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Preface

What's in a name? That which we call a rose by any other name would smell as
sweet.” On the other hand, name reactions in organic chemistry and the corre-
sponding mechanisms are nevertheless fascinating for their far-reaching utility as
well as their insight into organic reactions. Furthermore, understanding their
mechanisms greatly enhances our ability to solve more complex chemical prob-
lems. As a matter of fact, some name reactions are the direct result of better un-
derstanding of the mechanisms, as exemplified by the Barton—-McCombie reac-
tion.” In addition, our knowledge of how reactions work can shed light on side
reactions and by-products, or when a reaction does not give the “desired” product.
the mechanism may provide clues to where the reaction has gone awry.

I started collecting named and unnamed organic reactions and their mecha-
nisms while 1 was a graduate student. [t occurred to me that many of my fellow
practitioners are doing exactly the same, and that these efforts could be madce cas
ier through a monograph tabulating interesting and useful mechanisms of namc
reactions.  To this end, 1 have updated my collection with many contemporary
name reactions and added more recent references, especially up-to-date review ar
ticles. In reflecting the advent of asymmetric synthesis, relevant name reactions
this ficld have been included to the repertoire. Since the step-by-step mechanisms
delineated within are mostly self-explanatory, detailed verbal explanations are not
otlered. although some important jargons entailing the types of transformations
aie highlighted. For some reactions, short descriptions are given as mnemonics
rather than accurate definitions. With regard to the references, the first once is gen
crally the original article, whereas the rest are articles and review articles. Readers
mterested in in-depth coverage of name reactions are encouraged to foHow up
with the references as well as the following five books covering the relevant topic:

I Mundy. B. R Ellerd, M. G. Name Reactions and Reagents in Organic Svi

thesis John—Wiley & Sons, New York, 1988.

Hassner. A.; Stumer, C. Organic Synthesis Based on Named and Unnaned

Reactions Pergamon, 1994,

Vo laue, s Plagens. AL Named Organic Reactions John—-Wiley & Sons. New
York, 1999,

b Oreanic Name Reactions™ section, The Mercek Tndex ( 13" edition), 2001

vosmith, ML B March, 1 Advanced Oreanic Chennistry™ (57 cditionm, Wile
New York, 2001,

[ would like to express my grateful thanks to Dro Brian 1o Myers of Wavne
Sate University, Profs. Jettrey NoJohnston of Tndrana Uneversity and Chostin M
Ropas of Bernard College, who read the nanusenpt and oftered many iy aloable
comments and sueeestons. Specral thanks are dae o Prols Gordon W Giibble
of Dartmouth College. Toms S Heeedus of Colorado Seate University s and Tho
e 1 Hove of Universaty of Nmesota tor thee congque of the diatee Tnadds
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tion, I am very much indebted to Nadia M. Ahmad, John (Jack) Hodges, Michael
D. Kaufman, Peter L Toogood, and Kim E. Werner for proofreading the manu-
scripl. Any remaining errors are, of course, solely my own. I am also grateful to
Ms. Ann Smith of Merck & Co., Inc. for her helpful communications and discus-
sions. Last but not the least, I wish to thank my wife, Sherry Chun-hua Cai, for
her understanding and support throughout the entire project.

Jack Li

Ann Arbor, Michigan
November, 2001
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Abbreviations and Acronyms

Ac
AIBN
Alpine-borane”
B:
9-BBN
BINAP
Boc

r-Bu
Cbz
m-CPBA
CuTC
DABCO
dba
DBU
DCC
DDQ
DEAD
A
(DHQ),-PHAL
(DHQD),-PHAL
DIBAL
DMA
DMAP
DME
DMF
DMS
DMSO
DMSY
DMT
dppb
dppe
dppt
dppp

Kl

k2

Elch

L
HMPA
Imd
[.AH
L.DA
I.HMDS
1'IT™MP

acetyl

2,2’-azobisisobutyronitrile
B-isopinocamphenyl-9-borabicyclo[3.3.1]-nonane
generic base

9-borabicyclo[3.3.1]nonane
2,2’-bis(diphenylphosphino)-1,1’-binaphthyl
tert-butyloxycarbonyl

tert-butyl

benzyloxycarbonyl
m-chloroperoxybenzoic acid

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

solvent heated under reflux
1,4-bis(9-0O-dihydroquinine)-phthalazine
1,4-bis(9-0O-dihydroquinidine)-phthalazine
diisobutylaluminum hydride

N, N-dimethylacetamide

N, N-dimethylaminopyridine
1,2-dimethoxyethane

dimethylformamide

dimethylsulfide

dimethylsulfoxide

dimethylsulfoxonium methylide
dimethoxytrityl
1,4-bis(diphenyiphosphino)butane
1,2-bis(diphenylphosphino)ethane
1,1’-bis(diphenylphosphino)ferrocene
1,3-bis(diphenylphosphino)propane
unimolecular elimination

bimolecular elimination

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

hexamethylphosphoric triamide

imidazole

lithivm aluminum hydride

lithium diisopropylamide

lithium hexamethyldisitiazane

lithium 2.2,6.60 tettamethyipipernidine
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Mes
MVK
NBS
NCS
NIS
NMP
Nu

PCC
PDC
SET

S, Ar
S,.1

S.2
TBAF
TBDMS
TBS

Tf

TFA
TFAA
TFP
THF
TIPS
TMEDA
TMP
T™MS
Tol
Tol-BINAP
Ts

mestyl

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

nucleophile

pyridinium chlorochromate
pyridinium dichromate

single electron transfer

nucleophilic substitution on an aromatic ring
unimolecular nucleophilic substitution
bimolecular nucleophilic substitution
tetrabutylammonium fluoride
tert-butyldimethylsilyl
tert-butyldimethylsilyl
trifluoromethanesulfony! (triflyl)
trifluoroacetic acid

trifluoroacetic anhydride
tri-o-furylphosphine

tetrahydrofuran

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

trimethylsilyl

toluene or tolyl
2,2’-bis(di-p-tolylphosphino)- 1,1’-binaphthyl
tosylate

Abnormal Claisen rearrangement

Further rearrangement of the normal Claisen rearrangement product with the

B-carbon becoming attached to the ring.

tautomerization

N OH
A
o

[3,3]-sigmatropic © B

rearrangement 5

"normal Claisen"” H

!‘l o H
o) P H-atom COL B [1,5]-H-atom
92 Ny bl
d shift 8 ~a shift
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Schobert, R.; Siegfried, S.; Gordon, G.; Mulholland, D.; Nicuwenhuyzen, M.



Alder ene reaction
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2. Oppolzer, W. Angew. Chem. 1984, 96, 840.

3. Johnson, J. S.; Evans, D. A. Acc. Chem. Res. 2000, 33, 325.
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| g8
W, F o ene
H reaction

Allan-Robinson reaction

Synthesis of flavones or isoflavones.

0o o :
OH O_R
RN, ,

R R'CO,Na A R
9] O
OH \)
enollzatlon % RO o .
R R1
R! COZ
('OCOR1 02CR enollzatlon
R
"0,CR!
H
| OH conjugate @
%H addition ; R
(o R O
1
References

I Atllan, J; Robinson, R. J. Chem. Soc. 1924, 125, 2192

voSzel, T Dozsa, L Zarandy, M Menyharth, K Tetrahedron 1969, 25, 715,

U Wagner, L Maurer, L Farkas, L Strehsky )oibid 197733, 1405,

4 Dutta, I K Bagehi, DG Pakeashi, S C o dndian | Chen, Sect. B1982, 2181037
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Horie, T.; Tsukayama, M.; Kawamura, Y.; Seno, M. J. Org. Chem. 1987, 52, 4702.
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35, 4465.
Horie, T.; Kawamura, Y.; Tsukayama, M.; Yoshizaki, S. ibid. 1989, 37, 1216.

Alper carbonylation

Ph
N CO N
Z - %
Ph
Ph Pd(PPh3)s ’Q/N
(0]
Pd(Phs)s Pd(PPh3)3 +  PPhg
( N
N ) :Pd(PPh3);CO oxidative '?/‘
/N — = PPh +
Ph addition
A Pd(11)(PPhy),CO
Ph
Ph
N—jﬂ PPh
dimerization /é NS
_— -

OC(PhsP)2(I)P

PPhs
— PPh;

Pd(PPh;),CO - .

.C@J ¥2

Ph Ph

N\f__\’\ co N
ph—< Y —* Ph——</N o
N-Pd—C=0 ~F4
(PPh3), (IN(PPh3),CO

reductlve
"</ + pd(pph3) 3CO
eI|m|nat|on



An alternative mechanism:

Ph
Ny  :Pd0)(PPhy); oxidative N ﬁ}
Ph addition Ph
Ph

Ph
N Ph insertion
b
“N

(o
- PPh,

o @“/ Pd(PPhy), s,

Ph Ph
N\h’\ = Nm
/ E— 7
Ph'</ N—Pd\—CE/o_\' Ph‘</Nth ©
(PPh3), (Iy(PPh3),CO

Ph
reductive /N
I —— Ph{/ N + Pd(PPh3)3CO
elimination o
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Amadori glucosamine rearrangement

Transformation of an aldose to a ketose using an amine.

OH o)
Hom,o MO/ |7
—’_ : NHR
OH OH

pyridine

glycosylamlne 1-amino-1-deoxyketose

HO
HO 0
HO NHR
HO

HO
HO H\ZOE OH tautomerization
HO _—=NHR HO ~ v
HO
HO HO Oﬂ//ori
O\AOH — ;‘\W\NHR
Al oH 0)
H+
Ho—7H_-o
NHR
OH OH
References
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! Turner, J. J.; Wilschut, N.; Overkleefl, H. So; Klaftke, W.; Van Der Marel, G AL Van
Boom, 1. H. Tetrahedron Lett. 1999, 40, 7039,

8 Cremer, DR Vollenbrocker, Mo Eichner, K. Fur. Food Kes. Technol 2000, 211,
400,



Angeli-Rimini hydroxamic acid synthesis

0
H
O 1 NaOMe
Ar<__N. .OH
o+ >s{ T OH Ar)J\N
Ar” TH 00 H
Ve “OMe goj\
'T' deprotonation Ar H
Ar\ /|\?\ 1 -
// W\ Ar \/S/N\OH
7\
o
AJTH hydride " oH 0
s +
1 - Ar N 195+
Ar \/h< L oH Shift H Ar'”70
(g0
References

1. Angeli, A. Gazz. Chim. Ital. 1896, 26(1I), 17.
2. Yale H. L., Chem. Rev., 1943, 33, 228.

ANRORC mechanism
Addition of Nucleophiles, Ring Opening and Ring Closure.

N
_ NaNH, [/ l
C 1 \
N~ N'H,

lig. NH4
N =NV
N _ .
~ Chichibabin )
| -
. NH,
Ci N amination

1 f NU
(&%N* NH, N NH,

H>

</;S\CN‘
H

r|ng

opening

common nitrile intermediate

ring closure

g’ 5-endo-trig HN} -2H
||\B ring closure N'C/,(N oxidation
N :NH, g H oy

References

1. vander Plas, H. C. Acc. Chem. Res. 1978, 11, 462.
). Kost, A. N.; Sagitulin, R. S. Tetrahedron 1981, 37, 3423.
Vo Briel, D. Pharmazie 1999, 54, 858.

N _ N N
D 6-exo-dig ] tautomerization [~ |
I - : N
Q\l\: NH, HNZ N N7 ON'H,

NC«U
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Arndt-Eistert homologation

One carbon homologation of carboxylic acids using diazomethane.

0 SOCl, j\ 1. CH,N, 0
RAOH R Cl 2. H,0, hv RJ}\OH
i
Q (9 S~
e — R Chy —=cr+ TR
N ; \
H,C—N=N “N HZC—KEN
+ 0 N 0
—CH3N2 _’I\_l’/ I _ KI/’/N —N2T
R — R - hv
H H
. 0 H*

O e

H R A
:OHZ

ketene intermediate

ba
I

f
A
%
l
a T
?

H
I+
. OH +H H\C_<9)-H \)CL+ _H* 0]
— —_— — —R —_—
' OH R/) OH OH OH
H+

side reaction:

Cl +
Mooty = CHCIT ¢ T
References
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Katritzky, ARG Zgang, S bang, Y Org. Lett. 20000 23784

S S

Baeyer-Drewson indigo synthesis

Applicable for the detection of o-nitrobenzaldehyde.

OH O
CHO

NaOH

)J\—.

NO,

O N
gased
N
H o
o) OH

( aldol
OH —
/“\/H’/ @) condensatlon , N
|
O
OH 0) oH ,— O
enolate H O - H,0
+
formatlon /\O) N

NO,

HO ¢ OH OH
H 0
/

NS N

N 0
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0]
[ o "o
OH
Sl N
\ OH
b ©
0 0 "OH
+H20 H‘—/
) " OH >
N H
O HO _
o o)
H
\
Vo (0 O
N(OH
N
H H>~5
Oy
LNG 0D
N
H o
indigo
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4. McKee, J. R.; Zanger, M. J. Chem. Educ. 1991, 68, A242.
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Baeyer-Villiger oxidation

General scheme:

0
2 +
R1)J\R2 or H,0, R1)J\O/R HO/U\R3

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

c.g
o (0]
m-CPBA 71/ + HO cl
- 0
+ H
Co
0]
H+
oy = U, g
B{oN Cl
H 0]
Cl 0
N <0 alkyl O/ Cl
migration
References
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S Cradden, Co M Chen, AL C Calhoun, T AL Angew. Chem., Int. Ed. 2000, 39, 2851.
6 Hhickman, Z. 1 Sturine, C. Fo Lachanee, No Tetrahedron Lett. 2000, 41, 8217,

" Fukuda, O Sakaguchn, SOshin, Y Tetrahedron Len 2001, 42, 3479,
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Baker-Venkataraman rearrangement

0]
PS OH O O
P O O base

acyl H*
Ph workup
transfer
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Kraus, G. A.; Fulton, B. S.; Wood, S. H. J. Org. Chem. 1984, 49, 3212.
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NO AW

Bamberger rearrangement

N H* N __H
“OH Q(,)+ _——
H
log
H + —_—

H,0: — H

Hzo:

KlH NH
2
— 4 T
Hzo: \_/H
H
HO ©
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" Naicker, K. P.; Pitchumani, K.; Varma, R. S. Catal. Lett. 1999, 58, 167.
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Bamford-Stevens reaction

The Bamford—Stevens reaction and the Shapiro reaction share a similar
mechanistic pathway. The former uses a base such as Na, NaOMe, LiH, NaH,
NaNH,, efc., whereas the latter employs a base such as alkyllithiums and Grignard
reagents. As a result, the Bamford—Stevens reaction furnishes the more-
substituted olefins as the thermodynamic products, while the Shapiro reaction
generally affords the less-substituted olefins as the kinetic products.

R' 4 R'
R2 ~ _N. NaOMe R
j)\N Ts H
R® R®
MeO \' R R
R' H RZY\ N RZ% +
2 T SNy Tsy T N.
RH>H\\ /N\TS H R3 ‘) H 3 N
R3
In protic solvent:
2 SH R R H —-N R R
R >%<§N+ — R? N ——Z—»Rzﬁ‘)iH —= R~
H N - S
R3 N H s N H™ L B3

In aprotic solvent:

R
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Khripach, V. V. Zhabinskii, V. N.; Kotyatkina, A. L Mendeleev Commun. 2001, 144,

x N ok LD~

X

R! R \ R
RZ%NJF R? . — M2 szys R H,0 R? % !
H "N - H N H
3 N R’ S 3
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Bargellini reaction

Synthesis of hindered morpholinones and piperazinones from acetone and
2-amino-2-methyl-1-propanol or 1,2-diaminopropanes.

NH H
2 0 NaOH, CHCl, N
N )j\ X =0, NR
CH2C|2, BnEt3NCI X 0O

XH

H07 \/4

. 0
HfCCI3 deprotonation R % EC'
2
“CCly CCI

0

- 7&;5) cﬁ—» H H
T T T

XH
References
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)3, 6363.
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Bartoli indole synthesis

1 /\MgBr A\
NO, ] - N

N
2 (0
N
R
BrMg
[3,3]-sigmatropic H~"
rearrangement @/O
R
BrMg
H '
N
[3,3]-sigmatropic 8)
NO T
I rearrangement N
|
R Mgbr R MgBr
H
OMgBr H* N Ho* /\>
— NS A N
gBr workup H o H
R
References
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Daobbs, AL P2 Vovle, Mo Whittall, NLibid. 1999, 1594
Dobbs. AL Org. Chem 2001, 60, 635.

v
Barton decarboxylation reaction
S 0 [/
0] HO. I N | n-BuzSnH
q, oy oty e
R™ I | AIBN, A
AN S

A
>:ﬁ %\ - .

