
 A 

α hydrogen   374  

  abbreviations, list x  

  absorbance   564  

  absorption maximum   563  

  acenaphthylene   424  

  acetal   178 

  as a protecting group   222 ,  517   

  acetaldehyde,  see  ethanal  

  acetalization: 

  acid-catalysed   178  

  for protection   517   

  acetamidine,  p BHK +    130  

  acetanilide   362  

  acetate,  see  ethanoate  

  acetic acid,  see  ethanoic acid  

  acetoacetate,  see  3-oxobutanoate  

  acetoacetic ester: 

  by the Claisen condensation   389  

  synthesis of ketones   394   

  acetoacetyl-CoA   554  

  acetone,  see  propanone  

  acetonitrile, p K  a    128  

  1-acetoxy-2-bromocyclohexane, 

n.g.p. in  trans  isomer   267  

  acetyl coenzyme A (acetyl-

CoA)   306 ,  389  

  acetyl nitrate (AcONO 2 ) as a 

nitrating agent   350  

  acetylacetone,  see  pentane-2,4-dione  

N -acetylation of aniline   362  

  acetylene 24; 

see also  ethyne   

  acetylenic hydrogen, p K  a    124  

  acetylium ion, resonance   97  

  achiral, meaning of   225 ,  227  

  acid   110 

  conjugate   111  

  Lewis   112  

  strong and weak   111   

  acid anhydrides   188 

  mixed   200  

  reactions with alcohols and 

amines   200   

  acid–base equilibrium   116  

  acid–base reactions   110 ,  140 

  Brønsted   111  

  Brønsted, equilibria   113  

  in non-aqueous solvents   135  

  Lewis   112  

  solvent effects   133–6   

  acids and bases, polyfunctional 

  131–3  

  acid catalysis: 

  alcohol addition to carbonyl 

group   176  

  conjugate addition to enones   405  

  dehydration of   1 ,1-diols  175  

  dehydration of aldol   385  

  enolization   376  

α-halogenation of aldehyde or 

ketone   380  

  hydration of carbonyl group 

  174 ,  190  

  hydration of styrene   321  

  hydrolysis of acetals   178 ,  179  

  hydrolysis of esters   192  

  hydrolysis of oximes   182  

  isotope exchange of carbonyl 

oxygen   176  

  reactions of alcohols and 

ethers   175 ,  290–3   

  acid dissociation constant 

(defi nition)   114  

  acid halide,  see  acyl halide  

  acidity   114 

  and bond strength   120  

  of carboxylic acids   121  

  and electronegativity   120  

  factors which affect acidity 

  120–4  

  and hybridization   120  

  of oxy-acids of chlorine   121  

  of pyrrole and imidazole   432  

  and s character   120  

see also  p K  a    

  acidity constant,  see  acid 

dissociation constant  

  acidity (pH) of aqueous solutions   117  

  acid strength 114; 

see also  p K  a    

  acrylonitrile   408 

  anionic polymerization   409  

  electrolytic reduction in the 

preparation of adiponitrile   466   

  activating and  ortho,para -directing 

groups   352  

  activating substituents in 

electrophilic aromatic 

substitution   350 ,  352  

  activation energy,  see  enthalpy of 

activation  

  active methylene compounds 

(p K  a  values)   392  

  acyclic alkane   48  

  acyl azide   498  

  acyl carrier protein   389  

  acyl chloride: 

  from carboxylic acid   200  

  molecular model and EPM   198  

  reaction with ammonia and 

amines   199  

  reaction with carboxylate 

salts   200  

  reaction with water and 

alcohols   199  

  reactions   199   

  acyl compounds,  see  carboxylic 

acid derivatives  

  acyl group   188  

  acyl halide   199  

  acylium ion in mass spectra of 

carbonyl compounds   596  

 acylnitrene 497–8 

  acyloin 463–4 

see also  α-hydroxy ketone   

  acyloin condensation of ester 

  463–4  

  adamantane derivative, 

stereoisomerism   249  

  addition   139 

  of alcohol to a carbonyl group 

with acid- and base-catalysis 

  176  

  to aldehydes and ketones   165  

  of bromine to alkenes, 

mechanism   325  

       Index   

   (T x.x) and (T) following page numbers refer to entries found in tables. 
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addition (continued)

  of bromine to alkynes   327  

  of carbenes to alkenes   328  

  of halogens to alkenes   325–7  

  of HCl to alkene   147  

  of hydrogen halides to alkenes, 

 see  hydrohalogenation   

  1,2-addition   165 ,  402 

  to   1 ,3-dienes  330  

  to enones   406  

   see also  carbonyl addition, 

addition to aldehydes and 

ketones   

  1,4-addition   405 

  to   1 ,3-dienes  330  

  to enones   402 ,  404  

   see also  conjugate addition   

  addition–elimination mechanisms: 

  of nucleophilic aromatic 

substitution   413  

  of nucleophilic substitution of 

carboxylic acid derivatives   196   

  addition reactions of alkenes and 

alkynes   315  

  adduct, BF 3 –NH 3 , molecular model 

and EPM   113  

  adenine (A)   535–6  

  adenine diphosphate (ADP)   535–6  

  adenine triphosphate (ATP)   535–6  

  adenosine   536  

   S -adenosylmethionine (SAM)   252 , 

535–6;

   see also  SAM   

  adhesives, fast-acting   410  

  adiponitrile   466  

  adrenal cortical hormones   556  

  adrenaline   252 ,  368  

  aerosol propellants   465  

  afl atoxin B 1    428  

  agent orange   284–5  

  aglycone   530  

  alanine, molecular models   226  

  albuterol,  see  salbutamol  

  alcohol dehydrogenase   215  

  alcohols   50 

  acid-catalysed dehydration   292–3  

  acid-catalysed reactions   289–93  

  hydrogen bonding   62  

  mass spectra   595  

  names and physical properties 

51 (T3.3)  

  oxidation   298–9  

  p K  a  values   602  

  primary, secondary, and tertiary   51  

  summary of reactions   606  

  summary of syntheses   610  

  synthesis   220–1  

  as weak bases   130   

  aldaric acid   532  

  aldehydes   54 ,  165 

  summary of syntheses   612   

  aldehydes and ketones   165 

  reduction   208  

  reductive amination   212  

  summary of reactions   605  

   see also  carbonyl compounds   

  Alder, K.   333  

  Alder ene reaction, see ene reaction   

  alditol   531  

  aldol   382 

  dehydration of   385  

  meaning of   383  

   see also  β-hydroxy aldehyde   

  aldol addition,  see  aldol reaction  

  aldol condensation   385 

  acid-catalysed   386  

  intramolecular   386   

  aldol reaction   382–3 

  biological   384  

  crossed   386–7  

  directed   395  

  indicated by retrosynthesis   513  

  reversibility   384   

  aldolase   384  

  aldonic acid   532  

  aldose   529  

  aldosterone   556  

  aliphatic hydrocarbon   43  

  alizarin xxvi  

  alkaline, meaning of   190  

  alkaline hydrolysis: 

  of triglycerides   550  

  of esters, mechanism   191   

  alkaloids   433  

  alkanediazonium ion   309 ,  310  

  alkanes   43–8 

  acyclic   43  

  branched   46  

  conformations   72–7  

  linear, names and boiling points 

46 (T3.2)  

  nomenclature   57  

  open chain,  see  acyclic  

  p K  a  values   125  

  summary of syntheses   608  

  unbranched,  see  linear   

  alkene   49 

  HOMO   315  

  nomenclature   57  

  ring current   574   

  alkene metathesis   507  

  alkene stability, infl uence on 

regioselectivity in 

eliminations   280  

  alkenes   314 

  ( E )- and ( Z )-, from 

diastereoisomeric haloalkanes 

in E2   276  

  ozonolysis for structure 

elucidation   477  

  heats of hydrogenation   335  

  preparation by the Wittig 

reaction   184  

  relative stabilities   335  

  summary of reactions   606  

  summary of syntheses   608   

  alkenoate ester, addition of 

butyllithium   408  

  alkenone,  see  enone  

  alkenyl radicals, cyclization   455–6  

  alkoxide, leaving ability   290  

  alkoxyl radical, intermediate in 

autoxidation   461  

  alkyl cation, stability   263  

  alkyl groups   47 

  common names   57 , 58 (T3.4) 

  nomenclature   57   

  alkyl halides   252 

  competition between elimination 

and substitution   284 , 285 

(T13.1) 

   see also  haloalkanes   

  alkyl radicals: 

  relative stabilities as 

intermediates   449  

  stability of   446–7   

  1,2-alkyl shift:  

  in carbenium ions   491  

  frontier orbital interactions   491  

  in Hofmann and Curtius 

reactions   498  

  alkyl substituent, as an electron-

donating group   263  

  alkylation: 

  biological   252  

  of   1 ,3-dicarbonyl compounds 

 393–5  

  of enamines,  C-  and  N -   397  

  of enolate ions   393–5  
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  of ketones   397  

  of lithium enolates   395   

p -alkylbenzenesulfonate salts 

(ABS)   347 

  linear (LAS)   551   

  alkylthio group: 

  dual electronic effects of   307  

  stabilization of carbanion   307  

  stabilization of carbenium ion   307   

  alkyne, ring current   574  

  alkynes   49 ,  314 

  electrophilic addition to   319–20  

  nomenclature   57  

  summary of reactions   607  

  summary of syntheses   609   

  alkynyl-metal compounds   216  

  allene: 

  bonding and molecular model   34  

  chiral example   245  

  molecular model and EPM   91  

π MOs   91   

  allotrope of carbon   425  

  allyl anion   92 ,  125 

  resonance   93   

  allyl anion analogue   94 ,  373  

  as a 1,3-dipole   475  

 allyl aryl ether, Claisen 

rearrangement   484 

  allyl cation   92 

  resonance   93  

  electrophilic addition to 

butadiene 330−1   

  allyl radical   92 

  resonance   94 ,  450   

  allyl vinyl ether, (Claisen) 

rearrangement   143, 483  

  allylic bromination by NBS   451–2  

  allylic hydrogen   374  

  allylic position   450  

  allylic systems 92–4 

π MOs and nodal planes   93  

  2p AOs   92  

  anion   374  

  radical   460  

  resonance description   93–4   

  alternating axis of symmetry   227  

  aluminium isopropoxide, as a 

reducing agent   214  

  amantadine hydrochloride   308  

  amide: 

  formation from ester   196  

  hydrolysis   201  

  molecular model and EPM   198  

  reduction to aldehyde   211  

  reduction to amine   210–1   

  amide anion, as nucleofuge   309  

  amide bond   539 

  planarity   548   

  amides: 

  as weak bases   130  

  protonation site   131   

  amine: 

  chirality   243  

  pyramidal inversion   72   

  amines   53–4 

  as bases,  p BHK +  values   129 ,  308  

  as nucleophiles   308  

  classifi cation   53  

  differentiation by reaction with 

nitrous acid   310  

  preparation by reductive 

amination   212  

  summary of reactions   606  

  summary of syntheses   611   

  amines and amides, p K  a  values   603  

  amino acid   55  

  α-amino acids 539–41 (T24.2) 

  chirality   226  

  confi guration   239  

   L -, structure   539   

  amino group   53 

  in arenes for control of reactivity 

and regioselectivity   367   

   o -aminobenzoic acid   417  

  1-aminocyclopropanecarboxylic 

acid   316  

  2-aminopyridine, diazotization   436  

  ammonia: 

  as a base   111  

  bond angle   23  

  molecular structure, model, and 

EPM   14 ,  23 ,  113  

  liquid   135  

  VSEPR theory   23   

  ammonio group as leaving group   309  

  ammonium cyanate, conversion 

into urea xxviii  

  ammonium ion, Lewis structure   16 

  nucleophilic attack   145   

  ammonium ions, p K  a  values   603  

  amphetamine   368  

  amphoteric, meaning of   133  

  amphoteric solvent   133  

  amygdalin   167  

  α-amylase   534  

  amylopectin   534  

  amylose   534  

  analytical chromatography   66  

  anchimeric assistance   267  

  angle strain   77 

  cyclopropane   77   

  aniline   60 ,  359 

N -acetylation   362  

  high reactivity in electrophilic 

aromatic substitution   359  

  oxidation   362  

p BHK +   130  

  resonance   130   

  anilinium ion, low reactivity in 

electrophilic aromatic 

substitution   359  

  anion, formation   6–7  

  anionic conjugate base, solvation 

  135–136  

  anionic nucleophiles, solubilization 

  260  

  anionic polymerization   409 

  of acrylonitrile   409  

  monomers for   409   

  annulenes   104 

  [10] annulene   575  

  [18] annulene   575   

  anodic oxidation   466  

  anomeric carbon   529  

  anomeric effect   531  

  anomers, α and β   529  

  antarafacial   484  

  anthocyanin   134  

  anthracene   424 

  bromination   427  

  Diels–Alder reactions   427  

  oxidation   428   

anti , illustration   74  

anti  addition of bromine to 

alkenes   326  

anti  elimination   276  

anti  form of butane   76 ,  77  

  anti-Markovnikov addition   453  

  anti-Markovnikov regioselectivity 

  in HBr addition to alkenes   319  

  in hydroboration-oxidation of 

alkenes   323   

  antiaromatic   104  

  antibiotics xxvii,   202 

  antitumour, with cyclic enediyne 

structure   320   

  antibonding MO (π*): 

  of CaO bond   166  

  of ethene   32   



622 . . . Index

  antibonding MO (σ*) of H 2    27 ,  28  

  antioxidant   461 

  as food preservative   461   

  antiparallel strands in DNA double 

helix   538  

  antiperiplanar conformation for 

E2 mechanism   276  

  aprotic solvents   259  

  arachidonic acid   557  

  arenediazohydroxides, acidity   363  

  arenediazonium salts   363 

  S N 1 reactions   417   

  arenediazonium tetrafl uoroborates 

  418  

  arenes   50 

  summary of reactions   607   

  arenium ion 343; 

   see also  benzenium ion   

  arginine, p K  a  values   130  

  argon, electronic confi guration   5  

  Arnt-Eistert synthesis   497  

  aromatic compounds   50 ,  89 ,  101 

  examples   102–3  

  heterocyclic   423  

  names   60  

  polycyclic   423   

  aromatic heterocyclic compounds 

(aromatic heterocycles)   423 

  structures   429–30  

  synthesis   439–40   

  aromatic sextet   102  

  aromatic stability and low reactivity 

of benzene   345  

  aromatic substitution,  see  

electrophilic  or  nucleophilic 

aromatic substitution  

  aromatic transition structure   470  

  aromaticity   99 ,  100–104 

  and ring current   575   

  arrow: 

  double-headed, for resonance   95  

  double-shafted, for 

retrosynthesis   220 ,  508  

  double, for equilibrium   95  

  reaction   95   

  aryl group   50  

  arylamines, summary of syntheses 

  611  

  2-arylethylamines with 

psychological effects   368  

  aryne   515 

  regioselectivity in additions to   416  

   see also  benzyne   

   L -ascorbic acid,  see  vitamin C  

  aspartame   69 ,  542  

  aspirin xxvii,   207 ,  358 ,  360 

  how it works   557   

  asymmetric synthesis   521 

  using a chiral auxiliary   522  

  using a chiral catalyst   523   

  atenolol   43  

  atom: 

  electronic confi guration   4  

  Lewis representation   6  

  mass   12  

  size   12  

  structure   1   

  atom connectivity   37  

  atomic mass unit (amu)   2 ,  12  

  atomic number ( Z )   2  

  atomic orbital (AO)   2 ,  25 

  2p, spatial distribution   26  

  energy   3  

  occupancy   4  

  s and p, shapes and 

representations   26  

  s, p, d, and f   2  

  shape   4   

  atomic radius   12  

  atomic weight,  see  relative atomic 

mass  

  atorvastatin   554  

  atropine   433  

  atropisomer   244  

  Aufbau principle   4  

  automated peptide synthesis   545  

  autoprotolysis constant 

(of water,  K  w )   129  

  autoxidation   460 

  of cumene   461  

  of ethers   460  

  of linoleic acid   460  

  of polyunsaturated acids   460   

  axial (bond) of chair cyclohexane 

conformation   79–80  

  axial chirality   244  

  azeotropic distillation   192  

  azobenzene   363  

  azobisisobutyronitrile (AIBN)   445  

  azulene   109 ,  424  

 B 

  back-biting during radical 

polymerization   460  

  Baeyer–Villiger oxidation 

(reaction)   495  

  Bakelite   358  

  baking powder   110  

  Balz–Schiemann reaction   418  

  banana-shaped bond,  see  bent bond  

  Barton, D.H.R.   457  

  Barton–McCombie reaction   453  

  Barton reaction,   1 ,5-hydrogen 

transfer in  457  

  base   110 

  conjugate   111  

  Lewis   112  

  strong and weak   111   

  base catalysis: 

  alcohol addition to carbonyl 

group   176  

  dehydration of   1 ,1-diol  175  

  dehydration of aldol (E1cB)   385  

  enolization   307  

  hydration of carbonyl group 

  174 ,  190   

  base pairing in nucleic acids   537–8  

  base peak in mass spectrum   590  

  base sequence   537  

  base strength, defi nition   129  

  base-induced α-halogenation of an 

aldehyde or ketone   381  

  basicity   129 

  and nucleophilicity   255  

  meaning of   114  

  of nitrogen heterocycles   430  

  of organic compounds   129–31  

   see also  base strength   

  Beckmann fragmentation   505  

  Beckmann rearrangement   496  

  Bender, M.   193  

  bending vibration   71–2 

  out-of-plane 565 (T25.3)   

