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Preface

Four years have gone by since the fourth edition was published and much has

happened since then. Professionally, I have moved from industry to academia to

teach organic and medicinal chemistry. This change is reflected in my choice to

include most of the basic name reactions so that this book will be useful for my

undergraduate students. I have also had the opportunity to make corrections to

several quinoline- and isoquinoline-related mechanisms. In addition, new name

reactions have emerged, and new references appeared for old name reactions. I

have added 27 new name reactions to reflect the latest developments in organic

chemistry and updated synthetic applications for each old name reaction. By

popular demand, a brief biographical description of the inventor of nearly every
name reaction has been added to this edition.

As in previous editions each reaction is delineated by its detailed step-by-step,

electron-pushing mechanism, supplemented with the original and the latest

references, especially review articles. Now, with the addition of many synthetic

applications, this book is not only an indispensable resource for senior undergradu-

ate and graduate students for learning mechanisms and the synthetic utility of name

reactions and preparing for their exams, but it is also a good reference book for all

organic chemists in both industry and academia.

the manuscript. I also wish to thank Prof. Neil K. Garg at UCLA and his students,

Grace Chiou, Adam Goetz, Liana Hie, Dr. Travis McMahon, Tejas Shah, Noah

Fine Nathel, Joel M. Smith, Amanda Silberstein, and Evan D. Styduhar for

proofreading the final version of the manuscript. Their knowledge and input have

tremendously enhanced the quality of this book. Any remaining errors are, of

course, solely my own responsibility.

ix

I wish to thank Dr. Jonathan W. Lockner at Scripps Research Institute and

Dr. Jun Cindy Shi of Bristol-Myers Squibb for their help in preparing and proofreading



As always, I welcome your critique! Please send your comments to this email

address: lijiejackli@gmail.com.

October 2013 Jie Jack Li
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Ts Tosyl

TsO Tosylate

UHP Urea-hydrogen peroxide
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Jie Jack Li 1 

Alder ene reaction 
The Alder ene reaction, also known as the hydro-allyl addition, is addition of an 
enophile to an alkene (ene) via allylic transposition.  The four-electron system in-
cluding an alkene π-bond and an allylic C–H σ-bond can participate in a pericyclic 
reaction in which the double bond shifts and new C–H and C–C σ-bonds are 
formed. 

 
X=Y: C=C, C≡C, C=O, C=N, N=N, N=O, S=O, etc. 

Example 15 

 

 
Example 27 

 
 

Example 3, Intramolecular Alder ene reaction8 

 
 
Example 4, Cobalt-catalyzed Alder ene reaction9 
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Example 5, Nitrile Alder ene reaction10 

 
Example 611 

 

 
 
Example 713 
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Aldol condensation 
The aldol condensation is the coupling of an enolate ion with a carbonyl 
compound to form a β-hydroxycarbonyl, and sometimes, followed by dehydration 
to give a conjugated enone. A simple case is addition of an enolate to an aldehyde 
to afford an alcohol, thus the name aldol. 
 

 
 

 
 

 
 
Example 13 

 

 
 

Example 28 
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Example 3, Enantioselective Mukaiyama aldol reaction10 

 

 
 
Example 4, Intermolecular aldol reaction using organocatalyst12 

 

 
 
Example 5, Intramolecular aldol reaction13 

 

 
 
Example 6, Intramolecular vinylogous aldol reaction15 
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sodium to form a new carbon carbon bond, is no longer considered synthetically 
useful, although the aldol reaction that Wurtz discovered in 1872 has become a staple 
in organic synthesis.  Alexander P. Borodin is also credited with the discovery of the 
aldol reaction together with Wurtz.  In 1872 he announced to the Russian Chemical 
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6877 6880.   
14. Trost, B. M.; Brindle, C. S. Chem. Soc. Rev. 2010, 39, 1600 1632.  (Review). 
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Algar Flynn Oyamada Reaction 
Conversion of 2′-hydroxychalcones to 2-aryl-3-hydroxy-4H-1-benzopyran-4-ones 
(flavonols) by an oxidative cyclization.  
 

 
 

 
 

 
 
A side reaction: 

 

 
 

Example 15 

 

 
 
Example 25 
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Example 3, The side reaction dominated to give the aurone derivative9 

 

 
 
Example 412 

 
 

 
Example 5, The side recation dominated to give the aurone derivative13 
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Chemistry; Li, J. J., Ed.; Wiley: Hoboken, NJ, 2005, pp 496 503. (Review). 
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Allan–Robinson reaction 
Synthesis of flavones or isoflavones by the treatment of of o-hydroxyaryl ketones 
with aromatic aldehydes in the presence of a base.  Cf. Kostanecki reaction.  

 
 

 
 

 
 

 
 
Example 16 

 
 

 
Example 2, Non-aromatic anhydride9 
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Example 3, Non-aromatic anhydride10 

 

 
 
Example 4, Acid chloride in place of anhydride10 
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Arndt–Eistert homologation 
One-carbon homologation of carboxylic acids using diazomethane. 

 
 

 
 

 
Example 17 

 
 

 
 

Example 2, An interesting variation9 

 

 

 
Example 310 
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Example 410 
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Baeyer–Villiger oxidation 
General scheme: 

R1 R2

O H
O

O R3

O

R1 O

O
R2

HO R3

O

or H2O2

 
The most electron-rich alkyl group (more substituted carbon) migrates first.  The 
general migration order:  tertiary alkyl > cyclohexyl > secondary alkyl > benzyl > 
phenyl > primary alkyl > methyl >> H.   

For substituted aryls:  
p-MeO-Ar > p-Me-Ar > p-Cl-Ar > p-Br-Ar > p-O2N-Ar  

 

 

 
 
Example 14 

 

 
UHP = Urea-hydrogen peroxide complex 

 
Example 2, Chemoselective over lactam5 
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Example 3, Chemoselective over lactone6 

 

 
 
Example 4, Chemoselective over ester8 
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yer received the Nobel Prize in Chemistry in 1905 at age seventy.  His apprentice, 
Emil Fischer, won it in 1902 when he was fifty, three years before his teacher.  Victor 
Villiger (1868 1934), born in Switzerland, went to Munich and worked with Adolf 
von Baeyer for eleven years.   

2. Krow, G. R. Org. React. 1993, 43, 251 798. (Review). 
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Name Reactions 14

Baker–Venkataraman rearrangement 
Base-catalyzed acyl transfer reaction that converts -acyloxyketones to -
diketones. 
 

 
 

 
 

 
 

Example 1, Carbamoyl Baker Venkataraman rearrangement5 

 

 
 
Example 2, Carbamoyl Baker Venkataraman rearrangement, followed by cycliza-
tion6 
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Example 3, Baker Venkataraman rearrangement9 

 

 
 
Example 4, Baker Venkataraman rearrangement10 
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Bamford–Stevens reaction 
The Bamford Stevens reaction and the Shapiro reaction share a similar mechanis-
tic pathway.  The former uses a base such as Na, NaOMe, LiH, NaH, NaNH2, 
heat, etc., whereas the latter employs bases such as alkyllithiums and Grignard re-
agents.  As a result, the Bamford Stevens reaction furnishes more-substituted ole-
fins as the thermodynamic products, while the Shapiro reaction generally affords 
less-substituted olefins as the kinetic products. 

 

 
In protic solvent (S–H): 

 

 
In aprotic solvent: 

 

 
Example 1, Tandem Bamford–Stevens/thermal aliphatic Claisen rearrangement 
sequence6 

 
The starting material N-aziridinyl imine is also known as Eschenmoser hydrazone. 
Example 2, Thermal Bamford–Stevens6 
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Example 37 

 
Example 48 

 
 

Example 5, Diazoesters from arylsulfonylhydrazones by means of in-flow 
Bamford-Stevens reactions13 

 

 
CFC = Continuous-Flow Centrifugation 
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Baran reagents 
Zinc bis(alkanesulfinate) salts, which permit direct C−H functionalization of 
heteroarenes. Several of these reagents are now commercially available.6,7 
 

[R = CF3, CF2H, CH2CF3, CH2F, (CH2CH2O)3CH3,
CH(CH3)2, CH2Cl, CH2CO2CH3, cyclohexyl, C6F13]

Zn(SO2R)2

Het
H

Het
R

 
 
A proposed mechanism for CF3 radical generation is shown below.5  Two regimes 
of differing reaction rates have been observed, and this tentative mechanism is still 
under study.10 
 

 
 

 
 
Example 1, Difluoromethylation of caffeine6 
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Example 2, sequential functionalization of dihydroquinine7 

 

 
 
Cf. Example 31 

 
CF3Br (3-5 bar)
Zno, SO2, DMF

Na2S2O5
2-methylpyridine

60 °C, 75%

OMe

HO

OMe

HO

OMe

HO

OMe

HO

ratio = 1:1:1

+ +F3C

CF3

CF3

 
 

Cf. Example 4, use of Langlois reagent (sodium trifluoromethanesulfinate)2 

 

 
 
Cf. Example 53 

 
NaSO2CF3
t-BuOOH

EtOAc
rt, 32%

S
S

Cl

Cl
SH

Cl CF3

ratio = 15:1

+
SCF3

Cl

 
 
Cf. Example 6, Yamakawa’s group4 
 

CF3I, H2O2
FeSO4

H2SO4, DMSO
40-50 °C, 57%

N

N

N

NNH2 NH2

CF3
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Barbier reaction  
The Barbier reaction is an organic reaction between an alkyl halide and a carbonyl 
group as an electrophilic substrate in the presence of magnesium, aluminium, zinc, 
indium, tin or its salts. The reaction product is a primary, secondary or tertiary al-
cohol. Cf. Grignard reaction. 
 

 
 

According to conventional wisdom,3 the organometallic intermediate (M = Mg, 
Li, Sm, Zn, La, etc.) is generated in situ, which is intermediately trapped by the 
carbonyl compound.  However, recent experimental and theoretical studies seem 
to suggest that the Barbier coupling reaction goes through a single electron trans-
fer (SET) pathway. 
 
Generation of the organometallic intermediate in situ: 

 
SET = single electron transfer 

 
Ionic mechanism,  

 
 
Single electron transfer (SET) mechanism: 
 

 
 
Example 16 

 
Example 29 
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Example 310 

 
Example 411 

 

 
Example 5, The following whole sequence of 5 steps can also be carried out in 
one-pot12 
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Bargellini reaction  
Synthesis of hindered morpholinones or piperazinones from ketones (such as 
acetone) and 2-amino-2-methyl-1-propanol or 1,2-diaminopropanes. 

 

 
 

 
 

 
 
Example 12 

 

 
Example 24 
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Bartoli indole synthesis  
7-Substituted indoles from the reaction of ortho-substituted nitroarenes and vinyl 
Grignard reagents.   

 
 

 
 

 
 

 
 
Example 13 

 
 
Example 26 

 
Example 310 
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Example 411 

 

 
 

Example 512 
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Barton radical decarboxylation 
Radical decarboxylation of the carboxylic acids. 

 

 
  AIBN = 2,2′-azobisisobutyronitrile 
 

 

 
 

 
Example 1, Tin hydride not used and elimination occurs via thioether intermedi-
ate3 

 

 
Example 26 
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Example 39 

 
 

 
Example 411 
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Barton–McCombie deoxygenation 
Deoxygenation of alcohols by means of radical scission of their corresponding 
thiocarbonyl derivatives. 

 

 
  AIBN = 2,2′-azobisisobutyronitrile 
 

 

 
 

 

 
Example 12 

 
Example 26 

 
Example 310 
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Example 411 

 

 
 
Example 513 
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Barton nitrite photolysis 
Photolysis of a nitrite ester to a -oximino alcohol. 

 
 

 
 

 
 

 
 
Example 12 

 

 
 

  
DOI 10.1007/978-3-319-03979-4_1 , © Springer International Publishing Switzerland 2014 5
J.J. Li,    Name Reactions: A Collection of Detailed Mechanisms and Synthetic Applications,



Jie Jack Li 31

Example 26 

 
Example 37 
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Barton–Zard reaction 
Base-induced reaction of nitroalkenes with alkyl -isocyanoacetates to afford 
pyrroles. 

 
 

 
 

 
 

 
 

 
 
Example 15 

 

 
 
Example 27 
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Example 3, A Barton–Zard reaction on a ferrocene ring12 
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Batcho–Leimgruber indole synthesis 
Condensation of o-nitrotoluene derivatives with formamide acetals, followed by 
reduction of the trans- -dimethylamino-2-nitrostyrene to furnish indole deriva-
tives. 

 
Example 14 

 

 
DMFDMA = N,N-dimethylformamide dimethyl acetal, Me2NCH(OMe)2 

 

 

 
 

 
 

 
Example 24 
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Example 35 

 
 

 
Example 410 

 

 
Example 512 
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Baylis–Hillman reaction 
Also known as the Morita–Baylis–Hillman reaction.  It is a carbon carbon bond-
forming transformation of an electron-poor alkene with a carbon electrophile.  
Electron-poor alkenes include acrylic esters, acrylonitriles, vinyl ketones, vinyl 
sulfones, and acroleins.  On the other hand, carbon electrophiles may be alde-
hydes, -alkoxycarbonyl ketones, aldimines, and Michael acceptors. 
General scheme: 
 

 
X = O, NR2, EWG = CO2R, COR, CHO, CN, SO2R, SO3R, PO(OEt)2, CONR2, 

CH2=CHCO2Me 
 

Catalytic tertiary amines: 
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E2 (bimolecular elimination) mechanism is also operative here: 
 

 
 
Example 1, Intramolecular Baylis–Hillman reaction6 

 

 
 
Example 27 

 

 
 
Example 38 

 

 
 
Example 49 
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Example 510 

 

 
 
Example 613 
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Beckmann rearrangement 
Acid-mediated isomerization of oximes to amides. 
In protic acid: 

 

 
 

 
  the substituent trans to the leaving group migrates 
 

 
 
With PCl5: 
 

 
 

 
  Again, the substituent trans to the leaving group migrates 
 

 
 
Example 1, Microwave (MW) reaction3 
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Example 24 

 

 
 
Example 36 

 

 
PPA = polyphosphoric acid 

 
Example 48 

 

 
 

Abnormal Beckmann rearrangement is when the migrating fragment (e.g., 
R1) departs from the intermediate, leaving a nitrile as a stable product. 

 

 
 
Example 19 
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Example 210 
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Beirut reaction 
Synthesis of quinoxaline-1,4-dioxides from benzofurazan oxide.   

 
 

 
 

 
Example 13 

 
Example 27 

 
 
Example 4, Promoted by -cyclodextrin11 

 
 
Example 5, An unusual Beirut reaction12 
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Benzilic acid rearrangement 
Rearrangement of benzil to benzilic acid via aryl migration. 

 
 

 
 

 
Final deprotonation (before workup) of the carboxylate to afford the benzilate 

anion drives the reaction forward. 
 
Example 13 

 

 
 
Example 26 

 

 
 
Example 3, Retro-benzilic acid rearrangement7 
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Example 4, Cyclobutane-1,2-diones (Computational Chemistry)9 
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Benzoin condensation 
Cyanide-catalyzed condensation of aryl aldehyde to benzoin.  Now cyanide is 
mostly replaced by thiazolium salts or N-heterocyclic carbenes.  Cf. Stetter 
reaction. 
 

 
 

 
 

 
 
Example 12 

 
 
Example 27 

 

 
Example 37 
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Example 4, With Brook rearrangement9 

 

 
 
Example 510 

 
 

Example 612 
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Bergman cyclization 
Formation of a substituted benzene through 1,4-benzenediyl diradical formation 
from enediyne via electrocyclization. 

 
 enediyne  1,4-benzenediyl diradical 
 

 
Example 16 

 

 
Example 27 

 

 
 
Example 3, Wolff rearrangement followed by Bergman cyclization8 
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Example 410 

 
Example 512 

 
 

 
 

Example 513 
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Biginelli reaction  
Also known as Biginelli pyrimidone synthesis. One-pot condensation of an aro-
matic aldehyde, urea, and -dicarbonyl compound in acidic ethanolic solution and 
expansion of such a condensation thereof.  It belongs to a class of transformations 
called multicomponent reactions (MCRs). 

 

 
 

 
 

 
 

 
 
Example 14 
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Example 25 

 
 
Example 3, Microwave-induced Biginelli condensation9 

 
 

Example 310 
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Birch reduction 
The Birch reduction is the 1,4-reduction of aromatics to their corresponding 
cyclohexadienes by alkali metals (Li, K, Na) dissolved in liquid ammonia in the 
presence of an alcohol. 
 
Benzene ring bearing an electron-donating substituent: 
 

 
 

 
             radical anion  

 

 
 

Benzene ring with an electron-withdrawing substituent: 
 

 
 

 
         radical anion 
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Example 1, Birch reductive alkylation4 

 

 
Example 27 

 

 
 
Example 3, Fully reduced products8 

 

 
 

Example 4, Birch reductive alkylation9 
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Bischler–Möhlau indole synthesis 
The Bischler–Möhlau indole synthesis, also known as the Bischler indole 
synthesis, refers to the synthesis of 2-arylindoles from the cyclization of -
arylamino-ketones and excess anilines. 

 
 

 
 

 
 
Example 15 

 
 

 
 

Example 39 
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Example 410 

 

 
 
Example 5, Microwave-assisted, solvent-free Bischler indole synthesis11 
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Bischler–Napieralski reaction 
Dihydroisoquinolines from -phenethylamides in refluxing phosphorus 
oxychloride. 

 
 

 
 

 

 
 Nitrilium salt intermediate2 

 
Example 13 

 

 
Example 25 

 

 
Example 37 

 

    
DOI 10.1007/978-3-319-03979-4_27, © Springer International Publishing Switzerland 2014 
J.J. Li,    Name Reactions: A Collection of Detailed Mechanisms and Synthetic Applications,



Jie Jack Li 57

Example 48 

 
Example 510 

 

 
 
Example 6, An unprecedented Bischler–Napieralski reaction12 
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Blaise reaction 
-Ketoesters from nitriles, -haloesters and Zn.  Cf. Reformatsky reaction. 

 

 
The Zn enolate itself is a C-enolate (in the crystal form), but for the reaction to oc-
cur, it equilibrates back into an O-enolate 
 

 
 

 
 
Example 1, Preparation of the statin side chain5 

 

 
 
Example 26 
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Example 37 

 

 
 
Example 4, Chemoselective tandem acylation of a Blaise reaction intermediate9 

 

 
 

Example 5, Chemoselective intramolecular alkylation of Blaise reaction interme-
diate10 
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Blum–Ittah aziridine synthesis 
Ring opening of oxiranes using azide followed by PPh3 reduction of the interme-
diate azido alcohol to give the corresponding aziridines.  Cf. Staudinger reduction. 

 

 
 

 
Regardless of the regioselectivity of the SN2 reaction of the azide, the ultimate 
stereochemical outcome for the aziridine is the same. 
 

 
 

 
 

 
 
Example 13 

 

 
 
Example 24 
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Example 36 

 
 

 
 

 
 
Example 48 

 

 
 
Example 59 
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Boekelheide reaction 
Treatment of 2-methylpyridine N-oxide with trifluoroacetic anhydride, or acetic 
anhydride gives rise to 2-hydroxymethylpyridine. 

 
TFAA: trifluoroacetic anhydride 

 

 
 

 
 
Example 14 

 

 
 
Example 26 

 

 
 
Example 3, Double Boekelheide reaction8 
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Example 49 

 

 
 

Example 5, Double Boekelheide reaction10 
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Boger pyridine synthesis 
Pyridine synthesis via hetero-Diels Alder reaction of 1,2,4-triazines and 
dienophiles (e.g., enamine) followed by extrusion of N2. 
 

 
 

 
 

 
 

Example 13 

 

 
 

Example 2, Intramolecular Boger pyridine synthesis8 
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Example 310 

 

 
 
Example 411 
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Borch reductive amination  
Reduction (often using NaCNBH3) of an imine, formed by condensation of an 
amine and a carbonyl, to afford the corresponding amine.   

 
 

 
 

Example 14 

 

 
 
Example 25 

 

 
 

Example 38 

 

 
 

Example 49 
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Borsche–Drechsel cyclization 
Also known as Borsche carbazole synthesis, is the two-step conversion of phenyl 
hydrazine and cyclohexanone derivatives to the corresponding carbazole. Cf. 
Fischer indole synthesis. 

 
 

 
 

 
 

Example 16 

 

 
 

 
 
Example 29 

 

 

DOI 10.1007/978-3-319-03979-4_33, © Springer International Publishing Switzerland 2014 
J.J. Li,    Name Reactions: A Collection of Detailed Mechanisms and Synthetic Applications,



Jie Jack Li 69

Example 310 

 

 
Japp-Klingemann hydrazone synthesis 
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Boulton–Katritzky rearrangement 
Rearrangement of one five-membered heterocycle into another under thermolysis. 

 

 
 

Example 14 

 

 
 

Example 2, Hydrazinolysis7 

 

 
 

 
 

Example 43 
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Example 512 
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Bouveault aldehyde synthesis 
Formylation of an alkyl or aryl halide to the homologous aldehyde by 
transformation to the corresponding organometallic reagent then addition of DMF 
(M = Li, Mg, Na, and K). 
 

 
 

 
 

Comins modification:4 

 

 
 

 
 
Example 13 

 

 
 
Example 2, A modified Bouveault reaction7 
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Bouveault–Blanc reduction 
Also known as the Bouveault reaction. Reduction of esters to the corresponding 
alcohols using sodium in an alcoholic solvent. 

 
 

 
    ketyl (radical anion) 
 

 
 

 
 

Example2 
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Boyland–Sims oxidation  
Oxidation of anilines to phenols using alkaline persulfate. 

 
 

 
 

 
 

Another pathway is also operative:9–12 

 

 
 

 
 
Example 13 
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 Elbs oxidation 
Also known as the Elbs persulfate oxidation,13–15 it is a variant of the Boyland–
Sims oxidation except the substrate is phenol rather than aniline.  Its mechanism is 
similar to that of the Boyland–Sims oxidation.  
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Bradsher reaction 
The intramolecular Bradsher cyclization refers to the acid-catalyzed aromatic 
cyclodehydration of ortho-acyl diarylmethanes to form anthracenes.  On the other 
hand, the intermolecular Bradsher cycloaddition often involves the Diels–Alder 
reaction of a pyridium with a vinyl ether or vinyl sulfide.  
 

 
 

 
 

 
 
Example 1, Intramolecular Bradsher reaction2 

 

 
 
Example 2, Intramolecular Bradsher reaction5 
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Example 3, Intermolecular Bradsher cycloaddition8 

 

 
DNP = dinitrophenyl 
 
Example 4, Intermolecular Bradsher cycloaddition11 
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Brook rearrangement 
Rearrangement of -silyl oxyanions to -silyloxy carbanions via a reversible 
process involving a pentacoordinate silicon intermediate is known as the [1,2]-
Brook rearrangement, or [1,2]-silyl migration.   

 
[1,2]-Brook rearrangement 
 

 
 

 
pentacoordinate silicon intermediate 

 

 
 
[1,3]-Brook rearrangement 
 

 
 
[1,4]-Brook rearrangement 
 

 
 
Example 16 
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Example 2, [1,2]-Brook rearrangement followed by a retro-[1,5]-Brook rear-
rangement8 

 

 
 
Example 3, [1,5]-Brook rearrangement9 

 

 
 
Example 4, Retro-[1,4]-Brook rearrangement10 

 

 
 
Example 5, Retro-Brook rearrangement12 
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Brown hydroboration  
Addition of boranes to olefins followed by alkalinic oxidation of the organoborane 
adducts to afford alcohols.  Regiochemistry is anti-Markovnikov’s rule.   

 
 

 
 

 
 

 
 
Example 12 

 
 

 
 
Example 27 
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Example 38 

 
 
Example 4, Asymmetric hydroboration10 

 

 
 

 
 
Example 511 
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Bucherer carbazole synthesis 
Carbazole formation from naphthols and aryl hydrazines promoted by sodium bi-
sulfite.  Another variant of the Fischer indole synthesis.  

 

 
 

 
 

 
 

 
 
Example 12 

 

 
 
Example 23 
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Example 34 

 
 
Example 47 
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Bucherer reaction  
Transformation of -naphthols to -naphthylamines using ammonium sulfite. 
 

 
 

 
 

 
 

 
 

Example 1, Retro-Bucherer reaction6 

 

 
 
Example 2, Although the classic Bucherer reaction requires high temperatures, it 
may be carried out at room temperature with the aid of microwave (150 Watts):7 
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Example 38 
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Bucherer–Bergs reaction 
Formation of hydantoins from carbonyl compounds with potassium cyanide 
(KCN) and ammonium carbonate [(NH4)2CO3] or from cyanohydrins and ammo-
nium carbonate.  It belongs to the category of multiple component reactions 
(MCRs). 

 
 

 
 

 
 

 
 

Example 15 

 

 
 
Example 26 
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Example 37 

 
 

Example 49 

 

 
 

Example 511 

 
 

References 
1. Bergs, H. Ger. Pat. 566, 094, 1929.  Hermann Bergs worked at I. G. Farben in Germa-

ny.  
2. Bucherer, H. T., Steiner, W. J. Prakt. Chem. 1934, 140, 291–316. (Mechanism). 
3. Ware, E. Chem. Rev. 1950, 46, 403–470. (Review). 
4. Wieland, H. In Houben Weyl’s Methoden der organischen Chemie, Vol. XI/2, 1958, p 

371.  (Review). 
5. Menéndez, J. C.; Díaz, M. P.; Bellver, C.; Söllhuber, M. M. Eur. J. Med. Chem. 1992, 

27, 61–66. 
6. Domínguez, C.; Ezquerra, A.; Prieto, L.; Espada, M.; Pedregal, C. Tetrahedron: 

Asymmetry 1997, 8, 511–514. 
7. Zaidlewicz, M.; Cytarska, J.; Dzielendziak, A.; Ziegler-Borowska, M. ARKIVOC 

2004, iii, 11 21.  
8. Li, J. J. Bucherer–Bergs Reaction. In Name Reactions in Heterocyclic Chemistry, Li, 

J. J., Ed.; Wiley: Hoboken, NJ, 2005, pp 266 274. (Review). 
9. Sakagami, K.; Yasuhara, A.; Chaki, S.; Yoshikawa, R.; Kawakita, Y.; Saito, A.; 

Taguchi, T.; Nakazato, A. Bioorg. Med. Chem. 2008, 16, 4359–4366.  
10. Wuts, P. G. M.; Ashford, S. W.; Conway, B.; Havens, J. L.; Taylor, B.; Hritzko, B.; 

Xiang, Y.; Zakarias, P. S. Org. Proc. Res. Dev. 2009, 13, 331–335.  
11. Oba, M.; Shimabukuro, A.; Ono, M.; Doi, M.; Tanaka, M. Tetrahedron: Asymmetry 

2013, 24, 464–467.  



Jie Jack Li 89

Büchner ring expansion 
Reaction of a phenyl ring with a diazoacetic ester to give a cyclohepta-2,4,6-
trienecarboxylic acid ester.  Intramolecular Büchner reaction is more useful in 
synthesis.  Cf. Pfau Platter azulene synthesis. 

 

 
 

 
             rhodium carbenoid 

 

 
 

 
 

Example 1, Intramolecular Büchner reaction7 

 

 
 
Example 2, Intramolecular Büchner reaction8 

 

 
 
Example 3, An intramolecular Büchner reaction within the Grubbs’ catalyst!9 
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Example 410 

 

 
 

 
 

Example 512 

 

 
 

References 
1. Büchner, E. Ber. 1896, 29, 106–109.  Eduard Büchner (1860–1917) won Nobel Prize 

in 1907 for his work on fermentation. His name is imortalized with the Büchner fun-
nels that we still use daily in organic laboratories.   

2. von E. Doering, W.; Knox, L. H. J. Am. Chem. Soc. 1957, 79, 352–356. 
3. Marchard, A. P.; Brockway, N. M. Chem. Rev. 1974, 74, 431–469. (Review). 
4. Anciaux, A. J.; Demoncean, A.; Noels, A. F.; Hubert, A. J.; Warin, R.; Teyssié, P. J. 

Org. Chem. 1981, 46, 873–876. 
5. Duddeck, H.; Ferguson, G.; Kaitner, B.; Kennedy, M.; McKervey, M. A.; Maguire, A. 

R. J. Chem. Soc., Perkin Trans. 1 1990, 1055–1063. 
6. Doyle, M. P.; Hu, W.; Timmons, D. J. Org. Lett. 2001, 3, 933–935. 
7. Manitto, P.; Monti, D.; Speranza, G. J. Org. Chem. 1995, 60, 484–485.  
8. Crombie, A. L; Kane, J. L., Jr.; Shea, K. M.; Danheiser, R. L. J. Org. Chem. 2004, 69, 

8652–8667.  
9. Galan, B. R.; Gembicky, M.; Dominiak, P. M.; Keister, J. B.; Diver, S. T. J. Am. 

Chem. Soc. 2005, 127, 15702–15703. 
10. Panne, P.; Fox, J. M. J. Am. Chem. Soc. 2007, 129, 22–23.    
11. Gomes, A. T. P. C.; Leão, R. A. C.; Alonso, C. M. A.; Neves, M. G. P. M. S.; 

Faustino, M. A. F.; Tomé, A. C.; Silva, A.M. S.; Pinheiro, S.; de Souza, M. C. B. V.; 
Ferreira, V. F.; Cavaleiro, J. A. S. Helv. Chim. Acta 2008, 91, 2270–2283.  

12. Foley, D. A.; O’Leary, P.; Buckley, N. R.; Lawrence, S. E.; Maguire, A. R. Tetrahe-
dron 2013, 69, 1778–1794. 



Jie Jack Li 91

Buchwald–Hartwig amination 
The Buchwald–Hartwig amination is an exceedingly general method for generat-
ing an aromatic amine from an aryl halide or an aryl sulfonates. The key feature of 
this methodology is the use of catalytic palladium modulated by various electron-
rich ligands. Strong bases, such as sodium tert-butoxide, are essential for catalyst 
turnover. 
 

 
 
Mechanism: 
 

 
 

 
 

 
 

The catalytic cycle is shown on the next page. 
Example 13 
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Example 24 

 
 
Catalytic cycle: 

 

 
 
Example 3, Room temperature Buchwald–Hartwig amination9 

 

 
 
Example 410 
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Example 511 

 

 

 
 
Example 612 

 

 

 
 
Example 7, Amination of volatile amines14 

 

 
 
Example 815 
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Burgess reagent 

 
The Burgess reagent [methyl N-(triethylammoniumsulfonyl)carbamate], a neutral, 
white crystalline solid, is efficient at generating olefins from secondary and ter-
tiary alcohols where the first-order thermolytic Ei (during the elimination—the 
two groups leave at about the same time and bond to each other concurrently) 
mechanism prevails. 

 
Preparation2   

 

 
Mechanism of dehydration5 

 

 

 
Example 1, On primary alcohols, the hydroxyl group does not eliminate but rather 
undergoes substitution3 
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Example 26 

 

 
Example 37 

 
Example 48 

 
Example 5, Cyclodehydration followed by a novel carbamoylsulfonylation10 
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Burke boronates  
 

 
 
Burke boronates can serve as B-protected haloboronic acids for a wide variety of 
applications in iterative cross-coupling.1–6 The corresponding boronic acids can be 
liberated using mild aqueous bases such as NaOH or NaHCO3.1–4 Burke boronates 
are also compatible with many synthetic reagents, enabling the synthesis of com-
plex boronic acids from simple B-containing starting materials.3,6 They can also 
serve as stable building blocks for cross-coupling, i.e., under aqueous basic condi-
tions, the corresponding boronic acid is released and coupled in situ.2,3,7 Moreover, 
Burke boronates are highly crystalline, monomeric, free-flowing solids that are in-
definitely stable to benchtop storage under air and compatible with silica gel 
chromatography.1–3,6  
 
Preparation:1,2,4,6, 

 
 

 
 

 
Alternatively, many of these building blocks are now commercially available. 
 
Example 12 

A wide range of selective couplings can be performed at the halide terminus of a 
B-protected haloboronic acid. 
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Example 29,10 
Small molecule natural products and their derivatives can be prepared via iterative 
cross-coupling with B-protected haloboronic acids. 
 

 

 
 

Example 33 

Burke boronates are stable to a wide range of synthetic reagents, including acids, 
non-aqueous bases, oxidants, reductants, electrophiles, and soft nucleophiles. This 
reagent compatibility enables multistep synthesis of complex boranes from simple 
boron-containing starting materials. 
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Example 47,8 
Burke boronates can be used directly in cross-couplings as shelf-stable surrogates 
for unstable boronic acids via slow-release cross-coupling. 
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Cadiot–Chodkiewicz coupling 
Bis-acetylene synthesis from alkynyl halides and alkynyl copper reagents.   
Cf. Castro Stephens reaction. 

 

 
      Cu(III) intermediate 

 
Example 13 

 

 
Example 27 

 

 
Example 39 

 

 
 
Example 4, Cadiot–Chodkiewicz active template synthesis of rotaxanes and 
switchable molecular shuttles with weak intercomponent interactions10 
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Cadogan–Sundberg indole synthesis 
The Cadogan reaction refers to the deoxygenation of o-nitrostyrenes 1 or o-
nitrostilbenes with trialkyl phosphite or trialkylphosphine and subsequent cycliza-
tion of the resulting intermediate nitrene 2 to form indoles 3.  The Sundberg indole 
synthesis refers to the synthesis of indoles 3 via either thermolysis or irradiation of 
o-azidostyrene 4 via the intermediacy of nitrene 2.   
 

 
 

 
 

 
 

 
 
Example 1, Söderberg’s modified conditions to prepare indole3 
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Example 24 

 

 
 
Example 35 

 

 
 
Example 46 

 

 
 
Example 57 
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Camps quinoline synthesis 
Base-catalyzed intramolecular condensation of a 2-acetamido acetophenone (1) to 
a 2-(and possibly 3)-substituted-quinolin-4-ol (2), a 4-(and possibly 3)-substituted-
quinolin-2-ol (3), or a mixture. 
 

 
 
Pathway A: 
 

 
 
Pathway B: 
 

 
 
Example 11 

 
 
Example 26 
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Cannizzaro reaction 
Redox reaction between aromatic aldehydes, formaldehyde or other aliphatic al-
dehydes without -hydrogen. Base is used to afford the corresponding alcohols 
and carboxylic acids. 

 
 

 
Pathway A: 
 

 
Final deprotonation of the carboxylic acid drives the reaction forward. 

 
Pathway B: 
 

 
 
Example 14 

 
 

Example 26 
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Example 38 

 

 
TMG = 1,1,3,3-tetramethylguanidine 

 
Example 4, Desymmetrization by intramolecular Cannizzaro reaction9 
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Carroll rearrangement 
Thermal rearrangement of -ketoesters followed by decarboxylation to yield -
unsaturated ketones via anion-assisted Claisen rearrangement.  It is a variant of the 
Claisen rearrangement. 

