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Preface 

There was a time when stereoselectivity of areaction was mostly of mechanistic 
interest and reactions that could result in the formation of stereoisomers were consid­
ered a nuisance and had to be avoided at best. However, this situation has changed 
over the past two decades, during which stereoselective synthesis has grown into a 
reliable methodology. This development began with the remodelling of readily avail­
able chiral compounds from nature. More recently, these "ex-chiral-pool" synthetic 
strategies have been complemented and, in many cases, surpassed by the powerful 
techniques of asymmetrie synthesis. 

Originally, only a few laboratories were concerned with the design of routes to 
enantiomerically pure compounds. Since the demand for nonracemic chiral drugs and 
pesticides has enormously increased, methods of asymmetrie synthesis are now bound 
to be applied by almost every practising chemist. However, newcomers to the field 
so on find themselves confronted with a confusing vocabulary, with no guidance as to 
the appropriate method to solve their problem, and with lack of well-documented 
procedures. This situation frequently leads to frustration or at least to unnecessary 
work. 

This ca lIed for the present volume set of the HOUBEN-WEYL series Methods 
o/Organic Chemistry. Since the 1950s HOUBEN-WEYL has served the synthetic 
community by giving comprehensive critical reviews of the existing synthetic methods 
in a consistent style and with high reliability. The editors, authors and publisher of 
HOUBEN-WEYL "Stereoselective Synthesis" have worked together to confer this 
philosophy to the field of asymmetrie synthesis. Thus, we hope to supply a treatise 
which should become the standard reference in the field. 

"Stereoselective Synthesis" gives a comprehensive treatment of chemical trans­
formations in which a new stereocenter is created, i.e., all enantio- and those 
diastereodifferentiating reactions which allow the absolute and relative configuration 
of a new stereogenie unit to be controlled. Consequently, mechanism-controlled 
reactions (e.g. SN2 displacements), "ex-chiral-pool" syntheses which do not lead to 
new stereo genie units, and EI Z selective formation of alkenes are not covered. 

Following the general introductory chapters covering principles, nomendature, 
separation and analysis, the chapters on individual synthetic methods are organized 
by the type ofbond that is broken or formed. Only starting material and products are 
considered as a basis for the dassification, not the reaction mechanism. In the typical 
HOUBEN-WEYL style, the scope of the most important methods is illustrated with 
tables of selected examples. Insight into the practical application of the methods can 
be obtained from the experimental procedures provided. 



VI Preface Houben-Weyl 

The wealth of material forced us to break up the work into five volumes (E21 a 
through f). Access to and properties of the common chiral auxiliaries, solvents, 
reagents and catalysts which are used in various different reactions is covered compre­
hensively in Volume E 21 e avoiding duplication of information in the individual 
chapters. 

The transition of HOUBEN-WEYL from German to English brought about 
changes in the layout and in the style ofpresentation without, however, sacrificing the 
high standard of quality and reliability that is the hallmark of HOUBEN-WEYL. 

Special thanks go to our 101 authors who have spent a great deal of time and 
effort to achieve the goals we have set. We are also indebted to the editorial staff in 
Stuttgart, who had to co pe with the special challenges of editing and publishing a 
gigantic amount of complex material. 

May 1995 Günter HeImchen 

Reinhard W Hoffmann 

Johann Mulzer 

Ernst Schaumann 



Volume E 21a 

Part A. 

1. 

2. 

3. 
3.1. 
3.2. 

4. 
4.1. 
4.2. 
4.3. 
4.4. 

Part B. 

1. 

2. 

Part C. 

Part D. 

1. 
1.1. 
1.1.1. 
1.1.2. 
1.1.3. 
1.2. 

Volume E 21b 

1.3. 
1.3.1. 
1.3.2. 
1.3.3. 
1.3.4. 
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 
Nuc1ear Magnetic Resonance Methods (Relative Configuration) 
X-ray and Neutron Diffraction Methods 
Chemical Methods 
Chiroptical Methods 

Synthesis ofAxially 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 N uc1eophiles 
Chiral Electrophiles 
Chiral Additives 
Insertion into C - H Bonds 

Addition to Carbonyl Groups (C=O) 
(J-Type Organometallic Compounds 
Benzyl-Type Organometallic Compounds 
Allyl-Type Organometallic Compounds 
Enolates 
Azaenolates or Nitronates 
Metalated Sulfoxides or Sulfoximides 



VIII 

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 21c 

1.5.4. 
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. 
2.3.4. 
2.3.5. 
2.3.6. 
2.4. 
2.5. 
2.5.1. 
2.5.2. 
2.6. 

