 181
Hiickel arrangement, 119
calculations, 433
rule, 87
theory, 232
Hund’s rule, 232
Hybrid solvation models
solvation computational approaches,
354
Hydride addition prediction
Felkin—Anh model, 313
Hydrocarbons
NICS, 84
Hydrogenation
benzene, 77
cyclohexane, 77
Hydrogen atoms
computational chemists, 152
Hydrogen-bonded base pairs, 391
vs. stacked arrangements, 394
structures, 393
Hydrolysis, 326
Mannich product, 328
Hydroxide with fluoromethane
PES for reaction, 441
Hydroxyl groups
electron donors, 180

Idarubicin, 190
Implicit solvent models
solvation computational approaches,
349-353
Indene—isoindene comparison, 81
Infrared (IR)
frequencies, 37
spectroscopy, 30-31
Infrared multiplephoton (IRMP), 438
Intermolecular proline-catalyzed aldol
reaction, 325
Interview
Christopher Cramer, 397-400
Daniel Singleton, 453-456
Henry Schaefer, 264—265
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Interview (Continued)
Kendall Houk, 334-336
Schleyer, Paul, 103-105
Weston Thatcher Borden, 190—193
Intramolecular vibrational energy
redistribution (IVR), 419
Intrinsic reaction coordinate (IRC),
26, 411
Introduction to Computational
Chemistry, 2
Ion-dipole complex, 280
energies, 282, 283, 286
geometries, 298
identity reactions, 299
relative energies, 294
transition states, 292
optimized geometries, 281
IR. See Infrared (IR)
IRC. See Intrinsic reaction coordinate
(IRC)
IRMP. See Infrared multiplephoton
(IRMP)
ISE. See Isomerization stabilization
energy (ISE) method
Isodesmic reaction
cycloalkenes, 67
ethylene, 78
hybridization, 78
RSE, 69
Isomerization stabilization energy (ISE)
method, 80
Isoprene with maleic anhydride
Diels—Alder reaction, 355-356
IVR. See Intramolecular vibrational energy
redistribution (IVR)

Journal of Computational Chemistry,
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Ketene
cycloaddition, 334
with cyclopentadiene, 447448
Ketone
comparison, 34
reduction
Felkin—Anh model, 312
KIE. See Kinetic isotope effects (KIE)
Kinetic control reactions, 257
Kinetic energy density, 24

Kinetic isotope effects (KIE), 128
Diels—Alder reaction, 129
comparisons, 130
cycloaddition, 131
prediction, 129
Kirkwood—Onsager model, 350

Laser flash photolysis, 230
LCAO. See Linear combination of atomic
orbitals (LCAO) approximation
LDA. See Local density approximation
(LDA)
Linear combination of atomic orbitals
(LCAO) approximation, 4—-5
Lithium hydride
Cieplak models, 310
energy transition state, 307
reaction, 308
computational study, 312
optimized geometries, 311
optimized transition states, 310, 313
Local density approximation (LDA), 23
Local spin density (LSD), 158
Local spin density approximation
(LSDA), 23
density derivatives, 24
Low-energy gas phase conformations, 376
Lowest unoccupied molecular orbit
(LUMO), 171, 172, 180, 183, 187
carbonyl, 304, 307, 309
cyclobutene, 181
interactions, 119
LSD. See Local spin density (LSD)
LSDA. See Local spin density
approximation (LSDA)
LUMO. See Lowest unoccupied
molecular orbit (LUMO)
LYP, 24

MAD. See Mean absolute
deviation (MAD)
Mannich product hydrolysis, 328
Mannich reaction, 315, 327
acetone, 328
aldol condensation, 328
aldol reactions, 327
anions organic reaction, 327-329
Masamune’s type I isomer
temperature increase, 90



