



































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































to alkenes, 134, 156157, 162,
230-231. 230f, 231f
to alkynes, 258-260
to conjugated dienes, 308-309,
310-311,311f
to isolated dienes, 306-307
bonding in, 36-37
electrostatic potential maps for, 51,
SIf
reaction of epoxides with, 431
relative acidities of, 49, 50-51
relative stabilities of, 51
Hydrogen-halogen bond, 37
electron density of, 37
lengths and strengths of, 37t
Hydrogen iodide, 37t (See also
Hydrogen halides)
Hydrogenion, 9, I5f
Hydrogen peroxide, 14f
in addition of hydrogen bromide to
alkenes, 480-482
in hydroboration—oxidation, 179
in reaction with NBS, 485-486
in workup of ozonides, 903
Hydrogen radical, 15f
Hydrolysis, 757
of amides, acid-catalyzed,
743-744
of cell wall, lysozyme-catalyzed,
1044-1048, 1045f. 1046f,
1047f
of esters
acid-catalyzed, 729-733
mechanism for, 730-731, 730t,
1025-1026
with primary or secondary alkyl
groups, 729-732
with tertiary alkyl groups,
732-733
of imides, 745-746, 745
of nitriles, 746-747
partial, in primary structure
determination, 1007-1008
of peptide bond, chymotrypsin-
catalyzed, mechanism for,
1043, 1044
of phenyl acetate. 1030
Hydrolysis reaction, 726, 726f
Hydronium ion, 14f
Hydroperoxidase activity, of
prostaglandin
endoperoxide synthase,
1129
Hydrophobic interactions, 737,
757, 1017
between nonpolar groups in
protein, 1015
Hydroquinones, as radical
inhibitors, 490, 490f
Hydroxide anion, 265
Hydroxide ion, 14f, 42
reaction of 2-bromobutane with,
3521-353f
reaction of bromomethane with,
333-334. 337f
reaction of 2-bromopropane with,
352f
reaction of I-chloro-3-
methylpentane with,
223-224, 224f
Hydroxide-ion-promoted
hydrolysis, of esters,
733-734
Hydroxyanisole, butylated, as
preservative, 660
Hydroxy-containing amino acids,
979t

Hydroxylamine, in imine
formation, 7911
Hydroxymethylglutaryl-CoA, 1133
4-Hydroxy-4-methyl-2-pentanone,
infrared spectrum of, 519t
Hydroxytoluene, butylated, as
preservative, 660
Hypercon jugation, 98, 113, 158,
158¢, 189, 383-384, 667

I
Ibuprofen, 727f, 768f, 884
Ichthyothereol, 251
p-Idose, 952f
Idoxuridine, 1260f, 1261
Imidazole, 934
as catalyst, 1030, 1030f
as heterocyclic aromatic
compound, 631f,931-932
orbital structure of, 932f
Imidazole anion, 932f
Imide, 745, 757
hydrolysis of,, 745-746
Imine(s), 818
bonding of, 789t
derivatives of, formation of. 791
formation of, 789-791
synthesis of, A 11
Imitrex, 1251f
Immune system, blood types and,
970
Inborn error of metabolism, 1110
Inclusion compound, 439
Indigo, synthesis of, 102
Indole, 6311
Indole synthesis, Fischer, 938
Induced dipole-induced dipole
interactions (van der
Waals forces), 91
Induced-fit model, 1038, 1038f,
1052
Inductive electron donation, 695
Inductive electron withdrawal, 52,
55, 63, 524f, 667, 695
acid strength and, 56
Inflammation, of skin, from
riboflavin deficiency,
1057t, 1064
Influenza, Tamiflu for, 1048
Infrared absorption bands,
characteristic, 520-521
Infrared inactive vibrations,
531-532
Infrared (IR) spectrophometer,
519
Infrared radiation, 516, 516f, 518
absorption of, by CO,, 469
Infrared spectroscopy, 501,
518-520, 543
Infrared spectrum, 519
of benzaldehyde, 533f
of cyclohexene, 527, 528f
of 2-cyclohexenone, 523f
of diethyl ether, 530f
of N,N-dimethylpropanamide, 524f
of ethylbenzene, 527, 528f
of ethyl butanoate, 524f
fingerprint region of, 520f
functional group region of, 520f
of I-hexanol, 525f
of 4-hydroxy-4-methyl-2-
pentanone, 5 19f
interpreting, 520f, 532-534
of isopentylamine, 529f
of 2-methyl-1-pentene, 532f
of N-methylacetamide, 534f

of methylcyclohexane, 527, 528f
obtaining, 519
of pentanal, 529f
of pentanoic acid. 525f
of 2-pentanol, 520f
of 3-pentanol, 520f
of 2-pentanone, 523f
of |-phenyl-2-butanone, 534f
of 2-propyn-1-ol, 533f
Ingold, Sir Christopher, 201, 334.
336-337
Inhibitor(s)
competitive, 1090
aminopterin and methotrexate
as, 1086
wartarin and dicoumarol as,
1089
radical, 490. 494
suicide, 1090
S-fluorouracil as, 1086
Initiation steps
in cationic polymerization, 1186t,
1187
in chain-growth polymerization,
1181
inradical addition reactions, 494
in radical substitution reactions,
470, 471f, 493
Inorganic compounds, 2
In-phase overlap, 23
In-phase p atomic orbitals,
interaction of, 1213f
Insecticides, 753
Integration, 567, 603
Intensities, of IR absorption,
521-522
Intercalating compounds, 1157
Interchain disulfide bridges, 997f
Intermediate(s), 148-149, 148, 150
acyl-enzyme, 1043
benzyne, 692-694
carbocation, 189
addition reactions forming, 155f,
232
citric acid cycle, 1101
common, 311, 323
cyclic bromonium ion, 236-240
enamine, in alkylation and
acylation of a-carbon,
847-848
metallocyclobutane, 461-462
tetrahedral, 717f,-718, 728-729
Intermolecular reactions, 366-368,
366, 366t, 370
cycloaddition reaction as, 1211
relative rates of, 1033t
Internal alkynes, 252, 252, 256, 272
International Union of Pure and
Applied Chemistry
(IUPAC) nomenclature
system (See IUPAC
(systematic) nomenclature)
Internuclear distance, 22f
Intimate ion pair, in Sy1 reactions,
353
Intrachain disulfide bridge, 997f
Intramolecular aldol additions,
861-862
Intramolecular catalysis,
1035-1037, 1035, 1052
Intramolecular Claisen
condensations, 860-861
Intramolecular general-base
catalysis, 1036
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Index

Intramolecular nucleophilic
catalyst, 1036
Intramolecular reactions, 366-368.
366. 366f. 370. 1032-1034,
1052
condensation, 860-861
electrocyclic reaction as, 1211
relative rates of, 1033t
sigmatropic rearrangements as,
1211
Intron, 1158
Inversion of configuration
(Walden), 338. 352, 370
Invertase, 964
Invert sugar, 964
In vivo assay, in random screening,
1246-1247
Iodide ion
nucleophilicity of, 341-342
polarizability of, 340f
reaction catalyzed by, 1029-1030,
1030f
Iodination, of benzene, mechanism
for, 640-641, 640f
Iodine, 8, 36
isotopes in, natural abundance of,
506t
in thyroxine production, 641
Iodine radical, reactivity of, 479
Ion—dipole interactions, 341, 370
between negatively charged
species and water, 361f
between positively charged species
and water, 361t
Ion-exchange chromatography,
989-991, 990t, 1017
Ionic bonds, 8-9,9, 111, 62
Ionic compounds, 9
Ionization, in mass spectrometry,
515
Ion pair, intimate, in Sy1 reactions,
353
Ion peaks, fragment, 503
Ireland-Claisen rearrangement,
1228
IR (infrared) spectrophometer, 519
IR (infrared) stretching
frequencies, 521t
Iso, use of, 73
Isobutane, 70
Isobutyl cation, transition state
leading to, 160f
Isobutylene, uses of, 1195t
Isobutyl group, 72
Isoelectric point (pI), 986-987, 986,
1017
Isoflurane, as anesthetic, 429
Isolated dienes, 290
electrophilic addition reactions of,
306-307
Isolated double bonds, 290, 323
Isoleucine, 979t
Isomer(s), 195, 196f, 243
with asymmetric centers, 195, 196f
cis—trans, 108, 114, 126, 195-196,
196f, 243
configurational, 195
constitutional, 17, 70-71, 70,113,
189. 195, 195f, 196f, 243
in regioselective reaction, 229
geometric. 108. 114, 126, 196
with more than one asymmetric
center, 211-215
naming of, 220-223
with one asymmetric center, 199
Isopentane, 195f



I-16

Index

Isopentenyl pyrophosphate, 1143
biosynthesis of. 1132-1133
in terpene biosynthesis,

1134-1137
Isopentylamine, IR spectrum of,
529f

Isoprene, [ 130-1131. 1143, 1193
2-Isopropoxybutane, mass
spectrum of,, 510f
Isopropylbenzene (cumene), 636f
Isopropyl cation, hyperconjugation
in, 158f
Isopropyl chloride, 72f
Isopropyl group, 72
Isotactic configuration, | 191f
Isotactic polymer, 1191, 1205
Isotopes, 4, 62
exact masses of, 507t
in mass spectrometry, 506-507
natural abundance of, 506t
Isovaleraldehyde (3-
methylbutanal), 772f
IUPAC (systematic) nomenclature,
71

J

Jasplankinolide, 376f

Jaundice, bilirubin excess and, 934
Joules, 21

K
Kamen, Martin D., 692
Karplus, Martin, 580
Katz, Thomas, 101
Kekulé, Friedrich August, 280-28!
Kekulé structures, 17, 18t
of benzene, 280, 282
Keller, Elizabeth, 1160
Kelsey, Frances Oldmam, 242, 243,
1247
Kelsey, Fremont, 242
Kelvin, Lord (William Thomson),
141
Kendrew, John Cowdery, 1016
Keratin, in hair, 997
Ketals, 799-801, 799,818
analyzing behavior of, 800-801
mechanism for formation of,
799-800, 799¢f
synthesis of, A 11
Keto-enol interconversion,
836-837, 874
Keto-enol tautomers, 261, 273,
835-836
Ketone(s), 260. 262, 273, 501t, 771f,
817
addition of sulfur nucleophiles to,
804
addition of water to, 796-798
in aldol addition, 850
a,B-unsaturated
formation of, 852-854
Michael reaction involving, 849f
nucleophilic addition to,
812-815
a-carbon, halogenation of,
839-842
base-promoted halogenation of,
840
carbonyl carbon bonding in, 771
formation of, 260
hydrates of, 796
mass spectrum of, 513-515
methyl, synthesis of, 867-868
nomenclature of, 774-775
nonspectrophotometric
identification of, 792

nucleophilic addition-elimination
reactions of, 777-778
nucleophilic addition reactions of,
777
oxidation of, 896-898
oxidation of secondary alcohols to,
894f
physical properties of, 713-714
polyhydroxy, carbohydrates as,
940-941
reactions ol
with alcohols, 798-801
with Grignard reagents, 778, 779
with hydride ion, 782-783
with hydrogen cyanide, 787-788
with phosphonium ylide,
805-807
with primary amines, 789-791
protecting groups in, 801-804
with secondary amines, 793-796
with water, 796-798
Wittig, 805-807
reactivity of, 775t, 776f
reduction of, 783f
catalytic hydrogenation in, 889f
lithium aluminum hydride in,
891
secondary alcohols oxidized to,
425-426
synthesis of, 268-269, Al
Ketoprofen, 884
Ketoses, 941, 972
configurations of, 945, 945t
cyclic forms of, 956, 956f
Ketosis, 772
Keto tautomer, 835-836, 874
Kevlar, 756f, 1197f-1 [98f
Khorana, Har Gobind, 161
Kiliani, Heinrich, 951
Kiliani-Fischer synthesis, 950-951,
972
Kinase, 1102
Kinetically unstable compound,
143
Kinetic control, 310-314, 323, 813,
814
Kinetic energy, of electrons, 4
Kinetic isotope eff'ect, 395-396
Kinetic product, 310, 310, 311,
312f, 323
Kinetic resolution, 994, 1017
Kinetics, 137-147, 137, 142, 150,
338
calculating parameters, 153
Kinetic stability, 143, 150
of ATP in cell, 1099-1100
Kishner, N. M., 648
Klonopin, 1249f
Knocking (pinging), octane and, 77
Knovenagel condensation, 830
Knowles, William S., 899
Kodel, 1198t
Kolbe, Hermann, 846
Kolbe-Schmitt carboxylation
reaction, 846
Kornberg, Arthur, 1156
Koshland, Daniel E., Jr., 1038
Kroto, Harold W., 628

L

Laboratory synthesis, of DNA
strands, 11691174

Lactams, 711, 757

Lactase deficiency, lactose
intolerance from, 963

Lactate dehydrogenase, in
reduction of pyruvate by
NADH, 541, 542f

Lactic acid, 208f. 1204f

physiological functions of, 715

Lactobacillus kefir, alcohol
dehydrogenase from, 898f

Lactones, 710, 757

synthesis of, 747

Lactose, 962-963, 962f

Lactose intolerance, 963

Ladenburg benzene, 281

Anax effect of conjugation on,
537-539

Lambert, Johann Heinrich, 537

Lansoprazole (Prevacid), 1241t

Late transition state, in reaction
coordinate diagram, 160f

Latex, 1192

Lauric acid, 1118t

LCAO (linear combination of
atomic orbitals), 295, 1212

LDA (lithium diisopropylamide),
843-844

LDL (low density lipoprotein), 112,

1133
Lead compounds, 1243, 1262
molecular modification of,
1244.-1246
random screening for, 1246
Leaning, 580
Least motion, principle of, 659
Leaving group(s), 332
acidities of conjugate acids of,
345t
of alcohols, 410,411,443
basicity of, 339
reversibility of SN2 reactions
and. 343-347
of biological methylating reagents,
368-370
of carbonyl compounds, conjugate
acids of, pK, values of, 707t
of ethers, 410, 428, 443
general-acid-catalyzed elimination
of, 1027f
of protonated amine, 434
of quaternary ammonium ions, 435
in Sy 1 reaction, 350-351
in SN2 reactions, 338-339
specitic-acid-catalyzed elimination
of, 1027t
Le Bel, Joseph Achille, 207
Le Chitelier, Herni Louis, 140
Le Chiitelier’s principle, 140, 150
in acid-catalyzed ester hydrolysis,
730
in dehydration of alcohol, 420
reversibility of SN2 reaction and,
345
Lecithins (phosphatidylcholines),
1125¢
Leinamycin, 1157
Lemal, David, 101
Lesch-Nyhan syndrome, 418
Leucine, 978f, 979t
Leukemia
benzene exposure and, 636
drugs tor, QSAR analysis of, 1258
Leukotriene, conversion of
arachidonic acid to, 1130
Levene, Phoebus Aaron Theodor,
1148
Levorotatory compound, 208
Levothyroxine (Synthroid),
structure and use of, 1240t
Lewis, Gilbert Newton, 8, 61

Lewis acid(s), 61-62, 61, 63, 639,
678, 679, 1030-1031
Lewis bases, 61-62, 62. 63
Lewis structures, 13-17, 13, 62
Lewis theory, 24
Lexan, 756f, 1199f
Lexapro (escitalopram), 1240t
Library, combinatorial, 1259
Librium, 1239f, 1248
Lidocaine, 769
molecular modification of, 1244f
Ligands, 456
in Grubbs catalyst, 461
Ligation, 933
Light, 20
plane-polarized. 206-207, 206
UV/Vis, 516, 516f
Light waves, destructive
combination of, 22
“Like dissolves like,” 95
Limonene, 120f, 1117f
Lindlar, Herbert H. M., 263
Lindlar catalyst, 263, 269, 270,
889f
Linear combination of atomic
orbitals (LCAO), 295, 323,
1212
Linoleic acid, 185f, 1118t, 1 119f
Linolenic acid, 1118t, 1119f
Lipid bilayer;, 1125-1126, 1 126f,
1143
Lipids, 2, [117-1146, 1117. 1143
cholesterol, heart disease and,
1139
fatty acids as, 1118-1120
heart disease and, 1122
prostaglandins as, 1128-1130
saturated, 1118
steroids as, 1138-1141
synthetic, steroids as, 1142
terpenes as, 1 130-1138
triacylglycerols as, 1120-1123
unsaturated, 1 118-1119, 1119t
waxes as, 1120
Lipid-soluble vitamins,
biochemically active
coenzyme formsof, 1057t
Lipitor (atorvastatin), 1 13, 1133,
1240t
Lipmann, Fritz A., 752
Lipoate
biochemically active coenzyme
forms of, 1057t
in pyruvate dehydrogenase system,
1070-1071
Lipoic acid, biochemically active
coenzyme forms of, 1057t
Lipoproteins, 112, 1133
as drug receptors. 1249
low-density (LDL), 112, 1133
Liquids, IR spectroscopy of, 519
Lister, Joseph, 716
Lithium, 7t, 8
electronegativity of, 453
electrostatic potential map for, 13
in organolithium compound
preparation, 451
in trans alkene formation, 264
Lithium aluminum hydride, in
metal-hydride reductions,
891, 891t
Lithium diisopropylamide (LDA),
843-844
Lithium tri-fert-butoxyaluminum
hydride, 891, 891f
Living polymers, 1189, 1205
L notation, 942-943. 982-983



