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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
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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 4 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 lan 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!
Uﬁ\
Jie Jack Li

May 2009
Killingworth, Connecticut
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Abbreviations and Acronyms

&

3CC

4CC
9-BBN

A

Ac

ADDP
AIBN
Alpine-borane®
AOM

Ar

B:
[bimim]CI+2AlCl;
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-MeOCzH,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[5.4.0]Jundec-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
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dppe 1,2-bis(diphenylphosphino)ethane

dppf 1,1'-bis(diphenylphosphino)ferrocene

dppp 1,3-bis(diphenylphosphino)propane

dr diastereoselctive ratio

DTBAD di-tert-butylazodicarbonate

DTBMP 2,6-di-tert-butyl-4-methylpyridine

El unimolecular elimination

ElcB 2-step, base-induced B-elimination via carbanion

E2 bimolecular elimination

EAN ethylammonium nitrate

EDDA ethylenediamine diacetate

ee enantiomeric excess

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

Eq equivalent

Et ethyl

EtOAc ethyl acetate

HMDS hexamethyldisilazane

HMPA hexamethylphosphoramide

HMTTA 1,1,4,7,10,10-hexamethyltriethylenetetramine

IBX o-iodoxybenzoic acid

Imd imidazole

KHMDS potassium hexamethyldisilazide

LAH lithium aluminum hydride

LDA lithium diisopropylamide

LHMDS lithium hexamethyldisilazide

LTMP lithium 2,2,6,6-tetramethylpiperidide

M metal

m-CPBA m-chloroperoxybenzoic acid

MCRs multicomponent reactions

Mes mesityl

MPS morpholine-polysulfide

Ms methanesulfonyl

MWI microwave irradiation

MVK methyl vinyl ketone

NBS N-bromosuccinimide

NCS N-chlorosuccinimide

NIS N-iodosuccinimide

NMP 1-methyl-2-pyrrolidinone

Nos nosylate (4-nitrobenzenesulfonyl)

N-PSP N-phenylselenophthalimide

N-PSS N-phenylselenosuccinimide

Nu nucleophile

PCC pyridinium chlorochromate

PDC pyridinium dichromate

Piv pivaloyl



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

Sn2
SNAI'
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
TMSOTT
Tol
Tol-BINAP
TosMIC
Ts

TsO
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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
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UHP urea-hydrogen peroxide
A solvent heated under reflux
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Alder ene reaction

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

formed.
HOMO
gg { — I3
9/8 LUMO H™

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

(+5 o
Y

H ) LeW|s acid
ene enophile

(H%

Example 1°
Q ¥
g8
xerne A (@) 6-membered
reflux, 31% H) transition state
ene enophile
¢} s
Q 0
A (o) Alder ene
[ - O
S UH reaction
O
Example 2’
o}
H2N\N /\OHH o

O.  KOH, PYClay, 35% 0o o W
) — ) ey
(Kishner reduction) H 0 °C, CH,Cly, 89% OH
(Alder ene reaction)

Example 3, Intramolecular Alder-ene reaction®

Ox
H
-O\ H toluene, reflux NO
N B —
W 5h, 95% W
(@)

1.1. Li, Name Reactions, 4th ed., DOI 10.1007/978-3-642-01053-8 _1,
© Springer-Verlag Berlin Heidelberg 2009
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Example 4, Cobalt-catalyzed Alder-ene reaction’

Et [Co(dppp)Br,], Zn, Znl,, CH,Cl Et

|| + 0TS Ph A _~_OTMS

25°C, 8 h, 95% (GC yield)
Ph

Example 5, Nitrile-Alder-ene reaction'”

CHj3 CHj \\.I
CHy sealed ampule @CN CN
D\CN ne S T Ne CH, H
— [o}
120-130°C, 5 h HSC)V
H3C =

70%
Example 6"
OAc . OAc
CgH13 CpRu(CH5CN)3*PFg 67713
\/\ * % 7 ‘
A A acetone, rt, 81% X
SiEt, SiEt,
References
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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 alcohel, thus the name aldol.

o) 2 OHO 2
R\)L 1. Base RT OH A R o
R! o) R3 R 7 7 RN R
2. JL R R

R?” RS

S]
@© 2
R%Fﬂ deprotonation R\/\R1 condensation

H R3 ) R?
B: / ?)
e}
R2Z0o O acidic R?2 OHO
R3 R!' workup RS R?
R R
Example 1°
LDA, THF, then OH O
o MgBr,, —110 °C, then
\)ROTMS oo BHOAOW ™S
Bno” 07 Y :
: 85% yield
Example 2°
LDA, THF, -78 to —40 °C, then
aldehyde, 1 h, 43%, 3:2 dr
v~ “CO,H
O OTBS
H 0 oTBs
0 22% of of 6S,7R-diastereomer

and 10% recovered SM

1.1. Li, Name Reactions, 4th ed., DOI 10.1007/978-3-642-01053-8_2,
© Springer-Verlag Berlin Heidelberg 2009
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Example 3, Enantioselective Mukaiyama-aldol reaction'”

j/(j\(

O. X O,

Phrn | N \ h
N Nf

t g
OTMS o ) ca —OSii-Pr3 MH
+ OSii-Pry Ph CO,CHPh,

Ph CO,CHPh, .
Sc(OTf), 4 A MS, CH,Cl,, —40 °C 83% yield, 98% ee

Example 4, Intermolecular aldol reaction using organocatalyst'>
H
NH
fo) O ©/\(/N
silae! -
cl DMSO, 10 equiv H,0, t

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

Example 5, Transannular aldol reaction'

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

2. Mgly, 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 (e) Ar R4 O
\ H,0,, NaOH ‘
—_— OH OH

R, O R, O R O

OH OH
; H202
\OH
B-attack ‘;‘I‘

o-attack

_ =

then dehydration

‘;;f‘

flavonol

A side reaction:

O aurone
Example 1°
OH o _Ph
C;( 1. PhCHO, NaOH, EtOH, rt Q;;[
2. H,0,, 15 to 50 °C, 54% OH
o o
Example 2°
CHO
N 1. , ag. NaOH, EtOH
o OH OMe

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

1.1. Li, Name Reactions, 4th ed., DOI 10.1007/978-3-642-01053-8_3,
© Springer-Verlag Berlin Heidelberg 2009
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Example 3, The side reaction dominated to give the aurone derivative:’

MeO OH _Ph MeO O_ OMe
‘ ag. NaOH Ph

H

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

Example 42

B0 o CHO BnO. OH OMe
” Shasele
+ AN
EtOH, 54%
o)
o OMe
OMe
o

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

76%
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Jie Jack Lie, 4th editn

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.

e
OH o._R'
R R'CO,Na, A R
o] o]
OH R1 OHR!
- O,CR!
_ enolization _ acylatlon gOCOR1
R1<:o2
OHR! H<
O; R OH Oo._R!
o) R
enolization A0 C@Q/\»ﬁ\/‘ |
H R
R "_o Z R O‘)
CO 0,CR! oH A, °
0,CR!
Example 1°
OMe O O
HO OH ﬁ )ﬁ
+ o
OMe MeO OMe
OMe O
OMe OMe
PhCO,Na, 170-180°C  HO o
8 h, 45% O | OMe
OMe O
Example 2°

% s\/_f %COZH

pyr., 40°C, 72 h, 85%

Me Me

1.1. Li, Name Reactions, 4th ed., DOI 10.1007/978-3-642-01053-8_4,
© Springer-Verlag Berlin Heidelberg 2009
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Example 3"
OH OMe \)k )K/ O OMe
g O 9989
Et3N, reflux, 12 h, 87%
0 o o
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1. Allan, J.; Robinson, R. J. Chem. Soc. 1924, 125, 2192-2195. Robert Robinson
(United Kingdom, 1886—1975) won the Nobel Prize in Chemistry in 1947 for his stud-
ies on alkaloids. However, Robinson himself considered his greatest contribution to
science was that he founded the qualitative theory of electronic mechanisms in organic
chemistry. Robinson, along with Lapworth (a friend) and Ingold (a rival), pioneered
the arrow pushing approach to organic reaction mechanism. Robinson was also an ac-
complished pianist. James Allan, his student, also coauthored another important paper
with Robinson on the relative directive powers of groups for aromatic substitution.

2. Széll, T.; Dozsai, L.; Zarandy, M.; Menyharth, K. Tetrahedron 1969, 25, 715-724.

3. Wagner, H.; Maurer, .; Farkas, L.; Strelisky, J. Tetrahedron 1977, 33, 1405-1409.

4. Dutta, P. K.; Bagchi, D.; Pakrashi, S. C. Indian J. Chem., Sect. B 1982, 21B, 1037—
1038.

5. Patwardhan, S. A.; Gupta, A. S. J. Chem. Res., (S) 1984, 395.

6. Horie, T.; Tsukayama, M.; Kawamura, Y.; Seno, M. J. Org. Chem. 1987, 52, 4702—
4709.

7. Horie, T.; Tsukayama, M.; Kawamura, Y.; Yamamoto, S. Chem. Pharm. Bull. 1987,
35,4465-4472.

8. Horie, T.; Kawamura, Y.; Tsukayama, M.; Yoshizaki, S. Chem. Pharm. Bull. 1989,
37,1216-1220.

9. Poyarkov, A. A.; Frasinyuk, M. S.; Kibirev, V. K.; Poyarkova, S. A. Russ. J. Bioorg.
Chem. 2006, 32, 277-279.

10. Peng, C.-C.; Rushmore, T.; Crouch, G. J.; Jones, J. P. Bioorg. Med. Chem. Lett. 2008,
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Arndt-Eistert homologation

One-carbon homologation of carboxylic acids using diazomethane.

o socl, O 1.CHxN o

M

R” “OH R™ "Cl 2. Ag*, H,0, hv

Ng S
H,C—N=N N cl
@
— CH3N, o @Cﬁ G®/’N -N,T
RN T |
H H
1 H H OH
& \ N N 1%
R)d — C=C=0 - > C:< — R
H R R OH %OH
:OH,
o-ketocarbene intermediate ketene intermediate
Example 17
o]
BnO COzH 1 CICO4EL, EtsN, THF, =10 °C, 15 min  BnO N,
HN.
BnO Boc 2. CH,Ny, EtO,0°Ctort, 18h,78%  BnO HN<5oc
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, Et;N N
PR Y Ph N2
OH then CH,N,, 0 °C, 39% OFmoc
NH
Ph CONH,
Ph

H
NH, N
—— > Ph =
PhCO,Ag, dioxane /\/r CONH,

15 min., 50 °C, 72%

1.1. Li, Name Reactions, 4th ed., DOI 10.1007/978-3-642-01053-8_5,
© Springer-Verlag Berlin Heidelberg 2009



Jie Jack Lie, 4th editn 11

Example 3"

H 1. LIOH, MeOH/H,0, reflux H
= " 2. CICO,Et, EtzN, THF, 0 °C “u H
) L7 oteDPs Me0,C. A\ A_OTBDPS

MeO,C™ N 3. CH,N,, Et,0 )
Cbz 4. PhCO,Ag, Et;N, MeOH, 1t Cbz
69% for 4 steps
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Baeyer—Villiger oxidation
General scheme:

o]
i H”O\o)k R o] 0
R OR2 or H,0, R1k0/ RE * HO)L R3

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 H e
(o AcO
o)
HOAc k o
H:O\O)UCI
[of
(0]
o) alkyl 0
H o) A W/ + HO cl
~0 migration ¢}
o]
Example 2*
UHP, o]

Zr-salen (5 mol%) Zr-salen:
o]
CH20|2 rt

68%, 87% ee P

o} Zr-salen 5mo|% O/\): O:/f
O:/]/ PhCI, rt

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

UHP = Urea-hydrogen peroxide complex

Example 3°
OH o] OH
/? _ mCPBA M, J< ., O\%<
., o . §
CH2CI2 NH NH
quant. o 100% (0] 0%

1.1. 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°
(0]
0 m-CPBA, NaHCO4
2’0 CH,Cl,, 0°C, 4 h
—{ 60%
o
Example 5°
o 0P
-CPBA, CF3SO3H
OAc M 3°03 @—OAC
CH,Cl,, 45 min., 90%
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Baker—Venkataraman rearrangement

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

(0]

P OH O O
h O O base
r I — Ph

o Ph Ph O
Ph)ko (6 /:B 4»\05/\(0\ > <)

~
acyl
transfer workup

Example 1, Carbamoyl Baker—Venkataraman rearrangement’

OYNEtz
OH
O 0  NeH.THF
NEt,
reflux, 2 h, 84%
o}

Example 2, Carbamoyl Baker—Venkataraman rearrangement’

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

OH

OYNEtz
(o)
MeO
(0]

1.1. 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]

_ LHTHF
O‘O Ha reflux 12 h, 50%
CHs

Example 4, Ester Baker—Venkataraman rearrangement'®

(0]
o) 2 equiv DBU
cl q al
+ pyridine, 80 °C
90% OH
OH & 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, etc., whereas the latter employs bases such as alkyllithiums and Grignard re-
agents. As a result, the Bamford—Stevens reaction furnishes more-substituted ole-

fins as the thermodynamic products, while the Shapiro reaction generally affords
less-substituted olefins as the kinetic products.

R’ R’

) H NaOMe )
RZ_AN, N. R
IS oy
R® R3
€}
MeO1 R' o R!
R" H R%)\ N R% @
T Nn - -
2 N % N+
R})\\N/N\Ts H Rs ) H Rs Ne
H 3
R
In protic solvent (S—-H):
S2H R’ R
R2>F<§ ® R%H@ -N,
Ns N3
H s (N H 2o N
R1 R1 R?
RZQ@H — R%}\H + R%H + sH
e/>H R3 R3 R2
s
In aprotic solvent:
R! R
RZ}/§N@ — Rz%nfg —_—
H o Q\J@ H s 7N
R . R R’
Rzﬁ")x 1,2-hydride sz/\H . Ra%H
H s shift R R?

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

Ph Rh,(OAC),

& cicHchoel O F P
N,N H)Kl/\/
0,
Ph)‘\/o\/\/Ph 1307°¢

Ph
87% (> 20:1)

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

1.1. 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®

0O
NPh Tol., 145 °C MegSi” ™ ph

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

Example 3’

@\?NiNHTS t-BuOK, t-BuOH @\/Ot-su

(¢) reflux, 83% o

Example 4°

® Rhy(OAc),
i . '\g tetrahydrothiophene 0 Ry
SWLN '
R{”°N"Ts  BnEtN'CI, MeCN, R?
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).

OH

RJ\R
1R 2

R R,

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,

ET-1 . — MX SET-2
Ry—X > { fo} m® (R ] RO MM R-M
Tonic mechanism,
st 5 @
R25 R! R2 H0®  RI R
R _—
R+MgX R™ "OMgX R™ "OH
58
Single electron transfer mechanism,
R2 ay RZ . 152 @
R’ © R1>?9 . R><R Hs0 RUR?
- = MgX
'37(ng RC_ R” “OMgX R”OH
Example 1°
(0] OH

o Sm, THF, rt x (ONQ
>~y /\/Br
20 min., 70%

1.1. Li, Name Reactions, 4th ed., DOI 10.1007/978-3-642-01053-8_9,
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Example 2
o Zn, THF, aq. NH,ClL O\H\-Ph
Me Ph+ B ¢ N
NHCO,Et 0°C, 82%, 95% de NHCO,Et
10
Example 3
20 :\t{/lgc CN frCatlo
mol7 Cu
n-CgHgBr + HsC""cl HiC """ nCyHg * o N
THF, rt, 1.5 h, 86% 10 90

Example 4"

ﬂ\/\@\ n-BuLi, THF
MeO -78 °C 96% MeO

Bn
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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.

BrM
= N o=
®.0 —_— 0, — Z OMgBr + -0
N2 N 9 N2
|
9 R (OMgBr

nitroso intermediate

»/? [3,3]-sigmatropic
rearrangement

R MgBr MgBr
Bng\;
e w \
OMgBr °H2 N
@ workup it H
Example 1°
1. ZMgBr (3 eq) N
-40°C, THF N
NOz aq. NH,Cl, 67% H
Example 2°
Me Me
MgCl A
N02 THF, 4010 °Cc H
Br 67% Br

1.1. Li, Name Reactions, 4th ed., DOI 10.1007/978-3-642-01053-8_10,
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Example 3"

4 equiv

MeO = MeO A
MgCl
MeO N
MeO NO2  THF, 66% H
Br Br
Br 4 equiv MeO Br
MeO — e \
MgClI
MeO N
MeO NOz  ThF, 38% H
Br Br
11
Example 4
2 equiv
=
MgCl A
Br NO, THF,-40°C Br N
o H
Br 52% Br
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Barton radical decarboxylation

Radical decarboxylation via the corresponding thiocarbonyl derivatives of the car-

boxylic acids.
)
(e} =
0 -BusSnH
JI o+ Moy H)k/@”””.ﬁ
R” >Cl \ R™ O ABN, A R
X S

Barton ester

A
>r\(\,’%< Np,T + 2 '<CN
NC N=N CN homolytic 2

cleavage

AIBN = 2,2'-azobisisobutyronitrile
n-Bu;;SDQH(\- <CN n-BugSne + H—<CN

o _
M N | Q o
R™ "™ — N

s), RIQ
)

" SnBuy Bu3Sn

co,t + RO HYSnBu; — R-H *+ BugSne

Example 1°
OAc
OAc

1. (COCl),
2 S

NaO\N ‘
N

OAc

OAc

1. m-CPBA, =78 °C

2.100°C, 78%

1.1. Li, Name Reactions, 4th ed., DOI 10.1007/978-3-642-01053-8 11,
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Example 2°
y (s
7—¥ x N\0
HOC OTBDPS g e THF. PhH
— PEK—L Me;SiH, AIBN
N-O OTBDPS —
Q o} PhH, 80 °C, 75% P \_oTBDPS
]
Example 3°
Ph
N

HO. DCC, CH,Cl,
MeOQC/\/C02H N l\ii MeO2C/\)L
A

(0) (o)
5 % @ 5 equivU
_N
O

hv
15°C, 30 min, 82%

/@
S —/ 1. m-CPBA, CH,Cl,, 0 °C
MeO,C 2Ll MeO,C = o)
o 2. toluene, 110 °C, 1 h, 90% o NPh
N

0" ph

t,2h 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

PP

+ n-BusSnSMe + 0=C=sT
R 07 s PhH, reflux R2”H

A
>r\(\,’7r\< N, + 2 '%CN
NC N=N CN homolytic 2

cleavage

AIBN = 2,2"-azobisisobutyronitrile

n—Bu:,S;l@\‘(\-%CN ———=  nBusSne + H%CN

n-BusSn. r\ SnBus
R' (s R' 'S B-scission

—_—

_—
sz\o)g ~ RZCO s o)\s/ R?

S

-BusSn . 1
n-BusSn.o R

~ R' hydrogen atom R’
n-BusSnrH_ . < - _l_ + n-BusSn
R2 abstraction R2”H

&j\ ——>  n-BugSnSMe + 0=C=8T
~

Example 17

(1.5 equiv)

10 mol% AIBN
nonane, 80 °C
2 h, 85%

T

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

(0]
e} AIBN, A, 74% 74 ©
3 ANy
e

© @—(CH,),Bu,SnH
S)ﬁOPh

Example 3"

>
10BN 1. NaH, CS,, Mel, 80% OQOB“
2. BusSnH, AIBN, 70% o><o
Example 4''
S S
Tooy, OH Y TSy
H  NaH,CS, Ts<y ‘H3 BusSnH, AIBN H
" 7\ Mel, THF Toluene, reflux /o \
' , ' MeO,C
MeO,C N o) T Meo,C / \ 72% 2 steps oz N o
Boc N (@) Boc
Boc
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Barton nitrite photolysis

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

OAc

OAc

NOCI

OAc

hv

homolytic
cleavage
— ONe

OAc

1,5-hydrogen

abstraction

O

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

HO 1 OH
tautomerization N~

_ =

nitroso intermediate

Example 17

hv
Pyrex, 250-W Hg lamp NOH

PhH, reflux, 2 h, 67%

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

Example 3’

EN
1. NOCI, CH,Cl,, =20 °C, 100%

2. Irradiation at 350 nM
OAc 5 h, 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 frans-B-dimethylamino-2-nitrostyrene to furnish indole deriva-
tives.

RN (é)Rg)R Ri
~N=C~OR3 - 1.PdIC, H
2.5% HCI
NO, DMF, 130 °C, 86% NO, 82% ﬂ
Example 1*
NMe
©\/ DMFDMA @\/\V 2 pg/C, H, @j
NO, DMF, A NO, N
DMFDMA = N, N-dimethylformamide dimethyl acetal, Me,NCH(OMe),
Qef’ Gy MeO e, o
YA — N B
MeO
‘/GOMe
H MeO MeO NMe,
| e
{ CH, /C'*z\%gqé
_— I ° N H
e o Nl
N ((5® NO,
9 8
CNM92

— MeOH Xx_NMe, [H] QA
©\/\/ reduction ©\/\/
NO NH,

2

@
H
NHo H% N

T

Example 2*
CO,Me
COH 1. Mel, NaHCO; ¢OMe Pd/C. H
IR o WMep T T2 \
2. Mesr’:lACFHioMe)z PhH, 82% N
NO2 0%, 2 steps NO, "

1.1. 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 @\/\VNMGZ @
+
NO, DMF, 110°C NO, NO,
3 h, 95% 15 - 1
OBn OBn
~NMe;  Ra-Ni, NHoNH, @j
THF, MeOH N
NO, 96% H
Example 4"
NO, NO,
i - Me,NCH(OMe),, Cul, DMF /@\/\/NMeZ
MeO,C NO, microwave, 180 °C, 10 min.  Me0,C NO,
76%
NH,
Pd/C, Hy
A\
MeOH, 3 d
89% MeO,C u
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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, o-alkoxycarbonyl ketones, aldimines, and Michael acceptors.

General scheme:

Rl XH

X EWG catalytic
Lo+ W g2 EWG
R!"” "R2 tertiary amine

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

Alternative catalytic tertiary amines:

Example 1:

Ph

o o} [NﬁNJ OH O
T
) g(ti S o o
ﬁk conjugate P Qﬁz aldol Ph)ngk

ﬂ\l:\/‘ addition d @1
KNJ Zf@ ZNJ

OH (8)
. Ph)jﬁ)\ . T . Zﬁq
g@) Ph% N/
N/
E2 (bimolecular elimination) mechanism is also operative here:

1.1. Li, Name Reactions, 4th ed., DOI 10.1007/978-3-642-01053-8_15,
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OH O

Aﬁ@{@ — Ph%+ szﬁNJ

Example 2, Intramolecular Baylis—Hillman reaction’

PMB co,m [r\% PMB. | GO2Me MM _foMe
o N . ivie N~ N—J~

OBn o OBn
% * 1 OH

2 5 DME, 0°C, 7 OH

90% (dr = 9:1) major

minor

Example 3’
>< A{OEt O>< o
0" o o  DABCO OEt
\ dioxane:water (1:1)
CHO 24 h, 72%, de 80% HO
Example 4°

#/ .
S e
, TiCly, TBAI

o) H

o o
+ CH,Cl,, =78 to =30 °C

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

Example 5°

N
o) o [ﬁj OH O
N oM
Q)LH+ ﬁOMe MeOH, rt, 8 h, 79% M °
cl e , I i 0 cl
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Example 6"

=

|
N

PP
O -

R

OH
0 T OO O (10 moi%) )Hf
)H . )N‘\ R = p-Cl-CgHs
I W R

R = p-OMe-CgH5
cyclopentyl methyl ether/toluene, —15 °C R = p-NO»-CgHs

R = 2-furyl
87-100%, 88-95% ee R = 2-naphthyl
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Beckmann rearrangement

Acid-mediated isomerization of oximes to amides.

In protic acid:

R!

R!
N H0® (ore Q'N N%
)L )L e \H@ w
R'” "R? R R2 R2 D

R2 :0OHy

the substituent trans to the leaving group migrates

_R! 1 ;
j\t _H® N’R tautomerization HN’R
. H .
) H———
R® Qs R2”OH R2 N0
H
With PCls:
el (o]
PCls re L
L
R R H
|
C\F’C|4 31 R!
¢ —HCl OPCly ¢N ;l%
JoN llg W
N"H JC ) \
k R R R? R2 :OH,
R "R?

Again, the substituent #rans to the leaving group migrates

R 1
]
N - H® N~ tautomerization HN’R
— A u ovonerzaten,
C|-‘|)® R%” “OH R2 0

Example 1, Microwave (MW) reaction’

N-OH o}
| BiCls
N
MW, 90% H

1.1. Li, Name Reactions, 4th ed., DOI 10.1007/978-3-642-01053-8_16,
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Example 2*

ZT

FeCly

Solvent free
81%

Example 3°

HO. 0
N N o N
PPA N PPA / NH

PPA = polyphosphoric acid

Example 4°

_OH

N o)
\ p-TsCI/Et;N H T\
THF, 10% K,CO3 OFt
OFt

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 @
N H ®p
N7

I —— rR=0R — =N+ R
R "R?

Example 1°

HC(OMe)s

F3CCOOH H
AcO.

AcO

| THF, 60 °C
a 40 min., 79%
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Benzilic acid rearrangement

Rearrangement of benzil to benzylic acid via aryl migration.

Q KOH Q
Ar%”'\r Ar%OH
Ar
O

OH
benzil benzylic acid
Ar o
Ar i Ar f\“OH migration Ar
Ar —— Qo —_ . OH
Io) \ Co (19 Ar [0}
e
OH e
A i k 9
Ar%g - workup Ar%OH
D r
—Ht A
OH H-OH " o

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
O 30min., rt, 74% HO COOH
(6]

Example 3, Retro-benzilic acid rearrangement’

Example 2°

1.1. Li, Name Reactions, 4th ed., DOI 10.1007/978-3-642-01053-8 17,
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Benzoin condensation

Jie Jack Lie, 4th editn

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

o OH
ArWH cat. CN  Ar

o o)

Ar

Now cyanide is

e CN
CN Ar\kH _proton ac Cg‘ y (o
AFE( 0 " transfer \{ \/\i
5 9 OH r
Ar Ar
H H OH
NC%O oo WOH — Ar% . on
A Al Ar
" on © transfer r 03 d
©
Example 17
Q)
_NaCN, EtOH _ EtO O
81A7 MeO OH Cl
Example 2’
® /—~CHjg
N
CHO w e o)
HO /s» Br CH,
CHj OH
EtsN, t-BUOH, 60 °C, 24 h, 40%
Example 3’
HsG @ /~CH; o o}

/8) B

EtsN, DMF, 60 °C, 96 h, 69%

1.1. Li, Name Reactions, 4th ed., DOI 10.1007/978-3-642-01053-8 18,
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Example 4°
Ar Ar
o o)
Me O
5%yl L K
0 o o o H
Ar®Ar
20% n-BuLi
oM
© THF
Ar = 2-FPh 87% yield; 91% ee
Example 5"
N\?\l _Ph
4 [ o
I ®sr,

10mol% = 0 O
CHO OTMS

& il )

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.

“FCJ S : ()
hydrogen donor
\J\ electrocycllzatlon ;

‘ ’Wf reverS|bIe . ) -
enediyne 1,4-benzenediyl diradical
Example 1°
Z Ns__sph
o o
SN SIS Ph DMSO, 180 °C, 24 h, 60%
Example 2’

HsC HsC

T ) e (00O
S N
= THF, 45% N

Example 3, Wolff rearrangement followed by the Bergman cyclization®

7 N, OH CO,R
= CO,R OH
° 90 - Q0O
hvor A, ROH

==

1.1. Li, Name Reactions, 4th ed., DOI 10.1007/978-3-642-01053-8_19,
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Example 4'°

™S @ ™S

142 °C, typ = 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).

Ox O~
o O 0] A \j/\/Ar
Ar—CHO + +
A~ HZN)k

7
NH, HCI, EtOH HNTNH
(0]
H<
¢ 0 H.®
H® N PN \(O (e}
O) Q enolization (0) aldol H .
N Ar ..' 0 ’
O /< addition
H L Ar” OH
@
H
@ _H
H. e}
O O H 0O o) (O ey
@ .
O conjugate
N O/\ +H N O/\ ‘ L’
AN addition
Ar” "OH Ar” oty HzNTNHz
(0]
OH O ® H
. (o0 OO
o™ @ HO H
+H /‘ O/\ Ar
HN A N T HNLNH
%\ }*N Ar T
(0] NH, o H o
Os, O~ O o~
H
+HO HQ)) Ar _H,0 \j\(/-\r
HNTNH HNTNH
0 o]

1.1. Li, Name Reactions, 4th ed., DOI 10.1007/978-3-642-01053-8_20,
© Springer-Verlag Berlin Heidelberg 2009



Jie Jack Lie, 4th editn 43

Example 1*

81%

S
@* F@CHO ETIEN = NH
o HaN" "NH2 - EtoH, A ‘ Y
N
H

s
Example 2°
OMe
OMe
o o o] CeCl3 *7H,0
MM * MeOOC "
MeO HoN™ NHz  EtOH, A, 255 \
0” H 95% N 0o
H

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

OMe
OMe
o O (0] Bi(NO3)3, MWI

Et0OC
H,N" “NH, EtOH, A, 5 h | NH

80%
N~ "0
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:

\ ~0

Na, lig. NH3 f

single electron

transfer (SET)

rad1ca1 anion

~o o
H
; .
H - 1CoR

Benzene ring with an electron-withdrawing substituent:

CO,H CO.H

% Na, lig. NH3
COe
S] 2
COoH co, P
i + O v @
H

radical anion

€] €]
CO, CcO, COH
€] o @
H
€]
H > HOH, H H
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Example 1*
OMe OMe
/ /
1. Na, NHg, THF,-78 °C — K
NN \ N
¢} 2. Mel, 98%, 30:1 dr O :
o) O
OMe OMe
Example 2’
\ \
_ Na, NHg, THF __
N/
N —78 °C, quant.
=
Example 3°
Ph Na, NHg
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.

+ —_— ‘ O
Br N
HyN N
o o H H
HZ'.\‘. Sn2 f‘/@ O ;
hY - N HO
®
(6]
e Ce "
o H
L
dehydration 'O O
la, \
N) N
H H
Example 1°
[e]
N 0 NaHCO3, EtOH
Br \
NH, reflux, 4 h

230-250 °C o
O™\ N\ S \
N =/ silicone oil, 1015 min N
H o 35-80% H

Example 2°

N
/ N
OMe —

OTBS OMe

.~ DME, H,S0, .
\\ X | reflux, 53% X | > F
N/ O HaN™ "N™ "NH, HNT N7 N
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Example 3"

OMe MeQ
LiBr, NaHCO4 O OMe
N
©ﬁ(\8r EtOH, reflux |
HoN OMe 6 h, 74% N
o) H

Example 4, Microwave-assisted, solvent-free Bischler indole synthesis11

Cl neat C
T, oy O
Br N
HoN
5 2 rt,3h o H
O
Br® HyN O
cat. DMF, microwave, 540 W ‘ N
H

60 s, 52%
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Bischler—Napieralski reaction

Dihydroisoquinolines from B-phenethylamides in refluxing phosphorus oxychlo-
ride.

0
@;3\1\,4 . HCl + \H — ©;;\lw HCl + O=R
o MR oproci, R oY P/” & cl
a
E 2
xample 1
CO,Me
[I ]O N 1. POCl,
N H
H
2. NaBH,
E 4
xample 2
gn POCI; P,0 MeO
MeO N. 3,P205
© CO,Me m\B
96% n
o}
Example 3°

POCI,

80 °C, 81%
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Example 4’
Om [O
( )
o HN. 0 POCI, o 2
toluene, 95% O
MeO OMe MeO OMe
OMe OMe
Example 5°
Qj/\ av
N— O N POCI3, PhH, reflux, 3 h N N
H " H H
then LiAlH,4, THF, 1.5 h
64%
AcO  OAc HC§ oH
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Blaise reaction

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

co,R2 1.Zn THF reflux Q@

Br:
R-CN + Y R)K(COZRZ
R’ 2. H,0* ¢
€]
o o

<\ZnBr
BrYCOZRZ Zn(0) >0R2 nucleophilic N workup
y—————

R’ BIZNNo  addition R)K(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 @

D , ot N 0
R)H/COZR - HoN) O H COR?
"~ CO,RZ —™= R

H,0: R! R R

R?

Example 1, Preparation of the statin side chain’

TMS 1. cat. Zn, THF, reflux OH O
cl CN 7 Brs_CO.tBu e N co,tsu

2. Hy0%, 85%

Example 2°

P -CN Zn, MeSOzH
\ *  Bro_ CO,Et

o SN e THF, reflux, 2.5 h
I‘3r
Zn, o O

r e HCI 72% o~

o SN e cl” N el
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Example 3’
o
M
G%OMe
MeO,C OBn
NC OB "5 equiv Zn, 1 mol% MeSO4H

THF, reflux, 78%

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

2 ik NH, O
BrCH,CO,Et NN n-BuLi, Ac,0 NG G
Ph—CN | :
THF, reflux, 1 h ph)\/LOEt rt, 3 h, 82% -
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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.

o NaN s PPh H
a 1 = 3 N
/ \ *3> R\l/\RZ /\
R1 RZ N -,
OH R1 R2
O‘) N3
/N Sn2 RU_A L,
R’ ‘F:Z\e : R
N OH

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

R! R! R!

" HO: o ® Homg
HO gw@f@: — — SH.N}N:@PPM — ' N=N—-N=PR;

o2 N=NZN" pph, R? R?

PR3 PR3
bR, T ! R
—_— I 1 =
% . NzT + R\Z/\RZ = HO s
x OH R1
- N
.
proton RsP—NH R( NH H
_— > (b /,,RZ —_— - /\
transfer ®O\\ R2 ~ T
R! PPhs RT R
Example 1°
o ¢ 1. NaNg, NH,Cl, MeOH, reflux, 4h  —oTr
NS0T 5 phyp, CHLCN, reflux, 30 min.
60-75%
Example 2°
o NaNs, NH,CI, MeOH
e~~~ o1Es

reflux, 4 h, 50%
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> NP
\/\/\/\l/\OTBS + E OTBS
N3

OH
Ph3P, CH;CN NH
AN
reflux, 99% OTBS
Example 37
Q N
H o H
: N
f 1. NaN3, NH,CI, MeOH, 3 h, 64 °C  Cbz M/A
\© 2. PPhs, MeCN, 1 h, reflux \©
66%
Example 4°

OH
o NaNj, NH,CI Na
microwave, 15 min.
93%

H

PPhg N
CH3CN, reflux
2 h, 95%
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Boekelheide reaction

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

=

@ | TFAA = ‘
"H N OH
4 N

€]

TFAA, trifluoroacetic anhydride

‘ ©
@ X 0,CCF3 X
N ‘ D_ L~ Hf &
o acyl Nv
&) _— | —
) transfer o0._0O O\\T/CB
F3C._+O.__CF3 \f CF
a.gf‘ Y CF; 3
(0]

| N hydrolysis = ‘
— L o _CFRp——
N hig SN OH
o}
Example 1*
Ac,0, CH,Cl,
reflux, 1 h, 90%
OAc
Example 2°
Ot-Bu Ot-Bu
‘ SN 1. TFAA, CH,Cl, N
- > |
NG 2. NayCOs, 3 h NG
| 89%
° OH
Example 3°
OTBDPS OTBDPS
— 1. Ac,0, 100 °C, 18 h —
7\ ® /N \
= 2. K,CO3, MeOH-H,0, t, 2 h N N
3% HO OH
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Example 4°
NO, NO,
= Ac,0, HOAG, 90 °C, 3 h \fj/v
SN 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,.

N

N\N4>

+

/\
Ai A? - H,0 A? \\/E hetero-Diels-Alder
(a N reaction
H'NO Q

enamine

\"\/ retro-Diels-Alder A@ %
=N

reaction, — N,

Example 1°
EtO,C Ny -COzEt \ CHCl3, 60°C  EtO,C. Ny _CO,Et
LA - o )
Et0,C” "N’ (T 26n 929 Eto,c7

Example 2, Intramolecular Boger pyridine synthesis®

Ph

\\ N7 ‘ trii b = ‘ ‘
/ risopropyioenzene
ph/< N N v A = A

N N N >pPh N Ph
232°C, 36 h
K/\[CH3 CHs 70% 27%
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Example 3"

HO

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

Example 4"
AN A7
S%N N%S p-cumene, 30 h, 150 °C S
\ / 67%
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Borch reductive amination

Reduction (often using NaCNBHj3) of the imine, formed by an amine and a car-
bonyl, to afford the corresponding amine—basically, reductive amination.

o H H® RiLR
ORI W L

R Ry N
R3/ R4

G P
R, gj\H R1TR2 R1\{/R2

R
Ry Ri" @ R4 Ry Ry

Example 1*

Q 1. TiCly, Et3N, CH.Cly, rt, 18 h HNO
CH; * .
2. NaCNBHj3, MeOH, rt, 15 min. CH
NH, 3

94%

Example 2°

M H, rt, 72 h, 759
eOH, rt, , 75% ©

% 0.3 equiv InCl

+ O equiv Intlg @/\/\O
AN H K .
N -HCI 2 equiv Et;SiH

MeOH, rt, 48 h, 66%
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Example 4°

OBn o OBn
o]
. o4 g
1. NalQy, 8:2 acetone—H,0, rt
O%Np ¢ i N
@\‘ Y 2. BnNH,, MeOH, HOAc o)
"OH N

NaCNBHg, 3 AMS, 78 °C to rt
64% Bn

OH
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Borsche—Drechsel cyclization

Tetrahydrocarbazole synthesis from cyclohexanone phenylhydrazone.
Cf- Fischer indole synthesis.

HCI
_N N
N H

\Q S [3,3]-sigmatropic H
NH

rearrangement NH
NH

N H
- - . A\
NH NH
i h ® N
H

Example 1°
CHjy
H3;CO HCI, NaNO,, NaOAc
3 + HO\/Q/
H,0, MeOH, 54%
NH, o
CHg
HOAc HCI, reflux  H3CO
H3;CO A\
10 min., 44% N 0
H
10
Example 2
o
0 NQ
KOAc, H,0O Clai .
COLEt retro-Claisen condensation
! —4°Ctort followed by Japp-Klingemann
hydrazone synthesis
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o . COH
H30 , 100 °C
\NH Q N—co,et
| 68% 2 steps H
EtO,C
CO,H
Example 3"
CO,Et
CO,H
conc. HCI, EtOH A\
N _ CO,Et
N™ reflux, 85% N
CO,Et H
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Boulton—Katritzky rearrangement

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

>

X, _A
/4\( /Y - ? / )\(
B N Z. .

D H H z

Example 1"
N ®
3 N @
| O .
H\'N/ 150 °C o\ | H N 0
8 /N N™ N N N/[Lph
~{ Q074 H
Ph Ph
Example 2, Hydrazinolysis’
o Ph
Nj)LPh NH,NH,, DMF Nj)*N
/ \N rt, 1h F C/< /\N NH2
FaC Ny 7 Mo
F3C HO\N
N e I_Ph
oy )N‘\ \
N, N N
N FsC~ N
H H
5% 92%
Example 4’
CF3

CH3

ﬂ o
N
N tBuOK, DMF N/QK\WCFS
) reflux, 2 h, 75% H H o
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Bouveault aldehyde synthesis

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

R—-CHO
e

o‘) i

0-M
Me,N}H H

R-x M. @/ — MeN— —>= R-CHO
R=M R

. . . 4
Comins modification:

O 0

n-Buli 1.RX, X = Br, | y
ortho-lithiation o} 2. H30®
§; > R

Li

Example’

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

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

)CL Na, EtOH
S
R™ “OEt R”™ OH
O €]
)k single-electron o N HQ)E OH
R”DOEt P t— I
/ transfer (SET) R OOEt R™* "OEt
©
ketyl (radical anion)
eOEt
OH
H< o
T (0] + g
Te R%\OEt . 9 — 1 —
H<QEt R™ (OEt R™ H
N OH
o) HCOEt OH +é° ]
: — K ROH  — R7OH
R™°H R™H N
HTQEt
2
Example
S Na, Al,O4
t-BuOH, Tol. H
OEt (jA o
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.

LENG 9@
R
CH3CO,H
R

O

anthracene

@
e QL0 08D
H
RO
o H’OGQ H
H
\
o QL0 — Q00
R R

OH
R(OH
€] 2

Example 1, Intramolecular Bradsher reaction”

(o T wmonoow LI
O Br 150°C, 7 h, 21% O Br

Example 2, Intramolecular Bradsher reaction’

He CH,
/2N I N —a N—ci
cl cl s s
s s PPA S <
07 CH,
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Example 3, Intermolecular Bradsher cycloaddition (DNP = dinitrophenyl)®

CHO EtO.

OCO,Et EtO,C

2 OEt o)
\ H._OEt CaCOg MeOH

@ * T " N
N i, 2d ~

. DNP
l© DNP 19%  NHDNP 66%

Example 4, Intermolecular Bradsher cycloaddition'®

@
DNP DNP
cl® \® Nx<
’
| HWSPh CaCOj3, MeOH Phe cl®
N
NHAc NHAc

@
H30

80%
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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 RLi O/SiR3
R .
1|j\SiR3 R1#\Li
2 R2

]
0 Qe
R - = R1 N SIR3
1R7 “SiR, Ro

pentacoordinate silicon intermediate

~SiPhg _SiPh
O workup 0 ¥
Ph—o ———— Ph
PN \+H-OH Py H
N
[1,3]-Brook rearrangement
oLi © o SiRs
i O-SiR3 )\(Li
SRy — » —
R1)\( 3 . . R4
R, 1 2 R,
[1,4]-Brook rearrangement
o R3S .
OLi SiRs 0-SiRg 0 L

R1MR2 o R1/k)\R2 o R1/K)\R

2

Example 1°

(o)

oN 1. 4 eq. NaHMDS, ~30 to 15 °C —  ON
t-BuMeZSi/Q/Y t-BuMeZSio/—\—e\

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®

)’L Ph
MesSi~ “Ph
{ N } Z78°Ctort, 0 min. "

then NH,CI, H,0, 44%

t-BuLli, Et,0

Br [ >~__Ph

-78°C SiMe;

Example 3, [1,5]-Brook rearrangement’

AN

S 'S KHMDS, THF S'S

Bu Bu
s LN
—78°C,1h,93% H

OH OTMS

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

n-BuLi, THF TESO OH OH OTMS

Me SnBu;  —78°C, 30 min. Me)\/LTMS Me TES

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 ~OH
2. Hy0,, NaOH

R' H. R syn Ho R H @R\' R’
H. . Ja NS - ’
( B\Rn 45/%/5\}:{' [ RJ\/(B\R' - > R)\/é;ow
©

R/ addition
O-OH
B-on
Ikyl migrati ! - O._.OR'
alkyl migration R/\/O\I‘E/R R/\/ “3
R' OR'

OH R/\/OH +  B(OH)s
Example 1°
1. BHg*SMey, LiAlH,, Et,0
2. NaOOH
Example 2’

OMe OMe

NOz  BH,.SMe,, NaOOH

THF, 85%, dr 8:1~11:1
~OBn
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Example 3°

1. Pyridine+BHs, I, CH,Cly, 2 h on ph/\/

2. H,05, NaOH, MeOH, 92% PP 5 O

Ph X"

Example 4, Asymmetric hydroboration'”

N
H % 0.5mol% Rh(nbd),*BF4 OO o Ph
0 1.1% cat., 2 equiv PinBH cat. = PN
Phyy N .G  CHs
H THF, 40°C, 2 h

CHj
O OH
O  B(OCMey), Hy0,, aq. NaOH  pp,_ ki/\
Ph\N)K/'\ACH T, Py CHy
N s 80% H
99% ee
Example 5
5 /t-Bu ,/OH
t- U\Si\NH BH3+SMy, THF; (t-Bu),Si l;le
H AN Ph
N AP NaOH, Hy0, H
0,
o 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.

o

OH NaHSO3
NHNH, OO

<) H H

H
\) OH
“’“—“r oo

GOSOZH OSO,H OSO,H

— H< ~~NH
0SO,H COSOZH

[3,3]-sigmatropic O Q O
NH2 H NH, @
rearrangement H y NH H™ NH
<y
NG Ve ® 99

Example 17

NaHSO3;, NaOH
O, O, o (DD
CO,H NHNH, O

several days, 46% H

@
AVAC TR NHNHPh
NHNHPh B )

Example 2°

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

Br

OO IE N
+ - >
HoNHN HCI, A N

H

Example 3*

QU
HO OH HN
O s O
HoNHN 2 HO® O

0.5% yield!
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Bucherer reaction

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

H,0, 150 °C

@
@ HH H H H
H o)
Ay — g — O™
A .
k@
0SO,NH, OSO,NH,
0 OH
tautomerization N :NH; NH, H
OSO,NHy OSO,NH,
& €]
OH, X _NH, N,
Q0L =0
“H
OSO,NHy

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 NHj, (NH,),S03, H,0, rt NHz
microwave 30 min. 93%

Example 2, Retro-Bucherer reaction’

5 mol% Na,S,05

M
o OMe o OMe
H,0, reflux, 4 h;
= | N E———— N
N pZ 10 mol% NaOH N | >
N reflux, 24 h N
NH> OH

46%
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Example 3°

T wem O
OH NH3, Hzo

OH
OO 200°C, 5d, 91% OO

NH»
OH
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Bucherer—Bergs reaction

Formation of hydantoins from carbonyl compounds with potassium cyanide
(KCN) and ammonium carbonate [(NH4),COs] or from cyanohydrins and ammo-
nium carbonate. It belongs to the category of multiple component reactions
(MCRs).

H

;

R! KCN R N\?o
>:O R2

R2 (NH4),CO3 d NH

(NH4),CO3 = 2 NHz + CO, + H,0

C’\?Hz biczo

R! N\ COH Jk ) ‘\
TR L
LR R! o R =N
HaN NC R2
.y CoH H R-OH P + H
R N« R1 N\ (o) R1 \N//C R N\?O
RKFO TR g — ) T R NH
\\ (6] R2
N HN g\ o

isocyanate intermediate

Example 1°
CH30
N. KCN, (NH,),CO5
CH30
48 h, 60°C, 83%
o}
Example 2°
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Example 37
3
0
. NH
CHs
KCN, (NH,),CO 0
(NH4),COg CH,
EtOH/H,0 (1:1)
60°C, 4 h, 83%
B(OH
(OH), B(OH),
Example 4°

EtozC\A_/H‘ 1.1 M NaOH, EtOH, rt, 30 min.

2. KCN, (NH4),CO3, 60 °C, 5 days
77%
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)
Biichner 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.

N7~ “CO,CHs
3 Crenen
[Rh]

N7~ “CO,CHs

NoT+ [Rh]Z “CO,CH,

rhodium carbenoid

rcoch3 2+2] CO,CH3  reductive
= — —
~~— [Rh] cycloaddition ©~F{h] elimination

electrocyclic
CO,CH3 CO,CHg
ring opening

Example 1, Intramolecular Biichner reaction’

o
N, Rhy(OAc)
CH,Cl, H O

Example 2, Intramolecular Biichner reaction®

| Br |
cat. Rh,(OCOt-Bu),, DMAP Q
o Ac,0, CH,Cly, 73% O OAC

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

N\_N i
1 atm CO NN
Rel N Ph Cl
/Ruﬂ CH,Cl,, 90% O C-RLSGO
ca’] Pn Cl
PCy; PCys

1.1. Li, Name Reactions, 4th ed., DOI 10.1007/978-3-642-01053-8_39,
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Example 4'°
CPhs CO,Et
= A 0.5 mol% *—QQ(¢L e/ [Iéh]

Rh—Rh
S o
_ 0o _RRY
Et0,C CH,Cl,, —78 °C, 49-66%

Ar CO,Et CO,Et Ar

x Ar.
[Rh] — A‘ —_— COzEt
o
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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.

RZ
|

X 2
R cat. L,Pd(0) N.
Soer T
RS NaOt-Bu

X =1, Br, Cl, OSO,R

Mechanism:
)
/
Br @ Pd(OAc),, dppf N
.
H NaOt-Bu, Tol., A
/)
Br Pd(Il)—Br
Pd(0) " N
oxidative ligand
addition exchange
- HBr
- =
Pd(ll)ng 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)s
R + HN N-g3
‘R3 NaOt-Bu, dioxane R1<©/
4 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

1.1 Li, Name Reactions, 4th ed., DOI 10.1007/978-3-642-01053-8_40,
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Catalytic cycle:

Loe4Pd(0)
ki L Ky
R2 LaPd(0
Ar—N e ArX
‘p3
Ar—H R
L,.4Pd(0) Ky k2
H NRY(R3) X
L.Pd L,Pd. L.Pd
Ar ; Ar Ar
NR? Nk
RYH N R
NaX + HOt-Bu HN_ + NaOt-Bu
R3
Pd(BINAP), catalyzed
—d[ArX Kk
A kke [AX][Pd]
dt kIl
Example 2*

R2
. , 5 mol% (DPPF)PdCl, u
R 15 mol% DPPF “R3
R1<©/ + KN R1~©/ R ?.\Pth
R® NaOt-Bu, THF e
100 °C (sealed), 3 h =P

80-96% yield
(11 examples)

X=Brorl DPPF
R'=EWG or EDG
amine = 2° acyclic (one example)

amine = 1° aliphatic or aromatic

Example 3, Room temperature Buchwald—Hartwig amination’

RZ
1-2 mol% Pd(dba), w

1 @ﬁr R2 (t-Bu)sP (P/Pd = 0.8/1) 1 @N\Rs
R + HN/ R
‘R3 NaOt-Bu, tol.
22°C, 1-6 h
81-99% yield

R'=EDG or EWG
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% Pdy(dba)s Me
Br 0.75 mol% rac-BINAP N_ H
n-Hex
+ -|
n-HexNHz ~ NaotBu (1.4 equiv)
MeO MeO

Example 5"

04< >*CI + HN o]
/ /

ligand =

Example 6"

NH,
CO,Me

tol., 80 °C, 18-23 h
94%

0.5 mol% Pd,(dba),
1 mol% ligand

1.4 eq. NaOt-Bu, Tol.
100 °C, 24 h, 92%
i-Bu

/
i-Bu~ /P\‘NN\/ i-Bu

2

PA(OAC),, Cs,CO;  ME02C

+

OCF,4

H
N
DPE-Phos, Tol., 95 °C \©\
95% OCF;
PPh,
o)

PPh,

DPE-Phos =

Example 7, Amination of volatile amines'*

X __N.__Br

5 equiv RyNHR,
5 mol% Pd(OAc),
10 mol% dppp
2 equiv NaOt-Bu

-
X =N, CH, U 80 °C, 14 h, sealed tube

Example 8"
o

2. 0
MeO NH N

2 Cl N

Ot-Bu

55-98%

1 mol% Pd(OAc),
2 mol% XPhos

1.4 equiv NaOt-Bu

Cl  toluene, rt, 4 d, 67%
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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’
?
o=LR-$-cI MeOH, PhH  CHs02C o NEts, PhH
Il /N7§*C| T
rt, 88-92% H o rt, 84-86%
H3C—OH
CH3OZC 9~
-sycl
u\l e 0o
H “NEts CH30,C~N—S—NEt;
o]
:NEt;
Mechanism’
€] O ®
MeO,C—N=S—NE 0.0 COMe
5U slow SS—No H('g\‘Et
o D 3 —
:9‘ ‘I‘DPh Sn2 Hio C\Ph
P H PR H
oﬁ COMe O co,Me
STNOY fast H ph 9§ N
5 E e W e
- " Ph Ei
H ® PR H
PR H HNEt, HNEt;

1.1. 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’

— N OMe
Burgess reagent

L THF, 21°C, 9 h, 71%
“H

Example 2°
NS
>L | /@/\N,OH 1.5 eq. Burgess, THF j\ | /@/%N
/SI\O reflux, 1 h, 97% /Si\o
Example 3’
NG N
o—\+H Burgess reagent o\"H
HOG )
N opn  toluene, 50 °C, 60% OBn
Example 4°
OBn CO,Me
N
2.5 equiv Burgess reagent :3:18
THF/CH,CI, (4:1) BnO °
reflux, 6 h, 86% OBn
©OBn = (8:1)
Example 5"
AN
6]
HN,
Z >N NHBoc 2.5 equiv Burgess reagent 028
G B
THF, reflux, 30 min., 86%

‘ N NHBoc
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Burke boronates

MeN

MeN MeN / 1 'V'e/N

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
™ AN
. HO,C  CO,H Br. .S B;c&o
Br B(OH)
U > PhH:DMSO 10:1 \/ © 0
Dean-Stark Burke boronate
99%
Me
N
Ber, NaO,C  CO,Na Me/Nl
TS x_BBr, . B—(%o
CH,Cl, M0N0

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.

