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Foreword

I 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 hesita-
te to point out that the names associated with “name reactions” are often not the
actual inventors. For instance, the Arndt-Eistert reaction has nothing to do with
either Arndt or Eistert, Pummerer did not discover the “Pummerer” rearrange-
ment, 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 reacti-
ons”? Absolutely not. The above examples are merely exceptions to the rule. In
fact, the chemists associated with name reactions are typically the original disco-
verers, 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 ca-
taloging 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 reacti-
ons 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.
e

Phil S. Baran
La Jolla, March 2006



Preface

Confucius said: “Reviewing old knowledge while learning new old knowledge, is
that not, after all, a pleasure?” Indeed, name reactions are not only the fruit of
pioneering organic chemists, but also our contemporaries whose combined dis-
coveries have resulted in organic chemistry today. Since publication of this book,
Barry Sharpless and Ryoji Noyori, whose name reactions have been included
since the first edition, went on to win the Nobel Prizes in 2001. Recently, Richard
Schrock, Robert Grubbs, and Yves Chauvin shared the 2005 Nobel Prize in che-
mistry for their contributions to metathesis, a name reaction that has been also in-
cluded since the first edition. Therefore, I intend to keep up with the new devel-
opments in the field of organic chemistry while retaining the collection of name
reactions that have withheld test of time.

The third edition contains major improvements over the previous two editions.
I have updated references. Each reaction is now supplemented with two to three
representative examples in synthesis to showcase its synthetic utility. As Emil Fi-
scher stated: “Science is not an abstraction; but as a product of human endeavor it
is inseparably bound up in its development with the personalities and fortunes of
those who dedicate themselves to it.” To that end, I added biographical sketches
for most of the chemists who discovered or developed those name reactions.
Furthemore, I have significantly beefed up the subject index to help the reader na-
vigate the book more easily.

In preparing this manuscript, I have incurred many debts of gratitude to Prof.
Reto Mueller of Switzerland, Prof. Robin Ferrier of New Zealand, and Prof. James
M. Cook of the University of Wisconsin, Milwaukee; Dr. Yike Ni of California
Institute of Technology, and Dr. Shengping Zheng of Columbia University for in-
valuable suggestions. I also wish to thank Dr. Gilles Chambournier, Prof. Phil S.
Baran of Scripps Research Institute and his students, Narendra Ambhaikar, Ben
Hafensteiner, Carlos Guerrero, and Dan O’Malley, Prof. Brian M. Stoltz of Cali-
fornia Institute of Technology and his students, Kevin Allan, Daniel Caspi, David
Ebner, Andrew Harned, Shyam Krishnan, Michael Krout, Qi Charles Liu, Sandy
Ma, Justin Mohr, John Phillips, Jennifer Roizen, Brinton Seashore-Ludlow, Na-
thaniel Sherden, Jennifer Stockdill, and Carolyn Woodroofe for proofreading the
final draft of the manuscript. Their knowledge and time have tremendously en-
hanced the quality of this book. Any remaining errors are, of course, solely my
own responsibility.

I welcome your critique.

P

Jack Li
Ann Arbor, Michigan, March 2006
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Abbreviations and Acronyms

Q- polymer support

A adenosine
Ac acetyl
AIBN 2,2’-azobisisobutyronitrile

Alpine-borane®

Ar aryl

B: generic base

9-BBN 9-borabicyclo[3.3.1]nonane

[bimim]CI*2 AICl; 1-butyl-3-methylimidazolium chloroaluminuminate
(a Lewis acid ionic liquid)

BINAP 2,2’-bis(diphenylphosphino)-1,1’-binaphthyl

Bn benzyl

Boc tert-butyloxycarbonyl

t-Bu tert-butyl

Bz benzoyl

Cbz benzyloxycarbonyl

m-CPBA m-chloroperoxybenzoic acid

CuTC copper thiophene-2-carboxylate

DABCO 1,4-diazabicyclo[2.2.2]octane

dba dibenzylideneacetone

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

DCC 1,3-dicyclohexylcarbodiimide

DDQ 2,3-dichloro-5,6-dicyano-1,4-benzoquinone

DEAD diethyl azodicarboxylate

A solvent heated under reflux

(DHQ),-PHAL
(DHQD),-PHAL
DIAD

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

1,4-bis(9-O-dihydroquinine)-phthalazine
1,4-bis(9-O-dihydroquinidine)-phthalazine
diisopropyl azodidicarboxylate

DIBAL diisobutylaluminum hydride

DIPEA diisopropylethylamine

DMA N,N-dimethylacetamide

DMAP 4-N,N-dimethylaminopyridine

DME 1,2-dimethoxyethane

DMF N, N-dimethylformamide

DMFDMA N, N-dimethylformamide dimethyl acetal
DMS dimethylsulfide

DMSO dimethylsulfoxide

DMSY dimethylsulfoxonium methylide
DMT dimethoxytrityl

dppb 1,4-bis(diphenylphosphino)butane
dppe 1,2-bis(diphenylphosphino)ethane
dppf 1,1’-bis(diphenylphosphino)ferrocene
dppp 1,3-bis(diphenylphosphino)propane



DTBAD
DTBMP
El

E2
ElcB
EAN
EDDA
ee

Ei

Eq

Et
EtOAc
HMDS
HMPA
HMTTA
Imd
KHMDS
LAH
LDA
LHMDS
LTMP

Mes
Ms
MVK
NBS
NCS
NIS
NMP
Nos
Nu
N-PSP
N-PSS
PCC
PDC
Piv
PMB
PPA
PPTS
PyPh,P
Pyr
Red-Al
Salen
SET
SM

XIX

di-tert-butylazodicarbonate
2,6-di-tert-butyl-4-methylpyridine
unimolecular elimination
bimolecular elimination

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

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

ethyl

ethyl acetate

hexamethyldisilazane
hexamethylphosphoramide
1,1,4,7,10,10-hexamethyltriethylenetetramine
imidazole

potassium hexamethyldisilazide
lithium aluminum hydride

lithium diisopropylamide

lithium hexamethyldisilazide

lithium 2,2,6,6-tetramethylpiperidide
metal

mesityl

methanesulfonyl

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

nosylate (4-nitrobenzenesulfonyl)
nucleophile
N-phenylselenophthalimide
N-phenylselenosuccinimide
pyridinium chlorochromate
pyridinium dichromate

pivaloyl

para-methoxybenzyl

polyphosphoric acid

pyridinium p-toluenesulfonate
diphenyl 2-pyridylphosphine
pyridine

sodium bis(methoxy-ethoxy)aluminum hydride (SMEAH)
N,N’-disalicylidene-ethylenediamine
single electron transfer

starting material



XX

SMEAH
Syl

SN2
SNAr
TBABB
TBAF
TBDMS
TBDPS
TBS
TEA
TEOC
Tf

TFA
TFAA
TFP
THF
TIPS
TMEDA
™G
TMP
TMS
TMSCI
TMSCN
TMSI
TMSOT(f
Tol
Tol-BINAP
TosMIC
Ts

TsO
UHP

sodium bis(methoxy-ethoxy)aluminum hydride (Red-Al)

unimolecular nucleophilic substitution
bimolecular nucleophilic substitution
nucleophilic substitution on an aromatic ring
tetra-n-butylammonium bibenzoate
tetra-n-butylammonium fluoride
tert-butyldimethylsilyl
tert-butyldiphenylsilyl
tert-butyldimethylsilyl

triethylamine
trimethysilylethoxycarbonyl
trifluoromethanesulfonyl (triflyl)
trifluoroacetic acid

trifluoroacetic anhydride
tri-2-furylphosphine

tetrahydrofuran

triisopropylsilyl
N,N,N’,N’-tetramethylethylenediamine
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

urea-hydrogen peroxide



Alder ene reaction

Addition of an enophile to an alkene via allylic transposition. Also known as hy-
droallyl addition.

O
é + Qo 0
0]
enophile
0]
0]
A (0]
ene o

g

reaction

Example 1"

H,oN 0O
2N~N KOH, Pt/Clay, 35% m
o)

H \ //  (Kishner reduction) H/

@)

/\O)Sf " 0
g MW

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

Example 2"

%% oot o W

5 h 95%
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Aldol condensation

Condensation of a carbonyl with an enolate or an enol. A simple case is addition
of an enolate to an aldehyde to afford an alcohol, thus the name aldol.

2
© 1. base R® OH O
R%Fﬂ R3 R
2 i R

Ri/d O acidic Ri/OH O
RS%W Workup RSAHLW
R R
Example 1°
0 LDA, THF, then MgBr,, —110 °C, then

\)§<OTMS .

OH O

I 85% yield
BnO/\O/\/\l)H/\OTMS y



Example 21
LDA, THF, =78 to —40 °C, then
aldehyde, 1 h, 83%, 3:2 de
- CO,H
O OTBS
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Algar-Flynn—Oyamada Reaction

Conversion of 2’-hydroxychalcones to 2-aryl-3-hydroxy-4H-1benzopyran-4-ones
(flavonols) by alkaline hydrogen peroxide oxidation.

Ry OH_Ar 11,0, NaoH | P N OTAF
=
OH
R2 (0] RZ o
Ry~ O Ar
Y
OH
Re O

B-attack

flavonol

A side reaction:

o-attack

p
then dehydration

aurone



Example 1°
OH
1. PhCHO, NaOH, EtOH, rt N o) Ph
1T
2. H,0,, 15 to 50 °C, 54% OH
@ o)

Example 2°

CHO

AN 1. , aq. NaOH, EtOH
0] OH
OMe
2. aq. NaOH, 30% H50,
0]
47% for two steps
OMe
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Allan-Robinson reaction

Synthesis of flavones or isoflavones.

o 0 1
OH O._R
= ~
L, et X
R R'CONa, A R
) @)
_ OH OHR \O)
\ enolization acylatlon
QK\R \ﬁ
@)

/

R co2

OHR?

OHR!
\ Q'OCOR ~ O,CR' w enolization

"O,CR'

-

O\H

O. _R!

. |
R

0

R

H o /

“O: R “—OH
fram Qe
N g M

OH

"O,CR’




Example 1°

OMe O O
HO OH
4 (0]
| OMe MeO OMe

OMe O

PhCO,Na, 170-180°C  HoO

8 h, 45%
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Appel reaction

The reaction between triphenylphosphine and tetrahalomethane (CCly, CBry)

forms a salt known as Appel’s salt. Treatment of alcohols with Appel’s salt gives
rise to the corresponding halides.

OH CX,, PPhg X
R™ R; R™ Ry
X
rJTx + -
XN —= | PhsP—X, CXq
PhgP: —
Appel’s salt
N 3 +
PhsP—X, XaC ™\ PhaPtX 4

R™ R R™ "Ry
+
PPh
oy X
/I\ —_— A + PhsP=0
y Ry R™ "Ry
N
Example 1’
AcO
AcO CBry, PPh BnO O
r4, n
BnO e 4 3 —
BnO
BnO DMF, 24 h, 96% BnO
BnO ™OH

Br
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Example 2, Appel’s salt is often used as a dehydrating agent®

NH

N
v/ CCl,, PPha, EtsN N%N j
N

0~ “NH
CH,Cly, reflux, 5 h, 63%
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Arndt-Eistert homologation

One carbon homologation of carboxylic acids using diazomethane.

o) SOCl i 1. CHN, o
RkOH R™OCl 2. H,0, hv RﬂOH
S
—~ N
b4 ? T
R——Cl
R4 Cl - — G 7
N 5 N
HoC—N=N °N H,C—N=N
+ (~
— CHgN N SN oNgT
32 N R JN 2
b Y hv
0

é\ H\ VR
Rb ‘. _— C:C:O —_—

: R/ &:OHQ

o-ketocarbene intermediate ketene intermediate

@)

H OH
R OH

side reaction:

cr
MHoNEN T CHCIT + Nyt
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110

BnOJQ/YCOQH 1. CICO,Et, Et3N, THF, =10 °C, 15 min
HN
BnO “Boc

2. CHoN,, Et,0, 0 °C to rt, 18 h, 78%

O
AgOBz, EtzN, MeOH/THF k
BnO N, gOBz, EtsN, MeOH/T ,dar‘
HN -25° %
BnO “Boc 25°Ctonr, 3 h, 61%
BnO
CO,Me
HN
BnO “Boc
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Baeyer-Villiger oxidation

General scheme:

o
0 H/O\o)k R® o o
- 2 +
R1)kR2 or H,0, R' )ko/R Ho)k 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

Example 1:
O o O
O){ m-CPBA Q T . o cl
O
+ H -
CO AcO
O
HOAc K o
H;O\O Cl

Cl

_ 0
H\O)\< 0 A 37, HO cl
O/\,O . , 0
migration
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Example 2'°
OH O OH
} m-CPBA, O. _Ph
- Ph = hig
NH CH,Cl,, rt NH O
o (0]
OH o) OH O
I m-CPBA, /l J<
J NH CH,Cl,, rt NH
e} 0]
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Baker-Venkataraman rearrangement

Base-catalyzed acyl transfer reaction that converts o-acyloxyketones to [3-
diketones.

)

Py OH O ©

Ph (0] (0] base

Ph\/@

0] Ph
Ph)ko o :B eix‘a aJ
[ T O- o}
acyl
transfer Workup

Example 1’
OYNEtg @V
OH
‘ O NaH, THF 7
o WNEQ
reflux, 2 h, 84%
O O

O
Example 28
o) 2.5 eq. NaH, PhMe, reflux, 2 h
=
then 6 eq. TFA, reflux, 1 h, 93%
MeO X
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MeO
OH
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Bamberger rearrangement

Acid-mediated rearrangement of N-phenylhydroxylamines to 4-aminophenols.

H
N H,SO, NH
“OH
H.O HO
H* Nt _H
N\OH O
H

O+
- H \H
HSO,4
/©/NH2
HO
Example 1°
NH,
NHOH HCIO,4, 40 °C
96%
OH
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Bamford-Stevens reaction

The Bamford—Stevens reaction and the Shapiro reaction share a similar mechanis-
tic pathway. The former uses a base such as Na, NaOMe, LiH, NaH, NaNH,,
heat, efc., whereas the latter employs bases such as alkyllithiums and Grignard re-
agents. As a result, the Bamford—Stevens reaction furnishes more-substituted ole-
fins as the thermodynamic products, while the Shapiro reaction generally affords

less-substituted olefins as the kinetic products.

R’ R'
R2 N NaOMe RZ.
j)\\N Ts H
R® R®
MeO1 R1 - R1
R R N . R
R2 - N %Nj Ts) >(§
NT Hbs ™ H &3
H R3
In protic solvent:
S2H R R'
R2 + 2. LM - N
N CNeyy
H N - S
g O H L N
R’ R' R'
R2%H R2 _— + R~ H + S
/’H RS R3 R2
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Example 1, thermal Bamford—Stevens’

N,Nj/Ph Tol., 145 °C MegSi~7"Ph
Me3Si Ph sealed tube, 65% E:Z=90:10
Example 2°
@\%NfNHTs +BuOK, +-BuOH @\/Ot—Bu
o reflux, 83% o
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Barbier coupling reaction

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

o) RaX, M OH

\
R—M} AN
R "R { Ri"g 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,

SET-1 . +
Ry~ SR M
- MX
. SET-2
'R —— R¢'"\M ——— RM
Tonic mechanism,
2 st & +
F{1 5 5 R>1<Rz H R>1<R?
R —_— R
R-MgX R™ "OMgX R~ OH
8 &
Single electron transfer mechanism,
R? R?
O o
R! i R1: >Q
Cox o X
R' R? H R' R?

— X — X

R~ “OMgX R™ “OH
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Example 1°
O OH
Sm, THF, it X 0
O Br ~
+
20 min. 70%
Example 2"
H
Q Zn, THF, ag. NH,CI Ph O
Ph + /\/Br X
NHCO,Et 0°C, 82%, 95% de NHCO,Et
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Bargellini reaction

Synthesis of hindered morpholinones or piperazinones from ketones (such as ace-
tone) and 2-amino-2-methyl-1-propanol or 1,2-diaminopropanes.

H
NH 0o NaOH, CHCIj N
% . - % X =0, NR
A CH,Cly, BnEtzNCI x X0

XH

HO —

o
> deprotonation i \

H-CCl, k —_— CCl,
(c

" CCl,

Cl

XH

H H
O
HxJ cl” o X~ 0
Example 1°
\_NH, o

L NaOH, CHCls

NH +
)\ CH,Clp, BnNEt5ClI

ZT

W OF
A A

67% 15%

=z
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Example 2°
H
HoN 1. NaOH, CHCI;, acetone N
[¢)
HO 2. CSA, toluene, 66% o o
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5. Lai, J. T. Synthesis 1984, 124.
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Bartoli indole synthesis

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

1. Z° MgBr = | AN
- NN N
NO,
H
R 2 H20+ R
BrM
Mg \
+/O —_— B N
'\\D N/O ~ “OMgBr  *
R O R <HOMgBr
BrMg
‘/> [3,3]-sigmatropic
//O B /o >
N2 N rearrangement
R  MgBr
nitroso intermediate
Bng
Qﬁ H</7
workup
R  MgBr
H
\ . = | A\
L H
H
R R
Example 1°

1. 2 MgBr (3 eq)

@\/ —40°C, THF |
N
NO

2 2.aq. NH,CI, 67% H
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Example 2°
Me :< Me
MgCl
NO, THF -40°C N
Br 67% Br H
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Barton radical decarboxylation

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

s
e =
o -BugSnH
Noemog A T b mBuseR
R™ CI | R™ O ABN,A R
X S

Barton ester

A
NC%@“\LCN NoT + 2 'éCN

homolytic
cleavage
2,2’-azobisisobutyronitrile (AIBN)

n-BU:;,S:']l/H\‘ ’/\' %CN —— n'BU3sn o + H LCN

~<

o | _
R)ij\N(L — Nx ‘ + i —_—
Sk s NN

~
° SnBUS Bu3sn

~
co,T + R« y/H\fSnBu34> R/H + BusSn-

Example 1°

OAc
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OAc
OAc

1. m-CPBA, -78 °C H

Y

2.100°C, 78%

[k

N
= “
HO-C OTBDPS BugP, THF, PhH

— : Me3SiH, AIBN
NO%—LOTBDPS - /L

\

@ PhH, 80 °C, 75% 1 OTBDPS

S
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Barton-McCombie deoxygenation

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

S n-BuzSnH, AIBN R'

R1
\ + n-BusSnSMe + O=C=8T
RQAOJKS/ PhH, reflux ~ R®~ H ’

A
NC%I@“\LCN N,T + 2 -§CN

2,2’-azobisisobutyronitrile (AIBN)

n-BuSS:D/H\”/\'<CN — n-BugSn: + H LCN

~<

n-BusSn. /\v 1 _SnBu
R' (s Ff ?
S b T wtees
. 1
[-scission nBugsn\S T
+ .
O}\S/ R?
~ R'  hydrogen atom )R\1 B
n-BugSn<H,\ _ * +  n-BugSn-
R2 abstraction R? H
-BugSn .
n-BugSn.. o

%\ ——>  n-BugSnSMe + 0O=C=ST
07 s”

Example 1°

Iy
7
7
2

o}
/o : 7O AIBN, A, 74%

C;/\Ph O)< (@—(CHy)4Bu,SnH ]

S
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Example 2°

OH 00—

0—, |
> >
O ""OBn 1. NaH, CS,, Mel, 80% o QOBH

O. O 2. BuzSnH, AIBN, 70% o_ O

A A
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Barton nitrite photolysis

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

OAc OAc

hv
homolytic

cleavage
— ONe

OAc

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

1,5-hydrogen

—_—

abstraction

nitroso intermediate
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HO | OH
tautomerization N

Example''

1. NOCI, CH,Cl,, —20 °C, 100%

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

Base-induced reaction of nitroalkenes with alkyl o-isocyanoacetates to afford pyr-
roles.

Ro R4
NO, Base 7\
+ C=NCH,CO,R3; —— ™ CO4Rs
R; Ro ”
R4 = H, alkyl, aryl
R, = H, alkyl

R; = Me, Et, +Bu
Base = KOtBu, DBU, guanidine bases

Example 1

B [\
ase \~—CO.R

N0, + C=NCH,CO,R,

H
B O
\' 7/N 7 !\)j
H :C=N"“CO,R
P Michael addition
:C=N"" "CO,R H-B
-~ -
o0 O,N
( L
[—— V R
N\
:C\\ N COQR
N~ “CO.R
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Example 2°

) ommena Ve

DBU, THF /A
O,N rt, 8 h, 75% CO,Et

N
H

Example 3’

©j/NO2 CNCH,CO,Et w
N DBU N~ N~ CO,E

| THF, rt, 20 h | H
SO,Ph PhO,S
85%
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Batcho-Leimgruber indole synthesis

Condensation of o-nitrotoluene derivatives with formamide acetals, followed by

reduction of the trans-B-dimethylamino-2-nitrostyrene to furnish indole deriva-
tives.