  Benedict’s reagent   532  

  bent bond   78  

  benzaldehyde: 

  conjugative stabilization   173  

  mass spectrum   597  

  hydration   173   

  benzaldehyde cyanohydrin   167  

  benzene   50 ,  98–100 

  aromatic stability and low 

reactivity   345  

  delocalization energy   99  

  dissolving metal reduction   462  

  electrophilic addition to, and its 

consequences   344  

  energy levels of MOs   99  

  hydrogenation energy   99–100  

  molecular model   50  
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π MOs   98–9  

  resonance energy   99  

  ring current   574  

  stabilization energy   99–100  

  structural representation   98  

  structure   98 ,  100   

  benzene-1,2-diol   360  

  benzene-1,4-diol   360  

  benzene-1,4-diol (hydroquinone) as 

a radical inhibitor   467  

  benzenediazonium ion   363  

  benzenedicarboxylc acids,   1 ,2- and 

 1 ,4-, p K  a  values  132  

  benzenesulfonic acid   347  

  benzenium ion   343, 500 

  effect of substituents on 

stability   350–2  

  electronic structure   345  

  resonance forms   345   

  benzenium ions, substituted, by 

electrophilic attack on 

monosubstituted 

benzenes   350–2  

  benzenoid   424  

  benzil   494  

  benzilic acid rearrangement   494  

  benzofuran   429 

  electrophilic substitution   434   

  benzopyrene   428  

  benzoquinone,   1 ,2- and  1 ,4-,  see 

o-  and  p -benzoquinone 

  benzoquinone,  o - and  p -   360  

  benzothiophene, electrophilic 

substitution   434  

  benzoyloxyl radical   445  

  benzyl anion, molecular model, 

EPM, and HOMO   125 

  resonance   125   

  benzyl radical, resonance forms   450  

  benzylic alcohols, easy 

oxidation   365  

  benzylic bromination   451  

  benzylic position   450  

  benzyltrimethylammonium 

hydroxide   260  

  benzyne   415 

  electronic structure   416  

  generation   417  

  mechanisms for formation   415  

p -benzyne   320  

  trapping by Diels–Alder reaction 

  417  

see also  aryne   

  betaine   184  

  bexarotene, multistep synthesis 

  523–4  

  BHA (antioxidant)   461  

  BeH bond, as a nucleophilic centre 

  146  

  BHT (antioxidant)   371 ,  461  

  bicyclic compound   86  

  bicyclic product in Diels-Alder 

reaction   472  

  bicyclo[2.2.1]heptane   86  

  bicyclo[2.2.1]hept-1(2)-ene, 

instability   283  

  bicyclo[4.3.0]nonane   86  

  bicycloalkane, nomenclature   86  

  bile salt   551 

  structure   555   

  bimolecular   144  

  bimolecular elimination (E2) 275 

see also  E2 elimination   

  bimolecular reaction   252 

  of alkyl halides   252  

  orbital interactions   147  

  rate law   159   

  BINAP   244 ,  521  

  bioethanol   47 ,  294  

  biomass   47  

  Birch reduction   462  

  Birch reduction, mechanism   462  

  bis(2-chloroethyl) sulfi de,  see  

mustard gas  

  bisphenol A, uses and production 

from propanone   168  

  bisulfi te addition to aldehydes and 

ketones   180–1 

  for isolation and purifi cation of 

aldehydes and ketones   181   

  boat conformation of 

cyclohexane   83  

  boiling point (bp)   63–4 

  and molecular weight 64 (T3.7)  

  and effect of hydrogen bond   64   

  Boltzmann distribution law   75  

  bond: 

  bending vibration   71–2  

  equilibrium bond angle,  α  e    71–2  

  equilibrium bond length,  r  e    71–2  

  stretching vibration   71–2   

  bond (dissociation) energy   445  

  bond angles: 

  of ammonia   23  

  of ethene   24  

  of methanal   24  

  of water   23   

  bond cleavage, reaction profi le   151  

  bond dissociation energy of 

R–H 447 (T20.1)  

  bond dissociation enthalpies 617 (T)  

  bond lengths 617 (T) 

  of butadiene,   90  

  of H 2    27  

  relationship with bond order   35   

  bond moment   11  

  bond order, relationship with C–C 

bond lengths   35  

  bond polarity and resonance   97  

  bond strength of HX, effect on 

acidity of HX   120  

  bonding: 

  in allene   34  

  in butadiene   90  

  in ethene   31–2  

  in methane   30   

  bonding (electron) pair and formal 

charge   14–15  

  bonding (electron) pair 9; 

see also  shared pair   

  bonding MO (σ) of H 2    27 ,  28  

  bonding π MO of ethene   32  

  borane (BH 3 )   323 

  EPM   14   

  Borodin, A.P.   383  

  borohydride  BH4
− : 

  bonding   209  

  molecular orbitals   209   

  boron, formal charge in 

borohydride   209  

  boron trifl uoride: 

  as a Lewis acid   16  

  Lewis structure   16  

  molecular model and EPM   113   

  Bouveault–Blanc reduction   463  

  bradykinin   542  

  branched alkane   46  

  branching during radical 

polymerization   460  

  breath test for alcohol   299  

  Bredt’s rule   283  

  bridged bicyclic compound   86  

  bridgehead (atom)   86  

  broad-band proton decoupling   586  

  bromination: 

  of alkenes   158  

  of benzene   343 ,  345  

see also  addition of bromine to 

alkenes   

α-bromination: 

  acid-catalysed mechanism   380  

  base-induced, consecutive   381   
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  bromine: 

  addition to alkenes (electrophilic 

mechanism)   158 ,  325  

  addition to alkenes (radical 

mechanism)   451  

  as an oxidant for aldoses   532  

  reaction with cyclohexene   158  

  reactions with benzene and 

cyclohexene compared   343  

  substituent effect on protonation 

of bromoalkene   320   

  2-bromo-1,1-dimethoxyethane, 

 1 H NMR spectrum   576  

  2-bromo-3-methylpentane, 

stereospecifi c eliminations 

from stereoisomers   277  

  2-bromo-2-methylpropane, 

molecular model 53; 

   see also t -butyl bromide   

  bromoalkanes, molecular models   253 

  reaction with hydroxide   251   

  bromomethane: 

  EPM   253  

  S N 2 reaction mechanism   144   

  bromonium ion: 

  cyclic intermediate in bromination 

of alkene   158–9 ,  325  

  cyclic, ring-opening   325  

  resonance description   326  

  salt   159   

  1-bromopropane, mass spectrum   594  

   N -bromosuccinimide (NBS), allylic 

brominating reagent   451–2  

  Brønsted, J.N.   111  

  Brønsted acid and base, defi nitions 

  111  

  Brønsted acid–base reactions   113  

  Brown, H.C.   323  

  brucine   433  

  BTX   341  

  buckminsterfullerene,  see  C 60  

fullerene  

  buckyball,  see  C 60  fullerene  

  buffer ratio   118  

  buffer solution   118  

  bulky hydride donor   407  

  buta-1,3-diene,  see  butadiene  

  butadiene: 

  bonding   90  

  bond lengths   90  

  electrophilic addition   330  

  EPM   90  

  nodal planes   90  

  π MOs   90–1  

  resonance   96  

  structure   90  

  UV spectrum   563   

  butanal: 

  IR spectrum   568  

  mass spectrum   597   

  butane   47 

  conformations   76–7  

  molecular models   47 ,  77   

  butan-1-ol, mass spectrum   595  

  butan-2-ol 

  enantiomers, structures, and 

molecular models   227  

  IR spectrum   567  

  mass spectrum   595   

  butanone: 

  IR spectrum   568  

  mass spectrum   596   

  but-2-ene: 

   cis  and  trans , molecular models   38  

  ( Z )- and ( E )-, stereospecifi c 

addition of Br 2    326   

  but-2-enoic acid,  1 H NMR spectrum 

  585  

  butenedioic acids, ( E )- and ( Z )-, 

p K  a  values   132  

  butenes, isomeric, relative stabilities 

  335  

   t -butoxide ion, molecular model   256  

   t -butoxycarbonyl (Boc)   543  

  butter yellow   363  

   t -butyl alcohol, melting point   65  

   t -butyl bromide   252 

  solvolysis   273–4   

   t -butyl cation, isolation as a 

crystalline salt   159  

   t -butyl chloride, S N 1 mechanism of 

hydrolysis   153  

   t- butyl group, conformational 

preference in cyclohexane   84  

  butyllithium, addition to alkenoate 

ester   408  

 C 

  caffeine   433  

  Cahn–Ingold–Prelog (CIP) sequence 

rules   38–9 ,  231  

  calicheamicin   320  

  camphor   165 ,  560  

  cancer diagnosis   302  

  Cannizzaro reaction (mechanism) 

213-4  

  Cannizzaro, S.   214  

  canonical structure,  see  resonance 

contributor  

  ε-caprolactam   468 

  polymerization   205   

  capsaicin   360  

  carbamate in Hofmann 

rearrangement   498  

  carbanion   125 ,  374 

  stabilization by sulfur   307   

  carbanion intermediate, in E1cB 

elimination mechanism   277  

  carbene: 

  addition to alkenes   327, 479–80  

  electrophilic or nucleophilic   328  

  insertion into C–H, O–H, and 

N–H single bonds   328  

  isomerization to alkene   497  

  1,2-shift in   497  

  singlet, electronic structure   328   

  carbenium ion   141 

  alignment in bond formation with 

Cl −    149  

  conjugatively stabilized   264  

  in electrophilic additions to 

alkenes   315 ,  316  

  as an intermediate   153  

  intermediates, regioselective 

formation from unsymmetrical 

alkenes   317  

  intermediates, relative stabilities 

  317  

  partitioning in S N 1/E1 

mechanism   274  

  1,2-shift in   490–2  

  in S N 1 reaction   261  

  in S N 1/E1 mechanism   274  

  stability   263   

  carbenoid   329  

  carbocation   141  

  carbocation intermediates in 

electrophilic substitution of 

benzene   343–4  

  carbohydrates: 

  confi gurations   239  

  defi nition   528   

  carbon-14 ( 14 C):  

   14 C labelling, in formation of 

benzyne   415 

  natural abundance   3  

  radioisotope   3   
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  carbon acids   124–8 

  p K  a  values   603   

  carbon atom   1 ,  10 

  ground-state electronic 

confi guration   4   

  C–C bond formation   216 

  summary of C–C bond forming 

reactions   615–6  

  with catalytic organometallic 

complexes   507   

 CaC double bond, participation 

by   500–1 

 CeC s bond, participation by   501–2 

  carbon dating,  see  radiocarbon dating  

  carbon dioxide: 

  as an electrophile in aromatic 

substitution   357  

  EPM   25  

  fi xation   3  

  molecular structure and 

model   24  

  VSEPR theory   24   

  C 60  fullerene   425  

  C 70  fullerene   425  

  carbon monoxide extrusion in a 

cheletropic reaction   480  

  carbon nanotube   425  

  carbon nucleophile   216 ,  393  

  carbon-13 ( 13 C) NMR spectra   586–9 

  ethyl 3-oxobutanoate   588  

  ethyl ethanoate   587  

  4-methylpent-3-en-2-one   587   
13 C chemical shifts 586 (T25.5)  

  carbonyl (C=O) bond, polarity   166  

  carbonyl addition 406 

see also    1 ,2-addition  

  carbonyl bond: 

π MO   166  

  resonance hybrid   166   

  carbonyl compound   54 

  reactivity   173   

  carbonyl compound(s) as weak 

bases   131  

  carbonyl compounds   165 ,  188 

  ease of reduction   211  

  hydration   171–6  

  mass spectra   596  

  reaction with Grignard 

reagents   217  

see also  aldehydes, ketones, and 

carboxylic acid derivatives   

  carbonyl group   54 ,  164  

  carbonyl hydrate,  see    1 ,1-diol 

  carbonyl rearrangement by 

1,2-shifts   494  

  carboxy group   55 ,  188  

  carboxylic acid   55 

  hydrogen-bonded dimer   64   

  carboxylic acid derivatives   55 ,  188 

  interconversions   203  

  reactions   189  

  reactivity   197–8  

  reduction   210  

  relative reactivities, summary   203  

  summary of reactions   605  

  summary of syntheses   614   

  carboxylic acids   18 

  acidities compared with alcohols 

  121  

  common names   189  

  p K  a  values   602  

  reactions   201  

  reduction   210  

  summary of reactions   605  

  summary of syntheses   613   

  carcerand   102  

  carcinogenicity of polycyclic 

aromatic compounds   428  

β-carotene   89 ,  553 

  colour   106  

  preparation by the Wittig reaction 

  185   

  Carothers, W.H. xxx  

  carvone   248 ,  553  

  catalysis in addition of weak 

nucleophile to enones 405; 

see also  acid- and base-catalysis   

  catalytic cracking   47  

  catalytic hydrogenation of enones 

  408  

  catechol,  see  benzene-1,2-diol  

  cathodic reduction of 

acrylonitrile   466  

  cation, formation   6  

  cation–anion interaction   61  

  cationic polymerization   329 

  monomers for   330  

  of a vinyl ether   330   

  cell membrane   552  

  cellobiose   533  

  cellulose   533 ,  534  

  cephalin,  see  

phosphatidylethanolamine  

  chain propagation   448  

  chain transfer in radical 

polymerizations   459  

  chair conformation (form) of 

cyclohexane   79–83  

  chair forms of saturated heterocyclic 

compounds   82  

  characterization of organic 

reactions   156–61  

  charge delocalization and stability 

of anion   121–2  

  charge separation   96  

  charge-controlled reaction   379  

  chemical shift: 

  defi nition   572  

  range   573   

  chemical warfare in Nature   167  

  chemoselectivity   516  

  Chichibabin reaction   436–7  

  cheletropic reactions   479–480  

  addition of methylene to 

alkenes   480  

  chiral, meaning of   225  

  chiral auxiliary   521 ,  522  

  chiral catalyst   521  

  chiral centre, s ee  chirality centre  

  chiral molecule   226  

  chiral source   521  

  chirality   225 

  of conformationally mobile 

cycloalkanes   244  

  of conformationally mobile 

molecules   244   

  chirality axis   244  

  chirality centre   227  

  chitin   559  

  chloral,  see  trichloroethanal  

  chlorination: 

  of benzene, mechanism   345  

  of methane   447–8  

  of methane, radical chain 

mechanism   448   

  chlorination and bromination of 

butane, selectivity   449  

  chlorine oxy-acids, acidity   121  

  1-chloro-2-hydroxycyclohexane, 

n.g.p. in  trans -isomer   266–7  

  chloroethanal, molecular model and 

EPM   173  

  chloroethanoic acids, p K  a  

values   123  

  chloroethene, resonance   97  

  2-chloroethyl vinyl ether,  1 H NMR 

spectrum   581  

  chlorofl uorocarbon (CFC)   465  

  chloroform, p K  a    129  
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  chloromethane: 

  dipole-dipole interactions and 

EPMs   62  

  molecular model and EPM   216   

   m -chloroperbenzoic acid (MCPBA) 

  327 

  as an oxidant   222   

  chlorophyll   106  

  chlorophyll a xxxi  

  2-chloropropane   53 

  mass spectrum   594  

  molecular model   53   

  chlorosulfi te ester, intermediate in 

conversion of ROH into 

RCl   297  

 cholecalciferol,  see  vitamin D 3   

  cholesterol xxxi,   555 

  biosynthesis   555   

  cholic acid   555  

  choline   552  

  chromate ester intermediates in 

oxidation of >CHOH to 

>C=O   299  

  chromatography   66 ,  241 ,  562  

  chromic acid oxidation of alcohols: 

  mechanism   299  

  oxidation numbers in   337   

  chromium trioxide (CrO 3 ) for 

oxidation of primary and 

secondary alcohols   298  

  chromophore   106  

  chymotrypsin for peptide 

sequencing   547  

  ciguatoxin xxxi  

   cine , defi nition   414  

   cis–trans  isomerism (isomers)   37–8 , 

 84 ,  230 

  of cycloalkanes   84–5   

  of oximes   496  

   cis–trans  isomerization: 

  of rhodopsin   107  

  photochemical, of alkene   107  

  photochemical, of cyclohept-2-

enone   107   

   cis–trans  isomers   230  

  citric acid   110  

  citronellal   165 ,  560  

  Claisen, L.   389  

  Claisen condensation   388–92 

  a biological example   389  

  crossed   391–2  

  indicated by retrosynthesis   513  

  intramolecular   391  

  mechanism   390  

  of thioesters   389   

 Claisen rearrangement   483 

  aromatic   484  

  classes of organic compounds 

44 (T3.1)  

  classes of reactions   138–40  

  classifi cation: 

  of amines   53  

  of hydrocarbons   43  

  of substituents in electrophilic 

aromatic substitution   352–3   

  Clemmensen reduction   213  

  climate change   46  

  coal   46  

  cocaine   433  

  codon   538  

  coenzyme A (CoA)   306 ,  535–6  

  coenzymes Q   361  

  colour: 

  and conjugation of polyenes   89  

  perception   106   

  column chromatography   66  

  combustion   445  

  comparison of S N 1 and S N 2 

mechanisms 268 (T12.1)  

  competition of substituents in 

regioselectivity in disubstituted 

benzenes   354  

  complementary strands of DNA   538  

  computational chemistry   22  

  concerted (reaction) step   143  

  concerted disconnection   515 

  indicating a Diels–Alder reaction 

  516   

  concerted elimination,  see  E2 

elimination  

  concerted mechanism, contrast with 

stepwise mechanism   158  

  concerted reactions   143 ,  276 

  orbital implications   150   

  concerted 1,2-shift in formation of 

carbenium ions   295–6, 493  

  condensation reaction   181  

  condensed formulas of organic 

compounds   35–6  

  confi guration, absolute and relative 

  238  

  confi gurational isomers   38 ,  84 ,  230  

  confi gurations of sugars and amino 

acids   238  

  conformational analysis   84  

  conformational isomer   72 , 230;

   see also  conformer, rotational 

isomer   

  conformations   72 

  of alkanes   72–7  

  of butane   76–7  

  of ethane   72–5   

  conformer 72; 

   see also  conformational isomer, 

rotational isomer   

  coniine xxvii,   53 ,  82  

  conjugate acid   111  

  conjugate acids of miscellaneous 

organic compounds, p K  a  

values   604  

  conjugate addition   330 ,  402 

  of alcohols to enones   405  

  of amines to enones   404  

  of hydrogen halides to 

enones   405  

  to enones   404  

   see also    1 ,4-addition  

  conjugate base   111  

  conjugated diene   90  

  conjugated polyenes   89  

  conjugated system   89 ,  90  

  conjugation   90  

  conjugative effect upon 

acidity   123  

  conjugative inhibition of hydration 

of benzaldehyde   173  

  conjugative interaction   90  

  conjugative stabilization: 

  of benzaldehyde   173  

  of carbenium ions   264  

  of radicals   446   

  conrotatory   482  

  constitutional isomer   37 ,  48 ,  230  

  convergent synthesis   519 

  of prostaglandin E 2  (PGE 2 )   521   

  coordination of metal ion in pinacol 

reaction   463  

  Cope rearrangement   483  

  core electrons   5  

  Corey, E.J.   508  

  Corey lactone in PGE 2  synthesis   526  

  cortisol   556  

  cortisone   556  

  coulombic interaction   61  

  coupling constant 577; 

   see also  spin-spin coupling 

constant   

  covalent bond   9–10 ,  25  

  covalent radius   12  
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  cracking   445  