1.1. Li, Name Reactions, 4th ed., DOI 10.1007/978-3-642-01053-8_42,
© Springer-Verlag Berlin Heidelberg 2009



88 Jie Jack Lie, 4th editn

Example 12

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

X B(OH), TMS—=
Ph™ S MeN
Mi}“% Pd(OAc), Pd(PPhg)y, Cul y, %
Ph XX BrON O SPhos, KF piperidine P B\‘OO Oo
o0 PhMe, 23°C THE s
Suzuki coupling 92 % 23°C, 73% Sonogashira coupling
MeN
Me;/N - Me/N% PdCIy(CH3CN), o B/ &o
nBus _ Me ~ <
WB;&O - B \BORD SPhos KOAG e85
0”0 Pd,dbag, FursP we o Me—T©
DMF, 45 °C, 91% ;\[ B . )
Stille coupling Mﬁ/l 0’2 pPhMe Miyaura coupling
45°C, 71%
MeO
MeN
e/ Y\ BugSn._\ MeN
MGOY\/\/B‘O Y o ~ znCl B/O [¢]
p R X PO
I O "0 pd(0Ac), PPh, Pd(OAc),, SPhos ~ BUSN™ 7 "N "0" 0
i Et;N, DMF, 45 °C THF, 0 °C . .
Heck reaction 3 90% 66% Negishi coupling

Example 2’

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

0

M(—:;/Nl
ko Me_ Me Me /%

B0
Br X
Me_ Me Me 0

X B(OH), RN B—OO oO
Pd(OAC),, SPhos
Me K3PO,, Toluene Me
23 °C, 78%

1. ag. NaOH, THF, 23 °C

2. Me H Me. Me Me Me H
X Pd(OAc), NG
Br O SPhos o
K3PQOy4, 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 — n-BuOTf Me/N
4 CrO3, H,S0, HTNT(O EtsN, DCM n B*& 0
B\‘OO OO Acetone o o —780°C,2h; Me ‘0 Yo
N -
Hom/@/ 23°C, 30 min H,0,, MeOH -
o 90% pH 6.0 buffer, 79% O O OH
MeN Me/N
B{&o TBSCI, Imid, THF Mo e 9 X0
‘070 23°C,9h, 98% 800 EOP o 0”70
o —— o "o “NaH. DME B0
o an,
T8SO gAY HE 23°C,30min, 71% O
83% HO
PMBOC(NH)CCly
Me,/N TfOH, THF morpholine Mfi/N
B-OX_ 0 0—-23°C,5h, 64% NaBH(OAc); B-C&O
O o] o} N
DDQ, DCM DCE, 23 °C, 8 h, 76% Q“\/Q/ o "o
o, 0,
MBS 23°C, 1.5h, 79%
2
Example 4

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

Pd(OAc),, XPhos
5 1N aq. 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———R2?
oxidative >‘<

R—X+Cu—=R’ ———— Rl-—— Cy—R?
addition

Cu(III) intermediate

reductive
CuX + R-———=—R?
elimination
Example 1°
cat. CuCl, NH,OH+-HCI
— Br + = e
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°
MeO OMe MeO OMe
: n=1to7
VA AN / \ n=1,8%
H H CuBr, NH,OH-HCI n=211%
n=3,32%
Br Br piperidine, MeOH \ / n=4,8%
rt, 3.5 h, 80% n=5,13%
AN Vi (D n=6 3%
MeO OMe n h= 7,8%
MeO OMe

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

1.1. Li, Name Reactions, 4th ed., DOI 10.1007/978-3-642-01053-8_43,
© Springer-Verlag Berlin Heidelberg 2009
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1. 1 equiv n-BulLi

X
= /_Q; THF, -78 °C
=—H
; < > < > 0 2.1 equiv Cul, 0 °C
|

= 3.1 equiv3

S 1 1 equiv 2

m

‘ N
=

=
N
4= ‘ N
=N N _
5 o) L=
trapping molecule 3 =
o) o = ‘
(o S
References
1. Chodkiewicz, W.; Cadiot, P. C. R. Hebd. Seances Acad. Sci. 1955, 241, 1055—-1057.

10.

Both Paul Cadiot (1923—) and Wladyslav Chodkiewicz (1921-) are French chemists.
Cadiot, P.; Chodkiewicz, W. In Chemistry of Acetylenes; Viehe, H. G., ed.; Dekker:
New York, 1969, 597-647. (Review).

Gotteland, J.-P.; Brunel, I.; Gendre, F.; Désiré, J.; Delhon, A.; Junquéro, A.; Oms, P.;
Halazy, S. J. Med. Chem. 1995, 38, 3207-3216.

Bartik, B.; Dembinski, R.; Bartik, T.; Arif, A. M.; Gladysz, J. A. New J. Chem. 1997,
21, 739-750.

Montierth, J. M.; DeMario, D. R.; Kurth, M. J.; Schore, N. E. Tetrahedron 1998, 54,
11741-11748.

Negishi, E.-i.; Hata, M.; Xu, C. Org. Lett. 2000, 2, 3687-3689.

Marino, J. P.; Nguyen, H. N. J. Org. Chem. 2002, 67, 6841—6844.

Utesch, N. F.; Diederich, F.; Boudon, C.; Gisselbrecht, J.-P.; Gross, M. Helv. Chim.
Acta 2004, 87, 698—718.

Bandyopadhyay, A.; Varghese, B.; Sankararaman, S. J. Org. Chem. 2006, 71, 4544—
4548-4548.

Berna, J.; Goldup, S. M.; Lee, A.-L.; Leigh, D. A.; Symes, M. D.; Teobaldi, G.; Zer-
betto, F. Angew. Chem., Int. Ed. 2008, 47, 4392—-4396.



92 Jie Jack Lie, 4th editn

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.

;
Q " OH R
R R2
NaOR X . N
NH P R? _
01 2 3

Pathway A:
©
(o 5
R JOR 1 @
J xR R He
H — & RZ . ) 2
NH N RZ - H,0
2
O%'VR 1

Pathway B:

o)
R R’ R
o HO R2 ®
R2
NH — - 3
RZ KJI - H2O
9) N rO N
! H Ce
1
‘\/ eOR
Example 1'
0 OH
©\)K NaOH, H,O X + ©\)ﬁ\
o ~— P
j‘i 104°C N~ OH N
o) 69% 20%

1.1. Li, Name Reactions, 4th ed., DOI 10.1007/978-3-642-01053-8_44,
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Example 2°
Q OH
N NaOH X | Ny Me
N—M
HN // © Hzo, 90% N/ =
0 Me Me
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rocycl. Chem. 2000, 37, 241-244.

Pflum, D. A. Camps Quinolinol Synthesis. In Name Reactions in Heterocyclic Chemis-
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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.

P Y

2 + R” TOH

R™H R” “OH

0 e e

gL HO 0° OH o><oe

R7H D

\e R” “H R”H
OH

Pathway A:

hydride (0] O
ANGIE: - L w R/\% R on + AU
H 9) transfer R” "O) w___~ R™ "0©

Final deprotonation of the carboxylic acid drives the reaction forward.

Pathway B:

(0}

©
hydride (0} acidic
RAP o 770 o+ RO° Aoy’ R oH
H)g) transfer R~ O workup
0]€]

Example 1*
GHO KOH powder COZH
100 °C, 5 min
solvent-free 4 1 % 8%
Example 2°

50 NHN \O é

a
(o]
THF,0°C, 5h, 76% 81% 76%

1.1. Li, Name Reactions, 4th ed., DOI 10.1007/978-3-642-01053-8_45,
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Example 3*

OZN\©/CHO 1 equiv TMG OzN\©AOH . OzN\©/COZH
H,0, rt, 10 h
42% 43%
TMG = 1,1,3,3-tetramethylguanidine

Example 4, Desymmetrization by intramolecular Cannizzaro reaction’

CHO CHOH

g; g(;

J 1MBaCL

\% H50, reflux %
2 quant. 2
o o
CHO CO,H

References

b

o

10.
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Carroll rearrangement

Thermal rearrangement of [-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
o o 0j 40
OM A )\/{K [3,3]-sigmatropic o —
v K/ rearrangement N
H o)

-CO, keto—enol AN
tautomerlzatlon BN
¥

Example 1, Asymmetric Carroll rearrangement™”

N o 2.4 equiv LITMP N O N
toluene é/k é/\/
< 7/ "0 -100 °Cto rt
/W de > 96% \/? COH
Example 2, Hetero-Carroll rearrangement’
X X X
¢ N O OH HsC™ "NH
110 °C CHs o
toluene
CHs  goo, o] CH;
CH; CHj
Example 3’

NaH, xylenes, 140 °C, 82%

1.1. Li, Name Reactions, 4th ed., DOI 10.1007/978-3-642-01053-8_46,
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Example 4, Similar to Example 3’

(0]

M 2 eq. NaH, xylene
nQ

reflux, 96%

Carroll

_ >

rearrangement

Example 5°

0O O HO,C  Me Me

OM LDA, THF ccl,

P N
Meoj\/ —78°C to it reflux, 86%

OMe MeO~ "OMe MeO~ "OMe

o
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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

Rl—=—cuy + X TR R——FR?

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

+ ligands k _— j : R2

(solvent) Cu,

I
R-C=C-Cu ——— "~ 1" | "Cs !
C=C-Cu L e, Cu.,
R R2 A ENON
I L Cipt
L \ ;
_c—R
cul + R'-C=C — L“'C\U 1c=C

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

oxidative X reductive
Ar=X + Cu—=-R ———— Ar—Cu R Cux + Ar—=-—R
addition elimination

Cu(IIl) intermediate

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

Br.
= o) 1-methyl-2-pyrrolininone (I >_©
W

N 170 °C, 3 h, 55%

Example 2*
CuS0y, NH,OH+HCI

aq. NH3, EtOH
@%H /N ——Cu
ca. 95% —
OH
(L, ~o
(OO

pyridine, A
75%

1.1. Li, Name Reactions, 4th ed., DOI 10.1007/978-3-642-01053-8_47,
© Springer-Verlag Berlin Heidelberg 2009



Jie Jack Lie, 4th editn =~ 99

Example 3°

OMe

o) pyridine, A _—
R el
o cu——=o-— 87%

MeO N MeO

Example 4°

o o

@ cat. Cul, PhsP, K,CO3 o
0
0, 0,
//'\/T DMF, 120 °C, 37% o

Example 5, In situ Castro—Stephens reaction'®

MeO,C — MeO,C |
100 Tt 54
o OH
y CO,Me
_ MeO,C O
Cu,0, pyridine
O

100 °C, 43%

References

NN RW

Nel

11.
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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,0CHj), in PhH J
= R RTX-""R

R Et,0, heat

R R

OH o HoAl O R R H
AlH,R, 1 o W workup /\/i
= R4 Hy T+ R*’ H RTX R4
Z R N
R R © R

1

R

Example 1°
OH
: LiAIH, OH

W 77% M
E 4
xample 2
OH 1.5 eq. Red-Al, =72 °C, 25 min. OH |
Ph)\
S Co,Me then5eq. I, =720 =10 °C, THF, 2 h Ph/K)\COZMe
78%
Example 3°

1. Red-Al, THF/PhMe

-78° 4h
/\/\/\OTBDPS 8°Ctort, NN oteDPS

OH ClI

5H 2.NCS,-78°Ctort
65%
Example 47
OMe Me
MeO,,, ~OMe MeO,,, ~OMe
Red-Al, Et,O oo
0°C, 80% Me.,, OH
BnO
n (0) Z Me

1.1 Li, Name Reactions, 4th ed., DOI 10.1007/978-3-642-01053-8_48,
© Springer-Verlag Berlin Heidelberg 2009



Jie Jack Lie, 4th editn 101
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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)5™, BF5™, SnMes, Si(OMe)s.
X=N,0O,S, Se, Te.
N
N ¢
—~
/\/B(OH)z + HN(/ cat. Cu(AcO), /\/N@
RO air, > 90% RO

Example 1"

C CNH HSC@B(OH)Z C C@

Cu(OAc)2 pyridine
rt, 48 h, air
74%

Mechanism:'¢¢!7

bcutch

Cu(OAc),, pyridine N’ ~O0Ac
Q—CNH coordination and Q +  pyridinium acetate

deprotonation Ph

CHs —[cuf

L L
\C 1]
H3C— »—B(OH), Q/ U\@\ + ACOB(OH), +[cu']

transmetallation PH

T L

(L, e OO

el|m|nat|on

1.1. Li, Name Reactions, 4th ed., DOI 10.1007/978-3-642-01053-8_49,
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Example 2*
o}
OH A~ BOH),
1.1 eq Cu(OAc),, TEA
rt, 24 h, air
52%
Example 3°
OH o
B(OH),
OMe OMe
Cu(OAc),
o) TEA, air o
tBu0,C” " N7 TCOMe 54% EBUOL™ X NT COMe

Example 4"

BnO. o] P
o
\
BnO o p (HO)ZB@N N
o = ° @N
NH Cu(OAC),/Et;N/Py =

0 93% (a-ester assistance,
Tea/3 eq/ 3 eq acetal lower yield,

4 AMS, air e.g., dimethyl acetal, 23%)

Example 5"

CO-M CO,Me

2Ve [>—B(OH),

N\ N

N NaHMDS, Cu(AcO), N

H DMAP, air, 95 °C ﬁ

93%
Example 6"
0.1 eq Cu,O
B(OH), MeOH, air, rt NH;
+  NH,OH
92%
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Vinyl boronic acids: Lam, P. Y. S.; Vincent, G.; Bonne, D.; Clark, C. G. Tetrahedron
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45, 3233-3236. (b) Huang, H.; Batey, R. A. Tetrahedron. 2007, 63, 7667-7672. (c)
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Chapman rearrangement

Thermal aryl rearrangement of O-aryliminoethers to amides.

Ar'e O
‘N A )k A

Ar OPh Ph

Ay swe A (D) B
\ LN — Ar N~

oxazete intermediate

Example 17
Cl
cl
MeO,C
MeOZC Me0\©\ cl NaOEt, EtOH/EtZO 2 :@
* MeO
P 0°Ctort 48h ¢ o
NaO /)\
N~ “Ph

28% for 2 steps

cl
c cl
MeO 2 HO,C
ccsLN b oWl EESYs
X

Example 2*

Ph_ __O

300 °C \’T ph
—— > Ph”
30 min., 87%

1.1. Li, Name Reactions, 4th ed., DOI 10.1007/978-3-642-01053-8_50,
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Example 3, Double Chapman rearrangement'”

CioHos CioHas CigHas  CioHas
<> <> 110-140 °C <>
_ MeoN__N N._NMe
NYO OYN 70-74% 2 T T 2
Me,N NMe, 0] (0]
MeO,C CO,Me MeO,C CO,Me
Example 4, Chapman-like thermal rearrangement''
OR O
Cr - Ol
4 Ss
(/)«S ~o J~o
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Chichibabin pyridine synthesis

Condensation of aldehydes with ammonia to afford pyridines.

3 R7>CHO *+ NH3

Ag\ H3N
NH2 NH
w S
H

enamine imine

H H
H R%(a Aldol R R ALY
D — R C o —HO ‘ 7 0 o
R)\T/{Oj HV condensation g OH R
N B
H L
H HN

3N H
H OH
Michael fo H %R
addition R Nf ﬂ R R (?\l/
|
H
H OH H
H R P O R X
R [O]
N/ H N N

Example 1*

o) ‘
©/CH0 NH4OAc, HOAc
+ =
reflux, 1 h, 68% ‘

1.1. Li, Name Reactions, 4th ed., DOI 10.1007/978-3-642-01053-8_51,
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Example 2°

1. AcOH, rt, 1d, 49%

HO. .
.
Me” "N N(CHcHo 2.Zn, HCI, MeOH, 65 °C, 72%

Troc
H
/(53
Me' N ’\@l

10 9

@

Troc

Example 3°
O CH3CO,NH,, MeOH
O,N 4< :}—4 { }
reflux, 4 h, 45%
N
o)A OO
=

CF4

Example 4, An abnormal Chichibabin reaction'’

Br 1 equiv BnNH,CI A
\©\i 0.5 equiv Yb(OTf)3 @ ‘
N

©
H  H,0/dioxane, rt, 65% Bn TfO

Ar

dehydration [O]

- benzaldehydeT }
Ar A Ar - Ar
3 A 6m ‘
N N

|
E":n Ar Bn Ar

References

1. Chichibabin, A. E. J. Russ. Phys. Chem. Soc. 1906, 37, 1229. Alexei E. Chichibabin
(1871-1945) was born in Kuzemino, Russia. He was Markovnikov’s favorite student.
Markovnikov’s successor, Zelinsky (of Hell-Volhard—Zelinsky reaction fame) did not



SNk v

10.
11.

Jie Jack Lie, 4th editn 109
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Chugaev elimination

Thermal elimination of xanthates to olefins.

1. CSy, NaOH A
R~ OH 2 R/\/Ojfs\ ——= R™X\ + OCS * CHsSH
2. CHyl S
xanthate
R
J
R/\/OTS\ A H (O
s :<
o}
R + 8 —  0=C=ST + CH,SHT
W Qe—
Example 1*
OH
1. NaH, CS; Mel, 90%
& OH 2. HMPA, 230 °C, 90%
Example 2°

CS,, Mel, NaH dodecane
THF, rt, 2 h, 51% reflux (216 OC)
48 h, 74%

Example 3, Chugaev syn-elimination is followed by an intramolecular ene reac-
6
tion

OH

O\H

/ CS,, Mel, NaH o
° N THF, 92% 7<o\\‘
Cbz

1.1. Li, Name Reactions, 4th ed., DOI 10.1007/978-3-642-01053-8_52,
© Springer-Verlag Berlin Heidelberg 2009
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NCbz ///
NaHCO3, Ph,0 (@\ T2 OTO
(0] Alder ene N O)<
o\}/

\
280°C, 25 min | B~

Chugaev bz
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Ciamician—Dennsted rearrangement

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

@ CHCly (j/CI
N NaOH N
H

N

O e ©
ClzC—H w0 + GCl -Cl .
\‘OOHH 2 Cél — :CCl,
carbene
Cl
/ Cl
7 ieel, cl
6y y —
N H N/
H . J
HO
Example 1*
2 eq. PhHgCCI
A\ eq gllls N
PhH, A, 54% O _
N N
H
Example 2°
Mol
Na0,CCly
26%
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Claisen condensation

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

0o
0 k O O
R2” “OR®

R

€]
i Pid
R%OW deprotonation R _~ OR! condensation

H R2_Y OR3®

/

B: (0]

R? & o
R

o O
RZMOW
R

Example 1*
\)(l t-BuOK, solvent-free o 0
Ph —~ PhMOAPh
0" Ph ggoc 20 min., 84%
Ph
6
Example 2
| 3.5 q. LDA, THF 4 0 o0
_N._CO,Me 0 451050 °C NN tBu
Cbz™ L esu Cbz™ ™ o
P o then H*, 97% ;
Ph Ph

Example 3, Retro-Claisen condensation’

5 equiv H,O

5 mol% In(OTf); o 0]
ék A~ Ao

neat, 80 °C, 24 h
85%

1.1. 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'®

0 KOt-Bu, 100 °C, 30 min. o o . = 13C

OBn solvent-free, 51% OBn
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~
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Claisen isoxazole synthesis

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

o 0 NH,OH Re OH
R —m
Ao — Bl
R, Ri™ o
€]
o (o 0 (o OR o
R — o NOoH — _OH
R (o) 1 H R N
Rz R Rz :

R
— ;HO RN NI
R \n D I(
. _NH
Ho" © Ri™ o R o
3-isoxazolol

A side reaction:

R, I
:NH,OH 2
H
N o) NQ "3
/HSK R —= R O7H__ RKS%O
. 1
R 0 OR
1 R &/ R2
R, 2

5-isoxazolone
Example 1, A thio-analog®
0 o SH O
woa 1. aqueous NH3, 67% WNHZ
MeOTN 2. H,S, HCI, EtOH, 53% MeOWN

O o

1.1. Li, Name Reactions, 4th ed., DOI 10.1007/978-3-642-01053-8_55,
© Springer-Verlag Berlin Heidelberg 2009
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Ip, KoCO3, 59%

Example 2’
" (0] o HN'OBOC
>< R cl.pyr,0°C  HO >< Boc
74 100% R (e} 53-91%
For R = Ph: e}
(PhCO0),0, DMF
Meldrum’s acid
O O OH
.OBoc HCI R = Me, Et, i-Pr, cyclopropyl,
RMN - Rﬂ cyclohexyl, Ph, Bn, neopentyl
Boc 76-99% o
Example 3
O (0]
OMe NH,OH-HCI, NaOH
OH
MeOH, =50 °C, 2 h N
then 85 °C, 1 h, 65% o
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Claisen rearrangements

The Claisen, para-Claisen rearrangements, Bellu§—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 2
1 . .
R%’\S A, [3,3]-sigmatropic R A3 R~
O\/r rearrangement Os 2 Ox
3 <73
T2 T2
4 2g 4 i 2 2 2
728 . o2s ¥ o2s Lo 1 O%A\\« O,/,\w
‘ A o~ e
,[25 1'(25 ¢ i 4\5’/)6 4Y 4\t/
chair-like boat-like i
Example 17
OBn OBn

BnO.

BnO
BnQ
0}
o ° o n-decane/toluene 5:1 BN ! 0
BnO 0
O><O

180 °C, 70%

O

(6}

Example 2°
=

X
Et,AICI, hexanes O XN
_0 N
—78°C, 81% OH
o
E 9
xample 3

s . OHC
0 NsiMe, | MOI% IMPCYs)s Aj/\SiMeg
BN ph PPhs, A, 50% yield Bt~ " "ph

syn:anti 95:85, 91% ee

1.1. 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'”

CHs O

(0]
cat, 7.5 mol% 2+
: 2 SbFg~

N, _N

o CH,Cly, rt, 12 h : 0 y N
N Bno~ esd S g
cat. = |5 4,5 oH, BY
OBn

98%, > 90% de, 99% ee

Example 5, Asymmetric Claisen rearrangement''

(e}
20 mol%, hexane, 8 days, 35 °C (0] Hs CHj3
MeO)vCH3 .
0 NH, Q cF,]- MeO

a

pORS ) .
: B
HsC ph N N _ph 73%, 96% ee
’ AW I - v

Iz
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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
P
Mechanism 1:

OH
o R
- Cope
R R ortho
Claisen rearrangement
=

dienone

Mechanism 2:

OH

o
O/\/ R Y R
| | —

Dewar intermediate

Mechanism 3:

Py

[3,3]-sigmatropic

rearrangement
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Example 1°
J) HO
160170 °C \d\/
\©/ 58% 25.5% 4.6%
Example 2’

CO,Me
%l\ reflux HO o Yo HO 0" o

80% 12%
Example 3°
7
TBSO o> 220 °C TBSO o
y ——— )
L xylene, 70% o
o 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 oH ¢
oA ~
) Bs

o o
-Sj i B
o) O ‘B [3,3]-sigmatropic (o X

rearrangement tautomerization
8 "normal Claisen" H
' o
) i ene 0] p [1 5]-H-atom
S reaction ) shlft
Example 1°
oA OH & OH
PhNEt,, 230 °C =
'
5.5h, 63%
Me Me Me
normal, 58% abnormal, 42%
=
07> 40 equiv HSi(NMey), O '
PhNEt,, 230 °C Z
'
8.0 h, 70%
Me Me Me
normal, > 99% abnormal, < 1%

Example 2, Enantioselective aromatic Claisen rearrangement’

\//\l _N N\ j/\\/
s 5 s
H\A B X OH
Br : OH
EtsN, —23 °C, 2 d

92%, 95% ee
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Example 3°
CHO

MeO CHO
:©/ PhNEt,
XN
(©) MeO
J:j/\/\ P :© o oMo
MeO 40% MeO

OMe kodsurenin M

Example 4°

o

Tol., 180 °C G .
=1°C
24 h, 65% © *
Example 5
PPN
AlM3, CH,Cl,
OH
P P = =
50% ' 50%

OH
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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.

OH MeQ OMe A/[
+ _—
R)\/AW NMe,

CONMe;

H
Qe Me,NOM % Some
H\O: ‘j NMez e;))g/i' o & F(‘
R NN R

NMe,

Oj/§ [3,3]-sigmatropic A/[
RW)\W rearrangement R A R

Example 1*
CH3C(OMe),NMe CF3 O
F3;C A~ 3 2 2
3 Wo Ph PhVO\/NNM
OH PhH, 100 °C, 2 h, 75% €2
Example 2°

I Oo

OO LiNEty, THF *ArHNjH\:/\
N —78°Ctort O CHs
JV 5h,78% 7\7
o CHj (dro7:3)
K/\CHs
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Example 3°

MeO_ OMe
NMe,

xylene, 150 °C
18 h, 91%

Example 4°
O
5 eq. CH5C(OMe),NMe, NMe,
xylene, reflux, 48 h, 50%
HO  co,Me
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.

O,H

o
I LDA then c
o
A Me;SiCl /

0 OSiMe;, OSiMe;

LDA, th A, [3,3]-sigmatropi ® COH
AO en %\O [3,3]-sigmatropic o H
=

/\) Me;SiCl { rearrangement

Example 1°
S_S
5\ LDA TBSCI
THF, reflux H OTBS
7% 0 7%
Example 2°

0,
PhH, rt, 62% Bn

J -
0, 020 TIPSOTf, EtsN /(l
N~ CO,TIPS
N |
|
Bn

Example 3, Enantioselective ester enolate-Claisen Rearrangement®

CF3

FoQ Ph Ph
CHs J 110 mol% QS'N‘Bf\N\SQ H3C\ Hj —
X 0 FsC O: 1 02 CFs
Br CO,H
% o pentaisopropylguanidine, =94 to 4 °C

86%, dr>98:2,>98% ee
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Example 4, A modified Ireland—Claisen rearrangement®

F
j@\/v BBrs, Et;N, PhMe HO
E = Om chiral ligand
o g —78tort, 63%, > 99% ee

Example 5°
OPMP
g KHMDS, TMSCI, THF Ti?v
’ ’ N CO,H
0._0 :
\i —781025°C, 1h, 81% ~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.

2
OH CH(OR?); A/ECOZR
R)\/Aw " RN R
ar Sr?
2~.8L o OR B
OH CH(OR?); R°O30R i
R 7 R1 H* OX/H — 9
R)\/\R1 R)\/\w

OR?
CO,R?

3,3]-sigmatropic
o /& [3,3]-sigmatrop /\)i
R)Q\Q\FU rearrangement A R

Example 17

CH3C(OEt),

7 "CHs E{COLH (cat)
xylene, A, 3 h =
72% HsC

Example 2°

TBSO

H CH,C(OEY)
W — 3 3
SN MeCO,H (cat.)

THPO'

170 °C, 30 min
\ C, 3 THPO
THPO ~ OPh
Example 3*
OH
cl
Cl CH3C(OCHy)s, TSOH ) o
OMe
cl 170 °C, 55%
° oTBS

OTBS
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Example 4°
OMe
_ OMe
N
‘ CH4yC(OCHa), N
X cat. CHzCH,COH ‘
A
AN reflux, 77% 1%
N OMe
OH
10
Example 5

Et0,C

(Et0)3CCH3
pivalic acid

2 O\\\ : o
(0] H H O xylene, 140 °C O H H O
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! HCl R™ "R!

The zinc-carbenoid mechanism:*

o) @
0 Zn(Hg), HCI o zncl
Ph” “CHj SET  ppch,
radical anion
0znCl Zn H® H

g™ PHH\CH3

Ph H Ph CH
ZnC 3 3

zinc-carbenoid

The radical anion mechanism:

ye
o © >0ZnCl
o Zn(Hg),HCl o znCl S ,@ OzZnCl He N
S — ’ P— 3
Ph” “CHs SET  ph " CH, Ph”,"CHs H
cle
radical anion
H © H e o
Sn2 ){\ e L e;H "')4"'
Ph™ . CHs Ph™* "CHs Ph”™ “CHs
Example I8
Zn(Hg), HCI o +
OH =
[e) MeOH, reflux, 1 h OH oH
OH 18% 67%

1.1. Li, Name Reactions, 4th ed., DOI 10.1007/978-3-642-01053-8_57,
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Example 2°
Odj Zn(Hg), HCI [iH ]
n(ng),
AN ) Et,0, =5 °C, 57% AN )
20, — y (]
O%Ph O%\Ph
Example 3*
2 :O
Zn dust
37% HCI, EtOH
reflux, 15 min.
di . 50%
HO losgenin
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Combes quinoline synthesis

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

R2
+ —_—
1 2
NH, R R A N/ R

QL i o
NH; ﬁRz proton @\ R2
o) \R1 — @ o < -
transfer N~ TOH
RZJ{/&&@ N RTOH N R1QH2
|

H

(o] o OR2
2 *H® HGB
QL7 L L~
R Z N~ R!
NOR N R H

imine enamine
H
H R2 H., ~0
O 2
Q95 ® H ] R? R o
I~ L~
L. NE ‘ 1
N R! 1 N R
N K«w R H
H
@H
H\O/ 2 R2
R2 )
_ A L XN
5 o) )
N~ R! N° R N R
H H

An electrocyclization mechanism is also possible:

Ho~ R H_ R
@61 Re) -
@\ ) AN 6n-electrocyclization
|
N R’ @’T'/ R!
H

1.1. Li, Name Reactions, 4th ed., DOI 10.1007/978-3-642-01053-8_58,
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HO_ R? R2
‘ proton -H,0 N
N transfer
1
N R N” R
H
Example 1°
NH, N=
PPA, 110 °C //
MeO O ———————— MeO
L1
35%
Example 2’
o 9 N—co,Et
S—coe AN Ph N
N Ph | N
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.

(e}

NH, MOEt 260 °C N

H

©\ CO proton COEt
NH,
"3 transfer

Et0,C

OEt

CO,Et o 6r electron
tautomerize AN
N/ D — R electrocyclization
N

Schiff base

OH
—
transfer N

— HOEt
Et
Example 1°
NH,
o o CHCl,, HCI (cat.)
X +
N Moa 60%
AN Ph,0, reflux N7
CO,Et
A 2 60% | OH
N~ N~

1.1. Li, Name Reactions, 4th ed., DOI 10.1007/978-3-642-01053-8_59,
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Example 2’
[e) X
PPA,
| + EtO,C CO,Et | '
P o N N
N NH, 3 120 °C
25% o = CO,Et
3
(0]
paraffin, BN
\ \
280 °C = CO,Et
75% N H 3
Example 3°
NH,
HO. COM MeO,C. NHPhNO,
2 . j\[ 2% Hel, MeoH
MeO,C~ O 64% N” ~Co,Me
Q H
Dowtherm A OZN\@\)%EN NO,
o 0,
250 °C, 55% N cOo,Me
H
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Cope elimination reaction

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

Q
e 3
NS A R R
S, SR W A
Ei 1 2 NN
RR1R2R3 I R R

Example 1, Solid-phase Cope elimination’

O

0J<_\
Q Y m-CPBA, CHCls
( > t, 67%

OH
o)
0] HQ
Q' o 0O N
_oN - OJ& +
¢ o -
OH
OH
Example 2°
OBn OBn OBn
BnO~"" m-CPBA  BnO: 145°C  BnOe
OTBDPS OTBDPS OTBDPS
N <€)
N 0, =
BnO  N(CH3), CHCL, 0°C BnGg N(CHa), 63% BnO
83% g
e
Example 3*

9%

@
) m-CPBA, CH,Cl, %

oSSl e
t, 100% NG H/k

@]
=z

1.1. Li, Name Reactions, 4th ed., DOI 10.1007/978-3-642-01053-8_60,
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Example 4, Retro-Cope elimination’

(@) = (0] =
pn~Me OTBDPS | iors O, Ph/’\:/Me OTBDPS Cope
N. N —_—
/[ Me —78°C, 3 h, then rt /Eé@Me elimination
NC H NC H')
. Ph,, O
T e S T 1
_A_Me OTBDPS @ 5:2 @
Ph E retro-Cope Mée :N\O MeM IN"O
Ho N"Me elimination Me & Soreops ® & SoteoPs
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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
)h [3,3]-sig p \/\ @
e

= rearrangement N

Example 1*
H
B COCH; 160 °C CO,CHg NaCl
.
/
wet DMSO
oTMs  (Ouene gr OTMS reflux Br
P Krapcho 71%
Example 2°
xC02Me  100°C, 12 h —~_..COMe
T™MS 84% =/ "TMS

Example 3°

o C02Me  dioxane, Et3N, 60 °C ~CO,Me

Z 9 “1CO,M

CO,Me 22 h, 1 bar, 92% H,Me
Example 4'°

140°c  HsCO
benzene
@ " Sow 94%
"'OH ?
Q OMOM
1,2-dichlorobenzene — N
OMOM
reflux, 95% TBDPSO 0
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Example 6'

1. HCI, MeOH

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

Anionic oxy-Cope rearrangement

THF (:(
_si i OK
/‘\ A, [3,3]-sigmatropic NR
rearrangement R
XO0K H,0 XxOH tautomerize
—[__*Rr R 7 (_~R

Example 1'

OH KH, THF, rt D
XX
S OOl OO
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Example 2*
OHC
OH
KH, THF
S ~OH ’
CHs 70%
Example 3°
KHMDS
18-crown-6, THF
temperature;

then NH,CI, H,0

X =0CH,CH,TMS 0°C; 71%
X =SPh -78 °C; 85%
Example 4°
O
NaH, THF, reflux
OH
22 h, 88%
/ r
Example 5°
MeO
KOt-Bu
18-crown-6 '\g/
THF, -10°C
74% o 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
/& A, [3 3]-sigmatropic NR
rearrangement R

Example 17

O

Xx<OH tautomerize
= R = R

= OPMB
H (\TMS 1.230-240 °C H Q HO H
Me R DMF, 19 h Me
H
2. CsF, DMF Me
\ 210°C, 65% Me ~ OMe
Me
Example 2°
EtO,C
reflux
o-dichloro-
benzene
90% o

Example 3*
PMe;SI0 O 1By 4 47000
Prifeas 2. p-TsOH+H,0
_— . p-ls *Hy
o~ © 65-75%
Example 4°

xylene, Ace® tube
=
x 225°C, 24 h, 49% (Xj
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Siloxy-Cope rearrangement

OSiR, OSiR;

A, [3,3]-sigmatropic
TR SR N
S rearrangement =

Example 1'
CH3
OTMS sealed tube
«~H high vacuum
310°C,1h
- NoTBs >79%
OTMS
Example 2°
TDSO O  Bn TDSO O  Bn
A N TN N
toluene, 3 h H
= 0//\\ 63%
>97:3dr O
TDS = thexyldimethylsilyl
Example 3°
AOM

i JOTBDPS  chlorobenzene vl' OSiEts

i3

o reflux, 3h,99%  TBDPSO_ OAOM

AOM = p-Anisyloxymethyl = p-MeOCzH,OCHS,-
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Example 4°
OTBDPS TESO TBDPSO,
H3C
=
HsC 115°C 4 o
e —— O
toluene, reflux 0o
95%
HaC X OH

HaC OH
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Corey—Bakshi—Shibata (CBS) reagent

The CBS (Corey—Bakshi—Shibata) reagent is a chiral catalyst derived from
proline. Also known as Corey’s oxazaborolidine, it is used in enantioselective bo-

rane reduction of ketones, asymmetric Diels—Alder reactions and [3 + 2]
cycloadditions.

Preparation'”

1. PhMgCI
2. BHy THF

50% 3 steps

Ph Ph
..Ph " MeB(OH),, toluene CA
o
OH  reflux, 3 h, 86% N-g’

The mechanism and catalytic cycle:'?

Ph

" "Ph
0 cat. N\B\/O H
: > Me : >
BH3, THF, rt, 97% ee

W

e}

“Ph = |Ph
: BHy THF
on LS o
N-g’ g B
] HE R
H,BO, H R
©/<CH3 N Y .
Ph 2ol
H ' Ph
T CH
CNT%SR @A :
H,B”
HCI, MeOH 2 ,b,,KCH3
=B Hbn
BHC/ H H
HO H Ph, . Ph.
0 | R
CHa : é\jQBEa CHy O CHy
Ph & g-01y PR 4 B\o/:<
Hy H Ph 2B~p
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Example 1°
o 0.1eq. (S)-CBS OH

g S0,CH CHyp 1.0 eq. i-Pr(Et)NPhBH, o _SOCHCHyp
\ 5 THF, rt, syringe pump @)/\/

1.5 h, 98%, 97% ee

H |.Ph
(S)-Me-CBS = N\B/o
Example 2°
o o] BH;°SMe, HO Y
oﬁv cat. (R)-Me-CBS : Oﬁf
L/ i/
@O CH2C|2, 30°C O
84%, > 99% ee
11
Example 3
H Ph
S Ph
©
O THN o H O
B _N
= H o k Ac
+ o-Tol " "OCH,CF; o o
X — — ~ H,PO
COLCHCFs ™ 10 mote, neat - 97% e 2POa ol COE
23°C, 30 h, 97% oseltamivir (Tamiflu®)
Example 4, Asymmetric [3 + 2]-cycloaddition'
H Ph OH
Ph
® ° MeO
o y /N‘|‘3/o TN H
MeO o-Tol
+ U o
9 CHCN=CH,Cl, 92% ee
o 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
o 370 & M o2 R)2R1
¥ CHy HiCoCHy | ROR
1 2 3 4
X =0, CH,, NR?, S, CHCOR®,
CHCO,R®, CHCONR,, CHCN
Preparation’'
Q¢ o  NaH ‘CS‘HZ
PN [, -S=q
Hao C‘:HEH3 DMSO H3C (‘:HS
Mechanism!
5)
Je ol § R o)
o RYR— (PR
@Il H3C / o) 1 C/ \C
_S__.© H.C 0 R H3 H3
H3C™ 1 "CH, 3 ©
CH3
Example 1"
o o]
N% MooS(O)- N%Q
NaH, DMSO
o o]
o]
E 60 709,;.5h F
cl ’ cl
Example 2°
OAc
OAc @ /9\
Me,S™ “COEt
o 9 OEt
Qg PhH.t 8, 62% z
CO,Et
Example 3"

O.
/O -
Me3SCI
N 50% aq. NaOH N
BU4NHSO4
H H
CH,Cl,, 84%
-
O/ O
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Example 4"

o N 2.5 equiv t-BuzGa o)
A PhCI, rt, 3 h, 66% N
Bre SiEt, CHO ZE=94:6 S

SiEty
Example 5"
©
0 4 equiv o Fn Ph
: I (CHy)sSOI Phg Y ® @fY
Ph So| — * O
® OH
on  /MBuli THF 50% 20%
60°C, 4 h 2 ? °
References
1 (a) Corey, E. J.; Chaykovsky, M. J. Am. Chem. Soc. 1962, 84, 867-868. (b) Corey, E.

10
11

12

13

14
15

J.; Chaykovsky, M. J. Am. Chem. Soc. 1962, 84, 3782. (c) Corey, E. J.; Chaykovsky,
M. Tetrahedron Lett. 1963, 169—-171. (d) Corey, E. J.; Chaykovsky, M. J. Am. Chem.
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Corey—Fuchs reaction

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

CBry, PPhy R Br p-Buli

R—CHO >:< R——H
Zn H  Br
) SN2 fe) @
BraC*Br’/\:PPh3 ——> CBry + Br—PPhs
©Br
® '
Brrlpph3 S\2 Brg Sn2
L

E—— Brl’*PPhs
© CBrs Br

(0]

M

Bro @ R™ "H
Br, + }Pph3
Br

Wittig reaction (see page 578 for the mechanism)

R Br

»=( + O0=PPhy

H Br

Br, + Zn —— ZnBn,

R Br
\= R—==PBr . acidic o
H B —= g — R=06 ———= R =H
/‘ Bu workup
Bu®
3
Example 1

OMe OJ( Br OMe OJ(

O CBr, PhyP, CH,Cl, : 0
OHC = t, 35 min., 90% Br :
A otes . 55 min., 5U% A otss

3.0 eq. n-BuLi/hexanes, THF

/
/
—-78°C, 1 h;rt, 1 h, 99%

OH
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Example 2’
Br,
2 /< / Br
H CBr4 Zn n BuLi @
Fe H o Fe
@ PPhs, quant. @ s% @
Example 3*
: : 1. CBry, PhgP, Zn, CH,CI P A
= = CHO 4, Ph3 2Ll «
OTBS 2. n-BulLi, then NH,4CI, 90% OTBS
Example 4'°
4 equiv CBry
8 equiv PPhj H
@iCHO 8 equiv Zn n-BuLi, n-hexane Z
CHO  CH,Clp, 0°C torrt -78 °c tort, 1h, 96% §
3 h, 94% H
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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 e}

R "R?  then NEt, R1KR2

NCS = N-Chlorosuccinimide; DMS = Dimethylsulfide.

e}

©
o CI
7 \@ /
2 D _ — NH +
N-Cl [— S—Cl 4 — S® H
S QNO/‘/ g AT
Y o R1)\ 2

(¢}
o R
€]
Cl

® H \®
S0 N__NEt; — Et;N-HCI 5o

[0}
o
— . (CHgpST +
I RH[QH‘/ (CHg3), RALRZ

1 2
R R 2

Example 1, Fluorous Corey—Kim reaction’

S
N02 C6F13/\/ ~ N02

oH CHO
NCS, toluene, 25 °C, 2 h

then Et;3N, 86%

Example 2, Odorless Corey—Kim reaction’

(\N/\/\/\/S\
(0)
OH
0.5 eq. NCS, CH,Cl,, 40 °C, 2 h
then Et3N, -40°Ctort, 8 h
(\N/\/\/\/S\/D
+ O\)
5 86%
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Example 3’

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.

h
C‘LOH N S,S N\ o
(o Z
OH PhaP (CO

@
Q @ PPh3
Ph3P U \Ck
N ‘s
Hoo Xy | Z >N

s
| >
® A s6m O\ 0
o s —= 0o 0=PPhy + oN S
(a H«,’(’)\ In

ol
Gl »!
- > +
H/(g%i)) (n (6] ” S
O n
2-pyridinethione
Example 1°
Ph_Ph
P Q ©
Ph Q n /oM (@pyrS), PPh;
HO.C TN\ CHCly, A, 75%
N

1.1 Li, Name Reactions, 4th ed., DOI 10.1007/978-3-642-01053-8_66,
© Springer-Verlag Berlin Heidelberg 2009



Example 2°

Example 3°

References

w

Noawnk

o

Jie Jack Lie, 4th editn 153

(2-pyr-S),, PPhs 0

AgCIO,, A, 33%  HO o

CsHqq

O i
(0] o (PyS),, PPhg
; toluene, reflux

7d, 69%

CsHyq

58% 11%
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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 & 2.CI(CHy),l
80%

C HgCl,, 50 °C  OHC
>—\_L 50% cl

CI/\/\/\)

Qﬁﬁ HCWJ CKL

Example 1°
CHO s n-BuLi, THF
G
Ph 0 °C, 30 min., 99%
sq PhI(O,CCCl3), HO O
HO\%Ph CH4CN, H,0, 1t, 5 min., 95%  PH Ph
Ph
Example 2*

OH
Ovo CcHO JUANSAN OVO Ss7
\©/ n-BuLi, THF, -78 to 0 °C Ph

Example 3, Ethyl is infinitely different from methyl®

Me
S S S
S S

Me| Me

Os_OMe S Et o
I L
N~
n-Buli, THF o Cm SJ
rt, overnight 2
CO,H 80-90%
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S 2

o
m HO,C
HO,C
o Et 2 s s EBtg
@SWS.+ S)\S ., @ T \{/J
Et S
HO,C Bt N HO,C

Example 4°

S S
w nBULi, THE o~ NHTfa Q
D < < S
o : z -10°C, 78% BnO" OBn NHTfa

OBn NHTfa
OBn 54% 23%

Tfa = Trifluoroacetyl

HO HQ
BnO.,, 2 s ) BnO,,,
} Ra-Ni, EtOH
BnO™ ., 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.

Lo N@a e ey

R H

TCDI = Thiocarbonyldiimidazole

P
(\ O O CNJ s R__0O
R (gt
/ \ﬁ\/ H R1Igg ma R1IO><@E‘

I R1IOH

R' “OH

€]
R0 -P(OM R__o ( P(OMe)
R1IO>%S/\ (OMe)s I ﬁs/

R'” O
1,3-dioxolane-2-thione (cyclic thiocarbonate)

( P(OMe)s
2 E
@P oM
Io P (OMe)s S=P(OMe)s ek

E—— I OMe)3 —— 0=C=0T + P(OMe);z

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

I St P(OMels I %@P(OMe .

S=P(OMe); I sy T :P(OMe); E{?}gg(om)e’ _ .
R17 0
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R H (O]
* (P THOMe); —— :P(OMe); + 0=C=0f
€]

L,

R!

HaC~p P N-CHs
O/E\ X K/

S
OH Q)(
/\)\l/:\/o CI*C'
Q : CH,Cl,, DMAP
’ 40 °C, 88%
)(O OH 0°C, 1h, 93% ’
E 4
xample 2
o)
OMe Imd,CS, toluene Ny _OMe
0 7
reflux, 79% =<
0~ OMOM
CF;
o)
P(OMe);
7 Ny, —-OMe
92% FiC S _
OMOM
Single olefin isomer
Example 3°

OMe

CSCl,, DMAP

OAc
CH,Cly, rt, 96%

P(OEt)3, reflux
76%

Ph
o)(

(0}

OMe

OAc
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Example 4°
HsC ~ OCHj
P(OMe), f
o 5 > CM .
CH;  120°C, 66% 0 N "CHy
0
Example 5"
s v
OAc P. OAc
OAc )k HSC\N’ \N,CH3
ﬁ\\\OH CI” TOAr(F)s e J
- " >§s
pyridine, DMAP ‘0 THF, 40 °C
AcO  OH 23°C,5h,78%  ACO 4h, 65% Ac
Example 6"’
T :/Ph TCDI, THF
CbzHN NHCbz : CbzHN
S OH 70 °C :
Ph Ph
_Ph
P(OEt)3, 160 °C 2
(OEt)3 CbZHN\Z/\/\NHCbZ
77%, 2 steps Ph/
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Criegee glycol cleavage

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

HO OH
Pb(OAC), o} 0
R RS - ", + + Pb(OA
R#—k W R1JLR2 R3KR4 (OAc), + 2 HOAc

OAc
(AcO),Pb
\‘O\OH

@Pb)(OAc)g

HO OH — HOAc + —
R1%—%R3 R! R3
R2 R4 R2 R4
OAc
AcO._
°7RE o) o)
HoAc + 9o (P I+ J__+ PbOAS),
R R3 R R2 R¥ R4
RZ R4

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:’

L@
X
%
Heo, i ZQ(OAC)S o Bb(OAC),
77§ — won - 5=
OH Lo
o
AcO

(0]
— * + Pb'(OAc), + HOAc
o

Example 17

CO,Et CO,Et
OH N Pb(OAC),, KoCOs N

PhH, 0 °C, 80% o

1.1. Li, Name Reactions, 4th ed., DOI 10.1007/978-3-642-01053-8_69,
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Example 2°

Pb(OAc);, CH,Cly, K,CO4
-15°Ctort, 1 h, then

Ph3P=CHCO,Me, CH5CN, 80% H E7=104
PhO,S H PhO,S ’ o:
Example 3"
HO Ar Pb(OAc),, PhH /Q
HO™ A", 15h quant.  OHC H 0 H Ar
Example 4"’
OMe OH OH L Pb(OAG), EIOAG OMe OH ©
e
HO < _ HO TN H
Me Me Me MeMe OH  0°C,5min., 99% Me Me Me Me
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Criegee mechanism of ozonolysis

~ K

)
©0%% 1,3-dipolar 0
() L
> < cycloaddition >b—<

primary ozonide (1,2,3-trioxolane)

@ /8 Y 1,3-dipolar -
O S~ ,9-dip 0-0
C
cycloaddition
. 0 A
zwitterionic peroxide secondary ozonide (1,2,4-trioxolane)

(Criegee zwitterion)
also known as “carbonyl oxide”

Example 17
H
H 03, EtOAc, =78 °C, then o
. [e] OAc
HO" Ac,0, Et;N, DMAP, 0
-78°Ctort, 75% H
Example 2°
0
(0] O3, CH,Cl, MeOH CO,Me
o)
i\]/i(OMe —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 / H
R N;  curttiis  R-N’
Rearrangement Hz}‘ R—NH,
—CO,

The thermal rearrangement:

o] NaN % A H20
o —=. I N,T + R-N=C=0 R—NH;z + CO,T
R™ >Cl R™ N,

gl L%i“s o o) o)
RLc =~ — AN = A"ﬁ£\9<—> Jre e

R”QCl ) N=
o, L RT7N;  R7ONENEN R NTN=N
@
R-ko- 0. o
AL e RNEC=O e N O R=NH, + CO,1
\ -8

:0H, o

isocyanate intermediate

The photochemical rearrangement:

Nitrene

R—N=C=0 — R—NH, * CO,T

1.1. Li, Name Reactions, 4th ed., DOI 10.1007/978-3-642-01053-8_71,
© Springer-Verlag Berlin Heidelberg 2009
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Example 1, The Shioiri-Ninomiya—Yamada modification®

NO
0N H o N9 pppa g N H 2

PhH, A
HO ‘ ’ 2 ‘ O
z " O then MeOH, A O NH
o 89% Y 0o
OMe
DPPA = diphenylphosphoryl azide

Example 2°

HO,C

3

O CO,Me
CO,Me DPPA, Et3N, t-BuOH BOCHN—<J/\ 2

80 °C, 16 h, 64% O

K

O

Example 3*

WC%H EtO(CO)ClI, then NaN3

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

NHCO,Et

Example 4, The Weinstock variant of the Curtius rearrangement

o)
COOH i HN——OEt

N H ClI” "OEt N H
i-PrNEt,, acetone, 0 °C

O NH then NaNj, rt, 12 h O NH
N H

N H
Me

75%

Example 5’

1. n-BuzSnN3
PhBr, 0 °C to RT
30 min., 97%

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

163
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Example 6, The Lebel modification®

OMPM HO O._..OMe 2 equ!v DPPA OMPM H 0. .OMe
O._.CO,H \ / 0.1 equiv Ag;CO; o \\\NYO
+ BnO" “OBn 2 equivK,CO3 \ ] o O8N
BnO™ "~y “OBn OBn PhH, A, 16 h, 81% BNO” FT N
Bn (2 equiv) OBn
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Dakin oxidation

Oxidation of aryl aldehydes or aryl ketones to phenols using basic hydrogen per-
oxide conditions. Cf- A variant of Baeyer—Villiger oxidation.