 
 

 
 

 
 
Example 1, Asymmetric Carroll rearrangement4,5 

 

 
 
Example 2, Hetero-Carroll rearrangement6 

 

 
 
Example 37 
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Example 4, Similar to Example 37 

 

 
 

 
Example 58 

 

 
 
References 
1. (a) Carroll, M. F. J. Chem. Soc. 1940, 704 706.  Michael F. Carroll worked at A. 

Boake, Roberts and Co. Ltd., in London, UK.  (b) Carroll, M. F. J. Chem. Soc. 1941, 
507 511. 

2. Ziegler, F. E. Chem. Rev. 1988, 88, 1423 1452. (Review). 
3. Echavarren, A. M.; Mendosa, J.; Prados, P.; Zapata, A. Tetrahedron Lett. 1991, 32, 

6421–6424. 
4. Enders, D.; Knopp, M.; Runsink, J.; Raabe, G. Angew. Chem. Int. Ed. 1995, 34, 

2278 2280. 
5. Enders, D.; Knopp, M. Tetrahedron 1996, 52, 5805–5818. 
6. Coates, R. M.; Said, I. M. J. Am. Chem. Soc. 1977, 99, 2355 2357. 
7. Hatcher, M. A.; Posner, G. H. Tetrahedron Lett. 2002, 43, 5009 5012. 
8. Jung, M. E.; Duclos, B. A. Tetrahedron Lett. 2004, 45, 107 109. 
9. Defosseux, M.; Blanchard, N.; Meyer, C.; Cossy, J. J. Org. Chem. 2004, 69, 

4626 4647. 
10. Williams, D. R.; Nag, P. P. Claisen and Related Rearrangements. In Name Reactions 

for Homologations-Part II; Li, J. J., Ed.; Wiley: Hoboken, NJ, 2009, pp 33 87. (Re-
view).  

11. Naruse, Y.; Todo, Y.; Shiomi, M. Tetrahedron Lett. 2011, 52, 4456 4460. 
12. Abe, H.; Sato, A.; Kobayashi, T.; Ito, H. Org. Lett. 2013, 15, 1298 1301. 
 



Name Reactions 110  

Castro–Stephens coupling 
Aryl–acetylene synthesis, Cf. Cadiot–Chodkiewicz coupling and Sonogashira 
coupling.  The Castro–Stephens coupling uses stoichiometric copper, whereas the 
Sonogashira variant uses catalytic palladium and copper.   

 

 
An alternative mechanism similar to that of the Cadiot–Chodkiewicz coupling: 

 

 
    Cu(III) intermediate 

 
Example 1, A variant, also known as the Rosenmund–von Braun synthesis of aryl 
nitriles2 

 
Example 24 
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Example 35 

 
 
Example 48 

 
Example 5, In situ Castro–Stephens reaction10 

 

 
Example 613 
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C−H activation 

The C−H activation reaction is a reaction that cleaves a carbon–hydrogen bond.  
Here the carbon–hydrogen bond is mostly referred to unactivated carbon–
hydrogen bonds.   

 
 Catellani reaction 
Selective ortho-alkylation and -arylation of aryl iodides can be achieved by the 
cooperative catalytic action of palladium and norbornene.1 The first reported case 
was the ortho-dialkylation of aryl iodides, followed by Heck reaction.2 Here an 
aryl iodide with free o-positions reacts with an aliphatic iodide and a terminal ole-
fin in the presence of palladium/norbornene as catalyst and a base, to give a 2,6-
substituted vinylarene. Analogously, an aryl iodide with one substituted o-position 
leads to a vinylarene containing two different ortho groups.3  
 
Example 1, A three-component reaction allowing the construction of three adja-
cent C–C bonds through C–I and C–H activation.2  
 

 
 

Mechanism for the reaction of an o-substitued aryl iodide: Pd(0), Pd(II) and 
Pd(IV) intermediates and catalytic role of palladium and norbornene.1–3  
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 The mechanism involves initial oxidative addition of an o-substituted aryl 
iodide to Pd(0) followed by a stereoselective norbornene insertion leading to the 
cis,exo complex 2. -Hydrogen elimination is prevented by geometric constraints, 
and a five-membered palladacycle (3) readily forms through intramolecular C–H 
activation. Oxidative addition of an alkyl iodide to 3 affords a Pd(IV) intermediate 
(4) which undergoes reductive elimination by selective migration of the alkyl moi-
ety onto the aromatic ring to form 5. Norbornene deinsertion occurs spontaneously 
at this point, likely due to steric hindrance, giving 2,6-disubstituted 
phenylpalladium(II) species (6) which finally react with the terminal olefin to lib-
erate the organic product and Pd(0). Alternatively the sequence can be terminated 
by other well-known reactions of the aryl-Pd bond such as the Suzuki or 
Sonogashira couplings, hydrogenolysis, amination, or cyanation. The described 
methodology can also be extended to ring-forming reactions.1e Thus, the reaction 
is very versatile and offers countless possibilities for building up many types of 
functionalized aromatic compounds.  
Example 2, The synthesis of fused aromatic compounds through final 
intramolecular Heck reaction was first reported by the Lautens group.4,1e  
 

 
 
Example 3, The high tolerance to functional groups enabled a key step to the syn-
thesis of a precursor of (+)-linoxepin by Lautens.5 

 
ortho-Arylation of an aryl iodide leading to the construction of a biaryl moiety is 
also possible, provided that the starting aryl iodide bears an ortho substituent. The 
o-substituent in palladacycles of type 3 is essential for selectively directing the at-
tack of an aryl halide onto the aromatic site (ortho effect).1,6  
 
Example 4, Aryl-aryl coupling combined with Heck reaction.7  
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Example 5. The non symmetrical coupling of an aryl iodide bearing an o-electron-
donating group, an aryl bromide containing an electron-withdrawing substituent, 
and a terminal olefin illustrates the importance of correctly tuning the electronic 
properties of the two aryl halides for selectivity control.8 

 

 
 
Example 6 shows that internal chelation to Pd(IV)9 can cancel the ortho effect.10 
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 Sanford reaction 
C–H acetoxylations using directing groups L, such as pyridine and pyrimidine.1,6  
 

 
 
Catalytic Cycle for Ligand-Directed C–H Acetoxylation:2 

 

 
 
Example 1.3  

 

 
X = OMe, OMOM, Me, Br, F, CF3, Ac, oxime, NO2,  

regioselectivity: 6:1 to > 20:1 
 
Example 2.5  

 

 
Single regioisomer 
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Example 3, Directing Group Ability in Palladium-Catalyzed C–H Bond Functionaliza-
tion.6  

 
 
Example 4.10  
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 White catalyst 

 
The White catalyst 1 is a highly versatile, commercially-available catalyst for 
allylic C–H oxidation which allows for the construction of useful C–O, C–N, and 
C–C bonds directly from relatively inert allylic C–H bonds (Figure 1).1–11   The 
White catalyst enables novel and predictable disconnections for the synthesis of 
complex molecules which can streamline their synthesis.2,4,7,8  Widely available -
olefins undergo intra- and intermolecular C–H oxidation with remarkably high 
levels of chemo-, regio-, and stereoselectivity.  Mechanistic studies provide 
evidence that the White catalyst promotes allylic C–H cleavage to generate -
allylpalladium intermediate 2 which can then be functionalized with an oxygen, 
nitrogen or carbon nucleophile (Figure 1).3  
 
Figure 1  

 
 

Common organic functionality such as Lewis basic phenol 3,3 acid-labile 
acetal 4,8 highly reactive aryl triflate 6,11 and depsipeptide 55 are well-tolerated 
under the mild reaction conditions (Figure 2). In all cases the products are isolated 
as one regioisomer and olefin isomer after column purification.   

Current state-of-the-art methods for constructing C–N bonds rely on 
functional group interconversions or C–C bond forming reactions using 
preoxidized materials.  Allylic amination using the White catalyst can streamline 
the synthesis of nitrogen-containing molecules by reducing the functional group 
manipulations necessary for working with oxygenated intermediates.  Allylic C–H 
amination was used to synthesize (–)-8, an intermediate in the synthesis of L-
acosamine derivative 9 (Figure 3A).7  The C–H amination route to (–)-8 proceeded 
in half the total number of steps, no functional group manipulations, and 
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comparable overall yield to the alternative C–O to C–N bond-forming route.  
Intermolecular C–H amination has also led to the construction of (+)-
deoxynegamycin analogue 12 in five less steps and improved overall yield 
compared to the alternative route relying on C–O substitution (Figure 3B).8 

 
Figure 2 

 
 
Figure 3 
 

 
 

Similarly, allylic C–H oxidation can streamline the construction of 
oxygenated compounds by reducing functional group manipulations necessary for 
working with bisoxygenated intermediates.  For example, a chiral allylic C–H 
oxidation/enzymatic resolution sequence furnished bisoxygenated compound 14 in 
97% ee and in 42% overall yield in just 3 steps from a commercially available 
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monooxygenated precursor, 11-undecenoic acid (Figure 4).10  Alternative routes to 
similar molecules require protection/deprotection sequences and use a kinetic 
resolution giving a maximum of 50% yield.   
 
Figure 4 

 
 

In addition to allylic C–H oxidation, the White catalyst also catalyzes 
intermolecular Heck arylations.6  Notably, the arylation uses electronically 
unbiased -olefins and aryl boronic acids and occurs under acidic, oxidative 
conditions.  A one-pot allylic C–H oxidation/vinylic C–H arylation reaction 
furnishes E-arylated allylic esters with high regio- and stereoselectivities (Figure 
5).  This three-component coupling can be used to rapidly synthesize densely 
functionalized products from inexpensive hydrocarbon feedstocks.  N-Boc 
glylcine allylic ester 9 was synthesized in one step using commercially available 
olefin, amino acid, and boronic acid reagents.  Compounds similar to 15 have been 
transformed into medicinally relevant dipeptidyl peptidase IV inhibitors.6 
 
Figure 5 

 
 

Besides the one-pot process described above, the White catalyst catalyzes 
a chelate-controlled oxidative Heck arylation between a wide range of -olefins 
and organoborane compounds in good yields and with excellent regio- and 
stereoselectivities (Figure 6).9  Unlike other Heck arylation methods, no Pd–H 
isomerization is observed under the mild reaction conditions.  Aryl boronic acids, 
styrenylpinacol boronic esters, and aryl potassium trifluoroborates (activated with 
boric acid) are all compatible with the general reaction conditions.  
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Figure 6 
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 Yu C−H activation 
A variety of position-selective or stereoselective C−H activation reactions have 
been developed by Yu and co-workers.1,7 These transformations are characterized 
by the use of a Pd catalyst, an oxidant, often with built-in directing groups and/or 
optimized ligands that enhance selectivity as well as reaction rate. 
Canonical example of sp2 C−H activation: 

 
 
Canonical example of sp3 C−H activation: 
 

 
 
Example 1, Hydroxyl-directed C−H activation/C−O cyclization2 

 
 
Example 2, Amide-directed sp3 C−H carbonylation3 

 

 
 

Example 3, Sulfonamide-directed C−H methylation4 
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Example 4, ortho-Selective C−H arylation of arene5 

 

 
 

Example 5, C3-Selective C−H arylation of pyridine6 

 

 
 
Example 6, meta-Selective C−H vinylation of arene8 
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Chan alkyne reduction  
Stereoselective reduction of acetylenic alcohols to E-allylic alcohols using sodium 
bis(2-methoxyethoxy)aluminum hydride (SMEAH, also known as Red-Al) or 
LiAlH4.    

 
 

 
 
Example 13 

 

 
 
Example 24 

 

 
 
Example 36 

 

 
 
Example 47 
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Example 58 
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Chan–Lam C–X coupling reaction 
Arylation, vinylation and alkylation of a wide range of NH/OH/SH substrates by 
oxidative cross-coupling with boronic acids in the presence of catalytic cupric ace-
tate, weak base and in air (open-flask chemistry). The reaction works for amides, 
amines, amidines, anilines, azides, azoles, hydantoins, hydrazines, imides, imines, 
nitroso, pyrazinones,  yridines, purines, pyrimidines, sulfonamides, sulfinates, 
sulfoximines, ureas, alcohols, phenols, thiols, etc. The boronic acids can be re-
placed with siloxanes, stannanes or other organometalloids. The mild condition of 
this reaction is an advantage over Buchwald–Hartwig’s Pd-catalyzed cross-
coupling using halides, though boronic acids are more expensive than halides. The 
Chan–Lam C–X bond cross-coupling reaction has emerged as a powerful and 
popular methodogy similar to Suzuki–Miyaura’s C–C bond cross-coupling reac-
tion. 

 
N

N
R

cat. Cu(AcO)2 

air, > 90%

N

HNB(OH)2
R  

 
Example 11a,d 

NH

B(OH)2

Cu(OAc)2, pyridine
rt, 48 h, air

74%

H3C

N CH3

 
Proposed Mechanism:4 

CuII(OAc)2

ArBX2

Transmetallation
(turnover-limiting step)

Ar–NRZ + AcOH
1/2 O2

+ 2 AcOH + CuIOAc

H2O + CuII(OAc)2

Aerobic oxidation
of catalyst

Reductive elimination
of Ar–NRZ from CuIII

Oxidation of CuII–Ar
to a CuIII species

CuII(OAc)2•ArBX21/2 [CuII(OAc)2]2 CuIII(Ar)(OAc)2

CuIOAc

HNRZ

CuIOAc

CuII(Ar)OAc

ArBX2
catalyst

resting state

X2BOAc
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Example 25 

OH B(OH)2

1.1 eq Cu(OAc)2, TEA
rt, 24 h, air

52%

O

 
Example 36 

t-BuO2C N
H

CO2Me

O

B(OH)2
OMe

Cu(OAc)2
TEA, air

52%

OH

t-BuO2C N
H

CO2Me

OMe

O

O

 
Example 414 

BnO

O
NH

O

O (HO)2B

Cu(OAc)2/Et3N/Py

93% ( -ester assistance, 
         acetal lower yield)

BnO

O
N

O

O

1eq/3 eq/ 3 eq
4 Å MS, air

OMe

OMe

 
Example 515 

N
H

CO2Me

N

CO2Me
B(OH)2

NaHMDS, Cu(AcO)2
DMAP, air, 95 oC

93%  
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Chapman rearrangement 
Thermal aryl rearrangement of O-aryliminoethers to amides. 

 
 
Mechanism: 
 

 
    oxazete intermediate 
 
Example 12 

 

 
 

 
 
Example 24 
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Example 3, Double Chapman rearrangement9 

 

 
 
Example 4, Chapman-like thermal rearrangement11 
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Chichibabin pyridine synthesis 
Also known as the Chichibabin reaction. Condensation of aldehydes with ammo-
nia to afford pyridines. 

 
 

 
      

 
 

 
 

 
 
Example 14 

 
Example 28 
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Example 39 

 

 
 
 

 
 
Example 4, An abnormal Chichibabin reaction10 
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Chugaev elimination 
Thermal elimination of xanthates to olefins. 

 
 

 
 

 
 
Example 14 

 

 
 
Example 25 

 

 
 
Example 3, Chugaev syn-elimination is followed by an intramolecular ene 
reaction6 
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Ciamician–Dennsted rearrangement 
Cyclopropanation of a pyrrole with dichlorocarbene generated from CHCl3 and 
NaOH.  Subsequent rearrangement takes place to give 3-chloropyridine. 

 

 
              carbene 

 
Example 14 

 
Example 25 
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Claisen condensation  
Base-catalyzed condensation of esters to afford -keto esters. 

 
 

 
 

 
 
Example 14 

 

 
 
Example 26 

 

 
 
Example 3, Retro-Claisen condensation9 
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Example 4, Solvent-free Claisen condensation10 

 

 
 
Example 5, Intramolecualr Claisen condensation (Dieckmann condensation)11 
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Claisen isoxazole synthesis 
Cyclization of -keto esters with hydroxylamine to provide 3-hydroxy-isoxazoles 
(3-isoxazolols). 

 
 

 
 

 
             3-isoxazolol 

 
A side reaction: 

 

 
 

 
5-isoxazolone 
 

Example 1, A thio-analog6 
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Example 27 

 

 
 

 
 
Example 38 
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Claisen rearrangements 
The Claisen, para-Claisen rearrangements, Belluš–Claisen rearrangement; Corey–
Claisen, Eschenmoser–Claisen rearrangement, Ireland–Claisen, Kazmaier–
Claisen, Saucy–Claisen; orthoester Johnson–Claisen, along with the Carroll rear-
rangement, belong to the category of [3,3]-sigmatropic rearrangements. The 
Claisen rearrangement is a concerted process and the arrow pushing here is merely 
illustrative.   

 
 

 
 
Example 17 

 

 
 

Example 28 

 

 
 
Example 39 
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Example 4, Asymmetric Claisen rearrangement10 

 

 
Example 5, Asymmetric Claisen rearrangement11 

 

 
 
Example 613 
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para-Claisen rearrangement 
Further rearrangement of the normal ortho-Claisen rearrangement product gives 
the para-Claisen rearrangement product.  
 

 
Mechanism 1: 
 

 
 
Mechanism 2: 
 

 
Mechanism 3: 
 

 
 
Example 16 
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Example 27 

 

 
 
Example 38 

 

 
 
Example 410 

 

 
 

Example 511 
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Abnormal Claisen rearrangement 

Further rearrangement of the normal Claisen rearrangement product with the -
carbon becoming attached to the ring.  
 

 
 

 
 

 
 
Example 13 
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Example 2, Enantioselective aromatic Claisen rearrangement4 

 

 
 
Example 35 

 
 
Example 46 

 

 
 
Example 57 

 
 

 
 

Example 610 
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Eschenmoser–Claisen amide acetal rearrangement 

[3,3]-Sigmatropic rearrangement of N,O-ketene acetals to yield -unsaturated 
amides.  Since Eschenmoser was inspired by Meerwein’s observations on the 
interchange of amide, the Eschenmoser–Claisen rearrangement is sometimes 
known as the Meerwein–Eschenmoser–Claisen rearrangement.  
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Example 14 

 

 
 
Example 25 

 

 
 
Example 36 

 

 
Example 48 

 

 
 
Example 59 
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Ireland–Claisen (silyl ketene acetal) rearrangement 
Rearrangement of allyl trimethylsilyl ketene acetal, prepared by reaction of allylic 
ester enolates with trimethylsilyl chloride, to yield -unsaturated carboxylic 
acids.  The Ireland–Claisen rearrangement seems to be advantageous to the other 
variants of the Claisen rearrangement in terms of E/Z geometry control and mild 
conditions.   

 

 
 

 
 
Example 12 
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Example 23 

 

 
 
Example 3, Enantioselective ester enolate-Claisen Rearrangement6 

 

 
 
Example 4, A modified Ireland–Claisen rearrangement8 

 

 
 
Example 59 

 

 
 

Example 6, chirality-transferring Ireland-Claisen rearrangement11 
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Johnson–Claisen orthoester rearrangement 

Heating of an allylic alcohol with an excess of trialkyl orthoacetate in the presence 
of trace amounts of a weak acid gives a mixed orthoester.  Mechanistically, the 
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Clemmensen reduction 
Reduction of aldehydes or ketones to the corresponding methylene compounds us-
ing amalgamated zinc in hydrochloric acid.  
 

 
 
The zinc-carbenoid mechanism:3 

 

 
      radical anion 
 

 

 
zinc-carbenoid 

 
The radical anion mechanism: 

 

 
radical anion 
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Combes quinoline synthesis 
Acid-catalyzed condensation of anilines and -diketones to assemble quinolines.  
Cf. Conrad–Limpach reaction. 

 

 

 
    imine     enamine 

 

 
An electrocyclization mechanism is also possible: 
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Conrad–Limpach reaction 
Thermal or acid-catalyzed condensation of anilines with -ketoesters leads to 
quinolin-4-ones.  Cf. Combes quinoline synthesis. 
 

 
 

 
 

 
 Schiff base 
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Example 38 

 

 
 

 
 

Example 4, Thermal Conrad–Limpach cyclization11 
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Cope elimination reaction 
Thermal elimination of N-oxides to olefins and N-hydroxyl amines. 
 

 
 
Example 1, Solid-phase Cope elimination5 
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Example 4, Retro-Cope elimination9 
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Cope rearrangement 

The Cope, aza-Cope, anionic oxy-Cope, and oxy-Cope rearrangements belong to 
the category of [3,3]-sigmatropic rearrangements. Since it is a concerted process, 
the arrow pushing here is only illustrative.  This reaction is an equilibrium pro-
cess.  Cf. Claisen rearrangement. 
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Example 612 

 

 
 
Example 7, Cope rearrangement14 
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Anionic oxy-Cope rearrangement 
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Oxy-Cope rearrangement 
While the anionic oxy-Cope rearrangements work at low temperature, the oxy-
Cope rearrangements require high temperature but provide a thermodynamic sink. 
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TDS = thexyldimethylsilyl 

 
Example 33 

 

 
 AOM = p-Anisyloxymethyl = p-MeOC6H4OCH2- 
 
Example 44 
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Example 5, Tandem aldol reaction/siloxy-Cope rearrangement6 
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Corey–Bakshi–Shibata (CBS) reagent 

 
The CBS (Corey–Bakshi–Shibata) reagent is a chiral catalyst derived from 
proline. Also known as Corey’s oxazaborolidine, it is used in enantioselective 
borane reduction of ketones, asymmetric Diels–Alder reactions and [3 + 2] 
cycloadditions. 
Preparation1,3   

 
 

 
The mechanism and catalytic cycle:1,3 
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Example 16 

 

 
Example 29 

 

 
 
Example 311 

 

 
 
Example 4, Asymmetric [3 + 2]-cycloaddition10 
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Corey Chaykovsky reaction 
The Corey Chaykovsky reaction entails the reaction of a sulfur ylide, either 
dimethylsulfoxonium methylide 1 (Corey’s ylide) or dimethylsulfonium methylide 
2, with electrophile 3 such as carbonyl, olefin, imine, or thiocarbonyl, to offer 4 as 
the corresponding epoxide, cyclopropane, aziridine, or thiirane. 

 
Preparation1 

 
 
Mechanism1 

 
 
Example 111 

 
 
Example 29 
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Example 414 
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Example 616 

 

 
 

 
 

 
References 
1 (a) Corey, E. J.; Chaykovsky, M. J. Am. Chem. Soc. 1962, 84, 867 868.  (b) Corey, E. 

J.; Chaykovsky, M. J. Am. Chem. Soc. 1962, 84, 3782.  (c) Corey, E. J.; Chaykovsky, 
M. Tetrahedron Lett. 1963, 169 171.  (d) Corey, E. J.; Chaykovsky, M. J. Am. Chem. 
Soc. 1964, 86, 1639 1640.  (e) Corey, E. J.; Chaykovsky, M. J. Am. Chem. Soc. 1965, 
87, 1353 1364. 

2 Okazaki, R.; Tokitoh, N. In Encyclopedia of Reagents in Organic Synthesis; Paquette, 
L. A., Ed.; Wiley: New York, 1995, pp 2139 41.  (Review). 

3 Ng, J. S.; Liu, C. In Encyclopedia of Reagents in Organic Synthesis; Paquette, L. A., 
Ed.; Wiley: New York, 1995, pp 2159 65.  (Review). 

4 Trost, B. M.; Melvin, L. S., Jr. Sulfur Ylides; Academic Press: New York, 1975.  (Re-
view). 

5 Block, E. Reactions of Organosulfur Compounds Academic Press: New York, 1978.  
(Review). 

6 Gololobov, Y. G.; Nesmeyanov, A. N. Tetrahedron 1987, 43, 2609 2651.  (Review). 
7 Aubé, J. In Comprehensive Organic Synthesis; Trost, B. M.; Fleming, I., Ed.; 

Pergamon: Oxford, 1991, Vol. 1, pp 820 825.  (Review). 
8 Li, A.-H.; Dai, L.-X.; Aggarwal, V. K. Chem. Rev. 1997, 97, 2341 2372.  (Review). 



Jie Jack Li 173 

9 Rosenberger, M.; Jackson, W.; Saucy, G. Helv. Chim. Acta 1980, 63, 1665 1674. 
10 Tewari, R. S.; Awatsthi, A. K.; Awasthi, A. Synthesis 1983, 330 331. 
11 Vacher, B.; Bonnaud, B. Funes, P.; Jubault, N.; Koek, W.; Assie, M.-B.; Cosi, C.; 

Kleven, M. J. Med. Chem. 1999, 42, 1648 1660. 
12 Chandrasekhar, S.; Narasihmulu, Ch.; Jagadeshwar, V.; Reddy, K. V. Tetrahedron 

Lett. 2003, 44, 3629 3630. 
13 Li, J. J. Corey Chaykovsky Reaction. In Name Reactions in Heterocyclic Chemistry; 

Li, J. J., Ed.; Wiley: Hoboken, NJ, 2005, pp 1 14.  (Review). 
14 Nishimura, Y.; Shiraishi, T.; Yamaguchi, M. Tetrahedron Lett. 2008, 49, 3492 3495.  
15 Chittimalla, S. K.; Chang, T.-C.; Liu, T.-C.; Hsieh, H.-P.; Liao, C.-C. Tetrahedron 

2008, 64, 2586 2595. 
16 Palko, J. W.; Buist, P. H.; Manthorpe, J. M. Tetrahedron: Asymmetry 2013, 24, 

165 168. 
 



Name Reactions 174  

Corey Fuchs reaction 
One-carbon homologation of an aldehyde to dibromoolefin, which is then treated 
with n-BuLi to produce a terminal alkyne. 

 
 

 
 

 
 

 
    Wittig reaction  

 
 

 

 
 
Example 13 

 

 
Example 27 
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Example 38 

 

 
 

Example 410 

 

 
 
Example 512 
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Corey–Kim oxidation 
Oxidation of alcohol to the corresponding aldehyde or ketone using NCS/DMS, 
followed by treatment with a base.  Cf. Swern oxidation. 

 
NCS = N-Chlorosuccinimide;  DMS = Dimethylsulfide. 

 

 
 

 
 
Example 1, Fluorous Corey Kim reaction5 

 

 
 
Example 2, Odorless Corey Kim reaction7 
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Example 39 

 

 
 
Example 410 
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Corey–Nicolaou macrolactonization 
Macrolactonization of -hydroxyl-acid using 2,2′-dipyridyl disulfide.  Also 
known as the Corey–Nicolaou double activation method.   

 
 

 

 

 
2-pyridinethione 

 
Example 13 

 
 
Example 26 
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Example 39 
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Corey–Seebach reaction  
Dithiane as a nucleophile, serving as a masked carbonyl equivalent.  This is an ex-
ample of umpolung. 

 
 

 
 
Example 12 

 

 
 

 
 
Example 24 

 

 
 

Example 3, Ethyl is infinitely different from methyl6 
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Example 48 

 
TFA = Trifluoroacetyl 
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Corey–Winter olefin synthesis 
Transformation of diols to the corresponding olefins by sequential treatment with 
1,1′-thiocarbonyldiimidazole (TCDI) and trimethylphosphite.  Also known as 

–Winter reductive elimination, or Corey–Winter reductive olefination.   Corey

 
TCDI = Thiocarbonyldiimidazole 
 

 
 

 
1,3-dioxolane-2-thione (cyclic thiocarbonate) 
 

 
 

 
 

A mechanism involving a carbene intermediate can also be drawn and is supported 
by pyrolysis studies:  
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Example 12 

 
Example 24 

 

 
 

 
           Single olefin isomer 

 
Example 38 

 

 
 

 
 
Example 49 
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Example 510 

 

 
 
Example 611 
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Criegee glycol cleavage 
Vicinal diol is oxidized to the two corresponding carbonyl compounds using 
Pb(OAc)4, (lead tetraacetate, LTA). 

 
 

 
 

 
 

An acyclic mechanism is possible as well.  It is much slower than the cyclic 
mechanism, but is operative when the cyclic intermediate can not form:3 

 

 
 

 
 
Example 17 
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Example 29 

 

 
 
Example 310 

 

 
 
Example 411 
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Criegee mechanism of ozonolysis 

 
 

 
    primary ozonide (1,2,3-trioxolane) 
 

 
zwitterionic peroxide secondary ozonide (1,2,4-trioxolane) 

  (Criegee zwitterion) 
also known as “carbonyl oxide” 

 
Example 17 

 

 
 
Example 28 
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Curtius rearrangement 
Alkyl-, vinyl-, and aryl-substituted acyl azides undergo thermal 1,2-carbon-to-
nitrogen migration with extrusion of dinitrogen — the Curtius rearrangement — 
producing isocyantes.  Reaction of the isocyanate products with nucleophiles, often
in situ, provides carbamates, ureas, and other N-acyl derivatives.  Alternatively,
hydrolysis of the isocyanates leads to primary amines.  

 
The thermal rearrangement: 

 

 

 
isocyanate intermediate 

 
The photochemical rearrangement: 

 
      Nitrene 

 
Example 1, The Shioiri–Ninomiya–Yamada modification2 

 

 
DPPA = diphenylphosphoryl azide 

Example 23 
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Example 34 

 
 
Example 4, The Weinstock variant of the Curtius rearrangement6 

 
Example 57 

 
Example 6, The Lebel modification8 
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Dakin oxidation 
Oxidation of aryl aldehydes or aryl ketones to phenols using basic hydrogen per-
oxide conditions.  Cf. A variant of the Baeyer–Villiger oxidation. 
 

 
 

 
 

 
 

 
 
Example 16 

 

 
 
Example 27 

 

 
 
Example 3, Improved solvent-free Dakin oxidation protocol9 
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Example 410 

 

 
 

Example 511 
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Dakin West reaction 

The direct conversion of an -amino acid into the corresponding -acetylamino-
alkyl methyl ketone, via oxazoline (azalactone) intermediates.  The reaction pro-
ceeds in the presence of acetic anhydride and a base, such as pyridine, with the 
evolution of CO2.   

 
 

 
 

 
    oxazolone (azalactone) intermediate 
 

 
 
Example 16 

 

 
 
Example 27 
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Example 3, A green Dakin–West reaction using the heteropoly acid catalyst, ace-
tonitrile is a reactant9 
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Danheiser annulation 
Trimethylsilylcyclopentene annulation from an -unsaturated ketone and 
trimethylsilylallene in the presence of a Lewis acid. 
 

 
 

 
 

 Transition State 
 
Example 17 

 

 
 
Example 28 
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Example 39 
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Darzens condensation 
-Epoxy esters (glycidic esters) from base-catalyzed condensation of  

with carbonyl compounds. 
 

 
 

 
 
Example 14 

 

 
 
Example 26 

 

 
 
Example 3, the phenyl ring substituting for the carbonyl to acidify the protons10 

 

 
 

Example 411 

 

 
 

-haloesters
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Delépine amine synthesis 
The reaction between alkyl halides and hexamethylenetetramine, followed by 
cleavage of the resulting salt with ethanolic HCl to yield primary amines.   
Cf. Gabriel synthesis, where the product is also an amine and Sommelet reaction, 
where the product is an aldehyde.  The Delépine works well for active halides 
such as benzyl, allyl halides, and -halo-ketones.   

 
  Hexamethylenetetramine 
 

 
 

 
 

 
 
Example 13 

 

 
 
Example 27 
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Example 38 

 

 
 
Example 49 
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de Mayo reaction 
[2 + 2]-Photochemical cyclization of enones with olefins is followed by a retro-
aldol reaction to give 1,5-diketones. 

 
Head-to-tail alignment gives the major product:1b 

 

 
 

 
 
Head-to-head alignment gives the minor regioisomer: 

 
 

 
 
Example 13 
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Example 26 

 

 
 

Example 39 

 
 
Example 410 
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Demjanov rearrangement 
Carbocation rearrangement of primary amines via diazotization to give alcohols 
through C C bond migration. 

 
 

 
 

 
 

 
 

 
 

 
 
Example 13 

 

 
 
Example 26 
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Example 37 

 

 
 
Example 48 
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Tiffeneau–Demjanov rearrangement 
Carbocation rearrangement of -aminoalcohols via diazotization to afford carbon-
yl compounds through C C bond migration. 

 
 
Step 1, Generation of N2O3 

 

 
       N-nitrosonium ion 
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Step 2, Transformation of amine to diazonium salt 
 

 
 

 
 
Step 3, Ring-expansion via rearrangement 
 

 
 
Example 15 

 

 
 
Example 26 

 

 
 

 
Example 37 
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Example 49 
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Dess Martin periodinane oxidation 
Oxidation of alcohols to the corresponding carbonyl compounds using 
triacetoxyperiodinane. The Dess–Martin periodinane, 1,1,1-triacetoxy-1,1-
dihydro-1,2-benziodoxol-3(1H)-one, is one of the most useful oxidant for the con-
version of primary and secondary alcohols to their corresponding aldehyde or
ketone products, respectively. 

 
 

Preparation,1,2 the oxone preparation is much safer and easier than KBrO3.  The 
IBX intermediate that comes out of it has proven to be far less explosive12 

 

 
 
However, The Dess–Martin periodinane is hydrolyzed by moisture to o-
iodoxybenzoic acid (IBX), which is a more powerful oxidizing agent3 

 

 
 

Mechanism1 

 

 

 
 

 
 

  
DOI 10.1007/978-3-319-03979-4_86, © Springer International Publishing Switzerland 2014 
J.J. Li,    Name Reactions: A Collection of Detailed Mechanisms and Synthetic Applications,



Jie Jack Li 207 

Example 16 

 

 
 

 
Example 2, An atypical Dess–Martin periodinane reactivity7 

 

 
 
Example 310 

 

 
 

 
 
Example 411 
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Example 512 

 

 
 

References 
1. (a) Dess, D. B.; Martin, J. C. J. Org. Chem. 1983, 48, 4155 4156.  James Cullen (J. 

C.) Martin (1928 1999) had a distinguished career spanning 36 years both at the Uni-
versity of Illinois at Urbana-Champaign and Vanderbilt University.  J. C.’s formal 
training in physical organic chemistry with Don Pearson at Vanderbilt and P. D. Bart-
lett at Harvard prepared him well for his early studies on carbocations and radicals.  
However, it was his interest in understanding the limits of chemical bonding that led to 
his landmark investigations into hypervalent compounds of the main group elements.  
Over a 20-year period the Martin laboratories successfully prepared unprecedented 
chemical structures from sulfur, phosphorus, silicon and bromine while the ultimate 
“Holy Grail” of stable pentacoordinate carbon remained elusive.  Although most of 
these studies were driven by J. C.’s fascination with unusual bonding schemes, they 
were not without practical value.  Two hypervalent compounds, Martin’s sulfurane 
(for dehydration) and the Dess Martin periodinane have found widespread application 
in synthetic organic chemistry.  J. C. Martin and his student Daniel Dess developed 
this methodology at the University of Illinois at Urbana.  (Martin’s biography was 
kindly supplied by Prof. Scott E. Denmark).  (b) Dess, D. B.; Martin, J. C. J. Am. 
Chem. Soc. 1991, 113, 7277 7287.   

