
Index

A
Abietic acid, 1216
AbioCor artificial heart, 1
Absolute alcohol, 434
Absolute configuration, 207
Absorption spectroscopy, 513

alcohols, 527–528
amines, 527–528
carbon-nitrogen bonds,

533–535
carbonyl compounds, 528–533

ABS plastics, 1232
Accidentally equivalent nuclei, 577
Acetaldehyde, 19t, 56, 76, 295,

545, 817, 819, 821, 822,
828, 951, 1061

Acetals, 1128
formation of, 855–860
use as protecting groups,

860–862
Acetamide, 78, 998
Acetaminophen, 853
Acetanilide, 984, 1016
Acetate ion, 14, 30
Acetic acid, 21, 30, 77, 78, 294,

295, 360, 415, 473, 802,
819, 890, 940, 941, 947,
950, 951, 958, 982, 
1002, 1021

boiling point, 944
NMR spectrum of, 575
relative strength and conjugate

base, 26t
structural formula, 19t

Acetic anhydride, 987, 1002,
1021, 1023

Acetic benzoic anhydride, 1021
Acetic formic anhydride, 987,

1021, 1023
Acetoacetate decarboxylase, 1084
Acetoacetic ester synthesis, 1077,

1082–1084
Acetone, 76, 240, 295, 817, 820,

828, 840, 1084
commercial importance,

395–396
molecular dipole moment, 65f
structural formula, 19t

Acetone hydrate, 847
Acetonitrile, 9, 19t, 79, 240, 

985, 990
molecular dipole moment, 65f

Acetophenone, 740, 781, 823,
829, 1058, 1069

Acetylbenzene, 781
Acetyl chloride, 78, 781, 783,

971, 998, 1021
Acetylcholine, 880
Acetylene, 9, 392, 394, 412

linear geometry, 54
uses, manufacture, 395–396

Acetylenes, 392
Acetylenic alcohol, 441
Acetyl fluoride, 986
Acetylide, 401
Acetylide ions, 398

alkylation, 399–400
formation, 397–399

2-Acetylpentanoic acid, 941

Acetylsalicylic acid (aspirin), 802,
804–805, 947

Achiral objects and compounds,
175–176, 194

Acid anhydrides, 986–987
Acid-catalyzed alpha

halogenation, 1057–1058
Acid-catalyzed Keto-enol

tautomerism, 1047–1048
Acid-catalyzed transesterification,

1007–1009
Acid chlorides, 78, 447, 448, 781

conversions, 1001–1002
reactions, 1019–1020
synthesis, 969–971, 1019
synthesis of ketones, aldehydes,

835–836
Acid derivatives, 447
Acid-dissociation constant, 24, 944
Acid halides, 986, 1034

hydrolysis, 1007–1008
Acidity

alcohols and phenols, 435–438
alkynes, 397–399
amino acids, 1161
structural effects, 29–33

“Acid rain,” 1207
Acid(s)

alpha bromination of,
1059–1060

Arrhenius, 22–23
Brønsted-Lowry, 22–23
carboxylic. See Carboxylic acids
common names (table), 819
condensations with 

amines, 966
esters of inorganic, 497–500
hydrohalic, 241
infrared spectrum, 528–531
Lewis, 31
sulfonic, 460

Acrylonitrile, 793, 1227
Activated, 763
Activating group, 763, 775
Activation energy, 147–148
Active site, 1192
Acyclic alkanes, 107
Acylation, 901
Acylation-reduction, 920–921
Acylbenzene, 782–783
Acyl chloride, 782
Acyl group, 781
Acyl halide, 781
Acyl halides, 986, 1053
Acylium ion, 782
Acyl substitution, 998–1000
Acyl transfer, 997
Addiction, alkaloid, 880
Addition, 328

alkynes, 405–414
anti, 347
benzene derivatives, 796–798
halogen, 349–352
hydrogen halides to alkenes,

331–337
polymers, 370
syn, 347

1,2-Addition, 675, 1085
1,4-Addition, 675, 1085

Addition-elimination mechanism,
997–998

Addition polymers, 295,
1223–1228

Adenine, 69, 1142, 1144
Adenosine deaminase, 1147
Adenosine diphosphate 

(ADP), 1148
Adenosine monophosphate

(AMP), 1147–1148
Adenosine triphosphate. See ATP

(adenosine triphosphate)
Adenylic acid, 1143
ADH enzyme, 474, 475
Adipic acid, 951, 952, 957, 1233
Agent Orange (2,4,5-

Trichlorophenoxyacetic
acid), 632

Aglycone, 1121
Alanine, 181–183, 210, 1156,

1157, 1160, 1163,
1167–1168, 1189

Alanylserine, 1174
Alanylvalylphenylalanine, 1183
Alcohol dehydrogenase (ADH),

474, 505, 1148
Alcohol(s), 76

acidity, 435–438
alkoxides, reactions, 500–502
bimolecular condensation of,

637–638
biological oxidation, 474–475
classification of, 425–426
commercial importance,

433–435
dehydration, 312–315
dehydration of, 337–338,

487–494
densities (table), 431
diols, reactions, 494–496
esterification of, 496–497
Friedel-Crafts alkylations, 779
hydrogen bonding, 69, 627
hydrohalic acid reactions,

479–484
nomenclature, 427–430
organometallic reagents,

440–442
oxidation, 958
oxidation states, 467–476
phosphorus halides, reactions

with, 484–485
physical properties, 431–433
as protic solvent, 239
reactions, 467–509
reduction of, 478–479
secondary, 453–456
side reactions of organometallic

reagents, 451–453
spectroscopy, 527–528
structure, 425–426
sugar, 1116
synthesis of, 438–440, 453–455
thiols (mercaptans), 458–460
thionyl chloride, reactions with,

485–486
tosylates formation, 476–478

Aldaric acid, 1118
Aldehyde dehydrogenase

(ALDH), 475

Aldehydes, 76–77, 401, 412, 443,
816–817, 830

in alcohol synthesis, 443–445
amines, reactions with,

896–899
carbon NMR spectra, 824
common names (table), 819
hydration, 847–848
from hydration of alkynes,

831–833
hydration of alkynes to,

410–412
industrial importance, 828–829
infrared spectra, 822–823
infrared spectrum, 528–531
mass spectra, 824–827
nomenclature, 818–820
nucleophilic addition, 839–842
from oxidation of alcohols,

829–830
from ozonolysis, 830
physical properties, 820–822
proton NMR spectra, 823
protons in, 574
reactions, nucleophilic addition,

839–843
reductions, 862–866
spectroscopy, 822–828
synthesis, 830–839
ultraviolet spectra of, 827–828
Wittig reaction, 843–847

Alder, Kurt, 684
Alditols, 1116
Aldolases, 1061
Aldol condensation, 1060
Aldol(s)

condensations, 1060–1063,
1065–1067, 1069–1070

crossed condensations,
1065–1068

cyclizations, 1068–1069
Aldonic acid, 1117
Aldoses, 1102, 1103
Aliphatic acid, 939, 950
Aliphatic amines, 889
Aliphatic compounds, 713, 745
Alkaline phosphatase, 705
Alkaloids, 880
Alkanes, 72–73, 87

boiling points, 96
catalytic hydrogenation to,

405–406
conformations of higher,

106–107
cycloalkanes, 107–108
densities, 88, 95–97
fragmentation patterns, 548–550
melting points, 96–97
molecular formulas of, 88–89
nomenclature, 89–95
physical properties, 88–89
reactions of, 99–100
solubilities of, 95–97
uses and sources of, 97–100

Alkanol names, 427–428
Alkenes, 74

acid-catalyzed opening of
epoxides, 361–364

addition of hydrogen halides to,
331–337
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alkoxymercuration-
demercuration, 342–343

carbene additions, 358–359
carbon-carbon double bond,

328–329
catalytic hydrogenation, 355–357
catalytic hydrogenation to cis,

406–407
commercial importance, 294–296
double bond orbital, 286–287
electrophilic additions, 329–331
elements of unsaturation,

287–289
epoxidation of, 359–361
formation of, 487–488
halogen addition, 349–352
halohydrin formation, 352–355
heats of hydrogenation, 667–668
hydration by oxymercuration-

demercuration, 340–342
hydration of, 337–340
hydroboration of, 343–349
introduction, 285–286
molar heats of hydrogenation of

(table), 298
nomenclature, 289–291, 293
nomenclature of cis-trans

isomers, 291–294
as nucleophiles, electrophiles,

476–478
olefin metathesis, 373–378
oxidation, 360–369
oxidative cleavage, 366–369
physical properties, 302–304
polymerization, 369–373
reactions of, 328–382
stability, 296–302
syn dihydroxylation, 364–366
synthesis, 304–321

Alkenynes, 393
Alkoxide, 647, 839, 840
Alkoxide ion, 401, 435, 436, 500
Alkoxides, 500–502
Alkoxy alkane system, 630
Alkoxy group, 342, 630, 766
Alkoxyl group, 630
Alkoxymercuration, 342
Alkoxymercuration-

demercuration, 342–343,
636–637

Alkoxy radicals, 334
Alkylacetoacetic acid, 1083
Alkyl alkyl ether system, 630
Alkylation

benzene (Friedel-Crafts),
777–781

enamines, 1051–1054
of enolate ions, 1050–1051
exhaustive, 900

Alkylbenzene(s), 75, 777, 784, 957
Alkylbenzenesulfonates, 763
Alkylborane, 346, 348
Alkyl bromide, 479
Alkyl fluoride, 224, 235
Alkyl groups, 73–74, 91
Alkyl halides, 441

alkylation of amines, 899–900
boiling points, 224–225
common uses, 221–223
E1 and E2 mechanisms,

comparison, 269–270
E1 reactions, 258–262
E2 reactions, 265–268
introduction, 218–219

nomenclature, 219–220
physical properties, 224–226
preparation, 226–230
reactions, 231, 273–276
reduction, 451–453
SN1 reactions, 246–255
SN2 reactions, 232–245
SN1 and ...2 reactions compared,

255–257
structure, 223
Zaitsev’s rule, 263–265

Alkylidene groups, 373–374
Alkylmalonic acid, 1080
Alkyl nitrate ester, 498
Alkyne(s), 74–75, 392

acetylide ion formation,
397–399

acidity, 397–399
addition reactions, 405–414
commercial importance,

395–396
electronic structure of, 396–397
introduction, 392–393
nomenclature, 393–394
oxidation, 414–415
physical properties, 394–395
synthesis, 399–405

Alkynide ions, 398
Alkynols, 393
Allenes, 196, 668
Allergens, 367, 1171
Allicin, 459
Allotropes of carbon, 737–740
Allybenzene, 673–674
Allyl alcohol, 429, 673–674
Allyl bromide, 442, 591, 

673–674, 683
Allyl chloride, 235
Allyl group, 291, 673–674
Allylic bromination, 227–229, 678
Allylic cations, 673–674
Allylic halides, 683, 1053
Allylic position, 673
Allylic radicals, 678–680
Allylic shift, 228, 679
Allyl iodide, 235
Allylmagnesium bromide, 442
Allyl radicals

bromination, 678–680
configurations, 681–682

!-Acetylvaleric acid, 941
!-amino acids, 1155–1160
Alpha cleavage, 633–634
Alpha (!) eliminations, 359
! helix, 1191
Alpha (!) substitutions, 1045
Alpha halogenation of ketones,

1054–1058
!-Methyl-"-phenylglutaric acid, 942
!-Methyl-#-valerolactam, 985
!-Methyl-#-valerolactone, 983
!-spin state, 564
Aluminum chloride, 759–760, 777
Amides, 78–79, 983

dehydration of, 1028
hydrolysis, 1011–1012
infrared spectroscopy, 991–994
reactions, 1027
summary of chemistry,

1027–1030
synthesis, 966

Amine oxides, 908
Amines, 78, 879–928

alkylation of, 899–900

basicity, 886–889
described, 879–880
as leaving groups, 904–907
nomenclature, 880–882
oxidation, 907–909
physical properties, 884–885
reactions, 895–904, 910–918
salts, 887–891
spectroscopy, 527–528, 891–895
structure, 882–884
synthesis, 918–926

Amine salt, 889–891
Aminoacetic acid, 1156
Amino acid analyzer, 1178
Amino acids

acid-base properties of,
1160–1162

introduction, 1155–1156
isoelectric points,

electrophoresis, 1162–1164
L-amino acids, 1157
reactions, 1170–1173
resolution (separation) of,

1169–1170
structure, chemistry of !,

1156–1160
synthesis, 1164–1169

3-Aminocyclopentene, 881
Amino group, 881
4-Aminobutanoic acid, 881, 

941, 984
4-Aminobutanoic acid lactam, 984
trans-3-Aminocyclohexanol, 881
6-Aminohexanoic acid lactam, 985
4-Amino-2-methylpentanoic acid

lactam, 985
3-Aminopropanoic acid lactam, 985
Amino sugar, 1139
Ammonia, 165, 221, 398, 407,

441, 498, 653
basicity, 887–889
molecular dipole moment, 65f
reductive amination, 918–920

Ammonium butanoate, 949
Ammonium butyrate, 949
Ammonium cyanate, 1, 2
Ammonium ion, 26t, 886
Ammonium salts, 889–891
Ammonolysis, 1003
Amnesic shellfish poisoning

(ASP), 949
Amorphous carbon, 737
Amorphous polymers, 1237
Amoxicillin, 1029
Amyl, 91, 412
Amylopectin, 1138
Amylose, 1137–1138
Androstane, 1211
Androsterone, 1211
Andydrous hydrazine, 854
Anesthetics

amides, 984
benzocaine, procaine, 761
diethyl ether, 221, 626

Anethole, 802
Angina, nitroglycerine treatment

of, 499
Angle strain, 110
Anhydrides, 761, 986, 993,

1007–1008, 1020–1023
Aniline, 740, 743, 881, 888, 896
Animal fats, 951
Anionic polymerization, 373,

1227–1228

Anions, configurations, 681–682
Anisole, 630, 740, 743, 766–767
Annulenes, 717, 723–725
Anomeric carbon, 1112
Anomers, 1112
Anthracene, 735–736
Anti addition, 347, 351
Antiaromatic compound, 722
Antibiotics, 357

racemases, 1157
sulfanilamide, 903–904

Antibonding molecular orbital, 45
Antibonding molecular orbital

(antibonding MO),
671–672

Anticoagulants, 1023
Anti conformations, 105, 106
Anti-coplanar conformations, 267
Antifreeze poisoning, 475
Antifungals, squalene 

epoxidase, 652
Anti-Markovnikov alcohols,

342–345, 344, 346
Anti-Markovnikov orientation, 334
Anti-Markovnikov reactions, 334
Antiseptics, 435

Lister’s techniques, 437
thimerosal, 950

Antisymmetric stretching, 517
Aprotic solvents, 239–240
Arachidonic acid, 1214
Arenediazonium salts, 911
Arenes, 741
Arginine, 1159
Aromatic acid, 939
Aromatic amines, 889
Aromatic compounds, 713–746, 722

allotropes of carbon, 737–740
antiaromatic, 722
aromatic ions, 726–731
benzene. See Benzene, Benzene

derivatives
cyclobutadiene, molecular

orbital, 720–721
definition, 713, 714
electrophilic substitution,

756–757
Friedel-Crafts alkylation,

acylation, 777–785
heterocyclic, 731–735
Hückel’s rule, 722–725
nonaromatic, 722
nucleophilic substitution,

786–790
polynuclear hydrocarbons,

735–737
spectroscopy, 743–745
substituents using

organometallic reagents,
790–796

Aromatic hydrocarbons, 75, 87
Aromatic ions, 725

annulenes and their ions, 730
cycloheptatrienyl ions, 728
cyclooctatetraene dianion,

728–730
cyclopentadienyl ions, 726–727

Aromatic nitro compounds, 764
Aromatic protons, 572–573
Aromatic ring current, 572
Aromatic vinyl, 572–573
Arrhenius acids and bases, 22–23
Arrhenius equation, 147
Arrhenius theory, 22–23
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Arsenic, 222
Arylboronate esters, 794–795
Aryl cyanides, 1030
Aryldiazonium salt, 1030
Aryl group, 741
Aryl halides, 218, 249, 791
Arylsulfonic acid, 761
Ascorbic acid (vitamin C), 161,

803, 1025, 1026
ASP (Amnesic shellfish

poisoning), 949
Asparagine, 1158
Aspartic acid, 1158, 1163
Aspirin (Acetylsalicylic acid), 802,