R1\ C‘)Rs R1
/N7C70R3 |
N AN R:™ R . AN N-R,
[ _ - R‘i
NO, DMF, A \/ANOZ
1.PAC,H, R [
N
2. 5% HCI H
Example 1
@\/ DMFDMA ©\/\VNMG2
NO, DMF, A NO,

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

Pd/C, H, @j
N

MeQ (., MeQ -
N —— =X OMe

MeO N h



OMe

H‘/
‘ CH, MGOG/
—N

¥ CH,

Chew — (Rye
+/Oi N
N (o-
o)}

Mec;\

Z\/NMez - MeOH \ NM62

Q( NMe2

+
reductlon NH-
H
— NHMe
@Fﬁ . (17
NMe, N

i

H
Example 2°
‘COZH 1. Mel, NaHCO; COxMe
X > AN NMez
\ 2. Me;,NCH(OMe),
= N02 DMF, A N02
80%, 2 steps
C‘;OzMe
Pd/C, H,, PhH, 82% | N |
ZON
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Example 3
OBn Meo,NCH(OMe), OBn OBn
pyrrolidine N NMe, X
> +
NO, DMF, 110°C NO, NO>
3 h, 95% 15:1
OB OBn
- NMe, Ni, NHoNHp ‘
THF, MeOH N
NO, 96% H
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Baylis—Hillman reaction

Also known as Morita—Baylis—Hillman reaction, and occasionally known as
Rauhut—Currier 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 aldehydes, o-alkoxycarbonyl ketones,
aldimines, and Michael acceptors.

General scheme:

]
EWG catalytic R > XH
2

X
IS SR S

tertiary amine

EWG

X =0, NR,, EWG = CO,R, COR, CHO, CN, SO;R, SO3;R, PO(OEt),, CONR,,
CH,=CHCO;Me

Example 1:

o ﬁNJ OH O

PhiH ' HK : Ph%

Ph
p conjugate aIdoI
:\/‘ addltlon

OH O
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Ph% - ,?NJ

E2 (bimolecular elimination) mechanism is also operative here:

OH O

Ph H =N ) OH O . ﬁN
A5 ?NJ RACY

Example 2"
O o)
H * Hk OMe
Cl
ﬁN OH O
/N
. ‘ N OMe
MeOH, rt, 8 h, 79% Cl P
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Beckmann rearrangement

Acid-mediated isomerization of oximes to amides.

In protic acid:

el . 0
H R
RJkRQ — N7 OR?
H
+ +

1)kR2 R1@R2

the substituent trans to the leaving group migrates

R

R! 1 1
N 0 N
G, =) — e M
.} =~ 2
R R2 :OH, H
R’ N R!
—_H* N tautomerization HN™

R? )kOH R2 /go

With PCls:

PCI
( ' —HCI N@CM

- R1@ R2 o

the substituent trans to the leaving group migrates
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R! 1 1
X it NP
G, — 00— Lk
| ™~ R Q+
R2 R2 :OH,
1 1
—H* N~ tautomerization HN/R
Rz)kOH Rzko
Example 1"

0]
O\N

N Hoo | "
PPA i NK PPA 7N
| 72% /<,/\ 21%

PPA = polyphosphoric acid

References

Nk wn

10.
11.

12.
13.
14.

Beckmann, E. Chem. Ber. 1886, 89, 988. Ernst Otto Beckmann (1853—1923) was
born in Solingen, Germany. He studied chemistry and pharmacy at Leipzig. In addi-
tion to the Beckmann rearrangement of oximes to amides, his name is associated with
the Beckmann thermometer, used to measure freezing and boiling point depressions.
Mazur, R. H. J. Org. Chem. 1961, 26, 1289.

Chatterjea, J. N.; Singh, K. R. R. P. J. Indian Chem. Soc. 1982, 59, 527.

Gawley, R. E. Org. React. 1988, 35, 1-420. (Review).

Catsoulacos, P.; Catsoulacos, D. J. Heterocycl. Chem. 1993, 30, 1.

Anilkumar, R.; Chandrasekhar, S. Tetrahedron Lett. 2000, 41, 7235.

Khodaei, M. M.; Meybodi, F. A.; Rezai, N.; Salehi, P. Synth. Commun. 2001, 31,
2047.

Torisawa, Y.; Nishi, T.; Minamikawa, J.-i. Bioorg. Med. Chem. Lett. 2002, 12, 387.
Sharghi, H.; Hosseini, M. Synthesis 2002, 1057.

Chandrasekhar, S.; Copalaiah, K. Tetrahedron Lett. 2003, 44, 755.

Wang, B.; Gu, Y.; Luo, C.; Yang, T.; Yang, L.; Suo, J. Tetrahedron Lett. 2004, 45,
3369.

Hilmey, D. G.; Paquette, L. A. Org. Lett. 2005, 7, 2067.

Li, D.; Shi, F.; Guo, S.; Deng, Y. Tetrahedron Lett. 2005, 46, 671.

Ferndndez, A. B.; Boronat, M.; Blasco, T.; Corma, A. Angew. Chem., Int. Ed. 2005,
44,2370.



43

Beirut reaction

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

O O
0~ O N
( EtsN AN
Cpbc Om 2 0T
S EtOH N~ “CO,Et
N 0~ “CO,Et 5 2

EtsN CN
07 “CO,Et 0~ “CO,Et
. o) . 0
+NP o
©i o Ph C{y Ph
N (071 coLet (NGO
OH
NEt, B
_ o 0
o' o
N
N L TS ph
= 4+ Ph +
X \+/¥\ "\l COQEt
s ,
Example 1°
0- 0
+
NS oEt

Y

Oo- .
l\/H /o) o) morpholine, @:
— \ +
C[ O HSCMOEt '?'/* CHs

0°C, 10 h, 82%
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Example 2’

- +
o o O silica gel AN N
N L L e | H
0 Ph H MeOH, 90% N7 >Ph
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Benzilic acid rearrangement

Rearrangement of benzil to benzylic acid via aryl migration.

o KOH O
A
r% Ar Ar} )k OH
Ar
(0] OH
O 1 oH
Ar A N
Ar Q
o) kf CO (’
OH
0 Q acidic O
Ar
Ar%o'* — ﬁr%o ﬁr%OH
o) "OH  nt Workup " OH

Final deprotonation of the carboxylic acid drives the reaction forward.

Example 1°

KOH, MeOH/H,0

130-140 °C, 3 h, 32%
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Benzoin condensation

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

(‘)H
Ar _H cat. CN Ar
o o)
~ CN
; CN Ar]_H
Ar H . ‘
a o
O —
proton C‘i H (8 NC /kH
transfer OH Ar
proton @ OH B
transfer
= 0]
Example 1"
+ /\CH3
N 0
CHO HO/\/[\ BF CHs
CHs S - {~OH
EtgN, t-BuOH, 60 °C, 24 h, 40%
Example 2"

£/ CHy
Ow» Br
S

EtsN, DMF, 60 °C, 24 h, 90%
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Bergman cyclization

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

= °
=5 Yoo
\\ hv hydrogen donor

_ J

‘ I\ electrocyclization @
’( reversible . '?
AN

enediyne 1,4-benzenediyl diradical
Example 1"
Z  Ns__s > ph
7y s@

0O, o

SN s”S._Ph DMF, 180 “C, 24 h, 60%

Example 2"

\N _—— hv

N
= THF, 45% <\N
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Biginelli pyrimidone synthesis

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

OO~
O O O A J/\;R
R-CHO + ]| Il + o —— ]
O~  HoN~ "NH, HCI,EtOH HN H

N
£
(\'O 0
LSS

H_+
O) Q enolization aldol
addition
H H—)
Q+
H
H. H
H\g) H 0 o O O O
MO/\*’ MO/\ + H S o/\
R/\OH R/\OH R/CQHZ
CB/H 0] OH O
‘\
| O~ ™ conjugate o>
R™ ). addition I-l\l\ R
HoN.__NH
N 07 “NH,
0]
+ H
(00 Oy O~
HO H
+ Ht j O/\ \ R

> H,N:

HN
JH T
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H,O H
+ HY Q R -Hy0 \JKR
HNYNH HNYNH
0] (0]
Example’
OMe
O O 0
MeOM + + HQNXNHQ
@) H
OMe
CeClz7H50
MeOOC NH
EtOH, A, 2.5 h | PN
95% N 0]
H
References

1. Biginelli, P. Ber. Dtsch. Chem. Ges. 1891, 24, 1317. Pietro Biginelli was at Lab.

chim. della Sanita pubbl. Roma, Italy.

Sweet, F.; Fissekis, J. D. J. Am. Chem. Soc. 1973, 95, 8741.

Kappe, C. O. Tetrahedron 1993, 49, 6937. (Review).

Kappe, C. O. Acc. Chem. Res. 2000, 33, 879. (Review).

Kappe, C. O. Eur. J. Med. Chem. 2000, 35, 1043. (Review).

Lu, J.; Bai, Y.; Wang, Z.; Yang, B.; Ma, H. Tetrahedron Lett. 2000, 41, 9075.

Lu, J.; Bai, Y. Synthesis 2002, 466.

Perez, R.; Beryozkina, T.; Zbruyev, O. I.; Haas, W.; Kappe, C. O. J. Comb. Chem.

2002, 4, 501.

9. Bose, D. S.; Fatima, L.; Mereyala, H. B. J. Org. Chem. 2003, 68, 587.

10. Kappe, C. O.; Stadler, A. Org. React. 2004, 68, 1-116. (Review).

11. Limberakis, C. Biginelli Pyrimidone Synthesis In Name Reactions in Heterocyclic
Chemistry, Li, J. J.; Corey, E. J. Eds.; Wiley & Sons: Hoboken, NJ, 2005, 509-520.
(Review).

NN RN



53

Birch reduction

The Birch reduction is the 1,4-reduction of aromatics to their corresponding cyclohexadie-
nes by alkali metals (Li, K, Na) dissolved in liquid ammonia in the presence of an alcohol.

Benzene ring bearing an electron-donating substituent:

N \O
0 Na, lig. NH3

single electron |

-~ = H
transfer (SET) _ \, H(\OR

radlcal anion

~

O
o - H ~o
H + e LH
H —_— > —_—
. H \ (\
H “~ HCOR
Benzene ring with an electron-withdrawing substituent:
CO,H COoH
Na, lig. NH3
CO,
H _ 2
?02 _ CO, _
: + e +e
H

radical anion
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CO, CO, CO,H
— _ H+
H > HONH, H H
Example 1#
OMe OMe
/ /
1. Na, NHs, THF, =78 °C —

/o
N LN
O I 2. Mel, 98%, 30:1 dr Oﬁo(

OMe OMe

Na, NHs, THF

-78 °C, quant.
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Bischler—-Mohlau indole synthesis

3-Arylindoles from the cyclization of ®-arylamino-ketones and anilines.

A0 U

N
H

N o)
N -~
H

5 .

\Br COH+

o)

HO /
+
H N N)

\ \

_,

oty Q.
)Q dehydration 'O
iy - |

55



56

Example 1°

Q 0 NaHCOg, EtOH
NH, \_/ reflux, 4 h

230-250 °C 0
— N
N silicone oil, 10-15 min H
H 0o 35-80%
Example 2’
F OMe
OTBS~ | \
=
oy - [
\ ~
NJ 0] HoN N NH,
DME, H,SO,4
reflux, 53%
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Bischler—Napieralski reaction

Dihydroisoquinolines from (3-phenethylamides using phosphorus oxychloride.

POCl,
HNYO =N
R

R
ClPTCl, _cr ©/\
myjm Hmﬁ/o\Pomz
R
+
(NH+ [ N\H - =
R _H
OPOCl, Cl R OPOC
N P
HCI + H - — _N +HCI+ O=P
(@) \
R o—gfg o b Cl
Ny
Example 1°

\
z

‘ POCI,

MeO N
\COZM e Bn
P,0s5, 96% I
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Example 210
CI
HN O
o POCI,
toluene, 95%
MeO OMe
OMe
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Blaise reaction

B-Ketoesters from nitriles and o-haloesters using Zn.

Br COLR? 1. Zn, THF, reflux @) ,
R-CN + \(1 R)K(COQR
R 2. HyO" R
N
R——=N
BrYCOQRz Zn(0) OR? nucleophilic
R’ %L(OxZnBr addition
R1
+
HQQJH 1\, H\+ /H
N ZnBr workup 5
H,0 R

Example 1, preparation of the statin side chain'®

OTMS
cl \/I\/CN + Br\/COZT'BU
1. cat. Zn, THF, reflux OH O

oA _I__co,tBu

2. H3;0", 85%
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Example o1
FL~_CN Zn, MeSO3H
*\ | + Br__COEt
Cl N Cl THF, reflux, 2.5 h
I?r
Zn, O O
HN O
E HCI, 72% F. Z OEt
NS
= OEt \
| cl” SN el
N
Cl N Cl
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Blanc chloromethylation

Lewis acid-promoted chloromethyl group installation onto the aromatics rings
with 1,3,5-trioxane and HCI.

o ZnCI2 = I
©+(7 + HCl ——— I “ 4 ho

O\/O X

1,3,5-trioxane

Oy W

0 0
i -H" HO H*
ooy Ty
NS

Cl

{ . Sn2 o]

Example 17
+ —
- NH;CI
NH4CI
CHj,
CH;z; (OCHy),, HCI, PhCI
O
O
- 20°C,2h, 71% \o
(0]
Cl
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Blum aziridine synthesis

Ring opening of oxiranes using azide is followed by Staudinger reduction of the
intermediate azido alcohol to give aziridines.

0 NaN 1 N PPh N
alNg R 3 N
N, Y OOR VAN
R" R OH Staudinger i g2
N3
O f
<> SN2 R1\/\R2
1 M2
R R "N OH

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

_—

R1
HO" HO% ~
%NK]N)’\ PPh - \HHNfN:NfF)PhS
= : )
R? > R
R N
HO% W‘E’Rs
= “'N=N-N=PRg —~ | Ni}
2 N
R X
ﬁRs HRS
? N N2
— N TR ~a2 = HO
\/\R R2
OH R’
h 1 ﬁH H
proton PQ,P*NH R,/ .
0 Juge —= &, —= L)
transfer +0 R
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Example 1°

o & 1. NaN3, NH4CI, MeOH, reflux, 4 h H —OTr
[)S\/OTr TN
2. PhsP, CH3CN, reflux, 30 min,
60-75%

Example 2°

o NaNs, NH,Cl, MeOH

reflux, 4 h, 50%

NS \/\/\/?i/\
OH N3
PhgP, CH4CN NH

reflux, 99%
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Boekelheide reaction

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

=

| TFAA @V
N |_on
o) N

TFAA, trifluoroacetic anhydride

= _
AN O,CCF N
5 Dl ™ T
5 acyl “~¢ > H N
- o | - |
5 transfer OYO Ow\ffa
F3CﬁYCF3 CF CF:3
3
& o
| - hydrolysis =
— UL L o _cFp——7— |

N Y \N OH

ACQO, CHQC|2

reflux, 1 h, 90%

Example 2°
OtBu OBu
AN 1. TFAA, CHCl, AN
@ > |
N 2. Na,COg3, 3 h N
‘ 89%

o 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
+ I —H> / \
NVN _
o) N

e | '
I Hetero-Diels-Alder Y

Cj reaction @

:B
Retro-Diels-Alder LbW/
- Y AT

N

reaction, — No iN) —N

Example 1*

Et0,C._N__CO,Et N
\

I -N * go
Et0,C~ N

CHClg, 60 °C EtO,C.__N__CO,Et

- 1T
Et0,C~

26 h, 92%
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Borch reductive amination

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

_ H
O H H | Ri~| Rz
DS LI
R1 R2 RS R4 N
Ry~ "Ry
i OH
R R - T
o —
H Rs™ "Ry
Rs™ 'Ry
H H
R1@ R1\‘VR2
NZ N.
Rs™* Ry Rs™ "Ry
Example 1*

0
(j)kCH3 +
NH,
1. TiCly, EtgN, CHyCly, 1t, 48 h HN@

2. NaCNBH3, MeOH, rt, 15 min. CH
94% ®
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Example 2°
NH,
5 N HCI, NaCNBH, N
+ >
O,
0 o MeOH, rt, 72 h, 75%
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Borsche-Drechsel cyclization

Tetrahydrocarbazole synthesis from cyclohexanone phenylhydrazone.
Cf. Fisher indole synthesis.

Q. P o
_N
N ;
H
H . .
Q@ S [3,3]-sigmatropic
©\N/N ©Q'N/NH rearrangement

H

H+

H
=
— |
N (NH, 2
H H+

CH,
HCI, NaNO,, AcONa

TZ

Example 1#

H,CO
3 , HO ~
H,0, MeOH, 54%
NH, o
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CH3 CHS

HOAc, HCI, reflux HsCO

H;CO o >~ A\
10 min., 44% N (0]
N H

H
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Boulton-Katritzky rearrangement

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

X.
A Y 8 x
BB.NZ ~——— " b N Y
D H H \Z/
Example 17
150 °C
N
Ph
0
. N
N N/MPh
H
Example 2"
0 F"“
N%Lph NHoNH, DMF - NN
/ [ N NH
FSCKO/N i, 1 h FSC/<O/ 2
Fscﬁ HO\N
NH |
Ph Ph
SN iﬁ
- "N FsC~ "N~
H H
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@)

NH,NH,, DMF
N—~ “Ph -

/
Fo L N i, 1 h

O/
HO.
% H N
L Ph N)\(Ph
+ \
s N
N F703)\N
H
24% 70%
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Bouveault aldehyde synthesis

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

1. M
2. DMF
R—X R—CHO
3. H*
P
MeoN H
%2 / M
R—X —> R-M —— MezN% — R—CHO
R
A modification by Comins:’
/ \ /
O Li—N N— LiO ﬁN
_/ N
H X
\ H
%
|
N
) 0
n-BuLi N 1. RX, X =Br, |
- H
ortho-lithiation 0] .

Example 1°

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.

O Na, EtOH

J

R™ OEt

single-electron o HCOEt

O
_RjkOEt = )\ -

transfer (SET) R™° "OEt

ketyl (radical anion)

OH H</70Et
OH +e_ )\ O/
A, T RTOER —
R * "OEt R OEt
H(9Et
TN
i tee O HCOEL
R H R)'\H
by
OH +e_
R™"H \
H(9Et
Example 1#
0] Na, A|203
+-BUOH, Tol. OH
OEt >
reflux, 6 h, 66%
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Boyland-Sims oxidation

Oxidation of anilines to phenols using alkaline persulfate.

NR, NR2 -
K2S20g 0S0; K p*
ag. KOH

o Q
o:§fofbfuzo
ipso-attack - R-N
NR2 - 50, +
|
L
0. 0 o, 0
) /S\

NR,

o_0
RN 00 e
2 _ 0S0; K*
He~ N
= OH
Another pathway is also operative:
O
NR,

o. 0O
g s=0

= OH

OH

79

N RN O S E2 | __0so; K*
RQN\/O) O (@) 3
+ H—
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Example 1°
NH,
NH, NH, 08037 K*
K2S20s . 0S0; K*
aq. KOH .
0S0O; K
50-55% 8
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Bradsher reaction

Anthracenes from ortho-acyl diarylmethanes via acid-catalyzed cyclodehydration.

OO g
R

anthracene

GO SE NG ¢ I
0
@@ = QL0

R OH

CH3CO,H

/

H

(,OH2 R

Example’

O 0 O HBr, CHyCO,H O»
Br Br
O 150 °C, 7 h, 21% O

1. Bradsher, C. K. J. Am. Chem. Soc. 1940, 62, 486. Charles K. Bradsher was a profes-
sor at Duke University.
2.  Bradsher, C. K.; Smith, E. S. J. Am. Chem. Soc. 1943, 65, 451.

References



82

=0 0N kW

Bradsher, C. K.; Vingiello, F. A. J. Org. Chem. 1948, 13, 786.

Bradsher, C. K.; Sinclair, E. F. J. Org. Chem. 1957, 22, 79.

Vingiello, F. A.; Spangler, M. O. L.; Bondurant, J. E. J. Org. Chem. 1960, 25, 2091.
Brice, L. K.; Katstra, R. D. J. Am. Chem. Soc. 1960, 82, 2669.

Saraf, S. D.; Vingiello, F. A. Synthesis 1970, 655.

Ashby, J.; Ayad, M.; Meth-Cohn, O. J. Chem. Soc., Perkin Trans. 1 1974, 1744.
Nicolas, T. E.; Franck, R. W. J. Org. Chem. 1995, 60, 6904.

Magnier, E.; Langlois, Y. Tetrahedron Lett. 1998, 39, 837.



