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Foreword

1 don't have my name on anything that I don't really do.
—Heidi Klum

Can the organic chemists associated with so-called “Named Reactions” make the
same claim as supermodel Heidi Klum? Many scholars of chemistry do not
hesitate to point out that the names associated with “name reactions” are often not
the actual inventors. For instance, the Arndt—FEistert reaction has nothing to do
with either Arndt or Eistert, Pummerer did not discover the “Pummerer”
rearrangement, and even the famous Birch reduction owes its initial discovery to
someone named Charles Wooster (first reported in a DuPont patent). The list goes
on and on...

But does that mean we should ignore, boycott, or outlaw “named
reactions”? Absolutely not. The above examples are merely exceptions to the rule.
In fact, the chemists associated with name reactions are typically the original
discoverers, contribute greatly to its general use, and/or are the first to popularize
the transformation. Regardless of the controversial history underlying certain
named reactions, it is the students of organic chemistry who benefit the most from
the cataloging of reactions by name. Indeed, it is with education in mind that Dr.
Jack Li has masterfully brought the chemical community the latest edition of
Name Reactions.

It is clear why this beautiful treatise has rapidly become a bestseller
within the chemical community. The quintessence of hundreds of named
reactions is encapsulated in a concise format that is ideal for students and
seasoned chemists alike. Detailed mechanistic and occasionally even historical
details are given for hundreds of reactions along with key references. This “must-
have” book will undoubtedly find a place on the bookshelves of all serious
practitioners and students of the art and science of synthesis.

Phil S. Baran
May 2009
La Jolla, California



Preface

The first three editions of this book have been warmly embraced by the organic
chemistry community. Many readers have indicated that while they like the
detailed mechanisms, they prefer to have more real case applications in synthesis.
For this edition, we have revolutionized the format, which finally liberated more
space to accomodate many more synthetic examples. As a consequence, the
subtitle of the book has been changed to A Collection of Detailed Mechanisms and
Synthetic Applications. When putting together the 4™ edition, I also strived to cap-
ture the latest references, up to 2009 whenever possible. Coincidentally, my
daughter Vivien, a sophomore at the University of Michigan, will take soon Or-
ganic Chemistry. I hope she finds this book useful in preparing for her exams.

I am very much indebted to the readers who have kindly written to me with
suggestions, which helped transform this book into a useful reference book for
senior undergrate and graduate students around the world—the second edition was
translated to both Chinese and Russian. I am grateful to my good friend Derek A.
Pflum at Ash Stevens Inc. who kindly proofead the entire manuscript and
provided many invaluable suggestions. Prof. Derrick L. J. Clive at University of
Alberta also proofread the first half of the manuscript and offered helpful
comments. [ also wish to thank Prof. Phil S. Baran at Scripps Research Institute
and his students, Tanja Gulder, Yoshi Ishihara, Chad A. Lewis, Jonathan Lockner,
Jun Cindy Shi, and Ian B. Seiple for proofreading the final draft of the manuscript.
Their knowledge and time have tremendously enhanced the quality of this book.

Any remaining errors are, of course, solely my own responsibility.
As always, I welcome your critique!
',L‘\l%i
Jie Jack Li

May 2009
Killingworth, Connecticut
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Abbreviations and Acronyms

Q-

3CC

4CC
9-BBN

A

Ac

ADDP
AIBN
Alpine-borane”
AOM

Ar

B:
[bimim]CI+2AICI;
BINAP

Bn

Boc

BT

Bz

Cbz

CuTC
DABCO
dba

DBU

DCC

DDQ

de

DEAD
(DHQ),-PHAL
(DHQD),-PHAL
DIAD
DIBAL
DIPEA
DMA
DMAP
DME
DMF
DMFDMA
DMS
DMSO
DMSY
DMT
DPPA
dppb

polymer support
three-component condensation
four-component condensation
9-borabicyclo[3.3.1]nonane
adenosine

acetyl
1,1'-(azodicarbonyl)dipiperidine
2,2'-azobisisobutyronitrile

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

p-Anisyloxymethyl = p-MeOCsH,OCH,-

aryl
generic base

1-butyl-3-methylimidazolium chloroaluminuminate

2,2'-bis(diphenylphosphino)-1,1'-binaphthyl
benzyl

tert-butyloxycarbonyl

benzothiazole

benzoyl

benzyloxycarbonyl

copper thiophene-2-carboxylate
1,4-diazabicyclo[2.2.2]octane
dibenzylideneacetone
1,8-diazabicyclo[5.4.0Jundec-7-ene
1,3-dicyclohexylcarbodiimide
2,3-dichloro-5,6-dicyano-1,4-benzoquinone
diastereoselctive excess

diethyl azodicarboxylate
1,4-bis(9-O-dihydroquinine)-phthalazine
1,4-bis(9-O-dihydroquinidine)-phthalazine
diisopropyl azodidicarboxylate
diisobutylaluminum hydride
diisopropylethylamine

N, N-dimethylacetamide
4-N,N-dimethylaminopyridine
1,2-dimethoxyethane
N,N-dimethylformamide
N,N-dimethylformamide dimethyl acetal
dimethylsulfide

dimethylsulfoxide

dimethylsulfoxonium methylide
dimethoxytrityl

diphenylphosphoryl azide
1,4-bis(diphenylphosphino)butane



XX

dppe
dppf
dppp

dr
DTBAD
DTBMP
El

ElcB

E2

EAN
EDDA
ee

Ei

Eq

Et
EtOAc
HMDS
HMPA
HMTTA
IBX

Imd
KHMDS
LAH
LDA
LHMDS
LTMP

m-CPBA
MCRs
Mes
MPS
Ms
MWI
MVK
NBS
NCS
NIS
NMP
Nos
N-PSP
N-PSS

PCC
PDC
Piv

1,2-bis(diphenylphosphino)ethane
1,1'-bis(diphenylphosphino)ferrocene
1,3-bis(diphenylphosphino)propane
diastereoselctive ratio
di-tert-butylazodicarbonate
2,6-di-tert-butyl-4-methylpyridine
unimolecular elimination

2-step, base-induced B-elimination via carbanion
bimolecular elimination
ethylammonium nitrate
ethylenediamine diacetate
enantiomeric excess

two groups leave at about the same time and bond to
each other as they are doing so.
equivalent

ethyl

ethyl acetate

hexamethyldisilazane
hexamethylphosphoramide
1,1,4,7,10,10-hexamethyltriethylenetetramine
o-iodoxybenzoic acid

imidazole

potassium hexamethyldisilazide
lithium aluminum hydride

lithium diisopropylamide

lithium hexamethyldisilazide

lithium 2,2,6,6-tetramethylpiperidide
metal

m-chloroperoxybenzoic acid
multicomponent reactions

mesityl

morpholine-polysulfide
methanesulfonyl

microwave irradiation

methyl vinyl ketone
N-bromosuccinimide
N-chlorosuccinimide
N-iodosuccinimide
1-methyl-2-pyrrolidinone

nosylate (4-nitrobenzenesulfonyl)
N-phenylselenophthalimide
N-phenylselenosuccinimide
nucleophile

pyridinium chlorochromate
pyridinium dichromate

pivaloyl



PMB
PPA
PPTS
PT
PyPh,P
Pyr
Red-Al
Red-Al
(SMEAH)
Salen
SET
SIBX
SM
SMEAH
Syl

Sn2
SNAr
TBABB
TBAF
TBAO
TBDMS
TBDPS
TBS
t-Bu
TDS
TEA
TEOC
Tf

TFA
TFAA
TFP
THF
TIPS
TMEDA
™G
TMP
T™S
TMSCI
TMSCN
TMSI
TMSOTf
Tol
Tol-BINAP
TosMIC
Ts

TsO

XXI

para-methoxybenzyl

polyphosphoric acid

pyridinium p-toluenesulfonate

phenyltetrazolyl

diphenyl 2-pyridylphosphine

pyridine

sodium bis(methoxy-ethoxy)aluminum hydride

sodium bis(methoxy-ethoxy)aluminum hydride

N,N’-disalicylidene-ethylenediamine
single electron transfer

Stabilized IBX

starting material

sodium bis(methoxy-ethoxy)aluminum hydride
unimolecular nucleophilic substitution
bimolecular nucleophilic substitution
nucleophilic substitution on an aromatic ring
tetra-n-butylammonium bibenzoate
tetra-n-butylammonium fluoride
1,3,3-trimethyl-6-azabicyclo[3.2.1]octane
tert-butyldimethylsilyl
tert-butyldiphenylsilyl
tert-butyldimethylsilyl

tert-butyl

thexyldimethylsilyl

triethylamine
trimethysilylethoxycarbonyl
trifluoromethanesulfonyl (triflyl)
trifluoroacetic acid

trifluoroacetic anhydride
tri-2-furylphosphine

tetrahydrofuran

triisopropylsilyl
N,N,N',N'-tetramethylethylenediamine
1,1,3,3-tetramethylguanidine
tetramethylpiperidine

trimethylsilyl

trimethylsilyl chloride

trimethylsilyl cyanide

trimethylsilyl iodide

trimethylsilyl triflate

toluene or tolyl
2,2'-bis(di-p-tolylphosphino)-1,1’-binaphthyl
(p-tolylsulfonyl)methyl isocyanide

tosyl

tosylate



XXII

UHP urea-hydrogen peroxide
A solvent heated under reflux



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 n-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 o-bonds are

formed.
HOMO
ggg — I3
9/8 LUMO H”

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

( + %‘( Aor
Y

H ) LeW|s acid
ene enophile

(Hx

Example 1°
Q b
g8
xylene A (@) 6-membered
reflux, 31% H) transition state
ene enophile
¢} ¥
Q 0
N (0) Alder ene
b , o]
S .H reaction
O
Example 2
(0]

HaN~ o /\O)Sf H o} o
O. KOH, Pt/Clay, 35%
P ORI ) ° .~
H

(Kishner reduction) 0 °C, CH,Cl,, 89% OH
(Alder ene reaction)

Example 3, Intramolecular Alder-ene reaction®

-0 H toluene reflux
N
N " Shesw

J.J. Li, Name Reactions, 4th ed., DOI 10.1007/978-3-642-01053-8 1,
© Springer-Verlag Berlin Heidelberg 2009



Example 4, Cobalt-catalyzed Alder-ene reaction’

Et [Co(dppp)Bral, Zn, Znly, CH,Cl, Et

Ph A~ OTMS

‘ ‘ i /\/OTMS
25 °C, 8 h, 95% (GC yield)
Ph

Example 5, Nitrile-Alder-ene reaction'’

CHy sealed ampule

CN  120-130°C,5h

70% HaC
11
Example 6
OAc OAc
CegH
CgH1s CpRu(CH3CN)3+PFg 67113
\/\ * % Z ‘
X A acetone, rt, 81% S
SiEty SiEty
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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 1. Base RZ OHO A RZ O
R R1 5 o R3 R1 —_— R3 NS R1
. Rsz3 R
e
! o
R SR deprotonation  R<.Z~p1  condensation
H R3_} R?
B: /‘ 9
e
R2Oo O acidic R2 OH O
R® R' workup RS R1
R R
Example 1°
LDA, THF, then
o MgBr,, —110 °C, th
gbry, , then
\)%OTMS o Bno” N0 OoTMS
Bno” ~07 Y :
z 85% yield
Example 2°
LDA, THF, =78 to —40 °C, then
aldehyde, 1 h, 43%, 3:2 dr
Y CO,H
O OTBS

o oTBS
22% of of 6S,7R-diastereomer
and 10% recovered SM

J.J. Li, Name Reactions, 4th ed., DOI 10.1007/978-3-642-01053-8 2,
© Springer-Verlag Berlin Heidelberg 2009



Example 3, Enantioselective Mukaiyama-aldol reaction'®

]
0 )
Phin | N \\)’Ph
N N—/
t. %
OTMS o ca —0Sii-Prs MH
+ OSii-Prg
Ph CO,CHPh, Ph™ 7 "COCHPh,
Sc(OTf)s, 4 A MS, CH,Cly, —40 °C 83% yield, 98% ee

Example 4, Intermolecular aldol reaction using organocatalyst'?

H.
O

N
H
NH
0 0] Q(/N
ofla Xt =n
cl DMSO, 10 equiv H,0, rt

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

Example 5, Transannular aldol reaction'®

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

2. Mgl,, Et,0, 57%
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Algar—Flynn—Oyamada Reaction

Conversion of 2'-hydroxychalcones to 2-aryl-3-hydroxy-4H-1benzopyran-4-ones
(flavonols) by an oxidative cyclization.

R4 OH _Ar R4 O.__Ar R4 o
| H,0,, NaOH . ‘

R, O R, O R2 O

OH OH
; H202
%o (oH,
B -attack ‘;I‘

o-attack

‘g;f‘

flavonol

A side reaction:

then dehydration

O aurone
Example 1°
OH O.__Ph
CQK 1. PhCHO, NaOH, EtOH, rt @;(\[
2. Hy0,, 15 to 50 °C, 54% OH
0 o)
Example 2°
CHO
N 1. , ag. NaOH, EtOH
O OH OMe

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

J.J. Li, Name Reactions, 4th ed., DOI 10.1007/978-3-642-01053-8 3,
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Example 3, The side reaction dominated to give the aurone derivative:’

MeO OH _Ph MeO 0. ,OMe
‘ ag. NaOH Ph

H

OMe  H,0,, 80% :
: OH
OMe O OMe O

Example 4"

BrO o GHO BnO OH OMe
| o "0
+ AN
EtOH, 54%
o]
o OMe

OMe
H,0,, NaOH BnO O O O
|
EtOH, dioxane OH

76%
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Allan—Robinson reaction

Synthesis of flavones or isoflavones by the treatment of of o-hydroxyaryl ketones
with aromatic aldehydes. Cf. Kostanecki reaction on page 322.

LA
OH o._R!
R R'CO,Na, A R
o o]
OH R! OHR! ~©
on S © - O,CR!
enolization acylation OCOR
©%(\ - = = Ro\fo—> L' 1
R R
o} R’
o _H o]
]
R'CO,

OHR?

O._R!
_ enolization _ Q;I |
R
O

H
R “"_
CO Co,cR
OZCR1

Example 1°
OMe O O
HO OH Q)k )KCL
* O
OMe  MeO OMe
OMe O
OMe OMe
PhCO,Na, 170-180°C  Ho o
8 h,45% O | OMe
OMe O
Example 2°

% \V\j C@ﬁcm

pyr., 40°C, 72 h, 85%
Me Me

J.J. Li, Name Reactions, 4th ed., DOI 10.1007/978-3-642-01053-8 4,
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Example 3"

O OH O OMe \)k )K/ 0 OMe
Q)
Et3N, reflux, 12 h, 87%

0 o o
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Arndt-Eistert homologation

One-carbon homologation of carboxylic acids using diazomethane.

o SOCl, (0} 1. CH,yN, o

A R\)kOH

R™ "OH R™ "Cl 2. Ag*, H,0, hv

HoC—N=N N o

®
~ CH N, 7 %Fﬁ N[ -NgT
R)K% "R - hv

o-ketocarbene intermediate ketene intermediate

Example 17
BnO COzH 1 CICO,EL, EtyN, THF, =10 °C, 15 min  BnO
HN.
BnO Boc  2.CH,N, Et,0,0°Ctort, 18h,78%  Bno HN-

PhCO,Ag, EtsN, 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, EtzN N
Ph/\r Ph N2
OH then CH,N,, 0 °C, 39% OFmoc
Phi CONH, o

NH H_(
2 N
Ph =
PhCO,Ag, dioxane /\/ﬁo( CONH,

15 min., 50 °C, 72%

J.J. Li, Name Reactions, 4th ed., DOI 10.1007/978-3-642-01053-8 5,
© Springer-Verlag Berlin Heidelberg 2009
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Example 3"

H 1. LIOH, MeOH/H,0, reflux B
m 2. CICO,EY, EtsN, THF, 0 °C %
H.l 7 oTteDPs Me0,C._ A A _OTBDPS
MeOC™ N 3. CH,N,, Et,0 N
Cbz

Cbz 4. PhCO,Ag, EtsN, MeOH, rt
69% for 4 steps
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Baeyer—Villiger oxidation
General scheme:

O
o O R o o
2+
R"” "R? or H,0, FULO/R HOXR3

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-MeOAr > p-O,N-Ar

Example 1:

o
HOAc k o
H:O\O)UCI
Cl
O
<0, alkyl o)
H 0, Y 7+ Ho c
~~0 migration (¢}
o

Example 2*
o UHP, 0
):/]/ Zr-salen (5 mol%) "/if Zr-salen:
o)
CH,Cly, 1t
Ph 68%, 87%ee P

O zr- salen 5mo|% O/\): O:/(/
O:/]/ PhCI, 1t

normal product abnormal product
26%, 82% ee 12%, > 99% ee
UHP = Urea-hydrogen peroxide complex

Example 3°

OH O
], m-CPBA /I 0\%<
NH CH,Cly, t NH ©
o quant. 100% 0%

J.J. Li, Name Reactions, 4th ed., DOI 10.1007/978-3-642-01053-8 6,
© Springer-Verlag Berlin Heidelberg 2009
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Example 4°

m-CPBA, NaHCOj4

CH,Cl,, 0 °C, 4 h

60%
Example 5°
o 0P
-CPBA, CF3SO3H
OAc M 393 @—OAC
CH,Cl,, 45 min., 90%
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Baker—Venkataraman rearrangement

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

O
OH O (0]
Ph)ko (0] base
)
o Ph Ph 0)
Ph)ko (6 /:B ‘of\to\ o0
H

oo (o)

©
o o o e OH O O
acyl H30
—_— Ph Fh
transfer workup

Example 1, Carbamoyl Baker—Venkataraman rearrangement’

OYNEtZ O

O 0 NaH, THF O o

O reflux, 2 h, 84% NEtz
5 o O

Example 2, Carbamoyl Baker—Venkataraman rearrangement’

OsNEty
0._0
(0] 2.5 eq. NaH, PhMe, reflux, 2 h
then 6 equiv TFA, reflux, 1 h, 93% MeO =
MeO
o OH

J.J. Li, Name Reactions, 4th ed., DOI 10.1007/978-3-642-01053-8 7,
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Example 3, Ester Baker—Venkataraman rearrangement’

[0}

_ LHTHE
O‘O Ha reflux 12 h, 50%
CH,

Example 4, Ester Baker—Venkataraman rearrangement'®

0
o) cl 2 equiv DBU oH 9 0
cl Cl
+ pyridine, 80 °C O O
90% OH
OH & o L
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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.

1 1
R H NaOMe R
Rz\H\\N,N\TS RZ%H
R3 R3
©
Me o1 o R
R R2 @
q - })\ }/& 0
Rz})\\ ) 3 None
H R
R3
In protic solvent (S—H):
S2H R’ R
H s N H L TN

R1 R1 R1
LSS — + RN, + sH
H ZH H
SR R3 R?

In aprotic solvent:

R! R!
RZ}/§N® - RS)@N@ e
H qs @1@ H RO SN
R1
Rzﬁ‘%.' 1,2- hydnde 2% . R3\)\
H shift
R3

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

Ph Rh,(OAc),

& CICH,CH,CI 9 F P
N/N H)H/v
| 130°C
Ph

Ph
87% (> 20:1)

The starting material N-aziridinyl imine is also known as Eschenmoser hydrazone.

J.J. Li, Name Reactions, 4th ed., DOI 10.1007/978-3-642-01053-8 8,
© Springer-Verlag Berlin Heidelberg 2009
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Example 2, Thermal Bamford—Stevens®

o}
N,NiLPh Tol., 145 °C MeSi” " ph
Me3SiA)LPh sealed tube, 65% E:Z=90:10

Example 3’

@\7N7NHTS M @\/Of-Bu

o) reflux, 83% o

Example 4°

@ Rhy(OAc),
9] Na tetrahydrothiophene o
P e A R
/N\ + R
N~ Ts  BnEtsN*CI, MeCN, 2
40°C, 3 h, 59-97%
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Barbier coupling reaction

In essence, the Barbier coupling reaction is a Grignard reaction carried out in situ
although its discovery preceded that of the Grignard reaction by a year. Cf. Grig-
nard reaction (Page 266).

R Ry

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 pathway.

Generation of the Grignard reagent,

SET-1 - @ —MX . SET-2
R3*X4>[R*X} M [R]| — R MM R-M
Ionic mechanism,
st & ®
R2o R! R? H0® R R2
R —_—
R.LMgx R” “OMgX R” OH
58
Single electron transfer mechanism,
RZA R2.. - @
R0 0 RIR WO R
MgX
F$J§'V'9X G R “OMgx R” “OH
Example 1°

[0}

“ OH
0 Sm, THF, rt (ONg
>~y /\/Br
20 min., 70%

J.J. Li, Name Reactions, 4th ed., DOI 10.1007/978-3-642-01053-8 9,
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Example 2°
(0] Zn, THF, aq. NH,4CI M .t'\'Ph
Moy e B ¢ N
NHCOgEt 0 oC, 82%, 95% de NHCOZEt

Example 3"

n—C4H9
0 =
HaC™ ™" “n-CHg * H,c
10:90

Mg
20 mol% CuCN

n-C4HBr + HsC X"l
THF, it, 1.5 h, 86%

Example 4"

ﬂ\/\@\ n-BuLi, THF
MeO OBn —78°C, 96% MeO
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1. Barbier, P. C. R. Hebd. Séances Acad. Sci. 1899, 128, 110-111. Phillippe Barbier
(1848—1922) was born in Luzy, Nievre, France. He studied terpenoids using zinc and
magnesium. Barbier suggested the use of magnesium to his student, Victor Grignard,
who later discovered the Grignard reagent and won the Nobel Prize in 1912.

2. Grignard, V. C. R. Hebd. Seanes Acad. Sci. 1900, 130, 1322—1324.

Moyano, A.; Pericas, M. A.; Riera, A.; Luche, J.-L. Tetrahedron Lett. 1990, 31, 7619—

7622. (Theoretical study).

Alonso, F.; Yus, M. Rec. Res. Dev. Org. Chem. 1997, 1,397-436. (Review).

Russo, D. A. Chem. Ind. 1996, 64, 405-409. (Review).

Basu, M. K.; Banik, B. Tetrahedron Lett. 2001, 42, 187—-189.

Sinha, P.; Roy, S. Chem. Commun. 2001, 1798—1799.

Lombardo, M.; Gianotti, K.; Licciulli, S.; Trombini, C. Tetrahedron 2004, 60, 11725—

11732.

9. Resende, G. O.; Aguiar, L. C. S.; Antunes, O. A. C. Synlett 2005, 119-120.
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Bartoli indole synthesis
7-Substituted indoles from the reaction of ortho-substituted nitroarenes and vinyl

. MgBr N

@ N

2.H,0 H
R

Grignard reagents.

Bng \ Bng
6 o= N P =
T T NS T P omger ¢ NP
R 9 R Q)MgBr

nitroso intermediate

v/? [3,3]-sigmatropic
rearrangement

MgBr

R MgBr

BrMg
\ \

L=
OMgBr OH2 N
=N workup H
@ R
R

1. 2 MgBr (3eq)
-40°C, THF
NOz aq. NH,CI, 67%

Example 1°

/

Iz

Example 2°

Me
MgCl
g \

Me

THF, -40°C
67% Br

Iz

Br

J.J. Li, Name Reactions, 4th ed., DOI 10.1007/978-3-642-01053-8 10,
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Example 3"
4 equiv
MeO — MeO \
MgCl
N
MeO NO2 i eeos OO H
Br Br
B
Br 4 equiv r
MeO. = MeO A
MgCl
N
MeO NO2  THF, 38% MeO H
Br Br
Example 4"
2 equiv
~ Mgl A
Br NO, THF,-40°C Br N
Br 52% Br
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Barton radical decarboxylation

Radical decarboxylation via the corresponding thiocarbonyl derivatives of the car-
boxylic acids.

Barton ester

A
A NERORY N, + 2 '<CN
NC ; N=N < CN homolytic 2

cleavage

AIBN = 2,2'-azobisisobutyronitrile
n—Bu3SQQI-|(\-<CN n-BugSne + H—%CN

N O
R QY » @ +
S\, ,&

RQ

~
- SnBu, BuzSn

co,t + RO HYSnBu; — R—H * BugSne

Example 1°
OAc
OAc

1. (COCl),

S
NaO\N ‘
X

OAc
OAc

1. m-CPBA, -78 °C

2.100 °C, 78%

J.J. Li, Name Reactions, 4th ed., DOI 10.1007/978-3-642-01053-8 11,
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Example 2°
Ph. <= <©(S>?
S N
HO hOTBDPS . T
2 BusP, THF, PhH
_ PEX—L Me3SiH, AIBN
N-O OTBDPS )
<\:\<\ /o) PhH, 80 °C, 75% Ph/—¥OTBDPS
S
Example 3°

HO. DCC, CH,Cl,
MeOzc/\/COZH . l\tj MeOZC/\)k
NS

Ph
N

o o
= % /‘ 5equivU
O,N

hv
15°C, 30 min, 82%

O
)
s~N\_-/ 1.m-CPBA, CH,Cl,, 0°C
MeO,C 2Ll MeO,C = o)
o} 2. toluene, 110 °C, 1 h, 90% o/ \Ph
N

0" Ph

rt, 2 h s
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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!

P

R2>07 s PhH, reflux R% ™H

+ n-BuzSnSMe + 0=C=ST

A
>ﬁ(‘,’7n< NI+ 2 '<CN
NC N=N CN homolytic 2

cleavage

AIBN = 2,2'-azobisisobutyronitrile

n-Buas’r;lf-i\qéCN ——=  nBugSne + H%CN

H-BU3SI"I . ,\'

_SnBus _ 1
R CS R" s B-scission nBu3Sn\S N T
2 27 o 27"
sz\OAS/ R O S o)\s/ R
~ R" hydrogen atom R’
n-BusSn~—H_ . _— 2)\ +  n-BusSne
R2 abstraction R H
n-BuzSn<
)\ ———  n-BuzgSnSMe + 0O=C=ST
~
(0] S
Example 17
Hy
Si
Ha
(1.5 equiv)

10 mol% AIBN
nonane, 80 °C
2 h, 85%

T

J.J. Li, Name Reactions, 4th ed., DOI 10.1007/978-3-642-01053-8 12,
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Example 2°

O
; AIBN, A, 74% 7( %
O \\\O
"’o)<

@—(CHy)4Bu,SnH
)\OPh

Example 3"
><o—,,, OH ><o—,,,
OQOBn 1. NaH, CS, Mel, 80% OQOBH
o><o 2. BusSnH, AIBN, 70% o><o
11
Example 4
S._S
Tse OH - Tsey
N H o N Ts. o H
aH, CS, N Bu3SnH, AIBN
N / \\ Mel, THF Toluene, reflux /7 \
MeO,C' ’ MeO,C"
2 N 0 T MeO,C N 7\ 72% 2 steps N 0
Boc | @) Boc
Boc
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Barton nitrite photolysis

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

OAc

OAc OAc

NOCI

OAc

hv
homolytic

cleavage
— ONe

OAc

1,5-hydrogen

abstraction

Nitric oxide radical is a stable
and therefore, long-lived radical
OAc

HO | OH
tautomerization N~

_ >

nitroso intermediate

Example 1°

hv
Pyrex, 250-W Hg lamp NOH

PhH, reflux, 2 h, 67%

J.J. Li, Name Reactions, 4th ed., DOI 10.1007/978-3-642-01053-8 13,
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Example 2°

Example 3’

o 1. NOCI, CH,Cl,, 20 °C, 100%

2. Irradiation at 350 nM
OAc 5h, PhH, 0 °C, 50%
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Batcho-Leimgruber indole synthesis

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

Ry (gRéR R
ANTHTORs - 1. Pd/C, H
2.5% HCI
NO2 DMF, 130 °C, 86% NO, 82% N
Example 1*
NO, DMF, A NO, H
DMFDMA = N,N-dimethylformamide dimethyl acetal, Me,NCH(OMe),
MeO (2 MeO @
N4 /O
N —_— EN\ OMe
MeO
e
W OMe
H MeOJ_NMe;
I CH, MeQO ~/
(CHZ o NG
. 26 N — H
QJ e .o N
N/O <>\® NO
| [e} 2
Q 3

~ MeOH o NMe;, [H] QCNMeZ
©\/V reduction
NO,

NH,
®
@\/VCNMeZ w’* — NHMe, @j
R ‘
Example 2*
CO,Me
COH 1. Mel, NaHCO4 COzMe
Pd/C, H,

T o Mep "7 72 |

2. Mesl':lA?:H(OMe)z PhH, 82% N

LA '
NO, 80%, 2 steps NO2 .

J.J. Li, Name Reactions, 4th ed., DOI 10.1007/978-3-642-01053-8 14,
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Example 3°
OBn Me,NCH(OMe), OBn OBn
pyrrolidine @\/\/NMez @\/\
+
NO, DMF, 110 °C NO, NO,
3h, 95% 15 1
OBn OBn
AN NMe, Ra-Ni, NH,NH, ‘
THF, MeOH :i :N:
NO; 96% H
10
Example 4
NO, NO,
i . Me,NCH(OMe),, Cul, DMF /@\/\Vwez
MeO,C NO, microwave, 180 °C, 10 min.  Me0,C NO,
76%
NH,
Pd/C, H,
A\
MeOH, 3 d
89% MeO,C H
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Baylis—Hillman reaction

Also known as 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:

Rl XH

Rzﬁ( EWG

X =0, NR,, EWG = CO,R, COR, CHO, CN, SO,R, SO;R, PO(OEt),, CONR,,
CHQZCHC02MC

X EWG

I, + [

R2

catalytic

R tertiary amine

Alternative catalytic tertiary amines:

Example 1:
N
o o) [Nﬁj OH O
+ ——
Ph)kH ﬁk Ph
e
) gtoL o o o
o)
‘) conjugate Fh Q/D aldol Ph)ngk
\/‘ addition ﬁ
N &
-N ZN
N ;N@ 7
OH (8)
Ph

A

E2 (bimolecular elimination) mechanism is also operative here:

J.J. Li, Name Reactions, 4th ed., DOI 10.1007/978-3-642-01053-8 15,
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Example 2, Intramolecular Baylis—Hillman reaction®

PMB PMB, co,Me
CO,Me [r\% N o2Me NJ

PMB
Ox N “ogn 0 OoBn . O OHOBn
Z DME, 0°C, 7 d

OH
90% (dr=9:1) major

minor

Example 3’
>< /WOE'( O><O o
0" o o DABCO OEt
HO dioxane:water (1:1)
24 h, 72%, de 80% HO
Example 4°

H

o]
, TiCly, TBAI

ot
T

o
CH,Cl,, —78 to —30 °C

OCH(CHj3), 85%, dr > 99:1

NO,

Example 5°

N
o) o /J OH O

N oM
cl SO L O, 5%

31
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Example 6"
LA
N N
O -
OH :
R
OH (10 mol%)
o Ts
. N R = p-Cl-CgHs
P& R = p-OMe-CgHs
‘ H R cyclopentyl methyl ether/toluene, =15 °C E = g_POZI_CSHs
= 2-fur
87-100%, 88-95% ee R = 2—naghthyl
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Beckmann rearrangement

Acid-mediated isomerization of oximes to amides.

In protic acid:

H30
R, AL 2
1 2 N R
R R H
R R
@ ! €]
N”OH Hgo@ 6:2 C,N N)
1JL 2 QNL ‘\b W‘\
R R R R2 R2 R2 OHZ

the substituent #rans to the leaving group migrates

1 1
j\t _H® N’R tautomerization HN’R
. H e,
2 .
R® 0o R2” “OH Rz/&O
H
With PCls:
N/OH o
PCls R L )
J, 2 m A
R R H

Cly R’ R!
ﬂj ~Hel (opei, L:vril NS
N"OH QNL I T |
R "R?

R? R2 :OH,
R'" "R?

Again, the substituent trans to the leaving group migrates

_R! ;
’

N _ H® N’R tautomerization HN’R

— RZJL%H

‘ RszH Rzk

0 o

Example 1, Microwave (MW) reaction’

N o)
\ BiCl,
N
MW, 90% H

J.J. Li, Name Reactions, 4th ed., DOI 10.1007/978-3-642-01053-8 16,
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Example 2*

ZT

NOH FeCI3

Solvent free
819

(]

Example 3°

N-OH H o HO-
PPA N PPA / NH

PPA = polyphosphoric acid

Example 4°

_OH

N o)
\ p-TsCI/EtzN
HNT
THF, 10% K,COs4 OFt
OEt 80%

syn

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

OH @ o
@
AL R2-=NR! —= R>=N + R!
R OR
Example 1°
HsC NOH oG NggHz
HC(OMe), 3
F3CCOOH
AcO.
THF, 60 °C
40 min., 79%
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Benzilic acid rearrangement

Rearrangement of benzil to benzylic acid via aryl migration.

N j%ok KOH . 0
I I
A %OH
' Ar

(¢} OH
benzil benzylic acid
Ar o
Ar i Ar f\‘\OH migration Ar
o — (Q —— OH
° Ar
0 e o 9
OH ©
A i ki 7
Ar%g - workup AF%OH
—_— r
N> H- A
OH H-OH " OH

benzilate anion

Final deprotonation of the carboxylic acid drives the reaction forward.

Example 1°

KOH, MeOH/H,0

130-140 °C, 3 h, 32%

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

Example 3, Retro-benzilic acid rearrangement’

Example 2°

Boc Boc
T 1 I‘Boc
Boc—N-_ Ox_OMe Boc—N~, © foms Boc-N_ o OH
e
«OTBS  K,CO3, MeOH Q) ‘
H rt, 2 h, 98% H O H
N0 N~ "0 N~ 0
H H H
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Benzoin condensation

Cyanide-catalyzed condensation of aryl aldehyde to benzoin. Now cyanide is
mostly replaced by a thiazolium salt. Cf. Stetter reaction.

° OH
A _H catCN Ar
W —_— Ar
o o]
(e CN Ar CNH proton Ar CN (8
o Y ot
ET o} transfer OH Ar
o] <}
Ar Ar
H H OH
vo g o el K8 o+
A Al Ar
on © transfer r O‘) !
e
Example 1°
o] cl o o
E EtO
to:QAH . @AH NaCN, EtOH O
OH Cl
MeO 81% MeO
Example 2’
® /~CHjy
CHO © o]
CH, OH
5 Et;N, t-BuOH, 60 °C, 24 h, 40%
Example 3’

‘ H;C @ /—CHg

0 9 0 o
_0 HO’\/Z») 8’ OH o)
S O,
O EtsN, DMF, 60 °C, 96 h, 69% O (air) O
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o 0 o o H

Ar” A
o o
OMe 20% n-BulLi

THF
Ar = 2-FPh 87% yield; 91% ee

Example 5"

10mol% = o) O
CHO OTMS

SALC i

10 mol% KHMDS OH

toluene, rt, 16 h 66% yield, 95% ee
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Bergman cyclization

1,4-Benzenediyl diradical formation from enediyne via electrocyclization.

= .
~ Aor @
| h hyd d 2
v ydrogen donor
A .
\)\ electrocycllzatlon 1

| '”f " reversible - o —
) © O
enediyne 1,4-benzenediyl diradical
Example 1°
Z Ns_sph
o oCx
S~ S._PhDMSO, 180°C, 24 h, 60%
Example 2’

HsC HsG

\

I D IO
\ ‘ 0 \
N = THF, 45% N

Example 3, Wolff rearrangement followed by the Bergman cyclization®

CO5R
hvor A, ROH O‘

J.J. Li, Name Reactions, 4th ed., DOI 10.1007/978-3-642-01053-8 19,
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Example 4"

T™S @ T™MS

142°C, t;, = 14.4 h
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Biginelli pyrimidone synthesis

One-pot condensation of an aromatic aldehyde, urea, and B-dicarbonyl compound
in the acidic ethanolic solution and expansion of such a condensation thereof. It
belongs to a class of transformations called multicomponent reactions (MCRs).

(0] O\/
0O o o] A AT
Ar—CHO + + - -
Mo/\ HgN)kNHz HCI, EtOH HNTNH
o]
H.
0 o H.®
HO G & 0
O) Q enolization O aldol H /\
o Ar P o
/< addition
H HGY Ar” >OH
@
H
@ _H
N o)
O O H (o) o) (O
NN P H® NN | 0" conjugate
AT addition
Ar” TOH Ar L%Hz H2NWNH2
o]
4 g’Ho OO~
N o™ @ HO | H
+H /‘ O/\ Ar
HN DAr HoN : -
%N Ar HNTNH
07 "NH, & H I
Og, O~ (@) o~
H
H® Hzoj Ar —H,0 %Ar
HNYNH HNTNH
0 0
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Example 1*

81%

S
Ol o s
o HoN™ NHz  EtoH, A ‘ i‘
N

S
H
Example 2°
OMe
OMe
o O o CeCly *7H,0
AN * MeOOC N
MeO HoN™ "NHz  EtoH, A, 2.5h \
0” H 95% INN)
H

Example 3, Microwave-induced Biginelli condensation (MWI = microwave irra-
diation)’

OMe
OMe
o o o Bi(NO3)s, MWI
MM I EtOOC
EtO HoN™ “NH, EtOH, A, 5 h ‘ NH
0,
P H 80% N/&O
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:

Na, lig. NH3

single electron

transfer (SET)

radlcal anion

o fa:é

Benzene ring with an electron-withdrawing substituent:

COH CO,H
Na, liq. NH3
co.
&) 2
CO,H . co, P
+ e + e@

radical anion

€] o
C02 C02 COzH
€] o @)
H : :
©
H > HONH, H H
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Example 1*

OMe OMe

J /

1. Na, NHg, THF, =78 °C — -

N N N
6} 2. Mel, 98%, 30:1 dr O :
O O
OMe OMe

Example 2’

\ \

_ Na, NH3, THF _
N/ -78 °C, quant. N/
=
Example 3°
Ph Na, NH3
THF, EtOH
Ph ph  —33°C,1h
16.3%
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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 3-arylindoles from the cyclization of -
arylamino-ketones and excess anilines.

©ﬁ(\ /© ©ﬁ(\ /@ -
. — — | .
Br
H,N N N
o o H H
HoN : SN2 w
Ay H HO | @ )
(0]
QK\QD <H® H N
g4
dehydration 'O O
| @, \
N N
b H
Q o.  NaHCOs, EtOH
* Br\)x\Q
NH, \_/ reflux, 4 h

230-250 °C
O™\ N\ 0
— N\ \
N silicone oil, 10-15 min N
H & 35-80% H

Example 2°
OMe \=—
oTBS _DME HS0, |
D flux, 53% i F
refiux,
NH, T NN

J.J. Li, Name Reactions, 4th ed., DOI 10.1007/978-3-642-01053-8 22,
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Example 3"

OMe MeQ,
LiBr, NaHCO3 O OMe
.
©ﬁﬁsr EtOH, reflux \
H,oN OMe  6h,74% N
o}

H

Example 4, Microwave-assisted, solvent-free Bischler indole synthesis''

Cl neat cl
Qo Oy 0 O
Br N
HoN
5 2 rt, 3h o H
or® v T
cat. DMF, microwave, 540 W

60 s, 52%
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Bischler—Napieralski reaction

Dihydroisoquinolines from B-phenethylamides in refluxing phosphorus oxychlo-

ride.
POCI,
HN\fo _N
R

CI*P <Clu
J“ — CNH ——
\( POCI, J<®
R OPOCI,
0
"/
N~H ——~ Hcl + _NH*+ HCl + O=R
o "R opocl, R ot P/” cl
o
2
Example 1
CO,Me
|
O N 1. POCl,
N H
H
2. NaBH,
4
Example 2
gn POCI; P,0 MeO
M N. 3,7 2Y5
€0 CO,Me QW/;N\B
96% n
o]
Example 3°

POCI,

80 °C, 81%
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Example 4
) 0
( !
RO oo, o
toluene, 95% O
MeO OMe MeO OMe
OMe OMe
Example 5°

70 ac
Osx N POCI3, PhH, reflux, 3 h N N
H H H
then LiAIH,, THF, 1.5 h
64%
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Blaise reaction

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

co,R? 1-Zn THF reflux Q@

Br-
R-CN + Y R)%/COZRZ
1
R 2. Hy0* R
N ®
R—=N Hzng \
N ZnBr workup

) OR?  nucleophilic

BI‘\/COQR2 Zn(0) y———
R - Banﬁ/&o addition R)H/CozR

R R

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

H.@.H ®
NS H,07H o
R)K(COZRZ - HoN) 07 H CO,R?
CO,R? —™™ R
H,0: R! R R

R1
Example 1, Preparation of the statin side chain’

OTMS 1. cat. Zn, THF, reflux OH O
cl CN " Br COatBu cr AN _coutsu
2. H30%, 85%

Example 2°
PN Zn, MeSOzH
\ +  Bro_COt ——— s
oSN el THF, reflux, 2.5 h
I?r
Zn, o) 1)
r HN\ 9 HCI 72% o~ oE:
JO Ot 4
o SN el ClI” "N” “cl
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Example 3’
o
M
o Ko
oH L e O OH .
MeO, Bn
ne.A_oen 3 equiv Zn, 1 mol% MeSO3H

THF, reflux, 78%

Example 4, The first chemoselective tandem acylation of the Blaise reaction in-
termediate’

Zn* ?r NH2 o
BrCH,CO,Et HN/Zn\O n-BuLi, Ac,0 o S okt
Ph—CN ‘
rt, 3 h, 829
THF, reflux, 1 h Ph)\/LOEt ,3h,82% P,
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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.

N3 H
° NaNs  Ri__A__, PPh; N
_ RZR ——M
1 2 N %
ROOR OH R'" R?
o Ns
/\ Sn2 RL G
1 ;2\@ —— TR

N3 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’
HO"
HO: ) HO © @ . g _ _
g““ﬁ*NENr\-PPh - H‘-N}N:(NEPPM D 2“‘N7N*N7PR3
v : 3 2 R
R2 R
+ bR filts
N PRs N N
- ““H*r:\n — NzT + Rg/\RZ — HO 2
x (5H R!
o Y
;
proton (R@/P*NH R( tH H
transfer © "R 4 ,/'RZ £,
@ (Y
R PPhs R R
Example 1°

. 1. NaN3, NH4CI, MeOH, reflux, 4 h —OTr

(O HN_ s

IS 0T ™5 Phyp, GHACN, reflux, 30 min. N

60-75%
Example 2°

NaN3, NH,CI, MeOH

\\V/A\V/A\V/A<€/A\
OTBS

reflux, 4 h, 50%

J.J. Li, Name Reactions, 4th ed., DOI 10.1007/978-3-642-01053-8 25,
© Springer-Verlag Berlin Heidelberg 2009



Ns \/\/\/(')i/\
\/\/\/Y\OTBS . =~ 0oTBS
N3

OH
PhsP, CHsCN WNH
AN
reflux, 99% OTBS
Example 3’
o H
B S H\A
N - _N
Cbz f 1. NaN3, NH,CI, MeOH, 3 h, 64 °C  Cbz™ ™
\© 2. PPh3, MeCN, 1 h, reflux \©
66%
Example 4°

OH
o NaN3, NH4CI N
microwave, 15 min.
93%

H

PPhg N
CH3CN, reflux
2 h, 95%

References

Sk W

=

53

Ittah, Y.; Sasson, Y.; Shahak, I.; Tsaroom, S.; Blum, J. J. Org. Chem. 1978, 43, 4271—

4273. Jochanan Blum is a professor at The Hebrew University in Jerusalem, Israel.

Tanner, D.; Somfai, P. Tetrahedron Lett. 1987, 28, 1211-1214.

Wipf, P.; Venkatraman, S.; Miller, C. P. Tetrahedron Lett. 1995, 36, 3639-3642.
Fiirmeier, S.; Metzger, J. O. Eur. J. Org. Chem. 2003, 649—659.

Oh, K.; Parsons, P. J.; Cheshire, D. Synlett 2004, 2771-2775.

Serafin, S. V.; Zhang, K.; Aurelio, L.; Hughes, A. B.; Morton, T. H. Org. Lett. 2004,

6, 1561-1564.
Torrado, A. Tetrahedron Lett. 2006, 47, 7097-7100.
Pulipaka, A. B.; Bergmeier, S. C. J. Org. Chem. 2008, 73, 1462—-1467.



54

Boekelheide reaction

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

o
e

=
W L
N

\N OH

TFAA, trifluoroacetic anhydride

Gl 5

@ X 0,CCF; X

N acyl @DQH( | ~
o Y ’T‘*) N
e “raer 6.0 o\\(/f(’)

ransfer

FsC lo CF3 Y oF

aoﬁ)f‘Y CF, 3
(0]

\ o hydrolysis = ‘
— L A _O0__CFy——m
N hig Sy O
o}
Example 1*
AC20, CH2C|2
reflux, 1 h, 90%
OAc
Example 2°
Ot-Bu Ot-Bu
‘ N 1. TFAA, CH,Cl, \
—_—
ﬁ/ 2. Na,CO3, 3 h Na
| 89%
8 OH
Example 3°
OTBDPS OTBDPS
— 1. Ac,0, 100 °C, 18 h =
7 N p D= /
= 2. K,CO3, MeOH-H,0, rt, 2 h N N
3% HO OH
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Example 4°
NO, NO,
p Ac,0, HOAc, 90 °C, 3 h \fl
Y | then HCI, 79% SN OH
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Boger pyridine synthesis

Pyridine synthesis via hetero-Diels—Alder reaction of 1,2,4-triazines and dieno-
philes (e.g., enamine) followed by extrusion of N,.

PR
+ NwK‘ H %
O —N
/\
Ai A? - H,0 A? H/Q hetero-Diels-Alder
/' 5) — OH

reaction
W] <

enamine

\‘\/ retro-Diels-Alder A%y %
—N

reaction, —

Example 1°
EtOzCIN\ COEt N CHCl5, 60°C  EtO,C._N_COEt
N \
-N ' ° U
Et0,C” N C 7 26h 92% Et0,c” 7

Example 2, Intramolecular Boger pyridine synthesis®

Ph
N Ph
Ph/«} E%\N/ triisopropylbenzene @ EII
232°C, 36 h Hs
CHj; 70% 27%
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Example 3"
| A
N
)
=N 1. pyrrolidine, xylene, A
10 h, sealed tube
2. silica, 5 h, 67%
Example 4"
N A7 -
ave o
= W e
I s P-cumene, 30h,150°C g S
\ / 67% \ /
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Borch reductive amination

Reduction (often using NaCNBH3) of the imine, formed by an amine and a car-
bonyl, to afford the corresponding amine—basically, reductive amination.

e H
(0] . H [H ] R1\{/R2
R{” "R, Ry Ry _N.
Ry Ry
(0] /\GH
OH
R+ R g\ R1TR R1\{/R2
H Ri N‘)R2 /N? R: R
N Ry YV Ri"@ Ry 3 4
R3 R4 R4

Example 1*

it 1. TiClg, EtzN, CH.Cly, rt, 18 h
CHy * .
2. NaCNBHj3, MeOH, rt, 15 min. CH
NH, 949 8

(J

Example 2°

. 5 N HCI, NaCNBH3 N
o o MeOH, rt, 72 h, 75% ©

Example 3°

o 0.3 equiv InCl
X * O - 3 @MO
H . .
” “HCI 2 equiv Et3SiH

MeOH, rt, 48 h, 66%
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Example 4°
OBn o OBnN
: 4
O//< 1. NalOy, 8:2 acetone—H,0, rt \
N .
) ol 2. BnNH,, MeOH, HOAc (e}
", NaCNBHg, 3 AMS,-78°Ctort N
T OH 64% Bn
OH
References

Nk wN

© o

Borch, R. F., Durst, H. D. J. Am. Chem. Soc. 1969, 91, 3996-3997. Richard F. Borch,
born in Cleveland, Ohio, was a professor at the University of Minnesota.

Borch, R. F.; Bernstein, M. D.; Durst, H. D. J. Am. Chem. Soc. 1971, 93, 2897-2904.
Borch, R. F.; Ho, B. C. J. Org. Chem. 1977, 42, 1225-1227.

Barney, C. L.; Huber, E. W.; McCarthy, J. R. Tetrahedron Lett. 1990, 31, 5547-5550.
Mehta, G.; Prabhakar, C. J. Org. Chem. 1995, 60, 4638—4640.

Lewin, G.; Schaeffer, C. Heterocycles 1998, 48, 171-174.

Lewin, G.; Schaeffer, C.; Hocquemiller, R.; Jacoby, E.; Léonce, S.; Pierré, A.; Atassi,
G. Heterocycles 2000, 53, 2353-2356.

Lee, O.-Y.; Law, K.-L.; Ho, C.-Y.; Yang, D. J. Org. Chem. 2008, 73, 8829—-8837.
Sullivan, B.; Hudlicky, T. Tetrahedron Lett. 2008, 49, 5211-5213.

. Koszelewski, D.; Lavandera, I.; Clay, D.; Guebitz, G. M.; Rozzell, D.; Kroutil, W.

Angew. Chem., Int. Ed. 2008, 47, 9337-9340.



60

Borsche—Drechsel cyclization

Tetrahydrocarbazole synthesis from cyclohexanone phenylhydrazone.

Cf- Fischer indole synthesis.
N N
N H

rearrangement NH
NH

H H
- — A\
NHD N (NH
NH H ® ”
H

\Q [3,3]-sigmatropic H
@Q CNH -

Example 1°
CHj
H.CO HCI, NaNO,, NaOAc
8 + HOV/Q/
H,0, MeOH, 54%
NH, (e}
CH3 CHa
HOAc, HCI, reflux  H3zCO
H3CO b
0 10 min., 44% N e}
N H
N
H
10
Example 2
9
o N
KOAc, H,0 -Clai i
COEt 2 retro-Claisen condensation
* —4°Ctort followed by Japp-Klingemann
hydrazone synthesis
N®
N
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O@ OC COZH
H30 , 100
N NH CQ\' N co,Et
| 68% 2 steps H
EtO,C
CO,H
E 10
xample 3
CO,Et
CO,H
conc. HCI, EtOH A
N CO,Et
N reflux, 85% N
H H

CO,Et
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Boulton—Katritzky rearrangement

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

>

/

B.

N

- \

X.
vy . BooX
z N
D H H z

Example 1*

€]
INE
150 °C N H® o
A —= = H O\ _ . N,
'\:3’ N N°N N~ N/[LPh
\< @®/ H

Fh Ph

Example 2, Hydrazinolysis’

o Ph
" o NH,NH,, DMF N%N
\ — /«\ |
FiC /O/N t,1h F5C O/N NH;
FaC HO
JNH by I__pn
— T 0
N. N N
FiC” N
H H
5% 92%
Example 4°
CFs

CHs

\(\‘SD ORI

LN £-BuOK, DMF @)( U N__cFs
N

= reflux, 2 h, 75% HoN D
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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 5 R-CHO
3.H
D
P ®

0-M
Me,N H H

R-x M. ej —  Me,;N—( — R-CHO
R=M R

Comins modification:*

n-BuLi N 1.RX, X = Br, | y
ortho-lithiation o) 2. H3O®
<; > : R

Example®

Li, DMF, THF, 10 °C
©/\Br ©/\CHO
ultrasound 5 min., 85%
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Bouveault—Blanc reduction

Reduction of esters to the corresponding alcohols using sodium in an alcoholic
solvent.

i Na, EtOH
P
R” OEt R™ OH
o] )
single-electron T OH
R TOEt —— o H-OEt . )\
) transfer (SET) RJ-\OEt R”*OEt
o
e
ketyl (radical anion)
OEt
OH
N o/H/ 0 4+
e  R®ort — W .
H<QEt R OEt R H
OH
0 HCOEL oH *+e&® T
— R &) H R/\OH
R™*H R™H
HTQEt
2
Example
o Na, Al,Og
t-BuOH, Tol.
oe @/\OH
reflux, 6 h, 66%
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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.

LENG9®
R
CH5CO,H
o) R

anthracene

A0 = O
= 0002 O — OG0

R @Hz

Example 1, Intramolecular Bradsher reaction’

O o O HBr, CHsCO,H OOO
O Br 150°C, 7 h, 21% O Br

Example 2, Intramolecular Bradsher reaction’

H,C CHs
AcOH 0 % \
_.c cl
o< | = a1 g S S
S s PPA S S
07 CH,4
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Example 3, Intermolecular Bradsher cycloaddition (DNP = dinitrophenyl)®

CHO EtO.
Et Et0,CO,
0C0; OEt o}
N H._OEt CaCOs MeOH
® TT . N
_N. rt,2d >
: DNP
O DNP 19% NHDNP 66%

@
DNP DNP
cl® @ N=
-
‘ stph CaCOg, MeOH Phe cl®
+
NHAc NHAc
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Brook rearrangement

Rearrangement of o-silyl oxyanions to o-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 RL o SiRs
R1 . —_— R
SiR 1#\ -
R, °™s R, Ui
o
R o
o) Qo
pH . ~ | R—&-SiRs
R '), “SiRg Ry
1R2 SiRs 2

pentacoordinate silicon intermediate

~SiPh SiPh
o) o 3
workup
Phﬂe —_— Phﬂ\
PH - HOH pr H
N
[1,3]-Brook rearrangement
y ° o SiRs
OLi O-SiR; )\/Li
SRy — » —_—
R1)\/ s R)—kR R
Ry 1 2 R,
[1,4]-Brook rearrangement
© R3Si ,
OLi SiRs O-SiRs o L

R1)\/LR2 T R1/K)\R2 o R1/K)\R

2

Example 1°

O

oN 1. 4 eq. NaHMDS, =30 to 15 °C —_  CN
t—BuMezsi/Q/\( t—BuMeZSiO%

Ph 2. 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

Q Ph

o}
£-BuLi, Et,0 Me3Si)kPh */g
Br[>~_Ph { L[~ P } Z78°Ctort, 30min. "

_780 )
8°c then NH,CI, H,0, 44% SiMes

Example 3, [1,5]-Brook rearrangement’

AN

S'S KHMDS, THF S'S

Bu )K/\rsu
TMSM/ _78°C,1h, 93%

OH OTMS

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

TESO  OTMS n-BuLi, THF TEM . MMS
/I\/'\ Me TMS Me TES

Me SnBu;  — 78 °C, 30 min.
91% 11% [1,2]-Brook 89% [1,4]-
Brook
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Brown hydroboration

Addition of boranes to olefins followed by alkalinic oxidation of the organoborane
adducts to afford alcohols.

1. R,BH

R/\ R/\/OH

2. Hy0,, NaOH

R W R o H R H eF\’\' R
Ml e e RJ\@;O@

RN RN addition
0-OH
)
alkyl migration R/\/O\ E‘;/ R' O-OH R/\/O\E‘B/OR'
R OR'
oH
R/\/OH + B(OH),
Example 17
1. BH3*SMe,, LiAlHy, Et,0
2. NaOOH
40%
Example 2’

OMe OMe

BHy+SMe,, NaOOH

THF, 85%, dr 8:1~11:1
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Example 3°

1. PyridinesBHa, |5, CH,Cly, 2 h OH Ph

Ph X" Ph)\/ OH
2. H,0,, NaOH, MeOH, 92% 151

Example 4, Asymmetric hydroboration'®

o
phe M~
N X-""CH;
H 0.5 mol% Rh(nbd),*BF o
% 1.1% cat., 2 equiv PinBH cat. = P
Ph\N N O/
H THF,40°C,2h OO
CH3
Ph )OK/E';(\OCAWZ)Z 202 2q. NaoH k/l\ﬂ
N CHs 80%
99% ee
Example 5"
B /t—Bu _,OH
a U\Si‘NH BHg*SMy, THF; (t-Bu),Si l;ng
H X Ph
NAPh NaOH, Hy0, H
0,
Ph H 85% 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
NHNH, OO

H

H
\) OH
l i {OH “ \/ :NH,NHPh

OSOZH OSO,H OSOzH

H H(on M NHNHPh @
NHNHPh O‘ 7
D ' NH

OSO,H COSOZH

[3,3]-sigmatropic O . O
NH2 H NHp | @
rearrangement NH H - NH

Example 17

NaHSO3, NaOH
e 8 L
+
CO,H NHNH, O

several days, 46% H

Example 2°

OH
/@ 1. aq. NaHSOj, A O O
.
OO HoNHN 2.H® O N
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Example 3’

Br

o™, e B
+ - >
HoNHN HCL A N

H

Example 3*

O NH
HO OH HN
X t@\ 1. NaHSO;, A O
H,NHN 2 HO O

0.5% yield!
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Bucherer reaction

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

OH (NH,)2S03°NH; NHz
H,0, 150 °C

@
@ HH H H H
H 0o
e — g — Q™
T -
K@
OSO,NH, OS0zNH,
0 OH ®
tautomerization N :NH; NH, H
OSO,NH, OSO,NH,
® H e
OH, N_NH, \H
(DI.HZ _ 2
H
OSO,NH,

OSO,NH,

Example 1 Although the classic Bucherer reaction requires high temperatures, it
may be carried out at room temperature with the aid of microwave (150 watts):’

OH NH3, (NH4)2S03, H,0, rt NHz
microwave 30 min. 93%

Example 2, Retro-Bucherer reaction’

5 mol% NayS,05

OM
o e o OMe
H,0, reflux, 4 h;
=z ‘ N - - N
NS = 10 mol% NaOH X ‘ _—
N reflux, 24 h N
NH, OH

46%
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Example 3°
SR T I e e
OH NH3, H,0 NH,
OH
OO 200°C, 5d, 91% OO OH
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Bucherer—Bergs reaction

Formation of hydantoins from carbonyl compounds with potassium cyanide
(KCN) and ammonium carbonate [(NH,),CO;] or from cyanohydrins and ammo-
nium carbonate. It belongs to the category of multiple component reactions
(MCRes).

(NH4),COj3 = 2 NH3 + CO, + H,0

C Qe B0
R! N OH

R1
(&0 — wple— )

RP___ NH,

. R? =N
€]
H3N NC R2
, H CoH H R-OH O 1 H
R NT< R N\\fo R! ‘\ﬁ% R N\/&O
- o -~ — —
R?&\/‘ 2 (3 X R;SfNH
\ N g °
o}
isocyanate intermediate
Example 1°
CH30
N.  KCN, (NH,),CO3
CH30
48 h, 60 °C, 83%
o}
Example 2°
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Example 3’
8
O
u NH
CH3
KCN, (NH,),CO 0
(NH,),COg CH,
EtOH/H,0 (1:1)
60°C, 4 h, 83%
B(OH
(OH) B(OH),
Example 4°

EtOzc\A_,HO 1.1 M NaOH, EtOH, rt, 30 min.

2. KCN, (NH4),CO3, 60 °C, 5 days
77%
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%Bﬁchner ring expansion

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

NF “CO,CHs
O Oromen
[Rh]

NF CO,CHs

N,T+ [Rh]Z “CO,CHs

rhodium carbenoid

CO,CHz [2+2] CO2CH3  reductive
A W - - .
©V [Rh] cycloaddition C%(h] elimination
electrocyclic
[>—CO,CH;Z CO,CHjy
ring opening

Example 1, Intramolecular Biichner reaction’

o
N,  RhyOAc)
CH,Cl, H O

Example 2, Intramolecular Biichner reaction®

| Br |
cat. Rhy(OCOt-Bu),, DMAP

o Ac,0, CHyCly, 73% O OAG

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

N\N /
1atm CO NN
SCl Ph T cl
N o) o
A CHzCly, 90% OC-Ru-CO
a’l Ph Cl
PCys PCys
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Example 4"
CPhs CO,Et
=Ar
0.5 mol% _EQC,L o/ \ BN

h—Rh
)'\t/@ Ar —_—
_78 0 —_RRO
EtO,C CH,Cl,, =78 °C, 49-66%

Ar. CO,Et CO,Et

Ar. Ar
[Rh] S o g . C02Et
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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 zert-butoxide, are essential for catalyst
turnover.

X R2  cat. L,Pd(0) N
R NaOt-Bu

X =1, Br, Cl, OSO,R

Mechanism:
)
/
Br 7 Pd(OAC), dppf N
N
H NaOt-Bu, Tol., A
5 7\
r Pd(Il)—Br
Pd(0) " N
oxidative ligand
addition exchange
—HBr
— =
Pd(n)—N@ reductive N—/
elimination
—Pd(0)
The catalytic cycle is shown on the next page.
Example 1°

0.5 mol% Pd,(dba)s R?

I R? 2 mol% P(o-tol), )
R! * HN N.gs
‘RS NaOt-Bu, dioxane R1<©/
1 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
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Catalytic cycle:

Ln+1Pd(0)
f
Ar*N’RZ L,Pd(0) Ax
Ar—H R
L,.4Pd(0) ke ke
H NR(R?) X

R3'LH /\ 2
NaX + HOtBu HN,_* NaOtBu
R

Pd(BINAP), catalyzed
—d[ArX] kiko

dt T k4L

[ArX][Pd]

Example 2*

R2
5 mol% (DPPF)PdCI, !

X 2 N
R 15 mol% DPPF “R3
R1<©/ . HN/ R1<©/ R @\Pphz
R® NaO#-Bu, THF e
100 °C (sealed), 3 h < PPh

80-96% yield
(11 examples) DPPF

X=Brorl

R' = EWG or EDG
amine = 2° acyclic (one example)
amine = 1° aliphatic or aromatic

Example 3, Room temperature Buchwald—Hartwig amination’

1-2 mol% Pd(dba), w

1©/Br R?2 (t-Bu)zP (P/Pd = 0.8/1) L@)‘\Ra
R + HN/ R
‘R3 NaOt-Bu, tol.
22°C,1-6h
81-99% yield

R' = EDG or ENG
amine = 2° cyclic or acyclic: aromatic, aliphatic, or azoles
amine = 1° anilines: no aliphatic

81
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Example 4"
Me 0.25 mol% Pd,(dba)s Me
Br 0.75 mol% rac-BINAP N
+ n-HexNH n-Hex
2 NaOt-Bu (1.4 equiv)
MeO tol., 80 °C, 18-23h MeO
94%

Example 5"

0.5 mol% Pd,(dba),

/~ \ 1 mol% ligand /~\
/OOCI + HN o] /OON o]
1.4 eq. NaOt-Bu, Tol.
100 °C, 24 h, 92%

/i—Bu
i-Bu~ N/P\‘NN\/ i-Bu

ligand = &Nb

Example 6"
NH,
CO,Me PA(OAC), Cs,CO; M0 §
|
©/ ' DPE-Phos, Tol., 95 °C ©/ \©\
95% OCF;
OCF,4
PPh, PPh,
o
DPE-Phos =

Example 7, Amination of volatile amines'*

5 equiv R{NHR;,
>L )OL 5 mol% Pd(OAc), o
10 mol% dppp >L
0N | X
K/X N Br 2 equiv NaOt-Bu e}

. ™ ‘
X =N, CH, U 80 °C, 14 h, sealed tube K/X N ‘ N\Rz

55-98% X

Example 8"

Os_Ot-Bu Os_Ot-Bu
1 mol% Pd(OAc),

0,
/@\ . _ ‘ 2 mol% XPhos _ ‘
MeO NH, x 1.4 equiv NaOt-Bu MeO /[ l N X

CI” 'N” °Cl toluene, rt, 4 d, 67%
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XPhos =
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Burgess reagent

e Qe
CH30,C—N— s NEt,
O

The Burgess reagent [(methoxycarbonylsulfamoyl)triethylammonium hydroxide
inner salt], a neutral, white crystalline solid, is efficient at generating olefins from
secondary and tertiary alcohols where the first-order thermolytic Ei (during the
elimination takes place—the two groups leave at about the same time and bond to
each other concurrently) mechanism prevails.

