39.1

39.2

39.3

39.4

39.5

39.6

39.6.1

39.6.2

39.7

39.8

39.9

39.10

39.1

39.12

Volume 39:
Sulfur, Selenium, and Tellurium

Preface - i vt i e i e e i e
Table of CoONtents -« - vvvriremm i i i it i iie i

Introduction
N. Kambe ................................................................

Product Class 1: Alkanesulfonic Acids and Acyclic Derivatives
J. Drabowicz, P. Kietbasinski, P. tyzwa, A. Zajac, and M. Mikotajczyk «---------

Product Class 2: Acyclic Dialkyl Sulfones and Derivatives
J. Drabowicz, |. Lewkowski, W. Kudelska, and T. Girek - -« coeeeeeeeenenen..

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

Product Class 4: Acyclic Dialkyl Sulfoxides and Derivatives
J. L. Garcia Ruano, M. B. Cid, A. M. Martin-Castro, and J. Aleman «-----------.

Product Class 5: Alkanethiols
J_ V. Comasseto and A. S. GUATrEZEMINI -+ vverrrrmrnenrrneneneeneneennenann

Product Class 6: Acyclic Alkanethiolates

Product Subclass 1: Alkanethiolates of Group 1, 2, and 13-15 Metals
J. V. Comasseto and A.S. GUAreZEeMINI tverreerremtaentasntsntennsenasenns

Product Subclass 2: Alkanethiolates of Group 3-12 Metals
A. Polo and J Real rrrr i e e it e e

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

Product Class 8: Acyclic Trialkyloxosulfonium and Trialkylsulfonium Salts
and Derivatives
Y. Tang ANA XmL. SUN v v v v re e ettt ittt ittt i ta e iian e eeananaans

Product Class 9: Alkanesulfenic Acids and Acyclic Derivatives
J. Drabowicz, P. Kietbasinski, P. tyzwa, and M. Mikotajczyk -«---vvvvverenenes

Product Class 10: Acyclic Di- and Polysulfides
R.Sato and T. KIMUI@ «-cvvvreermemme ittt ittt it iiaiaenanaeaenanannnns

Product Class 11: Thiiranes and Derivatives
M‘ Saito and J Nakayama .................................................

Product Class 12: Thietanes, 1,2-Oxathietanes, and Derivatives
E‘ BIOCk ..................................................................

SoS - gly.toc_Vol39.3d - 31.10.2007 - epline - 7/57

Vil



Vil Overview

39.12.1 Product Subclass 1: Thietanes and Derivatives

E. Block .................................................................. 661
39.12.2 Product Subclass 2: 1,2-Oxathietanes and Derivatives

J. Drabowicz and J LeWKOWSKI +vveere i e 711
39.12.3 Product Subclass 3: 1,2-Dithietanes, 1,2-Thiazetidines,

1,2-Thiaphosphetanes, and Derivatives of Various Oxidation States

N, KQmDe cc v vt et i i i i i e it i it i e 727
39.13 Product Class 13: Thiolanes, Larger Rings, and Derivatives

of Various Oxidation States

R.Sato and T. KIMUI@ ««ccvvevrrmmmmmeeneteiiieieeietetaenenennenenennnns 733
39.13.1 Product Subclass 1: Cyclic Alkanesulfonic Acid Derivatives

R.Sato and T. KIMUI@ ««ccvvevermrnmmeeneteenieeneieteteenenennenenennns 735
39.13.2 Product Subclass 2: Cyclic Dialkyl Sulfones and Derivatives

R.Sato and T. KIMUI@ ««ccvvevrrmrnmmeenieit ittt ietetaeneneenenenennnns 745
39.13.3 Product Subclass 3: Cyclic Alkanesulfinic Acid Derivatives

R.Sato and T. KIMUI@ «ccvvverermrmmmeenie ittt ietetaenaneenenenannnns 751
39.13.4 Product Subclass 4: Cyclic Dialkyl Sulfoxides and Derivatives

J. L. Garcia-Ruano, M. B. Cid, A. M. Martin-Castro, and |. Aleman -----------. 757
39.13.5 Product Subclass 5: Cyclic Alkanethiolates of Group 1, 2,

and 13-15 Metals

N, KamDe v v v v ee et i i i i i e it i i it e 811
39.13.6 Product Subclass 6: Cyclic Alkanethiolates of Group 3-12 Metals

A. Polo and J Real rrrr i et e e 813
39.13.7 Product Subclass 7: Cyclic Dialkyl Sulfides

VL SEGI  + v v e e e e e ettt e e 833
39.13.8 Product Subclass 8: Cyclic Trialkyloxosulfonium and

Trialkylsulfonium Salts and Derivatives

Y. Tang ANA XmL. SUN vt v vt e ettt ittt i ittt it ittt e ananaans 851
39.13.9 Product Subclass 9: Cyclic Alkanesulfenic Acid Derivatives

BT/ o T 879
39.13.10 Product Subclass 10: Cyclic Dialkyl Di- and Polysulfides

R.Sato and T. KIMUIQ «vcvvvreremrnmeeeneetiietnteiatetnenanaenennnnnnnns 885
39.14 Product Class 14: Alkaneselenonic Acids and Acyclic Derivatives

J. Drabowicz, P. Kietbasinski, P. tyzwa, and M. Mikotajczyk —«-«--cvvvevenennes 903
39.15 Product Class 15: Acyclic Dialkyl Selenones and Derivatives

J. Drabowicz, |. Lewkowski, W. Kudelska, and T. Girek «-«-c-coveeeeeeenenne. 909
39.16 Product Class 16: Alkaneseleninic Acids and Acyclic Derivatives

S. Braverman, M. Cherkinsky, and S. Levinger «««-«-coemereeerneneenenn... 915

SoS - gly.toc_Vol39.3d - 31.10.2007 - epline - 8/57



39.17

39.18

39.19

39.19.1

39.19.2

39.20

39.21

39.22

39.23

39.24

39.25

39.26

39.26.1

39.26.2

39.26.3

39.26.4

39.26.5

39.26.6

Overview IX

Product Class 17: Acyclic Dialkyl Selenoxides and Derivatives
T. Sh|m|zu and N. Kamigata .............................................. 929

Product Class 18: Alkaneselenols
J_ V. Comasseto and A. S. GUATEZEeMINi «««+rvvrrrrrrmernnennenaenneenaannns 941

Product Class 19: Acyclic Alkaneselenolates

Product Subclass 1: Alkaneselenolates of Group 1, 2, and 13-15 Metals
J_ V. Comasseto and A.S. GUAreZemMINI ++cvveerrrertanntenteientennrennaanns 947

Product Subclass 2: Alkaneselenolates of Group 3-12 Metals
A. Polo and J Real crrrr i e e i e 961

Product Class 20: Acyclic Dialkyl Selenides
VL SEQi < v+ v e v e et e e e et e 977

Product Class 21: Acyclic Trialkylselenonium Salts and Derivatives
Y. Tang ANA X -L. SUN v+ v v vereem e e ie ettt itee et eeenenenesnenennnnnnn 995

Product Class 22: Alkaneselenenic Acids and Acyclic Derivatives
B LT 2> T 1005

Product Class 23: Acyclic Di- and Polyselenides
R.Sato and T. KIMUIa - cvcervermemrnmtnenieie it iinteiinaeenennanenanns 1013

Product Class 24: Seleniranes and Derivatives
M. Saito and J Nakayama ................................................ 1023

Product Class 25: Selenetanes and Derivatives
E. BIOCK ++ v v v e emeeeeneeee e e e ettt e e e e e e e e 1033

Product Class 26: Selenolanes, Larger Rings, and Derivatives
of Various Oxidation States
R.Sato and T. KIMUIa «cvvvreermemrumtnenieie i ieteiieaeenenennennnns 1043

Product Subclass 1: Cyclic Alkaneselenonic Acid Derivatives
R.Sato and T. KIMUIa c-cvcvervrrmemmietnin ittt iieenieaeenenaanennnns 1045

Product Subclass 2: Cyclic Dialkyl Selenones and Derivatives
R.Sato and T. KIMUI@ - cvvvererrmemtmntni ittt iieeinieaeenennanennnns 1047

Product Subclass 3: Cyclic Alkaneseleninic Acid Derivatives
R.Sato and T. KIMUIa - cvverrmememeimtn ittt iieeninaeenennanenanns 1049

Product Subclass 4: Cyclic Dialkyl Selenoxides and Derivatives
T. Shimizu and N. Kamigata .............................................. 1053

Product Subclass 5: Cyclic Alkaneselenolates of Group 1, 2,
and 13-15 Metals
N, KamDe v v v ver e i i i i it i it it s 1059

Product Subclass 6: Cyclic Alkaneselenolates of Group 3-12 Metals
A. P0|0 and J Rea| ....................................................... 1063

SoS - gly.toc_Vol39.3d - 31.10.2007 - epline - 9/57



39.26.7

39.26.8

39.26.9

39.26.10

39.27

39.28

39.29

39.30

39.31

39.32

39.32.1

39.32.2

39.33

39.34

39.35

39.36

39.37

39.38

Overview

Product Subclass 7: Cyclic Dialkyl Selenides
M. Seg| ................................................................. 1069

Product Subclass 8: Cyclic Trialkylselenonium Salts and Derivatives
Y. Tang and X.-L. QUM “ccetecemsotseantatssensotassnsscassatssansosssansons 1083

Product Subclass 9: Cyclic Alkaneselenenic Acid Derivatives
B LT 2 T 1093

Product Subclass 10: Cyclic Dialkyl Di- and Polyselenides
R.Sato and T. KIMUI@ «-ccvvrrermrnemeeneneeeninteineneeeeneneenennnns 1097

Product Class 27: Alkanetelluronic Acids and Acyclic Derivatives
J. Drabowicz, P. Kietbasinski, P. tyzwa, and M. Mikotajczyk —-«-«-cvuvvevnns 1109

Product Class 28: Acyclic Dialkyl Tellurones and Derivatives
J. Drabowicz, |. Lewkowski, W. Kudelska, and T. Girek -«-««-cveoenenenannn 1

Product Class 29: Alkanetellurinic Acids and Acyclic Derivatives
S. Braverman, M. Cherkinsky, and S. Levinger «-«-«-ceuereeieneeeniin 1117

Product Class 30: Acyclic Dialkyl Telluroxides and Derivatives
T. Shimizu and N. Kamigata .............................................. 1127

Product Class 31: Alkanetellurols
J_ V. Comasseto and A. S. GUAreZEeMINI +«+ererrrrerrerernrneneeneenenanns 1137

Product Class 32: Acyclic Alkanetellurolates

Product Subclass 1: Alkanetellurolates of Group 1, 2, and 13-15 Metals
J. V. Comasseto and A.S. GUAreZemMIiNi ++ceveerrrertonrtentesntennrennsanns 1139

Product Subclass 2: Alkanetellurolates of Group 3-12 Metals
A. Polo andJ. Real rrri e e e e 1145

Product Class 33: Acyclic Dialkyl Tellurides
VL SEQi  « v+ v e e ee e e et et e e 1163

Product Class 34: Acyclic Trialkyltelluronium Salts and Derivatives
Y. Tang ANA XmL. SUN v+ v v e e ettt it ittt it ittt i naa e anaananann 1179

Product Class 35: Alkanetellurenic Acids and Acyclic Derivatives
B LV Ta 4 P 1193

Product Class 36: Acyclic Di- and Polytellurides
R.Sato and T. KIMUI@ - cvverrrrmemmmntnentieiniittetneieneenenennenannnns 1197

Product Class 37: Telluriranes and Derivatives
M. Saito and J Nakayama ................................................ 1203

Product Class 38: Telluretanes and Derivatives
E.BlOCK v v vt eeee et i i i i it i it e e i s 1205

SoS - gly.toc_Vol39.3d - 31.10.2007 - epline - 10/57



39.39

39.39.1

39.39.2

39.39.3

39.39.4

39.39.5

39.39.6

39.39.7

39.39.8

39.39.9

39.39.10

Overview

Product Class 39: Tellurolanes, Larger Rings, and Derivatives
of Various Oxidation States
R.Sato and T. KIMUIa «cvcvrrereemenetneneeenenieeneneneeneneanenanns

Product Subclass 1: Cyclic Alkanetelluronic Acid Derivatives
R.Sato and T. KIMUIa +cccvrvermenmrumtnenieeiniieenieaeeneneanenanns

Product Subclass 2: Cyclic Dialkyl Tellurones and Derivatives
R.Sato and T. KIMUIa - cccvrvrrmenmenmtneneietnentieeeneeaeenenennennnns

Product Subclass 3: Cyclic Alkanetellurinic Acid Derivatives
R.Sato and T. KIMUIa +«cvcvrrrrmemenetnenietnnieeenieaeeneneanennnns

Product Subclass 4: Cyclic Dialkyl Telluroxides and Derivatives
T. Shimizu and N. Kamigata ..............................................

Product Subclass 5: Cyclic Alkanetellurolates of Group 1, 2,
and 13-15 Metals
N, KQmDe v v v tee ittt i i it i it it e i e

Product Subclass 6: Cyclic Alkanetellurolates of Group 3-12 Metals
A. Polo and J Real crrrrt i e e e s

Product Subclass 7: Cyclic Dialkyl Tellurides
M. Seg| .................................................................

Product Subclass 8: Cyclic Trialkyltelluronium Salts and Derivatives
Y. Tang ANA X-L. SUN v v v v vrrmeetiete ettt ittt teenenaneseenannnnnnn

Product Subclass 9: Cyclic Alkanetellurenic Acid Derivatives
B LT 2>

Product Subclass 10: Cyclic Dialkyl Di- and Polytellurides
R.Sato and T. KIMUIa - cvcvrrermemmmtni ittt iieteniinaeenennanenanns

Keyword INdeX v v et it e
AuthorIndexX - - cvrmmi i i i i i it i e

Abbreviations - ---- cccr i i i

SoS - gly.toc_Vol39.3d - 31.10.2007 - epline - 11/57

Xl



X

50S - gly.toc_Vol39.3d - 31.10.2007 - epline - 12/57



39.1

39.1

39.1.1

39.1.1.1

39.1.1.11
39.1.1.1.2

39.1.2

39.1.2.1

39.1.2.1.1

39.1.2.1.11
39.1.2.1.1.2
39.1.2.1.1.3
39.1.2.1.14
39.1.2.1.2

39.1.2.1.2.1

39.1.2.1.2.2

39.1.2.1.23
39.1.2.1.3

39.1.2.1.3.1
39.1.2.1.3.2

39.1.2.1.3.3
39.1.2.1.3.4
39.1.2.1.3.5
39.1.2.1.3.6
39.1.2.1.3.7
39.1.2.1.4

39.1.2.1.4.1

39.1.2.1.4.2
39.1.2.1.4.3
39.1.2.1.4.4
39.1.2.1.4.5
39.1.2.1.5

Table of Contents Xl

Table of Contents

Introduction
N. Kambe

INtrOdUCHION -« - v vt et i i i i i i i it i e i e 1

Product Class 1: Alkanesulfonic Acids and Acyclic Derivatives
J. Drabowicz, P. Kietbasinski, P. tyzwa, A. Zajac, and M. Mikotajczyk

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

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

Synthesis of Product SUBCIAsS T ««««« v v vemeenmneiiinieniiiie 18
Method 1: Additions to Methylenesulfur Tetrafluoride «-«-«-«--evvnenene. 18
Method 2: Addition of Sulfur Pentafluoride Halides to Alkenes «---------- 19
Product Subclass 2: Alkanesulfonyl Halides - ------- - ovoeeeniinininnn, 19
Synthesis of Product SUDCIass 2 « «««+« e venverneeuenntiniiiiiaaen, 20
Method 1: Sulfochlorination Reactions: Formation of the C—SBond - - - - - 20
Variation 1: Reaction of Alkanes with Chlorine and Sulfur Dioxide or Trioxide 20
Variation 2: Reaction of Organometallic Reagents with Sulfuryl Chloride -- 20
Variation 3: Addition of Sulfuryl Chloride or Fluoride to Alkenes «--«------. 21
Variation 4: Reaction of Alkenes with Thioacetic Acid and Chlorine «------- 22
Method 2: Synthesis from Sulfinic Acid Derivatives ««- -+« eeeeeeeennnen. 22
Variation 1: Oxidation of Sulfinic Acids or Their Salts with Halogens or

Halogen-Containing REAgents «««««« -« xvvereremeeeeiieen... 22
Variation 2: Oxidative Halogenation of Magnesium Alkanesulfinates

formed IR SITU “c o v v eer ettt it a e 24
Variation 3: Oxidative Chlorination of Sulfinic Acid Esters -+« «-«cvvnvene. 24
Method 3: Synthesis from Divalent Organosulfur Derivatives --«--«---.-- 25
Variation 1: Oxidation of Thiols or Disulfides with Halogens -« -« -«--«--.-- 25
Variation 2: Reaction of S-Alkylisothiuronium Salts with Chlorine in

AQUEOUS SOIULION « + + ++ « + v e wee et aiee et 26
Variation 3: Reaction of Sulfides with Chlorine in Aqueous Solution ------- 27
Variation 4: Oxidation of Sulfenyl Halides -+« «-c-cveeeeeneneieiiinnn 29
Variation 5: Reaction of Thiocyanates with Chlorine in Aqueous Solution -- 29
Variation 6: Oxidative Chlorination of Thioesters -« -« «-«eoeveeeieeeenne. 29
Variation 7: Chlorolysis of BUNte Salts ««««xveeeenuerueenueiieeniinn. 30
Method 4: Synthesis from Sulfonic Acids and Their Salts -« «-«-ceevvenene 30
Variation 1: Reaction of Sulfonic Acids and Their Salts with Phosphorus

Pentachloride or PEntabromide «««««««xevneernemnaenneennns 31
Variation 2: Reaction with Phosphoryl Chloride «-«-«-cvvvvveenenenennne. 32
Variation 3: Reaction with Thionyl Chloride «-«-«-vveereeeeneneieennne. 32
Variation 4: Reaction with Sulfuryl Chloride/Triphenylphosphine ---------- 33
Variation 5: Reaction with Dichloromethyl Methyl Ether -«--«-vvuvvnevnen. 35
Method 5: Synthesis from Sulfonic Anhydrides -« -+« -« vveeeeiiinn 35

SoS - gly.toc_Vol39.3d - 31.10.2007 - epline - 13/57



Xiv

39.1.2.1.6
39.1.2.1.7
39.1.2.1.8

39.1.3
39.1.3.1

39.1.3.1.1
39.1.3.1.11

39.1.3.1.1.2
39.1.3.1.1.3

39.1.3.1.1.4
39.1.3.1.1.5
39.1.3.1.1.6
39.1.3.1.2

39.1.3.1.2.1
39.1.3.1.2.2
39.1.3.1.3

39.1.3.1.4

39.1.3.1.4.1
39.1.3.1.4.2
39.1.3.1.4.3
39.1.3.1.44
39.1.3.1.5

39.1.3.1.5.1
39.1.3.1.5.2
39.1.3.1.5.3

39.1.3.2
39.1.3.2.1
39.1.4
39.1.4.1

39.1.4.1.1
39.1.4.1.1.1
39.1.4.1.1.2
39.1.4.1.2
39.1.4.1.3
39.1.4.1.4
39.1.4.1.5
39.1.4.1.6
39.1.4.1.7
39.1.4.1.8
39.1.4.1.8.1
39.1.4.1.8.2

Table of Contents

Method 6: Ring Opening of Fluoro-1,2-oxathietane 2,2-Dioxides --------- 35
Method 7: Synthesis from Sulfonyl Halides by Halide lon Exchange - ------ 36
Methods 8: Miscellaneous Approaches ««««« -« veemeermeenneneeneennn. 37
Product Subclass 3: Alkanesulfonic Acids -+« oviiiiiiii 38
Synthesis of Product SUDCIAss 3+« ««x«vveeeuetenteiiiiiiin 38
Method 1: Direct Sulfonation of Hydrocarbons - «-«--vvvveeenenennnnne. 39
Variation 1: Reaction of Alkanes with Sulfuric Acid, Sulfur Trioxide, and

DEMIVALIVES « -+« v e e v e emeetae e e ettt e e e e e e 39
Variation 2: Reaction of Alkanes with Sulfur Dioxide and Oxygen -« -------- 39
Variation 3: Reactions between Unsaturated Hydrocarbons and Sulfuric

ACIA OF 1£S DEFIVALIVES «« « -+ e v e e veeemeenneeneeneeiaeenaennn. 40
Variation 4: Reaction of Alkenes with the Hydrogen Sulfite lon -« -+-+------ 41
Variation 5: Photosensitized Reactions between Alkenes and Sulfur Dioxide 41
Variation 6: Palladium-Catalyzed Additions of Sulfur Dioxide to Alkenes --- 42
Method 2: Oxidation of Low-Valency Sulfur Derivatives -« -+« coveneets 42
Variation 1: Oxidation of Thiols and Their Derivatives « -« -+« ceveeeeneen.s 42
Variation 2: Oxidation of Sulfinic Acids -« vevveeeeiiiiiiint 43
Method 3: Reaction of Organometallic Reagents with Sulfur Trioxide

COMPIEXES «++ v v v veermneee ittt 44
Method 4: Interconversions of Other Sulfonyl Derivatives -«--«--c-vvuvn. 44
Variation 1: Hydrolysis of Sulfonyl Halides «--«--vvvevvneneiininninnnn. 44
Variation 2: Hydrolysis of Sulfonic Acid Esters ««-««-cvvemeeeenenenn... 45
Variation 3: Ring Opening of Cyclic Sulfonates (Sultones) « -« «--cvvnevenns 45
Variation 4: Cleavage of Alkyl Perfluoroalkyl Sulfones « -« «-cevnevenennnnn. 46
Method 5: Nucleophilic Substitution with Sulfite Anions ««-«--c-veuvvnenn 46
Variation 1: Reaction of Haloalkanes with Inorganic Sulfites -«---«-vvvvve 46

Variation 2: Reaction of Alkyl Sulfates and Sulfonates with Inorganic Sulfites 47
Variation 3: Ring Opening of Oxiranes and Aziridines with Sulfite Anions -- 48

Applications of Product Subclass 3 in Organic Synthesis « -+« voveeeeeeeene. 48
Method 1: Alkanesulfonic Acids as Catalysts for Condensation Reactions - 48
Product Subclass 4: Alkanesulfonic Acid Esters «----«--ceoceeeeeinenn. 49
Synthesis Of Product Subclass Qe i i i et it a ettt 49
Method 1: Synthesis from Sulfonic Acids and Their Salts « -+« -« c-coeevets 49
Variation 1: Direct Esterification -+« «+vvvverememmiminiiiinin .. 49
Variation 2: Alkylation of a Sulfonate Anion «-««-cvvveeeiiin 50
Method 2: Synthesis from Sulfonyl Halides «-«-«-covveeeeeeneneenennt 50
Method 3: Synthesis from Sulfonic Anhydrides -« -« «-cvvvereieiennt 51
Method 4: Synthesis from Sulfonamides « -+« - --vveieieii 52
Method 5: Synthesis from Diazo Compounds and Sulfur Dioxide -«------- 53
Method 6: Synthesis fromSulfenes «««ceveri i 53
Method 7: Synthesis from Sulfenate and Sulfinate Esters «--«--cvovveents 53
Method 8: Rearrangement of SUlfites «vvvvrrermrii i 54
Variation 1: [2,3]-Sigmatropic Rearrangements of Allyl Sulfites «---------- 54
Variation 2: Rearrangements of Dialkyl Sulfites -+« ccvveveeereenenntns 54

SoS - gly.toc_Vol39.3d - 31.10.2007 - epline - 14/57



39.1.4.1.9

39.1.4.1.10

39.1.4.1.10.1
39.1.4.1.10.2
39.1.4.1.10.3

39.1.4.2

39.1.4.2.1

39.1.4.2.11
39.1.4.2.1.2
39.1.4.2.13
39.1.4.2.1.4

39.1.5

39.1.5.1

39.1.5.1.1

39.1.5.1.2

39.1.5.1.21

39.1.5.1.2.2

39.1.5.1.23

39.1.5.1.3

39.1.5.1.3.1

39.1.5.1.3.2

39.1.6

39.1.6.1

39.1.6.1.1
39.1.6.1.2

39.1.7

39.1.7.1

39.1.7.1.1
39.1.7.1.1.1
39.1.7.1.1.2
39.1.7.1.2
39.1.7.1.2.1
39.1.7.1.2.2
39.1.7.1.3
39.1.7.1.3.1

Table of Contents XV

Method 9: Synthesis from Alkenes and Sulfur Trioxide or Other Sulfuric

Acid Derivatives ««-ccevrerrrieteiiiiii ittt 54
Method 10: Synthesis from Other Sulfonyl Derivatives « -« -« «-ceveeeenens 55
Variation 1: From Unsaturated Sulfonates -+« cvvvmevenenieniennen. 55
Variation 2: By the Decarboxylation of (Alkoxysulfonyl)acetates «-«-«------ 56
Variation 3: By the Functionalization of the S-Alkyl Group of Alkanesulfonic

ACIA ESLOIS «vvvvvermeneie ittt ittt ittt iianeananans 56
Applications of Product Subclass 4 in Organic Synthesis - -« covevvverenennt. 56
Method 1: Use as Alkylat|ng Reagents .................................. 56
Variation 1: Reactions with Nitrogen Nucleophiles - «-«-««vvveveenennnn. 56
Variation 2: Reactions with Oxygen Nucleophiles -+« «vvvvneveenninnt 57
Variation 3: Methylation at Sulfur or Selenium -« «-cvveeeenenein.. 57
Variation 4: Methylation of Organophosphorus Compounds -« -«-«-«----- 57
Product Subclass 5: Alkanesulfonic Anhydrides -« covvieniiiiinn 58
Synthesis Of Product SUDCIass 5 <+ o vvereemmm i i i ittt s 58
Method 1: Synthesis of Symmetrical and Unsymmetrical Anhydrides of

AlkanesulfoniC Acids «««cvvvereriminin i i i 58
Method 2: Synthesis of Mixed Anhydrides of Carboxylic and

AlkanesulfoniC Acids «««cvvrermrimn i i i 58
Variation 1: Reaction of Carboxylic (Carbonic) Acids or Their Anions with

Alkanesulfonyl Chlorides or Related Compounds «-+«-+«-v---- 58
Variation 2: Reaction of Carboxylic Acid Chlorides with Alkanesulfonic

ACIAS v v v et i i e, 60
Variation 3: Reaction of Trimethylsilyl Alkanesulfonates with

Triﬂuoroacetic Anhydnde ................................... 60
Method 3: Synthesis of Mixed Anhydrides of Alkanesulfonic and Organic

Acids Of Phosphorus ........................................ 61
Variation 1: Reaction of Sulfonyl Derivatives with Trivalent

Organophosphorus Compounds ............................. 61
Variation 2: Reaction of Sulfonyl Derivatives with Pentavalent

Organophosphorus Compounds ............................. 62
Product Subclass 6: Alkanethiosulfonic Acids - --------cvovvieniiiiinn 63
Synthesis Of Product Subclass [ T T 63
Method 1: Synthesis from Sulfonyl Halides «-«-«-«vvvvvenenenennennn 63
Method 2: Reaction of Sulfur with Alkanesulfinates -«--«--cvvevvnennen. 64
Product Subclass 7: S-Alkyl and S-Aryl Alkanethiosulfonates --------.-.... 65
Synthesis of Product SUDbClass 7 -+« vvvveemmmii i i i i i e 65
Method 1: Synthesis from Sulfonyl Halides ««-«« evvenveenneieiinn 65
Variation 1: By Reactions with Thiols or Thiolates «-«-«-«evvvereeenennnn. 65
Variation 2: Reductive Zinc Coupling .................................... 67
Method 2: Synthesis from Sulfinyl Chlorides «-««+cveeeeeenieieienn 68
Variation 1: Coupling Reactions Mediated by Carboxamides -«--+-+------- 68
Variation 2: Coupling of Alkanesulfinyl Chlorides with Powdered Zinc ----- 69
Method 3: Synthesis from Disulﬁdes ................................... 69
Variation 1: Oxidation with Hydrogen Peroxide ««-««--cveveveiennennnnn. 69

SoS - gly.toc_Vol39.3d - 31.10.2007 - epline - 15/57



XVl

39.1.7.1.3.2
39.1.7.1.33
39.1.7.1.3.4
39.1.7.1.3.5
39.1.7.1.4

39.1.7.1.5
39.1.8
39.1.8.1

39.1.8.1.1
39.1.8.1.1.1

39.1.8.1.1.2
39.1.8.1.1.3

39.1.8.1.1.4

39.1.8.1.1.5

39.1.8.1.1.6

39.1.8.1.1.7
39.1.8.1.1.8

39.1.8.1.1.9
39.1.8.1.1.10

39.1.8.1.1.1
39.1.8.1.1.12
39.1.8.1.1.13
39.1.8.1.1.14
39.1.8.1.2
39.1.8.1.3

39.1.8.1.4
39.1.8.1.4.1
39.1.8.1.4.2

39.1.9
39.1.9.1

39.1.9.1.1
39.1.9.1.2
39.1.9.1.3

39.1.10
39.1.10.1

39.1.10.1.1

Table of Contents

Variation 2: Oxidation with Peroxy Acids « -« -« -« emememenennnenein... 70
Variation 3: Oxidation with Other Oxidizing Reagents -----«-- evnevvnen. 71
Variation 4: Reactions with Sulfenyl Chlorides Generated In Situ - -------- 72
Variation 5: Reactions with Sodium Methanesulfinate ««-«--c-vvovvnennn. 72
Method 4: Reaction between Dimethyl Sulfoxide and