804–805, 947, 1021
Asymmetric carbon atom

(R) and (S) nomenclature,
181–185

two or more, stereochemistry of,
201–204

Asymmetric induction, 356
Atactic polymer, 1229
Atomic orbitals, relative energies, 46
Atomic structure, principles, 3–6
Atoms

electronic configurations of, 5–6
electronic structure of, 3–5

ATP (adenosine triphosphate),
612, 644, 1148–1149

Augmentin, 1029
Auto airbags, 924
Automotive fuel, 433–434
Autoxidation, 641
Axial bonds, 114–115
Azeotrope, 434
Azide, 923–924
Aziridine, 881
Azo compounds, 914–915

B
“Baby in a bubble syndrome,” 1147
Back-side attack, 244
Bacterial polymers, 1225
Baeyer strain, 110
Bakelite, 828
Base alkyl group, 95
Base-catalyzed Keto-enol

tautomerism, 1046–1047
Base-dissociation constant, 26, 886
Base peak, 544
Base(s)

Arrhenius, 22–23
basicity of amines (table), 887
Brønsted-Lowry, 23–33
common leaving groups 

(table), 241
effect on SN2 reactions,

236–237
Lewis, 31

Basicity, 237, 239, 1161
Beclomethasone, 1213
Benzaldehyde, 740, 785, 819, 828,

849, 852, 919, 1069
Benzenamine, 740
Benzene, 75, 572–573, 704, 951

activating ortho-, para-directing
substituents, 766–769

bromination, 758
chlorination of, 759–760
deactivating, meta-directing

substituents, 769–772
discovery of, 713

electrophilic aromatic
substitution, 756–757

Friedel-Crafts alkylations,
777–781

halogenation, 757–760
halogen substituents, 772–774
Hückel’s rule, 721
molecular orbitals, 717–720
multiple substituents, 774–777
nitration, 760–761
nitration of toluene, 763–765
physical properties, 743
polygon rule, 721
structure and properties of,

713–717
sulfonation, 761–763
ultraviolet spectra of, 745

Benzene derivatives
addition reactions, 796–798
chlorination of, 796
nomenclature, 740–742
physical properties, 742–743
side-chain reactions, 798–802
ultraviolet spectra of, 745

Benzene-1,2-diol, 430
Benzene-1,3-diol, 430
Benzene-1,4-diol, 430
Benzene hexachloride, 796
Benzenesulfonic acid, 460, 740,

761–763
Benzenethiol, 459, 460
Benzenoid band, 744
Benzenoids, 714
Benzenol, 740
Benzimidazole, 739
Benzin, 713
Benzo[a]pyrene, 736–737
4,5-Benzo[a]pyrene oxide, 737
7,8-Benzo[a]pyrene oxide, 737
Benzocaine, 761
Benzofuran, 739
Benzoic acid, 360, 532, 631, 740,

743, 819, 939, 941, 951,
966, 968, 1021

Benzonitrile, 79, 834
Benzophenone, 834
Benzophenone imine, 834
Benzothiophene, 739
Benzoyl chloride, 781, 921, 971
Benzoylecgonine, 965
Benzoyl peroxide, 1223, 1224, 1225
Benzoylureas, 1140
Benzyl 2-methylpropanoate, 982
Benzyl alcohol, 235, 426, 

741, 743
Benzylamine, 881
Benzyl bromide, 250, 741, 801,

924, 958, 1053
Benzylcetyldimethylammonium

chloride, 1208
Benzyl chloride, 235
Benzyl chloroformate, 1171, 1183
Benzyldiethylamine, 921
Benzyl group, 741
Benzyl halides, 1053
Benzylic halides, 801
Benzylic position, 799–800
Benzyl isobutyrate, 982
Benzyloxycarbonyl chloride, 1183
Benzyloxycarbonyl group, 1186
Benzyltriphenylphosphonium

salt, 844
Benzyne, 789
Benzyne mechanism, 788–790

Beta (") eliminations, 359
"-Bromoadipic acid, 942
"-Bromobutyronitrile, 985
"-Bromobutyryl bromide, 986
"-Chloroethylbenzene, 800
"-Dicarbonyl syntheses,

1077–1078
"-Phenylvaleric acid, 941
"-Propiolactam, 985
"-spin state, 564
Betaine, 844
BHA (butylated 

hydroxyanisole), 161
Bicyclic molecules, 123–125, 301
Bimolecular condensation,

637–638
Bimolecular dehydration, 637–638
Bimolecular process, 265
Biodegradable, 763
Biodiesel, 1007, 1205–1206
Biomimetic, 1164
Biopol, 1225
Biopolymers, 1102, 1136
Biphenyl, 195
Birch, A.J., 797
Birch reduction, 797
Bisphenol A (BPA), 657, 658, 1034
Black powder, 498–499
Bleach, 460, 505, 829, 861
Bleomycin, 137
Blister beetles, 1021
Blood clotting, 1181
Blood glucose meters, 1118
Blood types, 1136
Boat conformations, 114
Boiling points. See also specific

compounds, e.g.: Alkanes
alkanes, 96
alkyl halides, 224–225
benzene derivatives, 741
carboxylic acid derivatives,

988–990
carboxylic acids, 944
ethers, 626–627
hydrogen bonding’s effect

(table), 883
London dispersion force, 67

Bombardier beetles, 803
Bomb calorimeter, 110
Bond dipole moment, 62
Bond-dissociation energy, 142
Bond-dissociation enthalpy

(BDE), 142–143
Bonding

common patterns in organic
compounds and ions, 13f

covalent, 7–8
hydrogen, 68–69
ionic, 7
multiple, 8–9
pi, 47, 47–48

Bonding MO, 671–672
Bonding molecular orbital

(bonding MO), 44, 45,
671–672

Bond(s)
axial, 114
covalent, 7–8
dienes, 197
equatorial, 115
ionic, 7
peptide, 1155
polarity, 10–11, 10f, 62–65,

70–72

rotation, 58–59
stretching frequencies, 517–518

Boranes, 346, 628, 967
Boric acid, 794
Boronate esters, 794–795
Boron trifluoride, 370–371, 629
BPA (Bisphenol A), 657, 658
Bradykinin, 1174, 1175, 1178
Bredt’s rule, 301, 302
Bridged bicyclic compound, 

124, 301
Bridged rings, 123
Bridgehead carbon atoms, 301
Bridgehead carbons, 123
“British anti-lewisite,” 458
Bromide, 330, 332
Bromination

allylic, 227–229, 678–680
of benzene, 758
free-radical, 160
propane, 155–157
transition states, 158

Bromine, 546, 1165
Bromine water, 1117
Bromobenzene, 442, 759, 793, 795

formation of, 758
physical properties, 743

2-Bromobutane, 177, 266
1-Bromobutane, 234, 399, 571
3-Bromobutanenitrile, 985
2-Bromobutanoic acid, 1059
2-Bromobutanoyl bromide, 1059
3-Bromobutanoyl bromide, 986
1-Bromobut-2-ene, 674–675
3-Bromobut-1-ene, 674–675

1-Bromo-1-chloropropene, 292–293
7-Bromocyclohepta-1,3,5-

triene, 290
Bromocyclohexane, 259, 305, 308,

442, 481, 958
3-Bromocyclohexane, 250
trans-2-Bromocyclohexanol, 427
Bromocyclopentane, 639
cis-1-bromo-3-

deuteriocyclopentane, 251
Bromohydrin, 353
Bromomethane, 220
1-Bromo-2-methylbutane, 207
2-Bromo-3-methylbutane, 252,

261–262
1-Bromo-1-methylcyclohexane,

264, 266–267
cis-1-Bromo-3-

methylcyclopentane, 245
4-Bromo-3-methylheptanal, 818
6-Bromo-2-methylhept-3-yne, 393
Bromonium ion, 349–350, 774
3-Bromopentane, 266
1-Bromopentane, 922
2-Bromopent-1-ene, 410
2-Bromophenol, 430
1-Bromo-2-phenylethane, 923
1-Bromopropane, 642, 924
3-Bromopropene, 591
3-Bromopyridine, 898
N-Bromosuccinimide (NBS),

228, 679, 800
Brønsted-Lowry acids and bases,

23–33
acid strength, 24–25
base strength, 25–28
structural effects on acidity,

29–33
Brown, H.C., 344



I4 Index

Buckminsterfullerene, 738
Buckyballs, 738
Bulletproof windows, 1034
But-1-ene, 288, 290, 296, 303t, 905
But-1-yne, 398, 399
But-2-enal, 823
1-Butene, 290
But-2-ene, 19t, 266, 287, 290,

488, 905
cis-But-2-ene, 303, 303t
But-2-ene-1-thiol, 458
trans-But-2-ene, 296
trans-But-2-ene, 303, 303t
trans-But-2-ene, 650
But-2-enedioic anhydride, 987
But-2-yne, 393, 398
But-3-yn-2-ol, 393
Buta-1,3-diene, 290, 669–673,

673–677, 687, 700
Butadiene, 697
1,3-Butadiene, 290
2-Butanamine, 882
Butan-1-amine, 893, 924
Butan-2-amine, 882, 883, 905
meso-Butane-2,3-diol, 650
Butan-1-ol, 21, 429, 480, 527, 656
Butan-2-ol, 426
(R)-Butan-2-ol, 210
(S)-Butan-2-ol, 210
2-Butanone, 818
Butan-2-one, 210, 368, 455, 818,

825, 850, 854, 863
Butan-2-one cyanohydrin, 850
Butanal, 77. See also

Butyraldehyde
Butane, 88f, 89f, 97, 296, 820

chirality, 193–194
conformations of, 104–106
nomenclature, 73t
proton NMR spectra, 571

n-Butane, 58
Butane-1,4-diamine, 885
Butanenitrile, 924
Butanoic acid, 30, 77, 949, 1059
Butanol, 427
n-Butanol, 626
Butanoyl chloride, 921
2-Butene, 290
tert-Butoxide, 238, 305
tert-Butyl acetoacetate, 576
tert-Butyl alcohol, 429, 436, 481
tert-Butylbenzene, 740, 777, 780
n-Butyl bromide, 442
tert-Butyl bromide, 224, 226,

243, 246
tert-Butyl bromide, 305
tert-Butyl chloride, 220, 250,

481, 777
tert-Butylcycloheptane, 108
tert-Butyl substituents, 123
Butylacetylene, 399
n-Butyl alcohol, 429
sec-Butyl alcohol, 429
tert-Butylamine, 259, 880
Butylated hydroxyanisole

(BHA), 161
n-Butylbenzene, 744
n-Butyl fluoride, 224
Butyl group, 91, 92
Butyl groups, 91
sec-Butyl iodide, 220
n-Butyllithium, 442, 683, 843,

1228
Butyl propyl amine, 895

N-Butylpyridinium bromide, 880
2-Butyne, 393
3-Butyn-2-ol, 393
Butyraldehyde, 819, 825–826,

829, 940
Butyramide, 993
Butyric acid, 77, 819, 940, 949
Butyronitrile, 993

C
Cadaverine, 885
Caffeine, 221
Cahn-Ingold-Prelog convention,

181–183, 200, 292
Calorie (unit), 68
Camphor, 255, 829, 1216
Cancer

anticancer agent 
mitomycin C, 882

chemotherapy with nitrogen
mustards, 644

drugs, and hydroxyl radicals, 137
Cantharidin, 1020–1021
Capillin, 392, 393
Capric acid, 940
Caproic acid, 940
Caprylic acid, 940
Carnauba wax, 1202
Carbamate esters, 1033
Carbamic acid, 1033, 1187, 1235
Carbanions, 162, 165–166, 443
Carbapenems, 1028–1029
Carbenes, 162, 166–167, 358–359
Carbenium ion, 162
Carbenoid, 358
Carbide lamp, 396
Carbinolamine, 851, 896
Carbinol carbon atom, 426
Carbocations, 162–163, 251, 252,

261–264, 329–330
Carbohydrates, 1101–1140. See

also Sugars
chain shortening, lengthening,

1125–1127
classification of, 1102–1103
disaccharides, 1132–1136
epimers, 1107–1108
erythro, threo diastereomers,

1106–1107
introduction, 1101–1102
monosaccharides, 1103–1106,

1108–1119
nonreducing sugars, 1119–1121
periodic acid cleavage,

1128–1131
polysaccharides, 1136–1140
reactions with

phenylhydrazine, 1124
term, 1102

Carbolic acid, 430, 437, 833
Carbon, 546

allotropes of, 737–740
buckyballs, 739
chemical shifts, NMR, 603–604
NMR spectra, interpreting,

609–611
Carbon-13 NMR spectroscopy,

563, 602–609
carboxylic acid derivatives,

996–997
Carbonate esters, 1032, 1234
Carbon atoms

!, 1045

asymmetric. See Asymmetric
carbon atoms

correspondence of prefixes and
numbers (table), 73

Carbon-carbon bond
approximate bond energies

(table), 405
double, 328–329

Carbon-carbon bonds, 106,
522–523

Carbon dioxide, 64
Carbon-hydrogen bonds,

stretching, 523
Carbonic acid, 1032, 1234–1235
Carbonium ion, 162
Carbon monoxide, 785
Carbon-nitrogen bonds,

absorptions, 533–535
Carbon NMR spectroscopy,

amines, 893–894
Carbon tetrachloride, 220, 221,

223, 350, 353, 363, 680, 715
London dispersion force, 67f
molecular dipole moment, 64f

Carbon tetrahalide, 220
Carbonyl compounds, 816–817

absorptions, 527–528
addition of organometallic

reagents to, 443–451
Carbonyl condensations, 1046
Carbonyl group, 76, 368, 816

absorptions, 529–533
addition of acetylide ions,

400–403
reduction, 453–455
structure, 817

Carboxylate ion, 939
Carboxylate salts, 414
Carboxylation of Grignard

reagents, 957–958
Carboxyl group, 77, 939
Carboxylic acid derivatives

esters and amides of carbonic
acid, 1032–1104

hydrolysis, 1009–1014
introduction, 981
nucleophilic acyl substitution,

997–1006
physical properties, 988–990
reactions with organometallic

reagents, 1017–1019
reduction, 1014–1017
spectroscopy, 991–997
structure, 982–988
summary of chemistry,

1019–1031
thioesters, 1031–1032
transesterification, 1006–1009

Carboxylic acids, 77, 360, 447,
471, 527–531, 830,
939–975, 1165

acid chlorides, 969–971
acidity, 944–948
alkylation to form ketones,

968–969
amide synthesis, 966
commercial sources, 950–952
esterification, 965–966
Fischer esterification, 961–965
introduction, 939
nomenclature, 940–943
physical properties (table), 940
protons, 574
reactions, 960–961

reduction of, 967–968
salts, 948–950
structure, physical properties,

943–944
synthesis, 956–959
synthesis of ketones, 833–839

Carboxypeptidase, 1181
Carcinogenesis

benzene and leukemia, 715
benzo[a]pyrene, 736–737
polynuclear aromatic

hydrocarbons, 736–737
Carmine, 2
Carotene, 702, 1216, 1217
Carothers, Wallace, 1232
Carvone, 829
Casein, 657
Cassini spacecraft, 696
Castor oil, 951
Catalyst(s)

transition states and, 148
Ziegler-Natta, 1230

Catalytic cracking, 98, 100,
315–316

Catalytic hydrocracking, 100
Catalytic hydrogenation. See

Hydrogenation
Catechol, 430
Cationic polymerization, 370–372,

1226–1227
Cations. See Radical cations
Cellobiose, 1132–1133
Cellophane, 1137
Cellosolve, 651
Cellulose, 1101, 1102, 1137
Cellulose acetate, 1101
Cephalins, 1210
Cephalosporin antibiotics, 981,

1028–1029
Cetyl palmitate, 1024
Chain-growth polymerization, 370
Chain-growth polymers, 1223
Chain reaction, 133
Chair-chair interconversion, 118
Chair conformations, cyclohexane,

113–115
Change in enthalpy, 140
Chaperone proteins, 1195
Chargaff, Erwin, 1145
Charges, formal, 11–12
Chauvin, Yves, 374, 375
Chemically equivalent, 576
Chemical reactions, 132

activation energy, 147–148
bond-dissociation enthalpies,

142–143
chlorination, 132–133, 143–144
enthalpy, 140–141
entropy, 140–141
equilibrium constants, 138–139
free energy, 138–139
free-radical chain reaction,