Localized electrons, 54, 278, 322,
833f
Lock-and-key model, 1038, 1038f
Lone-pair electrons, 14, 34-35, 35¢,
62
Long-range coupling, 572
Loop conformation, as secondary
structure of protein,
1013-1014
Lovastatin, for cholesterol
reduction, 113
Low density lipoprotein (LDL),
112, 1133
Lowestunoccupied molecular
orbital (LUMO), 297, 323,
335811215,11235
of 1,3-butadiene, 1214
in Diels—Alder reaction, 316
energy of, conjugation and, 538f
of reactant in pericyclic reaction,
1215
Lowry, Thomas M., 41
Lucas, Howard J., 413
Lucas test, 413
Luciferin, 1232f
Lufenuron, in flea control, 967
Luminescence, 1232
LUMO (lowest unoccupied
molecular orbital), 297,
316, 323, 335
Lycopene, 538, 5391, 5411, 1131,
1131f
Lycra, 1179, 1200
Lynen, Feodor, | 142
Lysine, 978f, 980t, 981f, 987
Lysozyme, reactions catalyzed by,
mechanism for, 1044—1048
Lysyl oxidase, in biological aldol
condensation, 871

M
M + 1 peak, 506
M + 2 peaks, 506-507
Macintosh, Charles, 1193
McLafferty rearrangement, 513,
S13f
Magnesium
in chlorophyll a, 934
electronegativity of, 454
in organomagnesium compound
preparation, 451-452
Magnetic field, 553, 554f, 557, 603
strength of, operating frequency
and, 555
Magnetic resonance imaging
(MRI), 516, 600-601, 604
Magnetogyric ratio, 554
Magnitude, of bond dipole
moment, 40
Ma jor groove, in DNA helix, 1155
Malate
dehydration of, 423
formation of, 240t
Malate dehydrogenase, 1060
Malathion, as insecticide, 753
Maleate, tformation of, 240f
Maleic anhydride, 1224f
Malic acid, physiological functions
of, 715
Malonic acid
decarboxylation of. 865f
structure and pK, value of, 754t
Malonic ester synthesis, 866867,
866f, 874
Malonyl-CoA, in biological Claisen
condensation, 872

Malonyl thioester, in biological
Claisen condensation, 872
Maltose, structure of, 961t
Mandelonitrile, 828(
Manbhattan Project, 6
Mannich reaction, 882
p-Mannitol, reduction of, 947f
p-Mannose, 952f
Maric, Mileva, 6
Markovnikov, Vladimir Vasilevich,
162
Markovnikov’s rule, 162
Mass, of atom, 4
Mass number, 4, 62
Mass spectrometer, schematic
diagram of’, 502f
Mass spectrometry, 501-515, 501,
543
in forensics, 513
fragmentation patterns of
functional groups, 508-515
(See also Fragmentation)
fragment ions in, 503-504
high-resolution, 507-508
isotopes in, 506-507
other ionization methods in, 515
Mass spectrum, 503-505, 503, 543
of alcohols, 512-513
of alkyl halides, 508-509
of 1-bromopropane, 508f
of 2-chloropropane, 508-509, 509f
of 2-hexanol, 512f
of 2-isopropoxybutane, 509, 510f
of 2-methoxy-2-methylpropane,
SHIf
of methoxybutane, 5111
of 2-methylbutane, 504-505, 5041
of pentane, 503-505, 503f
Mass-to-charge ratio (m/z) of
fragment, 502
Materials science, 1179, 1205
Matrix-assisted laser desorption
ionization (MALDI), 515
Maxalt, 1251f
Maxwell-Boltzmann statistics, 144
Mechanism-based inhibitor
(suicide inhibitor), 1086,
1090
Mechanism of reaction, 134, 150,
395
for acid-catalyzed addition
of alcohol to alkene, 166-167
of hydrogen halides to alkene,
134, 156-157
of water to alkene, 165f
for acid-catalyzed ester hydrolysis.
1025-1026
for acid-catalyzed halogenation,
839
for acid-catalyzed hydrate
formation, 796-797, 796f
for acid-catalyzed hydrolysis
of amide, 743f
of ester, 730-731, 730f
of nitrile, 746-747, 746f
for acid-catalyzed keto-enol
interconversion, 837
for acid-catalyzed proton
exchange, 589
for acid-catalyzed a-substitution,
838-839
for addition of hydrogen bromide
to alkene in presence ol
peroxide. 480-482
for addition reactions of alkynes.
256-257

for alcohol oxidation by chromic
acid. 426-427
for aldol addition, 851
for aldolase-catalyzed reaction,
1050-1051, 1051f
for alkene metathesis, 461-463
for amino acid oxidase reactions,
1066
for arene oxide rearrangement,
651-653, 651t
for Baeyer—Villiger oxidations, 897
lor base-catalyzed enediol
rearrangement of
monosaccharide, 946
for base-catalyzed epimerization
of monosaccharide, 946
for base-catalyzed keto-enol
interconversion, 836
lor base-catalyzed a-substitution,
838
for base-promoted halogenation,
840
for bromination of benzene, 639f
for carboxylation of acetyl-CoA by
acetyl-CoA carboxylase,
1074
for carboxypeptidase A-catalyzed
reaction, 1039-1041
for catalytic hydrogenation,
183-184, 183f
l'or chlorination of benzene, 640f
for cis glycol formation, 900
(or Claisen condensation, 856
forcleavage of peptide bond by
cyanogen bromide,
1009-1010
for conjugated diene, with
hydrogen bromide, 308-309
for conversion of acid anhydride
into ester, 726f
for conversion of acyl chloride into
acid anhydride, 723f
tor conversion of acyl chloride into
ester, 723f
for conversion of alkyne to trans
alkene, 264
for conversion of isopentyl
pyrophosphate to
dimethylallyl
pyrophosphate, 1134
for desulfonation of benzene, 643f
for Dieckmann condensation, 860
for dihydrolipoyl dehydrogenase
reactions, 1066—1068
for El cB reaction, 853
for El reaction, 383-386, 383f
in dehydration of alcohols,
419-425
tor E2 reaction, 376-377, 376f
in dehydration of alcohols, 422
for electrophilic aromatic
substitution, 638-639,
923-925
of pyridine, 927-929
using arenediazonium ion
electrophile, 687f
for epoxidation of alkenes, 178
for ester hydrolysis
acid-catalyzed, 730-731, 730f
hydroxide-ion promoted,
733-734, 733f
with tertiary alkyl group,
732-733, 732f
for flavin nucleotide coenzyme-
catalyzed reactions, 1066
for formation of diazonium ion
from aniline, 688—-690, 688f

Index |17

for Friedel-Crafts acylation,
644-645, 644f
for Friedel-Crafts alkylation, 646f
for glucose-6-phosphate
isomerase-catalyzed
reaction, 1048-1049, 1049f
for glycoside formation, 959
for the haloformreaction, 840-841
tor halohydrin formation,
173-174, 173f
for the Heck reaction, 459
for the Hell-Volhard-Zelinski
reaction, 842
for Hof mann elimination, 435438
for hydroboration-oxidation,
180-183
for hydroxide-ion-promoted ester
hydrolysis, 733-734, 733f
for imine formation, 789-790,
789¢
for iodide-ion-catalyzed reaction,
1030
for iodination of benzene, 640t
for isolated diene, with excess
hydrogen bromide, 306-307
for lysozyme-catalyzed reaction,
1044—1048, 1045f, 1046f,
1047f
for the Michael reaction, 849
for monohalogenation of alkanes,
470-471
for nitration of benzene, 641f
for nucleophilic
addition—elimination
reaction, confirmation of,
735-737
for nucleophilic aromatic
substitution, 691-692, 69 1f
of pyridine, 927-931
for oxidation, of thiol to disulfide,
996
for oxymercuration, 176-177
for ozonide formation, 902
in peroxide formation, 479-480,
479¢f
for N-phthalimidomalonic ester
synthesis, 992-993
proposing, 740
for pyridine nucleotide coenzyme-
catalyzed oxidation
reactions, 1061-1064
for pyruvate decarboxylase
reactions, 1069
for pyruvate dehydrogenase
system, 1070-1071
for reaction
of acyl chloride with hydride
ion, 784f
of aldehyde or ketones with
hydride ion, 783f
of aldehyde or ketone with
Grignard reagent, 778-779,
778f
of aldehyde or ketone with
hydrogen cyanide, 787t
of amines with nitrous acid,
688-690
of amino acid with ninhydrin,
988
of carboxylic acid with hydride
ion, 785f
of ester with Grignard reagent,
780f
of ester with hydride ion, 784f
of N-substituted amide with
hydride ion, 786f
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Mechanism of reaction (continued)
for serine protease-catalyzed
reaction, 1042-1044
for Sy! reactions
of alcohol, 412f
of alky! halide, 347-350
for SN2 reactions, 333-338
of alcohol, 412-413, 412f
of alkylhalide, 335-336
for the Stork enamine reaction, 850
forsulfonation of benzene, 642f
for the Suzuki reaction, 457-458
for the Swern oxidation, 895
for terpenes biosynthesis, 1135
for thymidylate synthase-catalyzed
reactions, 1085
foruncatalyzed reaction, 1029
for the vitamin KH,-dependent
carboxylation of glutamate,
1088-1089
for the Wittig reaction, 805-806,
805f
for the Wolff-Kishner reduction,
793f
Mechnikov, Ilya Ilich, 1246
Mefipristone, 1142f
Megaloblastic anemia, folic acid
deficiency and, 1057t
Melamine, 1201f
Melamine poisoning, 1202
Melanin
metabolism of, in PKU, 1110
protective effects of, 536
Melatonin, physiological effects of,
716
Mellaril, 1252f
Melmac, 1201f
Melphalan, as anticancer drug, 442
Melting point, 95
of diastereomers, 212
o fenantiomers, 206
of fatty acids, 1118t
of tartaric acid, 222t
of triaglycerols, 1121
of unsaturated fatty acids,
1118-1119, 1118t
Membranes, 1125-1127
Menger, Fredric, 101
Menthol, | 130f
Mercaptans, 440 (See also Thiols)
2-Mercaptoethanol, 441
Mercuric acetate, 175
Mercuric-ion-catalyzed hydration
reaction, of alkyne,
mechanism for, 261-262,
263
Mercuric trifluoroacetate, 177
Merrifield, R. Bruce, 1002
Merrifield automated solid-phase
synthesis, of peptides,
1002-1004
Mescaline, physiological activity
of, 660f
Meso compounds, 216-219, 216,
244
Messenger RNA (mRNA), 1158
Mestranol, 252
Metabolic pathways, organic
chemistry of, 1093-1116
Metabolism, 1090, 1093, 1114
differences in, 1093
inbornerrorof, 1110
Meta directors, 672, 674, 675, 679,
695
Metal-bound water, pK, values of,
1031t

Metal-hydride reductions,
890-892, 907
Metal ion, 1052
Metal-ion catalysis, 1030-1032
Metal-ion cofactor, 1056
Metallocyclobutane intermediates,
461-462
Metalloenzyme, 1039, 1090, 1090
Metals, transition, 454
Methadone, synthesis of,
1245-1246, 1246f
Methamphetamine (speed), 66l f
Methanal, 772f
Methane, 10f
atmospheric, 469
ball-and-stick model of, 25f, 69f
bond angles in, 25
bonding of, 25-27
bonds in, formation of, 25-27
condensed structure of, 69f
electrostatic potential map for, 25f,
26
Kekulé structure of, 69f
Lewis structure of, 15f
monohalogenation of, 470471, 478
perspective formula of, 25f
physical properties of, 69t
pK, value of, A5
space-filling model of, 25f
Methanesulfonyl chloride, 417f
Methanoic acid (formic acid), 708f
dielectric constant of, 361t
Methanol, 83
dielectric constant of, 361t
pK, value of, 45¢f
synthesis of, 334
toxicity of, 414
Methicillin, structure of, 744f
Methine proton, chemical shift of,
562-563, 562
Methionine, 980t
Methotrexate, in dihydrofolate
reductase inhibition, 1086
Methoxide ion, 382t
Methoxybutane, mass spectra of,
St
2-Methoxy-2-methylpropane, mass
spectrumof, 511
N-Methylacetamide, IR spectrum
of, 534f
Methyl acetate, 7261, 762f
Methyl alcohol, 71f, 83f
Methylamine, 711
electrostatic potential map for, 90f
pK, value of, 45f, 434,919
reaction with alcohol, 48
Methyl anion, 15f, 382
bonding in, 34
3-Methylbutanal, 772f
2-Methylbutane, mass spectrum of,
504-505, 504f
3-Methyl-1-butanethiol, 441
2-Methyl-1-butanol, specific
rotation of, 209
d8-Methylcapronitrile (5-
methylhexanenitrile), 712f
Methyl carbamate, 7561
Methyl cation, 33f
bonding in, 15f, 33
electrostatic potential map for, 157t
Methyl chloride, 71t
Methylcyclohexane
axial, 106f
IR spectrum of, 527, 528f
5-Methyl-1, 3-cyclopentadiene,
sigmatropic
rearrangements of,, 1230f

Methylene, in condensed and
Kekulé structures, 18t
Methylene group, 68
Methylene protons, chemical shifts
of, 563
Methyl group, 71
Methyl halides, 357
Methyliodide, 71
Methyl ketones, synthesis of,
867-868
Methyl orange, as acid-base
indicator, 540, 552
2-Methyl-1-pentene, IR spectrum
of, 532f
Methyl phenyl ketone, 774f
2-Methylpiperidine, 918f
2-Methylpropene, 160f
Methyl protons, chemical shifts of,
563
Methyl radical, 15f, 33, 33f
1,2-Methyl shift, 169, 189
in carbocation rearrangements,
169f, 385f, 421f, 646f
Metopropol (Toprol-XL), structure
and use of, 1240t
Mevacor, for cholesterol reduction,
113, 1133
Mevalonic acid, conversion of, to
mevalonyl phosphate,
1132-1133
Mevalonyl pyrophosphate,
conversion of mevalonic
acid to, 1132-1133
Meyer, Viktor, 336
Micelle(s), 737, 738t, 757
as nanocontainers, 1195
Michael, Arthur, 848
Michael reaction, 849, 874
Microscopic reversibility, principle
of,643, 655
Microwaves, 516, 5161
Midway transition state, in
reaction coordinate
diagram, 160f
Migraine, drugs for, development
of, 1251
Migration tendencies, of alkyl
groups, 897
Milk products, melamine
poisoning of, 1202
Mineralocorticoids, 1139
Minor groove, in DNA helix, 1155
Mitscherlich, Eilhardt, 227, 624,
625
Mixed aldol addition (See Crossed
aldol addition)
Mixed anhydride, 710, 757
nomenclature of , 710
Mixed orbital, 26
Mixed triacylglycerols, 1120
Molar absorptivity, of compound,
537
Molarity, effective, 1034, 1052
Molecular formula(s), 121-122
determination of
high-resolution mass
spectrometry in, 507-508
mass spectrometry in, 543
exact molecular mass and, 507t
Molecular ion, 502, 543
m/z value of, 503
Molecular mass(es)
determining, mass spectrometry in,
543
nominal vs. exact, 507
Molecular modeling, in drug
design, 1258-1259