Preparation’
?
0==LN-S-CI  MeOH,PhH CHi0C @ NEts, PhH
I N-8=Cl —————
rt, 88-92% H 0O rt, 84-86%
H3C—OH
CH3OZC 2~
N e °©Qe
H o] CH40,C—N-S—NEts
o]
:NEt;
Mechanism®
© Qo
MeO,C—N=S—NEt, Q COMe
! slow Ss-Ne @
O D HNEt3—>
Ho P Sn2 H Ph
qu \\Ph Ph H
PH H
o p@one O  co,Me
SNy fast H Ph 9 SN
o D S D
t/ G + O
H, Pho | @ B py H
Ph H HNEt; HNEt3

J.J. Li, Name Reactions, 4th ed., DOI 10.1007/978-3-642-01053-8 41,
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Example 1, On primary alcohols, the hydroxyl group does not eliminate but rather
undergoes substitution’

— NP OMe
Burgess reagent

O NH
HL THF, 21°C, 9 h, 71%
“'H

Example 2°
NS
N/OH 1.5 eq. Burgess, THF Sy
\ \
o reflux, 1 h, 97% ~Sivg
Example 3’
NG NG
Ho. o) wH Burgess reagent 0‘\
Nogn, toluene, 50 °C, 60% @*ogn
Example 4°

OBn OBn CO,Me
O !

OH 2.5 equiv Burgess reagent

BnO" "'OH THF/CH,Cl, (4:1)
OBn reflux, 6 h, 86%
Example 5"
N
o)
i
NHBoc 0,8

\
z

2.5 equiv Burgess reagent

THF, reflux, 30 min., 86%
‘ N NHBoc
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Burke boronates

MeN
MeN MeN / MeN
/ l / l BC &o B'/—%
Bro S\ BTOXJO | A BOX 0 0 Y0 X \00 OO
\ / 0" o Br [ e] HO

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
complex boronic acids from simple B-containing starting materials.*® They can
also serve as stable building blocks for cross-coupling, i.e., under aqueous basic
conditions, the corresponding boronic acid is released and coupled in situ.*’
Moreover, Burke boronates are highly crystalline, monomeric, free-flowing solids
that are indefinitely stable to benchtop storage under air and compatible with silica
gel chromatography.'*

Preparation:'**°
Me
™ M\
HO,C  CO,H s B—&o
Br_ 5. _B(OH); N 0o
U PhH:DMSO 10:1
Deagnéstark Burke boronate
(]
Me
N
By NaO,C  CO,Na Me/Nl
~_TMS x-BBR B—k
g CHClh | NP

86%

30 mmol scale Burke boronate

Burke boronates can be conveniently prepared from the corresponding boronic ac-
ids via complexation with N-methyliminodiacetic acid (MIDA)* or from
dibromoboranes via complexation with MIDA®Na",*® Alternatively, many of
these building blocks are now commercially available.

J.J. Li, Name Reactions, 4th ed., DOI 10.1007/978-3-642-01053-8 42,
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Example 17
A wide range of selective couplings can be performed at the halide terminus of a
B-protected haloboronic acid.

. B(OH), TMS—
Ph™ ™ MeN
MeN% Pd(OAC), Pd(PPhs),, Cul i %
A-BTOI0 SPhos, KF piperidine NBOND
P 9% phMe, 23°C THF TMS/V o
Suzuki coupling 92 % 23 °C, 73% Sonogashira coupling
MeN
Me/N o~ MeN% PdCl,(CH3CN), /
SnBuy - SPhos, KOAc  Me. Osg-xBTON O
WB:&O B NPy S X BT 0
o0 OME 465, 840 Meio‘s Me 17
, ) o | M I )
Stille coupling Me“7=0 "2 phMe © Miyaura coupling
45°C, 71%
MeO
MeN
Ei/ Y\ BusSn.__~ Mel
MeO B-0%0 0 7 “zncl /
TN Busn BT 0
5 Pd(OAc),, PPh; Pd(OAc),, SPhos 3 )
i Et;N, DMF, 45 °C THF, 0 °C . .
Heck reaction 3 90% 6% Negishi coupling
2
Example 2

Small molecule natural products can be prepared via iterative cross-coupling with
B-protected haloboronic acids.

MeN
Lomo
ABS MeN
Br X
Me_ Me Me ' 0" "0 Me. Me Me 1
A B(OH), AR B:OO oo
Pd(OAc),, SPhos
Me K3POy4,Toluene Me
23 °C, 78%
1. aq. NaOH, THF, 23 °C
2. )Mi/l Me Me  Me Me H
x Pd(OAc), N A
Br O SPhos ¢
K5PO,, THF, 23 °C Me  all-trans-retinal

66% over two steps
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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.

Swern and then
Bn_

MeN Me 77— n-BuOTf MeN
4 % CrO;, H,SO, KWNYO Et;N, DCM n B/‘ N
B;OO OO Acetone o o =78-0°C,2h; Me o)
O_ N ~
HO 23°C, 30 min Hz0,, MeOH -
90% pH 6.0 buffer, 79% 0o O OH

MeN MeN
'/% TBSCI, Imid, THF Me/N o o B/-O 0
B-OX_ 0 , Imid, 0 N
‘070 23°C, 9h, 98% B0 B Ao o~ "o

Pl bbbl 00 L EO_~
HF-Py, THF H, DMF

NaH,
o i 0
TBSO 23°C. 20 min 23 °C, 30 min, 71% (o}
0,

83%

HO

VeN PMBOG(NH)CCl,
7 TfOH, THF morpholine M‘“;/N
B0 0 0-23°C.5h,64% NaBH(OAc)s &o
[¢]

e
(O e) @] N
(©/ DoQ, DCM DCE, 23 °C, 8 h, 76% /\N\/©/ o

o 0,
PMBO 23°C,1.5h, 79%

Example 4

Burke boronates can be hydrolyzed in situ under aqueous basic coupling condi-
tions, as evidenced by this synthesis of the complex polyene skeleton of ampho-
tericin B.

Pd(OAG),, XPhos
5 1 N ag. NaOH
THF, 45 °C, 48%
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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 + Cu—=—R = ——R?
addiion . cu R
Cu(IIl) intermediate
reductive
CuX + Rl-———=—R?
elimination

Example 1°
cat. CuCl, NH,OH-HCI
——RBr + =— — —
OH EtNH,, MeOH OH
30-40 °C, 70-80%
Example 2’
cat. CuCl, NH,OH+HCI
TBS—= + Br—=—{ OH TBS%<\_/OH
30% n-BuNH,, H,0, 92%
Example 3°
MeQ OMe MeO OMe
Q n=1to7
/) AN / \ n=1,8%
H y CuBr, NH,OH-HCI n=2 11%
n=3 32%
Br Br piperidine, MeOH A\ 7 n=4,8%
rt, 3.5 h, 80% n=513%
AN Vi K n=6 3%
MeO OMe| =~ n=7,8%
MeO OMe

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

J.J. Li, Name Reactions, 4th ed., DOI 10.1007/978-3-642-01053-8 43,
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‘ A 1. 1 equiv n-BuLi
= /_@; THF, =78 °C
——H
> < > < > o 2.1 equiv Cul, 0 °C
= ‘ 3.1equiv3
~ 1 1 equiv 2

(N

‘ N
=

=

S

A Y ~N
as® ®
o (o
trapping molecule 3 =
o o ‘
s N 2
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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.

R
2
& NaOR R
NH

)‘sz N OH
3

Pathway A:

\ R’
R2 . 2
NH - H,0

o%VRZ 1

Pathway B:

o) HO. 2
R @
R2 H
NH —_ — 3
o%\Q( ¥ gki N O
9 N 7O, H

Example 1'

% OH
©\)K NaOH, H,O X i @\)ﬁ\
ji 104 °C Ny NG

O 69% 20%

J.J. Li, Name Reactions, 4th ed., DOI 10.1007/978-3-642-01053-8 44,
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Example 2°
Q OH
N NaOH N ‘N\ Me
N\—Me
BN / / H,0, 90% N” =
o) Me Me
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Cannizzaro reaction

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

o on o PN
2 + R”TOH
R)kH R)kOH
) e
@ HO 0° OH eo><oe
R \He R™H R™H
OH

Pathway A:

hydride 0] (0]
e L w R% — ko L
H 9) transfer R™ "0 ~__~ R™ "0®©

Final deprotonation of the carboxylic acid drives the reaction forward.

Pathway B:

. - g O
hydride (0] acidic
RAH o T e + R0® Aoyt R oH
H 9) transfer R” O workup
R (o)<}

Example 1*
CHO KOH powder C02
100 °C, 5 min
solvent-free 41 % 8%
6
Example 2
CHO N
N&
: THF, 0°C, 5 h, 76% 81% 76%

J.J. Li, Name Reactions, 4th ed., DOI 10.1007/978-3-642-01053-8 45,
© Springer-Verlag Berlin Heidelberg 2009



95

Example 3°

O,N CHO  1equivTMG  OoN OH OzN\©/COZH
+
42% 43%
TMG = 1,1,3,3-tetramethylguanidine

Example 4, Desymmetrization by intramolecular Cannizzaro reaction’

CHO CH,OH

é; é(;
d 1 M BaCl, g
H,0, reflux \%
2 quant. 2
o (e}
CHO CO,H
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Carroll rearrangement

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

Claisen rearrangement (page 117).

_H
010

O O
OM A M [3,3]-sigmatropic G —~
v K/ rearrangement A

(0}
-CO, keto—enol -
)
tautomenzatlon BN
Y

Example 1, Asymmetric Carroll rearrangement™’

~~OMe O:\(?Me C\
G\L - N,Ll\ Li N\N

2.4 equiv LITMP (o)

toluene @/L é/\/
o/w ~100 °C to rt J o

de > 96%

Example 2, Hetero-Carroll rearrangement®

i X X
Os_OH
HC” °N HsC~ “NH

110 °C CHj o)
toluene

CHs 82% O CHg

CH, CHs
Example 3’

J.J. Li, Name Reactions, 4th ed., DOI 10.1007/978-3-642-01053-8 46,
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Example 4, Similar to Example 3’

O

Mi 2 eq. NaH, xylene
H\o

reflux, 96%

Carroll

rearrangement

Example 5

0O O HOC  Me Me

OM LDA, THF ccCly o)

= S o N
Mer\/ _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—=cu + XTR R'——+R?

or:
1: copper acetylide 2:sp?halide ~ DMF, base, A 3: disubstituted alkyne
R'=alkyloraryl  R2=aryi, vinyl, X = |, Br

) L
+ ligands |
(solvent) |..Gu-,

I
R'-C=C-Cu ————~ " | "Cs !
~C Cu.
- R @RZ DN
L ~Cu

c c—R
Cuy~=C—
cu'l + RLCzc@ R LR W
R? -~
@RZ

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

oxidative X reductive

Ar=X+ Cu—="R —Cu——= Cux + Ar—=—R

— Ar R———
addition elimination

Cu(III) intermediate

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

Br. CuCN
= o 1-methyl-2-pyrrolininone
|
SN N 170 °C, 3 h, 55%

Example 2*
CuSOy, NH,0H-HCI

aq. NH3, EtOH
< >7: H ! N=—cu
ca. 95% —
OH
(I X0
N /

pyridine, A
75%

J.J. Li, Name Reactions, 4th ed., DOI 10.1007/978-3-642-01053-8 47,
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Example 3’

0
OMe
O pyridine, A QMe O

=
N™ : 0 —— N =
)\\ T Cu——= 87% )‘\ P
MeO™ N MeO™ N
Example 4°
lo) o

Gi cat. Cul, PhgP, K,CO3 o
o)

o] 0
//'\/T DMF, 120 °C, 37% _

Example 5, In situ Castro—Stephens reaction'

MeO,C = MeO,C |
T
0 OH
; CO,Me
_ MeO,C O
Cu,0, pyridine O N\ o
(6]

100 °C, 43%

References

N hw
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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 Li-
AlH,.

1

OH )
NaAlH,(OCH,CH,0OCH3), in PhH J
=z R RTX""R

Et,0, heat

R R

" CAH,R H7\‘\'/\90 ROR ‘
pLav) Al WOrkup
P R H,T o+ — H O RA\/LR
= 1 1
/() Ri )\/'\
R R 5 R

1

Example 1°
OH
: LiAIH, oH
W 7% \/W
Example 2*
jH\ 1.5 eq. Red-Al, —72 °C, 25 min. OH |
Ph X P
N COMe thenS5eq.lp ~72t0-10°C, THF, 2 h Ph)\/kcone
78%
Example 3°

1. Red-Al, THF/PhMe

-78°Ctort, 4 h
/\/\/\OTBDPS ort, NN "oteDPS

o 2.NCS, -78 °C to rt OH Cli
65%
Example 4’
OMe OMe
MeO,,, ~OMe MeO,,, ~OMe
oo Red-Al, Et,0 oo
Me,
OH 0°C, 80% Me.., OH
BnO B
\\ nO o = Me
Me

J.J. Li, Name Reactions, 4th ed., DOI 10.1007/978-3-642-01053-8 48,
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Chan-Lam C-X coupling reaction

Arylation of a wide range of NH/OH/SH substrates by oxidative cross-coupling
with boronic acids in the presence of catalytic cupric acetate and either triethyl-
amine or pyridine at room temperature in air. The reaction works for amides,
amines, anilines, azides, hydantoins, hydrazines, imides, imines, nitroso, pyrazi-
nones, pyridones, purines, pyrimidines, sulfonamides, sulfinates, sulfoximines,
ureas, alcohols, phenols, and thiols. It is also the mildest method for N/O-
vinylation. The boronic acids can be replaced with siloxanes or stannanes. The
mild condition of this reaction is an advantage over Buchwald—Hartwig’s Pd-
catalyzed cross-coupling. The Chan—Lam C-X bond cross-coupling reaction is
complementary to Suzuki—-Miyaura’s C—C bond cross-coupling reaction.

cat. Cu(AcO),
Ar—M + H-XR Ar—XR
air
M = B(OH),, B(OR),, B(OR)3™, BF37, SnMegs, Si(OMe)s,
X=N,0,S, Se, Te.
N
N ¢

- cat. Cu(AcO), //

B(OH), + r /) N

HN
= ain,>90% RS

Example 1'*¢

Hg,C@B(OH)Z
O~ O~
Cu(OAc),, pyridine

rt, 48 h, air
74%

Mechanism: ¢!’

Loyt

Cu(OAc),, pyridine N u ~OAc
Q—CNH coordination and Q +  pyridinium acetate

deprotonation Ph

CHs - [Cu]

L -L
<> Scul
HsC B(OH), Q \@\ +  AcOB(OH) +[cu

t tallati
ransmetallation PH

u'l” L

A, = OO0

el|m|nat|on

J.J. Li, Name Reactions, 4th ed., DOI 10.1007/978-3-642-01053-8 49,
© Springer-Verlag Berlin Heidelberg 2009



103

Example 2*
o)
O~ B(OH),
1.1 eq Cu(OAc),, TEA
rt, 24 h, air
52%
Example 3°

OMe OMe
Cu(OAc),
TEA, air O
tBquC CO,Me 54% t-BuO,C : N CO,Me
13
Example 4

BnO. o] W
e
(e}
NH Cu(OAC),/EtsN/Py /

(o] 93% (a-ester assistance,
Teq/3eq/ 3 eq acetal lower yield,

4 AMS, air e.g., dimethyl acetal, 23%)
Example 5"
CO,Me
CO,M 2
208 >—B(OH),

N A

N NaHMDS, Cu(AcO), N

H DMAP, air, 95 °C h

93%
Example 6"
0.1 eq Cu,O
B(OH), MeOH, air, rt NH;
+  NH4OH
92%
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Chapman rearrangement

Thermal aryl rearrangement of O-aryliminoethers to amides.

Ar1\N A )k 1
J\ . Ar N Ar

Ar OPh Ph
2% o)
1 1 ~oN
Ar \N:—\ SNAT /-\I'®\N J /J )L A
PN g™ T A
Arm O 0 Ph
Ar
oxazete intermediate
Example 1
cl
Cl
MeO,C
MeOzC Me0\©\ al NaOEt, EtOH/EtZO :@
+ MeO
N/)\Ph 0°Ctort, 48 h © o
NaO /)\
N~ "Ph

Cl

cl
MeOzC
MeO HO,C
210-215 °C, 70 min \©\ /@ Me0\©\ /@
A N

28% for 2 steps N

O~ 'Ph

Example 2*

Ph._O
Ph Ph
0,
Ph. .0 300 °C /\,\T
he Ph
N 30 min., 87%
Ph
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Example 3, Double Chapman rearrangement'®

CioHas CioHas CioHzs  CyoHos

<> <> 110-140 °C

Ny O o / N MeoN

Y 70-74% T T
MezN NMe2 0

MeO,C CO,Me MeOZC CO,Me

Example 4, Chapman-like thermal rearrangement'’

OR o)
oy - Ol
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Chichibabin pyridine synthesis

Condensation of aldehydes with ammonia to afford pyridines.

“ScHo + NHa r o |

Haiw,
A‘/((\ W RN M e
H H

enamine imine

:NH
;~ iNHg
R~
H J:ae Aldol _H,0
R)Q\f\oj HW)) condensation g OH ‘

3N H
Michael fc HR R R
addion R Nf ‘K R, o

H OH H o
%R \RﬁR autoxidation R~ ‘ R
H R — O R N
R 7 [O]
N H N N

Example 1*

o] ‘
©/CH0 NH,4O0Ac, HOAC
+ =
reflux, 1 h, 68% ‘
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Example 2°

H 1. AcOH, rt, 1 d, 49%

®

Me” N7 NCH,-cHo 2. Zn, HCI, MeOH, 65 °C, 72%

Troc
CH
m A
H )%j@
Me' X g

2 e

Troc

CH
E 9
xample 3
CH3CO,NH,4, MeOH
reflux, 4 h, 45%
o)A )LD
Z

CF3

Example 4, An abnormal Chichibabin reaction'

Br 1 equiv BnNH,CI A A
\Q\i 0.5 equiv Yb(OTf); o
N

€l
H  H,0rdioxane, rt, 65% Bn TfO

Ar

dehydration [O]

- benzaldehydeﬂ
Ar. 5 Ar Ar - Ar

6n |
<
\wd -
Bn Ar Bn Ar
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Chugaeyv elimination

Thermal elimination of xanthates to olefins.

A
oS
RIS R™Xx + OCS * CHsSH
2. CHyl s

xanthate

Si
o}
R + 8 R —  0=C=ST * CH,SHT
H ~s—
4
Example 1
OH
1. NaH, CSy; Mel, 90%
@ OH 2. HMPA, 230 °C, 90%
Example 2°

CS,, Mel, NaH dodecane

THF, rt, 2 h, 51% reflux (216 °C)

48 h, 74%

Example 3, Chugaev syn-climination is followed by an intramolecular ene reac-
tion®

OH

S
o~
78” \ CS,, Mel, NaH OQ
° CbZ,Nj:< THF, 92% 7Qo~“ .

S/

J.J. Li, Name Reactions, 4th ed., DOI 10.1007/978-3-642-01053-8 52,
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NCbz ///
NaHCO3, Ph,0 A ’

D), |2 Tk

] [N}

280°C,25min | 4~ o) Alder ene N (0]
Chugaev 0 Cbz
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Ciamician—Dennsted rearrangement

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

CHCly _~_Cl
£ oy
N NaOH
H

N

S}
ChC™M o —H0 + 7°2 —~~ .ccy,

carbene

HO
Example 1*
\ 2 eq. PhHgCCl3 §
PhH, A, 54% O _
N N
H
Example 2°
NaO,CCl;
26%
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350-354. (Review).
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Claisen condensation

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

o)
o k (o] (0]
RZ” “OR3
R%ow — RZMOW

R

€]
i P
Rv)kow _deprotonation  R-Z~ort _condensation _
H R2 Y OR®

S

B: (0]

R2 3) o
N
R

o o
R2MOR1
R

Example 1*
ﬂ t-BuOK, solvent-free o o]
Ph ~ PhM “Ph
0" Ph ggoc, 20 min., 84% ©
Ph
Example 2°
‘ Veomee 4§08
_N.__CO,Me o —ot- N _tB
AR G e
/ 0 then H*, 97% S
Ph Ph

Example 3, Retro-Claisen condensation’

5 iv H,O
o equiv Hy

Q 5 mol% In(OTf); 0 o}
o8 SN

neat, 80 °C, 24 h
85%

J.J. Li, Name Reactions, 4th ed., DOI 10.1007/978-3-642-01053-8 54,
© Springer-Verlag Berlin Heidelberg 2009
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Example 4, Solvent-free Claisen condensation'®

0o KOt-Bu, 100 °C, 30 min. o O

° = 13C
)‘Kosn /U\OBn

solvent-free, 51%
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Claisen isoxazole synthesis

Cyclization of B-keto esters with hydroxylamine to provide 3-hydroxy-isoxazoles

(3-isoxazolols).

(0]

o o NH,0H OH
/R D — e
R1MO ~H0 LN
R, 70
©
0 0 (Q OR o o
R — JOH —
Ri 0 R1MN RMN/OH
H 1 N
R, R R,
:NH,OH
- H,0

R17Z—,(NH
Ho  ©

A side reaction:

Example 1, A thio-analog®

o O

N0 e /g)(afH_, R1/g/go
Ri o bR,

1. aqueous NH3, 67%

Re o Re. oH
Data
NH
R4 o R4 O/N

3-isoxazolol

N-O

R

5-isoxazolone

SH O

woa
MeO N
Y

(0]

2. H,S, HCI, EtOH, 53%

MeO

W

(e}

N NH,
N

J.J. Li, Name Reactions, 4th ed., DOI 10.1007/978-3-642-01053-8 55,

© Springer-Verlag Berlin Heidelberg 2009
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R OH
N\
I, K,CO3, 59% S/N
MEOYN
(e}

Example 2’

0, o 0, .OBoc

HN
0>< R*CL pyr,0°C  HO O>< Boc
o 74-100% R (e} 53-91%
0 For R = Ph: o)
(PhCO),0, DMF
Meldrum’s acid
O O OH
M .OBoc HCI A R = Me, Et, i-Pr, cyclopropyl,
R N - R N cyclohexyl, Ph, Bn, neopentyl
Boc 76-99% (6]
Example 3*
O O
OMe NH,OH+HCI, NaOH
OH
MeOH, =50 °C, 2 h J N\
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 2
R%’\S A, [3,3]-sigmatropic | R A3 R~
.= o
9y3 rearrangement (13 Py X
2 2
2 4 ,.(25 4 i 2 2 2
s . o2s 25 ! 0y 0! N
s Ll e e T
25 w2s LY o e
chair-like boat-like |
E 7
xample 1
Bno OBn OBn
BnO Bnoﬁ)
O
BnO o o y n-decane/toluene 5:1 BnO 5 2
BnO o
" 180 °C, 70%
o_ O Q
PaS o
Example 2°
=
X
o Et,AICI, hexanes O N
- X
/\©\o -78°C, 81% OH
Example 3’

0 . OHC
Q/\/\SiMe3 1 mol% Ir(PCy3)s Aj/\SiMe3
e NF"ph PPhs, A, 50% yield Bt~ -""ph

syn:anti 95:85, 91% ee

J.J. Li, Name Reactions, 4th ed., DOI 10.1007/978-3-642-01053-8 56,
© Springer-Verlag Berlin Heidelberg 2009
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Example 4, Asymmetric Claisen rearrangement'®

CH; O

cat, 7.5 mol% : 2+
Z “CHz  CF3CH,0H N%OMe o%} )
CH,Cly, 1t, 12 h 0 &N\CU/N [ [PSoFe
\/\L BnO cat. = | tBU H,0 \OH2 t-Bu

98%, > 90% de, 99% ee

Example 5, Asymmetric Claisen rearrangement''

)S/\ 20 mol%, hexane, 8 days, 35 °C (0] Hz CHj
Z" “CHj3
NHZ Q cFs1-  MeO
B

- XH > O
HsC ) N @,ph . 73%, 96% ee
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para-Claisen rearrangement

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

OH
o/\/ R R
=
Mechanism 1:

OH
(0]
O/\/ R R Cope
ortho- p
R R _ o
Claisen ~. rearrangement
/

dienone

Mechanism 2:

OH
R R

o NF R_A_R
@
iy — | S —

Dewar intermediate

Mechanism 3:

N N
Q QT [3,3]-sigmatropic
R R _ . R_RUR e P
O rearrangement
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Example 1°
OH OH
7 HO CHO OH HO CHO
160-170 °C HO F
0 R . .

HO CHO cHO N

58% 25.5% 4.6%
Example 2’

CO,Me
| reflux HO o~ Yo HO 0" "0
Me” ~Me 80% 12%

Example 3*
7

TBSO
o> 220 °C TBSO o>
O o
k xylene, 70%

0 OH

Example 4'"°

MOMO OMOM |
PhNMe;, reflux
MOMO OMOM

200 °C, 64%

OH O
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Abnormal Claisen rearrangement

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

Oa B on ¢
\ A »

o o
o 4\‘5 [3,3]-sigmatropic (o X B

rearrangement S tautomerization
8 "normal Claisen" H
0 A
o p ene [0} p [1 5]-H-atom
9 — Ty
S reaction ) sh|ft
Example 1°
oA OH & OH
PhNEt,, 230 °C =
> +
5.5 h, 63%
Me Me Me
normal, 58% abnormal, 42%

0T 0 equiv HSitNMey), M 7 oH
PhNEt,, 230 °C =
+
8.0 h, 70%
Me Me Me
normal, > 99% abnormal, < 1%

. . . . 4
Example 2, Enantioselective aromatic Claisen rearrangement

j\ ,N N~ /(\\/
s S
H\/\ \ \E OH
Br : OH
EtsN, —23°C, 2 d

92%, 95% ee
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Example 3°

CHO

N o .
/@/\/\ 00 :© g oMo
MeO 40% MeO

OMe kodsurenin M
Example 48
(0} o
d | Tol.,, 180 °C G
= 13,
o 24 h, 65% ° * c
Example 5’
OW
AlM3, CH,Cl,
OH
P P = =
50% : 50%
OH

References
1. Hansen, H.-J. In Mechanisms of Molecular Migrations, vol. 3, Thyagarajan, B.

S., ed.; Wiley-Interscience: New York, 1971, pp 177-236. (Review).
2. Kilényi, S. N.; Mahaux, J.-M.; van Durme, E. J Org. Chem. 1991, 56,

2591-2594.
3. Fukuyama, T.; Li, T.; Peng, G. Tetrahedron Lett. 1994, 35, 2145-2148.
4, Ito, H.; Sato, A.; Taguchi, T. Tetrahedron Lett. 1997, 38, 4815—-4818.
5. Yi, W. M.; Xin, W. A.; Fu, P. X. J. Chem. Soc., (S), 1998, 168.
6. Schobert, R.; Siegfried, S.; Gordon, G.; Mulholland, D.; Nieuwenhuyzen, M. Tet-

rahedron Lett. 2001, 42, 4561-4564.
7. Wipf, P.; Rodriguez, S. Ad. Synth. Catal. 2002, 344, 434—440.
8. Puranik, R.; Rao, Y. J.; Krupadanam, G. L. D. Indian J. Chem., Sect. B 2002,

41B, 868—870.
9. Williams, D. R.; Nag, P. P. Claisen and Related Rearrangements. In Name Reac-

tions for Homologations-Part II; Li, J. J., Corey, E. J., Eds.; Wiley & Sons: Ho-
boken, NJ, 2009, pp 33—-87. (Review).



123

Eschenmoser—Claisen amide acetal rearrangement

[3,3]-Sigmatropic rearrangement of N,O-ketene acetals to yield 7,0-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.

CONMe,

)Oiﬁ MeQ OMe A A/[
/ +
R R )<NMe2 RTXA"Ri

LNMeg
<) NMe, OMe
NMe, MezN:)OMe gk/l-f/‘
H. 'S
o: 7 O)@H .

R)\%W R)\/AR1 R)\/AW

NMe,
CONMe,

Oj/§ [3,3]-sigmatropic /\/[
X(\/A 4 rearrangement R X R!
R R

Example 1*
CH3C(OMe),NMe CF; O
F3C A~ 3 2 2
’ WO Ph thowNM
OH PhH, 100 °C, 2 h, 75% €2
Example 2°

SewW OQ .

OO LiNEt,, THF *ArHNT(i\/\
N -78°Ctort O CHs
Jv 5h,78% 7\7
o CHj (dr97:3)
K/\CHS
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Example 3°

xylene, 150 °C
18 h, 91%

Example 4°
(o}
5 eq. CHyC(OMe),NMe, NMe,
xylene, reflux, 48 h, 50%
HO
COMe CO,Me
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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 7,0-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.

CO,H

0
)k LDA, then
7 /L/
S Megsicl /

i OSiMeg OSiMes o COM
LDA, then A, [3,3]-sigmatropic H 2
(6] ‘)\O — [0} /E/
/\) Me;SiCl rearrangement _ =
Example 17
S S
LDA, TBSCI
o\
THF, reflux
OK/O o 7%
Example 2°

0,
PhH, rt, 62% Bn

! -
., O 0O TIPSOTT, EtzN /(l
N~ NCO,TIPS
N |
|
Bn

Example 3, Enantioselective ester enolate-Claisen Rearrangement’
Fa

CHg J 110 mol% Q . N\s 3C Hj
N

CO,H
¥ pentalsopropylguanldlne -94 to4°C
86%, dr>98:2,>98% ee
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Example 4, A modified Ireland—Claisen rearrangement®

F
BBr3, EtsN, PhMe HO
Fmom chiral ligand
o g —78tort 63%, > 99% ee

Example 5°
OPMP
g KHMDS, TMSCI, THF Ti?v
' ' e CO,H
o o 7810 25°C, 1 h, 81% -
\‘i - o ’ ’ ° /\/\/O
OW
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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 or-
thoester loses alcohol to generate the ketene acetal, which undergoes [3,3]-
sigmatropic rearrangement to give a y,0-unsaturated ester.

CO,R?

OH CH(OR?), /\/[
R)\/\R1 R X R

H*

H
L o 9@(

R = R! H* O

R/R1

OR?
CO,R?

3,3]-sigmatropic
RMW rearrangement o\ Npi

Example 1°

OH

CH3C(OEt)s
7 "CHs E{COLH (cat)

xylene, A, 3 h
2%
Example 2°
TBSO TBSO
A CH3C(OEt); -
MeCO,H (cat.) . COEt
S H
170 °C, 30 min y
279 THPO \
THPO ~ OPh

OH
cl
Cl CH3C(OCHg)3, TSOH o
cl 170 °C, 55% OMe
oTBS

OTBS
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Example 4°
OMe
OMe
Z>N
| CH3C(OCHg), NN
X cat. CH3CH,CO,H [
A
X reflux, 77% %
\ OMe
OH
10
Example 5

(Et0)3CCHj4
pivalic acid

z —_— O\\‘ z o
(0] H H (0] xylene, 140 °C O H H (0]
54%, E:Z > 95:5
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Clemmensen reduction

Reduction of aldehydes and ketones to the corresponding methylene compounds
using amalgamated zinc in hydrochloric acid.

o Zn(Hg) H H
R” R! HCI R™ "R!

The zinc-carbenoid mechanism:*

o €]
o Zn(Hg), HCI 5  zncCl

Ph” “CHj SET Ph)'\CH3

radical anion

0znCl Zn H® H

- Ph)kCH3 Phﬂ\CHs

zinc-carbenoid

Ph”1~CH
Zn 3

The radical anion mechanism:

@
o @ #0ZnCl
o Zn(Hg), HCI o 2ZnCl ?_H® 0znCl e ko
T e —_— B 3
Ph™ “CH, SET Ph™ > CHs Ph” [ "CH, H
cle

radical anion

H €] H © @ H H
S\2 e e;H
e Ph)gCHg Ph)'\CH3 Ph)<CH3
Example 1°
,_ ZntgLHe @o +

0O MeOH, reflux, 1 h

OH OH OH

18% 67%
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Example 2°
Oﬁ\/j Zn(Hg), HCI [iH ]
n(Hg),
Hj\ ) Et,0, -5°C, 57% g N )
O~ "Ph O%Ph
Example 3*

Zn dust
37% HCI, EtOH

reflux, 15 min.
50%
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Combes quinoline synthesis

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

-
NH,

: NH, @\ proton @\
1 JE—
O R transfer

2

RZ
o) o o
G UG O W W
pZ 1 N R1
H
imine enamine
Ho
o
@ N
N
H
H\ng R2 2
R2 H®
. A L S
g o)
N~ R NT R N R
H H

An electrocyclization mechanism is also possible:

Ho R H_ R?
®61 o 6n-electrocyclizati
@\ ) BN yclization
| —
e AN\
N R @’T'/ R!
H
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HO_ R? R2
‘ proton -H,0 N
N transfer
1 —
R N~ "R
H
Example 1°
NH, N=
PPA, 110 °C //
o ) T
L0
H M N
35% H
Example 2’
o2 N—co,Et
N\ 2
H o N
cat. p-TsOH, 220 °C =
NH, neat, 38%
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Conrad-Limpach reaction

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

0
NH, Moa 260 °C N
H

@\ Co  proton _ COEt  _pio
NH,
"3 transfer OH

Et0,C

OEt

CO,Et & 6r electron

tautomerize AN
_ e ~ electrocyclization
N N
Schiff base

OH

—

transfer N

— HOEt
Example 1°
NH,
o o CHCl, HCI (cat.)
X +
N Moa 60%
HNTS Ph,0, reflux NZ |
CO,Et
X 2 60% ‘ N OH
N~ N~
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Example 2’
0 X
PPA
D EtOzc\)k@/COZEt ’ /Q
_ X NTSN
N NH2 3 120 °C
25%, o Pz CO,Et
3
O
paraffin, AN
— \ |
280 °C = CO,Et
75% NN,
Example 3*
NH,
HO. COMe o, MeO,C  NHPhNO,
2 . I ™ Hel, MeOH
MeO,C (e} 64% H CO,Me
NO,
Q y
Dowtherm A OZN\@\)EN NO;
250 °C, 55% N CO,Me
H
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Cope elimination reaction

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

o
v Q 3
~ A R R OH
HNGN\ >:< +
R R B R R N~
R’I R2 3

Example 1, Solid-phase Cope elimination’

o]
0J<_\
O " m-CPBA, CHCl,
rt, 67%
OH
o]
o) HO,
O H Yy o] N
oN . o< _ ~
eO ® o / _
OH
OH
Example 2°
OBn OBn OBn
BnOe " m-CPBA  BnO. 145°C BnO~o
OTBDPS —— o oTBDPS OTBDPS
Bno N(CHs) CHyCl, 0°C  BnG N(CHa), 63% BnO
3/2 83% O/

€]

Example 3*

On G-
Nl m-CPBA, CH,Cl /g'}‘\oeo c Qﬁ
k t, 100% ne Y /\\K

(@]
P4
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Example 4, Retro-Cope elimination’

o o
pr >Me OTBDPS 1 opBa, K,CO, Ph/Y@ Me OTBDPS Cope
/[N‘Me —78°C, 3 h, then rt jggvle elimination
NC H NC H‘)
, Ph,
o Negnaed th’ IO
_A._Me OTBDPS @ 5:2 <
PRT retro-Cope Me :N\O MeM IN"O
Ho N Me elimination Me & Noreops ¢ 6 “ortBDPS
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Cope rearrangement

The Cope, oxy-Cope, and anionic oxy-Cope rearrangements belong to the cate-
gory of /3,3]-sigmatropic rearrangements. Since it is a concerted process, the ar-
row pushing here is only illustrative. This reaction is an equilibrium process. Cf.
Claisen rearrangement.

R A, [3,3]-sigmatropic R__~ R
)E [3,3]-sig P \‘//\\‘ \ij
A

= rearrangement N

Example 1*
H H
B CO.CH3 160 °C CO,CHg NaCl
.
4
wet DMSO o
OTMS t(gl:)er;e Br OoTMS reflux Br
P Krapcho 71%
Example 2°
xC02Me  100°C, 12 h =\~ COMe
T™S 84% =/""TMS
Example 3’
X C0:2Me  dioxane, Et3N, 60 °C ~CO,Me
7 9 ""COyM
CO,Me 22 h, 1 bar, 92% o,Me
Example 4'

140°c €O

s benzene
@H OH 94%
"“'OH ’

© OMOM
1,2-dichlorobenzene — N

N OMOM
TBDPSO 6}

reflux, 95%
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Example 6"

1. HCI, MeOH

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

Anionic oxy-Cope rearrangement
OH
KH
7 YR
X THF
A, [3,3]-sigmatropic ~_OK
/ AN
@ PR
THF rearrangement R
, o
XO0K H),0 XxOH tautomerize
- _ R _— R — _ R

Example 1'

OH KH, THF, rt Q
AN
Oi:/\/; then H,0, 88% (Kj
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Example 2*

OHC

CHg

KHMDS Hs;C OMOM  OTBS

18-crown-6, THF
temperature;
then NH4CI, H,O OPMB
OPMB
X =0CH,CH,TMS 0°C; 71%
X = SPh -78 °C; 85%
Example 4°
O
NaH, THF, reflux
OH
22h, 88%
/ r
Example 5°
MeO MeO
MeO ‘ KOt-Bu
¢ ‘ 18-crown-6 '\g/
—\ ‘ THF, -10°C
H OMe 74% o OMe
MeO OMe MeO OMe
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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.

OH OH
/t A, [3,3]- S|gmatroplc NR
rearrangement K

Example 17

O

X< OH tautomerize
Z R P R

= OPMB
H OTMS 4 a0 sa0ec t Q. HO H
Me 0 DMF, 19 h Me
H
2. CsF, DMF Me
i 210°C, 65% Me ~ OMe
Me
Example 2°
EtO,C

COzEt reflux

- -
o-dichloro-
benzene

90% o

1.170°C

2. p-TsOH+H,0
65-75%

Example 4°

xylene, Ace® tube 0
=
AN 225°C, 24 h, 49%
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Siloxy-Cope rearrangement

OSiR; OSiR;

A, [3,3]-sigmatropic
7R R NG
X rearrangement =

Example 1'
CH,

OTMS sealed tube

wH high vacuum

310°C, 1h

0TBS > 19%
OTMS
Example 2°
TDSO O Bn TDSO o Bn
180°C w
X N _ > N N
toluene, 3 h H
Z &0 63% 3
>97:3dr O
TDS = thexyldimethylsilyl
Example 3’
LT osi
OTBDPS  chlorobenzene *Cﬁlfb
— =
reflux, 3h, 99%  TBDPSO,

NN OAOM

AOM = p-Anisyloxymethyl = p-MeOC¢H,OCH,-
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Example 4*
OTBDPS TESO TBDPSO.
H,C
=
HaC 115°C 4 o
o o}
toluene, reflux o)
95%

HaC X OH

HyC X OH
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Corey—Bakshi—Shibata (CBS) reagent

143

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

cycloadditions.
Preparation'

1. PhMgCI
2. BHyTHF

50% 3 steps

.Ph
MeB(OH),, toluene CA
O
reflux, 3 h, 86% N~g’

The mechanism and catalytic cycle:'

Ph

|Ph
o cat. N 0 OH
-8 z
@ Me @/\
BHj, THF, rt, 97% ee

W

Ph
Ph H
Iy Cr
T BH3'THF o)
R e R
HBO

@K N )4

~B~R
HCI, MeOH HB ., CHs

HO H Ph, R Ph,
" | R
©/<CH3 ,@939 /<CH3 @ /

0 CH
Ph é\‘\B,om PR H' j< 3
Hy H Ph BH
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Example 1°
o 0.1 eq. (S)-CBS OH

g SO,CeHiCHyp -0 80 FPTEUNPh-BH A SOLCeHCHp
\ 4 THF, rt, syringe pump OO/V

1.5h, 98%, 97% ee

H 1.Ph
(S)-Me-CBS = e
B
CHs
Example 2°
0 (o) BH3‘SM82 HQ O
oﬁv cat. (R)-Me-CBS : Oﬁf
v/ b/
@to CH,Cl,, 30 °C o
84%, > 99% ee
11
Example 3
H Ph
S Ph
e o)
N. O H 3
N THN ‘CL N
=z H T Ac
+ ‘ o-Tol * OCH2CF3 ) ®
X S —— — = HPO; HaN™ CO,Et
CO,CH,CF3 1%m0|%‘ neat > 97% ee 2P0y 3 2
23°C,30h, 97% oseltamivir (Tamiflu®)
Example 4, Asymmetric [3 + 2]-cycloaddition'
H Ph OH
Ph
® ° MeO
o g0 TN H
H o
MeO -
j o-Tol o
.
o CHCN—-CH,Cl, 92% ee
65% 99% ee recryst.
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Corey—Chaykovsky reaction

The Corey—Chaykovsky reaction entails the reaction of a sulfur ylide, either di-
methylsulfoxonium 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/‘S\;O é 2 )k ] 1or2 R)8R1
¥ CHy HiCoCHg | R R
1 2 3 4
X =0, CHy, NR?, S, CHCOR?,
CHCO,R3, CHCONR,, CHCN
Preparation’
ﬁs?@ o  NaH ?S?HZ
=N | —_— O
HeC” £ CHa DMSO . HiC éH?
Mechanism'
5)
)’L 1 ®(H) R R 0]
0 R) R' Ps3 R" ’>< . I
@] H3C™J S
~S__© "_Q 0" "R!  HC "~ CH
HeC T CH, HC o ¢ 8
Example 1"
o) o
T vesorr 7
NaH, DMSO
o o)
60°C,3.5h
F ' F
0,
cl 79% Cl
Example 2°
OAc
OAc ® 2
MeZS COQEt o
o= P 0 OEt
Lg  PhH.1t.8h,62% z
CO,Et
Example 3"

0 -0
Me;3SCI
N 50% aq. NaOH N

Bu,;NHSO,

" H
CH,Cly, 84%
-
o~ O
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Example 4"

® H 2.5 equiv t-Bu3Ga o
Me S)\ +
2SN PhCI, 1, 3 h, 66% N
© SiEts CHO ZE=94:6 S

Br SiEt,
Example 5"
0 4 equiv 8 ph Ph
(CH3)3S0l PR Y N
Ph @\\O J— + 0
n-BuLi, THF O/O OH
on  Meuh T ! 50% 20%
References
1 (a) Corey, E. J.; Chaykovsky, M. J. Am. Chem. Soc. 1962, 84, 867-868. (b) Corey, E.
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14
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M. Tetrahedron Lett. 1963, 169—171. (d) Corey, E. J.; Chaykovsky, M. J. Am. Chem.
Soc. 1964, 86, 1639—1640. (e) Corey, E. J.; Chaykovsky, M. J. Am. Chem. Soc. 1965,
87, 1353—1364.
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Ed.; Wiley: New York, 1995, pp 2159-2165. (Review).
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Nishimura, Y.; Shiraishi, T.; Yamaguchi, M. Tetrahedron Lett. 2008, 49, 3492—3495.
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Corey—Fuchs reaction
One-carbon homologation of an aldehyde to dibromoolefin, which is then treated
with #-BuLi to produce a terminal alkyne.

R—CHO CBry, PPh3

R Br  pBuLi
> — R
Zn H Br

— H

BriC— 8" \:pph

S22 o ®
— > CBrz + Br—PPh;
©Br
® 2
BrrlPPh3 SN2 Pr@ Sn2
A ———— Br——PPh;
© CBry Br
O
Br, o @ RAH R Br
Br, «+ PPh,
Br

+  O=PPh;
H Br
Wittig reaction (see page 578 for the mechanism)

BI’2

+ Zn —— ZnBn,
R Br
= R——=PBr acidic
H Br —— s — R—© —— R——H
Bu workup
Bu®
Example 1°

oM /% Br 0
Me 9 O CBry, PhyP, CH,Cl, :
OHC N
= OTBS

0
Br Y 3
rt, 35 min., 90% _ OTBS

3.0 eq. n-BuLi/hexanes, THF

=
—78°C, 1 h;rt, 1 h, 99%
OH
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Example 2’
Br.
/ Br .
@_< _ CBr,zn nBuli ST
Fe o Fe
@ PPh3, quant. 75% @
Example 3*
: : 1. CBry, PhsP, Zn, CH,Cl A
= = CHO 4 3 212 %
OTBS 2. n-Buli, then NH,CI, 90% oTBS
Example 4'"°

4 equiv CBry

8 equiv PPhg H
©[CHO 8 equiv Zn n-BuLi, n-hexane
CHO  CH,Cl,, 0°C tort —78°Ctort, 1 h, 96%
3 h, 94% H

7\
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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 "R?  then NEt; R1kR2

NCS = N-Chlorosuccinimide; DMS = Dimethylsulfide.

e
o o ¢ O
0
[NB¥o I —~ e H NH +
AN NEMVASYS LR
PY o)
0 \ o 21N g2
€]
cl
®\ H \ @
S—0 N__NEt; — Et;N-HCI S~o o)
0 ) .
H —— (CHg),sT L
1J< 2 1)!Q / R "R?
R"OR RITH

Example 1, Fluorous Corey—Kim reaction®
NO, 06F13/\/S\ NO,

CHO
OH
NCS, toluene, =25 °C, 2 h

then Et;N, 86%

Example 2, Odorless Corey—Kim reaction’

(\N/\/\/\/S\
o
OH
0.5 eq. NCS, CH,Cl,, -40°C, 2 h
then EtzN, —-40°Ctort, 8 h
(\N/\/\/\/S\/D
+ O\)
o 86%
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Example 3°

CHO
HY)H
NCS, Me,S

EtsN, CH,Cl,
-78°C to rt, 90%

Example 4"°

NCS, DMS

Et3N, 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.

I
OH S S/S i Ny, O
8 s
OH Ph;P % o

Q Q PPh3
Ph3P U %
N/
Hoo Xy |

© (O:\ O\ (@)
O/F’Ph3 O=PPh; + @N S/
Hd ),

O

2-pyridinethione

Example 1°
Ph_Ph

o)
Phl™ Mg OH (2-pyr-S), PPy
HO,C tﬁ\\g CHCly, A, 75%
N
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Example 2°

(2-pyr-S),, PPhy o

H
© AgCIO,, A, 33%  HO o

Example 3°
CsHiq
ow
BnO (] o 5 (PyS),, PPhy
HO OH J< toluene, reflux
7d, 69%
HO,C
CsH1s
1%
References
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Corey—Seebach reaction

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

CSH CH,(OMe), <s> 1. BuLi
SH  Et,0:BF; s 2. CI-(CHy),l
80%

C HgCly, 50°C  OHC
>—\_¥ 50% cl

C/\/\/J

Czﬁﬂ C>@/ CKL

Example 1°
CHO < s n-BuLi, THF
s
S
©/ Ph 0 °C, 30 min., 99%
Sq PhI(0,CCCls), HO O
HO\%ph CH3CN, HyO, rt, 5min., 95%  Ph Ph
Ph
Example 2*

OH
Ovo CHO Ph/vss/l O\/o Ssﬁ
\©/ n-BuLi, THF, =78 to 0 °C Ph

Example 3, Ethyl is infinitely different from methyl®

Cge“ Q 5 OHSQ

Me| Me

Ox_OMe S._ Et
7 s s
~ N
n-Buli, THE o Cm SJ
rt, overnight 2
CO,H 80-90%
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\(

Hozc/©)H/J
o Et 9 s s Etg
Et S
HO,C Et N HO,C

Example 4°

S S
w PBULLTHE o~ NHTfa Q
R Y Y S
X - - _ o o,
[e) OBn NHTa 10 °C, 78% BnO™ OBn NHTfa
OBn 54% 23%

Tfa = Trifluoroacetyl

HO HQ
BnO., ~— S . BnO.,, ~
Q } Ra-Ni, EtOH
BnO" N\, S reflux, 71%  BNO"
BnO NHTfa BnO NHTfa
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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.

R._OH
P(OMe), R__H
+ N -,
R1IOH @ I >:S ]:

R H

TCDI = Thiocarbonyldiimidazole

2
( Q O CNJ R0 (gH
I/ Iﬁﬂ* Igﬁ@o@

R' “OH

@
R0 ) R__0O - P(OMe);
n s P(OMe); oy
R1IO>: R1IO>7
1,3-dioxolane-2-thione (cyclic thiocarbonate)

P(OMe);
ol

——= S=P(OMe); E P(OMe)
g P(OMe)3 56 3

R ——

R!

R H

o @
* >TEOMe); —— o=c=0l + P(OMe);
R “H

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

R

I >: x> :P(OMe); I >f\S/‘P(OMe .

R1

P(OMe); I Yis " POMe) E&gp OMe)
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R H o, @
. QM(OMe)a —— :P(OMe); + 0=C=0"
€]

IH

R1
Example 17
Ph
/\)\l/;\/o Cl Cl O/w“\\\“\\ 0o
Q : CH,Cl,, DMAP . )(0
)(O OH 0°C, 1, 93% 40°C, 88%
Example 2*
O O
N._OMe Imd,CS, toluene N _oMe
HO 7 o) /7
— —
reflux, 79% S:<
HO OMOM o, OMOM
F3 3
o}
P(OMe);
77\~ OMe
92% F3C / —
OMOM
Single olefin isomer
Example 3*
OMe
OMe
OAc

CSCl,, DMAP

OAc
CH,Cly, rt, 96%

P(OEt),, reflux
76%
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Example 4°

HsC ~ OCH;

P(OMe); /
o SN\
CHs  120°C, 66% o} X" "CHs

0
10
Example 5

I'T’h

CH3 OAc

OAc
WOH cCl OAr(F)s p ﬁ
/&S
P DMAP °
pyridine, THF, 40 °C Acd

Ac OH 23°C,5h, 78% 4h, 65%
11
Example 6
" :/Ph TCDI, THF
CbzHN : NHCbz ' CbzHN
_~  OH 70°C :
Ph Ph
_Ph
P(OEt)3, 160 °C ~
(OEt); CbZHN\Z/\/\NHCbZ
77%, 2 steps Ph/
References

1. Corey, E. J.; Winter, R. A. E. J. Am. Chem. Soc. 1963, 85, 2677-2678. Roland A. E.

Winter works at Ciba Specialty Chemicals Corporation, USA.
2. Corey, E. J; Carey, F. A.; Winter, R. A. E. J. Am. Chem. Soc. 1965, 87, 934-935.
3. Block, E. Org. React. 1984, 30, 457-566. (Review).

4. Kaneko, S.; Nakajima, N.; Shikano, M.; Katoh, T.; Terashima, S. Tetrahedron 1998,

54, 5485-5506.
5. Crich, D.; Pavlovic, A. B.; Wink, D. J. Synth. Commun. 1999, 29, 359-377.

6.  Palomo, C.; Oiarbide, M.; Landa, A.; Esnal, A.; Linden, A. J. Org. Chem. 2001, 66,

4180-4186.
7. Saito, Y.; Zevaco, T. A.; Agrofoglio, L. A. Tetrahedron 2002, 58, 9593-9603.
Araki, H.; Inoue, M.; Katoh, T. Synlett 2003, 2401-2403.

o

9.  Briiggermann, M.; McDonald, A. I.; Overman, L. E.; Rosen, M. D.; Schwink, L.;

Scott, J. P. J. Am. Chem. Soc. 2003, 125, 15284—15285.
10. Freiria, M.; Whitehead, A. J.; Motherwell, W. B. Synthesis 2005, 3079-3084.

11. Mergott, D. J. Corey—Winter olefin synthesis. In Name Reactions for Functional
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Criegee glycol cleavage

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

HO OH Pb(OAC), o

o)
R’ R 7, Pb(OA
R? R R1KR2 ' R3JLR4+ Ok 2 HoRe

Q)Ac
(AcO),Pb
% on

@Pl}(OAch

HO OH —= HOAc + —
R1#—%R3 R1#—%R3
R2 R4 R2 R4
OAc
AcO._
°7Ro o] o)
HoAc + 9o (P + _J__+ Pb(OAc),
R’ R3 R SR2 RS OR4
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:’

H®
g
o’
Heo. i ZQ(OAC)E' o Bb(0AC),
m (0 ——~ HoAc + g%
OH H(O
o
AcO

o}
—_ * + Pb'OAc), + HOAc
o}

Example 17
CO,Et CO,Et
OH l/\l { Pb(OAc),, KoCO3 NX
A
H
PhMO PhH, 0 °C, 80% W/{O
OH o}
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Example 2°

Pb(OAC)4, CH20|2, K2CO3
-15°Ctort, 1 h, then

Ph3P=CHCO,Me, CH4CN, 80% H o Ez=101
PhO,S H PhO,S : :
E 10
xample 3
Pb(OAc),, PhH /Q
i, 15h, quant.  OHC A Y A Ar
Example 4''
OMe QH OH Pb(OAc)s, EtOAC OMe o
HO X ' HO <X H
Me Me Me MeMe OH  0°C,5min., 99% Me Me Me Me
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Criegee mechanism of ozonolysis
L 04 0-0
=~ o

X _di 0,
O” =0 1,3-dipolar 9o

> )< cycloaddition >h—<

primary ozonide (1,2,3-trioxolane)

@ /8 Y 1,3-dipolar 0-0
06N~ )
C
~__ cycloaddition
0 oaddiion. g
zwitterionic peroxide secondary ozonide (1,2,4-trioxolane)

(Criegee zwitterion)
also known as “carbonyl oxide”

Example 1’
H
H 03, EtOAc, -78 °C, then o
. 0 OAc
HO" Ac,0, EtzN, DMAP, [e)
-78°Ctort, 75% H
Example 2°
o]
o] O3, CHyCly MeOH CCOZMe
o]
CQKOMe —70°C quant. CO,Me
(0]
H
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Curtius rearrangement

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

X
Nu-H _
R-N" "Nu
i Heat C//O — "R
R™ "N3  Curtius R-N’
Rearrangement Hz}‘ R—NH,
—C >
The thermal rearrangement:
o} NaN 0 A H,0
PN s, I —=— N7+ R-N=C=0 R—NH3 + CO,1
R ~ClI RN
o) Q
$o —8&0 3 = i
R cl = oo ro @
kGN R™CL R™ N R)LIQZNQ\I R)\EN@EN
3
®
Ho H
AL N+ R*N*C(O — RN H —— R-NH +CO,T
:OH, o B
isocyanate intermediate
The photochemical rearrangement:
% o}
hv
© @ NoT + ).L
—N= 2
R™ “NTN=N
Nitrene

R—N=C=0 — R—NH, * CO,T

J.J. Li, Name Reactions, 4th ed., DOI 10.1007/978-3-642-01053-8 71,
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Example 1, The Shioiri-Ninomiya—Yamada modification”
NO,

0 H N9 pppa EiN N H
PhH, A
o NS ’ N> 1)
' 5 then MeOH, A OYNH ' o

89%
OMe

DPPA = diphenylphosphoryl azide

Example 2°
o co,Me ° COMe
HOLC 2 DPPA, Et3N, t-BuOH BocH ]
o 80 °C, 16 h, 64% 75

Y

on

O

Example 3*

WCOZH EtO(CO)CI, then NaN3 WNHCOZEt

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

Example 4, The Weinstock variant of the Curtius rearrangement

COOH i
N H Cl OEt N H
i-PrNEt,, acetone, 0 °C
O NH

O NH then NaNg, rt, 12 h
N H 75% N H
Me

Example 5

1. n-Bu3zSnN3
PhBr, 0 °C to RT

30 min., 97%

2. t-BuOH/o-xylene
A, 6h, 77%
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Example 6, The Lebel modification®

OMPM HO O .OMe  2equvDPPA  QMPM O OMe
O .CO.H \ ) 0.1 equiv Ag>COg 0. \\\NYO
* Bno" “OBR 2 equivK,CO3 \ 0 o8N
BnO" "~y "OBn Bn PhH, A, 16 h, 81% B0 OBn "0 OBn
OBn (2 equiv) OBn
References

1. Curtius, T. Ber. 1890, 23, 3033—3041. Theodor Curtius (1857—1928) was born in Du-
isburg, Germany. He studied music before switching to chemistry under Bunsen,
Kolbe, and von Baeyer before succeeding Victor Meyer as a Professor of Chemistry at
Heidelberg. He discovered diazoacetic ester, hydrazine, pyrazoline derivatives, and
many nitrogen-heterocycles. Curtius also sang in concerts and composed music.

2. Ng, F. W.; Lin, H.; Danishefsky, S. J. J. Am. Chem. Soc. 2002, 124, 9812-9824.

3. van Well, R. M.; Overkleeft, H. S.; van Boom, J. H.; Coop, A.; Wang, J. B.; Wang, H.;
van der Marel, G. A.; Overhand, M. Eur. J. Org. Chem. 2003, 1704-1710.

4.  Dussault, P. H.; Xu, C. Tetrahedron Lett. 2004, 45, 7455-7457.

5. Holt, J.; Andreassen, T.; Bakke, J. M.; Fiksdahl, A. J. Heterocycl. Chem. 2005, 42,
259-264.

6. Crawley, S. L.; Funk, R. L. Org. Lett. 2006, 8, 3995-3998.

7. Tada, T.; Ishida, Y.; Saigo, K. Synletz 2007, 235-238.

8. Sawada, D.; Sasayama, S.; Takahashi, H.; Ikegami, S. Eur. J. Org. Chem. 2007, 1064—
1068.

9. Rojas, C. M. Curtius Rearrangements. In Name Reactions for Homologations-Part II;
Li, J. J., Corey, E. J., Eds.; Wiley & Sons: Hoboken, NJ, 2009, pp 136—163. (Review).
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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 Baeyer—Villiger oxidation.

H,0,, NaOH o
HOOCHO HOOOH+ HCO,
45-50°C
G
0
o)L o Hkn
S 0
<]
8. H H9)

migration
o
e
OH
HO@O (H hydrolysis Ho@gx(ae
J ./ oH
He k
e workup
E 6
xample 1
OBn OBn OBn
CHO O. OH
CHO
2.5 eq. 30% H,0, NH3, MeOH
4% (PhSe), 1h, 78%
COH CH,Cl,, 18 h COH COH
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’

MeOJQ/CHO 1.5 equiv m-CPBA, neat, 5 min. MeO OH
then10% aq. NaOH ]Q/
BnO en10% aq85°2

BnO

J.J. Li, Name Reactions, 4th ed., DOI 10.1007/978-3-642-01053-8 72,
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Example 4"
OMe o
H,0,, HCI
\ 2%2s \
MeOH, THF
MeO N 50% MeO N
CHO (6]
References:
1. Dakin, H. D. Am. Chem. J. 1909, 42, 477-498. Henry D. Dakin (1880-1952) was

10.

born in London, England. During WWI, he invented his hypochlorite solution (Da-
kin’s solution), which became a popular antiseptic for the treatment of wounds. After
the Great War, he emmigrated to New York, where he investigated the B vitamins.
Hocking, M. B.; Bhandari, K.; Shell, B.; Smyth, T. A. J. Org. Chem. 1982, 47,
4208-4215.

Matsumoto, M.; Kobayashi, H.; Hotta, Y. J. Org. Chem. 1984, 49, 4740-4741.

Zhu, J.; Beugelmans, R.; Bigot, A.; Singh, G. P.; Bois-Choussy, M. Tetrahedron Lett.
1993, 34, 7401-7404.

Guzman, J. A.; Mendoza, V.; Garcia, E.; Garibay, C. F.; Olivares, L. Z.; Maldonado,
L. A. Synth. Commun. 1995, 25,2121-2133.

Jung, M. E.; Lazarova, T. L. J. Org. Chem. 1997, 62, 1553—1555.

Varma, R. S.; Naicker, K. P. Org. Lett. 1999, 1, 189-191.

Lawrence, N. J.; Rennison, D.; Woo, M.; McGown, A. T.; Hadfield, J. A. Bioorg.
Med. Chem. Lett. 2001, 11, 51-54.

Teixeira da Silva, E.; Camara, C. A.; Antunes, O. A. C.; Barreiro, E. J.; Fraga, C. A.
M. Synth. Commun. 2008, 38, 784—788.

Alamgir, M.; Mitchell, P. S. R.; Bowyer, P. K.; Kumar, N.; Black, D. St. C. Tetrahe-
dron 2008, 64, 7136—7142.
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Dakin—West reaction

The direct conversion of an o-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,.

0
R._CO.H Ac,0 R
e + ol
NH; NHAc

R._COH He
Y R o
OH
NH, R
h HN OH
oH L
H‘\N)\fo

A
€]
o o AcO
S H
ACO\ o) H
o)
r Jon R CO‘/ OH R
Y« O OH
O o) o N§<
H

N= N§<

oxazolone (azalactone) intermediate

R -CO; R tautomerization
T MO 72 R

OH

HN\fO H Nsr NHAC

Example 1°
Me. _CO,H  Ac,0, AcOH, Et;N %
h Me
NH; DMAP, 50 °C, 14 h, > 90% Me
’ e, NHAC
Example 2’
Me

HO. o
gL R e R IR
@AH OBn  gpoc, 2 h, 58% @AH OBn

J.J. Li, Name Reactions, 4th ed., DOI 10.1007/978-3-642-01053-8 73,
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Example 3, Green Dakin—West reaction using the heteropoly acid catalyst, ace-
tonitrile is a reactant’

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

Example 4, Acetonitrile is a reactant'’

o CHaCN Ry R,
CHO 10 mol% Ln(OTf)s O O
/©/ * CH3COCI, reflux
R R 78-87% NHAc ‘O

References:

1.

hed

Dakin, H. D.; West, R. J. Biol. Chem. 1928, 78, 91, 745, and 757. In 1928, Henry Da-
kin and Rudolf West, a clinician, reported on the reaction of ci-amino acids with acetic
anhydride to give o-acetamido ketones via azalactone intermediates. Interestingly,
one year before this paper by Dakin and West, Levene and Steiger had observed both
tyrosine and o-phenylananine gave “abnormal” products when acetylated under these
conditions.>* Unfortunately, they were slow to identify the products and lost an op-
portunity to be immortalized by a name reaction.

Buchanan, G. L. Chem. Soc. Rev. 1988, 17, 91-109. (Review).

Jung, M. E.; Lazarova, T. I. J. Org. Chem. 1997, 62, 1553—1555.

Kawase, M.; Hirabayashi, M.; Koiwai, H.; Yamamoto, K.; Miyamae, H. Chem. Com-
mun. 1998, 641-642.

Kawase, M.; Hirabayashi, M.; Saito, S. Recent Res. Dev. Org. Chem. 2001, 4,
283-293. (Review).

Fischer, R. W.; Misun, M. Org. Proc. Res. Dev. 2001, 5, 581-588.

Godfrey, A. G.; Brooks, D. A.; Hay, L. A.; Peters, M.; McCarthy, J. R.; Mitchell, D. J.
Org. Chem. 2003, 68, 2623-2632.

Khodaei, M. M.; Khosropour, A. R.; Fattahpour, P. Tetrahedron Lett. 2005, 46, 2105—
2108.