  Crafts, J.M.   347  

  cross-coupling reactions, palladium-

catalysed   507  

  crossed aldol formation using enol 

silyl ethers   398  

  crossed aldol reaction   386–7  

  crown ethers   302 

  as phase transfer catalysts   261  

  18-crown-6, structure and 

molecular model   302   

  crude oil, fractions by distillation   46  

  cryptand   302 

  for rapid synthesis of 

fl uorodeoxyglucose   303   

  cryptate   302  

  crystal lattice   8 ,  9  

  crystal violet   106  

  crystalline solid   63  

  cumene, autoxidation   461  

  cumene hydroperoxide, 1,2-shift 

in   495  

  cumene process for the production 

of phenol and propanone   168  

  curly arrows: 

  different meanings   143, 470  

  guidelines for writing   618  

  used in resonance   93   

  Curtius reaction (rearrangement)   498  

  cyanide ion: 

  addition to CaO bond   169  

  conjugate addition to enones   404  

  resonance   97   

  cyanidin   361  

  cyanoacrylate esters   409 ,  410  

  cyanoalkyl radicals   445  

  cyano-ethylation   408  

  cyanohydrin: 

  as kinetic product in addition of 

cyanide to an enone   406  

  of propanone, molecular models 

  171   

  cyanohydrin formation   169–71 

  equilibrium (constant)   170  

  equilibrium and reversibility   156  

  rate law   169   

  cyclic enediyne antitumour 

antibiotics   320  

  cyclic hemiacetal   177 ,  529 

  of glucose   177   

  cyclic intermediates in neighbouring 

group participation   267, 499  

  cyclic structures, nomenclature   57  

  cyclization: 

  of alkenyl radicals   455–6  

  6- endo -   456  

  5- exo -   456  

  of hydroxy aldehydes and 

ketones   177   

  [2+2] cycloaddition   478–9  

  photo-induced   108  

   see also  photochemical 

cycloaddition  

  [4+2] cycloaddition 332, 471–5 

  defi nition   471  

  molecular orbital 

interactions   471–2  

   see also  Diels–Alder reaction   

 cycloadditions   470–80 

  cycloalkanes   48 ,  77 

  confi gurational isomers and 

 cis–trans  isomerism   84  

  heats of combustion 85 (T4.1)  

  strain (energy)   85–6   

  cyclobutadiene   102  

  cyclobutane   78–9 

  nonplanar structure and 

molecular model   79  

  ring-puckering vibration   78   

  cyclohept-2-enone, photochemical 

 cis–trans  isomerization   107  

  cycloheptatrienium ion   103  

  cyclohex-3-enone, isomerization of 

  379  

  cyclohexa-1,3,5-triene, hypothetical 

compound   100  

  cyclohexane   48 ,  79–83 

  chair conformation   79–83  

  conformational energy profi le   83  

  half-chair conformations   82–3  

  molecular model   48  

   pseudo -rotation   82  

  twist-boat conformations   82–3   

  cyclohexane-like transition 

structure   484  

  cyclohexanone oxime, rearrangement 

to ε-caprolactam   496  

  cycloocta-1,3,5,7-tetraene   104  

  cyclopentadiene (cyclopenta-1,3-

diene)   127 

  molecular model and EPM   127  

  p K  a    127   

  cyclopentadienide ion   103 

  molecular model and EPM   127   

  cyclopentane   78–9 

  envelope form   78–9  

  molecular model   79   

  cyclopropane   48 ,  77–8 

  angle strain   77  

  molecular model   48  

  molecular structure and 

model   78  

  ring strain   78   

  cyclopropanes by addition of 

carbenes to alkenes   328  

  cyclopropanone, intermediate in the 

Favorskii rearrangement   505  

  cyclopropenium ion   102  

  cyclopropylmethyl radical, 

β-fragmentation   458  

  cycloreversion   471, 477  

  [4+2] cycloreversion   480  

  cyclotron   302  

  cysteine   305  

  cytidine   536  

  cytosine (C)   535–6  

 D 

  2,4-D (2,4-dichlorophenox yethanoic 

acid)   284  

   D  and  L , as structural 

descriptors   238  

  α-damascone   165  

  DBN (1,5-diazabicyclo[4.3.0]

non-5-ene),  p BHK +    130  

  DBU (1,8-diazabicyclo[5.4.0]

undec-7-ene),  p BHK +    130  

  DDT (dichlorodiphenyl-

trichloroethane)   284  

  deactivating and  meta -directing 

groups   353  

  deactivating and  ortho,para -

directing groups   352  

  deactivating substituents in 

electrophilic aromatic 

substitution   350 ,  353  

  deamination of amines   310  

  decarboxylation: 

  in Hofmann and Curtius 

rearrangements   498  

  in Kolbe electrolysis   466  

  of β-keto carboxylic acids 

  391, 481   

  decay of radioisotope   3  

  degenerate orbitals   2  

  dehalogenation using tributyltin 

hydride   452–3  
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  dehydration   171 

  of alcohols with acid-catalysis 

  292–3  

  of aldol   385   

  delocalization: 

  of π and p electrons   90  

  of charge, and stability of anion 

  121–2   

  delocalization energy   90 

  of benzene   99   

  delocalized π electrons   50  

  demercuration, reductive   322  

  2′-deoxyadenosine   536  

  2′-deoxycytidine   536  

  deoxygenation of alcohols   453  

  2′-deoxyguanosine   536  

  deoxyribonucleic acid 534; 

   see also  DNA   

  deoxyribonucleoside   535  

   D -deoxyribose   535  

  2′-deoxythymidine   536  

  deprotection   221  

  deprotection: 

  and protection   517–9  

  to regenerate alcohols   518  

  to regenerate amines   518  

  to regenerate aldehydes and 

ketones   517   

  detergent   551 

  cationic   551  

  non-ionic   551   

  detoxifi cation by glutathione   428  

  α-deuterated ketone 

(aldehyde)   377  

  deuterium, introduction into arenes 

by desulfonation   367  

  deuterium exchange, acid- and 

base-catalysed   377–8  

  dextrorotatory   239  

  diamagnetic anisotropy   574 

  in alkyne   574   

  diamines as bases   133  

  diamond, structure   79  

  diastereoisomer   230 ,  233–6  

  diastereoisomeric salt   241  

  diastereotopic   582  

  diastereotopic hydrogens,  1 H NMR 

signals   581  

  1,3-diaxial interaction   81 

  in axial methylcyclohexane   81  

  in the formation of cyclohexanone 

cyanohydrin   171   

  diazo coupling   363  

  diazoketone   497  

  diazomethane   328 

  resonance   97   

  as a 1,3-dipole   476  

  diazotization: 

  of aniline   362–3  

  followed by rearrangement   493  

  of primary amines   309   

  dibasic,  see  diprotic  

  dibenzoyl peroxide (BPO)   445  

  diborane   323  

  1,2-dibromopropane,  1 H NMR 

spectrum   581  

  1,5-dicarbonyl compound, 

retrosynthesis   514  

  1,3-dicarbonyl compounds: 

  alkylation   393–5  

  enolate ions   392–3  

  p K  a    392   

  dicarboxylic acid   132  

  dichlorocarbene: 

  as an electrophile in electrophilic 

aromatic substitution   359  

  by α-elimination reaction of 

CHCl 3    328   

  dichloromethane, bond angles   25  

  2,4-dichlorophenoxyethanoic acid 

(2,4-D)   284–5  

  dichromate (sodium) for oxidation 

of primary and secondary 

alcohols   298  

  dicyclohexylcarbodiimide 

(DCC)   543  

  Dieckmann condensation   391  

  dielectric constant   67  

  Diels, O.   333  

  Diels–Alder reaction 332−4, 471–5 

  of alkynes   334  

  indicated by retrosynthesis 

515–6  

  kinetic versus thermodynamic 

control   473  

  promotion by Lewis acid   475  

  regioselectivity   474–5  

  thermochemistry   333  

  to trap benzyne intermediate   417   

   see also  [4+2] cycloaddition   

  diene, conjugated   90  

  for Diels-Alder reactions   471  

  dienone-phenol rearrangement   504  

  dienophile   332, 471  

  diethyl azodicarboxylate 

(DEAD)   298  

  diethyl ether   52 

  molecular model   52   

  diethyl malonate   394  

  diffusion-controlled reaction   381  

  1,2-difunctional compound, 

retrosynthesis   513  

  digoxin xxvii  

  dihalocarbene from CHX 3  with 

phase transfer catalysis   329  

  dihedral angle   73 

  and vicinal coupling 

constant   577   

  dihydropyridines in the Hantzsch 

pyridine synthesis   440  

  2,3-dihydroxybutanedioic acid,  see  

tartaric acid  

 dihydroxylation of alkenes   477 

  2,3-dihydroxypropanal   233 

  ( R )-, Fischer projection and 

molecular model   233  

   see also  glyceraldehyde   

  α-diketone, base-induced 

rearrangement   494;  

   see also  1,2-diketone   

  1,2-diketone   463 ,  464  

  1,3-diketone, enol of   375  

  dimethyl sulfoxide (DMSO)   135  

  dimethylallyl diphosphate,  see  

3-methylbut-2-enyl 

diphosphate  

  4-dimethylaminopyridine (DMAP), 

 p BHK +    441  

  3,3-dimethylbutan-2-ol, dehydration 

with rearrangement   295  

  1,2-dimethylcyclopentene, 

stereochemistry in addition of 

HX   319  

  2,2-dimethylpropane   64 

  mass spectrum   592  

  molecular model   64   

  2,2-dimethylpropan-1-ol: 

   1 H NMR spectrum   573  

  1,2-methyl shift in acid-catalysed 

reaction   295–6  

  pure,  1 H NMR spectrum   584   

  2,4-dinitrofl uorobenzene,  see  Sanger 

reagent  

  dinitrogen (N 2 ) as a nucleofuge in 

arenediazonium ions 

  363 ,  417  

  dinitrogen trioxide   310  

    1 ,1-diol  171  

   1,2-diol, pinacol 

rearrangement  491–2  

  dioxin   285 

  in the Seveso disaster   443   
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  dioxygen (O 2 ): 

  diradical (triplet) structure   105  

  photoexcited singlet state   105   

  1,3-dioxygenated compounds, 

retrosynthesis   513–4  

  1,5-dioxygenated compounds, 

retrosynthetic analysis   514–5  

  dipeptide   539  

  diphenylmethane, p K  a    126  

  diphosphate as a nucleofuge   265  

  2,2′-diphosphino-1,1′-binaphthyl, 

molecular models   244  

  1,3-dipolar cycloaddition   475–6  

  of ozone   476–7  

  dipolar ion,  see  zwitterion  

  dipolarophile   475  

  dipole   10–11  

  1,3-dipole   475, 476  

  dipole moment   11 

  of pyridine   430  

  of pyrrole   429   

  dipole-dipole interactions   61 ,  62 ,  259  

  dipole-induced dipole 

interactions   61 ,  62  

  diprotic acid   131  

  diradical   320 ,  444  

  directed aldol reaction   395  

  disaccharides   533 

  systematic names   533   

  disconnection: 

  of   1 ,3-dioxygenated compounds 

 513  

  of an ether   512  

  at heteroatoms   512–3  

  of a ketone   509 ,  510–11  

  of a secondary alcohol   510  

  of a sulfi de   512   

  disconnections of C–C bonds 

  221 ,  508  

  dispersion force   61 ,  62 ,  448  

  disproportionation of radicals   449  

  disrotatory   481  

  dissolution: 

  of nonpolar compounds   65  

  schematic representation   65 ,  66   

  dissolving metal reduction: 

  of benzene   462  

  of ketone   463   

  distillation   66  

  disubstituted benzenes, electrophilic 

substitution 354−5  

  disulfi de   305  

  disulfi de bridge, and tertiary 

structure of proteins   305  

  diterpene   553  

  1,3-dithiane: 

  p K  a    307  

  Umpolung   307   

  dithioacetal   180 ,  304 

  desulfurization   213  

  in protection-deprotection   222   

  divalent carbon (compound)   497;  

see  carbene  

  DNA   534 ,  537 

  replication   538  

see also  deoxyribonucleic acid   

  DNA polymerase   538  

  dopamine   368  

  double bond in ethene   31  

  double helix of DNA   538  

  double resonance method   585  

  doublet (NMR)   576  

  doubly occupied MO (DOMO) 147; 

see also  occupied MO   

  downfi eld (chemical shift)   573  

  dynamic NMR method of kinetics 

  584  

  dynamite   54  

 E 

  E1 and E1cB mechanisms in 

elimination reaction map 

  279–80  

  E1 elimination, regioselectivity 

  280  

  E1 mechanism   274  

  E1-like and E1cB-like E2 

mechanisms in elimination 

reaction map   279–80  

  E1-like and E1cB-like TSs in E2 

mechanism   278  

  E1cB mechanism   277 

  for aldol dehydration   385  

  in formation of benzyne   415   

  E2 and S N 2 concurrent 

reactions   275  

  E2 elimination: 

  effect of nucleofuge on 

regioselectivity   282  

  electronic effects on 

regioselectivity   282  

  mechanism   275–7  

  regioselectivity   281   

  E2 mechanism: 

  in elimination reaction map 

  279–80  

  in formation of benzyne   415  

  stereoelectronic description   276   

  eclipsed conformation of 

ethane   74  

  EDG,  see  electron-donating group  

  Edman degradation   546  

  effect of substituent Y on 

electrophilic substitution of 

PhY   353  

  effective nuclear charge   8  

  eicosanoids   557  

  Einstein equation   12  

  electrocyclic reactions   470, 

481–2  

  orbital interactions   481–2  

  stereochemistry   481  

  thermal and photochemical   481  

  electrode reactions   465–6  

  electrofuge, defi nition   343  

  electromagnetic radiation, 

interactions with molecules 

  104–5 ,  561 ,  562  

  electromagnetic spectrum   562  

  electron, mass   12  

  electron acceptor   462  

  electron affi nity ( E.A .)   7  

  electron-attracting,  see  electron-

withdrawing  

  electron cloud representation of an 

s AO   25  

  electron density: 

  and atomic orbitals   26  

  of a 2p AO   26   

  electron-donating group (EDG) 

  123 ,  263  

  electron donor   462  

  electronegativity   7 ,  8 

  and resonance   96  

  of C, and hybridization   120  

  of X, effect on acidity of HX   120   

  electron impact (EI) mass 

spectrometry   590  

  electronically excited alkene   106  

  electronic confi guration: 

  of atom   4–5  

  ground-state   4–5   

  electronic effect: 

  on hydration of carbonyl 

compounds   172  

  on regioselectivity in E2   282   

  electronic structure   1 

  of atoms   1  

  of benzenium ion   345  

see also  electronic confi guration   
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  electronic transition: 

  n→π*   563  

  π→π*   563   

  electron pair: 

  acceptor   112  

  donor   112   

  electron pull   192  

  by carbonyl and protonated 

carbonyl   494  

  electron push   190 ,  191 

  by O −    290   

  by OH    492  

  electron releasing,  see  electron 

donating  

  electron transfer   336  

  electron volt   589  

  electron-withdrawing group (EWG) 

  122–4 

  effect on carbon acidity   127–8  

  effect on chemical shift   573   

  electrophile   141 

  in aromatic substitution reactions 

345 (T16.1)  