MCPBA, 18, 36
cyclohexenes, 126
MCSCEF. See Multiconfiguration SCF
(MCSCEF) theory
MD. See Molecular dynamics (MD)
Mean absolute deviation (MAD), 32
BDE, 45
MELD program, 191
MEP. See Minimum energy path (MEP)
Meta dehydro carbon atoms, 241
Methoxide, 58
Methylene
computational chemistry, 208
H—C—H angle, 210
highest occupied orbitals, 208
MOs, 214
propane, 66
singlet, 209-213
singlet—triplet energy gaps
compilations, 211
singlet—triplet energy gaps, 212
theoretical considerations, 208
Methyl groups
electron donors, 180
Methyllithium, 310
Methyl reactions
chloride, 287
Microsolvation
solvation computational
approaches, 348
Microsolved thiolate—disulfide transition
states, 300
Mills—Nixon effect, 86
starphenylene, 101
validity of, 103
Mindless chemistry, 266
Minimum energy path (MEP), 26, 411, 412,
413, 446, 450, 451
MO. See Molecular orbitals (MO)
Mobius annulenes
optimized structures of, 94
Mobius orbitals, 117
Mobius topology, 94
Model transition state rotation energy
surface
H™ reaction with 2-chloropropanal,
303
Modern Molecular Orbital Theory for
Organic Chemists, 191
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Modern Quantum Chemistry: Introduction
to Advanced electronic Structure
Theory, 2

Molecular dynamics (MD), 411, 413, 414

trajectories, 416, 428
computations, 414-418
integrating equations of motion,

414-415
initial conditions, 417
PES selection, 416

Molecular orbitals (MO), 4, 153,
154, 216

basis functions, 8

diagonal elements, 6

diagram, 13, 119
cyclobutadiene, 18

energy, 6

high-lying, 240

LCAO approximation, 5

tetramethyleneethane, 234

methylene, 214

model, 183

silyl substituents, 183

theory, 215

Mgller—Plesset perturbation theory, 16, 20,
21, 137

MP. See Mgller—Plesset (MP1)
perturbation theory

MRAQCC. See Multireference averaged
quadratic coupled cluster
(MRAQCC)

Mukaiyama—Michael reactions, 317

Mulliken charge, 358—359

Mulliken Population, 28

Multiconfiguration SCF (MCSCF) theory

electron configuration, 17-19

post-Hartree—Fock methods, 17—19

Multireference averaged quadratic coupled
cluster (MRAQCC), 120

Myers—Saito cyclization, 165

Bergman cyclization, 165

bulky groups, 169

computational methodology, 166

computed energies, 168

phenyl groups, 169

vs. Schmittel cyclization, 166

Myers—Saito transition

products, 167

states, 167
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Natural Population Analysis (NPA) of
Weinhold, 28
Nazarov cyclization, 185
NBMO. See Nonbonding molecular
orbitals (NBMOs)
NDDO, 416
Neocarzinostatin (NSC), 149
Neocarzinostatin chromophore, 149
mechanism of action, 165
Net atom population, 28
Newman projection
C—C bond, 323
Newton’s equations of motion, 414
NICS. See Nucleus-independent chemical
shift (NICS)
Nitrenes, 220
Nitrogen
nucleophile substitution, 290
NMR. See Nuclear magnetic resonance
(NMR)
Nodal, 143
positions, 146
substituents, 146
Nonbonding molecular orbitals
(NBMOs), 232
molecular orbitals, 233
Nondynamic electron correlation, 18
Noninteracting electrons, 23
Non-MEP path, 413
Nonstatistical dynamics, 413
NPA. See Natural Population Analysis
(NPA) of Weinhold
NSC. See Neocarzinostatin (NSC)
Nuclear magnetic resonance (NMR), 30
spectroscopy, 33
Nucleic acid, 378-396
bases, 378—-389
pairs, 390-396
solution-phase organic chemistry, 378—-396
stacking energy, 392
Nucleophile
alternative attacks, 289
carbonyl group, 301
substitution
addition—elimination mechanism
potential energy surface, 294
carbon, 290, 291, 292
nitrogen, 290
sulfur, 294

