Content

Preface to thesecond edition . . . . ... .................. VII
Content. . . ... ... . . ... . ... X
1 Introduction . ................ .. ... . ..... 1
1.1 Important Fields of Application for Natural Product Chemistry 1
1.1.1  Population Growth . ............... ... .. 1

1.1.2 Nutrition . ... ...... ... ... ............ 2

1.1.3 Healthcare . ................ ... ...... 3

1.1.4 Fragrances . ......................... 4

1.1.5 Colourants . ......................... 5

1.1.6  Inspiration for Innovations . . . .. ............ 6

1.2 Natural Product Chemistry in the Chemical Industry . . . . .. 6
1.2.1 A Short Selection of Elegant Syntheses . . .. ... ... 9
Summaryin Bullet Points . . .. .................. 10
References . . . ... ... .. ... ... .. ... 10

2 Colourants . ... ... .. ... ... ... 13
Summaryin Bullet Points . . .. .................. 17

201 Indigo .. ... ... ... 17
2.1.1 Introduction . ........................ 17

2.1.2  Structure Determination . . ................ 20

2.1.3 Biosynthesis . ................... ... .. 22

2.14 Industrial Synthesis . . ... ... ............. 25

2.1.5 Modern Lab-scale Indigo Synthesis . . . ... ...... 28

2.1.6  Industrial Dyeing Process. . . . . ... .......... 29

217 Outlook . ............... ... ... ... ... 30
Summaryin Bullet Points . . . . ... ... ... .. ....... 30

22 TyrianPurple . .. ... ... ... ... 30
221 Introduction . ........................ 30

222 Biosynthesis . ........................ 33

2.2.3  Structure Determination . . ................ 34

2.2.4 Technical Application . . . .. ............... 35

2.2.5 Newer Developments . . . ................. 35
Summaryin BulletPoints . . . .. ... ... ... . . ... .. 36

23 Alizarin ... ... 36
231 Introduction . ........................ 36

2.3.2 Structure Determination . ... .............. 38



Content
2.3.3  Industrial Synthesis . . .. ......... ... .. ... 40
2.3.4 Industrial Dyeing Process. . . . ... ........... 40

2.3.5 Impact on the Development of the “Young” Chemical
Industry. . . ... ... . 41
2.3.6 Modern Developments . . ... .............. 41
Summaryin Bullet Points . . .. .................. 42
References . . . . ... ... . ... ... 43
3 Flavoursand Fragrances . .. ... ................... 45
Summaryin Bullet Points . . .. .................. 52
31 Damascone . ............... .. ... ... 0. 52
3.1.1 Rose Scent from Rose Flowers . . . ... ......... 53
3.1.2 Biogenesis of Damascone . . . . ... ........... 55
3.1.3  Synthesis of Damascone. . . . ... ............ 58
3.1.4 Industrial Process . . ... ................. 60
Summaryin Bullet Points . . . ... ..... ... ... . ... 62
32 Jonone . ... ... .. 62
32.1 VioletandIrisOil . . ... ................. 63
322 Biosynthesis . ............. ... .. ... 65
3.2.3 Industrial Syntheses . . . ... ... .. ... .. ... .. 66
3.24 Enantiomerically Pure Products . . . ... ........ 73
3.2.5 Importance for the Fragrance Industry . . . .. ... .. 77
Summary in Bullet Points . . . . ... ... .. ... ... ..., 77
33 Jasmonoids . . ... ... ... 77
3.3.1 OccurrenceinNature . . . .. ............... 79
332 UseinPerfumery ...................... 79
3.3.3 Nomenclature and Structure-Activity Relationships . . . 80
3.34 Biological Properties . ... ................ 80
3.3.5 Biosynthesis . ............... .. ....... 82
3.3.6 Chemical Syntheses . . . ... ............... 84
3.3.7 Stereoselective Syntheses . . . ... ... ......... 87
3.3.8 Industrial Syntheses . . . . ... .............. 90
339 Magnolione® . ... ... 94
Summaryin Bullet Points . . ... .......... .. ..... 95
34 Menthol . .. ... ... ... ... 95
34.1 Biosynthesis . ............. ... ... ..... 96
3.4.2 Structureand Activity . . ... ... 98
3.4.3 Industrial Syntheses . . . ... ........ .. ... .. 100
344 UsesofMenthol . . ..................... 107
Summaryin Bullet Points . . .. ........... .. ..... 107
35 Vanillin .. ... 108
351 Occurrence . . ... .ovv it 108
352 OdourandTaste . . . .................... 109
3.5.3 Chemical Syntheses . . ... ................ 110
3.54 Modern Developments . . ... .............. 115
3,55 Applications . .. ... ... 118

