3.5

3.5.13

3.5.13

3.5.13.1

3.5.13.1.1
3.5.13.1.1.1
3.5.13.1.1.1.1
3.5.13.1.1.1.2
3.5.13.1.1.2

3.5.13.1.2
3.5.13.1.2.1
3.5.13.1.2.1.1
3.5.13.1.2.1.2

3.5.13.1.2.1.3

3.5.13.1.2.1.4
3.5.13.1.2.1.5
3.5.13.1.2.2

3.5.13.1.2.2.1
3.5.13.1.2.2.2

3.5.13.1.2.2.3

3.5.13.1.2.2.4
3.5.13.1.23

3.5.13.2

3.5.13.2.1
3.5.13.2.2
3.5.13.23
3.5.13.24
3.5.13.2.5

Table of Contents

Volume 3:
Compounds of Groups 12 and 11 (Zn, Cd, Hg, Cu, Ag,
Au)

Product Class 5: Organometallic Complexes of Silver

Silver-Promoted Coupling Reactions

J.-M. Weibel, A. Blanc, and P. Pale

Silver-Promoted c°up|ing REACLIONS - v vvvrrrrerrnneiniiiiniinnnnnnnn
0rganosi|\/er Compounds as Nucleophiles ..................................

NUClEOPhilic SUDSEIEULION -+« « v v v eeeeemeemeeteee et
Method 1: Alkylations with Organosilver Compounds - -+« ccveeeeeen.
Variation 1: Reactions of Silver Acetylides with Alkyl Halides ««--+«-----..
Variation 2: Reactions of Alkenylsilver Compounds with Alkyl Halides --- -
Method 2: Epoxide Opening with Silver Acetylides -««-«--cvevueeneenen.

Nucleophilic Addition via Organosilver Compounds - ««-«cvvreerenreneennns
Method 1: Alkynylation of Carbonyl Derivatives with Silver Acetylides
Variation 1: Reactions of Silver Acetylides with Acyl Halides ------------.
Variation 2: Reactions of Silver Acetylides with Aldehydes and Ketones

Variation 3: Reactions of In Situ Formed Silver Acetylides with Aldehydes
ANA KELONES v+t vvrerrrnrein ittt iiniieetineneenerannnnnns

Variation 4: Reactions of Silver Acetylides with Oxonium Intermediates - -
Variation 5: Reactions of Silver Acetylides with Carbon Dioxide --«-------
Method 2: Alkynylation of Imine Derivatives with Silver Acetylides ------
Variation 1: Reactions of Silver Acetylides with Imidoyl Chlorides --------
Variation 2: Reactions of Silver Acetylides with Iminium Salts «-----------
Variation 3: Addition Reaction between Alkynes and Imines Promoted by

Gl « e v e e et e ettt

Variation 4: A3 Coupling Promoted by Silver ++«vevvvvneeveaiin

Method 3: Decarboxylative Addition of Arenecarboxylic Acids to
Aldehydes and Imine Derivatives «««--+cceeeerereerennen.

Silver-Promoted Homocoupling Reactions ««cvvvrerrenrrnrennennennnenennnnn

Method 1: Stoichiometric Homocoupling of Grignard Reagents  --------
Method 2: Catalytic Homocoupling of Grignard Reagents ««--+«-+cvv---
Method 3: Homocoupling of Alkenyllithium Reagents -«--«--c-vvneenen.
Method 4: Homocoupling of Organosilicate Reagents -+« -«--c-cvnevnen.
Method 5: Homocoupling of Boronic Acids ««-«vveveeereeeneeniennts

—_

co O U1 L1 A h W W W W

Updated Section - @EIEFI» Completely Revised Contributions - New Contributions

Science of Synthesis Knowledge Updates 2018/1
© Georg Thieme Verlag KG


http://www.thieme.de
http://www.ima-server.de

Xvi

3.5.13.2.6
3.5.13.2.7
3.5.13.2.8
3.5.13.2.9
3.5.13.2.10

3.5.13.3

3.5.13.3.1

3.5.13.3.1.1

3.5.13.3.2

3.5.13.3.2.1
3.5.13.3.2.2
3.5.13.3.23

3.5.13.33

3.5.13.3.3.1
3.5.13.3.3.2
3.5.13.3.3.3

3.5.13.34
3.5.13.3.4.1

3.5.13.3.4.2

3.5.13.35

3.5.13.3.5.1
3.5.13.3.5.2
3.5.13.3.5.3
3.5.13.3.54
3.5.13.3.5.5
3.5.13.3.5.6

3.5.13.4

3.5.13.4.1

3.5.13.4.1.1
3.5.13.4.1.2
3.5.13.4.1.3
3.5.13.4.1.4
3.5.13.4.1.5

3.5.13.4.1.6

3.5.13.4.2

3.5.13.4.2.1

Table of Contents

Method 6: Homocoupling of Alkylboranes - «--«-cvveveeeeneeeeenn.n. 25
Method 7: Homocoupling of Fluoroalkenes «---««vevneeeeeeneeniennnt 25
Method 8: Homocoupling of AIKYNEs «« -« «cxvevemenuennniiniieanenn. 26
Method 9: Homocoupling of Thiophenes --«--cvvvveeenienieienenn.n. 28
Method 10: Decarboxylative Homocoupling of Benzoic Acids and Related

Heteroaromatic DEMVALIVES -« «««««xrceenneeennmeeunaeeennn. 29
Silver-Promoted Cross-Coupling Reactions - ««-«--vereeeeerenenieinnenn.. 30
Silver-Promoted Cross Coupling of Alkyl Halides -+ ««--vvvvneeevnennnnnnn. 31
Method 1: Silver-Catalyzed Benzylation and Allylation with Grignard

Reagents and Related Organometallics - ---ccvovvereeeennns 31
Silver-Promoted Cross Coupling with Alkenes «--«-- ceoeeieerneeniienenn.. 33
Method 1: Silver-Catalyzed Alkylation of Alkenes with Cyclopropanols -- 33
Method 2: Silver-Promoted Alkylation of Alkenes with Fluoroalkenes --- 35
Method 3: Silver-Promoted Trifluoromethylation of Alkenes «--«-------- 36
Silver-Promoted Cross Coupling of Alkynes «--«--veveeveeeenenieienenne. 38
Method 1: Silver-Catalyzed Alkynylation of Aryl Halides -------c--v-v-- 38
Method 2: Silver-Promoted Alkynylation of 1,3-Dicarbonyl Compounds - 39
Method 3: Silver-Promoted Alkynylation of Benzamides and Related

HeteroCycles -« «vvveemeeiuniiiiii 39
Silver-Catalyzed Cross Coupling of Aryl Halides - -«--c-eveveneenieinnanne. 40
Method 1: Silver-Catalyzed Coupling with Arylboronic Acids --+---+----- 40
Method 2: Silver-Catalyzed Coupling with Malononitrile ------+c-vvvvvt 41
Silver-Promoted Cross Coupling of (Het)Arenes - «---ceeeveenneenneenaenn.s 42
Method 1: Silver-Promoted Trifluoromethylation of Benzene Derivatives - 42
Method 2: Silver-Promoted ortho-Trifluoromethylation of Aryl Triazenes - 46
Method 3: Silver-Promoted Fluoroalkylation of Aromatic Triazenes ----- 47
Method 4: Silver-Promoted Trifluoromethylation of Arynes «--+--------- 49
Method 5: Silver-Catalyzed Alkenylation of Furans «--«c-vevvvevneennne. 50
Method 6: Silver-Catalyzed Cross Coupling of Five-Membered

