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39.1 Product Class 1: Alkanesulfonic Acids and Acyclic Derivatives . . . . . . . . . . . . . 17

39.1.1 Product Subclass 1: Alkylsulfur Pentahalides (Alkylpentahalo-l6-sulfanes) 18

39.1.1.1 Synthesis of Product Subclass 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 18

39.1.1.1.1 Method 1: Additions to Methylenesulfur Tetrafluoride . . . . . . . . . . . . . . . . . . . 18
39.1.1.1.2 Method 2: Addition of Sulfur Pentafluoride Halides to Alkenes . . . . . . . . . . . 19

39.1.2 Product Subclass 2: Alkanesulfonyl Halides . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19

39.1.2.1 Synthesis of Product Subclass 2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20

39.1.2.1.1 Method 1: Sulfochlorination Reactions: Formation of the C—S Bond . . . . . . 20
39.1.2.1.1.1 Variation 1: Reaction of Alkanes with Chlorine and Sulfur Dioxide or Trioxide 20
39.1.2.1.1.2 Variation 2: Reaction of Organometallic Reagents with Sulfuryl Chloride . . 20
39.1.2.1.1.3 Variation 3: Addition of Sulfuryl Chloride or Fluoride to Alkenes . . . . . . . . . . . 21
39.1.2.1.1.4 Variation 4: Reaction of Alkenes with Thioacetic Acid and Chlorine . . . . . . . . 22
39.1.2.1.2 Method 2: Synthesis from Sulfinic Acid Derivatives . . . . . . . . . . . . . . . . . . . . . . 22
39.1.2.1.2.1 Variation 1: Oxidation of Sulfinic Acids or Their Salts with Halogens or

Halogen-Containing Reagents . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 22
39.1.2.1.2.2 Variation 2: Oxidative Halogenation of Magnesium Alkanesulfinates

formed In Situ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 24
39.1.2.1.2.3 Variation 3: Oxidative Chlorination of Sulfinic Acid Esters . . . . . . . . . . . . . . . . . 24
39.1.2.1.3 Method 3: Synthesis from Divalent Organosulfur Derivatives . . . . . . . . . . . . 25
39.1.2.1.3.1 Variation 1: Oxidation of Thiols or Disulfides with Halogens . . . . . . . . . . . . . . . 25
39.1.2.1.3.2 Variation 2: Reaction of S-Alkylisothiuronium Salts with Chlorine in

Aqueous Solution . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 26
39.1.2.1.3.3 Variation 3: Reaction of Sulfides with Chlorine in Aqueous Solution . . . . . . . 27
39.1.2.1.3.4 Variation 4: Oxidation of Sulfenyl Halides . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 29
39.1.2.1.3.5 Variation 5: Reaction of Thiocyanates with Chlorine in Aqueous Solution . . 29
39.1.2.1.3.6 Variation 6: Oxidative Chlorination of Thioesters . . . . . . . . . . . . . . . . . . . . . . . . . 29
39.1.2.1.3.7 Variation 7: Chlorolysis of Bunte Salts . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 30
39.1.2.1.4 Method 4: Synthesis from Sulfonic Acids and Their Salts . . . . . . . . . . . . . . . . . 30
39.1.2.1.4.1 Variation 1: Reaction of Sulfonic Acids and Their Salts with Phosphorus

Pentachloride or Pentabromide . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 31
39.1.2.1.4.2 Variation 2: Reaction with Phosphoryl Chloride . . . . . . . . . . . . . . . . . . . . . . . . . . 32
39.1.2.1.4.3 Variation 3: Reaction with Thionyl Chloride . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 32
39.1.2.1.4.4 Variation 4: Reaction with Sulfuryl Chloride/Triphenylphosphine . . . . . . . . . . 33
39.1.2.1.4.5 Variation 5: Reaction with Dichloromethyl Methyl Ether . . . . . . . . . . . . . . . . . . 35
39.1.2.1.5 Method 5: Synthesis from Sulfonic Anhydrides . . . . . . . . . . . . . . . . . . . . . . . . . . 35

Table of Contents XIII

Science of Synthesis Original Edition Volume 39 
© Georg Thieme Verlag KG



39.1.2.1.6 Method 6: Ring Opening of Fluoro-1,2-oxathietane 2,2-Dioxides . . . . . . . . . 35
39.1.2.1.7 Method 7: Synthesis from Sulfonyl Halides by Halide Ion Exchange . . . . . . . 36
39.1.2.1.8 Methods 8: Miscellaneous Approaches . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 37

39.1.3 Product Subclass 3: Alkanesulfonic Acids . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 38

39.1.3.1 Synthesis of Product Subclass 3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 38

39.1.3.1.1 Method 1: Direct Sulfonation of Hydrocarbons . . . . . . . . . . . . . . . . . . . . . . . . . 39
39.1.3.1.1.1 Variation 1: Reaction of Alkanes with Sulfuric Acid, Sulfur Trioxide, and

Derivatives . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 39
39.1.3.1.1.2 Variation 2: Reaction of Alkanes with Sulfur Dioxide and Oxygen . . . . . . . . . . 39
39.1.3.1.1.3 Variation 3: Reactions between Unsaturated Hydrocarbons and Sulfuric

Acid or Its Derivatives . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 40
39.1.3.1.1.4 Variation 4: Reaction of Alkenes with the Hydrogen Sulfite Ion . . . . . . . . . . . . 41
39.1.3.1.1.5 Variation 5: Photosensitized Reactions between Alkenes and Sulfur Dioxide 41
39.1.3.1.1.6 Variation 6: Palladium-Catalyzed Additions of Sulfur Dioxide to Alkenes . . . 42
39.1.3.1.2 Method 2: Oxidation of Low-Valency Sulfur Derivatives . . . . . . . . . . . . . . . . . . 42
39.1.3.1.2.1 Variation 1: Oxidation of Thiols and Their Derivatives . . . . . . . . . . . . . . . . . . . . . 42
39.1.3.1.2.2 Variation 2: Oxidation of Sulfinic Acids . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 43
39.1.3.1.3 Method 3: Reaction of Organometallic Reagents with Sulfur Trioxide

Complexes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 44
39.1.3.1.4 Method 4: Interconversions of Other Sulfonyl Derivatives . . . . . . . . . . . . . . . 44
39.1.3.1.4.1 Variation 1: Hydrolysis of Sulfonyl Halides . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 44
39.1.3.1.4.2 Variation 2: Hydrolysis of Sulfonic Acid Esters . . . . . . . . . . . . . . . . . . . . . . . . . . . . 45
39.1.3.1.4.3 Variation 3: Ring Opening of Cyclic Sulfonates (Sultones) . . . . . . . . . . . . . . . . . 45
39.1.3.1.4.4 Variation 4: Cleavage of Alkyl Perfluoroalkyl Sulfones . . . . . . . . . . . . . . . . . . . . . 46
39.1.3.1.5 Method 5: Nucleophilic Substitution with Sulfite Anions . . . . . . . . . . . . . . . . . 46
39.1.3.1.5.1 Variation 1: Reaction of Haloalkanes with Inorganic Sulfites . . . . . . . . . . . . . . 46
39.1.3.1.5.2 Variation 2: Reaction of Alkyl Sulfates and Sulfonates with Inorganic Sulfites 47
39.1.3.1.5.3 Variation 3: Ring Opening of Oxiranes and Aziridines with Sulfite Anions . . 48

39.1.3.2 Applications of Product Subclass 3 in Organic Synthesis . . . . . . . . . . . . . . . . . . . . . . 48

39.1.3.2.1 Method 1: Alkanesulfonic Acids as Catalysts for Condensation Reactions . 48

39.1.4 Product Subclass 4: Alkanesulfonic Acid Esters . . . . . . . . . . . . . . . . . . . . . . . . . . . . 49

39.1.4.1 Synthesis of Product Subclass 4 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 49

39.1.4.1.1 Method 1: Synthesis from Sulfonic Acids and Their Salts . . . . . . . . . . . . . . . . . 49
39.1.4.1.1.1 Variation 1: Direct Esterification . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 49
39.1.4.1.1.2 Variation 2: Alkylation of a Sulfonate Anion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 50
39.1.4.1.2 Method 2: Synthesis from Sulfonyl Halides . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 50
39.1.4.1.3 Method 3: Synthesis from Sulfonic Anhydrides . . . . . . . . . . . . . . . . . . . . . . . . . . 51
39.1.4.1.4 Method 4: Synthesis from Sulfonamides . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 52
39.1.4.1.5 Method 5: Synthesis from Diazo Compounds and Sulfur Dioxide . . . . . . . . . 53
39.1.4.1.6 Method 6: Synthesis from Sulfenes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 53
39.1.4.1.7 Method 7: Synthesis from Sulfenate and Sulfinate Esters . . . . . . . . . . . . . . . . 53
39.1.4.1.8 Method 8: Rearrangement of Sulfites . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 54
39.1.4.1.8.1 Variation 1: [2,3]-Sigmatropic Rearrangements of Allyl Sulfites . . . . . . . . . . . 54
39.1.4.1.8.2 Variation 2: Rearrangements of Dialkyl Sulfites . . . . . . . . . . . . . . . . . . . . . . . . . . 54

XIV Table of Contents

Science of Synthesis Original Edition Volume 39 
© Georg Thieme Verlag KG



39.1.4.1.9 Method 9: Synthesis from Alkenes and Sulfur Trioxide or Other Sulfuric
Acid Derivatives . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 54

39.1.4.1.10 Method 10: Synthesis from Other Sulfonyl Derivatives . . . . . . . . . . . . . . . . . . . . 55
39.1.4.1.10.1 Variation 1: From Unsaturated Sulfonates . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 55
39.1.4.1.10.2 Variation 2: By the Decarboxylation of (Alkoxysulfonyl)acetates . . . . . . . . . . . 56
39.1.4.1.10.3 Variation 3: By the Functionalization of the S-Alkyl Group of Alkanesulfonic