3. 

Volume E 21e 

4. 
4.1. 

Contents to all Volumes 

Enzyme-Catalyzed Hydrocyanation 
Addition to Imino Groups (C=N) 
(J-Type Organometallic Compounds 
Allylic and Allenic Organometallic Compounds 
Enolates and Related Compounds 
Strecker and U gi Reactions 
N-Acyliminium Ion Additions 
Reactions Involving Olefinic Double Bonds 
Vinylogous Substitution Reactions 

Houben-Weyl 

Addition to ct, ß-Unsaturated Carbonyl Compounds (Michael-Type 
Additions) 
Addition to Olefinic Double Bonds; Enimines, Nitroalkenes, 
4,5-Dihydrooxazoles, ct,ß-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 
Pericyc1ic Reactions 
Cyc1oadditions 
Ene Reaction 

Sigmatropic Rearrangements and Electrocyc1ic Reactions 

Formation of C-H Bonds 
Protonation of Organometallic Compounds, Enolates and Nitronates 
Radical Reactions 
Reduction of Carbonyl Groups (C=O) 
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 
[l,n] Sigmatropic Rearrangements 

Formation of C-Hal Bonds 

Formation of C - 0 Bonds 
Oxygenation of Enolates 



Volume E 21 

4.2. 
4.3. 
4.4. 
4.5. 
4.6. 

4.7. 
4.8. 
4.9. 
4.10. 
4.11. 
5. 
6. 

7. 
7.1. 
7.2. 
7.3. 
7.4. 
7.5. 
7.6. 

8. 
9. 

10. 

Volume E 21f 

Appendix 
Author Index 
Subject Index 
Compound Index 

Contents to all Volumes 

Hydroboration of Olefinic Double Bonds Followed by Oxidation 
Hydrosilylation of Olefinic Double Bonds Followed by Oxidation 
1,2-Dihydroxylation of Olefinic Double Bonds 
Epoxidation of Olefinic Double Bonds 
Cyc1ization onto Olefinic Double Bonds Forming Lactones 
and Ethers 
Conjugate Addition of O-Nuc1eophiles 
Microbial Insertion of Oxygen into C - H Bonds 
Allylic Oxidation with Singlet Molecular Oxygen 
Allylic Oxidation with Selenium Dioxide 
Sigmatropic Rearrangements 
Formation of C-S Bonds 

Formation of C - Se or C - Te Bonds 

Formation of C-N Bonds 
Electrophilic Amination 
Addition to Olefinic Double Bonds 
Conjugate Addition of N-Nuc1eophiles 
Allylic Substitution Catalyzed by Palladium Complexes 
Allylic Amination 
Sigmatropic Rearrangements 

Formation of C-P Bonds 

Formation of C-Si Bonds 

Formation of C-Sn Bonds 

Survey of Chiral Auxiliaries, Solvents, Reagents, and Catalysts 

IX 



Part D. 
1.6.3. 

1.6.3.1. 

1.6.3.1.1. 
1.6.3.1.1.1. 
1.6.3.1.1.2. 
1.6.3.1.1.3. 
1.6.3.1.1.4. 
1.6.3.1.1.5. 
1.6.3.1.1.6. 
1.6.3.1.1.7. 
1.6.3.1.1.8. 
1.6.3.1.2. 
1.6.3.1.2.1. 
1.6.3.1.2.2. 
1.6.3.1.2.3. 
1.6.3.1.2.4. 
1.6.3.1.2.5. 
1.6.3.1.2.6. 
1.6.3.1.2.7. 
1.6.3.1.2.8. 
1.6.3.1.2.9. 
1.6.3.1.3. 
1.6.3.1.3.1. 
1.6.3.1.3.2. 
1.6.3.1.3.3. 
1.6.3.1.4. 
1.6.3.2. 