Chlorotrimethylsilane ««« -+« e« eeeeeemeaeenanena., 73
Method 5: Alkylation of the Salts of Alkanethiosulfonic Acids -«--------- 74
Product Subclass 8: Alkanesulfonamides ---------cocoviiiiiin 76
Synthesis of Product SUDCIass 8 «««« -+« v vrvemeeneaneeniiiiniiii, 76
Method 1: Interconversion of Sulfonyl Derivatives -« -+« -« coveeeeeenen. 76
Variation 1: Reaction of Isolated Sulfonyl Chlorides with Ammonia or

ATTHIIES « -+ e e e e ee e et ettt e e ettt et 77
Variation 2: Reaction of In Situ Generated Sulfonyl Halides with Amines -- 81
Variation 3: Reactions between the N-Chloroamine Salts of

Alkanesulfonamides and Alkenes -+« -«-vvveviiiiiiiiit 82
Variation 4: Catalytic N-Sulfonylaziridination of Alkanes with Sulfonyl

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

N-Sulfonylimino(phenyl)-A3-iodane «««« eevereeeiieeinnns 85
Variation 6: Reaction of Allenes with N-[2-(Trimethylsilyl)ethanesulfo-

NYIJalKanimines ««««veneeneeneeneaii 87
Variation 7: Reactions between Benzotriazole Sulfonamides and Amines - 87
Variation 8: Reaction of 1H-Benzotriazol-1-yl Methanesulfonate with

PriMary AMINES =« «c e ereeeermmeeeiiete e, 88
Variation 9: Reduction of Sulfonyl Azides -««-«vovvreeeeenieniinnt. 88
Variation 10:  Reactions between Methylsulfamoyl Chloride and Silyl Enol

ELREIS «« « v v e e e e ee et ettt et e e e e e e e 89
Variation 11:  Cyclization of Alkanesulfonamides « -« -+« e eeveeeeeneenent. 90
Variation 12:  Reaction of Sulfonamide Anions with Epoxides -« --«-«------. 92
Variation 13:  Condensation of Alkanesulfonamides with Carboxylic Acids -- 93
Variation 14:  Reaction of Alkyl a-Disulfones with Amines «-«-«-«evvoenene. 94
Method 2: Reaction of Sulfinyl Chloride with Hydroxylamines -«--------- 94
Method 3: Reaction of Sulfur Dioxide with Diazo Compounds in the

PrESENCE Of AMINES « - <« « v« e v et eneennenneneenneeaenneenn. 95
Method 4: Oxidation of Low-Valency Sulfur Derivatives -+« -« ceeevte. 95
Variation 1: Oxidation of Sulfenamides «-«--c- vevveerenieien. 95
Variation 2: Oxidation of Sulfinamides «--«--cvvvvnereieinn. 96
Product Subclass 9: Alkanesulfonohydrazides ----------cvvovveiennennnnn 97
Synthesis of Product SUDCIass 9 «««««« v ververmeeniieiiiiiiiiiiii i, 97
Method 1: Reaction of Alkanesulfinates with Azodicarboxylates -------- 97
Method 2: Reaction of Sulfonyl Chlorides with Hydrazine Derivatives ---- 98
Method 3: Oxidative Coupling of N-Substituted Methanesulfonamides -- 99
Product Subclass 10: N-Haloalkanesulfonamides and Their Salts --------- 100
Synthesis of Product SUDCIass 10 « -+« «+« v vemeeieaniiiiiiiiiii s 100
Method 1: Halogenation of Alkanesulfonamides - «-««-cvovveveeenenne. 100

SoS - gly.toc_Vol39.3d - 31.10.2007 - epline - 16/57



39.1.10.1.1.1
39.1.10.1.1.2
39.1.10.1.1.3

39.1.10.1.1.4

39.1.11

39.1.11.1

39.1.11.1.1

39.1.11.1.11
39.1.11.1.1.2
39.1.11.1.1.3

39.1.11.1.1.4

39.1.11.1.2

39.1.12

39.1.12.1

39.1.12.1.1

39.1.13

39.1.13.1

39.1.13.1.1
39.1.13.1.2
39.1.13.1.3

39.1.14

39.1.14.1

39.1.14.11

39.2

39.2

39.2.1

39.2.1.1

39.2.1.1.1

39.2.2

39.2.2.1

39.2.2.1.1

39.2.2.1.1.1

Table of Contents XVl

Variation 1: Chlorination with tert-Butyl Hypochlorite «-«----cvvvnennen. 100
Variation 2: Chlorination with Sodium Hypochlorite -+« -« cvvneenennen. 101
Variation 3: Synthesis of N-Chloro- and N-Bromoperfluoroalkanesulfon-

AMIAES « v vt e it it i e 101
Variation 4: Fluorination of N-Substituted Trifluoromethanesulfonamides 102
Product Subclass 11: Alkanesulfonyl N=C=X Derivatives ----------+---... 102
Synthesis Of Product Subclass TT cvveeooeennieretenacsosassosasasasassoassnans 102
Method 1: Synthesis of Alkanesulfonyl Isocyanates «-«-«-«-cevveeenene. 102
Variation 1: From Alkanesulfonamides and Carbonyl Group Precursors --- 102
Variation 2: From Chlorosulfonyl Isocyanate and Alkenes «-«-«-«-vvvvnene 103
Variation 3: By Thermolysis of Trimethylsilylated Alkanesulfonyl

Carbamates ««ccvrrr i i e e 103
Variation 4: By Reactions between Chlorosulfonyl Isocyanate and

Tetraa|ky|stannanes ........................................ 104
Method 2: Synthesis of Alkanesulfonyl Isothiocyanates «-«-«-+-ovnvvvnt. 104
Product Subclass 12: Alkanesulfonyl Azides --------c-cvveeiiieieinntn. 104
Synthesis of Product Subclass 12 « v vvevemmn i i i i i 104
Method 1: Reaction of Alkanesulfonyl Halides with Alkali Metal Azides

or Tetramethylguanidinium Azide -----«-cocoeeeeeineienent. 104
Product Subclass 13: Alkanesulfonimidic Acid Derivatives -------------... 106
Synthesis Of Product Subclass IR R T 106
Method 1: Synthesis of Alkanesulfonimidoyl Halides «-«-«-«-«vvvnenene. 106
Method 2: Synthesis of Alkanesulfonimidic Acid Esters «-«-«-«--evvnenes 109
Method 3: Synthesis of Alkanesulfonimidic Acid Amides -«-«-«--«vnvnv- 109
Product Subclass 14: Alkanesulfonodiimidic Acid Derivatives ------------ 1
Synthesis of Product Subclass 14 -« v veeien i e it i 111
Method 1: Synthesis of N,N’,N”-Trialkylalkanesulfonodiimidamides ----- 111

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

Product Class 2: Acyclic Dialkyl Sulfones and Derivatives --------------... 123
Product Subclass 1: Dialkylsulfur Tetrahalides ---------cvovvveeennennnnn. 123
Synthesis of Product SUbClass 1 <+« vvvememmn i i i it 124
Method 1: Reaction of Dialkyl Sulfides with Trifluoromethyl Hypofluorite

or Elemental Halogens ..................................... 124
Product Subclass 2: Dialkyl Sulfones -+ - i e 124
Synthesis Of Product Subclass R L T 125
Method 1: Alkylation of Sulfinic Acid Anions with Cleavage of a C—X or

C—HBONA “cctrrrrtmiii it it i i i et e i 125
Variation 1: Alkylation of Alkali Metal Salts under Homogeneous

CONAILIONS + v vt rrrrrmenrte ittt ittt ittt enanaannnn 125

SoS - gly.toc_Vol39.3d - 31.10.2007 - epline - 17/57



Xvi

39.2.2.1.1.2
39.2.2.1.1.3
39.2.21.1.4
39.2.2.1.1.5

39.2.2.1.2
39.2.2.1.3
39.2.2.1.3.1
39.2.2.1.3.2

39.2.2.1.3.3
39.2.2.1.34
39.2.2.1.4
39.2.2.1.4.1
39.2.2.1.4.2

39.2.2.1.4.3
39.2.2.1.5
39.2.2.1.5.1
39.2.2.1.5.2
39.2.2.1.5.3
39.2.2.1.6
39.2.2.1.7
39.2.2.1.8
39.2.2.1.8.1
39.2.2.1.8.2
39.2.2.1.8.3
39.2.2.1.8.4
39.2.2.1.8.5
39.2.2.1.8.6

39.2.2.1.8.7
39.2.2.1.8.8

39.2.2.1.8.9

39.2.2.1.8.10
39.2.2.1.8.11
39.2.2.1.8.12
39.2.2.1.8.13
39.2.2.1.8.14

39.2.2.1.8.15
39.2.2.1.8.16

39.2.2.1.8.17
39.2.2.1.8.18
39.2.2.1.8.19
39.2.2.1.8.20

Table of Contents

Variation 2:
Variation 3:
Variation 4:
Variation 5:

Method 2:
Method 3:
Variation 1:
Variation 2:

Variation 3:
Variation 4:
Method 4:

Variation 1:
Variation 2:

Variation 3:
Method 5:

Variation 1:
Variation 2:
Variation 3:
Method 6:

Method 7:

Method 8:

Variation 1:
Variation 2:
Variation 3:
Variation 4:
Variation 5:
Variation 6:

Variation 7:
Variation 8:

Variation 9:

Variation 10:
Variation 11:
Variation 12:
Variation 13:
Variation 14:

Variation 15:
Variation 16:

Variation 17:
Variation 18:
Variation 19:
Variation 20:

Alkylation under Phase-Transfer Catalysis Conditions -------- 126
Alkylation in 10nic Liquids ««««« e« e eeeemmenmeneeneanan. 127
Dialkylation of the Sulfite Dianion -«-«-«« eveveeneneiienn 127
Alkylation of Sulfinic Acid Anions Generated by

Electrochemical Oxidation of Disulfides « -+« cvvvevenenne. 128
Addition of Sulfinic Acids to Michael Acceptors «--«-------... 128
Reactions of Sulfonic Acid Derivatives «-««-cvoveeveeenenne. 129
Reaction of Sulfonyl Halides with Alkenes or Alkynes -------- 129
Free-Radical Reaction of Sulfonyl Halides with Unsaturated
COMPOUNS «+++ v e weeemee et ettt et 130
Reaction of Sulfonyl Halides with Organometallic Reagents -- 131
Reaction of B-Sultones with Grignard Reagents -««--«------- 132
Reactions Of SUIFUTr DIOXIidE « -+« «««cvrernrerneemnemnaenneenn. 132
Photochemical Reaction with Alkanes ---«--cvvvvveeenenne. 132
Four-Component Coupling with Silyl Enol Ethers, Dienes, and
HalOAIKANES -+« v - v e v eemeenne et e ee e et e e e ean 133
Reaction with Silyl Enol Ethers or Allylmetals «-«-«-cevvvvnene 135
Oxidation of Sulfides or Sulfoxides -« -« --cvvveeeenennennnn. 135
Oxidation by Hydrogen Peroxide -« ««««- ooveeeeiineenennn 135
Oxidation with Peroxy Acids and Other Peroxo Derivatives --- 136
Oxidation by Miscellaneous Oxidants ««-««-«eveuveneenennen. 138
Rearrangement of Sulfinic Acid Derivatives « -+« «- eoveneene. 139
Reactions of Oxo-Oxy Sulfonium Ylides « -+« «-oevvveeenenne. 140
Modification of the Alkyl Side Chains «---«c-vvveeveennnnn. 141
Alkylation of the a-Carbanion of Sulfones -+« «--cvveenenns 141
Radical Addition of lodomethyl Sulfones to Alkenes or Alkynes 142
Addition to Vinyl Sulfones -« ««vvvveveeeeiiii 143
Alkylation of Benzothiazolyl Sulfones - «-----vvvevvnennnnnn. 144

Alkylation at a Remote Group of the Side Chain of Sulfones -- 145
Cross Coupling between a Haloalkyl Sulfone and an

OFGANODOTANE «++ + v v veeeneeieeit ettt 145
CoNdensation With AMINES -« « -« ««««eneerneeneenneennenneenn 145
Carbocycle Formation by Double Alkylation at the o.-Carbon

OF SUIFOMES «« « -« e v v e ettt et e et e e e e e 146
Bromination of a Vinyl SUfone ««-«««xvereeenrerieeniain. 146
Friedel—Crafts Arylation «««««« e« eeemmereeennemieenianan. 147
Addition Reactions of Allenyl Sulfones «-«-«-coeuveeeeiiennt 147
Epoxidation of a Vinyl SUfone ««««««exvereeeneenieeniain. 147
Degradation of a Macrocyclic Sulfone « -+« -« eveeeneneeenn 148
cis—trans Isomerization of 2-Isopropyl-5-mesyl-1,3-dioxane

OF ~dIERIANE «« = v e v ettt e et 148
Diels—Alder REACHION «««««« v v v eemeennenneeneeaeeaenneenn. 148
Base-Catalyzed Rearrangement of a Polycycle-Substituted

AIKYL SUIFONE - v+ ve et 149
Hydrolysis of Tetrachloro-1,3-dithietane 1,1,3,3-Tetraoxide -- 149
Acylation of a-Sulfonyl Carbanions «- -+« voveeeeneneienn 150

Reaction of a-Sulfonyl Carbanions with Carbonyl Compounds 150
Base-Catalyzed Elimination Reaction of B-Hydroxy Sulfones -- 151

SoS - gly.toc_Vol39.3d - 31.10.2007 - epline - 18/57



39.2.2.1.8.21

39.2.2.1.8.22
39.2.2.1.8.23

39.2.2.2

39.2.2.2.1
39.2.2.2.2

39.2.3

39.2.3.1

39.2.3.1.1
39.2.3.1.1.1
39.2.3.1.1.2
39.2.3.1.1.3
39.2.3.1.1.4
39.2.3.1.2
39.2.3.1.2.1
39.2.3.1.2.2
39.2.3.1.2.3
39.2.3.1.2.4
39.2.3.1.2.5

39.2.3.1.2.6

39.2.3.1.2.7

39.2.3.1.2.8
39.2.3.1.2.9
39.2.3.1.3
39.2.3.1.3.1
39.2.3.1.3.2
39.2.3.1.33
39.2.3.1.4
39.2.3.1.4.1
39.2.3.1.4.2
39.2.3.1.4.3

39.2.3.2

39.2.3.2.1
39.2.3.2.1.1
39.2.3.2.1.2
39.2.3.2.1.3
39.2.3.2.1.4

39.2.3.2.1.5

39.2.4

39.2.4.1

Table of Contents XIX

Variation 21:  Cleavage of a Double Bond by Hydrolysis of
Tetrakis(alkylsulfonyl)ethenes «-«--evvvvneenneniinninnntn 151

Variation 22:  Pinacol Coupling by Reduction with a Vanadium(lll) Reagent - 152

Variation 23:  Base-Catalyzed Cyclopropanation of y-Chloropropyl Sulfones 152

Applications of Product Subclass 2 in Organic Synthesis « -+« covveeeeenn 152
Method 1: Cyclization of Bis(chloromethyl) Sulfone with Cinnamaldehyde 152
Method 2: Alkene Synthesis by Coupling of Sulfone a,a’-Dicarbanions -- 153
Product Subclass 3: S,S-Dialkylsulfoximides --------c-covveviiiein 154
Synthesis of Product SUDCIass 3+« ««xvvervennenieneaiiiie 155
Method 1: OXidation Of SUIFIMIAES «« -« v cenrerneemmemneenneenennaann 155
Variation 1: Oxidation with Potassium Permanganate -«-«--« e cvnenen. 155
Variation 2: Oxidation with Peroxy Compounds - «-«-c-ceeveerenenenen... 155
Variation 3: Oxidation with Halogen-Containing Compounds -« -«-+------ 156
Variation 4: Oxidation with DioXiranes ««-««-c-vveeverrenieieeen .. 156
Method 2: [MiINAtion OF SUIFOXIAES -+« v cvreemnemneemneenaennaenneenn. 157
Variation 1: Reaction with Hydrazoic Acid -« «-covveeeeeeneieenennnn 157
Variation 2 REACEION With AZIAES «« « -« v v neerneemeee e iaeieeaeenn. 158
Variation 3: Reaction with Chloramine-T or Its Analogues «-«-«-+-cvvvvvvt 159
Variation 4: Reaction with 2-[(Aminooxy)sulfonyl]-1,3,5-trimethylbenzene 159
Variation 5: Imination with Primary Amines in the Presence of tert-Butyl
HYPOCRIOITE « - v veeeeeieeiee ettt 159
Variation 6: Imination with Primary Amines in the Presence of Lead(IV)
ACELALE « -+ v v e eme ettt e e 160
Variation 7: Rhodium-Catalyzed Imination of Sulfoxides Using (Diacetoxy-
I00)DENZENE -+ v vvemeeeiee ittt 160
Variation 8: Electrochemical Imination of Sulfoxides « -« -+« cvveeeenne. 161
Variation 9: Reaction of Dialkyl Sulfoxides with Quinone Monoimides ---- 162
Method 3: Cleavage of N-Substituent Groups -« -««-«vveveeneeeeen.en. 162
Variation 1: N-TOSYl GroUp Cleavage «« -+« -« vvvemeanennenneneannns. 162
Variation 2: N-(tert-Butoxycarbonyl) Group Cleavage «-««--ceevvvneeenens 163
Variation 3: Optical Resolution of S,S-Dialkylsulfoximides «--«-«-c-vuvuvn. 163
Method 4: Functionalization at the Nitrogen Atom -+« -«cveeveennnnn. 164
Variation 1: N-Arylation of Sulfoximides -« -«-«-coeeeeeriiiiin 164
Variation 2: N-Acylation and Related Reactions «-«-«-«eevvenenenenannns 165
Variation 3: Functionalization with Heteroatom-Containing Reagents ---- 166
Applications of Product Subclass 3 in Organic Synthesis « -+« coeeveeeeenn 167
Method 1: Reactions of a-Anions of S,S-Dialkyl-N-tosylsulfoximides - - - - 167
Variation 1: Addition to Carbonyl Groups «-«-«-ceeeeeeeeeneneiiain. 167
Variation 2: AAItion tO ENOMES « -+« v« eeneeneenneenaenneeaeeaenneenn. 167
Variation 3: Addition to Imines To Form B-Aminosulfoximides «--«------- 169
Variation 4: Intramolecular Cyclization in the Preparation of
1-Methyl-1,2-thiazine 1-Oxide Derivatives - «-«-««-« covuenen. 170
Variation 5 SyNEhesis Of DIAZENES ««««+« v veeveenueennenneanenianins 172
Product Subclass 4: S,S-Dialkyl Sulfonediimines -------«: . covvieiinn 173
Synthesis of Product SUDCIass 4 -« «««xvereeenuenieaiiiiiiin s 173

SoS - gly.toc_Vol39.3d - 31.10.2007 - epline - 19/57



XX

39.2.4.1.1
39.2.4.1.2
39.2.4.1.3
39.2.4.1.3.1
39.2.4.1.3.2

39.2.4.2

39.2.4.2.1
39.2.4.2.2
39.2.4.2.2.1

39.2.4.2.2.2

39.2.4.2.3
39.2.4.2.4
39.2.4.2.4.1

39.2.4.2.4.2

39.2.4.2.5

39.3

39.3
39.3.1
39.3.1.1

39.3.1.1.1
39.3.1.1.2
39.3.1.1.2.1
39.3.1.1.2.2

39.3.2
39.3.2.1

39.3.2.1.1
39.3.2.1.2
39.3.2.1.2.1
39.3.2.1.2.2
39.3.2.1.3
39.3.2.1.3.1
39.3.2.1.4
39.3.2.1.5
39.3.2.1.5.1
39.3.2.1.5.2
39.3.2.1.5.3
39.3.2.1.6

Table of Contents

Method 1:
Method 2:
Method 3:
Variation 1:
Variation 2:

Bisimination Of SUIfIAEs « -« «««cvxeernemnmemneenneennenneenn.
[MINAtioN OF SUIFIMIAES - -+« -« cvneernerneenneenneeaennaenn.
Functionalization of the Nitrogen Atoms « -« «-covveeeenens
N-Acylation of Sulfonediimines ««««««««« vereeeeeaianins
N-Arylation and Related Reactions of Sulfonediimines -------

Applications of Product Subclass 4 in Organic Synthesis «-«-«-cecvveeenenne.

Method 1:
Method 2:
Variation 1:

Variation 2:

Method 3:
Method 4:
Variation 1:

Variation 2:

Method 5:

Synthesis of Aromatic Nitriles ««««««xeevereereeneeeanane.
Synthesis of 1\582,2,6-thiadiazines -« -+« veeeveerrannn.n.
Reaction of S-Alkyl-S-benzyl Sulfonediimines with Activated
Carbonyl SUDSEFAtes «« -« e vvemeeameenueaneeneaieneanns.
Reaction of S,S-Dialkyl Sulfonediimines with Ketene
DItRIOACETAIS «« « -+« v v e m e e et eea e et e e e e aeeans
Synthesis of TA8,2,4-Thiadiazines «««««-««evvereeemeereeenne.
Synthesis of TA*,2,4,6-Thiatriazines «««-««-cveeeveerraaen..n.
Reaction of S-Alkyl-S-benzyl Sulfonediimines with
N-CyanOiMmidates «««««xeeeveeneeaneenuemeeneanneneanne,
Reaction of S,S-Dimethyl Sulfonediimines with
CyanimidoCarbONAtes « -« «««exeeveeieaneeneeieeniiann.,
Synthesis of 1\562,2,5-Thiadiazoles ««- -+« vvereveerinaenn.n.

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

Product Class 3: Alkanesulfinic Acids and Acyclic Derivatives -------------

Product Subclass 1: Alkylsulfur Trihalides ------- - vvovvienieienne.

Synthesis of Product SUbClass 1 <« cvveermmnii i i i it i e

Method 1:
Method 2:
Variation 1:
Variation 2:

Synthesis of Methylsulfur Trifluoride «-«-«-«evvvereenenn.n.
Synthesis of Alkylsulfur Trichlorides «« -+« evvreveiennennnen.
Reaction of Symmetrical Disulfides with Chlorine -+ «-+«-+---.
Reaction of Thiols with Chloring «««-«-vvveerienieienne.

Product Subclass 2: Alkanesulfinyl Halides ---------covveveieeneeinnne

Synthesis of Product SUbClass 2 <« vveemmnn i i e

Method 1:
Method 2:
Variation 1:
Variation 2:
Method 3:
Variation 1:
Method 4:
Method 5:
Variation 1:
Variation 2:
Variation 3:
Method 6:

Direct Functionalization of Adamantane -«--«- -+ vovvnenne.
Synthesis from THIOls ««««« v vevverreieniiiii,
Using Sulfuryl Chloride and Acetic Acid «-«-«-vvevveeenenenns
Using Sulfuryl Chloride and Trimethylsilyl Acetate «----------
Synthesis from Sulfinic Acids or Sulfinate Salts -«---«-«------
Via a Sulfinate Generated In Situ from a Grignard Compound

Synthesis from Symmetrical Disulfides «-«-«-«veeveienennnn.
Synthesis from Sulfenyl Compounds «-«-«-cevveeeeienenen.n.
Halogenolysis of Thiosulfinate Esters «-«-««-coeoeeeeeeaenn.
Oxidative Halogenolysis of S-Alkyl Thioacetates «-«-«-«------
Oxidation of Alkanesulfenyl Chlorides -« -«-«-+vvevenenenn.n.
Synthesis from 2-(Trimethylsilyl)ethyl Sulfoxides -----«------

SoS - gly.toc_Vol39.3d - 31.10.2007 - epline - 20/57



39.3.3

39.3.3.1

39.3.3.1.1
39.3.3.1.2

39.3.3.1.3
39.3.3.1.4
39.3.3.1.5
39.3.3.1.5.1

39.3.3.1.5.2

39.3.3.1.53
39.3.3.1.6
39.3.3.1.6.1
39.3.3.1.6.2
39.3.3.1.7
39.3.3.1.8
39.3.3.1.9

39.3.3.1.10

39.3.3.1.10.1
39.3.3.1.10.2
39.3.3.1.11
39.3.3.1.12

39.3.4

39.3.4.1

39.3.4.1.1
39.3.4.1.1.1
39.3.4.1.1.2
39.3.4.1.2
39.3.4.1.2.1
39.3.4.1.2.2

39.3.41.3
39.3.41.4
39.3.4.1.4.1
39.3.4.1.4.2

39.3.4.1.5
39.3.4.1.6
39.3.4.1.7
39.3.4.1.8

Table of Contents XXI

Product Subclass 3: Alkanesulfinic Acids and Salts - ------ - covveinennt 196
Synthesis of Product SUDCIass 3+« v« evvenveemnenieeiiiiiniiiaans 197
Method 1: Oxidation of Alkanethiols « -+« cvvemeeereiinn, 197
Method 2: Hydrolysis of Alkanesulfinyl Chlorides and Alkanesulfinic Acid

ESters «cvereeeieneiniiiiiiiii it iiiittiitenerenesancans 198
Method 3: Oxidative Cleavage of Dialkyl Disulfides «--««--cvevevneennnn. 199
Method 4: Hydrolysis of Sulfinamides ««««««««xveeeruenueneineiiianins 200
Method 5: Reduction of Alkanesulfonyl Halides -«-«-«--evenenenenannn 200
Variation 1: From Alkanesulfonyl Chlorides by Reduction with Alkali Metal

GUIFILES  +« « -« e v n e ee e e et e e e et et e e e 201
Variation 2: From Alkanesulfonyl Chlorides by Reduction with

A-TOIUENELNION -+« « + + e v e et e et et e e et ia e 201
Variation 3: AdAItional ProOCEAUIES «« -« cxxeenerneenaeuneeneeaeneenn. 202
Method 6: Reductive Cleavage of Alkanethiosulfonates «-«-«-«-vvvvnene 203
Variation 1: Cleavage of Acyclic Alkanethiosulfonates -«-«--«-evenenennn. 203
Variation 2: Cleavage of Cyclic Alkanethiosulfonates «-«-«--coevenenenen. 204
Method 7: Reductive Cleavage of Sulfones -«-«-cvvvvveeieeneneninn 204
Method 8: Base-Induced Cleavage of Activated Sulfones -«-«-«-cvvvnvnt 205
Method 9: Ring Opening of Thiirane 1,1-Dioxides and Other Cyclic

SUIFOMES «« v v e v e em e et e et e e e e et e 208
Method 10: Insertion of Sulfur Dioxide into the Carbon—Metal Bond

of Organometallic REAGENLS -+« ««+«venvvmvemeennenneanenn 209
Variation 1: Reaction with Organolithium and Grignard Reagents -------- 209
Variation 2: Reaction with Organoaluminum Reagents «-«--«-cvevvnennes 210
Method 11: Addition of Sulfur Dioxide to Alkenes «--«--c-vvevenennennnn. 210
Method 12: Synthesis with Retention of the Sulfinate Group

(Salt-to-Acid TransfOrmation) ««« -« vvevvermeennenueannn. 211
Product Subclass 4: Alkanesulfinic Acid Esters - ----«--cvoveeeiienennt. 21
Synthesis of Product SUDCIass 4 -+« v vvenveenneniieiiiiiiiiiin 212
Method 1: Esterification of Sulfinic Acids and Sulfinate Anions «--------- 212
Variation 1 USING AICONOIS +++ v v e meeemee e 212
Variation 2: Using Hard Alkylating Agents «-««-cveverneeninnieninnnt. 212
Method 2: Nucleophilic Substitution of Sulfinyl Chlorides -« -«-«-«------- 213
Variation 1: Reaction of Alkanesulfinyl Chlorides with Alcohols -«--------- 213
Variation 2: Reaction of Alkanesulfinyl Chlorides with

AIKOXYtFMEthyISHANES « - v« v vemneemnenieane i, 215
Method 3: Oxidation of Alkanesulfenyl Chlorides and Alkanethiols ------ 216
Method 4: Oxidative Alkylation of Dialkyl Disulfides «-«-«-+«eeveuenennn. 217
Variation 1: Oxidation of Disulfides with N-Bromosuccinimide --«-------- 217
Variation 2: Via In Situ Formation of Alkanesulfinyl Chlorides from Dialkyl

DISUIFIAES « « -« v v e e ve e eme e et e et e e 218
Method 5: Oxidation of Alkanesulfenic Acid Esters -«--«-ccvvneenennnn. 219
Method 6: Cleavage of Dialkyl Sulfoxylates «-«-«-coeeeeeeeeneneenen... 220
Method 7: Cleavage of the S—N Bond of Alkenesulfinamides «---------- 222
Method 8: Reductive Esterification of Alkanesulfonyl Chlorides and

Other Alkanesulfonic Acid Derivatives «-«--c-vvevenennennnn. 223

SoS - gly.toc_Vol39.3d - 31.10.2007 - epline - 21/57



XX

39.3.4.1.9

39.3.4.1.10
39.3.41.11

39.3.5
39.3.5.1
39.3.5.1.1
39.3.6
39.3.6.1

39.3.6.1.1
39.3.6.1.2

39.3.7
39.3.7.1

39.3.7.1.1
39.3.7.1.1.1
39.3.7.1.1.2
39.3.7.1.2
39.3.7.1.2.
39.3.7.1.2.2
39.3.7.1.2.3
39.3.7.1.2.4
39.3.7.1.2.5
39.3.7.1.2.6

39.3.8
39.3.8.1

39.3.8.1.1
39.3.8.1.2
39.3.8.1.3
39.3.8.1.3.1

39.3.8.1.3.2

394

394
39.4.1
39.4.1.1
39.4.2
39.4.2.1

39.4.2.1.1

Table of Contents

Method 9: Cleavage of the S—S Bond of Alkanethiosulfonates and Alkyl
AlKyISUIfinyl SUIFONES -+ v v evveeeeiinei

Method 10: Substitution of Dialkyl Sulfites and Chlorosulfite Esters ------

Method 11: Synthesis with Retention of the Sulfinate Group
(TranSeStErifiCation) «« -« v eervermeemerneenneaeeneanns

Product Subclass 5: Alkanesulfinic Anhydrides -------c-cvveeieenennnn
Synthesis of Product SUDCIass 5 ««««+« v eervennennaneeiiiinii,
Method 1: Synthesis from Alkanesulfinyl Chlorides and Silver Sulfinates -
Product Subclass 6: Alkylthiosulfinato Transition-Metal Complexes ------
Synthesis of Product SUDCIAss 6 « ««««« v ververmeenieenuinianiiiiini s

Method 1: Synthesis by Substitution +«cveverrrmin i
Method 2: Synthesis by Oxidative Addition «--«-«eoevoeeeenieeninnen.