133–137
halogenation, 150–151
Hammond postulate, 157–160
kinetics and rate equation,

145–146
multistep, rates of, 149–150
radical inhibitors, 161
rates, 145–150
reactive intermediates, 162–168
transition states, 148–149

Chemical shifts, 568–575
Chemotherapy, 733
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Chiral carbon atom, 177
Chirality, 175–180

catalytic hydrogenation of
alkenes, 355–358

compounds without asymmetric
atoms, 195–197

mirror planes of symmetry,
179–180

organic molecules, 176–177
Chirality centers, 177–178,

202–203
Chiral objects, 175–176, 194
Chiral probe, 189
Chitin, 1139–1140
Chloral, 848
Chloral hydrate, 848
Chlorination

benzene, 759–760
benzene derivatives, 796
propane, 151–152
transition states, 158

Chlorination, methane, 132–133,
143–144

Chlorine, 30, 546
Chlorine gas, 369
Chloroacetic acid, 30, 947
Chloro-alcohol, 647
Chlorobenzene, 743, 759–760,

774, 788
2-Chlorobutane, 905
2-Chlorobutanoic acid, 947
3-Chlorobutanoic acid, 947
4-Chlorobutanoic acid, 947
Chlorocyclohexane, 226
2-Chlorocyclohexanone, 1054
2-Chloroethanol, 436
!-Chloroethylbenzene,

799–800, 800
Chlorofluorocarbons (CFCs), 97,

221–222
Chloroform, 218, 220, 221, 350, 353

deuterated, 604
London dispersion force, 67f
molecular dipole moment, 64f

Chlorohydrin, 353
trans-Chlorohydrin, 647
Chloromethane, 8, 10, 100, 133,

134, 135, 136, 219, 817
chemical shifts of, 571
molecular dipole moment, 64f

trans-1-chloro-1-
methoxycyclobutane, 630

Chloromethoxymethane, 630
Chloromethyl methyl ether, 630
2-Chloro-2-methylpropane, 220
Chloronium ion, 349–350
m-Chloroperoxybenzoic acid

(MCPBA), 361, 363, 
646, 740

3-Chloropropene, 291
Chlorosulfite ester, 486
Chlorotriisopropylsilane

(TIPSCl), 1122
Cholesterol, 426, 651, 1211,

1216, 1217
Chromatography, 212
Chromic acid, 470, 829, 861
Chromic acid reagent, 470
Chromic acid test, 471
Chromium trioxide, 470, 471
Chronic wasting disease, 1194
Chymotrypsin, 1181
Cicada, 1139
Cicutoxin, 392
Cinnamaldehyde, 1016
trans-Cinnamaldehyde, 829

Cinnamic acid, 941
Cis substituents, 109
Cis-trans (geometric) isomers, 61,

109, 202, 203, 291–292
Cis-trans isomerism, 174, 291
Claisen ester condensation,

1070–1073
Clear Air Act of 1990, 630
Clemmensen reduction, 784–785,

798, 863
C NMR (carbon-13 NMR

spectroscopy), 602–609
Coal, sulfur in, 734
Coal tar, 430
Cocaine, 124, 880, 891, 965
Coenzyme Q, 803–804
Collagen, 1160
Colors, and the human eye,

701–704
Combustion, 99–100
Common names, 90
Competitive inhibition, 475
Complementary colors, 702
Complete proteins, 1160
Complex hydrides, 453–455
Complex lipids, 1201
Complex splitting, 588–591. See

also Nuclear magnetic
resonance (NMR)
spectroscopy

Concerted reaction, 233, 646, 685
Condensation

of alcohols, 637–638
bipolar, to form ethers, 490

Condensation polymers,
1232–1236

Condensation(s), 1046
aldol, 1060–1063, 1065–1067
Claisen ester, 1070–1073
crossed aldol, 1065–1068
Dieckmann, 1074
imine formation, 850
ketones, aldehydes, 850–853

Condensed structural formulas,
18–20, 77

Configurational isomers. See
Stereoisomers

Configuration(s), nomenclature,
181–183

Conformational analysis, 103
Conformational enantiomerism,

195–197
Conformation(s), 58, 672

absolute and relative, 207–208
butane, 104–106
cyclohexane, 113–115
disubstituted cyclohexanes,

120–125
ethane, 101–103
monosubstituted cyclohexanes,

117–119
propane, 103–104

s-trans Conformations, 672
Conformer, 101
Coniine, 880
Conjugate acids and bases, 24, 26t
Conjugate additions, 1085–1088
Conjugated acids, 954
Conjugated bonds, 522
Conjugated proteins, 1190
Conjugated systems

1,2- and 1,4-addition to dienes,
674–676

addition of hydrobromic acid to
buta-1,3-diene, 676–677

allylic cations, 673–674

introduction, 667
molecular orbital picture of,

669–673
molecular orbitals, 669–673
stability of dienes, 667–669

Conjugation energy, 669
Conservation of orbital

symmetry, 692
Constitutional (structural) isomers,

60, 174, 203
Constructive overlap, 671
Continuous wave spectrometer, 602
Controlled-release drugs, 1237
Converted mechanism, 267
Cooking oil, 1205–1206
Cope elimination, 908–909
Copolymers, 1232
Cortisol, 1213
Coumadin, 1023
Coupling constant(s), 585–587
Covalent bonding, 7–8
“Crack cocaine,” 891
Cracking, 100
Craft, James, 777
Crash helmets, 1034
Cresols, 430
Creutzfeldt-Jakob Disease 

(CJD), 1194
Crick, Francis C., 1145
Crossed aldol condensation,

1065–1068
Crossed Claisen condensation, 1074
Cross metathesis, 375
Crown ethers, 629
Crude oil, 98
Crystalline melting 

temperature, 1237
Crystallinity, 1237
Crystallites, 1237
C-terminal end, 1174
Cumulated double bonds, 668
Cuprous chloride, 785
Cuprous cyanide, 1030
Cuprous iodide, 836
Curved-arrow formalism, 32–33
Cyanidin chloride, 703
Cyano group, 79, 985
Cyanohydrins, 849–850, 924,

1030, 1126
3-Cyanopentanoic acid, 986
Cyclic alcohols, 427
Cyclic AMP, 1147–1148
Cyclic anhydrides, 1023
Cyclic compounds, 107
Cyclic hemiacetals, 1108–1112
Cyclizations

aldol, 1068–1069
Dieckmann, 1074

Cycloaddition, 684, 692
[2+2], 695
[4+2], 684

Cycloalkanecarboxylic acids, 941
Cycloalkanes, 73

cis-trans isomerism, 109
heats of combustion, 110–111
molecular formulas of, 107
nomenclature, 108
physical properties, 107
stabilities and ring strain,

109–113
Cycloalkenes, 300–301
trans Cycloalkenes, 292, 300
Cyclobutadiene, 717, 

720–723, 725
Cyclobutane, 107, 112, 288, 300

Cyclobutanecarboxylic acid, 
965, 1080

Cyclobutanol, 593
Cyclodecapentaene, 717
cis-Cyclodecene, 301
trans-Cyclodecene, 74, 301
Cycloheptane, 107
Cycloheptatrienyl ions, 726–727
trans-Cycloheptene, 301
cis-Cyclohexane-1,2-diol, 429
2-Cyclohexen-1-ol, 428
trans-Cyclohexene, 301
Cyclohex-2-en-1-ol, 428
Cyclohex-2-enone,  20t, 532, 818
2-Cyclohexyl-2-ethyloxirane, 656
2-Cyclohexyl-1-phenylbutan-

2-ol, 656
2-Cyclohexylpropanoic acid, 941
Cyclohexa-1,3-diene, 700, 716
Cyclohexa-1,4-diene, 716, 797
Cyclohexanecarbaldehyde, 368,

818, 830, 862
Cyclohexanecarboxylic acid,

471, 958
Cyclohexane(s), 107, 167, 226,

290, 305, 350, 479, 522,
594, 631, 635, 646, 700,
716, 796, 833, 864, 952,
957, 1050, 1052

conformations of, 113–115
conformations of disubstituted,

120–125
conformations of

monosubstituted, 117–119
Cyclohexanol, 426, 437, 470, 472,

481, 487
Cyclohexanone, 77, 402, 470, 472,

852, 854, 855, 1054
Cyclohexene, 74, 487
Cyclohexene oxide, 631
Cyclohexylacetylene, 398, 399
Cyclohexylamine, 880, 923, 1002
Cyclohexyl azide, 923
Cyclohexyl bromide, 923
1-Cyclohexylbut-1-yne, 399
1-Cyclohexylbutane-1,3-diol, 429
Cyclohexyldimethylamine, 881
Cyclohexylethanal, 832
Cyclohexyl formate, 982
Cyclohexyllithium, 656
Cyclohexylmagnesium 

bromide, 442
Cyclohexyl methanoate, 982
Cyclohexylmethanol, 454, 471,

830, 862
Cyclohexyl methyl ether, 630
1-Cyclohexylpropan-2-ol, 656
Cyclohexyl tosylate, 479
Cyclooctane, 107
Cycloocta-1,3,5,7-tetraene, 290
Cyclooctatetraene, 717, 723
Cyclooctatetraene dianion,

728–729
cis-Cyclooctene, 301
trans-Cyclooctene, 196, 301
Cyclopent-2-en-1-amine, 881
Cyclopenta-2,4-dien-1-ol, 727
Cyclopentadiene, 687
Cyclopentadienyl ions, 

726–727, 734
Cyclopentane, 107, 112–113, 479
trans-Cyclopentane-1,2-diol,

429, 653
Cyclopentanecarbaldehyde, 835
Cyclopentanecarbonyl chloride,

986, 1001
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Cyclopentanecarboxamide, 984
Cyclopentanol, 472, 479, 1002
Cyclopentanone, 472, 823, 852
Cyclopentene, 74, 351, 353, 

479, 647
Cyclopentene oxide, 653
Cyclopentenone, 1068
Cyclopentyl acetate, 1002
Cyclopentyl benzoate, 998
Cyclopentylcyclohexane, 108
Cyclopentyl ethyl ether, 639
Cyclopropane, 107, 111–112,

287, 358
Cyclopropanecarbonitrile, 986
Cyclopropanone, 823
Cyclopropene, 300
Cylindrically symmetrical bond, 44
Cysteines, 459, 1158, 1175
Cystine, 1175
Cytidine, 737, 1121
Cytidylic acid, 1143
Cytosine, 69, 1142–1143, 1144

D
Dacron, 981, 1026, 1223, 1234
DDT, 222
Deactivating group, 769, 775
de Broglie, Louis, 42
Debromination, 310
Debye (unit), 63
Dec-1-ene, 303t
Decaffeinated coffee, 221
Decalin, 124–125, 301, 1211
Decan-1-ol, 473
Decanal, 473
Decane, 88f
Decarboxylation, 1171
Degenerate energy levels, 718–720
Degenerate orbitals, 5
Degradation

of aldose, 1125
Edman, 1179
of sugars, 1104

Degree of alkyl substitution, 92
Dehydration, 312–315, 487–494
Dehydrogenation, of alkanes,

315–316
Dehydrohalogenation, 231, 259, 304

al, 403
by E1 mechanism, 311–312

Delocalization energy, 669
Delocalized bonds, 670
Delocalized charge, 14
Demercuration, 340, 636
Denaturation, protein, 1193–1195
Denatured alcohol, 434
Dental plaque, 1138
Deoxygenation, 863
Deoxyribonucleic acid (DNA),

112, 1140
and free radicals, 134
hydrogen bonding, 69
and nitrogen mustard 

drugs, 237
phosphate esters, 499–500
separating from proteins, 438
structure of, 1143, 1144–1147
ultraviolet light exposure, 695

Deoxyribose, 112
Deoxy sugar, 1144
DEPT (Distortionless Enhanced

Polarization Tranfer),
607–609

Desenex, 951
Deshielded nucleus, 566
Deshielded protons, 568
Dess-Martin periodinane 

(DMP), 473
Destructive overlap, 671
Desulfonation, 762–763
Detergents

sulfonated aromatic
compounds, 763

synthetic, 1208
Deuterium, 251

hydrogen-deuterium
exchange, 763

splitting and, 596
Deuterium labeling, 267–268
Dextran, 1138
Dextrorotatory, 187
Dextrose, 1114, 1135
Diabetes, 821, 1121, 1182
Diacetone alcohol, 1061, 1064
Diacid, 941, 987
Dialkylborane, 346
Dialkylcuprates, 1018
Dialkyl peroxides, 641
Diamond, 737–738
Diastereomerism, 593
Diastereomers, 201–204

physical properties, 208–209
separating by hydrolysis, 211

Diastereotopic protons, 592–593
1,3-Diaxial interaction, 119
Diazo coupling, 914–915
Diazomethane, 358, 965–966
Diazonium fluoroborate, 913
Diazotization of amines, 910
DIBAL-H (diisobutyaluminum

hydride), 834
Dibenzo-1,4-dioxane

(dioxin), 632
Dibenzopyrene, 736–737
Diborane, 344, 628
meso-2,3-Dibromobutane, 205
Dibromocarbene, 167, 359
2,3-Dibromobutane, 200, 204
cis-1,2-Dibromocyclohexane, 

193, 205
trans-1,2-Dibromocyclohexane,

758–759
cis-1,2-Dichlorocyclopentane, 176,

179–180, 205
trans-1,2-Dichlorocyclopentane, 176
2,2-Dibromopentane, 410
2,3-Dibromopentane, 403
2,3-Dibromosuccinic acid, 209
meso-2,3-Dibromosuccinic acid, 209
Dibutyl phthalate, 1238
Dicarboxylic acids, 941–943, 945
1,2-Dichlorobenzene, 713–714
Dichlormethane, 220
Dichloroacetic acid, 947
m-Dichlorobenzene, 742, 743
Dichloromethane, 100
4,6-Dichloro-2-nitroaniline, 896
1,2-Dichloropropane, 593
1,2-Dideuteriocyclohexene, 356
Dieckmann condensation, 1074
Dieckmann cyclization, 1074
Dielectric constant, 250
Diels-Alder reaction, 684–696, 717
Diels, Otto, 684
Diene(s), 197, 684–692
Dienophile, 684
Diethanolamine, 653

Diethylamine, 1011
Diethyl ether (“ether”), 18t, 76,

221, 441, 491, 625–628,
633–634, 637, 817

2,2-Diethyl-3-isopropyloxirane, 631
Diethyl malonate, 1078
Diethylmethylamine, 881
Diethylstilbestrol (DES), 311
Diflubenzuron, 1140
Digitoxigenin, 1213
Dihalides, vicinal, 349
Dihaloalkene, 408
Dihedral angle, 102
3,5-Dihydroxybenzoic acid, 741
Dihydroxylation, 364–366
Diisobutyaluminum hydride

(DIBAL-H), 834, 1015
Diisopentylamine, 881
Diisopropylacetylene, 394
Diisopropylamine, 305, 1049
Diisopropyl ether, 641
Diisopropyl peroxide, 641
Diketone, 414
1,4-Diketone, 1068
1,5-Diketone, 1068
Dimercaptrol, 458
1,2-Dimethoxyethane, 628
Dimethylacetamide (DMA), 990
Dimethylacetylene, 9, 392
Dimethylamine, 19t
3-(Dimethylamino)hexan-1-ol, 881
1,2-Dimethylbenzene, 576
2,2-Dimethylbutane, 297
3,3-Dimethylbut-1-ene, 297
2,3-Dimethylbut-2-ene, 303t
1,3-Dimethylcyclohexane, 120, 796
3,3-Dimethylcyclohexanecarboxylic

acid, 941
Dimethyl ether, 68, 431, 626
Dimethylformamide (DMF), 240,

989, 990
3.6-Dimethylhept-2-ene, 290
2,2-Dimethyloxirane, 654
2,2-Dimethylpent-4-enal, 456
2,4-Dimethylpentane, 544
3,3-Dimethylpentan-2-ol, 635
2,4-Dimethylpentan-3-one, 818
Dimethyl phenylboronate, 795
Dimethyl phosphate, 499–500
Dimethyl phthalate, 961
2,6-Dimethylpyridine, 305
Dimethyl sulfate, 498, 802, 1122
Dimethyl sulfide, 367, 642, 643
Dimethyl sulfoxide, 367, 472, 643
Dimethyl terephthalate, 1026,