1.6.3.2.1. 
1.6.3.2.2. 

1.6.3.3. 

1.6.3.3.1. 
1.6.3.3.2. 
1.6.3.3.3. 
1.6.3.4. 

1.6.3.4.1. 

Table of Contents 

Volume E 21d 

Synthesis of Chiral Compounds by Bond Formation 
Formation of C-C Bonds by Sigmatropie Rearrangements and Elee-
troeyc1ie Reaetions ............................................ 3301 
Formation of C-C Bonds by [3,3] Sigmatropie Rearrangements ..... 3301 
(H. FRAuENRATH) 
(Hetero-, Polyhetero-)Claisen Rearrangements . . . . . . . . . . . . . . . . . . . .. 3301 
General Aspeets .............................................. 3301 
Double-Bond Geometry of the Produets . . . . . . . . . . . . . . . . . . . . . . . . .. 3318 
Transfer of Chirality Within the Perieyc1ie System ................. 3364 
Internal Asymmetrie Induetion (Simple Diastereoseleetivity) . . . . . . . .. 3403 
Stereocenters Outside the Perieyc1ie Skeleton ...................... 3481 
Asymmetrie Catalysis ............... . . . . . . . . . . . . . . . . . . . . . . . . . .. 3533 
Allene Claisen Rearrangements ................................. 3538 
Acetylene Claisen Rearrangements . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 3543 
(Oxy-, Anionie Oxy-, Dianionie Oxy-, Hetero-)Cope Rearrangements. 3547 
General Aspeets .............................................. 3547 
Double-Bond Geometry of the Produets . . . . . . . . . . . . . . . . . . . . . . . . .. 3561 
Transfer of Chirality Within the Perieyc1ie System ................. 3629 
Internal Asymmetrie Induetion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 3648 
Rearrangement of Bridged Cope Substrates . . . . . . . . . . . . . . . . . . . . . .. 3671 
Miseellaneous ................................................ 3688 
Allene Cope Rearrangements ................................... 3690 
Acetylene Cope Rearrangements ................................ 3692 
Conseeutive Reaetions ......................................... 3696 
Tandem Rearrangements ....................................... 3711 
Tandem [3,3]-[3,3] Sigmatropie Rearrangements . . . . . . . . . . . . . . . . . .. 3711 
Tandem [2,3]-[3,3] Sigmatropie Rearrangements . . . . . . . . . . . . . . . . . .. 3726 
Tandem [1,3]-[3,3] Sigmatropie Rearrangements . . . . . . . . . . . . . . . . . .. 3728 
Competitive Rearrangements ................................... 3729 
Formation of C-C Bonds by [2,3] Sigmatropie Rearrangements ..... 3757 
(1. KALLMER TEN) 
The [2,3] Wittig Rearrangement ................................. 3758 
[2,3] Sigmatropie Rearrangements of Sulfur, Nitrogen and 
Oxygen Ylides ................................................ 3794 
[1,2] Sigmatropie Rearrangements ............................... 3810 
(1. KALLMER TEN) 
Cation-Mediated [1,2] Alkyl Shifts . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 3811 
Dissoeiative [1,2] Alkyl Shifts ................................... 3821 
Coneerted [1,2] Alkyl Shifts .................................... 3825 
Formation of C-C Bonds by Eleetroeyc1ie Reaetions .............. 3833 
(1. M. TAKAcs and L. PELTER) 
Stereoinduetion in Six n-Eleetron Eleetroeyc1izations ............... 3833 



Volume E 21d 

1.6.3.4.2. 

2. 
2.1. 

2.1.1. 
2.1.1.1. 
2.1.1.2. 
2.1.2. 
2.1.2.1. 

2.1.2.2. 
2.1.2.3. 
2.1.2.4. 
2.1.2.5. 
2.1.2.6. 
2.1.2.7. 
2.1.2.8. 
2.1.2.9. 
2.1.3. 
2.1.3.1. 
2.1.3.2. 
2.1.3.3. 

2.1.3.4. 
2.1.3.5. 
2.1.3.6. 
2.1.3.7. 
2.1.3.8. 
2.1.4. 
2.1.4.1. 
2.1.4.2. 
2.1.4.3. 
2.1.4.4. 
2.1.5. 

