L7 VOLUME E 21f

STEREOSELECTIVE SYNTHESIS

Editors

Giunter Helmchen Reinhard W. Hoffmann

Heidelberg / Germany Marburg / Germany
Johann Mulzer Ernst Schaumann
Frankfurt / German, y Clausthal / Germany
Author

R. Herrmann
Miinchen / Germany

19 96

GEORG THIEME VERLAG STUTTGART - NEW YORK



Volume E 21a

Part A.

1.
2.

3.

3.1
3.2.
4.

4.1.
4.2.
4.3.
4.4.

Part B.

Part C.
Part D.

1.1.
1.1.1.
1.1.2.
1.1.3.
1.2.

Yolume E 21b

1.3.

1.3.1.
1.3.2.
1.33.
1.34.
1.3.5.
1.3.6.

Contents to all Volumes

General Aspects

Nomenclature and Vocabulary of Organic Stereochemistry
Basic Principles of EPC Synthesis

Determination of Enantiomeric Purity

Direct Methods

Formation of Diastereomers

Determination of Absolute and Relative Configuration

Nuclear Magnetic Resonance Methods (Relative Configuration)
X-ray and Neutron Diffraction Methods

Chemical Methods

Chiroptical Methods

Synthesis of Axially Chiral Compounds

Allenes
Biaryls

Synthesis of Chiral Compounds by Bond Disconnection
Synthesis of Chiral Compounds by Bond Formation

Formation of C—C Bonds
Alkylation Reactions
Chiral Nucleophiles
Chiral Electrophiles
Chiral Additives

Insertion into C—H Bonds

Addition to Carbonyl Groups (C=0)
a-Type Organometallic Compounds
Benzyl-Type Organometallic Compounds
Allyl-Type Organometallic Compounds
Enolates

Azaenolates or Nitronates

Metalated Sulfoxides or Sulfoximides



VIII

Contents to all Volumes Houben-Weyl

1.3.7.
1.4.

1.4.1.
1.4.2.
1.4.3.
1.4.4.
1.4.5.
1.5.

1.5.1.
1.5.2.

1.5.3.

Volume E 21¢

1.54.
1.5.5.

1.5.6.
1.5.7.
1.5.8.
1.6.

1.6.1.
1.6.2.

Volume E 21d

1.6.3.
2.
2.1.
2.2.
2.3.
2.3.1.
2.3.2.
2.3.3.
234
2.3.5.
2.3.6.
2.4.
2.5.
2.5.1.
2.5.2.
2.6.

Volume E 21e

4.
4.1.

Enzyme-Catalyzed Hydrocyanation

Addition to Imino Groups (C=N)

o-Type Organometallic Compounds

Allylic and Allenic Organometallic Compounds

Enolates and Related Compounds

Strecker and Ugi Reactions

N-Acyliminium Ion Additions

Reactions Involving Olefinic Double Bonds

Vinylogous Substitution Reactions

Addition to a, f-Unsaturated Carbonyl Compounds (Michael-Type
Additions)

Addition to Olefinic Double Bonds; Enimines, Nitroalkenes,
4,5-Dihydrooxazoles, «, f-Unsaturated Sulfones, Sulfoxides and
Sulfoximines

Addition of Free Radicals

Addition of Carbenium Ions to Olefinic Double Bonds and

Allylic Systems

Allylic Substitutions Catalyzed by Transition Metal Complexes
Hydroboration of Olefinic Double Bonds

Addition to Olefinic Double Bonds Catalyzed by Transition Metals
Pericyclic Reactions

Cycloadditions

Ene Reaction

Sigmatropic Rearrangements and Electrocyclic Reactions
Formation of C—H Bonds

Protonation of Organometallic Compounds, Enolates and Nitronates
Radical Reactions

Reduction of Carbonyl Groups (C=0)

Hydrogenation

Reduction with Metals

Reduction with Metal Hydrides

Hydrosilylation and Subsequent Hydrolysis

Reduction with C—H Hydride Donors
Enzyme-Catalyzed and Biomimetic Reductions
Reduction of Imino Groups (C=N)