2.27-azobisisobutyronitrile (AIBN)

N,T + 2 °<CN
n-BusSne + H%CN

J Q
R Qj\N’ kS ﬁo

Bu3Sn

™
n—Bu35:1yH\‘ 0<CN

* SnBuy

co,T + RpmSnBu — M+ BusSne
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Barton-McCombie deoxygenation reaction

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

R'" s n-Bu3SnH, AIBN R'

- - 0=Cc=ST
)\ I RZ)\H + n-BusSnSMe +

R ~07 s PhH, reflux

A
NC7\’1”N=|(PQ<CN N,T + 2 °<CN

2,2’-azobisisobutyronitrile (AIBN)

n-Bugs:D—@\‘ qéCN —_— n-BusSne + H4<~CN

n-BuszSne ™ Q! - SnBus

R' (s — P
I R2C0Te™s

R ~07 s

B-scission n-BusSn S JR

)\/+R2'

o)

R hydrogen atom R’
rrBuﬁ% \\/o< . 2)\ + n-BusSne
R2

abstraction R H

rrBu3Sn\S
)\ ——~  pBuSnSMe + 0=C=ST
07 s
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Barton nitrite photolysis

OAc

OAc
hv
homolytic (\ o) 0 1,5-hydrogen
| A) —
cleavage i
e abstraction

OAc

Nitric oxide radical is a stable,

: : nitroso intermediate
and therefore, tong-lived radical
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tautomerization
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Baylis-Hillman reaction

General scheme:

/l)](\ EWG catalytic R{_XH
0

, Rz)ﬁ( EWG
R tertiary amine

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

R1

C.ge

0 @7 ~ OH O

0 N
+ poy
Ph)J\ H fu\ Ph/K[HJ\
0
p conjugate ) aIdoI ﬁgk
(e addition

ZNJ ZN N

OH O

+HY Ph H _H* Ph

OH O
Ph)YJ\
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E2 (bimolecular elimination) mechanism is also operative here:

OH O

VA,
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Beckmann rearrangement

The acid-mediated isomerization of oximes to amides.

/OH O

N PCl
R ML
R “R?

o
PCI
/' ' - Hcl N@Ch

NH e

R'” “R?
the substituent frans to the leaving group migrates
1
R R VR
N N+
G, — I — LA
| 2 4\ VT
R R2 :OHZ H
_R L R’
—-H" N tautomerization HN”
—_—

R?” “OH Rz/go
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Beirut reaction

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

07 >CO,Et

> pPn
07 >CO,Et
07 >CO,Et
H +
O Et;N<H =~ OH \EL
< N :
N oy NES 0 -
|
0
0] QO O/\
Et0,C
OH
- CO, @“i:(iph
N N
- EtyN* 5 &C\O

+
HNEt;

COPh

O O
o N
'\i Et3N N Ph
/+ \O + Ph 4.2
<\ EtOH N

0
I CEe o .
O O
,H Ny
Et3N: f‘\Ph NA—\
C

QH
NH N___OH
“~~CHO el
+/< _— ?\-I/

|

0]
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EtzN: 7 O\ _
¢o Q
N
. — QL
+ .-
N >coph N” “COPh
o o
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Benzilic acid rearrangement

o KOH O
Ar Ar
Ar A OH
r
O OH
0 1" oH
N fe
0 “_ CO
OH
o 0 cidi o]
aclaic
Ar
o) Aoy ot workup A On
Final deprotonation of the carboxylic acid drives the reaction forward.
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Benzoin condensation
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Ar + CN
" wansfer \f(kAr
ransfer :) o
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Bergman cyclization

/ e
=0 S g
Ay hydrogen donor

X

\
O

| \)/\ reversible - H T_I) ©
’\f .
X
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enediyne 1,4-benzenediyl diradical
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Biginelli pyrimidone synthesis
One-pot condensation reaction of an aromatic aldehyde, urea, and ethyl

acetoacetate in acidic ethanolic solution and expansion of such a condensation
thereof.

OO~
rchos B j\ A \JV\(R
— + +

, HCI EtOH HN\H/NH
o

O 0]
+
O) enolization O aldol
)LQ/U\O/\ —_— R ——>“
addition

H H4
O+
H
H.* H. H
e O O 0O O
+ H X
O/\ . NS O/\ O/\
R” "OH R”™ "OH R L,QHZ
+/H
@ 9 OH O
| 0~  conjugate o~
" H,N
R™ addition 2 R
HZN\H/NHZ i
o)
+ H
CEE OO~
H
- ) N HO R
HN HN_ _N
N~ R H
e e
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Birch reduction
Benzene ring bearing an electron-donating substituent:

~0 ~
Na, lig. NH;

e]

/

single electron
transfer (SET) ‘ \> HY OR
radlcal anion

>0

H ~o0
H —_—

H_
\= HCoR

Benzene ring with an electron-withdrawing substituent:

COzH COzH
Na, liq. NH;
_ co,
CO,H B co, .
+e

H_\' HCRIH

radical anion
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co, co, N

.2 ) _2\/H NH, CO,H
I: ] + e [ j
H H H H
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Bischler—-Mohlau indole synthesis
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Bischler-Napieralski reaction

Dihydroisoquinoline synthesis from B-phenethylamides.
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0 R —
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Blaise reaction
B-Ketoesters from nitriles and o-haloesters using Zn.
BTYCOZRZ 1. Zn, THF, reflux 9 o
R—CN + Ie ; R)S/ 2
2. H3O R1
N
R—==N
Br\(COZRZ Zn(0) OR? nucleophilic
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R R
1
R
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Blanc chloromethylation reaction

o ZnCli
©+(W +HCI——2> CI+HzO

o 0]
formalin

—H H*Y
HO/\© H HO
<l
(. Sn2 I
Yy "
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Boekelheide reaction

=
| TFAA @
('}') Sy OH

TFAA, trifluoroacetic anhydride

~ _
N acyl NG H N

0 — )

I
o )O oF transfer O\Iyo O\\']’/(O
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Boger pyridine synthesis
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Boord reaction
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Borsche-Drechsel cyclization

Cf. Fisher indole synthesis.

Q HCI @\/\Q
N N
N H
H
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Boulton-Katritzky rearrangement

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

X. A
P S A
SN N .D N\ Y
D H H 77
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N” N N N
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Bouveault aldehyde synthesis

Formylation of an alkyl or aryl halide to the homologous aldehyde by
transformation to the corresponding organometallic reagent then addition of DMF.

1M
2. DMF
R-CHO

3.H"

+

0-M
M DMF H
R—X — R-M Me,N—  —» R—CHO
R

A modification by Comins [3]:

1. RMgX
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2.H"

o _
6] _
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. H R
R —MgXx
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Bouveault-Blanc reduction
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R OEt R OH
0 _
J\ single-electron 0 B HCOEt
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Boyland-Sims oxidation

Oxidation of aromatic amines to phenols using alkaline persulfate.

R; NR, ~ NR,
K2S20g 0S0; K' H* OH
aq. KOH

o} o -

I i o O
0=5-0£0-5=0 N/
0 o) ipso-attack _ RN 0O O
NR> HSO, + E S
O\\S/O— O\\ /O NR2
+ N —
R,N o,i o __, RNCO O 0s0; K
H~
OH

Another pathway is also operative:
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A ~$=0 ke
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Bradsher reaction

HBr
R
CH3CO,H
0]

anthracene
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Brook rearrangement

Base-catalyzed silicon migration from carbon to oxygen.

- OH O/SiPh3

P 7[
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Brown hydroboration reaction

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

1. R,:BH
R/\ L R/\/OH

2. Hzoz, NaOH

R' H. R syn HoR
H\ s s A
( B § — B\R' R)\/(B\R| —_—
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Bucherer carbazole synthesis

(2

OH @\ NaHSO4
+ —_—
.08

H HH W H H
0
T — oy
"OSO3H OSO;H
H H H+ H H H+
) o
" :NH;NHPh NHNHPh
OSO3H OSO3H

Il

NHNHPh
O‘ ) B ) H
NH  [3,3]-sigmatropic
COSO::,H rearrangement

NH
H 2
g i NH g ‘
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Bucherer reaction

Q™ e

HH H H H
+ 0
H 5 Oy
SO N\
_OSOZNH4 OSOzNH4 H+
H* OH
i O NH,
tautomerization \/ :NH3 I
OSO,NH, 0S0zNH,

OSO;NH,
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Bucherer-Bergs reaction
H

1
R’ KCN RGN0
= e
R® (NH,)2CO3

O

.

R! O/H R' .,
yzfo\' ] o, /+>:NH2
/;2 — - RTaNH, R? —

3 R? NC
+o)
NH + CO
l /< NH, NH
2 2
R k:OHz R? OH R’ 2
R O
0] H /A~ 1 H
R! Hg RL N.LO R N%O
2N Lon —= X Tony — g7\
R NH, R NH
o o o
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Buchner-Curtius-Schlotterbeck reaction

0]
nucleophilic + rearrangement 1
P H,J)) Ry 3 - Rj/lkR + NT
\L) R2

addition R?
R1
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Buchner method of ring expansion

N7 “CO,CH,
CO,CHs
[Rh]

[Rh]

N7~ “CO,CHj

N,T + RhZ “CO,CHs;
Rhodium carbenoid

C02CH3 [2 + 2] 002CH3
: B - .
~—Rh cycloaddition ©:'\’(h

reductive
—_— CO,CH;
elimination

electrocyclic
CO,CH;3
ring opening
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Buchwald-Hartwig C-N bond and C-O bond formation

reactions

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

(OAc),, dppf '@
@ Pd R

NaOt-Bu, tol., A

(1)—Br ﬂ

Pd(I)—
N
_E‘L __H
oxidative ligand
addition exchange

—HBr

—
Pd(Il)— N reductive N-/

_—

elimination
—Pd(0)

The C-O bond formation reaction follows a similar mechanistic pathway [7-9].
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Burgess dehydrating reagent
-+
] CH302C_N_ISI_NEt3 1 H
R 0 R 0
+
%H =~ \{ * CH302C/N\S/O * HNEt
R Burgess reagent R g o

Burgc?ss dehydrating reagent is efficient at generating olefins from secondary
and tertiary alcqhols where Ei (during the elimination, the two groups leave at
about the same time and bond to each other concurrently) mechanism prevails:

R’ R?
CH30,C—N E -l|\—lE _— NE ‘]_'(') OH
3020 —N—=>TNELs CH30,C—N=S ~~
302 =S
NG i
H N/COZCH3
; I
R /SOZ
RZ
E R’ H -
i Y 0
+ N
- . 8 CH30,C /S\\o
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Cadiot-Chodkiewicz coupling

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

Rl—X + Cu——=—FR? ., R————=—F°
] oxidative X
R'———Xx + Cu————R - 4 o __
additon R — Cu—=— R
Cu(111) intermediate
reductive ] )
. CuX + R——==———=—R
elimination
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Cannizzaro disproportionation reaction
O - 0]
OH
M.+ rROH
R H R OH
@ wp
HO O H 00
R H
& ~ RXH RXH
OH
Pathway a:
S
R H hydride 0] PN
o —— M n R 9 R” O OH
HO) transfer R™ "0) ~__~

RXOH
Final deprotonation of the carboxylic acid drives the reaction forward.

Pathway b:
®

R)J\H hydride 0]
\ c —— M+ rRTO
H 9) transfer R™ O -
ol —

R
acidic j])\
- . R
workup R* "OH Ort
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Carroll rearrangement

R' R’ base

.
X"0oH S \/

R'R' = R'"RT O O base
g )T A ——

(0]

O O (§ )
O)\/U\ anion-assisted 5
R ) Claisen reaction 1
] R—
R R!

aCIdIC

cost + R 7 )v\/”\
R1

—

AN workup
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Castro-Stephens coupling
Aryl-acetylene synthesis, Cf Cadiot—Chodkiewicz coupling.

pyridine
Ar—X + CuU——R —— Ar———R
reflux
3
Ar—X + L3CU*%R — ArX—Cu—R
|
L
X
Arl_ ,Cu
— | — CuX + Ar—=-—R

——=

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

oxidative X
Ar———X * Cu——R - Y
addion Ar—— Cu—R
Cu(III) intermediate
reductive
—  » CuX + Ar———R
elimination
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Chapman rearrangement

Thermal aryl rearrangement of O-aryliminoethers to amides.

Ar1\ N A )CJ)\ 1
J\ T A I}l Ar

Ar OPh Ph
1 : j\
Ar ~ Ar\ Ar1
N: SNAr P
IO == ggs —
0] Ph
Ar @) Ar
oxazete intermediate
References
1. Chapman, A. W. J. Chem. Soc. 1925, 127, 1992.
2. Wheeler, O. H.; Roman, F.; Rosado, O. J. Org. Chem. 1969, 34, 966.
3. Kimura, M. J. Chem. Soc., Perkin Trans. 21987, 205.
4, Kimura, M.; Okabayashi, I.; Isogai, K. J. Heterocyclic Chem. 1988, 25. 315.
5. Dessolin, M.; Eisenstein, O.; Golfier, M.; Prange, T.; Sautet, P. J. Chem. Soc., Chem.

Commun. 1992, 132.

63
Chichibabin amination reaction
72 NaNH2 =
| ——— | + NaH
J Jn
N A N~ NH,
A
| o SNAI' | X =
~ _ = [
NT NET e \Nl NH+ e
N H 2
Ha Na
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Chichibabin pyridine synthesis

3 R">CHO + NH; —— |

H3N:\
R/\/[/C(-)‘ H N NH, NH
N i Sl §

NH,
enamine imine
,~ NH; H H
H R\/\(a_ Aldol R H
. RO . o)
R% H ) addition R OH,
H (4 H
+
‘ HAH
R ALY Michael \/Hr\
—-H,0 ichae D
2 . |) O R R S
b j addition R /R
HN
+
H3|\5

O .
R ¢~ NHs H(D
—_— H _H — R .
R fR Q o
o RO
H
H OH H
RJ?%&R itﬁ/R autoxidation ~ R._~ l R
H R ~ ol R o
R N/ ! N N

65

References

Chichibabin, A. E. J. Russ. Phys. Chem. Soc. 1906, 37, 1229.

Frank, R. L.; Seven, R. P. J. Am. Chem. Soc. 1949, 71, 2629.

Frank, R. L.; Riener, E. F. ibid. 1950, 72, 4182.

Weiss, M. ibid. 1952, 74, 200.

Herzenberg, J.; Boccato, G. ibid. 1958, 248.

6. Levitt, L. S.; Levitt, B. W. Chem. Ind. 1963, 1621.

Kessar, S. V.; Nadir, U. K.; Singh, M. Indian J. Chem. 1973, 11, 825.

8. Sagitullin, R. S.; Shkil, G. P.; Nosonova, L. 1.; Ferber, A. A. Khim. Geterotsikl. Soedin.
1996, 147.

B S O

~



66 67

Chugaev elimination Ciamician-Dennsted rearrangement
Thermal elimination of xanthates to olefins.
Cl
CHCl, =
1. CS,, NaOH 0__S_ A / A\ O/
~~_-OH RTINS 2w RN\ + 0CS + CH,SH N .
R NaOH N
2. CHjl S H
xanthate ~ ~ . .,
Cl,C+H ~H,0+ §C 2 ¢l *CCl, = :CCl,
“OH (@l a-elimination

R/\/O\H/S\ H\:(<O Ei carbene
S

S
ST cl
o TCCI Ci
s T 4 —= 0=C=ST + CHsSHT I _J 2 N Z
H (>S— H ~
N N
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Claisen, Eschenmoser-Claisen, Johnson-Claisen, and Ireland-

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, which is a concerted process. The arrow-pushing here is merely
illustrative. For the abnormal Claisen rearrangement, see page 1.

