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Abacavir, 174 
Ab initio calculations, 689-690 
Absorption, 154, 315 
Abyssomicin C, 299-300, 561 
Acetal groups, 311 
Acetaldehyde, 83, 242, 596 
Acetal acid, 41 
Acetals, 33, 143,447, 270. See also Acetal groups 
Acetamides, 29 
Acetate, 534 
Acetic acid, 37, 268, 688 
Acetic anhydride, 122 
Acetone, 469 
Acetonides, 57, 61 
Acetonitrile, 155-157, 165, 174, 312, 455, 580-581, 

678,680-681 
Acetophenones, 594 
Acetoxycrenulide, 29-30 
Acetoxy group, 477 
Acetylation, 245, 477, 615, 702 
Acetyl chloride, 60, 89 
Acetylenes, 147,309,311 
Acetylenic groups, 211, 219 
Acetyl groups, 77 
Acidification, 690 
Acid(s), see types of acids 

functions of, 656, 661 
solvolysis, 375. 

Acremine G, 296 
Acrolein, 670 
Acrylonitrile, 163-164, 582-583 
Activation 

barriers, 130, 257 
energy, 113,279,383 

Acyclic systems, 30 
Acyclovir, 19 
Acyl 

chloride, 51-52, 601 
groups, 95, 600 
halides, 611 
migration, 148, 150-151 

Acylals, 51 
Acylation, 63, 105, 135, 205, 314, 345, 347, 350-

351, 409, 590, 611-612, 680, 682, 700. See 
also Alkylation; Friedel-Crafts acylation 

Acylimidazoles, 656, 658, 660-661 
Acyliminium, 615, 640, 642-643 
Acylium, 343, 610, 614 
Acylphosphonates, 656-659 
Acyls, 168 
Acylsilane, 80 
Additives 

Elbs reaction, 328-329 
Pauson-Khand reaction, 152-153, 155, 157-158, 

170, 175 
Adipate, 100-101 
Adsorption, 152 
Aerobic conditions and reactions, 375, 692 
Aflatoxin, 319, 682 
Agelstatin A, 508 
Alcohol(s) 

allenic, 7 
allylic, 30, 40, 518, 525, 545, 683, 703 
amine, 54 
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Alcohol(s) (continued) 
amino, 102 
asymmetric Friedel-Crafts reaction, 600, 602-605, 

622-623, 652,654 
Bardman-Sengupta phenantherene synthesis, 200, 

204, 206, 208 
benzyl, 86-87, 591 
biaryl, 35 
de Mayo reaction, 452, 459, 476 
Dieckmann condensation, 94 
Freund reaction, 2, 5-6 
homoallylic, 17, 524 
homopropargylic, 73-74 
Houben-Hoesch reaction, 683 
hydrobenzyl, 86 
Kishner cyclopropane synthesis, 10 
Kolbe-Schmitt reaction, 688 
Pauson-Khand reaction, 153, 155, 160, 165, 167-

168 
ring-closing metathesis, 506, 516, 518, 525, 531, 

539, 545, 550 
Robinson annulation, 387, 402 
Simmons-Smith cyclopropanation, 38 
Staudinger ketene cycloaddition, 63 
von Richter reaction, 713 
Weiss-Cook reaction, 186, 189-190 

Aldehydes, 7, 18, 52-54, 56-57, 73, 82-84, 143, 172, 
189-190, 286, 292, 296,424,469, 590, 600, 
602, 623-624, 626, 638, 644-647, 656, 661-
665, 698-699 

Alder endo rule, 278 
Aldimines, 47-50, 287, 631, 633 
Aldimino enediynes, 214 
Aldols, 181-182, 186, 192-194, 313, 337, 387, 396, 

405, 447, 457-458, 460, 470, 477-478 
Aliphatics, 212, 424, 590, 601, 637, 639, 644-647, 

703 
Alkali, 336 
Alkaloids, 58, 143, 163, 189, 304, 363, 511, 665, 

667-668 
Alkanes, 136, 140, 600, 602, 604-607 
Alkenes, 24, 27, 29, 73, 82, 136, 140, 147, 149-155, 

157, 160, 163, 170, 173-174, 186, 192, 200, 
204, 268, 275, 291, 293, 301-302, 317, 362, 
558, 562, 565, 596, 600, 604-607, 649, 703 

Alkenyls, 133,203,360 
Alkoxides, 15,35,38,97 
Alkoxy, 56, 128, 132, 136, 362, 416, 660 
Alkoxyammonium chloride, 624 

Alkylating agents, 600, 602-605, 615-623 
Alkyl groups 

blocking, 607-608 
electron-releasing, 608 
exchange, 26, 37-38 
functions of, 37-38,40, 112,126, 199,416, 600, 

627, 705 
rearrangements, 606-607 

Alkyl halides, 600, 602-605 
Alkyl naphtofuran, 271 
Alkyl nitriles, 676 
Alkyl vinyl ether, 294 
Alkylation, 173, 192-193, 252, 263-264, 267, 282, 

313, 387, 391-393, 400, 404, 409, 523, 541, 
580, 590, 593, 601-602, 611-612, 626, 647, 
657 

Alkylidene malonates, 649-651 
Alkylnitrilium, 682-683 
Alkyls, 52, 60, 78, 83-84, 110, 161, 183, 271, 527, 

601,644,658,660,675 
Alkynes, 18, 73, 76, 78, 88, 147, 149-150, 152, 154-

155, 157, 159-168, 170, 173-174,280,291, 
293, 311-313, 315, 320, 358, 371-373, 382, 
440, 562, 600, 602, 604-607 

Alkynylcyclobutenones, 357 
Alkynyls, 357-358, 360, 373 
Allenes, 77-79, 215, 289, 293, 358, 372, 380, 463, 

467 
Allenyl vinyl ketones, 134 
Allenyls, 132 
Allochemical effect, 312 
Allyl(s) 

benzene, 22 
borane, 167 
functions of, 128, 130, 132, 149, 168, 200, 506 
ketones, 123, 141 
lithiums, 73 
silanes, 139, 141 
trimethylsilane, 282 
vinyl ketones, 123 

ct-Methyl-2-phenylcyclopropanemethanol, 41 -42 
Alstonerine, 166, 168-169, 172 
Alumina, 154,258,428 
Aluminum 

characterized, 39 
chloride, 412 
trichloride, 128 

Ambruticin, 34 
Amides, 16, 21, 63, 96-97, 109, 115, 119, 153, 167, 
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311,314, 464-468, 510, 656, 661 
Amines, 21, 51, 54, 58-59, 61,116, 153, 155,269, 

286, 312, 395, 398, 511, 600, 602, 662, 665, 
706, 708 

Amino, generally 
acids, 52-53, 55, 62-63, 105, 164, 316, 395, 512, 

532-533 
enediynes, 214 
groups, 55-56 

Aminobenzoic acid, 561 
Aminocyclopropanes, bicyclic, 21 
2-Amino-3,4-dibromo-6-methoxy-a-

chloroacetophenone, 685 
Aminodiol, 54 
Aminoglycosidase, 513 
Aminolysis, 63 
Aminophenol, 691 
Aminophenyl ketones, 677 
3-Aminopyrroles, 580 
Anaerobic conditions, 375, 382 
Analgesics, 613, 679, 688, 693 
Androgens and androgen receptors, 339, 503 
Anesthetics, 3 
Angiogenesis, 520, 567 
Anguinomycin C, 296 
Anhydrides, 16, 51, 236, 314, 349, 601, 613, 641, 

708 
Anilides, 606 
Anilines, 628, 662, 677, 682 
Anions 

Dieckmann condensation, 93-95, 104 
Favorskii rearrangement, 117 
propargylic, 73 

Anisole, 619 
Annulation, see Danheiser annulation; Dötz 

benzannulation; Robinson annulation 
cyclopentenone, 126 
intramolecular, 699 
Nazarov cyclization, 138, 143 
processes, 72. See also Danheiser annulation 
ring-closing metathesis, 548 
Thorpe-Ziegler reaction, 583 
Vilsmeier-Haack reaction, 706-707 
Weiss-Cook reaction, 187 

Annulene, 377 
Anthracene, 251-253, 259, 325-326, 348, 417 
Anthracyclines, 241 
Anthraquinones, 328, 334 
Anthrenol, 327 

Anthrone, 326-328, 334 
Anthroquinone, 326 
Anti-HBV agents, 19. See also Herpes virus 
Anti-inflammatories, 537, 679 
Antibacterial agents, 47, 62, 101, 551, 583 
Antibiotics, 45, 96, 106, 240, 242,297,264, 382, 

513,526,561,649 
Antibodies, 398-399 
Anticancer agents, 103, 281, 583 
Anticoagulants, 649 
Antiestrogenic compounds, 262 
Antitumor agents, 63, 240, 344, 382 
Antiviral agents, 106 
Antymycotics, 364 
Arabinose, 533 
Arenes, 209, 215, 217-218, 252, 260, 270,418, 437-

438, 603-604, 606, 613, 615, 681-619, 621-
622, 624-625, 628, 632, 645, 648,656,662-
663 

Arenium, 409, 411,416 
Argon, 91, 157, 174 
Arianeosene, 20 
Arnebil, 320 
Arnebinol, 320 
Aromatics 

five-membered carbocycles, 89, 112, 126, 133, 
140 

large-ring carbocycles, 430,436,439-442, 524 
six-membered carbocycles, 199, 202, 212, 215, 

238, 246, 252, 257-258, 260, 268-269, 288, 
325, 350, 360, 370, 372, 381, 409, 419-420 

in transformation carbocycles, 590-593, 600-601, 
603, 623, 636, 639, 646-647, 655, 676, 680, 
688, 690, 698-700, 704-705, 710-711 

Aromatization, 200, 205, 240, 330, 360, 410-411, 
581 

2-[5-(Aroylpyrrolo]alkanoic acids, 679 
Artemisinin, 528 
Aryl(s) 

aryl-aryl coupling, 409, 414 
Danheiser annulation and, 84 
functions of, 64, 86, 133, 252, 255, 270-271, 291-

292, 311, 314, 320, 325, 366,410,434,440, 
600, 633, 635-636, 649, 652, 654, 657, 714 

glycines, 316 
glycosides, 620 
groups, 60, 112, 126, 161, 165,311 
ketones, 612, 675-676, 678 
nitriles, 675 
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Aryl(s) (continued) 
oxides, 38 
quinazolines, 684 

Arynes, 711 
Asbestos, 12-13 
Aspirin, 688 
Assoanine, 363 
Asteriscanolide, 161, 168-169, 173, 474, 549-550 
Asymmetric Diels-Alder reactions, 284-287, 295 
Asymmetric Friedel-Crafts reactions 

acylation variables, 611-615 
acylation mechanism, 610-611 
alkylation variables, 605-610 
description of, 600-601 
experimental, 666-670 
historical perspective, 601-602 
key developments, improvements and utility, 615-

665 
mechanisms, 603-605 

Asymmetric Simmons-Smith reactions 
chiral auxiliaries, 24, 33 
stoichiometric chiral ligands, 24, 34-35 
sub-stoichiometric chiral ligands, 35-37 

Asymmetry transfer, 133-134 
Atropisomers, 317 
Aurantiogliocladin, 359, 362 
Autocatalysis, 35 
Auxiliary, chiral. See Chiral auxiliaries 
Aviation industry, 608 
Aza, 238, 377, 465 
Aza-Robinson annulation, 392-394 
Azadienes, 286-287 
Azetidinone system, 62 
Aziridines, 116 
Azo compounds, 8 
Azodicarboxylate esters, 62 
Azomethine heterocycles, 46 
Azulenes, 73, 81, 443-445, 583 

Bacchopetiolone, 293 
Bacillariolide, 506-507 
Baeyer's voltage theory, 93 
Baeyer-Villiger reaction, 190 
Bardhan-Sengupta phenanthrene synthesis 

description of, 198 
experimental, 207-208 
historical perspective, 199 
mechanism, 200-202 

synthetic utility, 206-207 
variation and improvements, 203-205 

Barium isopropoxide, 295 
Benzaldehyde, 595 
Benzannulation, 360, 371 
Benzazaine, 683 
1,4-Benzediyl, 216 
Benzenes, 104,203, 208, 211, 217, 255, 291, 293, 