Reduction of Olefinic Double Bonds

Hydrogenation

Hydroboration and Hydroalumination

[Ln] Sigmatropic Rearrangements

Formation of C—Hal Bonds

Formation of C—O Bonds
Oxygenation of Enolates



Volume E 21 Contents to all Volumes IX
4.2. Hydroboration of Olefinic Double Bonds Followed by Oxidation
4.3. Hydrosilylation of Olefinic Double Bonds Followed by Oxidation
4.4. 1,2-Dihydroxylation of Olefinic Double Bonds
4.5. Epoxidation of Olefinic Double Bonds
4.6. Cyclization onto Olefinic Double Bonds Forming Lactones
and Ethers
4.7. Conjugate Addition of O-Nucleophiles
4.8. Microbial Insertion of Oxygen into C—H Bonds
49. Allylic Oxidation with Singlet Molecular Oxygen
4.10. Allylic Oxidation with Selenium Dioxide
4.11. Sigmatropic Rearrangements
5. Formation of C—S Bonds
6. Formation of C—Se or C—Te Bonds
7. Formation of C—N Bonds
7.1. Electrophilic Amination
7.2. Addition to Olefinic Double Bonds
7.3. Conjugate Addition of N-Nucleophiles
7.4. Allylic Substitution Catalyzed by Palladium Complexes
7.5. Allylic Amination
7.6. Sigmatropic Rearrangements
8. Formation of C—P Bonds
9. Formation of C—Si Bonds
10. Formation of C—Sn Bonds

Volume E 21f

Appendix Survey of Chiral Auxiliaries, Solvents, Reagents, and Catalysts
Author Index
Compound Index



Table of Contents

Volume E 21f

Appendix: Survey of Chiral Auxiliaries, Solvents, Reagents, and Catalysts
(R. HERRMANN)

AIMIIES . . oottt e 5760

MONOAIMINES .« . ¢\ttt ettt e e e e e e e e e e e e 5760
1.2. Di- and Triamines . ...........uiniineee e 5766
2. Alkaloids, Amino Alcohols, and Amino Acids. Their Derivatives and

Related Compounds ............. i 5776
2.1 Cinchona Alkaloids . ........ ... .. . 5776
2.2. Ephedrine and Related Compounds ................................ 5780
2.3. Amino Alcohols and Their Derivatives (Excluding Heterocycles) ....... 5786
2.3.1. Amino Alcohols Derived from Amino Acids ......................... 5786
2.3.2. Other Amino Alcohols . ... ... . .. . 5795
24, Amino Acids and Their Derivatives (Excluding Proline) ............... 5801
2.5. Heterocyclic Compounds ......... ... i 5806
2.5.1. Proline, Its Esters and Amides ............ ... .. ... .. ... .......... 5806
2.5.2. Other Pyrrolidines . ........... . .. ... . 5807
2.53. Other Heterocycles Containing Nitrogen .................. ... ...... 5822
2.53.1. Five-Membered Rings ......... ... ... 5822
2.5.3.2. Other Ring SiZ€S . . ..ot e e 5830
3. Terpenes. Their Derivatives and Analogs ............... ... ......... 5839
3.1. Compounds Containing the Bicyclo[3.1.1]heptane Structure ............ 5839
3.1.1. o-and B-Pinene . ... ... 5839
3.1.2 Boron Derivatives . ........ ... 5840
3.1.3. Other DerivatiVes ... ..ottt 5844
3.1.3.1. AINES . oottt e e e e e 5844
3.1.3.2. AICONOIS .ot 5845
3.1.3.3. Ketones .. ... 5846
3.2. Compounds Containing the Bicyclo[4.1.0]heptane Structure ............ 5847
3.2.1. Boron Derivatives . ........ ...t 5847
3.2.2. Amino Alcohols and Amino Ethers ........ ... ... ... ............ 5848
33. Derivatives of Longifolene ............. ... ... .. ... ..., 5848
34. Compounds Containing the Bicyclo[2.2.1]heptane Structure ............ 5852
3.4.1. Camphor, Fenchone, Borneol, and Fenchol ......................... 5852
34.2. Simple Derivatives of Camphor ......... ... . ... ... ... 5853
34.2.1. TIMIIES .« .ottt e et e e e 5853
3.4.2.2. OXIMIES .« . vt ettt et e e e e e e e e e e e 5853
3.4.23. Diketones .. ... ... 5854
34.24. Esters of Borneol ....... ... ... . . . .. 5855
34.3. AININES .« .o ottt 5856
34.4. AlCONOlS . ..o 5857
34.4.1. MONO0-0IS ..ot 5857