Heterocycles «« -« vveeemeeeiiiii i 51
Silver as Cocatalyst in Palladium-Promoted Cross-Coupling Reactions «------- 52
Silver as Cocatalyst in Heck-Type Reactions ««-«--cvvemevnenenneieiinann.. 52
Method 1: Coupling of Vinylsilanes «« -+« veuveuenieneiiiiiiiiin. 52
Method 2: Coupling of Allylic AICOROIS « -+ -+ vvvereeneeniniiieein. 53
Method 3: Coupling OF AllENES -+« vvvmvemneneeiiniiiaiieeens 54
Method 4: Coupling Of AIKENES =+« vvrnvreneeiiiii 55
Method 5: CoUPliNG Of DIENES «+«+ v v vrmvrenneeiiie it 57
Method 6: Intramolecular COUpling «««««« v emeevermenmenenenneneeen. 59
Silver as Cocatalyst in Suzuki-Miyaura-Type Reactions ««««-cevveeerennnenn. 60
Method 1: Coupling of Arylboronic Acids +««-+vveeeeenreeiienienn.e. 61

Updated Section - @EIIFI» Completely Revised Contributions - New Contributions

Science of Synthesis Knowledge Updates 2018/1
© Georg Thieme Verlag KG


http://www.thieme.de
http://www.ima-server.de

3.5.13.4.2.2
3.5.13.4.23
3.5.13.4.2.4
3.5.13.4.25

3.5.13.43
3.5.13.4.3.1
3.5.13.4.3.2

3.5.13.44
3.5.13.4.4.1
3.5.13.4.4.2

3.5.13.4.5
3.5.13.4.5.1
3.5.13.4.5.1.1

3.5.13.4.5.1.2

3.5.13.45.1.3

3.5.13.45.1.4

3.5.13.4.5.2

3.5.13.5

3.5.13.5.1
3.5.13.5.1.1
3.5.13.5.1.2

3.5.13.5.2
3.5.13.5.2.1
3.5.13.5.2.1.1

3.5.13.5.2.1.2

3.5.13.5.2.1.3

3.5.13.5.2.2
3.5.13.5.2.2.1

3.5.13.5.2.2.2

3.5.13.5.2.3
3.5.13.5.2.4

Table of Contents XVil

Method 2: Coupling of Alkenylboronic Acids - «-««-ccoeereereneeeenenn 61
Method 3: Coupling of Alkylboronic Acids ««-+«-veveenrereeneennne. 62
Method 4: Coupling of Vinylboronates ««««««««« ueeeemeeuenueneeeain. 64
Method 5: Coupling of AlKylDOFaNes ««««««xvevverereeneenenineeein. 65
Silver as Cocatalyst in Stille-Type Reactions «««---ccvvereevnnieeiniiinnn. 66
Method 1: Coupling of Stannylpyridines with Aryl Halides -----«-+------ 66
Method 2: Coupling of Naphthylstannanes with Aryl lodides ----------- 66
Silver as Cocatalyst in Hiyama-Type Reactions ««--«ce-veeveeeeneerennn. 67
Method 1: Coupling of Silanols with Aryl Halides «-««-«--veveeveneennn 67
Method 2: Coupling of 2-Silylpyridines with Aryl lodides «-----«-+------ 68
Silver as Cocatalyst in Sonogashira-Type Reactions -« ««-«ceeeeveeeneeenienn.s 69
Method 1: Coupling of Terminal Alkynes «-«--c-cemeeeenenieieninnnn, 69
Variation 1: Silver as Cocatalyst in the Coupling of Terminal Alkynes with

Aryl or Alkenyl Halides or Trifluoromethanesulfonates ------- 69
Variation 2: Silver as Cocatalyst in the Coupling of Terminal Alkynes with

Aryliodonium Salts -« -« «vvevememeei 71
Variation 3: Silver as Cocatalyst in the Coupling of Terminal Alkynes with

Arylboronic Acids Or BOTONAtes «« -« -« evvveemueeeraneess. 72
Variation 4: Silver as Cocatalyst in the Coupling of Terminal Alkynes with

ATYISIOXANES -+« v vveenee ettt 73
Method 2: Coupling of Silylalkynes «««««euveeeererueneiiininiiiiin. 74
Silver as Cocatalyst in Palladium-Promoted Coupling Reactions through C—H
ACHIVALION  + v v v e v e ettt ee et et e et et e et et 78
Silver as Cocatalyst in Electrophilic Aromatic Substitution «--«--c-venevneene. 79
Method 1: Coupling of Aryl Halides with Arene Derivatives -««----«----. 79
Method 2: Coupling of Benzene Derivatives with Indoles ---««----c---.. 82
Silver as Activator or Cocatalyst in Directed Coupling Reactions «--«-+------- 82
Method 1: Coupling with Nitrogen-Based Directing Groups «««--++----- 83
Variation 1: Silver as Activator in the Coupling of Aryl lodides with

Substituted Pyridines ««««««eeneemeerereeneeininieein, 83
Variation 2: Silver as Activator in the Coupling of Boronic Acids with

Substituted Pyridines -« v« veeieeeii 84
Variation 3: Silver as Activator in the Coupling of Benzo[h]quinoline with

BENZENE DEMVALIVES ««« - e vvnrernnneeennneennaneennaeeennn. 86

Method 2: Coupling with Carboxylic Acid Derivatives as Directing Group 87

Variation 1: Silver as Activator in the Coupling of Aryl lodides or

Bromoalkynes with Anilides ................................ 87
Variation 2: Silver as Activator in the Coupling of Acrylates with Aryl

AMIdes OF EStErS «veveereerrnreneenetineneeneenerennannnnn 89
Method 3: Coupling with a Carboxylic Acid as Directing Group «-+«----- 90
Method 4: Coupling with a Thiophene and Related Heterocycles as

Directing Group ........................................... 92

Updated Section - @EIIFI» Completely Revised Contributions - New Contributions

Science of Synthesis Knowledge Updates 2018/1
© Georg Thieme Verlag KG


http://www.thieme.de
http://www.ima-server.de

Xvi

3.5.13.53
3.5.13.5.3.1

3.5.13.6

3.5.13.6.1
3.5.13.6.1.1
3.5.13.6.1.2

3.5.13.6.1.3

3.5.13.6.1.4

3.5.13.6.2
3.5.13.6.2.1

3.5.13.6.3

3.5.13.6.3.1

3.5.13.6.3.2

24.4

24.4.3.5

24.4.3.5

24.4.3.5.1

24.4.3.5.1.1

24.4.3.5.1.1.1
24.4.3.5.1.1.2
24.4.35.1.1.3
24.4.35.1.1.4

24.4.3.5.1.2

Table of Contents

Silver as Activator in Cross-Coupling Reactions Involving Carbenoids --------- 94
Method 1: Coupling of Aryl or Alkenyl Halides with Diazo Esters or Diazo
KOtONES +ocecerteenn ittt iittietitntneenranennnes 94

Silver as Cocatalyst or Activator in Decarboxylative Cross-Coupling Reactions - 95

Silver as Activator in Decarboxylative Coupling of Arenecarboxylic Acids ----- 96
Method 1: Decarboxylative Alkenylation of Arenecarboxylic Acids ------ 96
Method 2: Decarboxylative Coupling of Arenecarboxylic Acids with Aryl

lodides or Diaryliodonium Salts - «-«ccveeeeeeieneeieann.n. 97
Method 3: Decarboxylative Coupling of Arenecarboxylic Acids with

Organoboron Reagents .................................... 99
Method 4: Decarboxylative Coupling of Arenecarboxylic Acids with