Molecular modification,
1244-1246, 1244, 1262
Molecular orbital(s), 21-25, 21, 62
antiaromaticity and, 635
antibonding, 22-24, 62,294, 295¢,
323, 5351, 635, 1214
antisymmetric, 296, 296f, 323,
1214-1215
aromaticity and, 634-635, 634(
bonding, 294, 295f, 323, 535f,
634-635, 6341, 1214
highest occupied (HOMO), 297,

1214-1215
lowest unoccupied (LUMO), 297,
1214

nonbonding, 535f, 635
pi () bonding and antibonding,
23-24,294
o bonding, electron density of, 28
sigma bonding and antibonding,
22
and stability, 294-300
symmetric, 296, 296f, 323,
1214-1215
Molecular orbital (MO) diagram,
22-24, 295-299, 336, 719f,
7411, 1213-1215
Molecular orbital (MO) theory, I,
21-25,21, 62, 1212-1216
amide stability and, 741
back-side attack and, 335
carbon and oxygen electron
sharing and, 24
Diels—Alder reaction and, 316-317
orbital symmetry and, 1212-1216
reactions of carbonyl compounds
and, 719
stabilization by electron
delocalization and, 294-300
Molecular recognition, 440, 940,
972, 1037, 1052, 1090
structural complexity of coenzyme

and, 1063
Molecular weight, 4
Molecule(s)

achiral, 199¢, 243
optical inactivity of, 207, 208
bitfunctional, 366, 370
chiral, 197, 199f, 243
optical activity of, 208
dipole moments of, 12, 40-41
electron-deficient, 133
electron-rich, 134
excited state of, 297, 1214, 1235
ground state of, 297, 1214, 1235
size and shape of, 13
three-dimensional representations
of, 27
Molina, Mario, 492
Molozonide, 902
Monoesters, 1094
Monohalogenation, 470-487
Monomers, 1016, 1178, 11831,
1187-1188, 1188t, 1205
Monosaccharides, 941-961, 972
(Seealso Aldoses)
base-catalyzed enediol
rearrangement of,
mechanism for, 946
base-catalyzed epimerization of,
mechanism for, 946
chain elongation in. 950-951
chain shortening in, 951
classification of, 941
in crystalline osazone formation,
949-950



in cyclic hemiacetal and hemiketal
formation, 954-956
cyclic structure of, 954-956
Fischer projections of, 941-953,
942
glycoside formation, 958-960
oxidation of,, 948
reducing and noreducing, 960-961
reduction of, 947
Monosubstituted benzenes, 635
Monosubstituted cyclohexanes
conformers of, 105-108
equilibrium constants for, 107t
Monoterpenes, 1131, 1 131f, 1143
Montelukast (Singulair), 1240t
Morphine, 3, 80
molecular modification of, 1245
specific rotation of, 209t
structure and source of, 435
Morpholine, pK, value of, 919t
MRI (magnetic resonance
imaging), 600-601, 604
radio waves in, 516
MRI scanner, 600
mRNA (See Messenger RNA
(mRNA))
Mull, in IR spectroscopy of solid,
519
Mullis, Kary B., 1168
Multiple sclerosis, 1127
Multiplet, 575
Multiplicity, of signal, 569, 572t,
603
splitting diagrams explaining,
583-585
Multistep synthesis, 268-272
Muscalure, 12 1f
Mustard gas, 442
Mutagenesis, site-specific, 1043,
1052
Mutarotation, 955,973
Myelin sheath, loss of, in multiple
sclerosis, 1127
Mylar, 1198
Myoglobin, functions and
structure of, 933
Myristic acid, 1118t
m/z values, 502, 504

N
N + 1 rule, 569-574., 584-585, 603
NADH, 1090
as hydride donors for biological
systems, 786
asreducing agent. 1059, 1059f
reduction of pyruvate by, 541, 542f
NAD?* (nicotinamide adenine
dinucleotide) (See
Nicotinamide adenine
dinucleotide phosphate
(NADP™), in oxidation
reactions)
NADP?, in oxidation reactions,
1059-1062, 1090
NADPH
as hydride donors for biological
systems, 786
asreducingagent, 1059, 1059t,
1061
Nanocontainers, 1195
Naphthalene, aromaticity of, 628,
628f
Naphthalene oxide, in arene oxide
rearrangement, 651f
Naproxen, 241f, 727t
Natta, Giulio, 1192
Natural gas, 3, 469

Natural polymers, 1179
N-Bromosuccinimide (NBS),
485-486
Neomenthyl chloride, E2 reaction
of,, with ethoxide ion,
speed of, 392
Neon, 7t
Neoprene, 1193
Nerve impulses, 753
slowing of, in multiple sclerosis,
1127
Netropsin, 1 258f
Neuraminidase, 1048
Neurotransmitter, acetylcholine as,
753
Neutron(s), 4, 8
Newman, Melvin S., 98
Newman pro jection, 97-99, 97, 97f
of chair conformer, 103f
Nexium (esomeprazole), 1240t
Niacin (niacinamide), deficiency of,
1060
Nicol, William, 206
Nicol prism, 207
Nicotinamide adenine dinucleotide
(NAD*)
enzymes using, enzymes using
FAD/FMN distinguished
from, 1065
in oxidation reactions, 1059-1062,
1090
in pyruvate dehydrogenase system,
1070-1071
Nicotinamide adenine dinucleotide
phosphate (NADP?), in
oxidation reactions,
1059-1062, 1090
Nicotine, structure and source of,
435
Nicotinic acid, 1060
NIH shift, 651
Ninhydrin, reaction of amino acid
with, mechanism of, 988
Nirenberg, Marshall, 1161
Nitration, 638, 641-642, 641f, 655,
666t
Nitric acid, in nitration of benzene,
641, 641f
Nitrile, 501t
physical properties of, 713-714
Nitriles, 711
acidic a-hydrogens in, 834
hydrolysis of, 746-747
nomenclature of, 71 1-712
synthesis of, A 11
Nitroalkanes, acidic a-hydrogens
in, 834
Nitrobenzene, 635f, 668f
electrostatic potential map for,
671f
Nitroethane, 283-284
measuring rate of proton removal,
541, 541f
Nitrogen, 7t
in an amine, geometry of, 89-90
as asymmetric center, 228-229
in condensed structures, 17
in covalent bond formation, 10,
10f
hybrid orbital use by, 35
isotopes in, natural abundance of,
506t
valence electrons in, 14
Nitroglycerin, development of,
1248
para-Nitrophenyl acetate, 1 208f

para-Nitrophenyl methacrylate,
1208f
1-Nitropropane
COSY spectrum of, 599f
NMR spectrum of, 562
Nitrosamines, 688, 689, 695
cancer and. 690
Nitro substituent, reducing, 664
Nitrous acid, reaction of amines
with, mechanism for,
688-690
Nitrous oxide, biologic activity of,
1257
NMR spectroscopy (See Nuclear
magnetic resonance (NMR)
spectroscopy)
N-nitroso compound, formation of,
688
N=N linkage, 686
Nobel, Alfred Bernhard, 1024
Nobel Prize, 1024
Nodal plane, 20
Nodes, 20, 20f, 24
NOESY (Nuclear Overhauser
effect spectroscopy), 600
Nomenclature, 1, 71
of acid anhydrides. 709-710
ofacyl halides, 709-710
of alcohols, 83—-85, 87t
of aldehydes, 772-773
of alkanes, 74-77
of alkenes, 122-125
of alkyl halides, 81-82, 87t
of alkyl substituents, 71-74
of alkynes, 252-255
with more than one functional
group, 253-255
of amides, 711
of amines, 85-88, 87t, 918
of amino acids, 978-982,
979t-98 1t
of carboxylic acids, 708-709
common vs. systematic, 71
of cycloalkanes, 78-81
of disubstituted benzenes, 664
E.Z system of, 129-132 (See also
E.Z system of
nomenclature)
of enantiomers, by R,S system,
201-206
of esters. 710-711
of ethers, 82-83, 87t
IUPAC system of, 71 (See also
IUPAC (systematic)
nomenclature)
of ketones, 774-775
of lactams, 711
of monosubstituted benzenes,
635-636
of nitriles, 711-712
for organometallic compounds,
451
of polysubstituted benzenes, 666
prefixes in, alphabetizing, 75
R.,S system of, 201-206 (See
also R,S nomenclature
system)
of straight-chain alkanes, 68, 69t
systematic, 71, 75-77
for thiols, 440
Nominal molecular mass, 503, 507
Nonactin, as antibiotic, 440
Nonane, physical properties of, 69
Nonbonding electrons, 14 (See also
Lone-pair electrons)
Nonbonding molecular orbitals,
635
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Nonpolar covalent bond, 10. 1 1f
Nonpolar molecule, 26, 28
Nonpolar solvents, 95-96
Nonreducing sugars, 960-961
Nonsteroidal anti-inflammatory
drugs (NSAIDs), 727
action of, 1130
Nonsuperimposable mirror
images, 197, 197f, 199f
Norbornane, 1236f
Norepinephrine (noradrenaline),
conversion of, to
adrenaline, 369f
Norethindrone, 1142f
Norlutin, 825f
Novocain (procaine), 769f
molecular modification of. 1244f
Noyroi, Royji, 899
n — 77 transition, 535, 544
N-protection, 999-1002
NSAIDs (nonsteroidal anti-
inflammatory agents), 727
action of, 1130
N-Terminal amino acid, 995, 995f.
1017
identitication of, 1006
Nuclear magnetic resonance
(NMR) spectrometer,
operating frequencies of,
516.516f, 555
Nuclear magnetic resonance
(NMR) spectroscopy,
553-622, 554
13¢C chemical shifts in, 592
chemically equivalent protons in.
558
coupling constants in, 579-582,
579, 580t
delta scale for, 560
DEPT '*C NMR, 597
deuterium in, 590
diamagnetic anisotropy in,
565-566
diamagnetic shielding in, 557
diastereotopic hydrogens and,
585-586
effective magnetic field in, 557
enantiotopic hydrogens and, 585
energy vs applied magnetic field,
553-554
FT-NMR and, 556
geminal coupling in, 576
gyromagnetic ratio, 554
H chemical shifts in, 562-564, 563t
integration of, 567
N + | rule and, 569-574
number of signals in, 558-560
operating frequency in, 555
radio waves in, 516
ring current and, 565-566
shielding in, 556-557
signals in
integration of, 567
relative intensities of, 571, 572t
relative positions of, 561-562
splitting of, 569-579
spectrometer, 603
spectrum, 603
spin flips in, 554
splitting diagrams and, 583-585
terms associated with, 561
time dependence of, 587
2-D, 598-600, 598, 604
COSY spectra, 598-599
HETCOR spectra, 599-600,
599, 600f
use of deuterium in, 590
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Index

13C Nuclear magnetic resonance
spectrum, 592-597
of 2-butanol, 593f
deducing a chemical structure
from, 595
DEPT spectrum of citronellal, 597
of 2,2-dimethylbutane, 594f
of ethyl benzoate, 595
proton-coupled, 594
of 2-butanol, 594f
'H Nuclear magnetic resonance
spectrum
of 3-bromo-1-propene, 575f
of 1-bromo-2.2-dimethylpropane,
560f, 567f
of butanone, 563-564
of 2-sec-butylphenol. 590-592.
590f-591f
of 1-chloro-3-iodopropane, 584f
of cyclohexane, 587f
of 1,3-dibromopropane, 574f
of ethanol, 588f
of ethylbenzene, 576f
of isopropyl butanoate, 574-575.
575¢
of nitrobenzene, 576-577, 577
of I-nitropropane, 562
of I-nitropropane, COSY
spectrum, 599f
resolution of . 590-592
Nuclear Overhauser effect
spectroscopy (NOESY), 600
Nucleic acids, 2, 1147, 1174
as drug receptors, 1249
nucleotide subunits of, 1152-1156
phosphate group in, 1147, 1148,
1150
primary structure of, 1152
purines and pyrimidines in, 933
Nucleophile(s), 133, 150
ambident, 837
amines reacting as, 920-921
increasing reactivity of, SN2
reaction rate and, 358
in Sy reactions, 351, 353-354
in SN2 reactions, 339-341, 354
Nucleophilic acyl substitution,
reactivities toward, 739f
Nucleophilic acyl substitution
reactions, 717
Nucleophilic addition—elimination,
reactivities toward, 739f
Nucleophilic addition-elimination
reaction, 717, 716-757,
777-800, 777,817
for addition o f amine to aldehyde
or ketone, 790
amines in, 920
of carbonyl compounds. 717
of carboxylic acids, 739
of carboxylic acid derivatives, 777
mechanism for, 721-722
of ester with Grignard reagent, 780
reaction coordinate diagrams for,
718f
using basicity to predict the
outcome of, 719
Nucleophilic addition reactions,
771, 817
to a,B-unsaturated aldehydes and
ketones, 812-815
to o, B-unsaturated carboxylic acid
derivatives, 816
of ester with Grignard reagent, 780
stereochemistry of, 808
Nucleophilicaromatic substitution
reactions, 690-694, 695

forming benzyne intermediate,
692-694, 693f
mechanism of with pyridine,
929-931
Nucleophilic catalyst, 1052
Nucleophilic (covalent) catalysis,
1029-1030, 1029, 1030f
Nucleophilicity, 339, 370
affected by steric effects, 342-343
effect of solvent on, 341-342
Nucleophilic substitution
reactions, 333, 370, 920
of epoxides, 430-434
acid conditions, 431-432
neutral or basic conditions,
432-434
of ethers, 427430
reactivity of alkyl halides in, 357t
Williamson ether synthesis as,
400
Nucleosides, 1147-1151, 1149,
1149t, 1150f, 1174
Nucleotides, 1 147-1152, 1149¢t,
1150, 11501, 1174
composition of, 1059-1060
Nucleus (nuclei), 4f
atomic orbitals and, 19-20
spin states of, 553-554
NutraSweet (aspartame), 97 If,
972,998
Nutrition, proteins and, 982
Nydrazid, 1254f
Nylon, 756, 11961197, 1197f

(6]
Observed rotation, 208
specific, 210
Ochoa, Severo, 1156
Octane, physical properties of, 69
Octane number, 77
branched-chain, engine knocking
and, 77
Octatriene, electrocyclic reactions
of, 1216t-1217f
1-Octen-3-ol, 254
Octet rule, 8. 62
Lewis structures and, 14
“Offset” notation, 573
O—H absorption bands, 526-527
Oils, 120f, 737, 757, 1120-1124,
1121, 11211, 1143
essential, 1131
fatty acid compositions of, 1121t
percentage o f fatty acids in, 1121t
Olah, George, 156
Olean, 1124
Olefin metathesis (See Alkene
metathesis)
Olefins, 120, 123, 1180
Oleic acid, 185f, 1118t. 1119f
Olestra, 1124
Oligomers, 1016, 1017
Oligonucleotide, 1152, 1174
synthesis of
H-phosphonate monomers in,
1172-1174, 1 173t-1174f
phosphoramidite monomers in,
1170-1172, 1170t
Oligopeptide, 977, 1017
Oligosaccharides, 941
Omega fatty acids, 1119
OPEC (Organization o f Petroleum
Exporting Countries), 469
Operating frequency, 555
Opium
molecular modification of, 1245
in morphine synthesis. 3f

