Baran Recaents - Eargellini reaction
Caitallani reaction - Danheiser annulation
Elbs oxidation - Hofmann elimination

McMiilan catalyst - Anti-Markovnikov
Sanford reaction - Yu (-H activation
Zaitsev elimination

Name
Reactions

A Collection of Detailed Mechanisms
and Synthetic Applications, Fifth Edition




Name Reactions






Jie Jack Li

Name Reactions

A Collection of Detailed Mechanisms
and Synthetic Applications

Fifth Edition

@ Springer



Jie Jack Li

Department of Chemistry
College of Arts and Sciences
University of San Francisco
San Francisco

CA, USA

ISBN 978-3-319-03978-7 ISBN 978-3-319-03979-4 (eBook)
DOI 10.1007/978-3-319-03979-4
Springer Cham Heidelberg New York Dordrecht London

Library of Congress Control Number: 2014930574

© Springer International Publishing Switzerland 2014

This work is subject to copyright. All rights are reserved by the Publisher, whether the whole or part
of the material is concerned, specifically the rights of translation, reprinting, reuse of illustrations,
recitation, broadcasting, reproduction on microfilms or in any other physical way, and transmission or
information storage and retrieval, electronic adaptation, computer software, or by similar or dissimilar
methodology now known or hereafter developed. Exempted from this legal reservation are brief excerpts
in connection with reviews or scholarly analysis or material supplied specifically for the purpose of being
entered and executed on a computer system, for exclusive use by the purchaser of the work. Duplication
of this publication or parts thereof is permitted only under the provisions of the Copyright Law of the
Publisher’s location, in its current version, and permission for use must always be obtained from
Springer. Permissions for use may be obtained through RightsLink at the Copyright Clearance Center.
Violations are liable to prosecution under the respective Copyright Law.

The use of general descriptive names, registered names, trademarks, service marks, etc. in this
publication does not imply, even in the absence of a specific statement, that such names are exempt
from the relevant protective laws and regulations and therefore free for general use.

While the advice and information in this book are believed to be true and accurate at the date of
publication, neither the authors nor the editors nor the publisher can accept any legal responsibility for
any errors or omissions that may be made. The publisher makes no warranty, express or implied, with
respect to the material contained herein.

Printed on acid-free paper

Springer is part of Springer Science+Business Media (www.springer.com)



To Prof. Claire Castro



Kurt Alder
1902-1958
Nobel Prize, 1950

COMMONWEALTH OF

DOMINICA $2

3

e for Chemistry 1950

Adolf von Baeyer
1835-1917
Nobel Prize, 1905

COMMONWEALTH OF

DOMINICA $2

Nobel Prize for Chemistry 1905

Derek H. R. Barton

1918-1999
Nobel Prize, 1969

GUYANA $400

F3
(=]
=
13
=3
| o
-3
=

'Nobel Prize for Chemtistry 1930

Eduard Buchner
1860-1917
Nobel Prize, 1907

COMMONWEALTH OF
DOMINICA $2

F

| Nobel Prize for Chemistry 1907

Elias James Corey
1928-
Nobel Prize, 1990

ANTIGUA & 81 50
BARBUDA

Elias James Corey U.S., 1990

Otto Paul Hermann Diels

1876-1954
Nobel Prize, 1950

COMMONWEALTH OF
DOMINICA 52




Emil Fischer
1852-1919
Nobel Prize, 1902

e AR A e e e e
GERMANY

EMIL FISCHER
(1852-1919) CHEMISTRY 1902

Robert Robinson
1886-1975

Otto Wallach
1847-1931

W <oz ¢
aArsP2

““MALDIVES

'GHANA €400

Victor Grignard
1871-1935
Nobel Prize, 1912

REPUBLIQUE FRANCAISE

0-010

Hermann Staudinger
1881-1965
Nobel Prize, 1953

Georg Wittig
1897-1987

Nobel Prize, 1979
31 gmmes Anii

Karl Ziegler
1898-1973
Nobel Prize, 1963






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.

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
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.
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As always, I welcome your critique! Please send your comments to this email
address: lijiejackli@gmail.com.
K

October 2013 Jie Jack Li
San Francisco, CA
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BINAP

Bn

Boc

BQ
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CuTC

DABCO
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DBU
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DDQ

Polymer support

Solvent heated under reflux
1,4-bis(9-0O-Dihydroquinine)-phthalazine
1,4-bis(9-O-Dihydroquinidine)-phthalazine
1-Butyl-3-methylimidazolium chloroaluminuminate
Three-component condensation
Four-component condensation
9-Borabicyclo[3.3.1]nonane

Adenosine

Acetyl

1,1’-(azodicarbonyl)dipiperidine
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1,3-Dicyclohexylcarbodiimide
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Metal
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Sodium bis(methoxy-ethoxy)aluminum hydride
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N.,N'-disalicylidene-ethylenediamine
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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 m-bond and an allylic C—H c-bond can participate in a pericyclic
reaction in which the double bond shifts and new C-H and C-C oc-bonds are
formed.

+
HOMO
( + ﬂ( A, or = X
o ——— —I
H Lewis acid “H LUMO H”

ene enophile

X=Y: C=C, C=C, C=0, C=N, N=N, N=0, S=0, etc.

Example 1°
0 T
I3
X o X
xylene S 6-membered
reflux 31% H) transition state
enophlle
o ¥
Q o]
PEN 0 Alder ene
b . o
S _H reaction
o
Example 2’
(0]

HoN<

N o 7O OJWfH 2 o
o_. KOH, Pt/Clay, 35% o
) ety
H

0 °C, CH,Cly, 89% OH
(Alder ene reaction)

H \/ (Kishner reduction)

Example 3, Intramolecular Alder ene reaction®

Ox
_O\ H toluene reflux
N
N " snosw

Example 4, Cobalt-catalyzed Alder ene reaction’
£t [Co(dppp)Br,], Zn, Znl,, CH,Cl, Et

| - ™ Ph Ak _~_OTMS

Ph

25°C, 8 h, 95% (GC yield)

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

CHs sealed ampule

CHj

AN N e

e

CN  120-130°C,5h

70%

E 11

xample 6

OAc
OAc
CgH
CeHy3 CpRu(CH3CN)3*PFg 6113
+ % = |
X % acetone, rt, 81% X
SiEts SiEt;

E 13

xample 7

OH [CPRU(CH3CN);]PFg 6%
. _~_OH (R)-CSA 12% o p
H3C)\ =
N THF/acetone, 50 °C, 1.5h HsC \

CO,Me 43% o
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Aldol condensation

The aldol condensation is the coupling of an enolate ion with a carbonyl
compound to form a B-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.

% 1. Base R% OH O A R® O
R\)J\R1 5 R3 R —> R3 X R
2. J\
R
R2” "R®
acidic
R R deprotonation R~ =Y condensation RP - 5

R3 ) R2 RS R' workup

H R
B: /‘ 07

© HeH
Ve R2 O O . R O
R2 OH O protonation R3>$LR1 dehydration R3)\HJ\R1 + H0
I " _—
R® R’

R R
R B:/

Example 1°
0 MgBiry, 1107 t 9
gbrp, — , then
BnO” 07 Y :
H 85% vyield

Example 2°

LDA, THF, —78 to —40 °C, then

aldehyde, 1 h, 43%, 3:2 dr
" CO,H
O OTBS
H ", o OTBs
o 22% of 6S,7R-diastereomer

and 10% recovered SM

J.J. Li, Name Reactions: A Collection of Detailed Mechanisms and Synthetic Applications,
DOI 10.1007/978-3-319-03979-4_2, © Springer International Publishing Switzerland 2014
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Example 3, Enantioselective Mukaiyama aldol reaction'

]
Oy o)
Phiid ] \\)—Ph
N N
cat. 4 o OH
o™Ms i-PrgSio “~—0Sii-Pry M
+ Ph CO,CHPh,
Ph CO,CHPh, o vi 0
Sc(OTf)3, 4 A MS, CH,Cl,, —40 °C 83% yield, 98% ee

Example 4, Intermolecular aldol reaction using organocatalyst'>

H
NH

o) (0] _N é
cl DMSO, 10 equiv H,0, rt

72 h, 57%, 46% ee, 95% de

Example 5, Intramolecular aldol reaction"®

1. LiN(SiMe,Ph),, THF
-105 °C, 74%, 10:1 dr

2. Mgly, Et,0, 57%

2 equiv LTMP
2 equiv ATPH

toluene/THF, —-48 °c  BnO
86%, 6:1 dr MeO

iPr,MeSiO iProMeSiO
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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.

Ry OH _Ar R O Ar Ri O A
H,0,, NaOH |
—_—

R, O R, O R O

OH l OH ] o
%\/‘ -
“ H
. 0 ~O, 202
o \‘(_)o—OH o pH
0. L o)

OH

B-attack O

flavonol

A side reaction:

o,
(0]
\ O a-attack
o B —_—

then dehydration
Co O aurone
Example 1°
OH 1. PhCHO, NaOH, EtOH, rt O._Ph
2. H,0,, 15 t0 50 °C OH
o) 54%, 2 steps
Example 2°
CHO
AN 1. , aq. NaOH, EtOH
(0] OH
OMe

2. aq. NaOH, 30% H,0,
O 47%, two steps

J.J. Li, Name Reactions: A Collection of Detailed Mechanisms and Synthetic Applications,
DOI 10.1007/978-3-319-03979-4_3, © Springer International Publishing Switzerland 2014
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Example 3, The side reaction dominated to give the aurone derivative’

MeO OH _Ph MeO O_ OMe
| aq. NaOH Ph
OMe  H,O,, 80% :H

OMe O OMe O ©OH

Example 42

BnO OH OMe
NaOH
\@( ©
EtOH, 54%
o)

OMe
H,0,, NaOH BnO O o) O
EtOH, dioxane OH

76%

Example 5, The side recation dominated to give the aurone derivative'®

RZ O OHC NaOH, EtOH
then H20, H202
7
R™ | ' /' 10 examples
A ___ 3
OH 7R 50-72%
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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.

O O
OH (o) R1
A |
R Base, A R
0 o]
OH R'__Q
on J:B izati Yu acylation
H enolization SA~g Oo. _O Yy
R i
) (0] R
(@] B: _/H
OHR! O OHR!
COCOR; _— O2CR enollzatlon
o i R \_ B
Ho: o1 o R H 1
NaXa S A" e
@ —— R _— |
=
R o‘)H I R
OH \_ g
Example 1°
OMe o) 0
HO OH
+ O
OMe MeO OMe
OMe O

PhCO,Na, 170-180 °C

8 h, 45%

Example 2, Non-aromatic anhydride’

% v @;ﬁoow

pyr., 40°C, 72 h, 85%
Me Me

J.J. Li, Name Reactions: A Collection of Detailed Mechanisms and Synthetic Applications,
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Example 3, Non-aromatic anhydride'’

OH OMe 6o o o oM
o O Y
0

(o}

o) o) Et3N, reflux, 12 h, 87%

Example 4, Acid chloride in place of anhydride'’

yr rt
1 -3h,61%
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Arndt—Eistert homologation

One-carbon homologation of carboxylic acids using diazomethane.

(0]
)OL CICO,R )O]\ 1. CHaN, R
R” “OH R” TCO,R' 2. Ag*, H,0, hv OH
o) O
_®_.N
= Jvo SN T
R 4\CI R \/‘
O H
H C O
2 cl
+ 0 Ho [ H  OH 0
-N; )g\ \ \ tautomerization
R . —» C=C=Q0 — C:< R\)J\
hv L"H R R OH OH
:OH,
a-ketocarbene ketene
intermediate intermediate
Example 17
O
— O i
BnO CO,H 1. CICO,Et, Et3N, THF, —10 °C, 15 min BnO N,
HN. 2. CH,N,, Et,0,0°Ctort, 18 h HN
BnO Boc 78%, 2 steps BnO Boc
PhCO,Ag, Et;N, MeOH/THF, dark ~ BnO CO,Me
HN.
—-25°Ctort,3h,61% BnO Boc
Example 2, An interesting variation’
1. Fmoc-Cl, pyridine, 0 °C o)
CO,H 2. isobutylchloroformate, EtsN
Ph/\l/ o ! 3 Ph _ N2
OH then CH,N,, 0 °C, 39% OFmoc
CONH
PR Y 2
NH H_(7Ph
2 N
Ph =
PhCO,Ag, dioxane /\/\[(])/ CONH,
15 min, 50 °C, 72%
Example 3"
H 1. LIOH, MeOH/H,0, reflux H
= H 2. CICO,Et, Et3N, THF, 0 °C /H H
H., < OTBDPS MeO,C._* N~ \-OTBDPS
MeO,C™ "N 3. CH,N,, Et,O )
Cbz 4. PhCO,Ag, EtsN, MeOH, rt Cbz

69% for 4 steps

J.J. Li, Name Reactions: A Collection of Detailed Mechanisms and Synthetic Applications,
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Example 4'°
o)
Boc cl )J\O Boc
HN on /W/ HN
o) THF, Et3N, —20 °C OMe
then CH,N,, rt, 16 h o
o then PhCO,Ag, Et;N, o
OBn MeOH, 20 °C, then OBn
rt, 16 h, 79%
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Baeyer—Villiger oxidation

General scheme:

(6]
PON
o H o)LR3 0 o}
2+
R'”"R2 or H,0, R1KO/R HOkRs

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-O,N-Ar

OH o
(o AcO
[»
:0: 7 H7OAC poac \ o
H;O\o)©/0|

alkyl 0 cl
_ Y+ Ho
migration o

Example 1*

o]

Zr- salen 5 mol%) Zr-salen: a2
o 2
CH20|2 rt —

68%, 87% ee Ph

UHP,
O Zr-salen (5 mol%) ();O\/: ():‘(/
o + O
OZ/I/ PhCl, rt

normal product ~ abnormal product
26%, 82% ee 12%, > 99% ee

UHP = Urea-hydrogen peroxide complex
Example 2, Chemoselective over lactam’

OH fo) OH (@] OH \K?<
y , O
J A eem T Ty

NH CH2C|2, rt NH NH
G quant. o 100% 0] 0%

J.J. Li, Name Reactions: A Collection of Detailed Mechanisms and Synthetic Applications,
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Example 3, Chemoselective over lactone®

m-CPBA, NaHCO;
-
CH,Cl,, 0 °C, 4 h
60%

Example 4, Chemoselective over ester®

o 0
m-CPBA, CF;SO3H o
OAc il OAc
CH,Cly, 45 min, 90%
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Baker—Venkataraman rearrangement

Base-catalyzed acyl transfer reaction that converts o-acyloxyketones to f3-
diketones.

(0]
OH O O
Ph)J\O ;

(0] base

o] Ph PhO

A R ;
acyl
transfer ©)UJ\ workup

Example 1, Carbamoyl Baker—Venkataraman rearrangement’

O~ _ NEt
™ (1 _on

NaH, THF O
_— NEt
reflux, 2 h, 84% 2

Example 2, Carbamoyl Baker—Venkataraman rearrangement, followed by cycliza-
6
tion

O+ _NEt,
. 0o.__0O
(o] 2.5 equiv NaH, PhMe, reflux, 2 h
then 6 equiv TFA, reflux, 1 h, 93% MeO 7
MeO
OH
(0]

J.J. Li, Name Reactions: A Collection of Detailed Mechanisms and Synthetic Applications,
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Example 3, Baker—Venkataraman rearrangement’

)

0O O o-
LM THE

O‘O Hs reflux 12 h, 50%
CH,

Example 4, Baker—Venkataraman rearrangement'’

OH O O
2 DBU
equw ol
pyridine, 80 °C O O
90% MeO OH

Cl
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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, NaNH,,
heat, efc., 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.

R! R!
H B
Rz\H\\N,N\TS L Rz%H
R3 R®
B:
R' o R!
R' H HB® 2
- R NO L R2
R2>H\\ N2 >‘/gr_\1 iy Ts N
H N~ "Ts H RS H R3 NO
R?:
In protic solvent (S—-H):
Ny r R! Ny N
RS&&N@ — RZ%@ N
H R3 w@ H R3 N
R R! R
2 & 2 R
RQLH — R - + = H T SH
@/’H R3 R3 R2
S
In aprotic solvent:
R R

R R? R!
) 1,2-hydride 5 5
R’ % o Ra - H + R % H
H shift
R3 R R2

Example 1, Tandem Bamford—Stevens/thermal aliphatic Claisen rearrangement
sequence®
Ph

Rhy(OAC),
CICH,CH,CI Q Eh P
N N H)kl/\/
| 130°C
0 X Ph Ph
F>h)V ~ T 87% (> 20:1)

The starting material N-aziridinyl imine is also known as Eschenmoser hydrazone.
Example 2, Thermal Bamford—Stevens®

Rhy(OAc),
NfNj/Ph PhMe, 145 °C MesSi” " Ph

Me3Si/\)J\Ph sealed tube, 65% E:Z=90:10

J.J. Li, Name Reactions: A Collection of Detailed Mechanisms and Synthetic Applications,
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Example 3’
mN—NHTs _ t-BuOK, tBuOH @\/Ot-Bu
o) reflux, 83% 0
Example 4°
[©) Rhy(OAc),
(@] a

tetrahydrothiophene o)

N
Jo ©
2 X _N. 2
RSN"Ts  BnEt,N*CI, MeCN, R

40°C, 3 h, 59-97%

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

3
NHSO,Ar /?\R
JI\JI\ back Rha(oct)y R Sco,R2
pressure 3 a-alkoxy acid
R'” ~CO,R? regulator RYOH deriva%;ves
1.25 M in CH,Cl, NHR3
Rhy(oct
Et;N reactor diazoester Ln2(0s_ R1)\COZR2
0.14 Min CH,Cl, synthesis R3NH,  a-amino acid
derivatives

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.®’

Zn(SOzR)z
—_——

R

H
t” Het”

[R = CF3, CF3H, CH,CF3, CH,F, (CH,CH,0)3CHg,
CH(CHS)Z, CH2C|, CHQCOZCH3, cyclohexyl, CGF13]

A proposed mechanism for CF; radical generation is shown below.” Two regimes
of differing reaction rates have been observed, and this tentative mechanism is still
under study.'’

o metal . _

tBuOH — tgs° * OH
0+ 80, — o+ _so,
t-Bu FoC 2 +-8u"° FoC™ o2
F3C/So2 CF3 + SO,

o Me O Me
Me. N Me . N
N . N
)\)ﬁ />—H SO,CF3 )\)ﬁ />—CF3
07N N 07N N
Me Me

1 SOZCF3. T —H*
Me Me
Me. ,\j _ Me. l\i
N H -€ N H
ekt Y e
o) N N CF3 o) N N CF3
Me  +SO Me  +SO;

Example 1, Difluoromethylation of caffeine®

Me
Me\N N’ Zn(SOZCFzH)Z
A ) tBuOOH, TFA
07N N CH,Cl,/H,0, 73%

Me

J.J. Li, Name Reactions: A Collection of Detailed Mechanisms and Synthetic Applications,
DOI 10.1007/978-3-319-03979-4_9, © Springer International Publishing Switzerland 2014

o Me
Me. N
Py | )—CF.H
07N N
Me



19

Jie Jack Li

Example 2, sequential functionalization of dihydroquinine

v
Zn(SOQCF3)2, t-BuOOH
TFA, CH,Cly/H,0;

then Zn(SO,CH(CHjs),),
t-BuOOH, 30% (one pot)

MeO

Cf. Example 3'

CF3Br (3-5 bar)
OMe zn° , SO,, DMF

Na28205

HO 2-methylpyridine
60 °C, 75%
ratio = 1:1:1

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

NaSO,CF; NHAc
NHAG t-BuOOH NHAGc NHAc
CF
Cu(OSO,CF3), 8o+ +
CHZCN/H,0
t, 52% CFs CF,
om:p =4:1:2

Cf. Example 5
NaSO,CF3
/©/ +-BuOOH /@SH /©/SCF3
+
EtOAC cl CF cl
C,©/ , 32% :
ratio = 15:1

Cf. Example 6, Yamakawa’s group

CF3l, Hy0,
ET R
—_—

H,S0,4, DMSO N7 CFs

40-50 °C, 57%
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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.

0 R3X, M OH
. . | R®M
R I°R?
R'” "R? R3

According to conventional wisdom,” the organometallic intermediate (M = Mg,
Li, Sm, Zn, La, efc.) 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:

_ . — MX . SET-2
Re-x 5T [ R3—x] M S [R]T — R M R3-M
SET = single electron transfer
Tonic mechanism,
+ 5 n
R23 1 R2 @ 1 R2
e —— BE S A
MgX R™ "OMgX R”™ "OH
5~ 8"
Single electron transfer (SET) mechanism:
R2 RZ.. @
=0 >0 R! R? H;0 R! R?
L R —— X
g 3 3
Rig’ng 5. R3” OMgX R3” O OH
Example 1°
i Sm, THF \ o
o) m, ,rt le)
~N
+ /\/Br 4.2 . - ~
0 min., 70%
Example 2°
Ph
Q Zn, THF, aa. NH,Cl HO. &
Me Ph+ AN Br—— N
NHCOzEt 0 C, 82%, 95% de NHCOQEt

J.J. Li, Name Reactions: A Collection of Detailed Mechanisms and Synthetic Applications,
DOI 10.1007/978-3-319-03979-4_10, © Springer International Publishing Switzerland 2014
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Example 3"

Mg n-C4Hqg
20 mol% CuCN
nC4HgBr + HiC™ "l HyC """ nCjHy * o NF
THF, rt, 1.5 h, 86%

10:90

Example 4"

47\/\@\ n-BuLi, THF

MeO OBn -78 °C 96%

Example 5, The following whole sequence of 5 steps can also be carried out in
12

one-pot

1. 1 equiv In
THF, rt, 30 min.
.>...Bc| + Br/\ >...B/X
2 2. n-hexane 2

o)
1. Ph)J\ THF,-78°C, 1h

HO, &
Pz
2.-78°Ctort, 2h phM

3. F3B'0Et2, (5 m0|°/o) 36% ee
2 equiv CH3CHO, rt, 16 h
77%, 5 steps

MeO OBn
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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.

H
ﬁ:NHz O ag.NaOH, CHCly §:N:i =0 NR
+ =9
)]\ CH,Cly, BnEt;NCI x X0

XH

o deprotonation /(.L
H-CClg ——  » #\CCIz _

“cel,

&7 e

HO” —

Example 17

H H
NH, o N N.__O
aqg. NaOH, CHCl3
. E j
NH )N\ (6] N

+

)\ CH,Cly, BANEt,Cl

Example 2*

67% 15%

H
HZN% 1. aq. NaOH, CHCl3, acetone i Nj%
HO 2. CSA, toluene, 66% o o
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Bartoli indole synthesis

7-Substituted indoles from the reaction of ortho-substituted nitroarenes and vinyl
Grignard reagents.

1. 2> MgBr N
—_— N
NO; 2 H,09 H
R
BrMg BrMg
. X -
® O‘/\_ \ PN O‘/\_
Nc —_— N O —— Z “OMgBr + N9
R 9 0.
S) MgBr nitroso intermediate
BngOJ
V? [3,3]-sigmatropic H‘/ Co
—_— o
N
\ rearrangement j H
R MgBr N
|
R MgBr
H
®
OMgBr  HiO ® N
N Wz — N
H workup H H
R R R
3
Example 1
1. /\MgBr (3 equiv) A
~40°C, THF N
NO H
Ve 2 2.aq. NH,CI, 67% Me
Example 2°
Me Me
MgCI
9 \
NO, THF,-40°C N
B 67% Br
Example 3"
MeO. 4 equiv MeO A
© MgCl
MeO NO, MeO N
Br THF, 66% Br

J.J. Li, Name Reactions: A Collection of Detailed Mechanisms and Synthetic Applications,
DOI 10.1007/978-3-319-03979-4_12, © Springer International Publishing Switzerland 2014
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Br
Br 4 equiv MeO
MeO = e \
MgClI
> MeO

MeO NOz2  ThF, 38%
Br Br

Iz

Example 4"

2 equiv

MgClI N

Br NO;  thF,-40°c  B'
Br 52% Br

Iz

Example 5"

MgCl
P N
0,
NO, THF4,1<°/5 C
Br ° Br

I=z
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Barton radical decarboxylation

Radical decarboxylation of the carboxylic acids.

S
0o =
o | -BugSnH
HO. n-Buzon
)J\ + N —»R)J\O,N R/
R” al I AIBN, A
NS
Barton ester

A
— — N,® + 2 '<CN
NC; N=N CN homolytic z

cleavage

AIBN = 2,2"-azobisisobutyronitrile

n—Bu3sm<CN ——=  nBuSne + H4<CN

o _
ooy . @ in_.
s‘\ s RQ

" SnBus BusSn

co,t + RO (_H\-pSnBu3—> R—H * BusSne

Example 1, Tin hydride not used and elimination occurs via thioether intermedi-
3
ate

OAc

OAc

1. (COCl),

OAc
OAc

1. m-CPBA, -78 °C

2.100 °C, 78%

Example 2°

P eyt
Sl N
HOZC?_\—OTBDPS —\0>

BusP, THF, PhH

J.J. Li, Name Reactions: A Collection of Detailed Mechanisms and Synthetic Applications,
DOI 10.1007/978-3-319-03979-4_13, © Springer International Publishing Switzerland 2014



Jie Jack Li 27

— Piz_k Me,SiH, AIBN -
N-O OTBDPS —
Q o) PhH, 80 °C, 75% P \_oTBOPS
S

Example 3°

5 equlv
HO. DCC, CH,Cl,
Meo,c~ >0 . TN | MeOZC/\)J\
X rt,2h

s O

15°C, 30 min, 82%

NTN
i
STN\—=/ 1.m-CPBA,CH,Cl,0°C  MeO,C

MeO,C = (e}
o] 2. toluene, 110 °C, 1 h, 90% g NPh
N

0" Ph

Example 4''

MeN
/ 1. Oy, hv

2. (MeOP)s,

MeN
B-O t-BuSH
MeNl é %:[ ‘0 CHyCly, rt B/_ &O
m LT o Yo

0 'DCC, DMAP CH,Cly, 1t OH

COQH CHJCly, rt ' 71%
X
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Barton—McCombie deoxygenation

Deoxygenation of alcohols by means of radical scission of their corresponding
thiocarbonyl derivatives.

R' s n-BusSnH, AIBN R ns o=c=st
+ n-BuzSnSMe + O=C=
R2J\0)J\s/ PhH, reflux R2”H
A
_ — > N,® + 2 '<CN
NC\%\N_N CN homolytic
cleavage

AIBN = 2,2"-azobisisobutyronitrile

n-Bu3S,r:)g\‘ q%CN —> n-BuzgSne + H4<CN

n-BuzSn « f\'
_SnBuj _ 1
R Si R" s B-scission nBu3Sn\S R
-

e + J.
RZJ\O )s RO s OZ\S/ R2

1 hydrogen atom R

R + n-BuzSne
2 abstraction R2J\ H

n-Bu3S:DUH\/. <:

n-Bu3Sn\S
)\ ——>  n-BugSnSMe + O=c=st
0”87

s (1.5 equiv)

Example 17

)J\ 10 mol% AIBN
nonane, 80 °C
2 h, 85%

0
AIBN, A, 74% 7(&27
O IHS<

@—(CH,),Bu,SnH o

T

a

Example 3'°

oH o—

\
\
RS

O "OBn 1. NaH, CSy, Mel, 80% O OB

\
\
:::\\

2. BuzSnH, AIBN, 70% o. 0

O><O ><

J.J. Li, Name Reactions: A Collection of Detailed Mechanisms and Synthetic Applications,
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Example 4"
S S
Ts. o OH Y Tooy,
H  NaH,CS, 'S\ (|-)| BusSnH, AIBN H
" / \\ Mel, THF toluene, reflux a0, cr 7\
MeOL™ Ny o M MeO,C 7\ 72%, 2 steps 2 N o
Boc/ '}‘ O Boc
Boc
Example 5"
MeS
S
o) ;
1. NaH, imidazole
o 0
2.CS,, Mel
12%, 2 steps
AcO AcO
; :’Fj
Bu3SnH, AIBN ¢}
—_—
toluene, 43%

AcO

References

1. Barton, D. H. R.; McCombie, S. W. J. Chem. Soc., Perkin Trans. 1 1975, 1574—1585.

Stuart McCombie, a Barton student, worked at Schering—Plough for many years, but is

now retired after the company was bought by Merck.

Gimisis, T.; Ballestri, M.; Ferreri, C.; Chatgilialoglu, C.; Boukherroub, R.; Manuel, G.

Tetrahedron Lett. 1995, 36, 3897-3900.

Zard, S. Z. Angew. Chem. Int. Ed. 1997, 36, 673-685.

Lopez, R. M.; Hays, D. S.; Fu, G. C. J. Am. Chem. Soc. 1997, 119, 6949-6950.

Hansen, H. L.; Kehler, J. Synthesis 1999, 1925-1930.

Boussaguet, P.; Delmond, B.; Dumartin, G.; Pereyre, M. Tetrahedron Lett. 2000, 41,

3377-3380.

Cai, Y.; Roberts, B. P. Tetrahedron Lett. 2001, 42, 763-766.

Clive, D. L. J.; Wang, J. J. Org. Chem. 2002, 67, 1192—1198.

Rhee, J. U,; Bliss, B. I.; RajanBabu, T. V. J. Am. Chem. Soc. 2003, 125, 1492-1493.

0. Goémez, A. M.; Moreno, E.; Valverde, S.; Lopez, J. C. Eur. J. Org. Chem. 2004, 1830—
1840.

11. Deng, H.; Yang, X.; Tong, Z.; Li, Z.; Zhai, H. Org. Lett. 2008, 10, 1791-1793.

12. Mancuso, J. Barton—-McCombie deoxygenation. In Name Reactions for Homologa-
tions-Part I; Li, J. J., Ed.; Wiley: Hoboken, NJ, 2009, pp 614-632. (Review).

13. McCombie, S. W.; Motherwell, W. B.; Tozer, M. I. The Barton—McCombie Reaction,
In Org. React. 2012, 77, pp 161-591. (Review).

14. Jastrzebska, I.; Gorecki, M.; Frelek, J.; Santillan, R.; Siergiejczyk, L.; Morzycki, J. W.
J. Org. Chem. 2012, 77, 11257-11269.

N

Sk W

= ©° *® N



30 Name Reactions

Barton nitrite photolysis

Photolysis of a nitrite ester to a y-oximino alcohol.

OAc

OAc OAc

homolytic
cleavage
— ON-

OAc
O=N-e
¢,
1,5-hydrogen
—_— —_—
abstraction o
Nitric oxide radical is a stable
and therefore, long-lived radical
OAc OAc

nitroso intermediate

Example 17

//O

\
H
H o o OH
Pyrex, 250-W Hg lamp NOH

PhH, reflux, 2 h, 67%

J.J. Li, Name Reactions: A Collection of Detailed Mechanisms and Synthetic Applications,
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Example 2°
hv
PhH, 6 °C
46%
Example 3’

1. NOCI, CH,Cl,, =20 °C, 100%

2. Irradiation at 350 nM
OAc 5 h, PhH, 0 °C, 50%
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Barton—Zard reaction

Base-induced reaction of nitroalkenes with alkyl a-isocyanoacetates to afford
pyrroles.

NO R2 R1

2 Base
~(  + C=NCH,CO,R? M
R" R2? N~ “COR®

R4 =H, alkyl, aryl

R, = H, alkyl H
R3 = Me, Et, t-Bu

Base = KOt-Bu, DBU, guanidine bases

e @ PN Base @\
:C=N-CH,CO,R | <—= | C=EN-CH,CO,R| + & NO;———— N~ "COR
H

B \ /\%}
)H)\ :C=N""CH,0,R
:C=N" "COjR H-B

(]

Michael addition

Z—><H proton transfer
CO,R

H
_ roton transfer @\
N CHO,R

NT ~COR N

Example 1°
CNCH,COEt _
DBU, THF
rt, 8 h, 75% CO,Et

CO,Et

THF rt 20 h
SOZPh 85% PhOZS

Example 2’

J.J. Li, Name Reactions: A Collection of Detailed Mechanisms and Synthetic Applications,
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Example 3, A Barton—Zard reaction on a ferrocene ring'>

< CO,Et /Q
ed CNCH,CO,Et P Fe
e
OHC—@ DBU, THF, 50 °C HN—Z
CO,Et
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Batcho-Leimgruber indole synthesis

Condensation of o-nitrotoluene derivatives with formamide acetals, followed by
reduction of the trans-B-dimethylamino-2-nitrostyrene to furnish indole deriva-
tives.

0R3 . R
N C-OR !
H o N-R? 1L PAIC, Hy I =
] —_— I I
NO. RT 2. 5% HCI Z N
(o] 0, .
2 DMF 130 C 86% N02 82% H

Example 1*

NO. DMF, A NO, H

2

DMFDMA = N,N-dimethylformamide dimethyl acetal, Me,NCH(OMe),

Me MeO
O?f’-\j/ _ M oo
MG < \ OMe
e
OMe
4/ MeO. _NMe,
CH
( CH, Mé
Chee — R .
-0
i NOz2
:)

I
@

CN Mez

- MeOH X NMe; [H] X
_—
reduction ©\/\/

NO, NH,
@
NHz) U‘“V'ez

Example 2*

Iz

CO,Me
¢O2H 1. Mel, NaHCO CO,Me

_ PdCH
2. MeZNCH(OMe)Z
BMF. A " PnH, 2%
NO,

80%, 2 steps

J.J. Li, Name Reactions: A Collection of Detailed Mechanisms and Synthetic Applications,
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Example 3°
OBn Me,NCH(OMe), OBn OBn
pyrrolidine @\/\/NMeZ C(\
.
DMF, 110°C NO NO
NOZ ! 2 2
3 h, 95% 15 - 1
OBn OBn
N NMe, Raney Ni, NH,NH,
THF, MeOH |
0,
NO, 96% N
Example 4'°
NO2 Me,NCH(OMe),, Cul, DMF NO-
Me 2 2 2 o \Me,
microwave, 180 °C, 10 min
MeO,C NO, 76% MeO,C NO,
NH,
Pd/C, H,
A\
MeOH, 3d N
89% MeO,C H
Example 5"
CO,Me CO,Me
¢OMe 2 Hy, Pd/C
Me,NCH(OMe),, DMF o NMe; s \
MeOH, NaOAc
F NO EtsN, 120°C E NO, 45%, 2 steps N
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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, a-alkoxycarbonyl ketones, aldimines, and Michael acceptors.

General scheme:

R! XH

X EWG catalytic
JJ\ + N R2 EWG
R "R2 tertiary amine

X =0,NR,, EWG = CO,R, COR, CHO, CN, SO,R, SO;R, PO(OEt),, CONR,,
CH,=CHCO,Me

Catalytic tertiary amines:

O e

DABCO quinuclidine Indolizine
o (0] ﬁb OH O
+ N
Ph)kH ﬁk Ph/H])J\
O:) O\V O

H O
'_) conjugate aldol
J " additon

OH (8)

— ﬁNg* —

A

J.J. Li, Name Reactions: A Collection of Detailed Mechanisms and Synthetic Applications,
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E2 (bimolecular elimination) mechanism is also operative here:

Ph)o\H[HOK Nﬁ J [

Example 1, Intramolecular Baylis—Hillman reaction®

%Z“

PMB F’MB CO,Me
CO,Me [ N COzMe 2\
0O<_N "G
Wy
OBn "OH
26 DME, 0°C, 7 d
90% (dr = 9:1) major minor

Example 2’

\>< fﬁb (DABCO) 0><0 0,

oo . /\H/OEt N OEt

( o) dioxane/water (1:1)
CHO 24 h, 72%, de 80% HO
Example 3°
BocO
0 O, ©)
o4 L
BocO H.TiCly, TBAI  HO—(, OCH(CHa),
o o
— CH,Cly, 78 to —30 °C
OCH(CHy), 85%, dr > 99:1

Example 4°

o o [(\b OH O

N o)
H + OMe Me
| MeOH, rt, 8 h, 79%

Cl

Cl
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Name Reactions

Example 5'°

J
N
N N
0 —
OH -

R

H' (10 mol%)
)H )\ R = p-Cl-CgHs
cyclo|

R = p-OMe-CgH5

pentyl methyl ether/toluene, —15 °C R = p-NO,-CgHs
R = 2-furyl
87-100%, 88-95% ee R = 2-naphthyl

Example 6"

PhSeLi
THF
NH4CI
i Pr3S|02C

87%
-Pr,Si0,C
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Beckmann rearrangement

Acid-mediated isomerization of oximes to amides.
In protic acid:

LOH 4y o® 0
\ — r N
~ 2
1 2 N R
R R H
R! R!
_OH j | @
A S >
®
1PNg2 J |
RITTR R OR? R2 R? “OH,
the substituent trans to the leaving group migrates
.R! ) 1 ]
N _H® N’R tautomerization |-|N’R
TR T T -
T® R?” “OH R2"S0
H
With PCls:
n-OH o}
PCls ri. U )
A, — N7 R
R'7OR H
ch
(\,Pcu e R R!
~Hcl (O5PCly :N y@)
b e AT — O I
N H A, |
/U\ R R R2 R2 :OH,

RZ
Again, the substituent trans to the leaving group migrates

R']

N'R1 R
_H N~ tautomerization HN"
— A § taomeriaton,
(}.}9 R2”OH

Example 1, Microwave (MW) reaction’

n-OH o)
| BiCl,
N
MW, 90% H
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Example 2*

ZT

NOH 4 equiv FeCl; 80 °C

Solvent free
81%

Example 3°

N

_OH HO.
N N_° PPA
PPA i NH
T / 21%

PPA = polyphosphoric acid

Example 4°
_OH
I p-TSCI/EtzN
HNT Y
THF, 10% K,CO4 OFt
OEt 80%
syn

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

_OH ®
N H O @
J., ——— R—=NR' — R*> =N+ R’

R'" "R2

Example 1°

. - ) ()
PCls, 2,6-dimethylpyridine o CN - H

CH,Cl,, <-=10°C, 10 min </o

75% 11% 0%
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Example 2'"°
HeC NOH
HC(OMe);
ACO CF3CO,H O
THF, 60 °C
40 min, 79%
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Beirut reaction

Synthesis of quinoxaline-1,4-dioxides from benzofurazan oxide.

S o)
!
<\ EtOH CO,Et

07 > CO,Et

CO N/_\ N
EtsN: Ph . by Ph—> —
Ne CO,Et
O~ "COzEt Og 07 “CO,Et Osg
NEt
e = 2 °
o0 o o o @
| N lll
A PR _, 7 “e S
@ &
XN: 4 CO,Et N COZEt N >CO,Et CO,Et
| | i'
O \
Q © ChNEt, 2k

[0}

Example 1°

©

Np O O morpholine tj\)l\OEt
=&\ + 1\
©; O Me OEt
N

0 °C, 10 h, 82%

Example 2’
S o o j\)k
; silica gel
=N+ _Ph
Q@‘o PhMH "MeOH, 90%
<\ b

Example 4, Promoted by B-cyclodextrin11

|
LN Ge
—@Y @
C[ ft,0.5h NG
0

71%
Example 5, An unusual Beirut reaction'?

() o
_N
©:\ o - ©(\CN N Ny
Ne NO o ~
\ > MeCN, rt, 12 h, 93% N NH,

Oo
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=N, 2 N N
&g o — Oy — Q0
o N
Og NO, m I
:OH,
NC (Ar A H
goed
N (\H )
7 - @ — Ar” "CN
N N
o)

NH,
NH,

. NH; -H,0
— o e I

< L v
2 @H

H N.__NH,
AN
N NH
@ @) tautomization N
> o _—
N
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Benzilic acid rearrangement

Rearrangement of benzil to benzilic acid via aryl migration.

o KOH o
Ph Ph
\H)J\Ph >HJ\OH
Ph

(0] OH
benzil benzilic acid
A (0]
Ar CO Ar \I"‘OH migration Ar
KAr —_— (_% = Ar OH
0 “g o) o
OH ©
A i k ?
Ar%&' M Ar})\OH
r S
- Al
OH H(%)Hz o

benzilate anion

Final deprotonation (before workup) of the carboxylate to afford the benzilate
anion drives the reaction forward.

Example 1°

KOH, MeOH/H,0

130-140°C, 3 h, 32%

OO‘ KOH, dioxane OO’O
(@] 30 min, rt, 74% HO COOH
(0]

Example 3, Retro-benzilic acid rearrangement’

Example 2°

% & o [bu ooc
Boc—N-_ Oy OMe Boc~ © Boc-N_ o OH
OTBS  K,CO3, MeOH \m@@ ‘
o, - -
g f, 2h, 98% H O H
N0 N° "0 N~ 0
H L H i H
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Example 4, Cyclobutane-1,2-diones (Computational Chemistry)
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9

[S]
qo SOH H(on

o
Ar o o A o
A’ o Ar O
(]
o,

O -
CHO
(0]
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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.
5 OH
ArH cat. TN Ar
\[f Ar
o o)
©CN CN
roton (‘ o]
Ar{H Ar~’U P Ar\{@\H;( —
\(g/ j "~ transfer OH Ar
Ar Ar
NC H proton NG H OH o
Op =—— OH === Ar Ar * CN
Ar transfer Ar o‘) r
?IH ) o
2
Example 1
o cl o o
E EtO.
tO:©)J\H . 1y _NaCN, EtOH O
OH CI
MeO 81% MeO
Example 2’

CHO 8/ CHs o)
N\ e CHs
SOPNIRN, ¢ ;
o)

Et3N, t-BuOH, 60 °C, 24 h, 40%
Example 3’

H3C D /\CH3 o

~L 404
Et3;N, DMF, 60 °C, 96 h, 69% O
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Example 4, With Brook rearrangement’

Ar Ar
O (0]
Me (0]
5% woX L K
0 0 o oH
Ar” Ar
20% n-BulLi
oM
© THF
Ar = 2-FPh 87% yield, 91% ee
Example 5"
N‘(?\I'Ph
7 | )
N 1 “Br,
10mol% = (0}
CHO A—0TMS
SR N
10 mol% KHMDS OH
toluene, rt, 16 h 66% yield, 95% ee
E 12
xample 6
c® HQ
I \__ 0 NN W\Q
5 mol% ‘
Q\( mol% \\\S OH o \ /
H (0]
furfural furoin

from biomass 30 mol% Et3N, EtOH, reflux, 6 h, 60% racemic
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Bergman cyclization

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

R3

A RS

| ES _ > +

R2 N hv R2TXTRS hydrogen donor R2 R4
R4

R3
/
R‘I 74 . . d
\_)\( electrocyclization R! R3

R2 | Q( reversible @[
R R? R

R4 .
enediyne 1,4-benzenediyl diradical

R R3

H
RZ™ X g R* R' R® @
i R? R*
H

SIS/\Ph
| I
s~ s._Ph DMSO, 180°C, 24 h, 60%

H3C

N — hv N
= s (0
<\N = THF, 45% <\N
Example 3, Wolff rearrangement followed by Bergman cyclization®

(6] COR
- Ny CO,R
‘ 0 O‘ 714 O‘

A, ROH
hv or When R = i-Pr, 54%:31%

Example 1°

7\

Example 2’

==
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Example 4'°
™S O T™MS
142 °C, ty), = 144 h
Example 5"
Pz
O‘ _N Z 20% 1,4-cyclohexadiene
O SN N PhCl 180°C, 48, 65%
m :“ major: minor
major product minor product
13
Example 5
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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).

OO~
o O o A 7 Ar
Ar—CHO +M + o —
o™  H,N" "NH, HCIEtOH HN__NH
o]

H.
H Oy O

(3>/H Ar /\/”\o/\

A \ (“)\(\H imine

H,0~ °N _

U.

Ar
., N » HZNAO formation H)%fNW
2 \n/ 2 /J\
S H,N" 0
o O ) H o

}—N Ar HN\H/NH

07 NH, o " o
0.0
, ! (8 H\/ Ox O~
L HO T2 Ar _H,0 A
HN\H/NH HN_ _NH
(6] (6]
Example 1*
F
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Example 2
OMe
OMe
MeOZC
MeO HoN" "NHz  EtOH, 4,25 | NH
07 H 95% N/go
Example 3, Microwave-induced Biginelli condensation’
OMe

80% |

OMe
t
EtO H,N” NH,  EtOH, A 5h 2 /'i—l
0% H

N (6]
H
Example 3"
OH
OH
OH
o o OH S 100 °C 2
) + M ——— Pnh NH
Ph HoN™ NH, - 40, 31% Y
N S
0~ "H H
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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:

~ \O

Na, lig. NH3
_—
ROH
~o "o
smgle electron H
~ ©
transfer (SET
wanstor SET) o N HOOR

radical anion

P -

R

Benzene ring with an electron-withdrawing substituent:

CO,H CO,H
Na, lig. NH3

ROH

o
CcO
CO,H © 2
@
@ CO, @\, H‘C?\IHZ
H

radical anion

coy co;s’ . oo
e H
—_ —_— —_—
L] @
H H
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Example 1, Birch reductive alkylation®

OMe
/
1. Na, NH3, THF, -78 °C
B
0] 2. Mel, 98%, 30:1 dr
o]
OMe

Example 2’
\ \
_ Na, NHg, THF _
NN
N/ —-78 °C, quant.
=

Example 3, Fully reduced products®

Ph Na, NH;
THF, EtOH

Ph pn, —33°C,1h
16.3%

Example 4, Birch reductive alkylation’

o Li, THF, —78 °C
TBDMSO o)

TBDMSO/\Q)J\O/ th —
en
719
BrI o
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Bischler—-Mohlau indole synthesis

The Bischler-Mohlau indole synthesis, also known as the Bischler indole

synthesis, refers to the synthesis of 2-arylindoles from the cyclization of o-
arylamino-ketones and excess anilines.

©j)(\8r LzN@ — %”O —

AN

H

R? Q/ R R?
HoN /\/©/
R H2N/©/ se R 2 R?  -H0 \©ﬁl/\ﬂ®
M .
mﬂ > ( ﬁ imine formation N L
H &
Br CO 2 g R2

R2

intramolecular Sy2

Example 1°
0
. o.  NaHCO;, EtOH
Br
NH, \_/ reflux, 4 h
230-250 °C o
O™\ N\ < |
N =/ silicone oil, 10-15 min N
Ho§ 35-80% H
9
Example 3
N
/ N

OTBS F QM OMe =
.~ DME, H,S0, P
—_—
| S HoN \N | NH, reflux, 53% N | > F
N~ o] 2 2 H,N™ N ”
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Example 4'°

OMe
LiBr, Ncho3 O O
Br EtOH reflux OMe
o HoN OMe 6 h, 74%

Example 5, Microwave-assisted, solvent-free Bischler indole synthesis''

Cl neat ©
T oy S50 0
Br N
HoN t,3h
o) 2 " o f
0T
Br© HsN

cat. DMF, uW, 540 W
60 s, 52%

N
H
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Bischler—Napieralski reaction

Dihydroisoquinolines from B-phenethylamides in refluxing phosphorus

oxychloride.
POCI;
HNYO - - N
R

o
©/\ CI—P - @ﬂﬁ R —= @ﬂéy?
cl
o

Y_/CIU ®,\o(\ R

Imidoy! intermediate?

@
@N’l I _N —_— @E;\l
AN H
R ®/> R R

Nitrilium salt intermediate?

Example 1°
CO,Me
| O N 1. POCl,
N H
2. NaBH,
Example 2°
I|3n MeO
POCI; P,0
MeO N\ 3,7 2Ys5
© Co,Me Nog
96% n
0
Example 3’
POCI,
80 °C, 81%
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Example 4°
) C
( !
_—
toluene, 95% O
MeO OMe MeO OMe
OMe OMe
Example 5"
Q]/\ A
N— Ox N POCI3, PhH, reflux, 3 h N N
H H H H
H then LiAIH,, THF, 1.5 h H
64%
AcO  OAc HO OH

Example 6, An unprecedented Bischler—Napieralski reaction'?

NN POCI;, sulfolane
\o 80°C, 51%
MeO MeO

H HN\/ 7-exo-trig-B-N reaction
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Blaise reaction

B-Ketoesters from nitriles, a-haloesters and Zn. Cf. Reformatsky reaction.

Br_CO,R? 1-Zn THF refux O
R-CN + Y

R J\KCOZR2
R’ 2. H30*

R1
R—=N
Br\(COZRZ Zn(0) >OR2 nucleophilic
R Ban\(&O addition
R’I

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

Hy0H~ B
N ZnBr 2 ‘\/Zln\ H.OH

N workup

R)K(COZRZ - HN o TOrER . )NQ(COsz
1 R/KKKOR2 j 1
R 1 H,0: R
R

®
HZOJH‘\ o
H2N OsH co R2
— COR? — R)k( 2
R R
R'I
Example 1, Preparation of the statin side chain’
OTMS 1. cat. Zn, THF, reflux OH O

a A oN T Bra_COxt-Bu a A _M__co,tsu

2. H30", 85%

Example 2°
NSO . o Zn, MeSO3H
| Br-_ COEt
Cl N~ ~Cl THF, reflux, 2.5 h
Br

|
Zn

\ ’

o o
. AN O HCL72%  Fo__ okt
Ty e X
SN el ¢ N
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Example 3’

O

OMe
OH Br

MeO,C OBn
ne. L osn 3 equiv Zn, 1 mol% MeSO3H M

THF, reflux, 78%

Example 4, Chemoselective tandem acylation of a Blaise reaction intermediate’

zn’ B NH, O
BrCH,CO,Et _Zn, n-BuLi, Ac,0
Ph—CN — -2~ HN 7o Ph” " OFt
s rt, 3 h, 82%
THF, reflux, 1h  py ot e

Example 5, Chemoselective intramolecular alkylation of Blaise reaction interme-
diate'”

zn cl 2
n
OTBDMS BrCH,CO,Et HN

cl CN
THF, reflux, 1h | TEPMSO OFt

Blaise reaction intermediate
NH
NaHMDS  tgpmsor CK/
i, 5 h, 76% N COE
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Blum-Ittah aziridine synthesis

Ring opening of oxiranes using azide followed by PPh; reduction of the interme-
diate azido alcohol to give the corresponding aziridines. Cf. Staudinger reduction.

N; H
o NaN; Rt = PPhs N
_— R? L\
R' R? ST
OH R1 R2
O N3
P
1 2 i’ R\_/\R2
R R -
N OH

Regardless of the regioselectivity of the Sy2 reaction of the azide, the ultimate
stereochemical outcome for the aziridine is the same.

R R! R’
__Hom
HO HO g
.,.,O . Y - gn--N\'N qPPh " 'N=N—-N=PR;
N-N=N" pph
R2 U 3 R2 R2
PR,

o}
1]
RsP—Ne 9PRg H
! | N _
. Opu,Rz . ,\P . \A‘ + PhsP=0
\A, R‘f ”RZ
R1 ~ <
R' R?
Example 1°
. 1. NaN3, NH,CI, MeOH, reflux, 4 h —OTr
s HN_ 3
IA/OT" 2. PhgP, CH3CN, reflux, 30 min N
60-75%
4
Example 2
H

’
2

N

S \ Me /4\]\)
Me’<\N ., LOH 1. NaN3, NH,CI, 55% K&

Me 2 PPhs, THF, 60 °C, 75%
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Example 3°
\/\/\/<cl)/\ NaN3, NH4C|, MeOH
OoTBS reflux, 4 h, 50%
Na \/\/\)Oi/\
\/\/\/_\I/\OTBS + < OTBS
OH N3
Ph3P, CH3CN \‘NH
AP aN
reflux, 99% OTBS
Example 4°
H
H 2 Hoo N
Cbz’N\:/A 1. NaNg, NH,CI, MeOH, 3 h, 64% CbZ/N:VQ
S 2. PPhg, MeCN, 1 h, reflux S
\© 66%
Example 5°

OH

Q NaNj, NH,CI
- - - 5 N3
uW, 15 min
93%
H
PPh; N
_—
CH3CN, reflux
2 h, 95%
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Boekelheide reaction

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

el

6

TFAA: trifluoroacetic anhydride

o]
® O,CCF N
3 Dol (L
6 acyl ®/ N
B —— | —_— I
@‘) transfer 0. _0O O\ﬁ/fo
F,C._J,O_ CF Y

%UT : CF, CFs
(0]
(j\/ hydroly5|s = |
OH
SN

Example 1*
Ac,0, CHoCly
reflux, 1 h, 90%
OAc
E 6
xample 2
Ot-Bu Ot-Bu
| X 1. TFAA, CH,Cl, x
®_ |
2. N32CO3, 3h =
N 89% N
O OH
S)
Example 3, Double Boekelheide reaction®
OTBDPS OTBDPS
_ 1. Acy0, 100 °C, 18 h —
7 N 7 /
= 7 2. K;CO3, MeOH-H,0, rt, 2 h =N N
Nb dN 63% HO OH
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Example 4°
NO, NO,
y Ac,0, HOAc, 90 °C, 3 h _ |
SN | then HCI, 79% SN OH

Example 5, Double Boekelheide reaction'’

20%

o)
! 1. Ac,0, 158 °C, 7 h N
\[/N - AC0, , ACO/\[/ ]\/
\N]\ 2.1t,12h SN OAc
)
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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 N,.

=
e :u: ™\
Ne N ——
O =N
H /ﬂ
’ % - H,O ||/E hetero Diels—Alder
O/) —_— OH

/ ‘N H® reactlon
) U

enamine

oM

N
g retro Diels-Alder
N

O reaction, — N2

Example 1°
Et0,C._N__COEt CHCl;, 80°C  Et0,C._N_CO,Et
T Mo T
EtO,C” "N (_\f 26 h, 92% EtO,C

Example 2, Intramolecular Boger pyridine synthesis®

Ph
N N)\/Ph )
/Q_y ) | triisopropylbenzene
Ph N~ Ne N
232°C,36h
CH, s 20% 27%
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Example 3"

HO

| |
=N 1. pyrrolidine, xylene, A
10 h, sealed tube
2. silica, 5 h, 67%

Example 4"
N —N
S>_N N_<S p-cumene, 150 °C, 30 h
\ / 67%
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Borch reductive amination

Reduction (often using NaCNBHj;) of an imine, formed by condensation of an
amine and a carbonyl, to afford the corresponding amine.

R1\T/R2

N.
Ry "R*

o q [

+

R “R2 R R4

Q ©
R§J\R2 M R @2\ " R1\T/ ©
K H R1;|\15R2 \[6

.N¢ 3
R3;N\R4 R3 }R4 R3 @ R4 R

Example 1*

Q 1. TiCly, Et3N, CH.Cly, rt, 18 h
CHy; * .
2. NaCNBH3, MeOH, rt, 15 min
CHj3
NH,

94%

Example 2°

NH, Z Q >
. 5 N HCI, NaCNBH; N
3 g MeOH, rt, 72 h, 75%
Example 3°

o 0.3 equiv InCl
) e oy
N7 H N e 2 equiv Et,SiH

MeOH, rt, 48 h, 66%

Example 4°

OBn o OBn
,(O 1. NalO,, 8:2 acetone-H,0, rt 04
(o] N
N . s
(@]
“'OH

2. BnNH;, MeOH, HOAc
NaCNBH3, 3 A MS, -78 °C to rt N
z 64% Bn

OH
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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.

Q Fischer ©\/Q oxidation
©\ _N mdole

N

H

©\ [3,3]-sigmatropic H
©Q (NH rearrangement NH

NH

H
oxidation O
@EQ \
NH, N NH2

N
NH @ H

Example 1°

HCI, NaNO,, NaOAc

HaCO CHs 1,0, MeOH, 54%
\©\ + HO Japp-Klingermann
NH, o i

reaction

HOAc HCI, reflux
HsCO HsCO
\©\ T iomin 44% N
H

Example 2°

CO,Et

CO,H
conc. HCI, EtOH
N—Cco,Et
reflux, 85%

COZEt
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Example 3"

KOAc, H,0
CO,Et
¥ —-4°Ctort

Japp-Klingemann hydrazone synthesis

@3 CO,H

®
N CO,H  Hz0", 100°C
@NH - (\N N—co,Et
b OJ N
H

N= 68% 2 steps
CO,Et
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Boulton—Katritzky rearrangement

Rearrangement of one five-membered heterocycle into another under thermolysis.

X< _A
A Y B X
o\ / - > ] 7
B. N Z .DON__Y
D H H z

Example 1*

N- @ -

: N ®

'l'\r'\l/ 150 °C HO\ H N o
N W NN A

N/
/ , N
a © e
Ph Ph
Example 2, Hydrazinolysis’
o Ph
NH,NH,, DMF AH\
r/\J%Ph — /i,“ f \EH
F30/<O’N " FsC™ o 2
- HO.
N I_Pn
o - /"i |
N. N N
Fs.C” N
H H
5% 92%

Example 4°

H3C\(/\\<o 0 "
\ NH t-BuOK, DMF /«‘g\(CFs
A reflux, 2 h, 75% N N
oN H o©
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Example 52
NH, H
O,N 5 A O,N
N NH
104 h, 62% o
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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).

1. M
2. DMF
R-X ® R-CHO
3.H
> o
J's O-M
Me,N A H C
R-x M, "2 —— Me, —— R-CHO + HNMe,
O H R
R-M
Comins modification:*
Q Lio N7
Li—N  N— 0\
H J
I Y
|
N

. i

N 1.RX, X=Br, | H
ortho-lithiation o 2. H30®
L:i R

Example 1°

Li, DMF, THF, 10 °C
@Br ©/\CHO
ultrasound 5 min, 85%
Example 2, A modified Bouveault reaction’

modified Bouveault reaction

R! R
N_R2 MeMgBr N—R2
N-R R

R < i Me
) TiCly or ZrCly Me
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1. 2 equiv ZrCly, THF

CN OH -30t00°C CN /j
Ph N
Ph N/j/ M
M 2. 9 equiv MeMgCl PH 0 e
o ~30t00°C
66%

OH
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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.

i Na, EtOH
PN
R” “OEt R™ OH
(0]
single-electron 9/\ (A OH
)Lo O  H-OEt T
R) Et transfer (SET) R)'\OEt R™* "OEt
e@
ketyl (radical anion)
OH HJSOEt
S ) 0" O + e@
ter, R’tJ—)\OEt . )3 — L —
\‘HU)Et R bOEt R™H
Sl OH
) HOOE oH +&2 T
L — — ROH — R” OH
R H R™*H
HLOEt
Example’
O Na, Al,O5
t-BuOH, PhMe
on @AOH
reflux, 6 h, 66%
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Boyland—-Sims oxidation

Oxidation of anilines to phenols using alkaline persulfate.

NR; NR;
K23208 oso3 K® H@ OH
aq. KOH
o ©
? ¢
0=8-0£0-s=0 ® S
‘NR, O RND 0%,
9 —— so, + °
4 H
~
SOH
zwitterionic intermediate
NR, NR, NRy
0s0; K* e OSO;H y*® OH
—_— -
Another pathway is also operative:* '
2 €]
? ? Q
0=5-0f0-5=0 0 oS0 o Q¢
o o) RN o RN 0-S7©
- - o
R2N: _— SO4 + ©J - HA\
t “OH

NR; NR, NR;
©/0803 K™ e OSO;H @ OH
—_— JE—— _—
Example 1°
NH, NH,
K28203, aq. KOH 0803_ K*
50-55%
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Also known as the Elbs persulfate oxidation,

Name Reactions

Elbs oxidation

13715 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.

OH 0S0,4
K28208 3-\
aq. KOH
0805 K?
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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.

e I
R
R

CH,CO,H
o anthracene
e 0L
R R — .
> RO
(6] H ® H
H
Q
A LI e 0O
¢
R OH R Q%Hz R

Example 1, Intramolecular Bradsher reaction’

(Lo U moncon
O Br 150°C, 7 h, 21% O Br

Example 2, Intramolecular Bradsher reaction’

/ \ ] \ AcOH O

cl
S s pPA |Cl

CHj3

. Clmm 16% yield
s S
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Example 3, Intermolecular Bradsher cycloaddition®

CHO EtO
EtO,CO
OCO,Et ot o
N H._OEt CaCOj; MeOH
e T i N
N rt,2d ~
' DNP

cl© DNP 19%  NHDNP 66%

DNP = dinitrophenyl

Example 4, Intermolecular Bradsher cycloaddition''

©)
cl® ﬁgp ,RTP
- | H SPh CaCOg3, MeOH PhS cl®
+
T
NHAc NHAc
SPh B
H3O®
80% oH
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Brook rearrangement

Rearrangement of o-silyl oxyanions to a-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

OH RLi o SiRa

\ Lo
& R s R17L,u SiR,
! /SR R>

pentacoordinate silicon intermediate

_SiPh i
o iPhg O/SlPh3

R workup
T 1liobH—(/0H R}j\ H

[1,3]-Brook rearrangement

_SiRs
OLi 2 O

. O-SiR, U
R1)\(SIR3 — — Ry

R, R Ro Ry
[1,4]-Brook rearrangement

o R3S )
OLi SiRs O-SiR, ™o L

R1M R, T R/v\R

R R, 2

Example 1°

(0]

) CN 4 equiv NaHMDS, -30 to 15 °C — CN
t-BuMezsl/Q/\( t-BuMezsio/_\—e\

Ph then PhCH,Br, —10 °C, 75% PhPh
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Example 2, [1,2]-Brook rearrangement followed by a retro-[1,5]-Brook rear-
rangement

o)
Ph
M 0
t-BuLi, Et,0 MesSi”~ “Ph
B[~ Ph _78°C L'\D\/Ph] 78%Ctort, 30min. "

then NH,CI, H,0, 44% SiMe,

Example 3, [1,5]-Brook rearrangement9

&

S'S KHMDS, THF S'S

Bu Bu
s~ Ay
S —-78°C, 1h, 93% H

OH OTMS

Example 4, Retro-[1,4]-Brook rearrangement'’

) TESO OH OH OTMS
TESO OTMS n-Bui, THF JP R
TMS Me TES
Me SnBus  —78°C, 30 min
91% 11% [1,2]-Brook 89% [1,4]-Brook

Example 5, Retro-Brook rearrangement'*

OTBS 4 equiv LDA, THF OH |

—78 °C to rt, then TBS

reflux, 24 h, 73%
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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.

1. R',BH
R/\ R/\/OH
2. Hp0,, NaOH
H R H R g
R' - | R
S B‘R'—> N LRJ\/ R — R)\%;O/SH
RN R on (o
O-OH
)
alkyl migration R/\/o\?’/R' O-OH R/\/O\lla,OR'
R OR'
“oH

Example 17

1. BHg*SMe,, LiAlH,, Et,0

2. NaOOH

)
[

40%
Example 2’
OMe OMe
MeO. MeO.
NO;  BH,.SMe,, NaOOH NO,
OMe OMe
Me THF, 85%, dr 8:1~11:1  Me
+OBn OB
. HOZ 0!
HO HO

J.J. Li, Name Reactions: A Collection of Detailed Mechanisms and Synthetic Applications,
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Example 3*
1. Pyridine*BHj, Iy, CH,Cly, 2 h OH ph/Y

Ph X"
2. HyO,, NaOH, MeOH, 92% Ph . OH

Example 4, Asymmetric hydroboration'

0.5 mol% Rh(nbd),*BF,

O  B(OCMe,),
)J\/\ 1.1% cat., 2 equiv PinBH Ph
X" CH, N CH,
THF, 40 °C, 2 h H
O OH OO
H0p a0.NaOH  pp M A . o Ph
N CH, |ca.= PN
80% H WO CHj
99% ee
11
Example 5
t-Bu .,OH
t-Bu\Si\NH BH3*SMe,, THF  (t-Bu),SiT  NH,
- ~_Ph
H—N o Ph NaOH, H,0, HY
85%
Ph Ph OH
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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.

OH NaHSO, O
9@

H H H HH ®
\) OH o
“COH “¢ - @?i/r‘t/):NHZNHPh

0302H OSO,H OSO,H

)
H H(on NHNHPh
NHNHPh )
' NH

0SO,H
- [ &
NHS H-LAAENH, L@

NaHSO3;, NaOH

o, e (0
+
COLH NHNH, O

several days, 46% ”

[3,3]-sigmatropic
rearrangement

D

then H

Example 17

Example 2°

/@ 1. ag. NaHSOs, A O O
H,NHN 2 O N

J.J. Li, Name Reactions: A Collection of Detailed Mechanisms and Synthetic Applications,
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Example 3*

HO OH j NH
2 S )

0.5% yield!

Example 4’
O™, - 8 vy
+
H,NHN T hola
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Bucherer reaction

Transformation of B-naphthols to B-naphthylamines using ammonium sulfite.