2. Ireland, R. E.; Liu, L. J. Org. Chem. 1993, 58, 2899. 
3. Meyer, S. D.; Schreiber, S. L. J. Org. Chem. 1994, 59, 7549 7552.  
4. Frigerio, M.; Santagostino, M.; Sputore, S. J. Org. Chem. 1999, 64, 4537 4538. 
5. Nicolaou, K. C.; Zhong, Y.-L.; Baran, P. S. Angew. Chem. Int. Ed. 2000, 39, 622 625. 
6. Bach, T.; Kirsch, S. Synlett 2001, 1974 1976.  
7. Bose, D. S.; Reddy, A. V. N. Tetrahedron 2003, 44, 3543 3545.   
8. Tohma, H.; Kita, Y. Adv. Synth. Cat. 2004, 346, 111 124.  (Review). 
9. Holsworth, D. D. Dess Martin oxidation. In Name Reactions for Functional Group 

Transformations; Li, J. J., Ed.; Wiley: Hoboken, NJ; 2007, pp 218 236. (Review).  
10. More, S. S.; Vince, R. J. Med. Chem. 2008, 51, 4581 4588.  
11. Crich, D.; Li, M.; Jayalath, P. Carbohydrate Res. 2009, 344, 140 144.  
12. Howard, J. K.; Hyland, C. J. T.; Just, J.; J. A. Org. Lett. 2013, 15, 1714–1717. 

 



Jie Jack Li 209 

Dieckmann condensation 
The Dieckmann condensation is the intramolecular version of the Claisen conden-
sation. 

 

 
Example 14 

 
Example 26 

 
Example 37 

 
Example 48 
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Example 5, Michael Dieckmann condensation10 

 

 
 

Example 6, Michael Dieckmann condensation10 
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Diels–Alder reaction 
The Diels–Alder reaction, inverse electronic demand Diels–Alder reaction, as well 
as the hetero-Diels–Alder reaction, belong to the category of [4+2]-cycloaddition 
reactions, which are concerted processes.  The arrow pushing here is merely illus-
trative. 

 
      diene    dienophile              adduct 

EDG = electron-donating group; EWG = electron-withdrawing group 
Example 16 

 
 

 
Example 2, Intramolecular Diels–Alder reaction7 

 
 

Example 3, Asymmetric Diels–Alder reaction5,8 
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Example 4, Retro-Diels–Alder reaction4,9 

 

 
Example 5, Intramolecular Diels–Alder reaction11 

 
Example 611 
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Inverse electronic demand Diels–Alder reaction 
 

 
 

Example 1, Catalytic asymmetric inverse electronic demand Diels–Alder reaction2 

 

 
 

 
 
Example 23 

 

 
         oxodiene 
 
Example 3, Catalytic asymmetric inverse-electron-demand Diels–Alder reaction4 
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Example 45 

 

 
 
Example 56 
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Hetero-Diels–Alder reaction 
Heterodiene addition to dienophile or heterodienophile addition to diene.  Typical 
hetero-Diels–Alder reactions are aza-Diels–Alder reaction and oxo-Diels–Alder 
reaction. 
 

 
 
Example 1, 
 

 
 
Example 2, Heterodienophile addition to diene1 

 

 

 
 

Example 3, Similar to the Boger pyridine synthesis (see page 59)2 

 

 
 

Example 4, Using the Rawal diene4 
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Example 5, Also similar to the Boger pyridine synthesis6 

 

 
 
Example 6, Asymmetric hetero-Diels–Alder reaction7 

 

 
 

Example 7, Asymmetric hetero-Diels–Alder reaction8 
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Dienone–phenol rearrangement 
Acid-promoted rearrangement of 4,4-disubstituted cyclohexadienones to 3,4-
disubstituted phenols. 
 

 
 

 
 
Example 14 

 

 
 
Example 25 

 

 
 
Example 39 
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Example 410 
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Doebner quinoline synthesis 
Three-component coupling of an aniline, pyruvic acid, and an aldehyde to provide 
a quinoline-4-carboxylic acid. 

 
 

 
 

 
 

 
 

Example 12 

 

 
 

Example 26 
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Example 3, Combinatorial Doebner reaction7 

 
 

Example 4, Ytterbium perfluorooctanoate-catalyzed Doebner reaction in water9 
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Doebner–von Miller reaction 
Doebner–von Miller reaction is a variant of the Skraup quinoline synthesis.  
Therefore, the mechanism for the Skraup reaction is also operative for the 
Doebner–von Miller reaction.  The following mechanism is favored by Denmark’s 
mechnistic study using 13C-labelled -unsaturated ketones.9 
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Example 26 

 

 
 
Example 3, A novel variant10 

 

 
 
Example 4, Similar to Example 111 
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Dötz reaction 
Also known as the Dötz benzannulation, the Dötz reaction is the Cr(CO)3-
coordinated hydroquinone from vinylic alkoxy pentacarbonyl chromium carbene 
(Fischer carbene) complex and alkynes. 
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Example 38 

 
Example 38 
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Example 39 

 

 
 

 
 
Example 410 
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Dowd Beckwith ring expansion 
Radical-mediated ring expansion of 2-halomethyl cycloalkanones. 

 

 
 

 
 2,2′-azobisisobutyronitrile (AIBN) 
 

 
 

 
 

 
 
Example 14 

 

 
 
Example 29 
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Example 3, Cascade Dowd Beckwith Ring Expansion/Cyclization10 
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Dudley reagent 

 
The Dudley reagents are employed for the protection of alcohols as benzyl1 or 
PMB2 ethers, respectively, under mild conditions.  Carboxylic acids are readily 
protected as well.3  Activation of the appropriate Dudley reagent in the presence of 
an alcohol furnishes the desired arylmethyl ether.  The benzyl reagent is activated 
upon warming to approximately 80–85 °C, whereas activation of the PMB reagent 
occurs at room temperature upon treatment with methyl triflate (CH3OTf) or protic 
acid.4  Aromatic solvents, most commonly trifluorotoluene, often provide the best 
results.  Magnesium oxide (MgO) is typically included in the reaction mixture as 
an acid scavenger.5  For benzylation of carboxylic acids, triethylamine (Et3N) is 
used in place of MgO.3 
 
Preparation:1–3 

 
 

 
The Dudley reagents are conveniently prepared from readily available starting ma-
terials and are indefinitely stable to storage and handling under standard laboratory 
conditions.  Alternatively, both reagents are commercially available. 
 
Example 16 

 
 
Benzylation of a monoacetylated diol is shown in Example 1.6  The Dudley benzyl 
reagent was uniquely effective for protection of the free alcohol without loss 
and/or migration of the labile acetyl group. 
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Example 22 

 
 
PMB-protection of a -hydroxysilane can be accomplished without competition 
from the Peterson elimination (Example 2),2 which would occur under the basic or 
acidic conditions required for many other alkylation reactions. 

 
Example 34 

 
 
The Dudley PMB reagent can also be activated under mildly acidic conditions us-
ing catalytic camphorsulfonic acid (CSA) in lieu of CH3OTf (Example 3).4 

 
Example 4, In situ-formation of the Dudley benzyl reagent is achieved by treating 
a mixture of an alcohol and 2-benzyloxypyridine with CH3OTf 7 
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 Erlenmeyer Plöchl azlactone synthesis  
Formation of 5-oxazolones (or “azlactones”) by intramolecular condensation of 
acylglycines in the presence of acetic anhydride.   

 
 

 
 
Example 12 

 

 
 
Example 28 

 

 
 

 
 
Example 39 
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Example 4, The yield suffered for a more complicated substrate:11 
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Eschenmoser’s salt 

 
Eschenmoser’s salt, dimethylmethylideneammonium iodide, is a strong 
dimethylaminomethylating agent, used to prepare derivatives of the type 
RCH2N(CH3)2.  Enolates, enolsilylethers, and even more acidic ketones undergo 
efficient dimethylaminomethylation—employed in the Mannich reaction.  
 
Mechanism: 

 
 

 
 
Example 13 

Once prepared, the resulting tertiary amines can be further methylated and then 
subjected to base-induced elimination to afford methylenated carbonyls.  
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Example 25 

 
 

 
 
Example 36 
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Eschenmoser Tanabe fragmentation 

Fragmentation of -epoxyketones via the intermediacy of -epoxy 
sulfonylhydrazones. 

 

 
 

 
 

 
 
Example 14 

 

 
 
Example 27 
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Example 39 

 

 
 

Example 410 
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Eschweiler–Clarke reductive alkylation of amines 
Reductive methylation of primary or secondary amines using formaldehyde and 
formic acid.  Cf. Leuckart–Wallach reaction. 
 

 
 

formic acid is the hydride source, serving as a reducing agent 
 

 
 

 
 

 
 

Example 17 

 

 
 
Example 29 

 

 
Example 310 
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Example 411 
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Evans aldol reaction 
Asymmetric aldol reaction of aldehyde and chiral acyl oxazolidinone, the Evans 
chiral auxiliary.  

 
 
Example 12 

 
 

 
 

 
 
Example 25 
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Example 39 

 

 
Example 410 

 

 
Example 512 
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Favorskii rearrangement  
Transformation of enolizable -haloketones to esters, carboxylic acids, or amides 
via alkoxide-, hydroxide-, or amine-catalyzed rearrangements, respectively. 
 

 
 

The intramolecular Favorskii Rearrangement: 
 

 
 

 
  enolizable -haloketone 
 

 
cyclopropanone intermediate 

 

 
 
Example 12 
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Example 2, Homo-Favorskii rearrangement3 

 

 
Example 36 

 

 
 
Example 4, Photo-Favorskii Rearrangement7 
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Example 610 

 

 
 
Example 711 
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 Quasi-Favorskii rearrangement 

If there are no enolizable hydrogens present, the classical Favorskii rearrangement 
is not possible.  Instead, a semi-benzylic mechanism can lead to a rearrangement 
referred to as quasi-Favorskii. 
 

 
 

Example 1, Arthur C. Cope’s initial discovery1 

 
non-enolizable ketone 

 
Example 25 

 

 
 
Example 39 
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Feist–Bénary furan synthesis 
-Haloketones react with -ketoesters in the presence of base to fashion furans. 

 

 
 

 
 

 
 
Example 12,3 

 

 
 
Example 24 

 

 
 
Example 3, Ionic liquid-promoted interrupted Feist–Benary reaction10 
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Example 4, interrupted Feist–Benary reaction of -tosyloxy-acetophenones10 

 

 
Catalyst = bis(cinchona alkaloid)pyrimidines 
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Ferrier carbocyclization 
This process (also known as the “Ferrier II Reaction”) has proved to be of consid-
erable value for the efficient, one-step conversion of 5,6-unsaturated hexopyranose 
derivatives into functionalized cyclohexanones useful for the preparation of such 
enantiomerically pure compounds as inositols and their amino, deoxy, unsaturated 
and selectively O-substituted derivatives, notably phosphate esters. In addition, the 
products of the carbocyclization have been incorporated into many complex com-
pounds of interest in biological and medicinal chemistry.1,2 

General examples:3 

 
 

 
More complex products: 
 

 
Complex bioactive compounds made following the application of the reaction: 
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Modified hex-5-enopyranosides and reactions 
 

 

 
a, Hg(OCOCF3)2, Me2CO, H2O, 0 oC; b, NaBH(OAc)3, AcOH, MeCN, rt; c, i-
Bu3Al, PhMe, 40 °C; d, Ti(Oi-Pr)Cl3, CH2Cl2, –78 °C, 15 min. (Note: The aglycon 
is retained in the Al- and Ti-induced reactions). 
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Ferrier glycal allylic rearrangement 
In the presence of Lewis acid catalysts O-substituted glycal derivatives can react 
with O-, S-, C- and, less frequently, N-, P- and halide nucleophiles to give 2,3-
unsaturated glycosyl products.1,2 This allylic transformation has been termed the 
“Ferrier Reaction” or, to avoid complications, the “Ferrier I Reaction” or the “Fer-
rier Rearrangement”. However, the reaction was first noted by Emil Fischer when 
he heated tri-O-acetyl-D-glucal in water.3 When carbon nucleophiles are involved, 
the term “Carbon Ferrier Reaction” has been used,4 although the only contribution 
the Ferrier group made in this area was to find that tri-O-acetyl-D-glucal dimerizes 
under acid catalysis to give a C-glycosidic product.5 The general reaction is illus-
trated by the separate conversions of tri-O-acetyl-D-glucal with O-, S- and C-
nucleophiles to the corresponding 2,3-unsaturated glycosyl derivatives. Normally, 
Lewis acids are used as catalysts, boron trifluoride etherate being the most com-
mon. Allyloxycarbenium ions are involved as intermediates, high yields of prod-
ucts are obtained, and glycosidic compounds with quasi-axial bonds (as illustrat-
ed) predominate (commonly in the α,β-ratio of about 7:1). The examples 
illustrated4,6,7 are typical of a very large number of literature reports.1 

 

 
 
General examples4 

 

 
 
More complex products made directly from the corresponding glycols: 
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Products formed without acid catalysts: 
 

 
 
Modified glycols and their reactions: 
 

 
 

A variant using inexpensive Montmorillonite K-10 clay as the catalyst: 
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Fiesselmann thiophene synthesis 
Condensation reaction of thioglycolic acid derivatives with α,β-acetylenic esters, 
which upon treatment with base result in the formation of 3-hydroxy-2-
thiophenecarboxylic acid derivatives. 

 
 

 
 

 
 

 
 

 
 

Example 15 
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Example 26 

 

 
 
Example 37 

 
Example 49 
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Fischer Speier esterification 
Esterification by refluxing a carboxylic acid and an alcohol in the presence of an 
acid catalyst. Often known as simply “Fischer esterification.”  
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Fischer indole synthesis 
Cyclization of arylhydrazones to indoles. 

 

 
phenylhydrazine   phenylhydrazine 
 

 
protonation ene-hydrazine  double imine 
 

 
 
Example 13 

 

 
 
Example 23 
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Example 310 

 

 
 

Example 412 
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Fischer oxazole synthesis 
Oxazoles from the condensation of equimolar amounts of aldehyde cyanohydrins 
and aromatic aldehydes in dry ether in the presence of dry hydrochloric acid. 

 
 

 
 

 
 
Example 14 

 

 
 

 
 
Example 28 
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Fleming Kumada oxidation 
Stereoselective oxidation of alkyl-silanes into the corresponding alkyl-alcohols
using peracids. 

 
retention of configuration 

 

 
the -carbocation is stabilized by the silicon group 

 

 
 

 
 

 
 
Example 14 
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Example 25 

 

 
 
Example 38 

 

 
 
Example 49 
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Tamao Kumada oxidation 
Oxidation of alkyl fluorosilanes to the corresponding alcohols. A variant of the 
Fleming Kumada oxidation. 

 
 

 
 

 
 
Example 13 

 

 
 
Example 24 
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Friedel–Crafts reaction 

Friedel–Crafts acylation reaction: 
Introduction of an acyl group onto an aromatic substrate by treating the substrate 
with an acyl halide or anhydride in the presence of a Lewis acid. 

 
 

 
 

 
 
Example 1, Intermolecular Friedel–Crafts acylation6 

 
 
Example 2, Intramolecular Friedel–Crafts acylation7 

 

 
 
Example 3, Intramolecular Friedel–Crafts acylation8 

 
PPSE = Trimethylsilyl polyphosphate 
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Example 4, Intramolecular Friedel–Crafts acylation9 

 

 
 

 
 

 
 
Example 5, “Kinetic Capture” of Acylium Ion11 
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Friedel–Crafts alkylation reaction:  

Introduction of an alkyl group onto an aromatic substrate by treating the substrate 
with an alkylating agent such as alkyl halide, alkene, alkyne and alcohol in the 
presence of a Lewis acid. 
 

 
 
Example 11 
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Example 2, An intramolecular Friedel–Crafts cyclization6 
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Friedländer quinoline synthesis 
Also known as the Friedländer condensation, it combines an -amino aldehyde or 
ketone with another aldehyde or ketone with at least one methylene  adjacent to 
the carbonyl to furnish a substituted quinoline.  The reaction can be promoted by 
either acid, base, or heat. 

 

 
 

 
Example 15 

 
Example 27 

 
Example 38 
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Example 410 

 

 
 

Example 5, Using propylphosphonic anhydride (T3P) as the coupling agent11 
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Fries rearrangement 
Lewis acid-catalyzed rearrangement of phenol esters and lactams to 2- or 4-
ketophenols.  Also known as the Fries Finck rearrangement. 

 
 

 
aluminum phenolate, acylium ion 

 

 
 

 
 
Example 15 

 
 
Example 26 
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Example 3, Photo-Fries rearrangement7 

 
 

Example 4, ortho-Fries rearrangement8 

 

 
Example 5, Thia-Fries rearrangement9 

 
Example 6, Remote Anionic Thia-Fries rearrangement10 
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Fukuyama amine synthesis 
Transformation of a primary amine to a secondary amine using 2,4-dinitro-
benzenesulfonyl chloride and an alcohol. Also known as the Fukuyama
Mitsunobu procedure. 

–

 
 

 
See the Mitsunobu reaction for mechanism. 

 

 
  Meisenheimer complex 
 
Example 16 

 

 
 
Example 27 
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Example 38 

 

 
PyPh2P = diphenyl 2-pyridylphosphine; DTBAD = di-tert-butylazodicarbonate 
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Jaroszewski, J. W.; Franzyk, H. Eur. J. Org. Chem. 2003, 3288-3299.   
6. Kan, T.; Fujiwara, A.; Kobayashi, H.; Fukuyama, T. Tetrahedron 2002, 58, 

6267 6276. 
7. Yokoshima, S.; Ueda, T.; Kobayashi, S.; Sato, A.; Kuboyama, T.; Tokuyama, H.; Fu-

kuyama, T. Pure Appl. Chem. 2003, 75, 29 38. 
8. Guisado, C.; Waterhouse, J. E.; Price, W. S.; JØrgensen, M. R.; Miller, A. D. Org. 

Biomol. Chem. 2005, 3, 1049 1057.  
9. Olsen, C. A.; Witt, M.; Hansen, S. H.; Jaroszewski, J. W.; Franzyk, H. Tetrahedron 

2005, 61, 6046 6055.   
10. Janey, J. M. Fukuyama Amine Synthesis. In Name Reactions for Functional Group 

Transformations; Li, J. J., Ed.; Wiley: Hoboken, NJ, 2007, pp 424 437. (Review).  
11. Hahn, F.; Schepers, U. Synlett 2009, 2755 2760. (Review). 
 



Name Reactions 270  

Fukuyama reduction 
Aldehyde synthesis through reduction of thiol esters with Et3SiH in the presence 
of Pd/C catalyst. 

 
 
Path A: 

 

 
 
Path B: 
 

 
 

 
 
Example 11 

 

 
 
Example 23 

 

 
 

 
 
Example 38 
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Gabriel synthesis 
Synthesis of primary amines using potassium phthalimide and alkyl halides. 

 
 

 
 

 
 

Example 12 

 

 
 

 
 
Example 26 

 

 
 
Example 38z 
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Example 
49
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Ing–Manske procedure 
A variant of Gabriel amine synthesis where hydrazine is used to release the amine 
from the corresponding phthalimide: 
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Example 16 
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Gabriel–Colman rearrangement  
Reaction of the enolate of a maleimidyl acetate to provide isoquinoline 1,4-diol. 

 

 
 

 
Example 16 

 
 

Example 29 
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Gassman indole synthesis 
The Gassman indole synthesis involves a one-pot process in which a hypohalite, a 
β-carbonyl sulfide derivative, and a base are added sequentially to an aniline or a 
substituted aniline to provide 3-thioalkoxyindoles.  The mechanism of the 
Gassman indole synthesis involves a [2,3]-sigmatropic rearrangement 
(Sommelet Hauser).  The sulfur can be easily removed by hydrogenolysis or 
Raney nickel.   

 

 
 

 
sulfonium ion 
 

 
 

 
 

Example 11 
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Example 22 
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Gattermann–Koch reaction 
Formylation of arenes using carbon monoxide and hydrogen chloride in the pres-
ence of aluminum chloride under high pressure. 

 

 

 
     acylium ion 
 

 
 
Example 1, A more practical variant4 
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Gewald aminothiophene synthesis 
Base-promoted aminothiophene formation from ketone, -active methylene nitrile 
and elemental sulfur. 

 

 
 

 
 

 
 

 
 ylidene-sulfur adduct 
 
Example 14 

 
 
Example 27 
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Example 39 

 
 

 
 
Example 410 

 
 
Example 511 
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Example 6, N-Methylpiperazine-Functionalized Polyacrylonitrile Fiber Catalyst12 
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Glaser coupling 
Sometimes known as the Glaser–Hay coupling, it is the oxidative homo-coupling 
of terminal alkynes using copper catalyst in the presence of oxygen. 
 

 
 

 
 
Alternatively, the radical mechanism is also operative: 
 

 
 

 
 

 
 
Example 11 

 
 

DOI 10.1007/978-3-319-03979-4_119, © Springer International Publishing Switzerland 2014 
J.J. Li,    Name Reactions: A Collection of Detailed Mechanisms and Synthetic Applications,



Jie Jack Li 283 

Example 2, Homo-coupling2 

 

 
 
Example 37 

 
 
Example 49 
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Eglinton coupling 
Oxidative homo-coupling of terminal alkynes mediated by stoichiometric (or often 
excess) Cu(OAc)2.  A variant of the Glaser coupling reaction. 
 

 
 

 
 

 
 
Example 1, Homo-coupling2 

 

 
 
Example 2, Cross-coupling3 

 

 
 
Example 3, Homo-coupling4 
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Example 45 

 
 
Example 511 

 
 

 
 
Example 612 
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Example 713 
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Gomberg–Bachmann reaction  
Base-promoted radical coupling between an aryl diazonium salt and an arene to 
form a diaryl compound. 

 

 
 

 
 

 
 

Example 15 

 

 
 
Example 26 
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Example 3, With Diazotate7 
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Gould–Jacobs reaction 
The Gould–Jacobs reaction is a sequence of the following reactions:   
a. Substitution of an aniline with either alkoxy methylenemalonic ester or acyl 
malonic ester providing the anilinomethylenemalonic ester; 
b. Cyclization of to the 4-hydroxy-3-carboalkoxyquinoline (4-hydroxyquinolines 
exist predominantly in 4-oxoform);   
c. Saponification to form acid; 
d. Decarboxylation to give the 4-hydroxyquinoline.  Extension could lead to 
unsubstituted parent heterocycles with fused pyridine ring of Skraup type.  

 
R = alkyl; R' = alkyl, aryl, or H; R'' = alkyl or H 

 

Example 13 

 
Example 27 
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Example 3, Microwave-assisted Gould–Jacobs reaction8 

 
Example 49 
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Grignard reaction 
Addition of organomagnesium compounds (Grignard reagents), generated from 
organohalides and magnesium metal, to electrophiles. 

 
 
Formation of the Grignard reagent: 

 

 
 

 
 

Grignard reaction, ionic mechanism: 
 

 
 
Grignard reaction, radical mechanism, 
 

 
 
Example 14 

 

 
 
This reaction is known as the Hoch–Campbell aziridine synthesis, which entails 

treatment of ketoximes with excess Grignard reagents and subsequent hydrolysis 
of the organometallic complex to produce aziridines. 
 
 

  
DOI 10.1007/978-3-319-03979-4_122, © Springer International Publishing Switzerland 2014 
J.J. Li,    Name Reactions: A Collection of Detailed Mechanisms and Synthetic Applications,



Name Reactions 292  

Example 25 

 
Example 510 

 
Example 611 

 
Example 7, Asymmetric Conjugate Addition12 
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Grob fragmentation 
The C C bond cleavage primarily via a concerted process involving a five atom 
system.   
General scheme: 
 

 
D = O , NR2; L = OH2

+, OTs, I, Br, Cl 
 
Example 12 

 

 
 
Example 2, Aza-Grob fragmentation3 

 

 
 
Example 37 

 

 
 
Example 48 
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Example 48 
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Guareschi–Thorpe condensation  
2-Pyridone formation from the condensation of cyanoacetic ester with diketone in 
the presence of ammonia.   
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Example 29 
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Hajos–Wiechert reaction  
Asymmetric Robinson annulation catalyzed by (S)-( )-proline. 
 

 
 

 
 

 

 
 
Example 11a 

 

 
 
Example 23 
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Example 38 

 

 
 
Example 49 
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Haller–Bauer reaction 
Base-induced cleavage of non-enolizable ketones leading to carboxylic amide or 
acid derivative and a neutral fragment in which the carbonyl group is replaced by 
a hydrogen. 

 
   non-enolizable ketone 

 
Example 14 

 
Example 29 

 
Example 3, Racemization10 
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Hantzsch dihydropyridine synthesis 
1,4-Dihydropyridine from the condensation of aldehyde, -ketoester and ammonia.
Hantzsch 1,4-dihydropyridines are popular reducing reagents in organo-catalysis. 

 

 
 

 
 

 
 

 
 

 
 
Example 12 
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Example 210 

 

 
 
Example 310 
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Hantzsch pyrrole synthesis 
Reaction of -chloromethyl ketones with -ketoesters and ammonia to assemble 
pyrroles. 

 
 

 
 

 
 

 
 

Example 14 

 

 
 
Example 27 

 

 
 
Example 39 

 

 

DOI 10.1007/978-3-319-03979-4_128, © Springer International Publishing Switzerland 2014 
J.J. Li,    Name Reactions: A Collection of Detailed Mechanisms and Synthetic Applications,



Jie Jack Li 303 

 
HSVM = high-speed vibration milling 
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Heck reaction 
The palladium-catalyzed alkenylation or arylation of olefins. 

 

 
 
The catalytic cycle: 
 

 
 
Example 1, Asymmetric intermolecular Heck reaction6 
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Example 2, Intramolecular Heck7 

 

 
 
Example 38 

 

 
 
Example 4, Intramolecular Heck9 

 

 
 
Example 5, Intramolecular Heck13 

 

 
 
Example 6, Reductive Heck reaction17 
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Example 7, Intramolecular Heck20 

 

 

 
 

References 
1. Heck, R. F.; Nolley, J. P., Jr. J. Am. Chem. Soc. 1968, 90, 5518 5526.  Richard Heck 

discovered the Heck reaction when he was Hercules Corp.  Heck won Nobel Prize in 
2010 along with Akira Suzuki and Ei-ichi Negishi “for palladium-catalyzed cross cou-
plings in organic synthesis”. 

2. Heck, R. F. Acc. Chem. Res. 1979, 12, 146 151. (Review). 
3. Heck, R. F. Org. React. 1982, 27, 345 390. (Review). 
4. Heck, R. F. Palladium Reagents in Organic Synthesis, Academic Press, London, 1985. 

(Book). 
5. Hegedus, L. S. Transition Metals in the Synthesis of Complex Organic Molecule 1994, 

University Science Books: Mill Valley, CA, pp 103 113. (Book). 
6. Ozawa, F.; Kobatake, Y.; Hayashi, T. Tetrahedron Lett. 1993, 34, 2505 2508. 
7. Rawal V. H.; Iwasa, H. J. Org. Chem. 1994, 59, 2685 2686. 
8. Littke, A. F.; Fu, G. C. J. Org. Chem. 1999, 64, 10 11. 
9. Li, J. J. J. Org. Chem. 1999, 64, 8425 8427. 
10. Beletskaya, I. P.; Cheprakov, A. V. Chem. Rev. 2000, 100, 3009 3066. (Review). 
11. Amatore, C.; Jutand, A. Acc. Chem. Res. 2000, 33, 314 321. (Review).  
12. Link, J. T. Org. React. 2002, 60, 157 534. (Review). 
13. Lebsack, A. D.; Link, J. T.; Overman, L. E.; Stearns, B. A. J. Am. Chem. Soc. 2002, 

124, 9008 9009.  
14. Dounay, A. B.; Overman, L. E. Chem. Rev. 2003, 103, 2945 2963.  (Review). 
15. Beller, M.; Zapf, A.; Riermeier, T. H. Transition Metals for Organic Synthesis (2nd 

edn.) 2004, 1, 271 305. (Review).  
16. Oestreich, M. Eur. J. Org. Chem. 2005, 783 792. (Review). 
17. Baran, P. S.; Maimone, T. J.; Richter, J. M. Nature 2007, 446, 404 406. 
18. Fuchter, M. J. Heck Reaction. In Name Reactions for Homologations-Part I; Li, J. J., 

Ed.; Wiley: Hoboken, NJ, 2009, pp 2 32. (Review). 
19. The Mizoroki Heck Reaction; Oestreich, M., Ed.; Wiley: Hoboken, NJ, 2009. 
20. Bennasar, M.-L.; Solé, D.; Zulaica, E.; Alonso, S. Tetrahedron 2013, 69, 2534 2541. 

 



Jie Jack Li 307 

Heteroaryl Heck reaction 
Intermolecular or intramolecular Heck reaction that occurs onto a heteroaryl recip-
ient.  

 
 

 
 

 
 

Example 12 

 

 
 
Example 23 

 

 
 
Example 37 
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Hegedus indole synthesis 
Stoichiometric Pd(II)-mediated oxidative cyclization of alkenyl anilines to 
indoles.  Cf. Wacker oxidation. 

 
 

 
           Precipitate 
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Hell–Volhard–Zelinsky reaction 
-Halogenation of carboxylic acids using X2/PBr3. 

 

 
            -bromoacid 
 

 
 

 
 
Example 15 

 

 
 
Example 26 
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Henry nitroaldol reaction 
The nitroaldol condensation reaction involving aldehydes and nitronates, derived 
from deprotonation of nitroalkanes by bases. 

 

 
 

 
 
Example 14 

 

 
 

Example 2, Retro-Henry reaction5 

 

 
 
Example 3, Aza-Henry reaction8 
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Example 4, Intramolecular Henry reaction10 

 

 
 

Example 4, A highly asymmetric Henry reaction catalyzed by chiral copper(II) 
complexes12 
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Hinsberg synthesis of thiophenes 
Condensation of diethyl thiodiglycolate and -diketones under basic conditions, 
which provides 3,4-disubstituted thiophene-2,5-dicarbonyls upon hydrolysis of the 
crude ester product with aqueous acid. 

 
 

 
 

 
 
Example 12 

 

 
 
Example 24 
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Example 35 

 

 
Example 46 

 

 
 
Example 5, Polymer-support Hinsberg thiophene synthesis9 
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Hiyama cross-coupling reaction 
Palladium-catalyzed cross-coupling reaction of organosilicons with organic hal-
ides, triflates, etc. In the presence of an activating agent such as fluoride or hy-
droxide (transmetallation is reluctant to occur without the effect of an activating 
agent).  For the catalytic cycle, see the Kumada coupling. 

 

 
 

 
Example 11a 

 
Example 22 
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Example 37 

 
Example 49 

 

 
Example 5, Reusable polystyrene-supported palladium catalyst11 

 

 
 
References 
1. (a) Hatanaka, Y.; Fukushima, S.; Hiyama, T. Heterocycles 1990, 30, 303 306.  (b) 

Hiyama, T.; Hatanaka, Y. Pure Appl. Chem. 1994, 66, 1471 1478.  (c) Matsuhashi, 
H.; Kuroboshi, M.; Hatanaka, Y.; Hiyama, T. Tetrahedron Lett. 1994, 35, 6507 6510. 

2. Shibata, K.; Miyazawa, K.; Goto, Y. Chem. Commun. 1997, 1309 1310. 
3. Hiyama, T. In Metal-Catalyzed Cross-Coupling Reactions; 1998, Diederich, F.; Stang, 

P. J., Eds.; Wiley–VCH: Weinheim, Germany, pp 421–53. (Review). 
4. Denmark, S. E.; Wang, Z. J. Organomet. Chem. 2001, 624, 372 375. 
5. Hiyama, T. J. Organomet. Chem. 2002, 653, 58 61.   
6. Pierrat, P.; Gros, P.; Fort, Y. Org. Lett. 2005, 7, 697 700.  
7. Denmark, S. E.; Yang, S.-M. J. Am. Chem. Soc. 2004, 126, 12432 12440. 
8. Domin, D.; Benito-Garagorri, D.; Mereiter, K.; Froehlich, J.; Kirchner, K. Organome-

tallics 2005, 24, 3957 3965.  
9. Anzo, T.; Suzuki, A.; Sawamura, K.; Motozaki, T.; Hatta, M.; Takao, K.-i.; Tadano, 

K.-i. Tetrahedron Lett. 2007, 48, 8442 8448. 
10. Yet L. Hiyama Cross-Coupling Reaction. In Name Reactions for Homologations-Part 

I; Li, J. J., Ed.; Wiley: Hoboken, NJ, 2009, pp 33 416. (Review). 
11. Diebold, C.; Derible, A.; Becht, J.-M.; Drian, C. L. Tetrahedron 2013, 69, 264 267. 



Name Reactions 318  

Hofmann elimination 
Elimination reaction of alkyl trimethyl amines proceeds with anti-stereochemistry, 
furnishing the least highly substituted olefins.   

 

 
 
Example 1, Amine released from the resin by Hofmann elimination10 

 
 
Example 211 
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Hofmann rearrangement 
Upon treatment of primary amides with hypohalites, primary amines with one less 
carbon are obtained via the intermediacy of isocyanate.  Also know as the
Hofmann degradation reaction. 
 

 
 

 
 

 
 isocyanate intermediate 
 
Example 1, An NBS variant2 

 

 
 
Example 2, Iodosobenzene diacetate5 
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Example 3, Bromine and alkoxide6 

 

 
 

Example 4, Sodium hypochlorite7 

 

 
 
Example 5, The original conditions, bromine and hydroxide9 

 

 
 
Example 6, Lead tetraacetate10 
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Hofmann–Löffler–Freytag reaction 
Formation of pyrrolidines or piperidines by thermal or photochemical decomposi-
tion of protonated N-haloamines. 

 
 

 
   chloroammonium salt            nitrogen radical cation 
 

 
 

 
 
Example 12 

 
 
Example 24 

 

 
 
Example 35 
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Example 47 

 
 
Example 512 

 
 

 
 
Example 613 
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Horner–Wadsworth–Emmons reaction 
Olefin formation from aldehydes and phosphonates.  Workup is more advanta-
geous than the corresponding Wittig reaction because the phosphate by-product 
can be washed away with water.  Typically gives the trans- rather than the cis-
olefins. 

 

 
The stereochemical outcome: erythro (kinetic) or threo (thermodynamic) 

 
  erythro, kinetic adduct 
 

 
    threo, thermodynamic adduct 
Example 13 

 
Example 24 

 
 
Example 37 
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Example 4, Intramolecular Horner–Wadsworth–Emmons9 

 
Example 411 
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Houben Hoesch reaction 
Acid-catalyzed acylation of phenols as well as phenolic ethers using nitriles. 

