The Chemisti'y of the Sulfenic Acids
by E.Kiihle

Georg Thieme Publishers Stuttgart 1973



Contents

Foreword . . . . . . . . . . . . . . . ... ... L.
Introduction . . . . . . . . . . . ..o

Sulfenyl Halide Syntheses . . . . . . . . . . . . . . . ..
Sulfenyl Fluorides and lodides . . . . . . . . . . . . . ..
Sulfenyl Chlorides and Bromides . . . . . . . . . . . . ..
Halogenation of Disulfides . . . . . . . . . . .. . ...
Halogenation of Thiols . . . . . . . . . . . . . . .. .
Halogenation of Monosulfides . . . . . . . . . . . . . ..
Sulfur Dichloride Procedures . . . . . . . . . . . . . ..
Addition . . . . . . . . Lo
Substitution . . . . . . . .. .o 0oL
Halogen Addition to C=S DoubleBonds . . . . . . . . . .
Halogen Addition to Carbon Disulfide . . . . . . . . . ..
Halogen Addition to Thiophosgene and Related Compounds . .
Addition of Chlorine to Isothiocyanates . . . . . . . . . . .
Addition of Halogen to Thioketones and Thiocarboxamides . .
Addition of Chlorine to P==S Double Bonds . . . . . . . . .
Conversion Products of Trichloromethanesulfenyl Chloride . .
Chlorocarbonylsulfenyl Chloride . . . . . . . . . . . . ..
Alkoxycarbonylsulfenyl Chlorides . . . . . . . . . . . ..
Trihalomethylthio-chlorophosphorylsulfenyl Chlorides . . . .
2,4-Dichloro-2,4-bis-[ chlorosulfenyl]-1,3-bis-[ arenesulfonyl]-

1,3-diazetidines . . . . . . . . . . . . . . . . . .. ..
Halogen Analogs of Trichloromethanesulfenyl Chloride C .
Fluorine Analogs . . . . . . . . . . . . . ... .. ..
Bromine Analogs . . . . . . . . . .. Lo
Bromo-fluoro Analogs . . . . . . . . . . . . ... L.
Sulfenyl Halides from Sulfenic Acid Derivatives . . . . . . .
Other Methods . . . . . . . . . . . . . .. ... ..

Reaction of Sulfenyl Halides . . . . . . . . . .. e e
Oxidation and Reductions . . . . . . . . . . . . . . . ..
Oxidations . . . . . . . . . . .. e
Reductions . . . . . . . . . . . .. e e e e e e
Sulfurization and Desulfurization . . . . . . . . . . . . ..
Sulfurization . . . . . . . . . . .. ...

Desulfurization . . . . . . . . . . . . . . . . . .. .
Hydrolysis . . . . . . . . . . . . . ... -
Addition Reactions . . . . . . . . . . . . . .. . .. ..
Additions to C—C Multiple Bonds . . . . . . . . . . . ..
Addition Reactions with Olefins . . . . . . . . . . . . ..
Addition Reactions with Acetylenes . . . . . . . . . . . ..

| NSRRIV, I SN O 3 (V)

b —
(S

20



VI

34.2.
34.2.1.
34.22.
34.23.
34.3.
344
34.5.
35.
351
3.5.2.

3.5.3.

354

3.5.5.
36.
36.1.
362.
3.6.3.
3.64.
3.64.1.
3.64.2.
36.5.
3.6.6.
366.1.
3.6.6.2.
3.6.6.3.
3.6.6.3.1.
3.6.6.3.2.
3.6.6.3.3.
36.7.
3.7.
3.7.1.
3.7.2.
3.7.3.
3.74.

4.1.
4.2.
4.3.
4.4.
4.5.

