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34 2 Instrumental Methods of I3C NMR Spectroscopy 

u n c o r r e c t e d  
( a )  

'6 D6 

c o r r e c t e d  

1 : :  I I : : : : :  I I  : : : : : I : ; :  
200 150 100 50 0 

6, P P ~  
- 

Fig. 2.13. (a, c) 22.63 MHz PFT 13C{1H} NMR spectrum of methyl acetate (20%) in hexa- 
deuteriobenzene (75%) and tetramethylsilane (5%); 256 accumulated pulse interferograms; 
(a) real part before phase correction; 
(b) phase correction according to eq. (2.15), achieved by using the phase shifts indicated above; 
extrapolation of the linear plot cp ( v )  yields qA = + 15" and cpe = + 280"; for correction, the signs 
have to be changed, thus qA = - 15" and cpB = - 280"; 
(c) real part after phase correction according to (b). 
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149, 151 (table), 153, 
154 

162 (table), 206 

139 (table), 186 (table) 

115 (cisjtrans), 186f., (tables) 

219 

- shifts 204 (tables) 
Cycloalkynes 197 f. 
Cyclodienes 195 (table) 
Cyclohexane, cis-l,2-dimethyl- 
- temp. dep. spectra 132 
Cy clo hexanes 
- CF couplings 206 (table) 
- CH couplings 139, 186 
- shifts 
- - substituent increments 188, 

Cyclohexanol, cis- and trans-4-t-butyl- 
- spectrum 209 
Cyclohexanols 
- shift increments 212 
- shifts 210 (table) 
C yclononane 
- temp. dep. spectra 131 
Cyclopen tanes 
- shift increments 188 
- shifts 187 (table) 
Cyclophanes 265 
Cy clopoly ene- n-complexes 
Cyclopolyenes 
- shifts 195 (table) 
- - homoconjugative effect 194 
Cy clopoly enones 
- see annulenones 
Cyclopolyenyl anions 306 
Cyclopropanes 
- CC couplings 149 
- CH couplings 138f., 154 
- shifts 187 

187 (table), 210 (table), 236 

316 (table) 

294 (table) 

Decalins 
- shift increments 191 
- shifts 
Decoupler pulse 81 
- calibration 82 
Decoupling (spin decoupling) 43 ff. 
- basic concept 43f. 
- broadband 45 
- channel 71 
- gated 50 
- - for J-resolved 2D NMR 
- inverse gated 50 
- low-power noise 45 
- noise 45 
- off-resonance 47 ff. 
- pulsed 50f. 
- selective 53f., 94 
DEFT 39f. 
DEPT 80f. 
Degree of alkylation 
- influence on 
- - shifts 112 

190, 209, 211 (table) 

90 
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- - spin-lattice relaxation times 
Degree of Substitution 
- influence on 
- - CH coupling constants 
- - shift 112 
- - spin-lattice relaxation time 
Deshielding 17 
Detection period 75, 87 
Deuterated solvents 
- shifts and couplings 
Deuterium isotopic effects 117, 379 
Deuterium labeling 337, 379 
Diamines 
- aliphatic 237 
- aromatic 260 
Diamagnetic shielding term 110 
Diastereotopic shifts 
- of alcohols 206 
Diazoalkanes 
- CN couplings 156 
- shifts 114, 244 
Dicarboxylic acid anhydrides 229 (table) 
Dicarboxylic acids 
- aliphatic 226 (table) 
- aromatic 260 
o-Dichlorobenzene 

Dienes 
- shifts 114, 193 (table) 
- - influence of 
- - _  configuration 194 
- - -  donor substituents 239 
Dienyl anions 306 (table) 
Digital filtering 36 
Digital resolution 36 f. 
Digitization 30 
Dihalobenzenes 260 
Dihydroflavones 454 (table) 
Dilution shifts 120, 285 
Diones (diketones) 
- keto-enol tautomerism 220 
- shifts 218, 257 
Dipeptides 423 (table), 427 (table) 
Diphenylether 
- spin-lattice relaxation times 
Diphosphines 249 
Dipolar relaxation 46, 164, 166f. 
Dipole-dipole relaxation mechanism 46, 

Disaccharides 393, 396 (table) 
Dispersion spectrum 14 
- example 35 
Dissociation effects 
- on CN couplings 156ff. 
- on shifts 121 f. 
Disulfides 234 

168 

135f. 