Rafiee, E.; Tork, F.; Joshaghani, M. Bioorg. Med. Chem. Lett. 2006, 16, 1221-1226.
Tiwari, A. K.; Kumbhare, R. M.; Agawane, S. B.; Ali, A. Z.; Kumar, K. V. Bioorg.
Med. Chem. Lett. 2008, 18, 4130—4132.



Darzens condensation

o.,3-Epoxy esters (glycidic esters) from base-catalyzed condensation of
o-haloesters with carbonyl compounds.

I

€]
X H’F OFEt X R1)LR2 R O} R intramolecular . O
OEt —— j — R2 _
R ( R N COEt 1 COEt S\2 R?2  CO,Et
0
(o
€]
Example 1*
O o
O& .+ Clu_CO,Et _ BUOK, tBuOH CO,Et
10 °C, 85-95%
Example 2°
0, H
o LDA, THF, o.,
HAC Br —78 °C then HsC g Ph
3
£BuMeS| PhCHO, —90 °C t-BuMe,Si H
2 66%, 90% de
Example 3’
o}
Ar”" SCONPh,
ee up to 50%
0 o o]
0, \
X%Nph ' Ar)kH MeO 2 mol% OMe  Ar™" NCONPh,
2 H -
X=Cl,Br, S°"dc"|ﬂ§:"|'2’ g KR ee up to 43%
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Example 4, the phenyl ring substituting for the carbonyl to acidify the protons'’

O _PO(OMe),

MeO
DBU, CH4CN
Q/\Br . QPO(OMe)z i O O
Br 3 6 h, 48%

References

W W N

10

Darzens, G. A. Compt. Rend. Acad. Sci. 1904, 139, 1214-1217. George Auguste Dar-
zens (1867-1954), born in Moscow, Russia, studied at Ecole Polytechnique in Paris
and stayed there as a professor.

Newman, M. S.; Magerlein, B. J. Org. React. 1949, 5, 413-441. (Review).

Ballester, M. Chem. Rev. 1955, 55, 283-300. (Review).

Hunt, R. H.; Chinn, L. J.; Johnson, W. S. Org. Syn. Coll. IV, 1963, 459.

Rosen, T. Darzens Glycidic Ester Condensation In Comprehensive Organic Synthesis;
Trost, B. M.; Fleming, 1., Eds.; Pergamon: Oxford, 1991, Vol. 2, pp 409-439. (Re-
view).

Enders, D.; Hett, R. Synlett 1998, 961-962.

Davis, F. A.; Wu, Y.; Yan, H.; McCoull, W.; Prasad, K. R. J. Org. Chem. 2003, 68,
2410-2419.

Myers, B. J. Darzens Glycidic Ester Condensation. In Name Reactions in Heterocyclic
Chemistry; Li, J. ., Corey, E. J., Eds.; Wiley & Sons: Hoboken, NJ, 2005, pp 15-21.
(Review).

Achard, T. J. R.; Belokon, Y. N.; Ilyin, M.; Moskalenko, M.; North, M.; Pizzato, F.
Tetrahedron Lett. 2007, 48, 2965-2969.

Demir, A. S.; Emrullahoglu, M.; Pirkin, E.; Akca, N. J. Org. Chem. 2008, 73,
8992-8997.



171

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 o-halo-ketones.

N N x°© ® o
ArX rj\‘ — Nr(ng/Ar —— A" NHy X
LNTY LNTY

hexamethylenetetramine

[ArCH,CeHNA'™X™  + 3HCI  +6H,0

—> ACH,NHyHX  + BCH,0 + 3NH,CI

rN H,0:
B D
N{_N: N ¢ )
s [/ D N .
LN/ \' er\C‘QNea\/Ar . N(k%N A
Ar/Q(/( N LN
E OrH E
N
(A — g o =
LN/ ® CHy SN~ X
3
Example 1
1. (CHy)gN,, NaHCO3
0 15 h, EtOH, H,0 &i
Br/\)kOH 2. HCI, EtOH, reflux, 15 h, 85%  H2N OH
Example 2’

hexamethylenetetramine

CH,Cl,, refux, 5 h, then
Br -30°C

J.J. Li, Name Reactions, 4th ed., DOI 10.1007/978-3-642-01053-8 75,
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conc. HCI, EtOH

_ reflux, 1d
N NaCeH12Br | 789, 2'steps

1. hexamethylenetetramine
CHClj, reflux, 6 h

O
0 O o 2.2 N HCI, EtOH, 100 °C, 15 min. O o
00 00
O (6]
(0] o
Example 4°
! .
Br NH3 r
O L(«BN\/ 48% HBr o
hexamethylenetetramine ° o CH30H, rt, 5d
NO Br - NO
2 CHCls, rt, 18 h NO,  89% 2 steps 2
References

1. (a) Delépine, M. Bull. Soc. Chim. Paris 1895, 13, 352-355; (b) Delépine, M. Bull.
Soc. Chim. Paris 1897, 17, 292-295. Stephe Marcel Delépine (1871-1965) was born
in St. Martin le Gaillard, France. He was a professor at the Collége de France after
working for M. Bertholet at that institute. Delépine’s long and fruitful career in sci-
ence encompassed organic chemistry, inorganic chemistry, and pharmacy.

2. Galat, A,; Elion, G. J. Am. Chem. Soc. 1939, 61, 3585-3586.
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5. Blazzevi¢, N.; Kolnah, D.; Belin, B.; Sunjié, V.; Kafjez, F. Synthesis 1979, 161-176.
(Review).

6. Henry, R. A.; Hollins, R. A.; Lowe-Ma, C.; Moore, D. W.; Nissan, R. A. J. Org.
Chem. 1990, 55, 1796—1801.

7. Charbonniére, L. J.; Weibel, N.; Ziessel, R. Synthesis 2002, 1101-1109.

8. Xie, L.; Yu, D.; Wild, C.; Allaway, G.; Turpin, J.; Smith, P. C.; Lee, K.-H. J. Med.
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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 (0]
CO,Me hv
C T -
OH oH CO2Me

CO,Me

Head-to-tail alignment gives the major product:

@
3 hv, [2 +2]
" el x
69 CO-Me cycloaddmon
2
o/H
(o}

retro-aldol

cyclobutane cleavage

o) COyMe
“H

CO,Me COyMe

Head-to-head alignment gives the minor regioisomer:

CO,Me CO,Me hv, [2 +2]
* W ,_J/ cycloaddmon
OH

G o+ 0
COzMe retro-aldol
cyclobutane cleavage CO,Me CO,Me
0) 4 4

Example 1°

Ph (o) 1. hv, cyclohexane, 83%

2. H, (3 atm), Pd/C (10%)
HOAc, rt, 18 h, 83%

J.J. Li, Name Reactions, 4th ed., DOI 10.1007/978-3-642-01053-8 76,
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Example 2°
o)
o o]
H H
@ hv, MeOH
+ _— —_—
>90% b
OH HO H 3
Example 3°

OH
hv, Pyrex filter

CH3CN, rt, 1.5 h, 72% N

Example 4'°
) R O hv
! *
Et,O

0 © 2

R=H 70% 0

R =Me 58% 50

R =t-Bu 72% 100
References

1. (a) de Mayo, P.; Takeshita, H.; Sattar, A. B. M. A. Proc. Chem. Soc., London 1962,
119. Paul de Mayo received his doctorate from Sir Derek Barton at Birkbeck College,
University of London. He later became a professor at the University of Western On-
tario in London, Ontario, Canada, where he discovered the de Mayo reaction. (b)
Challand, B. D.; Hikino, H.; Kornis, G.; Lange, G.; de Mayo, P. J. Org. Chem. 1969,
34, 794-806.

de Mayo, P. Acc. Chem. Res. 1971, 4, 41-48. (Review).

Oppolzer, W.; Godel, T. J. Am. Chem. Soc. 1978, 100, 2583-2584.

Oppolzer, W. Pure Appl. Chem. 1981, 53, 1181-1201. (Review).

Kaczmarek, R.; Blechert, S. Tetrahedron Lett. 1986, 27, 2845-2848.

Disanayaka, B. W.; Weedon, A. C. J. Org. Chem. 1987, 52, 2905-2910.

Crimmins, M. T.; Reinhold, T. L. Org. React. 1993, 44, 297-588. (Review).
Quevillon, T. M.; Weedon, A. C. Tetrahedron Lett. 1996, 37, 3939-3942.

Minter, D. E.; Winslow, C. D. J. Org. Chem. 2004, 69, 1603—1606.
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Demjanov rearrangement

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

Ek HNO, R + O/OH
NH, OoH

Hex N
@ <
2ho Ny o) ~HO_ o, 0. .0
> FONL
6] HZ% o

|
@
=Ny KeN —-H
0%@ —_— cH ——» OH
N

W
O.
/.’ H —Nz
or Q—\\' u® OH
@N, .
Example 1°
NaNO,, HOAc
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, 4th ed., DOI 10.1007/978-3-642-01053-8 77,
© Springer-Verlag Berlin Heidelberg 2009



176

Example 3’
0 o)
NaNO,, 0-4 °C Q
0.25 M H,S0,4/H,0
NH, OH  HO

Example 4°

5 equiv NaNO, HO

5 equiv AcOH w

(6]
HoO/THF (1) 1s0 H
MeO 0°C,2h,61%

References
1. Demjanov, N. J.; Lushnikov, M. J. Russ. Phys. Chem. Soc. 1903, 35, 26—42. Nikolai

VXN WD

J. Demjanov (1861-1938) was a Russian chemist.

Smith, P. A. S.; Baer, D. R. Org. React. 1960, 11, 157—-188. (Review).

Diamond, J.; Bruce, W. F.; Tyson, F. T. J. Org. Chem. 1965, 30, 1840-184.

Kotani, R. J. Org. Chem. 1965, 30, 350—354.

Diamond, J.; Bruce, W. F.; Tyson, F. T. J. Org. Chem. 1965, 30, 1840—1844.
Nakazaki, M.; Naemura, K.; Hashimoto, M. J. Org. Chem. 1983, 48, 2289-2291.
Fattori, D.; Henry, S.; Vogel, P. Tetrahedron 1993, 49, 1649—1664.

Kiirti, L.; Czakd, B.; Corey, E. J. Org. Lett. 2008, 10, 5247-5250.

Curran, T. T. Demjanov and Tiffeneau—Demjanov Rearrangement. In Name Reactions

for Homologations-Part II; Li, J. J., Corey, E. J., Eds.; Wiley & Sons: Hoboken, NJ,

2009, pp 2-32. (Review).
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Tiffeneau—Demjanov rearrangement

Carbocation rearrangement of B-aminoalcohols via diazotization to afford car-
bonyl compounds through C—C bond migration.

o
OH NaNO,
OL\NHZ H®

Step 1, Generation of N,Os

Hex N
H® 00) -H0 o 0,0

ANy
HO™ ~O VN,
Hz{)(; %0 _H®

Step 2, Transformation of amine to diazonium salt

OH
Os .0
o O
e —HONO NrNLD —=
NH, (

OH ® OH - H,0
OH - L. OH e ( jﬂN@
N=N—OH NJN@HZ N

Step 3, Ring-expansion via rearrangement

2 o]
O-
Coy e

-N
N7 N,
O-L//\) @

Example 1°

NaNO,, H,0

AcOH, 0 °C,

HoN thent-60°C O 760, yield 90 : 6
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Example 2°
AcOH<H,N CONEY,
1OH H/O
NaNO,, AcOH é \-NEt,
e N2®
H,0, 0-5 °C \
o” N 60% ~
Me
CONEt,
0
o7
Me
Example 3’
NaNO,, AcOH/H,0, 0°C, 1 h
OH
then reflux 1 h, 98%
NH, o}
Example 4°
O O
HO, /—~NH,
NaNO, N
AcOH SiMes
SiMes 72% SiMe;  28%
References
1. Tiffeneau, M.; Weill, P.; Tehoubar, B. Compt. Rend. 1937, 205, 54-56.
2. Smith, P. A. S.; Baer, D. R. Org. React. 1960, 11, 157-188. (Review).
3. Parham, W. E.; Roosevelt, C. S. J. Org. Chem. 1972, 37, 1975-1979.
4. Jones, J. B.; Price, P. Tetrahedron 1973, 29, 1941-1947.
5. Miyashita, M.; Yoshikoshi, A. J. Am. Chem Soc. 1974, 96, 1917-1925.
6. Steinberg, N. G.; Rasmusson, G. H.; Reynolds, G. F.; Hirshfield, J. H.; Arison, B. H.

J. Org. Chem. 1984, 49, 4731-4733.

Stern, A. G.; Nickon, A. J. Org. Chem. 1992, 57, 5342-5352.

Fattori, D.; Henry, S.; Vogel, P. Tetrahedron 1993, 49, 1649—1664.
Chow, L.; McClure, M.; White, J. Org. Biomol. Chem. 2004, 2, 648—650.
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0. Curran, T. T. Demjanov and Tiffeneau—Demjanov Rearrangement. In Name Reactions

for Homologations-Part II; Li, J. J., Corey, E. J., Eds.; Wiley & Sons: Hoboken, NJ,

2009, pp 293-304. (Review).
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Dess—Martin periodinane oxidation

Oxidation of alcohols to the corresponding carbonyl compounds using triace-
toxyperiodinane. 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 conversion of
primary and secondary alcohols to their corresponding aldehyde or ketone prod-
ucts, respectively.

OAc
AcO, [—~OAc
\
O
OH (0]
0 JL

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

| . ) AcO. OAc
KBrO3, H,S04,93% HO®,0 |  Ac,0,0.5% TsOH N—0Ac
CO,H N e \O
or 1.3 equiv Oxone o o
[ j [I( 80°C, 2 h, 91%
H,0,70°C, 3 h o ° 5
79-81% o

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

©
OAc HO® O
AcO, D,
S—onc _ MO N
o o
CH,Cl,
Y BX 0
Mechanism'
ACQ I,O’/'g Ac OH Ac@ ,O%: ‘W
O : Sn2 e H
" g2 %0 N—0Ac
R R’
o 0
OAc
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Example 1°

OA
AcO, i~ OcAc

NS ) X
X
\ O CHClL2n67% o
0 0

Example 2, An atypical Dess—Martin periodinane reactivity’

OAc
Aco\l’/OAc
\
o}
CHO 7
7
| o = N3
SN NaN3, CH,Cl, N
0°C, 3 h, 86% N
Example 3"
o]
oy
i H
0 s H OH Dess—Martin periodinane
t-Buo2CW\\\\\N)kN N CH,Cly, 1t, 1 h, 70%
NHBae T O CoytBu
o}
S O
Q H
t-Buozcw\\o\N)KN NW
NHBoe T O CO,tBu
Example 4"
BnO PMBO Dess—Martin periodinane
BnO 9 S oros
BnO AllO CH,Cly, 1t, 2 h, 90%
OH NHAc
PMBO

BnO
o (0]
B”Oﬁr\/OAuo oTDS
BnO
5 NHAG

TDS = Thexyldimethylsilyl
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Dieckmann condensation

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

Cag == O
CO,Et
2 CO,Et

COLEt (o (e
OEt enolate OEt 9-exo-trig QLO OEt qo

H @ formation ~__OEt ring closure
(8 CO,Et CO,Et

OEt

6
Example 1

H QBn I;' :QBH
SN NaHMDS, THF T OTBS
MeOZC/\D“‘OTBS o= y
[ -78 °C, 58%
Me0,C MeO,C
Example 2°
1. t-BuOK, Tol., reflux, 5 min.
2.18 N H,SOy, THF, 4 h
61% for two steps
Example 3°
o OH
iv KOt-Bu, DMF
Ar1MOCHZCF3 3 equiv KOt-Bu, AN\ Ary
(e} : (e}
Ary 0 °C, 30-90 min., 75-88%
g Y
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Example 4"
N\
HooD 1. K,CO3, DMSO, 24 h o !N
N N 2.60°C, 48 h =

@ 0 \-COMe "H—emcoMme
3.5°C, 2 M HCI, 1 h G,,e
COMe 63% e
o)

0 H P
_— =
%N / q_<N /
[e} CO,Me HO COgMe
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Diels—Alder reaction

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

t
EDG EDG HOMO EDG
EWG S WEWG | wEWG
Z W — | [r ! -
\ S

LUMO

diene dienophile adduct
EDG = electron-donating group; EWG = electron-withdrawing group

Example 1°
OMe *

\,\ ‘ COEt
180°C 1.5h, 62% V)

Me3Sio
/i CO4Et hydroqunnone W
Z J/
Me3SiO

OAc
The Danishefsky diene Alder’s endo rule

OMe

EtO, ~
COEt| —
/\j AcO™ 0SiMes

Me,SiO
b AcO 4:1 4-OMe : p-OMe

Example 2, Intramolecular Diels—Alder reaction’

O F 0
yko Br,-BIPOL, AlMe; Qiio
F
) cHCl 81, 65% :
N 2Cly 5
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Example 3, Asymmetric Diels—Alder reaction®®

H Ph
s | Ph
@
N._,0
BrsAl'g o}
CHj \m
o " SOCH,CF5
RV
CO,CH,CF
2¥T2XT3 4 mol%, CHLCly 94% ee

-78 °C, 12 h, 99% 90:10 endo:exo

Example 4, Retro-Diels—Alder reaction®”

(0]

MeAICl,, maleic anhydride N
MeO,C —

CH,Cl,, p-wave, 110 °C
1 min., 74-84%

—_

Example 5, Intramolecular Diels—Alder reaction’'

7 Q 0 Me,AICI, CH,Cly
4
: —781t0 =30 °C, 71%

OH Me
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Inverse electronic demand Diels—Alder reaction

EWG oo X EWG * LUMO EWG
= ~. .EDG EDG
+ ﬁ AN -
%

HOMO
Diene dienophile adduct

Example 17

/—\—>7 Cat. =
|
e
3 mol% Cat., BaO, rt, 5 h @ ey
0
\o o OEt

OHCJ\/COZE'E W
EtO,C._~ - HO OEt

110°C, 48 h :
76% 2 steps OH

98% dr, 95% ee
Example 2°
@ /Mes
N, P
Qj\\\N N C o) R
o j
0 Ry NOR

"0~ 5mol%
.
H)KIA'“ R2)v\R 70-90% yield

3
Cl 1.5 equiv NEt5, EtOAc, rt, 6 h 95-99% ee




187

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

OEt SOLAr
, N7 | 5equiv. —/ Ph 2 oF
10 mol% Ni(ClO,),*6H,0 OEt

(e}
Ph N-S
- 10 mol% DBFOX-Ph
A H 97:3 endo/exo
Ph

CH,Cly, 1, 73% yield B 88% ee

DBFOX-Ph = O /
Ny

Example 4°

o] MeO  OMe 16)

o EWG = EWG
\ 1. MeG  OMe O O
o) solvent, 135 °C o

OMe
EWG = CONEt,, CO,Et, OMe
COR, SO,Ph, CN, Aryl 2. Ety0-BF3, CH,Cly, 1t

Me

e}
o (e}
OOy~ e o™
O O
OMe

PhH, A
EWG = CONEt,, CO,Et,
COR, SO,Ph, CN, Aryl
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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.
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X = Y
A . @ Q R
N
=
Y S H X S S Y
“ \ ~ X X
e.g.
SO,Ph Et0,C ¥ $OzPh
I ,SO,Ph 0.C o
EtO,C N OEt EtO; N OEt
f— fC | — T
x \
Ph’ ‘'« ! OEt

Example 1, Heterodienophile addition to diene'

MeO__-—~ rcozEt toluene MeO\C(COZEt
|
E ) 110 °C, 60% 0

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

MeO,C
CO,Me
OMe
MeQ _ N N/ \N CHCls, reflux
__ OMe NYN 5 days, 65%
MeO
© CO,Me

Example 3, Using the Rawal diene’

NMe,

o CHCl3, =40 °C o
Kome Mo 7o
1% M
Me~ CO,Me _~ OTBS ° e0,C
Rawal diene
Example 4, Also similar to the Boger pyridine synthesis®
NN [N> Aor MW by n=1,75%
< M + Z n=2 65%
N™ "SCH, N n=3,54%
o N “SCH; n=4,30%
Ja 0
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Example 57
®
Me.__Me T
o o ' OTf
N
o] N N~/ o
E‘OT L ° OEt MesC'y o | “om, CMes Eto., 0 G
| P OTf 2 mol%
= 24:1 endo/exo
Me 3 AMS, THF, 0°C, 87% Me 97% ee
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Dienone—phenol rearrangement

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

disubstituted phenols.
o} OH
e
R

R R R

Ho OH OH
N q
© 1,2-alkyl _K®
y  shif A R

R R R R

R R
Example 1*
o o]
0
o 50% aq. H,SO,
reflux, 80% O
(0] OH
Example 2°
fe) OH
HO conc. HySO4 HO
Et,0, 95%
Example 3°
OH
O ®
o ‘ conc. HCI, CH3CN
Y O 15h, rt, 73% o O NH
NBoc ko
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Example 4"

. /ﬁ@&

oS

H,SO, \\ OAc (1.1
o OAc
w =T N L
O
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Di-nt-methane rearrangement

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

R R! R
ﬁﬁ(RZ hv ;{W
| .
R R3 | R
1,4-diene vinylcyclopropane
R R! R R R R , r2 RR
ﬁj(m hy (%\/Rz ‘ MR
‘ < N Co > 3
. R
)| C. R4 R3 ‘ R*
R* R® R* R®
diradical diradical

Example 1, Aza-m-methane rearrangement’

hv, acetophenone
Ph _N
N~OAc benzene, 86% PH “OAc

L

Ph N,
Example 2*
CN cN
hv, acetone
90% CN
CN
Example 3*

0, X

X
\ hv, 300 nM
O [ 7 CHiCOCH;
S 23-64% S
0,

X= CH3, CH2Ph, COCMeg, COchzph
SiMes, SnBuj, SePh, —— (CHy)3CH3
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Example 4, Oxa-m-methane rearrangement”

O /|Me

Me Me__ H
hv, acetone m
Pyrex, 76% O :
yrex, © MeH
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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.

CO,H
©\NH2 OHC© COgH O
H
CO @ﬁz _H,0 CO,H
NH2 “
N
| 2
H®o)_CO.H
N
X
H

CO,H CO,H

—-H,0 a|r oxidation
T

2

Example 1
CO,H
H
MeO
Meo\@\ i + 0 NO,  EtOH O =
+
COH A, 95% NO2
NH,

Example 2°
COZH
EtOH, reflux
3h, 20%

J.J. Li, Name Reactions, 4th ed., DOI 10.1007/978-3-642-01053-8 83,
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Example 3, Combinatorial Doebner reaction’

N
Ry O R2 phn R, b
H = NH; + _— Pz R
O H + R1—©/ OHG reflux, 8 h 3 H
5 5 N \ N

Ra

)
Bl

(0]

Q
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Doebner—von Miller reaction

Doebner—von Miller reaction is a variant of the Skraup quinoline synthesis (page
509). 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 o, B-unsaturated ketones.’

o
N HCI or
+
NH, ZnCI2
o o
N reversible
' DU >—QNH
NH, conjugate addition
irreversible condensatlon
fragmentation J\

oy B o

. " NH
conjugate addition (%

cyclization o )\@\
- - +
tizati N
rearomatization H NH
Example 1°
Nt CO,Me
o] TsOH, CH,Cl, N
+ PN
MeO,C™ X CO,Me  reflux, 24 h
CO,Me
Example 2°

F

F
. H
- 6 N HCI, Tol. Fm
NHAG \ 100 °C, 2 h, 70% N M
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Example 3, A novel variant'

R 3% [RhCl(cod)]2 Rs
©:B(OH)2 . Rs\/ifo KOH, rt, 24 h @Rz
NH, R then 10% Pd/C P
2 equiv L a|r,4r2e_ﬂ;é(%4 h N™ Ry
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Dotz reaction

Cr(CO);-coordinated hydroquinone from vinylic alkoxy pentacarbonyl chromium
carbene (Fischer carbene) complex and alkynes.

oR OH
A R2 Re
0OC)sC
(OC)sCr _ + Rp Rg
Rl R2 RY Rs
OR Cr(CO)
OR OR " | s
OR
(oc)ﬁcr:gj &“’Chcri _ ke (oc)‘zCr:g_<Rs
o — 2 R R2 coordination R 2
R
R2 —
_alkyng OR
insertion \‘\ CO insertion
Rp- ‘ Rs — =
oc-§t-co
oc CO
o OH
. 2 R R? R
electrocyclic tautomerization
ring closure R! Rs - R Rs
OR Cr(CO); OR Cr(CO
Example 1°
0, OMe i
(0C)sCr 1 THF, reflux Se
T2.CAN, 22% NO,
(0]
Example 3*

MOMO  OMe

MOMO  OMe
CICH,CH,CI
Cr(CO)s

O O 70°C,1h, 76%
MOMO OH O
MOMO
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Example 3*

BnO
Cr(CO)s
MOM MeO =
BnO & . OMe
: THF, 50 °C, 61%
MeO
OMe
Example 3°
1. 1.5 equiv t-BuLi, THF, -78 °C
o 2. 1.02 equiv Cr(CO)g, THF
MeO ‘ —78°Ctort MeO
MeO" F
© L 3. 1.02 equiv Et;0-FB,, rt MeO
e 29%
OEt
Cr(CO)n
5equv Ph—=——H MeO CAN-HNO,
THF, 80°C MeO™ Ph 84%, 2 steps
MeO O
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Dowd—Beckwith ring expansion

Radical-mediated ring expansion of 2-halomethyl cycloalkanones.

(o]
Br BusSnH, AIBN
CO,CHs PhH, reflux CO,CHg
>r\(\ e < A N,T + 2 <CN
) .
NC N=N CN homolytic

cleavage

2'-azobisisobutyronitrile (AIBN)

n-BugSne + H%CN

(o

O /\«) °
F—Br BusSnBr _* < S —co.cH
cocHy COCHs 24,
o}
. SnBU3 +  BusSne
CH020H3 CO,CHs

n- Bu3Sn7H <CN

*SnBuj ©

Example 1"

1.2 eq. BuzgSnH
o cat. AIBN
- H COzEt
CO,Et COzEt

Tol., reflux, 23 h

| 86% 13%
Example 2°
CO,Me
O&(}JZ\M&\ AIBN, BuzSnD Q &/\A &DZ\M;\
7 [
PhH, 80 °C M
COz e 8% 15%

77%
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Dudley reagent

) ®
~
0" "Ng o 0" N7
CHsOTf
HaCO

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;O0Tf) 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.?

Preparation:' ™

X
‘ = CH3OTf, toluene | P
_ 0 Neo
@Ao N 0°Ctort, 1h, 99% CH,OTf

Dudley benzyl reagent

CHs

CH, N
/©/\OH KOH, 18-crown-6 \
+ A =
HyCO w toluene, reflux (—H,0) o N
cI” N 90-93%

H3CO
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.

Example 1°

@\“‘\OH Dudley benzyl reagent, MgO @o“\OBn
", -OAC  phCE, 85°C, 24 h, 96% ,, OAc
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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 2°

Dudley PMB reagent
CH30Tf, MgO OPMB
Si(CH3)3

OH

PhA)\/Si(CH;;)g,

PhCFs3, tt, 1 h, 80% Ph

PMB-protection of a B-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, t, 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’

OH -~
i Q CH;0Tf, MgO, toluene o OBn
>L M OCH; + o SN j\ 9
o N 01085 °C, 24 h, 84% o N OCHj
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 Ac,0O

/\ N
/g COH ———— /jﬁ\o
R (e} R{™ O

1

Ac0® ™\
(o) o H
A N
HN/\?Q/)}(B* T RN T N0 — I g+ 2c0H
R™ 70 Q) oo )ﬁ Ri™ "o
H mixed anhydride
Example 12

NaOAc, Ac,0

HN—/\
L, COM +
Ph™ =0 o~ 110°C, 69-73%

O\
Example 2°
HN— ﬁ\o OH Pb(OAC) Ac,0
A CO.H * \/k/\/\
Ph™ o : O THF, reflux, 15 h
OH O
H o
H o
O/\H\(M BuNH, O N “NH-Bu
d N\O O HN_O
)( < 67%
Ph 551zE TN
Example 3’
o o
HN—\ on  NaOAc Ac,o  BnO X
A coH | w N\o
Ph™ 70 95% F N
F Ph
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Eschenmoser’s salt

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

Mechanism
CH, ©
) o !
)‘LR LDA )OLV'R HsC™ CHs
R 2THF Ry T2
Lirg
R)\/R2 Q
1 .CH
—_— R1)S/\N 3
ﬁ{b R, CHs
H3C/®\CH3
Example 1°

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

1. 15 equiv NaN(SiMegy),, THF
-78°C, 45 min.
then 15 equiv of Me,(CH,)N* I~
0°C, 15 min.

COMe 5 10 equiv Mel, MeOH, 0.5 h

3. 10 equiv DBU, PhH, rt, 1 h
51% 3 steps

CO,Me

J.J. Li, Name Reactions, 4th ed., DOI 10.1007/978-3-642-01053-8 89,
© Springer-Verlag Berlin Heidelberg 2009



207

Example 2*
CH, © H Q
0 VA N (0-s-0°
H 1 o _N® I
[N>: 0-5-0 HsC” “CHs NPN) o
N o
N ENH Et;N, DMF, rt Nl BN
H 3 12 h, 64% 1 CHs
CH3
H
H e
N 0-$-0 y o [N
I ~
[N N OO g N 0-8-0° gh
H Et;NH [ =N 0 \—N—CHjs
N CHj
Example 3°
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Eschenmoser—Tanabe fragmentation

Fragmentation of o,-epoxyketones via the intermediacy of o,B-epoxy sulfonyl-
hydrazones.

1. HyO,, “OH

@ 2. H,NNHSO,Ar, H*
3. OH
o]

©o-oH (E)H
0 — P — (D
(‘ N SOLAr
¢}
o ”

N SHOLAr N SOzAr

SOzAr + N,T

Example 1*

Tol-SO,NHNH,
CHCI5-ACOH (1:1)

rt,5h, 73%

Example 2’

Me Me
1. TsSNHNH,, rt

o D 2.55°C,2h,50% ||| 0% “me
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Example 3°

1. NsNHNH,, AcOH, THF;
evaporation, 60 °C,

NaBHy, AcOH, THF, 0 °C
OMe

2. TESOTf, 2,6-lutidine
NNs CH,Cly, rt
60%, 2 steps
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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 + HCOH —= R*N\

formic acid is the hydride source as a reducing agent

@
H\*PO\H /—OH H FOHZ
/'H — RN —N
R—NH, H
H\]QB?H
nH ® @
R*N/i\/ o o=c=o? + _/'H H OHy
HLO R-NH = RN
\
. H® /
— Ro —= 0=C=0T+ R-N-H R—N
R=NY} =0 +

DCOD, DCO,D, DMSO

microwave (120 W)
1-3 min.

Example 2°

CHj
1.2 equiv 37% CH,0 in H,0 S

ZT

= 5equiv85% HCOH in H,O V&
steam bath, 84%

OH OH
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Example 3"
Do
varenicline (Chantix)
o
N /N
[/ | /H O — [\ \ N—
N %7 N
N
References

AN AW

10

(a) Eschweiler, W. Chem. Ber. 1905, 38, 880—892. Wilhelm Eschweiler (1860—1936)
was born in Euskirchen, Germany. (b) Clarke, H. T.; Gillespie, H. B.; Weisshaus, S.
Z.J. Am. Chem. Soc. 1933, 55, 4571-4587. Hans T. Clarke (1887—-1927) was born in
Harrow, England.

Moore, M. L. Org. React. 1949, 5, 301-330. (Review).

Pine, S. H.; Sanchez, B. L. J. Org. Chem. 1971, 36, 829-832.

Bobowski, G. J. Org. Chem. 1985, 50, 929-931.

Alder, R. W.; Colclough, D.; Mowlam, R. W. Tetrahedron Lett. 1991, 32, 7755-7758.
Bulman Page, P. C.; Heaney, H.; Rassias, G. A.; Reignier, S.; Sampler, E. P.; Talib, S.
Synlett 2000, 104-106.

Harding, J. R.; Jones, J. R.; Lu, S.-Y.; Wood, R. Tetrahedron Lett. 2002, 43, 9487—
94388.

Brewer, A. R. E. Eschweiler—Clarke reductive alkylation of amine. In Name Reactions
for Functional Group Transformations; Li, J. J., Corey, E. J., eds.; John Wiley &
Sons: Hoboken, NJ, 2007, pp 86—111. (Review).

Weis, R.; Faist, J.; di Vora, U.; Schweiger, K.; Brandner, B.; Kungl, A. J.; Seebacher,
W. Eur. J. Med. Chem. 2008, 43, 872-879.

Waterman, K. C.; Arikpo, W. B.; Fergione, M. B.; Graul, T. W.; Johnson, B. A.; Mac-
donald, B. C.; Roy, M. C.; Timpano, R. J. J. Pharm. Sci. 2008, 97, 1499-1507.



212

Evans aldol reaction

Asymmetric aldol condensation of aldehyde and chiral acyl oxazolidinone, the
Evans chiral auxiliary.

(e} o O OH
Lewis acid -
R*)S + )L - R*)K:AR‘
H R' base g
Me Me
Evans syn
chiral auxiliary
SRS W GRS W
R* = OAN o N OAN O N O N
Bn PH Me Ph t-Bu i-Pr
Example 1°
i PP
1. Bu,BOT;, R3N
\AN o PP TSR pp N o
J \J

2. PhCHO, - 78 °C

\\ 79%, 80:20 de \\
0

JAR

Bu,B—OTs BuBBu 0/>;V
—H
\)Ok i Z-(0)-boron enolate \)\ /k PhCHO O%\NH Bu

-
formation -/ H /R B

RN: A \\ \ o

Bu_ Bu
aldol k workup )\l)k )k
condensat|on

Example 2

TiCl,, DIPEA N N O
Q )k CH,Cl,, -78°C,1.5h MeOC
COzMe \\ then rt, overnight, 52%

—

OMe
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Example 3°
1 eq. Bu,BOT;

: S 0 H
S O o 1.1 . EtsN
Py o7y ea- Ely J OTES
O N)‘S + O N z
) PhMe,015M  \—/  dgq :
K Bn

OBn OTES -50to—30°C
2h, 72%

Bn

Example 4, Crimmins procedure'

TiCly

o 0
(—)-sparteine
TBDPSO\J\ * /\)LN)k TBDPSO
CHO \‘LJ 96% 96% de \\/

Bn
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Favorskii rearrangement

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

o) R H OO
R1%KR3 Nuc-H 1>|§%L X=Cl,Br, |
E— R Nuc
X H 2 Nuc = OH, OR, NRR'
R, Ry base R3 Ry !

The intramolecular Favorskii Rearrangement:

o) (0}
R4 Ro Nuc-H ( Nuc
E— n=0-5
X H R1
- base R, H
(0]
I

enolizable a-haloketone

O+_OR
©0R

©
o G
/‘H i cl )C' -cl® —
— HOR +

©0R

©0R

cyclopropanone intermediate

(€]

OR Oy _OR % 0. OR
, H=OR" HoRr
Example 17

H  COH
0 0,
50°C, 1h, 97% B Br 100°C, 1h
47%

o)
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Example 2, Homo-Favorskii rearrangement’

le) (o]
TsO O 1.96 eq. NaOH
H + +
dioxane/H,0O

90 °C, 3 h, 86%
51:40:9

Example 3°

Q Q Br
CoMe g, Br COMe  NaoMe, MeOH ~ MeO
Et,0 37% 2 steps MeO
o

Example 4, Photo-Favorskii Rearrangement’

o} 300 nm light hv Q| eectron
a - — . - .
5% aq. CH3CN homolysis transfer
propylene oxide H H
4h, 81%

o e HHc® OH
Cl 1,2-aryl cl H,O
® _ ke o]
(o}

migration

Example 5°
Q 0 NC® o
NC® N TN
Br KCN, a-cyclodextrin \\ Br NC
—
MeCN, H,0
A 10-15°C, 12 h X X

80%
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Example 6"

NaOMe OMe
_ > 7
MeOH — tHpo™
0 °C, 15 min.
96%
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Quasi-Favorskii rearrangement

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

[0}

R Rs O X=Cl,Br, |
R1})KKR3 Nuc 4 S
X Ry — R3 Nuc Nuc = OH, OR, NRR'
R, Rs Rz R4

R3a5#H

Example 1, Arthur C. Cope’s initial discovery'

© OEt
o} /\
©o
% 9(OAc), Qi>
EtOH, reflux CO,Et
40, 71% Bj)

non-enolizable ketone

Example 2°
NHLi
Br [ j /@
_—
o Et,0, hexane
25°C, 67%
Example 3°
?&O THF, —78 to —30 °C, 90%
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Feist—-Bénary furan synthesis

o-Haloketones react with B-ketoesters in the presence of base to fashion furans.

(o)

o) M Et,N, 0°C, 52 h 5_2/
+
OEt 54-57% COLEt

EtsN: Et N H
3
“oH__CO,Et

EQ

o9

OH
CO,Et

- Cl
CO,Et rate-determining &/
:ﬁ\j\ 2 NN T

step o :NEt,

o CO,Et CO,Et
i Coz = Et3N*H HZO) C02 = ﬁ M\

A\
o S Et;N:

Example 1*°
H;CO,C (@]

KOH, MeOH |
M 57/0
O H;CO
Example 2*

o
o 60 o pyridine, rt to 50 °C, 4 h ®

HJ&CI ' MOEt

1 0,
then rt, overnight, 86% CO,Et

Example 3, Ionic liquid-promoted interrupted Feist-Benary reaction'”

R,0Cc_HO , ROC CO,Et
[bmim]OH /Z—icozﬂ [pmim]Br ' 2
M M R Rs [}

o 70-75°c Ri™ Mo~ "Rs
interrupted )
Feist_Bgnary Feist-Benary
products products
R4 = CHg, Et, Ph, n-Pr, etc. 90H eBr

R, = CH,, OCHj, PEt

. f — €]
R2= K. mBU COoEL mimloH = _N® N-c iy, [pmimBr="_NZ N-c
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Ferrier carbocyclization

This process (also known as the “Ferrier I 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:’

HgCI
B20 o HgCl2 Me,CO, Hy0
BzO reflux, 4.5 h, 83% BZO
TsO OMe TsO OMe
1
HgCl HgC'
BzO
gzg (o BBZZS BzO
Z ] T
2 HO' 00w 4 TS0 OH

(o]

OBz MOH
m 83%° OBz 80%°
More complex products:

0
BzO Q 4
% Accﬁﬂ\)%(o
AcO OMe cO ) OMe

OMe
OCGH4OMe(p)

BZO BzO
AcO
OA

86% 2 1) OCgH;OMe(p

0
BZOBIO OMe

OH 93%"*

83%7 75%7

Complex bioactive compounds made following the application of the reaction:

HO, _NH
H
HO
HO
Paniculide A® OH O pancratistatin®®  Calystegine B!
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Modified hex-5-enopyranosides and reactions

OAc HO
BnO OAc
e ab Bno%
BnO BnO oy
BnO ome 85914
BnO
H BnO HO‘ o
c
Bn OMe
Bng Vo 7 gge O
n
O,
BnO OMed\‘ BnO

BnO
98%13 BNO OMme

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 illus-
trated) predominate (commonly in the o,f-ratio of about 7:1). The examples
illustrated*®” are typical of a very large number of literature reports.'

i) HOCH,CCH®
ii) HSPh”

AA% + Lewis acid
C! —_—
Ac = 4

General examples®

OAc  R=i) OCH,CCH®
i 7
® o i) SPh
AOZ — < > i 4
N o
AcO R

OAc

OAc
OAc

0
o SnBry, CgHis, EtOAC  ACOT X7 H
AcO +
AcO = rt, 5 min, 94%

More complex products made directly from the corresponding glycols:

O OH O
OAc O
*OH AcO/—0Q XO@HC(O)CCI\;
OMeO OH O EtO Ph =
AcO —0: 0O O
3 By spontaneous sigmatropic
@ In PhCOCH,CO,EY, rearrangement of the glycal
BF3.0Et,, 3-trichloroacetimidate made

In benzene, BF3°OEt, :
5°C, 10 min, (67%, ' 1o min o, with NaH, CIaCCN,
o-anomer).8 (81% a-anomer). (78% o-anomer). 10
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Products formed without acid catalysts

H@)\QOMe Ac(@oo/\o ><OO <

o}
Promoter: 0
DEAD, PhsP DDQ ) ) o
(80%, o-anomer)'!  (88%, mainly o)'? N-iodonium dicollidine pérchlorate
C-3 leaving group of glycal: (65%, mainly o)'3
hydroxy acetoxy pent-4-enoyloxy

Modified glycals and their reactions:

OBn OH O Me
; L+ e
OBn Ph 4
A AR P
BnO ¢ NTON
OAc |
OBn l O l
Q Q
Q
BnO
BF 3OEt, CH,Cl, 0°C AgNO; NayCOs, reflux MeNO,,
(70%, mainly o)™ 6 h (58%, B 1:1).5
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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
0 NaOMe
X OH
MeO,C—=—co,Me + Hs._J_ S
OMe —
MeO,C
o)
(’ ,  OCHs )
o S & OMe O -
os H { -
“Aove sco~ s A,
\Q MeO,C o
MeO,C >ﬁ¥ov\/|e N 9
-, S_ )/ ~OMe o —
/S ST\ s
MeO,C o} | CO,Me oM
os \)k MeO,C
OMe
© OMe
OMe
0) ‘j CO,Me,
MeO " ° \\?‘) s &
e
NaOMe s OMe OMe
S OMe s
IS p MeO,C S\
CO,Me
M 2
MeOZCJ COMe MeO,C CO,Me
H CO,Me Meo@\"H CO,Me CO,Me
s (e} — HOMe \(y 7N OH
° S _
H‘/ OMe
MeOL(S— MeO,C MeO,C
CO,Me
Example 1°
o~ 12 equiv HSCH,CO,H 8. _COR3 NaOR,, RyOH S
C C[ —— (|l p—COsRs
CO3R3 R30H, HCI (g), =10°C, 1 h COLRs rt, 24 h, 46-98%
OH
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Example 2°
n-CHs CHj
0
HSCH,CO,H
HCI, MeOH
Example 3’
Hs. I
‘N\ c OEt CO,Et
ZeN NaH, DMSO, 89%
Example 4°
> __ HSCH,COMe )V\QCOzMe
=—CN  NaOMe, 68%
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Fischer indole synthesis

Cyclization of arylhydrazones to indoles.

R 4®
&y @Hr Neas
N N

phenylhydrazine phenylhydrazone

R1
H 2

K(Rz 19 3} sigmatropic ) tautomerization
@\ @(\ NHz rearrangement )N N(,'g"2 -
H

e

protonation ene-hydrazine double imine

R1
R2 NH; N\
(v ,) ® _— R2
NH NH
N @2 N, NH2 3 N
H, H

H H
Example 1°
N
|
=
Q Ph HN
o]
4 N‘ﬁ . @ 1. neat, 160°C, 24 h - |
/)
N © N NNH2 2 NHoNH,, 120°C, 12 h )
H H 71% N
E 13
xample 2
o}
AcOH, A, 5 h |
@ NHy 7 CN N CN
N CO,Et 57% H CO,Et

Example 4 (Severe racemization)’

H H
0 N o =N 2. AcOH
Hop H
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LN
| CO,Me
N =N + ‘ ‘
H Ao\
22% Ph N
16% 6%
3 H H
|| CO,Me 5
N N N | COMe | . CO,Me
H \_ N =N N
Ph H O\
5% Ho R Ph
4% 4%
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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

R1)\CN * RZCHO4> \rfrq + H,0 + HCl

H H 'T'
@ |
OH H 07 YR, 0__Ry R O _ Rz
v ' Ty
NH HO 2
ci® Ri al cl
Cl
R, ]
J(H o I 2
Sn2 o isomerization H \N elimination O/\<
0, __'somernization _ cimination N
RN Ry — HCl I~
cl C—ID Ri
Example 1*
OH
TsOH, Tol.
H C)YNH2 +
3 CHO reflux
(e}
POCI3, 80-85 °C
° O,
|-|N\X%CH3 15 min., 40% I )—Che
o}
Example 2°

OH Cl
dry HCI gas NH
O ST
SOClI,, ether Cl
HO HO
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N N

g ‘ @r
X (o]
CHO
N\ />—< :%OH

dry HCl gas, 16.5%
halfordinal
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Fleming—Kumada oxidation

Stereoselective oxidation of alkyl-silanes into the corresponding alkyl-alcohols us-
ing peracids.

. 1. HX
iMezPh 2. ArCO3H, base OH
R™ "R 3. hydrolysis R” "R!

retention of configuration

\ @ ipso \ QX/\Si/i oA
) ~gj - A :O\O/&O

\)S\I L @ substitution X@\/«)\ R)\R1

R” "R! R” R

the B-carbocation is stabilized by the silicon group

H
|
Ar ..O
_ \ o _ © )
M 5PN —Acoy s

E—

R R1 R)\R»] R R1

H
|
° o. J_ C Ar 00~ MAr
_Ar002 @/ O Ar [C‘) /O\ ®/
_Q; _— Si. . O o _Si. >
o-si. 0 fo o)
- X DS
R*R1 R R1 R R1
o]
o o
()k HO){')) e/*Ho)kAr OH
9] QI’ hydrolysis 0o
oG N\, s o ¢ —
-Si ~Ogi R™ R
? OH (‘)/S"@ R™OR!
1
R R R)\R1
4
Example 1
o 2 on o
CgH1g NN m-CPBA, KHF,, DMF
NBoc
(EtO),PhSi z 0to 25 °C, 55-70%
—~O0TBS

J.J. Li, Name Reactions, 4th ed., DOI 10.1007/978-3-642-01053-8 100,
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Example 2°
O
sO H O-N _.0
J—W U H20,, KHCO4 01 O U
TBSO T o TBSO - < Ph\\\
i-Pr— SI*O 2 OH' ' OH
[ 55°C, 90%

Example 3

HC., H,0,, KF, KHCO3
0,
BnG DMF, 93%
Example 4°
MeO,C SiMe,(OMe) KF, KHCO3  MeO,C OH
THF/MeOH
0, 0,
CO,Me 30% Hy0, 77% CO,Me
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Tamao—Kumada oxidation

Oxidation of alkyl fluorosilanes to the corresponding alcohols. A variant of the
Fleming—Kumada oxidation.

R F  KFHO,

g St 2 ROH
R KHCOz; DMF
©
€]
'\:\\F © F N= R, ":,.\\F
R F . o ( s
\Si R*S‘I\ j§|\ o ‘l\
R/\;.(FRH ,FR—>(\O/,FR
o & n HO.,; o
F o
F e ‘ ©
LF o-siF
—_— 0-Si, — ~3Ng ——= 2ROH
R l‘: R R F §
R
Example 1°
o} o
NaCO3, CH3CO3H
Me,FSi HO
2=t CO,Me 3, 64% CO,Me
o} o
Example 2°

Et, Et .
THF-MeOH R N T N

R "oSiM 1-859 : :
iMes 51-85% 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.

(0]

(0]
RXCI
R * HCI
AICl3

o
@ R/g/
0
o) - S "
I A, Somplexation )@ NGl — A, ¢ | —
R” >cl:-” R L,CI R

acylium ion
Cl— Al Cl o
e|eth0I0h|“C CI&. aromatization
+
substltut|on — HCI ©)LR ALCI,
P

Example 1, Intermolecular Friedel-Crafts acylation®

F

0 /@ F o
AICl3, CH,CI N.
N\CHO 388%2 2 F CHO

Example 2, Intramolecular Friedel-Crafts acylation’

OMe OMe
OMe  (cocl),, DMF OMe
o0“ > OH then AICl3, 84%
0

J.J. Li, Name Reactions, 4th ed., DOI 10.1007/978-3-642-01053-8 101,
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Example 3, Intramolecular Friedel-Crafts acylation®

CO,CH3
PPSE, CH3NO, O OO
reflux, 10 min., 44% N
H O
PPSE = Trimethylsilyl polyphosphate
Example 4, Intramolecular Friedel-Crafts acylation’
CONMe; 0
POCl3, K,COj3
A\ A
N CH3CN, 60 °C NH
H 74%
COLH ©
MeO PPABO°C meo
A\ A\
N 35% NH
H

o
o %
>< \ 20 mol% BF;0Et,
(@) O

o MeNO,, 100 °C N
N 15 min., 98% N
N Ns
Ns

1. Friedel, C.; Crafts, J. M. Compt. Rend. 1877, 84, 1392—-1395. Charles Friedel
(1832-1899) was born in Strasbourg, France. He earned his Ph.D. In 1869 under
Waurtz at Sorbonne and became a professor and later chair (1884) of organic chemistry
at Sorbonne. Friedel was one of the founders of the French Chemical Society and
served as its president for four terms. James Mason Crafts (1839—-1917) was born in
Boston, Massachusetts. He studied under Bunsen and Wurtz in his youth and became
a professor at Cornell and MIT. From 1874 to 1891, Crafts collaborated with Friedel
at Ecole de Mines in Paris, where they discovered the Friedel-Crafts reaction. He re-
turned to MIT in 1892 and later served as its president. The discovery of the Friedel—
Crafts reaction was the fruit of serendipity and keen observation. In 1877, both
Friedel and Crafts were working in Charles A. Wurtz’s laboratory. In order to prepare
amyl iodide, they treated amyl chloride with aluminum and iodide using benzene as
the solvent. Instead of amyl iodide, they ended up with amylbenzene! Unlike others
before them who may have simply discarded the reaction, they thoroughly investigated

References
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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.

Cl

Q1
CI=Al7Cl R
:SICI €] CI& aromatization
AICI; R. Al ® | sromatization
Reci-” — L — = ACl, * RY = R G
@
alkyl cation
Example 1'

SnCI4 CH20|2

/\CQ/ ; j 0°C1h84%

Example 2*

o }
7
R—ijf\¥R2 + RSN TfO OTf CMe3
NN OH 10 mol%
R4

Rs = anyl, alkyl 32-96% yield, 83-98% ee
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Me Me
o%o
o N._ .N
[/ \ (‘}/ Cu
N + R3 X Mej, TfO \OTf CM83
‘ OH 10 mol%

Me Rs = aryl, alkyl
3= anyl, aky 80-95% yield, 68-97% ee
Example 3°
(@) Me
N
Bu-N~ Me
H HCI Me [e] \ _0
o H-HCI Me
mB(OH)z + Me 0 20 mol% T
© DME, rt, 36 h _
1 equiv HF 51% yield, 92% ee
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Friedlinder quinoline synthesis

The Friedldander quinoline synthesis combines an o-amino aldehyde or ketone
with another aldehyde or ketone with at least one methylene o adjacent to the car-

bonyl to furnish a substituted quinoline. The reaction can be promoted by acid,
base, or heat.

©:CHO o GOH N R
+
. r
NH2 \AR‘I N/

R!

H

@ _mw
# condensation NH(;OR1
°
HO NH,
xR R
¥ T
—
N~ "R

_— /1 Rl — ’T‘) R!
NHO oM
HO

€]
© 2 OH
R~ 8
R\QJLR* OJ\W Aldol R jOH
b -
S

Example 1°

@ECHO . Qan NaOMe, EtOH man
NH, O reflux, 3 h, 90% N”
Example 2’

O
AcOH, 100 °C
88%

J.J. Li, Name Reactions, 4th ed., DOI 10.1007/978-3-642-01053-8 102,
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Example 3*

N” NH, O}\/\Me N N7 Me N N “Me

H
Conditions Conversion Ratio
NaOH, rt > 99% 37:63
pyrrolidine, 5% H,SOy, rt 97% 86:14
TBAO, 5% H,SOy, rt > 99% 87:13
TBAO, 5% H,SOy, slow addition, 65 °C > 99% 94:6
H
Me N

TBAO = 1,3,3-trimethyl-6-azabicyclo[3.2.1]octane Me
Me

Example 4'°

Mes—N_ N—-Mes

c =\
OH 0 1mol%  PCyfh o R2
+ R A

KOH, 1,4-dioxane R4
80°C,1h
References
1.  Friedlander, P. Ber. 1882, 15, 2572-2575. Paul Friedlander (1857—-1923), born in
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Shiozawa, A.; Ichikawa, Y.-1.; Komuro, C.; Kurashige, S.; Miyazaki, H.; Yamanaka,
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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.

0 OH
)L OH O
[e) R
AICl3 and/or ©)LR
i (6] R

AICly
of CI3AI

€]
_AICI
A EL o %
0" R complexation C-0 bond .

@ @ fragmentation

aluminum phenolate, acylium ion

A|C|3
@ %
A|C|3
®Q=R
Example 1°
Br
OMe O ZrCly, PhCl

@0 Br 160°C, 3 h, 63% O O
Br

J.J. Li, Name Reactions, 4th ed., DOI 10.1007/978-3-642-01053-8 103,
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Example 2°

o OH O
10% Bi(OTf)s, PhMe

CIY o manem LI

OAc OAc
Example 3, Photo-Fries rearrangement’
o}
Bh NH, O

HN Low-pressure Hg lamp Ph
254 "M, MeCN, 36 h, 65% OO

Example 4, ortho-Fries rearrangement”

MeO OMe

MeO OMe
0 2.1 equiv LTMP o
CONEt,
| OCONEz  _zgocion, o7% o)
Example 5, Thia-Fries rearrangement’

H O\\S/CF3

o LDA, THF, 78 °C o
S then H;0*, 80% OH

cl cl
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Fukuyama amine synthesis

Transformation of a primary amine to a secondary amine using 2,4-dinitro-
benzenesulfonyl chloride and an alcohol. Also known as the Fuku-
yama—Mitsunobu procedure.

S0,Cl 1. R'NHy, pyr. S COH
NO; 2. R20H, PPhy, DEAD H NO,
No_,+ + S0,
1 2
3. HSCH,CO,H ROR
NO, NO,
H.
@I s7>CoH
SO,NHR!
/S0, 2 kso NR'R?
. ® 2
R, NO, — H NO, R2OH, PPhy NO,
DEAD
NO
NO, 2 NO,

See page 365 for mechanism of the Mitsunobu reaction.

6;1'?2 $7 O CoH
850, NO
S\Ar /T H 2
N HO,C @ NO, —» R1’N‘R2 + + SO,
e
NO,
NO,

Meisenheimer complex

Example 1°
HO Ns—NH, NsHN CsC03 NN
B DEAD, PPh
r 67-74% n-Bugh!
" forn=1-3 n 62-66% n
Example 2’
Et
OH
NsNH,
Q DEAD, PPhs
MsO N
MsO Eoc Boc  co,Me

J.J. Li, Name Reactions, 4th ed., DOI 10.1007/978-3-642-01053-8 104,
© Springer-Verlag Berlin Heidelberg 2009



244

et

K,COs

DMF

MsO

Example 3*

Z

HoN. P
\/\OH SO, NG, PYPhoP DTBAD Mg, KyCOs, PhSH f
+ > U
~ ©/ CH,Cl,, 84% ©/N02 CH3CN, 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 Et3SiH, Pd/C O
R SEt THF, rt R H
Path A:
Q Pd(0) 0 Et;SiH o] reductive 0
R)kSE —— J_ skt — )L H— )J\ + Pd(0)
t oxidative R Pd . R™ Pd elimination R H
addition Et;Si—SEt
Path B:
Et;SiH + Pd(0) —— Et;SiPdH
OSIEt: i
i Et;SiPdH Be : . QS o
R “SEt R, SEt R” SEt i R™ H
Pd‘H Pd(0) Et;Si—SEt
Example 1'
Et3SiH, 10% Pd/C
acetone, rt, 92%
Example 2°
EtS
HOZC/\l/\COZMe EtSH, DCC, DMAP COMe
NHBoc CHsCN, rt, 1 h, > 70% O  NHBoc
) o H
EtsSiH, 10% Pd/C COMe
acetone, rt, 30 min., >74% O  NHBoc
Example 3*
/@/Vcosa 0.5 mol% Pd/C @/\/CHO
2 equiv Et3SiH
MeO 2h, 92%  MeO
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Gabriel synthesis

Synthesis of primary amines using potassium phthalimide and alkyl halides.

0]

COoH
1. R—X
e 22t e X

2. Nu or R'OH CO,H

I (5 on

o R ?/GOH

o ® Sn2 hydrolysis

N k , N-R — "7 CN-R
o) o)

o)
/GOH
H
o o
o CO, co?
P L, e X
~ R o
R v co
& g or 2
©oH
2
Example 1
Br 0 KNPhth, DMF NPhth O
0 P OM _
e MO % OC’ 20 min. - T NPhthO
Br 90%
NH, o)
HoNNH,, CH3OH /OMO/
reflux, 1 h, 80% o) NH2
E 6
xample 2
R, DIAD, PPh, R Ry
phthalimide g NH,H, or CH3NH, S
Rz)ﬁAOH ——— Ry NPhth CH30H Rs NH,
THF, rt, 4 h il —_— Rs
Rs 76-98% 3 76-88%
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Example 3*
0 0
o~ CO,Et
Br~ "CO,Et 2
NK ' 2 N
DMF, 90 °C, 3 h, 77%
0 o}
Q
0 0 o] Q
6 M HCI, reflux O, OH
N S e =1¢
140,93%  poup,N
o}
Example 4°
OH NPht NH,

phthalimide, PPhy ; 1. NH,NH,H,0, THF, reflux, 8 h

DEAD, THF

2. Pd/C, Hy, THF, 95%, 2 st
OH 549 d/C, Hy, , 95%, 2 steps

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® HN-R w
2. NH,NH, NH

0 o)

0 R © NHaNH: <
3

NHNH
é/:g 60 ,// 2
N~ K . N—R —_— N-R
e} (¢}
0]
(0]

(o}
NHNH, NH A NH
—_ K > NH — H, NH
NH
S R S EH 0
Example 1°

o}

0]
B P(OEY; PO(OEY), H2NNHz EIOH PO(OE)
N N—/ HoN—/
A rt, 18 h, 97% 2

o o}

References

1. Ing, H. R.; Manske, R. H. F. J. Chem. Soc. 1926, 2348-2351. H. R. Ing was a profes-

sor of pharmacological chemistry at Oxford. R. H. F. Manske, Ing’s collaborator at

Oxford, was of German origin but trained in Canada before studying at Oxford. Man-

ske left England to return to Canada, eventually to become Director of Research in the

Union Rubber Company, Guelph, Ontario, Canada.

Ueda, T.; Ishizaki, K. Chem. Pharm. Bull. 1967, 15,228-237.

Khan, M. N. J. Org. Chem. 1995, 60, 4536-4541.

Hearn, M. J.; Lucas, L. E. J. Heterocycl. Chem. 1984, 21, 615-622.

Khan, M. N. J. Org. Chem. 1996, 61, 8063—8063.

Tanyeli, C.; Ozcubukeu, S. Tetrahedron: Asymmetry 2003, 14, 1167-1170.

Ariffin, A.; Khan, M. N.; Lan, L. C.; May, F. Y.; Yun, C. S. Synth. Commun. 2004, 34,

4439-4445.

8. Ali, M. M.; Woods, M.; Caravan, P.; Opina, A. C. L.; Spiller, M.; Fettinger, J. C.;
Sherry, A. D. Chem. Eur. J. 2008, 14, 7250-7258.

NN A WD



250

Gabriel-Colman rearrangement

Reaction of the enolate of a maleimidyl acetate to provide isoquinoline 1,4-diol.

/\ﬁ( J\—R NaOR = N

G =CO, SO,
e o)
7 OMe (Q owme
N N OMe O
—_— e —_—
N Oy — U,
O O O O (e]
2 ome o e o o OH ©O
00 O
\H\ — R Re— TR
e _— _—
I ;\ NH NH N
o] o o] OH
Example 1°
OH O
©[Z< JLO/-Pr 4 equiv i-PrONa X Oi-Pr
S\ i-PrOH, refLux S/NH
5 min., 85% o
Example 2°
0] OH
NaOMe, MeOH X CO2Et
N
CO,Et reflux, 24 h NH
5 91%
O
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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 sulfur can be easily re-
moved by hydrogenolysis or Raney nickel.

\
S
t-BuOCI ~ R Et3N
g L, = O
NH, NH o N
cl H

Et;N
- R -
s/}( K o}
S Sn2
' o N Hay -
4 AL "
NSN
H
sulfonium ion

@

o EtsN: ~>g

) ) e
/\GHLR [2,3]-sigmatropic H ((;H NEt;
® ’ S
XN”E\ rearrangement /VR
H NH

(Sommelet-Hauser)

N EtsN: ~ \ N\

S H S S
R -

N A N2 H

N ;

Example 1'

@\ 1. t-BuOClI ms\
NH, 2. ~g 7y CHs N~ “Me
o) H

3. Et;N, 69%

SCH;,
©\ 1. tBuOCI LiAlH,, Et,0 ©\—/‘©
NH &SCHs N7 0°C, 48% overall N

3. EtsN
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Example 2°
MeS £-BuOCI, PhNH,
EtN, 93%
Ra-Ni p-TsOH, PhH, reflux
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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.

AICI3 CHO
+ CO + HCI
CUZC|2

CI\c*'d@
_0® | -
Gi@ SR O/\A|C|3 C,O\ Hcl C \‘C:O® /@ \A|C|3
c=0 AICI; Wl K
@
€] @ (0
.AICl3 o 0 0 °_ I
— 90 - _ s ac, — —
)k C|3A|\C3'8H 4 H
CI” H ® H

acylium ion

CHO CcHO
. ‘/ CHO . ©/ + HCl + Al
AlC, AICI4

Example, A more practical variant®

OH OH H,0 OH
Zn(CN),, AICl, ® 0to 100 °C CHO
X
NH,
HO HCl (g),0°C HO cl® 95% HO
orcinol
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Gewald aminothiophene synthesis

Base-promoted aminothiophene formation from ketone, a-active methylene nitrile
and elemental sulfur.

2
R0 CO,R? Base R COR
T + + Sg / \
R CN R N\g” TNH,

R1
a 2 GO) Knoevenagel H;%;/?
OR ® (O R OR? NG COR2
~H BH j/ b

condensation
B:
CN R! CN ‘\:B
DI _or?
Oy OR?
R! R (‘
R 8 R_& \ CcN
BH - . CN — —
(10" RN G
NC OR? R! H\ $ S
5 S. S
S-S
R20,C
OR? ®
H-BH Ny R CO,R?
/* BH, of © . s, + B
=N - S, ¥S~g — 7\
e NS R R NH,
§4{s)-s® s S ®
6 ~s-S
Ylidene-sulfur adduct
Example 1*
HsC (-CHa CO,Et
X . COzEt SB I A\ NH,
R — N s
‘ X CN morpholine N
N/ 82%
Example 2’

o o CO,Et  Sg, EtOH, morpholine Me COzEt
S < 7.