OH (NH4),S03:NH, NH2
H,0, 150 °C

HH H H H
H (0]
o= 7 — QO
SO hian —
DSONH, OSONH,
Co OH
o ©)
tautomerization N :NH,3 NH, H
OSO,NH, OSO,NH,
® H o
¢ O:2H Q \.'\,I‘Hz NH,
- L~
H
OSO,NH, OSO,NH,

Example 1, Retro-Bucherer reaction’

N | P> 10 mol% KOH
N reflux, 24 h
NH, 46%

OMe OMe
0 5 mol% NayS,05 O
H50, reflux, 4 h;
= N = | N
NS
N =
OH

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):’

OH  NHj, (NH,),SO3, H,0, rt NH;
uW, 30 min, 93%

J.J. Li, Name Reactions: A Collection of Detailed Mechanisms and Synthetic Applications,
DOI 10.1007/978-3-319-03979-4_42, © Springer International Publishing Switzerland 2014
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Example 38
0, we OO
OH NHj, H,0 NH,
OO OH " 200°c, 5, 91% OO OH
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Bucherer—Bergs reaction

Formation of hydantoins from carbonyl compounds with potassium cyanide
(KCN) and ammonium carbonate [(NH4),COj;] or from cyanohydrins and ammo-

nium carbonate. It belongs to the category of multiple component reactions
(MCRs).

R! KCN
o)

. "o
2
R? (NH,),CO5 R}NH

(NH,),CO3 = 2 NHz + CO, + H,0

R! OH I b
S0 = HNJIR —= ) e
hal R R ° R =N
3 N R2
y CoH H OH o) .
Rl N R NY o AN R o)
RO © — e R® b —NH
\ R O R2 -
Qv Y NH, S
isocyanate intermediate
Example 1°
CH;0 CH30
KCN, (NH,),CO N
CH50 N (NH4),CO4 CHs0 i
60°C, 48 h, 83% o%\\\u \H
o] HN«
o]
Example 2°
o]
HNJ<
KCN, (NH,)2CO5 , NH

m
o)
I
T
N
o
~
o
[e]
o
(6]
o
xR
Qo Q
o X
T Z
N T
To
o)
N
m

J.J. Li, Name Reactions: A Collection of Detailed Mechanisms and Synthetic Applications,
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Example 3’
)
0 NH
HN
CHs
KCN, (NH4),CO 0
(NH4),CO3 CHs
EtOH/H,0 (1:1)
60°C, 4 h, 83%
B(OH
(OH), B(OH),
Example 4°

1.1 M NaOH, EtOH, rt, 30 min

2. KCN, (NH,),CO3, 60 °C, 5 days
77%

Example 5"
O,
o} P—NH
& KCN, (NH;)>CO3 HN o
S EtOH/H,0, 50 °C, 82% d
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~
Biichner ring expansion

Reaction of a phenyl ring with a diazoacetic ester to give a cyclohepta-2,4,6-

trienecarboxylic acid ester. Intramolecular Biichner reaction is more useful in

synthesis. Cf. Pfau—Platter azulene synthesis.

NF “CO,CH,
@ OCOchs
[Rh]

NoT+  [Rh]Z 002CH3
rhodium carbenoid

7 >C0O,CHs

CO,CHz  reductive

rCOzCH3 [2+2]
| —_— -
©::/ [Rh] cycloaddition @] elimination
electrocyclic
CO,CH; CO,CHjg
ring opening

Example 1, Intramolecular Biichner reaction’

O
_N,  Rhy(OAc)
CH2C|2 H O
|

Example 2, Intramolecular Biichner reaction

| Br
cat. Rhy(OCOt-Bu),, DMAP
o Ac,0, CH,Cly, 73%
I
N,

Example 3, An intramolecular Biichner reaction within the Grubbs’ catalyst!

N\_/N
T 1 atm cOo NUN
Cl

[
/ CHzC'Z 90% oc Ru CO
Ph o’

PCy3

J.J. Li, Name Reactions: A Collection of Detailed Mechanisms and Synthetic Applications,
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Example 4'°
)C\Ph3 CO,Et
=—Ar
0.5mol% Q. o/ [gh]

Rh—Rh
3O ST
_ 0, —_RRO
Et0,C CH,Cl,, -78 °C, 49-66%
Ar
Al CO,Et
r = A Ar. CO,Et
[Rh] CO,Et

Ar = Ph, or 3-thienyl

Example 5"
_ RnyOAd), {
CH,Cl,, A, 89% )
H
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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.

R2

X 2 !
X R cat. L,Pd(0) N.
= R3 NaOt-Bu L

X =1, Br, Cl, OSO,R

Mechanism:
9
Br 7\ Pd(OAC),, dppf N—/
" N NaOt-Bu, PhMe, A
\
Pd(Il)—Br N
_ "
oxldatlve Ilgand
addition exchange
— HBr
pa— =
Pd(II)—Na reductive N—/
—_—
elimination
- Pd(0)
The catalytic cycle is shown on the next page.
Example 1°
0.5 mol% Pds(dba)g R2
1 @/' R2 2 mol% P(o-tol), |
R4~ | + BN Xy UR®
= ‘R3 NaOt-Bu, dioxane R1:— R
65-100 °C, 2—24 h =
R' = EWG or EDG 18-79% yield

amine = 2° cyclic or acyclic
amine = 1° aliphatic: low yield, unless R" ortho

J.J. Li, Name Reactions: A Collection of Detailed Mechanisms and Synthetic Applications,
DOI 10.1007/978-3-319-03979-4_45, © Springer International Publishing Switzerland 2014
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Example 2*
R2
O W TR N
R'—— + ( mol% dpp Xy °R3
T HN\R3 R1:_/ R F@\Pth
NaOt-Bu, THF e
X=Brorl 100 °C (sealed), 3 h <= PPh
R'=EWG or EDG 80-96% yield
amine = 2° acyclic (one example) (11 examples) dppf
amine = 1° aliphatic or aromatic
Catalytic cycle:
Ly+1Pd(0)
bl
L,Pd(0)
AI‘— ArX
Ar—H \ (
k
Ly.1Pd(0) 4
H NR2 R%)

NaX+ HOt-Bu HN, : NaOt-Bu
R

Pd(BINAP), catalyzed

—d[ArX] Kk

dt kalL]

[ArX][Pd]

Example 3, Room temperature Buchwald—Hartwig amination’

1-2 mol% Pd(dba), R2
B R2 (t-Bu)sP (P/Pd = 0.8/1) I
R | + hN SR
Z ‘R3 NaOt-Bu, PhMe R1:—©/
22°C,1-6h =

1 81-99% yield
R' = EDG or EWG
amine = 2° cyclic or acyclic: aromatic, aliphatic, or azoles

amine = 1° anilines: no aliphatic

Example 4'°
Me 0.25 mol% Pd,(dba)s Me |,
0.75 mol% rac-BINAP N
o + n-HexNH “n-Hex
2 NaOt-Bu (1.4 equiv)
MeO PhMe, 80 °C, 18-23 h MeO

94%
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Example 5"

0.5 mol% Pdy(dba);

/ N\ 1 mol% ligand 7\
OOCI + HN O /OON 5
’ 1.4 eq. NaOt-Bu, PhMe —v
100 °C, 24 h, 92%
/i-Bu

i PN _i-Bu
-Bi
Bu~ \N\1/

ligand = )
Nl
Example 6'
NH,
CO,Me Pd(OAc), Cs,c0;  M1e02C f
[
: DPE-Phos, PhMe, 95 °C ©/ \©\
95% OCF;,
OCF,
PPh, PPh,
o
DPE-Phos =

Example 7, Amination of volatile amines'*

5 equiv R{NHR;,

>L j\ 5 mol% Pd(OAc), }\ j\
0,
O N/H 10 rrToIA) dppp o N/\ R,
2 equiv NaOt-Bu y
' -

X N N.
U - | R,
0,
X=N,CHy, X 80 °C, 14 h, sealed tube «

55-98%

Example 8"

Oy Ot-Bu 0. _OtBu
1 mol% Pd(OAc),

2 mol% XPhos
N 1.4 equiv NaOt-Bu g
MeO NH, ClI” "N” °Cl  toluene, rt, 4 d, 67% MeO

Y5
oRe
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Burgess reagent

N-S—NEt,

CH30,C—

O=n=0

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.

Preparation’
0=LN-8-CI  MeOH, phH CHaO:C  Q NEts, PhH
. N-S-Cl ———
rt, 88-92% H O rt, 84-86%
HsC-OH

AW .
% _\, © ®
4 ! H 1
H O —NEs —— oHy0,0-N-S-NEY,

INEtg
Mechanism of dehydration’

© 9 e
MeO,C—N2STNEt; Q COMe
5 slow \/S—N@ @
o D 0 D HNEt;—
SN2 H ' y— 1 Ph
H' y»— Ph o 9
PH H
O\\Icl) F:E?ZMe O  co,Me
SN fast H Ph Q7SN
O D — = = +°06 D
M"Ph ® B pf W ®
Ph H HNEt, HNEt;

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

undergoes substitution
OH

— N OMe
Burgess reagent

OsNH
HL THF, 21°C, 9 h, 71%
“H

OMe

J.J. Li, Name Reactions: A Collection of Detailed Mechanisms and Synthetic Applications,
DOI 10.1007/978-3-319-03979-4_46, © Springer International Publishing Switzerland 2014
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Example 2°
N
N 1.5 equiv Burgess reagent
| /@/\ .OH q g g j\ | /@/%\N
~Sho THF, reflux, 1 h, 97% ~Sig
Example 3’
NC NC
\H \\H
HO. o—\' Burgess reagent O
N opn toluene, 50 °C, 60% N OBn
Example 4°
OBn ,COZMe

2.5 equiv Burgess reagent

THF/CH,Cl, (4:1)

reflux, 6 h, 86% OBn
OBn o/ = (8:1)
Example 5, Cyclodehydration followed by a novel carbamoylsulfonylation'’
AN
6]
NHB N /&O
oC
= IN 2.5 equiv Burgess reagent 0.8
x : [
THF, reflux, 30 min, 86%
o | N NHBoc
Z
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Burke boronates

MeN Me'/N MeN
e eN
B S B/& &o BLOND \/B—Olo
r N N N
() 0 Yo BTN HO\/©/ 0o
B-protected haloboronic acids Stable boronic acid surrogates

Burke boronates can serve as B-protected haloboronic acids for a wide variety of
applications in iterative cross-coupling."® The corresponding boronic acids can be
liberated using mild aqueous bases such as NaOH or NaHCO;."* Burke boronates
are also compatible with many synthetic reagents, enabling the synthesis of com-
plex boronic acids from simple B-containing starting materials.™® 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.*’ 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.' ¢
Preparation:'**%
I\I/Ie
™ AN
HO,C  CO,H Br. S B\—cko
Br-__S._B(OH), ———> \ /) [ee]
U PhH:DMSO 10:1
Dean-Stark Burke boronate
99%
I\I/Ie
N
NaO,C  CO,Na MeN
s _TMs 2B N
~ CH,Cl,

86%
30 mmol scale

Burke boronate

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

Example 17
A wide range of selective couplings can be performed at the halide terminus of a
B-protected haloboronic acid.

J.J. Li, Name Reactions: A Collection of Detailed Mechanisms and Synthetic Applications,
DOI 10.1007/978-3-319-03979-4_47, © Springer International Publishing Switzerland 2014
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P X BOH): MS—
NN P(OAG), Pd(PPhs),, Cul M?Ni\\
Ph/\/\/B:O' (o) SPhos, KF piperidine /\/B:o (@]
oo PhMe, 23°C THF ™s~ o0
Suzuki coupling 92 % 23°C, 73% Sonogashira coupling

Me/N% PdCl,(CH3CN), Mz&o

MeN
Z>snBu \ M O.
%o T L ABCO O SPhos, KOAc e>§/ BN ENG

\/\/B\_O _ornes, AUAC
NTNTT07N0 Pdydbag, FursP oo T e Me ) ¢
o 0, g
Stille coupli DMF, 45°C, 91% M i ‘B% Me  Miyaura coupling
ping ol © 2phMe
45°C, 71%
MeO.
MeN
3 W/k BusSn._~~ Me/N
MeOMB:O o o ZnCl o
o] O % Pd(0Ac), PPh Pd(OAc),, SPhos ~ BUsSN™ N7 N7 070
Heck reaction EtsN, DMF, 45 °C THF, 0 °C o .
90% 66% Negishi coupling

Example 2”'"°
Small molecule natural products and their derivatives can be prepared via iterative

cross-coupling with B-protected haloboronic acids.

s B S :
° PN a—&o Me M 0 me MeN
e & &o NaOH e, e Br NBPNG L C /%

B S X B(OH), A B-0Y 0
0 OO 0 "0 0”0
THF:H,0 g XPhosPd, K3PO,4 g
TBSO! Me 95%  1BS0 Ve PhMe:THF, 79% TBSO Me
T t'Tmlso M
1. pinacol, NaHCOs, MeOH, 99% A T
2. MeN
y Me- |
1 A VRGN B;O‘KD o] Me OAc
/\/\/Y ) Ve, Me 0 Me MeNl
Me A - A 0 Yo Y2 YENN B;Oko
‘0 [ Mo}
PdCly(PPhs),, Ag,0 TBSO \ Me XPhosPd, NaOH
DMSO0, 45% Ve THF:H,0, 60%

2. HF pyr, THF, 65%

OAc

peridinin

Example 3°
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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Bn Swern and then
MeN Me 7— n-BuOTf MeN
4 CrOs, HyS0, H(N 0 Et;N, DCM Bn N
B\—O;\N\OO Acetone o) T -78-0°C, 2 h; /_< Me \Oo OO
o _N__~
Hoj( C 23 °C, 30 min H20,, MeOH :
90% pH 6.0 buffer, 79% O O OH

MeN
4 _\\\o TBSCI, Imid, THF

MeN
o O B-— o)
B-O 3 i N
0”0 23°C,9h, 98% B\—o_kxo [COY P - o No
00 L EO A~
NaH, DMF
TBSO e/l 23°C,30min, 71% O
83% HO
MeN PMBOC(NH)CCls
Y 1 TfOH, THF morpholine Me/N1
B;(i o 0-23°C,5h, 64% NaBH(OAc); B—Ok o
O (6] O N
DDQ, DCM DCE, 23 °C, 8 h, 76% K/)‘v@/ SIS
o 0,
PMBO 23°C, 1.5h, 79%

Example 4"

Burke boronates can be used directly in cross-couplings as shelf-stable surrogates
for unstable boronic acids via slow-release cross-coupling.

©/OQBH
cl

- .
Pd(OAc),, SPhos
K3POy, dioxane:H,0 5:1
60°C,6h

/©/0l3u
cl

Pd(OAc),, SPhos
K3PO,, dioxane:H,0 5:1
60°C, 6 h

PhO,S

N__B(OH),
O

PhO,S
N

‘ OtBu
8

14 % yield

PhO,S
N

OlBu
/

93% yield
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Cadiot—Chodkiewicz coupling

Bis-acetylene synthesis from alkynyl halides and alkynyl copper reagents.
Cf. Castro—Stephens reaction.

R——X + Cu——R? R———=—R?
) oxidative )|<
R'——X + CuU——R = — R2?
addition Cu R
Cu(IIT) intermediate
reductive
- > CwX + R————=-R?
elimination
Example 1°
cat. CuCl, NH,OH-HCI
— Br + = = =
OH EtNH,, MeOH OH
30-40 °C, 70-80%
Example 2’
cat. CuCl, NH,OH+-HCI
TBS—= + gr—=—( OH TBS%<\_/OH
30% n-BuNH,, H,0, 92%
Example 3’
MeO OMe MeO OMe
C n=1to7
7 A\ / \ n=1,8%
H H CuBr, NH,OH+HCI n=2 11%
n=3,32%
Br Br piperidine, MeOH A\ 74 n=4,8%
rt, 3.5 h, 80% n=5,13%
N\ Y (> n=8,3%
MeO OMe n n=7,8%
MeO OMe

Example 4, Cadiot—Chodkiewicz active template synthesis of rotaxanes and
switchable molecular shuttles with weak intercomponent interactions'’

1. 1 equiv n-BulLi

| X
= <:> . THF, -78 °C
——H
; < > < > 0o 2.1 equiv Cul, 0 °C
= 3.1 equiv3

S | 1 1 equiv 2

J.J. Li, Name Reactions: A Collection of Detailed Mechanisms and Synthetic Applications,
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/ N
X

\_/

=
AN

=
AN

g% B
=

NN
o 0.
ety SOOI 0=
trapping molecule 3 =
o o

s Joo.
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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.

R P xR
Cadogan > N
NO, indole N: H
1 synthesis 3
hv Sundberg
or A indole
synthesis

90
N; 4

3

(e
D 0o
N
o]
1 L:PR3

0" OoPRa
L:PR::,

R;P”
nitroso intermediate
xR xR
Ly —
@
N@ N:

nitrene intermediate

~ O~
N N

o H

A

0

- O=PRj

Example 1, Séderberg’s modified conditions to prepare indole®

N-B"  Pd(OAc), PPhy e
S~ 4 atm CO, MeCN N
cl
70°C, 61% 2 steps N
cl NO,

J.J. Li, Name Reactions: A Collection of Detailed Mechanisms and Synthetic Applications,
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Example 2*
N
N\ /N
Q O O P(OEt)3 reflux
24 h, 51%
NO, O,N
Example 3°
oo YA remencs oL
4 h, 78% N
NO, H
Example 4°
Me Me
O=§=O
)
P(OEt)s, reflux N cl

=N
61% A
e
H

Example 5’

(0)
0L e KO
reflux N
X CN NC H
1h, 55%
NC NO,

CN
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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.

O 1
t OH R
R R2
NaOR X N A
NH =~ R? P
)\/ R? Rer X N ot
o] 2 3

1

Pathway A:
o
9 ) o
R! OR <R )
R ®
s o o
NH NTQ R - HO
o)\/Rz 1 H o H OH
Pathway B:
o]

R R R

NH _— \l RE H 3
o‘%\g/Rz N~ 70 ©

h Co

H
1
\_/@OR
Example 1'
o OH
NH 104°C N” > OH Nig
O)\ 69% 20%
Example 2°
Q OH
N NaOH X |N\ Me
N—M
HN / _ H,0, 90% N” Z
M
O Me ©

J.J. Li, Name Reactions: A Collection of Detailed Mechanisms and Synthetic Applications,
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Cannizzaro reaction

Redox reaction between aromatic aldehydes, formaldehyde or other aliphatic al-

dehydes without a-hydrogen. Base is used to afford the corresponding alcohols
and carboxylic acids.

Q ®OH Q P
2 + R7OH
R)LH R)kOH
0] S ~
C)J\ HO O° OH ®O><OO
R7{H D
\@ R”TH R” "H
OH
Pathway A:
R VH hydride o] o~ 0
S A nwR 9 R Son +
H OJ transfer R Qj N~ R (e]S}

Final deprotonation of the carboxylic acid drives the reaction forward.

Pathway B:

hydride o) acidic 0
_vande e r N — M+ RoH
o+ RO R”™ “OH
‘) transfer R” ~O workup

Example 1*
CHO KOH powder 002
100 °C, 5 min
solvent-free 41 % 38%
Example 2°

CHO

NaN
© THF,0°Ctort,5h

79%

J.J. Li, Name Reactions: A Collection of Detailed Mechanisms and Synthetic Applications,
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Example 3*

O,N CHO 1equivTMG  O2N OH OzN\©/COZH
+
\©/ H,O, rt, 10 h \©/\
42% 43%
TMG = 1,1,3,3-tetramethylguanidine

Example 4, Desymmetrization by intramolecular Cannizzaro reaction’

CHO CH,0OH

g é(;
i? 1 M BaCl, g
H,0, reflux %
2 quant. 2
(0] (0]
CHO CO,H
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Carroll rearrangement

Thermal rearrangement of f-ketoesters followed by decarboxylation to yield vy-
unsaturated ketones via anion-assisted Claisen rearrangement. It is a variant of the
Claisen rearrangement.

o o

0
N -
oo

O O
OJ\/U\ A )\/U\ [3,3]-sigmatropic o —~

Y

‘\/ K/ rearrangement X

- COZ keto—enol -
8

tautomenzatlon BN
¥

Example 1, Asymmetric Carroll rearrangement™”

~OMe ~Some ~OMe

X [l
C\ . CL Lio L Cl\\l
N. _ N N
N o 2.4 equiv LITMP N" O N
toluene @%O &\/
< 7/ ‘o/ﬁ ~100 °C to rt J

de > 96%

Example 2, Hetero-Carroll rearrangement®

O O O
H
ch)J\N O5© ch)J\NH
110 °C CH,4 o}
toluene
CHs3 82% (0] CHj
Example 3’

NaH, xylenes, 140 °C, 82%

HiCMe_ 1 |-
\\S\ONa
H O

J.J. Li, Name Reactions: A Collection of Detailed Mechanisms and Synthetic Applications,
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Example 4, Similar to Example 3’

2 eq. NaH, xylene

reflux, 96%

Carroll
rearrangement
Example 5°
O O HO,C Me Me
OJ\/U\ LDA, THF 0 CCly o)
- o
= N
Meoj\/ _78°C to rt reflux, 86%
OMe MeO~ ~OMe MeO~ "OMe
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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.

pyridine, A
R'——cCu + X—+R? _— R'————+R2
or:
1: copper acetylide  2: sp? halide DMF, base, A 3: disubstituted alkyne

R = alkyl or aryl R? = aryl, vinyl, X = 1, Br

+ ligands Cl |
Cu.,
Ri-c=c-cu Ve i s /7 \ cu
R _\RZ [ "’C\\
[ L °¢C

! 1
Cu..,nz=C—R
cu'l + R1—CEC@ Ly e
—/ R2 [

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

oxidative )I( reductive
Ar—X + CuU———R r—Cu— CuX + Ar———R

— A R——
addition elimination
Cu(III) intermediate

Example 1, A variant, also known as the Rosenmund—von Braun synthesis of aryl
nitriles’
CuCN

Br.
ﬁo 1-methyl-2-pyrrolininone (j: >_©
| »—2 >

170 °C, 3 h, 55%

Example 2*
CUSO4, NHQOH'HC'
aq. NHj;, EtOH
I =y 2N 2 ==
— ca. 95% —
OH
(I Xx—C
N Y
pyridine, A
75%

J.J. Li, Name Reactions: A Collection of Detailed Mechanisms and Synthetic Applications,
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Example 3°
§
OMe
| O pyridine, A OMe // O
NI O - - N7
| + Cu— 87% |
“ /k P
eO N MeO N
Example 4°
le) O

©iJ\A cat. Cul, PhgP, K,COg o
o)

DMF, 120 °C, 379
= /I\/W| ’  37% =
Example 5, In situ Castro—Stephens reaction'®

MeO,C — MeO,C |
|SS S
0 OH
CO,Me
Cu,0, pyridine MeO,C 74 O
N o
100 °C, 43% o

Example 613
2 equiv Ph

<:<< CuOTf (30 mol%)
PPh3 (60 mol%)
2 equiv K,CO3

Me o, o
/ DMF, 130 °C, 12 h, 76% /
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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.' The first reported case
was the ortho-dialkylation of aryl iodides, followed by Heck reaction.” 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.’

Example 1, A three-component reaction allowing the construction of three adja-
cent C—C bonds through C—I and C—H activation.”

R
Pdcat.,b N
@I + 2RI+ = Y
Y R

K,COj, DMA
20°C,30h R =pBu; 93%

Mechanism for the reaction of an o-substitued aryl iodide: Pd(0), Pd(Il) and
Pd(IV) intermediates and catalytic role of palladium and norbornene.'

R

R
L
Il | R
Pd—I ||-II
Il PdOL2 — Pd—I Ab
=Y oxidative |
6 CH.=CHY addition 1 L norbornene
2 insertion
} :b R
R
norbornene N =
deinsertion Y < |

R! I
Pd—I
Z v,
>
i
Pd-IR" K2COs
L/
5 R K| <’| metallacycle
R formation
reductive\ RY
elimination P(lj v - I
L |\| " Pd
4 oxidative /L
R', addition L 5

J.J. Li, Name Reactions: A Collection of Detailed Mechanisms and Synthetic Applications,
DOI 10.1007/978-3-319-03979-4_54, © Springer International Publishing Switzerland 2014
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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. B-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.'® 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.*'

CO,Et
Pd(OAc)Z/TFP,b Jr

| + Br\ﬁ/\/\/COZEt
n Cs,CO3, MeCN reflux

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

(0]
0. CO,tBu
OAc)Z/PPh3
Br
032003 DMF
90°C,5h (@)
OMe o
/\coztBu -0
92%

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)."

Example 4, Aryl-aryl coupling combined with Heck reaction.”

i-Pr
i-Pr
ot poonen 47 C9—)
2 I+ = - - .
CO,Me K,CO3, DMF i-Pr ==

105°C, 16 h 84% CO,Me
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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.®

o, WaWas
Pd(OAC),,
cone K,CO3, DMF

105 °C, 24 h co,Me  80%

Example 6 shows that internal chelation to Pd(IV)’ can cancel the ortho effect.'

MeO MeO
Me NH,
Pd(OAc),/PPh _
' QB ( )2 3 NH 130 °C l .
N Cs,CO3, DMF A h O

105°C,24 h
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Sanford reaction

C—H acetoxylations using directing groups L, such as pyridine and pyrimidine."

Lt L
H OAc

or 1-2 mol% Pd(OAc), or

1-2 equiv Phl(OAc),

Catalytic Cycle for Ligand-Directed C—H Acetoxylation:’

L
~p— Q—H ( =
Pd C/ ~

_H®
Phi(OAc),
C OAc C |v/
~
Q A \—OAC

(or Pd"'~Pd"" dimer)

=
= | 5mol% Pd(OAC),  x |
X N N
N 1 equiv PhI(OAG),
" 59-83% OAc

X =0Me, OMOM, Me, Br, F, CF;, Ac, oxime, NO,,
regioselectivity: 6:1 to > 20:1

Example 1.

Example 2.°
10 mol% Pd(OAc),
= O :<Z>: 2 equiv Ag,CO3
Cl H .
O 0.5 equiv 4 equiv DMSO
cl H key promoter 130 °C, 12 h, 93% ClI

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

8

- o
\N N
\GKH\ OAc

0.5 equiv 1 mol% Pd(OAc), > 99%

1.02 equiv Phl(OAc), |
|

Ac,O/ACOH, 100 °C N
N m h
~N
o

0.5 equiv <1%

Example 4."°

F5;C
FsC 2 mol% Pd(OAGC), 8
D 2 mol% pyridine OAc
H
Arl(OAc),, 68%
27 RC

FaC 8
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White catalyst

0./ M.0
Ph—S - S=pp
Pd(OAc),

White catalyst 1

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)."'! The
White catalyst enables novel and predictable disconnections for the synthesis of
complex molecules which can streamline their synthesis.*** Widely available a-
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 m-
allylpalladium intermediate 2 which can then be functionalized with an oxygen,
nitrogen or carbon nucleophile (Figure 1).’

Figure 1
H
N
o./\0
Ph—S - S=ph 4
Pd(OAc)
c-c (10 mol%] c-0
. COM White Reagent OC(OR'
HivVie
NO, R
C-N ™. 7
“ Pd(ll)L, OC(O)R!
R/\/\NR'z - R/\\l// — R)\/\Ar
2

Common organic functionality such as Lewis basic phenol 3, acid-labile
acetal 4,° highly reactive aryl triflate 6,'" and depsipeptide 5° 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).” 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).*

Figure 2
O\
Ph—3 * S<Ph 1
H Pd(OAc), Nu Nu

4+ Ppro-nucleophile (NuH) (10 mol%)
R)\/ (1.5-2.0 equiv) E— R)\/ o R/\)
branched product (B)  linear product (L)

branched allylic C-H oxidation linear allylic C-H amination

OH
BQ (2 equiv), p-BrPhO,C ﬁLO Cr(salen)C! (6
dioxane, 43 °C| O ~Ar o mol%),
X N’COZMe BQ (2 equiv),
0 OBn Ts TBME, 45 °C
3, 65% vyield, > 20:1 B:L (+)-4, 63%, > 20:1 E:Z, > 20:1 L:B
branched macrolactonization linear allylic C-H alkylation
o]
| MeO,C x CO,Me
BQ (2 equiv) (¢} DMBQ (1.5 equiv),
CH,Cly, 45 °Q N 10 NO, AcOH (0.5 equiv),
@NH HN dioxane:DMSO (4:1)
OMe
Ph H 0
(0]
5, 61% yield, 3:1 dr 6, 64% vyield, > 20:1 E:Z, > 20:1 L:B
Figure 3
A. O..0
o ph=S - S~ph1 OMe
)J\ Pd(OAc), O steps
0~ “NHTs (10 mol%) oA i o
: PhBQ (1.05 equiv) S NTs —»
YY\ THF, 50 °C, 72 h Me NHAc
TBSO H 78%, 9:1 dr crude TBSO X OH
70% yield
(+)-7 ( . ’ -)-8 (-)-N-acetyi-O-methy/
1 isomer) e acosamine 9
B O“S/_\s"o
) Ph—32, '~2>Ph1
Pd(OAc
BocNH (10 (mol%)? BocNH [e) . BocNH O [
Cr(salen)Cl (6 mol% steps AN N
g C( ) (2( i )0) b OTMSE T 2her M )
TMSEO,C ~ CbzNHTs (2 equiv NH, °2HBr CO,H
2~ BQ (2 equiv.), TBME NTSCBZ 2 02
(-)-10 ) (+)-11 (+)-deoxynegamycin
54%, 1 isomer analogue 12

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).'° Alternative routes to
similar molecules require protection/deprotection sequences and use a kinetic
resolution giving a maximum of 50% yield.

Figure 4
2) 1 (10 mol%)
o H o H (R.R)-Cr(salen)F O  OAc
B L
HO 7 CDI, DCM N 7 AcOH (1.1 equiv) Me 14
undecenoic acid Me 13 BQ (2 equiv) 42% overall yield

4AMS, EtOAc, it >20:1 BiL, 97% ee
3) Novazyme 435

In addition to allylic C—H oxidation, the White catalyst also catalyzes
intermolecular Heck arylations.® Notably, the arylation uses electronically
unbiased o-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.°

Figure 5

Branched allylic C—H esterification Oxidative Heck

o)
O‘\S/_\S"O o )K/NHBOC
Ph BaoAcph ! j\/ (4-BPhBOH), 1o —
Y (10 mol%) o NHBoc| (1 5 equiv), 45 °C 7
Me\M)\/ N-Boc-Gly (2 equiv) Me\hﬂ)\/ 15, 75% Br
7

BQ (2 equi
7 Q (2 equiv) >20:1 E:Z

H [o]
1-undecene dioxane, 45°C > 20:1 internal:terminal

Besides the one-pot process described above, the White catalyst catalyzes
a chelate-controlled oxidative Heck arylation between a wide range of a-olefins
and organoborane compounds in good yields and with excellent regio- and
stereoselectivities (Figure 6).° 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
O.—\.0
M M=BOH), 5, S . STpp 1
X R'ﬁ =BF3K Pd(OAC 7] X
; = (10 mol%) |
)\M/\ + or T NS
R N ) AcOH (4 equiv) R Ar
n=0-2 A X Bpin quinone (2 equiv) >20:1 E:Z
r dioxane, rt, 4 h > 20:1 internal:terminal
amino acids a,p-unsaturated carbonyls
F o)
H
N _ BocHN._JL_~__Pn
F O COMe 5 Bn
(+)-16, 60% r (+)-17, 62%
free alcohols allylic amine
HO = A NHBoc
N F
N Ph
18, 83% Boc (+)-19, 81%
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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."” 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 sp> C—H activation:

OH o
Pd(ll) C-H
o — _—
base @? activation ©\/%,O
H H Pd Pd

Canonical example of sp> C—H activation:

.R Pd R
HOHNT  Pdi) N C-H  Pd—N
_ [ , |
%O base S{ko’ Na  activation %o’ Na
R{ Ry R{ R, R{ R,

Example 1, Hydroxyl-directed C—H activation/C—O cyclization®

Pd(OAc),
Phi(OAc),
OH ——M»
Li2CO3, C6F6
100 °C, 83%

Example 2, Amide-directed sp’ C—H carbonylation®

R2 O R F Pd(OAc), CO(1atm) Lo O
; AgOAc, TEMPO ;
R HN CFs R N-Ar
H KH,PO,, n-hexane
F F 130 °C, 52-99% (0]

Example 3, Sulfonamide-directed C—H methylation®

0]

(6]
\Y2 \Y2

.S .S
CeF5HN \©\ Pd(OAC), BQ  CgFsHN j@\
MeB(OH),, KoHPO
NN (OH),, KoHPO, Me NN

N—CFy —————— 5 N—CF3
Ag,COj3, t-AmylOH =
110 °C, 71%

—

MeO MeO
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Example 4, ortho-Selective C—H arylation of arene’
PhBF4K, Pd(OAc), CF3
CF3 N-acetyl isoleucine COM
CO,H
BQ, KHCOj3, t-AmylOH
Ag,CO3, 110 °C, 87%

Example 5, Cs-Selective C—H arylation of pyridine®

Pd(OAc),

N Phen, Cs,CO3 | = 3 steps
@ N~ oMe _ . N OH
N~ 3-bromoanisole
140 °C, 70%

Example 6, meta-Selective C—H vinylation of arene®

T2 Etacrylate, Pd(OAc), T2 NC
-acetyl glyci
I N-acetyl glycine fo) T2 = _g_N
AgOAc, HFIP _—
MeO 90°C, 24 h,67%  MeO COEt NC
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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

LiAlH,.

OH ) OH
/\ NaAIH,(OCH,CH,0CHS3), in PhH /\)\
R
R é ! Et,0, heat R™™ Ry
R\ /R
= H—AI% R OH
AlH,R, ( Al workup
. ’ S A
/\ 1 2!+ s R, RTX R4
R Z&) N
R ) Ry
Example 1°
OH
: LiAIH, oH
—_—
Z 7% \/\/\(
4
Example 2
OH 1.5 eq. Red-Al, =72 °C, 25 min. OH |
Ph/\ then 5 eq. I, 72 to —10 °C, THF, 2 h Ph)\chone
CO,Me 78%

Example 3°

. Red-Al, THF/PhMe

-78°Ctort, 4 h
/\/\/\OTBDPS o rt, /\:/W\OTBDPS
~ OH ClI

2.NCS, -78°Ctort

-

O

H
65%
Example 4
MeO, v oM QMe
e wOMe MeO,, OMe
Red-Al, Et,0
—_—
0°C, 80%

J.J. Li, Name Reactions: A Collection of Detailed Mechanisms and Synthetic Applications,
DOI 10.1007/978-3-319-03979-4_55, © Springer International Publishing Switzerland 2014
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Example 5°

PMBO  OH LiAIH,, THF PMBO  OH

7
X b 0°C.87% = Ph
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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.

cat. Cu(AcO),

Ar—M + H-XR Ar—XR

weak base, MC, air

M = B(OH),, B(OR),, B(OR)3~, BF3~, SnMej3, Si(OR)3.
X=N,0,S, Se, Te, F, Cl, Br, I.

(/N cat. Cu(AcO) ~ /
- 2
B0l D

R air, > 90% R

Example 1"

H3C@B(OH)2
OO O~
Cu(OAc),, pyridine

rt, 48 h, air
74%
Proposed Mechanism:*
Transmetallation Oxidation of Cu'-Ar
(turnover-limiting step) to a Cu" species

X,BOAc Cu''(Ar)OAc Cu'(OAc),

Cu'OAc
catalyst
ArBX; . resting state
112 [Cu Ol == CU(OAABY, | Cul(A(OAS),
ArBX; HNRZ
H,0 + Cu'(OAc), Cu'OAc Ar—NRZ + AcOH
12 0,
+2 AcOH + CulOAc
Aerobic oxidation Reductive elimination
of catalyst of Ar-NRZ from Cu'"

J.J. Li, Name Reactions: A Collection of Detailed Mechanisms and Synthetic Applications,
DOI 10.1007/978-3-319-03979-4_56, © Springer International Publishing Switzerland 2014
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Example 2°
o
OH -~~~ B(OH),
1.1 eq Cu(OAc),, TEA
rt, 24 h, air
52%
Example 3°

B(OH
OMe OMe
Cu(OAc),
TEA, air 0
tBquC CO,Me 52% EBUOLT 7 NT COMe
BnO,

DN
Cu(OAc),/EtzN/P
NH u( )2/EtsN/Py OMe

Example 414

0 1eq/3 eq/ 3 eq .
4 AMS. air 93% (o-ester assistance,
’ acetal lower yield)
Example 5"
COzMe
COzMe E B(OH)2
N\ N
N NaHMDS, Cu(AcO), N
H DMAP, air, 95 °C ﬁ
93%
References
1. (a) Chan, D. M. T.; Monaco, K. L.; Wang, R.-P.; Winters, M. P. Tetrahe

dron Lett. 1998, 39, 2933-2936. (b) Lam, P. Y. S; Clark, C. G.;  Saubern, S.;

Adams, J.; Winters, M. P.; Chan, D. M. T.; Combs, A. Tet rahedron Lett.

39, 2941-2949. Dominic Chan is a chemist at DuPont Crop Protection, Wilming
ton, DE, USA. He did his PhD research with Prof. Barry Trost at the University
of Wisconson, Madison. Patrick Lam is a research director at Bristol-Myers
Squibb, Princeton, NJ, USA. He was formerly with DuPont Pharmaceuticals
Company. He did his PhD research with Prof. Louis Friedrich in the Univeristy of
Rochester and Post-doc research with Prof. Michael Jung and the late Prof. Don
ald Cram in UCLA. (c) Evans, D. A.; Katz, J. L.; West, T. R. Tetrahedron Lett.
1998, 39, 2937-2940. Prof. Evans’ group found out about the discovery of this
reaction on a National Organic Symposium poster and be came interested in the
O-arylation because of his long interest in vancomycin total synthesis. (d) Lam, P.
Y. S.; Clark, C. G.; Saubern, S.; Adams, J.; Averill, K. M.; Chan, D. M. T.;
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Chapman rearrangement

Thermal aryl rearrangement of O-aryliminoethers to amides.

Ar

Ar1\N

|
OPh

o}

A )k A

e Ar ITI

Ph

Mechanism:
Ar’ N
S

Example 17

NaO

210-215 °C, 70 min

28% for 2 steps

Example 2*

e Meo@ X
.
N//k Ph

SNAI'

Ar

oxazete intermediate

NaOEt, EtOH/Et,0

Ar' Q
\ 1
@ LA
©N — Ar)J\N '

Cl

M
0°Ctort, 48 h e0\©\ i
o
N” >Ph

MeOQC
MeO
N
o)\ Ph
Ph (0]
Ph
300 °C \,\T
— > Ph~
30 min., 87%

HO,C

Iz
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Example 3, Double Chapman rearrangement9

CqoHos CqoHos CioHzs  CioHyg

© © 110-140 °C
N\ (@)

Me,N_ N N_ _NMe,
70-74% e e
MezN NMe2 o 0
MeO,C CO,Me MeO,C CO,Me
Example 4, Chapman-like thermal rearrangement'’
OR o
A
Orb - L
Sy Sy,
§o g
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Chichibabin pyridine synthesis

Also known as the Chichibabin reaction. Condensation of aldehydes with ammo-
nia to afford pyridines.

R = R
3R7OCHO + NHg |
N
H3N:
o) fe Y
o NH NH
A o I ST R
H2N: H ®NH3 R H H
o NHy enamine imine
:NH; H
H R%”o\ Aldol Cho
2 O
d_o T 7 )R |)
R <) H?]) condensatlon R
H @
H OH
Michael R //(_O\‘H R R
” E/LR — R
additon R N= R D
R N
H
H_QH
\Rj%gR autoxidation R = | R
H R
R N” SN

Example 1*

©/CHO NH4OAc, HOAc
+ =
reflux, 1 h, 68% ~ |
SRS
Example 2°

Hon\( | 1. ACOH, rt, 1 d, 49%
.
I\D
Me” N N(CHz)~"~CcHo 2.Zn, HCI, MeOH, 65 °C, 72%

Troc
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Example 3°
O CH3C02NH4, MeOH
i oi )L+ e Oron
reflux, 4 h, 45%
N
oo o
=

CF;

Example 4, An abnormal Chichibabin reaction'

A A

Br 1 equiv BnNH,Cl A '
\©\)OJ\ 0.5 equiv Yb(OTf)3 NS
N

H  H,0/dioxane, rt, 65% Bn 10~
dehydration [O]
- benzaldehydeT
Ar 5 Ar Ar A
A 6 |
Bn Ar Bn Ar
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Chugaev elimination

Thermal elimination of xanthates to olefins.

A
1. CS,, NaOH (0] S
R ~OH 2 RTINS —— gy + OCS + CHySH
2. CHl s
xanthate
R
(0] S A
R \n/ ~ _° - é\O .
S S
S_
O
R~ + 8 —  0=C=ST *+ CH,SH?!
H Cg—
Example 1*
OH
N
1. NaH, CS,; Mel, 90%
oH>—OH 2. HMPA, 230 °C, 90% Y
Example 2°
CS,, Mel, NaH dodecane
_—
THF, 1t, 2 h, 51% reflux (216 °C)
48 h, 74%

Example 3, Chugaev syn-elimination is followed by an intramolecular ene
reaction’

OH P

o

/ CS;, Mel, NaH o
© N THF, 92% 7/\0\\‘
Cbz N
Cbz _\:<
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NCbz ///

NaHCOj3, Ph,0 ) 72% OTO
! —— o
280°C, 25 min. | H~~ ) Alder ene N O)<
Chugaev o Cbz
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Ciamician—Dennsted rearrangement

Cyclopropanation of a pyrrole with dichlorocarbene generated from CHCl; and
NaOH. Subsequent rearrangement takes place to give 3-chloropyridine.

U CHCly gﬂ
N NaOH X
H

N
© o
C|3CQH cc, —C )
X H—>H20 ‘g T CCh

carbene

2 eq. PhHgCCly

- -,
PhH, A, 54% _

Example 2°

cl. _.Cle

cl cr

cl,C:

26% crP cp

cle”
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Claisen condensation

Base-catalyzed condensation of esters to afford -keto esters.

o)
o )Y o O
R2” “OR®
R
Q]\ow — R? MOW
R

[S)
= 5
R\p)kow deprotonation R~ OR' condensation
—_— _—

H R%_) OR3®

B:—j C\g/

R2 8) (e} o O
R%Now R? JS)J\ow
R

R

O t-BuOK, solvent-free

, o o
PhQ]\ A~ Ph\)% S
O "Ph ggoc, 20 min., 84% L o Ph

Example 2°
Ny 3.5;;. LD?(,)IEF L, 0 O
_N_CO,Me o —45to - N _t-B
Cor T e It Cbz” \:/U\)J\O tBu
P o~ then H*, 97% P
Ph Ph

Example 3, Retro-Claisen condensation’

5 equiv H,O
5 mol% In(OTf)3

neat, 80 °C 24 h
85%

H20 o
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Example 4, Solvent-free Claisen condensation'

o) KOt-Bu, 100 °C, 30 min. O O

=13¢
/u\osn /u\/u\osn )

solvent-free, 51%

Example 5, Intramolecualr Claisen condensation (Dieckmann condensation)“

©\/\/\[( 0 1) NaOEt, EtOH
4 reflux

= OEt M e

I Me 0" Me  \iichael addition

CO,Et CO,Et
o Intramolecualr (0]
Claisen
EtO Me condensation
o) (0]
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Claisen isoxazole synthesis

Cyclization of B-keto esters with hydroxylamine to provide 3-hydroxy-isoxazoles
(3-isoxazolols).

60 o NH,OH R2 oH
_R —_—
R1MO - H,0 / \N
R ~
Ry o
(6] S}
CO R 9] OCOR O O
R o LOH . OH
— R; N .
Ro H Ri N
Ry R, N
:NH,OH 2

R
2 o H,0 R, o Ry OH
R —_—
! O’NH R MH M
HO 1 @) Ry o}

3-isoxazolol

A side reaction:

o o H
C R HON50H O
R, o NH,OH "y g —hoO
R, Ry o ———~
R
:NH,OH 2

'
N,O: o N-O I/\I—O
A — A a A
Ry o Cor
Ry Ry Ry

5-isoxazolone
Example 1, A thio-analog®

o O SH O

0,
OEt 1. aqueous NH3, 67% L

Meo\n/N 2. H,S, HCI, EtOH, 53% Meo\[(N

(0] (0]

NH,
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R OH
|\
I, K,CO3, 59% s’N
MeO\n/N
(0]
Example 2’
0 ji . o (o} o HN,OBoc

O>< R Cl, pyr., 0°C >< Boc

o 74-100% R o] 53-91%

[o) For R = Ph: o]
Meldrum's acid  (PhCO),0, DMF
O O Hel OH
)J\/U\ _.OBoc A R = Me, Et, i-Pr, cyclopropyl,
R 'T‘ 76-99% g N cyclohexyl, Ph, Bn, neopentyl
Boc o
Example 3*
O O
OMe NH,OH+HCI, NaOH
OH
MeOH, -50 °C, 2 h J
then 85 °C, 1 h, 65% o’N
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Claisen rearrangements

The Claisen, para-Claisen rearrangements, BelluS—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.

2
1 ) ) 1 2
RY\/\:S A, [3,3]-sigmatropic R\,/A\\I'S R =
L de 3 o
03\/3 rearrangement O .~ X
1 15 3
2 4 nzs 4 i 2 2
=es 025 23 ! o/"\.1 0F! 07N
1 3 3 : L )IS -~ . 6 -~ R +'/6
2 25 R N Ve
néS ! 5 5 5
chair-like boat-like |
Example 17
BnO OBn OBn
BnO BnO.
BnO 0 BnO OO
o) / n-decanef/toluene 5:1 o
BnO o
180 °C, 70% o
o. O
has o
Example 2°
=
X
Et,AICI, hexanes O N
0 A
-78°C, 81% OH
(0]
E 9
xample 3

. 50% yield
0> siMe; 1 mol% In(PCys) 07N""siMe, _ S0%yield :)iCJ/\SiMES
Bt N""Ph

% N syn:anti 95:85
Et7 N " ph PPhg, A, Et” N "pPh 91% ee

J.J. Li, Name Reactions: A Collection of Detailed Mechanisms and Synthetic Applications,
DOI 10.1007/978-3-319-03979-4_63, © Springer International Publishing Switzerland 2014



Jie Jack Li 141

Example 4, Asymmetric Claisen rearrangement '’

CH; O

(0]
cat, 7.5 mol% 2+
Meo)KKCH3 CF3CH,OH WOM‘% °W|><|V°
o} CH,Cly, rt, 12 h o <fN‘ ,N\) 2 SbFg”
X 272 T BnO/ Cu <
cat. = |t-Bu sz \OHZ t-Bu

OBn 98%, > 90% de, 99% ee

Example 5, Asymmetric Claisen rearrangement''

(o}
20 mol%, hexane, 8 days, 35 °C O CHj3 CHj
MeOJ\/\CHs

N7 N B >
HsC Ph RN Ph 4 73%, 96% ee
AW wr cF

Example 6"

-0

~ /
® N//\ ArCHO, DBU, MeOH [

N OH @: N\
3 =( = OH
©[s> rt to 65-85 °C, 55-80% ©[ s ar s ar
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para-Claisen rearrangement

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

Mechanism 1:

OH
7 R
o ortho- Cope
R R
C|a|sen Fearrangement

dienone /

Mechanism 2:

OH
O/\/ R R
@
R R H,C ScH, | T
Dewar intermediate Z
Mechanism 3:
P OH
o o> _ . R R
[3,5]-sigmatropic
R R — R R > -
rearrangement
=
Example 1°
OH OH
= HO CHO

0,
58% 25.5% 4.6%

HO. CHO OH
160-170 °C HO =
0 . . +
HO\©/CHO cHo “
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Example 2’

A COzMe
Me Me

HO © PhNEt Me)\/\/©\/1 WW
- +
i reflux HO o0 o

HO o~ o
Me” “Me 80% 12%

Example 3°

=

TBSO
O> 220 °C TBSO O>
0 o
L/ xylene, 70%

MOMO OMOM |
PhNMe,, reflux
MOMO OMOM

200 °C, 64%
OH O

Example 5"

Cco,Me

COMe R=H
K,CO
COzMe EtsN, reflux Mol °
N - > CO,Me R=CHj3
H O 10 min. N
L( H OR

48%, 2 steps
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Abnormal Claisen rearrangement

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

o
o N B oH ¢
| A N
v ¥

o
[3,3]-sigmatropic o X p

rearrangement Y tautomerization
—_— —_—
"normal Claisen” H
Hoa H a
/ OH
o) ) B ene CO (N [1,5]-H-atom _
—_— —_—
Y reaction B a shift P Y
Example 1°
O/W OH = OH
PhNEt,, 230 °C =
_— +
5.5h, 63%
Me Me Me
normal, 58% abnormal, 42%

0NN g equiv HSi(NMe,), Z OH
PhNEt,, 230 °C Z
N
8.0 h, 70%
Me Me Me

normal, > 99% abnormal, < 1%



Jie Jack Li 145

Example 2, Enantioselective aromatic Claisen rearrangement

QNS

5N N~g
0 0, B 0, X OH
Br H OH
OH
Et3N, 23 °C, 2 d
92%, 95% ee
Example 3°
MeO CHO CHO
:©/ PhNEt,
N
(@) —_—
180°C  MeO g
MeO 40% Kj OMe
OMe MeO kodsurenin M
Example 4°
(0]
0,
, 180 °C d 3
® ="C
" anes% o
Example 57
O/\M
AlMeg, CH,Cl,
50%
OH
OH
= P
+ A X
2:1
Example 6'°
o )Q/\....,
S I Microwave irradiation 0]
A
X
N/ 180 °C, 20 h, 73%
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Eschenmoser—Claisen amide acetal rearrangement

[3,3]-Sigmatropic rearrangement of N,O-ketene acetals to yield y,6-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.

OH MeO OMe A /\)i
+ _—
R R )<NM62 RS

CONMe,

R1

(_NMe, gMez
OMe + )
He, /%;l\\l'Mez MeN: OMe (/k'\"iz [y OMe
NN )\A )\A
NMe,

[3,3]-sigmatropic CONMe,

R)\@)\ R1 rearrangement R A R1
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Example 1*
CH5C(OMe),NMe CF; O
F3C\/\/\ A~ 3 2 2
= O~ "Ph Ph O\/\)\/U\
N
OH PhH, 100 °C, 2 h, 75% S NMe;
Example 2°

OMe OO /CH3 CH3
@)

OO LiNEt,, THF f *ArHNM
S — JLi - = N
N —78°Ctort O N O CHy
| 5h, 78 % H /g
O)vCHs Na (dr 97:3)
CHs
K/\CH — H3C -
3

Example 3°

MeO_ OMe
NMe; N, —TBS
xylene, 150 °C
18 h, 91%
Example 4°
(0]
NM
5 eq. CHyC(OMe),NMe, ©2
xylene, reflux, 48 h, 50%
HO  co,Me
2 CO,Me
Example 5°
(0]
0 1. EtsN
HN (6]
HN)EAOH ) R__ CFs  2.H0 )\ |
O)\N Et,N-HF 46% 0] N NEt,
H CF3
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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 y,5-unsaturated carboxylic
acids. The Ireland—Claisen rearrangement seems to be advantageous to the other
variants of the Claisen rearrangement in terms of £/Z geometry control and mild

conditions.
0
)J\ LDA, then COH
O .
/\) Me;SiCl =
o OSiMe, OSiMe;

/\) Me;SiCl ( rearrangement

LDA, then A, [3,3]-sigmatropic @ COH
)ko /I\o [3,3]-sigmatrop o _H
=

Example 17

S._S

LDA, TBSCI s =
o N __— . T oTtBS |
o o o THF, reflux o) HH o e
O\) _—

e} 77% o)
I\/ ’ |\/ CO,TBS

M (\s H /oj (\\s
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Example 2°

PhH, rt, 629
-1, 62% Bn

| -
0P TipsoTr, BN /(1
N~ CO,TIPS
N |
Bn

Example 3, Enantioselective ester enolate-Claisen Rearrangement®

FsC CF4

Ph Ph
CHj 110 mol% Q\S’N: \N‘S/@ Hs;C HC
X 7 o) FsC 0, S 0, CFy X
r CO,H
= pentaisopropylguanidine, =94 to 4 °C

o 86%, dr >98:2,>98% ee

Example 4, A modified Ireland—Claisen rearrangement®

F
j@\/\/ BBr;, Et;N, PhMe
F = OY\Q\ chiral ligand
o g -78tort, 63%, > 99% ee

Example 5°
OPMP
| KHMDS, TMSCI, THF FuRQ
’ ' s A _coH
0._0 . . :
\E “781025°C, 1h.81% . _~_0
oW

Example 6, chirality-transferring Ireland-Claisen rearrangement''

o/
1. 5 equiv TMSCI, THF, —78 °C
= then 5 equiv KHMDS, 15 min. o
Z ~OPMP then 8 equiv CH,(CO,Et), N\

Ou I O{ )"PCP 7g100°C —.

>< ‘O O PMPQO: - fe)
o 2. TMSCHN,, PhH-MeOH, rt
o 94% MeO,C O_<: o> PCcP
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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
orthoester loses alcohol to generate the ketene acetal, which undergoes [3,3]-
sigmatropic rearrangement to give a y,d-unsaturated ester.

2
)oiﬁ CHor /\/[COZR
=
R R H* R A =
& ®R2
20): 2 :B
OH CH(OR?), Ro-)gR <f_o (
P OX/H o O)J\o

)\/\ 1
R R
" R)\/\Fu R)\/ﬁw

CO,R?

/& [3,3]-sigmatropic
—_— [0 =
RM\ . rearrangement R/\)iw
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Example 1°
T CH5C(OEt),
t
3
7 "CHs E{CO,H (cat)
—_—
xylene, A, 3 h
72%
Example 2°
TBSO TBSO
~ CH3C(OEt), :
MeCO,H (cat.) «—COEt
H

- . \
170 °C, 30 min THPO:

77% \
THPG ~ OPh
4
Example 3
OH
Cl
Cl CH3C(OCHg);, TSOH o
cl 170 °C, 55% OTBS OMe
OTBS
Example 4°
OMe
_ OMe
N
| CH3C(OCHg)3 SN
N cat. CHzCH,CO,H
X
x reflux, 77% 0
X OMe
OH
10
Example 5
TBS. OTBS
OH= _~ (Et0)sCCHj
pivalic acid
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Clemmensen reduction

Reduction of aldehydes or ketones to the corresponding methylene compounds us-
ing amalgamated zinc in hydrochloric acid.

0 Zn(Hg) H H
—_—
R” "R HCI R "R!

The zinc-carbenoid mechanism:?

o ©
o Zn(Hg), HCI O ZnCl
Ph™ "CHj SET Ph)‘\CH3

radical anion

0znCl Zn HP H
P l>cH, T P Ph/*\CH
7 CHs Ph™ “CHs 4y CHa

zinc-carbenoid

The radical anion mechanism:

5 © >0ZnCl
o} Zn(Hg), HCI o zcl 2y ® OZnCl H® o N
" 3
Ph CHj3 SET Ph)°\CH3 Ph H CHs3 H
CcI©

radical anion

H H ©.®
Sn2 e Py e;HY H)Z'
— >~ Ph al CHj; Ph™ * "CHj3 Ph CHj;
Example 1°
Zn(Hg), HCI
oH oFo +
P o) MeOH, reflux, 1 h
oH OH OH
18% 67%

J.J. Li, Name Reactions: A Collection of Detailed Mechanisms and Synthetic Applications,
DOI 10.1007/978-3-319-03979-4_64, © Springer International Publishing Switzerland 2014
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Example 2°

o =
m Zn(Hg), HCI CI\/j
N ‘1, N ‘v,

H Py Et,0, -5 °C, 57% H B
0~ "Ph 07 "Ph

Zn dust
37% HCI, EtOH

reflux, 15 min.
50%

%| zn,TMSCI

-78t0 0°C
0.5h, 87%
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Combes quinoline synthesis

Acid-catalyzed condensation of anilines and B-diketones to assemble quinolines.
Cf. Conrad—Limpach reaction.

RZ
®
H X

A, L
+
NH, R1J\/”\R2 A N R

NH, Rz  proton @\ j/fkRz
- . —_— E——
ﬁ OH transfer N %Hz
H,R! HR'®

o) .&R1
R2Mf(;'®

H
(@] o R2
@ ° ®
QL 70y v — Q)
7 Rt = N~ R!
imine enamine
H
H\ ~,
¥ | -H® | H®
: - - |
N~ OR! S G1 N~ R
H R k«E R H

H\ng ) RZ 2
R N _H® \
) o) )
N OR! N""R N R
H H

An electrocyclization mechanism is also possible:

H, R H_R?
@o\J:g\ O)\%\ 6n-electrocyclization
N | : S
: “N”OR! SN R
H ]
H

HO_ R2 5 R?
2
| proton R2 -H,0 x
\(l?l R transfer _
| N R‘I N R1
H
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Example 1°
NH, N=
PPA, 110 °C /
MeO. O o MeO O O
O N N
H 35%
Example 2’
? 9 N—co,Et
| H
cat. p-TsOH, 220 °C ZN
neat, 38%
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Conrad-Limpach reaction

Thermal or acid-catalyzed condensation of anilines with B-ketoesters leads to
quinolin-4-ones. Cf. Combes quinoline synthesis.

Ph,0

O (0]
.
NH, )J\/U\oa 260 °C

I=z

@\ ¢S proton @\ COEt  _ H,0
NH, - 2
\2_/ transfer /)’F

EtO,C

H
OFt H O\9Et

CO,Et & 67 electron
tautomerize N |
Pz _— I~ electrocyclization N
N N N

Schiff base
OH
— HOEt proton AN
transfer N/
\,40Et
Example 1°
NH,
o o CHCly, HCI (cat.)
| X + _ >
0,
N. OEt 60%
HN™ ™ Ph,0, reflux N~ |
CO,Et
B 2 60% | OH
N~ N =~
Example 2’

/(\/L * EtOZCJ%/)COZEt AL /Q
120 °C
25% OWSOzEt
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o)
paraffin, AN
280 °C L] CO,Et
75% NN 3
Example 3°
NH, ON MeO,C NHPhNO,
, . HOICOZ'V'Q HCI, MeOH \©\ j£
MeO,C~ 0 64% N* COMe

Dowtherm A \@f‘j{ O,
° o,
250 C 55% CO,Me

Example 4, Thermal Conrad—Limpach cyclization''

OH

r L, — Qe @
. 2
@M Jr P P
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Cope elimination reaction

Thermal elimination of N-oxides to olefins and N-hydroxyl amines.

3

3
hoenl & R R o
'-\‘ ~N _— —
R R, B R R N
R' R?

Example 1, Solid-phase Cope elimination’

(0]

0J<_\
Q m-CPBA, CHCl,

N ,
( ) rt, 67%

OH

OH
OH
Example 2°
OBn OBn
; m-CPBA  BnO~"
Bno OTBDPS OTBDPS
\ S\
8 o] N
BnO  'N(CHa), CHCL, 0°C  BnG 'N(CHa),
83% S
S
OBn
145°C  BnO~"
OTBDPS
63%

Bn
Example 3°

o}
m-CPBA, CH,Cl, (A = N
° 85 [—& -
NC

_ =

rt, 100%
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Example 4, Retro-Cope elimination’

o Z o) Z
Ph/\:/Me OTBDPS m-CPBA, K,COs Ph/\:/Me OTBDPS Cope
N. NS —
J: Me -78°C, 3 h, then rt 6 Me elimination
T o
NC”H NG HY
F MeOH, A, 5d  Ph,, O Ph,, O
?mTBDPS 67%, 2 steps )i(v 5:2 )i@
PR retro-Co me” N . me” N
= ro- _pe Me: ‘O Me’ ,O
HO’N\Me elimination ® “OTBDPS S NoTEDPS
Example 5"
(o]
SiO,, CH,Cl,
77% HO |
TBDPSO
References

1. Cope, A. C.; Foster, T. T.; Towle, P. H. J. Am. Chem. Soc. 1949, 71, 3929-3934. Ar-
thur Clay Cope (1909-1966) was born in Dunreith, Indiana. He was a professor and
head at MIT where he discovered the Cope elimination reaction after he taught at Bryn
Mawr and Columbia where he discovered the Cope rearrangement. The Arthur Cope
Award is a prestigious award in organic chemistry administered by the American
Chemical Society.

2. Cope, A. C.; Trumbull, E. R. Org. React. 1960, 11, 317-493. (Review).

DePuy, C. H.; King, R. W. Chem. Rev. 1960, 60, 431-457. (Review).

4. GQGallagher, B. M.; Pearson, W. H. Chemtracts: Org. Chem. 1996, 9, 126—130. (Re-

view).

Sammelson, R. E.; Kurth, M. J. Tetrahedron Lett. 2001, 42, 3419-3422.

Vasella, A.; Remen, L. Helv. Chim. Acta. 2002, 85, 1118-1127.

7. Garcia Martinez, A.; Teso Vilar, E.; Garcia Fraile, A.; de la Moya Cerero, S.; Lora
Maroto, B. Tetrahedron: Asymmetry 2002, 13, 17-19.

8. O’Neil, I. A.; Ramos, V. E.; Ellis, G. L.; Cleator, E.; Chorlton, A. P.; Tapolczay, D. J.;
Kalindjian, S. B. Tetrahedron Lett. 2004, 45, 3659-3661.

. Henry, N.; O’Meil, L. A. Tetrahedron Lett. 2007, 48, 1691-1694.

10. Fuchter, M. J. Cope Elimination Reaction. In Name Reactions for Functional Group
Transformations; Li, J. J., Ed.; Wiley: Hoboken, NJ, 2007, pp 342—-353. (Review).

11. Bourgeois, J.; Dion, I.; Cebrowski, P. H.; Loiseau, F.; Bedard, A.-C.; Beauchemin, A.
M. J. Am. Chem. Soc. 2009, 131, 874-875.

12. Miyatake-Ondozabal, H.; Bannwart, L. M.; Gademann, K. Chem. Commun. 2013, 49,
1921-1923.

W

AN



Jie Jack Li 161

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.

g, E A, [3,3]-sigmatropic R\,/A\ R\i)
1 ’I e \

= rearrangement N~

Example 1*
H H
B COCH3 460 °C CO,CH,3 NaCl
r
7 —_—
wet DMSO o
OTMS tczl:uozrée Br OTMS reflux Br
Krapcho 71%

Example 2°

xC02Me  100°C, 12h =_COMe

A TMs 84% — " TMS
Example 3°

o C02Me  dioxane, EtsN, 60 °C wCOMe
& 9 "'COM

CO,Me 22 h, 1 bar, 92% ,Me

Example 4'°
OH
140 °C
benzene
OH 94%

Q OMOM
1,2-dichlorobenzene — i\
TBDPS R o OMOM

reflux, 95% O\ N
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Example 6"

1. HCI, MeOH

2. 1,2-dichloro-
benzene
reflux, 80%

Example 7, Cope rearrangement14

— Me H
A
Me o - .
/ OMe 61% O
o ) OMe

Example 8"
CN
/Hﬂ toluene
reflux
Bu 90% n-Bu
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Anionic oxy-Cope rearrangement

KH
o %

KH A, [3,3]-sigmatropic ~
Ar M AR AR
N THF rearrangement s
0K  H,O Xx—OH tautomerize

—_— —_—

~ R - R ~ R

1\

Example 1'
(0]
\ N KH THF, rt
o~ then HZO 88%
4
Example 2
OH
KH, THF
AN +OH ’
CHs 70%
Example 3°

CH,

KHMDS HsC OMOM

OTBS

18-crown-6, THF
temperature;
then NH4CI, H,O OPMB
X OPMB OPMB
X =0CH,CH,TMS 0°C;71%
X=S8Ph ~78 °C; 85%
Example 4°
O

NaH, THF, reflux
- 5
22 h, 88%
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Example 5°
MeO
MeO E KOt-Bu
18-crown-6
=\ ‘ THF, -10°C
HO' OMe  T74%
MeO OMe
Example 6"
m OBn
~g” OBn
OBn
\> KH,18-c6  Q ﬁ
o | /, PH THF, reflux
5 mol% (S, S)-3,3-Br,Binol 1h,70% .
t-BuOH, rt, overnight 98% ee ”
84% yield, 98% ee e
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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.