Claisen rearrangement

Rﬁ A, [3,3]-sigmatropic R\//\ R =
1 //' O
0 rearrangement O X
Eschenmoser—Claisen (amide acetal) rearrangements
MeQ OMe H KI Me
2 2 :B
on e, MeER '.
H __ . o
P ° T
RJ\/\ R R™ O R!
NMez
o [3.3]-sigmatropic CONMe;
>z ) - /\)i 1
R R rearrangement R R

Johnson-Claisen (orthoester) rearrangement

H OR?
OH CH3(OR?); RZ%\@Z "
H
= 1 O O
R)\/\R .
H
R/l\/\R,I RJ\/\R‘I

[3,3]-sigmatropic /\):
—_— O
/) rearrangement R X R!
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Ireland-Claisen (silyl ester) rearrangement

OSiMe;

)OJ\O LDA, then /J\o
] Megsicl /(X;

OSiMe;
A, [3,3]-sigmatropic H* COH
E——— 0 7
rearrangement =
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Clark-Eschweiler reductive alkylation of amines

/
R"‘NHZ + CHzo + HCOzH —_— R“N\

formic acid is the hydrogen source as a reducing agent

(B >
/”' R—N A e T R-NYX=0
H H HZG
R—NH,
H (75;4 .
. o=c=ot + [} HL I%irCOHz
\

R—NH
\
+ /nH +/ —H* /
— RN }zo —— 0=C=0T + R-N-H — R—N
| H \ \
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Combes quinoline synthesis
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o o H,S0,
+
NH, 1 R?
O
R OH (j\
|
H
imine
R2
O +|'—| R?
SR A
N~ TR’ [::15-‘ 1
N R
H H
enamine
H
~0
RZ
] =
N~ R
H
R2
. AN
]
R N/ R
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Conrad-Lipach reaction
0]
Ph,0O
L X 2 |
+
NH, M OEt 260 °C N
H
@\ Co COEt  _po
NH, E—— Py
EtO,C H
OEt
CO,Et o 6n e
QLT — O :
2 . .
N fN\/ electrocyclization
Schiff base
O
|
N
H
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Cope elimination reaction

Thermal elimination of N-oxides to olefins.

b R R
+
A . OH
/\ ﬁ - - N
1 Rz R" R? S
R
Q 3
Hf N N A R R OH
N N — >-:< + I.\I
)'—# Ei 1 2 N
R R' R2 R3 R R
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Cope, oxy-Cope, and anionic oxy-Cope rearrangements

75

l'he Cope, oxy-Cope, and anionic oxy-Cope rearrangements belong to the
category of [3,3]-sigmatropic rearrangements, which is a concerted process. The

arrow-pushing here is only illustrative.

Cope rearrangement

R I\ A, [3,3]-sigmatropic R A
p S

rearrangement X

oxy-Cope rearrangement

OH A, [3,3]-sigmatropic OH
2y -
rearrangement e

anionic oxy-Cope rearrangement

@)

\
P

R/
X

OH OK . .
KH A, [3.3]-sigmatropic
©<R . @R gmatrop
X THF rearrangement
OK
AN @ROK H,0
R =
O
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Corey—Chaykovsky epoxidation

b-poxidation of carbonyls using dimethylsulfoxonium methylide or
dimethylsulfonium methylide.

o I R R
G +
PR AN S
R™ "R HsC |H3CH2 HyC™ ™ “CHs (')><R1
- NaH s
I ———  Nal + H,T + Hy¢ T CH, —
H3C/|\CH3 DMSO H3
3
dimethylsulfoxonium methylide (DMSY)
(0]
_ Na* |S|
| - +
. HoC™ "CHs I HaC” T CH
S Nal + S + Hs 2~
VN N
H3C CI:H3CH3 DMSO H3C” “CHj CHs
dimethylsulfonium methylide
j?
(0]
RAR! l ) Q R
I / H3C/IS R PR " (lj>< .
+/S\ _ CH3\_9 H3C CH3 R
H3C” 1 “CH,
CH3
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Corey—Fuchs reaction

CBry, PPh; R Br n-Buli

e r=—n

n H Br

R—CHO

’/\ SNZ +
BT3C_BT'/-\ :Pph3 —_— _CBr3 + Br—PPh3

Br
+
Br th:; SNZ Brf SN2
- e +
"CBr3 Br%PPh3
Br
1
Br. o+ R H R Br
Bry + PPh, = + O=PPh,
Br H Br

Wittig reaction (see page 396 for the mechanism)

Br, + Zn —_— ZnBr,

H  Br —= R—=Npr, ~ oY

acidic
- R—=- » R——=H
workup
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Corey-Bakshi-Shibata (CBS) reduction

I:nantioselective borane reduction of ketones catalyzed by chiral oxaborolidines.

th

«Ph
0 cat. C@O OH
\ :

Ph
H 1 .Ph
e Ph
C'%O BH o H._OBH
e B
e S H
IRL
Rs

HYO BH  no H70H
RS R 2 RS R
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The catalytic cycle:

H | .Ph H . Ph
- BH3 =
N= ’O Nt /O
+ s
_\H H3B \H
OBH;
R Rs
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Corey-Kim oxidation

Oxidation of alcohols to the corresponding aldehyde or ketone using NCS/DMF,

followed by treatment with a base.

OH NCS, DMS

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

0

0
/ M
Ne | — N-  + @qui
\./:S\ \ R’ R2
o (o]
\+ H
- Hcl S~9N__NEt,
—_ O — -
H
R ~R?
\ 4
OCS\_ 0
— » (CHy),ST +
1 JQ ) (CH3), Rl )]\Rz
R'TSH
R
Alternatively:
\ 4
¢cS— 0
G ey —— ST +
R "R?
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Corey-Winter olefin synthesis

Transformation of diols to the corresponding olefins by sequential treatment with
1,1’-thiocarbonyldiimidazole and trimethylphosphite.

s o g Y

R ™H

H

s
P'e N AN
7N NI 5 O
(N\/J L\/,} <\/N\(’2£|-S;7
R_ _OH
X

R__O
OH

X
(s R0 (3
:IZ/H' md R1Io><i'"ﬁ

R0 ) o,
I /\r_l_s,/“ :P(OMe); I >—S E(OMe)g
R~ O R

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

R SOH

:P(OMe);

I / — S=P(OMe); ;g,y—P(OMe)s

P(OM9)3

— I >\—g5(0Me)3 —— 0=C=0T + P(OMe);
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A mechanism involving a carbene intermediate is also viable as it is supported
by pyrolysis studies:

R 0] ] R 0] +
I >3sf‘ :P(OMe); I >:ES]P(OMe)3
R’ 0 R! 0

R0
— S=P(OMe); + I Yi»  :P(OMe)s
R1

R 0. + R._H
Fopbome — T
R O

R “H
+
(5>\TB(°M9’3 —— :P(OMe); + 0=c=0"
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Cornforth rearrangement

Thermal rearrangement of keto-oxazoles.

0 0
R? R
A N
7\ E— 7\
R/<O R1 2/<O 1
6 2
RZ A 7 R

|

dicarbonyl nitrile ylide intermediate
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Criegee glycol cleavage

Vicinal diol is oxidized to the two corresponding carbonyl compounds using
|)h(OAC)4.

HO OH
R3 Pb(OACc), 0] 0

+ + Pb(OAc), + 2 HOAc
R R R g2 " gadigs T POAD:

R? R* R2 R?
OAc
AcOL
HOA o Pb\o 0 0]
c +  —— + Pb(OA
R’%W R1)J\R2 R3/[LR4 + (OAc),
R? R*
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Criegee mechanism of ozonolysis
03 0-0
)~ o<

—_7 R 3+2 0
0" 0 [3+2] 5

0

>_ﬁ/ cycloaddition M

primary ozonide (1,2,3-trioxolane)

CO/Q\/ 1,3-dipolar O—3<
0] " (0]
X cycloaddition

zwitterionic peroxide
(Criegee zwitterion)

secondary ozonide (1,2,4-trioxolane)
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Curtius rearrangement

o) NaN; ) A

_— ] —

R™ >l R N,

H,0

N,T + R—N=C=0 R—NH, + CO,T

0 (0 Ny 0 o
R &c_;:q R™C R)J\Na - R)J\lﬁlf\rl—ﬁl
3
H+
Q A R—:\IX—CZO
)J\"\_ + —— N2T +
R<NTN=N N
OH,
isocyanate intermediate
H
/N ~
— > R BH — R-NH,+ CO,T
0 k:B
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Dakin reaction

Cf. Baeyer—Villiger oxidation

Hzoz, NaOH
HO—@CHO >~ HOOOH + HCOzH
45-50 °C
O O
HO H
HO W
H — o —
5. H HO
\O/

OH

OH
HOOO/ hydrolysis HO@'& o -
H
/‘\
£ HO,CH -
T S AL g S
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Dakin—West reaction

R\|/C02H ACzo R
NH,

e g
g
RWH/COQ@ Co OH R 0
o K
0

oxazolone intermediate

( © 0

_»RMO -CO; RN tautomerization R\H}\
t

NTOH H NTOH NHAc
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Danheiser annulation

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

0 0
SiMe3 TIC|4, CH2C|2
+ — SiMe:;
—75°C, 82%
C(!)I ClyTi o
Cl3Ti.,, B
LIO —Ci )\
SiMe, S SiMe,

o/

1,2-shift of

—_—

. IfiSiMe; | —
silyl group

Transition State

cl T\

Cl,Ti 0
3 l(\,o
+ | SiMe;
SiMe3
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Darzens glycidic ester condensation

X O TOEt R R

|
s
|

0)
R’ 3 internal . 2
R? R R ~ R
JCOE SN2 R?  CO,Et
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Davis chiral oxaziridine reagents

Chiral N-sulfonyloxaziridines employed for asymmetric hydroxylation etc.

Cl
Cl
N
& WAr Al
;N ' O// \\ O
RSO, g
O _
R1 N/A/ Ar o MT
RS RSO, &
o R
M+ O
A RSOz _
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de Mayo reaction

? 1/cozlvle hv COzMe

OH CO,Me

hv, [2 + 2]
+ |L —_— »

CO,Me CO,Me CYcloaddition
? OH =2

head-to-tail alignment

o P
®
retro-aldol
HY ™
cyclobutane cleavage

0J)  CO:Me O CO,Me O CO,Me
H

A minor regioisomer:

CO,Me CO,Me  hv, [2 + 2]
+ —
“/ cycloaddmon

OH
head-to-head alignment

®
COMe  retro-aldol
cyclobutane cleavage COZMe CO,Me
&,

0]
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Demjanov rearrangement

R HNO, R . O_OH
NH, OH

H<s N
N H © (ﬂ —H0 O; .0, -0
HO™ 0 N, NN
H,0™ S0
+
04, (0., -0
NN _HNO, Q—\ "
<>—\/' NH-N=0
NH,
g NFNTOH™ _ H' <>_\ ~H,0 <>_\
H™ - = + N=N
A NSNCOH: +
NO,
)
—N N Mt
2 O H oH

A
ON
A/.' H —N2
<> Xy —-H OH
N H .
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Dess—Martin periodinane oxidation

AcO OAc
\,’/OAC
\
O
OH
R1)\R2 ° j)\
R “R?
AcOYPRE H AcO)PAC
I0AC 0 I H + o
5 Rt —— o Kok
R O
o) H
IOAC H
I\ Of O
+
0 + ):o R1)J\Rz

O
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Dieckmann condensation

The Dieckmann condensation is the intramolecular version of the Claisen

condensation.
Con s (T
CO,Et
2 CO,EL

CO,Et (5‘

OFt e
S enolate OFt 5-exo-trig
C b formation 2 _OEt ring closure
- 0]
OEt (—
_ _—
OOEt O oEt © H*
H~" —
CO,Et CO,Et CO,Et
workup Q/ OH Q¢O
CO,Et CO,Et
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Diels—Alder reaction, inverse electronic demand Diels-Alder

reaction, hetero-Diels—Alder reaction

The Diels—Alder reaction, reverse electronic demand Diels—Alder reaction, as
well as the hetero-Diels—Alder reaction, belong to the category of [4+2]-
cycloaddition reactions, which is a concerted process. The arrow-pushing here is
merely illustrative.

Normal Diels-Alder reaction

EDG EDG
EWG A A EWG
= + W — .
AN
diene dienophile adduct

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

e.g.

OMe oMe 1

CO,Et —
S el

I Me;Sio—— >—H
Me3Sio H

H
Danishefsky diene Alder’s endo rule
OMe OMe
A CO,Et A _COE
AN 0
Me3SiO Me;SiO
Inverse electronic demand Diels-Alder reaction
EWG EWG
EDG A EDG
ZZn W —_
A
diene dienophile adduct

99
e.g.
N CO,Me Q CO,;Me
<j‘/é
Hetero-Diels-Alder reaction
a. Heterodiene addition to dienophile
— —_ __\=
$O2Ph Et0,C 02Ph
EtO,C.__N S02Ph|  Et0,C WOEt

Lph \?‘\\/'LH . Ph

b. Heterodienophile addition to diene

S Lo
~0
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Dienone-phenol rearrangement

o) OH
H+
R
R R R
H+
k Hogt OH OH
0 1,2-alkyl w
H shift + R R
R R R R
R R
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Di-n-methane rearrangement

1,4-Dienes to vinylcyclopropanes under photolysis.

1 R
R hv
R3
R* R3 R*
1,4-diene vinylcyclopropane
R R' R R
RZ  hv R?
o
RYR? * RYRS
diradical
R R , R
R2 R R
” Lo - R3
4
R? R3 R
diradical
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Doebner reaction

H*’5)_CO,H
H
COzH CO.H
-H,0 ‘\)j\‘ air oxidation ‘\)j\‘
References

1. Doebner, O. Liebigs Ann. Chem. 1881, 242, 256.
2. Allen, C.F. H.; Spangler, F. W.; Webster, E. R. J. Org. Chem. 1951, 16,17,



104 105
Doebner—von Miller reaction

Doebner—von Miller reaction is a variant of the Skraup reaction. Therefore, the
mechanism for the Skraup reaction is also operative for the Doebner—von Miller 4|\-| @j\ air oxidation @j\

reaction. An alternative mechanism shown below is based on the fact that the

preformed imine (Schiff base) also gave 2-methylquinoline: HHN
‘Ph
HCl or X
+ OHC A P References
NH, ZnCl, N

1. Doebner, O.; von Miller, W. Ber. 1883, 16, 2464.

2. Eisch, J. J.; Dluzniewski, T. J. Org. Chem. 1989, 54, 1269.
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CO —H 5133.
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\_/ 5. Fiirstner, A.; Thiel, O. R.; Blanda, G. Org. Lett. 2000, 2, 3731.
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[2+2] / @ h /©
—_—— N — y
cycloaddition Ph/(l\lLr @g: I
H N
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Doering-LaFlamme allene synthesis

Br, Br 1 3
1 3
R R CHBr; Na R\l (R
2>_<— s R R ™ R
R R (CH3)COK RZ R?
2\ e
- CBr
BraCTH — HOtBu+ I °
Ot-Bu (Br
_Br— " "
— :CBr, = *CBn,
o~elimination
carbene
—+ Na(0)
R’ ,—‘( ) R R WA o
Rz R R
Br .. 1 3
R R
NaBr + N > R’ A RB—» ==
R’ R3 2 .4 2 N4
5 4 R R R R
R R
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Dornow—Wiehler isoxazole synthesis

iperidine | N
H + O;N.__CO,E PP - {
EtOH, reflux CO,Et

H.+ H o)

N< O,N _~

enolate o OEt
O,N.__CO,Et + O

formation H

O,N

o)
COH ozNjk OEL

CO,Et -B dehydration
— e CO,Et
NOZ - HZO H_B+
O,N

2

Et0,C._(CNO,
Michael — BH* -
addition H
CO,Et
O,N ‘\ 2
:B
EtO,C _ B
? o FI0,C s H
NT tautomerization 0)
N
H 2 N<_
¢ CO,Et 0O
OoN ‘B CO,Et

O,N
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Et0,C__o
cyclization __N-07 H('?j protonation
CO,Et
O,N
,—:B
eo,c o Et0,C._Q
\NQH dehydration | N
- H,0
CO,Et 2 ON COE
O,N 2
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Dotz reaction

Cr(CO);
\0 A HO N 0/
(CO)sc:ri t R—="R — W
— R R
\O A \O coordination -
(CO)5Cr:<: " co (CO)4Cr:<: —
\O \O
cycloaddition
(CO)4Cr:<; y . coor—rt O
— — insertion
R————R R R
metallacyclobutene

N 0 =
(CO)4C’:\ O fragmentation C>D(; 0\ electrocyclization
0] R R ‘ R

R Cr(CO)4
metallacyclopentenone chromium-vinyl ketene
H H
o) o Cr(CO);
enolization =|= /
. o O\ /°
/ -CO
(CO)4C|' R . R R
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Dutt-Wormall reaction

NH, HNO, N 1. TsNH, .
Ar Ar/ Ar/
2. OH
Hos Ng
H" \6} ~H0 O\\N/O\ N//O
HO™ 0 H28 ~0
+
Os (/b\ -0 - :B
/N N - NO; H o _H {
. AN N
NH2 /N\ -, +
A’ A NCH
H* ~H,0 ?
NS (OHy' HaN=3
AN A—N=N, /" 0
Ar,
\
I\‘IJ:NN 'cs') Tol 0
—o—10 - - 11
— H oo Ar—N-N=N<S—Tol —=
{ o]
“OH

Tol

4 - + + - N

_O_§ + Ar—N—N=N - Ar—N=N=N ==— Al'/ 3
0]
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Eschenmoser coupling reaction
linamine from thiamide and alkyl halide.
RS
S
/U\ 2 1 X R® i R2
R™ TN’ R™ "N°
R 2. base, thiophile R’
thiamide
C.g.
1. BrCH,CO,CH, /O\/cozcm
t-Buozc/Q%s - tBUO,CT Ny
én 2. PPh3, Et3N, 90% I|3n

"Br)__CO,CH ~NEt;
v, '
t—BUOzC i\.l S t_BuOZC/Q’\S COZCH3
|
Bn

|
Bn

! \ .' )I)
Bn b h3

/—/—\ C02CH3
t-BuOZC/%\S CO,CH;

|

Bn

CO,CHy _ 4
— t-Buozc/q}W

+ S—PPh;=<—= S=PPh;
|
Bn
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Pergamon, 1991, Vol. 2, 865-892.
. Levillain, J.; Vazeux, M. Synthesis 1995, 56.
S, Mulzer, J.; List, B.; Bats, Jan W. J. Am. Chem. Soc. 1997, 119, 5512.
6. Hodgkinson, T. J.; Kelland, L. R.; Shipman, M.; Vile, J. Tetrahedron 1998, 54, 6029.