311, 342, 404, 412, 424, 426, 437-439, 509, 
512, 530, 535, 539, 556, 567, 591, 593, 610, 
614,617-618,628,679 

1,4-Benzenediyl, 209 
Benzenesulfonic acid, 61, 258 
Benzfurnans, 705 
Benzocoronenes, 417 
Benzocyclobutenedione, 364-365 
Benzodiazepines, 338, 596, 677 
Benzofuran, 362 
Benzoic acid, 646, 710, 712, 714 
Benzophenanthridine, 363 
Benzoporphyrins, 529 
Benzoquinone, 236, 285, 314, 357, 359, 365, 413, 

451,599-561 
Benzothiadiazine, 104-105 
Benzothiazepines, 581 
Benzothiophenes, 259, 597 
Benzoxapines, 53 
Benzoxocinone, 19 
Benzoyl groups, 255 
Benzoylnitrile, 711 
Benzoyloxyacetonitrile, 678 
Benzoylquinine, 65-66 
Benzyl(s) 

alcohol, 208 
chloride, 592 
functions of, 200, 271, 327, 370 
groups, 438 
phenol ketones, 679 

Benzylbenzphenones, 253, 256-257 
Benzylphenyl, 255 
Benzylic acid, 111 
Benzylidene, 652 
1 -Benzyl-5-oxpyrrolidin-2-yl acetate, 668-669 
Benzyloxy group, 138 
2-Benzylpent-4-enoic acid, 267-268, 272-273 
Benzylpiperidine, 401-402 
2-Benzyl-4-(tert-butyldimethylsilyl)-3-ethyl-5-

methylfuran, 91-92 
Benzynes,215, 289 
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Bergman cyclization 
description 209 
experimental, 219-220 
historical perspective 209 
mechanism, 209-211,370 
synthetic utility, 218-219 
variations and improvements, 211-218 

Bergmann cycloaromatization, 374 
Biapenem, 101 
Bicyclic cyclopropanols, 18 
Bicyclo[2,2,2]octane systems, 524-525, 533, 542, 

554 
Bicyclo[3.1.0]Kulinkovich-de Meijere reaction, 21 
Bicyclo[4.1.0]heptan-2-one, 41 
Bifurcarenone, 190 
Bimolecular reactions, 578 
BINAP, 287 
Binding affinity, 339 
BINOL, 625-627, 710 
Biocides, 694 
Biosynthetic pathways, 561 
Biphenyl groups, 373 
Bipyridine, 661 
Biscembranoids, 566 
Bischler-Napieralski isquinoline synthesis, 701, 706 
Bislactim ester ethers, 619 
Bis(oxazoline), 284-285 
Bis(trifluoroacetoxy)-iodobenzene (BTIB), 

293Bisoxazoline (BOX), 630, 634-635, 643, 
648-650, 652-656 

Bisphosphane-l,2-diaryl diyne, 213 
Black reaction mixture, 21 -22 
Blanc chloromethylation reaction 

description of, 590 
experimental, 597-598 
historical perspective, 590-591 
mechanism, 591-592 
synthetic utility, 594-597 
variations and improvements, 592-594 

Bogert-Cook reaction 
cyclization, 201,204 
description of, 222 
experimental, 233-234 
functions of, 199 
historical perspective, 222-224 
mechanism, 224-226 
selectivity, 226-231 
synthetic utility, 231-233 
variations, 231-233 

Bonds 
C-C, 94, 181,380,410-411,683 
C-H, 37, 434-438, 605, 683 
C3-C4, 45 
C-X,25, 27 
electrophilic, 72 
N-0,281 
S-C, 332 

Boron 
fluoride, 288 
trifluoride etherate, 138, 140 
trihalides (BX3), 609 

Boronate groups, 311 
Bradsher cycloaddition 

description of, 236 
experimental, 248-249 
historical perspective, 236 
mechanism, 237-238 
synthetic utility, 239-248 
variations and improvements, 238-239 

Bradsher reaction 
description of, 236, 251 
experimental, 248-249, 264-265 
historical perspective, 236, 251-252 
mechanism, 237-238, 252-257 
synthetic utility, 239-248, 260-264 
variations and improvements, 238-239, 257-260 

Branimycin, 526 
Breast cancer, 260, 262, 553 
BrefeldinA, 168-169, 171 
Brevisamide, 296 
Bromide, effects of, 15, 27. See also Bromination 
Bromination, 89, 191-192, 707 
Bromine, 2, 203, 254 
Bromobenzene, 347,428 
Bromobenzylaldehydes, 645 
3-Bromo-3-methyl-2-butanone, 110 
Bromoform, 32 
Bromoketones, 20, 112 
10-Bromo-2,3,6,7,14,15,18,19-

octakis(ddecyloxy)trinaphtho[l,2,3,4-
fgh:\',2'3',4'-pqr:l',2',3',4'-
za^jtrinaphthylene, 421 

Bromotitanium(IV) triisopropoxide, 19 
Bransted acid, 129, 137,144, 268, 287, 602, 604-

605, 609, 611, 615, 623-626, 630-631, 639, 
646-648 

Bransted cocatalysis, 645 
Buchner-Curtius-Schlotterbeck reaction, 424 
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Buchner reaction 
asymmetric, 441-443 
C-H insertion reaction vs., 434-438 
description of, 424 
experimental, 449 
historical perspective, 424-426 
macrocyclic 438-440 
mechanism, 426-427 
synthetic utility, 443-448 
tandem alkyne insertion, 440-441 
transition metal-catalyzed, 427-434 

Bulky esters, 96 
Butadiene, 10 
1,3-Butadiene, 275 
Butanol, 43, 97 
Butenolide, 634 
Butenones, 366 
Butterfly-type transition, 26 
Butylations, 606 
2-Butyl-4-methoxynaphthalen-1 -yl-acetate, 321 -322 
Butyraldehyde, 645 
Butyrolactones, 510-511, 531, 548 

CalanolideA, 679 
Calicheamicin, 218-219 
Calystegine A7, 535 
Calystegine B2, 534 
Camphor, 625 
Camphorquinone, 183 
Cancer, see specific types of cancers 

cell lines, 536 
therapies, 212, 506, 520, 536, 553 

Caponellene, 478 
Caprolactamate, 440 
Carbacephem, 96-97 
Carbapenem, 95, 101 
Carbasugars, 534, 547. See also Sugars 
Carbazoles, 316 
Carbenes,59, 111, 153,287,311-313,315,317, 

360,432, 438 
Carbenoids, 24-26, 30, 38-40, 427, 430 
2-Carbethoxycyclopentanone, 107 
Carbinols, 251-252,447 
Carbocations, 123-124, 134, 200-202, 602, 604-606, 

683 
Carbocycles, see Five-membered carbocycles; 

Large-ring carbocycles; Six-membered 
carbocycles; Three-membered carbocycle 

characterized, 524-526, 531, 535, 545 

four-member. See Staudinger ketene-imine 
cycloaddition 

ring-closing metathesis, 532, 542, 549, 551-552, 
556-557, 567 

Carbocyclic(s) 
enol ether, 509 
ring-closing metathesis, 548, 554, 561, 566 
sugars, 339 
systems, 514-517, 519, 521 

Carbodiimides, 45 
Carbohydrates, 339, 402, 512-514, 535, 556 
Carbolines, 639, 644, 646 
Carbon, see Carbon bonds 

atom, 72,133-134 
dioxide, 300, 601, 688-690, 692-693 
disulfide, 342 
effects of, 47, 56, 78, 133, 148,155, 157, 181, 

185, 187-188, 193, 199, 205, 239, 255, 369, 
399,430 

monoxide, 147-148, 150, 152, 154, 157, 160, 163, 
171,310,311,432 

Carbon bonds 
carbon-carbon (C-C), 94, 181, 380, 410-411, 683 
carbon-cobalt, 149 
carbon-hydrogen (C-H), 37, 434-438, 605, 683 
arbon-nitrogen (C-N), 9 
carbon-phosphorous, 280 

Carbonates, 16,97,460 
Carbonyl(s) 

characterized, 33, 63, 73, 94,110, 128, 150, 156, 
173-174, 181-182, 186, 292, 326, 331, 351-
352, 389, 594, 615,618, 623-625, 630, 641, 
643, 648, 654, 700, 702 

group, 10, 14,45, 147-148,255 
Carboprostacyclin, 189 
Carboxyazoles, 692 
Carboxy groups, 691 
Carboxyindole, 692 
Carboxylase, 694 
Carboxylates, 79,100,199, 447 
Carboxylation, 688, 692, 694 
Carboxyl group, 710 
Carboxylic acid, 16, 52, 55, 93, 109-111, 272, 345, 

348,351,424,601,656 
Carboxylic groups, 271 
Carboxyls, 51 
Carboxynapthalene, 714 
Carcinogenic agents, 334 
Carcinogenicity, 252, 260-262, 592 
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Carcinogens, 257, 261, 682 
Carissone, 516 
Carvone, 90-91 
Carvonecamphor, 451, 453 
Cascade reactions, 140, 293-295, 297 
Cassaine, 302 
Catalysis, 36, 59, 62, 72, 135, 329, 381, 626 
Catalyst selectivity, 611 
Cation(s) 

allylic, 136 
cyclopentenylic, 122-123 
exchange process, 609 
Nazarov cyclization, 129-132 
pentadienyl, 122-125, 143 
silylvinyl, 72-74, 76 
tropylium, 81-82 
vinyl, 76-77 

Cdc25B, 528 
Cedrene, 168-169, 174 
Cephalotaxine, 143 
Cesium carbonate, 690 
Chalcogenides, 605 
Charette auxiliary, 42-43 
Chelation, 34, 96, 119, 128, 213, 312, 347 
Chemically induced dynamic nuclear polarization 

(CIDNP), 211 
Chemoselectivity, 16, 25, 40, 567 
Chiral auxiliaries 

asymmetric Simmons-Smith reactions, 24, 33 
dioxaborolane, 25 
Dötz benzannulation, 318 
Evans-Sjogren, 57 
Friedel-Crafts alkylation, 619 
Kulinovich cyclopropanol synthesis, 18 
Nazarov cyclization, 133-134 
Pauson-Khand reaction, 157-158 
ring-closing metathesis strategy, 511, 520, 541 
Robinson annulation, 398 
Staudinger reaction, 57-58 

Chirality transfer, 134 
Chiral ligands, bifunctional, 34 
Chloranil, 203 
Chloride(s) 

acid, 16, 50, 58, 61, 84 
anion capture, 140 
effects of, 27, 618 

Chlorination, 3, 592 
Chlorine, 254, 352 
Chloroacetonitrile, 581, 681 

Chloroaldehyde, 287 
Chloroaniline, 681 
3-Chlorobenzoic acid, 715 
4-Chlorobutanoyl chloride, 666 
1 -(4-Chlorobutyl)-4-methylbenzene, 666 
Chloro groups, 329 
Chloromethylation, 590. See also Blanc 

chloromethylation reaction 
3-(Chloromethyl)benzo[b]thiophene, 598 
Chloromethyl groups, 597 
Chloromethylzine chloride, 27 
Chlorotitanium triisopropoxide, 22 
Chlorotitanium(IV) triisopropoxide, 15-16 
Chlorovinylsulfoxide, 585 
Cholesterol, 399, 404 
Choline acetyltransferase, 518 
Chromanol, 358 
Chromatography studies, see specific types of 

chromatography 
Chromium 

carbenes, 312-313, 315,317 
functions of, 157, 296, 309-311, 360-361, 438 

Chrysene, 351,615 
Cinchona alkaloids, 665 
Cinchonidine, 263, 630-631, 667-668 
Cinchonine, 630 
Cinnamaldehydes, 703 
Cinnamic acid, 451 
Cinnamoyl, 563 
Cinnoline, 710 
c/.j-l,2-Dialkylated cyclopropanol, 15 
cis-l,5-Dimethylbicyclo[3.3.0]octane-3,7-dione, 