1223, 1234
Dimilin, 1140
2,4-Dinitroaniline, 786
3,5-Dinitrobenzamide, 764
2,4-Dinitrochlorobenzene, 786–787
2,4-Dinitrophenol, 741, 786
2,4-Dinitrophenoxide, 786
Diols, 429–430, 494–496
1,4-Dioxane, 628, 632
Dioxin, 632
3,4-Dioxobutanoic acid, 818
Dipalmitoyl phosphatidyl

choline, 1210
Diphenylacetylene, 394
Diphenylamine, 881
Diphenyl ether, 741
Dipolar ion, 1160
Dipole-dipole forces, 66
Dipole moments, 10, 64–65, 223

Dipropylamine, 528
Disaccharides, 1102, 1132–1136
Disiamylborane, 412
Disinfectants

MMPP (magnesium
monoperoxyphthalate), 646

ozone, 369
Dispersive infrared spectrometer,

519–520
Disubstituted cyclohexanes,

120–125
Disulfide, 459
Disulfide bridges, 1175
Disulfide linkages, 1175–1177
Diterpene, 1216
(d, l) pair, 191
D-L system, 208
DMP reagent, 473
DNA. See Deoxyribonucleic

acid (DNA)
2,4-DNP derivatives, 854
Dodecane, 88f
Dopamine, 2, 357, 879
Double bond, 8, 47
Double-bond isomers, 298
Double bonds

conjugated, 522
cumulated, 668
isolated, 667

Doublet, 581
Downfield, 568
Drug identification, 544, 545, 965
Drug-resistant bacteria, 1029
Drugs, controlled-release, 1237
Dulcitol, 1117
DuPont’s Teflon, 373
Dyes, 702–704
Dynamite, 499
Dynemicin A, 392, 393

E
E1 reactions, 259

competition with SN1 reactions,
259–260

E2 reactions vs., 269–270
mechanism, kinetics, 258–259
orbitals, energetics of, 260–261
rearrangements, 261–262

E2 reactions
in cyclohexane systems, 307–308
debromination of vicinal

dibromide, 310
E1 reactions vs., 269–270
second-order elimination,

265–267
stereochemistry, 267–268, 306

Echinochrome A, 703
Eclipsed conformations, 58, 

102, 106
Edman degradation, 1179–1180
Egg albumin, 1193
Eicosane, 88f
Electromagnetic spectrum

human vision and, 701–704
table (fig.), 515

Electron density, 3, 43, 45
Electronegativities, 10
Electronegativity, 10–11, 29
Electronic effect, 840
Electronic spectrum, 514–515,

519–522
Electron(s)

nonbonding, 8
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odd (radical), 135
wave properties, 42–43

Electrophile, 31
Electrophiles, 476–478, 1045
Electrophilic additions, 329–331
Electrophilic aromatic substitution

described, 756–757
effects of multiple substituents,

774–777
Electrophilic (term), 785
Electrophoresis, 1163–1164
Electrostatic potential map (EPM),

10, 44
Elements of unsaturation, 287
Elimination(s), 231, 258, 328. See

also E1 reactions
alkyne synthesis, 403–404
alpha, 359
beta, 359
Cope, 908–909
reactions, 270
Zaitsev’s rule, 263–265

Elmer’s glue, 657
Empirical formulas, 21–22
Emulsified, 1207
Emulsion, 1207
Enamines, formation, alkylation,

1051–1054
Enantiomeric excess (e.e.), 192
Enantiomers, 203

biological discrimination of,
189–190

chromatographic resolution 
of, 212

conformationally locked,
195–197

enzymes and, 190
nomenclature, 181–183
organic molecules, 176–177
resolution (separation) of,

209–212
Enantioselective synthesis, 356
Endergonic, 138
Endocrine disrupter BPA, 658
Endo position, 688–689
Endo rule, 688–689
Endothermic, 140, 759
Enediol, 1115
Enediol Rearrangement, 1115
Enolate ions, 1046

alkylation, 1050–1051
formation and stability,

1048–1050
Enolizable, 1047
Enols, 411, 1046
Enthalpies,

bond-dissociation, 142–143
Enthalpy, 140–141, 153
Entropy, 140–141
Enzymatic resolution, 1169
Enzymes, 148. See also Proteins

aldolases, 1061
disulfide bonds, 459
eliminating stereoisomers, 212
as enantiomers, 189–190
epoxide hydrolase, 363
mercury and, 342
polyketide synthases, 1072
proteolytic, 1182
term, 1190

Epichlorohydrin, 657
Epimerization, 1115
Epimers, 1107–1108

Epinephrine, 189, 190, 644, 879
Epoxidation, 359–361, 360, 646
Epoxide hydrolase enzymes, 363
Epoxide(s), 360, 449, 631. See

also Ethers
acid-catalyzed ring opening,

361–363, 649–652
base-catalyzed ring opening,

652–654
epoxy resins, glues, 656–658
orientation of ring opening,

654–655
reactions with Grignard and

organolithium reagents,
655, 656

synthesis, 646–649
Epoxy, 657
1,2-Epoxy-1-methoxypropane, 631
Epoxycyclohexane, 646
1,2-Epoxycyclopentane, 650
1,2-Epoxyethane, 631
cis-2,3-Epoxy-4-

methoxyhexane, 631
trans-1,2-Epoxy-4-

methylcyclohexane, 631
Epoxy resins, glues, 656–658
Equatorial bonds, 114–115
Equilibrium, 138, 138–139
Equilibrium constant, 138
Equilibrium control, 677
Erythro diastereomers, 1106–1107
Erythromycin, 1025, 1072
Erythrose, 1106
Essential amino acids, 1159–1160
Essential oils, 1215
Esterification

of alcohols, 496–497
of carboxylic acids, 961–966

Ester(s), 78, 447, 496, 981, 982
acetoacetic, 1082–1084
acetoacetic synthesis,

1082–1085
in alcohol synthesis, 447–449
carbamate, 1033
carbonate, 1032
Claisen condensation,

1074–1077
formation of, 1123, 1121–1124
Gabriel-malonic ester synthesis,

1166–1167
hydrolysis, 1010
of inorganic acids, 497–500
Malonic synthesis, 1079–1082
nitrate, 498–499
phosphate, 499–500
reactions, 1024–1025
saponification, 1010
as solvents, 1024
sulfate, 498
synthesis, 1024
synthesis of ketones, aldehydes,

835–836
thioesters, 1031–1032

Estradiol, 1212
Estrogens, 658, 1212
Ethanal, 77, 818. See also

Acetaldehyde
Ethanamine, 893
Ethane, 99, 392, 452. See Ethylene

chirality, 193
conformations of, 101–103

Ethane-1,2-diol, 429
Ethanenitrile, 985

Ethanethiol, 458, 459
Ethanethiolate, 642
Ethanoic acid, 77, 941, 982
Ethanoic anhydride, 987
Ethanoic methanoic anhydride,

987
Ethanolamine, 653
Ethanol (ethyl alcohol), 30, 76,

254, 259, 294, 295, 426,
431, 434–435, 436, 459,
474, 982, 1006, 1236

boiling point, 626
chirality, 184
hydrogen bonding, 68
Lewis structure, 8
NMR spectra, 594–595
structural formula, 19t

Ethanoyl fluoride, 986
Ethchlorvynol, 400–403
Ethene, 290, 291, 303t, 392
Ethenylbenzene, 291
Ethenyl group, 291
Ether. See also Diethyl ether

“free-basing” cocaine, 891
medical use, 625

Ethers, 76, 432, 625
autoxidation, 641
cleavage by hydrobromic acid

and HI, 638–641
crown, 629
formation of, 490–491, 500,

1121–1124
hydrogen bonding, 627
nomenclature, 394, 630–633
physical properties, 626–630
silyl, 642–645
spectroscopy, 633–635
symmetrical, unsymmetrical, 625
synthesis, 635–638
thioethers, 642–645
Williamson ether synthesis,

500–502
Ethoxide ion, 29–30, 238, 436
Ethoxycyclohexane, 635
3-Ethoxy-1,1-

dimethylcyclohexane, 630
2-Ethoxyethanol, 630, 651
2-Ethoxy-2-methybutane, 252
2-Ethoxy-3-methybutane, 252
2-Ethoxy-2-methylpropan-1-ol, 654
1-Ethoxy-2-methylpropan-2-ol, 654
1-Ethynylcyclohexanol, 402
Ethyl, 91
Ethyl acetate, 78, 982, 990, 1024
Ethyl acetoacetate, 1078
Ethylacetylene, 392
Ethyl alcohol (ethanol), 76, 425,

637, 982
Ethylallene, 668
Ethylamine, 881, 966
Ethylammonium benzoate, 966
2-Ethylaniline, 881
Ethylbenzene, 75, 582–583, 743,

780, 783, 800
Ethyl benzoate, 971, 1006
Ethyl bromide, 224, 243, 399,

639, 640
Ethyl chloride, 221, 224, 235,

778, 781
Ethyl chloroformate, 1184
Ethyl cinnamate, 1016
2-Ethylcyclohexa-1,3-diene, 290
Ethylcyclohexane, 74

Ethylcyclohexylacetylene, 399
Ethyl cyclopentanecarboxylate, 835
1-Ethylcyclopropanol, 427
2-Ethyl-3,3-dimethyloxetane, 631
Ethylene, 8
Ethylene acetals, 856
Ethylene dichloride, 295
Ethylene (ethene), 52, 53, 88f, 290,

291, 294–295, 315–316,
631, 673, 697, 951, 1227

alkenes, 285
bonding, 58–59
free-radical polymerization,

372–373
nomenclature, 73t, 290
olefin metathesis, 375
pi molecular orbitals, 670
pi orbitals, 286–287
structural formula, 18t
structure of double bond, 48f
UV absorption maxima 

(table), 700
Ethylene glycol, 295, 475, 

1026, 1234
Ethylene ketals, 856
Ethylene oxide, 295, 449, 631, 653
Ethyl ethanoate, 982
Ethyl fluoride, 224, 235
Ethyl group, 92
Ethyl iodine, 224
Ethyllithium, 452
Ethylmagnesium bromide, 448,

656, 839
Ethylmethylacetylene, 394
Ethylmethylamine, 68, 78, 883
4-(Ethylmethylamino)

cyclohexanone, 881
Ethyl methyl ether, 630
Ethyl N-cyclohexyl 

carbamate, 1033
Ethyl-N-phenylcarbamate, 1236
Ethyl o-cyanobenzoate, 987
4-Ethylphenol, 430
Ethyl phenylacetate, 1014
Ethyl propionate, 1010
Ethyl propyl sulfide, 642
4-Ethylthio-2-methylpent-2-ene, 642
Ethyne (acetylene), 74, 392, 393
Ethynylbenzene, 740, 743
Ethynylcyclohexane, 399, 832
Ethynyl estradiol, 392, 393, 1212
Exact mass, 545
Exergonic, 138
Exhaustive alkylation, 900
Exothermic, 140
E-Z nomenclature, 292–293

F
Faraday, Michael, 713
Fats, 1202

fatty acid composition of some
(table), 1205

saponification of, 1206–1209
term, 1202

Fatty acids, 939, 951, 1010,
1075, 1201

composition of some fats, oils
(table), 1205

structures, melting points of
common (table), 1203

Fermentation, 434
Ferric chloride, 777
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Fibroin, 1191
Fibrous proteins, 1190
Fingerprint region, 518
Fischer, Emil, 1102, 1124, 1127
Fischer esterification, 496–497,

961–965
Fischer projections, 197–201, 1102
Fischer-Rosanoff convention,

208, 1104
Fish liver oils, 693
Fish oil, 1202
Flagpole hydrogens, 114
Fluocinolone acetonide, 856, 1213
Fluoride, 238, 240
Fluoride ion, 779
Fluorination, 160
Fluorine, 30, 100
Fluoroacetic acid, 30
Fluorobenzene, 743
1-Fluoropropane, 220
5-Fluorouracil, 733
Foaming agents, 221–222
Food coloring, 703–704
Formal charges, 11–12
Formaldehyde, 9, 15–16, 401, 443,

817, 819, 821, 822, 848
Formaldimine, 9
Formalin, 821, 822, 848
Formamide, 984
Formate esters, 1019
Formic acid, 26t, 77, 475, 819,

939, 940, 941
Formulas

condensed structural, 18–20
empirical, 21–22
line-angle, 20–21
molecular, 21–22

2-Formylbenzoic acid, 818
Formyl chloride, 785, 1023
2-Formylcyclohexane-

carboxamide, 987
Fourier transform, 603
Fourier transform infrared

spectrometer (FT-IR), 520
Fourier transform NMR

spectroscopy, 602, 603
Fragmentation, 542–546, 548–550
“Free-basing” cocaine, 891
Free energy, 138, 138–139
Free induction decay, 603
Free-radical chain reaction, 133–137
Free-radical polymerization,

372–373, 1223–1226
Free radicals, 134–137, 164–165

inhibitors of, 161
stabilities, 153–154

Freons, 97, 218, 221–222
Frequency, 514
Frequency domain, 520
Friedel, Charles, 777
Friedel-Crafts acylation, 

1020, 1022
Friedel-Crafts acylations, 781–785
Friedel-Crafts alkylations,

777–781
Fructose, 1102, 1135
Fruit, browning, 803
FT-IR (Fourier transform infrared

spectrometer), 520
Fullerenes, 738
Fuller, R. Buckminster, 738
Fumarase, 313
Fumaric acid, 174
Fumigants, 631

Functional groups, 73, 285
nomenclature summary (table),

988
priority of in naming organic

compounds, 394
Fungicides, undecylenic acid, 951
Furanose, 1111
Furan(s), 76, 632, 704, 734
Fused rings, 123, 735

G
GABA (#-aminobutyric acid), 1160
Gabriel amine synthesis, 922
Gabriel-malonic ester synthesis,

1166–1167
Gabriel, Siegmund, 922
Galactitol, 1117
Gallstones, 1212
Gardol, 1208
Garlic odor, 459
Gas cells, 519
Gas chromatograph, 543, 544
Gas chromatography-mass

spectrometry (GC-MS),
544–545

Gasohol, 76
Gatterman-Koch formylation, 785
Gatterman-Koch synthesis, 785, 831
Gauche conformations, 105, 106
Geim, Andre, 738
Gelatin, 1160
Geminal dihalides, 220
Gentiobiose, 1134–1135
Geometric isomerism, 291
Geometric isomers, 61, 109, 

174, 202
Geometry (orbitals), 53–57
Geranial, 1216
Geranyl acetate, 981–982
Gibbs free energy, 138
Gilman reagent, 451
Glasses, 1237
Glass transition temperature, 1237
Global warming, 99
Globular proteins, 1190
Gloves, latex-free, 1235
Glucaric acid, 1118
Glucitol, 1116–1117, 1138
Glucose, 857, 1101, 1109–1110

D-(+)glucose, 208
reducing sugars, 1117–1119
structure of, 1128–1129

Glucoside, 1120
Glucuronic acid, 1123
Glues, 656–658, 1224
Glutamic acid, 1158, 1160, 1183
Glutamine, 1158
Glutathione, 460
Glycaric acid, 1118
Glyceraldehyde, 201, 208, 

1104, 1157
Glycerides, 1201, 1202
Glycerine, 498
Glycerol, 498, 1010
Glyceryl trinitrate, 498
Glycine, 1156, 1157, 1160, 1162
Glycogen, 1101, 1138–1139
Glycol, 364

halogenation, 349
oxidative cleavage, 366

Glycols, 361–362, 429
formation, 361–363

periodic-acid cleavage of,
495–496

Glyconic acid, 1119
Glycosides, 1119–1121, 1132
Glycosidic linkage, 1120
Glyphosate (Roundup herbicide),

719, 1160
Glyptal, 1026
Goodyear, Charles, 1222, 1231
Gout, 1142
Grain alcohol, 425, 433–434. See

also Ethanol
Graphene, 738
Graphite, 737–738
Green synthesis, 951
Grignard reagents, 441–442,

443–451, 655, 656,
957–958

Grignard, Victor, 441
Grubbs, Robert, 374, 375
Guanidylic acid, 1143
Guanine, 69, 1142, 1144
Gum benzoin, 713
Gyromagnetic ratio, 565, 605

H
Half-chair conformations, 114
Haloalkanes, 93, 220
Halobenzenes, 772–774
Haloform, 220
Haloform reaction, 1056–1057
Halogen addition, 349–352
Halogenation, 100, 132

alkyl halides, 222
benzenes, 757–760
free-radical, 226–228
glycol, 349
ketones, 1054–1058
selectivity in, 151–157
side-chain, 799–800
temperature dependence of,