Acid Esters . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 56

39.1.4.2 Applications of Product Subclass 4 in Organic Synthesis . . . . . . . . . . . . . . . . . . . . . . 56

39.1.4.2.1 Method 1: Use as Alkylating Reagents . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 56
39.1.4.2.1.1 Variation 1: Reactions with Nitrogen Nucleophiles . . . . . . . . . . . . . . . . . . . . . . . 56
39.1.4.2.1.2 Variation 2: Reactions with Oxygen Nucleophiles . . . . . . . . . . . . . . . . . . . . . . . . . 57
39.1.4.2.1.3 Variation 3: Methylation at Sulfur or Selenium . . . . . . . . . . . . . . . . . . . . . . . . . . . 57
39.1.4.2.1.4 Variation 4: Methylation of Organophosphorus Compounds . . . . . . . . . . . . . . 57

39.1.5 Product Subclass 5: Alkanesulfonic Anhydrides . . . . . . . . . . . . . . . . . . . . . . . . . . . 58

39.1.5.1 Synthesis of Product Subclass 5 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 58

39.1.5.1.1 Method 1: Synthesis of Symmetrical and Unsymmetrical Anhydrides of
Alkanesulfonic Acids . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 58

39.1.5.1.2 Method 2: Synthesis of Mixed Anhydrides of Carboxylic and
Alkanesulfonic Acids . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 58

39.1.5.1.2.1 Variation 1: Reaction of Carboxylic (Carbonic) Acids or Their Anions with
Alkanesulfonyl Chlorides or Related Compounds . . . . . . . . . . . . . 58

39.1.5.1.2.2 Variation 2: Reaction of Carboxylic Acid Chlorides with Alkanesulfonic
Acids . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 60

39.1.5.1.2.3 Variation 3: Reaction of Trimethylsilyl Alkanesulfonates with
Trifluoroacetic Anhydride . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 60

39.1.5.1.3 Method 3: Synthesis of Mixed Anhydrides of Alkanesulfonic and Organic
Acids of Phosphorus . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 61

39.1.5.1.3.1 Variation 1: Reaction of Sulfonyl Derivatives with Trivalent
Organophosphorus Compounds . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 61

39.1.5.1.3.2 Variation 2: Reaction of Sulfonyl Derivatives with Pentavalent
Organophosphorus Compounds . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 62

39.1.6 Product Subclass 6: Alkanethiosulfonic Acids . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 63

39.1.6.1 Synthesis of Product Subclass 6 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 63

39.1.6.1.1 Method 1: Synthesis from Sulfonyl Halides . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 63
39.1.6.1.2 Method 2: Reaction of Sulfur with Alkanesulfinates . . . . . . . . . . . . . . . . . . . . . 64

39.1.7 Product Subclass 7: S-Alkyl and S-Aryl Alkanethiosulfonates . . . . . . . . . . . . . . 65

39.1.7.1 Synthesis of Product Subclass 7 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 65

39.1.7.1.1 Method 1: Synthesis from Sulfonyl Halides . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 65
39.1.7.1.1.1 Variation 1: By Reactions with Thiols or Thiolates . . . . . . . . . . . . . . . . . . . . . . . . 65
39.1.7.1.1.2 Variation 2: Reductive Zinc Coupling . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 67
39.1.7.1.2 Method 2: Synthesis from Sulfinyl Chlorides . . . . . . . . . . . . . . . . . . . . . . . . . . . . 68
39.1.7.1.2.1 Variation 1: Coupling Reactions Mediated by Carboxamides . . . . . . . . . . . . . . 68
39.1.7.1.2.2 Variation 2: Coupling of Alkanesulfinyl Chlorides with Powdered Zinc . . . . . 69
39.1.7.1.3 Method 3: Synthesis from Disulfides . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 69
39.1.7.1.3.1 Variation 1: Oxidation with Hydrogen Peroxide . . . . . . . . . . . . . . . . . . . . . . . . . . 69

Table of Contents XV

Science of Synthesis Original Edition Volume 39 
© Georg Thieme Verlag KG



39.1.7.1.3.2 Variation 2: Oxidation with Peroxy Acids . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 70
39.1.7.1.3.3 Variation 3: Oxidation with Other Oxidizing Reagents . . . . . . . . . . . . . . . . . . . 71
39.1.7.1.3.4 Variation 4: Reactions with Sulfenyl Chlorides Generated In Situ . . . . . . . . . 72
39.1.7.1.3.5 Variation 5: Reactions with Sodium Methanesulfinate . . . . . . . . . . . . . . . . . . . 72
39.1.7.1.4 Method 4: Reaction between Dimethyl Sulfoxide and

Chlorotrimethylsilane . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 73
39.1.7.1.5 Method 5: Alkylation of the Salts of Alkanethiosulfonic Acids . . . . . . . . . . . 74

39.1.8 Product Subclass 8: Alkanesulfonamides . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 76

39.1.8.1 Synthesis of Product Subclass 8 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 76

39.1.8.1.1 Method 1: Interconversion of Sulfonyl Derivatives . . . . . . . . . . . . . . . . . . . . . . 76
39.1.8.1.1.1 Variation 1: Reaction of Isolated Sulfonyl Chlorides with Ammonia or

Amines . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 77
39.1.8.1.1.2 Variation 2: Reaction of In Situ Generated Sulfonyl Halides with Amines . . 81
39.1.8.1.1.3 Variation 3: Reactions between the N-Chloroamine Salts of

Alkanesulfonamides and Alkenes . . . . . . . . . . . . . . . . . . . . . . . . . . . 82
39.1.8.1.1.4 Variation 4: Catalytic N-Sulfonylaziridination of Alkanes with Sulfonyl

Chlorides in the Presence of a Nitridomanganese Complex . . . 84
39.1.8.1.1.5 Variation 5: Catalytic N-Sulfonylaziridination of Alkenes with an

N-Sulfonylimino(phenyl)-l3-iodane . . . . . . . . . . . . . . . . . . . . . . . . . 85
39.1.8.1.1.6 Variation 6: Reaction of Allenes with N-[2-(Trimethylsilyl)ethanesulfo-

nyl]alkanimines . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 87
39.1.8.1.1.7 Variation 7: Reactions between Benzotriazole Sulfonamides and Amines . 87
39.1.8.1.1.8 Variation 8: Reaction of 1H-Benzotriazol-1-yl Methanesulfonate with

Primary Amines . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 88
39.1.8.1.1.9 Variation 9: Reduction of Sulfonyl Azides . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 88
39.1.8.1.1.10 Variation 10: Reactions between Methylsulfamoyl Chloride and Silyl Enol

Ethers . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 89
39.1.8.1.1.11 Variation 11: Cyclization of Alkanesulfonamides . . . . . . . . . . . . . . . . . . . . . . . . . . 90
39.1.8.1.1.12 Variation 12: Reaction of Sulfonamide Anions with Epoxides . . . . . . . . . . . . . . 92
39.1.8.1.1.13 Variation 13: Condensation of Alkanesulfonamides with Carboxylic Acids . . 93
39.1.8.1.1.14 Variation 14: Reaction of Alkyl a-Disulfones with Amines . . . . . . . . . . . . . . . . . 94
39.1.8.1.2 Method 2: Reaction of Sulfinyl Chloride with Hydroxylamines . . . . . . . . . . . 94
39.1.8.1.3 Method 3: Reaction of Sulfur Dioxide with Diazo Compounds in the

Presence of Amines . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 95
39.1.8.1.4 Method 4: Oxidation of Low-Valency Sulfur Derivatives . . . . . . . . . . . . . . . . . 95
39.1.8.1.4.1 Variation 1: Oxidation of Sulfenamides . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 95
39.1.8.1.4.2 Variation 2: Oxidation of Sulfinamides . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 96

39.1.9 Product Subclass 9: Alkanesulfonohydrazides . . . . . . . . . . . . . . . . . . . . . . . . . . . . 97

39.1.9.1 Synthesis of Product Subclass 9 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 97

39.1.9.1.1 Method 1: Reaction of Alkanesulfinates with Azodicarboxylates . . . . . . . . 97
39.1.9.1.2 Method 2: Reaction of Sulfonyl Chlorides with Hydrazine Derivatives . . . . 98
39.1.9.1.3 Method 3: Oxidative Coupling of N-Substituted Methanesulfonamides . . 99

39.1.10 Product Subclass 10: N-Haloalkanesulfonamides and Their Salts . . . . . . . . . 100

39.1.10.1 Synthesis of Product Subclass 10 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 100

39.1.10.1.1 Method 1: Halogenation of Alkanesulfonamides . . . . . . . . . . . . . . . . . . . . . . . 100

XVI Table of Contents

Science of Synthesis Original Edition Volume 39 
© Georg Thieme Verlag KG



39.1.10.1.1.1 Variation 1: Chlorination with tert-Butyl Hypochlorite . . . . . . . . . . . . . . . . . . . 100
39.1.10.1.1.2 Variation 2: Chlorination with Sodium Hypochlorite . . . . . . . . . . . . . . . . . . . . . 101
39.1.10.1.1.3 Variation 3: Synthesis of N-Chloro- and N-Bromoperfluoroalkanesulfon-

amides . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 101
39.1.10.1.1.4 Variation 4: Fluorination of N-Substituted Trifluoromethanesulfonamides 102

39.1.11 Product Subclass 11: Alkanesulfonyl N=C=X Derivatives . . . . . . . . . . . . . . . . . 102

39.1.11.1 Synthesis of Product Subclass 11 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 102

39.1.11.1.1 Method 1: Synthesis of Alkanesulfonyl Isocyanates . . . . . . . . . . . . . . . . . . . . . 102
39.1.11.1.1.1 Variation 1: From Alkanesulfonamides and Carbonyl Group Precursors . . . 102
39.1.11.1.1.2 Variation 2: From Chlorosulfonyl Isocyanate and Alkenes . . . . . . . . . . . . . . . . 103
39.1.11.1.1.3 Variation 3: By Thermolysis of Trimethylsilylated Alkanesulfonyl