194 
cw-23-Bis(hydroxymethyl)-12,3,4-

tetrahydrnaphthalene, 219 
cis-2,3-Dimethyl-l,4,4a,10a-tetrahydrophenanthren-

9,10-dione, 304 
cis-A-exo—Isopropenyl-1,9-dimethyl-8-

(trimethylsilyl)bicyclo[4.3.0]non-8-en-2-one, 
91 

cisjrans-1,3,4,5,6,7,8,8a-octahydroazulen-1 -one, 
145 

m-Tricyclo[6.3.0.0]undec-l(8)-en-2-one, 144 
Citronellal, 567 
Civetone, 566-567 
Claisen condensation, 93-94, 474 
Claisen rearrangement, 465, 542 
Claisen/ring-closing metathesis, 510 
Clavilactone B, 558 
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Clavirolide C, 561-562 
Clavizeine, 247 
Clavukerin, 89-90 
Cleavage, 9, 31, 33, 55, 61-62, 105, 154, 218-219, 

285, 362, 383, 461, 477-478, 613, 617, 647 
Cobalt 

-alkyne complex, 159 
-carbon bond, 150, 159 
Pausen-Khand reaction, 148-152, 155, 159-160, 

162, 165, 168, 170, 174 
Cocatalysis, 605, 645-646 
Coenzyme Q, 362 
Column chromatography, 22-23, 66, 92, 220 
Compactin, 526 
Complexation, 438 
Compound 14, 120 
Compound 28, 708 
Compound 30, 708-709 
Condensation 

characterized, 4 
de Mayo reaction, 474 
Dötz benzannulation, 313 
Friedel-Crafts reactions, 641, 647 
ontramolecular, 579 
Robinson annulation, 386 
Weiss-Cook reaction, 187 

Confertin, 445 
Conrotation, 133-135 
Conrotary closure, 8 
Conversion rate, signifcance of, 2-3 
Cope 

process, 188 
rearrangement, 191 

Copper, 88, 130, 135, 187, 280, 284, 428, 433, 629, 
635, 652-654, 661 

Corannulene, 350 
Cornextins, 556-557 
Counterclockwise rotation, 134 
Coupling 

intramolecular, 18 
reductive, 17 

Cracking, 600, 608-609 
Cresol, 347 
Cribrostatin, 63-64 
Cross-coupling, 292 
Crossover, stereochemical, 7 
Crystallization, 394, 402 
CucuminE, 105, 552 
Cumulene, 375-376, 382 

Cuparene, 516 
Cuprate, 187 
Cupric oxide, 37 
Curacin A, 31 
Cyanide, 246, 680, 711 
Cyano groups, 311 
Cyanohydrins, 190-191 
Cyanomethyllithium, 585 
Cyanopyridine, 679 
Cyclization, see specific types of reactions 

cascade reaction, 206 
double reaction, 206 
intramolecular, 9, 148 
spontaneous, 64, 219 

1,3-Cycloaddition, 9 
Cycloadditions 

Bradsher, 236-248 
formal, 140 
impact of, 157 
rate of, 237 
step-wise, 72 

Cycloaromatization, 215, 360, 374-375, 377 
Cyclobutane, 76 
Cyclobutanone, 45, 114-115 
Cyclobutenediones, 366, 378-379 
Cyclobutenes, 47, 378-379 
Cyclobutenones, 310-312, 359-360, 362-364 
Cycloctanoid, 550 
Cyclodehydration, 238, 252, 257-258, 263, 328-329, 

399 
Cyclodehydrogenation, 418-419 
Cycloheptadiene, 89 
Cycloheptane, 156 
Cycloheptenone, 89-90 
Cyclohexadiene, 109, 211, 216, 369 
Cyclohexane, 275, 277-278, 295 
Cyclohexanone, 78, 392 
Cyclohexene, 24, 32, 203, 282 
Cyclohexyamine, 155 
Cyclohexylaldehyde, 83 
Cycloisomerization, 267 
Cyclooctene, 283, 551, 553 
Cyclooctonoids, 544-547 
Cyclopentadiene, 451 
Cyclopentanes, 73 
Cyclopentanones, 98, 126, 137, 141-142, 310-311 
Cyclopentene synthesis, 79-82 
Cyclopentenol, 103 
Cyclopentenone, 77, 105, 122, 129, 134, 139, 148, 
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150, 153-155, 157-159, 161, 182-183 
Cyclopentylmagneium chloride, 22 
Cyclophanes, 59, 316 
Cyclopropanation reactions, 14, 17,425-432,437, 

440-441. See also Kishner cyclopropane 
synthesis; Kulinovich cyclopronation 
synthesis; Simmons-Smith cyclopropanation 

Cyclopropane 
characterized, 2-4, 681 
formation, 112 
olefins compared with, 10 
synthesis, 25 

Cyclopropanol, 14-21, 540 
Cyclopropene, 164 
Cyclopropylamine, 21 
Cyclopropylcarbinyl cation rearrangement, 142 
3-Cyclopropyl-5-phenyl-2-pyrazoline, 12-13 
Cycloproteins, 7-8 
Cytochrome P-450, 682 
Cytotoxicity, 219, 551 

Danheiser annulation 
aromatic, 72 
description of, 72-73 
historical perspective, 73-75 
mechanisms of, 75-78 
synthetic utility, 78-89 
total synthesis of natural products, 89-92 

Darzens synthesis, of tetralin derivatives 
description, 267 
experimental, 272-274 
historical perspective, 267 
mechanism, 267-268 
synthetic utility, 271-272 
variations and improvements, 268-270 

Daucene, 459 
DCM, 655-657 
Deacetylation, 442 
Dealkylation, 606-608 
Dean-Stark trap, 259-260 
Deazetation, 8 
Debenzoyltashironin, 302 
Debromination, 192 
Decaline, 380 
Decalin system, 295-298, 400-401, 527 
Decarbonylation, 293 
Decarboxylation, 93, 97, 104-105, 181, 183, 185, 

187, 192-194, 267, 269, 272, 578, 582-583 

Decomplexation, 215, 361 
Decomposition, 7-8, 10, 187, 430, 441, 447, 551, 

712 
Dehydration, 99-100, 182, 192-194, 251, 387, 394, 

701-702 
Dehydration-acylation, 639 
Dehydroaromatics, 370 
Dehydro-Diels-Alder reactions, 293 
Dehydrogenation, 198, 200, 203-204, 207, 271, 327, 

337, 348-352, 444 
de Mayo reaction 

a-diketones, 455-475 
description of, 451 
experimental, 486 
historical perspective, 451-454 
mechanisms, 454 
regioselectivity, 454-455 
synthetic utility, 475-486 

Demetalation, 360 
Demethylation, 301 
Dendralene, 292 
Denitration, 290 
Denmark's modification, 27 
Density functional therapy (DFT), 155, 238, 358, 

371,374,377,633 
Deoxyfrenolicin 365 
Deoxygenation, 186 
Deoxystreptamine, 513-514 
Deoxysymbioimine, 299 
Deprotection, 31, 106, 186, 189, 301, 366, 534, 561, 

635 
Deprotonation, 40, 96, 111,117, 136, 173, 268, 387, 

411 
Desilyation, 75-77, 81, 86, 289, 447 
Desoxygaliellalactone, 299 
Deuterium, 208, 211, 214-215, 325, 377, 652 
Diabetes, 547 
Dialkoxytitanacyclopropanes, 14 
Dialkyl 

amides, 698 
amines, 702 
aminopyridine, 59 
functions of, 601 
nylarenes 212 
zinc, 26 

Diaminocyclohexane, 60 
Diarylalkane, 251 
Diarylmethane, 238, 259 
Diastereoisomers, 31 
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Diastereomeric analysis, 135 
Diastereoselectivity 

Buchner reaction, 436, 442 
de Mayo reaction, 462 
Favorskii rearrangement, 118 
Kulinovich cyclopropanol synthesis, 15-16 
Nazarov cyclization, 137, 140 
Pauson-Khand reaction, 157-158, 167, 170, 172 
ring-closing metathesis, 533 
Simmons-Smith cyclopropanation, 29, 32-33, 35, 

38 
Staudinger reaction, 53-56 

Diazoacetamide, 437 
Diazoalkane, 9, 38-40 
Diazocarbonyl, 51-52 
Diazo compounds, 25, 65 
Diazoketones, 187,428-429,440 
Diazomethane, 26, 192 
Diazopropane, 9 
Diazotization, 600, 602 
Dibenzanthracene, 330 
Dibenzylideneacetone, 122 
Diborane, 193 
Dibromides, 4-5 
Dibromoaniline, 681 
Dibromo esters, 104 
l,3-Dibromo-2,2-dimethyl propane, 5 
Dicarbonyls, 454 
Dicarboxylation, 691 
Dication, 199 
Dichlorobenzene, 300 
1,4-Dichlorobenzene, 208 
Dichlorocyclopropylmethanol, 142 
2,3-Dichloro-5,6-dicyano-1,4-benzoquinone (DDQ), 

203,352,413,529 
Dichloromethane, 24, 30, 174, 247 
Dichloropropane, 2-3 
Dicobalthexacarbonyl, 147 
Didehydroprenylindole, 133 
Dieckmann condensation 

description of, 93 
experimental, 107 
historical perspective, 93 
mechanisms of, 93-97, 597 
standard method, variations, and improvements, 

97-101 
synthetic utility, 101-107 

Diels-Alder adduct, 112 
Diels-Alder cycloaddition/ring-closing metathesis, 

525 
Diels-Alder reaction 

description of, 275 
experimental, 303-304 
historical perspective, 275-276 
mechanism 164, 181, 236-237, 239, 276-279, 448 
ring-closing metathesis (RCM), 527 
synthetic utility, 288-303 
transannular, 563 
variations and improvements, 279-288 

Dienediyne, 377 
Dienes 

Darzen's synthesis of tetralin derivatives, 270, 
Diels-Alder reaction, 275-276, 278-279, 282-283, 

288, 291-294, 296 
ring-closing metathesis (RCM), 459, 507, 512, 

520, 524, 529, 532-533 535, 541-542, 544, 
550, 556, 564 

Vilsmeier-Haack reaction, 703 
Dienones, 140, 360 
Dienophiles, 236-237, 275, 277-281, 284, 288-290, 

293, 295 
Diens, 236 
Dienyl dihydropyrans, 521 
Dienynes, 123,217,293 
Diepoxin, 345 
Diethyl ether, 9 
Diethyl 6-fluoro-4-vinyl-3,4-dihydronaphthalene-

2,2(l#)-dicarboxylate, 273-274 
Diethyl 1,2,3,4-tetrahydro-4-methyl-4-

phenylnapthalene-2,2-dicarboxylate, 273 
Diethylzinc, 24, 32, 41-42 
Diflunisal, 688, 694 
2,2-Difluoro-3-hydroxy-7,7-dimethyl-cyclooct-4-

enone, 570 
Dihalo compounds, 2 
Dihaloalkanes, 37, 609 
Dihalocarbenes, 25 
Dihaloketones, 117 
Dihydranthorol, 325, 327 
Dihydroanthracene, 348 
Dihydroanthranol, 330 
2,3-Dihydroazulen-l(4H)-one, 449 
Dihydrobenzoxazone, 95 
Dihydro-epi-dexyarteannuin B, 527 
Dihydrofurans 

formation, 87-89 
functions of, 73 
synthesis, 83-85 
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Dihydronaphthalene, 86, 242 
Dihydrophenanthridinediols, 363 
Dihydropropyranones, 287 
Dihydropyrans, 287, 294 
Dihydropyrazinones, 53 
Dihydropyrrole synthesis, 73, 85-86, 88 
Dihydroxylation, 512 
Diimide, 285 
Diiodomethane, 24-26, 37 
Diisobutylaluminum hydride (DIBAL), 469 
Diisopropylethylamine, 59 
Diketo, 386 
Diketones, 246, 387, 452, 455-468, 477 
Dimerization, 51, 60, 192, 293, 565, 578, 692 
Dimers, 133 
5,8-Dimethoxy-3,4-dihydro-2H-naphthalen-l-one, 