Product Subclass 7: Alkanethiosulfinic Acid Esters - ------c-ooeeveninnin
Synthesis Of Product Subclass 7 ............................................

Method 1: Synthesis from Alkanesulfinyl Chlorides -« -+« eveveeennnn.
Variation 1: By Reaction With THiOls «« -+« xvereeemeerneennenieanaaens
Variation 2: By Reaction with Organotin Thiolates «-«-««-cveoeeeeeienn
Method 2: Synthesis from Dialkyl Disulfides -«-«-«-ceveeveeneneinan...
Variation 1: By Oxidation with Hydrogen Peroxide « -« -« -+« covneeeiennt
Variation 2: By Oxidation with Perbenzoic Acid -« -+« «-+vvereeneneeenens
Variation 3: By Oxidation with 3-Chloroperoxybenzoic Acid «-«-«-«-------
Variation 4: By Oxidation with Dimethyldioxirane «-«--«-« coveeeeeaenns
Variation 5: By PhOtOOXIAALION « -+« v v e vemeenneennenieeieniieiiaens
Variation 6 By ASyMMetric OXidation ««« -« veemrermeennerunenneaeens

Product Subclass 8: Alkanesulfinamides - -------ccooeiieii

Synthesis of Product SUbclass 8 <+« vvevvemnii i e e

Method 1: Synthesis from Alkanesulfinyl Chlorides -« -+« vvvveennnn.
Method 2: Synthesis from Alkanesulfinic Acids « -+« -cvoeveeiiiii
Method 3: Synthesis from Alkanesulfinate or Alkanethiosulfinate Esters -
Variation 1: Chiral Alkanesulfinamides Using an Amino Alcohol and
Thionyl Chloride via Alkanesulfinate Esters -««--«--oevneennes
Variation 2: Alkanesulfinamides from Alkanethiosulfinate Esters «-«------

Product Class 4: Acyclic Dialkyl Sulfoxides and Derivatives
J. L. Garcia Ruano, M. B. Cid, A. M. Martin-Castro, and J. Aleman

Product Class 4: Acyclic Dialkyl Sulfoxides and Derivatives --------------.
Product Subclass 1: Acyclic Diheterosubstituted Dialkyl-A*-sulfanes -----
Synthesis of Product SUDCIass T ««««««vvenveemeenieeiiiiiiiins
Product Subclass 2: Acyclic Dialkyl Sulfoxides ---------ovvvvveennnnn.n.
Synthesis of Product SUDCIass 2 «««««« v venveemeeniieiiiiiiiiiiien
Optically Inactive Dialkyl SUfOXIES « -+« v nvemvemeemrniiniiniiiiii,

SoS - gly.toc_Vol39.3d - 31.10.2007 - epline - 22/57



39.4.2.1.1.1
39.4.2.1.1.1.1
39.4.2.1.1.1.2
39.4.21.1.1.3
39.4.2.1.1.2
39.4.2.1.1.2.1
39.4.21.1.2.2
39.4.21.1.3
39.4.2.1.1.3.1
39.4.21.1.3.2
39.4.21.1.33
39.4.21.1.3.4
39.4.21.1.35
39.4.2.1.1.3.6
39.4.21.1.3.7
39.4.21.1.4
39.4.2.1.1.4.1
39.4.2.1.1.4.2
39.4.2.1.1.4.3
39.4.21.1.4.4
39.4.2.1.1.4.5

39.4.2.1.2

39.4.2.1.2.1
39.4.2.1.2.1.1

39.4.2.1.2.1.2

39.4.2.1.2.1.3

39.4.21.2.1.4

39.4.2.1.2.2
39.4.2.1.2.2.1
39.4.2.1.2.2.2
39.4.21.2.2.3
39.4.21.2.2.4
39.4.21.23
39.4.2.1.2.3.1
39.4.21.2.3.2

39.4.2.2

39.4.2.2.1

39.4.2.2.2

39.4.2.2.3

Table of Contents

Method 1:

Variation 1:
Variation 2:
Variation 3:
Method 2:

Variation 1:
Variation 2:
Method 3:

Variation 1:
Variation 2:
Variation 3:
Variation 4:
Variation 5:
Variation 6:
Variation 7:
Method 4:

Variation 1:
Variation 2:
Variation 3:
Variation 4:
Variation 5:

Synthesis from Alkanesulfenic Acid Derivatives -« -«--«-«-----
Addition of Sulfenic Acids to Alkenes «-««-veveiiiiiiiiint
Rearrangement of Sulfenic Acid Esters -«-««-c eoeneneninnn
Electrophilic Addition to Sulfenic Acid Salts -« ----«--cvnennee
Synthesis from Sulfinyl Derivatives «««««-cocoeeeeiiieien..
From Thionyl Chloride or Related Compounds -« -« «-«-------
From Alkanesulfinic Acid Derivatives « -« -« ceveeeeennennn.
Oxidation of Dialkyl Sulfides -+« ««vvereeeeenieeniiia..
USING OXYGEN v v+ v ve et emeenteenee it eite it etenteanans
Using Hydrogen Peroxide «««««««««eeveemeenueenueneanen.
USING PErOXIAES «« v v e veemeenueenteit ettt
USING PErOXy ACIS «« v v eveermeemeenieennenitatenians
Using Halogen Derivatives ««««««««eveemeenueeueneanen.
USiNg Nitrogen REAGENES « « -+« v v evvenuennenieenneniiannns
Using Other OXidizing REAGENTS «««« v« vverveennenueenuens
Synthesis from Other Sulfur Derivatives «-«-«-c-cevveeenene.
FrOM SUIFONIUM SAIES <« v e v v erneemnemneenneennennaenneenn.
FrOM SUIFIMIAES -+« v e vvermemneemene e iaenaenaeenn.
From Organosulfur(Vl) COMPOUNdS ««««««xeverveneeneanens
From SUIfOXONTUM YIIES -« -« e vnermnemmmemneennennnenaeenn.
From ThiOKEtone S-OXides « -« ««««eerernernnemnnemnaeenneenn.

Opt|ca”y Active D|a|ky| SUOXIAES «+vvvrre i e e

Method 1:
Variation 1:

Variation 2:

Variation 3:

Variation 4:

Method 2:

Variation 1:
Variation 2:
Variation 3:
Variation 4:
Method 3:

Variation 1:
Variation 2:

Synthesis from Sulfinyl Derivatives - -« coveeeeeeeeeennt.
From Alkanesulfinic Acid Esters and Sulfites: Oxygen
FUNCLioNs as the Leaving Group «««««««««xerveemeenneeneens
From Alkanesulfinamides and Sulfites: Nitrogen Functions

as the LeaVving GrOUP -« -« v veemeermeennenueaneneaens
From Optically Pure Sulfoxides: Carbon Functions as the
LEAVING GROUP v v v v e emeeresemnee e ettt
From Thiosulfinates by Ellman’s Thiosulfinate Synthesis:
Sulfur Functions as the Leaving Group -+« -««veveerneennes
Oxidation of Dialkyl Sulfides -« ««««««vvverereenieniniana..
Using Achiral Reagents -« «««cevvvvreeiiniieeiiii ..
Using Alkyl Peroxides and Chiral Metal Catalysts -+ «-«--------
Using Other Chiral Reagents ««««««--eveemmmueeeeeeaaiinn.
Biological OXIdation -« -+« «vvemrruerueniiniiiiiaiinns
Resolution of Racemic MixXtUres ««««e«veeeveerneneneenenenns
SPONtANEOUS RESOIULION « -+« xvenvmenrienieieeaneanns
KINETIC RESOIULION « + « « v« c v neeeneenaenneeaeaeeaaenneenns

Applications of Product Subclass 2 in Organic Synthesis «- -« covveeeeenns

Method 1:

Method 2:

Method 3:

Oxidation of Alcohols by Dimethyl Sulfoxide and
Dicyclohexylcarbodiimide «««««««vvvveveriiniiniiiiiiiini.s
Oxidation of Alcohols by Dimethyl Sulfoxide and Oxalyl
Chloride (Swern OXidation) ««««««xeereeemmereeenuerieenns.
Oxidation by Dimethyl Sulfoxide in the Presence of Other
ACtivating AGents =« vvvvrmneeeriiii

SoS - gly.toc_Vol39.3d - 31.10.2007 - epline - 23/57



XXIV

39.4.2.2.4

39.4.2.2.5

39.4.2.2.6
39.4.2.2.7

39.4.3
39.4.3.1
39.4.3.1.1

39.4.3.1.1.1
39.4.3.1.1.1.
39.4.3.1.1.1.2
39.4.3.1.1.13
39.4.3.1.1.2
39.4.3.1.1.2.1
39.4.3.1.1.2.2
39.4.3.1.1.3

39.4.3.1.2
39.4.3.2

39.4.3.2.1
39.4.3.2.1.1
39.4.3.2.1.2
39.4.3.2.1.3
39.4.3.2.2
39.4.3.2.2.1

39.4.3.2.2.2
39.4.3.2.2.3

39.4.3.2.2.4

39.5

39.5
39.5.1

39.5.1.1

39.5.1.2

39.5.1.2.1

39.5.1.2.2
39.5.1.2.3

39.5.1.2.4

Table of Contents

Method 4:

Method 5:

Method 6:
Method 7:

Oxidation of Organic Halides and Sulfonates with Dimethyl
SUIFOXIE « + + « v v e v e e ee e et e e et e e e e
The Halogen-Dimethyl Sulfoxide System as an Oxidizing
REAGENE  « + + v v+ e et ee e et et ettt
Oxidation of Other Functional Groups by Dimethyl Sulfoxide -
Epoxide Ring-Opening Reactions by Dimethyl Sulfoxide - - - - - -

Product Subclass 3: Acyclic S,S-Dialkylsulfimides ---------cvovvevneinenne.

Synthesis of Product SUbClass 3 <« vveviemn i i i i i i i

Optma”y Inactive S’S_D|a|ky|su|f|m|des .....................................

Method 1:

Variation 1:
Variation 2:
Variation 3:

Method 2:

Variation 1:
Variation 2:

Method 3:

Oxidative Amination of Sulfides «--«-- vvevereeienennn.
Reaction with N-Halo Compounds -« -« -« ««cvermeeeeaninn.
Reaction With Azides « -« v vvevmmenei i
Reaction with Other Sources of Electrophilic Nitrogen «------
AMINAtion Of SUIFOXIAES -+« « v evreneenemneneeneenenanaenns
Reaction with Compounds Containing an Amino Group ------
Reaction with Heterocumulenes «« -« ccevrvmmmreeeennnnnnens
Synthesis of N-Unsubstituted S,S-Dialkylsulfimides ----------

Optma”y Active S,S_Dia|ky|5u|ﬁmides .......................................

Applications of Product Subclass 3 in Organic Synthesis «« -« veveeeeeeennt

Method 1:

Variation 1:
Variation 2:
Variation 3:

Method 2:

Variation 1:

Variation 2:
Variation 3:
Variation 4:

Synthesis of SUIfUr DEriVatives « -« « -+« xeeveereeeeenieenn..
Reduction To Form Sulfides and Amines ----«-cvvveeennnn.
Synthesis of SUIfOXIMIdes «««« v vvvvermeemeeneennenian..
Synthesis of Other Organosulfur Compounds - -«-«-c-vevvve-
Synthesis of Heterocycles « -« «vvvverueeeenieeieeninan..
Transformation via Nitrene Intermediates by Photolysis and

THEMMOIYSIS «« v e eeemee it ettt
Reactions of Sulfimides with Electrophiles «-«--cevvuvenenne.
Methylation of Heterocycles via S,S-Dialkylsulfimides --------
Conversion of Amines into Nitroso and Nitro Compounds - - - -

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

Product Class 5: Alkanethiols ---- -« e v

Synthesis Of ProdUcCt Class D «ccevvereemmmtneeueeneneneeneneneeneneenennnn

Method 1:

Method 2:

Variation 1:

Variation 2:
Variation 3:

Variation 4:

Insertion of Elemental Sulfur into an Alkyllithium or Alkyl
Grignard Reagent Followed by Reaction with an Acid --------
Reaction of an Alkylating Agent with a Nucleophilic Sulfur
Species Followed by Hydrolysis or Reduction «««-««-ceevnen.
Reaction of Alkylating Agents with Hydrosulfides or Sodium
Thiosulfate Followed by Acidic Hydrolysis «-««-«-veueeneenen.
Transformation of Alcohols into Alkanethiols «-«--«-vevvnen.
Thiols from Dithiocarbonates, Thioacetates, or Related
COMPOUNMS -+« v v v et eeeene et ettt
Alkanethiols from Thiouronium Salts or Related Compounds -

SoS - gly.toc_Vol39.3d - 31.10.2007 - epline - 24/57



39.5.1.3
39.5.1.4
39.5.1.4.1
39.5.1.4.2

39.5.1.4.3

39.5.1.5
39.5.1.6
39.5.1.6.1
39.5.1.6.2
39.5.1.6.3
39.5.1.7
39.5.1.7.1
39.5.1.7.2
39.5.1.8

39.6

39.6.1

39.6.1

39.6.1.1

39.6.1.1.1

39.6.1.1.1.1

39.6.1.1.1.2

39.6.1.1.1.3

39.6.1.1.1.4
39.6.1.1.1.5

39.6.1.1.2

39.6.1.1.2.1

39.6.1.1.2.2

39.6.1.1.2.3

39.6.1.1.3

39.6.1.1.3.1

39.6.1.1.3.2

39.6.1.1.4

Table of Contents XXV

Method 3: Reduction of Alkanesulfonyl Chlorides - «-«««« coeeveeieenns 399
Method 4: Alkanethiols from Alkenes - ««-«-vveveeeniiiiii 399
Variation 1: Reaction of Alkenes with Hydrogen Sulfide -+« -« «-vvvvvnens 399
Variation 2: Reaction of Alkenes with Thioacetic Acid or Thiols Followed

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

by Cleavage of the AddUCt «« -+« vvemrererenneeeenianns 400
Method 5: Reduction of Thiocyanates -+« -«-c-coemeeerneieieeenn 401
Method 6: RedUCtion Of DiSUIfIAES -« «««crneernemneemneennennaenneenn. 401
Variation 1 By MELals - v e vvvemeeeneeie ettt 402
Variation 2: By Complex Metal Hydrides -+ «-ccememereeneieenennn 402
Variation 3: By Trisubstituted Phosphines -+« «-coveveeeeeneieiniinn 403
Method 7: C—SBON ClEAVAGE -+« v+ vvvererennerie e, 403
Variation 1 AMINOIYsis Of TRIFANES -+« v v evmverueennenieeneeneen.. 403
Variation 2: Reductive Cleavage of C—S Bonds - «-«-cvvveereenenennnn. 404
Method 8: Alkanethiols from Heterocyclic Compounds -+« -+« cuveenne. 405

Product Class 6: Acyclic Alkanethiolates

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

Product Subclass 1: Alkanethiolates of Group 1, 2, and 13-15 Metals ---- 413
Synthesis of Product SUbClass 1 <« cvveememmn i i i it 413
Arsenic Alkanethiolates ................................................... 413
Method 1: Reaction of Arsenic Halides with Alkanethiols or
Alkanethiolates <+« vvrrmmiii i i e 413
Method 2: Reaction of Arsenoxides with Alkanethiols «--«--+ evevvnnnn 414
Method 3: Reaction of Aminoarsines with Alkanethiols --«--«-cvovvnnnn 414
Method 4: Reaction of Tetraalkyldiarsines with Dialkyl Disulfides - ------- 415
Method 5: Reaction of Arsenic(lll) Fluoride with (tert-Butylsulfanyl)tri-
methy|si|ane .............................................. 415
Antimony Alkanethiolates ................................................. 415
Method 1: Reaction of Antimony(lll) Chloride with Alkanethiols or
Alkanethiolates <+« cvveremiminii i i 416
Method 2: Reaction of Antimony(lll) Fluoride with (tert-Butylsulfanyl)tri-
methy|5i|ane .............................................. 416
Method 3: Transmetalation Reactions of Zirconocene Metallocycles and
Antimony Halides ~+vrvvrmremmie i i 416
Bismuth Alkanethiolates ................................................... 417
Method 1: Reaction of Bismuth Halides, Alkoxides, and Nitrates with
Alkanethiols «««cv e mmi i 417
Method 2: Reaction of Bismuth(lIl) Fluoride with (tert-Butylsulfanyl)tri-
methy|5i|ane .............................................. 417
Silicon Alkanethiolates .................................................... 4]8

SoS - gly.toc_Vol39.3d - 31.10.2007 - epline - 25/57



XXVI

39.6.1.1.4.1
39.6.1.1.4.2
39.6.1.1.4.3
39.6.1.1.4.3.1
39.6.1.1.4.3.2
39.6.1.1.4.4

39.6.1.1.5

39.6.1.1.5.1
39.6.1.1.5.2

39.6.1.1.6

39.6.1.1.6.1

39.6.1.1.6.2
39.6.1.1.7

39.6.1.1.7.1

39.6.1.1.7.2
39.6.1.1.8

39.6.1.1.8.1
39.6.1.1.8.2

39.6.1.1.9

39.6.1.1.9.1
39.6.1.1.9.2

39.6.1.1.9.3

39.6.1.1.9.4
39.6.1.1.10

39.6.1.1.10.1
39.6.1.1.10.2

39.6.1.1.11

39.6.1.1.11.1
39.6.1.1.11.2

39.6.1.1.12

39.6.1.1.12.1

39.6.1.1.13
39.6.1.1.14

39.6.1.1.15

Table of Contents

Method 1: Reaction of Chlorosilanes with Alkanethiols or Alkanethiolates 418
Method 2: Alkylation of Lithium Silicon Thiolates «« -+« --vvvvvneennnn. 419
Method 3: Cleavage of S—C Bonds of Alkyl Sulfides «---+--cveoeeennnn. 419

Variation 1: Radical Reaction of Thioacetals with Tris(trimethylsilyl)silane - 419
Variation 2: Acid-Catalyzed Thiirane Opening with Trimethylsilyl Cyanide - 419

Method 4: Reaction of a Thiocarbonyl Compound with a Silylene ------- 420
Germanium Alkanethiolates - c-vvrmemmie 420
Method 1: Reaction of Germyl Halides and Oxides with Alkanethiolates - 420
Method 2: Reaction of Halogermanes with Tetrakis(methanethio-

|ato)a|uminate ............................................ 421
Tin Alkanethiolates -« ccvve i i i i i et e 421
Method 1: Reaction of Organotin Halides with Alkanethiols in the

Presence Of aBase -t rciiiiiii i i i i it a e 421
Method 2: Thiolysis of Alkyltin Alkoxides «-«-«« evememeieneiinenn.. 422
Lead Alkanethiolates «««ccveermmin i i i i i i i it e 422
Method 1: Reaction of Triorganolead Chlorides or Hydroxides with

Alkanethiols or Lead(ll) Thiolates -+« «-ccveereereneeeeinns 422
Method 2: Disproportionation of Diplumbanes with Dialkyl Disulfides --- 423
Boron Alkanethiolates « -« v vremmimmii i i i i i i i e 423
Method 1: Reaction of Boranes with Alkanethiols - «-««-cvvevvvneenenne. 423
Method 2: Reaction of Haloboranes with Alkanethiols or Alkali Metal

Thiolates .................................................. 424
Aluminum Alkanethiolates « -+« v ver e i i i 424
Method 1: Reaction of Trialkylaluminums with Alkanethiols ----«------. 424
Method 2: Reaction of Aluminum Halides and Amides with Alkanethiols

or Sodium A|kanethio|ates ................................. 425
Method 3: Reaction of Piperidinylaluminum Halides with Lithium

A|kanethio|ates ............................................ 425
Method 4: Reaction of Aluminum Hydrides with Alkanethiols «---------- 426
Gallium Alkanethiolates «««cccvvemmmim i i i i et i 427
Method 1: Reaction of Gallium Halides with Metal Thiolates -+ «-«------- 427
Method 2: Reaction of Triorganogallium Species with Alkanethiols - ----- 427
Indium Alkanethiolates «« -« vverrimmii i i i i i i e 428
Method 1: Reaction of Organoindium Compounds with Alkanethiols ---- 428
Method 2: Reaction of Indium(lll) tert-Butyl(trimethylsilyl)amide with

A|kanethio|s ............................................... 428
Thallium Alkanethiolates « -« cvveermmimim i i i i et e i iaeans 428
Method 1: Reaction of Thallium Salts with Alkanethiols or Sodium

Alkanethiolates - -« -vvrveimmi i 429
Bery”ium Alkanethiolates -« ccvvermimi i e e 429
Magnesium Alkanethiolates -« vvvrrimin i e 429
Calcium Alkanethiolates ««««cvevrermmimin i i i i ittt 430

SoS - gly.toc_Vol39.3d - 31.10.2007 - epline - 26/57



39.6.1.1.16

39.6.1.1.17

39.6.1.1.18

39.6.1.1.18.1
39.6.1.1.18.2

39.6.1.1.19

39.6.1.1.19.1
39.6.1.1.19.2
39.6.1.1.19.3

39.6.2

39.6.2

39.6.2.1

39.6.2.1.1

39.6.2.1.1.1

39.6.2.1.1.1.1
39.6.2.1.1.1.2

39.6.2.1.1.1.3

39.6.2.1.1.1.4

39.6.2.1.1.2

39.6.2.1.1.3

39.6.2.1.1.4
39.6.2.1.1.5

39.6.2.1.2

39.6.2.1.2.1

39.6.2.1.2.1.1

39.6.2.1.2.1.2

39.6.2.1.2.1.3

39.6.2.1.2.2

39.6.2.1.2.3
39.6.2.1.2.4

39.6.2.1.2.4.1
39.6.2.1.2.4.2

Table of Contents XXV

Strontium Alkanethiolates ««««ccvremiin i i e i
Barium Alkanethiolates -+« v vvermmin i i i i e
|_|th|um A|kanethio|ates ...................................................

Method 1: Reaction of Alkanethiols with Butyllithium «-«-«-covneveenns
Method 2: Reaction of Elemental Sulfur with Alkyllithium Compounds - -

Sodium Alkanethiolates ««-ccreeemmmm i i i s

Method 1: Reaction of Alkanethiols with aBase «-«+-«+-oveveieanann
Method 2: Reaction of Alkanethiols with Sodium ««-«+-cvevvieanannn
Method 3: Reaction of Dialkyl Disulfides with Sodium «-«-«-coeeeveennns

Product Subclass 2: Alkanethiolates of Group 3-12 Metals
A. Polo and |. Real

Product Subclass 2: Alkanethiolates of Group 3-12 Metals --------------.
Synthesis of Product SUbClass 2 <« v veememn i e

Terminal Alkanethiolates ..................................................

Method 1: Reaction of Metal Halides with Alkanethiols or Main Group
AIKANELNIOIALES « « -+« v v e e e eme e et e e e e e e
Variation 1: Reaction of a Metal Chloro Complex with an Alkanethiol -----
Variation 2: Reactions of a Metal Complex with an Alkanethiol in the
PreSEnCe Of @ BASE « -« «cvrernrernernnennmenneenaenneenneenn.
Variation 3: Reaction of a Metal Complex with a Main Group
Alkanethiolate - -+« o v v erremmi
Variation 4: Reaction of a Metal Complex with an Alkanethiol and a
REAUCING AGENT «« -+ v v vermeennenie ettt
Method 2: Reaction of an Alkanethiol with a Basic Ligand Complex with
Displacement of the Protonated Ligand « -« -« vvvvneenenne.
Method 3: Reaction of Coordinated Sulfides with Electrophiles ---------
Method 4: Oxidative Addition of a Dialkyl Disulfide to a Metal Center - --

Methods 5: Misce”aneous Methods ....................................

Homometallic M-A”(a nethiolates «««cvvvrrmii i e i i

Method 1: Reaction of a Metal Complex with an Alkanethiol or with a

Main Group Alkanethiolate -+« cvvvieiii
Variation 1: Reaction of a Metal Complex with an Alkanethiol «--------.-.
Variation 2: Reaction of a Metal Complex with an Alkanethiol and a Base -
Variation 3: Reaction of a Metal Complex with a Main Group Alkanethio-

[QL@ « v v v v e e e e ettt
Method 2: Reaction of an Alkanethiol with a Basic Ligand Complex

with Displacement of the Protonated Ligand - «--+---cvvvvnnn
Method 3: Reaction of Bridging Coordinated Sulfides with Electrophiles -
Method 4: Oxidative Addition of an Alkanethiol or a Dialkyl Disulfide

to a Metal Complex ........................................
Variation 1: By Oxidative Addition of an Alkanethiol to a Metal Complex -
Variation 2: Oxidative Addition of a Dialkyl Disulfide to a Metal Complex -

SoS - gly.toc_Vol39.3d - 31.10.2007 - epline - 27/57

450
450
451

452

453
453

454
454
455



XXvin

39.6.2.1.2.4.3

39.6.2.1.2.5
39.6.2.1.2.6

39.6.2.1.2.7
39.6.2.1.3

39.6.2.1.3.1
39.6.2.1.3.2

39.6.2.1.4

39.6.2.1.4.1

39.6.2.1.4.2
39.6.2.2

39.6.2.2.1
39.6.2.2.2
39.6.2.2.3

39.6.2.2.4

39.7

39.7
39.7.1

39.7.1.1
39.7.1.1.1
39.7.1.1.2
39.7.1.1.3
39.7.1.1.4
39.7.1.1.5
39.7.1.1.6
39.7.1.2
39.7.1.2.1
39.7.1.2.2
39.7.1.2.3
39.7.1.2.4
39.7.1.2.5
39.7.1.3
39.7.1.3.1
39.7.1.3.2

39.7.1.3.3

Table of Contents

Variation 3: Photochemically Assisted Oxidative Addition of an Alkyl
Disulfide to a Metal COMPIEX -+« -+« v vreervenmeneeneannanins
Method 5: Synthesis of Bridging Alkanethiolates by Ligand Dissociation -
Method 6: Reaction of an Alkanethiolate-Metal Complex with a Second
Metal COMPIEX «« v v e vveenmennnenie ettt
Methods 7: MisCellaneous MEthods « -« ««««xxeerneenmenneeuneenaennaenn.

Heterometallic M_A|kanethio|ates ..........................................

Method 1: Reaction of Bridging Coordinated Sulfides with Electrophiles -
Method 2: Reaction of an Alkanethiolate-Metal Complex with a Second
Metal Complex ............................................

us-Alkanethiolates and Higher Bridging u,-Alkanethiolates «-«-----vvvnvnne.