83

Brook rearrangement

Rearrangement of o-silyl oxyanions to o-silyloxy carbanions via a reversible pro-
cess involving a pentacoordinate silicon intermediate is known as the [1,2]-Brook
rearrangement, or [1,2]-silyl migration.

| RLi |

J 0 Pe
8/H o R J - R17\J S|R3
TN
R, . R, SiRs Ro

pentacoordinate silicon intermediate

_SiPhy _SiPh
? workup 0 °
Ph—_ _— ph%\H

U Ph
Example 1"

o) 1. 4 eq. NaHMDS, -78 to 15 °C

N
t-BuMeQSiAVYC -

Ph 2. PhCH,Br, =10 °C, 75%

— CN
tBuMe,SiO
Ph Ph



84

Example 2
tBulLi, Etzo
Br- | >~_Ph ~ | Lin[>_Ph
-78°C
0]
Ph
_ o)
Me3SI Ph
. ~ Ph
—78 °C to rt, 30 min. _
SIMeg
then NH4C|, HQO, 44%
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Brown hydroboration

Addition of boranes to olefins, followed by basic oxidation of the organoborane
adducts, resulting in alcohols.

1. R',"BH
R/k 2 o R/\/OH
2. H202, NaOH

R' H R H BI
, syn-
(H\B/\R'_>/§;B\R' L» R)\/(B\Rl _—
RN R addition _
O-OH

H

R R
- &
R/\QB;O@

R/\/O\‘B/OR OH

OR'

KH\ALC)// 1. BHz*SMeg, THF
: 2. NaOOH

Baeyer-Villiger- R -
y ger o~ O-g-R 0-oH

like reaction R’

R/\/OH + B(OH)3

Example 1°

H\o
T
2?%

I\
IHH

b 35%
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Example 2"
OMe ?Me
]
MeO MeO N
NO2  BHgeSMe;, NaOOH NO,
. OMe - wS_ OMe
Me™ ) THF, 85%, drg-11:1 ~ Me
~OBn OB
‘ Ho” O8N
HO HO
Example 3"

1. PyridinesBHg, lo, CHxClp, 2 h OH P
Ph/\/ > Ph)\/ OH

2. H,0,, NaOH, MeOH, 92% 15:1
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Bucherer carbazole synthesis

Carbazoles from naphthols and aryl hydrazines promoted by sodium bisulfite.

OH NaHSO,
NHNH, R

NN 4
" HH H HH
o)
=T =
“OSO,H OSO,H
HH H
)
S * " :NHoNHPh ——
OSO,H
H+
H Mok NHNHPh
/~NHNHPh O‘ B
(0SO,H

OSO,H

:) o A
NH  [3,3]-sigmatropic
rearrangement
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S N (3
NHj HESPEENH,Y
"o O

Example 1?
OH
S OHRIe!
CO.H NHNH>
NaHSO3, NaOH, A, 130 °C O O
several days, 46% ‘ N
H
Example 2*

OH
. Q 1) ag. NaHSO3, A Q
@ N
OO HoNHN 2)H H
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Bucherer reaction

Transformation of 3-naphthols to $-naphthylamines using ammonium sulfite.

““OH (NH4)2SO3°NH; ‘NHZ
H,0, 150 °C
" HH H H
o, o,
T — —
7OSOQNH4 OSOQNH4
o /OH
tautomerization @/:N% —NH,
OSO,NH, OSO2NH,4
I, QJH NH
2 2
e PO
~"H
OSO,NH, OSO-NH,

Example®

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

OH NH3, (NH4)QSO3, HQO, rt NH2
microwave 30 min. 93%
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Bucherer-Bergs reaction

Formation of hydantoins from carbonyl compounds with potassium cyanide
(KCN) and ammonium carbonate [(NH4),COj3] or from cyanohydrins and ammo-
nium carbonate. It belongs to the category of multiple component reaction
(MCR).

KCN R

H
R’ 1\\/N (0]
=0 R2” ; l\\lfj
R? (NH4)oCO3 3
(NH,)CO, <« 2 NH; + CO, + H,O
P
0=C=0
Rl (o D

/*2 © ‘2 NHZ
NG . RI— =N
H3N R?
cyanohydrin
H COH H
1
R\/N«O R m e
— > Rg? o > (\f

isocyanate intermediate

Example 1"

CHiO._~
mN KCN, (NH,),COs5

CHz0™ -

48 h, 60 °C, 83%
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KCN, (NH4)>CO5

o —CO,Et -
70 b H EtOH/H,0, 70 °C, 50%

o)
HN—
o%’/'\”14

0

3 H
0 H
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Biichner—Curtius—Schlotterbeck reaction

Reaction of carbonyl compounds with aliphatic diazo compounds to deliver ho-
mologated ketones.

R H 1
PN 2 A R)L\/R
R™ O R N2 R2
R1
] . o)
2/§ - R2)<N+\ « H
R N2 N +
N 2 _
R2” SN,
(N
N 0]
nucleophilic HH\S s rearrangement R1% Nt
w J0) = R 2
addition R2’ifj<vj L2
R1
Example 1?
O o)
CH5N
CVJL\[TfiLb 2 NZCH{Mjfib
Et,O
o~ o 2 H,C~ Y0~ S0
0]
HCI CL\/J%:[jfiL}
H,C~ 0™ S0
Example 26
NC._ CN

NCICN CH2N2, Etzo I
rt, 100%

Ph” “H Ph” “CHj
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33% aq. NaOH @)

PN

Ph” “CH,

45 °C, 99%

References

1. Biichner, E.; Curtius, T. Ber. Dtsch. Chem. Ges. 1885, 18, 2371. Eduard Biichner
(Germany, 1860—1917) won the Nobel Prize in Chemistry in 1907 for biochemical
studies and discovery of fermentation without cells.

Schlotterbeck, F. Ber. Dtsch. Chem. Ges. 1907, 40, 479.

Fried, J.; Elderfield, R. C. J. Org. Chem. 1941, 6, 577.

Gutsche, C. D. Org. React. 1954, 8, 364. (Review).

Bastus, J. B. Tetrahedron Lett. 1963, 955.

Kirmse, W.; Horn, K. Tetrahedron Lett. 1967, 1827.

SANAIE i



96

Biichner method of ring expansion

Reaction of benzene with diazoacetic esters to give cyclohepta-2,4,6-
trienecarboxylic acid esters. Cf. Pfau—Platter azulene synthesis.

N5~ “CO,CHs
. CO,CHs
[Rh]

[Rh]

7 “CO,CHj NoT + [Rh]7 “CO,CHs

Rhodium carbenoid

CO.CHj4

. (COZCHs [2 + 2]
~— [Rh] cycloaddition [Rh]
electrocyclic
) _ > @COZCHs
ring opening
Example 17

O
_N;  Rhy(OAc),
CH,Cl,, 98% H O

Example 28
[
cat. Rhy(OCOt-Bu),, DMAP Q
Ac,0, CHCl,, 73% C OAc
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Buchwald-Hartwig C-N and C-O bond formation reactions

Direct Pd-catalyzed C-N and C-O bond formation from aryl halides and amines
in the presence of stoichiometric amount of base.

)
_~_-Br Pd(OAc),, dppf N—/
M, ¢\
X N~ NaOtBu, Tol., A
\
Pd(Ih)—
>/©/ - >/©/ " ”
oxidative Ilgand
addition exchange
— HBr
P—— -
Pd(II)N/; reductive N_//
elimination

— Pd(0) -

The C—O bond formation reaction follows a similar mechanistic pathway.”
Example 1"
0.5 mol% Pd(dba),

/\ 1 mol% ligand
OOCI + HN O
/ _/

1.4 eq. NaOt-Bu, Tol.
100 °C, 24 h, 92%
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Example 2"
NH,
COgMe Pd(OAC)g, CSQCO?,
I N -
‘ DPE-Phos, Tol., 95 °C
OCF, 95%
MeO,C H PPh, PPh,

)

N
@/ \@ DPE-Phos =
OCF,
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Burgess dehydrating reagent

Burgess dehydrating reagent is efficient at generating olefins from secondary and
tertiary alcohols where the first-order thermolytic Ei (during the elimination, the
two groups leave at about the same time and bond to each other concurrently)

mechanism prevails.

Reagen formation,

- 1 +
e CH302Cfo‘CS‘)fNEt3 o Ho-
0]

RZOH Burgess reagent 0
- 9 @)
O—e=N—-S—ClI — 00
6 CH302C*N*§*C| -
o\l:NEtS
HaC*OH
_ Qs
CH302C_N_§_NEt3
O
Reaction,
N Lt M
CH30C—NZSThEt; Sy2 H | -COCHs
CH( © - RL_S0
RI—L_ ~ HNEt, RO 2
R2 OH

R1
i /N\ /O +
_B \f + CHaO,C™ )8~ *+ HNEt
R o/ o)

Example 1!

- +
CH30,C—N-S—NEts

GOH o)
tol., 95 °C, 2 h, 80%




101

fl\b/COQCHS

@/CO‘/ 5O, - [SO4] @NHCOQMe

Example 2°

-t H
CH30,C~N-S—NEts

DMF, 80 °C, 18 h, 87%

©;N © > ©;N ©
(0]

H

Example 3"
j\ | \N/OH 1.5 eq. Burgess, THF
/Si\o/@ reflux, 1 h, 97%
Ay
/Si\O
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Cadiot-Chodkiewicz coupling

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

R'——X + Cu——~FR® R—— = R?
oxidative >§
R'—=—X + Cu——=—~R? - Rl—— Cu— R?
addition
Cu(III) intermediate
reductive
- . Cuw+ RY————=—"R?
elimination
Example 1°
%—Br + =\
OH
cat. CuCl, NH,OHeHCI
EtNH,, MeOH, 0-40 °C, 70-80% OH
Example 2"

TBS— + Br—<\_/OH
cat. CuCl, NH,OHeHCI
30% n-BuNH,, H,0, 92%
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Camps quinolinol 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.

OH
1 1
R
| N R NaOR N
R2
ZNH ROH N
2
O%vR
1 2
]
') R
R! 2
‘ N NaOR ‘ X R
=
NH ROH Z SN 0H
%sz
0]
1 3

R2
NH — N —
2
1
0 T
;
R H X R
N R L
H OH
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3
Example 1"
Q OH
NaOH, H,0 N X
NH 104 °C N” “OH N~
© 69% 20%
Example 2°

NaOH

H,0, 90%
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Cannizzaro disproportionation

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.

2 )OL on )OL + R OH
R™H R~ “OH
o) _ - o
& HO O OH 00
G R™ H R H
"OH
Pathway A:

RQ hydride i o

- — H 7

H\/O transfer R~ Q) w_ -
R” “OH

N +
R~ "OH R)LO

Final deprotonation of the carboxylic acid drives the reaction forward.

Pathway B:

@

L hydride O
R H
Ve e B, o
va) transfer R™ O -
R™ O
acidic i
—— R o * R OH

workup
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Example 1"

OH
CHO KOH powder COH
100 °C, 5 min “ ”

solvent-free

Example 2"

|-| OH

CHO N
Na
THF, 0 °C, 5 h, 76%
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Carroll rearrangement

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

the Claisen rearrangement (page 131).

O base

R' R 0
\)<OH * RZOM -

R

i R?OH CO,T
+
R'R’ base R' R (O 0

1l
1591 - O R"R'"O) O
R R 0) ester S
o —_— o € —
2 exchange H
(or s
o 0 0o o
OM anion-assisted <'
O —_—
R1ﬁ1 /) Claisen rearrangement g1«
R R
acidic R' o)
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Example 1°

0

Q 2 eq. NaH, xylene
H“OM , >

reflux, 96%

Carroll

>

rearrangement

- CO,
TESO H
Example 2'"°
O O
OM LDA, THF, =78 °C to rt
\/
MeO
OMe
HOQC\ Me Me
CCly, reflux, 86% o
- (0] 4 ° R S
MeO/\OMe MeO/\OMe
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Castro—Stephens coupling

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

pyridine
Ar—X + Cu——R —— > Ar———R
reflux
L
Ar—X + LgCu——"R — > AX—Cu——R
|
L
X,
Ar_ Cu
e ( —> CuX + Ar——R
R

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

oxidative X
Ar—X + Cu——R Ar—Cu————R
addition
Cu(II) intermediate
reductive
CuX + Ar——R
elimination
Example’

O
cat. Cul, Ph3P, KgCOg 0
@)
N \ \ DMF, 120 °C, 37% N
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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,.

OH .
NaAlH,(OCH,CH,OCH3), in PhH OH
/'\FM RK\/LR

Et,0, heat, 20 h, 83% 1

R
R R
Ho - YA
? AlH5R, ¢
R, ——————— M+
R Z
R
R R
\ /
u Mo workup ?H
)\vl\ RN "Ry
R X R
Example 1°
OH
- LiAlH,4 QH
gz > X
7 77% V\/\(
Example 24

OH

1.5 eq. Red-Al, =72 °C, 25 min.
Ph)\

CO,Me then 5 eq. I, =72 t0 =10 °C, THF, 2 h
78%

OH |

Ph)\/\COZMe
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Chan-Lam coupling reaction

N-Arylation of a wide range of NH substrates by reaction with boronic acid in the
presence of cupric acetate and either triethylamine or pyridine at room tempera-
ture. The reaction works even for poorly nucleophilic substrates such as aryla-

mide.
R\
/ B(OH),, Cu(OAc),
_ R,
X—H - Hx
CHJCly, 1, Et3N or pyridine —
X =NR'5, OR"

Example 1'

o -
G—C Cu(OAc)s,, pyridine ®—<:/\

rt, 48 h, 74%

Mechanism:

L. ,L
Cu(OAc),, pyridine N/C“ ~OAc
@@NH coordination and /Q +  pyridium acetate

deprotonation  pp

Lo~ L
H@@B(OH)Z e
AcOB(OH), + Q

transmetallation CH3

Ph

reductive
- N CH

elimination
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Example 2°

Cl ]
5. CO:Me {_ )—B(OH), N0

N X0 Cu(OAc),, EtzN, MS 4 A
H CHQC'Z, rt, 48 h, 29%
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Chapman rearrangement

Thermal aryl rearrangement of O-aryliminoethers to amides.

AI’1\N A i ;
A
% — A N
Ar” “OPh Ph
A (0]
Ar Ar - 1
TN SnAf VG,3 I
M Ylrg ‘
Ar (0] Ar Ph
oxazete intermediate
Example 1°
c NaOEt, EtOH/Et,O
MeOzC: i Meo@ a i
* PR o g
NaO N Ph 0°Ctort,48h
Cl
MeOC._~ 210-215 °C, 70 min

‘

MeO NN
\©\ @ 28% for 2 steps
/)\
N Ph

Cl
MeO,C Cl
H
Me0\©\ /@ Ve 0,C
N \©\

N
H

O~ "Ph
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Example 2*

O
Ph Ph
(0]
Ph._ _O 300°C \I\T

N Ph”

o N 30 min., 87%
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Chichibabin pyridine synthesis

Condensation of aldehydes with ammonia to afford pyridines.
R Z R
R X |
N
HsN

~
RAga H (\ RN NH, R NH
g r A Lon o~ 7

“SCHO * NH;

HsN: H
8 NH,
enamine imine
[ :NH3 H H
H R%(Ol Aldol s H

0 e
R/Qfﬁj condensation R \/\QH/‘
e

H
-H,0 RM&%\ Michael R\/@
RJ{\ /J/ addion R N=

HN
H3N
H OH
R_X_R_
PN
f ¢
H

HO

R \/ ﬁ autoxidation Rjj/
R\/\N/
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Example 1*
O
CHO NH4OH, NH,OAc
= ‘ Z
¥ |
N N 250 °C 9
N , autoclave, 32%

Example 2°

NH,OAc, HOAc

CHO R
©/ * reflux, 1 h, 68%

=
N

"0
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Chugaev elimination

Thermal elimination of xanthates to olefins.

1. CS,, NaOH
o OH 2 RO S
2. CHyl S
xanthate
A

———R7X:+ 0CS + CH4SH

Si
o
. +  8:{  — 0=C=ST + CHgsHT
H  %s—
CS», Mel, NaH

THF, rt, 2 h, 51%
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dodecane, reflux (216 °C)

48 h, 74%

Example 2, Chugaev syn-elimination is followed by an intramolecular ene reac-

s 7
tion

S
OH
oks/

|
\ CS,, Mel, NaH o
/>0 N 7/\ \
THF, 92% 3
CbZ T:< O N
Cbz H

NaHCOj,, diphenyl ether TO

reflux, 45 min. 72% N O
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Ciamician-Dennsted rearrangement

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

CHCI O

H NaOH N
O B .
CHCH, -~ H,0+ SOl cl :CCl,
“OH ©
carbene
Cl
7~ ical W o

/
H - N

HO

Example 1#

2 eq. PhHgCCI
\ q g 3‘ X

OO ~
PhH, A, 54% N
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Example 210
NaO,CCl;
26%
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Claisen condensation

Base-catalyzed condensation of esters to afford [3-keto esters.

0O O
Q base F{z)kOFi3 - QM :
RQ&OW ~ R OR

o o)
R #OF“ deprotonation R \7\OR1 condensation
H R®.’ OR®

B:/A

O

RZMOW
R

R?0)0
R
Example 1°

0
F"‘Qko/\Ph

t-BuOK, solvent-free

o O
> Ph Mo/\Ph
Ph

90 °C, 20 min., 84%

Example 2"
N O
N M
Cbz” \5/002 . )k t-Bu
/: O/
Ph
3.5 eq. LDA, THF
q o H O O
—45t0-50 "C NM _tBu

. Cbz™ 0
then H*, 97% ph/
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Claisen isoxazole synthesis

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

o 0 NH,OH 2 oH
R1MO/ > ﬂ
R2 —HQO R1 A
o (o 0 (0 9@
R o T R H RH%NOH
R R Ry M
:NH,OH
Ro o Ro
0 Ro
72—( -Hx0 N OH
R NH [ = o\
) _NH
Ho' © Ri™ ™0 Ri™ o

5-isoxazolone
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0] 0]
OMe NH,OH-HCI, NaOH, MeOH
. OH
-50°C, 2h / \N
then 85 °C, 1 h, 65% of
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Claisen rearrangements

The Claisen, Johnson—Claisen, Ireland—Claisen, para-Claisen rearrangements,
along with the Carroll rearrangement belong to the category of [3,3]-sigmatropic
rearrangements. The Claisen rearrangement is a concerted process and the arrow
pushing here is merely illustrative.

2
1 2
R\q\/\fi A, [3,3]-sigmatropic RW R~
| . //' ~ O
?\7 3 rearrangement ?\V/3 X
2 2
Example 1’
BnO OBn OBn
BnO BnO
0]

BnO 0 0 n-decane/toluene 5:1 BnO O
%o / 0

180 °C, 70%
o_ 0O 1

et |0

Example 2°

Et,AICI, hexanes

Pes ‘
o o
0 78 "C, 81%

=

OH
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Abnormal Claisen rearrangement

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

O/v/\/ OH
A =
a (04
oy B [3,3]-sigmatropic (o X B
| rearrangement d tautomerization
)
H

"normal Claisen"

!-| o
O) B &4 p [1 ,5]-H-atom
| d reaction @ shift

Mer©/CHO
"0
MeO

OMe
CHO
PhNEt,
MeO
180 °C ]@
40% MeO

kodsurenin M
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Example 2°

OW (R)-(+)-BINOL-Me®FeCl,

CH,Cl,, -78 °C, 76%

OH
‘ = =
Example 3°
O O
(o)
g Tol. 180 °C . S
0] @]
24 h, 65%
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Eschenmoser—Claisen amide acetal rearrangement

[3,3]-Sigmatropic rearrangement of N,O-ketene acetals to yield y,8-unsaturated
amides. Since Eschenmoser was inspired by Meerwein’s observations on the in-
terchange of amide, the Eschenmoser—Claisen rearrangement is sometimes known
as the Meerwein—-Eschenmoser—Claisen rearrangement.

*OMe _
@i&ﬁf'\"e - L “ome

NMe, NMe,
{lOMe H +
ANMG MeZNféMe NMGZH/ OMe
2 (>
H\O: —j O/\/H —_— 0] <

NMe,
o))\ [3,3]-sigmatropic ACONMeQ
—>R)\<\/A)R1 rearrangement R X R1
Example 1’
FSCWO/\ o CH3C(OMe),NMe;
OH PhH, 100 °C, 2 h, 60%
CF; O
IO NMe;
Example 2°
O
5 eq. CH3C(OMe),NMe, NMe
xylene, reflux, 48 h, 50% —_
HO  ¢o,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 y,6-unsaturated carboxylic a-
cids. The Ireland—Claisen rearrangement seems to be advantageous to the other

variants of the Claisen rearrangement in terms of £/Z geometry control and mild
conditions.

0] OSlMe3

)ko LDA, then

o
A\) MesSiCl k;

OSiMGS
A, [3,3]-sigmatropic H* COzH
O /[/
rearrangement = =

Example 1?