353 
Dimethoxyindole, 680 
5,6-Dimethoxy-2-methyl-2,3-dihydro- l//-inden-1 -

one, 666-667 
10-Dimethoxymethyl-3,4,4a,5,10,1 Oa-hexahydro-

2//-benzo[g]chromen-5-yl)-(2,4-dinitro-
phenyl)-amine, 248-249 

4-(2 ' 5 ' -Dimethoxyphenyl) 
butyric acid, 353 
-4-oxobutyric acid, 353 

2,4-Dimefhoxy-6,7,8,9-
tetrahydrobenzo[g]quinazolin-6-ol, 219-220 

2,3-Dimethoxy-4-(3-trimethylsilyl-1 -propynyl)-4-
trimethylsiloxycyclobut-2-en-1 -one, 
366-367 

2,3-Dimethoxy-5-trimethylsilyl-6((trimefhylsilyl)-
methyl)-l,4-benzoqui-none 366-367 

Dimethylaminoanisole, 656 
Dimethylation, 187 
Dimethylcyclopropane, 5, 8 
2,2-Dimethylmethylenecyclopropane, 11 
1,2-Dimethyl-3-ethylcyclopropane, 5 
Dimethyl groups, 173, 663 
2,2-Dimethylisopropylidenecyclopropane, 11 
Dimethylphenanthrene, 337 
Dimethylpyrazolines, 8 
Dimethylsulfoxide, 155 
Dimethyl tetrahydronaphthalene, 268 
1,1-Dimethyl tetralin, 234 
Dinitrile, 578, 584 
Dinitrobenzoyl, 614 
Dinitrophenyl, 240 
Diolefin, 562 

Diols, 5, 54, 61,261,442 
Dioxaborolane 

auxiliaries, 25 
functions of, 42 

Dioxane, 133,690 
Dioxinone, 470 
Dioxins, 531 
Dioxolenones, 469-471 
l,6-Dioxo-8a-methyl-1,23,4,6,7,8,8a-

octahydronaphthalene, 406-407 
Dipeptides, 35 
Diphenylmethane, 208 
Dipoles, 302 
1,2-Dipropynylcyclopentene, 212 
Diradicals, 7, 9, 214,219, 360-362, 369, 371-373, 

375-376, 378, 380, 383 
Directing group, Robinson annulation, 399-400 
Dissociation energy, 605 
Dissociative mechanisms, 109 
Distillation, 5-6, 9, 12-13,43 
Disulfonamides, 35 
Diterpenes, 562 
Diterpenoids, 538 
Di-thiol ester, Dieckmann condensation, 97-98 
Diversifolin, 559-560 
Divinyl 

dichloride, 142 
ketones, 123, 126-127, 129 

3,5-Divinyl-l-pyrazoline, 9 
Dixoaborolane, 34 
Diyne, 18,375 
DNA 

cleavage, 219, 378,382-383 
functions of, 218 
supercoiled, 362, 383 

Doazoalkanes, 425 
Dolabellane family, 562 
Domino-Knoevenagel-hetero-Diel-Alder reaction, 

294 
Dopamine agonists, 346 
Dötz benzannulation reaction (DBR) 

description, 309 
experimental, 321-322 
historical perspective, 309-310 
mechanism, 310-311 
synthetic utility, 315-321 
variations and improvements, 311-315 

Dragmacidin, 681 
Drug development process, 513 
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Dynemicin, 219 
Dysinosin A, 525-526 

Eight-membered rings, ring-closing metathesis 
strategy, 544-555 

Elatol,521 
Elbs reaction 

description, 324 
experimental, 324 
historical perspective, 324-325 
mechanism 238, 325-327 
synthetic utility, 334 
variations and improvements, 328-334 

Electrocyclization, 112, 125, 130, 136, 140-143, 310 
Electron donating groups, 277 
Electron-donating group (EDG), 47-48, 125, 128, 

130, 160, 199, 202, 277, 621, 635-637, 641, 
657, 679-680, 706 

Electron-releasing groups, 606 
Electron-withdrawing group (EWG), 47-48, 129-

130, 160, 162, 173, 202, 269, 279, 596, 612, 
618, 621, 625, 636-637, 641-642, 657 

Electrophiles 
asymmetric Friedel-Crafts reactions, 601 
Blanc chloromethylation reaction, 591, 593 
electrophilic alkylation, 409, 590-591, 675 
electrophilic aromatic substitution (EAS), 198, 

602, 604 
electrophilic attack, 252 
electrophilic coupling, 677 
electrophilicity, 27, 37, 678 

Eleutherobin, 559 
Eleuthesides, 558 
Elimination, 14, 329-332, 600 
Ellacene, 193 
Eluetherins, 319 
Enamide, 637, 668 
Enamines, 35, 52-53, 401, 579, 582 
Enantiocontrol, Friedel-Crafts reactions, 649, 657-

658, 660 
Enantiodifferentiation, 631 
Enantiomers, 34, 617, 622-623, 652 
Enantiopure, 157 
Enantioselectivity 

Bradsher cycloaddition reaction, 244 
Büchner reaction, 442 
Danheiser annulation, 88 
Diels-Alder reaction, 275, 287, 292, 298 
Friedel-Crafts alkylation, 623, 625,630, 635-637, 

639, 641, 644, 651-653, 655-657, 659, 661, 
665 

Kulinovich cyclopropanol synthesis, 15-16, 18 
Nazarov cyclization, 135-137 
Pauson-Khand reaction, 157 
ring-closing metathesis, 513, 520, 546, 555 
Robinson annulation, 398 
Simmons-Smith cyclopropanation, 32, 35, 38 
Staudinger reaction, 52-61 
Thorpe-Ziegler cyclization, 585 

Enantiospecificity, 363 
Endocyclic reactions, 167 
Endo:exo- selectivity, 32 
Endothelin receptor antagonists, 568 
Enedione, 586 
Enediynes, 209, 211-213, 216, 218-219, 360, 374 
Energy barriers, 562. See also Activation energy 
Enol(s) 

esters, 455-460, 472-473 
ethers, 24, 35, 158,290,311 
functions of, 111, 133, 141, 182,1 87, 192-193, 

238,244,451 
-olefin reactions, 452 

Enolates, 47, 52, 94-95, 111-112, 117, 136, 140, 
185,264,285 

Enolization, 27, 52 
Enones, 20, 164, 186, 205, 280, 339-340, 431, 506 
Entropy, 154 
Enynes 

allenes, 371-374, 378, 380-381, 383 
functions of, 157 
ketenes, 356-358, 360 

Enynol acetate, 142 
Enzyme inhibitors, 543 
Epilycopodine, 451, 475-476 
Epimerization, 141, 174 
Epimers, 459 
Epoxides, 111,118, 262, 558, 600,602, 622-623 
Epoxydictymene, 168-169, 171-172 
Ergosterol, 281 
Ervitsine, 543 
(E)-6-( 1 //-indl-3-yl)-1 -( 1 -methyl-1 //-imidazol-2-

yl)hex-2-en-l-one, 669-670 
Esterification, 185, 351 
Esters 

five-membered carbocycles, 75, 79, 93-97, 109-
110, 129, 131, 153, 161, 163, 167, 184-185 

four-membered carbocycles, 52, 55, 62-63 
large-ring carbocycles, 460-463 
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three-membered carbocycles, 14, 16-17, 19,21, 
29 

six-membered carbocycles, 240, 269, 287, 311, 
314-315 

in transformation of carbocycles, 596, 602, 619, 
628, 636, 656-657, 694 

Estradiol, 262 
Ethane gas, 14 
Ethanol, 3-5, 12,46,97,714 
Ethers 

five-membered carbocycles, 64, 153, 155, 158, 
165-166, 172 

six-membered carbocyles, 238, 242,294, 311, 
403 

three-membered carbocycles, 16, 22, 24, 27, 29, 
33,41 

in transformation of carbocycles, 600, 602, 617, 
619, 625 

Ethoxide, 581 
Ethoxyethanol, 715 
Ethyl acetate, 17, 22-23 
Ethylation, 603 
Ethylbenzene, 138 
Ethylenes, 27, 117,536,715 
Ethylformate, 399 
l-(2-Ethynylphenyl)hept-2-yn-l-yl pivalate, 384 
Ethyl vinyl 

ester, 287 
ether, 242 
ketones, 393 

Eudaline, 271 
Eudesmol, 271 
Eunicellins, 299 
Europium, 281, 296 
Evaporator, rotary, 22-23 
Exothermic reactions, 12, 41 
Extracts, 22, 42, 145 

Factor Vila, 525 
Favorskii rearrangement 

description of, 109 
experimental, 119-120 
historical perspective, 109-111 
mechanisms of, 111-114 
synthetic utility, 116-119 
variations, improvements and modifications, 114-

116 
Fermentation, 425 

Ferrier cyclization, 339 
Ferrocenyl group, 358 
Ferruginol, 206 
Fischer carbenes, 313, 361 
Five-membered carbocycles 

Danheiser annulation, 72-92 
Dieckmann condensation, 93-107 
Favorskii rearrangement, 109-120 
Nazarov cyclization, 122-145 
Pauson-Khand reaction, 147-176 
Weiss-Cook reaction, 181-195 

Five-membered rings, ring-closing metathesis 
strategy, 494-509 

Flash chromatography, 151 
Flavonoid, 678 
Fleming-Tamao oxidation, 288 
Fluoral, 625 
Fluoride, 90, 106,474,618 
Fluorine, 261-262, 264 
Fluoroanthracenylmethyl cinchonidine, 263 
Fluorobenzene, 413 
Fluoroketone, 330 
lO-Fluoro-3-methylcholanthrene, 334 
Fluostatin C, 296 
Flustramine B, 665 
Food contamination, 682. See also Herbicides; 

Pesticides 
Formal [3 + 3] Danheiser annulation, 86-87 
Formaldehyde, 294, 590, 595-596 
Formamidate, 46 
Formanilide, 698 
Formyl groups, 399-400, 614 
Formylation 

-cyclization sequences, 704, 706-707 
functions of, 259, 705, 707 

Forosamin, 294 
Four-membered carbocycles. See Staudinger ketene 

cycloaddition 
FR-01483, 522 
FR-900848, 32 
Fractionation, 13 
Fragmentation 

Beckmann, 507 
Buchner reaction, 431 
de Mayo reaction, 456-459, 464, 466, 470, 474, 

476 
/-eiro-Mannich, 464 
ring-closing metathesis, 557 

Free radicals, 2, 370, 647 
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Freund reaction 
description of, 2 
experimental, 5-6 
historical perspective, 2 
mechanisms of, 2 
variations and improvements, 3 
synthetic utility, 3-5 

Friedel Crafts acylation 
alkylation vs., 611-612 
effect of, 206, 342-346, 348-349, 351, 675, 701 

Friedel-Crafts alkylation, 89, 267, 593 
Friedel-Crafts reactions, 84, 238, 409-410, 413, 590. 