Method 1: Reaction of a Metal Complex with an Alkanethiol, a Dialkyl
Disulfide, or a Main Group Alkanethiolate -« -+« vvnevennnn.
Method 2: Reaction of Bridging Coordinated Sulfides with Electrophiles -
Applications of Product Subclass 2 in Organic Synthesis «-«-«-ceevveeenenene.
Method 1: Metal-Catalyzed C—S Bond Formation Reactions - -«-««-«----
Method 2: Catalytic Propargylic Substitution Reactions « -+« «-+«veovvneee
Method 3: Catalytic Carbonylation Reactions with Alkanethiolate
Catalyst PreCUISOIMS v cvvvrreeeeetsssnnneeeesssnnnasssssnnns
Method 4: Stereoselective [3 +2] Dipolar Cycloaddition of Nitrones to

Electron-Deficient Alkenes ««««vevvveeniiiiiiiiiiiiii.,

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

Product Class 7: Acyclic Dialkyl Sulfides -------cocvveiieniinne.
Synthesis Of ProdUuct Class 7 «cceveremrmmmenineeenineneieenenennnnenann

Method 1: Synthesis from AIKanethiols « -« ««««+vvevereereeneeieann..
Variation 1: By Substitution of Alkyl Halides « -+« «vvvuveneneninienne.
Variation 2: By Substitution of Sulfonates -+« -«cvovvveriiiii
Variation 3: By Substitution of Alcohols and Carbonates -«--«-+--venevnee
Variation 4: By Ring Opening of Cyclic Ethers ««--«v-veveevvnennnenn.
Variation 5: By Addition to Simple Alkenes -« «-«vueveiiiiiiiin
Variation 6: By Addition to Electron-Deficient Alkenes -« -« «-vuvvveenent
Method 2: Synthesis from Alkanethiolates -« -« « v eveeeeeenenein.e.
Variation 1: By Substitution of Alkyl Halides « -« «-«vvvveveneeniniiinnn
Variation 2: By Substitution of Alkyl Sulfonates -« -«-«-«vveveeneneiiinn
Variation 3: By Substitution with Alkyl Carbonates - «--«-c eoveveeiennt
Variation 4: By Substitution of Alcohols -+« «-coemeeeeiinenein
Variation 5: By Substitution of Cyclic Ethers « -« «-cvvveeeneeeien
Method 3: Synthesis from Disulfides «««« -« «vveereeeeeneiieenia..
Variation 1: By Metal-Sulfur Exchange with Alkyl Metals -« -«-«-cevvvenens
Variation 2: By Reaction with Alkyl Halides or 4-Toluenesulfonates via
THIOIALES « « -+« v v e v e eme ettt e e e et e e
Variation 3: By Addition t0 AIKENES «« v v vvvermeemnenineniiiiiiiains

SoS - gly.toc_Vol39.3d - 31.10.2007 - epline - 28/57

456



39.7.13.4
39.7.14
39.7.1.4.1
39.7.1.4.2
39.7.15
39.7.1.6
39.7.1.7
39.7.1.7.1
39.7.1.7.2
39.7.1.8
39.7.1.9

39.7.2

39.7.2.1
39.7.2.1.1
39.7.2.1.2
39.7.2.2
39.7.23
39.7.2.4
39.7.2.5
39.7.2.6

39.8

39.8

39.8.1

39.8.1.1

39.8.1.1.1
39.8.1.1.2
39.8.1.1.2.1
39.8.1.1.2.2
39.8.1.1.3
39.8.1.1.4

39.8.2

39.8.2.1

39.8.2.1.1
39.8.2.1.1.1
39.8.2.1.1.2
39.8.2.1.1.3
39.8.2.1.1.4
39.8.2.1.1.5
39.8.2.1.1.6
39.8.2.1.1.7

Table of Contents

Variation 4:
Method 4:
Variation 1:
Variation 2:
Method 5:
Method 6:
Method 7:
Variation 1:
Variation 2:
Method 8:
Methods 9:

By DeSUIUMZALION «+« v v v veemeerneemnenieente e
Synthesis from Thioacetal Derivatives «-«--«- evveeeeen.en.
By C—S Bond Cleavage of Dithioacetals «----«-c-coveeeeenns
By C—O Bond Cleavage of Siloxy Monothioacetals -----------
Synthesis from THIOESErs «« -+« «vxeerreenremneaneeneaens
Synthesis from Sulfonium Ylides «««««««evveeeeeneeneanian.
Synthesis from Acyclic Sulfoxides -« -+« vcveieneneiiint
By REAUCHION « -+ v+ vvevee et et et ettt
By Sulfanylation of AIKENES «««««« v vemverueennerieiniain.
Synthesis from Acyclic Sulfones ««««««vevvereeeneenieain.
MisCEllanEOUS REACHIONS ««« -« v xeernerneenneeunenneenneenn.

Applications of Product Class 7 in Organic Synthesis -+« eeveneeneeenn.n.

Method 1:
Variation 1:
Variation 2:
Method 2:
Method 3:
Method 4:
Method 5:
Method 6:

Use as Reducing AGENts <+« vvveeeeeeeiennenniii..
Reduction Of SUIFOXIAES « -« -« cevvmmnreeermmmiiiaaaeeennn.
Reduction of OZonides «««««everemrnrereiniiiiiiinnan,
Use as Oxidizing Agents for Alcohols - --«-.evvneveennnnne
Use as Dealkylating AGents ««««««««eveemeemmeeueneannen.
Use as Protecting GroUPS =« vverreeeeeeeeeeeeeeeiaeon..
Use as Catalysts ««««evrerrremereniinninnann
Use as Ligands for Transiton-Metal Catalysts «--«ccvevevenns

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

Product Class 8: Acyclic Trialkyloxosulfonium and Trialkylsulfonium
Salts and Derivatives - - -cccvrrmtiii i i it i e e i e

Product Subclass 1: Acyclic Trialkyloxosulfonium Salts ---------.vvnenne.

Synthesis of Product SUbClass 1 <« cvveeremni i i i it

Method 1:
Method 2:
Variation 1:
Variations 2:
Method 3:
Method 4:

Reaction of Sulfoxides with Alkylating Agents «-«-««-cvennee
Reaction of Oxosulfonium Ylides ««--«vvvvvneeeeennennnn.
W|th Br@nsted ACidS .......................................
Misce”aneous Reactions -« cvovreeermminiiiiiiiiiiinnan,
Oxidation of SUIFOMIUM SAlts « -« ««cenrernerneenneennenneenn
Anion Exchange of Oxosulfonium Salts « -+« -cvveeveneennnn.

Product Subclass 2: Acyclic Trialkylsulfonium Salts -------«--covoenenennn.

Synthesis Of Product Subclass PR R T T T o e O

Method 1:

Variation 1:
Variation 2:
Variation 3:
Variation 4:
Variation 5:
Variation 6:
Variations 7:

Reaction of Dialkyl Sulfides «« -« «« vveereeeenneniiaiinin.
With AlKylating AGents -« -« xveerveeemueeaniieniiiennan.
With Cyclopropane Derivatives «««««««««««teeveeremeenueennn
With Heterocyclic COmpounds ««««« -« veeemmeemuneeneenn.
With ALKENES « -« v e v ereneeeneet et e e e e eaeaennns
With AICOROIS -« v e vnemen et
With EEREIS « v« e v e vemenenenee et e e ee e eaenaennns
MisCellaneous REACHIONS « -« «««vxerremernenneneenennennennnn

SoS - gly.toc_Vol39.3d - 31.10.2007 - epline - 29/57



XXX

39.8.2.1.2
39.8.2.1.2.1
39.8.2.1.2.2
39.8.2.1.2.3
39.8.2.1.3
39.8.2.1.3.1
39.8.2.1.3.2
39.8.2.1.4
39.8.2.1.4.1
39.8.2.1.4.2
39.8.2.1.5
39.8.2.1.6
39.8.2.1.7
39.8.2.1.8
39.8.2.1.8.1
39.8.2.1.8.2
39.8.2.1.9
39.8.2.1.10

39.9

39.9
39.9.1
39.9.1.1

39.9.1.1.1
39.9.1.1.1.1
39.9.1.1.1.2

39.9.1.1.1.3
39.9.1.1.2

39.9.1.1.2.1
39.9.1.1.2.2

39.9.1.1.3
39.9.1.1.4

39.9.2
39.9.2.1

39.9.2.1.1
39.9.2.1.2
39.9.2.1.3

39.9.3
39.9.3.1

39.9.3.1.1

Table of Contents

Method 2: Reaction of Dialkylsulfonium Halides «-««««-coeveeeeeenn 525
Variation 1: With Diazo COMPOUNGS «««+ v +xvvenenenieeeaeann 525
Variation 2: With ALKENES « -« v« v v ereneeee et e e eiaeiaeieaanaannns 525
Variation 3: With Dialkyl SUlfides «- -+« vemvermeemmeneann 526
Method 3: REACHION OF SUIFOXIAES + v« v vvernrrnrnerneraeaeeraanaennns 527
Variation 1: With Grignard REAGENEs -« «««««veemneneennemneenneaeann. 527
Variation 2: With ALKENES « -« v v v erneneenete et e e eaeiaeeanaanaennns 527
Method 4: Reaction of Sulfonium Ylides «-«+-vovvvvveeniniiinnn 529
Variation 1: With Bronsted ACIS -« « -« vvrermeennemnmemneenneenennaenn. 529
Variations 2:  Miscellaneous Reactions « -+« «vveervininenineiiiiin, 530
Method 5: Reaction of Thiols and Thiol Derivatives with Alkylating Agents 531
Method 6: Reaction of Dialkyl Disulfides -+« «-cvveeeereneieeninn 531
Method 7: Reaction of Alkanesulfenyl Halides -« -« -«--vveveenenennnn 532
Method 8: Transformation of Sulfonium Salts -+« vvvvveneneiiian 533
Variation 1: ANION EXChANgGe -« v vemrenmeenuenineniiiineaen 533
Variations 2:  Miscellaneous Reactions «-«-«+«vevnereinineniniiinn, 535
Method 9: Reduction of Oxosulfonium Salts -« «-evvvveeneiiiininnn 536
Method 10: Reaction of Sulfur and Metal Sulfides - «+-+-covveveeenennnnn 536

Product Class 9: Alkanesulfenic Acids and Acyclic Derivatives
J. Drabowicz, P. Kietbasinski, P. tyzwa, and M. Mikotajczyk

Product Class 9: Alkanesulfenic Acids and Acyclic Derivatives ------------ 543
Product Subclass 1: Alkanesulfenyl Halides ---------vvooveevniennnnnen 544
Synthesis of Product SUDCIass T ««««««vvenveemeeniieiuiniiiiiiininns 544
Method 1: Halogenation of Divalent Sulfur Precursors « -« ««-«cvoeveveen. 544

Variation 1: Halogenation of Thiols, Thiol Salts, or Disulfides with Halogens 545
Variation 2: Halogenation of Thiols or Disulfides with Other Halogenating

Agents .................................................... 547
Variation 3: Halogenation of Sulfides or Thiocarboxylate S-Esters -------- 547
Method 2: Reaction of Sulfur Dichloride with Alkenes or Carbon

Nucleophiles .............................................. 549
Variation 1: Addition of Sulfur Dichloride to Alkenes -« -« «-cvuveeeenens 549
Variation 2: Reaction of Sulfur Dichloride with Carbonyl or Dicarbonyl

Compounds ............................................... 549
Method 3: Halogen Exchange Reactions of Sulfenyl Chlorides -« --------- 550
Method 4: Chlorination of Thiocarbonyl Compounds -+« -+« coeeeeennn. 550
Product Subclass 2: Alkanesulfenic Acids - -+« - vveeiiiiii 550
Synthesis of Product SUDbClass 2 <« vveviemn i i i i i i 550
Method 1: Oxidation of Thiols «vvvveeemini i e 550
Method 2: Elimination Reactions of Sulfinyl Derivatives -« -« +-«-vvvvnent 551
Methods 3: Miscellaneous Procedures « -+« «-ceeeenerreneneeneniienen. 556
Product Subclass 3: Alkanesulfenic Acid Esters «--«----ccocvoeneiiiennt. 557
Synthesis of Product SUbClass 3 <« vvevimmin i i e 557
Method 1: Reaction of Sulfenyl Halides with Phenols or Alcohols -------- 557

SoS - gly.toc_Vol39.3d - 31.10.2007 - epline - 30/57



Table of Contents XXXI

39.9.3.1.2 Method 2: Reaction of N-(Alkylsulfanyl)phthalimides with Alcohols

or Meta| A”(OXiCIES ......................................... 559
39.9.3.1.3 Method 3: Reaction of Thiirane 1-Oxide with Chloromethyl Ethers ------ 560
39.9.3.1.4 Method 4: Reaction of Sulfenyl Chlorides with Epoxides «--«-««-«--c---- 560
39.9.3.1.5 Method 5: Transesterification of Sulfenates «--«----vvveeieneeneeenn. 560
39.9.3.1.6 Methods 6: Miscellaneous Procedures -« ««««cvvveernennenneninenen... 561
39.9.4 Product Subclass 4: Alkanesulfenamides --------ccooeieii 561
39.9.4.1 Synthesis of Product SUbclass 4 -« v vveeeii i i 561
39.9.4.1.1 Method 1: Synthesis from Sulfenyl Derivatives -+« «-cocoeeeeeeeeenen.. 561
39.9.4.1.1.1 Variation 1: Reaction of Sulfenyl Halides with Ammonia and Amines ----- 561
39.9.4.1.1.2 Variation 2: Reaction of Sulfenyl Thiocyanates with Amines «-«-«-«------- 565
39.9.4.1.1.3 Variation 3: Reaction of S-Alkyl Thiosulfonates with Amines ---«-«------- 565
39.9.4.1.1.4 Variation 4: Reaction of N-(Alkylsulfanyl)phthalimides with Amines ------ 566
39.9.4.1.1.5 Variation 5: Reaction of 1-Alkyl-2-(alkyldisulfanyl)pyridinium Salts with

AMINES ccereretenetenitnetenetesetenetssessantssasonasonns 566
39.9.4.1.2 Method 2: Synthesis from Alkanethiols or Dialkyl Disulfides -«-«--+----. 567
39.9.4.1.2.1 Variation 1: Reaction of Thiols with N-Chloroamines - -« «-cvveeenennn. 567
39.9.4.1.2.2 Variation 2: Reaction of Thiols with Azides « -+« cvvrereenennin e, 568
39.9.4.1.2.3 Variation 3: Reaction of Dialkyl Disulfides with Amines «-««--cvvovvneenn. 568
39.9.4.1.2.4 Variation 4: Reaction of Dialkyl Disulfides with Lithium Amides ---------- 568
39.9.4.1.3 Method 3: Reaction of a Chloromethyl Sulfoxide with an Amine -------- 569
39.9.4.1.4 Method 4: Transformation of N-Alkylidene Sulfenamides -«----«-evnvn. 569
39.10 Product Class 10: Acyclic Di- and Polysulfides

R. Sato and T. Kimura

39.10 Product Class 10: Acyclic Di- and Polysulfides ---------covvoenennenenne. 573
39.10.1 Product Subclass 1: Monoalkyl Disulfides --------c-coveeeeneeienenn.n. 573
39.10.1.1 Synthesis Of Product SUDCIasS T »vvvvvrrmrrmmeieiie it iie e 574
39.10.1.1.1 Method 1: Preparation of Hydrodisulfides «--«-vvevvvneenninniinnin. 574
39.10.1.1.1.1 Variation 1: Preparation of Alkyl Hydrodisulfides -«-«-«««eveveeenenannn 574
39.10.1.1.1.2 Variation 2: Preparation of Haloalkyl or Hydroxyalkyl Hydrodisulfides ---- 574
39.10.1.1.2 Method 2: Preparation of Halo Disulfides -« -«-c-covveeeeneieinan 574
39.10.2 Product Subclass 2: Monoalkyl Polysulfides --------c-covveeeeeennonnn. 575
39.10.2.1 Synthesis of Product SUbClass 2 <« vvevmemn i i i 575
39.10.2.1.1 Method 1: Preparation of Hydropolysulfides «-«-«-cevvveveeenenenn 575
39.10.2.1.2 Method 2: Preparation of Chloro Polysulfides -«-«-«-cevereeeenenien. 575
39.10.3 Product Subclass 3: Metal Salts of Alkyl Di- and Polysulfides ------------. 576
39.10.4 Product Subclass 4: Symmetrical Dialkyl Disulfides ------«---covnvnennn. 576
39.10.4.1 Synthesis Of Product Subclass PP 577
39.10.4.1.1 Method 1: Oxidation of Thiols or Thiolate lons -« «-c-veeereeenenenen... 577
39.10.4.1.1.1 Variation 1: Oxidation with Halogens «-«-«-cvvvmemeeneninnnnn.n. 577
39.10.4.1.1.2 Variation 2: Oxidation with Peroxides -« -« «--cvrveveernenieieen . 577
39.10.4.1.1.3 Variation 3: Oxidation with Diethyl Azodicarboxylate «-«-«--«-cveuenennn. 578

SoS - gly.toc_Vol39.3d - 31.10.2007 - epline - 31/57



XXXn

39.10.4.1.1.4
39.10.4.1.1.5
39.10.4.1.2

39.10.5
39.10.5.1

39.10.5.1.1

39.10.5.1.1.1
39.10.5.1.1.2
39.10.5.1.1.3

39.10.6
39.10.6.1

39.10.6.1.1
39.10.6.1.1.1
39.10.6.1.1.2

39.10.7
39.10.7.1

39.10.7.1.1
39.10.7.1.2

39.1

39.11
39.11.1
39.11.1.1

39.11.1.1.1
39.11.1.1.2
39.11.1.1.3

39.11.1.1.4
39.11.1.1.5

39.11.2
39.11.2.1

39.11.2.1.1
39.11.2.1.2

39.11.3
39.11.3.1

39.11.3.1.1
39.11.3.1.1.1
39.11.3.1.1.2
39.11.3.1.1.3
39.11.3.1.1.4

Table of Contents

Variation 4: Metal-lon-Catalyzed Oxidation «-««-«-vvevemerenieienenne. 578
Variation 5: Oxidation with Tellurite «-««cvverreeenenen, 579
Method 2: Ring Opening and Coupling of Thiiranes -« «-«--c-vvevvnenne. 580
Product Subclass 5: Unsymmetrical Dialkyl Disulfides -----------cvnvnnn. 581
Synthesis Of Product Subclass I T T 581
Method 1: Th|o|ys|s .................................................. 581
Variation 1: With Sulfenamides «««ccceeeerimimin it it 581
Variation 2: With Thiosulfonates «-«««cvveeieimimiiiii i 582
Variation 3: With Thiosulfinates «« -+« vveeeieiminiiiii i 582
Product Subclass 6: Symmetrical Dialkyl Polysulfides ----------covvnenne. 583
Synthesis of Product SUDBCIass 6 <+« v v vvienn i i e e 583
Method 1: Reaction of Disulfides with Alkanesulfenyl Chlorides --------- 583
Variation 1: Reaction of Thiols with Sulfur Dichloride - -« cvvveeenenne. 583
Variation 2: Reaction of Thiosulfonates with Potassium Sulfide -« --------- 584
Product Subclass 7: Unsymmetrical Dialkyl Polysulfides -------------.... 584
Synthesis Of Product Subdass A R I 585
Method 1: Reaction of Thiols with N-(Methyldisulfanyl)phthalimide ----- 585
Method 2: Reaction of Alkyl Chloro Trisulfides with Alkenes «--«-«------. 586

Product Class 11: Thiiranes and Derivatives
M. Saito and ]. Nakayama

Product Class 11: Thiiranes and Derivatives ---------ocoveieeieieenne. 589
Product Subclass 1: Thiirane 1,1-Dioxides -« v vvevvneniiieinenn.. 589
Synthesis Of Product Subclass I T T T T a e 589
Method 1: Oxidation of Thiiranes ««««covevemeiinin it 589
Method 2: Base-Promoted Cyclizations of Sulfones « -+« -« coveveevenn 590
Method 3: Synthesis of Symmetrical Thiirane 1,1-Dioxides by the

Dimerization of Alkanesulfonyl Chlorides -« -«-«-cvvvveenent 592
Method 4: Synthesis from Thiocarbonyl Compounds and Diazoalkanes -- 592
Method 5: Reduction of Thiirene 1,1-Dioxides -+« --cvovreeeeeeenenne. 595
Product Subclass 2: Thiirane 1-Oxides - -«-- -« cocveieneiiiniin.., 595
Synthesis of Product SUbClass 2 <« vvveienn i e 595
Method 1: Oxidation of Thiiranes ..................................... 595
Method 2: Metal-Catalyzed Sulfinyl Transfer to Alkenes - «--+---vvvvnen. 597
Product Subclass 3: Thilranes - -:-:-ccvverrtimtniiiiii ittt 598
Synthesis Of Product SUDCIQsS 3 < -+ v vvvrmerme ettt iie i 598
Method 1: Synthesis from Alkenes ««-ccvriii i 5908
Variation 1: Sulfuration with Sulfur, Sulfur Dichloride, or Sulfenyl Halides - 598
Variation 2: Sulfuration with 1,2,3,4-Thiatriazoles -«-«-«-cveeveieenennn. 602
Variation 3: Sulfuration with Sulfines «-«-«vvveieieii 603
Variation 4: Sulfuration by Metal-Catalyzed Sulfur Transfer -«-«-«-c-cvtv. 605

SoS - gly.toc_Vol39.3d - 31.10.2007 - epline - 32/57



39.11.3.1.2
39.11.3.1.2.1

39.11.3.1.2.2

39.11.3.1.2.3

39.11.3.1.2.4

39.11.3.1.25

39.11.3.1.2.6
39.11.3.1.2.7
39.11.3.1.2.8
39.11.3.1.2.9

39.11.3.1.2.10
39.11.3.1.2.11
39.11.3.1.2.12
39.11.3.1.2.13
39.11.3.1.2.14

39.11.3.1.3
39.11.3.1.3.1
39.11.3.1.3.2
39.11.3.1.3.3
39.11.3.1.4
39.11.3.1.5
39.11.3.1.6
39.11.3.1.6.1
39.11.3.1.6.2
39.11.3.1.6.3

39.11.3.1.6.4
39.11.3.1.7

39.11.3.2

39.11.3.2.1
39.11.3.2.2
39.11.3.2.3
39.11.3.24

39.11.4

39.11.4.1

39.11.4.1.1
39.11.4.1.2

Table of Contents XXX

Method 2: Synthesis fromM OXIFANEs «« -« ««exeerneemmemneanueneaneens 606
Variation 1: Ammonium Cerium(IV) Nitrate Catalyzed Sulfuration Using
AMMONIUM ThiOCYANAte -+« « v e vermrerneenneneeieaeen. 606
Variation 2: Ruthenium (or Aluminum, Tin, or Manganese) Catalyzed
Sulfurations Using Ammonium Thiocyanate «-«-«-«--c-vnenee 607
Variation 3: Titanium-Catalyzed Sulfuration Using Ammonium
Thiocyanate or Thiourea as the Sulfur Source -« -+« vnenvn 607
Variation 4: Sulfurations Using Ammonium Thiocyanate or Thiourea in
Reactions Catalyzed by Other Metal Salts -« -«-c-covveveenens 608
Variation 5: Sulfuration Using Polymer- or Solid-Supported Reagents or
CALAlYSES «+ v vvemee et et 612
Variation 6: Sulfuration in Water Using Cyclodextrins -« «-«-ceeveeenene. 614
Variation 7: Sulfuration Using Potassium Thiocyanate in lonic Liquids ---- 615
Variation 8: Sulfuration Using Thiourea Catalyzed by Silica Gel ----------- 616
Variation 9: Sulfuration Using Potassium Thiocyanate in a Low-Hydrated
Solid-Liquid Heterogeneous Medium -+« «-cveeeeeeenenen.. 617
Variation 10:  Sulfuration Using Thiourea without a Solvent --«-«--vvuvnt. 618
Variation 11:  Sulfuration with Phosphine Sulfides -« -+« voveveeneenennt. 619
Variation 12:  Sulfuration with Dimethylthioformamide ------«-vvvvnvvents 620
Variation 13:  Sulfuration with 3-Methylbenzothiazole-2(3H)-thione ------- 621
Variation 14:  Sulfuration with Elemental Sulfur or Phosphorus Pentasulfide
under Microwave Irradiation «««««cexeemrerneenmemneenneenn. 621
Method 3: Synthesis from Thiocarbonyl Compounds «-««-«-veeeneenen. 622
Variation 1: FrOM THIOKETOMES «« «+ v v v v vneenneennenneenneennenneenneenns 623
Variation 2: From Thioaldehydes -« -« vevvemreeeniinininiii, 635
Variation 3: From Thioketone S-Oxides « -+« crveeverereenneninnen. 636
Method 4: Synthesis from Haloalkanes - «--««vveveeerneenniniennnne. 637
Method 5: Synthesis from [-Hydroxylated Thiols « -« -« cvvveereneennn.. 638
Method 6: Synthesis from Sulfides as Thiolate Precursors -+« -+ «--cvvnt- 640
Variation 1: From ThiOphOSPREtes « « -« -« v vevrneiiiiniiiieaiaans 640
Variation 2: From Cyclic Xanthates or Their Equivalents -««--«vvovvevnnn. 643
Variation 3: From 2-(Alkylsulfanyl)-4,4-dimethyl-4,5-dihydrooxazoles or
THIQZOIES « « -+« v v e e n et e e et e et e et e e 645
Variation 4: From Pyridyl Sulfides, Dithiocarbamates, or Dithiocarbonates 646
Method 7: Synthesis from Heterocyclic Compounds «-«-«-cevveenenene. 647
Applications of Product Subclass 3 in Organic Synthesis « -+« coveveeeeenns 649
Method 1: POIYMEFZALION «« v« vv v e eeemeerteente et et eneeneeas 649
Method 2: ALKENE FOMMILION «+ -« v v v e eneeneenneenaeeeeaeeaaenneenns 649
Method 3: Thiiranes as Sulfuration Reagents -« -« -+« cveeeeneiieenen.. 650
Method 4: Thiiranes as 1,3-DIpoles -« -+« v evvvvemerieniineieaian.s 651
Product Subclass 4: Thiiranium SAlEs -« -« - cevrernermmemneennemnnennaen. 651
Synthesis of Product SUDCIass 4 ««««««vvvnvenneneeneaiiii, 651
Method 1: Synthesis from THIlFANEs « -« «eeveemeeneemeenneneann. 651
Method 2: Synthesis from AIKENES «« -« veemeeueeneeniiiiniain. 652

SoS - gly.toc_Vol39.3d - 31.10.2007 - epline - 33/57



XXXIV

39.12

39.12

39.12.1

39.12.1
39.12.1.1
39.12.1.1.1
39.12.1.1.11
39.12.1.1.1.11

39.12.1.1.1.1.1.
39.12.1.1.1.1.1.2
39.12.1.1.1.1.1.2.
39.12.1.1.1.1.1.2.2
39.12.1.1.1.1.1.3
39.12.1.1.1.1.1.4

39.12.1.1.1.1.2

39.12.1.1.1.1.2.1

39.12.1.1.1.1.2.1.
39.12.1.1.1.1.2.1.2

39.12.1.1.1.1.21.3
39.12.1.1.1.1.2.2

39.12.1.1.1.1.3

39.12.1.1.1.1.3.1

39.12.1.1.1.1.3.1.
39.12.1.1.1.1.3.1.2

39.12.1.1.1.1.3.2
39.12.1.1.1.2

39.12.1.1.1.2.
39.12.1.1.1.2.11
39.12.1.1.1.2.1.2
39.12.1.1.1.2.1.3
39.12.1.1.1.2.2
39.12.1.1.1.2.3

39.12.1.1.1.2.4

Table of Contents

Product Class 12: Thietanes, 1,2-Oxathietanes, and Derivatives
E. Block

Product Class 12: Thietanes, 1,2-Oxathietanes, and Derivatives ----------

Product Subclass 1: Thietanes and Derivatives
E. Block

Product Subclass 1: Thietanes and Derivatives -« ccoeveieeneenn.n.
BT 2 T
SyNthesis Of TRIELANES « ««««+ v erenenetetet et
Synthesis by Ring-ClosUre REACHIONS ««« -+« « v ervreenenenennaneennanenes

By Formation of TWO S—C BONdS + vt vverrmrminn ittt ittt

Method 1: Reaction of 1,3-Dihalides or 1,3-Disulfonates with Sulfide lon
Method 2: Reaction of Dienes with Sulfur Compounds -+« «vvnvvevenn.
Variation 1: Addition of Elemental Sulfur «-«-voveveneieniiin
Variation 2: Addition of Sulfur Dichloride «-«+-veveveveenniiin,
Method 3: Reaction of Ketones with Sulfur Dichloride «-«-«-+-vevvvenent
Method 4: Reaction of Ammonium Hydrosulfide with

3-Adamantan-2-ylidene-1,1,1-trifluoropropan-2-one «--------

By Formation of One S—Cand One C—CBond -+ +vtvrrermrnnenenenenennnn

Method 1: Photochemical or Thermal Cycloaddition of Thiocarbonyl
Compounds and AIKENESs -+« vvvveeeeeeeniiii
Variation 1: INtErMOlECUIAr PrOCESSES « « -t v v eevnemmnennetuaernenneenn.
Variation 2: Intermolecular Processes Involving Metal Complexes of
Thioaldehydes -« -« vevvemeeniiiii
Variation 3: Intramolecular Processes « -« -«ovnemeneneineneiiiin,
Method 2: Reaction of Thiones with Quadricyclane -««-«--cevvevenenne.

By Formation of ONe S—C BONd -+ vtvrrrrmtminin ittt ittt

Method 1: Synthesis from 1-Halo-3-sulfanylpropanes,
3-Sulfanylpropanols, and Related Compounds -« -+ -+« c----.
Variation 1: 2-(Chloromethyl)oxirane-Related Systems - «--«-vvuvvneenen.