168 

109 (table) 

- TI, T ,  67 (fig.) 

58 (fig.) 

166f. 

Diterpene alkaloids 373 (table) 
Diterpenes 
- biosynthesis 459, 461 
- shifts 
Dithianes, 1,3- 
- shifts 233, 275 (table) 
Dodecahedrane 189 
Double quantum frequency 102 
Double quantum transfer 86, 102 
Double resonance techniques in 

Dwell time 30 

332 (table), 461 (table) 

I3C NMR 43ff. 

Ecgonine 
- 2D shift correlations 98 (fig.) 
Editing of spectra 82f. 
Electron deficiency 
- effect on shifts 113 
Electronegativity 
- effect on 
- - CH coupling 134f., 142, 144, 146 
- - CP coupling 252, 254 
- - 13C shifts 111 
Electron density vs. 13C shifts 
Electron withdrawing 
- effect on 13C shifts 
Enamines 239, 280 
Enaminoaldehydes 240 
Enantiomers 
- signal separation 124 
Endolexo configuration 
- coupling differences 
- shift differences 
Energy of activation 130 
Enole thers 
- aliphatic 214 (table) 
- heterocyclic 
- - CH couplings 289 
- - shifts 276, 278 
Enones 114, 218 (table), 219 
Enthalpy of activation 130 
Equatorial/axial configuration 
- shift difference 

316 (table), 379, 393 
Equilibrium magnetization 7, 22 
Ergoline alkaloids 366 f. 
Esterification shift 

164, - of carboxylic acids 230 
- of steroids 337 
Esters 228 ff. 
- see carboxylic acid derivatives 
Estranes 338, 341 f. (table) 
Ethane, 1,2-dimethoxy- 
- spectra 49 
Ethers 
- aliphatic 

111, 395 (fig.) 

113 

205f., 253, 301 
203f., 212, 236, 317 (table) 

115, 203, 209ff. (table), 212, 
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Ethers 
- - shift increments 213 
- - shifts 214 (table) 
- - steric influences 213 
- aromatic 257, 261, 263 
- heterocyclic 
- - CH couplings 288 
- - shifts 273, 277 
E t hylbenzene 
- spectrum 32 
Evolution 
- period 75, 87 
- time 87 
Exo/endo configuration 
- see endo/exo configuration 
Exponential multiplication 36 f. 
External lock 72 
External reference 72, 108 
Eyring equation 128 

Fellgett principle 42 
Fermi contact mechanism 
- of coupling 
Fermi contact shift 124 
Field-frequency lock 70 
Filtering of frequencies 31 
Flavin adenine dinucleotide 
- spectra 402 
Flavones (Flavonoids) 
- CH couplings 288 
- shifts 279, 452f. (table) 
Flavone glycosides 450 
Fluoroalkanes 
- CF couplings 162, 206 
Folding back 31 
Formic acid, NOE 46 
Formyl compounds (aldehydes) 
- CH couplings 
- shifts 114 
Fourier series 29, 41 
Fourier transform 29 
Fourier transformation 33 
Franganine 
- 2D CH correlation 376 
Free enthalpy of activation 130 
Free induction decay (FID) 24f. 
- examples 26f., 37 
- driven equilibrium FID 40 
Fulvenes 195 f. 
Functional group shifts 
Fungal metabolites 457 f., 467 
Furanosides 383 f. (table) 
Furans 
- CH couplings 146 
- shifts 282 
Fused aromatic compounds 

18f., 133f., 299 

137f., 141, 143f. 