H,0,, NaOH )
HOOCHO HOOOH+ HCO,
45-50 °C
o
o)
Ho@_g . HO@%{H L
w o)
€]
O _H H,O)

migration

~o”

o
(OH
HO@O y hydrolysis Ho@e 0°

o) HOH

@
H workup
g
HOOO HO OH

Example 1°
OBn OBn OBn
(0N
o 2.5 eq. 30% H,0, CHO  NH,, MeoH o
COM  Giiciy 18k cop M7 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. MeOJQ/OH
0,
BnO then10% aq. NaOH

85% BnO

1.1. Li, Name Reactions, 4th ed., DOI 10.1007/978-3-642-01053-8_72,
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Example 4'°
OMe (0]
H,0,, HCI
\ 22 \
MeOH, THF N
MeO H 50% MeO N
CHO (e}
References:

w
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Dakin—West reaction

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

R_COH ac0 R
T — * copt

NH; NHAc

AcO
AcO \H F;O\ H.
(6]
o) (0]
R OH R (O(/ OH R
N O OH

oxazolone (azalactone) intermediate

o o © 0
R -CO, R tautomerization R

HN\fO H NTOH NHAG

Example 1°
Me.__CO,H Ac,0, AcOH, EtzN o
h Me
NH; DMAP, 50 °C, 14 h, > 90% Me
' » 141, NHAc
Example 2’
Me

HO o
g LR e et
Q)ku OBn  gpoc, 2h, 58% @AH OBn

1.1. 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 CN
CH3CN, H3PW,50,0
CHO Ph O O
* CH;COCI
NC rt, 60 min., 75% NHAc O

Example 4, Acetonitrile is a reactant'

CHaCN Ry Ry
10 mol% 10 mol% Ln(OTf; O O
/©/ CH3COCI, reflux
78-87% NHAc ‘O
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Darzens condensation

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

X 0 ©0Et Q

+ - . R17Q¢R
R)\002Et R1KR2 RZ  CO,Et

A o . o
R }\°R? R! 3 intramolecular
H 1
OFt ——= X j —R - .R ﬁ R
R R OBt 3 COzEt S\2 R?  CO.Et

(o
e
4
Example 1
o o}
O& . Clu_COEt +-BuOK, -BuOH CO,Et
10 °C, 85-95%
Example 2°
H
o LDA, THF, HC 9 .,
HaC Br —78 °C then 3 - Ph
oo tBuMesSi  H
+BuMe,SI PhCHO, -90 °C 2
66%, 90% de
9
Example 3
0
A" SCONPh,
ee up to 50%
fo) (0] o]
0, \
X\)kNPh2+ Ar)kH MeO 2 mol% OMe _ Ar™"  “SCONPh,
X=Cl,Br,| SO"dC'ﬂzOCﬁ'z* g K Ro ee up to 43%

1.1. Li, Name Reactions, 4th ed., DOI 10.1007/978-3-642-01053-8_74,
© Springer-Verlag Berlin Heidelberg 2009
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10

Example 4, the phenyl ring substituting for the carbonyl to acidify the protons

O _PO(OMe),
MeO
DBU, CH3;CN
o TL_roo, : O Q
Br | 6 h, 48%
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Delépine amine synthesis

The reaction between alkyl halides and hexamethylenetetramine, followed by
cleavage of the resulting salt with ethanolic HCI to yield primary amines.

Cf. Gabriel synthesis, where the product is also an amine and Sommelet reaction,
where the product is an aldehyde. The Delépine works well for active halides
such as benzyl, allyl halides, and o-halo-ketones.

N N— Xx° ®
o~ [/ . [ PN o
ATX N(\/Ng/Ar A ONH; X

LN/ LN/

hexamethylenetetramine

[ArCH,CeHNg'X=  + 3HCI  +6H,0

—= ArCH,NHpHX  + B6CH,0 + 3NH,CI

N
o i) ° )
LN/ \' Sn2 NW\J\P\/N ol
AF/Q(/‘ NG o L\l(\\//N\/ d
oo H
N H N
BT S
LN CHy Ny N~ *©
Example 1°

1. (CHy)gN4, NaHCO3
15 h, EtOH, H,0 o

H,N /\AOH

.

Br OH 2. HCI, EtOH, reflux, 15 h, 85%
Example 2’

hexamethylenetetramine

CH,Cly, refux, 5 h, then
-30°C

1.1. Li, Name Reactions, 4th ed., DOI 10.1007/978-3-642-01053-8_75,
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conc. HCI, EtOH

_ reflux, 1d
A NaCeHi2'Br | 789, 2'steps

NH,
1. hexamethylenetetramine S
CHClIj, reflux, 6 h 0
] O
2. 2N HCI, EtOH, 100 °C, 15 min. o) 0
O o
o
O
Br o NHa BF
o ) 48% HBr o
hexamethylenetetramine ° o) CH30H, rt, 5d
NO B NO
2 CHClg, 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.
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(Review).
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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]

COMe hv
(L — —
OH O COzMe

Head-to-tail alignment gives the major product:

O CO,Me

(0]

@
SIENIEG (U
+ ‘_J\ e
08H® CO Me COMe cycloaddition
o/H
(e}
retro-aldol
cyclobutane cleavage
0) CO,Me
“H

CO,Me COoMe

Head-to-head alignment gives the minor regioisomer:

o
CO,Me CO,Me hv, [2+2]
* ﬁ cycloaddltlon

OH
G o P
COzMe retro-aldol
cyclobutane cleavage CO,Me CO,Me
o)
H (¢} o
Example 1°
(0] (0]
Ph)ko 1. hv, cyclohexane, 83%
2. H, (3 atm), Pd/C (10%)
HOAc, rt, 18 h, 83%
(o]

1.1. Li, Name Reactions, 4th ed., DOI 10.1007/978-3-642-01053-8_76,
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Example 2°
0
o} 0
H H
@ hv, MeOH
4 N
>90% 1
OH HO H M
E 9
xample 3

(0]

OH
hv, Pyrex filter

CH3CN, rt, 1.5 h, 72% N

Example 4'
\ R O v
N

O/E/{) Et,0

R=H 70% 0

R =Me 58% 50

R =tBu 72% 100
References
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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, OH

He N
® oK
s ) MO o o 0
HQ™ =0
@
0s (0. .0
NN Zho, O—\ ~
Q—\.. NZN=0
NH, H
O H® <>—\ —H0 Q—\
N=N-OH NSNTOH; N=N
H
@
% -N; O, -H
e H
N® / E}OH
N
W
O.
/' H _NZ
or Q—\W _he OH
N, H
Example 1°
NaNO,, HOAc
Ph OH Ph
100 °C, 2 h
30% 16%
Example 2°

NH2  NaNO,, AcOH/H,0 H - OH
100-110°C, 2 h, 61%

1.1. Li, Name Reactions, 4th ed., DOI 10.1007/978-3-642-01053-8_77,
© Springer-Verlag Berlin Heidelberg 2009
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Example 3’

[0} o o)
NaNO,, 0-4 °C

/ Ao+ ¢
25MH H
0.25 M H,SO4/H,0 S

NH,

Example 4°

5 equiv NaNO, HO o

5 equiv AcOH € />
§ o

HoO/THF (1:1) MeO@%\

0°C,2h, 61%

MeO
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Tiffeneau—Demjanov rearrangement

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

OH NaNOz

Step 1, Generation of N,Os

Hc N
@ (O
N, H Q -H0  o. o .0
HO™ ~0o LN ®
H,0" S0 -H

Step 2, Transformation of amine to diazonium salt

O« (b
P o (P —

NH,

OH OH - H,0
OH _ OH _ o (T \e
N=N-OH NSNTOH, Y
Step 3, Ring-expansion via rearrangement
O

Example 1°

P
NaNO,, H,O
HO - -0
AcOH, 0 °C, g
N then rt=60 °C 76% yield 90 : 6
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Example 2°
ACOHHIN, oy,
. 'OH e
NaNO,, AcOH 3 \NEt,
LN
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°
(0] (0]
HO,
L N NaNO, .
AcOH SiMes
SiMes 72% SiMe;  28%
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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 o]
R'” "R2 ° R'” "R2

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

| . ) AcO OAc
KBrOs, HpS04, 93% HO®,0 |  Ac,0, 0.5% TsOH S—0Ac
©/COZH Ci%\ 20, 0. \O
or 1.3 equiv Oxone 0 °
80°C, 2 h, 91%
H,0, 70°C, 3 h IBX ° o
79-81% o

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

o
Aco. OAc HO@ O
S—oac _ M0 N
o) O
CH,Cl,
% BX 0
Mechanism'
Ac@ IPAOC Ao OH Ac@ OAc "
O Sn2 e H
° %R24N> @o NC0Ac
R R' R
o) 0
pAc
o I
— 0O *  AcOH
Ri™ Rp
o]

1.1. Li, Name Reactions, 4th ed., DOI 10.1007/978-3-642-01053-8_78,
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Example 1°

OAc
AcO_ Il/ OAc

\

v, e \
0
X XN
AN
. 6] CH,Cly, 2 h, 67% WO
o o)

Example 2, An atypical Dess—Martin periodinane reactivity’

OAc
ACO\|’/OAC
\
o)
o)
_~_CHO
[e) = N3
SN NaNg, CH,Cl, N
0°C, 3h, 86% N
10
Example 3
o)
o~y
i H
0 s H OH Dess—Martin periodinane
t-BquCTw\N)kN N CH,Cly, 1t, 1 h, 70%
NHBoe O COutBu
o)
oy
s o H
Q H
t—Bqucw\\o\NkN/l;(Nw
nHBae M0 coptsu
E 11
xample 4
BnO PMBO Dess—Martin periodinane
BnO Q_o R omws
B0 AllO CH,Cly, 1, 2 h, 90%
OH NHAC
BnO PMBO
o o)
Bé‘,?oﬁrx/oAno oTDS
o NHAc

TDS = Thexyldimethylsilyl
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Dieckmann condensation

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

Cop = O
CO,Et
2 CO,Et

CO,Et (o\ (@
OEt enolate OEt 5-exo-trig : {OOEt Q;o

Ho (O, formation ~ _OEt ring closure
(% CO,Et CO,Et
OEt

6

Example 1
H an |;| :an
SN NaHMDS, THF T oTBS
Meozc/\D‘ +OTBS o N
// —-78 °C, 58%
MeO,C MeO,C
Example 2°
1. t-BuOK, Tol., reflux, 5 min.
2.18 N HySOy, THF, 4 h
61% for two steps
Example 3°
0 OH
AHMOCHZCFg 3 equiv KOt-Bu, DMF A S\ A,
o : o]
Ary 0 °C, 30-90 min., 75-88%
T X

1.1. Li, Name Reactions, 4th ed., DOI 10.1007/978-3-642-01053-8_79,
© Springer-Verlag Berlin Heidelberg 2009
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Example 4'°

A R
H ‘ 1. K,CO3, DMSO, 24 h 0 N
N N 2.60°C,48h \\
& “—co,Me Ni—eco,Me
3.5°C,2MHCI, 1h OMe
CO,Me 63% \j
0
o) H P
y N
— —
. N/ _ N/
[e} COgMe HO Cone
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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 | Howmo £0e
EWG , S WEWG| — WEWG
= +W LR q = . >
“ ! . LUMO
diene dienophile adduct

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

Example 1°

OMe *

OMe Me3SiO )Q

CO2Et  hydroquinone \ ;

Z Y

J/ ' | CQaEt
Megsio” N AcO 180 °C, 1.5 h, 62% L
OAc
The Danishefsky diene Alder’s endo rule

OMe

OMe EtO, E
ﬁ " J/cozEt -
T AcO™ OSiMe
Me3SiO \ACO 3

4:1 o-OMe : B-OMe

Example 2, Intramolecular Diels—Alder reaction’

O F 0
yko Br,-BIPOL, AlMe, Qiio
F |
N\) CH,Cly, tt, 8 h, 65% -

1.1. Li, Name Reactions, 4th ed., DOI 10.1007/978-3-642-01053-8_80,
© Springer-Verlag Berlin Heidelberg 2009
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Example 3, Asymmetric Diels—Alder reaction®®

H Ph
s | Ph
@
N._.O
BrsAl'g o}
CHj; M
o) " “OCH,CF3
L
CO,CH,CF
ZXT2¥T3 4 mol%, CH,Cly 94% ee

-78°C, 12 h, 99% 90:10 endo:exo

Example 4, Retro-Diels—Alder reaction™’

(e}

MeAICl,, maleic anhydride x
MeO,C —

CH,Cl,, u-wave, 110 °C
1 min., 74-84%

—_

Example 5, Intramolecular Diels—Alder reaction''

9 0 Me,AICI, CHoCly
=
H —78t0-30°C, 71%
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Inverse electronic demand Diels—Alder reaction
EWG LUMO EWG
EDG A %WG
=z, ﬁ .|~ ~EDG ©/EDG
~ S J HOMO
Diene dienophile adduct
Example 1°
Me
W /—\—\>i Cat. =
|
N...O
f 3 mol% Cat., BaO, rt, 5 h [W\ @ o
e}
o 0~ NOEt
OH CJ\VCO2Et W
EtO,C.__~ S
110 °C, 48 h 2 T o Omt
76% 2 steps OH 58% ar, 95% ee
Example 2°
@ Mes o
Q] el i)if "
)H/\ . 5 mol% Rz Rs
H Ri 70-90% yield

Jie Jack Lie, 4th editn

3
Cl 1.5 equiv NEt3, EtOAc, rt, 6 h 95-99% ee
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Example 3, Catalytic asymmetric inverse-electron-demand Diels—Alder reaction*

OEt SOLAr
0, N7 ‘ 5equiv —/ Ph 2 OEt
10 mol% Ni(Cl04)5*6H,0
- 10 mol% DBFOX-Ph

X . H 97:3 endo/exo
CH,Cly, rt, 73% yield Ph  88% ee

sy

O

DBFOX-Ph = (@] /
I

Ph Ph

Example 4°

] MeO  OMe 1)

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

OMe
EWG = CONEt,, CO,Et,
COR, Sozph’%N’ AZM 2. Et,0+BF3, CH,Cly, rt OMe

0 Me

Q o)
w EWG MeO> R, EWG
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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Z—0 (-0

=

T~ €=U
X — |l & X X

e.g.:
S0,Ph EOL o0 o * SO,Ph
% 2
Et0,C.__N OFt )))t\, EtO,C ‘N OEt
+ 1

] fC [ — )
T\ Ph \\\OEt H

Ph \/LH Ph

Example 1, Heterodienophile addition to diene'

MeO ~» (COQEt toluene Meo\@/coﬁt
| -
E ! 110 °C, 60% 0

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

MeO2C
COzMe
OMe
Meoﬁ P NTON GGl reflux
=/ OMe Nx N 5days, 65%
MeO \(
CO,Me

Example 3, Using the Rawal diene’

NM
2 CHCls, —40 °C o

(e}
)k * i © (6]
71%
Me CO,Me _~ oTBS o MeO,C

Rawal diene

Example 4, Also similar to the Boger pyridine synthesis®

:g/—\\

pz4
—2Z

2]

(@]

T

&
+
z
>
=]
=
=

=7 N\

(2}

O =]

T

w

5555
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Example 5
®
Me.__Me T S
oj>§ro oTf
| |
0 N\C ,N\> 0
u "
Et0, O
Etoj + ° OEt Mes HzO/ | “om, CMes | OEt
‘ 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
Hio® OH
K 0 OH
© 1,2-alkyl @
> T H
> “H shift “l R R
R R

R R
R R
Example 1*
o (0]
(@)
O 50% aq. H,SO,4 O
reflux, 80% O
o] OH
Example 2°
0 OH
HO conc. H,80, HO
Et,0, 95%
Example 3’
OH
(0]
o ‘ conc. HCI, CH3CN !
¢ )
5 O 1.5h, 1t, 73% o O NH
NBoc kO

1.1. Li, Name Reactions, 4th ed., DOI 10.1007/978-3-642-01053-8_81,
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Example 4'°

. /\éok

H,SO, \\ A (1
0°C to rt \ QAc K

oS

62% AcO
O
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Di-m-methane rearrangement

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

R R

R
R2 hv R2 R
| :
A | R
1,4-diene vinylcyclopropane
R R R R R R r2 KR
R Ay e e ﬁ{
< ” Ceo -
‘) C . FAY ‘ R4R3
R4 R3 4 R3 R* R
diradical diradical

Example 1, Aza-n-methane rearrangement”

hv, acetophenone
Ph
/ \ PN
Ph N~OAc benzene, 86% OAc

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

{

X
hv, 300 nM
U CH3COCH;3
S
0, X 23-64% (S)2

X = CHs, CH,Ph, COCMe3, CO,CH,Ph
SiMe3, SnBus, SePh, (CHy)3CH3

1.1. Li, Name Reactions, 4th ed., DOI 10.1007/978-3-642-01053-8_82,
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Example 4, Oxa-n-methane rearrangement®

Me oMe Me 3
hv, acetone m
Pyrex, 76% 0o :
yrex, 1o 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

: NH, OHC” : CO2 O

Hef -0 e

H® 0 COH
N
. -
N
H
CO,H CO,H
- H,0 air OX|dat|on
=T
2
Example 1
CO,H
H
MeO
Me0\©\ i + 0 NO,  EtOH O ~
+
CO.H A, 95% NO,
NH,
Example 2°
CO,H

H
(0]
N )k . o EtOH, reflux
NH, COzH 3h, 20%
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Example 3, Combinatorial Doebner reaction’

Ry O PhH ™S

H 3 A~ NH, | _ R _
o TH\N)Y * R reflux, 8 h Rs y
H X OHC N

(0] (e} [e) N

R2

R2

Y e

(0]
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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.’

(0]
X HCI or
+
NH2 ZnCI2
O (0]
X reversible
NH conjugate addition
irreversible condensatlon
fragmentation J\
e
N =

conjugate addition

cyclization A )\©\
- +
rearomatization N
H NH

Example 1°
NH COgMe
2 A)Ok TSOH, CH,Cl, N
.
MeO,C™ ™" “CO,Me reflux, 24 h N COMe
2
E 6
xample 2

F H i
\@\ . 6 N HCI, Tol. F\@\/ﬁ\
NHAG | 100°C. 21, 70% NT M

1.1. Li, Name Reactions, 4th ed., DOI 10.1007/978-3-642-01053-8_84,
© Springer-Verlag Berlin Heidelberg 2009

e



Jie Jack Lie, 4th editn 197

Example 3, A novel variant'

R 3% [RhCl(cod)]2 Rs
©[B(OH)2 . Rs\/ifo KOH, tt, 24 h @Rz
NH, R thgn 10% Pd/C _
2 equiv 1 a|r,4r29_flgt;é<%4 h N™ Ry
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3. Eisch, J. J.; Dluzniewski, T. J. Org. Chem. 1989, 54, 1269—1274.
4. Zhang, Z. P.; Tillekeratne, L. M. V.; Hudson, R. A. Tetrahedron Lett. 1998, 39,

10.

5133-5134.

Carrigan, C. N.; Esslinger, C. S.; Bartlett, R. D.; Bridges, R. J. Bioorg. Med. Chem.
Lett. 1999, 9, 2607-2712.

Sprecher, A.-v.; Gerspacher, M.; Beck, A.; Kimmel, S.; Wiestner, H.; Anderson, G. P.;
Niederhauser, U.; Subramanian, N.; Bray, M. A. Bioorg. Med. Chem. Lett. 1998, &,
965-970.

Fiirstner, A.; Thiel, O. R.; Blanda, G. Org. Lett. 2000, 2, 3731-3734.

Moore, A. Skraup Doebner—von Miller Reaction. In Name Reactions in Heterocyclic
Chemistry; Li, J. J., Corey, E. J., Eds.; Wiley & Sons: Hoboken, NJ, 2005, 488—494.
(Review).

Denmark, S. E.; Venkatraman, S. J. Org. Chem. 2006, 71, 1668—1676. Mechanistic
study using "*C-labelled o,,B-unsaturated ketones.

Horn, J.; Marsden, S. P.; Nelson, A.; House, D.; Weingarten, G. G. Org. Lett. 2008,
10,4117-4120.



198 Jie Jack Lie, 4th editn

Dotz reaction

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

or OH
A R2 Re
(OC)sCr _ + RLiRS _
Rl R2 R \Rs
OR Cr(CO)3
OR OR N \ "
OR
(OC)scr:g_\ —Co (OC)“Q:g_\ ‘LL (OC)4Cf:g_<R3
" — 2 R R2 coordination R 2
R
R2 __—
alkyne OR
N . \
insertion N CO insertion
RL ‘ RS
oc-§tco
oc CO
o OH
) 2 RL RS R
electrocyclic tautomerization
ring closure R’ Rs R NZs
OR Cr(CO), OR CrCOk
Example 1°
NO, OMe 0
[ Se (OC)sCr 1. THF, reflux Se
* 2. CAN, 22% NO,
O
Example 3*
H MOMO OMe
MOMO OMe

N\ CICH,CH,CI
Cr(CO)s

O._ O 70°C,1h,76%

O
MOMO  OH O7L
MOMO x
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Example 3*
BnO
Cr(CO)s
MOM P MeO O;
BnO <
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/\(lj\ —78°Ctort MeO
MeO" F
e0 3. 1.02 equiv Et;0-FBy, rt MeO

29%

5 equiv. Ph—=——H CAN-HNO3
84%, 2 steps
THF, 80 °C
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Dowd—Beckwith ring expansion

Radical-mediated ring expansion of 2-halomethyl cycloalkanones.

o]
Br BugSnH, AIBN
CO,CH, PhH, reflux CO,CHj
>r\(\ '\< A NoT + 2 <CN
=N 2 *
NC N=N CN homolytic

cleavage

2'-azobisisobutyronitrile (AIBN)

nBuen '/\-éCN — = nBuSne + H%CN

0 JSnBus © . (o
AN 147 J
Br BusSnBr N o, S ~co.cH
CO,CHj3 - CO2CHg 2CHg
e} O
- . (\m SnBU3 > + Bussn .
*CHO,CH3 CO,CHz

Example 1*

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

Tol., reflux 23 h

| 86% o a3y
Example 2’
CO,Me
&;C/%\Mi\ AIBN, Bu3SnD Q Q/\A &DZ\M%
7 [
PhH, 80 °C COM
2 b 8% 15%

7%
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Dudley reagent

) fﬁ@
~
o N@ e} O N/
CH3O0Tf
CO

Dudley benzyl reagent Dudley PMB reagent

The Dudley reagents are employed for the protection of alcohols as benzyl' or
PMB? ethers, respectively, under mild conditions. Carboxylic acids are readily
protected as well.” Activation of the appropriate Dudley reagent in the presence of
an alcohol furnishes the desired arylmethyl ether. The benzyl reagent is activated
upon warming to approximately 80-85 °C, whereas activation of the PMB reagent
occurs at room temperature upon treatment with methyl triflate (CH;0Tf) 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
@ CH5OTY, toluene W
_ 0" Neg o
@AO N 0°Ctort, 1h, 99% CH,OTf

Dudley benzyl reagent

CHs
CHs N
/@AOH KOH, 18-crown-6 \
+ N =
H3CO ‘ _ toluene, reflux (-H,0) /©/\O N
¢ 0,
cI” N 90-93% HCO

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 “"oBn
w, -ORC PncE, 85°C, 24 h, 96% @'m/OAC

1.1. Li, Name Reactions, 4th ed., DOI 10.1007/978-3-642-01053-8_87,
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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 27
Dudley PMB reagent

CH;0Tf, MgO OPMB
Si(CHg);

OH

oA Si(CH)s

PhCF3, rt, 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, 1t, 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 Z o
Q ‘ CH30Tf, MgO, toluene 0 n
j\ PN OCHj * o SN j\ bl
N 0t0 85 °C, 24 h, 84% o N OCHj
0 Nl
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& Erlenmeyer—Plochl azlactone synthesis

Formation of 5-oxazolones (or “azlactones”) by intramolecular condensation of
acylglycines in the presence of acetic anhydride.

HN Ac0

/\ N
/& COoH ——— /&O
¢} Ry S0

Ry

AcO® ™\
(o) o H\N
> N
HNKFQjL%)k rRAG T N — /(&o + 2 AcOH
R N0 §) T 00 )é R0
H mixed anhydride
Example 1°
o)
HN/\ NaOAc, ACZO
L COHM «
Ph™ ~o o~ 110°C,69-73%
O\
Example 2°
HN— ZLO OH Pb(OAC); Ac,0
L cogH +
Ph™ S0 : O THF, reflux, 15 h
OH O#
H o
H o
O/N BuNH, O 7 NH-Bu
_ 0 O HN
A0 N 67%
Ph 5512 "
Example 3°
o
HN— 1 oB NaOAc, Ac,0  BnO A
/& COZH + H " N\O
Ph™ o 95% F NS
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(CHs3),. Enolates, enolsilylethers, and even more acidic ketones undergo
efficient dimethylaminomethylation—employed in the Mannich reaction.

Mechanism
CH, ©
o LDA OLi Ne !
)k/RZ i )\/R H3C™ "CHj
R THF  R; 2
L
IQO
R)\/R2 0
]
\ RHSAN/CHs
ﬁle R, CHs
H,C @ CHy
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(SiMe3),, THF
—78 °C, 45 min.
then 15 equiv of Mey(CHo)N*I~
0°C, 15 min.

COMe 5 20 equiv Mel, MeOH, 0.5 h

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

COgMe

1.1 Li, Name Reactions, 4th ed., DOI 10.1007/978-3-642-01053-8_89,
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Example 2*
CH, © H ? o
H Ul | N Co:s—o
o _NZ Il
[N% 0-§-0 HsC™ CHy [ ﬁN) o)
N O N
N Et;N, DMF, rt (Y Et;NH
H EtsNH 12 h, 64% | "CHj
CHs
H
N ,0*# o° " o [N
I ~
[NﬁN s N, 0-8-0 (e
N Et;NH [ =N 0 \—N-CHj
N CHs
Example 3°
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Eschenmoser—Tanabe fragmentation

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

1. HyO,, “OH

@ 2. H,NNHSO,AT, H
3.7OH
o)

O OH (‘OH
;EO @Q ) e (2

N SOLAr
Co
“on ” SOzAr + N,T
N SHOLAr \\N SOLAr
4
Example 1
NN

Tol-SO,NHNH,
CHCI3-AcOH (1:1)

rt,5h, 73%

Example 2’

Me Me
1. TSNHNH,, rt

o T 2.55°C,2h,50% ||| o

Me

1.1. Li, Name Reactions, 4th ed., DOI 10.1007/978-3-642-01053-8_90,
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Example 3’

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

NaBH,, AcOH, THF, 0 °C
OMe

2. TESOTT, 2,6-lutidine
NNs CH,Clj, 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, + CHO + HCOH —= RN

formic acid is the hydride source as a reducing agent

€}
H (B\H /~OH @ (SHZ
/H — RN, R,N\éi@ .
R—NH, H H
H@?H
. ® ®
R*N/i\;_>:0 o=c=0T * __/'H H rCOH,
HLo ” R—NH - RN
\
/mH ® - H®
— RfN/i" 0 —= 0=C=0T+ R-N-H "+ RN
LS

DCOD, DCO,D, DMSO

microwave (120 W)
1-3 min.

Example 2°

1.2 equiv 37% CH,0 in H,0 s

ZT

I 5 equiv 85% HCO,H in H,0
steam bath, 84%
OH

OH
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Example 3"

N

LI

varenicline (Chantix)

O
N /N
™ — (L0
X Mo N
N
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Evans aldol reaction

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

0 o O OH
Lewis acid ~
ey e N dewessn A A
H R' base :
Me Me
Y Evans syn

chiral auxiliary

o o o) o} o)
I SR S e e

o N 0N O \_(N
\—<Bn Ph Me \—<Ph \—<t—Bu i-Pr
Example 17
o] OH O ©O
\)kN o 1-BuBOT, RN Ph)\l)kN\)—k/o
~ 2. PhCHO, - 78 °C
\\ 79%, 80:20 de T\
Bu,B @ Bu, Bu o V
B />_H
\)Ok i Z-(0)-boron enolate \)\ /k PhCHO O}\NH Bu

formation

R3N: J \\ \\ "

Bu_ B

aldol

)\l/k k workup )\l)k )k
condensatlon

Example 2’
P
. N N O
TiCl, DIPEA | \
Q m )k CHyClp,—78°C, 1.5h  MeO:C \\
COZMe \\ then rt, overnight, 52%
OMe

1.1. Li, Name Reactions, 4th ed., DOI 10.1007/978-3-642-01053-8_92,
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Example 3’
1 eq. Bu,BOT; S O OH
S K
)k (0] AN 1.1 eq. EtsN o)kN OTES
o) N)S * J :
\J PhMe, 0.15 M /" OBn :
. OBn OTES -50to-30°C Bn
2h, 72%

Bn

Example 4, Crimmins procedure'”

TiCly

o O
(- )spartelne
TBDPSO\J\ * MNA TBDPSO
CHO \\LJ 96% 96% de u

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.

R H (0]
R1%KR3 Nuc-H 1>S%L X =Cl,Br,|
— R Nuc
X H 2 Nuc = OH, OR, NRR'
R, Ry base R3 Ry

The intramolecular Favorskii Rearrangement:

(0} O
R4 Ro Nuc-H (
—_— Nuie  h-os
X H R4
- base R, H
(0]
Iy

enolizable a-haloketone

Os_OR
©S0R

€]
O
H Cl —-Cl
/\ HOR + -

©0R

cyclopropanone intermediate

€]
0, OR 0 OR/‘H% - 0«_OR
- HOR
[ o — [e) ¥ GOR
Example 1°

H  COH
M Brp, CH3CO,H W KOH, DMSO Xﬁ;
0, 0,
50°C, 1 h, 97% . 100°C, 1h
47%
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Example 2, Homo-Favorskii rearrangement’

0 o (e}
TsO O 1.96 eq. NaOH
H + +
dioxane/H,0

90 °C, 3 h, 86%
51:40:9

Example 3°

0 ? Br i
COMe gy,  Br COMe  \aOMe, MeOH ~ MeO
Et,0 37% 2 steps MeO

o)

Example 4, Photo-Favorskii Rearrangement’

o] 300 nm light (0]
Cl ° L, -Cl electron
5% aq. CH3CN homolysis N “ranster
propylene oxide H H
4 h, 81%
o @ HH c® OH
Cl 1,2-aryl cl H,O
@ T N® o
H H migration o)
Example 5°
(0] (0] NCO - o
NC® N N
Br KCN, a-cyclodextrin \\ Br NC
MeCN, H,0
N 10-15°C, 12 h X N

80%
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Ho._0O
H z
I R
Example 6"
0
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.

o Rs O
5 —
R%&Re' Nuc Rq X =Cl,Br,1
X R, — > R Nuc Nuc = OH, OR, NRR'
Rz Rs R, R4

R3a5#H

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

© OEt
0 /\
©o
/ Hg(OAc), O;>

EtOH, reflux CO,Et
4h,71% Bj)

Br

non-enolizable ketone

Example 2°
©/NHLi o
Br /@
= N
H
o Et,0, hexane
25°C, 67%
Example 3°
o THF, =78 to =30 °C, 90% ?Q\E(
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Feist-Bénary furan synthesis

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

o M Et,N, 0°C, 52 h Q/
+
)K/Cl
OEt 54-57% CoyEt

®
EtsN: Et;N“H OH
CO,Et
KH CO,Et ::)\ rate-determining @I/ z
CO,Et _FH —
—_— Cl /E T e N
07 o P o :NEt,

)

@

CO,Et CO,Et
\ B 7
oo o

H
0] o EtzN: j

Example 1%

o H3CO,C._0
o o KOH, MeOH |
+
0
Moa OCH, 57%
Cl o O HiCO
Example 2*
o)
(e} O O pyridine, rtto 50 °C, 4 h \

H)boI ' MOEt

then rt, overnight, 86% CO,Et

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

R,0Cc_HO
Br O 1 , R,0C CO,Et
U * M [omim]OH I&COzEt fommiEr /m\
R R, R T OFEt R; Rs

rt o ) 70-75°c Ri™ o~ Rs
interrupte )
Feist-Benary Feist-Benary
products products
<}
gt Syt o o %
2= 3 35 . _ ) . _ ~
Rj = H, n-Bu, COEt bmimlOH = _N& N~c,p, [PmimBr=" N N-c,H,
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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
BzO HgC|2 M62CO Hzo BZO
BzO reflux 4.5h, 83% BZO

TsO OMe TsO OMe
1
HgCl HgCI o
BzO
BzO ] BZO TsO OH
HO O 4
2 Ts OMe
o)
Bz0°2° OMme
o |
BzQ~ /mo"'
83"/6 OBz 80%°
OH 93%*

More complex products:

o]
BzO Q g
&ﬁ Acoﬁﬂ\%o
AcO OMe O e S OMe

OC6H4OMe(p)

BZO BzO
AcO
OAc

83%7 75%7 86% 2 1)8 OCgH;OMe(p

Complex bioactive compounds made following the application of the reaction:
HO

> _NH

HO

OH O

Paniculide A® Pancratistatin’®  Calystegine B,""
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Modified hex-5-enopyranosides and reactions

OAc HO
ol . B
B0 Ome 85%"*

H o\

c HO O
OMe
Bno Vo 7 g B
n
BnO OMed\‘ 2

08%13 B"O OMe

a, Hg(OCOCF;),, Me,CO, H,0, 0 °C; b, NaBH(OAc);, AcOH, MeCN, rt; c, i-
BusAl, PhMe, 40 °C; d, Ti(Oi-Pr)Cl;, CH,Cl,, —78 °C, 15 min. (Note: The aglycon
is retained in the Al- and Ti-induced reactions).

References

1. Ferrier, R. J.; Middleton, S. Chem. Rev. 1993, 93,2779-2831. (Review).
. Ferrier, R. J. Top. Curr. Chem. 2001, 215, 277-291 (Review).

3. Ferrier, R. J. J. Chem. Soc., Perkin Trans. 1 1979, 1455—-1458. The discovery (1977)
was made in the Pharmacology Department, University of Edinburgh, while R. J. Fer-
rier was on leave from Victoria University of Wellington, New Zealand where he was
Professor of Organic Chemistry. He is now a consultant with Industrial Research Ltd.,
Lower Hutt, New Zealand.

4. Blattner, R.; Ferrier, R. J.; Haines, S. R. J. Chem. Soc., Perkin Trans. 1, 1985,
2413-2416.

5. Chida, N.; Ohtsuka, M.; Ogura, K.; Ogawa, S. Bull. Chem. Soc. Jpn. 1991, 64,
2118-2121.

6. Machado, A. S.; Olesker, A.; Lukacs, G. Carbohydr. Res. 1985, 135, 231-239.

7. Sato, K.-i.; Sakuma, S.; Nakamura, Y.; Yoshimura, J.; Hashimoto, H. Chem. Lett.

1991, 17-20.

Ermolenko, M. S.; Olesker, A.; Lukacs, G. Tetrahedron Lett. 1994, 35, 711-714.

9.  Amano, S.; Takemura, N.; Ohtsuka, M.; Ogawa, S.; Chida, N. Tetrahedron 1999, 55,
3855-3870.

10. Park, T. K.; Danishefsky, S. J. Tetrahedron Lett. 1995, 36, 195-196.

11. Boyer, F.-D.; Lallemand, J.-Y. Tetrahedron 1994, 50, 10443—10458.

12. Das, S. K.; Mallet, J.-M.; Sinay, P. Angew. Chem., Int. Ed. 1997, 36, 493-496.

13. Sollogoub, M.; Mallet, J.-M.; Sinay, P. Tetrahedron Lett. 1998, 39, 3471-3472.

14. Bender, S. L.; Budhu, R. J. J. Am. Chem. Soc. 1991, 113, 9883—-9884.

15. Estevez, V. A.; Prestwich, E. D. J. Am. Chem. Soc. 1991, 113, 9885-9887.

16. Yadav,J. S.; Reddy, B. V. S.; Narasimha Chary, D.; Madavi, C.; Kunwar, A. C.
Tetrahedron Lett. 2009, 50, 81-84.

i



222 Jie Jack Lie, 4th editn

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 a,B-ratio of about 7:1). The examples
illustrated*®’ are typical of a very large number of literature reports.'

i) HOCH,CCH®
ii) HSPh

AA% + Lewis acid
C
Ac =

R =i) OCH,CCH®

OAc . i
Eo iy SPh
iii 4
AcO — R )—b

AcOZ® o
N

OAc

4
General examples

OAc

OAc SnBry, CgHys, EtOAC  AcO \O H
AcO o 4
AcO — rt, 5 min, 94%

More complex products made directly from the corresponding glycols:

O OH O
OAc O
“OH AcO/—0 *O% o NHC(O)CCl;
OMeO OH O EtO Ph =
AcO —0: loXe)
3 By spontaneous sigmatropic
@ In PhCOCH,CO,EL, rearrangement of the glycal
In benzene, BF3°OEt, BF3'OEt?v 3-trichloroacetimidate made
5°C, 10 min, (67%, 't 12 min. o With NaH, CIsCCN,
a-anomer).® (81% a-anomer). (78% a-anomer).'0
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Products formed without acid catalysts

7%

Promoter: [e}

DEAD, PhsP DDQ ) ) o

(80%, o-anomer)'!  (88%, mainly )12 N-iodonium dicollidine péerchlorate
C-3 leaving group of glycal: (65%, mainly o))"

hydroxy acetoxy pent-4-enoyloxy

Modified glycals and their reactions:

OBn OH 0 Me
(o] Qo N N
OBn/ + Ph / + </ ‘ /)
BnO o N N
OBn
ﬂ t Ph<@__<
BF 3¢ OEtz CH2C|2 AgNO3 Na,COg, reflux MeNO,,
(70%, mainly o)™ 6 h (58%, B 1:1).1°
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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
o NaOMe
X OH
MeO,C coMe + Hs 8
OMe —
MeO,C
o]
oo :
( .  OCHs \ °)
o & OMe o) —
©s H CO{
\)kOMe 3 OMe
\Q Me020
MeO,C OMe
- / OMe —
E k
MeO,C o) CO,M oM
o2 oS \)k MeOZCJ 2Me €
OMe
© OMe
OMe
@ / & ‘> CO,Me,
H O \ O
Meo& Q NaOM |\ s >
allvle S OMe OMe
S OMe
s S MeO,C" 5—
_J COMe Meo,c—  CO2Me CO,Me
MeO,C 2 2
CO,Me MeO@\,H CO,Me CO,Me
o] — HOMe OH
8 fe) S \Cy S:
P OMe —
MeO,C( S MeO,C MeO,C
CO,Me
5
Example 1
-0 12 equiv HSCH,CO,H S<_CORs NaOR,, RsOH S
| )—CO:Rs
CO2R3 R30H, HCI (g), —10°C, 1 h CO4R, rt, 24 h, 46-98%
OH
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Example 2°
_CH
N3 CHs
o
HSCH,CO,H
HCI, MeOH
Example 37
N._Cl Hs I
S OEt CO,Et
Z~cn  NaH, DMSO, 89%
Example 4°
> _ HSCH,COzMe )V\QCOzMe
=—CN  NaOMe, 68%
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Fischer indole synthesis

Cyclization of arylhydrazones to indoles.

R R!
R HrRz L@ {
2
e gt
N N N
H o} N NH; N
H
phenylhydrazine phenylhydrazone
;
’ R R1 i H R e
2 " .
Qﬂﬁr\R )%/R [3,3]-sigmatropic @( tautomerization
[ 1(\ rearrangement NH,
NN A Nt o W@
H H H ®
H
protonation ene-hydrazine double imine
R R! H R H !
R? 2 Rz — NHj
5 — Qe QLo — =
2 N 2 3
N @ : @
H, HH H H
Example 1°
NTX
\
=
] Ph AN
o]
{ N—( @ 1. neat, 160 °C, 24 h =\,
/
N © N N2 2 NHNH,, 120°C, 121 )
H H 71% N
H
Example 2"
o}

AcOH, A, 5 h |
©\ NH, * CN N CN
NH CO,Et 57% H CO,Et

Example 4 (Severe racemization)’

H

H
mcozm or mcozme 1. PANHNH,
o N 0 =N 2. AcOH

Ho Ho\py

1.1. Li, Name Reactions, 4th ed., DOI 10.1007/978-3-642-01053-8_98,
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CO,Me
y P, pp—  COzMe
H
N f N\\ + | Ho+
H A
N
22% Ph H
16% 6%
H H H
| CO,Me :
N N 5 | COMe || T CoAMe
HoL N =N N
Ph o
5% HoR gy 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 Rz\ro
+ R,CHO ——— > | R; + H,O + HCI
R{” N P HCl N R He
H " H

oH H® %S o R,

|
(0]
O R R
= H,O
S R1)YNH HO 29 L

al Cl

R2

R, Ra R,

= o~ N
Sn2 o isomerization H \N elimination O/\<
R1/S¢N - E}( N

Ry éD — Hal P

Cl Ri
E 4
xample 1
OH TsOH, Tol
NH, + son, 1o
HsC reflux
o CHO
POCI3, 80-85 °C
G — o
CH, ,
15 min., 40% \ CHa
HN{ ’ N\/>/
o)
Example 2°

OH ¢
dry HCl gas NH
/©ch s Q)\f
SOCly, ether Cl
HO HO
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N N

) QJY
S O,
_ “Thewo (o

dry HCl gas, 16.5%
Y 9 ° halfordinal
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Fleming—Kumada oxidation

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

) 1. HX
SiMe;Ph 2. ArCO3H, base j)\H
R™ R 3. hydrolysis R™R!

retention of configuration

\ @ ipSO \ &X/\Si/i IT' /AL
~&i =si — N0

R)\I &'H@ substitution XQ\J)\ R™OR!

R1 R "R!

the B-carbocation is stabilized by the silicon group

H O

Ar .(5\ )K ﬁCbT Ar

NG Ar
_ \ . © ‘@‘/ .
HX \SI/OC(‘)/&O ArCO, /SI\O —— S‘I\O (0]
R™R! R™ R R7OR!
X
H ©
|
o [ON )k ¢ Ar 0™ TAr
—ArCO o Ar
’ d fg T)r R —
5o T To- —= oo
’ ‘)\ /0)\ ‘ )\
R OR! R™ "R R™R!
o]
o) o
C)k HO Q) /‘HO)kAr
O" A Ar hydrolysis © OH
/O\é' k9 ey o Y A j\ PN 1
e T T s R™OR
(‘) OH ?/Sl\a R R‘I
1
R™ R R)\R1
4
Example 1
o 2 om0
CeHig ) N m-CPBA, KHF, DMF
NBoc
(EtO),PhSi 0to 25 °C, 55-70%
~O0TBS
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Example 2°
O o) O
TsQ H O-N° -
21T oo, 1 f T
TBSO I e TBSO 7 P
i-Pr—Si—0 THF, H,O OH H OH
[ 55 °C, 90%
Example 3°

HsC,, H,0,, KF, KHCO;4
0,
BnG DMF, 93%
Example 4°
MeO,C SiMeo(OMe) ¢ e, MeO,C OH
THF/MeOH
0, 0,
oMo 30% H,0,, 7% Co,Me
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Tamao—-Kumada oxidation

Oxidation of alkyl fluorosilanes to the corresponding alcohols. A variant of the
Fleming—Kumada oxidation.

F
\ __F KF, H,0,
Si

R 2 ROH

R KHCO;, DMF

Example 1°

0o
NaCO3 CH3CO3H
Me,FSi
e2rst CO,Me 3 h, 64% CO,;Me
o]

Example 2*

Et_ Et

)\j/\ THF-MeOH R N .

R “'0SiM -85¢ - :
OSiMe3 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.

O
PN o)
R Cl
@ R * Hal
AlCl, <j)L

O
Z
o
o) . O: [e) €] N
)k AICI, complexation )B _AlCl, ACI, + il
R™ >cl:-” R (,%l R

acylium ion
cI= AI cl o
electrophnlc CI\ aromatization
I + AICI
substltut|on — HCI dR Cls
@ "
Example 1, Intermolecular Friedel-Crafts acylation®

F

N AICl3, CH,CI N.
CHO Se%. - F CHO

Example 2, Intramolecular Friedel-Crafts acylation’

OMe
Me (COCl),, DMF OMe
then AICl3, 84%
o

1.1. 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,CH;
PPSE, CH3;NO, O OO
reflux, 10 min., 44% N
H O
PPSE = Trimethylsilyl polyphosphate
Example 4, Intramolecular Friedel-Crafts acylation’
CONMe, o
POCl3, K,CO3
A\ A\
N CH3CN, 60 °C NH
H 74%
COH ©
MeO PPA,80°C  Me0
\ N
N 35% NH

0
o /
>{ \ 20 mol% BF;0Et,
o o
o MeNO,, 100 °C N

Y 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
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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— AI Cl R

SIC| © CI&_ aromatization
AICI R. Al o aromatization
Regis' S ="l —= Al * R (e —
®
alkyl cation
Example 1'
SnCly, CH,Cl,
0°C, 1h, 84%
4
Example 2

o }
=
RmRz + R3A\)H( 0" oy “ches
XN OH 10 mol%
R4

Rs = aryl, alkyl 32-96% yield, 83-98% ee
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Me Me

f0 “oTf CMes

Z/ \> /VH( e ,CU\
N T Rg 3
‘ OH 10 mol%

Me Rs = aryl, alkyl
3= ant aly 80-95% yield, 68-97% ee
Example 3°
o e HCI Me
(I\¥|3(0H)2 + Me 0O 20 mol%
© DME, rt, 36 h
1 equiv HF 51% yleld, 92% ee
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Friedléinder 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 0 eOH N R
+
: X
NH2 \AR'] N/

)
« OH
R R~ €}
\QJLRW O\)\R1 Aldol i/ OH
Q)
)H dH condensation NH20R1
o
HO NH,
R A R
B “OH A
- - §— N} R! _
(7R i N R
NHO o
HO
Example 1°
©:CHO ) QBn NaOMe, EtOH mBn
NH, O reflux, 3 h, 90% N7
Example 2’

AcOH, 100 °C

88%

1.1. Li, Name Reactions, 4th ed., DOI 10.1007/978-3-642-01053-8_102,
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Example 3*

~ ~ ~ — ~
N” “NH, ONMe NN Me NN Me

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,SOy4, slow addition, 65 °C > 99% 94:6
H
Me N

TBAO = 1,3,3-trimethyl-6-azabicyclo[3.2.1]octane Me

Example 4"

Mes—N_ _N—Mes
Cl-Ru=

cr

OH Q 1mol% ~ PCyfh R
+ RZ\)'LRA] P
NH, N

KOH, 1,4-dioxane R
80°C,1h
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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.

OH
OH O
AICI
s and/or ©/MR
O R
-~ AlCI,
ol CI3AI

@

0]

0" R complexanon Bk C-O bond . W
t i fragmentation R

aluminum phenolate, acylium ion

N ®
O:)A|C|3 o CE’HH o OH O
—_— —— R
Sh{ O
R
G @
o),AICI3 OH OH
_ H (¢} ;
@ Q=R ] 0~ "R
Example 1°
Br
OMe O ZrCI4, PhCI

@AO Br 160°C, 3 h, 63% O O

1.1. 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)3, PhMe

OO 110 °C, 15 h, 64% OO

241

OAc OAc
Example 3, Photo-Fries rearrangement’
O
Ph NH, O

HN

Low-pressure Hg lamp Ph
254 nM, MeCN, 36 h, 65% OO

Example 4, ortho-Fries rearrangement®

MeO OMe MeO OMe
(0) 2.1 equiv LTMP o
OCONE CONEL,
Il 2 _78°Ctort, 97% e
Example 5, Thia-Fries rearrangement’
H Q-CFs
0 LDA, THF, -78 °C Y
H/CF O
0%y’
¢ then H30*, 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.

SO.Cl 1. R'NH,, pyr. S7 T COpH
NO; 2. R?OH, PPh;, DEAD H NO,
N _,* + SO,
1 2
3. HSCH,CO,H R R
NO, NO,
H.
@l S7CoH
SO,NHR!
/S0, 2 KSOZNR1R2
RIKiH, NO, — e NO, R2OH, PPhy NO,
DEAD
NO
NO, 2 NO,

See page 365 for mechanism of the Mitsunobu reaction.

@W‘z s CoH
580, NO
SNAr 2 H 2
N H02C @ N02 — R‘I’N\RZ + + SO2
@
H
NO,

Meisenheimer complex

Example 1°
HO m, NsHN Cs;C03 NN
Br DEAD, PPh
67-ra% o' n-Bugh!
n 62-66%
forn=1-3 n n
Example 2’
Et
OH
NsNH,
Q DEAD, PPhs
MsO
MsO Noe Boc CO,Me

1.1. Li, Name Reactions, 4th ed., DOI 10.1007/978-3-642-01053-8_104,
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K2C03 B
—OTBDPS

DMF

MsO

N
Boc

Example 3*
Z

] N\ \/\ P
o, PyPh,P, DTBAD HN~gq K,COj3, PhSH %
OH + NO ' 2
= @/ 2 CHaCly 4% l NO, CHiCN,80%  NH,

PyPh,P = diphenyl 2-pyridylphosphine; DTBAD = di-ferz-butylazodicarbonate
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Fukuyama reduction

Aldehyde synthesis through reduction of thiol esters with Et;SiH in the presence
of Pd/C catalyst.

o) Et,SiH, Pd/C 0
R” “SEt THF, rt R”H
Path A:
% Pd(0) o i o :
)L Skt Et3SiH Ny reductive . Pd(0)
R™ "SEt  oxidaive R~ Pd” Ny R”Pd”  elimination R~ “H
addition Et3Si—SEt
Path B:
Et;SH + Pd(0) —— Et;SiPdH
OSIEt i
fo) . 3 OSiEty (0]
Et;SiPdH —
R)kSEt R)[\SE‘ R)\SEt Et;si—set R~ H
Pd., Pd(0) 3Si—SEt
Example 1'
Et3SiH, 10% Pd/C
acetone, rt, 92%
Example 2°
EtSH, DCC, DMAP  EtS
H02C/\|/\002Me tSH, DCC, WCOZMe
NHBoc CH3CN, 11, 1 h, >70% (0] NHBoc
) . H
Et;SiH, 10% Pd/C COMe
acetone, rt, 30 min., >74% (6] NHBoc
Example 3*

COSEt 0.5 mol% Pd/C /@NCHO
Me0/©/\/ 2 equiv Et3SiH MeO

rt, 2 h, 92%
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Gabriel synthesis

Synthesis of primary amines using potassium phthalimide and alkyl halides.