Nitroalkanes ««ccceerrmmmnii i i i i i i e 99
Silver as Activator in Decarboxylative Couplings of Alkynoic Acids --+«--+---- 100
Method 1: Decarboxylative Coupling of Alkynoic Acids with

Organoboron Reagents .................................... 100
Silver as Activator in Decarboxylative Couplings of Arenecarboxylic Acids and
C—HACHVALION +vrcrrrreereiiai it iiiiiiiiittateesnseasnsassassasasnnss 101
Method 1: Decarboxylative Coupling of Arenecarboxylic Acids with

(Het)AreneS ............................................... 101
Method 2: Decarboxylative Coupling of Arenecarboxylic Acids with

Furans, Pyrroles, and Benzo[b]furans « -+« eeveeeneeniennns 103

Volume 24:
Three Carbon—Heteroatom Bonds: Ketene Acetals
and Yne—X Compounds

Product Class 4: 1-Heteroatom-Functionalized Alk-1-ynes

1-(Organosulfanyl)-, 1-(Organoselanyl)-, and
1-(Organotellanyl)alk-1-ynes
A. Ulfkjer and M. Pittelkow

1-(Organosulfanyl)-, 1-(Organoselanyl)-, and

1-(Organotellanyl)alk-T-ynes -« -« ceueememinmniiiiiiiienn, 111
(Organosulfanyl)-, (Organoselanyl)-, and (Organotellanyl)acetylenes --------- 111
Synthesis of (Organosulfanyl)-, (Organoselanyl)-, and

(Organotellanyl)acetylenes «« -« -« veuenerueminenretiii 111
Method 1: Synthesis from Alkali-Metal Acetylides -«-«--+-evveeeeeneene. 111
Method 2: Synthesis from Grignard Reagents --«-«c-cveeveeneeneenenne. 113
Method 3: Halogenation/Dehydrohalogenation Reactions --««--------. 114
Method 4: Elimination Reactions «««-+ceereeremmemnineinnnninnennens 114

Applications of (Organosulfanyl)-, (Organoselanyl)-, and
(Organote"anyl)acetylenes ................................................. 115

Updated Section - @EIEFI» Completely Revised Contributions - New Contributions

Science of Synthesis Knowledge Updates 2018/1
© Georg Thieme Verlag KG


http://www.thieme.de
http://www.ima-server.de

24.4.3.5.1.2.1

24.4.3.5.1.2.1.1
24.4.3.5.1.2.1.2
24.4.3.5.1.2.1.3
24.4.35.1.2.2

24.4.3.5.1.2.2.1

24.4.3.5.1.2.2.2
24.4.35.1.2.3
24.4.3.5.1.2.3.1
24.4.3.5.1.2.3.2
24.4.3.5.1.2.3.3
24.4.35.1.2.4
24.4.3.5.2
24.4.3.5.2.1
24.4.3.5.2.1.1
24.4.3.5.2.1.2

24.4.35.2.1.3
24.4.35.2.1.4

24.4.3.5.2.2

24.4.3.5.2.2.1
24.4.3.5.2.2.2
24.4.35.2.2.3

24.4.35.2.2.4
24.4.35.2.2.5
24.4.3.5.2.2.5.1

24.4.35.2.2.5.2

24.4.3.5.2.2.6

24.4.3.5.3

24.4.3.5.3.1

24.4.3.5.3.1.1

24.4.3.5.3.1.2

24.4.35.3.1.3

24.4.353.1.4

Table of Contents XIX

Method 1: Nucleophilic Substitution Reactions with Alkali-Metal
(Organochalcogeno)acetylides -« «««xevemeemenneneeneiiin. 115
Variation 1: Reaction of Acetylides with Chalcogen Electrophiles -------- 115
Variation 2: Reaction of Acetylides with Carbonyl Electrophiles ---------- 117
Variation 3: Reaction of Acetylides with Haloalkane Electrophiles -------- 117
Method 2: Addition Reactions of (Organochalcogeno)acetylenes ------- 118
Variation 1: Addition of Organochalcogens To Form 1,1- and
1,2-Bis(organochalcogeno)alkenes - -««-vvvvevenienneennen. 118
Variation 2: Addition of Other Reagents -«--c-ecvveeeverienieieenn.n. 120
Method 3: Cycloaddition Reactions of (Organochalcogeno)acetylenes -- 121
Variation 1: [2 +2]-Cycloaddition Reactions «««--+cevvmeerneneennneennn. 121
Variation 2: [2 + 3]-Cycloaddition Reactions ««-+c-cveeererreneeneenenn.n. 122
Variation 3: [2 + 2+ 2]-Cycloaddition Reactions -« -««-cevevreeeeneenennen. 124
Method 4: AddItional MEtROS «««« v« eeenneeennmeeenaeeeeaeaeeaaaann 124
Dialk-1-ynyl Sulfides, Selenides, and Tellurides -«--«-«covemeereeneieennnn 126
Synthesis of Dialk-1-ynyl Sulfides, Selenides, and Tellurides ---+----cvvvevenn. 126
Method 1: Synthesis from Alkali-Metal Acetylides -« vvvenveeennn 126
Method 2: Synthesis from Symmetrical Bis(aroylmethyl) Sulfides and
GEIEMIAES -+« « v v v e e eeme e e ete e e e e 127
Method 3: Alkynylation of Sodium Hydrogen Sulfide «---«--vvvvevnnenn. 128
Method 4: Copper-Catalyzed Cross-Coupling Reactions - ---«cvveeeeen. 129
Applications of Dialk-1-ynyl Sulfides, Selenides, and Tellurides ------«-««----- 130
Method 1: Stereoselective Reduction of Dialk-1-ynyl Sulfides -+--------- 130
Method 2: Hydroalkoxylation and Hydrothiolation Reactions --+«--+---- 131
Method 3: Reaction between Dialk-1-ynyl Sulfides and Metal Carbonyl
COMPIEXES  +«+ v e veeeeme ettt ettt 132
Method 4: Detelluration Reactions of Dialk-1-ynyl Tellurides «----------- 133
Method 5: Synthesis of Heterocyclic Compounds ««--«cvveveeeeneennne. 134
Variation 1: 1,1-Carboboration and Frustrated Lewis Pair Addition
REACHIONS « -+« v v v e eeme e e e e et e et e e tae e e e e 134
Variation 2: Alkylation of Sodium Sulfide - ««--ccovevereriiii 137
Method 6: PhOLOrEarTangemMent «««««««xereemeemeanennenenienneeenenn. 137
1-(Alkylsulfanyl)- and 1-(Arylsulfanyl)alk-1-ynes and Their Selenium and
TellUurium ANAlOGUES -+« + v veneneteittt et 138
Synthesis of 1-(Alkylsulfanyl)- and 1-(Arylsulfanyl)alk-1-ynes and Their
Selenium and Tellurium ANAlOGUES -+« «x«rereeneeneanenneianiaaen, 138
Method 1: Synthesis from Metal Acetylides, Molecular Chalcogens, and
HalO0GIKANES  ++ v+ v v evmeeenneeenaeeeaeeeiaeeeaaeeennns 138
Method 2: Synthesis from Metal Acetylides and Electrophilic Chalcogen
SPECIES + v+ v eee et et ettt e e 139
Method 3: Synthesis from Metal (Organochalcogeno)acetylides -------- 141
Method 4: Synthesis from Grignard Reagents ««--«c-oeevrevnieniennne. 143