Carbamates . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 103
39.1.11.1.1.4 Variation 4: By Reactions between Chlorosulfonyl Isocyanate and

Tetraalkylstannanes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 104
39.1.11.1.2 Method 2: Synthesis of Alkanesulfonyl Isothiocyanates . . . . . . . . . . . . . . . . . 104

39.1.12 Product Subclass 12: Alkanesulfonyl Azides . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 104

39.1.12.1 Synthesis of Product Subclass 12 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 104

39.1.12.1.1 Method 1: Reaction of Alkanesulfonyl Halides with Alkali Metal Azides
or Tetramethylguanidinium Azide . . . . . . . . . . . . . . . . . . . . . . . . . . 104

39.1.13 Product Subclass 13: Alkanesulfonimidic Acid Derivatives . . . . . . . . . . . . . . . . 106

39.1.13.1 Synthesis of Product Subclass 13 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 106

39.1.13.1.1 Method 1: Synthesis of Alkanesulfonimidoyl Halides . . . . . . . . . . . . . . . . . . . 106
39.1.13.1.2 Method 2: Synthesis of Alkanesulfonimidic Acid Esters . . . . . . . . . . . . . . . . . 109
39.1.13.1.3 Method 3: Synthesis of Alkanesulfonimidic Acid Amides . . . . . . . . . . . . . . . . 109

39.1.14 Product Subclass 14: Alkanesulfonodiimidic Acid Derivatives . . . . . . . . . . . . 111

39.1.14.1 Synthesis of Product Subclass 14 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 111

39.1.14.1.1 Method 1: Synthesis of N,N¢,N¢¢-Trialkylalkanesulfonodiimidamides . . . . . 111

39.2 Product Class 2: Acyclic Dialkyl Sulfones and Derivatives
J. Drabowicz, J. Lewkowski, W. Kudelska, and T. Girek

39.2 Product Class 2: Acyclic Dialkyl Sulfones and Derivatives . . . . . . . . . . . . . . . . . 123

39.2.1 Product Subclass 1: Dialkylsulfur Tetrahalides . . . . . . . . . . . . . . . . . . . . . . . . . . . 123

39.2.1.1 Synthesis of Product Subclass 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 124

39.2.1.1.1 Method 1: Reaction of Dialkyl Sulfides with Trifluoromethyl Hypofluorite
or Elemental Halogens . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 124

39.2.2 Product Subclass 2: Dialkyl Sulfones . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 124

39.2.2.1 Synthesis of Product Subclass 2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 125

39.2.2.1.1 Method 1: Alkylation of Sulfinic Acid Anions with Cleavage of a C—X or
C—H Bond . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 125

39.2.2.1.1.1 Variation 1: Alkylation of Alkali Metal Salts under Homogeneous
Conditions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 125

Table of Contents XVII

Science of Synthesis Original Edition Volume 39 
© Georg Thieme Verlag KG



39.2.2.1.1.2 Variation 2: Alkylation under Phase-Transfer Catalysis Conditions . . . . . . . . 126
39.2.2.1.1.3 Variation 3: Alkylation in Ionic Liquids . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 127
39.2.2.1.1.4 Variation 4: Dialkylation of the Sulfite Dianion . . . . . . . . . . . . . . . . . . . . . . . . . . 127
39.2.2.1.1.5 Variation 5: Alkylation of Sulfinic Acid Anions Generated by

Electrochemical Oxidation of Disulfides . . . . . . . . . . . . . . . . . . . . . 128
39.2.2.1.2 Method 2: Addition of Sulfinic Acids to Michael Acceptors . . . . . . . . . . . . . . 128
39.2.2.1.3 Method 3: Reactions of Sulfonic Acid Derivatives . . . . . . . . . . . . . . . . . . . . . . 129
39.2.2.1.3.1 Variation 1: Reaction of Sulfonyl Halides with Alkenes or Alkynes . . . . . . . . 129
39.2.2.1.3.2 Variation 2: Free-Radical Reaction of Sulfonyl Halides with Unsaturated

Compounds . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 130
39.2.2.1.3.3 Variation 3: Reaction of Sulfonyl Halides with Organometallic Reagents . . 131
39.2.2.1.3.4 Variation 4: Reaction of b-Sultones with Grignard Reagents . . . . . . . . . . . . . 132
39.2.2.1.4 Method 4: Reactions of Sulfur Dioxide . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 132
39.2.2.1.4.1 Variation 1: Photochemical Reaction with Alkanes . . . . . . . . . . . . . . . . . . . . . . 132
39.2.2.1.4.2 Variation 2: Four-Component Coupling with Silyl Enol Ethers, Dienes, and

Haloalkanes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 133
39.2.2.1.4.3 Variation 3: Reaction with Silyl Enol Ethers or Allylmetals . . . . . . . . . . . . . . . . 135
39.2.2.1.5 Method 5: Oxidation of Sulfides or Sulfoxides . . . . . . . . . . . . . . . . . . . . . . . . . . 135
39.2.2.1.5.1 Variation 1: Oxidation by Hydrogen Peroxide . . . . . . . . . . . . . . . . . . . . . . . . . . . 135
39.2.2.1.5.2 Variation 2: Oxidation with Peroxy Acids and Other Peroxo Derivatives . . . 136
39.2.2.1.5.3 Variation 3: Oxidation by Miscellaneous Oxidants . . . . . . . . . . . . . . . . . . . . . . . 138
39.2.2.1.6 Method 6: Rearrangement of Sulfinic Acid Derivatives . . . . . . . . . . . . . . . . . . 139
39.2.2.1.7 Method 7: Reactions of Oxo–Oxy Sulfonium Ylides . . . . . . . . . . . . . . . . . . . . . 140
39.2.2.1.8 Method 8: Modification of the Alkyl Side Chains . . . . . . . . . . . . . . . . . . . . . . . 141
39.2.2.1.8.1 Variation 1: Alkylation of the a-Carbanion of Sulfones . . . . . . . . . . . . . . . . . . . 141
39.2.2.1.8.2 Variation 2: Radical Addition of Iodomethyl Sulfones to Alkenes or Alkynes 142
39.2.2.1.8.3 Variation 3: Addition to Vinyl Sulfones . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 143
39.2.2.1.8.4 Variation 4: Alkylation of Benzothiazolyl Sulfones . . . . . . . . . . . . . . . . . . . . . . . 144
39.2.2.1.8.5 Variation 5: Alkylation at a Remote Group of the Side Chain of Sulfones . . 145
39.2.2.1.8.6 Variation 6: Cross Coupling between a Haloalkyl Sulfone and an

Organoborane . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 145
39.2.2.1.8.7 Variation 7: Condensation with Amines . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 145
39.2.2.1.8.8 Variation 8: Carbocycle Formation by Double Alkylation at the a-Carbon

of Sulfones . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 146
39.2.2.1.8.9 Variation 9: Bromination of a Vinyl Sulfone . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 146
39.2.2.1.8.10 Variation 10: Friedel–Crafts Arylation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 147
39.2.2.1.8.11 Variation 11: Addition Reactions of Allenyl Sulfones . . . . . . . . . . . . . . . . . . . . . . 147
39.2.2.1.8.12 Variation 12: Epoxidation of a Vinyl Sulfone . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 147
39.2.2.1.8.13 Variation 13: Degradation of a Macrocyclic Sulfone . . . . . . . . . . . . . . . . . . . . . . . 148
39.2.2.1.8.14 Variation 14: cis–trans Isomerization of 2-Isopropyl-5-mesyl-1,3-dioxane

or -dithiane . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 148
39.2.2.1.8.15 Variation 15: Diels–Alder Reaction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 148
39.2.2.1.8.16 Variation 16: Base-Catalyzed Rearrangement of a Polycycle-Substituted

Alkyl Sulfone . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 149
39.2.2.1.8.17 Variation 17: Hydrolysis of Tetrachloro-1,3-dithietane 1,1,3,3-Tetraoxide . . 149
39.2.2.1.8.18 Variation 18: Acylation of a-Sulfonyl Carbanions . . . . . . . . . . . . . . . . . . . . . . . . . 150
39.2.2.1.8.19 Variation 19: Reaction of a-Sulfonyl Carbanions with Carbonyl Compounds 150
39.2.2.1.8.20 Variation 20: Base-Catalyzed Elimination Reaction of b-Hydroxy Sulfones . . 151

XVIII Table of Contents

Science of Synthesis Original Edition Volume 39 
© Georg Thieme Verlag KG



39.2.2.1.8.21 Variation 21: Cleavage of a Double Bond by Hydrolysis of
Tetrakis(alkylsulfonyl)ethenes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 151

39.2.2.1.8.22 Variation 22: Pinacol Coupling by Reduction with a Vanadium(III) Reagent . 152
39.2.2.1.8.23 Variation 23: Base-Catalyzed Cyclopropanation of g-Chloropropyl Sulfones 152

39.2.2.2 Applications of Product Subclass 2 in Organic Synthesis . . . . . . . . . . . . . . . . . . . . . 152

39.2.2.2.1 Method 1: Cyclization of Bis(chloromethyl) Sulfone with Cinnamaldehyde 152
39.2.2.2.2 Method 2: Alkene Synthesis by Coupling of Sulfone a,a¢-Dicarbanions . . 153