See also Asymmetric Friedel-Crafts 
reactions 

Fries rearrangement, 468 
Frondsins, 539 
Frontier molecular orbital (FMO), 237-238, 277 
Fujimoto-Belleau reaction 

description, 336 
experimental, 340 
historical perspective, 336-337 
mechanism, 337-338 
synthetic utility, 339-340 
variations, improvements, and modifications, 

338-339 
Fumagillin, 520 
Functional groups, 24, 27, 29, 31, 62, 153, 157, 160, 

534, 590, 606, 608, 612, 703 
Furans 

characterized, 73, 112, 241, 271, 311, 595-596, 
629, 634, 705 

Danheiser annulation, 89 
synthesis, 83-85 

Furanocourmarins, 316 
Furukawa 

modification, 24, 26,41-43 
reagent, 30 

Furyl, 183 
Fusicoccane synthesis, 170 

Galactopyranosides, 546 
Galactose, 513 
Gas chromatography (GC), 10, 43 
Gas-phase pyrolysis, 210 
Geraniol, 40 
Gibberellin, 448 
Glucose, 513 
Glyceraldehyde, 53, 57 
Glycerols, 557 

Glycines, 252, 263-264, 316 
Glycols, trimethyl, 2, 4 
Glycosidase, 512 
Glycosides, 281 
Glyoxal, 193, 627 
Glyoxylates, 628 
Gold, 381-382 
Gossypol, 693 
Green chemistry principles, 160 
Grignard reagents, 14-16, 18-19, 246, 336-337, 

340 
Ground state molecules, 29 
Guanacastepene, 118 
Guanine, 19 
Gymnodimine, 523 
Gymnomitrol, 188 

Hainanolidol, 445-448 
Hajos-Wiechert reaction, 394-396 
Halenaquinone, 299 
Halicholactone, 30-31 
Halides, 51, 73, 110, 112-114, 600, 618 
Halocarbenes, 403 
Halogenation, 203 
Halogens, 254, 609 
Halohydrins, 522 
Haloketimines, 109 
Haloketones, 109 
Halomethlzinc reagent, 34 
Hamicane, 641 
Hamigeran, 347 
Hammett linear free energy, 238 
Harringtonolide, 445-448 
Hass cyclopropane process, 3-4 
Hasubanonine, 528 
Haworth reaction 

description, 342 
experimental, 352-353 
historical perspective, 342-343 
mechanism, 343 
synthetic utility, 344-352 
variations and improvements, 343-344 

Haworth syntheses 
phenanthrene, 342, 349-352 
tetralone, 344-349 

Haworth-type reaction, 611 
Heavy metals, 203 
Heliannuols, 19 
Hemiketalization, 561 
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Hepatitis C virus, 105 
Herbicides, 536 
Herpes virus, 347 
Heteroarenes, 632 
Heteroaromatics, 590, 594, 600, 699, 704 
Heteroatoms, 133, 213-214, 279-280, 635 
Heterocycles, 45, 321, 333, 692 
Hetero Diels-Alder reaction, 280-281 
Heterodienes, 280 
Heterodienophiles, 280 
Hexacyclotetradecane, 117 
10(9//)-1,2,3,4,41,1 Oaa-hexahydro-1 a, 4aa-

dimethylphenanthrone, 207-208 
2,3,3a,5,6,8a-Hexahydro-1//,4//-7-oxa-

cyclopenta[a]inden-8-one, 145 
Hexa-pen'-hexabenzocoronenes (HBCs), 414-418 
Hexo-saminidase, 513 
Highest occupied molecular orbital (HOMO), 237, 

276, 279, 664 
High-performance liquid chromatography (HPLC), 

164 
Himachalene, 476 
Himandrine, 298 
Himgaline, 298 
Hirsutene, 158, 168-169,480-481 
HIV 

characterized, 567 
drugs, 174 
integrase inhibitors, 694 
treatments, 174,679 

Homoallyl alcohol, 531 
Homofascaplysin C, 707 
Homologating/homologation, 183, 623 
Homo-Robinson annulation, 403 
Hopf cyclization, 217 
Houben-Hoesch reaction 

description of, 675 
experimental, 684-685 
historical perspective, 675-676 
mechanism, 676-677 
synthetic utility, 675, 677-684 
variations and improvements, 677 

Hunigs base, 658 
Hybridization, 219 
Hydrazides, 283 
Hydrazines, 11-13, 55 
Hydrazones, 55 
Hydrides, 140, 604, 702 
Hydrobromic acids, hydrobromic, 2, 4 

Hydrocarbons, 2 ,4-6, 147, 209, 246, 252, 593-594, 
608 

Hydrochloric acid, 590 
Hydrochloride, 51 
Hydrogen 

atom, 378, 383 
bonds/bonding, 452, 637, 642, 646 
bromide, 5, 269 
donor, 209 
fluoride, 258, 268, 272-273 
functions of, 37, 127, 149, 170-171, 219, 254, 

327, 380, 600, 627 
sulfide, 702 
transfer, 203 

Hydrogenation, 187, 203, 349, 442, 658 
Hydrogenolysis, 28, 534, 565 
Hydrolysis, 51, 102, 123, 129, 142, 185-186, 190, 

192-194, 240, 251, 269, 290-291, 424, 442, 
476, 582-583, 676, 702, 714 

Hydrophobie effects, 154 
Hydroquinones, 359, 363 
Hydrostannylation, 135 
Hydroxides, 97 
Hydroxy 

acids, 53, 688 
alkylation, 631 
benzoic acid, 694 
carbonyl, 656 
coumarins, 649 
enone, 655 
esters, 199,628-629 
groups, 201, 405 
methylene group, 399 
quinones, 366 

3-Hydroxy-l,2-benzflurenone, 413 
4-Hydroxyindole, 668 
Hydroxyl(s) 

acids, 688 
amine, 702 
groups, 29, 31,262, 692, 701 
functions of, 203, 655, 691 
lactams, 643 
methylene group, 399 

Hydroxylation, 624 
Hydroxymethylglutaryl coenzyme A (HMG-CoA) 

reductase, 352, 526 
11-Hydroxy-O-methylsterigmatocystin, 682 
8-Hydroxy-7-quinaldic acid, 695 
8-Hydroxyquinaldine, 694 
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3-Hydroxy-4,6-substituted-3,3a,4,5,8,9,9a,9b-
octahydro-1 //-cyclopenta[a]naphthalen-
7(2H)-one, 340 

Hydrozirconation, 16 
Hyperconjugation effect, 254 

Illudin C, 707 
Imidates, 115 
Imidazole, 661 
Imides, 16,467 
Imines, 45-48, 50-52, 56-60, 115-116, 464, 579, 

615,623,626,631-648 
Iminium, 47, 238, 282, 460, 664, 699-700 
4-Imino ß-lactam, 45 
Iminoesters, 88 
4'-Imino-10-oxospiro[anthracene-9,l'-

cyclohexane]-3-carbonitrile, 587 
Incarvilline, 168-169 
Indazolonone, 712 
Indenes,310,312, 372 
Indium, 59 
Indoles 

in large-ring carbocycles, 555 
six-membered carbocycles, 246, 311,316-317 
three-membered carbocycles, 21 
in transformation of carbocycles, 615, 621, 623, 

625-632, 637, 639-642, 649, 651, 653-656, 
660, 662-663, 665, 668-669, 680-681, 692, 
705 

Indoline, 360 
Indolylcyclopropylamine, 21 
Indones, 663 
Infection, treatment of, 45 
Inflammatory diseases, 539 
Ingenol, 452, 485-486, 557 
Inside-outside ring system, 557-558 
Intramolecular Diels-Alder reactions, 287-288, 299-

302 
Inverse electron demand Diels-Alder reaction, 281-

283, 294, 302 
Inversion, single, 8 
Invertoyuehchukene, 133 
Iodides, 2-3, 314, 448 
lodine, 18 
Iodobenzene, 292 
Iodolactonization, 448 
Iodomethyl zinc 

iodide, 25 
trifluoroacetate, 38 

Ionization, 142 
Iridium, 157 
Iron, 137-139, 157,215 
Irradiation 

impact of, 212, 455, 457, 459,462-463, 465-466, 
469, 474, 477, 546 

microwave, 314 
ultraviolet, 312 

Isoborneol, 158 
Isobutene, 173 
Isocaryophyllene, 453 
Isoclavukerin, 89-90 
Isocomene, 185 
Isodityrosines, 316 
Isomerization, 49, 88, 90, 129, 131, 186, 460, 554, 

560, 600, 608-609, 637 
Isomers, 40, 42, 76, 109, 122, 126, 174, 204-205, 

288, 317, 325, 357, 400,402,435,438,440, 
456, 550, 560, 564, 567, 569, 606, 619, 622, 
663,680 

Isoprene, 277 
Isopropyl 

functions of, 271 
idenecyclopropane, 11 
trimethylacetate, 110 

Isoquinolinones, 436 
Isoquinolone, 701 
Isothiochroman-4-one, 375 
Isotopes, 111, 376 
Isotubaic acid, 693 
Isoxazoles, 73, 86, 89, 653 
Isoxoazoline, 652 

Jahn-Teller distortion, 630 
Japanese hop ether, 168-169, 174 
Juglomycin A, 318-319 

Kainicacid, 168-169, 172 
KanamycinB, 513 
K-channel blocker, 665 
Kelosene, 115 
Kempane, 540-541,563 
Kendomycin, 320, 568-569 
Kerr's syntheses, 174 
Ketenes, 42-52, 55-60, 111, 311, 601 
Ketimine, 253 
Keto acid, 342, 348 
Ketoaldehydes, 703 
Ketocarbenoid, 434 
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Ketoesters, 101-104, 131, 468-475, 648-650 
Ketols, 123, 387, 396-397, 656, 661 
Ketones 

five-membered carbocycles, 72-77, 79, 88-90, 
109-111, 114, 118, 122-124, 126-127, 129, 
132-134, 141, 153, 162-164, 172, 186, 189, 
191 

four-membered carbocycles, 63 
large-ring carbocycles, 430, 447, 455, 461, 578, 

582 
six-membered carbocycles, 238, 249,253,255, 

257, 284, 289, 292, 311, 325, 327-328, 331-
332,338,381-382,388,399 

three-membered carbocycles, 7, 10, 12, 20, 27 
in transformations of carbocycles, 600, 602, 614, 

623, 626, 630, 656, 665, 679, 704 
Ketonitrile, 578 
Keto-substrate cyclization, 203 
Kinabalurine, 164 
Kinetics, 9 
Kishner cyclopropane solution 

description of, 7 
experimental, 12-13 
historical perspective, 7 
mechanisms, 7-9 
synthetic utility, 10-12 
variations and improvements, 9-10 

Kobayashi system, 36 
Kolbe-Schmitt reaction 

description of, 688 
experimental, 695-696 
historical perspective, 688 
mechanism, 689-690 
synthetic utility, 691-694 

variations and improvements, 690 
Kugelrohr distillation, 43 
Kulinkovich cyclolpropanation. See Kulinkovich 

cyclopropanol synthesis 
Kulinkovich cyclopropanol synthesis 

description, 14 
experimental, 21 -23 
historical perspective, 14 
intermolecular reaction, 22 
mechanism, 14-15 
synthetic utility, 16-21 
variations and improvements, 15-16 

Kulinkovich-de-Meijere reaction, 16 
Kulinkovich reaction. See Kulinkovich 

cyclopropanol synthesis 

Labeling 
deuterium, 214-215 
isotopie, 689 

Lactams, 46-51, 53, 55-56, 58-64, 96,436, 523, 
533, 541, 641-644 

Lactic acid, 57 
Lactol, 190 
Lactones, 45, 172, 268-269, 340, 456, 469, 508, 

510-511, 531-532, 536-537, 548-549, 558, 
565,616-617 

Lactonization, 469 
Large-membered rings, ring-closing metathesis 

strategy, 555-569 
Large-ring carbocycles 

Büchner reaction, 424-449 
de Mayo reaction, 451-486 
ring-closing metathesis (RCM), 489-570 
Thorpe-Ziegler reaction, 578-587 

Lawsone, 366 
Lepadiformine, 522 
Leukemia, 506 
Lewis acids, 16,36,72,99, 116, 122-123, 128, 137, 

141, 144, 198, 269, 275, 279-280, 294, 299, 
392, 409-410, 592-593, 601-606, 609, 612, 
614-615, 618, 623-625, 630-631, 639, 648, 
670, 676, 680-682 

Lewis base, 663-664 
Light-emitting diodes, 419 
Lindlar reduction, 365 
2-Lithionitriles, 585 
Lithium 

aluminum hydride, 442 
borohydride, 64 
functions of, 313-314, 366, 380, 402, 442, 691 
hydroxide, 174 
iodide, 187 

Loganin, 189-190 
Longifolene, 477-478 
Longithorone C, 568 
Lowest unoccupied molecular orbital (LUMO), 163-

164, 237, 276, 279, 662, 664 
Lysergic acid diethyamide (LSD), 246 

Macrobicyclization, 299 
Macrocycles/macrocyclization, 320, 562-564, 566, 

568, 583 
Macrolides, 516 
Macromodel calculations, 211 
Magellanine, 168-169 
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Magellaninone, 168-169 
Magnesium, 15, 22, 42-43 
Magnus model/hypothesis, 148, 170 
Maleic 

acid, 203 
anhydride, 236 

Maleimides, 285 
Malonates, 269, 272-273, 649-652 
Malononitrile, 580 
Manganese, 309 
Mannich reaction, 404, 460 
Mannitol, 513 
Mannose, 339 
Manzamine A, 242-244, 452, 483-484 
Maritomol, 584 
Medicinal chemistry, 19, 45, 63, 102, 401, 597 
Meerwein quinazoline synthesis, 684 
Melanin-concentrating hormone receptor I 