118 f. (fig.) 

- CC couplings 154f. 
- CF couplings 270 
- CH couplings 266 
- shifts 266 (table) 
Fused heterocycles 
- shifts 284 (table) 
- - nitrogen increments 324 

D-Galactose 
- spectrum 38 
Gated decoupling 50 
Gated spin-echo 75 
Gaussian multiplication 36 
Gibbs-Helmholtz equation 130 
D-Glucose 
- I-l3C enriched 
- -  spectra 27 
- mutarotational equilibration 
- -  spectra 380 
- uniformly enriched 

G1 yc ylalanine 
- isotropic shifts 126 (fig.) 
Glykolipids 497 
Glycosidation shifts 
Glycoside sequencing 
- by spin-lattice relaxation times 
Glycosides 
- spin-lattice relaxation times 175 
- shifts 
Gl ycylalanine 
- isotropic shifts 
- _  spectra 126 
Grignard reagents 258, 296 (table) 
- Schlenk equilibrium 295 f. 
Guanidines 241 f. 
Guanidinium ions 303 
Gut tapercha 
- spectrum 312 
Gyromagnetic ratio 2 
- influence on line-broadening 308 

- - CCCOSY 148 

379, 385 f. (table), 452 

175 

385f. (table), 450 (table) 

Half-maximum intensity width 4 
Halides 
- see alkyl halides, haloalkanes 
- - and carboxylic acid halides 
Hammet CJ constants vs. 13C shifts 
Haloalkanes 
- CF couplings 162 (table) 
- CH couplings 
- - one-bond 136 
- - three-bond 144 
- shifts 
- solvent shifts 201 (table) 
Haloalkenes 
- CH couplings 199 (table) 

259 (fig.) 

111 f., 199 (table) 
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- shifts 199 (table) 
Haloalkynes 
- CH couplings 199 (table) 
- shifts 199 (table) 
Halobenzenes 
- CF couplings 269 
- CH couplings 145 
- shifts 256 
Halome thanes 
- CH couplings 199 (table) 
- shift prediction 200 
- shifts 
Halouracils 41 1 
Heisenberg uncertainty relation 5 
Hemiacetals 232 
Henderson-Hasselbach equation 122 
Heterocycloalkanes 
- (Heteroalicyclic compounds) 272 ff. 
- CH couplings 139, 288 
- shifts 273 (table) 
Heterocy cloalkenes 
- CH couplings 288f. (table) 
- shifts 278ff. (table) 
Heteroaromatic compounds 
- CC couplings 150 
- CF couplings 291 (table) 
- CH couplings 
- - one-bond 
- - three-bond 145, 146 
- - two-bond 145, 146 
- CN couplings 156ff. 
- five-membered, benzo-fused 282 
- five-membered, dibenzo-fused 283 
- five-membered, monocyclic 
- - CH couplings 288ff. (table) 
- - shifts 282 (table) 
- fused heterocycles 
- - CH couplings 289f. . 

- - shifts 284 (table) 
- six-membered, benzo-fused 283 
- six-membered, dibenzo-fused 284 
- six-membered, monocyclic 
- - CF couplings 
- - CH couplings 
- - shifts 284 (table) 
- shifts 282ff. (table) 
- - nitrogen increments 324 
- - substituent increments 322f. 
Heteropolycycloalkanes 275, 277 (table) 
Heteronuclear couplings 
Heterospirocyclic compounds 277 (table) 
Hexadeuteriodimethylsulfoxide 
- spectrum 26 
Hexamethylphosphoramide 
- spectrum 37 
Hindered rotation 130, 172 f. 

199 (table), 200 (fig.) 

139, 142, 145f. 
139 (table), 145 

291 (table) 
288ff. (table) 

155 ff., 160 ff. 