39.2.3 Product Subclass 3: S,S-Dialkylsulfoximides . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 154

39.2.3.1 Synthesis of Product Subclass 3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 155

39.2.3.1.1 Method 1: Oxidation of Sulfimides . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 155
39.2.3.1.1.1 Variation 1: Oxidation with Potassium Permanganate . . . . . . . . . . . . . . . . . . . 155
39.2.3.1.1.2 Variation 2: Oxidation with Peroxy Compounds . . . . . . . . . . . . . . . . . . . . . . . . . 155
39.2.3.1.1.3 Variation 3: Oxidation with Halogen-Containing Compounds . . . . . . . . . . . . 156
39.2.3.1.1.4 Variation 4: Oxidation with Dioxiranes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 156
39.2.3.1.2 Method 2: Imination of Sulfoxides . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 157
39.2.3.1.2.1 Variation 1: Reaction with Hydrazoic Acid . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 157
39.2.3.1.2.2 Variation 2: Reaction with Azides . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 158
39.2.3.1.2.3 Variation 3: Reaction with Chloramine-T or Its Analogues . . . . . . . . . . . . . . . . 159
39.2.3.1.2.4 Variation 4: Reaction with 2-[(Aminooxy)sulfonyl]-1,3,5-trimethylbenzene 159
39.2.3.1.2.5 Variation 5: Imination with Primary Amines in the Presence of tert-Butyl

Hypochlorite . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 159
39.2.3.1.2.6 Variation 6: Imination with Primary Amines in the Presence of Lead(IV)

Acetate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 160
39.2.3.1.2.7 Variation 7: Rhodium-Catalyzed Imination of Sulfoxides Using (Diacetoxy-

iodo)benzene . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 160
39.2.3.1.2.8 Variation 8: Electrochemical Imination of Sulfoxides . . . . . . . . . . . . . . . . . . . . . 161
39.2.3.1.2.9 Variation 9: Reaction of Dialkyl Sulfoxides with Quinone Monoimides . . . . 162
39.2.3.1.3 Method 3: Cleavage of N-Substituent Groups . . . . . . . . . . . . . . . . . . . . . . . . . . 162
39.2.3.1.3.1 Variation 1: N-Tosyl Group Cleavage . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 162
39.2.3.1.3.2 Variation 2: N-(tert-Butoxycarbonyl) Group Cleavage . . . . . . . . . . . . . . . . . . . . 163
39.2.3.1.3.3 Variation 3: Optical Resolution of S,S-Dialkylsulfoximides . . . . . . . . . . . . . . . . 163
39.2.3.1.4 Method 4: Functionalization at the Nitrogen Atom . . . . . . . . . . . . . . . . . . . . . 164
39.2.3.1.4.1 Variation 1: N-Arylation of Sulfoximides . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 164
39.2.3.1.4.2 Variation 2: N-Acylation and Related Reactions . . . . . . . . . . . . . . . . . . . . . . . . . 165
39.2.3.1.4.3 Variation 3: Functionalization with Heteroatom-Containing Reagents . . . . 166

39.2.3.2 Applications of Product Subclass 3 in Organic Synthesis . . . . . . . . . . . . . . . . . . . . . 167

39.2.3.2.1 Method 1: Reactions of a-Anions of S,S-Dialkyl-N-tosylsulfoximides . . . . . 167
39.2.3.2.1.1 Variation 1: Addition to Carbonyl Groups . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 167
39.2.3.2.1.2 Variation 2: Addition to Enones . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 167
39.2.3.2.1.3 Variation 3: Addition to Imines To Form b-Aminosulfoximides . . . . . . . . . . . 169
39.2.3.2.1.4 Variation 4: Intramolecular Cyclization in the Preparation of

1-Methyl-1,2-thiazine 1-Oxide Derivatives . . . . . . . . . . . . . . . . . . . 170
39.2.3.2.1.5 Variation 5: Synthesis of Diazenes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 172

39.2.4 Product Subclass 4: S,S-Dialkyl Sulfonediimines . . . . . . . . . . . . . . . . . . . . . . . . . . 173

39.2.4.1 Synthesis of Product Subclass 4 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 173

Table of Contents XIX

Science of Synthesis Original Edition Volume 39 
© Georg Thieme Verlag KG



39.2.4.1.1 Method 1: Bisimination of Sulfides . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 173
39.2.4.1.2 Method 2: Imination of Sulfimides . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 173
39.2.4.1.3 Method 3: Functionalization of the Nitrogen Atoms . . . . . . . . . . . . . . . . . . . . 174
39.2.4.1.3.1 Variation 1: N-Acylation of Sulfonediimines . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 174
39.2.4.1.3.2 Variation 2: N-Arylation and Related Reactions of Sulfonediimines . . . . . . . 174

39.2.4.2 Applications of Product Subclass 4 in Organic Synthesis . . . . . . . . . . . . . . . . . . . . . 175

39.2.4.2.1 Method 1: Synthesis of Aromatic Nitriles . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 175
39.2.4.2.2 Method 2: Synthesis of 1l6d2,2,6-thiadiazines . . . . . . . . . . . . . . . . . . . . . . . . . 176
39.2.4.2.2.1 Variation 1: Reaction of S-Alkyl-S-benzyl Sulfonediimines with Activated

Carbonyl Substrates . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 176
39.2.4.2.2.2 Variation 2: Reaction of S,S-Dialkyl Sulfonediimines with Ketene

Dithioacetals . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 177
39.2.4.2.3 Method 3: Synthesis of 1l6,2,4-Thiadiazines . . . . . . . . . . . . . . . . . . . . . . . . . . . 178
39.2.4.2.4 Method 4: Synthesis of 1l4,2,4,6-Thiatriazines . . . . . . . . . . . . . . . . . . . . . . . . . 178
39.2.4.2.4.1 Variation 1: Reaction of S-Alkyl-S-benzyl Sulfonediimines with

N-Cyanoimidates . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 179
39.2.4.2.4.2 Variation 2: Reaction of S,S-Dimethyl Sulfonediimines with

Cyanimidocarbonates . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 179
39.2.4.2.5 Method 5: Synthesis of 1l6d2,2,5-Thiadiazoles . . . . . . . . . . . . . . . . . . . . . . . . . 180

39.3 Product Class 3: Alkanesulfinic Acids and Acyclic Derivatives
S. Braverman, M. Cherkinsky, and S. Levinger

39.3 Product Class 3: Alkanesulfinic Acids and Acyclic Derivatives . . . . . . . . . . . . . 187

39.3.1 Product Subclass 1: Alkylsulfur Trihalides . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 187

39.3.1.1 Synthesis of Product Subclass 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 187

39.3.1.1.1 Method 1: Synthesis of Methylsulfur Trifluoride . . . . . . . . . . . . . . . . . . . . . . . . 187
39.3.1.1.2 Method 2: Synthesis of Alkylsulfur Trichlorides . . . . . . . . . . . . . . . . . . . . . . . . . 188
39.3.1.1.2.1 Variation 1: Reaction of Symmetrical Disulfides with Chlorine . . . . . . . . . . . . 188
39.3.1.1.2.2 Variation 2: Reaction of Thiols with Chlorine . . . . . . . . . . . . . . . . . . . . . . . . . . . . 188

39.3.2 Product Subclass 2: Alkanesulfinyl Halides . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 188

39.3.2.1 Synthesis of Product Subclass 2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 189

39.3.2.1.1 Method 1: Direct Functionalization of Adamantane . . . . . . . . . . . . . . . . . . . . 189
39.3.2.1.2 Method 2: Synthesis from Thiols . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 189
39.3.2.1.2.1 Variation 1: Using Sulfuryl Chloride and Acetic Acid . . . . . . . . . . . . . . . . . . . . . 190
39.3.2.1.2.2 Variation 2: Using Sulfuryl Chloride and Trimethylsilyl Acetate . . . . . . . . . . . 190
39.3.2.1.3 Method 3: Synthesis from Sulfinic Acids or Sulfinate Salts . . . . . . . . . . . . . . 191
39.3.2.1.3.1 Variation 1: Via a Sulfinate Generated In Situ from a Grignard Compound 191
39.3.2.1.4 Method 4: Synthesis from Symmetrical Disulfides . . . . . . . . . . . . . . . . . . . . . . 192
39.3.2.1.5 Method 5: Synthesis from Sulfenyl Compounds . . . . . . . . . . . . . . . . . . . . . . . . 194
39.3.2.1.5.1 Variation 1: Halogenolysis of Thiosulfinate Esters . . . . . . . . . . . . . . . . . . . . . . . 194
39.3.2.1.5.2 Variation 2: Oxidative Halogenolysis of S-Alkyl Thioacetates . . . . . . . . . . . . . 194
39.3.2.1.5.3 Variation 3: Oxidation of Alkanesulfenyl Chlorides . . . . . . . . . . . . . . . . . . . . . . . 195
39.3.2.1.6 Method 6: Synthesis from 2-(Trimethylsilyl)ethyl Sulfoxides . . . . . . . . . . . . 196

XX Table of Contents

Science of Synthesis Original Edition Volume 39 
© Georg Thieme Verlag KG



39.3.3 Product Subclass 3: Alkanesulfinic Acids and Salts . . . . . . . . . . . . . . . . . . . . . . . 196

39.3.3.1 Synthesis of Product Subclass 3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 197

39.3.3.1.1 Method 1: Oxidation of Alkanethiols . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 197
39.3.3.1.2 Method 2: Hydrolysis of Alkanesulfinyl Chlorides and Alkanesulfinic Acid

Esters . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 198
39.3.3.1.3 Method 3: Oxidative Cleavage of Dialkyl Disulfides . . . . . . . . . . . . . . . . . . . . . 199
39.3.3.1.4 Method 4: Hydrolysis of Sulfinamides . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 200
39.3.3.1.5 Method 5: Reduction of Alkanesulfonyl Halides . . . . . . . . . . . . . . . . . . . . . . . . 200
39.3.3.1.5.1 Variation 1: From Alkanesulfonyl Chlorides by Reduction with Alkali Metal

Sulfites . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 201
39.3.3.1.5.2 Variation 2: From Alkanesulfonyl Chlorides by Reduction with