CN 60°C, 5 h, 74% +-BuO,C” s~ 'NH;
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o) HN(TMS)3, HOAc
M toluene, 65 °C, 90%
¢ 4+ NC__CN
O,N Knoevenagel
condensation
NH,
NC._CN 1.2 atom equiv Sg NC _—
\ 1 equiv NaHCO3 S
Me
THF, H,0, 80-85%
O,N O,N
Example 4'°
o o
3 equiv morpholine NH
. 0 1 equiv S8, 55 °C, 24 h ~ 2
( o+ Ne ( s
O 85% conversion o
e} 64% vyield
o Yl o
Example 5"
/
. . O,
3 equiv morpholine 0
0 2 equiv Sg, MeOH
+ = ‘ A\
~ NH
Sy 0 20-45°C, 24 h s 2
o 72% NF
Condensation o Addition
MPS = = of sulfur
morpholine-  N= N
polysulfide N
ylidene ylidene-sulfur
adduct
Dimerization L
Cyclization
/
(o)
o
| D—NH,
— S
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Glaser coupling

Oxidative homo-coupling of terminal alkynes using copper catalyst in the pres-
ence of oxygen.

CuCl
R-C=CH ————————— R-C=C-C=C-R
NH,OH, EtOH
+2 +2
L L L L
N S N S _
P Cu R N
R—= ~ X X - V. ®
¢ “, /,,/ /X Cu
cu /Cu\ R Cu
[ L L/ \L
S
R—=:
or ¥ 2
CU+ L L
L = Amine \Cu/ R Ccu*?
X = Cl, OAc R—— — R
7,
R “cu o
L/ \L + 2Cu

Alternatively, the radical mechanism is also operative:

Q%H couol 22 TN — o)

Q =70 @ = + cu(l)

C%
O—=’

Example 1'

X

0,

dimerization /7 N\ —
<7> - = 7

0,
e S, S
— NH4OH, EtOH

90%
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Example 2, Homo-coupling”

/_//—: Cu, NH4CI J— — \

HO 02,90%  HO OH

Example 3’

R_s s cucl s

T~ —weon

N\ 0, CH,Cly, 0°C
47%

R = n-Hexyl
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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),

pyridine/MeOH

pyridine - AC_(}/C‘UW
L@l R—==5o — R—=—=—Cu—O0Ac

R—=—H N —
H
=R
Q dimerization -
— 3 R———=—R
R—— -
2
Example 1
=
X
I Cu(OAc),
H pyr., 25 °C
P 20%
™
Example 2, Cross-coupling’
SPh
= Cu(OAc),
pyridine/MeOH (1:1)
/ ', 72%
CO,Me

Example 3, Homo-coupling®
cl

NC.
N/\ NC.

Cu(OAc),, pyridine

MeOH, 1.5 h, 68% Neeon

Cl
Cl
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Example 4°
™S
P Z
= u(OAc),
K,CO
R 2003
\\ TIPS pyr., MeOH ‘ TIPS
61-70% 1. TBAF
R =H, t-Bu
If 2. CuCl,
I Cu(OAc),
— pyr.
R \ / ——————— /7\ R 51-64%
f TIPS
I I Z
‘ X
| I 7
R
R N = = = =/ R
Example 5
CN _— 2 equiv Cu(OAc),*H,0
%o\// zz
CFBE 1:1Pyr: MeOH
S 70°C, 12h, 41%
CN @
%O = — Fe
Fe ==
&> eN
Example 6"
=
0 O Cu(OAC),
Pyr./MeOH/Et,0

62%
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Gomberg—Bachmann reaction

Base-promoted radical coupling between an aryl diazonium salt and an arene to
form a diaryl compound.

N
@ (¢} )
N, OH O
e @ g
O\
€]
® < > '\5'}‘ Ph a Ph,
= J o N=N_ (NN —— N=N_
@NjN\IG OH No,T o+
OH N=N - .
P
O Ph_
+ + N=N_
OH
O\

Example 1*

@ o O
o} N2 BF, KOAc, 18-C-6
( jg/ * r, 55%
o]

Example 2°

NH,

NN )\A
)\)l N ONO N N\>
N \
Meo™ N PhH, TFAA, reflux Meo)\,\( N
2d, 33% \\@
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Gould—Jacobs reaction

The Gould—Jacobs reaction is a sequence of the following reactions:

a. Substitution of an aniline with either alkoxy methylenemalonic ester or acyl
malonic ester providing the anilinomethylenemalonic ester;

b. Cyclization of to the 4-hydroxy-3-carboalkoxyquinoline (4-hydroxyquinolines
exist predominantly in 4-oxoform);

c. Saponification to form acid,

d. Decarboxylation to give the 4-hydroxyquinoline. Extension could lead to
unsubstituted parent heterocycles with fused pyridine ring of Skraup type.

ROz COgR heat ©izc COzR
©\ ~ R"OH
NH,
OH OH Q
7 , / , N R'
N° R N R H

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

Hz@

EtO.C EtO,C )
2 ) OEt substltutlon ©\ ) OEt - EtOH @
NH ).
2/ TOEt ”

H O) oH i CO,E
t
o CO,Et COEt ?
cyclization ‘ 2 tautomerization ©\)j/ - - ‘
=N - = -~ N
N
H

N
Example 1°
EtO,C_ CO,Et o 0
o) 2 2= Phy,0, reflux o CO,Et
: ol
E{ | . CO,Et
N 75%, 10:1 |
N
H H

Iz
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Example 2°
EtO.__H H
HeN \ :[ Ve \  PhOPh
| Et0,C” “CO,Et \ |
N N
L EOH, reflx 51020 co,et L 250°C

o =

EtO,C x N‘R _ POChs  Eto,c A ~N-R
70°C N
N

Example 3, Microwave-assisted Gould—Jacobs reaction’

COLEt
NH, R HN
SN EtOZCICOQEt Ph—O—Ph Sy COEt
\ \
) H” SOEt 130-140°C N N/)
R1 R4
Ph-O—Ph
250 °C
CO,Et
1 X
Microwave, neat z/f\N o
10-12 min., 64-75% N N/)
Ry
Example 4'°
Ar EtO,C__CO,Et
>/_§\ EtOZCICOZEt EtOH >/_\>\ :[
N‘N NH, H” DOEt reflux
|
Ph
POCI,
reflux
Ar o Ar, cl
CO,Et CO,Et
Ph-O-Ph / 2~ POCl N
N — N
heat /N N reflux NTON
Ph H Ph
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Grignard reaction

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

o}
Mg(0) e RIR?
R-X R-MgX
R” OH
Formation of the Grignard reagent:
22 MIMQ 1y £ Ma M
R-X e
Ro~X
i Mg/ Mg /s
single electron
., R-MgX
transfer R- . MgX
Grignard reaction, ionic mechanism:
® © t
8
Rf 3 o foo R! R2
R R —
R‘)ng R -MgXx R” ~OMgx
3 59
Radical mechanism,
R2 R*
R (o) ) R! R? He R! R2
R —= O
R§ng 9 R” ~OMgX R™ "OH
N MgX

Example 1*

EtMgBr NH
NOH reflux, tol./ether, 76%

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.
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Example 2°
/—0
O,
/—0
o) O,
o/ O
[e)
Br Mg (ﬁ
*  Ph
Ph
65% O
OMe o‘g " MeO O S j
MeO X N~
N /
OMe MeO MeG
MeO OMe
OMe
Example 5"
% OH
O\/‘\CHO + MMgBr o 0
0°Ctort,91% 7&
Garner's aldehyde
Example 6"
OH
0]
3 equiv Bng—// N o
O Y
THF, 55°C, 1 h, 85%
52% 28% 5%
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Grob fragmentation

The C—C bond cleavage primarily via a concerted process involving a five atom
system. General scheme:

SV

D =07, NRy; L=0H,’, OTs, I, Br, Cl

Example 17
OMOM OMOM OMOM
NaH
MsQ, 15-crown-5 | \MsQ,
0°Ctort, 95%
O

Example 2, Aza-Grob fragmentation’

©\/l 15 eq. NaBHy, THF OH
N0

o]®)

_ N/\/\/SH
é/s 70°C, 31 h, 53% H
Example 3’
OTs
NaH, DMSO, 40 °C, 1 h;
OH then tosylate, 40 °C, 1 h
MeO 52% MeO
Example 4°

1.1 equiv KHMDS

THF, 0 °C, 15 min.
93%
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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
R o R'0” ~0 R7ON"o
H
€]
HaN<H
cN CN PN N O ‘@
HSN"\ HoN — RIOH R
1070 R/ L0 K CN
R'0” Y0 ‘ H2N R o/[
H M
H,NT 0o
R H3N: R R
R joH 5/ CN WH CN
CN — OH X B — H,0 CN
:NH 2 N
R RAN"0
Ro‘ NHo ®,@ "NHz QH RN ©
HaNH Y
6
Example
CN NH; NC CN
/Y\ N r 4(’»
o) CO.Et 75% 0N Yo
H
Guareschi imide
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Hajos—Wiechert reaction

Asymmetric Robinson annulation catalyzed by (S)-(—)-proline.

o} HO,C..,

H N
£ cat. H :l z/f
+ B
H3CN
Michael H N
ichae N
addmon

enamine formation

catalytic
/Q asymmetnc hydronS|s

enamine aldol of iminium salt

H COZ
2 0O
e}
O
OH S ) o
C02
Example 1"
o 0
3 mol% (S)-proline :j:/&
CH3CN, 100%, 93.4% ee
(o)
Example 2°
o
o (6] 1 equiv L-phenylalanine

D-CSA, DMF, rt, 24 h,
Y then increase temperature
10 °C every 24 h for 5 days.
79%, 91% ee
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Example 3*
0} o]
) L-phenylalanine, PPTS
DMSO, 50 °C, 24 h o)
o (o) sonication, 94%, 73% ee
OBn OBn
Example 4°
0 0 1 equiv L-phenylalanine
% 0.5 equiv 1 N HCIO,
o DMSO, 90 °C
86%, 48% ee
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Haller—Bauer reaction

Base-induced cleavage of non-enolizable ketones leading to carboxylic amide de-
rivative and a neutral fragment in which the carbonyl group is replaced by a hy-
drogen.

o) (0]

NaNH H. _R®

5 2

R})KKR - R%NHz * \KR“
R3

1
R R? R3R4 PhH, reflux ~ R' o

non-enolizable ketone
)

S
(0]
R R5 (0] NH2 5 5
1}){’< . R 5 R P L,
R DRé=—— S, —— NH; R R
R4\ R 1 ) R3R4 R! 8 ) R3
R

© NH,
CO,H
tBuOK, t-BuOH
43%
¢}

OMe
2] S
O‘O 1. KOH, dioxane
owe 2 (U

77% 2 steps
(o] OMe OMe

Example 1*

Example 2°

OMe

Example 3, Racemization'
O NHCgH14

H
LiNHCgH 14 H
o
PhH, 80 °C

H 46% H
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Hantzsch dihydropyridine synthesis

1,4-Dihydropyridine from the condensation of aldehyde, B-ketoester and ammo-
nia. Hantzsch 1,4-dihydropyridines are popular reducing reagents in organocata-

lysis.
0 LCOZEt NH; EtOZCfiCOZEt
+ —_ >
R)LH . |

(0]
H3N:
3 /\H CO,Et enolate R)L
CO,Et

g ; formation
o R H3N: \/H O R!

OH /‘ :NH;

RN CO,Et
COzEt — R COZEt —
0~ "R!

CO,Et . CO,Et
/\:NH3 enamine /)i -H,0
9 R’ formation mo\ R!
HoN:

/‘ :NH3
R HNTH, R
EtO,C CO,Et

7~ “H__CO,Et EtO,C.__~ -
HaN? 2 Michael
3 \_{ COZEt ‘
R - addition
R1

1 R! /R
RTCOunN @Q 'T‘H

aldol

condensation

I

H3N

tautomerization ‘ EtOz f\/ECOZEt EtOZCj\)ICOZEt
e, ;
Tri NHE

HoNH

CO,Et NH, NO,
H o+ J//\ EtO,C CO,Et
o ||

N
H

nifedipine
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Example 2°

M _coRr,* NH40AC

HO3S\/\/<
o} o R40,C co2R2
+
R'*H

(Si0,-S0O3H), solvent-free
60 °C, 83-95%

Example 3, Hantzsch 1,4-dihydropyridine as a hydrogen donor'

EtO,C CO,Et

N
A H
0
N~ R N~ "R
H
0}

\P//O 84-99% ee

OO g OH
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Hantzsch pyrrole synthesis

Reaction of o-chloromethyl ketones with -ketoesters and ammonia to assemble
pyrroles.

CO,Et
o) CO,Et 2
\i . J//\ 7

Cl N

H
CO,Et CO,Et CO.Et
/—\ NH, enamine “H,0 H3N./‘H COzEt 2
formation *HO
HoN? HaN HoN

OH
,lé\ CoEt co.et  —H0
H
L N

HaN'S HN :NH

CO,Et CO,Et
SR Gl g
. HaN:/~ 1 NG N
HN b H

Example 1*
FsC.__O 1 DME, 87-140 °C /d
7\
\i CO,Me  2.5h,60% FaC7 N\~ ~COMe
Br N
Example 2’
CO,Et
N COEt  NH,, EtOH 2
°. I B
c o 48 h, 48% "
H
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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 R3 R4

R' = aryl, alkenyl, alkyl (with no B-hydrogen)
X =Cl, Br, 1, OTf, OTs, N,*

The catalytic cycle:
Pd(0) or Pd(ll) precatalysts

base*HX l
R'—X
L,Pd(0) K
base E A
7/ /X
LaPd(11) LaPd(1l)
H R’
R' R?
:7< 2
RS R4 "\D B//\ HiR
¥ ) <
RS R4
H PA(I1)L,X R! Pd(IL,X
RMJ\''R? ~ &  RJV\'R?
R? R* H R*

D: syn-B-elimination

A: Oxidative addition
E: Reductive elimination

B: Migratory insertion (syn)
C: C—C bond rotation

Example 1, Asymmetric intermolecular Heck reaction®

Pd[(R)-BINAP], E10,C

@ . O[COZEt 3 mol% %
N N
) proton sponge )
CO,Me ot PhH, 60 °C CO,Me
95%, > 99% ee

J.J. Li, Name Reactions, 4th ed., DOI 10.1007/978-3-642-01053-8 121,
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Example 2, Intramolecular Heck’

oTBS
N =
w 0.3 eq. Pd(OAC),

|
O N ‘ BuyNClI, DMF, K,CO3

H 70°C, 3 h, 74%

Example 3

[0}
Cl \)’L e 9
o o
MeO 1.5% Pdj,(dba)z, 6% P(t-Bu);
MeO

1.1. eq. Cs,CO3, dioxane
120 °C, 24 h, 82%

Example 4, Intramolecular Heck’

N__Cl
@: \IC 10 mol% Pd(OAc), Nf\g

BU4NC|, K2003
DMF, 100 °C, 67%

Example 5, Intramolecular Heck"?

Me N Me

Pd(OAc),

(R)-Tol-BINAP
MeCN, 80 °C
(62%, 90% ee)

Me Al Me H _
5mol% Pd(P(o-tol)s(OAC),  Me
o} -
NaOCHO, TBAB, Et;N \
NH DMF, 80 °C, 65% N

0]
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Heteroaryl Heck reaction

Intermolecular or intramolecular Heck reaction that occurs onto a heteroaryl re-

cipient.
N Pd(Ph3P),, PhsP, Cul s
O -G
S Cs,CO3, DMF, 140 °C
N
£ 3
s N
PA(I)l ————~
oxndatlve addition insertion  g.—" \Ci(ll)
I
Cs,CO4 s
@—@\j +  Pd(0) + Csl + CsCHOs
Example 1°
N
\ N
@Br \NW Pd(OAc),, NaHCO3 ©\/iN
N
N 150 %, 54 n, 8% N"o
Bu O ' e Bu
Example 2°
o
ol
s
LI,
Pd(PhsP)s, KOAC N Y
DMA, reflux, 65% N
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Hegedus indole synthesis

Stoichiometric Pd(II)-mediated oxidative cyclization of alkenyl anilines to in-
doles. Cf. Wacker oxidation.

Z~  PdCIy(CH3CN),, THF
CHs
MeO,C NH then, EtzN, 84% MeO,C
=~ PdCIy(CH3CN), /< EtN
lladati pa—C!
MeO,C NH, pafladation  yie0,c NH; " g,

Iz

precipitate
cl, ¢l
Et;N-Pd EtsN,
b H~pg~ ' _
: Pdl HCl
m g e Meosc N
MeO,C NH, MeO,C N, —'PdH" MeO, H
H
"PdH" /C[$<PdLn B-elimination @CH3
CH MeO,C N
MeO,C N 3 2 H
Example 1"
10 mol% (CHyCN),PdCl,
@\/\/ 100 mol% benzoquinone mCH
3
NH, 10 eq. Et;N, THF, reflux, 84% N
Example 2'¢
B
Br 10 mol % (CH3CN),PdCl, '
@\/\ 100 mol% benzoquinone @
NHTs 10 €q. LiCl, THF, reflux, 77% N
Ts
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Kondo, T.; Okada, T.; Mitsudo, T. J. Am. Chem. Soc. 2002, 124, 186—187. A ruthe-
nium variant.

Johnston, J. N. Hegedus Indole Synthesis. In Name Reactions in Heterocyclic Chemis-
try; Li, J. J., Corey, E. J., Eds.; Wiley & Sons: Hoboken, NJ, 2005, pp 135-139. (Re-
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Hell-Volhard—Zelinsky reaction

a-Halogenation of carboxylic acids using X,/PBr;.

[0}

o}
% PBry H,0
R 2 R
R —_—
Aon Br Br %OH

Br Br

o-bromoacid

0
?P)BrHng P\ (,8 Br - . R%Br

R_pgP., — o0=P-8r

H
ogiN:!
Br U /‘
S
Br Br
H. @
o @ H B: ™
enolization O
. R%Br ﬁ hydrolysis :ﬁo\ R%
R R OH
Br—+Br ) Br q B
e Br T :OM, BrO*P '
Example 1°
cl
CO,H  Cly cat. PCly O/COZH
O/ 97°C,6h, 77%
Example 2°
Brn COoH
PBr, ~ r 2
Bry, 57% | Lo "
r2,
coH o COH
References

(a) Hell, C. Ber. 1881, 14, 891-893. Carl M. von Hell (1849—1926) was born in Stutt-
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1870, he became very ill. Hell became a professor at Stuttgart in 1883 where he dis-
covered the Hell-Volhard—Zelinsky reaction. (b) Volhard, J. 4nn. 1887, 242,
141-163. Jacob Volhard (1849—1909) was born in Darmstadt, Germany. He appren-
ticed under Liebig, Will, Bunsen, Hofmann, Kolbe, and von Baeyer. He improved
Hell’s original procedure in preparing o-bromo-acid during his research in thiophenes.
(c) Zelinsky, N. D. Ber. 1887, 20, 2026. Nikolai D. Zelinsky (1861-1953) was born in
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Tyaspol, Russia. He studied at Géttingen under Victor Meyer, receiving his Ph.D. In
1889. Zelinsky returned to Russia and became a professor at the University of Mos-
cow. On his ninetieth birthday in 1951, he was awarded the Order of Lenin.
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Stack, D. E.; Hill, A. L.; Diffendaffer, C. B.; Burns, N. M. Org. Lett. 2002, 4,
4487-4490.
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Henry nitroaldol reaction

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

Ry Rs
o . R3><H Base HO?—GNoz

R1)kR2 R{~ "NO, Ry Ry
2-nitroalcohols

H Ry Ry 00 Ry 0°©
€] 1 / 1 /
R1>LN02 ‘Li )—NOZ FN\@ ,LL N®
R3 HB R, R, Oo B R, OH
nitroalkanes nitronates nitronic acids
o) or aci-nitroalkanes
Ry H
NOZ R3
. NO2Rs g Ry
1 R OH
R, Oe B >

2-nitroalcohols

Example 1*

)\/\/CHO
HO

NO,
Amberlyst A-21 (basic)
NO, rt, 62% X
Example 2, Retro-Henry reaction’
OH CuS0,, Si0, 0
N02
MNOZ
PhH, reflux
67%
Example 3, Aza-Henry reaction®
Q
D e 5mol% TMG, 100°C  HN" 0"
N + Pho_~ Ph
| Ph NO,
Ph) 0.1mBar,26h  Ph" Y "Ph
95%, anti:syn = 98:2 NO,
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Example 4, Intramolecular Henry reaction'

H

(s s
SR N~ SO DBU, MeCN N
/\/l\/NO2 OaN :

62% :
~_ 0
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Hinsberg synthesis of thiophene derivatives

Condensation of diethyl thiodiglycolate and c-diketones under basic conditions,
which provides 3,4-disubstituted thiophene-2,5-dicarbonyls upon hydrolysis of the
crude ester product with aqueous acid.

W,
NaOEt, EtOH Ph OH

2. Hy0* Ph

o) o) o)
i O " EtOKS\AOEt HO s 0
o}

o
0 0 A)Ph
0.0
<>—/{ T ﬁPh
Ph Ph EtO,
\ CO,Et 0 PhO _ . >s7TcouEt
o — H

-~
s o/ s Ph /
< CO,Et e
CO,Et t
o}
Ph.  Ph Ph.  Ph
@) Ph +
NeNcoet HOLCT ST TCOEL el o, mcopH
Example 1°
CH3 o
HaC o o} o} o)
%CHs s SOCly, pyr. s
0 Ar Ar ——— > Ar V) Ar
o NaOMe HsC CHj 95%
90% H OH HaC CHs
S
(0] 81% O (6] O (0]
NaOMeo Ar S Ar SOCly, pyr. Ar \ S ) Ar
Ph%Ph Ph Ph 89%
HO OH Ph Ph
CH3 o)
E 4
xample 2
O O
(CHO)3, NaOMe
S
MeOH, 42%
i o} i 0
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Example 3°
1. O o} Ph
pr S App o
0 KOH =
N\ S
% 2. SOCly, pyr.
9% vyield, 2 steps
o Ph g
Example 4°
HsC_ CH
WG CHs NaOH,MeOH  ° °
+ NC~ 87 CN 7\ NH,
Jd o 94% NC g
o]
Example 5, Polymer-support Hinsberg thiophene synthesis’
O (0] o 0
KOt-Bu
Q O OKS\/& + > <
R4 = COLi-Pr Re R

O CONE,
PPhs*

() i
o} ) s
S 10%TFA  HO™ Y] R,
G oY R /
/ CH,Cl, Rs
D .
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8. Mullins, R. J.; Williams, D. R. Hinsberg Synthesis of Thiophene Derivatives. In Name
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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 on page 325.

e ) Pd catalyst R1-R2
R-SiY + R™X activator

R' = alkenyl, aryl, alkynyl, alkyl

R2 = aryl, alkyl, alkenyl

Y = (OR)3, Me3, Me;OH, Me(3.)F (1+3)
X =Cl,Br, |, OTf

activator = TBAF, base

_
Ar'—Ar? \ / Af_x

Ar'—Pd(Il)— Ar? Ar'—Pd(I)—X

Pd(0)

reductive oxidative
elimination addition

trans"metal"latio

Example 1"

g
MeO,C

S

(17°-C3HsPdCl),
DMF, KF, 100°C ~ MeO,C™ g
82%

Example 2°

Br N\ /

¥ —
csHﬂMSineh Cefly1 \
BuyNF, Pd(OAG),, PhsP

DMF, reflux, 72%

Zx
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Example 3’

[allylPdCl], (7.5 mol%)

TBAF, THF, 25 °C, 60 h
OPMB 61%

Example 4°

MOM MOM

[allylPdCI], Me
TBAF (12 mol%)

A N THF, 60 °C, 20 h
| 20%
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Hiyama, T.; Hatanaka, Y. Pure Appl. Chem. 1994, 66, 1471-1478. (c) Matsuhashi,
H.; Kuroboshi, M.; Hatanaka, Y.; Hiyama, T. Tetrahedron Lett. 1994, 35, 6507-6510.
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view).



290

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 Hof-
mann degradation reaction.

o Br, H,0
L R-N=C=0 R-NH; + CO,T
R”ONH,  NaOH
3 %
— _Br
R LH 0 ~eler _ROUT (@
H /‘ H NS @y
L R SNH N REN
SoH ©oH
oo H
R-N=C=0 N o
— \ — R VH& —= R-NH, *+ CO,T
© o
OH %oH

isocyanate intermediate

Example 1, NBS variant’
o}

H
NBS, DBU, MeOH N_ O
yNHZ /©/ T
reflux, 25 min., 70% (@]
O,N ON

Example 2, Iodosobenzene diacetate’

OCOCF
o) Q'/ 8 o Phoo
\ .
dNHZ OCOCF, O)\\,Hd\%kcﬁ
“on  CHsCN/H;0,4.5h, 100% “oH
@
H
_0
R o
_ >:O
g
‘OH

Example 3, Bromine and alkoxide®

NH Br, NaOMe

o MeOH, rt — reflux
75%
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Example 4, Sodium hypochlorite’

oH NaOCI OH
HO 0} HO (6}
HO HO
CONHz  aq. NaOH NH,

50 °C, 81%

Example 5, The original conditions, bromine and hydroxide’

)ﬁ_( Br,, aq. KOH )}(
CONH NH
N N\X\ ? 0°C to reflux X \8\ 2

80%

Example 6, Lead tetraacetate'

o b(OAc),
CONH, NHBoc
t-BuOH, EtsN
N02

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.
cl LHa D

|
RNz 5 on N
R2
cl H® Cl A . H
‘ TH ——————= Cl + o
R1/\/\/N\R2 R1/\/\/Cg\ g2 homolytic R1J\/\/'\®1‘R2
cleavage
chloroammonium salt nitrogen radical cation
RJ./QNHz *_H
o ® 1,5-hydrogen 1 ) R2 —— R1/\/\/"é\R2
= WY e @
R H/‘) R2 atom transfer "' H

RV\/\/@\Rz

.
R Scl | R2 R2

€]
OH Sn2 1/@ © 1/0
/EENHZ (}F\mH —— R7ONE, ) OH— Ry
Cl 1 ‘R2 !
R2 R

Example 17

1. NaOCl, 95%

2.TFA, hv, 87%
3. NaOH, MeOH, 76%

HO
4
Example 2
o} N Ph 84% HaSOy N Ph
@ @ “Br 65 °C, 30 min. @
N N 25% N
Example 3°

NCS, ether, Et3N

then hv, (Hg® lamp)
NH _N N._N
0°C, 35hinN, U
100%
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Example 4’

HN——P(O)(OEt), (O)(OEY),

PhI(OAc),
or Pb(OAc),
Io, hv, 99%
N—P
A B
cO g

AcO

Example 5"
O CF3  1.0equivCBry, hv Q  CFs
0.05 M PhCF.
Me O "N 3 Me 0" "N
AKX 100 W flood lamp Me)\/w,a;
Me MeMe rt, 7 min. Me
) (0]
1.25 equiv Ag,CO3 )k
CH2C|2, rt,1h Me O 0
then AcOH, 15 min.
> 69% overall Me M(—:Me
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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 frans- rather than the cis-
olefins.

O NaH, then CO,Et
EtO-1 ~ .+ EOB
EtO” OEt RCHO R EtO”

ONa

o)
Eto(‘F)L i 9 o) Eo(‘)‘ i
> EtO~ tO-p
EtO -} TOEt Eto/ﬁ%\OEt EtO” OEt
b T ) o
A 8 o
° 07 "R

H

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

5) 3
G/NO‘/OEt 7 OEt
o B< oxPZ ./
OEt =— OEt
p’ﬂ R CO,Et
H Vo H H'J H
R CO,Et R CO,Et

erythro, kinetic adduct

©
o) o)
S p-OEt OJ/OEt CO,Et
~OEt —— P~ort ___, /:/
o COZE HF‘CK COE o
R H R H
threo, thermodynamic adduct
Example 1°
NN
OW (H) o (0]
EtO~ o CO,Et
CHO EtO” \)kOEt z
NaH, THF, 95%
OMe OMe
Example 2*
(g o)
cHo  EtO- X CO,Et
/©/ EtO \AOEt 2
BnO KOH, THF, 95%  BnO
Example 3’
OMe
OMOM EtO \ OMOM OMe
s \P N\ H = 1
o) = _0 EtoF S N
- O -
OTBDPS NaH. THF OTBDPS O

92%
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Example 4, Intramolecular Horner—Wadsworth—Emmons’

18-crown-6

Toluene

-20°C
67%

Z/E =51

MeO:..
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Houben—Hoesch reaction

Acid-catalyzed acylation of phenols as well as phenolic ethers using nitriles.

OH
©\ HCI, AICI3
OH

NH-HCI

QOH
AIC, complexation @\ electrophlllc
R—=N:—" (\ OH substltutlon
~
R—=N-AICl;
@ ©

OH OH

hydrolysis OH

H0: Y "OH
R

; NH,
R”CNH-HCI o)
& N

Example 1, Intramolecular Houben—Hoesch reaction®

O. OMe O OMe
\[ \Q/ 1. ZnCl,, HCI(g), Et,O W
CN OMe 2. Hy0, reflux, 89% o

OMe
Example 2°
F OH
PiVO\©:CN . /©:002Me SbCls, 2-chloropropane )\
OMe MeO OH CH.Cly, 1t, 2 h, 95%
Example 3°
Negiae] _~_NH,
y ©/NH2-HCI BCl3+CH,Cl,, ZnCl, 14(;“@(\ 14¢, = C-labelled
c =
N then aq. HCI c

(e}

J.J. Li, Name Reactions, 4th ed., DOI 10.1007/978-3-642-01053-8 130,
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Example 4°
Cl
OMe O
Cl
o " -
HCI (g), THF, overnight
OMe . MeO H
then 2% aq. HCI o
‘ N reflux, 3 h, 43%
MeO H O
References
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Krezau, Germany. He studied at Berlin under Emil Fischer. During WWI, Hoesch
was Professor of Chemistry at the University of Istanbul, Turkey. After the war he
gave up his scientific activities to devote himself to the management of a family busi-
ness. (b) Houben, J. Ber. 1926, 59, 2878-2891.

2. Yato, M.; Ohwada, T.; Shudo, K. J. Am. Chem. Soc. 1991, 113, 691-692.
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Hunsdiecker—Borodin reaction

Conversion of silver carboxylate to halide by treatment with halogen.

Lonp —= )
e A R-X + CO,T + AgX
R o 9 2
LN
XLX
o] homolytic
%}A@ xR
R0 g cleavage
o)
o R)ko)( o
X+ + AN — Cco,T+ R R-X + .
Ré’LO 2 R)ko
Example 1°
HgO, Bry, A
C|{}COZH m{}sr
CCly, dark, 35-46%
Example 2°
CO,H Br
— NBS, n-BusN*CF;CO,~ -
CICH,CH,CI, 96%
MeO MeO
Example 3°
rC|
CO,H @ © Br
_2 [&j 2 BF, _
oN "Select fluor"
HO KBr, CH;CN, 82%  HO

Example 4, One-pot microwave-Hunsdiecker—Borodin followed by Suzuki'®

x_CO,H X Br
NBS, LiOAc
BnO CH3CN=H,0 9:1 BnO

OMe MW 1 min. OMe

J.J. Li, Name Reactions, 4th ed., DOI 10.1007/978-3-642-01053-8 131,
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PhB(OH),, K,COg3
Pd(PPh3), A

CH3CN/H,0 2:1 O
BnO

microwave, 5 min.
64% 2 steps OMe

References

A B
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Jacobsen—Katsuki epoxidation

Mn(IIl)salen-catalyzed asymmetric epoxidation of (Z)-olefins.

R R
—N N=
/Mri
R! o|o R o
3 5 Cl R3 RS
R R s2 R? A
R* R R R®
terminal oxidant, solvent
1. Concerted oxygen transfer (cis-epoxide):
. R R R__Ri R R
R R, O ) N o \—/
\—=/ Mn(V) 0 0 o
Mn(V) Mn(V)
2. Oxygen transfer via radical intermediate (trans-epoxide):
R R4 R R4
\—/ R R
R_Ri,® LS N
\—/ Mn(V) 90) Q ol
I Mn(V)
Mn(V)
3. Oxygen transfer via manganaoxetane intermediate (cis-epoxide):
R 242 R R R
R R, © ~N oo B TN \ /"
\—/ Mn(V) —Mn(V) cycloaddition Mn(V) o]

Example 17

cat, 4-phenylpyridine-N-oxide
CO,Et CO,Et
— NaOClI, CH,Cl,, 4 °C, 12 h

56%, 95-97% ee

cat. =  tBy o|o t-Bu

J.J. Li, Name Reactions, 4th ed., DOI 10.1007/978-3-642-01053-8 132,
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Example 2°
Q OMe ; OMe
o) cat., NaOCl o
58% yield, 89% ee 2N
o) |
|
PR NN Ph h
Example 2°
OH
cat. NaOCI @ N,
Tes%
88% o6 o7 ~NHt-Bu
Crixivan
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Japp—Klingemann hydrazone synthesis

Hydrazones from B-ketoesters and diazonium salts with the acid or base.

o KOH o
AN, Ci +ﬁ)\COzR A /J\ +
AN COR OH

0
Diazonium salt B-keto-ester hydrazone
@ N/Ar
90H NTN-A 8 B
H deprotonation coupling %CO R
CO,R COR ) 2
o) (g 0
®
N/Ar H
g 2 Y 0
e — * 4)9 A" N COoR
(%COzR AOH A NSNOIco,R ! 2
O OH
&
4
Example 1
COEt COEt
NL PLN
Me” S, _ NaNO2 ) me s o
O O conc. HCI, H,O O O @
NH, 0°C \S
SN
o}
COEt NMe,
Me NMe, _N.
CO,Et Me /ﬁm
(oJne] _N
NaOAc (pH 3-4) N
0to 50 °C H CO,Et
72%
E 6
xample 2

H
0.5 NKOH, THF, rt, 1 h N\Nm
NH then
HO,C o
o B OBn
N,*Cl
OBn

62% yield

J.J. Li, Name Reactions, 4th ed., DOI 10.1007/978-3-642-01053-8 133,
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Example 3"
NR¢R;
o o0 KOAc, H,0
ij)koa ' —4°Ctort
oN 60-85%
11
N
NR¢R
CO,H
H*, 100 °C NR/R;

_ >

70-85% ‘ A\ COZEt

HN.
\
E
HOzCMO t N
o

References
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Jones oxidation

The Collins/Sarett oxidation (chromium trioxide-pyridine complex),

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
black or yellow, which is reduced to Cr(IV), often green.

= ~ ‘ ©
@ 1] CrOsClI
CrO3/H,SO4 ©> CrO3 \N 8
N™ /2 !
H
Jones Collins/Sarett PCC

/ =
@ ‘ Cr207
N 2

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,

R R,  H,SOy, acetone

O

R Ry

CI'O3 + HzO — HzCI‘O4

o @
i 0, COH,
Cr(VI) 9‘8 oS oH
H\O i |l|®
black ' H
R R Ri R2 ‘\ B
1 2

The intramolecular mechanism is also operative:

O ,OH

N

0<to

- +
R1)§H‘) R1)LR2

Rz
Example 1°

1. Jones reagent
acetone, 20 min.

- 96% 2 steps

NN X~ 2. HCOLH, 1t 1h

0-0 0=3
0= 0L

O

OH

0" oH

=N

~CO,H

J.J. Li, Name Reactions, 4th ed., DOI 10.1007/978-3-642-01053-8 134,
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Example 2’
°© CO,Me
CrO3, H,SO,4
acetone/H,0O
rt, 74%
A
E 19
xample 3

CrO3, HzSO4

acetone, 0 °C
1-2 h, 86%

HO
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der, P. J. Tetrahedron Lett. 1998, 39, 5323-5326. (Catalytic CrO; oxidation).
Waizumi, N.; Itoh, T.; Fukuyama, T. J. Am. Chem. Soc. 2000, 122, 7825-7826.
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Collins—Sarett oxidation

Different from the Jones oxidation, the Collins—Sarett oxidation converts primary
alcohols to the corresponding aldehydes.

Example 1°

O._.CHO

© OH
8 eq CrO32Pyr )i
Ph)io 0 : P 0 0>
> CH,Cl,, 15 min., 86%
o (0]
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Example 2’
OMe
OMe
. e
e 7 equiv CrO3+Py,
CH,Cl,, 30 min., 75% CHO
7, OH MeO,C~ Me
MeO, Me
Example 3’
R, R
Ri R, vz Ry
R3 CI’O3, Pyr. ‘ ‘
S
N R 50-60 °C, 48 h N R
PhOS 50-65% PhO,S O
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PCC oxidation

Example 1, One-pot PCC—Wittig reactions’

f O
t-Bu \ PCC, Celite, CH,Clp, 1t, 3h ¢y, \
/SI\/\OH /Sl\/\)'LO/
then PhgP=CHCO,CHj3
80% 95:6E:Z
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Example 2°
o]
E10,0. OH 1.5 eqPCC, CH,Cl, EO,C.
o rt, 3 h, 75%
4
Example 3
E)AC o ‘ PCC, pyr. O
Ph CH,Cly, reflux  Ph
OAc OAc 8 h, 64%
Example 4°
HO o]
Q o)
L PCC, CH,Cl, o
75%, 93:7 er
cl o]
References
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4. Srikanth, G. S. C.; Krishna, U. M.; Trivedi, G. K.; Cannon, J. F. Tetrahedron 2006,
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PDC oxidation

Example 17

PDC, CH,Cl,

S S,
o) 24 h, 68% o
/N I\
s CHO

OH S
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Example 2, Cleavage of primary carbon—boron bond®

B(OH) PDC, DMF
D N 2 D NG N
i, 24 h COH
75%
Example 3*
OTBDMS
oH PDC, DMF
: rt, 24 h, 56%
OH OTBDMS o X0
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Julia—Kocienski olefination

Modified one-pot Julia olefination to give predominantly (£)-olefins from het-
eroarylsulfones and aldehydes. A sulfone reduction step is not required.

NN ~R; 1 KHMDS NN
//‘N\>\SOZ i} R/\/RZ + ’\/l/\N\>\OH + SO,
\

N
2. R,CHO \
Ph Ph
O N(TMS), 9 o R
( RAH o—( ° K R
2 2
H ) N”:D) R NN 2
NN R~ N-N 9\R T 70 Yso, ' — {
,\/l/\ >\SOZ // \>\SOZ 1 N\N N 8 R4
N b Ph ©2
\
Ph Ph
'8 Y—0)_R N
N~ 2 R i \>\OH +
N 00 R1/\/ 2+ N N SO,
Ph gg \
1 Il Ph
0
Alternatives to tetrazole:
N FsC
N-N -
' N N 1| \>—
/ \ /
N. N \ N~
v | T O ™
Ph t-Bu
F3C
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
R, H SO,PT
~ "R R
H™ Rz OK
SO,PT

Example 1, (BT = benzothiazole)

NaHMDS, DMF OTIPS
SSOET OHe- 0TS P

-78°C to rt, 90% E:Z (78:22)

Example 2°

OTBS

O AN Nome

KHMDS, THF, -78 °C, 85%

J.J. Li, Name Reactions, 4th ed., DOI 10.1007/978-3-642-01053-8 135,
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Example 37
7\ 9 KHMDS, toluene
)\/\/K/\ . i
CHO =N H 25°C, 64%
OTIPS
oTIPS TIPSO
+
= NS 88:12 = %
Example 4°
MeO OMe
1) P4-t-Bu, THF, -78°C
FaC ome “
Q 2) CHO OMe
3 74%, yield
O MeO MeO E/Z =98/2
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1993, 730, 336—357. (c) Baudin, J. B.; Hareau, G.; Julia, S. A.; Loene, R.; Ruel, O.
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Julia—Lythgoe olefination
(E)-Olefins from sulfones and aldehydes.

1. n-BuLi
SOLAr
1 Na(H
R/\/S:Ar 2.R'CHO - R (Hg) R/\/R1
0% CH4OH
3. Ac,0 SAc 3
SOLAr
R!
€)

T o - 0 tylati
H a-deprotonation )@ /g coupling e\ acetylation
> A 0

R)\,S: r H 0 baad
0" o @ 0
SOLAr
1 SOLA .
R R 2 ;1 Na(Hg) o R/\rR1
SOLAr *+
o GY R single electron 2 OAc
zf OAc  transfer (SET)
9 o

4 possible diasterecomers

Na(Hg) e Rt
]
, R ®oac * g R
single electron OAc
transfer (SET)
Example 17
1.n-BuLi, THF, =78 °C 3 Ac,0
Ysozph 2. 4. Na(Hg) N
43% E:Z (99:1)
OHC
Example 2°
OTBS SO,Ph
Q s Li
I
N
TEOC s H 1. THF, =78 °C \
§\ 2. Ac,0
dHo 3. 5% Na(Hg), 77% {
E 7
xample 3

OHC

311

n-BuLi, THF, 0 °C to rt Ph_ CH
s’Ph 61-75% /> ; m-CPBA, CH,Cl, v§i©/
0°C, 80-98%
OH

J.J. Li, Name Reactions, 4th ed., DOI 10.1007/978-3-642-01053-8 136,
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Ph_ CH; Na/Hg x
Ac,0, DMPA, CH,Cl, SO, THF, MeOH
H,C

o _959 -20 °C, 53%
0 °C to rt, 60-95% OAc o

Example 4°

9 1.LDA, THF, -78°C
S

Ph
\Ph + \/\CHO

Ph._
2.BzCl,-78 °Ctort

3. Me,N(CH,);0H

Ph Sml,, THF
HMPA, -78 °C
Ph. s Ph NN
(0] OBz 67%, E/Z => 95:1
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Kahne glycosidation

Diastereoselective glycosidation of a sulfoxide at the anomeric center as the gly-
cosyl acceptor. The sulfoxide activation is achieved using T1,0.

P|vO OPiv Ph
9 +
PVO
PivO S
CH3
~ \ OPi
. v

N PivO

tBu” N~ tBu w7\o 0
o
TH,0, CH,Cly, 7810 —30°C  PVO=— s —0———
° sph

F
HC‘ I .
F%ﬁ Ofﬁ%F pivo QP

. OPiv F g e} o F o Sy
PV O + iy OTf N
o ©° PivO S+

PivO PVO
PivO @S\ph Ph
. OPiv OPiv
PivO PivO
®
Ph/S\OTf . o Ph~/ O o Ph
PIvVO Y o PIvO
PVO ™~ N3 v
SPh
oxonium ion
Example 1'¢
OMOM
/moMOM WS(O)Ph Tf,0, DTBMP, CH,Cl, B0 OMe™0
OMOM * OBn
BzO OMe "OH ogen -70 to =50 °C, 38% o OBn
oBe"
Example 2*
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Tf,0, DTBMP, CH,Cl,

-781t0 0 °C, 67%

Example 3, Reverse Kahne-type glycosylation®

Osg Et Nu
0 o]
CTL T Sees
o _ \< THO,CH,Cl, O . \<
H e} z (0]
MeO/Q\OMe MeO T OMe

—78°C, NuH

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.

()

1 (S)
N" e COR oH

R—-CHO *+ CH,(CO,R"), R X -COH

CO,R'

[ 1 !
H~CH(CO,R deprotonation @
Cmf (COe_JeRORMIn [ Nh, * CCHICOR™,

T P T
CNg\H iminium ion /(’i‘OH H
R O .

= R

formation Q = R/%,'\@
CNH (o /GOH ° o

ht N R HO O
R H R o hydrolysis N _R! N
| — R1 R 0, R Q
H, E%Cozﬁ oo T oy R
@ R 5 Ho (& "]
OH
@
o OH H
H R/iéks) M COZT + R&O\%/\O)H—» R/\/COQH
yvH
workup o~ % OH
Example 1°
O
S
T
‘ Ne N o7 N
=
piperidine, AcOH \ >:o
N N
toluene, reflux ‘ SN0 ) N
Dean-Stark trap P>
95%

Example 2, EDDA = Ethylenediamine diacetate’

| NCbz Meldrum's acid

EDDA, PhH, 60 °C
12 h, 84%

| H
Boc CHO
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Example 3, Using ionic liquid ethylammonium nitrate (EAN) as solvent®

@/\vCHO <CN ethylammonium nitrate O/\/%(CN
+
CO,Et rt, 10 h, 87% CO,Et

Example 4°
| \ SO,Me o
MeO,S %
Ol
(¢}
piperidine
2-propanol, reflux
'0
MeOZS
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Knoevenagel, E. Ber. 1898, 31, 2596-2619. Emil Knoevenagel (1865-1921) was
born in Hannover, Germany. He studied at Géttingen under Victor Meyer and Gat-
termann, receiving a Ph.D. In 1889. He became a full professor at Heidelberg in 1900.
When WWI broke out in 1914, Knoevenagel was one of the first to enlist and rose to
the rank of staff officer. After the war, he returned to his academic work until his sud-
den death during an appendectomy.

Jones, G. Org. React. 1967, 15, 204-599. (Review).

Cantello, B. C. C.; Cawthornre, M. A.; Cottam, G. P.; Duff, P. T.; Haigh, D.; Hindley,
R. M.; Lister, C. A.; Smith, S. A. Thurlby, P. L. J. Med. Chem. 1994, 37, 3977-3985.
Paquette, L. A.; Kern, B. E.; Mendez-Andino, J. Tetrahedron Lett. 1999, 40,
4129-4132.

Tietze, L. F.; Zhou, Y. Angew. Chem., Int. Ed. 1999, 38, 2045-2047.

Pearson, A. J.; Mesaros, E. F. Org. Lett. 2002, 4, 2001-2004.

Kourouli, T.; Kefalas, P.; Ragoussis, N.; Ragoussis, V. J. Org. Chem. 2002, 67,
4615-4618.

Hu, Y.; Chen, J.; Le, Z.-G.; Zheng, Q.-G. Synth. Commun. 2005, 35, 739-744.
Conlon, D. A.; Drahus-Paone, A.; Ho, G.-J.; Pipik, B.; Helmy, R.; McNamara, J. M.;
Shi, Y.-J.; Williams, J. M.; MacDonald, D. Org. Process Res. Dev. 2006, 10, 36—45.
Rong, F. Julia—Lythgoe olefination. In Name Reactions for Homologations-Part I; Li,
J.J., Corey, E. J., Eds.; Wiley & Sons: Hoboken, NJ, 2009, pp 474-501. (Review).



317

Knorr pyrazole synthesis

Reaction of hydrazine or substituted hydrazine with 1,3-dicarbonyl compounds to
provide the pyrazole or pyrazolone ring system. Cf. Paal-Knorr pyrrole synthesis

(page 411).

R3
R~ R.
N — J K Nz
Ri Ry R]
R,

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

R R
N N
W '\}_TOH — 55_240
\ /) \
Ri OR Ri R RY Rs

R R R
NH,NH
— . =N =N
NH \_NH
R
R OH R

Alternatively,
R R R
NHzNHz 7N\NH \N \N
o’ NH N\_NH
R R" oH R
2
Example 1
Me
OMe O MeNHNH, HCI, H,0 N
N
MeO Me 68% \
Me
Example 2°
o 0 o
EtO,CCF3, NaH, THF @AACH
Me
-5t0 0 °C, 30 min., Me
Me

rt, 5h, 95%
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H
fo) N
EtOH, reflux, 46% o)
i
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Koch—Haaf carbonylation

Strong acid-catalyzed tertiary carboxylic acid formation from alcohols or olefins

and CO.
R ,—OH R— COzH
CO, H,0
be
H /H R @
4 ® CH
R O'\ protonation R f‘b\H 2
@ —
H
o]
:C=0: R ®z
alkyl R\e ./
migration
The tertiary carbocation is thermodynamically favored
@
o) (0] (0]
4 @
R /(i R oH, _pn® R OH
:OH, =—— —_—
acylium ion
Example 1°
OH CO,H
HCO2H, HS0,
t, 66%
Example 2°
\/\/\/><OH HCOZH, H,S0, \/\/\/><002H
CCly, 5°C, 95%
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Koenig—Knorr glycosidation

Formation of the B-glycoside from c-halocarbohydrate under the influence of sil-
ver salt.

AcO AcO
K  ROH 0O
AcO S AcO OR + AgBr + CO,T + H0
AcO T Br  Ag,COj; AcO ou
H Ac o Ac
AcO o ACO ®
AcO H — AcO O\‘>
A0S O L : 37
H Ac @ AcO O:
Ad H
oxonium ion
AcO A AcO
© Q B-anomer is 0
AcO o) /W R AcO OR
AcO -0 favored AcO 0 H
H 7/ H Ac
-anomer
;
Example 1
MeO,C_ O~_..Br HO.
N/\
W ’/ *
PivO' ‘OPiv @N CF3
OPiv
NO,

Ag,0, 10 eq. HMTTA MEO2C O \‘\O\C/WN/\
CHACN, 1, 6 h, 41%  PivO™ “'OPiv QN CFs
OPiv

Example 2°

A

cO OMe
© H
AcO N
AcO Q &
H Ac OH
/©/OMS
Cd,CO3, Tol. AcO o Q
o)

reflux, 6 h, 84% AcO
AcO Q
H Ac
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Example 3°
PivO
(0]
PIVO Ho
PIvO Q&
Piv HO' cholesterol
AgOTf, TMU, CH,Cl, PivO
4AMS, 20°Ctort PivO 5
16 h, 58% PivO P
H Piv
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Kostanecki reaction

Also known as Kostanecki—Robinson reaction. Transformation 1—2 represents

an Allan—Robinson reaction (see page 8), whereas 1—3 is a Kostanecki (acyla-
tion) reaction:

O O
oH R AR O R 0.0
+
X,
0 O 2 3

1

R

R H
. o © ol
o — o] o] acyl {; o
“H O._0 — QO{ - R enolization
_0 \i R transfer
R 5 o
H
0 0._0) 0_0
00—\ 6-exo-trig ' _Ho 0.0
R——— R — ( | 2
(‘ ring closure H R =
OH :B @ R
(0]

Example 17
0O O o
OH
PSS ‘
OEt OEt
HCO,Na, rt, 15 h, 76%
O O O O
Example 2°
NaOAc, Ac,0, reflux
62 %
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Krohnke pyridine synthesis

Pyridines from a-pyridinium methyl ketone salts and o, 3-unsaturated ketones.

o} .
A,
0 = | Be R R _ |
@ r
RKN\ NH;0AC, HOAC oS o
€]
H® °
H.  Br R Br = |
i /‘ 0 & Michael N
o N2 enotzation - n@ - Meneel oS
— 1
I}i Bre vo}\) addition y o _ R
AcOe R’ > R? R? H®
Br
R =
N® ‘ (0] ‘ 0
— 11— 1T
s A
H \/:NH:; R2
R2

H R N7 "R
R2 )
El
AcO
1b
Example 1
| X o Ph NH,4OAc Ph
N AcOH
& + X —_— ‘ N
90% =
PRS0 o7 “Ph Ph™ “N" Ph
4
Example 2
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Example 3°

— _
<\ N NH,4OAc, AcOH X =H, 65%
N\ N\ 7/ X=F, 83%
o d N X = Br, 82%
X

115 °C, overnight X X = OMe., 40%
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Kumada cross-coupling reaction

The Kumada cross-coupling reaction (also occasionally known as the Kharasch
cross-coupling reaction) was originally 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 reaction, 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 reactions follow a general mechanistic catalytic
cycle as shown below. There are slight variations for the Hiyama and Suzuki re-
actions, for which an additional activation step is required for the transmetallation
to occur.

, Pd(0) ;
R-X + R-MgX R-R'" + MgX,
oxidatve g L R'-MgX

R-X + LyPd(0) ——F— Pd - - .

2Pa(0) addition /X transmetallation

isomerization
L reductive

L\ / 1
MgX, + P4 — . R-R' + LPd(0)
R/ SRt elimination

The catalytic cycle:

R i
i / reductive
Lpd(ll) + R'M transmetallation LPd(lf_, ——— R™-R'" + L,Pd(0)
R elimination

L,Pd(0)

oxidative
addition

reductive
elimination

transmetallation
and isomerization

MX
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Example 1°
O\ Pd(dppf)Cl,, Et,O
o s” MgBr  _3pcCiort, 5h, 98%
Example 2°
Me O
MgBr Ni/Ligand Me

P —

Br (2-5 mol%) Me
i ee
95% ee

Example 3°

Br PdCly+(dppb) g XN
THF. t, 87% '

Q\MgBr

PdCl,+(dppb)
THF, reflux, 98%

Example 4°

S X
’{\N\ _N_OTBS 3 equiv

23 mol% PdCl,(dppf)
Et,O, rt, 12 h, 75%

Example 5

2.5 equiv MeMgCl

10 mol% Ni(acac), z
THF, 0°C, 10 min.  TESO"\_ MeO
90% ™
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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.

-3
7‘3@0\
S

Lawesson's reagent
R',RZ=H, R, OR, NHR

=0
>:cn

R1 R2 RZ

)

(J")‘WJ
w=TU-n
_©
IZ;
(7]

H Lawesson's reagent

/ N
4
Example 1
H (o)
7 Lawesson's reagent
701/\/ (MeoN),C=8
O
(@) xylene, 160 °C, 47%
OMe
Example 2°

Oﬁ Sﬁ
Lawesson's  Me0,C N H

MeO,C  N—=H 2
( reagent, quant. (
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Example 3, Thiophene from dione®

O O
R ‘ | | O R Lawesson's reagent
N N toluene, reflux
| | 0009,
SO,Ph SO,Ph 88-99%
R R R=H
W RZMe
R = OMe
N N

\ \ R=Cl
SO,Ph SO,Ph R=Br

Example 4'°

Lawesson's reagent

Me  toluene, reflux, 100%
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Leuckart—Wallach reaction

Amine synthesis from reductive amination of a ketone and an amine in the pres-
ence of excess formic acid, which serves as the reducing reagent by delivering a
hydride. ~ When the ketone is replaced by formaldehyde, it becomes the
Eschweiler—Clarke reductive alkylation of amines on page 210.

R1 R3 R1 R3
/ HCOLH /
=0+ HN ) 2 >N+ CO + HO

R2 R R2 R4
&
Rl HO H R! RS
HO -H,0 /
R' —>Lod R \2RS — 1( ST T
—N: 2 | R N-R 2 b4
H R H 2 R4 ! R R
R3 R“R R2 R4

gem-aminoalcohol; iminium ion intermediate

R@ R3 ® 1 R
( 1 3
HCOH R22<N-R* -cCO, Ry eR, -H N
H) "H ———= R9—N-R* —— /N
3 H H R® R
o}
reduction
4
Example 1
H HCO,H
N 2 o}
CHO o 60 °C, 57%
E 6
xample 2
HCOLH, H,0 e
| 190 °C, autoclave
N
* OHCT >
16 h, 75%
Example 3’

N—
o) N HCO,H, reflux A HN%\:/>
D~ - A >
H,N N 7 h, 45%

S H S
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Example 4°

H,NCHO

HCO,H
0" NHCOCH; /"% OHCHN NHCOCH;

An unexpected intramolecular transamidation via a Wagner—Meerwein shift after
the Leuckart—Wallach reaction

H,NCHO, HCO,H

0,
0~ NHCOCH; 150 °C CH3COHN  NHCHO
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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, car-
bodiimide, Mitsunobu conditions, or silyation. The product of the Lossen rear-
rangement, an isocyanate can be subsequently converted to an urea or an amine
resulting in the net loss of one carbon atom relative to the starting hydroxamic
acid.

0O
© H,0
)k -0 R? OH R'-N=C=0 2 R'-NH, + CO,T

;
RO
o}
o}
R1kN”O R? Q o O
N Mo 2 R2CO, + R'-N=C=0
o RO L
K@ o} :0Hy
OH
isocyanate intermediate
H [e) decarboxylation
P R'I' \/\|;|\ R1,NH2 + COZT
O :B
Example 1°
N

0 w
e o o O
MONJ<O E}N%ro
s i BnOH, CH4CN, 85 °C, 78%

Example 2’

(0] -0
c?

H
_N._CO,Et ;
/©)k0| EtO,C” 072 N* EtOH, H,0 Q/NHZ
0,
. EtsN, H,0 o /[ J 50% g
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Example 3*
0
Hsc@NHZ NHCONHAr
0
b O//S\\o PhH, rt, 6 h, 54% CONHAr
ArNHy:
H ArNH, H
o 0% L
(N—OSOZPh Lossen N=C=0
(N-0S0,Ph —— ~—] U H
@ N N
3 NA ‘A J
H, 0 r
Example 4°

W DBU, THF, H,0 /g( s
_N N N
AcO c* HoN

N

reflux, 1 h

o o
o O OMe 0
Meg ©OMe MeO Vieg, OMe
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McFadyen—Stevens reduction

Treatment of acylbenzenesulfonylhydrazines with base delivers the corresponding
aldehydes.

ZT

Base o

N

R H

R™ N7 SOAr
H

H
)k NCX Q N homolytic )? )OL
—_— A N,T + Na7a)
H R™ (NJ7H cleavage 2 R oH R® H

N
0O, O)kNH
HNL 1%
SO, K,CO3, MeOH O,N "
reflux, 1 h, 75%

Example 2"

0 Na,COj3, glass powder
@Qj_/f ethylene glycol
N \_/ NHNHTs m|crowave 450 W)
H
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McMurry coupling

Olefination of carbonyls with low-valent titanium such as Ti(0) derived from
TiCl3/LiAlH4. A single-electron process.

R! 1.TiCly, LiAH, Rl R
o = + TiO
R2 2. H,0 R2 R?

Ti(IN)Clz +  LiAIH, Ti(0)
1 ) ZZZ/J‘]J‘M///Z
Ryg6 M single electron 00 homocoupling
:Ti(0) R1#° 'FRW
R2 transfer

R2 R?
radical anion intermediate

Z ZZ@ /4 LLLL T T
11 |

o0 00 RU R T T
RA4——R —= r-jfr — = * 6 &
R2 R2 R2 R2 R R

oxide-coated titanium surface

Example 1, Cross-McMurry coupling’

H Me0,S

O OH
MeO,S Q
Zn, TiCly, reflux O Q
+ O ——
o 4.5h, 75%, > 99% Z

Example 2, Homo-McMurry coupling®

Zn, TiCly, THF,110 °C :
g Ve Yava

microwave (10 W), 10 min.
87% / \
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Example 3, Cross-McMurry coupling’

OMe

OMe

Zn, TiCly

o} o} .
N N N THF, 78% '}'
o\ | /®/<O
O o
Example 4, Cross-McMurry coupling'

. MeO e}
CHO  OHC o Zn-TiCly, THF O N
@i ! ];/j[ 5100 then ~ ©
BnO OH MeO o
BnO OH

reflux, 2.5 h, 77%
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Mannich reaction

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

(0] ® P
R o H R /\A
! + + R1 N R2
R/NH H)kH \)’LRZ é R1
) OH G®)H
@ 2
H N R®
R LRiph,
R ‘R R R

¢ (0]
4
[} H® R\/KR
; 2 R. ﬁ)k >
R\)LR2 enolizaton R @ ) N R
N

I
R

&\

The Mannich reaction can also operate under basic conditions:

0)
5

R~ 0
R%Rz enolate \)\RZ

) R. /\)’L
— N R2

H formation R\?\lé !

/ ?

B: R

Mannich Base

Example 1, Asymmetric Mannich reaction

O
e} OHC 35 mol% L-proline O HN
+ + -
A \©\NO DMSO, tt, 50%, 94% ee )K/\Q\
2
O\
Example 2, Asymmetric Mannich-type reaction’

N/o-Ts e} -TS\
‘ In(Oi-Pr)3, ligand
T LD Q
5 | OH =/ B5AMS, THF, r, 80% OH
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Example 3, Asymmetric Mannich reaction'

/EH
o]
HO
o] :
o P N N o HN)kR3
+ Ry CNH ’
R )\ N__— H 10 mol % Ry Ra
o Ar0,;87 R,

Rs Na,CO3, NaCl, 15 °C Ry SO
72-98%, 99:1 er

Example 4''
PMP.
o) NH O
N-PMP L-proline, DMSO
[ + EtO,C
Etozc)\H rt, 81% syn
Ph Ph
Ph Ph o R(
%N L-proline, DMSO NH O
I o)
OY rt, 81% TH\@
o)
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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.

T _PhaSIOC(CRyLPHL )L + PhS=0 + HOC(CFg),Ph
C®
HCOtBu /O~C(CF3)Ph
COC(CF3)2Ph
Ph,S

Ph,S
HOC(CF3),Ph + %

€. OC(CF3),Ph

The alcohol is acidic
H~QC(CF3),Ph
( Q 3)2 (Hé@
18 O—C(CF3),Ph
JOC(CF3),Ph protonation Ph,S’ (CFs
Ph,S OC(CF3),Ph  + o
2 A
®
Ph,S. -eliminati
2&0 ©OC(CF53),Ph B-elimination )k + PhyS=0 + HOC(CF3),Ph
A~ H E1cB
Example 1°
©OBn OH Martin's sulfurane
o) WO s
o )\ ;“‘OPMB Et3N, CHCl3, 50 °C
OMe 0 O 85%
OBn
OMe OBn
0.0 O =
QOXDMOPMB
. o)
BzO' OMe o
OBn
6
Example 2

OBn

|, oH

, OBn Martin's
sulfurane
o

PhH, reflux
: OBn 85%
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Example 3’
HO CO,Me CO,Me

é\ 1.5 eq. Martin's sulfurane @
TBSO" O TBSO™ 0

CHoCly, t, 24 h, 84%

(:) ~OMe r T ' O ~OMe
MeO' MeO
Example 4°
i-PrO OMOM -Pro OMOM
Hsco:”if H3CO: ’ ' \f

OCH;  HN, OCH,

Martin's
sulfurane
PhH, rt
83%
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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. a-Keto or o-alkoxycarbonyl phosphonate re-
quired.

Aco/\/\/\/CHO * (Et0), \)k

O
N pBu

LiCl, CH3CN, 70%

OEt

o/\/\/\/\/COZEt

DBU = 1,8-diazabicyclo[5.4.0Jundec-7-ene

o 0
(EtO),P
OFEt . 3 Licl

H deprotonation
(EtO 2P\)\ chelation
OEt
N
~
@
(B0 zpy\oa Et0,C.,, P-OEt
OEt ——
/VM NN
O,
e
E0,C, ©
|

/’P(OEt)z 20 N -COE
o
AcO NS

Example 1°

0 O
RCHO TFA

1]
P )-K/ - . )‘k/\
N OEt = H,N R
QH OBz g En C}H R 75959 2

Example 2°
05 O A
H__O ‘ _ 2
OMe Os O _thr LiCl, Hunig base MOM OMe
MOMO, N ki S0/
ogz',,/ : MeCN, rt, 14 h, 58%
; VoG (EtO),(0)P 7 MeO
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Example 3’

Ph",
Ph S Ph ph—

N ™
g S s
BO%S(\C’)/\CHO o0 O Bo c&( ) Z ng

(¢}
LiBr, DBU, CH3CN, rt, 67%

Example 4°
88
N7 N
0 Q N oS- COEL
_P.__CO,Et
(EtO); Ph THF, 92%
Example 510
O O Ph
C MeOOCHO
MeO),P.
(MeO), QkN/LCOZMe
H DBU, LiCl, THF, rt
90%
OMe
N
98:2 N~ ~Cco,Me
MeO H 2
References

PN WD

10.

11.

Blanchette, M. A.; Choy, W.; Davis, J. T.; Essenfeld, A. P.; Masamune, S.; Roush, W.
R.; Sakai, T. Tetrahedron Lett. 1984, 25, 2183-2186.

Rathke, M. W.; Nowak, M. J. Org. Chem. 19885, 50, 2624-2636.