- of amides 
Homonuclear couplings 147 ff. 
Homoisoflavanones 456 (table) 
Hormones 
- hypothalamic 430 
- peptides 430, 432 (table) 
- steroids 341 ff. 

Hybridization 
- effects on 
- - 13C coupling constants 

155f., 252 
- - shifts 111 
Hydrazones 240 
Hydroaromatic compounds 265 (table) 
Hydrocarbons 183 ff. 
- see alkanes, alkenes, alkynes, benzenes 
Hydrogen bonding, intramolecular 
- effect on 
- - shift 117 
- - CH coupling 147 
- - spin-lattice relaxation time 
Hyperconjugation 
- influence on CH coupling 290 

229 (table), 231 

- phyto- 467 

134f., 150f., 

178f. 

Imaginary spectra 14, 36 
Imidazoles 
- alkaloids 373 
- CH couplings 288 
- shifts 282 
Imines 240 ff. 
- aldimines 242 (table) 
- cyclic 280 
- oximes 241 (table) 
- ketimines 242 (table) 
Imonium salts 242 
INADEQUATE 
- one-dimensional 84 f. 
- two-dimensional 102 f. 
- symmetrized 102, 105 
Increment systems 313 ff. 
- see shift and substituent increments 
Indoles 282 
- alkaloids 363ff. 
Indolizines 283 
INEPT 80 
Inositols 401 (table) 
Intermolecular interaction 
- effect on 
- - spin-lattice relaxation time 
Internal reference 17, 72 
Intramolecular mobility 
- effect on 
- - shifts 127ff. 
- - spin-lattice relaxation time 
Inverse gated decoupling 50, 52 

176, 178f. 

166 ff., 172 f. 



508 Subject index 

Inversion of rings 131 f. 
Inversion recovery techniques 55 ff. 
Ionic species 302 ff. 
Isoalloxazines 402, 409 
Isocyanates 245 
Isocyanides 
- see isonitriles 
Isojlavones 
- CH couplings 288 
- shifts 279, 454 
Isonitriles 
- CN couplings 
- shifts 243 (table) 
3-(Isopinocampheoxy)-2-methyl- 1,3-butadiene 

Isoquinolines 
- alkaloids 368ff. 
- nitrogen increments 324 
- shifts 283 
Isothiocyanates 
- CN couplings 159 
- shifts 245 
Isotope effect on I3C shifts 
Isotropic shifts 123 ff. 
Izidine alkaloids 361 f. 

159, 243 (table) 

- DEPT, 2D-INADEQUATE 105 

11 7 

J-modulation 75 f., 88 
- for multiplicity determination 76 f. 
- in two-dimensional NMR 89 
J-modulated spin-echo (JMSE) 75 ff. 
J-resolved 2D NMR 89f. 

Karplus-Conroy relations 

Ketals 220 
Ketenes 114 
Ketenimines 244 
Keto-enol tautomerism 52 (fig.), 220, 

j-Ketoesters 232 
Ketones 
- shifts 
- - aliphatic 217f. (table) 
- - aromatic 221 f. (table), 257 
- - correlation with UV absorption 
- - homoconjugative effects 219 
- - steric effects 218 
Ketofuranoses 383 f. 
Ketopyranoses 381 f. 
Ketoses 380 f. 

143, 153, 205, 253, 
395 

232 (fig.) 

219 

Lactams 279 
Lactones 278 
D-Lactose 
- 2D CH correlation 95 
Lamb formula 110 

Lanthanoid shift reagents 124 f. 
Larmor equation 4, 15 
Larmor frequencies of nuclei 
Larmor frequency 4 
Larmor precession 4 
Lecithins 
- shifts 467 
- spin-lattice relaxation times 176 
Line broadening 
- due to fast relaxation 
Line shape simulation 130 (fig.) 
Line width 4, 29 
- temperature dependence 129 (fig.) 
Lipids 
- shifts 467 
- spin-lattice relaxation times 176 
Lithiumorganic compounds 
- see organolithium compounds 
Lock, lock signals 70 
Longitudinal magnetization 7, 23 
Longitudinal relaxation time 8 
Long-range couplings 

69 (fig.) 