4-Toluenethiol . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 201
39.3.3.1.5.3 Variation 3: Additional Procedures . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 202
39.3.3.1.6 Method 6: Reductive Cleavage of Alkanethiosulfonates . . . . . . . . . . . . . . . . 203
39.3.3.1.6.1 Variation 1: Cleavage of Acyclic Alkanethiosulfonates . . . . . . . . . . . . . . . . . . . 203
39.3.3.1.6.2 Variation 2: Cleavage of Cyclic Alkanethiosulfonates . . . . . . . . . . . . . . . . . . . . 204
39.3.3.1.7 Method 7: Reductive Cleavage of Sulfones . . . . . . . . . . . . . . . . . . . . . . . . . . . . 204
39.3.3.1.8 Method 8: Base-Induced Cleavage of Activated Sulfones . . . . . . . . . . . . . . . 205
39.3.3.1.9 Method 9: Ring Opening of Thiirane 1,1-Dioxides and Other Cyclic

Sulfones . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 208
39.3.3.1.10 Method 10: Insertion of Sulfur Dioxide into the Carbon—Metal Bond

of Organometallic Reagents . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 209
39.3.3.1.10.1 Variation 1: Reaction with Organolithium and Grignard Reagents . . . . . . . . 209
39.3.3.1.10.2 Variation 2: Reaction with Organoaluminum Reagents . . . . . . . . . . . . . . . . . . 210
39.3.3.1.11 Method 11: Addition of Sulfur Dioxide to Alkenes . . . . . . . . . . . . . . . . . . . . . . . 210
39.3.3.1.12 Method 12: Synthesis with Retention of the Sulfinate Group

(Salt-to-Acid Transformation) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 211

39.3.4 Product Subclass 4: Alkanesulfinic Acid Esters . . . . . . . . . . . . . . . . . . . . . . . . . . . 211

39.3.4.1 Synthesis of Product Subclass 4 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 212

39.3.4.1.1 Method 1: Esterification of Sulfinic Acids and Sulfinate Anions . . . . . . . . . . 212
39.3.4.1.1.1 Variation 1: Using Alcohols . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 212
39.3.4.1.1.2 Variation 2: Using Hard Alkylating Agents . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 212
39.3.4.1.2 Method 2: Nucleophilic Substitution of Sulfinyl Chlorides . . . . . . . . . . . . . . . 213
39.3.4.1.2.1 Variation 1: Reaction of Alkanesulfinyl Chlorides with Alcohols . . . . . . . . . . . 213
39.3.4.1.2.2 Variation 2: Reaction of Alkanesulfinyl Chlorides with

Alkoxytrimethylsilanes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 215
39.3.4.1.3 Method 3: Oxidation of Alkanesulfenyl Chlorides and Alkanethiols . . . . . . 216
39.3.4.1.4 Method 4: Oxidative Alkylation of Dialkyl Disulfides . . . . . . . . . . . . . . . . . . . . 217
39.3.4.1.4.1 Variation 1: Oxidation of Disulfides with N-Bromosuccinimide . . . . . . . . . . . 217
39.3.4.1.4.2 Variation 2: Via In Situ Formation of Alkanesulfinyl Chlorides from Dialkyl

Disulfides . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 218
39.3.4.1.5 Method 5: Oxidation of Alkanesulfenic Acid Esters . . . . . . . . . . . . . . . . . . . . . 219
39.3.4.1.6 Method 6: Cleavage of Dialkyl Sulfoxylates . . . . . . . . . . . . . . . . . . . . . . . . . . . . 220
39.3.4.1.7 Method 7: Cleavage of the S—N Bond of Alkenesulfinamides . . . . . . . . . . . 222
39.3.4.1.8 Method 8: Reductive Esterification of Alkanesulfonyl Chlorides and

Other Alkanesulfonic Acid Derivatives . . . . . . . . . . . . . . . . . . . . . . 223

Table of Contents XXI

Science of Synthesis Original Edition Volume 39 
© Georg Thieme Verlag KG



39.3.4.1.9 Method 9: Cleavage of the S—S Bond of Alkanethiosulfonates and Alkyl
Alkylsulfinyl Sulfones . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 225

39.3.4.1.10 Method 10: Substitution of Dialkyl Sulfites and Chlorosulfite Esters . . . . . . 225
39.3.4.1.11 Method 11: Synthesis with Retention of the Sulfinate Group

(Transesterification) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 226

39.3.5 Product Subclass 5: Alkanesulfinic Anhydrides . . . . . . . . . . . . . . . . . . . . . . . . . . . 227

39.3.5.1 Synthesis of Product Subclass 5 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 227

39.3.5.1.1 Method 1: Synthesis from Alkanesulfinyl Chlorides and Silver Sulfinates . 227

39.3.6 Product Subclass 6: Alkylthiosulfinato Transition-Metal Complexes . . . . . . 227

39.3.6.1 Synthesis of Product Subclass 6 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 227

39.3.6.1.1 Method 1: Synthesis by Substitution . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 227
39.3.6.1.2 Method 2: Synthesis by Oxidative Addition . . . . . . . . . . . . . . . . . . . . . . . . . . . . 228

39.3.7 Product Subclass 7: Alkanethiosulfinic Acid Esters . . . . . . . . . . . . . . . . . . . . . . . 229

39.3.7.1 Synthesis of Product Subclass 7 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 229

39.3.7.1.1 Method 1: Synthesis from Alkanesulfinyl Chlorides . . . . . . . . . . . . . . . . . . . . . 229
39.3.7.1.1.1 Variation 1: By Reaction with Thiols . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 229
39.3.7.1.1.2 Variation 2: By Reaction with Organotin Thiolates . . . . . . . . . . . . . . . . . . . . . . . 230
39.3.7.1.2 Method 2: Synthesis from Dialkyl Disulfides . . . . . . . . . . . . . . . . . . . . . . . . . . . 230
39.3.7.1.2.1 Variation 1: By Oxidation with Hydrogen Peroxide . . . . . . . . . . . . . . . . . . . . . . . 231
39.3.7.1.2.2 Variation 2: By Oxidation with Perbenzoic Acid . . . . . . . . . . . . . . . . . . . . . . . . . . 231
39.3.7.1.2.3 Variation 3: By Oxidation with 3-Chloroperoxybenzoic Acid . . . . . . . . . . . . . . 232
39.3.7.1.2.4 Variation 4: By Oxidation with Dimethyldioxirane . . . . . . . . . . . . . . . . . . . . . . . 232
39.3.7.1.2.5 Variation 5: By Photooxidation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 233
39.3.7.1.2.6 Variation 6: By Asymmetric Oxidation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 233

39.3.8 Product Subclass 8: Alkanesulfinamides . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 235

39.3.8.1 Synthesis of Product Subclass 8 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 235

39.3.8.1.1 Method 1: Synthesis from Alkanesulfinyl Chlorides . . . . . . . . . . . . . . . . . . . . . 235
39.3.8.1.2 Method 2: Synthesis from Alkanesulfinic Acids . . . . . . . . . . . . . . . . . . . . . . . . . 236
39.3.8.1.3 Method 3: Synthesis from Alkanesulfinate or Alkanethiosulfinate Esters . 236
39.3.8.1.3.1 Variation 1: Chiral Alkanesulfinamides Using an Amino Alcohol and

Thionyl Chloride via Alkanesulfinate Esters . . . . . . . . . . . . . . . . . . 237
39.3.8.1.3.2 Variation 2: Alkanesulfinamides from Alkanethiosulfinate Esters . . . . . . . . . 238

39.4 Product Class 4: Acyclic Dialkyl Sulfoxides and Derivatives
J. L. Garc4a Ruano, M. B. Cid, A. M. Mart4n-Castro, and J. Alem8n

39.4 Product Class 4: Acyclic Dialkyl Sulfoxides and Derivatives . . . . . . . . . . . . . . . 245

39.4.1 Product Subclass 1: Acyclic Diheterosubstituted Dialkyl-l4-sulfanes . . . . . 246

39.4.1.1 Synthesis of Product Subclass 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 246

39.4.2 Product Subclass 2: Acyclic Dialkyl Sulfoxides . . . . . . . . . . . . . . . . . . . . . . . . . . . . 249

39.4.2.1 Synthesis of Product Subclass 2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 250

39.4.2.1.1 Optically Inactive Dialkyl Sulfoxides . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 250

XXII Table of Contents

Science of Synthesis Original Edition Volume 39 
© Georg Thieme Verlag KG



39.4.2.1.1.1 Method 1: Synthesis from Alkanesulfenic Acid Derivatives . . . . . . . . . . . . . . 250
39.4.2.1.1.1.1 Variation 1: Addition of Sulfenic Acids to Alkenes . . . . . . . . . . . . . . . . . . . . . . . 250
39.4.2.1.1.1.2 Variation 2: Rearrangement of Sulfenic Acid Esters . . . . . . . . . . . . . . . . . . . . . . 250
39.4.2.1.1.1.3 Variation 3: Electrophilic Addition to Sulfenic Acid Salts . . . . . . . . . . . . . . . . . 251
39.4.2.1.1.2 Method 2: Synthesis from Sulfinyl Derivatives . . . . . . . . . . . . . . . . . . . . . . . . . 252
39.4.2.1.1.2.1 Variation 1: From Thionyl Chloride or Related Compounds . . . . . . . . . . . . . . . 252
39.4.2.1.1.2.2 Variation 2: From Alkanesulfinic Acid Derivatives . . . . . . . . . . . . . . . . . . . . . . . . 253
39.4.2.1.1.3 Method 3: Oxidation of Dialkyl Sulfides . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 254
39.4.2.1.1.3.1 Variation 1: Using Oxygen . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 254
39.4.2.1.1.3.2 Variation 2: Using Hydrogen Peroxide . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 260
39.4.2.1.1.3.3 Variation 3: Using Peroxides . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 267
39.4.2.1.1.3.4 Variation 4: Using Peroxy Acids . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 269
39.4.2.1.1.3.5 Variation 5: Using Halogen Derivatives . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 271
39.4.2.1.1.3.6 Variation 6: Using Nitrogen Reagents . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 285
39.4.2.1.1.3.7 Variation 7: Using Other Oxidizing Reagents . . . . . . . . . . . . . . . . . . . . . . . . . . . . 289
39.4.2.1.1.4 Method 4: Synthesis from Other Sulfur Derivatives . . . . . . . . . . . . . . . . . . . . . 299
39.4.2.1.1.4.1 Variation 1: From Sulfonium Salts . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 299
39.4.2.1.1.4.2 Variation 2: From Sulfimides . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 299
39.4.2.1.1.4.3 Variation 3: From Organosulfur(VI) Compounds . . . . . . . . . . . . . . . . . . . . . . . . . 299
39.4.2.1.1.4.4 Variation 4: From Sulfoxonium Ylides . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 300
39.4.2.1.1.4.5 Variation 5: From Thioketone S-Oxides . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 300