(MCHrl), 401 
Meropenem, 101 
Mesityl groups, 432 
Mesyloxy group, 618 
Metal(s) 

alkyl, 605 
-carbene complex, 426 
-carbon bond, 159 
exchange reaction, 15 
halides, 605 
ions, 213-214 
-metal bonds, 151 

Metallacycles, 310 
Metallocycles, 148, 150 
Metathesis, ring-closing. See Ring-closing 

metathesis strategy 
Methacrolein, 82 
Methanol, 88, 97, 208, 369, 714 
2-(4-Methoxybenzyl)-l-napthoic acid, 258 
Methoxy groups, 329, 620 
8-Methoxy-4a-methyl-4,4a,9,10-

tetrahydrophenanthren-2(3H)-one, 405-406 
Methyl(s) 

acetanilide, 698 
bromide, 603 
-5-(chloromethyl)furan-2-carboxylate, 598 
cholanthrene, 330, 334 
cyclopentanecarboxylate, 119-120 
esters, 240, 650, 657 
groups, 77, 170-171, 174, 186, 199, 238, 255-

256, 325, 372, 458, 590 

impact of, 254, 329, 352, 377, 660 
indole, 657 
iodide, 603 
ketones, 386, 388 
lithium, 338 
perezone, 365-366 
phosphonate, 339-340 
propionic acid, 342 
sarcophytoate, 566 
vinyl ketone (MVK), 388, 391-392, 394-395, 400 

Methylation, 187,347 
1-Methylbutadiene, 277 
2-Methylcyclopropane carboxylic acid, 31 
2-Methyl-2,4-dibromopentane, 4, 6 
Methylene 

functions of, 35, 94, 238 
groups, 26, 40, 95 
hydrogens, 458 

4-Methylene-l-pyrazoline, 11 
3-Methyl octahydrophenanthrene 207 
2-Methylphenanthrene, 595 
2-Methylpropene, 289 
4-Methyl-tetrahydronaphthalene-2-carboxylic acid, 

267 
4-Methyl-1,2,3,4,-tetrahydronaphthalene-2-

carboxylic acid, 272-273 
7-Methyl-2-(toluene-4-sulfonyl)-1,2,3,4,4a,5-

hexahydro-[2]pyridin-6-one, 176 
Michael functions 

acceptor, 388, 663 
addiction, 386, 392, 394, 401, 582-583, 629, 656 
adduct, 387 
alkylation, 648-665 
Michael/Michael/aldol condensation, 294 
reaction, 181-182,398 

Microreactors, 690 
Microwave iraadiation (MWI), 152, 156, 546 
Mitsunobu reaction, 442 
MM2 calculations, 211 
Mock's procedure, 11 
Modhephene, 187 
Molar refraction, 13 
Molecular mechanics, 211 
Molecular oxygen, 129 
Molecular scaffolds, 280 
Molecular structure theory, 688 
Molybdenum, 157,309 
Monoacylation, 613 
Monoalkylation, 601 
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Mono-thiol esters, Dieckmann condensation, 98-99 
Moore cyclization 

description of, 356 
experimental, 366-367 
historical perspective, 356-357 
mechanism, 357-358 
synthetic utility, 362-366 
variations and improvements, 358-362 

Moore reaction, 379 
Morpholine, 657 
Morpholinones, 524 
Morpholinoquinoline, 581 
Mukayama-Michael reaction, 405 
Muscone, 567 
Mutagenicity, 252, 260-261 
Mutisianthol, 344 
Mycoepoxydiene, 550 
Myers-Saito cyclization 

description of, 369 
experimental, 384 
historical perspective, 369-370 
mechanism, 216-217, 219, 358, 370-372 
synthetic utility, 378-383 
variations and improvements, 372-378 

N-acylcamphorsultan, 18 
Nafoxidine, 262 
Nakamurol A, 338 
Nanaomycin D, 365 
Naphthalenes, 240, 252, 267-269, 352, 372, 376-

377, 409, 442, 543-544, 603-604, 615, 619, 
691 

Naphthols, 311 
Naphthoquinones, 279, 316, 364 
Naphthoylpropionic acids, 342 
l-(2-Naphthyl)pentan-l-one, 384 
Naphthyls, 331 
Naphtol, 309 
Natural product synthesis 

Büchner reaction, 430 
Dötz benzannulation, 318-321 
Haworth reaction, 347-348 
Robinson annulation, 404-405 
Vilsmeier-Haack reaction, 707-708 

Nazarov cyclization 
description of, 122-130, 133-137 
experimental, 144-145 
historical perspective, 122-123 
mechanisms of, 123-126, 130-133 

synthetic utility, 126-137 
variations and improvements, 137-144 

Nazarov reagent, 401 
JV-Benzylidine-p-anisidine, 65 
N-10-BOC-1 -prenyl-6-bromotryptamine, 670 
Neocarzinostatin, 219, 382 
Neo-clerodanes, 553 
Neomycin B, 513 
Neoplastic agents, 106 
Neurological disorders, 519 
Neurotransmitters, 21 
Nicholas reaction, 166-167, 171 
Nickel, 157 
Nitriles, 16, 163, 293, 578-579, 601, 678, 682, 702 
Nitrilium ion, 684 
Nitroalkenes, 655 
Nitroarene, 710 
Nitrobenzene, 342, 614-615 
Nitro groups, 171, 311, 600, 602, 710, 713 
Nitrogen 

functions of, 13, 33, 45, 52, 91, 157, 166, 172, 
174,282,287,302,511,631,680 

molecular, 7 
-protecting groups, 33 

Nitroketone, 294 
Nitrophenol, 691 
Nitroquinolone, 713 
Nitroso, 281 
Nitroxide, 116 
iV-methylmaleimide (NMM), 292-293 
Af-methylmorpholine-7V-oxide (NMO), 154, 157, 

175, 506 
Nogalamycin, 241 
Nominine, 299 
Nonbonding interactions, 663 
Nonsteroidal antiinflammatory (NSAID), 613 
Norbornadiene, 147-148, 171 
Norbornene, 149, 160-162, 164 
Norrish reaction, 333 
Nosyl protecting group, 635 
N-oxides, Pauson-Khand reaction, 154 
N-phosphino-p-tolyolsufinamide (PNSO), 159 
Nuclear magnetic resonance (NMR) studies, 9, 245, 

268, 465, 682 
Nucleophiles 

auxiliary, 50 
Favorskii rearrangement, 114, 117-118 
functions of, 58, 338, 545, 606, 658 
Nazarov cyclization, 141 
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Nucleophiles (continued) 
nonaromatic, 703-704 
Pauson-Khand reaction, 167 

Nucleophilic(s) 
attack, 343, 591 
impact of, 315, 426 
rings, 202 

Nucleophilicity, 14, 27-28, 47, 49, 110, 603, 678 
Nucleosides 

carbocyclic, 102 
functions of, 102 

Nucleotide synthesis, 522 

Obesity, 401 
Octane systems, 181, 191 
Octocycle, 553 
Okadaic acid, 116 
Okilactomycin, 565-566 
Olefination, 186 
Olefines, activated, 663 
Olefins 

acyclic chiral, 32 
characterized, 4, 10, 17, 19, 21-22, 25, 33, 37, 40 
conversion to cyclopropanes, 24 
cyclic, 29 
cycloadditions, 45 
de Mayo reaction, 460, 463, 467-468 
electron-deficient, 530 
metathesis, 506, 510-511, 513-514, 517, 521, 

524-526, 528, 535-537, 539, 542-543, 547, 
550, 556, 559, 566, 568 

Nazarov cyclization, 129, 141 
Pauson-Khand reaction, 155 
photocycloadditions, 451-452 
unfunctionalized, 38 

Orbital symmetry, 124 
Orcinol, 678 
Organic chemistry, 193 
Organocatalysts, 636, 662 
Organometallics, 73, 216 
Organozinc reagent, 37 
Ortho rule, 277 
Oseltamivir, 63-64 
Ottelione, 517 
Oxalyl chloride, 61 
Oxazaborolidines, 284 
Oxazolidinone, 55 
Oxidation, 11, 19, 25, 27, 51, 55, 143, 172, 186, 

193, 288, 293, 301, 359, 365, 410, 442, 447, 

Index 

528-529, 534 
Oxidative addition, 37 
Oxindole, 436 
Oxiranes, 617 
Oxoglutarate, 181-182 
( 105,1 OaÄ)-10-(2-Oxopropyl)-2,3,10,10a-

tetrahydropyrrolo[l,2-è]isoquinoline-l,5-
dione, 486 

Oxyallyl cations, 133, 141 
Oxyanions, 373-374 
3'-Oxybutyl, 387 
Oxychloride, 191 
Oxygen, 31, 33, 40, 51, 56, 140, 142, 154, 680, 691 
Oxygenation, 557, 560 
Ozonolysis, 190, 192-193 

Paclitaxel, 63 
Paecilomycine, 168-169 
Palladium, 129, 135, 142, 157, 203, 284 
Pallavicinolide A, 299 
Palominol, 299 
Pancratistatin, 515 
Paniculatine, 168-169 
Parabens, 688, 694 
Para-hydroxybenzoic acid, 695-696 
Para rule, 277-278 
Pauson-Khand reaction (PKR) 

description of, 147 
experimental, 176 
historical perspective, 147-148 
mechanisms of, 148-152 
synthetic utility, 160-176 
variations and improvements, 152-160 

Pederin, 296 
Pentacene, 263 
Pentadienyl cations, 131-133 
Pentalene, 186 
Pentalenene, 168-170,479-480 
[(l,2,3,4,5--ri)-12,3,4,5-Pentamethyl-2,4-

cyclopentadien-1 -yl]Ru{ (3a,4,5,6,7,7a-T|)-
2,3 -dihy dro-6-methy 1-1 H-inden-5 -
yl)trimethylsilane})OTf, 220 

Pentane, 22 
3-Penten-2-one (EVK), 399,401 
Pentaprismane, 117 
Pentostatin, 103 
Perfume industry, 477 
Perhydrohistrionicotoxin, 584 
Perhydroisoquinoline, 282 
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Periplanone C, 516-517 
Periselectivity, 50-51 
Perrottentinene, 519 
Petatis-Ferrier rearrangement, 568 
pH, significance of, 154, 185 
Pharmaceutical synthesis, 693-694 
Pharmacophores, 240 
Phenanthrene 

functions of, 271, 342-344, 615 
synthesis, 205. See also Bardhan-Sengupta 

phenanthrene synthesis 
Phenanthridines, 684 
Phenethylamine, 701 
Phenethyl group, 202 
Phenol groups, 519 
Phenols, 309, 311, 315, 321, 360, 379, 595, 624-

625, 630, 680, 690 
Phenones, Houben-Hoesch reaction, 681 
Phenoxide, 689-690, 693 
Phenyl(s) 

acetaldehyde, 251-252 
acetylene, 147, 156 
acid phosphate, 257-258 
alanine, 55 
cyclopropane, 7, 10, 12 
diazomethane, 38 
esters, 96 
functions of, 183, 365, 370, 372,629, 707 
groups, 10, 256, 272 
naphthalene, 251 
propanes, 617 
propionate, 650 

l-Phenyl-3-aminotetralins, 272 
9-Phenylanthracene, 264-265 
2-Phenylbicyclopropyl, 10, 13 
2-Phenylcyclopropane methanol, 42-43 
5-Phenyl-3-pyrazoline, 7 
Phloroglucinol, 678-679 
Phomactin, 320 
Phorboxazole B, 296 
Phoshatidylinositl 3 kinase, 528 
Phosphatase, 528 
Phosphates, 187 
Phosphines, 153, 159,312 
Phospholipases, 507 
Phosphonates, 658 
Phosphoric acid, 36, 204, 398, 637, 647, 668 
Phosphorous pentoxide, 204 
Phosphorus, 5, 200, 350, 383 