112

Eschenmoser—Tanabe fragmentation

1. H,O,, "OH
2. HzNNHSOzAr H D
0 3.7OH

(‘ -0-OH Con
H,NNHSOAr, H (;@ “OH (;@

H SOLAr SOzAr
& 0
_— > —_— + TSO,Ar + N,T
NY A

_SOZAT —
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Etard reaction

Oxidation of an arylmethyl group to the corresponding aryl aldehyde using

chromyl chloride.
O
CrO,Cl,
H

H ene \ [2,3]-sigmatropic
O //O
Oo=Cr reaction rearrangement
cr —\ 0
C’ .Cl -CI”

+ -Cr—
O(J “OH H CI-Cr—0OH
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Evans aldol reaction

7. Braddock, D. C.; Brown, J. M. Tetrahedron: Asymmetry 2000, 11, 3591

Asymmetric aldol condensation using an acyl oxazolidinone, the Evans chiral 8. Lu, Y.; Schiller, P. W. Synthesis 2001, 1639. g 7 039
auxiliary. 9.  Kamino, T.; Murata, Y.; Kawai, N.; Hosokawa, S.; Kobayashi, S. Tetrahedron Lett

2001, 42, 5249.
0 o OH O j)J\ 10. Williams, D. R.; Patnaik, S.; Clark, M. P. J. Org. Chem 2001, 66, 8463.
\/LkN)J\O 1. Bu,BOTf, R3N Ph N~ Yo

L/ —

~
\\\ 2. PhCHO, - 78 °C \\
m Bu\ /Bu

Bu,BLOTf .
O O" h/'Ok
o Z-(0)-boron enolate PhCHO
J\ © - \/\N O
N ©O : __/
\ formation

Hoo
RyNi—" \\ N\

0,

B’
O o0 O
)\/>" aldol )k

H |
0] NH I?:u - = Ph N O
H_/ );Q(/):B\Bu condensation
Ph A\
OH O ©O
workup Ph/'\l)kN)kO
— /
Refrences

Evans, D. A.; Bartroli, J.; Shih, T. L. J. Am. Chem. Soc. 1981, 103, 2127.

Evans, D. A.; McGee, L. R. ibid. 1981, 103, 2876.

Gage, 1. R.; Evans, D. A. 1990, 68, 83

Allin, S. M.; Shuttleworth, S J. Tetrahedron Lett. 1996, 37, 8023.

Ager, D. J.; Prakash, L.; Schaad, D. R. Aldrichimica Acta 1997, 30, 3.

Faita, G.; Paio, A.; Quadrelli, P.; Rancati, F; Seneci, P. Tetrahedron Lett. 2000, 41,
1265.

USRS



116
Favorskii rearrangement and Quasi-Favorskii rearrangement

Favorskii rearrangement

O
Cl “OR

Cl

H Cl
- HOR +

"OR

OJ_OR {0, OR

cyclopropanone intermediate

Os_OR | be 0. OR
- HOR

Quasi-Favorskii rearrangement

3 JBH ‘o

—_—

CO,H
B
Br ‘r)

non-enolizable ketone

OH
[1,2]-shift
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Feist-Bénary furan synthesis

CO,Et
0 CO,EL ridine
\E j\ _pyidne 7Y
Cl

O

=

| \+

CO,Et T \ 0,Et
Y :ﬁ%

3

OH
(Cly CO,Et HQ) CO,Et

W

0

COzEt COzE[
) —_—
A —
o) 0

1. Feist, F. Ber. 1902, 35, 1537.
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Ferrier rearrangement

Lewis-acid (such as BF;®OEt,, SnCl,, efc.) promoted rearrangement of unsatu-
rated carbohydrates.
OAc

o)
&) Sc(0Th; ACO&)KH
AcO
e ot O\©\

Ac LA. OAc OAc
Sc(OTh); O (@]
AcO - o] — ™ \7T .0+
chelation I ,
OAc OAc

OAc OA
+ C
AcO
\% AcO Q H
.oH =~
:0 - .

The axial addition is favored due to the anomeric effect.
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Fischer—Hepp rearrangement

Transformation of A-nitroso-anilines to the corresponding para-nitroso anilines.

Cf. Orton rearrangement.

R. .-H
R., .NO N
N
i HCI
NO
. e°
; R\N’N intramolecular

R.:-.NO protonation

N - .

migration of "NO

R. _H R\N/H
R.,.H N
N _ H+
—— —_——
~ +-N=0 o
H NO
References
I. Fischer, O.; Hepp, E. Ber. 1886, 19, 2991.
2. Williams, D. L. H. Tetrahedron 1975, 31, 1343.
3. Biggs, 1. D.; Williams, D. L. H. J. Chem. Soc., Perkin Trans. 21976, 691.
4. Biggs, I. D.; Williams, D. L. H. ibid. 19717, 44.
5.  Williams, D. L. H. ibid. 1982, 801.
6. Morris, P. 1. Chem. Ind. 1999, 968.

121

Fischer indole synthesis
1 R’
Ol ?
+ R
-NH -
N H( ©\ N
H 0 N
H
R
ZnClz
EE— N_R2 + NHj
N
H
ESTR \/Rg [3,3]- 5|gmatrop|c
@\ @\ rearrangement
then H*
R' R’ 1 H
H 2 ) R
+ —_— ————— +
N NH; ( NH,+ N NH,
N " H
e 1 H, H
R\_H
H+
. R? \ 2 + NHj
shift N 5“3
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Fischer—Speier esterification

Often known as “Fischer esterification”, protic acid-catalyzed esterification of an
acid and an alcohol.

0 0
$+ ron cat. HC 1«
R™ OH R™ O
+_H
N j)\ HO OH
0: H* R™1 OH nucleophilic N H
J dditi R +(')1
addition
R OH protonatlon R
H
~H' HO)fH + H Hl%g)‘Hf —H0, - H" j’\ 1
— — —_— _R
9 R™0 R0
R R
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hAlE bl B

Fleming oxidation

Cf. Tamao—Kumada oxidation

SlMezph
R” "R

1. HX
2. ArCO3H, base

3. hydrolysis

retention of configuration

OH

R” "R

123

~si T _:0
\. H* x —1_H A¥/ h
R R1 R R1 R R
the B-carbocation is stabilized by the silicon group
H O
H Ar Ar |
f
NN NON )J\
X=—Si” O/Ko - HX \\Si/ \ré/go | N / 0] Ar
U/l; I /Sl\
1 0]
R™ R R™ TR! )\
R™ "R
H (0]
o Ar I o)
e N L Ar
U -arco, s o N
Sic, © : —_— s. 0]
L A o7
R” "R
g
(0] CO
o A o‘J\Ar hydrolysis
Osgrd T s S T
o~ ~o (l) i OH
| R)\R1 R” ~R'
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o)
0
|

R” "R
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Forster reaction

Diazoketone formation from o-oximinoketones.

O O
pH NH,OH
=N N,
NaOCI
HO=CI __~  CI—NH
\/ :NH3 2
chloramine
®  on o
P — B — R
NH¢CI
HN—Cl "NH-CI N\,

O 0 o) 0
+ _ —_
-N e FoN-~— t_N ==
éﬁNDHJ Cl észN éﬁN,N == &Nz

Alternatively:

HZN'U H
Tl
0 0 0O
+ + N —
— ien = e =
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Frater-Seebach alkylation
Asymmetric alkylation of B-hydroxylesters.
OH
9H co.cH LiIN(TMS),, THF /:»/COZCH;;
R 2T R F
/\Rﬁ then CHgl H,C R’
Liw
(TMS),;N HCY > g
N D 0T
~ C02CH3 H R
RN1 -
H R _
(TMS),N
Ho .o
e gy COuCHs _H A COLCHs
HiC R HyC R
G
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Friedel-Crafts reaction 6. Ofttoni, O.; Neder, A. V. F.; Dias, A. K. B;; Cruz, R. P. A.; Aquino, L. B. Org. Lett.
2000, 3, 1005.
Friedel-Crafts acylation reaction: 7. Fleming, 1. Chemtracts 2001, 14, 405.
X i
R Cl
. R+ Hcl
AICl3
O complexation On -
Ay, Somplexation 190 aep,
- R™Ccl
R” >Cl:- el
+
O
p% -
_ electrophilic
AICl, + |||+ —» RO p

R @ substitution

acylium ion

QI
CI-Al=Cl o
Cl aromatization
H 0] - R * AICI;
R
+

Friedel-Crafts alkylation reaction:

(j I
AICI R ACH - T
Regpr 3 —Reer ACl, + R

Cl:-

alkyl cation
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Friedlander synthesis

Quinoline synthesis from the condensation of o-aminobenzaldehyde with aldehyde
or ketone in the presence of NaOH.

0 e, 2 994
+ R
1 ~
NH, R N R

(O 0]
R\OJ\ R’ '?)j\ R’ Aldol
H — ¢ -
) condensation
H
HO NH,
OH
_ AN R
/O — —
H f‘ R
R1 -p o
NHCZ;O ik 0
AN R R
H X
N 1 > _
H') R N TR
HO ~ ~
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Fries rearrangement

0 OH
/U\ OH O
0 R
f ﬂ and/or @A‘\ R
0] R

-~ AICI, ~

Cl3Al _
j’\’ 3601\* _AICl;
0 "R chelation 0" R C-0 bond )

el

o)
- . - +
@ fragmentation

aluminum phenolate, acylium ion

R
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Fritsch-Buttenberg-Wiechell rearrangement
R H Base T
— —_— ——R
R" X
¢.g. a variant:
Br Br
n-BulLi B— — — g
— » Bu—=———=———=—8Bu
Z
Bu Bu
Bu
N Li~__.Br
Br<y Br halogen-metal
pZ X
exchange 7 A
// \\ I Bu Bu
Bu Bu
a-elimination 1 O
Z X = =~ TN
_Br = AN
Br Bu Bu Bu Bu
alkylidene carbene/carbenoid
1,2-shift

» Bu——————— Bu
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Fujimoto-Belleau reaction

oQ, =
o 0

nucleophlllc ring
N R —
addltlon o 0 opening

(;l/j\ isomerization m tautomerization
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0]

0 R OHO “p
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H (0]
R
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o O
HO R R
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Fukuyama amine synthesis
SO,ClI 1. R'NH,, pyr. S >COLH
NO 2 R20OH, PPh;, DEAD H NO,
> R1/N\R2 + + SOz
3. HSCH,CO,H
NO, NO,
CC' SO,NHR' SO,NR'R?
1 /TS0, e NO, R2OH, PPh; NO,
R'NH, NO, — -
DEAD
NO, NO,
NO,
See Mitsunobu reaction (page 238) for the mechanism.
H
*S7 T COLH
- NR'R?
&SOZNR R SyAr /S50,
NO, HO,C NO,
P
NO, NO,
Meisenheimer complex
S”COLH
NO,
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Gassman indole synthesis Gattermann-Koch reaction
\S AICI5 CHO
~ R EN @ + CO + HCl ©/
©\NH + S/W ., N_g Cu,Cl,
| 0 N
“ H _ o+ 7 TAIcl;  :Cc=Q
.c=0; <~ €50 *AICl,
EtsN A
~ R [
0] -
ST s &A C~ =i
F 0 Hg —_— HCI - c=0
NH R -c=0 —_— - +\A|CI
+ “aic JoE
CC] N/S\ AL H*
H

sulfonium ion

+O4./_\ICI3 _ 0 o )
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0 BN ~>g ~F L CAScH | *
— HLR [2,3]-sigmatropic H (6‘ H--NEt, cl” TH + H
— acylium ion
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Gewald aminothiophene synthesis

R._O CO,R? Base R FOR’
Tk o = T
CN R

R1

s~ "NH,
Q 0 aldol
R gy - (R froR
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: CN R CN
2
. + o oo
R OR2 g BH R OR® E1cb R_L c
R’ He""" TR L eN - N
OH CN R’ H=
:B
03 _OR?
(l Oy, OR? R0,¢
R N
[ CN R~ R—7 _
R — Lo T NSy T
S-S A - 1 P
s’ S R' S‘(S S R'H é 2
S. S ° ST
\S_S/
R CO,R?
2
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Glaser coupling

Oxidative homocoupling of terminal alkynes using copper catalyst.

o S S S
— NH,OH, EtOH =
@%H + CucCl _B_ai> — Cu(l)

0]
_i> Q_%W&u(") _ @{. + Cu(l)

C: ( ) dimerization / N\ -
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Gomberg-Bachmann reaction
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Gribble indole reduction

Reduction of the indole double bond using sodium cyanoborohydride in glacial
acetic acid. The use of sodium borohydride leads to reduction and N-alkylation.

” N

HOAc H

H* I
H
(g —g — O
N N wBHZCN H
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Gribble reduction of diaryl ketones

Reduction of diaryl ketones and diarylmethanols to diarylmethanes using sodium

borohydride in trifluoroacetic acid. Also applicable to diheteroaryl ketones and al-
cohols.

0 NaBH, OH Py
_— 1 2
Ar' AR CF4COH A A2 Ar Ar
H+
7
Cj\' OH CF4CO,H
—_— 2 >
Ar’ )Arz Ar1/|\Ar2
(CF3C0,)3B-H
+ pu—
CQHz -H,0  x  HB(OCOCFy)s o~ 2
A SAr? A’ A’ A A
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Grob fragmentation

General scheme:

M__.»Y4+/ + X

X =0H,", OTs, I, Br, Cl; Y =07, NR,

e.g.:

Re

1.
2.
3.

OMOM
15-crown-5

_OMOM
(0]
LAH, DME ~
H
reflux, 90% 0 N
H™ =~ o

HO j
H O
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Guareschi-Thorpe condensation
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Hajos-Wiechert reaction

Asymmetric Robinson annulation catalyzed by ($)-(—)-proline.
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H
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Michael N
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d .
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q @) enamine aldol
“CO,

H
o 0
H,0: hydrolysis ,
- ydroly HOY
OI,) OH  of iminium salt N on
"CO, "o,

0 0
0
G E1cb J/ij:é
— 0
I oH 0 3 5
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Haller-Bauer reaction
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Hantzsch pyridine synthesis

)(l)\ LCOZE‘ NH;  EtO,C CO,Et
v ' | |
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Hantzsch pyrrole synthesis

0 CO,Et NH 2_jc\02Et
\EC' L _ N T

N
H
CO,Et . CO,Et
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Haworth reaction
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Hayashi rearrangement
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OH O CO,H
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Heck reaction

Palladium-catalyzed coupling between organohalides or triflates with olefins.