OO TipsorTy, EtzN /(1
N CO,TIPS

PhH, rt, 62%

Bn

Example 2, a modified Ireland—Claisen rearrangement'
Fj@\/\/
F Y\@

BBr3, Et;N, PhMe
chiral ligand

-78tort, 79%, > 99% ee O
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Example 3
OPMP
‘ KHMDS, TMSCI, THF Ti?v
’ ’ X COQMG
0o.__0O > -
\E —781t025°C, 1 h, 81% MO
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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 to give a mixed orthoester. The orthoester loses
ethanol to generate the ketene acetal, which undergoes [3,3]-sigmatropic rearran-
gement to give a y,8-unsaturated ester.

\ OR?
OH CH(OR?); R°GyQR? B

LSS H Lo
R)\/\R1 (0]

OR? 5
/& [3,3]-sigmatropic COzR
—> O K/(» ~ /\)i
D rearrangement X 1
A R R
Example 1°
OH
Cl cl @)
CH3C(OCHg)s, TSOH CI@
( OMe
Cl 170 °C, 55% OTBS
OTBS
Example 2’
OMe
_ OMe
N CH3C(OCHy)s PN
AN cat. CH3CHQCOQH ‘
A reflux, 77%
\ OMe
OH
References

1. Johnson, W. S.; Werthemann, L.; Bartlett, W. R.; Brocksom, T. J.; Li, T.-t.; Faulkner,
D. J.; Peterson, M. R. J. Am. Chem. Soc. 1970, 92, 741. William S. Johnson
(1913-1995) was born in New Rochelle, New York. He earned his Ph.D. in only two
years at Harvard under Louis Fieser. He was a professor at the University of Wiscon-



140

et

o

sin for 20 years before moving to Stanford University, where he was credited with
building the modern-day Stanford Chemistry Department.

Schlama, T.; Baati, R.; Gouverneur, V.; Valleix, A.; Falck, J. R.; Mioskowski, C. An-
gew. Chem., Int. Ed. 1998, 37, 2085.

Giardina, A.; Marcantoni, E.; Mecozzi, T.; Petrini, M. Eur. J. Org. Chem. 2001, 713.
Funabiki, K.; Hara, N.; Nagamori, M.; Shibata, K.; Matsui, M. J. Fluorine Chem.
2003, 122, 237.

Montero, A.; Mann, E.; Herradén, B. Eur. J. Org. Chem. 2004, 3063.

Scaglione, J. B.; Rath, N. P.; Covey, D. F. J. Org. Chem. 2005, 70, 1089.

Zartman, A. E.; Duong, L. T.; Fernandez-Metzler, C.; Hartman, G. D.; Leu, C.-T.;
Prueksaritanont, T.; Rodan, G. A.; Rodan, S. B.; Duggan, M. E.; Meissner, R. S. Bio-
org. Med. Chem. Lett. 2005, 15, 1647.



141

Clemmensen reduction

Reduction of aldehydes and ketones to the corresponding methylene compounds
using amalgamated zinc and hydrogen chloride.

i Zn(Hg) H H
R™ "R HCI R™ "R’

The zinc-carbenoid mechanism:®

o) Zn(Hg), HCI o ZnCl

_—

Ph™ "CHj SET Ph”®* CH,

radical anion

Ph” 1 CH, Ph”” “CHjg
Zn

Zinc-carbenoid

H
H* BN
—~ PhlocH

The radical anion mechanism:

O Zn(Hg) H H
Ph™ “CH, HCI Ph)<CH3

7 C _ + _
)(J)\ —>n(Hg), Hel o ZnCl ¢ H* 0znCl
CH SET Ph CHg
8 Ph)'\CH3 H

radical anion

Ph

H +
»OZnCl
H

H+
— ' . Ph |_>CH3 Sn2 /}\
i Ph H
¢ s
Cl
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Example 1#

N Zn(Hg), HCI /@
o)
" _oH = N
)Q//\o MeOH, reflux, 1h “o

OH
OH . 67%
Example 20
o. - H " H
) Zn(Hg), HCI
N™ N7
H P Et,0, -5 °C, 57% H Py
O~ "Ph O~ “Ph
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Combes quinoline synthesis

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

R2
H,SOy4 N
NH2 M N R’
<j\NHZ /fk proton
O\ R —_— ]
\. N 1QH transfer




H.+ H

o
@@R‘H
H

R2
N
+
N
H
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An electrocyclization mechanism is also possible:

R2
oL
Ad, —
N~ R
H

6n-electrocyclization

2 + 2
HO_ R Q;HQ R
proton H >
O LY, — O
X 1 transfer —
l‘\l+ R N R1 N R1
Example 1'°
NH,
PPA, 110 °C
MeO O MeO
O O
N
H
35%
Example 2"
2 % N—Co,Et
Scogt A, P Zon ?
: Aty
NH, H cat. p-TsOH, 220 °C N

neat, 38%
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Conrad-Limpach reaction

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

o]
o o Ph,O )
+
NH, MOEt 260 °C N7
H

@\ 0 proton COEt 4o
NH, —_— P r
transfer Q 6H\'

H

EtO,C
OEt
CO,Et 6n electron
©\ L tautomerlze .
N~ "\/ electrocyclization
Schiff base

o) OH
= proton = | A
N | N~ . transfer NG
H
Example 1°
NH,
O O CHCls, HCI (cat.)

AN +
| MOEt 60%
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HNTS
CO,Et Pth reflux

NJW

N 2 : - |

N‘// 60% B OH
N~

Example 2"

NH,
MeOQC NHPhNO,

) 1002'\"9 HCI, MeOH © O\
MeOQC 64% COZMe
NO
Dowtherm A OaN @
250 °C, 55% N CO,Me
H
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Cope elimination reaction

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

\ 3
H +N_ A R R OH
—_— —_— +
R R |_‘-{2RS R' R? AN
<A R R OH
H’\‘ N\ S H + l‘\l
R'R

Example 17

O
Q.
m-CPBA, CHCl;

N -~
< } rt, 67%

OH

_ ] _
OJOJéJﬂ "
HTF Yy o
_oN

_,OJOJ&+ Q

OH

OH
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Example 2"

@)

&
t, 100% J\
CN J\ NC™ H

& +
N m-CPBA, CH,Cl, %
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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. Cf. Claisen rearrangement.

R A, [3,3]-sigmatropic R. A R
2 =2
NS

>3 rearrangement -

Example 1°

/\/COQMG 100 °C, 12h =\ COzMe
o)

- O
\/\TMS — U’TMS

84%

Example 2°

_~COzMe  dioxane, EtzN, 60 °C CO,Me

o
SFNCo,Me

22 h, 1 bar, 92% "COzMe
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Oxy-Cope rearrangement

OH - - OH
P A, [3,3]-sigmatropic AN
@\R IR
S rearrangement S

0]

X—OH  tautomerize
_ R _ R

PhMe;SIO O 4py

Example 1°

1.170°C

PhMe,Si~ ™
= o O 2. p-TsOH-H,0
65-75%

PhMe28|O

OH xylene, Ace® tube O
90 0
X 225 °C, 24 h, 49%

Paquette, L. A. Angew. Chem., Int. Ed. Engl. 1990, 29, 609—626. (Review).
Schneider, C.; Rehfeuter, M. Chem. Eur. J. 1999, 5, 2850.
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M. Org. Biomol. Chem. 2003, 1, 4423.

Example 2*
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Anionic oxy-Cope rearrangement

OK

OH ; ;
KH A, [3,3]-sigmatropic
©<R . TR
X THF 8 rearrangement

NOK X OK H>O

|\ /I R = _ R

R

) 0O
X OH tautomerize
= R = _— R
Example 1'
oH KH, THF, rt Q
N -
CE:Q then H,0, 88% (X;ij
Example 2°
0
NaH, THF, reflux
OH -
o, ’//

y 22 h, 88% / //
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Corey-Bakshi-Shibata (CBS) reduction

Enantioselective borane reduction of ketones catalyzed by chiral oxazaborolidines.

N
Hzé :’o \N B\ RS ,RL
W otk
/RL —_
Rs
H._O+BH H,0 H70H
RS R 0 RS R

The catalytic cycle is shown on the next page.



The catalytic cycle:

H "pn H e
- \ BH3 N
+ R =By H |.Ph
H HSBi H - N
N /O
N~pB
OBH; HaB 1 5
A~ Rs—
RL RS S -
BH3 Rp
Example 1°
o 0.1 eq. (S)-CBS
1.0 eq. i-Pr(Et)NPheBH;
AN SOQC6H4CH3-p -
\ o) THF, rt, syringe pump
1.5 h, 98%, 97% ee
OH H \ P
~_-S0,CgH4CH3- T
@/v 2LgM4LH3-p (S)-CBS = \ Jo
N ~B
\
CHj
Example 2"
0 o HO o
/O BH3z*SMe,, cat. (R)-CBS - /O

o) CH,Cl,, 30 °C, 84%, > 99% ee o)
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References

AN

=0

13.
14.

Corey, E. J.; Bakshi, R. K.; Shibata, S. J. Am. Chem. Soc. 1987, 109, 5551. Elias J.
Corey (1928=) was born in Methuen, Massachusetts. After earning his Ph.D. at MIT
from John Sheehan at age 22, he began his independent academic career at the Univer-
sity of Illinois in 1950 and moved to Harvard University in 1959. Corey won the No-
bel Prize in Chemistry in 1990 for development of novel methods for the synthesis of
complex natural compounds and retrosynthetic analysis. He is still carrying out active
research at Harvard. Prof. Corey has been a consultant to Pfizer for more than 50
years.

Corey, E. J.; Bakshi, R. K.; Shibata, S.; Chen, C.-P.; Singh, V. K. J. Am. Chem. Soc.
1987, 109, 7925.

Corey, E. J.; Shibata, S.; Bakshi, R. K. J. Org. Chem. 1988, 53, 2861.

Cho, B. T.; Chun, Y. S. Tetrahedron: Asymmetry 1992, 3, 1583.

Corey, E. J.; Helal, C. J. Tetrahedron Lett. 1996, 37, 4837.

Clark, W. M.; Tickner-Eldridge, A. M.; Huang, G. K.; Pridgen, L. N.; Olsen, M. A_;
Mills, R. J.; Lantos, L.; Baine, N. H. J. Am. Chem. Soc. 1998, 120, 4550.

Itsuno, S. Org. React. 1998, 52, 395-576. (Review).

Corey, E. J.; Helal, C. J. Angew. Chem., Int. Ed. 1998, 37, 1986-2012. (Review).
Cho, B. T.; Kim, D. J. Tetrahedron: Asymmetry 2001, 12, 2043.

de Koning, C. B.; Giles, R. G. F.; Green, 1. R.; Jahed, N. M. Tetrahedron Lett. 2002,
43,4199.

. Price, M. D.; Sui, J. K.; Kurth, M. J.; Schore, N. E. J. Org. Chem. 2002, 67, 8086.
. Fu, X.; McAllister, T. L.; Thiruvengadam, T. K.; Tann, C.-H.; Su, D. Tetrahedron

Lett. 2003, 44, 801.
Degni, S.; Wilen, C.-E.; Rosling, A. Tetrahedron: Asymmetry 2004, 15, 1495.
Watanabe, H.; Iwamoto, M.; Nakada, M. J. Org. Chem. 2005, 70, 4652.



157

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.

CH2 X X
I CH,
- I 1or2
HoC ™3 =0 _S. Rkw e R/QW
CHs  HzC™~ "CHs
1 2 3 4
X =0, CH,, NR?, S, CHCOR®,
CHCO,R®, CHCONR,, CHCN
I Ry
O - /S\
R R! H3C (‘:HC?’)HQ HsC CHs o) \R1
5)
e on
? j HSC/‘?Q/TR
HoC~ S CHp CHg—©
3 CH3 2
o R
I
— S, "
H;C CH, g><R1
Examplel12

. BF,
‘ Ph,S—< Rzoﬁ
Rao c a

HO KOH, DMSO, rt, 62% o) /
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Example 2
% >
N (CH3)sS(0)*I” , NaH, DMSO
0
F 60°C, 3.5 h, 79%
Cl

0

N%Q
o)
F
Cl
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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 n-BulLi

—— R—H

Zn H Br

R—CHO

) SN2 +
Br3C7|3I"/_\ :PPha —_— _CBrg + Br*PPhS

“Br
+
BrrlPPhs Sn2 Brf Sn2
e Iq +
“CBry Br#‘ PPhs
Br

X
Br, &+ R H R Br
Bro + >*—PPh3 = + O=PPhg
Br

Wittig reaction (see page 621 for the mechanism)

Bro + Zn _— ZnBr,

acidic

workup

Example 1?

H\o

M
CBr4, Ph3P, CHQC'Z

e O
I o
OHC . \T\ :
P OTBS rt, 35 min., 90%
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2.0 eq. THFsBH3, THF, —15 °C, 26 h

then CH;0H, 3 N NaOH, 30% H»0,
rt, 2 h, 85%

OMe O/%
- \\\\O

3.0 eq. n-BuLi/hexanes, THF

-78°C, 1 h;rt, 1 h, 99%
OH

Example 2°

1. CBr4, PhsP, Zn, CH20|2

2. n-BuLi, then NH,4CI, 90%
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Corey-Kim oxidation

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

OH NCS, DMS

O
1 2
R'™ "R then NEt, R1*R2
NCS = N-Chlorosuccinimide; DMS = Dimethylsulfide.

0 0
0l —_— ,~ ~+S=Cl —
N-LCl N- Pl
o ié
0 O
o o 0 cl
/ \Si/H\/
N— H NH + O NEt;
S\+‘\:O/ ? H
1.~ 2
O R1)\R2 O R R
\+
CS—
— Et3N-HCI S 0]
— % ———  (CHgsT + L
1 R R
R R2
Example 1, fluorous Corey—Kim reaction’
NO. CGF13/\/S\ NO,

_ 1_ _cHo
NCS, toluene, —25 °C, 2 h ©/

then Et3N, 86%
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Example 2, odorless Corey—Kim reaction®

NN
N S

4ﬁ OH 0.5 eq. NCS, CH,Cl,, -40 °C, 2 h

D then EtgN, -40°Ctort, 8 h
-
/\/\/\/S
4@ 9
86%

45%
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Corey-Nicolaou macrolactonization

Macrolactonization of w-hydroxyl-acid using 2,2’-dipyridyl disulfide.
known as Corey—Nicolaou double activation method.

Also

o) A
OH s S o
<n Z ( O
OH PhgP \
+
= N H
\ /
=0 i,
PhgP: _/
N H\S N
N ngPhs ;Ph
Z 3
O o}
> H
0O 0
(o (§s =
CH OH
+ =
~ N _.pPPn o |
NN S (@) +N S
(- 0=PPhy + H/>
o} 3 y
e “0._Mh
OH
AN (0] N
i (L
—— WS o s
6/‘0 |n H

2-pyridinethione
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Example 1°

OH (2-pyr-S),, PPhg

CHClg, A, 75%

OH OMOM

o o
I 2-pyr-S),, PPh
Q&OH (2-pyr-S),, PPhg

AgCIO,, A, 33%

Dowex, MeOH o)

58% HO” " “OH
OH
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Corey-Seebach reaction

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

1. BuLi
CSH CH,(OMe), CS> o
SH  Et,0BFs § 2 CHCHl

80%

CS HgClp, 50°C  OHC
SN g lL
ol Cl

50%

Example 1°

n-BuLi, THF

CHO < 'S
S
Ph 0 °C, 30 min. 99%
0

S S PhI(O,CCCly), HO

HO
Pm CH3CN, HyO, rt, 5min. 95%  Ph Ph




167

Example 2°
Ph—X-S
Q.o cHO S
\©/ n-BuLi, THF, =78 t0 0 °C
OH s
OVO s/
Ph
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Corey—Winter olefin synthesis

Transformation of diols to the corresponding olefins by sequential treatment with
1,1’-thiocarbonyldiimidazole and trimethylphosphite. Also known as Corey—
Winter reductive elimination, or Corey—Winter reductive olefination.

H

DRy Q — et

Njéi N (N
4;! Q:} Q;L\§Ny

| TS+H
PR
R1/LOH R OH
S
R o</‘ ‘jiiyi\/
Im
R1IO/HV Imd

R\/O
:P(OMe O/ ™+
J\ ’\SF ( )SH I%S P(OMe),
0] R

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

moma

P(OMe
-~ S=P(OMe); + /IESSHOM@3
R1

R1

R. _H
—_— + (~>(, (OMe)3 —— 0=C=0T + P(OMe);
R H O
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A mechanism involving a carbene intermediate can also be drawn and is sup-
ported by pyrolysis studies:

R_o0 : R_o0 +
I \ES/“ :P(OMe); I >;\S]P(O|\/|e)3
R'” O R~ O

R0
— - S=P(OMe); - I \:x " POMe)s
R O

R__H

I +

H

R O, +
_ J@?—P(Ol\ne)3 - .
RO

R1

o +
@H@Me)s —— :P(OMe); + 0=C=07

Example 17
O
OMe Imd,CS, toluene o @N\OMe
% S j =
reflux, 79% ﬁ\o S omom
CF3
O
P(OMe)3
7 N _OMe
92% FsC —
OMOM
One olefin isomer
Example 2"
OMe
TBSO H
HO~ OAc CSCl,, DMAP

HO CHQC'Q, rt, 96%
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OMe

OAc

OMe
TBSO Y
(EtO)sP : OAc
reflux, 76%
H \—_
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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 0

Pb(OAC), 0
RI——LR L+, + Pb(OAc), + 2 HOAc
2 R R R R3 R
@Pb OAc
(OAc)3 @ Ac
(AcO),Pb
HO OH —> HOAc + \:)\OH -
R1J/—jTR3 R1*/\—%R3
R R* R2 R*
AcO _ /OAc
o (o i i Pb(OAC)
HOAc + —_— + + C)o
RW/L\LRS R1)kR2 R® R
R? R*

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

o}
Pb OA \
( ©)s o RPOAD),
mﬁ (9 e

e

H/O

N
AcO
(@)

- * + Pb"(OAc), + HOAc

)



172

Example 17
CO,Et COEt
OH N Pb(OAC)4, KzCO3 N
M \ o A
oo PhH, 0 °C, 80% ©
OH ’ ’ ° o
Example 2°

Pb(OAC)4, CH20|2, KzCO3
-15°Ctort, 1 h, then

H PhsP=CHCO,Me, CH5CN, 80%
PhO,S
E:Z=10:1
PhO,S H
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Criegee mechanism of ozonolysis
- Oq 0-0
7~ T
+

0]
—0° % di 0
O ~o 1,3-dipolar %0

ézé cycloaddition >D_<

primary ozonide (1,2,3-trioxolane)

0-0

+ 0 .
-~ 1,3-dipolar
§ ~— 5 ————= 74 OX
)K\/ cycloaddition
zwitterionic peroxide secondary ozonide (1,2,4-trioxolane)

(Criegee zwitterion)
also known as “carbonyl oxide”

Example 1"
H
HOQ Og, EtOAc, -78 °C, then o
O O:\/\L OAc
HO Ac,0, Et;N, DMAP, o h
-78°Ctor, 75%
Example 2"
O
(@) 03, CH2C|2 MeOH COQMG
- 0]
CHOMe -70°C o quant. CO,Me
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Thermal or photochemical rearrangement of acyl azides into amines via isocy-
anate intermediates. While the thermal rearrangement is a concerted process, the

photochemical rearrangement goes through a nitrene intermediate.
The thermal rearrangement:

O NaN3 0] A

_ | —

R™ Cl R™ Ng

H,0

N,T + R—N=C=0 R—NH, + CO,T

RAc — R><® - RXNS = M4
N,

0 .

)k\ N A N2T+ R—N=C=0

e —
R™~Nr-N=N
= A\:OHQ
isocyanate intermediate
H
— = AN H  —— R-NH,t CO,T
0 K:B

The photochemical rearrangement:

o)

O
L LN2T+ PIq

-+
R™ NCN=N R ON:

nitrene

0]

rN ——= R-N=C=0 — R-NH,+
R)\JEN: R—N=C=0 2T CO,T
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Example 1°

HO,C

o COMe
COMe pppa, EtgN, t-BuOH BocHN_/\f 2

0]

80 °C, 16 h, 64% 07§

O:

L

Example 2"
0-0 EtOH, PhH, reflux, 55%
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Dakin oxidation

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

45-50 °C
(o o
o o
5 HO)

H202, NaOH

migration

_H
"0

OH
HOOO( hydrolysis HO@
’ t,
o)
" HO,CH -
HOOO = HOOOH + CHO

Example 1°
OBn
CHO
2.5 eq. 30% H202
COQH 4% (Phse)z, CHQC'Q, 18 h
NHCO,t-Bu
OBn OBn
O\CHO OH
NHs, MeOH, 1 h
CO,H 78% CO,H

NHCO,t-Bu NHCO,t-Bu



178

Example 2’

CHO urea-hydrogen peroxide (UHP) /©/OH
HOJ@/ solvent-free, 55 °C, 3 h, 83% HO
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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 evo-
lution of CO,.