150–151
Halogen exchange reactions, 235
Halogens, 100

addition to alkenes, 408–409
elements of unsaturation,

288–289
Halohydrins, 349–355, 647
Halonium ion, 349–350, 773
Halothane, 218, 221, 625
Hammond postulate, 157–160, 1004
Hard rubber, 1231
Hard water, 1207
Hard-water scum, 949, 1207
Haworth projection, 1109
Haworth, Sir Walter, 1128
Heart, artificial, 1
Heats of combustion, 110, 111
Heats of hydrogenation, 296–297,

667–668
Heavy water, 763
Heck reactions, 792–794
Heck, Richard F., 791
Hell-Volhard-Zelinsky (HVZ)

reaction, 1059–1060, 1165
Hemiacetal, 856
Hemiacetals, 1108–1112
Hept-1-ene, 303t
Hepta-1,3,5-Triene, 290
Heptadecane, 88f
Heptane, 88f, 93, 97

n-Heptane, 864
Heptanoic acid, 1001
Heptanoic anhydride, 1001
Heptanoyl chloride, 1001
Herbal remedies, ephedrine in Ma

Huang, 891
Herbicides, Roundup

(glyphosate), 719
Heteroatoms, 288–289, 631
Heterocyclic compounds, 631, 731
Heterogeneous catalysis, 356
Heterolytic (ionic) cleavage, 142
Hex-1-ene, 303t, 523
trans-Hex-2-ene, 550–551
Hex-1-yne, 399
Hex-2-ene, 20t
Hexa-1,3,5-triene, 698, 700
Hexa-1,4-diene, 700
Hexa-2,4-diene, 700
Hexadecane, 88f, 98
Hexamethylene diamine,

1029–1030
n-Hexane, 18t
Hexan-1-ol, 449
Hexan-3-ol, 20t
Hexane, 20t, 88f, 97, 523–525,

548–549
Hexanenitrile, 993
Hexanoic acid, 530
Hexanoyl chloride, 1002
Hide glue, 656–657
High-density polyethylene, 1230
Highest Occupied Molecular

Orbital (HOMO), 693, 697
High explosives, 499
High-resolution mass spectrometer

(HRMS), 545
Histamine, 879, 1171
Histidine, 704–705, 1159, 1171
HIV (AIDS virus), 1140
Hoffmann, Roald, 692
Hofmann elimination, 904–907
Hofmann product, 305
Homogeneous catalysis, 356
HOMO (Highest Occupied

Molecular Orbital), 694, 697
Homologous series, 88
Homologs, 89
Homolytic cleavage, 142, 143
Homopolymers, 1232
Hormone receptors, 1212
Hormones, and Olympic athlete

drug-testing, 545
Hückel’s rule, 722–725
Hund’s rule, 6, 721
HVZ reaction, 1059–1060
Hybrid atomic orbitals, 44, 48
Hybridization (atomic orbitals),

48–57
drawing 3-dimensional

molecules, 52
general rules of, and geometry,

53–57
and molecular shapes, 48–52

Hydrate, 847
Hydration, 70–71, 70f, 313,

340–342
aldehydes, 847–848
alkenes, 337–342
ketones, 847–848
mechanism of, 338–339
by oxymercuration-

demercuration, 340–342
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Hydrazines, condensations with,
853–855

Hydrazones, 853
Hydride reagents, 453–454
Hydride shift, 252
Hydroboration, 345

alkenes, 343–349
stoichiometry of, 346–347

Hydrobromic acid, 479–480,
638–641

additions, 331–334
addition to buta-1,3-diene,

676–677
Hydrocarbons, 72–75

aromatic, 75, 87
classification of, 87
elements of unsaturation,

287–288
IR spectroscopy, 522–526
saturated. See Alkanes

Hydrochloric acid, 26t, 481, 890
Hydrocracking, 99, 100
Hydrocyanic acid, 26t, 849
trans-3-(2-Hydroxyethyl)

cyclopentanol, 428
Hydrofluoric acid, 26t
Hydrogen, 546
Hydrogenation

alkenes, 355–357
catalytic, 863
heats of, 667–668

Hydrogen bonding, protons in, 574
Hydrogen bond(s), 68
Hydrogen chloride, 133, 135, 136
Hydrogen halides

addition to alkenes, 331–337
addition to alkynes, 409–410

Hydrogenolysis, 1171
Hydrogen peroxide, 345
Hydrogen(s) in chlorination of

propane, 151–152
Hydrohalic acids, 241

and epoxides, 651–652
reactions of alcohols with,

479–484
Hydroiodic acid (HI), 640
Hydrolysis

amides, 1011–1012
carboxylic acid derivatives,

1009–1014
complex lipids, 533
nitriles, 1013–1014
separating diastereomers, 211

Hydronium, 26t
Hydroperoxide ion, 347
Hydroperoxides, 641
Hydrophilic, 1206
Hydrophilic (term), 432
Hydrophobic, 95, 1206
Hydrophobic (term), 432
Hydroquinone, 426, 430, 803
Hydroxide, 232, 233
3-Hydroxybutanal, 818
3-Hydroxybutanoic acid, 428
4-Hydroxybutanoic acid, 983
4-Hydroxybutanoic acid 

lactone, 983
Hydroxy group, 428
Hydroxylamines, 853–855, 905, 908
Hydroxylation, 364
Hydroxyl group, 76
Hydroxylic solvents, 237
5-Hydroxylysine, 1160

4-Hydroxy-2-methylpentanoic
acid lactone, 983

4-Hydroxy-4-methylpentan-
2-one, 818

9-Hydroxynonanoic acid, 1025
5-Hydroxypentanoic acid

lactone, 983
4-Hydroxyproline, 1160
Hydroxyl protons, 594–595
Hydroxyl radicals, 134
2-Hydroxybutanenitrile, 987
2-Hydroxycyclopentane-1-

carbaldehyde, 818
Hydroxymethlacetylene, 394
2-(Hydroxymethyl)

cyclohexanone, 428
Hydroxyproline, 1160
Hyperconjugation, 248
Hypophosphorus acid, 913–914

I
Imidazole, 733, 881
Imines, formation of, 850–853
Iminium ion, 894–895
Incomplete proteins, 1160
Indianapolis 500, 434
Indigo (dye), 703, 705
Indole, 739, 881
Indoxyl phosphate, 705
Induced magnetic field, 566
Inductive effect, 30, 163, 248
Inductive stabilization, 764
Infrared (IR), 701
Infrared (IR) active bond

vibrations, 518–519
Infrared (IR) inactive bond

vibrations, 518–519
Infrared (IR) spectroscopy, 513–556

absorptions of alcohols, amines,
527–528

absorptions of carbonyl
compounds, 528–533

absorptions of C-N bonds,
533–535

amines, 891
aromatic compounds, 743
carboxylic acid derivatives,

991–994
carboxylic acids, 952–953
electronic spectrum, 514–515
ethers, 633–634
hydrocarbons, 522–526
infrared region, 515–516
introduction to, 513–514
IR-active, inactive bond

vibrations, 518–519
IR stretching techniques,

535–537
measurement of IR spectrum,

519–522
molecular vibrations, 516–519
reading, absorbing spectra,

537–541
summary of IR stretching

frequencies, 536–537
Infrared (IR) spectrum,

measurement of, 519–521
Infrared region, 515–516
Infrared spectra, 519–521
Infrared spectrometer, 519–520
Infrared spectrum, 516

Initiation step, chain reactions,
134–135

Inorganic esters, 497–500
Insecticides, 222

chitin synthase inhibitors, 1140
epoxides, 360
lindane, 796
pyrethrin, 828
Sevin, 1033–1034

Insulin, 1176, 1182
Integrators, NMR 

spectrometers, 577
Interferogram, 520
Interferometer, 520
Intermediates, 148. See also

Reactive intermediates
reactive, 149, 162–168

Intermolecular forces, 66–69
Internal alkyne (acetylene), 

394, 523
Internal mirror plane, 179–180
Inversion of configuration, 244,

250
Invertases, 1135
Iodide, 232, 235, 238
Iodine, 546, 1057
Iodobenzene, 743, 760, 792, 913
2-Iodobutane, 220
3-Iodo-2,2-dimethylbutane, 264
Iodoform test, 1057
Iodohydrin, 353
Iodomethane, 232, 441
Iodonium ion, 349–350
1-Iodopropane, 590
Ionic bond, 7–8
Ionic bonding, 7
Ionic cleavage, 142
Ionic structures, 13
Ionization, 250
Ion source, 542
IR. See under Infrared
Isoamyl acetate, 981–982, 1023
Isobutane, 18t, 89f, 226
Isobutyl alcohol, 429
Isobutylene, 291, 370, 1227
Isobutyl group, 92
Isobutyraldehyde, 968
Isobutyric acid, 968
Isobutyryl chloride, 968
Isocyanate, 1033, 1235
Isoelectric pH, 1162
Isoelectric point, 1162
Iso groups, 91
Isolated double bonds, 667
Isoleucine, 1157, 1159
Isomers, 60–61, 203

constitutional, 174
diastereomers, 202
double-bond, 298
optical, 187

Isoniazid, 357
Isooctane, 97
Isopentane, 67f, 89f
Isopentylamine, 923
Isopentyl bromide, 923
Isophthalic acid, 942
Isoprene, 291, 700, 1215
Isopropyl alcohol, 19t, 76, 295,

425, 429, 637
Isopropylbenzene, 780
Isopropyl bromide, 243, 399
Isopropyldimethyloctane, 94
Isopropyl formate, 982

Isopropyl group, 92
Isotactic polymer, 1229
Isotopes, 3

composition of common
elements (table), 546

use of peaks, 545–546
Isovaleric acid, 835, 941
Isovaleroyl chloride, 835
IUPAC (International Union of

Pure and Applied
Chemistry), 90

IUPAC names, 90
IUPAC rules, 90. See also

Nomenclature

J
Jet fuel, 98
Joule (unit), 68

K
Kekulé, Friedrich, 713, 714
Kekulé structure, 713–714
Kent, Stephen, 190
Kerosene, 98
Ketals, 855
Ketamine, 191
Ketene, 1021
Keto, 1046, 1047
Keto-enol tautomerism, 411–413,

1046–1048
Ketones, 76–77, 401, 402, 441,

816–817
in alcohol reduction, 469
in alcohol synthesis, 443
aldol condensation, 1060–1063
alpha halogenation, 1054–1058
amines, reactions with, 896–899
carbon NMR spectra, 824
formation by alkylation of

carboxylic acids, 968–969
! halogenation, 1057–1058
hydration, 847–848
from hydration of alkynes,

831–833
hydration of alkynes to,

410–412
industrial importance, 828–829
infrared spectra, 822–823
infrared spectrum, 528–531
mass spectra, 824–827
nomenclature, 818–820
nucleophilic addition, 839–842
from oxidation of alcohols,

829–830
from ozonolysis, 830
physical properties, 820–822
proton NMR spectra, 823
reactions, nucleophilic addition,

839–843
reductions, 862–866
spectroscopy, 822–828
synthesis, 830–839
ultraviolet spectra of, 827–828
Wittig reaction, 843–847

Ketoses, 1102, 1103
Ketosis, 821
Kevlar body armor, 1233
Kharasch, M.S., 334
Kiliani-Fischer synthesis, 1106,

1125–1127
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Kinetic control, 677
Kinetic product, 677
Kinetics, 132, 133, 145–146
Knocking (combustion), 97
Knockout drops, 848
Knowles, William, 356
Kuru, 1194

L
Lactams, 993, 1028
Lactic acid, 199
Lactones, 983

formation of, 1025–1026
infrared spectroscopy, 993

Lactose, 857, 1134
Laetrile, 1121
Lanosterol, 651–652
Lard, 1204
Latex, 1230–1231, 1235
Lavender oil, 1023–1024
LDA (Lithium

diisopropylamide), 1049
Leaving groups, 231

amines as, 904–907
effects on SN1 reactions, 249
effects on SN2 reactions,

241–244
Lecithins, 1210
Leucine, 1157, 1159, 1171
Leukemia, 75, 715
Levodopa, 356–357
Levorotatory, 188
Levulose, 1135
Lewis acids, 31
Lewis bases, 31
Lewis, G.N., 6
Lewisite, 458
Lewis structures, 7–9, 77
Lexan polycarbonate, 1034, 1235
Lidocaine, 984
Light, plane-polarized, 185–187
Lindane, 796
Lindlar’s catalyst, 406, 407
Line-angle formulas, 20–21
Linear bonding, 49
Linear combination of atomic

orbitals (LCAO), 43f
Linear polyethylene, 1230
Linoleic acid, 944
Linolenic acid, 1204
Lipid bilayer, 1210
Lipids

introduction, 1201–1202
phospholipids, 1209–1210
prostaglandins, 1213–1214
saponification of fats, oils,

soaps, 1206–1209
steroids, 1210–1213
term, 1201
terpenes, 1215–1217
triglycerides, 1202–1206
waxes, 1202

Lipophilic, 1206
Liquefied natural gas, 97
Liquefied petroleum gas (LPG), 97
Liquor, alcohol in, 434
Lister, Joseph, 437
Lithium alkoxide, 967
Lithium aluminum hydride,

453–455, 862, 920–921,
967, 1014, 1016,
1019–1020, 1024

Lithium carbonate, 5

Lithium carboxylate, 833
Lithium dialkylcuprate, 451, 836
Lithium diisopropylamide

(LDA), 1049
Lithium divinylcuprate, 1086
Lithium hydroxide, 949
Lithium pentanoate, 949
Lithium tri-tert-butoxyaluminum

hydride, 968, 1015
Lithium valerate, 949
London dispersion force, 67–68, 224
Lone pair, 8
Low-carbohydrate diets, 1138
Low-density polyethylene, 372
Lowest Occupied Molecular

Orbital (LOMO), 697
Lowest Unoccupied Molecular

Orbital (LUMO), 693, 697
L-tryptophan, 879
Lucas reagent, 481–482
Lucas test, 482
Lucite paints, 1224
2,6-Lutidine, 647
Lysine, 1159, 1163

M
M+1 peak, 545
M+2 peak, 545
Macondo oil well blowout, 96
“Mad cow disease,” 1194
Magnesium alkoxide, 453
Magnesium monoperoxyphthalate

(MMPP), 646
Magnetic coupled, 580, 582–584
Magnetic deflection, 543
Magnetic field

external, 566–567
induced, 566

Magnetic moment, 563–564
Magnetic resonance

spectroscopy. See Nuclear
magnetic resonance (NMR)
spectroscopy

theory of nuclear, 563–566
Magnetic resonance imaging

(MRI), 611–612, 612
Magnetic shielding, 566–567
Ma Huang, 891
Major contributor, 15
Malate, 313
MALDI (Matrix-Assisted Laser

Desorption/Ionization), 544
Maleic acid, 174
Maleic anhydride, 987
Malonic acid, 946
Malonic ester synthesis,

1077–1082
Malt, 434, 1133
Maltose, 1133
Mandelonitrile, 849
Mannitol, 1117
MAO (Monoamine oxidase), 908
Markovnikov orientation, 333,

340, 354
Markovnikov product, 333, 342
Markovnikov’s rule, 331–333
Markovnikov, Vladimir, 332
Mass spectrometer, 542
Mass spectrometry (MS), 514

amines, 894–895
aromatic compounds, 744

biochemical use, 544
determination of molecular

formula, 545–548
electronic spectrum, 514–515
ethers, 633–634
fragmentation patterns, 548–553
infrared region, 515–516
introduction to, 541–545
molecular vibrations, 516–519

Mass spectrum, 542, 543–544
Mauveine A, 702
Mayo, F.W., 334
McLafferty rearrangement,