Variation 2: Nucleophile-Induced Cyclization of O,0-Diethyl
S-(1,3-Diaryl-3-oxopropyl) Phosphorodithioates -«-««-«------
Method 2: Intramolecular Sulfenyl Bromide-Alkene Addition -«---------

Synthesis by ng Transformation «««ceveermemiein i i i i i

Method 1: Ring Enlargement of Thiiranes and Derivatives «------------.
Variation 1: From 2-(Chloromethyl)thiirane «-«-«-«cvveveieieiian
Variation 2: From Thiirane Alcohols under Mitsunobu Conditions --------
Variation 3: From Thiiranes and 3-Chloroallyllithium « -+« -« - coveeeeenenen
Method 2: Ring Contraction by Desulfurization of 1,2-Dithiolanes -------
Method 3: Ring Contraction of Diazothiolanones by Wolff
REAMTANGEMIENL -+« + « + v v+ v et vmeente ettt et aieeteanens
Method 4: Ring Contraction-Rearrangement of Penams -« -«-«-cvovnvnt

SoS - gly.toc_Vol39.3d - 31.10.2007 - epline - 34/57



39.12.1.1.1.25

39.12.1.1.1.2.6
39.12.1.1.1.2.7

39.12.1.1.1.3

39.12.1.1.1.3.1

39.12.1.1.1.3.11

39.12.1.1.1.3.1.1.1
39.12.1.1.1.3.1.1.2

39.12.1.1.1.3.1.2

39.12.1.1.1.3.1.2.1

39.12.1.1.1.3.1.3

39.12.1.1.1.3.1.3.1
39.12.1.1.1.3.1.3.2
39.12.1.1.1.3.1.3.3

39.12.1.1.1.3.2

39.12.1.1.1.3.2.1

39.12.1.1.1.3.2.2

39.12.1.1.1.3.3

39.12.1.1.1.3.3.1
39.12.1.1.1.3.3.2

39.12.1.1.2

39.12.1.1.2.1
39.12.1.1.2.2
39.12.1.1.2.3

39.12.1.2

39.12.1.2.1

39.12.1.2.1.1

39.12.1.2.1.2

39.12.1.2.1.2.1

39.12.1.2.2

39.12.1.2.2.1

39.12.1.2.2.1.1
39.12.1.2.2.1.2

39.12.1.2.3

39.12.1.2.3.1

39.12.1.3

39.12.1.3.1

Table of Contents XXXV

Method 5: Ring Contraction-Rearrangement of 4-(lodomethyl)-
4,5-dihydrothiazolium Salts with Base «-«--«-vcvvneenennnn.

Method 6: Synthesis from 1,3-DioXan-2-0nes ««««««xcoeenenereeenen..

Method 7: Ring Contraction on Photolysis of 2H-Thiopyran-3(6H)-ones -

Synthesis by Substituent Modification -« -+ vveverrmmiiii i
Substitution of Existing SUDSEITUENTS + v vvvrrrrmr it i,

of Hydrogen ..............................................................
Method 1: Direct Free-Radical Acetoxylation of Thietanes -«-+--+------.
Method 2: Replacement of Hydrogen with Nitrogen Heterocycles ------
Of MEtals « v v vrrrre ittt i i i i i i it ittt it aaaans
Method 1: Desilylation with Tetrabutylammonium Fluoride --«---------
of Oxygen ................................................................
Method 1: Formation of 3-Alkylidenethietanes « -« -« vvvveeeeniennn
Method 2: Formation of Hydrazones and Diazo Compounds «-«-«-+«+---
Method 3: Reductive Amination via the Leuckart Reaction «-««--+-----.

Addition REACLIONS «+ v v vt rerreiee ittt it et it i ittt ei e nenanns

Method 1: Reduction with Lithium Aluminum Hydride or Sodium
Borohydride ...............................................
Method 2: Cydoaddition Reactions ~«:vevreeermeiniiniiiini i
Modiﬂcation Of Substituents ...............................................
Method 1: Oxidation of Thietan-3-ol to Thietan-3-one -+ «+-++-vvevennn
Method 2: Reduction of Thietane 1-Oxide and 1,1-Dioxide to Thietane --

Applications of Thietanes in Organic Synthesis « -+« eveverneeeininnn.

Method 1: Electrophile-Induced Ring Opening «-«-«-«veereenenerennnns

Method 2: Regiospecific Carbonylation and Ring Expansion of Thietanes

Method 3: Synthesis of Isothiazolidines by Reaction of Nitrenes with
THiEtanes ««covverrmrmii it i i i ittt e it

Thietane 1-Oxides and Derivatives ««««««eveeverrenmmemmemmemnennenuennennens
Synthesis by RiNG-ClOSUre REACHIONS ««««« -« v v v eeeenmerneenueaneenniannens
By Formation of One S—C and One C—C Bond ««««vvvrvvmmmmieeeeeaaiiin.
By FOrmMation of One S—C BONd ««+«« v verrrrmmenmeenntnniaiiieeneaen.
Method 1: Intramolecular Cycloaddition of Sulfenic Acid to Alkenes --- - -
Synthesis by Addition REACHONS -+« -+« « v vemvenmeneeneniiniinieneeanen.
AdItion Of HELErOGLOMS =« « v+« v v v e v neennenneet et et et eeeeneenn.

Method 1: S-OXIidation «cvvrrrrm i i e
Method 2: S-AMIdation « v v v rr it i e

Rearrangement Of SUDSHItUENES + v v v vver it i i ittt
Method 1: Isomerization of Thietane Sulfoxides -+« -+« cevveveeenenn.
Thietane 'I"] -Dioxides and Derivatives «««««ceeeerrrtmiiieininieinininnna

Synthesis by Ring_closure ReaCtiONSs =+t vvereeermmni ittt

SoS - gly.toc_Vol39.3d - 31.10.2007 - epline - 35/57

684
685

685

685
685

686

686
687



XXXVI

39.12.1.3.1.1
39.12.1.3.1.1.1
39.12.1.3.1.2
39.12.1.3.1.2.1
39.12.1.3.1.3
39.12.1.3.1.3.1
39.12.1.3.2

39.12.1.3.2.1
39.12.1.3.2.2

39.12.1.3.3
39.12.1.3.3.1
39.12.1.3.3.1.1

39.12.1.3.3.1.1.1
39.12.1.3.3.1.1.2
39.12.1.3.3.1.1.3

39.12.1.3.3.1.2

39.12.1.3.3.1.2.1
39.12.1.3.3.1.2.2

39.12.1.3.3.1.3

39.12.1.3.3.1.3.1

39.12.1.3.3.14

39.12.1.3.3.1.4.1

39.12.1.3.3.2

39.12.1.3.3.2.1

39.12.1.3.3.2.2
39.12.1.3.3.2.2.1
39.12.1.3.3.2.2.2

39.12.1.3.3.2.2.3
39.12.1.3.3.2.3

39.12.1.3.3.2.3.1
39.12.1.3.3.2.3.2
39.12.1.3.3.2.3.3
39.12.1.3.3.2.34

39.12.1.4

39.12.1.4.1

Table of Contents

By Formation of TWO S—C BONdS ++vvvvrrrmrmimiii ittt 691
Method 1: Addition of Sulfur Dioxide to Dienes -« -«--cevveeeeeeneenenns 691
By Formation of One S—C and One C—CBond -+«--cvvrevnernennieenennnen. 691
Method 1: Addition of Sulfenes to Unsaturated Compounds «-«--«-«---- 691
By Formation Of One C—C Bond ............................................ 693
Method 1: Base-Catalyzed Cyclization of Haloalkyl Sulfones «-«--------. 693
Synthesis by R|ng Transformation ««-ceveermem it i it i 694
Method 1: Photochemical Insertion of Sulfur Dioxide into Cyclopropanes 694
Method 2: Photoinduced Rearrangement of 8-Thia-1-aza-

bicyclo[4.2.1]nona-2,4-diene 8,8-Dioxide -« «--cvvvvveienns 695
Synthesis by Substituent Modification <+« «cvvererimimiii i 695
Substitution Of Existing Substituents ....................................... 695
of Hydrogen .............................................................. 695
Method 1: Hydrogen-Deuterium Exchange -+« «-«cvevereeneeenenne. 695
Method 2: Lithiation of Thietane 1,1-Dioxides « -+« cvvveeeereennee. 695
Method 3: Direct Free-Radical Halogenation of Thietane 1,1-Dioxides --- 696
Of MELals « v v v v reie it i i i i i it i ittt ittt iaaaans 696
Method 1: Replacement of Metals by Carbon and Other Elements ------ 696
Method 2: Replacement of Lithium by Halogen «--«-«covvvenvneenenne. 697
Of CarbOn s v v vt vt i i i i i i it e e 697
Method 1: Replacement of an Acyl Group in a-Acylthietane 1,1-Dioxides

with Bromine orlodine «-«-cvreemmmmmminii i, 697
of Oxygen ................................................................ 698
Method 1 Formation of Thietane-3-thione 1,1-Dioxides,

Thietane-3-spirothiirane 1,1-Dioxides, and

3-Alkylidenethietane 1,1-Dioxides «-«-c-cvveeeeeneenenen... 698
Addition REACLIONS + -+ vt rrrererntiee ittt ittt iiteeeieneenenenennnns 698
Method 1: Reduction by Catalytic Hydrogenation or with Sodium

Borohydride ............................................... 698
Method 2: Addition of Organic Groups ................................ 699
Variation 1: Cycloaddition of 1,3-Dienes -+« «vvevveernenieniniine.. 699
Variation 2: 1,3-Dipolar Cycloaddition of Diazoalkanes to Thiete

]’] _Dioxides ............................................... 699
Variation 3: Addition of Carbanions «««c et 700
Method 3: Add|t|on Of Heteroatoms +-ccceerecerrereennnnenennnenenns 701
Variation 1: Addition of Halogens to Thiete 1,1-Dioxides « -+« «-ccoveneess 701
Variation 2: Add|t|on Of Oxygen ........................................ 701
Variation 3: Addition of a,w-Dithiols to Thiete 1,1-Dioxides «-«-««-«--+--+ 703
Variation 4: Addition of Amines to 2-Methylenethiete 1,1-Dioxides «------ 703
Sulfonium and Oxosulfonium Salts and Their Ylides - «-«-cvvvveerenenenenn.. 703
Synthesis by Ring_Closure Reactions ««ccvrrerermminniiiniiiiiiiiiinnennnns 703

SoS - gly.toc_Vol39.3d - 31.10.2007 - epline - 36/57



39.12.1.4.1.1

39.12.1.4.1.1.

39.12.1.4.2

39.12.1.4.2.1

39.12.1.4.3

39.12.1.4.3.1

39.12.1.4.3.1.1
39.12.1.4.3.1.2

39.12.1.4.3.2

39.12.1.4.3.2.1

39.12.2

39.12.2

39.12.2.1

39.12.2.1.1

39.12.2.1.1.1
39.12.2.1.1.2

39.12.2.1.2

39.12.2.1.2.1

39.12.2.2

39.12.2.2.1

39.12.2.2.1.1

39.12.2.2.1.2
39.12.2.2.1.3
39.12.2.2.1.4

39.12.2.2.2

39.12.2.2.2.1

39.12.2.3

39.12.2.3.1

39.12.2.3.1.1
39.12.2.3.1.2

39.12.2.3.1.3

39.12.2.3.2

39.12.2.3.2.1
39.12.2.3.2.2

Table of Contents XXXVII

By FOrmMation of One S—C BONA «« -+« v v errremmemmeeneeaiiaiiaeeeaean 703
Method 1: Cyclization of 1-Diazoalkyl 1-Sulfanylmethyl Ketones -------- 703
Synthesis by Ring Transformation ««««« -« eveeeeemeeeaiiii . 704
Method 1: Ring Expansion of Thiiranes and Derivatives -« -« «-«-cvvvnene 704
AdAItiON REACHIONS « « « -« v v e vt memeeten et et e a e 705
Addition Of Organic GrOUPS ««« ««««« v v ereeeneeueannenit ettt 705
Method 1: S-Alkylation of THIEtanes ««« -« ««evverveemeenieeneennann. 705
Method 2: O-Alkylation of Thietane 1-Oxides +« -+« evreneeeeenenen. 705
AItion Of HELErOALOMS «« « « «« ««« e v et rneeneenae et e et eeaeaeeeneenns 706
Method 1: S ATTHNALION =+« =« v v v e e m et et et e e et e e e e 706

Product Subclass 2: 1,2-Oxathietanes and Derivatives
J. Drabowicz and ]. Lewkowski

Product Subclass 2: 1,2-Oxathietanes and Derivatives --------c--cvnvnnne 71
1,2_Oxathietanes .......................................................... 711
Synthesis of ],Z_OXathietaneS ............................................. 711
Method 1: Diazotization of 2-[(2-Chloroethyl)sulfinyl]ethylamine ------- 711
Method 2: Thermolysis of 1-{2-[(2-Chloroethyl)sulfinyl]ethyl}-

T-nitrosourea Derivatives -« ceeereiiniiiiiiiiiiiiiiiin, 712
Applications of 1,2-Oxathietanes in Organic Synthesis « -+« -« coeneeeneeen. 713
Method 1: Cycloreversion of 1,2-Oxathietanes to Thioacetone ---------- 713
1’2_Oxathietane 2_Oxides ................................................. 714
Synthesis of ]’Z_Oxathietane 2-OXIideS +rverrrr i i i i e e 714
Method 1: Photolysis Of Sulfolane ..................................... 714
Method 2: Reaction of Sulfur Dioxide with Ketene Derivatives «-«------- 714
Method 3: Reaction of Sulfuryl Chloride with [3-Hydroxy Sulfoxides ----- 715
Method 4: Reaction of Sulfur Dioxide with Quadricyclane «---«-----.-... 716
Applications of 1,2-Oxathietane 2-Oxides in Organic Synthesis «-«-«-«--e---- 716
Method 1: Thermal Decomposition and Rearrangement Reactions of

'],2_Oxathietane 2_Oxides .................................. 716
],Z_Oxathietane 2,2_Di0xides .............................................. 717
Synthesis of 1,2-Oxathietane 2,2-Dioxides -+« -+« cvrreernerneneiien... 717
Method 1: Cycloaddition of Sulfur Trioxide and Alkenes - -«-«-cuvuvnnn. 717
Method 2: Reactions of Alkanesulfonyl Chlorides with Carbonyl

Compounds ............................................... 719
Method 3: Modification of Remote Functionalities in 1,2-Oxathietane

2,2-DIOXIAES v v evr e 720
Applications of 1,2-Oxathietane 2,2-Dioxides in Organic Synthesis «-«--«----- 721
Method 1: Rearrangement and Isomerization Reactions «-«-«-«-«-evnvnt 721
Method 2: Nucleophilic Attack at the Ring Sulfur Atom -« -«-c-vevveennns 722

SoS - gly.toc_Vol39.3d - 31.10.2007 - epline - 37/57



XXXV

39.12.2.3.2.3
39.12.23.2.4

39.12.3

39.12.3

39.12.3.1

39.12.3.1.1
39.12.3.1.1.1
39.12.3.1.1.2
39.12.3.1.2
39.12.3.1.2.1
39.12.3.1.2.2
39.12.3.1.2.3
39.12.3.1.2.4
39.12.3.1.3

39.13

39.13

39.13.1

39.13.1
39.13.1.1
39.13.1.1.1

39.13.1.1.11
39.13.1.1.1.2

39.13.1.1.2

39.13.1.1.2.1
39.13.1.1.2.1.1
39.13.1.1.2.1.2
39.13.1.1.2.2

39.13.1.1.3

39.13.1.1.3.1

39.13.1.1.3.2
39.13.1.1.3.3
39.13.1.1.3.4

Table of Contents

Method 3: Electrophilic Attack at the Ring Oxygen Atom «-«-+«-cenevnee
Method 4: Elimination Reactions «-«ccvereeemnnniiiiiiiiiiiiaan,

Product Subclass 3: 1,2-Dithietanes, 1,2-Thiazetidines, 1,2-Thiaphos-
phetanes, and Derivatives of Various Oxidation States
N. Kambe

Product Subclass 3: 1,2-Dithietanes, 1,2-Thiazetidines, 1,2-Thiaphos-
phetanes, and Derivatives of Various Oxidation States ------------c.-....

Synthesis of Product SUbClass 3 <+ vveeimmn i i e i

Method 1: Synthesis of 1,2-Dithietanes and Derivatives «-«-««-c-evnvn.
Variation 1: Synthesis of 1,2-Dithietanes ««-««--cvvevnerneeiennn.
Variation 2: Synthesis of 1,2-Dithietane 1,1-Dioxides «--«--c-rvueeneenen.
Method 2: Synthesis of 1,2-Thiazetidines and Derivatives -+« -+ «------.--
Variation 1: Synthesis of 1,2-Thiazetidines -« -+« vvveevereeieninnn.
Variation 2: Synthesis of 1,2-Thiazetidine 1-Oxides «-«-«-+- cveenvnnnn.
Variation 3: Synthesis of 1,2-Thiazetidine 1,1-Dioxides -« -+ «-+-cvneenen.
Variation 4: Synthesis of 1,2-Thiazetidine 1-Imides «-«-««- - cvevenenn.n.
Method 3: Synthesis of 1,2-Thiaphosphetanes - «-«-«-«vvveveienennne.

Product Class 13: Thiolanes, Larger Rings, and Derivatives of Various
Oxidation States
R. Sato and T. Kimura

Product Class 13: Thiolanes, Larger Rings, and Derivatives of Various
OXIidatioN StAtes - -« vt vt i ettt i i i i i i i it i e

Product Subclass 1: Cyclic Alkanesulfonic Acid Derivatives
R. Sato and T. Kimura

Product Subclass 1: Cyclic Alkanesulfonic Acid Derivatives ------------.-.
Synthesis of Product SUbclass 1 <« vveemmmn i i i i it
Cyclic SUIfONIC ACIA ESEEIS v v v v vereeeme it it it e iieaneaann

Method 1: Oxidation of a Cyclic Sulfinic Acid Ester -«-«-+--evvneeennnn.
Method 2: Intramolecular Substitution -« «vooeriiiii

Cyclic Thiosulfonic Ac|d G-ESters «ecceeereniinniiniiinienetenerenessnesnnns

Method 1: OXidation «vvvvrrrrrmin it i i i i i e i e
Variation 1: Oxidation of Dithiols with Hydrogen Peroxide «-«-«-«-«------
Variation 2: Oxidation of Cyclic Disulfides with Potassium Periodate - - - - - -

Method 2: Th|o|ys|5 ..................................................
Cydic Su|f0nic Ac|d Amides ................................................

Method 1: OXidation «ovevrrrrrmim it i i i i i i e i e
Method 2: Intramolecular Nucleophilic Substitution «-«-«-cocoveeeeenns
Method 3: Intramolecular Cycloaddition « -« «-cvveeeemeneeenienn

Method 4: Ring_c|05ing Metathesis ««cvevrrerrmieininiinininiinnnann,

SoS - gly.toc_Vol39.3d - 31.10.2007 - epline - 38/57



39.13.1.1.3.5

39.13.2

39.13.2

39.13.2.1

39.13.2.1.1

39.13.2.1.1.1
39.13.2.1.1.11
39.13.2.1.1.1.2
39.13.2.1.1.2

39.13.2.1.2

39.13.2.1.2.1
39.13.2.1.2.2

39.13.2.1.3

39.13.2.1.3.1
39.13.2.1.3.2

39.13.3

39.13.3

39.13.3.1

39.13.3.1.1

39.13.3.1.1.1
39.13.3.1.1.2
39.13.3.1.1.3

39.13.3.1.2

39.13.3.1.2.1
39.13.3.1.2.1.1
39.13.3.1.2.1.2
39.13.3.1.2.1.3
39.13.3.1.2.2

39.13.3.1.3

39.13.3.1.3.1
39.13.3.1.3.2

39.13.4

39.13.4

39.13.4.1

Table of Contents XXXIX

Method 5: N-Arylation by Palladium-Catalyzed Cross Coupling --------- 741

Product Subclass 2: Cyclic Dialkyl Sulfones and Derivatives
R. Sato and T. Kimura

Product Subclass 2: Cyclic Dialkyl Sulfones and Derivatives ----------.... 745
Synthesis of Product SUbclass 2 <« vvevmemn i i i 745
Cyc"c Sulfones ............................................................ 745
Method 1: Oxidation ................................................. 745
Variation 1: With 3-Chloroperoxybenzoic Acid -« -«-«vvvvvreeneneninens 745
Variation 2: With Hydrogen Peroxide «« vvvrrrmmiiiiiii i 745
Method 2: Cheletropic Addition of Sulfur Dioxide to 1,3-Dienes «-«------ 746
Cydic Sulfoximides ........................................................ 746
Method 1: |midation of Sulfoxides .................................... 747
Method 2: N-Functionalization of a Sulfoximide «+«+-+-cvvvvveieninnn 747
Cydic SUlfONEdiimINeS -« crvvrrreee i i i i e i i 748
Method 1: D||m|dat|on Of Sulﬁdes ..................................... 748
Method 2: N-Functionalization of Sulfonediimines «-«-«-«vevevieiiannnn 748

Product Subclass 3: Cyclic Alkanesulfinic Acid Derivatives
R. Sato and T. Kimura

Product Subclass 3: Cyclic Alkanesulfinic Acid Derivatives ---------..-.... 751
Synthesis of Product SUbClass 3 <+ vveememn i i i i e 751
Cyclic Sulﬂnic ACIAESLEOIS «+vvvereemtieit ittt ittt it nenennn 751
Method 1: Oxidation of 3-Sulfanylpropan-1-ols «-«-cceeveeeeneenn... 751
Method 2: Rearrangement of Cyclic Sulfones -«-«-vvvvvereenenennnn 751
Method 3: Oxidative Cyclization of Hydroxyalkyl Disulfides «-«-«-«------ 752
Cydic Thiosulﬁnic Ac|d G-ESters «cceereeeennienniiniieneineenateneronananes 752
Method 1: Oxidation of Cyclic Disulfides « -« -+« eoemeeeeennennennen... 752
Variation 1: With Hydrogen Peroxide/Formic Acid «-«-««-vveenenenennens 752
Variation 2: With Potassium Periodate « -+« -+« voveeneneniiiiiin 753
Variation 3: With 3-Chloroperoxybenzoic Acid -« -«-cvvveereeenenennans 753
Method 2: Cycloaddition Reactions of Disulfur Monoxide -« -«-«-+----- 754
Cyc"c Sulﬂnic Ac|d Amides ................................................ 754
Method 1: Oxidation of Aminoalkanethiols «--«-«-vevveeeeneenenennn. 755
Method 2: N-Functionalization of Cyclic Sulfinamides «-«---c-vvevevnens 755

Product Subclass 4: Cyclic Dialkyl Sulfoxides and Derivatives
J. L. Garcia-Ruano, M. B. Cid, A. M. Martin-Castro, and ]. Aleman

Product Subclass 4: Cyclic Dialkyl Sulfoxides and Derivatives ------------ 757
Synthesis Of Product Subclass 2 757

SoS - gly.toc_Vol39.3d - 31.10.2007 - epline - 39/57



XL Table of Contents

39.13.4.1.1 Cyclic Diheteroatom-Substituted A*-Sulfanes «« -+« vovvevenieii, 757
39.13.4.1.2 CyC'IC SUIOXIAES # vt v e ettt it i i i i i et i it i i i 758
39.13.4.1.2.1 Achiral and Racemic Cyclic Sulfoxides -+« -« eeemeeeeininiiinn 758
39.13.4.1.2.1.1 Method 1: Oxidation with Oxygen - «-«-cvvvvemeeneniiinin.e, 759
39.13.4.1.21.1.1  Variation 1: Photochemical Oxidation - -«-«vvvvervneeenienienne. 759
39.13.41.21.1.2  Variation 2: Catalyzed by Metals or Organic Compounds ««-«-«c-ceevee- 760
39.13.41.21.2  Method 2: Oxidation with Hydrogen Peroxide - «-«-«-cvvveeenenennnn. 761
39.13.41.213  Method 3: Oxidation with Organic Peroxides «-«-«-«:cevvremeenenn... 765
39.13.41.214  Method 4: Oxidation with Peroxy Acids -+« -« -voveemereeenneneneenn... 766
39.13.41.21.5  Method 5: Oxidation with Halogen Derivatives «-«-«-cevvrereenenn... 768
39.13.41.21.51  Variation 1: Using Molecular Halogens - «-«-ceveeeevneneenenineenn.. 768
39.13.4.1.2.1.5.2 Variation 2: Using Periodates « - vcrrre i i e 769
39.13.41.21.53 Variation 3: Using Periodic Acid -+« vvvrerneneeneninients 770
39.13.4.1.2.1.5.4  Variation 4: Using Hypervalent lodine(lll) Reagents « -+« ««vevveneenennen. 770
39.13.41.21.5.5 Variation 5: Using Hypochlorites «--«-vvveveeneeieeeeninne, 770
39.13.4.1.2.1.5.6 Variation 6: Using Chlorites, Bromites, and Bromates ««-««-«-veoeeneenen. 771
39.13.41.21.5.7 Variation 7: Using Chloramine-T and Bromamine-T - «-«-ceveeeeeenennne. 771
39.13.4121.6  Method 6: Oxidation with Nitrogen Reagents -« -+« «vvevrenreeeennen. 771
39.13.4.1.2.1.6.1 Variation 1: Using Nitric Ac]d ........................................... 771
39.13.4.1.2.1.6.2 Variation 2: Using NItrates -« v eveeemrmi i i i it e e 771
39.13.4.1.2.1.6.3 Variation 3: Using Other Nitrogen Derivatives « -« ««-«cveereeeieenienn.. 772
39.13.41.21.7  Method 7: Oxidation with Metal Compounds -+« --cvvevveeeiennennnen. 772
39.13.41.21.8  Method 8: Oxidation with Compounds Havinga N—O Bond - -«--------- 772
39.13.41.21.9  Method 9: Oxidation with Dimenthyl Selenoxide - «--«--evvevneennen. 772
39.13.41.21.10  Method 10: Oxidation with Sulfoxides - «-«--c vvememeneiinin, 773
39.13.41.21.11  Method 11: Electrochemical Oxidation « -« cemeneneeneneneiiin 773
39.13.41.21.12  Method 12: Cycloaddition Reactions «-««««-vvemememenennininneinn.., 774
39.13.4.1.2.1.121 Variation 1: From Sulfur Monoxide by [4+ 1] or [6+ 1] Cycloaddition

With 1,3-Dienes or 1,3,5-THENES -« «rrerrrerermriaeeeeens 774
39.13.4.1.2.1.12.2 Variation 2: From Thioketone S-Oxides by [3 +2] Cycloaddition «--------- 774
39.13.4.1.2.1.12.3 Variation 3: From Thioaldehyde and Thioketone S-Oxides by Diels—-Alder

REACHIONS «+ v v v v veemenene e et ete e e e eaeaennes 775
39.13.4.1.2.1.12.4 Variation 4: From Thiophene S-Oxides « -+« «-cvemerereiieneiin 777
39.13.41.21.13  Method 13: Cyclization via Anionic Intermediates -«-«-«-cvveveienenen.n. 777
39.13.4.1.2.1.13.1 Variation 1: Intramolecular Nucleophilic Addition « -+« cveeeeeneeenn 777
39.13.4.1.2.1.13.2  Variation 2: Intermolecular Nucleophilic Reactions -+« -«-coeveeeeeenn 778
39.13.4.1.2.1.14 Method 14: Radical CyC“ZBtiOI’I ......................................... 779
39.13.41.2115  Methods 15:  Miscellaneous Methods -« -+« vvvvveveeeeeenneennt. 779
39.13.4.1.2.2 Optically Active CyC“C Sulfoxides -+« vvvrmmme i 782
39.13.41.221  Method 1: Oxidation with Achiral Reagents « -« «-covveeeveeneneenn.e. 782
39.13.41.22.2  Method 2: Oxidation with Alkyl Peroxides and Chiral Metal Catalysts ---- 784
39.13.41.2.2.21 Variation 1: Monooxidation of 1,3-Dithiolanes and 1,3-Dithianes Using

tert-Butyl Hydroperoxide, Titanium(IV) Isopropoxide, and

(R,R)-Diethyl Tartrate « -« -««cevveemmeerumeeneianneenn... 784
39.13.4.1.2.2.2.2 Variation 2: Dioxidation of 1,3-Dithiolanes and 1,3-Dithianes with

Titanium(lV) Isopropoxide and (R,R)-Diethyl Tartrate --------- 788

SoS - gly.toc_Vol39.3d - 31.10.2007 - epline - 40/57



39.13.4.1.2.2.2.3
39.13.4.1.2.23
39.13.4.1.2.2.4
39.13.4.1.2.2.5

39.13.4.1.3

39.13.4.1.3.1

39.13.4.1.3.1.1
39.13.4.1.3.1.1.1
39.13.41.3.1.1.2
39.13.4.1.3.1.1.3
39.13.4.1.3.1.2