R YcozH Ac,0 R

AcO
AcO ™ "o H
H e
O o] OH R O
@]

oxazolone (azalactone) intermediate

H
(o o 9 i
R Mo -CO, R W/J\ tautomerization R \)K

|
HN\fO H N\TOH NHAc

Example 1 12

Me\(COQH Ac,0, AcOH, Et;N Q
- Me%
Me

NH, o
DMAP, 50 °C, 14 h, > 90% NHAG
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Example 2
Me
o
N OBn o N OBn
H 90 °C, 2 h, 58% H
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Danheiser annulation

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

') (0]
SiMes TiCl,, CH,Cl, {
+ - SiMe3
-75°C, 82%
CQI Cl3Ti ~0 ol-
Cl3Ti-~.
o
- + .
SiMej - SiMe;
ClaTi~. -
1,2-shift of
- \+:SiMe3 -
silyl group
- Transition State -
Cl N\

ClsTi

@]
(VO
+ ‘ SiMes
SiMeS
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Example 17
O
SiMes, TiCl,, CH,CI,
+ -
OMe _78 OC
o
O
OMe OMe
48% 6%
Me3Si °
Example 28
O
SiMeg TiCly, CH,Cl»
+ -
-75°C, 91%
(1:1)
Messi <
H
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Darzens glycidic ester condensation

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

X Q " OEt A
IR v R'——R

R2 R®  CO,Et

G
ke

R)Qﬂ/ = R&joa -
(o

o) . 0
R! 3 intramolecular ]
e R R ﬁR
o) CO,Et Sp2 R CO,Et
Example 1*

0
o +BuOK, -BuOH
(j + Cl__COEt OQ\COQEt

10°C, 85-95%

Example 2°
O H
o) LDA, THF, HaC Qf,,,k
H3C Br —78 OC then _ 3 S Ph
o t-BuMe,Si H
66%, 90% de
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Davis chiral oxaziridine reagents

Chiral N-sulfonyloxaziridines employed for asymmetric hydroxylation, efc.

</
Cl
O A bACl
N e.g. %

EN
RSO,” s\
0 0
0o
o)
1 /A/Ar SRVEE
N o M
R™™ RSO;~ R’
o ~ R
M+ o}
_SOsR
RSO,
Ar O/\,\} 502 N-

M+
o M*
;
. R)\(R b Sy SO2R
0]
Example 17
(o)
5 1. NaHMDS, THF, -78 “C o ji
0] _5q 0 o]
o x emeome & e PhAl)kN o
Ph N~ "0 PhSO; OH \/
\ / - \\S
3. camphor sulfonic acid, THF \\

\\ 85%, 90% de
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Example 2°

NaHMDS, THF, -78 °C o)

0
M ~/ Phk/ 61%, 95% ee
Ph Cl
/¢

"N
%\/\

O// W O

OHH
T
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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 amine and Sommelet reaction,
where the product is aldehyde. The Delépine works well for active halides such as
benzyl, allyl halides, and a-halo-ketones.

N N Xi /\+

HX A NH

Ar” X+ ,\@N — NG+ Ar ' s
LN/ /L N_/ ~/ X

hexamethylenetetramine

[AFCH2-06H12N4]+X_ + 3HCI + GHQO

= AFCHzNHQ’HX + GCHzo + 3NH4C|

NL_N
M s [
LN/ +
Ar/Q(/ X
Hgo:
H
N s
N o
N N\/Ar N N<_/
A LN/ +
H
,‘\l +
0 [n == i
2 LNZ/ X
Example 1*

1. (CH2)6N4, NaHC03
0 15 h, EtOH, H,0 0

BrAA ~ HQNKAOH

OH 2. Hcl, EtOH, reflux, 15 h, 85%
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Example 28
/ .
\ N hexamethylenetetramine
N
Br~ N S
Pz Br CH.Cly, refux, 5 h, then
-30 °C
N4CsH12+BI’_
conc. HCI, EtOH
reflux, 1 d
78%, 2 steps
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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.

rcozlvle hv @COQMe Q

CO2Me

ij/‘ hv, [2 + 2]
LCOQ ‘J\COQMe cycloaddition

head-to- tall alignment

®
retro-aldol
cyclobutane cIeavage
0) COxMe
“H

COgMe COZMG

Minor regioisomer:

e} 0]
CO,Me CO,Me hv,[2+2]
+ r E— ‘—J/ —_—
‘ ‘ cycloaddition
OH OH

head-to-head alignment

? or 0
/COZNIe retro-aldol N

H

w cyclobutane cleavage CO,Me CO,Me
(ON
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Example 1°
O 0]
ph)ko 1. hv, cyclohexane, 83%
d 2. H, (3 atm), Pd/C (10%)
HOACc, rt, 18 h, 83% o
O
Example 2’
O
hv, MeOH
D
> 90%
OH
B ] o
0 H H
\HAO H H
B | O
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Demjanov rearrangement

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

[k HNO, R . O/OH
NH, OH

H N
H* @) Q -H,O o N /O\N//O

;"N:O
NH; 4
o H ~HO >
=N- ' =N+ N=N
N=N-OH NTNTOH, N
H

|
<>\7¥\ —No Oy -H
N ———— cH OH
N w

)
SN :
4/" H - N2
or <>—\“ _H* OH
N H

Example 17

NH>  NaNO,, AcOH/H,0O

100-110°C, 2 h, 61%
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Example 2’
0] 0 o)
NaNO,, 0-4 °C
: D G
0.25 M HySO4/H50 OH HO
NH,
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Tiffeneau—Demjanov rearrangement

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

OH NaNO,

A

Step 1, Generation of N,O3

H N
N H” © 6} —H0 0:\ 0., 0
0 — 'R
HO™ "0 H,O™ ~O -H*

Step 2, Transformation of amine to diazonium salt

O\(bN OH
i 5 /’ ~ HONO OHEFN@ .
H

OH ” OH _H,0
=N— =N — + N+
OL\N N—OH OL\I\LA N{OH, [ j X

Step 3, Ring-expansion via rearrangement

F e =0

Example 1"

NaNO,, AcOH/H,0, 0 °C, 1 h
OH

then reflux 1 h, 98%
Ho
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Example 22
O O
HO. /—NH,
NaN02
o - SiMe
SiMeg  C
3 72% SiMe;  28%
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Dess—Martin periodinane oxidation

Oxidation of alcohols to the corresponding carbonyl compounds using triace-
toxyperiodinane.

AcO OAc

N\ |,/OAC
0
H
0 O

1 -
™R R" "R
ACQ |p %;Ac g ACQ’OAC -
= o : ho H
[ o R o >1<R2 “OAc
N R1 R
0] 0]
QAC Y
I o 0
. +
@O + ):Q R1*R2
6]
Example 1°
OAc
AcO\ I// OAc
X ° %
OH O ©O Y e} ? 0
NS
X N
\ O CHyCly, 2, 67% ® 0O
O o)
Example 2"
OAc
AcO\ I// OAc
\O O
_ CHO
SN NaNj3, CH,Cl, “

0°C, 3h, 86%
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Dieckmann condensation

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

sation.
CO,Et NaOEt Q?O
CO,Et

CO,Et
CO,Et (o\
OEt -exo-ii
enolate OEt 5-exo-trig
{' O, formation ~__OEt  ring closure
_ @)
OEt o
(o
o — (O
CO,Et COEt
Example 17
BN NaHMDS, THF T OTBS
MeOQC/\DOTBS , O N
[ ~78°C, 58%
Example 2°

1. t-BuOK, Tol. reflux, 5 min.

2.18 N, H,SOy4, THF, 4 h
61% for two steps
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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.

Normal Diels—Alder reaction

EDG

A ~EWG
Sl
X

diene dienophile adduct

\\\m
»)
©

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

Example 1"
OMe OMe
_ COLEt  hydroquinone MeSSiO\ét‘/
° | \
Me3SiO AcO 180 °C, 1.5 h, 62% \,\ l ﬁngt
OAc
Danishefsky diene

Alder’s endo rule

COEt| — » EtOC COgEt
mf u
Me3SiO

AcO AcO™ OSiMes
4:1 o-OMe : 3-OMe

"9

Example 27

yk Br,-BIPOL, AlMe,
0

F

M CHyCly, 1, 8 h, 65%
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Inverse electronic demand Diels—Alder reaction

EWG EWG
EDG A EDG
Z W A,
A
diene dienophile adduct

Example 1°

CO,M
N CO,Me E,\? 2Ve
dJé

Hetero-Diels—Alder reaction

Heterodiene addition to dienophile

SO,Ph | E0.C - SO,Ph
2 |
Et0,C.__N OFt _ S0P E0;0. N, OF!
p\ o — PU )
"« | OEt :
Ph Ph ‘\/LH Ph

Example 1, the Boger pyridine synthesis (see page 67)°

)(:\OzMe
OMe
= CHClj, reflux
MeO — N ’\\l \’\\l 3
— OMe N%/N
MeO |

5 days, 65%
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Heterodienophile addition to diene”

MeO.___—— _CO,Et toluene . MeO ‘ CO,Et

~ 0O 110 °C, 60%

Example 2, using the Rawal diene’

NM62 o
CHCI3, —40 °C (O
0 X
+ >  Me 0
Me CO.Me _~ OTBS 71% MeO,C
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Dienone—phenol rearrangement

Acid-promoted rearrangement of 4,4-disubstituted cyclohexadienones to 3.4-
disubstituted phenols.

O OH
H* ‘
L,
R R R
H+
N § \
O 1,2-alkyl _Ht
R R R R
R R
Example 1"
@) O
50% aq. H,SO, o O
reflux, 80% O
HO
Example 2°
e} OH ‘
HO k conc. H,SO, HO = |
Et,0, 95% N
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Di-nt-methane rearrangement

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

R R1 2 R 1
2 R R
R hv -
| LR
R* R® R
1,4-diene vinylcyclopropane
R R' R R’
RZ  hv (\% R?
I a1
R*R® R*R®
diradical
R R’
T
‘ k.r N R3
A R
R* R®
diradical
Example 1°
CN CN
/ hv, acetone <=
,/—CN
/ 90%
CN

Example 2, aza-n-methane rearrangement”

hv, acetophenone
| \ ~N_

Ph o N-OAc benzene, 86% Ph
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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
A, 2, —
+ + ¥
NHz OHC oo N O
(O H OH2 —HQO
% ﬁj\@
0
; H’5.)_CO,
COzH J
[ ] . 2
+ N
NT H

CO,H CO.H
-H,O ﬁ‘ air oxidation (j\‘
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Example 1°
MeO 0 H "
+ + 2
\©\ ACozH ©
NH,
CO,H
MeO ‘ NN
EtOH, A, 95%
- / N/ ‘ N NO,
%
Example 26
x |
+ +
NH, COH 0
CO,H
EtOH, reflux O A
N/
3 h, 20% O
References

(O8]

~

Doebner, O. G. Justus Liebigs Ann. Chem. 1887, 242, 265. Oscar Gustav Doebner
(1850—-1907) was born in Meiningen, Germany. After studying under Liebig, he ac-
tively took part in the Franco-Prussian War. He apprenticed with Otto and Hofmann
for a few years after the war, then began his independent researches at the University
at Halle.

Mathur, F. C.; Robinson, R. J. Chem. Soc. 1934, 1520.

Allen, C. F. H.; Spangler, F. W.; Webster, E. R. J. Org. Chem. 1951, 16, 17.
Elderfield, R. C. Heterocyclic Compounds; Elderfield, R. C., Ed.; John Wiley & Sons,
Inc.: New York, 1952, Vol. 4, Quinoline, Isoquinoline and Their Benzo Derivatives,
pp- 25-29. (Review).

Jones, G. in Chemistry of Heterocyclic Compounds, Jones, G., ed.; John Wiley &
Sons, Inc.: New York, 1977, Vol. 32; Quinolines, pp. 125—131. (Review).

Atwell, G. J.; Baguley, B. C.; Denny, W. A. J. Med. Chem. 1989, 32, 396.

Herbert, R. B.; Kattah, A. E.; Knagg, E. Tetrahedron 1990, 46, 7119.

Pflum, D. A. Doebner Quinoline Synthesis In Name Reactions in Heterocyclic Chem-
istry, Li, J. J.; Corey, E. J., Eds.; Wiley & Sons: Hoboken, NJ, 2005, 407-410. (Re-
view).



208

Dotz reaction

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

OH
OR A R? R.
(OC)scf:g_\ + R—=Rg — >
1 2
R OR

Cr(CO),
OR OR alkyne
— — coordination
1 2 1 2

R _—/
RI——Rsg alkyne OR
‘ OR insertion ‘\

CO insertion M
ring closure
0] , OH
R? R. R R

R s R\ Rs
OR
O “crco), Cr(CO);
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THF, 50 °C, 61%
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Example 17
NO, OMe
Yse (OC)sCr
+
O
1. THF, reflux . Se
2. CAN, 22% NO,
O
Example 2"
BnO
Cr(CO)s
MOMO MeO =

A

OMe

MeO

OMe
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Dowd—-Beckwith ring expansion

Radical-mediated ring expansion of 2-halomethyl cycloalkanones.

0]
Br BusSnH, AIBN
CO,CH3
PhH, reflux CO,CH,
>"Y‘ A N, + 2 0<CN
= —— = N2
NC N=N CN homolytic
cleavage

2,2’-azobisisobutyronitrile (AIBN)

n-Busm qéCN —_— n-BugSne + H‘éCN

By BuzSnBr A

CO,CHy —
CO,CHs 2vs

(o .

e
\COQCH3 —_— C-\ H SnBu3
CO,CHs

0]
E—— + BU3SH.
CO,CHg
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Example 1°

1.2 eq. BusSnH, cat. AIBN

Tol., reflux, 23 h

H
@]
+
H
CO,Et

86%
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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.

o 1
) >
Ri™ ~0 R1/Qo 0O

AcO O\
20 %
- i)

[

HN o
R1/§O e)
H

mixed anhydride

N
B / k + 2 AcOH

Example14
O
HN—
L COH + H
Ph e e
(0]
O\
NaOAc, Ac,0O
110 °C, 69-73%
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Eschenmoser—Tanabe fragmentation

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

0
1. H,0,, "OH
2. HoNNHSOAr, H*
o 3. "OH —
“O—OH e
_OH
(. 0 Q@
O
e ?o;
H,NNHSO,Ar, H* @ “OH ;;@
Non- SO,Ar N SOLAr
H
<’O
- i;@ + TSOnAr + NpT
NN e SOQAr
Example 1*

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

rt, 5h, 73%
AcO
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AcO
Example 2’
Me Me
1. TsNHNH,, rt
0 OMe  2.55°C, 2, 50% || 07 Me
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Eschweiler—Clarke reductive alkylation of amines

Reductive methylation of primary or secondary amines using formaldehyde and
formic acid. Cf. Leuckart—Wallach reaction.

/
R—NH, * CH,O + HCOH — R*N\

formic acid is the hydrogen source as a reducing agent

H (?) >
/70H H* 9H2
L TR
R—NH, H H

H COT,
/

RN\/>:O4>OCOT+ /
H

H* f\/_CaHg + /7 \/

— RN —>‘/~O

+/ —H* /
— 0=C=0T + R*N\fH — R—N\

Example 17

& o Pd/C/Na,SO,, Hy, 40 bar &
o+ ©

N

H \)K/ EtOAc, 100 °C, 98% \)\/
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Example 2"

HsC CHg .

microwave (120 W), 1-3 min.

S
O | DCOD, DCO,D, DMSO
A

O O~ \CPs
H3C \ O éH3

O dztamoxifen
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Evans aldol reaction

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

P PP
N 1. BusBOT;, RsN Ph N0
N O
\i 2. PhCHO, - 78 °C N\
Bu,B-LOT; B“\B/B“
i
o/ O Z-(O)-boron enolate PhCHO
% k ©O) © \%\N*O
N (@) . \
\ / formation 8

R3N:J‘ \\ \\

l/ Bu_ Bu
o] S _B..
Z\S_H T \O i
Idol
(0] N Bu L’ Ph/'\l)\N)ko
jj o/B\Bu condensation \_/
‘ Ph \\
OH O i
_WOP o g
/
Example 1’
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0]

TiCly, DIPEA

i
N N~ O
/
CH.Cl,,-78 °C,1.5h

MeOZé

then rt, overnight, 52% ‘

Example 2"

\—/, OBn

1 eq. Bu,BOT;, 1.1 eq. Et3N S O OH

)k OTES

PhMe, 0.15M,-50t0-30°C  “—/  Opn
2 h, 72% Bn
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Favorskii rearrangement and quasi-Favorskii rearrangement

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

o O._OR
cl OR

enolizable o-haloketone

fe)
— > HOR +
“OR
o ,OR 75 oR
- é/ 6

cyclopropanone intermediate

O OR O._OR
,~ H"OR  HoR
- + "OR

Example 1, homo-Favorskii rearrangement’

TSOQ O 1.96eq. NaOH

dioxane/H,O
90 °C, 3 h, 86% 51:40:9
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Quasi-Favorskii rearrangement

@ . OH fg\vJOH

K- —x

Br
non-enolizable ketone

Example 1"

v Br >£

/ o THF,-781t0-30 °C, 90% ?/ o)
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Feist-Bénary furan synthesis

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

0] 0O O EtsN, 0 °C, 52 h \O/
+ -
Pe! MOEt
54-57% CO,Et
+
Et3N: Etg,NAlH
\\'H CO,Et o{ CO,Et rate-determining
L — o
step
Q) 0 >y

OH
mNOQEt HO " H,0
{1, HQ COEt iy e ) CO,Et

H
N i P q
O :NEt
. 3 O Q
)_CQE’[ CO,Et
A — T
o)
Et3N:j -
Example 1*°
o)
O O
M ¥
OEt H
I o OCH,
o)
HzCO,C
KOH, MeOH \ /V\/
7o OCHs
o}

Example 2°
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o)
o) pyridine, rtto 50 °C, 4 h ({ /\/

H)ObCI + )U

OEt then rt, overnight, 86% CO,Et
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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."?

While attempting to find a route from carbohydrates to functionalized
cyclopentanes (and hence prostaglandins), Robin Ferrier converted alkene 1 to the
standard product of methoxymercuration, but was unable to proceed to cyclopen-
tanes by causing C-6 of the C-6-mercurated product to displace the tosyloxy group
from C-2. However, hydroxymercuration of 1 with mercury(Il) chloride in reflux-
ing aqueous acetone afforded the unstable hemiacetal 2 from which aldehydoke-
tone 3 and hence the hydroxyketone 4 were formed spontaneously, the latter crys-
tallizing in 83% yield on cooling of the solution.” The high yield can be increased
to 89% by addition of a trace of acetic acid,* and even higher yields have been re-
ported in similar examples. Catalytic amounts of mercury(Il) trifluoroacetate® and
sulfate® can promote the reaction, and chelation control has been held responsible
for the high stereoselectivity usually observed, the favored epimers having the
trans-relationship between the hydroxyl groups at the new chiral centers and the
substituents at C-3."