826–827, 955
MCPBA (meta-

Chloroperoxybenzoic
acid), 646

Mechanism(s), free-radical
halogenation, 132–133

Melting points. See specific
compounds, e.g.: Alkanes

amino acids, 1161
benzene derivatives, 743
carboxylic acid derivatives,

988–990
common fatty acids (table), 1203

Menthol, 255, 1216
Mercaptans, 458–460
2-Mercaptoethanol, 458
Mercurial ether, 636
Mercuric acetate, 340
Mercuric ion, 410–411
Mercurinium ion, 340, 341
Mercury, 342, 950
Merrifield resin, 1186
Merrifield, Robert Bruce, 1185
Merthiolate, 950
Mescaline, 880
Mesitylene, 741
Mesityl oxide, 1064
meso compounds, 205–207
Messenger RNA, 1140
meta-, disubstituted benzenes

prefixes, 740
Meta-allowing substituents, 769
Meta-directors, 769
Metaldehyde, 822
Metathesis, 373–374
Methacrylic acid, 952
Methanamine, 893
Methane, 88f, 100–101, 333

chlorination of, 132–133
ethanethiol added for scent, 458
liquefied natural gas, 97
natural gas, 99
nomenclature, 73t
relative strength and conjugate

base, 26t
tetrahedral geometry, 52

Methane hydrate, 99
Methanesulfonic acid, 30
Methanesulfonate ion, 30
Methanoic acid, 941
Methanol (methyl alcohol), 76,

232, 236, 246, 259, 425,
429, 433–434, 475, 1006

hydrogen bonding, 68
infrared spectrum, 571
proton NMR spectra, 570–571

Methanotrophs, 52
Methionine, 1158, 1159
Methoxide ion, 236, 448
Methoxybenzene, 630, 740
1-Methoxybutane, 234

Methoxycyclohexane, 630
trans-2-Methoxycyclopentanol,

650, 653
2-Methoxy-3,

3-dimethylpentane, 635
Methoxyethane, 630, 820
3-Methoxyfuran, 632
2-Methoxyhexane, 636
5-Methoxyhexanenitrile, 985
Methyl, 91
trans-2-methoxy-

3-methyloxirane, 631
Methyl 2-phenylethanoate, 982
Methylacetylene, 394, 395–396
Methyl acrylate, 1228
Methyl !-cyanoacrylate, 373
Methyl alcohol, 425, 429, 637. See

also Methanol
Methylamine, 8, 68, 78,

887–889, 971
Methylammonium chloride, 13, 62
Methylammonium ion, 498
Methylammonium sulfate, 1012
4-Methylaniline, 881
Methyl anion, 165
Methylbenzene, 573, 740
Methyl benzoate, 448, 998, 1006
Methyl bromide, 220
2-Methylbuta-1,3-diene, 291
3-Methylbutanamide, 921
3-Methyl-1-butanimine, 882
3-Methylbutan-1-amine, 882, 921
3-Methylbutanoic acid, 941
2-Methylbutan-1-ol, 207
2-Methylbutan-2-ol, 839
3-Methylbutanoyl chloride, 921
2-Methylbutane, 297
3-Methylbut-1-ene, 290, 297, 303t
3-Methylbut-2-ene, 290
2-Methylbut-1-ene, 261, 263
2-Methylbut-2-ene, 261, 263, 290,

297, 303t
Methyl cation, 162
Methyl chloride, 133, 134
Methyl cinnamate, 793
Methyl cyclobutanecarboxylate, 965
Methylcyclohexane, 117
1-Methylcyclohexene, 830
3-Methylcyclohex-2-enone, 1068
Methylcyclopentane, 108
Methyl cyclopentanecarboxylate,

982
1-Methylcyclopentanol, 346, 426
3-Methylcyclopentanone, 818
1-Methylcyclopentene, 290, 

346, 368
3-Methylcylclopentene, 368
Methylcyclopropane, 288
trans-2-Methylcyclopentanol, 347
trans-3-Methylcyclopentanol, 245
Methylene, 166, 167, 358
Methylene chloride, 220, 221, 350
Methylenecyclohexane, 267
3-Methylenecyclohexene, 291, 700
1-Methylenecyclohexane, 267
Methylene groups, 89, 166, 291
Methylene halide, 220
Methylene iodide, 358
1-Methylethyl methanoate, 982
Methyl group, 92
Methyl groups, 88
Methyl halides, 220, 223, 1053
Methylidene group, 291
Methyl iodide, 233, 460, 1122
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Methyl isocyanate, 1033
Methyl isopropyl ketone, 582–584
Methyl ketones, 1057
Methyllithium, 442
Methylmagnesium iodide, 441
Methyl mercaptan, 458
Methyloxirane, 656
2-Methylpentane, 550
2-Methylpent-2-ene, 292
4-Methylpent-3-en-2-one, 1064
2-Methylpent-1-en-3-yne, 393
2-Methylphenol, 430
3-Methylphenol, 426
Methyl phenylacetate, 982
Methyl phenyl ether, 625, 630
Methyl phenyl ketone, 740
Methyl phenyl sulfide, 642
2-Methylpropan-1-ol, 426, 429
2-Methylpropan-2-ol, 426
2-Methylpropane, 259
2-Methylpropene, 265, 291, 303t
2-Methylpropenoic acid, 952
4-Methylpyran, 632
2-Methylpyridine, 882
1-Methylpyrrolidine, 881
Methyl salicylate, 1023–1024
Methyl shift, 254, 264
Methyl sulfate, 498
Methyl tert-butyl ether, 246
Methyl tert-butyl ether (MTBE),

76, 575, 577, 630, 634
2-Methyltetrahydrofuran, 647
Methyltriphenylphosphonium

salt, 844
Micelles, 1206, 1207
Michael acceptor, 1086
Michael addition, 1086–1087
Michael donor, 1086
Michael reaction, 1085–1088
Microfibrils, 1137
Microns, 515
Microscopic reversibility, principle

of, 338–339
Milk

denaturation, 1193–1194
lactose, 1134

Miner’s carbide lamp, 396
Minor contributor, 15
Mirror images of Fischer

projections, 199–200
Mirror planes of symmetry, 179–180
Miscible (term), 432
Mitomycin C, 882
Mitscherlich, Eilhard, 713
Mixed anhydrides, 987
Mixed triglycertides, 1202
MMPP (magnesium

monoperoxyphthalate), 646
Molar absorptivity, 699
Molar extinction coefficient, 699
Molecular dipole moment, 64–65
Molecular formulas, 21–22
Molecular ion, 542
Molecular orbitals (MO), 44,

44–47, 669
nonbonding, 681
relative energies, 46

Molecular sieves, 964
Molecules

drawing 3-dimensional, 52
intermolecular forces, 66–69
polarity, 62–65
shapes, 48–52
stretching vibrations, 516–519
superimposable, 176

Molozonide, 367
Molybdenum metathesis

catalysts, 374
Monoamine oxidase (MAO), 908
Monochromator, 519–520, 698
Monomers, 295–296, 

369–370, 1222
Monomethyl phosphate, 499–500
Monosaccharides, 1102,

1103–1106
anomers of, 1112–1114
cyclic structures of, 1108–1112
reactions of alcohols with,

1114–1116
reduction, 1116–1117

Monosubstituted cyclohexanes,
117–119

Monoterpene, 1216
Morphine, 2, 3, 27, 880
Mothballs, 219, 743
M+ (Molecular ion), 542
MTBE. See Methyl t-butyl 

ether (MTBE)
Muconic acid, 951
Mull, 519
Multiple bonding, 8–9
Multiplet, 581, 584
Muscalure, 285
Muscone, 829
Mutarotation, 1112–1114
Mylar, 981, 1026, 1234
m$z (mass-to-charge ratio), 543

N
N + 1 rule, 581–582
N-Acetylglucosamine, 1139
Nanotubes, 739
Naphthalene, 735, 743
1-Naphthol, 1033
1-Naphthyl-N-methylcarbamate,

1033
Naproxen, 793
Natta, Giulio, 1230
Natural gas, 99, 458
“Natural” remedies, drugs, 

herbs, 891
N-Cyclohexylhexanamide, 1002
Negishi, Ei-Ichi, 791
Neopentane, 67f, 89f
Neopentyl alcohol, 484
Neopentyl bromide, 254
N-Ethylacetamide, 984
N-Ethylaniline, 880, 1016
N-Ethylbenzamide, 966
N-Ethylethanamide, 984
N-Ethyl-N,2-

dimethylpropanamide, 984
N-Ethyl-N-methylisobutyamide, 984
Neurotransmitters

examples of biologically active
amines, 879–880

MAO (Monoamine oxidase), 908
Newman projections, 102, 110f
Nexium, 192
Niacin, 475, 879 See also

Nicotinic acid (niacin)
Nickel boride, 406
Nickel, Raney, 456
Nicotinamide, 1013
Nicotinamide adenine dinucleotide

(NAD), 474, 475, 1148
Nicotine, 2, 78, 222, 880
Nicotinic acid (niacin), 20t, 475, 879

Nicotinonitrile, 1013
Ninhydrin, 1172
N-Isopentylphthalimide, 923
Nitrate esters, 498–499
Nitration

benzene, 760–761
toluene, 763–765

Nitric acid, 460, 498, 1118
Nitrile, 924
Nitriles, 79, 985

formation, hydrolysis, 958
hydrolysis, 1013–1014, 1018
infrared spectroscopy, 993
summary of chemistry,

1030–1031
synthesis of ketones, aldehydes,

833–835
Nitrobenzene, 740, 760, 769

physical properties, 743
Nitrogen, 289, 546

organic compounds containing,
78–80

Nitrogen inversion, 883
Nitrogen mustard, 237, 644
Nitroglycerine, 498–499
Nitromethane, 15
Nitromide, 764
Nitronium ion, 760
3-Nitrophenol, 430
meta-Nitrophenol, 430
5-Nitro-2-propoxyaniline

(Ultrasüss), 764
2-Nitropyridine, 898
m-Nitroanisole, 776
m-Nitrobenzoic acid, 774
m-Nitrotoluene, 764
Nitrous acid

amine reactions, 910–911
Nitrous oxide, 625
N-Methyl-2-butanamine, 882
N-Methyl-2-phenylacetamide, 1012
N-Methylacetamide, 78, 971, 

989, 990
N-Methylbutan-2-amine, 882
N-methylpyridinium iodide, 644
N-Methylpyrrolidine, 881
NMR imaging, 611–612
NMR spectroscopy

carboxylic acid derivatives,
995–997

carboxylic acids, 953–954
N,N-Dicyclohexylcarbodiimide

(DCC), 1187
N,N-Dicyclohexylurea (DCU), 1187
N,N-Diethylaniline, 880, 881
N,N-Diethylbenzamide, 921, 1011
N,N-Diethyl-meta-toluamide, 982
N,N-Dimethylcyclopentane-

carboxamide, 984
N,N-Dimethylformamide, 984, 985
N,N-Dimethylmethanamide, 984
N,N-Disubstituted amides, 984
N-nitrosoamines, 911–915
Nobel, Alfred, 498–499
Nodal plane, 5
Node, 4, 43, 43f
Node (antibonding MO), 671
Nomenclature

alcohols, 427–430
aldehydes, 818–820
alkanes, 89–95
alkenes, 289–291
alkyl halides, 219–220
alkynes, 393–394
amines, 880–882

asymmetric carbon atoms,
181–185

bicyclic alkanes, 124
carboxylic acid derivatives,

982–988
carboxylic acids, 940–943
chirality center configurations,

181–183
cis-trans isomers, 291–294
cycloalkanes, 108
ethers, 630–633
E-Z system, 292–293
functional groups (table), 988
IUPAC rules, 90
ketones, 818–820
peptides, 1174–1175

Non-1-ene, 303t
Nonadecane, 88f
Nonane, 88f
Nonanes, 98
Nonaromatic compounds, 722
Nonbonding electrons, 8
Nonbonding molecular orbitals, 681
Nomenclature

alkanes, 89–95
Nonoxynol, 1208
Nonpolar covalent bond, 10
Norbornane, 301
Norepinephrine, 644, 908
Novoselov, Konstantin, 738
Noyori, Ryoji, 356
N-terminal end, 1174
Nuclear magnetic resonance

imaging, 611–612
Nuclear magnetic resonance (NMR)

spectroscopy, 514, 563
area of peaks, 577–579
aromatic compounds, 743–744
carbon-13 NMR spectroscopy,

602–609
carbon NMR spectra,

interpreting, 609–611
chemical shifts, 568–575
ethers, 634–635
magnetic resonance imaging

(MRI), 611–612
magnetic resonance theory,

563–566
magnetic shielding by electrons,

566–567
NMR spectrometer, 567–568
number of signals, 575–577
splitting, 580–591
stereochemical nonequivalence

of protons, 591–593
time dependence, 594–601

Nuclear magnetic resonance
spectrum, 567

Nuclear spin, 563–564
Nucleic acids, 1140–1149

additional functions of
nucleotides, 1147–1149

introduction, 1140–1141
ribonucleosides,

ribonucleotides, 1141–1143
structures of RNA, DNA,

1143–1147
Nucleophile, 31, 232, 237, 257, 886
Nucleophile(s)

alcohols as, 476–478
effect on SN2 reactions,

236–240
Nucleophilic acyl substitution,

960–961, 969
Nucleophilic addition, 839
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Nucleophilic aromatic substitution,
786–790

Nucleophilicity, 237
Nucleophilic substitution

acyl, 997–1006
first-order. See SN1 reactions
second-order. See SN2 reactions
summary, 231, 257

Nucleophilic (term), 785
Nucleotides, 1140
nylon, 981
Nylon 66, 951. 1029–1030, 1233
Nylons, 1233
Nylon salt, 1233

O
Oct-1-ene, 303t
cis-Oct-2-ene, 523–525
Oct-1-yne, 525
Oct-4-yne, 525
Octa-1,3,5,7-tetraene, 700
Octadecane, 88f
Octane, 88f, 97
Octane number, 97
Octanoic acid, 940, 945
Octet rule, 6–7
Octyl methoxycinnamate, 793
Off-resonance decoupling, 606
Oil of wintergreen, 1023–1024
Oils

fatty acid composition of some
(table), 1205

saponification of, 1206–1209
term, 1202

Olefiant gas, 285
Olefins, 285. See also Alkenes

metathesis, 373–374
Oleic acid, 970, 1203
Oleoyl chloride, 970
Oligopeptide, 1174
Oligosaccharides, 1136
Olympic athlete drug-testing, 545
Omnivorous leafroller (OLR), 376
Optical activity, 185–189, 187
Optical isomers, 187
Optically active, 187
Optical purity (o.p.), 192
Oral contraceptives, 1212
Orbitals, 42–47
Orbitals, atomic, 3, 4–5
Order (of a reaction), 145
Orexin A, 1176
Organic chemistry, origins, 1–2,

29–33
Organic compounds

containing nitrogen, 78–80
containing oxygen, 76–78

Organic synthesis, 376
Organocuprate reagents, 791
Organolithium reagents, 442, 833
Organomagnesium halide, 441
Organometallic compounds,

440–441
Organometallic reagents, 221

additions to carbonyl
compounds, 443–451

aromatic substitutions using,
790–795

reactions of carboxylic acid
derivatives, 1017–1019

reactions with epoxides, 656
side reactions in alcohol

synthesis, 451–453

Orientation of addition, 331–332
Orlon, 373, 1228
Ortho, para-directing, 766, 896
Osazone, 1124
Osmic acid, 364
Osmium tetroxide, 364, 369
Ortho-director, 764, 766, 770–771
Overall order (of a reaction), 145
Overtone, 519
Oxaloacetic acid, 1165
Oxalyl chloride, 472
Oxaphosphetane, 844
Oxetane, 631
Oxidation, 468

alcohols, 467–475
aldehydes, 861–862
alkenes, 360–369
alkynes, 414–415
amines, 907–909
of monosaccharides, 1117–1119
permanganate, 414–417
Swern, 472

Oxidative cleavage, 366–369
Oximes, 853
Oxiranes, 360, 631
6-Oxoheptanal, 830
Oxolane, 632
3-Oxopentanal, 818
4-Oxo-4-phenylbutanoic acid, 1022
Oxygen, 76–78, 288, 546
Oxygenated gasoline, 630
Oxymercuration, 340
Oxymercuration-demercuration,