O

- OH A, [3,3]-sigmatropic NOH XxCH tautomerize
@q{#., R=[ R EEEE R
rearrangement N~
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Example 1°

1.230-240 °C Q_ HO H
DMF, 19 h Me
> H
2. CsF, DMF |

210 °C, 65%

EtO,C

X CO2Et reflux
o-dichloro- j
benzene
PN 90% o

reaction

D OHY

Example 3*

™S O
fBu 1. 170°C
2. p-TSOH+H,0
= 2
o~ ° 65-75% o7 ©
OH

Example 4°

xylene, Ace® tube

=
A 225°C, 24 h, 49%

COO
Toluene, 120 °C /%O
7h,42%

furanogermenone

Example 5°
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Siloxy-Cope rearrangement

OSiR, OSiR,

= A, [3,3]-sigmatropic N
) R —_— ,
rearrangement % R

Example 1'
OTMS sealed tube
«H high vacuum
310°C,1h
~"NoTBs >79%
OTMS
Example 2°

TDSO O  Bn TDSO o) Bn
X N —_—_— Y X N/S
: o

toluene, 3 h H
Z % o 63%
>97:3dr O

TDS = thexyldimethylsilyl

o
LOTBDPS  chiorobenzene OSiEty
= S\

(6)
reflux, 3 h, 99% TBDPSO, \\o OAOM

AOM = p-Anisyloxymethyl = p-MeOC4H,OCH,-

Example 4*

TBDPSO,
TESO

115 °C 4 o

toluene, reflux Ie)

95%

HyC X OH
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Example 5, Tandem aldol reaction/siloxy-Cope rearrangement6

oTBS “ COMe
CO;Me  heat or TBSO |
M = microwave Me'
e Ph
Ph
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Corey—Bakshi—Shibata (CBS) reagent

Ph

Ph

\
Me

nT

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.

Preparation'

O
B Cl-Cb 4 1 eor ?
oH z Ao F3B*OEt, o—
NCbz NCbz

reflux, 1 h
S)-proline

oh Ph
PhMgCI, THF, 0 °C H Ph

+Ph
CA MeB(OH);, toluene </\'A
O
OH N~/
53% 3 steps NH B

nT

reflux, 3 h, 86%

Me
The mechanism and catalytic cycle:'?

NI
B 4 B
\ H| R
R S
HBO W >/
Ph G
©/< H '\ Ph Q
H,B” an.
HCI, MeOH 2 b, f
H—

g
Y H
Bﬁ/ o "
HO H Ph,
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Example 1°
O

0.1 eq. (S)-CBS
1.0 eq. i-Pr(Et)NPhBH;

169

H

o)

MSOZCGH@HW
\ 4

AN SOZC6H4CH3-p
THF, rt, syringe pump Q/\/

1.5h, 98%, 97% ee

H

Ph

H 1"ph
(S)-Me-CBS = CVAO
N-g

Example 2°
o o) BH3-SMe, HO o)
0 cat. (R)-Me-CBS : O
./ i/
o CH,Cl,, 30 °C o
84%, > 99% ee
Example 3"’
L
Ph
@ e) H ?
Ng O TEN (ID Ac”
o ol \“‘J\OCH CF D
\* L o-'o 203 | HN CO,Et
CO,CH,CFy 10 mol%, neat

> 97%
23°C, 30 h, 97% 0 e

Example 4, Asymmetric [3 + 2]-cycloaddition'’

H Ph
S Ph
o
o - ,N\B/O TN
MeO c|)-ToI
!
o] CH3CN-CH,Cl,
3 65%
Example 51
BH3+SMe, OAc
cat. (R)-Me-CBS CO.Et //

THF, -78°C, 6 h
93%, ee = 88:12

88%

- o
H,PO

oseltamivir (Tamiflu®)

OH
MeO
H
(o}
O
92% ee
99% ee recryst.

OAc
CO.Et //

o z

HO™

22%
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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.

CH, X X
CH
HC/$:O g 2 )J\ . 1or2 R/lgw
—_—
3 CH; HeCCHy | R R
1 2 3 4
X =0, CH,, NR?, S, CHCORS®,
CHCO,R3, CHCONR,, CHCN
Preparation’
% o  NaH ?SEHZ
P~ | _ = ~-9=0
HsC T CH H,C
3 CHy ° DMSO %~ CHs,
Mechanism'
o)
JC 9 R 0
o RYR - I br_ ™.k
(9,%\ S} HaC" | _Q 0" "Rt HzC™ "CHs
HsC” 1 CH; HsC ®
CH;
Example 1"
o o
N% Me;S(0)*I- N%Q
NaH, DMSO
o o]
0O
E 60 709, ;.Sh E
cl ° cl
Example 2°
OAc
OAc @/O'\
Me,S™ “COEt o
o) o OEt
Lgg  PhH.rt8h, 62% 5
CO,Et
Example 3"
o
/O -
Me;S-|
50% aqg. NaOH N
N Buy,NHSO,
- . H
H CH,Cly, 84%
~
e (@)

O
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Example 4"
H 2.5 equi
® .5 equiv t-BusGa o]
MeZS)\ : 0,
A PhCI, rt, 3 h, 66% X
Br® SiEt, CHO Z:E=94:6 S SiEts
Example 5"
S)
(o] 4 equiv o \/ Ph Ph
(CH3)3SOl Ph < Q
Ph \O —_— + o)
@ o OH
n-BuLi, THF
' 50% 9

OH “s0°c,ah 2 ° 20%

16
Example 6

o o Me3S(O)I (5.14 equiv)
é é NaH (5.14 equiv)
b ~
p-Tol™ 3 “p-Tol DMSO (0.1 M)
rt, 12 h, 86:14 dr
= : ,
54%
o 9
S S
\/\/\/iT/Oll/\§ \p-TOI
=
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Corey—Fuchs reaction
One-carbon homologation of an aldehyde to dibromoolefin, which is then treated

with n-BuLi to produce a terminal alkyne.

CBr,, PPh R Br -BuLi
R—CHO Iy 3 _ n-BulLi Re— 1
Zn H  Br
S Sn2 S ®
BrsC—Bn__ _+PPh; —— QCBr3 + Br—PPh;
OBr
® 2
BrLpPh, SN2 Br o Sn2
— E;rﬁ—PPh3
©CBry Br
X
Br, ® R H R Br
Bro > pPh, >=( + O=PPh;
Br H Br
Wittig reaction
Br, + Zn —— ZnBr,
R (Br
R——=LBr acidic
\_, —— R—=29 R——H
(_)Bu workup

CBry, PhsP, CH,Cl,

rt, 35 min., 90%

2 equiv BH3*THF
—15°C, 26 h; then 3.0 equiv n-BuLi/THF

-78°C, 1 h; rt, 1 h, 99%

30% H,0,, 3 N NaOH
CH3OH, rt 2 h, 56%

Example 2’
Br.
a,o / Br _
CBry, Zn ©_;. n-BuLi | —H
H > Fe

ol N :
@ PPh3, quant. é)} 75% @
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Example 3*

1. CBI’4, Ph3P, Zn, CH2C|2

CHO

2. n-BuLi, then NH4CI, 90%

Example 4'°
4 equiv CBry Br Br
8 equiv PPh3 H
@[CHO 8 equiv Zn | H n-BulLi, n-hexane =
CHO  CH,Cl, 0°Cto rt H _78°Ctort, 1h,96% §
3h, 94% | H

Br Br

Example 5"

OBn OH a. (COCI),, DMSO, Et;N,
CH,Cl,, =78 °C, 2 h;
o)
b. CBr,, TPP, Et;N,

ﬁ/ j& CH,Cly, 0 °C, 2 h; 70% ﬁ/o 07&
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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.

OH NCS, DMS o

R "R2  then NEt, R1JLR2

NCS = N-Chlorosuccinimide; DMS = Dimethylsulfide.

o
o ¢ O
7 \ ¢ / —
- ® NH +
N-Cl | o ™ S-Cl—» NS @ H
NS Nno” /U U™ o
o]
S o i g2
@
Cl
®\S H \®
S~0 N_:NEt; — Et;N-HCI (S5 o
o o)
H ——— (CHa,sT + I
1 2 Vp R'”"R?
R "R RC2H
Example 1, Fluorous Corey—Kim reaction’
NO, C6F13/\/S\ NO,

CHO
OH
NCS, toluene, —25°C, 2 h
then Et;N, 86%

Example 2, Odorless Corey—Kim reaction’

ﬁN/\/\/\/S\
(e}
OH
0.5 eq. NCS, CH,Cly, 40 °C, 2 h
then Et3N, -40°C tort, 8 h
(\N/\/\/\/S\/D
"o
o 86%
45%
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Example 3°

NCS, Me,S

EtsN, CH,Cl,
~78°C to rt, 90%

Example 4"

NCS, DMS
o (0]
EtzN, CH,Cl,
> 300 Kg scale
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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.

o) A
.S N,
OH s [ o
(%o Z
OoH PhoP (8 ’Eo
® 7N e
H
ZN N -PPhs
| N Sy
N S | . - .
S N — o]
| N s
Ph;P: Z H S H
3. (6)
(%o
OH
N7 ;
= ®
S ® x (6 | !
PPhg S ~ \N s (@)
o — 00 O=PPh; + @ ' )
(4o HG2 I
( o OH
n
OH
X
o)
N L
P (Cp o LA
H,,'—
L b H
2-pyridinethione
Example 1°
Ph_Ph
o (6]
pn " OH  (2-pyr-S),, PPh;
HO,C CHClg, A, 75%
Example 2°
0
OH OMOM
: (2-pyr-S),, PPhs 0

OH — — F

AgCIO,, A, 33%  HO
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Example 3°
CsHy1q
O
o (@]
BrO—_/—O 09 (PyS)2, PPhs
HO ; toluene, reflux
OH 7d, 69%
HO,C
CsH1q CsHq
.
58% 1%
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Corey—Seebach reaction

Dithiane as a nucleophile, serving as a masked carbonyl equivalent. This is an ex-
ample of umpolung.

<:SH CH,(OMe), S 1.Buli
—_— - —_—
SH  Et,0-BF, d 2. CI(CHy),!
(]
<: HgCl,, 50 °C  OHC
>_\_\; 50% cl
|
OBy "N s
ScH — /S J C
X (Q° :
s S cl
2
Example 1
CHO s n-BuLi, THF
SRR
on 0 °C, 30 min., 99%
Q PhI(0,CCCl3), HO O
HO\Z<ph CH4CN, H,0, rt, 5 min., 95% ph; Ph
Ph
4
Example 2

OH

Qo _~ oo TEN QLo S
\©/ n-BuLi, THF, ~78 t0 0 °C Ph

Example 3, Ethyl is infinitely different from methyl®

C\I\eu [S\S OHS/Sj

Me| Me
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S.__Et

O.__OMe 0
[/\s( /Q)H/S S\Tjs
~N
n-BuLi, THF o ¢ Et SJ

rt, overnight
CO,H 80-90%

S S

S
Sl e}
f Et Et o
SET R
Et == - .
s s
\j HO,C
S
HO,C

o Et P s s Ftg
/@)K(S\/\/S‘-‘- SJ\S - o /@)K( ~ N U
Et S
Et
HO,C (J HO,C

Example 4°

BnO,,,
OBn OBn s/j n-BuLi, THF S NHTfa
: N \
!\/'\_/\_)\s R BnO"
= N -10°C, 78% BnO NHTFA

OBn NHTFA
OBn 54% 23%

TFA = Trifluoroacetyl

BnO,,,
Q _RaNi,EtOH
BnO" 0 BnO™ N,
reﬂux 71% NHTEA

BnO

T
w0
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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
Corey—Winter reductive elimination, or Corey—Winter reductive olefination.

w%<1®~I%WMI

R "H

TCDI = Thiocarbonyldiimidazole

©
G Lg e
R 6h —’ RIO - I md g0 Cnd
I R'" “OH

R'"” “OH

o hP(OMe

l,3-dioxolane—2—thione (cyclic thlocarbonate)

- /:P(OMe)g, <
ol s 0,, ®
I >‘§P(0Me)3 ——> S=P(OMe); *+ R1Eb§EP(OMe)3

R'” O
. I (‘H(OMe —— 0=C=07 + P(OMe);

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

R0 : RO ®
I >§S’/_\ P(OMe); I >(9—®P(0Me)3
RO R O

P(OMe)s I Yo T iPOMe); E&(DOM%

o ®
JI , (6>—DP(OM9)3 — ~ :P(OMe); + O=c=0t
R H =)
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S Flah
A

o—-(o HaC~ T n-CHs
‘ \ b0
o TS

40 °C, 88% )Vo

Jie Jack Li

Example 1°
o

S
on ot \\
/\)Y:\/O Cl)]\CI %‘
—_—
CH,Cl,, DMAP 0
0°C, 1 h, 93% %/o

O,

o :
2o o
Example 2*
(0]
HO 7 N _OMe Imd.CS, toluene 7 N _OMe
— —
reflux, 79% S=<
., "OMOM OMOM
HO™ "cF,
(0]
P(OMe)3
7 Ny, -OMe
92% F.C s —
OMOM
Single olefin isomer
Example 3°
OMe
OAc

OMe
TBSO
HO OAc CSCl,, DMAP
CH,Cly, rt, 969
HO 2Cla, 1t, 96%
P(OEt)s, reflux
76%

Example 4°

P(OMe);

_ >

120 °C, 66%

CHj3
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Example 510
5 o
OAc e OAc HaC. P -CHa OAc
ﬁ\\\OH Cl OAr(F)s . \(i\§ -/
. “ S
%, pyridine, DMAP ‘0 THF, 40 °C
AcO ©OH  23°C,5h,78% AcO 4h, 65% AcO
Example 6"
S
T :/Ph TCDI, THF o) =
CszNd\lﬂz v :
< NHCbz ———  CbzHN
~  OH 70°C : o%NHCbZ
Ph Ph”
/Ph
o :
P(OEt);, 160 °C CbZHN\:/\/\NHCbz
77%, 2 steps Ph
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Criegee glycol cleavage

Vicinal diol is oxidized to the two corresponding carbonyl compounds using
Pb(OAc),, (lead tetraacetate, LTA).

HO M PooAc) o o)
R R —— L+ _Jl + PbOAc), +2HOAc
RZ R* R "RZ R3 R4
AchPb(OAc)3 OAc
(AcO)sz’%
—> HOAc + H —
HO OH
3
R! R3 R J—ER
R2 R R? R*
AcO._ OAc
X T,k
HOAc + + + Pb(OAc),
R! R3 1 2 R3 R*
Z R "R

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:

£

Pb OAc);
He OQ b(OAC),
@ Eﬂ/ HOAc + K%
Lo
6‘/
AcO

O
S * + Pb'(OAc), + HOAc
o}

Example 17

CO,Et CO,Et
OH N Pb(OAC)4, K2003 N

PhH, 0 °C, 80% 9)
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Example 2°

Pb(OAC),, CHoCly, K,CO3
—-15°C tort, 1 h, then

PhsP=CHCO,Me, CH;CN, 80%

Phos 1 PhO,S E:Z =101
Example 3"
Pb(OAc),, PhH /O\
—_— o =
r, 1.5h, quant.  OHC f o A Ar
Example 4"
OMe OH OH L PbOAG), E10AG OMe OH O
HO N © ) HO N H
Me Me Me MeMeé OH  0°C,5min, 99% Me Me Me Me
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Criegee mechanism of ozonolysis

=~ 2 Ak

S . AYe)
(\ o 1,3-dipolar o 7o
>:< cycloaddition M

primary ozonide (1,2,3-trioxolane)

(‘90/8\_/}( 1,3-dipolar 0-0
~___~ 0 cycloaddition O)<
zwitterionic peroxide secondary ozonide (1,2,4-trioxolane)

(Criegee zwitterion)
also known as “carbonyl oxide”

Example 17
HO. 03, EtOAc, -78 °C, then H o
U 0 OAc
HO" Ac,0, Et;N, DMAP, 0o
-78°Ctort, 75% H
Example 2°

o}
0o 03, CH,Cly MeOH COo,Me
~_OMe 0
-70°C quant. CO,Me
H o}
References

1.  (a) Criegee, R.; Wenner, G. Ann. 1949, 564, 9—15. (b) Criegee, R. Rec. Chem. Prog.
1957, 18, 111-120. (c) Criegee, R. Angew. Chem. 1975, 87, 765-771.

Bunnelle, W. H. Chem. Rev. 1991, 91, 335-362. (Review).

Kuczkowski, R. L. Chem. Soc. Rev. 1992, 21, 79-83. (Review).

Marshall, J. A.; Garofalo, A. W. J. Org. Chem. 1993, 58, 3675-3680.

Ponec, R.; Yuzhakov, G.; Haas, Y.; Samuni, U. J. Org. Chem. 1997, 62, 2757-2762.
Dussault, P. H.; Raible, J. M. Org. Lett. 2000, 2, 3377-3379.

Jiang, L.; Martinelli, J. R.; Burke, S. D. J. Org. Chem. 2003, 68, 1150—1153.

Schank, K.; Beck, H.; Pistorius, S. Helv. Chim. Acta 2004, 87, 2025-2049.

Coleman, B. E.; Ault, B. S. J. Mol. Struct. 2013, 1031, 138—143.

WX =W

J.J. Li, Name Reactions: A Collection of Detailed Mechanisms and Synthetic Applications,
DOI 10.1007/978-3-319-03979-4_77, © Springer International Publishing Switzerland 2014



188 Name Reactions

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.

X
Nu-H_ R-N""Nu
j‘]\ Heat C//O / H
- . ,
R N3 Curtius R-N"
Rearrangement Hz}‘ R—NH,
-CO,

The thermal rearrangement:
o] NaNs o A H,0

—= N N,T + R—-N=C=0 R—NH; + CO,T
R™ ClI R™ N;
O N3 @ o o)
— — N = ®0 {(be
R S\ R” Nj RA@N—N RJ\JEN—@EN
ON
3
H® H
AL N R_N‘CCO — RS —— R-NH, + O
:OH, o ‘s
isocyanate intermediate
The photochemical rearrangement:
o o}
. hv
o @
R)I\N(L\EN Nt e
Nitrene

(@]
R&m —  » R-N=C=0 —> R-NH, +CO,T

Example 1, The Shioiri-Ninomiya—Yamada modification”

NO
0" H o NO2 popa ke A H 2
PhH, A ’1
o NTS ) NEY g
then MeOH, A O NH o
o 89% e
OMe

DPPA = diphenylphosphoryl azide
Example 2°

o)
HOZC—</\(\COZM6 DPPA, Et;N, -BuOH BocHN

80°C, 16 h, 64%

COzMe

o)

O
o

O
To
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Example 3*

0-0 EtOH, PhH, reflux, 55% 0-0

Example 4, The Weinstock variant of the Curtius rearrangement®

(0]
COOH j\ HN——OEt
N H Cl~ "OEt N H
O i-PrNEt,, acetone, 0 °C O
O NH then NaNg, rt, 12 h O NH
N H 75% N H
Me Me

Example 5’

1. n-Bu3SnN3
PhBr, 0 °C to RT
30 min., 97%

2. t-BuOH/o-xylene
A, 6h,77%

Example 6, The Lebel modification®

OMPM Ho O_.OMe 2equivDPPA ~ OMPM O_ .OMe
O .COH 0.1 equiv Ag,CO; O wN_O '
w + 2 equiv K,CO;4 hig . ,
BnO OBn o) R .
. . K ., BnO OBn
BnO' ‘OBn OBn PhH, A, 16 h, 81% BnO OBn OBn
OBn (2 equiv) OBn
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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.

H,0,, NaOH o
HOOCHO HOOOH+ HCO,
45-50 °C
\H ko
©

mlgratlon
O, _H
(0]
OOH
O / hydrolysis H04©78>£8(-) .
OH

H

@

H workup
O v

Example 1°

OBn 0Bn OBn
e 2.5 eq. 30% H,0, O\CHO NH3, MeOH on
e L L P
NHCO,t-Bu NHCO,t-Bu NHCO,¢t-Bu
Example 2’

CHO urea-hydrogen peroxide (UHP) OH
HO/©/ solvent-free, 55 °C, 3 h, 83% HO/©/
Example 3, Improved solvent-free Dakin oxidation protocol’

MeO. CHO 1.5 equiv m-CPBA, neat, 5 min. MeO. OH
jg/ then10% aq. NaOH ]Q/
BnO 85% BnO
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Example 4'°
OMe (0]
H,0,, HCI
22 \
MeOH, THF
MeO N *50% MeO N
CHO (6]
Example 5"

OH

CHO 10 mol%
o . ﬁl
Br O,, 1 equiv Hantsch's ester Br NO,

NO, 1 equiv NaHCOj3, 95% MeCN agq.
rt, 7.5 h, 74%

H H

Et0,C__A__CO,Et
Hantzsch ester = | |
N

H
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Dakin—West reaction

The direct conversion of an a-amino acid into the corresponding o-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 CO,.

o]
COH  Ac,0 R
* co,t
NH, NHAc
®
R.__CO,H Q (*H
R o]
OH

\gog Co\fo oM xN»fO

AcO
[S) H
AcO ™ 5\ e
H
O
(p o OH R
OH — » —_—
0 o} N
N§< N§< H@

oxazolone (azalactone) intermediate

H
o o o
R -CO; R tautomerization
— {0 — "
|
HN\fO H

Nk‘/OH NHAC

E 6
xample 1

Me. _CO,H Ac,0, AcOH, EtzN o

Me
NH; DMAP, 50 °C, 14 h, > 90% Me

: ARl NHAc

Example 2’

90 °C, 2 h, 58%

HO_ o
i m ACZO il j/\/u\
N OBn @)‘L
H
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Example 3, A green Dakin—West reaction using the heteropoly acid catalyst, ace-
tonitrile is a reactant’

o) CN
CH3CN, H3PW 1,049 Ph
CHO Ph
+ CH3COCI
NG rt, 60 min., 75% NHAc O
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Danheiser annulation

Trimethylsilylcyclopentene annulation from an o,B-unsaturated ketone and
trimethylsilylallene in the presence of a Lewis acid.

0 0
SiMe, TiCla CHaCly
+ SiMej
\ -75°C, 82%
i S]
o Tq ClsTing ¢
i
3 go 1,2-shift of
—_— @ —_—
SiMey XN SiMe;  silyl group

= o ™

ClsTing Cw@ o]
, ® - — SiMes
|[&siMe, |
SiMej

Transition State

Example 17
Me AlCI, Et SiMe,t-Bu

cl .
* Rt -)\SiMe t-Bu CHoCly -20°C I\
m NF 2 71% o~ "Me

Example 2°

SiMe, TiCly, CH,Cl,

OMe " \ -78°C
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7, M
ooMe

H 15%

Example 3°
O
SiMe;  TiCla, CH.Cl
+ _—
-75°C, 91%
(1:1)
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Nk b

©

1951, Rick L. Danheiser worked as an undergraduate under the direction of Professor
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Darzens condensation

o,B-Epoxy esters (glycidic esters) from base-catalyzed condensation of o.-haloesters
with carbonyl compounds.

X o) 9
+ _ OB, R R
CO,Et R'” "R2? RZ2  CO,Et
5 o
@
X ¢y~ ~OEt R1J\ R ow intramolecular 1 fof
R)QF/OEt — 1 / R? z RR2 cg Et
N OEt C SN2 2
3 R X
(o
©
Example 1*
o o)
O& . Clu_COEt t-BuOK, t-BuOH CO,Et
10 °C, 85-95%
Example 2°
O~ H
o) LDA, THF, HaC o,
HaC Br —78 °C then 3 < Ph

PhCHO, —90 °C t-BuMe,Si H

t-BuMe,Si
66%, 90% de

Example 3, the phenyl ring substituting for the carbonyl to acidify the protons'®

Q _PO(OMe),
MeO
o o TR OO,
+
0,
Br 3 6 h, 48%
Example 4''
o Ti(Oi-Pr),, 10 mol% L o
o pr  CHClMS4A o
O,N "o #N' O2N
N, -10°C, 12 h NHPh

900/0, 88.5% ee

J.J. Li, Name Reactions: A Collection of Detailed Mechanisms and Synthetic Applications,
DOI 10.1007/978-3-319-03979-4_82, © Springer International Publishing Switzerland 2014



Jie Jack Li 197

| .OH
L=
"“OH
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Delépine amine synthesis

The reaction between alkyl halides and hexamethylenetetramine, followed by
cleavage of the resulting salt with ethanolic HCI 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 a-halo-ketones.

N x© ® o
ArX NF(WN r(jOAr—>Ar NH, X

Hexamethylenetetramine

[ArCH,CgH1N J*X~  + 3HCI  +6H,0

—> ArCH,NHpHX  + BCH,O + 3NH,CI

|/N H,0:
N[ ~N: )
LN/ \ Sn2 Nr( 73 Ar r( -
Ar
Ho 5 '.*
N H N P
Nr N)\/Ar . r{ N = A T
LN/ ® CH, LN\\// X2
Example 1°
1. (CH,)gN4, NaHCO,
(0] 15 h, EtOH, H,O /\)?\
Br/\)J\OH 2. HCI, EtOH, reflux, 15 h, 85%  H2N OH
Example 2’

hexamethylenetetramine

CH,Cl,, refux, 5 h, then

-30°C
=
conc. HCI, EtOH |
N N
o reflux, 1d Br N | =
N4CgH12"Br 78%, 2 steps P NH,

J.J. Li, Name Reactions: A Collection of Detailed Mechanisms and Synthetic Applications,
DOI 10.1007/978-3-319-03979-4_83, © Springer International Publishing Switzerland 2014



Jie Jack Li 199

Example 3*

1. hexamethylenetetramine
CHCIj, reflux, 6 h

0
0 O -0 2.2 N HCI, EtOH, 100 °C, 15 min. O -0
00 00
o o

(0] o
Example 4°
N
|/( j O] S}
Br P NH, Br
o) @ 48% HBr o)
hexamethylenetetramine o o) CH30H, rt, 5d
NO2 CHClg, rt, 18 h Br NO, 89%, 2 steps NO,
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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.

O
COZMe hv
ol
OH On COsMe

COZMe

Head-to-tail alignment gives the major product:'®

o}
CO,Me CO,Me hv, [2 +2]
" |r cycloaddltlon
OH
0
(O
COzMe retro-aldol ®H .
,} cyclobutane cleavage CO,Me COMe
O\H O

Head-to-head alignment gives the minor regioisomer:

hv,[2+2]
6 OLCO Me | COMe cycloaddition

OH OH 2
o7H
)

@ < VOH
retro-aldol
cyclobutane cleavage
o‘)H CO,Me O COMe O CO,Me
Example 1°
(0] (0]
Ph)ko 1. hv, cyclohexane, 83%

2. H, (3 atm), Pd/C (10%)
HOAc, rt, 18 h, 83%
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Example 2°
(e}
(6] H H
E> hv, MeOH
> 90% h
HO H 5
Example 3°
/O ‘H
|
N X (0] hv, Pyrex filter
C@\l CH3CN, rt, 1.5 h, 72%
(0]
Example 4'°
/
(o]
Dy
R =
R =
R =
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Demjanov rearrangement

Carbocation rearrangement of primary amines via diazotization to give alcohols
through C—C bond migration.

R HNO, R + O—~OH
NH, OH

PLN
2HO™ ~0o

N=0
NH, e
o= HY Q—\ ~H0 Q_\
=N- N=N-OH N=N
N=N-OH 5 N
A
-Np KON —H®
® JH >—OH
W
O.
/" H —N2
N, ;
3
Example 1
NaNO,, HOAc
N NH, 2 " —N Ph —NC/>—\
Ph OH Ph
100°C,2h
30% 16%
Example 2°

NHz  NaNO,, AcOH/H,0

100-110°C, 2 h, 61%

J.J. Li, Name Reactions: A Collection of Detailed Mechanisms and Synthetic Applications,
DOI 10.1007/978-3-319-03979-4_85, © Springer International Publishing Switzerland 2014
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Example 3’

NaNO,, 0-4 °C
: Aé R
0.25 M HpSO,/H,0

NH,

Example 4°

5 equiv NaNO,
5 equiv AcOH

H,O/THF (1:1)
0°C,2h,61%

MeO
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for Homologations-Part II; Li, J. J., Ed.; Wiley: Hoboken, NJ, 2009, pp 2-32. (Re-
view).

A S AN el

Tiffeneau—Demjanov rearrangement

Carbocation rearrangement of -aminoalcohols via diazotization to afford carbon-
yl compounds through C—C bond migration.

o
OH NaNO,
OL\NHz H®

Step 1, Generation of N,O3

H N, ®
HO/N\O H® o O - H20 O\\N/O\ N’/O - N///O
N N
Hzrg No) -H®

N-nitrosonium ion
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Step 2, Transformation of amine to diazonium salt
OH
Os (o, -0
OH ~N"'N
e —HONO OL\,NJ b —
NH, H
OH

OH H® OH - H,0
OL\N_N OH OL\N‘N o1 OL\N&)
- b 2 \"‘\l

Step 3, Ring-expansion via rearrangement

OH Q=N N Co-y H® O
(@ RGN —_—
O

Example 1°

NaNO,, H,0

HO - < 0
AcOH, 0 °C, 5
HoN then rt—60 °C 76% yield 90 : 6
6
Example 2
ACOH+H,N CONEL,
1OH u-Q
NaNO,, AcOH i O\NEG
(O ®
ﬁ%‘ﬁNZ
H,0, 0-5 °C
o~ N 60% =
Me
CONEt,
~_0O
o
Me
Example 3’
NaNO,, AcOH/H,0, 0°C, 1 h
OH

then reflux 1 h, 98%
NH, (0]
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Example 4°
(0] O
HO, /~NH, i
(i NaNO, .
SiMe;
SiMe, A°OH
72% SiMej 28%
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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.

OAc
AcO( [—OAc
\
O
OH (e}
i g2 0 i g2

Preparation,'” the oxone preparation is much safer and easier than KBrO;. The
IBX intermediate that comes out of it has proven to be far less explosive'

[ KBrO; H,SO, 93% HO5. O AcO, PA9
5, H2S0,, 93% ), Ac,0, 0.5% TsOH I—OAc
CO,H K 0
- o
or 1.3 equiv Oxone 80°C, 2 h, 91%
H,0, 70 °C, 3 h o}
79-81% IBX 0

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

o
AcO. OAC HO@®,O
Si—oac _ MO "
O CH,Cl,
5 IBX ©
Mechanism'
OAc H OAc
ACO:)I,/ onc & s ACO‘\)I,? Oer
o—"" RN, o) R N_C0Ac
R rR' R
o) o)
/OAc
o) I\
— - O *  AcOH
R "R,
o)

J.J. Li, Name Reactions: A Collection of Detailed Mechanisms and Synthetic Applications,
DOI 10.1007/978-3-319-03979-4_86, © Springer International Publishing Switzerland 2014
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Example 1°

OAc
A
O Zoac

\

X ° X

N o X
X
4 O CH,Cly, 2 h, 67% ® 0
o o)

Example 2, An atypical Dess—Martin periodinane reactivity’

OAc
AcO( {—OAc
\O O
= CHO
| ° = N
SN NaNj;, CH,Cl, =
0°C, 3 h, 86% N
10
Example 3
O
S/YJ\N
| H
o) s OH Dess—Martin periodinane
M N
t-BuOZCW\\u\N N CH,Cly, rt, 1 h, 70%
NHBae T O COptBu
O
$Yk”
S O
(0]
H
t-Buozcw\m\NJLNLme
NHBOt:i H (0] COzt-Bu
Example 4''
BnO PMBO Dess—Martin periodinane
BnO Q9 R oms
BrO Allo CH,Cly, rt, 2 h, 90%
OH NHAc

PMBO

BnO
O o 0
Bgr?oﬁr\/ AllO OTDS
lo) NHAc

207
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Example 5"

AcO OAc

\|’/OAc
\
2.5 equiv O
q ©i< o)

0 o O
N CH,Cly, 0°Ctort, 2 h, 81% N
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Dieckmann condensation

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

sation.
CO,Et NaOEt Qo
CO,Et

CO,Et

CO,Et S
OEt

enolate OEt 5-exo-trig (S9E t (o]
—— B ——— —
H @ formation ___OEt ring closure /‘—\<
K@ (,% CO,Et CO,Et

OEt
Example 1*
H an |;| :QBn
B NaHMDS, THF 2
MeOzC/\’\D..-OTBS o= )wores
r -78°C, 58%
MeO,C MeO,C
Example 2°
EtO,C,
MeO,C.,, o=
1. t-BuOK, Tol., reflux, 5 min. ",
' 2.18 N H,SO,, THF, 4 h
O\l o 61% for two steps C“‘ ¢
Example 3’
Q OH
Ar1/\)kOCHZCF3 3 equiv KOt-Bu, DMF Arq X\ Ary
o) . o)
Ar, 0°C, 30-90 min., 75-88%
T b
Example 4°
I\
Ho [ 1. K,CO3, DMSO, 24 h o N
N N 2.60°C,48 h o
& \_ CO,Me © ~CO,Me
3.5°C,2MHCI, 1h Me
CO,Me 63% 9
0
0 H R
¥ N
_— =
— e B
e} CO,Me HO CO,Me

J.J. Li, Name Reactions: A Collection of Detailed Mechanisms and Synthetic Applications,
DOI 10.1007/978-3-319-03979-4_87, © Springer International Publishing Switzerland 2014
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Example 5, Michael-Dieckmann condensation'

Me jh Me Ph
R N A N
Ci/z © Li ~CO,Me
XACOMe e 780, 72% CO,Me
de > 95%

Example 6, Michael-Dieckmann condensation'

EtO,C7 X = o z
3 equiv LHMDS, THF
EtO,C N EtO,C N

-40°C,1h

3 3

o, CO,Et
— T
—
HN Y
NH
o 2
oseltamivir (Tamiflu)
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Diels—Alder reaction
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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.
trative.

The arrow pushing here is merely illus-

EDG HOMO EDG
EWG 4 S JEWG| — A EWG
T |y = -8
L LUMO
diene dienophile adduct

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

Example 1°
OMe
CO,Et i
- . 2 hydroquinone
0O
Me,SiO A AcO 180 °C, 1.5 h, 62%
Danishefsky diene
B BE:
OMe OMe
Meale v . EtO,C
OSiMe;
E CO,Et —
OAc
c 4:1 a-OMe : B-OMe

Alder's endo rule

Example 2, Intramolecular Diels—Alder reaction’

Br,-BIPOL, AlMe;,

/\F/\)
= N

Example 3, Asymmetric Diels—Alder reaction®

CH,Cly, rt, 8 h, 65%

H Ph
®
N._.O
BrAl. o o
o CHj3 \”\
\67/ | “" S OCH,CF,4
Y2t

CO,CH,CF,

4 mol%, CH,Cl,
~78°C, 12 h, 99%

94% ee
90:10 endo:exo

J.J. Li, Name Reactions: A Collection of Detailed Mechanisms and Synthetic Applications,
DOI 10.1007/978-3-319-03979-4_88, © Springer International Publishing Switzerland 2014
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Example 4, Retro-Diels-Alder reaction™’

MeO,C

o}

MeAICl,, maleic anhydride
MeO CM
CH,Cly, p-wave, 110 °C €02 \
1 min., 74-84% -3
Example 5, Intramolecular Diels—Alder reaction''
79 o Me,AICI, CH,Cl,
¥
éH Me -781t0-30°C, 71%
Example 6"’
o
0o N-Ph
CH,CI
\ + | N—Ph 2 2 /r < y O_\
N 16 h, 84%
__ Y k
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Ibrahim-Ouali, M. Steroids 2009, 74, 133—-162.

Gao, S.; Wang, Q.; Chen, C. J. Am. Chem. Soc. 2009, 131, 1410-1412.

Martin, R. M.; Bergman, R. G.; Ellman, J. A. Org. Lett. 2013, 15, 444-447.
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Inverse electronic demand Diels—Alder reaction

EWG * LUMO

EWG EWG
EDG A = N EDG
Z | A JEDG | — .
| @ =

A ( 3 HOMO
Diene dienophile adduct

Example 1, Catalytic asymmetric inverse electronic demand Diels—Alder reaction”

O O

m\%w

3 mol% Cat., BaO, rt, 5 h |
NS

o) 0~ “OEt
CO,Et
OHCJ\/ 2 ~
EtO,C.__~ L
110°C, 48 h T o OEt
76% 2 steps OH 589 ar, 95% ee
Example 2’
@ Mes o
o
Qj » 9 R
0 j «
)Sﬁ . o7 5mol% R Rs
H Ri R2 70-90% yield
Cl 1.5 equiv NEt3, EtOAc, rt, 6 h 95-99% ee

oxodiene

Example 3, Catalytic asymmetric inverse-electron-demand Diels—Alder reaction®

OEt
5equiv —/ Ph

e
o, N |
Ph. _N-S
’
\%
Ph

CHJCly, rt, 73% yield

§02Ar
N__ .OEt

10 mol% Ni(Cl0,),*6H,0 | }
10 mol% DBFOX-Ph

97:3 endo/exo

F:’h 88% ee
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© Q
DBFOX-Ph = |
(0] \N N
oh Ph
Example 4°
O MeO OMe (o)

U EWG = EWG
| 1. MeO  OMe ‘ O
0O solvent, 135 °C o

EWG = CONEt,, CO,Et, OMe
COR, SO,Ph, CN, Aryl 2. EtyOBF3, CHyCly, 1t

Example 5°

NH,+HCI CO,Et N=

o N
@ . N)\N DMF, 50 °C @/{
|
X Et
Nia EtOzc)\N)\C02Et 13 h, 85% "!B €O,
n n
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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.
-0 (10
. A
Xé X = X . Y
* ” — |l X | X
e §
Example 1,
SO,Ph EtO,C * SO,Ph
' SOzPh 0,C_N_ .OEt
EtOZC /N OEt )@ Et 2 | RS
+ \
Cr—] % —
\g Ph ' ! OFt :
Ph DA Ph

Example 2, Heterodienophile addition to diene'

Meo\(,\ (COzEt toluene MeO. CO,Et
| \@/
N 110 °C, 60% 0

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

MeOZC
CO,Me
OMe N)\N CHCl3, reflux
MeQ — t W —
= OMe N N 5 days, 65%
MeO
e Co,Me MeO,C

Example 4, Using the Rawal diene’

NMe,
CHCl3, —40 °C N
o + X 3—> Me ?
Me~ "CO,Me =~ oTBS 71% MeO,C o

Rawal diene
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Example 5, Also similar to the Boger pyridine synthesis®

N
Z N ) =1, 75%
N A n °
< + or MW Z " n=265%
N~ “SCHy n=3,54%
S N”>SCH; n=4,30%
h 0
Example 6, Asymmetric hetero-Diels—Alder reaction’
@
Me Me —‘ S]
o%o oTf
| |
o) N ,NJ o
u “,
o) ‘ Et0, O
Etow . OEt MesCTyy " | “om, “Mes (o ot
| P OTf 2 mol%
= 24:1 endo/exo
Me 3AMS, THF, 0°C, 87% Me 97% ee

Example 7, Asymmetric hetero-Diels—Alder reaction®

Boc. 5 mol% LAUNTT, N-BoC
i PhMe, -78 °C, 4 h, | N o

(0]
+ 9-anthracenyl \’?
HT L= .o o HNO
OAc \©\C| O ° )_Ph OAc Cl

9-anthraceny!

7\
P4

97% yield, 20:1 rr, 96% ee
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Dienone—phenol rearrangement

Acid-promoted rearrangement of 4,4-disubstituted cyclohexadienones to 3,4-

disubstituted phenols.
o) OH
@
R
R R R
H ]
Hooo OH OH
6 1,2-alkyl _y®
—— _— H —_—
g shift L R
R R R R
R R

@

Example 1*
o (0]
o :
(O 50% aq. HySO,
reflux, 80% O
OH
Example 2°
o OH
HO. conc. Hy,SO, HO
Et,0, 95%
Example 3°
OH
(0]

o ‘ conc. HCI, CH3CN [
g O 1.5 h, rt, 73% O NH

(0]
NBoc L

J.J. Li, Name Reactions: A Collection of Detailed Mechanisms and Synthetic Applications,
DOI 10.1007/978-3-319-03979-4_89, © Springer International Publishing Switzerland 2014
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Example 4'°

Ac,0 /

H S04 L OAc (4.4
0°Ctort \ Qhc ‘\

62% AcO

O
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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.

Cco,

H
0 A O
+ + _

NH, OHC COH N O

H20>COzH
¥ —
.
N
H
CO,H

air oxidation O A
—_—
-2H

e
C e

CO,H

MeO
NO, EtOH O N
7
N

A, 95%

! NO,

CO,H

[o) X
. )J\ . o EtOH, reflux O

~
NH, CO,H 3h, 20% N O
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Example 3, Combinatorial Doebner reaction’

R; O
H ’ = NH; + | —_—
O %H)H\/ ¥ R1—©/ OHC X reflux, 8 h
o) o X

2 PhH R

Example 4, Ytterbium perfluorooctanoate-catalyzed Doebner reaction in water’

CO,H

©\ " /@ +)(‘)]\ Yb(PFO)g’ HZO O D
—
NH, OHC CO,H  reflux, 3 h, 72% N O
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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 *C-labelled a.,B-unsaturated ketones.’

(0]
)\é\ HCl or
"
NH, ZnCl,

-

® o |
AN I reversible
NH, conjugate addition
(0]
irreversible condensation
—_— +
fragmentation N/J\ - H,0

)\Q\r\/
)\©\ @N
o NH NH
N
H

2

conjugate addition

cyclization A
- .
rearomatization N
H NH,
Example 1°

NH2 COzMe

/\)J\ TsOH, CH,Cl, N

MeOZC CO,Me reflux, 24 h pZ

N~ >Co,Me
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Example 2°

F

F
- H
g 6 N HCI, Tol. F\m
NHAG | 100 °C, 2 h, 70% N Me

Example 3, A novel variant'’

B(OH), 3% [RhCl(cod)], Rs

R
. Ry \/\fo KOH, rt, 24 h W Re
NH, R then 10% Pd/C N/ R

. air, reflux, 4 h
2 equiv

42-96%
Example 4, Similar to Example 1"
CO,Me
NH, o
. /\)J\ TFA, reflux X
MeO,C™ ™" "COMe 24 h, 34% N” > CO,Me
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Dotz reaction

Also known as the Dotz benzannulation, the Dotz reaction is the Cr(CO)s-
coordinated hydroquinone from vinylic alkoxy pentacarbonyl chromium carbene

(Fischer carbene) complex and alkynes.

OR
0OC)5C
(0C)s r:gz\ + R———Rg —
R'" R?
OR Cr CO);
OR OR " :| s
OR
(OC)5Cr:g_\ -CO (OC)4Cr:g_\ alkyne (OC)4CF:g_<R3
R — 2 R R2 coordination R R2
R‘l
2
e OR
alkyne
alkyne o N
insertion |\ CO insertion ~c / R
s
Ry
Cr\
C/C“co oc’ COCO
OC co
o OH
. R?2 R R2 RL
electrocyclic tautomerization
—— _— 1
ring closure R’ Rs R \Rs
OR Cr(CO), OR Cr(C0)
Example 1°
0, OMe 7
(OC)5Cr 1 THF, reflux Se
T2.CAN, 22% NO,
(@]
Example 3°
MOMO OMe
MOMO
\ CICH,CH,CI
. _oomome (T
O 70°C, 1h, 76% O
0 °  MOMO OH 07L
MOMO
Example 3*
Cr(CO)s
MOMO MeO =
=Z ’ OMe
BnO -

THF, 50 °C, 61%

OMe
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Example 3’

S5equiv. Ph————H pe0

1.15 equiv t-BulLi, THF, -78°C CF(CO)5
2.1.02 equiv Cr(CO)g, THF

o
Meon ~78°C to rt
MeO" F
© 3. 1.02 equiv Et;0+FB,, rt

29%

OEt

Cr(CO)n

CAN-HNO,

\ 0,
THF, 80 °C MeO" 84%, 2 steps

F
MeO O

Example 4'°

OTBDMS

OMe OMe \/kM o
(OC)sCr

Cr(COs  ThF, 45°C, 15 h, 65%
MeO OMe

V4

Me

TBDMSO
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Dowd—Beckwith ring expansion

Radical-mediated ring expansion of 2-halomethyl cycloalkanones.

Br
CO,CHs

BuzSnH, AIBN

D ————

PhH, reflux

o}

CO,CHs

NC; N=N éCN homolytic

cleavage

2'-azobisisobutyronitrile (AIBN)

N+ 2 -<CN

n-BusSn—H méCN —> n-BuzgSne + H4<CN

*SnBujs
O
o /) © .
~—Br Bu3SnBr A7
cocH, CO,CH; —

SnBu3

E—
CH020H3

Example 1*
H
1.2 eq. BuzgSnH
cat AIBN
0" ¥ H
CO,Et Tol., reflux 23h
|
Example 2°

Q CO,Me AIBN, BuzSnD
> I —_—_—m
&/\/\ PhH, 80 °C

COzMe
7%

D

+

CO,CH,

86%

o

BU3Sn .

1~CO0,CH,

13%

225

8%

15%
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Example 3, Cascade Dowd—Beckwith Ring Expansion/Cyclization'®

| 10 mol% ACCN Ph
o 1 equiv (TMS);SiH
o~ O tol., slow addition (0] o

reflux, 16 h, 85% 0)
K/APh
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Dudley reagent

) ®
~
o Neg 0 N
CH3; OTf
CO

Dudley benzyl reagent Dudley PMB reagent

The Dudley reagents are employed for the protection of alcohols as benzyl' or
PMB? ethers, respectively, under mild conditions. Carboxylic acids are readily
protected as well.” 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 (CH;OTf) or protic
acid.* Aromatic solvents, most commonly trifluorotoluene, often provide the best
results. Magnesium oxide (MgO) is typically included in the reaction mixture as
an acid scavenger.” For benzylation of carboxylic acids, triethylamine (Et;N) is
used in place of MgO.?

X
| N CH4OTH, toluene | P
P 0" Ne o
©Ao N 0°Ctort, 1h, 99% CH,OTf

Dudley benzyl reagent

Preparation:'

X

/@/\ KOH, 18-crown-6 /f:@
H;CO toluene, reflux (—H,0) /@/\O N
90-93%
o H,CO

Dudley PMB reagent

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.

@“\\\OH Dudley benzyl reagent, MgO O“‘\\OBn
u, ~OAC PhCF3, 85 °C, 24 h, 96% ., ~OAC
Benzylation of a monoacetylated diol is shown in Example 1.° The Dudley benzyl

reagent was uniquely effective for protection of the free alcohol without loss
and/or migration of the labile acetyl group.

Example 1°

J.J. Li, Name Reactions: A Collection of Detailed Mechanisms and Synthetic Applications,
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Example 2°

Dudley PMB reagent
CH30Tf, MgO OPMB
Si(CH3)3

OH

Ph/\)\/Si(CH3)3

PhCF3, rt, 1 h, 80% Ph

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

Example 3*

Dudley PMB reagent, CSA

CH,Cly, rt, 72 h, 85%

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

Example 4, In situ-formation of the Dudley benzyl reagent is achieved by treating
a mixture of an alcohol and 2-benzyloxypyridine with CH;OTf’

>L JOL on @ CH5OTf, MgO, toluene o OBn

(¢ HL[(OCH"’ ' ©ﬂo N 01085 °C, 24 h, 84% >LO)J\N/|;(OCH3
O H o
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4 Erlenmeyer—Plochl azlactone synthesis

Formation of 5-oxazolones (or “azlactones”) by intramolecular condensation of
acylglycines in the presence of acetic anhydride.

HN— Ac0

N
CO,H / jﬁ\
R1/&O NaOAc R1/AO ©

AcO® ™\

S.P(\i HCN

HN e N

o0~ }yo ;‘}FO - /W/Q 2 AcOH

RK&;\S RANG 5 O Rl =0 * 2he
H

mixed anhydride

Example 17
0 /
HN—\ H NaOAc, Ac,0O Vi (0]
/g COzH + N
Ph™ =0 o~ 110°C,69-73% Ph/( o O—
o]
O\
Example 2°
HN #\0 OH Pb(OAC);, Ac,0
L coH + O :
Ph™ =0 : O THF, reflux, 15 h
OH OT/\
H
H o P
5 S BuNH, OW%H-Bu
)( o N 67% \F]:
Ph 551 Z/E
Example 3°
o]
Q BnO
/HE/\CO 9y oBn  NaOAc, Ac,0 n %o
2 H —
Ph™ ™0 ! 95% F VX
E Ph

J.J. Li, Name Reactions: A Collection of Detailed Mechanisms and Synthetic Applications,
DOI 10.1007/978-3-319-03979-4_95, © Springer International Publishing Switzerland 2014



230 Name Reactions

Example 4, The yield suffered for a more complicated substrate:'"

0
0 \ Q NaOAc Ac,0 \ (\1 ° \
HO N + ° N
j(\HJ\( OHC 60°C, 12 h, 26% 0)\(
o) Me O

Me O
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Eschenmoser’s salt

CHy O

N®
H,;C CHj;

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

Mechanism:
CH, ©
) Ne !
o LDA OLi NE
)J\/RZ )\/R H3C CH3
R THF  R; 2
Li\o
R)\/R2 Q
1 _CH
K‘ _— R1)J\ﬁl}l 3
ﬁ"'z R, CHs;
H;C” @ CHj,4
Example 1°

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

1. 15 equiv NaN(SiMe3),, THF
—78 °C, 45 min.
then 15 equiv of Mey(CH,)N*I~
0°C, 15 min.

2. 20 equiv Mel, MeOH, 0.5 h
3. 10 equiv DBU, PhH, rt, 1 h
51% 3 steps

J.J. Li, Name Reactions: A Collection of Detailed Mechanisms and Synthetic Applications,
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Example 2°
o
CH, ©
H o o VL co- s OH
[N>: 0-8-0°  H,C"" CH, \F ) .
N O &
N ®  EtN, DMF, 1t \NL EtsNH
H EtsNH 12 h, 64% I “CHj
CH,
H
N
R — N (:)’}l
\—N-CHj
CHs
Example 3°
“~
"%
CH, ©
v
HsC™ “CHj
-
“ O DMF, 90 °C, 62%
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Eschenmoser—Tanabe fragmentation

233

Fragmentation of o,p-epoxyketones via the intermediacy of o,B-epoxy

sulfonylhydrazones.
0}
1. Hy0,, "OH
2. HNNHSO,Ar, H
3. OH
O pr—
r‘eo—OH
@ H2NNHSOZAr @
N SOAr
0}
_OH_ ;;@ (%O @ SOLAr + Nyt
SHO Ar SN SOzAr
4
Example 1
NN

Tol-SO,NHNH,
CHCI3-AcOH (1:1)

rt,5h, 73%
Example 2’
Me Me
1. TsNHNH,, rt
o Dwe 2.85°C,2h,50% || 07 Me

J.J. Li, Name Reactions: A Collection of Detailed Mechanisms and Synthetic Applications,
DOI 10.1007/978-3-319-03979-4_97, © Springer International Publishing Switzerland 2014



234

Name Reactions

Example 3’

1. NsNHNH,, AcOH, THF;
evaporation, 60 °C,
NaBH,, AcOH, THF, 0 °C
OMe
OAc 2. TESOTT, 2,6-lutidine
NNs CH,Cly, rt
60%, 2 steps

Example 4'°
N R
Q H,NCONHNHHCI, NaOAc T N
. CO,Me (e} CO,Me
0 “Et H,O-EtOH, rt, 89% o et
X
Pb(OAC),, CH,Cl, o\ CO;Me
"Et
-10 °C, 60% H
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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.

/
R-NH, + CH,0 + HCO,H — R—N\

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

D
H\]gb L /_OH L® Com,
L LSOt .
R—NH, H
H
R_N//)‘V>=o o=c=ot + __/'H WO Lo,
3 R-NH R-N
\
H _y® /
— R N/)‘V>:o —> 0=¢=0" + R-N-H H, RN
IHe3
o~
NH  pcob, bco,D, DMSO
CH;3
microwave (120 W)
1-3 min.
Example 2°
H . CHj
N_S 1.2 equiv 37% CH,0 in H,O lll B
5 equiv 85% HCO,H in H,0 =
steam bath, 84%
OH OH
Example 3"

I e O —

varenicline (Chantix)
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O
N

Example 4''

Me. .Me
N

[o) N 0 1. NH,NH,H,0, EtOH, reflux, 3 h ©)\/\O

@J\A ° 2. HCHO, HCO,H, reflux, 6 h, 73%
(S)-dapoxetine
An SSRI for PE
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Evans aldol reaction

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

(o] o OH
*)K‘ . )OJ\ Lewis acid R*)J\/:\R'
R Me H™ R base I\E/Ie
Evans syn
chiral auxiliary
(0] o} (0] (0] )OL
R* = O)LN O N O)LN O)kN O N
\_<Bn Ph Me \_<Ph t-Bu i-Pr
Example 17
o O OH O O
\)J\N )ko 1.BUBOTL RN /l\l)kN )ko
/
2. PhCHO, - 78 °C
—\ 79%, 80:20 de N\
BuzB—Q)Tf

Bu, Bu \/
B O/>i
—H

\Olk )k Z-(0)-boron enolate \)\ )\ PhCHO O%\NH Bu

|
o—B—
formation -/ H Z)@o’ Bu

R3NJ \\ \\

N

Bu /Bu

aldol

/l\l)\ )k workup /'\l)J\ )J\
condensatlon

Example 2°
1A
TiCl,, DIPEA N NP
Q )L CH,Cly, -78°C, 1.5h  MeO:C
OMe * . o \\
CO Me \\ then rt, overnight, 52%
’ \
OMe
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Example 3’
S 0 S 116(11'eBquBtoNTf SRR
I )\ oY e O)J\N OTES
Q"N + :
\ PhMe, 0.15 M \_/ OBn :
~_ OBn OTES -50to-30°C Bn
Bn 2h, 72%
Example 4'°
o O TiCl, OH O o
(—)-sparteine
TBDPSOJ\ + /\)J\N)ko—> TBDPSO™ NJ<O
CHO L/ 96%,96% de : A
Bn' Bn’
Example 5"
o _Ph MeO
: NB
WJ\N + MeO ¢
= |
MeO
BuBOT;, EtN NBoc
o]
CH,Cly,
-78t00°C HO 0= N .,
80% TJ “ph
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Favorskii rearrangement

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

(o] R H (6]
Rta/JLT<R3 Nuc-H 1;ifﬁfﬂ\ X=Cl,Br, |
—— > R Nuc
X H 2 Nuc = OH, OR, NRR'
R, Ry base R3 R4

The intramolecular Favorskii Rearrangement:

(0]
R4 R, Nuc-
X H n=0-5
base
n
o O._OR
% Cl
2>

enolizable a-haloketone
/‘*H Cl cl CIO
HOR +

©0R

OO

./

©0R
cyclopropanone intermediate
S oRr OLOR O_OR
H-OR
?%7 , ? o HOR + 90R
Example 17

H CO,H
M i, W O, DMSO Xﬁ;
0, 0,
50°C, 1h,97% Br  Br 100°C, 1 h

47%

J.J. Li, Name Reactions: A Collection of Detailed Mechanisms and Synthetic Applications,
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Example 2, Homo-Favorskii rearrangement’
o) o (0]
TsO_ O 1.96 eq. NaOH
H 4 +
dloxane/HZO
90 °C, 3 h, 86%
51:40:9

Example 3°

(e} (e} Br o)
COMe gy, Br COMe  \aoMe, MeOH MeO
gj/ Et,O \gﬁ/ 37%, 2 steps MeO
o

Example 4, Photo-Favorskii Rearrangement’

0 300 nm light hv o o
Cl o electron
5% aq. CH;CN homolysis . - .
propylene oxide H H transfer
4 h,81%
o} H H Cle

©
Cl 1,2-aryl
@ | ®
H H migration (o)

Example 5°
O CO CE)
Br NGO
KCN, a-cyclodextrin Br Br
A . NC
MeCN, H,0O
X 10-15°C, 12 h X AN
80%
NCO w Q
2N
NC

X
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Example 6'°
Br o CO,H
/@j 1 M NaOH, CH,CN /E}
5 min., 67%
Me H Me H
Example 7"
NaOMe 0]
e OMe
MeOH 7
0°C,15min. THPO™
96%
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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.

0 Rs O
5 -
R1>HKKR3 NuG R4 X=Cl,Br, |
X R, —> Rg Nuc Nuc = OH, OR, NRR!
R, Rs *
2 5 Rz Ry Rsss#H

Example 1, Arthur C. Cope’s initial discovery'

o ©0
EtOH reflux COzEt
4 h, 71%

non-enolizable ketone

Example 2°
©/NHLi o
Br
)
H
o Et,0, hexane
25°C, 67%
Example 3°
Li
Br :
7 o) THF, -78 to =30 °C, 90% 7 (@)
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Feist-Bénary furan synthesis

a-Haloketones react with 3-ketoesters in the presence of base to fashion furans.

0.

(0] )9]\/[0]\ Et3N, 0 °C, 52 h ﬂ/
+ »
)J\/CI
OEt 54-57% CO,Et

Et3N=\' Et;N~H OH
H CO,Et O rate-determining G 2
S//\ CO,Et ¥, H\ .
—
c | step [e]
O 9} o :NEt;
)
HO @ H® CO,Et CO,Et
COEt gy 2 COzEt ﬁ?—j\ E—j\
T —
Y Q Et3N
Example 1%
HsCO,C_ 0O
KOH, MeOH \ /
57
M oo, —
d Hsco
4
Example 2
o o O pyr., rtto 50 °C, 4 h ©
H)J\/C| *)J\/U\OEt \_/
then rt, overnight, 86%
9 ° CO,Et
Example 3, Ionic liquid-promoted interrupted Feist-Benary reaction'®
R,0C_HOQ ROC_  CO,Et
. 1 2
M M bmimoH ) COZE! [pmimiBr m
Ri™N0” Rs 75 7500 R o7 Rs
interrupted Feist-B
Feist-Benary eist-Benary
products products
R4 = CH3, Et, Ph, n-P S} ©
1 3, Et, Ph, n-Pr, etc. OH Br

R, = CH3, OCHg, PEt

= im1Br = ®
R3 = H, n-Bu, CO,Et [bmim]OH = /NED/N\C‘tHg lomimBr =" N N~C,H,

J.J. Li, Name Reactions: A Collection of Detailed Mechanisms and Synthetic Applications,
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Example 4, interrupted Feist-Benary reaction of a—tosyloxy-acetophenones10
10 mol% catalyst S
o o} mol% catalys OH
ot K,CO3, CH5CN, 0 °C J \.. ,
= S o+ RY )\ R
Rt o R 64-98% yield R

(0]
R 90-99% ee
Catalyst = bis(cinchona alkaloid)pyrimidines
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Ferrier carbocyclization

245

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.'?

General examples:’

reflux 4.5 h, 83%
Me

BzO o HgCI2 Me,CO, H,0O
BzO
TsO,

BzO
BzO
(0]
1

HgCl HgCl
BzO
BzO o _»
BzO BZO
HO O
2 Ts OMe

HgCI

—

OMe

(0]
BzO
BzO
TsO,
4 (0]

H

(0]
B20°20 OMe
o |
BzO OH
3% OBz 80%°
O OH 93%*
More complex products:
BzO
AcO
ACO OMe
OC6H4OMe(p)
o
i = Bﬂ% Qg(
C!
OAc oH
83'% 75%7 86% (2.1 )8 OCGH4OMe(p)
Complex bioactive compounds made following the application of the reaction:
OH
OH
HO, NH
H
OH HO
HO
Paniculide A° OH O pancratistatin' Calystegine B,

J.J. Li, Name Reactions: A Collection of Detailed Mechanisms and Synthetic Applications,
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Modified hex-5-enopyranosides and reactions

OAc HO
BnO OAc
Bno-0 ab BnO
BnO BnO oy
BnO ome 85%14
BnO
H BnO !

c HO
OMe
Bno; Yo — 79913 BN
n

BnO

98%13 BnO OMe
a, Hg(OCOCF;),, Me,CO, H,0, 0 °C; b, NaBH(OAc);, AcOH, MeCN, rt; c, i-
Bu;Al, PhMe, 40 °C; d, Ti(Oi-Pr)Cl;, CH,Cly, =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."? 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.” When carbon nucleophiles are involved,
the term “Carbon Ferrier Reaction” has been used,” 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.” 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 a,B-ratio of about 7:1). The examples
illustrated*®” are typical of a very large number of literature reports."

i) HOCH,CCH?®

ii) HSPh' OAC =i) OCH,CCH?®
7
Ac o +Lewis acid Aco7\0 ii) SPh
Ag 7 iii
Ac 4

4
General examples

OAc
OAc AcO (0]

SnBry, CgHq4, EtOAC — H
AcO Q +
AcO = rt, 5 min, 94%

More complex products made directly from the corresponding glycols:

O OH O
OAc (0]
‘ “OH AcO/—0Q ><o:k27NHC(O)CC|3
OMeO OH O EtO Ph =
AcO —0Q: O O

¥ By spontaneous sigmatropic
@ In PhCOCH,COEt, rearrangement of the glycal
In benzene, BF3+OEt, BF3'OEt_2y 3-trichloroacetimidate made

5 °C, 10 min, (67%, v 19 min, with NaH, CIsCCN,

9
a-anomer).8 (81% o-anomer). (78% a-anomer). 0

J.J. Li, Name Reactions: A Collection of Detailed Mechanisms and Synthetic Applications,
DOI 10.1007/978-3-319-03979-4_103, © Springer International Publishing Switzerland 2014



248 Name Reactions

Products formed without acid catalysts:

(0}
Promoter: (o)
DEAD, Ph3P DDQ ) ) S
(80%, a-anomer)'!  (88%, mainly a)’? N-iodonium dicollidine perchlorate
C-3 leaving group of glycal: (65%, mainly a)'?
hydroxy acetoxy pent-4-enoyloxy

Modified glycols and their reactions:

EOBn

BF3'OEt2’ CH2C|2’ 0°C AgNO3’ N62CO3, reflux MeNOz,
(70%, mainly o) 6 h (58%, ap 1:1).18

A variant using inexpensive Montmorillonite K-10 clay as the catalyst:

OBn
0._.0Bn
OBn
OH
o) t. Mont. K10 =
| . Me Me ca on BnO
CICH,CH,CI
BnO rt, 6 h, 51%
OBn OH Me Me
OH
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Fiesselmann thiophene synthesis

Condensation reaction of thioglycolic acid derivatives with a,B-acetylenic esters,
which upon treatment with base result in the formation of 3-hydroxy-2-
thiophenecarboxylic acid derivatives.

CO,Me

NaOMe

OH
MeO,C—=—CO,Me + HS\)J\OM _ 8N

MeOZC

MeOch_m%O \ EO)

OCH;

+

Meozc>£%\—onvle Meozcj o@)
, s>'_//\orv1e o)

/S s _
MeO,C k 0 ] CO,Me HUS\)J\OMe
93\)J\ MeOZC
OMe

© OMe
OMe
o @’S CO,Me
do\ o
Meo& 2 NaOMe SF\‘O = S \{4
S OMe — o .. S OMe — (COMe
MeO,C S
CO,Me
M J 2!
MeOQCJ CO,Me MeO,C CO,Me
CO,Me MeO®.__ . COMe CO,Me
(0] — HOMe s SN OH
_Pome — =
Me0,CCs 1 MeO,C
_\ MeOZC 2
CO,Me
Example 1°
12 equiv
HSCHZCOQH 8._CO,R; NaOR3, RzOH S
rt, 24 h, 46-98%
CO,R3 R3OH HCI (g) CO4R; ° H

-10°C, 1 h o
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Example 2°

_CH

N

CHj

o)
HSCH,CO,H

HCI, MeOH

Example 3’
\)OJ\
N
N. _Cl HS N
X OFEt | )—COgEt
| = SO, 89% Z
NaH, DMSO, 89
CN a ° NH,
Example 4°
S
> HSCH,CO,Me )\/\WCOzMe
— CN
NaOMe, 68% NH,
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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.”