General examples:

HgCl HgCl
Bz 0 HgC|27 Me2CO, H2? 7 éo_‘_ Bz (@)
BzO fux 4.5 h BzO —> BzO d
I X .
1 TsOome "M% TsOOMe HO Q OMe
HgCl
g 0
_, BzO . BZBzO
8205 o) T 83%°3
3 %_)SO 4 sOOH ©
OBZ o)
BzO 0] . BzO
952 o oMo %
iOBz (‘)Me BzO f OMe
o)
o) o)
OBz
BzO BZOMOH
Z R s A ~
BzO | 80%

OH 93%* OH
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More complex products

BEOO V
c
W OMe

i | OOC6H4OMe

AcO
o
0%/014 BzO A\
0Ac OAC W

[e) 8
83%’ 7597 86% (2 1)8 OCgH4OMe(p

Complex bioactive compounds made following the application of the reaction

HQ  NH
H
HO— £
HO

Paniculide A° OH O Pancratistatin ' Calystegine BQ”

Modified hex-5-enopyranosides and reactions

OAc HO
Bn OAc
Bn o \ O BnO
Bn BnO o
BrOoMe 2P 85%"*
Bn
H é?\g%\

c H
Bno/ﬁ / 790/013 BnoMe
BnO
BnO ‘OMe d\‘ O

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

In the presence of Lewis acid catalysts O-substituted glycal derivatives can react
with O-, S-, C- and, less frequently, N-, P- and halide nucleophiles to give 2,3-
unsaturated glycosyl products."” This allylic transformation has been termed the
“Ferrier Reaction” or, to avoid complications, the “Ferrier I Reaction” or the “Fer-
rier Rearrangement”. However, the reaction was first noted by Emil Fischer when
he heated tri-O-acetyl-D-glucal in water.> When carbon nucleophiles are involved,
the term “Carbon Ferrier Reaction” has been used," although the only contribution
the Ferrier group made in this area was to find that tri-O-acetyl-D-glucal dimerizes
under acid catalysis to give a C-glycosidic product.” The general reaction is illus-
trated by the separate conversions of tri-O-acetyl-D-glucal with O-, S- and C-
nucleophiles to the corresponding 2,3-unsaturated glycosyl derivatives. Normally,
Lewis acids are used as catalysts, boron trifluoride etherate being the most com-
mon. Allyloxycarbenium ions are involved as intermediates, high yields of prod-
ucts are obtained, and glycosidic compounds with quasi-axial bonds (as illus-
trated) predominate (commonly in the o,fB-ratio of about 7:1). The examples
illustrated*®” are typical of a very large number of literature reports.’

i) HOCH,CCH®
iy HSPh’

Ac o + Lewis acid ACO/\£ + o
A(fo‘c / N

4 OAc
i :@

OAc R=i) OCH,CCH®
o) ii) SPh’
4
E—— iii)

AcO: R

4
General examples

OAc SnBr4, CGH14, EtOAc
AcO&& * \O .
AcO — rt, 5 min, 94%
OAc
AcO 0

— /H
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More complex products made directly from the corresponding glycols:

O OH O

OAc O
‘ oH AcO ;o \O%(OjNHC(O)CC@
Etouwph —

fo O O
In PhCOCH,CO,Et,
In benzene, BF3.OEt, BF3.OEt;,

5 °C, 10 min, (67%, 15 min,
a-anomer).® (81% a-anomer).?

o
=
®
o
o
T
me

By spontaneous sigmatropic

C

rearrangement of the glycal
3-trichloroacetimidate made
with NaH, CI3CCN,

(78% oz—anomer).10

Products formed without acid catalysts

GO0

Promoter:

DEAD, PhgP DDQ

(80%, a-anomer)'!  (88%, mainly o)'?
C-3 leaving group of glycal:

hydroxy acetoxy

o /o]

\
0]
0\
N-iodonium dicollidine perchlorate
(65%, mainly o)'®

pent-4-enoyloxy
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Modified glycals and their reactions:

>

OBn OH e) Me
OBO P < © N SN
/
BnO n/ ' o) ' <N | N/)
LOAc J H
OBn j @] Cl
O Ph </ ‘ /J
BnO™— e N

BF3*OEt, CHoCl, 0°C AgNO3 Na,COs, r1esﬂux MeNO,,
(70%, mainly oc)14 6 h (58%, a,p 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.

0
MeO,C—==—CO,Me + HSQ&OMG
CO,Me
NaOMe R N\ OH
MeOzC
(o
- _ 0
MeO,C—=—=— o
OCHjz >:.:< HSQ&OMe
+ -
o s OMe
& HsCO
OMe (@]
0
MeOQCQOMe MeOZCW
s _ S / OMe
/S S>
MeOZC . O J Cone
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OCH3 COsMe
70\‘\ O‘> | /9)
S
E—— OMe
S OMe
M CO,Me
MeOQCJ COMe 2
H COsMe o
"OMe
AL
MeO,C((s—"
COsMe
— COsMe
M 2
MeO H CO,Me [ on
s (0] Si
MeO,C MeO,C
Example 1°
P
N
N Cl HS S
D OFt | CO,Et
P -y
NaH, DMSO, 89%
CN NH,
Example 2°
> S\__co,M
HSCH,CO,Me \ / 2Vl
——CN
NaOMe, 68% NH,
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Fischer indole synthesis

Cyclization of arylhydrazones to indoles.

1
R’ i R2 R'
Uy e o
N _N H2 —_— N IR \ 7R2
H O N - N H 3 N
H H
phenylhydrazine phenylhydrazone

[3,3]-sigmatropic

@% @\ NH2 rearrangement

protonatlon ene- hydrazme
R’ R’
H R2 R
= tautomerization
AN NH2 /'NHQ
)N n N
H* H H2
double imine
R1
R2 - NH3
CE& @ =
NH, NH3 N
H
Example 1%"
O
O
N X

Ph * | N _NH,

Iz
=
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1) neat, 160°C, 24 h

2) NH,NH,, 120°C, 12 h

71%
Example 2"
0]
AcOH, A,5h
©\NH/NH2 CN  57%
.
) CO,Et
| CN
N
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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.

)O\H ether RQYO\
+ RCHO ———> | »>—Ry + H,O + HCI
R CON 2 HCl N/ T e

H H
|
OH H* ‘o R, n O o
)vl\‘) OH ) T
R T o N
o~ RHY cl
Cl
H
| R2
O_Ro _\H
HCI R Sp2 oO—~
F N —— g AN
9 !
Cl Cl
R
(O o Ro
isomerization H] °N elimination /<\

CD ~ Hcl ° Py

Example 1°

TsOH, Tol.

OH
NH,
H C)}( * ©\ f
3 5 CHO retiux

POCls, 80-85 °C
0

. 0
CHs CH
HN{ 15 min., 40% [\\j\/>/ 8

@)
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Example 210
OH Cl
dry HCI gas NH
CN >
SOCly, ether HO Cl
HO
/N ‘ ~ N /
X N
CHO 0
dry HCI gas, 16.5%
halfordinal
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Fleming—Kumada oxidation

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

' 1. HX
?|Me2Ph 2. ArCO3H, base CI)H
P o N
R R 3. hydrolysis R "R!

retention of configuration

=
\ @ ipso \.H\ N ‘
—Si Si —

+
)\ L H substitution  x~ \/ﬁ\
R OR! R™ "R
the B-carbocation is stabilized by the silicon group

Ar
Q(/\ / H  Ar \ Ao - ACO,
Si— ! - HX & P& 2
. S o "0
)\‘¥1/ 'O\O/&O /g)

R™ R R™ R
H O Ho O
! CO_ _Ar |
.‘O\ )J\ o~ _ o,o\ )J\
|.+</ 0" Ar _S|i \g/ — ArCO, L o “Ar
S | \)o\ P50
a R RT R N
(0]
o, X
i o w
— et el T —
. 7Y
1
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HO \/®
. X
/O\; ‘\Ar hydrolysis /o\%) Ar
72 %o
|
]
AR ey
0]
_ Ho)kAr
0 ?H
—_— ‘ >
R/\R1 R/\R1
Example 1’
O oo
CgHig ? OH m-CPBA, KHF,, DMF
NBoc
(EtO),PhSi z 0 to 25 °C, 55-70%
—~O0TBS
O Hyo
O OH
CgHis NG
NBoc
HO 3
—QOTBS
Example 2"
SiMe,(OMe OH
MeO,C [~ 2(OMe)  kF, kHCO, MeO,C [
Eé THF-MeOH
|
COQMG

30% Hy0,, 77%

e

COZMe
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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>0O,
\Si/ 2 ROH
RR KHCO3, DMF

F F |
RF R_giF R_diiF /siF
Sic | YR “1YR - ,O | 'R
R kR — F —_— " OF HO.
_ A HO. Hl *H
F - F N
‘-\ WF —_— S‘I WF
> —Siy, / (e —> 2ROH
/IR — R
R E F |
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Friedel-Crafts reaction

Friedel-Crafts acylation reaction:

Introduction of an acyl group onto an aromatic substrate by treating the substrate
with an acyl halide or anhydride in the presence of a Lewis acid.

0 0

M

R™Cl
© R+ Hel
AICI5

© complexation O:) N
)k /AICI3 - . R)LCI/AICIS _
R™ Cl- .e

+
0

_ I = electrophilic
AlCl, + + R

R © substitution

acylium ion

/’\\/\v

cl
CI—AI=Cl o
| . .
CIKA aromatization
0 - r + ACl
H ~ Hcl
~ R
N+

Example 1'°

F
; 0 1
Cl F
N. AICl3, CH,Cl, N
CHO R8s F CHO
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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.

R AICl5 . R___ACl3

- +
Cl:-” (Gl — ACl, + R
(Fl
CI—AI7Cl R
Cl aromatization |

H -
e
+

alkyl cation

Example 2’
O
+
B
/O '
SnC|4, CH2C|2
0°C, 1h, 84%
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The Friedlander 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 “OH
2

NN N/J\R1

Q . 9)
R\Okpg O R! Aldol
P o)
/A condensation
H
OH
R ; S
< 4/ OH —_— 1 —
H- R
R NHO
NHQO NHQJ
S R
—OH = N
N 1 -
|_\|/l R NN N//\R1
HO ~ —
Example 1°

. CHO NBn  NaOMe, EtOH
‘ +
“>NH, O reflux, 3 h, 90%

o
~
N
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Example 2"
H
o : N0 AcOH, 100 °C
o W
* 88%
NHBoc
OBn
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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.

e} OH
)k OH O
o 'R AICI
—3, and/or R
OAR
- AICl5 ~
ClsAl.

o+

ji: A\E(f o,;(lCl3
i C-O bond
O~ “R complexation 0" R L
fragmentation R

aluminum phenolate, acylium ion

— +
_AICI H
04) P (6 H Q C‘) i
0) — —
@f\ D ‘ R @AR

‘\
R /

AlCI H*
o) 3 0 OH

; H =0

= 0~ "R
+Q/R H
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Example 1"

Br
| OH O OH

OMe O /@\ ZrCly, PhCI
o ey e
Br B

160 °C, 3 h, 63%

r

Example 22

@)

o OH O
10% Bi(OTf)3, PhMe

OO 110°C, 15 h, 64% OO

OAc

OAc

References

1.

DA

_a

10.
11.
12.
13.

Fries, K.; Finck, G. Ber. Dtsch. Chem. Ges. 1908, 41, 4271. Karl Theophil Fries
(1875—-1962) was born in Kiedrich near Wiesbaden on the Rhine. He earned his doc-
torate under Theodor Zincke. Although G. Finck co-discovered the rearrangement of
phenolic esters, somehow his name has been forgotten by history. In all fairness, the
Fries rearrangement should really be the Fries—Finck rearrangement.

Martin, R. Bull. Soc. Chim. Fr. 1974, 983-988. (Review).

Martin, R. Org. Prep. Proced. Int. 1992, 24, 369-435. (Review).

Trehan, I. R.; Brar, J. S.; Arora, A. K.; Kad, G. L. J. Chem. Educ. 1997, 74, 324.
Boyer, J. L.; Krum, J. E.; Myers, M. C.; Fazal, A. N.; Wigal, C. T. J. Org. Chem.
2000, 65, 4712.

Harjani, J. R.; Nara, S. J.; Salunkhe, M. M. Tetrahedron Lett. 2001, 42, 1979.

Focken, T.; Hopf, H.; Snieckus, V.; Dix, L; Jones, P. G. Eur. J. Org. Chem. 2001,
2221.

Kozhevnikova, E. F.; Derouane, E. G.; Kozhevnikov, 1. V. Chem. Commun. 2002,
1178.

Clark, J. H.; Dekamin, M. G.; Moghaddam, F. M. Green Chem. 2002, 4, 366.
Sriraghavan, K.; Ramakrishnan, V. T. Tetrahedron 2003, 59, 1791.

Tisserand, S.; Baati, R.; Nicolas, M.; Mioskowski, C. J. Org. Chem. 2004, 69, 8982.
Ollevier, T.; Desyroy, V.; Asim, M.; Brochu, M.-C. Synlett 2004, 2794.
Easwaramurthy, M.; Ravikumar, R.; Lakshmanan, A. J.; Raju, G. J. Indian J. Chem.,
Sect. B 2005, 44B, 635.



247

Fukuyama amine synthesis

Transformation of a primary amine to a secondary amine using 2,4-dinitro-
benzenesulfonyl chloride and an alcohol. Also known as Fukuyama—Mitsunobu
procedure.

SOCI 1. R'NH,, pyr. S~ CO,H
_ ‘ NO2 2 R?OH, PPhs, DEAD H __NO,
N
N R MRl L s,
N02 N02
CCI SO,NHR’ SO,NR'R?
/80, . NO, RZOH, PPhj, NO,
R'NH, NO, ' » -
DEAD
NO, NO,
NO,

See page 390 for mechanism of the Mitsunobu reaction.

H
~S” COLH
kSOQNFfRZ
| N02 SNAI’
NO,
Meisenheimer complex
S” > CO,H
H ~_NO;
R1/N\R2 + + SOQ

NO,
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Example 1°

HoN L
02 PyPh,P, DTBAD
4 OH + N02 -
CH,Cl,, 84%
PyPh,P = diphenyl 2-pyridylphosphine; DTBAD = di-fert-butylazodicarbonate
/\
HN _ KoCOs, PhSH =
802 2 3 /\

N02 CHscN, 80°/° NH2

\
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Fukuyama reduction

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

0 EtySiH, Pd/C o)
R “SEt THF, rt R™ H
Path A:
o Pd(0) 0 Et,SiH
L skt 8
R™ "SEt oxidative R Pd _
addition Et;Si—SEt
O reductive i . PdO)
H—
R Pd eliminaton R H
Path B:
EtzSiH + Pd(0) Et;SiPdH
o] Et.SiPdH OSiEtg
3 |
RkSEt R/}\SEt N T
Pd. Pd(0)
R™ "SEt  Etsi—set R H
Example 1'
COQMG
o]
Et3SiH, 10% Pd/C
0

COSEt acetone, r, 92%
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Example 2}

DMAP EtS
HOQC/\l/\COQMe EtSH, DCC, WCOQMG
NHBoc CH4LCN, rt, 1 h, > 70% O  NHBoc

EtsSiH, 10% Pd/C H
° - Y Y CoMe

acetone, rt, 30 min., >74% (@] NHBoc
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Gabriel synthesis

Synthesis of primary amines using potassium phthalimide and alkyl halides.

0O
1. R—X CO,H
N K* HoN—R + C[
2. "OH COH
0]
©féN K* Sn2 ©féNR hydrolysis
@) 0]
./ OH
- H
<>O OH @
< o
CN-R H ,
N
R
0 AN
“OH

O OH
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Example 1'°
O * O
PN CO,Et
NK Br COQET N N i
DMF, 90 °C, 3 h, 77%
o v
e JNe) 0
6 M HCI, reflux ) »—OH
N .
* 14 h, 93% HCIsH,N
0]
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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) 0]
1. RX
N kK¢ ———> H,N-R + Eﬂ
2. NH,NH,
0 o)
/ RLX ?/:NHQNHQ
S\2
N K* - = N—-R
@ 0
(o i
__NHNH, NHNH,
—— QN*R E—
NH

O R

Q o
= NH
(‘/\/\v
1O NH

| O
R

Example®

NPht NH,

/ 1. NHoNH,eH,0, THF, reflux, 8 h
/ -

2. Pd/C, H,, THF, 95%, 2 steps
NPht NH;
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Gabriel-Colman rearrangement

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

0o Q OH O
Ar N N R
G ROH AL M
G = CO, SO, G
o o 2
/ OMe Q'\/OMe
N — ON -
e e
O O O O
O Q oMe
OMe O ‘N
N - N©

A ;\
0 O5
O | o o OH O
508 Ré(iv%
@qﬁ - NH _ ‘/N
o 0] OH

Example'’
O O OH O
‘ AN N}O/—Pr 4 equiv I-PrONa‘ N X OiPr
~ S, i-PrOH, reflux A o-NH
g © 5 min., 85% ode)
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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.

BuOCI ~ R E3N
. I semyos
N NH 0
Cl

Ho

Tz /im/
T

EtsN
- R .-
Sﬁ( \‘ (o)
- S\2
v o) N

HG —_—
g <hale
@| N/Si

H

sulfonium ion

O EtgN: —~ >

S ~F

_si - H £
@\%R [2,3]-sigmatropic _ (g H-—NEt;
ST rearrangement /> g

” ~ (Sommelet-Hauser) X NI-Iq
EtgN: —~ \ \
s H S S
R — = -
N N N
H H H

Example 1'

Y

PURiicliyg weh
NH, 2) s>y CHs N~ “Me
@) H

3) EtsN, 69%
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Example 2

@\ 1) t-BuOCI CF:)
O > s
NH, 2) @SCHS N

3) EtzN

LiAH,, Et,0 @\—/O
N

0 °C, 48% overall N
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Gattermann—-Koch reaction

Formylation of arenes using carbon monoxide and hydrogen chloride in the pres-
ence of aluminum chloride under high pressure.

AICl CHO
+ CO + HCI ©/
CUQC'Q

. UAlCl; :c=0

-+ _
:c=0: == C=Q *AICly
- Cl
Cl v
HCI N 3 c=0
— = ¢ — 7 TACI

+ . AICls _ :0: o+ _
© - — I+ Ac
ClsAl Céi)H \ 4

)kH + H

acylium ion
CT\

CHO H
- = = CHO
X+
CHO
—_— ©/ + HCI + AICl;

. . 4
Example, a more practical variant

O+

O
o

OH OH
| Zn(CN)y, AlCI3 @
= - “NH,
N | °c: S
HO HCI (g), 0 °C; HO Cl

orcinol
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OH
H,0, 0 to 100 °C CHO

95% HO
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Gewald aminothiophene synthesis

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

2
R 0] C02R2 Base R CO.R
f s —
R’ CN R N\g” ~NH,
0 Q)
’7 OR2 oy @/ R %—ORQ Knoevenagel
> A
,~H BH j/ condensation
B: CN R CN
1 O, OR?
R™\_R O N R L}
HO B R 5 R X
NG~ OR? (ho" 0 Q) CN
2 1
B NC OR R H\
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Example 18
HsC. _CH
3 N 3
§ CO,Et S
+
‘ X CN morpholine
N/ 82%
Example 2"
\‘ O O CO,Et Sg, EtOH, morpholine Me CO,Et
+ >
S I+ T
CN 60°C, 5h,74% tBUOC™ °S” 'NH,
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Glaser coupling

Oxidative homo-coupling of terminal alkynes using copper catalyst in the pres-
ence of oxygen.

N CuCI,02=/\\/
NH,OH, EtOH —

OiH + CuCl Base ®7Cu(l)

O
2 Wu(ll) B @7 + Cu(l)

4@ imerization
o= O

Example 1'
Oz
_ /N —
2 — CU NH,OH,EtOH  \— \_/
90%

Example 2, homo-coupling”

I Cu, NH,CI T — 1\

HO 0,,90% HO OH
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Eglinton coupling

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

Cu(OAc),
R———H » R——— R
pyridine/MeOH
pyridine - AC?/Q“W
R— Hy—> \*‘ + R—= "~
|
H
R————=Cu—0Ac
.;R
Q dimerization
,) » R———R
R—-

Example 1, homo-coupling®

NC.
Cu(OAc)s, pyridine N S
N
CN

MeOH, 1.5 h, 68%

NC\NN\\

Cl
Cl

Example 2, cross-coupling”

- Cu(OAc),
pyridine/MeOH (1:1)

/ rt, 72%

CO,Me
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SPh

COZMe
Ph
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Gomberg-Bachmann reaction

Base-promoted radical coupling between an aryl diazonium salt and an arene to
form a diaryl compound.

N,"
‘ +
NS

=

OH /N:N/
Ph
1
Ph ¢
= N+ N=N 4 -
MRS
Ph.
N=N_
0
. AN
| Ph,
— ~  +  N=N
" "OH
G P O
O\
Example 1*
_ ~0
_~_N2' BF, KOAc, 18-C-6

<o G i ft, 55%
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Example 2°

NH,

NN )\A
xﬁ\> oNo TN
MeO~ "N~ 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. condensa-
tion of an aniline 1 with either alkoxy methylenemalonic ester or acyl malonic es-
ter 2 providing the anilidomethylenemalonic ester 3; b. cyclization of 3 to the 4-
hydroxy-3-carboalkoxyquinoline 4; c. saponification to form acid 5, and d. decar-
boxylation to give the 4-hydroxyquinoline 6.