Nucleus-independent chemical shift
(NICS), 104
adamantane, 83
aromaticity, 81-87
aromatic molecules, 83
benzene, 85, 99, 176
Bergman cyclization transition
state, 160
cyclobutadiene, 85
cyclohexane, 83
evaluation of, 83
hydrocarbons, 84
Numerical integration method, 414

ODE. See Ordinary differential equations
(ODE)
O—H bond
BDE
computed oximes, 49
experimental oximes, 49
unhindered oximes, 48
One-electron wavefunction
Hartree—Fock method, 3—4
Onsager model, 316, 318, 319, 324,
325, 387
energies, 320
Optical rotation disagrees
compounds, 35
Optical rotatory dispersion (ORD), 35
spectra, 30
Orbital-symmetry, 153
ORD. See Optical rotatory dispersion
(ORD)
Ordinary differential equations (ODE)
Euler’s method, 415
integration, 414
Organic chemistry
acidity, 50—64
case studies, 53—64
aromatic compound case studies,
87-103
aromaticity, 76—103
ASE, 77-81
NICS, 81-87
BDE, 43-50
case studies, 46—50
complex synthesis, 148
computational chemistry, 105
fundamentals, 43105



quantum mechanics for, 1-30
RSE, 64-76
cyclobutane, 70—-76
cyclopropane, 70-76
Organic reaction
dynamics, 411-456
mechanistic understanding, 280
with nonstatistical dynamics
caldera, 423-434
concerted surface, 451
concerted vs. diradical mechanisms,
423-434
crossing ridges, 442-450
entrance into intermediates from
above, 435-437
local minimal avoidance, 438—-441
sigmatropic rearrangement of
bicyclo[3.2.0]hex-2-ene,
420-422
stepwise reaction, 451
with nonstatistical dynamics examples,
420-450
Organocatalyzed condensations
aldol, 320
Organolithium compounds, 62
geometries, 62
Ortho-benzyne isomer
CID, 245
Ortho carbons, 229
Ortho fluorine, 229
substitution, 226
Ortho isomer, 239
Ortho position phenylnitrene, 230
Ortho ring carbon atoms, 231
Ortho substituents, 229
Overlap population, 28
Oxetane RSE, 65

Pauli exclusion principle, 4

Pauling resonance model, 97

PCM. See Polarized continuum model

(PCM)

Pentahydrate
D-glucose, 377

Pericyclic reaction, 117-193, 424
Bergman cyclization, 148—170
computational studies, 335
cope rearrangement, 133—-148
Diels—Alder reaction, 118-132, 180
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pseudopericyclic reactions,
170-177
torquoselectivity, 177—194
Persistent intramolecular hydrogen
bonding, 376
Perturbation theory, 128
electron configuration, 16
post-Hartree—Fock methods, 16
PES. See Potential energy surface (PES)
Phenyl anion
deprotonation enthalpy, 62
Phenylcarbene, 213-231
CASSCEF, 223
expansion, 221
ring expansion, 221-226
singlet—triplet energy gap, 217
substituent effects on rearrangement,
226-230
Phenyl groups
Myers—Saito cyclization, 169
Schmittel cyclization, 169
Phenyllithium
DPE, 63
Phenylnitrene, 213-231
CASSCEF, 223
electronic structure understanding, 215
intermolecular chemistry, 213, 214
ortho position, 230
ring expansion, 221-226
singlet state, 219
singlet—triplet energy gap, 218
substituent effects on rearrangement,
226-230
triplet state, 219
UHF orbitals, 218
Photolysis, 223
Planar benzene
imaginary frequencies, 76
Planar cyclobutane
C—H bonds, 71
Planar transition states
pseudopericyclic mechanisms, 174
Plank’s constant, 2
PM3 potential energy surfaces, 421
Poisson equation, 350-351
Polarized continuum model (PCM), 299,
300, 324, 351, 352, 353, 354, 360, 361
solvation techniques, 301
Polycyclic aromatic hydrocarbons, 258
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Polylithiated benzene
free energies for the deprotonation, 64
Population analysis
quantum mechanics
topological electron density
analysis, 29
Post-Hartree —Fock methods, 12-22
Cl, 14-17
composite energy methods, 19-21
coupled-cluster theory, 16—17
MCSCEF theory, 17-19
perturbation theory, 16
size consistency, 15-16
Potential energy surface (PES), 3, 282,
284, 285, 412, 413
CCSD, 91
comparison of surfaces, 248
computational method, 281
using high-level QM methods, 416
contour plot, 425
CP, 125, 427, 439
geometries, 431
structures, 434
Diels—Alder reaction, 125
direct dynamics trajectories, 439
generic caldera, 425
intrinsic reaction coordinate, 442
nature, 293
PM3, 421
qualitative, 446
selection, 411
spectrum, 265
structures, 296
study, 265
topology, 285
Product ratios
time-dependent, 428
Proline