(e} cat. HCI O
+ ReoH ————— MR ¢ HO
RJ\OH R™ O
H
e~
~ Hle _ ‘0s
. 0! protonation °
')J\' ——  + o . ROH —
oxonium ion
R™ "OH highly electrophilic
@ H L&
j)\) HO OH . HQUO=H
roton
R™{ OH nucleophilic RXG’W N i R O’R
~dditon ®|l|’> transfer ester hydrate
o addition tetrahedral
H " R? eo intermediate
b
protonation o H—_Q%&OC?H dehydration
Cl + 1 -
R O’R
/‘\
" “H
C|o \Q)@ deprotonation o ]
)J\ R - > H-CI + R)J\O’R
HO R™ O regain the
protonated ester catalyst
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Fischer indole synthesis

Cyclization of arylhydrazones to indoles.

R R
R! 2
R’ ®
+ R2 K{( H \ R2
_NH;, N
N _N _ N
H e} N NH; H
H
phenylhydrazine phenylhydrazine
R']
H
2 R?
R [3 3l-sigmatropic tautomerization
NH2 rearrangement )'\}14 Ng2
HO®
protonation ene-hydrazine double imine
R1 R1
— NH
e el
( ®
NH2 N NH2 N NH3 N
N,
HH H
Example 1°
N
|
=
° Ph HN
1. neat, 160°C, 24 h —
Ss9atinl 7"
N o N NNH2 2 NHoNH, 120°C, 121
H H 71% N
Example 2°
O
+ _ACOH, A.5h_
_NH, CN
NH COEt R COZE‘
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Example 3"

Me
L ID — ®
-2 80 °C, 70% NN

Me| Ts
Me H
Example 4"
pyridine/HCI
110 °C
N
Ph” “NH, > 70%
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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.

OH ether

Aen RoCHO — - ——> Um + H,0 + HCI
R~ “CN

H H W
OH H?® : R
07 3¥R O Re R ’
RN o ) Ry Kl o 1/
= NH HO k \}
o® 1 cl cl
cl
R
R, 2
R
H o~ ?
Sn2 O_\E isomerization H.] N __elimination O/\<
i — Hcl =
& R
cl
4
Example 1
OH TSOH, Tol.
NH, - ° °
HsC reflux
g CHO
POCI5, 80-85 °C
o] o
HN CHs | 15 min., 40% | )—CHs
N
o]
Example 28
OH ¢

dry HCl gas NH
/©)\CN y49>
SOCl,, ether Cl
HO HO
. %@

dry HCl gas, 16.5%

halfordinal
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Fleming—Kumada oxidation

Stereoselective oxidation of alkyl-silanes into the corresponding alkyl-alcohols
using peracids.

_ 1. HX
SiMe,Ph 2. ArCO3H, base OH
R” "R 3. hydrolysis R” "R

retention of configuration

. H Xooi/
ipso \ Vrsil— H Ar
\\SIQ JE —~Si B —— )\I\/ :b\o/&o

LH® substitution XS‘/ﬂ\ R™ R
R” °R! R” "R’
the B-carbocation is stabilized by the silicon group
H (0]
|
Ar o CbTAr
\ oo N ArCOS’ Lo @ A, Ié'). o)
— HX \/Sig O Y — ACO; /3,\0 I\O
R R1 R)\R»] R)\R1
X
H
: (t 00~ NAr
o .O. LO_Ar o
—ArCO, oo 0~ “Ar I(') il oo
-Si. —_— S|I‘O (0] . O,Sl\o —_—
/10 _0 1 |
R)\R1 R” "R! R” "R!
i 0
e)
9. 2 5 A
. ™~ HO Ar
/O‘(s') ‘\Ar hydrolysis 9)><Af K f
_Si. S NG . .
o~0 OH “ o Si A, ROR!
' 1 1 R™R
R R R” "R’
4
Example 1
O 0 o (0]
o} OH o} OH
CgH1s A : m-CPBA, KHF,, DMF ~ CsHis N :
NBoc NBoc
(EtO),PhSi A 0 to 25 °C, 55-70% HO Z
~O0TBS —~O0TBS
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Example 2°

0
o
TsO H O-N* _ o
w O HZOZ KHCO3 TSO H O
TBSO N PR TBSO <

. S H H
S e on'on
Example 3*
HaC_ ,CHs
Sl
HsC, e

CH, H202 KF, KHCOq

“H CHs DMF, 93%

BnO
Hs;C
Example 4°
SiMe,(OMe OH
MeO,C 2(OM) . kHco, MeO,C
THF/MeOH
—_—
30% Hy0,, 77%
CO,Me CO,Me
References
1.  (a) Fleming, I1.; Henning, R.; Plaut, H. J. Chem. Soc., Chem. Commun. 1984, 29-31.

w

e

(b) Fleming, 1.; Sanderson, P. E. J. Tetrahedron Lett. 1987, 28, 4229-4232. (c) Flem-
ing, I.; Dunogués, J.; Smithers, R. Org. React. 1989, 37, 57-576. (Review).

Hunt, J. A.; Roush, W. R. J. Org. Chem. 1997, 62, 1112—-1124.

Knolker, H.-J.; Jones, P. G.; Wanzl, G. Synlett 1997, 613-616.

Barrett, A. G. M.; Head, J.; Smith, M. L.; Stock, N. S.; White, A. J. P.; Williams, D. J.
J. Org. Chem. 1999, 64, 6005—6018.

Denmark, S.; Cottell, J. J. Org. Chem. 2001, 66, 4276—4284.

Lee, T. W.; Corey, E. J. Org. Lett. 2001, 3, 3337-3339.

Jung, M. E.; Piizzi, G. J. Org. Chem. 2003, 68, 2572—-2582.

Paquette, L. A.; Yang, J.; Long, Y. O. J. Am. Chem. Soc. 2003, 125, 1567-1574.
Clive, D. L. J.; Cheng, H.; Gangopadhyay, P.; Huang, X.; Prabhudas, B. Tetrahedron
2004, 60, 4205-4221.

. Mullins, R. J.; Jolley, S. L.; Knapp, A. R. Tamao—Kumada—Fleming Oxidation. In

Name Reactions for Functional Group Transformations; Li, J. J., Ed.; Wiley: Hobo-
ken, NJ, 2007, pp 237-247. (Review).



Jie Jack Li 259

Tamao—Kumada oxidation

Oxidation of alkyl fluorosilanes to the corresponding alcohols. A variant of the
Fleming—Kumada oxidation.

R F KF, H,0,
st 7 oROH
R™R  KHCO, DMF

©
< e
RS R-gi" LF Rrgi"
‘ P =l 0" 1\
R’S,LR —| ([ ) — i ISR — | (BT FR
. ~/ \H
e .O__H H
F H o
o ©
I WF °© O—SI"‘\\F
—_ O-Si: — PRI —> 2ROH
/ 1 —— (0]
R F R R |
R
Example 1°
o o)
NaCOs;, CH3COzH
Me,FSi HO
e2rS! CO,Me 3 h, 64% CO,Me
o o)
Example 2*
Et_ Et :
oSt H,0,, KF, KHCO3 )Oijftz/F\ OH OH
)\j,/\ THF-MeOH R N R R)\/'\/\
R “0SiM 51-85% o :
iMe; ° OH OH
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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.

@D -0
o z
ACh _ ® _AlCl, ° o R™®
i complexation O| AlCI, |~l -—
R” Cl R)\CI R @
donor-acceptor complex acylium ion
K

CI=AI-CI o

electrophilic ! aromatization
Cl o
—_— _— +
substitution H — HCI R AlCl3
P
Example 1, Intermolecular Friedel—Crafts acylation®

R AICl5, CH,CI N.
CHO %8 - F CHO

Example 2, Intramolecular Friedel-Crafts acylation’

OMe OMe
OMe  (cocl), DMF OMe
07 oH then AICI5, 84%
o}

Example 3, Intramolecular Friedel-Crafts acylation®

2CHs

CO.
PPSE, CH3NO,
reflux, 10 min., 44% N
H (0]

PPSE = Trimethylsilyl polyphosphate
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9

CONMe, 0
POCIs, K,COs3
N N
N CH4CN, 60 °C NH
H 74%
CO,H o
MeO PPA,80°C  Meo
AN _— N
N 35% NH
H

O A\
o)
>< \ 20 mol% BF;OEt,
o)
S \ MeNOg 100°C © \
15 min., 98%
N N
N Ns

S

Example 5, “Kinetic Capture” of Acylium Ion''

- ®
@

ACh _ ® _AlCl, © o

:0: complexation O| ACl, 1|l

R)J\CI R)\CI R

donor-acceptor complex acylium ion
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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.
© [ ]
S)

AICI
R, AC__ R ACs 2 s R®J
Cl: (,®
alkyl cation
of
CI—AII—CI R

CI&H aromatization
@R — HClI
@

Example 1'

SnCI4, CH20|2

AC@O\ S canem
N
0°C,1h, 84%
Br /O
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Example 2, An intramolecular Friedel-Crafts cyclization®

20 mol% Bi(OTf)s
WNTS 4AMS \ NTs
o

s
l CH,Cl, (0.05 M) S
0°C, 16, 98%

/7

Br
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Friedlinder quinoline synthesis

Also known as the Friedldnder condensation, it combines an o-amino aldehyde or
ketone with another aldehyde or ketone with at least one methylene o adjacent to
the carbonyl to furnish a substituted quinoline. The reaction can be promoted by
either acid, base, or heat.

CHO 0 o xR
.
T« XX
NH2 \)J\R1 N/ R1

& P M g
R
\O)LW R Aldol R OH

A . 1
COR
/; G condensation NH;
)
HO NH,
X R R
xR H A
—_— (‘ RI — '}‘) R’ Pz 1
. H N° R
NHO. -
HO
Example 1°
@ECHO QBn NaOMe, EtOH mgn
reflux, 3 h, 90% N
Example 2’
O
AcOH, 100 °C
_—
88%
Example 3°
~ b ~ b ~
N” NH, O)\/\Me NN Me N" N Me
Conditions Conversion Ratio
NaOH, rt > 99% 37:63
pyrrolidine, 5% H,SOy, rt 97% 86:14
TBAO, 5% HySOy, rt >99% 87:13
TBAO, 5% H,SO,, slow addition, 65 °C >99% 94:6
H
Me N
TBAO = 1,3,3-trimethyl-6-azabicyclo[3.2.1]octane Me/&&
Me
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Example 4'°

&Ru=
OH o 1mol% ~ PCyfh ~Re
- R
NH, 1 N

KOH, 1,4-dioxane
80°C,1h

Example 5, Using propylphosphonic anhydride (T3P) as the coupling agent''

Q 20 mol% T3P N

o) N__O |

* 0 g \’< 0 A _N__O
DMF, 90 °C

S U

5h, 95%
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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.

o) OH
OH O
" R Ac
T and/or R
0" R
-~ AICl5 o 5
o: Cls@of o AlCls %

o)J\R complexation R C-0O bond

—=

0o v
—_—
@ @ fragmentation

aluminum phenolate, acylium ion

t ®
_AICI; H OH O
) @ G) 0
[e) H
| : | R
R
@
D
oACh 6H OH
_ H Y=o ;
®QRF R R 0" R
Example 1°
Br
OH O OH
OMe O ZrCly, PhCI
©/u\0 Br 160°C, 3 h, 63% O O
Br Br
Example 2°

J

OH O
10% Bi(OTf)3, PhMe
110 °C, 15 h, 64% OO

OAC OAc
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Example 3, Photo-Fries rearrangement’

o}

HNJ\/Ph NH, O

Low-pressure Hg lamp Ph
254 M, MeCN, 36 h, 65% OO

Example 4, ortho-Fries rearrangement”

MeO OMe MeO OMe
®) 2.1 equiv LTMP o
| O°ONE  78°cion, o7% NGe)
Example 5, Thia-Fries rearrangement’
H O\\S,CF3
o LDA, THF, -78 °C B
4_CF;
VS
SlNe then Hy0", 80% OH
Cl Cl

Example 6, Remote Anionic Thia-Fries rearrangement'

HN O 3 equiv NaH, DMF HN O
— =~
O 0°Ctort,2h O 0SO,Me
o 64% OH

H
SO,Me

References

1.

10.

Fries, K.; Finck, G. Ber. 1908, 41, 4271-4284. Karl Theophil Fries (1875-1962) was
born in Kiedrich near Wiesbaden on the Rhine. He earned his doctorate under The-
odor Zincke. Although G. Finck co-discovered the rearrangement of phenolic esters,
somehow his name has been forgotten by history. In all fairness, the Fries rearrange-
ment should really be the Fries—Finck rearrangement.

Martin, R. Org. Prep. Proced. Int. 1992, 24, 369-435. (Review).

Boyer, J. L.; Krum, J. E.; Myers, M. C.; Fazal, A. N.; Wigal, C. T. J. Org. Chem.
2000, 65, 4712-4714.

Guisnet, M.; Perot, G. The Fries rearrangement. In Fine Chemicals through Hetero-
geneous Catalysis 2001, 211-216. (Review).

Tisserand, S.; Baati, R.; Nicolas, M.; Mioskowski, C. J. Org. Chem. 2004, 69,
8982-8983.

Ollevier, T.; Desyroy, V.; Asim, M.; Brochu, M.-C. Synlett 2004, 2794-2796.

Ferrini, S.; Ponticelli, F.; Taddei, M. Org. Lett. 2007, 9, 69-72.

Macklin, T. K.; Panteleev, J.; Snieckus, V. Angew. Chem. Int. Ed. 2008, 47,
2097-2101.

Dyke, A. M.; Gill, D. M.; Harvey, J. N.; Hester, A. J.; Lloyd-Jones, G. C.; Munoz, M.
P.; Shepperson, 1. R. Angew. Chem. Int. Ed. 2008, 47, 5067-5070.

Xu, X.-H.; Taniguchi, M.; Azuma, A.; Liu, G. K.; Tokunaga, E.; Shibata, N. Org. Lett.
2013, 15, 686—689.



268 Name Reactions

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.

SOCI 1. R'NH,, pyr. s7>CoH
NO, 2. R20H, PPh;, DEAD H NO,
NG+ + SO,
1 2
3. HSCH,CO,H R" R
NO, NO,
Ho
ol s7>Co,H
) NHR1 {
' SOZ ’ R20H, PPh KSOZNWRZ
R'NH, O s NO,
DEAD

See the Mitsunobu reaction for mechanism.

R1R2 S/\COZH
S SO
SNAr /T 2 NO,
N HO,C NO, —» N + 50,
™ R"TR?
&P H@
NO,

Meisenheimer complex

Example 1°
_ Ns=NHp NsHN _©82C0s NN
DEAD, PPh
67_74% " B”“N'
forn=1-3 62-66% n
Example 2’
o &t
OH
NsNH,
A DEAD, PPh;
88%
MsO' N MsO
Boc
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DMF, 85%

Example 3°

Z

H N

250, PYPRIP N, K,COs, PhSH %
= OH + N02 802 o
= CH,Cly, 84% ij”oz CHACN. 80% — NH,

PyPh,P = diphenyl 2-pyridylphosphine; DTBAD = di-fert-butylazodicarbonate
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Fukuyama reduction

Aldehyde synthesis through reduction of thiol esters with Et;SiH in the presence
of Pd/C catalyst.

o) Et;SiH, Pd/C o)
_ >
R™ "SEt THF, rt R "H
Path A:
o Pd(0 o i i
)J\ (0) Et;SiH o reductive Pd(0)
. _SEt He———— » "
R "SEt oxidative R” Pd Y R” "Pd eliminaton R” "H
addition Et;Si—SEt
Path B:
Et;SiH + Pd(0) ———= Et;SiPdH
OSiEt, i
j\ Et,SiPdH A s .  OSiEG 0
R” SEt R'py SEt R™ "SEt  gysi—set R H
‘H Pd(0) 3
Example 1'
(@)
Et;SiH, 10% Pd/C
acetone, rt, 92%
Example 2°
EtSH, DCC, DMAP  EtS
HO,C” Y ~CO,Me SH, bec, Y coxMe
NHBoc CH4CN, rt, 1 h, > 70% O  NHBoc
) . H
Et;SiH, 10% Pd/C COMe
acetone, rt, 30 min., >74% (e} NHBoc
Example 3*
/@/\/COSEt 0.5 mol% Pd/C /@/\/CHO
2 equiv Et3SiH
MeO it 2h 02% MO
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Gabriel synthesis

Synthesis of primary amines using potassium phthalimide and alkyl halides.

? CO,H
2
o 0 RX H,N-R  + @
N~ K 2
2. Nu or ROH CO,H
o)
o o
0 R—C‘< oH Qo OH
hydrolysis
NG (@ Sn2 N-R  _JrOVEE CN-R .~
S o)
‘/QOH
nH
0 o
0 o, coP
o — L g, — w0
. R o
R A CO,
O OH
O\@ &)
OH
Example 17
Br o KNPhth, DMF NPhth O
/OMO/ 500 20m /OMO/
o Br S0 min. 0 NPhth
(]
NH, o]
H,NNH,, CH30H /OMO/
reflux, 1 h, 80% o) NH,
Example 2°
R, DIAD, PPh, R R
phthalimide NH,H, or CH3NH, .
Rz)\ﬁOH —_— Rz/\K\NPhth CHZOH R; NH,
THF, rt, 4 h _— R
Rs 76-98% Rs 76-88% :
Example 3%
AN CO,Et
Br™ “CO,Et 2
NK ! 2 Nt

DMF, 90°C, 3 h, 77%
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QL
O O (@] [e)
6 M HCI, reflux o) OH
N S o =13
14 h, 93% HCI-H,N
(0]
Example
4°
o NPht NH,
4 _phihalimide. PPhs 1. NH,;NH,#H,0, THF, reflux, 8 h
DEADS’A-,I;/HF 2. Pd/C, Hy, THF, 95%, 2 steps
o ’ NPht NH,
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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:

1. RX NH
N@ K® Ho,N-R  + |
2. NH,NH, NH
o)

o
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0y . Q
0 RLX :NH,NH, o)
4 S € NHNH,
© @ Sn2
N~ K N-R _ CN—R
(0] o) [e)
o}
O O
NHNH, NH NH
— — NH — HoN-R + NH
NH
i S N o
R
Example 1°
o o]
BT P(oEY, _ Po(oEY, HaNNHz, EtOH _ PO(oEY,
N R N t,18h,97% 2N
o o]
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Gabriel-Colman rearrangement

Reaction of the enolate of a maleimidyl acetate to provide isoquinoline 1,4-diol.

o Q OH O
J\‘—R NaOR
At || N X R
et ROH ALl W
G =CO, SO, G

S]

?/QOMG O ome
OMe O

N I LN —_— o —_
o O o O (e}

O Me
- OH O
‘g UO 6 O ? @9
H X7 OR
N 3 —_— R— NH R ES _N
I ;\ NH
OH
O o (e}
Example 1°
OH O
}O/ -Pr 4 equiv j-PrONa N Oi-Pr
i-PrOH, reflux _NH
g \o 5 min., 85% o”s\\o
Example 2°
(] OH
NaOMe, MeOH - COEt
N
CO,Et reflux, 24 h NH
o 91%
(e}
References

1. (a) Gabriel, S.; Colman, J. Ber. 1900, 33, 980—995. (b) Gabriel, S.; Colman, J. Ber.
1900, 33, 2630-2634. (c) Gabriel, S.; Colman, J. Ber. 1902, 35, 1358—1368.

2. Allen, C. F. H. Chem. Rev. 1950, 47, 275-305. (Review).

3.  Gensler, W. J. Heterocyclic Compounds, Vol. 4, R. C. Elderfield, Ed., Wiley & Sons.,
New York, N.Y., 1952, 378. (Review).

4. Hill, J. H. M. J. Org. Chem. 1965, 30, 620—622. (Mechanism).

5. Lombardino, J. G.; Wiseman, E. H.; McLamore, W. M. J. Med. Chem. 1971, 14,
1171-1175.

6. Schapira, C. B.; Perillo, I. A.; Lamdan, S. J. Heterocycl. Chem. 1980, 17, 1281—1288.

7. Lazer, E. S.; Miao, C. K.; Cywin, C. L.; et al. J. Med. Chem. 1997, 40, 980—989.

8.  Pflum, D. A. Gabriel-Colman Rearrangement. In Name Reactions in Heterocyclic
Chemistry; Li, J. J., Ed.; Wiley: Hoboken, NJ, 2005, pp 416—422. (Review).

9. Kapatsina, E.; Lordon, M.; Baro, A.; Laschat, S. Synthesis 2008, 2551-2560.

J.J. Li, Name Reactions: A Collection of Detailed Mechanisms and Synthetic Applications,
DOI 10.1007/978-3-319-03979-4_115, © Springer International Publishing Switzerland 2014



276 Name Reactions

Gassman indole synthesis

The Gassman indole synthesis involves a one-pot process in which a hypohalite, a
B-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.

t-BuOCl ~ R EtN
) rmes O] eyt
NH, NH o)
Cl

Et;N

~ R
s \ o)
> S2
{ © - Hﬂ‘)LR —

o8 oy —
Cél N,S@

H
sulfonium ion

Iz /§>\m/
ps)

o EtsN: ~ g
@
/\@HLR [2,3]-sigmatropic &\gg HQNEt3
[ 1} s® rearrangement
H (W (Sommelet-Hauser) N/;F
\ EtaN: —~ \ \S

S

H S
R . A\
o) — ®,)—R ®R
@EN&\?” @67 N
I ¥
Example 1'

©\ 1. t-BuOClI ©\_/|[S\
NH, 2. s Chs NT Me
) H

3. EtsN, 69%

SCH,

@\ 1. t-BuOCI LiAlH,, Et,0 ©\—/|O
(@] Pz
NH, 5 OSCHB N 0 °C, 48% overall H

3. Et;N
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Example 2°

MeS
© £-BuOCI, PhNH,

EtsN, 93%

Ra-Ni p-TsOH, PhH, reflux
EtOH O 71% 2 steps
o)
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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.

AICl CHO
co + HCl ———
© N Cu,Cl, ©/

cl
o V2@
o=0® (o] C=0
.(?;:8 - c=b M .C_O\AICI = :0=0% ‘/e AlCs
:C=0: - ICly AICI )
®
o ® o)
O'AICIS - HON ﬂ e _ _/SW
. . Alcl, —
~—= CloAl &I)H ’ + 4 Y
cl” ™ H ® H

acylium ion

_~_CHO \ CHO
. B ©/ + HCl + AICh
¥ AICl AICly

Example 1, A more practical variant*

Il
2
I
(e}

0]

OH OH H,0 OH
Zn(CN),, AICI, @ 0to 100 °C CHO
~
T NH,
HO HCI (g), 0 °C HO c® 95% HO
orcinol
References
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(1860—1920) was born in Freiburg, Germany. His textbook, “Die Praxis de
organischen Chemie” (1894) was well-known all over the world. Some of his peers
derided it fondly as “Gattermanns Kochbuch” (“Gattermann’s cookbook™, his father
was a baker).

Crounse, N. N. Org. React. 1949, 5, 290-300. (Review).

Truce, W. E. Org. React. 1957, 9, 37-72. (Review).

Solladié, G.; Rubio, A.; et al. Tetrahedron: Asymmetry 1990, 1, 187-198.

(a) Tanaka, M.; Fujiwara, M.; Ando, H. J. Org. Chem. 1995, 60, 2106-2111. (b)
Tanaka, M.; Fujiwara, M.; Ando, H.; Souma, Y. Chem. Commun. 1996, 159—160. (c)
Tanaka, M.; Fujiwara, M.; Xu, Q.; Souma, Y.; Ando, H.; Laali, K. K. J. Am. Chem.
Soc. 1997, 119, 5100-5105. (d) Tanaka, M.; Fujiwara, M.; Xu, Q.; Ando, H.; Raeker,
T.J.J. Org. Chem. 1998, 63, 4408—4412.

6. Kantlehner, W.; Vettel, M.; et al. Haas, R. J. Prakt. Chem. 2000, 342, 297-310.
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Gewald aminothiophene synthesis

Base-promoted aminothiophene formation from ketone, a-active methylene nitrile
and elemental sulfur.

R CO,R?

R o C02R2 Base
f t s ——
CN R'™N\g” ~NH,

s R’
OA) 2 OO) Knoevenagel H;%;/g)
OR ®+<€/ R )—OR? NG “OR?
,H H

BH j/ )
condensation
B:
CN R CN ‘\:B
b2 _oR?
0._OR? |
1 R
® R R O R | CN
— BH o) CN — —
HO R S—s(s
NC  OR2 R! H= S S
B s, S
S-S
R?0,C
R CO,R?
R /® Ng ’ S, +
S, (S-s — _ I\ vt B
o4 \ R! NH
R1 ] S S 2
/
\S’S
ylidene-sulfur adduct
Example 1*
H3C\N,CH3 CO,Et
X COZEt SB I \ NH2
+ < ——_ P S
| A CN morpholine Nl
N/ 820/0
Example 2’
O O CO,Et  Sg, EtOH, morpholine Me CO,Et
LI Pat
CN 60 °C, 5 h, 74% t-BuO,C~ s~ 'NH;

J.J. Li, Name Reactions: A Collection of Detailed Mechanisms and Synthetic Applications,
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Example 3’
o HN(TMS)3, HOAC
Me toluene, 65 °C, 90%
+ NC\/CN
O,N Knoevenagel
condensation
NH,
NC CN 1.2 atom equiv Sg NC —
| 1 equiv NaHCO4 S
M
®  THF, H,0, 80-85%
O,N O,N
Example 4'°
o 3 equiv morpholine o
1 equiv Sg, 55 °C, 24 h S
( o) + NCQJ\O/\ ( \
o) 85% conversion o
o 64% yield
oYyl o)
Example 5"
/
. . (0]
3 equiv morpholine o)
©\H/\ 1) N 2 equiv Sg, MeOH
+ = | N
~ NH
SN OJ\/ 20-45°C, 24 h s 2
fe) bz
72%
Condensation Addition
MPS = of sulfur
morpholine-
polysulfide
ylidene ylidene-sulfur
adduct
Dimerization L
Cyclization
/
(0]
o}
- | N NH,
Pz
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Example 6, N-Methylpiperazine-Functionalized Polyacrylonitrile Fiber Catalyst'?

O

w S._OH 8mol%fibercat. ¢ ) =
>, Oy o
NC I Ho s EtOH, reflux, 4 h NH, S

83%

References

1. (a) Gewald, K. Z. Chem. 1962, 2, 305-306. (b) Gewald, K.; Schinke, E.; Bottcher, H.
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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.

CuCl
R-CZECH —————————> R-C=C-C=C-R
NH4OH, EtOH
+2 +2
L L L L
N AN _
/CU CU, R T
R— -+ X X P —— .
' s / X cu®
Cu@ Cu R Cu _
L/ \L L/ \L
S)
R—fi
or +2
Cu* L L
L = Amine N S +2
Cu R Cu
X=C|,OAC ”/0 R—— — R
/ 7
R "cu
@
L/ \L + 2Cu

Alternatively, the radical mechanism is also operative:

@%H soue 222 L TN — o

2 0= =+ cw
Q.: ( ) dimerization 7 N\ —

(=2 ==

Example 1'

Oz
= ==
— NH,OH, EtOH

90%

J.J. Li, Name Reactions: A Collection of Detailed Mechanisms and Synthetic Applications,
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Example 2, Homo-coupling2

= Cu, NH,CI ==
e ey \
0y, 90%

HO HO OH

Example 3’

CuCl S S

Ros s
I><| TMEDA

S S
R N\ 0, CH,Cl, 0°C 7/
47%
R = n-Hexyl
S S
S\%S S)\rs
R’S\/S S\/?iR
R R
Example 4°
0.05 equiv Cul

0.2 equiv TMEDA
ey — pos{ ==t Hsnc
0.05 equiv NiCl,*6H,0

air, THF, rt, 60 h, 65%
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2657. (Review).

Youngblood, W. J.; Gryko, D. T.; Lammi, R. K.; Bocian, D. F.; Holten, D.; Lindsey, J.
S.J. Org. Chem. 2002, 67,2111-2117.

Moriarty, R. M.; Pavlovic, D. J. Org. Chem. 2004, 69, 5501-5504.

Andersson, A. S.; Kilsa, K.; Hassenkam, T.; Gisselbrecht, J.-P.; Boudon, C.; Gross,
M.; Nielsen, M. B.; Diederich, F. Chem. Eur. J. 2006, 12, 8451-8459.

Gribble, G. W. Glaser Coupling. In Name Reactions for Homologations-Part I; Li, J.
J., Ed.; Wiley: Hoboken, NJ, 2009, pp 236-257. (Review).
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Eglinton coupling

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

Cu(OAc),
R——H — — R
pyridine/MeOH
_ AcO-Cu—+—OAc
R pyridine @ + R—= @-/ ——> R———Cu—O0Ac
- N
|
H
=R
C dimerization _
j R————R
R——
Example 1, Homo-coupling’
=
X
Il Cu(OAC);
—_—
H pyr., 25 °C
20%
~F
Example 2, Cross-coupling’
= sPh
= Cu(OAc),
pyridine/MeOH (1:1)
4 rt, 72%
Ph CO,Me

Example 3, Homo-coupling®
Cl

NC.
N/\\\ NC.,

Cu(OAC),, pyridine AN

MeOH, 1.5 h, 68% CN

Cl
Cl
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Example 4°
™S R
=
P =
74 Cu(OAc), X |
X
K,CO
R % TIPS pyr.,ZMe%H H e
61-70% 1. TBAF
R =H, t-Bu
If 2. cuel,
Cu(OAc),
_ A H pyr.
rl p===="{ Vs 51-64%
I s
I I A
I I g
R
R 7 N\ = () R
Example 5"
@/Ci/o/ 2 equiv Cu(OAc)z*H20
|
Fe
1:1 Pyr: MeOH
@ 70°C,12h, 41%
oN ==
%O — = Fe
Fe T T O%
=X o
Example 6"

_0
Q Cu(OAc),
-
Pyr./MeOH/Et,O
62%

285
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Example 7"
N=N
N:N /
N/ 7 N7
é Cu(OAC),H,0, CH5CN é I
Fe
Fe reflux, 54%, 12% of dimer
T o T I
L BN
NV\ \
l\\l:N \\ N:N
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Gomberg-Bachmann reaction

Base-promoted radical coupling between an aryl diazonium salt and an arene to
form a diaryl compound.

o
N, SoH O
-
T

~

Example 1°
® o O
<O©/N2 BF, KOAc, 18-C-6 <O
* t, 5% O
o I (] o
Example 2°
NH,
N = /k/\
Py N ONO NN
Me0” N7 N LY

PhH, TFAA, reflux N
\\© 24, 33% MeO N \\©

J.J. Li, Name Reactions: A Collection of Detailed Mechanisms and Synthetic Applications,
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Example 3, With Diazotate’

75-95°C, 62%

NH, cl
cl NH,
® NaOH/H,0
Na cl
N, '
cl N e
F

F
11 equiv
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W. J. Org. Chem. 1984, 49, 1594—1603.

McKenzie, T. C.; Rolfes, S. M. J. Heterocycl. Chem. 1987, 24, 859—861.
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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);

¢. 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.

Ro2 Co2 heat COZ A
©\ ~ROH
NH,

OR"

O

N° R
H

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

(—)
EO,C
Et 2 EtO2)
00 OEt substitution ©\ OEt — EtOH \g/COzEt
NH2 OEt ©@
H
o)
OH
H D CO,Et COEt
- CO,Et - X 2
cyclization @J@/ 2= tautomerization PP |
—— —
N
N N H
Example 1°
o) F10C COEL by o re CO,Et
/\l( 0, reflux o 2 COLEt
N 75%, 10:1
H
Example 2’
EtO.__H Lo
HN A :[ A PhOPh
| EtO,C” “CO,Et | | 9
N _ >
N EtOH, reflux . £102¢ “co,Et L 250°C
o) — ol =
EtO,C ~ N-R  POCls EtO,C._/ o N-R
| 0
N 70°C \N
H

J.J. Li, Name Reactions: A Collection of Detailed Mechanisms and Synthetic Applications,
DOI 10.1007/978-3-319-03979-4_121, © Springer International Publishing Switzerland 2014



290

Name Reactions

Example 3, Microwave-assisted Gould—Jacobs reaction®

CO,Et
R  NH; R HNTS 2
EtO,C.__COEt Ph-O-
/ | \)N . 2 E[ 2 Ph-O-Ph / \N COZEt
NTN H”OOEt 130-140°C N N/)
Ry R4
Ph-O-Ph
250 °C
CO,Et
3L
Microwave, neat
10-12 min., 64-75% N N/)
R,

Example 4°

Ar EtO,C.__CO,Et
Ar. EtO,C._COEt o >/_)\2 E[ 2
l\?@\ * ]: N N"H
N NI
Ph

N NH, H OEt reflux
Ph
POCI,
reflux
Ar o Ar Cl
on0-ph > COEt  pog, I A\ COE
NCI N
heat NT™N reflux NN
Ph H Ph
References
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Reitsema, R. H. Chem. Rev. 1948, 53, 43—-68. (Review).
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G.; Biggio, G. Bioorg. Med. Chem. 2005, 13, 3531-3541.

Desai, N. D. J. Heterocycl. Chem. 2006, 43, 1343—1348.
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Grignard reaction

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

(0]
Mg(0) AN g2 Rl R2
R-X R-MgX
R OH
Formation of the Grignard reagent:
<2 MI Mg 1y zz)ﬂg_/.M_gj//z
R-X e
RT-X
. £22Ma Mg 1y
single electron
T R-MgX
transfer R. «MgX
Grignard reaction, ionic mechanism:
@ 5O 1
R25° S 2 1 B2
1ﬁ0 R1>r:o RUR
R —— | R0 —— N
R<Mgx R -MgXx R” ~OMgX
39 @
Grignard reaction, radical mechanism,
2 R*
R o D) R' R2 H® R! R2
R! . R2 ') . X X
=M 0 R” “OMgX R”OH
oM MgX
Example 1*

EtMgBr NH
reflux, tol./ether, 76%
NOH H

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.

J.J. Li, Name Reactions: A Collection of Detailed Mechanisms and Synthetic Applications,
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Example 2°
/=0
o]
/—0
6] O
o/ O
o)
Br Mg Gj
T ph Ph
65% 0
OMe o/g °  MeO 0 j/
MeO SV O N,
N /
OMe MeO MeG
MeO OMe
OMe
Example 5"

% OH
X )\/\/ i h
[6)
CHO MgBr

0°Ctort, 91% O7§
Garner's aldehyde

Example 6"’
H OH
O ‘\‘ N
o 3 equiv Bng @ . Io) y
THF, 55 °C, 1 h, 85%
52% 28% 5%
Example 7, Asymmetric Conjugate Addition'

o} 1.5 equiv BrMg._~_~ . PPh,
o) L= Fe PCy,
o 5% CuBr-SMe,, 6% L P
t-BuOMe, -72 °C, 85% 973 er (R,S)-Rev-Josiphos
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Grob fragmentation

The C—C bond cleavage primarily via a concerted process involving a five atom
system.
General scheme:

Pl — gl A

D =07, NR,; L=0H,", OTs, I, Br, Cl

Example 17

OMOM OMOM OMOM

NaH
MsO 15-crown-5 | MsO

0°Ctort, 95%
OH %

Example 2, Aza-Grob fragmentation®

m 15 eq. NaBH,, THF EI\/\OH

70 °C 31h, 53% H

Example 3’
OTs
NaH, DMSO, 40 °C, 1 h;
OH then tosylateo, 40°C,1h Voo
MeO 52% e
Example 4°
H

1.1 equiv KHMDS

THF, 0 °C, 15 min.
93%

Qi

J.J. Li, Name Reactions: A Collection of Detailed Mechanisms and Synthetic Applications,
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Example 4°

OH 5 mol% PtCl,

O
N o O Y
i =——Ph i-PrOH, 100 °Cc

l I:°t®l toluene, 83%
Grob-f ®
fragmreontatzg‘ra\‘ ) lPt ]
OH Ph
- o~
A Ptl
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mentation as a general reaction principle. The heterolytic fragmentation has now en-
tered textbooks under his name. Experimental evidence for vinyl cations as discrete
reactive intermediates was also first provided by Grob. Cyril Grob never acted impul-
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in Basel (Switzerland) on December 15, 2003 at the age of 86. (Schiess, P. Angew.
Chem. Int. Ed. 2004, 43, 4392.) A recent review'' revealed that Grob was not even the
first to investigate such reactions!
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Guareschi-Thorpe condensation

2-Pyridone formation from the condensation of cyanoacetic ester with diketone in
the presence of ammonia.

R R
CN
_ s |
R0 R'0” S0 R N0
H
®
HoN<H

H3N:
CN 3 /\H ()

0
. CN CN ‘3
H3N"\ H N — R'OH R
N R'07 YO \ CN
R'0” ™0 , H,N
H RT70 A
HN" 00

R H3N: R
RgoH © CN H CN
CN — OH XN SN ~ H,0 A CN
NH; =,
Hw__ R |<\ O—’ |
Rl O o) o) :NH; RCOH O R”°N" 0
O NH HyN—H l H
S H
6
Example 1
CN NHy NC CN
/\H/\ . r _O>
H
Guareschi imide
Example 2°
N_ _OH
o Q CN  0.32 equiv Et,NH “
OEt
M ' i EtOH, 60 °C, 66% N on
o) (@] NH, s , o CO,Et
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Hajos—Wiechert reaction

Asymmetric Robinson annulation catalyzed by (S)-(—)-proline.

Q HO?C’D 0

£ cat. H H
+ N
CH3CN
O 3 o)

O

HOsz
Michael N
ichael N
addltlon

enamine formation

QJ
o ’
/Q asc;;aggﬁic NGQ‘ w hydrolysis
. (0]
- o X
C‘\l o enamine aldol < @I—! H :j of iminium salt
“cof Co;, N
CO. 2 N
H 2 ® \\\COZ 0°

(0] % 0
. E1cB
oD shel— ol == o
OH D on o

I o P
S B:

“coy’

Example 1"

3 mol% (S)-proline J/i;lé
CH3CN, 100%, 93.4% ee o
Example 2°

1 equiv L—phenylalanine fe)
o 0 D-CSA, DMF, rt, 24 h,

then increase temperature
o 10 °C every 24 h for 5 days.
79%, 91% ee
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Name Reactions

Example 3*

L-phenylalanine, PPTS

(0]
% DMSO, 50 °C, 24 h 1)
o o sonication, 94%, 73% ee
OBn

OBn

Example 4°

o o 1 equiv L-phenylalanine
% 0.5 equiv 1 N HCIO,
0O DMSO, 90 °C

86%, 48% ee
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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.

o}

NaNH2 R H_ RS
NH, *  Rge

R 3

PhH reflux R2 R

non-enolizable ketone
D

S
R}&Rs Q NH,
R R®
RSl ok UK e =
R &R R ok
©NH,
CO,H
t BuOK, t-BuOH
T aw%

Example 1*
OMe
0 8
O 1. KOH, dioxane

2. CH,N O O
OMe 212 OMe
(6] OMe OMe

o 5
R S R
R‘I})k NH, ’ KR4 - \’<R4
R2

R®

Example 2°

77%, 2 steps

Example 3, Racemization'
HCeH1 1

LINHC6H11

PhH, 80 °C
46%
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Hantzsch dihydropyridine synthesis

1,4-Dihydropyridine from the condensation of aldehyde, B-ketoester and ammonia.
Hantzsch 1,4-dihydropyridines are popular reducing reagents in organo-catalysis.

)o]\ LCOZEt NH; Etochjicoza
N
> |
R H O R1

H3N:/\

H CO,Et enolate R Idol
£t onowle | K CO,Et aldo
o formation condensation

,
R H3N:J

OH :NH; ¢ OH

CO,Et
.
)jcoza — R \CcoEt — R

] 07 "R!

0~ R

CO,Et

—NH, _enamine /),ﬁ
on HO
o4 “R! formation H2N‘:) R

R
H CO,Et EtO Cf .
H?,N:/sA 2 \_{ CO,Et Michael
HN%W R0 j[ addition
® COHNTR!
R H3N:\
R R
EtO,C CO,Et H
H® EtO,C CO,Et  EtO,C CO,Et
tautomerization | | | |
N\ /R -
OR NH transfer HOR1 '}‘ R R! H R!
H
Example 17
NO,
CO2E‘ NH;  Eto,c CO,Et
N
H
nifedipine
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Example 2'°
O Ph
(@] (@] CO,Et 5 mol% Yb(OTf)3 CO,Et
—_—
' L NH,OAc, EtOH |
o rt, 90% N
Example 3"

HOS <

o] % R202C C02R2
+ J_co,R?+ NH,0Ac

(Si0,-SO3H), solvent-free
60 °C, 83-95%

OO0 O
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Hantzsch pyrrole synthesis

Reaction of a-chloromethyl ketones with B-ketoesters and ammonia to assemble
pyrroles.

CO,Et

O CO,Et NH;
N
Cl 0) N

. 3 — N\ —_—
formation HO
OJ H < HéN HoN

2

H3N:
“ \H [oN) COEt
‘\ CO,Et 1) CO,Et —Hy0 |
o | — — /0
H,N HN H,N
2!
. 2@‘)
H3N:
CO,Et
o CO,Et h cot A
" ( A
el — of — L
transfer H \Pe N
4
Example 1
Me
F3C. O Me DME, 87-140 °C
L e
Br H,N” ~CO,Me 2.5h, 60% FsC N CO,Me
Example 2’
Me
CO,Et
Me o COEt  NH,, EtOH 2
e L B
c 0~ "Me 48 h, 48% N Me
H
9
Example 3
I I
CO,Et

e
fo] o) 0~ Me
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EtO,C CO,Et
CAN (5%), AgNO; (1 equiv) me” N N Me
HSVM (20 Hz), rt, 60 min., 94% f %
Me Me

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

; H R2 Pd(0) (catalytic) R R?
R'-X + >_<— _— —
R3 R4 base =Y R4

R" = aryl, alkenyl, alkyl (with no B-hydrogen)
X =Cl, Br, I, OTf, OTs, N,*

The catalytic cycle:

Pd(0) or Pd(ll) precatalysts

base*HX
R'—X
L,Pd(0)
base E A
X X
LaPd(il LaPd(l
H ) R
RS R?
R _ R? D B H R?
RE  Ré
H Pd(I)L,X R! Pd(Il)L,,
RS\‘H'Rz C H\\\‘ ' Y R2
R1 R4 ~_ - - R3 R4

A: Oxidative addition D: syn-p-elimination
B: Migratory insertion (syn) E: Reductive elimination

C: C-C bond rotation

Example 1, Asymmetric intermolecular Heck reaction®

Pd[(R)-BINAP], EtO,C
CO,Et 3 mol%
& (X e
’T‘ OTf proton sponge ’|\l
CO,Me PhH, 60 °C CO,Me

95%, > 99% ee
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Example 2, Intramolecular Heck’

N/\l/\/OTBS

i 0.3 eq. Pd(OAc),

BusNCI, DMF, K,CO4
70°C, 3 h, 74%

Example 3*

(e}
Cl \)I\ ~ N
O ; o
MeO 1.5% Pdy(dba)s, 6% P(t-Bu)s
MeO

1.1. eq. Cs,COg, dioxane
120 °C, 24 h, 82%

Example 4, Intramolecular Heck’

N._ _ClI 10 mol% Pd(OAc), N
XX oS
NI BuyNCl, K,CO3 Z~N
H H

DMF, 100 °C, 67%

Example 5, Intramolecular Heck

Me>(j<""e

Me N Me
Me

Pd(OAc),
(R)-Tol-BINAP
MeCN, 80 °C
62%, 90% ee

Me Me
Me H Y Me H P
5 mol% Pd(P(o-tol)3(OAc), Me

NaOCHO, TBAB, Et3N o

\
NH DMF, 80 °C, 65% ”
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Example 7, Intramolecular Heck®

N
N Pd,(db \
N >(dba);, xantphos

| N\ //
A\ y K2C93, tol/TEA (1:1) N
0, \
N 80°C, 1.5h, 85% SO,Ph
SO,Ph
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Heteroaryl Heck reaction

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

ient.
N Pd(PhsP)4, PhsP, Cul s\\
OO O~
S Cs,CO5, DMF, 140 °C
N S
() !
Pd(0 S
®—| PO Py — > H
oxidative addition insertion P\d(”)
I
CSZCO3 reductive
\\ + H-Pd(l)—1 —————= Pd0) + H
[3 hydride elimination
elimination
Example 17
| \N,\
)\
Br \NW Pd(OAc),, NaHCO, @\IN
N
S TR
Bu O P EE Bu
Example 2’
(o
D
N K
N , C \
Pd(PhsP),, KOA N
N~ °Cl DMA, reflux, 65% N
Example 3’
EtO,C
2N | EtO,C._~
</ Pd(OAC),, Ag,CO5 <
N PPhj;, CH3CN/H,0 H
AN 84 °C, overnight
N 86% N
i32 Bz
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Hegedus indole synthesis

Stoichiometric Pd(II)-mediated oxidative cyclization of alkenyl anilines to
indoles. Cf- Wacker oxidation.

Q\/\/ PdCl,(CH3CN),, THF

MeO,C NH, then, Et3N, 84% MeO,C
/@(\/ PACI,(CH5CN), \ EtN

MeO,C palladatlon /Pd

MeO,C NHZ ™ N

Iz /i
@)
I
w

Precipitate

cl, Ci
EtsN- Pd Et;N

HpdT™ e
/@(\/ | & “ N
MeO,C MeO,C H —"PdH" MeO,C H
L, [3 -elimination
MeO,C N Chs MeO,C

10 mol% (CH3CN),PdCl,
100 mol% benzoquinone

Iz __

Example 1"

Iz /g
(@}
I
w

NH, 10 eq. EtsN, THF, reflux, 84%

Example 2'¢
Br Br
10 mol % (CH3CN),PdCl,
©\/\ 100 mol% benzoquinone @
NHTs 10 eq. LiCl, THF, reflux, 77% N
Ts
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Hell-Volhard-Zelinsky reaction

a-Halogenation of carboxylic acids using X,/PBr;.

o o

O PBr3 H,O
. R 2 R
R
JJ\OH Br, Br \HJ\OH

Br Br

o-bromoacid

o B H
[S] (} e} /‘
Br Br
('O
enolization R hydronS|s R
) Br OH
BryBr "Pr Br
Example 1°
Cl
CO,H Cly, cat. PCl3 O/COZH
—_—
O/ 97°C,6h, 77%
Example 2°
Brn CO,H
PBr; i\l
Bry, 57% Br )
ro, ()
H CO,H
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Henry nitroaldol reaction

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

R, R3
o Ry H Base HO?—QNO
P R S ~ R R
R; Ry Ry "NO, 2 4
2-nitroalcohols
H R R 0o R 00
R B 1@ 1 / B 1 /
Do, Lo | Hono, TG o T
RS HB R, R, Oo B R, OH
nitroalkanes nitronates nitronic acids
o) or aci-nitroalkanes
R3)J\ H
NO No2 R3
2Rs  HB_ Ry
Ry =— 'R, OH

2-nitroalcohols

Example 1*

)\/\/CHO
HO

Amberlyst A-21 (basic)
NO, rt, 62% X

Example 2, Retro-Henry reaction’

OH CuSQy, SiO, o
NO,
)I\MNoz
PhH, reflux
67%

Example 3, Aza-Henry reaction®

o}
o P—Ph
n 5mol% TMG, 100°C  HN"'\
NRPh L ey Ph
| Ph ~"NO,
Ph) 0.1 mBar, 26 h Ph™ X7 Ph
95%, anti:syn = 98:2 NO,
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Example 4, Intramolecular Henry reaction'

H

(N "
0=\, NS0 DBU, MeCN m
O,N
~_A_no, 62% 2

e}

.

Example 4, A highly asymmetric Henry reaction catalyzed by chiral copper(Il)
complexes

OH
5 mol% Cu(OAc), NO,

CHO
5 mol% L
+ CH3N02 [
FsC EtOH, rt, 36 h, 94% FsC 87% ee

Ph
Ph
WOTMS
N

L= N

=~

S

References

1.
2.
3.

11.

12.

Henry, L. Compt. Rend. 1895, 120, 1265-1268.

Barrett, A. G. M.; Robyr, C.; Spilling, C. D. J. Org. Chem. 1989, 54, 1233-1234.
Rosini, G. In Comprehensive Organic Synthesis; Trost, B. M.; Fleming, ., Eds.;
Pergamon, 1991, 2, 321-340. (Review).

Chen, Y.-J.; Lin, W.-Y. Tetrahedron Lett. 1992, 33, 1749-1750.

Saikia, A. K.; Hazarika, M. J.; Barua, N. C.; Bezbarua, M. S.; Sharma, R. P.; Ghosh,
A. C. Synthesis 1996, 981-985.

Luzzio, F. A. Tetrahedron 2001, 57, 915-945. (Review).

Westermann, B. Angew. Chem. Int. Ed. 2003, 42, 151-153. (Review on aza-Henry re-
action).

Bernardi, L.; Bonini, B. F.; Capito, E.; Dessole, G.; Comes-Franchini, M.; Fochi, M.;
Ricci, A. J. Org. Chem. 2004, 69, 8168-8171.

Palomo, C.; Oiarbide, M.; Laso, A. Angew. Chem. Int. Ed. 2005, 44, 3881-3884.

. Kamimura, A.; Nagata, Y.; Kadowaki, A.; Uchidaa, K.; Uno, H. Tetrahedron 2007,

63,11856-11861.

Wang, A. X. Henry Reaction. In Name Reactions for Homologations-Part I; Li, J. J.,
Ed.; Wiley: Hoboken, NJ, 2009, pp 404—419. (Review).

Ni, B.; He, J. Tetrahedron Lett. 2013, 54, 462-465.



314 Name Reactions

Hinsberg synthesis of thiophenes

Condensation of diethyl thiodiglycolate and o-diketones under basic conditions,
which provides 3,4-disubstituted thiophene-2,5-dicarbonyls upon hydrolysis of the
crude ester product with aqueous acid.

o) o) o)
" Eto)j\/s\)J\OEt HO s 0

NaOEt, EtOH
2. H30* Ph

s
< CO,Et
CO,Et EtO
i Ph.  Ph
Ph .
s Ncoset HO,C~Ng” ~COEt  Teflux oo COH
Example 17
o)

81%

NaOMe SOCI2, pyr.
Ph%Ph Ph 89%

H

H3C o)
CHs  SOCk, pyr.
o)
W e
90%

O

Example 2*

O~ O~
(CHO)3, NaOMe
MeOH, 42%

S
W Wl
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Example 3°
1. O o) Ph
P~ S~pp o
o KOH =
N\ S
) 2. SOCly, pyr.
9% vyield, 2 steps
oy Ph g
Example 4°
HsC.  CH
HG  CHs NaOH, MeOH ° ®
+ NCTs7TeN 7\ NH,
(o) (o) 94% NC S

(0]

Example 5, Polymer-support Hinsberg thiophene synthesis’

O o o O g
i OJ\/SVR1 . >\_</ KOt-Bu

CO,i-Pr

Ry =
O CONEt,
PPh;*

0
S
)k//\\g/ _10%TFA o)i%,&
CH,Cl, R
RJ 2 Ry
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Hiyama cross-coupling reaction

Palladium-catalyzed cross-coupling reaction of organosilicons with organic hal-
ides, triflates, efc. 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.

Pd catalyst

R'-R?
activator

R'-Siy + R2?-X

R = alkenyl, aryl, alkynyl, alkyl

R? = aryl, alkyl, alkenyl

Y = (OR)3, Me3, Me,OH, Me(3.)F(n+3)
X=Cl,Br, |, OTf

activator = TBAF, base

Ar'—Ar? \

Ar'—Pd(Il)—Ar? Ar'—Pd(Il)—X

Pd(0)

Ar'—X
reductive oxidative /
elimination addition

trans"metal"lation

RsSIF + x© ©
° R R ®
Ar-$i7_ | BuN
TR

F
Example 1"
[
/ A\ =
@\ MeO,C~ g S/
s” SEY (s e ngpda),
DMF, KF, 100°C ~ MeO,C7 g
82%
Example 2°

o
\ N
CsHyy Si(OMe);

BusNF, Pd(OAc),, PhyP

DMF, reflux, 72%

CsHqq \ /
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Example 3’

Me~g; [allylPdCI], (7.5 mol%) HO

TBAF, THF, 25 °C, 60 h
OPMB 61% PMBO

MOMO.
[allylPdCI],
TBAF (12 mol%)
A\ X THF, 60 °C, 20 h
| . 20%
Me = "l
o\l/o
Ph Ph

Si(OMe)3 RPh
TBAF+3H,0, toluene

+ 2equiv @ O
100 °C, 20 h, 99%
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Hofmann elimination

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

B
B, (NMe; Base PN
\ E2

Example 1, Amine released from the resin by Hofmann elimination'
OMe

Et,NH, CH;CN

_—

65 °C, overnight

58%
oH OMe OMe OMe
MeO O IO n-BuLi, THF MeO MeO
O Ti 0 °C tort, 2h
310/0 350/
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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.

o) Br H,0
2 2 R-NH, + cO,!

(0} (O
)J\ © N R)%N,Br 6
R ‘\NH . O Br—-Br ___ ) _
H H N Br
N R” NH N RNV
SoH CoH
AN H
R_N—C—O ,N O\
- — R “H —— R-NH, * CO,T
SoH © ‘\QOH
isocyanate intermediate
Example 1, An NBS variant®
O H
N

NBS, DBU, MeOH O
'y

flux, 25 min., 70% o)

refriux, min (] 02N

Example 2, Todosobenzene diacetate’

O,N

OCOCF
e OE0 Ty
M .|
dNHZ OCOCF, O)\EH VQ))J\ cF,
“on  CHsCN/H,0,4.5h, 100% " oH
®
H

.0

Jots - N
. °
o e
‘OH
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Example 3, Bromine and alkoxide®

Br, NaOMe
MeOH, rt — reflux
75%
Example 4, Sodium hypochlorite’
OH OH

NaOCl, ag. NaOH
HO o o 0
HO CONH,  50°C,81% NH,

Example 5, The original conditions, bromine and hydroxide’

Ph
Bry ag. KOH Ph
N=N
Sy \X\CONHZ 0 °C to reflux '\Z\Nj_\NL\/X\NHZ
Me

80%
Example 6, Lead tetraacetate'

o Pb(OAGC),
CONH, ————— NHBoc
t-BUOH, EtzN

reflux, 75%
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Hofmann-Loffler—Freytag reaction

Formation of pyrrolidines or piperidines by thermal or photochemical decomposi-
tion of protonated N-haloamines.
al 1. HY, A " D

RN Nge 5 on N
R2
9| " N %CI H . CI. + )H\/\/ ol
— S N2
R1/\/\/N‘R2 R1/\/\/%\R2 homolytic R! o R,
cleavage
chloroammonium salt nitrogen radical cation

)./Q'T‘Hz

- H
1,5-hydrogen Ri ) R2 — R1/\/\/%R2
= A wH |

R H 3Rz  atom transfer C% H
R‘I/\/\/,x RZ
®

o ,
® R\, H_, R
mHz MH NSy © N
2 R! R?

.
R K2 R2

R

Example 17

1. NaOCl, 95%

2. TFA, hv, 87%
3. NaOH, MeOH, 76%

HO

4

Example 2
Br 65 °C, 30 min.
—_—
N N
/N v 25% e

Example 3°

NCS, ether, Et3N

then hv, (Hg® lamp)
NH N NN
0°C, 3.5 hin N,
100%
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Example 4’

PhI(OAc),
or Pb(OAc),

I, hv, 99%
N——P(O)(OEt),
AcO

AcO

T

Example 5"
j.]\ )CFs 1.0 equiv CBry, hv Q  CFs
0.05 M PhCF
Me O °N ° Me O° N
)\)\AB{ 100 W flood lamp Me)\/K/ﬁ%
Me MeMe rt, 7 min. Me
. (0]
1.25 equiv Ag,CO3 )J\
CHZC|2, rt,1h Me O (o)
then AcOH, 15 min. )\)\/}\
> 69% overall Me MeMe
13
Example 6
CF;
CF; |
3 equiv |, K,CO4 N~
N e |
| °Cc t-Bu N O
N CH,Cl,, 80
t-B OH 2> 2
Y sealed tube, 87% O\<
OBn Ph
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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 zrans- rather than the cis-
olefins.

NaH, then CO,Et

o o o]
EtO-{ = EtO-~{
B Fl\)J\OEt RCHO R T B0 FL\ONa

(@] (@]
5 o o
eo-p_ I EtO- EtO-|
Eto” %OEt _ EtO7 FL\AoEt Etozﬁfkoa
f -

)\) R

' Q)R
He v

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

3 o

LOEt
Z OEt —
FioE ——~ O oEt K co.Et
e H P\ H 2
CO,Et R CO,Et

erythro, kinetic adduct

o
o]
S) _OEt i OEt CO.Et
Q 'l’\OEt —— OxP-ogt . _/ ?
H“H“CO2Et H“PEKHCOZEt
R H R H
threo, thermodynamic adduct
Example 1°
NN
OW (IF? 0 (0]
EtO~ - COEt
CHO EtO” \)koa z
NaH, THF, 95%
OMe OMe
Example 2*

o o
CHo  EtO<p x_CO,Et
/©/ EtO/'AQI\OEt 2
BnO

KOH, THF, 95%  BnO

Example 3’
Me

0
OMOM OMe
H H |
_O EtO’ /\ﬂ/ S o - N

H —>
OTBDPS NaH, THF

92%

OMOM

OTBDPS O
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Example 4, Intramolecular Horner—Wadsworth—Emmons’

TBSO

18-crown-6
Toluene

-20°C
67%

MeO:..

MeO

Example 4"’

(e}

ﬁﬁ (EtO),P(O)CHMeCOMe

NaH, THF, 0 °C, 80%

CHO
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Houben—Hoesch reaction

Acid-catalyzed acylation of phenols as well as phenolic ethers using nitriles.

OH
OH
RCN
—_—
HCI, AICI3 OH
OH
NH<HCI R™ 0O
AlCI, complexation electrophlllc
R—=N:—" substltutlon
R—N AICI3
OH OH
- hydrolysis
H,0: OH OH
™ - SXNH,
R”CNH-HCI (o
H

Example 1, Intramolecular Houben—Hoesch reaction’

(@) OMe (@) OMe
\[ \©/ 1. ZnCly, HCI(g), Et,0
CN 2. H,y0, reflux, 89%
OMe

O OMe
Example 2°
F OH MeO
PivO CN COMe SbCls, 2-chloropropane
.
OMe MeO OH CH,Cly, rt, 2 h, 95%
Example 3°
Noghae' Z NH,
e = | NH2-HC| BCl3*CH,CI,, ZnCl, 14CU_\ | 14Cu = 14C.labelled
N then aq. HCI cl
(0]
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Example 4°
Cl
o OMe O
NC | N
OMe O HCI (g), THF, overnight MeO H
* then 2% aq. HCI
| A\ reflux, 3 h, 43% o
MeO H O
Example 5"
NN
\ NG CF3S03H, CH,Cl,
N
H 12 h, 60%
NPhth
References
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Hunsdiecker—Borodin reaction

Conversion of silver carboxylate to halide by treatment with halogen.

Tonp = o+ AgX
O A R-X + CO,t + Ag
R™N0 9 2
X—(;( o )
o homolytic
)@9 AP AgX + RJ\BQ emvars
R 1) g Cleavage
(0]
o R)J\O,x 0
Xe + A — co,T + R R-X + .
RJ’\O R)ko
Example 1°
HgO, Bry, A
CI#COzH CI—<>—Br
CCly, dark, 35-46%
Example 2°
CO,H Br
— NBS, n-Bus;N*CF3CO,~ -
CICH,CH,Cl, 96%
MeO MeO
Example 3°
(CI
CO,H ® o Br
/7 [&j 2 BF, —
®'|\l "Select fluor"
F
HO KBr, CHsCN, 82%  HO

Example 4, One-pot microwave-Hunsdiecker—Borodin followed by Suzuki'®

N COzH X Br
NBS, LiOAc

_ e PR
BnO CHsCN-H,09:1 | BNO
OMe MW 1 min. OMe
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PhB(OH),, K,CO3
Pd(PPhs), S
CH5CN/H,0 2:1 O
microwave, 5 min. BnO
64% 2 steps OMe
Example 5"
COH 5 mol% Ag(Phen),OTf cl
150 mol% t-BuOCI
CH4CN, rt, 3 h, 86%
CO,H s ’ CO,H
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Jacobsen—Katsuki epoxidation

Mn(IIT)salen-catalyzed asymmetric epoxidation of (Z)-olefins.

R R
=N_ /N_
/Mn\
R’ o|o R! o
3 5 Cl 3 5
RR__R R? R? R: /\R
R* R® RV "R
terminal oxidant, solvent

1. Concerted oxygen transfer (cis-epoxide):

. . 5 RA\_ R1 R N R, R R,
T+ 0 —_ ) — o — \ /
Mn(V) n(v)

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

R, R R4 R R,
R Ri,{ - Jaset -
=/ "Mn(v) T T = Q g
Il Mn(V)
Mn(V)
3. Oxygen transfer via manganaoxetane intermediate (cis-epoxide):
R [2+2] R R Ry
R e ) e i e
— Mn(V) R ~Mn(V) cycloaddition Mn(V) o
2
Example 1
cat, 4-phenylpyridine-N-oxide
COLEt CO,Et
— NaOCI, CH,Cl,, 4 °C, 12 h
56%, 95-97% ee O
H iH
—N  N=
cat. =  tBu o|o t-Bu
Cl

t-Bu t-Bu
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Example 2°

O 0 o

O cat., NaOCI o

58% yield, 89% ee

PR NN Ph

Example 3°

cat. NaOCl ©i> — O/\O \/I\)/\/

o)
T

88% it}

88% e ZNHt-Bu

indinavir (Crixivan)
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Japp—Klingemann hydrazone synthesis

Hydrazones from [-ketoesters and diazonium salts with the acid or base.

KOH H 0
AN c® \(Lco R N L .
2 * 2 Ar” NT SCO,R )J\OH

(0]
Diazonium salt p-keto-ester hydrazone
® N=N-Ar N AT
OH =N- o
U . HO 1
H‘/ deprotonation coupling \ N
CoOR  — COR
COzR 2 o
O> Q o)
@
— I 1
+ QO T 5 N F
§<A<C02 OH Ar/N“NécozR Ar” "N” TCO,R
O OH
Example 1*
COLE coEt
N_ R
Me” A Narto: Me/N//S\\ CI@
0o conc. HCI, H,0 oo ®
NH, 0°C N2
O
COzEt NMe,
Me NMe,
CO,Et P \\/\©\
NaOAc (pH 3-4)
0to 50 °C COzEt
72%
Example 2°
H
/gr\( 0.5 NKOH, THF, rt, 1h N‘NJ/;(\E
then @[
HO,C 0
N
N2 o 62% yield
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Example 3"
NR;R,
o O KOAc, H,0
ij)kOEt * —-4°Ctort
®N 60-85%
(Ul
N
NRR,
CO,H
H*, 100 °C NRR,
HN. .
N _850
| 70-85% N CO,Et
OEt
HOzCN\)Y
o}

Example 4, A Japp—Klingemann cleavage''

®
N.
WA Aot

Ci 54% cH

—Z2
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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.

) o Qoo ()
@ 1] CrO3ClI Cr,O
CrO4/H,S0, @ Cro, SN : S )

2 |
N g g

Jones Collins/Sarett PCC PDC

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.

OH CrO, o

R1/k R, HySO, acetone RiT Rp

CrO; + Hy0 — > H,CrO,

fo) S}
= OH 0(o o/
Cr(VIl) o= ~Cr—OH O/Cr—OH
H‘o- OH _— o COH Sl Y
clear orange : & ? QV
solution /*\ R1)E Ry® Ry HRz
R R, .
chromate ester
o 0. _OH Cr(lll)
+ ~cr pE———
R; R, OH green
The intramolecular mechanism is also operative:
Q. JOH
o) OH

Cr,
0G0 !
/§H‘) —— R1/U\R2 + O//Cr.OH
R
2

J.J. Li, Name Reactions: A Collection of Detailed Mechanisms and Synthetic Applications,
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Example 1°

1. Jones reagent
o< acetone, 20 min.
(0]

NN X~ 2.HCORH, rt, 1 h
96% 2 steps

~C0,t-Bu

Example 2’
O
CO,Me
CI’O3, H2804
acetone/H,0O
_—
rt, 74%
A
9
Example 3
CI’O3, H2804

acetone, 0 °C
1-2 h, 86%

HO
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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. CrO;*2Pyr is known as the Collins reagent.