167 

- CC 152ff. 
- CF 206, 270 
- CH 140ff., 266f., 289f. 
- CN 157ff. 
Lorentzian line shape 14 
Low power noise decoupling 45 
Lysergic acid alkaloids 366 

Macrolides 468 
Magic acid as NMR solvent 
Magnetic moment 2 
Magnetic shielding constant 15, 110 
Magnetic susceptibility corrections 17 
Magnetization 
- equilibrium 7, 22 
- longitudinal 7, 23 
- partially relaxed 56f. 
- steady state 60 
- transverse 12, 23 
Magnetization vector 7, 23 
Magnetogyric ratio (gyromagnetic ratio) 2 
Magnitude spectrum 14, 36 
- example 35 
Magnets for NMR 69 
Measurement of 13C NMR parameters 
Mechanisms 
- of coupling 18f. 
- of spin-lattice relaxation 
Mechanistic studies 270 f. 
Medium shifts 12Of. 
Meisenheimer anions 307 
Menthane derivatives 328 (table) 
Menthol, (-)- 328 

302 

21 ff. 

163 f. 

- DEPT 83 
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- 2D-INADEQUATE 103 
- spectra (NOE) 53 
Mercaptanes 
- see thiols 
Mercuryorganic compounds 
- see organomercury compounds 
Mesomeric effects on shifts 11 3 
Metal carbonyls 294, 300 
Metallocenes 294 
Metalorganic compounds 
- see organometal compounds 
Methane derivatives 
- CH couplings 136 
- shifts 
Methanol 
- spectrum 33 
Methanol, tetradeuterio- 
- spectrum 37 
6-Methoxy-1 -tetralone 
- spectra 54 
0-Methylation shifts 
- of carbohydrates 380 
Methyl carbon shieldings 185 
Methylesterification 
- shifts 230 
Methylglycosides 383 f. (table) 
Methyl rotation 
- influence on spin-lattice relaxation 
Methyl substituent effects 
- on cycloalkanes 188 
- on decalins 190 
Modulation 
- see also J-modulation 
- of frequencies 45 
- pulse interferograms 26 
Molecular mobility 
- and spin-lattice relaxation 
Molecular size 
- and spin-lattice relaxation 168 
Monosaccharides 381 f. (table) 
- derivatives 383 (table) 
Monoterpenes 327 ff. (tables) 
Morphine alkaloids 370 
Motional narrowing 167 
Multiple resonance 43 ff. 
Mu1 tiple t analysis 

- - J-modulated spin-echo 75ff. 
- - off-resonance decoupling 47 ff. 
Multiplet line intensities 20 
- after SPT 80 
Multiplicity 17ff., 20 
- analysis 75f., 80f., 82f. 
- selection 82f. 
Multipulse experiments 
- one-dimensional 

112, 183, 200 (fig.) 

75f., 88 

172 ff. 

- by DEPT 8Off. 

50 ff., 55 ff., 73 ff. 

172 

- two-dimensional 87 ff. 
Mutarotation 
- example, spectra 380 

Naphtalene, 1,8-diiodo- 
- spectra 268 
Naphthalenes 
- CC couplings 154ff. 
- CF couplings 270 
- CH couplings 266 
- shifts 263 (table) 
- substituent increments 264 
Naphthyridines 284, 325 
Natural rubber 
- spectrum 312 
Natural products 327 ff. 
Nickel, bis-( 1,l -dimethylallyl)-isomers 
- spectrum 301 
Nicotine 361 
- spectra 54, 107 
Nitriles 
- CN couplings 159 (table) 
- shifts 
Nitrites (esters) 246 
Nitroalkanes 
- CN couplings 156 
- shifts 247 (table) 
Nitroalkenes 247 
Nitrobenzenes 257, 261 
Nitrosamines 
- shifts 246 (table) 
- - influence of 
_ _ _  configuration 246, 274 
- - _  conformation 274 
NMDR 43ff. 
NMR 4 
- detection 22, 24ff., 41 
- instrumentation 67ff. 
- in the rotating frame 
- signals 29 
- spectrometer (schematic diagram) 