RO,C
©\ RO,C CO2F{ heat @\2 ICOZR A
Nz ~ R"OH R
2

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

(0 og”

Et0,C Et0,C
2 J OEt _heat @2 ﬁoa
>N

NHz 4 “OEt OFEt
Ho

R R

EtO 9 EtO

CO Et
— EtOH ‘ COgEt 2
e _—
N
H

@)

0]
_ EtOH ©\J N COzEt glectrocylization ‘/ H)&COQE'[
’R/ 6mn X \NJ
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OH
tautomerization - COoEt
NN
Example 18
EtO,C  CO,Et
@) ‘ Ph,0O, reflux
75%, 10:1

N
H

OH . N on
o) oEt o)
SELT™ %Coﬁ
% ~
N N
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Grignard reaction

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

Mg(0) R1*R2 R' R?
R—X R—MgX X
R OH
Formation of the Grignard reagent:
<z Mg /Mg /s zz/JVLQ,//JVliq///
R—X L G
BJ X
. <z Ma Mg
single electron . R-MgX
transfer Re «MgBr
Grignard reaction, ionic mechanism:
L os— :‘:
R2.3" 9 1 Q2
R1 O >ﬁo R><R
gX R--MgX OMgX
8§
Radical mechanism,
Re
1%0 )
R — R
>—0
R1
BngX MgX
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Example 1°
/0O
@)
0 Q/\O
o/
Br Mg O %57
+ Ph
° Ph
OMe O/g 5%  Meo i\oj
MeO SN " O N~ ",
OMe MeO /
MeO
MeO OMe
OMe
Example 2
> 7
NOH reflux, tol./ether, 76% /\/
H

This reaction is known as the Hoch—Campbell aziridine synthesis, which en-
tails treatment of ketoximes with excess Grignard reagents and subsequent hy-
drolysis of the organometallic complex to produce aziridines.
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Grob fragmentation

C-C bond cleavage primarily via a concerted process involving a five atom sys-
tem. General scheme:

-n / —
M . vZ o+ =+ X
X =O0H,", OTs, I, Br, Cl; Y =07, NR,

Example 1
OMOM

OMOM
ﬁ 15-crown-5 %

OMOM

Example 2, aza-Grob fragmentation’

©\/l 15 eq. NaBH,4, THF OH
N~ SO
N

> /\/\/SH
és 70 °C, 31 h, 53% H
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Example 312

NaH, DMSO, 40 °C, 1 h;

then tosylate, 40 °C, 1 h
52%
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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
NH o CON
O + ] _— ‘/g
R'0” S0
RS0 R ﬂ o

H3N:
CN VTN CN

HaN: HoN, | - R'OH Hi
F\ /\v 5_1// HN SO

+
HaN+H
¥ ‘Q R (OH
R CN - HO
& CN | Hv_ NH3
R R
O~ o) NHCQ)
H,N" O
CN H - CN
N Q ~ H,0 & CN
N
Rl R7IN" 0
+ o\ NH? O H R™ N0
HyNyH H H
Example’
CN
Y+
o CO,Et 75%

Guareschl imide
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Hajos—Wiechert reaction

Asymmetric Robinson annulation catalyzed by (S)-(—)-proline.
HOC [ ) 0

(0]
H N
HLCN
HOQC/
M|chael H N
H
addltlon

enamine formation

catalytic asymmetric

CT O enamine aldol
"'CO,

H,O: ﬁ hydrolysis HO.\V\K\I

@l\,l‘) OH  of iminium salt @'\U OH

'CO, CO,

@)
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Example 1'
O o}
3 mol% (S)-proline
CH5CN, 100%, 93.4% ee =
@) 0o o
Example 2’
O O
L-phenylalanine, PPTS
o S DMSO, 50 °C, 24 h o)
sonication, 97%, 93% ee OB
OBz z
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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 o 5
RE&RS W R A e R
1 2 R

R Lo ,‘qu“ PhH. reflux B 2 R?

non-enolizable ketone

Example 1*

CO5H
o t-BuOK, t-BuOH
\ / -
43%
(0]

Example 2"

HN—CgH13

0] 10 mol% LDA, THF o)
(:/[ + LIHNC6H13 -
Ph 0°Ctort., 5h, 86%

Ph
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Hantzsch dihydropyridine synthesis

Dihydropyridine from the condensation of aldehyde, $-ketoester and ammonia.

i LCOQB NHs  EtO,C CO,Et
+ —
R H 0] R! ‘ N ‘

R’

HsN:
3 /\‘H\/COQE’E enolate R)Q

formation Ji
HaN: <G SR

NH3
aIdoI
(/ X _COEt
CO,Et ™ R COZEt —
condensatlon

CO,Et _ coEt
—iNH, _enamine ~Hy
~pi
Q) R formation HS N/ﬁ R

HSN/—\H CO,Et Etogcz CO,Et Michael
HQN%R addition
+

H2N

07 R

:NH
HNyH, R R

H
EtO,C CO,Et o Et0,C CO,Et
‘ tautomerization

|
1
1 1 041\ R
R(QN/R fa NH,

H
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H3N:
N L a

H
g | -
HO 1 1
R N R! R ” R
H
Example 1°
O
COEt NO,
H o J//\ 3 EtO,C - CO,Et
no, O N
H
nifedipine
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Hantzsch pyrrole synthesis

Reaction of o-chloromethyl ketones with [-ketoesters and ammonia to assemble

pyrroles.
CO,Et
(@) CO,Et 3
/o
Cl

N

CO,Et .
enamine

/_\ :NH3 . (\ r
e) formation HO

CO,Et

H
- H,0 H3Nﬁ ?\ JiCOQEt
Hzl;l HoN
+

W, @
oEt Cl

cl CO,Et {X\ H
AN _— _—
k/ N /Hd Z / L\
N: N
Example 1°

DME, 87-140 °C
FsC. _O ,
- L "t
F3C CO,Me
Br

CO,Me  25h,60%
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Example 28
o J//\COzEt NH,, EtOH CO,Et
+
Cl o 48 h, 48% /)
N
H
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Heck reaction

Palladium-catalyzed coupling between organohalides or triflates with olefins.

Pd(0)
RX —— R~

7

X =1, Br, OTT, Cl, etc.
Z=H, R, Ar, CN, CO,R, OR, OAc, NHAc, etc.

oxidative
addition
R g H- Pd—X
cis-3-

elimination R—Pd(Il)—X
R Pd—X
Y
H Z
coordination
R Pd(II
insertion
(cis) q
Z
Example 1’

o)
o)
Cl N -
g Ao
MO~ X 1.5% Pdy(dba)s, 6% P(t-Bu);
MeO

1.1. eq. Cs,COg, dioxane
120 °C, 24 h, 82%
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Example 2°

N/\/\/OTBS

I 0.3 eq. Pd(OAc),

BuyNCl, DMF, K»,COj
70 °C, 3 h, 74%
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Heteroaryl Heck reaction

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

cipient.
O -
&

Pd(0) S
QI > @Pd(ll)l —_—
o . insertion

oxidative addition

-
@L%/ Cs2CO3 S
o (chn (O

+ Pd(0) + Csl + CsHCOg

» \
\/[ f Pd Phﬁm VENi@

DMA, reflux, 65%

Pd(PhsP),, PhsP, Cul

Cs,COg, DMF, 140 °C

Example 1°

Example 2°

|
Br N Pd(OAc),, NaHCO; «__N
St ~
N
N n-BuyNCI, DMA N0
Bu O

150 °C, 24 h, 83% Bu
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Hegedus indole synthesis

Stoichiometric Pd(II)-mediated oxidative cyclization of alkenyl anilines to in-
doles. Cf. Wacker oxidation.

- ' PACly(CHACN)o, THF
H—CH
| - 3
MeO,C~ S “NH,  then, EtgN, 84% N

MeOQC

= =~ PdCly(CH3CN), % 5

g ion § MPd/CI
MeO,C~ " “NH, palladation  \60,¢ NH; ™ ",

precipitate

cl, cl
Et;N-Pd
EtgN 5

MeO,C NH,

EtsN

HA’\ I~ /CI
g ‘ r—\‘g Pd\Cl _ HCl /CE>: —»“PdH"
+ / N
MeOZC/\/\N _ MeO,C H

||PdH||
Ho

H

/Eﬁﬁ/g<PdLn B-elimination mCHs
. -

CH MeO,C N

MeO,C~ X~ "N '3 2

H
H

Example 1'

10 mol% (CH3CN),PdCl,

(jv/ 100 mol% benzoquinone %
ZNH

2 10 eq. EfzN, THF, reflux, 85%

TZ
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Example 2
Br o
10 mol % (CH3;CN),PdCl,
AN 100 mol% benzoquinone A
NHTs 10 eq. LiCl, THF, reflux, 79% N
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Hell-Volhard—-Zelinsky reaction

a-Bromination of carboxylic acids using Br,/PBr;.

0 @
© PBrs H,0
R
NP NN Ao
Bry Br Br

o-bromoacid

0 e,
3 o " Br
o Heo
RJ)kBr enolization Ré\
O=P-Br + H ) Br
Br / A
H* B: TN
_ H.
o 0 hydrolysis o _ R%OH

R
Br
Br ‘\ :OHZ \K\

Example 1’

O/COQH Cl,, cat. PCI (jCICOZH
97°C,6h, 77%
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Example 28
Br CO,H
_ PBry TN
H
O,
Br2, 57 /0 002
2
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Henry nitroaldol reaction

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

L+ RTONO

{ \ N

HO H

- . O
deprotonation

7
a T ) o

R™ )Y 'Ry
N+ R:™ N
© (o
nitror?ate
nucleophilic (\)H
e R
addition 1 R, H
Example 1°
)\/VCHO
_ HO NO,

Amberlyst A-21 (basic)
NO, rt, 62% N
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Example 2, aza-Henry reaction'*

o)
Il
? 5mol% TMG, 100°C  ,\-R—Ph
N/P\;Eh+ PR~ o | Ph
2 e
Ph)‘ 0.1 mBar, 26 h Ph \;/\F’h
95%, anti:syn = 98:2 NO,
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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-dicarboxylic acids upon hydrolysis
of the crude ester product with aqueous acid.

0 o) 0
1.
i O EtO%S%OEt HO S 0
o)

|
2. HyO"

o p

Ph \ Ph Eto>
COLEt —» vy~ -0 PhO .
<s o s Ph
{ CO,Et
CO,Et
o)
Ph
o O o
T _ P L
§7/; COqEt OQCK | Pho
j S~ “CO,Et
EtO
Ph Ph Ph Ph

H*, H,O
[\ reflux /N
HO,C~ g~ ~CO,Et HO,C CO.H

S
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Example 1"
O~ O~
(CHO)3, NaOMe
g -~
O MeOH, 59% O
@] 0]
Example 2"
H5C CHs
HsC CHg PN NaOH, MeOH
H + NC” 87 “CN - / . NH,
o © 94% NC™ g
O
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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 (transmetalation is reluctant to occur without the effect of an activating
agent). For the catalytic cycle, see the Kumada coupling on page 345.

@)
/A + _
MeOZC/Q Br F3S|A)ko/

¢)
Pd(PhsP),, TBAF /N
(PhaPe - MeO,C— O
THF o
o
ngiAAO/ nucleophilic

— attack
BuN™ F

- (0]
F SiA)ko/ BuN™ —— FaSi °
4

BuyN "
y /@\ + PdPhP) oxidative /@\
e0C™ Ny~ TBr 3t/4 addition MeO2C™ Ny~ ~Pd—Br
o)

F4S]A)ko/ [ oo
MeO,C~ oy~ ~Pd

trans"metal"lation

reductive /N o
MeOC g ~ * Pd(PhgP),

elimination o)
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Example 1'

wocl)
e0,C— N\ S/

S

D g
SI(Et)F2

S (17>-C3HsPdCl), /A

DMF, KF, 100°Cc ~ Me007" g
82%

Example 2°

-0
Oxds -
CHq— Si(OMe -
> (OMe)s Bu,NF, Pd(OAc),, PhsP

DMF, reflux, 72%

CsH11 \

Z.~
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Hiyama-Denmark cross-coupling reaction

A synthetically important and mechanistically distinct cross-coupling process of
organosilanols has been developed. Unlike the Hiyama cross-coupling reaction of
polychloro- and fluorosilanes that requires activation by fluoride ion, the Denmark
process involves the simple deprotonation of an organosilanol to initiate the cou-
pling. This variant has obvious advantages of avoiding incompatibility with fluo-
ride (silicon protective groups and large-scale reactors).

Mechanistic study>

Me\ /Me MH Me\ /Me ArylPdL2X
Sl gy ——= si
mCsHyi” " OH n-CsHyy "0 MJT‘
MX
Me\ /Me transmetalation R
Si_ \
nCsHyy N~ O-Pd-Anyl \ Ve Me
L i
C/H3Me Si__Si.
7" 113 2 I\O IOK
L
Aryl

|
_ . IR
e

Many organosilanol substrates and different bases have been demonstrated.

1. Alkenylsilanol (KOSiMe3)°

CH,OTBS _
n-C5H11\/\ /OH [ ‘ KOSiMe3 (2.0 eq.) .
= "Si.
Me Me * \© Pd(dba), (5 mol %)
DME, 9 h, r.t.
CH,OTBS

n-Canv/\ij 80% (E: Z=99.5/0.5)
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2. Arylsilanol (CSZCO3)7

Me
Si\’Me CO,Et
e« T
MeO Br
Cs,CO3 + 3 H,O (2 equiv) O COEt

[(allyl)PdCl], (5 mol %) O
MeO

dppb (10 mol %)
toluene, 90 °C
24 h, 90%

3. Arylsilanol (Ag,0)3

Me, o Ag,0 (1 equiv) O
si
OH + Anyll
Q/ i Pd(PPhs), (5 mol %) O Ve
MeO MeO

THF, 60 °C, 36 h
69%

4. Alkynylsilanol (KOSiMe;)?

SiMe,OH
/
| CH,OH

CsH14

TMSOK (2 equiv), =
PdCl,(PPhj)s (2.5 mol %

2(PPhg)s ( ) _ CH,OH

DME, t, 3 h, 84% CsH14

5. 2-Indolylsilanol (KOz-Bu)!0

Me ‘Me
mSi\ + I@COQt-Bu
N OH

Boc



301

NaOt-Bu (2.0 equiv) N\
Pd,(dba)g*CHCl5 (5 mol%) @—QCOZPBU
Cul (1.0 equiv) goc
toluene, rt, 84%

6. 4-Isoxazolylsilanol (NaOz-Bu)!!

Et— N
PdgdbaS’CHC|3(5 mol o/o) ~ 0

Et /N\o [ NaOB-u (2.5 equiv) —
Me. _. .
Si Ph NO, Cu(OAc), (1.0 equiv)

/ N o o /
HO Me toluene, 40 °C, 78% O,N

7. 1,4-Bis-silyl-1,3-butadienes (KOSiMes)!2

/@/\/\/SiMean /@\
+
Voo | CO,Et

n-BusN* F~ (2.0 equiv) NN
Pd(dba), (2.5 mol%) \
THF, i, 1h  MeO™
90%

CO,Et
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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.

Br
o) 2 H,O
Jig R-N=C=0 —— R—NH, + CO,T
R™ “NH, NaOH
(O O
I Tor
R U‘\jH 0 Br—Br ___ R '\\l . Q
- - H I < Br
k R~ "NH & RA\N
"OH “OH
R—N=C=0 H o)
— & — R ™7™ H ——> R-NH,+ CO,T
- o .
OH OH
isocyanate intermediate
Example 1*
O H
X

\

NBS, DBU, MeOH N__O_
| NH, /©/ Y
reflux, 25 min., 70% O,N O

O,N
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Example 2°

o I/OCOCF3
NH, C OCOCF;,

»

CH3CN/H,0, 4.5 h, 100%

“"OH
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Hofmann-Loffler—Freytag reaction

Formation of pyrrolidines or piperidines by thermal or photochemical decomposi-
tion of protonated N-haloamines.

Cl 1. HY, A 1/@
R

|
R1/\/\/N‘R2 2. OH 22
Cl H* A
R "R, R "> R2  homolytic
cleavage

chloroammonium salt

H y p . 1,5-hydrogen
o + S fr— -
cl R1)\/WE o

. A2, N-H
Ro R Qj JR? atom transfer

R L
R1/\/\/+\R2 + NH2

“OH SN2 R1/@ :PH _,R1J\—)

T :

Example 1°

NCS, ether, Et3N

| then hv, (Hg0 lamp) ‘
NH _N N_ N
Q 0°C,3.5hinN, U

100%
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Example 2°

1. NaOCl, 95%

2. TFA, hv, 87%
3. NaOH, MeOH, 76%
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Horner—Wadsworth—-Emmons reaction

Olefin formation from aldehydes and phosphonates. Workup is more advanta-
geous than the corresponding Wittig reaction because the phosphate by-product
can be washed away with water.

EtO—
EtO~ Ig)QkOEt

NaH, then CO,Et
/:r’j + EtO~ |$
EtO” “ONa

RCHO R

EtO—| EtO-
EtO” \£0Et EtO” ﬁy)\OEt
™ o7
H

o (0]
EtO—p
. EtO” OEt
0~ "R

erythro (kinetic) or threo (thermodynamic)

0
 OEt
‘D\OoEEtt OxP~OFt - \co.Et
H H HPE\H ?
CO,Et R CO,Et

erythro, kinetic adduct

o
5 ‘D _OEt o JOEt CO,Et
“OEt — oS J——
H X COE H\\PE(HCOZEt H
R H R H

threo, thermodynamic adduct
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Example 1°
NN
OW ﬁ o (o)
EtO- X _CO,Et
CHO EtO” QkOEt
NaH, THF, 91%
OMe OMe

Example 2°

O O
EtO— ¢ X _CO,Et
/©/CHO EtO/PQkOEt >
BnO

KOH, THF, 95% BnO
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Houben—Hoesch reaction

Acid-catalyzed acylation of phenols as well as phenolic ethers using nitriles.

OH OH
OH
| RCN
@ HCI, AICI; OH OH
OH
R R™ ™0

NHeHCI
AICl, complexation - electrophilic

QOH

> _—

R——N:—" OH substitution

~
R——=N-AICl,
+ J—

H* OH

T H0:— Y TOH

H
H © R wH'HCI

Cl R NH
OH
OH
hydrolysis OH .
RJ(\OKNTZ/ a OH

_H R™ 0
cl

Example 1, intramolecular Houben—Hoesch reaction’

0 OMe ~.© OMe
1. ZnCl,, HCI(g), Et,O
CN ) .
OMe 2. H,0, reflux, 89%

O OMe
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Example 2°
F OH
PivO CN CO,Me
+
OMe MeO OH
OPiv
MeO
SbClg, 2-chloropropane )\
N -
CH,Cl,, 1, 2 h, 95% H
"0 OH
CO,Me
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Hunsdiecker—Borodin reaction

Conversion of silver carboxylate to halide by treatment with halogen.

@) N Xo
)kof Ag —— R-X + COT + AgX

LN
( X=X o homolytic
O . — AgX + kﬁ& —_—
)Kl Ag R™ O cleavage
R O
X
X
X im CO,T + R A )OJ\
Tt N S 2 : R—X + .
R™~"0O R™ O
Example 1°
CO,H Br
= NBS, n-BusN"CF;CO,~ -
CICH,CH,CI, 96%
MeO MeO
Example 2"
(CI
COQH N+ - Br
— [%] 2 BF, —
N uselect fluor
F
HO KBr, CHsCN, 82%  HO
References

1. Borodin, A. Justus Liebigs Ann. Chem. 1861, 119, 121. Aleksandr Porfirevi¢ Borodin
(1833-1887) was born in St Petersburg, the illegitimate son of a prince. He prepared
methyl bromide from silver acetate in 1861, but another eighty years elapsed before



oo

6
7.
8.
9.
1

311

Heinz and Clédre Hunsdiecker converted Borodin's synthesis into a general method, the
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Hurd-Mori 1,2,3-thiadiazole synthesis

Reaction of thionyl chloride with the N-acylated or tosyl hydrazone derivatives to
provide the 1,2,3-thiadiazole in one step.

HN R SOCl, gl =~
Nﬁ/\R3 R' = OR, NH, R?
Rz
_Tos
HN SOCl, NS,
N 3 I Y R
TZAR R' = OR, NH, N~ ,
R R
0]
< ‘
/ PAES
N/ HN/N\ Cl Cl N/N\
I S=0 &9
H
Cl
X =Tos, COR;
cr’
X N=N
- 50, NN S
S — R
_ 1 &)
HCI R )\S
RZ
R2
Example'’
N-s

(@) —
H2NJ{ %@
HN—N D< SOClz, CHQC'Q “, i
3 rt, 6 h, 56%
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Jacobsen—Katsuki epoxidation

Manganese-catalyzed asymmetric epoxidation of (Z)-olefins.

tBu//—\( o/é|\o

o)
PN CO,Me tBu tBu CO,Me
NaOCl, aq. buffer, CH,Cl,
1. Concerted oxygen transfer (cis-epoxide):
R R1 R R1
N/ -/ R R1
ROR Q) H\\o' ./
=/ Mn(V) ® : o
Mn(V) Mn(V)
2. Oxygen transfer via radical intermediate (trans-epoxide):
R R R Ry
\__/ 1 > a / R R
R R1 + e (r E— e \W
\—/ " Mn(V) @) Q
I Mn(V)
Mn(V)
3 Oxygen transfer via manganaoxetane intermediate (cis-epoxide)
R Q i o

R1 .

2+2]  Rin_o R P

\/
_ > I —_—
cycloaddition R} Mn(V) \o
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Example’
cat, 4-phenylpyridine-N-oxide
\ . CO,Et
CO,Et
— NaOCIl, CH.Cl,, 4 °C, 12 h J
56%, 95-97% ee
H i H
—N_ /Nf
Mn
cat.= By o]0 t-Bu
Cl
+Bu tBu
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Japp-Klingemann hydrazone synthesis

Hydrazones from o-ketoesters and diazonium salts with the acid of base.