 
 

 
 

 
 
Example 1, Intramolecular Houben Hoesch reaction3 

 

 
Example 26 

 

 
Example 38 

 

DOI 10.1007/978-3-319-03979-4_139, © Springer International Publishing Switzerland 2014 
J.J. Li,    Name Reactions: A Collection of Detailed Mechanisms and Synthetic Applications,



Name Reactions 326  

Example 49 

 

 
 

Example 510 
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Hunsdiecker Borodin reaction 
Conversion of silver carboxylate to halide by treatment with halogen. 

 
 

 
 

 
 
Example 15 

 

 
 
Example 26 

 

 
 
Example 38 

 

 
 
Example 4, One-pot microwave-Hunsdiecker Borodin followed by Suzuki10 
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Example 511 
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Jacobsen–Katsuki epoxidation  
Mn(III)salen-catalyzed asymmetric epoxidation of (Z)-olefins. 

 
 

1. Concerted oxygen transfer (cis-epoxide): 

 

 
 

2. Oxygen transfer via radical intermediate (trans-epoxide): 
 

 
 

3. Oxygen transfer via manganaoxetane intermediate (cis-epoxide): 
 

 
 
Example 12 
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Example 25 

 

 
 
Example 36 
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Japp–Klingemann hydrazone synthesis 
Hydrazones from -ketoesters and diazonium salts with the acid or base. 
 

 
Diazonium salt -keto-ester hydrazone 

 

 
 

 
 
Example 14 

 

 
 

 
 
Example 26 
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Example 310 

 

 
 

 
 

Example 4, A Japp–Klingemann cleavage11 
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Jones oxidation 
The Collins/Sarett oxidation (chromium trioxide-pyridine complex), and 
Corey´s PCC (pyridinium chlorochromate) and PDC (pyridinium dichromate) 
oxidations follow a similar pathway as the Jones oxidation (chromium trioxide 
and sulfuric acid in acetone).  All these oxidants have a chromium (VI), normally 
orange or yellow, which is reduced to Cr(III), often green.   
 

 
 
Jones oxidation 

By the Jones oxidation, the primary alcohols are oxidized to the corresponding 
aldehyde or carboxylic acids, whereas the secondary alcohols are oxidized to the 
corresponding ketones. 

 
 

 
 

 
       chromate ester 
 

 
 
The intramolecular mechanism is also operative: 
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Example 16 

 

 
 
Example 27 

 

 
 
Example 39 
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Collins oxidation 

Different from the Jones oxidation, the Collins oxidation, also known as the 
Collins–Sarett oxidation, converts primary alcohols to the corresponding 
aldehydes.  CrO3•2Pyr is known as the Collins reagent. 
 
Example 15 

 

 
 
Example 27 

 

 
 
Example 39 
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PCC oxidation 

Alcohols are oxidized by pyridinium chlorochromate (PCC) to the 
corresponding aldehydes or ketones.  They are not further oxidized to the 
corresponding carboxylic acids because the reaction was done in organic solvents, 
not in water.  If water existed, the carbonyls would form aldehyde hydrates or 
ketone hydrates, which are then oxidized to acids.   

 
Example 1, One-pot PCC–Wittig reactions2 

 

 
 
Example 23 

 

 
 
Example 3, Allylic oxidation4 

 

 
 
Example 4, Hemiacetol oxidation5 

 

 
 

References 
1. Corey, E. J.; Suggs, W. Tetrahedron Lett. 1975, 16, 2647–2650. 
2. Bressette, A. R.; Glover, L. C., IV Synlett 2004, 738–740.  
3. Breining, S. R.; Bhatti, B. S.; Hawkins, G. D.; Miao, L. WO2005037832 (2005). 
4. Srikanth, G. S. C.; Krishna, U. M. Tetrahedron 2006, 62, 11165–11171.  
5. Kim, S.-G. Tetrahedron Lett. 2008, 49, 6148–6151.   
6. Mehta, G.; Bera, M. K. Tetrahedron 2013, 69, 1815–1821.  
7. Fowler, K. J.; Ellis, J. L.; Morrow, G. W. Synth. Commun. 2013, 43, 1676–1682.  
 



Jie Jack Li 337 

PDC oxidation 

Pyridinium dichromate (PDC)  may oxidize alcohols all the way to the 
corresponding carboxylic acids instead of aldehydes and ketones as PCC does. 
 
Example 12 

 
 
Example 2, Cleavage of primary carbon–boron bond3 

 

 
 
Example 3, Hemiacetal as an intermediate5 

 

 
 
Example 42 
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Julia–Kocienski olefination 
Modified one-pot Julia olefination to give predominantly (E)-olefins from 
heteroarylsulfones and aldehydes.  A sulfone reduction step is not required.   

 
 

 
 

 
 
Alternatives to tetrazole: 
 

 
The use of larger counterion (such as K+) and polar solvents (such as DME) favors 
an open transition state (PT = phenyltetrazolyl): 

 
Example 1, (BT = benzothiazole)2 

 
Example 23 
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Example 37 

 

 
 

 
 
Example 48 
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Julia–Lythgoe olefination 
(E)-Olefins from sulfones and aldehydes. 
 

 
 

 
 

 
   4 possible diastereomers 
 

 
 
Example 12 

 

 
 
Example 23 
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Example 37 

 

 
 

 
 
Example 48 
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Kahne glycosidation 
Diastereoselective glycosidation of a sulfoxide at the anomeric center as the 
glycosyl acceptor.  The sulfoxide activation is achieved using Tf2O. 

 
 

 
 

 
      oxonium ion 

 
Example 11d 

 

 
 
Example 24 
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Example 3, Reverse Kahne-type glycosylation6 

 

 
NuH = ROH, ArOH, ArNH2, CH2=CHCH2TMS 
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Knoevenagel condensation 
Condensation between carbonyl compounds and activated methylene compounds 
catalyzed by amines. 
 

 
 

 
 

 
 

 
 

 
 
Example 13 
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Example 2, EDDA = Ethylenediamine diacetate5 

 

 
 

Example 3, Using ionic liquid ethylammonium nitrate (EAN) as solvent8 

 

 
 
Example 49 

 

 
 

 
 
Example 511 
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Knorr pyrazole synthesis 
Also known as Knorr reaction. Reaction of hydrazine or substituted hydrazine 
with 1,3-dicarbonyl compounds to provide the pyrazole or pyrazolone ring system.  
Cf. Paal–Knorr pyrrole synthesis. 
 

 
R = H, Alkyl, Aryl, Het-aryl, Acyl, etc. 

 

 
 

 
 
Alternatively, 

 

 
 
Example 12 

 

 
 
Example 28 
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Example 39 
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Koch–Haaf carbonylation  
Strong acid-catalyzed tertiary carboxylic acid formation from alcohols or olefins 
and CO. 

 
 

 
 

 
The tertiary carbocation is thermodynamically favored 

 

 
      acylium ion 
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Koenig–Knorr glycosidation 
Formation of the -glycoside from -halocarbohydrate under the influence of 

    silver salt.
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Kostanecki reaction 
Also known as Kostanecki Robinson reaction.  Transformation 1 2 represents 
an Allan Robinson reaction, whereas 1 3 is a Kostanecki (acylation) reac-
tion: 
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Kröhnke pyridine synthesis 
Pyridines from -pyridinium methyl ketone salts and -unsaturated ketones. 

 
 

 
 

 
The ketone is more reactive than the enone 
 

 
Example 11b 

 
Example 24 
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Example 36 
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Krapcho reaction 
Nucleophilic decarboxylation of -ketoesters, malonate esters, -cyanoesters, or 

-sulfonylesters. 
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Example 210 
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Kumada cross-coupling reaction  

The Kumada cross-coupling reaction (also known as Kumada-Tamao-Corriu cou-
pling, also occasionally known as the Kharasch cross-coupling reaction) was orig-
inally reported as the nickel-catalyzed cross-coupling of Grignard reagents with 
aryl- or alkenyl halides. It has subsequently been developed to encompass the 
coupling of organolithium or organomagnesium compounds with aryl-, alkenyl or 
alkyl halides, catalyzed by nickel or palladium. The Kumada cross-coupling reac-
tion, as well as the Negishi, Stille, Hiyama, and Suzuki cross-coupling reactions, 
belong to the same category of Pd-catalyzed cross-coupling reactions of organic 
halides, triflates and other electrophiles with organometallic reagents.  These reac-
tions follow a general mechanistic catalytic cycle as shown below.  There are 
slight variations for the Hiyama and Suzuki reactions, for which an additional ac-
tivation step is required for the transmetallation to occur. 

 
 

 
 

 
The catalytic cycle: 
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Example 12 
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Example 59 

 

 
 

Example 6, Nickel-catalyzed Kumada reaction of tosylalkanes11 
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Lawesson’s reagent 
2,4-Bis(4-methoxyphenyl)-1,3-dithiadiphosphetane-2,4-disulfide transforms the 
carbonyl groups of aldehydes, ketones, amides, lactams, esters and lactones into 
the corresponding thiocarbonyl compounds.  Cf. Knorr thiophene synthesis.   
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Example 3, Thiophene from dione8 

 

 
 

 
Example 410 

 
 
Example 511 
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Leuckart–Wallach reaction 
Amine synthesis from reductive amination of a ketone and an amine in the pres-
ence of excess formic acid, which serves as the reducing reagent by delivering a 
hydride.  When the ketone is replaced by formaldehyde, it becomes the 
Eschweiler–Clarke reductive alkylation of amines. 

 
 

 
    gem-aminoalcohol; iminium ion intermediate 
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An unexpected intramolecular transamidation via a Wagner–Meerwein shift after 
the Leuckart–Wallach reaction 
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Li A3 reaction 
The Li A3-reaction is the direct dehydrative condensation reaction of aldehyde-
alkyne-amine catalyzed by various transition-metals to generate propargyl amines, 
often in water.1–4  Many catalyztic systems such as [Ru]/[Cu],5 [Au],6 [Ag],7 and 
iron8,9 were effective for such reactions. The catalytic cycle of the reaction in-
volves the in situ generation an alkynylmetal intermediate as well as an imine (or 
iminium) intermediate, which react together to give the propargylamine products.  
Carbohydrates10–11 can be used directly to generate the propagyl amine products.  
Multi A3-reactions are also successful,12 which allows for the site-specific func-
tionalization of amino acids and peptides under physiological conditions.13 Highly 
efficient asymmetric A3-reactions involving both primary amines14,15 and second-
ary amines16 have also been succeeded.  The reaction is also amenable for flow 
chemistry.17 

 

 
 

Catalytic cycle of the Li A3 reaction 
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Example 311 
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Example 514 
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Lossen rearrangement  
The Lossen rearrangement involves the generation of an isocyanate via thermal or 
base-mediated rearrangement of an activated hydroxamate which can be generated 
from the corresponding hydroxamic acid.  Activation of the hydroxamic acid can 
be achieved through O-acylation, O-arylation, chlorination, or O-sulfonylation. 
Such hydroxamic acids can also be activated using polyphosphoric acid, 
carbodiimide, Mitsunobu conditions, or silyation. The product of the Lossen rear-
rangement, an isocyanate can be subsequently converted to a urea or an amine re-
sulting in the net loss of one carbon atom relative to the starting hydroxamic acid. 

 

 
        isocyanate intermediate 
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Example 49 

 

 
 
Example 511 
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McFadyen–Stevens reduction 
Treatment of acylbenzenesulfonylhydrazines with base delivers the corresponding 
aldehydes. 
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McMurry coupling 
Olefination of carbonyls with low-valent titanium such as Ti(0) derived from 
TiCl3/LiAlH4.  A single-electron process. 

 
 

 
 

 
    radical anion intermediate 
 

 
oxide-coated titanium surface 

 
Example 1, Cross-McMurry coupling7 

 

 
 
Example 2, Homo-McMurry coupling8 
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Example 3, Cross-McMurry coupling9 

 
Example 4, Cross-McMurry coupling10 
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MacMillan catalyst 
Highly enantioselective and general asymmetric organocatalytic Diels Alder reac-
tion using -amino acid-derived imidazolidinones (of type 1) as catalysts.  The 
first generation of MacMillan catalyst (1) has been employed in a variety of 
organocatalytic enantioselective reactions.  Typical examples are: Diels Alder re-
action;1 nitrone cycloaddition,2 pyrrole Friedel Crafts reaction,3 indole addition,4 
vinylogous Michael addition;5 -chlorination;6 hydride addition;7 cyclo-
propanation;8 -fluorination.9  The second generation MacMillan catalyst (2) was 
used to catalyze 1,4-addition of indoles to -unsaturated aldehydes. 
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Example 111 

 

 
 

Example 210 
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Mannich reaction 
Three-component aminomethylation from amine, aldehyde and a compound with 
an acidic methylene moiety. 

 

 
When R = Me, the +Me2N=CH2 salt is known as Eschenmoser’s salt  

 
The Mannich reaction can also operate under basic conditions: 

 
       Mannich Base 

Example 1, Asymmetric Mannich reaction2 

 
Example 2, Asymmetric Mannich-type reaction9 

 
Example 3, Asymmetric Mannich-type reaction10 
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Example 411 

 
 

 
 
Example 5, Vinylogous Mannich Reaction (VMR)13 
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Markovnikov’s rule 
For addition of HX to olefins, Markovnikov’s Rule predicts the regiochemistry of HX 
addition to unsymmetrically substituted alkenes: The halide component of HX bonds pref-
erentially at the more highly substituted carbon, whereas the hydrogen prefers the carbon 
which already contains more hydrogen atoms. 
 

 
The intermediate is the secondary cation, and the formal charge is on one carbon. 

 
Exception to Markovnikov’s Rule: 
 

 
 
Example 13 

 

 
 
Example 2, Markovnikov-selective hydrothiolation of styrenes4 
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 Anti-Markovnikov 
Some reactions do not follow Markovnikov’s Rule, and anti-Markovnikov prod-
ucts are isolated. The outcome of the regioselectivity may be explained by the rel-
ative stability of the radical intermediates. 
 

 
 
Radical mechanism: 
 
 Initiation: 
 

 
 

 
 

 Propagation: 
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 Termination: 

 
 

Example 1, Anti-Markovnikov oxidation of allylic esters1 

 

 
 
Example 2, Anti-Markovnikov hydroamination3 

N

OBn
N

OMe
Cp2ZrHCl

THF, 25 oC

MeNHOSO3H
50 oC, 0.5 h

92%

N

OBn
N

OMe
MeHN

 
 

References 
1. Nishizawa, M.; Asai, Y.; Imagawa, H. Org. Lett. 2006, 8, 5793–5796. 
2. Dong, J. J.; Fañanás-Mastral, M.; Alsters, P. L.; Browne, W. R.; Feringa, B. L. 

Angew. Chem. Int. Ed. 2008, 47, 5561–5565. 
3. Strom, A. E.; Hartwig, J. F. J. Org. Chem. 2013, 78, 8909–8914.   



Jie Jack Li 379 

Martin’s sulfurane dehydrating reagent 
Dehydrates secondary and tertiary alcohols to give olefins, but forms ethers with 
primary alcohols.  Cf. Burgess dehydrating reagent. 
 

 
 

 
The alcohol is acidic 
 

 
 

 
 
Example 15 
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Example 26 

 

 
 
Example 37 

 

  
 
Example 49 

 

 
 

Example 512 
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Masamune–Roush conditions for the Horner–Emmons reaction 
Applicable to base-sensitive aldehydes and phosphonates for the Horner–
Wadsworth–Emmons reaction to prepare olefins. -Keto or -alkoxycarbonyl 
phosphonate required. 

 
DBU = 1,8-diazabicyclo[5.4.0]undec-7-ene 

 
 

 

 
Formation of the P=O is thermodynamically favored, which is the driving force of 

this reaction. 
Example 15 

 

 
Example 26 
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Example 37 

 

 
 
Example 48 

 

 
 
Example 510 
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Meerwein’s salt 
Meerwein’s salts, also known as the Meerwein reagents, refer to 
trimethyloxonium tetrafluoroborate (Me3O+BF4 ) and triethyloxonium 
tetrafluoroborate (Et3O+BF4 ).  Named after the inventor Hans Meerwein,1 these 
trialkyloxonium salts are powerful alkylating agents.    
 

 
 
Preparation:2 

 

 
 

 
 
Example 1, The Meerwein reagent is an excellent O-alkylating agent:5 

 

 
Transforming an amide into its corresponding ethyl or methyl esters 

 
Example 2, Metal-methylation4 

 

 
 
Example 3, N-Alkylation, the product is an ionic liquid8 
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Example 4, N-Methylation9 
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Meerwein–Ponndorf–Verley reduction 
Reduction of ketones to the corresponding alcohols using Al(Oi-Pr)3 in iso-  
propanol. Reverse of the Oppernauer oxidation.  
 

 
 

 
cyclic transition state 
 

 
 
Example 12 

 

 
 
Example 24 

 

 
 
Example 37 
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Example 49 

 

 
 

 
 

Example 510 
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Meisenheimer complex 
Also known as the Meisenheimer Jackson salt, the stable intermediate for cer-
tain SNAr reactions. 
 

Sanger’s reagent, ipso attack   ipso substitution 
 
Example 17 

 
 
Example 29 

 

 
 

 
 
The reaction using Sanger’s reagent is faster than using the corresponding chloro-, 
bromo-, and iododinitrobenzene—the fluoro-Meisenheimer complex is the most 
stabilized because F is the most electron-withdrawing.  The reaction rate does not 
depend upon the capacity of the leaving group. 
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Example 310 
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[1,2]-Meisenheimer rearrangement 
[1,2]-Sigmatropic rearrangement of tertiary amine N-oxides to substituted 
hydroxylamines.  

 
 
Example 17 

 

 
 

 
 

Example 29 
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[2,3]-Meisenheimer rearrangement 
[2,3]-Sigmatropic rearrangement of allylic tertiary amine-N-oxides to give O-allyl 
hydroxylamines: 

 
Example 17 

 

 
 
Example 28 

 

 
 

 
 
Example 38 

 

 

 
 

References 
1. Meisenheimer, J. Ber. 1919, 52, 1667–1677. 
2. Yamamoto, Y.; Oda, J.; Inouye, Y. J. Org. Chem. 1976, 41, 303–306. 
3. Johnstone, R. A. W. Mech. Mol. Migr. 1969, 2, 249–266. (Review). 
4. Kurihara, T.; Sakamoto, Y.; Matsumoto, H.; Kawabata, N.; Harusawa, S.; Yoneda, R. 

Chem. Pharm. Bull. 1994, 42, 475–480. 

  
DOI 10.1007/978-3-319-03979-4_170, © Springer International Publishing Switzerland 2014 
J.J. Li,    Name Reactions: A Collection of Detailed Mechanisms and Synthetic Applications,



Name Reactions 392  

5. Blanchet, J.; Bonin, M.; Micouin, L.; Husson, H.-P. Tetrahedron Lett. 2000, 41, 8279–
8283. 

6. Enders, D.; Kempen, H. Synlett 1994, 969–971.  
7. Buston, J. E. H.; Coldham, I.; Mulholland, K. R. Synlett 1997, 322–324.   
8. Guarna, A.; Occhiato, E. G.; Pizzetti, M.; Scarpi, D.; Sisi, S.; van Sterkenburg, M. Tet-

rahedron: Asymmetry 2000, 11, 4227–4238.   
9. Mucsi, Z.; Szabó, A.; Hermecz, I.; Kucsman, Á.; Csizmadia, I. G. J. Am. Chem. Soc. 

2005, 127, 7615–7621.  
10. Bourgeois, J.; Dion, I.; Cebrowski, P. H.; Loiseau, F.; Bedard, A.-C.; Beauchemin, A. 

M. J. Am. Chem. Soc. 2009, 131, 874–875.   
11. Yang, H.; Sun, M.; Zhao, S.; Zhu, M.; Xie, Y.; Niu, C.; Li, C.J. Org. Chem. 2013, 78, 

339–346. 
 



Jie Jack Li 393 

Meyers oxazoline method 
Chiral oxazolines employed as activating groups and/or chiral auxiliaries in 
nucleophilic addition and substitution reactions that lead to the asymmetric con-
struction of carbon–carbon bonds. 

 
 

 
 
Example 12 

 

 
 
Example 25 

 

 
 
Example 39 
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Meyer–Schuster rearrangement 
The isomerization of secondary and tertiary -acetylenic alcohols to -
unsaturated carbonyl compounds via 1,3-shift.  When the acetylenic group is ter-
minal, the products are aldehydes, whereas the internal acetylenes give ketones.  
Cf. Rupe rearrangement. 

 
 

 
 

 
Example 16 

 

 
 
Example 27 

 

 
Example 38 

 

 

DOI 10.1007/978-3-319-03979-4_172, © Springer International Publishing Switzerland 2014 
J.J. Li,    Name Reactions: A Collection of Detailed Mechanisms and Synthetic Applications,



Name Reactions 396

Example 49 

 

 
 

Example 511 
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Michael addition  
Also known as conjugate addition, Michael addition is the 1,4-addition of a nucleo-
phile to an -unsaturated system. 
 

 
 

 
 
Example 1, Asymmetric Michael addition2 

 

 
 
Example 2, Thia-Michael addition3 

 

 
 
Example 3, Phospha-Michael addition7 

 

 
 
Example 4, Asymmetric aza-Michael addition9 
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Example 5, Intramolecular Michael addition10 

 

 
 
Example 6, Intramolecular Michael addition11 
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Michaelis Arbuzov phosphonate synthesis 
Aliphatic phosphonate synthesis from the reaction of alkyl halides with 
phosphites. 
General scheme: 

 
R1 = alkyl, etc.;  R2 = alkyl, acyl, etc.;  X = Cl, Br, I 

 
For instance:  
 

 
 

 
 

Example 12 

 

 
 
Example 26 

 

 
 
Example 3, Transition-metal catalyzed coupling, not via SN27 

 

 
 

DOI 10.1007/978-3-319-03979-4_174, © Springer International Publishing Switzerland 2014 
J.J. Li,    Name Reactions: A Collection of Detailed Mechanisms and Synthetic Applications,



Name Reactions 400  

Example 49 

 

 
 

Example 510 

 

 
 

Example 6, An Approach to prepare aromatic phosphonates11 

 

 
 

References 
1. (a) Michaelis, A.; Kaehne, R. Ber. 1898, 31, 1048 1055.  (b) Arbuzov, A. E. J. Russ. 

Phys. Chem. Soc. 1906, 38, 687. 
2. Surmatis, J. D.; Thommen, R. J. Org. Chem. 1969, 34, 559 560. 
3. Gillespie, P.; Ramirez, F.; Ugi, I.; Marquarding, D. Angew. Chem. Int. Ed. 1973, 12, 

91 119.  (Review). 
4. Waschbűsch, R.; Carran, J.; Marinetti, A.; Savignac, P. Synthesis 1997, 727 743. 
5. Bhattacharya, A. K.; Stolz, F.; Schmidt, R. R. Tetrahedron Lett. 2001, 42, 5393 5395.  
6. Erker, T.; Handler, N. Synthesis 2004, 668 670.   
7. Souzy, R.; Ameduri, B.; Boutevin, B.; Virieux, D. J. Fluorine Chem. 2004, 125, 

1317 1324. 
8. Kadyrov, A. A.; Silaev, D. V.; Makarov, K. N.; Gervits, L. L.; Röschenthaler, G.-V. J. 

Fluorine Chem. 2004, 125, 1407 1410.  
9. Ordonez, M.; Hernandez-Fernandez, E.; Montiel-Perez, M.; Bautista, R.; Bustos, P.; 

Rojas-Cabrera, H.; Fernandez-Zertuche, M.; Garcia-Barradas, O. Tetrahedron: 
Asymmetry 2007, 18, 2427 2436.  

10. Piekutowska, M.; Pakulski, Z. Carbohydrate Res. 2008, 343, 785 792.   
11. Dhokale, R. A.; Mhaske, S. B. Org. Lett. 2013, 15, 2218–2221. 



Jie Jack Li 401 

Midland reduction  
Asymmetric reduction of ketones using Alpine-borane®. 
Alpine-borane® = B-isopinocampheyl-9-borabicyclo[3.3.1]nonane. 

 
 

Preparation: 

 
 (1R)-(+)- -pinene       9-BBN  (R)-Alpine-borane 

9-BBN = 9-borabicyclo[3.3.1]nonane 
 

 
 

 
 
Example 16 

 

 
 
Example 27 
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Example 38 

 

 
 

Example 410 
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Minisci reaction 
Radical-based carbon–carbon bond formation with electron-deficient 
heteroaromatics.  The reaction entails an intermolecular addition of a nucleophilic 
radical to protonated heteroaromatic nucleus.  

 

 
 

 
Example 14 

 
 

 
Example 25 

 
Meerwein’s methylating reagent 
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Example 3, Intramolecular Minisci reaction6 

 

 
Example 47 

 
 
Example 510 

 
Example 612 
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Mislow–Evans rearrangement 
[2,3]-Sigmatropic rearrangement followed by reduction of allylic sulfoxide to 
allylic alcohol. 

 
 

 
 

 
 

Example 12 

 

 
 
Example 27 

 

 
 
Example 3, Seleno-Mislow–Evans8 
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Example 412 
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Mitsunobu reaction 
SN2 inversion of an alcohol by a nucleophile using disubstituted azodicarboxylates 
(originally, diethyl diazodicarboxylate, or DEAD) and trisubstituted phosphines 
(originally, triphenylphosphine). 

 
 

 
Diethyl azodicarboxylate (DEAD) 
 

 
 

Example 12 

 
Example 23 

 
 

Example 3, Ether formation6 

 
ADDP = 1,1'-(azodicarbonyl)dipiperidine 
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Example 47 

 

 
Example 58 

 

 
 
Example 6, Intramolecular Mitsunobu reaction9 
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Miyaura borylation 
Palladium-catalyzed reaction of aryl halides with diboron reagents to produce 
arylboronates.  Also known as Hosomi Miyaura borylation. 

 
X = I, Br, Cl, OTf. 

 

 
 

 
 

 
 
Example 17 

 

 
 
Example 28 
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Example 39 

 
 

 
 

Example 4, One-pot synthesis of biindolyl10 
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Moffatt oxidation 
Oxidation of alcohols using DCC and DMSO, aka “Pfitzner Moffatt oxidation”. 

 
DCC =1,3-dicyclohexylcarbodiimide 

 

 
 

 
1,3-dicyclohexylurea 
 
Example 12 

 

 
 
Example 28 

 
A = adenosine 

 
Example 310 

 

 
EDCI = 1-Ethyl-3-(3-dimethylaminopropyl)carbodiimide 
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Morgan–Walls reaction  
Phenanthridine cyclization by dehydrative ring closure of acyl-o-aminobiphenyls 
with phosphorus oxychloride in boiling nitrobenzene. 
 

 
 

 
 

 
 

Example 16 

 

 
 
Pictet–Hubert reaction 

The Pictet-Hubert reaction is a variant of the Morgan-Walls reaction where the 
phenanthridine cyclization was accomplished by dehydrative ring closure of acyl-
o-aminobiphenyls on heating with zinc chloride at 250 300 °C. 
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Example 24 
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Mori Ban indole synthesis 
Intramolecular Heck reaction of o-halo-aniline with pendant olefin to prepare 
indole. 

 
 
Reduction of Pd(OAc)2 to Pd(0) using Ph3P: 
 

 
 

 
 

Mori Ban indole synthesis: 
 

 
 

 
 

 
 
Regeneration of Pd(0): 
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Example 11a 

 

 
 
Example 24 

 

 
 

Example 37 
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Mukaiyama aldol reaction 
Lewis acid-catalyzed aldol condensation of aldehyde and silyl enol ether. 

 
 

 
 
Example 1, Intramolecular Mukaiyama aldol reaction3 

 

 
 

 
 
Example 2, Mukaiyama aldol reaction7 

 

 
 
Example 3, Vinylogous Mukaiyama aldol reaction8 
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Example 4, Asymmetric Mukaiyama aldol reaction10 

 

 
 

 
 

Example 512 

 

 
 

References 
1. (a) Mukaiyama, T.; Narasaka, K.; Banno, K. Chem. Lett. 1973, 1011 1014.  (b) 

Mukaiyama, T.; Narasaka, K.; Banno, K. J. Am. Chem. Soc. 1974, 96, 7503 7509. 
2. Ishihara, K.; Kondo, S.; Yamamoto, H. J. Org. Chem. 2000, 65, 9125 9128. 
3. Armstrong, A.; Critchley, T. J.; Gourdel-Martin, M.-E.; Kelsey, R. D.; Mortlock, A. 

A. J. Chem. Soc., Perkin Trans. 1 2002, 1344 1350. 
4. Clézio, I. L.; Escudier, J.-M.; Vigroux, A. Org. Lett. 2003, 5, 161 164. 
5. Ishihara, K.; Yamamoto, H. Boron and Silicon Lewis Acids for Mukaiyama Aldol Re-

actions. In Modern Aldol Reactions Mahrwald, R., Ed.; 2004, 25 68. (Review).  
6. Mukaiyama, T. Angew. Chem. Int. Ed. 2004, 43, 5590 5614. (Review). 
7. Adhikari, S.; Caille, S.; Hanbauer, M.; Ngo, V. X.; Overman, L. E. Org. Lett. 2005, 7, 

2795 2797. 
8. Acocella, M. R.; Massa, A.; Palombi, L.; Villano, R.; Scettri, A. Tetrahedron Lett. 

2005, 46, 6141 6144. 
9. Jiang, X.; Liu, B.; Lebreton, S.; De Brabander, J. K. J. Am. Chem. Soc. 2007, 129, 

6386 6387.   
10. Webb, M. R.; Addie, M. S.; Crawforth, C. M.; Dale, J. W.; Franci, X.; Pizzonero, M.; 

Donald, C.; Taylor, R. J. K. Tetrahedron 2008, 64, 4778 4791. 
11. Frings, M.; Atodiresei, I.; Runsink, J.; Raabe, G.; Bolm, C. Chem. Eur. J. 2009, 15, 

1566 1569.  
12. Gao, S.; Wang, Q.; Chen, C. J. Am. Chem. Soc. 2009, 131, 1410 1412. 
13. Matsuo, J.-i.; Murakami, M. Angew. Chem. Int. Ed. 2013, 52, 9109 9118. (Review). 

 



Jie Jack Li 419 

Mukaiyama Michael addition 
Lewis acid-catalyzed Michael addition of silyl enol ether to an -unsaturated 
system. 

 
 

 
 
Example 12 

 

 
TBABB = tetra-n-butylammonium bibenzoate 

 
Example 25 

 

 
 
Example 38 

 
 
Example 49 
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Example 5, Enantioselective Mukaiyama–Michael reaction11 
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Mukaiyama reagent 
Pyridinium halide reagent for esterification or amide formation. 
General scheme: 

 
Example 11c 

 
 

 
 

 
Amide formation using the Mukaiyama reagent follows a similar mechanistic 
pathway.1d 

Example 2, Polymer-supported Mukaiyama reagent5 
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Example 39 

 

 
 

 
Example 4, Fluorous Mukaiyama reagent10 
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Myers Saito cyclization 
Construction of substituted arenes through the thermal or photochemical 
cycloaromatization of allenyl enynes in the presence of a H• donor such as 1,4-
cyclohexadiene. Cf. Bergman cyclization and Schmittel cyclization. 

 

 
allenyl enyne           diradical 

Example 13 

 
Example 2, Aza-Myers Saito reaction8 
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Nazarov cyclization 
Acid-catalyzed electrocyclic formation of cyclopentenone from di-vinyl ketone. 

 
 

 
 

 
Example 12 

 

 
Example 26 

 
Example 39 

 

 
Example 410 
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Example 5, an example with a different mechanism11 

 

 
 

 
Example 612 
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Neber rearrangement 
-Aminoketone from tosyl ketoxime and base.  The net conversion of a ketone into

an -aminoketone via the oxime. 

 
   ketoxime -aminoketone 
 

 
 

 
  azirine intermediate 
 
Example 13 

 

 
 
Example 2, A variant using iminochloride5 

 

 
 
Example 38 
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Example 49 

 

 
 

Example 511 

 

 
 

References 
1. Neber, P. W.; v. Friedolsheim, A. Ann. 1926, 449, 109–134. 
2. O’Brien, C. Chem. Rev. 1964, 64, 81–89. (Review). 
3. LaMattina, J. L.; Suleske, R. T. Synthesis 1980, 329–330.   
4. Verstappen, M. M. H.; Ariaans, G. J. A.; Zwanenburg, B. J. Am. Chem. Soc. 1996, 

118, 8491–8492. 
5. Oldfield, M. F.; Botting, N. P. J. Labeled Compd. Radiopharm. 1998, 16, 29–36. 
6. Palacios, F.; Ochoa de Retana, A. M.; Gil, J. I. Tetrahedron Lett. 2002, 41, 5363-–

5366. 
7. Ooi, T.; Takahashi, M.; Doda, K.; Maruoka, K. J. Am. Chem. Soc. 2002, 124, 7640–

7641. 
8. Garg, N. K.; Caspi, D. D.; Stoltz, B. M. J. Am. Chem. Soc. 2005, 127, 5970–5978.   
9. Taber, D. F.; Tian, W.  J. Am. Chem. Soc. 2006, 128, 1058–1059. 
10. Richter, J. M. Neber Rearrangement. In Name Reactions for Homologations-Part I; 

Li, J. J., Ed.; Wiley: Hoboken, NJ, 2009, pp 464 473. (Review). 
11. Cardoso, A. L.; Gimeno, L.; Lemos, A.; Palacios, F.; Teresa, M. V. D.; e Melo, P. J. 

Org. Chem. 2013, 78, 6983–6991. 
 



Name Reactions 428  

Nef reaction 
Conversion of a primary or secondary nitroalkane into the corresponding carbonyl 
compound. 

 
 

 
 

 
 
Example 14 

 

 
 
Example 27 

 

 
 
Example 39 
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Example 410 

 

 
 

Example 511 
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Negishi cross-coupling reaction 
The Negishi cross-coupling reaction is the nickel- or palladium-catalyzed coupling 
of organozinc compounds with various halides or triflates (aryl, alkenyl, alkynyl, 
and acyl).   

 
 

 
Example 13 

 

 
Example 24 
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Example 38 

 
Example 49 

 
Example 511 
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Nenitzescu indole synthesis 
5-Hydroxylindole from condensation of p-benzoquinone and -aminocrotonate. 

 
 

 
 

 
 
Example 15 

 

 
 
Example 26 

 

 
 
Example 37 
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Example 410 

 
Example 412 
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Newman Kwart rearrangement 
Transformation of phenol to the corresponding thiophenol, a variant of the Smiles 
reaction.   
 

 
 

 
 

The Newman Kwart rearrangement is a member of a series of related rearrange-
ments, such as the Schönberg rearrangement and the Chapman rearrangement 
(page 105), in which aryl groups migrate intramolecularly between nonadjacent 
atoms.  The Schönberg rearrangement is the most similar and involves the 1,3-
migration of an aryl group from oxygen to sulfur in a diarylthiocarbonate. The 
Chapman rearrangement involves an analogous migration but to nitrogen. 
 