catalyzed Mannich and aldol reactions, 327

C—C bond, 318
Propanal reaction with sodium hydride
optimized TS, 306
Propane
bond energies, 73
C—H bond, 74
dissociation energies, 72
DPE, 51
methylene, 66
solvent effect, 358

Propanediol
optimized low-energy conformers, 268
Propanetriol
conformers, 369
low-lying, 268
Propargyl proton, 57
Protonated pinacolyl alcohol
rearrangement optimized geometries, 451
Proton transfer
Hajos—Parrish—Wiechert—Eder—Sauer
reaction, 327
Pseudopericyclic reactions, 170—177
PWOI, 24
Pyridine, 226
Pyrolysis, 175
Pyrrole
chemical shifts, 82

Quadratic configuration interaction
singles and doubles (QCISD), 17
Quantum mechanics (QM)
computed spectral properties, 30—-37
IR spectroscopy, 30-37
nuclear magnetic resonance, 33—-35
optical rotation, 35-37
optical rotatory dispersion, 35-37
geometry optimization, 24—27
method, 416
organic molecules, 1
population analysis, 27-30
orbital based population methods,
27-28
topological electron density
analysis, 29
treatment, ab initio, 417
Quantum mechanics/molecular mechanics
(QM/MM) procedure, 21

Radicals
chemistry of, 207
cyclization, 256
Rayleigh—Schrodinger perturbation
theory, 16
Reaction coordinate, 443
Reaction energy
computed activation, 260
diagram, 331, 333
Reaction surface
optimized critical points, 284
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Reactive intermediates, 207
Reactive trajectories in phase
space, 419
Reference energy, 79
Reference wavefunction, 142
Relative activation enthalpies, 189
Resonance effects, 78
Resonance energy
Pauling—Wheland definition, 78
Restricted DFT method, 45
Restricted RHF method
Retro-Diels—Alder reaction, 423
Rice—Ramsperger—Kassel —-Marcus
(RRKM), 413
theory, 411, 419
short-lived trajectories, 422
Ring opening
activation energies, 185, 186, 189
electronic control of, 184
Ring strain energy (RSE)
CRSE, 69
cyclic alkanes, 67
cyclobutane, 65
cyclo-olefins, 67
cyclopropane, 65, 73
decomposition, 74
furan, 80
interaction role of determining, 71
organic chemistry, 64—77
cyclobutane, 70-76
oxetane, 65
plots of, 69
reactions
group equivalent, 68
homodesmotic, 68, 69
isodesmic, 68, 69
Roothaan expression, 5

RRKM. See Rice—Ramsperger—Kassel—

Marcus (RRKM)
RSE. See Ring strain energy (RSE)
Runge—Kutta method, 415

Scaling factor, 31
SCF. See Self-consistent field (SCF)
Schaefer, Henry
interview, 264—265
Schleyer, Paul
interview, 103—-105
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Schmittel cyclization, 444
bulky groups, 169
computational methodology, 166
computed energies, 168
vs. Myers—Saito cyclization, 166
phenyl groups, 169