P CO,H
1. R—X 2
N k® HN-R -+ ©[
2. Nu or R'OH CO,H
(o}

€]
0 ~RIXY E)/GOH (9 on
@/@ Sn2 hydrolysis
N~ K " . N-R —— » CN-R —»
(0] (o)

o)
_/oH
H
o °
0 CO, co?
HoooT G — mm s (T
< R ©
R ! co
D Fon 2
©oH
E 2
xample 1
Br 0 KNPhth, DMF NPhth O
90 °C, 40 min.
o] Br 90% o} NPhth
NH, o]
HzNNH,, CH30H /OMO/
reflux, 1 h, 80% o} NH,
6
Example 2
R, DIAD, PPh, Ry Ry
~ phthalimide . NH,H, or CH3NH, S
Rz)\AOH Rs NPhth CH3OH Rs NHy
THF, 1t, 4 h R —_— Rs
Rs 76-98% 3 76-88%
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Example 3*
o 0
PN CO,Et
Br~ “CO,Et 2
NK 2 N
DMF, 90°C, 3 h, 77%
ol o)
o /
0 0 o Q
6 M HCI, reflux o] OH
Y - o =13C
140,93%  houp,N
o)
Example 4°
OH NPht NH,
DEADS,;'/"F 2. Pd/C, Hy, THF, 95%, 2 steps
OH ° 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:

o)
1. RX NH
N° K® HN-R  + \
2. NH,NH, NH
0 0
LN ©
@] R+X fe) :NH2NH2 QO
' (:/ NHNH,
o @ Sn2
N~ K N N-R —_ GN-R
(0] o) e}
o)
O o
NHNH, NH NH
— — NH — HoN-R + NH
NH
\ O NH
S O
G R :
E 6
xample 1
o 0o
B P(OEY, PO(OEt), _H2NNHz, EtOH PO(OEt),
N N—/ v HN—
N rt, 18 h, 97% 2
o o]
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Gabriel-Colman rearrangement

Reaction of the enolate of a maleimidyl acetate to provide isoquinoline 1,4-diol.

P Q OH ©
A/\ﬁ J\*R NaOR
Y N o R
G ROH \

Ar
—L___NH
G =CO0, SO, G
)
o)
S
E’/ OMe (Q ome
N N OMe O
—_— e —_—
‘>7R — ‘>7R N\)'LR
o O O O (0]
OMe e o o OH O
O O o
R . R o R
;\ NH NH N
OH
5 o)
Example 1°
OH O
JLO/ Pr 4 equiv i-PrONa SN OLPr
S/ i-PrOH, reflux _NH
5 min., 85% o”s‘\o
Example 2°
0] OH
NaOMe, MeOH X COEt
N
CO,Et reflux, 24 h NH
0 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.

N
S
t-BuOCI R Et;N
g L, O
NH, NH N
H
Et;N
o]
ST se N
A" ™
CCI NS
H
sulfonium ion
(0] EtsN: ~>g
—o HLR [2,3]-sigmatropic (f\f(‘m NEt3
e -
_S rearrangement
H S (Sommelet-Hauser) NKI-VF
\S EtgN: \\ \S
N N
H H H

Example 1'

H

@\ 1. t-BuOCI ms\
NH, 2. \s”\gCHS N” Me

3. Et3N, 69%

SCHs
©\ 1. t-BuOClI ©\_/O LiAlHy, Et,0 ©\—/©
NH, @SCHs °C 48% overall

3.Et;N
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Example 2°
MesS £-BuOCI, PhNH,
EtsN, 93%
Ra-Ni p-TsOH, PhH, reflux
EtOH 71% 2 steps
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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 ©/
Cu,Cl,

5 c”~ CI\C:b'@
©© - _ACk_ :c=07 Hel :c=02 /e AICI5
c=0: AlCl; AICI, o ©

€]
®
) @ (‘(‘)‘

_AlCl3 o 0 0 © _

@0 N+ ac, — A
—_— - 1.Al —_—
)-L Cl3, \CJK)H 4 H
Cl” H ® H

acylium ion

CHO H CHO
—»e = CHO 4 4.©/ + HCI + AICl
AlCl,

@

AICI,

Example, A more practical variant*

OH OH H,0 OH
Zn(CN),, AICI3 ] 0to 100 °C CHO
“NH,
HO HCl (g), 0°C HO cl© 95% HO
orcinol
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Gewald aminothiophene synthesis

Base-promoted aminothiophene formation from ketone, o-active methylene nitrile
and elemental sulfur.

Base
8 ——~ 7\

R__O CO,R? R~ CO,R?
I :
R! CN R! NH,

R
a 2 GO) Knoevenagel HO j @
OR_. & ,(OR ) OR ® "N or?
~H BH j’/ b

condensation
B:
CN R CN ‘\:B
Q
03 _OR?
Oy OR?
R o 2 N CN
€]
— BH (\ R ) . P Nen — | R
HO R1 /S S\
NC  OR? R "H S S
B S, 8
B \S*S/
o OR2 R20,C
@ 2
NH R CO,R
HBH R—/ 2
R *N/> \/‘ €] '/GS\ / \ + S7 + B
e — 1§>§ S R™™Ng” ~NH,
1 o ©
R s{s)gs oS
Ylidene-sulfur adduct
Example 1*
HsC.\-CHa CO,Et
N CO,Et Ss - [S\ NH,
i |
| AN CN morpholine N
NS 82%
Example 2’
j\ M <002Et Sg, EtOH, morpholine Me/Z—SfOZEt
N
I\
o CN 60°C, 5 h, 74% t-Bu0,C~ s~ "NH,
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Example 3’
o) HN(TMS);, HOACc
Me toluene, 65 °C, 90%
+ 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
10
Example 4
o o
3 equiv morpholine NH
o 1 equiv S8, 55 °C, 24 h ~ 2
+ ne
O 85% conversion
o) 64% yield o
e}
Example 5"
/
. . O,
3 equiv morpholine 0
0 N 2 equiv Sg, MeOH
+ Z ‘ N
. NH
SN oA 20-45°C, 24 h _~
0 72% N7
Condensation o Addition
MPS = of sulfur
morpholine- ~ N= N
polysulfide N
ylidene ylidene-sulfur
adduct
Dimerization o
l Cyclization
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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,4OH, EtOH
+2 +2
L L L L
N S N S _
/CU, Cu R n
R—= + @ —
¢ X x 7 x Lo
cu Cu R Cu R ——
N N
€]
< R¢:>
or +2
CU+ L\ /L
L = Amine Cu R Cu*2
X =Cl, OAc R— =— R
Y
R “cu
L/ \L + 2Cu

Alternatively, the radical mechanism is also operative:

@%H +cuct 2% /N
(6]
=t [ H—=-+ cun

X

% j@ dimerization /7\ _ @

Example 1'

o

2 ¢ N= ¢ 2
— NH,OH, EtOH

90%

€
I
I
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Example 2, Homo-coupling®

/_//—: Cu, NH,CI J— — \

HO 0,,90% HO OH
Example 3’
R R
S s
p X
R_s s_7 cucl s s
I | TMEDA —
N 0, CH,yCl,, 0°C
47%
R = n-Hexyl
s s
R/S\/S L \%R
R R
References

Glaser, C. Ber. 1869, 2, 422-424.

Bowden, K.; Heilbron, I.; Jones, E. R. H.; Sondheimer, F. J. Chem. Soc. 1947, 1583—
1590.

Hoeger, S.; Meckenstock, A.-D.; Pellen, H. J. Org. Chem. 1997, 62, 4556-4557.
Siemsen, P.; Livingston, R. C.; Diederich, F. Angew. Chem., Int. Ed. 2000, 39, 2632—
2657. (Review).

Youngblood, W. J.; Gryko, D. T.; Lammi, R. K.; Bocian, D. F.; Holten, D.; Lindsey, J.
S.J. Org. Chem. 2002, 67,2111-2117.

Moriarty, R. M.; Pavlovic, D. J. Org. Chem. 2004, 69, 5501-5504.

Andersson, A. S.; Kilsa, K.; Hassenkam, T.; Gisselbrecht, J.-P.; Boudon, C.; Gross,
M.; Nielsen, M. B.; Diederich, F. Chem. Eur. J. 2006, 12, 8451-8459.

Gribble, G. W. Glaser Coupling. In Name Reactions for Homologations-Part I; Li, J.
J., Corey, E. J., Eds.; Wiley & Sons: Hoboken, NJ, 2009, pp 236—-257. (Review).



Jie Jack Lie, 4th editn 259

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

AcO—-Cu—OAc
pyridine ~ _/ \/‘
H— ., ®J i RrR—=¢©° —> R—=——Cu—O0Ac

R——

e=~R .
- (, dimerization

Example 1°

SPh

= Cu(OAc),
pyridine/MeOH (1:1)
/ rt, 72%

CO,Me

Example 3, Homo-coupling®

Cl

NC.
N/\ NC.

Cu(OAc),, pyridine

MeOH, 1.5 h, 68% cN

Cl
Cl
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Example 4’
T™MS
Z
g
= Cu(OAc),
K2COs TIPS
R \\ TIPS pyr., MeOH ‘
61-70% 1. TBAF
R =H, t-Bu
‘ ‘ 2. CuCl,
Cu(OAc),
R\/:7::7R 51-64%
| TIPS
I I Z
| X
| I =
R
R N = = = R
Example 5"
CN = 2 equiv Cu(OAc),*H,0
%O\//
ke 1:1 Pyr: MeOH
<é> 70°C, 12 h, 41%
CN @
%O = — Fe
Fe R ==
<& eN
Example 6"

———
= Q 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.

@ ~o e
©/N2 © OH
+

Example 1*
® o O
o Ny BF, KOAc, 18-C-6
< jg/ * rt, 55%
o}
Example 2
NH,
NN )\A
Py N\> ONO NS N\>
Meo™ N PhH, TFAA, reflux Meo)\N/ 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.

RO,C co2

RO,C.__CO,R  heat @\
©\ * ‘ ~R"OH
NH, R'
OH OH o
N R N R N" R

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

€]

¢

EtO,C
EtO,C ) OEt substltutlon @\ ﬁ\oa _ EtOH
@

NHz " TOEt N~ TOEt
H, \/
e OH
- CO,Et COZE‘
cyclization ‘ 2 tautomerization
SN N/
Example 1°
EtO,C_ CO,Et o o)
2 2
o] Ph,0, reflux 0 COEt
ST Y o, P
N 75%, 10:1 |
N
H H N

1.1. Li, Name Reactions, 4th ed., DOI 10.1007/978-3-642-01053-8_113,
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Example 2°
EtO._H H
AN \ | AN \  PhOPh
| Et0,C” “CO,Et \ |
N —— N
4 EOH, refux . ©02C ‘coEt. p,  250°C

o = ol =
EtOZC\[ﬁN\R POCl; EtO,C._/ s N-R
\ o
N 70°C Sy
H

Example 3, Microwave-assisted Gould—Jacobs reaction’

NH, ROHNTS CO,Et
a SN EtOZCICOZEt Ph—-O-Ph )~ SN CO,Et
N /) o, ‘ /)
! N H7OOEt  130-140°C N7\
R1 R1
Ph—O—Ph
250 °C
CO,Et
3 X
Microwave, neat g/f\N o
— i _7E0,
10-12 min., 64—75% N N/)
R4
10
Example 4
Ar_ EtO,C.__CO,Et
Ar. 2 2
EtO,C._COEt  gion — I
N * I NN~ H
N NH, H™ OEt reflux 'T‘ H
Ph Ph
POClj
reflux
Ar o Ar Cl
CO,Et CO,Et
Ph-O-Ph a 2 POCl; N)fj/ 2
heat \/N N reflux /N N/
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) Rige  RIR?
R—X R-MgX
R” OH
Formation of the Grignard reagent:
< MaZMa vz 22 MILAN
R-X Gl
R7~X
. LM Mg vy
single electron
R-MgX
transfer R- . MgX
Grignard reaction, ionic mechanism:
@ © t
R2&° O 2
g e I
R-Mgx R -MgXx R” ~OMgx
8 5@
Radical mechanism,
R2 R
170 ) R! R H® RR?
Y R X
. R0 R OMgx R”OH
DR 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
0 o}
o/ O
Br Mg O(ﬁ
toph Ph
OMe o*& %% meo O]’
N\
MeO SN O [N
N Ome MeO Vel
MeO OMe
OMe
Example 5"

% OH
O\/‘\ + S MgBr O

CHO 0°Ctort, 91% O7Q
Garner's aldehyde
Example 6"’
OH
0 . /
3 equiv Bng—/ N o
0 V
THF, 55 °C, 1 h, 85%
(6]
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:

. €]
DAL—’®D%+%+L

D=0, NRy; L=0H,", OTs, L, Br, Cl

Example 1°
OMOM OMOM OMOM
NaH
MsQ 15-crown-5 MsQ,
0°C tort, 95%
O

Example 2, Aza-Grob fragmentation®

o]e)

©\/l 15 eq. NaBHy, THF OH
N" 0

N/\/\/SH
é/s 70°C, 31 h, 53% H
Example 3’
NaH, DMSO, 40 °C, 1 h;
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
ﬁo ’ L NH3 /KICN
R0 R'0” ~0 R™ NS0
H
N H
3N/\ 3
N: CN
3 ’\‘ — R'OH Ea /i’L
/& R'O Q H,N K
H
H3N:
R (OH R o SANN R
CN —"OH AN >N~ H0 CN
Rl o] ®R9>:NH(2) RGN © R®™ 'N" "0
O NH, HaNTH \ H
S\ H
E 6
xample
CN NHy NC CN
/Y\ " ( -
o) CO.Et  75% 0PN Yo
H
Guareschi imide
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Hajos—Wiechert reaction

Asymmetric Robinson annulation catalyzed by (S)-(—)-proline.

L/ cat. H ” :l z/f
+ - -

CH3CN
(0] o 3 o}

0 HOzC’D
N
Michael H N
addltlon

enamine formation

Usb hydrolysis

of iminium salt

catalytic
/Q asymmetnc ,\T’/Q\

0
enamine aIdoI : oy

co2 CO,

st

Example 1"

o (0]
3 mol% (S)-proline J/i%
o CH3CN, 100%, 93.4% ee
Example 2°
o
0O (o] 1 equiv L-phenylalanine

D-CSA, DMF, rt, 24 h,
o then increase temperature
10 °C every 24 h for 5 days.
79%, 91% ee
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Example 3*
O (6]
, L-phenylalanine, PPTS
DMSO,50°C,24h
o o) sonication, 94%, 73% ee
OBn OBn
Example 4°
o Q 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.

(0] 0]

NaNH H__R®

5 2

R R R%NH + Rge
1 2 R3R

R R? R3R4 PhH, reflux ~ R' 2o

non-enolizable ketone

) e o
R})KKRS N2 5 o R° H R
R TSRS Ry ok, — R NH; ’<3R4*’ \’<3R4
R2\ R R0 R R R R
© NH,
Example 1*
CO,H
t-BUOK, t-BuOH
43%
o}

Example 2°

OMe
R0 S
O‘O 1. KOH, dioxane
rrael DA
OMe 202 OMe

77% 2 steps
O OMe OMe
Example 3, Racemization'
OxNHCgH 14

H _ H

LiNHCgH 1
(@] _

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-

O'Rt
HaNpH RN

R

lysis.
R
)Ok icozEt NH; EtOZCfICOZEt
+
” ||
RO H 0~ R! RONR!
H
iy
H3N:
3 /\H CO,Et enolate R H aldol
—_— CO,E
O R! formation (‘y[ condensation
H3N:\/H O R'
OH :NH; OH
W CO,Et
Qo R™™
R COEt —R CO,Et —=
07 "R! 0~ "R! "R
CO,Et , CO,Et
—iNH, _enamine K\J/i ~H,0
o) R formation  'HO™ Z5R?
HoN
:NH
R HNFH R T
,~H,__CO,Et EtO.C. Vichael | E10ZC CO,Et
H3NY 2 ichae
3 % \-;[COZEt ‘
H.NAOR! 1 addition R I"R1
® RT QO R g N
H
H3N:
R 3 \'
R R
EtO,C CO,Et H
tautomerization ‘ EtO,C CO,Et EtO,C CO,Et
N Rt | — ||
N HO TN R R7ONTOR!
i H

Example 1°

CO,Et
4 ’ J//\
NO, ©

NH3 NO,
EtO,C CO,Et
| |
N
H
nifedipine
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Example 2°

0o
HOBS\/\/<O 9
o R;0,

RH
o) 0 c COsR,
L+ L _coRr,* NH,0AC ﬁ
H (Si02-SO3H), solvent-free N
H

60 °C, 83-95%

Example 3, Hantzsch 1,4-dihydropyridine as a hydrogen donor'’

EtO,C CO,Et

N
1L - L
~
N R N7 SR
1) H
Q.o

84-99% ee
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Hantzsch pyrrole synthesis

Reaction of o-chloromethyl ketones with (-ketoesters and ammonia to assemble
pyrroles.

o COLEt CO,Et
\i . J//\ J

ol N

H
CO,Et CO,Et CO.Et
/—\ NH, enamine _H,0 H3N:/‘H COLEt | 2
formation YHO
HoN? HaN HoN
€]
HaNyH o OH —H.0
*\ CO,Et cl CO,Et 2
Cl J/\ . H\ —_—
HaN'S :NH

COLEt COLEt
(oo ﬁii m
HaN:/

Example 1*
FaC._O 1 DME, 87-140 °C /d
7\
\i CO,Me  2.5h,60% FsC™ ™y~ ~COzMe
Br N
Example 2’
CO,Et
X COEt N, EtOH 2
o I A
cl 0 48, 48% N
H
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Heck reaction

The palladium-catalyzed alkenylation or arylation of olefins.

R? Pd(0) (catalytic) R' R?
—_—

H
R1’X + >:< —

R3 R4 base R3 R4

R'= aryl, alkenyl, alkyl (with no B-hydrogen)
X =Cl, Br, I, OTf, OTs, Ny*

The catalytic cycle:
Pd(0) or Pd(ll) precatalysts

base*HX l
R'—X
L,Pd(0) r
base E A
7/ /X
LaPd(il) LaPd(1l)
H R!
R!' R?
R3 R4 A’\D Bh H R2
# RS R*
H PA(I1)LyX R! Pd(II)LX
R \""R? ~.C _ R \'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], £10,C

\/—/\\ . Q[COZEt 3 mol% %
N N
) proton sponge )
COzMe otf PhH, 60 °C COzMe
95%, > 99% ee

1.1. Li, Name Reactions, 4th ed., DOI 10.1007/978-3-642-01053-8_121,
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Example 2, Intramolecular Heck’

N/YVOTBS

| 0.3 eq. Pd(OAC),

BU4NC|, DMF, K2003
70°C, 3 h, 74%

Example 3°

[0}
Cl \)k - 9
O s o
MeO 1.5% Pdy(dba)s, 6% P(t-Bu)s
MeO

1.1. eq. Cs,CO3, dioxane
120 °C, 24 h, 82%

Example 4, Intramolecular Heck’

@EN\IC' 10 mol% Pd(OAc), N {
Z ANF @:
NN NN

Bu,NCI, K,CO;4
DMF, 100 °C, 67%

Example 5, Intramolecular Heck'?

MGQMQ

Me N Me
Me

Pd(OAc),
(R)-Tol-BINAP
MeCN, 80 °C
(62%, 90% ee)

5 mol% Pd(P(o-tol)3(0AC),  Me

O -
NaOCHO, TBAB, Et;N

NH DMF, 80 °C, 65% H
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Heteroaryl Heck reaction

Intermolecular or intramolecular Heck reaction that occurs onto a heteroaryl re-

cipient.
Pd(PhsP),, PhsP, Cul s
i\ e =
ARGy N
S Cs,CO3, DMF, 140 °C
N
() ¢
S H N
PA(I)l ———
omdatlve addition insertion B:-/ \CL(II)
I
Cs,CO S
S @—@ + Pd(0) + Csl + CsCHO;
Example 1°
N
\ N
Br \NW Pd(OAc),, NaHCO4 ©\/iN
N
©:N n-BuyNCI, DMA NS0
[of 0,
sl O 150 °C, 24 h, 83% Ay
Example 2°
o
ol
e
L,
Pd(PhsP), KOAC N™
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.

PdCly(CH3CN),, THF A
CHs
MeO,C then, EtN, 84%  MeO,C 0
PdCl,(CH3CN), =< Et;N
" palladation m\Pd/CI
MeO,C patladalion  meo,c NHZ™ g

precipitate
cl, Cl
Et;N-Pd EtsN
) ©_Cl
P ‘ H’\Pd\ — Hel m
- o)
N —"PdH" MeO,C N
MeO,C NH, MeO,C ”2 2 H
H
"PdH" PdL, B-elimination /@CHS
” N
MoO.C N CHy MeO,C N
2 H
Example 1"
10 mol% (CH3CN),PdCl,
100 mol% benzoquinone A\
CHs
10 eq. EtsN, THF, reflux, 84% N
Example 2'¢
B
Br 10 mol % (CHsCN),PdCl, r
@\/\ 100 mol% benzoquinone @
NHTs 10 eq. LiCl, THF, reflux, 77% N
Ts
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Hell-Volhard-Zelinsky reaction

a-Halogenation of carboxylic acids using X,/PBrs.

O [0}

O PBrs H,O
R 2 R
R
P G . Ao

Br

o-bromoacid

(O B: ™\
enolization ¢
- . R\/\Br O hydrolysis H\O R
R
\BrBr \r I o Br
r
Example 1°
Cl
CO,H Cly, cat. PCl3 O/COZH
O/ 97°C,6h, 77%
Example 2°
COZH
PBr3
o Br2 57% 002
References

(a) Hell, C. Ber. 1881, 14, 891-893. Carl M. von Hell (1849—-1926) was born in Stutt-
gart, Germany. He studied under Fehling and Erlenmeyer. After serving in the war of
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

1.1. Li, Name Reactions, 4th ed., DOI 10.1007/978-3-642-01053-8_123,
© Springer-Verlag Berlin Heidelberg 2009



e A

©

Jie Jack Lie, 4th editn 283

Tyaspol, Russia. He studied at Gottingen 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.

Watson, H. B. Chem. Rev. 1930, 7, 173-201. (Review).

Sonntag, N. O. V. Chem. Rev. 1953, 52, 237-246. (Review).

Harwood, H. J. Chem. Rev. 1962, 62, 99—154. (Review).

Jason, E. F.; Fields, E. K. US Patent 3,148,209 (1964).

Chow, A. W.; Jakas, D. R.; Hoover, J. R. E. Tetrahedron Lett. 1966, 5427-5431.

Liu, H.-J.; Luo, W. Synth. Commun. 1991, 21, 2097-2102.

Zhang, L. H.; Duan, J.; Xu, Y.; Dolbier, W. R., Jr. Tetrahedron Lett. 1998, 39,
9621-9622.

Sharma, A.; Chattopadhyay, S. J. Org. Chem. 1999, 64, 8059-8062.

Stack, D. E.; Hill, A. L.; Diffendaffer, C. B.; Burns, N. M. Org. Lett. 2002, 4,
4487-4490.



284 Jie Jack Lie, 4th editn

Henry nitroaldol reaction

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

i . R3><H Base HOﬁ—eNOZ

R R, Ri TNO; Ry Ry

H R R, Oe Ry 0°©
R B 10 1_ 7 1
1}’\‘02 . )fNo2 *N\@ ,Li ):N\®
R; HB Ry R, Oe B R, OH
nitroalkanes .
nitronates nitronic acids
le) or aci-nitroalkanes
R3 H
NO NO2 R,
Rl Rs HB_ Ry
1 d oo ‘78 R, OH
2 2-nitroalcohols
4
Example 1
)\/\/CHO
HO
Amberlyst A-21 (basic)
NO, rt, 62% XX
Example 2, Retro-Henry reaction’
OH CuSO0;, S0, 0
NO,
MNOZ
PhH, reflux
67%
Example 3, Aza-Henry reaction®
(0]
9 P—Ph
o 5 mol% TMG, 100 °C HN™
_R—Ph Ph
NN + Ph _~
| Ph NO,
Ph) 0.1mBar,26h  Ph” Y "Ph
95%, anti:syn = 98:2 NO,

1.1. Li, Name Reactions, 4th ed., DOI 10.1007/978-3-642-01053-8_124,
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Example 4, Intramolecular Henry reaction'’

(s "
SN N o) DBU, MeCN N
/\/l\/NOZ OaN :

62% S
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Hinsberg synthesis of thiophene derivatives

Condensation of diethyl thiodiglycolate and o-diketones under basic conditions,
which provides 3,4-disubstituted thiophene-2,5-dicarbonyls upon hydrolysis of the
crude ester product with aqueous acid.

|
NaOEt, EtOH Ph OH

2. H;0* Ph

o o) 0
i O " EtOK/S\AOEt HO S
o

O
0 0 A3Ph
%_{ o\]\:ofLPh
Ph Ph EtO,
\ CO,Et ;OO PO SeThcoEt
®< — H

-~
s o/ s Ph /
< CO,Et o
CO,Et Eo
o)
©_ Ph Ph Ph . Ph Ph
D B S €
L CO,Et  reflux COLH
S COgEt HOZC S 2! H02C S 2
Example 17
CH3 fo)
HsC o [0} 0] (0]
CHs s SOCly, pyr. S
e} Ar Ar Ar V) Ar
o NaOMe HsC CHj 95%
90% HO OH HsC CHs
S
(@] 81% (o] (@] (o] (0]
lp, pyr.
NaOMeo Ar S Ar SOCly, pyr. Ar \ S / Ar
Ph%Ph Ph Ph 89%
HO OH PH Ph
CH, o
4
Example 2
O~ O
(CHO)3, NaOMe
S
O MeOH, 42% O
o) o)
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Example 3°
1. O 0 Ph
ph” S pp o
0 KOH =
NS
Y 2. SOCly, pyr.
9% yield, 2 steps Ph o
Example 4°
C. CH
HeC CHs NaOH,MeOH ° :
+ NC”s7eN 7\ NH,
o o 94% NC g
o}
Example 5, Polymer-support Hinsberg thiophene synthesis’
Q Q. 0 KOt-Bu
o () Lohsan + 34
Ry = COyi-Pr Re R

O CONE,
PPhs*

® i
o)
s 10% TFA  HO \S R,
oy /
/ CH,Cl, Ry
SLa -
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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.

Pd catalyst
activator

RI-SiY + R2-X R'-R?

R = alkenyl, aryl, alkynyl, alkyl

R2 = aryl, alkyl, alkenyl

Y = (OR)3, Me3, Me;OH, Me(3.)F (1+3)
X =Cl,Br, I, OTf

activator = TBAF, base

Ar'—Ar? \

Ar'=Pd(Il)—Ar? Arl=Pd(Il)—X

Pd(0)

f Ar'—X

reductive oxidative
elimination addition

trans"metal"latio

Example 1"

D ¢
MeOZC s s /

{ s
Si(Et)F,

S (7°-C3H5PdCl), /\
DMF, KF, 100°C ~ MeO,C™ g

82%

Example 2°

Br N\ 7

K _
CsHMMSi(OMek CahHi s \
BuyNF, Pd(OAc),, PhsP

DMF, reflux, 72%

ZX
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Example 37

| [allylPdClI], (7.5 mol%)

\CHs TBAF, THF, 25 °C, 60 h
61%

Example 4°

MOM MOM

[allylPdCl], Me
TBAF (12 mol%)

\ X THF, 60 °C, 20 h

\ ) 20%
Me = /" ‘
O (e} H (0] O
T T
Ph Ph
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Hofmann rearrangement

Upon treatment of primary amides with hypohalites, primary amines with one less
carbon are obtained via the intermediacy of isocyanate. Also know as the Hof-
mann degradation reaction.

(e} Br, H,O

L R-N=C=0

R NH,  NaOH

R-NH, + CO,T

9(1 -~ ()LBr

A CPEL R L @k\@j
r

N R”NH K RSN

S}

OH SoH

@ H
R-N=C=0 N
— o RYH —— R-NH, * CO,T

isocyanate intermediate

Example 1, NBS variant®
o}

H
NBS, DBU, MeOH N.__O
O SO
reflux, 25 min., 70% (0]
ON " 0N

Example 2, lodosobenzene diacetate’

OCOCF3
| (0] F"h (0]
O)L OCOCF3 \i?\"d\’(‘))kCFs
H
CH3CN/H,0, 4.5 h, 100% “'OH
€]
H

Example 3, Bromine and alkoxide®

Br, NaOMe

MeOH, rt — reflux
75%

1.1. Li, Name Reactions, 4th ed., DOI 10.1007/978-3-642-01053-8_127,
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Example 4, Sodium hypochlorite’

OH NaOCl OH
HO o) HO 0
HO H
CONHy  aq. NaOH © NH,

50 °C, 81%

Example 5, The original conditions, bromine and hydroxide’

b Ph
)ﬁ—( Br, aq. KOH );i_(N:N
CONH N. /[ NH
N N\X\ 2 0°C to reflux N \N/N\z\ 2
Me

80%

Example 6, Lead tetraacetate'’

b(OAc),
CONH, NHBoc
t-BuOH, Et3N

reflux, 75%
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Hofmann-Loéffler—Freytag reaction

Formation of pyrrolidines or piperidines by thermal or photochemical decomposi-
tion of protonated N-haloamines.
cl LHS D

R Ngz 75 o N
R2
cl H® @ A . H
‘ H ——~ Cl + i-H
R1/\/\/N\R R1/\/\/Cg‘R2 homolytic R1J\/\/g‘R2
2 cleavage
chloroammonium salt nitrogen radical cation
L@ NH2 I:I/H
1 ~
_ g ® 1,5-hydrogen ), R2 R oR2
T I

N—H
R (H g2  atom transfer (9 H
R1/\/\/®\R2

€]
o 2 o l5) ome wlD
/EENHZ (QH R NSy OH R™ N
ClI~ 2, ‘Rz . '
R? R

N
R Cl| R2 R?

2

Example 1

1. NaOCl, 95%

2.TFA, hv, 87%
3. NaOH, MeOH, 76%

HO
4
Example 2
o \Ph 84% HpSO, T 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’
Phl(OAc),
or Pb(OAC),
lo, hv, 99%
HN——P(O)(OEY), z ’ N——P(O)(OEt),
A B -
cO o AcO H
Example 5"
i )CF3 1.0 equiv CBry, hv j\ )CF3
Ve O N 0.05 M PhCF, Me O N
AKX 100 W lood lamp A~ AT
¢ M M
Me MeMe rt, 7 min. € Me' '€
. o)
1.25 equiv Ag,CO3 )k
CH,Cly, 1t, 1 h Me OO
then AcOH, 15 min. M
> 69% overall © Me' ©

References

12.

(a) Hofmann, A. W. Ber. 1883, 16, 558=560. (b) Loftler, K.; Freytag, C. Ber. 1909,
42,3727.

Wolff, M. E.; Kerwin, J. F.; Owings, F. F.; Lewis, B. B.; Blank, B.; Magnani, A.;
Karash, C.; Georgian, V. J. Am. Chem. Soc. 1960, 82, 4117—4118.

Wolff, M. E. Chem. Rev. 1963, 63, 55—64. (Review).

Dupeyre, R.-M.; Rassat, A. Tetrahedron Lett. 1973, 2699-2701.

Kimura, M.; Ban, Y. Synthesis 1976, 201-202.

Stella, L. Angew. Chem., Int. Ed. 1983, 22, 337-422. (Review).

Betancor, C.; Concepcion, J. I.; Hernandez, R.; Salazar, J. A.; Suarez, E. J. Org.
Chem. 1983, 48, 4430-4432.

Majetich, G.; Wheless, K. Tetrahedron 1995, 51, 7095-7129. (Review).

Togo, H.; Katohgi, M. Synlett 2001, 565—-581. (Review).

Pellissier, H.; Santelli, M. Org. Prep. Proced. Int. 2001, 33, 455—476. (Review).

. Li, J. J. Hofmann—Loffler—Freytag Reaction. In Name Reactions in Heterocyclic

Chemistry; Li, J. J., Corey, E. J., Eds.; Wiley & Sons: Hoboken, NJ, 2005, pp 89-97.
(Review).
Chen, K.; Richter, J. M.; Baran, P. S. J. Am. Chem. Soc. 2008, 130, 17247—17249.



294 Jie Jack Lie, 4th editn

Horner—-Wadsworth—Emmons reaction

Olefin formation from aldehydes and phosphonates. Workup is more advanta-
geous than the corresponding Wittig reaction because the phosphate by-product

can be washed away with water. Typically gives the trans- rather than the cis-
olefins.

o O NaH, then CO,Et o
eog M —— ~ "+ EO-B
EtO” OEt RCHO g EtO” “ONa

€]

S 0 o)

Q @ °
EtO~p, EtO-\4 EtO-p
EtO” “f “OEt EtO”Ph/\OEt Et0” OEt
i — ) :
N Py 0 R
€]

H

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

5 S
o Yort ? OEt
o Pp< oxP~ /—\
OEt =——~ OEt
p’ﬂm R CO,Et
HY H HY H
R  CO,Et R CO,Et

erythro, kinetic adduct

©
o 9 ort Q okt CO,Et
Q POt —— OxP-ort L =/
H\\H“COzEt Hey o\ 'COLEL R
R H R H
threo, thermodynamic adduct
Example 1°
/\M
o/\/\/\ 9 e} O
EtO- . CO,Et
CHO EtO/P\)kOEt z
NaH, THF, 95%
OMe OMe
Example 2*
o o
cHo  EtO- X COEt
/©/ EtO Pykoa z
BnO KOH, THF, 95%  BnO
Example 3’
co_ P
OMOM to N OMOM OMe
o : 0 eo R > : N
: 6 © :
OTBDPS NaH THF OTBDPS O

92%
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Example 4, Intramolecular Horner—Wadsworth—Emmons’

K,CO3
18-crown-6

Toluene
-20°C
67%
Z/E =51

R OE MeO

MeO:.,
OEt
MeO MeO Med
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Houben—Hoesch reaction

Acid-catalyzed acylation of phenols as well as phenolic ethers using nitriles.

OH OH
OH
RCN H,0
HCI, AlCI5 OH OH
OH
R R0

NH-HCI

QOH
AICI, complexation electrophilic
R—=N: —"* OH substitution
)
R—=N-AICl;
® ©
OH OH
- . hydrolysis OH
H,0: OH —_—
22N o SH; ©
R”CNH-HCI (o
H

Example 1, Intramolecular Houben—Hoesch reaction’

O. OMe 0. OMe
\[ \Q/ 1. ZnCly, HCI(g), Et,0 W
CN
2. Hy0, reflux, 89%
OMe 20, reflux (] o)

OMe

Example 2°

F OH

Pivo\i:[CN . /©:002Me SbCls, 2-chloropropane )\
OMe MeO OH CH,Cly, 1, 2 h, 95% -
H

Example 3°

Nogle _~_NH,
o ) NHz*HCl  BCl,+CH,Cl,, ZnCl, 14Cui/\/H(\
C,— N
BN then ag. HCI c

(e}

1.1. Li, Name Reactions, 4th ed., DOI 10.1007/978-3-642-01053-8_130,
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Example 4°
Cl
c OMe D
|
NC ‘ A\
OMe O HCI (g), THF, overnight MeO H
then 2% aq. HCI o
‘ N\ reflux, 3 h, 43%
MeO N O
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Hunsdiecker—Borodin reaction

Conversion of silver carboxylate to halide by treatment with halogen.

Long —= P AgX
O A R-X + CO + Ag
R0 "9 2
LN
X+X o) .
homolytic
gopo A2 AgX + RX@Q |
R 0 g Cleavage
o]
o) A R)ko,x 1)
X+ N — CO,T + R R-X + .
RQ’LO z RAO
Example 1°
HgO, Bry, A
m{}oozH cl Br
CCl,, dark, 35-46%
Example 2°
CO,H Br
— NBS, n-BusN*CF3CO,~ -
CICH,CH,Cl, 96%
MeO MeO
Example 3*
rC|
CO,H @ © Br
2 [&j 2 BF, _
®N "Select fluor"
F
HO KBr, CH5CN, 82%  HO

Example 4, One-pot microwave-Hunsdiecker—Borodin followed by Suzuki'®

x_COH SBr
NBS, LiOAc
BnO CH,CN-H,09:1 | B"O

OMe MW 1 min. OMe

1.1. Li, Name Reactions, 4th ed., DOI 10.1007/978-3-642-01053-8_131,
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PhB(OH),, K,CO4 O
Pd(PPh3), A
CH3CN/H,0 2:1 O
microwave, 5 min. BnO
64% 2 steps OMe
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Jacobsen—Katsuki epoxidation

Mn(IIT)salen-catalyzed asymmetric epoxidation of (Z)-olefins.

R R

't

=N, N=
/Mn\
R! o|o R’ o
Cl 3 5
R3 RS R R
— RZ R2
=< X

R6

terminal oxidant, solvent

1. Concerted oxygen transfer (cis-epoxide):

\—/ R Ry
R R, @ I Y o o \—/
Mn(V) n(Vv)

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

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

R 2+2 R4 1
R R, Q N [2+2] o v
= Mn(V) —Mn(V) cycloaddition . A—Mn(V)

R

Example 17

cat, 4-phenylpyridine-N-oxide
CO,Et COEL
— NaOClI, CH.Cl,, 4 °C, 12 h

56%, 95-97% ee

O

=N_ /Nf
Mn
SN

cat. = By O | O t-Bu
Cl

t-Bu tBu
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Example 2°
O o S
o) cat., NaOClI 0
58% yield, 89% ee NN
0] \
|
PR TN Ph ~
Example 2°
= N/\ o ™" oH
cat. NaOCl G N N,
9 LN //
88% "0 :
~NHE
88% ce o7 ~NHtBu
Crixivan
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Japp—Klingemann hydrazone synthesis

Hydrazones from B-ketoesters and diazonium salts with the acid or base.

© KOH 0
ArN2® Cl +ﬁH\COZR /H\ /J\ + )k
o) Ar N CO,R OH

Diazonium salt [-keto-ester hydrazone

@ _Ar
N

o NTN-Ar o
or & ing 1O N
H deprotonation M» \' COR
CO5R CO,R ) )

0 Cg 0

_Ar @
N H
g 0 N HL
- + o —— , N~z
- N/ 5 Ar” U NT COR
(%COZR AOH A SN COR 2
O OH
o
4
Example 1
COEt CO,Et
_No N
Me” S _ NaNO; | me™s c®
7\ AN
OO0 conc. HCI, H,O OO0 @
NHZ OOC N\\
SN
o]
CO,Et NMe,
Me NMe, _No
CO,Et Me™ " S
[elNe) _N
NaOAc (pH 3-4) NS
0to 50 °C H o Co,Et
72%
Example 2°

H
0.5 N KOH, THF, rt, 1 h N\NQN?
NH then
HO,C o
o OBn
-
N2"Cl 62% yield
OBn
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Example 3"
NR{R,
o o0 KOAc, H,0
ii)koa " 4°Ctort
N 60-85%
11
N
NR1R»
CO,H
H*, 100 °C NR{R,
70-85% ‘ \ COzEt

HN.
!
OEt
N
Hoie N
o
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Jones oxidation

The Collins/Sarett oxidation (chromium trioxide-pyridine complex), and
Corey’s PCC (pyridinium chlorochromate) and PDC (pyridinium dichromate)
oxidations follow a similar pathway as the Jones oxidation (chromium trioxide
and sulfuric acid in acetone). All these oxidants have a chromium (VI), normally
black or yellow, which is reduced to Cr(IV), often green.

I
N H H

Jones Collins/Sarett PCC PDC

- a ° (o] -

@ I] CrO5CI Cr,0

CrOg/H,S0, <©> CrO4 SN ’ S )2
2 |

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; e

R1)\R2 H,SO,4 acetone  Ri R

CI'O3 + H2O — HzCI'O4
@
Q 0, COH,
oV O//CE{?\@ 0<&"oH e . o cr(l)
0 H ~ R R, O° OH
black R H 1 2 green
R1)\R2 ! R, A\:B

The intramolecular mechanism is also operative:

O_ OH

N

O("[O )OL OH
- > + _Cr.
R1)$*H} R "R, O OH
Rz
Example 1°

1. Jones reagent
o= acetone, 20 min.
(0]

NN X 2. HCOoH, rt, 1h
96% 2 steps

~CO,H  (-)-CP-263114
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© Springer-Verlag Berlin Heidelberg 2009
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Example 2’
o
CO,Me
CrO3, HyS0,
acetone/H,0
rt, 74%
A

Example 3"

CrO3, Hy,SO,4
acetone, 0 °C
1-2 h, 86%
HO'
References
1. Bowden, K.; Heilbron, I. M., Jones, E. R. H.; Weedon, B. C. L. J. Chem. Soc. 1946,

wkh L

o

39-45. Ewart R. H. (Tim) Jones worked with Ian M. Heilbron at Imperial College.
Jones later succeeded Robert Robinson to become the prestigious Chair of Organic
Chemistry at Manchester. The recipe for the Jones reagent: 25 g CrO;, 25 mL conc.
H,S0,, and 70 mL H,O.

Ratcliffe, R. W. Org. Synth. 1973, 53, 1852.

Vanmaele, L.; De Clerq, P.; Vandewalle, M. Tetrahedron Lett. 1982, 23, 995-998.
Luzzio, F. A. Org. React. 1998, 53, 1-222. (Review).

Zhao, M.; Li, J.; Song, Z.; Desmond, R. J.; Tschaen, D. M.; Grabowski, E. J. J.; Rei-
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.
Hagiwara, H.; Kobayashi, K.; Miya, S.; Hoshi, T.; Suzuki, T.; Ando, M. Org. Lett.
2001, 3, 251-254.

Fernandes, R. A.; Kumar, P. Tetrahedron Lett. 2003, 44, 1275—-1278.

Hunter, A. C.; Priest, S.-M. Steroids 2006, 71, 30-33.

Dong, J.; Chen, W.; Wang, S.; Zhang, J. J. Chromatogr., B 2007, 858, 239-246.

Collins—Sarett oxidation

Different from the Jones oxidation, the Collins—Sarett oxidation converts primary
alcohols to the corresponding aldehydes.

Example 1°

O._.CHO

)i 8 eq CrO3+2P L
0 rOze2Pyr o
" > CH,Cly, 15 min., 86% " >
2Cly, in., 86%




306 Jie Jack Lie, 4th editn

Example 2’
OMe
OMe
. e
e 7 equiv CrO3+Py,
CH,Cl,, 30 min., 75% CHO
7 OH MeO,C~ Me
MeO,C Me
Example 3°
R; R
Ri R, vz Ry
D
N Ry
N R, 5060 °C, 48 h )
PhOzé 50-65% PhO,S o
References

1. Poos, G. I; Arth, G. E.; Beyler, R. E.; Sarett, L. H. J. Am. Chem. Soc. 1953, 75, 422—
429.

2. Collins, J. C; Hess, W. W.; Frank, F. J. Tetrahedron Lett. 1968, 3363-3366. J. C.
Collins was a chemist at Sterling-Winthrop in Resselaer, New York.

3. Collins, J. C; Hess, W. W. Org. Synth. 1972, Coll. Vol. V, 310.

4. Hill, R. K.; Fracheboud, M. G.; Sawada, S.; Carlson, R. M.; Yan, S.-J. Tetrahedron
Lett. 1978, 945-948.

5. Krow, G. R.; Shaw, D. A.; Szczepanski, S.; Ramjit, H. Synth. Commun. 1984, 14,
429433,

6. Li, M.; Johnson, M. E. Synth. Commun. 1995, 25, 533-537.

7. Harris, P. W. R.; Woodgate, P. D. Tetrahedron 2000, 56, 4001-4015.

8. Nguyen-Trung, N. Q.; Botta, O.; Terenzi, S.; Strazewski, P. J. Org. Chem. 2003, 68,
2038-2041.

9. Arumugam, N.; Srinivasan, P. C. Synth. Commun. 2003, 33, 2313-2320.

PCC oxidation

Example 1, One-pot PCC—Wittig reactions’

; (0]
tBu_l PCC, Celite, CH,Cly, 1,30 13, |
/SI\/\OH /SI\/\)LO/
then PhaP=CHCO,CHj
0% 95:5E:Z
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Example 2°
o]
eogc. | OH 1.5 eq PCC, CH,Cl, EOC. |
rt, 3 h, 75%
4
Example 3
QAC Y ‘ PCC, pyr.
Ph CH,Cl,, reflux  Ph
OAc OAc 8 h, 64%
Example 4°
HO o)
o] o)
o PCC, CH,Cl, o
75%, 93:7 er
Cl Cl
References

1. Corey, E. J.; Suggs, W. Tetrahedron Lett. 1975, 16, 2647-2650.
2. Bressette, A. R.; Glover, L. C., IV Synlett 2004, 738-740.

3. Breining, S. R.; Bhatti, B. S.; Hawkins, G. D.; Miao, L.; Mazurov, A.; Phillips, T. Y_;

Miller, C. H. W02005037832 (2005).

4.  Srikanth, G. S. C.; Krishna, U. M.; Trivedi, G. K.; Cannon, J. F. Tetrahedron 2006,

62,11165-11171.
5. Kim, S.-G. Tetrahedron Lett. 2008, 49, 6148—6151.

PDC oxidation

Example 1°

PDC, CH,Cl,

S\\ —_— S
0 24 h, 68% D
(\Q (\{ .
s CHO

OH S
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Example 2, Cleavage of primary carbon—boron bond®

B(OH) PDC, DMF
SN 2 SN
t, 24 h COH
75%
4
Example 3
TBDMS
oH PDC, DMF
< 0,
OH OTBDMS t, 24 h, 56% oo
References

1 Corey, E. J.; Schmidt, G. Tetrahedron Lett. 1979, 399—402.

2 Terpstra, J. W.; Van Leusen, A. M. J. Org. Chem. 1986, 51, 230-208.

3 Brown, H. C.; Kulkarni, S. V.; Khanna, V. V.; Patil, V. D.; Racherla, U. S. J. Org.
Chem. 1992, 57, 6173-6177.

4 Chénevert, R. Courchene, G.; Caron, D. Tetrahedron: Asymmmetry 2003, 2567-2571.

5 Jorddo, A. K Synlett 2006, 3364-3365. (Review).
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Julia—Kocienski olefination

Modified one-pot Julia olefination to give predominantly (E)-olefins from het-
eroarylsulfones and aldehydes. A sulfone reduction step is zof required.

R N-N
, % /\ 1 1. KHMDS R1/\/R2 Al \>\OH . SO,

2. R,CHO N
Ph Ph
O N(TMS), (0
K
Ry YH Ry
’ ) )iR NN Oj’
RIS S L AR
)—s0, K. D—s0, '3, R
N Ph Ph
Ph Ph
// \>\a R2 '/\”\>\
R OH +
— % BF@ RIS r Moy 5z
Ri™ 'S Ph
0
Alternatives to tetrazole:
FsC
_N 3
N-N N
1y N N 1| \>——
\
B oy O N
! S — tBu
Ph
FsC
PT BT PYR TBT BTFP

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

O
R H 0,PT
R
- ~ - R = 2
H 2 OK
SO,PT

Example 1, (BT = benzothiazole)’

NaHMDS, DMF OTIPS

-78°C to rt, 90% E:Z (78:22)
Example 2°

OTBS

o \/\/\i
o}
eI Y M
7\0\\\ A
d \\ KHMDS, THF, 78 °C, 85%

1.1. Li, Name Reactions, 4th ed., DOI 10.1007/978-3-642-01053-8_135,
© Springer-Verlag Berlin Heidelberg 2009
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Example 3’

KHMDS, toluene

25°C, 64%

0
)\/\/KACHO + QgKOTIPS

OTIPS TIPSO

+ WWW\/L/\/L
P
= = 88:12 = =

Example 4°
MeQO OMe
—f] _ o]
F\C OMe 1) P4—t-Bu, THF, -78°C
Q 2) cHo OMe
% 74%, yield
o MeO MeO E/Z = 98/2
F3;C
References
1. (a) Baudin, J. B.; Hareau, G.; Julia, S. A.; Ruel, O. Tetrahedron Lett. 1991, 32,

= 0 0w

1175-1178. (b) Baudin, J. B.; Hareau, G.; Julia, S. A.; Ruel, O. Bull. Soc. Chim. Fr.
1993, 130, 336-357. (¢) Baudin, J. B.; Hareau, G.; Julia, S. A.; Loene, R.; Ruel, O.
Bull. Soc. Chim. Fr. 1993, 130, 856—878. (d) Blakemore, P. R.; Cole, W. J.; Kocien-
ski, P. J.; Morely, A. Synlett 1998, 26-28.

Charette, A. B.; Lebel, H. J. Am. Chem. Soc. 1996, 118, 10327-10328.

Blakemore, P. R.; Kocienski, P. J.; Morley, A.; Muir, K. J. Chem. Soc., Perkin Trans.
11999, 955-968.

Williams, D. R.; Brooks, D. A.; Berliner, M. A. J. Am. Chem. Soc. 1999, 121,
4924-4925.

Kocienski, P. J.; Bell, A.; Blakemore, P. R. Synlett 2000, 365-366.

Liu, P.; Jacobsen, E. N. J. Am. Chem. Soc. 2001, 123, 10772—-10773.

Charette, A. B.; Berthelette, C.; St-Martin, D. Tetrahedron Lett. 2001, 42, 5149-5153.
Alonso, D. A.; Najera, C.; Varea, M. Tetrahedron Lett. 2004, 45, 573-577.

Alonso, D. A.; Fuensanta, M.; Najera, C.; Varea, M. J. Org. Chem. 2005, 70, 6404.
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 447-473. (Review).
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Julia—Lythgoe olefination
(E)-Olefins from sulfones and aldehydes.