39.4.2.1.2 Optically Active Dialkyl Sulfoxides . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 301

39.4.2.1.2.1 Method 1: Synthesis from Sulfinyl Derivatives . . . . . . . . . . . . . . . . . . . . . . . . . 301
39.4.2.1.2.1.1 Variation 1: From Alkanesulfinic Acid Esters and Sulfites: Oxygen

Functions as the Leaving Group . . . . . . . . . . . . . . . . . . . . . . . . . . . . 301
39.4.2.1.2.1.2 Variation 2: From Alkanesulfinamides and Sulfites: Nitrogen Functions

as the Leaving Group . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 309
39.4.2.1.2.1.3 Variation 3: From Optically Pure Sulfoxides: Carbon Functions as the

Leaving Group . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 314
39.4.2.1.2.1.4 Variation 4: From Thiosulfinates by EllmanQs Thiosulfinate Synthesis:

Sulfur Functions as the Leaving Group . . . . . . . . . . . . . . . . . . . . . . 320
39.4.2.1.2.2 Method 2: Oxidation of Dialkyl Sulfides . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 321
39.4.2.1.2.2.1 Variation 1: Using Achiral Reagents . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 321
39.4.2.1.2.2.2 Variation 2: Using Alkyl Peroxides and Chiral Metal Catalysts . . . . . . . . . . . . . 322
39.4.2.1.2.2.3 Variation 3: Using Other Chiral Reagents . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 326
39.4.2.1.2.2.4 Variation 4: Biological Oxidation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 330
39.4.2.1.2.3 Method 3: Resolution of Racemic Mixtures . . . . . . . . . . . . . . . . . . . . . . . . . . . . 335
39.4.2.1.2.3.1 Variation 1: Spontaneous Resolution . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 335
39.4.2.1.2.3.2 Variation 2: Kinetic Resolution . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 336

39.4.2.2 Applications of Product Subclass 2 in Organic Synthesis . . . . . . . . . . . . . . . . . . . . . 338

39.4.2.2.1 Method 1: Oxidation of Alcohols by Dimethyl Sulfoxide and
Dicyclohexylcarbodiimide . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 338

39.4.2.2.2 Method 2: Oxidation of Alcohols by Dimethyl Sulfoxide and Oxalyl
Chloride (Swern Oxidation) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 341

39.4.2.2.3 Method 3: Oxidation by Dimethyl Sulfoxide in the Presence of Other
Activating Agents . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 346

Table of Contents XXIII

Science of Synthesis Original Edition Volume 39 
© Georg Thieme Verlag KG



39.4.2.2.4 Method 4: Oxidation of Organic Halides and Sulfonates with Dimethyl
Sulfoxide . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 348

39.4.2.2.5 Method 5: The Halogen–Dimethyl Sulfoxide System as an Oxidizing
Reagent . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 349

39.4.2.2.6 Method 6: Oxidation of Other Functional Groups by Dimethyl Sulfoxide . 351
39.4.2.2.7 Method 7: Epoxide Ring-Opening Reactions by Dimethyl Sulfoxide . . . . . . 352

39.4.3 Product Subclass 3: Acyclic S,S-Dialkylsulfimides . . . . . . . . . . . . . . . . . . . . . . . . . 352

39.4.3.1 Synthesis of Product Subclass 3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 353

39.4.3.1.1 Optically Inactive S,S-Dialkylsulfimides . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 353

39.4.3.1.1.1 Method 1: Oxidative Amination of Sulfides . . . . . . . . . . . . . . . . . . . . . . . . . . . . 353
39.4.3.1.1.1.1 Variation 1: Reaction with N-Halo Compounds . . . . . . . . . . . . . . . . . . . . . . . . . . 353
39.4.3.1.1.1.2 Variation 2: Reaction with Azides . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 359
39.4.3.1.1.1.3 Variation 3: Reaction with Other Sources of Electrophilic Nitrogen . . . . . . . 361
39.4.3.1.1.2 Method 2: Amination of Sulfoxides . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 362
39.4.3.1.1.2.1 Variation 1: Reaction with Compounds Containing an Amino Group . . . . . . 362
39.4.3.1.1.2.2 Variation 2: Reaction with Heterocumulenes . . . . . . . . . . . . . . . . . . . . . . . . . . . . 365
39.4.3.1.1.3 Method 3: Synthesis of N-Unsubstituted S,S-Dialkylsulfimides . . . . . . . . . . 365

39.4.3.1.2 Optically Active S,S-Dialkylsulfimides . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 366

39.4.3.2 Applications of Product Subclass 3 in Organic Synthesis . . . . . . . . . . . . . . . . . . . . . 367

39.4.3.2.1 Method 1: Synthesis of Sulfur Derivatives . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 367
39.4.3.2.1.1 Variation 1: Reduction To Form Sulfides and Amines . . . . . . . . . . . . . . . . . . . . 367
39.4.3.2.1.2 Variation 2: Synthesis of Sulfoximides . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 369
39.4.3.2.1.3 Variation 3: Synthesis of Other Organosulfur Compounds . . . . . . . . . . . . . . . 369
39.4.3.2.2 Method 2: Synthesis of Heterocycles . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 370
39.4.3.2.2.1 Variation 1: Transformation via Nitrene Intermediates by Photolysis and

Thermolysis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 370
39.4.3.2.2.2 Variation 2: Reactions of Sulfimides with Electrophiles . . . . . . . . . . . . . . . . . . 371
39.4.3.2.2.3 Variation 3: Methylation of Heterocycles via S,S-Dialkylsulfimides . . . . . . . . 374
39.4.3.2.2.4 Variation 4: Conversion of Amines into Nitroso and Nitro Compounds . . . . 374

39.5 Product Class 5: Alkanethiols
J. V. Comasseto and A. S. Guarezemini

39.5 Product Class 5: Alkanethiols . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 391

39.5.1 Synthesis of Product Class 5 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 391

39.5.1.1 Method 1: Insertion of Elemental Sulfur into an Alkyllithium or Alkyl
Grignard Reagent Followed by Reaction with an Acid . . . . . . . . 391

39.5.1.2 Method 2: Reaction of an Alkylating Agent with a Nucleophilic Sulfur
Species Followed by Hydrolysis or Reduction . . . . . . . . . . . . . . . . 391

39.5.1.2.1 Variation 1: Reaction of Alkylating Agents with Hydrosulfides or Sodium
Thiosulfate Followed by Acidic Hydrolysis . . . . . . . . . . . . . . . . . . . 392

39.5.1.2.2 Variation 2: Transformation of Alcohols into Alkanethiols . . . . . . . . . . . . . . . . 394
39.5.1.2.3 Variation 3: Thiols from Dithiocarbonates, Thioacetates, or Related

Compounds . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 395
39.5.1.2.4 Variation 4: Alkanethiols from Thiouronium Salts or Related Compounds . 398

XXIV Table of Contents

Science of Synthesis Original Edition Volume 39 
© Georg Thieme Verlag KG



39.5.1.3 Method 3: Reduction of Alkanesulfonyl Chlorides . . . . . . . . . . . . . . . . . . . . . . 399
39.5.1.4 Method 4: Alkanethiols from Alkenes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 399
39.5.1.4.1 Variation 1: Reaction of Alkenes with Hydrogen Sulfide . . . . . . . . . . . . . . . . . . 399
39.5.1.4.2 Variation 2: Reaction of Alkenes with Thioacetic Acid or Thiols Followed

by Transformation of the Products into Alkanethiols . . . . . . . . . 400
39.5.1.4.3 Variation 3: Reaction of Thiocarbonyl Compounds with Alkenes Followed

by Cleavage of the Adduct . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 400
39.5.1.5 Method 5: Reduction of Thiocyanates . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 401
39.5.1.6 Method 6: Reduction of Disulfides . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 401
39.5.1.6.1 Variation 1: By Metals . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 402
39.5.1.6.2 Variation 2: By Complex Metal Hydrides . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 402
39.5.1.6.3 Variation 3: By Trisubstituted Phosphines . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 403
39.5.1.7 Method 7: C—S Bond Cleavage . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 403
39.5.1.7.1 Variation 1: Aminolysis of Thiiranes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 403
39.5.1.7.2 Variation 2: Reductive Cleavage of C—S Bonds . . . . . . . . . . . . . . . . . . . . . . . . . . 404
39.5.1.8 Method 8: Alkanethiols from Heterocyclic Compounds . . . . . . . . . . . . . . . . . 405

39.6 Product Class 6: Acyclic Alkanethiolates

39.6.1 Product Subclass 1: Alkanethiolates of Group 1, 2, and 13–15 Metals
J. V. Comasseto and A. S. Guarezemini

39.6.1 Product Subclass 1: Alkanethiolates of Group 1, 2, and 13–15 Metals . . . . 413

39.6.1.1 Synthesis of Product Subclass 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 413

39.6.1.1.1 Arsenic Alkanethiolates . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 413

39.6.1.1.1.1 Method 1: Reaction of Arsenic Halides with Alkanethiols or
Alkanethiolates . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 413