Tius, M. A.; Fauq, A. H. J. Am. Chem. Soc. 1986, 108, 1035-1039, and 6389-6391.
Marshall, J. A.; DuBay, W. J. J. Org. Chem. 1994, 59, 1703—1708.

Johnson, C. R.; Zhang, B. Tetrahedron Lett. 1995, 36, 9253-9256.

Rychnovsky, S. D.; Khire, U. R.; Yang, G. J. Am. Chem. Soc. 1997, 119, 2058-2059.
Dixon, D. J.; Foster, A. C.; Ley, S. V. Org. Lett. 2000, 2, 123—-125.

Simoni, D.; Rossi, M.; Rondannin, R.; Mazzali, A.; Baruchello, R.; Malagutti, C.;
Roberti, M.; Invidiata, F. P. Org. Lett. 2000, 2, 3765-3768.

Crackett, P.; Demont, E.; Eatherton, A.; Frampton, C. S.; Gilbert, J.; Kahn, I.; Red-
shaw, S.; Watson, W. Synlett 2004, 679—-683.

Ordonez, M.; Hernandez-Fernandez, E.; Montiel-Perez, M.; Bautista, R.; Bustos, P.;
Rojas-Cabrera, H.; Fernandez-Zertuche, M.; Garcia-Barradas, O. Tetrahedron:
Asymmetry 2007, 18, 2427-2436.

Zanato, C.; Pignataro, L.; Hao, Z.; Gennari, C. Synthesis 2008, 2158-2162.



343

Meerwein’s salt

Meerwein’s salts, also known as the Meerwein reagent, refer to trimethyloxonium
tetrafluoroborate (Me;O'BF,") and triethyloxonium tetrafluoroborate (Et;0 'BF,).
Named after the inventor Hans Meerwein,' these trialkyloxonium salts are power-
ful alkylating agents.

R_F R
- _F
F(?\F F(S\F
N O/\ \(g )
- |

Preparation:”

3 Me;O*BF,~ +4 Et,0
4 BF;+OFEt, + 6 Me,O 3 e 2

— + BO _Me
+3 <9 \Co
cl 3
3 Et;0*BF,

B ;
+ <O\C o Et>
Cl 3

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

4 BF3OEt, + 2 Et,0

+3C|\/<Cf

Et o)
Q o O Et
J\ Et;0°BF4, NaHPO, N J\ 3 o
N N 81%
H CHZCN, rt, 6 h ° cl
Cl Cl

Transforming an amide into its corresponding ethyl or methyl esters

Example 2, Metal-methylation*

OH
1. PhLi, Et,0, 0 °C OMe =—tBu, -BuOMe t-Bu
Co(CO)g Co(0C)s=( OO
2. Me;0+BF, Ph 45°C, 79%
Dotz reaction OMe

Example 3, N-Alkylation, the product is an ionic liquid®

= MesO-BF, © =
S : : BF4 ?N N CHs
e Et,0, 94% HaC™
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Example 4, N-Methylation’

SPh » SPh
/k 1. Me30+BF,, slow addition Me-
N7 \-SO,NMe, — CH2Clp, 1t NN

\‘< 2. BuMeNH, CH4CN, A, quant. \\<
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Meerwein—Ponndorf—Verley reduction

Reduction of ketones to the corresponding alcohols using Al(Oi-Pr); in
isopropanol. Reverse of the Oppernauer oxidation.

o) Al(Oi-Pr); OH o

_— +
R1JKR2 HOI-Pr R1J\R2 )K

Al(Oi-Pr)3 t I-PrO OI-Pr
(7 dinati R’ OF-Pr
y cooraination - N
0 RZTL ‘o-A~oipr| = A\
A, H7~0 R
R R
cyclic transition state
hydride O o AlOHPT), @ j)\H
- . +
transfer R OR2 R'" "R2
Example 17
AI(Oi-Pr)3
HOI-Pr, 90%
Example 2*
o (R)-BINOL (0.1 eq) OH
AlMes (0.1 eq) 43-99% yield
R "R 30-80% ee
i-PrOH (4 eq)
toluene
Example 3’
Me, Me Me Me
MeO., o 4 equiv Me;Al, i-PrOH
(6}
0°tort,24h
OTBDPS OTBDPS OTBDPS
84% 15%
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Example 4°

OMe 3 equiv AlMe;
9 equiv HOCH(Ph),

‘s
/

CH,Cl,
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Meisenheimer complex

Also known as the Meisenheimer—Jackson salt, the stable intermediate for cer-
tain SyAr reactions.

R—NH, R R
\ HN_ F “NH
F NO,
_ NO,
NO, S\AT, slow, & fast Fe .
rate-determining step v
NO, NO: NO
NO, Meisenheimer complex 2
Sanger’s reagent, ipso attack ipso substitution
Example 1’
o o _
@
O\N,O
NO, t-BuOK, DMF/THF COEt
J\ N CO,Et
Ph™ "CN —70°C, argon H
NC

Ph

nitronate
Example 2°

OH
O,N NO, CH,Cl
+ =C=
2 >7N c N4< argon, rt, 3 h
NO,

M 0
O NN L L
oY . NT N
I-PI'\N N/I-Pr ON H
O,N._ X _NO, + 2 NO,
15.8%
0,
N 15.5% NO,
L §°%

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"
R
R R'
F RENH F “ NH
NO, R @ 2 NO,
+ HN —_—
R' -F®
NO, NO, NO,
_ H® B H@
R~ NO, NO,
J —
NO, NO;,
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6. Hoshino, K.; Ozawa, N.; Kokado, H.; Seki, H.; Tokunaga, T.; Ishikawa, T. J. Org.

Chem. 1999, 64, 4572-4573.

7. Adam, W.; Makosza, M.; Zhao, C.-G.; Surowiec, M. J. Org. Chem. 2000, 65, 1099—
1101.

8. Gallardo, I.; Guirado, G.; Marquet, J. J. Org. Chem. 2002, 67, 2548-2555.

9. Al-Kaysi, R. O.; Guirado, G.; Valente, E. J. Eur. J. Org. Chem. 2004, 3408-3411.

10. Um, L.-H.; Min, S.-W.; Dust, J. M. J. Org. Chem. 2007, 72, 8797-8803.
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[1,2]-Meisenheimer rearrangement

[1,2]-Sigmatropic rearrangement of tertiary amine N-oxides to substituted hy-
droxylamines.

1 R
R1\NgR A /N\ 2k R*, N1 R
R; @ 0g RO Ry 07
Example 17
<O 35% H,0,, CHCI3/MeOH, rt, 15 h
e} N
then PtO,, 1t, 4.5 h
O O
< o THF, reflux, 1 h < _N
N [e)
(0] 64%, 2 steps O
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[2,3]-Meisenheimer rearrangement

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

Example 1’

/A Ph

} Ph802 Ji/
T ELO, 1,480
NN 48%, 61% de

Example 2°

n, .
7 To m-CPBA Ho, /o AlL,O; (alumina)

- Q
N&/K/OH MOH -
- CH,Cl,, 100% - MeOH

Bn
CDCly, 1t

Bn
N
<—( LA 67%, 65% de R\\N
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Meyers oxazoline method

Chiral oxazolines employed as activating groups and/or chiral auxiliaries in nu-
cleophilic addition and substitution reactions that lead to the asymmetric construc-
tion of carbon—carbon bonds.

\—< j 1. LDA 2 ijh
/ <\
_OMe 2.RX R N—",,_-OMe

H30,,, o
H 0 - /—A ﬂ» ‘ KN Hﬁ—L\N
N ]’ R
/ CN _OMe O O-Me

Oy
< N(i-Pr), Ph Ph

Example 1°
Ph  1.LDA TMSO
o) T\
— ]/ 2. TMSO™ >"Br ijh H;0® 1
N~ /X—<\ , _ - o)
| 2. k/IDASO H N “ 66% yield \ij
. Me; 9
OMe 2504 OMe 70% ee
Example 2°
OMe
Ph,
O__N 1
SO
Example 3°
o N 3 equiv n-BuLi
Z

3 equiv (-)-sparteine

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 o,f-
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.

R ] R O
H® H,0
R4
g OH o (0H2
RN S\
Ry
R R @
tautomerization
S p— R&-gm e
®
w___~ ‘OH; (OH
Example 1°
/ OH o
N X g H
S Br 98% H,S0, O O
[N = Br
50% o]
o]
Example 2’
[}
oMo i
Osp RO 0 Phs)K/v
-\
TmMsg © o- P-0TMS 54%
OH OTMS
Phs—= PhS—
CICH,CH,Cl, 83 °C, 30 min.
6%
Example 3*
X
0
) W 10% H,S04
N
THF, rt,1.5h
0,
OEt 70% CO.Et  21% CO,Et
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Example 4°

BF3-Et,0

TFA, 89% Et0,C
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Michael addition

355

Also known as conjugate addition, Michael addition is the 1,4-addition of a nu-

cleophile to an o,B-unsaturated system.

Ry O
! Nuc: Nuc Ri 0
. :
Ry Yy —— RRSJHLY
Rs Rs

R, ©
Nuc: /\R1 (6 conjugate N;c*/@\( workup ~ Nuc R 0
S 2

Rz Y addition

® —
R\/ H R2 Y
3
Rs

Rs
enolate
Example 1, Asymmetric Michael addition®

o [0}

M PhMgBr, CuBr-DMS ] u
N~ > si(Me),Ph gBr, é\] Si(Me),Ph

‘ ether, THF, -55 °C
(¢}

- 92%, 92% de (‘3
CPhg “CPh;

Example 2, Thia-Michael addition®

0}
H,S, NaOMe Hs

0 MC
Nﬂ\ MeOH, 75% N={

Example 3, Phospha-Michael addition’

(e}

)v (EtO),P(O)H o R

OEt R=H,71%
MeO™ "R o NH MEOMP:OEt R = Me, 51%
o

Me,N NMe,

Example 4, Asymmetric aza-Michael addition’

Ph._NH;

MeOC A~~~
eV~ cl

MeOzC\\\o(Nj '\"eozc\/(Nj

)//
7
2

Nal, Na,COj, BusNBr S 5y
CH4CN, 82% Ph™ :
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Example 5, Intramolecular Michael addition'

Me_ O~_0 LiIHMDS, DMF
e LS
o Z -60 °C, 20 min.

CO,Me 95%
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Michaelis—Arbuzov phosphonate synthesis

Phosphonate synthesis from the reaction of alkyl halides with phosphites.

General scheme:

A i
(R1O)P + Rp~X — Ry=P—OR' + R'-X
OR!

R'= alkyl, efc.; R, = alkyl, acyl, efc.; X =Cl, Br, I

For instance:

(0]
(CH30)3P + Br\)ko/ 4. q\)k s Sv2
(CH30)4P: -/

Bre/\,

CHs
O SN2
CH3O\p\)k on, ———— CHO- ﬁ\)k _ + CHgBrT
CHyO CH,0
Example 17
_ AN
EtO)sP, Tol.
\ = Br (EtO); N =
Br 145°C, 4 h, 70% ‘
Example 2°
o] 140 °C o O
| |1 _OBn
BNO~B__cI + (BnO)P BnO-p__P(
BnO 8h,92%  BnO OBn
Example 3’
o)
(EtO)sP, NiCl, a
s o-Cre O
100°C, 72h,10% ¢ F
Example 4°
0 Me (MeO);P
o L -y 1
NTOPh o5 qqgec  (MEO) QL
Bn 92-98%
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Example 5"
BnO BnO
: o TMSO-P(OEt), o o
BnO/g?l/SCN BnO 5> P(OEY),
BnO 0 50°C, 1h, 82% BnO ‘ 8
Bn Bn
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Midland reduction

Asymmetric reduction of ketones using Alpine-borane”.

Alpine-borane®” = B-isopinocampheyl-9-borabicyclo[3.3.1]nonane.

Q Alpine-borane OH
1 1
R / R neat R / R
I_!
B THF \\D
+ —— '
Fa reflux
(1R)-(+)-a-pinene

9-BBN

(R)-Alpine-borane
9-BBN = 9-borabicyclo[3.3.1]nonane

Zh- R
T
R

OH
hydride o/E® H20,, NaOH
+ H 1
- . H /\R
transfer /\ R workup R
R
6
Example 1
o ) H
BrO (R)-Alpine-borane, THF BnO
\\ X
\ 0, 0, 0,
y —10°Ctort, 95%, 88% ee H
Example 2’

(R)-Alpine-borane
OPMB
TBSO

22 °C, 6 kbar, 82%

= OPMB
TBSO
80% de
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Example 3*
o) OH
4 (R)-Alpine-borane (neat) 4
TBSO rt, 74%, 93% ee TBSO.
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Clay, J. M. Midland reduction. In Name Reactions for Functional Group Transforma-
tions; Li, J. J., Corey, E. J., Eds.; Wiley & Sons: Hoboken, NJ, 2007, pp 40—45. (Re-
view).
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Minisci reaction
Radical-based carbon—carbon bond formation with electron-deficient heteroaro-

matics. The reaction entails an intermolecular addition of a nucleophilic radical to
protonated heteroaromatic nucleus.

2 AgNO; _
=

R*COZH + @ (NH4)28208 @
X >

N H,S0, N" R
=
@ ‘
N = ‘
2 AgNO3, (NH,)2S,0g, H,SO ! ® .
R—CO,H gNOs3, (NH4)25,08, HSO04 co, + Re M NOAL .
silver-catalyzed H,S04 W
oxidative decarboxylation
4
Example 1
S205 + CH4OH “CHOH + H' + S0, + soz
CN
CN
2™ g (NH,),S,04
| 4 MeOH, H,0O =
@ ‘
g reflux, 1h,40% SN OH
CHj
Example 2°
_ | 1.6 equiv m-CPBA /® | (CH3);0°BF,4
NS
N acetone, rt, 1.5 h N CH,Cl,. rt
N 75% o 90 min.
©
Meerwein’s reagent
= (NH4)2S,0g
l o MeOH, H,0 -z
~2° B, < M on
(5 reflux, 1 h N
CHs 40%, 2 steps
= | 1.6 equiv m-CPBA = |
X @
N acetone, rt, 1.5 h N
78% &
o
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OH
CHs);0-BF. A\ © (NHg)2S,0g
(Ols)s0BF4 o | BF4  MeOH, H,0
CH,Cly, 1t SN |
90 min., 85% reflux, 1 h, 41% ~
6CH3 N
Example 3, Intramolecular Minisci reaction’
BtOC_~y N, CORE
‘ o OH | P o
= AgNO3, (NH,)2S,08
o
Q CH,Cly, H,0, ACOOH, TFA A
| i, 1 h, 46% |
N NH
H
Example 4’
I—‘{ Me Me
Me BzN.__CO,H
= BzN Z\|
>SN (NH,),8,0g, AgNOg H N h A
N BzN. N N
X TFA, H,0, 75 °C )
539 & 90110 al
o]
Example 5"
Y
¢OH 10 equiv FeS04+7H,0 _N

N
~N
- () oo
N
HO,C CO,H CH,Cly, 0°C, 15 min. N N
. N AN
1 equiv 10 equiv 24% [ | j

N/ N/
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Mislow—Evans rearrangement
[2,3]-Sigmatropic rearrangement of allylic sulfoxide to allylic alcohol.

A Ar\S/OY\ P(OCH3)s HOW/\

R R

R\/\/S\Ar

2
o) Ar ! (6 1 :
Ry ©2 2,3]-sigmatropic g X3
) o [2,3]-sigmatrop S g
, Q t%\; rearrangement K R
el :P(OCHy)s
SN2 @ 8Y\ H HOY\
+ - .
R R

_— AI‘\S,P(OCH3)3

Example 17
0
NalO4
N dioxane/H,0
TBSO 50%
ond \_ome TBSO
Example 2’
. OMe
o=""0
.OTBS

. :OMe
Meo—",>\o
- Me
o ~OTBS  £10).p, EtOH o
OH

reflux, 16 h, 98%

1. PhSeCN, BusP, THF

2. H,0,, pyr., THF, =30 °C
62%
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Mitsunobu reaction

S\2 inversion of an alcohol by a nucleophile using disubstituted azodicarboxylates
(originally, diethyl diazodicarboxylate, or DEAD) and trisubstituted phosphines
(originally, triphenylphosphine).

Et
1 a
/ Nuc H
R1 R2 + HNuc EtOZC /E\ . O:PPhs + \NfN/COZEt
1 2 / \
1° or 29 alcohol PPh, R" R EtO,C H
CO.Et, H
H e Ph P’NJ N\EtO c
)]
NE ~CO2Et  adduct COLEt, ( 3's 2
EtOZC #’ N—N —_— <
‘PPhs ormation  phypy  Et0,C OH
R Ry
Diethyl azodicarboxylate (DEAD)
®
alcohol EtO,C H OxPPhg Sn2 Nuc
— N=N + - - : + O=PPh,
activation H/N N\CO Et R1 K R2 reaction R1/\R2
2
©Nuc
Example 1°
CHzoAC PhCOzH CHzoAC
o DIAD, PPhs, THF o
OAc OH OAc 0,CPh
O —50°Ctort,2h,80% QAN .
OAc Ohc 1 Ba
Example 2°

o OJ( ) DEAD, PPhg, Tol. 4 5 Nphcoo OJ(
/\/Z\/l\/o O=N COM /\/l\/k/o
=

-30t0 0°C, 1h, 90% =
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Example 3, Ether formation®

OBn

PBug, ADDP, THF,
0 °C to rt, overnight (e]

\CZ 100%
OMe

ADDP = 1,1'-(azodicarbonyl)dipiperidine

Example 4’
==
S——

™ N, _Ph

O
TMS%SNIOH PPhs, DIAD, PhCH3
reflux, 60%
Ph/

Example 5*
n-BuLi Ph,PO

- >

then Ph,PCl

CHs

O,N

DEAD, PPhj

PhH, 92 %

R=CH(OMe), MeO

MeO
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Miyaura borylation

Palladium-catalyzed reaction of aryl halides with diboron reagents to produce
arylboronates. Also known as Hosomi—Miyaura borylation.

\ / Pd(0) /O
Ar—X \ Ar—B_
’ base e}

X =1, Br, Cl, OTf.

oxidative A L
Ar—X + LpoPd(0) ——— Pd.
PO o /X
o o) hase transmetallation
\B/B/ base o, /o 4L-
/ \ B—B© Ar_/
0] / \
° o © L?d\l
\ /
, /Pd /0 reductlve )
\ Ar—B + LpPd(0)
ellmlnatlon Ko

Example 17

P

CuCl, LiCl, KOAc, DMF, 92%

it
S

Example 2°

ol (o

) 3% (Ph3P),PdCl,, 6% PhsP CbZ O
1.5 eq. K,CO3, dioxane, 90 °C
85%
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Example 3°

CbzHN._CO,Bn , i >?L CbzHN._CO,Bn
[
j©/ Pd(dppf)Clp, KOAC

BnO

DMSO, 80 °C, 24 h BnO
85%

CbzHN.__CO,Bn
CbzHN.__CO,Bn ;

! : O
j©/ BnO
BnO O OBn
Pd(dppf)CIz, K2CO3 z

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

3 equiv HB(pin), 3 equiv EtsN MeO
MeO N\ diogane, 10(g°C)) ‘ ’ ‘ >
MeO N 2.1 mol% Pdy(dba)s, 3 equiv KsPOysH,O  MeO
Br dioxane/H,0 (10 : 1), 100 °C \ N
Br MeO N
MeO
‘ A\
MeO H
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Moffatt oxidation

Oxidation of alcohols using DCC and DMSO, aka “Pfitzner—Moffatt oxidation”.

OH DCC o

A N

R "R2 DMSO, HX R'” "R2

DCC, 1,3-dicyclohexylcarbodiimide

Oe 0 O n

H\ Ia)
N=C=N ® N=C=N HN—-C=
G, O %
O\S/ ‘ ‘\:O
1 R1J\R2
0 ® \S\%H "o (;\s® o
/ H X ~0
O\NXNO + i H )0%@ gz ¢ (CHy)S
H H R "R? R "R
1,3-dicyclohexylurea
Example 17
@[OH DCC, DMSO, C5HsNH*CF3CO5~ E:EO
OH PhH, rt, 70% e}
Example 2°
Ao [TOH A o CHO
DCC, DMSO, Cl,CHCO,H S z
o_ O rt, 90 min., 90% 0><o
A = adenosine
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Morgan—Walls reaction

Phenanthridine cyclization by dehydrative ring closure of acyl-o-aminobiphenyls
with phosphorus oxychloride in boiling nitrobenzene.

R
o> \H POCI, N

Example 1°
OZNN02 OyN Q O NO,
nitrobenzene, POCI3 =N
© SnCly, 98% O
CN
CN

Pictet—Hubert reaction
The Morgan-Walls reaction is a variant of the Pictet-Hubert reaction where the
phenanthridine cyclization was accomplished by dehydrative ring closure of acyl-
o-aminobiphenyls on heating with zinc chloride at 250-300 °C.

R
%NH ZnCI2 =N

o X))

Example 2*

O ZnCly, 250-300°C ‘ O
O H NN 80% N
0
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Mori—Ban indole synthesis

Intramolecular Heck reaction of o-halo-aniline with pendant olefin to prepare in-
dole.

CO,Me

©:Br / Pd(OAc),, PhsP ©‘\_/‘(\002Me
N

NaHCOj3, DMF, 130 °C \

Ac
Reduction of Pd(OAc), to Pd(0) using Ph;P:
oo ar
ACOTPA—0Ac AcO” th*Pd@
:PPhy A

@ o o
PA©) * 5. o° j’\ OLPPh, O=PPhy *)kok

Mori—Ban indole synthesis:

CO,Me PdL CO,Me MeO:G
QBJ/ Pd(0) J) _insertion _ | H PdBrL,
oxidative
N addition N
Ac Ac
B-hydride / ~CO,Me y
—_— H*PdBan + ‘ addition
elimination N —_——
‘ of PdH
CO,Me [3 hydride 7/ ~COMe COzMe
PdBrL
el|m|nat|on
Regeneration of Pd(0):

H-PdBrL, + NaHCO; —= Pd(0) + NaBr + H,0 + CO,T

Example 1"
| f Pd(OAc), ‘ Me
( I EtsN, MeCN [ I ]
H sealed tube H

110 °C, 87%
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Example 2*
N.__Cl
@: \:[ 10 mol% Pd(OAc), N
N
A\
N/ N/\/ @: _
BuyNBr, K,CO3, N© N
DMF, 100 °C \_/
67%
Example 3’
SO,NHMe
Br
\-COCFs Pd(OAC),, BuyNCI
Br Cbz Et;N, DMF
,‘\l heat, DME, 76%
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Mukaiyama aldol reaction

Lewis acid-catalyzed aldol condensation of aldehyde and silyl enol ether.

OH O

R? Lewis
R-CHO + Ri _— )\)L 2
%osnvl% acd R 1 R
P”"—A\X MesSIO O oH 9
. 2
R QRZ ( —= XSiMes + g R2 R 1t R
R SiM 1
\/\(O\, 1vies R
Example 1, Intramolecular Mukaiyama aldol reaction’
CH(OMe), CH(OMe),
o) 1. LDA, THF, -78 °C, 10 min. OTMS
EtO,C _ EtO,C
E0,C 2. 1.8 equiv TMSCI, ~78 °C, 4 h EtO,C

92%

TiCly, CH,Cl,

.

-78°Ctort,15h

EtO,C" Co,Et EtO,C CO,Et
12% 40%

Example 2, Mukaiyama aldol reaction’

AN
[0} —0

o O QH
. J/ >< BF3*OEt,, DTBMP ]

orc” N CH,Cl,, —78 to =50 °C, 73% O N "\l/$

O N oTBDMS Boc , , N Yo Boc

N i3n
Bn

Example 3, Vinylogous Mukaiyama aldol reaction®

1. PhCOLH, rt oH o 0

N CHO
0o . «
o)
%\VLOSH\A% 2. TFA, 60%
CN

NC
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Example 4, Asymmetric Mukaiyama aldol reaction'

OTMS ) TS/N‘B/

BU3Sn/W + — H
CHO

OMe

PN BusSn” NN 0
uzsn -
38% “orws T 0% HO . OMe

Example 5, Mukaiyama aldol reaction'?

OTIPS

<X
\
Me OTBS Me

Br - 10 mol% Bi(OTf)3
H
\ij/\c © 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.

o)
0 R2 Lewis 2 R’
R o)
+ R1
RA\)K \/\O&Meg, acid R
Example 1°
o OSiMes  1.0.1 mol% TBABB, THF, 3 h o) o)
+ = ~
M OMe 5 1 NHCI, THF, 0°C, 0.5 h O
87%
TBABB = tetra-n-butylammonium bibenzoate
Example 2°
o]
0 0OSiMe;
1. neat DBU, rt, 24 h
e ¢
2.1 N HCI, THF, 68%
o—
Example 3*
OMe
OMe ~_OMe
i OMe 10 mol% Sc(OTf) e
OMe N o E
: CH,Cl,, =78 °C to rt
TBSO._~ + : 0o O
OMe O\ 10% HF/CH,CN quench  Me0”™ "7 o
(0] 85%, 20 : 1 (syn/anti) OMe
Example 4°
OTBS 0.5 mol% Zn(OTf),
COzMe
CH,Cl,, 0-25 °C
78-81%
OTBS o
4NHCl Ry o]
CO,Me THE RZR CO,Me
3 NZ
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Mukaiyama reagent

Mukaiyama reagent such as 2-chloro-1-methyl-pyridinium iodide for esterification
or amide formation.

General scheme:

R4CO,H * R,OH

base R3
X =F, Cl, Br
Example 1'°
=
\@ ‘

Do 0 2% (o
0] COZH BU3N CH2C|2

% o~
\ \ \
7\ oBr/g%j SNAT ? e E%o \ﬁ

=
o ‘l ) @BF4 . E)MO V\N_ ‘ - Br (0] / GBF4
° H - Bj)) HO-Bn
NBU3
. WK\'@ %o 9)£j ~7H0J\/j
o / Fa

Amide formation using the Mukaiyama reagent follows a similar mechanistic
pathway.'¢

Example 2, Polymer-supported Mukaiyama reagent’

% Tioo ¢\
OH - | ON=
0{ >4 NT Cl o@—/ cl
%) Tf,0, CH,Cly, 16 h, 1t
1.25 mmol/g
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O
NHBoc
NHBoc )\l)ko/ S
\ NH NH
CO,H 2 \
\ 2 [e)
polymer-supported N o

N Mukaiyama reagent

T
~N

EtsN, CH,Cly, rt 0
16 h, 88%
E 9
xample 3
NHFmoc OWS
N=
. HO ¥
NTS
CO,TMSE NHBoc

Mukaiyama reagent

DIPEA, CH,Cl, 91%

Example 4, Fluorous Mukaiyama reagent'’

1. Fluorous Mukaiyama reagent
1 equiv DMAP, 3 equiv EtzN

dry DMF, rt, 1h
RCO,H + R'NH, or R2OH RCONHR' or RCO,R?
2. H,0, rt, 5 min., 87-100%
=
N | cl
Fluorous Mukaiyama reagent o
AN
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Myers—Saito cyclization

Cf. Bergman cyclization and Schmittel cyclization.

|@

atom donor

Ns)

C/ Aor
=
_ hydrogen

(H

5/\, reversible f H .
e
=

allenyl enyne diradical

Example 1°

Z ph PhH, reflux ’O‘
u = 96 h, 40%

Ph Ph

Example 2, Aza-Myers—Saito reaction®

MeOH CHO
NZ ‘ OMe N‘/\ CDCly NZ ‘
PR 0°C,14h pr ™ 10°C,12h Ph
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Nazarov cyclization

Acid-catalyzed electrocyclic formation of cyclopentenone from di-vinyl ketone.
0 0
O)i H@
@
O)i protonatlon O)i O@\
Oé\ tautomerlzatlon Oﬁ\

Example 1°
o) b O
O)KL ZrCly, (CH,Cl), (j(:/}
N SiMe; 60°C,36h,76% N H
CO,Me CO,Me
6
Example 2
HCIO4 (1072 M)
Ac,0 (1 M)
EtOAc, 9 h, 75%
Example 3°
Ph
Me
Me._~ MeO,C, Ph
MeO,C_~ 5 mol% Cu(ClOy),
o] OTIPS
o OTIPS  DCE, 45 °C, 8 h, 80%
OTIPS
OTIPS
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Example 4'°
OAc
N
b
S
MeO o
o}
OAc
10 mol% Sc(OTf)3 ——
LiCIO,, 80 °C MeO
)/ A
CICH,CH,CI (0.3 M) 0 N
65% g Ts
Example 5"

1. hv(350 nm), CH4CN, rt

2. i-PryNH, MeOH, 50 °C
60%, 2 steps
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o-Aminoketone from tosyl ketoxime and base. The net conversion of a ketone

into an o-aminoketone via the oxime.

_OTs NH

2
1\)[1 1. KOEt R1JYR2 + TsOH
R R2

2. H,0 o

ketoxime o-aminoketone

cyclization

- =

N/OTS NGS
deprotonation
9/‘ H?)LR P (' )
EtO 2 °r R

R1 R1

NH
HO 2

H
:OH :
o 2 hydrolysis N 0O, 2
TsO  + Ng/ yaroy ) gﬁéo/ H__ RAﬁrR
R! R, R Ra o

azirine intermediate

Example 1°
_OTs

o] N EtO OEt
‘ N Me - NH2OH-HCI ‘ N Me - KOEt ‘ N
— ~

2. HCI = NH,
N 2. ngrli,o/i:yr. N 82% N

Example 2, A variant using iminochloride’
Ph Ph Ph  NH,
Woa Hocl Woa 1. KOtBu WOH
NHeHo)  100% 2. HClI

NCI 71% O

Example 3*

TSON | N

Br 1. KOH, H,0, EtOH, 0°C, 3 h

OMe 2. 6N HCI,60°C, 10h
3. K,CO3, THF, H,0, 10 min.
96%
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Example 4°
R Ry 1. HNOH R
‘\\ N R4 heat ‘\\ N\ R
2 O 2 MsClEtN; NT ey N !
DBU, Bu33P | = 41-89% H
70-91%
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Nef reaction
Conversion of a primary or secondary nitroalkane into the corresponding carbonyl
compound.
NO,  1.NaOH o}
2 a0 + 1/2N,0 + 1/2Hy0
R R? 2 H,s0, R R?
© ®
HO.®_0oH
0800 e e NS @'/w
B ® _
N —H0 OO @ 1 ™ , H" HO N h Hx0
—— R't'R
RAQRZ J
H R'” "R? R “R?
) :0H, oH
HO ™ nitronate nitronic acid
®O
Os @ H N O o
N +H g .+ HNO == ]+ 12N,0 + 12H0
R R2 R1ASR2 R "R? R R?
0}
OH H
Example 1*
(e} (0}
&\( 1. NaOH, EtOH, 0 °C, 30 min.
"), 1, e}
NO2 2 3MHCI, 0t020°C, 12 h, 68%
Example 2’
0
Ho 2 HO
1.2 M NaOH, MeOH
o 2. ice-cooled KMnOy, <
G 45% G
Example 3°

S, t-Bu
oTBS o/\(\) t-Bu/O/ S/O/

NO, 2.2 equiv PMe3, THF, rt, 30 min.

oTBS o/\(\) H,0 1t 5min. 2160 O/\‘o

94%, 2 steps o
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Example 4'°
R .
co,H HOAgHcl R COH
NO, reflux, 2 h COH
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a coworker save for three early articles.
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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).

R-X ) NiL, or PdL,, -
+ R“Zn=Y 4>solvent R'-R
R' = aryl, alkenyl, alkynyl, acyl
R2= aryl, heteroaryl, alkenyl, allyl, Bn, homoallyl, homopropargyl
X =Cl, Br, I, OTf
Y =Cl,Br, |
L, = PPhg, dba, dppe

Pd(0) or Pd(Il) complexes (precatalysts)

R'—R2 l
Pd(O)Ln /—\ RLX
reductive oxidative
elimination addition
N K
RZ-Pd(I)—L, LnPd\(II) 1
X
transmetallation/
trans/cis isomerization
ZnX, ¥~ R2ZnX
X R
_ AN
X—2Zn_ “pqg(ll)
N N
o
Example 1°
CH,CO,Et
_ ‘ | = ‘ 200,
N N
Ho BrZnCH,COLEt, Pd(PhsP)y
(0) HMPA/(CH,OCH3), (1:1) O
o Ph 3.5h, 40% O»Ph
o Ph o Ph
0O O
E 4
xample 2
e} ) (0]
activated M
Znl
BnO H Zn/Cu couple BnO H
NHTr NHTr
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Boc,
N NHBoc Boc
/Q\% o) N NHBoc
SN CO,t-Bu %

PdCl,(PhsP),, DMA
40°C, 79%

Example 3*

BOC*NQfI

1. Zn, DMA, TMSCI, BrCH,CH,Br, 65 °C

BOC*ND*AI’

2. ArX (X = Br, OT¥), PdCl,(dppf) (3 mol%)
Cul (6 mol%), DMA, 80 °C
41-97%

Example 4°

1. t-BuLi, ZnCl,, Et,0, =78 °C
2. Me Me
= e Me e e

e Me Pivowl
| oTBS - ~ oTBS

Pd(PPhg),, THF, 0 °C
85%
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Nenitzescu indole synthesis

5-Hydroxylindole from condensation of p-benzoquinone and B-aminocrotonate.

CO,R3 CO,R?

HO
-
R’ N

\

RZ

HN

j\i/l CO.R? conjugate

(0] HN addition
H COZR3
H R2
H
Example 1°
0
. o NH,
Q o HN" ., "o {
NM 1. acetone, rt, 48 h N
H 2.20% TFA, CH,Cl, 5
86% n
Example 2°
H.__CO,CHj3 CO,CH3
I HO. {
O@ + HN CH3NOp, rt N
o) 5% \\\
Example 3’

0 o)
0 ReNH, | Ravgy {>:
)K/R1

Rs t Rz)\/ R

HOAc, rt
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Me
R4 Me/N Ry
HO N HCHO, HNMe, HO
| >R, | YR,
N ethanol, 50 °C N
Example 4"
(0]
OEt \
=
° YT N
NH O
N [ ZnCly, CH,Cl, H
NH O reflux, 80% N
o MOEt /
HO OEt
O
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Newman—Kwart rearrangement

Transformation of phenol to the corresponding thiophenol, a variant of the Smile
reaction (page 513).

S S o
on I J 4
CI” “NMe, 0" “NMe, NMez hydr0|VSIs @
NM62 Q
oS S$” "NMe,

0
MezN—é\; - @
3

O

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 diarylthioncarbonate. The
Chapman rearrangement involves an analogous migration but to nitrogen.

Schoénberg rearrangement Chapman rearrangement
S (0] NAr (0]
A
OXOAr R s)kom O)kAr N r\NkAr

Example 1°
()} nahouF 8% <) Ph;0, 208 °C § 7 3
S
i O O)KNMe 50 h, 55% O S~ “NMe;
2
O OH \r‘v al

J.J. Li, Name Reactions, 4th ed., DOI 10.1007/978-3-642-01053-8 179,
© Springer-Verlag Berlin Heidelberg 2009




394

Example 2°
- 00
NMe2 NM92 0.8 mmHg NMe2
NaH, DMF OH : OH
85°C, 1h, 45% 55%
Example 37
O. o, ; /O
- 1. Bry, CH,Cly, 5 to 20 °C, 90 min. dimethylaniline
2. g CHyCly, 20°C, 16 h, 37.4% Br o189C 7 h 65.7%
OH )k Me,N O T
Cl”” NMe, st
_0 o
1. KOH, MeOH, reflux, 2 h
BT 2 Mel, K,CO,, 90% Br
Me2NTS 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.Coy(CO)g 1. NuH Nu
R—= RS RI— R3
R4  2.H'orLewisacid 2-[O] R4
o
§° (CO)}sCo=Co(CO)s 4+ 1@

(C0)iCo—Ca(CO);  —cO (oo

Co—Co(CO); ~CO
/) OR? R (.)Z OR? R OR?
— 4 R3
R1—é7* R3 R* R

- R* R®
C0)3Co—Co(CO - -
(CO)3CoCo( Ggs y Sy (CO)sCoLCo(COYys |\ 1 (CO)3Co-Co(CO)3
R ol R! ® R! Nu
Ré R3 R R* R3 R* R3

propargyl cation intermediate (stabilized by the hexacarbonyldicobalt com-
plex).

- (CO)sCo=Co(CO), NU
o=c=0T + R1 23 Ny — RI—4(R3
demetallation Ré R3 R*

Example 1, A chromium variant of the Nicholas reaction’

OH
= 1. HBF4'Et20, CH2C|2, -60°C

m 2.5 eq. X, CHyCly, =60 °C, 86%
\\ cl V)

Cr(CO), X = HN Nxo
\—Co,n-Bu
cl
cl
—~ .
N - S “2HCI
/N L, N
\—co,n-Bu —/ o
\| / O \—CO,H

Cr(CO),

Example 2, A Nicholas-Pauson—Khand sequence’

H
n
SNON o0
) OEt 2. EL,AICI, 82%
MesSi
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Example 3, Intramolecular Nicholas reaction using chromium’

Cr(CO);

RN o =
\Z\/OAc BF3+OEty, CH,Cl, ©<>
/
0°C, 3.5h, 49% //\Cr(CO)3

Example 4°

1. Cox(CO)g 100%

2. BF3‘OE12, 75%
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3. Corey, E. I.; Helal, C. J. Tetrahedron Lett. 1996, 37, 4837-4840.

4. Jamison, T. F.; Shambayati, S.; Crowe, W. E.; Schreiber, S. L. J. Am. Chem. Soc.

1997, 119, 4353-4363.

Teobald, B. J. Tetrahedron 2002, 58, 4133—4170. (Review).

Takase, M.; Morikawa, T.; Abe, H.; Inouye, M. Org. Lett. 2003, 5, 625-628.

Ding, Y.; Green, J. R. Synlett 2005, 271-274.

Pinacho Crisostomo, F. R.; Carrillo, R.; Martin, T.; Martin, V. S. Tetrahedron Lett.

2005, 46, 2829-2832.

Hamajima, A.; Isobe, M. Org. Lett. 2006, 8, 1205-1208.

10. Shea, K. M. Nicholas reaction. In Name Reactions for Homologations-Part I, Li, J. J.,
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Nicolaou IBX dehydrogenation

o,3-Unsaturation of aldehydes and ketones mediated by stoichiometric amounts of
o-iodoxybenzoic acid (IBX), alternative to the Saegusa oxidation (page 482).

Ho.

)
4 10
0 R? 0O R?

o)
R1MR3 MR3

IBX = o-iodoxybenzoic acid R

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

0 R? tautomerization HO  R? Ho!
O,

AL, e O
[e]
0 R?

0 /OH

N 1 -,

015 re N

H(R)’IJ\%ﬁRS

Example 1"

IBX
fluorobenzene
DMSO

65°C, 24 h
80%

IBX

TBS

DMSO, Tol.
- H 80 °C, 3 h, 52%
MeO,C  CO,Me
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Example 3’

IBX

Tol, DMSO  MeO
70°C

Me H
2°
\
o}
MeO 9
S. O
R1/ Rz R1/S\R2
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(II) BINAP complex.

O OH
R)k Ri Ha, (R)- or (S)-BINAP R)*\FG
R Rs Metal [Ru(ll) or Rh(1)] Ro* Ry
R&™ Ra R« Rs

OO RPh;

(R)-BINAP-Ru = RuCl,L,

/

H
[RuCly(binap)(solv),] ﬁ» [RuHCl(binap)(solv),]

The catalytic cycle:
OR!

O=
(binap)CIHRY H*
solv o=
R

RMOR1
OR!

o:
[RuHCI(binap)(solv),] (binap)CIRu/\
H

H R

H*, solv solv

H, [RuCl(binap)(solv),]* oH O

11b

W Ru[(S)-BINAP](CF3CO,), W
X N-"oH . OH

30 atm Hy, rt, 96% ee

Example
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Example 2'°
@o Ru[(R)-BINAP]CI, ©\J\OH
Br 100 atm Hy, rt, 92% ee Br
Example 3’
0 5 bar Hy O
o 0 O 3.2 mol% Ru(ll)-(+)-(R)-BINAP O H O
\\\\\\\\\ R z OMe
A OMe  MeOH, 70 °C, 24 h, 90% H' Heoe
Example 4"
100 atm H,
o o Ru[(S)-BINAPICI, OH O
CsH11MOMe EtOH, it 75%  Cshi OMe
98% ee
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Nozaki—Hiyama—Kishi reaction

401

Cr—Ni bimetallic catalyst-promoted redox addition of vinyl halides to aldehydes.

o

RIZX Cr(I1)Cl, [ ; ] Rsza j\H

aprotic solvent RI=Cr(INCIX R? R2 R3

organochromium(lil) )
reagent allylic or
4 homoallylic
R" = alkenyl, aryl, allyl, vinyl, propargyl, alkynyl, allenyl alcohols
R2=R3 = aryl, alkyl, alkenyl, H
X =Cl, Br, I, OTf
Solvent = DMF, DMSO, THF
The catalytic cycle:”
11X
OCriInX, 2CK(I1)Cl,
Ni(IICl
R"oR? i(inCly
2Cr(llCly
X
R?”°R® Ni(0)
1
[ R™=Cr)cl, | Rlx
y tallati oxidative
ransmetallation [R1*Ni(ll)+x addition
Cr(lCly
Example 1°
OTHP N
 1""0TBDPS
AcO CHO
10 eq CrCly, cat. NiCly THP
AcO
X OTBDPS
DMSO, 25 °C, 12 h, 80%
OH
Example 2°

% OH O
OHC 4 eq CrCl,
©/0Tf . o 0.008 eq NiCl, 7o
o@ DMF, rt, 15 h o@

35%
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Example 3, Intramolecular Nozaki—Hiyama—Kishi reaction®

| OH

5 equiv CrCly, NiCl, ] OTBDMS

CHO THF, 84% —
OTBDMS

/2

Example 4, Intramolecular Nozaki—Hiyama—Kishi reaction’

1. HCI, THF, 0.003 M dark

2. CrCly, NiCly, DMSO
0.0025 M, 50 °C
37%, 2 steps
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Nysted reagent

The Nysted reagent, cyclo-dibromodi-p-methylene(u-tetrahydrofuran)trizine, is
used for the olefination of ketones and aldehydes.

Example 1, The Wittig reagent opened the lactone:®
OMOM

TBDPSO,,, TBDPSO,,,
excess
Zn(CH,ZnBr),* THF
TiCly, THF
reflux, 64%

Example 2°
~OTBS 1.5 equiv .OTBS \OTBS
. Zn(CHzZnBr *THF Q Q
o) OH
1.5 equiv TiCly
OH THF, reflux OH 42°/ CH, 14%
Example 3°
2 equiv CH,
Zn(CH,ZnBr),* THF
2 equiv TiCl, BnO /
THF, 0°C to rt OH
1h, 74% TBDPSO
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Oppenauer oxidation

Alkoxide-catalyzed oxidation of secondary alcohols. Reverse of the Meerwein—
Ponndorf—Verley reduction.

OH Al(Oi-Pr)3 0 OH

R "Ry o R Ry

i Ry coordination

. -PrO Oi-P
?,pr PO OF-Pr

hydride O OH
—Al<

PLIN _ +
(0] [©]
| o
H TR,
Ry

cyclic transition state

Oi-Pr

Example 1, Mg-Oppenauer oxidation®

OH 1. EtMgBr, /-Pr,0 %

/\)\/\/

2. PhCHO, 60%

Example 2°

OH  (iPr0),AI0,CCF,
©\)\ p-O,N-Ph-CHO ©\)K
on  PhH.1t 241, 70% oH

Example 3, Mg-Oppenauer oxidation®

RMgCI-LiCl
-20°C| RCHO

R PhCHO R

—omgc =0 + PhCH,OMgCI
R 0°Ctort R

|

H
H R
R
/J\ wMg__ . ——. Ph ~o—M~¢
Ph— s |70 / Cl 5

K H\n.\\'
H o R'
R’
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Example 4'°

N/
Al
H_ OH EtOAIEt,

0
0 H_ OH

X Iy | X
et HaC” G, O r 11 g e R,

]
2 equiv R" H HsC~ “CF,4
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Overman rearrangement

Stereoselective transformation of allylic alcohol to allylic trichloroacetamide via
trichloroacetimidate intermediate.

CCly CCly

o —— & L N

or Hg(ll) or Pd(ll
Cl,CCN RMR1 g(11) or Pd(ll) R)\/AR1

OH cat. NaH

RMR1

trichloroacetimidate
=_ccl CC'3
VN \/ 3 r\H‘,\e
Ty — Ty
A — - M2 ™
R R’
R/\/'\

A, [3,3]-sigmatropic
rearrangement

Example 1°
“‘3( CI;CCN, DBU
© CH,Cly, ~78 °C
K,CO3, p-xylene
reflux, 90%, 2 steps
Example 2°
TBDMSO TBDMSO
ClzC.__O.
Y 0 K,CO3, p-xylene ‘

NH .
A 0

O
"0
reflux, 77% C|3Cj( ﬁ
1 )

J.J. Li, Name Reactions, 4th ed., DOI 10.1007/978-3-642-01053-8 186,
© Springer-Verlag Berlin Heidelberg 2009



407

Example 3’
CF3;CN, n-BulLi;
toluene, 120 °C
30%
Example 4°
o O NHC(0)CCl,
DBU, CCI;,CN N
(CH,);OTBDPS N (CH,);0TBDPS
toluene, reflux Me F
51% Bn
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Paal thiophene synthesis

Thiophene synthesis from addition of a sulfur atom to 1,4-diketones and subse-
quent dehydration.

0 0 P,Ss, tetralin ~ H3C

S,
Ho—{_ )—cHy \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 on
page 328.

S

O CHg
CHs P,S5 H3C tautomerization
H3C -

- X -
o X=0o0rS

HaC
‘SH o 3 ‘ S XH — HuX H3C s
H3C% 3 — CH, UCH3

X H

Example 17
o

Lawesson's reagent s
Ph MN Ph N
& 110 °C, 10 min, 82% \@/

10) Lawesson's reagent
o chlorobenzene, reflux, 36 h Ph Ph
Ph = =
Ph 69% ST S
O~ Ph
o7 Ph Ph Ph

1. (a) Paal, C. Ber. 1885, 18, 2251-2254. (b) Paal, C. Ber. 1885, 18, 367-371.

Thomsen, 1.; Pedersen, U.; Rasmussen, P. B.; Yde, B.; Andersen, T. P.; Lawesson, S.-
O. Chem. Lett. 1983, 809—-810.

3. Parakka, J. P.; Sadannandan, E. V.; Cava, M. P. J. Org. Chem. 1994, 59, 4308-4310.

4. Kikuchi, K.; Hibi, S.; Yoshimura, H.; Tokuhara, N.; Tai, K.; Hida, T.; Yamauchi, T.;
Nagai, M. J. Med. Chem. 2000, 43, 409—423.

5. Sonpatki, V. M.; Herbert, M. R.; Sandvoss, L. M.; Seed, A. J. J. Org. Chem. 2001, 66,
7283-7286.

6. Kiryanov, A. A.; Sampson, P.; Seed, A. J. J. Org. Chem. 2001, 66, 7925-7929.

7. Mullins, R. J.; Williams, D. R. Paal Thiophene Synthesis. In Name Reactions in Het-
erocyclic Chemistry; Li, J. J., Corey, E. J., Eds.; Wiley & Sons: Hoboken, NJ, 2005,
207-217. (Review).

8. Kaniskan, N.; Elmali, D.; Civcir, P. U. ARKIVOC 2008, xii, 17-29.

Example 2°

References
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Paal-Knorr furan synthesis

Acid-catalyzed cyclization of 1,4-diketones to form furans.
o R? e R R
R3 cat. H
S A Pt
R' O orP0s RNy TR

H® 1 2
1 1 2
o - R R H R" R2 R R o O@
RI— RAey,) \ I\ 3
R R® 3
Ho) © R R R™ o R
Q ) @

=Y

Example 1°
al F o]
o
TsOH \
E toluene, reflux
\
N N_/
Example 2°

MeO. OMe
o

p-TsOH \ /)
_—
MeO toluene n-Bu
)
MeO

Example 3°

phosphorlc acid J o\ o
N CHjy
130-140 °C, 4-6 h \/
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Example 4'°
Me g, chol, N ST
0 o SnCl,, H D\ 2 Es
RJLCH:C‘JLR N 88-92% R o~ R
Me 72-89%
| 30% HBr—HOAc, CHCl3, 58-64% T
References
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gamon: New York, 1996; Vol. 2, 351-393. (Review).

3. de Laszlo, S. E.; Visco, D.; Agarwal, L.; et al. Bioorg. Med. Chem. Lett. 1998, 8,
2689-2694.
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Cat. 2, Vol. 9, 183-278. (Review).

8. Shea, K. M. Paal-Knorr Furan Synthesis. In Name Reactions in Heterocyclic Chemis-
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view).

. Kaniskan, N.; Elmali, D.; Civcir, P. U. ARKIVOC 2008, xii, 17-29.

10. Yin, G.; Wang, Z.; Chen, A.; Gao, M.; Wu, A.; Pan, Y. J. Org. Chem. 2008, 73,

3377-3383.
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Paal-Knorr pyrrole synthesis

Reaction between 1,4-diketones and primary amines (or ammonia) to give pyr-
roles. A variation of the Knorr pyrazole synthesis (page 317).

O 2
R“-NH
R)WR1 2 R/L/:ﬁ\R1

o} R?
_R2
o Hzl.\l. R o
[ RT  slow HO OH
Mw R _— o
R C HN OH R N R
o) R? R
H H
N Y i el
R N2 R N@ =Y
R2 R2
Example 1*
EtO OEt
F Q
\ /
1eq pivalic acid
THF, reflux, 43% CONHPh
CONHPh
— _— Ca2+
HO. —
co,
HO.
F
—_— N
\ /)
H
N
YRR
- Lipitor -2
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Example 2°

NH,4OAc
HOAc
110 °C
0% cl
NH4OAc, CSA
o}

o tole] MeOI-:ISO/50 C

MeO °

RNH,, AcOH, MeOH, 40 °C; or

(e} RNH,, AcOH, NaOAc, toluene, 60 °C; or )
J 2 S
N H NH,OAc, 28% NH,OH, EtOH, 40 °C N\
H o

30-96%

Example 3°

Example 4'°
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Parham cyclization

The Parham cyclization is the generation by halogen—lithium exchange of aryllith-
iums and heteroaryllithiums, and their subsequent intramolecular cyclization onto
an electrophilic site.

OC. =~ O — CD)|

K

CH30
m 2.2 eq. t-BuLi CH3Oﬁ/ halogen-metal
CH,0 *
3 THF, -78°Cott  GH,0 % exchange |

NEt,

e o]
Etz lizati CH30 O CHy0
CH,O _ oydlization 3 _— //
" CH30 N
CH50 3

CH30

E.g.

The fate of the second equivalent of -BuLi:
. )
pVO W — A AT
[

Example 1°
0
O Br
o]
O._NM O
MeO N2 Buli MeO
© © THF, -95 °C ©
oA
MeO OMe MeO OMe
4
Example 2
OPMB

n-BuLi
< Kj( ><:> Et,0, -78 °C

64%

om

o
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Example 3°
[ Oﬁ? ~ MeO
2 eq. n-BuLi
N - N._O
o THF, -78°c ~ MeO \
MeO 2.5h, 83%
OMe
Example 4°
o]
\ro Br & £BuLi, THF, —100 °C o)
L \f N—-PMB
N OMe  Ar, 30 min., 55%
PMB
References
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2033.

Gray, M.; Tinkl, M.; Snieckus, V. In Comprehensive Organometallic Chemistry II,
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Passerini reaction

Three-component condensation (3CC) of carboxylic acids, C-isocyanides, and
carbonyl compounds to afford a-acyloxycarboxamides. Cf. Ugi reaction.

o o H RR® O
©
N
R'-N=C *RZJKRS,* R*-COH R 0" R,
o}
isocyanide
% H
00 o
0 R 4 R
g T RICOH — gR R J<‘?2<R3
N
/
o R

H
acyl R4>%\LZ4R3 1/1\1% O)LR“
transfer \ R

RT H
Example 1°
Ts
OMe
CN H
OMe TEA PhH MeOWN Ts
MeO. N :
:@2\0'% .20, 93%  \eo ° OMe
OMe
eO
OMe OMe
Example 2°
PN HOAc, THF ’ ;
+
eHo \ rt, 93%
CN ACO
Et
Example 3°

Me CbzNH

/’\lﬂ\e + /ﬁ\Me +
FmocNH CHO CN

CO2Bn BocNH™ ~CO,H
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Me

e O J\)\ Me
CH,Cly, 0°C — 1t
- - . FmocNH N CO,Bn
35 days, 80% v\oio H
CbzNH NHBoc

Example 47
HoN.__N. OBn(Cly)
T e, 2
NH o mo
+ CN + N oH
J)kﬁ COMe Alloc
BocHN™ “CHO Ph
HzN No2 OBN(Cly)
CHyCly, 0°C — 1t Ji//k
2 days, 59% BocHN
CO,Me
NAIIoc
References

=0 X W
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where he was a professor for most of his career.

Ferosie, 1. Aldrichimica Acta 1971, 4, 21. (Review).

Barrett, A. G. M.; Barton, D. H. R.; Falck, J. R.; Papaioannou, D.; Widdowson, D. A.
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Owens, T. D.; Semple, J. E. Org. Lett. 2001, 3, 3301-3304.
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765-785. (Review).
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Paterno—Biichi reaction

Photoinduced electrocyclization of a carbonyl with an alkene to form polysubsti-
tuted oxetane ring systems

e}
)CL ! j\ e R/):p
R” "R’ R

oxetane
x L 6y —
R™ "R j\ )\
R)'LR1
n, 7* triplet
o 0 0
R t— T RW— R
R! R! R!
triplet diradical singlet diradical
Example 12
o}
P LX< Y
Pﬁ%Ph ° O‘I <
Me o) hv, CeHg, 99%  ROOC =0
Me Ph H
Example 2*
J-Pr
o ipr hv, CeHg -
o+ 1 - Ph—’l
PR Ph SMe 73% ph SMe
(E/Z=611)
Example 3°

hv, MeCN

82%
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Example 4°
Ph
OH Ph
O . @ hv HO
O o 100% i P
0 solvent o)
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Pauson—Khand reaction

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

o/

H @ o~
__ Coy(CO)g /?CO(CO)
—_— % 3
Co(CO)3  toluene, 60-80 °C g

4-6d, 60%

o(co

C CO c0)3
(CO),Co— Co(CO)3 - fCO CO(CO @

hexacarbonyldicobalt complex

H
-Co(CO) co
_=¢co_ Co(CO)2 o— 2 +CO
insertion i i
’c/ toward CH insertion
exo complex sterically-favored isomer
(CO)Co
O)CGo Mo (co) 300 o S o
reductlve reductive elimination
(CO)3Co ellmlnatlon ~ C0,(CO)s o%
Example 1°
(0]
% Co,(CO)g o
o O + =

benzene, 65 °C
/\ 16 h, 23%
Example 2, A catalytic version®

5 mol% Co,(CO)g

/ 20 mol% P(OPh)
Ts™N ’ Tst<:\j>:O
A\

3 atm CO, DME
120 °C, 48 h, 94%
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Example 3, Intramolecular Pauson—Khand reaction’

/ o
N—Cbz Co,(CO)g, DMSO
) Q9
/ N THF, 65°C, 94% / N H
\ H

H

Example 4, Intramolecular Pauson—Khand reaction'’

. Co(CO)g H
\N @ 5 equiv MesNO+2H,0 o \
o THF/H,0 (3:1), 0°C to rt P
NO, 0 O nh,

7h, 71%
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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 mi-
gration.

R o aqg. NaOH )OiA
\<‘/\OH - RS
R oH R_0) H
0} .
\<'/\Q}H/ \<?/\ J\A workup R “0
Example 1°
Example 2°

OH
K,CO3, MeOH
o,
CO,Me . 2h,98% K CO,Me

Example 3, Aza-Payne rearrangement®

O,
NaOMe, MeOH B H
/\/1/ TrO/\/I()/
reflux 1h, 84%
HO OTr

H
NaOH, t-BuOH/H,0 o e
TsHN
r, 4 h, 98% H

Example 4, Aza-Payne rearrangement’

OCH3
0.28 M NaOH,
t-BuOH/H,O/THF (4:5:1),
rt, 30%, or

NaH,
THF/HMPA (10:1),
rt, 80%

J.J. Li, Name Reactions, 4th ed., DOI 10.1007/978-3-642-01053-8 194,
© Springer-Verlag Berlin Heidelberg 2009



422

References

NSk

10.

Payne, G. B. J. Org. Chem. 1962, 27, 3819-3822. George B. Payne was a chemist at
Shell Development Co. in Emeryville, CA.

Buchanan, J. G.; Edgar, A. R. Carbohydr. Res. 1970, 10, 295-302.

Corey, E. I.; Clark, D. A.; Goto, G.; Marfat, A.; Mioskowski, C.; Samuelsson, B.;
Hammerstrom, S. J. Am. Chem. Soc. 1980, 102, 1436—1439, and 3663-3665.

Ibuka, T. Chem. Soc. Rev. 1998, 27, 145—154. (Review).

Hanson, R. M. Org. React. 2002, 60, 1-156. (Review).

Yamazaki, T.; Ichige, T.; Kitazume, T. Org. Lett. 2004, 6, 4073-4076.

Bilke, J. L.; Dzuganova, M.; Froehlich, R.; Wuerthwein, E.-U. Org. Lett. 2005, 7,
3267-3270.

Feng, X.; Qiu, G.; Liang, S.; Su, J.; Teng, H.; Wu, L.; Hu, X. Russ. J. Org. Chem.
20006, 42, 514-500.

Feng, X.; Qiu, G.; Liang, S.; Teng, H.; Wu, L.; Hu, X. Tetrahedron: Asymmetry 2006,
17,1394-1401.

Kumar, R. R.; Perumal, S. Payne rearrangement. In Name Reactions for Homologa-
tions-Part II; Li, J. J., Corey, E. J., Eds.; Wiley & Sons: Hoboken, NJ, 2009, pp
474-488. (Review).



423

Pechmann coumarin synthesis

Lewis acid-mediated condensation of phenol with B-ketoester to produce cou-
marin.

OH . o O AICl3
s o
A e
R

"e0)

H Eto CO‘/-\lCls ' A‘? 0.0 (6.Cd
L T e o
©/ © R H Oy — e

R R OH

R
0.0
® o. H 0.0
Michael @:g/ H | ©;j
- . P
addition
R(oH
HR oH Q@2 R
Example 1°
0 o
/@\ MOEt AN
bimim]Cl+2AICI
HO oH I 3
130°C, 35 min,, 90% 1O oo
Example 2°
o o
O OH O OH
)\@ I, )\dl
X
i o}
oy BiCla 75°C, 2, 66% oo
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Perkin reaction

Cinnamic acid synthesis from aryl aldehyde and acetic anhydride.

OAc O O oy o)
AcONa

Ar—CHO + Ac,O ——

2 ArMO)K H,0 ArMOH

cinnamic acid

0 5 o
o 6 ~on enolate Ao/&n aldol 09/0
c
AO)LQH formation H\WAr condensation ArMO
%)

3 ? PSS

O N
) ><‘) )ko 0 ¢)
intramolecular [ONe]

€]
A (0]
acyl transfer Ar O r H
[0}

bt o G
YIS ) & QLA & L.
transfer AI’)\Q/MO elimination \e

H OH
_o
OH
0 ° o) o)
HO)& HOAc
ArA\on) ArA\AOe ArMOH
Example 17
MeQO
Ac,0, Et3N, 90 °C
CHO + MeO
CO,H 5h, 66%
MeO
Example 2°

CIF,C Ac,0, A CIF2C,

0]
PH AcONa, 46% Ph CO,H
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Petasis reaction

Allylic amine from the three-component reaction of a vinyl boronic acid, a car-
bonyl and an amine. Also known as boronic acid-Mannich or Petasis boronic
acid-Mannich reaction. Cf. Mannich reaction.

R—B(OH), + Ro~-Rs o .
H H R)\/OH
1

OH

9} ‘ N/R3

T S R e
R—NH~ OH :

Rs R{—B(OH),

Example 17

Ph” N

CsH EtOH, rt
B o e N —— (A
Ph"X~""0H OH H  84% 99%de Ph :

OH

Example 2*
Me

(HO),B HO\_/Nan

HO. _CHO MeNHBn, EtOH, rt

j/ * 24 h, 72%, 99% de

OMe

HoO—"

OMe

Ph.__CO,H

3
R, OHC~CO,H, PhB(OH),

| 50-94%
A

Bns” N7 R, Bns” SN R,

R2

3

Example 4, Asymmetric Petasis reaction'’

Ro~ ,R3
H o) N
Ry 15 mol% (S)-VAPOL
NP BOEY, T OReVR, M ° (5 R1A\/L002Et

3 H” ~CO,Et
3AMS, -15°C, Tol. 70-92% yield
89:11t0 98:2 er

R4 = aryl, alkyl R, = Bn, allyl
R3 = alkyl
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Petasis reagent

The Petasis reagent (Cp,TiMe,, dimethyltitanocene) undergoes similar olefination
reactions with ketones and aldehydes as does the Tebbe’s reagent. The originally
proposed mechanism® was very different from that of Tebbe olefination. How-
ever, later experimental data seem to suggest that both Petasis and Tebbe olefina-
tion 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.

Cp\Ti/CI MeLi or Cp.
. Ti=CH
cp’ Cl MeMgel e °

Example 17
O—> (6]
04/\N “Ph  CpgTiMe, 044,\,—)"%
MeOZC/,”‘CHS THF,65°C  MeO,Cc— | 'CHa
CHO 8h, 52% N
Example 2°
AN
/A
N
O O phme, 50°C, 67% °
Example 3°
CFs CF3
o 0
CF3; 0.75eq )k >< CF3
0~ “Ph o &

[Oj\\\o 2.4 eq MeLi [ j
N~ 6 mol% Cp,TiCl, N7
PhMe, 80 °C, 6.5 h
91% F
250 kg F
©)(474 mol) 227k
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Example 4°
R; R; OMe 1.8 equiv Cp,TiMe, R; R; OMe
N A
Ry N O Tol., THF, microwave, 65°Cc Rs N
3—10 min., ~ 50-60%
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Peterson olefination

Alkenes from o-silyl carbanions and carbonyl compounds. Also known as the
sila-Wittig reaction.

0 H HO  SiR; acidor R! H
I+ MO O&SiRy —= REy—H ———
R1 R2 R3 R RS base R2 R3

Basic conditions:

G .