Example 1°

o
)i oH 8 eq CrOz+2P )i
eq CrOz2Fyr
Ph” >0 0 Ph™ "0 °

> CH,Cl,, 15 min., 86%
o

(0]
Example 2’
OMe
OMe
. Me
Me 7 equiv CrO3+Py,
CH,Cly, 30 min., 75% CHO
7 OH MeO,C~ Me
MeO,C Me
9
Example 3
R R
Ry R, T2 Rs
R3 CrOg, Pyr. | |
D
N Ry 50-60 °C, 48 h N Ra
) 50-65% PhO,S O
PhO,S o
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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 reactions®

tBu.l PCC, Celite, CH,Cly, 1t, 30 .p_| o

then PhzP=CHCO,CHj3
80% 95:5E:Z

0
Eio,c. DO 1:8eaPCC, CHCl EO,C.
N rt, 3h, 75%

Example 3, Allylic oxidation*

Example 2°

PCC, pyr.

CH,Cl,, reflux Ph
8 h, 64%

OAc OAc
Example 4, Hemiacetol oxidation’

HO

o) o)
PCC, CH,Cl,

75%, 93:7 er

Cl Cl
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1. Corey, E. J.; Suggs, W. Tetrahedron Lett. 1975, 16, 2647-2650.
2. Bressette, A. R.; Glover, L. C., IV Synlett 2004, 738-740.
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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 17

PDC, CH,Cl,
S S s
o) 24 h, 68% Y

I\ T

s CHO
OH s

Example 2, Cleavage of primary carbon—boron bond”

BOH) PDC, DMF
NN 2
rt, 24 h, 75% COH
Example 3, Hemiacetal as an intermediate’
OTBDMS
oy _ PDC, DMF
: t, 24 h, 56%
OH OTBDMS ' ° oo
Example 4
1. PDC, CH,Cl,, reflux =~ S
2. propane-1,3-dithiol Br E
F4BOEty, CH,Cl, O s >
A
3. conc. HCI, EtOH, reflux N

89%
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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.

-N
R N
>\ /\ 1 1. KHMDS NG S_oH .+ SO,
1 “N
2. R,CHO \
Ph Ph
ON(TMS 0
g s&
Ry )H A R,
H ) N-N)O
NN R R, — ! N
71\ 1 - ",
\N%soz >\ S0, N 8 R4
Ph
Ph Ph
N -N
// >\o‘) R, - N SYon + SO,
RN \ \AR FO - > 1/§/ 2 N\N
Ph )
R™ S Ph
Alternatives to tetrazole:
N N N FsC
1y \
\ »\ N\>_ / N H\N>—
N — \
Fl’h S t-Bu
FsC
PT BT PYR TBT BTFP

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

o]
Il

A ~

H R2
SO,PT

Example 1, (BT = benzothiazole)’

\<I\/SOZBT

Example 2°

. OHC\<]\/0T|PS

SOLPT

NaHMDS, DMF WOTIPS

-78 °C to rt, 90% E:Z (78:22)

OMe

KHMDS, THF, -78 °C, 85%
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Example 3’

25°C, 64%

O
1] KHMDS, toluene
)\/\/K/\ * @ I
CHO =N O‘\_L
OTIPS

OTIPS TIPSO

= AN 88: 12 = =
Example 4°
MeO OMe
1) P4-t-Bu, THF, 78 °C
FsC ome .
g 2) CHO OMe
0 74%, yield
(6] MeO MeO E/Z =98/2
References
1. (a) Baudin, J. B.; Hareau, G.; Julia, S. A.; Ruel, O. Tetrahedron Lett. 1991, 32,
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Kocienski, P. J.; Morely, A. Synlett 1998, 26-28.
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Julia—Lythgoe olefination
(E)-Olefins from sulfones and aldehydes.

1. n-BuLi
SOZAF
~ _Ar 2.R'CHO R Na(Hg) PN R
0o CH,ZOH
3. Ac,O OAc 3
SOLAr

R'I
o )\r
n-Bu \v SO,Ar R

H a-deprotonation R)@/\Fv coupling 8\' acetylation
L oY
R™ 8{ H C
oo O O
SOzAI’
R’ SO,Ar
R ’ Na(Hg)

o R
-~ R SO,Ar + R
O CO R)\( single electron 2 “r

%} \ﬂ/ OAc transfer (SET) OAc

4 possible diastercomers

Na(Hg) @/} R

Coac * g

single electron
transfer (SET) OAc

Example 17

1. n-Buli, THF, =78 °C 3 Ac,0

Y soen 4. Na(Hg)
43%
OHC

E:Z (99:1)

Example 2°

oTBS SO,Ph
0s— Li
N
TEOC i H 1. THF, -78 °C \
2. Ac,0
dho 3. 5% Na(Hg), 77% N
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Example 3’

n-BuLi, THF, 0 °C to rt \
Ph 61-75% >§_®, m-CPBA, CH,Cl, VK(@
>—S
OHC Hs HO °C 80-98%

Ph CH; Na/Hg

5 A
Ac,0, DMPA, CH,Cl, SO, THF, MeOH
—’DC N H,C
0°C to rt, 60-95% -20°C, 53
or (4 OAc (J
Example 4°
o 1. LDA, THF, -78°C
Ph
PhSsp, © 7 "cHo
2.BzCl, -78°C tort
3. Me,N(CH,);0H
Ph Sml,, THF
HMPA, -78 °C
Ph. Ph :
i PR
O OBz 67%, E/Z = > 95:1
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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 TT,0.

pvo OV PR/ 0
&i P 9 °
. 11 HO
PivO : S N
PivO \Ph 3

SPh

CHs
ﬁ OPi
. v
PivO
t-Bu” SN” t-Bu w%o o
o
Tf,0, CH,Cl,, ~78 to ~30°C  PIVO 0

PivO N
SPh
FE O~ O F
||D It
_F §O—§—€F pvo PV
Pi OPiv F go o F . Syl
ivO © . N
., TfO + Oy oTf —
o o PivO . @
PivO -~ @S\ PivO \4*pp,
Ph
. OPiv .
PivO . OPiv
S. @ o) PivO
T T e R
. \
PivO HO i
PNO ™~ Nj PNVO— 50—,
SPh ® sPn
oxonium ion

Example 1'

i, Tf20, DTBMP, CH,Cl; B0 OMe QOMOM

o HZoan
+ n
OMOM 0B ~70 to -50 °C, 38%

O
BzO OMe~OH ogr"

OBn
oBen

Example 2*

O._OTIPS

MeO “OTBS
OH
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Tf,0, DTBMP, CH,Cl,

-781t0 0 °C, 67%

Example 3, Reverse Kahne-type glycosylation®

N Nu

o) O
YO < P
o . \< Tf,0,CH,Cl, O - \<

H e} z (0]
-78°C, NuH
MeO OMe MeO OMe

OCbz OCbz
NuH = ROH, ArOH, ArNH,, CH,=CHCH,TMS
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Knoevenagel condensation

Condensation between carbonyl compounds and activated methylene compounds
catalyzed by amines.

()

H RN CO,R!
R-CHO * CH,(CO,R'
2( 2 )2 —_— C02R1
/HQ)H(COzRUZ deprotonation ©) o
C-- ,7E>NH2 + SCH(CO,R"),
NH
H (CO,R",CH ©)
._/—\‘H iminium ion /JV(NOH NH
CNH MO =———— Ry —_—
R” 0 :

H
formation Q R)C\J\{@

CNH o [OH o
..\' < ‘/R HO, 0) o)
RN o . R
R H hydrolysis X o RTX (o)
1= /R1 - ©
H >—':€COzR o) 4\0 o R o
©0

. 1 -
@) CO,R ., g Lo 2
7 OH H(ﬂ\
@ .
H R/ﬁo decarboxylation co,t + R/\.WH R/\/C()zH
k H
workup o~ on
Example 1°
(0]
S
| o =0
|N\ N\/\O (0] ”
=
S,
piperidine, AcOH N '|\l s >=O
toluene, reflux | Sy "0 (0] H
Dean-Stark trap _

95%

J.J. Li, Name Reactions: A Collection of Detailed Mechanisms and Synthetic Applications,
DOI 10.1007/978-3-319-03979-4_147, © Springer International Publishing Switzerland 2014



Jie Jack Li 345

Example 2, EDDA = Ethylenediamine diacetate’

NCbz Meldrum's acid

Boc EDDA, PhH, 60 °C
CHO 12 h, 84%

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

XCHO <CN ethylammonium nitrate @/\/\(CN
+
©/\/ CO,Et i, 10 h, 87% CO,Et

Example 4°
| \ SO,Me o
_ \
N N m N
MeO,S K
Ol
o
piperidine
2-propanol, reflux
89%
MeO,S
11
Example 5

CO,Me

0.5 equiv

CHO D c} Z ~CO,Me
NH;  O,CN >

+  CH,(CO,Me),

neat, rt, 84%
NOZ N02
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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 R
R 3 R~ R
OO — ;T LN
| + \
NH3 Ry R, Y Rs R} R3

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

R Rs '

e o . )_Z/OH ,}iz;o
NH; R1 OR, R, R,
R R

_ NHNH, %; ﬁ:}‘ - i'}‘

NH \_NH
R on R

Alternatively,
R
NH2NH2 _N\NH \'Tl \’Tl
o’ NH \_NH
R
Example 17
Me
OMe O MeNHNH, HCI, H,0 N
N
MeO Me 68% W,
Me
Example 2°
o o
o) EtO,CCF3, NaH, THF
CF,
Me -5 to 0 °C, 30 min.,
rt, 5 h, 95% Me
Me
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Me

O

Il H = CE
HoN—-S N—NH,eHCI / 3
1 N‘N
(0]
EtOH, reflux, 46% le) Q
NS

H2N/S\\O Celebrex

Example 3°
(e} (0]
MOEt N /@[NHNHZ AcOH
cl cl reflux
al Me O
Cl
Me,  CO,Et
\
/N'N NH °
Cl al * O N|
( j/ /QMOE
66% Me O 27%
al Cl
References
1 (a) Knorr, L. Ber 1883, 16, 2597. Ludwig Knorr (1859—1921) was born near Munich,

Germany. After studying under Volhard, Emil Fischer, and Bunsen, he was appointed
professor of chemistry at Jena. Knorr made tremendous contributions in the synthesis
of heterocycles in addition to discovering the important pyrazolone drug, pyrine. (b)
Knorr, L. Ber 1884, 17, 546, 2032. (c) Knorr, L. Ber. 1885, 18, 311. (d) Knorr, L. Ann.
1887, 238, 137.

Burness, D. M. J. Org. Chem. 1956, 21, 97—-101.

Jacobs, T. L. in Heterocyclic Compounds, Elderfield, R. C., Ed.; Wiley: New York,
1957, 5, 45. (Review).

Houben—Weyl, 1967, 10/2, 539, 587, 589, 590. (Review).

Elguero, J., In Comprehensive Heterocyclic Chemistry II, Katrizky, A. R.; Rees, C.
W.: Scriven, E. F. V., Eds; Elsevier: Oxford, 1996, 3, 1. (Review).

Stanovnik, E.; Svete, J. In Science of Synthesis, 2002, 12, 15; Neier, R., Ed.; Thieme.
(Review).

Sakya, S. M. Knorr Pyrazole Synthesis. In Name Reactions in Heterocyclic Chemistry;
Li, J. J., Corey, E. J., Eds, Wiley: Hoboken, NJ, 2005, pp 292-300. (Review).
Ahlstroem, M. M.; Ridderstroem, M.; Zamora, 1.; Luthman, K. J. Med. Chem. 2007,
50,4444-4452.

Jiang, J. A.; Huang, W. B.; Zhai, J. J.; Liu, H. W.; Cai, Q.; Xu, L. X.; Wang, W.; Ji, Y.
F. Tetrahedron 2013, 69, 627-635.



Jie Jack Li 349

Koch—Haaf carbonylation

Strong acid-catalyzed tertiary carboxylic acid formation from alcohols or olefins
and CO.

R ,—OH R—, CO,H
CO, H,0

H®

H

H / R~
R O’ i R f‘b® CH,
N protonation H
D =
H
alkyl
-
mlgratlon

The tertiary carbocation is thermodynamically favored

O‘@

o (e}
R //<—) R (ng H@ R OH
> _
\-/:OHZ — _—

acylium ion
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Koenig—Knorr glycosidation

Formation of the B-glycoside from a-halocarbohydrate under the influence of
silver salt.

AcO AcO
0 o
H ROH OR
AcO 5 —  ~ ACO + AgBr + CO,T + H,0O
AcO ABr AgCOs AcO o4
H C H Ac
AcO :
. AcO @
AcO O") H OQ
c
0O AcO
AcO D £ yo o__
H Ac o :
Ag® H 7?
oxonium ion
AcO o :O'H AcO o
ACO S ,/— R B-anomer is ACO OR
AcO /8(9 favored AcO Q H
H 7¢ H Ac
B-anomer
7
Example 1
CF;
MeO,C O Br
) ) . NO, (\N
PivO' ‘OPiv HO N\)

OPiv

CF;

NO N
Ag,CO3, 7 equiv HMTTA 2 O

MeO,C.__O._O N

CH4CN, tt, 4 h, 88%

PivO™ “'OPiv

OPiv

Example 2°
AcO OMe
O,
AcO 5 H .
AcO
b A OH
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/©/OM6
Cd,CO3, Tol. AcO o
o s
reflux, 6 h, 84%  AcO o
AcO (,)

H Ac

Example 3°

cholesterol

AgOTf, TMU, CH,Cl, VO

[¢]
4AMS,-20°Ctort o
16 h, 58% PIVO 0

Example 4''
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(0]
Ag,CO; Ac"é@éoé/o
4A MS AcO OAc
quinoline, O,,’/
0°Ctort
overnight MeO
18%
HO
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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:
O O
OH R\)LO)J\/R o R 0._0
+
L

o 1 02 3

R
~ acyI {
‘ 0O —> R enollzatlon

\f transfer

H
0__0 o_ oY 0._0

6-exo- trlg ) _ H,0
f R — = { P

ring closure H~ R R

OH B H
Example 17
O O o
OH
AN |
OEt OEt
HCO,Na, rt, 15 h, 76%

le} o) (e} (6]
Example 2°
NaOAc, Ac,0, reflux
62 %
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Krohnke pyridine synthesis

Pyridines from a-pyridinium methyl ketone salts and a,-unsaturated ketones.

o R
2
e — Jal
)J\/ NH4OAC HOAc R \N R2
@ ©
H Ho Bre R B~
Q%] S 1 Michael ne |
o @
R NI enolization R S UNZ [e)
S) addition R!
H Br o o)
) /@JJ? : =
Aec’ R’ R? R2 HO
C!
©
Br R R
R = |
MR A I
R 0, R H R
0 H . Hal
) R2‘\/.NH3 !
R
The ketone is more reactive than the enone
R R!
]
(0] A R
) | R 2 | R Z
HN Sonc RZON @ |
= He |-)| H® R N7 TR
O
AcO
Example 1'°
| X o Ph NH,OAc Ph
AcOH
N + X B — e | A
90% P
Ph X0 0% Ph Ph” "N~ “Ph
Example 2*
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Example 3°
—\ @ —
N NH,4O0Ac, AcOH X =H, 65%
\
N w N X =F, 83%
. X = Br, 82%
@) o) y 115 °C, overnight X X = OMe. 40%
Example 3°
6 equiv NH,OAC
ethanol, 60 °C
12 h, 50%
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Krapcho reaction

Nucleophilic decarboxylation of B-ketoesters, malonate esters, o-cyanoesters, or
a-sulfonylesters.

NaCl

o O o)
+ CHiCIT + co,t
R)]\/U\O/ DMSO R)J\

o o
RJ\O/U\@C'::S —= CHCIM + Co,t + )\\& — R)J\
H

“cl
Example 1°
Lil, DMF
/\j reflux, 45%
N
Example 2"
o O o)
1 equiv Li,SO,4
EtO OEt H,0,210°C  EtO
MW, 30 min
CO,Et 79% CO,Et
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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.

Pd(0)
R-X + R-MgX RRT + MgX,
oxidative R L R'-MgX
- LP _— ranermetallation.
R-X + L,Pd(0) addition L?d\x transmetallation

isomerization

L L reductive
MgX, + Pd —— R-R'" + LyPd(0)
R/ SRt  elimination

The catalytic cycle:

R! ;
transmetallation reductive

/
LoPd(Il) + R'M 2L Py, ———— RRT o+ LPd(0)
R" elimination

R-X
L,Pd(0)
R-R!

oxidative
addition

reductive
elimination

transmetallation
and isomerization

MX
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Example 1°

Pd(dppf)Cly, Et,0

Q\Br " Q\MgBr

Example 2°

S ve
MgBr Ni/Ligand Me

_—
(2-5 mol%) Me
Br 69%
Me
OO 95% ee

Example 3°

| N MgBr
Br- = @

| \

N™ “Br PdCly*(dppb) B
THF, rt, 87% r

@\MgBr

S

PdCl,+(dppb)
THF, reflux, 98%

C
OTBS  3equiv

MgBr

23 mol% PdCly(dppf)
Et,0, rt, 12 h, 75%

-30°Ctort,5h, 98%
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Example 5°

2.5 equiv MeMgClI

10 mol% Ni(acac), s

CsHyy THF,0°C,10min.  TESO N pmed
90% ™

Example 6, Nickel-catalyzed Kumada reaction of tosylalkanes''

0 Ni(PPhjz),, PCy; O

Ph4<; +  MeMgBr Ph{
Ts THF, 80 °C Me

overnight, 74%
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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.

O~

2 1 2
R Lawesson's reagent R R

R',R?=H, R, OR, NHR

(]

wn-0

n=T-0
_O
(]

(0]

A

R

\ i
o 03
0. A O
N O S NS
H Lawesson's reagent H

.S

@/

\ 2 O@P\ 2

-8 e O
S_ﬁ@o\ @\1

Fa (-
-~ O R Ny — - * \
/ N S / S
O H €]
Example 1*
H (0)
7 Lawesson's reagent
\g/\/ (Me;N),C=S
O
(0] xylene, 160 °C, 47%
OMe
Example 2°
o~ ~
Il Lawesson's  \MeO,C N—~H
MeO,C N : H 2 :

( reagent, quant. (
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Example 3, Thiophene from dione®

R | | | O R Lawesson's reagent
N N toluene, reflux
I

88-99%

R=H
R = Me
R = OMe
R =Cl
R =Br

MeO s Lawesson's reagent

Me  toluene, reflux, 100%

Example 5"
Me S
Mj %?y& 2.2 equiv Lawesson's reagent \(j/[/)\Me
2 o] 7
O N (o 0, Me I
H\\ o “H toluene, 100 °C, 33% S
References
1. Scheibye, S.; Shabana, R.; Lawesson, S. O.; Remming, C. Tetrahedron 1982, 38, 993—
1001.

2. Navech, J.; Majoral, J. P.; Kraemer, R. Tetrahedron Lett. 1983, 24, 5885-5886.

Cava, M. P.; Levinson, M. L. Tetrahedron 1985, 41, 5061-5087. (Review).

4. Nicolaou, K. C.; Hwang, C.-K.; Duggan, M. E.; Nugiel, D. A.; Abe, Y.; Bal Reddy,
K.; DeFrees, S. A.; Reddy, D. R.; Awartani, R. A.; Conley, S. R.; Rutjes, F. P. J. T;
Theodorakis, E. A. J. Am. Chem. Soc. 1995, 117, 10227-10238.

5. Kim, G.; Chu-Moyer, M. Y.; Danishefsky, S. J. J. Am. Chem. Soc. 1990, 112, 2003—
2005.

6. Luheshi, A.-B. N.; Smalley, R. K.; Kennewell, P. D.; Westwood, R. Tetrahedron Lett.
1990, 317, 123-127.

7. Ishii, A.; Yamashita, R.; Saito, M.; Nakayama, J. J. Org. Chem. 2003, 68, 1555—1558.
8. Diana, P.; Carbone, A.; Barraja, P.; Montalbano, A.; Martorana, A.; Dattolo, G.; Gia,
0.; Dalla Via, L.; Cirrincione, G. Bioorg. Med. Chem. Lett. 2007, 17, 2342-2346.

9. Ozturk, T.; Ertas, E.; Mert, O. Chem. Rev. 2007, 107, 5210-5278. (Review).

10. Taniguchi, T.; Ishibashi, H. Tetrahedron 2008, 64, 8773-8779.

11. de Moreira, D. R. M. Synlett 2008, 463—464. (Review).

12. Kaschel, J.; Schmidt, C. D.; Mumby, M.; Kratzert, D.; Stalke, D.; Werz, D. B. Chem.
Commun. 2013, 49, 4403-4405.

W



362 Name Reactions

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.

R1 R3 R1 3
; HCO,H ,
=0 + HN 2 >N+ cost + H0
R2 R4 R2 R4
1)
RLN HO H HHO 7H20 R!
_ >=O® R1+N—R3—~ ] N s >=N®
H__N. RZ H | R N R
R3 R2R* R2 R4 R*
gem-aminoalcohol; iminium ion intermediate
o R 1
{ 1 3 ® R R®
HCO,H Rz//\'_g\\R“ -CO, RUaR - H VN
H) "H ——» RH>—N-R |
A R2 R4
(o] H
O Reduction
Example 1*
N HCO,H ho
)\ " [ /]\/N\)
CHO o 60 °C, 57%
Example 2°
HCO,H, H,0 h
(0] 2t T2 N—
| 190 °C, autoclave
+ HN
16 h, 75%
Example 3’
N—
o) Ny  HCO,H, reflux HN—<\:>
DGR L
s H H,N" N 7h, 45% S
Example 4°
H,NCHO
_—
HCO,H
O NHCOCH;  4500c OHCHN  NHCOCHj
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An unexpected intramolecular transamidation via a Wagner—Meerwein shift after
the Leuckart—Wallach reaction

H,NCHO, HCO,H

o]
07 NHCOCH, 150 °C CH3COHN  NHCHO
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Li A® reaction

The Li A’-reaction is the direct dehydrative condensation reaction of aldehyde-
alkyne-amine catalyzed by various transition-metals to generate propargyl amines,
often in water."™ Many catalyztic systems such as [Ru]/[Cu],’ [Au],® [Ag],” and
iron*’ 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.
Carbohydrates'®"" can be used directly to generate the propagyl amine products.
Multi A’-reactions are also successful,'> which allows for the site-specific func-
tionalization of amino acids and peptides under physiological conditions."’ Highly
efficient asymmetric A’-reactions involving both primary amines'*'* and second-
ary amines' ° have also been succeeded. The reaction is also amenable for flow
chemistry."’

Ra<. .R4
cat. [M] N
H—R, + + R2:R,NH
! R,CHO 3T water or other solv /\R2
R4
M= [Ru}/[Cu], [Au], [Ag], [Fe] etc
Catalytic cycle of the Li A’ reaction
RS M ——R!
HN’ [ ] \( H R
2
/R
R1
M]
M \
[ ] / K == R’CHO *+ R3NH,
R1
Example 1°
_Ar
cat. CuBr HN
cat. RuCl3
R{—CHO * Ar—NH, * R,——=—= R™ ™
60-90 °C R,
HeOorneat 57 959, yield
Example 2°
RS\ /RB
N
cat. AuBr3
RICHO + H-C=C-R? + R3NH R ™S
100 °C, H,0 R2

53-99% yield
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Example 3"
Il
OH O o <;4'\> =

HO V4 o O
OHO . O . — [Au(CN)Cl,] on
H N

HQ, O o 40°C,2h ° o
o OH 83% aldehyde conversion OHO
OH 50 pL liquor OH OH
13
Example 4
= R R
R aqg. CH,0 P N)\[(OH
OH cat. CuCl L o)
HoN - R 4
o) 35°C R
R= quanidine, disulfide, thioether, phenol, alcohol
R= aryl, alkyl, TMS
14
Example 5
HN’Ar
cat. Cu(OTf)/ligand 1
R'-CHO + Ar—NH, + R*—= 4
toluene or water R %
R2
L,
S/N N—
Ph 1 Ph
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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.

(0]
© H,O
Mo R OH _ Ri-N=C=0 2 R'-NH, + CO,T

R1”\[(

o]
o]
™R o TN
S \)\J: ‘?T 2 RCO, + RI-N=C=0
K@ k:OH2
OH
isocyanate intermediate
. R1'HU*H/\OJH decarboxylation RI-NH, * co,t

(6] \:B
Example 1°

o) X
D¢ | W
N~ N 3
MsG O @NH
< BnOH, CH4CN, 85 °C, 78%

\

Example 2’
o} H o
_N___CO,Et _c*
/@)’kol Et02C (@) 2 N/C EtOH, HZO /©/NH2
B EtsN, H,0 Br/©/ 50% g
Example 3°
HsC@NHZ NHCONHAr
v (X
o/ \\ PhH, rt, 6 h, 54% CONHAr
ArNH,:
L ArNH, “
0 0
S) =C=
G N-T0SO,Ph  Lossen N=C=0
(N-0SOPh —= \/H‘ Tj H
%/Ar N, “Ar
(o} H, 3 Ar )
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Example 4°

N AN /(j NY©
H | X DBU, THF, H,O /[H/N |
N
AcO” H,N

N

N -
reflux, 1 h _C” j\ j\
’ o~ o)
o)
(e} (e} j\OMe MeO OMe OMe

MeO

Example 5"

4-NsCl, j-ProNEt

(0]
THF,0°C NHAlloc
.OH
N B —————
H allyl alcohol,
N-methylimidazole

89%

OH 4-NsCl, lPerEt NCO
T THR. 8%
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McFadyen—Stevens reduction

Treatment of acylbenzenesulfonylhydrazines with base delivers the corresponding
aldehydes.

(0}

H Base 0
J N B 1

R™TN7S0Ar R H
O
H o o
)J\ NGO homolytic O
RN SOAr R)J\N/N H———— N, T+ )lo’ﬁh —>R)]\H
H Oj cleavage R oH
B:)
Example 1°
(0]
O,N
2 \©)ka
HN. o
S0, KoCO3, MeOH g !
reflux, 1 h, 75%
Example 2’
O o Na,COg3, glass powder 0
N ethylene glycol
N\ \ / y gly { N o
N NHNHT. microwave (450 W) \ /
H s 90% N H
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McMurry coupling

Olefination of carbonyls with low-valent titanium such as Ti(0) derived from
TiCl;/LiAlH,. A single-electron process.

R! 1.TiCly, LiAH, R! R
o = + To
R? 2.H0 RZ R?

Ti(NClz + LiAH, —> Ti(0)

ZZZM/_//_/Z
homocoupling

R! single electron
O O

B erico) . .

R2 transfer R _" "_R
R? R?

radical anion intermediate

LLLL Ti Ti/_//_/é L0 T T/
1] |
o 0 [o}Ne} R! R! e
LLLL T Ty
R1_‘_’_R1 — R Rl — 2>:< , + 6 6
R2 R? R2 R2 R R

oxide-coated titanium surface

Example 1, Cross-McMurry coupling’

OH MeO,S OH
@
Zn, TiCly, reflux O Q
+ 0
o 4.5h, 75%, > 99% Z —

Example 2, Homo-McMurry coupling®

Zn, TiCl,, THF,110 °C >L
SOCHO O y O s

microwave (10 W), 10 min. S

87% 7<
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Example 3, Cross-McMurry coupling’

OMe ©
Zn, TiCly ﬁ_(
THF, 78%
@ﬁﬁ Qﬁ@x L i
Example 4, Cross-McMurry coupling'

Zn-TiCl,, THF MeO O \
/©[ ]@ > swoCmen O
BnO

reflux, 2.5 h, 77%

OH
12
Example 5
Me TiCl, Zn-Cu S
o)\lvle DME, reflux N
24 h, 70% \
\ Bn
Bn
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MacMillan catalyst

Highly enantioselective and general asymmetric organocatalytic Diels—Alder reac-
tion using a-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;’ o-chlorination;® hydride addition;” cyclo-
propanation;® a-fluorination.” The second generation MacMillan catalyst (2) was
used to catalyze 1,4-addition of indoles to a,B-unsaturated aldehydes.

(6] Me
N
Phj)’, Me
H Me
HX

imidazolidinone 1

NO 5 mol% (1)
+ = 23 °C

82%, 94% ee
(endo/exo 14:1)

(0} Me
N
M
/ Phj){ © dlenophlle
CHO N Me
HX

/ Me Me x
N
k«N ) \X

diene

Q. s
N
R2 H%
Ra | + R4MO imidazolidinone 2
N 20 Mol% 2, CH,Cly-i-PrOH .
R 87 to —50 °C 70-94% yield

89-97% ee
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Example 1"
~o ~o
20 mol% 2 X0
Bn + NS0 0%, 00% e Bn.
\N ’Tl
I|3n Bn
Example 2"
BocHN
Br
| 1. 20 mol% 2
N PNy ——————
2. NaBH,4, MeOH
2
OH j/—<_
Br N 1°N — > Br NN
H éOC H |\|/|e
I |

78% yield (—)-flustramine B

90% ee
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Mannich reaction

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

®
j\) OH ® OH, ©
R A, _H RS Rx#

NTTH — = N H ——

. ! J R
N
R R R

When R = Me, the "Me,N=CH, salt is known as Eschenmoser’s salt
H

(0]
o e V':)R VL
2
1 —_—
RQJ\RZ enolization R J‘/) )

R
The Mannich reaction can also operate under basic conditions:

T
T

@
(0]
(0]

> R~ o
R1\&J\ g2  enolate \)/kRz R
R .G —_— N R2

H formation ~
B: /‘

®
AR\

-Z

Mannich Base
Example 1, Asymmetric Mannich reaction’

NH,
).J\ OHC\©\ 35 mol% L-proline O HN
+ + <
0, 0,
NO DMSO, rt, 50%, 94% ee
O

2

Example 2, Asymmetric Mannich-type reaction’
N/o-Ts o o TS\N
| In(Oi-Pr)s, ligand =
T LD Q
I OH </ 5AMS, THF, it 80% OH

o
Example 3, Asymmetric Mannich-type reaction'

% I

o HNJ\R3

R1)J\Al\ * )\H N = H 10 mol % 1/Uj\f\R4
o ArO,S

Ry Na,COj3, NaCl, -15 °C Ry (0]
72-98%, 99:1 er

\..o
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Example 4"
PMP.
(0] NH O
- PMP L-proline, DMSO
| + EtO,C
EtOZC)\H rt, 81% syn
Ph Ph
Ph Ph
0 %
’)<N L-proline, DMSO o NH O
| +
071) rt, 81%
o}

Example 5, Vinylogous Mannich Reaction (VMR)"

0.6 equiv BF3*OEt, -

+

MeO™ >\ = @\ O

Cllbg otepps ©O oTMS CH,Cl,, -78°C, 1 h © HH (';lbﬂ OTBDPS
97% z
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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.

¢ H
H H ® H O] e wHo_r
= - — | T e
H R H Br
sz

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

Exception to Markovnikov’s Rule:

Br

A HBr
©/\/\8r @/K/\Br
—_—
H

P .
) / ® ,/ Br
Br HS WBr ®
Br — Br Br
©/\A ' H stabilized
bromonium ion

favored

Br unstabilized
not favored

Example 1°

N
\/\NHZ + C32 + (0] N _ )\
S

/ 73%

Example 2, Markovnikov-selective hydrothiolation of styrenes*

4@ THF, 70 °C 040

S
)J\N/\/
H

10 equiv TFA S N

o Me N
s e
S CH,Cl,, rt, 85%
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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.

1 R2
Rl R  Her pRER

>:<R cat. ROOR B:~

H r H

Radical mechanism:

Initiation:
ROXOR —= 2RO:
ro/ NG, — Row - e
Propagation:
N R'R?p  favored b
1 > A R avore ecause
Br. ﬂr\ R >: L this radical is
H>—<_ . - Br . more stabel
2 1 2
R' R R H R'R°R
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Termination:

NN, —— Bn
Br. * Br
Example 1, Anti-Markovnikov oxidation of allylic esters'

2.5 mol% PdCl,+(PhCN),
1 equiv benzoquinone

o” "o

t-BuOH/acetone (24:1) O o
s t, 73%

Example 2, Anti-Markovnikov hydroamination’

MeHN
= Cp,ZrHCI
OMe % THF, 25 °C
N _— >
. MeNHOSO3H
[ Y~ “OBn 50°C, 0.5h
N~ 92%
References
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Martin’s sulfurane dehydrating reagent

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

OH Ph,S[OC(CF3),Phl, )L . PhyS=0 + HOC(CF3),Ph
~ ®
H-0Ot-Bu Ph S/,O—C(CF3)2Ph
2
( OC(CF3),Ph ‘\9
ths HOC(CF,),Ph + 3 E——

@ "OC(CF3),Ph /{\

The alcohol is acidic

(vH—\jOC(CFg)ZPh .
.. —C(CF3),Ph
OC(CF3),Ph protonation thsco (CFa)
hy | OC(CF3),Ph  + o -
(0]

@

Ph,S o -elimination
*{o jOC(CF3)2Ph4.B )k + PhyS=0 + HOG(CF3),Ph
7~ H E1cB

Example 1°

OBn Martin's sulfurane
\‘o :
\ "'OPMB  Et.N, CHCI,, 50 °C

85%

OBn
o) \\
N "OPMB
oMe
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Example 2°
C|>Bn BnO
OHOBn Martin's
@/ sulfurane
_—
PhH, reflux = "™
Q ¥ OB gy, Q3
Example 3’
HO CO,Me co,Me

@\ 1.5 eq. Martin's sulfurane @\
TBSO™ ™ TBSO™ ™Y
SO° " 0 ome  CHzClart, 24 h, 84% SO Y 0 ome
(@) \ O. \
MeO MeO

Example 4°
i-Pro OMOM i-PrO OO OMOM
O
(@]
HACO OO H,CO
OCH;  HN, OCH;  HN,
7 Martin's
sulfurane
cl _ Cl OTIPS
PhH, rt
83%
Example 5"
MeO [Ph(CF3),COL,SPh,  MeO
0,
MeO CH,Cly, rt, 74% MeO
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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. a-Keto or a-alkoxycarbonyl
phosphonate required.

o o
I
Ao X CHO + (EtO)zp\)J\

Cx)
N pBU

LiCl, CH3CN, 70%

OEt

O/VW\/COZEt

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

(IDI 0]
EtO),P.
(% OFt 8 Licl
H deprotonation (,? 0
(’ (Etobp\)\oa chelation
N
~

O

Li
90 0
(EtO)ZPl = @y
OEt Et0,C., P—OEt
H —_— )OEt —
/\/N AcO NN o
AcO Co 5
EtO,C S °Q
, |
220 S POED, — pgo” NN COEL P(OEY),
/’I O
NN LO

AcO
Formation of the P=0 is thermodynamically favored, which is the driving force of
this reaction.

Example 1°
)CJ)\/? RCHO j\/ TFA o
P _TFA
Q N (OEY2 iar, BN O‘ﬁ ZTR 7595% HzNJ\/\R
Example 2°
O O\/W
H._O _ :
(@) (o) _ LiCl, Hunig's base
MOMO, OMe AT TP oMo OMe
09/, : MeCN, rt, 14 h, 58% 09/,
" (EtO),(O)P ,
/ MeO / MeO
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Example 3’

Ph—",
Ph ™% Ph ph—

N ™
(EOROP Y MN °
Bocli\oﬁcm o O Boc&( I =

[e) (e}
LiBr, DBU, CH3;CN, rt, 67%

Example 4°
)
o) o} NN
H CO,Et
/E\/COZEt J PR N2
(EtO); Ph THF, 92%
Example 5"
O O Ph
I MGOQCHO
(Meo)zp\)J\N)\cone
H DBU, LiCl, THF, rt
90%
OMe
O Ph
XN
MeO 98:2 N ~coMe
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Meerwein’s salt

Meerwein’s  salts, also known as the Meerwein reagents, refer to
trimethyloxonium  tetrafluoroborate  (Me;0'BF,") and triethyloxonium
tetrafluoroborate (Et;0 BF,”). Named after the inventor Hans Meerwein,' these
trialkyloxonium salts are powerful alkylating agents.

F

Bt RLF
=3

FoY F'(—J\F

: 2
Preparation:

3 Me3;O'BF,~ +4 Et,0O
4 BF5:OEt, + 6 Me,O esm Era 2

o —— + BFO _Me
+3 Ch_<] \[\o

Cl 3

3 Et;0'BF,~
4 BF4-OEt, + 2 Et,0

0 — * BfO~E
+3 <] \C
Cl 3

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

E o}
o t\o H o® Et
J\ Et;0-BF4, NaHPO, N /k S o
N N 81%
H CH4CN, rt, 6 h ° ol
cl ci

Transforming an amide into its corresponding ethyl or methyl esters

Example 2, Metal-methylation*

OH
1. PhLi, Et,0,0°C MeQ ——1-Bu, t-BuOMe t-Bu
Co(CO)g >=Co(CO)5 OO
2. Me;O+BF, Ph 45°C, 79%
Dotz reaction OMe

Example 3, N-Alkylation, the product is an ionic liquid®

=\ Me;0O+BF, [S) @ //\
N N BFe L - N Nt
N Et,0, 94% G
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Example 4, N-Methylation’

SPh - SPh
/k 1. Me30+BF,, slow addition Me-
N7 N-SO,NMe, CHJCly, rt NN
= 2. BuMeNH, CH5CN, A, quant. L<
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Meerwein—Ponndorf—Verley reduction

Reduction of ketones to the corresponding alcohols using Al(Oi-Pr); in iso-
propanol. Reverse of the Oppernauer oxidation.

o) Al(Oi-Pr); OH o

+
R1J\R2 HOi-Pr R1)\R2 )J\

Al(Oi-Pr), i-Pro oi-pr 1%
\ /
( R'  Oi-Pr

Al
- coordination | oY% (o
O - . z/L‘ :a- Al =
R<7"[ 'O~ , " ~0i-Pr )‘|
J\ H (e} R! H
R'” "R? R?

cyclic transition state

hydride o o Al(Oi-Pr), He® OH
+ )\ )\
transfer R "R? R R
2
Example 1
o OH
~H Al(Qi-Pr)g
(@) R -
H HOI-Pr, 90%
MeO,C” -
e, A
4
Example 2
(R)-BINOL (0.1 eq) OH
AlMej3 (0.1 eq) 43-99% vyield
R *R 30-80% ee
i-PrOH (4 eq)
toluene
Example 3’
Me Me Me, Me
Me. Me \ X
MeO,, X_O e s
“ 4 equiv Me3Al, i-PrOH
O * o
O
0°Ctort,24 h
OTBDPS
OTBDPS OTBDPS
84% 15%
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Example 4°

3 equiv AlMe3
9 equiv HOCH(Ph),

CH,Cl,

Example 510
0 50 mol% AI(OR), OH
©)I\CH3 i-PrOH, 50 °C ©)*\CH3
R =i-Pr, t-Bu
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Meisenheimer complex

Also known as the Meisenheimer—Jackson salt, the stable intermediate for cer-
tain SyAr reactions.

R-NH, R
E "NH
NO, SNAT, slow, - s NO,
rate-determining
step NO, NO, NO
NO, Meisenheimer complex 2
Sanger’s reagent, ipso attack ipso substitution
Example 17
- o o _
0.8.0
N
NO, t-BUOK, DMF/THF COEL
)\ N CO,Et
Ph CN —70 °C, argon H
NC
Ph
nitronate -
9
Example 2

CHZCIz
>7N c= N4< argon, rt, 3h

o]
T@NA LR
/Prﬁ/ _i-Pr N N
O,N_ No2 N ON NO,
. 15.8%
O/'g)\o 15.5% NO,
L 0 © _

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 3"
F
.
NO,
_H® _ H@
R~ NO, NO,
J —
N02 N02
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[1,2]-Meisenheimer rearrangement

[1,2]-Sigmatropic rearrangement of tertiary amine N-oxides to substituted
hydroxylamines.

R R
R1\ C A ’ll\ f‘(\.R
RZ/@)\O@

Example 17

<o 35% H,0,, CHCI3/MeOH, rt, 15 h
e} N
then PtO,, rt, 4.5 h
O < THF, reflux, 1 h 0o N
< N/O _ < o~
o ® 64%, 2 steps 0]

Example 2°
CN
(NyCN m-CPBA, Na,COs @/ —CN E<o
) CH,Cl,, 54% )\Oe N
Ph 2wz e Ph
PH
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[2,3]-Meisenheimer rearrangement

[2,3]-Sigmatropic rearrangement of allylic tertiary amine-N-oxides to give O-allyl

hydroxylamines:
2 g‘_\
o]
ANGT h
"R
Ry -
Example 1’
IA .Ph
Phso2 1/
T EO. t 48h
NS 48%, 61% de
Example 2°
Bn Bn,

mCPBA Ho, 7T o Al,O; (alumina)

N® O
<_( \\/K/ CH,Cly, 100% % MeOH

Bn, Bn
CDCI3 rt

@
OH
<:( \\\/K/ 67%. 65% de HM/K/

Example 3°

OH o OH
O MCPBA, CH,Cl, N P o
X O o}do

NBn O 50¢, 10 min. BN |
2 > 75% n NBI’I2

\
-2
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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.

\_<]/ ﬂ>’2,’_<j/OMe

_OMe 2.R-X Yy

(?\l(i—Pr)z Ph Ph
H o HC o H3C
H o_Ph — = Y ¥ 7\'}1 —_—
HsC U i
VA ~o R o
CN—",_OMe “Me Me
Example 17
TMSO
o__Ph 1.LDA 7 o
4<\j 2. TMSO™ "By -, O:rph H,0®
‘., \
N |  3.LDA HA N, 66% yield ®
OMe 4.Me,SO, éMe 70% ee
Example 2°
OMe
Ph,
Oo__N 1
CO
Example 3°
o _N 3 equiv n-BulLi
Z 3 equiv (-)-sparteine
AN n-Bu

Et,0, -78°C, 4 h

er (S:R) = 86:14
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Meyer—Schuster rearrangement

The isomerization of secondary and tertiary o-acetylenic alcohols to a,B-
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.

OH
R R O
H® H0
Rj\ )\/”\R.]
R4
®
H
e o =(OH> Re
\ _H R\ —— R
R R Ry

® :OH 1
N 2 (OH
Example 1°
e OH o
N N yoH
SOy oyt e 1 (TC
Br
50% In o)
o)
Example 2’
Q
o ™o 1
Osp_ /I(’O Q PhS)J\/\/
T™sG © 0-P-0TMS 54%
OH OTMS
Ph3%<_ PhS—=
CICH,CH,CI, 83 °C, 30 min. N\

6%

Example 3*
1

10% H,S0, "

THF, rt, 1.5 h

0,
OEt 0% Coet 21% COLEt
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Example 4°

Example 5"

10 mol% CuCl

OH B o O
e 1.2 equiv DTBP
o “NGPh
)k /CsHﬂ + Nic O\)jﬂ)S/\CsHﬂ
< .

VAR
TfO  Ph CH,Cl,, 50 °C
6 h, 74%
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Michael addition

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

Ry O
! Nuc: Nuc Ri ©
X .
RZ)\)LY - . RZNJ\Y
H
R3 R3

Nuc: /\R1\ (O conjugate Nuc
—_—

O
workup ~ Nuc
RS KDY o P RMY
R Y addition Rs\/ H 2 H
Rs

Rs
enolate

Example 1, Asymmetric Michael addition®

o)
o o O Ph
N)K/ASi(Me)zPh PhMgBr, CuBr-DMS @J\/I\Si(Me)zPh
""| ether, THF, —55 °C
o. 92%, 92% de o
CPhg ~CPh,

Example 2, Thia-Michael addition’

(0]

(0]
H,S, NaOMe
LA o)

O

N{ MeOH, 75% N:k
Example 3, Phospha-Michael addition’

0 (EtO),P(O)H O R
MeOJ\/\R

JOEt R=H,71%
cat. NH Meo/u\)\

P R =Me, 51%
/,\OE
“eZ'I l“eZ

Example 4, Asymmetric aza-Michael addition’

" Y NH2 O \Ij
: MeO,C._ .« MeO,C N
Me0,C. g N
Nal, Na,COs, BusNBr P Ph)u,,,
CH4CN, 82% Ph™
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Example 5, Intramolecular Michael addition'

o}
H O
Me_ O-._O LiHMDS, DMF e
EOCU M H
oo Z ~60 °C, 20 min. CO,Me
CO,Me 95% N H

Example 6, Intramolecular Michael addition'!

o 0
*_CO,t-Bu
COA-BU 4 4 equiv Cs,CO4
PR NN MeOH, 89% PR ™
Me CO,Me >20:1dr Me CO,Me
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Michaelis—Arbuzov phosphonate synthesis

399

Aliphatic phosphonate synthesis from the reaction of alkyl halides with

phosphites.
General scheme:

(R'O)P +

A

i
Ry—X ——~ RZ—E’—OR1 + R-X

(o}

OR'

R'= alkyl, efc.; R, = alkyl, acyl, etc.;

For instance:

BQ)L _CH,

(CH30)5P: \j

Br®/_\y

CHy ©
CH30- P\)k

CH,0

Example 17

X
P
Br

Example 2°

o
BnO-g__ci +
BnO

Example 3, Transition-metal catalyzed coupling, not via Sy2’

o o

FF

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

SN2

o —— CH40~ Fl\)J\ _ + CHgBr!
3 CH,0

Br (EtO)3P Tol. ,,OEt
145 °c 4h, 70%

140 °C
(BnO);P
8 h, 92%

(EtO)sP, NiCl,

100 °C, 72 h, 10%

BnO

X=CLBr,1

Bno\ﬁ :ID?,OBH

NN

OBn

b
K o@—a—oa
p— OEt

F

F
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Example 4°
(e} Me (MeO);P O O Me
P veonb
N Ph o5 qipoc (OO \)J\ll\l Ph
Bn 92-98% Bn
Example 5"
BnO BnO
n o TMSO-P(OEY), o
BnO%SCN BnO ="~ P(OEt),
BnO 0 50°C, 1 h, 82% BnO : 8
Bn Bn

Example 6, An Approach to prepare aromatic phosphonates''

4 equiv Ph,POEt i

OTf . P
©: 5.5 equiv CsF ©/'I=;Ph
T™S CH4CN, 16 h, 75%
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401
Midland reduction

Asymmetric reduction of ketones using Alpine-borane”.

Alpine-borane® = B-isopinocampheyl-9-borabicyclo[3.3.1]nonane.
o]

. OH
Alpine-borane H
1
/ R

neat / R

R

R

Preparation:

H
B THF .B i)
+ S —— :
i 5 reflux

(1R)-(+)-a-pinene ~ 9-BBN

(R)-Alpine-borane
9-BBN = 9-borabicyclo[3.3.1]nonane

< N
o) 720
1+ “\D
=z R
R

R -
Bj )) OH
hydride o~ H,0,, NaOH H
- s + H // R
t £ 1 workup
ransfer - /\ R R
Example 1°
o R)-Alpine-b THF T
BnO (R)-Alpine-borane, BnO\/\)\
% —10 °C to rt, 95%, 88% S
H y 0, b ee H
Example 2’
o) OH
(R)-Alpine-borane =
4 OPMB
TBSO

= OPMB
22°C, 6 kbar, 82%  TBSO
80% de

J.J. Li, Name Reactions: A Collection of Detailed Mechanisms and Synthetic Applications,
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Example 3*
o OH

& (R)-Alpine-borane (neat) 4

TBSO rt, 74%, 93% ee TBSO.
Example 4'°

o (S)-Alpine borane ?H
\/\)\\\ eI
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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.

2 AgNO,
/ /
R-COH + @ (NH4)28205 @

N H,S0, N" R

2 AgNO3, (NH,)2S,0g, HaSO4

R-CO,H , CO, + Re
silver-promoted
oxidative decarboxylation
=
H = | H || oxidation =
, o) LNy —— [
R :‘\U(,[?] A
H H
Example 1*
8,05 + CH;OH “CHOH + H' + SO + SO,
CN
CN
N6 (NH4)2S,0g
| BF, MeOH, H,O =
@ ey |
(';)' reflux, 1h, 40% SN OH
CHj;
Example 2°
Z 1.6 equiv m-CPBA / | (CH3)30°BF,
| t t,1.5h \F\lﬂ
N acetone, rt, 1. CH,Cl,, rt
N 75% 6 902 mi2n.
©

Meerwein’s methylating reagent

= (NH4)>S,08
| o MeOH, H,O =z
S BR |
N reflux, 1h SN OH
(SCH3 40%, 2 steps
= | 1.6 equiv m-CPBA = |
X, @
N acetone, rt, 1.5 h N
8% (*)
S}
© (NHy4),2S,0 OH
(CH3)30°BF. = 4)25208
e || BFs  MeOH, HO
CH,Cly, rt \ﬁf = |
90 min., 85% reflux, 1 h, 41% ~
6CH3 N

J.J. Li, Name Reactions: A Collection of Detailed Mechanisms and Synthetic Applications,
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Example 3, Intramolecular Minisci reaction®

| Jo OH L o
= AgNO3, (NH4)2S208
O GH,CI,, H,0, AcOH, TFA A\
N r, 1 h, 46% |
N NH
H

Example 4’

5 Me Me
|

|
Me BzN.__CO,H
7 BzN =~ N
7N (NH,);S,0g, AgNO; H N u
N BzN ~_N X
TFA, H,0, 75 °C 90 10

cl 53% Cl Cl

Example 5'°

i
CO,H N\ 10 equiv FeSO,47H,0 ZN
Q [ j H202, Hzo, H2804
+ Pz
N
HO,C CO,H CH,Cl,, 0°C, 15 min. N N
. o X
1 equiv 10 equiv 24% [ |
~
N N

N\

Example 6'

0.2 equiv AgNO5

5 equiv K,S,0g CI\_N
BEK  CINN 2 equiv TFA ~
B N/j ' o SN
oc H™ N CICH,CH,CIH,0 (1:1, 0.1 M) o]

rt, 24 h, 15%
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Mislow—Evans rearrangement

[2,3]-Sigmatropic rearrangement followed by reduction of allylic sulfoxide to
allylic alcohol.
A Ar__.O P(OCHz);  HO -~
I S X
R\/\/S\A l/\ j(\
R 92

2
) 2
[2,3]-sigmatropic ArJSCOﬁ/\ 3
R
2 1%\Ar

rearrangement K R

E——

:P(OCHj3);3
SN2 & 8 N H @ HOY\
Ar g -P(OCH);  + r\ —_— !
2
Example 1
o o]
" NalO,4
N dioxane/H,0 WN =
TBSO \ 50% TBSO \=
PhS OMe CHO
Example 2’
OMe
% X OMe
MeO== (@) D\
: <0
o ~OTBS  £i0),p, EtOH o. i OTES
> W
reflux, 16 h, 98%
_0 OH
s
Ph

1. PhSeCN, BusP, THF

2. Hy0,, pyr., THF, =30 °C
62%

J.J. Li, Name Reactions: A Collection of Detailed Mechanisms and Synthetic Applications,
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Example 4'
O O (I)
S8 S
p-Tol” “p-Tol | p-Tol
- = p-Tol< S,O
R R
° 9
/S SN
[2,3]-sigmatropic ~ p-Tol p-Tol
rearrangement =
R
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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).

CO,Et
{ Nuc H
R'”OR? + HNue _E102C ~ i+ O=PPhy + ‘N_N’COZEt
1° or 2° alcohol PPh, R °R? EtOz(f H
R N EtOzc\N_NIH
_CO,Et @, \
E0,C" NCN 2 adduct EtOZC\N_ﬁl/’ Phsp(} o
fi i @, \ .
‘PPh, ormation  pp’s " Co,Et j‘\*
R{ R,
Diethyl azodicarboxylate (DEAD)
®
alcohol  EtO,C H O)—PPh3 SN2 l;luc
tvati N-N " RV OR? - RI“R2 + O=PPhg
activation H \COZEt K reaction
©Nuc
2
Example 1
CH,0AC PhCO,H CH,0Ac
o) DIAD, PPh,, THF 0
OAc OH OAc 0,CPh
OR -50°Ctort,2h,80%  QOAQ 21
OAc OAc 7
Example 2°
DEAD, PPhg, Tol. ,V
4-O,NPhCOO O
?H o{ ’ OZNOcozH 2/\)\*/0
M -30t0 0°C, 1h, 90% =z

Example 3, Ether formation®

BnO,C._O-_.OH
OH

BnO™ “'OBn
OBn

S PBus, ADDP, THF,
0 °C to rt, overnight o
100%

OMe

ADDP = 1,1'-(azodicarbonyl)dipiperidine

J.J. Li, Name Reactions: A Collection of Detailed Mechanisms and Synthetic Applications,
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Example 4’
O
TMS—=—H _/7OH  PPNg, DIAD, PhCH, 0
HN— MS— j
; reflux, 60% N—"_-Ph
Ph
Example 5
CH, CHs

H H
o 8 n-BulLi Ph2P0—<:©\l
B N\ \CH3

CHz  then PhyPCI

o] o] H
/©)’k © © /@)’L 2
+ OH o
\N
ON > CH,

80%

Example 6, Intramolecular Mitsunobu reaction’

OH

NHNS/‘/

DEAD, PPhg
PhH, 92 %
MeO Boc R=CH(OMe),
OMe
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Miyaura borylation

Palladium-catalyzed reaction of aryl halides with diboron reagents to produce
arylboronates. Also known as Hosomi—Miyaura borylation.

o (0O Pd(0) 0
Ar—X + B—B, Ar—B_
o (0] base e}

X =1, Br, Cl, OTf.

oxidative A L
Ar—X + L,Pd(0) —— Pd.
2P0 dition V/oX
base t tallat
ransmetallation
o} /O base o) \ [e) _ >
B—B SV L
/ \O B—BO Ar<_/
(e} O’ o) /Pd\l
L
n é
, /O reductive je
\ — Ar—B + LoPd(0)
elimination o

Example 17

p
CuCl, LiCl, KOAc, DMF, 92%

i JpiE
3

Example 2°

Qijé@

OTf 39 (PhgP),PdCl,, 6% PhyP Cbz O
1.5 eq. K,CO3, dioxane, 90 °C
85%

J.J. Li, Name Reactions: A Collection of Detailed Mechanisms and Synthetic Applications,
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Example 3’

N/

0 0
CbzHN.___CO,Bn B—B, CbzHN_ _CO,Bn
Y j:o o:i >?LQ YR
| = ey
o-B
Pd(dppf)Cly, KOAc
BnO

DMSO, 80 °C, 24 h BnO
85%
CbzHN._CO,Bn
CbzHN.__CO,Bn Y
vy g
BnO
BnO OBn

Pd(dppf)Cl,, K,CO3 O

DMSO, 80 °C, 24 h
85%

BnO,C”~ “NHCbz

Example 4, One-pot synthesis of biindolyl"’

1.1 mol% Pd,(dba)s, 4 mol% XPhos MeO
MeO 3 equiv HB(pin), 3 equiv Et;N | N
m dioxane, 100 °C MeO' ”

N MeO
MeO [ H 2.1 mo% Pdsdbays, 3 equiv KsPO,H,0 M
r dioxane/H,0 (10 : 1), 100 °C N
o MeO H

MeO.

Iz /;

MeO
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Moffatt oxidation
Oxidation of alcohols using DCC and DMSO, aka “Pfitzner—Moffatt oxidation”.

OH DCC o

)\RZ DMSO, HX R1JJ\

R R2

DCC =1,3-dicyclohexylcarbodiimide

s .
®
| R‘IJ\RZ
\ r o \
o Osell s o
. o TH o ¥ J
oy I H By TR R (O
H H R "R2? R' RIj
1,3-dicyclohexylurea
Example 17
@OH DCC, DMSO, CsHsNH*CF5CO5~ EIO
OH PhH, rt, 70% (@]
Example 2°
A o OH A o CHO
DCC, DMSO, Cl,CHCO,H
o. O rt, 90 min., 90% O><O
A = adenosine
Example 3"
o (e}
PMB, EDCI, Cl,CHCO,H PMB\N Y
N—C0 oH o ©
o ~ DMSO/PhMe, 23 °C ~
Me 74% o H Me

Cl
EDCI = 1-Ethyl-3-(3-dimethylaminopropyl)carbodiimide

J.J. Li, Name Reactions: A Collection of Detailed Mechanisms and Synthetic Applications,
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Morgan—Walls reaction

Phenanthridine cyclization by dehydrative ring closure of acyl-o-aminobiphenyls
with phosphorus oxychloride in boiling nitrobenzene.

R
>—NH POCI,

O —_—

Example 1°

02NN02 O,N

HN nitrobenzene, POCl;

0
SnCl, 98%
CN

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.

P

>_

(o]

NH

O

ZnCl,

[

250-300°C R’

R
=N

J.J. Li, Name Reactions: A Collection of Detailed Mechanisms and Synthetic Applications,
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Example 2*
ZnCl,, 250-300 °C O
N 80% G 2N
HET
(0]
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Mori—Ban indole synthesis

Intramolecular Heck reaction of o-halo-aniline with pendant olefin to prepare
indole.

COzMe
@[Br/% Pd(OAc),, PhsP w COzMe
N NaHCOj;, DMF, 130 °C N
Ac Ac

Reduction of Pd(OAc), to Pd(0) using Ph;P:

AchLpd-onc S SN
AcO™  PhsPRdLOAc
:PPhs U

o O

0
AL o —— 0=PPhy +
PAO) * pocP O, s )J\OJJ\

Mori—Ban indole synthesis:

CO,Me CO,Me MeOQ

I?r
PdL,
— I
N oxidative N N

) addition \
Ac Ac Ac

B-hydride s COMe
== H—PdBrL. + | addition
elimination n N

) of PdH
Ac

COMe g hydride 7/~ COMe CO,Me
| PdBrl, ——— | - [
N~ H elimination N N

| |
Ac Ac Ac

Regeneration of Pd(0):

H-PdBrL, + NaHCO; — Pd(0) + NaBr + H,0 + CO,T

J.J. Li, Name Reactions: A Collection of Detailed Mechanisms and Synthetic Applications,
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Example 1"
@EI f Pd(OAc), Me
N t3 eCl N
H sealed tube H
110 °C, 87%
4
Example 2

Bu,NBr, K,COs,
DMF, 100 °C
| 67%

@N\:[C' 10 mol% Pd(OAc), N

o L
N
7

Example 3’

SO,NHMe
Br Cbz—N
SO,NHMe

N,COCF3 Pd(OAc),, BuyNCI
- @

Br Cbz EtsN, DMF

I{l heat, DME, 76%

N
H

Br
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Mukaiyama aldol reaction

Lewis acid-catalyzed aldol condensation of aldehyde and silyl enol ether.

5 , OH O
R Lewis
R-CHO + Rt ., 5
%OSiM% acid R ¢ R

Oy"'LA\

LA
— X-SiM — R R
g iMe; + R)\)LRZ ¢
)\ASIMe;; R!

Example 1, Intramolecular Mukaiyama aldol reaction®

CH(OMe), CH(OMe),
o 1. LDA, THF, -78 °C, 10 min. OTMS
EtO,C , EtO,C
EtO,C 2. 1.8 equiv TME;S;J -78°C,4h EtO,C
(]

TiCly, CH,Cl,

e —

-78°Ctort, 15h

EtO,C CO,Et EtO,C CO,Et
12% 40%
Example 2, Mukaiyama aldol reaction’

\O —0,

: QU
I < BF3°OEt,, DTBMP /0
+ oy ,’N#
OHC |
! CH,Cly, —78 to —50 °C, 73% O N
O N—oTBDMS Boc N O °°°

N Bn
Bn

Example 3, Vinylogous Mukaiyama aldol reaction®

1. PhCO.H, rt

>< CHO
o O ¥ S
o
%\/kosmﬂes 2. TFA, 60%
CN

NC

J.J. Li, Name Reactions: A Collection of Detailed Mechanisms and Synthetic Applications,
DOI 10.1007/978-3-319-03979-4_183, © Springer International Publishing Switzerland 2014
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Example 4, Asymmetric Mukaiyama aldol reaction'’

OTMS cat. _ _N_ O

BusSn NN L N "B
CHO OMe
BuszSn” XN o
Bussn/\/\( .
+ o, HO" OMe
38% oTMS 50%
Example 5"
o._OTIPS
\
Me :/OTBS Me
Br X 10 mol% Bi(OTf);
CHO
\©/\ CH,Cl,, 40 °C
76% out of 56%
conversion
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Mukaiyama Michael addition

Lewis acid-catalyzed Michael addition of silyl enol ether to an o,3-unsaturated
system.

(0]
0 R? Lewis R
R? 0

R/\)J\ " R1¢\OSiMe3 acid

R? e
y )
R\# SiMes conJugated Jﬁ/\ﬂ szﬁjv)oj\
0 " addion R

o

R/\/yl\
Example 17
o OSiMe; 1. 0.1 mol% TBABB, THF, 3 h 0 0
=
+ ~
)\)J\ Y\OMG’ 2.1 N HCI, THF, 0°C, 0.5 h OW
87%
TBABB = tetra-n-butylammonium bibenzoate
Example 2°
o}
o OSiMes
P 1.neatDBU, rt, 24 h
+ OMe o
2.1 N HCI, THF, 68%
o/

Example 3°

OMe

OMe ~_OMe
= SN
OMe _A_OMe  10mol% Sc(OTf), :

CH,Cl,, =78 °C to rt

TBSO.__~ + (0]

%

10% HF/CH3CN quench  MeO
(0] 85%, 20 : 1 (syn/anti)

o

Iy

OMe

O
=
o

Example 4°

Q oTBS 0.5 mol% Zn(OTf),
R; + /l»\WCOZMe
| CH,Cl,, 0-25 °C

Ry "R, N2 78-81%

J.J. Li, Name Reactions: A Collection of Detailed Mechanisms and Synthetic Applications,
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oTBS o
RFY, 0 4NHCI R o)
R, CO,Me  THF Ro CO,Me
R3 Rs
N, N

Example 5, Enantioselective Mukaiyama—Michael reaction'!

cat-Zn(OTf),

Ph-OSiMes PhH, t, 20 h

81%, 90% ee

]
Ph O~y O  Ph
pnX I 1) %en

—

Cat=
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Mukaiyama reagent

Pyridinium halide reagent for esterification or amide formation.
General scheme:

o]
X \l;:l) ve _
. R e L)
RyCO,H + R,0H R1)J\O/R2 T o7N
base R3
X =F,Cl, Br
Example 1'¢
Z
\@'

Br
Do 0 i @\Woﬁ
o~ "COH BusN, CH,Cl, O T
ye L C
<_A\‘\///\ Car, Mo o BP)@(/'%o/@
-H® O Br))N / “BF

HO-Bn
NBu3
o =
NS B A R
— |l et — Sy OBn AN RO g
0,0~ GN ®L) ) BF,
HY S o] H )
Bn ) “BF,
Amide formation using the Mukaiyama reagent follows a similar mechanistic
pathway.'®
Example 2, Polymer-supported Mukaiyama reagent’
E)
= 1io- ¢\
OH o ON=
O N~ cCl OAQ_/ cl
b Tf,0, CH,Cly, 16 h, rt
1.25 mmol/g
(0]
NHBoc
NHBoc
{ con W
polymer-supported
N Mukaiyama reagent
H Et3N, CH,Cly, rt
16 h, 88%

J.J. Li, Name Reactions: A Collection of Detailed Mechanisms and Synthetic Applications,
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Example 3’

Mukaiyama reagent

t-BuS.
DIPEA, CH,Cl,, 91%

CO,TMSE

Example 4, Fluorous Mukaiyama reagent'®

1. Fluorous Mukaiyama reagent
1 equiv DMAP, 3 equiv Et3N
dry DMF, rt, 1h
RCO,H + R'NH, or R20OH RCONHR' or RCO,R?
2. Hy0, rt, 5 min., 87-100%

=
&/
. N Cl
Fluorous Mukaiyama reagent o
TfO
CioF21
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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.

4 A or @\ @
| /./ hv hydrogen ©\

atom donor

6/\7 reversible f H .
- L
=

allenyl enyne diradical

Example 1°

é Ph PhH, reflux .O‘

.ﬂ _ 96 h, 40%
P Ph
PH Ph

H

Example 2, Aza-Myers—Saito reaction®
MeOH CHO
N7 | OMe Nl\ CDCl3 NZ |
—_—

References

1. (a) Myers, A. G.; Proteau, P. J.; Handel, T. M. J. A4m. Chem. Soc. 1988, 110, 7212—
7214. (b) Myers, A. G.; Dragovich, P. S.; Kuo, E. Y. J. Am. Chem. Soc. 1992, 114,
9369-9386.