Summaryin Bullet Points . . . . ... ... ... ... ... ... 119

XI



Xl

Content

36 Muscone . . ... ... 119
3.6.1 NaturalSources . ...................... 119

3.6.2 Structure Determination . .. ............... 121

3.6.3 Biosynthesis . ........................ 122

3.6.4 Surrogates . . . ... ... 123

3.6.5 Historical Synthesis of Macrocycles . . ... ....... 126

3.6.6 Synthesesof Exaltone . ... ................ 127

3.6.7 Syntheses of Racemic Muscone . . ............ 130

3.6.8 Synthesesof Civetone . .. ................. 132

3.6.9 Synthesesof Exaltolide . .................. 133
3.6.10 Enantioselective Syntheses of Muscone . . . . . ... .. 135
3.6.11 Animal Fragrances. . . . ... ............... 139
Summaryin Bullet Points . . . . ... ... ... ... ..... 139

37 Ambrox® ... 140
3.7.1 HistoryoftheScent . ... ................. 141

3.7.2 Constituents of Ambergris . . .. ............. 142

3.7.3 Partial Syntheses . . . ... ... ... ... ... . ... 144

374 TotalSyntheses . . .. .................... 147

3.7.5 Polyene Cyclisations . . . ... ............... 149

3.7.6  Enzymatic Polyene Cyclisation . . . . . ... ....... 155

3.7.7 Superambrox . . . ... .... .. ... 157

3.78 Commercial Use . . . . ................... 159
Summaryin Bullet Points . . ... ................. 160
References . . . . ... ... ... ... . ... 160

4 Aminoacids. ... ..... ... ... .. 169
4.1 Biological Nitrogen Fixation. . . .. ... ............. 172
4.2 Artificial Nitrogen Fixation . . . ... ... ............ 173
43 Biosynthesis . . ... ... .. ... .. o o oL 176
4.4 Industrial Synthesis. . . .. ... ...... ... ... . ... .. 180
441 ProteinHydrolysis . . . . ......... ... ...... 182

442 Chemical Synthesis . . .. ........... ... .. 183

443 EnzymaticMethods . . . ... ............... 184

444 Separation of Enantiomers by Crystallisation . . .. .. 187

4.4.5 Fermentation Methods . ... ............... 187

45 (D)-AminoAcids . . . ... .. ... 189
4.6 Aspartame . . . .. ... ... 193
4.7 NewDevelopments . . . .. ..................... 193
47.1 Amidocarbonylation . ... ... ... ... ... ..., 193