)i I Pd(PhsP),, KOAC

DMA, 100 °C, 15 h

95%
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Hegedus indole synthesis

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

/@\/\/ PdCI,(CH3CN),, THF
]
= PdCly(CH;CN), X
/EI\/ on de <
MeO,C NH, palladation MeO,C NH3~

\

Cl
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¥__cl

| —
Pd{ - HCl "PdH
fer= o e et
MEOZC N - "PdH" MeOZC H

2

H
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2

H
H
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Hell-Volhardt-Zelinsky reaction
o-Bromination of carboxylic acids using Br,/PBr;.
0 0]
0 PBfg Hzo R
R —— Ry e OH
OH Br; Br Br

o-bromoacid

Br

Q G w
2y RJ}O/P\& RS e, T
R 0 H

O
o C OH
\’jlkBr enolization R~

Br—-Br
_J \Bry
Br
+ B:
H . —\H O
0o hydrolysis 0 R
R R OH
QI‘ OH Br Br
Br :OH; Br
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Henry reaction (nitroaldol reaction)

0]
)J\ + Ry ONO,

/N\
< ) Ho H

deprotonation <(;

Rz/{ RTYR;

NOZ -
R, NO,
leophili OH
nucleophilic
_ niereopnie R#\( NO, . ([ )
addition 1 R, H
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Herz reaction

NH;
—_— /S\ B \‘
Cl s” ¢l /©[ S
Cl H Cl s>

H H -
+'\D G tautomerization N ) OH
/S—'OH /S:O —_—
of S cl S
NH NH, O
(%) . ) -+ /S\
S _ HO OH
cl SJ WOH cl S

Na*
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Heteroaryl Heck reaction

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

N Pd(PhsP),, PhsP, Cul s
DaR® O

Cs,CO3, DMF, 140 °C

N

®

Ot Orrom 2
| Pd(i)) —m
insertion

oxidative addition

WN S
Cs,CO
G -~ O

N

+ Pd(0) + Csl+ CsHCO3
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Hiyama cross-coupling reaction

Palladium-catalyzed cross-coupling reaction of organosilicons with organic hal-
ides, triflates, efc. in the presence of an activating agent such as fluoride or hy-
droxide (transmetallation is reluctant to occur without the effect of an activating
agent). For the catalytic cycle, see the Kumada coupling on page 208.

0]
7\ + . e

Pd(PhsP),, TBAF 7\
(PhaP)a TBAT v 1eo,c o O
THF 0
0
F Si/\)J\O/ nucleophilic
3
Bu.N F_) attack
Uy
_ 0
0o . e
+ F4S| (@)
F Si/\)l\o/ BuN = ——= N
4
BU4N
/@\ oxidative / \
+ Pd(Ph3P), MeOC Pd—
MeO,C™ Ny~ ~Br additon -2 O Br
0

F4S_i/\)1\o/ ﬂ _COMe
- MeO,C O Pd

trans"metal”lation

reductive / \ 0
—_— = MeO,C 1)

elimination o}

~ *t  Pd(Ph;P),
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Hodges-Vedejs metallation of oxazoles

Metallation of an oxazole followed by treatment with benzaldehyde resuits in a
4-substituted oxazole as the major product [1]:

OH
& "
N
) PhCHO !\
(0]}
Ph O Ph OLi
N 7
[\ — H —— + —
Li N
0) = N+ l >Co
N 0. L
COLi C\Li e

2-lithiooxazole

OLi

OLi OH
;tlH N Ph‘% H* Ph’%
—_— N - N
B! N /8 \
%)\Ll O)\Li /O)

+

However, the ring-opening process can be prevented by addition of boranes [3]:

+ —/BH3

N H;B+THF
/A - N
Ph/() Ph/[o 3

LTMP

O complexation metalation

LTMP = lithium tetramethylpiperidine

o, \
_1.PhCHO _ [ »\(OH
Ph/()\u H' o b
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Hofmann rearrangement (Hofmann degradation reaction) Hofmann-Loffler-Freytag reaction
o Br, H,0 cl 1.H, A /(—)
L R—N=C=0 R—NH, + CO,T [ R’ N
R” "NH, NaOH R1/\/\/N\R?- 2. OH I'QZ
0] O
(J\ ) ¢ ~ cl H* (cl A
R™ {NH % Br—(gr R N/Br o 1/\/\/|I\L - (RrH
! - Vs —_— ) — s @ R R, RTNTNER? homolytic
L R™ ~NH L RN cleavage
"OH "OH
H . H . 1,5-hydrogen
o H Cle + N/ = N—H
R—-N=C=0 N. _O. R1)\/\/ +°R, R TH$R2 atom abstraction
— \ — R I I-{ —— R—-NH, + CO,T
— o

OH "OH
isocyanate intermediate TNH 3
[ J \

R °
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Hofmann-Martius reaction

NH
- H
~,,-H I'"_H
N Cl tN+ NHZ
HCI Sn2
+ CHsCl
+
@CH3 : NH, cl \H ¢NH: NH>
o0 T
+
NH, He
NH,
H CH
HicLor 3
cl

Reilly-Hickinbottom rearrangement is a variation of the Hofmann—Martius

reaction in which a Lewis acid is used instead of a protic acid. The reaction fol-
lows an analogous pathway:

~y-H NH NH,
ZnClz

171

References

Hofmann, A. W.; Martius, C. A. Ber. 1964, 20,2717.

Ogata, Y.; et al. Tetrahedron 1964, 1263.

Ogata, Y.; et al. J. Org. Chem. 1970, 35, 1642.

Grillot, G. F. Mech. Mol. Migr. 1971, 3, 237.

Giumanini, A. G.; Roveri, S.; Del Mazza, D. J. Org. Chem. 1975, 40, 1677.

Hori, M.; Kataoka, T.; Shimizu, H.; Hsu, C. F.; Hasegawa, Y.; Eyama, N. J. Chem.
Soc., Perkin Trans. 11988, 2271.

7. Siskos, M. G.; Tzerpos, N.; Zarkadis, A. Bull. Soc. Chim. Belg. 1996, 105, 759.

A bl e



172 173

Hooker oxidation

(0]
OH
o o o o
= OH 0o enolization &
Q] e — — Yy
OH NaOH = 7 0:>H
o 0

HO COzH \_
lapachol _OH
I 0
Q . 0 o o)
0 dihydroxylation : OH
o0 — decarboxylation _
n Mn_ > COzT + ' —> _
g ° O~y (o
OH M 0
© Y 0”/ 'OH
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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.

0o NaH, then CO,Et
EtO~p ~ + EtO-p_
EtO OEt RCHO R EtO” "ONa
eo-d 1 0 o
=~ EtO~
Et0” OEt EtO” I$\/\O Et
H H )
\
a Ca
H
(0]
EtO~p
— .| EtO7 OEt
0" "R
erythro (kinetic) or threo (thermodynamic)
Q  Por OxP~oEt /TN
H ' |H M | |H R C02 Et
H| Al H\\
R CO,Et R CO,Et
erythro, kinetic adduct
0]
~  I_OEt ? Ot CO,Et
H—{ "COEt i P COE H
R H R H

threo, thermodynamic adduct
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Houben—Hoesch reaction

Acid-catalyzed acylation of phenols using nitriles.

OH OH
OH
RCN
HCI, AICI3 OH OH
OH
R” “NH-HCI R0
QOH
AICl;  chelation electrophilic
R—==N:— OH substitution
~
R—=N-AICl,
+ —
H* OH
0
HZO:—\‘ OH
H
- © R wH-HCI
Cl R NH
OH
OH
hydrolysis OH
Rl OH
o
_H R0
Cl
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Hunsdiecker reaction Ing-Manske procedure

A variant of Gabriel amine synthesis where hydrazine is used to release the amine

0] X, from the corresponding phthalimide:
RJ\ Ag — RX + CO,T + AgX

o) 0 0
_ 1. RX NH
XX 0 homolytic N K' ————— HNN-R + '
NH
)(L\ AgX + R)k(r){)? —_— S 2. NH,NH,
A cleavage
R0 g g o
O 0 / R _[X\q (6 :NH,NH,
0 A R)J\O/X )(])\ N K Sn2 N_R
Xe + q_>C02+R' R—X + . -
RéJ’\O R O
O 0]
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NH 2 NH
\Q II\IH 0
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Jacobsen-Katsuki epoxidation

Mangnese(I1I)-catalyzed asymmetric epoxidation of (Z)-olefins.

HQ'H
_N\ N—
MA
VRN
tBu o' clo t-Bu 0
T ‘

Ph CO,Me tBu tBu ~ Ph CO,Me
NaOCI, aq. buffer, CH,Cl,

1. Concerted oxygen transfer (cis-epoxide):

R R, R R, R R
\—/ \---/ 1
RORL,Q ) . LY
= Mn(V) 9 : 0]
Mn(V) Mn(V)
2. Oxygen transfer via radical intermediate ({rans-epoxide):
R R, R R,
— R R,
N DU o A A W
\—/ Mn(V) € 0 g
fl Mn(V)
Mn(V)
3. Oxygen transfer via manganaoxetane intermediate (cis-epoxide):
Ry

R R, 9 . |"‘ 0

[2 + 2] R1 9 R‘ 'R'l
cycloaddition g Mn(V) 0

181

References

Zhang, W.; Loebach, J. L.; Wilson, S. R.; Jacobsen, E. N. J. Am. Chem. Soc. 1990,

112, 2801.

Irie, R.; Noda, K.; Ito, Y.; Katsuki, T. Tetrahedron Lett. 1991, 32, 1055.

Zhang, W.; Jacobsen, E. N. J. Org. Chem. 1991, 56, 2296.

Schurig, V.; Betschinger, F. Chem. Rev. 1992, 92, 873.

Jacobsen, E. N. In Catalytic Asymmetric Synthesis Ojima, 1., Ed., VCH: Weinheim,

New York, 1993, Ch. 4.2.

Palucki, M.; McCormick, G. J.; Jacobsen, E. N. Tetrahedron Lett. 1995, 36, 5457.

Linker, T. Angew. Chem., Int. Ed. Engl. 1997, 36, 2060.

8. Katsuki, T. In Catalytic Asymmetric Synthesis 2" ed., Ojima, 1., ed.; Wiley-VCH:
New York, 2000, 287.

9. El-Bahraoui, J.; Wiest, O.; Feichtinger, D.; Plattner, D. A. Angew. Chem., Int. Ed.

2001, 40, 2073.

VB e

N



182

Jacobsen rearrangement

SO,H
jiji conc. H,S0,
Mechanism 1:
0]
1]
Ho-4Lon } 1 SOsH
0 electrophilic re-aromatization
substitution
SO;H SO4H
y+ _Pprotonation H 1.2-alky!
— J migration
303H SO3H SOsH
L2l
mlgratlon
Mechanism 2:
I
HO—S-{O.H\' electrophilic SOsH  1,2-alkyl

I
JO . J "
substitution migration

SO,
SO3H SOsH  1,2- alkyl sH
:@ j@ mlgratlon
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Mechanism 3:

SO3H
migration

SO3H
1,2-alkyl SO3H 1,2-alkyl
migration migration
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Japp-Klingemann hydrazone synthesis

_ KOH 0
AN, T F \(‘\COZR N /J\ +
r” "N~ TCO,R OH

0O A
Diazonium salt o-keto-ester hydrazone

 OH o~ NeN-Ar .
H ,/ deprotonation \N coupling
CO,R COz

0]

= i
AR §<J<
CO,R CO,R

o \O O

+
i N N, A
+ _ —_— N\ —
)kOH Al'/ N\\N5CO2R Ar/ N COZR
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Julia-Lythgoe olefination
(E)-Olefins from sulfones and aldehydes.
1. n-BulLi
SOAr
o~ A 2. R'CHO 2" . Na(Hg) ;
6] 3. Ac,0
2 OAc CH3OH
SOzAr
R1
n-Bu_\' SO,Ar ‘ R
a-deprotonation _ 1 coupling 0
H R R~ % \'
2 K O
R ,/S\’ H CQ \ff
0o @
SOzAr

R1 SOzAI'

acetylation R}\{ /g\é/R1 Na(Hg)
- o_(o. - R
% \ﬂ/ OAc single electron
(0]

lo) transfer (SET)

4 possible diastereomers

d 1
R

- SOzAr + R
/\SO/AC single electron
transfer (SET)

_ R
1
- OAc + R —_— R/\/R
OAc
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Kahne glycosidation

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

OPiv

PivO
Ph™/ -0 o
O 0 + (0]
. I HO
PivO A S\ N
PvO — ph * Sph
CH,
/ .
Q PivO O h7\0
£Bu” SN” tBu o ™My 0
5 PivO _ 0
Tf,0, CH,Cl,, ~78 to -30 °C PivO N3
FE OO0 F
II_C‘ 11 E
OPiv FF ( 'S' © % FF
PivO o O
% IO -
PivO \ S
PivO  +’pp
pivo OFV .y
N
TO™ + Qy o —— Ph"> OTf +
PivO ) S+
PivO U\Ph
OPiv

PivO
iv N Ph~7 ™0
O‘) 0 Q - .
PivO \ HO
PivO “~__ N3
SPh

oxonium ion

187
. OPiv
PivO
O
w? 2
PivO ) (0]
PivO N;

SPh
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Keck stereoselective allylation

Asymmetric allylation of aldehydes with allylstannane in the presence of a Lewis
acid and catalytic chiral BINAP (or other chiral ligands).

A,
o cat, ‘\OH OH

H +_=~_-SnBus A
TI(OI—PF)4, 4A MS, CHchZ

T|(O/-Pr)2(b|nap)
/Tl(Ol-Pr)z(blnap)
" 0: _ chelation_ nucleophilic
@ k/\(\/SnBu addition
_Ti(O£Pr),(binap)* OH
Q H,0 -

X
X
©/\/\ — , ©/\/\

The enantioselectivity is imparted by the steric bias of the chiral ligands which

displace iso-propoxide of titanium iso-propoxide. Therefore, the chiral Lewis acid
becomes Ti(Oi-Pr),(binap), which is substitutionally labile:

OO O._ JOFPr
"Ti
\\\0 OLPr
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Keck macrolactonization

O
o

DCC, DMAP 5
Ho/u\/Q%\/A\OH

n DMAP-HCI, CHCl;

Cy
H* +/|\’|-} =N
N=C=N - . Cy .
o
H(‘J\/H\/\
(0] n OH

HN—Cy

n=
cy

0 _

o> H HN—Cy

N n
AR\

( Cy o O;-H
-a n —_—

/Nl OH 7+ \

AN
q .

/
- N ~
dimethylaminopyridine (DMAP)
H+
¢

L8 ) —
R S PGS
NJKN | TN A TOH

H H \'|\|/

1,3-dicyclohexylurea

OH
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— O

O + DMAP
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Kemp elimination

Treatment of benzisoxazole results in the ring-opening product, salicylonitrile.

B:’\'

H  concerted E,  O2N CN

O,N \)
N elimination o

d)

benzisoxazole

. O,N CN
SN
OH

salicylonitrile
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Kennedy oxidative cyclization

Asymmetric synthesis of tetrahydrofuran by treatment of a 8-hydroxyolefin with
R6207.
H

Q\/ 1. Re,07, 2,6-lutidine (:t>
Py |||||\
OH 2. NaOOH, 40% : 0 OH

x

trans:cis> 12:1

[2 +2] % reductive  Re(V), Re(VI})
"
cycloaddmon O\, elimination exchange

perrhenate ester

NaOOH o
\
OH

5

O
¥
R
\
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Kharasch addition reaction

Transition metal-catalyzed radical addition of CXCls to olefins.

R' M cl X

|
RZ& + CXCly R‘/)\)<g| X =H, Cl, Br

R2

M organometallic reagent containing Ru, Re, Mo, W, Fe, Al, B, Cr, Sm, efc.

M] R! anti-Markovnikov
CXClj eCXCl, +
R? addition
ﬁ\/)‘(<c| M=Cl T I cl
17 1 +
R o R /R)z\/kCl M
References

1. Kharasch, M. S.; Jensen, E. V.; Urry, W. H. Science 1945, 102, 2640.
2. Gossage, R. A;; van de Kuil, L. A.; van Koten, G. Acc. Chem. Res. 1998, 31, 423.

3. Simal, F.; Wlodarczak, L.; Demonceau, A.; Noels, A. F. Tetrahedron Lett. 2000, 41,

6071.

195
Knoevenagel condensation
N
H

X COR' ~oH

CO,R!