Updated Section - @EIIFI» Completely Revised Contributions - New Contributions

Science of Synthesis Knowledge Updates 2018/1
© Georg Thieme Verlag KG


http://www.thieme.de
http://www.ima-server.de

XX

24.4.35.3.1.5
24.4.3.5.3.1.6
24.4.353.1.7
24.4.3.5.3.1.7.1
24.4.3.5.3.1.7.2
24.4.3.5.3.1.7.3
24.4.353.1.7.4
24.4.3.5.3.1.7.5
24.4.3.5.3.1.7.6
24.4.35.3.1.8
24.4.35.3.1.9
24.4.3.5.3.1.10
24.4.3.5.3.1.10.1
24.4.3.5.3.1.10.2
24.4.3.5.3.1.10.3
24.4.3.5.3.1.11
24.4.3.5.3.1.12

24.4.3.5.3.1.13

24.4.3.5.3.2

24.4.3.5.3.2.1
24.4.3.5.3.2.2
24.4.353.2.2.1

24.4.353.2.2.2
24.4.3.5.3.2.2.3
24.4.353.23

24.4.3.5.3.2.3.1
24.4.3.5.3.2.3.2
24.4.3.5.3.2.3.3
24.4.353.23.4
24.4.353.2.4

24.4.3.5.3.2.5

24.4.3.5.3.2.5.1
24.4.3.5.3.2.5.2
24.4.3.5.3.2.5.3
24.4.35.3.2.5.4

24.4.353.25.5
24.4.3.5.3.2.5.6

Table of Contents

Method 5:
Method 6:
Method 7:

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

Method 8:
Method 9:

Method 10:
Variation 1:
Variation 2:
Variation 3:
Method 11:
Method 12:

Method 13:

Elimination Reactions

Nucleophilic Substitution Reactions

Cross-Coupling Reactions

Copper(l)-Catalyzed Cross-Coupling Reactions

Copper(ll)-Catalyzed Cross-Coupling Reactions

Palladium(Il)-Catalyzed Cross-Coupling Reactions

Indium(lll)-Catalyzed Cross-Coupling Reactions
Cross-Coupling Reactions Catalyzed by Metallic Nanoparticles

Cross-Coupling Reactions Catalyzed by Other Metals
Trifluoromethylchalcogenation Reactions - --«+«v-oevvvneenn.
Coordination Reactions with Organometallic Complexes

Alkynylation Reactions Using Hypervalent Reagents

Reactions Using Hypervalent lodine Reagents

Reactions Using Hypervalent Sulfur Reagents ---««----cev-.
Reactions Using Hypervalent Bromine Reagents - -«-««-+-----
Base-Catalyzed Isomerization of Terminal Alkynes «----------

Base-Catalyzed Ring-Opening Reactions of Thia- and
Selenadiazoles

Additional Methods

Applications of 1-(Alkylsulfanyl)- and 1-(Arylsulfanyl)alk-1-ynes and Their

Selenium and Tellurium Analogues

Method 1:
Method 2:

Variation 1:

Variation 2:
Variation 3:

Method 3:

Variation 1:
Variation 2:
Variation 3:

Variation 4:

Method 4:

Method 5:

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

Variation 5:
Variation 6:

Substitution Reactions of (Organochalcogeno)acetylenes
Addition Reactions of (Organochalcogeno)acetylenes

Addition of Organochalcogens To Form 1,1- and
1,2-Bis(organochalcogeno)alkenes -+« vvvevvneennennnen.
Addition of Organometallics ................................
Addition of Other Reagents
Cycloaddition Reactions of (Organochalcogeno)acetylenes - -
[2 + 2]-Cycloaddition Reactions
[2 + 3]-Cycloaddition Reactions

[2 + 4]-Cycloaddition Reactions

Other Cycloaddition Reactions +«cvvveverrnnennieninininnn.

Sigmatropic Rearrangements of
(Orga nochalcogeno)acety|enes .............................

Cyclization Reactions of (Organochalcogeno)acetylenes

Electrophilic Cyclization Reactions

Acid-Catalyzed Cyclization Reactions

Base-Catalyzed Cyclization Reactions

Cyclization of 4-Oxa- and 4-Azahepta-1,6-diynes and Other
Diynes

Cyclization of 3-Sulfanyl- and 3-Selanylpropargyl Alcohols - - -
Cyclization of Ethynyl Dithiocarbamates

151
152
152
153
155
155
157
158
158

159
160

161
161
162

162
164
168
170
170
171
174
175

176
177
177
178
179

180
181
182

Updated Section - @EIIFI» Completely Revised Contributions - New Contributions

Science of Synthesis Knowledge Updates 2018/1
© Georg Thieme Verlag KG


http://www.thieme.de
http://www.ima-server.de

24.4.3.5.3.25.7
24.4.3.5.3.2.6

24.4.3.5.3.2.7

24.4.3.5.3.2.8

24.4.3.5.3.2.9

24.4.3.5.3.2.10

24.4.3.5.3.2.11

24.4.3.5.4

24.4.3.5.4.1
24.4.3.5.4.1.1
24.4.3.5.4.1.2

24.4.35.4.1.3
24.4.35.4.1.4
24.4.3.5.4.1.5

24.4.3.5.4.2

24.4.3.5.4.2.1
24.4.3.5.4.2.2

31.5.1.1.18

31.5.1.1.18
31.5.1.1.18.1
31.5.1.1.18.1.1
31.5.1.1.18.1.2
31.5.1.1.18.1.3
31.5.1.1.18.2
31.5.1.1.18.3

31.5.1.1.18.4

Table of Contents XXI

Variation 7: Metal-Catalyzed Cycloisomerization Reactions «--«-+«-+----- 183
Method 6: Transition-Metal-Coordinated Complexes of

(Organocha'cogeno)acety'enes ............................. 185
Method 7: Dechalcogenation Reactions of

(Organocha|cogeno)acety|enes ............................. 187
Method 8: Acid Hydrolysis of (Organochalcogeno)acetylenes «---------- 189
Method 9: Base-Catalyzed Isomerization of the Alkyne in

(Organocha'cogeno)acety'enes ............................. 190
Method 10: Oxidation Reactions of 1-(Alkylsulfanyl)- and

']_(Ary|su|fany|)a|k_‘]_ynes .................................. 191
Method 11: Additional Methods ««-«vvvremrmii i i i 192
1-(Vinylsulfanyl)-, 1-(Vinylselanyl)-, and 1-(Vinyltellanyl)alk-1-ynes --«-«------ 193
Synthesis of 1-(Vinylsulfanyl)-, 1-(Vinylselanyl)-, and 1-(Vinyltellanyl)alk-1-ynes 193
Method 1: Horner_Wittig Reaction ««cvvereeremnniiiiniiiiiiiiinnnns 193
Method 2: Nucleophilic Ring Opening of Epoxides Followed by

Elimination «ccccveeermmmminiiiiiii ittt iiiiinnaans 195
Method 3: Reaction of Metal Acetylides with Bunte Salts ----«---ven. 196
Method 4: Hydroalkoxylation and Hydrothiolation Reactions --««------- 196
Method 5: Copper-Catalyzed Cross-Coupling Reactions - «--«--cevnvene 197
Applications of 1-(Vinylsulfanyl)-, 1-(Vinylselanyl)-, and 1-(Vinyltellanyl)alk-
‘I_ynes ..................................................................... 198
Method 1: Oxidation of 1-(Vinylsulfanyl)alk-1-ynes ««-«--cvveeeeneennns 198
Method 2: Reaction between 1-(Vinylsulfanyl)alk-1-ynes and Carbonyl

Metals «cverrrrme i e i i e e, 200

Volume 31:
Arene—X (X =Hal, O, S, Se, Te, N, P)