39.6.1.1.1.2 Method 2: Reaction of Arsenoxides with Alkanethiols . . . . . . . . . . . . . . . . . . 414
39.6.1.1.1.3 Method 3: Reaction of Aminoarsines with Alkanethiols . . . . . . . . . . . . . . . . . 414
39.6.1.1.1.4 Method 4: Reaction of Tetraalkyldiarsines with Dialkyl Disulfides . . . . . . . . 415
39.6.1.1.1.5 Method 5: Reaction of Arsenic(III) Fluoride with (tert-Butylsulfanyl)tri-

methylsilane . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 415

39.6.1.1.2 Antimony Alkanethiolates . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 415

39.6.1.1.2.1 Method 1: Reaction of Antimony(III) Chloride with Alkanethiols or
Alkanethiolates . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 416

39.6.1.1.2.2 Method 2: Reaction of Antimony(III) Fluoride with (tert-Butylsulfanyl)tri-
methylsilane . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 416

39.6.1.1.2.3 Method 3: Transmetalation Reactions of Zirconocene Metallocycles and
Antimony Halides . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 416

39.6.1.1.3 Bismuth Alkanethiolates . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 417

39.6.1.1.3.1 Method 1: Reaction of Bismuth Halides, Alkoxides, and Nitrates with
Alkanethiols . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 417

39.6.1.1.3.2 Method 2: Reaction of Bismuth(III) Fluoride with (tert-Butylsulfanyl)tri-
methylsilane . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 417

39.6.1.1.4 Silicon Alkanethiolates . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 418

Table of Contents XXV

Science of Synthesis Original Edition Volume 39 
© Georg Thieme Verlag KG



39.6.1.1.4.1 Method 1: Reaction of Chlorosilanes with Alkanethiols or Alkanethiolates 418
39.6.1.1.4.2 Method 2: Alkylation of Lithium Silicon Thiolates . . . . . . . . . . . . . . . . . . . . . . . 419
39.6.1.1.4.3 Method 3: Cleavage of S—C Bonds of Alkyl Sulfides . . . . . . . . . . . . . . . . . . . . 419
39.6.1.1.4.3.1 Variation 1: Radical Reaction of Thioacetals with Tris(trimethylsilyl)silane . 419
39.6.1.1.4.3.2 Variation 2: Acid-Catalyzed Thiirane Opening with Trimethylsilyl Cyanide . 419
39.6.1.1.4.4 Method 4: Reaction of a Thiocarbonyl Compound with a Silylene . . . . . . . 420

39.6.1.1.5 Germanium Alkanethiolates . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 420

39.6.1.1.5.1 Method 1: Reaction of Germyl Halides and Oxides with Alkanethiolates . 420
39.6.1.1.5.2 Method 2: Reaction of Halogermanes with Tetrakis(methanethio-

lato)aluminate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 421

39.6.1.1.6 Tin Alkanethiolates . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 421

39.6.1.1.6.1 Method 1: Reaction of Organotin Halides with Alkanethiols in the
Presence of a Base . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 421

39.6.1.1.6.2 Method 2: Thiolysis of Alkyltin Alkoxides . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 422

39.6.1.1.7 Lead Alkanethiolates . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 422

39.6.1.1.7.1 Method 1: Reaction of Triorganolead Chlorides or Hydroxides with
Alkanethiols or Lead(II) Thiolates . . . . . . . . . . . . . . . . . . . . . . . . . . . 422

39.6.1.1.7.2 Method 2: Disproportionation of Diplumbanes with Dialkyl Disulfides . . . 423

39.6.1.1.8 Boron Alkanethiolates . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 423

39.6.1.1.8.1 Method 1: Reaction of Boranes with Alkanethiols . . . . . . . . . . . . . . . . . . . . . . 423
39.6.1.1.8.2 Method 2: Reaction of Haloboranes with Alkanethiols or Alkali Metal

Thiolates . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 424

39.6.1.1.9 Aluminum Alkanethiolates . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 424

39.6.1.1.9.1 Method 1: Reaction of Trialkylaluminums with Alkanethiols . . . . . . . . . . . . 424
39.6.1.1.9.2 Method 2: Reaction of Aluminum Halides and Amides with Alkanethiols

or Sodium Alkanethiolates . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 425
39.6.1.1.9.3 Method 3: Reaction of Piperidinylaluminum Halides with Lithium

Alkanethiolates . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 425
39.6.1.1.9.4 Method 4: Reaction of Aluminum Hydrides with Alkanethiols . . . . . . . . . . . 426

39.6.1.1.10 Gallium Alkanethiolates . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 427

39.6.1.1.10.1 Method 1: Reaction of Gallium Halides with Metal Thiolates . . . . . . . . . . . . 427
39.6.1.1.10.2 Method 2: Reaction of Triorganogallium Species with Alkanethiols . . . . . . 427

39.6.1.1.11 Indium Alkanethiolates . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 428

39.6.1.1.11.1 Method 1: Reaction of Organoindium Compounds with Alkanethiols . . . . 428
39.6.1.1.11.2 Method 2: Reaction of Indium(III) tert-Butyl(trimethylsilyl)amide with

Alkanethiols . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 428

39.6.1.1.12 Thallium Alkanethiolates . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 428

39.6.1.1.12.1 Method 1: Reaction of Thallium Salts with Alkanethiols or Sodium
Alkanethiolates . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 429

39.6.1.1.13 Beryllium Alkanethiolates . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 429

39.6.1.1.14 Magnesium Alkanethiolates . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 429

39.6.1.1.15 Calcium Alkanethiolates . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 430

XXVI Table of Contents

Science of Synthesis Original Edition Volume 39 
© Georg Thieme Verlag KG



39.6.1.1.16 Strontium Alkanethiolates . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 430

39.6.1.1.17 Barium Alkanethiolates . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 430

39.6.1.1.18 Lithium Alkanethiolates . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 431

39.6.1.1.18.1 Method 1: Reaction of Alkanethiols with Butyllithium . . . . . . . . . . . . . . . . . . 431
39.6.1.1.18.2 Method 2: Reaction of Elemental Sulfur with Alkyllithium Compounds . . 431

39.6.1.1.19 Sodium Alkanethiolates . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 431

39.6.1.1.19.1 Method 1: Reaction of Alkanethiols with a Base . . . . . . . . . . . . . . . . . . . . . . . . 431
39.6.1.1.19.2 Method 2: Reaction of Alkanethiols with Sodium . . . . . . . . . . . . . . . . . . . . . . 432
39.6.1.1.19.3 Method 3: Reaction of Dialkyl Disulfides with Sodium . . . . . . . . . . . . . . . . . . 432

39.6.2 Product Subclass 2: Alkanethiolates of Group 3–12 Metals
A. Polo and J. Real

39.6.2 Product Subclass 2: Alkanethiolates of Group 3–12 Metals . . . . . . . . . . . . . . . 437

39.6.2.1 Synthesis of Product Subclass 2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 437

39.6.2.1.1 Terminal Alkanethiolates . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 437

39.6.2.1.1.1 Method 1: Reaction of Metal Halides with Alkanethiols or Main Group
Alkanethiolates . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 437

39.6.2.1.1.1.1 Variation 1: Reaction of a Metal Chloro Complex with an Alkanethiol . . . . . 437
39.6.2.1.1.1.2 Variation 2: Reactions of a Metal Complex with an Alkanethiol in the

Presence of a Base . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 438
39.6.2.1.1.1.3 Variation 3: Reaction of a Metal Complex with a Main Group

Alkanethiolate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 440
39.6.2.1.1.1.4 Variation 4: Reaction of a Metal Complex with an Alkanethiol and a

Reducing Agent . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 444
39.6.2.1.1.2 Method 2: Reaction of an Alkanethiol with a Basic Ligand Complex with

Displacement of the Protonated Ligand . . . . . . . . . . . . . . . . . . . . . 444
39.6.2.1.1.3 Method 3: Reaction of Coordinated Sulfides with Electrophiles . . . . . . . . . 446
39.6.2.1.1.4 Method 4: Oxidative Addition of a Dialkyl Disulfide to a Metal Center . . . 447
39.6.2.1.1.5 Methods 5: Miscellaneous Methods . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 449

39.6.2.1.2 Homometallic m-Alkanethiolates . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 450

39.6.2.1.2.1 Method 1: Reaction of a Metal Complex with an Alkanethiol or with a
Main Group Alkanethiolate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 450

39.6.2.1.2.1.1 Variation 1: Reaction of a Metal Complex with an Alkanethiol . . . . . . . . . . . . 450
39.6.2.1.2.1.2 Variation 2: Reaction of a Metal Complex with an Alkanethiol and a Base . 451
39.6.2.1.2.1.3 Variation 3: Reaction of a Metal Complex with a Main Group Alkanethio-

late . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 452
39.6.2.1.2.2 Method 2: Reaction of an Alkanethiol with a Basic Ligand Complex

with Displacement of the Protonated Ligand . . . . . . . . . . . . . . . . 453
39.6.2.1.2.3 Method 3: Reaction of Bridging Coordinated Sulfides with Electrophiles . 453
39.6.2.1.2.4 Method 4: Oxidative Addition of an Alkanethiol or a Dialkyl Disulfide

to a Metal Complex . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 454
39.6.2.1.2.4.1 Variation 1: By Oxidative Addition of an Alkanethiol to a Metal Complex . 454
39.6.2.1.2.4.2 Variation 2: Oxidative Addition of a Dialkyl Disulfide to a Metal Complex . 455

Table of Contents XXVII

Science of Synthesis Original Edition Volume 39 
© Georg Thieme Verlag KG



39.6.2.1.2.4.3 Variation 3: Photochemically Assisted Oxidative Addition of an Alkyl
Disulfide to a Metal Complex . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 455

39.6.2.1.2.5 Method 5: Synthesis of Bridging Alkanethiolates by Ligand Dissociation . 456
39.6.2.1.2.6 Method 6: Reaction of an Alkanethiolate–Metal Complex with a Second