2. Schmittel, M.; Strittmatter, M.; Kiau, S. Tetrahedron Lett. 1995, 36, 4975-4978.

3. Schmittel, M.; Steffen, J.-P.; Auer, D.; Maywald, M. Tetrahedron Lett. 1997, 38,
6177-6180.

4. Bruckner, R.; Suffert, J. Synlett 1999, 657-679. (Review).

5. Stahl, F.; Moran, D.; Schleyer, P. von R.; Prall, M.; Schreiner, P. R. J. Org. Chem.
2002, 67, 1453-1461.

6. Musch, P. W; Remenyi, C.; Helten, H.; Engels, B. J. Am. Chem. Soc. 2002, 124,

1823-1828.

Bui, B. H.; Schreiner, P. R. Org. Lett. 2003, 5, 4871-4874.

Feng, L.; Kumar, D.; Birney, D. M.; Kerwin, S. M. Org. Lett. 2004, 6, 2059—2062.

Schmittel, M.; Mahajan, A. A.; Bucher, G. J. Am. Chem. Soc. 2005, 127, 5324-5325.

Karpov, G.; Kuzmin, A.; Popik, V. V. J. Am. Chem. Soc. 2008, 130, 11771-11777.

Schmittel, M.; Strittmatter, M.; Vollmann, K. Tetrahedron Lett. 2013, 37, 999-1002.

— = O 0

J.J. Li, Name Reactions: A Collection of Detailed Mechanisms and Synthetic Applications,
DOI 10.1007/978-3-319-03979-4_186, © Springer International Publishing Switzerland 2014



424 Name Reactions

Nazarov cyclization

Acid-catalyzed electrocyclic formation of cyclopentenone from di-vinyl ketone.

SaSeal

@ HO

H H\O®
CO protonation O;H\ - . @
O ! ;
OH O
Oﬁ\ tautomerization (ﬁ\

Example 17
o] H O
| | ZrCly, (CHLCl),
N SiMe; 60 °C, 36 h, 76% N H
CO,Me CO,Me
Example 2°
Q HCIO, (1072 M)
Ph Ac,0 (1 M)
EtOAc, 9 h, 75%
o
Example 3°
Ph
Me._~
MeO,C._~ 5 mol% Cu(ClOg4),
o OTIPS  DCE, 45°C, 8 h, 80%
OTIPS
OTIPS
Example 4'°
OAc
| A\
\ N
MeO Ts

J.J. Li, Name Reactions: A Collection of Detailed Mechanisms and Synthetic Applications,
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OAc
10 mol% Sc(OTf); —
LiClOy, 80 °C MeO
>/ \
CICH,CH,CI (0.3 M) N
65% o Ts

Example 5, an example with a different mechanism''

1. hv (350 nm), CHaCN, rt

2. i-Pr,NH, MeOH, 50 °C
60%, 2 steps

2 mol% In(OTf),
4 mol% (PhO),P(O)OH

CH,Cl,, 40 °C, 48 h
81%
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Neber rearrangement

o-Aminoketone from tosyl ketoxime and base. The net conversion of a ketone into
an o-aminoketone via the oxime.

NH
NCT® 1. KoEt z
Pt RPN TeOH
R RZ 2.H,0 o
ketoxime a-aminoketone
N/OTs NQ)TS
deprotonation cyclization
/‘H?)J\R P C , oeteton,
Bt 2 S R
R1 R1
® . H NH;
H :OH, .
TsOe . N )A/ hydrolysis N ‘OJH R1J\H/R2
R1 R2 R1 R2 o)

azirine intermediate

Example 1°
.OT:
o) NS o)
| N Me 1- NH2OH-HCI WJ\MG 1. KOEt N
P > 2. HCI P NH
N 2. ng:la,o/lt?yr. N 82% N 2

Example 2, A variant using iminochloride’

Ph Ph Ph NH,
WOEt Hocl WOEt 1. KOEBu WOH
100% 2. HCl
NH-HCI NCI 71% 0
Example 3*
Ts
1

TSON | N

| 5, 1-KOH. H0, EtOH,0°C, 3h
]

2. 6 NHCI, 60°C, 10 h
3. K,CO3, THF, H,0, 10 min.
96%
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Ts
1
N
|
HoNr i Br
MeO |
OMe
Example 4°
R 1. HyNOH R
X Ry S Ry heat |\\ N_r
| 2. MsCl, Et;N; NT - L !
Pz o] 41-89% N
DBU, BusP = H
70-91%
Example 5"
NOH N-N 1.2 equiv TsCl N
I 'N 1.3 equiv Et;N N
. NS AN
\\ : CH,Cl,, 1, 18h N0 N %
2%12, T SN
1) PNB ey png” N
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Nef reaction
Conversion of a primary or secondary nitroalkane into the corresponding carbonyl
compound.
NO,  1.NaOH
+ 1/2N,0 + 1/2H0
R"™R? 2 H,80, R R?
o @
& . HO.®_.OH
0800 e . © NS @ﬂ
42 ® _
N —H,0 020 o ™ H™ HO NS u H0
- R R?
RO R R1J\R2 R "R?
) :OH, ok
S) nitronate nitronic acid
HO
@
HO2
O\\N + H® > [\b (0]
—_— == J__* HNO = 12N,0 + 1/2H0
R1 RZ R1 fo) R2 R1 R2
OH H
Example 1*
0 O
w 1. NaOH, EtOH, 0 °C, 30 min.
" NOz2 5 3MHCI,0t020°C, 12 h, 68% © 0
Example 2’
o}
Ho )2 HO
1.2 M NaOH, MeOH
o 2. ice-cooled KMnQO,4 =
I 45% A
Example 3’

S, t-Bu
oTBS Jd ] u/@ 3/®/
/\/MO

2.2 equiv PMeg3, THF, rt, 30 min.

oTBS g

oTBS H,0, rt, 5 min. o)
/\/Y\)Y 94%, 2 steps /\/M
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Example 4'°
RS HOAc, HCl R
COzH c, jﬂcozH
NO, reflux, 2 h CO.H
Example 5"
H NaBH,/MeOH H Q
< /N0, [\
N H,0,, K,CO4 N
Cnz 18'h, 65% Enz
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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).

NiL,, or PdL,
—_—

R'-X + R2Zn-Y
solvent

R']_RZ

R'= aryl, alkenyl, alkynyl, acyl

R2 = aryl, heteroaryl, alkenyl, allyl, Bn, homoallyl, homopropargy!
X =Cl,Br, |, OTf

Y =Cl, Br, |

L, = PPhg, dba, dppe

Pd(0) or Pd(Il) complexes (precatalysts)

R'—R? l
Pd(0)L; /\ RI-X
reductive oxid_afive
elimination addition
R’ R’
| /
R2-Pd(Il)—L, L,Pd(l) 1
3 \
X
transmetallation/
trans/cis isomerization
Zn%, Y R2Znx
xR
X—=2zn  "pd(il)
‘R2
A
Example 1°
= I A CH,CO,Et
N |N N
HO BrZnCH,CO,Et, Pd(Ph3P), HO
o) HMPA/(CH,OCHj), (1:1) o
0 > Ph 3.5h, 40% (@] >—Ph
0/>~Ph O >—Ph
(0] (0]
Example 2*

(0]

. O
activated
Bno)J\/\/l S EEEE—— Bno)J\/\/an

H Zn/Cu couple H
NHTr NHTr
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Boc,
N NHBoc Boc
A o N NHBoo
| N CO,t-Bu k

PdCly(PhsP),, DMA
40°C, 79%

Example 3*

Boc—N/\:>7I

1. Zn, DMA, TMSCI, BrCH,CH,Br, 65 °C

Boc—NC>—Ar

2. ArX (X = Br, OTf), PdCl,(dppf) (3 mol%)
Cul (6 mol%), DMA, 80 °C

41-97%
Example 4°
1. t-BuLli, ZnCl,, Et,0, 78 °C
2. Me Me
Me Me PivO 2N Me Me Me Me
AN orss PIvO & oTes
Pd(PPh),, THF, 0 °C, 85%
Example 5"
_.OMe N
OMe - pnzngr (0.5 M) N 0l
| PdCl,(MeCN), | .
Br —_— Ph
PPh, THF
Me Me 68% Me 11%
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Nenitzescu indole synthesis

5-Hydroxylindole from condensation of p-benzoquinone and 3-aminocrotonate.

H._CO,R3 CO,R?
0. HO
L,k ==
HN
R’ 0 R R' N
R R2
CO,R3
3 H
o] /\H\| COR® ugate HO
R’ (0] > addition 1 /_\N\ 2
HN R 0 'R
2 ®
R H
H COR® CO,R3
HO HO.
_ A\ A\
R N =Y N
QH R2 hz
@
H
Example 1°
0 Q NH
_Bn 2
J O HN o HO. N
N/U\/\ 1. acetone, rt, 48 h N
H 2.20% TFA, CH,Cl, B
86% n
E 6
xample 2
H.__CO,CHjs CO,CHg

T O
o]
Q +  HN CH3NO,, rt \
o H 95% \\\

Example 3’

Rz)jy ) rt Rz)\/ R HOAc, rt

J.J. Li, Name Reactions: A Collection of Detailed Mechanisms and Synthetic Applications,
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I\Ille
N
R1 Me/ R1
HO N HCHO, HNMe, HO
L R
N ethanol, 50 °C N
R4 R
Example 4'°
o)
HO OEt
o _~_OEt \
NH O N
. [ ZnCly, CH,Cl, \
NH O reflux, 80% N
o)
NN0Et 1
HO OEt
o
Example 4"

(e}
5 mol% CAN
OEt

| EtOH, reflux, 2 h
N~ “Me 61%
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Newman—Kwart rearrangement

Transformation of phenol to the corresponding thiophenol, a variant of the Smiles
reaction.

S (0]

OH P PR SH

S
Cl NMe, J\NMez S NMe, hydrolysis

NMe, i

o g S” "NMe,

@ M62N4>. @

The Newman—Kwart rearrangement is a member of a series of related rearrange-
ments, such as the Schonberg rearrangement and the Chapman rearrangement
(page 105), in which aryl groups migrate intramolecularly between nonadjacent
atoms. The Schonberg 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.

Schénberg rearrangement Chapman rearrangement
Ar.
o)kom A S)J\OAr 0~ “Ar > J\
Example 1°

O NaH, DMF, 78% O Ph,0, 208 °C O
i X
L (Ot ()
O~ "NMe, ' S” "NMe,
o ~he

J.J. Li, Name Reactions: A Collection of Detailed Mechanisms and Synthetic Applications,
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Example 2°
o]
275°C ., M
OH CI NMe, NMe2 0.8 mmHg “S” “NMe,
" NaH, DMF OH 559% OH
85°C, 1h, 45% ’
Example 3’

OH P Me,N

0 1. Br, CH,Cly, 5 to 20 °C, 90 min. - \Q\ dimethylaniine
2. g CHyCly, 20°C, 16 h, 37.4% 218°C. 7 h, 65.7%
S

cl” “NMe,
/o /
1. KOH, MeOH, reflux, 2 h
B 5 Mel, K,CO3, 90% Br
MezNTS _S
o)
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Nicholas reaction

Hexacarbonyldicobalt-stabilized propargyl cation is captured by a nucleophile
Subsequent oxidative demetallation then gives the propargylated product

OR?  1.C0,(CO)g 1. NuH Nu
R'—= R3 RI—= R3
R* 2. H*or Lewis acid ~ 2-[O] R?
co
(C0O)4Co—Co(CO)

<§0 CO)3Co-Co(CO
~CO_ (COjpCy—Co(co), ~CO (CONCRLACO)
/) OR?

+ H®
_— R1JA‘TOR2 >
RI—~= OR? R4 R3
- R* R®
(CO)aco—/CO(COC)) (CO) 3Co ~Co(CO); (CO)3Co-Co(CO)
‘+/H @
R L 5| ‘_O\Rz N, R Nu
R* R3 R4 R3 R4 R3
propargyl cation intermediate (stabilized by the hexacarbonyldicobalt com-
plex).
. (CO)5Co-Co(CO), Nu
=C= — [ 3
—— ~ 0=C=0T + Ny —= R—=—XR
demetallation R4 R3 R*
Example 1, A chromium variant of the Nicholas reaction
OH 1. HBF4-Et,0, CH,Cly, -60 °C
: 2.5 eq. X, CH,Cly,, 60 °C, 86%
4 —
(mm X=HN N
Cr(CO)3 — _\—O
\—COZn-Bu
Cl
N N Rl «2HCI
s o
\—CO
HLn-Bu
\‘ / \—COZH
Cr(CO)3 Zyrtec

J.J. Li, Name Reactions: A Collection of Detailed Mechanisms and Synthetic Applications
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Example 2, A Nicholas-Pauson-Khand sequence’

(CCO)s

{0}

H - Co(CO)s
A O N 1. Coy(CO)g o

H OEt 2. Et,AICI, 82%

Me;Si M

Example 3, Intramolecular Nicholas reaction using chromium’

Cr(CO);

= . =
</OAC BF 3OEt,, CH,Cly ©©
/
0°C, 3.5 h, 49% //\Cr(CO)3

Example 4°

o 1. Cox(CO)g, 100%

ﬂ,,l 2. BF3+OEty, 75%

s OH
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Nicolaou IBX dehydrogenation

o,B-Unsaturation of aldehydes and ketones mediated by stoichiometric amounts of
o-iodoxybenzoic acid (IBX), alternative to the Sacgusa oxidation.

o

4 1)
o R?

o o R?
R1/U\/LR3 R1JJ\/I\R3

IBX = o-iodoxybenzoic acid

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

also viable substrates.
2
0o R? tautomerization HO/R\ |”
HO~
Ay —— N "% g@

Example 1"

IBX
fluorobenzene
DMSO

_—
65°C, 24 h
80%

(0]

Example 2°

IBX

DMSO, Tol.
80 °C, 3 h, 52%

IBX

Tol., DMSO
70°C

J.J. Li, Name Reactions: A Collection of Detailed Mechanisms and Synthetic Applications,
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Example 4, o-Methyl-IBX (Me-IBX)’

Me OH
-0
\
O

MeO 9
S. o
R»]/ Rz R»] S‘RZ
CH3CN, reflux
40-90%

Example 5, Stabilized IBX (SIBX)"’

OH

SIBX, THF

MeO OMe
rt, 98%
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Noyori asymmetric hydrogenation

Asymmetric reduction of carbonyls and alkenes via hydrogenation, catalyzed by a
ruthenium(Il) BINAP complex.

o) OH
R)J\R o (S). R)*\R

1 Hy, (R)- or (S)-BINAP 1
RZ:[Ra Metal [Ru(ll) or Rh(1)] Ry * Rs
Re Ry R/ Rs

O e,

(R)-BINAP-Ru = RuCl,L,

/

H
[RuCly(binap)(solv),] —>H2CI [RuHCI(binap)(solv),]

The catalytic cycle:

OR!
0= +
(binap)CIHRU, H
solv o=
R
o O
A ori
OR!
0=
[RuHCI(binap)(soIv)z] (binap)CIRu'\
O=——H
H R
H*, solv \ solv
H, [RuCl(binap)(solv),]* m

J.J. Li, Name Reactions: A Collection of Detailed Mechanisms and Synthetic Applications,
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Example 1"

M\ Ru[(S)-BINAP](CF3CO5),
X X OH )\/\/l\/\OH

30 atm Hy, rt, 92% ee

Example 2'¢

Ru[(R)-BINAPICI, OH

Br 100 atm Hy, rt, 92% ee

Br

Example 3°

5 bar H,
3.2 mol% Ru(ll)-(+)-(R)-BINAP

OMe

MeOH, 70 °C, 24 h, 90%

Example 4'°

100 atm H,

o o RU[(S)-BINAPICI, /?i)?\
C5H11)J\/U\OMe CsH4 OMe

EtOH, rt, 75% 1

98% ee
Example 5"
Ph Ph  CH,
OO F oo
o 10 HO
RU\O
fo) / b‘ H
AN
bPh  CH,
N O
N o IPA/35%HCI/LICI Bn
Bn H, (85-90 psi), 65 °C 96% ee; 94% de
93%
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Nozaki—Hiyama—Kishi reaction

Cr—Ni bimetallic catalyst-promoted redox addition of vinyl- or propargyl-halides
to aldehydes.

(0]
Cr(I)Cl, [ . ] RZJ]\RB j\H
aprotic solvent R=Cr(IINCIX RIOR?
organochromium(lll) R
reagent

R'-X

allylic or
homoallylic
R" = alkenyl, aryl, allyl, vinyl, propargyl, alkynyl, allenyl, H alcohols
R2=R3= aryl, alkyl, alkenyl, H. Either R' R? or must be an H
X=Cl,Br, |, OTf
Solvent = DMF, DMSO, THF

The catalytic cycle:*
oCr(llNX, —

R1/'i\2R3 Ni(II)Cl,
2Cr(IlI)Cly
o
.

R2”"R3 Ni(0)

[ Ri-cramcr, | RI_X

lati oxidative
transmetallation [Ri-ni(i-x addition

Cr(llnCly

Example 1°

OTHP
+ 1" 0TBDPS

AcO CHO

10 eq CrCly, cat. NiCl, OTHP
A
cO A OTBDPS
DMSO, 25 °C, 12 h, 80%

OH

Example 2°

i 4 eq CrCl OH ©
eq Lrlly
O/OT" . OHC\fko 0.008 eq NiCl, WO
o)O DMF, rt, 15 h O/O

35%

Example 3, Intramolecular Nozaki—Hiyama—Kishi reaction®

! OH
Z p
5 equiv CrCly, NiCl, OTBDMS
X O
CHO THF, 84% —

OTBDMS

J.J. Li, Name Reactions: A Collection of Detailed Mechanisms and Synthetic Applications,
DOI 10.1007/978-3-319-03979-4_196, © Springer International Publishing Switzerland 2014
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Example 4, Intramolecular Nozaki—Hiyama—Kishi reaction

Name Reactions

9

1. HCI, THF, 0.003 M dark

HO

2. CrCl,, NiCl,, DMSO
0.0025 M, 50 °C
37%, 2 steps

(0]
Me
ON\/\)J\ N/OMe /_k

SN cat. "
TBSO Me Me é[NHMS
+ Me
Br OTs NiCl,, CrCl,
: oteDps  EtN, THF, 25°C
> 60%
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Nysted reagent

The Nysted reagent, cyclo-dibromodi-p-methylene(p-tetrahydrofuran)trizine, is
used for the olefination of ketones and aldehydes.

()

Br ,IO\ _Br
Zn Zn

Zn

Example 1, The Wittig reagent opened the lactone:°

OMOM OMOM
TBDPSO,,,

TBDPSO,,,
excess
Zn(CH,ZnBr),*THF

\

\ \
\

W

TiCly, THF
reflux, 64%

O O
Example 2°
~OTBS 1.5 equiv ~OTBS ~OTBS
Zn(CH,ZnBr),*THF .
OH
o 1.5 equiv TiCl, CH,
OH THF, reflux OH 42% CH, 14%
Example 3°
2 equiv
Zn(CH,ZnBr),*THF
2 equiv TiCly
THF,0°Ctort
1h, 74%
Example 4''
CO,Me 3 equiv Nysted reagent CO,Me
o) 2.5 equiv Ti(Oi-Pr),Cl,
(@)
o . Ph
o THF,0-15°C, 10-20 min. 0
70%
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Oppenauer oxidation

Alkoxide-catalyzed oxidation of secondary alcohols. Reverse of the Meerwein—
Ponndorf—Verley reduction.

OH Al(Oi-Pr)3 0O OH

—_— +
R1)\R2 0 R1)]\ R, )\

(_(?i-Pr

Al(Qi-Pr), . AI(Oi-Pr), )J\
OH o)
OC — N A

7 Ra coordination

Ry R,

J\ Qi-Pr i—PrO\ /Oi—Pr hydride o OH

Ry ) _ Al
H o | transfer R; R,
Ra H R,
Ry

cyclic transition state
Example 1, Mg-Oppenauer oxidation’

OH 1. EtMgBr, i-Pr,0 o

/\)\/\/ 2. PhCHO, 60% /\)J\/\/

Example 2°
o)
OH  (iPr0),AI0,CCF,
p-O,N-Ph-CHO
o  PhH.rt24h,70% OH

Example 3, Mg-Oppenauer oxidation®

) R'CHO R PhCHO
RMgClsLiCl —— — » >——OMgCI
20°C R 0°Ctort

J.J. Li, Name Reactions: A Collection of Detailed Mechanisms and Synthetic Applications,
DOI 10.1007/978-3-319-03979-4_198, © Springer International Publishing Switzerland 2014
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H
R R
- Mg
——~|Ph \ o~ ST —— )=0 + PhCH,0MgCI
H (o) R
R

Example 4'°

N\,

o Al
H_ OH . o] H_ OH
WML I EBonE RM O
ROR' T 3 CHyCly,t, 1h RTTR' HC CFs

1
2 equiv R" H HsC~ CFs

Example 5, Tandem nucleophilic addition-Oppenauer oxidation'?

o AlPh, o Q
o}
O H  pinacolone/THF (1:1) | Ph
42%
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Overman rearrangement

Stereoselective transformation of allylic alcohol to allylic trichloroacetamide via
trichloroacetimidate intermediate.

CCly CCly

OH
cat. NaH HN o A HN o

™ >
RV\W or Hg(ll) or Pd(ll
Cl;CCN R/&§7J\R1 g(It) or Pd(ll) R/L\;¢\R1

trichloroacetimidate

CCls
A, [3,3]-sigmatropic
HN ) o
rearrangement
R™3 1R
2
Example 1°
>
o CI;CCN, DBU
CH,Cl,, -78 °C
O
H
K,COg, p-xylene o % Yo
reflux, 90%, 2 steps CI3C\[?N O)<
o
Example 2°
TBDM
TBDMSO SO
Cl,C.__O (e}
\ﬂ/ o K>COg3, p-xylene | .,
NH X, _— ‘0
) reflux, 77% Cl,C NHH
Example 3’

J.J. Li, Name Reactions: A Collection of Detailed Mechanisms and Synthetic Applications,
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OBn
O OO CE.oN, n-BuL:
toluene, 120 °C

_—
O 30%

o}

-0
Example 4°
O O OH 0O O NHC(O)CCl,
DBU, CCI;CN N
N Z™(CH,);0TBDPS ———————— N (CH;);0TBDPS
toluene, reflux L Me F
2 Me F ”
/’Bn 51% Bn

Example 5, Cascade-type Overman rearrangement''

ccl, ccly
OBn
HN™ 0 Na,COs, t-BuPh 0™ 'NH o8
MPMO 7 A
HN o 200 °C, sealed tube o NH
95%
cCl, ccl,
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Paal thiophene synthesis

Thiophene synthesis from addition of a sulfur atom to 1,4-diketones and subse-
quent dehydration.

O O P,Ss, tetralin H;C

s
HBCUCW —_— \E)—CH
reflux / °

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

S
i P,Ss HAC CH;  tautomerization
CHj3 3 .
H3;C _ % —_—
o) X=0or$S
:SHF\ H3C S XH _ HZX ch s
CH; — J—— -
Hac)\/\[( 3 m/\% CHs UCH3
X2

H

Example 17

o .
Lawesson's reagent s
Ph)WN Ph N
I 110 °C, 10 min., 82% U/

Example 2°
o Lawesson's reagent
o chlorobenzene, reflux, 36 h Ph Ph
Ph = —
Bh 69% s S
O~ "Ph

Ph Ph Ph
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Paal-Knorr furan synthesis

Acid-catalyzed cyclization of 1,4-diketones to form furans.

o R?
R3 cat H®
g M
R' O or P205

HO R
R R R’I 2 R1 RZ
o R? H R @
- R h\ . \ — M + H30
R & TR3 3 R R
b - ) ) °
R' O 4 ®
) ®
H

Example 1°

cl F. Cl
O
TsOH \ /
_—

toluene, reflux

N N/

MeO. OMe
e
\ /)

p-TsOH
—_—
toluene n-Bu
O
MeO
Example 3°
phosphorlc acid / \ o
N CHj3
130- 140°C46h H O\ 7
Example 4'°
Me Br. CHCI Br. SMe
o 0 Sncl P2 Ets
2, H \
rR-Lch=c-lrp ———— T eso2% / R
| 0, ° R O
SMe 72-89%
| 30% HBr-HOAc, CHCl;, 58-64% T

J.J. Li, Name Reactions: A Collection of Detailed Mechanisms and Synthetic Applications,
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Example 5, Concurrent debromination along with furan formation'’

Bh. s O H s - SMe
| SMe SnCl,, AcOH | |
_ - (@) =
7] HCI, reflux, 2 h S/
d “sg 70%
.
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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.

1 1
RMR R N R

o) R?

R! slow HO COH
HN OH R N R

R2 R2

H H
7\
U o G

N R RTONG Rt s
R? R R

> \ /)
1 eq. pivalic acid
THF, reflux, 43% CONHPh
CONHPh O
— — Ca®*
HO. —
CO,
HO.

Example 2°

J.J. Li, Name Reactions: A Collection of Detailed Mechanisms and Synthetic Applications,
DOI 10.1007/978-3-319-03979-4_202, © Springer International Publishing Switzerland 2014



Jie Jack Li 455

Example 3°
NH4OAc, CSA
-, R
MeOH, 50 °C o NH
93% MeO
Example 4'°

RNH,, AcOH, MeOH, 40 °C; or

30-96%

Example 5, Furan ring opening—pyrrole ring closure'

/—Q Me ﬁ<_>ﬁMe AcOH

HCI, AcOH HN O O
E—— reflux

NH,

m (o) RNH,, AcOH, NaOAc, toluene, 60 °C; or
WH NH,OAc, 28% NH,OH, EtOH, 40 °C
o)
-Pr

NH,

o r,24h 57%

i-Pr
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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

oL
CHBO:@; 22eq.t-Buli  CHgO N |4//
a0 THF, 78 °Crt CH3O:©[/’\%\
o
Et,N

halogen-metal CHgom cycllzatlon
exchange |
© 0
Et,N~O
onos R "D
N/
N~/ CHZ0

CH,;0

NEt,

The fate of the second equivalent of -BuL.i:

O Br
O NMe
MeO e 2 _ tBuli  MeO
O
© THF —-95°C
&
MeO OMe

J.J. Li, Name Reactions: A Collection of Detailed Mechanisms and Synthetic Applications,
DOI 10.1007/978-3-319-03979-4_203, © Springer International Publishing Switzerland 2014
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Example 3*
OPMB

n BulLi

o 64%
Example 4°

MeO.
2 eq. n-BuLi
N O
" THF, 78°c | MeO |

2.5h, 83%

Example 5°

O

\ro Br o t-BuLi, THF, —100 °C o
P Y N-PMB
N”“OMe  Ar, 30 min., 5%
PMB
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Passerini reaction

Three-component condensation (3CC) of carboxylic acids, C-isocyanides, and

carbonyl compounds to afford a-acyloxycarboxamides. Also known as three-
component reaction (3CR). Cf. Ugi reaction.

2 R3

® e 0 H R 7
'R —N:F) + RZJ\RS + R4—C02H R o R
isocyanide o)

RZ
l@ /
R! R’
H
0) o R? R2 R3 O
H
G R e
transfer \ R
N o]
/
R H®
Example 1°
Ts
OMe
N H
Voo ome  © TFA, PhH ~ MeO N__-Ts
e B ———
OMe * M2h 93% o o OMe
MeO OMe
OMe OMe
Example 2°
PR HOAc, THF \
+ JE
CHO \ t, 93% HN
(0]
CN AcO
Et
Example 3°
Me CbzNH
Me + Me +

FmocNH™ “CHO oy COBn BocNH™ ~CO,H

J.J. Li, Name Reactions: A Collection of Detailed Mechanisms and Synthetic Applications,
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Me
Me O Me
CH,Cly, 0°C — 1t
- - - s FmocNH N~ "CO,Bn
3-5 days, 80% \/\OIQ H
CbzNH NHBoG
Example 4’
HoN___N. OBn(Cly)
Mo,
NH o D—/<O
+ CN : N OH
J)LH CO,Me Alloc
BocHN™ ~CHO Ph
H
2 No2 OBN(Cl,)
CHoCl, 0 °C —> 1t /‘i//\k g
2 days, 59% BochN
CO,Me
NAlloc
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Paterno—Biichi reaction

Photoinduced electrocyclization of a carbonyl
polysubstituted oxetane ring systems

with an alkene to

form
fe) (o]
A, L = &
R™ "R’ R
Oxetanes

)
Rjj\R1 \E\ -

n, 7 triplet

o o o
R~ T TR~ R
R R’ R

triplet diradical singlet diradical
Example 17
O ° H
< 2 o
= Ph ° og X
Me o hv, CeHg, 99%  ROOC =0
Me Ph H
Example 2*
i-Pr hv, CgH \\I'-PI'
)OJ\ | 66 o—'
¥ E— T
Ph” “Ph SMe 9% pn SMe
(E/Z =6/1)
Example 3°
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Example 4°
Ph
OH Ph
. / \ HO
O 100% i °
o solvent 0
Example 5°
e
AN -Bg _hv.48h
O._Ph 30% ph
Ph
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described photoinduced oxetane formation. (b) Biichi, G.; Inman, C. G.; Lipinsky, E
S. J. Am. Chem. Soc. 1954, 76, 4327—4331. George H. Biichi (1921-1998) was born
in Baden, Switzerland. He was a professor at MIT when he elucidated the structure of
oxetanes, the products from the light-catalyzed addition of carbonyl compounds to ole-
fins, which had been observed by E. Patern6 in 1909. Biichi died of heart failure while
hiking with his wife in his native Switzerland.

Koch, H.; Runsink, J.; Scharf, H.-D. Tetrahedron Lett. 1983, 24, 3217-3220.

Carless, H. A. J. In Synthetic Organic Photochemistry; Horspool, W. M., Ed.; Plenum
Press: New York, 1984, 425. (Review).

Morris, T. H.; Smith, E. H.; Walsh, R. J. Chem. Soc., Chem. Commun. 1987, 964—965.
Porco, J. A., Jr.; Schreiber, S. L. In Comprehensive Organic Synthesis, Trost, B. M.;
Fleming, 1., Eds.; Pergamon: Oxford, 1991, Vol. 5, 151-192. (Review).

de la Torre, M. C.; Garcia, L.; Sierra, M. A. J. Org. Chem. 2003, 68, 6611-6618.
Griesbeck, A. G.; Mauder, H.; Stadtmiiller, S. Acc. Chem. Res. 1994, 27, 70-75. (Re-
view).

D’Auria, M.; Emanuele, L.; Racioppi, R. Tetrahedron Lett. 2004, 45, 3877-3880.

Liu, C. M. Paterno—Biichi Reaction. In Name Reactions in Heterocyclic Chemistry; Li,
J. J., Ed.; Wiley: Hoboken, NJ, 2005, pp 44—49. (Review).

Cho, D. W.; Lee, H.-Y.; Oh, S. W.; Choi, J. H.; Park, H. J.; Mariano, P. S.; Yoon, U.
C.J. Org. Chem. 2008, 73, 4539-4547.

D’Annibale, A.; D’Auria, M.; Prati, F.; Romagnoli, C.; Stoia, S.; Racioppi, R.;
Viggiani, L. Tetrahedron 2013, 69, 3782—-3795.



462 Name Reactions

Pauson—Khand reaction

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

O/

H @ o~
___ _CoACO% Co(CO)
/;CO(CO) toluene, 60-80 °C 5

4-6 d, 60%
5o " H
Co(CO)3
(CO),Co—Co(CO); -CO / -Co -Co(CO)s
- oCo) .
ch CO(CO)s
TH
hexacarbonyldicobalt complex
H
-Co(CO)s Lco
_ +CO
_—°co, CO(CO)z o7 —— .,
Iinsertion i i
= 7 toward CH insertion
exo complex sterically-favored isomer
(CO)5Co,
\ ~
(€oyco, M o~ o
reductive reductive elimination
elimination — Co,(CO)g g
o]

Example 1°

>< >< Co(CO)g
o O = 0O 0 4 = ><
\_x \:& benzene, 65 °C
16 h, 23%

Example 2, A catalytic version®

5 mol% Co,(CO)g

_ 20 mol% P(OPh)3
Ts—N TS_N<I>:O
N\

3 atm CO, DME
120 °C, 48 h, 94%
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Example 3, Intramolecular Pauson—Khand reaction’

7

- o
N—Cby Co,(CO)g, DMSO [
] THF, 65 °C, 94% N H

H

\
N
H N\

Example 4, Intramolecular Pauson—Khand reaction'

\)\ Co,(CO)g
5 equiv Me3NO+2H,0
N Q
THF/H,0 (3:1), 0°C to rt /, \\

7h,71% O NH,
12
Example 5
A 1. Co(CO)g, 1t, 2 h AL l
. Lo 8, 'L,
N~ =S_g 2 CO NMO,rt 20h N
R . R (e}
= 72-96% vyield CO.Et H
R CO,Et single diastereomers R 2
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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.

OH
. NaOH
g, I
OH R "0
S) 5 ® OH
o o &
R OH R o Sn2 H
~H ; R ™
\<l/\0\) &/% R "0 workup 0
2
Example 1
‘s NaOMe, MeOH Q.
TrO < — atie. Ve > TrO/\:/IO/H
HC T reflux, 1 h, 84%
OHO OTr o HO OTr
Example 2°
OBz

OTs chos, MeOH
8,0 CO,Me Tt T mznosn | O CO,Me

Example 3, Aza-Payne rearrangement8

HO H o H
e NaOH, t-BuOH/H,0 e
“ TsHN

N H rt, 4 h, 98% H

Ts

Example 4, Aza-Payne rearrangement’

OCH,3 0.28 M NaOH,
t-BUOH/H,O/THF (4:5:1),
rt, 30%, or

NaH,
THF/HMPA (10:1),
ook, TG
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Example 5, Lipase-mediated dynamic kinetic resolution via a vinylogous Payne

rearran gement1 !
(0] (6) Amano PS (0)
vinyl acetate OAc
HOHO , HO OoH "~ . HO
4A MS 0

0] 0]
TrocB TrocB hexane, rt TrocB
46% (60% brsm)
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Pechmann coumarin synthesis

Lewis and Brensted acid-mediated condensation of phenol with B-ketoester to
produce coumarin. Some call it the von Pechmann cyclization.

OH o o AlCI;
.
_ s _
O A
R
Et O5-aici -
H et0-CP-AIC, o o 0.0 A (5.0
o ‘X\(O_’ { — _0O) —= @f
R H \_) P
R

R R
OH

® o_ .0

o2 o.
Michael NH H 0.0
addition 3 > =

R OH RAQH, R

Example 1°

D, X
HO OH [bimim]CIl-2AICI,

130 °C, 35 min., 90% HO oo

Example 2°

(6] (0]
O OH O OH
)ﬁ MOEt
X
OH BiCls, 75 °C, 2 h, 66% o o

Example 3"

Me 0__0
o O O Z
E Me OH MeSO;H
OEt +
72% O

F
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Perkin reaction

Cinnamic acid synthesis from aryl aldehyde and acetic anhydride.

OAcO O Sy %
Ar—CHO + Ac0 oM T L L ArMOH

Ar o H20 cinnamic acid

Q o}
(0] O) 7}
o enolate )I\O/K aldol O@jg
aLQ 7~ S0Ac B A
formation condensation ArMO
O

intramolecular ><‘) )OJ\ )Oj\%)oj\

- - o GO
acyl transfer Ar MO )\Hk

P
o ~O

> 2 9 g — AcOH
il D L oS A
W Ar 0 elimination &

H OH

_¢e

OOH
9 HO o HOAC 0

/\)J\ Ar/\)J\o@

Example 17

MeQO

Ac,0, EtzN, 90 °C
CHO + MeO
CO,H 5h, 66%

MeO

E 9
xample 2
CIF,C Ac,0, A CIF,C
O —
PH AcONa, 46% PH CO,H
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Example 3"

_~_CHO DES,30°C A Xy COH
~ | + Ac0 X |

N 8h, 60% N
DES = Biodegradable deep eutectic solvent generated from choline chloride and
urea.
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Perkow vinyl phosphate synthesis

Enol phosphate synthesis from a-halocarbonyls and trialkylphosphites.

General scheme:

(0]

OR? Q R1O\|'_T',/OR2 3
P + - > + R°-X
RO \ORZ )H(X OW)\

X =Cl, Br, I, secondary or tertiary halides are required to retard the
competing Michaelis—Arbuzov reaction.

Example 1.
o) (|) Ph
(EtO)P + g, EtO\ﬁ\ + EtBr1
o)
Ph EtO
(EtO)4P: 5 pﬁ
\\ . O_P(OEt),
Br Ph %Ph
- O Ph
Brr—x
%ﬂo Ph Sz EO-g + EBr?
EtO-p® EtO
e ©
Example 2’
o} o) MeO\F;/o
CyNC NCy P(OMe); Meg O
oo ——— — .
60°C,1h Cl rt, 5 min, 68% ‘\NCy
F F i
Example 3°
Br
(0] CHB
2 C:D:0., O A,
Ccl  (CyDs0)sP, Br -
(R DO cl
50°C, 1h, 79%
Cl
Cl
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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.

o) Rowp-Rs
B(OH), , Ro,.Rs )H
N + B
R1_//_ N H R, /v\/OH
OH
Rz\ﬁ,&
C_O Rz\(Na,R:; D
H % Rz\N,R3
E— —_— R1 o -
) .0 oH
R,—NH OH R ;" 1OH _\\—P\OH R1/\)\/
Rs _\\—B(OH)Z HO
2
Example 1
OH Ph" N7
CsH EtOH, rt
Lo oYy T ey A CsHg
Ph"X""OH OH H  84%,99%de Ph™ 7
OH
4
Example 2
Me
(HO),B HO  N-Bn
HO. CHO MeNHBn, EtOH, rt HO—‘S 2
j/ " 24 h, 72%, 99% de Q
HO
OMe OMe
E 9
xample 3
Ph.__CO,H
s
R, -
R OHC-CO,H, PhB(OH), 3
2 2 R
N | N/ 2
PN 50-94% PN |
BnS” N” R, BnS” °N” R,
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Example 4, Asymmetric Petasis reaction'’

Ra<, R
9y o AN

15 mol% (S)-VAPOL
R N.
N BOEY, T ReR, P /\)\cozEt

3 H™ SCcoppt — = Ry
3AMS,-15°C, Tol.  70-92% yield

R4 = aryl, alkyl R, = Bn, allyl 89:11 to 98:2 er

R3 = alkyl

Example 5, Asymmetric Petasis reaction''

B(OH), L)
CHO D 20% mol% cat. N
+ + B
@C,H N MTBE, 5 °C, 96 h
OBn 70%, 95% ee OH OBnN
Qy
NH N)J\N
SO
cat. = OH CFs
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Petasis reagent

The Petasis reagent (Cp,TiMe,, dimethyltitanocene) undergoes similar olefination
reactions with ketones and aldehydes as does the Tebbe reagent. The originally
proposed mechanism® 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.” Petasis reagent is easier to make
than the Tebbe reagent.

H H
1/
Ch._ Ol MeLior ot | 2 S et | o
i Tl\“\ — T'\\_/‘H — ¢ Ti=CHy
C Cl MeMaCl Z P
N O
H
Ri _ H H,
o=( Ti—= Co. R . R,
Ry % \H NS " I
R4 \<O\ R, R,
o—<
R
2
Example 1
C) 2
O%N “Ph  CpgTiMe, OJ\N “'Ph
MeO,c—}"CHs  THF, 65°C MeO,C—["'CHs
CHO 8 h, 52% X
Example 2°
AN
/N
N
0" "O  PhMe, 50°C, 67% 0o
Example 3°
CFs3 CF,
o o)
CF; 0.75eq AOXPh CF3
[ j\\o 2.4 eq MeLi E
6 mol% Cp,TiCl,
PhMe, 80 °C, 6.5 h
919
250 kg F %
(474 mol) 227 kg
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Example 4°
R; R; OMe 1.8 equiv Cp,TiMe, R; R; OMe
NS NS
R; N O Tol., THF, microwave, 65 °C Ry N
3-10 min., ~ 50-60%
Example 5"
O 1. Petasis reagent LBr
.R
R)J\ITI 2.Br, R” Yo
' 3.H;0 @
R 3 85-95%
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Peterson olefination

Alkenes from a-silyl carbanions and carbonyl compounds. Also known as the
sila-Wittig reaction.

o H HO SiR; acidor R! H
P MO9SR, R? H
R'"” R2 R3 R R3 base R2 R3

Basic conditions:

—_— WH —

1) () 'H
H 2 3 elimination 2 3
Rz R3 R R R R

@éSiRg

o
@ /‘1 o
O-SiR 1
R1J<\R2 O b R1.:j_CL.. L L N

M
B-silylalkoxide intermediate

Acidic conditions:

®
i 3
HO SiR3 ; HO RS ) H,O05 R . 1 3
RY e H rotaton Ry H H™ R H E2anti- R\ R
R® R R? SR, R*  SiRs elimination g2
:OH,

B-hydroxysilane

Example 1°
oH SiMe,Ph  KHMDS,
Q H,S0,, THF HO_ _A_ .OH 18 C-6, THF ]ij\
HO™ ™~ "OBn 23°C,24h -78°
s \ HO” >"~oBn ~787C.1h 0Bn
n 95% : 99%, > 20:1 dr
OBn
Example 2’
j\ 1. n-BuLi, E,0, —78 °C F o
PhO s)\(
PhO,S TBS 2. benzophenone, 63% z Ph
Example 3°
1. KHMDS, THF, -78°C [~ | CN
(t-BuO)Ph,Si” CN N _—
2. N
- | 88% yield
N CHO 92:8 Z.E
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Example 4'°

O OMOM CH, OMOM

Me 1. LICH,TMS, THF 0°C, 15 min.
O 2. KHMDS, 0°C to rt, 1.5 h ‘

3. HCI, MeOH/Et,0, 5 min.

— 74% —
Me Me
Example 5"
)OJ\ Boc O Boc
CoHig N,NH t-BuOK, THF CoHi N'NH
™S OH 45°C, 16 h X C12Has
C12H25
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Pictet—Gams isoquinoline synthesis

The isoquinoline framework is derived from the corresponding acyl derivatives of
B-hydroxy-B-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.

4 H 1 R P,05, decalin 3
3 \g/ reflux N

. . . 2
Oxazoline intermediate

Q
=0 ©$ \ X
A g} N . _
m o R T R’(D X ©©N
H'\J\fd o} oPO 0,PG2R

PO,
R
Example 1*

HO i

POCl3, P40, decalin

O NH 3, P4aO10
180°C, 6 h, 14%
OH H H OH
N N
o O
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Example 2’
OH
A
4o P,0s _N
H o-dichlorobenzene Cl
cl 80% O
Example 3°

An Alternative to Pictet—Gams Reaction Triggered by Hendrickson Reagent:
Isoquinolines and B-Carbolines from amides:

e} ® 0% €]
F5CSO5 PhsP” PPhs F3CSO;

Hendrickson reagent
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Pictet—Spengler tetrahydroisoquinoline synthesis

Tetrahydroisoquinolines from condensation of B-arylethylamines and carbonyl
compounds followed by cyclization.

1
R'O R'O
L% e
R0 NH, R2”"H R'O NH
1 H R'O
H
NH \<\) R'O H,NYOH

<R
R1Om R'O
& —H0
©) 2
NQCOH, —> m & —
R'O H Oftz R'O h
R? R?
Iminium ion intermediate

RIO__~ R'0 @ R'O
1 H -~ NH —— NH
R'O H R'O R'O

R? H re R2

Example 1*
(|) HO
|°\#O MeO

HOD/\‘ AcO s O silica gel
N
NH Me
MeO 2 1/ dry EtOH  Me
o N 80%
o (o}
-0
Example 2’

MeO ‘ NHMe (CH,0),

i-Pro —_—
O aq. HCI, EtOH

75%
i-PrO

Example 3, Asymmetric acyl Pictet-Spengler’

H
OHC~oTBDPS
] NH
N 2 CH,CI/Et,0 (3:1)

H Na,SO,, 23 °C, 2 h

OTBDPS
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i ]
._B N = “
1-BUy \HAN N N NAc
o H H\<ijh H
|
\ OTBDPS
AcCl, 2,6-lutidine, Et,O 81% 2 steps
—7810-60°C, 23 h 94% ee

Example 4, Oxa-Pictet-Spengler'

CHO
O e
BF3+OEt,, CH,Cl,

z { 0°C to rt, 88%, 88% de

Example 5,

CO,Me OHC o
( Il j' NH, * Q O)Q
N (0]

TFA, 4 AMS

CH,Cl,, 1t, 4 h
98%
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Pinacol rearrangement

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

HO  OH e Q i
e

R' R3 R

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-O,N-Ar

@

HQ  OH HY HO ¢OH, _mo0
R>—R R R2
R" R® R RS
H, o]
HO o)
® Ikyl
R R 2V R . O R)KKRz
{ R® migration R™® 3 Ho R®
R R1 R R’I
Example 1*
OMe
OMe MeO.
MeO O
OH OTBDMS BF,+OEt, Moo CHO
2 OoTBDMS —~ "~ , H
MeO THF. 68% OTBDMS
OMe
OTBDMS
OMe
Example 2°
Ph Q
OH 1. MSC', Et3N, CH20|2 Ph
0°C, 10 min.
Ny OH 2 Et,Al CH,Cl,, 78 °C =
N 10 min., 90% N‘so Ph
\
SO,Ph 2
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Example 3’
Ph OH o Ph
Ph OH cat TsOH
Cly o O.
Example 4°
OBn Nl—O OBn Nl—O R = vinyl, 92%
R = allyl, 95%
BF3+OEt, Z R=ful 00%  98%ee
R = prenyl, 94%
CH,Cly, 0°C L)
HO R OH o)

Example 5, A Trivalent organophosphorus reagent induced pinacol rearrange-
11
ment

(@]
2 equiv P(OEt);
—_—
/ \ xylene, reflux
S S 61%
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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.

o)
H*, H,0 R)]\OR1
) HCI (g) NH, CI~
R-CN + R-OH — "', _|
] NH,
R” “OR L .
R—=NH
H® protonation P nucleophilic NH2+ cl
R—=N:—* R™-0" addition R” “OR!
H
common intermediate
+ o= ®
NHz © A _ H o
)J\ ) ydrolysis HN) OoH )k
—_— R ——
R) OR 2 1 R~ OR'
H,0: R™ OR
e
.
NH, Cl "
()J\Z C1: nucleophilic HCI-HZN)gv NH,
R7YOR ”
) addition R Q‘“Hz R NH,HCl
H3N: H
imidate hydrochloride
2
Example 1
Ph NH Ph NH,
i Ph EtSH, HCL CH,Cl, pyr., HS =
Ph N)\\ Ny O Ny ©
H SN o0°C 10min.,95% | 4h,0°C, 42% h
Ph Ph
Example 2*
(e} o) (o]
EtSH, HCI, CH,Cl, pyr., HaS
Ph)kN/\\\ Ph)J\N/\n/SEt Ph)J\N/\[(SEt
H N goc, 1h, 85% H ol 2ho°c, 40% ol
E 6
xample 3
O, o O,
s MeOH, HCI s NaHCO3, Et,0 N
( OPh OPh /j\ OPh
Et,0, 0 °C _50 _
\ ®o0%  HCRHNZ “ome ~ ~27C:87792%  HN"OMe
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O,
gz gz )N\H2 /[S\oph
N “OPh  Ph” "M
JI OPh | JI e N NH,
MeO NH EtOH, rt
HN" "OMe 2 36 h, 78% Me)\Ph
Example 4'°
ci©
N
N HCI ® \>
\> HoN
g EtOH 2 S
NC 95%
OEt
N N
\ \
NaHCO; Y NHCI HN %
OEt 65% cl NH,
Example 5"
OH
2 equw TMSOTf
+ BnCN
rt, 65 h, 73%
OH
monaspilosin
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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.

]
R o
R2 (CH5C0),0 ,Il\l . JJ\
| \O R R2 H
R ~© pyr., CH.Cl, )

R' O
@ R2 [I\j R!
)L(‘ J\ acylat|on \plla %)J\ R? 2)/\
H - HOAc R

J

CH,COY

2
KR
oo
\*
o

©]
CH,CO;
iminium ion

©) o
A%J\ R's 7 R

- Ac,0 N
TURGNG T o (0 =M e
R
N_ © o}
OYO OAc
The intramolecular pathway is also operative:
1
B RZ R1 R1
\( '\j@R N JOJ\
A o TR T g
0 R?”H
B ~ °
Example 1'
(CH3CO)20
N N
N
| O 100 °C
o)\
Example 2*

o (@]
N (CH3C0),0

B

<30 °C, 98%
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Example 3, Iron salt-mediated Polonovski reaction’

H,0, then @ FeSO4

,\]JOH

2 M HCI T 87%, 2 steps steps =
HO\\I

HO™

codeine

Example 4"
©
/
@( dlmethyld|OX|rane No
acetone, 1 h, rt ))ij
Trogers base quant. N

Ac,0, 1t, 0.5 h ©E\/N

acetone, 77% N\/\©
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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.

N/
@N/_ oo (CFsC010 _
pyr., CH.Cl,
07 CF,

tertiary N-oxide

/ NS
F‘"’Cj 0~ “CF, acylation %CFa
—_— O

/ H
Cf J /
CFaoog9 CF3CO;

iminium ion

s
~ 7
Q oy N
— ) — > CF,COT ™ — Z
FsC %WC% H
e 07 > CF, 07 > CF,
° 9

enamine
2

Example 1

N <’l‘> (CF3C0),0, CH,Cl,, 0 °C

H

N then, HCI, heat, 30%
HO.

Example 2°

o) (CF3C0),0, pyr.

H
SN o/
G | OH  CH,Cly, 0°C, 65%
A
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Example 3*

1.3 equiv m-CPBA

CH,Cly, 0 °C, 94%

HO\ fe)
1. TFAA, CH,Cl, 1t, 3 h N2
-
2. KCN, H,0, pH 4 N H V= OH
0°C, 30 min., E Boc H
thenrt, 3 h 229, 25%

Example 4, m-CPBA also concurrently oxidized the aldehyde'’

1. m-CPBA, DMF, 0 °C, 0.5 h, 80%

3
2. Ac,0, EtzN, DMF, 0°C, 1 h
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Pomeranz—Fritsch reaction

Isoquinoline and saturated variants synthesis via acid-mediated cyclization of the
appropriate aminoacetal intermediate.

OFEt
T G H\OEt _ CEO
©\CHO ’ @\/ Z N
. OFEt OEt
(2.. OEt H\OEt imine
H H formation
<o o(;z

/ ®
H \ H. ®Et (OEt
1OEt ﬁ — HOEt /‘2
B OEt
KKOEt ©vN g @v”
—

OOEt

N
— N
Example 1°
EtO_ OEt
MeO \S BF4-AcOH, (CF3C0),0 Meom
N
Meo:©\¢N 60-82 % MeO Z
4
Example 2
MeO OMe
TiCly, CH,Cl,
—_—
N\/© -78°C, 69 %
O Me
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Example 3°
OMe
MeO MeO X
N 6 N HCI, EtOH, dioxane N.
MeO “Ns MeO Ns

reflux, 30 min., 68%

Example 4, Bobbitt modification'®

EtO_ OEt
OEt
Br
OEt
NaH, DMF

1.5 MHCI, 12 h, rt

2. NaBHy, TFA, CH,Cl,
38% overall
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Schlittler—Miiller modification

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

OEt
NH, )O\Et > lH\OEt —’H® \N
> OHC” TOEt N 7
R R R
E 3
xample 1
yZ | OMe OMe
R_
x + H\OMe % H\OMe
HN. A
X Ts X “Ts
n® R = | X
—_— N N.
Ts
4
Example 2

OEt

o)
1_Eto)\,//
H 7 A\
/ < > \ N N
H,N NH

2 2. oleum, 30% — —

References
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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.

5. Hudson, A. Pomeranz—Fritsch Reaction. In Name Reactions in Heterocyclic Chemis-

try; Li, J. J., Ed.; Wiley: Hoboken, NJ, 2005, 480—486. (Review).



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.

Jie Jack Li

EDG
S

©\ + acid
b
N"TR

©\ . o acid
NH, HJ\R

EDG EDG
reagents
or conditions A
~
N R
N N R
EDG EDG
reagents
or conditions A
e
N R N R
H

EDG = Electron Donating Group
acids: Lewis acids or Br@nsted acids
reagents or conditions: 1: DDQ, 2:TsOHy/distillation, 3: Pd/C, 4: air/heat, 5: Mn(OAc)3

Example 17

EDG
g
EDG N R \ EDG
“ Ho
¥
PN Epg 1% N” R
N R / H
e 1
14 N
e
i N R
OMe Me
Me 10 mol% Yb(OTf); R N

MeCN, rt

R * N~ > Ph
N Ph R =H, OMe or CI

J.J. Li, Name Reactions: A Collection of Detailed Mechanisms and Synthetic Applications,
DOI 10.1007/978-3-319-03979-4_221, © Springer International Publishing Switzerland 2014
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Example 2, Katritzky variation™

N
@[ N FiC NHCOOCH,Ph
Toluene &

N Bt
BtH) H — N)\E
. H

91%

FsC ( t
p-TsOH, 78%
EtCHO
NH

2

OCH,Ph 07N CFs
07 NH FsC
FsC — CF;

— N7 Et
N COOEt
H

Et
Torcetrapib (CP-529,414)
Example 3’
Ai?
Rs BF~OEt,
- + o (20 mol%)
e | AL CH,Cly, 45 °C
Ry NH, H™ Ry 35-91% yield
up to 98:2 dr
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4. Buonora, P.; Olsen, J.-C.; Oh, T. Tetrahedron 2001, 57, 6099-6138. (Review).
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Prévost trans-dihydroxylation

Cf- Woodward cis-dihydroxylation.

C_)chh hydrolysis

_—

0,CPh OH

AgO,CPh

%<

00O
£0,CHPh Y
2 Ph
cyclic iodonium ion intermediate  neighboring group assistance
S
Ochh
0,CPh
Sn2 - hydronS|s
>>_\< L > >—|<
Y 0,CPh
P

Example 1°

(I sgocom, ‘OO
T — So
rt,2h o

reflux, ’10’h, 46%

F

Ph
Example 2°
«02C-CeHa-p-OMe  AgocOPh, I,
_—
~o" CCly, 74%
OAc

...o

\O\f\ci4 o oo ACO/UOfiC\/
2. Acy0, pyr. o
20, py! \O‘
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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.

o) H® OH

P

o O

or or
H O H  HO R/K/\OH R OH R)\)

OH
o} ®
H ) H,0 OH
J‘J\ S H%\H — R/\/\OH 2
H H Y R OH
RN

the common intermediate
N L R OH

O

H
e - Ko (o o)
——~ O H

HJ\/H\R}@\/\OH R)\/)O,H R)\)

Example 1°

SnBry, CH,Cl, O
W (o) "
~78°C, 84%
TsO OBn TsO OBn

Example 2’
oo
Q/\ (CH;0),, B(OT); O)\)
AcO CH3CN, rt, 10 h, 77% AcO
E 9
xample 3
OBn OTBS
TMSEO,C -

o0~ O

7
.
~o HO" o)

J.J. Li, Name Reactions: A Collection of Detailed Mechanisms and Synthetic Applications,
DOI 10.1007/978-3-319-03979-4_223, © Springer International Publishing Switzerland 2014
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Cl

In(OTf)3, TMSCI, CH,CI
(©Ts 272 TMSEO,C

-78t0-40°C, 4 h, 42% © ®

Example 4"

AcOH, BF3°OEt,

0 °C, CH,Cl,
X = OAc, 33%
X = F, 48%

]
PhO,s  OCHs

Example 5, A cascade of the Prins/Ritter amidation reaction''

H 4 20 mol% BF3'OEt2
\/\ﬂ/ . . /\\\N
o OTs

rt, 2 h, 54%
HO acrylonitrile ° NN v, OTs
Example 6'
CHO
HO
20 mol% Sc(OTf),
MeO N .
CICH,CH,CI,
MeO OH . 4 Awms, 80°C
2
15% OMe
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Pschorr cyclization

The intramolecular version of the Gomberg—Bachmann reaction.

COH CO,H
— NaNO,, HCI O‘
—_—
Sl
NH,

CO,H
® HoN O O —NO?
N H 0 0) _-HO NH,
HO S0 —= — <
H 6\’N°O \‘N(‘ N
2@ O’, o’ \\o
COzH COZH COzH
ey e O “
O T " N:
NH I hid)
3 N3 e
S0 |l|® (PH2

N CO,H
6-exo-trig O O‘
. —— Cu(0) +
)

radical cyclization

Example 17
0. 0. 0 0y 0._O 0. 0_0
1. NaNO,, HCI-H,0-HOAc
OO 0to5°C,2h ‘O + OO
[ NH, 2. CuSOy, HOAC, reflux S 6:1 s O
\@ 2 h, 86% O '

J.J. Li, Name Reactions: A Collection of Detailed Mechanisms and Synthetic Applications,
DOI 10.1007/978-3-319-03979-4_224, © Springer International Publishing Switzerland 2014
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Example 2°
o]
NaNO,, HCI \'Tl |
a 2, N
5to 20 °C 64% ‘O
Example 3"
(0] O
‘\)1\‘ hv (350 nM)
O O MeCN, N, O . O
Br
34% 62%
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Pummerer rearrangement

The transformation of sulfoxides into a-acyloxythioethers using acetic anhydride.

Q@ , Aw0 g R?
. R
R' S OAc
o)
o o
91\ )]\ eo o (0] C(?)J\
j o acyl %{ ~AS RS R
: o PR ad ey
transfer 2
] .S R
.S _R? R &>
R Aco@‘)
.s._R?
- HOAc S R R .S _R?
RIOX~ -~ R
o j OAc
AcO
Example 17
OH 1. Me,C(OMe),, H*
Bro. - 2. m-CPBA, CH,Cl,, 20 °C O] OAc
SPh BnO._~
\/\(l)i\ 3. Ac,0, NaOAc, reflux, 6 h d SPh
81%
Example 2’
MeO
MeO N
:©/_\N COEt  TMSOTf, DIPEA 0 COLEt
MeO 7 bh = | 2
S N= Nﬁo CH,Cly, ~20 °C N
Ph" ™0 _°  88%, dr=2:1 N
Bn
Example 3*

MeO.

MeO
e :@\/\ i ?
MeO N)J\/SEt CSA, PhMe

X CO-Me reflux, 88%
Br.

J.J. Li, Name Reactions: A Collection of Detailed Mechanisms and Synthetic Applications,
DOI 10.1007/978-3-319-03979-4_225, © Springer International Publishing Switzerland 2014
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Name Reactions

Example 4°

Example 5, Stereoselective Pummerer rearrangement

Bh O O Bn O

! I Ac,0, pyr., DMAP '
Bn/N\)k/S\ 2o Py Bn/N

: CH,Cly, 1t, 91%
“Ph Ph

:

OAc

\,

10,12

= O

o Ac,0, TMSOTf s
\)J\ e ‘e, OEt
OEt  Me,NCOMe, rt H OAc
ee, 89% Me
Me

@M O o

References

1.

>

S AW

10.

11.

12.

Pummerer, R. Ber. 1910, 43, 1401—1412. Rudolf Pummerer, born in Austria in 1882,
studied under von Baeyer, Willstitter, and Wieland. He worked for BASF for a few
years and in 1921 he was appointed head of the organic division of the Munich Labor-
atory, fulfilling his long-desired ambition.

Katsuki, T.; Lee, A. W. M.; Ma, P.; Martin, V. S.; Masamune, S.; Sharpless, K. B.;
Tuddenham, D.; Walker, F. J. J. Org. Chem. 1982, 47, 1373—1378.

De Lucchi, O.; Miotti, U.; Modena, G. Org. React. 1991, 40, 157-406. (Review).
Padwa, A.; Gunn, D. E., Jr.; Osterhout, M. H. Synthesis 1997, 1353—-1378. (Review).
Padwa, A.; Waterson, A. G. Curr. Org. Chem. 2000, 4, 175-203. (Review).

Padwa, A.; Bur, S. K.; Danca, D. M.; Ginn, J. D.; Lynch, S. M. Synlett 2002, 851-862.
(Review).

Gamez Montafio, R.; Zhu, J. Chem. Commun. 2002, 24482449,

Padwa, A.; Danca, M. D.; Hardcastle, K.; McClure, M. J. Org. Chem. 2003, 68,
929-941.

Suzuki, T.; Honda, Y.; Izawa, K.; Williams, R. M. J. Org. Chem. 2005, 70,
7317-7323.

Nagao, Y.; Miyamoto, S.; Miyamoto, M.; Takeshige, H.; Hayashi, K.; Sano, S.; Shiro,
M.; Yamaguchi, K.; Sei, Y. J. Am. Chem. Soc. 2006, 128, 9722—-9729.

Ahmad, N. M. Pummerer Rearrangement. In Name Reactions for Homologations-Part
II; Li, J. J., Ed.; Wiley: Hoboken, NJ, 2009, pp 334-352. (Review).

Patil, M.; Loerbroks, C.; Thiel, W. Org. Lett. 2013, 15, 1682—1685.



Jie Jack Li

Ramberg—Bicklund reaction

Olefin synthesis via a-halosulfone extrusion.

X Base R’
R)\S/\R1 /:/ + O:S:OT
do
/B R .
X H Pt backside
X0 RN T~
)\ )l 1 N displacement
R™ S’ R oo
R R’
1
WY e
\é /_/ + 0=s=07
/ \ extrusion R
O/\O

episulfone intermediate

Example 1*
H H
CI\/j\ KOt-Bu, THF (j;>
H 82 Br _15°Ctort, 71%
Example 2°

KOt-Bu, THF/HOt-Bu
"SO,CH,Br  0°Ctort, 0.5h, 65% (I
H

WOH
1.2.2 eq. KOt-Bu, 10 eq. HMPA o] O
DME, 70 °C, 5 min., 82%
2.6 N HCITHF (1:10, v/v), rt, 4 h, 85%
o)

J.J. Li, Name Reactions: A Collection of Detailed Mechanisms and Synthetic Applications,
DOI 10.1007/978-3-319-03979-4_226, © Springer International Publishing Switzerland 2014
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Example 4, in situ chlorination’

TMS/(iI/\/\/\/\/\/\

0,8 ©

TMS\Oi/\/\/\/\/\/

1. t-BuOK, t-BuOH
CCly, rt, 65%

2. TsOH, H,0, EtOH

rt, 95%
Example 5°
Ph
X Z
KOH-Al,05 =
n-CsHy—= =—Ph ; n-CsHy
CFng$%H2C'2 E/Z =33:27
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Reformatsky reaction

Nucleophilic addition of organozinc reagents generated from o-haloesters to car-
bonyls.

O OR? 5 HO OR?
T o ™ 2 ey

R R (o) R’I

Zn(0) nucleophlhc

OR?
Br/\ﬂ/ ZnBr
o) oxidative addition or R \_/KH/ORZ addltlon

electron transfer

BanOh/ﬁ]/OR2 H,0, hydrolysis HO}/\H/OR2
R

R R' O during workup R' O

Example 1*

OTBDMS OTBDMS

\ BrCH,CO,Me \
D”“/Ph e MeOZCv/D'H,/Ph
S N N

Zn, THF, reflux, 71%

|
Boc

|
Boc
Example 2°
: z’f /\)k Zn, THF
60 °C
O/
HO O— HCI o
e} THF, rt, 10 h
92% ‘
MeO MeO

Example 3, Boron-mediated Reformatsky reaction®

o)
BEts, tol.
I + —_—
I OP: Me! -78 °C, quant.
O/ °
P =TBS single diastereomer

J.J. Li, Name Reactions: A Collection of Detailed Mechanisms and Synthetic Applications,
DOI 10.1007/978-3-319-03979-4_227, © Springer International Publishing Switzerland 2014
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Example 4, Sml,-mediated Reformatsky reaction’

OTBDPS
OTBDPS

OSiEt,
n-Bu \)\/CHO

Me
' 1. Sml,, THF, =78 °C

OSiEts 2. Martin sulfurane, CH,Cl, n-Bu

Br 72%, 2 steps

o
Me
Example 2°
t-Bu O t-Bu
! I
N Br : _S. :
HN-S%0 \)J\OR o">*"NH o dr up to >99:1

yield up to 89%
R V-OEt  zn CuCl, Me-THF, 0°C F3CF‘{'M0R'
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Regitz diazo synthesis

Synthesis of 2-diazo-1,3-diketones or 2-diazo-3-oxoesters using sulfonyl azides.