39.13.4.1.3.1.3

39.13.4.1.3.2

39.13.4.2

39.13.4.2.1

39.13.4.2.1.1
39.13.4.2.1.2

39.13.4.2.1.3
39.13.4.2.1.4

39.13.5

39.13.5

39.13.5.1

39.13.5.1.1

39.13.5.1.2
39.13.5.1.3
39.13.5.1.4
39.13.5.1.5

39.13.6

39.13.6

39.13.6.1

39.13.6.1.1

39.13.6.1.1.1
39.13.6.1.1.2
39.13.6.1.1.3

Table of Contents XLI

Variations 3: Other Variations «««ccveveermemiminiiiii i iiiieiiiennenann 789
Method 3: Oxidation Using Other Chiral Reagents «--««--evevvvneennen. 791
Method 4: Biological OXidatioNs «vcvverrereerererneiereneneneenennnns 792
Method 5: Resolution of Racemic Mixtures ««-«-«-ceeveemeieenanaian. 795
Cydic SUIIMIAES # v v v e et i i i i it it e 795
Opt|ca”y Inactive Cychc Su|f|m|de5 ......................................... 796
Method 1: Oxidative Amination of Sulfides with N-Halo Derivatives ---- - 796
Variation 1: Synthesis of N-Sulfonylsulfimides -+« «--vcoeeeeeeeenenent. 796
Variation 2: Synthesis of N-Alkyl- and N-Arylsulfimides -«-«-«-cevenenenes 797
Variation 3: Synthesis of N-Acylsulfimides and Derivatives «-«-«--«------- 798
Method 2: Amination of Sulfoxides with Compounds Containing an

Amino Group .............................................. 799
Method 3: Synthesis of N-Unsubstituted Sulfimides -«-«-«-covvvenenene. 799
Opt|ca”y Active Cychc Sulfimides ««vcvrremmi i e 800
Applications of Product Subclass 4 in Organic Synthesis « -+« coveveeeeenn 800
Applications of Sulfimides in Organic Synthesis -+« vvoeeveeieinnn. 800
Method 1: Synthesis of Sulfides by Reduction of Cyclic Sulfimides ------- 800
Method 2: Synthesis of Sulfoximides by Oxidative Amination of Cyclic

SUIMIAES v v v v v e et i it e 801
Method 3: Synthesis of Ketene Dithioacetals from Cyclic Sulfimides - - - - - 801
Method 4: Synthesis of Heterocycles via Nitrene Intermediates by

Photolysis or Thermolysis of Cyclic Sulfimides -«-«-+-«------ 802

Product Subclass 5: Cyclic Alkanethiolates of Group 1, 2, and 13-15 Metals
N. Kambe

Product Subclass 5: Cyclic Alkanethiolates of Group 1, 2, and 13-15 Metals 811

Synthesis of Product SUDCIAss 5+« ««« v v evenneneeneeniiiininie, 811
Method 1: Synthesis of Dithiametallacycles «-«-«--vveveeneneieninent. 811
Method 2: Coordination of Dithiaalkanes to Metals «-«-«--c eveeenennn. 811
Method 3: Dimerization of Metal Thiolates -«-«-«-cvvvvereieeennn 812
Method 4: Addition to C=S or Si=SBonds « -+« vorreieeiiii 812
Method 5: Transmetalation of Cyclic Metal Alkanethiolates «------------ 812

Product Subclass 6: Cyclic Alkanethiolates of Group 3-12 Metals
A. Polo and |. Real

Product Subclass 6: Cyclic Alkanethiolates of Group 3-12 Metals --------- 813
Synthesis Of Product Subclass B ctrvertetiiit ittt tesite ittt eetens 813
Method 1: Reactions of Metal Halides with an Alkanethiol, with an

Alkanethiol and Base, or with a Main Group Alkanethiolate -- 813
Variation 1: Reactions between a Metal Complex and an Alkanethiol ----- 813
Variation 2: Reaction of a Metal Complex with an Alkanethiol and a Base - 815
Variation 3: Reactions of Metal Complexes with Main Group Alkanethio-

F R T S 816

SoS - gly.toc_Vol39.3d - 31.10.2007 - epline - 41/57



X

39.13.6.1.2

39.13.6.1.3

39.13.6.1.3.1
39.13.6.1.3.2

39.13.6.1.4
39.13.6.1.5

39.13.6.1.5.1
39.13.6.1.5.2
39.13.6.1.6

39.13.6.1.7
39.13.6.2

39.13.6.2.1

39.13.6.2.2

39.13.7

39.13.7
39.13.7.1

39.13.7.1.1
39.13.7.1.1.1
39.13.7.1.1.2
39.13.7.1.1.3
39.13.7.1.1.4
39.13.7.1.1.5
39.13.7.1.2
39.13.7.1.2.1
39.13.7.1.2.2
39.13.7.1.3
39.13.7.1.3.1
39.13.7.1.3.2
39.13.7.1.3.3
39.13.7.1.4
39.13.7.1.5
39.13.7.1.6
39.13.7.1.6.1
39.13.7.1.6.2
39.13.7.1.6.3

39.13.7.1.7

Table of Contents

Method 2:

Method 3:

Variation 1:
Variation 2:

Method 4:
Method 5:

Variation 1:
Variation 2:

Method 6:

Methods 7:

Reactions between Basic Ligand Complexes and Alkanethiols
with the Displacement of a Protonated Ligand «-------------
Reactions of Alkanethiols with Metal Complexes under
Reducing CONAILIONS -+« ««««+vvevenmeeeteteeaeaiaans
Reduction of the Metal by an Added Reducing Agent -« ------
Reduction of the Metal by an Excess of an Alkanethiol or a
PhOSPRINELRION « « - v v vvveneeeneenieaiie i
Reaction of Coordinated Sulfides with Electrophiles ---------
Oxidative Addition of an Alkanethiol or a Dialkyl Disulfide

t0 @ Metal COMPIEX « -+« v vervremmerneenitatneaen
Oxidative Addition of an Alkanethiol to a Metal Complex ----
Oxidative Addition of a Dialkyl Disulfide to a Metal Complex -
Reaction of an Alkanethiolate-Metal Complex with a Second
Metal COMPIEX «« v v e eveenmenneitett it
MisCellaneous MethOds « -« «««cexeernernemneeuneennenneenn.

Applications of Product Subclass 6 in Organic Synthesis «« -« veveeeeeenen.s

Method 1:

Method 2:

Catalytic Carbonylation Reactions with Cyclic Alkanethiolates
as Catalyst PrOCUISOIS + v vt vrrermennneenensneeneneneenennnns
Catalytic Asymmetric Organozinc Additions to Aldehydes - - - -

Product Subclass 7: Cyclic Dialkyl Sulfides

M. Segi

Product Subclass 7: Cyclic Dialkyl Sulfides ---------cocvvevieienennn

Synthesis Of Product Subclass TR R T T A A O P

Method 1:

Variation 1:
Variation 2:
Variation 3:
Variation 4:
Variation 5:

Method 2:

Variation 1:
Variation 2:

Method 3:

Variation 1:
Variation 2:
Variation 3:

Method 4:
Method 5:
Method 6:

Variation 1:
Variation 2:
Variation 3:

Method 7:

Synthesis from Metal Sulfides or Thiols -«-«-+vvvveenennnn.
By Substitution with Dihalides -+« cvvveeeeiiiiiin..
By Substitution with Disulfonates «-«-«-«-veveveieneeenen
By Substitution with Cyclic Ammonium Salts «-«-«-cevvvenens
By Addition to ENONES «««vvvvnerrnneiiiiiiii
By Reaction with DioXiranes ««««««veeevreeeenaeiiinaiii...
Synthesis from Acyclic Sulfides «««--vvveeeevieiiii
By Dieckmann Condensation -« «««eereeeeeeeennnenaiiii..
By Henry REACHION v vvrrvvrrrnreneeii it iieiieenneenennnn
Synthesis from Dialkyl Disulfides «-««-cvvvveeeeeiennnnnnn.
By Addition to AIKENes «+«+vvvvrrri
By Radical Cyclization «««««+vveeeenemiiiii,
By Desulfurization ««---«cvrrrereerimeeeiiie i
Synthesis from Sulfur Dichloride by Addition to Dienes ------
Synthesis from Vinylthiiranes by Ring Expansion -+« -«--«---..
Synthesis from Cyclic Sulfonium Salts -« -« --oevveneennnnnn
By Debenzy|ation ..........................................
By Ring Expansion via Reductive Bond Cleavage «--«-««-+----
By [2,3]-Sigmatropic Rearrangement via Cyclic Sulfonium

Y @S v v vt i e
Synthesis from Thioaldehydes or Thioketones by [4 +2]
Cydoadd]tion .............................................

SoS - gly.toc_Vol39.3d - 31.10.2007 - epline - 42/57



39.13.7.1.8

39.13.7.2

39.13.7.2.1
39.13.7.2.1.1
39.13.7.2.1.2

39.13.8

39.13.8

39.13.8.1

39.13.8.1.1

39.13.8.1.1.1
39.13.8.1.1.2

39.13.8.1.2

39.13.8.1.2.1
39.13.8.1.2.1.1
39.13.8.1.2.1.2
39.13.8.1.2.1.3
39.13.8.1.2.1.4
39.13.8.1.2.1.5
39.13.8.1.2.1.6
39.13.8.1.2.2
39.13.8.1.2.2.1
39.13.8.1.2.2.2
39.13.8.1.2.2.3
39.13.8.1.2.2.4
39.13.8.1.2.3
39.13.8.1.2.4
39.13.8.1.2.4.1
39.13.8.1.2.4.2
39.13.8.1.2.5
39.13.8.1.2.6
39.13.8.1.2.6.1
39.13.8.1.2.6.2

39.13.9

39.13.9

39.13.9.1

39.13.9.1.1

Table of Contents

Method 8: Synthesis from Thiocarbonyl Ylides by 1,3-Dipolar

Cycloaddition .............................................
Applications of Product Subclass 7 in Organic Synthesis « -+« coeoeeeeeenns
Method 1: Use as Organocatalysts ....................................
Variation 1: Asymmetric Synthesis of Epoxides from Aldehydes ---------.
Variation 2: Asymmetric Synthesis of Aziridines from Imines -+« --+----...

Product Subclass 8: Cyclic Trialkyloxosulfonium and Trialkylsulfonium
Salts and Derivatives
Y. Tang and X.-L. Sun

X

Product Subclass 8: Cyclic Trialkyloxosulfonium and Trialkylsulfonium
Salts and Derivatives -« c-ccrrrmim i i e e

Synthesis of Product SUbClass 8 <+« vvvveemn i e i
Cyc“c Trialkyloxosulfonium Sa'ts ...........................................

Method 1: OXidation «cvevrrrrrmmi it i i i i i i e e
Method 2: Anion Exchange ...........................................

Cydic Trialky'su'fonium Salts ...............................................

Method 1: Alkylation of Cyclic Sulfides - «-«-cvmereenenenneiian
Variation 1: With Halides and Related Reagents «-«-«-cvvvreenenenannns
Variation 2: WIth AIKENES -« -« e v e e meee e ee e ee e et e e ee e aeeans
Variation 3: WIth AICOROIS «+ =« e vt eme et et e et e eeans
Variation 4- WVILH KETOMES « « + =+« v v e e m e et e e e e e e et e e aeeaeeans
Variation 5 WILH ELREIS -+« v e e v et eme et e e e et e e et e e e e eeans
Variation 6: With Diazo COMPOUNS «« -+« x v v veemveemneniemneenieanenn.

Method 2: RiNG-ClOSUrE REACLIONS «« v+ +xvervremnennenieaneentianens
Variation 1 From Acyclic Sulfides -« «vevvermeenninieini
Variation 2 FEOM THIOIS -+« v v e vt emee et e ee e e e e e e e
Variation 3: From Alkanesulfenyl Halides and Related Compounds -------
Variation 4- FrOM SUIFOXIAES «« « v e v v e evmeemneeneeie e iaeaeeaeenn.
Method 3: Reaction of Dialkylhalosulfonium Salts ««-««oceveeeeeeenne.
Method 4: Transformation of Cyclic Sulfonium Ylides «-«-«-cvvvvenvnene.

Variation 1: With Bronsted ACids - -+vvrrreemmieii it
Variation 2: W|th A|ky|at|ng Agents ....................................

Method 5: Reaction of Cyclic Sulfanylsulfonium Salts with Alkenes ------
Method 6: Transformation of Cyclic Sulfonium Salts -« «-cvevvevennne.
Variation 1: By Anion Exchange «««««eveermmereiiiiii i
Variation 2: By Modification of Remote Functional Groups ««-««--+------.

Product Subclass 9: Cyclic Alkanesulfenic Acid Derivatives
T. Wirth

Product Subclass 9: Cyclic Alkanesulfenic Acid Derivatives -------«----...
Synthesis of Product SUbClass O <« vveememn i i i i i e

Cyclic Alkanesulfenic Acid Derivatives with a S—O Bond -+« -«cvevvneeneenn.

SoS - gly.toc_Vol39.3d - 31.10.2007 - epline - 43/57



XLIV

39.13.9.1.1.1
39.13.9.1.2

39.13.9.1.2.1

39.13.9.1.2.2

39.13.9.1.3

39.13.9.1.3.1

39.13.10

39.13.10
39.13.10.1
39.13.10.1.1
39.13.10.1.1.1

39.13.10.1.1.1.1
39.13.10.1.1.1.2
39.13.10.1.1.1.3

39.13.10.1.1.2

39.13.10.1.1.2.1
39.13.10.1.1.2.2
39.13.10.1.1.2.3

39.13.10.1.1.3

39.13.10.1.1.3.1

39.13.10.1.1.3.2
39.13.10.1.1.3.3
39.13.10.1.1.3.4

39.13.10.1.1.4

39.13.10.1.1.4.1
39.13.10.1.1.4.2
39.13.10.1.1.4.3

39.13.10.1.2
39.13.10.1.2.1

39.13.10.1.2.1.1
39.13.10.1.2.1.2
39.13.10.1.2.1.3

39.13.10.1.2.2

39.13.10.1.2.2.1
39.13.10.1.2.2.2

39.13.10.1.2.3

Table of Contents

Method 1: Synthesis of Oxathiolanes «+«cvvveerernininiiiiiii i, 879
Cyclic Alkanesulfenic Acid Derivatives with a S—N Bond -« -« covvveeeenenn 879
Method 1: Synthesis of 3,6-Dihydro-2H-1,2-thiazines and

],Z_Thiazinanes ............................................ 880
Method 2: Synthesis of 4,5-Dihydroisothiazoles, Dihydrothiadiazoles,

and Larger Heterocycles Containinga S—N Bond --«--------- 880
Cyclic Alkanesulfenic Acid Derivatives witha S—PBond -+« -« c-coveeeeeenen 881
Method 1: Synthesis of 1,3,2-Thiazaphospholidines and

'I,3,2_Oxathiaphospholanes ................................ 881

Product Subclass 10: Cyclic Dialkyl Di- and Polysulfides
R. Sato and T. Kimura

Product Subclass 10: Cyclic Dialkyl Di- and Polysulfides ----------cc.evnt. 885
Synthesis of Product Subclass 10 «c«vvvvemn it et et 885
Cydic DiSUIAES - v v v e rre e e e et et 885
'],2_Dithi0|ane5 ........................................................... 886
Method 1: Preparation from a Diol Using Sodium Tetrasulfide «--------- 886
Method 2: Oxidation of a Dithiol Using Oxygen «-«-«-«eceeereenenn... 886
Method 3: Oxidation of a Dithiol Using lodine - «-+-+vvvvveeeenenn.n. 887
'],Z_Dithianes ............................................................. 888
Method 1: Oxidation of a Dithiol Using Sulfur in Liquid Ammonia ------- 888
Method 2: Oxidation of a Thiol Using Bis(1H-benzimidazol-1-yl) Sulfide - 889
Method 3: Oxidation of a Dithiol Using Oxygen «-«-«-«ecveereenenn .. 889
3,6-Dihydro-1,2-dithiins - -« -« vemeemmeriia 890
Method 1: Reaction of a 1,3-Diene with Sulfur -«----ceovveneeenenne. 890
Method 2: Oxidation of a Dithiol Using Iron(lll) Chloride -« -«-«-c-cvvv--- 890
Method 3: Diels—-Alder Reaction of 1,3-Dienes with a 1,2-Dithietane ---- 891
Method 4: Oxidation of a Dithiol Using Manganese(IV) Oxide «-«-«------ 891
D|Su|f|des W|th|n H|gher R|ng Systems ...................................... 893
Method 1: Preparation from a Dibromide Using Disodium Disulfide ----- 893
Method 2: Oxidation of a Dithiol Using Iron(lll) Chloride -« -«-«-c-cvvv--- 894
Method 3: Preparation from a Bis(diazo) Compound Using Sulfur «------ 894
Cyclic Polysulﬂdes ......................................................... 895
1,2,3_Trithi0|anes ......................................................... 895
Method 1: Sulfurization of a 1,2-Dithiol « -+« evrereerneei. 895
Method 2: Sulfurization of Tetrafluoroethene -« -+« vvvvvvenieenennen. 895
Method 3: Sulfurization of Norbornene ««-««--evvvevnevnenieninn.n. 896
1,2,3_Trithianes ........................................................... 897
Method 1: Sulfurization of Sodium S,5’-Propane-1,3-diyl Bis(thiosulfate) - 897
Method 2: Sulfurization of Diphenylthiiranes - «-««-cevevvenieeennn. 897
1,2,3-Trithiepane .......................................................... 898

SoS - gly.toc_Vol39.3d - 31.10.2007 - epline - 44/57



39.13.10.1.2.3.1

39.13.10.1.2.4

39.13.10.1.2.5

39.13.10.1.2.5.1

39.13.10.1.2.6

39.13.10.1.2.6.1
39.13.10.1.2.6.2

39.14

39.14

39.14.1

39.14.1.1

39.14.1.11
39.14.1.1.2

39.14.2

39.14.2.1

39.14.2.1.1

39.14.3

39.14.3.1

39.14.3.1.1

39.15

39.15

39.15.1

39.15.1.1

39.15.1.1.1

39.15.2

39.15.2.1

39.15.2.1.1
39.15.2.1.1.1
39.15.2.1.1.2
39.15.2.1.2

Table of Contents XLV

Method 1: Sulfurization of a 3,6-Dihydro-1,2-dithiin «--«--c-veoevnennen. 898
1,2,3,4-TEtrathi@Pane -« v« vvemueemnente ettt 898
1,5-Dihydro-2,3,4-benzotrithiepanes ««««««««««xvereemeeueneninineaean. 898
Method 1: Sulfurization of 1,2-Phenylenedimethanethiol «-«-----v-- .. 898
Higher Cyclic POlYSUIfIdEs « -+« v v eeeenuenteniiii i 899
Method 1: Sulfurization of Naphthalene-1,8-diyldimethanethiol -------- 899
Method 2: Sulfurization of Ethane-1,2-disulfenyl Dichloride «------------ 900

Product Class 14: Alkaneselenonic Acids and Acyclic Derivatives
J. Drabowicz, P. Kietbasinski, P. tyzwa, and M. Mikotajczyk

Product Class 14: Alkaneselenonic Acids and Acyclic Derivatives --------- 903
Product Subclass 1: Alkaneselenonic Acids -+ -« --cvovvenieiiiennt 904
Synthesis of Product SUDCIAss T ««««« v veeeemmenmeneaneniiiii, 904
Method 1: Oxidation of Alkaneseleninic Acids «-«--«v eeeeeeenennennen. 904
Method 2: OXidation Of DIiSEIENIAES « -« v« cvnrerneennemneenneennennaenn 905
Product Subclass 2: Alkaneselenonates -------- cviiiiii 906
Synthesis of Product SUDCIass 2 «« -+« vvverveemnenieeniiiiiiiiiii s 906
Method 1: Alkylation of the Silver Salts of Perfluoroalkaneselenonic Acids 906
Product Subclass 3: Alkaneselenonamides ---------ccoeiiiiiinn 906
Synthesis of Product SUDCIass 3 -+« v vvenveemneniieiiiiiiii i 906
Method 1: Reaction of a Selenonate with an Amine «-«-«-c-coveeieenens 906

Product Class 15: Acyclic Dialkyl Selenones and Derivatives
J. Drabowicz, |. Lewkowski, W. Kudelska, and T. Girek

Product Class 15: Acyclic Dialkyl Selenones and Derivatives ----------.... 909
Product Subclass 1: Dialkyltetrahalo-A®-selanes ----- - vovvnivnninnnnn. 909
Synthesis Of Product Subclass T cevoeenneenoisresssacsosasssassosssossoassons 910
Method 1: Reaction of Bis(trifluoromethyl)selenium Difluoride with

Elemental FIUOMNG ««+cvvevermm ittt i inaans 910
Product Subclass 2: Dialkyl Selenones - -----«c-vvviiiiiii 910
Synthesis of Product SUbClass 2 <« vvevmemn i e i 910
Method 1: Oxidation of Selenides or Selenoxides - -«--«-ccvvneenennnn. 9aMm
Variation 1: Oxidation with Peroxy Derivatives «-«-«-coveeeeereeenen... 9
Variation 2: Oxidation with Sodium Hypochlorite -«-«-vevvveeeenenen.n. 912
Method 2: Addition of Alkoxides to Methyl Styryl Selenone +«-««-+---... 913

SoS - gly.toc_Vol39.3d - 31.10.2007 - epline - 45/57



XLvi

39.16

39.16
39.16.1
39.16.1.1

39.16.1.1.1
39.16.1.1.2

39.16.2
39.16.2.1

39.16.2.1.1
39.16.2.1.1.1
39.16.2.1.1.2

39.16.3
39.16.3.1

39.16.3.1.1
39.16.3.1.2
39.16.3.1.3
39.16.3.1.4
39.16.3.1.5
39.16.3.1.5.1
39.16.3.1.5.2
39.16.3.1.6

39.16.3.2
39.16.3.2.1
39.16.4
39.16.4.1

39.16.4.1.1
39.16.4.1.2

39.16.5
39.16.5.1

39.16.5.1.1
39.16.5.1.1.1
39.16.5.1.1.2

39.17

39.17
39.17.1
39.17.11

39.17.1.1.1

Table of Contents

Product Class 16: Alkaneseleninic Acids and Acyclic Derivatives
S. Braverman, M. Cherkinsky, and S. Levinger

Product Class 16: Alkaneseleninic Acids and Acyclic Derivatives ---------- 915
Product Subclass 1: Alkylselenium Trihalides ---------ccvvveeneeinnnn 915
Synthesis of Product SUbClass 1 ««cvveemmmn i i ittt 915
Method 1: Synthesis from Diselenides « -« -« eeveieiieiiii 915
Method 2: Synthesis from Seleninic Acids -« -« covaeieiiiiiiii 915
Product Subclass 2: Alkaneseleninyl Chlorides -------«-cecvveenenennnn. 916
Synthesis Of Product Subdass 2 cerseeretaueirecitsserssasesaranracrsanrenn 916
Method 1: Oxidation of Selenenyl Chlorides -«-«-c-cvveevrenenenennne. 916
Variation 1: OZONIZAtION + v v vt rreteneemnteniteneteneseneenatenasonasenns 916
Variation 2: Oxidation with Nitrogen Dioxide -«-«-ccveeerrerenenenen... 917
Product Subclass 3: Alkaneseleninic Acids and Their Salts ----------...... 917
Synthesis of Product SUbClass 3 <+ vveeiemn i i e e 918
Method 1: Oxidation of Alkyl Selenocyanates «-«-«-«evevveereenenn... 918
Method 2: Hydrolysis of Alkylselenium Trihalides +«-««-cvveveveeenenne. 919
Method 3: Hydrolysis of Seleninic Anhydrides -« -+« ceveveeneeeenne. 919
Method 4: Hydrolysis of Selenoseleninates - ««-«- vuveerenieiienne. 919
Method 5: Oxidative Cleavage of Dialkyl Diselenides -«---«--vvvneeenen. 920
Variation 1: Oxidation with Nitric Acid ««-«vvevvemeeieieinn, 921
Variation 2: Oxidation with Hydrogen Peroxide ««--«--cvvneveennennnen. 921
Method 6: Oxidation of Alkaneselenenic Acids «-«««vvevrenreeeennen. 922
Applications of Product Subclass 3 in Organic Synthesis «-«-«-cecvveeeenene. 923
Method 1: Catalytic Oxidation with Perfluorooctaneseleninic Acid ------ 923
Product Subclass 4: Alkaneseleninic Acid Esters (Seleninates) ------------ 924
Synthesis of Product SUbclass 4 -+« v vvemmnni i e 924
Method 1: Alkylation of Seleninate Salts -+« -+ cvovvvneveiieiii, 924
Method 2: Alcoholysis of Alkaneseleninyl Chlorides or Anhydrides ------ 925
Product Subclass 5: Alkaneseleninic Anhydrides - ----«-c-cvvvieenenennn 925
Synthesis Of Product SUDCIass 5 «« e vveememm it ittt 925
Method 1: Oxidation of Diselenides « -+« vvveeieimniiiiii i, 925
Variation 1: OZONIZAtION + v v vr v et emermntnnatenetenerenesnassnasonasonns 926
Variation 2: With tert-Butyl Hydroperoxide -« - «-«veevreeeneeenenn 926

Product Class 17: Acyclic Dialkyl Selenoxides and Derivatives
T. Shimizu and N. Kamigata

Product Class 17: Acyclic Dialkyl Selenoxides and Derivatives ------------ 929
Product Subclass 1: Acyclic Dialkylselenium Dihalides ---------cv0ovnnvee 929
Synthesis of Product SUDCIass T «««««« v verveemuenieeniiiiaiiiiinaans 929
Method 1: Halogenation of Selenides +« -+« vvvevvvneeenneiienn.. 930

SoS - gly.toc_Vol39.3d - 31.10.2007 - epline - 46/57



39.17.1.1.11
39.17.1.1.1.2
39.17.1.1.2
39.17.1.1.3
39.17.1.1.4
39.17.1.1.5

39.17.2

39.17.2.1

39.17.2.1.1
39.17.2.1.1.1
39.17.2.1.1.2
39.17.2.1.1.3
39.17.2.1.1.4
39.17.2.1.2
39.17.2.1.2.1
39.17.2.1.2.2

39.18

39.18

39.18.1

39.18.1.1
39.18.1.2

39.18.1.3

39.18.1.3.1

39.18.1.3.2

39.18.1.3.3

39.18.1.4

39.19

39.19.1

39.19.1

39.19.1.1

39.19.1.1.1

39.19.1.1.1.1

39.19.1.1.1.2

Table of Contents XLVII

Variation 1: With Molecular Halogens «««« -+« «enveemeemmeaeeneannann. 930
Variation 2: With Phosphorus Pentachloride or Silver(ll) Fluoride --------- 931
Method 2: Addition of Selenium Tetrahalides to Alkenes «--«-««-vvncvtt 931
Method 3: Reaction of Ketones with Selenium Oxychloride -----+------. 932
Method 4: Reaction of Phenacyl Bromides with Selenium Powder - ------ 933
Methods 5: MisCellaneous MEthods « -« «««cxxeerreeneemneenneeneenneenn. 933
Product Subclass 2: Acyclic Dialkyl Selenoxides - -----«:-cvveeenenenne. 934
Synthesis of Product SUDCIass 2 -« -+« v v e rveemnenieeiiniinii s 934
Method 1: Oxidation of Dialkyl Selenides -+« ««-voeeeeeenneneneinen... 935
Variation 1 Using Hydrogen Peroxide «««««««««eveemmemmeenenueannn. 935
Variation 2: Using 3-Chloroperoxybenzoic Acid - +--«-covevrereeeeenene. 935
Variation 3: Using SOdium Periodate «««««««eeveermeemmenueaeeneanin. 936
Variation 4- USING OZONE « v v vvvemeeemeeteeite it ettt 936
Method 2: Synthesis from Dialkylselenium Dihalides -+« veoevnennen. 937
Variation 1: Hydrolysis of Dialkylselenium Dihalides «-«--«-c-veveeeeenns 937
Variation 2: Dehalogenation Oxidation of Dialkylselenium Dibromides

With SIlVer(l) OXide -« «xvevermermemieniiniineaean, 938

Product Class 18: Alkaneselenols
J. V. Comasseto and A. S. Guarezemini

Product class 18: Alkaneselenols ........................................ 941
Synthesis of Product Class B T T P 941
Method 1: Reaction of Alkylating Agents with Alkali Metal Selenides ---- 941
Method 2: Reaction of Selenourea with Alkyl Halides Followed by

Hydro|ysi5 ................................................. 942
Method 3: Reduction of Dialkyl Diselenides and Alkyl Selenocyanates --- 942
Variation 1:  With Hypophosphorous Acid « -+« «evevereeeeienennen. 943

Variation 2: With Sodium in Liquid Ammonia Followed by Acidification --- 944
Variation 3: With Sodium Borohydride or Lithium Aluminum Hydride

Followed by Acidification - -ccc i 944
Method 4: Reaction of Elemental Selenium with Alkyl Grignard or
Alkyllithium Compounds Followed by Hydrolysis «-««-«------ 945

Product Class 19: Acyclic Alkaneselenolates

Product Subclass 1: Alkaneselenolates of Group 1, 2, and 13-15 Metals
J. V. Comasseto and A. S. Guarezemini

Product Subclass 1: Alkaneselenolates of Group 1, 2, and 13-15 Metals -- 947

Synthesis Of Product Subclass T oceereeeieeniiiiitiiiiiittttititststtassaaanas 947
Arsenic Alkaneselenolates «« - cvvr it i e e 947
Method 1: Reaction of Alkaneselenols or Sodium Alkaneselenolates with
Amino_ or Haloarsines ..................................... 947
Method 2: Reaction of Trimethyl(methylselanyl)silane with Haloarsines - 948