Product Class 5: Phenols and Phenolates

Synthesis of Phenols and Phenolates by Substitution
C. Gonzélez-Bello

Synthesis of Phenols and Phenolates by Substitution ----------c-ceneenenn 211
Method 1: Substitution of Hydrogen «««««-««xeeeereeneeeneneeneiiin. 211
Variation 1: Direct Oxidation with Nitrous Oxide or Hydrogen Peroxide -- 211
Variation 2 PROLOCALAlYSIS « v« v vmvemeemeeemeeie ettt 212
Variation 3: ACtiVation Of C—H BONS -+« c«vxrcermneeennmeeunneeennaeeens 215
Method 2: Substitution of Arylboronic Acids -« -+« cvaeiieiiiiiiin 220
Method 3: Substitution of Arylsilanes and Alkoxy(aryl)silanes -+--------- 222
Method 4: Substitution of Aryl Halides «--««-veveeeeeeieeienienn.e. 227

Updated Section - @EIEFI» Completely Revised Contributions - New Contributions

Science of Synthesis Knowledge Updates 2018/1
© Georg Thieme Verlag KG


http://www.thieme.de
http://www.ima-server.de

XXn

31.5.1.2.7

31.5.1.2.7
31.5.1.2.7.1
31.5.1.2.7.2

31.5.1.3.6

31.5.1.3.6

31.5.1.3.6.1
31.5.1.3.6.2
31.5.1.3.6.3

31.5.1.4.3

31.5.1.4.3

31.5.1.4.3.1
31.5.1.4.3.2

31.5.1.4.3.3

31.40

31.40.3

31.40.3
31.40.3.1

31.40.3.1.1
31.40.3.1.1.1

31.40.3.1.2
31.40.3.1.2.1
31.40.3.1.2.1.1
31.40.3.1.2.1.2
31.40.3.1.2.2

31.40.3.1.2.3
31.40.3.1.2.3.1
31.40.3.1.2.3.2

Table of Contents

Synthesis of Phenols and Phenolates by Elimination
C. Gonzélez-Bello

Synthesis of Phenols and Phenolates by Elimination ---------vooevvnnnnnn. 233
Method 1: Aromatization of Cyclohexanones and Cyclohexenones ------ 233
Method 2: Hydrogenolysis of Diaryl Ethers - «--c-cveeeeeneneeienenn.n. 237
Synthesis of Phenols and Phenolates by Rearrangement

C. Gonzélez-Bello

Synthesis of Phenols and Phenolates by Rearrangement - --------..cvntt. 239
Method 1: Rearrangement of Allyl Aryl Ethers - «-«vcvoeveneeneenennen. 239
Method 2: Rearrangement of DIENONEs -+« c-veeevmeeeeneeneeeeenn.n. 239
Method 3: Rearrangement of Phenolic Esters and Related Reactions ---- 240
Synthesis of Phenols and Phenolates with Retention of the

Functional Group
C. Gonzalez-Bello

Synthesis of Phenols and Phenolates with Retention of the Functional

GROUP -+ v vt et e et et e et et et ettt et ettt et et 245
Method 1: Halogenation of PREnols -« «««x«exeemeaneneenenenaneeenn. 245
Method 2: Alkylation and Acylation of Phenols «--+ccveeveveerennnnn. 247
Method 3: Trifluoromethylsulfanylation of Phenols - +--«vvvveeeeneenen. 250

Product Class 40: Arylphosphinic Acids and Derivatives

Arylphosphinic Acids and Derivatives
D. Virieux, T. Ayad, ).-L. Pirat, and ].-N. Volle

Arylphosphinic Acids and Derivatives -« -« ««««c veereemeeeiiineniin. 255
Ary|phosphinic ACidS ....................................................... 255
Synthesis from Tricoordinate Phosphorus Derivatives -+« «--cveeeeeneenenne. 255
Method 1: Synthesis From Phosphines by Cleavage of a P—C Bond and

(@) Ta L3 To) RPN 255
Synthesis from Tetracoordinate Phosphorus Derivatives «-«--«--ceveeeeeeene. 256
Method 1: Arylation of Phosphinic Acid or Derivatives -« «-«--cveeenen. 256
Variation 1: Palladium-Catalyzed Arylation of Anilinium Phosphinate ---- 256
Variation 2: Copper-Catalyzed Arylation of H-Phosphinic Acids  -«-------- 258
Method 2: Modification of Aryl Groups: ortho-Lithiation of

Diarylphosphinic ACids «««««««xvereremeeenieneaiine. 259
Method 3: Alkylation of H-Phosphinic Acids - ««--cvveveeeeieenennnn. 260
Variation 1: Palladium-Catalyzed Reactions of Alcohols -«--«--vveneenen. 260
Variation 2: Alkylation of Aryl-H-phosphinic Acids with Ketones --------- 261

Updated Section - @EIIFI» Completely Revised Contributions - New Contributions

Science of Synthesis Knowledge Updates 2018/1
© Georg Thieme Verlag KG


http://www.thieme.de
http://www.ima-server.de

31.40.3.1.2.3.3

31.40.3.2

31.40.3.2.1
31.40.3.2.1.1
31.40.3.2.1.2
31.40.3.2.1.2.1
31.40.3.2.1.2.2
31.40.3.2.1.2.3
31.40.3.2.1.2.4
31.40.3.2.1.2.5

31.40.3.2.1.2.6
31.40.3.2.1.2.7
31.40.3.2.1.2.8
31.40.3.2.1.2.9

31.40.3.2.1.2.10
31.40.3.2.1.2.11

31.40.3.2.1.3
31.40.3.2.1.4

31.40.3.2.2

31.40.3.2.2.1

31.40.3.2.2.2

31.40.3.2.2.3

31.40.3.2.2.3.1
31.40.3.2.2.3.2
31.40.3.2.2.3.3
31.40.3.2.2.3.4
31.40.3.2.2.3.5
31.40.3.2.2.4