  LUMO   315   

  electrophilic addition: 

  to alkenes   315  

  to benzene   344  

  to benzene, reaction profi le   344  

  to butadiene   330  

  to cyclohexene   344   

  electrophilic addition-elimination 

  344  

  electrophilic alkenes   404 

  nucleophilic addition to   408   

  electrophilic aromatic substitution 

  341 

  biological   356  

  effects of substituents   353  

  main classes 345 (T16.1)   

  electrophilic attack on a 

monosubstituted benzene 

  350–2  

  electrophilicity: 

  carboxylic acid derivatives 

compared with aldehyde and 

ketones   198–9  

  of carbonyl group   197–8  

  of carboxylic acid derivatives   198   

  electrophilic reactions of benzene 

and cyclohexene compared 

  344  

  electrophilic substitution: 

  of benzene, reaction profi le   344  

  of disubstituted benzenes 354−5  

  of pyridine   435–6  

  regioselectivity   349–50   

  electropositive   7  

  electrospray ionization (ESI) mass 

spectrometry   599  

  electrostatic interaction   61  

  electrostatic potential map   11 ,  12 , 26;

   see also  EPM   

  electrostatic repulsion   22  

  elementary reaction (step)   140  

  elimination   139 ,  273 

  and substitution from alkyl 

halides   284 , 285 (T13.1)  

  elimination–addition mechanism 

for nucleophilic aromatic 

substitution   414–5  

  α-elimination of haloalkanes to 

generate carbenes   328, 497  

  enamine   183 

  chiral, as an intermediate in an 

asymmetric synthesis   523  

  conjugate addition to enones   411  

  as an enolate equivalent   397 ,  411  

  mechanism of formation   183   

  enantiomer   227 ,  230  

  enantiomeric excess ( ee )   241  

  enantiomeric products from achiral 

reactants   245  

  enantiomeric resolution,  see  

resolution  

  enantiomerism   227  

  enantiomers, properties   241  

  enantioselective hydrogenation   521  

  enantioselective synthesis of methyl 

( R )-3-hydroxybutanoate   521  

  enantioselectivity   246  

  enantiotopic   582  

  enantiotopic atoms, groups, and 

faces   582  

  enantiotopic faces   521  

  enantiotopicity   246  

  encounter complex in S N 2 reaction 

  255  

  encounter complex   144  

  encounter-controlled reaction   381  

  endergonic reaction   152 

  equilibrium constant   155   

  endo  and  exo  isomers, 

defi nitions   472 

  endo–exo  selectivity   473 

  endothermic reaction   152  

  ene reaction   480–1  

  regioselectivity   481  

  enediol   463 ,  464  

  energetics of reaction   278  

  energy: 

  of atomic orbitals   3  

  of ethene π bond   32  

  of hybrid orbitals   29   

  energy barrier   150 

  to (hindered) rotation   72 ,  75   

  energy change in hydration of 

carbonyl compounds   172  

  energy diagram for π MOs of 

ethene   32  

  energy difference: 

  between π and π* MOs   33  

  between σ and σ* MOs   33   

  energy gap between interacting 

orbitals   148  

  energy profi le: 

  for conformations of butane   76  

  of cyclohexane conformations   83  

  for internal rotation of ethane   74   

  energy transfer by intermolecular 

collisions   150  

  enkephalin   542  

  enol   374 

  of   1 ,3-diketone  375  

  intramolecular hydrogen bonding 

in   375  

  as a nucleophilic alkene   380  

  p K  a    374   

  enolate: 

  kinetic   396  

  thermodynamic   396   

  enolate equivalent   397  

  enolate formation during a Grignard 

reaction   219  

  enolate ion: 

  EPM   374  

  molecular orbitals   379  

  of pentane-2,4-dione, molecular 

model and EPM   128  

  resonance   96   

  enolate ions   373–96 

  alkylation of   393–5  

  conjugate addition to enones 

  410  

  of   1 ,3-dicarbonyl compounds 

 392–3  

  as nucleophiles   382  
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  as nucleophilic alkenes   380   

  enol equivalent,  see  enolate 

equivalent  

  enol form   374 ,  375  

  enolization: 

  acid-catalysed   376  

  base-catalysed   376–7  

  equilibrium constants   374  

  of β-keto ester and  13 C NMR 

signals   588  

  mechanism   376  

  rate constant for   377  

  rate-determining step in   377  

  reversibility   376 ,  377   

  enol silyl ethers: 

  aldol formation from   398  

  alkylation of   398  

  preparation of   397–8   

  enone   403 

  conjugate addition to 404–8  

   see also  α,β-unsaturated carbonyl 

compounds   

 enophile   480 

  enthalpy of activation 152; 

   see also  activation energy   

  enthalpy of reaction   8 

  from bond dissociation enthalpies 

  450   

  enthalpy profi le   151  

  entropy change in dissociation of 

carboxylic acids   123  

  entropy effect in intramolecular 

reaction   177  

  envelope form of cyclopentane   78–9  

  environmental problems of 

polyhalogenated compounds 

  285  

  ephedrine   248 ,  368 ,  433  

  epigallocatechin gallate   361  

  epinephrine,  see  adrenaline  

  EPM   11 ,  12 ,  26 

  acyl chloride   198  

  allene   91  

  amide   198  

  benzyl anion   125  

  BF 3    113  

  BF 3 –NH 3    113  

  BH 3    14  

  bromomethane   253  

  butadiene   90  

  CH 4    23 ,  30  

  chloroethanal   173  

  chloromethane   216  

  cyclopentadiene   127  

  cyclopentadienide ion   127  

  enolate anion   374  

  enolate ion of pentane-2,4-dione 

  128  

  ester   198  

  ethanal   173  

  ethanoate ion   19  

  ethene   24 ,  31  

  ethyne   25 ,  34  

  F 2    12  

  HCl   11  

  H 2 O   11 ,  24  

  H 3 O +    15  

  methanal 24   166  

  methyllithium   216  

  NH 3    14 ,  23 ,  113  

  nitromethane   19  

  ozone   476  

  pentane-2,4-dione   128  

  phenoxide ion   122  

  propenal   403  

  protonated methanal   174  

  pyrrole   429  

  triphenylmethyl anion 126;  

   see also  electrostatic potential 

map   

  epoxidation of alkenes   327  

  epoxide   289 

  intermediate in metabolic process 

428;  

   see also  oxirane   

  epoxides: 

  ring opening   300–1  

  summary of syntheses   611   

  equatorial (bond) of chair 

cyclohexane conformation 

  79–80  

  equilibrium constant   152 

  cyanohydrin formation 170 (T8.1)  

  defi nition   155  

  hydration of carbonyl compounds 

172 (T8.2)  

  relationship with standard Gibbs 

energy of reaction   155   

  erythromycin A   202  

  erythrose   234  

  essential amino acids   539 ,  540  

  ester(s): 

  as weak bases   130–1  

  base-catalysed hydration   190  

  fruit-like odour   56  

  molecular model and EPM   198  

  protonation site   131  

  reaction with amine   195–6  

  reduction to alcohol   210   

  ester exchange, catalysed and 

uncatalysed   195  

  ester formation with inversion of 

alcohol confi guration   298  

  ester hydrolysis   190–4 

  acid-catalysed   192  

  alkaline   191   

  esterifi cation   199 ,  200 , 201;

   see also  ester formation   

  estradiol   556  

  ethanal   55 

  EPM   173  

  in the metabolism of ethanol   168  

  molecular model   55 ,  173  

  production and use   168   

  ethanamine   53 

  molecular model   54   

  ethane: 

  conformations   72–5  

  torsional barrier   78   

  ethane-1,2-diol   51 

  industrial production and use   294   

  ethanenitrile,  see  acetonitrile  

  ethanoate ion: 

  bond lengths   19  

  EPM   19  

  Lewis structures   17  

  molecular model   19  

  resonance   19 ,  94   

  ethanoic acid   55 ,  110 

  molecular model   55 ,  188  

  p K  a    116   

  ethanol   51 

  absolute,  see  ethanol, anhydrous  

  by fermentation   294  

  industrial production   294  

  molecular model   51  

  anhydrous   294   

  ethanolamine   552  

  ethene   314 

  bond angles   24  

  bonding   31–32  

  energy diagram for π MOs   32  

  EPM   24 ,  31  

  molecular model   31  

  molecular structure and model   24  

  π bond energy   32  
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ethene (continued)

  as a plant hormone   316  

  as a raw material   49   

  Ethephon   316  

  ether   50  ,   52 

  autoxidation   460  

   see also  diethyl ether   

  ether cleavage, selectivity   291–2  

  ethers: 

  acid-catalysed reactions   289–92  

  formation from alcohols   291  

  summary of syntheses   611  

  as weak bases   130   

  ethoxide ion, molecular model   256  

  ethoxyethene, mechanism of 

acid-catalysed hydration 

  322  

  ethyl acetoacetate,  see  ethyl 

3-oxobutanoate  

  ethyl alcohol,  see  ethanol  

  ethyl benzoate,  18 O-labelled   194  

  ethyl ethanoate: 

   13 C NMR spectrum   587  

   1 H NMR spectrum   577  

  p K  a    128   

  ethylene glycol,  see  ethane-1,2-diol  

  ethylene oxide (oxirane), production, 

uses, and hazards   300  

  ethyne   24 ,  314 

  bonding   33  

  EPM   25 ,  34  

  molecular model and structure 

  24 ,  34  

  π MOs   33–4  

  VSEPR theory   24  

   see also  acetylene   

  ethyl 3-oxobutanoate: 

  alkylation   394  

   13 C NMR spectrum   588  

  p K  a    129  

  product of Claisen condensation, 

  388–9   

  eugenol   360  

  EWG,  see  electron-withdrawing 

group  

  exact masses, of common isotopes 

598 (T25.7)  

  excitation of electron   563  

  excited state, electronically 104; 

   see also  photoexcited state   

  exergonic reaction   152 

  equilibrium constant   155   

  exothermic reaction   152  

  external magnetic fi eld   571  

  extinction coeffi cient,  see  molar 

absorptivity  

  extraction, by a solvent   66  

  Eyring equation   153  

   E , Z  nomenclature   38  

 F 

  Faraday, M.   100  

  α-farnesene   553  

  farnesol   265 ,  560  

  fats   55  

  fats and oils   550  

  fatty acid, biosynthesis   389  

  fatty acids, saturated and 

unsaturated 550 (T24.3)  

  Favorskii rearrangement   505  

  Fehling’s reagent   532  

  fi ngerprint region of IR spectrum   565  

  fi ngerprints, detection   410  

  fi re-extinguishing agent   465  

  fi rst-order rate constant   159  

  fi rst-order rate law of S N 1 reaction 

  261  

  Fischer, E. xxix,   233 ,  239  

  Fischer esterifi cation   192 ,  201  

  Fischer projections   233  

  fi sh-hook arrow,  see  singly barbed 

curly arrow  

  fi xation of CO 2    3  

  fl ag-pole hydrogens in chair 

cyclohexane   83  

  fl avonol   106  

  9-fl uorenylmethoxycarbonyl (Fmoc) 

  543  

  fl uorescence   105  

  fl uorine: 

  electronegativity   8  

  radioisotope  18 F   303   

  fl uorine molecule (F 2 ), EPM   12  

  fl uoroalkane   65  

  fl uoroarenes, reactivity in 

nucleophilic substitution   413  

  fl uorocarbon,  see  fl uoroalkane  

  2-fl uoro-2-deoxy- D -glucose,  see  

fl uorodeoxyglucose  

  fl uorodeoxyglucose: 

  labelled with  18 F   302  

  rapid synthesis using 

cryptand   303   

  food preservative   461  

  formal charge   14–15 

  relationship with oxidation 

number   336   

  formaldehyde,  see  methanal  

  formic acid,  see  methanoic acid  

  fossil fuel   46  

  four-membered cyclic transition 

structure in alkene 

hydroboration   323  

  Fourier transform (FT) method for 

NMR spectroscopy   572  

  fragment ion   590  

  fragmentation: 

  of hydroperoxide   461  

  of molecular ion (MS)   590–2   

  β-fragmentation: 

  of radicals   458  

  of tertiary alkoxyl radicals   458   

  free energy,  see  Gibbs energy  

  free radical,  see  radical  

  free valence   47 ,  57  

  freon,  see  CFC  

  frequency   562  

  Friedel, C.   347  

  Friedel–Crafts acylation of benzene, 

mechanism   348–9  

  Friedel–Crafts alkylation: 

  limitations   364  

  of benzene, mechanism   347  

  using alcohols and alkenes   347   

  frontier orbitals   148  

  frontier orbital interactions:  

  in [4+2] cycloaddition   471–2  

  in 1,3-H shift   485  

  in 1,5-H shift   485  

  in 1,2-shift   491  

   see also  HOMO–LUMO 

interactions   

   D -fructose   529  

  FT NMR spectrometer   572  

  fullerene   425  

  functional group: 

  as prefi xed substituent in 

nomenclature   58 , 59 (T3.6) 

  priority in nomenclature   58 , 59 

(T3.5)  

  functional group interconversion 

(FGI)   506 ,  510–511 

  between a ketone and a secondary 

alcohol   510  

  retrosynthetic analysis using   514   

  functional group protection   221  

  functional groups   42–5 , 44 (T3.1)
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  characteristic IR absorptions 

565 (T25.2)   

  functionalized cyclohexane ring in 

retrosynthesis   515–6  

  fundamental classes of reactions   618  

  furan   103, 429 

  acid-catalysed hydrolysis   435  

  Diels–Alder reaction   434  

  electrophilic substitution   432–4   

  furanose   529  

  Furukawa method for 

cyclopropanation by a 

carbenoid   329  

  fused bicyclic compound   86  

 G 

   D -galactose   529  

  gas chromatography (GC)   67  

  gas chromatography–mass 

spectrometry (GC-MS)   599  

  gas phase   63  

  gas-liquid chromatography (GLC), 

 see  gas chromatography  

  gasoline   46  

   gauche  (conformation)   76  

   gem -diol , see    1 ,1-diol 

  geminal, defi nition   171  

  genetic information   537 

  storage   538   

  geraniol   265 ,  553  

  Gibbs energy of activation, 

relationship with rate 

constant   153  

  Gibbs energy reaction profi le   152  

  global warming,  see  climate change  

  glucaric acid   532  

  glucitol   531  

  gluconic acid   532  

   D -glucopyranose, α- and β-   529, 530  

  glucose   529 

  cyclic hemiacetal   177  

  metabolism of   384  

  β- D -   51  

   D -, anomers   529  

   D -, equilibration of open chain 

and pyranose forms   530  

   see also  glucopyranose   

  glucoside   530  

  glutathione   305 ,  306 

  as antioxidant   461  

  in detoxifi cation   428   

  glyceraldehyde   43, 233; 

   see also    2 ,3-dihydroxypropanal  

  glycerol   51 ,  55  

  glycine, acid–base properties   133  

  glycoside: 

  α- and β-   530  

   N -   530   

  glycosidic bond   530  

  Gomberg, M.   446  

  grapefruit mercaptan   52  

  graphene   425  

  graphite   425  

  greenhouse gas   46  

  greenhouse effect   465  

  Grignard, F.A.V.   217  

  Grignard reaction   217–9 

  enolate formation   219  

  of ester, mechanism   217  

  with inverse addition   217  

  reduction during   219  

  side reactions   219  

  of tertiary amide, mechanism   218   

  Grignard reagents   217 

  addition to enones   406–7  

  from haloarenes   366  

  hydride transfer from   219  

  reaction with carbon dioxide   218  

  reaction with carbonyl 

compounds   217  

  reaction with oxirane (ethylene 

oxide)   218–9  

  reaction with water   216   

  ground-state electronic 

confi guration   4–5 

  of elements   5   

  Grubbs complex   507  

  guanidine (G)   535–6 

  arginine as a substituted 

guanidine   130  

   p BHK +    130   

  guanosine   536  

  guest–host interaction   303  

 H 

  half-chair conformation   82–3  

  half-life of decay of radioisotope   3  

  haloalkanes   52–3 ,  273 

  mass spectra   593  

  reaction with nucleophile   251  

  summary of reactions   606  

  summary of syntheses   609  

   see also  alkyl halides   

  haloarenes, summary of syntheses 

  609  

  halochromic compound   134  

  haloform reaction   199 ,  382  

  halogenation: 

  of alkanes, selectivity   448–50  

  of primary amides   498  

  of benzene   345–6   

  α-halogenation   380  

  halogen substituents, electronic 

effects on electrophilic 

aromatic substitution   352  

  2-halopentanes, effect of halogen on 

elimination regioselectivity 

  282  

  Hammond, G.S.   157  

  Hammond postulate   157 ,  161 ,  317 , 

 350 ,  352 ,  450  

  Hantzsch pyridine synthesis   440  

  heat of combustion   85 

  of cycloalkanes 85 (T4.1)   

  heats of hydrogenation: 

  of alkenes 335 (T)  

  of benzene   99–100   

  Heck reaction   507  

  helium, electronic confi guration   5  

  helium molecule (He 2 ), 

instability   27  

  helix, right- and left-handed   228  

  α-helix   547 ,  549  

  hemiacetal   176 

  cyclic   177 ,  529  

  formation   176   

  Henderson–Hasselbalch 

equation   117  

  heptane, IR spectrum   566  

  hept-1-ene, IR spectrum   566  

  hept-1-yne, IR spectrum   567  

  heteroaromatic compounds   423 

  reactions   432–9  

   see also  aromatic heterocyclic 

compounds   

  heteroatom   250 

  defi nition   145   

  heterocyclic compounds   423 

  aromatic   423   

  heterolysis   141 

  of  t -butyl chloride   151   

  hexahelicene, enantiomers   239  

  hexanedinitrile,  see  adiponitrile  

  hexa-1,3,5-triene, MOs   482  

  hexose   529  
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  high-density polyethylene (HDPE) 