Opsin, in vision, 128
Optical activity, of chiral
compounds, 206-208
Optically active compounds, 208.
243
Optically inactive compounds, 208,
243
Optical rotation, 207
speciiic, measurement of, 208-210
Opticrom, 1261
Oral contraceptives, 252
Orbitals, 5, 21
atomic, 19-21 (See also Atomic
orbitals)
frontier, 1215
hybrid, 26, 27t
hybridizationof, 26, 291, 292t
molecular, 21-25, 21, 62 (See also
Molecular orbital(s))
Orbital symmetry
conservation of, pericyclic
reactions and, 316
molecular orbitals and, 12121216
Organic compounds, 2, 62
classes of, 501t
Organic synthesis, A 9-Al1
combinatorial, of drugs,
1259-1260, 1259, 12601
retrosynthetic analysis of,
269-272, 273
Organization of Petroleum
Exporting Countries
(OPEC), 469
Organoborane, in coupling
reactions, 456
Organocuprates, 454
Organohalides, 333
naturally occurring, 376
Organolithium compounds,
451-452.463
in coupling reactions, 454
reaction with electrophiles,
452453
Organomagnesium compounds,
451-452, 463
Organometallic compounds,
450-467, 450
alkene metathesis. 460-463, 460
in coupling reactions, 454459
Oriented polymers, 1202-1203,
1202
Ornithine, 984f
Orphandrugs, 1261, 1262
Ortho-para directors, 672,
673-674, 675, 695
Ortho-para ratio, 677-678
Osazones, 949-950, 949, 972
Osmium tetroxide, in
hydroxylation of alkenes,
900
Out-of-phase overlap, 23
Overhauser, Albert Warner, 600
Overlap, of atomic orbitals, bond
strength and, 23
Oxacillin, 744f
Oxalic acid
physiological functions of, 715
pK, value of, 754t
Oxaloacetic acid, 829f
Oxalyl chloride, in Swern
oxidation, 894, 895
Oxazolidinones, 1255
Oxetane, 918f
Oxidation, 189, 886, 887
of alcohols. 425-427, 894-896
in blood alcohol content testing,
427

of aldehydes, 896-898
of alkenes, 900
of alkylboranes, 181-182
of ketones, 896—-898
membrane degradation by,
protection against, 1126
of monosaccharides, 948
oxidation-reduction reactions,
886-916, 886
of monosaccharides. 947-948
oxidative cleavage as, 900-905,
900, 907
of alkenes, 902-905
of 1,2-diols, 900-902
of polyunsaturated fats and oils,
1122-1123
Swern, 894-895. 894
Oxidation reaction, 178
Oxidative addition, 457, 463
Oxidative cleavage, 900-905, 900.
907
of alkenes, 902-905
of 1.2-diols, 900-902
Oxidative phosphorylation, 1100f,
1101, 1114, 1115
Oxidizing agent, 886, 907
Oxime, 791, 791
Oxiranes (See Epoxide(s))
Oxocarbenium ion, 959
3-Oxocarboxylic acids,
decarboxylation of,
864-865
Oxygen, 7t
in an alcohol, geometry of, 88
carboxyl, 710, 710f
in condensed and Kekulé
structures, 17
in covalent bond formation, 10f
in ether, geometry of, 89
isotopes in, natural abundance of,
506t
valence electrons in, 14
Oxyluciferin, 1232f
Oxymercuration, 189
mechanism for, 176-177
Oxymercuration-reduction,
175-177, 175
Oxytocin, 997-998, 998f
Ozone, 492-493
in oxidative cleavage of alkenes,
902
protective effects of, 536
Ozone hole, 492-493
Ozone layer
bromomethane depletion of, 346
thinning of
dangers from, 536
skin cancer and. 1231
UV light and, 536
Ozonide, 902-903
Ozonolysis, 902
of alkenes, 902-904

])
PABA, as sunscreen, 536f
Packing, 95
Padimate O, as sunscreen, 536f
Palindromes, in DNA, 1166
Palladium, 183

in coupling reactions, 456-460
Palmitic acid, 1118t
Palmitoleic acid, 1118t
Pantaprazole sodium (protonix),

1241t

Pantothenate, 1071



Pantothenic acid, biochemically
active coenzyme forms of,
1057t

Paper chromatography, 989, 989t,
1017

para-Aminobenzoic acid (PABA),
as sunscreen, structure of,
536f

Paraffin, 469

Paraldehyde, 827f

Parallel -pleated sheet, as
secondary structure of
protein, 1012, 1013f

Paralysis

DFP causing, 753
in multiple sclerosis. 1127

Parathion, as insecticide, 753

Parent hydrocarbon, 74, 113

Pargyline, 252

Parkes, Alexander, 1178, 1179

Parsalmide, 252

Partial hydrolysis, 1007, 1017

in primary structure determination,
1007-1008

Partial racemization, Sy1
reactions, with, 353

Pascal, Blaise, 572

Pascal’s triangle, 571

Pasteur, Louis, 226-227

p atomic orbital(s), 5t, 20, 23-24

Pauli, Wolfgang, 7

Pauli exclusion principle, 5-6. 23, 62

Pauling, Linus Carl, 26

PCR (polymerase chain reaction),
1168-1169, 1168, 1175

PDS (poly(dioxanone)), as
dissolving suture, 756f

Peerdeman, A. F., 226

Pellagra, from niacin deficiency,
1057t, 1060

Penicillin(s), 1253-1255

analogs of, synthesis of. 3
clinical uses of, 744-745
discovery of, 716

drug resistance and, 744
resistance to, 1253-1254, 1255
therapeutic index of. 1256

Penicillinase, 1254f

penicillin resistance and,
1253-1254
Penicillin G, 716f. 744f
resistance to, 744

Penicillin O, 744f

Penicillin V (V-cillin)

specific rotation of, 209t
structure of, 744f. 745
synthesis of, 745

Penicillium mold, in penicillin V
synthesis, 745

Penicillium notatum. 716

1,3-Pentadiene, kinetically
controlled reaction of,
312-313

1,4-Pentadiene, molecular orbital
description of , 297f

Pentanal, IR spectrum of, 529

Pentane, 70, 195f

physical properties of, 69, 255t
Pentanoic acid (valeric acid), 708f
IR spectrum of, 525f

Pentanol, IR spectroscopy of, 520f

2-Pentanone, IR spectrum of, 523f

Pentazocine, 1245f

1-Pentene, boiling point of, 255t

2-Pentene, cis—trans isomers of,
128f

Pentose, 941

Pentylamine, 91 8f
Pentylfluoride, 73
Pentyl group, 71
Pentyne, boiling point of, 255t
Peptidase, 1006
Peptide(s), 977, 1017 (See also
Amino acid(s))
structure of, 715f
synthesis of, 1163, 1163f
automated, 1002-1004, 1170
Peptide bond(s), 994-996, 995,
995¢, 1017
cleavage of, by cyanogen bromide,
mechanism ftor, 1009-1010
hydrolysis of, chymotrypsin-
catalyzed, mechanism for,
1043, 1044f
resonance contributors for, 286
synthesis of, 999-1002
Peptide or protein cleavage,
specificity of, 1008t
Perfluorocarbons, 493
Pericyclic reactions, 315. 323,
1209-1238, 1209
in biologic systems, 1231-1234
conservation of orbital symmetry
and, 316
cycloaddition reactions as, 1210.
1210f, 1222-1225.
1222f-1223f
Diels—Alder reaction as, 315
electrocyclic reactions as, 1210.
1210f, 1216-1222, 1216
features of, 1211
ring closure in, 1218-1222
selection rules for, summary, 1234
sigmatropic rearrangements as,
1210-1211, 1210, 1211f,
1225-1231, 1225t-1226f
types of, 1210-1212
Periodic acid, i n oxidative cleavage
of 1,2-diols, 900
Periodic table, electronegativities
of select elements, 10t
Perkin condensation, 880
Perkow reaction, 829
Pernicious anemia, from vitamin
B, deficiency, 1057t. 1081
Peroxide(s), 479, 494
addition of hydrogen bromide to
aklene in presence of,
480482
explosive, 479480
as radical initiator, 480
Peroxide effect, 482, 494
Peroxyacid(s), 178, 896, 907
addition of, to alkene, 178-179, 430

stereochemistry of, 234-235, 2341

in Baeyer-Villiger oxidation, 896
Peroxytrifluoroacetic ion, in
Baeyer-Villiger oxidation,
896
in removing N-terminal protecting
group, 1001
Perspective formula, 26, 200
determining configuration of
compound drawn as,
202-203
in drawing enantiomers, 200
of ethane, 28f
of stereoisomers, 212-213, 212t
2131, 2161=217f, 221, 232f
Perutz, Max Ferdinand, 1016
Pesticides, natural and synthetic,
188
Petroleum, 3
alkanes in. 77. 469

PGE,, I117f
pH, 43, 63
histidine forms and, 986f
organic compound structure and,
57-60
pK, vs.. 57-58
pH-activity profile, 1046 (See also
pH-rate profile)
tor lysozyme, 1046-1048, 1047t
Phase-transfer catalysts, 438-440
PHAs (polyhydroxyalkanoates),
1204-1205
PHB, 1204-1205
Phenanthrene, 628, 628f, 654f
Phenol(s), 501t
absorbance as function of pH, 542
biosynthesis of, arene oxides in,
650, 651
delocalization energy of, 302
nomenclature of, 635f
pK, values of,301f, 676
Phenolate ion, delocalization
energy of, 302
Phenolphthalein, 552
2-phenoxethanol, in penicillin V
synthesis, 745f
Phentermine, physiological activity
of, 660f
Phenylacetonitrile, 662f
Phenylalanine, 980t, 981
catabolism of, 1109f
dietlow in, in PKU, 1110
Phenylalanine hydroxylase, lack
of,in PKU, 1110
1-Phenyl-2-butanone, IR spectrum
of, 534f
1-Phenylethanol, oxidation of, 663f
Phenyl group, 636f
Phenylhydrazine, in osazone
formation, 949
Phenylhydrazones, formation of,
949
Phenylithium
preparation of, 451
reactions of, 452
Phenylketonuria (PKU), [ 1 10
Phenyl propyl ketone, 774f
Pheromones, 121
Phosgene, 756t, 764
Phosphates, nature’s choice of,
1095
Phosphatidic acid, 1125f
Phosphatidylcholines (lecithins),
369f, 1 125¢
Phosphatidylethanolamines
(cephalins), 369f, 1125f
Phosphatidylserine, 1125f
Phosphoacylglycerols
(phosphoglycerides), 1 125.
1125t, 1143
Phosphoanhydride, 1094f
Phosphoanhydride bonds, 751,
1095, 1115
high-energy character of,
1098-1099
Phosphodiesters, 1125, 1147, | 148f
Phosphoenolpyruvate, 423
Phosphofructokinase, in glycolysis,
1105f
Phosphoglucose isomerase, in
glycolysis, 11051
Phosphoglycerate kinase, in
glycolysis, 1105f
Phosphoglycerate mutase, in
glycolysis, 1105f
Phospholipase, in snake venom,
1126
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Phospholipids, 1125-1127, 1125,
1143
Phosphonium ylide, 805-807, 805t
Phosphoramidite monomers, in
oligonucleotide synthesis,
1170-1172, 1170f
Phosphoric acid, 1125f
in dehydration of alcohol, 419
esters of, 1094
Phosphorus, as asymmetric center,
228-229
Phosphorus oxychloride, in alcohol
dehydration, 423
Phosphorus tribromide and
trichloride
in carboxylic acid activation, 749f
in converting alcohols into alkyl
halides, 415
Phosphorylation
of glucose, 1095
oxidative, 1100f, 1101, 1114, 1115
Phosphoryl transfer reactions,
1095-1097, 1 1'15
mechanisms for, 1095-1097
Phosphoryl transfer reactions,
ATP in, 10941095
Photochemical reactions, 1211,
1234
Photosynthesis, 941
pH-rate profile, 790, 790f, 818,
1046, 1052
Phthalates, 1203
Phthalic acid, 755f
pK, value of, 754t
Phthalic anhydride, formation of,
755¢
N-Phthalimidomalonic ester
synthesis, of amino acids,
mechanism for, 992-993
Physiological responses,
prostaglandin regulation

of, 1128-1130
7* antibonding molecular orbital,
294

7 bond(s), 23, 62, 125-126

in alkene reactions, 155-156

in benzene, 279

in triple bonds, 32
7 bonding molecular orbital, 294
7 cloud, in aromatic compound,

626

Picometers, |2
7-Complex, 259
7 electrons

in benzene, 282

UV/Vis spectra and, 535-536
Pinacol rearrangement, 448
Pinging (knocking), octane and, 77
Piperidine, 704, 918f

pK, valueof, 919f
Piperidinium ion, 919f
Piperine, 716f
7 — 7 transition, 535, 544
pK, values, 42-44, 43, A4-AS

of acids, 43-44

of alcohols, 45, 47t

of amines, 919

ofamino acids, 984-986, 985t

of carbon acids. 832t

of carboxylic acids, 45, 47t

of compound, pH and, 57-58

of conjugate acids, 707t

of cyclopentadiene. 632f

delocalized electrons and, 300-305

determined by UV/Vis

spectroscopy, 542f
of dicarboxylic acids, 754t
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pK, values (continued)
effect of substituents on, 52-53
effect of substituents on benzene
ring, 676—-677
electron delocalization and, 677
of ethane, 632f
of metal-bound water, 1031t
of methylamine, 434
of neutral amines, 434
of nitrogen heterocycles, 925t
of phenols, 676
of protonated alcohols, 45f, 47t
of protonated amines, 45, 47t, 434
of protonated anilines, 434
of protonated carboxylic acid, 47t
of protonated water, 47t
of substituted benzoic acids, 676,
702
table of, A-5
of water, 47
PKU (phenylketonuria), 1 1 10
Planck, Max Karl Ernst Ludwig,
4,6
Planck’s constant, 153, 517
in calculating energy differences
between spin states, 554
Plane of polarization, 207
Plane of symmetry, 952
of meso compounds, 216-217
Plane-polarized light, 206-207, 206
PLA (polylactic acid or
polylactide), 1204
Plastic, 3, 1179
Plasticizers, 1203, 1205
Plastics, recycling of, symbols for,
1186
Platinum, 183
Plavix (clopidogrel bisulfate), 1240t
Pleated sheet (See 3-pleated sheet)
Plexiglas, 1183
PLP (See Pyridoxal phosphate
(PLP))
Polar covalent bonds, 10-13, 10,
11f, 62
Polarimeter, 208, 209f, 227
Polarity(ies)
bond, relative, 521f
paper chromatography and, 989
Polarizability, 93,1 13, 340-341
Polarized light, 206-207
Polar molecule, water as, 35
Polar reaction, 1209, 1209¢f
Polar solvents, 95-96, 360-364
aprotic, 340-341, 340, 342
Polar stratospheric clouds, 493f
Pollution prevention, through
green chemistry, 272
Polyactylene, 1192
Polyamide(s), 1 1961198, 1205
aromatic, Kevlar as, 1197f-1198
nylon as, 756
synthetic, nylon as, 1196-1197
(See also Nylon)
Polycarbonates, 1205
Polycyclic benzenoid
hydrocarbons, 649-650
Poly(dioxanone) (PDS), as
dissolving suture, 756f
Polyesters, 1198-1199, 1198
Polyethylene, 1178f
properties of, 1201t
Ziegler—Natta process for
preparing, 1192
Polyhydroxyalkanoates (PHAs),
1204-1205
Polylactic acid or polylactide
(PLA), 1204