1 .
E>/,HC‘H(COZR ),  deprotonation \:)l\THz + “CH(CORY),
NH

x_CO,H
R—CHO + CH,(CO,R"), R X772

H (COZR )2CH
H iminium ion H
D lg T e —
R™ "0 formation Q R Q\E>

(i 0/

\v R ™
— 4 }%COZR‘ ) (o° \o
@ CO,R'

hydrolysus

decarboxylation
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Knorr pyrrole synthesis

R O CO,Et CO,Et
o L. — M
R' NH, 0~ "R?
CO,Et Rfo CO,Et
O — T
R! I\?/E[z\
NH, R? H R
B:
CO?_Et
/
R COZE/,B R CO,Et R CO,Et
HC1) 7 Hz H > 2 RPZ—g\ 2
~
RTNWR R N9 R N~ R
H H H
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Koch carbonylation reaction (Koch-Haaf carbonylation

reaction)

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 Fb\* E1
H+ —_— H

+.0
R+ C=0 R 4
alkyl R\,
migration

the tertiary carbocation is thermodynamically favored

of 0 0
y +
R— A2 R OH, _p+ R OH

¥:OH2 — I

ﬂ
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Koenig-Knorr glycosidation

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

AcO o AcO
ROH 0
AcO - H ACO OR
AcO i Br  Ag,COj; AcO o4
H Ac H Ac
+ AgBr + CO,T + H)0O
o f
Ac + 0
oy ;@
_— R
AcO X/
AcO (.)
H Ac
oxonium ion
AcO o
-anomer is
B ACO > OR
AcO i H
favored L Ac
B-anomer
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Kolbe-Schmitt reaction

O Na OH . OH
G co, Nna _H CO,H
pressure
+ ot
N + _ _Na_ - O Na
O N CO; (9" ©) nucleophilic Q o
e H
complexation ) addition
. OH 4 OH
aromatization co, N H COLH
~ workup
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Kostanecki reaction

1

Also known as Kestanecki—Robinson reaction. Transformation 1—2 repre-

sents an Allan—Robinson reaction (see page 3), whereas 13 is a Kostanecki
(acylation) reaction:

R R. H

. ac
O: 0_0 — Co _L,
\E R transfer
) R

o
H\
o
‘<; _enolization 6-exo- tr/g
@ ring closure
0._0 0. 0
R -H,0

@H“\:B R
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Krapcho decarboxylation

Nucleophilic decarboxylation of B-ketoesters, malonate esters, a-cyanoesters, and
o-sulfonylesters.

O O NaCl o)
M _ /[k + CHCIT + co,T
R 0 pmso R
(o o e ®
— CHzCIT + CO,T + —
R)J\O/lk’éy 2 R
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Kriohnke reaction (pyridine synthesis)

O R?

NH4OAc HOAC

2 Nxn

RZ

O = )
enollzat|on RS\VN+\ | Michael
&\)Cj)g addition
_ R NG RZ

AcO
N+\ (‘N+ |
O I ¢ 1\ .
R R
RZ H+ R2

H3N:
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Kumada cross-coupling reaction

1 Pd(0) ]
oxidative R. L R'—MgXx
R—X + L,Pd(0 Pd. .
2Pd© addition TR transmetallation
isomerization
Lo L reductive
R R elimination

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. Along with Negi-
shi, Stille, Hiyama, and Suzuki cross-coupling reactions, they 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 reactions, for which an additional activation step is required
for the transmetallation to occur.

The catalytic cycle:

R1

transmetallation /
L,,Pd(ll)\R1

L,Pd(it) + R'M

reductive 1 1

elimination
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L,Pd(0)

oxidative
addition

reductive
elimination

transmetallation
and isomerization

MX
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Larock indole synthesis

lnfiole synthesis using the palladium-catalyzed coupling reaction of an
o-iodoaniline with a propargyl alcohol.

o=

i

NHz | ,pdcr

[

NH,
s
1/

References
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3
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Pd(OAc),, n-BuyNCl,

@ENHZ

L

- Cl
Pd.
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Lawesson’s reagent

H Lawesson's reagent H

OO
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Leuckart-Wallach reaction
R® HCOH R R
s 2 7
=0 + HN —N + Co,M + H0
2 R* 2 R4

1 R3
+/
R RY —CO, \ +, : -H* ’
Hg_(’H 2, R*—H>—N-R* —— >N
o H H R*
0
reduction
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Lieben haloform reaction

Todoform, a yellow precipitate in water, is often used for detection of methyl ke-
tones.

J M+ CHXy + Nax  X=Brl
R NaOH R™ 'O Na

—H-0 ‘0
0 - 2 G .

) o «
X+ R)l\/x . RO R—(})fé&
"OH
L e — ]
— 3 == CHX
R Q)H RJ\O— Na* ' ’
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Liebeskind-Srogl coupling

Q ) Pd,(dba);, TFP 0
J__R' + R?*-B(OH), R
RT S CuTC, THF R™ “R2

TFP = tris(2-furyl)phosphine, CuTC = copper(l) thiophene-2-carboxylate

O
J_R! O
R™ 87 coordination R/U\S,R1 Pd(0)L,
N~ Cu/ow/@ 1 oxidati
e
g S CuTC  Lddition
0o R
) R2—B(OH), cush ji -
o + —
R \PdZS\CuTC transmetaliation TC=BOH)2 * r”"pa7
L L
reductive o)
+  Pd(O)L
elimination RJ\RZ oL,
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Lossen rearrangement

- H,O
(0]

0]
R’ N 2
(h \E: — R*<%§h<9\n/R —
0

R?CO, + R'-N=C=0
2 ——a-R1/N>ﬂ<9>H — = R'—NH, + CO,T
:OH, o B

isocyanate intermediate
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Luche reduction

1,2-Reduction of enones using NaBH~CeCl;.

OH

o)
NaBH,
é cect; @

NaBH, + CeCl; —— HCeCl; ———

.-CeCl, .CeCl, OH
S 1,2-hydride 0 workup
<~ - . _— i
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McFadyen-Stevens reduction

Treatment of acylbenzenesulfonylhydrazines with base delivers the corresponding
aldehydes.

0 0
/U\ N Base /U\

SOZAI' R H
N
'\II) SOAr )jl)\)
H

B:/‘

homolytic o)

S L
cleavage R H
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McLafferty fragmentation

Intramolecular fragmentation of carbonyls in mass spectra.

1,5-hydrogen

8 —
L]
R atom_
abstraction R
Norrish type II OH 0]
A T A
cleavage R R
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McMurry coupling
Olefination of carbonyls with TiCly/LiAlH,.

1 1
R 1. TiCls, LIAIH R R
=0 : L =< , + T
2 2
R 2. H,0 R R
Ti()Cl3 + LiAlH, Ti(0)
1 ZZZ/_JIJ_'FM.//./Z
R single electron 00 homocoupling
23 i) . ; el
R'— */—R
R? transfer e
radical anion intermediate
st T i P24 Il'i T
] 1 i i
00 0 O
R——R" — R—R
R? R R2 R
R' R
— = N G v Pz
RZ R? 0O
oxide-coated titanium surface
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Madelung indole synthesis

Indoles from the cyclization of 2-(acylamino)-toluene using strong bases.

NaNHz
0
o 250 °C \
o — . | >R
N~ R N
H n-Buli H
rt
H

n-Ba
Y % R -

n-Bu N O
H
R acidic
B workup N (OH .+ N
H bH H
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Mannich reaction

0
R 0o H* R
' + J\ + 1 —_ \N/\HkRz
R
r-H H™ "H \/lLRZ R R
(OH: +
R H* ) R‘é
1550 e Ry e R
NG R
R™ R R

When R = H, the "NH,=CH, salt is known as Eschenmoser’s salt

H* \Ti i
< 2
\)LRZ enolization R T _ N%R
5 R R

+
W

R

The Mannich reaction can also operate under basic conditions:

0] 1 O)

R~ O
R g2 enolate R? R
- - R + P _— = |}l R2
H formation N 1 R R
B: j R
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Marshall boronate fragmentation

Cf. Grob fragmentation. In fact, Marshall boronate fragmentation belongs to the
Grob fragmentation category.

OMs
BH3'SM€2
NaOMe
OMs
Ms
BH3OSM92
H2B

‘OMe
v@gﬁ/( | ?
T HBY,
N
OMe
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Martin’s sulfurane dehydrating reagent

Cf. Burgess dehydrating reagent.

+
OC(CF3),Ph
Z
HCOBu th§\
GDC(CFs)zPh HOC(CF3),Ph + 0
Ph,S
C.OC(CF3),Ph

The alcohol is acidic

¢

H“OC(CF3)2Ph

/6C(CF3)2Ph protonation
Ph, _—
/T\
H., .
COC(CF3),Ph Ph,S...

- Ph,S o) /OC(CF3)
OC(CFyPh + /T\ /{OHJ

f-elimination

. )]\ + Ph,S=0 + HOC(CFs),Ph

Elcb
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Masamune-Roush conditions

Applicable to base-sensitive aldehydes and phosphonates for the Horner-
Wadsworth—-Emmons reaction

O O
AN !

o-keto or a-alkoxycarbonyl phosphonate required
O:j
=~
N

LiCl, CH3CN
1,8-diazabicyclo[5.4.0]undec-7-ene (DBU)

ACO/\M/\/COZEt

0 O

1
EtO),P
(Et0O), OFt

H deprotonatlon LiCl

.(.( (EtO)ZP\J\OEt chelation
N\
&/ N

i

o (¢]
1
o (9
OEt

EtO,C., _P—OFEt

1 N
H —_— ) OEt ——
NG
M AcO 0
AcO @ » ~

EtO,C,
2= P(OEt)Z e ACOWWCOZEt
23

AcO N
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Meerwein arylation

Arylation of unsaturated compounds by diazonium salts.

Ar

H
- Z CuCl
AN,  CIm o+ R)\( 2 R/K(Z

R' R
7 = Ar, C=C, C=0, CN, H

CuCl,

AN, " cI” Are + N,T + cuCl+ CI,T

H Ar

Al Ar I

ro/? o 7 'adical radical o CucC et )\(Z+ CuCl
R!  addition R’
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Meerwein-Ponndorf-Verley reduction

Reduction of ketones to the corresponding alcohols using Al(OF-Pr); in
isopropanol.

0 Al(O£Pr)3 OH /(l)l\
+
R' R HOI-Pr R'R?
AI(OLPT FPrO. Of-Pr
( ( ) helati R'  OiPr M
RS chelation - o o
0 —_ RZA,l;\‘\O"/AI\Oi-Pr = )‘|)
H o} 1 b
R1)J\R2 R R
hydride 0 o AOFPT)z e OH
— G T R
transfer R "R
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Meinwald rearrangement

P = KN O
A7 A5 — AT
— A&

‘E OH 1 2-shift

OH 13t 2 !) o
+
H
oH _y @/CHO
_ /H
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Meisenheimer complex

Also known as Meisenheimer—Jackson salt, the stable intermediate for certain

S\ATr reactions.
R.
F NH
NO
NO, RNH, 2
SNAr
NO; NO,
Sanger’s reagent
R—NH; R
'
kF HN_ F
NO, SNAT, slow, - NO, _
rate-determining step 2]
NO, NO,
ipso attack ipso substitution
r-NH F

R.
NO NH
Z  fast B NO;
L,
NO, NO,

Meisenheimer complex (Meisenheimer—Jackson salt)

The reaction using Sanger’s reagent is faster than using the corresponding
chloro-, bromo-, and iodo-dinitrobenzene — the fluoro-Meisenheimer complex is
the most stabilized because F is the most electron-withdrawing. The reaction rate
does not depend upon the leaving ability of the leaving group.
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Meisenheimer rearrangement

[1,2]-sigmatropic rearrangement:

R R,
~at A g
R1/N3\ —=— _ _N._.R
Rz + O— Rz 0
[2,3]-sigmatropic rearrangement:
2 o
+ 0 A | I
N - _N.
I'\I R R R
R
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Meyer-Schuster rearrangement

The isomerization of secondary and tertiary o-acetylenic alcohols to o,f-
unsaturated carbonyl groups via a 1,3-shift. When the acetylenic group is termi-
nal, the products are aldehydes, whereas the internal acetylenes give ketones.

Cf. Rupe rearrangement

R . R (@)
H*, H,0

+
(OH2

OH

R H* E1

R>\ — RIy —
R4

Ry

R
R_+
N N
R +w~___~OH;

R +

R/l% %/H R tautomerization R O
( 1 R)\/U\R
OH

1
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Michael addition

Conjugate addition of a carbon-nucleophile to an o,B-unsaturated system.

e.g.
ONa (0]
(o .
acidic
—> COzEt
NaCH(CH30,Et), workup
2 CO,Et CO,Et
e.g.:
0 0
RzCUX é\
[ j R
@ conj 9 H* i
jugate Y workup
R —————eeeeee . >
=-Cu_  addition
* R R R
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Michaelis—Arbuzov phosphonate synthesis

General scheme:

A i 1
(R'O)3p + R~X — RZ—IID—OR1 + R—X

OR'’

R! = alkyl, etc.; R, =alkyl, acyl, etc.; X=Cl, Br,1

e.g.:
0 A CH;0 ? 0
(CH30)3P + Br\)J\ o — 73 \,P\)ko/ + CH3BrT
0 CH30
0 Br~
Br o Sn2 O O
CH30-p# P
SN2 cuo-d I
L 3 \/p\)j\o/ + CH3BrT
CH30
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Midland reduction

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

/?\ Alpine-borane OH
R // neat R =
H
) B THF .B 5)
X 4 - .
reflux
(1R)-(+)-a-pinene 9-BBN (R)-Alpine-borane

9-BBN = 9-borabicyclo[3.3.1]nonane

-
f /
--B-0
O ""H- /R
_‘ \\\B
z R I
R
—_ R —
Bj )) OH
hydride o~ H,0z, NaOH -
. * : / R’
transfer / R’ workup R
R
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Miller-Snyder aryl cyanide synthesis

Benzonitriles from p-nitrobenzaldehyde and p-nitrobenzonitrile.

OH
_N
H,N—OH OzN—< >—-CN

NO,

N
+ OzN@CN

OH

CN
: NO
HO: e °2N
N o)

| —
SNAf N - NOZ

CHO

NO,

c

CN

NO,
NO,

% - CN

elimination
—_ + 02N~©-cr\|

OH
NO,
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Mitsunobu reaction

OH NuH Nu
R1/'\R2 - R TR?
DEAD, PPh3
_CO,Et Hiu
_NENTTT2 CO,Et K
‘PPh; Ph35' Et0,C
DEAD, diethyl azodicarboxylate
COEt,. H
N—N
Ph;iP EtO,C + H CO,Et
¥ — \ 2
< . O-PPh; N-N
R{ "R,
P h
O-PP
> Sn2 Nu
R R? L s, + O=PPhy
R1/\R2
“Nu
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Miyaura boration reaction

Al + o O Pd(0) 0
r ' /B_"B\ —_— Ar—B\
0 0 base 9)

oxidative A L
Ar—l + L,Pd(0) —— Pd._
addition !

0 base
\ A / ~ /
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Moffatt oxidation

OH DCC 0

1 2 R1 /U\ RZ
R™ R DMSO, HX
DCC, 1,3-dicyclohexylcarbodiimide

R TR? R2
\+
0 OCS\ -
- N i H
N~ N 1 2
H H R R
1,3-dicyclohexylurea sulfur ylide

o)
. /U\RZ + (CH3),ST
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Morgan-Walls reaction (Pictet-Hubert reaction)

Morgan-Walls reaction

R
R
o> NH

POCI,

Pictet-Hubert reaction

R
R
>—NH
o) ZnCl, —N
1
SO=Y raAYe
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Mori—Ban indole synthesis

COzMe

CO,Me
Br - Pd(OAC),, PhsP ©|\’f\ 2
X \

0 |
N NaHCO3, DMF, 130 °C, Ac

Ac
/_\+

~ + Ph;P—Pd—OAc
AcO 3 N

Reduction of Pd(OAc), to Pd(0):

AcO—Pd—OAc

:Pphg

@ O O
—-/<,\ O=PPh3 +
Pd(0) + Aco—\/‘ O-—F;rPh3 3 /“\o/u\

Mori—Ban indole synthesis:

CO,Me CO,Me
PdL
Br/% Pd(O) f _insertion _
©i omdatnve
’}' addition

Ac

MeO,C
CO,Me
PdBrL, B-hydride 74 2
| H ———— H-PdBrL,* I
N

N elimination |
Ac

Ac
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addition COMe  g.hydride CO;Me
N

of PdH N H elimination |
Ac Ac

Regeneration of Pd(0):
H—PdBrL, + NaHCO; —— Pd(0) + NaBr + H.0 + CO,T
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Morin rearrangement

Acid-catalyzed conversion of penicillin sulfoxides to cephalosporins.  The
rearrangement seems to be general for a variety of other heterocyclic sulfoxides as
well.