€]
)L : O-SiRj3 . R! H
R’I & R2 R1O SI}T:; R1§_ 7l o syn
H 2 3 elimination 2 3
2 3 R R
o OCSR; R® R R® R
M R3
B-silylalkoxide intermediate
Acidic conditions:
€] ) 3
HO  SiR ; 3 @ HO) R . 1 3
RN mH3 m :1?} (‘3H H R (H E2 anti- R R
R R RZ  SiR, R SiR;  elimination r?
:OH,
B-hydroxysilane
Example 1°
OH SiMe,Ph  KHMDS, H
HO™ ™" SOBn  23°C, 24 m _sgoc 1h O T O8N
OBn 95% HO' Y OBn ’ OBn
o : 99%, > 20:1 dr
OBn
Example 2’
F 1. n-BuLi, Et,0, =78 °C F
Ph
PhO s)\(
PhO,S™ "TBS 5 benzophenone, 63% 2 Ph
Example 3*
1. KHMDS, THF, —78 °C = N
(£BuO)Ph,Si” CN \
= N =
2. ‘ N
X 88% yield
N "CHO 92:8 Z.E

J.J. Li, Name Reactions, 4th ed., DOI 10.1007/978-3-642-01053-8 199,
© Springer-Verlag Berlin Heidelberg 2009



431

Example 4'°

o  OMOM O  OMOM

1. LICH,TMS, THF 0 °C, 15 min.
0 2.KHMDS,0°Ctort, 1.5h
3. HCI, MeOH/Et,0, 5 min.
— 74%
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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.

OH 4
7 N_1. R P,05, decalin 3
8 WOT reflux 12N
R

\\P (\7F< @
y o — ® — .
R R O (opo

R
R R
Example 1*
HoE 3
o NH POC|3, P4010, decalin
180°C, 6 h, 14%
OH |, y OH
N N
0 o}
Example 2’
OH
Y o
N
H

o-dichlorobenzene

X
o _N
cl
cl 80% O
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Pictet—Spengler tetrahydroisoquinoline synthesis

Tetrahydroisoquinolines from condensation of B-arylethylamines and carbonyl
compounds followed by cyclization.

RZ
R1O:©/\ R'O
® —HO m
s @ —
R'0 N ﬁQ)HZ R'0 ot
R? R?
R1O @ R1O D R1O
NH <« = .
R2 RZ R2
4
Example 1
o)
‘k o .
Hom AcO s O silica gel N
+
Me
MeO NH; f dry EtOH  Me
N 80% T
o) N
0 o}
0
Example 2’
NHMe (CH,0),

aq. HCI, EtOH
75%
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Example 3, Asymmetric acyl Pictet-Spengler’

N
CH,ClL/ELO (3: 1) H
H Na,SO,, 23 °C, 2 h

OHC |
N NH, J

OTBDPS

@) N Ph
—
OTBDPS
AcCl, 2,6-lutidine, Et,O 81% 2 steps
-78°C to -60 °C, 23 h 94% ee

Example 4, Oxa-Pictet-Spengler'’

0°C to rt, 88%, 88% de
-

CHO
OO e
{ BF3*OEt,, CH,Cl,
0]

References

1. Pictet, A.; Spengler, T. Ber. 1911, 44, 2030-2036.

2. Cox, E. D.; Cook, J. M. Chem. Rev. 1995, 95, 1797—1842. (Review).

3. Corey, E. J.; Gin, D. Y.; Kania, R. S. J. Am. Chem. Soc. 1996, 118, 9202—9203.

4. Zhou, B.; Guo, J.; Danishefsky, S. J. Org. Lett. 2002, 4, 43—46.

5. Yu,J.; Wearing, X. Z.; Cook, J. M. Tetrahedron Lett. 2003, 44, 543—-547.

6. Tsuji, R.; Nakagawa, M.; Nishida, A. Tetrahedron: Asymmetry 2003, 14, 177-180.

7. Couture, A.; Deniau, E.; Grandclaudon, P.; Lebrun, S. Tetrahedron: Asymmetry 2003,

14, 1309-1320.

8. Tinsley, J. M. Pictet—Spengler Isoquinoline Synthesis. In Name Reactions in Hetero-
cyclic Chemistry; Li, J. J., Corey, E. J., Eds.; Wiley & Sons: Hoboken, NJ, 2005,
469—-479. (Review).

. Mergott, D. J.; Zuend, S. J.; Jacobsen, E. N. Org. Lett. 2008, 10, 745—748.

10. Eid, C. N.; Shim, J.; Bikker, J.; Lin, M. J. Org. Chem. 2009, 74, 423—426.



436

Pinacol rearrangement

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

(0]

HO  OH He i
RT R3 R R®

R!

The most electron-rich alkyl group (more substituted carbon) migrates first.

general migration order:
tertiary alkyl > cyclohexyl > secondary alkyl > benzyl > phenyl >
primary alkyl > methyl >> H.
For substituted aryls:
p-MeO-Ar > p-Me-Ar > p-CI-Ar > p-Br-Ar > p-MeOAr > p-O,N-Ar

@
€]
HO  OH W Ho (oM, _po
R%—éRz Rg_éRz 2
R" RS R" RS

H. fo)
HQ O
R @ R? alkyl R ® R2
3 P R™® — H +R 3
R migration R3 R

R1 R1
E 4
xample 1
OMe
OMe MeO
MeO O
OH OTBDMS BF ;+OFt, MeO CHO
: oTBDMS —~ —° . H
MeO THF, 68% OTBDMS
OMe O
OTBDMS
OMe
Example 2°
Ph Q
OH 1. MsCl, EtzN, CH,Cl, Ph
0 °C, 10 min.
Ny OH 5 EtAl CH,Cl,, —78 °C .
N 10 min., 90% N\So Ph
\
SO,Ph 2
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Example 3’
Ph on o) o Ph
Ph Ph
Ph"\_OH  cat TsOH Ph .
Iy Tem Oy OO0
3:1
Example 4°
OBn N‘fO R = vinyl, 92%
R = allyl, 95%
BF3-OEt, Z R=fuyl 90% [ 98%ee
R = prenyl, 94%
CH,Cly, 0 °C L)
o]
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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.

H*, H,0 J

HCl NHy CI~
R-CN + R'OH © 2

. NH,
R” COR L .
NHz, EOH R~ “NH,-HCl

RN
H® protonation A nucleophilic
R—=N: —"

NHy CI~
R™-Q" addition R

OR'
H

common intermediate
H cI” @

)k hydrolysis H o
R) OR'

HoN) O7H —
1
H,0: R™ OR

OR'

@
+
H | -
)kz C nucleophilic HCI-H,N (OR! NH,
R7YOR! R R)k
(NH;
H3N: H

addition NHy+HCI

Example 17

o Ph Ph NH Ph NH,
1 EtSH, HCL, CHCl, pyr., HpS =
Ph N)\\\ Ny O Nﬁ/o
H N  0°c,10min,95% Y  4h,0°C, 42% 1§
Ph

Example 2’

o)
EtSH, HCI, CH,Cl, pyr., HoS

o
Ph)LN/\\\N Ph)kN/YSEt PhANﬁ(SEt
H 0°C, 1 h, 85% Ho g 2ho0°c, 40% H

Example 3°

0, o) 0,
MeOH, HCI 2
S<oph s NaHCO3, Et,0 s
Il

i “OPh
Et,0, 0°C 500 g7
W 250% HCI-HNZ “OMe 5°C, 87-92%
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O,
2 9 )N\Hz S~opn
“OPh “OPh Ph” “Me JI
—_— \ + \ HN" “NH,
H,N" “OMe MeO” “NH, EtOH, rt

36 h, 78% Me™ "Ph

Example 4'°
c1®
HCl N
B s >
NG S EtOH 2 S
95% OEt
N N\>
NaHCO N
s HNy@s} _ NHC . Hz%YC[S
OEt 65% CI° " \H,
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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 R’
‘ (CH3C0),0 ‘

o]
N + 1L
R 2
R pyr., CH,Cl, To( R® 'H

(6]
@ % R2 N(\k 2 ® ’R1
)L(‘(‘))k acylation T—?F‘{ o RAANN

_ o
. /* HOAc R
|
RLEN. 8 j
R

N

e
e’ CH;CO,
3 2
iminium ion
© o o
;
%i%k . R\% R o
R < - Ac,0 \
/ R _N +
e Oﬁfy M R
*_ © (0]
OTO OAc

Example 1'
(CH3C0),0
N N
O o

\ 100 °C o}\

Example 2°
o
o
\rfl/ (CH4C0),0 \Nk

<30°C, 98% @
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Example 3, Iron salt-mediated Polonovski reaction’

l\/le
O
H,0, then FeSO, o
2 M HCl 87%, 2steps 7
Me HO
codeine
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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/
SNeoe  (CFsCO)0 _
pyr., CH,Cl,
07 “CF,4
tertiary N-oxide

)

/
o) 3
®N-O
|:3(;)L:\(‘))k acylahon Cq > CF3
(0]

H
Gf ./ %
-
o 15 v

€] ‘ =
> - CF3CO, ’\H
07 " CF, 07 CF,
enamine
2
Example 1
N (CF3C0),0, CH,Cly, 0°C
H
N then, HCI, heat, 30%
HO
Example 2°

1
o)

/

OH  CH,Cly, 0°C, 65%

(CF3C0O),0, pyr.

~ UL
S] /N@

Q
Iﬁ?:
I
>4
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Example 3*

1.3 equiv m-CPBA

CH,Cly, 0 °C, 94%

HO\ fo)
1. TFAA, CH,Cly, 1t, 3 h B N
2. KCN, H,0, pH 4 N H H OH
0°C, 30 min., Boc
thenrt, 3 h 25%
10
Example 4

1. m-CPBA, DMF, 0 °C, 0.5 h, 80%

3
2. Ac,0, Et3N, DMF, 0°C, 1 h

References

A

= 0O 0N
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Renko, D.; Mary, A.; Guillou, C.; Potier, P.; Thal, C. Tetrahedron Lett. 1998, 39,
4251-4254.,

Suau, R.; Néjera, F.; Rico, R. Tetrahedron 2000, 56, 9713-9720.
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Pomeranz—Fritsch reaction

Isoquinoline synthesis via acid-mediated cyclization of the appropriate ami-
noacetal intermediate.

OEt

L 9 oe
+ HoN —_— OEt ——
CHO 2 \)\OEt @N _N

OEt
OEt
HZN\)\OE o
( " U condensation OEt imine
H .N\H formation
0 O®H2
®
H <}
\ (OEt

ZO

— HOEt ‘
HE/OEt /?
_N
/N
i
OEt o ®OEt
oS oy — OO
_N
_N _N

Example 1°
EtO_ OEt
MeO \% BF3-AcOH, (CF3C0),0 Meo:@é
N
MeO:QVN 60-82 % MeO Z
E 4
xample 2
MeO OMe
TiCly, CH,Cl,
NVO —78°C, 69 %
O e
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Example 3°
OMe
MeO MeO N
N 6 N HCI, EtOH, dioxane N.
MeO “Ns MeO Ns
reflux, 30 min., 68%
Example 4, Bobbitt modification'®
EtO_ OEt
MeO \%
OEt
o @
OEt MeO 3
e o
NaH, DMF

1.5 MHCI, 12 h, rt

2. NaBH,, TFA, CH,Cl,
38% overall
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NN A WD

(a) Pomeranz, C. Monatsh. 1893, 14, 116—119. Cesar Pomeranz (1860—1926) re-
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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
OFEt @ A
‘ ‘H\OEt H
: YNHZ OHC)\OEt ©\(N N

R R R
Example 1°

= OMe OMe

RQ + H\OMe = H\OMe
HN R
X “Ts X N\_I_S
®
H = X
AGWS S
\ “Ts
Example 2*
OEt
1 Eto)\fo gz
H 7 \
/ < > \ N N

HaN NHz 2 oleum, 30% = =
References
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view).
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Prévost trans-dihydroxylation
Cf. Woodward cis-dihydroxylation.

. I O,CPh hydrolysis >_'<
: i AgO,CPh D O
0,CPh

(I/I\ >L>< Sy 2 D SN2
- . " N N
>‘C< KeOZCHPh OYO

Ph
cyclic iodonium ion intermediate  neighboring group assistance

{

@O CPh
2
Ph ) OH
%« Sn2 >02_C'< hydrolysis >—K
@OYO 0,CPh OH
Ph

Example 1°

e
(I socomns ooe
IO o
PhH, rt, 2 h, 0w 0 E
F

reflux, 10 h, 46%

Ph
Example 2°
@ficjrp-o'\"e AgOCOPh, I,
\O\\\ CCly, 74%
OH QAc
| = +0,C-CgH4-p-OMe 1. KOH, H,0 AcO,,, _~_.OAc
\O?(j\/\/ 2. Ac,0, pyr. \O‘\\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 0" o
RN

or /\/\ or
H H H,0 R)\/\OH R OH R)\)

P

OH
o) ®
H PY ® HO  OH
HOH
HLH R/\/\OH R)\/\OH
R
the common intermediate
®
R/h/\OH B e
4 R OH
- :B
s
o @ @ N
J e = T SO

H OH R >"oH R)\/\O/H R)\)

Example 1°

OAc

SnBry, CH,Cly O
N
oB OBn

TsO n TsO

Example 2’

SN

o ™o
/@/\ (CH30),, Bi(OTf; /©)\)
AcO CHaCN, 1, 100, 77%  p ooy
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Example 3°
OBn OTBS 7
TMSEO,C ; + .
O : X0 HO' o
o o)T
cl
In(OTf)s, TMSCI, CH,Cl, OBn OH
TMSEO,C -
_7810 -40 °C, 4 h, 42% 2 o 20 SN o
’ 0 o)T

Example 4"

AcOH, BF3*OEt,

0°C, CH,Cl,
X = OAG, 33%
X =F, 48%
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Pschorr cyclization

The intramolecular version of the Gomberg—Bachmann reaction.

CO,H COZH
I h< NaNO,, HCI
NH2
CO,H
Ha N O O —NOe
N, H® T00)  -Ho NH, 2
HO o S %
H,O™ N NG
% © o 0" 0
CO,H CO,H CO,H
‘ﬁ‘ (N, SENSNS , C
@ OH2
0 V8

COzH

co2
Y

CO,H CO,H
6-exo-trig O‘ Cu(l)
- . -~ Ccu(0) +

radical cyclization H O _H®

Example 17

0s_0._0O 0,_0_0 0. _0__0
1. NaNO,, HCl-H,0-HOACc
O, e
) NHz 5 cuso,, HOAG, reflux S 61 s O
\@ 2h, 86% O '
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Example 2°
o) o)
o | e NaNO,, HCI N \
N aPz, N
() Semwwem LI
Example 3"
o) o)
“ hv (350 nM) O O
O B O MeCN, N, .
o) O
— :
34% 62%
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1. Pschorr, R. Ber. 1896, 29, 496-501. Robert Pschorr (1868—1930), born in Munich,

nkh e

10.

Germany, studied under von Baeyer, Bamberger, Knorr, and Fischer. He became an
assistant professor in 1899 at Berlin where he discovered the phenanthrene synthesis.
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Pummerer rearrangement

The transformation of sulfoxides into a-acyloxythioethers using acetic anhydride

ACZO R"

»w=0

o]
I % g o
o & JJ< S .S, _R?
acyl — 1
SJ Aoyl Q)Q AcO R @QH/
transfer S. R?
| -
s R R’I @\/
RIS ACOGJ
@ SR 2
- HOA R SR
:C R1-S§/R2 - €] R! \r
5 j OAc
AcO
Example 1°
OH 1. Me,C(OMe),, H
BnO. - 2. m-CPBA, CH,Cl,, —20 °C O] OAc
SPh BnO._~
\/\cl)?\ 3. Ac,0, NaOAc, reflux, 6 h d SPh
81%
Example 2’
MeO
]@/—\ COEt TMSOTf, DIPEA N
74 \ ’ MeO - COZEt
o PhS \
So. N CH,Cly, —20 °C NI
© 88%, dr = 2:1 N
Bn QO
Example 3®

MeO
e :©\/\ i 9 -
SEt
O N)K/ CSA, PhMe MeO
X CO,Me reflux, 88%
Br:
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Example 4°
I‘3n 0 9 ?n (0]
Ac,0, pyr., DMAP N
Bn/N\)K/S\ -, Bn S\
: CH,Cly, 1t, 91% :
\Ph Ph/ OAc
References

S

= 0 ® N
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view).



454

Ramberg—Bicklund reaction

Olefin synthesis via a-halosulfone extrusion.

X Base R

R)\//S\\/\R1 - - R/:/ + 0=8=07

[elNe]

f:B R )

X H )\’/\@ backside
A — 5 oo
R g7 ORI \) O//\\O displacement

Jdo
R R’

R'

W/ SO, ~/ + o=s=ot

/\\ extrusion R

O/ o

episulfone intermediate

Example 1*

b H

(:!\/j\ KOt-Bu, THF @

N 82 Br _15°Ctort, 71%

Example 2
qsr KOt-Bu, THF/HOt-Bu (\/i
H/”802CH2B|‘ 0°Ctort, 0.5h, 65%

Example 3°

1. 2.2 eq. KOt-Bu, 10 eq. HMPA
DME, 70 °C, 5 min., 82%

2.6 N HCITHF (1:10, v/v), rt, 4 h, 85%
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Example 4, in situ chlorination’

TMSW

0,8 ©

™ S\Oi/\/\/\/\/\/

HO.,,

1. -BUOK, +-BuOH
CCly, tt, 65%

2. TsOH, H,0, EtOH
rt, 95%
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Reformatsky reaction

Nucleophilic addition of organozinc reagents generated from o-haloesters to car-
bonyls.

o OR? HO OR2
Zn
SRR G e ¢
R™R o) RR1 0
R2 Zn(0 nucleophlllc
Br/ﬁfO © ZnBr

0 oxidative addition or R ‘\/ OR2 addmon
electron transfer

H,0, hydrolysis ~ HO OR?2
BrznO OR? 2
oY T T

R 0 during workup R'" O
4
Example 1
OTBDMS OTBDMS
S/A/—>”~/Ph —>BFCHZCOZMG MeOZCv/D“H/Ph
N Zn, THF, reflux, 71% N
Boc Boc
6
Example 2

o o)
/Cé Ao T
+ o~
eO’ Br

60 °C

HO O— HCI

- - . 0

THF, rt, 10 h ‘
o 92% O

MeO MeO
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Example 3, Boron-mediated Reformatsky reaction®

o
o /o H OH
d_l 7H BEt,, tol. =/ H
+ < = e —— - 4
< = OP:
: OP: Me:! <:§;> —78 °C, quant. 0 <:§;>
,—0 H O/ Me H
O p-1BS

single diastereomer

Example 4, Sml,-mediated Reformatsky reaction’

OSiEty
n-Bu CHO

Me
' 1. Sml,, THF, =78 °C

OSIEls 5 Martin sulfurane, CH,Cl, n-Bu
Br 72%, 2 steps
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Regitz diazo synthesis

Synthesis of 2-diazo-1,3-diketones or 2-diazo-3-oxoesters using sulfonyl azides.

1
RWOR TsNj, EtsN RWOW . Te=NH,

o O MeCN

( :NEt3

H enolate
R OR'

0) o

{ % NG
N"8"S0,Tol

N H
7 Rﬁow

o O

formation

©
Proton (N‘ \4 “S0;Tol i

N® ‘
T+ HoN S%i :F
transfer W RMOR 2 5
O O
tosyl amide is the by-product

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

iliary:*”
O (0] (0]
NaH, HCO,Et MsNj N
Z “OH 2
Et,O Et,O
*® 9 N~ - "SO,M
NEts NIN-N—3~Me o 1 2 S0Me
0 N( H
= -
ijAQ) > 0 5 )
e
% NN (\) Qe N o

—SO 2Me—>

it/rm

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

1;22\
2)e
h
orh
Z

I
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o) N*N)Nf‘cs‘)*Me 1,3-dipolar @N\SOZMe
S cycloaddition OH
ég/\OH :

Example 1°
i N
w/YYot-Bu * Y \©\
o O © SO2N;
(e} N
EtsN, CH3CN 2
T Womu
0°C, 5h, 45% o o
Example 2"

O 79 OTIPS
N/\/OTIPS CHaSO,N, Mé}k N
L@ CH4CN, 84% L\:Q
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W.; Bartz, W.; Liedhegener, A. Tetrahedron Lett. 1968, 9, 3171-3174. (c) Regitz, M.
Synthesis 1972, 351-373. (Review).

2. Pudleiner, H.; Laatsch, H. Ann. 1990, 423-426.

3. Evans, D. A.; Britton, T. C.; Ellman, J. A.; Dorow, R. L. J. Am. Chem. Soc. 1990, 112,

4011-4030.

Charette, A. B.; Wurz, R. P.; Ollevier, T. J. Org. Chem. 2000, 65, 9252-9254.

Hodgson, D. M.; Labande, A. H.; Pierard, F. Y. T. M.; Expésito Castro, M. A. J. Org.

Chem. 2003, 68, 6153-6159.

Sarpong, R.; Su, J. T.; Stoltz, B. M. J. Am. Chem. Soc. 2003, 125, 13624—-13628.

Mejia-Oneto, J. M.; Padwa, A. Org. Lett. 2004, 6, 3241-3244.

Muroni, D.; Saba, A.; Culeddu, N. Tetrahedron: Asymmetry 2004, 15,2609-2614.

Davies, J. R.; Kane, P. D.; Moody, C. J. Tetrahedron 2004, 60, 3967-3977.

0. Oguri, H.; Schreiber, S. L. Org. Lett. 2005, 7, 47-50.
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Reimer—Tiemann reaction

Synthesis of o-formylphenol from phenols and chloroform in alkaline medium.

OH

OH
CHO
©+ CHCly + 3KOH — ©/ + 3 KCI +2H,0

a. Carbene generation:

A 2 -
CI3C7H\J@ fast HO * (‘)()|2 - CI', slow
OH cl a-elimination

:CCly
b. Addition of dichlorocarbene and hydrolysis:

OH

€]
3 ® 5) o
KOH ) CHCI
H0 iccl, CCle —
H

OH

€]

° H

CO C|/OH o_) Uy oy (o
N e

R H

CHO

— H — H—

Example 1, Photo-Reimer—Tiemann reaction without base’

oH o CHCk:

hv (Hg lamp)
CHClI3, 5 h, 48%
CN CN
Example 2°

OH OH

CHO
CHCl3, 6 eq. NaOH

2 eq. Hy0, reflux
CO2H 4 h, 64% CO.H

NHBoc NHBoc
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Cochran, J. C.; Melville, M. G. Synth. Commun. 1990, 20, 609-616.

Langlois, B. R. Tetrahedron Lett. 1991, 32, 3691-3694.
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Reissert reaction

Treatment of quinoline or isoquinoline with acid chloride and KCN gives qui-
naldic acid, aldehyde, and KCN.

X X
0 [ I /] [ I ]VH HpSO4 (e} AN
L " J en B LN
R I KCN 0“ R N~ "CO,H

Reissert Compound

€]
N « CN N .
_ ol HoH
— N7 H N on
a
)\R

A o

Reissert compound

X
N H -
\
Lo

“ N ! Ny, HoH
H ® oL/ @
N NH N NH N QH/‘H —
/%9@ R J° R)VO
R o H
H
®\ o] @\ Os-H Q + t 0 H®
. _
N YNk, N & N
0 0 2 NH2
R H R H

Example 1°

cl @\/j NaCN, H,0, CH,Cl,
+
MeO N 4.5h,95%
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 30% H,80, _ MeO H
reflux, 1 h, 95%  MeO

OMe

Example 2, Reissert compound from isoquinoline’
X
O chiral Al catalyst
=N TMSCN, CH,=CHOCOCI
Br
O CH,Cly, —40 °C, 72 h, 53%

Example 3, Reissert compound fron isoquinoline'®

xb @@TES L.

cl
@ PN éN O CN O
N H 1:1
# TMS-CN, CH,Cl, :

48 h, rt, 96% Reissert compounds
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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 cy-
clization to an indole-2-carboxylic acid derivative.

(€]

Xy~ , COEt B N COEt @ Z
Ri‘/ éOZEt R—yr o _ R‘\ | |
NO, Z N" CoH

NO, [H]

CH3 CH
@E cozEt
(0]
@\/\f hydrolysis ° [H]
NSORE CO,H

NO,
H
A\
@HN) H

%zH

Example 1°
CO,Et
2 MeO
MeO. MeO Hg, Pd/C D
Ny, COEt oz EtOH, 85% NoCOE
Example 2°
. COsEt
@\/ , COEt_ KOE EIOH @\/\/ H, (30 psi), PtO, ©U\
_— OK
No, COZEt Et,0 NO; HOAC, 41-44% N” “COEt
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Example 3, Furan ring as the masked carbonyl'’
(0] m: (0] MS
- HClLEtOH N o
- / - /
o o) reflux, 84% 0
Ph Ph
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Ring-closing metathesis (RCM)

Cy::,P

Ph . N
CysP [ 3 i \/é
Ph Clip,=/
C"”'RL‘J:/ CI’Ru F3C?\0/MO\ Ph
feligte Mes ~\~ Ny -Mes FC-°
— 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= o+ —/

the active catalyst

LaM=CHR L,McCHR
) C [2+2] "> cycloreversion —Q/IL,,

cycloaddition =CHR + ):

[2+2] ML cycloreversion
S Q- =
cycloaddition ]

Catalytic cycle:

=—=Lag. -

L,M= L-M
") ¢ 2+2] s> cycloreversion T . GQALH
- cycloaddition J— —
[2+2] ML, cycloreversion
cycloaddition (] CH * LM= I
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Example 1°

Example 2°

Example 3’

| 10 mol% (PCyz),Cl,Ru=CHPh

Bl
o 0 /”C11H23 0.3 eq. Ti(Oi-Pr),

CH,Cl,, 40°C, 93%

45 °C, 60 min., 100%
E= COzEt

MesN_ _NMes

Gl ]

- Ru—=
cat. = CI/ I
0]

1. cat. PhH (0.07 mM)
80 °C, then air

OBn 2.10% Pd/C, H,, EtOAc, rt
80-85%

CysP

Cluugli=/
c”

OBz Mes~ *N/Mes

Ph

N
= /O\H/& 5.4 mol% -/
~

CH,Cly, t, 73%

Cy3P
|
PRV %'l’}Ru:/
Mes\N/kN—Mes
5 mol% \/

CH,Cly, 1t, 93%, > 10:1 E:Z

Ph

o

0" "Cq4Has

OBn

OBz
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Example 5"

15 mol% Grubbs Il

toluene, 110 °C, 78%

Example 6"

1.1 mol% L

PhH, rt, 1 h

2. Hy, Pd/C, 81%, 96% ee

References

= 0O 0N

11.

12.

Schrock, R. R.; Murdzek, J. S.; Bazan, G. C.; Robbins, J.; DiMare, M.; O’Regan, M. J.
Am. Chem. Soc. 1990, 112, 3875-3886. Richard Schrock is a professor at MIT. He
shared the 2005 Nobel Prize in Chemistry with Robert Grubbs of Caltech and Yves
Chauvin of Institut Frangais du Pétrole in France for their contributions to metathesis.
Grubbs, R. H.; Miller, S. J.; Fu, G. C. Acc. Chem. Res. 1995, 28, 446-452. (Review).
Scholl, M.; Tunka, T. M.; Morgan, J. P.; Grubbs, R. H. Tetrahedron Lett. 1999, 40,
2247-2250.

Fellows, 1. M.; Kaelin, D. E., Jr.; Martin, S. F. J. Am. Chem. Soc. 2000, 122, 10781
10787.

Timmer, M. S. M.; Ovaa, H.; Filippov, D. V.; van der Marel, G. A.; van Boom, J. H.
Tetrahedron Lett. 2000, 41, 8635-8638.

Thiel, O. R. Alkene and alkyne metathesis in organic synthesis. In Transition Metals
Jor Organic Synthesis (2nd Edn.), 2004, 1, pp 321-333. (Review).

Smith, A. B., I1I; Basu, K.; Bosanac, T. J. Am. Chem. Soc. 2007, 129, 14872—-14874.
Hoveyda, A.H.; Zhugralin, A. R. Nature 2007, 450, 243-251. (Review).

Marvin, C. C.; Clemens, A. J. L.; Burke, S. D. Org. Lett. 2007, 9, 5353-5356.

Keck, G. E.; Giles, R. L.; Cee, V. J.; Wager, C. A.; Yu, T.; Kraft, M. B. J. Org. Chem.
2008, 73, 9675-9691.

Donohoe, T. J.; Fishlock, L. P.; Procopiou, P. A. Chem. Eur. J. 2008, 14, 5716-5726.
(Review).

Sattely, E. S.; Meek, S. J.; Malcolmson, S. J.; Schrock, R. R.; Hoveyda, A. H. J. Am.
Chem. Soc. 2009, 131, 943-953.



468

Ritter reaction

Amides from nitriles and alcohols in strong acids.
General scheme:

H® o
R1’OH + RZ’CN - R)I\N)LRz
H
e.g.
H,SO. >L 1
250,
%OH + HsC—CN N)K
H,0 H
@ N=—ro
H @ ]
Dot om, Eomo s 30— e
N/
nitrilium ion
:OH, €] @ 0
{ >L OH, -H >L OH >L L
< -~ @ - - pZ - N
j\,(\ N/)\ N)\ H
Similarly:
o)
H,S0,4
>: + HyC-CN >LN)K
H,0 N
Example 1°
MeOCHN
H,S0,
MeCN ¢
89% oc” &()30
4
Example 2
CHj

=
Hy  t-BuOH H
_ | CHj, UOH, conc. HySO4 \N\ o
SN NCN 70-75°C, 75 min., 97%
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Example 3°
NO,
NO,
Pt electrode, E=2.5V
‘ CH3CN, LiClO4 0
@ H,0, 56%, dr 8:2 O,N” ™ N)K
S H
O,N OH

Example 4°

@ fuming H,SO,, CHsCN, rt, 30 min., (:Q_OH
o)

then H,O, 100 °C, 2 h, 77% NH,
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Robinson annulation

Michael addition of cyclohexanones to methyl vinyl ketone followed by in-
tramolecular aldol condensation to afford six-membered o,-unsaturated ketones.

(0]
o] 0 base O@?
R ’ \)k -

R

methyl vinyl ketone (MVK)

Co o ) _ 0
enolate o) isomerization
! o Mol somorzas
DT — N I —
H R formation \/ addition R
Q

R

B:/‘ e

&
HCB o
_aldol Q - H0
0 O Senydration
K~ ddt ehydration
fa a Ition R
R

Example 1, Homo-Robinson’

N f MVK, AcOH, BF3+OEt, NaOMe
0,
—20°C, 97% o>/ o 8% 5

TMSO
1.5 equiv EtoZn
2.5 equiv LDA, TMSCI 1.1 equiv CHalp
THF, -78 °C TMSO Et,0, 0 °C

1. 2.5 equiv FeClj, 0 °C

2. NaOAc, reflux
TMSO 40% for 4 steps g

Example 2°

3 equiv TfOH, P404¢
(0]
CH,Cl,, microwave 4

40°C,8h, 57%
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Example 3, Double Robinson-type cyclopentene annulation’

(0]

OH
CO,R 10 equiv \)K

0.1 equiv FeClz*6H,0

RO,C CH,Cl,, 60 °C, 2 d
OH
(0]
Q Q conc. HySO4 fOR
0°C,1h
RO,C CO,R
thenrt, 16 h RO,C )
O (e}
Example 4'°
0 (0]
g4 -
CN DBU, tol., reflux, 20 h,16% NC
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Robinson—Gabriel synthesis

Cyclodehydration of 2-acylamidoketones to give 2,5-di- and 2,4,5-trialkyl, aryl,
heteroaryl-, and aralkyloxazoles.

R

R2
HN -H,0 N&
R !
R1/&o g R1Ao R

Ry, Ry, R; = alkyl, aryl, heteroaryl

H R H R, R,
iﬁ e T Ao
IR, | — )
Ri™ 002 R1/ko @ R1Ao Rs

Example 1°
Q o
‘gig%o/ PhP, I, EtsN <§1<N o
- ~H S
CoziN 0 o%% CbzHN O |
E 4
xample 2
OTIPS
O, ~
OMe y | A \
MeO _ N N
: =0
Ho™
1. Dess—Martin, CH,Cl,
2. PhgP, BrCCI,CCl,Br
3. DBU, CH5CN
4. TBAF, THF
42% (+)-hennoxazole A

Example 3, Halogen effect’

Q{H i 2 eaulv PPhs ©\(o

N. )JW 7/A
N \
N CCly, MeCN N

o reflux, 97%
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@(H Q 2 equiv PPh, o

N

. B

HJW CBry, MeCN e
o)

\
reflux, 68% N-N
Example 4"
1. PPh3, C5Br,Cly, CH,Cly
2,6-di-tert-butylpyridine
N O CHO , ylpy N o)
@ "_otes _ NaHCOg CHiGh 0°C (] L) orss
o) N 0 N
TBDPSO 2.EtsN,MeCN,0°Ctort ~ TBDPSO
89% for 2 steps
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Robinson—Schépf reaction

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

CO,H \N
CHO
[ + —NH, o R 2CO,T + 2H,0
CHO
CO,H o
H.
0
—NHz: HNg~ HOZC\>\/COZH
\\ imine - H,0 (
o o,
formation
CHO CHO
o)
HO,C CO,H
INT
(on
hemiaminal
\ \
N {\/H N
o !
decarboxylation
. R \
HO.C o) HO.C oy

\ \
N \N N
UL SN
H/O le) @ OH \O
Example 1°

'S P,
MeO OMe “

0

Ph, ™\
. KCN, citric acid, H,0, rt, 2448 h

H/(\OH citric aci 2 NC\&O
NH; then EtOH, reflux, 96 h
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Example 2°

CHO

CO,H

THF, rt
+ \/\NHz + o)

72 h, 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.

(0} H, (0]

R™ Cl pd-Baso, R~ H

L4l PAdPA L0/ PAd Py Ll P Pz
H-h 5l H-Pd-H
H—H
o) Pd(0) 0 H-Pd-H
- o —
R™ “ClI oxidative R™ Pd ligand exchange
addition
)OLr\ reductive i
H ———  PdO) +
R (Ed elimination R H
4
Example 1
H,/Pd or Pd/BaSO, o
0 2,6-dimethylpyridine, THF
R™ "Cl  orHy/Pd-C/quinoline-s,PhH R H
74-97%
6
Example 2
NBoc, MeoN NBoc,
HO o = Cl :
CO,t-Bu cl N coytBu
l(\/\ O
H,, 5% Pd/C NBoc,
2,6-lutidine H z
_ Wcozt-Bu
THF, 2 h, 78% o
Example 3°

N\/\/\/\i 1. SOCly, cat. DMF, reflux, 4 h
= OH

2. Hy, 5% Pd/C, EtOAc, 53%
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/\/\/\/\/\)LH
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Rubottom oxidation

a-Hydroxylation of enolsilanes.

OSiR, 0

1. m-CPBA OH
2. K,CO3, H,0

Ar
R3Si

t
Y o]
Q W Prilezhaev ) Q//“Q o0 yo
R3Si0('o R3SiO oo 0 . L
epoxidation $H

The “butterfly” transition state

RaSiw & SiRs o}

H
&de | on  KeCOaHO OH
@ hydrolysis

Example 1°
OSiMes 2.5 eq m-CPBA 9 on
CICH,CH,CI ~
M 2L
SN COZMe 'tj\cozlvm
0°Ctort, 1h,80%
Example 2’
TMSCI. Nal 1. m-CPBA, NaHCOj, pentane, 0 °C OH
EtsN, rt, 91% 2. aq. KoCO3, 0 °C, 20 h, 80%
oTMS o}
Example 3*
OTBS
™SO  ~ o OTBS o OTBS
: m-CPBA | Tms0 : Si0,  Ho :
TMSO TMSO 63% TMSO
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Example 4°

1. LDA, TMSCI
2. m-CPBA, NaHCO3

3. K,CO3, MeOH
72%
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Rupe rearrangement

Acid-catalyzed rearrangement of tertiary o-acetylenic (terminal) alcohols, leading
to the formation of o,B-unsaturated ketones rather than the corresponding o,f3-
unsaturated aldehydes. Cf. Meyer—Schuster rearrangement.

OH
H*, H,0
=

OH
OH2 —H,0 /\)
=
dehydration

HZO:
o)
protonatlon @/\r O)\( tautomenzanon
Example 1*
/>/ conc. HySO4 Q
XN
OH CHCl3, HOAG, reflux, 1 h /W)k
Example 2°
o]
OH_—~
7 CHs
Me HCO,H, reflux Me
15 min., 42%
Example 3°
o)
A-252C H* resin HsC

EtOAc, reflux 00
4h, 78% 00
o
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Saegusa oxidation

Palladium-catalyzed conversion of enol silanes to enones, also known as the
Saegusa enone synthesis.

MesSi~. o

0.5 Pd(OAc),
@\ 0.5 p-benzoquinone
Me benzene, rt, 3 h, 91% Me

The mechanism is similar to that of the Wacker oxidation (page 564).

€]
AcO—Pd(Il)<OAc AcO

MesSis. j MesSid oy ) .

i Pd(Il)—OAc T Me” “OSiMesy
Me Me
o) o 4 o
Pd(ll)—OAc -hydride
()) L, \I\\,\..\-Q\OAC — é\ + Pd(0)+ HOAc
H elimination . Me
Me

Me

Regenerating the Pd(II) oxidant:

0 OH
Pd(0) + 2HOAc + ¢ - . © + Pd(OAc),
o} OH

Larock reported regeneration of the Pd(II) oxidant using oxygen:*

_0 HOAc
Pd(0) + O —— PdI

HOOPdOAc

O

AOSiMeg

HOOSiIMe; *+  Pd(I)(OAc),
Example 1°
OMe OMe

MesSICLELN  1uso

CH30CH,CH,0CH;
rt, 3 h, 74%
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OMe

Pd(OAc),, p-benzoquinone

CH4CN, rt, 60 °C, 53%

Example 2
0 LDA, TBSCI 0 Pd(OAc)z, O ©
é% HMPA-THF é% pmso, 0°c < ©
5 —78100°C, 93% oTes  48h. 77% >
Example 3"
) OTES o
Me Pd(OAc),, DMSO  Me
0°Ctort, 12 h, 81% M
o Me o e
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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 o,p-
unsaturated system (Example 2), giving rise to an alcohol.

(0]
? TiCl,
é + /\/SiMe?,
A
TiCly
(vTiCI4 @ o
@ __TiCl :
5 complexation LO/e 3 Michael
- addition ®
é ; Q SiMeg
*— o~ -SiMeg kGC
|

The B-carbocation is stabilized by the B-silicon effect

O/TiC|3 1)
silicon H,0
MesSi—CI  +
cleavage workup
N\ A\
2
Example 1
_— TMS EtAICI,, Tol. K
(o]
G = 0 °C, 50% o
6
Example 2
TiCly, CH,Cl,
/\/SiMe3

rt, 10 min., 67%
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Example 3°

SiM93

“OPMB

H,C  OPMB  BFsOFEt, Ba(OH),*8H,0

H—

+ “OH
< 0 0,
OC(0)CO,Me ~78°C,4h H:jj;f‘COZEt 07C.2h.62%
OHC (.OC(0)CO,Me
CO,Et H (010,
H
10
Example 4
HOH H O /
9 _~_SiMes
BnN NBn ——
/ BF3°OEt,, CH,Cl
“ 0,
4 OH t, 64%
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Sandmeyer reaction

Haloarenes from the reaction of a diazonium salt with CuX.

® _© CuX
ArN, Y Ar—X
X =Cl, Br,CN
e.g.:
o CuCl

ArN2® cl N,T + Are + CuCl, —= Ar—Cl + CuCl

E 4
xample 1
cl cl cl
@ © 1.FeCl ® _ DMSO, rt
N, Cl ——— N | cucl™
2. CuCl 2 | Bt 97%
81%
Cl ° cl 2

Example 2’

CF,4 CF, CF,

1. HySO, CuCN, NaCN
NH, 2-NaNO, NN Na,CO3, 50% CN
®

Cl Cl Cl

Example 3*
OMe OMe
NaNQO,, CuBr
OH 2 OH
55%
H2N ° Br

Example 4°

1. HOAc, H,0, H,SO,4
reflux, 2 h

2. NaNO,, 0 °C
3. CuCN, 50 °C
50-58%
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Schiemann reaction

Fluoroarene formation from arylamines. Also known as the Balz—Schiemann re-
action.

Ar—NH, + HNO, * HBF; —~

@ < A
ArN; BF, — Ar—F + NpT+ BF;

o @
_Or —» _Ns OH _NZ OH
e Qr/'.“.\;Nf Ar N Ar N\y

@ €] o A @ S}
— H 0+ Ar—N=N=—> AN, BF, ~— = N,T + Ar’ + F—BF;— Ar—F + BF;

Example 1*
NH, F
NaNO,, HBFy4, H,0O
O e L
PN LY ~10t0 0°C, 25% PN N
F7oN7 N ’ FoooN R
R R

R = 2,3-5-tri-O-acetyl-B-D-ribofuranose

Example 2, Photo-Schiemann reaction’

R NHBoc  1.HBF, ROF F
H 2. NaNO, i
HN.__N HN N BN

- N
NG 3. hv

o
36% 8%
Example 3, Photo-Schiemann reaction®
—\|_+ hv
HN_ COEt  NO'BF, BF4N; _ CO,Et F _ CO,Et
HN_ N [bmim][BF,] HN N [bmim]BF4]  HN__N
~r 4 e 0°C, 24 h, 56% ~

J.J. Li, Name Reactions, 4th ed., DOI 10.1007/978-3-642-01053-8 228,
© Springer-Verlag Berlin Heidelberg 2009



489

Example 4"
N,"BF,~ _ F
&Hz NaNO, — 2 BF4 160-200 °C -
8 3
5~ ~COyMe HBF,4 g~ ~COzMe sand, 67% s~ COMe
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, ni-
triles, amides or imines.

o} HN; i
- > R1 + N2T
1 2 2 g
R R o RN
N©
PARSS A
® ' ®
Q H® oM oENg HO N, Noe H o, Ng
1JKR2 1 X, = HoN HZOEQN)
R R OR2 R" R R1><R2 R R2
azido-alcohol
;
1 sV
-HO0 R @ R R>—=N
%N(L\I:N NoT e T f ®
e orati (
R migration H;0
nitrilium ion intermediate (Cf. Ritter intermediate)
HO ! o
/ tautomerization 1
- H® + >:N RZKN’R
R? H
Example 1, A classic example’
o} H
COzEt NaN3 WN 3 COZEt
— MeSO;H O “
21%
Example 2°
o} H O

NaN3, H,SO, N
CHCly, 92%
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Example 3, Intramolecular Schmidt rearrangement®

OH
/" TIOH, CHoCly OH
! o
/E dJ 0°C, 79%
N3

Example 4, Intramolecular Schmidt rearrangement”®

N3
L
Il O H
O, TiCl, O, N._O
82% H
Et Et
Example 5, Intermolecular Schmidt rearrangement’
Q H
NC. 0O HO,C.__N._0O
HOZC\E'LNH 2 \[ f
N N) N
NaN3, CHCl3 +
conc. Hy,SOy4
84% 0%
0
OMe OMe OMe
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Schmidt’s trichloroacetimidate glycosidation reaction

Lewis acid-promoted glycosidation of trichloroacetimidates with alcohols or phe-
nols.

HN.__CCls A
w,, O._OH :
U cat. NaH w, 0.0 HO—Ar ", 0.0

A “0Ac T oo , .,
“ 6CHO ©CKCON ~"oac  BFs*OEtz  AcO” ™" OAc
| OCHj OCHj
trichloroacetimidate
{N}—CCQ
©OH
n,, O CAD 1)
H deprotonation 1, OO BF3¢OEt,
& — . HT o+
hoom | O Ac “OAc
OCHs OCH;
BF3e0Et,
QN/YCC'B
neighboring
w, 0_LO
)‘.L group assistance
AcO” >0
CH30
H\
.O-Ar :‘Ar
i 7, O (o 7 OO
+
ClC” “NH, ACOD/?(T Ao “OAC
CH30 OCHs
Example 1°
HNYCCIg, CO,Me

1, ~O_O I CO,Me  BF3eOEty, 4 AMS

o)/\j i ’ 1, O~ PO OMe
—50 © OMe

Ac ~""0Ac  HO oMe  CH:Clo, =50 °C, 95% Aco/[)'/”OAc
OCHg OMe BCH,
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Example 2’
BnO o éH
BnO
O NH BF4:OEt,
CC|3 CH,Cly/hexane
-20°C, 68%
Example 3’

AcO  OAc © PF, /©)<
(@] HO €]
~ N TN
@% i

AcO H
AcO O _NH :

T 0.2 equiv TMSOTY, CH,Cl,, -15 °C, 5 min.
CCl,

S] t-Bu
AcO  OAc PFs
o YNNI
AcO © PFs By pq 0% H,
AcO o) @ -0 0
\/\/\/\N + AcO

20 H, AcO 30%
]
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Shapiro reaction

The Shapiro reaction is a variant of the Bamford—Stevens reaction. The former
uses bases such as alkyl lithium and Grignard reagents whereas the latter employs
bases such as Na, NaOMe, LiH, NaH, 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’I H R1
Rzﬁ)\\N/N\T ﬂ, RZ £
3 s then E ®
R RS
Bu R’
€]

RS R® R3
2
Example 1
NNHTs  MeLi, Et,O é . é
98% 2%
Example 2°
NNHTs _
S MelLi, Et,O—PhH N N
75-80%
Example 3’
o)
MeO

OTBDPS 1. TsNHNH,, MeOH, THF

2. n-BulLi, THF,-78 °C to rt
O "OMe 3. aqueous workup
69%

SHOH

J.J. Li, Name Reactions, 4th ed., DOI 10.1007/978-3-642-01053-8 231,
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Example 4°

NHTris 1. n-BuLi
H _N 2. MgBrz'OEtz

3. (0]
M% Me Me
e AL
o Me

55% vyield
one diastereomer

References

1.

N0 R

0o

10.

Shapiro, R. H.; Duncan, J. H.; Clopton, J. C. J. Am. Chem. Soc. 1967, 89, 471-472.
Robert H. Shapiro was an assistant professor at the University of Colorado. He was
not given tenure despite getting a reaction named after him.

Shapiro, R. H.; Heath, M. J. J. Am. Chem. Soc. 1967, 89, 5734-5735.

Dauben, W. G.; Lorber, M. E.; Vietmeyer, N. D.; Shapiro, R. H.; Duncan, J. H.;
Tomer, K. J. Am. Chem. Soc. 1968, 90, 4762—4763.

Shapiro, R. H. Org. React. 1976, 23, 405-507. (Review).

Adlington, R. M.; Barrett, A. G. M. Acc. Chem. Res. 1983, 16, 55-59. (Review).
Chamberlin, A. R.; Bloom, S. H. Org. React. 1990, 39, 1-83. (Review).

Grieco, P. A.; Collins, J. L.; Moher, E. D.; Fleck, T. J.; Gross, R. S. J. Am. Chem. Soc.
1993, /15, 6078-6093.

Tamiya, J.; Sorensen, E. J. Tetrahedron 2003, 59, 6921-6932.

Wolfe, J. P. Shapiro reaction. In Name Reactions for Functional Group Transforma-
tions; Li, J. J., Corey, E. J., eds, John Wiley & Sons: Hoboken, NJ, 2007, pp 405-413.
Bettinger, H. F.; Mondal, R.; Toenshoff, C. Org. Biomol. Chem. 2008, 6, 3000—3004.



496

Sharpless asymmetric amino-hydroxylation

Osmium-mediated cis-addition of nitrogen and oxygen to olefins. Regioselectiv-
ity may be controlled by ligand. Nitrogen sources (X—NCINa) include:

R 0 o
O// “NCINa i BnO~ “NCINa \/\i ANBI’U
Et0” “NCINa ™S NCINa
R = p-Tol; Me
; chiral ligand y
R K,0s0,(0H), R R
R CINaN-X HO NHX
t-BuOH, H,0

The catalytic cycle:

€]
0sO4 * CIN-X

X a |
HO  NHX 0=0s=N_x L
o
H,0
i 0
R OZ0s=N-X
”
0 (ﬁO/g'“R1
=Os~ 1
50N R

R
CIN-X /o/g R 0

=Os— 0=0s~
OO/’Q*S N O/L' N R
L x X
Example 1'°
o 5 mol% (DHQD),PHAL Q

n-PrOH/H,0 (1:1), 63% ee
51%

N ps 4 mol% K,0sO,(OH), >\*NH OH
BnO~ “NCINa BnO z:/>

J.J. Li, Name Reactions, 4th ed., DOI 10.1007/978-3-642-01053-8 232,
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(DHQD),-PHAL = 1,4-bis(9-O-dihydroquinidine)phthalazine:

Example 2°
BnOCONH,
NaOH, t-BuOClI OH
/@/\VCOzEt (DHQD),AQN ~_-CO,Et
K,0s0,(0OH), /©/\N:/HCbz
BnO n-PrOH/H,0 (1:1) BnO
rt, 12 h, 45%, 87% ee
E 6
xample 3

F
R NaOH, urethane
KzOSOz(OH)4
(DHQD),PHAL
_ 1,3-dichloro-5,5-di-

methyl hydantoin
Me n-PrOH/H,0 /}OEt Et°‘§

1. CSzCOz, MeOH

2. H,S0,
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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—B HO OH
(DHQD),-PHAL H [
2 Rg" ‘Rum
K,0s0,(OH), R H
K,CO3, KaFe(CN)s RS Ry
(DHQ),-PHAL
AD-mix-o. HO OH
(DHQ),-PHAL = 1,4-bis(9-O-dihydroquinine)phthalazine:
The concerted [3 + 2] cycloaddition mechanism:’
0o L 2 H o )
N\ By = | =/
0% F0sx0 @FOs
oo L L
[3 + 2]-like Q/> hydrolysis ~ HO
_ %;/OSO
cycloaddition I‘_ HO
Example 1°
OH K,0s0,(OH),

No)
Eo.c NS (DHQD),PHAL E10,C
2
K2CO3, MGSOZNHZ
N3 t-BUOH/H,0 (1:1)

rt, 12 'h, 90% de

Example 2*

OH

1. AD-mix-B, MeSO,NH,
/@/\VCOzEt t-BUOH/H,0 (1:1), 1t, 12 h /@)\rCOzEt
ON
BnO BnO o8

2. NosCl, EtN, CH,Cl,
0°C, 54%, 92% ee

Nos = nosylate = 4-nitrobenzenesulfonyl

J.J. Li, Name Reactions, 4th ed., DOI 10.1007/978-3-642-01053-8 233,
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The catalytic cycle: (the secondary cycle is shut off by maintaining a low concen-
tration of olefin):

Py

R

@)

ol
0?0

Py

H,O

Py

Secondary cycle
low ee

R._OH

X

R™ "OH

low ee

~O

L
R »

o) ‘\ Ru,(L
Q7 ; i 0-0sl

S

00 NMM NMO
H,O
R
Primary cycle \_ ‘
R\[O high ee L "
R “OH
high ee

OMe

Me X CO,Et AD-mix-o

o »

Example 3°

t-BuOH/H,O (1:1)
NN 93%, 97% ee
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Example 4'°
K,0s0,(0H), OH
(DHQDJ,PHAL
N
NMO OH 70% ee
acetone/H,0
89%
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Sharpless asymmetric epoxidation

Enantioselective epoxidation of allylic alcohols using #-butyl peroxide, titanium
tetra-iso-propoxide, and optically pure diethyl tartrate.

1

RU_R £Bu-O-OH, Ti(OiPr), "R
Y e
R OH L-(+)-diethyl tartrate R

2 2

1 1
Rj}i t-Bu-O-OH, Ti(Oi-Pr), 'ZLR
R OH D-(-)-diethy! tartrate R OH

2 2

The catalytic cycle:
Oi-Pr
LoTi,
Oi-Pr
o ‘LOH t-Bu-O-OH =
D~ OH o
LaTio
?
O\t-Bu
o AV L,Ti0
LoTil Q-
o} t-Bu
|
t-Bu
O/\,r>
2
LaTi-Q
P Q
*O\ >*> t-Bu
LaTi=O
Q
t-Bu

J.J. Li, Name Reactions, 4th ed., DOI 10.1007/978-3-642-01053-8 234,
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The putative active catalyst and the transition state:

EtO
O co,et
% Ot EtO,
o
o
O, |7 [ JLorer
[N SR
(TI T|‘\
R X4 | ~|%o
-Pro I
EtO,C Oj-Pr t-Bu

Example 1°

C,
N

503

CO,Et

Ti(Oi-Pr),, 4 AMS, (+)-DET MGM/<?/\OH

NN R
Me A OH
+BUOOH, CH,Cl,
-20°C

Example 2°
| (-)-DIPT, Ti(Oi-Pr),
k/OH
TBHP, 3 AMS
50-60%, 88-92% ee
Example 3"

(o)

L-(+)-DIPT, Ti(Oi-Pr
Non () (Oi-Pr)4
TBHP, EtOAc

89%, 98% ee

~

Example 4'*
BnO
0o D-(=)-DIPT, Ti(Oi-Pr),
BnO
BnO~"gno TBHP, 4 AMS

70%, > 95% ee

crude: 88% yield, 92.3 % ee
recrystallization: 73% yield, > 98% ee

(0}
R/OH

OH —» 0
., H
(L NH
(S, S)-reboxetine
BnO
)
BnO
BnO BnO O

OH
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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 BusP, among other
methods.

NO,
SeCN
R~ [ O]
BusP, THF, rt NO,
R\/\O,H
BugP: e
NO, - NO2 ;.
©/Se\\CN/‘ N GCN 4 @/S\engug, —
Se@ ’\ @
R\/(S:PB% —— O=PBuj + R\/\Se
NO,
o N02
[ ] R%S% syn-elimination Se—oH
| R\/ +
H O NO,
N
Example 1°
OHH %
L /.\H OH 1. BugP, 0-O,NPhSeCN, THF, rt
2. CSA, PhH, rt to 70 °C
A\ -
3. m-CPBA, 2,4,6-collidine
CH,Cly, 0 °C, 42%
MeO
Example 2°
MeO. 1. BugP, 0-Oo,NPhSeCN  pe0. "
Y THF, 1t, 6 h, 97% Y .
o, OH o
2. m-CPBA, Et,N,
CH,Cly, =78 °C
OH 86% OH

J.J. Li, Name Reactions, 4th ed., DOI 10.1007/978-3-642-01053-8 235,
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Example 3°

NO,

©/SeCN
1.

n-BugP, THF, rt, 78%

2. aq. H,O,, THF, pyr.
—40 °C to rt, 90%

Example 4"

NO,

©/SeCN
1.

n-BugP, THF, rt

2. aq. Hy,0,, THF, 40 °C
90% 2 steps
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Simmons—Smith reaction

Cyclopropanation of olefins using CH,I, and Zn(Cu).

CHyl, + Zn(Cu) —= ICHZnl ————— >A< |

Zn
I—CH,—| ICH,Znl
Oxidative
addition
Simmons—Smith reagent
2ICHyZnl === (ICH2)Zn + Znl,
Ing-2n! --znl

Ho o x . >A< + zZnl
=

Example 17

o (0]
Zn/Cu [from Zn and Cu(SQOy4),]
CHoaly, Et0, reflux, 36 h, 90%
Example 2, An asymmetric version’

O I CONE,

o1 (1 eq)
OO OH

/@/\/\OH CONEt, /@/\/\OH
MeO 6eqZn/Cu,3eqCHyl,  MeO

CH,Cly, 0°C, 15 h
78%, 94% ee

Example 3, Diastereoselective Simmons—Smith cyclopropanations of allylic
amines and carbamates’

| |
NBn, \*Z/i NBn,

EtyZn, CHyly, TFA "\NAPh
CH,Cly, t, 1 h NS D

92%, > 98% de Ph

J.J. Li, Name Reactions, 4th ed., DOI 10.1007/978-3-642-01053-8 236,
© Springer-Verlag Berlin Heidelberg 2009
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Example 4'°

(0] HO HO

1. PhMe,SiH, RhCI(PPh3)3, 60 °C ] .H H
2. EtyZn, CH2|2, 0°C
N . + K
Q z 3. TsOH, MeOH Q = Qg
(0] [¢) (¢]
83%, 3 steps
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Skraup quinoline synthesis

Quinoline from aniline, glycerol, sulfuric acid and oxidizing agent (e.g. PhNO,).

@\ . HO/\/\OH H,S04 @\/j
NH, OH PhNO, N

dehydration
HO OH — CHO
M ho HO/\/\OH = Ho >~
OH (OHZ
@
glycerol
H@
H® Hzgj\q/CHo dehydration ﬁkH conjugate J)
H " addmon
HoN
acrolein

@ H OH
_ H
f . H ]
tautomerization 5 H® /“ intramolecular .
N @N addition \ﬁ H
H N H

Co(az

H® H' dehydration % oxidation by @
N N"  PINO, —H, N7

H

For an alternative mechanism, see that of the Doebner—von Miller reaction (page
196).

Example 1°
F H,S0,, FeSO, F

F OH HaBOs, 80 %

N
*H
O\)\/OH SO3H P
F NH, t F N
NO,

J.J. Li, Name Reactions, 4th ed., DOI 10.1007/978-3-642-01053-8 237,
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Example 2°
0 H,S04 HyBO;
OH FeS04°7H,0
X 4 2
+
| Ho._A_oH -
N" o NH, 75 %

Example 3, A modified Skraup quinoline synthesis®

O A
HOAC, reflux
H H * /©\ MeO N” SMe
- 0,
‘ MeO NH, 8-10 h, 78%
MeS SMe
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Smiles rearrangement

Intramolecular nucleophilic aromatic rearrangement. General scheme:

€]
strong XS, 2
[ \© base IY:©
X =S8, S0, SO,, 0, CO,
YH = OH, NHR, SH, CH,R, CONHR

Z= NOz, SOzR
e.g.

2 0, NO
S SNAI'
Oe
ozs NO

spirocyclic anion intermediate (Melsenhelmer complex)
Example 1’

o 7 2
B
r%NHZ
H,N
NaOH, DMA O
HO S

Example 2, Microwave Smiles rearrangement’

H
) —=2 . A )
— —
N NH, pW, NMP, 30 min. NN
90% H
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(e}
[0}
NaOH, H,O H,0, reflux
50 °C HO%N 59%, 3 steps
o H HoN
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Example 3"

MOMO
1(OAc),
MOMO 0.0
W OMe OH
OMe OH

2 equiv Na,CO3
H,O, rt, 2 h

MOMO 0.0
[o}
DMF, 150 °C Ym'
OMe O OBn

87% overall

OBn
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Truce—Smile rearrangement

A variant of the Smiles rearrangement where Y is carbon:

z z
X base P
L
YH XH
Example 1°
- CF3 | NCFs
B _N B CFs
5 KH or NaH co =N
- . s
( v/
VY ‘ @Me
CO,Me MO~ "OMe oM
' \\~CF3 ' \\—CFj
=N =N
o N—oH
o o
Example 2’

= = NO
Q @ 2
NaOH, H,0 + %
0,8 e 0,5 S _N
NO, >\ EtOH, reflux NO,  41% 46% \E/)
o

Example 3*

O
O,N )%@ K,CO3, DMF
+
\©\F HO reflux, 73%

N
E O O OH
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Example 4'°
HO o F NG, KeCOs DMSO, tt, 85% Q\O
(0] . 2
O,N
C)Y\ ©/ 2. PTSA, acetone/H,0 2 0]
50 °C, 98%

rt, 93% NO,

TN HO (@]
K,CO3, DMSO o ©
O,N
2 ) O
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Sommelet reaction

Transformation of benzyl halides to the corresponding benzaldehydes with the
aide of hexamethylenetetramine. Cf. Delépine amine synthesis (page 171).

N x A
ArTX Nr(\jN*» Nrf jNg/A A OO
LN/ CHCl; ANZ/ H20
hexamethylenetetramine
N
f x° N
‘CH :
V N r hydride
" \' Nr( \(r‘\l\/A LI\C\/ transfer
/Q(/‘ LN ® Ar
rN\CH3 rN\CHS ~CH
N( oA W ( N g — ACHO + W NH3
LN N—/ N/
\‘:OHZ A &H
hemiaminal

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

€]
X
N N‘CH
R —— ffeon
NI_N NUREANE
LN/ @ LN/
Ar
Example 1°
Br CHO
BnO { 1. HMTA, CHClj, reflux, 6 h B“O\®
S 2. 50% HOAC/H,0, reflux, 3 h S
40%
4
Example 2
HMTA, HOAC/H,0 (11:3)
reflux, 4 h CHO
NH,
then 4.5 HCI, reflux, 1.5 h
OH 68% OH
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Example 3’
F F
WN\‘ HOAc, H,O CHO
cl +
ook A, 62% .
F
Example 4°
Br. Br: Br
NBS, BPO
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.

®/
N Né [2,3]-sigmatropic
S — NH3 + N —
\_-© rearrangement
ammonium ylide

W,

| aromatization |
N\ N\

Example 1°

S}
!
CsF, HMPA
DMF, reflux \/\ : ©\/
e o~ : NT OSiMe;——————
Ph™ N SiMe + @‘@ 31, 23 h, 86% N

\ 18 h, 94% ‘

Example 2*
S \
‘ Br CsF, HMPA N+ _
NG “SiMe, /Ej/V AcO T
0,
Ao \ 10°C,0.5h,32% AcO 46:54
Example 3*

! t-BuOK, THF

@
O N\_® -15°C, 50%
Br®
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Example 4'°

t-BuOK, THF N

e .
Br -60°C, 4 h Ocone
57%, > 20:1 de

CO,Me * = (-)-8-phenylmenthyl

®\ * ‘
N._-COR CO,R*
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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.

R—X + =——R"' PdCly+(PPhs)2 R——R'
Cul, Et3N, rt
PhsP__Il__Cl
Php”  CI
CuC=CR' o=
HX-amine Ph3P\Pd"/ X RC=CCy HX-amine
PhsP” R
il cycleB 8 Cycle B
RIC=CH i Cux RC=CH
_ Cycle A
PhsP__ l__C=CR' —
Ph p:P < - R Pd°(PPhy), PhoP [ jL-C=CR
3 c=¢ PhP”/ R

R07CC:CR

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:

}NE N
H to —NEt, o

PdCl, * NEtz3 =—=  H ‘ —_— P‘d cl
PdCl, H Cl
@
\:NEtz c1® reductive
Cl—Pd—H ——————= HCI + Pd(0)
elimination

Example 12

C@( — PdCl,+(Ph3P),
+ —
H CO,Et \_/ Cul, EtzN

60 °C, 89%
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Example 2°
Br
Br_~ =SiMe, = |
\ >
SN~ Br PdClys(PhgP)s, Cul NN
EtsN, rt, 65-74% SiMes
Example 3*
OMe
Pd(PPhs),, Cul, bmim]igF,] Me© OMe
It EtsN, 80 °C, 12 h, 11%
| Oge A OMe
[\ 4
/NVNJ\/ | O
MeO OMe @ i MeO = OMe
OMe [bmim][BF ] O OMe
MeO
OMe
Example 4°
PMPO,
2 omss
O”,
///{\/
OH
Pd(PPhg)s, Cul,
i-PrNEt,:DMF (1:1)
> 83%
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Staudinger ketene cycloaddition

[2 + 2]-Cycloaddition of ketene and imine to form B-lactam. Other coupling part-
ners for ketenes include: olefin to give cyclobutanone and carbonyl to give B-
lactone.