340–342
Oxytocin, 1176
Ozone

as air pollutant, 367
and CFCs, 221–222
disinfectant, 369

Ozonolysis, 415, 830. See also
Oxidative cleavage of

alkenes, 368

P
PABA (p-aminobenzoic acid), 881,

903, 941
Palladium, 406, 791, 792
p-Aminobenzoic acid (PABA),

881, 903, 941
para-disubstituted benzenes

prefixes, 740
para-Dichlorobenzene, 219
Para-director, 764, 766, 770–771
para-Ethylphenol, 430
Paraffins, 99
Paraffin “wax,” 71, 71f, 98, 1202
Paraformaldehyde, 821, 822
Paraldehyde, 822
para-Toluenesulfonic acid, 497
Parent peak, 544
Parkinson’s disease, 356–357
Parsalmide, 392, 393
Pascal’s triangle, 581
Pasteur, Louis, 210, 211
Pauli exclusion principle, 5, 286
Pauling electronegativities, 10f
PCC (pyridinium 

chlorochromate), 473
Pellagra, 1148
Penicillin, 981, 982
Penicillins, 1028–1029
Pent-1-en-4-yne, 393
Pent-1-ene, 290, 292, 303t, 668

trans-Pent-2-ene, 292, 303t
Pent-2-enal, 818
cis-Pent-2-ene, 292, 303t
trans-Pent-2-en-2-ol, 428
trans-Pent-2-ene, 668
Pent-2-yne, 403, 414
Penta-1,3-diene, 667
Penta-1,4-diene, 667, 668
Penta-2,3-diene, 196
trans-Penta-1,2-diene, 668
trans-Penta-1,3-diene, 668
Pentadecane, 88f
Pentaerythritol tetranitrate

(PETN), 499
Pentan-1-amine, 922
Pentan-2-one, 919
Pentane, 88f, 89f, 97, 668

boiling point, 626
nomenclature, 73t

Pentane-1,5-diamine, 885
Pentane-2,3-dione, 414
Pentanoic acid, 949, 955
2-Pentenal, 818
cis-2-Pentene, 292
trans-2-Penten-1-ol, 428
1-Penten-4-yne, 393
1-Pentene, 290, 292
trans-2-Pentene, 292
Pentyl, 91
Pent-1-yne, 410
Peptide bonds, 1155, 1156, 1174
Peptides. See also Proteins

introduction, 1155–1156
solid-phase synthesis,

1185–1189
solution-phase synthesis,

1182–1185
structure, nomenclature,

1173–1182
term, 1174

Peracids, 360
Pericyclic reactions, 692
Perkin, Sir William Henry, 702
Perlon, 1233
Permanganate, 861
Permanganate oxidations, 

414–417
Permanganate reactions. See

Potassium permanganate
Peroxide, 641, 803
Peroxyacetic acid, 360, 363,

364, 650
Peroxyacid, 360
Peroxyacids, 646, 861
Peroxybenzoic acid, 360, 363, 631
Peroxyformic acid, 1176
Pesticides, 222
p-Ethylacetophenone, 783
PETN (pentaerythritol

tetranitrate), 499
Petroleum, major fractions

obtained from distillation
(table), 98

pH, 23
Phenanthrene, 735–736
Phenol(s), 161, 426, 740

acidity, 435–438
classification of, 426
electrophilic aromatic

substitution, 804–805
as neurotoxin, antiseptic, 430
nomenclature, 427–430
phenol ethers, synthesis, 636
physical properties, 743

reactions, 802–805
synthesis (“Dow process”), 788

Phenoxide ions, 802, 804
3-Phenoxycyclohexane, 741
Phenylacetic acid, 958, 967,

1012, 1013
Phenylacetone, 853
Phenylacetonitrile, 924, 958, 1013
Phenylacetylene, 394, 740
Phenylalanine, 704–705, 719,

1158, 1159, 1170, 1184
Phenyl benzoate, 982
1-Phenylbut-2-yne, 741
2-Phenylcyclopenta-1,3-diene, 291
2-Phenylethanol, 741, 967, 1014
Phenyl ethers, synthesis, 640
2-Phenylethylamine, 923, 924
2-Phenylethyl azide, 923
Phenyl group, 291, 741
Phenylhydrazine, 854, 1124
Phenyl isocyanate, 1236
Phenyl ketones, aldehydes, Friedel-

Crafts acylation, 830–831
Phenyllithium, 442, 795
Phenylmagnesium bromide, 

656, 834
3-Phenylpentan-3-ol, 448
3-Phenylpentanoic acid, 941
3-Phenylpropan-1-ol, 956
3-Phenylpropanoic acid, 956, 970
1-Phenyl-1-propanone, 818
Phenyl-2-propanone (P2P), 853
1-Phenylpropan-1-one, 818
3-Phenylpropanoyl chloride, 970
Phenylthiohydantoin, 1179
Pheromone

omnivorous leafroller (OLR), 376
traps, 1025

Phillips Triolefin Process, 373–374
Phosgene, 221, 1033
Phosphate esters, 499–500, 612
Phosphatidic acids, 1209
Phosphoglycerides, 1209
Phospholipids, 1209–1210
Phosphonium salt, 843
Phosphoric acid, 313
Phosphorus halides, reactions of

alcohols with, 484–485
Phosphorus oxychloride, 1028
Phosphorus pentachloride, 484
Phosphorus pentoxide, 1028
Phosphorus tribromide, 484, 1059
Phosphorus trichloride, 484
Phosphorus trihalides, 484–485
Phosphorus trioxide, 484
Phosphorus ylide, 843
Phosphorylation processes in

body, 499
Photons, 514–515
Photosynthesis, 1101
Phthalic acids, 942, 961, 1022
Phthalic anhydride, 987
Phthalimide, 922–923
Physostigmine, 1034
Pi bond, 47

in ethylene, 286–287
molecular orbitals, 47–48
as nucleophile, 329

Picric acid, 499
Pi-donating atoms, 766–767
Pinacol rearrangement, 494–495
Pinene, 285
Piperazine, 879
Piperidine, 78, 880, 882, 889
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Planck’s constant, 514
Plane-polarized light, 185–187
Plasticizers, 1238
Platinum, 406
Pleated sheet, 1191
Plexiglas, 1224
Polar aprotic solvents, 240
Polar covalent bond, 10
Polarimeter, 187
Polarimetry, 185, 187–188
Polarity

bonds, 70–72
bonds and molecules, 62–65
effects on solubilities, 70–72
of ethers, 626

Polarizable, 238
Polarized light. See Plane-

polarized light
Poly(acrylonitrile), 1224
Polyamides, 1233
Poly(carbonate ester), 1235
Polycarbonates, 1034, 1234–1235
Polyesters, 1026–1027, 1234
Polyethylene, 294, 294–295, 1224
Poly(ethylene terephthalate) resin

(PET), 1026, 1234
Polygon rule, 721
Polyhydroxyaldehydes, 1102
Polyhydroxybutyrates, 1225
Polyhydroxyketones, 1102
Poly(isobutylene), 1224
Polyketide synthases, 1072
Polymer crystallinity, 1237
Polymerization, 1223

alkenes, 369–373
anionic, 373
cationic, 370–372, 1226–1227
chain-growth, 370
free-radical, 372–373,

1223–1226
Polymerize, 295, 296
Polymer(s), 295–296, 369, 370,

1026–1027. See also
Synthetic polymers

introduction, 1222–1232
linear, 821–822

Poly(methyl !-cyanocrylate), 1224
Poly(methyl !-methacrylate), 1224
Polynuclear hydrocarbons,

735–737
Polyolefins, 295
Polypeptide, 1174
Polyphenol oxidase (PPO), 803
Polypropylene, 295, 1224, 1225
Polysaccharides, 1102, 1136–1140
Polystyrene, 371, 1222, 1224, 1225
Poly(tetrafluoroethylene), 296, 1224
Polyunsaturated, 1204
Polyurethane roller skates, 1033
Polyurethanes, 1034, 1235–1236
Poly(vinyl chloride), 1224, 1238
Porphobilinogen, 732
Potassium alkoxides, 436–437
Potassium clavulanate, 1029
Potassium hydroxide, 266, 366–369
Potassium iodide, 913
Potassium permanganate

hydroxylation of alkenes, 365
oxidative cleavage, 366–369

Potassium tert-butoxide, 436
Priestly, Joseph, 1230
Prilosec, 192
Primary alcohol, 426
Primary alcohols, 469

Primary amide, 984
Primary amines, 880, 922, 1052
Primary (carbon bonds), 92
Primary halides, 220
Primary ozonide, 367
Primary structure (DNA), 1144
Primary structure (proteins),

1190, 1193
Prion diseases, 1194–1195
Procaine, 761
Prohibition (1919-1933), 433
Proline, 1158, 1160, 1170
Prop-2-en-1-ol, 429
Propagation steps, 135–136
Propagation steps, chain

reactions, 134
Propan-1-amine, 892, 893
Propan-1-ol, 429, 820, 944
Propan-2-ol, 76, 342, 425, 429,

434–435, 840
Propanal, 820, 848, 1069. See also

Propionaldehyde
Propanal cyanohydrin, 849
Propanal hydrate, 848
Propanamide, 993
Propane, 88f, 97, 99, 222, 431, 545

boiling point, 626
bromination of, 155–157
chlorination of, 151–152
conformations of, 103–104
nomenclature, 73t
saturated, 287

Propane-1,2-diol, 199, 429
Propanoic acid, 77
Propanoyl chloride, 784, 986
Propargyl alcohol, 394
Propenal, 827
Propene (propylene), 74, 290, 291,

303, 303t, 399
elements of unsaturation, 287
oxymercuration-

demercuration, 341
2-Propenyl group, 291
Propionaldehyde, 819, 944
Propionamide, 990
Propionic acid, 77, 819, 939, 940
Propionitrile, 79
Propionyl chloride, 986, 1020
Propiophenone, 448, 784, 864,

968, 1069
Propyl groups, 91
n-Propyl alcohol, 76, 429
Propylamine, 68
2-Propyl cyclopentane-

carboxylate, 1001
Propylene, 291, 296, 1225
Propylene glycol, 295
Propylene oxide, 295, 656
Propyl group, 91, 92
3-Propyhept-1-ene, 290
Propyne (methylacetylene), 74,

287, 393, 985
Prostaglandins, 1213–1214
Prosthetic group, 1190
Protecting groups, 860–861
Proteins

classification of, 1190
complete, 1160
denaturation, 1193–1195
determining precise mass of, 542
examples of functions 

(table), 1155
glycosylation of, 1121
hydrogen bonding, 79

introduction, 1155–1156
levels of structure, 1190–1193
NMR spectroscopy

application, 604
structure, nomenclature,

1173–1177
synthetic, 371
term, 1174
UV absorption, 704–705

Protic solvents, 239–240
Proton, NMR, 563
Proton NMR spectroscopy,

892–893
Protons

accidentally equivalent, 577
chemically equivalent, 576
decoupling, 605–606
diastereotopic, 592–593
magnetic shielding, 566–567
spin states, 563–565
stereochemical equivalence,

591–593
Proton spin decoupling, 605
Prusiner, Stanley B., 1194
PTFE plastics, 1224
Pure Food and Drug Act, 703
Purine, 704, 733, 739, 882, 1142
Putrescine, 885
PVC pipe, 373
Pyran, 632
Pyranose, 1111
Pyrethrin, 828, 829
Pyridine, 477, 644, 704, 731–732,

882, 889, 890, 897–899,
971, 1001, 1021

Pyridinium acetate, 890
Pyridinium chlorochromate 

(PCC), 471
2-Pyridone, 733
Pyridoxine, 879
Pyrimidine, 704, 733, 882, 1142
Pyrrole, 704, 732–733, 881, 889
Pyrrolidine, 881

Q
Quadrupole mass filter, 544
Quarternary structure (proteins),

1192–1193
Quartet, 581
Quaternary ammonium salts, 880
Quercetin, 703
Quinidin, 61
Quinine, 61
Quinoline, 406, 739
Quinones, 803–804
Quinuclidine, 880

R
Racemases, 1157
Racemate, 191
Racemic mixtures (racemates),

191–192
Racemization, 250–251
Radical cation, 542, 678–680
Radical cleavage, 142
Radical inhibitors, 161
Radicals, 134
Radioactive cleanup, 629
Random coil, 1192
Raney nickel, 456, 863
Rate constant, 145

Rate-determining step, 150
Rate equation, 145–146
Rate law, 145
Rate-limiting step, 150
Rate of reaction, 145
Rayon, 1101, 1137
Reaction coordinate, 148
Reaction-energy diagram, 148
Reactions, rates of multistep,

149–150
Reactive intermediates, 134, 

149, 162
Reagent(s), 231

alkyl halides in, 221
Gilman, 451
Grignard, 441–442
hydride, 453–454
Lucas, 481–482
organolithium, 442
Tollens, 862

Rearrangements, 252
SN1 reactions, 252–255

Red algae, shellfish poisoning, 949
Reducing sugars, 1119
Reduction(s). See also specific

reduction
alcohols, 478–479
carboxylic acid derivatives,

1014–1017
Reductive amination, 

918–920, 1164
Reference beam

infrared spectroscopy, 519
UV-visible spectrometers, 698

Reference cell, 698
Refrigerants, 221–222
Regiochemistry, 330–331
Regioselective, 332
Regioselective (term), 339
Relative configuration, 207
Relaxation times, MRI imaging, 612
Residue, 1174
Resolution

of amino acids, 1169–1170
enzymatic, 1169

Resolution (of enantiomers), 210
Resolving agent, 210
Resonance, 14–18

hybrids, 14–15
major and minor contributors,

15–18
stabilization, 29–30

Resonance-donating atoms, 766
Resonance energies, 715
Resonance energy, 669
Resonance stabilization, 163,

766, 1173
Resorcinol, 430
Retention of configuration, 250
Retinol, 1217
Retrosynthetic analysis, 376
Rhodium, 357
Rhodopsin, 174
Ribonucleic acids (RNA), 112,

1140, 1143–1144
Ribonucleosides, 1141–1142
Ribonucleotides, 1142–1143
Ribose, 112
Ring-closing metathesis, 375
Ring current, 572
Ring-flip, 118, 121
Ring-opening metathesis

polymerization, 375
Ring strain, 110
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RNA. See ribonucleic acids (RNA)
Robinson annulation, 1088–1089
Rocket fuel, 854
Rotation, bond, 58–59
Roundup (glyphosate), 719, 1160
Rubber, 1230–1232
Rubbing alcohol, 434–435. See

also Propan-2-ol
Ruff degradation, 1125, 1126–1127
Ruff, Otto, 1125
Ruhemann’s purple, 1172
Ruthenium phosphines, 357

S
Saccharic acid, 1118
(S)-Adenosylmethionine

(SAM), 644
Salicin, 1121
Salicylic acid, 802, 804–805, 941
Salt of a carboxylic acid, 947, 948
Salts

amine, 889–891
ammonium, 889–891
arenediazonium, 911
carboxylic acids, 948–950
nylon, 1233
quaternary ammonium, 880
sulfonium, 643

Sample beam, 519, 698
Sandmeyer reaction, 912–913
Sanger method, 1180–1181
Saponification, 1010, 1206–1209
Saran, 1232
Saturated fats, 1204
Saturated hydrocarbons, 87
Saturated (term), 87
Saturn, 696
Sawhorse structures, 102
Saytzeff’s rule, 298
s character, 397
Schiff base, 850
Schrock, Richard, 374
Scorpion spray, 958
Scrapie, 1194
Secondary alcohols, 426, 436,

445–446, 469–471
Secondary amide, 984
Secondary amines, 880, 1052
Secondary (carbon bonds), 92
Secondary halides, 220
Secondary overlap, 688–689
Secondary structure (proteins),

1190–1192, 1193
Semicarbazide, 854
Semicarbazones, 853
Sequence, 1179
Serine, 1158, 1160
Serotonin, 908
Sesquiterpenes, 1216
Sevin insecticide, 1033
Sharpless, K. Barry, 647
Shellfish poisoning, 949
Shielded nucleus, 566
Shielded protons, 566, 568
Siamyl group, 412
Sigma bond, 44

alkenes, 286
overlap, 46–47

Sigma complex, 756, 783
Silk, 1233
Silver bromide, 803–804
Silver nitrate, 264

Silver oxide, 1122
Silyl ethers, 642–645
Simmons-Smith reagent, 358
Simple lipids, 1201, 1210
Simple proteins, 1190
Single bond, 8
Skeletal structure, 20
Skew conformations, 102
Skunk scent, 458
Soap, 949, 951, 1010, 1206
Socrates, 880
Sodium acetate, 13, 947
Sodium acetylide, 399, 441
Sodium alkoxides, 436–437, 500
Sodium amide, 398, 441, 1049
Sodium azide, 924
Sodium benzoate, 1011
Sodium borohydride, 340,