BnconH_ H ¢

H O
BnCONH_ - ¢ cat. TsOH
< N/

N o

/ lene, A
0] CO Me xylene CO;Me
2

ek

BnCONH, H /

0
BncONH,_ H g _ protonation _ j;(
+
<

o
COZMe
G
BnCONH_ '
ring-opening E i _
v
o :
CO,Me
sulfenic acid
BnCONH_ H ¢ BnCcONH_ H o
2 w -
I e BN
0 <, o
MeO,C CO,Me
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Mukaiyama aldol reaction

2 ] OH O
%\i Lewis
R-CHO + R%Y ~ . — R R?
OSiMe;  acid R

)L) OH O
R ng —_— RM R2 + X—S|M63
1 H 1
R, /L(O»SlMef\_ R

X

Mukaiyama Michael addition

O Lewis

R? ;
R
+ R1 _— R2 0
R/\/U\ “/kosnvneg,

acid
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Mukaiyama esterification

=
\+|
XN

General scheme:

v base o p
R
R.COH + R,0OH 2 Q
2
(Mukaiyama R1)J\0’R2 * 07N
reagent) R,
X=F,Cl,Br
e.g.
=

~F I
Br

N
F,B

/

<;XCOZH ’ Ho/\© - @\(ov@
BusN, CH,Cl, O I

QP 7~ -
—-Br- WO ~ | L M jl

+
0] N +
P o 09 Cn
HO-Bn Bn
2 =
—_— / \ OBn . | ~+ |
0) + N — HO N

Amide formation using the Mukaiyama reagent follows a similar mechanistic

pathway |4].
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Myers—Saito cyclization
e Sometimes known as "Schmittel" cyclization, Cf. Bergman cyclization.
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3. Mukaiyama, T. Angew. Chem., Int. Ed. Engl. , 18,707 ~
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7. Folmer, J. I.; Acero, C.; Thai, D. L.; Rapoport, H. ibid. 1998, 63, 8170.
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—_— [
P -
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[ ]

allenyl enyne diradical
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Nametkin rearrangement (Retropinacol rearrangement)

R R
A
Cl g
R ,
heterolytic
Cl cl *
cleavage

t R ,
+
R
R
methyl + L%
—_— - —_—
migration _/H
cl
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Nazarov cyclization

= o

H OH
O . 4r e conrotory
protonation T
.~ electrocyclic

| cyclization
HO HO

O — Oy

H

OH 0O

C@\ tautomerization
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Neber rearrangement

NH
NnCTS 1. KOEt )\;/Rz .
1
R R
\)LRZ 2. H,0 0
ketoxime a-aminoketone
N/OTs ; . NGS
eprotonation
e Hﬂ/lLRz P - ( ,
EtO R - R
R1

C,H;SO3H

cyclization

_

—_—

H+N ‘OH2  hydrolysis
C7H7SO3H + J
1

R R,
azirine intermediate
H NH;
2
/Aéof H— R1)\”/R
R' R, 0
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Nef reaction

[ rcatment .of a primary or secondary nitroalkane with an acid, yielding the
corresponding carbonyl compound.

NO; H,S0, o)
R1INR2 R1)LR + 12N,0 + 1/2H,0
.00 . o
N +H O\N/OH + H+
R’/ERZ RYOR?
HO.+_.OH /3
H 0
HOJ .0, -H,0
R17INR2 NSH 2 N +H
OH, R o,
+
‘)
HOR, o
R e R1)J\ , + HNO =—=1/2N,0 + 1/2H,0
(0
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Negishi cross-coupling reaction

Palladium-catalyzed cross-coupling reaction of organozinc reagents with organic
halides, triflates, etc. For the catalytic cycle, see the Kumada coupling on page
208

1 Pd(0) 1
R—X + R—ZnX —_ R—R' + 1ZnX,
1
oxidative R. L R—ZnX
— - . -
R—X + L,Pd(0) ) Pd~y transmetallation
addition L isomerization
L. L reductive ]
InX, + Pd., ———" R-R' + LpPd(0)
R R elimination
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Nenitzescu indole synthesis
H.__CO,R® CO,R?
o ]/\ A HO ’
+ -~ . N
; HN
R 0 R2 R’ N
‘Rz
: ; CO,R?
‘/_\H\ COR™ conjugate HO H
. ) — N
0 HN additon R’ 0 I\LR2
R? &»
H+
y CO.R?

CO,R3
HO N HO 2
1 N \
R
R
H+

Alternatively:
5 , H CO,R?
/\R COR™ conjugate HO H
; Y —
R O HN additon R’
R2
CO,R®
isomerization HO X oxidation  ©
R! HN\Rz (see below) g1

OH
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H‘\' CO,R® CO,R®
nucleophilic o N reduction HO
addition R N (see below) Rt N
OH p2 R?

The internal oxidation-reduction process might involve a bimolecular face-to-

face electronic transfer complex (in nitromethane) [3]:

CO,R®
AN

HN.
RZ

CO,R;
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Nicholas reaction

R1 — < 4R3 R1 _ < !33
R 2. H* or Lewis acid 2 [O] R
(CO) Co—Cgoo(CO) co
) 3 ZCO_ (co)Ce-Co(cO), -COo
OR? e ,
1= 3 R OR

(CO)3Co-Co(CO); .+ (CO)CO-Co(CO)s

1 rHo
R’ OR? R 0l
(CO)COCO(CO); . (CONCOTCO(CO)s

Z [O]
1 + 1 —_—
R R Nu demetallation

R'R? R'R?
propargyl cation intermediate (stabilized by the hexacarbonyldicobalt com-
plex).

(CO)3CO_/C0(CO)2 Nu
—(= >§I i 11— 3
R* R3 R
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Noyori asymmetric hydrogenation

0o 0 H, OH O

R/U\)J\OW (R)-BINAP-RuA R)\)J\OW

(R)-BINAP-Ru =
O e,

RuCl,L,

/
OO HIIPPhZ

H
[RuCl,(binap)(soh);] ———~  [RuHCI(binap)(solv),]

~HCI
The catalytic cycle:
OR'
p— +
(binap)CIHRu_ H
solv o=
R
0o O
A
O=
[RuHCl(binap)(solv)] (binap)CIHRU,
H
H*, solv
Hy [RUCI(binap)(sotv),]* OH O

R OR'
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Nozaki-Hiyama-Kishi reaction

CrCl,, NiBr, OH
X Br + R'—CHO — R/\)\R1
DMSO-SMe;
X _Br
SMez R/\/ .
NiBr; Ni(0) __ NI -Br
reduction Odefipve
addition
CrClz CrC|3
R'—CHO
- A -Cr(ncl,
R nucleophilic
Ni(0) Ni(l) addition

Transmetallation and then reduction by Me,S

OCrCl;  hydrolysis OH
+  CrClxX
R/\)\ R1 R/\)\ R1 2

References

1. Takai, K.; Tagahira, M.; Kuroda, T.; Oshima, K.; Utimoto, K.; Nozaki, H. J. Am.

Chem. Soc. 1986, 108, 6048.

Oppenauer oxidation

OH Al(OLPr); 0 OH

R "R, 0

M

(Oi-Pr o
AI(Oi—Pr) (Oj-
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H7T\0 ,\&"\ transfer Ri{7 Ry )\

References

Oppenauer, R. V. Rec. Trav. Chim. 1937, 56, 137.

261

OH

2. Cintas, P. Synthesis 1992, 248.

3. Kress, M. H.; Ruel, R.; Miller, L. W. H.; Kishi, Y. Tetrahedron Lett 1993, 34, 5999.

4. Boeckman, R. K., Jr.; Hudack, R. A., Jr. J. Org. Chem. 1998, 63, 3524.

5.  Kuroboshi, M.; Tanaka, M.; Kishimoto, S. Goto, K.; Mochizuki, M.; Tanaka, H. Tet-
rahedron Lett. 2000, 41, 81.

6. Dai, W.-M.; Wu, A_; Hamaguchi, W. Tetrahedron Lett. 2001, 42, 4211.

1.

2. de Graauw, C. F.; Peters, J. A.; van Bekkum, H.; Huskens, J. Synthesis 1994, 1007.

3. Almeida, M. L. S.; Kocovsky, P.; Baeckvall, J.-E. J. Org. Chem. 1996, 61, 6587.

4. Akamanchi, K. G.; Chaudhari, B. A. Tetrahedron Lett. 1997, 38, 6925.

5. Raja, T.; Jyothi, T. M.; Sreekumar, K.; Talawar, M. B.; Santhanalakshmi, J.; Rao, B.
S. Bull. Chem. Soc. Jpn. 1999, 72,2117.

6. Nait Ajjou, A. Tetrahedron Lett. 2001, 42, 13.



262

Orton rearrangement

Transformation of N-chloroanilides to the corresponding para-chloroanilides.
Cf Fischer—Hepp rearrangement.

0
0
PN At

HCI

Cl

H CI Ci
Cl
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Overman rearrangement

Stereoselective transformation of allylic alcohol to allylic trichloroacetimide via
trichloroacetimidate intermediate.

CCl; CCly
OH cat. NaH )\ A /g
PP (i T
R R'  Cl;CCN R/\)\R1 RJ\/\R1
trichloroacetimidate
=_-CCl3
,\/Hr\ _H EJ ‘\
P N
R R1 /\/l\ 1
R R
CCl3
’\/HA’_
0] N~ O
N
R/\/'\R1 R/\)\R1
CCly . . CCl3
A, [3.3]-sigmatropic
HN (0] » HN (0]
rearrangement
R R' J RR!
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Paal-Knorr furan synthesis

enolization
R' R? H* R'" R?
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Paal-Knorr pyrrole synthesis

R — N
0 R?
H,N—R? 0 H*
o '/ imine R)WR1 R’
R' — (N —_> \
R)W formation 'N\Hgm N2
C R2 R
0
H H H H
) Y [ D
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1 N~ R I
R N R R } R2
R? R?
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Parham cyclization

CH0 | 0
j@;N ) 2.2eq tBuli  CH,0 _
CH30
o

NEt, THF,-78°C—rt CH;0

\

EtoN O
CH3Ojf\ij// halogen-metal CH;@Kjii\%)
N/ X /
CHSO %\ exchange [ CH3O N
0

NEt,
EN) O) Q
cyclization ~CH3O _ CH30 =
/ N—7
CH30 N CH30

The fate of the second equivalent of ~BuLi:

G;@H/ — e A
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Passerini reaction

Collado, M. L: Manteca, I.; Sotomayor, N.; Villa, M.-J.; Lete, E. J. Org. Chem. 1997 | hree-component condensation (3CC) of carboxylic acids, C-isocyanides, and oxo
6‘.(2) 2036 o T T T ’ compounds to afford o-acyloxycarboxamides. Cf. Ugi reaction.
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Paterno-Biichi reaction

Photo-induced oxetane formation from a ketone and an olefin.

0] hv ?
N
I _7,
oxetane
o} 'q
ooy Mmoo bl —
R R R/l.J\R1 l

n, 7* triplet

) o Q
R;); T R/R):”? R&

triplet diradical singlet diradical
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Pauson—Khand cyclopentenone synthesis

Co,CcO)y H @ 2
/?/Co(COh
Co(CO); toluene, 60-80 °C g

4-6d, 60%
co H H
(CO)4Co—Co(CO);_— © -Co(CO)3 - CO Co(CO
o(Co)3 - 0( )3 +
99 co(CO)s

T

hexacarbonyldicobalt complex

—

o~ " Co(CO) H
0(CO)s (CO)sCo
@ -Co /?C/,O(Co)z 00— o A

“4 insertion (CO)3Co
towards CH
H
exo complex sterically-favored isomer
(CO)3Co H (CO)3Co,
+CO /

€o)sco, M -

[

insertion  (CO)3Co

reductive elimination

- Co2(COJg
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Payne rearrangement

|||O
I
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Pechmann condensation (coumarin synthesis)

o)
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R
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OH | H
—_— — =
R{(OH R
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Pechmann pyrazole synthesis

+ - —
H——=—=—H + H,C=N=N — f\ \NH
N/
acetylene diazomethane
H
H,
| I/EN i [3+2] H _
~— N- cycloaddition 6 N C\NH
H N N
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Perkin reaction (cinnamic acid synthesis)

OAcO O

Ar—CHO + Ac0 228 M L

H,O0 Ar
cinnamic acid

22
enolate aldo!
iogio“/— "OAC o N A

formation \[6 condensation
O

o K intermolecular >8_) acyl

= O ) '

0]
O O O acyltransfer transfer
PO )\)kok

0]
)J\o O O 0 (6 _
e O/U\ E2 N /\/U\OJQ hydrolysis

H elimination 3

e OH

OHO O° O HOAC 0

ArMOH

References

Perkin, W. H. J. Chem. Soc. 1868, 21, 53.

Pohjala, E. Heterocycles 1975, 3, 615.

Poonia, N. S.: Sen, S.; Porwal, P. K.; Jayakumar, A. Bull. Chem. Soc. Jpn. 1980, 53,
3338.

4 Gaset, A Gorrichon, 1. P. Synth. Commun. 1982, 12.71.

‘- b —

O
A/U\OH

o o

Kinastowski, S.; Nowacki, A. Tetrahedron Lett. 1980, 23, 3723.
Koepp, E.; Voegtle, F. Synthesis 1987, 177.
Brady, W. T.; Gu, Y.-Q. J. Heterocycl. Chem. 1988, 25, 969.

Palinko, I.; Kukovecz, A.; Torok, B.; Kortvelyesi, T. Monatsh. Chem. 2001, 131,
1097.



278

Perkow reaction
Enol phosphate synthesis from o-halocarbonyls and trialkylphosphites.

General scheme:

2
OR? . 3
/P + —_— + R "_X
R'0” “OR? /U\ﬁ( O

X = Cl, Br, I, secondary or tertiary halides are required to prevent the
Michaelis—Arbuzov reaction.

e.g.
0 O Ph
(EtO)sP  + g Etojp\o + EBr?
Ph EtO
(EX0)3P: ™ s,
Sn2 /D Ph
O EIO\p+ /S/
@%Ph EtG
O Ph
T + EtBrl
EtO
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Peterson olefination
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R1)J\R2 ™ 633"?3 RZ—) < H
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Basic conditions:
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R4 R? O SiRg
H R an“:I;l
M* = & SiR; R® R
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(O-SiRs cs- R H

R1""J_£L""H
Rz g3 eliminaton R? R’
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HO  SiRs t HO R e
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YK —(H
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Pfau-Plattner azulene synthesis

L )reom —=

= — :CHCO,CH;3
NZ/\COZCHs =— *+CHCO,CH; = . 2 |
The diazo compound is depicted as a carbene equivalent in the mechanism

[3,3]-sigmatropic

: —_ CO,CH
C<j/:/' CHEOCT: C@>’ 2 rearrangement
1. hydrolysis
COZCH3 .) c
2. dehydrogenation

3.-CO,
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Pfitzinger quinoline synthesis

Iz
o)
N
x_l
ko
ps]
N
x
o)
I
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- N
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Pictet-Gams isoquinoline synthesis

OH «
©/K‘ P20s ~N
N_ O
Ty R
R

P,Os actually exists as P40y, an adamantane-like structure.

OH

Q, 0O

" H..~PLO-R

Oy \\

N~ o} 0
;NH ) —_—
~
HE OPO,
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B
C(;Po2 ‘) N
H

— /N

~N
R
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Pictet-Spengler isoquinoline synthesis

1
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R? R
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Pinacol rearrangement

R—ER
R' R R)J\ﬁR:*
R
+
HO  OH + Ho (oH, —H0, alkyl
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R>—ER? R AR -
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R R
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Pinner synthesis

I'ransformation of a nitrile into an imino ether, which can be converted to either
an ester or an amidine.

o
H+, Hzo R)J\OR‘I
RN + R'—OH HCI (g) NH, CI~
. NH,
R” “OR
NH; EtOH R “NH,-HCI
R—==NH
W+ protonation /A_+ nucleophilic NH, CI~
R—=N:—" R'-Q" additon  |R” “OR!
H

common intermediate

+ —_
Jor e 8

1
Hzo: R OR

+ — H+
(NHZ Cl -
nucleophilic HCI-H,N OR’ NH,

R Y OR' P
addition R Q'\IHZ R” “NH,-HCI
H3NZ H
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Polonovski reaction

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

R (CH5CO0),0 31 0
R2 +||\| _ R/N + 2/”\
~0 R H
lR 0] pyr CHzclz 0
©» o R0
/ILC‘J\ acylation Rz\él'\l%J\
] ) 0 y R
R H
2
R CH;CO,
© o
R e I
elimination RECENN /Rj
R—R2__ N —
of HOAC ) YR

CH;CO, OYO

iminium ion
R" O
Rz\r(i‘\r& I:|21 O
R N
ojfo R \ﬂ/ " RZ/U\H
L

"OAc

The intramolecular pathway is also possible:

R1
RA_N RA_ R R’ o
\("\R N"F/R /'I\l

0%9 o5 " rROY T Rz)LH
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Polonovski-Potier reaction Pomeranz-Fritsch reaction

A modification of the Polonovski reaction where trifluoroacetic anhydride is used Isoquinoline synthesis from benzaldehyde and aminoacetal.
in place of acetic anhydride.