O

7 X X = NR; O; CHR /Ti
- _AEROWAR
/H\ R)LR Rs Re
R Ry N 4 Ry Ry
o)
fo| —
3
X)k R4 Ra R
R1 R2 R4 R1

puckered transition state:

Example 1°
0 o Oy-otB
pho. L pno, Y OY
Ot-Bu cl T
p-Tol<, N EtsN, CH,Clp N,
N 10°Ctor,24h O N-pTOl
88% /
Example 2’
SOOIy
aco. L o)
Cl N
I
EtN, CH,Cl,
AcO
‘\Q ~78°Ctort, 60%
Example 3°

COLEL O CO,Et PMP, i COE
o] 2 PMPN=CHPMP 0, WO,
—————— PMP-N " /< + PMP—N /<

Et3N, CH,CI

0™ "cocl 0o ot / o 0

tort Hz , o

PMP major minor

15 h, 70%
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Example 4'°
=
@ ‘ &)
MeO, CO,t-Bu Cl N™ MeO,C, N,COZt—Bu
N Me /\§
Cz,
S)\COzH CH,Cly, EtsN s o
MeO,C
MeO,C 2 |
Ph—C=N-CH,~PMP ?y_ COst-Bu N/CO2’ Bu
H N ph 0

62% sty 56 : 44 S
N ph=—="N,
| i CH,PMP

o] CH,PMP
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Staudinger reduction

Phosphazo compounds (e.g., iminophosphoranes) from the reaction
phosphine (e.g., Ph;P) with organic azides.

of tertiary
PR — N
X—Ng %~ X-N=N-N=PR; — 2 » X-N=PR,
phosphazide
© ® _
e e Y _ — N=PRs __
X-N-NEN"\pg, —= X-NIN=N=PHRg = X-N=N-N=PR; = N\\N =
X
phosphazide
o t
N-RRs Ny PRa H.0
u\,\% = N”\,i, — N+ X-N=PR; —Z—= X-NHp + O=PRy
X X

4-membered ring transition state

Example 1°

OMe
0s/N3 PhsP, THF

oTBDMS A 81% OTBDMS
N |

1. PPhg, THF

2. NaBH,4, MeOH
60%

Moy 9
N
\ \
Br N © H Br
Ts
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H
N o
PBug, toluene | N/ ‘
reflux, 20 h, 82% Br N H Br

|

Ts

Example 4°
N3
BnO O 1.1 eq. PMes, 2.4 eq. Boc-ON
BnO
N3 N3
Tol., =78 to 10 °C
O,
AcO
OAc
N3 Na
BnO 0 37% BnO Q 42%
BnO BnO
N3l Ng N3|  NHBoc
O TN NHBos 0 Ny
AcO AcO
OAc OAc
Example 5°

W, PPhs, H,0 ey,
NCﬁNQ—QN\/\/Ns THF, 45 °C NCﬁND—QN\/\/NHz

78%

R2 R2
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Stetter reaction

1,4-Dicarbonyl derivatives from aldehydes and o,B-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.

ci® ©/~Ph
\/\/() o)
=
R-CHO + /ﬁ( R)J\/Y
o NH; 0
@ /—Ph @ Bn

HO, N . N
\/\/(»DH deprotonation 1[ Yo
S RN N =0

R" = HOCH,CH,CH,-

:NH; R
® Bn @ Bn
N N Michael
1[)\@3” _ R1[)\(OH g
S H s © addition
R ‘\ R\J,@(
:NH, 02
@N/Bn ® Bn
e
R! SM _ tautomerization [)pg\/\(
R 3
®/~Ph NHy ® /~Ph

JVY N

Example 1, Intramolecular Stetter reaction”

AI\>| _ CN

MeO,C_~ 2.3 equiv MeO,C
TEA, i-PrOH, 80 °C 0
OHC
67%
Example 2°
Me

Me @

N o
!
/@\ _ HO S (cat.) o ]\ ?
OHC cHo © hd o

[9) (0] Et3N, EtOH, 80 °C, 56% Io) 0
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Example 3°

o CO,Me
N
" "H
‘ ])L + A(©/
~
N o
COzMe
\ KA
(cat.) ij:

EtsN, DMF, 100 °C, 75%

HO

Example 4, Sila-Stetter reaction’

Et
Me ®,\j o
D o]
)OL /\)i 30 ot /\IS> o )th
M HO
Ph” SIS+ PR “ph Ph
meMe 4 equiv i-PrOH, DBU, THF, 77% Ph O
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Still-Gennari phosphonate reaction

A variant of the Horner—Emmons reaction using bis(trifluoroethyl)phosphonate to
give Z-olefins.

KN(SiMe3y),, 18-Crown-6

I Ph CO,CH
(CF3CH,0),P-__CO,CH _ CO,CHy
SHTEEIEINATEZER hen PhCH,CHO N\~
9 T o (8)
CF3CH0-1
CF3CH0™ Y f “OMe CFsCH0-p __IZ

., CF4CH,0" OMe

" )
‘\9 SiMes Ph
N @%V
SiMe3
6) €]
e\ ? OCH,CF3
O ORPL0cH,CF /N
HyCF3 2CFs —— ph CO,CH3
FE)—(HH H\\\ qu
CO,CHs CO,CHs

Ph Ph

erythro isomer, kinetic adduct

Example 17
KN(SiMe3),, 18-Crown-6
o —78 °C, THF, 30 min. o co.cH
|1
(CF4CH;0),P__CO,CH;y N\
then PhCH,CHO, 87%
Example 2’
/\
)
o NG CO,Et
F3CH,CO. v Me —/ PN
F4CH,CO OFt
-T2 F Sn(OSO,CF3),, N-methylpiperidine Me
CH,Cly, 70%, E:Z = 96:4
4
Example 3

oTBS

0
| F3CHZCO\P//O
.
§Z N 4 OEt
o F4CH,CO T)k
Lo
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KHMDS, THF
18-crown-6, -78 °C, 1 h

89%, (Z)-isomer only

Example 4°

MeOS P(OCHCFy),  §HO

© 0 0 o 0
TBS TBS OTBS

NaH, THF ~ MeO

73%, Z:E 5:1 0O 0 O

| |
TBS TBS OTBS TBS
References
1. Still, W. C.; Gennari, C. Tetrahedron Lett. 1983, 24, 4405-4408. W. Clark Still
(1946—) was born in Augusta, Georgia. He was a professor at Columbia University.
2. Nicolaou, K. C.; Nadin, A.; Leresche, J. E.; LaGreca, S.; Tsuri, T.; Yue, E. W.; Yang,
Z. Chem. Eur. J. 1995, 1, 467-494.
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2001, 723, 9535-9544.
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Stille coupling

Palladium-catalyzed cross-coupling reaction of organostannanes with organic hal-
ides, triflates, efc. For the catalytic cycle, see Kumada coupling on page 325.

Pd(0)

R-X + R'-Sn(R?), R-R! + X-Sn(R?);

1_an(R2
oxidative R_ L R—Sn(R%)s
R=X + LpPd(0) dditon pd, transmetallation
addition ' X isomerization
L. b reductive

/
X=Sn(R%); =+ pd_ R-R! + L,Pd(0)

R "R! elimination

Example 1*

®Sn8u3 PROS,
cl Ng_-Br N
D@ Y
~
cl N” NH,

PdCly+(Ph3P),, Cul
THF, reflux, 92%

(MeCN),PdCl,
TBDPSO Br Meﬁn{} AsPhz, NMP
80°C, 1.5 h, 55%
cl
O o e
TBDPSO Q O o T HNw cl

Example 2°

Zoloft
Example 3, n-Allyl Stille coupling®
Me Me OTBDPS
NG Pd,(dba)s, LiCl
C j-|
Y\OTBDF‘S . Ve Me i-ProNEt, NMP \Me Me
SnMes Z Dowe 35°C,1.5h,96% ~ A Me
(0]
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Example 4°

Me

AEN Pd(PPha),, CuTC

OTBS SnMej

= DMF, 32%

N X

References
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Stille—Kelly reaction

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

Me3;Sn—SnMes

Pd(Ph3P)4

BrPd Me;Sn—Rd
Pd(0) Br Q Me3Sn—SnMej Br Q

- >

oxidative “OH transmetalation
addition
OH

Me3Sn
reductive Br Q Pd(0)

_ -

——— Pd(0) + oxidative
elimination O “'OH addition
OH

. reductive
_frensmetalation e + PdO)
elimination

Example 1°

or =0 oz
ol PdCl,*(PhsP), 0

NaH, DMF, reflux, 89% xylene, reflux, 92%
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3021-3037.
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Stobbe condensation

Condensation of diethyl succinate and its derivatives with carbonyl compounds in
the presence of bases.

CO,Et
o [CozEt KOt-Bu R%COZH
R™ R COEt  HOtBu R
€]
+BuO o (@ 1R COEt
He enolate %\ aIdoI Iactonlzatlon
OBt ™ formation formation »J OEt = jition addition
CO,Et CO,Et
Et
R1 CO, 1R coEt fing CO,Et H® CO,Et
N & \e _"™ R w)vco2 R%COZH
opening
E@ a Ot-Bu R! R!
e o]
Example 1, Stobbe condensation and cyclization’
\O \O

CHO COMe 4 ¢ ByOK, t-BuOH, reflux

[ ' CO,Me
+
~o CO,Me 2. Ac,0, NaOAc, reflux ~o OO

84%

(ONG 0. OAc
Example 2, Stobbe condensation®
o} o}
aq.NaOH, EtoH ~ ~© N
_0 CHO . o
N
< ~" _10°C, 5 h, 80-95% ?
o o o}
Example 3, Cyclization of the Stobbe product’
BnO,C
BnO,C
COEt
\COE NaOAc, Ac,O OO
reflux, 57%
CO,H Ohc
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Example 4, Two sequential Stobbe condensations’

1. (CH,CO,Et),, NaOMe, MeOH £OMe

then ag. NaOH, 36%
FOCHO /) —CO:Me
2. MeOH, H,0y4, 94% F

o) | O |
r r
o CHO 0 O . -CO2Me

VY
NaOMe, MeOH, 74% F O CO,H

References
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Strecker amino acid synthesis

Sodium cyanide-promoted condensation of aldehyde, or ketone, with amine to af-
ford ai-amino nitrile, which may be hydrolyzed to a-amino acid.

2 2
Q R2 NaocN  HNTC e N
R1JKH HaN —
AcOH R' “CN R' “CO,H
@ 2
H R
HN 2
R1KH — CO(\ RZ — e/*>:N\H2 — RT NG R1JYNH
N , RN Ne® H R ( Lo
Hhi R H H,0: OH
iminium ion
2
un-R__iOH, R? . HN,R2 g2
—_ NH, acidic amide HN H € HN"
R 2 , NH, —»R.] NH; o
o) hydrolysis RHO oH Ho  to R CO,H
e H

(Et0),P—CN

pyrrolidine, THF, 62%

Example 2°
Cl |
OHC\© CN Cl OO al
/ ‘ NH / ‘ N — ‘ N
S acetone cyanohydrin s S
MgSO,, 45°C Plavix
toluene, 31%
Example 3°
NH, CN

O NaCN, NH,CI PR &
~en NH

Ph /-PrOH,NH4OH H 34% 35% H
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Example 4°
Ph
F.C Ph NaCN, BnNH, FsC o~
8 0 AcOH, MeOH CN
o 98% e HN-gp,
CFg 8
References
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chowicz, J. E.; Morgan, C. A.; Varty, G. B.; Shih, N-Y. Bioorg. Med. Chem. Lett.
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Suzuki-Miyaura coupling

Palladium-catalyzed cross-coupling reaction of organoboranes with organic hal-
ides, triflates, efc. 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 on page 325.

L,Pd(0)
R—X + R'™-B(R?), R-R’
NaOR?
oxidative R L NaOR® OR? R -
R-X + LPd(0) — . P4  + R™-B(R?), R™-B(R?), * Pd_
addition Y x base e VX
transmetallation 3 2 L. /L reductive
R°O-B(R?); + PRd._, ———~ R-R' + L,Pd(0)
isomerization R R" elimination
Example 1°
COZMe Pd(OAc), 2
PhsP, cho3
CO,Me ]@ CO;Me
THF, MeOH \
M
COzEt 70°C, 15 h, 80% N COzMe
CO,Et
Example 2*
B(OH),

N
I)\ TBS /7\//'\{
N W
SEM TBS

SEM Pd(Ph3P)4, Nach;‘,, 45%

Example 3, Intramolecular Suzuki-Miyaura coupling®

0Bn OBn
TBDMSO O 1. /@ TBDMSO O
o OMOM 2
2. H,0, CH,0
3. KHF
A 2
Br 99%
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BnO

cat. Pd(PPhg), Cs,COs3

THF/H0, reflux, 42%

Example 4°

ﬁ)L 1 ome

\/)SnBu3 O\Bk\ JVOMe
cat. Pdy(dba);, PhiAs

DMF, 84%

= =
p iy
H
HO N \/\/\MN OMe
cat. PdCl,(dppf), PhsAs H

K3PO, (aq), DMF, 71%

References
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Swern oxidation

Oxidation of alcohols to the corresponding carbonyl compounds using (COCIl),,
DMSO, and quenching with Et;N.

(COCl),, DMSO
OH CHaCly, ~78 °C Q
1 2 R'" "R?
RUR then EtsN
S‘® O 0 %I(@
o PN H
o} ® o
[c?l —cl Og” — EU)%(»B\?/ —= CO,T + cot+ \/f\
Cl ( (;.:D % ‘ fo) ‘ \/em R OR2
o}
|
oq \ @ cs®
cl /S\oH\/ :NEts 0 “CH,o 0
— )O<H —  EN-HCI + RVPH*/ - R1KR2+ (CH3),ST
R R2 R?
sulfur ylide
Example 17

2. Et3N, =60 °C, 15 min. then rt

OMe
OMe H H o
OO“ OH 1. (cocl),, DMSO, —60 °C, 45 min OO“
OH
OH

OMe OMe O
OMe OMe OH 81%
Example 2°
cl
TMSCH,CH,0,C Co?]‘gﬁig‘ns TMSCH,CH,0,C
HO NC 0 80% oNC 0
o)
Example 3°
OH
CiqHzs,, CeHis (COCI),, DMSO Ci1Hz3-., CeH13

then Et3N, 89% )
OSiMe,t-Bu OSiMe,t-Bu
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Example 4’
=
=
OMe OMe
HO/N; (COCI),, DMSO Ox/N3
OTBDPS then Et3N, 85% | OTBDPS

N | N
References
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Takai reaction

Stereoselective conversion of an aldehyde to the corresponding E-vinyl iodide us-
ing CHI; and CrCl,.

0 CHlj, CrCl,

/\/l
R™ H THF R

[ R>l(0\

CrCly CrCly H
H%l H < I —_— i
| CI’”|C|2 . Crl C|2

cr'cl,

R
]
- C|zorn(%ocr Cop —— !
|

A radical mechanism was recently proposed'’

oI
>< | | 0
7 X DI
o+ H
C — @ — R{H H%ﬂ”
crl crl Cr
ocr! ocr'
[ GCr"'
I I
R)ﬁ< Sy — - | — R
(\(\I H 'Y\ R™ €
)
crl Cr'
cr'
Example 12
: : CHls, CrCl, : :
Ph = Z>cHo Ph & FNIN
OTBS THF, 70% OTBS 20:1E:Z
Example 2°
Et Et Et Et
Et Et Et Et
25 equiv CrCl,
6 equiv CHI
CHO d 3 I\
THF, rit, 3 h
Et Et 75% Et Et
Et Et Et Bt
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Example 3*

OTES CHI3, CrCl,, 0 °C OTES

— N —
OHC CO,Me THE, 50% [ CO,Me

Example 4, A Br/Cl variant’

6 equiv CrCly, 2 equiv CHBr3

ON\/VWOTHP
THF,0°C, 2.5 h, 67%

Br\/\/\/\/\/\/OTHF’ + C|WVVWOTHP
1:1

Example 5"

5.8 equiv anhydrous CrCl H
a Y 2 =_CO,Me

H
2,CO,Me 2 equiv CHI3

MOMOWq ‘ MOMO! N
h ‘CHO 1,4-dioxane-THF (6:1) |

20°C, 72 h, 88% H
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Tebbe’s reagent

The Tebbe’s reagent, p-chlorobis(cyclopentadienyl)(dimethylaluminium)-pi-
methylenetitanium, transforms a carbonyl compound to the corresponding exo-
olefin.

Preparation:*°
' AN
CpoTiCly + 2 Al(CHg)s ——= CH,T + AI(CH3),Cl + CpzTi Al(CH;),
Cl

Mechanism:*

N di iati Cp2T|:0H2
. Issociation
CPzTI\CI,N(CHs)z ~———= C|I—AI(CHg), + & )R1

2 +2] sz'I"AijCHz retro-[2 + 2]

" 1 * Cpeli=0
cycloaddition 8] 1 R' ¢ycloaddion R R

oxatitanacyclobutane formation of the strong Ti=O
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 Cp\T_/\Al/ H
z ] z
25eq Cp/ VAN
Cl
O (e} O
THF, CH,Cl,
(6] H —40 to 25 °C, 69% =
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Example 3, Double Tebbe’

3 equiv Tebbe's reagent in Tol. TBSO QBn oTBS

TBSQ  OBn OTBSCHO pyr., ToL/THF X S N
OHC < z
0 éBn OTBS -78 oC to-15 OC, 2h (\) OBn OTBS
1 86% TBS
TBS
Example 4, N-Oxide®
Cp_ A/
Ul
= S
NE] I = ‘
N THF, 0°Ctort, 90%
Example 5, Amide''
CFy [ CFs
1. Tebbe's reagent ﬁNj/\OH
)\ f 2. BH3, THF H,0,, NaOH )\o N o
75-959
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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

e NaOCl, cat. TEMPO O
R OH

KBr, NaHCO3, CH,Cl, R™ “OH

/\r HO R

@ N*O cl

S

B
0 o
‘/ %) OH
[ H - - =
R/LT A
o, R/go R™ 70
e
Example 1*
OH NaOCl, cat. TEMPO HO,C
HO R HO °
Ho OMe KBr, NaHCO3, CH,Cl, HO OMe
OH 55% OH
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Example 2, Trichloroisocyanuric/TEMPO Oxidation’

QI
OYNYO
N No
cl” T Cl
R OH (0]
0.01 mol equiv TEMPO R* "OH
0.05 mol equiv NaBr
acetone, aq. NaHCOg, rt
1-24 h, 75-100%
Example 3*
- O
cat. TEMPO, 2 eq. 2,6-lutidine
electrolysis in CH3CN/H,0 (95:5) Q C
95%
E 10
xample 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
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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
se:R-
CN " HOEt NH,

€]
EtO /\H N S
L\ ‘H-OEt N=H  Cogt
£N
orE - O T
. =N H-OEt
€]
EtO 4y CN CN

- —
C@zNH HLOEt NH,

Example 1, A radical Thorpe—Ziegler reaction”

CN BuzSnH, AIBN HoN CN

syringe pump
B

" PhH, 80°C, 56%

Example 2°
CN
LDA, THF NH,
-78°Ctort CN
NN 2h, 80% N
Ph ' Ph
Example 3*
_N NH, Ph
=
= H KOH, EtOH _ A HN—
N._Ph —
o H S/\g ~ reflux, 5 min., 80% o H S o
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Example 4°
NC CN NG cN NC NH,
- T 58
¢l CN N"CN N~ TCN
Et3N, reflux
15 min., 91%
OMe OMe OMe
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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 in-
termediates.

;
Pd(0) (catalytic) | "X Nu® .
R A X Lo | —— RN
base

2 m-allyl complex

Rv\/RZ \/\r \l/\/ Pd(O) RH/NRZ

Nu Hard Nu© Soft Nu® Nu
Inversion of R! >> R2 Retention of
configuration configuration

X = OCOR, OCO,R, OCONHR, OP(O)(OR),, OPh, CI, NO,, SO,Ph, NR3X, SR,X, OH

The catalytic cycle:
Pd(0) or Pd(ll) precatalysts

RV\/NU l

Rl_A_X
L,Pd(0) r
R%VNU

Ri_~ X
L,Pd(0) W

D B/
\/ n-allyl complex ¥
Nu®

1 1
R\//l\\ +L R\//l\\
®pdll)y ~_  Pd(l
[
A: Coordination C: Ligand exchange
B: Oxidative addition D: Substitution then
(lonization) reductive elimination
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Example 1, Allylic ether’®

BnO fN Pd,(dba)s, dppb
O. + J
— N THF, 60-70 °C

BnO
b —
o:f =90:10
\ B

BnO
BnO OPh H 799% @
Example 2, Allylic acetate’
NH,
</N ‘ SN
N N/) r/N NH>

OAc H \
NaH, Pd(PhsP),, DMF N="

60°C, 18 h, 79%
Example 3, Allylic epoxide’
/N
\
¢
O e
Pd(PhsP)s, THF

rt, 64 h, 35%

Example 4, Intramolecular Tsuji-Trost reaction’

NH, 10 mol% Pd(OAc),
Bn—N OCO,Me 10 mol% n-BuyNClI

% P(OEt)s, NaHCO;3
S 0 0,
CO,Me DMF, 100 °C, 77%

Example 5, Intramolecular Tsuji-Trost reaction’

TESO
2 Me
10 mol% Pd,(dba)s "OTES
THF (0.005 M) o Y
40 °C, 80% 7
t-BuO Z Me

OTMS

549
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Example 6, Asymmetric Tsuji—Trost reaction®

(o)

o BOCO\<_/v/O o)
— EtO,C o)
BOL 7 9 2.5 mol% (dba)zPd,*CHCl3 2 \
| 7.5 mol% ent-cat ! —
ﬁo
MeO OH 30 mol% BuyNCl MeO 7o
CH,Cl,
89% yield, 95% ee
o) <,:> o
NH HN
ent-cat =
PPh, Ph,P
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Ugi reaction

Four-component condensation (4CC) of carboxylic acids, C-isocyanides, amines,
and carbonyl compounds to afford diamides. Cf. Passerini reaction.

0O R?
& B
R-CO,H + R'-NH, + R2-CHO + RS-N=C R™ N “R3
R" O
isocyanide
\@
N-R
s
o) =
€]
R2 HOH o H
A . N. N-R! R-COH R e
H R2 ek R1 B
R @ N
R'™-NH, H H \
R3
imine
@
RS H
R3 \ 2
(o N N 0O R
H 0 7 H
—_— Ny —— — R N)ﬁ( “R3
R O)H/Z R 907(N R2 ‘
R R | R?
R1
Example 1°
OMe co
OMOM BnO N@
9 +
+ +
NH, | AH
0¥O BocHN
OTBDPS COH O

OMOM  NHPMP

ONHBoc

MeOH, A

0 o
1h, 90% o

TBDPSO | OBn
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Example 2°
o]
e
M COH O,N NH, E%@
’ 058, + + N
+ N )‘\
A OMe
OTBS CHO
O,N 025N
_ o]
MeOH, A
1% 09 N NHtBu
OTBS
Example 3’
o ®
HO 0 + NH, © _N
o O/KHCH3 e OCH
CHs HsCO 3
CHs OCH,
TFE, rt
78%
Example 4°

S
® ¢

(0]
tOHNTETONR, ¢ (CH,0), C(N
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1. MeOH, rt.

2. TBAF, THF
54%, 2 Steps
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Ullmann coupling

Homocoupling of aryl halides in the presence of Cu or Ni or Pd to afford biaryls.

Cu
2 | Culy, +

Cu, single Cu(inl
| ——— Cu(l)l + e
electron transfer SET

|
QCu(H)I C Culy +

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

Example 1°

_~_NO; Cu powder, DMF

|

N™ °Cl 100-105 °C, 4 h, 63%

Example 2, CuTC-catalyzed Ullmann coupling4

P \
N

X
| @—(O
CLV D)
| | NMP, rt, 88% O O

Example 3°

OMe O Cu-bronze

| 210-220 °C
OEt

2%
MeO
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Example 4°

POPR2 o, omr O)Phz (O)th

0)Ph P(O)Ph
140 °C, 88% 2 ( JPhe
P(O)Ph,
70% 18%
Example 5°
MeO.
Cu®, Pd(PPh;), MOMO ]
MOMO * PhHN PhHNOC.__~_ O
DMF, 100 °C ‘
39% Na
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van Leusen oxazole synthesis
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.

\\ //
K2CO3
/©/ MeOH reflux

\/ O\/o
O
DY o,/
o) R

L Tosyﬁe +H bﬁf“ — TosH \&N?)/H
R

R
AN
Example 1°
QP
§__NC NaOMe
/©/ . MeOH, reflux
81%
Example 2°
AN
0" SN
0\9 NC _

K2003

EtO% EtO
Q DMF, 80% (@) OQ
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Example 3°
/iN
(ONgZ
CHO
TosMIC, K,COj3
MeOH, reflux o
OHC CHO 81% NS )
\_0 N
Example 4"
7
O/QCHO TosMIC, K,CO5 O%K
k MeOH, reflux ko
o]
4h,91%
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Vilsmeier—Haack reaction

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

~o
N
o DMF, POCl; Q
+ CHO
100°C, 24 h
CHO

34% 4%
o}
o]
0N |
T 9N o-Pcl,
/N ) cl K@
~ NA®
; o ~
O) Oy (6]
o) HN
Ny tH C—H c-—H
By N
al PN N
~N ~N
o) o) o
aqueous <>
H workup -
0 By HOY—H
H H Ne N> CHO
\ AN
H
2
Example 1
OHC
DMF, POCI
Do o o
MeO Q o 0 MeO Q /
OH 100 °C, 14 h, 98%
Example 2°

= -
DMF, POCI /
O ek
\ oc 830 CHO
“ 100 °C, 83% SN e

N7 el '
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Example 3°
CH; OH CH; CI CH; OH CHs Cl
N POCIy/DMF N CHO X, CHO A
+ —
A = Pz
N” CH, 100°C, 20 h N OH Ners T N" "CHs
CHj3 CH; 65% CH3 10% 3 15%
10
Example 4

12 equiv POCly/DMF
-
R N 0 80-100 °C, 31-71%
12 equiv POCl3/DMF Cl
= R
R— |
N o) 120-135 °C, 39-78% Cl
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Vinylcyclopropane—cyclopentene rearrangement

Transformation of vinylcyclopropane to cyclopentene via a diradical intermediate.

R R
70 2 T ? TN Re R
G - = . L( k/. —_ > 2
Ri Ry 1 R4
Example 1'
o}
s40°c,2h  Q  fFOMe
11CO,Me 50%
Example 2°
1. n-BuLi, THF=HMPT
~78 10 -30 °C
/VSOZPh 2. PhCH,Br D_\
P
3. desulfonylation h
77% overall yield
Example 3’
AICI5, CH,Cly
0°C, 88%
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Example 410

o)
o CO,Me
Me, OZMeMe 150 mol% Mgl, (0.2 M) M'\:e," :
. Me
CH,CN, 40 °C, 6 h, 75%
1 H
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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 R, R R
e
NCLBrY Br
SN2 CN
R R N T _
N' _ a.CN No* Br—R
R Ry R1/5\R2 R’ Re

~
@NN/ Tol. @)\/\N,CN MeOH/H,O @NH
I

Example 2°

CO,Me CO,Me
COzMe COzMe

Br-CN, THF, H,O
O Br
O N 75% N

Example 3°
OTBS OoTBS
: B TBSO r
BrCN, CH,Cl, | g,© NG
O TN ), | T TN Ph
PR N7 reflux, 98% Ph™ SN |
\ 7ONeN
References

1. von Braun, J. Ber. 1907, 40, 3914-3933. Julius von Braun (1875-1940) was born in
Warsaw, Poland. He was a Professor of Chemistry at Frankfurt.

J.J. Li, Name Reactions, 4th ed., DOI 10.1007/978-3-642-01053-8 262,
© Springer-Verlag Berlin Heidelberg 2009



B

Sl A

563

Hageman, H. A. Org. React. 1953, 7, 198-262. (Review).

Fodor, G.; Nagubandi, S. Tetrahedron 1980, 36, 1279-1300. (Review).

Mody, S. B.; Mehta, B. P.; Udani, K. L.; Patel, M. V.; Mahajan, Rajendra N.. Indian
Patent IN177159 (1996).

McLean, S.; Reynolds, W. F.; Zhu, X. Can. J. Chem. 1987, 65, 200-204.

Chambert, S.; Thomasson, F.; Décout, J.-L. J. Org. Chem. 2002, 67, 1898—1904.
Hatsuda, M.; Seki, M. Tetrahedron 2005, 61, 9908—9917.

Thavaneswaran, S.; McCamley, K.; Scammells, P. J. Nat. Prod. Commun. 2006, 1,
885—-897. (Review).

McCall, W. S.; Abad Grillo, T.; Comins, D. L. Org. Lett. 2008, 10, 3255-3257.



564

Wacker oxidation

Palladium-catalyzed oxidation of olefins to ketones, and aldehydes in certain
cases.

cat. PdCly, H,0 o)
R
CuCl,, O, R
2 HCI
+ 2 CuCl
/=
050, L,PdCl, R
H,O 2 CuCl, / complexation
L.Pd
HCI )
\ reductive @ /\
elimination Cle EnCIPd 77777 l
R
L,PdHCI
hydroxypalladation H”O\H
(0]
L hydride shift Hel
R L,CIPd
% < L = ligand
H:0: or solvent
¥
Example 1°
(0]
CO,H
O 0,, 5% Pd(OAc), o
‘ NaOAc, DMSO, 80%
Example 2’
O\\ —CHO

10% Pd(OAG),, HCIO,

0.5 equiv benzoquinone
CH3CN
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Example 3’
05, 20 mol% Cu(OAc)
W “ 10 mol% PdCl, ahd
O © DMA/H,0 (7:1) 00 ©
) o A
Example 4"
Ow \\\\
"""" 0 0.0 5eq. PdCl,, air
o DMF/H,0 (7:1
HM g )
O =
ANy NN
,,,,, o 0._0 “, O 0._0
+
HO? SN O 12:1 HOL/YO
o CHO
(o}
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Wagner—Meerwein rearrangement

Acid-catalyzed alkyl group migration of alcohols to give more substituted olefins.

,R

R @ R R
H
OH

R3

R

R
R @ R ~H,0 R
R?‘\KH H R?‘YH 2 R&@H
OH 6@
@

R3

1,2-shift

Example 1°

CH,3SO03H

CICH,CH,CI
OCH;  50°C, 86%

OCH,

N

J OCH;
o HN OCH;

HyCO

N
H3Cl\©
Example 2, Double Wagner—-Meerwein rearrangement”

o o o o
OEt  TFA, CH,Cl, OFEt
HO
72 h, 76%
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Example 3’

Et,AIC],
CH,Cl,
-78°C —>rt
52%

Example 4°

BF3+E1,0

o

benzene, 40%

H,C H
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Weiss—Cook reaction

Synthesis of cis-bicyclo[3.3.0]octane-3,7-dione. The product is frequently decar-
boxylated.

EtO,C Et0,C g COEt

Oy R aq. buffer
(e} + — O O
07 "R!

1
EtO,C EtO,C R CO,Et
EtO,C ® R EtO,C R
EtO,C 2/ R /\)O\H EtO,C OH 2 OH
o= — P2 RFYg — O 0 == Or{/ 0 —
H R’ H R!
EtO,C EtO,C EtO,C EtO,C
H CO,Et
eo,0h R, EOC L0 EtO,C g CO,Et
OH ® \
o —_ —)xQ = Ho ©
7 ~QH ., H R H
EtO.C7 1" R CO,E R" Nco,Et
H EtO,C 2Et EtO,C 2
EtO,C R COEt EtO,C R CO.Et EtO,C R CO.Et
_ @/Q/g\i/,oﬂ —— HO 0 = HO OH
H R1 1 1
EtO,C CO,Et Et0,c R Co,Et Et0,C R CO.Et
2
Example 1
o}
MeO,C, Q 0
2 MeO,C A CO,Me
o= + _PHSE  Meo,cm_ L —co,me
86%
MeO,C
Example 2°
CO,CH
e 1.pH=83
o + 2. HOAC/HCI, A
o o
90%
cocH, O CHO o 1
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Example 3*
0 COLHs pH = 6.8 A
<:E . o 2. HOAG/HCI .'b o
o) 80% V
CO,CHj
Example 4°
EtO,C CO,Et
Et.__O NaHCO,
Me o HZO/MeOI;|
E10,C co.Et rt, 24 h, 86%
EtO,C gt COsEt EtO,C gy COsEt EtOC gy COoEt
o o HO oH + HO OH
EtOZC Me COzEt EtOZC Me COzEt EtOZC Me COzEt
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Wharton reaction

Reduction of o,-epoxy ketones by hydrazine to allylic alcohols.

Rz NH,NH, Ri Ry

N,T + H,0
RK?AO R HO)\/+ 2 2

R, H

R, ] @ .
2 - H0 SR
e et re e,
:NH,NH, ie) ('_\!H*NHz hydrazone
RZH :OH,
tautomerization / Ry R;
R1/'>/5N\\”\/H — N, o+
s/ HO)\/
diazene
5
Example 1
OH
7
NH,NH,+H,0, MeOH
N
HOAG, 1t, 52% TE0S NH
Example 2°
TBDMSQ TBDMSQ
e e SN CO2CH3  NH NH,#HC, EtgN S -CO2CHy
W (dimethylamino)ethanol O\/\/\/\/
o° 2% OH
E 7
xample 3
(0]

uuup
" NH,NH,, KOH

THF, reflux, 64%
HO'

OH
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/
H
OH
Example 4°
o)
O NH,NH,*H,0, MeOH TESO\\\[\\\]\OH
TESO" g
N HOAc, rt, 59% \ {
§ 0
0
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White Reagent

0./ .0
Ph=S - S=pn

Pd(OAc),
White Reagent

The White Reagent 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 Reagent enables novel and predictable disconnections for the synthesis of
complex molecules which can streamline their synthesis.>** Widely available o
olefins undergo intra- and intermolecular C—H oxidation with remarkably high
levels of chemo-, regio-, and stereoselectivity. Mechanistic studies provide
evidence that the White Reagent 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

R)\/

O \,0
Ph—S - S~ph
Pd(OAC)

- (10 mol%j
¢ White Reagoent ¢-o

R/WCOZMe )oi(;w
-

NO, R
C-N \
“« ITd(II)Ln OC(O)R!
/\/\ N s
R NR', -~ R/\Z/ — RN

~A
R)\l/\ /I\/

NR',

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 Reagent 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
0.0

~S . s.
Ph Ph1
Pd(OAc); Nu Nu

H
pro-nucleophile (NuH) (10 mol%)
R)\/ T (1520equiy) | 0 ———— R)\/ o RV
branched product (B)  linear product (L)

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

OH
BQ (2 equiv), p-BrPhO,C WLO Cr(salen)ClI (6 mol%),
dioxane, 43 °C| O~ o BQ (2 equiv), TBME,
N COMe pt
% OBn Ts
3, 65% yield, > 20:1 B:L (+)-4, 63%, > 20:1 E:Z, > 20:1 L:B

branched macrolactonization linear allylic C-H alkylation

6]
‘ MeO,C N CO,Me
BQ (2 equiv) o DMBQ (1.5 equiv),
CH,Cly, 45°Q N Ti0 NO, ACOH (0.5 equiv),
dioxane:DMSO (4:1
Oi/>»NH HN OMe (4:1)
Ph H o)
(0]
5, 61% vyield, 3:1 dr 6, 64% vyield, > 20:1 E:Z, > 20:1 L:B
Figure 3
A O\
O Ph/s . S\Ph1 OMe
g Pd(OAc), o
0”7 “NHTs 10 mol% 04 steps O
A PhBQ (1.05 equiv) _ NTs —_—
YU THR 50°C, 72h Me NHAc
TBSO H 78%, 9:1 dr crude  TBSO X H
70% yield,
(+)-7 (70 g )-8 (~)-N-acetyl-O-methyl
1 isomer) e acosamine 9
B 00
' Ph—3,/~2-Ph1
Pd(OAc
BocNH (10 (mol%)%’ BocNH O ) BocNH O |
Cr(salen)Cl (6 mol% steps XN _N
~ Cl() NHT) (2( i )0) > OTMSE — =, 2 HB N )
TMSEO,C ZNHTs (2 equiv NH, ° r COzH
2~ BQ (2 equiv.), TBME NTSCBZ 2 e
(-)-10 X (+)-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%)
(R,R)-Cr(salen)F O OAc
O H 4 (MeO)NMe o H (10 mol%) MeO\NW
MeO)NMe 7
HO)W CDI, DCM MeO\NW AcOH (1.1 equiv) Me
undecenoic acid Me 13 BQ (2 equiv) 42% overall yield

4 AMS, EtOAc, 1t > 20:1 B:L, 97% ee
3) Novazyme 435

In addition to allylic C—H oxidation, the White Reagent 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 3, ~2>Ph 1 o)
Pd(OAch, (4-Br)PhB(OH), ,
H (10 mol%) O)&NHBOC (1.5 equiv), 45°C ™17 7
Me\»)\/ N-Boc-Gly (2 equiv) MeW 15, 75% B

BQ (2 equiv)
7 7 >20:1EZ
: v 1 E:
dioxane, 45 °C > 20:1 internal:terminal

r

1-undecene

Besides the one-pot process described above, the White Reagent
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), =S - Sopp 1
X R— = BF,K Pd(OAcf X
J\M/\ . = (10 mol%) i .
R A o AcOH (4 equiv) RO Ar
n=0-2 A X_Bpin quinone (2 equiv) >20:11 E:Z
r dioxane, rt, 4 h > 20:1 internal:terminal
amino acids a,f-unsaturated carbonyls
F ; o
N _— BocHNMPh
F O CO,Me 5 Bn
(+)-16, 60% r (+)-17, 62%
free alcohols allylic amine
HO ~ \ NHBoc
NP
N Ph
18, 83% Boc (+)-19, 81%
References

Chen, M. S.; White, M. C. J. Am. Chem. Soc. 2004, 126, 1346-1347.

Fraunhoffer, K. J.; Bachovchin, D. A.; White, M. C. Org. Lett. 2005, 7, 223-226.
Chen. M. S.; Prabagaran, N.; Labenz, N. A.; White, M. C. J. Am. Chem. Soc. 2005,
127,6970-6971.

Covell, D. J.; Vermeulen, N. A.; White, M. C. Angew. Chem. Int. Ed. 2006, 45, 8217—
8220.

Fraunhoffer, K. J.; Prabagaran, N.; Sirois, L. E.; White, M. C. J. Am. Chem. Soc. 2006,
128,9032-9033.

Delcamp, J. H.; White, M. C. J. Am. Chem. Soc. 2006, 128, 15076—15077.
Fraunhoffer, K. J.; White, M. C. J. Am. Chem. Soc. 2007, 129, 7274-7276.

Reed, S. A.; White, M. C. J. Am. Chem. Soc. 2008, 129, 3316-3318.

Delcamp, J. H.; Brucks, A. P.; White, M. C. J. Am. Chem. Soc. 2008, 129, 11270-
11271.

Covell, D. J.; White, M. C. Angew. Chem., Int. Ed. 2008, 47, 6448—-6451.

. Young, A. J.; White, M. C. J. Am. Chem. Soc. 2008, 129, 14090-14091.



576

Willgerodt—Kindler reaction

Conversion of a ketone to thioamide, with functional group migration.

S
0 HNR,
Ar)k@/Me Ar n NRe
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.:

o \ 8
HN O
/ N
O
TsOH, Sg, A thioamide Q
)
[\K
SH W)
/st\ O/—\N s S\S N
(S s o SH
s S — /—\\—/ “s s’é — ¢ s &
d w—" 5% o - p— : :
__/ sulfenamide /~\ S
o] N— HS—-S
_/
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Example 1, The Willgerodt-Kindler reaction was a key operation in the initial
synthesis of racemic Naproxen:®

0 N\
HN O ,\Q
ay s —

~o Sg ~0 S

1. H*

2. CH30H, HyS0, OO OH

~ O
3. NaH, CHsl o
4. NaOH Naproxen

Example 2°

Example 3, A domino annulation reaction under Willgerodt—Kindler conditions:

©)K/ Sg, microwave ©/\)L @o

4 min., 40%

10

o}

N
Cl (@] HN s \ X S AN
= ‘ S + \ S
X
130 ° h, 159
N Sg, 130 °C, 6 5% 46% | N/ 26%

4
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L.; Dyker, G. J. Org. Chem. 2008, 73, 4644—4649.
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Wittig reaction

Olefination of carbonyls using phosphorus ylides, typically the Z-olefin is ob-
tained.

- PP~ —— )=+ PhP=0
R Ry 4 R, Ry
1
Phyp: —R Sn2 X o R! 1
R)\/X\ Ph3PU+H<\ —— PPhy=¢(
R B
o
e N\ 1)
Rs PhsP_ O R R
PN R2 ; 2+2] RS R
R2" S0 R 79 BPh
~— cycloaddition ® °
R R betaine
“puckered” transition state, irreversible and concerted
PhsPxO R3
- R RS — PPhy=0 + RZJ\(R1
R' R?
oxaphosphetane R
Example 1°
NaH, Et,O; then add
©[CHO CHy=CHPPh, B~ @
NHTs  DMF, reflux, 48 h, 50% N
4
Example 2

° _ 1.8 N NaOEt, EtOH
S SN ppn, O
° HO™ ™70 -30°Ctort

X
CO,H

2-cis-4-cis-vitamin A acid

Accutane

J.J. Li, Name Reactions, 4th ed., DOI 10.1007/978-3-642-01053-8 269,
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Example 3°
H H
PhO N S\( Pho/w/N
WOZ/ L Tol70C S
N . ° N~/
lo} \FPPh3 70% o
£-BuO,C CO,t-Bu
Example 4°

1. n-BuLi, HMPA

2. PPTS, 75%
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. Rong, F. Wittig reaction in. In Name Reactions for Homologations-Part I; Li, J. J.,
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Schlosser modification of the Wittig reaction

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

® B PhLi PhLi t-BuOH R

PhsP T =
jR R'-CHO t-BuOK R

€]
Br ® H
PhsPﬂR PhsP—© 7 O\

® H
PhsP——A—H —
3@&‘\@ R RS0

Ph
phosphorus ylide
@ €]
Ph,P OLi Br ® g°
PhsP OLi +BuOH
R R!
H 1
-~ R, R
€]
Ph

LiBr complex of -oxo ylide
These conditions allow for the erythreo betaine to interconvert to the threo betaine

@ o
PPhs Br
x R .
Lio R7>H FBUOH "__ ., Ph,p=0 + LiBr
t-BuOK R
H™ TR!
LiBr complex of threo betaine
Example 1°
e
| o . ' Ph N - o
| 5 equiv Et;P, DMF, rt, 30 min. | Y
N—/ N
[o}
)~0 then 0 °C, LDA, then 0 /=0

N o~ N
= Ph F H 66% =

EtO,C Me EtO,C
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Example 2"
0, )\/PPhsBr “
ij/\ PhLi, Bu,O/THF
66%
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mann, K. F.; Piskala, A.; Coffinet, D. Synthesis 1971, 29-31.

van Tamelen, E. E.; Leiden, T. M. J. Am. Chem. Soc. 1982, 104, 2061-2062.

Parziale, P. A.; Berson, J. A. J. Am. Chem. Soc. 1991, 113, 4595-606.

Sarkar, T. K.; Ghosh, S. K.; Rao, P. S.; Satapathi, T. K.; Mamdapur, V. R. Tetrahe-
dron 1992, 48, 6897-6908.

Deagostino, A.; Prandi, C.; Tonachini, G.; Venturello, P. Trends Org. Chem. 1995, 5,
103—-113. (Review).

Celatka, C. A.; Liu, P.; Panek, J. S. Tetrahedron Lett. 1997, 38, 5449—5452.

Panek, J. S.; Liu, P. J. Am. Chem. Soc. 2000, 122 11090-11097.
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[1,2]-Wittig rearrangement

Treatment of ethers with bases, such as alkyl lithium, results in alcohols.

R2Li R
RY T F
R0 PN

; R"2>0H
1

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

R? Li ) )
\I'-i deprotonation )\ §R1 homolytic Li
Py R™ 0D cleavage R 0. R!
R o~
L R’ worku R
N - p
R o — A PN

R™ "OLi R™ "OH

Example 1, Aza [1,2]-Wittig rearrangement”

n-BuLi NN workup H
Ph/\N/\SnBU3 _ Ph N L Ph/\/N\CH
| CH 83% 8
CHs 3
Example 2°
W tBuli (7 X X
7 © YR OH
o 58%
4
Example 3

T

O X TMS n-BuLi, THF, ether
/. B 0 .
'OTBDPS 0°C, 60%, >98:2 dr

‘OTBDPS

Example 4°
NOMe NOMe
2 eq. LDA, THF
O/\/ a N
~o -78°C, 82% ~o OH
Example 5°

J.J. Li, Name Reactions, 4th ed., DOI 10.1007/978-3-642-01053-8 270,
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QTB3 n-BuLi, THF TBS H
TBSO

TBSO O._Ph
Ph
-20t0 0 °C, 32%

Example 6°

N/OMe
LDA, THF |

N‘,OMe
0 o > pPh ; O | Ph
8 —40°C, 94% OH
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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.
2 g 2
1 (\ 3 [2,3]-sigmatropic A 3
Xy rearrangement ok
2 1
N R
O.__R R2Li (FW
[y - > o) )
H e
S Rl
R¥
R' = alkynyl, alkenyl, Ph, COR, CN.
[2,3]-sigmatropic = R = R
! /1 workup
rearrangement 90 R HO” R
E 2
xample 1
KOt-Bu, HOt-Bu, THF
7250 >
o 0°C, 26 h, 22% HG
(0]
Example 2°
f LDA, THF, -78 °C; Z
N TsO~ “CO,H
0~ >CO,H 0 2
then TsCl, 87% > 05% E
Example 3°
o)
H \ngl( )( \H,,/ o
ol( /\/\/ 1.5 equiv LIHMDS TN - N)(
H, O B
Z 5 equiv HMPA, THF HO H L HO H o]

N\(O
H
H

© -78to -10 °C 94:6
67%
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Example 4°
Me
Me
n-Buli OSEM
THF-pentane /
0,
97% Me
HO® T
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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) Br (0]
XN R - Bron CCly, reflux ‘q/\‘)\R f N
U\ /,;J initiator k‘\v/,d
< d 4
Initiation:
A A
— aY _— .
NC%NfN%CN homolytic Nt o+ 2 <CN
cleavage
2,2'-azobisisobutyronitrile (AIBN)
o] o]
qNV—KB?‘ (\-<CN _— QN' + Br%CN
o
Propagation:

O 0
e H abstraction
oo e ()
(0]

O

O O
SO — o - O
(0] (0]

The succinimidyl radical is now available for the next cycle of the radical chain
reaction.

Example 1°

OAc (0]
OAc OAc X

NBS, CCl,

reflux, 30 min., 48%

AcO" AcO™

J.J. Li, Name Reactions, 4th ed., DOI 10.1007/978-3-642-01053-8 272,
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Example 2’
CO,Me  1.2eq.NBS, 0.1 eq. AIBN CO,Me
@ solvent free, 60 to 65 °C @/Br
89%
Example 3*
Br,
‘ NBS, CCI4 N Ny
reflux 71% N/ ‘ = O
Br
Example 4°
Br:
@ NBS, AIBN (cat) \©
Bocrilﬁz\ CCly, reflux, 2 h, E;OclijﬁE
(0] 95% \o
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Wolff rearrangement

Conversion of an o-diazoketone into a ketene.

o N A R! HO Rl O -co, _,
RZ_R

a-diazoketone ketene intermediate
Step-wise mechanism:
°N N
o, ®N o ONA| -Np» 9

R1
= —_— 2>:c:o

R' R? R ke R' R? R
o-ketocarbene
Treatment of the ketene with water would give the corresponding homologated

carboxylic acid.

Concerted mechanism:

N
0 {g - Np \—c=0

2
R R? R
2
Example 1
O O O O
A or hv
H OEt
N EtOH, dioxane (1:1)
2 >90%
Example 2’
Q Co,Me
N2 hy, MeOH
S (0]
N 0 90% N\
Me Me
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Example 3*

1. LIHMDS, TFEA

2. MsN3, Et;N oM

(0)

Example 4°

CsHyq CsHyq

N, HN/& HN/&

° Et0,C ©
Et0,C o 2 o
O pnoot, CO,Et )
N C4H;1CONH, N N
N N N

Boc 559 Boc 39% Boc

Wolff rearrangement N-H insertion
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Wolff—Kishner reduction

Carbonyl reduction to methylene using basic hydrazine.

o NH,NH,
/\R1
R” "R' NaOH, reflux
o
HO
0 H
NH
e ol N
j R™ R R{LR1
NH,NH,
H. _H
€S
© Co.
O Mg R N AN
. > A~
N Y e — RR
R R7OR

Example 1, Huang Minlon modification, with loss of ethylene here’

NH,NH,*H,0
NH,NH,*2HCI KOH, 210 °C
130 °C 36%
Example 2’
o] HaN-
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% NH,NH,*H,0, KOH
OH
H,0, 30 min., 165 °C,
87%
HO

J.J. Li, Name Reactions, 4th ed., DOI 10.1007/978-3-642-01053-8 274,
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HO 1,5-hydride shift

Example 4, Huang Minlon modification'’

_OH
N

Me

‘ NH,NH,+H,0

diethylene glycol HO
HO reflux, 4.75 h, 75% OMe
OMe
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Woodward cis-dihydroxylation

Cf. Prévost trans-dihydroxylation.

>—< 1. |2, AgOAc )_K

2. H,0, H* HO OH

RO D -
G~k

©0Ac

SN2
0

— N

cyclic iodonium ion intermediate  neighboring group assistance

®%‘~>\T—/§ —H® %—g . H)O—(g?( protonation
H20<: H*/O3< (e}

:OH
H)O_é<f z hydrolysis ﬁ_oﬁ )—'<
K ' O HO OH
N HO &H

@ H
Example 1'
CHj
lp, AGQOAC OR!
HOAc, H,0 HaC R'=Ac, R?=H
23 5 95°C ’ H OR?  Ri=H.Ri=Ac
-
H
35h o]
KOH, MeOH

23 °C, 71% overall

Example 2°

NBA, AgOAc, HOAc

23 °C, 75%
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RGP
MeO,C (%% MeO,C  Br
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Yamaguchi esterification

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

cl
o)
Cl i o cCl
cl
i cl R O)E@\ HO-R4 o}
_R
R™ "OH EtsN, CH,Cl, cl Cl DMAP, Tol., reflux R™ O™
6 o
cl o R)ko
(o 0@ oo )
cl A e cl
cl R™ O — N
cl I6) K:NEt:; =
cl cl \
PN “
R” 0
/N\
DMAP (dimethylaminopyridine)
©
R% e o o cl g‘i
=N - - + R N
\ < )E@\ e O\
cl cl SN
—N cl Cl RO; |
\ H

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

o
9
Ria R o
. oo — M r
‘ R0
= -
N
\
Example 1, Intermolecular coupling’

s OMe OH
NN F con "‘B“3S"V/\|/\EA0DMT
OTES OMe -

H OMe
INgZ NN o
2,4 ,6-trichlorobenzoyl chloride
DMAP, Tol., Et;N OTES o
n-BuzSn ~
, 24 h, 89% INA <~ oDMT
OMe *
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Example 2, Intramolecular coupling’

Y\l/\)\/ 0 w~_~ 2/4,6-trichlorobenzoyl chloride
(0] Et3N, THF
H
\il/\v(;OZH then DMAP, toluene, 62%

Yamaguchi reagent

125°C, 6 h, 66%

BnO
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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
pyridiniums upon treatment with the appropriate aniline or alkyl amine.

X
= NH;
©
e RNH, ([ ON
OyN - . Z g o+
'\\‘ Cl
Zincke salt
N02

\HNR \ @\
-

R
N’ ® N

H ring-
opening

NO,

O
N
P4
T
|
T
@]
N
pz4

@
N
@
o H NH('H 1,6-addition/elimination
O,N - O,5N
NO, NO,
=
R\N < (‘ . R NHZ
H o CNH N O,N
O,N —_— .
NO,
NO,
@ .
H H - H N H cis-trans
N TR —_— NN
Rev s R RESTTS R inversion
~ X X
N | R 5 ‘ oL@ R ‘®/ o
N H electrocyclization \ N ka/ N™ ¢
R R 2 R

J.J. Li, Name Reactions, 4th ed., DOI 10.1007/978-3-642-01053-8 277,
© Springer-Verlag Berlin Heidelberg 2009



597

Example 1°
o Et
ci lo_
NO N" P
Et 2 Cl NH
= ‘ . Acetone, A 0N N 2 on
\N overnight (79%) PH
NO,
NO,
=
n-BuOH, A ‘ @_
—_— o N
20 h, 86% cl MVOH
P
Example 2°

2

. NH
NS NO, H\ IS
+
NN OH OH N ANE o
c®
NO, H,0, A, 16 h

OEt
E/\/

CaCOg, H,O/THF (4:1)
20 °C, 3 days
25%, 2 steps

Example 3°
Cl
‘ N N/\/C()zf-BU NO, MeOH, reflux
"o
N/ Boc 89%
NO,
N N~ ~-CO2tBu N N~ ~-CO2tBu
| ® "1 \® "1
= Boc ‘ A " NH, N Cle Boc
O,N % N )
i
n-BuOH, heat, 61% X
NO, ‘ =
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Example 4'°
i (o)
@
N02 N/ o
ON cl Me,NH
= ‘ then NaOH
NO.
SN 2 58%
N02
Zincke salt
LiSnBug CHO
MezN/\/\/CHO BU3Sn/\/\/
50-55%
Zincke aldehyde
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A

abnormal Beckmann rearrangement, 34
abnormal Chichibabin reaction, 108
abnormal Claisen rearrangement, 121
acetic anhydride, 54, 167, 204, 424, 440,
442,452

2-acetamido acetophenone, 92

acetone cyanohydrin, 534

acetonitrile as a reactant, 168
a-acetylamino-alkyl methyl ketone, 167
acetylation, 311

acetylenic alcohols, 100

o,B-acetylenic esters, 225

acid chloride, 11, 461, 476

acid scavenger, 202

acid-catalyzed acylation, 296
acid-catalyzed alkyl group migration,
566

acid-catalyzed condensation, 131, 133
acid-catalyzed cyclization, 409
acid-catalyzed electrocyclic formation of
cyclopentenone, 383

acid-catalyzed reaction, 490
acid-catalyzed rearrangement, 436, 480
acidic alcohol, 339

acidic amide hydrolysis, 534

acidic methylene moiety, 337
acid-labile acetal, 572

acid-mediated cyclization, 444
acid-promoted rearrangement, 190
acrolein, 30, 509

acrylic ester, 30

acrylonitrile, 30

activated hydroxamate, 332

activated methylene compounds, 315
activating agent, 440

activating auxiliary, 458

activating effect of a base, 536
activating group, 288, 351, 440
activation of the hydroxamic acid, 332
activation step, 325

a-active methylene nitrile, 254

acyclic mechanism, 159

acyl anhydride, 234

acyl azides, 162

acyl derivative, 432

N-acyl derivative, 162

ortho-acyl diarylmethanes, 66

acyl group, 234
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acyl halide, 234

acyl malonic ester, 263

acyl transfer, 14, 322, 424, 452
2-acylamidoketones, 472

acylation, 8, 51, 234, 235, 296, 322, 332,
440

O-acylation, 332
acylbenzenesulfonylhydrazines, 334
acylglycine, 205

acylium ion, 234, 240, 253, 319
acyl-o-aminobiphenyls, 371
a-acyloxycarboxamide, 415
a-acyloxyketone, 14
a-acyloxythioether, 452
adamantane-like structure, 432
1,4-addition of a nucleophile, 355
addition of Pd-H, 373

cis-addition, 496
1,6-addition/elimination, 596
ADDP, 366

adduct formation, 365

adenosine, 370

aglycon, 221

AIBN, 22, 23, 24, 25, 200, 546, 586,
587

air oxidation, 194

Al(Oi-Pr);, 345

alcohol activation, 365

aldehyde cyanohydrin, 229

Alder ene reaction, 1,2, 111
Alder’s endo rule, 184

aldol addition, 470

aldol condensation, 3, 42, 107, 212, 238,
274,284,375, 424,470
Algar—Flynn—Oyamada reaction, 6
alkali metal amide, 517

alkali metal, 44, 517

alkaline medium, 460

alkene, 1, 30, 236, 399, 417, 419, 430,
448, 490

alkenyl anilines, 281

alkenylation, 277
alkoxide-catalyzed oxidation, 404
alkoxide-catalyzed rearrangements, 214
alkoxy methylenemalonic ester, 263
a-alkoxycarbonyl phosphonate, 341
alkyl alcohol, 231

alkyl amine, 596

alkyl cation, 236

alkyl fluorosilane, 233

alkyl group migration, 566
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alkyl halide, 171, 236, 247, 325, 357
O-allyl hydroxylamines, 350

alkyl lithium, 494, 582

alkyl migration, 319, 436

N-alkyl pyridinium, 596
O-alkylating agent, 343

alkylating agent, 236, 343
N-alkylation, 343

alkylation reaction, 203

alkyl-silane, 231

alkyne coordination, 198

alkyne insertion, 198

alkyne, 98, 100, 148, 198, 236, 257, 259,
419,519

alkynyl copper reagent, 90, 98, 257, 519
alkynyl halide, 90

Allan—Robinson reaction, 8, 322
allenyl enyne, 382

all-trans-retinal, 88

allyl ether, 584

n-allyl Stille coupling, 529

allyl trimethylsilyl ketene acetal, 125
allylic acetate, 549

allylic alcohol, 100, 127, 363, 401, 406,
502, 570

allylic amination, 572

allylic amine, 426, 507

allylic bromide, 586

allylic carbamate, 507

allylic C—H amination, 572

allylic C-H cleavage, 572

allylic C—H oxidation, 572, 573, 574
allylic epoxide, 549

allylic ester enolate, 125

allylic ether, 549

allylic leaving group, 548

allylic substrate, 586

allylic sulfoxide, 363

allylic tertiary amine-N-oxides, 350
allylic transformation, 222

allylic transposition, 1

allylic trichloroacetamide, 406
allyloxycarbenium ions, 222
n-allylpalladium intermediate, 548, 572
allylsilane, 484

(R)-alpine-borane, 359, 360
aluminum chloride, 253

aluminum hydride, 100, 235
aluminum phenolate, 240
amalgamated zinc, 129

amide, 33, 102, 105, 123, 328, 379, 468,
490, 543562

amidine, 438

amination, 58, 80-82, 330, 572, 573
amine exchange, 596
amine-catalyzed rearrangements, 214
amino acid, 167, 534, 574, 575
o-amino acid, 167, 534

o-amino ketone, 238, 385

o-amino nitrile, 534

aminoacetal intermediate, 444
B-aminoalcohol, 177
gem-aminoalcohol, 330
o-aminobiphenyls, 371
B-aminocrotonate, 391
aminothiophene synthesis, 254
ammonia, 107, 270, 274, 276, 411
ammonium carbonate, 76
ammonium sulfite, 74

ammonium ylide intermediate, 517
amphotericin B, 89

aniline, 46, 81, 102, 131, 133, 194, 251,
263,281, 373,394, 509, 596
anilinomethylenemalonic ester, 263
anion-assisted Claisen rearrangement,
96

anionic oxy-Cope rearrangement, 138
p-anisyloxymethyl, 141

o-anomer, 222, 223

B-anomer, 320

anomeric center, 313

anthracenes, 66

AOM, 141

aprotic solvent, 16, 401
aralkyloxazole, 472

Arndt-FEistert homologation, 10
aromatic aldehyde, 229

aromatic solvent, 202

aromatization, 196, 234, 236, 517
Arthur C. Cope, 217

aryl aldehyde, 424

aryl boronic acid, 87, 102, 574

aryl diazonium salt, 262

aryl groups migrate intramolecularly,
393

aryl halide, 64, 80, 368, 531, 554
aryl hydrazine, 72

aryl migration, 36, 165

1,2-aryl migration, 215

aryl potassium trifluoroborate, 574
N-aryl pyridinium, 596



aryl-acetylene, 98
o-arylamino-ketone, 46

arylation, 102, 277, 332, 574
O-arylation, 332

arylboronates, 368

B-arylethylamine, 434
2-aryl-3-hydroxy-4H-1benzopyran-4-
ones, 6

arylhydrazone, 227
O-aryliminoethers, 105

3-arylindole, 46

aryllithium, 413

arylmethyl ether, 202

asymmetric [3+2]-cycloaddition, 144
asymmetric acyl Pictet—Spengler, 434
asymmetric aldol condensation, 212
asymmetric amino-hydroxylation, 496
asymmetric aza-Michael addition, 355
asymmetric Carroll rearrangement, 96
asymmetric Claisen rearrangement, 118
asymmetric construction of carbon—
carbon bond, 351

asymmetric Diels—Alder reactions, 143
asymmetric dihydroxylation, 499
asymmetric epoxidation, 300, 502
asymmetric hydroboration, 71
asymmetric hydrogenation, 399
asymmetric intermolecular Heck reac-
tion, 277

asymmetric Mannich reaction, 337, 338
asymmetric Mannich-type reaction, 337,
338

asymmetric Michael addition, 355
asymmetric Mukaiyama aldol reaction,
376

asymmetric Petasis reaction, 426
asymmetric reduction of ketones, 359
asymmetric reduction, 359, 399
asymmetric Robinson annulation, 271
asymmetric Simmons—Smith, 507
asymmetric Tsuji—Trost reaction, 550
o-attack, 6

B-attack, 6

aurone derivative, 7

aza [1,2]-Wittig rearrangement, 582
aza-Diels—Alder reaction, 187
aza-Grob fragmentation, 268
aza-Henry reaction, 284

azalactone, 167

aza-Myers—Saito reaction, 382
aza-Payne rearrangement, 421
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aza-m-methane rearrangement, 192
azide, 52, 102, 162, 163, 458, 523
azido-alcohol, 52, 490

aziridine, 52, 146, 266

azirine intermediate, 385

N-aziridinyl imine, 16

azlactone, 204
2,2'-azobisisobutyronitrile, 22, 24, 200,
586

1,1'-(azodicarbonyl)dipiperidine, 366

B

backside displacement, 454
Baeyer—Villiger oxidation, 12, 70, 165
Baker—Venkataraman rearrangement, 14
Balz—Schiemann reaction, 488
Bamford-Stevens reaction, 16, 494
Barbier coupling reaction, 18

Bartoli indole synthesis, 20

Barton ester, 22

Barton nitrite photolysis, 26

Barton radical decarboxylation, 22
Barton-McCombie deoxygenation, 24
base-catalyzed condensation, 169, 463
base-catalyzed self-condensation, 546
base-induced cleavage, 273
base-mediated rearrangement, 332
base-promoted radical coupling, 262
base-sensitive aldehyde, 341

basic condition, 203, 337, 430

basic hydrogen peroxide conditions, 165
basic oxidation, 70

BaSO,-poisoned palladium catalyst, 476
Batcho-Leimgruber indole synthesis, 28
Baylis—Hillman reaction, 30