- theory Iff. 
- two-dimensional 87 ff. 
NOE 46f. 
- enhancement 46f., 50f. 
- measurement 51 f. 
- suppression 50f. 
Noise decoupling 45 
Noise modulation 45 
Nonbenzenoid aromatic ions 
- shifts 111, 254, 302, 306 
- - correlation with 
- - -  n-charge density 111 (fig.) 
Nonbonded (through-space) interactions 
- in carbon-fluorine coupling 161 

113, 243 (table), 31 1 

1Of. 

68 
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Norbornanes 
- CF couplings 206 (table) 
- CHg couplings 301 
- CSn couplings 299 
- CT1 couplings 297 
- shifts 

- - substituent increments 
Norbornanols 21 1 (table) 
Norbornanones 219, 331 (table) 
Norbornenes 195, 219 
Norbornyl cation 305 
Nuclear induction 13, 24 
Nuclear Overhauser effect (NOE) 46, 164 f. 
- NOE enhancement 46 f. 
- measurement 51 f. 
- quenching of 47 
- relation to dipolar relaxation 
Nuclear precession 2, 23 
Nuclear properties, Tab. 2 
Nuclear shielding 15 
Nuclear spin 1 
Nucleobases 404 ff. (table) 
Nucleic acids 412 
- homopolymeric 
- - CP couplings 413 (table) 
- - helix random-coil tansition 
- - shifts 413 (table) 
Nucleosides 401, 404 ff. (table) 
Nucleotides 401, 404ff. (table) 
Nyquist equation 30 

190 (table), 204 (tables), 211 (table), 
219, 236 

317 (table) 

164f. 

412 

Off-resonance decoupling 47 
~ frequency dependent 48 
Olefins 192 ff. 
- see alkenes 
Oligopeptides 423 (table), 427 (table) 
Oligosaccharides 
- CH couplings 393 
- shifts 396 (table) 
One-bond coupling 19, 134 ff. 
- CC 147ff. (table) 

- CF 162 (table), 206 
- CH 
Organoboron compounds 297 
Organoelement compounds 
- group V 249 (table) 
Organolead compounds 
- couplings 293, 299 (table) 
- shifts 299 (table) 
Organolithium compounds 
- CLi couplings 295 
- shifts 258, 278, 295 
Organometallic compounds 293 ff. 
- carbon metal couplings 

- CD 147 

19, 134ff. (tables), 288f. (table) 

161, 293 f. 

- group I 295 
- group I1 295 
- group I11 296 
- group IV 297 
- methyl-metal compounds 
- - carbon-metal couplings 
- - shifts 293 (table) 
Organomercury compounds ' 

- couplings 301 
- shifts 293 
Organonitrogen compounds 236 ff. 
Organophosphorus compounds 
- CP couplings 
- - influence of structural features 

252 f. (table) 
- shifts 248 (table) 
Organosilicon compounds 
- CSi couplings 
- shifts 293 
Organosulfur compounds 
- shift increments 233 
- shifts 234 (table) 
Organothallium compounds 

~ couplings 297 
Organotin compounds 
- couplings 299 (table) 
- shifts 298 (table) 
Organotransition metal compounds 293 (table) 
Orthoesters 220 
Overhauser effect 
- see nuclear Overhauser effect 
Oxacycloalkanes 
- CH couplings 288 
- shifts 273 (table) 
Oxacycloalkenes 
- CH couplings 288 
- shifts 278 (table) 
Oxapolycycles 277 (table) 
Oximes 
- CN couplings 157 
- shifts 241 (table) 
- - influence of configuration 
~ spin-lattice relaxation times 173 
Oxiranes 
- CH couplings 138, 288 
- shifts 273 
Oxonium salts 21 5 
Oxygen 
- influence on spin-lattice relaxation 

293 (table) 

161, 251 (table), 413 

293, 299 (table) 

157, 160, 241 

165 f. 