Polymerase chain reaction (PCR),
1168-1169, 1168, 1175
Polymer chain branching,
1185-1186
Polymer chemistry, 1179, 1205
Polymerization, 1178, 1178f, 1205
anionic, 1181, 1188-1189
cationic, 1181, 11861188
of dienes, 1192-1194
radical, 1181-1185
ring-opening, 1190-1191, 1190
stereochemistry of, 1 191-1192
Polymers, 1178, 1205
addition, 1179 (See also Chain-
growth polymers)
atactic, 1191-1192, 1191
biodegradable, 1204,—1205
chain-growth, 1179 (See also
Chain-growth polymers)
condensation, 1195 (See also Step-
growth polymers)
conducting, 1192
designing, 1202
isotactic, 1191
living, 1189
physical properties of, 1201-1203
recycling, 1203-1204f
recycling symbols, | 186
step-growth, 1180, 1195-1200 (See
also Step-growth polymers)
syndiotactic, 1191
synthetic, 756, 1178-1208, 1178
thermoplastic, 1201, 1205
thermosetting, 1201-1202, 1201,
1205
Polynucleotide, 1152, 1174
Polypeptide, 977. 1017
Polysaccharides, 941, 964-967, 973
Polystyrene, uses of, 1179
Polysubstituted benzenes,
nomenclature of, 666
Polyunsaturated fats, oxidation of,
1122-1123
Polyunsaturated fatty acids, 1118,
1118t, 1143
Polyurethanes, 1200, 1200f
Poly(vinyl acetate), 1207
Poly(vinyl alcohol), 1207f
Poppy plant, juice of, in morphine
synthesis, 3f
p orbitals, 23-24, 24f, 256,
281-282, 283
Porphyrin ring system, 933-934,
933, 933f
jaundice and, 934
Potassium carbonate, in making
soap, 738
Potassium hydrogen tartrate, 227f
Potassium persulfate, as radical
initiator, [ 183
Potential map (See Electrostatic
potential map(s))
Potts, Percival, 654
Prelog, Vladimir, 202
Prenylation, protein, 1137
Prephenate, 1234f
Preservatives, 797
food, 491
synthetic, substituted benzenes as,
660
Prevacid (lansoprazole), 1241t
Primary alcohol(s), 83, 83f
dehydration of, 420422
as E2 reaction, 422
formation of, 779, 784f, 785
by acyl chloride reduction, 891f
by aldehyde reduction, 891f

oxidation of, 426, 894f
hydrates in, 894
SN2 reactions oi, 412
Primary alkyl halides, 81, 81f
products expected in substitution
and elimination reactions of,
399t
Primary alkyl radicals, 472, 493
Primary amines, 85-86, 85, 85f,
86f, 501t
hydrogen bonding in, 92-93
reaction of, with ketones, 789-791
solubilities of, 96
Primary carbocations, 157, 157f,
189
from fragmentation, 504
incipient, 647
Primary carbon, 72, 72f, 113
Primary hydrogen, 73, 73f
Primary structure, 1017
of nucleic acid, 1152, 1174
of protein, 1004-1011, 1004
Primer(s)
base-pairing of, in polymerase
chain reaction, 1168
in pyrosequencing method, 1166,
1167f
Principle of microscopic
reversibility, 643, 655
Prismane, synthesis of, 101
Procainamide hydrochloride,
development of, 1244f
Procaine (Novocain), molecular
modification of, 1244f
Prochiral carbon, 585
Prochiral carbonyl carbon, 808,
818
Prodrug, 1247
Product distribution, determining
factors for, 473-475
Progesterone, 772f, 1140f
specitic rotation of, 209t
Progestins, 1140
Proline, 981,981t
heterocyclic rings in, 93 1f
Promethazine, molecular
modificationof, 1252
Promine, 1250
Promotor sites, in DNA, 1157
Prontosil, discovery of, 1247
Propadiene, 253
Propagating sites, 1181, 1205
addition of nucleophile to, in
cationic polymerization
termination, 1 187f
chain combination at, in radical
polymerization termination,
1182f
in radical polymerization, 1 [81f
Propagation steps
in chain-growth polymerization,
1181
in monobromination of ethane, 4711
in monochlorination of methane,
471
in radical addition reactions, 494
in radical substitution reactions,
470, 471
Propane, 69f, 255t
as homolog, 68
physical properties of, 69
1-Propanethiol, 44 |
Propanoic acid, 708f
Propanone, 774f
Propenenitrile (acrylonitrile), 712f
Propene (propylene), [ 22f, 179¢f,
255t

hydroboration—oxidation of, 180f
reaction with hydrochloric acid,
161t
Propenoic acid (acrylic acid), 708f
Propionaldehyde, 195¢f
Propionic acid, 708f
Propofol, as anesthetic, 429
Propoxide ion, in ether synthesis,
400-401, 400f
Propyl alcohol, 83f
Propylamine, 71
Propylbenzene, in radical
substitution reaction, 661 f
Propyl bromide, 71
Propyl cation, hyperconjugation
in, 158f
Propyl chloride, 72
Propylene (See Propene
(propylene))
Propylene oxide, 179f
Propyl group, 71, 72
Propyne, boiling point of, 255t
2-Propyn-1-ol, IR spectrum of,
533t
Pro-R-hydrogen, 585
Pro-S-hydrogen, 585
Prostacyclins
biosynthesis of. 1129f
physiological effects of, 1130
Prostaglandin endoperoxide
synthase, 1128-1129
Prostaglandins, | 128-1130, 1 143
biological functions of, 727
biosynthesis of, 1128-1129, 1129f
classification of, 1128
physiological functions of, 715
synthesis of, inhibition of, 1130
Prostaglandin synthase, catalytic
function of, 727
Protecting groups, 801-804, 802,
818
of amino acid, 999-1001, 1000f
Protective proteins, functions of,
978t
Protein(s), 2, 977, 1017
biosynthesis of, 871, 1160-1164
catabolism of, 1 109-1110
cleavage of, specificity of, 1008t
denaturation of, 1016-1017, 1016
fibrous, 977
functions of, in biological systems,
978t
globular, 977
nutrition and, 982
protective, functions of, 978t
structural, functions of , 978t
structure of, 715t, 1004-1016
primary, determining,
1004-1011
quaternary, 1016
secondary, 1011-1014
tertiary, 1014-1015, 1014f,
1015¢
synthesis of, 1163, 1 163f
translationof, 1160-1164, 1162f,
1163f
inhibition of, antibiotics acting
by, 1164
Protein prenylation, 1137
Prothrombin, 1088
Protic solvents, 341, 361, 370
dielectric constantof, 361t
Proton(s), 9
bonded to oxygen and nitrogen,
587-589
chemically equivalent, 558
coupled, 569



coupling constants identifying,
579-582, 579, 580t
equivalent,569. 570
in nucleus of atom, 4
Protonated alcohols, 45
dehydration of, 420-422, 420f
pK value of, 47t
Protonated amine(s), pK, value of,
47, 434
Protonated aniline(s)
pK, values of, 434, 676
structures of carbocation
intermediates formed from
reaction of electrophile
with, 674f
Protonated carboxylic acids, 45
pK, values of, 47t
Protonated epoxides, reactivities
of, 432
Protonated ether, in acid-catalyzed
addition of alcohol to
alkene, 166
Protonated imidazole, 932, 932f
Protonated water, pK, valueot,47t
Proton exchange, 588-589, 588,
603
acid-catalyzed, mechanism of, 589
Protonix (pantaprazole sodium),
1241t
Proton magnetic resonance, 553
Proton-transfer reaction, 41
Proximity effect, 313
Prozac, development of, 1252
Pseudo-first-order reaction, A8
Pulsed Fourier transform (FT)
spectrometers, 556
Purcell, Edward Mills, 553
Purines, 658f, 1148f
as heterocyclic aromatic
compound, 631f
in nucleic acids, 933, 934
Puromycin, as antibiotic, action of,
1164
Putrescine, in bad-smelling
compounds, 87
Pyranoses, 955-956, 955
Haworth projections for, 956
Pyranoside, 958, 973
Pyridine, 926-931, 926, 934
in alcohol dehydration, 423
in converting alcohols into alkyl
halides, 416
in converting alcohols into
sulfonate esters, 417
electrophilic aromatic substitution
reactions of, 927-929
electrostatic potential map of, 927f
nucleophilic aromatic substitution
reactions of, 929-93 1
orbital structure of, 630, 6301, 926f
resonance contributors of, 927
Pyridine nucleotide coenzymes,
1090
in oxidation reactions. 1059-1064
mechanisms for, 1061-1064
Pyridine ring, 931
Pyridinium chlorochromate
(PCC), 894
Pyridone, formation of , 930f
Pyridoxal phosphate (PLP),
1074-1080, 1090
bond-cleavage selection in
reactions catalyzed by, 1080
Co—Cgbond cleavage catalyzed
by, 1075t, 1076
decarboxylation catalyzed by,
1075¢

of amino acid, mechanism for,
1077
racemization of L-amino acid
catalyzed by, mechanism
for, 1077
transamination catalyzed by, 1075f
of amino acid, mechanism for,
1078-1079
transimination catalyzed by,
mechanism for, 1076
Pyridoxine (vitamin Bg),
1074-1080
biochemically active coenzyme
forms of, 1057t

Pyrimidines, | 148f

as heterocyclic aromatic
compound, 631f
in nucleic acids, 933, 934
Pyrolysis, 469
Pyrophosphate, formation of, 752f
Pyrophosphoric acid, esters of,
1094
Pyrosequencing, | 166-1167. 1166,
1175
steps in, 1167
Pyrrole, 921-925, 934
electrophilic substitution in,
923-925
electrostatic potential map for.
922f, 924f
orbital structure of, 630, 630f, 922f
reactivity of, 924
resonance contributors of, 630.
630f, 922f
resonance hybrid of, 924
Pyrrolidine, 918f, 922
electrostatic potential map of, 922f
pK, values of, 919t
Pyruvate
conversion of, to acetyl-CoA, 1070
fates of, 1107-1108
in gluconeogenesis, 870-871, 871t
reduction of, by NADH, 541, 542f
Pyruvate decarboxylase, reaction
involving, mechanism for,
1068-1069
Pyruvate dehydrogenase system in
carbohydrate catabolism,
1108
mechanism for, 1070-1071
Pyruvate kinase, i n glycolysis, 1105f

Q

QSAR (quantitative structure-
activity relationship),
1256-1258, 1257, 1262

Quantum mechanics, 4-5, 4

Quarternary ammonium
hydroxides, elimination
reactions of, 435438

Quartet, 569, 571t

of triplets, splitting diagram for,
583, 584f
vs. doublet of doublets, 576

Quaternary ammonium salts, 87,

113
as phase-contrast catalysts, 438

Quaternary structure of proteins,

1004, 1016, 1017

Quiana, 1207f
Quinoline, 631f, 937

Quinuclidine, pK, value of, 919t

R

R,S nomenclature system in
naming enantiomers,
201-206

for naming of isomers with more
than one asymmetric
centers, 220223
Racemate, 210
Racemic acid, 227
Racemic mixture(s), 210, 227, 243,
244
from addition reaction, 231
of amino acids, resolution of, 994
resolution of, 227
Racemization
of L-amino acid. PLP-catalyzed,
1075¢
mechanism for, 1077
complete, Sy! reactions with, 353
partial, Sy1 reactions with, 353
Radial node, 20
Radiation
electromagnetic. 516, 543
infrared, 516, 516f
absorption of, by CO », 469
rf, 554
Radical(s), 15. 62, 470 (See also
Free radical)
addition of, to alkene, 480482
allylic, 484-486
benzylic, 484486
disambiguation of term, 471
formation of, 493
by bromine and chlorine
radicals, 476-477
methyl
electrostatic potential map for,
33,34
from fragmentation, 504
stabilities of. 472473
stratospheric ozone and, 492—493
vinylic, formation of, in
conversion of alkyne to
trans alkane, 264
Radical addition reactions, 481,
494
Radical anions, formation of, in
conversion of alkyne to
trans alkane, 264
Radical cation, 502
from fragmentation, 504
Radical chain reaction, 471, 493
Radical halogenation, 474-479
Radical inhibitors, 482, 490,494
as food preservatives, 491
Radical initiators, 480, 482, 494,
1183, 1184t
Radical intermediates

in addition reaction, 483—484, 483f

in substitution reaction, 483484,
483f
Radical polymerization,
11811185, 1205
of alkenes, 1183t
termination of, 1182f
Radical reactions, 493, 494, 1209,
1209¢
addition, 481
in biological systems, 489491
chain, 471
substitution, 471
stereochemistry of, 483484
Radical substitution
of benzylic and allylic hydrogens,
484-487
stereochemistry of, 483—484
Radiofrequency (rf) radiation, 554
Radio waves, 516, 516f
Rain, acid, 44
Rancidity, 1123
Random coil, of protein, 1017
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Random copolymer, 1194. 1195f,
1205
Random screen, 12461247, 1262
Raney, Murray, 889
Raney nickel, in catalytic
hydrogenations, 889f
Rate(s)
of radical formation by bromine
radical, 475479
of reaction, 145, 1032-1034
factors affecting, 142-144
Rate constant (k), 145, 147, 150,
334,339
determining, A 6
first-order, 145
second-order, 145, 1034
Rate-determining step, 149, 150
Rate law, 145, 334, 348, 358, 376,
383, A6
derivation of, A 6
Rate-limiting step, 149
Rational drug design, 12561257,
1256, 1259
Rayon, development of, 1179
R configuration, 201, 224, 243
Reactants, choosing, for a
synthesis, 185
Reaction(s) (See also specific
classes of reactions, e.g.
Addition reactions and
specific name reactions, e.g.
Mannich reaction)
acid-catalyzed, 165-166
a-substitution, 838—839
aminolysis, 728, 728f
annulation, 863
catalyzing, 1038-1039
chemoselective, 892—-893, 892, 907
concerted (See Concerted reaction)
curved arrows in, 46
enantioselective, 898, 907
first-order, 145, 150, 1034, A6-A7
El reaction as. 383
S| reaction as, 348
Fischer esterification, 757
haloform, 840-841
halogenation, 470
hydrolysis, 726, 726f
intermolecular, 370
vs. intramolecular, 366-367.
366f
intramolecular, 370
mechanism of, 134
pericyclic, 1209, 1210-1212
phosphoryl transter, 1095-1097
photochemical, 1211
polar, 1209, 1209f
principle of microscopic
reversibility and, 643
product of. delocalized electrons
affecting, 305-309
pseudo-first-order, A8
radical, 481, 1209, 1209t
rate constant for, equilibrium
constant related to, 147
rate of, 143147, 145
reaction coordinate diagram,
148-150
regioselective, 162
second-order, 145, 150, 334, 1034,
AT-A8
stereoselective. 898
and synthesis, 187—-189
thermodynamic vs. Kinetic control
of, 310-314
transesterification, 726, 726,727
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Reaction coordinate diagram, 137,

1371, 150

for alkyl radical formation, 477f

for catalyzed and uncatalyzed
reactions, 1023f

for electrophilic substitution of
benzene, 638f

for E2 reaction, 378f

for El reaction, 384f

for general-acid-catalyzed
reaction, 1026f

for nucleophilic
addition—elimination
reactions, 718f

for reactants more highly charged
than transition state, 362f

for Sy reaction, 349f

for SN2 reactions

irreversible and reversible, 344f
of unhindered bromomethane,

337f
for specific-acid-catalyzed
. reaction, 1026f

for sulfonation of benzene, 643f
for transition state more highly
charged then reactants,
363f
use of , to describe reaction,
148-150
Reaction mechanism, A6
Reactivity(ies)
of alkyl halides
in E1 reaction, 384385, 384f,
385f
in E2 reaction, 377, 379f
in nucleophilic substitution
reactions, 357t
in Sy reaction, 350-351
in SN2 reactions, 336-337, 339
of alkynes in addition reactions,
256-257
of amines, 434
of arene oxide, carcinogenicity
and, 652-653
of carboxylic acids/carboxylic acid
derivatives, 714-715,
716-717
of organometallic compounds,
453
product distribution and,
473-479
Reactivity-selectivity principle,
475-479, 478, 494
Reagents
Edman’s, 1006, 1006f, 1017
Gilman, 454, 463
Grignard, 463
methylating, 368-370
SAM as, 441
in protein cleavage, specificity of,
1008t
Tollens, 896
in oxidation of
monosaccharides, 948
Re and Si faces, 808
Rearrangement
of arene oxides, 651-653, 6511
of carbocations, 168-170, 385,
394,414, 421, 646f
Claisen, 1227, 1227f, 1228
Cope, 1227, 1227f
Ireland—Claisen, 1228
McLafferty, 513, 513f
pinacol, 448
ring expansion, 424, 443

sigmatropic, 1210-1211, 1210,
12111, 1225-1231,
1225t-1226f

Wagner—-Meerwein, | 146

Receptor(s), 242, 1249

drug, 1249-1252, 1262

enantiomers distinguished by,
242-243, 242f

Recombinant DNA, 1169

Recycling polymers, 1203-1204,
1204f

Recycling symbols, for plastics,
1186

Red algae, 333

Redox reactions, 886 (See also
Oxidation: oxidation-
reduction reactions)

vitamin B3 in, 1059-1064

Reducing agents, 886, 907
Reducing sugar, 960-961
Reduction(s), 189, 886, 887

catalytic hydrogenation, 183185,
889

Clemmensen, 655

dissolving-metal, 890, 907

metal-hydride, 890-892, 907

of monosaccharides, 947

Rosenmund, 889

Woltt-Kishner, 648, 792-793

Reduction reactions, 176, 783, 886,
888-892

Reductive amination, 795, 992

Reductive elimination, 457, 463

Re face, 808

Reference compound, 560, 592

Reformatsky reaction, 880

Regioselective reaction, 162, 229,
244

Regioselectivity, 189

degrees of, 162

of E2 reaction, 377-383

of electrophilic addition reactions,
161164

Regnault, Henri Victor, 139
Relative acidities, 49, 51
Relative configuration, 224, 244
Relative electronegativitics

of carbon atoms, 49, 265

of halogens, 51

ofsecond row elements, 49

Relative rates
calculation of, 1033-1034
of radical formation, 474, 475479
Relative reactivities
of alkyl halides
in E 1 reaction, 384-385, 384f,
385t
in E2 reaction, 377, 379f
in SN reaction, 349, 351
in SN2 reaction, 336-337

of carbonyl compounds, 775-776

of carboxylic acids/carboxylic acid
derivatives, 720-721

of substituted benzenes, 668-672,
669t

Relative stabilities

of alkenes, 185-187

of carbanions, 382f

of carbocations, 293-294, 381f,
384-385, 384f

Remsen, Ira, 970, 971
Replication, 1156

of DNA, 1156-1157
Repulsion

of atoms, energy produced by, 21

electron, minimization of, 25

exerted by lone pairs in water, 35

Research Collaboratory for
Structural Bioinformatics
Protein Data Bank (RCSB
PDB), 603
Resin(s)
anion-exchange, 1017
cation-exchange, 1017
in water softeners, 991
epoxy, 1199-1200, 1199, 1199f
for ion-exchange chromatography,