Schrddinger equation, 2
treatment of, 8
wavefunction, 3

SCIPCM study, 353, 375
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SCREF. See Self-consistent reaction field

(SCRF)
Self-consistent field (SCF), 4

Self-consistent reaction field (SCRF), 350

Semiclassical dynamics, 418

SIBL. See Strain-induced bond
localization (SIBL)

Sigmatropic rearrangement of
bicyclo[3.2.0]hex-2-ene

organic reactions with nonstatistical

dynamics, 420422

Silyl substituents

MO model, 183
Singleton, Daniel

interview, 453-456
Singlet triplet energy gap, 251, 252

computational methods, 252
Size consistency, 15
Slater determinants

aromatic configuration, 135
Slater’s local exchange function, 52
Slater-type orbital (STO), 8, 9
Slow trajectories, 422
SMx. See Solvation model (SMx)
Sn1 reaction, 441
Solute

dielectric medium, 349

Solution-phase organic chemistry, 347-400
aqueous Diels— Alder reactions, 355-361

glucose, 362-370
nucleic acids, 378-396

solvation computational approaches,

348-352
Solvation computational approaches,
348-352
hybrid solvation models, 354
implicit solvent models, 349-353
microsolvation, 348

Solvation model (SMx), 352-354, 400



478 INDEX

Solvent effects, 347
Specific reaction parameters (SRP), 416
SRP. See Specific reaction parameters (SRP)
Starphenylene
Mills—Nixon effect, 101
Statistical dynamics, 413
Statistical kinesic theories, 418—-419
STO. See Slater-type orbital (STO)
Strain-induced bond localization
(SIBL), 97
Substitution reactions
activation energy, 301
anions organic reactions
gas phase SN2 reaction, 280—-289
nucleophilic substitution at
heteroatoms, 290—295
Sulfur
nucleophilic substitution, 294
optimized geometries, 293
Syn transition state
energy difference, 311

Taylor expansion, 415
Taylor series, 16
Tetramethyleneethane (TME), 231-238
ground state, 235-237
theoretical considerations, 233-234
Thiolate—disulfide exchanges, 292
Thymine tautomers, 387—388
microsolvates structures, 390
relative energies, 389
structure, 388
TME. See Tetramethyleneethane (TME)
Toluene
ASE, 80
Torquoselectivity, 177—-194
theory development, 177
Trajectories, 417
simulations, percent yields, 431
three TS, 428
Transient intramolecular hydrogen
bonding, 376
Transition states, 26, 322, 329, 412, 427
anti and syn, 311
endo reactions, 132
exo reaction, 132
H reaction with chloropropanal, 303
ion-dipole complex, 292
optimized geometries, 281, 287

optimized structures, 325

planar, 174

rotation energy, 303
Transition State Theory (TST), 411, 413, 419
Triplet methylene

computations of, 209

H—C—H angle, 208, 209-210
TST. See Transition State Theory (TST)
Twist-coupled bond shifting process, 96
Twist isomers

relative isomers, 88
Twixtyl diradical transition state, 424

Unrestricted Hartree—Fock (UHF)
method, 7
wavefunction, 7
Uracil tautomers, 387-388
microsolvates structures, 390
relative energies, 389
structures, 388

Variational principle, 7—-8
Verlet algorithm, 415
Vibrational energy
uniform distribution, 418
Vibrational frequencies, 30, 32
dipole strengths, 36
Vibrational modes, 417
Vinylcyclopropane
nonstatistical nature, 429
rearrangement to cyclopentane, 426
Virial theorem, 30

Water

butenone, 359

delta G hydration, 353-354
Watson—Crick pairs, 391, 392, 393
Wavefunction

Hamiltonian matrix, 14

HF method, 7, 135

reference, 142

restricted versus unrestricted, 7

Schrdédinger equation, 3
Woodward—Hoffman rules, 170, 420

orbital symmetry, 426

Zero-flux surfaces, 29
Zero-point vibrational energy (ZPVE),
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