Contents

Additions to C—N MultipleBonds . . . . . . . . . e
Additions to C==N Double Bonds . . . . . . . . . . . ..
Additions to Isocyanides . . . . . . . . . . . . . .. L
Additionsto C=N TripleBonds . . . . . . ... . . . . ..
Additions to C=0O Double Bonds . . . . . . . . . . . ..
Additionsto C=S Double Bonds . . ... . . . . . . . . ..
Additions to Oxiranes and Thiiranes . . . . . . . . . . ..
Addition-Elimination Reactions . . . . . . . . . . . . ..
Addition to Diazo Compounds with Elimination of Nitrogen . .
Additions to C=S and P=S Double Bonds with Elimination
of AlkylHalide . . . . . . . . . .. .. . ... ...
Additions to Trivalent Phosphorus Compounds with Elimination
of Alkyl Chloride and Formation of Pentavalent Phosphorus
Compounds . . . . . . . . . . . .. ...
Additions to Thiol Compounds with Elimination of Acyl
Chloride . . . . . . . . . . . . . ...
Other Addition-Elimination Reactions . . . . . . . . . . .
Substitution Reactions of Sulfenyl Halides . . . . . . . . . .
Substitution of Hydroxy Compounds . . . . . . . . . . ..
Substitutions of Sulfinic Acids . . . . . [
Substitutionof Thiols . . . . . . . . . . . . . .. .. ..
Substitution of Nitrogen Compounds . . . . . . P
Substitution of Amines . . . . . . . . . .. . ...
NH-AcidicCompounds . . . . . . . . . . . . . . . ...
Substitution of Organophosphorus Compounds . . . . . . .
Substitutionat Carbon . . . . . . . . . . . . .. ...
Grignard Reagents . . . . . . . . . . . . . .. ... ..
Active Methylene and Methine Compounds . . . . . . . . .
Aromatic Compounds . . . . . . . . . . . ... L.
Aromatic Hydrocartbons . . . . . . . . . . . .. .. ..
Phenols . . . . . . . . . . . ..o
N,N-Dialkylanilines . . . . . . . . . . .. .. .. ...
Substitution of Sulfenyl Halides with Pseudohalides . . . . . .
Cyclization Reactions of Sulfenyl Halides . . . . . e e
Cyclization Reactions of Bis-[sulfenyl chlorides] . . . . . . .
Cyclization Reactions of Chlorocarbonylsulfenyl Chloride

Cyclization Reactions of Chlorinated Methanesulfenyl Chlorides
Other Cyclizations . . . . . . . . . . . . . . . ... ..

Reactions of other Sulfenic Acid Derivatives . . . . . . . . .
Reactions of Sulfenic Acid Esters . . . . . . . . . . . . ..
Reactions of Thiosulfonic Acid Esters . . . . . . . . . . ..
Reactions of Sulfenamides . . . . . . . . . . . . . . . ..
Reactions of Sulfenyl Thiocyanates . . . . . . . . . . . ..
Reactions of Sulfenyl Isocyanates . . . . . . . . . . . . ..

55
55
57
58
60
60
61
62
65

68




6.1

6.1.1.
6.12.
613

6.2

62.1.
622,

6.3

63.1.
632,

Contents VII

Salt-Like Sulfenyl Compounds . . . . . . . . . . . oL . 129
Utility of Sulfenic Acid Derivatives . . . . . . . . . PO K ) |
Sulfenamides in the Rubber Industry . . . . . . . . . . .. 131
Vulcanizing Agents (Sulfur Sources) . . . . . . . . . . . .. 131
Vulcanization Accelerators . . . . . . . . . . . . . ... 132
Vulcanization Retarders . . . . . . . . . . . . .. . ... 133
Antimicrobially Active Sulfenamides . . . . . . . . . . . . 133
Fungicides in Agriculture . . . . . . . . . . . . .. ... 133
Microbicides in Materials Protection . . . . . . . . . . . . 136
Sulfenic Acid Residues as Protecting Groups in Synthesis . . . 137
Sulfenylated Peptides . . . . . . . . . . . . . ... .. 137
Sulfenylated Nucleosides . . . . . . . . . . . .. . ... 138

Literature Survey . . . ... . . . . . . o 140