989-990

Resistance, drug, 1253-1254, 1255,
1262

Resolution of racemic mixtures,
227

of amino acids, 994
Resonance, 288
electron donation by, 668f
electron withdrawal by, 668f
Resonance contributor(s), 55, 63,
282-283, 282, 323, 673-674
of allylic cations, 293
of amides. 713
of benzylic cations, 293
of carboxylate ion, 301
of carboxylic acids, 301, 713
of cylopentadienyl anion, 627
of diene, 318
ot dienophile, 315, 318
drawing of, 283-286
rules for, 283-286
of esters, 713
of furan, 631f
of imidazole, 932f
of nitroethane, 283-284
predicted stabilities of, 286—288
of pyridine, 927
representation of, 284f
of thiopene, 922
Resonance electron donation, 305,
323, 5241, 668f, 695
Resonance electron withdrawal,
304, 323, 668f
Resonance energy (See also
Delocalization energy), 288,
323
of furan, 922
Resonance hybrid, 55, 63, 323,
922f
of benzene, 282-283
of 1,3.5-hexatriene, 297f
of pyrrole, 924
representation of, 284f
Resonance stabilization, 323
Resonance stabilization energy,
288
Resonance-stabilized carbanion,
1069
Resonance structure(s), 282
contributing, 282, 289
Restriction endonucleases, 1166,
1175
Restriction fragment:primer
hybrid, 1166, 1167f
Restriction fragments, 1166, 1175
Retinal, in vision, 128, 128f
Retinol (vitamin A), biochemically
active coenzyme forms of,
1057t
Retonavir, design of, 1258f
Retrosynthetic analysis, 269,

809-811, 818
indesigning synthesis, 269-272,
273

disconnections in, 809-811
synthetic equivalents in, 809-811
synthons in, 809-811

rf Radiation, 554
Rhodopsin, 128, 128f
Ribavirin, 1260f, 1261
Riboflavin (vitamin B,), 1064-1065
biochemically active coenzyme
forms of, 1057t
Ribonucleic acid (RNA), 1147,
1174
bases in, 1149
biosynthesis of, 1152, 1157-1158
cleavage of, 1155f
messenger (NRNA), 1158
purines and pyrimidines in, 933
ribosomal (rRNA), 1158
splicing of, 1158
sugar component of, 967, 1150
transcription of, [157-1158, 1157,
1158f
transfer (tRNA), 1158-1160, 1158.
1159f
Ribonucleotides, 1150, 1150f
p-Ribose, 950f
in RNA, 967
Ribosomal RNA (rRNA), 1158
Ribosomes, protein synthesis on,
1163, 1163f
Rickets, from vitamin D deficiency,
1057, 1233
Rifadin, 1254f
Right-handed and left-handed
helices, 1012
Ring-closing metathesis, 461
Ring closure, in products of
electrocyclic reactions,
1218-1222
Ring-contraction rearrangement,
424,443
Ring-expansion reaction, 829
Ring-expansion rearrangement,
1691, 189,421, 424,443
Ring flip, 104, 1041, 114
Ring-opening polymerization,
1190-1191, 1190
Rings, in steroids, | 138f, 1139
Ring strain, 102
Ritter reaction, 768f
RNA (See Ribonucleic acid (RNA))
RNA polymerases, 1152
Roberts, John D., 693
Robinson, Robert, 863
Robinson annulation, 862-864,
862,874
ROESY (rotation-frame
Overhauser effect
spectroscopy), 600
Rohypnol, 1248, 1249f
Rosenmund, Karl W., 889
Rosenmund reduction, 889
Rotation
observed, 208
optical, 207
specific, measurement of,
208-210
restricted, cis—trans isomers
resulting from, 196
specific, 209, 222t, 244-245
Rotation-frame Overhauser effect
spectroscopy (ROESY),
600
Rowland, F. Sherwood, 492
rRNA (ribosomal RNA), 1158
RU, 486, | 142f
Rubber, 3, 1179
manufacture of, 1192-1194
Ruthenium, 461
Ruzicka, Leopold Stephen, 1131
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Sabatier, Paul, 280
Saccharide, 941
Saccharin, 769, 971-972, 97 1f
physiological activity of, 661f
S-adenosylmethionine (SAM), 441
as antidepressant, 370
as methylating agent, 368-369,
369f
Safety, drug, 1247
Salts
arenediazonium
in synthesis of substituted
benzenes, 683-686
of carboxylic acids, naming of,
710
quaternary ammonium, 87,113
Salvarsan, discovery of, 1246
SAMe, 370
Samuelsson, Bengt Ingemar, 1128
Sandmeyer, Traugott, 684
Sandmeyer reaction, 684—685,
684f, 686
Sanger, Frederick, 1006, 1166
Saponification, 737
s atomic orbital, 5t, 19-20, 19f
Saturated amine heterocycles, 919
Saturated fatty acids, 1118, 1118t,
1143
in fats and oils, percentage of,
1121t
membrane fluidity and, 1126
Saturated hydrocarbons, 121, 468,
493
Sawhorse projection, in E2
reaction, 388
Schiemann, Giinther, 685
Schiemann reaction, 685-686, 685f
Schiff base, 789
Schmitt, Rudolph, 846
Schridinger, Erwin, 5
Schridinger equation, 5
s-Cis conformation, 319, 319f
S configuration, 201, 224, 243
in sphingosine, 1127
Screening random (blind),
1246-1247, 1262
for lead compounds, 1246
Scum, soap, 738
Scurvy, 969
vitamin C deficiency and, 1057t
Sea hare, 333
Secondary alcohol(s), 83, 83f, 412
dehydration of, 419-421
formation of, 779f
by ketone reduction, 891f
oxidation of, 425426
Secondary alkyl halides, 81. 81t,
397-398
products expected in substitution
and elimination reactions of,
399t
Secondary alkyl radical, 472, 493
Secondary amines, 85-86, 85, 85f,
86t, 501t
hydrogen bonding in. 92-93
reaction of, with aldehydes or
ketones, 793-796
solubilities of, 96
Secondary carbocation(s), 157,
1571, 168f, 169f, 189
in dehydration of alcohols, 421f
Secondary carbon, 72, 72f, 81,113
Secondary hydrogen, 73, 73f
Secondary ion mass spectrometry
(SIMS), 515
Secondary structure, 1017

of DNA, 1152-1153
of proteins, 1004, 10111014
Second-order rate constant, 145,
1034
Second-order reaction, 145, 150,
334, 376, 1034, A7-A8
Selection rules, 1234
for electrocyclic reactions, 1220t
for pericyclic reactions, 1234
Selenium, 2
Semicarbazide, 791f
Semicarbazone, 791, 791f

Semiconservative replication, 1156,

1174
Semiquinone, formation of, 490,
490f
Semisynthetic drugs, 811
Sense (informational) strand, 1174
of DNA, 1157
Separated charges, 286
Sequenator, 1006
Sequencing-by-synthesis, 1166
Serine, 979t, 1125
Serine proteases, reactions
catalyzed by, mechanism
for, 1042-1044
Serotonin, 12511
drugs binding to, development of,
1251, 1252
Sesquiterpenes, 1131, 1143
Sharpless, K. Barry, 899
Shell
electrons filling up, 8
surrounding nucleus of atom, 5, 5t
Shielding, 556-557, 603
Sickle cell anemia, 1164
Side chains, amino acid, 978,
1037-1038
Side-to-side overlap,23-24, 24f
Si face, 808
o* antibonding molecular orbital,
22
o bond(s), 21, 62
in benzene, 282f
cylindrical symmetry of, 28
in Diels—Alder reaction, 316f
strength of, 39
in triple bonds, 32
o bonding molecular orbital, 22
Sigmatropic rearrangements,
1210-1211, 1210, 12111,
1225-1231, 1225t-1226f,
1235
biological reactions involving,
1232-1233
migration of carbon in,
1230-1231, 1230f
migration of hydrogen in,
1228-1230, 12281, 1229f
Woodward-Hofttmann rules for,
1227t
Silicon, 2
vs. carbon as building block of
living organisms, 347
Silk, 3
Chardonnet, 1179
secondary structure ol’, 1013
Silver oxide, in aqueous ammonia,
896
Simple carbohydrates, 941
Simple triacylglycerol, 1120
Simvastatin, for cholesterol
reduction, |13
Single bond, 28. 62
Singlet, 569, 570
Singulair (montelukast), 1240t

Site-specific mutagenesis, 1043,
1052
Skeletal structures, 78-79,78
interpreting, 80
Skew-boat conformation, 105
Skin
cancer of
ozone depletion and, 492
ultraviolet light exposure and,
516. 1231
UV light exposure and, 536
inflammation of, from riboflavin
deficiency, 1057t, 1064
Skraup synthesis, 937
Sleeping pill, nature’s, melatonin
as, 716
Smalley, Richard E., 628
Sn1 reactions, 348, 370
of alkyl halides
mechanism for, 347-350
relative rates of, 348t
competition between, Sy2
reactions and, 357-360,
35Tt
conditions leading to, 398-400
in ether cleavage, 428
factors affecting, 350-352
mechanism of, 347-350
products expected in, 399t
of protonated alcohols, mechanism
for, 412f
rate-determining step in, 363
rate law for, 358
rate of , solvents affecting, 363
solvent in, 360-366
stereochemistry of, 353-354, 394t
SN2 reactions, 334, 370
alkylation of a-carbon of carbonyl
compound as, 844
of alkyl halides, mechanism for,
335-336
of carbonyl compounds I, 718
clinical disorder from inability to
perform, 418
competition between, Sy
reactions and, 357-360,
357t
conditions favoring, 357-358
conditions leading to, 396-398
in ether cleavage, 428
tactors affecting, 338-343
leaving group in, 338-339
mechanism of, 333-338
nucleophiles in, 339-341
products expected in, 399t
of protonated alcohols, mechanism
for, 412-413,412f
rate law for, 358
rate of
factors affecting, 337
solvents affecting, 362-363, 364
relative rates, 335t
relative reactivities of alkyl halides
in. 336-337, 339
reversibility of, 343-347
solvent in. 360-366
stereochemistry of, 352-353, 394t
Williamson ether synthesis as, 400
Snake venom, 1126
SNAr reaction (substitution
nucleophilic aromatic),
691
Soap(s), 737-739, 737, 7371, 1122
Sodium, 7t, 266
electropositivity of. 8
in trans alkene formation, 264
Sodium amide, 266
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Sodium ammonium tartrate,
crystals of, separating,
226-227,227f

Sodium borohydride, 175, 176,
810, 890, 891, 891f, 892f,
893, 893f

Sodium chloride, 8-9, 9f

Sodium cyanide, measuring
toxicity of , 661

Sodium cyclamate, 9711, 972

Sodium dichromate, in chromic
acid formation, 425

Sodium D-line, 208

Sodium linoleate, 737t

Sodium oleate, 737t

Sodium pentothal, as anesthetic,
structure of,429

Sodium stearate, structure of, 737t

Sodium trichloroacetate, 194

Solids, IR spectroscopy of, 519

Solubility(ies), 95-97, 95

of carbonyl compounds, 714

of diastereomers, 212

of enantiomers, 206

of radical initiators, 1183

of tartaric acid, 222t
Solvation, 95, 95f, 113, 360

eftects of, 362

in reactions of alkenes, 142
Solvation stabilization, 1098
Solvent(s), 95-97, 370

aprotic, 340-341, 340, 361, 370

dielectric constant of, 360, 361t

effects of

on rate of reaction, 362-364
on Sy reaction rate, 364

ethers as, 429t

nonpolar, 95-96

nucleophilicity and, 341-342

polar, 95-96

polarity of, rate of Sy reaction

and, 364
protic, 341, 361, 370
in Sy reactions and SN2
reactions. 360-366

Solvent-separated ion pair, in Sy1
reactions, 353

Solvolysis, 351, 370

Sound waves, 22

Space-filling model

of ethane, 28f
of ethene, 30f
of ethyne, 32f
of methane, 25f

Spandex, 1200

Spearmint oil, 242f

structure of, 771f

Specific-acid catalysis, 1026-1027,
1052

Specific-base catalysis, 1028-1029,
1052

Specific rotation, 209, 222t,
243-244

Spectrometry, 501

mass, S01-515 (See also Mass
spectrometry)

Spectroscopy, 501, 516, 543

infrared, 518-520, 543 (See also
Infrared spectroscopy)
UV/Vis, 501, 535-536 (See also
UV/Vis spectroscopy)
uses of, 541-543, 544

Speed (methamphetamine), 661t

SPF (sun protection factor), in
sunscreens, 536

Sphingolipids, 1127

Sphingomyelins, 1127
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Sphingosine, | 127
Spin-spin coupling, 570
Splenda (sucralose), 9711, 972
Splicing, RNA, 1158
Splitting diagrams, 583-585, 583,
603
Splitting pattern, of ethyl group,
590, 591f
Splitting tree, 583
s p orbitals
in alkynes, 255-256
in triple bonds, 31-32, 31f
sp* orbitals, 29-30
degenerate, 29, 30f
sp® orbital, 26-27, 27f
end-on overlap of, 29f
Squalene, 152, 1131, 1137, 1143
Squalene synthase, 1137
Stability(ies)
of alkenes, 185-187
of allylic cations, 293-294
of benzylic cations, 293-294
of carbanions, 382f
of carbocations, 157-159. 160,
162, 293-294, 381f. 394
of dienes, 290-292
effects of delocalized electrons on,
examples of, 290-294
energy vs., 21, 137
kinetic, 143
molecular orbital description of,
294-300
of protein, tertiary structure and,
1014, 1015f
of radicals, 472—-473
of resonance contributors,
predicted, 286-288
thermodynamic, 143, 150
Stabilization, resonance, 323
Stacking interactions, 1174
in double helix of DNA. 1154
Stack plots, 598
Staggered conformers, 97-99, 98.
98f, 991, 113, 218t, 387f
Standing wave, 20
Stanozolol, 1142f
Staphylococcus aureus infections,
1255
Starch, 800f. 964-965
Statins, for cholesterol reduction,
113, 1133
Staudinger, Hermann, 1179
Stearic acid, 1118t, 1119f
in chocolate, 491
Step-growth polymers, 1180,
1195-1200, 1205
epoxy resins as, 1199-1200, 1199¢f
formation of, 1195-1196, 1196f
polyamides as, 1196—1198
polyesters as, 1198-1199, 1198
polyurethanes as, 1200, 1200f
Stereocenters, 200
Stereochemistry, 119, 195-250,
229,243
controlling, in designing synthesis,
898-899
of Diels-Alder reaction, 320-322
of electrophilic addition reactions,
195-250
of elimination reactions, 394t
of enzyme-catalyzed reactions,
240-241
of glucose, 951-953
of hydrogen addition, 232-234
of nucleophilic addition reactions,
808