453–455, 862, 919,
1019–1020

Sodium butynide, 398
Sodium chloride, 70–71, 70f, 250
Sodium cyanoborohydride, 919
Sodium cyclohexylacetylide, 398
Sodium dichromate, 470, 829
Sodium dodecyl sulfate, 1208
Sodium ethanethiolate, 642
Sodium ethoxide, 266, 436
Sodium formate, 1021
Sodium hydride, 437, 500
Sodium hydrosulfide, 459
Sodium hydroxide, 305, 345,

786–787, 947
Sodium hypochlorite, 369, 861
Sodium iodide, 235
Sodium lauryl sulfate, 1208
Sodium methoxide, 234, 653, 905
Sodium nitrite, 911
Sodium phenoxide, 437, 788
Sodium propionate, 1010
Sodium triacetoxyborohydride, 919
Soil bacteria, 430
Soldium bisulfite, 803
Solid-phase peptide synthesis,

1185–1189
Solubility(ies)

alcohols, 432
carboxylic acid derivatives, 990
lipids, 1201
polarity effects on, 70–72

Solution-phase peptide 
synthesis, 1183

Solvent(s)
alkyl halides in, 221
effects in SN1 reactions, 250
effects in SN2 reactions, 256
ethers as, 627–628
for organic reactions (table), 990
protic, aprotic, 239–240

Solvolysis, 246
Sorbitol, 1116–1117, 1138
Source (ion source), 542
“Spanish fly,” 1020
Specific rotation, 188
Spectrometry, 542
Spectroscopy

absorption. See Absorption
spectroscopy

aldehydes, 822–828
amines, 891–895
aromatic compounds, 743–745
carboxylic acid derivatives,

991–997

carboxylic acids, 952–956
infrared. See Infrared (IR)

spectroscopy
ketones, 822–828
mass. See Mass

spectrometry (MS)
nuclear magnetic resonance. See

Nuclear magnetic resonance
(NMR) spectroscopy

vs. spectrometry, 542
ultraviolet absorption. See

Ultraviolet (UV)
spectroscopy

Spermaceti, 1024, 1202
sp hybrid orbital, 49
Spider web, 1191
Spin-spin splitting, 580–591, 605
Spirocyclic compounds, 123
Splitting tree, 589
sp2 hybrid orbitals, 50–51
sp3 hybrid orbitals, 51–52
Squalene epoxidase, 651–652
SN1 reactions, 246, 250–252

vs. acyl addition-elimination
reactions, 1004–1005

leaving-group effects, 249
rearrangements, 252–255
solvent effects, 250
and SN2 reactions compared,

255–257
stereochemistry, 250–252
substituent effects, 248–249
substitution effects, 246–250

SN2 mechanism, 233
SN2 reactions, 232–235

reactivity of substrate, 240–243
and SN1 reactions compared,

255–257
stereochemistry, 244–245

Stabilization energy, 669
Staggered conformations, 58, 102
Standard amino acids, described

(table), 1157–1159
Standard Gibbs free energy

change, 138
Standing waves, 42, 42f
Starches, 1101, 1102, 1137–1139
Stationary phase, 544
Stearic acid, 939, 944, 1203
Step-growth polymer, 1232
Sterculic acid, 300
Stereocenters, 177
Stereochemistry, 61, 79

absolute configuration, 207–208
asymmetric carbons, 181–185,

201–204
chiral compounds without

asymmetric atoms,
195–197

chirality, 175–180
conformationally mobile

systems, 193–195
definition, 174
diastereomers, 201–204,

208–209
E2 reactions, 267–268
enantiomeric excess, 192
enantiomers, biological

discrimination of, 189–190
enantiomers, resolution of,

209–212
Fischer projections, 197–201
halogen addition, 351

of hydroboration, 347–349
introduction, 174–175
meso compounds, 205–207
nonequivalence of protons,

NMR, 591–593
optical activity, 185–189
racemic mixtures, 191–192
relative configuration, 207–208
SN1 reactions, 250–252
SN2 reactions, 244–245
synthetic polymers, 1229

Stereogenic atom, 177
Stereoisomers, 61, 174, 201, 203
Stereospecific reaction, 245, 268,

306, 348, 351
Steric effect, 840
Steric hindrance, 238, 239, 243
Steric strain, 105–106, 119
Steroids, 1210–1213

biosynthesis, 651
and conformations of

molecules, 114
fluocinolone acetonide, 856

Stick figure, 20
trans-Stilbene, 311, 792
Stoichiometry of hydroboration,

346–347
Stork, Gilbert, 1053
Stork reaction, 1053
s-trans Conformations, 672
Strecker, Adolf, 1167
Strecker synthesis, 1167–1168
Structural formulas, 18–22
Structural isomers, 60, 174, 203
Styrene, 291, 740, 792, 1223,

1225, 1227
complex splitting and NMR

spectrum, 588–591
free-radical polymerization,

371–373
physical properties, 743

Styrofoam, 371
Substituents, 90, 93, 95

of different sizes, 121
effect of on rates of SN2

reactions (table), 242
effects on SN1 reactions,

248–249
functional groups nomenclature

(table), 988
Substitution(s), 134, 328. See also

specific substitution
alkene stability, 297–299
alkyl, 763–765
alkyl halides, 231
aromatic compounds, 756–757
nucleophilic, 231, 900
nucleophilic acyl, 997–1005

Substrate(s), effects in SN2
reactions, 232, 240–243, 256

Succinic acid, 679, 1022
Succinimide, 678–680
Sucrose, 1135
Sugar alcohols, 1116
“Sugarless” candies, 1138
Sugars, 1102. See also

Carbohydrates
acid cleavage of, 1128–1131
chain-lengthening, 1125–1127
D and L series, 1105
disaccharides, 1132–1136
epimers, 1107–1108



Index I15

ether and ester formation,
1121–1124

Fischer projections, 1102
Kiliani-Fischer synthesis, 1106,

1125–1127
monosaccharides, 1103–1106,

1108–1119
nonreducing, 1119–1121
polysaccharides, 1136–1140
reactions, summary, 1129–1131
reactions with

phenylhydrazine, 1124
reducing, 1117–1119

Sulfa drugs, 903, 904
Sulfate esters, 498
Sulfides, 642–644
Sulfonamides, formation of,

903–904
Sulfonation of benzene, 761–763
Sulfones, 643
Sulfonic acids, 460
Sulfonium salts, 643
Sulfoxides, 643
Sulfur, 546, 734
Sulfuric acid, 313, 370, 498, 890
Sulfur trioxide, 761–762
Sunscreens, 793
"Super" glues, 373, 1224
Superimposable molecules, 176
Suzuki, Akira, 791
Suzuki reaction (Suzuki coupling),

794–795
Sweet clover, 103–1024
Swern oxidation, 472, 505
Symmetrical ether, 625
Symmetric stretching, 517
Symmetry-allowed reactions, 693
Symmetry-forbidden

reactions, 694
Symmetry, mirror planes of,

179–180
Syn addition, 347
Syn-coplanar conformations, 267
Syndiotactic polymer, 1229
Synthetic detergents, 1208
Synthetic gas, 433
Synthetic organic polymers, 1222
Synthetic polymers

addition polymers, 1223–1228
condensation polymers,

1232–1236
copolymers, 1232
introduction, 1222–1223
rubber, 1230–1232
stereochemical control of

polymerization, 1230
stereochemistry, 1229
structure and properties,

1236–1238
Synthetic rubbers, 1232

T
Target compound, 376
Tartaric acid

enantiomerism in, 210–211
as resolving agent, 209–210

meso-tartaric acid, 205
Tautomerism, 411, 1047
Tautomers, 1047
Teflon, 296, 373, 1224

TEMPO (2,2,6,6-
tetramethylpiperidinyl-
1-oxyl), 473

Terephthalic acid, 942, 951, 952,
1026, 1234

Terminal alkyne, 441, 523
Terminal alkyne (acetylene), 394
Terminal residue analysis, 1179
Termination steps, 136–137
Termination steps, chain

reactions, 134
Terpenes, 255, 651

classification, nomenclature,
1215–1217

classification of, 1216–1217
terpenoids, 1217

Terpenoids, 1217
Tertiary alcohols, 426, 436, 446,

447, 471–472
Tertiary amides, 984, 989
Tertiary amines, 880
Tertiary (carbon bonds), 92
Tertiary halides, 220
Tertiary structure (proteins),

1192, 1193
Testosterone, 545, 1212
Tetrabutylammonium chloride, 881
2,3,7,8-Tetrachlorodibenzodioxin

(TCDD), 632
Tetrachloromethane, 100, 220
Tetradecane, 99
Tetraethylammonium iodide, 880
Tetraethyl lead (TEL), 97
Tetrafluoroethylene, 218, 296, 373
Tetrahedral geometry, 51, 51f,

52, 52f
Tetrahydrofuran (THF), 344, 437,

625, 626, 628, 632
Tetrahydropyran (THP), 632
2,4,N,N-Tetramethylhexan-

3-amine, 882
Tetramethylsilane (TMS), 568, 569
Tetramethylurea, 1033
Thermodynamic control, 677
Thermodynamic product, 677
Thermodynamics, 132, 133, 138
Thermoplastic, 1237
Thiazolinone, 1179
Thimerosal, 950
Thioesters, 1031–1032, 1072
Thioethers, 642–644
Thiolate ion, 459
Thiols (mercaptans), 458–460
Thionyl chloride, 484–486, 781,

835, 970, 1000
Thiophene, 734
Threo diastereomers, 1106–1107
Threonine, 1158, 1159
Threose, 1106
Thrombin, 1181
Thymidine, 733
Thymine, 69, 695, 733, 1144
Time domain, 520
Tinactin, 652
TIPS chloride (TIPSCl), 645
TIPSCl (Chlorotriiso-

propylsilane), 645
TIPS (Triisopropylsilyl), 645
Titanium tetrachloride, 1230
TMS (Tetramethylsilane), 568, 569
TNT (trinitrotoluene), 499

Tobacco, nicotine, 880
Tollens reagent, 862
Tollens test, 862, 1118–1119
Toluene, 573, 740, 831, 951, 1171

nitration, 763–765
physical properties, 743

Toluene diisocyanate, 1034, 1236
m-Toluic acid, 774
m-Toluidine, 788, 789
Torsional strain, 103, 111–112
Tosylate esters, 476–479, 497, 683
Tosylation, 477–479
Tosyl chloride, 477, 479, 497
Totally eclipsed conformation, 105
Toxicology, acetaminophen, 851
Trans, 210
Transaminases, 1165
Transamination, 1165
Transient decay, 603
Trans-diaxial, 307
Transesterification, 1006–1009
Trans fats, 1205
Transition states, 148–149, 158, 233
Transmissible encephalopathy

(TME), 1194
Transmissible spongiform

encephalopathies (TSEs),
1194–1195

Trans substituents, 109
Traveling waves, 42, 42f
Triacontane, 88f
Triacylglycerols, 1202
Trialkylborane, 346
Tribromide, 767
2,4,6-Tribromoaniline, 896
2,4,6-Tribromoanisole, 767
1,1,2-Tribromoethane, 580–581
Trichloroacetaldehyde, 848
Trichloroacetic acid, 947
1,1,1-Trichloroethane, 218, 221
Trichloroethanol, 848
Trichloromethane, 100, 220
2,4,5-Trichlorophenoxyacetic acid

(Agent Orange), 632
1,2,2-Trichloropropane,

604–605, 606
cis-Tricos-9-ene, 285
Tridecane, 88f
Triethanolamine, 653
Triethyl aluminum, 1230
Triethylamine, 78, 305, 472, 

890, 1122
Triethylammonium hydrogen

sulfate, 890
Triethylbenzenes, 781
Trifluoroacetic acid (TFA), 

1188, 1189
Trifluoroacetic anhydride, 987
Trifluoroacetic propionic

anhydride, 987
Trifluoroethanoic anhydride, 987
Trifluoroethanoic propanoic

anhydride, 987
Triglycerides, 1007, 1202,

1202–1206, 1205
Trigonal geometry, 50
Triisopropylsilyl (TIPS), 645, 1122
Trimethylamine, 68, 882–883
Trimethyl phosphate, 499–500
Trimethylsulfonium iodide, 643, 644
1,3,5-Trinitrobenzene, 741

Trinitrotoluene (TNT), 499
Triolein, 1204
Trioxane, 821, 822
Tripeptide, 460
Triphenylmethanol, 426
Triphenylmethyl fluoroborate, 801
Triphenylphosphine, 356, 792,

843, 844, 845–846
Triple bond, 8, 55
Triplet, 581
Tristearin, 1206
Triterpene, 1216
Trivial names, 90
Tropylium ion, 728
Trypsin, 1181
Tryptophan, 704–705, 1158, 1159
Turpentine, 285
Twist boat conformations, 114
Types, blood, 1136
Tyrian purple, 702
Tyrosine, 357, 704–705, 1158

U
Ubiquinone, 803
Ultrasüss, 764
Ultraviolet (UV)

term described, 701
UV-visible analysis in biology,

medicine, 704–705
Ultraviolet (UV) spectroscopy, 514

aromatic compounds, 744–745
carboxylic acids, 954–956
obtaining, interpreting UV

spectra, 698–701
spectral region, UV light and

electronic transitions,
696–698

Undecane, 88f
Undecylenic acid, 951
Unsaturated (term), 287
Unsaturation, 287–289
Unsymmetrical ether, 625
Upfield, 568
Uracil, 1142
Urea, 2, 1032
Ureas, 1032
Urethanes, 1026–1027, 1033,

1235–1236
Uric acid, 1142
Uridylic acid, 1143
Urine analysis, 704
UV-visible spectrometers, 696

V
Valence, 9
Valence electrons, 5–6
Valence-shell electron-pair

repulsion theory (VSEPR
theory), 48

Valerates, 1225
Valeric acid, 949
Valine, 1157, 1159, 1188
van der Waals forces, 67, 96
van der Waals radii, 224
Vanillin, 829
Vegetable shortening, 1204–1205
Vesicants, 1020
Vibrations, molecular, 516–518
Vicinal dibromide, 310
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Vicinal dihalides, 220, 349
Vicinal diol, 429
Vinegar, 950
Vinegaroon (scorpion), 958
Vinyl alcohol, 1047
Vinyl amine, 1051
Vinylbenzene, 291, 371, 740
Vinylborane, 412
Vinyl cation, 409, 411
Vinyl chloride, 218, 295, 296, 373,

442, 1222, 1223, 1232
Vinyl group, 291
Vinyl halides, 218, 249, 403, 409,

793, 794
3-Vinylhexa-1,5-diene, 291
Vinyllithium, 442
Viscose process, 1137
Vision, human, 701–704
Vitalism, 1, 2
Vitamin B12, 164, 699
Vitamin C, 2, 161, 803, 1025
Vitamin D, 693
Vitamin E, 161
Vitamins, 70

niacin, 475, 879

pantothenic acid, 1160
pyridoxine (B6), 879
retinol, 1217

Volatile organic compounds
(VOCs), 97

von Baeyer, Adolf, 109–110
Vulcanization, 1231
Vulcanized rubber, 1222

W
Walden inversion, 244
Walden, Paul, 244
Wallach, Otto, 1215
Warfarin, 1023
Water

addition of. See Hydration
hard, 1207
molecular dipole moment, 65f
relative strength and conjugate

base, 26t
Watson, James D., 1145
Wave function, 43, 43f
Wavelength, 514
Wavenumber, 515–516

Wave properties of electrons in
orbitals, 42–43

Waxes, 1201, 1202
Welding, 395
Wheat paste, 656
Wilkinson’s catalyst, 356
Williamson ether synthesis,

500–502, 635–636, 1122
Willstäter, Richard, 717
Wine fermentation, 209–210
Wittig, Georg, 840
Wittig reaction, 843–847
Wöhler, Friedrich, 1
Wolff-Kishner reduction, 864
Wood, 1101
Wood alcohol, 425, 433–434. See

Methanol
Woodward-Hoffmann rules, 693
Woodward, Robert B., 692

X
X-ray crystallography

determining chiral
configurations, 207

and tertiary structure
(proteins), 1192

m-Xylene, 741, 796

Y
Ylide, 840, 844

Z
Zaitsev product, 269, 305
Zaitsev’s orientation, 263
Zaitsev’s rule, 266, 267, 269, 298,

488, 489, 490, 905
Zeaxanthin, 703
Ziegler, Karl, 1230
Ziegler-Natta catalyst, 1230
Zinc chloride, 481–482
Zwitterion, 1160, 1162