4.7.2  Enantioselective Synthesis . . ... ............ 195

4.7.3  Enantioselective Strecker Synthesis . . . ... ... ... 199

4.8 TheMaillardReaction . . . ..................... 202
Summary in Bullet Points . . .. ... ... .. .. ... .. .. 205

References . . . . . . . . . i e 205



Content
5 Pharmaceuticals . . ... ........ ... ... . ... 209
Summaryin Bullet Points . . .. ........... .. ..... 214
51 ACEInhibitors . ... ...... ... ... ... ......... 214
5.1.1 Physiological Fundamentals . . .............. 214
5.1.2 Historyof Discovery . ................... 216
513 Syntheses ... ......... ... ... .. .. ..... 219
5.1.4 Second-Generation ACE Inhibitors . . . .. ....... 220
5.1.5 X-ray Structure Analysisof ACE . . ... ......... 225
5.1.6 EconomicRelevance. . ................... 225
5.1.7 RecentDevelopments . . . ... .............. 225
Summaryin Bullet Points . . . ... ... .. ... ........ 227
5.2 B-Lactam Antibiotics. . . . . .. ... ... .. ... 228
52.1 Introduction . ........................ 228
5.2.2 Classification . . . .. .................... 228
523 Modeof Action . . ......... ... ... ... . 230
5.24 The Discovery of Penicillin . . . . ... .......... 230
5.2.5 First Total Synthesis . . . ... ............... 233
5.2.6 The Discovery of Cephalosporins . . . ... ....... 236
5.2.7 First Total Synthesis . . . ... ............... 237
5.2.8 Biosynthesis . ................. ....... 240
5.2.9 Biotechnological Syntheses . . . ... ... ........ 245
5.2.10 Carbapenem Antibiotics . . ... ............. 249
5.2.11 Newer $-Lactam Antibiotics . . . .. ... ........ 258
5212 Outlook . . . .. ... ... 259
Summary in BulletPoints . . . . ... ... ... .. ... .. 260
53 Opiates. . .. ... .. e 260
5.3.1 HistoryofthePoppy. .. ... ............... 261
5.3.2 Physiology and Pharmacology . . . ... ......... 264
5.3.3 Botanyand Cultivation . . .. ............... 270
5.3.4 Ingredientsof Poppy. . . ... ............... 271
5.3.5 Biosynthesis ... .......... ... .. ....... 272
5.3.6  Preparation of Opium and Opium Alkaloids . . . . . . . 274
5.3.7 Discovery of Morphine . . .. ............... 276
5.3.8  The First Enantioselective Total Synthesis
of Morphine . . . ... ..... .. ... ... .. .... 279
5.3.9  Partial Synthesis of Opioids with a Morphine
Skeleton . . . .. ... .. 282
5.3.10 Total Synthesis of Opioids with a Morphinan-like
Skeleton . . . . ... ... 288
5.3.11 Totally Synthetic Opioids without a Morphinan
Structure . .. ... .. ... L 290
5.3.12 ClosingRemarks . . . . . .................. 295
Summary in Bullet Points . . . .. ................. 296
5.4 Tetrahydrocannabinol . . ... ................... 296
54.1 BotanyandUse . ...................... 298
542 TheDrug . . ... ... 299

543 Biosynthesis . . ............. ... ... ... 301

Xin



Xiv

Content

55

5.6

5.7

5.8

54.4 Endocannabinoids. . .................... 304
5.4.5 Structure-Activity Relationships . . . .. ... ... ... 306
54.6 Pharmacology . ....................... 307
5.4.7 Chemical Syntheses . . . ... ............... 308
Summaryin Bullet Points . . .. ........... .. ..... 313
Nonsteroidal Anti-Inflammatory Drugs . . . ... ... ... .. 313
5.5.1 Biosynthesis of Salicylates. . . ... ............ 315
5.5.2  Chemical Synthesis of Salicylicacid . . . ... ... ... 316
5.5.3 Discoveryof Aspirin® . . .. ... ... ... 316
554 Mode of Action of Aspirin® . . . .. ... ... ... ... 317
5.5.5  Other Natural Cyclooxygenase Inhibitors. . . . ... .. 319
5.5.6 Paracetamol . ................. .. ..... 320
557 Pyrazolones. . .. ............ ... ... ... 322
5.5.8 Discovery of the Classical Non-steroidal

Anti-inflammatory Drugs . . .. ... .......... 323
5.5.9 Mode of Action of Competitive COX-Inhibitors . . . . . 325
5.5.10 Development of Selective COX-2 Inhibitors . . ... .. 326
5.5.11 Syntheses of Modern Non-steroidal Anti-inflammatory