of radical substitution reactions,
483-484
of Sy reactions, 353-354
of SN2 reactions, 352-353
of substitution and elimination
reactions, 394t
Stereoisomers, 195-196, 195, 196f,
243
Stereoselective reactions, 229, 244
Stereoselective reagents, 898
Stereoselectivity, degrees of, 229
Stereospecificity of enzyme-
catalyzed reactions, 240
Stereospecific reaction, 230, 230f,
244
Steric effects, 181, 336
nucleophilicity affected by,
342-343
in reactivity of aldehydes, 776
in SN2 reactions, 336
Steric hindrance, 181, 336-337,
336
Steric strain, 99, 113
in cis-2-butene, 187
of gauche butane, 106. 106f
Sternbach, Leo H., 1248, 1249
Steroid(s), 1143
anabolic, 1142
as chemical messengers.
1138-1141
classification of, 1139
hormones as, 1138
ring system of, 112, 112f, 1138f.
1139
synthetic, 1142
Stop codons, 1161
Stork, Gilbert, 850
Stork enamine reaction, 850
Straight-chain alkanes, 68, 69t
Strain
angle, in cycloalkanes, 100-102
steric, 99
Strain energy, of cycloalkane, 104,
104t
“Strainless’ heat of formation, 104t
Strand separation, in polymerase
chain reaction, 1168
s-trans conformation, 319, 319f,
328
Stratospheric ozone, 492-493
Strecker synthesis, of amino acids,
993-994
Streptomycin, mode of action of,
1164
Stretch, 518
Stretching vibrations, 518-519,
518t
of C—H bonds, 527-529
frequencies of, 521, 521t, 522
Strokes, aspirin and, 727
Structural databases, 603
Structural protein, functions of,
978t
Structure, representation of, [3-19
Strychnine, measuring toxicity of,
661
Styrene, 635f
catalytic hydrogenation of, 662f
uses of, 1195t
Subshells, 5
Substituent(s)
acid strength and, 52-54, 52
activating, 667, 668-670, 672
in alcohol nomenclature, 84-85
in alkane nomenclature, 75-76
in alkene nomenclature, 123
alkyl, 71-74

attached to cycloalkanes,
naming and, 79
nomenclature of, 71-74, 79-80
as ortho-para directors, 673-674
deactivating, 667, 668-669, 670,
671f,672-673
in diene, in Diels—Alder reaction,
321
in dienophile, in Diels—Alder
reaction, 321
Substituted acetylenes, 252
Substituted benzene(s)
electron donation to, by
hyperconjugation, 667
inductive electron withdrawal
with, 667
moderately activating. 670f
moderately deactivating, 67 If
orientation effects, 672-675
pK, values of, 676677
reactions of, 660-704
reactivity effects, 666-672
reactivity of, relative, 668—672,
669t
resonance electron donation and
withdrawal with, 668f
synthesis of, A 11
Substituted cyclohexanes
El reactions of. 393-394
E2 reactions of. 391-393
Substitution reaction(s), 119, 332
(See also Sy reactions)
of alcohols, 41 1-415
of alkyl halides, 332-374
cine, 693, 695
elimination reactions and
competition between, 396-400
stereochemistry of, 394t
importance of, 333
leaving group in, 332, 333
nucleophilic, 333 (See also
Nucleophilic substitution
reactions)
nucleophilic acyl, 706-770 (See
also Nucleophilic acyl
substitution reactions)
products expected in, 399t
radical, 493
stereochemistry of, 483-484
rate law for, 334
in synthesis, 400401
Substrate, 1037, 1052
binding, 1037f
Subunit, 1016, 1017
Succinic acid
physiological functions of, 715
pK, value of, 754t
structure of, 754t, 755f
Succinic anhydride, 755f
Sucralose (Splenda), 971f.972
Sucrose, specific rotation of, 209t
Suffixes, in IUPAC system, 83-84
Sugar(s), 941
amino, 967-968
D and L notation for, 942-943, 983
deoxy, 967
invert, 964
nonreducing, 960-961
reducing, 960-961
Suicide inhibitor, 1090, 1253
S-fluorouracil as, 1086
Suicide substrate, designing,
1255-1256, 1256f
Sulfanilamide, 1087
development of, 1247
Sulfides, 441, 443
synthesis of, A 11

Sulfonamides, 767f, 1087
Sulfonate ester, 410, 443
converting alcohols into, 416419
formation of, 428
Sulfonation, 638, 655, 666f
of benzene, 642-643
Sulfone
as penicillinase inhibitor,
1253-1254
as suicide inhibitor, 1253
Sulfonicacid
benzene, saits of, detergents as,
738
strength of, 417
Sulfonium ions, 410
Sulfonium salts, 441, 442 443
Sulfonyl chlorides, 417
in ether cleavage, 428
Sulfur
isotopes in, natural abundance of,
506t
in vulcanization process, 1194
Sulfur-containing amino acids,
formulas, abbreviations,
and relative abundances
of, 979t
Sulfuric acid
in dehydration of alcohol, 419
in sulfonation of benzene, 642
Sulfur nucleophiles, addition of
to aldehydes, 804
to ketones, 804
Sumatriptan, development of, 1251
Sunette (acesulfame potassium),
972
Sun protection factor (SPF), in
sunscreens, 536
Sunscreens, 536
ultraviolet light and, 536
SuperGlue, 3, 1189
Superimposable mirror images,
197, 197f
molecule with, 199f
Suprafacial bond formation, 1235
in cycloaddition reactions, 1223,
1223f
in sigmatropic rearrangements,
1226f
Suprafacial rearrangement, 1235
carbon migrating, 1230f
Sustainability, 272
Sutures, dissolving, 756
Suzuki reaction, 456—458. 463
in alkylation of benzene, 649, 656
examples of, 457
mechanism for. 457-458
Sweeteners
artificial, substituted benzenes as,
661f
synthetic, 970-972
Swern, Daniel, 895
Swern oxidation, 894895, 894,907
mechanism for, 895
Symmetrical anhydride, 710, 757
Symmetrical ether, 82, 82f
Symmetric molecular orbitals, 296,
296f, 323, 1214-1215, 1235
Symmetry, plane, of meso
compounds, 216-217
Symmetry-allowed pathway, 1219,
1234-1235
Symmetry-forbidden pathway,
1219
Syn addition, 232, 233-234, 244,
263, 321
of peroxyacid to alkene, 234-235,
234f



Syndiotactic configuration, 1191f
Syndiotactic polymer, 1191, 1205
Syn elimination, 388
Synergism, drug, 1254, 1262
Syn-periplanar arrangement, 387
Synthesis, A9-All
of cyclic compounds, designing,
747-749
designing, 268-272. 403-405
controlling stereochemistry in,
898-899
functional group interconversion
in, 906-907, 907
making new carbon-carbon
bonds in, 868-870
multistep, 487-489
retrosynthetic analysis in,
809-811
multistep, introduction to.
268-272
reactions and, 187-189
Synthetic compounds, in
preventing shortage of
naturally occurring
compounds, 3
Synthetic equivalent, 809, 818
inretrosynthetic analysis,
809-811
Synthetic gene, 1169-1170
Synthetic polymers, 756,
1178-1208. 1178
classes of, 1179-1180
Synthetic steroids, 1142
Synthetic sweeteners, 970-972
Synthons, 809-811, 809. 818
Synthroid (levothyroxine),
structure and use of, 1240t
Systematic names, 113
Systeme International (SI) units
forenergy, 21
for length, 12
System of nomenclature
E.Z, 129-132 (See also E,Z system
of nomenclature)
R,S system and, 201
IUPAC, 71 (See also IUPAC
(systematic) nomenclature)
RS, 201-206 (Seealso R,S
nomenclature system)

T
Tagamet, developmentof, 1251
Talofen, 1250
p-Talose, 952f
Tamiflu, 249, 1048
Tamoxifen, 152, 883
Target molecule, 403-404, 403
Tartaric acid, 221-222, 221f, 222t
sodium rubidium salt of, 226
Tautomerization, 261, 273
of cytosine, 1165f
keto-enol, 836
Tautomers, 261, 273. 835
Taxol, 1261
synthesis of, 811
T-BOC, as protecting group, 1001
TE-AC, 1234
Teflon, 1184
Temozolomide, 689
Temperature
entropy and, 140
of polymerization reaction, radical
initiator and, 1183
Template (antisense) strand, 1174
of DNA in RNA synthesis, 1157
Teratogen, 243
Terminal alkenes, metathesis of , 460

Terminal alkynes, 252, 272
in electrophilic addition reaction,
257
stability of, 256
Termination steps
in anionic polymerization, 1189
in cationic polymerization, 1 [87f
in chain-growth polymerization,
1181
in monohalogenation, 471. 493
in radical addition reactions, 494
in radical polymerization, 1182f
in radical substitution reactions,
470, 471
Termites, eradicating, 346
Terpene(s), 1130-1138, 1143
biosynthesis of, 1132-1138
classification of, 1131t
vitamin A as, 1131
Terpenoids, 1130
tert, use of , 73
Tertiary alcohols, 83, 83f, 412
dehydration of, 419—421
formation of, 779¢f, 780f-78 1f
Tertiary alkyl groups, ester
hydrolysis with, 732-733
Tertiary alkyl halides, 81, 81f,
336-337
products expected in substitution
and elimination reactions of,
399t
reactions of, 398
reactivity of, 398
Tertiary alkyl radical, 472,493
Tertiary amines, 85-86, 85. 85f,
86t, 93, 501t
solubilities of, 96
Tertiary carbocations, 157. 157f,
168f, 169f, 189
in dehydration of alcohols.
420421
in Sy ! reactions, 349
Tertiary carbon, 72, 72, 113
Tertiary hydrogen, 73, 73f
Tertiary structure, 1017
of proteins, 1004, 1014-1015,
1014f, 1015¢
Tesla, Nikola, 555
Testosterone, 772f, 1 140f
specific rotation of, 209t
Tetrabutylammonium hydrogen
sulfate, as phase-transfer
catalyst, 438f
2,3,7,8-Tetrachlorodibenzo[b,e]
[1,4]-dioxin, toxicity of,
661t
Tetracycline, 198f
mode of action of, 1164
Tetraethyllead, 451
Tetrafluoroethylene, 1184
Tetrahedral bond angle, 27
Tetrahedral carbon, 27, 28
Tetrahedral intermediate,
717-718. 717t, 728-729,
757
Tetrahydrocannabinol (THC), 183
Tetrahydrofolate (THF),
1083-1087, 1083f, 1090
Tetrahydrofuran, 429t, 918f
boiling point of, 91
dielectric constant of, 361t
in Grignard reagent preparation,
451
in oxymercuration, 175
Tetrahydropyran, 429t, 918t
Tetramer, 1016

Tetramethylammonium hydroxide,
87
Tetramethylsilane (TMS), as
reference compound, 560
Tetraphenylporphyrins, 938
Tetraterpenes, 1131, 1143
Tetroses, 941
Thalidomide, 242, 1247
enantiomers of, 243
Therapeutic index, 1255-1256.
1262
Thermal reaction, 1211, 1234
Thermoanaerobium brocki, alcohol
dehydrogenase from, 898f
Thermodynamically unstable
product, 143
Thermodynamic control, 310-314,
323,813
Thermodynamic product, 310, 310,
312f, 323
Thermodynamics, [37-147, 137.
150
enthalpy and, 140142
entropy and, 140-142
Thermodynamic stability, 143, 150
Thermoplastic polymers, 1201,
1205
Thermosetting polymers,
1201-1202, 1201, 1205
Thiacyclopropane, 918f
Thiamine, 1058, 1068
biochemically active coenzyme
forms of, 1057t
Thiamine pyrophosphate (TPP),
1068-1072, 1090
in pyruvate dehydrogenase system,
1070-1071
Thiirane, naming of, 918f
Thin-layer chromatography, 1017
ot amino acids, 989
Thioacetals, formation of, 804
Thioesters, 752, 757
as activated carboxylic acids, 752
in biological Claisen condensation,
872
Thioethers (sulfides), 441. 443
Thioketals, formation of, 804
Thiols, 440-441, 440, 443
oxidation of. to disultide,
mechanism for, 996
reactions of, with aldehydes and
ketones, 804
synthesis of, A 11
Thionyl chloride
in carboxylic acid activation, 749t
in converting alcohols into alkyl
halides, 415-416
Thiopental sodium, as anesthetic,
429
Thiophene, 921-925, 934
as aromatic structure, 631
electrophilic substitution in,
923-925
electrostatic potential map for. 924f
reactivity of, 924
resonance energy of, 922
Thiourea, 824f
Thomson, William (Lord Kelvin),
141
Thorazine, 1252f
Thorium, discovery of, 2
Threo enantiomers, 212, 212f,
233t, 236f
Threonine, 979t
Threose, 943f
Thromboxanes, 727
biosynthesis of, 1129f
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Thymidine, 1 150f
Thymidylate synthase
catalysis by, mechanism for, 1085
function of, 1084—1085, 1084f
inhibition of, cancer chemotherapy
in, 1085-1086
Thymine, 1 148f, 1149t
in DNA, function of, 1165
in nucleic acids, 933f
pairing of, with adenine in DNA,
1153
Thymine dimer, formation of, skin
cancer from, 1231
Thyroxine, 641
Titanium, 2
TMS signal, 560f
TMS (tetramethylsilane), as
reference compound, 560
Todd, Alexander R., 183, 1148
Tolbutamide, discovery of, 1252
Tollens, Bernhard, 896
Tollens reagents, 896
in oxidation of monosaccharides,
948
Tollens test, 896
Toluene, 635
oxidation of, 663f
structures of carbocation
intermediates formed from
reaction of electrophile
with, 674f
para-Toluenesulfonyl chloride
(TsCl), 417t
Toprol-XL (metopropol), structure
and use of, 1240t
Tosyl chloride, 417
Toxicity, measuring, 661
TPP (thiamine pyrophosphate),
1068-1072, 1090
in pyruvate dehydrogenase system,
1070-1071
Tranquilizers, development of,
1248
Trans alkenes, 189, 264
synthesis of, 270-271
Transamination, 1078, 1090
PLP-catalyzed, 1075f
mechanism for, 1078-1079
Transcription, 1157-1158, 1157,
1158f, 1163, 1174
Transesterification reaction, 726,
726f, 727
acid-catalyzed, 727
in biological Claisen condensation,
872f
recycling polymers, 1204
Trans fats, 185
Transfer RNA (tRNA), 1158-1160,
1158, 1159¢
mechanism for attachment of
amino acid to. 1159f,-1160
Trans-fused rings, 1139, 1139f, 1143
Transimination, 1090
Transimination reaction, PLP-
catalyzed, mechanism for,
1076
Trans isomers, 108. 114, 126, 150,
196
Transition-metal catalyst, 461
Transition metals, 454
Transition state(s), 137, 148, 150
analog, 769f
intermediate vs., 148—149
of sigmatropic rearrangements,
1226-1227
of Sy1 and Sn2 reactions, 357t
structure of, 159-161



I-28

Index

Translation, 1157, 1160-1164,
1162f, 1163f
of proteins, 1163t, 1174
inhibition of, antibiotics acting
by, 1164
Transmetallation, 453454, 454
Traveling wave, 20
Trehalose, 976
Triacontane, physical properties
of , 69t
Triacylglycerols (triglycerides),
1120-1124, 1143
Trialkylborane, formation of,, [ 81f
Trichloroacetaldehyde, 798f
Tridecane, physical properties of,
69t
Triethylenemelamine (TEM), 449
in Heck reaction, 458
in Swern oxidation, 894, 895f
Triflate, in coupling reactions, 456
Trifluoromethanesulfonyl chloride,
417t,418
Trigonal planar carbon, 29
Trimer, 1016
Trimethoprim, as antibiotic, 1086f
Trimethylamine, 90f
2,2,4-Trimethylpentane, octane
number of, 77
Trimox (amoxicillin), 744t
Triose, 941
Triosephosphate isomerase, in
glycolysis, 1105t
Tripeptide, 977, 1017
Triphosphoric acid, esters of, 1094
Triple bond(s), |5f, 62-63
Triplet, 569
Tristearin, 1117t
Trisubstituted benzenes, synthesis
of , 682-683
Triterpenes, | 131, 1143
tRNA (transfer RNA), 1 158-1160,
1158, 1159t
Tropocollagen, 871
Tropylium bromide, 632f
Tropylium cation, 632
Trypsin
binding pockets in, 1042—1043.
1042t
hydrolysis catalyzed by, 1008
Tryptophan, 981-982, 981t
heterocyclic rings in, 931f
in melatonin synthesis, 716t
Twist-boat conformation, 105,
105t
Two dimensional (2-D) NMR
spectroscopy, 598-600,
598, 604
Tylenol, 768
Tyramine, 770t
Tyrosine, 980t, 981
in diet in PKU, 1110
in thyroxine production, 641