  460  

  high performance liquid 

chromatography (HPLC)   67  

  high-resolution mass spectrometry 

and determination of 

molecular formulas   598  

  high-resolution NMR 

spectrometer   572  

  highest occupied molecular orbital, 

 see  HOMO  

  hindered rotation   72 , 244;

   see also  restricted rotation   

  histamine   53  

  history of organic chemistry xxvi  

   1 H NMR spectrum: 

  2-bromo-1,1-dimethoxyethane   576  

  but-2-enoic acid   585  

  2-chloroethyl vinyl ether   581  

  1,2-dibromopropane   581  

  2,2-dimethylpropan-1-ol   573  

  2,2-dimethylpropan-1-ol, 

pure   584  

  ethyl ethanoate   577  

   p -methoxytoluene   579  

  3-methylbutanone   580   

  Hofmann, A.W. von   281  

  Hofmann and Zaitsev 

regioselectivity   283  

  Hofmann elimination   282 ,  309  

  Hofmann rule   281  

  Hofmann rearrangement   498  

  HOMO (highest occupied molecular 

orbital)   148 

  of alkene   315   

  HOMO–LUMO interactions   148–9 

  in approach of methylene to an 

alkene   480  

  between 1,3-dipole and 

dipolarophile   476  

  between nucleophile and 

carbonyl group   167  

  in [2+2] cycloadditions   479  

  in [4+2] cycloadditions   471–2  

  in HCl addition to an 

alkene   315  

  in S N 2 reaction   255   

   see also  frontier orbital 

interactions  

  homolysis   140 ,  445 

  of Br 2    151   

  homotopic, meaning of   582  

  Hooke’s law   566  

  Hückel, E.A.A.J.   101  

  Hückel’s (4 n  + 2) rule   101–4  

  Hund’s rule   4  

  Hunsdiecker reaction   383  

  hybrid AO   28  

  hybridization: 

  of atomic orbitals   28–30  

  of C, effect on acidity of CH   120  

  of C, effect on electronegativity 

of C   120  

  of C, relationship with C–C and 

C–H bond lengths   35   

  hydrate of carbonyl compound,  see  

  1 ,1-diol 

  hydration: 

  of alkenes, acid-catalysed   321  

  of alkynes   324  

  of benzaldehyde, conjugative 

inhibition   173  

  of carbonyl compounds   171–6 ,  190  

  of carbonyl compounds, 

equilibrium constants 

172 (T8.2)  

  of carbonyl compounds, 

mechanism   173–4   

  hydration/dehydration, alkene-

alcohol equilibrium   321  

  hydrazine: 

  as a reducing agent   212  

  reaction with aldehydes and 

ketones   181–2   

  hydrazone   182  

  hydride reduction: 

  of enones   407  

  of carbonyl groups   208   

  1,2-hydride (1,2-H) shift   294, 

490, 491  

  in pinacol rearrangement   492  

  hydride transfer   146 ,  214 

  from carbon   213–4  

  from Grignard reagent   219   

  hydriodic acid for ether cleavage   292  

  hydroboration   323 

  of alkynes   325   

  hydroboration-oxidation: 

  of alkene to give an alcohol   323  

  1,2-shift in   496  

  of terminal alkyne to give an 

aldehyde   325   

  hydrobromination of alkene, 

regioselectivity of radical 

mechanism   454  

  hydrocarbon   43 

  classifi cation   43  

  saturated and unsaturated   43   

  hydrochloric acid   111  

  hydrochlorination of 

2-methylpropene, reaction 

profi le   317  

  hydrochlorofl uorocarbon 

(HCFC)   465  

  hydrofl uorocarbon (HFC)   465  

  hydroformylation of ethene and 

propene   294  

  hydrogen abstraction   447 

  reaction profi le   450   

  hydrogen bond   61 ,  62–3 

  of alcohol   62  

  effect on boiling point   64  

  intramolecular, in enol of 

  1 ,3-diketone  375  

  in nucleic acid base pairing   537   

  hydrogen bonding and protein 

secondary structure   548  

  hydrogen chloride: 

  dipole   11  

  electrophilic addition to an 

alkene   147  

  molecular model and EPM   11  

  formation   9  

  reaction with water   111 ,  115   

  hydrogen cyanide, reaction with 

water   111  

  hydrogen fl uoride: 

  acid strength in water   291  

  anomalous acidity   120   

  hydrogen halides: 

  reactions with alcohols and 

ethers   291–2  

  p K  a  values   120   

  hydrogen molecule: 

  bond length   27  

  molecular orbitals   27   

 [1,3] and [1,5] hydrogen shifts, 

frontier orbital 

interactions   485 

  hydrogen sulfi de, p K  a    120  

  1,5-hydrogen transfer: 

  in Barton reaction   457  

  of radicals   456–7   

  hydrogen-bonded dimer of 

carboxylic acid   64  

  hydrogen-bonding solvation   259  

  hydrogenation of alkenes and 

alkynes   334  

  hydrogenolysis   213  

  hydrohalic acids   291  

  hydrohalogenation of alkenes, 

mechanism   316  
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  hydronium ion,  see  oxonium ion  

  hydroperoxides: 

  fragmentation   461  

  formation by autoxidation   460   

  hydroperoxy compounds, p K  a  

values   602  

  hydroquinone,  see  benzene-1,4-diol  

  hydroxide: 

  leaving ability   290  

  as a poor nucleofuge   175 ,  179   

  hydroxide ion, Lewis structure   14–15  

  β-hydroxy aldehydes, products of 

aldol reaction   382  

  hydroxy aldehydes and ketones, 

cyclization   177  

  hydroxy group   50 

  conversion to a better 

nucleofuge   296   

  hydroxy ketone, by selective 

reduction of a keto ester   211  

  β-hydroxy ketone, 

retrosynthesis   514  

  α-hydroxy ketone 463–4; 

  acid- and base-catalysed 

rearrangement   494  

   see also  acyloin   

  hydroxycarbenium ions in mass 

spectra of alcohols   595  

  hydroxylamine, reaction with 

aldehydes and ketones 

  181–2  

  hydroxymethylation of carbonyl 

compounds   388  

  2-hydroxypropanoic acid,  see  lactic 

acid  

  2-hydroxypyridine, tautomerism 

  437  

  hyperconjugation: 

  and anomeric effect   531  

  in ethane   75  

  in a radical   447  

  in stabilization of a carbanion   307  

  in stabilization of a carbenium 

ion   264   

  hypophosphorous acid as a 

reducing agent   417  

 I 

  ichthyothereol   314  

  imidazole   429 

  acidity   432  

  basicity   431   

  imine, rhodopsin   107  

  imines   181 ,  212 

  as biochemical intermediates   184  

  mechanism of formation   181   

  iminium ion   181 

  intermediate in a biological 

aldol-type reaction   384  

  intermediate in reduction of an 

amide   210–11  

  in Mannich reaction   388   

  indigo xxvi  

  indole   429 

  electrophilic substitution   434   

  inductive effect   263 

  upon acidity   122  

  transmission   123   

  infrared,  see  IR  

  Ingold, C.K.   253  

  initiation of radical reactions   447  

  inner group of 1,3-diene   473  

  inorganic compounds, p K  a  values 

  602  

  in-phase, explanation   26  

  in-phase interaction   27  

  insertion of carbene, into C–H, O–H, 

and N–H single bonds   328  

  insulin   543  

  integration of NMR signals   575  

  intermediate   140 

  compared with transition 

structure   153  

  detection   158  

  lifetime   153   

  intermediate(s) and stepwise 

mechanisms   158  

  intermolecular collisions and 

energy transfer   150  

  intermolecular interactions   61–3  

  internal rotation   72  

  intramolecular aldol condensation 

  386  

  intramolecular hydrogen bond   132  

  intramolecular interaction   62  

  intramolecular nucleophilic 

displacement   266  

  intramolecular reaction, entropy 

aspect   177  

  intramolecular reactions of radicals 

  455–8  

  intramolecular S N 2 reaction   499  

  inverse electron demand in 

Diels-Alder reaction   471  

  inversion of confi guration in S N 2 

mechanism   254  

  investigation of reaction 

mechanisms   156–61  

  iodination: 

  of benzene   345–6  

  of tyrosine   356   

  iodoform   382  

  ion, formation   6–7  

  ion pair   9 ,  262  

  ion-exchange chromatography   67  

  ion–dipole interaction   61  

  ionic bond   8–9  

  ionic product (of water),  see  

autoprotolysis constant  

  ionic radius   12  

  ionic reaction,  see  polar reaction  

  ionization energy ( I.E .)   7  

  ionization potential,  see  ionization 

energy  

  α-ionone   43  

  β-ionone   55  

  ionophore   303  

   ipso , defi nition   414  

  IR absorptions, characteristic of 

functional groups 565 (T25.2)  

  IR spectroscopy   564–568  

  IR spectrum   562 

  butanal   568  

  butan-2-ol   567  

  butanone   568  

  heptane   566  

  hept-1-ene   566  

  hept-1-yne   567   

  isocyanates in Hofmann and Curtius 

rearrangements   498  

  isoelectric point (p I )   541  

  isoelectronic, explanation   18 ,  94 ,  126  

  isomeric hierarchy   230  

  isomerism   37  

  isomerization   293 

  of carbene to alkene   497  

  of unsaturated carbonyl 

compounds   379  

   see also  rearrangement   

  isopentenyl diphosphate   554  

  isoprene unit   553 

  biosynthesis   554   

  isoprenoid   265  

  isopropyl group, multiplicity of the 

methyne NMR signal   580  

  isoquinoline   429 

  nitration   439   

  isosurface   11 ,  12 ,  26  

  isotope   2 

  carbon  14 C   3   
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  isotope exchange: 

  of carbonyl oxygen   175  

  of oxygen during ester 

hydrolysis   193   

 isotope labelling: 

  in Claisen rearrangement   484  

  in formation of benzyne   415  

  isotope labelling, in formation of 

benzyne   415  

  isotopic peaks in mass 

spectrometry   593  

  isotopic scrambling   175 

  in formation of benzyne   415  

   see also  isotope exchange   

  isovalue   11 ,  12  

  IUPAC nomenclature of organic 

compounds   56  

 J 

  ( Z )-jasmone   165  

  Jones oxidation   298  

 K 

   K  a ,  see  acid dissociation constant  

  Karplus equation   577  

   KBH+ , defi nition   129  

  kedarcidin   320  

  Kekulé, A. xxix,   100  

  Kekulé’s dream   100  

  Kekulé structure of benzene   98 ,  342  

  ketene, from ketocarbene   497  

 α-ketocarbene, isomerization to 

ketene   497 

  keto ester, selective reduction   211  

  β-keto ester   389 ,  390 

  enolization   588   

  keto tautomer (form)   374 ,  375 ,  404  

  keto-enol tautomerism: 

  determination of equilibrium 

constants   377  

  equilibrium constants 375 (T17.1)   

  ketone   54 ,  165 

  acidity   374  

  dissolving metal reduction   463   

  ketones: 

  as weak bases   130  

  summary of syntheses   613   

  ketonization   376 

  rate constant   377   

  ketose   529  

  ketyl   463  

  Kevlar   205  

  Kiliani–Fischer synthesis   559  

  kinetic and thermodynamic control: 

  in addition to enones   406  

  in Diels-Alder reactions   473  

  in electrophilic addition of HBr 

to butadiene   331  

  in sulfonation of 

naphthalene   426   

  kinetic control: 

  defi nition   332  

  in electrophilic aromatic 

substitution   349   

  kinetic energy   75  

  kinetic enolate   396  

  kinetic isotope effect   160 

  in formation of benzyne   415   

  kinetically stable   155  

  knocking (pre-ignition)   47  

  Kolbe, H. xxviii  

  Kolbe electrolysis   466  

  Kolbe–Schmitt reaction   358  

 L 

  lactam   202  

  β-lactam antibiotics   202  

  lactase   533  

  lactic acid   240  

  lactone   202  

  lactose   533  

  Lambert–Beer law   564  

  lanosterol   555  

  leaving ability   197 ,  290 

  of alkoxides and hydroxide   290  

  of Y −  and acidity of HY   256  

   see also  nucleofuge   

  lecithin,  see  phosphatidylcholine  

  leukotriene   557  

  levelling effect   134  

  levorotatory   29  

  Lewis, G.N.   6  

  Lewis acid   16 ,  141  

  effect on Diels-Alder 

reactions   475  

  Lewis acid and base, defi nitions   112  

  Lewis acid catalyst: 

  in bromination of benzene   343  

  in halogenation of benzene   345   

  Lewis acid–base interactions   259  

  Lewis base   141  

  Lewis representation of atoms   6  

  Lewis structures: 

  guide for drawing   14–15  

  of molecules   12–20   

  Liebig, J. von xxix  

  lignin   361  

  limonene   553  

  linamarin   167  

  Lindlar catalyst   334  

  line-angle drawings of organic 

structures   35–6  

  line-shape analysis (NMR)   584  

  linear shape and VSEPR model   24  

  linear synthesis   519 

  of prostaglandin E 2  (PGE 2 )   520   

  linoleic acid   550 

  autoxidation   460   

  lipid bilayer   552  

  lipids   550–7  

  Lipitor   554  

  liquefi ed petroleum gas (LPG)   46  

  liquid   63  

  liquid chromatography (LC)   66  

  lithium aluminium hydride   210  

  lithium dialkylcuprate   407  

  lithium diisopropylamide (LDA)   395  

  lithium enolates: 

  alkylation   395  

  generation   395   

  lobes of p orbitals   26  

  London, F.   61  

  London dispersion force,  see  

dispersion force  

  lone pair   10 

  of water   23  

   see also  nonbonding pair, 

unshared electron pair   

  low-density polyethylene (LDPE)   460  

  lowest unoccupied molecular 

orbital,  see  LUMO  

  Lucas reagent   291  

  LUMO (lowest unoccupied 

molecular orbital)   93 ,  148 

  of C=O bond (group)   166  

  of electrophile   315   

  lycopene   89 ,  553  

 M 

  macrolide antibiotics   202  

  magnetic fi eld (MS): 
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  defl ection of ions by   590   

  magnetic fi eld (NMR): 

  effective   572  

  external   572  

  local   572   

  magnetic moment, nuclear   571  

  magnetogyric ratio   571  

  malonic ester synthesis of 

carboxylic acids   394–5  

  malonyl coenzyme A   389  

  maltase   534  

  maltose   533  

  manicone   401  

  Mannich reaction   388  

   D -mannose   529 

  for synthesis of fl uorodeoxy-

glucose   303   

  Markovnikov, V.V.   318  

  Markovnikov regioselectivity of 

oxymercuration-

demercuration   322  

  Markovnikov rule   318  

  mass: 

  atom   12  

  electron   12  

  neutron   12  

  proton   12   

  mass defect   12  

  mass number ( A )   2  

  mass spectra: 

  of alcohols   595  

  of carbonyl compounds   596  

  of haloalkanes   593   

  mass spectrometer   589 

  schematic representation   590   

  mass spectrometry (MS)   562 ,  589  

  mass spectrum: 

  benzaldehyde,   597  

  1-brompropane   594  

  butanal   597  

  butan-1-ol,   595  

  butan-2-ol,   595  

  butanone   596  

  2-chloropropane   594  

  2,2-dimethylpropane   592  

  2-methylbutane   591  

  pentane   590–1  

  toluene   592–3   

  mass-to-charge ratio ( m / z )   590  

  matrix-assisted laser desorption-

ionization (MALDI)   599  

  mauve xxx  

  McLafferty rearrangement   596–7  

  MCPBA,  see m -chloroperbenzoic 

acid  

  mechanism (of a reaction)   138 

  proposal   156–8   

  medical adhesives   410  

  medium effect   68  

  medium ring keto ester, synthesis 

  458  

  Meerwein–Ponndorf–Verley–

Oppenauer reaction   214  

  Meisenheimer complex   413  

  melatonin   368  

  melting point (mp)   63 ,  65 

  of  t -butyl alcohol   65   

  memantine hydrochloride   308  

  menthol   553  

  mercaptan,  see  thiol  

  mercapto group   52  

  mercury, toxicity   323  

  mercury poisoning   323  

  Merrifi eld method   544  

  mescaline   368  

  meso compound   235  

  meso isomer,  see  meso compound  

   meta - ( m -), as a prefi x   60  

  metal bond radius   12  

  metal exchange, effects of ether 

solvents   216  

  metal hydrides: 

  reduction of carbonyl 

compounds   208–11  

  addition to enones   407   

  metal ion, coordination during 

pinacol reaction   463  

  metal ions, complexation by crown 

ethers and cryptands   302  

  metal-carbene complex   507  

  metal-halogen exchange   216  

  methamphetamine   368  

  methanal: 

  bond angles   24  

  Lewis structure   16  

  molecular model and EPM   24 ,  166  

  molecular structure   24  

  photoexcited states   105  

  production and use   168  

  resonance   97   

  methane: 

  VSEPR theory   23  

  bonding   30  

  chlorination   447–8  

  EPM and molecular models   11 , 

 23 ,  30  

  molecular structure   23  

  MOs   30   

  1,6-methano[10]annulene   104  

  methanoic acid, resonance   96  

  methanol   51 

  industrial production and 

toxicity   294  

  Lewis structure   16  

  molecular model   51  

  as a weak base   131   

  methoxy group, electronic effects on 

electrophilic aromatic 

substitution   350–1  

  methoxybenzenium ions, resonance 

forms   350–1  

  methoxybenzoic acids, p K  a  values 

  124  

  methoxymethyl cation, 

resonance   96  

   p -methoxytoluene,  1 H NMR 

spectrum   579  

  methyl 3-oxobutanoate, 

enantiotopic faces and 

prochirality   522  

  methyl alcohol,  see  methanol  

  methyl anion: 

  Lewis structure   16–17  

  pyramidal structure   93   

  2-methylbutane   64 

  mass spectrum   591  

  molecular model   64   

  3-methylbutanone,  1 H NMR 

spectrum   580  

  3-methylbut-2-enyl 

diphosphate   265  

  methyl  t -butyl ether (MTBE)   47  

  methylcyclohexane   80–1 

   anti  and  gauche  interactions   81  

  axial form, molecular model 

  80 ,  81  

  1,3-diaxial interactions   81  

  equatorial form, molecular model 

  80 ,  81   

  methylcyclopentadienes, thermal 

isomerization   485  

  methylene 327 

  cycloadditon to alkenes   479–80  

   see also  carbene   

  methyl ethanoate, molecular model 

  190  

  methyl orange   363  

  methyllithium, molecular model 

and EPM   216  
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   N -methylmorpholine  N -oxide 