Drugs . . ....... ... .. ... . 328
5.5.12 Syntheses of COX-2 Inhibitors . . . ... ......... 333
5513 Outlook . . . ...... ... ... ... ... .. ... 334
Summary in Bullet Points . . . .. ............... .. 335
Prostaglandins . . ... ......... ... ... ... .... 335
5.6.1 Biosynthesis of Eicosanoids. . . . .. ... ........ 336
5.6.2 Nomenclature . ....................... 339
5.6.3 Pharmacology of Eicosanoids . .. ............ 339
5.6.4 Partial Synthesis of Natural Products . . . ... ... .. 340
5.6.5 Total Synthesis of Natural Products . . .. ........ 342
5.6.6 Prostaglandin Derivatives. . . . . ... ... ....... 348
5.6.7 ProstacyclinPGI, . ..................... 357
5.6.8 Carbacyclins .. ..... ... ... ... L 358
Summaryin Bullet Points . . ... ................. 360
Tetrahydrolipstatin . . . ... .................... 360
571 Adiposity . . ... ... ... 362
5.72 Pharmacology . ....................... 363
573 Biosynthesis . ........................ 367
5.7.4  Synthesis of the Natural Product . . . ... ........ 370
5.7.5 Syntheses of Tetrahydrolipstatin . . . ... ........ 372
5.7.6 ConcludingRemarks . ... ................ 382
Summaryin Bullet Points . . . .. ... ... ... ... ... .. 382
Taxol® . . . 382
5.8.1 Historical Facts about Cancer . .............. 382
5.8.2 Biological Fundamentals . .. ............... 386
5.8.3 Discovery of Paclitaxel . .................. 388
5.8.4 Paclitaxel from Microorganisms . . . .. ......... 390
585 TotalSynthesis . . .. ............. ... ..... 392
5.8.6  The Paclitaxel Pharmacophore . . . . ... ........ 392



59

5.10

5.11

5.12

Content
5.8.7 Manufacturing of Paclitaxel . ............... 393
588 Outlook . ......... ... ... ............ 401
Summaryin Bullet Points . . .. .................. 402
Statins . . ... ... 403
5.9.1 Discovery of Arteriosclerosis/Atherosclerosis . . . . . . 403
5.9.2 Pathogenesis of Atherosclerosis . . ... ......... 412
5.9.3  First Treatment Methods for Atherosclerosis . . . . . . . 414

5.9.4 Discovery of HMG-CoA-Reductase Inhibitors (Statins) 417
5.9.5 Mode of Action and Structure-Activity Relationships . . 421

5.9.6 Biosynthesis . ........................ 422
5.9.7 TotalSynthesis . . ... ................... 425
5.9.8 Industrial Syntheses . . . ... ... ............ 428
599 Outlook . ....... ... . ... . ... ... 435
Summary in Bullet Points . . . ... ..... ... ... ... .. 438
Artemisinin . . ... .. oL o L o 438
5.10.1 HistoryoftheDisease . . . . . ... ............ 439
5.10.2 The Pathogenic Agent and its Vector . . ... ... ... 443
5.10.3 Malaria Treatment and its History . . . . . ... ... .. 446
5.10.4 The Discovery of Artemisinin . . . .. .......... 456
5.10.5 Sweet Wormwood (Artemisia annua) . . . ... ... .. 457
5.10.6 Biosynthesis . .. ...................... 457
5.10.7 Pharmacology of Artemisinin . . . ... ......... 459
5.10.8 Total Syntheses . . . . ... ................. 460
5.10.9 Production . . ........... ... ......... 464
5.10.10 Derivatives . . . . ... .... ... ............ 466
5.10.11 Final Remarks . . ... ................... 467
Summaryin BulletPoints . . . .. ... ... ... . ... ... 467
Caffeine . ... ... ... ... ... ... ... 467
511.1 History . .. ........ ... ... ... ...... 468
5.11.2 Botanyand Occurrence . . . . ... ............ 468
5.11.3 Structure Determination . .. ............... 470
5.11.4 Pharmacology . .. ..................... 470
5.11.5 Prebiotic Synthesis. . . .. ... .............. 472
5.11.6 Biosynthesis . .. ...................... 473
5.11.7 Caffeine from Natural Sources . . . .. ... ....... 477
5.11.8 Syntheses . . . . . ... ... 477
5119 Uses . . . ..o e 479
Summary in Bullet Points . . . ... ................ 479
Nicotine . .. ...... . ... .. . ... . 480
5.12.1 Historical . . . ... ... ... . ... .. . . ... .. 480
5.12.2 Isolation and Structure Determination . .. ... .. .. 482
5.12.3 Occurrenceand Botany . . . . .. ............. 483
5.12.4 Biosynthesis . . ... ..... .. ... ... ... ... 484
5.12.5 Pharmacology . . ... .................. 487
5.12.6 Detoxification . .. .......... ... .. ...... 488
5.12.7 Nicotinoids - Nicotine-related Natural Products . . . . 490