+ — KO H
Aer Cl + COQR CO.R
2

@)

Diazonium salt B-keto-ester hydrazone

OH

- +
OH N=N—-Ar
%Hﬂ/ deprotonation = coupling
- L - _coupiing

CO,R CO,
0 (o
Ar
A .
N N
HO N N
D <co.r 3 CO,R T
2 (3 on
o)
+
2 LY R
)k " 5 A/N CcO
OH  Ar" =N*JCO, r 2
Example 1°
GO, COE

NaNO N -
Me s ikt Me™ "8 cl
o0 conc. HCI, H,0O OO Nt
NH

> 0°c N
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0]
C‘:OgEt NMGQ
Me NMe, _N.
CO,Et Me™ S
> OO0 N
NaOAc (pH 3-4) N° N
0 to 50 °C H  Co,Et

72%

Example 2°

0.5 N KOH, THF, rt,1 h H
NH N. NH
HO,C then @ NQ
0 _ = 0]

OBn 62% yield
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Jones oxidation

The Collins/Sarett oxidation (chromium trioxide-pyridine complex), and Co-
rey’s PCC (pyridinium chlorochromate) and PDC (pyridinium dichromate) oxi-
dations follow a similar pathway as the Jones oxidation. All these oxidants have
a chromium (VI), normally yellow, which is reduced to Cr(IV), often green.

= ‘ _ = ‘ _
- CrO5Cl . Cry07
~ ‘ CI’O3 \l‘il N o
N 2 4 H
Collins/Sarett PCC PDC
Jones oxidation
?H CrO4 O
Ri™ Ry H,SO,, acetone A1 Re
0 +
oo, 0, Co-H
010 Cr
H + o@ "OH
\O:/‘ : g /VH
R
R1)\ Ro 4\
0] QH
+
_Cr.
F§1)k Ro O OH
The intramolecular mechanism is also operative:
0. OH o oH
~Cr
0" P

R
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Example 1"

H

\HO

H
O o= 1. Jones reagent

O\,7 0]
o=_0-—~" acetone, 20 min.
S ‘
NN 2. HCOLH, 1, 1h
96% 2 steps
\COQt'BU

0]
0-_0O HMA
O= =
0= 01 <
o=C= l

~CO,H  (-)-CP-263114

v
rt, 74%

© COsMe
CrO3, HoSO4 o
acetone/H,0O H
O

AN

i

Collins/Sarett oxidation®

0 O._.CHO

)i on 8 eq CrOg2P i
eq CrOz*2Pyr
Ph” 0 0 Ph” 0 X0

T - D
K/ﬁo CH,Cl,, 15 min. 86% 5

PCC oxidation®

OH 1.5 eq PCC, CH,Cl, O

EtO,C.
EtO,C. N 2 N

rt, 3 h, 75%
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PDC oxidation’
PDC, CH,Cl,
S - s
\\ X\
7 o 24 h, 68%
/
~—CHO
S OH S
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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 not required.

-N

R N
>\ 0, 1 KHMDS RSP+ N JOH + SO,
Ph 2. R,CHO bh
— N(TMS) 0
S Wi
H R ) A RDO\&
., N- R
N e e L N
\ /Ry N SO,
No SOz NS0, N
Ph ) Ph
Ph
K N-N
N-N O Ra N \>\63 R,
o ] /\/\ . ’\\l \6 (\7
N. N s Ph O
S R s
Ph Oz 5
SO,

\
N ,{,’\N>\OH "
Ph

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

0]
R1 H SOsz
R
R TR YR
H Ro OK
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Example 1, (BT = benzotriazole)4

\<]VSO2BT . OHC\QVOTIPS
NaHMDS, DMF - WOTIPS

-78 °C to rt, 90% E:Z(78:22)

Example 2°

\(vopiv V\/\i
o)
0 51@ SN Y0Me
/>0 /ks ~
o)

aoN

72N

o)

KHMDS, THF, =78 °C, 85%

OTBS

/>0 TR OMe

References

—_

oW

—_ = \O 00 ]

13.

14.
15.
16.

Baudin, J. B.; Hareau, G.; Julia, S. A.; Ruel, O. Tetrahedron Lett. 1991, 32, 1175.
Baudin, J. B.; Hareau, G.; Julia, S. A.; Ruel, O. Bull. Soc. Chim. Fr. 1993, 130, 336.
Baudin, J. B.; Hareau, G.; Julia, S. A.; Loene, R.; Ruel, O. Bull. Soc. Chim. Fr. 1993,
130, 856.

Charette, A. B.; Lebel, H. J. Am. Chem. Soc. 1996, 118, 10327.

Blakemore, P. R.; Cole, W. J.; Kocienski, P. J.; Morely, A. Synlett 1998, 26.
Blakemore, P. R.; Kocienski, P. J.; Morley, A.; Muir, K. J. Chem. Soc., Perkin Trans.
11999, 955.

Williams, D. R.; Brooks, D. A.; Berliner, M. P. J. Am. Chem. Soc. 1999, 121, 4924.
Kocienski, P. J.; Bell, A.; Blakemore, P. R. Synlett 2000, 365.

Smith, A. B., III; Wan, Z. J. Org. Chem. 2000, 65, 3738.

Liu, P.; Jacobsen, E. N. J. Am. Chem. Soc. 2001, 123, 10772.

Compostella, F.; Franchin, L.; Panza, L.; Prosperi, D.; Ronchetti, F. Tetrahedron
2002, 58, 4425.

Meyers, C.; Carreira, E. M. Angew. Chem., Int. Ed. 2003, 42, 694.

Furuichi, N.; Hara, H.; Osaki, T.; Nakano, M.; Mori, H.; Katsumura, S. J. Org. Chem.
2004, 69, 7949.

Bedel, O.; Haudrechy, A.; Langlois, Y. Eur. J. Org. Chem. 2004, 3813.

Alonso, D. A.; Najera, C.; Varea, M. Tetrahedron Lett. 2004, 45, 573.

Alonso, D. A.; Fuensanta, M.; Najera, C.; Varea, M. J. Org. Chem. 2005, 70, 6404.



323

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

1. n-Buli
SOQAF
Ar 1 Na(Hg) 1
R/\,/S\\ 2. R'CHO R/%\{R1 R/\/R
O o 3. Ac,O oac  CHsOH
SOzAr
5 R
n-Bufx SOLAr R
Y a-deprotonation 3 R’ coupling O
A " \‘& }\'(Om/
R //S\\ H @ <9 o)
O o
?OQAF
1 SOLAr
acetylation R/\(R s 2 - Na(Hg)
O%SY R/\é/ single electron
(o o OAc  transfer (SET)
4 possible diastereomers
. 1 Na(Hg)
- SOAr + R/\(R
OAc single electron

transfer (SET)

1
-0OAc + R/\/R
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Example 1®
1. n-BuLi, THF,-78°C 3 Ac,0

N
YsOgPh > Ji/ 4. Na(Hg)
OHC .

Example 2*

oTBS SO,Ph
Li

TEOC H 1. THF, -78 °C

2. ACQO

CHO 3. 5% Na(Hg), 77% \
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Kahne—Crich glycosidation

Diastereoselective glycosidation of a sulfoxide at the anomeric center as the gly-
cosyl acceptor. The sulfoxide activation is achieved using Tf,0.

OPiv

PivO
e o
PO —<\ &

PivO Ph

CH3

/ .
. OPiv
P

tBu N tBu o)

iv
Tf,0, CH,Cl,, 78 to —30 °C PivO N
2 zre 3 SPh

oxonium ion
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PivO OPiv O
0]
PivO
N3
SPh
Example 1°
o OMOM W
OMOM™
Bzo/%Me OH 0OBn
0] OMOM
OMOM
Tf,0, DTBMP, CH,Cl, Bzo%ﬁ/o;%
-70 to =50 °C, 38%
ose"
Example 2°
? o _OTIPS
0~ O~ . SPh U
+ 11,
Ph)\O‘\\ OTBS MeO ! OTBS
OPMB
PhYO
Tf,0, DTBMP, CH,Cl, o, O'V'eo

L X
-78t00°C,67% PMBO 0" ™ TOTIPS

OTBS OTBS
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Keck macrolactonization

Macrolactonization of ®-hydroxyl acids using a combination of DCC, DMAP and
DMAPeHCI.

0
M DCC, DMAP o
HO " OH DmAPHCI, CHCl, |
H Cy
(D B
N=C=N Cy .
0

1,3-dicyclohexylcarbodiimide (DCC)

oy o
N= Y HN—Cy
cy 042 HY N ]
N " OH 7+ \
7 ‘ .
A N—
/
/N\

N
H

1,3-dicyclohexylurea
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— @)

/
NN O H O + DMAP
|

Example 1’

N-(3-methylaminopropyl)-
N*=-ethylcarbodiimide hydrochloride

DMAP, DMAP<HCI, CHCI3, THF
reflux, 10 h, > 32%

H\I

halichlorine

OH
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Knoevenagel condensation

Condensation between carbonyl compounds and activated methylene compounds

catalyzed by amines.

N
R-CHO +CHp(COR"),
R1 —
RN OOz OH . COH
CO,R’
/HFH(COQRWZ deprotonation + _ 1
CNH CNH2+ CH(CO.R"),
H (CO.R"),CH

iminium ion [\v
CNfR\‘lfo\, ——— RO — \l

formation Q R Lh@

R A hydrolysis
H, )~ CORR! f o
+N) CO,R'
Q “OH
HO O 1 VOK OH
RN Yo RN S0  H RW
0 _R' O)\O workup J/\)(\/H
Ho (& - 0 ©

decarboxylation \\
y _ COZT + R/\.Y\)H—» R/\/COQH
OH
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Example 1’
=
o) O
W wNCbz
0.0 l\\lH
‘ 7< Boc
NCbz Meldrum's acid 'e) ‘ e
Bo¢ 1 KCHO EDDA, PhH, 60 °C 0. O
12 h, 84% x

Example 2, using ionic liquid ethylammonium nitrate (EAN) as solvent"’

©/\VCHO+ <CN ethylammonium nitrate
CO,Et tt, 10 h, 87%
N CN
CO,Et
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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 333).

R
R
R 3 _N R, R- .N R
WOy TN
N\
NH2 R1 R2 R1 R3 R1 RS
R =H, Alkyl, Aryl, Het-aryl, Acyl, etc.
R
. Rs N 3
| - —_— \
NH, R R )I
1 o 2 R1 RS R1 R3
R oH
O NH,NH, NH
o NH
R R OH
R R
NH " N\_NH
R oH R
Alternatively,
R
—N
NH>NH \
_ e NH,
O
R R

NH ~ N\_NH
\
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Example 1°
Me
OMe O MeNHNH, HCI, H,0 N
- - N’
MeO Me 84% \
Me
Example 2"
o O O
Mo _ Et02CCFs, NaOMe, MeOH wcps
Me reflux, 24 h, 94% Me

Me
9 GY%F
H,N—S N—NH,eHCI N / 3
I H N
o L.
EtOH, reflux, 46% o. Q

H2N/S\\O Celebrex
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Paal-Knorr pyrrole synthesis

Reaction between 1,4-ketones and primary amines (or ammonia) to give pyrroles.
A variation of the Knorr pyrazole synthesis (page 331).

0]
R)WFﬂ RQ*NHQ R/Q\R1

0 R?
. ng_\l_—R2 o
;
(/§1 R)L\//T><R
R HN~ “OH
o B2
H

. — HO—A+ —
At A
RN R R NS R
H H H
< 0
@m HR/Z\:g\ 14’R N R
R N R NF R ke
R? R
Example 1°
EtO.__OEt
y
F
7 l o Hg«”\«)\OEt i!'& N
. U —— \

1 eq. pivalic acid
o THF, reflux, 43% CONHPh
CONHPh
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R Ca2+
H
N "co,
HO
F H
— @\(NVQ
Y
N
e
| Lipitor —
Example 2’
cl N=
NH,OAc \_/
HOAc /

\
e Oy C
90% F H Cl
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Koch-Haaf carbonylation

Strong acid-catalyzed tertiary carboxylic acid formation from alcohols or olefins
and CO.

R—, CO,H
R OH CO, H,0 2
H+
/H /H
R /~0—, protonation R (\Oﬁ
W= H
.0
R+ :C=0 R 7
alkyl R,
migration

the tertiary carbocation is thermodynamically favored

T//{_ R\ -6k,

R
-~ O :OH,

acylium ion

—_H* R OH

Example 1°

OH \/COZH

HCO,H, H,SO,
I’t, 66% O
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Example 2’

\/\/\/XOH HCOH, H.S0,4

CCly, 5°C, 95%
\/\/\/XCO2H
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Koenig-Knorr glycosidation

Formation of the B-glycoside from a-halocarbohydrate under the influence of sil-
ver salt.

AcO AcO
O 4 ROH O or
AcO o AcO ¢
AcO— I Br A92003 AcO Q H
H Ac H Ac

+ AgBr + CO,T + H20
AcO o: ACO 6
ACO%@H\ — AcO e \A>

Ac + :
H Ag H \f

oxonium ion

H
AcO o To] AcO o
ACO / //g‘ 'R B-anomeris Aco/égé(OR
(@) = O
AcO O+ AcO
¥ 7/ favored ¥ A cH
[-anomer
Example 1"

NO,
MeOQC\/O \\\Br HO

: )

PivO“\\HJ/"’OPiv @ N CF3
OPiv \©/

Ag-0, 10 eq. HMTTA

CH3CN, 1t, 6 h, 41%
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Example 2"

NO,
MeO,Cy_O-_.O

PivO" “OPiv
OPiv

Ac

/©/OMG
Cd,COg, Tol. AcO
/O 0O
reflux, 6 h, 84% AcO S -
AcO ‘
H

N
&N\©/0F3
AcO OMe
O
ACO%H + Qu,///@
AcO 9 Br
¥ OH

Ac
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Kolbe-Schmitt reaction

Carboxylation of sodium phenoxides with carbon dioxide, to give salicylic acid,
the precursor to the synthesis of aspirin.

O Na OH , OH
G co, ng H CO,H
pressure
_ +
N ny - 0 Na
O Na COo, (v nucleoph|||c 0 fo
H
complexation addltlon
N OH N OH
aromatization CoJ Ng H CO.H
2 —_ 2
workup
Example 1°
OH OH

CO, KHCO3  HOLC

NH, 85-90 °C, 60% NH,

Example 2, the Marasse modification of the Kolbe—Schmitt reaction uses excess
of anhydrous potassium carbonate in place of carbon dioxide®

OH . OH
KoCOg, 175 °C co; k'

1200-200 psi CO,
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Example 3, the Jones modification of the Kolbe—Schmitt reaction employs sodium
ethyl carbonate’

OH

NaOCO,C,oH , Na

2LoMs5 COz Na C,H<OH
Salicylic acid is the precursor to the synthesis of aspirin:
O+ CH O._ OH
HO (CH3CO,),0 0
> + H H
90% CHACO;
O
salicylic acid aspirin
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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
0]
» adebr O T QLT
+ _—
R
O O
2 3

1
R R H
acyl
H o 0O — LOJ&
\f transfer
H

\

0]

0]
OJ&R M» 6-exo-trig
C@]/ f ring closure
O

o

00 _~_0_0; 0.0
< R — [ o
oH B A R R
| (o
Example 1°
o O o
OH X
Hkok _ OEt
OEt

HCO,Na, 1, 15 h, 76%
O O
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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.

Q 2‘ |

NH,OAc, HOAc ~ 5
R N R
Br
H o _ |
enol|zat|on B\V N | Michael
R
&/@ addition
- Q)
Br Br
R = ‘ R =
0] o N
. 1 o
R’ R
HG = Ov H
R? H R2
R R R
LY { ——> ]
© R HO) /R » R
N , OAc
The ketone is more reactive than the enone
R1
=
-
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Example 1°
NH,OAc Ph
AcOH ‘ N
_—
o 90%  pp” N7 “Ph

NH,OAc
AcOH
o 81%
N
| =
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Kumada cross-coupling reaction

The Kumada cross-coupling reaction (also occasionally known as the Kharasch
cross-coupling reaction) is a nickel- or palladium-catalyzed cross-coupling reac-
tion of a Grignard reagent with an organic halide, triflate, efc.

1 Pd(0) ;
R—X + R'—MgX RR' + MgX,
oxidative R_ L R'—MgX
R-X + LPd0) —  Pd .
20 addition /X transmetallation
isomerization
L L reductive
R R elimination

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 cycle as
shown on the next page. There are slight variations for the Hiyama and Suzuki re-
actions, for which an additional activation step is required for the transmetalation
to occur.

The catalytic cycle:

R1

transmetallation /
L,Pd(ll). R’

L,Pd(ll) + R'™M

reductive ; ;
__  +~ R—R + L,Pd(O)

elimination
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L,Pd(0)
R-R'

oxidative
addition

reductive
elimination

transmetallation
and isomerization

L\ /L
R'/Dd\R‘ -
MX
Example 1°
@\ - @M B
r
o Br 8" MOBT g50ct0m, 5h, 98%
Example 2*
Qomt
Br = I‘\l MgBr
. -
N~ "Br PdCl,*(dppb)

THF, rt, 87%

@\MgBr

S

PdCl,e(dppb)
THF, reflux, 98%
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Lawesson’s reagent

2,4-Bis-(4-methoxyphenyl)-[1,3,2,4]dithiadiphosphetane ~ 2,4-disulfide, trans-
forms the carbonyl groups of ketones, amides and esters into the corresponding
thiocarbonyl compounds. Cf. Knorr thiophene synthesis.

\ 3
o%i :%I‘D*
S

»w=T1-0
o)
y
T z;]j
%)

Lawesson's reagent

Lo
:

Lawesson's reagent
(MesN),C=S

xylene, 160 °C, 47%
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Example 2*
e} S
L ' y
( reagent, 95% (
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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 Eschweiler—
Clarke reductive alkylation of amines.

; HCO-H ,
=0 +HN_ : >N+ COT + H0
R? R R2 R4
Ht
R HO H
4 N ‘ HO
T e —
R3 R?R* R2 R*
o-aminoalcohol
1 3 RL+/R3
- H,0 R}:N’T HCO,H RZE'TN\R“
2 ‘4 v
R R o
O
iminium ion intermediate reduction
1 3 R' R®
-CO, 2R\ +R s —H VN
R*——N-R* — \
Example 1°
H HCO,H
A (Y= (3
+ [ j )VN
CHO o~ 60°C,57%
Example 2’
0 HCO,H, H,0 N—
, autoclave
,\\l 190 °C, autocl
+ OHC™ ™ g

16 h, 75%
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Lossen rearrangement

Treatment of O-acylated hydroxamic acids with base provides isocyanates.

O _
2 OH H.O
R1)kN/OTR - > R1*N:C:O 2 R1*NH2 + COQT
H
0
0]
L o R 0
R (l‘\l T 1)@& R?
H O — RN T ——
N 0
~OH
HO—H
R2CO, + R'—N=C=0
k:C)HQ
isocyanate intermediate
N d boxylati
_N_ _O. ecarboxylation
R~ H R'—NH,+ CO,1
o B
Example 1°
O H -0

N_ . COEt

EtO,C~ O N~
N
EtsN, H,0 B
EtOH, H,0 /©/NH2

50% Br

Br
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Example 2°
N Ns/@
Ho ) DBU, THF, H,O | ,\\l
Aco ™ N " -N
c S S j reflux, 1 h O//C/ o) l
Meg OMe meg OMe
N
N
[
. HNT Y
O
MeO OMe
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McFadyen-Stevens reduction

Treatment of acylbenzenesulfonylhydrazines with base delivers the corresponding
aldehydes.

O H
Base O
r N 1
H

SOzAr R H
o 4 o
N
h -N
R™ "N SOAT RXNVH
H
B:)
homolytic )C‘) o)
Nt - S e
cleavage R™° eH R)kH

Example 1°

N
HN. Q
S0, K:COs, MeOH o\
- H
- \E | reflux, 1 h, 75%

0] NaCOg, glass powder
N 0] ethylene glycol
A\ -~
N \ NHNHTs Mmicrowave (450 W)

H 90%
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McMurry coupling

Olefination of carbonyls with low-valent titanium such as Ti(0) derived from
TiCl3/LiAlH,. Single-electron process.

R! Ol Li R'" R
1. TiCly, LiAIH,
=0 - = + TO
R 2. H,0 R? R?

Ti(l)Clz + LiAlH, Ti(0)

4 //M L0

single electron OO homocoupling
YO 7 iTio) >
. 1 |
R? transfer R #'2' ) R
R°R
radical anion intermediate
sr WDzt L2 T Tivs
1 OO0 1 00
ol e e
R2 R2 R2 R2
R'" R
- §:< v AT T
R2 R2
oxide-coated titanium surface
Example 1"

OH
MeO,S 0
Zn, TiCly, reflux
+ O
0 0 4.5 h, 750/0, >99% Z
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MeO,S OH

Example 2"

Zn, TiCly, THF,110 °C
SOCHO

microwave (10 W), 10 min.
87%
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