1. n-BulLi
SO,Ar
Ar  2.R'CHO Na(Hg)
R s R)\rR1 SR
0 CH30H
@) 3. Ac,0 OAc 3
SOLAr
R1
[}
n-Bu \ SOAr R _
a-deprotonation s g1 coupling 8 acetylation
)\ _Ar R /& X 0
N
o o
SOLAr
1 SOLAr .
R R 2 R Na(Hg) o . R R!
3 R : soAr + RTOY
0 OT( single electron OAc
7({ OAc  transfer (SET)
O o
Q
4 possible diastereomers
Na(Hg) e 1
R QR o . R
; OAc R~
single electron OAc
transfer (SET)
Example 1°

1.n-Buli, THF, =78 °C 3 Ac,0

X
Ysozph 2. 4. Na(Hg)
43% E:Z (99:1)
OHC

Example 2’
OTBS SO,Ph
Q> Li
N
TEOC : °H 1. THF, =78 °C
2. Ac,0
duo  3-5%Na(Hg), 77% N
Example 3’
n-BuLi, THF, 0 °C to rt Ph_ CH
S/Ph 61-75% m-CPBA, CH,Cl, V:;C/
OHC : < > 0°C, 80-98%
° OH

1.1. Li, Name Reactions, 4th ed., DOI 10.1007/978-3-642-01053-8_136,
© Springer-Verlag Berlin Heidelberg 2009
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Ph_ CHj Na/Hg X
Ac;0, DMPA, CH,Cl, SO, THF, MeOH m
c

Ha
0 °C to rt, 60-95% OAc -20°C, 53%

Example 4°

9 1.LDA, THF, -78 °C

Ph
Ph\/S\Ph + \/\CHO

2.BzCl,-78°Ctort
3. Me,N(CH,);0H

Ph Smly, THF
Ph. ph HMPA, -78°C

Ph
Phw

o=n

OBz 67%, E/Z = > 95:1

References
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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
,(/) +
PivO s
PivO
CH,
~ OPi
. v
PivO
£Bu” N7 tBu w%o o
o
TH0, CH,Clp, ~781t0 ~30°C PNVO=— s\ —0 N
% sph
R O .0 F
I Il
F—8(0-8—-F o OPiv
n n PivO
pvo PPV Fg o F e Syl
TfO  + O:) pr
o o© PivO _ S+
PivO ) S PivO App,
PiVO @ pp

. OPiv OPiv
PivO PivO
®
Ph/S\OTf . O‘) Pho7\0 o) Ph
PivO \ HO PivO
PVO ™~ N3
SP

oxonium ion

h

Example 1'¢

BzO

o OMOM o-7—S(0)Ph THO, DTBMP, CH,Cl,
/KOMOM * ?\Z)Bn
ogen

Bz0~  OMe OH ~70 to —50 °C, 38% Q

Example 2*

1.1. Li, Name Reactions, 4th ed., DOI 10.1007/978-3-642-01053-8_137,
© Springer-Verlag Berlin Heidelberg 2009
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Tf,0, DTBMP, CH,Cl,

-7810 0 °C, 67%

e

Nu
0 o
ELLT m COLT
o o THO, CHCly O o
= o) H o
—78°C, NuH
MeO OMe MeO OM

OCbz OCbz
NuH = ROH, ArOH, ArNH,, CH,=CHCH,TMS

References
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Knoevenagel condensation

Condensation between carbonyl compounds and activated methylene compounds
catalyzed by amines.

()

N CO.R! SoH
R-CHO * CHyCOR!), — H . R 1 RN COH
COR

& . .
H-CH(CO,R deprotonation @
C’\-ﬂ (COR"), _deprotonation CNHz + OCH(COR"),

H/\, (CO,R"),CH C"?Hz

H iminium ion

7 H

D M mmemien_ o =
R™ O '

Tormation 1 — R*u@
DNH CO /GOH ) o

ht RN SR HQ O
. 1
R H S e hydrolysis RTX \O;R RN o
H, >) < COR oo — oY g ©
e R ° Ho (& S
OH
OH H@
® )
H Rﬁ/\fi\g M co,T + R/%- “O)H_> R/\/CO2H
H
workup 0“0 OH
Example 1°
(0]
S
| H + J;N>:o
‘N\ N\/\O o N
=
- xS
piperidine, AcOH \ >:O
N N

toluene, reflux ‘ "0 o H
Dean-Stark trap _—

95%
Example 2, EDDA = Ethylenediamine diacetate’

NCbz Meldrum's acid

Bo¢ EDDA, PhH, 60 °C
CHO 12 h, 84%

1.1. Li, Name Reactions, 4th ed., DOI 10.1007/978-3-642-01053-8_138,
© Springer-Verlag Berlin Heidelberg 2009
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Example 3, Using ionic liquid ethylammonium nitrate (EAN) as solvent®

©/\/CHO <CN ethylammonium nitrate wCN
+
CO,Et rt, 10 h, 87% CO,Et

Example 4°

piperidine
2-propanol, reflux
89%

References
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Shi, Y.-J.; Williams, J. M.; MacDonald, D. Org. Process Res. Dev. 2006, 10, 36—45.
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J.J., Corey, E. J., Eds.; Wiley & Sons: Hoboken, NJ, 2009, pp 474-501. (Review).
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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).

N
R-n~ R
N/N R2 N 7\ 2
G
R R
R] Rs 1 3

Rs
OWO ,
Ri Ry

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

R R
N N
W I\}_TOH I '\}IO
W ) \
Ri OR, RY R R Rs

A NH,NH R R
2 2 \N . \N
NH \_NH
K R
OH R

Alternatively,
R R R
NH NH2 7N\NH <N <N
o NH \_NH
R R" oH R
Example 1°
Me
OMe O MeNHNH, HCI, H,0 N
N
MeO Me 68% \
Me
Example 2°
o o o
EtO,CCF3, NaH, THF wcﬁ
Me
-5to 0 °C, 30 min., Me
Me

rt, 5h, 95%

1.1. Li, Name Reactions, 4th ed., DOI 10.1007/978-3-642-01053-8_139,
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Me
o \Q\@
H2Nfs—©foNH2-HCI N/ CFs3

o) ~N
EtOH, reflux, 46% o
X

HZN/S\\O Celebrex
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(Review).

Sakya, S. M. Knorr Pyrazole Synthesis. In Name Reactions in Heterocyclic Chemistry;
Li, J. J., Corey, E. J., Eds, Wiley & Sons: Hoboken, NJ, 2005, pp 292-300. (Review).
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Koch—Haaf carbonylation

Strong acid-catalyzed tertiary carboxylic acid formation from alcohols or olefins

and CO.
R ,—OH R— CO,H
CO, H,0
H /H R @
‘ CH
Rif O:'\ protonation Rﬁf Fbﬁ é 2
[cge==—
H
O
:C=0: @y
alkyl R\e R 7
migration
The tertiary carbocation is thermodynamically favored
®
o) (0] (0]
Z ®
R < R oH, -pn® R OH
:OH, =—— —_—
acylium ion
Example 1°
OH CO,H
HCOH, HySO4
rt, 66%
Example 2°
W\/XOH HCO,H, HpSO, \/\/\/><002H
CCly, 5°C, 95%
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Koenig—Knorr glycosidation

Formation of the B-glycoside from a-halocarbohydrate under the influence of sil-
ver salt.

AcO

o AcO
H ROH 0O
AcO S AcO OR + AgBr + CO,T + H,0
AcO ABr AGCO; AcO o4

H H Ac

AcO o: AcO ®
ACOW — N
0 AcO —
AcO | Br ACO NN
H Ac @ C O:
Ag H

oxonium ion

AcO . H AcO

0. ‘0 . o)
ACO - /\ R PB-anomeris ACO OR
AcO 7;0@ favored AcO 9 H
H

H Ac

-anomer

Example 17
NO,

MeO,C_ O-_..Br
HO\CA/\N/\
" . +
PivO' ‘OPiv @N CF3
OPiv
Ag,0, 10 eq. HMTTA MEO2L O \“O\C/\AN/\
CHsCN, rt, 6 h,41%  PivO" "'OPiv gN CFs
OPiv

Example 2°

Al

cO OMe
O,
AcO H N Q /©/
AcO (? Br
H Ac OH
/©/0Me
Cd,CO3, Tol. AcO o Q
O

reflux, 6 h, 84% AcO
AcO Q
H Ac
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Example 3’
PivO
O,
PiVO Ho
PIvO QL
H Piv HO' cholesterol
AgOTf, TMU, CH,Cl, PivO o
4AMS,-20°Ctort PivO )
16 h, 58% PivO .
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\)kO)K/R 0‘ R 0._0
+
L
O 2 3

o 1
R
S % P
o — o o} acyl O{ o
"H 0_0 — (.oJ<; - R enolization
_0 \f R transfer
R o 0
H

A
[e]
o& 6-exo-trig o 9 o PJ _H.0 (0] (@]
R——— R —» ( ‘ 2
f ring closure He~ R = R
I OH B @

Example 17
(0] O o
OH
O ou oo |
OEt OEt
HCO,Na, rt, 15 h, 76%
le} 0 (e} (e}
Example 2°
NaOAc, Ac,0, reflux
62 %
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Krohnke pyridine synthesis

Pyridines from o.-pyridinium methyl ketone salts and o, 3-unsaturated ketones.

o) o
NG
o ~ | B@ _ |
@ r
R)&N\ NH,0AC, HOAC o S~ pg2
@ e
iy o Bro R B~
o ¢ ‘ o Brz . s |
I N enotation - i ne ) Mieneel oS
e addition 1
'; o @OQ wo S °
1 2 @
AcO” R R R2 H
e
R
- o o —
HoN
N :NH3 o
The ketone is more reactive than the enone
R R1
;
O)‘ ‘ R R
1 _— R =
HN R le) R2 N OH - ‘
e OAc i H® RSN R
R? ¥
o
AcO
b
Example 1
‘ N Ph NH4OAC Ph
AcOH
e L
90% _
Ph™ ~O 0~ "Ph Ph N~ "Ph
4
Example 2
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Example 3°

— _
§ N NH4OAc, AcOH X =H, 65%
P\ N\ / 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,
oxidative Rt R'-MgX
-X + LyPd(0) ——— Pd - - .
Rox 2Pd0) addition Y X transmetallation

isomerization

L L reductive
MgX, + \E’a —  + R-R' + LyPd(0)

R R elimination

The catalytic cycle:

1
/R reductive o
LoPd(ll)._, ——————= R-RT + L,Pd(0)
R" elimination

LPd(l) + R'M transmetallation

L,Pd(0)

oxidative
addition

reductive
elimination

transmetallation
and isomerization

MX
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Example 17

Pd(dppf)Cly, Et,O

" @\MgBr

S

-30°Ctort, 5h, 98%

Example 2°

8 f

e 0
MgBr NilLigand Me

+ —_— >

— Me
Br (2-5 mol%)
69%
Me °
OO 95% ee
Example 3°

T

Br N~ ~MgBr /

7
\ ‘ = N

\
N" Br PdCly+(dppb) g XN
THF, 1t, 87% r

@\MgBr

S

NS

PdCl,+(dppb)
THF, reflux, 98%

Example 4°

S X

,,<\ | )
N 2z OTBS 3 equiv MgBr

23 mol% PdCl,(dppf)
Et,0, it, 12 h, 75%

Example 5°

0.3
EtO” ~O

2.5 equiv MeMgClI

10 mol% Ni(acac),
THF, 0 °C, 10 min.
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.

(7]

$
I S
8 \
R2 R1 R2

Lawesson's reagent
R',R?=H, R, OR, NHR

o/
wn-T

=0

R!

\ g
o P=9
sfﬁ{ :%o\
S
{ Ho ' { s
H Lawesson's reagent H

[S]
4
Example 1
H (0]
7 Lawesson's reagent
TC)KV (MeoN),C=S
O
O xylene, 160 °C, 47%
OMe
Example 2°

L " C H
MeO,C N awesson's M902 N

_ >

( reagent, quant. (
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Example 3, Thiophene from dione®

(0} O
R ‘ | | O R Lawesson's reagent
N N toluene, reflux
| | 88-99Y
SO,Ph SO,Ph %
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.

YN+ €Ot + H0

@
H
3
. HO ~Ho RU R
R, /‘>:0@ — RHLN R — R%fN,Rs 2 >:N®
H-N: R2 2 R4 ! R?
R3 R°R R2 R4
gem-aminoalcohol; iminium ion intermediate
R' @ R®
1 1 3 @ R R®
HCOH  re=N-R¢ - CO, RLeR - H NN
H) H R%NTR R2 R*
0 H H
o
reduction
Example 1*

H HCO,H
N 2 o)
)\ N [ )\/@
CHO o 60 °C, 57%

Example 2°
o HCO,H, H,0 e
\ 190 °C, autoclave
+ oHe N~
16 h, 75%
Example 3’

N=
HCO2H, reflux HN :>
D4 - J e I
NT 7h,45%

S H HoN S

1.1. Li, Name Reactions, 4th ed., DOI 10.1007/978-3-642-01053-8_146,
© Springer-Verlag Berlin Heidelberg 2009



Jie Jack Lie, 4th editn 331

Example 4°

H,NCHO

HCO,H
O NHCOCH; o OHCHN  NHCOCH;

An unexpected intramolecular transamidation via a Wagner—Meerwein shift after
the Leuckart—Wallach reaction

H,NCHO, HCO,H

0,
0~ NHCOCHS 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.

0
° H,0
RJKN/OWRZ OH _ Rri-n=c=0 2 R™-NH, + CO,T
H
0
by
o.__R? o HO-H
12N
— R -
ke (0] k:OH2
OH
isocyanate intermediate
H o) decarboxylation
— RT‘)T(V\H - R1*NH2 + COZT
o B
6
Example 1
X
D~ g J 3, <
w4 o
NH
MsO <O BnOH, CH4CN, 85 °C, 78% @
Example 2’

0 H o)

_N___CO,Et 7
dCI EtO,C~ 0772 NC EtOH, H,0 Q/NHz
EtsN, H /©/ 9

Br 3 20 Br 50% Br
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Example 3°
0
H3C@NH2 NHCONHAr
Q
O//S\b PhH, t, 6 h, 54% CONHAr
ArNH,: ©
‘ ArNH, H
(0] 0 e
\SN*OSOZPh Lossen N=C=0
(N-080,Ph —— ? \_/ H
@ N \
N-AT \ Ar
o H, I Ar ¢}
Example 4°

NY© N\YC N\w/©
Ho DBU, THF, H,0 /Q(N |
AcO N H,N

N

N ) j\
reflux, 1 h _C~ j\
: o o
©c o j\or\/le Meg OMe © OMe

MeO
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McFadyen—Stevens reduction

Treatment of acylbenzenesulfonylhydrazines with base delivers the corresponding
aldehydes.

O

H Base o
NG _Bae

RTNTS0Ar R H

H o) o}
)k N homolytic o
R™ N} SO _N Pl —
> N N,T + D 7a
H RENTH cleavage 2 R *H R™H
B:
Example 1*
(0]
O,N
2! \@)kNH
HN. o
SO, K2C03, MeOH O,N "
reflux, 1 h, 75%
Example 2"
O Na,COj, glass powder
MO ethylene glycol
N \_/ NHNHTs  microwave (450 W)
H 90%
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McMurry coupling

Olefination of carbonyls with low-valent titanium such as Ti(0) derived from
TiCl;/LiAlH,. A single-electron process.

R! 1.TiCl, LiAH, R! R
o
R2 2. H,0 R2 R?

Ti(lNClz + LiAlH, Ti(0)
R ) ZZZ/J‘]_'I‘]/,//,/[
e single electron 00 homocoupling
0" i) RI—Js o[R!
R2 transfer °

R2 R?
radical anion intermediate

£ Zl/l‘i_'l‘:i 4 LLLL T T,
11 |

00 00 R! R T
; ; e . . ZZZ/Il II[///K
R R R R [ONe]

R2 R2 R2 R2 RZ R2

oxide-coated titanium surface

Example 1, Cross-McMurry coupling’

H Me0,S

0 OH
MeO,S, Q
Zn, TiCly, reflux O Q
+ O _—
o O 4.5h,75%,>99% Z

Example 2, Homo-McMurry coupling®

Zn, TiCly, THF,110 °C

microwave (10 W), 10 min.
87% / \
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Example 3, Cross-McMurry coupling’

OMe

OMe
N
Zn, TiCly —
N —
THF, 78% '\
e
Yy i
Example 4, Cross-McMurry coupling'®
Zn-TiCly, THF

MeO o}
CHO  OHC o O
/©[ * ];/j[ > -51t0 0 °C then h O>
BnO OH MeO o

0
reflux, 2.5 h, 77% BnO OH

References

1. (a) McMurry, J. E.; Fleming, M. P. J. Am. Chem. Soc. 1974, 96, 4708—4712. (b)
McMurry, J. E. Chem. Rev. 1989, 89, 1513—1524. (Review).

2. Hirao, T. Synlett 1999, 175-181.

3. Sabelle, S.; Hydrio, J.; Leclerc, E.; Mioskowski, C.; Renard, P.-Y. Tetrahedron Lett.
2002, 43, 3645-3648.

4.  Williams, D. R.; Heidebrecht, R. W., Jr. J. Am. Chem. Soc. 2003, 125, 1843—1850.

5. Honda, T.; Namiki, H.; Nagase, H.; Mizutani, H. Tetrahedron Lett. 2003, 44,
3035-3038.

6.  Ephritikhine, M.; Villiers, C. In Modern Carbonyl Olefination Takeda, T., Ed.; Wiley-

VCH: Weinheim, Germany, 2004, 223-285. (Review).

Uddin, M. J.; Rao, P. N. P.; Knaus, E. E. Synlett 2004, 1513-1516.

Stuhr-Hansen, N. Tetrahedron Lett. 2005, 46, 5491-5494.

Zeng, D. X.; Chen, Y. Synlett 2006, 490—492.

Duan, X.-F.; Zeng, J.; Zhang, Z.-B.; Zi, G.-F. J. Org. Chem. 2007, 72, 10283—-10286.

Debroy, P.; Lindeman, S. V.; Rathore, R. J. Org. Chem. 2009, 74, 2080-2087.

— = O 0



Jie Jack Lie, 4th editn 337

Mannich reaction

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

® o
3 o Q H R« /\)L 2
_NH * )k * R! R2 ’T‘ R
R H H R R!
) OH (OH
@ 2
H N R® -
v H N R\N/LH R\N)\H N N
R R R

rRNR
When R = Me, the "Me,N=CH, salt is known as Eschenmoser’s salt (page 206)

P 0
® Ri_~
o H ) Ry R. VLRZ

1 _
R\)LRZ enolizaton R @
N

R

The Mannich reaction can also operate under basic conditions:

9
)
Rl_~ o
R%Rz enolate \))\R2 R /\)k
— "N R2
. R®
H formation Nj/ I‘R R

B:/ "?

Mannich Base

Example 1, Asymmetric Mannich reaction’

NH,
o] OHC 35 mol% L-proline
s ! \©\N02 DMSO, rt, 50%, 94% ee
O\
Example 2, Asymmetric Mannich-type reaction’

_o-Ts O o Ts\

N‘ In(Oi-Pr)3, ligand
T 6O Q
5 | OH =/ B5AMS, THF, rt, 80% OH
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Example 3, Asymmetric Mannich reaction'®

/F;
o)
HO
o) H
Q P N N o HN)LRP,
+ Ry ONH |
R )\ N~ H 10 mol % Rj R4
AI’OzS R4

N32CO3, NaCl, -15 °C R2 O
72-98%, 99:1 er

Example 4"
o PMP. 1 o
N-PMP L-proline, DMSO
B + - EtO,C
Et0,C” “H rt, 81% syn
Ph. Ph
Ph Ph o R(
%N L-proline, DMSO NH O
[ + O.
OTH rt, 81%
o)
0
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Martin’s sulfurane dehydrating reagent

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

OH Ph,S[OC(CF3),Ph], )L + Ph,S=0 + HOC(CF3),Ph

I s
. “0-C(CF3),Ph
(H Ot-Bu PhS
OC(CF4),Ph
Ph,S” HOC(CFa),Ph + % —_—

(. OC(CFs3),Ph 4\

The alcohol is acidic

. H~=QC(CF3),Ph e
0 O—C(CF3),Ph
,OC(CF3)2Ph protonation o thsc (CF3),
Pha? OC(CFa)Ph + 4

i1 1

E—

€]
Ph,S . -eliminati
0 ©OC(CF3),Ph _B-elimination )k + PhyS=0 + HOC(CF3),Ph
&H E1cB
Example 1°

OH Martin's sulfurane

"OPMB  £(,N, CHCI3, 50 °C
85%

Example 2°

OBn
|, oH

., Martin's
@,OBn sulfurane
S>""0Bn PhH, reflux

T OB gk,

o

& TTES
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Example 37
HQ CO,Me CO,Me

é\ 1.5 eq. Martin's sulfurane @\
TBSO" o) TBSO™ Yo

CH,Cly, 1t, 24 h, 84%

O OMe T ' O ~OMe
MeO MeO’
Example 4°
i-PrO OMOM i-Pro OO OMOM
O
choj”if H3CO l I T
OCH;  HN,

OCHg3
Martin's
N= o sulfurane al
Cl OTIPS PhH, rt
OH 83%
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Masamune—Roush conditions for the Horner—-Emmeons reaction

Applicable to base-sensitive aldehydes and phosphonates for the Horner—
Wadsworth—-Emmons reaction. o-Keto or o-alkoxycarbonyl phosphonate re-
quired.

o
I
AcO” XX CHO + (g0 p

CE)
N pBuU

LiCl, CH4CN, 70%

OEt

/\/\/\/\/ E
o NN COzEL

DBU = 1,8-diazabicyclo[5.4.0Jundec-7-ene

o 0
(EtO),P
OFt . o 8 Licl

H deprotonation
N

O

0 go
(EtO),P.
2 \)\OEt EtO,C.,, P OEt

OEt ——
/\/W NN
AcO

Il
(EtO)P ~ OEt Chelation

©
EO.C,, 1
2L, N CO,EL
/\/\/\/\/
P(OEt) ACO NN CO,
S NGPar

AcO

Example 1°

o) o)
RCHO TFA

o O
Il
Hk/ \(OEt)z ™ Et3N GH)V\R g~ HQN)K/\R

Example 2°

H.__O
LiCl, Hunig base

OMe O AKF MOM o
3 : MeCN, rt, 14 h, 58% 0%,,,
(EtO),
MeO
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Example 37

Ph~ ",
Ph //\O Ph Ph— "

N ™
xR L'/VY“ ’
BOCNL'/\CHO o o BocN ~ \‘g

0 )(o o)

LiBr, DBU, CH3CN, rt, 67%

Example 4°
N
e
H CO,Et
_P._CO,Et J Ph™ 2
(EtO); Ph THF, 92%
Example 5"
O O Ph
I MEOOCHO
(MeobpykNJ\cone
H DBU, LiCl, THF, rt
90%
OMe
N
MeO 98:2 H CO,Me
References
1. Blanchette, M. A.; Choy, W.; Davis, J. T.; Essenfeld, A. P.; Masamune, S.; Roush, W.

P NN R WD

10.

11.

R.; Sakai, T. Tetrahedron Lett. 1984, 25, 2183-2186.

Rathke, M. W.; Nowak, M. J. Org. Chem. 1985, 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.



Jie Jack Lie, 4th editn 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.

F
\_F R
FOk FO,
@ F
\

Preparation:”

3 MesO*BF,~ +4 Et,0

+ B0 M
\(\O,e

Cl 3

4 BF3OEt, + 6 Me,O

+3C|\/<(])

3 Et3O*BF4‘
+ B0 _Et
C)
Cl 3

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

4 BF4OEt, + 2 Et,0

+3 C|\/<Cf

o = o o) )
J\ Et;0+BF,, NaHPO, N J\ H30 o
N N 81%
H CH4CN, 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, t-BuOMe t-Bu
Co(CO)g Co(0C)s=( OO
2. Me30-BF, Ph 45°C, 79%
Dotz reaction OMe

Example 3, N-Alkylation, the product is an ionic liquid®

/\ . Me3zOBF, ©
N N
X Et,0, 94%

BF, CHj

® /=
HyC N N~
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Example 4, N-Methylation’

SPh . SPh
/& 1. Me30+BF,, slow addition Me-
N7 N-SO,NMe,  CHaCla, 1t N N

\\< 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)
—_— +
R1kR2 HOI-Pr R1J\R2 N
Al(Oi-Pr)s " iPrO OiPr ¥
( dinati R’ (?i—Pr
g coordination - R
0 RZTL ‘o-M~oipr| = A\
)k H o R
R "R?
cyclic transition state
hydride o) o AlO=PT), H® OH
_— + I
transfer R1J\R2 R "R2

Example 1°
AI(Oi-Pr)3
HOI-Pr, 90%
Example 2*
o (R)-BINOL (0.1 eq) OH
AlMes (0.1 eq) 43-99% vyield
R *R 30-80% ee
i-PrOH (4 eq)
toluene
Example 3’
Me, Me Me, Me
Me, Me y :
MeO, X.__O Moo, A\ OH - MeO o
" 4 equiv Me3Al, i-PrOH
o] © ' °
0°Ctort, 24 h
OTBDPS OTBDRS -
84% 15%
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Example 4°

OMe 3 equiv AlMe;
9 equiv HOCH(Ph),

CH,Cl,

OMe

,
‘4,
d
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Meisenheimer complex

Also known as the Meisenheimer—Jackson salt, the stable intermediate for cer-
tain SyAr reactions.

R=NH, R
“NH
F
NO,
NO, S\ATr, slow, fast Fe .
rate-determining step
NO2 N2 NO,
NO, Meisenheimer complex
Sanger’s reagent, ipso attack ipso substitution
Example 17
o o _
o.&o
N
NO, t-BUOK, DMF/THF COEt
J\ N CO,Et
Ph™ "CN —70°C, argon H
N
Cen
nitronate = —

Example 2°

OH
O,N NO, CH,Cl,
+ =C=
2 }N c N{ argon, rt, 3 h
NO,

Y 'T' o
O NN P IY
oY ) N7 N
/—Pr\N N/I-PI' ON H
0,N_ X _NO, y 2 NO,
15.8%
0,
A 15.5% NO,
L 8% |

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 .
F RENH F o R
NO, N NO, NO,
+ HN @ —_—
R - F©
NO, NO: NO,
_ H@ _ H@
R NO, NO,
& —
NO, NO,
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[1,2]-Meisenheimer rearrangement

[1,2]-Sigmatropic rearrangement of tertiary amine N-oxides to substituted hy-
droxylamines.

Ri< %R A N C‘C'R 1!
TNY — R/ 0O — __N__R
R; @ Og 2 Ry (6]
;
Example 1
o
< 35% Hy0,, CHCIg/MeOH, rt, 15 h
o N
then PtO,, 1t, 4.5 h
0O THF, reflux, 1h O N
< N/o < O/
] 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:

3
2 g‘\
€]
1 ®_0
Ve
R 1
Example 17
’A Ph
} Phso2 1/
T ELO, 1,480
NSNS 48%, 61% de
Example 2°
m-CPBA HO, N@,\\/OK/ AI203 (alumina)
<_( M CH,Cl,, 100% <_( MeOH
Bn
e v
O”Ncgol\o CDCl, 1t
OH &/K/
A e
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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 -~ O]/P“
—< , <\
_OMe 2.RX R N—.,_-OMe

Oy
< N(i-Pr), Ph Ph

H3C,,, 9
H\‘ 0]/ —_— /—A j» H/):& y 4R—LN
)—é\l _OMe o Me O. Me

Example 17
TMSO
o__Ph 1.LDA
%\j 2. TMSO” > Br ijh H;0® i
| i. k/IDASO H NT" 66% yield \ijo
. Me: 9
OMe 2904 OMe 70% ee
Example 2°
OMe
Ph, o_o P ome
O__N 1. 2L o
2 o_ O
K 99% yield
Example 3°

/—P 3 equiv n-BuLi

O__N
7 3 equiv (-)-sparteine

n-Bu
Et,O,-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,f3-
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 (0]
H® H,0
R4
@
OH
R e rQH2 R.®
N L 1
R4 R4 R4
R R H@
izati R O
R/g. R R&( R tautomerization M
%®/ 1 :OH \[/ 1 RTNOR,
o On2 (OH
Example 1°
/ OH o
N X g H
N Br 98% H,S0, O O
[N = Br
50% o]
o]
Example 2’
o]
0/5\0 i
O\\|‘3\ \,/O(H) Phsk/\/
TMSG O O-P-OTMS 54%
OH OTMS
PhS— PhS——
CICH,CH,Cl, 83 °C, 30 min. 6% \>
0
Example 3*

10% H,S0, "

THF, rt, 1.5 h

7 0,
OEt 0% CoEt  21% COEt
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Example 4°

BF3Et,0

TFA, 89% EtO,C
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Michael addition

Also known as conjugate addition, Michael addition is the 1,4-addition of a nu-
cleophile to an o,-unsaturated system.

Ry O Ry O
' Nuc: Nuc]
N
Ry Y RZ*QHLY
R3 R3
€]
R, (O . Nuc_ ! ) Ry O
Nuc: ~ 1 conjugate _ workup Nuc
S, ———— RK Y o R v
R: Y addition R H H
R ° Rs
3 enolate

Example 1, Asymmetric Michael addition
o (0}

0 Ph
0
zj\l)vsi(Me)gPh PhMgBr, CuBr-DMS @MSi(Me)zPh

| ether, THF, =55 °C
O

N 92%, 92% de (‘)
CPhg “CPh,

Example 2, Thia-Michael addition’

0
H,S, NaOMe Hs

o M
Nﬂ\ MeOH, 75% N:K

Example 3, Phospha-Michael addition’

)v (EtO),P(O)H o R
OEt R=H,71%
MeO™ ™7 "R NH MeOMP\ R = Me, 51%
cat. )L o/, OEt
MeoN NMe,

Example 4, Asymmetric aza-Michael addition’

NH,

W

NN
MeOzC = cl

MeOZC\\\\\(Nj ""‘3020\/(,\1j
Nal, Na,COj, BuNBr

CH4CN, 82% ph 231
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Example 5, Intramolecular Michael addition'®

0
H O
Me_O~_0 LiIHMDS, DMF P
Boc Me H
NN~ ° .
r N —60 °C, 20 min. - CO,Me
CO,Me 95% N GH
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Michaelis—Arbuzov phosphonate synthesis

Phosphonate synthesis from the reaction of alkyl halides with phosphites.
General scheme:

O

1]
(R'O)P + Rp—X R,~P—OR" + R'™-X
OR!

R' =alkyl, etc.; R, =alkyl, acyl, etc.; X=CI, Br, 1

For instance:
o)

o
B _CH
(CH30)sP + Br\)ko/i' MO 3 S\2
(CH30)3P: \/

Bre,\,

CHs.. O O
{9 (0] Sn2 I
CH30~
onoFe I _on, —— OOA Mo con
CH30 3
2
Example 1
X X
/ Br  (EtO)sP, Tol. = P(OEt),
~7 SN &
Br 145°C, 4 h, 70%
Example 2°
0 140 °C o o
| 1_OBn
BnO-B__cl + (BnO)P BnO-g__k¢
BnO 8h,92%  BnO OBn
Example 3’
o)
EtO)sP, NiCl ul
f_ oD _Eorme 5 ol Rem
£k 100°C,72h,10% F F
Example 4°

O Me (MeO);P

N° Ph 405-110°C
Bn 92-98%

? % ¥
(MeO)zP\)k’\‘l Ph
Bn
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Example 5"
BnO BnO
" o TMSO-P(OE), o o
BnO/%SCN BnO 5> P(OE),
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.

Alpine-borane OH
1
P

1
neat /\R
R

H
|\3 THF D
* { E reflux
(1R)-(+)-a-pinene  9-BBN

(R)-Alpine-borane
9-BBN = 9-borabicyclo[3.3.1]nonane

0 ©°
A

H-

/R1
_

R
) !
hydride o~ H,0,, NaOH
+ H " // R1
t 1 workup
ransfer /\R R
R
Example 1°
0 . OH
BnO (R)-Alpine-borane, THF BnO
n \/\)\ %
\ [o] 0, 0,
H -10 °C to rt, 95%, 88% ee H
Example 2’
(0]
=
TBSO

(R)-Alpine-borane
OPMB

22 °C, 6 kbar, 82%

OH
Z OPMB
TBSO
80% de
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Example 3*

Z (R)-Alpine-borane (neat) =

TBSO rt, 74%, 93% ee TBSO
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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; _
= NH4),S,0
R-CO,H + @ (NH4)28,08 |

N H,S0, N" R
=
@ ‘
N = ‘
2 AgNO3, (NH,)2S,0, H2SO ! @ —
R-COH 3 429208 2S04 o . R H SeNR
silver-catalyzed H2S04 4

oxidative decarboxylation

Example 1*
S;05 + CHZOH “CH,0H + H* + SO + so,
CN
CN
2 g (NH,)7,S,04
\ 4 MeOH, H,0 =
@ ‘
g reflux, 1 h, 40% \N OH
CHj
Example 2°
_ | 1.6 equiv m-CPBA /® ‘ (CH3)30+BF,
NS
X acetone, rt, 1.5 h N CH-Cl,, rt
2Cly,
N 75% 6 90 min.
©
Meerwein’s reagent
= (NHy4)2S,0g
o MeOH, H,0 -z
SN©BF < I _om
(5 reflux, 1 h N
CH3 40%, 2 steps

/f}\ 1.6 equiv m-CPBA 3
acetone rt 1 5h N

[Olonrq4<]
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OH
CH3)30+BF, . © (NH,)2S,04
u, /(@E\BH MeOH, H,0 p
CH,Cly, rt SN |
90 min., 85% reflux, 1 h, 41% >
6CH3 N

Example 3, Intramolecular Minisci reaction®

EtO,C vy N7y CO2E
o OH P
= AgNO3, (NH4),S,0g
O CH,Cly, H,0, AcOH, TFA N
N r, 1h, 46% |
N NH
H
Example 47
H
| Me
Me BzN.__CO,H Me
BzN” NF
N (NHQ,S,05AgNO;  H 7N B N
+ H N
I BzN.__As N
XN TFA, H0, 75 °C 90: 10
53% cl : cl
cl
Example 5'°
NT X
| P
CO,H Ny 10 equiv FeSO4+7H,0 2
N
HO, CO,H CH,Cl,, 0 °C, 15 min. N N
1 equiv 10 equiv 24% [ P ‘ /j
N N
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Mislow—Evans rearrangement

[2,3]-Sigmatropic rearrangement of allylic sulfoxide to allylic alcohol.

0 A Ar\s/oY\ P(OCHg)3 HOY\

R R

2
2

Ry 92 [2,3]-sigmatropic ArJSCBﬁ/\ 3
(0]

3 - -
2‘ N\ (‘%\; rearrangement K R
! :P(OCHs)s

e ®
Sn2 ® o) H HO
Ar~g POCHz)s  + l/\ ALY

R
Example 1°
o}
NalO,
dioxane/H,0O N\
50% 18O
CHO

Example 2’

OMe
“ X OMe
MeO== 9 l'k

z MeO (0]
© wOTBS (EtO)3P, EtOH :

O _~_.OTBS
reflux, 16 h, 98%
0 OH
5
Ph

1. PhSeCN, BugP, THF

2. HyO,, pyr., THF, =30 °C
62%
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Mitsunobu reaction

Sx2 inversion of an alcohol by a nucleophile using disubstituted azodicarboxylates

(originally, diethyl diazodicarboxylate, or DEAD) and trisubstituted phosphines
(originally, triphenylphosphine).

CO,Et
P :
/ Nuc
R'OR? + HNug _o102C S o=PPhy N SO
1 2 / \
1° or 2° alcohol PPh, R" R EtO,C H
COEt. H
H e Ph PﬁrN\EtO c
/N:f;\‘l/COZEt adduct CO,Et, ( 3'e 2
EtOQC ﬁ’ N—N —— <
ormation / v
‘PPhs PhsPg EtO,C :OH
Ri™ Ry
Diethyl azodicarboxylate (DEAD)
®
alcohol Et0,C. H . OxPPhg Sn2 r;luc . ompph
— _ - =PPh,
activation H/N N\CO £ R! kRZ reaction R' R?
2
©Nuc
E 2
xample 1
CH,0Ac PhCO,H CH,OAc
o DIAD, PPhj, THF o
OAc OH OAc 0,CPh
OAD -50°Ctort,2h, 80% OAQ 21 B:
OAc OAc “TH
Example 2’

DEAD, PPhs, Tol. J(
4-0,NPhCOO O
OH O/k * O,N CO,H 2
/\/\/’\/o ©
/ /

-30t0 0°C, 1h, 90%
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Example 3, Ether formation®

BnO,C_O.__OH

OH
BnO" "'OBn

OBn

PBu3, ADDP, THF,

0 0 °C to rt, overnight (¢}
100%

OMe

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

o)
TMS%{ IOH PPhs, DIAD, PhCH3 9
HN—, TMS—= \j

7 reflux, 60% N~"~_~Ph

Ph

Example 5°

n-BuLi

R

CH;3  then PhyPCI

DEAD, PPhj

PhH, 92 %

MeO R=CH(OMe), 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.

o 0 Pd(0) 0
Ar—X + B—B_ Ar—B_
o 0 base 0

X =1, Br, Cl, OTf.

oxidative A L
Ar—X + Lo,Pd(0) —— Pd.
A — /X
base transmetallation
O, /O base o) \/o _
O/B/B\o \/B/B\@ AI’\PaL
o © !

L\ /L
0 7d5-0 reductive 0
—B, A Ar—B + LpPd(0)
0 % elimination o
Example 1’
OAc o) j: :\ﬁ Afk

P

CuCl, LiCl, KOAc, DMF, 92%

Example 2°

Qii@

OTf 39 (PhsP),PdCl,, 6% PhsP Sz O
1.5 eq. K,COg, dioxane, 90 °C
85%

1.1. Li, Name Reactions, 4th ed., DOI 10.1007/978-3-642-01053-8_166,
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CbzHN COan :é >?L CbzHN COan

Pd(dppf)Cl,, KOAc
BnO DMSO, 80 °C, 24 h BnO
85%

Example 3’

CbzHN._CO,Bn
CbzHN.__CO,Bn ;

[ : O
U BnO
BnO O OBn
Pd(dppf)Cly, KoCO3 :

DMSO, 80 °C, 24 h :
85% BnO,C” “NHCbz

Example 4, One-pot synthesis of biindolyl"’
1. 1 mol% Pd,(dba);, 4 mol% XPhos M
3 equiv HB(pin), 3 equiv EtzN e0
MeO A dioxane, 100 °C ‘
| MeO
MeO N 2 1mol% Pdy(dba)s, 3 equiv KsPOsH,O  MeO
Br dioxane/H,O (10 : 1), 100 °C \
Br MeO

MeO

Iz 2 IZ

MeO

Iz __
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Moffatt oxidation
Oxidation of alcohols using DCC and DMSO, aka “Pfitzner—Moffatt oxidation”.

OH DCC (0]

N

R1)\R2 DMSO, HX R'” "R2

DCC, 1,3-dicyclohexylcarbodiimide

)
N=c=N _H o N:CCN HN—C=N
> O~
€] S
O e O e
N R1J\R2
o\ M e \o
QL0 FF 2 &3
NJKN + 1 H )%'3 R17OR2 + (CHg)pS
H H R "R? R "R
1,3-dicyclohexylurea
Example 1°
©[OH DCC, DMSO, CsHsNH*CF;C05~ @o
OH PhH, rt, 70% [e)
Example 2°
A o OH A o CHO
DCC, DMSO, CI,CHCO,H
O><O rt, 90 min., 90% O><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 R
O%NH POCI3 N
—0) )
(0]
o E’OCIz

HOPOCI, =N
O

el

Example 1°

(o

R
—N

HN nitrobenzene, POCl;

o
SnCl,, 98%
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.

Py

R
>—NH ZnCl, =N

1
AL e )

O

Example 2*

ZnCly, 250-300°C O O
80% =N

H”Nj(\
o)

1.1. Li, Name Reactions, 4th ed., DOI 10.1007/978-3-642-01053-8_168,
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References

SNk W

(a) Pictet, A.; Hubert, A. Ber. 1896, 29, 1182-1189. (b) Morgan, C. T.; Walls, L. P. J.
Chem. Soc. 1931, 2447-2456. (c) Morgan, C. T.; Walls, L. P. J. Chem. Soc. 1932,
2225-2231.

Gilman, H.; Eisch, J. J. Am. Chem. Soc. 1957, 79, 4423—-4426.

Hollingsworth, B. L.; Petrow, V. J. Chem. Soc. 1961, 3664=3667.

Fodor, G.; Nagubandi, S. Tetrahedron 1980, 36, 1279-1300.

Atwell, G. J.; Baguley, B. C.; Denny, W. A. J. Med. Chem. 1988, 31, 774=779.
Peytou, V.; Condom, R.; Patino, N.; Guedj, R.; Aubertin, A.-M.; Gelus, N.; Bailly, C.;
Terreux, R.; Cabrol-Bass, D. J. Med. Chem. 1999, 42, 4042—4043.

Holsworth, D. D. Pictet—Hubert Reaction. In Name Reactions in Heterocyclic Chemis-
try; Li, 1. J., Corey, E. J., Eds.; Wiley & Sons: Hoboken, NJ, 2005, 465—468. (Re-
view).



Jie Jack Lie, 4th editn 373

Mori—Ban indole synthesis

Intramolecular Heck reaction of o-halo-aniline with pendant olefin to prepare in-
dole.

CO,Me

©[Br / Pd(OAc),, PhsP CU\COZMe
N

NaHCO3, DMF, 130 °C )
Ac

Reduction of Pd(OAc), to Pd(0) using Ph;P:

m /\'
AcO—Pd—0Ac e @
AcO Ph3P*Pd[OAc\'
:PPh, A

@ o o
PAO) * aco® jﬁ‘ PPhy O=FPhs +)ko)K

Mori—Ban indole synthesis:

Br MeO,C
CO,Me 7 CO.M 2
PdL, 2Ve

Br)/ Pd(0) = insertion (:UZEPdBan
N oxid_a!ive N N

A addition |
Ac Ac Ac

B-hydride /~COyMe
—_— H—PdBrL,. + ‘ addition
elimination n N ——

‘ of PdH
CO,Me Bhydr,de 7 ~COMe CO,Me
PdBrL
el|m|nat|on

Regeneration of Pd(0):

H—PdBrL, + NaHCO; —= Pd(0) + NaBr + H,0 + CO,T

Example 1"

Pd(OAc),

| f = Me
N EtsN, MeCN AN | NJ
H sealed tube H

110 °C, 87%
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Example 2*
N._Cl
N 10 mol% Pd(OAc), N
L o5
N©ON BugNBr, K,COs, PN
DMF, 100 °C \/
\ 67%
Example 3’
SO,NHMe
Br Cbz—N
SO,NHMe
\“COCFs  Pd(OAc);, BusNCl
Br Cbz Et;N, DMF N
N heat, DME, 76% H
Br
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Mukaiyama aldol reaction

Lewis acid-catalyzed aldol condensation of aldehyde and silyl enol ether.

OH O

R? Lewis
R-CHO + Rt _ 2
%OSiMes acd N ¢ R
,,,,, H
)Og LAL MesSIO O oH O
J— 2
R {Rz K( X-SiMe; + R R2 R R
. R’
R! SiM 1
\/\(& 1vieg R
Example 1, Intramolecular Mukaiyama aldol reaction’
CH(OMe)2 CH(OMG)Z
0 1. LDA, THF, =78 °C, 10 min. OTMS
EtO,C ] EtO,C
EtO,C 2.1.8 equiv TMSCI, -78 °C, 4 h EtO,C

92%

TiCly, CH,Cl,

—78°Ctort, 15 h
EtO,C CO,Et EtO,C CO,Et

12% 40%

Example 2, Mukaiyama aldol reaction’

AN
o 0

X j N BF3+OEt,, DTBMP /™0
"N -
OHC \ )
CH,Cl,, =78 to =50 °C, 73% O Y
O N 0TBDMS Boc 2~72 ° N Yo Boc

N iBn
Bn

Example 3, Vinylogous Mukaiyama aldol reaction®
OH 070

>< CHO
oo X 1. PhCOH, rt \
%\/LOSIME:; 2. TFA, 60% ©
CN NC

1.1. Li, Name Reactions, 4th ed., DOI 10.1007/978-3-642-01053-8_170,
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Example 4, Asymmetric Mukaiyama aldol reaction'”

JH"
cat. _ O
OTMS Ts N‘B/

BusSn NN L N H
CHO

OMe

B NN BusSn” XN 0
uzSn "
8% “orms T 0% HO . OMe

Example 5, Mukaiyama aldol reaction'?

OTIPS

<X
\
Me /OTBS Me

Br = 10 mol% Bi(OTY)
CHO 3

\ij/\ CHCly, ~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 P R
R o)
+ 1 _—
RA\)K R\%\OSiMe:; acid R
Example 17
OSiMes  1.0.1 mol% TBABB, THF, 3 h 0 0

0
+ = ~
M w)\OMe 2.1 N HCI, THF, 0 °C, 0.5 h OW

87%

TBABB = tetra-n-butylammonium bibenzoate
Example 2°
0 OSiMeg
_ 1.neat DBU, rt, 24 h
+ OMe 0
2.1 N HCI, THF, 68%

o—

Example 3*

OMe OMe
10 mol% Sc(OTfHs I

OMe _~_OMe H
CH,Cly, 78 °C to rt
b p— m
10% HF/CHsCN quench  MeO™ " o

o 85%, 20 : 1 (syn/anti) oMa

o
s
o

Example 4°

0 oTBS 0.5 mol% Zn(OTf),
R, N AVCOZMS
\ CH,Cly, 0-25 °C
Ry “Rs N2 78-81%

OTBS

o
S 4ANHCl  R; o
R2 COzMe THE Rz COzMe
R3 | Rs N,
2
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Mukaiyama reagent

Mukaiyama reagent such as 2-chloro-1-methyl-pyridinium iodide for esterification
or amide formation.

General scheme:

R4COH + R,OH

Example 1'¢

Decop® 0 ——— L O\m o L
0" TCOM BusN, CH,Cl,

W ~
o - W @
SNAr _Rr° O N
o j\l eBF4 " WO nf\i | Br o ( / eBF4

3 _H® 0 M
Oy H B,’)) HO—Bn
NBu,
z A
@ o’ L) — o
NS
o O o o) %,

0] H )

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

Example 2, Polymer-supported Mukaiyama reagent’

= Tfoe 7 N\
OH o ‘ ON=
OO—/ N oal O@—/ cl
b szo, CH2C|2, 16 h, rt
1.25 mmol/g
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NHBoc
NHBoc

am w
polymer-supported

N Mukaiyama reagent
H EtsN, CH,Cly, 1t
16 h, 88%

Example 3°

t-BuS.

Mukaiyama reagent

DIPEA, CH,Cly, 91%

CO,TMSE

Example 4, Fluorous Mukaiyama reagent'’

1. Fluorous Mukaiyama reagent
1 equiv DMAP, 3 equiv EtzN

dry DMF, it, 1h
RCO,H + R'NH, or R2OH RCONHR' or RCO,R2
2. H,0O, rt, 5 min., 87-100%
=
|
. Cl
Fluorous Mukaiyama reagent )
TfO
CioF21
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Myers—Saito cyclization

Cf. Bergman cyclization and Schmittel cyclization.

Wo

atom donor

< (H

?k, reversible f H
‘ (/K/‘ ©\
=

allenyl enyne diradical

C/ Aor
g Q.
Z hydrogen

|
O
|

Example 1°

AN

Ph PhH, reflux .O‘
J - 96 h, 40%

Ph
Ph Ph

N

Example 2, Aza-Myers—Saito reaction®

MeOH
N7 ome e0 N Ty PO N7 cHO

\
P 0°C, 14h Ph)\ 10°C, 12 h ph X
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Nazarov cyclization
Acid-catalyzed electrocyclic formation of cyclopentenone from di-vinyl ketone

SaSeat

e
O)i _protonation O)i O@\

(jé\ tautomenzatlon Oﬁ\

Example 17
e
O)KL ZrCI4, (CH,CI),
SiMe; 60 °C 36 h, 76% N™ H
CoMe CO,Me
Example 2°
OA
HCIO, (1072 M) < Ph
Ac,0 (1 M) :
EtOAc, 9 h, 75%
Example 3°
Ph
Me
Me~# MeO,C, Ph
MeO,C._~ 5 mol% Cu(ClOy), 7
0 OTIPS
o OTIPS  DCE, 45 °C, 8 h, 80%
OTIPS
OTIPS
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Example 4"
OAc
|
b
S
MeO o
o}
OAc
10 mol% Sc(OTf)s —
LiCIO,, 80 °C MeO
L \
CICH,CH,CI (0.3 M) g N
65% g Ts
Example 5"

1. hv(350 nm), CH5CN, rt

2. i-PryNH, MeOH, 50 °C
60%, 2 steps
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11. Gao, S.; Wang, Q.; Chen, C. J. Am. Chem. Soc. 2009, 131, 1410—1412.
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Neber rearrangement

o-Aminoketone from tosyl ketoxime and base. The net conversion of a ketone
into an oi-aminoketone via the oxime.

_OTs NH;

N 1. KOEt 2
R +
re RHﬁf feor
R2 2. H,0 o)

ketoxime o-aminoketone

cyclization

_ >

_OT.
N S N@S
R2

deprotonation
@/‘H?)LR P QL
EtO 2 e

R1 R’I

@ NH,

o H ‘OH; hydrolysis H o R2
TsO  + iN; INH R1Jﬁ(
1 / R' Ry

R R, o}

azirine intermediate

Example 1°

_OTs
0 N EtQ OEt
‘ N Me 1. NH,OH-HCI (j)LMe 1. KOEt @)S
N/ 2. TsCl, Pyr. N/ 2. HCI N/ NH,

93% 82%

Example 2, A variant using iminochloride’

Ph Ph Ph  NH,
WOE‘ HoCI Woa 1. KOt-Bu WOH
100% 2. HClI

0

NH-HCI NCI 71%

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%

1.1. Li, Name Reactions, 4th ed., DOI 10.1007/978-3-642-01053-8_175,
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Example 4°
R Ry 1. HoNOH R
1 1. Hp
D T T\\ o Ri _ heat mR1
= 2. MsCl, Et;N; N N =
DBU, Bu,P ~ 41-89% N
70-91%
References
1. Neber, P. W.; v. Friedolsheim, A. Ann. 1926, 449, 109—134.
2. O’Brien, C. Chem. Rev. 1964, 64, 81-89. (Review).
3. LaMattina, J. L.; Suleske, R. T. Synthesis 1980, 329-330.
4.  Verstappen, M. M. H.; Ariaans, G. J. A.; Zwanenburg, B. J. Am. Chem. Soc. 1996,

118, 8491-8492.
. Oldfield, M. F.; Botting, N. P. J. Labelled Cpd. Radiopharm. 1998, 16, 29-36.
6. Palacios, F.; Ochoa de Retana, A. M.; Gil, J. 1. Tetrahedron Lett. 2002, 41, 5363-—
5366.
7.  Ooi, T.; Takahashi, M.; Doda, K.; Maruoka, K. J. Am. Chem. Soc. 2002, 124, 7640—
7641.
8. Garg, N. K.; Caspi, D. D.; Stoltz, B. M. J. Am. Chem. Soc. 2005, 127, 5970-5978.
. Taber, D. F.; Tian, W. J. Am. Chem. Soc. 2006, 128, 1058—1059.
10. Richter, J. M. Neber rearrangement. In Name Reactions for Homologations-Part I; Li,
J.J., Corey, E. J., Eds.; Wiley & Sons: Hoboken, NJ, 2009, pp 464—473. (Review).
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Nef reaction

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

NO;  1.NaOH

+ 1/2N,0 + 1/2Hy0
R""R? 24,80, R R?