31.40.3.2.2.4.1
31.40.3.2.2.4.2
31.40.3.2.2.4.3
31.40.3.2.2.5

31.40.3.2.2.5.1
31.40.3.2.2.5.2
31.40.3.2.2.5.3
31.40.3.2.2.5.4
31.40.3.2.2.6

Table of Contents XXl

Variation 3: Addition to Alkenes or Alkynes - «--c-veeeeieieiiii 262
Ary|phosphinic ESters «cceceereieniniininiiiiiienenetetsasnesnsncsnsoscasnes 265
Synthesis from Tricoordinate Phosphorus Derivatives -««-«--ceeeeeeneenenne. 265
Method 1: Synthesis from Phosphines by Cleavage of a P—CBond ----- 265
Method 2: Synthesis from Arylphosphonites - +«--cceveeeieeienienne. 265
Variation 1: Copper-Catalyzed Arylation of Arylphosphonites «--«-------- 265
Variation 2: Lanthanum-Catalyzed Arylation of Arylphosphonites -------- 266
Variation 3: Bismuth-Catalyzed Arylation of Arylphosphonites ---«------- 268
Variation 4: Arylation Reactions of Phosphonites with Arynes ---------.-- 269
Variation 5: Bromotrimethylsilane-Catalyzed Arbuzov Rearrangement of
ArylphOSPhONItES «+« -« exvvenneneeniiini i 269
Variation 6: Intermolecular Abramov Reaction of Arylphosphonites ------ 270
Variation 7: Intramolecular Abramov Reaction of Arylphosphonites ------ 272
Variation 8: Reactions of Arylphosphonites with Imines «--«--cvvnevnen. 272
Variation 9: Reactions of Arylphosphonites with
[(Acylamino)alkyl]phosphonium Salts = ««--cevveneevneneennn. 273
Variation 10:  Reactions of Arylphosphonites with Dibromoalkenes -------- 274
Variation 11:  Four-Component Reaction of a Phosphonite, an Acrylate, an
Aldehyde, and Water -« -« ««eoveeememinniniiiiin., 275
Method 3: Hydrolysis of Phosphorochloridites -««--««oeeveeeneeeiennns 275
Method 4: o-Aminoalkylation of Aryl(dichloro)phosphines -«««------.. 276
Synthesis from Tetracoordinate Phosphorus Derivatives «-«--«--cueeeeeneene. 279
Method 1: One-Pot Esterification/Palladium-Catalyzed Arylation of
ANilinium PROSPRINGte ««« v vevervemeeniiiieiiiee, 280
Method 2: Nucleophilic Arylation or Alkylation of Phosphonates -------- 282
Method 3: Palladium-Catalyzed Arylation of H-Phosphinates «---------- 283
Variation 1: Reactions of Aryl Halides «--««--evmeevierienieiinennn 283
Variation 2: Reactions of Aryl Sulfonate Esters --««-eevoeeneenneniennts 288
Variation 3: Reactions of Arylboronic Acids - «--coeveeeeerieiiiiaein 289
Variation 4: Reactions of Aryl Hydrazines ««-«--covvmevmenieniiiiann.n. 290
Variation 5: Reactions of Triarylbismuths -« «cvvveeveneeenneenn, 291
Method 4: Nickel-Catalyzed Arylation of H-Phosphinates «-««--+c- evvtt 291
Variation 1: Reactions of Aryl Halides and Aryl Sulfonate Esters ---------- 292
Variation 2: Reactions of Arylboronic Acids -+« --vvovereerieiiiiiiiint 294
Variation 3: Reactions of Aryl Pivalates ««---ccvvereennneennnienniennn, 294
Method 5: Copper-Catalyzed Arylation of H-Phosphinates --«--«-«------ 295
Variation 1: Reactions of Aryl Halides «««««veuveeeeneneeiiiinini.. 295
Variation 2: Reactions of Diaryliodonium Salts ---ccveveeveeneeeneenn. 296
Variation 3: C—H Activation of Indoles - ««-cvveerniinniniiiin 297
Variation 4: Reactions of Tosylhydrazones «--«-+coevmeeeerneneeeenenn.n. 298
Method 6: Other Arylation Methods of H-Phosphinates -«--«--c-cvnvnnt 299

Updated Section - @EIIFI» Completely Revised Contributions - New Contributions

Science of Synthesis Knowledge Updates 2018/1
© Georg Thieme Verlag KG


http://www.thieme.de
http://www.ima-server.de

XXIV

31.40.3.2.2.6.1
31.40.3.2.2.6.2
31.40.3.2.2.6.3
31.40.3.2.2.7

31.40.3.2.2.7.1

31.40.3.2.2.7.2
31.40.3.2.2.7.3
31.40.3.2.2.7.4
31.40.3.2.2.7.5
31.40.3.2.2.8

31.40.3.2.2.8.1
31.40.3.2.2.8.2
31.40.3.2.2.8.3
31.40.3.2.2.8.4

31.40.3.2.2.8.5

31.40.3.2.2.8.6

31.40.3.2.2.8.7

31.40.3.2.2.8.8

31.40.3.2.2.8.9

31.40.3.2.2.8.10

31.40.3.2.2.9
31.40.3.2.2.9.1
31.40.3.2.2.9.2
31.40.3.2.2.10
31.40.3.2.2.10.1

31.40.3.2.2.10.2

31.40.3.2.2.10.3

31.40.3.2.2.10.4

31.40.3.2.2.10.5

Updated Section -

Table of Contents

Variation 1:
Variation 2:
Variation 3:
Method 7:

Variation 1:

Variation 2:
Variation 3:
Variation 4:
Variation 5:
Method 8:

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

Variation 5:

Variation 6:

Variation 7:

Variation 8:

Variation 9:

Variation 10:

Method 9:

Variation 1:
Variation 2:
Method 10:

Variation 1:

Variation 2:

Variation 3:

Variation 4:

Variation 5:

Gold-Catalyzed Reactions of Aryldiazonium Species «-------- 299
REACLIONS OF AFYNES «+ v v v rereeneeneanentee e 300
C—H Activation of Benzothiazoles --««----ecvvereeenneennnn. 300
Modification of Aryl GroUpPS «««««« v veeveneemeeuenneneenenn. 301
Synthesis of Substituted Phenanthridines by Radical

Phosphorylation of 2-Isocyanobiphenyls --«««--evveeneennn. 301
Rhodium- and Ruthenium-Catalyzed Reactions -««--------- 301
Intramolecular C—H Activation of Arenes - -«---cvvveverennts 304
Phospho-Fries Rearrangement of Phosphonates - ------------ 305
ortho-Lithiation of Phosphinimidic Amides «---««--vvevvennes 307
Alkenylation Reactions of Arylphosphinates -+«--«cvevvneen. 308
Palladium-Catalyzed Reactions of Terminal Alkynes --------- 308
Copper-Catalyzed Reactions of Terminal Alkynes «--«-------- 310
Copper-Catalyzed Coupling of Alkynoic Acids -«---+--vevnve- 311

Tributylphosphine-Catalyzed Hydrophosphinylation of Ethyl
3_Pheny|propynoate ....................................... 311

Copper-Catalyzed Decarboxylative C—P Coupling Reaction of
Cinnamic Acid Derivatives with Ethyl Phenyl-H-phosphinate - 312

Copper-Catalyzed Oxidative Cross-Coupling Reaction of
1,1-Diphenylethene with Phenyl-H-phosphinates ««--«-----.. 313

Nickel-Catalyzed Decarboxylative C—P Coupling Reaction of
Cinnamic Acid Derivatives with Ethyl Phenyl-H-phosphinate - 313

Nickel(Il)/Magnesium-Catalyzed Cross-Coupling Reaction of
(2,2-Dibromovinyl)benzene with Aryl-H-phosphinates ------- 314

Formation of Allenyl(aryl)phosphinates -««-«cvovveeenennts 315

Formation of 1,2-Oxaphospholenes by the Copper-Catalyzed
Reaction of Oxazirconacyclopentenes with

Dichloro(phenyl)phosphine ««««««««xeuveereneneeiinnnn. 315
Alkynylation Reactions of Arylphosphinates --«--«c--evuveen. 316
Metal-Catalyzed Reactions of Terminal Alkynes ------------. 316
Reactions of Hypervalent lodoalkynes «-««-«-oevveneenennen. 318
Alkylation of H-Phosphinic Acids and Derivatives --«--------- 318
Copper-Catalyzed Radical Hydrophosphinylation of

UNACHVAted AIKENES « -« cevmnrenmmneenmnneenaneenaeennnn. 318

Nickel-Catalyzed Hydrophosphinylation of Unactivated
Alkenes and Subsequent Palladium-Catalyzed Arylation of

Alkylphosphinates ......................................... 319
Silver-Catalyzed Radical Hydrophosphinylation of Unactivated
ALKENES + vt e e tee ittt i i i i i i i i i e 320
Manganese-Mediated Chlorophosphinylation of Oct-1-ene

with Ethyl Phenyl-H-phosph”]ate ........................... 320

Manganese(lll)-Mediated Hydrophosphinylation/
Lactonization Reaction of 4-Phenylpent-4-enoic Acid with
Ethy| Pheny|-H-ph05phinate ................................ 321