N2
1
R\H/\H/OR TsN3, Et;N R OR' , Ts—NH,
o] o) MeCN o o
I :NEt, ® o (.S? \
N=N-N- ~< >7 NG
H enolate U o N % SO Tel
R OR'" ————= 1 —_— N )H 1
formaton R 3~ _OR R OR
>
o< 0O o O 0 O
H
No N©
N4 "SO,Tol I
proton ,{l' N® 9 ( >
_ = y > 1 —
transfer R\[&row RWOR ’ HZNE

tosyl amide is the by-product

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

iliary:*°
O (0] o}
NaH, HCOzEt MSN3 N
Z0H ———— 2
Et,0 Et,0
oot N S0,M
o f:NEt3 N@Q_N_ﬁ_Me O © SOMe
o @ N ( H

HO — —
@”Q) %) 5
o
o
RN Q ? @.N 0
<y HN—S-Me NT N2
N—~so,Me — O=< (”) + -
o H

H o

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

J.J. Li, Name Reactions: A Collection of Detailed Mechanisms and Synthetic Applications,
DOI 10.1007/978-3-319-03979-4_228, © Springer International Publishing Switzerland 2014
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N=N rx(l_)'os' M il N=N
O N=N-N—-S—Me 1,3-dipolar N
U‘/ o - - . N-so,Me
cycloaddition
~ "oH Y H OH
0 0

Example 1°
i N
WOI‘-BU N \ﬂ/ \©\
0O O © SO,N;
O N
EtsN, CHsCN 2
° ° WOI—BU
0°C, 5h, 45% O O
Example 2'°
O O o

)J\/U\ OIS hson, M K)j)k \OTIPS
L\:@ CHsCN 84% L @
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1.  (a) Regitz, M. Angew. Chem. Int. Ed. 1967, 6, 733-741. (b) Regitz, M.; Anschiitz,
W.; Bartz, W.; Liedhegener, A. Tetrahedron Lett. 1968, 9, 3171-3174. (c) Regitz, M.
Synthesis 1972, 351-373. (Review).
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Reimer—-Tiemann reaction

Synthesis of o-formylphenol from phenols and chloroform in alkaline medium.

OH OH
@ + CHCl, + 3KOH — @/CHO + 3KCl +2H,0
a. Carbene generation:
4 fast -cr
Cl,CtH o as HO (_cl;c|2 CI, slow .cCl,
OH a-elimination
b. Addition of dichlorocarbene and hydrolysis:
o
OH 8) < ey o) ¢l
KOH 2 CHCl
H,O + ‘col, — Cl, ——
= H. OH
©0oH 0) (Cl 0% (0
<P ¢ ) Glon . CHO
I~ N
—_— H - H — H

Example 1, Photo-Reimer—Tiemann reaction without base’

_CHCI
o CHCL2

hv (Hg lamp)

CHCI3 5h, 48%
CN
Example 2°
OH OH

CHO
CHCI3, 6 eq. NaOH

2 eq. Hy0, reflux
CO,H 4h,64% CO,H

NHBoc NHBoc
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Reissert reaction

Treatment of quinoline or isoquinoline with acid chloride and KCN gives
quinaldic acid, aldehyde, and NH;.

Q0 QL

0 _ H H,S0 (0] AS
J— " T U " NHs
R Cl KCN

N
~
O)\R R™ 'H N~ ~CO,H

Reissert Compound

Q
X
@fj \‘/CN mH H® b
N S - N

o C_I>_> NS H )\ CN = N S
F}A@ o 0”7 R b

R R H

Reissert compound

SN H\O,H

® G

N K\NHJH —
O

H

Example 1°
(e}
MeO
© Cl . NaCN, H,0, CH,Cl,
+
MeO N/ 4.5 h, 95%
OMe
)
(0]
N CN
MeO
MeO 5 30% HyS0, H
reflux, 1 h, 95% MeO
MeO OMe
OMe

J.J. Li, Name Reactions: A Collection of Detailed Mechanisms and Synthetic Applications,
DOI 10.1007/978-3-319-03979-4_230, © Springer International Publishing Switzerland 2014
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Example 2, Reissert compound from isoquinoline’
A )
O chiral Al catalyst
ZN TMSCN, CH,=CHOCOCI
Br
O CH,Cly, —40 °C, 72 h, 53%
Example 3, Reissert compound from isoquinoline'®
= @@ y
N__O.
cI” o . . N
X CN CN O
P N
TMS-CN, CH,Cl,

48 h, rt, 96% Reissert compounds
Example 4, Asymmetric organocatalytic allylic alkylation of Reissert com-
12
pounds

1:1

Br
Br
OBoc 10 mol% quinidine N
Coz e —M » R
xylene, 150,99% (= oNO dr, 19:1
B o ee, 88%
CN MeO,C
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Reissert indole synthesis

The Reissert indole synthesis involves base-catalyzed condensation of an
o-nitrotoluene derivative with an ethyl oxalate, which is followed by reductive
cyclization to an indole-2-carboxylic acid derivative.

N, cogt B° N COEt &  F
R Soet —RT _I_ & R |
NO, [H] H CO,H

NO,
— OH
CH Eto._CO ® C
- =, = o
CO,Et
OEt NO, 2
o)
hydrolysis @(\fo [HI
- CO,Et
NGCO2 NGOH
CO,H
COZH N LOH N

Example 17
CO,Et
MeO.
[, COft koEt MeO Ha, PG Wjj\
NP Sno, COEt Tgze, EtOH, 85% CO,Et

Example 2°

- COE _
©(+ CO,Et__KOEY, EtOH m Hs (30 psi), PtO, |
NO, COZEt EO NG N” CoEt

HOAc, 41-44%

Example 3, Furan ring as the masked carbonyl"

Ms Ms
_o NH _0O N
i HCI, EtOH o
- \ — = /
9 0 reflux, 84% &)
Ph Ph

J.J. Li, Name Reactions: A Collection of Detailed Mechanisms and Synthetic Applications,
DOI 10.1007/978-3-319-03979-4_231, © Springer International Publishing Switzerland 2014
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Ring-closing metathesis (RCM)

Cysﬁ’ Ph C|:.C,,Y;EJPh FFS;\ ,{'\;llo V@
Céllr;,R =/ y cl” 8 oy Ph
PCy3 es\N N,Mes F3C
\oe/ FsC
Grubbs’ catalysts Schrock’s catalyst

Mes = mesityl
All three catalysts are illustrated as “L,M=CHR” in the mechanism below.

Generation of the real catalyst from the precatalysts:

— R
C + LM=CHR —— G‘ M= + —/

the active catalyst

L,M=CHR
Ve [2+2] L,M{CHR

cycloreversion @Ln
—_— —_— _ e =
C/: cycloaddition _ CHR + 2 <
[2 +2] ML, cycloreversmn
(s ——= + [we]
cycloaddltlon

Catalytic cycle:
_
(= d - =t
L.M= LM
" PR [2+2] n cycloreversion T . @AL”
: cycloaddition JE— —

[2 +2] ML, cycloreversmn
" Al =
cycloaddltlon

Example 1°

| 10 mol% (PCys),Cl,Ru=CHPh

DY )
0.3 eq. Ti(Oi-Pi /"
eq. Ti(Oi-Pr), o o

0707 ""Cy4Has CH,Cly, 40°C, 93%

‘Cy1Hz3

J.J. Li, Name Reactions: A Collection of Detailed Mechanisms and Synthetic Applications,
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Example 2*
O ph
Clungy=/

cr” E
EE Mes\N)\N,Mes E = CO,Et

45 °C, 60 min., 100%

Example 3’

1. cat. PhH (0.07 mM)
80 °C, then air

OBn 2.10% Pd/C, H,, EtOAc, rt
80-85%

OBn

Example 4°

N
= /O\H/g 5.4 mol% \J = H
— o=

CH2C|2, rt, 73% OBz

CyzP
|
C|'ln ;/
POV EN CI’R)U\
Mes\N N,Mes
5 mol% \_/ o)

Ph

CH,Cly, rt, 93%, > 10:1 £:Z o=\ _

Example 5"

15 mol% Grubbs I @)

toluene, 110 °C, 78% )
single
isomer

515
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Example 6"

1. 1 mol% L

PhH, rt, 1 h

2. Hy, Pd/C, 81%, 96% ee

/ 5 mol% Hoveyda—Grubbs (I1) N
CH,Cl,, rt ,\
Q 7 N.
N N/\/ then TFA, CH,Cly, rt NN

Ny 80% Bn

Bn oc
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Ritter reaction

Amides from nitriles and alcohols in strong acids.
General scheme:

0
H®

R-OH + R¥*CN —> R1\NJ\R2
H

Example 1

o
H,S0, >L
%OH + HzC—CN HJ\

H,0

@ i N=—o )
H ) O]
%OH _— KjOHz i, H,O + %3)/ — %N:—
\)

nitrilium ion

:OH2 @ ) O
{ OH, -H OH >L J
— @ - >L >L T N
>LN¢\ N/)\ N/)\ H
Similarly:
(0]
H2804
oo S
H,0 N
Example 2°
H,S0,
_—
MeCN
89%
4
Example 3
= CHj;
CH -BuOH H
_ | 5 t-BuOH, conc. H,SO, \N| o
SN >eN 70-75°C, 75 min., 97% HN\’<
Example 4°

J.J. Li, Name Reactions: A Collection of Detailed Mechanisms and Synthetic Applications,
DOI 10.1007/978-3-319-03979-4_233, © Springer International Publishing Switzerland 2014
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Pt electrode, E=2.5V
‘ CH3;CN, LiCIO,4 (0]
@ H,0, 56%, dr 8:2 0N NJ\
H H
O,N OH

Example 5°

@ fuming H,SO,4 CH3CN, rt, 30 min., @Q_OH
(0]

then H,0, 100 °C, 2 h, 77% NH,

Example 6, A cascade of the Prins/Ritter amidation reaction'

\/\H/H /I/ . /\\\N 20 mol% BF3+OEt,
+
o Ho OTs rt, 2 h, 54% \ O

acrylonitrile AN NG ,.OTs
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Robinson annulation

Michael addition of cyclohexanones to methyl vinyl ketone followed by
intramolecular aldol condensation to afford six-membered o,B-unsaturated

ketones.
O
o \)J\ e Cﬁ
N

R R

methyl vinyl ketone (MVK)

Co 0
enolate Michael isomerization
(/\di @J\ «
H addition

formatlon

[0l®)

B:

:B

(0]
aldol - H,0 Qij
addltlon dehydration
O@ R
Example 1, Homo-Robinson’

MVK, AcOH, BF5-OEt, ) E NaOMe ng
0,
>/~—/O 8%

_ 0, 0,
TMSO 20°C, 97% 3
1.5 equiv EtoZn
2.5 equiv LDA, TMSCI 1.1 equiv CH,l,
Et °
THF, -78 °C TMSO 20,0°C
1. 2.5 equiv FeCls, 0 °C
2. NaOAc, reflux
TMSO 40% for 5 steps o
Example 2°

(0] 3 equiv TfOH, P404¢

O
(j * CH,Cl,, microwave 4 ©

40°C, 8h, 57%

J.J. Li, Name Reactions: A Collection of Detailed Mechanisms and Synthetic Applications,
DOI 10.1007/978-3-319-03979-4_234, © Springer International Publishing Switzerland 2014
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9

Example 3, Double Robinson-type cyclopentene annulation

(0]

OH
CO,R 10 equiv \)J\
0.1 equiv FeCl3*6H,0
ROLC CH,Cl,, 60 °C, 2 d
OH
o} (0]
conc. HySO,4 COZ
0°C,1h
RO,C CO,R
thenrt, 16 h RO,C
(0] o

0 A
X

CN DBU, tol., reflux, 20 h,16%

Example 4'°
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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.
Ro

R>
HN -HO N/\S\
R |
R A IR A,

Ry, Ry, R; = alkyl, aryl, heteroaryl

H R H R,
/‘ R3 e | 3
R™ o029 R1/AO CoH /L Rs

Example 1°
Q o)
H
H N\gko/ PhsP, I, EtsN H N o
- ~H E—— 7
cozHN 0 AN o5% CbzHN O |
4
Example 2

1. Dess—Martin, CH,Cl,
2. PhzP, BrCCI,CCl,Br

3. DBU, CH4CN
4. TBAF, THF
42%, 4 steps

Example 3, Halogen effect’

2 equiv PPhg @\(ow/é
% CCl,, MeCN \

reflux, 97%
2 equiv PPh3 o .
T CBry MeCN \ r
reflux, 68% N-N

J.J. Li, Name Reactions: A Collection of Detailed Mechanisms and Synthetic Applications,
DOI 10.1007/978-3-319-03979-4_235, © Springer International Publishing Switzerland 2014
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Example 4'°
1. PPh3, CzBr2C|4, CH2C|2
2,6-di-tert-butylpyridine N [e)
N O CHO
¢\ = otes  NaHCO, CHiCh0°C \LOTBS
o N/\/ N
T8DPSO 2.Et;N, MeCN, 0°Ctort ~ TBDPSO

89% for 2 steps

Example 5, A cascade Ugi/Robinson-Gabriel reactions''

NH, /©/002H
' FaC
MeO OMe FsC MeOH, rt, 36 h, 57% 3 o
o 1. Ugi reaction N NN
2. Robinson-Gabriel H
I . "~y reaction o o
(0]
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Robinson—Schopf reaction

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

CO,H \
CHO
[ + —NH, é:o - A 20, T + 2H,0
CHO
CO,H o
H
o)
—NHz: HNg™ HO,C._\_COH
\, N imine - H,0 (
o = (QOH =—— § =
formation (’N/
CHO CHO
CHO

CO,H

hemiaminal
\ o \
N raH N
decarboxylation
- — > CO,T + \
HO.C X HO,C  “on
\ \ \
N N N
A\ e A AR
2N O OH o
H
Example 1°
. Ph,
e e %
Ph, KCN, citric acid 3 O, rt, 24-48 h
H’(\OH , citric acid, H,0, rt, 24— NC\&O
NH, then EtOH, reflux, 96 h
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Name Reactions

Example 2°
CHO
CHO CO,H
X THF, rt
+ \/\NHQ . o
72h,51%
CO,H
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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.

0 H, o)

P

R™ "Cl pd-Baso, R” H

LLLL PAdPA L0l PA Py s/ PAd Py
Ly T s H-Pd-H
H-H H H
H-H
Q Pd(0) Q H-Pd-H
— o —
R™ °Cl oxidative R™ Pd ligand exchange
addition
)OL"\H reductive )OL
Pd(0) +
R (Ed elimination R H
Example 1*
H,/Pd or Pd/BaSQO,4 o
%) 2,6-dimethylpyridine, THF
R™ “Cl  or Hy/Pd-C/quinoline-S, PhH R™ H
74-97%
Example 2°

NBoc, Me,N NBoc,
HO - = cl -
N co.t-Bu cl N coutBu

le} (e}
H,, 5% Pd/C NBoc,
2,6-lutidine H =
_ Wcozr-su
THF, 2 h, 78% 5
Example 3
o 1. SOCl,, cat. DMF, reflux, 4 h

N

2. Hy, 5% Pd/C, EtOAc, 53%
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(0]
e~y

Example 4"

(0] (0]

O)%H 1. (COCI),, cat. DMF, EtOAc O)LH
/@w‘ 2. H,, Pd/C, quinaldine, EtOAc @m
Cl 50 Kg scale Cl

References

1. Rosenmund, K. W. Ber. 1918, 51, 585-594. Karl Wilhelm Rosenmund was born in
Berlin, Germany in 1884. He was a student of Otto Diels and received his Ph.D. In
1906. Rosenmund became professor and director of the Pharmaceutical Institute in
Kiel in 1925.

Mosettig, E.; Mozingo, R. Org. React. 1948, 4, 362-377. (Review).

Tsuji, J.; Ono, K.; Kajimoto, T. Tetrahedron Lett. 1965, 6, 4565—4568.

Burgstahler, A. W.; Weigel, L. O.; Schifer, C. G. Synthesis 1976, 767-768.

McEwen, A. B.; Guttieri, M. J.; Maier, W. F.; Laine, R. M.; Shvo, Y. J. Org. Chem.
1983, 48, 4436-4438.

Bold, V. G.; Steiner, H.; Moesch, L.; Walliser, B. Helv. Chim. Acta 1990, 73, 405—
410.

Yadav, V. G.; Chandalia, S. B. Org. Proc. Res. Dev. 1997, 1, 226-232.

Chandnani, K. H.; Chandalia, S. B. Org. Proc. Res. Dev. 1999, 3, 416424,

Chimichi, S.; Boccalini, M.; Cosimelli, B. Tetrahedron 2002, 58, 4851-4858.

Ancliff, R. A.; Russell, A. T.; Sanderson, A. J. Chem. Commun. 2006, 3243-3245.
Britton, H.; Catterick, D.; Dwyer, A. N.; Gordon, A. H.; et al. Org. Process Res. Dev.
2012, /6, 1607-1617.

WD

&

— = O 0



Jie Jack Li 527

Rubottom oxidation

a-Hydroxylation of enolsilanes.

OSIR, o
1. m-CPBA OH

_ >

2. K,CO3, H,0

Ar
R3Si

t
O o
03\\}4 Prilezhaev _ (,3—/“4 o o
RsSi0 ~O RSO b 0| o -
(/ epoxidation S<OH

The “butterfly” transition state

ReSivy H €, SiRs o]
& J, K>CO3, H,O OH
Co® | OH 203, M2
hydrolysis
Example 17
OSiMes 2.5 eq m-CPBA 9 oH
CO.M CICH,CH,CI ~
SN 2ve N CO,Me
0°Ctort,1h,80%
Example 2°
TMSCI, Nal 1. m-CPBA, NaHCO3, pentane, 0 °C OH
—_—
EtsN, rt, 91% 2. aq. K,CO3, 0°C, 20 h, 80%
OTMS (6]
Example 3*
™SO _0OT1BS

m-CPBA
T™SO
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Name Reactions

Example 4°

1. LDA, TMSCI
2. m-CPBA, NaHCO,

3. K,CO3, MeOH
72%

3 equiv m-CPBA

CH,Cly, rt, 2 h, 87%
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Rupe rearrangement

Acid-catalyzed rearrangement of tertiary o-acetylenic (terminal) alcohols, leading
to the formation of a,f-unsaturated ketones rather than the corresponding o, f3-
unsaturated aldehydes. Cf. Meyer—Schuster rearrangement.

(0]
OH
H*, H,0
Cf= o=

® H®
OH ® OH, M0 © F #)
dehydration
H O
2 o
protonatlon : A O&\r tautomerization O)K
4
Example 1

/>/ conc. Hy,SO,

X
OH CHCls, HOAG, reflux, 1 h /\HJ\
Example 2°

OH 2
Me HCO,H, reflux Me

15 min., 42%

Example 3°

A-252C H* resin
EtOAc, reflux

4 h, 78%
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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.

Me3Si\o o
0.5 Pd(OAC),

0.5 p-benzoquinone
Me benzene, rt, 3h,91% Me

The mechanism is similar to that of the Wacker oxidation.

O
AcO~PA(ll)T OAC AcO
MegSi\o:) MeSS|\O\) i .
g ij (I—OAc Me” “OSiMes
Me
Q H
Pd(1l)-OAc B-hydride ‘\“‘}\3’3 oA + PdO)+ HOAc
H ) ellmlnatlon “

Me

Regenerating the Pd(II) oxidant:

o} OH
Pd(0) + 2HOAc + @ - © + Pd(OAc),
o) OH

Larock reported regeneration of the Pd(IT) oxidant using oxygen:*

_0 HOAc

PdO) + Oy —= Pd ] HOOPJOAG

X
OSiMes  oosiMe; +  Pd(ll)(OAc),
Example 1°
OMe OMe
Me;SiCl, Et;N
CH30CH,CH,OCH;
rt, 3 h, 74% (o}
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Example 2°

Name Reactions

OMe

Pd(OAc),, p-benzoquinone

CH3;CN, rt, 60 °C, 53%

1. TMSCI, LHMDS

THF,0°C .
morphine
2. Pd(OAc),, MeCN, rt
92%, 2 steps
10
Example 3
H TE o
Me OTES  pg(0Ac),, DMSO  Me
Me 0°Ctort, 12 h, 81% Me
O
11
Example 4

OTMS 20 mol % Pd(OAc),, 1 equiv Oxone (o]

A~ A 1 equiv Na,HPO,, 0.1 M CH;CN PN

Oy, t, 18 h, 74%
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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 a,fB-
unsaturated system (Example 2), giving rise to an alcohol.

(o]
0 TiCl,
l;L ¥ /\/SiMe;,v -
A\
TiCls
. O/
/TlCI4 ®<$IIC|
i )
5 complexation CO/(—) 3 Michael
addition @
< ;7 . SiMe
\_,/\/SlMe3 \\_%

cl
The B-carbocation is stabilized by the -silicon effect

o TiCh o
silicon H,O
Me,Si—Cl  +
cleavage workup
N\ N
Example 17
A _TMs EtAICI,, Tol. \\
0,
o = 0°C, 50% o
Example 2°
o
~CHO TiCl,, CHyCly
Br v~ SiMe;
rt, 10 min., 67%
OTIPS
Example 3°
SiMe. N
3 MeSO3H, toluene O SN . )O:j X
~78°C, 45 min, 88% PN OH Ph OH
Ph CHO > 50:1
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Name Reactions

Example 4'°

H,C  OPMB  BF5-OEt,

OC(O)COMe ~78°C.4h Hﬁ‘coza
OHC HJ(+-0C(0)COMe

SiMe;

IMe

“"OPMB
Ba(OH),*8H,0

+

OH
0°C,2h, 62%

CO,Et
H
Example 5!
_~_-SiMe;
BF3+OEty, CHyCly
rt, 64%
E 12
xample 6

Me

Me SnCI4 CH,Cl, .
Me3Si\H\ O\ Me,Si N o
Me -78 °C 80% OH

MesSi  OSiMe, 9010 d
N r
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Sandmeyer reaction

Haloarenes from the reaction of a diazonium salt with CuX.

o O CuX
ANy YT — s Ar—X

X=Cl,Br,CN

Mechanism:
o  CuCl
ArN2® o ——> N, + Are + CuCl, —= Ar—Cl + CuCl
Example 1*
Cl cl Cl
® © 1.FeCly ® _ DMSO, rt
Ny CI —— N = Cl
z 2. CuCl, 2 | CuCly 97%
81%
Cl ° cl 2 Cl
Example 2’
CF, CF3 CF,
1. HyS0, CuCN, NaCN
NH, 2 NaNO, N Na,CO3, 50% CN
Cl ca © Cl
Example 3*
OMe OMe
NaNO,, CuBr
OH 2 OH
55%
H,N ’ Br
Example 4°
1. HOAc, H,0, H,S0,
reflux, 2 h
o]
)J\ 2. NaNO,, 0 °C
N 3. CuCN, 50 °C
H 50-58%
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Example 5"

HZNW O O ° 3 equiv Cu F3C _
N ® BE, 3 equivi-AmONO m
N S 4 N\

CF3 0to 15 °C, 66%
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Schiemann reaction

Fluoroarene formation from arylamines. Also known as the Balz—Schiemann re-
action.

Ar—NH, + HNO, + HBF, —=

® 5 A
ArN, BF4O — Ar—F + N,T+ BF;
N HBF, @ N Ho o N___N
HO™ ~o H05 0! —= H,0 + NZO® 0* 0" <o
NN, H® @
+ o)y ~O Ns .OH . /N/:’ -OH
Ar\,_\h{ _— Ar/'-\é;N/’o - Ar” N Ar NG 2

©} @ A

© © BF, — BF
— H,0+ Ar—N=N=<— AN, BF,~ — NoT + Ar" + F—BF; Ar—F + BF,

Example 1*

NH, F
NaNO,, HBF,4, H,O
S e LI
)\\N N -101t0 0 °C, 25% F)\\N N
R
R = 2,3-5-tri-O-acetyl-B-D-ribofuranose

Example 2, Photo-Schiemann reaction®

R F F
F NHBoc 1. HBF,4 \ ) ,
= 2NaN% NN T HNN
~
AN N 3 hv N\ N\
36% 8%
Example 3, Photo-Schiemann reaction®
HoN CO.Et  NO'BF,~ BFyNo"  COEt hv R CO,Et
= = bmim][BF =
HN__N [bmim][BF ] HN N fomiml[BFal  HN_ N
~ 4 e 0°C, 24 h, 56%
10
Example 4
NH NaNo, N2'BF;”  160-200 °C F
U 5 S el () 8
g~ ~COMe  HBF, g~ "CO,Me  sand, 67% g~ ~COzMe
93%
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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.

1, = X
- ,R'] + NZT
R R2 R?” "N
H* H
N o ,Ne
7y, '~
Q W DM N, HO N, Nog H® o NG
L I — X_, = HN H200N
R'” “R2 R1”“R2 R R2 M
R1 R2 R1 R2
azido-alcohol
1 ’
—H,0 R ® R R2—=L\ ®
5 c\j—&\j:N — > Nyt o+ (
e orati .,
R migration HZO
nitrilium ion intermediate (Cf. Ritter intermediate)
1 (0]
Ho R izati
@ _/ tautomerization 1
H + >_N RZJJ\N’R
R? H

Example 1, A classic example’

(o}

I

CO,Et  NaNg \n/N CO,Et

’
’
‘Y

,

MeSOzH o)
21%

H O
N5, HpSO, N
T CHCl, 92%

Example 3, Intramolecular Schmidt rearrangement®

%;Q TFOH, CH,Cl, oH
T
); 0°C, 79%

Example 2°
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Example 4, Intramolecular Schmidt rearrangement®

Nz~ o H
o. ~M Ticl, O N0
82% H
Et

Et

Example 5, Intermolecular Schmidt rearrangement’

" H
NC, 0 HO,C HO,C._N.__O
2 f 2 NH 2 \[ f
N N) N
NaNg, CHCly +
conc. HySO,4
84% o
(]
OMe OMe OMe
Example 6"’
O~_H
Q 1. TFOH T
AN
H + TsHN N3 2. 10% aq. KOH C/ L/NHTS
91%
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Schmidt’s trichloroacetimidate glycosidation

Lewis acid-promoted glycosidation of trichloroacetimidates with alcohols or

phenols.
c<:|3 Ar
v, O._OH !
U cat NaH ‘, HO Ar “u,, OO
AcO (EDCHIO c CI3CCN U BF3-OEt2 AcO” > “OAc
° OCHs OCHy
trichloroacetimidate
r\'&—cus
OH
w, O _09 ©
U H‘/ deprotonation 1, OO BF3eOEt,
. T L H o+
AcO™ " "OAc AcO “OAc
OCH; dcH,
BF3.0Et2
HN‘%/CCI\o,
neighboring
o
group assistance
AcO” >0
CH;0
H\
.O-Ar Ar
n, 00O
) S — X
+ —_—
Cl,C” "NH, ACOJ/\:JI”O@ AcO C;)CH’OAC
CH30 3
Example 1°
HNYCCls | CO,Me
“, OO | CO,Me BF3¢OEty, 4 A MS v 0. .0 OMe
+ K2
U CH,Cly, 50 °C, 95% U OMe
AcO™ Y "OAc HO OMe i T Ac0” Y 0Ac
OCH, OMe BCH,

J.J. Li, Name Reactions: A Collection of Detailed Mechanisms and Synthetic Applications,
DOI 10.1007/978-3-319-03979-4_245, © Springer International Publishing Switzerland 2014
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Example 2’
BnO
%
BnO
Bno~>" AcO BnQ o T
OYNH BF5-OEt, 5
CH,Cly/h BnO
CCl, 2Clp/nexane BnO AcO
-20°C, 68%
Example 3’
Ao OAc CPF,
0 HO_~~ ©
AcO Hz
AcO O._NH
Y 0.2 equiv TMSOTF, CH,Cl,, —15 °C, 5 min.
CCly
] t-Bu
AcO  OAc PFg
O OV\/\/\E
AcO © PR, tBU acp o—X Hy
AcO o ® .0_ 0
\/\/\/\N + AcO
0% H, AcO 30%
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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.
(0] O
0D 2. O00
—_—
g - ®
) e
AICl3 _AlCI \
Oj o 3 O,AICI3
= _y®
—CL0 — D ==~
® @ 2P
)
ICI
o 3 (0]

D
workup

autooxidation
H or DDQ

Example 17
O O FeCls, MeNO,/CH,Cl, COO
si ' Q
7 O Sli/ rt, 1.5h, 91% Q O Q
N

References
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2274.

J.J. Li, Name Reactions: A Collection of Detailed Mechanisms and Synthetic Applications,
DOI 10.1007/978-3-319-03979-4_246, © Springer International Publishing Switzerland 2014



544 Name Reactions

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, NaNH,, efc. 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).

R’ R!
H _ .
Rz\/k\N'N\T 2 n-Buli RZ%E
s then E ®
R® R®
Bu@ R IS
2
R H F; SN
2 3 —
R})\\N,N\T of R
H R3 Bu
R' ~o R’ ® R’
re_LON N R g E . RZ%
R3 R3 R3
2
Example 1
NNHTs  MeLi, Et,0 @ . é
—_—
98% 2%
Example 2°
NNHTs _
S MeLi, Et,O—-PhH X N
75-80%
Example 3’

1. TsNHNH;, MeOH, THF

2. n-BuLi, THF, =78 °C to rt
3. aqueous workup
69%

J.J. Li, Name Reactions: A Collection of Detailed Mechanisms and Synthetic Applications,
DOI 10.1007/978-3-319-03979-4_247, © Springer International Publishing Switzerland 2014
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Example 4°

NHTris 1. n-BulLi
H _N 2. MgBr,*OEt,

3. O
Me Me
Me ij 55% yield
o Ph
Me

one diastereomer

n=0

Tris = §—

(e}

Example 5"
_NHTris 1. 2.5 equiv n-BuLi, THF
N| —78°C, 30 min to 0 °C, 20 min F
@Me 2. 1.5 equiv NFSI, THF m
Ph -78°C,30mintort,2h Ph
70%
F®
(e} (0]
9 n
NFSI=  Ph—S-N-S—Ph
(e} (0]
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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—NCINa) include:

R o o

i )J\NBrLi

N o PIS
4 >NCINa
3 BnO” “NCINa 1,
EtO)J\NCINa T S\/\/U\NCINa

R = p-Tol; Me
] chiral ligand 4
R K20502(OH)4 R \R
R CINaN-X HO NHX
t-BuOH, H,0O
The catalytic cycle:
@
OsO, * CIN-X
R R1 l
‘\ Q
HO NHX 050s=N-x L

H,0
’ 0
R 070s=N-x
g
PJ\w
030s~N R
O | N
N x ~
X R
.
\ R
CIN-X p/g”w o
0=0s~N OZ08=N" i
/II_* >|( O |
1b
Example 1
5 mol% (DHQD),PHAL Q
. j\ 4 mol% K,080,(0H), MNH  OH
BnO~ “NCINa BnO
n-PrOH/H,0 (1:1), 63% ee
51%

J.J. Li, Name Reactions: A Collection of Detailed Mechanisms and Synthetic Applications,
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547
(DHQD),-PHAL = 1,4-bis(9-O-dihydroquinidine)phthalazine:

Example 27
BnOCONH,
NaOH, t-BuOCI OH
/@/\vcozEt (DHQD),AQN “_CO,Et
K20s0,(0H)y4 meZ
BnO n-PrOH/H,0 (1:1) BnO
rt, 12 h, 45%, 87% ee
Example 3°
R R
R NaOH, urethane
K50sO,(0OH),
(DHQ),PHAL Me . Me
— 1,3-dichloro-5,5-di-
Me methyl hydantoin HN OH HO NH
n-PrOH/H,0 OEt Eto—(
(0] (0]
F
1. Cs,CO3, MeOH
2. H,SO
2 4 HNTO
(0]
Example 4"

Z > + CbZ\ P

Cl  (DHQD)LPHAL  HO
4 mol% OsO,
o
|
Cbz

NHCbz
(0]

References

MeCN/H,O (8:1)
1.

N
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Sharpless asymmetric dihydroxylation

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

AD-mix-f HO OH
(DHQD),-PHAL N—f
———————— Rg" ‘Rm
Ko0s0,(OH), R, H
Rs Ry
K2C03, K3Fe(CN)6 RL > -H
(DHQ),-PHAL
AD-mix-o. HO ~ OH
(DHQ),-PHAL = 1,4-bis(9-O-dihydroquinine)phthalazine:
The concerted [3 + 2] cycloaddition mechanism:’
: A P A
N7 L = = S~ //
/08 FPx0 ae:
L L
[3 + 2]-like c.) hydrolysis HO
=0Os _—
cycloaddition %/II_ o HO
Example 17
o pmem ¥ ef
EtO,C7 X" 3 ( )2 EtO,C S
K2CO3, MeSOZNHz OH
N3 t-BUOH/H,0 (1:1) N3
rt, 12 h, 90% de
Example 2*
OH

1. AD-mix-B, MeSO,NH,

XCO2Et  £BUOH/H,O (1:1), 1t, 12 h COzEt

ONos

BnO 2. NosCl, EtzN, CH,Cl, BnO
0°C, 54%, 92% ee

Nos = nosylate = 4-nitrobenzenesulfonyl

J.J. Li, Name Reactions: A Collection of Detailed Mechanisms and Synthetic Applications,
DOI 10.1007/978-3-319-03979-4_249, © Springer International Publishing Switzerland 2014
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The catalytic cycle: (the secondary cycle is shut off by maintaining a low concen-
tration of olefin):

Py

R

o
o0

H,O

Py

Secondary cycle
low ee

I T

R R”OOH

OH

low ee
L

Ru, (o)
/

0O-0OsL
/7N

0O

NMM  NMO

Primary cycle \ | R
R\EOH high ee L =
R OH
high ee

OMe OMe OH

Me
Me X COZEt AD-mix-o

ol o ;:;
<o
o

NS4
>

@)
®)

Example 3’

N £-BUOH/H,0 (1:1) o
4 93%, 97% ee o

Example 4'°

K,0s0,(0OH), OH
(DHQD),PHAL
P
NMO OH 70% ee
acetone/H,O
89%
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Example 5"
ADmix-f3 OH O
0 CH5SO,NH, WJ\
N ——— TBDPSO OEt
TBDPSO OEt i-BUOH:H,0 (1:1) OH
0°C, 24 h, 89%
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M. G.; Jacobsen, E. N.; Sharpless, K. B. J. Am. Chem. Soc. 1989, 111, 1123—1125.

2. Kim, N.-S.; Choi, J.-R.; Cha, J. K. J. Org. Chem. 1993, 58, 7096—7699.

3. Kolb, H. C.; VanNiewenhze, M. S.; Sharpless, K. B. Chem. Rev. 1994, 94,
2483-2547. (Review).

4. Rao, A. V. R,; Chakraborty, T. K.; Reddy, K. L.; Rao, A. S. Tetrahedron Lett. 1994,
35, 5043-5046.

5. Corey, E. J.; Noe, M. C. J. Am. Chem. Soc. 1996, 118, 319-329. (Mechanism).

6. DelMonte, A. J.; Haller, J.; Houk, K. N.; Sharpless, K. B.; Singleton, D. A.; Strassner,
T.; Thomas, A. A. J. Am. Chem. Soc. 1997, 119, 9907-9908. (Mechanism).

7. Sharpless, K. B. Angew. Chem. Int. Ed. 2002, 41, 2024-2032. (Review, Nobel Prize
Address).

8. Zhang, Y.; O’Doherty, G. A. Tetrahedron 2005, 61, 6337-6351.

. Chandrasekhar, S.; Reddy, N. R.; Rao, Y. S. Tetrahedron 2006, 62, 12098—12107.

10. Ferreira, F. C.; Branco, L. C.; Verma, K. K.; Crespo, J. G.; Afonso, C. A. M.
Tetrahedron: Asymmetry 2007, 18, 1637—1641.

11. Ramon, R.; Alonso, M.; Riera, A. Tetrahedron: Asymmetry 2007, 18, 2797-2802.

12. Krishna, P. R.; Reddy, P. S. Synlett 2009, 209-212.

13. Kamal, A.; Vangala, S. R. Org. Biomol. Chem. 2013, 11, 4442—4448.



552 Name Reactions

Sharpless asymmetric epoxidation

Enantioselective epoxidation of allylic alcohols using #-butyl peroxide, titanium
tetra-iso-propoxide, and optically pure diethyl tartrate.

]
Rj]/\R’/ t-Bu—O—-OH, Ti(Oi-Pr), Féi@
OH )i OH
Ry L-(+)-diethyl tartrate Ry
R! R R R

j]/v t-Bu—O-OH, Ti(Oi-Pr), Oﬁ/\/
R OH D-(—)-diethyl tartrate R; OH

2

The catalytic cycle:

/Oi-Pr
LaTi,
Oi-Pr
‘ -Bu-O-OH —
o) ‘VOH t
[>~_OH /O—/_
Ly Ti,
?
(@)
~t-Bu
o—"d LnTQ
LaTi. D -
o) t-Bu
|
t-Bu
O\/\,S
LaTi--Q
p ?
9 X t-Bu
LTi=O
Q
t-Bu

J.J. Li, Name Reactions: A Collection of Detailed Mechanisms and Synthetic Applications,
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The putative active catalyst:

EtO
O Co,Et
o/ \\O/I 7
T T
i PrO( | \O/ | ~
i-PrO |
EtO,C Oj-Pr
Example 1°
Ti(Oi-Pr),, 4 A MS, (+)-DET /\/\/<(l)/\
Me™ > X"0oH Me OH
t-BuOOH, CH,Cl, crude: 88% yield, 92.3 % ee
-20°C recrystallization: 73% vyield, > 98% ee
Example 2°
| (-)-DIPT, Ti(Oi-Pr), o
o £© on
TBHP, 3AMS
50-60%, 88-92% ee
Example 3"

o)
LAHDIPT, THOIPr) N
@M T TBHP, EOAC (RR)

89%, 98% ee

(S,S)-reboxetine

Example 412
BnO BnO
0 D-(-)-DIPT, Ti(Qi-Pr), O
BnO o
BnO~>"Bno TBHP, 4 AMS BnO—" Bno

X-"TOH  70%, > 95% ee OH
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Example 5"
s s
t-BuOOH o),
OH S SiMe; OBomy  oH S SiMe,

dr =88:12
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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 Bu;P, among other
methods.

NO,
SeCN
R (O]
R\/\OH \/\Se R\/
BusP, THF, rt NO,
R _H
BusP: ~"0
3 ) ..
NO.
NO. 2
° Sx2 5 Se\Fg
eU;N - - CN + U® Uz _—
NO, 5
Se” T\ @
R\/@PBU:; —»():F)Bu3 + R\/\Se
NO,
l O] NO,
R ® syn-elimination Se—
\p/tsle Yy R+ OH
H O NO,

P

Example 1°

1. BuzP, 0-O,NPhSeCN, THF, rt
2. CSA, PhH, rtto 70 °C

3. m-CPBA, 2,4,6-collidine
CH,Cl,, 0 °C
42%, 3 steps

Example 2°
MeO “, 1. BuzP, 0-O,NPhSeCN MeO .,
Y o THF, tt, 6 h, 97% %I/
o, .0 OH 0
2. m-CPBA, Et;N
OH Elg
CH,Cl,, ~78 °C
OH 86%

J.J. Li, Name Reactions: A Collection of Detailed Mechanisms and Synthetic Applications,
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Example 3’

SeCN
1.

n-BusP, THF, rt, 78%

2. aq. H,O,, THF, pyr.
—-40 °C to rt, 90%

Example 4'°

SeCN
HO

n-BuzP, THF, rt

2. aq. H,0,, THF, 40 °C
90% 2 steps
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Shi asymmetric epoxidation

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

R1 )V(j: R1
0N
Rs Oxone, K,CO3, buffer Ry
DMM-MecCN, 0 °C

P
N
D

trans-disubstituted and trisubstituted olefins

Related ketone catalysts:

The catalytic cycle:

J.J. Li, Name Reactions: A Collection of Detailed Mechanisms and Synthetic Applications,
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Example 1°

0.01-0.05 equiv ketone Cat
1.5 -2.1 equiv Oxone
K,CO3, MeCN-DMM o

o X Ph buffer, 0 °C o <L-Ph
96% ee, 67% yield

o
@<
t-Buo{N)// ©

9

Oy

Cat

Example 2’

0.3 equiv ketone Cat
5.0 equiv Oxone
NaHCO3;, MeCN-aq. Na,EDTA (0]
Ph/\/COZEt : Ph/<|/COZEt
96% ee, 73% yield

o ojg
ot
(@]

AcO

Acé Cat
Example 3°
O/P
o o)
cf;
O\\\ N o
0 0
N )T oL (91-92% ee)
Oxone, KOH
CH3;CN-DMM, 0 °C
Example 4°
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Example 5°
O/P
O
O\\\ = o
s
Oxone, 83%
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Simmons—Smith reaction

Cyclopropanation of olefins using CH,I, and Zn(Cu).

CHply + Zn(Cu) — ICH,ZNl ———— >A<

Zn
I—CHy—I ICH,Znl
Oxidative
addition  The Simmons-Smith reagent
2 ICH,Znl (ICH)Zn +  Zznl,
e I=-znl

H, N X . >A< +  Znly
S >—<

Example 17
o
Zn/Cu [from Zn and Cu(SOy),]
CHaly, Et,0, reflux, 36 h, 90%
Example 2, An asymmetric version’
OO CONEt,
OH
SSu
CONEt, BN OH

\

/@/\/\OH
MeO 6 eq Zn/Cu,3eqCHyol,  MeO

CH,Clp, 0°C, 15 h
78%, 94% ee

Example 3, Diastercoselective Simmons—Smith cyclopropanations of allylic
amines and carbamates’

| |
NBn, \—Z NBn,

Et,Zn, CHol,, TFA

CH2C|2, rt, 1h : s W

92%, > 98% de Ph

J.J. Li, Name Reactions: A Collection of Detailed Mechanisms and Synthetic Applications,
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Example 4'°

o 2
1. PhMe,SiH, RhCI(PPhs)s, 60 °C <] H H
2. Et,Zn, CHaly, 0°C .
N O\‘

" Y 3. TsOH, MeOH § 3
ﬁ/o 83%, 3 steps ﬁ/

Me
CH,l,/Zn-Cu N
———— M\ /
Et,O/THF, reflux { ~
8-12 h, 53% o S
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Skraup quinoline synthesis

Quinoline from aniline, glycerol, sulfuric acid and oxidizing agent (e.g. PhNO,).

@\ . HO/Y\OH H2804 @
NH, OH PhNO, Nig

H

HO/jDi\OH H® HO/?’d\OH dehydration HO/\/\OH M HO/\/CHO
Glycerol 8"‘2
®
‘ @® HO dehydration conjugate
HO H,o Yy O HL coneee, “
H O addmon
N
H2N H
Acrolein
OH OH
H
tautomenzatlon 5 H® intramolecular .
©\ addltlon \,\(? N
H H
®
OH,
H® H  gehydration A oxidation by @
N N PhNO,, - H, N
H
For an alternative mechanism, see that of the Doebner—von Miller reaction.
Example 1°
F H,S0,, FeSO, F
F. OH H3BO3, 80 % F
S
+ H H
o_h_o o )
F NH, E N
NO,

J.J. Li, Name Reactions: A Collection of Detailed Mechanisms and Synthetic Applications,
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Example 2°
Q H,S04, H3BO5
OH FeS0,4-7H,0
X 4 2
+
| Ho__oH -
N~ O NH, 75 %

Example 3, A modified Skraup quinoline synthesis8

0 ! /@\ HOAC, reflux m
H + P
)i Moo N, FTORT8%  yeo N SMe

MeS SMe

Example 4, A Skraup—Doebner—Von Miller quinoline synthesis'*

5 mol% I2
©\NH é 160-165 °C
2 72 h, neat, 63%
5 equiv
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Smiles rearrangement

Intramolecular nucleophilic aromatic rearrangement. General scheme:

°
strong X, 2
[ base 1Y]©
X =8, S0, SO,, 0, CO,
YH = OH, NHR, SH, CH,R, CONHR

Z= NOz, SOzR
Mechanism:
02 02 N02
/ SNAr
0, NO, ozs NO,

o= —C 0

spirocyclic anion intermediate (Meisenheimer complex)

Example 17

NaOH, DMA

(@] (@]
o Br%
NH,
- > H->N
HO@@ mxoi)i
(@]

o)
o)
NaOH, H,0 /@ij H,0, reflux
50 °C HO%N 59%, 3 steps
o H H,N

2
Example 2, Microwave Smiles rearrangement’

H
NH, WW, NMP, 30 min. N7

N
90% H

J.J. Li, Name Reactions: A Collection of Detailed Mechanisms and Synthetic Applications,
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Example 3"

MOMO 0.__0
I(OAC),
MOMO 0.__0 _ N °

BnO AcO
= = OMe OH
2 equiv Na,COg3
OMe OH H,O, rt, 2 h

OBn

MOMO. o__0O

0,
DMF, 150 °C = _— |

87% overall OMe OO/OBn

Example 4''

(o) = Cl
/@\l | N K,CO3, DMSO N
= N N N. 7 N
. H cl THP 1t 8h, 85% _ \ S [ ;
N~ SH o} N .
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Truce—Smile rearrangement

A variant of the Smiles rearrangement where Y is carbon:

z

z
Y.
- X base IT/
YH XH
Example 1°

CF X _ _
@N( : B ~ CFs
) KH or NaH {0 ~N
- - (‘o
@ | ((»OMe
oM

COyMe M OMe

' \\~CFs | \\—~CFs
=N =N
o N—0H
o o
Example 2’

Q Q
 NaOH, H,0 _ @
©/ 0,8 ©/ 0,5

NO, )\ EtOH, reflux NO,  41% 46% /

(0]
Example 3°
(0]
oN )K/@ K,CO3, DMF
+
\©\F HO reflux, 73%
OoN
C E 2 O O OH
10
Example 4
F
HO o/\(\) NO, 1. K,CO3, DMSO, rt, 85% o
* O,N

2. PTSA, acetone/H,0O o
50 °C, 98%
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€05, DMSO. @t

rt, 93%
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Sommelet reaction

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

Q

N N— X A
e [ o
£N—/ CHCl; LNZ/ Hz0
Hexamethylenetetramine (pungent rotten fish smell)
N
S}
Nr(\/jN: N X ARSN y hydride
LN r( a o ar N( 1?
NI >N— LN/ transfer
Ar”CX LN/ ® Ar
~CH A “CHs N~cH
Nr(V@N'i/Ar + N( \)( . Ar/CHO + r NH3
LN/ N LN~/ ‘\ M
:0OH,
hemiaminal

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

x@ N
Yan (oS a
( NEEIN
LN\/ " LN/
Ar
3
Example 1
Br CHO
1. HMTA, CHClj, reflux, 6 h
BnO P T, TeTluX BnO.
N 2. 50% HOAG/H,0, reflux, 3 h N
S 40% S
4
Example 2
HMTA, HOAC/H,O (11:3)
reflux, 4 h CHO
NH,
then 4.5 M HCI, reflux, 1.5 h
OH 68% OH

J.J. Li, Name Reactions: A Collection of Detailed Mechanisms and Synthetic Applications,
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Example 3’
E F
N HOAc, H,0
o - ,\II/( \II\‘ C, F2 ©:CHO
LN\\// A, 62% .
F
Example 4°
Br- Br. Br
NBS, (BzO),
CCly, reflux, 15 h
38% 62%
CHO
HMTA, H,O/EtOH (1:1)
reflux, 4 h, 75%
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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.

©
©) NH,
N - . | + NHj3
| N

/\

@
N( f,:l'é [2,3]-sigmatropic
— NH3 + >
UH O rearrangement
.
©NH2 ammonium ylide
H—(I\V\IHZ
aromatization
¢ 96
~ N
H

Example 1°

©
|
CsF, HMPA
DMF, reflux H/\ i — @f
NN !
Ph rr SiMe; + ~ gT® SiMes 23 h, 86% NS

18 h, 94% |
4
Example 2
o |
| Br CsF, HMPA N + _
NG “SiMes /@N AcO N
o]
Ao | 10°C,0.5h,32% AcO 46:54
Example 3*

J.J. Li, Name Reactions: A Collection of Detailed Mechanisms and Synthetic Applications,
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Example 4'°
Er)\ / * |
N -COR N_ CO.R*
o t-BuOK, THF <N
o 3
Br -60°C, 4 h OCO Me
57%, > 20:1 de
CO,Me * = (-)-8-phenylmenthyl
Example 5"
oy o
r
N N> BrON, CH,Cl, N
oy ek e
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.

PdCl,+(PPh
R—X + — R 2 ( 3)2 R ——R'
Cul, EtN, rt

PhaP\P _-Cl
PhP”  Cl

CuC=CR' ~—

R'C=

HX-amine Ph3P\Pd"/X c=ccu HX-amine
Ph,P” R
i Cycle B' Cycle B
RG=CH i Cux R'C=CH
— Cycle A
PhsP__II__C=CR' —
Ph P: <C:CR Pd%(PPhs), PP p i O=CR
3 = PhP”, R
RC_CC:CR'
iii
i. oxidative addition
ii. transmetallation
RC=CR' iii. reductive elimination

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

®
PdCl, + NEt; =—= H _— Pld cl
PdCl, H™ °Cl
ﬁEtz cl® reductive
Cl—Pd—H ————— HCl + Pd(0)
elimination
Example 17
! — PdCI2°(Ph3P)2
|| =
N~ >CO,Et \_7/ Cul, Et;N
H 60 °C, 89%
Example 2°
Br
Br = ——SiMe; = |
| N
SN”OBr PdCl(PhyP),, Cul NN
Et;N, rt, 65-74% SiMe;
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Example 3*
OMe
Pd(PPhs), Cul, [omim][BF,] M€O OMe
Il Et3N, 80 °C, 12 h, 11%
| BF X OMe
4
/N\ N\/\/ ’ O
MeO OMe MeO = OMe
OMe [bmim][BF4] e O OMe
MeO
OMe
Example 4°

Pd(PPh),, Cul
i-PrNEt,:DMF (1:1)
> 83%
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Staudinger ketene cycloaddition

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

O O
X
/H\ N /lXL X = NR; O; CHR /)_JE
Rs Ry Rs Ry

R, Ry

o P
x:<U Rs —
)J\ R4 R3 R2
R R, Ry Ry

puckered transition state

When X =N:
R2 H R2 H
R1\H/R2 R3\(H R1 \ />—R3 R1'r. ‘~\R3
+ I — N® —
(o} N. ' N
i X o X o X
0 ©

Example 1°

0
3
% EtsN, CH,CI J;(
p-Tols N 3 22 ‘y-p-Tol

10°Ctort,24h O N
| 88% /

o
PthJ\CI pho, Y OB

z

Example 2’
0 i 0
AcO 0
Cf \)J\C| N
I
EtN, CH,Cl
A
78°Ctort, 60% °°
9
Example 3
H CO,Et
0. JCOEt  PMPN=CHPMP O COEt PMPL T3
0., N[O,
> j EtsN, CH,Cl, PMP—NN /< + PMP-N /<
O™ "coci —40°Ctort Y ¢ 0
15 h, 70% H pmp  major O minor
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Example 4'°
=
ol o
MeO,C CO,t-Bu Cl N™ MeO,C, CO,t-Bu
;8 e -
—_—
C=
s COH CH,Cly, EtsN S o
MeO,C
MeO,C 2 CO4-Bu
Ph—C=N-CH,~PMP ,COat-Bu NS
H N Ph (0]
(RN an . S
62% S ! H 56 : 44 o
0 "CH,PMP f - CHPMP
Example 5"
1 R! o]
N N
A oH MePhSO,Cl
+ N R E— N
/[/ 3/\[0( EtsN, CH,Cly, t 3
Ph Ph
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Staudinger reduction

Phosphazo compounds (e.g., iminophosphoranes) from the reduction of organic

azides using tertiary phosphine (e.g., Ph;P). Hydrolysis then provides the corre-
sponding amines.

PR — N
X—Ng — 2 » X—N=N-N=PR; — 2 » X—N=PR,

phosphazide
N N=PR3
ISERC) — . —
X_N_NENK\:PR3 — X- N N[\'PHZR3 = X-N=N-N=PR; = p= =
Y "X
phosphazide
® :
-PR -PR
N 3 Nr ' s H,O
'l\ll = ’l\lli 1 > NZT + X—N=PRj3 ;> X—=NH, + O:PR3
N “N.
- X
4-membered ring transition state
2
Example 1
= 7z
OMe OMe
0s/Ny PhsP, THF N
N | N |
Example 2°

CO,CH,

1. PPhg, THF

_ >

2. NaBH,4, MeOH O/
60%

Br :
PBu3, toluene /@\_/([ %\
reflux, 20 h, 82%
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Example 4°
N3
BnO O 1.1 eq. PMej, 2.4 eq. Boc-ON
BnO
N
35 Ns \, Tol.-78t010°C
Ao AN
OAc
N3 3
BnO (0] BnO (0]
BnO + BnO
N3O N3 N3|  NHBoc
NHB
AcoN—\NHBoc m
OAc  37% OAc 42%
Example 5°
R K PPhs, H,0 K
N o _ PPhs HO >X\ o
—
NG A, st o,

RZ

Example 6, Tandem Staudinger/Aza-Wittig Cyclization''

cl ; Z
N dry toluene, MW, 120 °C, 5 min. NH ClI
H + NCO
then Ar, n-BuzP, MW
o)

120 °C, 20 min., 82%
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Stetter reaction

1,4-Dicarbonyl derivatives from aldehydes and o,f-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.

c® /P

R-CHO + /\[01/ \/\/() Ri/\I(

NH; o]

® /~Ph ® Bn

HO, 7 ':l deprotonation / N
Yo ol S npy —
S A 87 N0
R

R' = HOCH,CH,CH,-
:NH3

® Bn ® Bn
Michael

N N
1[\ OH 1[\ OH —_—
R™Ng He = R'7Ng @ addition

:NH, o}

@Bn @Bn

[ OH
tautomerization
(e R1[M _

®/—Ph NH@ ©/~Ph

W " RN

Example 1, Intramolecular Stetter reaction’

J>I _ CN

=~ MeO,C
MeO,C._~ 2.3 equiv
i [
OHC Et3N, i-PrOH, 80 °C le}
67%

J.J. Li, Name Reactions: A Collection of Detailed Mechanisms and Synthetic Applications,
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Example 2°

Me
Me

N® .
or
/ _ HO S (cat) 7 /A i
OHC/O\CHO * /Y (¢}

(¢) o Et3N, EtOH, 80 °C, 56% o o
o CO,Me

N

X H
| ])L + A{@

~

N 0

HO.
\/I /> CI CO,Me
(cat.)
P

EtsN, DMF, 100 °C, 75%

Example 3°

Example 4, Sila-Stetter reaction’

Et
Me q o
Ny Br- 0]
M HO
PR SiC N Ph
veve 4 equiv i-PrOH, DBU, THF, 77% Ph O
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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.

R
~&R R!
7z ||\j 4 Base Z)\N,
R, R2
B: \‘
=) O
H deprotonation Z/\I\]'R
q @ R V‘R1
Z7ON, R?
RN
The contemporary radical mechanism:
© R  homolyti S
SR omolytic 2 @R
VAR R R. + Z N:
R2 cleavage Il?z
R
) R
D AR
-~ ~...R > Z N
z7ON L
R? R
The original ionic mechanism:
@’) R@ R
~NOR @ RI )\ R
z l}li\RJ — Rz N
R2 é2 R?

0

Example 1, Stevens Rearrangement/Reduction Sequence'
MeO MeO

N [S]
MeO @ Br KHMDS MeO

THF, 0°C
R2

J.J. Li, Name Reactions: A Collection of Detailed Mechanisms and Synthetic Applications,
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NaCNBH;

—_—
82-87%
2 steps
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Still-Gennari phosphonate reaction

A variant of the Horner—Emmons reaction using bis(trifluoroethyl)phosphonate to
give Z-olefins.

T KN(SiMe3),, 18-Crown-6 Ph CO.CH
(CF3CH,0),P-__CO,CH 2CHy
SYTEERINATEEETR then PhCH,CHO \—/

g 2 -
CF3CH20\PW)E
CF3CH,0” OMe CF3CHO- 8

e 4 ., CF.CH,0 %OMe .

% SiMe3 ) Ph
N Q
SiMes

9
&\ 0CH,CF, O_E,OCHzCFa _
O P~0CH,CF; s ~OCH,CF3; — » ph_/_\cozc,_,3
e H e\ H
Bh CO,CH;, Ph CO,CH;

erythro isomer, kinetic adduct

Example 17
KN(SiMe3),, 18-Crown-6
o) —78 °C, THF, 30 min.
Il Ph CO,CH3
(CF3CH,0),P _CO,CH3 —
then PhCH,CHO, 87%
Example 2°

NN
=/ o NN CO,Et
F3CH,CO. Me =/ P
F4CH,CO \HJ\OEt i
3~ti2 F Sn(OSO,CF3),, N-methylpiperidine Me

CH,Cly, 70%, E:Z = 96:4

Example 3*
oTBS
: 0
| F3CH2CO\P//O
.
Z N { OEt

o F4CH,CO W)J\

| yCHs
s
oTBS
KHMDS, THF :

18-crown-6, -78 °C, 1 h

89%, (Z)-isomer only
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Example 4°

MeO CHO

;

Y P(OCH,CF3), .
o o Q O O
TBS TBS OTBS

—-Oni
O
)
<
[vs)

NaH, THF ~ MeO

_—

73%, Z:E 5:1 o

TBS TBS

OTBS

Example 5, An expedient access to Still-Gennari phosphonates'

O O TMSCI (neat) Qj cat. DMF
MeO 1L TMSO-f}
P -
MeO” \AOMe 80°C, 4d TMSO OMe  CH,Cl,
CF3CH,OH le) fo)
cat. DMAP ||
~B CF3CH,0 OMe
cl” OMe EtN, CHyCl,

77%, 3 steps
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Stille coupling

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

Pd(0
R-X + R'-Sn(R?);, #» R-R'" + X-Sn(R?),

1 2
oxidative ~R_ L RTSn(R)s
R-X + LPd(0) —— Pd, transmetallation
addition X isomerization
) L.t reductive
X-8Sn(R%); + |/3d —— > R-R'" + L,Pd(0)

R “R! elimination

®Sn8u3 PhOZS
cl N._ _Br N
~
Cl N™ "NHz  p4Cl,e(PhyP),, Cul
THF, reflux, 92%

Example 1*

Example 2°

(MeCN),PdCl,
TBDPSO Br Meﬁﬂ‘@* AsPhg, NMP

80°C, 1.5 h, 55%

Cl *HCI

sertraline (Zoloft)

Example 3, n-Allyl Stille coupling®

Me Me OTBDPS
oA Pd,(dbay, LiCl
C j-
OTBDPS . | Me Me _ FPRNELNMP = Me
SnMe; Z Me 35°C,15h,96% = Me
o] (o)
Example 4°
Me
MeO
© A TSN Pd(PPha),, CuTC
OTBS
M X SnMe; DMF, 32%
N X
MeHN\n/Om
o)

J.J. Li, Name Reactions: A Collection of Detailed Mechanisms and Synthetic Applications,
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Example 5"

/\/\SnBU:g *

Br 2.5 mol% Pd,(dba), _
] 10 mol% AsPhs, THF [

I=z

H MW, 150 °C, 23 min.
73%
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Stille—Kelly reaction

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

Me3zSn—SnMej

Pd(Ph3P),4

"“OH
BrPd MezSn—Pd
Pd(0) Br Q Me3Sn—SnMe; Br Q
oxidative transmetalation
addition O OH OH
OH

reductive Pd(0)
— > Pd(0) + —_—
elimination zjlcﬁitg/:

. reductive
transmetallation N + Pd(0)
elimination
Example 1°
I
| I
« S PdCly*(PhsP), o
O O
Cl' NaH, DMF, reflux, 89% xylene, reflux, 92%
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Stobbe condensation

587

Condensation of diethyl succinate and its derivatives with carbonyl compounds in

the presence of bases.

o CO,Et O
)J\ . [ 2 KOt-Bu R\/K/C()zH
R™ R COEt  HOt-Bu R
+BuO 1R
BUO™ co CO,Et
H enolate aldol lactonization
OEt formation addltlon = "\
CO,Et 2E
r. R COEt R CO,Et
R CO,Et fing COEt o o o 2 COH
— o R\%\/COZ MRz 2
Snsr,, OPening =
EtOJ a Sot-Bu R
S) o]
Example 1, Stobbe condensation and cyclization®
CHO [Cone 1. t-BuOK, t-BuOH, reflux CO,Me
+
\O CO,Me 2. Ac,0, Naa(‘)t:;)c, reflux \O OO
SN O OAc
Example 2°
(0] o}
NaOH, EtOH 0 X
_0O CHO ag. Nabr,
+ (@) OH
~ :©/ ~" _10°C, 5h, 80-95% i
(¢ 0 o
Example 3, Cyclization of the Stobbe product’
BnO,C
BnO,C
CO,Et
\ CO,Et NaOAc, Ac,0O OO 2
reflux, 57%
CO.H OAc
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Example 4, Two sequential Stobbe condensations’

1. (CH,CO,Et),, NaOMe, MeOH €O:Me
then aq. NaOH, 36%
2. MeOH, H,0,, 94% F

o) I o [
r r
o CHO o O o CO2Me

VY
NaOMe, MeOH, 74% F O COzH

Example 5"
o
Me (CH,CO,Et),, NaOEY/EtOH
H N
| N/>—Me MeCN, 50-55 °C, 1-12 h
(o) 0 Me
Me . N
NN —~-~ HO >—Me
| )—Me  70% 5 steps N
HO o) N
OH
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Germany. He earned his Ph.D. In 1889 at the University of Leipzig where he became
a professor in 1894.

Zerrer, R.; Simchen, G. Synthesis 1992, 922-924.
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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.

[e) R
1.RM
—_—
2. H,0®
EtO
O @ =
o‘/R M O R o HO R .
0 0
@ R
H,08R R
3D — O
e /\"
G “% 0
Example 17
1. vinyllithium, THF
/d:\k\/k/SiMes 0 °C, 30 min ﬁjc)\/SiM%
2.1NHClrt, 1h Z
EtO o) 4% o
Example 2°
OMe
I
CeCl
o) oiBu °
999
MeO 2.1 N HCI
O OMe 66%
Example 3’
- 1 Z""gel :
AN CeCls, THF, tt AN
=
) 0 2. pH 6.5 NazPO, buffer
i-BuO 90% (@]
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Example 4°
o THF,0°Ctort, 3 h O
BrMg ’ ’ OMe
o - then 4 N HCI, 2 h o
, H
MeO
o © 72% ‘
o)
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Strecker amino acid synthesis

Sodium cyanide-promoted condensation of aldehyde, or ketone, with an amine to
afford o-amino nitrile, which may be hydrolyzed to an o-amino acid.

R2 _R?
o Rz NaCN  HN’ H®  HN
1J\ HoN - )\
R 'H AcOH R ™cN R SCO,H
O] 2
H R
H.® H 1 HN -R?
o} D R HN
o CO o >_£® R L
o = o = oy —m g — Ao
R kH G SH Rre ( R H
L R? N NC _ H® OH
HoN" iminium ion H,0:
.R? :0H R?
HN 2 L @ HN’ .R?
—_ NH, acidic amide H ﬁ HN
1 2 B — H3_>
R _ R1J><NH2 R . A
O‘D hydrolysis Ho JoH HO (o R CO,H
H® H
Example 1, Soluble cyanide source’
C8H17 (I:I)
(EtO),P—CN

pyrrolidine, THF, 62%

(o]
Example 2°
Cl |
OHC CN Cl 00O al
/ | NH 7 | N > Vi | N
S acetone cyanohydrin S S
MgS0O,, 45°C . )
to?uen‘:a 31% clopidogrel (Plavix)
Example 3°

NH, CN

O NaCN, NHCI PR &
~cN NH,
b i-PrOH, NH,OH

H 34% 35% H
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Example 4°
Ph
F.C Ph NaCN, BnNH,  FsC o
3 om AcOH, MeOH CN
o 98% & HN-pp
CF, 8
Example 5, Asymmetric Strecker-Type Reaction of Nitrones''
QO
1equiv O }:o
€] N
® Ph. .OH
Bn.2-0 OH Hd  OH N
HJ\ph NC 1 equiv MeMgBr, 0.2 equivDBU ~ NC™ "Ph

THF, 22 h, 80% yield, 89% ee
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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.