)
09800 e o HO\%OH H@ﬂ o
N —H,0 O\N,O +H@ 1)L , HO. N/‘Q’\H —Ha2
R1flR2 R1kR2 e FH\R2
) :OH, OH
HO nitronate nitronic acid
®
N
[oN @ HOsy o o
N *H Y - J_+HNO ——= I+ 12N,0 + 12H0
Rﬂ\Rz R R? R "R2 R "R?
o)
OH
Example 1*
0 (0]
1. NaOH, EtOH, 0 °C, 30 min.
,, /”/, e}
NOz 5 3MHCI, 0t020°C, 12 h, 68%
Example 2’
Ho NO2 Ho §
1.2 M NaOH, MeOH
& 2. ice-cooled KMnO,4 <
A 45% A
Example 3’

S t-Bu
oTBS Jd Bu/©/ \s/@/
/VMO
2.2 equiv PMe3, THF, rt, 30 min.

OTBS H20, rt, 5 min. /OlEfY\O)/;‘O
M(\)( 94%, 2 steps

(e}

1.1. Li, Name Reactions, 4th ed., DOI 10.1007/978-3-642-01053-8_176,
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Example 4"
RI HOAc, HCI R
CO,H : T coM
NO, reflux, 2 h COyH
References

1. Nef, J. U. Ann. 1894, 280, 263—342. John Ulrich Nef (1862—1915) was born in Swit-
zerland and emigrated to the US at the age of four with his parents. He went to Mu-
nich, Germany to study with Adolf von Baeyer, earning a Ph.D. In 1886. Back to the
States, he served as a professor at Purdue University, Clark University, and the Uni-
versity of Chicago. The Nef reaction was discovered at Clark University in Worcester,
Massachusetts. Nef was temperamental and impulsive, suffering from a couple of
mental breakdowns. He was also highly individualistic, and had never published with
a coworker save for three early articles.

2. Pinnick, H. W. Org. React. 1990, 38, 655-792. (Review).

Adam, W.; Makosza, M.; Saha-Moeller, C. R.; Zhao, C.-G. Synlett 1998, 1335-1336.

4.  Thominiaux, C.; Rousse, S.; Desmaele, D.; d’Angelo, J.; Riche, C. Tetrahedron:
Asymmetry 1999, 10, 2015-2021.

5. Capecchi, T.; de Koning, C. B.; Michael, J. P. J. Chem. Soc., Perkin Trans. 1 2000,
2681-2688.

6. Ballini, R.; Bosica, G.; Fiorini, D.; Petrini, M. Tetrahedron Lett. 2002, 43, 5233-5235.

Chung, W. K.; Chiu, P. Synlett 2005, 55-58.

8. Wolfe, J. P. Nef'reaction. In Name Reactions for Functional Group Transformations;
Li, J. J., Corey, E. J., Eds; John Wiley & Sons: Hoboken, NJ, 2007, pp 645-652. (Re-
view).

. Burés, J.; Vilarrasa, J. Tetrahedron Lett. 2008, 49, 441-444.

10. Felluga, F.; Pitacco, G.; Valentin, E.; Venneri, C. D. Tetrahedron: Asymmetry 2008,

19, 945-955.
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Negishi cross-coupling reaction

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

NiL,, or PdL,
solvent

R'-X + R2zZn-Y R'-R2

R'= aryl, alkenyl, alkynyl, acyl

R2 = aryl, heteroaryl, alkenyl, allyl, Bn, homoallyl, homopropargy!
X=Cl,Br, I, OTf

Y =Cl, Br, |

L, = PPhg, dba, dppe

Pd(0) or Pd(Il) complexes (precatalysts)

R1iR2 l
Pd(0)L;, ﬁ R1-X
reductive oxidative
elimination addition
R /R1
|
R2-Pd(Il)—L, LnPd\(II) 1

3 X
transmetallation/
trans/cis isomerization
ZnX; ¥ RZnX
R
X—zr o

X
Pl
|

2 .
Example 1°
CH,CO,Et
_ ‘ | = ‘ 2602
~ N N
Ho BrZnCH,COZEt, Pd(PhsP)s 140
o HMPA/(CH,OCHj); (1:1) 0
o>—Ph 3.5h, 40% o—Ph
0/>\Ph O >—ph
0O O
4
Example 2

. (0}
activated
Znl
BHOM I BHOM n

Zn/Cu couple

1.1. Li, Name Reactions, 4th ed., DOI 10.1007/978-3-642-01053-8_177,
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Boc,
= () N N 0C
|/Q\N CO,t-Bu %

PdCI,(PhsP),, DMA
40 °C, 79%

Example 3*

BOC*NQ*I

1. Zn, DMA, TMSCI, BrCH,CH,Br, 65 °C

BOC*ND*AI’

2. ArX (X = Br, OTf), PdCl,(dppf) (3 mol%)
Cul (6 mol%), DMA, 80 °C
41-97%

Example 4°

1. +BuLi, ZnCly, Et,0, -78 °C

Me Me PIvO 2N m
WAL omss PIVO 7 OoTBS

Pd(PPhs)s, THF, 0 °C
85%

References

1. (a) Negishi, E.-I.; Baba, S. J. Chem. Soc., Chem. Commun. 1976, 596—597. (b) Negi-
shi, E.-L; King, A. O.; Okukado, N. J. Org. Chem. 1977, 42, 1821-1823. (c) Negishi,

E.-1. Acc. Chem. Res. 1982, 15, 340-348. (Review).
2. Erdik, E. Tetrahedron 1992, 48, 9577-9648. (Review).

3. De Vos, E.; Esmans, E. L.; Alderweireldt, F. C.; Balzarini, J.; De Clercq, E. J. Hetero-

cycl. Chem. 1993, 30, 1245-1252.
4. Evans, D. A.; Bach, T. Angew. Chem., Int. Ed. 1993, 32, 1326—1327.

5. Negishi, E.-I.; Liu, F. In Metal-Catalyzed Cross-Coupling Reactions; Diederich, F.;

Stang, P. J., Eds.; Wiley—VCH: Weinheim, Germany, 1998, pp 1-47. (Review).

6. Arvanitis, A. G.; Arnold, C. R.; Fitzgerald, L. W.; Frietze, W. E.; Olson, R. E.; Gilli-

gan, P. J.; Robertson, D. W. Bioorg. Med. Chem. Lett. 2003, 13,289-291.
7. Ma, S.; Ren, H.; Wei, Q. J. Am. Chem. Soc. 2003, 125, 4817-4830.

8. Corley, E. G.; Conrad, K.; Murry, J. A.; Savarin, C.; Holko, J.; Boice, G. J. Org.

Chem. 2004, 69, 5120-5123.
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10. Yet, L. Negishi cross-coupling reaction. In Name Reactions for Homologations-Part I,
Li, J. J., Corey, E. J., Eds.; Wiley & Sons: Hoboken, NJ, 2009, pp 70-99. (Review).
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Nenitzescu indole synthesis

5-Hydroxylindole from condensation of p-benzoquinone and B-aminocrotonate.

H.__CO,R® o CO,R®
o]
L Wl T
HN
] ‘ 1 N
R o RZ R i?2
,3 CO,R?
0 CO,R3 . HO. H
conjugate
IO Ty e Y
R? O HN addition R' 0 “R2
R2 & ]
H
H COR® CO,R?

HO. HO.
— R
R N R! N
@H R2 R2
@

H
5
Example 1
o}
0 NH,
_Bn
O HN HO
Q It — % . )
N 1. acetone, rt, 48 h N
H 2.20% TFA, CH,Cl, b
86% n
6
Example 2
H._CO,CHs Ho CO,CH,
\ \
o 95%
Example 3’

2 it Ry HOAG, rt

1.1. Li, Name Reactions, 4th ed., DOI 10.1007/978-3-642-01053-8_178,
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Ry
HO N HCHO, HNMe,
| R, \ R,
N ethanol, 50 °C
R4 R4
Example 4"
OEt
o Y @/i
NH O
N [ _ ZnCl, CH,Cly
NH O reflux, 80%
o]
References
1. Nenitzescu, C. D. Bull. Soc. Chim. Romania 1929, 11, 37-43.

10.
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hedron 2005, 61, 9129-9139.
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Chemistry; Li, J. J., Corey, E. J., Eds.; Wiley & Sons: Hoboken, NJ, 2005, pp
145-153. (Review).
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Jie Jack Lie, 4th editn 393

Newman—Kwart rearrangement

Transformation of phenol to the corresponding thiophenol, a variant of the Smile
reaction (page 513).

3 ; ° o
OH
cI” O NMe, o)LNMe2 R s)LNMe2 hydrolysis @
NMe, 0
o Ng S” " NMe,

o)
MeZNJC\‘; - ©
@

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 o] )Nﬁr o]
A
OXOAr R SXOAr 0" Ar A r\NkAr

Example 1°
O NaH, DMF, 78% O Ph,0, 208 °C O i
S
i O OJKNMe 50 h, 55% O s~ “NMe,
2
O OH \T cl

1.1. Li, Name Reactions, 4th ed., DOI 10.1007/978-3-642-01053-8_179,
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Example 2°

OO S S OC OO O
275
on O e, OO,,,O)L A

NMe; 0.8 mmHg

OH  NaH, DMF OH ) OH
85°C, 1 h, 45% 55% OO

NMe,

Example 3’
0 1. Bry, CHoCly, 5 to 20 °C, 90 min. \Q\ dimethylaniline
2. g CHyCl, 20°C, 16 h, 37.4% 28°C. 7 h, 65.7%
OH
0 _0O
1. KOH, MeOH, reflux, 2 h
Mo, & BT 5 Mel, KoCOg, 90% L Br
o g
o
References

1. (a) Kwart, H.; Evans, E. R. J. Org. Chem. 1966, 31, 410-413. (b) Newman, M. S.;
Karnes, H. A. J. Org. Chem. 1966, 31, 3980-3984. (c) Newman, M. S.; Hetzel, F. W.
J. Org. Chem. 1969, 34, 3604-3606.
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hedron 1997, 53, 6073-6084.

3. Lin, S.; Moon, B.; Porter, K. T.; Rossman, C. A.; Zennie, T.; Wemple, J. Org. Prep.
Proc. Int. 2000, 32, 547-555.

4. Ponaras, A. A.; Zain, O. In Encyclopedia of Reagents for Organic Synthesis, Paquette,
L. A., Ed.; Wiley & Sons: New York, 1995, 2174-2176. (Review).

5. Kane, V. V.; Gerdes, A.; Grahn, W.; Ernst, L.; Dix, L.; Jones, P. G.; Hopf, H. Tetrahe-
dron Lett. 2001, 42, 373-376.

6. Albrow, V.; Biswas, K.; Crane, A.; Chaplin, N.; Easun, T.; Gladiali, S.; Lygo, B.;
Woodward, S. Tetrahedron: Asymmetry 2003, 14,2813-2819.

7. Bowden, S. A.; Burke, J. N.; Gray, F.; McKown, S.; Moseley, J. D.; Moss, W. O.;
Murray, P. M.; Welham, M. J.; Young, M. J. Org. Proc. Res. Dev. 2004, 8, 33-44.
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6544.
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3134.

10. Lloyd-Jones, G. C.; Moseley, J. D.; Renny, J. S. Synthesis 2008, 661-689.
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321-323.
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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.Co0y(CO)g 1. NuH Nu
Rl— R3 Rl— R3
R* 2. H'orlLewisacid 2.[O] R4

Cco
@O (CONXCO=Co(CO); 4@

(C0O)4Co—Co(CO); -CO (CO)3Co—Co(CO)3 -CO
) ore & R ow
R'—=—= OR 4 R3
R1%€‘I§3 R4 RO R* R
R
(00)300700(00633 ) sy (CONCOLo(CO) | (COKCOCo(CO
R1M01R2 R1M R1 Nu
R* RS R4 R3 R4 R3

propargyl cation intermediate (stabilized by the hexacarbonyldicobalt com-
plex).

0] (CO)3Co-Co(CO), Nu
0=Cc=0T + g1 X Ny —= R——R
demetallation R R R4

Example 1, A chromium variant of the Nicholas reaction’

OH
: 1. HBF 4-Et,0, CH,Cly, 60 °C
= | 2.5 eq. X, CH,Cl,, —60 °C, 86%
\‘ cl N\
Cr(CO), X = HN Nxo
\—co,n-Bu
Cl
Cl
— .
N [N \ * 2HCI
(g N
\l \—CO,n-Bu — o
9
Cr(CO)3 Zyrtec

Example 2, A Nicholas-Pauson—Khand sequence®

O, 1 CoyCO)s

H OEt 2. ELAICI, 82%

1.1. Li, Name Reactions, 4th ed., DOI 10.1007/978-3-642-01053-8_180,
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Example 3, Intramolecular Nicholas reaction using chromium’

Cr(CO)3

ZERNS . =
\Z\/OAC BF3+OEty, CH,Cl, @i}
/
0°C, 3.5 h, 49% //\Cr(CO)3

Example 4°

1. Co(CO)g 100%

2. BF3*OEty, 75%

References
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1997, 119, 4353-4363.
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Ding, Y.; Green, J. R. Synlett 2005, 271-274.
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2005, 46, 2829-2832.
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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.

Sl
e
0 R? o0 R?

o
R1MR3 MRS

IBX = o-iodoxybenzoic acid R’

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

/\Oj
11
N 2 —I
0 R? tautomerization ~HQ R HOZ
[e]
R1MR3 R1J\)\R3
(e}
o OH 0O R?

Example 1"

IBX
fluorobenzene
DMSO

65°C, 24 h
80%

IBX

DMSO, Tol.
80 °C, 3 h, 52%

MeO,C  CO,Me

1.1. Li, Name Reactions, 4th ed., DOI 10.1007/978-3-642-01053-8_181,
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Example 37
Sw g
MeO 3 Tol, DMSO  MeO
¥ 70 °C
o
Example 4, o-Methyl-IBX (Me-IBX)’
M
° %
IT
o
MeO 9
_S. 0
R R R1/8\'_'\’2
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(IT) BINAP complex.

O OH
M ——

R™ Ry H,, (R)- or (S)-BINAP

Ro Rs Metal [Ru(ll) or Rh(1)] R,

R&™ Ra R Rs

OO RPh,

(R)-BINAP-Ru = RuClL,

[RuHCl(binap)(solv),]

[RuCl,(binap)(solv),]

—HCI

The catalytic cycle:
OR'

(binap) CIHRu

[RuHCI(binap)(solv),. (bmap)CIRu B >

e )\)k

[RuCl(binap)(solv),]*

11b

)\/\/L/\ Ru[(S)-BINAP](CF3CO,), /L/\J\/\
N N"N0H X OH

30 atm Hy, rt, 96% ee

Example

1.1. Li, Name Reactions, 4th ed., DOI 10.1007/978-3-642-01053-8_182,
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Ru[(R)-BINAPICI, ©\J\OH
100 atm Ho, rt, 92% ee B

r

Example 2'°

5 bar H, O
3.2 mol% Ru(ll)-(+)-(R)-BINAP % OH O

OMe

MeOH, 70 °C, 24 h, 90% H\ /7y 8

Example 4'°

100 atm H,
o o Ru[(S)-BINAPICI, OH O

CsHiy OMe  EIOH. 1t 75% CeHyi OMe
o ee
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kaya, H.; Sayo, H.; Kumobayashi, S.; Akutagawa, S. J. Am. Chem. Soc. 1987, 109,
5856-5858. (e) Noyori, R.; Ohkuma, T. Angew. Chem., Int. Ed. 2001, 40, 40-73.
(Review). (f) Noyori, R. Angew. Chem., Int. Ed. 2002, 41, 2008-2022. (Review, No-
bel Prize Address).

2. Noyori, R. In Asymmetric Catalysis in Organic Synthesis; Ojima, 1., ed.; Wiley: New
York, 1994, Chapter 2. (Review).

3. Chung,J. Y. L.; Zhao, D.; Hughes, D. L.; McNamara, J. M.; Grabowski, E. J. J.; Rei-
der, P. J. Tetrahedron Lett. 1995, 36, 7379—7382.

4. Bayston, D. J.; Travers, C. B.; Polywka, M. E. C. Tetrahedron: Asymmetry 1998, 9,
2015-2018.

5. Berkessel, A.; Schubert, T. J. S.; Mueller, T. N. J. Am. Chem. Soc. 2002, 124,
8693-8698.

6. Fujii, K.; Maki, K.; Kanai, M.; Shibasaki, M. Org. Lett. 2003, 5, 733-736.

7. Ishibashi, Y.; Bessho, Y.; Yoshimura, M.; Tsukamoto, M.; Kitamura, M. Angew.
Chem., Int. Ed. 2005, 44, 7287-7290.

8. Lall, M. S. Noyori asymmetric hydrogenation. In Name Reactions for Functional
Group Transformations; Li, J. J., Corey, E. J., Eds.; John Wiley & Sons: Hoboken, NJ,
2007, pp 46—66. (Review).

. Bouillon, M. E.; Meyer, H. H. Tetrahedron 2007, 63,2712-2723.

10. Case-Green, S. C.; Davies, S. G.; Roberts, P. M.; Russell, A. J.; Thomson, J. E. Tetra-

hedron: Asymmetry 2008, 19,2620-2631.
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Nozaki—-Hiyama—Kishi reaction
Cr—Ni bimetallic catalyst-promoted redox addition of vinyl halides to aldehydes.

O
Riox Cr(ICl, [ ; ] Rszs j):
aprotic solvent RI=Cr(ICIX R? R RS
organochromium(lIl) )
reagent allylic or
homoallylic
R'= alkenyl, aryl, allyl, vinyl, propargyl, alkynyl, allenyl alcohols
R2 = R3 = aryl, alkyl, alkenyl, H
X =Cl, Br, |, OTf
Solvent = DMF, DMSO, THF
The catalytic cycle:”
OCr(lI)X.
Xz 2Cr(I1)Cl,
Ni(I1)Cl
R r2 R3 i(ICly
2Cr(I1)Cly
X
RZ” “R® Ni(0)
1
[ R™-cr(inct, | RI-X
lati oxidative
transmetallation [RLNi(II)*FX addition
Cr(llNCly
Example 1°
""" 0TBDPS
AcO CHO
10 eq CrCl,, cat. NiCl, THP
A
c0 A OTBDPS
DMSO, 25 °C, 12 h, 80%
OH
Example 2°
i 4 eq CrCl OH O
2
Q/OTf . OHC%O 0.008 eq NiC|2 wo
o@ DMF, rt, 15 h o
35%

1.1. Li, Name Reactions, 4th ed., DOI 10.1007/978-3-642-01053-8_183,
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Example 3, Intramolecular Nozaki—-Hiyama—Kishi reaction®

! OH

5 equiv CrCly, NiCl, O OTBDMS

CHO THF, 84% =
OTBDMS

7/ \

Example 4, Intramolecular Nozaki—Hiyama—Kishi reaction’

1. HCI, THF, 0.003 M dark

2. CrCl,, NiCl,, DMSO
0.0025 M, 50 °C
37%, 2 steps

References

>

= 0 ®

(a) Okude, C. T.; Hirano, S.; Hiyama, T.; Nozaki, H. J. Am. Chem. Soc. 1977, 99,
3179-3181. Hitosi Nozaki and T. Hiyama are professors at the Japanese Academy.
(b) Takai, K.; Kimura, K.; Kuroda, T.; Hiyama, T.; Nozaki, H. Tetrahedron Lett. 1983,
24, 5281-5284. Kazuhiko Takai was Prof. Nozaki’s student during the discovery of
the reaction and is a professor at Okayama University. (c) Jin, H.; Uenishi, J.; Christ,
W. J.; Kishi, Y. J. Am. Chem. Soc. 1986, 108, 5644—5646. Yoshito Kishi at Harvard
independently discovered the catalytic effect of nickel during his total synthesis of
polytoxin. (d) Takai, K.; Tagahira, M.; Kuroda, T.; Oshima, K.; Utimoto, K.; Nozaki,
H. J. Am. Chem. Soc. 1986, 108, 6048—6050. (e) Kress, M. H.; Ruel, R.; Miller, L. W.
H.; Kishi, Y. Tetrahedron Lett. 1993, 34, 5999-6002.

Fiirstner, A.; Shi, N. J. Am. Chem. Soc. 1996, 118, 12349—-12357. (The catalytic cy-
cle).

Chakraborty, T. K.; Suresh, V. R. Chem. Lett. 1997, 565-566.

Fiirstner, A. Chem. Rev. 1999, 99, 991-1046. (Review).

Blaauw, R. H.; Benningshof, J. C. J.; van Ginkel, A. E.; van Maarseveen, J. H.; Hiem-
stra, H. J. Chem. Soc., Perkin Trans. 1 2001, 2250-2256.

Berkessel, A.; Menche, D.; Sklorz, C. A.; Schroder, M.; Paterson, 1. Angew. Chem.,
Int. Ed. 2003, 42, 1032-1035.

Takai, K. Org. React. 2004, 64, 253—612. (Review).

Karpov, G. V.; Popik, V. V. J. Am. Chem. Soc. 2007, 129, 3792-3793.

Valente, C.; Organ, M. G. Chem. Eur. J. 2008, 14, 8239-8245.

Yet, L. Nozaki—Hiyvama—Kishi reaction. In Name Reactions for Homologations-Part I;
Li, J. J., Corey, E. J., Eds.; Wiley & Sons: Hoboken, NJ, 2009, pp 299-318. (Review).
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Nysted reagent

The Nysted reagent, cyclo-dibromodi-p-methylene(p-tetrahydrofuran)trizine, is
used for the olefination of ketones and aldehydes.

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(CHoZnBr) THF
0 1 5 equiv TiCly o
SH THF, reflux OH 42"/ CHy, 14%
Example 3°
2 equiv CH
Zn(CH,ZnBr),» THF 2
BnO 4
2 equiv TiCl, BnO /
THF, 0°C to rt OH
TBDPSO 1h, 74% TBDPSO
References
1. Nysted, L. N. US Patent 3,865,848 (1975).

Tochtermann, W.; Bruhn, S.; Meints, M.; Wolff, C.; Peters, E.-M.; Peters, K.;
von Schnering, H. G. Tetrahedron 1995, 51, 1623—1630.

3, Matsubara, S.; Sugihara, M.; Utimoto, K. Syn/ett 1998, 313-315.

4. Tanaka, M.; Imai, M.; Fujio, M.; Sakamoto, E.; Takahashi, M.; Eto-Kato, Y.;
Wu, X. M.; Funakoshi, K.; Sakai, K.; Suemune, H. J. Org. Chem. 2000, 65,
5806—5816.

5. Tarraga, A.; Molina, P.; Lopez, J. L.; Velasco, M. D. Tetrahedron Lett. 2001, 42,
8989-8992.

6. Aissa, C.; Riveiros, R.; Ragot, J.; Furstner, A. J. Am. Chem. Soc. 2003, 125,
15512-15520.

7. Clark, J. S.; Marlin, F.; Nay, B.; Wilson, C. Org. Lett. 2003, 5, 89-92.

8. Paquette, L. A. Hartung, R. E., Hofferberth, J. E., Vilotijevic, 1., Yang, J. J. Org.
Chem. 2004, 69, 2454-2460.

9. Hanessian, S.; Mainetti, E.; Lecomte, F. Org. Lett. 2006, 8, 4047—4049.
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Oppenauer oxidation

Alkoxide-catalyzed oxidation of secondary alcohols. Reverse of the Meerwein—
Ponndorf—Verley reduction.

OH Al(OF-Pr)3 )OL OH
_— +
R "R, 0 R{” "Ry

A

(Qi-Pr o
AI Oi-Pr), . Al(Oi-Pr),

( OH + Q A
)O\H Ri” Ry coordination
/J\ O/ Pr i~ PrO O/ Pr hydrlde o OH
/A|\ — +
H, oo, 0i-Pr OE\H\ transfer R1AR2 )\

Ry

cyclic transition state

Example 1, Mg-Oppenauer oxidation®
OH 1. EtMgBr, i-Pr,0 o

W

2. PhCHO, 60%

Example 2°
OH

(i-PrO),AI0,CCF5
©\)\ p-O,N-Ph-CHO ©\)K
o PhH.r 241, 70% OH

Example 3, Mg-Oppenauer oxidation®

RMgCI-LiCl
-20°C | RCHO

R PhCHO R

Y—omgal =0 + PhCH,0MgCl
R' 0°Ctort R’

| I

H
i R
R M
Ph/J\ o MI— g Ph ~o— =9
/ H =0
H o) =
=

1.1. Li, Name Reactions, 4th ed., DOI 10.1007/978-3-642-01053-8_185,
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Example 4"

N\, /

0 Al_
H_ OH . o H_OH
Xy CACF EIOAIEL, R%‘i — 1+ X
ROR 8 3 CH,Clyrt, 1h R™OR! HC' CFg

;
2 equiv R" H H,C~ “CF,

References

10.

11.

Oppenauer, R. V. Rec. Trav. Chim. 1937, 56, 137-144. Rupert V. Oppenauer
(1910-), born in Burgstall, Italy, studied at ETH in Zurich under Ruzicka and Reich-
stei, both Nobel laureates. After a string of academic appointments around Europe and
a stint at Hoffman—La Roche, Oppenauer worked for the Ministry of Public Health in
Buenos Aires, Argentina.

Djerassi, C. Org. React. 1951, 6, 207-235. (Review).

Byrne, B.; Karras, M. Tetrahedron Lett. 1987, 28, 769-772.

Ooi, T.; Otsuka, H.; Miura, T.; Ichikawa, H.; Maruoka, K. Org. Lett. 2002, 4,
2669-2672.

Suzuki, T.; Morita, K.; Tsuchida, M.; Hiroi, K. J. Org. Chem. 2003, 68, 1601-1602.
Auge, J.; Lubin-Germain, N.; Seghrouchni, L. Tetrahedron Lett. 2003, 44, 819—822.
Hon, Y.-S.; Chang, C.-P.; Wong, Y.-C. Byrne, B.; Karras, M. Tetrahedron Lett. 2004,
45,3313-3315.

Kloetzing, R. J.; Krasovskiy, A.; Knochel, P. Chem. Eur. J. 2006, 13,215-227.
Fuchter, M. J. Oppenauer oxidation. In Name Reactions for Functional Group Trans-
formations; Li, J. J., Corey, E. J., Eds.; John Wiley & Sons: Hoboken, NJ, 2007, pp
265-373. (Review).

Mello, R.; Martinez-Ferrer, J.; Asensio, G.; Gonzalez-Nunez, M. E. J. Org. Chem.
2008, 72, 9376-9378.

Borzatta, V.; Capparella, E.; Chiappino, R.; Impala, D.; Poluzzi, E.; Vaccari, A. Cat.
Today 2009, 140, 112—116.
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Overman rearrangement

Stereoselective transformation of allylic alcohol to allylic trichloroacetamide via
trichloroacetimidate intermediate.

CCly CCly

HN 0 % HN o

Hg(ll Pd(ll
OROON o~ AL, orHe( or Pa) A

OH cat. NaH

R/\/LR“

trichloroacetimidate
— oo cely
8” H o NZ= '\ 3 nHS O )\
— H ZT +
R/\/'\ R1

ccCly

A, [3,3]-sigmatropic
. HN

rearrangement
R

Example 1°

Cl,CCN, DBU

\HO
’O)i CH,Cly, =78 °C
HO

Ko,COg, p-xylene

reflux, 90%, 2 steps

Example 2°

TBDMSO TBDMSO

ClyC__O.

T 0 K,CO3, p-xylene
NH X “0

“0
reflux, 77%
’ Cl3C__NH
e
| o]

‘ (o)

1.1. Li, Name Reactions, 4th ed., DOI 10.1007/978-3-642-01053-8_186,
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Example 3’
CF5CN, n-BulLi;
toluene, 120 °C
30%
Example 4°
O O OH O O NHC(O)CClg
DBU, CCIsCN N
N Z ™(CH,)30TBDPS N (CH,);0TBDPS
/ Me F toluene, reflux Me F
Bn 51% Bn
References

1. (a) Overman, L. E. J. Am. Chem. Soc. 1974, 96, 597-599. (b) Overman, L. E. J. Am.
Chem. Soc. 1976, 98, 2901-2910. (c) Overman, L. E. Acc. Chem. Res. 1980, 13, 218—
224. (Review).

2. Demay, S.; Kotschy, A.; Knochel, P. Synthesis 2001, 863—866.

3. Oishi, T.; Ando, K.; Inomiya, K.; Sato, H.; lida, M.; Chida, N. Org. Lett. 2002, 4,
151-154.

4. Reilly, M.; Anthony, D. R.; Gallagher, C. Tetrahedron Lett. 2003, 44, 2927-2930.

5. Tsujimoto, T.; Nishikawa, T.; Urabe, D.; Isobe, M. Synlett 2005, 433—436.

6. Montero, A.; Mann, E.; Herradon, B. Tetrahedron Lett. 2005, 46, 401-405.

7. Hakansson, A. E.; Palmelund, A.; Holm, H.; Madsen, R. Chem. Eur. J. 2006, 12,
3243-3253.

8. Bgjstrup, M.; Fanejord, M.; Lundt, 1. Org. Biomol. Chem. 2007, 5, 3164-3171.

9. Lamy, C.; Hifmann, J.; Parrot-Lopez, H.; Goekjian, P. Tetrahedron Lett. 2007, 48,

6177-6180.
10. Wu, Y.-J. Overman rearrangement. In Name Reactions for Homologations-Part II; Li,
J.J., Corey, E. J., Eds.; Wiley & Sons: Hoboken, NJ, 2009, pp 210-225. (Review).
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Paal thiophene synthesis

Thiophene synthesis from addition of a sulfur atom to 1,4-diketones and subse-
quent dehydration.

0 QO P,Ss, tetralin ~ H3C

S
reflux 7 ¢

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

Q CHa o
CHs P,Ss H;C tautomerization
H;C -

_ X >
o X=0o0r$S

HiC g

SH HsC S XH —H,X
CH; — > - -
Hsc)\/Y 3 UCH(S ‘/ CH,
x) "

Example 1°
(0]

Lawesson's reagent s
PhMN Ph N
110 °C, 10 min, 82% \@/

O

1) Lawesson's reagent
o chlorobenzene, reflux, 36 h Ph Ph
Ph = =
T pn 69% S 8
O~ "Ph
o’ Ph Ph Ph

1. (a)Paal, C. Ber. 1885, 18,2251-2254. (b) Paal, C. Ber. 1885, 18, 367-371.

2. Thomsen, I.; 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

1.1. Li, Name Reactions, 4th ed., DOI 10.1007/978-3-642-01053-8_187,
© Springer-Verlag Berlin Heidelberg 2009
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Paal-Knorr furan synthesis

Acid-catalyzed cyclization of 1,4-diketones to form furans.
0O R? 1 2
R3 cat. H® R R
S at

R O orP0s  RNg TR

H® R! R2 1 1 2
0o R? N RO R ®
3 \ — — 7\ + H30
R R—A PR3 \ 3
R Ho) © R R3 R™No TR
Q @ ®

R!

Example 1°
cl F Cl
o [
TsOH \
E toluene, reflux
\
N \N_7
Example 2°

MeO. OMe
e L

p-TsOH \ /
R
MeO toluene n-Bu
O
MeO

W phosphorlc acid J \ o
CHj3
N\

130-140°C, 4-6 h H

1.1. Li, Name Reactions, 4th ed., DOI 10.1007/978-3-642-01053-8_188,
© Springer-Verlag Berlin Heidelberg 2009
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Example 4"
Br. SMe
o o ® SMe g, cHcl,
SnCly, H I\
R=——CH=C—R —————— . /o\ R 8-92% R o R
EMe 72-89%
| 30% HBr—HOAc, CHCl5, 58-64% T
References

1. (a) Paal, C. Ber. 1884, 17, 2756-2767. (b) Knorr, L. Ber. 1885, 17, 2863-2870. (c)
Paal, C. Ber. 1885, 18, 367-371.

2. Friedrichsen, W. Furans and Their Benzo Derivatives: Synthesis. In Comprehensive
Heterocyclic Chemistry II;, Katritzky, A. R., Rees, C. W., Scriven, E. F. V., Eds.; Per-
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.

4. Gupta, R. R.; Kumar, M.; Gupta, V. Heterocyclic Chemistry, Springer: New York,
1999; Vol. 2, 83—84. (Review).

5. Joule, J. A.; Mills, K. Heterocyclic Chemistry, 4th ed.; Blackwell Science: Cambridge,
2000; 308-309. (Review).

6. Mortensen, D. S.; Rodriguez, A. L.; Carlson, K. E.; Sun, J.; Katzenellenbogen, B. S.;
Katzenellenbogen, J. A. J. Med. Chem. 2001, 44, 3838—-3848.

7.  Konig, B. Product Class 9: Furans. In Science of Synthesis: Houben—Weyl Methods of
Molecular Transformations; Maas, G., Ed.; Georg Thieme Verlag: New York, 2001;
Cat. 2, Vol. 9, 183-278. (Review).

8. Shea, K. M. Paal-Knorr Furan Synthesis. In Name Reactions in Heterocyclic Chemis-
try; Li, J. J., Corey, E. J., Eds.; Wiley & Sons: Hoboken, NJ, 2005, 168—181. (Re-
view).

9. 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).

(e} 2_
R“-NH, ]\
RMR‘] - R/Q\R1

o) R?
_R2
. HN-R o
( R! slow HO OH
J oL s _slow _HOJASOH
R C HN” ~OH g N R
0 R? R?
H07Zj\ — @74—& M _.R/Q
R NI K N@ R
R R2
Example 1*
EtO.__OEt
Y
F
H2N/\/kOEt O N
- \ /)

1 eq. pivalic acid
THF, reflux, 43% CONHPh
CONHPh O

— Ca2+
H
° CO,
HO.
F
—_— N
\ /)
H
N
VERS
; Lipitor -2

1.1. Li, Name Reactions, 4th ed., DOI 10.1007/978-3-642-01053-8_189,
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NH,4OAc
HOAc
110 °C
90% F Cl
NH4OAc, CSA
MeOH, 50 °C
93%

RNH,, AcOH, MeOH, 40 °C; or

o) RNH,, AcOH, NaOAc, toluene, 60 °C; or |
/1 ’ /AN
N H NH,OAc, 28% NH,OH, EtOH, 40 °C N\
o]

30-96%

Example 2°

Example 3’

Example 4"

References
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2689-2694.
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8. Gribble, G. W. Knorr and Paal-Knorr Pyrrole Syntheses. In Name Reactions in Het-
erocyclic Chemistry; Li, J. J., Corey, E. J., Eds, Wiley & Sons: Hoboken, NJ, 2005,
77-88. (Review).

. Salamone, S. G.; Dudley, G. B. Org. Lett. 2005, 7, 4443—4445.

10. Fu, L.; Gribble, G. W. Tetrahedron Lett. 2008, 49, 7352—7354.
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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.
X Li
@/E @/E @D
ive
exchange

CH,;0 I J

:@; ) 22eq tBuli  CHzO I

' XD
CH,0 N
NEt, THF, -78°C—rt  CH,0
o NEt,
Et;N) O 1
Et;N._.0) i CH.O 2 ) CH3O _

CH3O Jﬂ/‘ _ CyC Ization 3 ! /

:@;N J CHs0 CH3O

CH40

E.g.

halogen-metal

The fate of the second equivalent of #-BuLi:
i ]
e W — A e
[

Example 17
o]
O Br
0
O.__NMe O
MeO D tBuli  MeO
o) - o)
© THF, -95 °C
SRR
MeO OMe MeO OMe
4
Example 2

OPMB

n-BuLi
< @( ><:> Et,0, -78 °C

64%

om

o

1.1. Li, Name Reactions, 4th ed., DOI 10.1007/978-3-642-01053-8_190,
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Example 3°
| © X MeO
2 eq. n-BulLi
N
Ve N._O
o THF, -78 °C e \
MeO 2.5h,83%
OMe
Example 4°
0
\ro Br o #BuLi, THF, —100 °C o
Jq \f N—-PMB
N OMe  Ar, 30 min., 55%
PMB
References
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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 RZ R3 O
€]
N
R'-N=C *RZJKRS* R*-CO,H R 0" Ry
0
isocyanide
H,.
9o "
o} R o7 LR WP O R?
J_ .+ R*-COH — (gR R4 R?
2
R c 0
N@ N
; Fv

2 R3
acyl 4>C\‘ R3 H
N

—_— R O R1/ %O)'L R4

transf N
ransfer m o

RT H
Example 1°
Ts
OMe
H
- oMe CON TEA. PhH MeOWN Ts
e
]Q)\OMG ) 20 93%  yeo ° OMe
MeO OMe
OMe OMe
Example 2°
PN HOAc, THF \
N
cHo { rt, 93% HN
o
CN AcO\(\<
Et
Example 3°

me + f\Me +
FmocNH™ "CHO

CO2Bn BocNH™ ~CO,H
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Me

e O /L)\Me
CH.Cly, 0°C — 1t
FmocNH ” CO,Bn

3-5 days, 80% o

\/\Oi
CbzNH NHBoc

Example 4’
N OBN(Cl,)
HZNYN NO, 2
NH 0 mo
+ CN " N OH
J)kﬂ CO;Me Alloc
BocHN™ “CHO Ph
HzN No2 OBnN(Cly)
CH,Cly, 0°C — 1t Jik
2 days, 59% BocHN N
CO,Me
NAIIoc
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Patern6—Biichi reaction

Photoinduced electrocyclization of a carbonyl with an alkene to form polysubsti-
tuted oxetane ring systems

o}
i v . R/):?
R™ "R! R

oxetane
Jow 2 g
1 |

ROR R)LR1 j\
n, 7* triplet
o o o

Rt~ T RW— R
R R’ R

triplet diradical singlet diradical
Example 1°

0
P < g
e S L U
Ph “ROOC"
Me o) hv, CeHg, 99%  ROOC =0
Me Ph H

Example 2*
hv, CeHg J-Pr

i-Pr (0]
\L - Phﬂl
p SMe

73%
(E/Z=6I1)

Example 3°

hv, MeCN

82%
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Example 4°
Ph
OH Ph
. {/ \§ hv HO
o O o 100% i P
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
2(CO)g }/CO(CO);;
Co(CO)3  toluene, 60-80 °C S

4-6 d, 60%

G\ZO § Co(CO)
{o]
(C0)4Co—Co(CO); - CO < ¢ - _-co_ Co CO)s
0(CO);
/ E—— @ o (CO)3

hexacarbonyldicobalt complex

H
Co(CO); Lco
-CO /ZO(CO)Z o— +CO
insertion : .
“y toward CH insertion
exo complex sterically-favored isomer
(CO)3C0\
(CO);Co o o -
reductive Y reductive elimination
. -
elimination — Co0,y(CO)s
o} (6]

O
N Coy(CO)g o
o 0 + =
\ é benzene, 65 °C ><O
16 h, 23%

Example 2, A catalytic version®

_ 5 mol% Co,(CO)g

/7= 20 mol% P(OPh),
N

3 atm CO, DME
120 °C, 48 h, 94%
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Example 3, Intramolecular Pauson—Khand reaction’

/ an
N—Chz Co,(CO)g, DMSO @

B e ons [ >—M

N THF, 65°C, 94% N

H N\ H

Example 4, Intramolecular Pauson—Khand reaction'’

Co,(CO)g
@ 5 equiv Me3gNO+2H,0
THF/H,0 (3:1), 0°C to rt // SS

7h 71% O NH,

I
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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 aq. NaOH /?iA

"0

2 OH

€]
€] o) ®
R OH R o H
H _
\<l/\oj \/% R //’O workup R

Example 12

o}

HOHO OTr  reflux, 1h, 84%

l{e]

=
o)
T é R

OH

OoT|
o r

Example 2°

OBz OH
OTs K,CO3, MeOH H\N
o,
. rt, 2 h, 98% "
BzO" CO,Me ° CO,Me
Example 3, Aza-Payne rearrangement®

NaOH, -BuOH/H,0 P e

TsHN
1,4 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%
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Pechmann coumarin synthesis

Lewis acid-mediated condensation of phenol with B-ketoester to produce cou-

marin.
0._0O
©/OH ., o o AIClg
=
A o
R
@ O7ic
i w0 (owes  EE oo G
o: \j\(o — A o @ p
©/ R © R H \) = =
R OH
0__0
_ ® o. H 0.0
Michael @ H \ @
s =
addition H R(OH,
R OH ® R

Example 1°
o ©

/@\ Moa =

HOTNTIOR e s soss MO 070
Example 2°

O OH M O OH

OEt N

)K@OH BiCl, 75 °C, 2 h, 66% )mo
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Perkin reaction

Cinnamic acid synthesis from aryl aldehyde and acetic anhydride.

OAcO O “oH

(0]
AcONa
Ar—CHO + Ac,0
: Ao H,0 Ar/\)LOH

cinnamic acid

<4
0o o o)
enolate )LO/< aldol O@j(

O 6 e ?
OA
AO%H ¢ formation H/%Ar condensation AMO

r

o e} O O
0 ~
><‘) )ko o )k 0)K
intramolecular o GO )\)k .
A o}
acyl transfer ArMo r !
O
)ko Q0 i @ AcOH
CANDD U QLI N
transfer AfMO elimination \e
H OH
N_o
OH
O S 0 0
HO O HOAc
Ar” X Q) AI'/\)'LOG Ar/\)’LOH
Example 1’
MeQO,
Ac,0, Et3N, 90 °C
CHO * MeO@—\
COzH 5 h, 66%
MeO
Example 2°
CIF,C Ac,0,A  CIF,C
(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.

% Ro~. .Rs
R—B(OH), + ResyRe )S N
N H

L_oH
R

OH
Rz\ﬁ/Rs
@
(0] Rz\N‘/R3 % RZ\N/R3
H) 1, H — RCE/O R1)\/OH
Ro—NH /— iOH 1Hd “oH
Rs R{—B(OH),

Example 1°

PN

OH CsH EtOH, rt Ph™ N
- - T Vi A ety
Ph"X~""0H OH H  84%,99%de Ph .

OH
Example 2*
Me,
(HO),B HO  N-Bn
HO. _CHO MeNHBn, EtOH, rt S
j/ * 24 h, 72%, 99% de
HO
OMe
OMe
Example 3’
Ph.__CO,H
N
Ry Nog
R OHC-CO,H, PhB(OH), 3
N= 2 NG R2
PS | 50-94% PN \
BnS™ "N” Ry Bns” N7 R,
Example 4, Asymmetric Petasis reaction'’
Ry« R
Rir ¥ o 15 mol% (S)-VAPOL A/hll\
N + o+ o (S)-
B(OEt), R3/ R, H)kCOZEt R Y CO,Et
R4 = aryl, alkyl R, = Bn, allyl 3AMS, -15°C, Tol. 70-92% yield
R; = alkyl 89:11t0 98:2 er
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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, i,CI MeLi or - CH,} Cp.
\ Ti=CH
cp’ Gl MeMgCl o
:<R1 )
o}
R, % — Cp,Ti=0 :R1
R2

Example 1°
C) 2 )
OJ\N "'Ph Cp,TiMe, O%N "“Ph
MeO,C—|"'CHs  THF,65°C  Me0,c—|'""CHs
CHO 8h, 52% .
Example 2°
NI
/N
N
0" "0 phMe, 50°C, 67% o
Example 3°
CF3 CFs
o o
cFs 075eq M CF,
0~ >Ph o &

[ijo 2.4 eq MeLi [ j
N~ 6 mol% Cp,TiCl, N
PhMe, 80 °C, 6.5 h
91% E
250 kg F
©)(474 mol) 227 kg
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Example 4°
R; R; OMe 1.8 equiv Cp,TiMe, R; R; OMe
BN
Rz)\\N)\/&O Tol., THF, microwave, 65°c Rz 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.

(o] SiR3 acid or R! H

H
Ry

o) H
I+ m® GisSiR3

H
R'” "R2 R R3 base R2 R3
Basic conditions:
gOL % 0-SR 1
R'f "R? O SiR3 (O~SiR3 syn- R H
H R%HHH R H #.
. 2 3 R2 RS elimination R2 R3
© OC SiRs R R
M RS

B-silylalkoxide intermediate

Acidic conditions:

€]
i 3
HO SR (otation HO  R® e MO) R . R' RS
R e H Ry ; “H H R ?d H E2 anti
R® R R?  SiRg R SiRg eliminaton R2 'y
OH,
B-hydroxysilane
Example 1°
OH SiMe,Ph  KHMDS, H
O/@ 2804 THF (o _A_OH 18-C-6, THF
HO” > 0Bn  230c, 24 OD\ T
OB o, HO' < 'OBn ’ OBn
n 95% : 99%, > 20:1 dr
OBn
Example 2’
F 1. n-BuLi, Et,0, =78 °C F o
PhO s)\(
PhO,S™ "TBS 5 benzophenone, 63% 2 Ph
Example 3*
0,
PR 1. KHMDS, THF, 78 °C _ oN
(+-BuO)Ph,Si”~ “CN - | P
> 88% yield
N" "CHO 92:8 Z.E
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Example 4"
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
. N_1 R P,05, decalin X8
3 TO( reflux N

R

NS @
@f -0 @;
- @ - NH
HN \\HN/( O._.0 %
p” Hy
OPO
R R O (opo;
N ©
0P CO-R OPO, “
o] o) H
- . N T _N
_N = R
i R

Example 1*

HO j .
o NH POCI3, P40, decalin
180°C, 6 h, 14%
OH H H OH
©)\/N NJ\@

Example 2’

P20s5 O
_N
©)D/ O

o-dichlorobenzene

X
_N
cl
cl 80% O

1.1. Li, Name Reactions, 4th ed., DOI 10.1007/978-3-642-01053-8_200,
© Springer-Verlag Berlin Heidelberg 2009




Jie Jack Lie, 4th editn 433

Reference

1. (a) Pictet, A.; Kay, F. W. Ber. 1909, 42, 1973—1979. (b) Pictet, A.; Gams, A. Ber.
1909, 42, 2943-2952. Amé Pictet (1857—1937), born in Geneva, Switzerland, carried
out a tremendous amount of work on alkaloids.

2. Ardabilchi, N.; Fitton, A. O.; Frost, J. R.; Oppong-Boachie, F. Tetrahedron Lett. 1977,
18, 4107-4110.

3. Ardabilchi, N.; Fitton, A. O.; Frost, J. R.; Oppong-Boachie, F. K.; Hadi, A. H. A.;
Sharif, A. M. J. Chem. Soc., Perkin Trans. 1 1979, 539-543.

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

5. Poszavacz, L.; Simig, G. J. Heterocycl. Chem. 2000, 37, 343—-348.

6. Poszavacz, L.; Simig, G. Tetrahedron 2001, 57, 8573—8580.

7. Manning, H. C.; Goebel, T.; Marx, J. N.; Bornhop, D. J. Org. Lett. 2002, 4,
1075-1081.

8. Holsworth, D. D. Pictet—Gams Isoquinoline Synthesis. In Name Reactions in Hetero-
cyclic Chemistry; Li, J. I., Corey, E. J., Eds.; Wiley & Sons: Hoboken, NJ, 2005,
457-465. (Review).



434 Jie Jack Lie, 4th editn

Pictet—Spengler tetrahydroisoquinoline synthesis

Tetrahydroisoquinolines from condensation of B-arylethylamines and carbonyl
compounds followed by cyclization.

;
RWO 16} R'O
m I NH
R1O NH,  R* “H R'O
RZ
1 H R'O
RO \O® + H®
H{ — N._OH
R0 N A R'O HY
Rbm R'O
@ —HO
N COH :@Q & —
R'0 H YO 2 R'0 (/ﬂ H
R2 R?
R'0 @ R'0 ® R'0
R2 Hre R?
Example 1*

o)
\“%O
Hom . AcO s O silica gel
Me _—
MeO NH; 1/ dry EtOH  Me
Q N
o}

80% (

(.

Example 2’

NHMe (CH0),

aq. HCI, EtOH

75%
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Example 3, Asymmetric acyl Pictet-Spengler’

|
N NH, H/

N
CH,CL/E,O (3 : 1) H
H Na,SO,, 23°C, 2 h
OTBDPS
/-BuzNY\ NAC
N N
|
\ OTBDPS
AcCl, 2,6-lutidine, Et,0 81% 2 steps
_78°C to —60 °C, 23 h 94% ee

Example 4, Oxa-Pictet-Spengler'

~

(@)

CHO
OH SN
BF3*OEt,, CH,Cly

P 0°Ctort, 88%, 88% de
(0} O

- o
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Pinacol rearrangement

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

HO  OH y® 9 ”
R > < R2 - . )KK
RT R R R®

The most electron-rich alkyl group (more substituted carbon) migrates first. The
general migration order:
tertiary alkyl > cyclohexyl > secondary alkyl > benzyl > phenyl >
primary alkyl > methyl >> H.
For substituted aryls:
p-MeO-Ar > p-Me-Ar > p-Cl-Ar > p-Br-Ar > p-MeOAr > p-O,N-Ar

®
®
HO OH H  Ho CoH, _ho
R R? —— Ry (R’ d
R' R R R3
H, o}
HO o o)
5 alkyl ) o R2
RﬁR?;..'R@ R3fH*R RS
=Y migration R R R
4
Example 1
OMe
MeO
BF3°OEt, MeO O CHO
H
THF, 68% O OTBDMS
OTBDMS
OMe
Example 2°
Ph Q
OH 1. MsCl, EtzN, CH,Cl, Ph
0°C, 10 min.
Ny OH 2 EtsAl CH,Clp, -78 °C =
N 10 min., 90% N\SO oh
\
SO,Ph 2
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Example 37
Ph ' oH o] o Ph
Ph Ph
Ph OH cat. TsSOH Ph .
Gy e Oy, OO
3:1
Example 4°
OBn N‘fO R = vinyl, 92%
= o
BF3-OEt, Z RZ ?J'r{,'," Yo+ 98% ee
R = prenyl, 94%
CH,Cly, 0 °C L)
0
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Pinner reaction

Transformation of a nitrile into an imino ether, which can be converted to either an
ester or an amidine.

o]
H*, H,0 RAOR1
| HCl(g)  NH; CI”
R-CN + R™OH —
; NH,
R” “OR L .
NHg, EtOH R “NH,-HCl
(@
H® protonation RT=NH " nucleophilic NH, CI™
R—=N: " R™-Q" addition R™ “OR!
H
common intermediate
AT ®
H, Cl
)k2 hydrolysis H o
T H,N) OyH ——
R) OR 2 1 R~ “OR
H,0: R OR
H@
+ -
H, Cl .
)kz 1 nucleophilic HCI*H,N (OR! )NLHZ
RYOR " =
) addition R &NHZ R™ “NHy+HCI
H3N: H
Example 1°
Ph NH Ph NH,
i Ph EtSH, HCI, CH,Cl,  — pyr., HyS =
Ph N)\\ Ny O Ny O
H N 0°c, 10 min., 95% he 4h,0°C, 42% h
Ph Ph
Example 2°
(0] 0 (e}
EtSH, HCI, CH,Cl, pyr., HoS
Ph)kN/\\\N Ph)kN/WSEt Ph)kN/YSEt
H 0°C, 1h, 85% Ho Ny 2h.0°C, 40% Ho
E 6
xample 3
0, (@) 0,
MeOH, HCI 2
N ; NaHCO3, Et,0 N
( OPh is\oph aHCOs, Ety J/: oPh
Et,0, 0 °C _5°C. 87—
i\ 2o0% HCI*HN” “OMe 5°C, 87-92% HN” ~OMe
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O,
Q2 9 )N\HZ S~oph
S~oph “OPh Ph” “Me JI
E— \ + | HN™ “NH,

HoN" > OM MeO™ “NH EtOH, rt
2 © 2 36h,78%  Me” “Ph

Example 4"
cl®
N
N HCl
) Ho )
g EtOH 2 s
NC 95%
OFEt
N N
\ N
NaHCO, HNY<;[S> NH,CI HoN. s>
e @
Ot 65%  CIT "N,
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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.