SoS - gly.toc_Vol39.3d - 31.10.2007 - epline - 47/57



XLvil

39.19.1.1.2

39.19.1.1.2.1
39.19.1.1.2.2

39.19.1.1.3

39.19.1.1.3.1

39.19.1.1.4

39.19.1.1.4.1

39.19.1.1.4.2

39.19.1.1.5

39.19.1.1.5.1

39.19.1.1.6
39.19.1.1.7
39.19.1.1.8

39.19.1.1.8.1
39.19.1.1.8.2

39.19.1.1.9

39.19.1.1.9.1
39.19.1.1.9.2

39.19.1.1.10
39.19.1.1.10.1
39.19.1.1.11

39.19.1.1.111

39.19.1.1.11.11
39.19.1.1.11.1.2
39.19.1.1.11.1.3

39.19.1.1.12

39.19.1.1.12.1
39.19.1.1.12.2
39.19.1.1.12.2.1
39.19.1.1.12.2.2
39.19.1.1.12.2.3

39.19.1.1.13

39.19.1.1.13.1
39.19.1.1.13.2

Table of Contents

Silicon Alkaneselenolates -+« v vrvrr ittt e i i e 948
Method 1: Reaction of Metal Alkaneselenolates with Halosilanes ------- 949
Method 2: Alkylation of Sodium Trimethylsilaneselenolate ---«--------- 949
Germanium A|kanese|eno|ates ............................................. 950
Method 1: Reaction of Lithium Ethaneselenolate with Chlorotrimethyl-

GEITNAME «+ v v et ettt 950
Tin A”(aneselenolates ..................................................... 950
Method 1: Reaction of Lithium Ethaneselenolate with Chlorotrimethyl-

SEANNANE vt crereretonetsetasatasatonasssscsssosasonasonss 950
Method 2: Reaction of Dialkyl Diselenides with Hydrazine Hydrate

Followed by Chlorotriethylstannane -«-«--«-coeeeeeeeeaenn 951
Lead Alkaneselenolates .................................................... 951
Method 1: Reaction of Lithium Methaneselenolate with Chlorotrimethyl-

plumbane ................................................. 951
Boron A|kanese|en0|ates .................................................. 952
Aluminum Alkaneselenolates -« ccrr i i i 952
Gallium Alkaneselenolates <« -« vverrrimim i i i i e 952
Method 1: Reaction of Ethaneselenol with Bromodiisopropylgallium(lll) - 952
Method 2: Reaction of Ethaneselenol with Diiodo(methylsulfanyl)galli-

um(|||) .................................................... 953
Indium Alkaneselenolates -« ccce it i e e 953
Method 1: Reaction of Ethaneselenol with Diiodo(isopropyl)indium(lil) -- 953
Method 2: Reaction of Dialkyl Diselenides with Indium(l) lodide -------- 953
Magnesium Alkaneselenolates «««ccvr ittt i e 954
Method 1: Insertion of Elemental Selenium into C—Mg Bonds «--------- 954
Lithium Alkaneselenolates ««««ccevrrrmiin it i i i i i i i 954
Method 1: Insertion of Elemental Selenium into C—Li Bonds «---+------- 954
Variation 1: Reaction of Alkyllithiums and Elemental Selenium -«--------- 954
Variation 2: Reaction of Lithium Enolates and Elemental Selenium ------- 955
Variation 3: Reaction of Alkyl Selenocyanates with Lithium Hydrides ----- 956
Sodium Alkaneselenolates « -+« v vv et e e e 956
Method 1: Deprotonation of Alkaneselenols «-«-«-«evvveeenenenn 956
Method 2: Reduction of Dialkyl Diselenides «« -+« evemereenieienn.. 957
Variation 1: With Metallic Sodium <« cvverrmmmiii i 957
Variation 2:  With Sodium Borohydride -+« «-+vvevvreenieniini 957
Variation 3: W|th Sodium Hydnde ...................................... 957
Potassium Alkaneselenolates -« - vvreriiii i i e 957
Method 1: Deprotonation of Alkaneselenols «««««««veoeeenieinnenne. 957
Method 2: Reaction of Dialkyl Diselenides and Alkyl Selenocyanates

with Potassium Hydnde .................................... 958

SoS - gly.toc_Vol39.3d - 31.10.2007 - epline - 48/57



39.19.2

39.19.2

39.19.2.1

39.19.2.1.1

39.19.2.1.1.1

39.19.2.1.1.2
39.19.2.1.1.3
39.19.2.1.1.4
39.19.2.1.1.4.1
39.19.2.1.1.4.2
39.19.2.1.1.5

39.19.2.1.1.6

39.19.2.1.2

39.19.2.1.2.1

39.19.2.1.2.11
39.19.2.1.2.1.2
39.19.2.1.2.2

39.19.2.1.2.3
39.19.2.1.2.4

39.19.2.1.2.5

39.19.2.1.2.6

39.19.2.1.3

39.19.2.1.3.1

39.19.2.2

39.19.2.2.1

39.20

39.20

39.20.1

39.20.1.1
39.20.1.1.1
39.20.1.1.2
39.20.1.2

Table of Contents XLIX

Product Subclass 2: Alkaneselenolates of Group 3-12 Metals
A. Polo and J. Real

Product Subclass 2: Alkaneselenolates of Group 3-12 Metals ------------ 961
Synthesis of Product SUbClass 2 <« vvevmeimn i i 961
Terminal Alkaneselenolates « -« vvveemmim i i i i i e 961
Method 1: Reaction of a Metal Complex with a Main Group

Alkaneselenolate <« ccvveri i e 961
Method 2: Alkylation of Coordinated Selenides with Alkyl Halides - - - ---- 963
Method 3: Alkylation of a Hydroselenide Ligand - -««-«-vveenenenennans 963
Method 4: Reaction of a Dialkyl Diselenide with a Metal Complex «------ 964
Variation 1: By Hydride/Selenolate Ligand Exchange « -+« ««-cocveeeennns 964
Variation 2: By Oxidative Addition to a Metal Center ----«-c-coveeeennns 965
Method 5: Insertion of Elemental Selenium into the Transition

Metal_A|ky| BONd «vvvrrrmmiii i e 967
Methods 6: Miscellaneous Methods ««««cvvveemriminiiiin i, 967
MZ_A||(anese|eno|ateS ...................................................... 968
Method 1: Reaction of a Metal Complex with a Main Group

Alkaneselenolate ««- v verii i e 968
Variation 1: From Metal Halide Complexes -« -« «cueeeeeeneieenenin 968
Variation 2: From Metal Carbonyl Complexes «-«-«-ceeveeeeieenenian. 968
Method 2: Reaction of Bridging Coordinated Selenides with Electrophiles

and Nudeoph”es .......................................... 969
Method 3: Reaction of a Metal Salt with an Alkyl Trimethylsilyl Selenide - 971
Method 4: Oxidative Addition of a Dialkyl Diselenide or

(Alkylselanyl)phosphine to a Metal Complex -«-«-ceeenenene. 971
Method 5: Reaction of a Selenolate-Metal Complex with a Second Metal

Comp|ex .................................................. 972
Methods 6: Miscellaneous Methods ««««+vvveemmmininiin i, 973
M?,_Alkaneselenolates ...................................................... 973
Method 1: Reaction of a Metal Salt with an Alkyl Trimethylsilyl Selenide - 973
Applications of Product Subclass 2 in Organic Synthesis -« -« cveeeenennen. 973
Method 1: Propargylic Substitution Reactions Catalyzed by

MZ-Alkaneselenolates ...................................... 973

Product Class 20: Acyclic Dialkyl Selenides

M. Segi

Product Class 20: Acyclic Dialkyl Selenides ---------cocvvveeenenenennnn. 977
Synthesis Of Product Class 20 ««-vvvrvermemmm ettt it iieiieennannnns 977
Method 1: Synthesis from Alkaneselenols - «--«- coevieeienieninn. 977
Variation 1: By Reaction with Alcohols « -+« -« vemeneneniiiin, 977
Variation 2: By Substitution with Alkyl Halides via Selenolates ---------- 978
Method 2: Synthesis from Selenolates -« -« «-cvvereeieei 979

SoS - gly.toc_Vol39.3d - 31.10.2007 - epline - 49/57



39.20.1.2.1
39.20.1.2.2
39.20.1.2.3

39.20.1.2.4

39.20.1.2.5
39.20.1.2.6
39.20.1.2.7
39.20.1.3

39.20.1.4
39.20.1.4.1
39.20.1.4.2
39.20.1.5
39.20.1.6
39.20.1.7
39.20.1.8

39.20.2

39.20.2.1

39.21

39.21

39.21.1

39.21.1.1
39.21.1.2

39.21.1.3
39.21.1.4
39.21.1.5

39.21.1.6

39.22

39.22

39.22.1

39.22.1.1

39.22.1.1.1
39.22.1.1.2

Table of Contents

Variation 1: Unsymmetrical Selenides by Addition to Alkenes -«--+------ 979
Variation 2: Symmetrical Selenides by Substitution with Alkyl Halides --- 979
Variation 3: Unsymmetrical Selenides by the Substitution of

ALKANESEIENOIGLES « « -+« v v e v e e e et e e e e 981
Variation 4: By Substitution with Sulfonates, Sulfonium Salts, or

AMITIONIUM SAIES « « « -+« e e e meeme e e e e e eaeiaeeaenn 982
Variation 5: By Reaction with Lactones -«-««-vovemenenenienenntn, 983
Variation 6: By Reaction with Epoxides ««-««-vvvveevnerarnieiiiint 984
Variation 7: By Reaction with 4,5-Dihydrooxazoles -«-«-«-«cveoeeenenen. 984
Method 3: Synthesis from Alkaneselenenyl Halides and Other

Selanylating AGeNts ««««««xeerreemeerieanntaiianii 985
Method 4: Synthesis from Acyclic Diselenides « -« -+« veveeeeenennn 986
Variation 1: By Additions t0 AIKENES «« -+« vvemvermeemeeniiaiiniaiins 986
Variation 2: By Reactions with Carbon Radicals -« -«-«-vvvvvereenenentn. 987
Method 5: Synthesis from Se,Se-Acetals -« -« coeeieiiiiiiiiin 988
Method 6: Synthesis from Acyclic Selenoxides - «-«-«- ereeeeneniean 989
Method 7: Synthesis from Selenonium Ylides «-«-«-cvveveeneneniin 990
Methods 8: Miscellaneous Reactions -« -«-+vvvvvmemenenenieneeenen.e. 991
Applications of Product Class 20 in Organic Synthesis ««-«--c-ceeeaeren.e. 991
Method 1: Asymmetric Syntheses Using Chiral Dialkyl Selenides as

CALAlYSES v e vvemee et et 991

Product Class 21: Acyclic Trialkylselenonium Salts and Derivatives
Y. Tang and X.-L. Sun

Product Class 21: Acyclic Trialkylselenonium Salts and Derivatives ------ 995
Synthesis of Product Class 271 «««««eeeeeeermmnmmueieeeee i, 996
Method 1: Reaction of Selenides with Alkylating Agents -+« -«-«-c-cutn. 996
Method 2: Ring-Opening Reaction of Selenetane Derivatives with Alkyl

Halides «vvvevrrmmi i i ittt i it et 998
Method 3: Reaction of Dialkyl Diselenides with Alkyl Halides ---------- 999
Method 4: Reaction of Selenium with Alkyl Halides ---«-««-covnvnenen. 1000
Method 5: Reaction of Alkoxy(chloro)-A*selenolanes with Grignard

Reagents ................................................. 1001
Method 6: Anion Exchange of Selenonium Salts -+« -« coveeeeeeenenene. 1001

Product Class 22: Alkaneselenenic Acids and Acyclic Derivatives
T. Wirth

Product Class 22: Alkaneselenenic Acids and Acyclic Derivatives -------- 1005
Product Subclass 1: Alkaneselenenyl Halides ----------ovvovveiennnnnn 1005
Synthesis of Product SUDCIAss T ««««« v eemvenmeennenieeiiniiiiiians 1005
Method 1: Synthesis Using Elemental Bromine «-««-«:vvevveeeenen.e. 1005
Method 2: Synthesis Using Sulfuryl Chloride - «-«« evveeeeneenenenne. 1006

SoS - gly.toc_Vol39.3d - 31.10.2007 - epline - 50/57



39.22.2

39.22.2.1

39.22.3

39.22.3.1

39.22.4

39.22.4.1

39.22.4.1.1
39.22.4.1.1.1

39.22.4.1.1.2

39.22.4.1.2
39.22.4.1.2.1

39.22.4.1.2.2

39.22.4.1.3

39.23

39.23

39.23.1

39.23.2

39.23.2.1

39.23.2.1.1
39.23.2.1.1.1
39.23.2.1.1.2
39.23.2.1.1.3
39.23.2.1.2

39.23.2.1.3
39.23.2.14
39.23.2.1.5
39.23.2.1.5.1
39.23.2.1.5.2
39.23.2.1.6

39.23.3

39.23.3.1

39.23.3.1.1

Table of Contents LI

Product Subclass 2: Alkaneselenenic Acids and Esters ---------coovvnente 1006
Synthesis of Product Subclass 2 -« vvvveenen i e 1006
Product Subclass 3: Alkaneselenenamides ---------coeiiiiiii 1007
Synthesis of Product Subclass 3 <« vvvvmemen i i e 1007
Product Subclass 4: (Alkylselanyl)phosphines ------«--cvvvvvininint 1008
Synthesis of Product Subclass 4 -+« vvveemen i e 1008
Method 1: Synthesis from Diselenides -« -+« evereereneii 1008
Variation 1: Reaction of Dialkyl Diselenides with Tetraorganodiphos-

phines ................................................... 1008
Variation 2: Reaction of Dialkyl Diselenides with Diphosphine Dioxides

and Diphosphine Disulfides «+cvvevemminiiii i 1009
Method 2: Synthesis with Phosphorus Halides ««-«--cvvvevenenaennnts 1009
Variation 1: Reaction of Organometallic Reagents with

Phosphinoselenoic Chlorides .............................. 1009
Variation 2: Reaction of Methyl Trimethylsilyl Selenide with

Ch'orophosphines ........................................ 1010
Method 3: Alkylation of S-Alkyl Phosphinoselenothioates and

(Selenoxo)phosphines .................................... 1011

Product Class 23: Acyclic Di- and Polyselenides
R. Sato and T. Kimura

Product Class 23: Acyclic Di- and Polyselenides - -------ccovvniennennnes 1013
Product Subclass 1: Monoalkyl Diselenides and Polyselenides and Their
Metal Salts -« - i iii i i i it it 1013
Product Subclass 2: Symmetrical Dialkyl Diselenides ----------c-ocvnvntt 1013
Synthesis of Product Subclass 2 <+« vvvveemen i e 1014
Method 1: Reaction of Alkyl Halides with Metal Diselenides «---------- 1014
Variation 1: Reaction with Dilithium Diselenide - «-««-vvvveveeeenents 1014
Variation 2: Reaction with Bis(methoxymagnesium) Diselenide «-«------ 1015
Variation 3: Reaction with Disodium Diselenide ««-««cvveeveneeenents 1016
Method 2: Reaction of Selenium with Organolithium Reagents

Fo”owed by Oxidation .................................... 1016
Method 3: Oxidation of Selenols or Metal Selenolates -« -««-«--cvnvnven 1017
Method 4: Hydrolysis of Selenocyanates -+« -« +vvverieniiiienan. 1018
Method 5: Synthesis from Se-Alkyl Selenosulfates -« «--«v-vvveeennnn. 1018
Variation 1: Hydrolysis of Selenosulfates -+« «vvvevevvvneenininnn. 1018
Variation 2: Pyrolysis of (2-Aminoethyl)selenosulfuric Acid -« -+« +------ 1019
Method 6: Reduction of a Selenenic Acid «« -« vovverieiiiiiiin 1020
Product Subclass 3: Symmetrical Dialkyl Polyselenides ------------ot.. 1021
Synthesis Of Product Subclass I T P 1021
Method 1: Synthesis from an Alkyl Halide and Selenium -« -+« -cnentn. 1021

SoS - gly.toc_Vol39.3d - 31.10.2007 - epline - 51/57



Li

39.24

39.24
39.24.1
39.24.1.1
39.24.1.2

39.24.1.2.1
39.24.1.2.2

39.24.2
39.24.2.1
39.24.2.2

39.24.2.2.1
39.24.2.2.2

39.25

39.25
39.25.1
39.25.1.1
39.25.1.1.1

39.25.1.1.1.1

39.25.1.1.1.2

39.25.1.1.1.3
39.25.1.1.1.4
39.25.1.1.1.5

39.25.1.1.2

39.25.1.1.2.1

39.25.1.1.2.2

39.25.1.1.3

39.25.1.1.3.1
39.25.1.1.3.2
39.25.1.1.3.3

39.25.2
39.25.2.1
39.25.2.1.1

39.25.2.1.1.1

Table of Contents

Product Class 24: Seleniranes and Derivatives
M. Saito and |. Nakayama

Product Class 24: Seleniranes and Derivatives -----«-«: covoeeeneniennn
Product SUDCIass 1: SEIEMIFANES - -« « -« «xccrrernnennemnmenneenaenaennnns
Synthesis of Product SUDCIass T «« -+« v evvenmeeneenieeiiiiiiiiains
Applications of Product Subclass 1 in Organic Synthesis -+« «-«coveeeren.e.

Method 1: Alkene FOrmation ««-c veerrrmrmneininiiiiiniiiiaenennnn
Method 2: Seleniranes as Selenation Reagents -« -«-«--vreneeeneneennns

Product Subclass 2: Seleniranium Salts - ----«---coeiii
Synthesis of Product Subclass 2 -« vvevveimn i e
Applications of Product Subclass 2 in Organic Synthesis -« -« eoveeeenen.e.

Method 1: Asymmetric Synthesis ....................................
Method 2: HeterOCyde Synthesis ....................................

Product Class 25: Selenetanes and Derivatives
E. Block

Product Class 25: Selenetanes and Derivatives - -« -« coveeeeeente
Product Subclass 1: Selenetanes -« -« cvveriiiminiiiiiii i
Synthesis of Product SUbclass 1 ««vcvvermemmmii i i i i i
Synthesis by Ring_c|osure REaCtiONS +vtvvvrrerrmrnenenenieinenennnnennnn
Method 1: Synthesis from 1,3-Dihalides or Related Compounds with
Selenide JONS v eveeeeretnenteinientnennsetscansosnoansnns
Method 2: Synthesis from 2-Substituted 2-(Chloromethyl)oxiranes and
Selenide v vrr it e e
Method 3: Synthesis from Norbornadiene and Selenium Tetrabromide -
Method 4: Cycloaddition of Selenocarbonyl Compounds and Alkenes - -
Method 5: Synthesis from 2-[(3-Hydroxyalkyl)selanyl]benzoxazoles - - - -
Synthesis by ng Transformation ««-ccveeemem i i i i i i
Method 1: Ring Transformations of 3-Halomethyl-2,3-dihydro-
Se'enazolium Sa'ts Wlth Base +c it
Method 2: Ring Transformations of 1,3,4-Oxadiselenolanes with
Trivalent Phosphorus Reagents ............................
Synthesis by Substituent Modification -+« «cvvrrrmmiin i
Method 1: Esterification and Other Reactions of Selenetan-3-ols «------
Method 2: Cleavage of a Spirocyclic Ring Bond -+« «vvvvvveevenenne.
Method 3: )\‘4_Se|enane Formation ««-+ccvveereemnnnininninnnn.

Product Subclass 2: 1,2-Oxaselenetanes ---------c-covvieieieeennn
Synthesis Of Product SUDCI@ss 2 ««vvvvvrmemmeenii it ii i
Synthesis by Ring_c|osure REaCtiONS +vvvvrrerrmrnenn it iennennnn

Method 1: Synthesis by Treatment with Bromine «-«--«-vvveneenenne.

SoS - gly.toc_Vol39.3d - 31.10.2007 - epline - 52/57



39.26

39.26

39.26.1

39.26.1

39.26.2

39.26.2

39.26.3

39.26.3

39.26.3.1

39.26.3.1.1

39.26.3.1.1.1
39.26.3.1.1.2

39.26.3.1.1.3

39.26.4

39.26.4

39.26.4.1

39.26.4.1.1

39.26.4.1.1.1
39.26.4.1.1.2

39.26.4.1.2

39.26.4.1.2.1
39.26.4.1.2.2

39.26.4.1.3

39.26.4.1.3.1

Table of Contents

Product Class 26: Selenolanes, Larger Rings, and Derivatives
of Various Oxidation States
R. Sato and T. Kimura

Product Class 26: Selenolanes, Larger Rings, and Derivatives

of Various Oxidation States - - cci it i i e it

Product Subclass 1: Cyclic Alkaneselenonic Acid Derivatives
R. Sato and T. Kimura

Product Subclass 1: Cyclic Alkaneselenonic Acid Derivatives ----------.

Product Subclass 2: Cyclic Dialkyl Selenones and Derivatives
R. Sato and T. Kimura

LIl

1043

1045

Product Subclass 2: Cyclic Dialkyl Selenones and Derivatives -----------

Product Subclass 3: Cyclic Alkaneseleninic Acid Derivatives
R. Sato and T. Kimura

1047

Product Subclass 3: Cyclic Alkaneseleninic Acid Derivatives ------------
Synthesis Of Product Subclass R R T N

Cyc“c SeleniniC ACIA ESEOrS ««cvvvvermermnin ittt ittt iieiaenenannann

Method 1: Diels—Alder Reaction of Selenium Dioxide with 1,3-Dienes - -

Method 2: Oxidation of 3,3-Dimethylselenetane with Hydrogen
PEFOXIAE «+« v+ v v e eeeeneene e e e e et

Method 3: Oxidation with tert-Butyl Hydroperoxide «- -+« cvvvvvenes

Product Subclass 4: Cyclic Dialkyl Selenoxides and Derivatives
T. Shimizu and N. Kamigata

Product Subclass 4: Cyclic Dialkyl Selenoxides and Derivatives ---------
Synthesis of Product Subclass 4 -+« «vvveemni i e e
Cydic Diha|o_}\’4_se|anes .................................................

Method 1: Halogenation of Cyclic Selenides «-«-«-cevvevreeenennt.
Method 2: Oxidative Cyclization of Aldehydes with Selenium Dioxide - -

Cydic SelENOXIAES «r v v et e e et

Method 1: Oxidation of Selenides -+« «vcvvviemniii i
Methods 2: Other Methods <+ cvvvremmmi i i

Cydic Selenimides - v rrrmm it i e i i e e e s

Method 1: Imidation of Cyclic Selenides -+« -« vovvereeieenienent

SoS - gly.toc_Vol39.3d - 31.10.2007 - epline - 53/57

1049
1049
1049
1049

1049
1050



LIv

39.26.5

39.26.5

39.26.5.1

39.26.5.1.1
39.26.5.1.2
39.26.5.1.3

39.26.5.1.4

39.26.6

39.26.6
39.26.6.1

39.26.6.1.1
39.26.6.1.1.1

39.26.6.1.1.2

39.26.6.1.2
39.26.6.1.2.1
39.26.6.1.2.2
39.26.6.1.3

39.26.7

39.26.7
39.26.7.1

39.26.7.1.1
39.26.7.1.1.1
39.26.7.1.1.2
39.26.7.1.1.3
39.26.7.1.1.4
39.26.7.1.1.5
39.26.7.1.2
39.26.7.1.3
39.26.7.1.4
39.26.7.1.5

39.26.7.1.6

Table of Contents

Product Subclass 5: Cyclic Alkaneselenolates of Group 1, 2, and 13-15

Metals
N. Kambe

Product Subclass 5: Cyclic Alkaneselenolates of Group 1, 2, and 13-15

Metals .................................................................. 1059
Synthesis of Product SUDCIass 5 <+ vvevvemmn i i i i e i 1059
Method 1: Chelation of Selenides to Metal Halides ---------vvnevnennn. 1059
Method 2: Dimerization of Metal Selenolates ««-«---veveveeeeeennnn. 1059
Method 3: Cycloaddition of Selenoxometal Compounds with

Buta-1 ’3_dienes .......................................... 1060
Method 4: Reaction of Elemental Selenium with Metallacycles «-+------ 1060
Product Subclass 6: Cyclic Alkaneselenolates of Group 3-12 Metals
A. Polo and |. Real
Product Subclass 6: Cyclic Alkaneselenolates of Group 3-12 Metals ----- 1063
Synthesis of Product SUbclass 6 <« vvevieimn i i 1063
Method 1: Synthesis of Cyclic Diselenolates -«-«-«-cevvveenenenenn 1063
Variation 1: Alkylation of Bridging Coordinated Selenides with

Dihaloalkanes or Diazomethane -« -« vvvenienennnnnnt 1063
Variation 2: Substitution of a Metal Halide with a Main Group

A|kanedise|eno|ate ....................................... 1065
Method 2: Synthesis of Cyclic Selenolates with a Metal—Carbon Bond -- 1066
Variation 1: Cyclic Alkenylalkaneselenolates by Se-Dealkylation -+« ------ 1066
Variation 2: Synthesis of Selenoformaldehyde Complexes -«-«--«--c---- 1066
Method 3: Synthesis of Cyclic Aminoselenolates by Reaction of Sodium

Aminoalkaneselenolates with a Metal Halide Complex ------ 1067
Product Subclass 7: Cyclic Dialkyl Selenides
M. Segi
Product Subclass 7: Cyclic Dialkyl Selenides ---------cvevveveiennnnnt 1069
Synthesis of Product SUbclass 7 <+« vveveemmn i e 1069
Method 1: Synthesis from Metal Selenides «« -+« vvvevveieiniene. 1069
Variation 1: By Substitution with Dihalides « -+« +cveoeeeenieiiin 1069
Variation 2: By Substitution with Dimethanesulfonates «-«-««-vcovvnenns 1071
Variation 3: By Substitution with Cyclic Ammonium Salts «--«-«c-vvenne 1071
Variation 4: By Add|t|on tOENONes -« cveervieii i e 1072
Variation 5: By Reaction with Diepoxides - ««-«cvevvevneeeinnennnn. 1072
Method 2: Synthesis from Alkyl Selenocyanates -« -« -c-vveeienennnn 1073
Method 3: Synthesis from Benzyl Selenides via Radical Cyclizations ---- 1074
Method 4: Synthesis from Mixed O,Se-Acetals - «-«-«- eveeenenannans 1076
Method 5: Synthesis from Selenacycles by the Rearrangement of

Selenonium Salts ««cevrrrrrminie ittt it i i i 1076
Method 6: Synthesis from Selenocarbonyl Compounds «- -+« cvnvvenes 1077

SoS - gly.toc_Vol39.3d - 31.10.2007 - epline - 54/57



39.26.7.1.6.1
39.26.7.1.6.2
39.26.7.1.7

39.26.7.2

39.26.7.2.1

39.26.8

39.26.8

39.26.8.1

39.26.8.1.1
39.26.8.1.2
39.26.8.1.3
39.26.8.1.4

39.26.9

39.26.9.1

39.26.9.1.1

39.26.9.1.2

39.26.10

39.26.10

39.26.10.1

39.26.10.1.1

39.26.10.1.1.1

39.26.10.1.1.1.1
39.26.10.1.1.1.1.1

39.26.10.1.1.1.1.2
39.26.10.1.1.1.1.3
39.26.10.1.1.1.2
39.26.10.1.1.1.3
39.26.10.1.1.1.4

39.26.10.1.1.2

39.26.10.1.1.2.1

39.26.10.1.1.3

Table of Contents LvV

Variation 1: By Cycloaddition of Selenoaldehydes «-«-«-«vvvvenenennnn. 1077
Variation 2: By Cycloaddition of Selenoketones «-«---vvvevveeveneennnn. 1078
Methods 7: Miscellaneous Reactions «-««-«vvvvmerneraenienenennnts 1079
Applications of Product Subclass 7 in Organic Synthesis -« -«-c-veveeenene. 1080
Method 1: Asymmetric Conversion of Aldehydes into Epoxides

Using Chiral Cychc Selenides «+:vcvreriiiiii i 1080

Product Subclass 8: Cyclic Trialkylselenonium Salts and Derivatives
Y. Tang and X.-L. Sun

Product Subclass 8: Cyclic Trialkylselenonium Salts and Derivatives ----- 1083
Synthesis of Product Subclass 8 -+« v vvveemenn i e 1083
Method 1: Reaction of Cyclic Selenides with Alkylating Agents «-«------ 1084
Method 2: Reaction of Cyclic Dialkyl(halo)selenonium Salts « -+« -«------ 1088
Method 3: Reaction of Cyclic Selenonium Ylides -««-«--vuvvneenennenss 1089
Method 4: Anion Exchange of Cyclic Selenonium Salts - -«-««-vvnevven. 1089

Product Subclass 9: Cyclic Alkaneselenenic Acid Derivatives

T. Wirth
Synthesis of Product SUbclass 9 <+« vvvvmeien i i i 1093
Method 1: Synthesis of Alkaneselenenic Acid Derivatives with a Se—N

Bond ..................................................... 1093
Method 2: Synthesis of Alkaneselenenic Acid Derivatives with a Se—P

Bond ..................................................... 1094

Product Subclass 10: Cyclic Dialkyl Di- and Polyselenides
R. Sato and T. Kimura

Product Subclass 10: Cyclic Dialkyl Di- and Polyselenides ----------..... 1097
Synthesis of Product Subclass JO cceeeeee i it i i i ettt 1097
Cydic D|a|ky| Diselenides ««« cererrrtm i i e e 1097
1’2_Dise|en0|ane5 ........................................................ 1097
Method 1: Synthesis from Selenocyanates -« -+« -« veveneiinn 1097
Variation 1: Alkaline Hydrolysis of Bis(selenocyanates) with Sodium