 
 
Example 15 
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Example 26 

 

 
 
Example 37 
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Nicholas reaction 
Hexacarbonyldicobalt-stabilized propargyl cation is captured by a nucleophile.  
Subsequent oxidative demetallation then gives the propargylated product. 
 

 
 

 
 

 
propargyl cation intermediate (stabilized by the hexacarbonyldicobalt com-

plex). 
 

 
 
Example 1, A chromium variant of the Nicholas reaction3 
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Example 2, A Nicholas-Pauson–Khand sequence4 

 

 
 
Example 3, Intramolecular Nicholas reaction using chromium7 

 

 
 
Example 49 
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Nicolaou IBX dehydrogenation 
, -Unsaturation of aldehydes and ketones mediated by stoichiometric amounts of 

o-iodoxybenzoic acid (IBX), alternative to the Saegusa oxidation. 

 
A SET mechanism has also been proposed.  Additionally, silyl enol ethers are 

also viable substrates. 

 

 
Example 11a 

 
 
Example 23 

 
 
Example 37 
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Example 4, o-Methyl-IBX (Me-IBX)9 

 
 

Example 5, Stabilized IBX (SIBX)10 
 

OH

MeO OMe

O

O

MeO OMe

O

OH
O

MeO OMe

O

OH

1 : 1

SIBX, THF

rt, 98%
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Noyori asymmetric hydrogenation 
Asymmetric reduction of carbonyls and alkenes via hydrogenation, catalyzed by a 
ruthenium(II) BINAP complex. 
 

 
 

 
 

 
 
The catalytic cycle: 
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Example 11b 

 

 
 
Example 21c 

 

 
 
Example 39 

 

 
 
Example 410 

 

 
 

Example 511 
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Nozaki–Hiyama–Kishi reaction 
Cr Ni bimetallic catalyst-promoted redox addition of vinyl- or propargyl-halides 
to aldehydes. 

 
The catalytic cycle:2 

 
 
Example 13 

 
 

 
Example 25 

  
Example 3, Intramolecular Nozaki–Hiyama–Kishi reaction8 
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Example 4, Intramolecular Nozaki–Hiyama–Kishi reaction9 

 

 
 

Example 5, Asymmetric Nozaki–Hiyama–Kishi reaction11 
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Nysted reagent  
The Nysted reagent, cyclo-dibromodi-μ-methylene(μ-tetrahydrofuran)trizinc, is 
used for the olefination of ketones and aldehydes. 

 
 

Example 1, The Wittig reagent opened the lactone:6 

 

 
 
Example 28 

 

 
 
Example 39 

 

 
 
Example 411 
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Oppenauer oxidation 
Alkoxide-catalyzed oxidation of secondary alcohols. Reverse of the Meerwein–
Ponndorf–Verley reduction. 
 

 
 

 
 

 
cyclic transition state 

 
Example 1, Mg-Oppenauer oxidation3 

 

 
 
Example 26 

 

 
 
Example 3, Mg-Oppenauer oxidation8 
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Example 410 

 

 
 

Example 5, Tandem nucleophilic addition–Oppenauer oxidation12 
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Overman rearrangement 
Stereoselective transformation of allylic alcohol to allylic trichloroacetamide via 
trichloroacetimidate intermediate. 

 
       trichloroacetimidate  
 

 
 

 
 
Example 15 

 

 
 

 
Example 26 

 

 
Example 37 
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Example 49 

 

 
 
Example 5, Cascade-type Overman rearrangement11 
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Paal thiophene synthesis 
Thiophene synthesis from addition of a sulfur atom to 1,4-diketones and subse-
quent dehydration. 

 
 

The reaction now is frequently carried out using the Lawesson’s reagent.  For the 
mechanism of carbonyl to thiocarbonyl transformation, see Lawesson’s reagent. 

 

 
 

 
 
Example 12 
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Paal–Knorr furan synthesis 
Acid-catalyzed cyclization of 1,4-diketones to form furans. 
 

 
 

 
 
Example 13 

 
 
Example 26 

 
 
Example 39 

 

 
 
Example 410 
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Example 5, Concurrent debromination along with furan formation10 
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Paal–Knorr pyrrole synthesis 
Reaction between 1,4-diketones and primary amines (or ammonia) to give 
pyrroles.  A variation of the Knorr pyrazole synthesis. 

 

 
 

 
Example 14 

 
 

 
Example 25 
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Example 39 

 
 
Example 410 

 
 

Example 5, Furan ring opening–pyrrole ring closure10 
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Parham cyclization  
The Parham cyclization is the generation by halogen–lithium exchange of 
aryllithiums and heteroaryllithiums, and their subsequent intramolecular cycliza-
tion onto an electrophilic site.  

 
 
Example 1 

 
 

 
 

 
 
The fate of the second equivalent of t-BuLi: 
 

 
 
Example 22 
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Example 34 

 
 
Example 45 

 
 

Example 59 
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Passerini reaction 
Three-component condensation (3CC) of carboxylic acids, C-isocyanides, and 
carbonyl compounds to afford -acyloxycarboxamides.  Also known as three-
component reaction (3CR). Cf. Ugi reaction. 

 
 

 
 

 
Example 13 

 

 
 
Example 25 

 
Example 36 
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Example 47 
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Paternó–Büchi reaction 
Photoinduced electrocyclization of a carbonyl with an alkene to form 
polysubstituted oxetane ring systems 

 
      Oxetanes 
 

 
        n, * triplet 
 

 
       triplet diradical singlet diradical 
 
Example 12 

 

 
 
Example 24 

 

 
 
Example 36 
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Example 48 

 

 
 

Example 59 
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Pauson Khand reaction 
Formal [2 + 2 +1] cycloaddition of an alkene, alkyne, and carbon monoxide medi-
ated by octacarbonyl dicobalt to form cyclopentenones. 
 

 
 

 
hexacarbonyldicobalt complex 

 
 

 
     exo complex      sterically-favored isomer 
 

 
 
Example 13 

 

 
 
Example 2, A catalytic version6 
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Example 3, Intramolecular Pauson Khand reaction9 

 

 
 
Example 4, Intramolecular Pauson Khand reaction10 
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Payne rearrangement 
The isomerization of 2,3-epoxy alcohol under the influence of a base to 1,2-
epoxy-3-ol is referred to as the Payne rearrangement.  Also known as epoxide 
migration. 

 

 
 

 
 

Example 12 

 

 
 
Example 23 

 

 
 
Example 3, Aza-Payne rearrangement8 

 

 
 
Example 4, Aza-Payne rearrangement9 
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Example 5, Lipase-mediated dynamic kinetic resolution via a vinylogous Payne 
rearrangement11 
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Pechmann coumarin synthesis 
Lewis and Brønsted acid-mediated condensation of phenol with -ketoester to 
produce coumarin.  Some call it the von Pechmann cyclization. 

 

 
 

 
 

 
 

Example 16 

 

 
 
Example 28 

 

 
 
Example 311 

 

 
 

DOI 10.1007/978-3-319-03979-4_208, © Springer International Publishing Switzerland 2014 
J.J. Li,    Name Reactions: A Collection of Detailed Mechanisms and Synthetic Applications,



Jie Jack Li 467 

References 
1. von Pechmann, H.; Duisberg, C. Ber. 1883, 16, 2119.  Hans von Pechmann 

(1850 1902) was born in Nürnberg, Germany.  After his doctorate, he worked with 
Frankland and von Baeyer.  Pechmann taught at Munich and Tübingen.  He committed 
suicide at 52 by taking cyanide.    

2. Corrie, J. E. T. J. Chem. Soc., Perkin Trans. 1 1990, 2151–2997. 
3. Hua, D. H.; Saha, S.; Roche, D.; Maeng, J. C.; Iguchi, S.; Baldwin, C. J. Org. Chem. 

1992, 57, 399–403. 
4. Li, T.-S.; Zhang, Z.-H.; Yang, F.; Fu, C.-G. J. Chem. Res., (S) 1998, 38–39. 
5. Potdar, M. K.; Mohile, S. S.; Salunkhe, M. M. Tetrahedron Lett. 2001, 42, 9285–9287. 
6. Khandekar, A. C.; Khandilkar, B. M. Synlett. 2002, 152–154. 
7. Smitha, G.; Sanjeeva Reddy, C. Synth. Commun. 2004, 34, 3997–4003.   
8. De, S. K.; Gibbs, R. A. Synthesis 2005, 1231–1233. 
9. Manhas, M. S.; Ganguly, S. N.; Mukherjee, S.; Jain, A. K.; Bose, A. K. Tetrahedron 

Lett. 2006, 47, 2423–2425.  
10. Rodriguez-Dominguez, J. C.; Kirsch, G. Synthesis 2006, 1895–1897.  
11. Ouellet, S. G.; Gauvreau, D.; Cameron, M.; Dolman, S.; Campeau, L.-C.; Hughes, G.; 

O’Shea, P. D.; Davies, I. W. Org. Process Res. Dev. 2012, 16, 214 219.  
 



Name Reactions 468  

Perkin reaction 
Cinnamic acid synthesis from aryl aldehyde and acetic anhydride. 

 

 
 

 
 

 
 

 
 

 
 
Example 17 

 

 
 
Example 29 
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Example 312 

 

 
DES = Biodegradable deep eutectic solvent generated from choline chloride and 
urea. 
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Perkow vinyl phosphate synthesis 
Enol phosphate synthesis from -halocarbonyls and trialkylphosphites. 

 
General scheme: 

 
X = Cl, Br, I, secondary or tertiary halides are required to retard the 

competing Michaelis Arbuzov reaction. 
 

Example 1. 
 

 
 

 
 

 
 
Example 27  

 

F
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Example 38  
 

O CHBr2

Cl

Cl

(C2D5O)3P, Br2

50 oC, 1 h, 79%

O

Cl

Cl

P
C2D5O

O
C2D5O

H

Br

 

DOI 10.1007/978-3-319-03979-4_210, © Springer International Publishing Switzerland 2014 
J.J. Li,    Name Reactions: A Collection of Detailed Mechanisms and Synthetic Applications,



Jie Jack Li 471 

References 
1. Perkow, W.; Ullrich, K.; Meyer, F. Nasturwiss. 1952, 39, 353. 
2. Perkow, W. Ber. Dtsch. Chem. Ges. 1954, 87, 755. 
3. Borowitz, G. B.; Borowitz, I. J. Handb. Organophosphorus Chem. 1992, 115. 

(Review). 
4. Hudson, H. R.; Matthews, R. W.; McPartlin, M.; Pryce, M. A.; Shode, O. O. J. Chem. 

Soc., Perkin Trans. 2 1993, 1433.   
5. Janecki, T.; Bodalski, R. Heteroat. Chem. 2000, 11, 115.   
6. Balasubramanian, M. Perkow Reaction, in Name Reactions for Functional Group 

Transformations, Li, J. J. Ed., Wiley: Hoboken, NJ, 2007, pp 369 385.  (Review). 
7. Coffinier, D.; El Kaim, L.; Grimaud, L. Org. Lett. 2009, 11, 1825–1827. 
8. Huras, B.; Konopski, L.; Zakrzewski, J. J. Labeled Compd. Radiopharm. 2011, 54, 

399–400. 
9. Yavari, I.; Hosseinpour, R.; Pashazadeh, R.; Ghanbari, E.; Skoulika, S. Tetrahedron 

2013, 69, 2462–2467.  
 
 



Name Reactions 472  

Petasis reaction 
Benzylic or allylic amine from the three-component reaction of an aryl- or a vinyl-
boronic acid, a carbonyl and an amine.  Also known as boronic acid-Mannich or 
Petasis boronic acid-Mannich reaction.  Cf. Mannich reaction.   
 

 
 

 
 

Example 12 

 

 
 
Example 24 

 

 
 
Example 39 
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Example 4, Asymmetric Petasis reaction10 

 

 
 
Example 5, Asymmetric Petasis reaction11 
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Petasis reagent 
The Petasis reagent (Cp2TiMe2, dimethyltitanocene) undergoes similar olefination 
reactions with ketones and aldehydes as does the Tebbe reagent.  The originally 
proposed mechanism5 was very different from that of Tebbe olefination.  Howev-
er, later experimental data seem to suggest that both Petasis and Tebbe olefination 
share the same mechanism, i.e., the carbene mechanism involving a four-
membered titanium oxide ring intermediate.9  Petasis reagent is easier to make 
than the Tebbe reagent. 
 

 
 

 
 
Example 12 

 

 
 
Example 23 

 
Example 35 
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Example 48 
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Peterson olefination 
Alkenes from -silyl carbanions and carbonyl compounds.  Also known as the 
sila-Wittig reaction. 

 
 
Basic conditions: 
 

 
-silylalkoxide intermediate 

 
Acidic conditions: 
 

 
   -hydroxysilane 
 
Example 16 

 

 
 
Example 27 

 

 
 
Example 38 
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Example 410 

 

 
 
Example 512 
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Pictet–Gams isoquinoline synthesis 
The isoquinoline framework is derived from the corresponding acyl derivatives of 

-hydroxy- -phenylethylamines.  Upon exposure to a dehydrating agent such as 
phosphorus pentoxide, or phosphorus oxychloride, under reflux and in an inert 
solvent such as decalin, isoquinoline frameworks are formed. 

 
P2O5 actually exists as P4O10, an adamantane-like structure: 

 

 

 
   Oxazoline intermediate2 

 
 
Example 14 
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Example 27 

 

 
 
Example 39 

An Alternative to Pictet—Gams Reaction Triggered by Hendrickson Reagent: 
Isoquinolines and β Carbolines from amides: 
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1909, 42, 2943 2952. Amé Pictet (1857 1937), born in Geneva, Switzerland, carried 
out a tremendous amount of work on alkaloids.   

2. Fritton, A. O.; Frost, J. R.; Zakaria, M. M.; Andrew, G. J. Chem. Soc., Chem. 
Commun., 1973, 889. 

3. (a) Ardabilchi, N.; Fitton, A. O.; Frost, J. R.; Oppong-Boachie, F. Tetrahedron Lett. 
1977, 18, 4107 4110. (b) Ardabilchi, N.; Fitton, A. O.; Frost, J. R.; Oppong-Boachie, 
F. K.; Hadi, A. H. A.; Sharif, A. M. J. Chem. Soc., Perkin Trans. 1 1979, 539 543.  

4. Dyker, G.; Gabler, M.; Nouroozian, M.; Schulz, P. Tetrahedron Lett. 1994, 35, 
9697 9700. 

5. Poszávácz, L.; Simig, G. J. Heterocycl. Chem. 2000, 37, 343 348. 
6. Poszávácz, L.; Simig, G. Tetrahedron 2001, 57, 8573 8580.   
7. Manning, H. C.; Goebel, T.; Marx, J. N.; Bornhop, D. J. Org. Lett. 2002, 4, 

1075 1081. 
8. Holsworth, D. D. Pictet–Gams Isoquinoline Synthesis. In Name Reactions in Hetero-

cyclic Chemistry; Li, J. J., Ed.; Wiley: Hoboken, NJ, 2005, 457–465. (Review). 
9. Wu, M.; Wang, S. Synthesis 2010, 587–592. 
10. Caille, F.; Buron, F.; Toth, E.; Suzenet, F. E. J. Org. Chem. 2011, 2120–2127, 

S2120/1-S2120/25. 
11. Blair, A.; Stevenson, L.; Sutherland, A. Tetrahedron Lett. 2012, 53, 4084–4086. 
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Pictet–Spengler tetrahydroisoquinoline synthesis 
Tetrahydroisoquinolines from condensation of -arylethylamines and carbonyl 
compounds followed by cyclization. 

 

 

 
     Iminium ion intermediate 

 
Example 14 

 
Example 27 

 
Example 3, Asymmetric acyl Pictet–Spengler9 
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Example 4, Oxa-Pictet–Spengler10 

 

 
Example 5, 
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2. Cox, E. D.; Cook, J. M. Chem. Rev. 1995, 95, 1797 1842. (Review).  
3. Corey, E. J.; Gin, D. Y.; Kania, R. S. J. Am. Chem. Soc. 1996, 118, 9202 9203. 
4. Zhou, B.; Guo, J.; Danishefsky, S. J. Org. Lett. 2002, 4, 43 46. 
5. Yu, J.; Wearing, X. Z.; Cook, J. M. Tetrahedron Lett. 2003, 44, 543 547. 
6. Tsuji, R.; Nakagawa, M.; Nishida, A. Tetrahedron: Asymmetry 2003, 14, 177 180. 
7. Couture, A.; Deniau, E.; Grandclaudon, P.; Lebrun, S. Tetrahedron: Asymmetry 2003, 

14, 1309 1320. 
8. Tinsley, J. M. Pictet–Spengler Isoquinoline Synthesis. In Name Reactions in Hetero-

cyclic Chemistry; Li, J. J., Ed.; Wiley: Hoboken, NJ, 2005, 469 479. (Review).  
9. Mergott, D. J.; Zuend, S. J.; Jacobsen, E. N. Org. Lett. 2008, 10, 745 748.  
10. Eid, C. N.; Shim, J.; Bikker, J.; Lin, M. J. Org. Chem. 2009, 74, 423 426.  
11. Pradhan, P.; Nandi, D.; Pradhan, S. D.; Jaisankar, P.; Giri,  V. S. Synlett 2013, 24, 85–

89. 
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Pinacol rearrangement 
Acid-catalyzed rearrangement of vicinal diols (pinacols) to carbonyl compounds. 
 

 
 
The most electron-rich alkyl group (more substituted carbon) migrates first.  The 
general migration order:   

tertiary alkyl > cyclohexyl > secondary alkyl > benzyl > phenyl >  
primary alkyl > methyl >> H. 

 
For substituted aryls:  

p-MeO-Ar > p-Me-Ar > p-Cl-Ar > p-Br-Ar > p-O2N-Ar  
 

 
 

 
 
Example 14 

 

 
 
Example 25 
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Example 37 

 

 
 

Example 49 

 

 
 

Example 5, A Trivalent organophosphorus reagent induced pinacol rearrange-
ment11 
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rahedron 1996, 52, 14147 14176. 
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J., Ed., Wiley: Hoboken, NJ, 2009, pp 319 333.  (Review). 
11. Marin, L.; Zhang, Y.; Robeyns, K.; Champagne, B.; Adriaensens, P.; Lutsen, L.; 

Vanderzande, D.; Bevk, D.; Maes, W. Tetrahedron Lett. 2013, 54, 526 529. 
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Pinner reaction 
Transformation of a nitrile into an imino ether, which can be converted to either an 
ester or an amidine. 

 
 

 
common intermediate 

 

 
 

 
       imidate hydrochloride 
 
Example 12 

 
Example 22 

 

 
 
Example 36 
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Example 410 

 

 
 

 
 
Example 511 
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Polonovski reaction 
Treatment of a tertiary N-oxide with an activating agent such as acetic anhydride, 
resulting in rearrangement where an N,N-disubstituted acetamide and an aldehyde 
are generated.  
 

 
 

 
         iminium ion 
 

 
 

The intramolecular pathway is also operative: 

 
 
Example 11 

 

 
 
Example 22 
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Example 3, Iron salt-mediated Polonovski reaction9 

 

 
 
Example 411 
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2683–2692. 
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Polonovski–Potier reaction 
A modification of the Polonovski reaction where trifluoroacetic anhydride is used 
in place of acetic anhydride.  Because the reaction conditions for the Polonovski–
Potier reaction are mild, it has largely replaced the Polonovski reaction.  

 
  tertiary N-oxide 
 

 
iminium ion 
 

 
  enamine 
 
Example 12 

 

 
 
Example 25 
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Example 38 

 

 
 

 
 
Example 4, m-CPBA also concurrently oxidized the aldehyde10 
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Pomeranz–Fritsch reaction 
Isoquinoline and saturated variants synthesis via acid-mediated cyclization of the 
appropriate aminoacetal intermediate.   
 

 
 

 
 

 
 

 
 
Example 13 

 

 
 
Example 24 
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Example 39 

 

 
 
Example 4, Bobbitt modification10 
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1119 1127.  
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Schlittler–Müller modification 

Simple permutation where the amine and the aldehyde switch places for the two 
reactants in comparison to the Pomeranz–Fritsch reaction.  

 
 
Example 13 

 
 

 
 
Example 24 

 

 
 
References 
1. Schlittler, E.; Müller, J. Helv. Chim. Acta 1948, 31, 914 924, 1119 1132. 
2. Guthrie, D. A.; Frank, A. W.; Purves, C. B. Can. J. Chem. 1955, 33, 729 742. 
3. Boger, D. L.; Brotherton, C. E.; Kelley, M. D. Tetrahedron 1981, 37, 3977 3980.  
4. Gill, E. W.; Bracher, A. W. J. Heterocycl. Chem. 1983, 20, 1107 1109. 
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Pavorov reaction 
The Povarov reaction is the inverse electron-demand aza-Diels–Alder reaction, a 
[4 + 2] cycloaddition between an N-arylimine (as the diene) and an electron-rich 
olefin (as the dienophile), which gives tetrahydroquinolines or substituted 
quinolines as the product. 
 

 
 

 
 
Example 12 
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Example 2, Katritzky variation3,5 

 

 
 

 
 
Example 37 
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Prévost trans-dihydroxylation 
Cf. Woodward cis-dihydroxylation. 

 

 
 cyclic iodonium ion intermediate     neighboring group assistance 

 
Example 15 

 
Example 29 
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Prins reaction 
The Prins reaction is the acid-catalyzed addition of aldehydes to alkenes and gives 
different products depending on the reaction conditions. 
 

 
 

 
    the common intermediate 
 

 
 

 
 
Example 15 

 
 
Example 27 

 

 
 
Example 39 
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Example 410 

 

 
 

Example 5, A cascade of the Prins/Ritter amidation reaction11 

 

 
 

Example 612 
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Pschorr cyclization 
The intramolecular version of the Gomberg Bachmann reaction. 
 

 
 

 
 

 
 

 
 

 
 
Example 17 
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Example 28 

 

 
 
Example 310 
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Pummerer rearrangement 
The transformation of sulfoxides into -acyloxythioethers using acetic anhydride. 
 

 
 

 
 

 
 
Example 12 

 

 
 
Example 27 

 

 
 
Example 38 
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Example 49 

 

 
 
Example 5, Stereoselective Pummerer rearrangement10,12 
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Ramberg–Bäcklund reaction 
Olefin synthesis via -halosulfone extrusion. 
 

 
 

 
 

 
 episulfone intermediate 
 
Example 14 

 

 
 
Example 25 

 

 
 
Example 36 
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Example 4, in situ chlorination7 

 

 
 

 
 
Example 58 
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Reformatsky reaction 
Nucleophilic addition of organozinc reagents generated from -haloesters to car-
bonyls. 
 

 
 

 
 

 
Example 14 

 
 

Example 26 

 

 
 

 
 

Example 3, Boron-mediated Reformatsky reaction8 
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Example 4, SmI2-mediated Reformatsky reaction9 

 

 
 

Example 26 
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Regitz diazo synthesis 
Synthesis of 2-diazo-1,3-diketones or 2-diazo-3-oxoesters using sulfonyl azides. 

 
 

 
 

 
      tosyl amide is the by-product 

 
When only one carbonyl is present, ethylformate can be used as an activating aux-
iliary:6 9 

 

 
 

 
 

 
 
Alternatively, the triazole intermediate may be assembled via a 1,3-dipolar 
cycloaddition of the enol and mesyl azide: 
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Example 15 

 

 
 

 
 
Example 210 
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Reimer–Tiemann reaction 
Synthesis of o-formylphenol from phenols and chloroform in alkaline medium. 

 
a. Carbene generation: 

 
b. Addition of dichlorocarbene and hydrolysis: 

 
 

 
Example 1, Photo-Reimer–Tiemann reaction without base7 

 
Example 28 
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Reissert reaction  
Treatment of quinoline or isoquinoline with acid chloride and KCN gives 
quinaldic acid, aldehyde, and NH3. 
 

 
 

 
         Reissert compound 
 

 
 

 

 
Example 13 
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Example 2, Reissert compound from isoquinoline7 

 

 
Example 3, Reissert compound from isoquinoline10 

 
Example 4, Asymmetric organocatalytic allylic alkylation of Reissert com-
pounds12 
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Reissert indole synthesis 
The Reissert indole synthesis involves base-catalyzed condensation of an 

 followed by reductive o-nitrotoluene derivative with an ethyl oxalate, which is
cyclization to an indole-2-carboxylic acid derivative. 

 

 
 

 
 

 
 

 
 
Example 12 

 

 
 
Example 23 

 

 
 
Example 3, Furan ring as the masked carbonyl10 
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Ring-closing metathesis (RCM)  

 
  Grubbs’ catalysts   Schrock’s catalyst 
  Mes = mesityl 
 
All three catalysts are illustrated as “LnM=CHR” in the mechanism below. 

 
Generation of the real catalyst from the precatalysts: 
 

 
      the active catalyst 
 

 
 

 
 
Catalytic cycle: 

 
 

 
 

 
 
Example 13 
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Example 24 

 

 
 
Example 37 

 

 
 
Example 49 

 
 

 
 
Example 510 
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Example 612 

 
 

Example 713 
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Ritter reaction 
Amides from nitriles and alcohols in strong acids. 
General scheme: 
 

 
Example 1 

 
 

 
       nitrilium ion 
 

 
 

 
Similarly: 

 
 
Example 23 

 

 
 
Example 34 

 

 
 
 
Example 45 
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Example 56 

 

 
 

Example 6, A cascade of the Prins/Ritter amidation reaction12 
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Robinson annulation 
Michael addition of cyclohexanones to methyl vinyl ketone followed by 
intramolecular aldol condensation to afford six-membered -unsaturated
ketones. 

 
   methyl vinyl ketone (MVK) 
 

 
 

 
 
Example 1, Homo-Robinson7 

 
 

 
 

 
 
Example 28 
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Example 3, Double Robinson-type cyclopentene annulation9 

 

 
 

 
 
Example 410 
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Robinson–Gabriel synthesis 
Cyclodehydration of 2-acylamidoketones to give 2,5-di- and 2,4,5-trialkyl-, aryl-, 
heteroaryl-, and aralkyl-oxazoles. 

 
R1, R2, R3 = alkyl, aryl, heteroaryl 

 

 
 
Example 13 

 

 
 
Example 24 

 

 
 

 
 
Example 3, Halogen effect9 
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Example 410 

 

 
 
Example 5, A cascade Ugi/Robinson-Gabriel reactions11 

 

 
 
References 
1. (a) Robinson, R. J. Chem. Soc. 1909, 95, 2167 2174.  (b) Gabriel, S. Ber. 1910, 43, 

134 138. (c) Gabriel, S. Ber. 1910, 43, 1283 1287. 
2. Turchi, I. J. In The Chemistry of Heterocyclic Compounds, 45; Wiley: New York, 

1986; pp 1 342. (Review).   
3. Wipf, P.; Miller, C. P. J. Org. Chem. 1993, 58, 3604 3606.  
4. Wipf, P.; Lim, S. J. Am. Chem. Soc. 1995, 117, 558 559. 
5. Morwick, T.; Hrapchak, M.; DeTuri, M.; Campbell, S. Org. Lett. 2002, 4, 2665 2668. 
6. Nicolaou, K. C.; Rao, P. B.; Hao, J.; Reddy, M. V.; Rassias, G.; Huang, X.; Chen, D. 

Y.-K.; Snyder, S. A. Angew. Chem. Int. Ed. 2003, 42, 1753 1758. 
7. Godfrey, A. G.; Brooks, D. A.; Hay, L. A.; Peters, M.; McCarthy, J. R.; Mitchell, D. J. 

Org. Chem. 2003, 68, 2623 2632. 
8. Brooks, D. A. Robinson–Gabriel Synthesis. In Name Reactions in Heterocyclic Chem-

istry; Li, J. J., Ed.; Wiley: Hoboken, NJ, 2005, 249 253. (Review). 
9. Yang, Y.-H.; Shi, M. Tetrahedron Lett. 2005, 46, 6285–6288.   
10. Bull, J. A.; Balskus, E. P.; Horan, R. A. J.; Langner, M.; Ley, S. V. Angew. Chem. Int. 

Ed. 2006, 45, 6714 6718.  
11. Shaw, A. Y.; Xu, Z.; Hulme, C. Tetrahedron Lett. 2012, 53, 1998–2000. 
 



Jie Jack Li 523 

Robinson Schöpf reaction 
1,4-Diketone condensations with primary amines to give tropinones.  

 
 

 
 

 
 

 
 

 
 
Example 15 
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Example 29 
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Rosenmund reduction 
Hydrogenation reduction of acid chloride to aldehyde using BaSO4-poisoned pal-
ladium catalyst.  Without this poisoning, the resulting aldehyde may be further re-
duced to the corresponding alcohol.  The possible by-products are alcohol, ester 
and alkane. 
 

 
 

 
 

 
 

 
 

Example 14 

 

 
 
Example 26 

 

 
 

 
 
Example 39 
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Rubottom oxidation 
-Hydroxylation of enolsilanes. 

 
 

 
 The “butterfly” transition state 

 

 
 
Example 12 

 

 
 
Example 23 

 

 
 
Example 34 
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Example 45 

 

 
 
Example 5, Double Rubottom oxidation11 
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Rupe rearrangement 
Acid-catalyzed rearrangement of tertiary -acetylenic (terminal) alcohols, leading 
to the formation of -unsaturated ketones rather than the corresponding -
unsaturated aldehydes.  Cf. Meyer Schuster rearrangement. 
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Saegusa oxidation 
Palladium-catalyzed conversion of enol silanes to enones, also known as the 
Saegusa enone synthesis or the Saegusa–Ito oxidation. 

 
 
The mechanism is similar to that of the Wacker oxidation. 
 

 
 

 
 
Regenerating the Pd(II) oxidant: 

 
 
Larock reported regeneration of the Pd(II) oxidant using oxygen:4 
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Example 29 
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Sakurai allylation reaction 
Lewis acid-mediated addition of allylsilanes to carbon nucleophiles.  Also known 
as the Hosomi–Sakurai reaction.  The allylsilane will add to the carbonyl com-
pound directly if the electrophile (carbonyl group) is not part of an -
unsaturated system (Example 2), giving rise to an alcohol.    
 

 
 

 
The -carbocation is stabilized by the -silicon effect 
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Example 26 

 
 
Example 39 
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Sandmeyer reaction 
Haloarenes from the reaction of a diazonium salt with CuX. 
 

 
 
Mechanism: 
 

 
 
Example 14 

 

 
 
Example 27 

 

 
 
Example 38 

 

 
 
Example 49 
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Example 511 
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Schiemann reaction 
Fluoroarene formation from arylamines.  Also known as the Balz Schiemann re-
action. 

 
 

 
 

 
 

 
 
Example 14 

 

 
 

Example 2, Photo-Schiemann reaction6 

 

 
 

Example 3, Photo-Schiemann reaction8 
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Schmidt rearrangement 
The Schmidt reactions refer to the acid-catalyzed reactions of hydrazoic acid with 
electrophiles, such as carbonyl compounds, tertiary alcohols and alkenes.  These 
substrates undergo rearrangement and extrusion of nitrogen to furnish amines,
nitriles, amides or imines.  

 

 
      azido-alcohol 
 

 
   nitrilium ion intermediate (Cf. Ritter intermediate) 
 

 
 
Example 1, A classic example3 

 

 
Example 25 

 

 
 
Example 3, Intramolecular Schmidt rearrangement6 
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Example 4, Intramolecular Schmidt rearrangement8 

 

 
 
Example 5, Intermolecular Schmidt rearrangement9 

 

 
 

Example 611 
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Schmidt’s trichloroacetimidate glycosidation 
Lewis acid-promoted glycosidation of trichloroacetimidates with alcohols or
phenols. 

 
         trichloroacetimidate 
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Example 27 

 

 
 
Example 39 
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Scholl reaction 
The elimination of two aryl-bound hydrogens accompanied by the formation of an 
aryl-aryl bond under the influence of Friedel Crafts catalysts.  Cf. Friedel Crafts 
reaction. 
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Shapiro reaction 
The Shapiro reaction is a variant of the Bamford Stevens reaction.  The former 
uses bases such as alkyl lithium and Grignard reagents whereas the latter employs 
bases such as Na, NaOMe, LiH, NaH, NaNH2, etc.  Consequently, the Shapiro re-
action generally affords the less-substituted olefins (the kinetic products), while 
the Bamford Stevens reaction delivers the more-substituted olefins (the thermo-
dynamic products). 

 
 

 
 

 
 
Example 12 
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Example 48 

 

 
 

 
 

Example 511 
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Sharpless asymmetric amino-hydroxylation 
Osmium-mediated cis-addition of nitrogen and oxygen to olefins.  Regio-
selectivity may be controlled by ligand.  Nitrogen sources (X NClNa) include: 
 

 
 

 
 

The catalytic cycle: 

 
 
Example 11b 
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(DHQD)2-PHAL = 1,4-bis(9-O-dihydroquinidine)phthalazine: 
 

 
 
Example 22 

 

 
 
Example 36 
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Sharpless asymmetric dihydroxylation  
Enantioselective cis-dihydroxylation of olefins using osmium catalyst in the pres-
ence of cinchona alkaloid ligands. 

 
 

(DHQ)2-PHAL = 1,4-bis(9-O-dihydroquinine)phthalazine: 

 
 

The concerted [3 + 2] cycloaddition mechanism:5 

 
 

 
 

Example 12 

 

 
Example 24 

 

 
Nos = nosylate = 4-nitrobenzenesulfonyl  
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The catalytic cycle: (the secondary cycle is shut off by maintaining a low concen-
tration of olefin):  

 
Example 39 

 
 
Example 410 
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Example 513 
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Sharpless asymmetric epoxidation 
Enantioselective epoxidation of allylic alcohols using t-butyl peroxide, titanium 
tetra-iso-propoxide, and optically pure diethyl tartrate. 
 

 
 

The catalytic cycle: 
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The putative active catalyst: 

 

   
 
Example 13 

 

 
 
Example 23 

 

 
 
Example 311 

 

 
 
Example 412 
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Example 514 
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Sharpless olefin synthesis 
Olefin synthesis from the syn-oxidative elimination of o-nitrophenyl selenides, 
which may be prepared using o-nitrophenyl selenocyanate and Bu3P, among other 
methods.   

 
 

 
 

 
 

 
 
Example 13 

 

 
 
Example 26 
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Example 39 

 

 
 
Example 410 

 

 
 

References 
1. (a) Sharpless, K. B.; Young, M. Y.; Lauer, R. F. Tetrahedron Lett. 1973, 22, 

1979 1982.  (b) Sharpless, K. B.; Young, M. Y. J. Org. Chem. 1975, 40, 947 949.  
2. (a) Grieco, P. A.; Miyashita, M. J. Org. Chem. 1974, 39, 120 122.  (b) Grieco, P. A.; 

Miyashita, M. Tetrahedron Lett. 1974, 21, 1869 1871.  (c) Grieco, P. A.; Masaki, Y.; 
Boxler, D. J. Am. Chem. Soc. 1977, 97, 1597 1599.  (d) Grieco, P. A.; Gilman, S.; 
Nishizawa, M. J. Org. Chem. 1976, 41, 1485 1486.  (e) Grieco, P. A.; Yokoyama, Y. 
J. Am. Chem. Soc. 1977, 99, 5210 5219. 