Phosphoryl chloride, 698 
Photo-Bergman cyclization, 212-213, 219-220 
Photochemistry, 33-334, 452 
Photocyclization, 595 
Photocycloaddition, 451, 456, 461-466, 470 
Photodimerization, 193,451 
Photodynamic therapy, 529 
Photo-Fries process, 477 
Photoinduced cyclization, 212 
Photolysis, 52, 215, 220 
Physarorubinic acid, 106 
Pictet-Spengler reaction, 64, 615, 638-639, 643-644, 

646-647 
Piperidines, 284, 286, 584 
Piperidinones, 639, 642 
Piperidinoquinones, 363 
Pivaldehyde, 83 
Pivaloylphenone, 611 
PKC activators, 557 
Planarization, 415 
Plateau-type reactions, 184 
Platinum, 172 
Point-type reactions, 184 
Polar diradicai, 370-371 
Polio virus, 347 
Polyalkylation, 600-601, 608-609, 615, 625-631 
Polycyclic aromatic(s) 

compounds, 417 
hydrocarbons (PAH), 260-261, 263 
networks, 418 

Polycycloketones, 388 
Polyethers, 420 
Polymerization, 419-420, 600, 608-609 
Poly(phenylene), 419 
Polyphosphoric acid (PPA) 198, 203, 205-206, 257, 

268,612 
Polyquinanes, 185 
Polyquinene, 194 
Porphyrins, 529 
Potassium 

chromate, 220 
functions of, 96, 690-691, 694 
hydroxide, 12-13,402,470 

Prolines, 55-56, 395 
Promoters, 153,279-280 
1,3-Propanediol, 4 
Propane, 3 
Propargyl 

azaeneynes, 377 
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Propargyl (continued) 
characterized, 83 
groups, 149 
rearrangement, 375 

Propene, 173 
Propionitrile, 683 
Propyl groups, 136 
Prostacyclin (PGI2), 189 
Prostaglandins, 139, 469, 506 
Prostate cancer, 536 
Protecting groups, 31, 33, 170, 460, 547, 613, 647 
Protic acid, 122-123,127,198, 676 
Protodesilyation, 86, 88-90, 139 
Proton(s) 

functions of, 134, 140 
loss, 252 
Sponge, 58, 61 

Protonation, 111, 118, 123,133,268,290,581,591, 
637, 676, 683 

Pseudopteroxazle, 405 
Pteriatoxins, 299 
Purines, 522 
Pyrans, 296 
Pyranone, 296 
Pyrazlidonones, 284-285 
Pyrazoles, 7, 311 
Pyrazoline, 8, 10, 13 
Pyridines, 46, 89, 282-283, 293, 596, 690, 692 
Pyridinium, 268 
Pyridium aza-enediynes, 378 
Pyridyls, 10, 238, 257 
Pyrimidine212,417, 707 
Pyrimidyls, 417 
Pyroglutamic acid, 60 
Pyrolysis, 7, 46, 51, 210, 327, 332-333, 370 
Pyrolytic cyclization, 238 
Pyrroles, 289, 311,467, 580, 614, 629, 632, 655, 

658, 660, 679, 705 
Pyrrolidine, 283, 299, 401 
Pyrrolidinones, 639, 642, 665 
Pyrrolizinone, 85 
Pyrrolohydroxylactams, 644 
Pyrroloquinolizidine, 643-644 
Pyruvates, 628, 630-632 

Quelet reaction, 596 
Quenching, 22, 42, 91, 141, 207, 315, 702 
Quercitol, 512-514 
Quinazolidinone, 641 

Quinazoline, 684 
Quinic acid, 523-524 
Quinines, 364 
Quinodimethane, 380 
Quinolones, 522, 639, 646 
Quinones, 203, 285, 296, 311,315,318, 321,357-

358,363,365,558-561,568 

Racemization, 105 
Radical cations, 410-412,416 
Radical cyclization, 362 
Ramewaralide, 537-538 
Raney nickel, 98, 442 
Rapoport regioselective Dieckmann condensation, 

103-104 
Rate-determining step (RDS), 113, 603, 610 
Rayonette photochemical reactor, 220 
(Ä)-l-benzyl-5-(l//-indol-3-yl)pyrrolidin-2-one, 

668-669 
Rearomatization, 591, 646 
Rearrangements, 329-332, 600-601, 606-607 
Reduction process, 193 
Refractive index, 6 
Regiochemistry 

de Mayo reaction, 454 
Dötz benzannulation, 320-321 
Kolbe-Schmitt reaction, 691 
Pauson-Khand reaction, 149-150, 163, 165-166, 

168, 173 
von Richter reaction, 710 

Regioselectivity 
Blanc chloromethylation reaction, 593, 596 
Büchner reaction, 436 
de Mayo reaction, 454-455, 458-460, 470 
Dieckmann condensation, 28-29 
Diels-Alder reaction, 276 
Friedel-Crafts acylation, 613-614 
Friedel-Crafts alkylation, 615-616, 620 
Friedel-Crafts reactions, 662 
Houben-Hoesch reaction, 677, 680 
Pauson-Khand reaction, 156, 160-161, 165, 173 
Scholl reaction, 419 
Simmons-Smith cyclopropanation, 28-29 
Vilsmeier-Haack reaction, 700-701, 704-705 

Reprotonation, 136 
Resorcinol, 678 
Retroaldolization, 458-460 
Retro-Bergman reaction, 213 
Retro-cyclization, 132-133 
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Retrocycloaddition, 531 
Retro-Dieckmann reaction, 94 
Retro-Diels-Alder reaction, 147, 171, 279, 293 
Retro-Friedel-Craft alkylation, 608 
Retro-Mannich fragmentation, 466-467 
Retrosynthetic analysis theory, 477 
Reverse transcriptase, 681 
Reversible Dieckmann reaction, 94 
R groups, 123 
Rhizosphere, 534 
Rhodium, 157, 217, 392, 425, 427-428, 433, 436-

440, 442, 446 
Ribofuranosides, 512 
Ring-closing metathesis (RCM) strategy 

description of, 489 
experimental, 569-570 
historical perspective, 489-490 
mechanism, 490-491 
synthetic utility, 494-569 
variations and improvements, 492-494 

Ring closure, see Ring-closing metathesis (RCM) 
strategy 

conrotatory, 47, 124 
direct, 49 
disrotatory, 47, 124 
electrocyclic, 140 

(R)-1 -( 1 -methyl- l//-imidazol-2-yl)-2-(2,3,4,9-
tetrahydro-1 //-carbazol-1 -yl)ethanone, 669-
670 

Robinson annulation 
description of, 386 
experimental, 405-407 
historical perspective, 386 
mechanism, 386-388 
standard method, variations, and improvements, 

388-400 
synthetic utility, 400-405 

Robinson-Cornforth route, 404 
Robinson-Mannich annulation reaction, 388 
Roseophilin, 564-565 
Rotenic acid, 693 
Rubidium, 690 
Rubioncolin B, 301 
Rule of fives, 457 
Ruthenium, 157, 214, 217, 432, 528 

Sakyomicin A, 242 
Salts 

acridinium, 246 

acylammonium, 51 
ammonium, 61, 236, 594 
carbonic, 690 
iminium, 698, 700, 702 
indium(III), 269 
isoquinolinium, 239-242, 245 
metal, 214 
naphthyridium, 243-244 
nitrilium, 682 
paraben, 689 
phenoxide, 690 
potassium, 689, 691 
salicylate, 689 
triazinium, 676 
Vilsmeier, 704-705 

Samarium, 32, 39-40 
SAMP, 55 
Saponification, 61, 109, 351, 457, 470 
Sarcodictyin, 558 
Sarcophytoate, 297 
Sativene, 477-478 
Saudin, 452, 484-485 
Saytzeff's Rule, 125 
(S)-Azabis(oxazoline), 653 
(5)-6-Bromo-8-(3-prenyl)-31 -(3-oxo-propyl)-

3,3a,8,8a-tetrahydro-2#-pyrrolo[2,3-
b] indole- 1-carboxylie acid iert-butyl ester, 
670 

Scandium, 87, 135 
Schlenk equilibria, 26 
Schmitt 

modification, 690 
reaction, 297 

Schmittel cyclization, 371-374, 377 
Scholl reaction 

description of, 409 
experimental, 420-421 
historical perspective, 409-410 
mechanism, 410-412 
synthetic utility, 412-420 
variations and improvements, 412 

Selectivity, 204-205. See also Enantioselectivity; 
Regioselectivity; Stereoselectivity; 
Torquoselectivity 

Seleninic acid, 375 
Selenium, 203 
Selenoxide, 186 
Selenyl groups, 200, 311 
Semibenzylic pathway, 112-114 
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Semibull valene, 191 
Serine, 545 
Serotonin reuptake inhibitor (SRI), 665 
Sesquiterpenes, 508, 521 
Sesquiterpenoids, 188 
Sesquiterterpenes, 539 
Seven-membered rings, ring-closing metathesis 

strategy, 530-544 
Sigmatropic rearrangement, 381, 384 
Silanes, 88, 172 
Silica, 153-154 
Silica gel chromatography, 42 
Silicon groups, 32 
Siloxydienes, 287, 295 
Silphinene, 138 
Silver, 382, 384 
Silxacyclopentenes, 288 
Silyl(s) 

alkenes, 88-90 
allenes, 72, 74-76, 78-84, 86-87 
characterized, 292 
cyclopentene, 72, 88 
enol ethers, 27, 391-392, 403, 405, 461, 468, 472-

475,509-510,530 
ethers, 153,299-300 
furan, 92 
groups, 75, 77-78, 84, 122, 139, 155, 166, 389 

Silylation, 190 
Simmons-Smith cyclopropanation 

asymmetric reactions, 24, 33-43 
description, 24 
experimental, 41-43 
historical perspective, 24-25 
mechanism, 25-27 
regioselectivity, 28-29 
stereoselectivity, 28-29 
synthetic utility, 27-33 
variations and improvements, 37-40 

Six-membered carbocycles 
Bardhan-Sengupta phenanthrene synthesis, 198-

208 
Bergman cyclization, 209-220 
Bogert-Cook reaction, 222-234 
Bradsher cycloaddition and Bradsher reaction, 

236-249 
Bradsher reaction, 251-265 
Darzens synthesis of tetralin derivatives, 267-274 
Diels-Alder reaction, 275-304 
Dötz benzannulation, 309-322 

Elbs reaction, 324-334 
Fujimoto-Belleau reaction, 336-340 
Haworth reaction, 342-353 
Moore cyclization, 356-367 
Myers-Saito cyclization, 369-383 
Robinson annulation, 386-407 
Scholl reaction, 409-421 

Six-membered rings, ring-closing metathesis 
strategy, 509-529 

Skytanthine, 168-169, 171 
(■S)-Methionine, 64 
(S)-N-( 1 -(4-Hydroxy-1 //-indol-3 -yl)-1 -

phenylethyl)acetamide, 668 
Soap industry, 4 
Sodamide, 583 
Sodiocyclohexanone, 386 
Sodium, see Salt(s) 

bicarbonate, 59, 65-66 
bis(trimethylsilyl)amide, 59 
dioxide, 60 
effects of, 2, 691 
erythorbate, 53 
ethoxide, 388 
sulfate, 12 

Solid-phase Dieckmann condensation, 104 
Solvent(s), see specific types of reactions 
Sonication, 152 
Sorbose, 513 
Spectroscopic studies 

Kolbe-Schmitt reaction, 689-690 
Myers-Saito reaction, 376 
Simmons-Smith cyclopropanation, 26 

Spin correlation effect (SCE), 211 
Spirane, 199,202 
Spirocarbocycles, 524 
Spirocycles, 520-522, 524 
Spirocyclopentene, 86 
Spiroimines, 541 
Spiroketals, 280 
Spiroketones, 358, 583 
Spirolactams, 541 
Spiropiperidine 584 
Stannyl groups, 122, 139, 311 
Staudinger ketene-imine cycloaddition 

asymmetric, 58-59, 65 
description of, 45 
enantioselective methods, 52-60 
experimental, 64-66 
historical perspective, 45 
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mechanisms of, 45-47 
periselectivity, 50-51 
stereochemical outcome, 47-50 
synthetic utility, 60-64 
variations and improvements, 51-52 