Paramagnetic additives 47 
Paramagnetic compounds 
- as shift reagents 123 ff. 
- influence on spin-lattice relaxation times 47 
Paramagnetic relaxation 165 f. 
Paramagnetic shielding term 110 
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Partially relaxed Fourier transform spectra 
Penicillins 420 (table), 468 
Peptides 
- alkaloids 367, 377f. 
~ hormones 432f. (table) 
- proline- 427f. (table) 
- shifts 423f. (table), 432f. (table) 
- spin-lattice relaxation times 431 
Phase correction 33 ff. 
Phase cycling 86 
Phase memory time 8 
Phase of NMR signals 29 
Phase selection 30 
pH (protonation) shifts 121 f., 236, 286 
Phenanthrenes 265 f. 
Phenazine, 1 -methoxycarbonyl- 
- spectra 158 
Phenazines 
- CN couplings 158 
- shifts 284 
Phenols 257, 260f. (table) 
Phenones 
- shifts 116, 221 f. (table) 
- - influence of conformation 
Phosphabenzenes 
- couplings 252, 254 
- shifts 249 
Phosphates 248, 251 
Phosphetanes 
- CP couplings 252f. 
- spin-lattice relaxation times 174 
Phosphines (phosphanes) 248, 251 
Phosphinoxides 248, 251 
Phosphites 248, 251 
Phosphonates 248, 251 
Phosphonium salts 248, 251 
Phosphonium ylides 248 f., 251 
Phosphoramide, hexamethyl- 
- spectrum 37 
Phosphorus compounds 
- CP coupling constants 

- shifts 248f. (table) 
Phthalic acid derivatives 231 f. 
Phytohormones 467 
Piperidine (INADEQUATE) 86 
Piperidines 
- alkaloids 302 
- CC couplings 86 
- shifts 274 (table) 
- - influence of 
- - -  configuration 272, 274 
- - _  protonation 274 
Piperidinopentadienal 
- 2D shift correlation 101 
pK Determination 122 

56 

116, 259, 262 

160 (fig.), 
250 ff. (tables) 

Polarization transfer 78, 92, 94 
- non-selective (DEPT, INEPT) 
- selective (SPT) 79 
Pol ybutadiene 
- partial spectra 312 
Poly cy cloalkanes 
- shift increments 191 
- shifts 189, 190 (table) 
Polycycloalkenes 195 (table) 
Polycyclic (jiused) nitrogen heterocycles 284 
Polyenones 224 
- see annulenones 
Po ly isop renes 
- cis-trans-isomerism 177 
- spectra 312 
Polymers 
- cis-trans isomerism 
- segmental mobility 177, 313 
- spin-lattice relaxation times 
- tacticity (stereosequence) 309 f. 
Polyols 398 (table), 409 
Polypeptides 
- helix random-coil transitions 436 
- shifts 423 f. (table), 427 f. (table), 

432 f. (table) 
- spin-lattice relaxation times 431, 437 
Polypropylene 
- spectra 310 
Polysaccharides 393 
Population transfer 78 ff. 
- see polarization transfer 
Porphyrins 442 (table) 
Power spectra 14 
Pregnanes 338 
- C F  couplings 340 (table) 
- shifts 341 (table) 
Preparation period 75 
Proaporphine alkaloids 369 
Progressive saturation 60 ff. 
Propane 183 
- three-bond coupling 143 (fig.) 
Propane, 1 ,I ,3,3-tetraethoxy- 
- spectra 49 
Propynol 
- spin-lattice relaxation times 62 (fig.) 
Prostaglandins 
- shifts 467 
- spin-lattice relaxation times 179 
Proteins 
- helix-random coil transitions 177 
- segmental mobility ( T I )  177, 440 
- shifts 438f. (table) 
Protonation shifts 
Proton decoupling 43 ff. 
- gated 50 
- inverse gated 50f. 