2.1.6. 
2.1.6.1. 
2.1.6.1.1. 
2.1.6.1.2. 
2.1.6.1.3. 
2.1.6.1.4. 
2.1.7. 

2.1.8. 
2.1.9. 

2.1.10. 
2.2. 

Table of Contents XI 

Stereoinduction in Four n-Electron Electrocyclizations ............. 3842 
Bibliography to Part D.1.6.3. ................................... 3850 
Formation of C-H Bonds ...................................... 3851 
Formation of C-H Bonds by Protonation of Carbanions and Polar 
Double Bonds ................................................ 3851 
(S. HÜNIG) 

Formation of Prostereogenic Carbanions ......................... 3851 
General Problems Concerning Solutions of Anionic Species ......... 3854 
General Problems Concerning the Proton Source .................. 3855 
Diastereoselective Protonation of Carbanions ..................... 3855 
Protonation of Carbanions Stabilized by Intramolecular Complexing 
Groups ...................................................... 3855 
Protonation of Aryl-Stabilized Carbanions . . . . . . . . . . . . . . . . . . . . . . .. 3857 
Protonation of Cyclopropyl Carbanions .......................... 3858 
Protonation of Amino-Stabilized Carbanions ..................... 3858 
Protonation of Oxygen-Stabilized Carbanions ..................... 3859 
Protonation of Sulfur-Stabilized Carbanions ...................... 3861 
Protonation of Sulfoxide-Stabilized Carbanions ................... 3862 
Protonation of Sulfonyl-Stabilized Carbanions .................... 3863 
Protonation of Cyano-Stabilized Carbanions . . . . . . . . . . . . . . . . . . . . .. 3866 
Diastereoselective Protonation of Enolates .. . . . . . . . . . . . . . . . . . . . . .. 3867 
Protonation of Aldehyde Enolates ......... . . . . . . . . . . . . . . . . . . . . .. 3867 
Protonation of Ketone Enolates . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 3867 
Protonation of Enolates Produced by 1,4-Additions to 
IY.,ß-U nsaturated Ketones .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 3869 
Protonation of Enolates From Oxy-Cope Rearrangements .......... 3870 
Protonation of Dienolates ...................................... 3872 
Protonation of Ester and Lactone Enolates ....................... 3873 
Protonation of Ester Dienolates ................................. 3875 
Diastereoselective Proton Transfer in Dienols ..................... 3876 
Diastereoselective Protonation of Nitrogen-Containing Anions ...... 3876 
Protonation of Bislactim Ether Anions ........................... 3876 
Protonation of Imidazolinone Anions ............................ 3877 
Protonation of Nitroate Anions ................................. 3879 
Protonation of Enamines . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 3884 
Diastereoselective Protonation of Ketenes by Addition of Chiral 
Alcohols ..................................................... 3885 
Enantioselective Protonation of Carbanions . . . . . . . . . . . . . . . . . . . . . .. 3886 
Protonation of Enolates . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 3887 
Protonation of Ketone Enolates . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 3887 
Protonation of Ester and Thioester Enolates ...................... 3892 
Protonation of Lactone Enolates ................................ 3895 
Protonation of Amide Enolates ................................. 3899 
Enantioselective Protonation of Enamines (Deracemization of 
Carbonyl Compounds) ......................................... 3901 
Enantioselective Protonation of Enones .......................... 3901 
Enantioselective Protonation of Ketenes by the Addition of Alcohols 
and Thiols ................................................... 3903 
Enantioselective Proton Transfer in Enols and Enol Derivatives ..... 3904 
Formation of C-H Bonds via Radical Reactions .................. 3913 
(A. GHOSEZ, B. GIESE, T. GÖBEL, H. ZIPSE) 



XII 

2.2.1. 
2.2.1.1. 
2.2.1.2. 
2.2.2. 
2.2.2.1. 
2.2.2.2. 
2.2.2.3. 
2.2.2.4. 
2.3. 
2.3.1. 