Stauranes, 193 
Stereochemistry 

Bardhan-Sengupta phenanthrene synthesis, 205-
206 

Danheiser annulation, 77-78 
Dötz benzannulation, 317, 319, 321 
Friedel-Crafts alkylation, 634 
Kishner cyclopropane synthesis, 7-8 
Kulinovich cyclopropanol synthesis, 16 
Nazarov cyclization, 131, 134-136 
Pauson-Khand reaction, 148-149, 157, 160, 174 
ring-closing metathesis, 527 
Robinson annulation, 396-397 
Simmons-Smith cyclopropanation, 32 
Weiss-Cook reaction, 190 

Stereocontrol, 644-645, 649-652, 660-661 
Stereoelectronics, 40 
Stereoinduction, 633 
Stereoisomers, 29, 32,401 
Stereoselectivity 

Büchner reaction, 426, 442 
Darzens synthesis, 270 
Diels-Alder reaction, 276-277, 290 
Favorskii rearrangement, 110, 118 
Friedel-Crafts alkylation, 616, 620, 622, 633 
Friedel-Crafts reactions, 658, 663 
Nazarov cyclization, 140 
Pauson-Khand reaction, 164, 170 
ring-closing metathesis, 551 
Robinson annulation, 400 
Simmons-Smith cyclopropanation, 24-25, 28-29, 

37 
Steroids, 199,206,339,507 
Sterols, 386 
Sterpurene, 113 
Stibene, 451 
Stoichiometric studies 

asymmetric Simmons-Smith reaction, 34, 36 
Bardhan-Sengupta cyclization, 200 
Blanc chloromethylation reaction, 592 
Dieckmann condensation, 100 
Friedel-Crafts alkylation, 624 
Friedel-Crafts reactions, 635 
Nazarov cyclization, 122, 128 

Pauson-Khand reaction, 150, 153 
Simmons-Smith reaction, 38 

Stork-Danheiser alkylation, 72 
Stork-Enamine ketones, 390 
Stork-Jung vinylsilanes, 389-390 
(5)-3,3,3-Trifluoro-2-hydroxy-2-(5-methyl-3-

indolyl)-propionic acid ethyl ester, 667-668 
Structure-activity relationship, 694 
Styrenes, 703 
Styryl cyclopropyl, 10, 12 
Substrates 

acylic, 31-32, 38 
cyclic, 31 
cyclopropanating, 27 
Favorskii rearrangement, 111 
Nazarov cyclization, 130-133 
olefin, 26 
Simmons-Smith cyclopropanation, 24 
Simmons-Smith reactions, 27 

Succinic(s) 
anhydride, 342, 345-346, 349, 351 
ester-amide, 16 

Sugars, 53,218,294,339,512 
Sugasawa reaction, 677, 680-681 
Sulfates, 600 
Sulfenylinium, 639 
Sulfide groups, 311 
Sulfides, 153, 155, 159 , 312, 600, 602 
Sulfonamides, 153, 167 
Sulfonamido enediynes, 214 
Sulfones, vinyl, 164 
Sulfonyl azide, 52 
Sulfoxides, 159 
Sulfur, 158,581 
Sulfurane, 187 
Sulfur dioxide, 46, 246, 601 
Sulfuric acid, 122,267-269 
Sulphur, 159 
Sulphuric acid, 251 
Sundiversiflide, 536 
Superstolide A, 302 
Suprafacial attack, Danheiser annulation, 77 
Suzuki-Miyaura coupling, 419 
Symbioimine, 299 
Syncytia, 567 
Synthesis, organic, 181, 246, 279, 520 
Synthetic chemistry, 45 

Tandem Diels-Alder reactions, 293-295, 297 
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Tarchonanthuslactone, 20 
Tartaric acid, 33 
Tartrate, 168 
Tashiromine, 708 
Tautomerization, 123, 310, 317, 325-326, 374 
Taxane, 481-482 
Taxoids, 514 
Taxol, 28, 553, 558, 562-563 
Taxuspines, 562-563 
Temperature 

influential factors, 3 
reaction, 50 
significance of, 11-12, 137-138, 151, 175,312, 

315, 329, 366, 381, 596, 651-652, 660, 
664 

Termites, control strategies, 541 
Terpenes, 515, 536, 538-539 
Terpenoids, 477, 536 
Terpestacin, 567 
iert-Butyl-(cyclopent-3-enyloxy)-dimethy-silane, 

569-570 
[(4Z)-8-ieri-Butyldimethylsiloxy-1 -(tert)-

butyldimethylsilyloxymethyl)octa-1,2,4-
trien-6-yn-1 -yl](diphenyl)phosphine oxide, 
384 

{2-iert-Buty ldimethyl-silyoxy-1 -[2-(tert-
butylmethyl-silyloxy- \-[2-tert-
butydimethylsilyloymethyl)phenyl]ethyl} (di 
phenyl)-phosphine xide, 384 

Testosterone, 336, 339 
Tetracyanoethylene (TCNE), 237 
Tetrahdyrocannabinol, 519-520 
Tetrahydrofuran (THF), 22, 61, 89, 174 
Tetrahydroisoquinolines, 287 
Tetrahydronaphthalene, 267, 269-270 
Tetralins, 239-240 
Tetralone, 272, 428-429 
2,2,3,3-Tetramethylmethylenecyclopropane, 11 
3,3,5,5-Tetramethyl-4-methylene-l-pyrazoline, 11 
Tetramethyl-4-pyrazolidone, 11 
Tetronasin, 106 
Tetronates, 471-472 
Tetronic acids, 106 
Teubrevin, 552-553 
Thapsigargins, 536 
Thermal cyclization, 124, 219 
Thermal Diels-Alder reaction, 297-298 
Thermodynamic effects, 129, 135, 137, 148, 183, 

601,604,606,615,620,648 

Thermolysis, 9-11, 211, 216-217, 358 
Thiazolidine, 56, 62 
Thiazoline, 31 
Thieno[2,3,-/i5,4-/']bis[l]benzothiophene, 265 
Thienopyridines, 581 
Thienyls, Weiss-Cook reaction, 183 
Thin layer chromatography, 157,174, 219 
Thioaldehydes, 702 
Thioalkyl groups, 173 
Thiocyanates, 600, 602 
Thioesters, 101, 655 
Thiohalenaquinone, 528-529 
Thiolactams, 392-393 
Thiols, 97-98, 172, 600, 602 
Thiophenes, 100, 167, 311, 597 
Thiophenol, 647 
Thioredoxin, 283 
Thioureas, 155, 636, 639, 644, 655, 668-669 
Thorpe-Ingold effect, 646 
Thorpe-Ziegler cyclization 

description of, 578 
experimental, 586-587 
historical perspective, 578 
mechanism, 579 
synthetic utility, 580-586 
variations and improvements, 579-580 

Three-membered carbocycles 
Freund reaction, 2-6 
Kishner cyclopropane synthesis, 7-13 
Kulinovich cyclopropane synthesis, 14-23 
Simmons-Smith cyclopropanation, 25-43 

Threonine, 55, 57 
Thrombin, 525 
Thromboxane, 597 
Thymol, 693 
Ti-Dieckmann condensation, 99-101 
Titanacyclopropane, 14 
Titanium 

-carbon bond, 14-15 
functions of, 14-16, 18,75-76, 157 
TADDOL complex, 36 
tetrachloride, 140 

Titanoxacyclopentane, 14 
Toluene, 61, 208, 302, 369, 399, 439, 532 
12-m-Tolyl-benzo[a]anthracene, 249 
Topliss' synthesis, 206 
Torquoselectivity, 125-126, 133, 139 
Tosyl groups, 311 
Transalkylation, 606-608 
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Transannular process, 302 
Trans-2-berayl-1 -methyIcyclopropan-1 -ol, 22-23 
Transcription factor, 560 
Trans-1,2-dialkylcyclopropanol, 17 
Trans-1,2-dimethyl-cyclopropane, 10 
7rarts-3,5-dimethyl-l-pyrazole, 10 
7ra/w-dihydroconfertifolin, 27-28 
Trans-ethy 1-2-vinylcyclopropane, 10 
Transformations of carbocycles 

asymmetric Friedel-Crafts reactions, 600-670 
Blanc chloromethylation reaction, 590-598 
Houben-Hoesch reaction, 675-685 
Kolbe-Schmitt reaction, 688-696 
Vilsmeier-Haack reaction, 698-709 
von Richter reaction, 710-715 

Transition metals, 280, 427-434 
Trans-1 -(4-methoxyphenl)-4-phenyl-3-

(phenylthio)azetidin-2-one, 65 
7rans-pyrazoline, 8-9 
Trapping 

intramolecular, 142, 240 
oxygen, 143 
reductive, 140-141 
6-end, 141 

Tricycloillicinone, 518-519 
Triethylamine, 50 
Triethyl silane, 141 
Trifluoroacetics 

acid, 38, 268, 270 
ester, 43 

Trifluoroethanol, 133 
2 '4 ' 6 ' -Trihydroxy-2-methoxyacetophenone, 684-

685 
Trimethylamino—iV-oxide (TMANO), 154, 156-

157, 162, 175 
1,1,2-Trimethylcyclopropane, 4 
Trimethylene(s) 

bromide, 2-3 
characterized, 7-8 

Trimethylsilyl, 139 
Triquinacene, 192-193 
Triquinanes, 138, 170,508 
Trisallylcarvone, 518 
Trisoxazoline (TOX), 651-652 
Tryptamines, 639, 641,645-647, 654 
Tryptophan, 172 
Tumor cell lines, 558 
Tumorigenicity, 261 
Tungsten, 153, 157,309 

Tyrosine kinase, 528 

Ultrasonication, 316 
Ultrasound, 153, 156 
Uncialamycin, 288 

Valienamine, 513-514 
Valine, 57 
Venereal diseases, 584 
Versicolamide B, 302 
Vilsmeier-Haack reaction 

description of, 698 
experimental, 708-709 
historical perspective, 698-699 
mechanism, 700-701 
synthetic utility, 704-708 
variations, improvements, and modifications, 

701-704 
Vilsmeyer formylation, 271 
Vilsmeier reagents, 447, 699-700, 704 
Vindorosine, 302, 452, 482-483 
Vineomycinone, 240 
Vinyl 

bromide, 27 
carbene, 311 
chlorides, 74, 510 
cyclopropane, 188 
diazomethane, 9 
groups, 313 
halides,27,518, 521 
indoles, 285 
ketones, 390-393, 531 
lithium, 113 
phosphonate, 339 
quinone, 299 
silanes, 389-390 
sulfoxides, 585 
thiol products, 101-102 

Vinylidene(s) 
complex, 216-217 
diene, 296 

Vitamin D, 554 
Volatiles, 220 
von Richter reaction 

description of, 710 
experimental, 715 
historical perspective, 710 
mechanism, 710-712 
synthetic utility, 714 
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von Richter reaction (continued) 
variations and improvements, 713-714 

Wadsworth-Horner-Emmons reaction, 189 
Wagner-Meerwin shifts, 124 
Wailupemycins, 116 
Warfarin, 649 
Water, 2, 5, 12, 154-155, 174 
Weinreb amide, 96 
Weiss-Cook reaction 

description, 181 
experimental, 195 
historical perspective, 181 
mechanisms of, 181 -184 
synthetic utility, 185-195 
variations and improvements, 184-185 

Wieland-Miescher ketone, 395, 397 
Wittig 

coupling, 633 
olefination, 186 
reaction, 189,595 

Wolff rearrangement, 51, 60, 64-65, 448 
Wolff-Kishner 

deoxygenation, 186 
reduction, 343, 345 

Index 

Woodward-Hoffman rules, 47, 276, 279 
Wulff-Dötz reaction, 310 
Wurtz reaction, 2 

X-ray crystal structures, 151-152 
Xylenes, 612 

Yb(III)-BINAMIDE complex, 291 
Ylides, 595 
Yohimbine, 299, 639 

Zeolites, 609 
Zinc 

alkoxide, 40 
characterized, 2-6, 25-26, 512 
chloride, 27 
-copper couple, 24-25, 27 
diethyl, 25-26, 32, 37 
iodide, 26, 38-39 
phosphate reagents, 36 
reagents, 33, 36 

Zirconium, 138, 157 
Zizaene, 478-479, 541 
Zwitterion, 45-46, 49, 58, 112, 371 