80 f. 

178, 31 1 f. 

177f., 313 

121 f., 236, 286 
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Proton decoupling 
~ low-power noise 45 
- noise (broad-band) 44f. 
- off-resonance (single frequency off- 

- pulsed 50ff. 
- - for determination of NOE enhance- 

ments 51f. 
- selective 53f., 94 
Pseudo contact shift 124 
Pteridines 284 
Pulse angle 12, 22ff. 
- adjustement 32 f. 
Pulsed NMR 22ff. 
Pulse Fourier Transform NMR 28ff. 
Pulse frequency 31 
Pulse interferograms 25 
- examples 26f., 37 
Pulse interval 30 
Pulse sequences 
- Carr-Purcell-Meiboom-Gill 63 f. 
- COSY (Jeener) 97 

resonance) 47 ff. 

- DEFT 39f. 
- DEPT 8Of. 
- Inversion recovery 55f. 

- Progressive saturation 60 f. 
- Saturation recovery 59f. 
- Spin-echo 73 
- Two-dimensional 90, 93, 97 
Pulse width 22ff. 
- adjustment 32, 33 (fig.) 
Purines 
- CF couplings 291 
- CH couplings 290 
- shifts 284, 402, 404f. (table) 
Pyranosides 385 ff. (table) 
Pyrazole, 3-methyl-5-0x0-I-phenyl- 
- spectra, tautomerism 287 
Pyrazoles 
- CH couplings 288 
- shifts 282 
Pyrenes 
- CC couplings 155 
- CF couplings 270 
- shifts 266 
Pyr idines 
- alkaloids 361 
- CC couplings 150 
- CF couplings 291 
- CH couplings 145 
- - one-bond 
- - three-bond 145, 290 
- - two-bond 145, 289 
- CN couplings 156ff. 
- dilution shifts 285 (fig.) 

- INADEQUATE 85 

139, 145, 288 

- protonation shifts 286 
~ shifts 283, 286 
- - substituent increments 
Pyrimidine, 2,4,6-trichloro- 
- spectra 51 
Pyrimidines 
- CH couplings 145, 288ff. 
- shifts 
Pyrones, 4- 
- CH couplings 288 
- shifts 278 
Pyrroles 
- CH couplings 146, 288ff. 
- CN couplings 157 
- shifts 282 
Pyrrolidine alkaloids 361 
Pyrrolizidine alkaloids 361 
Pyrylium salts 283 

323 (table) 

282, 404ff. (table), 409 

Quadrature detection (QD) 
- digital quadrature detection) 
Quadrupolar coupling constants 
- from spin-lattice relaxation times 
Quadrupolar nuclei 
- line-broadening 295 
Quantum number 1, 2 
Quinine alkaloids 372 
Quinoline 
- pH vs. shifts 122 (fig.) 
- pK determination 123 (fig.) 
- solvent shifts 120 (fig.) 
- spectra 42 
Quinolines 
- alkaloids 371 
- CH couplings 289 
- CN couplings 157f. 
- shifts 283 
- _  nitrogen increments 324 
Quinolizidine alkaloids 362 f. 
Quinones 223 (table) 

32, 42 

180 

Rate constants 
- from shift difference 
Reaction mechanisms 
Real spectra 33f. 
Reeves effect 393 
Referencing of I3C shifts 
Relaxation 5 f. 
- in the rotating frame 
- see also spin-lattice and spin-spin relaxation 
Relaxation delay 39, 75 
Relaxation mechanisms 163 ff. 
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