344.2. Diols and Their Ethers . ........ ... i 5860



XII Table of Contents Houben-Weyl
3.4.5. Amino Alcohols . ... 5862
3.4.6. Sulfonic Acids of Camphor and Their Derivatives .................... 5866
3.4.6.1. 10-Camphorsulfonic Acid and Its Esters ............................ 5866
3.4.6.2. AMIAES ..o 5866
3.4.6.3. Sultams . ... 5867
3.4.64. OXaziridines . . . . .ot 5868
3.4.7. Thiols and Sulfides ......... . ... . .. 5870
3.4.8. a-Ketopinic Acid and Derivatives . ...t 5871
3.4.9. Ring-Enlarged Camphor Derivatives .....................coeeun. .. 5871
3.4.10. Ring-Cleaved Camphor Derivatives ..................ouiiiiunenn .. 5872
3.4.11. Compounds Mimicking Specific Camphor Derivatives ................ 5874
3.4.11.1. OXazZIrIdINes . . .. oot 5874
3.4.11.2. SUltaAmMS ..o 5875
3.5. Compounds Containing a Single Cyclohexane Ring .................. 5883
3.5.1. Menthol, Its Isomers, and Their Esters and Ethers ................... 5883
3.5.2. Other Cyclohexanols . ........ ... ... .. i, 5886
3.5.3. Amines and Mercaptans .. .............uiiiineineii 5889
3.5.4. Other Compounds . ....... .. it e 5891
4, Alcohols, Carbohydrates, Hydroxy Acids, and Their Derivatives ....... 5895
4.1. Alcohols ... 5895
4.1.1. MoONO0-0lIS .\ttt 5895
4.1.2. Diols and Polyols . ... ... 5897
4.1.3. Mercapto Alcohols ... ... 5906
4.2. Hydroxy Acids and Their Derivatives .. ...................ooovun. .. 5910
4.2.1. Lactic ACId .. ..o 5910
4.2.2. Mandelic Acid ... ... 5910
4.2.3. Other Monohydroxy Acids . ........... . i 5912
4.24. Tartaric Acid .. ... 5914
4.3. Carbohydrates and Their Derivatives ............................... 5921
4.3.1. Carbohydrates C3—Cy ... i 5921
43.2. Carbohydrates Cg ... ... o 5925
4.3.3. Other Carbohydrates .............. i, 5931
S. Heterocycles .. ... . 5935
S Dioxolanes ........ . 5935
5.2. Crown Ethers ... ... 5937
5.3. Boron Compounds . ........... 5940
6. Biaryls .. 5945
7. Organometallic Compounds ......... ... ... .. i 5956
7.1. Ferrocene Derivatives . ...........oiiiniin e 5956
7.1.1. Primary Amines ........ ... 5956
7.1.2. Derivatives of (R)- or (S5)-1-(N,N-dimethylamino)ethylferrocene ........ 5958
7.2. Other Organometallic Compounds ........... ... ... ............. 5961
7.2.1. Compounds with Metals as Stereogenic Centers ...................... 5961
7.2.2. Complexes with Chiral Ligands .......... ... ... ... .. ........... 5963
7.2.3. Complexes with Planar Chirality ......... ... . ... ... .. .......... 5964
8. Phosphorus Compounds ............... .. .. ... .. ... .. 5969
8.1. Phosphines . ... ... .. 5969
8.1.1. Monophosphines . ......... ... 5969
8.1.1.1. Compounds with Chiral Phosphorus ............................... 5969
8.1.1.2. Other Monophosphines ........... . ... .. .. . . 5971
8.1.2. Diphosphines ........... .o 5973



I S —

Volume E 21f Table of Contents XI1I
8.1.2.1. Compounds with Stereogenic Phosphorus ............... ... ....... 5973
8.1.2.2. C,-Symmetric Compounds ......... ... 5973
8.1.2.3. Other DIiphOoSphINeS ... ..ottt e 5981
8.2. Compounds Containing P—O andf/or P-N Bonds .................... 5985
8.2.1. Mono-phosphinites . ............. ..o 5985
8.2.2. Di-phosphinamidites ...............oiiiiiiiii i 5985
8.2.3. Di-phosphinites . . ... ..ttt e 5986
8.2.4. Mixed Phosphinites/Phosphinamidites .............. ... ... ... ....... 5987
8.3. Derivatives of Phosphorus and Phosphoric Acid .................. ... 5988
9. Sulfur Compounds . ......... ... it 5994
9.1. Sulfonium Salts . ... . 5994
9.2. SUIINATES ..ot 5995
9.3. Sulfoxides . ... ..o 5996
9.4. Sulfoximides and Related Compounds .............................. 5998
Author Index . .. ... ... . 6003

Compound Index .. ... ... ... . 6203