5.12.8 Varenicline - an Anti-smoking Drug . . ......... 494

XV



XVi

Content
5.12.9 Chemical Syntheses . . . ... ............... 495
5.12.10 Production of Nicotine and Varenicline . . . . ... ... 498
Summaryin Bullet Points . . ... .......... .. ..... 499
References . . . . ... ... ... 500
6 Hormonmes . ................ ... ............. 519
Summaryin Bullet Points . . ... ................. 521
6.1 Steroids and Hormonal Contraceptives . .. ......... .. 521
6.1.1 Historic Methods of Contraception . . .. ........ 522
6.1.2 Biological Essentials . . . ... ............... 524
6.1.3 Natural Steroids and Steroid Hormones . . . . . .. ... 526
6.1.4 Biosynthesis . ........................ 529
6.1.5 Discovery of Steroid Hormones . . ... ......... 535
6.1.6 Partial Syntheses . . . ... ...... ... ... ..., . 536
6.1.7 TotalSyntheses . . . .. ................... 548
6.1.8  The Third-Generation “Pill” . . . .. ... ........ 551
6.1.9 Further Developments . .. ................ 553
6.1.10 FinalRemarks . ... .................... 553
Summaryin Bullet Points . . . . ... ... ... ... ... .. 554
6.2 Thyroxine . ... .......... .. ... .. L. 554
6.2.1 TodineSupply. ........................ 555
6.2.2 Discovery of Thyroid Hormones . . . . ... ....... 556
6.2.3 Physiology . .......... .. ... ... 557
6.2.4  Structure-Activity Relationships . . . . .. ... ... .. 559
6.2.5 Biosynthesis . .................. ...... 560
6.2.6 Hyperthyroidism. . . . . .................. 561
6.2.7 Industrial Synthesis . . .. ... ..... ... ... ... 562
Summary in Bullet Points . . . . ... ... ... .. ... .. .. 565
6.3 Adrenaline. ................... ... ... .. ... 565
6.3.1 Discovery of the Hormones of the Adrenal Medulla . . . 567
632 Physiology .. ........... ... ... 569
6.33 Biosynthesis . .............. ... . ...... 569
6.34 Deactivation . .. ....... ... ... L. 570
6.3.5 Pharmacology . ................ .. ..... 571
6.3.6  Structure-Activity Relationships . . . .. ... ... ... 573
6.3.7 AdrenergicDrugs . . .................... 574
6.3.8 Chemical Syntheses . . . . ... .............. 577
Summaryin BulletPoints . . . .. ... ... ... .. ..., . 583
References . . ... ... ... ... . ... ... . ....... 583
7 Vitamins. . . ... ... 589
Summaryin BulletPoints . . . .. ... ... ... .. ..... 593
7.1 Vitamin A and Carotenoids . . ... ................ 593
7.1.1 Discovery of Carotenoids . . . ... ............ 597
7.1.2 Biosynthesis . ... .......... .. ... ... ... 598
7.1.3  The Colours of Carotenoids . . .. ............ 604