(NMO)   478  

  4-methylpent-3-en-2-one,  13 C NMR 

spectrum   587  

  2-methylpropane   47 

  molecular model   47   

  2-methylpropan-2-ol   51 

  industrial production   294  

   see also t -butyl alcohol   

  2-methylpropene, mechanism of 

hydrochlorination   316  

  methylpyridines, reactions at the 

methyl group   438–9  

  methyl salicylate   207 ,  360  

  1,2-methyl shift: 

  in acid-catalysed reaction of 

alcohols   295–6  

  in carbenium ion   491  

  concerted with formation of 

carbenium ion   295–6   

  2-methylundecanal   55  

  methyl yellow   363  

  mevalonic acid   554  

  micelles   551  

  Michael, A.   410  

  Michael addition, indicated by 

retrosynthesis   515  

  Michael reaction (addition)   410  

  microwave spectroscopy   562  

  migratory aptitude   491, 495  

  minoxidil   444  

  mirror plane   226  

  Mitsunobu reaction   298  

  mixed aldol-ester condensation   392  

  Mizoroki–Heck reaction,  see  Heck 

reaction  

  MO description of a polar 

(elementary) reaction   147–50  

  MO energy diagram, for planar 

cyclic π systems   101  

  mobile phase in chromatography   66  

  molar absorption coeffi cient,  see  

molar absorptivity  

  molar absorptivity ( ε )   564  

  molar reaction profi le of a multistep 

reaction   153–4  

  molecular congestion   171  

  molecular energy profi le   151 

  for a one-step reaction   150   

  molecular formula: 

  and MS   589  

  determination by high resolution 

MS   598   

  molecular ion   590  

  molecular models   11  

  molecular orbital (MO)   25 ,  27  

  molecular orbital energy level 

diagram, generic   563  

  molecular orbitals: 

  of ethene   479  

  of hexa-1,3,5-triene   482  

  of hydrogen molecule   27  

  of methane   30  

  of penta-1,3-dienyl radical   485  

   see also  π MOs   

  molecular recognition   303  

  molecular structure: 

  ammonia   23  

  benzene   98  

  butadiene   90  

  carbon dioxide   24  

  cyclopropane   78  

  ethanoate ion   19  

  ethene   24  

  ethyne   24  

  methanal   24  

  methane   23  

  naphthalene   424  

  nitromethane   19  

  water   24   

  molecular vibration: 

  bond bending   71–2  

  bond stretching   71–2   

  molecular vibrations, stretching and 

bending   564  

  molecular weight by MS   589  

  molozonide   476  

  mono-alkylbenzenes, synthesis   365  

  monomers: 

  for anionic polymerization   409  

  for cationic polymerization   330  

  for radical polymerization   459   

  monosaccharide, defi nition   528  

  monosaccharides   529–30 

  multiple protection   519  

  reduction and oxidation   531–2   

  monoterpene   553  

  More O’Ferrall, R.A.   279  

  Morse curve   151  

  multiple protection of 

monosaccharides   519  

  multiplet (NMR)   576  

  multiplicity of spin–spin splitting 

patterns   576  

  multistep reaction   153 

  molar reaction profi le   153–4  

   see also  stepwise reaction   

  multistep synthesis of 

bexarotene   523–4  

  muscalure   49 ,  314  

  muscone   165  

  mustard gas   252  

  mutarotation   530  

  myrcene   314 ,  553  

 N 

  NAD +    215 ,  535–6  

  NADH   215  

  naked anion   260  

  nanotechnology   425  

  nanotube   425  

  naphthalene   424 

  bromination   426  

  electrophilic substitution   426  

  resonance   424  

  resonance energy   424  

  structure   424  

  sulfonation   426   

  naphthalenium ion   426  

  naphthalen-2-ol, acidity of 

photoexcited states   105  

  2-naphthol,  see  naphthalen-2-ol  

  naproxen, enantiomeric resolution 

  241–2  

  natural abundances of isotopes 

  2 , 593 (T25.6) 

  natural gas   47  

  natural rubber   553  

  neighbouring group participation 

(n.g.p.)   266–8 

  of  trans -1-acetoxy-2-

bromocyclohexane   267  

  of  trans -1-chloro-2-

hydroxycyclohexane   266  

  rearrangement involving 

  489–502  

  in S N 1 reaction   267  

  in solvolysis   267, 499   

   see also  participation   

  neopentyl alcohol, 

 see    2 ,2-dimethylpropan-1-ol 

 neopentyl tosylate, rearrangement 

of   493 

  neutron   1 

  mass   12   

  Newman projection   73 

  of E2 mechanism   276   
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  nicotinamide adenine dinucleotide, 

 see  NAD +   

  nicotine   53 ,  433  

  ninhydrin   187 ,  560  

  nitration: 

  of benzene, mechanism   346  

  of pyridine  N -oxide   438  

  of quinoline and 

isoquinoline   439   

 nitrene, rearrangement 

involving   497–8 

  nitric oxide (NO)   54 ,  444  

 nitrile oxides as 1,3-dipoles   476 

  nitriles, summary of syntheses   612  

  nitrite ester, intermediate in Barton 

reaction   457  

  nitro compounds   54  

  nitro group, electronic effects on 

electrophilic aromatic 

substitution   351–2  

  nitroalkane   54  

  nitroarene   54  

  nitrobenzenium ions, resonance 

forms   351–2  

  nitrogen bases   129–30  

  nitrogen heterocycles, basicity   430  

  nitrogen molecule as a nucleofuge 

in arenediazonium ions 

  363 ,  417  

  nitroglycerin   54  

  nitromethane: 

  bond lengths   19  

  EPM, molecular structure, and 

model   19  

  Lewis structures   17–18  

  p K  a    127–8  

  resonance   19 ,  94   

  nitrones as 1,3-dipoles   476  

  nitronium ion   346  

  nitronium tetrafl uoroborate as a 

nitrating reagent   346  

  nitrophenols, p K  a  values   123–4  

   N -nitrosamines   309  

  nitrosonium ion   310  

  nitrous acid, reaction with 

alkylamines   309  

  NMR   562 ,  571 

  physical basis   571  

   see also   1 H and  13 C NMR   

  NMR spectroscopy   571  

  noble gas element   5  

  nodal plane   26 

  of antibonding MO of H 2    27   

  nodal planes: 

  of allyl system   93  

  of benzene   98  

  of butadiene   90   

  node,  see  nodal plane  

  non-benzenoid   424  

  non-polar reaction   142  

  nonactin   303  

  nonbonded interactions   61  

  nonbonding pair 10; 

   see also  unshared electron pair, 

lone pair   

  nonplanar form of cyclobutane 

  78–9  

  7-norbornenyl tosyate, participation 

by CaC double bond   501  

   exo -2-norbornyl brosylate, 

solvolysis   501–2  

  noradrenaline (norepinephrine) 

  252 ,  368  

  nπ* transition   105  

  nuciferal   526  

  nuclear binding energy   12  

  nuclear magnetic resonance (NMR) 

  572  

  nuclear Overhauser effect (NOE)   585 

  effect on  13 C NMR signal 

intensity   589   

  nuclear Overhauser enhancement 

(NOE),  see  nuclear Overhauser 

effect  

  nuclear reaction   3  

  nucleic acid   534–5 ,  537 

  base pairing   537–8  

  generic structural 

representation   535   

  nucleofugality,  see  leaving ability  

  nucleofuge   141 , 196,  251 ,  256 ,  290 

  defi nition   343  

  effect on regioselectivty in E2   282  

   see also  leaving group   

  nucleofuges (biological), phosphate 

and diphosphate   265  

  nucleon   12  

  nucleophile   141 

  as a single electron donor   464   

  nucleophiles: 

  in acidic solution   290  

  potent and poor   196  

  in S N 1 and S N 2 mechanisms   268  

  for S N 2 reactions   255   

  nucleophilic addition   402 

  to electrophilic alkenes   408   

  nucleophilic alkenes   397  

  nucleophilic aromatic substitution: 

  by addition–elimination   412–13  

  by elimination–addition   414–15   

  nucleophilic attack: 

  at C=O group   167  

  site of   145   

  nucleophilic centre   146  

  nucleophilic substitution   250 

  aromatic   403  

  by addition–elimination   189  

  of  t -butyl bromide   261  

  of carboxylic acid derivatives, 

generalized mechanism   196  

  by conjugate addition–

elimination   412  

  of pyridine derivatives   436–7  

  radical chain mechanism   464  

  rate law   251  

  by the S N 1 mechanism 260–6  

  by the S N 2 mechanism 252–60  

  by the S RN 1 mechanism   464   

  nucleophilicity   255 

  and basicity   255  

  and polarizability   256  

  and steric hindrance   256   

  nucleoside 535 (T24.1)  

  nucleotide   534–5  

  nucleus   1 

  size   12   

  nylon 6   205  

  nylon 66   205  

 O 

  octane rating (number)   47  

  octet   6  

  octet rule   6  

  oil (petroleum)   46  

  oils   55  

  oleic acid   36  

  oligopeptide   539  

  oligosaccharide, defi nition   528  

  optical activity   237  

  optical purity   241  

  optical rotation   239  

  orbital alignment   149  

  orbital interactions: 

  in bimolecular (elementary) 

reactions   147  

  bond strength   148  

  in concerted E2 elimination   276   
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  orbital overlap: 

  in bond formation between 

Cl −  and carbenium ion   149  

  and orientation (alignment)   149  

  in reaction of enolate   379   

  orbital symmetry   148 ,  149  

  in cycloaddition reactions   471  

  organic compounds, names   56  

  organic nomenclature   56–61  

  organic reactions, 

characterization   156–61  

  organic resources   46  

  organic structures, depiction   35–7  

  organic synthesis: 

  effi ciency   519–21  

  planning   220 ,  506–7   

  organocatalysis   523  

  organolithium compound   216  

  organolithium reagent, addition to 

enones   407  

  organomagnesium compound 216; 

   see also  Grignard reagent   

  organometallic complexes for 

catalytic C–C bond 

formation   507  

  organometallic compound   208 ,  215  

  organometallic reagent   216  

  orientation 349; 

   see also  regioselectivity   

   ortho - ( o -) as a prefi x   60  

   ortho, meta , and  para , terms used in 

Diels-Alder reactions   474–5  

   ortho,para -directing groups   352  

  osmium tetroxide   477  

  outer group of 1,3-diene   473  

  out-of-phase, explanation   26  

  out-of-phase interaction   27  

  oxazolidinone derivative, 

enantiomerically pure   522  

  oxidation: 

  of alcohols   298–9  

  of alkylborane, rearrangement 

during   324  

  of alkyl groups of alkylarenes   365  

  of aniline   362  

  defi nitions   336  

  of monosaccharides   532  

  of primary alcohols to 

aldehydes   300   

  oxidation and reduction in organic 

chemistry   336–7  

  oxidation number (ON), 

defi nition   336  

  oxidation–reduction by electron 

transfer   462  

  oxidizing agent, defi nitions   336  

  oxime   182 

  acid-catalysed isomerization   496  

  acid-catalysed hydrolysis   182   

   cis-trans  isomers   496  

  oxirane,  see  epoxide  

  oxonium ion   114 

  EPM   15  

  Lewis structure   14–15  

  p K  a    115  

  site of nucleophilic attack   145  

  solvation   135–6   

  oxy-acids of chlorine, acidity   121  

  oxygen (molecule)  see  dioxygen  

  oxymercuration   322 

  of alkynes   324   

  oxymercuration-demercuration of 

alkene to give an alcohol   322  

  oxymercuration-demercuration of 

terminal alkyne to give a 

methyl ketone   324  

  oxytocin   542–3  

 ozone: 

  as a 1,3-dipole   476  

  EPM   476  

  ozone layer, depletion   465  

  ozonide   476  

  ozonolysis of alkenes   476–7  

  for elucidation of alkene 

structures   477  

 P 

  π bond   31 

  as a nucleophilic centre   146   

  π MO   31  

  π MOs   32 

  of allene   91  

  of allylic system   93  

  of benzene   98–9  

  of benzene, energy levels   99  

  of butadiene   90–1  

  of C=O bond   166  

  of enolate   379  

  of ethene   31–2  

  of ethyne   33–4   

  π nucleophile   146  

  Paal–Knorr synthesis of pyrroles, 

furans, and thiophenes   440  

  paper chromatography   67  

   para - ( p -) as a prefi x   60  

  paracetamol   69  

  paracyclophane   575  

  paraffi n   43  

  paraformaldehyde   168  

  partial (electrical) charge   10  

  partial inversion of confi guration in 

S N 1 reaction   262  

 participation: 

  by aryl groups   500  

  by CaC double bonds   500–1  

  by CeC s bonds   501–2  

  by groups with lone pairs   498–9  

   see also  neighbouring group 

participation  

  partitioning of carbenium ions 

between alternative product-

forming steps   317  

  Pasteur, L. xxix,   242  

  Pauli exclusion principle   4  

  Pauling, L.   8 ,  19 ,  28  

  PCB (polychlorinated biphenyl)   285  

  PCC,  see  pyridinium 

chlorochromate  

  penicillin xxviii,   202  

  penta-1,3-diene, 1,5-H shift in   485  

  penta-1,4-diene, p K  a    127  

  penta-2,3-diene, enantiomers, 

structures, and molecular 

models   245  

 penta-1,3-dienyl radical, MOs   485 

  pentane   64 

  mass spectrum   590–1  

  molecular model   64   

  pentane-2,4-dione: 

  molecular model and EPM   128  

  p K  a    128   

  pentose   529  

  peptide   539  

  peptide (protein) sequence, 

determination   546–7  

  peptide bond,  see  amide bond  

  peptide sequenator (sequencer)   547  

  peptide synthesizer   544  

  peptides: 

  structure   542–3  

  synthesis   543–5   

  peracid,  see  peroxy acid  

  perchloric acid, acidity   121  

   peri  position   424  

  pericyclic reactions   143, 469–86  

  in vitamin D formation   486  

  periodic table of elements   ii  
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  Perkin, W.H. xxx  

  permethylation of alkylamines   309  

  perms   305  

  peroxide   445  

  peroxy acids   327  

  use in Baeyer-Villiger 

reaction   495  

  PET 203: 

  recycling   204  

   see also  poly(ethylene 

terephthalate), positron 

emission tomography   

  petrol,  see  gasoline  

  petroleum industry   46  

  pH, defi nition   117  

  pH indicator   134  

  phase change   63  

  phase-transfer catalysis   260 

  by crown ethers   303  

  in dihalocyclopropanation of an 

alkene   329  

  of S N 2 reaction   260 ,  261   

  phenanthrene   424 

  bromination   427  

  oxidation   428   

  phenol   50 ,  60 ,  355 

  acidity and delocalization   122  

  mechanism of bromination   357  

  reactivity in electrophilic 

substitution   355–8  

  toxicity   357   

  phenol-formaldehyde resin   358 

  mechanism of formation   358   

  phenolphthalein   134  

  phenols: 

  in nature   360  

  p K  a  values   602  

  summary of syntheses   610   

  phenoxide ion: 

  molecular model and EPM   122  

  reactivity in electrophilic 

substitution   357   

  phenyl isothiocyanate   546  

  9-phenylfl uorene, p K  a    127  

  phenylhydantoin   547  

  1,2-phenyl shift   495  

  involving participation by phenyl 

group   500  

  β-phenyl-substituted alkyl tosylate, 

solvolysis   500  

  pheromone   49 ,  314  

  phosphate as a nucleofuge   265  

  phosphatidic acid   551–2  

  phosphatidylcholine   552  

  phosphatidylethanolamine   552  

  phosphines, chirality   243  

  phosphoacylglycerol   551–2  

  phosphoglyceride,  see  

phosphoacylglycerol  

  phospholipids   551–2  

  phosphonium ylide   183  

  phosphorescence   105  

  phosphorus halides for conversion of 

alcohols to alkyl halides   297  

  phosphorus tribromide for 

conversion of alcohols to alkyl 

bromides   297  

  photochemical  cis–trans  

isomerization   107  

  photochemical [2+2] cycloaddition 

(photo-cycloaddition)   108, 479  

  photochemical reaction   106–8 ,  150  

  photochemically allowed 

reaction   479  

  photochemistry   105  

  photo-dissociation   446  

  photoexcitation   104–8 

  processes following   105   

  photoexcited states, properties   106  

  photolysis   446  

  photosynthesis   3  

  phthalic acid,  see  benzene-1,2-

dicarboxylic acid  

  physical constants, symbols and 

values   617  

  physical properties of 

compounds   61  

  pi (π) bond,  see  π bond  

  pi (π) MO,  see  π MO  

  pinacol reaction   463  

  pinacol rearrangement   491–2  

  α-pinene   560  

  piperidine   53 

  molecular model   54   

  piperidinium ion, acidity   121  

  p K  a , defi nition   114 

  values in DMSO 135 (T6.1)   

  p K  a , summary of values: 

  alcohols   602  

  amines and amides   603  

  ammonium ions   603  

  carbon acids   603  

  carboxylic acids   602  

  conjugate acids of miscellaneous 

organic compounds   604  

  hydroperoxy compounds   602  

  inorganic compounds   602  

  phenols   602  

  sulfonic acids   602  

  thiols and thoacids   602   

  p K  a  scale   116  

  p K  b    129  

   p BHK + , defi nition   129  

  planar cyclic π systems, MO energy 

diagrams   101  

  plane of symmetry,  see  mirror plane  

  plane-polarized light   237  

  plant hormone   316  

  plastic recycling   204  

  β-pleated sheet   547 ,  548  

  polar (elementary) reaction, MO 

description   147–50  

  polar aprotic solvent for S N 2 

reactions   260  

  polar aprotic solvents   135 ,  259  

  polar bond   10  

  polar reaction   142  

  polarimeter   238–40  

  polarizability   62  

  polarizability and 

nucleophilicity   256  

  poly(ethylene terephthalate) (PET) 