L,Pd(0)
R-X + R'-B(R?), —— R-R'
NaOR®
oxidative R L NaOR® OR® R. L
R-X + L,PdO) — P4 + R™-B(R?), R'-B(R?), * Pd_
addition v x base IS Y X
transmetallation 3 > Lo /L reductive
-~ RPO-B(R%); + Pd_, — -+ R-R' + LyPd(0)
isomerization R R" " elimination
2
Example 1
|
CO,Me cat. Pd(OAc), e
| )\/\ O Ph3P, chO3
+ /
N CO,Me Z B D 59
. o] THF, MeOH I SEm
CO,Et 70°C, 15 h, 80% N e °
CO,Et
Example 2*
B(OH),
I I
N @ N
I\ N [
(g N TBS TN Ny
SEM SEM ‘TBS

cat. Pd(PhgP);, Na,COs, 45%
Example 3, Intramolecular Suzuki-Miyaura coupling®

OBn
TBDMSO O 1.)\;6 TBDMSO O
BH
2
—_—

OBn

o N OMOM
« 2. H,0, CH,0
N Xy 3. KHF,
Br 99%

BnO

cat. Pd(PPhg), Cs,CO3

THF/H0, reflux, 42%
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Example 4°

/\Hj\ J\/OMe le)
B \%SnBu;; (ON WJ\NJ\/OMG
3 H

B
cat. Pdy(dba)s, PhzAs Ol
DMF, 84%

H J\/
NN M OMe
cat. PdCly(dppf), PhaAs

K3PO, (aq), DMF, 71%

Example 5, Nickel-catalyzed Suzuki-Miyaura coupling in green solvents'?

A~ cat. NiCl,(PCys), N=—
NZ N (HO).B K5PO, x
| + A\ - - . <\
N | N~ N\ o
o 2-Me-THF, 97%
Br
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Swern oxidation

Oxidation of alcohols to the corresponding carbonyl compounds using (COCI),,
DMSO, and quenching with Et;N.

(COCl),, DMSO
OH CH,Cly, ~78 °C JOJ\
1 2 R' "R?
ROR then Et;N
.
BN o) )
o & 0.9 D oo
e BRI S TR L
cl = Q) o] cl
o)
cl
<_1S® ©c \® H
O~ H /S\{) ~___:NEt;
Cco,T + cot+ \/ﬁ)\ — -~ O H .
R1 R2 R1J<R2
cto
0~ “CH,® o

EGN-HCK + Py o R1JLR2 + (CHg)s?
R2
sulfur ylide
Example 17

oM
° H

OMe H
O “ OH  1.(cocl),, DMSO, -60 °C, 45 min OO“ 0o
OH OH

2. Et3N, =60 °C, 15 min., then rt

OMe OMe OH 81% OMe OMe O
Example 2°
Cl
TMSCH,CH,0,C Swern  TMSCH,CH,0,C
E conditions o
Ho NC 0 80% gNC

% )
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Example 3°
OH
CiiHza1,, CeHiy  (COCI, DMsO  CriHasrs CeHis
then Et3N, 89% .
OSiMe,t-Bu OSiMe,t-Bu
Example 4’

HO Ny (COCI)2 DMSO /Z?
OTBDPS then EtsN, 85% OTBDPS
N
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Takai reaction

Stereoselective conversion of an aldehyde to the corresponding E-vinyl iodide us-
ing CHI3 and CrCl,.

)OJ\ CHlj, CrCl, |
A
R™ "H THF R
R
| o}
[
CrCl, CrCl, H
— H——1
N crilcl criicl,
2 H—&—1
cr''cl,
R
cr'cl I
Cg:r'”ﬁ% VAl RN
[
A radical mechanism was recently proposed'”
|><| Lo °
(I\ H n o+ (_\ \.<H (jL !
— Cr'"l (-\ > R H H | —
Il 11
Cr cr' Cr
ocr ocr'"
| R [ crlt |
R H — TH — I R
F | ||(\ i c!
cr! cr
Example 12
: : CHlg, CrCl, : :
Ph 7 Z > CHo Ph & PN
0,
OTBS THF, 70% OTBS 20:1E:Z
Example 23
Et Et

Et Et
Et Et Et Et
25 equiv CrCl,
6 equiv CHI
CHO d ° \ |
THF, rt, 3 h
Et Et 75% Et Et
Et Et Et Et

J.J. Li, Name Reactions: A Collection of Detailed Mechanisms and Synthetic Applications,
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Example 3*

OTES CHlj, CrCl,, 0 °C OTES

OHC CO,Me THF, 50% X CO,Me

Example 4, A Br/Cl variant’

6 equiv CrCl,, 2 equiv CHBr3

OHC\/\/\/\/\/OTHP
THF,0°C, 2.5 h, 67%

Bra e~ OTHP 4 C~ OTHP
1:1

Example 5'°

5.8 equiv anhydrous CrCl
H a y 2 co,Me

H

:,CO,Me 2 equiv CHIg 3
MOMO'“q _ MOMO"'CF,,/\
H ‘CHO 1,4-dioxane-THF (6:1) H |

20°C, 72 h, 88%

Example 5'°
CrCl,, CHlj,
NN
THF/dioxane (1:1)
0°C, 78%
References
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Tebbe reagent

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

Preparation:>¢

AN
CpoTiCl, + 2 Al(CHg)s ——>  CH 1 + AI(CH3),Cl + O2Ti{_AICH),
Cl

Mechanism:3
~ y i Cp,Ti=CH,
issociation
CpTi{ JAICHy), o o o !
2 \C| 3)2 CI—AI(CHz), + &O=2R
R
[2+2] szTlTCHz retro-[2 + 2]
. A R + Cp,Ti=0
cycloaddition cycloadditon R”™ "R

oxatitanacyclobutane formation of the strong Ti=O
bond is the driving force.

Example 1, Ketone?

o Tebbe's reagent, Tol.

CO,Et CO,Et
then the ketone substrate,

THF, 0 °C to rt, 30 min., 67%

Example 2, Double Tebbe*

H Co_ A~ ~ H
z 25 eq /TI\ /A|\ =
C
o "0 O
THF, CH,Cl,
O H —40 to 25 °C, 69% ~

J.J. Li, Name Reactions: A Collection of Detailed Mechanisms and Synthetic Applications,
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Example 3, Double Tebbe?

TBSO OBn OTBS 3 equiv Tebbe's reagentin Tol. TBSO  OBn OTBS
: CHO pyr., Tol/THF A X
OHC < : X
O OBn OTBS ~7810-15°C, 2 h O  OBn OTBS
TBS 86% TBS

Example 4, N-Oxide®

P,
/Ti\/\l Ali
A CP
@ I
N THF,0°Ctort, 90% 'y
Example 5, Amide!!
CF3 CF3
CFs r 1. Tebbe's reagent Nr
= N.__O = OH
)\ - | f 2. BHg, TI;IF, H,0,, NaOH )\o Sy | o
o SN o 75-95%
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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.

NaOCl, cat. TEMPO )
S

R™ "OH

KBr, NaHCO;, CH,Cl,  R™ ~OH

N(‘ HO™ R

Example 1*
OH NaOCl, cat. TEMPO HO,C
Q HO O
HO
HO OMe KBr, NaHCO;, CH,Cl, HO OMe
OH 55% OH
Example 2, Trichloroisocyanuric/TEMPO oxidation®
CIJI
OYN?O
oMy e 5
R™NOH o}

0.01 mol equiv TEMPO ~ R™ "OH
0.05 mol equiv NaBr
acetone, aq. NaHCOg, rt
1-24 h, 75-100%

J.J. Li, Name Reactions: A Collection of Detailed Mechanisms and Synthetic Applications,
DOI 10.1007/978-3-319-03979-4_273, © Springer International Publishing Switzerland 2014
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Example 38
(0]
cat. TEMPO, 2 eq. 2,6-lutidine
electrolysis in CH3CN/H,0 (95:5) Q O
95%
Example 4'°

OH Ormosil-TEMPO, NaOCI OH
OH CO,H
CH3CN, NaHCO3, 5%
cl 0°C, 80% cl

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

with TEMPO
Example 5'2
NNH, NaOClI, cat. TEMPO N H )\

— » Ph Ph
Ph Ph KBr, NaHCO;,3, 0 oc Ph Ph Fe-Cunano 50%, 2 steps

Example 6, TEMPO-mediated aliphatic C-H oxidation with oximes'3

OH

o 3 equiv TEMPO N-O
N Ph 2 equiv K,COs3, DMF / Ph
| § ~ Ph
= Ph  4400c, 8-31h, 64% S
\_s
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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.

CN
@C THOEt wNHz
EO /\‘ )
NH o
LY -
=N H-OEt

N CN
NH L Ot wNHZ

Example 1, A radical-mediated Thorpe—Ziegler reaction?

BugSnH, AIBN H,N CN

M yrlnge pump

PhH, 80 °C 56%

Example 2°
CN
LDA, THF NH,
-78°Ctort CN
N™~ N
2h, 809 )
'I:h CN , 80% bh
Example 3%
_N NH, Ph
~
= H KOH, EtOH P B HN—
N._Ph )
o7 N Y Y reflux, 5 min., 80% NS o
O

J.J. Li, Name Reactions: A Collection of Detailed Mechanisms and Synthetic Applications,
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Example 4°
NC CN NG CN NC NH,
T |
NH /A
cl” N N"CN N~ TCN
Et3N, reflux
15 min., 91%
OMe OMe OMe
Example 5!
Ac,0, p-TsOH

PhMe, 140 °C, MW
15%

COZMe éone
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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 m-allylpalladium
intermediates.

)
Pd(0) (catalytic) | R~oX- Nu © )
RAAX base Pdn — R N
|
X

2 m-allyl complex

1 2 1 2 1 2
R1\/\/ R2 Pd(0) R~ R R xR Pd(0) R . _R
\ v\xr OR \>|</V = X 7

S)

Nu Hard Nu Soft Nu Nu
Inversion of R! >> R2 Retention of
configuration configuration

X =0COR, OCO3R, OCONHR, OP(O)(OR),, OPh, CI, NO,, SO,Ph, NR3X, SR,X, OH

The catalytic cycle:
Pd(0) or Pd(Il) precatalysts
Rl A~ Nu
R1\/\/X
L,Pd(0)
A
R1\/{\/ Nu R1\//|\/ X
L,Pd(0) L,Pd(0)
D B
n-allyl complex
Nu®©

1 1
R\/‘A il R\//\%
OpPdll) % Pd(l
R
c

A: Coordination C: Ligand exchange
B: Oxidative addition D: Substitution then
(lonization) reductive elimination

J.J. Li, Name Reactions: A Collection of Detailed Mechanisms and Synthetic Applications,
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Example 1, Allylic ether

Name Reactions
BnO
BnO /N cat. Pdy(dba)s, dppb o
o . O3 -
- N - pd N="\_ B =00:10
BnO OPh H THF, 60-70 °C \\\
72% XU N
Example 2, Allylic acetate?
NH,
N
AW
NT >N
OAc H
AcO

NaH, Pd(PhyP),, DMF

60°C, 18 h, 79%
Example 3, Allylic epoxide®

= N NH;
N—/

3
0%

H

-

¢

HO N

Pd(PhsP),, THF

rt, 64 h, 35%

Example 4, Intramolecular Tsuji-Trost reaction®
NH,

Bn—N,

OCO,Me

10 mol% Pd(OAc),
%
CO,Me

o]
10 mol% n-BuyNCI BnN" NH
P(OEt)3, NaHCO,
DMF, 100 °C, 77%

Example 5, Intramolecular Tsuji-Trost reaction’

Q%
CO,Me

TESO
> Me
10 mol% Pd,(dba)s "'OTES
THF (0.005 M) o) o
40 °C, 80%
t-BuO Me
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Example 6, Asymmetric Tsuji-Trost reaction®

0.

BocO (e}
) \g— O (o)
Eti QC |

EtO,C | o) 2.5 mol% (dba);Pd,*CHCl, |

| 7.5 mol% ent-cat =
o
=0

30 mol% BuyNClI MeO o
2~2 89% yield, 95% ee

(0]
NH HN
ent-cat =
PPh, PhyP

Example 7, Tsuji-Trost decarboxylation—dehydrogenation sequence'?

Me 1. allyl alcohol, toluene, reflux, 93% I\E/Ie
EtO> 2 OBn 2. allyl bromide, K,CO3, acetone, 89% OBn
A_OBn . . N-©OBn
o] B 3. 5 mol% Pd(OAC),, 5 mol% PPhs B
o Me MecN, reflux, 90% o Me
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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.

0O R?
s X AN
R-CO,H + R'-NH, + R®-CHO + R®-N=C ——> R~ N “R®
isocyanide R' O
H g
o N-R’
0 H R
24O 125 »—0o
RZ/( H —»Rz{%ﬂ —_ N-R'" R-COH R \‘C@jH
L SR R2—4 ®N-
R'-NH, H |
RS

R? | R O
R'I
Example 12
OMe
OMOM GO
Q +
+ +
NH, [ )J\H
O\/o BocHN
OTBDPS COH O
OMOM  NHPMP
MeOH, A \N/&O\NHBOC
_ e s .
1h, 90% 0 OMe
’ o o)
TBDPSO I”  ©Bn
Example 23
o)
LN COaH O,N NH; GO
! 0,8, + K@\ + N®
+ N /\\
A OMe
OTBS CHO

J.J. Li, Name Reactions: A Collection of Detailed Mechanisms and Synthetic Applications,
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MeOH, A 17//(
— NH¢-Bu
N

00
61%

OoTBS
Example 3’

o ®
HO o) . N, o N
ArcH, + OCH
0 0" CcH, HCO 3

OCHs

TFE, rt
78%

Example 4%

(0]

@

W
@}

1. MeOH, rt.

—_—
2. TBAF, THF
54%, 2 Steps
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Example 5!

Cl

CHO co Q H
91% N
@NHZ ©[C02H III\II(D —0> @fL N \’<
+ + + 5
/N\ I

|
Cl
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Ullmann coupling

Homocoupling of aryl iodides in the presence of Cu or Ni or Pd to afford biaryls.

Cu
2 | — Cul, +
Cu, single !
I ————— Ccu(l)l + < —
electron transfer SET

< >—I
@CU(ll)l Cul, +

The overall transformation of Phl to PhCul is an oxidative addition process.

Example 13

= NO, Cu powder, DMF

o |

N= °Cl 100-105 °C, 4 h, 63%

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

o
| @—/(
N o)
O 0 =y
bl NMP, rt, 88%
Example 3°

OMe O Cu-bronze
| 210-220 °C
!

72%
MeO

J.J. Li, Name Reactions: A Collection of Detailed Mechanisms and Synthetic Applications,
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Example 48
% P(O)Ph, O)th P(O)Ph,
140 °C, 88% Ga POPh,
(]
0)Ph,
70% 18%
Example 5°
MeO
MeO (@] |
CuP, Pd(PPhg), MOMO |
MOMO + PhHN | = PhHNOC = (0]
i }\IC N~ DMF, 100 °C |
4 39% N
Example 6!

O,N O,N

| = )= O/
@\ NH, 0.1 equiv § N/Q\N ) @\ HN
AN * AN
N - 0.1 equiv Cul, 1.2 equiv K,COs N
NJ—\< N_J—\<
Ph

DMF, 36 h, 70 °C, 65%
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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.

¢ KO [

S\/ S
MeOH reflux

N2 N ) ’/ \\ //
=

I O — L

Oﬁ
Tos N
Tos N\7 e o+ H® \7/ —TosH M \ \7/H
> [ —_— fo)
(0] R H R
R
B
Example 1°
P
s._NC NaOMe
/©/ " MeOH, reflux
81%
Example 23
A
0" N
o) O\\9 NC —
EtO\[HJ\H + S Rt EtO
5 Oy e T O
Example 3°
/:N
o~
CHO
TosMIC, K,CO3
MeOH, reflux fo)
OHC CHO 81% N o \ />
\_0 N

J.J. Li, Name Reactions: A Collection of Detailed Mechanisms and Synthetic Applications,
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Name Reactions

Example 4!°

0]
TosMIC, K,CO.
L MeOH, reflux k

(o] 4h,91% o
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Vilsmeier—Haack reaction

Jie Jack Li

615

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.

DMF, POCI3
CHO
100 °C 24 h
34% 4%
0 ®rl1
| O - \\r
cI—pP c_, ® o 9
'L o M /'\"%/0 PC'z N\EO F>c|2 . cl O-PCl
/'U‘f H\-‘ Vilsmeier-Haack
H reagent
~ ~&
Ob \o
SN P
H
® | Cl Hb\
H
/‘N\Y B cl H
al N /N:\
~N ~
(0] (0]
~o
aqueous
—_— —_—
H\ workup ~
o0 2l HO——H
HH ll\l® on CHO
AN
H
Example 12
OHC
Do _ommroos_ C)-om
o) o)
OH 100 °C, 14 h, 98%
Example 2°
= =
DMF, POCI /
LD e
| o a0 CHO
~ 100 °C, 83% \N cl

J.J. Li, Name Reactions: A Collection of Detailed Mechanisms and Synthetic Applications,
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Example 3°
CH; OH CH; Cl CH; OH CH; Cl
N POCI,/DMF MO | X CHO X
Z NS & ' N"cH
N7 >CH, 100 °C, 20 h N OH N” > CH, 3
CHs CHsy  65% CHs  10% CHs  15%

Example 4, Reaction outcomes differ as temperature differs!®

12 equiv POCly/DMF
=
RS /R 80-100 °C, 31-71%
CHO
12 equiv POCl,/DMF _ cl
R = | R—
~ o) 120-135 °C, 39-78% X cl

Example 5, An interesting mechanism'!

DMF/POCI;

0 °C for 15 min.
60-65 °C for 50 min. AcO
87%
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Vinylcyclopropane—cyclopentene rearrangement
Transformation of vinylcyclopropane to cyclopentene via a diradical intermediate.

Ry
/\V/ A Q—Rz
Rq

Example 1!

340°C, 2 h Q CO,Me

R

1CO,Me 50%

Example 22

1. n-BuLi, THF-HMPT
-78to -30 °C

A S0 2. PhCH,Br D_\_
Ph

3. desulfonylation
77% overall yield

Example 3°

AICl5, CH,Cl,
—_—_—

0°C, 88%

J.J. Li, Name Reactions: A Collection of Detailed Mechanisms and Synthetic Applications,
DOI 10.1007/978-3-319-03979-4_280, © Springer International Publishing Switzerland 2014
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Name Reactions

Example 4!°

o Q coMe
Me ]| CO:Me 150 mol% Mgl (0.2 M) Me, 2
Me== Me Me
e Me
CH4CN, 40 °C, 6 h, 75%

H H

Example 5!

Pd(PPhgz)s, PPh;

toluene, 80 °C, 2.5 h
81%
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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.

R Br—CN GN-
_N. R Br—R
R TR, R™ Ry
©
I} Br
NC-Br 8.2 oN e
[ - > + r—
N: QON T N
R Ro RIV®R; R" T2

Example 1*

CF3
O
o Br-CN o KOH
—_— N/
@NN/ PhMe @)\/\N,CN MeOH/H,0 ©NH
| |

floxetine (Prozac)
Example 2°
CO,Me CO,Me
CO,Me CO,Me

Br-CN, THF, H,O
O - - Br
O N 75%

Example 3°
OTBS OTBS
: BrCN, CH,CI : : TBSQ 4
N, Gt Bre —{j __ . NC J\/l\/l\
" ., W’ Ph“‘q N Ph
N reflux, "
Ph ITI o /®\CN |
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Wacker oxidation

Palladium-catalyzed oxidation of olefins to ketones, and aldehydes in certain cases.

cat. PdC|2, Hzo (0]
R
CuCl,, O, R
2 HCl

+ 2 CuCl =

050, L,PdCl, R
H,O 2 CuCl, complexation

L.Pd
HCI
reductive @ /_\
elimination CI@ I_LnCIPd- _____ l
R
L, PdHCI
hydroxypalladation H’O\H
(0]
J hydride shift HCl
R L,CIPd
R L = ligand
H :0: or solvent
H’
Example 13
(0]
CO,H
O 0,, 5% Pd(OAc), o
‘ NaOAc, DMSO, 80%
Example 2’
N =

‘0

10% Pd(OAc),, HCIO,

0.5 equiv benzoquinone
CH3CN

0O,, 20 mol% Cu(OAc),

W 10 mol% PdCl, (\I/Y

0.__0O )
7< DMA/;I42°(/3 (7:1) x

J.J. Li, Name Reactions: A Collection of Detailed Mechanisms and Synthetic Applications,
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Example 4'°
ON \\\\\
i, O 0.0  5eq.PdCl,, air
-,
o DMF/H,0 (7:1
HOJ/\A( 812%( )
0 =
OY\/\l \\\\ OY\/\ o
,,,,, o} 0._0 “,, O 0__0
+
HOLA(O 12:1 HOL/\WO
o} CHO
o)
Example 5'°
o 5mol% Pd(Quinox)Cl, 0 Quinox =
AN 12.5% AgSbFg N
= o}
o 12 equiv t-BuOOH (aq) o N \\)
CH,Cly, 0.1 M, rt, 66% N
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Wagner—Meerwein rearrangement

Acid-catalyzed alkyl group migration of alcohols to give more substituted olefins.

rRY , 4o RUR
R2 B —
;OH R2 R3
R R R
R’ @ R - H,0 R
R2\/I\’<H H Rzﬂ\ﬂ’t' —~2 R2>Q‘(®H
3OH RaQH2 R3
1,2-alkyl shift
R1
— é@\'[\KH -H% RUR
R
r3R R2 R
Example 1°
CH3S05H
_—
CICH,CH,CI

OCH;  5p°C, 86%

OCH;

OCHj
HN
© OCH;
H,CO
Example 2°
O O O O
o OEt  TFA, CH,Cl OEt
—_—
72h, 76%
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Example 3’

Et,AICI,
CH,Cl,
-78°C —>rt
52%

BF3eEt,0

o

benzene, 40%

H,c H
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Weiss—Cook condensation

Synthesis of cis-bicyclo[3.3.0]Joctane-3,7-dione. The product is frequently decar-
boxylated.

EtO,C EtO,C R CO,Et
aq buffer
0 o]
R R’
EtO,C EtO,C CO,Et
EtO,C EtOzC EtO,C EtO,C R
o H
- 0 — \ IS
R! U
EtO,C EtOZC EtO,C EtOZC
H EtO,C CO,Et EtO,C CO,Et
E0,C. Rs 2 R R 2
OH ® N0
o] L, R[5
1OH H R1 1
EtO.C" 7 R EtO,C COZEt EtO,C CO,Et
EtO,C R CO,Et EtO,C R CO,Et EtO,C R CO,Et
— %o ~— HO o — Hom
H R Rl R
EtO,C CO,Et EtO,C CO,Et EtO,C CO,Et
Example 12
o)
MeO,C O O
MeO,C CO,Me
PHSE  Meo,c CO,Me
86%
MeO,C
Example 2°
CO,CHjy
1.pH=823
2. HOAC/HCI, A
o) 0
90%
CO,CH, 07~ “CHO 1
Example 3*
o CO,CHj oH = 6.8
<I . 2 Foachic
(0] :>:
o) 80%
CO,CHj
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Example 4°
EtO,C CO,Et
Et._O NaHCOs,
0 + + o)
e o H,O/MeOH
e rt, 24 h, 86%
EtO,C CO,Et °
EtO,C gt CO,Et EtO,C gt CO,Et EtO,C gt COEt
10 10) HO OoH + HO OH
Et0,C Me Co,Et Et0,C Me Co,Et Eto,C Me Co,Et
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Wharton reaction
Reduction of a,B-epoxy ketones by hydrazine to allylic alcohols.

4>/'12 NH,NH, Ri Re oo
2 >
R T o N Lo
R
R ) 2
2 Ry H - H,0 RMN/N\
:NH,NH, 70 ([\{H—NHz hydrazone
RZH ‘/:OHZ
tautomerization Ri R
R N£OH —_
1 Q) N NZT + HO)\/
diazene

Example 1°

(] OH

i N

o 7
NH,NH,+H,0, MeOH
N N
TEOC% H HOAc, rt, 52% TEOC% H

Example 2°

TBDMSQ
NH,NH,*HCI, EtzN

TBDMSO )
e S CO2CH3 eSS~ COCH3
Q{W O\M
o
o

(dimethylamino)ethanol
29 H
32% OH

Example 37
o)
\|\Q
’ NH,NH,, KOH
THF, reflux, 64%
HO
OH
/ !
OH OH
.
"o 91:9 1o
oH OH
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Example 48
O
O NHyNHyH,0, MeOH TESO\\\Q\OH
TESO™ > <o
v O HOAC, rt, 59% \ é
\Q (6]
o
Example 5'°
(0]
(0] O
O (0]
NH,NHyH;0, HoAc "o , HO OH
HO
MeOH, 40% 6] 0]
TrocB\]< TrocB\IQ

0]
TrocB\ﬂ

Example 6!

1. NaCIO, pyr., EtOH
-10 °C, 20 min, 93%

2. NH,NH,+H,0, EtsN, AcOH
CH,CN, 30 min, rt, 74%
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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 E, elimination
will be the predominant reaction pathway.

R'0” N& 1
R ¢l R\O/\R + NaCl
R™-O’

Sx2 H H i

Q H Xt df
X ~07 R
R TCl
Example 1, Cyclic etherification®
MeQ MeQ

> SO,Ph Z SO,Ph
KHMDS

TBSO 0o THF/Tol. TBSO 0
HO™ 0
TBSO 4e0 , _20°C TBSO O/
‘Me >79% ‘Me
o) e
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Willgerodt—Kindler reaction

Conversion of a ketone to thioamide, with functional group migration.

S
0 HNR,
Ar )J\(\%Me Ar h NR2
n TsOH, Sg, A thioamide

In Carmack’s mechanism,” 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.:

©)K/ — ©/\)‘\

thioamide

)

N:

SH )

S-S, O/ \N S S\S @/
< S - SH
— s S — /—\\_/ S S — g N—Sj s,
nH—" S7S g " 5SS _/ * $
\__/ sulfenamide \ S
0 N— HS-S
__/

|

J.J. Li, Name Reactions: A Collection of Detailed Mechanisms and Synthetic Applications,
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_s=No o o Sg SN

Example 1, The Willgerodt—Kindler reaction was a key operation in the initial
synthesis of racemic naproxen (Aleve):

o} /N (¢}
w HN\_/O '\Q
LT = LT

1. H*

: OH
2. CH40H, H,S0, OO
~ (0]
3. NaH, CHsl ©
4. NaOH naproxen (Aleve)
Example 23
©)K/ Sg, microwave ©/\)J\
4 min., 40%
Example 3, A domino annulation reaction under Willgerodt—Kindler conditions: '
o
N
Cl o
=z S + \ S
< Ss, 130 °C, 6 h, 15% o o [
N 8 / 46%  oe%
N
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Wittig reaction

Olefination of carbonyls using phosphorus ylides, typically the Z-olefin is
obtained.

O Rs Ry Rs
P Php= ——= =+ PhP=0
R Rp R, R, Ry

@’\O 1
PhsP Rzl R
R2 R’ 2+2] RS R
\

T — PPh,

cycloaddition

betaine
The “puckered” transition state, irreversible and concerted

PhzPxO Rs
— R/)§-\\R3 — > PPh;=0 + Rz)ﬁ/R1

R'" R? R
oxaphosphetane
Example 13
S Nee
NHTs  DMF, reflux, 48 h, 50% ',I\"s
Example 2*

1.8 N NaOEt, EtOH
PPh3
-30 °C tort

NN

CO,H

2-cis-4-cis-vitamin A acid isotretinoin (Accutane)

Example 33
PhO/W/ \( PhO/W/N
PhMe 70°C
N /
PPh3 o%

t- BuOQC COxt-Bu
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Example 4°

OTPS 1. p-BuLi, HMPA

2. PPTS, 75%

CHO ©
_ﬁ\o 1. n-BuLi, THF, —78 °C o)
@ +
- —
- N//Sf PPh;, 5 NJ\%H

5 2. aldehyde, -78 °C to rt
HF gr NO, 3h, 63% F
Z/E =60:40
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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.

® B  PhLi PhLi tBuoH R
PPN, R-cHO t-BUOK R
B H PhsP b H
@ 3P\ PhsP—© 7 \
PhoP—g H ™ R R R1/&’(\3
R ) phosphorus
Ph ylide
® S
PhsP-0 LiBr PhsP OLi B ¢ BuoH
- = _— —_—
R H, R"  then PhLi R R
Phe LiBr complex of B-oxo ylide

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

@ O
PPh; Br
_ R .
Lio R7>H _tBUOH "+ ppp=0 + LBr
t-BuOK R!
H™ "R!
LiBr complex of threo betaine
Example 1°
Me
'/\( o Ph 0
| 5 equiv Et;P, DMF, rt, 30 min. | Y
N—/
o]
)~0 then 0 °C, LDA, then (o) N/ o)
N% o 66% =
EtO,C Me EtO,C
Example 210

0 )\/ PPhsBr «
PhLi, Bu,O/THF

66%
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Example 3!!
®
Ph/\AO + PhsP _~_~
©
LiBr, THF, =78 °C
Ph/W(\/
then PhLi OAc
Br” “OAc
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[1,2]-Wittig rearrangement

Treatment of ethers with bases such as alkyl lithium results in alcohols.

R2Li R
R'I
R/Z\O, B — )\
1

R”2"OH
1

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

R? Li . .
\‘ deprotonation )\ Cr homolytic L

H R 07 1

\) cleavage R o. R

2
R/I\O’ R’

: 1
rearrangement MU R R workup )R\
R oL T~ R)\ -

Example 1, Aza [1,2]-Wittig rearrangement?

i kup H
PN n-BuLi PR N TP N
Ph ITI SnBu — » Cl:H 83% ph/\/ “CHy
CHs 3 ’

Example 23

t-BuLi 74 X X

% o/\)\/\7L — ! o
ot 58% O

Example 3*

H
0L O TMS n-Buli, THF, ether
), ° 9 :
Xj’/OTBDPS 0 °C, 60%, >98:2 dr

"OTBDPS

Example 4°
NOMe NOMe
2 eq. LDA, THF
O/\/ . R
~ -78°C, 82% ~ OH

O
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Example 58
oTBS n-BuLi, THF TBSO  OH
TBSO. o._Ph TBSO. oh
-201to 0 °C, 32%
Example 6°
OMe
.OMe -
Nl LDA, THF N| oh
0 0" Ph 0 |
S | -40°C,94% N\ OH
Example 7!
Ph
P T™MS OH u
O~ "Ph 1.5 equiv sec-BuLi .
/\)\ i Me/v“ Ph Me' T™S
Me T™S  THF, -78 °C, 40 min. [1,2]-Wittig [1,4]-Wittig
15% 59%
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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.

1(\ [2,3]-sigmatropic /\3

—_—m
'Y. rearrangement 3 /Y 2
2

1

o "
5 )
H e
2
R' = alkynyl, alkenyl, Ph, COR, CN.

[2,3]-sigmatropic /j\ workup AR

rearrangement HO R!
Example 1°

/_O\K( KOt-Bu, HOt-Bu, THF

7250 3

o 0°C, 26 h, 22% G
o
Example 23
H o o]
\j\/[( \H/‘
H o /\)\/ 1.5 equiv LIHMDS N N - N
: N{o 5equiv HMPA, THF  HO H o ., HO H 0
‘v, —_— H H
-78t0-10°C 94:6
67%
Example 3°
Me
| /O\ OSEM hoBuLi OSEM
_—
Me '/ THF-pentane "u(
97%
(@) Me Me
e
=

J.J. Li, Name Reactions: A Collection of Detailed Mechanisms and Synthetic Applications,
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Example 4, Tandem Wittig rearrangement/alkylative cyclization reactions®

o)
. o)
oo O~ 1 BUBOTRLPLNEL o
CH2C|2, 0°Ctort | o
I 2) HyO,, pH 7 buffer n-Bu Ph

Ph 62% Me
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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
(CCly) is typically utilized as the solvent.

o
CCly, reflux \)\
TR ¢ Br-N 44’
U\ //,)' initiator '\ P
< 4 4

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 Br,. Moreover, NBS reacts with the HBr
by-product to produce Br, and to prevent HBr addition across the double bond.

1) O
N-Br + HBr  ——— <§N—H +  Bn
ol o]
N-bromosuccinimide (NBS) succinimide
Initiation:
NC\7’1F\1 @éCN —Fhomolytlc Nt o+ 2 -<CN
cleavage
2'-azobisisobutyronitrile (AIBN)
M
o *CCN o—<CN o—&CN
Y
N—Br R N%‘r —_ \N + Br
(0] (0]
Propagation:
allyl radical
weakest bo@ H abstraction
=
H Br~> - Q B’

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

Termination:

O — w0

J.J. Li, Name Reactions: A Collection of Detailed Mechanisms and Synthetic Applications,
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Example 1°
OAc (0]
OAc OAc :
s NBS, CCl,
reflux, 30 min., 48%
AcO™ AcO™
Example 27
1.2 equiv NBS
CO,Me 0.1 equiv AIBN CO,Me
@ o ©/\/Br
Me solvent free, 60 to 65 °C
89%
Example 3%
| _NBS,cCly
reflux 71%
Example 4°
Br.
NBS, AIBN (cat) \©
BocN X CCly, reflux, 2 h, B lzl :
ﬁ\o 95% ocl —\\O
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Wolff rearrangement

Conversion of an a-diazoketone into a ketene.

o] N2 A R1 HZO R1 0] _ 002

\>—/< ——> )=c=0 — RZ_R'
Rl R ~ N R 2 OH
a-diazoketone ketene intermediate

Step-wise mechanism:

e,,N N o) ]

o ®N o ®N4| -N, R
- 7 kTR T VY—=c=0

Rl R? rI OR R?

a-ketocarbene

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

Concerted mechanism:

® N R]
0%(5 N Neoo
R"™ R? R

Example 12
A or hv
- OEt
EtOH, dioxane (1:1)
N2 >90%
Example 23
0 cO,Me
Ny hv, MeOH
B v—— (0]
l?l o 90% N\
Me Me
Example 3*
1. LIHMDS, TFEA ho
2. MsNj, Et;N " SN, CHaOH
OMe
(e} O le}
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Example 4°

C5H11 C5H11

N, < -

HN HN
°© EtO,C °
EtO,C o CO,Et 2 o
© Rh,Oct, 2
.
N C4H;,CONH, N N
N N N

Boc 559, Boc 39% Boc
Wolff rearrangement N-H insertion
Example 5!
o N
Ny BuNH,, PhCHO
o J
—_—
OO toluene, 110 °C OO OD
6 h, 80% \
Ph
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Wolff—Kishner reduction

Carbonyl reduction to methylene using basic hydrazine.

o) NH,NH,
- - 5 /\R1

R” "R' NaOH, reflux

HZO:\‘
o) H H
RPR! ®0 (N-H N° H
- L”)i .
.. R R1 R%R‘I
NH,NH, HoH
o
e (¢
HO ) . N, /,H’O‘H
. H{’\T,N\A(/R J RR
R R/\R1

Example 1, The Huang Minlon modification, with loss of ethylene’

NH2NH2'H20
NH,NH,2HCI KOH, 210 °C
o
130 °C 36%

Example 2’
(6] H2N\N
80% NH,NH,+H,0
O O toluene, microwave O O
MeO,C 20 min., 75% MeO,C
KOH, microwave
30 min., 40% MeO,C
Example 3%
OHO
85% NHyNH,+H,0, KOH
OH
H,0, 30 min., 165 °C,
87%
HO
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OHOH
H
H
- H
HO 1,5-hydride shift o
Example 4, Huang Minlon modification!?
.OH
N Me
NHyNH5eH,0
diethylene glycol HO
HO reflux, 4.75 h, 75% OMe

OMe

Example 3'3

1. 8 equiv NH,NH,
o) 4 equiv powdered KOH

N CF, diethyleneglycol (10 L/kg) N CF;
Me—¢ H,0, rtto 143°C, 2 h Me—¢ M

N 14310 155°C,3.5h N

Ph
P?,h7<ph 2. MeCN/H,0 Ph7<Ph
85%
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Woodward cis-dihydroxylation

Cf. Prévost trans-dihydroxylation.

1. I3, AgOAC

: o i 2. H,0, H* HO OH

N
=l 9 Sk2 > Sn2
St N
(T T
©0Ac j/

cyclic iodonium ion intermediate  neighboring group assistance

%"_g -H® %_g _ H)O_O|< protonation
) Y

i

H,0: H

:OHZ
HO O / hydrolysis HO OV

g

@& H

HO OH

HO é)H

Example 1!

l,, AgOAC

HOAc, H,O
2 HaC

23 5> 95°C
3.5h o)

KOH, MeOH

23 °C, 71% overall

Example 2°

NBA, AgOAc, HOAc

23 °C, 75%

MeO,C
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f ) :
MeO,C  ( Q5 MeO,C  Br
) Me
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Yamaguchi esterification

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

cl
o)
cl o o0 c
cl
o cl R)J\O HO-R, j\
M R o
R™ "OH EtsN, CH,Cl, Cl Cl DMAP, PhMe, reflux

O O ¢l
o I

S RO
O O @) cl Cl )
cl L / «a cl
Cl ) — R0 — N
~

:NEt
o 3
c . cl cl U

/N\

DMAP (dimethylaminopyridine)

©
o ¢l
R% o ¢l (j’\
. \5"' — 0 + R "@\
J cl (o] ) NN
~N cl Cl RO |
H

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

g
Riw o)
_. oLpr J
| - -Ri
N R™ O
N
|
Example 1, Intermolecular coupling?
H H OMe QH
[N = A + n-BusSn X
CO,H V/\l/\E/\ODMT
OTES OMe -
= z OMe
INgZ ~ NN o}
2,4,6-trichl I chlori
6-trichlorobenzoyl chloride OTES

DMAP, Tol., Et3N

o
n-Bu;Sn -
it, 24 h, 89% 3 \/Y\E/\ODMT
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Example 2, Intramolecular coupling’

=

110 N 2,4,6-trichlorobenzoyl chloride
o) o. _O Et;N, THF
HO
X COH
\[(\l/\)\/“’/ (@]
SR

o 0.0

(6)
x o

then DMAP, toluene, 62%

Example 3, Dimerization®

Yamaguchi reagent

125°C, 6 h, 66%

BnO BnO

References

1.

WAL

(a) Inanaga, J.; Hirata, K.; Saeki, H.; Katsuki, T.; Yamaguchi, M. Bull. Chem. Soc.
Jpn. 1979, 52, 1989—-1993. (b) Kawanami, Y.; Dainobu, Y.; Inanaga, J.; Katsuki, T.;
Yamaguchi, M. Bull. Chem. Soc. Jpn. 1981, 54, 943—944. Masaru Yamaguchi was a
professor at the Kyushu University.

Richardson, T. I.; Rychnovsky, S. D. Tetrahedron 1999, 55, 8977-8996.

Paterson, I.; Chen, D. Y.-K.; Acefia, J. L.; Franklin, A. S. Org. Lett. 2000, 2,
1513-1516.

Hamelin, O.; Wang, Y.; Deprés, J.-P.; Greene, A. E. Angew. Chem. Int. Ed. 2000, 39,
4314-4316.

Quéron, E.; Lett, R. Tetrahedron Lett. 2004, 45, 4533—4537.

Mlynarski, J.; Ruiz-Caro, J.; Fiirstner, A. Chem., Eur. J. 2004, 10, 2214-2222.
Lepage, O.; Kattnig, E.; Fiirstner, A. J. Am. Chem. Soc. 2004, 126, 15970-15971.
Smith, A. B. IIL.; Simov, V. Org. Lett. 2006, 8, 3315-3318.

Ahmad, N. M. Yamaguchi esterification. In Name Reactions for Functional Group
Transformations; Li, J. J., Ed.; Wiley: Hoboken, NJ, 2007, pp 545-550. (Review).

. Wender, P. A.; Verma, V. A. Org. Lett. 2008, 10, 3331-3334.
11.
12.

Carrick, J. D.; Jennings, M. P. Org. Lett. 2009, 11, 769—772.
Lu, L.; Zhang, W.; Sangkil Nam, S.; Horne, D. A.; Jove, R.; Carter, R. G. J. Org.
Chem. 2013, 78, 2213-2247



650 Name Reactions

Zaitsev’s elimination rule

E> thermodynamic elimination gives the more substituted olefin as the major
product because it is more stable.

Br

H E2 X

major minor

— X

XX
X
Example 12
O\% pyridine . =
S’ _—
kel
/©/ 43% 57%
Example 23
HsC, 1Mot ~ CHsCHz  H H_H oA
CHyCH,— =+ = =
32 Br
¥ "zH 80°C H CHj3 CH3CH, CHj C3H; H
51% 18% 31%
Example 33

—h t-BuOK
DMSO, 88%

Br
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Example 48
NH,
OBn H  K,COs DMF
N7 | N>
A K\N N/ 110°C, 18h
r _ 60%
adenine
OBn
OBn
NH
Br - H
N/
L2
N N
Zaitsev elimination product
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Zhang enyne cycloisomerization

Enynes are cycloisomerized regio- and enantio-selectively with a Rh complex
with phosphine ligands.

=Y RS R3
m fK/RZ Rh(l)(bisphosphine)* . )\/Rz
X R', R2, R® = alkyl and aryl LXJ
X=0,NR, and CR, 1,4-dienes
R
Z
’ ’ J/\/Z
high selecthlty 1,4-diene >/ o~ O
P P
R
z . R I)
l /
Ha Oxidative Cyclization
O
R z R N /
%/V \ @l) Hb ~
o~ "o R \
1,3-diene ‘\ z I
) ,/A\\\\/\z
‘%/\/Z Metallacyclopentanes O O*Rh\/P
P
Oxidative Addition
Example 13

RCODICIL
| on _FENA %/\L
fy AgSbFg c”o

0”0 99% rt >99% ee +)-pilocarpine

Example 2*

[Rh(COD)CI], W
’ | AgSbFg (o)
J/\ C3Tuphos 99% ee
99% vyield

O
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Example 3°
COOEt
EtOOC —
Il J [Rh(COD)CIl, }—f\
/(\ S-BINAP SN
o ,}1 AgSbFe, rt I 91%, >99% ee
Bn
Example 4'!
COOEt
OH EtOOC N CHO
I J [Rh(COD)CIl,
—_—
S-BINAP
AgSbFg, rt 91%, >99% ee
4 O
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Zimmerman rearrangement

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

R R! R _,
R2 hv R2 R
| ’
R3
R* R3 R*
1,4-diene vinylcyclopropane
1 R R' R
R R - R R2 =¥
‘ > | Lo, > R3
. ° 4 3 R4
RY R3 R* R3 R™R
diradical diradical

Example 1, Aza-n-methane rearrangement?

hv, acetophenone
) Ph N
/ benzene, 86% OAc

N~OAc 1
Ph Ph Ph
Example 2*
CN
hv acetone
CN
Example 38

X
hv, 300 nM
S .
0, X 23-64% 82

X = CHj3, CH,Ph, COCMej3, CO,CH,Ph
SiMej3, SnBujz, SePh, =—(CH,)3CHj,
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Example 4, Oxa-n-methane rearrangement’

O N Me

Me
/ hv, acetone m
Pyrex, 76%

§

Example 4, Oxa-n-methane rearrangement!?

MeO,C COZMe/

hv, CDCl,
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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.

\
cl @ | ®_ NH,
N/ N _ RNH, O
Zincke salt
NO,
T () (L
o (& R
NG~ N ONR 0® N™ AN _
O.N O,N H _~7 _ON H e
opening
NOZ N02 N02
m R-NH, mo
N ® R
NN e " NHON o
H H 1,6-addition/elimination
O,N O,N
N02 NO2
‘g\b R |
CNH ON
2 +
NO,
C)
H H - H+ N H cis-trans
A N
R XX RN inversion
X
D X
(\|L R4.Q H | (DM@R . @ o
NN electrocyolizat N N
R electrocyclization | & H, R
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Example 1°
N Et
cl | o)
Et NO, Acetone, A Cl NH,
~ | + — . ON OH
\N overnight (79%) Ph
NO,
N Et
n-BuOH, A | @_
_ > o N
20 h, 86% Cl
Ph)\/OH
Example 2°

2

al NH
NS NO, ’)\ NS
+ ¢
NN OH OH N_ANE oH
ci®
NO, H,0, A, 16 h

OH
OEt EtO.
| 7
K/\/ H
~ 7
CaCO;, H,O/THF (4:1) Ns N o
20 °C, 3 days
25%, 2 steps HO
Example 3°
(¢]]
| A N/\/Cozt'BU NO, MeOH, reflux
111
N/ Boc 89%
NO,
N N~ CO:2t-Bu N N~ CO2t-Bu
|®/ 11é N NH I@/ ) " éoc
P 0C | P 1 2 N~ CI
o,N_ )& N >
1
n-BuOH, heat, 61% XN
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Name Reactions

Example 4!°
(¢]] | A
®
O,N Me,NH
= | then NaOH
NO.
SN 2 58%
Zincke salt
A\ -CHO  LiSnBus CHO
Me,N™ N7 - O . Bu3sn/\/\/
_5 50,
Zincke aldehyde 50-55%
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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.

NH, NH, NH,
@ cat v’ /‘,/ ‘,/

Hydrazobenzene 70% (benzidine) 30% (semidine)

o O B

@ @
HZNTNHZ

[5,5]-sigmatropic
—_—

rearrangement

Z®
Zo

Hz [5,3]-sigmatropic

rearrangement

Example 1%

5
3B
T
e}
T2
ZT
Q

Cl
6 N HCI
ey
70%, 2 steps
Cl
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Example 2, Catalytic Asymmetric Benzidine Rearrangement’

Me
Me y 5 mol% (R)-Cat ‘O
N’N 100 mg, CG-50 NH

3 days, 85%

2
H CHCl3, 50 °C OO NH;
Me
Me

(R)-Cat =

CG-50, an acidic resin.
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A Activating group, 316, 393, 486
Abnormal Beckmann rearrangement, 40 Activation of the hydroxamic acid, 367
Abnormal Chichibabin reaction, 131 Activation step, 357
Abnormal Claisen rearrangement, 142 a-Active methylene nitrile, 279
2-Acetamido acetophenone, 104 Acyclic mechanism, 185
Acetic anhydride, 62, 192, 229, 468, 486, 2-Acylamidoketones, 521
488, 501 Acyl-o-aminobiphenyls, 413
Acetone cyanohydrin, 591 Acyl anhydride, 260
Acetonitrile as a reactant, 193 Acylation, 8, 59, 260, 261, 325, 353, 367, 486
a-Acetylamino-alkyl methyl ketone, 192 O-Acylation, 367
Acetylation, 340 Acyl azides, 188
Acetylenic alcohols, 123 Acylbenzenesulfonylhydrazines, 369
a,pB-Acetylenic esters, 250 Acyl derivative, 478
Acid chloride, 11, 510, 525 N-Acyl derivative, 188
Acid-catalyzed acylation, 325 ortho-Acyl diarylmethanes, 77
Acid-catalyzed alkyl group migration, 622 Acylglycine, 229
Acid-catalyzed condensation, 155, 157 Acyl group, 260
Acid-catalyzed cyclization, 452 Acyl halide, 260
Acid-catalyzed electrocyclic formation of Acylium ion, 261, 266, 278, 349
cyclopentenone, 424 Acyl malonic ester, 289
Acid-catalyzed reaction, 539 a-Acyloxycarboxamide, 458
Acid-catalyzed rearrangement, 482, 539 a-Acyloxyketone, 14
Acidic alcohol, 379 a-Acyloxythioether, 501
Acidic amide hydrolysis, 591 Acyl transfer, 14, 353, 468, 501
Acidic methylene moiety, 374 Adamantane-like structure, 478
Acid-labile acetal, 117 cis-Addition, 546
Acid-mediated cyclization, 490 1,6-Addition/Elimination, 656
Acid-promoted rearrangement, 217 1,4-Addition of a nucleophile, 397
Acid scavenger, 227 Addition of Pd-H, 415
Acrolein, 36, 562 ADDRP. See 1,1’-(azodicarbonyl)dipiperidine
Acrylic ester, 36 (ADDP)
Acrylonitrile, 36 Adduct formation, 407
Activated hydroxamate, 367 Adenosine, 411
Activated methylene compounds, 344 Aglycon, 246
Activating agent, 486 AIBN. See 2,2'-Azobisisobutyronitrile (AIBN)
Activating auxiliary, 507 Air oxidation, 219
Activating effect of a base, 593 Al(Oi-Pr)s, 386
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Alcohol activation, 407 Allylic epoxide, 606
Aldehyde cyanohydrin, 255 Allylic ester enolate, 148
Alder ene reaction, 1, 2, 134 Allylic ether, 606
Alder’s endo rule, 211 Allylic leaving group, 605
Aldol addition, 519 Allylic substrate, 640
Aldol condensation, 3, 50, 130, 237, 264, 300,  Allylic sulfoxide, 405
312, 417, 468, 519 Allylic tertiary amine-N-oxides, 391
Algar-Flynn—Oyamada reaction, 6 Allylic transformation, 247
Alkali metal, 52, 570 Allylic transposition, 1
Alkali metal amide, 570 Allylic trichloroacetamide, 449
Alkaline medium, 509 Allyloxycarbenium ions, 247
Alkene, 1, 32, 262, 376, 377, 440, 460, 476, n-Allylpalladium intermediate, 117, 605
496, 539 Allylsilane, 533
Alkenyl anilines, 309 n-Allyl Stille coupling, 584
Alkenylation, 304 Allyl trimethylsilyl ketene acetal, 148
Alkoxide-catalyzed oxidation, 447 (R)-Alpine-borane, 401, 402
Alkoxide-catalyzed rearrangements, 239 Aluminum chloride, 278
a-Alkoxycarbonyl phosphonate, 382 Aluminum hydride, 123
Alkoxy methylenemalonic ester, 289 Aluminum phenolate, 266
Alkyl alcohol, 231 Amalgamated zinc, 153
Alkyl amine, 656 Amide, 39, 125, 128, 146, 360, 421, 517, 539,
Alkylating agent, 262, 384 600, 619
O-Alkylating agent, 384 Amidine, 484
N-Alkylation, 384 Amination, 66, 91-93, 117, 118, 362
Alkylation reaction, 228 Amine-catalyzed rearrangements, 239
Alkyl cation, 262 Amine exchange, 656
Alkyl fluorosilane, 259 Aminoacetal intermediate, 490
Alkyl group migration, 622 Amino acid, 119, 120, 192, 591
Alkyl halide, 198, 262, 272, 357, 399 a-Amino acid, 192, 591
Alkyl lithium, 544, 636 -aminoalcohol, 203
Alkyl migration, 349, 482 gem-Aminoalcohol, 362
N-Alkyl pyridinium, 656 o-Aminobiphenyls, 413
Alkyl-silane, 257 B-Aminocrotonate, 432
Alkyne, 110, 123, 174, 223, 262, 282, 284, a-Amino ketone, 264, 426
462, 572 o-Amino nitrile, 591
Alkyne coordination, 223 Aminothiophene synthesis, 279
Alkyne insertion, 223 Ammonia, 130, 295, 300, 302, 454
Alkynyl copper reagent, 100, 110, 282, 572 Ammonium carbonate, 87
Alkynyl halide, 100 Ammonium sulfite, 85
Allan—Robinson reaction, 8, 353 Ammonium ylide intermediate, 570
Allenyl enyne, 423 Aniline, 54, 125, 155, 157, 219, 276, 289, 309,
Allyl ether, 638 415, 435, 562, 656
0O-Allyl hydroxylamines, 391 Anilinomethylenemalonic ester, 289
Allylic acetate, 606 Anion-assisted Claisen rearrangement, 108
Allylic alcohol, 123, 150, 405, 443, 449, Anionic oxy-Cope rearrangement, 163
552, 626 p-Anisyloxymethyl (AOM), 166
Allylic amination, 117 o-Anomer, 247, 248
Allylic amine, 472, 560 B-Anomer, 350
Allylic bromide, 640 Anomeric center, 342
Allylic carbamate, 560 Anthracenes, 77
Allylic C-H amination, 117 AOM. See p-Anisyloxymethyl (AOM)
Allylic C-H cleavage, 117 Aprotic solvent, 16, 443

Allylic C-H oxidation, 117-119 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

a-Arylamino-ketone, 54

Arylation, 119, 125, 304, 367

O-Arylation, 367

Arylboronates, 409

Aryl boronic acid, 97, 119, 125

Aryl diazonium salt, 287

B-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

w-attack, 6

B-attack, 6

Aurone derivative, 7

Aza-Diels—Alder reaction, 215

Aza-Grob fragmentation, 293

Aza-Henry reaction, 312

Azalactone, 192

Aza-m-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

2,2'-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

BaSO,-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

Bellus—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—-Mohlau indole synthesis, 54

Bischler—Napieralski reaction, 56

1,4-bis(9-O-dihydroquinine)phthalazine
((DHQ),-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-(0)-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

Index

Bradsher reaction, 77

Br/Cl variant of the Takai reaction, 598

Bromine/alkoxide for Hofmann
rearrangement, 320

o-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)

BusP, 555

Bucherer—Bergs reaction, 87

Bucherer carbazole synthesis, 83

Bucherer reaction, 85

Biichner 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
B-Carbocation stabilization by the silicon

group, 257
B-Carbocation stabilizationby the p-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 (CCly), 109, 327,

495, 504, 521, 569 ,640, 641
Carbonyl, 370, 440, 505, 533, 539, 599
Carbonyl oxide, 187
B-Carbonyl sulfide derivative, 276
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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

CCly. See Carbon tetrachloride (CCly)

Celebrex, 348

CHal,, 519, 560, 561

CH;0THt, 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

CHI;, 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

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

Chlorodinitrobenzene, 388

Chloroiminium salt, 615

a-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
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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 o,p-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
Cp,TiMe,, 474
Cr(CO);-coordinated hydroquinone, 223
Cr(IIT), 333
CrCl,, 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),, 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-p-methylene
(p-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]Jundec-
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),-PHAL, 547. See also 1,4-Bis(9-O-
dihydroquinine)phthalazine
((DHQ),-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]Jundec-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
o-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
o-diketone, 314
B-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 1V inhibitor, 119

Diphenylphosphoryl azide (DPPA), 188, 189

Diphenyl 2-pyridylphosphine, 269

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

DIPT, 553

2,2'-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-n—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

Dotz 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

ElcB, 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
6n-Electrocyclization, 155, 157, 656
Electron-deficient heteroaromatics, 403
Electron-donating group (EDG), 211
Electron-donating substituent, 52, 211
Electronically unbiased a-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
o-elimination, 509
B-elimination 309, 379, 572
syn-elimination, 555
syn-p-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 a-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
o,pB-Epoxy esters, 196
a,p-Epoxyketones, 233, 626
o,B-Epoxy sulfonylhydrazones, 233
Erlenmeye—Plochl 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
Et;0"BF,, 384
Et;SiH, 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 CO,, 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



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 [24+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

Friedldnder 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
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Glycerol, 562

Glycidic ester, 196

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

Glycosidation, 342, 350, 541

B-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
a-Halocarbohydrate, 350
a-Haloesters, 58, 196, 505
a-Halogenation, 310

Halogen effect, 521
Halogen-lithium exchange, 456
a-Haloketones, 239, 243
2-Halomethyl cycloalkanones, 225
o-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 Hydrolysis of iminium salt, 297
Heterodiene addition, 215 Hydropalladation, 620
Heterodienophile addition, 215 Hydroxamic acid, 367
Heteropoly acid catalyst, 193 Hydroxide-catalyzed rearrangements, 239
Hex-5-enopyranosides, 246 o-Hydroxyaryl ketones, 8
Hexacarbonyldicobalt complex, 436, 462 4-Hydroxy-3-carboalkoxyquinoline, 289
Hexacarbonyldicobalt-stabilized propargyl B-Hydroxycarbonyl, 3

cation, 436 2'-Hydroxychalcones, 6
Hexamethylenetetramine, 198, 568 3-Hydroxy-isoxazoles, 138
Hinsberg synthesis of thiophene, 314 o-Hydroxyl-acid, 178
Hiyama cross-coupling reaction, 316 Hydroxylamine, 138, 390
Hoch—Campbell aziridine synthesis, 291 N-Hydroxyl amines, 159
Hofmann degradation, 319 o-Hydroxylation, 478
Hofmann-Loffler—Freytag reaction, 321 5-Hydroxylindole, 432
Hofmann rearrangement, 319 2-Hydroxymethylpyridine, 62
Homoallylic alcohol, 638 B-Hydroxy-p-phenylethylamine, 478
Homocoupling, 283, 370, 611 4-Hydroxyquinoline, 289
Homo-Favorskii rearrangement, 240 B-Hydroxysilane, 228, 476
Homologated carboxylic acid, 642 3-Hydroxy-2-thiophenecarboxylic acid
Homolysis, 240 derivatives, 250
Homolytic cleavage, 26, 28, 30, 225, 321, 327,  Hydrozinolysis, 70

369, 636, 640 Hypohalite, 276, 319

Homo-McMurry coupling, 370
Homo-Robinson, 519

Horner—Emmons reaction, 582 I
Horner—Wadsworth—-Emmons IBX. See o-lodoxybenzoic acid (IBX)
reaction, 323, 382 Imide, 125, 295
Hosomi—Miyaura borylation, 409 Imine, 66, 125, 130, 155, 539, 574, 603, 608
Hosomi—-Sakurai reaction, 533 Iminium formation hydrolysis, 344, 591
Houben—Hoesch reaction, 325 Iminochloride, 426
Huang Minlon modification, 644, 645 Imino ether, 484
Hunsdiecker—Borodin reaction, 327 Iminophosphorane, 576
Hydantoin, 87, 125, 547 Indole, 24, 34, 54, 68, 83, 253, 276, 309, 415,
Hydrazine, 83, 125, 253, 273, 347, 369, 432,512
626, 644 Indole-2-carboxylic acid, 512
Hydrazoic acid, 539 Indole synthesis, 253, 276, 309, 415, 432, 512
Hydrazone, 16, 69, 233, 253, 331, 626 Bartoli, 24
Hydride, 106, 123, 235, 362, 386, 401, 415, Batcho-Leimgruber, 34
447, 531, 568, 620, 645 Bischler-Mohlau, 54
B-Hydride elimination, 415, 531 Fischer, 253
Hydride shift, 620, 645 Gassman, 276
Hydride source, 235 Hegedus, 309
Hydride transfer, 94, 345, 359, 404, 515 Mori-Ban, 415
Hydro-allyl addition, 1 Nenitzescu, 432
1,5-Hydrogen abstraction, 30 Reissert, 512
Hydrogen atom abstraction, 28 Ing—Manske procedure, 273
Hydrogenation, 440, 525 Initiation, radical, 640
1,5-Hydrogen atom transfer, 321 Inositol, 245
Hydrogen donor, 48 Insertion, 223, 304, 307, 415, 462, 643
Hydrogenolysis, 276 Insertion toward CH, 462

Hydrolysis, 62, 188, 190, 257, 272, 291, 297, Intercomponent interactions, 100
310, 314, 325, 344, 426, 434, 484, 495,  Intermolecular addition, 403, 562
505, 509, 512, 527, 549, 591, 646 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 Biichner 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 Sy2, 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

Tododinitrobenzene, 388

Todosobenzene diacetate for Hofmann rear-
rangement, 319

o-iodoxybenzoic acid, 206, 438

Tonic liquid, 345, 384

ITonic liquid-promoted interrupted Feist—
Benary reaction, 243

Tonic 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,0-Ketene acetals, 146

Ketene cycloaddition, 574

o-Ketocarbene, 642

o-Ketocarbene intermediate, 10

Keto-enol tautomerization, 108

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

2-Ketophenols, 266

4-Ketophenols, 266

a-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
Krohnke pyridine synthesis, 354
Kumada coupling, 316, 357, 584, 593

L

Lactam, 266, 360, 574

B-Lactam, 574

Lactone, 360, 445, 574

azalactone, 192, 229

p-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)

Me;O*BE,, 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

-Naphthol, 85

-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

(0]

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

o-Olefin, 117, 119

cis-Olefin, 323

E-olefin, 338, 340, 634

exo-Olefin, 599

trans-Olefin, 323

(2)-Olefin, 329, 582, 631, 632
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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
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-n-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

Index

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
y-Oximino alcohol, 30
Oxirane, 60
oxo-Diels—Alder reaction, 215
4-Oxoform, 289
Oxonium ion, 342, 350
B-Oxo ylide, 634
Oxy-Cope rearrangement, 161, 163, 164
Oxygenated compound, 117, 118
Oxygen nucleophile, 117
Oxygen transfer, 329

P
P,0s, 478
P40, 478
P4-¢-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
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Pancratistatin, 245

Paniculide A, 245

Paraffin, 158

Parham cyclization, 456

Passerini reaction, 458, 608

Paterno-Biichi reaction, 460

Pauson—Khand reaction, 437, 462, 463

Payne rearrangement, 464

Pb(OAc),, 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

PhCul, 611

Ph;P, 60,61, 111, 174, 175, 178, 248, 307, 316,
407, 409, 415, 521, 572, 576, 593, 632

Phenanthridine cyclization, 413

-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

PhNO,, 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)-(+)-0O-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

PyPh,P, 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

a-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—Bicklund 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-n-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



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,5)-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), to Pd(0) using
PhsP, 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

Index

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—Schopf 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(Il) 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—Miiller modification, 492

Schlosser modification of the Wittig
reaction, 634

Schmidt rearrangement, 539

677

Schmidt’s trichloroacetimidate glycosidation

reaction, 541
Schmittel cyclization, 423
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Schonberg rearrangement, 434

Schrock’s catalyst, 514

Secondary a-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

p-silicon effect, 533

Siloxane, 125

a-silyloxy carbanions, 79

Siloxy-Cope rearrangement, 167

Silver carboxylate, 327

Silver salt, 350

Silver-catalyzed oxidative
decarboxylation, 403

Silyation, 367

B-Silylalkoxide intermediate, 476

a-Silyl carbanion, 476

Silyl enol ether, 417, 419, 438

[1,2]-Silyl migration, 79

a-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 o,B-unsaturated ketone, 519

Skraup quinoline synthesis, 221, 562

Skraup type, 289

SMEAH. See Sodium bis(2-methoxyethoxy)
aluminum hydride (SMEAH)

Sml,-mediated Reformatsky reaction, 506

Smile reaction, 434

Smiles rearrangement, 564, 566

Snl, 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



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
Synlanti, 419

Syn-addition, 81

Synchronized fashion, 568

T

Takai reaction, 597

Tamao Kumada oxidation, 259

ds-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)

TBTBTEFP, 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 a-acetylenic (terminal) alcohol, 529

Tertiary a-acetylenic alcohols, 395

Tertiary amine, 36, 231, 390, 391, 580

Tertiary amine N-oxide, 390

Index 679

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

Tt,0, 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

1,1’-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



680 Index

Ti(0), 370

Ti=0, 599

TiCls/LiAlHy, 370

Tiffeneau—Demjanov rearrangement, 203

Titanium tetra-iso-propoxide, 552

TMG, 107

TMSO-P(OE),, 399

p-Tolylsulfonylmethyl isocyanide, 613

Tosyl amide, 507

Tosyl ketoxime, 406

trans-p-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
(Et;0*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 Ph;P

Triplet diradical, 460

n, =¥ 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
a,-Unsaturation of aldehydes, 439
o,B-Unsaturation of ketones, 438
a,pB-Unsaturated aldehyde, 529
v,9-Unsaturated amides, 146
ap-Unsaturated carbonyl compounds, 395
v,0-Unsaturated carboxylic acids, 148
a,pB-Unsaturated ester, 578
v,9-Unsaturated ester, 150
2,3-Unsaturated glycosyl derivatives, 247
5,6-Unsaturated hexopyranose derivatives,
245
a,pB-Unsaturated ketone, 354, 529, 578
y-Unsaturated ketones, 108
a, B-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 ether, 77

Vinyl Grignard, 24

Vinyl halide, 443

E-Vinyl iodide, 597

Vinyl ketones, 36, 519

Vinyl sulfide, 77

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



W

Wacker oxidation, 309, 531, 620

Wagner—Meerwein rearrangement, 622

Wagner—Meerwein shift, 363

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

Index 681

Y

Yamaguchi esterification, 648, 649
Yamaguchi reagent, 648, 649
Ylidene-sulfur adduct, 279, 280

VA

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
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