7.1.4 Industrial Manufacturing Processes . . . . ... ..... 610



Content

715 ModernTrends. . . . .. .................. 640
Summaryin Bullet Points . . ... ................. 640

72 VitaminD . ... .o o oo 641
721 Discovery . ... ..... ... ... 641

722 Physiology . .. ... ... ... ... 643

7.2.3 Industrial Syntheses . . . ... ... ... .. ... .. 644

724 NewApproaches. . .. ... ............. ... 653

7.2.5 EconomicAspects . . .. ... .. ... .. ... ... .. 653
Summaryin Bullet Points . . .. .................. 654

73 Biotin........ ... .. 654
7.3.1 Demandand Occurrence . . . . .............. 655

732 Antagonists. . ... ............ . ... 657

7.33 Biosynthesis . .................... ..., 658

7.3.4 Biological Function . ... ................. 660

7.3.5 Chemical Syntheses . . . ... ............... 661

7.3.6 EconomicAspects . . . . ... ....... ... ..... 671
Summaryin Bullet Points . . . . ... ... ... ... ..... 671
References . . ... ....... . ... ... . ... . ... . ... 672

8 Agrochemicals . ... ....... ... ... . . ... . ... 677
Summaryin Bullet Points . . . ... ..... ... ... .. ... 681

8.1 Amino Acid Herbicides . . ... ............... ... 681
811 Basta®................ . ... ... ..., 681

812 Roundup®. .. ... ... ... ... ... ... 685
Summaryin Bullet Points . . ... ................. 688

82 Strobilurins . ... ... ... 688
82.1 Biosynthesis . ................. .. ..... 690

8.2.2 Biochemical Activity of Strobilurins and Oudemansins 690

8.2.3 Structure Optimisation . . ... .............. 694

8.2.4 Natural Product Syntheses . . .. ... .......... 698

8.2.5 Industrial Syntheses of Active Compounds . . . . .. .. 702
Summaryin Bullet Points . . .. .................. 704

83 Pyrethroids . ................. ... ... . ... .. 704
8.3.1 Biosynthesis . ........................ 705

8.3.2 Structure Determination . .. ............... 706

8.3.3  Structure-Activity Relationships . . . .. ... ... ... 707

8.3.4 Synthetic Pyrethroids . . ... ... ............ 709

8.3.5 The Alcohol Moiety of Synthetic Pyrethroids. . . . . . . 720
Summaryin BulletPoints . . . .. ...... ... ... ..., 723

84 Neonicotinoids . . .. ......... ... ... . ... ..., 724
8.4.1 Insecticides Acting at the Cholinergic Synapse . . . . . . 724

8.4.2 Physiology and Pharmacology . . . . ... ........ 727

8.4.3 Discovery of the Neonicotinoids . . . . .. ........ 733

8.4.4 Selectivity: Insects versus Vertebrates . . . .. ... ... 740

8.4.5 Industrial Syntheses . . . .. ... ............. 741

8.4.6 EconomiclImportance. . ... ............... 749

Summaryin BulletPoints . . ... ... ... ... ... ... . 749

Xvil



Xviin

Content
8.5 Pheromones . . ... .............. 750
851 Discovery .. ... ... .. ... ... . ... ... ... 751
852 Examples . ... .. ... . . ... 752
853 Biosynthesis . ..................... ... 757
8.54 Stereochemistry and Biological Action . ... ... ... 760
855 Communication . . . ... ................. 762
8.5.6  Applications in Plant Protection . . . ... ... ..... 763
8.5.7 Chemical Synthesis . ... ................. 765
Summaryin Bullet Points . . .. .................. 781
References . . . ... ... ... ... . . ... ... 782
List of Abbreviations . . . . ... ...... ... ... ........... 789
Directory of Illustrations . . . . ... .................... 793
SubjectIndex . .. ... ... ... ... ... ... 799



2 Springer
http://www.springer.com/978-3-642-54460-6

Matural Products in the Chemical Industry
Schaefer, B.

2014, XV, 831 p. 45 illus. in color., Hardcowver
ISEN: 278-3-642-54460-6