L 2018 J Completely Revised Contributions - New Contributions

Science of Synthesis Knowledge Updates 2018/1
© Georg Thieme Verlag KG


http://www.thieme.de
http://www.ima-server.de

31.40.3.2.2.10.6

31.40.3.2.2.10.7

31.40.3.2.2.10.8

31.40.3.2.2.10.9

31.40.3.2.2.10.10

31.40.3.2.2.10.11
31.40.3.2.2.10.12
31.40.3.2.2.10.13
31.40.3.2.2.11
31.40.3.2.2.11.1

31.40.3.2.2.11.2

31.40.3.2.2.11.3
31.40.3.2.2.11.4

31.40.3.2.2.11.5

31.40.3.2.2.11.6

31.40.3.2.2.11.7

31.40.3.2.2.11.8

31.40.3.2.2.11.9

31.40.3.2.2.11.10

31.40.3.2.2.11.11
31.40.3.2.2.11.12

31.40.3.2.2.12

Table of Contents

Variation 6:

Variation 7:

Variation 8:

Variation 9:

Variation 10:

Variation 11:
Variation 12:
Variation 13:
Method 11:

Variation 1:

Variation 2:

Variation 3:

Variation 4:

Variation 5:

Variation 6:

Variation 7:

Variation 8:

Variation 9:

Variation 10:

Variation 11:
Variation 12:

Method 12:

Updated Section -

@EIIE» Completely Revised Contributions -

Silver-Promoted Radical Hydrophosphinylation of a,c.-Diaryl
A"yhc AlCOROIS « v vt i e

Trimethylphosphine-Promoted Addition of Aryl-H-
phosphinates to Vinylphosphoryl Compounds -+ «--+«-ev-tt

Hydrophosphinylation/Cycloetherification Reaction of
4-Phenylpent-4-en-1-ol with Ethyl Phenyl-H-phosphinate ----

Air-Induced Anti-Markovnikov Addition of H-Phosphinates to
Unactivated Alkenes .......................................

Tandem Esterification/Hydroxyalkylation of H-Phosphinic
ACIAS v v ettt e i i i e i e

Formation of Aryl(benzoyl)phosphinates ««-«--«-eceeneenen.
Formation of 3-Keto Arylphosphinates «---------unnnnns
Formation of Arylmethyl(aryl)phosphinates ««--««-vecuvevnts
Formation of the P—O—C URit <« «-«ccvvneermmmeennaeeennn.

Benzoxaphosphole 1-Oxide Synthesis by Palladium-Catalyzed
Intramolecular C—H Activation/C—O Cyclization -«----+-----

Direct Reaction of Arylphosphinic Acids with Alcohols under
Microwave Activation «ccceeeererenininiiiiiiiiinnrarennnes

O-Alkylation of Diphenyl Phosphinic Acid by Alkyl Halides - --

Reaction of Arylphosphinic Acids with Alcohols by Formation
of Mixed Anhydride Intermediates «--««--cvoreeeereennen.

Copper-Catalyzed Reaction of Secondary Arylphosphine
Oxides with AlcOhols <+ v vvveeeimii i i

Rhodium-Catalyzed Reaction of Diphenylphosphine Oxide
with Nitrobenzene Derivatives ««-++evveerrerrinininnnann

Atherton-Todd Reaction of Alcohols with Diphenylphosphine
OXIAE +vvvrrrrerie ittt it i iie it ine e ennaaananns

a-Phosphoryloxylation of Ketones with Diphenylphosphine
OXIdE +vverrrmreie ittt ittt tieriaenennnaanns

Phosphoryloxylation of Benzylic C—H Bonds with
Diphenylphosphine Oxide ..................................

Reaction of Diphenylphosphine Oxide with Tetrahydrofuran
and a Hypervalent lodine Reagent --------vvveeeeeeeeean....

Phospha-Baeyer-Villiger Oxidation of a 7-Phosphanorbornene

Copper-Catalyzed Aerobic Oxidative Esterification of
Phosphinic ACIAS s vvvrrrme i et

Synthesis of Aryl-H-phosphinates from
(Hydroxymethyl)phosphinates ..............................

Science of Synthesis Knowledge Updates 2018/1
© Georg Thieme Verlag KG

New Contributions


http://www.thieme.de
http://www.ima-server.de

XXVI

32.2

32.2.6

32.2.6

32.2.6.1
32.2.6.1.1
32.2.6.1.2

32.2.6.1.3

32.2.6.1.4
32.2.6.1.5
32.2.6.1.6

32.2.6.1.7

32.2.6.1.8

32.2.6.1.9

32.2.6.1.10

32.2.6.1.11

32.2.6.2
32.2.6.2.1

32.2.6.2.2

32.2.6.2.3

32.2.6.2.4

32.2.6.2.5
32.2.6.2.6

32.2.6.3

Table of Contents

Volume 32:
X—Ene—X (X=F,Cl, Br, 1, 0, S, Se, Te, N, P), Ene—Hal,
and Ene—O Compounds

Product Class 2: Monofunctionalized Allenes and Higher Cumulenes

Monofunctionalized Allenes
A.S. K. Hashmi
Monofunctionalized Allenes - - -« cverimmni
Haloa”enes ...............................................................
Method 1: Fluoroallenes by Isomerization of Propargylic Fluorides ------
Method 2: Haloallenes by Saucy—Marbet Rearrangement of
']-Ha|oa|kyne5 .............................................
Method 3: Bromoallenes by Bromination/Isomerization of Propargylic
Alcohols with a Copper(l)/Copper(0) Catalyst «----cvvvvvenes
Method 4: Chloro-, Bromo-, and lodoallenes from Alkynes and Benzil
Method 5: lodoallenes from Alkynes and Epoxides -««-«--cveveeeneenen.
Method 6: Bromoallenes by Mercury-Mediated Intramolecular
Hydroalkoxylation of Bromo-1,3-enynes --«---eevveneennn.
Method 7: Bromo- and lodoallenes by Ring-Opening of
A|kyny| Epoxides ...........................................
Method 8: Bromoallenes from Propargylic Alcohols Using Niobium(V)
Bromide «+ccveeerrmeimmiin ittt i i i i e
Method 9: Bromoallenes from Propargyl Alcohols Using
Triphenylphosphine/Carbon Tetrabromide «--«--ccvevvneen.
Method 10: Bromoallenes from 1,3-Enynes by Intramolecular
Bromoetherification ««-«ccvveermriieiiiii i
Method 11: lodoallenes by Electrophilic Addition to Alkynyl-Substituted

Si |y| Ketene Acetals ««cveerreriminiiii ittt iiiiaeenn,

(Organocha|cogeno)a”enes ................................................

Method 1:

Method 2:

Method 3:

Method 4:

Method 5:
Method 6:

Oxygen-Substituted Allenes by Isomerization of Propargyl
Ethers Using Potassium tert-Butoxide ««---+cvvvveeveeneennn.

Oxygen-Substituted Allenes by Isomerization of Propargyl
Ethers Using tert_Buty|||th|um ..............................

Oxygen-Substituted Allenes by Deprotonation/Alkylation of
A”enyl Ethers ..............................................