  203–4  

  poly(methyl methacrylate)   409  

  polyacrylonitrile   409  

  polyamide   205  

  polycondensation   203  

  polycyclic aromatic 

compounds   423–8 

  benzenoid and non-

benzenoid   424   

  polycyclic aromatic hydrocarbons 

  424 ,  426 

  reactions   426–8  

   see also  polycyclic aromatic 

compounds   

  polyene, conjugated   89  

  polyester   203  

  polyhalogenated compounds   284  

  polymer   203  

  polymerization: 

  anionic   409  

  of ε-caprolactam   205  

  cationic   329  

  radical   459   

  polyol   51  

  polypeptide   539  

  polysaccharide, defi nition   528  

  polysaccharides   534  
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  polyunsaturated fatty acid, 

autoxidation   460  

  porphine   424  

  positron   302  

  positron emission tomography 

(PET)   302  

  potential energy   151  

  potential energy diagram, three-

dimensional   279  

  potential energy surface in 

elimination reactions   279  

  ππ* transition   104  

  pre-equilibrium protonation of 

carbonyl oxygen   174  

  prefi xed substituents   58  

  prefi xes for multiplicities and 

fractions   618  

  preparative chromatography   66  

  primary alcohol   51  

  primary alcohols, oxidation to 

aldehydes   300  

  primary alkyl halide   53  

  primary alkyl-substituted benzenes, 

synthesis from alkyl aryl 

ketones   364  

  primary amine   53  

  primary amines, reaction with 

aldehydes and ketones   181  

  primary carbon and hydrogen   48  

  primary structure of protein   547  

  principal group   58  

  principal quantum number   2  

  principle of microscopic 

reversibility   175  

  priority of functional groups in 

nomenclature   58 , 59 (T3.5) 

  priority of groups for CIP sequence 

rules   38–9  

   pro-R  and  pro-S  designation of 

enantiotopic atoms (or 

groups)   582  

  procaine   525  

  prochiral substrate   521  

  prochirality, meaning of   246  

  product analysis in S N 2 and E2 

concurrent reactions   275  

  product studies   156–8  

  product-determining step   274  

  product-forming step,  see  product-

determining step  

  progesterone   556  

   L -proline as a chiral catalyst   522–3  

  propadiene,  see  allene  

  propane   49 

  molecular model   49   

  propane-1,2,3-triol,  see  glycerol  

  propan-1-ol, industrial production 

  294  

  propan-2-ol: 

  industrial production   294  

  structure and molecular model 

  228   

  propanone   55 

  molecular model   55 ,  171  

  p K  a    128 ,  376  

  p K  a  of enol form   376  

  production and use   168   

  propenal, EPM   403  

  propene   49 

  acidity   374  

  molecular model   49  

  p K  a    125   

  propenenitrile,  see  acrylonitrile  

  propofol   371  

  propranolol   525  

  propyne   49 

  electrophilic addition of HBr 

  319–20  

  molecular model   49   

  prostacyclin   557  

  prostaglandin   557  

  prostaglandin E 2  (PGE 2 ): 

  total (convergent) synthesis by 

Noyori   521  

  total (linear) synthesis by Corey 

  520   

  protecting group   517 ,  543  

  protection: 

  of alcohols   518  

  of aldehydes and ketones   517  

  of amines   518  

  of carbonyl groups   221  

  and deprotection   222 ,  517–9   

  protection-deprotection, strategy in 

synthesis   180  

  protein   205 ,  539 

  structure   547   

  protic compound, explanation   210  

  protic solvents   68 ,  259  

  proton, mass   12  

  proton acid,  see  Brønsted acid  

  proton chemical shift ( δ )   572 

  approximate values   574   

  proton counting by NMR 

integration   575  

  proton exchange: 

  detected in NMR spectrum by 

D 2 O   584  

  leading to disappearance of 

coupling   584   

  proton NMR spectra   571  

  proton transfer   111  

  proton transfer equilibria   113  

  protonated alcohol, reactions   290  

  protonated aniline,  see  anilinium ion  

  protonated carbonyl group as an 

electrophilic site   145  

  protonated ether, reactions   290  

  protonated ketone   174  

  protonated methanal, EPM   174  

   pseudo -rotation: 

  of cyclohexane   82  

  of cyclopentane   79   

  purine   429 ,  535–6  

  purple benzene   303  

  pyramidal inversion of amine   72  

  pyranose   529  

  pyrene   424  

  pyridine   429 

  as a nitrogen nucleophile   435  

  basicity   431  

  dipole moment   430  

  electrophilic substitution   435–6  

  low reactivity in electrophilic 

substitution   435  

  molecular model and EPM   430  

  nucleophilic substitution   436–7  

  orbitals   430  

  synthesis from   1 ,5-diketones 

 440   

  pyridine  N -oxide: 

  formation and reactions   437–8  

  nitration   438   

  2-pyridinediazonium ion   437  

  pyridinium chlorochromate (PCC) 

for oxidation of primary 

alcohols to aldehydes   299  

  pyridinium ion, acidity   121  

  2-pyridone, tautomerism   437  

  pyridoxal (phosphate)   184  

  pyrilium ion   429  

  pyrimidine   429 ,  535–6  

  2-pyrone   429  

  pyrophosphate,  see  diphosphate  

  pyrrole   103 

  acidity   432  

  electrophilic substitution   432–4  

  molecular model, dipole moment, 

and EPM   429  
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  orbitals   430  

  protonation   431  

  resonance   429   

  pyrrolium ion   103  

  pyrroloquinoline quinone (PQQ) 

  361 ,  424  

 Q 

  quantization   2  

  quaternary carbon   48 

   13 C signal intensity   589   

  quaternary structure of proteins   549  

  quinhydrone as an electrochemical 

standard   361  

  quinine xxvii  

  quinoline   429 

  nitration   439   

  quinones by oxidation of phenols 

and anilines   360  

 R 

  racemate   240  

  racemic   240  

  racemic compound   241  

  racemic conglomerate   241  

  racemic mixture,  see  racemate  

  racemic product in S N 1 

reaction   262  

  racemization of a chiral ketone   378  

  radical   13 ,  141 

  meanings of   445   

  radical addition of HBr to 

alkenes   453–4  

  radical addition to alkenes using 

tributyltin hydride   455  

  radical anion   462 

  intermediate in S RN 1 

mechanism   464   

  radical cation   590  

  radical chain mechanism   447 

  for chlorination of methane   448  

  of addition of HBr to alkene   454  

  of dehalogenation by tributyltin 

hydride   453  

  of polymerization   459   

  radical clock   458  

  radical coupling   463  

  radical initiator   445  

  radical intermediates, stability   454  

  radical polymerization   445 ,  459  

  radical reaction   142  

  radical substitution   448  

  radicals: 

  conjugative stabilization   446  

  β-fragmentation   458  

  1,5-hydrogen transfer   456–7  

  intramolecular reactions   455–8  

  structure   446   

  radiocarbon dating   3  

  radiofrequency (rf)   571  

  radioisotope   3  

  radioisotope, decay   3  

  radioisotope  18 F   303  

  Raney nickel, in hydrogenolysis   213  

  ranitidine   69  

  rate and rate constant   159  

  rate constant: 

  effect of reaction conditions   160  

  effect of substrate structure   160  

  relationship with Gibbs energy of 

activation   153   

  rate law: 

  of a bimolecular reaction   159  

  as an indicator of mechanism   159  

  and mechanism   159  

  of a unimolecular reaction   159   

  rate-determining ionization, effect 

of structure   160  

  rate-determining step   154 

  in enolization   377  

  of a substitution reaction   252  

  of S N 1 reaction   261   

  rate-limiting step,  see  rate-

determining step  

   Re  and  Si  designation of 

enantiotopic faces   582  

  reaction conditions, effect on rate 

constant (reactivity)   160  

  reaction coordinate   150  

  reaction energetics   150  

  reaction map   278–80  

  reaction mechanism,  see  mechanism  

  reaction mechanisms, investigation 

of   156–61  

  reaction profi le   138 ,  150 

  for addition of HBr to 

butadiene   332  

  for bond cleavage   151  

  for heterolysis of  t- butyl 

chloride   151  

  for homolysis of Br 2    151  

  for hydrogen abstraction   450  

  for hydrochlorination of 

2-methylpropene   317  

  for reaction of benzene with an 

electrophile   344  

   see also  energy profi le   

  reaction profi les of multi-step 

reactions   153  

  reactions, summary: 

  for alcohols   606  

  for aldehydes and ketones   605  

  for alkenes   606  

  for alkynes   607  

  for amines   606  

  for arenes   607  

  for carboxylic acids   605  

  for C–C bond formation   615–6  

  for haloalkanes   606   

  reactivity: 

  of alkyne compared with alkene 

in electrophilic addition   319  

  of halogens, in electrophilic 

addition to alkenes   326  

  of pyrrole, furan, and 

thiophene   434  

  of substituted benzenes in 

electrophilic substitution 

  349–50   

  rear-side nucleophilic attack   253  

  rearrangement   140 

  of alkyl groups in Friedel–Crafts 

alkylation   364  

  of allyl vinyl ether   143  

  of carbenium ions   293, 295  

  of carbenium ions in S N 1 

reactions   263  

  in the oxidation of 

alkylborane   324   

  involving participation   499  

  involving participation by CeC 

s bond   501  

  involving participation by CaC 

double bond   501  

  rebamipide   526  

  recrystallization   66  

  redox reaction,  see  reduction-

oxidation  

  reducing sugar   532  

  reduction: 

  of aldehydes and ketones   208  

  of amide to aldehyde   211  

  of amide to amine   210–11  

  of carbonyl groups of aryl alkyl 

ketones   365  



644 . . . Index

reduction: (continued)

  of carboxylic acid derivatives   210  

  of carboxylic acids   210  

  of >CaO to >CH 2    212–13  

  of enones, regioselective   407  

  of esters to alcohols   210  

  during a Grignard reaction   219  

  of monosaccharides   531   

  reduction and reducing agents, 

defi nitions   336  

  reduction-oxidation: 

  involving quinones-

hydroquinones   360  

  reversibility in quinone-

hydroquinone systems   361   

  reductive amination of aldehydes 

and ketones   212  

  reforming (process)   46  

  refrigerants   465  

  regioselective reduction of 

enones   407  

  regioselectivity   516 ,  517 

  anti-Markovnikov   454  

  in addition to aryne   416  

  in bromination of anthracene and 

phenanthrene   427  

  in Diels-Alder reactions   474–5  

  in E1 eliminations   280  

  in E2 eliminations   281  

  in electrophilic addition to 

unsymmetrical alkenes   317–8  

  in electrophilic substitution of 

substituted benzenes   349  

  in ene reactions   481  

  in hydroboration-oxidation   323  

  Markovnikov   453–4  

  of enolization   396  

  of radical hydrobromination of 

unsymmetrical alkene   454  

   see also  orientation   349   

  Reimer–Tiemann reaction   358  

  relative atomic mass ( A  r )   2  

  relative rate constants for 

bromoalkane substitution 

reactions   251  

  relative stabilities: 

  of alkenes   335  

  of carbenium ion 

intermediates   317   

  relaxation of spin-excited 

nuclei   585  

  relaxation time: 

  of excited  13 C nuclei   589  

  of excited nuclei   584   

  replication of DNA   538  

  repulsive interactions between 

bonding electron pairs   75  

  reserpine   433  

  resolution   241  

  resonance   93 ,  95–7 

  introduction   18–19   

  resonance contributor   19 ,  93 ,  95 

  protocol for writing   95–6  

   see also  resonance form   

  resonance effect,  see  conjugative 

effect  

  resonance energy of benzene   99  

  resonance form,  see  resonance 

contributor  

  resonance forms: 

  relative contributions   95–7  

  relative stabilities   96   

  resonance hybrid   19 ,  93 ,  95 ,  96  

  resonance stabilization in E2 

transition structures   283  

  resonance structure,  see  resonance 

contributor  

  restricted rotation 72; 

   see also  hindered rotation   

  resveratrol   361  

  retention of confi guration:  

  by neighbouring group 

participation   266  

  in solvolysis   500, 501  

  retinal   107  

  retinol,  see  vitamin A  

  retro-aldol reaction   384  

  retro-cycloaddition   471;  

   see also  cycloreversion  

  retro-ene reaction   481  

  retrosynthesis   508 

  of a   1 ,2-difunctional 

compound,  513  

  of bexarotene   524  

   see also  retrosynthetic analysis   

  retrosynthetic analysis   220 ,  221 

  of a   1 ,3-dioxygenated 

compound  514  

  of a   1 ,5-dioxygenated 

compound  515  

  of an ether   512  

  of a sulfi de   512  

  of a β-thio ketone   512  

  using functional group 

interconversion 514–6  

   see also  retrosynthesis   

  reversibility: 

  of sulfonation   347  

  of hydration of a carbonyl 

group   175   

  reversible and irreversible 

reactions   155  

  rhodopsin   107  

  rhodopsin, effect of methanal 

on   294  

  ribonucleic acid 534; 

   see also  RNA   

  ribonucleoside   535  

   D -ribose   529 ,  535  

 ring closure, electrocyclic   481 

  ring current   574 

  and aromaticity   575  

  in alkene   574  

  in benzene   574  

  of triple bond   574   

  ring fl ip   80 

  of chair cyclohexane   81  

  of chair methylcyclohexane   80  

   see also  ring inversion   

  ring inversion   80 ,  82 

  of chair cyclohexane 

conformations   82–3  

   see also  ring fl ip   

  ring opening of epoxides: 

  acid-catalysed   300–1  

  base-catalysed   301   

  ring strain of cyclopropane   78  

  ring-puckering vibration of 

cyclobutane   78  

  RMgX,  see  Grignard reagent  

  RNA   534 ,  537 , 538;

   see also  ribonucleic acid   

  Robinson, R.   411  

  Robinson annulation   411  

  Rogaine   444  

  roof effect in spin-spin splitting 

patterns   578–9  

  rotational barrier   75  

  rotational isomer 72; 

   see also  conformer, 

conformational isomer   

   R,S  confi guration of chirality 

centre   231  

  rubidium sodium (+)-tartrate, 

absolute confi guration,   238  

 S 

  σ bond   2 

  as a nucleophilic centre   146  

   see also  sigma (σ) bond   
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  σ MO 28; 

   see also  sigma (σ) MO   

  saccharide   528  

  salbutamol   368 ,  525  

  salicin xxvii,   360 ,  530  

  salicylaldehyde   358  

  salicylic acid, anion formation by 

electrophilic substitution   358  

  SAM ( S -adenosylmethionine)   252 , 

 535–6  

  Sandmeyer reaction   418  

  Sanger, F.   546  

  Sanger reagent   546  

  saponifi cation 191–2; 

   see also  alkaline hydrolysis of 

esters   

  saturated hydrocarbon   43  

  saw-horse structures   73  

  s character: 

  of C hybridization, effect on 

acidity of CH   120  

  of hybrid AO, relationship with 

C–C and C–H bond lengths   35  

  of sp, sp 2 , and sp 3  hybrid AOs   29   

  Schiff’s base,  see  imine  

   s-cis  and  s-trans  conformers of 

conjugated diene   333  

  second-order rate constant   159  

  second-order rate law in E2 

eliminations   275  

  second-order reaction   251  

  secondary alcohol   51  

  secondary alkyl halide   53  

  secondary amine   53 

  reaction with aldehydes and 

ketones   183   

  secondary carbon and hydrogen   48  

  secondary orbital interactions 

  473, 474  

  secondary structure of protein   547  

  selective reduction of keto ester   211  

  selectivity: 

  in chemical reactions   516–7  

  in chlorination and bromination 

of butane   449  

  in ether cleavage   291–2  

  in photo-halogenation of 

alkanes   448–50   

  β-selinene   560  

  semi-pinacol rearrangement   492  

  sequence rules, Cahn-Ingold-Prelog 

  38–9  

  serotonin   368  

  sesquiterpene   553  

  sex hormones   556  

  shared (electron) pair 9; 

   see also  bonding pair   

  Sharpless asymmetric 

epoxidation   521–2  

  shell   2 

  inner   5  

  outermost,  see  valence shell   

  shielding of nucleus by electron 

density   573  

  shielding effect   572  

 1,2-shift: 

  from C to N   496  

  from C to O   495  

  in carbenium ions   490–2  

  of hydrogen and alkyl groups   293  

  suprafacial   491  

  sigma (σ) bond: 

  defi nition   28  

  symmetry   28   

  sigma (σ) MO: 

  defi nition   28  

  symmetry   28   

  sigmatropic rearrangement 

  470, 482–6  

  [1,5] sigmatropic rearrangement 

  484–5  

  stereochemistry   485  

   see also  [1,5] hydrogen shift   

  [1,7] sigmatropic rearrangement   486  

  [3,3] sigmatropic rearrangement 

  483–4  

  MO interactions   483  

  stereochemistry   483  

  sildenafi l   444  

  silylphenyliodonium cation   417  

  Simmons–Smith reaction for 

cyclopropanation by a 

carbenoid   329  

  single electron transfer (SET)   461–6  

  singlet (NMR)   576  

  singlet carbene   328  

  singlet state   104  

  singly barbed curly arrow   141  

  singly occupied MO (SOMO)   93 ,  147  

  site selectivity   517  

  six-membered cyclic transition 

structure   470  

  size of atoms   12  

  S N 1 and S N 2 mechanisms: 

  comparison 268 (T12.1)  

  competition   268   

  S N 1 mechanism: 

  in biological reactions,   265  

  in substitution reaction of 

arenediazonium ions,   417  

  acid-catalysed ring opening of 

epoxides,   300–1  

  of hydrolysis of  t -butyl 

chloride,   153   

  S N 1 reaction   261 

  stereochemistry   262  

  two-step mechanism   261   

  S N 2 mechanism   253 

  of bromomethane   144  

  HOMO-LUMO interactions   255  

  of enolate alkylation   393  

  stereochemistry   254  

  stereoelectronic description   255  

  steric hindrance   253  

  base-catalysed ring opening of 

epoxide,   301   

  S N 2 reaction   253 

  effect of solvent polarity   258  

  phase-transfer catalysis   260 ,  261  

  rapid, using cryptand   303   

  S N 2 reactivity of haloalkanes   253  

  S N i mechanism for conversion of 

ROH into RCl   297  

  soap   191–2 ,  550 ,  551  

  sodium amide (sodamide)   111  

  sodium bicarbonate,  see  sodium 

hydrogencarbonate  

  sodium bisulfi te,  see  sodium 

hydrogensulfi te  

  sodium borohydride   208  

  sodium chloride, formation   8 ,  9  

  sodium cyanoborohydride 

(NaBH 3 CN)   212  

  sodium hydride as a base   208  

  sodium hydrogencarbonate   110  

  sodium hydrogensulfi te   180  

  solid-phase peptide synthesis   544  

  solid-state synthesis of a 

tripeptide   545  

  solubility: 

  of covalent compounds   65–6  

  of ionic compounds   67–8   

  solute   65  

  solute–solute interactions   257  

  solvated electron   462  

  solvation   68 

  of anion   68 ,  259  

  of anionic conjugate base   135–6  

  of cation   68 ,  259  

  of nucleophiles in S N 2 

reactions   256  

  of oxonium ion   135–6   
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  solvation cage   68  

  solvation change in dissociation of 

carboxylic acids   123  

  solvation shell   68  

  solvent   65  

  solvent effects: 

  on acid–base reactions   133–6  

  on rate constants (reactivity)   161  

  on reactions in solution   257–60  

  on solvolysis of  t- butyl 

chloride   161   

  solvent polarity: 