Metal Complex . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 457
39.6.2.1.2.7 Methods 7: Miscellaneous Methods . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 457

39.6.2.1.3 Heterometallic m-Alkanethiolates . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 458

39.6.2.1.3.1 Method 1: Reaction of Bridging Coordinated Sulfides with Electrophiles . 458
39.6.2.1.3.2 Method 2: Reaction of an Alkanethiolate–Metal Complex with a Second

Metal Complex . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 459

39.6.2.1.4 m3-Alkanethiolates and Higher Bridging mn-Alkanethiolates . . . . . . . . . . . . . . . . . . 459

39.6.2.1.4.1 Method 1: Reaction of a Metal Complex with an Alkanethiol, a Dialkyl
Disulfide, or a Main Group Alkanethiolate . . . . . . . . . . . . . . . . . . . 460

39.6.2.1.4.2 Method 2: Reaction of Bridging Coordinated Sulfides with Electrophiles . 460

39.6.2.2 Applications of Product Subclass 2 in Organic Synthesis . . . . . . . . . . . . . . . . . . . . . 461

39.6.2.2.1 Method 1: Metal-Catalyzed C—S Bond Formation Reactions . . . . . . . . . . . . 462
39.6.2.2.2 Method 2: Catalytic Propargylic Substitution Reactions . . . . . . . . . . . . . . . . . 462
39.6.2.2.3 Method 3: Catalytic Carbonylation Reactions with Alkanethiolate

Catalyst Precursors . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 463
39.6.2.2.4 Method 4: Stereoselective [3 + 2] Dipolar Cycloaddition of Nitrones to

Electron-Deficient Alkenes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 463

39.7 Product Class 7: Acyclic Dialkyl Sulfides
S. Fujiwara and M. Toyofuku

39.7 Product Class 7: Acyclic Dialkyl Sulfides . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 469

39.7.1 Synthesis of Product Class 7 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 469

39.7.1.1 Method 1: Synthesis from Alkanethiols . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 469
39.7.1.1.1 Variation 1: By Substitution of Alkyl Halides . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 469
39.7.1.1.2 Variation 2: By Substitution of Sulfonates . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 470
39.7.1.1.3 Variation 3: By Substitution of Alcohols and Carbonates . . . . . . . . . . . . . . . . . 471
39.7.1.1.4 Variation 4: By Ring Opening of Cyclic Ethers . . . . . . . . . . . . . . . . . . . . . . . . . . . 472
39.7.1.1.5 Variation 5: By Addition to Simple Alkenes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 474
39.7.1.1.6 Variation 6: By Addition to Electron-Deficient Alkenes . . . . . . . . . . . . . . . . . . . 475
39.7.1.2 Method 2: Synthesis from Alkanethiolates . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 477
39.7.1.2.1 Variation 1: By Substitution of Alkyl Halides . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 478
39.7.1.2.2 Variation 2: By Substitution of Alkyl Sulfonates . . . . . . . . . . . . . . . . . . . . . . . . . . 479
39.7.1.2.3 Variation 3: By Substitution with Alkyl Carbonates . . . . . . . . . . . . . . . . . . . . . . 480
39.7.1.2.4 Variation 4: By Substitution of Alcohols . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 481
39.7.1.2.5 Variation 5: By Substitution of Cyclic Ethers . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 481
39.7.1.3 Method 3: Synthesis from Disulfides . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 481
39.7.1.3.1 Variation 1: By Metal–Sulfur Exchange with Alkyl Metals . . . . . . . . . . . . . . . . . 481
39.7.1.3.2 Variation 2: By Reaction with Alkyl Halides or 4-Toluenesulfonates via

Thiolates . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 482
39.7.1.3.3 Variation 3: By Addition to Alkenes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 483

XXVIII Table of Contents

Science of Synthesis Original Edition Volume 39 
© Georg Thieme Verlag KG



39.7.1.3.4 Variation 4: By Desulfurization . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 484
39.7.1.4 Method 4: Synthesis from Thioacetal Derivatives . . . . . . . . . . . . . . . . . . . . . . 484
39.7.1.4.1 Variation 1: By C—S Bond Cleavage of Dithioacetals . . . . . . . . . . . . . . . . . . . . . 484
39.7.1.4.2 Variation 2: By C—O Bond Cleavage of Siloxy Monothioacetals . . . . . . . . . . . 486
39.7.1.5 Method 5: Synthesis from Thioesters . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 486
39.7.1.6 Method 6: Synthesis from Sulfonium Ylides . . . . . . . . . . . . . . . . . . . . . . . . . . . . 486
39.7.1.7 Method 7: Synthesis from Acyclic Sulfoxides . . . . . . . . . . . . . . . . . . . . . . . . . . . 487
39.7.1.7.1 Variation 1: By Reduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 487
39.7.1.7.2 Variation 2: By Sulfanylation of Alkenes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 488
39.7.1.8 Method 8: Synthesis from Acyclic Sulfones . . . . . . . . . . . . . . . . . . . . . . . . . . . . 488
39.7.1.9 Methods 9: Miscellaneous Reactions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 488

39.7.2 Applications of Product Class 7 in Organic Synthesis . . . . . . . . . . . . . . . . . . . . . . . . 489

39.7.2.1 Method 1: Use as Reducing Agents . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 489
39.7.2.1.1 Variation 1: Reduction of Sulfoxides . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 489
39.7.2.1.2 Variation 2: Reduction of Ozonides . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 490
39.7.2.2 Method 2: Use as Oxidizing Agents for Alcohols . . . . . . . . . . . . . . . . . . . . . . . 491
39.7.2.3 Method 3: Use as Dealkylating Agents . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 493
39.7.2.4 Method 4: Use as Protecting Groups . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 494
39.7.2.5 Method 5: Use as Catalysts . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 495
39.7.2.6 Method 6: Use as Ligands for Transiton-Metal Catalysts . . . . . . . . . . . . . . . . 496

39.8 Product Class 8: Acyclic Trialkyloxosulfonium and Trialkylsulfonium
Salts and Derivatives
Y. Tang and X.-L. Sun

39.8 Product Class 8: Acyclic Trialkyloxosulfonium and Trialkylsulfonium
Salts and Derivatives . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 501

39.8.1 Product Subclass 1: Acyclic Trialkyloxosulfonium Salts . . . . . . . . . . . . . . . . . . . 501

39.8.1.1 Synthesis of Product Subclass 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 501

39.8.1.1.1 Method 1: Reaction of Sulfoxides with Alkylating Agents . . . . . . . . . . . . . . . 501
39.8.1.1.2 Method 2: Reaction of Oxosulfonium Ylides . . . . . . . . . . . . . . . . . . . . . . . . . . . 502
39.8.1.1.2.1 Variation 1: With Brønsted Acids . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 502
39.8.1.1.2.2 Variations 2: Miscellaneous Reactions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 503
39.8.1.1.3 Method 3: Oxidation of Sulfonium Salts . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 503
39.8.1.1.4 Method 4: Anion Exchange of Oxosulfonium Salts . . . . . . . . . . . . . . . . . . . . . . 504

39.8.2 Product Subclass 2: Acyclic Trialkylsulfonium Salts . . . . . . . . . . . . . . . . . . . . . . . 505

39.8.2.1 Synthesis of Product Subclass 2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 505

39.8.2.1.1 Method 1: Reaction of Dialkyl Sulfides . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 505
39.8.2.1.1.1 Variation 1: With Alkylating Agents . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 505
39.8.2.1.1.2 Variation 2: With Cyclopropane Derivatives . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 515
39.8.2.1.1.3 Variation 3: With Heterocyclic Compounds . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 516
39.8.2.1.1.4 Variation 4: With Alkenes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 519
39.8.2.1.1.5 Variation 5: With Alcohols . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 522
39.8.2.1.1.6 Variation 6: With Ethers . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 523
39.8.2.1.1.7 Variations 7: Miscellaneous Reactions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 524

Table of Contents XXIX

Science of Synthesis Original Edition Volume 39 
© Georg Thieme Verlag KG



39.8.2.1.2 Method 2: Reaction of Dialkylsulfonium Halides . . . . . . . . . . . . . . . . . . . . . . . 525
39.8.2.1.2.1 Variation 1: With Diazo Compounds . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 525
39.8.2.1.2.2 Variation 2: With Alkenes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 525
39.8.2.1.2.3 Variation 3: With Dialkyl Sulfides . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 526
39.8.2.1.3 Method 3: Reaction of Sulfoxides . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 527
39.8.2.1.3.1 Variation 1: With Grignard Reagents . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 527
39.8.2.1.3.2 Variation 2: With Alkenes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 527
39.8.2.1.4 Method 4: Reaction of Sulfonium Ylides . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 529
39.8.2.1.4.1 Variation 1: With Brønsted Acids . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 529
39.8.2.1.4.2 Variations 2: Miscellaneous Reactions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 530
39.8.2.1.5 Method 5: Reaction of Thiols and Thiol Derivatives with Alkylating Agents 531
39.8.2.1.6 Method 6: Reaction of Dialkyl Disulfides . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 531
39.8.2.1.7 Method 7: Reaction of Alkanesulfenyl Halides . . . . . . . . . . . . . . . . . . . . . . . . . . 532
39.8.2.1.8 Method 8: Transformation of Sulfonium Salts . . . . . . . . . . . . . . . . . . . . . . . . . . 533
39.8.2.1.8.1 Variation 1: Anion Exchange . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 533
39.8.2.1.8.2 Variations 2: Miscellaneous Reactions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 535
39.8.2.1.9 Method 9: Reduction of Oxosulfonium Salts . . . . . . . . . . . . . . . . . . . . . . . . . . . 536
39.8.2.1.10 Method 10: Reaction of Sulfur and Metal Sulfides . . . . . . . . . . . . . . . . . . . . . . . 536

39.9 Product Class 9: Alkanesulfenic Acids and Acyclic Derivatives
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