In Situ Formation of Allenyl Thioethers/Selenoethers by
Isomerization of Propargyl Thioethers/Selenoethers ---------

Sulfur-Substituted Allenes by Sigmatropic Rearrangement - - -

Sulfur- and Selenium-Substituted Allenes by Propargylic
SUDSHITULION v v vvrrrrre it i it it it it i i

Nitrogen-Functiona“zed AllENES v v ree it i i i e

Updated Section - @EIEFI» Completely Revised Contributions - New Contributions

Science of Synthesis Knowledge Updates 2018/1
© Georg Thieme Verlag KG


http://www.thieme.de
http://www.ima-server.de

32.2.6.3.1

32.2.6.3.2

32.2.6.3.3

32.2.6.4

32.2.6.4.1

32.2.6.4.2

32.2.6.4.3

32.2.6.4.4

32.2.6.5
32.2.6.5.1

32.2.6.5.2

3.12.1

3.12.1.1

3.12.1.2
3.12.1.3

3.12.1.4

3.12.1.4.1

3.12.1.4.2

3.12.1.5

3.12.2

3.12.2.1
3.12.2.2

Table of Contents XXV

Method 1: Allenylamides by Copper-Catalyzed Coupling of Haloallenes

WIth AMIdeS c v vvvre it i i i i i it it i i ea 373
Method 2: Triazolylallenes by Iron-Catalyzed Dehydrative Coupling of

Propargylic Alcohols and Triazoles -+« veeeeeveenieeiennt 377
Method 3: Aminoallenes from Other Aminoallenes by Metalation/a.-

Alky|at|0n REACLIONS +vvvvrrrerrrnneneeineenneieennnnnnannnnn 380
Phosphorus_Functiona|ized AlleNeS +vrrrr it e 382
Method 1: Bis-allenes with Phosphorus Substituents by Zirconium-

Mediated Coup“ng ......................................... 382
Method 2: Sigmatropic Rearrangement to Allenylphosphine Oxides ---- 383
Method 3: Allenylphosphonates from Allylphosphonates by Elimination

and Metalation Followed by Reaction with an Aldehyde ----- 384

Method 4: Allenylphosphonates by Palladium-Catalyzed Coupling of
Activated Propargylic Substrates and H-Phosphonate Esters or

Secondary Phosphine Oxides ............................... 385
Silicon- and Tin-Functionalized Allenes «««««cceeermminiiniiii ittt 394
Method 1: Bis-allenes with Silicon Substituents by Zirconium-Mediated

Coupling .................................................. 394
Method 2: Metalation of Propargyl Ethers and Quenching with Silicon or

Tin Chlorides «ceeevermmmm i i it ieee e 394
Special Topic
General Aspects of Immobilized Biocatalysts and Their

Applications in Flow
M. Baji¢, P. Znidar3i¢-Plazl, M. Kingston, and V. Hessel

General Aspects of Immobilized Biocatalysts and Their Applications in

o 1,2 397
Biocatalyst Immobilization on Microchannel Surfaces «--+«vvevevvvereeennnes 398
Biocatalyst Immobilization via Microreactor Surface Modification and Cross-

Linking .................................................................... 399
Biocatalyst Immobilization via Molecular Recognition «-««-«v eveeneeneennnt 402
Biocatalyst Immobilization on Increased Inner Microreactor Surfaces Using
Nanostructured Materials .................................................. 404
Biocatalyst Immobilization via Engineering of Enzyme Surface --+----cvvvnnvt 406
Immobilization of Engineered Enzymes Containing a Histidine Tag  ---------- 406
Immobilization of Engineered Enzymes Containing Zy ., Tag - -++cv-reveveeee 406
Biofilms within Microfluidic Structures ««-«--cvvevreeeeeneiinn, 407
Biocatalyst Immobilization within Monolithic Structures -« --««--ccveenennte 408
Immobilization on Monoliths Prepared by Sol-Gel Techniques +--«-+c-cv----t 409
Anchoring Enzymes to Surface-Modified Monoliths  «-+«-cvovvereeneeneenen. 411

Updated Section - @EIIFI» Completely Revised Contributions - New Contributions

Science of Synthesis Knowledge Updates 2018/1
© Georg Thieme Verlag KG


http://www.thieme.de
http://www.ima-server.de

XXvin

3.12.3
3.12.3.1
3.12.3.1.1
3.12.3.1.2
3.12.3.2
3.12.3.2.1

3.12.3.2.2

3.12.4

3.12.4.1
3.12.4.2

3.12.4.2.1
3.12.4.3

3.12.4.3.1
3.12.4.3.2

3.12.433

3.12.5

3.12.5.1
3.12.5.2
3.12.5.3

3.12.6

3.12.6.1
3.12.6.2

3.12.6.2.1

3.12.6.2.2

3.12.7

3.12.8

Table of Contents

Membrane-Based MiCTOFEACLONS -« «««« e exnreeenneenneennneeenunreennnnes 414
Enzymatic Membrane REActOrs -« «««« - everermuureiiuieiiiinnii ., 414
Miniaturized Reactors with Suspended Enzymes - -«-««-eveveeneeieennann 414
Miniaturized Reactors with Enzymes Immobilized on Membranes  ----------- 416
Membrane Microreactor Applications -« -+« -+ vveeeeneenii i, 418
Membrane Microreactors for Peptide Analysis - «--c-ceeeeerenneieneeenn, 418
Biodiesel Production Using Membrane Microreactors «--««-«ceeeeeeeenennne 419
Hydrogel-Based MiCrOr@actors -« «««««xeevemenmennentnneneanenieeenane. 419
Hydrogel Microreactors with Immobilized Enzymes «««--cvvvereevenenennnns 420
Whole-Cell Immobilized Hydrogel Microreactors «-««--«ceveeereeneeeeenn.e. 420
Whole-Cell Immobilization by Photopolymerization «-««-«cocvoeeeeneeneenen. 420
Applications of Hydrogel MiCror@actors «««««««««« e ueuemeeueuenenueuenens 421
Protein Profiling Using Digital Hydrogel Reactors - «-««-«eoevreerenieneenenn 421
Hydrogel Microreactors as BiOSENSOrs ««««««+evvreemueeeiinereiieee .. 422
Hydrogel Microreactor for Drug Delivery ««««««««xeueeremmeneeeneneeens. 422
Packed-Bed Meso- and Microbioreactors ««-««-ceveueeeeenninniiiiiiiin 422
Mass Transfer in Packed-Bed REACLOFS «««««««ceernretnnneenmnmeeuunreennnnns 423
The Main Properties of Biocatalyst Carriers -««-«--eeveeeneenenneinienn, 424
Typical Designs of Packed-Bed Meso- and Microbioreactors «-«-----cvvnvens 426
Magnetic-Field-Assisted Microbioreactors ««-««-«-veeeeeienieniiiiiin, 429
Impact of Magnetic Field on Reactor Performance «-««-+vovvveenieennnn 429
Applications of Magnetically Assisted Microreactors -««-««-ceveveeeeeneenen. 430
Magnetic Microreactors for Thermal Requlation «---«cveoeevveevneneinnn.es 430
Microchip Reactors with Enzymes Immobilized by Magnetic Nanoparticles -- 430

Two-Liquid-Phase Flow with Immobilized Biocatalysts within Microfluidic

SEFUCEURES  + -+« v+« e n s e e m et e et e et et e e e e e et e e et e e e e e e e eaaas 432
CONCIUSIONS  ++ v+ e v e vt e ettt et ettt ettt e e e e e e e e 434
AULROE INAEX -« - - v v v e ettt ettt e ettt et et e eeans 445
ADDIEUIALIONS < - - v v v v emeemmeemeene et ettt e et 469

Updated Section - @EIIFI» Completely Revised Contributions - New Contributions

Science of Synthesis Knowledge Updates 2018/1
© Georg Thieme Verlag KG


http://www.thieme.de
http://www.ima-server.de