  effect on rate constant   258  

  effect on S N 2 reactions   258   

  solvents, polar, nonpolar, protic, 

and aprotic   259  

  solvolysis: 

  of  t -butyl chloride   161  

  explanation   269   

  with neighbouring group 

participation   499  

  solvolytic reaction,  see  solvolysis  

  sorbitol,  see  glucitol  

  sp hybrid (AO)   29  

  sp hybrid AOs in ethyne   33  

  sp-hybridized carbon   29  

  sp 2  hybrid (AO)   29  

  sp 2 -hybridized carbon   29  

  sp 3  hybrid (AO)   29 ,  30  

  specifi c rotation   239  

  spectroscopy   561  

  spectrum, electromagnetic   105 ,  563  

  sphingolipid   552  

  sphingomyelin   552  

  sphingosine   552  

  spin   2  

  spin decoupling   584–5  

  spin inversion   105  

  spin-excited nuclei, relaxation   585  

  spin-fl ip, nuclear   572  

  spin-spin coupling   576 

  geminal   577  

  vicinal   577   

  spin-spin coupling constants 

578 (T25.4)  

  spin-spin coupling patterns   577  

  spin-spin splitting   576–8  

  spin–lattice relaxation   585  

  spin, nuclear, α and β   571  

  spiro compound   86  

  spiro compound, chiral   245  

  spiro[3.3]heptane,   2 ,6-dimethyl, 

enantiomers, structures, and 

molecular models  245  

  spiro[4.3]octane   86  

  spontaneous resolution   241  

  squalene   555  

  S RN 1 mechanism   464 

  photoinduced   465   

  stability: 

  of alkenes in elimination 

reactions   280  

  of alkyl radicals   446   

  stabilization energy of benzene 

  99–100  

  stabilzation energy   90  

  stacking interactions in 

graphite   425  

  staggered conformation of ethane   73  

  staggered conformation (form)   73  

  standard Gibbs energy of reaction, 

relationship with equilibrium 

constant   155  

  standard state   155  

  starch   533 ,  534  

  states of matter   63  

  statins   554  

  stationary phase in 

chromatography   66  

  steam reforming (process)   294  

  stearic acid   550  

  stepwise mechanism, contrast with 

concerted mechanism   158  

  stepwise mechanism for 

hydrochlorination   316  

  stepwise mechanism, 

intermediate(s) in   158  

  stepwise reaction   140  

  stereocentre,  see  stereogenic centre  

  stereochemistry: 

  of addition of HX to alkenes   319  

  of Diels-Alder reactions   471–4  

  of electrocyclic reactions   481  

  and neighbouring group 

participation    500  

  of [1,5] sigmatropic 

rearrangements   485  

  of [3,3] sigmatropic 

rearrangements   483  

  of S N 1 and S N 2 mechanisms 

compared   269  

  of S N 1 mechanism   262  

  of S N 2 mechanism   254   

  stereoelectronic description: 

  of E2 mechanism   276  

  of S N 2 mechanism   255   

  stereoelectronic requirements and 

choice of synthetic route   517  

  stereogenic axis   227  

  stereogenic centre 227; 

   see also  chirality centre   

  stereogenic element   227  

  stereoisomers   37 ,  84 ,  227 ,  230 

  properties of   237   

  stereoselective reaction   246  

  stereoselectivity   246 ,  516 ,  517 

  in Diels-Alder reactions   472  

  of HX addition to alkene   319   

  stereospecifi c (reaction)   246 ,  254  

  stereospecifi city   246, 470 

  in Diels–Alder reactions   333, 

471–2  

  of Diels–Alder reactions of 

alkynes   334  

  of E2 elimination   276–7  

  of electrocyclic reactions   480  

  of epoxidation of alkenes   327  

  of halogen addition to 

diastereoisomeric alkenes   326   

  of [1,5] sigmatropic 

rearrangements   485  

  steric acceleration of S N 1 reaction 

  264  

  steric effect: 

  on cyanohydrin formation   170  

  on hydration of carbonyl 

compounds   172   

  steric hindrance   63 

  in E2 mechanism   281  

  and nucleophilicity   256  

  at  ortho  position in electrophilic 

substitution   355  

  in S N 2 reactions   253  

   see also  steric repulsion, steric 

strain   

  steric repulsion 62; 

   see also  steric strain, steric 

hindrance   

  steric strain   76 ,  170 

  at  peri  positions   424  

  relief in carbenium ion 

formation   264  

   see also  steric repulsion   

  steroid, structure of framework   79  

  steroid skeleton   555  

  steroidal tosylate, participation by 

CaC double bond   501  

  steroids   554–6 

  synthesis by Robinson 

annulation   411   

  strain in boat form of 

cyclohexane   83  
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  strain (energy) in cycloalkanes   85–6  

  stratosphere, ozone in   465  

  streptomycin xxviii  

  stretching vibration   71–2 ,  151  

  strong acid   111 ,  116  

  strong base   111  

  structural isomers,  see  

constitutional isomers  

  structure of radicals   446  

  strychnine   433  

  styrene, acid-catalysed hydration 

(mechanism)   321  

  sublimation   63  

  substituent effects: 

  upon acidity   122–4  

  in Diels–Alder reaction   333, 473  

  upon electrophilic aromatic 

substitution, classifi cation 

  352–3  

  upon stability of benzenium ion 

  350–2   

  substituted benzenes: 

  reactivity in further electrophilic 

substitution   349–50  

  regioselectivity in electrophilic 

substitution   349–50  

  structures   342  

  synthesis   364–8   

  substitution   139 

  and elimination from alkyl 

halides   284 , 285 (T13.1)  

  substrate structure, effect on rate 

constant (reactivity)   160  

  sucrose   533  

  sugar   528  

  sulfi de   50 

  as a nucleophile   305   

  sulfonate, leaving ability   256  

  sulfonate esters, alkyl   296  

  sulfonation: 

  of arenes for control of reactivity 

and regioselectivity   367  

  of benzene, mechanism   346–7  

  of naphthalene   426  

  reversibility   347   

  sulfones   308  

  sulfonic acids, p K  a  values   602  

  sulfonium ions as alkylating agents 

  305  

  sulfoxide   308 

  as a chirality centre   308  

  chiral   243   

  sulfur compared with oxygen   304  

  sulfur trioxide   346  

  sulfuric acid, p K  a  values   131  

  sunset yellow   363  

  super glue   410  

  superposability, meaning of   225  

  suprafacial   483, 484  

  surfactants   550  

  Suzuki–Miyaura coupling   507  

  Swern oxidation   300  

  symmetry, constraints in orbital 

interactions   148  

  symmetry-allowed reaction   471  

  symmetry-forbidden reaction   478  

  symmetry of HOMOs and 

stereochemistry of 

electrocyclization   481  

  symmetry plane,  see  mirror plane  

   syn,  illustration   74  

   syn  addition: 

  in hydrogenation of alkenes and 

alkynes   334  

  in alkene hydroboration   323  

  of singlet carbene to alkenes   328  

  concerted ,  in Diels–Alder 

reactions   333, 471   

   syn  and  anti  additions to alkenes   319  

   syn  and  anti  nomenclature for 

zigzag representations of 

carbon chains   522  

   syn  form of butane   76 ,  77  

  syngas,  see  synthesis gas  

  synthesis: 

  a secondary alcohol   510  

  peptides   543–5  

  substituted benzenes,   364–8   

  synthesis gas   294  

  synthesis of substituted benzenes: 

  control of reactivity   366  

  control of regioselectivity   366   

  synthesis, summaries 

  alcohols   610  

  aldehydes   612  

  alkanes   608  

  alkenes   608  

  alkynes   609  

  amines   611  

  arylamines   611  

  carboxylic acid derivatives   614  

  carboxylic acids   613  

  epoxides   611  

  ethers   611  

  haloalkanes   609  

  haloarenes   609  

  ketones   613  

  nitriles   612  

  phenols   610   

  synthetic equivalent   509  

  synthons   508 

  and corresponding reagents 

509 (T23.1)  

  of opposite polarities   511   

 T 

  2,4,5-T (2,4,5-trichloropheno-

xyethanoic acid)   284–5  

  Tamifl u   248  

  target molecule   507  

  Targretin,  see  bexarotene  

  tartaric acid   110 

  molecular model   236  

  properties of stereoisomers 

237 (T11.1)  

  resolution   242   

  tautomer   374  

  tautomeric isomer 374; 

   see also  tautomer   

  tautomerism: 

  keto-enol   375  

  of 2-pyridone and 

2-hydroxypyridine   437   

  Tefl on   65  

  terephthalic acid,  see  benzene-1,4-

dicarboxylic acid  

  termination of radical reactions   448  

   C - and  N -terminus of peptide   542  

  terpenes   265 ,  314 ,  553  

  terpenoid   553  

  tertiary alcohol   51  

  tertiary alcohols, acid-catalysed S N 1 

reactions, second-order rate 

law   291  

  tertiary alkoxyl radicals, 

β-fragmentation   458  

  tertiary alkyl halide   53  

  tertiary amine   53  

  tertiary carbon and hydrogen   48  

  tertiary structure of proteins   549  

  testosterone   556  

  tetrabutylammonium azide   260  

  tetrabutylammonium 

hydrogensulfate   260  

  tetraethyl-lead   47  

  tetrahedral angle   23  

  tetrahedral intermediate   190 ,  196 

  anionic   191 ,  196  

  cationic   192  

  evidence for   193  
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tetrahedral intermediate (continued)

  in reactions of primary amines 

with aldehydes and ketones   181  

  molecular model   190  

  neutral   191 ,  192   

  tetrahedral shape, VSEPR model   22  

  tetrahydropyranyl (THP) group as a 

protecting group for alcohols 

  518  

  tetramethylsilane (TMS)   572  

  tetrodotoxin   82  

  theobromine   433  

  thermal reaction   150  

  thermochemistry of Diels–Alder 

reaction   333  

  thermodynamic control   406 

  defi nition   332   

  thermodynamic cycle   376  

  thermodynamic enolate   396  

  thermodynamically favourable 

reaction   155  

  thermodynamically unstable 

compound   155  

  thiamine   424  

  thiazole   429  

  thin layer chromatography (TLC)   67  

  thio-acetalization   517  

  thioacetal,  see  dithioacetal  

  thioesters   304  

  thioether,  see  sulfi de  

  thiol addition to aldehydes and 

ketones   180  

  thiolates: 

  as nucleofuges   304 ,  305  

  as nucleophiles   304   

  thiols   50 ,  52 ,  304 ,  305 

  biological   305  

  radical addition to alkenes   455   

  thiols and thioacids, p K  a  values   602  

  thionyl chloride   200 

  reaction with alcohols to give 

alkyl chlorides   296–7   

  thiophene   103, 429 

  electrophilic substitution   432–4   

  three-centre four-π-electron 

system   94  

  three-centre two-π-electron system   94  

  three-membered cyclic two-electron 

transition structure   491  

  threonine   43  

  threose, molecular models   234  

  thromboxane   557  

  thymine (T)   535–6  

  thyroxine, biosynthesis   356  

  time of fl ight mass spectrometry   590  

  titration curve   118  

  TNT,  see  trinitrotoluene  

  α-tocopherol (vitamin E)   361 ,  556  

  Tollens’ reagent   532  

  toluene   50 

  mass spectrum   592–3  

  molecular model   50  

  p K  a    125   

   p -toluenesulfonates, alkyl   296  

  topicity, explanation   246 ,  582  

  Toray process   468  

  torsion angle,  see  dihedral angle  

  torsional barrier,  see  rotational 

barrier  

  torsional energy,  see  torsional strain  

  torsional strain   75 

  in boat form of cyclohexane   83   

  tosylates,  see p -toluenesulfonates  

  transesterifi cation,  see  ester exchange  

  transition state (TS)   152  

  transition state and transition 

structure   152  

  transition structure (TS)   144 ,  150 

  and intermediate   157  

  compared with intermediate   153  

  in an S N 2 mechanism   144  

  polarity   258  

  stabilization by solvent   257  

  graded, in E2 mechanism   277–8   

  translational kinetic energy   151  

  transmittance   565  

  trehalose   559  

  tri( t -butyl)methyl chloride, steric 

strain   264  

  triacylglycerol   550  

  tributyltin hydride for 

dehalogenation of alkl halides 

by a radical mechanism   452  

  trichloroethanal hydrate   172  

  2,4,5-trichlorophenoxyethanoic acid 

(2,4,5-T)   284–5  

  triglyceride   550  

  trigonal planar carbon   31  

  trigonal planar shape and VSEPR 

model   24  

  trimethylsulfonium ion as an 

electrophile   258  

  trimolecular collisions, infrequency 

of   144  

  trinitrotoluene (TNT)   54  

  trioxane   168  

  tripeptide   539  

  triphenylmethane, p K  a    126  

  triphenylmethyl anion   126 

  EPM   126  

  propeller-shaped structure   126   

  triphenylmethyl radical   446  

  triphenylphosphine as a 

nucleophile in reactions with 

alkyl halides   183  

  triple bond in ethyne   33  

  triplet (NMR)   576  

  triplet code   538  

  triplet state   105  

  triptycene, structure and p K  a    126  

  triptycyl anion, molecular 

model   127 

  p orbitals   126–7   

  triterpene   553  

  Triton B,  see  

benzyltrimethylammonium 

hydroxide  

  trityl,  see  triphenylmethyl  

  tropylium ion in mass spectrum of 

toluene   592  

  trypsin for peptide sequencing   547  

  tryptophan   424  

  twist-boat conformation of 

cyclohexane   82–3  

  Tyrian purple xxvi  

  tyrosine, iodination   356  

 U 

  ubiquinone,  see  coenzymes Q  

  ultraviolet,  see  UV  

  Umpolung via   1 ,3-dithianes  307  

  unbranched alkane 46; 

   see also  linear alkane   

  unimolecular   144  

  unimolecular elimination (E1) 274; 

   see also  E1 elimination   

  unimolecular nucleophilic 

substitution,  see  S N 1 

reaction   261  

  unimolecular reaction, rate law   159  

  unit conversions   617  

  unoccupied MO (UMO)   147  

  α,β-unsaturated carbonyl 

compounds 379,   385 , 402–8;

   see also  enone   

  β,γ-unsaturated carbonyl 

compounds   379  
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  unsaturated hydrocarbon   43  

  unshared electron pair   10 

  and formal charge   14–15  

see also  nonbonding pair, lone pair   

  upfi eld (chemical shift)   573  

  uracil (U)   535–6  

  urea from ammonium cyanate xxviii  

  urethanes, preparation by Curtius 

reaction   498  

  uridine   536  

  urushiol   360  

  UV spectrum, buta-1,3-diene   563  

  UV-vis absorption bands 564 (T25.1)  

  UV-vis spectroscopy   563–4  

  UV-vis spectrum   562  

 V 

  valence electrons   5 

  and formal charge   14–15   

  valence shell   5  

  valence shell electron pair repulsion 

(VSEPR)   23  

  valine, three-dimensional structure 

and molecular model   37  

  van der Waals, J.D.   61  

  van der Waals force   61–2  

  van der Waals radius   12  

  van der Waals repulsion,  see  steric 

repulsion  

  van der Waals strain,  see  steric strain  

  van der Waals surface   11 ,  62  

  vanillin   69 ,  165 ,  360  

  vapour-phase chromatography,  see  

gas chromatography  

  vasopressin   542–3  

  Viagra   444  

  vibrations, molecular, stretching 

and bending   564  

  Vilsmeier reaction   372  

  vinegar   55 ,  110  

  vinyl ether, cationic polymerization, 

  330  

  vinyl ether, ethyl,  see  ethoxyethene  

  vinyl monomers for radical 

polymerization   459  

  vinylic cation   319  

  vinylic group, multiplicity of 
1 H NMR signal   580  

  vinylic S N 1 reaction   412  

  visible (vis) radiation   561–2  

  vision, chemistry of   107  

  vitalism xxviii  

  vitamin: 

  A   107 ,  553  

  B 12  xxxi  

  B 6    184  

  C   202 ,  248 ,  532–3  

  C, as antioxidant   461  

  D   556  

  D, formation   486  

  E   556  

  E, as antioxidant   461  

  E,  see also  α-tocopherol  

  K   556  

  K 1    361   

  vitamins, lipophilic   556  

  VSEPR model   23 

  ammonia   23  

  carbon dioxide   24  

  ethene   24  

  ethyne   24  

  methanal   24  

  methane   23  

  water   23   

 W 

  Wacker process, for the production 

of ethanal and propanone   168  

  Wagner-Meerwein rearrangement 

  491  

  water: 

  bond angle   23  

  dipole   11  

  formation   9  

  as a good nucleofuge   175 ,  180  

  Lewis structure   14–15  

  molecular model and EPM   11 ,  24  

  molecular structure   24  

  p K  a    115  

  VSEPR theory   23   

  water supplies, contamination by 

chloroform   382  

  wave function   25 

  defi nition   26   

  wavelength   562  

  wavenumber   565  

  wax   550  

  weak acid   111 ,  116  

  weak base   111 ,  130  

  wedge bonds   23  

  whole-number  m/z  ratio   590  

  Williamson synthesis of ethers   256  

  Wittig, G.   183  

  Wittig reaction   183–4 

  disadvantages   185   

  Wöhler, F. xxviii  

  Wolff–Kishner reduction   212–13  

  Wolff rearrangement   497  

  wood   361  

  Woodward, R.B. xxxi  

  W-shaped conformation and 

four-bond coupling constant 

  578  

 X, Y, Z 

  X-ray crystallography   562  

  xenobiotic compounds   306  

  xylitol   531  

  Zaitsev, A.M.   280  

  Zaitsev regioselectivity in 

dehydration of alcohols   292  

  Zaitsev rule   280  

  Ziegler–Natta catalyst   460  

  zigzag representation of linear 

carbon chains   227  

  zinc as a reducing agent   213  

  zingiberene   314 ,  560  

  zwitterion   133  

  zwitterion form of amino acids   541    