ELROXIAE «« v+ v v e vmereneen et ete e e e et 1098
Variation 2: Pyrolysis of Bis(selenocyanates) ««-«-«-coveeeeeieenenen.n. 1099
Variation 3: Acid Hydrolysis of Bis(selenocyanates) «-«-««-«-voeueeeennns 1099
Method 2: Synthesis from Dihaloalkanes and Disodium Diselenide - - - - - 1100
Method 3: Synthesis via Birch Reduction of Dibenzyl Selenides -------- 1101
Method 4: Synthesis by Selenation of Quinazolinones -« -+« vevvvents 1102
1’2_Dise|enane5 .......................................................... 1102
Method 1: Synthesis from Diepoxides and Disodium Diselenide ------- 1102
1’4_Dihydro_2,3-benzodi5e|enin ........................................... 1103

SoS - gly.toc_Vol39.3d - 31.10.2007 - epline - 55/57



LvI

39.26.10.1.1.4

39.26.10.1.1.4.1
39.26.10.1.1.4.2

39.26.10.1.2

39.26.10.1.2.1

39.27

39.27

39.28

39.28
39.28.1
39.28.1.1
39.28.1.1.1
39.28.2
39.28.2.1

39.28.2.1.1
39.28.2.1.1.1
39.28.2.1.1.2

39.28.3
39.28.3.1

39.28.3.1.1

39.29

39.29
39.29.1
39.29.1.1

39.29.1.1.1

39.29.1.1.2
39.29.1.1.3
39.29.1.1.4
39.29.1.1.5
39.29.1.1.5.1
39.29.1.1.5.2

Table of Contents

Diselenides with H|gher R|ng Systems ..................................... 1103
Method 1: Synthesis from Bis(diazo) Compounds. -«-+«-coveeneieeens 1103
Method 2: Synthesis of Cyclophanes by Hydrolysis of Bis(selenocya-

nates) .................................................... 1104
Cyclic D|a|ky| P0|yse|enides ............................................... 1106
Method 1: Hydrolysis of Selenocyanates -+« -« «-coeeeeeeeeneneenen.n. 1106

Product Class 27: Alkanetelluronic Acids and Acyclic Derivatives
J. Drabowicz, P. Kietbasinski, P. tyzwa, and M. Mikotajczyk

Product Class 27: Alkanetelluronic Acids and Acyclic Derivatives -------- 1109

Product Class 28: Acyclic Dialkyl Tellurones and Derivatives
J. Drabowicz, |. Lewkowski, W. Kudelska, and T. Girek

Product Class 28: Acyclic Dialkyl Tellurones and Derivatives ------------ 1
Product Subclass 1: Dialkyltetrahalo-A®-tellanes ----------ovvnvvnnnnnn 111
Synthesis of Product SUDCIass T «««««« v eerveemeeneeanuiniiiiiini i, 1112
Method 1: Halogenation of Dialkyl Tellurides or Dialkyldihalo-A*-tellanes 1112
Product Subclass 2: Dialkyl Tellurones - -----«-ovveivnnenniiniinnnnt 113
Synthesis of Product SUDCIass 2 ««+««« v v evvenieeneenieeiiniians 1113
Method 1: Oxidation of TellUrides «««««ccvememeememeneneenenenennenens 1113
Variation 1: Oxidation with Peroxo Derivatives ««-«««ceeeeeeeeeneeen.e. 1113
Variation 2: Oxidation with Sodium Hypochlorite --«--«v-veveeennennnen 1114
Product Subclass 3: Higher Alkylated Tellurium(VI) Derivatives --------- 1114
Synthesis of Product SUbClass 3+« -« vvenrereeiiiin i 1114
Method 1: Preparation of cis-Tetramethyltellurium Difluoride and
Hexamethyl-%s-tellane .................................... 1114

Product Class 29: Alkanetellurinic Acids and Acyclic Derivatives
S. Braverman, M. Cherkinsky, and S. Levinger

Product Class 29: Alkanetellurinic Acids and Acyclic Derivatives -------- 1117
Product Subclass 1: Alkyltellurium Trihalides --------covveeenenennnn 1117
Synthesis Of Product Subclass T cevetenaiaieieeeiattasetatatatataeatasanans 1117
Method 1: Exchange Reactions of Tellurium Tetrahalides with

Organometa”ic Compounds .............................. 1117
Method 2: Halogenolysis of Dialkyl Ditellurides -«-«-«-cvveveneeenenen. 117
Method 3: Halogenolysis of Dialkyl Tellurides -« -«-«-veveeeeeenenenen. 1118
Method 4: Halogenolysis of Tellurocyanates «-«-«-cveveeeneenenenen. 1119
Method 5: Te"uration Of Alkenes ..................................... 1120
Variation 1: Addition of a Tellurium Tetrahalide «--«--cvvvveeeeenennnnn. 1120
Variation 2: Alkoxytelluration in the Presence of an Alcohol + -+ -+ -----+- 1121

SoS - gly.toc_Vol39.3d - 31.10.2007 - epline - 56/57



39.29.1.1.5.3
39.29.1.1.5.4

39.29.1.1.6

39.29.2

39.29.2.1

39.29.2.1.1

39.29.3

39.29.3.1

39.29.3.1.1
39.29.3.1.2

39.30

39.30

39.30.1

39.30.1.1

39.30.1.1.1

39.30.2

39.30.2.1

39.30.2.1.1
39.30.2.1.2
39.30.2.1.3
39.30.2.1.4

39.30.2.1.5
39.30.2.1.6
39.30.2.1.7

39.30.3

39.30.3.1

39.30.3.1.1

39.31

39.31

39.31.1

39.31.1.1
39.31.1.2

Table of Contents

Variation 3: Chlorotelluration in a 1,3-syn Mode via Acyloxy Migration - - -

Variation 4: Addition of a Tellurium Tetrahalide Generated In Situ from
TElIUFIUM DIOXIAE « -« v v v evneenneenaenneeaeaaaeaeeaennnn

Method 6: Halogen Exchange of Alkyltellurium Trihalides -+« -« --+------

Product Subclass 2: Alkyltellurium Triazides ---------cvvvvieeeenennnn
Synthesis of Product SUDCIAss 2+« ««« v v vevenuenueneeeiiiiiiis
Method 1: Substitution of Alkyltellurium Trifluorides with Azide -------
Product Subclass 3: Alkanetellurinic Acids and Salts - -------cvoevnenn
Synthesis of Product SUDCIass 3 «««««« v eemrenmeenueniieiiiiiiie s

Method 1: Hydrolysis of Alkyltellurium Trihalides - -+« ccvneveeeneen.
Method 2: Oxidation of Dialkyl Tellurides -+« «-coveereereeeenennn.

Product Class 30: Acyclic Dialkyl Telluroxides and Derivatives
T. Shimizu and N. Kamigata

Product Class 30: Acyclic Dialkyl Telluroxides and Derivatives -----------
Product Subclass 1: Acyclic Dialkyltellurium Dihydroxides -----------...
Synthesis of Product SUDCIAss T «««««« v eemvenmeenueniieniiniiiiains
Method 1: Oxidation of Tellurides with N-Chlorosuccinimide «--«-------
Product Subclass 2: Acyclic Dialkyltellurium Dihalides -----------------.
Synthesis of Product SUDCIAss 2+« ««x v e eeeenneneneeneiiiiies

Method 1: Halogenation of Tellurides with Molecular Halogens --------
Method 2: Chlorination of Tellurides with Thionyl Chloride «-«-«-------

Method 3: Chlorination of Tellurides with Sulfuryl Chloride «-«-«-+-----
Method 4: Fluorination of Tellurides with Xenon Difluoride and Sulfuryl
ChIOFe FILOFIAE - -+« v eemeennennnen e eeaennnns
Method 5: Synthesis from Tellurium Tetrahalides -«-«-«-cvvvvvnenenen.
Method 6: Reaction of a-Halo Ketones with Tellurium Powder ---------

Methods 7: OLhEr MEthOdS « -+« v v eermnneenneeeaeeeieeeiaeeennnn.
Product Subclass 3: Other Derivatives of Acyclic Dialkyl Telluroxides - ---
Synthesis of Product SUDCIAss 3+« ««x« v emennenneneanianiiiiiians
Methods 1: Miscellaneous Methods «««««««reerrnererneeeuieerunaeeennn

Product Class 31: Alkanetellurols
J. V. Comasseto and A. S. Guarezemini

Product Class 31: Alkanetellurols - -+« ccceiiiiiniiii i
Synthesis Of Product Class 371 «vccevvrrmeimnnniieiiii it iianenennnnnns

Method 1: Protonation of Alkali Metal Alkanetellurolates ------------..
Method 2: Methanolysis of Trimethylsilyl Alkanetellurolates -« «-«------

SoS - gly.toc_Vol39.3d - 31.10.2007 - epline - 57/57



Lvii Table of Contents

39.32 Product Class 32: Acyclic Alkanetellurolates

39.32.1 Product Subclass 1: Alkanetellurolates of Group 1, 2, and 13-15 Metals
J. V. Comasseto and A. S. Guarezemini

39.32.1 Product Subclass 1: Alkanetellurolates of Group 1, 2, and 13-15 Metals - 1139
39.32.11 Synthesis of Product SUbclass T « -« vveemeeeeiiniinii 1139
39.32.1.1.1 ArSENIC AIKANELEIIUFOIALES « « -« « -« e v e e eeee et et a et e e e e e eaeenns 1139
39.32.1.1.1.1 Method 1: Reaction of Tetraalkyldiarsines with Dialkyl Ditellurides ----- 1139
39.32.1.1.2 Antimony Alkanetellurolates -+« -+« vvvoeeiiiii 1139
39.32.1.1.2.1 Method 1: Reaction of Lithium Alkanetellurolates with

DialkylbromOStibINe «« -+« v vvemeenmeenneniiiiiiiains 1139
39.32.11.3 SIliCON AIKGANELEIIUFOIALES « -« « « « « « v v e e et e et et et e e e e e e e iaeanaas 1139
39.32.1.1.3.1 Method 1: Reaction of Lithium Alkanetellurolates with Silyl Halides ---- 1139
39.32.1.1.4 Germanium AlKANetellUFOIates « -« -« «crenrnemnenenean e eneaeneanens 1140
39.32.1.1.5 Tin AIKGNELEIUFOIGEES -+« « -+« v v e eme et et e ettt e e e iaeeaes 1140
39.32.11.6 AlUMINUM AlKNEtellUFOIAtES -« ««« v e eneenenenean e eneananns 1140
39.32.1.1.6.1 Method 1: Reaction of Dibutyl Ditelluride with Diisobutylaluminum

Hydride «« v vemeeemeente et 1140
39.32.1.1.6.2 Method 2: Reaction of Trimethylaluminum with Elemental Tellurium --- 1141
39.32.11.7 Gallium AIKANEtElIUFOIATES -+« « ««« v e e eneeneenae e e e eaeeaeaanenneesn 1141
39.32.1.1.7.1 Method 1: Reaction of Triorganogallium and Elemental Tellurium ------ 1141
39.32.11.8 INAIUM AIKQNETEIUFOIALES « -+« v e e vt emeenae et te e et eeaeenns 1142
39.32.1.1.8.1 Method 1: Reaction of Dipropyl Ditelluride with Trimesitylindium ------ 1142
39.32.11.9 Magnesium AlKanetellUurolates « -« -« «««««veemmerueetinniniiiian, 1142
39.32.1.1.9.1 Method 1: Reaction of Grignard Reagents with Elemental Tellurium ---- 1142
39.32.1.1.10 LIthium AIKGNEtellUFOIAtES « -« ««« e vt enenne et et e e e e eaeenaeenns 1142
39.32.1.1.10.1 Method 1: Reaction of Alkyllithiums with Elemental Tellurium --------- 1142
39.32.1.1.11 SOIUM AIKGNELEIIUTOIALES -« « « « « « v+« e et e et e et e e e e e e e iaeaaaas 1143
39.32.1.1.11.1 Method 1: Reduction of Dialkyl Ditellurides with Sodium Borohydride -- 1143
39.32.2 Product Subclass 2: Alkanetellurolates of Group 3-12 Metals

A. Polo and |. Real

39.32.2 Product Subclass 2: Alkanetellurolates of Group 3-12 Metals ----------- 1145
39.32.2.1 Synthesis Of Product Subclass P R T T T 1145
39.32.2.1.1 Terminal Alkanetellurolates -« «««covmmn i i i i i i it i 1145
39.32.2.1.1.1 Method 1: Reaction of a Metal Complex with a Main Group

Alkanete”urolate ......................................... 1145
39.32.2.1.1.2 Method 2: Reaction of Telluroxozirconium Complexes with Haloalkanes 1146

SoS - gly.toc_Vol39.3d - 31.10.2007 - epline - 58/57



39.32.2.1.1.3

39.32.2.1.1.4

39.32.2.1.2

39.32.2.1.2.1

39.32.2.1.2.1.1
39.32.2.1.2.1.2
39.32.2.1.2.2

39.32.2.1.2.3

39.32.2.1.2.4

39.32.2.1.2.5

39.32.2.1.2.6

39.32.2.1.2.7

39.32.2.1.3

39.32.2.1.3.1

39.32.2.1.3.2

39.33

39.33

39.33.1

39.33.1.1
39.33.1.2
39.33.1.2.1

39.33.1.2.2

39.33.1.2.3
39.33.1.2.4
39.33.1.2.5
39.33.1.3
39.33.14
39.33.1.5

39.33.2

39.33.2.1
39.33.2.2

Table of Contents LIX

Method 3: Oxidative Addition of Dialkyl Tellurides, Dialkyl Ditellurides,

or (Alkyltellanyl)silanes to a Metal --«--cvvneveneenennnnn. 1147
Method 4: Insertion of Tellurium into Metal—Carbon Bonds ----+------ 1148
Uy-AIKANELEIIUFOIALES - -+« v+ v e eeee ettt et 1149
Method 1: Reaction of a Metal Complex with a Main Group

ALKGNELEIUTOIGLE «+ « -+ v e veee et e e e e e e e e e 1149
Variation 1: From Metal Halide Complexes « -+« +cvvereenieinenents 1149
Variation 2: From Metal Carbonyl Complexes «--«-«:veeeeeeenenen.. 1150
Method 2: Reaction of Bridging Coordinated Tellurides with

ElECtrOphiles « -« nveeeemnenie e 1152
Method 3: Solvothermal Reaction of Disodium Ditelluride with Metal

Carbonyl COMPIEXES -+« v enverneenneaneeniiaeene e, 1155
Method 4: Reaction of Anionic Carbonyl Complexes with

Alkanetellurenyl Halides or (Alkyltellanyl)telluronium

COMPOUNS «++ ¢ v e v ettt et et ettt 1156
Method 5: Oxidative Addition of a Dialkyl Ditelluride or

(Alkyltellanyl)phosphine to a Metal Complex -««««--cnenee. 1157
Method 6: Reaction of a Tellurolate—Metal Complex with a Second

Metal COMPIEX «« v v e veemneieente et 1158
Method 7: Insertion of Tellurium into Metal—Carbon Bonds ----------- 1159
U-AIKANELEIIUFOIALES « -+ v vvv vttt 1159
Method 1: Reaction of Bridging, Coordinated Tellurides with an

AIKYIAtING AGENE ++ «+ v v vvveeeeneenie et 1159
Method 2: Reaction of a Metal Salt with an (Alkyltellanyl)trimethylsilane 1160

Product Class 33: Acyclic Dialkyl Tellurides

M. Segi
Product Class 33: Acyclic Dialkyl Tellurides ---------covveveeneeenennn 1163
Synthesis Of Product Class R R R R R N T P 1163
Method 1: Synthesis from Hydrogen Telluride or Alkanetellurols ------- 1163
Method 2: Synthesis from Alkanetellurolates -« -«-«-covneeeeneenentn. 1165
Variation 1: By Reaction with Alkyl Halides for Symmetrical Telluride

Synthesis ................................................ 1165
Variation 2: By Reaction with Alkyl Halides for Unsymmetrical Telluride

Synthesis ................................................ 1166
Variation 3: By Reaction with Sulfonates « -« -« vvveeneneneiinn 1168
Variation 4: By Reaction with Lactones -«-«-+vrvemeneneneinnen. 1170
Variation 5: By Reaction with Epoxides - «-«-+vrveeeneniinntn. 1170
Method 3: Reduction of Organotellurium(IV) Trichlorides or Dichlorides 1171
Method 4: Reduction of Acyclic Telluroxides or Tellurones ««-««-«----.- 1172
Method 5: Alkylation of Tellurium Tetrachloride «-«-«-+- evveeeenennnn 1172
Applications of Product Class 33 in Organic Synthesis ««--«-ceveeeeenenn. 173
Method 1: Use as Synthetic Equivalents for Organolithium Compounds 1173
Method 2: Use as a Cata|y5t ......................................... 1174

SoS - gly.toc_Vol39.3d - 31.10.2007 - epline - 59/57



LX

39.33.2.2.1
39.33.2.2.2
39.33.2.3

39.34

39.34
39.34.1

39.34.1.1
39.34.1.2
39.34.1.3
39.34.14

39.34.1.5

39.34.1.6
39.34.1.7

39.35

39.35
39.35.1
39.35.2
39.35.2.1

39.35.2.1.1
39.35.2.1.2

39.35.3
39.35.3.1

39.35.3.1.1
39.35.3.1.2
39.35.3.1.3

39.36

39.36
39.36.1
39.36.1.1

39.36.1.1.1
39.36.1.1.2
39.36.1.1.3

Table of Contents

Variation 1: Debromination of vic-Dibromides - «--«+-vvereeniiiiin.
Variation 2: Synthesis of Vinyloxiranes from Aldehydes and Allyl Bromide
Method 3: Use as a Reducing Agent ..................................

Product Class 34: Acyclic Trialkyltelluronium Salts and Derivatives
Y. Tang and X.-L. Sun

Product Class 34: Acyclic Trialkyltelluronium Salts and Derivatives ------

Synthesis Of Product Class 34 -+« cvvveememnii ittt ittt inaann

Method 1: Reaction of Dialkyl Tellurides -+« -«cvvvvvrevneenninnnennnnn.
Method 2: Reaction of Dialkyl Ditellurides «-««+ceveeeeenieiieents
Method 3: Reaction of Dialkyltellurium Dihalides - --+«-cvvveveneennnn.
Method 4: Reaction of Halooxatelluranes with Alkyllithium or

GrGNArd REAGENTS ««« v+ v vnvemeenneitateie et
Method 5: Reaction of Tellurium Tetrachloride with Alkyllithium

COMPOUNMS -+« v v ee et eeeee et
Method 6: Reaction of Tellurium and Tellurolates «- .-« vvevveneennnn.
Method 7: Anion Exchange of Telluronium Salts - «-«-coeeveeneeenent.

Product Class 35: Alkanetellurenic Acids and Acyclic Derivatives
T. Wirth

Product Class 35: Alkanetellurenic Acids and Acyclic Derivatives --------
Product Subclass 1: Alkanetellurenic Acids and Esters ---------ccovvnontt
Product Subclass 2: Alkanetellurenyl Halides ---------cvvvvveienninnnt
Synthesis of Product SUDCIAss 2 ««+««« v e emvenueeneeniieiiniaieaaas

Method 1: Synthesis Using Dibutyl Ditelluride ««-+«--cvvveveiennennnen
Method 2: Synthesis Using Bis[tris(trimethylsilyl)methyl] Ditelluride ---

Product Subclass 3: (Alkyltellanyl)phosphines and Related Compounds -
Synthesis Of Product Subclass L R R R R L T T I u e N

Method 1: Synthesis of (Alkyltellanyl)phosphines «- -« evvnvnenennn
Method 2: Synthesis of Trialkyl(methyltellanyl)phosphonium Salts -----
Method 3: Synthesis of Organo Tellurophosphates -+« -«-«-cvneeeenns

Product Class 36: Acyclic Di- and Polytellurides
R. Sato and T. Kimura

Product Class 36: Acyclic Di- and Polytellurides -------.ovvvvveivnnnnnn
Product Subclass 1: Symmetrical Dialkyl Ditellurides ---------c-cvvvnne
Synthesis Of Product Subclass T ceretaieiiietttianatetettecatstsannsatataons

Method 1: Reaction of Disodium Ditelluride with Alkyl Halides - --------
Method 2: Electrolysis Followed by Alkylation -« -«-«-veveeenenenennen.
Method 3: Reaction of Tellurium with Organolithium Reagents --------

SoS - gly.toc_Vol39.3d - 31.10.2007 - epline - 60/57

1179
1180

1180
1184
1184

1185

1185

1186
1186



39.36.2

39.36.2.1

39.36.2.1.1

39.37

39.37

39.38

39.38

39.38.1

39.38.1.1

39.38.1.1.1
39.38.1.1.2
39.38.1.1.3

39.39

39.39

39.39.1

39.39.1

39.39.2

39.39.2

39.39.3

39.39.3

39.39.3.1

39.39.3.1.1

Table of Contents

Product Subclass 2: Unsymmetrical Dialkyl Ditellurides ---------------..
Synthesis of Product Subclass 2 -« vvvveenen i e
Method 1: Preparation by Electro'ysis ................................

Product Class 37: Telluriranes and Derivatives
M. Saito and J. Nakayama

Product Class 37: Telluriranes and Derivatives --------ccovoieiiiiiit

Product Class 38: Telluretanes and Derivatives
E. Block

Product Class 38: Telluretanes and Derivatives - -« ccoovveeeenennnns
Synthesis of Product Class 7 BT T T
Synthesis by Ring_c|05ure Reactions -t vvereeermnnneiniiiiiiinninnnnns

Method 1: Reaction of 1,3-Dihalides with Telluride lon ««++-eveeveeennn
Method 2: Reaction of Dienes with Tellurium Halides «-----vcevvvennn.
Method 3: Synthesis of a 1,2-Oxatelluretane from a 2-Lithio Alcoholate

and Tellurium Tetrachloride «-+ccvvveemeiniiiiiiiaa,

Product Class 39: Tellurolanes, Larger Rings, and Derivatives of Various
Oxidation States
R. Sato and T. Kimura

Product Class 39: Tellurolanes, Larger Rings, and Derivatives of Various
OXIidatioN States - -« - - vt vvri ittt i i i i i i i i it e

Product Subclass 1: Cyclic Alkanetelluronic Acid Derivatives
R. Sato and T. Kimura

Product Subclass 1: Cyclic Alkanetelluronic Acid Derivatives ------------

Product Subclass 2: Cyclic Dialkyl Tellurones and Derivatives
R. Sato and T. Kimura

Product Subclass 2: Cyclic Dialkyl Tellurones and Derivatives -----------

Product Subclass 3: Cyclic Alkanetellurinic Acid Derivatives
R. Sato and T. Kimura

Product Subclass 3: Cyclic Alkanetellurinic Acid Derivatives -------------
Synthesis of Product Subclass 3 <+ vvvvmemen i i

Method 1: Cyclic Tellurinic Acid Esters by Oxidation of Bis(3-hydroxy-
propyl) Ditelluride with tert-Butyl Hydroperoxide «----------

SoS - gly.toc_Vol39.3d - 31.10.2007 - epline - 61/57



LXIl

39.39.4

39.39.4
39.39.4.1

39.39.4.1.1
39.39.4.1.2
39.39.4.1.3

39.39.5

39.39.5

39.39.5.1

39.39.5.1.1

39.39.6

39.39.6
39.39.6.1

39.39.6.1.1
39.39.6.1.1.1
39.39.6.1.1.2
39.39.6.1.2

39.39.6.1.3

39.39.7

39.39.7
39.39.7.1

39.39.7.1.1
39.39.7.1.1.1
39.39.7.1.1.2
39.39.7.1.1.3
39.39.7.1.2
39.39.7.1.3
39.39.7.1.4

Table of Contents

Product Subclass 4: Cyclic Dialkyl Telluroxides and Derivatives
T. Shimizu and N. Kamigata

Product Subclass 4: Cyclic Dialkyl Telluroxides and Derivatives ----------

Synthesis of Product Subclass 4 -+« «vvvvemniii i i

Method 1: Synthesis of Cyclic Dialkyltellurium Dihalides -« ---«-«-+-----
Method 2: Synthesis of Cyclic Telluroxides -« «-«-vevvvereeenenienn
Method 3: Synthesis of Other Derivatives « -« «-coveeerereneeeeen.

Product Subclass 5: Cyclic Alkanetellurolates of Group 1, 2, and 13-15
Metals
N. Kambe

Product Subclass 5: Cyclic Alkanetellurolates of Group 1, 2, and 13-15
Metals ..................................................................

Synthesis of Product SUDCIass 5 <« vvermemme i i i i i

Method 1: Diels—Alder Cyclization of a Telluroxosilane with
2-Methy|buta_],3_diene ...................................

Product Subclass 6: Cyclic Alkanetellurolates of Group 3-12 Metals
A. Polo and J. Real

Product Subclass 6: Cyclic Alkanetellurolates of Group 3-12 Metals -----
Synthesis Of Product Subdass (R R L T

Method 1: Cyclic Ditellurolates from Bridging, Coordinated Tellurides - -
Variation 1: By Reaction with Dihaloalkanes -«-«-c-cevveeeenenenennen.
Variation 2: By Reaction with Diazomethane -« -«-«-cvvvveeneneenentn.
Method 2: Cyclic Aminotellurolates by Reaction of an Alkylamino
Ditelluride with a Metal Complex «-«-cceveeeeeneneenen.n.
Method 3: Cyclic Tellurolates with a M—C Bond by Reaction with

Tellurolates or Tellurium -+ vvreerrmminiin it

Product Subclass 7: Cyclic Dialkyl Tellurides

M. Segi

Product Subclass 7: Cyclic Dialkyl Tellurides --------+-covvvneeneninnn
Synthesis Of Product Subclass R R T T T I S e P
Method 1: Alkylation of Metal Tellurides « -« -« cvvveemeeeneeeenene.
Variation 1: With Dihaloalkanes ««-+«ceveemmniiii i
Variation 2: With Bis(methanesulfonates) -« -+« voeoeeeeeneinn
Variation 3: With Cyclic Ammonium Salts -« -+« veeeeeeneneennen...
Method 2: Alkylation of Potassium Tellurocyanate -«-«-c-cevveeenene.
Method 3: Reduction of Cyclic Tellurium Dihalides «-«-«-+eoeeevnenen.
Method 4: Cycloaddition of Tellurocarbonyl Compounds «-«-«-«-+-----

SoS - gly.toc_Vol39.3d - 31.10.2007 - epline - 62/57



39.39.8

39.39.8

39.39.8.1

39.39.8.1.1
39.39.8.1.2

39.39.8.1.3

39.39.9

39.39.9

39.39.10

39.39.10

39.39.10.1

39.39.10.1.1
39.39.10.1.1.1
39.39.10.1.1.2
39.39.10.1.2
39.39.10.1.2.1
39.39.10.1.2.2
39.39.10.1.3

39.39.10.1.3.1
39.39.10.1.3.2

Table of Contents

Product Subclass 8: Cyclic Trialkyltelluronium Salts and Derivatives
Y. Tang and X.-L. Sun

LXIn

Product Subclass 8: Cyclic Trialkyltelluronium Salts and Derivatives -----
Synthesis of Product Subclass 8 -+« v vvvveenn i i
Method 1: Reaction of Cyclic Tellurides with Alkylating Agents --------
Method 2: Ring-Closure Reaction of Aluminum Telluride with
Dihaloalkanes ««««vvviimmmi
Method 3: Anion Exchange of Cyclic Telluronium Salts - -«-«-oveveenen.

Product Subclass 9: Cyclic Alkanetellurenic Acid Derivatives
T. Wirth

Product Subclass 9: Cyclic Alkanetellurenic Acid Derivatives ------------

Product Subclass 10: Cyclic Dialkyl Di- and Polytellurides
R. Sato and T. Kimura

Product Subclass 10: Cyclic Dialkyl Di- and Polytellurides ---------------
Synthesis of Product Subclass JO cceeeeee it it i it ettt
Method 1: Electrosynthesis from Dihaloalkanes -« -«-«-«eevveenenenen.
Variation 1: of ],Z_Dite”urohne .......................................
Variation 2: Of Seven- and Eight-Membered Cyclic Ditellurides - ---------
Method 2: Synthesis via Tellurocyanate Intermediates «--------vuenvn.
Variation 1: 1,2-Ditellurolane from 1,3-Dihaloalkanes - «----cevvvnennnn.
Variation 2: 1,2-Ditellurolane from 1,3-Bis(tosyloxy)alkanes «-«-«--------
Method 3: Synthesis of 1,2-Ditellurane from Dihaloalkanes and
Disodium Dite”uride ......................................
Variation 1: In Dimethylformamide ....................................
Variation 2: In Water/Benzene Using a Phase-Transfer Catalyst ««-«------
Keyword INdeX - v v i it it e
AuthorIndeX - ccvermmi i i i it i i e
Abbreviations - ---- i i e e

SoS - gly.toc_Vol39.3d - 31.10.2007 - epline - 63/57