R1 R1 1)
. on (CH3C0),0 N .
RSN, N e
R pyr., CH,Cl, o R H
31 9 R’
Q.9 RA ’TVE'))K R2_ON
)L(‘(‘))K acylation W? — HOA SZINg
R j ¢ Y
2 @N_O© €]
RON.S J CH3CO;
CH5CO,

The intramolecular pathway is also operative:

R1
R2 R1 R!
@ \ o
\r ) — N~ _N + J'L
o R RZH
"1 :
Example 1'
(CH4C0),0
N N
(0] 0,
\ 100°C N
Example 2°

o [0}

(CH3C0),0

<30°C, 98% @
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Example 3, Iron salt-mediated Polonovski reaction’

Me

Be

Q H,0, th

3 ,0, then FeSO,
HO"' H N 2 M HCI 87%, 2 steps
Me
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/
N oo (CFsCO)0 _
pyr., CH20|2
0”7 CF,4
tertiary N-oxide
-
/ eN
Tt &5 F
. PO _acylation CF3
’ j B O — H
3 /
° o
CF3CO, CF3CO;

iminium ion

'
NS P P
= ol N
€]
— > T CRCO; N — ~
FsC_O. LCF,
T 07 CF, 07 “CF,

o W
enamine
Example 17
N (CF3C0),0, CH,Cl,, 0 °C
H
N then, HCI, heat, 30%
HO
Example 2°

(e}
NJ{ (CF3C0),0, pyr

H o) 3
o >N E' o/
o 12 | OH  CHyCly, 0°C, 65%
A
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Example 3*

1.3 equiv m-CPBA

CH,Cl,, 0 °C, 94%

1. TFAA, CH,Cl,, rt, 3 h

2. KCN, Hy0, pH 4
0 °C, 30 min.,
thenrt, 3h

Example 4"

1. m-CPBA, DMF, 0 °C, 0.5 h, 80%

CHs
2. Ac,0, Et;N, DMF, 0°C, 1h
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Pomeranz—Fritsch reaction

Isoquinoline synthesis via acid-mediated cyclization of the appropriate ami-
noacetal intermediate.

OEt
e %oaﬂ@
CHO

OEt
OEt
HoN
2..\)\0Et ) imine

( condensation OEt

H 'N\H formation
0 O@Hz

H® @

g (OEt

IO

— HOEt !
Hioa /?
_N
/N
H
OEt ® OFt
@ |4
—o L oy — a0
_N
_N _N

Example 1°
EtO_ OEt
MeO \% BF5-AcOH, (CF5C0),0 Meo:@é
N
Meo:©VN 60-82 % MeO Z
4
Example 2
MeO OMe OMe
TiCly, CH,Cl,
Nv© —78°C, 69 %
O e
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Example 3’
OMe
MeO
MeO
© OMe =
N 6 N HCI, EtOH, dioxane N.
MeO “Ns MeO Ns

reflux, 30 min., 68%

Example 4, Bobbitt modification'®

EtO_ OEt
OEt
Br
OEt
NaH, DMF

1.5 MHCI, 12 h, rt

2. NaBHy4, TFA, CH,Cl,
38% overall
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Schlittler—Miiller modification

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

OEt
OFEt ® N
N ‘H\OEt H
: Y NH2 OHC)\OEt ©\(N N

R R R
Example 1°

= OMe OMe

Ri\ | + H\OMe Ri/ | OMe
X HN-1q X Nepo
H® = X
R—— | N
x “Ts
Example 2°
OEt
1 Eto)\fo
H 7 \
/ < > \ N N

HoN NHz 2 oleum, 30% — —
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Prévost trans-dihydroxylation

Cf. Woodward cis-dihydroxylation.

OH

: o : Iy >02_C'P/\h hydrolysis >_K
AgO,CPh 0,CPh OH
N !
R S NS
o G o
0,CHPh
2 Ph
cyclic iodonium ion intermediate  neighboring group assistance
©
0,CPh o
»)(_K Sn2 >O2_02 hydrolysis H
®Oﬁ/0 0,CPh >—c§
Ph

Example 1°

Yee
G G )
909 o

PhH, rt, 2 h,
reflux, 10 h, 46% OYO F
F
Ph
Example 2°
w02C-CeHa-p-OMe  agoCOPh, I,
\o“@\/\/ CCly, 74%
OH QAc
| 2 w0,C-CgH4-p-OMe 1. KOH, H,0O AcO,,, ~_..OAc
\O()\/\/ 2. Ac,0, pyr. \O‘\\O\/\/
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8134-8138.
Sabat, M.; Johnson, C. R. Tetrahedron Lett. 2001, 42, 1209-1212.
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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) He OH oo

or or
K, e X o esoy o 1

o) ®
H P ® | H,0 OH
@
H)KH H) H—= | R"™>"0H R)\AOH
R

the common intermediate

H
o e ) o ™
)(—\ R w . R)\)

Example 1°

SnBry, CH,Cl, O
Ikl g
OBn TsO 0B

TsO n

Example 2’

o™

Q/\ (CH;0),, Bi(OTs ©)\)
AcO CH3CN, rt, 10 h, 77% AcO
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Example 3’

OBn OTBS =

TMSEO,C : \
’ o "o HO' 0

cl
In(OTf)3, TMSCI, CH,Cl, OBn OH fj
~781t0—40°C, 4 h, 42% TMSEOZCMW o I%Ng?\o
) o o/%

Example 4"

AcOH, BF3-OEt,

0°C, CH,Cl,
X = OAc, 33%
X = F, 48%
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Pschorr cyclization

The intramolecular version of the Gomberg—Bachmann reaction.

CO-H COZH
l /—< NaNO,, HCI
NH2
COH
- SO
N, H® Aoy @ ~H,0 NH, NO,
o HG’N\\O SN N
2@ o° el \\O
COH <COZH COM
m NJ | N: e ‘
‘@ @Hz

002
Cu(0

CO,H
*, Cu (|)+ ‘/—k + NoT
Y

CO,H CO,H
6-exo-trig ‘ Cu(l) O‘
_ Cu(0) +

radical cyclization H O - H®

Example 17

~H,0

0+_0._0
1. NaNO,, HCI-H,0-HOAc
0, e OO OO
NH,
& 2. CuSO,, HOAC, reflux
\@ 2 h, 86%
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Example 2°
O O
~N ~N
N NH N
N \ 2 NaNO,, HCI N \
O 5to 20 °C, 64% ‘O
Example 3"
(0] O
hv (350 nM) O O
Br MeCN, N, .
0 (0]
— +
34% 62%
References
1. Pschorr, R. Ber. 1896, 29, 496-501. Robert Pschorr (1868—1930), born in Munich,

wh L

10.
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Pummerer rearrangement

Jie Jack Lie, 4th editn

(0]
I

R ACzO
R"

N

The transformation of sulfoxides into o-acyloxythioethers using acetic anhydride

S
.

R1,s\r

OAc

R2

X
o}
: ©
O Q 2
acyl Q, J‘< _ 1,8 R
y Q)Q AcO R @qu/
transfer S. R?
.S R? R"&> e_j
RV AcO
® 18 R? 2
- HOAc e R? R g1 R
” — Y
e
AcO
E 2
xample 1
OH
B
no\/\|/\SPh
OH
Example 2’
MGOD/—\
MeO

N CO,Et
73
S. N= N/\\
Ph™%0 \_°
Bn

Example 3*

- COoMe
Br:

Meoj@\/\ i ?
MeO NKSEt CSA, PhMe

OAc

1. Me,C(OMe),, H*
2. m-CPBA, CH,Cly, —20 °C

3. Ac,0, NaOAc, reflux, 6 h

SPh
81% ©
MeO
. N
TMSOT, DIPEA 100 ) _cogt
CH,Cl,, 20 °C PhS N ‘
88%, dr = 2:1 N
Bn K/O
MeO

MeO
reflux, 88%
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Example 4°
l?n 7 (‘? Ac,0 DMAP E}” i
Bn/N\)K/S\ _rem e T Bn/N:JK(S\
B CH,Cly, rt, 91% >
“Ph o pr  OAC
References
1.  Pummerer, R. Ber. 1910, 43, 1401—1412. Rudolf Pummerer, born in Austria in 1882,

S kW

= 0O 0=

studied under von Baeyer, Willstitter, and Wieland. He worked for BASF for a few
years and in 1921 he was appointed head of the organic division of the Munich Labo-
ratory, fulfilling his long-desired ambition.
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. Ahmad, N. M. Pummerer rearrangement. In Name Reactions for Homologations-Part

II; Li, J. J., Corey, E. J., Eds.; Wiley & Sons: Hoboken, NJ, 2009, pp 334-352. (Re-
view).
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Ramberg—Bicklund reaction

Olefin synthesis via o-halosulfone extrusion.

X Base R’
s S
[olNe]
B R .
X H )(\9 backside
A A I e —
R s ORI \) CS/ \b displacement
oo
R R?
1
Yo e
\s /_/ + 0=s=0T
i\ extrusion R
O/\O

episulfone intermediate

Example 1*
i H
Q\/j\ KOt-Bu, THF @
N 82 Br _15°Ctort, 71%
Example 2’
Z_Br KOt-Bu, THF/HOt-Bu
qSO2CHzBF 0°Cto rt, 0.5 h, 65% Ci
H
Example 3°

1. 2.2 eq. KOt-Bu, 10 eq. HMPA
DME, 70 °C, 5 min., 82%

2.6 N HCI/THF (1:10, v/v), rt, 4 h, 85%
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Example 4, in situ chlorination’

™ S/O—‘/\/\/\/\/\/\
OZS\f/\/\/\/\/\/
TMSO

1. +-BUOK, +-BuOH
CCly, tt, 65%

2. TsOH, H,0, EtOH
rt, 95%
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pp 386—404. (Review).
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Reformatsky reaction

Nucleophilic addition of organozinc reagents generated from o-haloesters to car-
bonyls.

0 OR2 HO OR2
BT G- ¢

o] R" O

OR? Zn(0) nucleophlllc
ZnBr

¢} oxidative addition or R K/ OR2 addmon
electron transfer

Br

H,0, hydrolysis ~ HO OR?
BrznO OR?2 2%, Nydroly
R' O during workup R" O
E 4
xample 1
OTBDMS OTBDMS
SE””/F’I’] BrCH,CO,Me MeOsz/D/,,,/Ph
N Zn, THF, reflux, 71% ‘
Boc Boc
E 6
xample 2

o o)
P Zn, THF
*+ 0
eO Br

60 °C

o—
HO O~ HCl

- - . (¢}

Y THF, rt, 10 h O‘
0,
92% MeO

MeO
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Example 3, Boron-mediated Reformatsky reaction®

o
H OH
_ Bl S/ H
: OP:
/ﬁo o Me H
P=TBS

single diastereomer

Example 4, Sml,-mediated Reformatsky reaction’

OTBDPS

OSiEts
n-Bu CHO

Me
. 1. Sml,, THF, =78 °C

OSEt 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.

Nz
1
RWOR TsNs, EtsN RWOW + Ts—NH,
O (0] MeCN o o
(:NEt3 @ 0eQ N
| NTN-N=8 N"§ S0, Tol
enolate (0] N H
formaton R~ _-OR' R%(OW
Ry & ¥ Il
©
H €]
(Nu ~S0,Tol N

proton o
transfer W WOW + RN § :::
tosyl amide is the by-product

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

iliary:*°
o o o}
NaH, HCO,Et MsN3 N
Z “0H 2
Et,0 Et,0
oo N &°SOM
:NEt3 NfL\liNiﬁiMe O © SOMe
O [ 0 0 N< H
et Ay 3
€]

I; <J‘Z£
o5 2
»
S
=
(0]
o
3
O:({):O
=
()
.
Zz®
\\ZCD
Il
&

Alternatively, the triazole intermediate may be assembled via a 1,3-dipolar
cycloaddition of the enol and mesyl azide:
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®0ef Q N=N
cycloaddition OH
~ oH g :
(0] (0]

Example 1°
2 §
S YL
O O © SO,N3
o] N
EtsN, CHsCN 2
3 3 s \/\MOFBU
0°C, 5h, 45% 5 o
Example 2"
OTIPS
N/\/OTlps CH3SO,N, M&NN
L @ CH4CN, 84% L i@
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Reimer—-Tiemann reaction

Synthesis of o-formylphenol from phenols and chloroform in alkaline medium.

OH OH
© + CHCl + 3KOH — @/CHO + 3KCl +2H,0
a. Carbene generation:
©
AR fast - CI', slow
ClsC H‘\J = HO * GClz —— :CCl,
OH Cl o-elimination
b. Addition of dichlorocarbene and hydrolysis:

OH

3 i
@ KOH Ho*ij\' _,ijdécb—»ij
2 Lccly
(Or\ C"/GOH O) % OH E? ] i CHO
- H ——

Example 1, Photo-Reimer—Tiemann reaction without base’
o-CHC2

éHCI

Hg lamp)
CHCl3 5h, 48%
CN
Example 2°

OH OH

CHO
CHCl,, 6 eq. NaOH

2 eq. Hy0, reflux
COoH 4h, 64% CO,H

NHBoc NHBoc
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Reissert reaction

Treatment of quinoline or isoquinoline with acid chloride and KCN gives qui-
naldic acid, aldehyde, and KCN.

o) — H H,SOy4 O X
PN . )N\ N RAH+ & e
R” Cl KCN o0 R N~ "COzH

Reissert Compound

Reissert compound

H. _H
O N q X O
H @ ® /‘ ®
NN N SS=NH N NENH H —
X % )VO ~
\ (0]
)(9@ R R H

R ®
H
N X o X H@
<) OH <] OrH + Pz o)
N NH — N = e R)LH N
)VO 2 ()VO NH; NH,
Ry R'H
X
N H
Co® . x
NP H —— N A p— + NH,
('NHg HO N N~ COuH
H,0
Example 1°
(o}
MeO cl @ NaCN, H,0, CH,Cl,
+
MeO N 4.5h, 95%
OMe
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_30% HpSO4 MeO H
reflux, 1 h,95%  MeO
OMe

Example 2, Reissert compound from isoquinoline’

O = chiral Al catalyst N o
2N TMSCN, CH,=CHOCOCI N ~F
B Chyc oc % o
H,Cly, —40 °C, 72 h, 53
O 2¥2 ? Br 73% ee

Example 3, Reissert compound fron isoquinoline'®

ESelocW
o ey ¢

48 h, rt, 96% Relssert 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.

N, cogt B° N CO,Et ® Z
Rt L o —— r L L el T
NO, Z>No, [H] N” oz

5
cH,  g° 4@ C

NGORE!

NO,

C}_éz EtO G
1
©iNOZ O~ OEt

hydrolysis

- L. Gl
CO,Et H
NO; 2 Nog02

N H
o CO,H \
W\j% m@ N/) CO,H N CO,H
Lo N
NHS'OZH H oN N
Example 17
O CO,Et 1eO
MeO.
‘ X . C‘JozEt KOEt MeO ‘ N Hy, Pd/C N‘ P
e N~ >CO,Et
NP N0, COEt  93% Ny, EOH88% N 2
Example 2°

H, (30 psi), PtO,

CO,Et
©f+ CO,Et KOE, EtOH m ’
| .
CO,Et OK
NO, -2 Et,0 NO, HOAc, 41-44%

gt
N~ “CO,Et
H
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Example 3, Furan ring as the masked carbonyl'’
(0] Ms (0] MS
NH
- HClLEtoH N o
~ /| - /
o o) reflux, 84% &)
Ph Ph
References
1. Reissert, A. Ber. 1897, 30, 1030—-1053.
2. Frydman, B.; Despuy, M. E.; Rapoport, H. J. Am. Chem. Soc. 1965, 87, 3530-3531.
3. Noland, W. E.; Baude, F. J. Org. Synth. 1973; Coll. Vol. 567-571.
4. Leadbetter, G.; Fost, D. L.; Ekwuribe, N. N.; Remers, W. A. J. Org. Chem. 1974, 39,

10.

3580-3583.

Cannon, J. G.; Lee, T.; Ilhan, M.; Koons, J.; Long, J. P. J. Med. Chem. 1984, 27,
386—389.

Suzuki, H.; Gyoutoku, H.; Yokoo, H.; Shinba, M.; Sato, Y.; Yamada, H.; Murakami,
Y. Synlett 2000, 1196—1198.

Butin, A. V.; Stroganova, T. A.; Lodina, 1. V.; Krapivin, G. D. Tetrahedron Lett. 2001,
42,2031-2036.

Katayama, S.; Ae, N.; Nagata, R. J. Org. Chem. 2001, 66, 3474-3483.

Li, J.; Cook, J. M. Reissert Indole Synthesis. In Name Reactions in Heterocyclic
Chemistry; Li, J. J., Corey, E. J., Eds.; Wiley & Sons: Hoboken, NJ, 2005, pp
154—158. (Review).

Butin, A. V.; Smirnov, S. K.; Stroganova, T. A.; Bender, W.; Krapivin, G. D. Tetrahe-
dron 2006, 63, 474—491.



Jie Jack Lie, 4th editn

Ring-closing metathesis (RCM)

CysP

Ph F.c! N
CysP [ 3 b \/é
Ph Clinp,=/
AT L S
Cl b vs Mes~\~ N-Mes FsC
\—/ FaC
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
G +  L,M=CHR CH o LM= ¢ —/

the active catalyst

LnM):E)HR 2+2] LM CHR

- cycloreversion @/ILH
cycloaddition —— =CHR + )7(

[2+2] ML cycloreversion
e e Rz
cycloaddition ]

Catalytic cycle:

LM=

O

LM=

LM
) C [2+2] "> cycloreversion T . @AL”
C cycloaddition - —

[2+2] ML, cycloreversion
e =
cycloaddition
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Example 1°

j\ | 10 mol% (PCys),Cl,Ru=CHPh fj

o0 o 0.3 eq. Ti(Oi-Pr), 0707 ""CyyHys
s CH,Cly, 40°C, 93%

Example 2°

CysP

g S
CI}Ru — E

E
EE Mes\N/KN,Mes
\—/
=

45 °C, 60 min., 100%
E= COzEt

Example 3’

MesN_ NMes
Clo,,

- Ru—=
cat. = CI/ l
O
o} \<

1. cat. PhH (0.07 mM)
80 °C, then air

2.10% Pd/C, Hy, EtOAc, rt

OBn

80-85%
Example 4°
YR pn
Cliury=/
P
o OBz Mes~\~>N-Mes o]
= /\H/Q 5.4 mol% -/ Z —H
0= o= __
= CH,Cly, 1t, 73% OBz
Cl CY3TJPh
Mes~\~>N-Mes
5 mol% (o)
o / Z H
CH,Cly, rt, 93%, > 10:1 E:Z O

OBz
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Example 5"

15 mol% Grubbs 11

toluene, 110 °C, 78%

single
isomer

W
XS

O OTES

Example 6'

1.1 mol% -

‘ PhH, rt, 1 h

2. Hy, Pd/C, 81%, 96% ee
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Ritter reaction

Amides from nitriles and alcohols in strong acids.
General scheme:

@ o
RI-OH + R*CN RLN*RZ
H
e.g.
H,S0, >L i
2504
%OH + HsC-CN N)K
H® ®
—-on ot —E o - % — e
nitrilium ion
2 —
R S P o
NT N N
Similarly
o}
HoS0,
>: + H3C-CN j\Nk
20 H
Example 1°
H,SO,
MeCN
89%
4
Example 2

=
(ICHS t-BuOH, conc. H,SO4 ENIfo
J .

N~ CN 70-75°C, 75 min., 97%
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Example 3°
N02
N02
Pt electrode, E=2.5V
‘ CH4CN, LiClO4 o)
@ H,0, 56%, dr 8:2 O,N7 ™ Nk
S H
O,N OH
Example 4°
fuming H,SO4 CH3CN, rt, 30 min., OH
O then H,0, 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, 3-unsaturated ketones.

(0]
e} 0 base C@%
N
R

methyl vinyl ketone (MVK)

Co o
e (6] .
q enolate ((\) @Q Michael Cﬁ/\/ isomerization
iy R “formation O[\/ addition N T
R 0
B: / =)

B
HCB s
H H,0 o
aldol 0 -2
° ) O —ohyarat
N addition enhydration
9o " R
R R

Example 1, Homo-Robinson’

N % MVK, AcOH, BF3+OEt, NaOMe
0,
-20°C, 97% o>/ o) 8% o

TMSO

1.5 equiv EtyZn

2.5 equiv LDA, TMSCI 1.1 equiv CHyl,

THF, 78 °C ™SO Et,0,0°C
1. 2.5 equiv FeCls, 0 °C
2. NaOAc, reflux
T™MSO 40% for 4 steps o

Example 2°

o (0] 3 equiv TfOH, P404q
(j * ij CH,Cl,, microwave %O

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 FeCl3*6H,0

ROC CH,Cly, 60 °C, 2d
OH
o) o] ? coR
conc. HySO4 2
0°C,1h
RO, CO,R
thenrt, 16 h ROL §
o] o]
10
Example 4
o o)
od -
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.

R2

R>
HN -H0 N&
R |
RN R0 R

Rj, Ry, Ry =alkyl, aryl, heteroaryl

H R H Ry R,
(" JTRs Y S !
R0 02 R; o@ R1AO R3

Example 1°
Q 0
H
4§i§N\2LO/ PhgP, I, EtsN ~§H_<N o
- H EE—— - ¢
cozN 0 g 5% CbzHN O |
4
Example 2
OTIPS
o} -
N OMe y || A \
MeO' |, < > __\\N N =
: = 1
HO™

1. Dess—Martin, CH,Cl,
2. Ph3P, BrCCI,CCl,Br

3. DBU, CH5CN
4. TBAF, THF

42% (+)-hennoxazole A

Example 3, Halogen effect’

Q(H 0 2 equiv PPhg ©\(O
N % 7/A
N o
CCl,, MeCN B
o H reflux, 97% N-N
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Q(H 1 2 equiv PPhs o
N
- Bl
H)JW CBrA‘ MeCN \-z/\/\ r
o}

reflux, 68% N

Example 4'°

1. PPhs, C,Br,Cly, CH,Cl,
2,6-di-tert-butylpyridine ) oTBS
0
<M /\/OTBS NaHCOs, CHoCl, 0°C Qj\l/ﬁl/
TBDPSO 2. EtzN, MeCN, 0°C to rt TBDPSO
89% for 2 steps
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Robinson—Schopf reaction

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

COLH \
CHO
[ +  —NH, o} A 2CO,T + 2H,0
CHO
COzH o
H.
o)
—NHz: HNY~ HO,C._\__CO,H
\\ -~ imine -H,0
OH -
o formation \/ @/
CHO CHO
CHO
_H
HO,C CO,H Q)
CHo  MO2C. N COH
j))
N
/)
hemiaminal
\ 0 \
N H N
decarboxylation
—_— )T+ \
HO.C o) HO.C  “on

\ \
N \N N
-~ % — CO,T + R—» A
Example 1°

MeO OMe ~

O ™\
Ph,
H;(\OH KCN, citric acid, H,0O, rt, 24-48 h N_ O

Nc\g
NH; then EtOH, reflux, 96 h
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Example 2°

CHO

CO,H

THF, rt
+ \/\NH2 . o

72 h, 51%

CO,H
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Rosenmund reduction

Hydrogenation reduction of acid chloride to aldehyde using BaSO,-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

Lo/ PP L0 PA Py L PA P
o T H-Pd-H
H--H H H
H—H
o] Pd(0) o) H-Pd-H
—_— o —
R™ °Cl oxidative R™ Pd ligand exchange
addition
ir\ reductive i
H ————  Pd(0) +
R @d elimination R H
4
Example 1
H,/Pd or Pd/BaSO, o
o 2,6-dimethylpyridine, THF 1
R™ "Cl or Hy/Pd-C/quinoline-S, PhH R~ H
74-97%
E 6
xample 2
NBoc, Me,N NBoc,
HO : )= cl 2
N co,tBu cl N cotBu
0 (6]
H,, 5% Pd/C NBoc,
2,6-lutidine H -
Wcozt-su
THF, 2 h, 78% o
Example 3°
o 1. SOClI,, cat. DMF, reflux, 4 h
PN .

2. Hy, 5% Pd/C, EtOAc, 53%
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O
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Rubottom oxidation

a-Hydroxylation of enolsilanes.

OSIR, 0

1. m-CPBA OH
2. K,CO3, H,0

Ar
(@]
O/J}T‘H Prilezhaev ! (/3—/“< o yeo
Rasio(vo RSO 6 0| —
epoxidation ij H

The “butterfly” transition state

®__SiR o]
H o ohs

Qde | oy KeCOsH0 OH
@ hydrolysis

Example 17
OSiMeg 2.5 eq m-CPBA o] OH
CICH,CH,CI ~
SN CO2Me "@\COZMe
0°Ctort, 1h, 80%
Example 2°
0 OH
TMSCI, Nal 1. m-CPBA, NaHCOj3, pentane, 0 °C
EtsN, 1t, 91% 2. aq. K,CO3, 0 °C, 20 h, 80%
OTMS o]
E 4
xample 3
oTBS
™SO & o OTBS o OTBS
- m-CPBA | Tms0 : Si0;  Ho ;
TMSO T™MSO 63% T™MSO™
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Example 4°

1. LDA, TMSCI
2. m-CPBA, NaHCO;

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,f-unsaturated ketones rather than the corresponding o,f3-
unsaturated aldehydes. Cf. Meyer—Schuster rearrangement.

OH .
H*, H,0
=

®
@ H
OH @ (OH, H,0 o F @ =)
== > =
dehydration H
HzoZ
o]
Pf0t°na“°” m \ _tautomerization
Example 1*
/>/// conc. HySO, Q
X
OH CHCly, HOAC, reflux, 1 h ﬁ)k
Example 2°
o]
OH_~
Z CHs
Me HCO,H, reflux Me
15 min., 42%
Example 3°
o)
A-252C H* resin Y

EtOAc, reflux “Q
4 h, 78% 00
o
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Saegusa oxidation

Palladium-catalyzed conversion of enol silanes to enones, also known as the
Saegusa enone synthesis.

Me3SI\O 0

0.5 Pd(OAc),
@\ 0.5 p-benzoquinone
Me benzene, rt, 3 h, 91% M

The mechanism is similar to that of the Wacker oxidation (page 564).

e

€]
AcO—Pd(Il)<OAc AcO™
Megsi\O:)j Mess|(o\® )(1 .
- it[Pd(ll)OAc T Me” “OSiMes
[ lMe Me
o} oy i
Pd(I)—OAc  B-hydride —
()) - - L Q\OAC ij\ ¢ POy Hoke
H elimination . U Me
Ve Me

Regenerating the Pd(II) oxidant:

o OH
Pd(0) + 2HOAc + ¢ — <> + Pd(OAc)
0 OH

Larock reported regeneration of the Pd(II) oxidant using oxygen:*

HOAc

Pd(0) + Oy —= Pd:(\D

HOOPdOAc
O

o

)LOSiMes

HOOSiMe; *+  Pd(I)(OAc),

Example 1°

OMe OMe

Me3SiCl, Et;N

CH30CH,CH,0CH5
it, 3 h, 74%
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OMe

Pd(OAc),, p-benzoquinone

CH3CN, rt, 60 °C, 53%

Example 2°
0 LDA, TBSCI o Pd(OAc),, O, ©
é% HMPA-THF é% DMso,80°C << ©
O  —78100°C,93% otes 48N 77% o
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,f-
unsaturated system (Example 2), giving rise to an alcohol.

o
9 TiCl,
é + /\/SiMe;;
A\
TiCly
('TiCI4 @ o
@ _TiCl f
5 complexation LO/@ 3 Michael
- addition @
é ; Q SiMeg
~— /\/S|Me3 &GCI

The B-carbocation is stabilized by the B-silicon effect

_TiCl,

o o
silicon H,0
Me3Si—Cl  +
cleavage workup
N\ N

Example 1°
_— TMS EtAICI,, Tol. K
0,
o = 0°C, 50% o
Example 2°
TiCly, CH,Cly

/\/SiMe3
rt, 10 min., 67%
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Example 3’

SiMey

“OPMB

H,C OPMB  BF3OEt, Ba(OH),+8H,0
N < OH 0°C, 2 h, 62%
0C(0)CO,Me —78°C,4h H:Ii7f~coga e
OHC [...0C(0)CO,Me
CO,Et H (0)C0;
H
10
Example 4
HOH H O
d _~_SiMe;
BnN NBn
/ BF3*OEt,, CH,Cl,
o OH 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.
® © CuCl
AN, Cl N,T + Are + CuCl, —= Ar—Cl + CuCl
4
Example 1
Cl cl Cl
® © 1.FeCl ® _ DMSO, rt
Ny CI Ny | CuCl, Cl
2. CuCl 2 | Bt 97%
81%
cl o cl 2 cl
Example 2’
CFs CF,4 CF,
1. H,S0, CuCN, NaCN
NH, 2. NaNO, NN Na,COs, 50% N
€]
Cl Cl Cl
Example 3*
OMe OMe
NaNO,, CuBr OH
55%
HoN ° Br
Example 4°

1. HOAc, H,0, HySO4
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—NHj + HNO, + HBF, —=

@ €] A
ArN; BF, ——— Ar—F + NyT+ BF3

HBF, ® N HO™ o N N
Ho Mo H0j "0} —= H0 + N=0® oMo
_NC NG H® @
+ o+ O ~o ¥
I .0y .+ , Ns OH _NY¥ _OH,
r\f\in — AN O A Ar” N \/
® ® o A ® ©
— H,0+ Ar—N=N-=<~— AN, BF, _ NZT + Ar o+ F—BF; — Ar—F + BF3
4
Example 1
NH, F
N)iN NaNO,, HBF, H,O N)iN\>
\
N | ’\!> 101009, 25% gAY N
R R
R = 2,3-5-tri-O-acetyl-B-D-ribofuranose
Example 2, Photo-Schiemann reaction’
R NHBoc  1.HBF, RF F
}:( 2. NaNO, = .
HN, N HN N HANN
3. hv
36% 8%
Example 3, Photo-Schiemann reaction®
BF4 Ny hv
H,oN CO,Et NO*BF, 4 Na CO,Et R CO,Et

. HN; . N1 bmimlBFs] NN
HN\7N [bm|m][BF4] & 0 OC, 24 h, 56%

<
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Example 410
N,*BF,~ 500 © F
NH, NaNo, 2 BFy 160-200 °C
3 8 — [
s~ "CO,Me  HBF, s~ ~COMe  sand, 67% g~ ~CO,Me
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; o
RO Ry R e N
H* H
N©
NO f
(o] €] @ _H ) N
H [e) HN HO N Ng NG
R1J'LR2 )’L : 1 32 HO H20;<V-N)
R'" "R? RY R R1VOR? R1”OR2
azido-alcohol
o R, @ o
_H2 R1 RZEN
%N(L\EN N+ T ®
2 20 migration Nt
R 9 H0

nitrilium ion intermediate (Cf. Ritter intermediate)

1 o}
Ho R izati
@ _/ tautomerization 1
H + >*N R2KN/R
R? H
Example 1, A classic example’
0o H co
NaN3 WN oEt
MeSO3H o ‘\%
21%
Example 2°
o H O

NaN3, HySO, N
CHCl3, 92%

1.1. Li, Name Reactions, 4th ed., DOI 10.1007/978-3-642-01053-8_229,
© Springer-Verlag Berlin Heidelberg 2009



Jie Jack Lie, 4th editn 491

Example 3, Intramolecular Schmidt rearrangement®

OH
wi/ | TIOH, CH,Cl on
/g o 0°C, 79% N
N3

Example 4, Intramolecular Schmidt rearrangement®

N3
L
B H
O TiCly O N.__O
Et Et

Example 5, Intermolecular Schmidt rearrangement’

0 H
NC O H HO,C N._O
OQC\E'LNH 2 \[ f
N N) N
NaN3, CHCl; +

conc. H,SO4
84%

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.__CCly
~,, O._OH g
U cat. NaH 0, O _O HO—Ar /EOJ/O
AcO” > "0A . .
C don € ClCCN . ~"oac  BFs*OEL  Ac0” " "OAc
¢ OCH;, OCH,
trichloroacetimidate
f—lcu3
OH
v, O 6) €]
U H‘/ deprotonation 0, -0 -O BF3¢OEt,
. T . HT o+
AcO v~ 'OAc Ac “OAC
OCH :
s OCHj,
BF3e0Et,
s co
neighboring
,,,,, o_Lo
\i group assistance
AcO” >0
CH30
H\
.0-Ar Ar
v, OO
o) e (o U
. - .
ClC” “NH, Aco)/\j”\’?a Ac0” > "0Ac
g OCH
CH;0 OCH,
Example 1°
HNYCCI3 [ CO,Me
o) (o) | CO-Me BF3-OEt2,4AMS
O//Ej/ N 2 ., O O OMe
., _E( O OMe
Ac —""0Ac  HO OMe CH,Cl,, =50 °C, 95% Aco/EIOAc
OCHj3 OMe OCH,
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Example 2’
BnO o 6H
3”0% BnQ
BnO O._NH (0] z
BF3*OEt, )
CH,Cl,/hexane BnO 'AcO
CCly 2012 BnO C
—20°C, 68%
Example 3°
AcO  OAc © PFg
0 HO_~_ o~ ©
AcO ”2
AcO O._NH
\f 0.2 equiv TMSOTf, CH,Cl,, =15 °C, 5 min.
CCly

Aco  OQAc

AcO

€] PFs t-Bu
@
\/\/\/\
N

AcO o g Hy

© t-Bu
PF,
\/\/\/\N + AcO

Ha AcO 30%

References

(a) Grundler, G.; Schmidt, R. R. Carbohydr. Res. 1985, 135, 203-218. (b) Schmidt,
R. R. Angew. Chem., Int. Ed. 1986, 25, 212-235. (Review).

2. Smith, A. L.; Hwang, C.-K.; Pitsinos, E.; Scarlato, G. R.; Nicolaou, K. C. J. 4m.
Chem. Soc. 1992, 114, 3134-3136.

3. Toshima, K.; Tatsuta, K. Chem. Rev. 1993, 93, 1503—1531. (Review).

4.  Nicolaou, K. C. Angew. Chem., Int. Ed. 1993, 32, 1377—1385. (Review).

5. Groneberg, R. D.; Miyazaki, T.; Stylianides, N. A.; Schulze, T. J.; Stahl, W.;
Schreiner, E. P.; Suzuki, T.; Iwabuchi, Y.; Smith, A. L.; Nicolaou, K. C. J. Am. Chem.
Soc. 1993, 115, 7593-611.

6. Firstner, A.; Jeanjean, F.; Razon, P. Angew. Chem., Int. Ed. 2002, 41, 2097-2101.

7. Yan, L. Z.; Mayer, J. P. J. Org. Chem. 2003, 68, 1161-1162.

8. Harding, J. R.; King, C. D.; Perrie, J. A.; Sinnott, D.; Stachulski, A. V. Org. Biomol.
Chem. 2005, 3, 1501-1507.

9. Steinmann, A.; Thimm, J.; Thiem, J. Eur. J. Org. Chem. 2007, 66, 5506—5513.

10. Coutrot, F.; Busseron, E.; Montero, J.-L. Org. Lett. 2008, 10, 753-756.



494

Shapiro reaction

Jie Jack Lie, 4th editn

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,, etc. Consequently, the Shapiro re-
action generally affords the less-substituted olefins (the kinetic products), while
the Bamford—Stevens reaction delivers the more-substituted olefins (the thermo-

dynamic products).

R1
R% /H\ 2 n-BulLi
3 N Ts then E®
R

T~

Bue

1\ Rzﬁ?i(‘«N

RU M ¥ SN
S

R3
;
R' o R
RZ2 __ NCN -N2 Rz\/e
R® R®
2
Example 1
NNHTs  MeLi, Et,0
Example 2°
NNHTs
S MeLi, Et,O-PhH
75-80%
Example 3’

olle

98% 2%

éi\&

3. aqueous workup
69%

2. n-Buli, THF, -78 °C to rt

1.J. Li, Name Reactions, 4th ed., DOI 10.1007/978-3-642-01053-8_231,

© Springer-Verlag Berlin Heidelberg 2009



Jie Jack Lie, 4th editn 495

Example 4°
NHTris 1. n-BuLi
H _N 2. MgBr,*OFEt,
3. O
Me Yk Me
o
Me o phm 55% yield
Me one diastereomer
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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:

Le 3 ok 2
< o
4" "NCINa ;
0o BnO~ 'NCINa NBrLi
EtOANCINa TMSMNCINa
R = p-Tol; Me
4 chiral ligand 4
R Ko0s0,(0OH), R R
R CINaN-X HO NHX
t-BuOH, H,0O

The catalytic cycle:

€]
0s0; * CIN-X

R R’ l
* 2
HO  NHX 050s=N— :
o
H,0
1l
R 07 0s=N-Xx
o *
PJ\--rv
0=0s~

onx ol 8k
I R' «— —Os
(¢}

Example 1'°

5 mol% (DHQD),PHAL Q
. ji 4 mol% Ko0sO,(OH), Y-NH  OH
BnO~ “NCINa BnO

n-PrOH/H,0 (1:1), 63% ee
5 0,

(]
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(DHQD),-PHAL = 1,4-bis(9-O-dihydroquinidine)phthalazine:

Example 2°
BnOCONH,
NaOH, t-BuOClI OH
/@/\/COZE'( (DHQD),AQN ~_CO,Et
K,0s0,(0OH), /©/\N:/HCbz
BnO n-PrOH/H,O (1:1) BnO
rt, 12 h, 45%, 87% ee
Example 3°
E R
R NaOH, urethane
K20502(OH)4
(DHQD),PHAL Me . Me
__ 1,3-dichloro-5,5-di-
methyl hydantoin HN ~ OH HEC:O NH
e n-PrOH/H,0 )—OEt Y
0
F
1. Cs,CO,, MeOH
2. H,S0, aN. O
(0]
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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-

HQ OH
(DHQD),-PHAL H
——————————— Rg' /RM
R, H

K,CO3, K3Fe(CN)g RLR§ Ru,
(DHQ),-PHAL

K,0sO,(OH),4

HO  OH
AP Lo i I 5 g \
NA% Z0S~ Z0s o/
05 e ZYEN
O// o L O L (0]
[3 + 2]-like 9/> hydrolysis Hox
=0 —_—
cycloaddition %”I\_SO HO
E 2
xample 1
ol s ' ol
EtO,C7 X" 2 EtO,C :
K,CO3, MeSO,NH, OH
N3 -BUOH/H,0 (1:1) N3
i, 12 h, 90% de
Example 2*

1. AD-mix-B, MeSO,NH,
~CO2Et  £BUOH/H,O (1:1), 1t, 12 h CO,Et
ONos
BnO 2. NosCl, EtsN, CH,Cl, BnO

0°C, 54%, 92% ee

Nos = nosylate = 4-nitrobenzenesulfony]

1.1. Li, Name Reactions, 4th ed., DOI 10.1007/978-3-642-01053-8_233,
© Springer-Verlag Berlin Heidelberg 2009



500 Jie Jack Lie, 4th editn

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

Py

R

(e}

O\ I
o®~o

H,0

Py
P

Secondary cycle
low ee

R._OH

X

OH

R
low ee

~O

L
R »

o) ‘\ Rm(L
Qy 7N 0-Gst

Y,
2\ (0]

00 NMM NMO
H,O
R
Primary cycle \ ‘
R\[O high ee L R
R OH
high ee

OMe

Me AN COzEt AD-mix-o.

o @

Example 3°

t-BuOH/H,0 (1:1)
9 93%, 97% ee
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Example 4"
K,0s0,(0OH), H
(DHQD),PHAL
M
NMO OH 70% ee
acetone/H,0O
89%
References

11.
12.

(a) Jacobsen, E. N.; Markd, I.; Mungall, W. S.; Schroder, G.; Sharpless, K. B. J. Am.
Chem. Soc. 1988, 110, 1968—1970. (b) Wai, J. S. M.; Markd, L.; Svenden, J. S.; Finn,
M. G.; Jacobsen, E. N.; Sharpless, K. B. J. Am. Chem. Soc. 1989, 111, 1123—-1125.
Kim, N.-S.; Choi, J.-R.; Cha, J. K. J. Org. Chem. 1993, 58, 7096—7699.

Kolb, H. C.; VanNiewenhze, M. S.; Sharpless, K. B. Chem. Rev. 1994, 94,
2483-2547. (Review).

Rao, A. V. R.; Chakraborty, T. K.; Reddy, K. L.; Rao, A. S. Tetrahedron Lett. 1994,
35, 5043-5046.

Corey, E. J.; Noe, M. C. J. Am. Chem. Soc. 1996, 118, 319-329. (Mechanism).
DelMonte, A. J.; Haller, J.; Houk, K. N.; Sharpless, K. B.; Singleton, D. A.; Strassner,
T.; Thomas, A. A. J. Am. Chem. Soc. 1997, 119, 9907-9908. (Mechanism).

Sharpless, K. B. Angew. Chem., Int. Ed. 2002, 41, 2024—2032. (Review, Nobel Prize
Address).

Zhang, Y.; O’Doherty, G. A. Tetrahedron 2005, 61, 6337—6351.

Chandrasekhar, S.; Reddy, N. R.; Rao, Y. S. Tetrahedron 2006, 62, 12098—12107.
Ferreira, F. C.; Branco, L. C.; Verma, K. K.; Crespo, J. G.; Afonso, C. A. M.
Tetrahedron: Asymmetry 2007, 18, 1637-1641.

Ramon, R.; Alonso, M.; Riera, A. Tetrahedron: Asymmetry 2007, 18, 2797-2802.
Krishna, P. R.; Reddy, P. S. Synlett 2009, 209—-212.



502 Jie Jack Lie, 4th editn

Sharpless asymmetric epoxidation

Enantioselective epoxidation of allylic alcohols using 7-butyl peroxide, titanium
tetra-iso-propoxide, and optically pure diethyl tartrate.

RU_R £Bu-O-OH, Ti(OI"Pr), RE/C
o)
R LOH L-(+)-diethyl tartrate R; OH

;
L t-Bu-O-OH, Ti(Oi-Pr), Féi
Ry OH D-(-)-diethy! tartrate R OH

The catalytic cycle:

/O/'—Pr
LaTi,
Oi-Pr
‘LOH t-Bu-O-OH =
?)\/OH /Of
LaTi
?
O
“t-Bu
o/ LnT@
LaTi. Q-
O t-Bu
|
t-Bu
OAS
-
LaTi--Q
/ i
0 >§ t-Bu
LiTi=0
?
t-Bu

1.1. Li, Name Reactions, 4th ed., DOI 10.1007/978-3-642-01053-8_234,
© Springer-Verlag Berlin Heidelberg 2009
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The putative active catalyst and the transition state:

EtO

I /
EtO,C Oj-pr t-Bu

Example 1°

Ti(Oi-Pr);, 4 AMS, (+)-DET MeM/<?/\OH

crude: 88% yield, 92.3 % ee
recrystallization: 73% yield, > 98% ee

NN
Me X OH
t-BuOOH, CH,Cl,
-20°C

Example 2°
| (-)-DIPT, Ti(OF-Pr), o
ROH R/OH
TBHP, 3AMS
50-60%, 88-92% ee
Example 3"
L-(+)-DIPT, Ti(Oi-P Q
Non -(+)-DIPT, Ti(Oi-Pr) ©/<J SOH —» ok
TBHP, EtOAc (RR) N
89%, 98% ee (S,S)-reboxetine
Example 4"
BnO BnO
o D-(-)-DIPT, Ti(Oi-Pr), 0
BnO BnO o
BnO~>"5no TBHP, 4 AMS BnO— Bno

X" 0H 70%, > 95% ee 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 Bu;P, among other
methods.

NO,
SeCN
R~ [O}
R\/\OH Se
BusP, THF, rt NO,
R~4-H
BusP: NO O
NCN 2
© 4 Sn2 e SespPB
e\g'q/‘ CN + & Us _—
NO,
Se@*\ )
R\/(O\:PBU3 — O=PBujy + R\/\Se
NO,
0 /@ g
O @
yn-elimination OH

P Gse Roz +

H O NO,

NI

Example 1°

OH H

1. BugP, 0-O,NPhSeCN, THF, rt
2. CSA, PhH, rt to 70 °C

3. m-CPBA, 2,4 6-collidine
CH,Cly, 0°C, 42%

Example 2°

1. BugP, 0-O,NPhSeCN  MeOL -,
THF, 1t, 6 h, 97% Y ’

MeOYw,/

2. m-CPBA, Et3N,
CH,Cl,, =78 °C
OH 86%

1.1. Li, Name Reactions, 4th ed., DOI 10.1007/978-3-642-01053-8_235,
© Springer-Verlag Berlin Heidelberg 2009
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Example 3’

SeCN

n-BugP, THF, rt, 78%

2. aqg. HyO,, THF, pyr.
—40 °C to rt, 90%

Example 4'°

©/SeCN
1.

n-BusP, THF, rt

2. aq. HyO,, THF, 40 °C
90% 2 steps
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Simmons—Smith reaction

Cyclopropanation of olefins using CH,I, and Zn(Cu).

CHaly + Zn(Cu) —> ICHZnl ————— >A< |

Zn
I—CHy—l ICH,Znl
Oxidative
addition
Simmons—Smith reagent
2ICHpZnl =——= (ICHpZn + znl,
INg-2n! --znl

Ha . X - . >A< + Znly
>=

Example 1°
fo) O
Zn/Cu [from Zn and Cu(SOy),]
CHaly, Et,0, reflux, 36 h, 90%
Example 2, An asymmetric version®

! I CONEt,

o (1eq)

OH
/@/\/\OH OO CONE, moH
MeO 6 eqZn/Cu,3eqCHyl,  MeO

CH,Cl,, 0°C, 15 h
78%, 94% ee

Example 3, Diastercoselective Simmons—Smith cyclopropanations of allylic
amines and carbamates’

| |
NBn, ¥z( NBn,
Ety,Zn, CH,ly, TFA ﬁ}
_/ N\_NTPh >
CH2C|2, rt, 1h : /7 w
92%, > 98% de Ph

1.1. 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"

1. PhMe,SiH, RhCI(PPhy);, 60 °C 2.H H
2. EtyZn, CHaly, 0°C
+ N
o Q Q =

6 3. TsOH, MeOH O O
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,S0, @\/j
NH, OH PhNO, N7

® '
HO/\/\OH H HO dehydration

OH
(8*'2

= CHO
HO/\/\OH = Ho >

glycerol
®

<6H

H
o HO 4\ oJ
H@ Hzoj\q/ dehydrat|on Hk conJugate pZ
/@ addmon
N
H

H2N

acrolein

)
_H OH OH
1y (o N
tautomerization 5 H® /“ intramolecular .
N ©\,\N addition \N@ N
H N H H

CO?"2

H® H dehydration oxidation by
H PhNO,, — (I ]

N
H

For an alternative mechanism, see that of the Doebner—von Miller reaction (page
196).