2.3.1.1. 
2.3.1.2. 
2.3.1.2.1. 
2.3.1.2.2. 
2.3.1.2.3. 
2.3.1.2.4. 
2.3.1.2.5. 
2.3.1.2.6. 
2.3.1.2.7. 
2.3.1.2.8. 
2.3.1.3. 
2.3.1.3.1. 
2.3.1.3.2. 
2.3.1.3.3. 
2.3.2. 

2.3.2.1. 
2.3.2.2. 
2.3.2.3. 
2.3.2.4. 
2.3.2.5. 
2.3.2.6. 
2.3.3. 

2.3.3.1. 

2.3.3.1.1. 
2.3.3.1.1.1. 
2.3.3.1.1.2. 
2.3.3.1.2. 
2.3.3.1.2.1. 
2.3.3.1.2.2. 
2.3.3.1.2.3. 
2.3.3.1.3. 
2.3.3.2. 

2.3.3.2.1. 
2.3.3.2.1.1. 
2.3.3.2.1.2. 

Table of Contents Houben-Weyl 

Acyc1ic Radicals .............................................. 3913 
Auxiliary Control ............................................. 3913 
Substrate Control ............................................. 3915 
Cyc1ic Radicals ............................................... 3925 
Cyc1opropyl Radicals .......................................... 3925 
Cyc10butyl Radicals ........................................... 3926 
Cyc10pentyl Radicals .......................................... 3928 
Cyc10hexyl Radicals ........................................... 3935 
Formation of C-H Bonds by Reduction of Carbonyl Groups ....... 3945 
Hydrogenation with Molecular Hydrogen ........................ 3945 
(H. BRuNNER) 
U nfunctionalized Ketones ...................................... 3945 
Ketones with a Functional Group in the ex-Position ................ 3947 
2-0xo Esters ................................................. 3947 
ex-Oxolactones (4,4-Dimethyloxolane-2,3-dione) . . . . . . . . . . . . . . . . . . .. 3950 
2-0xo Amides ................................................ 3952 
2-0xo Acids and Their Salts . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 3953 
1,2-Diketones . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 3953 
Ketones with an ex-Oxygen Substituent ........................... 3954 
ex-Amino Ketones ............................................. 3955 
Other ex-Functionalized Ketones . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 3957 
Ketones with a Functional Group in the ß-Position ................ 3957 
3-0xo Esters ................................................. 3957 
1,3-Diketones . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 3963 
Other ß-Functionalized Ketones . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 3964 
Formation of C-H Bonds by the Reduction of C-C Double Bonds 
and of Carbonyl Groups with Metals ('Dissolving Metal Reduction') 3967 
(A. M. EL-KHAWAGA and H. M. R. HOFFMANN) 
Monocyclic Ketones ........................................... 3969 
Bi- and Tricyc1ic Ketones. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 3971 
Oxosteroids .................................................. 3974 
N-Alkylpiperidinones .......................................... 3976 
ex,ß-Unsaturated Ketones . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 3979 
Divalent Lanthanides as Reducing Agents ........................ 3984 
Formation of C-H Bonds by the Reduction of Carbonyl Groups with 
Metal Hydrides ............................................... 3988 
Diastereoselective Reductions .................................. 3988 
(A. P. DAVIS) 

Acyc1ic Ketones . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 3988 
Without Neighboring Heteroatoms .............................. 3988 
With Neighboring Heteroatoms ................................. 3992 
Cyc1ic Ketones . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 4025 
Five-Membered Rings ......................................... 4025 
Six-Membered Rings .......................................... 4026 
Seven-Membered and Larger Rings . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 4039 
Substrates Bearing Removable Chiral Auxiliaries .................. 4040 
Enantioselective Reductions .................................... 4049 
(M. M. MIDLAND and L. A. MORRELL) 
Boron Reagents . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 4049 
Oxazaborolidines . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 4049 
2,5-Dimethylborolane . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 4053 



Volume E 21 d 

2.3.3.2.1.3. 

2.3.3.2.1.4. 
2.3.3.2.2. 
2.3.3.2.2.1. 
2.3.3.2.2.2. 
2.3.3.2.2.3. 
2.3.4. 

2.3.4.1. 

2.3.4.1.1. 
2.3.4.1.2. 
2.3.4.2. 