3. Smith, A. B., III; Haseltine, J. N.; Visnick, M. Tetrahedron 1989, 45, 2431 2449. 
4. Reich, H. J.; Wollowitz, S. Org. React. 1993, 44, 1 296. (Review). 
5. Hsu, D.-S.; Liao, C.-C. Org. Lett. 2003, 5, 4741 4743.   
6. Meilert, K.; Pettit, G. R.; Vogel, P. Helv. Chim. Acta 2004, 87, 1493 1507. 
7. Siebum, A. H. G.; Woo, W. S.; Raap, J.; Lugtenburg, J. Eur. J. Org. Chem. 2004, 

2905 2916. 
8. Blay, G.; Cardona, L.; Collado, A. M.; Garcia, B.; Morcillo, V.; Pedro, J. R. J. Org. 

Chem. 2004, 69, 7294 7302.  The authors observed the concurrent epoxidation of a 
tri-subsituted olefin, possibly by the o-nitrophenylselenic acid via an intramolecular 
process. 

9. Paquette, L. A.; Dong, S.; Parker, G. D. J. Org. Chem. 2007, 72, 7135 7147.  
10. Yokoe, H.; Yoshida, M.; Shishido, K. Tetrahedron Lett. 2008, 49, 3504 3506.  
11. Debnar, T.; Wang, T.; Menche, D. Org. Lett. 2013, 15, 2774 2777.  
 



Jie Jack Li 557 

Shi asymmetric epoxidation 
An asymmetric epoxidation using a fructose-derived chiral ketone.  It is an 
organocatalyst with Oxone typically used as the primary oxidant. 

 

 
 

The catalytic cycle: 
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Example 16 

 

 
 

Example 27 

 

 
 
Example 38 

 

 
 

Example 48 
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Example 59 

 

 
 

 
 

References 
1. Wang, Z.-X.; Tu, Y.; Frohn, M.; Zhang, J.-R.; Shi, Y. J. Am. Chem. Soc. 1997, 119, 

11224 11235.  
2. Wang, Z.-X.; Shi, Y. J. Org. Chem. 1997, 62, 8622 8623. 
3. Tu, Y.; Wang, Z.-X.; Frohn, M.; He, M.; Yu, H.; Tang, Y.; Shi, Y. J. Org. Chem. 

1998, 63, 8475 8485.  
4. Tian, H.; She, X.; Shu, L.; Yu, H.; Shi, Y. J. Am. Chem. Soc. 2000, 122, 

11551 11552.  
5. Katsuki, T. In Catalytic Asymmetric Synthesis; 2nd ed., Ojima, I., ed.; Wiley VCH: 

New York, 2000, pp 287 325. (Review).  
6. Tian, H.; She, X.; Shi, Y. Org. Lett. 2001, 3, 715–717. 
7. Wu, X.-Y.; She, X.; Shi, Y. J. Am. Chem. Soc. 2002, 124, 8792–8783. 
8. Wang, Z.-X.; Shu, L.; Frohn, M.; Tu, Y.; Shi, Y. Org. Synth. 2003, 80, 9–17; Coll. 

Vol. 11, 2003, 183–188. 
9. Julien, C.; Axel, B.; Antoinette, C.; Wolf, D. W. Org. Lett. 2008, 10, 512–516.  
10. Yang, B. V. Shi Epoxidation. In Name Reactions in Heterocyclic Chemistry II; Li, J. 

J., Ed.; Wiley: Hoboken, NJ, 2011, 21 39. (Review). 
11. Kumar, V. P.; Chandrasekhar, S. Org. Lett. 2013, 5, 3610 3613.  

 



Name Reactions 560  

Simmons–Smith reaction 
Cyclopropanation of olefins using CH2I2 and Zn(Cu). 
 

 
 

 
 

 
 

 
 

Example 12 

 

 
 
Example 2, An asymmetric version3 

 

 
 
Example 3, Diastereoselective Simmons Smith cyclopropanations of allylic 
amines and carbamates9 
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Example 410 

 

 
 
Example 512 
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Skraup quinoline synthesis 
Quinoline from aniline, glycerol, sulfuric acid and oxidizing agent (e.g. PhNO2). 
 

 
 

 
 

 
    Acrolein 
 

 
 

 
 
For an alternative mechanism, see that of the Doebner von Miller reaction. 
 
Example 15 
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Example 26 

 

 
 

Example 3, A modified Skraup quinoline synthesis8 

 

 
 

Example 4, A Skraup Doebner Von Miller quinoline synthesis12
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Smiles rearrangement 
Intramolecular nucleophilic aromatic rearrangement.  General scheme: 

 
   X = S, SO, SO2, O, CO2 
   YH = OH, NHR, SH, CH2R, CONHR 
   Z = NO2, SO2R 
 
Mechanism: 
 

 
 

 
 spirocyclic anion intermediate (Meisenheimer complex) 

 
Example 17 

 

 
 

 
 
Example 2, Microwave Smiles rearrangement9 
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Example 310 

 

 
 

 
Example 411 
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 Truce Smile rearrangement 
A variant of the Smiles rearrangement where Y is carbon: 

 
Example 16 

 
 

 
Example 27 

 
Example 38 

 
 

 
Example 410 
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Sommelet reaction 
Transformation of benzyl halides to the corresponding benzaldehydes with the aid 
of hexamethylenetetramine (HMTA). Cf. Delépine amine synthesis. 

Ar X N
N

N

N

N
N

N

N
Ar

X
Ar

CHO
H2OCHCl3

 
 Hexamethylenetetramine (pungent rotten fish smell) 
 

 
 

 
    hemiaminal 
 
The hydride transfer and the ring-opening of hexamethylenetetramine may occur 
in a synchronized fashion: 
 

 
 
Example 13 

 

 
 
Example 24 
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Example 37 

 

 
 
Example 48 
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Sommelet–Hauser rearrangement 
[2,3]-Wittig rearrangement of benzylic quaternary ammonium salts upon treatment 
with alkali metal amides via the ammonium ylide intermediates. 

 
 

 
 

 
 

Example 13 

 

 
Example 24 

 

 
 
Example 38 
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Example 410 

 

 
 

Example 512 

 

Br
N

O

O
N

N

O

O

BrCN, CH2Cl2

rt, 48 h, 81%
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Sonogashira reaction 
Pd/Cu-catalyzed cross-coupling of organohalides with terminal alkynes.  Cf. 
Cadiot–Chodkiewicz coupling and Castro Stephens reaction.  The Castro–
Stephens coupling uses stoichiometric copper, whereas the Sonogashira variant 
uses catalytic palladium and copper.   

 

 
 
Note that Et3N may reduce Pd(II) to Pd(0) as well, where Et3N is oxidized to the 
iminium ion at the same time: 

 
 

 
Example 12 

 
Example 23 
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Example 38 

 

 
 
Example 49 
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Staudinger ketene cycloaddition 
Also known as the Staudinger reaction.  [2 + 2]-Cycloaddition of ketene and imine 
to form -lactams.  Other coupling partners for ketenes include: olefin to give 
cyclobutanone and carbonyl to give -lactone. 

 
 

 
puckered transition state 

 
When X = N: 
 

R1 R2

C
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Example 410 

 

 

 
 

Example 511 

 

R1

Ph

N3
OH

O

MePhSO2Cl 

Et3N, CH2Cl2, rt

N
O

N3

R1

Ph  
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Staudinger reduction 
Phosphazo compounds (e.g., iminophosphoranes) from the reduction of organic 
azides using tertiary phosphine (e.g., Ph3P).  Hydrolysis then provides the corre-
sponding amines.  

 
             phosphazide 

 
      phosphazide 
 

 
4-membered ring transition state 
 

Example 12 

 
Example 23 

 
Example 34 
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Example 48 

 

 
Example 59 

 

 
 

Example 6, Tandem Staudinger/Aza-Wittig Cyclization11 
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Stetter reaction 
1,4-Dicarbonyl derivatives from aldehydes and -unsaturated ketones and es-
ters.  The thiazolium catalyst serves as a safe surrogate for CN.  Also known as 
the Michael Stetter reaction.  Cf. Benzoin condensation. 

 
 

 
 

 
 

 
 

 
 
Example 1, Intramolecular Stetter reaction2 
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Example 23 

 
 
Example 35 

 
 

 
 
Example 4, Sila-Stetter reaction9 
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Stevens rearrangement 
A quaternary ammonium salt containing an electron-withdrawing group Z on one 
of the carbons attached to the nitrogen is treated with a strong base to give a rear-
ranged tertiary amine. 
 

 
 

 
 

The contemporary radical mechanism: 
 

 
 

 
 

The original ionic mechanism: 
 

 
 

Example 1, Stevens Rearrangement/Reduction Sequence10 
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Still–Gennari phosphonate reaction 
A variant of the Horner Emmons reaction using bis(trifluoroethyl)phosphonate to 
give Z-olefins. 

 
 

 
 

 
erythro isomer, kinetic adduct 

 
Example 12 

 
 
Example 23 

 
 
Example 34 
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Example 49 

 
 

 
 

Example 5, An expedient access to Still–Gennari phosphonates11 

 

 
 

 
 

References 
1. Still, W. C.; Gennari, C. Tetrahedron Lett. 1983, 24, 4405 4408.  W. Clark Still 

(1946 ) was born in Augusta, Georgia.  He was a professor at Columbia University.   
2. Nicolaou, K. C.; Nadin, A.; Leresche, J. E.; LaGreca, S.; Tsuri, T.; Yue, E. W.; Yang, 

Z. Chem. Eur. J. 1995, 1, 467 494. 
3. Sano, S. Yokoyama, K.; Shiro, M.; Nagao, Y. Chem. Pharm. Bull. 2002, 50, 706–709. 
4. Mulzer, J.; Mantoulidis, A.; Öhler, E. Tetrahedron Lett. 1998, 39, 8633–8636. 
5. Paterson, I.; Florence, G. J.; Gerlach, K.; Scott, J. P.; Sereinig, N. J. Am. Chem. Soc. 

2001, 123, 9535 9544. 
6. Mulzer, J.; Ohler, E. Angew. Chem. Int. Ed. 2001, 40, 3842 3846. 
7. Beaudry, C. M.; Trauner, D. Org. Lett. 2002, 4, 2221 2224.  
8. Dakin, L. A.; Langille, N. F.; Panek, J. S. J. Org. Chem. 2002, 67, 6812 6815. 
9. Paterson, I.; Lyothier, I. J. Org. Chem. 2005, 70, 5494 5507.   
10. Rong, F. Horner–Wadsworth–Emmons reaction. In Name Reactions for Homologa-

tions-Part I; Li, J. J., Ed.; Wiley: Hoboken, NJ, 2009, pp 420 466. (Review). 
11. Messik, F.; Oberthür, M. Synthesis 2013, 45, 167–170. 
 



Name Reactions 584  

Stille coupling 
Palladium-catalyzed cross-coupling reaction of organostannanes with organic hal-
ides, triflates, etc.  For the catalytic cycle, see Kumada coupling. 

 

 

 
Example 14 

 
Example 25 

 

 
Example 3, -Allyl Stille coupling8 

 
Example 49 
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Example 511 
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Stille Kelly  reaction  

Palladium-catalyzed intramolecular cross-coupling reaction of bis-aryl halides us-
ing ditin reagents. 

 

 

 

 
Example 16 
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Stobbe condensation 
Condensation of diethyl succinate and its derivatives with carbonyl compounds in 
the presence of bases. 

 
 

 
 

 
 
Example 1, Stobbe condensation and cyclization5 

 

 
 
Example 26 

 

 
 
Example 3, Cyclization of the Stobbe product7 
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Example 4, Two sequential Stobbe condensations9 

 

 
 

 
 
Example 511 
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Stork–Danheiser transposition 
Treatment of alkoxy-enone (vinylogous ester) with an organometallic (Grignard 
reagent or organolithium) was followed by treatment with acid to afford another 
enone where the ketone locates at the enole ther position of the starting material.  
 

 
 

 
 

 
 
Example 12 

 

 
 
Example 26 
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Example 49 
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Strecker amino acid synthesis 
Sodium cyanide-promoted condensation of aldehyde, or ketone, with an amine to 
afford -amino nitrile, which may be hydrolyzed to an -amino acid.   

 
 

 
 

 
 
Example 1, Soluble cyanide source2 

 

 
 
Example 23 

 

 
 
Example 38 
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Example 49 

 

 
 

Example 5, Asymmetric Strecker-Type Reaction of Nitrones11 
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Suzuki–Miyaura coupling 
Palladium-catalyzed cross-coupling reaction of organoboranes with organic hal-
ides, triflates, etc. In the presence of a base (transmetallation is reluctant to occur 
without the activating effect of a base).  For the catalytic cycle, see Kumada cou-
pling. 

 
 

 
 

 
 

Example 12 

 
Example 24 

 
Example 3, Intramolecular Suzuki–Miyaura coupling8 

 

 

 

DOI 10.1007/978-3-319-03979-4_269, © Springer International Publishing Switzerland 2014 
J.J. Li,    Name Reactions: A Collection of Detailed Mechanisms and Synthetic Applications,



Name Reactions 594  

Example 49 

 
 

 
 
Example 5, Nickel-catalyzed Suzuki-Miyaura coupling in green solvents12 
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Swern oxidation 
Oxidation of alcohols to the corresponding carbonyl compounds using (COCl)2, 
DMSO, and quenching with Et3N.  

 
 

 
 

 
 

 
      sulfur ylide 
 
Example 12 

 

 
 
Example 23 
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Example 35 

 

 
 
Example 47 
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Takai reaction 
Stereoselective conversion of an aldehyde to the corresponding E-vinyl iodide us-
ing CHI3 and CrCl2.   

 
 

 
 

 
 
A radical mechanism was recently proposed10 

 

 
 

 
 
Example 12 

 
 
Example 23 
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Example 34 

 

 
 
Example 4, A Br/Cl variant9 

 
 

 
 
Example 510 

 

 
 
Example 510 

 

CHO

CrCl2, CHI3

THF/dioxane (1:1)
0 oC, 78%

I
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Tebbe reagent 
The Tebbe reagent, μ-chlorobis(cyclopentadienyl)(dimethylaluminium)-μ-
methylenetitanium, transforms a carbonyl compound to the corresponding exo-
olefin. 

 
 
Preparation:2,6 

 

 
 
Mechanism:3 

 

 
 

 
oxatitanacyclobutane formation of the strong Ti=O 

bond is the driving force. 
 
Example 1, Ketone2 

 

 
 
Example 2, Double Tebbe4 
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Example 3, Double Tebbe5 

 

 
 
Example 4, N-Oxide6 

 
 
Example 5, Amide11 
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TEMPO oxidation 
TEMPO = Tetramethyl pentahydropyridine oxide. 2,2,6,6-Tetramethylpiperi-
dinyloxy is a stable nitroxyl radical, which serves in oxidations as catalyst.  

 
 

 

 

 
Example 14 

 

 
 
Example 2, Trichloroisocyanuric/TEMPO oxidation5 
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Example 38 

 
 
Example 410 

 
“Ormosil-TEMPO” is a sol-gel hydrophobized nanostructured silica matrix doped 

with TEMPO 
 
Example 512 

 
 

Example 6, TEMPO-mediated aliphatic C–H oxidation with oximes13 
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Thorpe Ziegler reaction 
The intramolecular version of the Thorpe reaction, which is base-catalyzed self-
condensation of nitriles to yield imines that tautomerize to enamine. 

 
 

 
 

 
 

Example 1, A radical-mediated Thorpe Ziegler reaction2 

 

 
 
Example 25 

 

 
 
Example 38 
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Example 49 

 

 
 

Example 511 
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Tsuji Trost reaction 
The Tsuji–Trost reaction is the palladium-catalyzed substitution of allylic leaving 
groups by carbon nucleophiles. These reactions proceed via -allylpalladium
intermediates. 
 

 
 
The catalytic cycle: 
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Example 1, Allylic ether3 

 

 
 
Example 2, Allylic acetate3 

 

 
 
Example 3, Allylic epoxide5 

 

 
 
Example 4, Intramolecular Tsuji–Trost reaction6 

 

 
 
Example 5, Intramolecular Tsuji–Trost reaction7 
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Example 6, Asymmetric Tsuji–Trost reaction8 

 

 

 
 

Example 7, Tsuji–Trost decarboxylation–dehydrogenation sequence12  
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Ugi reaction 
Four-component condensation (4CC) of carboxylic acids, C-isocyanides, amines, 
and carbonyl compounds to afford diamides. Also known as four-component re-
action (4CR). Cf. Passerini reaction. 

 

 
  imine 

 
 
Example 12 

 
 

 
Example 25 
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Example 37 

 

 

 

 
Example 48 
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Example 511 
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Ullmann coupling 
Homocoupling of aryl iodides in the presence of Cu or Ni or Pd to afford biaryls.   

 

 
 

 
 

 
 

The overall transformation of PhI to PhCuI is an oxidative addition process. 
 

Example 13 

 
 
Example 2, CuTC-catalyzed Ullmann coupling (CuTC, Copper(I)-thiophene-2-
carboxylate)4 

 

 
Example 35 
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Example 48 

 

 
 

Example 59 

 

 
 

Example 611 
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van Leusen oxazole synthesis 
Formation of 5-substituted oxazoles through the reaction of p-tolylsulfonylmethyl 
isocyanide (TosMIC, also known as the van Leusen reagent) with aldehydes in 
protic solvents at refluxing temperatures.   

 
 

 
 

 
 
Example 13 

 

 
 
Example 25 

 

 
Example 39 
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Example 410 
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Vilsmeier Haack reaction 
The Vilsmeier–Haack reagent, a chloroiminium salt, is a weak electrophile. There-
fore, the Vilsmeier–Haack reaction works better with electron-rich carbocycles 
and heterocycles. 

 
     34%       4% 
 

 
 

 
 

 
 

Example 12 

 

 
 
Example 23 
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Example 39 

 

 
 
Example 4, Reaction outcomes differ as temperature differs10 

 

 
 

 
 

Example 5, An interesting mechanism11 
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Vinylcyclopropane cyclopentene rearrangement 
Transformation of vinylcyclopropane to cyclopentene via a diradical intermediate.   

 

 
 

 
 
Example 11 

 

 
 
Example 22 
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Example 410 
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von Braun reaction 
Different from the von Braun degradation reaction (amide to nitrile), the von 
Braun reaction refers to the treatment of tertiary amines with cyanogen bromide, 
resulting in a substituted cyanamide.  

 

 
Example 14 

 
Example 25 

 
Example 39 
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Wacker oxidation  
Palladium-catalyzed oxidation of olefins to ketones, and aldehydes in certain cases.
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Example 410 

 

 
Example 510 
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Wagner–Meerwein rearrangement 
Acid-catalyzed alkyl group migration of alcohols to give more substituted olefins. 

 

 
 

 
           1,2-alkyl shift 
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Example 37 

 

 
 
Example 49 
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Weiss–Cook condensation 
Synthesis of cis-bicyclo[3.3.0]octane-3,7-dione.  The product is frequently decar-
boxylated. 
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Example 49 
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Wharton reaction 
Reduction of -epoxy ketones by hydrazine to allylic alcohols. 
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Example 48 
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Williamson ether synthesis 
Ether from the alkylation of alkoxides by alkyl halides.  In order for reaction to go 
smoothly, the alkyl halides are preferred to be primary.  Secondary halides work 
as well sometimes, but tertiary halides do not work at all because E2 elimination 
will be the predominant reaction pathway.   
 

 
 

 
 

Example 1, Cyclic etherification9 
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Willgerodt–Kindler reaction 
Conversion of a ketone to thioamide, with functional group migration. 

 
 

In Carmack’s mechanism,2 the most unusual movement of a carbonyl group from 
methylene carbon to methylene carbon was proposed to go through an intricate 
pathway via a highly reactive intermediate with a sulfur-containing heterocyclic 
ring.  The sulfenamide serves as the isomerization catalyst. e.g.: 
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Example 1, The Willgerodt–Kindler reaction was a key operation in the initial 
synthesis of racemic naproxen (Aleve):3 

 

 
 

 
 

Example 25 

 

 
 

Example 3, A domino annulation reaction under Willgerodt–Kindler conditions:10  
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Wittig reaction 
Olefination of carbonyls using phosphorus ylides, typically the Z-olefin is
obtained. 

 
 

 
 

 
  The “puckered” transition state, irreversible and concerted 
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Example 49 
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Schlosser modification of the Wittig reaction 

Also known as the Wittig Schlosser reaction.  The normal Wittig reaction of non-
stabilized ylides with aldehydes gives Z-olefins. The Schlosser modification of the 
Wittig reaction of nonstabilized ylides furnishes E-olefins instead. 

 
 

 
 

 
 

These conditions allow for the erythreo betaine to interconvert to the threo betaine 
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Example 311 

 

Ph O Ph3P
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[1,2]-Wittig rearrangement 
Treatment of ethers with bases such as alkyl lithium results in alcohols. 
 

 
 

The [1,2]-Wittig rearrangement is believed to proceed via a radical mechanism: 
 

 
 

 
 

Example 1, Aza [1,2]-Wittig rearrangement2 
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Example 58 

 

 
 
Example 69 

 

 
 

Example 711 
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[2,3]-Wittig rearrangement 
Transformation of allyl ethers into homoallylic alcohols by treatment with base.  
Also known as the Still Wittig rearrangement.  Cf. Sommelet Hauser rearrange-
ment. 
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Example 4, Tandem Wittig rearrangement/alkylative cyclization reactions6 
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Wohl–Ziegler reaction 
The Wohl–Ziegler reaction is the reaction of an allylic or benzylic substrate with 
N-bromosuccinimide (NBS) under radical initiating conditions to provide the cor-
responding allylic or benzylic bromide.  Conditions used to promote the radical 
reaction are typically radical initiators, light and/or heat; carbon tetrachloride 
(CCl4) is typically utilized as the solvent. 

 
N-Bromosuccinimide (NBS) contains a small amount of HBr from the reaction be-
tween NBS and moisture.  The minute amount of HBr, in turn, reacts with NBS to 
provide a low, constant concentration of Br2.  Moreover, NBS reacts with the HBr 
by-product to produce Br2 and to prevent HBr addition across the double bond. 

 
N-bromosuccinimide (NBS)  succinimide 

 
Initiation: 

 
 2,2′-azobisisobutyronitrile (AIBN) 
 

 
Propagation: 

 
The bromine radical is now available for the next cycle of the radical chain reac-
tion. 
 
Termination: 
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Example 13 

 
 
Example 27 

 
Example 38 

 
Example 49 
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Wolff rearrangement 
Conversion of an -diazoketone into a ketene. 

 

 
 
Step-wise mechanism: 
 

 
Treatment of the ketene with water would give the corresponding homologated 
carboxylic acid. 

 
Concerted mechanism: 
 

 
 
Example 12 

 

 
 
Example 23 

 

 
 
Example 34 
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Example 49 

 

 
 

Example 511 
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Wolff–Kishner reduction 
Carbonyl reduction to methylene using basic hydrazine. 

 
 

 
 

 
 

Example 1, The Huang Minlon modification, with loss of ethylene5 

 

 
 

Example 27 

 

 
 

 
 
Example 38 
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Example 4, Huang Minlon modification10 

 

 
 
Example 313 
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Woodward cis-dihydroxylation 

Cf. Prévost trans-dihydroxylation. 

 
 

 
 cyclic iodonium ion intermediate     neighboring group assistance 

 

 
 

 
 
Example 11 

 

 
 

 
 
Example 26 
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Yamaguchi esterification 
Esterification using 2,4,6-trichlorobenzoyl chloride (the Yamaguchi reagent). 

 
 

 

 
 
Steric hindrance of the chloro substituents blocks attack of the other carbonyl of 
the mixed anhydride intermediate. 
 

 
 
Example 1, Intermolecular coupling5 
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Example 2, Intramolecular coupling7 

 

 
 

 
 
Example 3, Dimerization8 
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Zaitsev’s elimination rule 
E2 thermodynamic elimination gives the more substituted olefin as the major 
product because it is more stable.  

 
     major       minor 

 

 
 
Example 12    

 

 
 
Example 23    

 

 
 
Example 35    
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Example 48    
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Zhang enyne cycloisomerization 
Enynes are cycloisomerized regio- and enantio-selectively with a Rh complex 
with phosphine ligands. 

 

 

 
 
Example 13 

 

 
 
Example 24 
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Example 35 

 
Example 411 
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Zimmerman rearrangement  
Conversion of 1,4-dienes to vinylcyclopropanes under photolysis.  Also known as 
the Di- -methane rearrangement.   
 

 
 

 
       diradical     diradical 
 
Example 1, Aza- -methane rearrangement2 

 

 
 
Example 24 

 
 
Example 38 
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Example 4, Oxa- -methane rearrangement9 
 

 
 
Example 4, Oxa- -methane rearrangement10 
 

 
 
References 
1. (a) Zimmerman, H. E.; Grunewald, G. L. J. Am. Chem. Soc. 1966, 88, 183–184.  

Howard E. Zimmerman (1926–2012) was a professor at the University of Wisconsin at 
Madison.  He is also known for the Traxler–Zimmerman trasition state for the asym-
metric synthesis. (b) Zimmerman, H. E.; Armesto, D. Chem. Rev. 1996, 96, 3065–
3112.  (Review).  (c) Zimmerman, H. E.; Církva, V. Org. Lett. 2000, 2, 2365–2367.  

2. Armesto, D.; Horspool, W. M.; Langa, F.; Ramos, A. J. Chem. Soc., Perkin Trans. I 
1991, 223–228. 

3. Jiménez, M. C.; Miranda, M. A.; Tormos, R. Chem. Commun. 2000, 2341–2342. 
4. Ünaldi, N. S.; Balci, M. Tetrahedron Lett. 2001, 42, 8365–8367. 
5. Altundas, R.; Dastan, A.; Ünaldi, N. S.; Güven, K.; Uzun, O.; Balci, M. Eur. J. Org. 

Chem. 2002, 526–533. 
6. Zimmerman, H. E.; Chen, W. Org. Lett. 2002, 4, 1155–1158. 
7. Tanifuji, N.; Huang, H.; Shinagawa, Y.; Kobayashi, K. Tetrahedron Lett. 2003, 44, 

751–754. 
8. Dura, R. D.; Paquette, L. A. J. Org. Chem. 2006, 71, 2456–2459. 
9. Singh, V.; Chandra, G.; Mobin, S. M. Synlett 2008, 2267–2270.   
10. Cox, J. R.; Simpson, J. H.; Swager, T. M. J. Am. Chem. Soc. 2013, 135, 640–643. 
 



Name Reactions 656  

Zincke reaction 
The Zincke reaction is an overall amine exchange process that converts N-(2,4-
dinitrophenyl)pyridinium salts, known as Zincke salts, to N-aryl or N-alkyl pyri-
diniums upon treatment with the appropriate aniline or alkyl amine.   
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Example 15 

 

 
 

 
 
Example 26 

 

 
 

 
 
Example 39 
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Example 410 
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Zinin benzidine (semidne) rearrangement 
Also known as benzidine rearrangement or semidine rearrangement. Acid-
promoted rearrangement of hydrazobenzene to 4,4-diaminobiphenyl (benzidine) 
and 2,4-diaminobiphenyl. 

 

 
 Hydrazobenzene  70% (benzidine)       30% (semidine) 

 

 
 

 
 

 
 

Example 19,10 
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Example 2, Catalytic Asymmetric Benzidine Rearrangement9 

 

 
 

 
 

CG-50, an acidic resin. 
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Abnormal Beckmann rearrangement, 40

Abnormal Chichibabin reaction, 131

Abnormal Claisen rearrangement, 142

2-Acetamido acetophenone, 104

Acetic anhydride, 62, 192, 229, 468, 486,

488, 501

Acetone cyanohydrin, 591

Acetonitrile as a reactant, 193

α-Acetylamino-alkyl methyl ketone, 192

Acetylation, 340

Acetylenic alcohols, 123

α,β-Acetylenic esters, 250
Acid chloride, 11, 510, 525

Acid-catalyzed acylation, 325

Acid-catalyzed alkyl group migration, 622

Acid-catalyzed condensation, 155, 157

Acid-catalyzed cyclization, 452

Acid-catalyzed electrocyclic formation of

cyclopentenone, 424

Acid-catalyzed reaction, 539

Acid-catalyzed rearrangement, 482, 539

Acidic alcohol, 379

Acidic amide hydrolysis, 591

Acidic methylene moiety, 374

Acid-labile acetal, 117

Acid-mediated cyclization, 490

Acid-promoted rearrangement, 217

Acid scavenger, 227

Acrolein, 36, 562

Acrylic ester, 36

Acrylonitrile, 36

Activated hydroxamate, 367

Activated methylene compounds, 344

Activating agent, 486

Activating auxiliary, 507

Activating effect of a base, 593

Activating group, 316, 393, 486

Activation of the hydroxamic acid, 367

Activation step, 357

α-Active methylene nitrile, 279

Acyclic mechanism, 185

2-Acylamidoketones, 521

Acyl-o-aminobiphenyls, 413

Acyl anhydride, 260

Acylation, 8, 59, 260, 261, 325, 353, 367, 486

O-Acylation, 367
Acyl azides, 188

Acylbenzenesulfonylhydrazines, 369

Acyl derivative, 478

N-Acyl derivative, 188
ortho-Acyl diarylmethanes, 77

Acylglycine, 229

Acyl group, 260

Acyl halide, 260

Acylium ion, 261, 266, 278, 349

Acyl malonic ester, 289

α-Acyloxycarboxamide, 458

α-Acyloxyketone, 14
α-Acyloxythioether, 501
Acyl transfer, 14, 353, 468, 501

Adamantane-like structure, 478

cis-Addition, 546
1,6-Addition/Elimination, 656

1,4-Addition of a nucleophile, 397

Addition of Pd-H, 415

ADDP. See 1,1’-(azodicarbonyl)dipiperidine
(ADDP)

Adduct formation, 407

Adenosine, 411

Aglycon, 246

AIBN. See 2,20-Azobisisobutyronitrile (AIBN)
Air oxidation, 219

Al(Oi-Pr)3, 386
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Alcohol activation, 407

Aldehyde cyanohydrin, 255

Alder ene reaction, 1, 2, 134

Alder’s endo rule, 211

Aldol addition, 519

Aldol condensation, 3, 50, 130, 237, 264, 300,

312, 417, 468, 519

Algar–Flynn–Oyamada reaction, 6

Alkali metal, 52, 570

Alkali metal amide, 570

Alkaline medium, 509

Alkene, 1, 32, 262, 376, 377, 440, 460, 476,

496, 539

Alkenyl anilines, 309

Alkenylation, 304

Alkoxide-catalyzed oxidation, 447

Alkoxide-catalyzed rearrangements, 239

α-Alkoxycarbonyl phosphonate, 382
Alkoxy methylenemalonic ester, 289

Alkyl alcohol, 231

Alkyl amine, 656

Alkylating agent, 262, 384

O-Alkylating agent, 384

N-Alkylation, 384
Alkylation reaction, 228

Alkyl cation, 262

Alkyl fluorosilane, 259

Alkyl group migration, 622

Alkyl halide, 198, 262, 272, 357, 399

Alkyl lithium, 544, 636

Alkyl migration, 349, 482

N-Alkyl pyridinium, 656

Alkyl-silane, 257

Alkyne, 110, 123, 174, 223, 262, 282, 284,

462, 572

Alkyne coordination, 223

Alkyne insertion, 223

Alkynyl copper reagent, 100, 110, 282, 572

Alkynyl halide, 100

Allan–Robinson reaction, 8, 353

Allenyl enyne, 423

Allyl ether, 638

O-Allyl hydroxylamines, 391

Allylic acetate, 606

Allylic alcohol, 123, 150, 405, 443, 449,

552, 626

Allylic amination, 117

Allylic amine, 472, 560

Allylic bromide, 640

Allylic carbamate, 560

Allylic C–H amination, 117

Allylic C–H cleavage, 117

Allylic C–H oxidation, 117–119

Allylic epoxide, 606

Allylic ester enolate, 148

Allylic ether, 606

Allylic leaving group, 605

Allylic substrate, 640

Allylic sulfoxide, 405

Allylic tertiary amine-N-oxides, 391
Allylic transformation, 247

Allylic transposition, 1

Allylic trichloroacetamide, 449

Allyloxycarbenium ions, 247

π-Allylpalladium intermediate, 117, 605

Allylsilane, 533

π-Allyl Stille coupling, 584
Allyl trimethylsilyl ketene acetal, 148

(R)-Alpine-borane, 401, 402
Aluminum chloride, 278

Aluminum hydride, 123

Aluminum phenolate, 266

Amalgamated zinc, 153

Amide, 39, 125, 128, 146, 360, 421, 517, 539,

600, 619

Amidine, 484

Amination, 66, 91–93, 117, 118, 362

Amine-catalyzed rearrangements, 239

Amine exchange, 656

Aminoacetal intermediate, 490

Amino acid, 119, 120, 192, 591

α-Amino acid, 192, 591

β-aminoalcohol, 203

gem-Aminoalcohol, 362

o-Aminobiphenyls, 413

β-Aminocrotonate, 432

α-Amino ketone, 264, 426

α-Amino nitrile, 591

Aminothiophene synthesis, 279

Ammonia, 130, 295, 300, 302, 454

Ammonium carbonate, 87

Ammonium sulfite, 85

Ammonium ylide intermediate, 570

Aniline, 54, 125, 155, 157, 219, 276, 289, 309,

415, 435, 562, 656

Anilinomethylenemalonic ester, 289

Anion-assisted Claisen rearrangement, 108

Anionic oxy-Cope rearrangement, 163

p-Anisyloxymethyl (AOM), 166

α-Anomer, 247, 248

β-Anomer, 350

Anomeric center, 342

Anthracenes, 77

AOM. See p-Anisyloxymethyl (AOM)

Aprotic solvent, 16, 443

Aralkyloxazole, 521
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Arndt–Eistert homologation, 10