U

U.S. Food and Drug
Administration (FDA),
nitrosamine concerns and,
690

Ulcers, drugs for, development of,
1250-1251

Ultraviolet radiation, ozone layer
and, 492

Ultraviolet (UV) light, 516, 516f

exposure to, skin cancer from,

1231

sunscreens and, 536
wavelengths of, 535
Ultraviolet/visible spectroscopy,
501, 535-536
uses of, 541-543, 544
Undecane, 69t
Unimolecular, 348
Universal blood donor, 970
Unpaired electron, in methyl
radical, 33, 33f
Unsaturated fatty acids,
1118-1119, 1119t, 1143
in fats and oils, percentage of,
1121t
membrane fluidity and. 1126
Unsaturated hydrocarbons, 121,
150
physical properties of, 255
Unsaturation, degree of, 150
Unsymmetrical ethers, 82, 82f
Uptfield, 557
Uracil, 1148f, 1149t
in nucleic acids, 933t
Urea, 2, 742t, 756f, 824t
Urethane, 1200
Uric acid, 742f
Uridine, 1149t, 1150t
UV/Vis spectroscopy, 501, 535-536
uses of, 541-543, 544

\Y%
Valence electron(s), 7, 25, 62
in bonding, 8, 9, 14-15
Valence-shell electron-pair
repulsion (VSEPR) model,
25
Valeric acid (pentanoic acid),
708t
IR spectrum of, 525f
Valine, 979t
Valium, 1239t
development of, 1248, 1249t
Valsarton (Diovan), 1241t
Valylcysteinlalanylglutamylhistidi
ne, 995
Van Aigentier, Henriette, 144
Van Bommel, A. ]J., 226
Vancomycin, resistance of, 1255
van der Waals, Johannes Diderik,
90
van der Waals forces, 91,91f, 113,
255
in double helix of DNA, 1154
Vane, John Robert, 1128
Vanillin, structure, 771f
Van’t Hoff, Jacobus Hendricus,
207
Vasopressin (penicillin V),
997-998, 998f
synthesis of, 745
V-cillin (penicillin V)
specific rotation of, 209t
structure of, 744f, 745
synthesis of, 745
Vector sum, 40
Venom, snake, 1126
Vernolepin, in cancer
chemotherapy, 815f
Viagra, development of, 1249
Vibrations, 518-519
bending, 518t
of C—H bonds, 529-530
infrared inactive, 531-532
stretching, 518-519, 518t

of C—H bonds. 527-529
Vicinal, 171
Vicinal dihalides, synthesis of, 171,
187, 189
Vicinal diols, 448, 900, 900t
Vicinal glycols, 900
Villiger, Victor, 897
Vinyl chloride, 124
uses of, 1195t
Vinyl group, 124, 124f
in organometallic compound
preparation, 452
Vinylic carbons, 124
Vinylic cation, 272
in electrophilic addition reaction,
for alkyne, 257-258, 259
Vinylic halides, 357
in coupling reactions, 456,
458-459
reactions of, 355f
Vinylic hydrogen, 124
Vinylic radical, formation of,, 264
Vinylic triflates, 456
Vinyl polymers, 1180
Visible light, 516, 516f
wavelengths of, 535
Visible spectrum, color and,
539-541
Vision
chemistry of, 1131
cis—trans interconversion in, 128,
128t
vitamin A in. 1131
Vitamin(s), 2, 1056, 1090
biochemically active coenzyme
forms of, 1057t
discovery of, 1058
Vitamin A (retinol), 1117f
as terpene, 1131
Vitamin B, (thiamine), 1058,
1068-1072
biochemically active coenzyme
formsot, 1057t
Vitamin B, (riboflavin),
1064-1065
biochemically active coenzyme
forms of, 1057t
Vitamin B3, 1059-1064
Vitamin B (pyridoxine),
1074-1080
biochemically active coenzyme
torms of, 1057t
Vitamin By,, 934, 1081-1083
biochemically active coenzyme
forms of, 1057t
Vitamin C (ascorbic acid)
as antioxidant, 969
as radical inhibitor, 490, 491t
synthesis of, 968t
Vitamin D, 1232-1233, 1233t
excess, 1058
as sunshine vitamin, 1233
Vitamin E («a-tocopherol)
as antioxidant, 1126
as radical inhibitor, 490, 491t
Vitamin H (biotin), 1073-1074
biochemically active coenzyme
forms of, 1057t
Vitamin K, 1087-1089
biochemically active coenzyme
forms of, 1057t
Vitamin KH; 1088-1090
carboxylation of glutamate
dependent on, mechanism
of,, 1088-1090

Friedel-Craf'ts alkylation and

biosynthesis of, 647

Volhard, Jacob, 841

Volume of atom, 4

von Baeyer, Johann Friedrich
Wilhelm Adolf, 101, 102,
896

von Euler, Ulf'Svante, 1128

vonHell, Carl Magnus, 841

von Hofmann, August Wilhelm,
435

VSEPR model, 25

Vulcanization, 1194

Vytorin (ezetimibe + simvastatin),
1241t

W
Wagner—Meerwein
rearrangement, | 146
Walden, Paul, 338
Walden inversion, 338
Warfare, chemical, 442
Warfarin, 1089
Water, 10t, 35
addition of
to alcohols, 96
to aldehydes. 796-798
to alkene, 164—-166
by oxymercuration-reduction.
175-177
to ketones, 796-798
ball-and-stick model of, 35t
boiling point of, 92
bondangle in, 34-35
bonding in, 34-35
as both acid and base, 42
dielectric constantof,, 361t
diethyl ether combined with, 59
dipole moment of, 40, 40f
general-acid catalyzed attack by.
1026-1027, 1027t
“hard,” 738

heavy, 8
hydrogen bonding in, boiling point
and. 92

Lewis structure for, 14f
metal-bound, pK, of, 1031t
pK, value of, 265, A5
reactions of
with aldehydes, 796-798
with alkyl halides, 96, 97t
with 2-bromo-2-methylpropane,
347-350, 347f
with esters, 730
with ketones, 796-798
separating from mixture, 59
softeners of, cation-exchange resin
in, 991
Water-insoluble vitamins (lipid-
soluble vitamins), 1 057t
Watson, JamesD., 601, 1147, 1148,
1149, 1152, 1153
Wave equation, 5
Wave function, 5
of hydrogen atoms, 22t
Wavelength(s), 517, 517t
of light absorbed, color observed
and, 540t
of sodium D-line, 208
of ultraviolet light, 535
of visible light, 535
Wave motion, 4-5
Wavenumber, 517
of absorption band, calculation of,
522



Waves, 20

Waxes, 1120, 1143

Westheimer, Frank H., 240, 1038

Whales, echolocation and, 1124

White blood cells, 493

Whitmore, Frank (Rocky)
Clifford, 168

Wilkins, Maurice, 1149

Williamson, Alexander William,
400

Williamson ether synthesis, 400,
405, 748

Winstein, Saul, 353

Wittig, Georg Friedrich Karl, 179,

805
Wittig reaction, 805-807, 818
in B-carotene synthesis, 807
Wohl, Alfred, 951
Wohl degradation, 9511, 972

Wohler, Friedrich, 2. 3
Wolff, Ludwig, 648
Wolff-Kishner reduction, 648, 655,
792-793
mechanism for, 793f
Wood alcohol, 414
Woods, Donald D., 1087
Woodward, Robert B., 1211, 1212
Woodward-Hoffmann rules
for cycloaddition reactions, 1224t
for electrocyclic reactions, 1220t
for pericyclic reactions, 1234
for sigmatropic rearrangements,
1227t
Wool, secondary structure of, 1013
Wool production, 3

X
Xanax (alprazolam), 1249f

Xanthobacter, adaptation of, 364

X PRIZE, 1167

X-ray crystallography, 226,
601-603, 601, 604

X-ray diffraction, 602f, 603

X-rays, 516. 516f

Xylocaine (lidocaine), 1244f

Y

Yeast, pyruvate decarboxylation
in, 1108

Ylide, 805

stabilized and unstabilized, 806

Z

Zagam, 1255f

Zaitsev, Alexander M., 378, 379

Zaitsev elimination, alkene-like
transition state in, 436f

Index [-29

Zaitsev’s rule, 378-380. 393-394,
437

Zantac, development of, 1251

Z configuration, 129

Zelinski, Nikolai Dimitrievich, 842

Ziegler, Karl, 1191

Ziegler-Natta catalysis, 1 191-1192,
1192, 1205

Zinc oxide, in sunscreens, 536

Zingiberene, 1130f

Zirconium, 2

Z isomer, 120f, 129, 130. 130f,

150
Zocor, for cholesterol reduction,
113, 1133

Zomig, 1251f

Zwitterion, 985, 985f, 1017
Zyrtec (cetirizine), 124 [t
Zyvox, development of, 1255






Periodic Table of the Elements

Main groups

Main groups

LAY 8A
I 18
! g
B | 24 34 4A  SA 6A  7A | He
1.00794 2 13 14 15 16 17 | 4.002602
3 4 5 6 7 8 9 10
Li Be B C N (0] F Ne
6941 | 9.012182 rnsitionimernls 10.811 | 12.0107 | 14.0067 | 15.9994 | 18998403 | 20.1797
11 182 T - ] 13 14 15 16 17 18
Na | Mg | 38 4B 5B 6B 7B 2B 1B 2B | Al Si P S Cl | Ar
22.989770| 24.3050 3 4 5 6 7 8 9 10 Il 12 126981538 | 28.0855 130973761 | 32.065 | 35.453 | 39.948
19 20 Al 2% 233 24 25 26 7] 28 29 30 31 32 33 34 89 36
K Ca Sc Ti A% Cr Mn Fe Co Ni Cu Zn Ga Ge As Se Br Kr
390983 | 40078 |44.955910) 47.867 | 50.9415 | 51.9961 |54.938049 55.845 |58.933200| 58.6934 | 63.546 | 6539 | 69.723 | 72.64 |74.92160| 78.96 | 79.904 | 83.80
=57/ 38 39 40 i 42 43 44 45 46 47 48 49 50 51 ) 53 54
Rb Sr Y Zr Nb Mo Te Ru Rh Pd Ag Cd In Sn Sb Te 1 Xe
854678 | 87.62 |88.90585| 91.224 |92.90638| 95.94 198 101.07 110290550| 106.42 [107.8682| 112.411 | 114.818 | 118.710 | 121.760 | 127.60 [126.90447|131.293
55 56 71 3i2: 73 74 7S 76 77 78 79 80 81 82 83 84 85 86
Cs Ba Lu Hf .Ta W Re Os Ir Pt Au Hg Tl Pb Bi Po At Rn
132.90545| 137.327| |174.967 | 178.49 | 180.9479| 183.84 | 186.207 | 190.23 | 192.217 | 195,078 |196.96655| 200.59 |204.3833| 207.2 |208.98038| 208.98 | 1209.99] | [222.02)
87 88 103 104 105 106 107 108 109 110 18181 Pk 114 116
Fr Ra Lr Rf Db Sg Bh Hs Mt Ds Rg
1223.02] |1226.03] | |1262.11] | [261.11] | [262.11] | [266.12] | [264.12] | [269.13] | [268.14] | [271.15] | [272.15] | [277] 1285] [289]
S 58 59 60 61 62 63 64 65 66 67 68 69 70
#Lanthanide series *La Ce Pr Nd Pm Sm Eu Gd Tb Dy Ho Er Tm Yb
138.9055 | 140.116 |14090765| 144.24 | [145] 150.36 | 151.964 | 157.25 |15892534| 162.50 |164.93032| 167.259 |168.93421| 173.04
89 | 90 91 92 93 94 95 96 97 98 99 100 | 101 102
‘+Actinide series tAc Th Pa U Np Pu Am Cm Bk Cf Es Fm Md No
1227.03] | 232.0381|231.03588(238.02891| [237.05] | [244.06] | [243.06] | [247.07) | [247.07] | [251.08] | [252.08] | [257.10] | [258.10] | [259.10]

4The labels on top (1A, 2A, etc.) are common American usage. The labels below these (1, 2, etc.) are those recommended

by the International Union of Pure and Applied Chemistry.

The names and symbols for elements 112 and above have not yet been decided.
Atomic weights in brackets are the masses of the longest-lived or most important isotope of radioactive elements.

Further information is available at fizp.//vww.shef.ac.uk/chemistry/web-elements/

The production of element | 16 was reported in May 1999 by scientists at Lawrence Berkeley National Laboratory.

*Element 112 has a proposed name of Copernicium which is. at the time of this publication, under review by ITUPAC.




| Common Functional Groups

Alkane

Alkene

Alkyne

Nitrile

Ether

Thiol

Disulfide

Epoxide

Sulfide

Sulfonium salt

RCH;

N. /N
c=¢ C=CH,
/N s

internal

RC=CR

internal

RC=N

R—O—R

RCH,—SH

R—S—S—R

)

/\

R—S—R

R

|
R—S*R X~

Quaternary ammonium salt

Alkyl halide

Alcohol

Amine

terminal

RC=CH
terminal

i

R —ITI+— R X~
R

primary

R—CH,—X
X=F Cl, Br,orl
R—CH,—OH
R—NH,

Aniline /N
Phenol @—
(¢}
I
Carboxylic acid R/C\
O
|
Acyl chloride R/C\
1
Acid anhydride R/C\ PN
O
I
Ester R/C\
O
élz
Amide
R” NH
1
Aldehyde C
R~ NH
O
I
Ketone R /C\R
secondary tertiary
1|2 R
|
R— CH— X R—C—X
|
R
) i
R— CH— OH R—(|?—OH
R
F R
I
R— NH R—N



Approximate pK, Values

See Appendix Il for more detailed information.

protonated carbonyl groups /C

protonated alcohols

protonated water

carboxylic acids

protonated aniline

protonated amines

phenol

alcohols

water

A

Ar

[a]

By
CMR
D
DCC

13

A

AGH
AG°
AH®
AS°
DH
DIBALH
DMF
DMSO

+OH
I =
“OH

+

ROH > 4N
H
+

HOH
H =

R™ OH » ~5
+
ATNH3 -
+
RNHj;
~10
ArOH
ROH |
=15

Angstrom unit (10% cm)

phenyl group or substituted phenyl group
specific rotation

applied magnetic field

13C magnetic resonance

Debye (10 esu cm): a measure of dipole moment
dicyclohexylcarbodiimide

partial

heat

free energy of activation

Gibbs standard free energy change
change in enthalpy

change in entropy

bond dissociation energy
diisobutylaluminum hydride
dimethylformamide

dimethy! sulfoxide

entgegen (opposite sides in £,Z nomenclature)
energy of activation

ethyl

diethyl ether

chromic acid

highest occupied molecular orbital
infrared

rate constant

acid dissociation constant

equilibrium constant

I
a-carbon (aldehyde) (& -
R$H/ ~H
H
& > 20
a-carbon (ketone) g\
RCH™ R
’ -
H
i
a-carbon (ester) e ~25
RC|ZH/ “OR
H
amines RNH, ~40
alkanes RCHj3 ~60

Common Symbols and Abbreviations

KMnO,
LDA
LiAlH,
LUMO
Me

I
NaBH,
Na,Cr,0,
NBS
nm
NMR
ppm
PCC
pH
pKa

R

RS

s

t-Bu
THF
T™MS

UV/Vis

potassium permanganate

lithium diisopropylamide

lithium aluminum hydride

lowest unoccupied molecular orbital

methyl

dipole moment

sodium borohydride

sodium dichromate

N-bromosuccinimide

nanometers

nuclear magnetic resonance

parts per million (of the applied field)
pyridinium chlorochromate

measure of the acidity of a solution (= —log [H*])
measure of the strength of an acid (= —log K,)
alkyl group; group derived from a hydrocarbon
configuration about an asymmetric center
partial charge

rert-butyl

tetrahydrofuran

tetramethylsilane, (CH3),Si

tosyl group ( p-CH.C¢HsSO, —)
ultraviolet/visible

halogen atom

zusammen (same side in £.Z nomenclature)
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