2.3.4.2.1. 
2.3.4.2.1.1. 
2.3.4.2.1.2. 
2.3.4.2.2. 
2.3.4.2.2.1. 
2.3.4.2.2.2. 
2.3.4.2.2.3. 
2.3.4.2.3. 
2.3.5. 

2.3.5.1. 

2.3.5.1.1. 
2.3.5.1.1.1. 
2.3.5.1.1.2. 
2.3.5.1.2. 
2.3.5.1.2.1. 
2.3.5.1.2.2. 
2.3.5.1.2.3. 
2.3.5.2. 

2.3.5.2.1. 
2.3.5.2.1.1. 

2.3.5.2.1.2. 
2.3.5.2.1.3. 
2.3.5.2.1.4. 
2.3.5.2.1.5. 
2.3.5.2.2. 
2.3.5.2.2.1. 
2.3.5.2.2.2. 
2.3.5.2.2.3. 
2.3.5.2.3. 
2.3.6. 

Table of Contents XIII 

Potassium 9-0-[1,2: 5,6-Di-0-isopropylidene-O:-D-glucofuranosyl]-9-bo-
ratabicyc10[3.3.1]nonane ........................................ 4055 
Other Boron-Based Reagents ................................... 4056 
Modified Lithium Aluminum Hydride Reagents ................... 4057 
Derived from 1,1'-Bi-2-naphthalenol ............................. 4059 
Derived from Amino A1cohols .................................. 4060 
Derived from Diamines ........................................ 4064 
Formation of C-H Bonds by Reduction of Carbonyl Groups via Hy-
drosilylation and Subsequent Hydrolysis ......................... 4067 
Acid- or Fluoride-Catalyzed Reactions .......................... 4067 
(A. P. DAVIS) 

Acyc1ic Ketones . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 4067 
Cyc1ic Ketones: Axial/Equatorial Selectivity in Six-Membered Rings . 4072 
Transition Metal Catalyzed Reactions ........................... 4074 
(H. BRUNNER) 
Unfunctionalized Ketones ...................................... 4074 
Aromatic Ketones. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 4074 
Aliphatic Ketones ............................................. 4077 
Functionalized Ketones ........................................ 4078 
2-0xo Esters ................................................. 4078 
2-( 1,2-Dioxoalkyl )amino Esters ................................. 4079 
4-0xo Esters ................................................. 4080 
Miscellaneous ................................................ 4081 
Formation of C - H Bonds by Reduction of Carbonyl Groups with 
C - H Hydride Donors ......................................... 4082 
Boron Reagents .............................................. 4082 
(M. M. MIDLAND and L. A. MORELL) 
Preparation .................................................. 4084 
Trialkylboranes: Derivatives of 9-Borabicyc10[3.3.1]nonane . . . . . . . . .. 4084 
Dialky1chloroboranes .......................................... 4085 
Reductions ................................................... 4086 
Aldehydes .................................................... 4086 
Acetylenic Ketones ............................................ 4089 
Other Ketones ................................................ 4091 
Metal Alkoxide Reagents ...................................... 4099 
(K. KRoHN) 
Reduction of Open-Chain Carbonyl Compounds .................. 4104 
Enantioselective Reduction of Aldehydes to Chiral Deuterated 
Alcohols ..................................................... 4104 
Enantioselective Reduction of Prostereogenie Dialkyl Ketones. . . . . .. 4105 
Enantioselective Reduction of Prostereogenie Alkyl Aryl Ketones .... 4108 
Enantioselective Reduction of Prostereogenie Diaryl Ketones. . . . . . .. 4116 
Diastereoselective Reduction of Chiral Ketones ................... 4117 
Reduction of Cyc1ic Carbonyl Compounds ....................... 4120 
Monocyc1ic Compounds ....................................... 4120 
Polycyc1ic Compounds Inc1uding Steroids ........................ 4130 
Bridged Polycyc1ic Compounds ................................. 4135 
Reduction of Heterocyc1ic Carbonyl Compounds .................. 4138 
Formation of C - H Bonds via Enzyme-Catalyzed and Biomimetic 
Reductions of Carbonyl Groups ................................ 4143 
(M. GOTTWALD) 