Aromatic aldehyde, 255

Aromatic solvent, 227

Aromatization, 221, 260, 262, 570

Arthur C. Cope, 242

Aryl–acetylene, 110

Aryl aldehyde, 468

α-Arylamino-ketone, 54

Arylation, 119, 125, 304, 367

O-Arylation, 367
Arylboronates, 409

Aryl boronic acid, 97, 119, 125

Aryl diazonium salt, 287

β-Arylethylamine, 480

Aryl groups migrate intramolecularly, 434

Aryl halide, 72, 91, 409, 586, 611

Aryl hydrazine, 83

Arylhydrazone, 253

2-Aryl-3-hydroxy-4H-1benzopyran-4-ones, 6
O-Aryliminoethers, 128

3-Arylindole, 54

Aryllithium, 456

Aryl migration, 44, 190

1,2-Aryl migration, 240

Arylmethyl ether, 227

Aryl potassium trifluoroborate, 119

N-Aryl pyridinium, 656

Asymmetric acyl Pictet–Spengler, 480

Asymmetric aldol condensation, 237

Asymmetric amino-hydroxylation, 546

Asymmetric aza-Michael addition, 397

Asymmetric Carroll rearrangement, 108

Asymmetric Claisen rearrangement, 141

Asymmetric construction of carbon–

carbon bond, 393

Asymmetric [3+2]-cycloaddition, 169

Asymmetric Diels–Alder reactions, 168

Asymmetric dihydroxylation, 549

Asymmetric epoxidation, 329, 552

Asymmetric hydroboration, 71

Asymmetric hydrogenation, 440

Asymmetric intermolecular Heck reaction, 304

Asymmetric Mannich reaction, 374, 375

Asymmetric Mannich-type reaction, 374, 375

Asymmetric Michael addition, 397

Asymmetric Mukaiyama aldol reaction, 418

Asymmetric Petasis reaction, 473

Asymmetric reduction, 401, 440

Asymmetric reduction of ketones, 401

Asymmetric Robinson annulation, 297

Asymmetric Simmons–Smith, 560

Asymmetric Tsuji–Trost reaction, 605

α-attack, 6

β-attack, 6
Aurone derivative, 7

Aza-Diels–Alder reaction, 215

Aza-Grob fragmentation, 293

Aza-Henry reaction, 312

Azalactone, 192

Aza-π-methane rearrangement, 654

Aza-Myers–Saito reaction, 423

Aza-Payne rearrangement, 464

Aza [1,2]-Wittig rearrangement, 570

Azide, 60, 125, 188, 507, 576

Azido-alcohol, 60, 539

Aziridine, 60, 171, 291

Azirine intermediate, 426

N-Aziridinyl imine, 16

Azlactone, 229

2,20-Azobisisobutyronitrile (AIBN), 26–29,
225, 603, 640, 641

1,1’-(Azodicarbonyl)dipiperidine

(ADDP), 407

B
Backside displacement, 503

Baeyer–Villiger oxidation, 12, 190

Baker–Venkataraman rearrangement, 14

Balz�Schiemann reaction, 537

Bamford–Stevens reaction, 16, 544

Barbier coupling reaction, 21

Bartoli indole synthesis, 24

Barton ester, 26

Barton–McCombie deoxygenation, 28

Barton nitrite photolysis, 30

Barton radical decarboxylation, 26

Base-catalyzed condensation, 196, 512

Base-catalyzed self-condensation, 603

Base-induced cleavage, 299

Base-mediated rearrangement, 367

Base-promoted radical coupling, 287

Base-sensitive aldehyde, 382

Basic condition, 228, 384, 476

Basic hydrogen peroxide conditions, 190

Basic oxidation, 81

BaSO4-poisoned palladium catalyst, 525

Batcho–Leimgruber indole synthesis, 34

Baylis–Hillman reaction, 36

9-BBN. See B-isopinocampheyl-9-

borabicyclo-[3.3.1]-nonane (9-BBN)

Beckmann rearrangement, 39

Belluš–Claisen rearrangement, 140

Benzaldehyde, 131, 568

1,4-Benzenediyl diradical formation, 48

Benzil, 44
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Benzilate, 44

Benzilic acid rearrangement, 44

Benzoin condensation, 46, 587

p-Benzoquinone, 432
Benzothiazole (BT), 338

Benzylation, 227

Benzyl halide, 198, 568, 640

Benzylic bromide, 640

Benzylic quaternary ammonium salt, 570

Benzylic substrate, 640

Benzyl reagent, 227

Bergman cyclization, 48, 423

Betaine, 632, 634

Biaryl, 611

cis-Bicyclo[3.3.0]octane-3,7-dione, 624
Biginelli pyrimidone synthesis, 50

Biindolyl, 410

Bimolecular elimination, 37

Birch reduction, 52

Bis-acetylene, 100

Bis-aryl halide, 586

Bischler indole synthesis, 54

Bischler–Möhlau indole synthesis, 54

Bischler–Napieralski reaction, 56

1,4-bis(9-O-dihydroquinine)phthalazine

((DHQ)2-PHAL), 547, 549

2,4-Bis(4-methoxyphenyl)-1,3-

dithiadiphosphetane-2,4-disulfide, 360

B-isopinocampheyl-9-borabicyclo-[3.3.1]-

nonane (9-BBN), 401

Bisoxygenated intermediate, 118

Bis(trifluoroethyl)phosphonate, 582

Blaise reaction, 58

Blum–Ittah aziridine synthesis, 60

Boat-like, 140

Bobbitt modification, 491

N-Boc glylcine allylic ester, 119
Boekelheide reaction, 62

Boger pyridine synthesis, 64, 215, 216

9-Borabicyclo[3.3.1]nonane, 401, See also
9-BBN

Borane, 81, 98, 119, 168, 401, 402, 593

Borch reductive amination, 66

Boric acid, 119

Boronate, 97, 409

Z-(O)-Boron-enolate, 237
Boronic acid, 97, 119, 125, 472

Boronic acid-Mannich, 472

Boron-mediated Reformatsky reaction, 457

Boron-protected haloboronic acid, 97, 98

Boron trifluoride etherate, 247

Borsche–Drechsel cyclization, 68

Boulton–Katritzky rearrangement, 70

Bouveault aldehyde synthesis, 72

Bouveault–Blanc reduction, 74

Bradsher reaction, 77

Br/Cl variant of the Takai reaction, 598

Bromine/alkoxide for Hofmann

rearrangement, 320

α-Bromoacid, 310

Bromodinitrobenzene, 388

N-Bromosuccinimide, 319, 327, 569, 640, 641

Brook rearrangement, 79

[1,2]-Brook rearrangement, 79, 80

[1,3]-Brook rearrangement, 79

[1,4]-Brook rearrangement, 79

[1,5]-Brook rearrangement, 80

Brown hydroboration, 81

BT. See Benzothiazole (BT)
Bu3P, 555

Bucherer–Bergs reaction, 87

Bucherer carbazole synthesis, 83

Bucherer reaction, 85

Büchner ring expansion, 89

Buchwald–Hartwig amination, 91, 125

t-BuLi, 80, 224, 431, 456, 457, 636
Burgess dehydrating reagent, 95, 379

Burke boronates, 97

Butterfly transition state, 527

t-Butyl peroxide, 552

C
Cadiot–Chodkiewicz coupling, 100, 110, 572

Calystegine, 245

Camphorsulfonic acid (CSA), 228, 297, 455,

501, 555

Camps quinoline synthesis, 104

Cannizzaro reaction, 106

Carbazole, 68, 83

Carbene, 10, 135, 182, 223, 474, 509, 642

Carbene generation, 509

Carbene mechanism, 474

Carbocation rearrangement, 202, 203

β-Carbocation stabilization by the silicon

group, 257

β-Carbocation stabilizationby the β-silicon
effect, 533

Carbocyclization, 245

Carbodiimide, 367, 411

Carbon–boron bond, 337

Carbon Ferrier reaction, 247

Carbon monoxide, 278, 462

Carbon nucleophile (C-nucleophile), 117, 247,

533, 605

Carbon tetrachloride (CCl4), 109, 327,

495, 504, 521, 569 ,640, 641

Carbonyl, 370, 440, 505, 533, 539, 599

Carbonyl oxide, 187

β-Carbonyl sulfide derivative, 276



665Index

1,2-Carbon-to-nitrogen migration, 188

Carboxylic acid, 10, 26, 106, 227, 239, 310,

333, 458, 608

Carboxylic amide derivative, 299

Carroll rearrangement, 108

Castro–Stephens coupling, 100, 110, 572

in situ Castro–Stephens reaction, 111

Catalytic asymmetric enamine aldol, 297

Catalytic asymmetric inverse-electron-demand

Diels–Alder reaction, 213

Catalytic cycle, 92, 168, 304, 316, 357, 440,

443, 514, 546, 550, 552, 584, 593,

605, 620

Catalytic Pauson–Khand reaction, 462

CBS reagent, 168

C–C bond cleavage, 293

C–C bond migration, 203, 204

C–C bond rotation, 304

CCl4. See Carbon tetrachloride (CCl4)

Celebrex, 348

CH2I2, 519, 560, 561

CH3OTf, 227

Chair-like, 140

Chan alkyne reduction, 123

Chan–Lam C–X coupling reaction, 125

Chantix, 235

Chapman-like thermal rearrangement, 129

Chapman rearrangement, 128, 434

Chelate-controlled oxidative Heck

arylation, 119

Chemoselective tandem acylation of the Blaise

reaction intermediate, 59

Chemoselectivity, 117

CHI3, 597

Chichibabin pyridine synthesis, 130

Chiral allylic C–H oxidation, 118

Chiral auxiliary, 237, 393

Chiral ligand, 546

Chiral oxazoline, 393

Chlorination, 367

in situ Chlorination, 504

Chloroammonium salt, 321

μ-Chlorobis-(cyclopentadienyl)-
(dimethylaluminium)-μ-
methylenetitanium, 599

Chlorodinitrobenzene, 388

Chloroiminium salt, 615

α-Chloromethyl ketones, 302

2-Chloro-1-methyl-pyridinium iodide, 421

3-Chloropyridine, 135

Chloro substituent, 648

N-Chlorosuccinimide (NCS), 176

Cholesterol, 352

Chromium (VI), 333

Chromium trioxide, 333

Chromium trioxide-pyridine complex, 333

Chromium variant of the Nicholas

reaction, 436

Chugaev reaction, 133

Chugaev syn-elimination, 133

Ciamician–Dennsted rearrangement, 135

Cinchona alkaloid ligand, 549

Cinnamic acid synthesis, 468
13C-labelled α,β-unsaturated ketone, 221

Claisen condensation, 136, 209

Claisen isoxazole synthesis, 138

Claisen rearrangement, 16, 108, 140

ortho-Claisen rearrangement product, 142

para-Claisen rearrangement, 142

Classical Favorskii rearrangement, 242

Cleavage of primary carbon–boron bond, 337

Clemmensen reduction, 153

CO, 223, 349

Cobalt-catalyzed Alder-ene reaction, 1

C–O bond fragmentation, 266

CO insertion, 223

Collins oxidation, 335

Collins–Sarett oxidation, 335

Combes quinoline synthesis, 155, 157

Combinatorial Doebner reaction, 220

Comins modification, 72

Complexation, 97, 260, 266, 325, 533, 620

Concerted oxygen transfer, 329

Concerted process, 140, 161, 211, 293, 549,

632, 642

Condensation, 3, 34, 46, 50, 51, 66, 104, 130, ,

137, 155, 157, 210, 229, 250, 255, 264,

300, 312, 314, 364, 417, 432, 458, 466,

480, 512, 519, 578, 588, 591, 603, 624

Aldol, 3, 468

Benzoin, 46

Claisen, 136

Darzens, 196

Dieckmann, 209

Guareschi–Thorpe, 295

Knoevenagel, 279, 280, 344

Stobbe, 587

Conjugate addition, 221, 397, 432, 562. See
also Michael addition

Conrad–Limpach reaction, 155, 157

Coordination, 223, 386, 447, 605

Coordination and deprotonation, 386

Cope elimination reaction, 159, 160

Cope rearrangement, 142, 161

Copper catalyst, 282

Corey–Bakshi–Shibata (CBS) reagent, 168

Corey–Chaykovsky reaction, 171

Corey–Claisen, 140

Corey–Fuchs reaction, 174

Corey–Kim oxidation, 176
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Corey–Nicolaou double activation, 178

Corey–Nicolaou macrolactonization, 178

Corey’s oxazaborolidine, 168

Corey’s PCC, 333

Corey–Seebach dithiane reaction, 180

Corey–Winter olefin synthesis, 182

Corey–Winter reductive elimination, 182

Corey’s ylide, 171

Coumarin, 446

(–)-CP-263114, 334

Cp2TiMe2, 474

Cr(CO)3-coordinated hydroquinone, 223

Cr(III), 333

CrCl2, 597

Criegee glycol cleavage, 185

Criegee mechanism of ozonolysis, 187

Criegee zwitterion, 187

Crimmins procedure for Evans aldol, 237

Crixivan, 330

Cr–Ni bimetallic catalyst, 443

Cross-coupling, 97, 98, 125, 284, 316, 317,

328, 357, 430, 572, 584, 586, 593

Cross-McMurry coupling, 370, 371

CSA. See Camphorsulfonic acid (CSA)

Cu(III) intermediate, 100, 110

Cu(OAc)2, 125, 126, 284, 285, 328, 620

Cupric acetate, 125

Curtius rearrangement, 188

CuTC-catalyzed Ullmann coupling, 611

Cyanamide, 619

Cyanide, 46

Cyanoacetic ester, 295

Cyanogen bromide, 619

Cyanohydrins, 87

Cyclic intermediate, 185

Cyclic iodonium ion intermediate, 495, 646

Cyclic mechanism, 185

Cyclic thiocarbonate, 182

Cyclic transition state, 386, 447

Cyclization, 6, 54, 77, 138, 155, 157, 200, 221,

253, 280, 289, 309, 413, 426, 456, 460,

480, 490, 512, 587, 656

Bergman, 48

Borsche–Drechsel, 68

Ferrier carbocyclization, 245

Myers–Saito, 423

Nazarov, 424

Parham, 456

Pschorr, 499

Cyclization of the Stobbe product, 587

[2+2] Cycloaddition, 89, 320, 514, 574, 599, 632

[2+2+1] Cycloaddition, 462

[3+2]-Cycloaddition, 168, 549

[4+2]-Cycloaddition reactions, 211

Cyclobutane cleavage, 200

Cyclobutanone, 574

Cyclodehydration, 521

Cyclo-dibromodi-μ-methylene

(μ-tetrahydrofuran)trizinc, 445
Cyclohepta-2,4,6-trienecarboxylic acid

ester, 89

Cyclohexadiene, 52

Cyclohexanone, 68, 245, 462, 519

Cyclohexanone phenylhydrazone, 68

Cyclopentene, 617

Cyclopropanation, 135, 560

Cyclopropane, 177, 617, 654

Cyclopropanone intermediate, 239

Cycloreversion, 514

D
Dakin oxidation, 190

Dakin–West reaction, 192

Danishefsky diene, 211

Darzens condensation, 196

DBU. See 1,8-diazabicyclo[5.4.0]undec-
7-ene (DBU)

DCC. See
1,3-Dicyclohexylcarbodiimide (DCC)

De Mayo reaction, 200

DEAD. See Diethyl
diazodicarboxylate (DEAD)

Decalin, 478

Decarboxylation, 108, 289, 344, 367, 523, 624

Dehydrating reagent, 379, 478

Dehydration, 131, 451, 519, 529, 562

Dehydrative ring closure, 413

Delépine amine synthesis, 198, 568

Demetallation, 436

Demjanov rearrangement, 202

Deoxygenation, 28

(+)-Deoxynegamycin, 118

Deprotonation of nitroalkanes, 312

Depsipeptide, 117

Dess–Martin oxidation, 206, 207, 521

Desulfonylation, 617

Desymmetrization, 107

Dewar intermediate, 142

(DHQD)2-PHAL, 547. See also 1,4-Bis(9-O-

dihydroquinine)phthalazine

((DHQ)2-PHAL

Diamide, 608

Diaryl compound, 287

Diastereomer, 340, 500, 545

Diastereoselective glycosidation, 342

Diastereoselective Simmons–Smith cyclopro-

panation, 560
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1,8-Diazabicyclo[5.4.0]undec-7-ene (DBU),

15, 196, 231, 313, 319, 368, 382, 383,

419, 427, 449, 450, 520, 521, 579

Diazoacetic esters, 89

2-Diazo-1,3-diketone, 507

α-Diazoketone , 642
Diazomethane, 10

Diazonium salt, 204, 287, 331, 535

2-Diazo-3-oxoester, 507

Diazotization, 202, 203

Diboron reagents, 409

Dibromoolefin, 174

1,3-Dicarbonyl compounds, 347

1,4-Dicarbonyl derivative, 578

Dichlorocarbene, 135, 509

1,3-Dicyclohexylcarbodiimide (DCC), 27,

270, 411

1,3-Dicyclohexylurea, 411

Dieckmann condensation, 209

Diels–Alder adduct, 211

Diels–Alder reaction, 64, 77, 168, 211–214

Diene, 52, 211, 213, 215, 654

1,4-Diene, 654

Dienone, 142

Dienone–phenol rearrangement, 217

Dienophile, 64, 211, 213, 215

Diethyl diazodicarboxylate (DEAD), 248, 268,

273, 407, 408

Diethyl succinate, 587

Diethyl tartrate, 552

Diethyl thiodiglycolate, 214

Dihydroisoquinolines, 56

1,4-Dihydropyridine, 300

cis-Dihydroxylation, 549
Diketone, 295, 507

α-diketone, 314
β-diketones, 14, 155
1,4-diketone, 451, 452, 454

1,4-diketone condensation, 523

1,5-diketone, 200

Dimerization, 280, 282, 284

Dimethylaminomethylating agent, 231

Dimethylaminomethylation, 231

Dimethylaminopyridine (DMAP), 89, 126,

183, 184, 187, 192, 270, 422, 502,

648, 649

N,N-Dimethylformamide dimethyl acetal

(DMFDMA), 34

Dimethylmethylideneammonium iodide, 231

Dimethylsulfide (DMS), 176

Dimethylsulfonium methylide, 171

Dimethylsulfoxonium methylide, 171

Dimethyltitanocene, 474

Dinitrophenyl (DNP), 78

Diol, 182, 185, 227, 275, 482

Diosgenin, 154

1,3-Dioxolane-2-thione, 182

Dipeptidyl peptidase IV inhibitor, 119

Diphenylphosphoryl azide (DPPA), 188, 189

Diphenyl 2-pyridylphosphine, 269

1,3-Dipolar cycloaddition, 187, 507, 508

DIPT, 553

2,20-Dipyridyl disulfide, 178
Diradical, 48, 423, 460, 617, 654

N,N-Disubstituted acetamide, 486

Disubstituted azodicarboxylate, 407

4,4-Disubstituted cyclohexadienone, 217

3,4-Disubstituted phenols, 217

3,4-Disubstituted thiophene-

2,5-dicarbonyl, 314, 347, 578

Di-tert-butylazodicarbonate (DTBAD), 269
Dithiane, 180

Ditin reagent, 586

Di-vinyl ketone, 424

Di-π–methane rearrangement, 654

2,4-Dinitro-benzenesulfonyl chloride, 268

DMAP. See Dimethylaminopyridine (DMAP)

DMFDMA. See Dimethylformamide dimethyl

acetal (DMFDMA)

DMS. See Dimethylsulfide (DMS)

DNP. See Dinitrophenyl (DNP)
Doebner quinoline synthesis, 219

Doebner–von Miller reaction, 221, 562

Domino annulation reaction under Willgerodt–

Kindler conditions, 630

Dötz reaction, 223

Double Chapman rearrangement, 129

Double imine, 253

Double Robinson-type cyclopentene

annulation, 520

Double Tebbe, 599, 600

Double Wagner–Meerwein rearrangement, 622

Dowd–Beckwith ring expansion, 225

Dowtherm A, 158

DPE-Phos, 93

DPPA. See Diphenylphosphoryl azide (DPPA)
DTBAD. See Di-tert-butylazodicarbonate

(DTBAD)

Dudley reagent, 227

E
E1cB, 297, 379

E2, 37, 468, 476

E2 anti-elimination, 476

E2 elimination, 468

E-allylic alcohols, 123
EAN. See Ethylammonium nitrate (EAN)

E-arylated allylic ester, 119

EDDA. See Ethylenediamine diacetate (EDDA)
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EDG. See Electron-donating group (EDG)

Eglinton coupling, 284

Ei, 95

Electrocyclic formation, 424

Electrocyclic ring closure, 223

Electrocyclic ring opening, 89

Electrocyclization, 48, 155, 157, 460, 656

6π-Electrocyclization, 155, 157, 656
Electron-deficient heteroaromatics, 403

Electron-donating group (EDG), 211

Electron-donating substituent, 52, 211

Electronically unbiased α-olefin, 119
Electron-rich alkyl group, 482

Electron-rich carbocycle, 615

Electron-rich ligands, 91

Electron transfer, 21, 52, 240, 291, 340, 370,

505, 611

Electron-withdrawing substituent, 52, 211, 388

Electrophile, 36, 98, 171, 291, 357, 533,

539, 615

Electrophilic site, 456

Electrophilic substitution, 260, 325

Elemental sulfur, 279, 451

Elimination, 37, 91, 95, 100, 110, 125, 133,

159, 160, 182, 255

α-elimination, 509

β-elimination 309, 379, 572

syn-elimination, 555

syn-β-elimination, 304

Emil Fischer, 247

Enamine, 64, 130, 155, 488, 603

Enamine formation, 297, 300

Enantioselective aromatic Claisen rear-

rangement, 145

Enantioselective borane reduction, 168

Enantioselective cis-dihydroxylation, 549
Enantioselective epoxidation, 552

Enantioselective ester enolate-Claisen rear-

rangement, 149

Enantioselective Mukaiyama-aldol reaction, 4

Enantiospecific Baker–Venkataraman rear-

rangement, 14

Enediyne, 48

Ene-hydrazine, 253

Ene reaction, 1, 133, 144, 165

Enol, 108, 507

Enolate, 3, 148, 209, 231, 237, 275, 300, 374,

397, 468, 507, 519, 587

Enol ether, 417, 419, 438

Enolizable hydrogens for ketones, 242

Enolizable α-haloketones, 239
Enolization, 8, 310, 353, 354, 374

Enolsilane, 527, 531

Enone, 200, 354, 531

Enophile, 1

Enzymatic resolution, 118

Episulfone intermediate, 503

Epoxidation

Corey–Chaykovsky, 171

Jacobsen–Katsuki, 329

Payne, 464

Prilezhaev, 527

Sharpless, 552

Epoxide, 171, 552, 606

cis-epoxide, 329
trans-epoxide, 329
migration, 464

1,2-Epoxy-3-ol, 464

2,3-Epoxy alcohol, 464

α,β-Epoxy esters, 196

α,β-Epoxyketones, 233, 626
α,β-Epoxy sulfonylhydrazones, 233

Erlenmeye–Plöchl azlactone synthesis, 229

Erythreo betaine, 634

Erythro (kinetic adduct), Horner–Wadsworth–

Emmons reaction, 323

Erythro isomer, 582
Eschenmoser–Claisen amide acetal

rearrangement, 146

Eschenmoser hydrazone, 16

Eschenmoser’s salt, 231, 374

Eschenmoser–Tanabe fragmentation, 233

Eschweiler–Clarke reductive alkylation of

amines, 235, 362

Ester, 26, 30, 36, 58, 74, 89, 108, 126, 136, 138,

140, 148, 150, 157, 196, 239, 250, 266,

270, 289, 295, 314, 360, 384, 484, 578

Esterification, 119, 421, , 648

Et3O
+BF4

�, 384
Et3SiH, 270

Ether formation, 227, 379, 407, 638

Ethylammonium nitrate (EAN), 345

Ethylenediamine diacetate (EDDA), 355

Ethyl oxalate, 512

Evans aldol reaction, 237

Evans syn, 237
Evolution of CO2, 192

EWG, 211

Exo complex, 462

Extrusion of dinitrogen, 188

Extrusion of nitrogen, 64, 539

E/Z geometry control, 148

F
Favorskii rearrangement, 239

Feist–Bénary furan synthesis, 243

Ferrier carbocyclization, 245

Ferrier glycal allylic rearrangement, 247

Ferrier reaction, 247
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Ferrier I reaction, 247

Ferrier II Reaction, 245

Ferrier rearrangement, 247

Fiesselmann thiophene synthesis, 250

Fischer carbene, 223

Fischer indole synthesis, 68, 83, 253

Fischer oxazole synthesis, 255

Flavone, 8

Flavonol, 6

Fleming –Kumada oxidation, 257

Fleming–Tamao oxidation, 231

Fluoride, 316

Fluoroarene, 537

Fluoro-Meisenheimer complex, 388

Fluorous Corey–Kim reaction, 176

Fluorous Mukaiyama reagent, 422

Formal [2+2+1] cycloaddition, 462

Formaldehyde, 235, 362

Formamide acetal, 34

Formic acid, 235, 362

Formylation, 72, 278

o-Formylphenol, 509

Four-component condensation (4CC), 608

Four-electron system, 1

Four-membered titanium oxide ring

intermediate, 474

Fragmentation, 221, 233, 266, 293

Friedel–Crafts acylation reaction, 260

Friedel–Crafts alkylation reaction, 262

Friedel–Crafts reaction, 260

Friedländer quinoline synthesis, 264

Fries rearrangement, 266

ortho-Fries rearrangement, 267

Fries–Finck rearrangement, 266

Fukuyama amine synthesis, 268

Fukuyama–Mitsunobu procedure, 268

Fukuyama reduction, 270

Functional group interconversion, 117

Functional group migration, 629

Furan ring as the masked carbonyl, 512

Furan synthesis, 243, 452

Fused pyridine ring, 289

G
Gabriel amine synthesis, 273

Gabriel–Colman rearrangement, 275

Gabriel synthesis, 198, 272

Garner’s aldehyde, 292

Gassman indole synthesis, 276

Gattermann–Koch reaction, 278

Gewald aminothiophene synthesis, 279

Glaser coupling, 282, 284

Glycerol, 562

Glycidic ester, 196

Glycol, 185, 247, 248, 250, 369, 645

Glycosidation, 342, 350, 541

β-Glycoside, 350
C-Glycosidic product, 247
Glycosyl acceptor, 342

Gomberg–Bachmann reaction, 287, 499

Gould–Jacobs reaction, 289

green Dakin–West reaction, 193

Grignard reaction, 21, 291

Grignard reagent, 16, 24, 291, 357, 544, 589

Grob fragmentation, 293

Grubbs’ catalyst, 89, 514, 516

Grubbs’ catalyst, intramolecular Buchner

reaction, 89

Guareschi imide, 295

Guareschi–Thorpe condensation, 295

H
Hajos–Wiechert reaction, 297

Halfordinal, 255

Haller–Bauer reaction, 299

N-Haloamines, protonated, 321

o-Halo-aniline, 415
Haloarene, 535

α-Halocarbohydrate, 350
α-Haloesters, 58, 196, 505
α-Halogenation, 310
Halogen effect, 521

Halogen–lithium exchange, 456

α-Haloketones, 239, 243
2-Halomethyl cycloalkanones, 225

α-Halosulfone, 503
Hantzsch 1,4-dihydropyridines, 300

Hantzsch dihydropyridine synthesis, 300

Hantzsch pyrrole synthesis, 302

[1,5]-H-atom shift, 144

Head-to-head alignment, 200

Head-to-tail alignment, 200

Heck arylation, 119

Heck reaction, 119, 304, 305, 307, 415

Hegedus indole synthesis, 309

Hell–Volhard–Zelinsky reaction, 310

Hemiaminal, 523, 568

(+)-Hennoxazole, 521

Henry nitroaldol reaction, 312

Heteroaryl Heck reaction, 307

Heteroaryllithium, 456

Heteroaryl recipient, 307

Heteroarylsulfones, 338

Hetero-Carroll rearrangement, 108
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Hetero-Diels–Alder reaction, 64, 215

Heterodiene addition, 215

Heterodienophile addition, 215

Heteropoly acid catalyst, 193

Hex-5-enopyranosides, 246

Hexacarbonyldicobalt complex, 436, 462

Hexacarbonyldicobalt-stabilized propargyl

cation, 436

Hexamethylenetetramine, 198, 568

Hinsberg synthesis of thiophene, 314

Hiyama cross-coupling reaction, 316

Hoch–Campbell aziridine synthesis, 291

Hofmann degradation, 319

Hofmann–Löffler–Freytag reaction, 321

Hofmann rearrangement, 319

Homoallylic alcohol, 638

Homocoupling, 283, 370, 611

Homo-Favorskii rearrangement, 240

Homologated carboxylic acid, 642

Homolysis, 240

Homolytic cleavage, 26, 28, 30, 225, 321, 327,

369, 636, 640

Homo-McMurry coupling, 370

Homo-Robinson, 519

Horner–Emmons reaction, 582

Horner–Wadsworth–Emmons

reaction, 323, 382

Hosomi–Miyaura borylation, 409

Hosomi–Sakurai reaction, 533

Houben–Hoesch reaction, 325

Huang Minlon modification, 644, 645

Hunsdiecker–Borodin reaction, 327

Hydantoin, 87, 125, 547

Hydrazine, 83, 125, 253, 273, 347, 369,

626, 644

Hydrazoic acid, 539

Hydrazone, 16, 69, 233, 253, 331, 626

Hydride, 106, 123, 235, 362, 386, 401, 415,

447, 531, 568, 620, 645

β-Hydride elimination, 415, 531

Hydride shift, 620, 645

Hydride source, 235

Hydride transfer, 94, 345, 359, 404, 515

Hydro-allyl addition, 1

1,5-Hydrogen abstraction, 30

Hydrogen atom abstraction, 28

Hydrogenation, 440, 525

1,5-Hydrogen atom transfer, 321

Hydrogen donor, 48

Hydrogenolysis, 276

Hydrolysis, 62, 188, 190, 257, 272, 291, 297,

310, 314, 325, 344, 426, 434, 484, 495,

505, 509, 512, 527, 549, 591, 646

Hydrolysis of iminium salt, 297

Hydropalladation, 620

Hydroxamic acid, 367

Hydroxide-catalyzed rearrangements, 239

o-Hydroxyaryl ketones, 8
4-Hydroxy-3-carboalkoxyquinoline, 289

β-Hydroxycarbonyl, 3
20-Hydroxychalcones, 6
3-Hydroxy-isoxazoles, 138

ω-Hydroxyl-acid, 178
Hydroxylamine, 138, 390

N-Hydroxyl amines, 159

α-Hydroxylation, 478
5-Hydroxylindole, 432

2-Hydroxymethylpyridine, 62

β-Hydroxy-β-phenylethylamine, 478

4-Hydroxyquinoline, 289

β-Hydroxysilane, 228, 476
3-Hydroxy-2-thiophenecarboxylic acid

derivatives, 250

Hydrozinolysis, 70

Hypohalite, 276, 319

I
IBX. See o-Iodoxybenzoic acid (IBX)

Imide, 125, 295

Imine, 66, 125, 130, 155, 539, 574, 603, 608

Iminium formation hydrolysis, 344, 591

Iminochloride, 426

Imino ether, 484

Iminophosphorane, 576

Indole, 24, 34, 54, 68, 83, 253, 276, 309, 415,

432, 512

Indole-2-carboxylic acid, 512

Indole synthesis, 253, 276, 309, 415, 432, 512

Bartoli, 24

Batcho–Leimgruber, 34

Bischler–Möhlau, 54

Fischer, 253

Gassman, 276

Hegedus, 309

Mori–Ban, 415

Nenitzescu, 432

Reissert, 512

Ing–Manske procedure, 273

Initiation, radical, 640

Inositol, 245

Insertion, 223, 304, 307, 415, 462, 643

Insertion toward CH, 462

Intercomponent interactions, 100

Intermolecular addition, 403, 562

Intermolecular aldol, 4
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Intermolecular Bradsher cycloaddition, 77, 78

Intermolecular C–H amination, 118

Intermolecular C–H oxidation, 117

Intermolecular Friedel–Crafts acylation, 260

Intermolecular Heck arylation, 119, 307

Intermolecular Yamaguchi coupling, 648

Internal acetylenes, 395

Intramolecular acyl transfer, 468

Intramolecular Alder-ene reaction, 1

Intramolecular aldol condensation, 519

Intramolecular Baylis–Hillman reaction, 37

Intramolecular Boger pyridine synthesis, 64

Intramolecular Bradsher cyclization, 77

Intramolecular Büchner reaction, 89

Intramolecular Cannizzaro reaction, 107

Intramolecular C–H oxidation, 117

Intramolecular condensation, 229

Intramolecular cross-coupling, 586

Intramolecular cyclization, 456

Intramolecular Diels–Alder reaction, 211, 212

Intramolecular ene reaction, 133

Intramolecular Favorskii Rearrangement, 239

Intramolecular Friedel–Crafts

acylation, 260, 261

Intramolecular Henry reaction, 313

Intramolecular Horner–Wadsworth–

Emmons, 324

Intramolecular Houben–Hoesch reaction, 325

Intramolecular mechanism, 333

Intramolecular Michael addition, 398

Intramolecular Minisci reaction, 404

Intramolecular Mitsunobu reaction, 408

Intramolecular Mukaiyama aldol reaction, 417

Intramolecular Nicholas reaction using

chromium, 437

Intramolecular Nozaki–Hiyama–Kishi

reaction, 443

Intramolecular nucleophilic aromatic

rearrangement, 564

Intramolecular pathway, 486

Intramolecular Pauson–Khand reaction, 463

Intramolecular Schmidt rearrangement, 539

Intramolecular SN2, 196

Intramolecular Stetter reaction, 578

Intramolecular Suzuki–Miyaura coupling, 593

Intramolecular Thorpe reaction, 603

Intramolecular transamidation, 363

Intramolecular Tsuji–Trost reaction, 606

Intramolecular Yamaguchi coupling, 648

Inverse electronic demand Diels–Alder

reaction, 213

cis-trans Inversion, 656
Inversion of configuration, 605

Iododinitrobenzene, 388

Iodosobenzene diacetate for Hofmann rear-

rangement, 319

o-iodoxybenzoic acid, 206, 438
Ionic liquid, 345, 384

Ionic liquid-promoted interrupted Feist–

Benary reaction, 243

Ionic mechanism, 291

ipso attack, 388

ipso substitution, 257, 388

Ireland–Claisen (silyl ketene acetal)

rearrangement, 148

Iron salt-mediated Polonovski reaction, 487

Irreversible fragmentation, 221

Isocyanate intermediate, 87, 188, 319, 367

C-Isocyanide, 458, 608
Isoflavone, 8

Isomerization, 255, 395, 464, 519

Isoquinoline, 56, 275, 478, 480, 490, 510, 511

Isoquinoline 1,4-diol, 275

3-Isoxazolol, 138

5-Isoxazolone, 138

J
Jacobsen–Katsuki epoxidation, 329

Japp–Klingemann hydrazone

synthesis, 69, 331

Johnson–Claisen (orthoester)

rearrangement, 150

Jones oxidation, 333, 335

Julia–Kocienski olefination, 338, 340

Julia olefination, 338

K
Kahne glycosidation, 342

Kazmaier–Claisen, 140

Ketene, 10, 146, 148, 150, 574, 642

Ketene acetal, 146, 148, 150

N,O-Ketene acetals, 146
Ketene cycloaddition, 574

α-Ketocarbene, 642
α-Ketocarbene intermediate, 10

Keto-enol tautomerization, 108

β-Ketoester, 58, 108, 136, 138, 157, 243, 300,
302, 331, 466

2-Ketophenols, 266

4-Ketophenols, 266

α-Keto-phosphonate, 382
Ketoximes, 291

Ketyl, 74

Kharasch cross-coupling reaction, 357
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Kinetic product, 16, 323, 544, 582