9-BBN, 359

Beckmann rearrangement, 33
Bellus—Claisen rearrangement, 117
benzaldehyde, 95, 108, 515
1,4-benzenediyl diradical formation, 40
benzil, 36

benzilate, 36

benzilic acid rearrangement, 36

benzoin condensation, 38, 525
p-benzoquinone, 391

benzothiazole, 309

benzyl halide, 171, 515, 586

benzyl reagent, 202

benzylation, 202, 203

benzylic bromide, 586

benzylic quaternary ammonium salt, 517
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benzylic substrate, 586

Bergman cyclization, 40, 382

betaine, 578, 580

biaryl, 554
cis-bicyclo[3.3.0]octane-3,7-dione, 568
Biginelli pyrimidone synthesis, 42
biindolyl, 369

bimolecular elimination, 30

Birch reduction, 44
2,4-bis(4-methoxyphenyl)-1,3-
dithiadiphosphetane-2,4-disulfide, 328
bis(trifluoroethyl)phosphonate, 527
bis-acetylene, 90

bis-aryl halide, 531
1,4-bis(9-O-dihydroquinidine)-
phthalazine, 496, 499

Bischler indole synthesis, 46
Bischler—Mohlau indole synthesis, 46
Bischler—Napieralski reaction, 48
B-isopinocampheyl-9-borabicyclo-
[3.3.1]-nonane, 359

bisoxygenated intermediate, 573
Blaise reaction , 50

Blum-Ittah aziridine synthesis, 52
boat-like, 117

Bobbitt modification, 445

N-Boc glylcine allylic ester, 574
Boekelheide reaction, 54

Boger pyridine synthesis, 56, 188
9-borabicyclo[3.3.1]nonane, 359, see
also 9-BBN

borane, 70, 87, 89, 143, 359, 360, 536,
574

Borch reductive amination, 58

boric acid, 574

Z-(O)-boron-enolate, 212

boron trifluoride etherate, 222
boronate, 87, 368

boronic acid-Mannich, 426

boronic acid, 87, 88, 102,426, 574
boron-mediated Reformatsky reaction,
457

boron-protected haloboronic acid, 87, 88
Borsche—Drechsel cyclization, 60
Boulton—Katritzky rearrangement, 62
Bouveault aldehyde synthesis, 64
Bouveault—Blanc reduction, 65

Br/Cl variant of the Takai reaction, 541
Bradsher reaction, 66
bromine/alkoxide for Hofmann rear-
rangement, 290

o-bromoacid, 282
bromodinitrobenzene, 347
N-bromosuccinimide, 586, see also NBS
Brook rearrangement, 68
[1,2]-Brook rearrangement, 68, 69
[1,3]-Brook rearrangement, 68
[1,4]-Brook rearrangement, 68
[1,5]-Brook rearrangement, 69
Brown hydroboration, 70

BT, 309

Bu;P, 505

Bucherer carbazole synthesis, 72
Bucherer reaction, 74
Bucherer—Bergs reaction, 76
Biichner ring expansion, 78
Buchwald-Hartwig amination, 80, 102
t-BuLi, 69, 199, 390, 413, 414, 582
Burgess dehydrating reagent, 84, 339
Burke boronates, 87

butterfly transition state, 478

t-butyl peroxide, 502

C

BC-labelled o,B-unsaturated ketone, 196
Cadiot—Chodkiewicz coupling, 90, 98,
519

calystegine, 220

camphorsulfonic acid, 203, see also
CSA

Camps quinoline synthesis, 92
Cannizzaro reaction, 94

carbazole, 60, 70, 72

carbene generation, 460

carbene mechanism, 428

carbene, 10, 112, 156, 198, 428, 460,
588

carbocation rearrangement, 176, 177
B-carbocation stabilization by the silicon
group, 231

B-carbocation stabilizationby the [3-
silicon effect, 484

carbocyclization, 220

carbodiimide, 332, 370

carbon Ferrier reaction, 222

carbon monoxide, 253, 419

carbon nucleophile, 222, 484, 548, 572,
see also C- nucleophile

carbon tetrachloride, 586, see also CCl,
carbon—boron bond, 306, 328, 387, 430,
434,436

carbonyl oxide, 161



carbonyl, 335, 399, 456, 484, 490, 542
B-carbonyl sulfide derivative, 251
1,2-carbon-to-nitrogen migration, 162
carboxylic acid, 10, 22, 94, 202, 214,
282,304,415, 551
carboxylic amide derivative, 273
Carroll rearrangement, 96
Castro—Stephens coupling, 90, 98, 519
in situ Castro—Stephens reaction, 99
catalytic asymmetric enamine aldol, 271
catalytic asymmetric inverse-electron-
demand Diels—Alder reaction, 187
catalytic cycle, 81, 143, 277, 288, 325,
399, 401, 465, 496, 500, 502, 529, 536,
548, 564
catalytic Pauson—Khand reaction, 419
CBS reagent, 143
3CC, 415
4CC, 551
C—C bond rotation, 277
CCly, 97, 298, 319, 447, 455, 473, 516,
586, 587
Celebrex, 318
CH,l,, 470, 507, 508
CH;0Tf, 202
chair-like, 117
Chan alkyne reduction, 100
Chan—Lam C-X coupling reaction, 102
Chantix, 211
Chapman rearrangement, 105, 393
Chapman-like thermal rearrangement,
106
chelate-controlled oxidative Heck
arylation, 574
chemoselective tandem acylation of the
Blaise reaction intermediate, 51
chemoselectivity, 572
CHI;, 540
Chichibabin pyridine synthesis, 107
chiral allylic C—H oxidation, 573
chiral auxiliary, 212, 351
chiral ligand, 496
chiral oxazoline, 351
chlorination, 332
in situ chlorination, 455
chloro substituent, 594
chloroammonium salt, 292
p-chlorobis-(cyclopentadienyl)-
(dimethylaluminium)-p-
methylenetitanium, 542
chlorodinitrobenzene, 347
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chloroiminium salt, 558
a-chloromethyl ketones, 276
2-chloro-1-methyl-pyridinium iodide,
379
3-chloropyridine, 112
N-chlorosuccinimide, 150, see also NCS
cholesterol, 321
chromium (VI), 304
chromium trioxide, 304
chromium trioxide-pyridine complex,
304
chromium variant of the Nicholas reac-
tion, 395
Chugaev reaction, 110
Chugaev syn-elimination, 110
Ciamician—Dennsted rearrangement, 112
cinchona alkaloid ligand, 499
cinnamic acid synthesis, 424
Claisen condensation, 113, 182
Claisen isoxazole synthesis, 115
Claisen rearrangement, 16, 96, 117
para-Claisen rearrangement, 119
ortho-Claisen rearrangement product,
119
classical Favorskii rearrangement, 217
cleavage of primary carbon—boron bond,
308
Clemmensen reduction, 129
C—O0 bond fragmentation, 240
CO insertion, 198
CO, 198,319
cobalt-catalyzed Alder-ene reaction, 2
Collins oxidation, 304
Collins—Sarett oxidation, 305
Combes quinoline synthesis, 131, 133
combinatorial Doebner reaction, 195
Comins modification, 64
complexation, 87, 234, 240, 296, 484,
564
concerted oxygen transfer, 300
concerted process, 113, 117, 137, 184,
268,499, 578, 588
condensation, 3, 28, 38, 42, 43, 60, 92,
107, 113, 131, 133, 169, 182, 196, 204,
212,225,229, 238, 254, 255, 270, 274,
284,286, 315, 375,423, 434, 444, 463,
470,474, 525, 532, 534, 546, 551

Aldol, 3, 424

Benzoin, 38

Claisen, 113

Darzens, 169
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Dieckmann, 182
Guareschi-Thorpe, 270
Knoevenagel, 254, 255, 315
Stobbe, 532
conjugate addition, 42, 196, 355, 391,
509, see also Michael addition
Conrad-Limpach reaction, 131, 133
coordination and deprotonation, 102,
345
coordination, 102, 198, 345, 404, 548
Cope elimination reaction, 135, 136
Cope rearrangement, 119, 137
copper catalyst, 257
Corey’s PCC, 304
Corey’s oxazaborolidine, 143
Corey’s ylide, 146
Corey—Bakshi—Shibata (CBS) reagent,
143
Corey—Claisen, 117
Corey—Fuchs reaction, 148
Corey—Kim oxidation, 150
Corey—Nicolaou double activation, 152
Corey—Nicolaou macrolactonization,
152
Corey—Seebach dithiane reaction, 154
Corey—Winter olefin synthesis, 156
Corey—Winter reductive elimination,
156
Corey—Chaykovsky reaction, 146
coumarin, 423
(-)-CP-263114, 304
Cp,TiMe,, 428
Cr(CO);-coordinated hydroquinone, 198
Cr(IV), 304
CrCl,, 540
Criegee glycol cleavage, 159
Criegee mechanism of ozonolysis, 161
Criegee zwitterion, 161
Crimmins procedure for Evans aldol,
212
Crixivan, 301
cross-coupling, 87, 88, 102, 259, 288,
289, 299, 325, 389, 519, 529, 531, 536
cross-McMurry coupling, 335, 336
Cr—Ni bimetallic catalyst, 401
CSA, 203,271,412, 453, 505
Cu(III) intermediate, 90, 98
Cu(OAc),, 102, 103, 259, 260, 299, 565
cupric acetate, 102
Curtius rearrangement, 162
CuTC-catalyzed Ullmann coupling, 554

cyanamide, 562
cyanide, 38
cyanoacetic ester, 270
cyanogen bromide, 562
cyanohydrins, 76
cyclic intermediate, 159
cyclic iodonium ion intermediate, 447,
592
cyclic mechanism, 159
cyclic thiocarbonate, 156
cyclic transition state, 345, 404
cyclization of the Stobbe product, 532
cyclization, 6, 40, 46, 60, 66, 115, 131,
133, 173, 196, 220, 227, 255, 263, 281,
371, 382, 383, 385, 400, 413, 417, 423,
434, 444, 450, 463, 532, 596
Bergman, 40
Borsche—Drechsel, 60
Ferrier carbocyclization, 220
Myers—Saito, 382
Nazarov, 383
Parham, 423
Pshorr, 450
[2+2] cycloaddition, 78, 300, 465, 521,
542,578
[2+2+1] cycloaddition, 419
[3+2]-cycloaddition, 143, 499
[4+2]-cycloaddition reactions, 184
cyclobutane cleavage, 173
cyclobutanone, 521
cyclodehydration, 472
cyclo-dibromodi-p-methylene(p-
tetrahydrofuran)trizinc, 403
cyclohepta-2,4,6-trienecarboxylic acid
ester, 78
cyclohexadiene, 44
cyclohexanone phenylhydrazone, 60
cyclohexanone, 60, 220, 383, 419, 470
cyclopentene, 560
cyclopropanation, 112, 507
cyclopropane, 146, 192, 560
cyclopropanone intermediate, 214
cycloreversion, 465
C—C bond cleavage, 268
C—C bond migration, 176, 177

D

Dakin oxidation, 165
Dakin—West reaction, 167
Danishefsky diene, 184
Darzens condensation, 169



DBU, 15, 170, 206, 285, 290, 333, 341,

342,377, 386, 406, 407, 471, 472, 526,

DCC, 23, 245, 370

de Mayo reaction, 173

DEAD, 223, 243, 248, 365, 366

decalin, 432

decarboxylation, 96, 263, 315, 332, 474,

568

dehydrating reagent, 339, 432

dehydration, 46, 108, 408, 470, 480, 509

dehydrative ring closure, 371

Delépine amine synthesis, 171, 515

demetallation, 395

Demjanov rearrangement, 175

deoxygenation, 24

(+)-deoxynegamycin, 573

deprotonation of nitroalkanes, 284

depsipeptide, 572

Dess—Martin oxidation, 179, 180, 472

desulfonylation, 560

desymmetrization, 95

Dewar intermediate, 119

(DHQ),-PHAL, 499

(DHQD),-PHAL, 496

diamide, 551

diaryl compound, 262

diastereomer, 311, 451, 495

diastereoselective glycosidation, 313

diastereoselective Simmons—Smith

cyclopro-panation, 507

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

341, see also DBU

diazoacetic esters, 78

2-diazo-1,3-diketone, 458

o-diazoketone, 588

2-diazo-3-oxoester, 458

diazomethane, 10

diazonium salt, 177, 262, 302, 486

diazotization, 176, 177

diboron reagents, 368

dibromoolefin, 148

1,3-dicarbonyl compounds, 317

1,4-dicarbonyl derivative, 525

1,3-dicyclohexylurea, 370

dichlorocarbene, 112, 460

Dieckmann condensation, 182

Diels—Alder adduct, 184

Diels—Alder reaction, 56, 66, 143, 184,

185, 186, 187

diene, 44, 184, 186, 188, 192
1,4-diene, 192
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dienone, 119
Dienone—phenol rearrangement, 190
dienophile, 56, 184, 186, 187
diethyl diazodicarboxylate, 365, see also
DEAD
diethyl succinate, 532
diethyl tartrate, 502
diethyl thiodiglycolate, 286
dihydroisoquinolines, 48
cis-dihydroxylation, 499
1,4-dihydropyridine, 274
diketone, 14, 131, 173, 270, 286, 408,
409,411, 458, 474
a-diketone, 286
B-diketones, 14, 131
1,4-diketone, 408, 409, 411
1,4-diketone condensation, 474
1,5-diketone, 173
dimerization, 255, 257, 299
dimethylaminomethylating agent, 206
dimethylaminomethylation, 206
dimethylaminopyridine, 594, see also
DMAP
N,N-dimethylformamide dimethyl
acetal, 28
dimethylmethylideneammonium iodide,
206
dimethylsulfide, 150
dimethylsulfonium methylide, 146
dimethylsulfoxonium methylide, 146
dimethyltitanocene, 428
dinitrophenyl, 67
diol, 156, 159, 203, 250, 436,
diosgenin, 130
1,3-dioxolane-2-thione, 156
dipeptidyl peptidase IV inhibitor, 574
diphenyl 2-pyridylphosphine, 244
diphenylphosphoryl azide, 163, see also
DPPA
DIPT, 503
1,3-dipolar cycloaddition, 161, 458, 459
2,2'-dipyridyl disulfide, 152
diradical, 40, 192, 382, 417, 560
N, N-disubstituted acetamide, 440
disubstituted azodicarboxylate, 365
3,4-disubstituted phenols, 190
4,4-disubstituted cyclohexadienone, 190
3,4-disubstituted thiophene-2,5-
dicarbonyl, 42, 286, 317, 525
di-tert-butylazodicarbonate, 244
dithiane, 154
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ditin reagent, 531

di-vinyl ketone, 383

di-n-methane rearrangement, 192
2,4-dinitro-benzenesulfonyl chloride,
243

DMAP, 78, 103, 157, 158, 161, 167,
245, 380, 453, 594, 595

DMFDMA, 28

DMS, 150

DNP, 67

Doebner quinoline synthesis, 194
Doebner—von Miller reaction, 196, 509
domino annulation reaction under
Willgerodt—Kindler conditions, 577
Dotz reaction, 198

double Chapman rearrangement, 106
double imine, 227

double Robinson-type cyclopentene
annulation, 471

double Tebbe, 542, 543

double Wagner-Meerwein
rearrangement, 566

Dowd-Beckwith ring expansion, 200
Dowtherm A, 134

DPE-Phos, 82

DPPA, 163, 164

DTBAD, 244

Dudley reagent, 202

E

E/Z geometry control, 125

ElcB, 271, 339

E2, 30, 31, 424, 430

E2 anti-elimination, 430

E2 elimination, 424

E-allylic alcohols, 100

EAN, 316

E-arylated allylic ester, 574

EDDA, 315

EDG, 184

Eglinton coupling, 259

Ei, 84

electrocyclic formation, 383
electrocyclic ring closure, 198
electrocyclic ring opening, 78
electrocyclization, 40, 131, 133, 417,
596

electron transfer, 18, 44, 215, 266, 311,
335, 456, 554

electron-deficient heteroaromatics, 361
electron-donating substituent, 44, 184

electronically unbiased o-olefin, 574
electron-rich alkyl group, 436
electron-rich carbocycle, 558, 558
electron-rich ligands, 80
electron-withdrawing substituent, 44,
184, 347
electrophile, 30, 89, 146, 266, 325, 484,
490, 558
clectrophilic site, 413
electrophilic substitution, 234, 296
elemental sulfur, 254, 408
elimination, 30, 80, 84, 90, 98, 102, 110,
135, 136, 156, 229
a-elimination, 460
B-elimination, 281, 339, 519
syn-elimination, 505
syn-B-elimination, 277
Emil Fischer, 222
enamine formation, 271, 274
enamine, 56, 107, 131, 442, 546
enantioselective aromatic Claisen rear-
rangement, 121
enantioselective borane reduction, 143
enantioselective cis-dihydroxylation,
499
enantioselective epoxidation, 502
enantioselective ester enolate-Claisen
rear-rangement, 125
enantioselective Mukaiyama-aldol
reaction, 4
enantiospecific Baker—Venkataraman
rear-rangement, 14
ene reaction, 1, 110, 121, 140
enediyne, 40
ene-hydrazine, 227
enol, 96, 458
enol ether, 355, 377, 397
enol silane, 482
enolate, 3, 125, 182, 206, 212, 250, 274,
282, 355,424, 458, 470, 532
enolates, enolsilylethers, 206
enolizable hydrogens for ketones, 217
enolizable o-haloketones, 214
enolization, 8, 42, 282, 322, 323, 337
enolsilane, 478
enone, 173, 323, 482
enophile, 1
enzymatic resolution, 573
episulfone intermediate, 454
epoxidation
Corey—Chaykovsky, 146



Jacobsen—Katsuki, 300

Payne, 421

Prilezhaev, 478

Sharpless, 502
epoxide migration, 421
epoxide, 146, 300, 421, 478, 502 549

cis-epoxide, 300
trans-epoxide, 300

2,3-epoxy alcohol, 421
o, B-epoxy esters, 169
o, B-epoxy ketone, 570
o, B-epoxy sulfonylhydrazones, 208
1,2-epoxy-3-ol, 421
o, B-epoxyketones, 208
Erlenmeyer—Pl6chl azlactone synthesis,
204
erythreo betaine, 580
erythro (kinetic adduct), Horner—
Wadsworth—-Emmons reaction, 294
erythro isomer, 527
Eschenmoser hydrazone, 16
Eschenmoser’s salt, 206, 337
Eschenmoser—Claisen amide acetal rear-
rangement, 123
Eschenmoser—Tanabe fragmentation,
208
Eschweiler—Clarke reductive alkylation
of amines, 210, 330
6m-electrocyclization, 131, 133, 596
ester, 22, 26, 30, 50, 65, 78, 96, 103,
113, 115, 117, 125, 127, 133, 169, 214,
225,240, 245, 263, 270, 286, 328, 343,
438, 525
esterification, 379, 574, 594
Et;0'BE,, 343
Et;SiH, 245
ether formation, 202, 339, 366, 584
ethyl oxalate, 463
ethylammonium nitrate, 316
ethylenediamine diacetate, 315
ethylformate, 458
Evans aldol reaction, 212
Evans syn, 212
evolution of CO,, 167
EWG, 184
exo complex, 419
extrusion of dinitrogen, 162
extrusion of nitrogen, 56, 490

F
Favorskii rearrangement, 214

607

Feist-Bénary furan synthesis, 218
Ferrier carbocyclization, 220

Ferrier glycal allylic rearrangement, 222
Ferrier I reaction, 222

Ferrier II Reaction, 220

Ferrier reaction, 222

Ferrier rearrangement, 222
Fiesselmann thiophene synthesis, 225
Fischer carbene, 198

Fischer indole synthesis, 60, 72, 227
Fischer oxazole synthesis, 229
flavone, 8

flavonol, 6

Fleming—Tamao oxidation, 231
Fleming—Kumada oxidation, 233
fluoride, 288

fluoroarene, 488
fluoro-Meisenheimer complex, 347
fluorous Corey—Kim reaction, 150
fluorous Mukaiyama reagent, 380
formal [2+2+1] cycloaddition, 419
formaldehyde, 210, 330

formamide acetal, 28

formic acid, 210, 330
o-formylphenol, 460

formylation, 64, 253

four-component condensation, 551
four-electron system, 1
four-membered titanium oxide ring in-
termediate, 428

fragmentation, 196, 208, 240, 268
Friedel-Crafts acylation reaction, 234
Friedel-Crafts alkylation reaction, 236
Friedel-Crafts reaction, 234
Friedlander quinoline synthesis, 238
Fries rearrangement, 240

ortho-Fries rearrangement, 241
Fries—Finck rearrangement, 240
Fukuyama amine synthesis, 243
Fukuyama reduction, 245
Fukuyama—Mitsunobu procedure, 243
functional group interconversion, 572
functional group migration, 576

furan ring as the masked carbonyl, 464
furan synthesis, 218, 409

fused pyridine ring, 263

G

Gabriel amine synthesis, 249
Gabriel synthesis, 171, 246
Gabriel-Colman rearrangement, 250
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Garner’s aldehyde, 266

Gassman indole synthesis, 251
Gattermann—Koch reaction, 253
Gewald aminothiophene synthesis, 254
Glaser coupling, 257, 299

glycerol, 509

glycidic ester, 169

glycol, 159, 222, 223, 225, 334, 591
glycosidation, 313, 320, 492
B-glycoside, 320

C-glycosidic product, 222

glycosyl acceptor, 313
Gomberg—Bachmann reaction, 262, 450
Gould-Jacobs reaction, 263

green Dakin—West reaction, 168
Grignard reaction, 18, 266

Grignard reagent, 16, 20, 266, 325, 490,
494

Grob fragmentation, 268

Grubbs’ catalyst, 78, 465, 467

Grubbs’ catalyst, intramolecular
Buchner rea-ction, 78

Guareschi imide, 270
Guareschi—Thorpe condensation, 270

H

[1,5]-H-atom shift, 121
Hajos—Wiechert reaction, 271
halfordinal, 230

Haller—Bauer reaction, 273
N-haloamines, protonated, 292
o-halo-aniline, 373

haloarene, 486

a-halocarbohydrate, 320

o-haloesters, 50, 169, 456

halogen effect, 472

a-halogenation, 282

halogen—lithium exchange, 413
o-haloketones, 171, 218

2-halomethyl cycloalkanones, 200
o-halosulfone, 454

Hantzsch 1,4-dihydropyridines, 274, 275
Hantzsch dihydropyridine synthesis, 274
Hantzsch pyrrole synthesis, 276
head-to-head alignment, 173
head-to-tail alignment, 173

Heck arylation, 574

Heck reaction, 277, 278, 280, 373, 574
Hegedus indole synthesis, 281
Hell-Volhard-Zelinsky reaction, 282
hemiaminal, 474, 515

(+)-hennoxazole, 472

Henry nitroaldol reaction, 284
heteroaryl Heck reaction, 280
heteroaryl recipient, 280
heteroaryllithium, 413
heteroarylsulfones, 309

hetero-Carroll rearrangemen, 96
hetero-Diels—Alder reaction , 56, 187
heterodiene addition, 187
heterodienophile addition, 187, 188
heteropoly acid catalyst, 168
hex-5-enopyranosides, 221
hexacarbonyldicobalt complex, 395, 419
hexacarbonyldicobalt-stabilized proper-
gyl cation, 395
hexamethylenetetramine, 171, 172, 515
Hinsberg synthesis of thiophene deriva-
tive, 286

Hiyama cross-coupling reaction, 288
Hoch—Campbell aziridine synthesis, 266
Hofmann degradation, 290

Hofmann rearrangement, 290
Hofmann-Loffler—Freytag reaction, 292
homoallylic alcohol, 584
homocoupling, 258, 299, 335, 554
homo-Favorskii rearrangement, 215
homologated carboxylic acid, 588
homolysis, 215

homolytic cleavage, 22, 24, 26, 200,
292,298, 334, 582, 586
homo-McMurry coupling, 335
homo-Robinson, 470
Horner—Wadsworth—Emmons reaction,
294, 341

Horner—Emmons reaction, 527
Hosomi—Sakurai reaction, 484
Hosomi—Miyaura borylation, 368
Houben—Hoesch synthesis, 296

Huang Minlon modification, 590, 591
Hunsdiecker—Borodin reaction, 298
hydantoin, 76, 102, 497

hydrazine, 72, 102, 227, 249, 317, 334,
570, 590

hydrazoic acid, 490

hydrazone, 16, 60, 208, 227, 302, 570
hydride, 94, 100, 210, 330, 345, 359,
373,404, 482, 515, 564, 591

B-hydride elimination, 373, 482
hydride shift, 564, 591

hydride source, 210

hydride transfer, 94, 345, 359, 404, 515



hydro-allyl addition, 1

o-hydroxyaryl ketones, 8

hydrogen atom abstraction, 24
1,5-hydrogen abstraction, 26
1,5-hydrogen atom transfer, 292
hydrogen donor, 40, 274
hydrogenation, 399, 476
hydrogenolysis, 251

hydrolysis of iminium salt, 271
hydrolysis, 54, 162, 165, 231, 247, 266,
271,282, 286, 296, 315, 385, 393, 438,
447, 456, 460, 463, 478, 499, 534, 592
hydropalladation, 564

hydroxamic acid, 332
hydroxide-catalyzed rearrangements,
214

o-hydroxyl-acid, 152

hydroxylamine, 115, 349

N-hydroxyl amines, 135
a-hydroxylation, 478
4-hydroxy-3-carboalkoxyquinoline, 263
B-hydroxycarbonyl, 3
2'-hydroxychalcones, 6
5-hydroxylindole, 391
3-hydroxy-isoxazoles, 115
2-hydroxymethylpyridine, 54
B-hydroxy-B-phenylethylamine, 432
4-hydroxyquinoline, 263
B-hydroxysilane, 203, 430
3-hydroxy-2-thiophenecarboxylic acid
deri-vatives, 225

hydrozinolysis, 62

hypohalite, 251, 290

I
IBX, 179, 397
imide, 102, 270, 444, 474
imine, 58, 102, 107, 131, 490, 521, 546,
551
iminium formationhydrolysis, 315
iminium ion, 315, 330, 440, 442, 519,
534
imino ether, 438
iminochloride, 385
iminophosphorane, 523
indole, 20, 28, 46, 60, 72, 227, 251, 281,
373,391, 463
indole synthesis, 227, 251, 281, 373,
391, 463
Bartoli, 20
Batcho—Leimgruber, 28
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Bischler-Mohlau, 46

Fischer, 227

Gassman, 251

Hegedus, 281

Mori—Ban, 373

Nenitzescu, 391

Reissert, 463
indole-2-carboxylic acid, 463
Ing—Manske procedure, 249
Initiation, radical, 586
inositol, 220
insertion toward CH, 419
insertion, 198, 277, 280, 373, 419, 589
intercomponent interactions, 90
intermolecular addition, 361, 509
intermolecular aldol, 4
intermolecular Bradsher cycloaddition,
66, 67
intermolecular C—H amination, 573
intermolecular C—H oxidation, 572
intermolecular Friedel-Crafts acylation,
234
intermolecular Heck arylation, 280, 574
intermolecular Yamaguchi coupling,
594
internal acetylenes, 353
intramolecular acyl transfer, 424
intramolecular Alder-ene reaction, 1
intramolecular aldol condensation, 470
intramolecular Baylis—Hillman reaction,
31
intramolecular Boger pyridine synthesis,
56
intramolecular Bradsher cyclization, 66
intramolecular Biichner reaction, 78
intramolecular Cannizzaro reaction, 95
intramolecular C—H oxidation, 572
intramolecular condensation, 205
intramolecular cross-coupling, 531
intramolecular cyclization, 413
intramolecular Diels—Alder reaction,
184, 185
intramolecular ene reaction, 110
intramolecular Favorskii Rearrange-
ment, 214
intramolecular Friedel-Crafts acylation,
234,235
intramolecular Heck reaction, 278, 280,
285,280, 373
intramolecular Horner—Wadsworth—
Emmons, 295
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intramolecular Houben—Hoesch reac-
tion, 296

intramolecular mechanism, 304
intramolecular Michael addition, 356
intramolecular Minisci reaction, 362
intramolecular Mitsunobu reaction, 366
intramolecular Mukaiyama aldol reac-
tion, 375

intramolecular Nicholas reaction using
chromium, 396

intramolecular Nozaki—Hiyama—Kishi
reaction, 401

intramolecular nucleophilic aromatic re-
arrangement, 511

intramolecular pathway, 440
intramolecular Pauson—Khand reaction,
419

intramolecular Schmidt rearrangement,
491

intramolecular Sy2, 169
intramolecular Stetter reaction, 525
intramolecular Suzuki-Miyaura cou-
pling, 536

intramolecular Thorpe reaction, 546
intramolecular transamidation, 331
intramolecular Tsuji-Trost reaction, 549
intramolecular Yamaguchi coupling,
594

inverse electronic demand Diels—Alder
reaction, 186

cis-trans inversion, 596

inversion of configuration, 548
iododinitrobenzene, 347
iodosobenzene diacetate for Hofmann
rear-rangement, 290

O-iodoxybenzoic acid, 179, 397

ionic liquid, 316, 343

ionic liquid-promoted interrupted Feist—
Benary reaction, 218

ionic mechanism, 266

ipso attack, 347

ipso substitution, 231, 347
Ireland—Claisen (silyl ketene acetal)
rearrangement, 125

iron salt-mediated Polonovski reaction,
441

irreversible fragmentation, 196
C-isocyanide, 415, 551

isocyanate intermediate, 76, 162, 290,
332

isoflavone, 8

isomerization, 229, 353, 421, 470
isoquinoline 1,4-diol, 250
isoquinoline, 48, 250, 432, 434, 444,
461, 462

3-isoxazolol, 115

5-isoxazolol, 115

J

Jacobsen—Katsuki epoxidation, 300
Japp—Klingemann hydrazone synthesis,
60, 302

Johnson—Claisen (orthoester) rearrange-
ment, 127

Jones oxidation, 304, 305

Julia olefination, 309

Julia—Kocienski olefination, 309, 311

K

Kahne glycosidation, 313
Kazmaier—Claisen, 117

ketene, 10, 123, 125, 127, 521, 588
ketene acetal, 123, 125, 127

ketene cycloaddition, 521
N,O-ketene acetals, 123
o-ketocarbene, 588

o-ketocarbene intermediate, 10
keto-enol tautomerization, 96
B-ketoester, 50, 96, 113, 115, 133, 218,
274,276, 302, 423

2-ketophenols, 240

4-ketophenols, 240
a-keto-phosphonate, 341

ketoximes, 266

ketyl, 65

Kharasch cross-coupling reaction, 325
kinetic product, 16,294, 494, 527
kinetic resolution, 574

Kishner reduction, 1

Knoevenagel condensation, 254, 255,
315

Knorr pyrazole synthesis, 317, 411
Knorr thiophene synthesis, 328
Koch—Haaf carbonylation, 319
Koenig—Knorr glycosidation, 320
Kostanecki acylation reaction, 322
Kostanecki reaction, 8, 322
Kostanecki—Robinson reaction, 322
Kréhnke pyridine synthesis, 333
Kumada coupling, 288, 325, 529, 536



L

lactam, 240, 328, 521

B-lactam, 521

lactone, 204, 328, 403, 521
azalactone, 167, 204

B-lactone, 521

lactonization, 532

larger counterion, 309

Lawesson’s reagent, 328, 408

lead tetraacetate for Hofmann rear-

rangement, 291

lead tetraacetate, 159

Lebel modification of the Curtius rear-

rangement, 164

less-substituted olefin, 494

Leuckart—Wallach reaction, 210, 330,

331

Lewis acid catalyst, 222

Lewis acid, 1, 212, 222, 234, 236, 240,

375,377, 395, 423, 484, 492

Lewis acid-catalyzed aldol condensa-

tion, 375

Lewis acid-catalyzed Michael addition,

377

Lewis basic phenol, 572

LiBr complex, 580

ligand exchange, 80, 476, 548

Lipitor, 411

liquid ammonia, 44

long-lived radical, 26

Lossen rearrangement, 332

low-valent titanium, 335

L-phenylalanine, 271, 272

proline, 143, 271, 337, 338

LTA, 159

M

macrolactonization, 152, 573
magnesium metal, 266
magnesium oxide, 202

maleimidyl acetate, 250
manganaoxetane intermediate, 300
Mannich base, 337

Mannich reaction, 206, 337, 426
Martin’s sulfurane dehydrating reagent,
339, 457

Masamune—Roush conditions, 341
masked carbonyl equivalent, 154
McFadyen—Stevens reduction, 334
McMurry coupling, 335

MCR, 42, 76
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Me;0'BE,4, 343

Meerwein reagent, 343, 361

Meerwein’s salt, 343

Meerwein—Eschenmoser—Claisen rear-

rangement, 123

Meerwein—Ponndorf-Verley reduction,

345, 404

Me-IBX, 397

Meisenheimer complex, 243, 347, 511

[1,2]-Meisenheimer rearrangement, 349

[2,3]-Meisenheimer rearrangement, 350

Meisenheimer—Jackson salt, 347

Meldrum’s acid, 116

4-membered ring transition state, 523

Mes, 465

mesityl, 465

mesyl azide, 458

metal-methylation, 343

methoxycarbonylsulfamoyl-

triethylammonium hydroxide inner salt,

84

o-methyl-IBX, 397

methyl triflate, 202

methyl vinyl ketone, 470

methylenated ketones, 206

N-methylation, 344

N-methyliminodiacetic acid, 87

2-methylpyridine N-oxide, 54

Meyers oxazoline method, 351

Meyer—Schuster rearrangement, 353,

480

MgO, 202

Mg-Oppenauer oxidation, 404

Michael addition, 107, 271, 274, 323,

355,377,423, 470, 484, 525, see also

conjugate addition

Michaelis—Arbuzov phosphonate syn-

thesis, 357

Michael-Stetter reaction, 525

microwave, 29, 33, 43, 47, 74, 210, 264,

298, 299, 334, 335, 356, 429, 470, 511,

577,590

microwave Smiles rearrangement, 511

microwave-assisted Gould—Jacobs reac-

tion, 264

microwave-assisted, solvent-free
Bischler-indole synthesis, 47

microwave-Hunsdiecker—Borodin, 298

microwave-indued Biginelli

condensation, 43

MIDA, 87
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Midland reduction, 359

migration order, 12, 436

migration, 12, 36, 68, 162, 165, 175,
177,203, 215, 319, 393, 421, 436, 490,
566, 576

1,3-migration of an aryl group from
oxygen to sulfur, 393

migratory insertion, 277

Minisci reaction, 361

Mislow—Evans rearrangement, 363
Mitsunobu reaction, 243, 332, 365, 366
mixed anhydride, 205, 594

mixed orthoester, 127

Miyaura borylation, 368

Mn(III)salen, 300
Mn(III)salen-catalyzed asymmetric ep-
oxidation, 300

modified Ireland—Claisen
rearrangement, 126

modified Skraup quinoline synthesis,
509

Moffatt oxidation, 370
monooxygenated precursor, 574
more-substituted olefin, 494
Morgan—Walls reaction , 371
Mori—Ban indole synthesis, 373
Morita—Baylis—Hillman reaction, 30
morpholine-polysulfide, 255

MPS, 255

Mukaiyama aldol reaction, 4, 375, 375,
376

Mukaiyama Michael addition, 377
Mukaiyama reagent, 379, 380
multicomponent reactions, 42, 62
MVK, 470

MWI, 43

Myers—Saito cyclization, 382
N-(2,4-dinitrophenyl)pyridinium salt,
596

N

naphthol, 72

B-naphthol, 74
[B-naphthylamines, 74
Naproxen, 577

Nazarov cyclization, 383
NBS variant of Hofmann rearrangement,
290

NBS, 290, 298, 516, 586, 587
NCS, 100, 150, 151,292
Neber rearrangement, 385

Nef reaction, 387

Negishi cross-coupling reaction, 325,
389

neighboring group assistance, 447, 492,
592

Nenitzescu indole synthesis, 391
Newman—Kwart reaction, 393
Nicholas reaction, 395
Nicholas-Pauson—Khand sequence, 395
nickel-catalyzed cross-coupling, 325,
389

Nicolaou dehydrogenation, 397
nifedipine, 274

nitrene, 162

nitrile, 2, 34, 50, 98, 254, 296, 438, 468,,
490, 534, 546, 562

nitrile-Alder-ene reaction, 2

nitrilium ion intermediate, 468, 490
nitrite ester, 26

2-nitroalcohol, 284

nitroaldol condensation, 284
nitroalkanes, 284

nitroarenes, 20

nitrobenzene, 371
4-nitrobenzenesulfonyl, 499

nitrogen nucleophile, 572

nitrogen radical cation, 292

nitrogen source, 496

nitronate, 284, 347, 387

nitronic acid, 284, 387

o-nitrophenyl selenide, 505
o-nitrophenyl selenocyanate, 505
nitroso intermediate, 20, 26, 102
o-nitrotoluene derivatives, 28, 463
non-enolizable ketone, 217, 273
nonstabilized ylide, 580

Nos, 499

nosylate, 499

Noyori asymmetric hydrogenation, 399
Nozaki—Hiyama—Kishi reaction, 401
nucleophile, 89, 154, 162, 222, 355, 365,
395, 484, 548, 572, 573

C-nucleophile, 222, see also carbon nu-
cleophile

O-nucleophile, 222

S-nucleophile, 222

nucleophilic addition, 50, 351, 438, 456,
456

nucleophilic radical, 361

Nysted reagent, 403



(0]
octacarbonyl dicobalt, 419
odorless Corey—Kim reaction, 150
olefin, 16, 66, 70, 84, 110, 135, 146,
148, 156, 157, 173, 277, 294, 309, 319,
335,339, 373, 454, 494, 499, 500, 505,
507, 521, 564, 566, 572, 574, 578, 580
o-olefin, 572, 574
cis-olefin, 294
E-olefin, 300, 309, 311, 580
exo-olefin, 542
trans-olefin, 294
(Z)-olefin, 300, 527, 578, 580
olefin ether, 66
olefin formation, 294, 454, 505
olefin silfide, 66
olefination, 156, 309, 311, 335, 403,
428,430, 578
olefination of ketones and aldehydes,
403
oleum, 446
one-carbon homologation, 10, 148
one-pot PCC-Wittig reactions, 306
Oppenauer oxidation, 404, 345
optically pure diethyl tartrate, 502
organic azide, 523
organoborane, 70, 536, 574
organocatalyst, 4, 274
organohalide, 266, 288, 325, 519, 529,
536
organolithium, 325
organomagnesium compounds, 266,
325, see also Grignard reagent
organosilicon, 288
organostannane, 529
organozinc, 389, 456
Ormosil-TEMPO, 545
osmium catalyst, 499
osmium-mediated, 496, 499
O-substituted glycal derivatives, 222
O-sulfonylation, 332
Overman rearrangement, 406
oxaphosphetane, 578
oxa-Pictet—Spengler, 434
oxatitanacyclobutane, 542
oxazete intermediate, 105
oxazole, 229, 472, 556
5-oxazolone, 205
oxazoline intermediate, 167
oxa-m-methane rearrangement, 193
oxetane, 417
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manganaoxetane, 300
y-oximino alcohol, 26
oxidation, 70, 107, 194, 572

Baeyer—Villiger, 12

Collins—Sarett, 305

Corey—Kim, 150

Dakin, 165

Dess—Martin, 179

Etard, 129

Fleming—Tamao, 231

Hooker, 196

Jacobsen—Katsuki, 300

Jones, 304

Moffatt, 370

Oppenauer, 404

PCC, 306

PDC, 307

Prilezhaev, 323

Riley, 336

Rubottom, 378

Saegusa, 482

Sarett, 538

Swern, 402

Tamao—Kumada, 233

TEMPO, 544

Wacker, 564
oxidative addition, 80, 90, 98, 245, 277,
280, 288, 325, 368, 373, 389, 401, 456,
476, 507, 519, 529, 531, 536, 548, 554
syn-oxidative elimination, 505
oxidative cyclization, 6, 281
oxidative demetallation, 395
oxidative homo-coupling, 257, 299
N-oxide, 54, 135, 300, 349, 350, 440,
442, 543
oxide-coated titanium surface, 335
oxime, 33, 266, 385
oxirane, 52
oxo-Diels—Alder reaction, 187
4-oxoform, 263
oxonium ion, 313, 320, 343
B-oxo ylide, 580
oxy-Cope rearrangement, 137, 138, 140
oxygen nucleophile, 572
oxygen transfer, 300
oxygenated compound, 572, 573

P
P,0s, 432
P,00, 432
P4—+-Bu, 311
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Paal thiophene synthesis, 408
Paal-Knorr furan synthesis, 409
Paal-Knorr pyrrole synthesis, 317, 411
palladation, 281, 564
palladium, 80, 98, 277, 288, 325, 368,
389, 476, 482, 519, 529, 531, 536, 548,
564,572
palladium-catalyzed alkenylation, 277
palladium-catalyzed arylation, 277
palladium-catalyzed oxidation, 564
palladium-promoted reaction
Buchwald-Hartwig amination, 80
Heck, 277
heteroaryl Heck, 280
Hiyama, 288
Kumada, 325
Miyaura borylation, 368
Mori—Ban indole, 373
Negishi, 389
Rosenmund reduction, 476
Saegusa, 482
Sonogashira, 519
Stille, 529
Stille-Kelly, 531
Suzuki-Miyaura, 536
Tsuji—Trost, 548
Wacker, 564
palladium-catalyzed substitution, 548
pancratistatin, 220
paniculide A, 220
paraftin, 134
Parham cyclization, 413, 415
Passerini reaction, 551
Paterno—Biichi reaction, 417
Pauson—Khand reaction, 395, 419, 420
Payne rearrangement, 421
Pb(OAc), 159
PCC oxidation, 304, 306
Pd(II) oxidant, 482
Pd(II) reduction to Pd(0), 519
Pd/C catalyst, 245
Pd/Cu-catalyzed cross-coupling, 519
PDC, 304, 307
Pd-H isomerization, 574
Pechmann coumarin synthesis, 423
pentacoordinate silicon intermediate, 68
peracid, 231
pericyclic reaction, 1
periodinane oxidation, 179, 180

Perkin reaction, 424

Petasis boronic acid-Mannich reaction,
426

Petasis reaction, 426

Petasis reagent, 428

Peterson elimination, 203

Peterson olefination, 430
Pfau—Platter azulene synthesis, 78
Pfitzner—Moffatt oxidation, 370
PhsP, 52, 53, 99, 148, 149, 152, 223,
280, 288, 360, 365, 368, 373, 472, 519,
523, 536,578

PhCul, 554

phenanthridine cyclization, 371
B-phenethylamides, 48

phenol esters, 240

phenol, 102, 165, 190, 240, 296, 393,
423, 460, 492, 572

phenolic ether, 296

phenylhydrazine, 227
4-phenylpyridine N-oxide, 300
phenyltetrazolyl, 309

PhNO,, 509

phospha-Michael addition, 355
phosphate ester, 220

phosphazide, 523

phosphazo compound, 523
phosphite, 357

phosphonate synthesis, 357
phosphonate, 294, 341, 357, 527
phosphoric acid, 409

phosphorus oxychloride, 48, 49, 229,
235,264, 371, 432, 558, 559,
phosphorus pentoxide, 432
phosphorus ylide, 578, 580
[2+2]-photochemical cyclization, 173
photochemical decomposition, 292
photochemical rearrangement, 162
photo-Favorskii Rearrangement, 215
photo-Fries rearrangement, 241
photoinduced electrocyclization, 417
photolysis, 26, 192
photo-Reimer—Tiemann reaction without
base, 460

photo-Schiemann reaction, 488
phthalimide, 247, 248, 249
Pictet—-Gams isoquinoline synthesis, 432
Pictet—Spengler tetrahydroisoquinoline
synthesis, 434

pinacol, 436, 574

pinacol rearrangement, 436
(1R)-(+)-o-pinene, 359



Pinner reaction, 438

piperidine, 292

pivalic acid, 411

PMB ethers, 202

PMB reagent, 202

PMB-protection, 203

Polonovski reaction, 440, 442
Polonovski—Potier rearrangement, 442
polyene skeleton, 89
polymer-support Hinsberg thiophene
synthesis, 287

polymer-supported Mukaiyama reagent,
379

polyphosphoric acid, 34, 66, 332, see
also PPA

polysubstituted oxetane ring system, 417
Pomeranz—Fritsch reaction, 444, 446
potassium phthalimide, 247

PPA, 34, 66, 132, 134, 163, 164, 235,
PPSE, 235

precatalyst, 465, 548

preoxidized material, 572

Prévost trans-dihydroxylation, 447, 592
Prilezhaev epoxidation, 478

primary alcohol, 304, 305, 339
primary amides, 290

primary amine, 171, 178, , 210, 243,
247,290,411, 474

primary cycle, 500

primary nitroalkane, 387

primary ozonide, 161

Prins reaction, 448

proline, 143, 271

(S)-(—)-proline, 271

propagation, 586

propargylated product, 395

protic acid, 33, 202,

protic solvent, 16, 556

proton transfer, 38, 52, 131, 132, 133,
458

protonated heteroaromatic nucleus, 361
Pschorr cyclization, 450

PT, 309

puckered transition state, 521, 578
Pummerer rearrangement, 452
purine, 102

putative active catalyst, 502

PyPh,P, 244

PYR, 309

pyrazinone, 102

pyrazole, 317,411
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pyrazolone, 317

2-pyridinethione, 152

2-pyridone, 270

pyridinium chlorochromate, 304, see
also PCC

pyridinium dichromate, 304, see also
PDC

pyridium, 66

pyridone, 102

pyrimidine, 102

a-pyridinium methyl ketone salts, 323
pyrolysis, 156

pyrrole, 112,276,317, 411
pyrrolidine, 292

pyruvic acid, 194

Q
quasi-axial bonds, 222

quasi-Favorskii rearrangement, 217
quinaldic acid, 461

quinoline, 92, 131, 133, 194, 196, 238,
263,394, 461, 509, 510
quinolin-4-ones, 133
quinoline-4-carboxylic acid, 194

R

racemization, 227, 273

radical, 22, 24, 26, 40, 44, 65, 129, 192,

200, 257, 262, 266, 292, 300, 335, 361,

382,417,450, 540, 544, 546, 560, 582,

586

radical anion, 44, 65, 129, 335

radical cation, 292

radical chain reaction, 586

radical coupling, 262

6-exo-trig radical cyclization, 450

5-exo-trig-ring closure, 182

radical decarboxylation, 22

radical initiating conditions, 586

radical intermediate, 300

radical mechanism, 257, 266, 540, 582

radical reactions
Barton radical decarboxylation, 22
Barton—-McCombie, 240
Barton nitrite photolysis, 26
Dowd-Beckwith ring expansion, 200
Gomberg—Bachmann, 262
McFadyen—Stevens reduction, 334
McMurry coupling, 335
TEMPO-mediated oxidation, 544

radical Thorpe—Ziegler reaction, 546
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radical-based carbon—carbon bond for-
mation, 361
radical-mediated ring expansion, 200
Ramberg—Bécklund reaction, 454
Raney nickel, 251
Ra-Ni, 29, 155
rate-limiting step, 218
Rawal diene, 188
RCM, 465
real catalyst, 465
rearomatization, 196
rearrangement
abnormal Claisen, 121
anionic oxy—Cope, 138
Baker—Venkataraman, 14
Beckmann, 33
Benzilic acid, 36
Boulton—Katritzky, 62
Brook, 68
Carrol, 96
Chapman, 105
Ciamician—Dennsted, 112
Claisen, 117
para-Claisen Cope, 119
Cope, 137
Curtius, 162
Demjanov, 175
Dienone—phenol, 190
Di-n-methane, 192
Eschenmoser—Claisen, 123
Favorskii, 214
Ferrier glycal allylic, 222
Fries, 240
Gabriel-Colman, 250
Hofmann, 290
Ireland—Claisen, 125
Johnson—Claisen, 127
Lossen, 332
[1,2]-Meisenheimer, 349
[2,3]-Meisenheimer, 350
Meyer—Schuster, 353
Mislow—Evans, 363
Neber, 385
Overman, 406
oxy-Cope, 140
Payne, 421
Pinacol, 436
Polonovski—Potier, 442
Pummerer, 452
Rupe, 480
quasi-Favorskii, 217

Schmidt, 490

siloxy-Cope, 141

Smiles, 511

Sommelet-Hauser, 513

Tiffeneau—Demjanov, 177

Truce—Smile, 513

Vinylcyclopropane—cyclopentene,

560

Wagner—Meerwein, 566

[1,2]-Wittig, 582

[2,3]-Wittig, 584

Wolff, 588
(S,S)-reboxetine, 503
Red-Al, 100
redox reaction, 94, 401
reducing agent, 210, 330, 274
reduction

Birch, 44

Bouveault-Blanc, 65

CBS, 143

Chan alkyne, 100

Clemmensen, 129

Fukuyama, 245

ketones, 345

McFadyen—Stevens, 334

Meerwein—Ponndorf—Verley, 345

Midland, 359

Rosenmund, 476

Staudinger, 532

Wolff—Kishner, 590
1,4-reduction, 44
reduction of Pd(OAc), to Pd(0) using
Ph;3P, 373
reductive amination, 58, 330
reductive cyclization, 463
reductive elimination, 58, 80, 90, 98,
102, 156, 245,277, 288, 325, 330, 368,
389,419, 476, 519, 529, 531, 536, 548,
564
reductive Heck reaction, 278
reductive methylation, 210
Reformatsky reaction, 456
regeneration of Pd(0), 373
regioisomer, 173, 572
regioselectivity, 52, 496, 572
Regitz diazo synthesis, 458
Reimer—Tiemann reaction, 460
Reissert aldehyde synthesis, 461
Reissert compound from isoquinoline,
462
Reissert compound, 461



Reissert indole synthesis, 463
retention of configuration, 231, 548
retro-[ 1,4]-Brook rearrangement, 69
retro-[2+2] cycloaddition, 542
retro-aldol reaction, 173
retro-benzilic acid rearrangement, 36
retro-Bucherer reaction, 74
retro-Claisen condensation, 60, 113
retro-Cope elimination, 136
retro-Diels—Alder reaction, 56, 185
retro-Henry reaction, 284

reverse Kahne-type glycosylation, 314
reversible conjugate addition, 196
rhodium carbenoid, 78

ring expansion, 200

ring opening, 532, 596

6-oxo-trig ring formation, 322
ring-closing metathesis, 465
trisubstituted phosphine, 365

Ritter intermediate, 490

Ritter reaction, 468

Robinson annulation, 271, 470
Robinson—Gabriel synthesis, 472
Robinson—Schopf reaction, 474
room temperature Buchwald—Hartwig
amination, 81

Rosenmund reduction, 476
Rosenmund—von Braun synthesis of aryl
nitrile, 98

rotation, 277, 430

rotaxane, 90

Rubottom oxidation, 478

Rupe rearrangement, 353, 480
ruthenium(IT) BINAP-complex, 399

S

Saegusa enone synthesis, 482
Saegusa oxidation, 397, 482

safe surrogate for cyanide, 525
Sakurai allylation reaction, 484
Sandmeyer reaction, 486

Sanger’s reagent, 347
saponification, 263

Sarett oxidation, 304, 305
Saucy—Claisen, 117

Schiemann reaction, 488

Schiff base, 133

Schlittler—Miiller modification, 446
Schlosser modification of the Wittig
reaction, 580

Schmidt rearrangement, 490
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Schmidt’s trichloroacetimidate glycosi-
dation reaction, 492

Schmittel cyclization, 382

Schonberg rearrangement, 393
Schrock’s catalyst, 465

secondary alcohol, 179, 304, 339, 404
secondary amine, 210, 243

secondary cycle, 500

secondary nitroalkane, 387

secondary ozonide, 161

secondary o-acetylenic alcohol, 353
seleno-Mislow-Evans, 363
semi-benzylic mechanism, 217

SET, 18, 44, 65, 129, 155, 266, 311,
554,335,397, 554

Shapiro reaction, 16, 494

Sharpless asymmetric amino hydroxyla-
tion, 496

Sharpless asymmetric dihydroxylation,
499

Sharpless asymmetric epoxidation , 502
Sharpless olefin synthesis, 505
1,3-shift, 353
Shioiri-Ninomiya—Yamada modification
of Curtius rearrangement, 163

SIBX, 397

[1,2]-sigmatropic rearrangement, 349
[2,3]-sigmatropic rearranegment, 20,
251,350, 363, 584

[3,3]-sigmatropic rearranegment, 60, 72,
96,117,119, 121, 123, 125, 127, 137,
138, 140, 141, 227, 406

sila-Stetter reaction, 525

sila-Wittig reaction, 430

silicon cleavage, 484

B-silicon effect, 484

siloxane, 102

a-silyloxy carbanions, 68

siloxy-Cope rearrangement, 141

silver carboxylate, 298

silver salt, 320

silver-catalyzed oxidative decarboxyla-
tion, 361

silyation, 332

a-silyl carbanion, 430

silyl enol ether, 375, 377, 397

a-silyl oxyanions, 68

[1,2]-silyl migration, 68
B-silylalkoxide intermediate
Simmons—Smith reaction , 507
Simmons—Smith reagent, 507
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single electron transfer, 18, 44, 65, 129,
155,266, 311, 554, 335, see also SET
single-electron process, 335

singlet diradical, 417

six-membered o, -unsaturated ketone,
470

Skraup quinoline synthesis, 196, 509
Skraup type, 263

SMEAH, 100

Sml,-mediated Reformatsky reaction,
457

Smile reaction, 393

Smiles rearrangement, 511, 513

Sy, 313

S\2 inversion, 365

S\2 reaction, 52, 129, 148, 179, 229,
247,249, 240, 292, 357, 363, 365, 578,
592

SNAr, 243, 347,379

sodium amalgam, 311

sodium bis(2-methoxyethoxy)aluminum
hydride, 100

sodium bisulfite, 72

sodium cyanide, 534

sodium hypochlorite for Hofmann rear-
rangement, 291

sodium zert-butoxide, 80

sodium, 65

solid-phase Cope elimination, 135
soluble cyanide source, 534
solvent-free Claisen condensation, 114
solvent-free Dakin oxidation, 165
Sommelet reaction, 171, 515
Sommelet-Hauser rearrangement, 251,
517,584

Sonogashira reaction, 98, 519
(=)-sparteine, 213, 351

spirocyclic anion intermediate, 511
stabilized IBX, 397

stable nitroxyl radical, 544

stannane, 20, 102, 529, 531

statin side chain, 50

Staudinger ketene cycloaddition, 521
Staudinger reduction, 523

step-wise mechanism, 588
stereoselective conversion, 540
stereoselective oxidation, 231
stereoselective reduction, 100
stereoselectivity, 572

steric hindrance, 594
sterically-favored isomer, 419

Stetter reaction, 38, 525

Stille coupling, 529

Stille-Kelly reaction, 531
Still-Gennari phosphonate reaction, 527
Still-Wittig rearrangement, 584
Stobbe condensation and cyclization,
532

Stobbe condensation, 532
stoichiometric copper, 519
stoichiometric Pd(II), 281

Strecker amino acid synthesis, 534
strong acid, 319, 468, 598
styrenylpinacol boronic ester, 574
substituted hydrazine, 317
7-substituted indoles, 20
5-substituted oxazole, 556
2-substituted-quinolin-4-ol, 92
4-substituted-quinolin-2-ol, 92
substitution reactions, 351
succinimidyl radical, 586
sulfenamide, 576

sulfinate, 102

sulfonamides, 102

sulfone reduction, 309

sulfone, 30, 309, 311, 454
sulfonium ion, 251

sulfonyl azide, 458

sulfoxide activation, 313

sulfoxide, 313, 363, 452
sulfoximines, 102

sulfur ylide, 146, 538

sulfurane dehydrating reagent, 339, 340,
457

sulfur-containing heterocyclic ring, 576
sulfuric acid, 304

Suzuki, 298

Suzuki-Miyaura coupling, 102, 536
Swern oxidation, 150, 538
switchable molecular shuttles, 90
syn/anti, 377

syn-addition, 70

synchronized fashion, 515

T

Takai reaction, 540

Tamao—Kumada oxidation, 233
ds-tamoxifen, 210

tautomerization, 74, 121, 133, 140, 167,
198, 227, 274, 353, 383, 408, 490, 509,
525,570

TBABB, 377



TBAO, 239

TBTBTFP, 309

TDS, 141, 180

Tebbe olefination, 428, 542

Tebbe’s reagent, 428

TEMPO oxidation, 544

terminal acetylenic group, 353
terminal alkyne, 148, 299, 257, 519
tertiary alcohol, 84, 339, 490

tertiary amine, 30, 206, 349, 350, 562
tertiary amine N-oxide, 349

tertiary carbocation, 319

tertiary carboxylic acid formation, 319
tertiary N-oxide, 440, 442

tertiary phosphine, 523

tertiary o-acetylenic (terminal) alcohol,
480

tertiary o-acetylenic alcohols, 353
tetrahydrocarbazole, 60
tetrahydroisoquinoline, 434
tetramethyl pentahydropyridine oxide,
544

tetra-n-butylammonium bibenzoate, 377
1,1,3,3-tetramethylguanidine, 95
2,2,6,6-tetramethylpiperi-dinyloxy, 544
tetrazole, 309

T1,0, 313, 314, 379

TFA, 14, 54, 287,292, 354, 362, 375,
391, 415, 445, 507, 566

TFAA, 54, 262, 443

thermal aliphatic Claisen rearrangement,
16

thermal aryl rearrangement, 105
thermal Bamford—Stevens, 17

thermal decomposition, 292

thermal elimination, 110, 135

thermal rearrangement, 96, 162
thermal-catalyzed condensation, 133
thermal-mediated rearrangement, 332
thermodynamic adduct, 294
thermodynamic product, 16, 494
thermodynamic sink, 140
thermodynamically favored, 319
thermolysis, 62

thexyldimethylsilyl, 141, 180
thia-Fries rearrangement, 241
thia-Michael addition, 355

thiazolium catalyst, 525

thiazolium salt, 38

thiirane, 146

3-thioalkoxyindoles, 251
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thioamide, 576

thiocarbonyl derivatives, 24, 328, 408
1,1'-thiocarbonyldiimidazole, 156
thioglycolic acid derivatives, 225
thiol, 102, 245

thiophene, 17, 225, 254, 286, 287, 328,
329, 408

thiophene from dione, 328

thiophene synthesis, 225, 408
thiophene-2,5-dicarbonyls, 286
thiophenol, 393

Thorpe—Ziegler reaction, 546
three-component aminomethylation, 337
three-component condensation, 415
three-component coupling, 194, 426,
574

threo (thermodynamic adduct), Horner—
Wadsworth—-Emmons reaction, 294
threo betaine, 580

Ti(0), 335

Ti=0, 542

TiCly/LiAlH,, 335
Tiffeneau—Demjanov rearrangement,
177

titanium tetra-iso-propoxide, 502
TMG, 95

TMSO-P(OEt),, 358
p-tolylsulfonylmethyl isocyanide, 556
tosyl amide, 458

tosyl ketoxime, 385
trans-B-dimethylamino-2-nitrostyrene,
28

transannular aldol reaction, 4
transition state, 1, 309, 345, 404, 478,
503, 521, 523, 578,

transmetallation, 102, 288, 325, 368,
389,401, 519, 529, 531, 536, 536
trapping molecule, 90
Traxler—Zimmerman trasition state, 193
triacetoxyperiodinane, 179

trialkyl orthoacetate, 127
trialkyloxonium salts, 343
1,1,1-triacetoxy-1,1-dihydro-1,2-
benziodoxol-3(1H)-one, 179
1,2,4-triazine, 56

triazole intermediate, 458
trichloroacetimidate intermediate, 406,
492

2,4,6-trichlorobenzoyl chloride, 594
trichloroisocyanuric/ TEMPO oxidation,
545
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triethyloxonium tetrafluoroborate, 343
triflate, 202, 288, 325, 389, 529, 536,
572

trifluoroacetic anhydride, 54, 442, see
also TFAA

trifluorotoluene, 202
1,3,3-trimethyl-6-azabicyclo[3.2.1]-
octane, 239

trimethyloxonium tetrafluoroborate, 343
trimethylphosphite, 156

trimethylsilyl chloride, 125
trimethylsilyl polyphosphate, 235
tri-O-acetyl-D-glucal, 222

1, 1,2,3-trioxolane, 161
2,4-trioxolane, 161
triphenylphosphine, 365, see also Ph;P
triplet diradical, 417

n, 7* triplet, 417

tropinone, 474

Truce—Smile rearrangement, 513
Tsuji-Trost allylation, 548

Two sequential Stobbe condensations,
532

U

Ugi reaction, 415, 551

UHP, 12, 165

Ullmann coupling, 554

umpolung, 154

11-undecenoic acid, 574
o,B-unsaturation of aldehydes, 397
o,B-unsaturation of ketones, 397

o, B-unsaturated aldehyde, 480
v,0-unsaturated amides, 123

o, B-unsaturated carbonyl compounds,
353

v,8-unsaturated carboxylic acids, 125
o, B-unsaturated ester, 525
v,0-unsaturated ester, 127
2,3-unsaturated glycosyl derivatives,
222

5,6-unsaturated hexopyranose deriva-
tives, 220

o, B-unsaturated ketone, 323, 480, 525
Y-unsaturated ketones, 96
o,B-unsaturated system, 355, 377, 484
urea, 12, 42,102, 162, 165, 332, 370
urea-hydrogen peroxide complex, 12,
165

A\

van Leusen oxazole synthesis, 556
van Leusen reagent, 556
varenicine, 211

vicinal diol, 159, 436
Vilsmeier—Haack reaction, 558, 558
Vinyl azide, 162

vinyl boronic acid, 426

vinyl Grignard, 20

vinyl halide, 401

E-vinyl iodide, 540

vinyl ketones, 30, 470

vinyl sulfones, 30

N, O-vinylation, 102
vinylcyclopropane, 192, 560
vinylcyclopropane—cyclopentene
rearrangement, 560

vinylic alkoxy pentacarbonyl chromium
carbene, 198

vinylic C-H arylation, 574
vinylogous Mukaiyama aldol reaction,
375

2-cis-vitamin A acid, 578

von Braun degradation, 562

von Braun reaction, 562

W

Wacker oxidation, 281, 482, 564
Wagner—Meerwein rearrangement, 566
Wagner—Meerwein shift, 331
Weinstock variant of the Curtius rear-
rangement, 163

Weiss—Cook reaction, 568

Wharton reaction, 570

White reagent, 572
Willgerodt—Kindler reaction, 576
Wittig reaction, 148, 294, 306, 430, 578,
580

Wittig reagent, 403

[1,2]-Wittig rearrangement, 582
[2,3]-Wittig rearrangement, 517, 584
Wohl-Ziegler reaction, 586

Wolff rearrangement, 40, 588
Wolff—Kishner reduction, 590
Woodward cis-dihydroxylation, 447,
592

X
xanthate, 110
Xphos, 82, 83, 89, 369



Y

Yamaguchi esterification, 594, 595
Yamaguchi reagent, 594, 595
ylidene-sulfur adduct, 254, 255

y/

Zimmerman rearrangement, 192
zinc amalgam, 129
zinc-carbenoid, 129

zinc chloride, 371

zinc reagent, 389, 403, 456
Zincke anhydride, 598
Zincke reaction, 596
Zincke salt, 596, 598
Zn(Cu), 507

zwitterionic peroxide, 161
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