Example 1°
F H2$O4, FeSO4 F
F OH H3BOs, 80 %
* Ho\)VOH b
SO3H _
F NH, i F N
NO,

1.1. Li, Name Reactions, 4th ed., DOI 10.1007/978-3-642-01053-8_237,
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Example 2°

o H,S0, H3BO;
OH FeS0,+7H,0
X 4 2
+
(m HO\)\/OH o,
N~ SO NH, 75 %

Example 3, A modified Skraup quinoline synthesis®

8-10h, 78%

(0] N
HOAGc, reflux
H ~
H * Q MeO N SMe
| MeO NH,

MeS SMe
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Smiles rearrangement

Intramolecular nucleophilic aromatic rearrangement. General scheme:

€]
i strong XI Z@
[ base v

X =S8, SO, SO,, 0, CO,
YH = OH, NHR, SH, CH,R, CONHR

7= NOz, SOQR
e.g.
2 O, NO2
S SNAr
09
02 NO, ozs
spirocyclic anion intermediate (Melsenhelmer complex)

Example 1’

NaOH, DMA

o (0] O
(6]

o}
o}
NaOH, H,0 /Cij H,0, reflux
50 °C HO%N 59%, 3 steps
H HoN
0
Example 2, Microwave Smiles rearrangement’

X z
N "NH, uW, NMP, 30 min. N

90%

1.1. Li, Name Reactions, 4th ed., DOI 10.1007/978-3-642-01053-8_238,
© Springer-Verlag Berlin Heidelberg 2009
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Example 3"

MOMO
1(OAc),
MOMO (0] (0]
OMe OH

2 equiv Na,CO3
H,O, rt, 2 h

MOMO. o0._0O
0,
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
Y.
L/X base H/
YH XH
Example 1°
~CF3 B CFs
N _N N CFe
5 KH or NaH Co =N
. o8
¢ v/
~ (e
COzMe MO~ “OMe oM
' N\—CF3 ' \—CF3
=N =N
o N—oH
ol o
Example 2’

- N02
N/
NaOH, H,0 + O y
ozs 0,S— SN
EtOH, reflux NO, 41% 46% \E/)

NO,
O
2N )’5@ KZCOSv DMF
+
\©\F HO reflux, 73%

C E O2N O OH

Example 3
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Example 4"
HO o ) i \o, -KaCOs DMSO, tt 85% Q\O
(0] 4 2
O,N
@& ©/ 2. PTSA, acetone/H,0 2 o
50 °C, 98%

rt, 93% NO,

TN HO O
K,CO3, DMSO o ©
O,N
: o 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 N— X A
A
ATX I\W\J\l r( @ AT A OO
LN cHol, N Hz0

hexamethylenetetramine

N
f Xe N ®
NI N Su2 N [/ CH hydride
LN \' o r( q a N e |
A /Q; LNN\\//(N(@\/ LN/ W transfer
.
N N~cH N~
CH 3
A Vi o
L om N 5, M
hemiaminal

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

)
X ~CH
3
Nr( ) N (\9 <N
LN \/ LN
Ar
Example 1°
Br CHO
BnO N 1. HMTA, CHCI3, reflux, 6h  BnO N
S 2. 50% HOAC/H,0, reflux, 3 h S
0%
E 4
xample 2
HMTA, HOAG/H,0 (11:3)
reflux, 4 h CHO
NH,
then 4.5 HCI, reflux, 1.5 h
OH 68% OH

1.1. Li, Name Reactions, 4th ed., DOI 10.1007/978-3-642-01053-8_239,
© Springer-Verlag Berlin Heidelberg 2009
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Example 37
F F
WN\‘ HOAc, H,0 CHO
Cl +
NN
AN A, 62% [ I .
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< r:lé [2,3]-sigmatropic
L —— NHg * I ——
H _©O rearrangement
o
NH,
ammonium ylide
HONH,
‘ aromatization ‘
Example 1°
NP
CsF, HMPA
DMF, reflux o ’
N N PN ’ N, "SiMe 4’@\/
Example 2*
o \
| Br CsF, HMPA N+ -
NG “SiMe; /@N AcO N
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"
oN_core \ .
g +BUOK, THF /N7{COZR
e “
Br -60°C, 4 h —@COgMe
57%, > 20:1 de
CO,Me R* = (-)-8-phenylmenthyl
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3. Shirai, N.; Watanabe, Y.; Sato, Y. J. Org. Chem. 1990, 55, 2767-2770.
4. Tanaka, T.; Shirai, N.; Sugimori, J.; Sato, Y. J. Org. Chem. 1992, 57, 5034-5036.
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Sonogashira reaction

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

PdCl,+(PPh
R—X + — g >*(PPh3), R — g
Cul, EtsN, rt
PhsP.__Il__Cl
Phsp” CI
CuC=CR' o=
HX-amine PhSP\Pd"/X RC=CCy HX-amine
PhPp” R
ii Cycle B' Cycle B
RC=CH i cux RC=CH
- Cycle A
PhsP__ I_C=CR' .
e <C:CR Pd’(PPhy), PhaP g C=CR
3 = PhsP” /R
RC,CC: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:

@
H}NEtg \:NEtg o
PdCl, + NEt3 =———= H _— P\d cl
PdCl, H™ Cl
Ay i
—NEt, cI® reductive
Cl—Pd—H ———— HCI + Pd(0)
elimination

Example 1°

m @ PdCl,(PhsP),
+ —
N7 COnE \_/ Cul, Et;N

60 °C, 89%

1.1. Li, Name Reactions, 4th ed., DOI 10.1007/978-3-642-01053-8_241,
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Example 2°
Br-
Br_~ =SiMe, “ |
\ N
SN"Br PdCly(PhsP),, Cul -
EtsN, t, 65-74% SiMes
Example 3®
OMe
Pd(PPha)s, Cul, omim](BF,] MeC OMe
It EtN, 80 °C, 12 h, 11%
| O A OMe
[\ 4
/NVN\/\/ | O
MeO OMe @ _ Moo = OMe
OMe [bmim][BF4] e O OMe
MeO
OMe
Example 4°
PMPO,
72 omss
O’/,
///{\/
OH
Pd(PPhs)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.

R Rz

Q X
x£< Rs /):/[\i
L Ra Rid R

R TR, Ry Ry
puckered transition state:

Example 1°

o) (6] o
N\ Ot-Bu
PhO, N
pro. L 3

o e
- Et3N, CH,CI
p ToI\N,N 3 201 N, _p-Tol

‘ 10°Ctort,24h O N
88% /

Example 2’

N

N
‘ Et;N, CH,CI
31N, 2v12 A ’
_78°%C1tort, 60% O @

Example 3°

H CO,Et
O  CO,Et PMP, 2
0-CO0EL  pypN=CcHPMP ° /

O PMP—N_ X \O"'/<
- _ W ‘0, + — W ‘Y
EtN, CH,Cl, ~ TMPN /< g

—40°Ctort H: 0

0™ "cocl _
PMP major O minor
15 h, 70%
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Example 4"
o]
N )
MeO, cogteu O N MeO, N,Cozt-Bu
N Me k
)\CO H s C:o
s 2 CH,Cl,, EtsN
MeO,C
MeO,C o ]
Ph—C=N—CH,—PMP 2 /COZt—Bu N/COZt Bu
H N Ph 0
62% sof A s6:44 Sﬂ
Ny Ph==N PP
o CH,PMP A )
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Staudinger reduction

Phosphazo compounds (e.g., iminophosphoranes) from the reaction of tertiary
phosphine (e.g., Ph;P) with organic azides.

X=Ng X=N=N—N=PR; X—N=PR;
phosphazide
© e Oy O __ N=PRs __
X-N-N=N"\pg, — X-NIN=N=PHR; = X-N=N-N=PR; = | _ =
.
X
phosphazide
° 1
-PR _PR
N‘\,\?a = Ni\rij — Nt ¢ xeN=PR; —2 X—NH, + O=PR,
X X

4-membered ring transition state

=
OMe
PhsP, THF N
OTBDMS A, 81% OTBDMS
Na Ny ‘

1. PPhg, THF

Example 17

Example 2°

2. NaBH,4, MeOH
60%

Example 3*

Nooyy @
/(I J N
\ \
Br N © N Br
}
Ts
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H
N._O
PBug, toluene | N/ |
reflux, 20 h, 82% Br N ” Br
|
Ts
Example 4°
N3
BnO O 1.1 eq. PMeg, 2.4 eq. Boc-ON
BnO
N
3 Ns . Tol.-78to10°C
Aco NN
OAc
N3 N3
BnO 0 37% BnO 0 42%
BnO BnO
Nso N3 Nso NHBoc
NHB
Ao N\ NHBoc R
OAc OAc
Example 5°

78%

R o
PPhj, H,O
O, e O
NC N, THF.45°C |\« \/\/NH2
RZ
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Stetter reaction

1,4-Dicarbonyl derivatives from aldehydes and o,f-unsaturated ketones and es-
ters. The thiazolium catalyst serves as a safe surrogate for "CN. Also known as
the Michael—Stetter reaction. Cf. Benzoin condensation.

€]

Cl @ ,/—Ph
HO
A D 9
= s
recio + 7 R)K/Y
0 NH, o
® /~Ph @ Bn

R" = HOCH,CH,CH,-

HO\/\/(III deprotonation J N
\ _
s/E H‘\ R1/Q) e\\li?ga
R

:NHj3
@ Bn @ ,Bn
N Michael
[)\§OH R1[ OH ——
R s addition
R \"%
.NH3 o)
Bn
N OH e
/A
R1[M _tautomerization [M
S
R 2
® €]
/\Ph NH, ®,/—Ph
)K/Y —_— HO / ’;‘
\/\/() o N

S

Example 1, Intramolecular Stetter reaction’

Me
Me @
N
/\I \> Ie N
HO S ¢

MeO,C._~ 2.3 equiv MeO,C
TEA, i-PrOH, 80 °C o)
OHC
67%
Example 2°
Me

Me

N®
e
/@\ A{ HO S (cat) i 7\ 1
OHC cHo o)

(@) 0 Et3N, EtOH, 80 °C, 56% o) o

1.1. Li, Name Reactions, 4th ed., DOI 10.1007/978-3-642-01053-8_244,
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Example 3°

) CO,Me
| 7
N o}
CO,Me
\ A
po ii W

EtsN, DMF, 100 °C, 75%

Example 4, Sila-Stetter reaction’

Et
Me ®,\i
| \> B o
(e} (e} 30 mol%
s )WPh
HO
Ph)kSiﬁMe + PhA\APh 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.

o KN(SiMe3),, 18-Crown-6
(CF3CH20),P<_CO,CH;

Ph—_ CO:CHs

then PhCH,CHO

0O O ©
CF3CH,0~{ o o)
CF3CH,0” Y f “OMe CF3CH0-p
__, CF4CH,0 H) OMe ____,

Hl
SiMe; \%Vph
N O

SiMes

€]
\HOCHZCF3 ,ﬂ\aCHzCFs —— Ph CO,CH3
- HPr

Ph €0O,CH3 CO,CH3

Ph
erythro isomer, kinetic adduct

Example 17
KN(SiMe3),, 18-Crown-6
=78 °C, THF, 30 min. - coch
|1 P 3
(CFaCHaOLPCOLCHa T PhCH,CHO, 87% N\
Example 2°
NN
o = o N CO,Et
F3CH,CO. /% Me ) P
/ OEt
FaCHCO | Sn(0S0,CF3),, N-methylpiperidine Me
CH,Cly, 70%, E:Z = 96:4
4
Example 3

oTBS

o
F5CH,CO. 2
Z | N * 3 OEt
o F3CH,CO
| o
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KHMDS, THF
18-crown-6, -78 °C, 1 h

89%, (Z)-isomer only

Example 4°

=
@
%O
=3
o
(@)
T
N
o
n
w
g
+

NaH, THF ~ MeO

73%, Z:E 5:1
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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 2

oxidative R_ L RTSMRYs

R=X + LoPd(0) T’ ?d\ transmetallation
addition U X isomerization

, L. b reductive
X-Sn(R2); + Pd.  ———= R-R' + L,Pd(0)

R “R! elimination

Example 1*

®Sn8u3 PrOS,
Cl Ng_-Br N \
XXX o YO
—
cl N™ NHz  PdCly(PhgP), Cul N” NH,

THF, reflux, 92%

Q (MeCN),PdCl,
TBDPSO Q Br MeSSnO AsPhs, NMP
80°C, 1.5 h, 55%

o

O &

TBDPSO Q O o T HNw @C
Zoloft

Example 3, n-Allyl Stille coupling®

Example 2°

Me Me OTBDPS
on Pd,(dba)s, LiCl
Y\OTBDPS . Me — Me _ FPLNELNMP == Me
SnMes = Do 35°C15h.96% 7 Ve
0

1.1. Li, Name Reactions, 4th ed., DOI 10.1007/978-3-642-01053-8_246,
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Example 4°

NN Pd(PPhs),, CuTC

OTBS SnMes

N DMF, 32%

NN
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Stille—Kelly reaction

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

Me3zSn—SnMej

Pd(Ph3P)4

BrPd Me;Sn—Rd
Pd(0) Br Q Me3Sn—SnMe; Q

- =

oxidative “'OH transmetalation
addition
OH OH
Me3Sn
reductive PA(0) Br Q Pd(0)
B — + —
At ., oxidative
elimination O ‘OH addition

. reductive
transmetallation + Pd(0)
elimination
6
Example 1
or =0 gz
cl PdCly+(Ph3P), A o
NaH, DMF, reflux, 89% xylene, reflux, 92%
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Stobbe condensation

Condensation of diethyl succinate and its derivatives with carbonyl compounds in
the presence of bases.

o CoE CO,Et
t
. [ 2 KOt-Bu RWZ\/C%H
R™ R CO,Et  HOtBu R
+BuG 4R
-BU \ (O COzEt
H __enolate aldol Iactomzahon
OEt formation QJ addmon
CO,Et
R! COEL ri R COE CO,Et ® CO,Et
ring _ R c;oe H R CO,H
o} — ‘\@ _ 2 = 2
opening
E@ a Ot-Bu R R
©
Example 1, Stobbe condensation and cyclization®
~
o ~o
CHO [Cone 1. -BuOK, t-BuOH, reflux CO,Me
+
~o CO,Me 2. Ac,0, N%?‘{;;c, reflux ~o0 OO
(ONG Ac

Example 2, Stobbe condensation®

o] o)
o
aq.NaOH, EtOH XN
_0 CHO o q oH
.
~ " _10°C, 5 h, 80-95% ?
o o o]
Example 3, Cyclization of the Stobbe product’
BnO,C
BnO,C
CO,Et
‘- COEt NaOAc, Ac,0O OO
reflux, 57%
CO,H OAc
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Example 4, Two sequential Stobbe condensations’

1. (CH,CO,Et),, NaOMe, MeOH £O:Me

then ag. NaOH, 36%
FOCHO /) —CO2Me
2. MeOH, H,04, 94% F

o | o |
r r
o CHO o O - CO2Me

VY
NaOMe, MeOH, 74% F O CO,H
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Strecker amino acid synthesis

Sodium cyanide-promoted condensation of aldehyde, or ketone, with amine to af-
ford o-amino nitrile, which may be hydrolyzed to o-amino acid.

2 /RZ
o Rz NaCN AN H® N
R1JkH HN ———— Y
AcOH R >CN R' “CO,H
® 2
H _R
0 H,© H 1 HN R?
. R .o HN
I Je. 2 —= AYENH R X\ ; NH
R RN N H O R? ¢
. 2 H
H2N/R H H,0: OH
iminium ion
_R? :0H 2 R2
HN o2 _R HN R2
—_— acidic amide HN H® K@\ HN
- NH, 1 NH, —g! NH; —
i R 1
O) hydrolysis HO “OoH HO o R “CO,H
e H

Q
(EtO),P—CN

pyrrolidine, THF, 62%

Example 2°
o] ‘
OHC\© oN o 0,0
@H /N A
S acetone cyanohydrin S S
MgSQ,, 45°C Plavix
toluene, 31%
Example 3°
NH, CN

O NaCN, NH,CI PR &
“CN NH;
ph  i-PrOH, NH,0H

H 34% 35% H
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Example 4°
Ph
FaC Ph NaCN, BnNH, FaC o
8 0 AcOH, MeOH CN
0 98% L HN-gp,
CF, 3
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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'
NaOR3
oxidatve R L NaOR? QRS R_ L
R—X + LPd(0) — . P4 + R™B(R?), R-B(R?), * Pd_
addition L/ X base S Y X
transmetallation 3 2 L. /L reductive
R°0-B(R%), + Pd__, R—R! + L,Pd(0)
isomerization R R"  elimination
Example 17
cone Pd(OAc), e
O Pth, K2CO3
CO,Me B ]@ ‘ CO,Me
O THF, MeOH
? CO,M
COzEt 70°C, 15 h, 80% N 2Me
CO,Et
Example 2*
B(OH)

[ B
SEM \

SEM  Pd(PhsP)s, Na,COs, 45%

Example 3, Intramolecular Suzuki-Miyaura coupling®

OBn OBn
TBDMSO O 1-/@ TBDMSO O
o OMOM 2BH
2. Hy0, CH,0
S 3. KHF,
A
Br 99%
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BnO

cat. Pd(PPhg),s, Cs,CO3

THF/H,0, reflux, 42%

Example 4°

/W)'L J\/OMG 0
\%SnBua O\Be\ N NJ\/OMe
>§V cat. Pdy(dba)s, PhsAs >§ré 3 H

DMF, 84%

= = N

0
OH Jv
HO' N \/\/\MN OMe
cat. PdCly(dppf), PhsAs H

K3PO, (aq), DMF, 71%
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Swern oxidation

Oxidation of alcohols to the corresponding carbonyl compounds using (COCI),,
DMSO, and quenching with Et;N.

(COCl),, DMSO
OH CH,Cl,, ~78 °C i
R1 R2 R1 R2
then EtzN
\ Cl
oS 0 0 /Cs? H
0 S @ ® e
(o —C ° s/—»m\g\?/ —= CO,T + cot+ \/j’\
cl d c)Q | o InN_ 9 RV R2
\
o¢ \e ¢s®
C(I) s \QH\/ :NEt; o; “CH,0 i N
. . . — CH3),S
o Et;N-HCIL + RV%HJ RoRe (CHa)y
R R2 R?
sulfur ylide
Example 17

2. EtzN, =60 °C, 15 min. then rt

OMe
OMe H o
OO“ OH  1.(COCI),, DMSO, —60 °C, 45 min OO“
OH
OH

OMe OMe O
OMe OMe OH 81%
Example 2°
TMSCH,CH,0,C > cosngﬁir(?ns
Ho NC 0 50%
o)
Example 3°
OH
CiiHase, CaHys  (COCH,, DMsO  Criftasr CeHis
then Et;N, 89% ,
OSiMe,t-Bu 0SiMe,t-Bu
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Example 4’

= =

OMe OMe
HOW/N; (COCI),, DMSO Ox/Ns

OTBDPS  then Et3N, 85% OTBDPS

Nx
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Takai reaction

Stereoselective conversion of an aldehyde to the corresponding E-vinyl iodide us-
ing CHI; and CrCl,.

o] CHls, CrCl,

|
L, T e
R
| o}
[
Crcl, CrCl, H
H——1 2
H——
crilcl,
R
ocr'cl I
CI2Cr”'Q7FU R/\/
[
A radical mechanism was recently proposed'’
|><| L 5
" X |
(\ o+ (\(\ H R*H Y E'
] CIII
Cr crl r

ocr!! ocr'" ( .
R)(ﬁﬂ — R()\\'< Ill I | R
o C "

I C 1
o Cr r
2
Example 1
: : CHl3, CrCl : :
Ph & Z > cHo Ph = FNN
OTBS THF, 70% OTBS 20:1E:Z
Example 2°
Et Et Et Et
Et Et Et Et
25 equiv CrCly,
6 equiv CHI
CHO equv s 7\ |
THF, 1t, 3 h
Et Et 75% Et Et
Et Et Et Et
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Example 3*

OTES CHI3, CrCl,, 0 °C OTES

OHCWCOZMe IWCOZMe

THF, 50%

Example 4, A Br/Cl variant’

6 equiv CrCl,, 2 equiv CHBr3

ONVVWOTHP
THF,0°C, 2.5 h, 67%

Br\/\/\/\/\/\/OTHP + C'\/\/\/\/\/\/OTHP
1:1

Example 5"

H 5.8 equiv anhydrous CrCl,

H
CO,Me 2 equiv CHI; 2-COzMe
MOMomq . mowmor{
1cro 1,4-dioxane-THF (6:1) [

H
20°C, 72 h, 88%
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Tebbe’s reagent

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

Ha CH

@\ CAI/ °
T Y

%\m/ “CH,

Preparation:>®

VAN
CpoTiCly + 2 Al(CHg)3 ——=  CH,T + AI(CH3),Cl + Cp2Tiy  Al(CHs)
Cl

Mechanism:*

A~ gi iati Cp,Ti=CH,

X Issociation

szTl\CI,A|(CH3)2 ——— CI—AI(CHg), + & )R1
R

[2+2] sz'l‘;i/*CHz retro-[2 + 2]
cycloaddition ] R
R

g + Cp,Ti=0

cycloadditon 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 I =
2.5eq Cp/ \ N
Cl
(O] O
THF, CH,Cl,
o~ H —40 to 25 °C, 69% ~

1.1. Li, Name Reactions, 4th ed., DOI 10.1007/978-3-642-01053-8_253,
© Springer-Verlag Berlin Heidelberg 2009



Jie Jack Lie, 4th editn 543

Example 3, Double Tebbe’

3 equiv Tebbe's reagent in Tol. TBS QBn TBS

TBSQ  OBn OTBSCHO pyr., Tol/THF X o N
OHC > H
3  6Bn OTBS -78°Cto-15°C, 2 h @ OBnOTBS
8BS 86% T8
Example 4, N-Oxide®
Cp,
p/Ti\/\/A(
= Cr
@ I = ‘
N THF,0°Ctort, 90% 'y
Example 5, Amide"'
CF
F rCF3 CF3 r 3
g ° N. _o 1 Tebbe's reagent )\ = | Nj/\OH
)\ o j 2. BH3, THF, Hy0,, NaOH o SN o
(©) N (0] 75-95%
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TEMPO oxidation

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

NaOCl, cat. TEMPO o]

KBr, NaHCO3, CH,Cl,  R™ “OH

\F Ho

® N=0 cl
©
0 :B o
OH
e i
o, R0 R™ "0
oL
Example 1*
oH NaOCl, cat. TEMPO HO.C o
HO Q HO
RO OMe KBr, NaHCOj;, CH,Cl, HO OMe
OH 55% OH
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Example 2, Trichloroisocyanuric/TEMPO Oxidation’

QI
OYNYO
N N<
cl” Y Cl
R/\OH O
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 O
95%
10
Example 4
OH Ormosil-TEMPO, NaOCl OH
OH COLH
CH5CN, 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
OCz 2
CN  "HoEt NH;

(€]
B0 Y e
L H-OEt N"H  Oog
- U, —
.y =N H-OEt
©
E0O ‘4 CN CN

(e — (v

Example 1, A radical Thorpe—Ziegler reaction”

CN BuSnH, AIBN H,N  CN

syringe pump
NCM
B

" PhH, 80°C, 56%

Example 2°
CN
LDA, THF NH,
-78°Ctort CN
N”= 0 N
5, CN 2h, 80% Bh
Example 3°
_N NH, Ph
s
= H KOH, EtOH _ A HN—
N.__Ph )
(0] ” S/j ~ reflux, 5 min., 80% o H S o
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Example 4°
NC\[CN NC\[CN NC NH,
| 3
NH cl” 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.

1
Pd(0) (catalytic) | R Nu® 1
R1\/\/X | 0 . RA N
base E’d
X
2 m-allyl complex
RI_A~_R? U R?2
Nu Hard Nu° Soft Nu°
Inversion of R! >> R? Retention of
configuration configuration
X =0COR, OCO,R, OCONHR, OP(O)(OR),, OPh, Cl, NO,, SO,Ph, NR3X, SR,X, OH

The catalytic cycle:
Pd(0) or Pd(ll) precatalysts

R Nu l
Ri_A_X
L,Pd(0) (
A
Rl_~ Nu Rl _— X
L,Pd(0) e

D B /
\/ n-allyl complex ¥
Nu® 1

R\//\\ +L R\//I\\
@/Pg(ll) _X /P(\i(ll)

L L L X
[
A: Coordination C: Ligand exchange
B: Oxidative addition D: Substitution then
(lonization) reductive elimination
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Example 1, Allylic ether®

BnO
" a Pdj(dba)s, dppb
0. + J -
— N THF, 60-70 °C

Jie Jack Lie, 4th editn

BnO
b
— o:f=90:10
\ B

BnO
BnO OPh H 72% @
Example 2, Allylic acetate’
NH,
N X
N
¢ | J N.  NH,

/\@,OAC H Nr \2/—\<
AcO Ac O/\Qf ﬂN

NaH, Pd(PhsP),, DMF
60°C, 18 h, 79%

Example 3, Allylic epoxide’
/N
|
¢
7 oy
Pd(PhsP),, THF

rt, 64 h, 35%

Example 4, Intramolecular Tsuji-Trost reaction’

o)
>/NH2 10 mol% Pd(OAc),
Bn—N  OCO,Me 10 mol% n-BuyNCl

% P(OEt)s, NaHCO;3
S 0 0,
CO,Me DMF, 100 °C, 77%

Example 5, Intramolecular Tsuji-Trost reaction’

TESO
= Me
10 mol% Pd(dba)s "'OTES
THF (0.005 M) o 0
40 °C, 80%
t-BuO z Me

OTMS

549
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Example 6, Asymmetric Tsuji-Trost reaction®

O

0 Boco\(_\fo 0]
BOL 1 0 2.5mol% (dba)sPdycHcl, 00 [ 9
| 7.5 mol% ent-cat I
L =0
MeO OH 30 mol% BuyNCl MeO o0
CH,Cl,

89% vyield, 95% ee

ent-cat =
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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.

o R?
5 XA
R-COH + R'™-NH, + R-CHO + R3-N=C RN “R3
R' O
isocyanide
@
N-R
9) O, R2—{

RZA HO)H

N. -R! R—CO,H
HHRz%.WHZ N-R 2 R ¢
L Y R o>
R'-NH, H \
R3
imine
®
R® H
R N 0 R
Sy A AT K
N. ~ — N.gs
R o)K( R! g0 ) R N)ﬁ( R
) 7<N R ¥
R R | R
R1
2
Example 1
OMe ce
OMOM s o
o +
+ +
NH, | )LH
Q BocHN
0
OTBDPS COH O

OMOM  NHPMP

© NHBoc

MeOH, A

1h, 90% Q
(] \/o

TBDPSO | OBn
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Example 2°
i ©
y '\ij'/COZH 0N NH2 G
S
+ N )‘\
NS OMe
OTBS CHO
ON 0,5
— O
MeOH, A
0Q .
61% N NHtBu
1 "”\{%we
OTBS
Example 3’

NH, © _N

.
U

Ho O o .
\HCH3
o O"%H,  HCO OCH;
CH3

OCHj3;

TFE, rt
78%

Example 4°

€]
®/C

o N
TOHNTY TN, ¢ (CHy0), + O/




Jie Jack Lie, 4th editn 553

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 | — Cul, +
Cu, single Cu(Inl
| Cu(hl + .
electron transfer SET

|
chm C Cul, +

The overall transformation of Phl to PhCul is an oxidative addition process.

Example 1°
= NO, Cu powder, DMF ~ | N
< NS
N~ “Cl 100-105 °C, 4 h, 63%
o O,N =

Example 2, CuTC-catalyzed Ullmann coupling®

o \
X

p N
CO 0

Example 3°

OMe O Cu-bronze
| 210-220 °C
OEt

72%
MeO
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Example 4°

0 | POPR . owF ko O P(O)Ph, 2:o/©\P(O)Ph2
+
P(0)Ph P(O)Ph
I 140°C, 88% 3 o) (O)Ph, o) (O)Ph,
o P(O)Ph, : :

70% 18%

Example 5°
MeO
MeO o) |
Cu®, Pd(PPhs), MOMO ]
MOMO ¥ PhHNT S PhHNOC._J~_ O
| ’\\‘C N DMF, 100 °C \
y 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.

Q.0 fo)
§L_NC KOy
/©/ + H
MeOH reflux
(0] Q.0
N\ N \/
Ny N< R4
O O — oL
g e
J P
B R

o) R

N
Tosﬁye HE b YH ~ TosH X;YH
R

0
R
‘x B
Example 1°
QR
s._NC NaOMe
/©/ " MeOH, reflux
81%
Example 2°
AN
0" N
O\// NC —

K,CO3

EtO% Et0
Q DMF, 80% ) OQ
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Example 3’
=N
(ONGZ
CHO
TosMIC, K,CO3
MeOH, reflux o
OHC CHO 81% NS L)
\_0 N
Example 4'°
o7
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
~ o
(0] DMF, POCl3
+ CHO
100 °C, 24 h
CHO

34% 4%

Example 17
OHC
DMF, POCI
o oo, O-on
SR A
OH 100 °C, 14 h, 98%
Example 2°
) -
DMF, POCI /
N i & N
\ oC. 839 CHO
Sy 100 °C, 83% SNl
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Example 3’
CH3; OH CH; Cl CH; OH CHs Cl
N POCIy/DMF N CHo Xy CHO \
+ —
A = Pz
N” SCH, 100°C, 20 h N OH N"ens T N" CHs
CH, CH; 65% CHs 409 3 15%
10
Example 4

12 equiv POCI3/DMF

R ~ |
x o] 80-100 °C, 31-71%
W

R

12 equiv POCI3/DMF QO Cl
R
120-135 °C, 39-78% Cl
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Vinylcyclopropane—cyclopentene rearrangement

Transformation of vinylcyclopropane to cyclopentene via a diradical intermediate.

R R4
R R
= O 2 {(4 * z TN Re R
6 _ . () S —— 2
Ry Ry R4 Ry
Example 1'
o)
340°C, 2 h Q COMe
1+CO,Me 50%
Example 2°
1. n-BuLi, THF—HMPT
-78 to =30 °C
AN S0 2. PhGH,Br D_\
P
3. desulfonylation h
77% overall yield
Example 3°
AICl5, CH,Cl,
0°C, 88%
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Example 4"

o
o 0,Me
Me, ]| §O:Me 150 mol% Mgl (0.2 M) Me, 2
Me— Me 2 Me:
e Me
CH,CN, 40 °C, 6 h, 75%

H 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 _ CN
TN\ Br—CN 11‘\ ¢ BR
R" R, RY Ry
e
(a2 Br
NC-LBr 2 CN
R T _
I . J.CN — N. + Br—R
R R RO R, R Re

Example 1*

CF
(0]
o Br-CN o KOH _
@NN/ Tol. @NN,CN MeOH/H,O ©)\/\”
\ \

Prozac

Example 2°

COzMe COzMe

Cone COzMe
J "

Br-CN, THF, H,O
Br
75% N

Example 3°
OTBS OTBS
: A TBS r
BICN, CH,Cl, | g,© N\/j NC.
N , T RPN e N Ph
Ph |‘q reflux, 98% Ph /g\CN \
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Wacker oxidation

Palladium-catalyzed oxidation of olefins to ketones, and aldehydes in certain
cases.

cat. PdClz, H2O o

R
CuCly, O, R
2 Hel
+ 2 CuCl
=
050, L,PdCl, R
H,0 2 CuCly / complexation
L,Pd
HCI "
\ reductive @ /\
elimination Cle EHCIPé 77777 [
R
L,PdHCI
~o
HH
o)
P hydride shift Hel
R L.CIPd
< L = ligand
H Eﬁ or solvent
¥
Example 1°
o)
COLH
O 0,, 5% Pd(OAC), ‘ o
‘ NaOAc, DMSO, 80%
Example 2’
SN O 0 __CHO

10% Pd(OAc),, HCIO, 1

0.5 equiv benzoquinone
CH3CN
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Example 3°
0,, 20 mol% Cu(OAG)
(Y\/ #10 mol% PdCl, (YY
O © DMA/H,0 (7:1 00 ©
X YAV
Example 4"
ON \\\\\
,,,,, 0] OO  5eq. PdCl,, air
0 DMF/H,0 (7:1
HM g
o =
ON \\\\\ ON \\\\\
,,,,, o} 00 | “, O 0._0
HO = 0 12:1 HMO
o (@] CHO
(6]
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Wagner—Meerwein rearrangement

Acid-catalyzed alkyl group migration of alcohols to give more substituted olefins.

R H He R R
N
R3OH R2 R3
R R R
R’I @ R1 _H,0 R1
Ry\KH H R&H 2 R&@H
R3O R36@Hq R®
1,2-shift
R1
® R' R
® -H
N H
R \—(
reR RZ R
Example 1°
CH3SO3H
CICH,CH,Cl
OCH3  50°c, 86%
o}
HN OCHj
HsCO

OCH,

(\N
H3CNJ O HN

H,CO

OCH,

Example 2, Double Wagner—Meerwein rearrangement”

o o o o
OEt  TFA, CH,Cl, OEt
HO
72 h, 76%
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Example 37

EtAIC,
CH,Cl,
-78°C > rt
52%
Example 4°
BzO
BF3‘Et20
benzene, 40% O
\ / Bz
HsC CHs3
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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

0 R aq. buffer
o + - =~ O (0]
0~ R!

1
EtO,C EtO,C R CO,Et
EtO,C 3 R EtO,C. R
EtO,C 2/ R Oy, EtO,C OH 2 OH
o= — 0 : — o 0—= O,/ =0 —
:é H %\R/ © %—5: H Y R
EtO,C EtO,C EtO,C EtO,C
H CO,Et
Et0,Cy, R EOC o 2 EtO,C R COEt
OH @ \
~ N0 =— o)
o — HO
~QH., H/ 1 H
Et0,c" ' R! R R
2 H EtO,C CO,Et EtO,C CO,Et
Et0,C R COEt Et0,C R CO.Et Et0,C R CO,Et
€] -
—_— O = == HO OH
) %\/H HO o
R 1
EtO,C CO,Et Et0,C R' CO,Et Et0,C R' CO,Et
2
Example 1
o}
MGOZC (@] 0]
MeO,C CO,Me
o= + PHSE  Meo,c—_L~co,Me
86%
MGOZC
Example 2’
CO,CH
e 1.pH=83
o + 2. HOAG/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. HOAC/HCI .' o
o 80% \
CO,CH3
Example 4°
EtO,G CO,Et
Et.__O NaHCO,
e N0 H,0/MeOH
Et0,C COLEt rt, 24 h, 86%
Et0,C gy CO,Et EtO,C gy CO,Et EtO.C gt COoE
o] o) HO oH + HO OH
Et0,C Me CO,Et EtO,C Me CO,Et Et02C Me CO,Et
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Wharton reaction

Reduction of o,3-epoxy ketones by hydrazine to allylic alcohols.

NH,NH Ry R
RMO - 021\/2+ N2T + H0
1 o) A H
Ro e Ra E
2 - H0 4>/\\ _N.
:NH,NH, 0 (NHfNHZ hydrazone
RZH :OH,
taut izati Ri R,
automerization R1 N\\;\/H/ N T . 1
O N 2 H =
diazene
Example 1°
OH
7z
NH,NH,eH,0, MeOH
N
HOAG, t, 52% TEOS SH
Example 2°
TBDMSO TBDMSQ
e~ -CO2CH3  NH,NH,+HCI, Et;N mzws
O}(\/\/\/ (dimethylamino)ethanol "
A 0, -
S o) 32% OH
Example 3’
o

III:O
" NH,NH,, KOH

THF, reflux, 64%
HO

OH
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/
H
OH
Example 4°
O
. O NH,NH,*H,0, MeOH Q\
TESO! @\o HOAG, rt, 59% e N éo >
C, I't, %
0 o
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White Reagent

O./ .0
h—S - S~pp

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

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

1.1. Li, Name Reactions, 4th ed., DOI 10.1007/978-3-642-01053-8_267,
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comparable overall yield to the alternative C—O to C-N bond-forming route.
Intermolecular C—H amination has also led to the construction of (+)-
deoxynegamycin analogue 12 in five less steps and improved overall yield
compared to the alternative route relying on C-O substitution (Figure 3B).®

Figure 2
O“sms”o
Ph—S - S~ph1
H Pd(OAc); Nu Nu

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

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

OH
BQ (2 equiv), p-BrPhO,C WLO Cr(salen)ClI (6 mol%),
dioxane, 43 °C o ~_~w O BQ (2 equiv), TBME,
\/\\I/\/\N/COZMG 4590
o OBn Ts
3, 65% vyield, > 20:1 B:L (+)-4, 63%, > 20:1 E:Z, > 20:1 L:B

branched macrolactonization linear allylic C-H alkylation

6]
‘ MeO,C AN CO,Me
BQ (2 equiv) (6] DMBQ (1.5 equiv),
CHyCly, 45°Q N 10 NO, AcOH (0.5 equiv),
o NH HN dioxane:DMSO (4:1)
OMe
Ph H o)
o
5, 61% vyield, 3:1 dr 6, 64% yield, > 20:1 E:Z, > 20:1 L:B
Figure 3
A. O.—.0
O ph/s . S\ph1 OMe
g Pd(OAC), o) .
0" "NHTs (10 mol%) O% steps o]
- PhBQ (1.05 equiv) _ NTs
YOYTS THR 50°C, 72h Me NHAc
TBSO H 78%, 9:1 dr crude  TBSO NN OH
70% yield,
(+)7 (70 , )-8 (-)-N-acetyl-O-methy!
1 isomer) ) acosamine 9
B O‘\S/_\S”O
' Ph—3,/~2~Ph1
Pd(OAc
BocNH (10 (mol%’% BocNH (@] steps BocNH (o] ‘
Cr(salen)Cl (6 mol% N N
M Ck() NHT) (; ')o) K\Momse (\)2\HB)LH N
zNHTSs (2 equiv ~ NH, ° r
TMSEOC 0’2 equiv.), TBME NTSCBZ 2 _ COH
(-)-10 3 (+)-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
MeQ)NMe _ v mol) 7
HOW CDI, DCM MeO\NW AcOH (1.1 equiv) Me ,,
undecenoic acid Me 13 BQ (2 equiv) 42% overall yield

4 AMS, EtOAc, 1t >20:1B: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.\.0 )K/NHBOC
Ph=S ~S-ph1 o ?
Pd(OA, _ (4-Br)PhB(OH), 1o P
H (10 mol%) o NHBoc | (1 5 equiv), 45 °C 7
Mew)\/ N-Boc-Gly (2 equiv) Mew)\/ 15 75% Br
. ,

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

H 0,
1-undecene dioxans, 45°C > 20:1 internal:terminal

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
M m=BoH), o850
X R-D = BFsK Pd(OAch X
J\M/\ L 7 (10 mol% o
R X or ) AcOH (4 equiv) R™ ™7 Ar
n=0-2 A X_-Bpin quinone (2 equiv) >20:1 EZ
r dioxane, rt, 4 h > 20:1 internal:terminal
amino acids o,f-unsaturated carbonyls
F y o
N _— BocHNMPh
F O m Bn
(+)-16, 60% Br (+)17, 62%
free alcohols allylic amine
a4
N Ph
18, 83% Boc (+)-19, 81%
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Willgerodt—Kindler reaction

Conversion of a ketone to thioamide, with functional group migration.

o S
HNR,
Ar)%%Me : i
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 /~ \ S
HN o]
(0]
TsOH, Sg, A thioamide &
)
N:
S 5
S8 g N-S S‘s h
¢ N SH
Seg® /N “s s’é T 9 NS s,
g w—" 5" o} = s * $
/ 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:’

i %
Seoh Heen i

2. CH3OH, HyS0, OO OH
0
o

3. NaH, CHsl
4. NaOH Naproxen

Example 2°

©)K/ Sg, microwave w K/O

4 min., 40%

Example 3, A domino annulation reaction under Willgerodt—Kindler conditions:'

(o)

N
Cl (@] HN s { X S AN
= S + \ S
N ‘ Sg, 130 °C, 6 h, 15% = 46% | -
N / 0 N/ 26%
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Wittig reaction

Olefination of carbonyls using phosphorus ylides, typically the Z-olefin is ob-
tained.

0
Ph3P Rl R
R PRrA TRYR

PPh3
cycloadd|t|on @

betaine

puckered” transition state, irreversible and concerted

PhsPxO R3
R/))K‘k\RS —— PPh3:O + RZJ\rR1
R'" R? R

oxaphosphetane

Example 1°

NaH, Et,0; then add

@CHO CH,=CHPPh;"Br- @
NHTs N

DMF, reflux, 48 h, 50%

Example 2*

1.8 N NaOEt, EtOH

-30°C to rt

NN
COLH

2-cis-4-cis-vitamin A acid

Accutane
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Example 3°
Pho/»//H ST( Phow/ﬂ
Tol., 70 °C S
o} o} o} N
g \Fpphs 70% g
£BUO,C CO,t-Bu
Example 4°

1. n-BuLi, HMPA

2. PPTS, 75%
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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 tBuoH R
PPN RI-cHO t-BuOK R
€]
Br H ® H
® PhgP=\ PhsP—© 7\
— N /Kz\
PR3P —H R R %
R €]
Ph
phosphorus ylide
€] €]
PhsP OLi Br ®  g°
PhsP OLi r +BuOH
R R!
H 1
- R\ R
€]
Ph

LiBr complex of B-oxo ylide
These conditions allow for the erythreo betaine to interconvert to the threo betaine

@ o
PPhy Br
x R .
Lo R7>H tBWOH "\—  + php=o + LiBr
t-BuOK R
H™ "R
LiBr complex of threo betaine
6
Example 1
e
| o . . Phe_ X\ _~_0
| 5 equiv Et3P, DMF, rt, 30 min. | /
N / N
o]
)~0 then 0 °C, LDA, then O N/ 1)
N Ph Z H 66% %

EtO,C Me EtO,C
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Example 2"
o )VPPh3Br “
PhLi, Bu,O/THF
66%
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[1,2]-Wittig rearrangement

Treatment of ethers with bases, such as alkyl lithium, results in alcohols.

R2Li R’

;
o R
; R72 OH

R

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

2 Li . .
R \' deprotonation )\ Crt homolytic Li
N R0 o
AR ) cleavage R So. R
R o~
I R N workup )Ri
— A . v
RO ou R OL R” OH
Example 1, Aza [1,2]-Wittig rearrangement”
n-BuLi NN workup H
CHs CHs b
Example 2’
7 O/\)\/\/L ﬂ» // A AN
@/\ 58% O OH
(6]
Example 3*

H

= O _X-TMS  n-BuLi, THF, ether

), ° 9 :
OTBOPS 0°C, 60%, > 98:2 dr

‘OTBDPS

Example 4°
NOMe NOMe
2 eq. LDA, THF
o F a N
~o -78°C, 82% ~o OH
Example 5*
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OTBS
TBSO (0}

n-BuLi, THF TBS H
B
- so on

-20to0 0 °C, 32%

Example 6°
_.OM -OMe
N‘ ¢ LDA, THF N\ oh
0 0" >Ph o~ o ° \
S —40°C, 94% N\ 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 2
;
1 (\ 3 [2,3]-sigmatropic A 3

Xy rearrangement 'X'/Y 2
2 1

R
N
O(\F\’/1 R2Li ((&)/ R
N o)
H Ne
) R’

S
RZ

R'= alkynyl, alkenyl, Ph, COR, CN.

[2,3]-sigmatropic /j\\\R workup /j\\‘R
rearrangement © 1

07 "R HO” "R
Example 1°
KOt-Bu, HOt-Bu, THF
/5\\ (@) o, o, o
0 0°C, 26 h, 22% HG
o]
Example 2°
/( LDA, THF, —78 °C; vj\
N TsO” “CO,H
0~ “CO,H 0 2
then TsCl, 87% > 95% E
Example 3°
o)
H \H )( \H,,/ O
y 1.5 equiv LIHMDS S NN Y N)(
5 equiv HMPA, THF HO b HO H 0o
H
—781t0-10°C 94:6

67%
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Example 4°
M Me
e
n-BuLi OSEM
THF-pentane ’/
97%
’ HO” TS Me
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Wohl-Ziegler reaction

The Wohl-Ziegler reaction is the reaction of an allylic or benzylic substrate with
N-bromosuccinimide (NBS) under radical initiating conditions to provide the cor-
responding allylic or benzylic bromide. Conditions used to promote the radical
reaction are typically radical initiators, light and/or heat; carbon tetrachloride
(CCly) is typically utilized as the solvent.

o}

m/\/\R N CCI4 reflux \)\
U\ /,;J |n|t|ator
o}

Initiation:
% %CN homolytic NpT + 2 '<CN
cleavage
2'-azobisisobutyronitrile (AIBN)
o} 0
QNJ@ (\'<CN — <§N' + Br—éCN
o} o}
Propagation:

e} 0
<§N ~ (H\Q<i> H abstraction il‘éNH .. @
O (0]
(0] 0]
QN;/B?‘ ™ @ — Br@ + iIéN'
(0] (0]

The succinimidyl radical is now available for the next cycle of the radical chain
reaction.

Example 1°

OAc o
QAC OAc -

NBS, CCl,

reflux, 30 min., 48%

AcO AcO™
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Example 2’
CO,Me 1.2 eq. NBS, 0.1 eq. AIBN CO,Me
@ solvent free, 60 to 65 °C @Br
89%
Example 3*
‘ NBS, CCI4
reflux 1%
Example 4°
Br:
NBS, AIBN (cat) \©
BocN—=.  CCly, reflux, 2 h, BocN——s
(o] 95% \o
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Wolff rearrangement

Conversion of an o-diazoketone into a ketene.

Q N2 a R! H0 R' O - co,
b ¥=c=0 < RA_R'
R RZ ~ N R2 RZ OH
a-diazoketone ketene intermediate
Step-wise mechanism:
°N N 1
o, °©N o ONAl -Np Q- R
)\ [ ( —2 M —— 00
R R R ©Re R R? R?

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

Concerted mechanism:

RZ

N
NG -N

O, fB'} 2 >:C:O

R1: R2

Example 17
o o o O
Aor hv
H OEt
N EtOH, dioxane (1:1)
2 > 90%
Example 2°
0 CO,Me
N2 v, MeOH
—_— o)
N o) 90% N\
Me Me
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Example 3*

1. LIHMDS, TFEA

2. MsNj, Et;N oMe
O
Example 4°
CsHyy CsH1s
N, HN o HN o
EtO,C e} COLEt EtO,C o
© Rh,Oct, 2 .
N C4HyCONH, N N
N N E
Boc 55% Boc 399 0C
Wolff rearrangement N-H insertion
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Wolff-Kishner reduction

Carbonyl reduction to methylene using basic hydrazine.

o} NH,NH,

R” "R' NaOH, reflux

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’
0 H2N\N

“ 80% NH,NH,H,0
O O toluene, microwave O O
MeOZC MGOZC

20 min., 75%

KOH, microwave
30 min., 40% MeO,C

Example 3°

OHO

o

85% NH,NH,*H,0, KOH

OH
H,0, 30 min., 165 °C,
87%
HO
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HO 1,5-hydride shift

Example 4, Huang Minlon modification'

\-OH
! NH,NH,+H,0

Me

diethylene glycol HO
HO reflux, 4.75 h, 75% OMe
OMe
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Woodward cis-dihydroxylation

Cf. Prévost trans-dihydroxylation.

1. 15, AgOAC

: B i 2. H,0, H* HO OH

Iffl\' |

K

©0Ac

Sn2

(o}

—{ N

cyclic iodonium ion intermediate  neighboring group assistance

®%‘3\_§ _ H® >—< h_'< protonation

O (0] —_— HO O
( r?7< b
H-0O (0]

H,0:

>_|<f ‘Otz hydrolysis )—K )—K

HO O -~ HOO —
{ X HO OH
. HO O,

I, AGQOAC OR!
HOAc, H,0 HeC R'=Ac, R?=H

3 A OR? R'=H,R?=Ac
23 595°C L H

35h o)
CH
3 _OH
KOH, MeOH

HiC

23 °C, 71% overall

Example 2°

NBA, AgOAc, HOAc

23 °C, 75%
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Yamaguchi esterification

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

cl
o)
Cl )Ok o cl
cl
i cl R O)E@\ HO-R, 0
R
R™ "OH EtzN, CH,Cl, cl Cl DMAP, Tol., refux R~ O

G

)k (e} Cl
© RO
g e T

o <
f NEt, N
cl cl @
R O
/N\
DMAP (dimethylaminopyridine)

R@O ¢ o cl

C
)E@\ - 0 * RANGB\
cl © ) ‘ = ~
cl Cl RO: N
H

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

©
RO
R )4*)
D X
| - R
Pz N/ R O
\

Example 1, Intermolecular coupling’

OMe OH

i -Bu,S ~
IWCOZH + N-Bug n\/\l/\:/\ODMT
OTES OMe -
H OMe
(N2 NN (0]
2,4 ,6-trichlorobenzoyl chloride
DMAP, Tol., Et;N OTES o
n-BuzSn ~
, 24 h, 89% SN oot
OMe -
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Example 2, Intramolecular coupling’

YY\)\/ 0 w~_~ 246-trichlorobenzoyl chloride
0O 0.0 HO£>\ EtsN, THF
\il/\vcogH then DMAP, toluene, 62%

z P o

Y\l/\)\/m\/

o 0.0
o

\ o

Example 3, Dimerization®

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
lo . NH,
N ¢l R-NH, ([ ON
O,N -7, _ .
N €]
) . Cl
Zincke salt
NO,
NO,

@ R
N~ @ N™ N
- H ! ring-
OoN —— O,N H O,N H 9
opening
NO, NO, NO;
>~ _R N P R
- €]
NH N H NH&” 1,6-addition/elimination
OZN\© O,N
NO, NO,
=
R N e R NH,
H CNH H O2N
02N +
NO,
NO,
@ .
H H - H N H cis-trans
N e X —_— NN~ —_—
RIONTNTS R RTINS R inversion
= A X
N ‘ R_ -~ ‘ .z @R ‘®/ )
N H electrocyclization \ N k‘” N cl
R R 2 R
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Example 1°
XN Et
cl lo
NO N~ ©
= ‘ Et . 2 Acetone, A ON cr o, NH, o
- H
\N overnight (79%) Ph
NO,
N Et
n-BuOH, A | @_
o N
20 h, 86% Cl
: OH
Ph)\/
Example 2°

2

ol NH
NS NO, H\ NS
+
N AN OH OH N~ /N%\OH
S}
NO, H0, A, 16 h cl

OEt
E/\/

CaCOg3, H,O/THF (4:1)
20 °C, 3 days
25%, 2 steps

Example 3°
cl
N N/\/COzt-Bu NO, MeOH, reflux
11
‘ N/ Boc 89%
N02
N~ CO2t-Bu N N~ CO2t-Bu
‘@ "B X NH ‘Q/ o " Boc
—
o¢ | 1z SN
—
O,N c N )
11
n-BuOH, heat, 61% N
NO, ‘ pZ
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Example 4"
i (o)
NO, 6’3‘/ o
ON cl Me,NH
= then NaOH
N | NO,
N 58%
NO,
Zincke salt
LiSnBug CHO
Me2N/V\/CHO Buﬁnw
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,p-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
o-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
o-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
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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
w-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

BaSOg-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-(0)-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

Jie Jack Lie, 4th editn

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

BusP, 505

Bucherer carbazole synthesis, 72
Bucherer reaction, 74
Bucherer—Bergs reaction, 76
Biichner ring expansion, 78
Buchwald-Hartwig amination, 80, 102
t-BulLi, 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 CCly
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
CHal,, 470, 507, 508
CH;0TT, 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
o-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-0 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
Cp2TiM62, 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(IIT) intermediate, 90, 98
Cu(OAc),, 102, 103, 259, 260, 299, 565
cupric acetate, 102
Curtius rearrangement, 162
CuTC-catalyzed Ullmann coupling, 554
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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

diasterecoselective Simmons—Smith

cyclopro-panation, 507

1,8-diazabicyclo[5.4.0Jundec-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
o-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
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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
electrophilic site, 413
electrophilic substitution, 234, 296
elemental sulfur, 254, 408
elimination, 30, 80, 84, 90, 98, 102, 110,
135, 136, 156, 229
o-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—Plochl 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'BF,, 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
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Feist-Bénary furan synthesis, 218
Ferrier carbocyclization, 220

Ferrier glycal allylic rearrangement, 222
Ferrier I reaction, 222

Ferrier 11 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
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(+)-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
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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
Krohnke 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,", 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(IIT)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

Jie Jack Lie, 4th editn

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
(2)-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
organozing, 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
P40, 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
paraffin, 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
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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
Ph;P, 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

S5-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—Bicklund 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

Jie Jack Lie, 4th editn

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,5)-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
PhsP, 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 a-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 tert-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
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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
dx-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-f-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



620

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,8-unsaturated amides, 123

o, B-unsaturated carbonyl compounds,
353

v,8-unsaturated carboxylic acids, 125
o, B-unsaturated ester, 525
v,8-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

Jie Jack Lie, 4th editn

\%

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
vinyleyclopropane—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

Z

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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