Kinetic resolution, 119

Kishner reduction, 1

Knoevenagel condensation, 279, 280, 344

Knorr pyrazole synthesis, 347, 454

Knorr thiophene synthesis, 360

Koch–Haaf carbonylation, 349

Koenig–Knorr glycosidation, 350

Kostanecki acylation reaction, 353

Kostanecki reaction, 8, 353

Kostanecki –Robinson reaction, 353

Kröhnke pyridine synthesis, 354

Kumada coupling, 316, 357, 584, 593

L
Lactam, 266, 360, 574

β-Lactam, 574

Lactone, 360, 445, 574

azalactone, 192, 229

β-Lactone, 574
Lactonization, 587

Larger counterion, 338

Lawesson’s reagent, 360, 451

Lead tetraacetate, 320

Lead tetraacetate for Hofmann rearrangement,

320

Lebel modification of the Curtius

rearrangement, 189

Less-substituted olefin, 544

Leuckart–Wallach reaction, 235, 362, 363

Lewis acid, 1, 237, 247, 260, 262, 266, 417,

419, 436, 466, 533, 541

Lewis acid catalyst, 247

Lewis acid-catalyzed aldol condensation, 417

Lewis acid-catalyzed Michael addition, 419

Lewis basic phenol, 117

LiBr complex, 634

Ligand exchange, 91, 525, 605

Lipitor, 454

Liquid ammonia, 52

Long-lived radical, 30

Lossen rearrangement, 367

Low-valent titanium, 370

L-Phenylalanine, 297, 298

LTA. See Lead tetraacetate (LTA)

M
Macrolactonization, 118, 178

Magnesium metal, 291

Magnesium oxide (MgO), 227

Maleimidyl acetate, 275

Manganaoxetane, 329

Manganaoxetane intermediate, 329

Mannich base, 374

Mannich reaction, 231, 374, 472

Martin’s sulfurane dehydrating

reagent, 379, 505

Masamune–Roush conditions, 382

Masked carbonyl equivalent, 180

McFadyen–Stevens reduction, 369

McMurry coupling, 370

MCR. See Multicomponent reactions (MCR)

Me3O
+BF4

-, 384

Meerwein–Eschenmoser–Claisen

rearrangement, 146

Meerwein–Ponndorf–Verley reduction, 386, 447

Meerwein reagent, 384, 403

Meerwein’s salt, 384

Me-IBX, 439

Meisenheimer complex, 268, 388, 564

Meisenheimer–Jackson salt, 388

[1,2]-Meisenheimer rearrangement, 390

[2,3]-Meisenheimer rearrangement, 391

Meldrum’s acid, 139

4-Membered ring transition state, 576

Mesityl (Mes), 514

Mesyl azide, 507

Metal-methylation, 384

Methoxycarbonylsulfamoyl-

triethylammonium hydroxide inner

salt, 95

N-methylation, 385

Methylenated carbonyls, 231

o-Methyl-IBX, 439

2-Methylpyridine N-oxide, 62
Methyl triflate, 227

Methyl vinyl ketone (MVK), 519

Meyers oxazoline method, 393

Meyer–Schuster rearrangement, 395, 529

MgO. See Magnesium oxide (MgO)

Mg-Oppenauer oxidation, 447

Michael addition, 130, 297, 300, 354, 397, 419,

466, 519, 533, 578, See also Conjugate

addition

Michaelis–Arbuzov phosphonate synthesis, 399

Michael–Stetter reaction, 578

Microwave, 35, 39, 51, 55, 85, 235, 290, 327,

328, 369, 370, 475, 519, 564, 630, 644

Microwave-assisted Gould–Jacobs

reaction, 290

Microwave-assisted, solvent-free Bischler-

indole synthesis, 55

Microwave-Hunsdiecker–Borodin, 327

Microwave-indued Biginelli condensation, 51
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Microwave Smiles rearrangement, 564

Midland reduction, 401

Migration, 12, 44, 79, 188, 190, 202, 203, 227,

240, 349, 434, 464, 482, 539, 622, 629

1,3-Migration of an aryl group from oxygen to

sulfur, 434

Migration order, 12, 482

Migratory insertion, 304

Minisci reaction, 403

Mislow–Evans rearrangement, 405

Mitsunobu reaction, 268, 367, 407, 408

Mixed anhydride, 229, 648

Mixed orthoester, 150

Miyaura borylation, 409

Mn(III)salen, 329

Mn(III)salen-catalyzed asymmetric

epoxidation, 329

Modified Ireland–Claisen rearrangement, 149

Modified Skraup quinoline synthesis, 563

Moffatt oxidation, 411

Monooxygenated precursor, 119

More-substituted olefin, 544

Morgan–Walls reaction, 413

Mori–Ban indole synthesis, 415

Morita–Baylis–Hillman reaction, 36

Morpholine-polysulfide (MPS), 280

Mukaiyama aldol reaction, 4, 417, 418

Mukaiyama Michael addition, 419

Mukaiyama reagent, 421, 422

Multicomponent reactions (MCR), 50, 87

MVK. See Methyl vinyl ketone (MVK)

Myers–Saito cyclization, 423

N
Naphthol, 83

β-Naphthol, 85
β-Naphthylamines, 85

Naproxen, 630

Nazarov cyclization, 424

NBS. See N-Bromosuccinimide (NBS)

NBS variant of Hofmann rearrangement, 319

N-chlorosuccinimide (NCS), 123, 176, 177,

321

Neber rearrangement, 426

Nef reaction, 428

Negishi cross-coupling reaction, 357, 430

Neighboring group assistance, 495, 541, 646

Nenitzescu indole synthesis, 432

Newman–Kwart reaction, 434

Nicholas-Pauson–Khand sequence, 437

Nicholas reaction, 436

Nickel-catalyzed cross-coupling, 357, 430

Nicolaou dehydrogenation, 438

Nifedipine, 300

Nitrene, 188

Nitrile, 2, 40, 58, 110, 279, 325, 484, 517, 539,

591, 603, 619

Nitrile-Alder-ene reaction, 2

Nitrilium ion intermediate, 517, 539

Nitrite ester, 30

2-Nitroalcohol, 312

Nitroaldol condensation, 312

Nitroalkanes, 312

Nitroarenes, 24

Nitrobenzene, 413

4-Nitrobenzenesulfonyl, 549

Nitrogen nucleophile, 117

Nitrogen radical cation, 321

Nitrogen source, 546

Nitronate, 312, 388, 428

Nitronic acid, 312, 428

o-Nitrophenyl selenide, 555
o-Nitrophenyl selenocyanate, 555
Nitroso intermediate, 24, 30, 125

o-Nitrotoluene derivatives, 34, 512
Non-enolizable ketone, 242, 299

Nonstabilized ylide, 634

Nosylate (Nos), 549

Noyori asymmetric hydrogenation, 440

Nozaki–Hiyama–Kishi reaction, 443

Nucleophile, 98, 117, 180, 188, 247, 397, 407,

436, 533, 605

C-nucleophile, 247, See also Carbon

nucleophile

O-nucleophile, 247
S-nucleophile, 247
Nucleophilic addition, 58, 393, 484, 505

Nucleophilic radical, 403

Nysted reagent, 445

O
Octacarbonyl dicobalt, 462

Odorless Corey–Kim reaction, 176

Olefin, 16, 81, 95, 117, 119, 133, 159, 171, 174,

182, 183, 200, 304, 323, 338, 349, 370,

379, 415, 503, 544, 549, 550, 555, 560,

574, 620, 622, 632, 634

α-Olefin, 117, 119
cis-Olefin, 323
E-olefin, 338, 340, 634
exo-Olefin, 599
trans-Olefin, 323
(Z )-Olefin, 329, 582, 631, 632
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Organolithium, 357

Organomagnesium compounds, 291, 357, See
also Grignard reagent

Organosilicon, 316

Organostannane, 584

Organozinc, 430, 505

Ormosil-TEMPO, 602

Osmium catalyst, 549

Osmium-mediated, 546, 549

O-substituted glycal derivatives, 247

O-sulfonylation, 367
Overman rearrangement, 449

Oxa-π-methane rearrangement, 655

Oxaphosphetane, 632

Oxa-Pictet–Spengler, 481

Oxatitanacyclobutane, 599

Oxazete intermediate, 128

Oxazole, 255, 521, 613

Oxazoline intermediate, 192

5-Oxazolone, 229

Oxetane, 460

Oxidation, 81, 117, 130, 219

Baeyer–Villiger, 12

Collins–Sarett, 335

Corey–Kim, 176

Dakin, 190

Dess–Martin, 206

Fleming–Kumada oxidation, 257

Jacobsen–Katsuki, 329

Jones, 333

Moffatt, 411

Oppenauer, 447

PCC, 336

PDC, 337

Rubottom, 527

Saegusa, 531

Sarett, 333

Swern, 595

Tamao–Kumada, 259

TEMPO, 601

Wacker, 620

Oxidative addition, 91, 100, 110, 270, 304,

307, 316, 357, 409, 415, 430, 443, 505,

525, 560, 572, 584, 586, 593, 605, 611

Oxidative cyclization, 6, 309

Oxidative demetallation, 436

syn-Oxidative elimination, 555

Oxidative homo-coupling, 282, 284

N-oxide, 62, 159, 329, 390, 391, 486, 488, 600
Oxide-coated titanium surface, 370

Oxime, 39, 291, 426

γ-Oximino alcohol, 30

Oxirane, 60

oxo-Diels–Alder reaction, 215

4-Oxoform, 289

Oxonium ion, 342, 350

β-Oxo ylide, 634

Oxy-Cope rearrangement, 161, 163, 164

Oxygenated compound, 117, 118

Oxygen nucleophile, 117

Oxygen transfer, 329

P
P2O5, 478

P4O10, 478

P4–t-Bu, 339
Paal–Knorr furan synthesis, 452

Paal–Knorr pyrrole synthesis, 347, 454

Paal thiophene synthesis, 451

Palladation, 309, 620

Palladium, 91, 110, 117, 304, 316, 357,

409, 430, 525, 531, 572, 584, 586,

593, 605, 620

Palladium-catalyzed alkenylation, 304

Palladium-catalyzed arylation, 304

Palladium-catalyzed oxidation, 620

Palladium-catalyzed substitution, 605

Palladium-promoted reaction

Buchwald–Hartwig amination, 91

Heck, 304

heteroaryl Heck, 307

Hiyama, 316

Kumada, 357

Miyaura borylation, 409

Mori–Ban indole, 415

Negishi, 430

Rosenmund reduction, 525

Saegusa, 531

Sonogashira, 572

Stille, 584

Stille–Kelly, 586

Suzuki–Miyaura, 593

Tsuji–Trost, 605

Wacker, 620

Olefination, 182, 338, 340, 370, 445, 474, 476,

632

Olefination of ketones and aldehydes,
445

Olefin formation, 323, 503, 555

Oleum, 492

One-carbon homologation, 10, 174

One-pot PCC–Wittig reactions, 336

Oppenauer oxidation, 386, 447

Optically pure diethyl tartrate, 552

Organic azide, 576

Organoborane, 81, 119, 593

Organocatalyst, 4, 300

Organohalide, 291, 316, 357, 572, 584,
593
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Pancratistatin, 245

Paniculide A, 245

Paraffin, 158

Parham cyclization, 456

Passerini reaction, 458, 608

Paternò–Büchi reaction, 460

Pauson–Khand reaction, 437, 462, 463

Payne rearrangement, 464

Pb(OAc)4, 185

PCC. See Pyridinium chlorochromate (PCC)

PCC oxidation, 333, 336

Pd(II) oxidant, 531

Pd(II) reduction to Pd(0), 572

Pd/C catalyst, 270

Pd/Cu-catalyzed cross-coupling, 572

PDC. See Pyridinium dichromate (PDC)

Pd–H isomerization, 119

Pechmann coumarin synthesis, 466

Pentacoordinate silicon intermediate, 79

Peracid, 257

Pericyclic reaction, 1

Periodinane oxidation, 206, 207

Perkin reaction, 468

Petasis boronic acid-Mannich reaction, 472

Petasis reaction, 472

Petasis reagent, 474

Peterson elimination, 228

Peterson olefination, 476

Pfau–Platter azulene synthesis, 89

Pfitzner Moffatt oxidation, 411

PhCuI, 611

Ph3P, 60, 61, 111, 174, 175, 178, 248, 307, 316,

407, 409, 415, 521, 572, 576, 593, 632

Phenanthridine cyclization, 413

β-Phenethylamides, 56

Phenol, 117, 125, 190, 217, 266, 325, 434, 466,

509, 541

Phenol esters, 266

Phenolic ether, 325

Phenylhydrazine, 253

4-Phenylpyridine N-oxide, 329
Phenyltetrazolyl (PT), 338

PhNO2, 562

Phospha-Michael addition, 397

Phosphate ester, 245

Phosphazide, 576

Phosphazo compound, 576

Phosphite, 399

Phosphonate, 323, 382, 399, 582

Phosphonate synthesis, 399

Phosphoric acid, 452

Phosphorus oxychloride, 56, 57, 255, 261, 290,

413, 478, 615, 616

Phosphorus pentoxide, 478

Phosphorus ylide, 632, 634

[2+2]-Photochemical cyclization, 200

Photochemical decomposition, 321

Photochemical rearrangement, 188

Photo-Favorskii Rearrangement, 240

Photo-Fries rearrangement, 267

Photoinduced electrocyclization, 460

Photolysis, 30, 654

Photo-Reimer–Tiemann reaction without base,

509, 537

Phthalimide, 272, 273

Pictet–Gams isoquinoline synthesis, 478

Pictet–Spengler tetrahydroisoquinoline

synthesis, 480

Pinacol, 119, 482

Pinacol rearrangement, 482

(1R)-(+)-□-Pinene, 401

Pinner reaction, 484

Piperidine, 321

Pivalic acid, 454

PMB ethers, 227

PMB reagent, 227

PMB-protection, 228

Polonovski–Potier rearrangement, 488

Polonovski reaction, 486, 487

Polymer-support Hinsberg thiophene

synthesis, 315

Polymer-supported Mukaiyama reagent, 421

Polyphosphoric acid (PPA), 40, 77, 156, 157,

188, 189, 261, 367

Polysubstituted oxetane ring system, 460

Pomeranz–Fritsch reaction, 490, 492

Potassium phthalimide, 272

PPA. See Polyphosphoric acid (PPA)

PPSE. See Trimethylsilyl

polyphosphate (PPSE)

Precatalyst, 514, 605

Preoxidized material, 117

Prévost trans-dihydroxylation, 495, 646
Prilezhaev epoxidation, 527

Primary alcohol, 333, 335, 379

Primary amides, 319

Primary amine, 188, 198, 235, 268, 272, 319,

454, 523

Primary cycle, 550

Primary nitroalkane, 428

Primary ozonide, 187

Prins reaction, 496

Proline, 168, , 169, 297, 374, 375

(S)-(–)-Proline, 297
Propagation, 640

Propargylated product, 436

Protic acid, 39, 227

Protic solvent, 16, 613

Protonated heteroaromatic nucleus, 403

Proton transfer, 46, 60, 155, 157, 507
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Pschorr cyclization, 499

PT. See Phenyltetrazolyl (PT)
Puckered transition state, 574, 632

Pummerer rearrangement, 501

Purine, 125

Putative active catalyst, 553

PyPh2P, 269

PYR, 338

Pyrazinone, 125

Pyrazole, 347, 454

Pyrazolone, 347

2-Pyridinethione, 178

2-Pyridone, 295

Pyridinium chlorochromate (PCC)

Pyridinium dichromate (PDC), 333, 337

Pyridium, 77

Pyrimidine, 125

α-Pyridinium methyl ketone salts, 354

N-(2,4-dinitrophenyl)pyridinium salt, 656

Pyrolysis, 182

Pyrrole, 135, 302, 347, 454

Pyrrolidine, 321

Pyruvic acid, 219

Q
Quasi-axial bonds, 247

Quasi-Favorskii rearrangement, 242

Quinaldic acid, 510

Quinoline, 104, 155, 157, 219, 221, 264, 289,

510, 562, 563

Quinoline-4-carboxylic acid, 219

Quinolin-4-ones, 157

R
Racemization, 253, 299

Radical, 26, 28, 30, 48, 52, 74, 153, 225, 282,

287, 291, 321, 329, 370, 403, 423, 460,

499, 597, 601, 603, 617, 636, 640, 654

Radical anion, 52, 74, 153, 370

Radical-based carbon–carbon bond

formation, 403

Radical cation, 321

Radical chain reaction, 640

Radical coupling, 287

6-exo-trig Radical cyclization, 499

Radical decarboxylation, 26

Radical initiating conditions, 640

Radical intermediate, 329

Radical mechanism, 282, 291, 597, 636

Radical-mediated ring expansion, 225

Radical reactions

Barton–McCombie, 28

Barton nitrite photolysis, 30

Barton radical decarboxylation, 26

Dowd–Beckwith ring expansion, 225

Gomberg–Bachmann, 287

McFadyen–Stevens reduction, 369

McMurry coupling, 370

TEMPO-mediated oxidation, 601

Radical Thorpe–Ziegler reaction, 603

Ramberg–Bäcklund reaction, 503

Raney nickel (Ra-Ni), 35, 181, 276

Rate-limiting step, 243

Rawal diene, 215

RCM. See Ring-closing metathesis (RCM)

Real catalyst, 514

Rearomatization, 221

Rearrangement

abnormal Claisen, 144

anionic oxy–Cope, 163

Baker–Venkataraman, 14

Beckmann, 39

Benzilic acid, 44

Boulton–Katritzky, 70

Brook, 79

Carroll, 108

Chapman, 128

Ciamician–Dennsted, 135

Claisen, 140

para-Claisen Cope, 142

Cope, 161

Curtius, 188

Demjanov, 202

Dienone–phenol, 217

Di-π-methane, 654

Eschenmoser–Claisen, 146

Favorskii, 239

Ferrier glycal allylic, 247

Fries, 266

Gabriel–Colman, 275

Hofmann, 319

Ireland–Claisen, 148

Johnson–Claisen, 150

Lossen, 367

[1,2]-Meisenheimer, 390

[2,3]-Meisenheimer, 391

Meyer–Schuster, 395

Mislow–Evans, 405

Neber, 426

Overman, 449

oxy-Cope, 164

Payne, 464

Pinacol, 482

Polonovski–Potier, 488
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Pummerer, 501

Rupe, 529

Quasi-Favorskii, 242

Schmidt, 539

Siloxy-Cope, 166

Smiles, 564

Sommelet–Hauser, 570

Tiffeneau–Demjanov, 203

Truce–Smile, 566

Vinylcyclopropane–cyclopentene, 617

Wagner–Meerwein, 622

[1,2]-Wittig, 636

[2,3]-Wittig, 638

Wolff, 642

(S,S)-Reboxetine, 553
Red-Al, 123

Redox reaction, 106, 443

Reducing agent, 235, 300, 362

Reduction

Birch, 52

Bouveault–Blanc, 74

CBS, 168

Chan alkyne, 123

Clemmensen, 153

Fukuyama, 270

ketones, 386

McFadyen–Stevens, 369

Meerwein–Ponndorf–Verley, 386

Midland, 401

Rosenmund, 525

Staudinger, 576

Wolff–Kishner, 644

1,4-Reduction, 52

Reduction of Pd(OAc)2 to Pd(0) using

Ph3P, 415

Reductive amination, 66, 362

Reductive cyclization, 512

Reductive elimination, 91, 100, 110, 125, 182,

270, 304, 316, 357, 409, 430, 462, 525,

572, 584, 586, 593, 605, 620

Reductive Heck reaction, 305

Reductive methylation, 235

Reformatsky reaction, 505

Regeneration of Pd(0), 415

Regioisomer, 117, 200

Regioselectivity, 60, 117, 546

Regitz diazo synthesis, 507

Reimer–Tiemann reaction, 509

Reissert aldehyde synthesis, 510

Reissert compound, 510

Reissert compound from isoquinoline, 511

Reissert indole synthesis, 512

Retention of configuration, 257, 605

Retro-aldol reaction, 200

Retro-benzilic acid rearrangement, 44

Retro-[1,4]-Brook rearrangement, 80

Retro-Bucherer reaction, 85

Retro-Claisen condensation, 136

Retro-Cope elimination, 160

Retro-[2+2] cycloaddition, 599

Retro-Diels–Alder reaction, 64, 212

Retro-Henry reaction, 312

Reverse Kahne-type glycosylation, 343

Reversible conjugate addition, 221

Rhodium carbenoid, 89

Ring-closing metathesis (RCM), 514

5-exo-trig-Ring closure, 209

Ring expansion, 225

6-exo-trig ring closure, 353

Ring opening, 587, 656

Ritter intermediate, 539

Ritter reaction, 517

Robinson annulation, 297, 519

Robinson–Gabriel synthesis, 521

Robinson–Schöpf reaction, 523

Room temperature Buchwald–Hartwig

amination, 92

Rosenmund reduction, 525

Rosenmund–von Braun synthesis of aryl

nitrile, 110

Rotation, 304, 476

Rotaxane, 100

Rubottom oxidation, 527

Rupe rearrangement, 395, 529

Ruthenium(II) BINAP-complex, 440

S
Saegusa enone synthesis, 531

Saegusa oxidation, 438, 531

Safe surrogate for cyanide, 578

Sakurai allylation reaction, 533

Sandmeyer reaction, 535

Sanger’s reagent, 388

Saponification, 289

Sarett oxidation, 333, 335

Saucy–Claisen, 140

Schiemann reaction, 537

Schiff base, 157

Schlittler–Müller modification, 492

Schlosser modification of the Wittig

reaction, 634

Schmidt rearrangement, 539

Schmidt’s trichloroacetimidate glycosidation

reaction, 541

Schmittel cyclization, 423
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Schönberg rearrangement, 434

Schrock’s catalyst, 514

Secondary α-acetylenic alcohol, 395
Secondary alcohol, 206, 333, 379, 447

Secondary amine, 235, 268

Secondary cycle, 550

Secondary nitroalkane, 428

Secondary ozonide, 187

Seleno-Mislow-Evans, 405

Semi-benzylic mechanism, 242

SET. See Single electron transfer (SET)

Shapiro reaction, 16, 544

Sharpless asymmetric amino

hydroxylation, 546

Sharpless asymmetric dihydroxylation, 549

Sharpless asymmetric epoxidation , 552

Sharpless olefin synthesis, 555

1,3-Shift, 395

Shioiri–Ninomiya–Yamada modification of

Curtius rearrangement, 188

SIBX. See Stabilized IBX (SIBX)

[1,2]-Sigmatropic rearrangement, 390

[2,3]-Sigmatropic rearranegment, 276, 391,

405, 638

[3,3]-Sigmatropic rearranegment, 24, 68, 83,

108, 140, 142, 144, 146, 148, 150, 161,

163, 164, 166, 253, 449

Sila-Stetter reaction, 579

Sila-Wittig reaction, 476

Silicon cleavage, 533

β-silicon effect, 533

Siloxane, 125

α-silyloxy carbanions, 79

Siloxy-Cope rearrangement, 167

Silver carboxylate, 327

Silver salt, 350

Silver-catalyzed oxidative

decarboxylation, 403

Silyation, 367

β-Silylalkoxide intermediate, 476

α-Silyl carbanion, 476
Silyl enol ether, 417, 419, 438

[1,2]-Silyl migration, 79

α-Silyl oxyanions, 79
Simmons–Smith reaction , 560

Simmons–Smith reagent, 560

Single electron transfer, 21, 52, 74, 153, 181,

291, 340, 370, 611

Single-electron process, 370

Singlet diradical, 460

Six-membered α,β-unsaturated ketone, 519

Skraup quinoline synthesis, 221, 562

Skraup type, 289

SMEAH. See Sodium bis(2-methoxyethoxy)

aluminum hydride (SMEAH)

SmI2-mediated Reformatsky reaction, 506

Smile reaction, 434

Smiles rearrangement, 564, 566

SN1, 342

SN2 inversion, 407

SN2 reaction, 60, 153, 174, 206, 255, 272, 274,

321, 399, 405, 407, 495

SNAr, 268, 388, 421

Sodium, 74

Sodium amalgam, 311

Sodium bis(2-methoxyethoxy)aluminum

hydride (SMEAH), 123

Sodium bisulfite, 83

Sodium tert-butoxide, 91
Sodium cyanide, 591

Sodium hypochlorite for Hofmann

rearrangement, 319

Solid-phase Cope elimination, 159

Soluble cyanide source, 591

Solvent-free Claisen condensation, 137

Solvent-free Dakin oxidation, 190

Sommelet–Hauser rearrangement, 276, 570, 638

Sommelet reaction, 198, 568

Sonogashira reaction, 110, 572

(–)-Sparteine, 238, 393

Spirocyclic anion intermediate, 564

Stabilized IBX (SIBX), 439

Stable nitroxyl radical, 601

Stannane, 125, 584

Statin side chain, 58

Staudinger ketene cycloaddition, 574–575

Staudinger reduction, 576–577

Step-wise mechanism, 642

Stereoselective conversion, 597

Stereoselective oxidation, 257

Stereoselective reduction, 123

Stereoselectivity, 117

Sterically-favored isomer, 462

Steric hindrance, 648

Stetter reaction, 46, 578

Stille coupling, 584

Stille–Kelly reaction, 586

Still–Gennari phosphonate reaction, 582

Still–Wittig rearrangement, 638

Stobbe condensation, 587–588

Stobbe condensation and cyclization, 587

Stoichiometric copper, 572

Stoichiometric Pd(II), 309

Strecker amino acid synthesis, 591–592

Strong acid, 349, 517, 658

Styrenylpinacol boronic ester, 119
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Substituted hydrazine, 347

7-Substituted indoles, 24

5-Substituted oxazole, 613

2-Substituted-quinolin-4-ol, 104

4-Substituted-quinolin-2-ol, 104

Substitution reactions, 393

Succinimidyl radical, 640

Sulfenamide, 629

Sulfinate, 125

Sulfonamides, 125

Sulfone, 36, 338, 340, 503

Sulfone reduction, 338

Sulfonium ion, 276

Sulfonyl azide, 507

Sulfoxide, 342, 405, 501

Sulfoxide activation, 342

Sulfoximines, 125

Sulfurane dehydrating reagent, 379, 506

Sulfur-containing heterocyclic ring, 629

Sulfuric acid, 333

Sulfur ylide, 171, 595

Suzuki, 327

Suzuki–Miyaura coupling, 125, 593

Swern oxidation, 176, 595–596

Switchable molecular shuttles, 100

Syn/anti, 419
Syn-addition, 81
Synchronized fashion, 568

T
Takai reaction, 597

Tamao Kumada oxidation, 259

d3-Tamoxifen, 235

Tautomerization, 85, 144, 155, 164, 192,

223, 253, 300, 395, 424, 451, 539,

562, 578, 626

TBABB. See Tetra-n-butylammonium

bibenzoate

TBAO. See 1,3,3-Trimethyl-6-azabicyclo

[3.2.1]octane (TBAO)

TBTBTFP, 338

TDS. See Thexyldimethylsilyl (TDS)

Tebbe olefination, 474, 599

Tebbe’s reagent, 474

TEMPO oxidation, 601

Terminal acetylenic group, 395

Terminal alkyne, 174, 282, 284, 572

Tertiary alcohol, 97, 379, 539

Tertiary α-acetylenic (terminal) alcohol, 529

Tertiary α-acetylenic alcohols, 395
Tertiary amine, 36, 231, 390, 391, 580

Tertiary amine N-oxide, 390

Tertiary carbocation, 349

Tertiary carboxylic acid formation, 349

Tertiary N-oxide, 486, 488
Tertiary phosphine, 576

Tetrahydrocarbazole, 68

Tetrahydroisoquinoline, 480

Tetramethyl pentahydropyridine oxide, 601

Tetra-n-butylammonium bibenzoate, 419

1,1,3,3-Tetramethylguanidine, 107

2,2,6,6-Tetramethylpiperi-dinyloxy, 601

Tetrazole, 338

Tf2O, 342, 343, 421

TFA, 14, 62, 315, 321, 396, 404, 417, 432, 458,

490, 560, 622

TFAA, 62, 287, 489

Thermal aliphatic Claisen rearrangement, 16

Thermal aryl rearrangement, 128

Thermal Bamford–Stevens, 16

Thermal decomposition, 321

Thermal elimination, 133, 159

Thermal rearrangement, 108, 188

Thermal-catalyzed condensation, 157

Thermal-mediated rearrangement, 367

Thermodynamic adduct, 323

Thermodynamically favored, 349

Thermodynamic product, 16, 544

Thermodynamic sink, 164

Thermolysis, 70

Thexyldimethylsilyl (TDS), 141, 166, 180, 207

Thia-Fries rearrangement, 241

Thia-Michael addition, 397

Thiazolium catalyst, 578

Thiazolium salt, 46

Thiirane, 171

3-Thioalkoxyindoles, 276

Thioamide, 629

Thiocarbonyl derivatives, 28, 360, 451

1,10-Thiocarbonyldiimidazole, 182

Thioglycolic acid derivatives, 250

Thiol, 125, 270

Thiophene, 17, 250, 279, 314, 315, 360,

361, 451

Thiophene from dione, 361

Thiophene synthesis, 250, 451

Thiophene-2,5-dicarbonyls, 314

Thiophenol, 434

Thorpe–Ziegler reaction, 603

Three-component aminomethylation, 374

Three-component condensation (3CC), 458

Three-component coupling, 119, 219, 472

Threo (thermodynamic adduct), Horner–

Wadsworth–Emmons reaction, 323

Threo betaine, 634
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Ti(0), 370

Ti¼O, 599

TiCl3/LiAlH4, 370

Tiffeneau–Demjanov rearrangement, 203

Titanium tetra-iso-propoxide, 552
TMG, 107

TMSO-P(OEt)2, 399

p-Tolylsulfonylmethyl isocyanide, 613

Tosyl amide, 507

Tosyl ketoxime, 406

trans-β-dimethylamino-2-nitrostyrene, 34

Transannular aldol reaction, 4

Transition state, 1, 338, 386, 447, 527, 553,

574, 576, 632

Transmetallation, 125, 316, 357, 409, 430, 443,

572, 584, 586, 593

Trapping molecule, 101

Traxler–Zimmerman trasition state, 655

Triacetoxyperiodinane, 206

Trialkyl orthoacetate, 150

Trialkyloxonium salts, 384

1,1,1-triacetoxy-1,1-dihydro-1,2-benziodoxol-

3(1H )-one, 206

1,2,4-triazine, 64

Triazole intermediate, 507

Trichloroacetimidate intermediate, 449, 492

2,4,6-Trichlorobenzoyl chloride, 541

Trichloroisocyanuric/TEMPO oxidation,
601

Triethyloxonium tetrafluoroborate

(Et3O
+BF4

�), 384
Triflate, 117, 227, 316, 357, 430, 584, 593

Trifluoroacetic anhydride, 62, 488, See
also TFAA

Trifluorotoluene, 227

1,3,3-Trimethyl-6-azabicyclo[3.2.1]octane

(TBAO), 265

Trimethyloxonium tetrafluoroborate, 384

Trimethylphosphite, 182

Trimethylsilyl chloride, 148

Trimethylsilyl polyphosphate(PPSE), 260

Tri-O-acetyl-D-glucal, 247
1,1,2,3-Trioxolane, 187

2,4-Trioxolane, 187

Triphenylphosphine, 407, See also Ph3P

Triplet diradical, 460

n, π* Triplet, 460

Trisubstituted phosphine, 407

Tropinone, 523

Truce–Smile rearrangement, 566

Tsuji–Trost allylation, 605

Two sequential Stobbe condensations, 588

U
Ugi reaction, 458, 608
UHP. See Urea-hydrogen peroxide complex

(UHP)

Ullmann coupling, 611

Umpolung, 180

11-Undecenoic acid, 119

α,β-Unsaturation of aldehydes, 439

α,β-Unsaturation of ketones, 438

α,β-Unsaturated aldehyde, 529

γ,δ-Unsaturated amides, 146

αβ-Unsaturated carbonyl compounds, 395

γ,δ-Unsaturated carboxylic acids, 148

α,β-Unsaturated ester, 578

γ,δ-Unsaturated ester, 150

2,3-Unsaturated glycosyl derivatives, 247

5,6-Unsaturated hexopyranose derivatives,

245

α,β-Unsaturated ketone, 354, 529, 578

γ-Unsaturated ketones, 108

α, β-Unsaturated system, 397, 419, 533

Urea, 12, 50, 125, 188, 190, 367, 411

Urea-hydrogen peroxide complex

(UHP), 12, 190

V
van Leusen oxazole synthesis, 613

van Leusen reagent, 613

Varenicine, 236

Vicinal diol, 185, 482

Vilsmeier–Haack reaction, 615

Vinyl azide, 188

Vinyl boronic acid, 472

Vinyl Grignard, 24

Vinyl halide, 443

E-Vinyl iodide, 597
Vinyl ketones, 36, 519

Vinyl sulfones, 36

N,O-vinylation, 125
Vinylcyclopropane, 617, 654

Vinylcyclopropane cyclopentene

rearrangement, 617

Vinylic alkoxy pentacarbonyl chromium

carbene, 223

Vinylic C–H arylation, 119

Vinylogous Mukaiyama aldol reaction, 417

2-Cis-vitamin A acid, 632

Von Braun degradation, 619

Von Braun reaction, 619

Vinyl ether, 77

Vinyl sulfide, 77
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Weinstock variant of the Curtius

rearrangement, 189

Weiss–Cook reaction, 624

Wharton reaction, 626

White reagent, 117

Willgerodt–Kindler reaction, 629

Wittig reaction, 174, 323, 336, 476, 632, 634

Wittig reagent, 445

[1,2]-Wittig rearrangement, 636

[2,3]-Wittig rearrangement, 570, 638

Wohl–Ziegler reaction, 640

Wolff rearrangement, 48, 642

Wolff–Kishner reduction, 644

Woodward cis-dihydroxylation, 494, 646

X
Xanthate, 133

Xphos, 93, 98, 409

Y
Yamaguchi esterification, 648, 649

Yamaguchi reagent, 648, 649

Ylidene-sulfur adduct, 279, 280

Z
Zimmerman rearrangement, 654

Zinc amalgam, 153

Zinc-carbenoid, 153

Zinc chloride, 413

Zinc reagent, 430, 445, 456

Zincke anhydride, 658

Zincke reaction, 656

Zincke salt, 656, 658

Zn(Cu), 50

Zwitterionic peroxide, 18

W
Wacker oxidation, 309, 531, 620

Wagner–Meerwein rearrangement, 622

Wagner–Meerwein shift, 363
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