N/ OEt

/ CF4CO),0 OEt e N

N-O (CFs 2T, = ©\ +H2N\/k OFt

pyr. CH,Cl, CHO %
07 CF4
tertiary N-oxide \)O\Et OFt
/ HaN\ OFEt
ﬁ )?\ N [6 / condensation OEt imine
. — N\ S —

F,C”} 0~ "CF; acylation o>'cF3 ; H formation

/ N 0 OH;
Cf* / : |
CF3CO, Ht
\: OEt

H +
\é)Et
Ny . Hop o
~N
~N

—_— H —_—

/. F4C Q)T]/CF3
. hil .
CF;CO; o 10 (OEt OFEt
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@vN =N
H

7 7
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T CFsCO; TN — ;
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Schilittle-Miiller modification

OEt

)O\Et |Kk0Et H \N
NH + - —— ~
2" oHC” OEt N

R R

R
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Prévost trans-dihydroxylation
Cf. Woodward cis-dihydroxylation
OH
: < 2 0,CPh hydrolysis >_K
AgO,CPh >—(')2<Cph OH

RO

((’ S Sn2
‘\ ~0,CPh

cyclic iodonium ion intermediate

~0,CPh
D (
ST e RN s
O%/ o +OYO —
Ph Ph
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OH
O,CPh h i =
z ydrolysis >___'<
0,CPh OH

References

1. Prévost, C. Compt. Rend. 1933, 196 1129.

2. Brimble, M. A.; Naim, M. R. J. Org. Chem. 1996, 61, 4801.

3. Hamm, S.; Hennig, L.; Findeisen, M.; Muller, D.; Welzel, P. Tetrahedron 2000, 56,
1345. .



292

293
Prilezhaev reaction Prins reaction
Epoxidation of olefins using peracids.
S
O R +
R R R R'
A o o
r _ -
Ar OF R"gn O R
N s 0 Ar
/A I S el i ' o
R R/\1 M == HH—p"™~"0n Ao~
] R H™ H ) R OH
The “butterfly” transition state common intermediate
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Pschorr ring closure

The intramolecular version of the Gomberg—Bachmann reaction.

COzH COH
NaNO,, HCI
NH, O
H N,
~N. H ° ﬂ —H:0 Oy .0 -0
HO™ ~O N N
20 o
CO,H COZH
L O
NH,
.
0° 0" o
CO,H coH
LC
v m
NSy,
|
H @HZ

CO,H co2
Nz

COzH
6-exo-trig “
radical cycllzatlon H O
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CO,H
o, O
Cu(0) + O
—H*
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Pummerer rearrangement

The transformation of sulfoxides into a-acyloxythioethers using acetic anhydride.

0] R?
] 2 ACZO R1 /SY

~ OAc

jko/u\ acyl (C)%é{ - AcO R1/§QH/R2

|
2
e T SR )
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-HOAc R1 SQ/RZ R T R1/S R
- J OAc
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Ramberg-Bicklund olefin synthesis

Olefin synthesis by treatment of an o-halosulfone with base.

X 1
)\ Base R
PN —_— — + 0=s=07
/S R
7\ R
[OJN0)
:B '
2 R .
- backside
1 N displacement
R™ 5 R 0o P
O
R R!
Ny so R
2 — + 0=S=0T
S . R
//\\ extrusion
O O
episulfone intermediate
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Reformatsky reaction

Nucleophilic addition of organozinc reagents (generated from o-haloesters) to
carbonyls.

0 OR? HO OR?
o, «o oy L Y
R™ R 0 R' O
3
1
OR? Zn(0) R4 R
Br” Y - ﬁ/orz2
O oxidative addition or 0
electron transfer ~7nBr
nucleophilic ~ BrZnO OR?
R™ L4
addition R" O
H,0, hydrolysis ~ HO OR?
) — R
during workup R O
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Regitz diazo synthesis

I'he synthesis of 2-diazo-1,3-dicarbonyl or 2-diazo-3-ketoesters using tosyl azide
or mesyl azide.

N
1 TsNg, EtsN 2
R\H/\H/OR 33 R\n/lSW/OR1 + Ts—NH,
O O

0] O MeCN
(:NEI:; -+ (I?
N=N=N-S
H V|
] enolate O
R OR ]
o ) formation R = OR
) 0]
+
HCNEt;;
- H
(.
o N, sO,Tol —
R OR’
O O
D N-
0 N 1 N+
HzN—§—< >-—+ R | OR —>RMOR1
I}
0] 0/‘ 0] O O
Et3N:

When only one carbonyl is present, ethylformate can be used as an activating
auxiliary [6-9]:

o) 0 0
NaH, HCO,Et 7 TOH  MeN; N2
Et,0 EL,0
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H-NEt; O
(N ( N HN-3
O S I oM 2N
H . H
CHO
)
o, x Q y
Q N 2
NS . _
O o) —
H
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Reimer-Tiemann reaction

Synthesis of o-formylphenol from phenols and chloroform in alkaline medium.

OH OH
+ CHCl; + 3KOH —= @/CHO + 3KCI+ 2Hp0

. Carbene generation:

Cl;a—H fast “CCl, -CI,slow

H,O + ] .cCl, = *CClp
OH 22 (1 g-elimination ?

2. Addition of dichlorocarbene and hydrolysis:

= 0
O H<\
KOH D
H0 + @ e, Ej\CClz

@%Q@QTAQ%H
7

H
H.
0% 0 OH
CHO
. P

3. Reimer, K.; Tiemann, F. Ber. 1876, 9, 824.
. Wynberg, H.; Meijer, E. W. Org. React. 1982, 28, 1.
5. Smith, K. M.; Bobe, F. W.; Minnetian, O. M.; Hope, H.; Yanuck, M. D. J. Org. Chem.
1985, 50, 790.
6. Bird, C. W.; Brown, A. L.; Chan, C. C. Tetrahedron 1983, 41, 4685.
7. Cochran, J. C.; Melville, M. G. Synth. Commun. 1990, 20, 609.
8. lLanglois, B. R. Tetrahedron Lett. 1991, 32, 3691.

OH

References



302

9. Jimenez, M. Co.; Miranda, M. A.; Tormos, R. Tetrahedron 1995, 51, 5825.
10. Jung, M. E.; Lazarova, T. L. J. Org. Chem. 1995, 62, 1553.
11. Castillo, R.; Moliner, V.; Andres, J. Chem. Phys. Lett. 2000, 318, 270.

303

Reissert reaction (aldehyde synthesis)

Aldehyde synthesis from the corresponding acid chloride, isoquinoline, and KCN.

0
i N/ mH
/U\CI KCN j‘\ CN

0" R

| H CN
L A
R@ O)\R 0”7 "R
Reissert compound
X X
H H
N N NH «—
NN %o
\H R
SN X H4-H
H o
Itl NH Itl NH
H+ _—
)hjo g N
R R H
H+
X N
+ A OH A H :
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/NHZ 0
. 0 SeO 1
Hzo. R_l\/u\R €U R %RZ + HZO + Se
2

o)
— CLAg —
P + NHj » 0 2
NHO N/ CO,H R 8/§6+ ene R Ofgéo‘H [2,3]-sigmatropic
NHe R

X Riley oxidation (Selenium dioxide oxidation)
+
o X H.O" N/ CO\H A selenium dioxide oxidation of activated methylenes into ketones.
3
J N> °
R™ H
NH,

R “H_/-  reacton R l rearrangement
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Ring-closing metathesis (RCM) using Grubbs and Schrock

catalysts
(CY)3 |
(cy)3 I"'Ru—/ F3C, N
Clr., cI* F c}\ ,'Vk,vé
;R )\ -Mes 3 o Ph
Cl MeS\N
Pley)s F1C
Fs;C
Grubbs’ reagents Schrock’s reagent

Mes = mesityl .
All three catalysts are illustrated as “L,M=CHR” in the mechanism below.

Generation of the catalyst from the precatalysts:

( 7 + LMSCHR —~ G‘ * o LM=

the real catalyst

LM=
DA

f‘O

HR b,y LaMCCHR

cycloaddition —

; [2 + 2]
| rsion —
cycloreve CHR + C) %V"-n .
— cycloaddition

cycloreversion
o - 0 e

Catalytic cycle:

— = Qg -
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L,M=— LM
) ( [2+2] A cycloreversion
— cycloaddition
T ——MLn [2 + 2]
— + )

cycloaddition

ML cycloreversion
(B - =
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Ritter reaction

General scheme:

O
H* 1
R1_OH + RZ_.CN S R\NJJ\RZ
H
eg.:
H,S0, ﬁ\ 0
%‘OH + H3C—CN NJ\
H,0O H
Similarly:
O
H,S0, >L
>: + H3;C—CN NJ\
H0 H
N=—-
H3O+ \ + E1 H.O + f
o —— ZANGS 2 va
—_— T“E— P >L + —-
N¢\
+ 0]
Py — L
NN N H
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Robinson annulation
(0]
0 0 base Qﬁ
" \)J\

R R
methyl vinyl ketone (MVK)

Co
enolate Michael

(‘— @)
0]
R . ..
H formation EEER/ addition

B:J

0 HCB
% isomerization o aldol
A

R ~——ll¥\ condensation

0 o)

R
/-:B

QO H -H,0 (0]

O E—————————

dehydration R
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Robinson—Schopf reaction

Tropinone synthesis.

CO,H \N
CHO
[ + —NH;+ 0 + 2C0,T + 2H;0
CHO
CO,H e
_"NHZ'

.\,H imine

formation

hemiaminal
H
o)

~ H,0 HO,C x _CO5H

§ﬁ/

\

\N 0 H \

o) decarboxylation
ec y — COzT + \

311

\ \
N \N N
P —— % — COzT + R i R
H'O o\ o-H 0
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Roush allylboronate reagent

CO,EPY
Q" Nuuco,ipr
~A~B-0
Tartrate allyl boronate, asymmetric allylation agent

CO,iPr toluene )01/\
R-CHO + g WCOPT  4AMS RIS

= ~ :

CO,i-Pr OkPr

R-CHO + Q" Nunco,iPr h & Dwcogipr T
~A~B-0o

_f=F0
R)\Q

I-PI'Ozc COzl-Pr I-PTOZQ
/~0 , OH

O (0] i basic
"B PrO,C
g(j FPrO, O/B\O -_ . R)\/\

i

k
R)\/\ workup
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Rubottom oxidation
o-Hydroxylation of enolsilanes.
OSiR; 0
1. m-CPBA OH
2. K,CO3, H,0
Ar
Ar
03\\&0 ‘ A RsSi~,
_H Prilezhaev 0o 0O
R3Si0/'0 —= R$SIQ - .
epoxidation .
The “butterfly” transition state
Ar
o O RsSing O°H
OH
O\
Ar o) O
R3SI6) O acyl OCOAr KZCO3’ HZO OH
O\ .
transfer hydrolysis
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Rupe rearrangement Rychnovsky polyol synthesis

The acid-catalyzed rearrangement of tertiary o-acetylenic (terminal) alcohols,
leading to the formation of o, B-unsaturated ketones rather than the corresponding

0,B-unsaturated aldehydes. Cf. Meyer—Schuster rearrangement. OTIPS Br/\|/\;ABr
LiNEt e
CN 2 o.__0O
OH HHO Q Ké()/?)/ >
= 12 x THF, - 78 °c

OH OHz WO : ; ///
dehydrauon H
H20: OTIPS

_H : ///\/H“ protonatlon
@9\( tautomenzatlon H CN Y R H H

0._0 0.0
> -78°C <
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o) 0]
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Sakurai allylation reaction (Hosomi-Sakurai reaction)

0
0

TicH
{ .~ SMe;

TiCl, @
o) chelation L]]

- /\/SiMe3

ol
Michael silicon
addition N C|eavage
SiMe3
LN
Cl

The B-carbocation is stabilized by the silicon group

O/TiCI3 0
H,O
Me;Si—Cl +
workup
N - N
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Sandmeyer reaction

Haloarenes from the reaction of diazonium sait and CuX.

+ - CuX
AN, Y ——— Ar—X X =Cl, Br,CN
e.g.:
. - CuC
ArN,  Cl Ar—Cl
+ _— CuC
ArN, " CI N,T + Are + CuCl, — Ar—Cl + CuCli
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Sarett oxidation

OH CrO3 (@)
CsHsN
N
0G" OH

P & (HCrOg) + [T+
0" "OH X
The intramolecular mechanism is also operative:

O, ,OH

N\
O%_(}HL)) [2, 3]-sigmatropic o) . (|)H
- /Cr\
/% rearrangement )k O~ "OH
The Collins oxidation, Jones oxidation, and Corey’s PCC (pyridinium

chlorochromate) and PDC (pyridinium dichromate) oxidations follow a similar
pathway.
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Schiemann reaction (Balz—Schiemann reaction)

Fluoroarene formation from arylamines.

- A
Ar—NH, + HNO, + HBF, —= AN, BF, —— Ar—F + N,T + BFj3

N HBF, + N
HO™ O H,0y 01 —= H0 + N=0"
o
AI' J'\l=o _H"' H /8) —_— A /N\\N/OH
\ 0. —- /.-\ it r

H+ ‘.} + +
— /N\ O — —N= i
Ar N@ H,0 + Ar—N=N

— A + —_
AN,” BF;, ———> N7+ Ar + F—BF; —= Ar—F + BF;
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Schlosser modification of the Wittig reaction

The normal Wittig reaction of nonstabilized ylides with aldehydes gives Z-olefins.
The Schlosser moditication of the Wittig reaction of nonstabilized ylides furnishes
E-olefins instead.

Br PhLi PhLi tBuoOH R

Ph3r3—\ H =
R RVl%o

Br

+

H
+ PhsP=\ PhiP—— H
Ph3P‘(§‘H *\ —_— 3 R -— 3 \R %
R o (@]

phosphorus ylide

Br
+
PhsP OLi

R R' 1
H~ R R

Ph
LiBr complex of B-oxide ylide

+
PPh; Br
tBuoOH R

== + PhsP=0 + LiBr

+BuOK R1

Lo R H

H™ R
LiBr complex of threo-betaine
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Schmidt reaction
0] HN, )(J)\
_— _R" + NpT
R1)J\R2 RZ N 2
H* H
O H+ O/ /) +
/U\ HN4 HO)<N3 — HO N
R! R? R! R? R’ R® R R2
N -
I/ 1
H+ +. ,INIJ - HZO R + R1
—  H,O)N — QN@VEN —
R2 L migration
R "R?
R1
I 1
RZ—=EN+ HO R
NZT + ( HY + 2.=N

‘OH, R

nitrilium ion intermediate (Cf Ritter intermediate)
- . O
tautomerization 2)]\ R
R N
H
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Schmidt’s trichloroacetimidate glycosidation reaction

HNYCCI;;

m,, O sOH
ACO E IIOAC CI3CCN Aco - IIIIOAC
OCH; OCH,
trichloroacetimidate
/|\r
HO-Ar "':(OJ/O
BF3OEt;  AcO” > “OAc
OCH;
’I,\D—:—-CC|3
" H
,I"// O 6) ) —
U H/ deprotonation T+ ﬁo
AcO™ " OAc AcO” > “OAc
OCH;, O CH,
ACOOV
*)

— I”/,I, O O
NYCCI3 — U
AcO” Y "OAc
AcO” > "0Ac

BF 3e0Et;

Q_N/chb
o_(o

BFg.O Et3

I"’/
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neighboring

\,j’\
"0

AcO Y
CH30

0 ( ;
+ 0, OO

CI3C/U\NH2 J/\) o
Ac0” >0

CH50
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Schopf reaction Schotten-Baumann reaction
Esterification or amidation of acid chloride with alcohol or amine under basic
conditions.
OEP DY
+
J 7 N _cona N 0 1 NaOH 0
N H J_ + R'-OH R
R™ "X R® 0" x-q,Br
0 @)
) P
COzNa  apolate - COH nucleophilic =10
i —— /N — > R / X —» >é) —_—
‘\ formation @ addition
B:
0]
O) JJ\ + HX M,» Nax + HZO
. R” ~OR'
N decarboxylation
H -
vH References
0”0
B: 1. Schotten, C. Ber. 1884, 17, 2544.
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Shapiro reaction

The Shapiro reaction is a variant of the Bamford—Stevens reaction. The former
uses bases such as alkyllithiums and Grignard reagents whereas the latter employs
bases such as Na, NaOMe, LiH, NaH, NaNH,, efc. As a result, the Shapiro reac-
tion generally affords the less-substituted olefins as the kinetic products, while the
Bamford—Stevens reaction delivers the more-substituted olefins as the thermody-
namic products.

1 R' 1
R? R\ n 2 n-Buli RA A _ E'  R2 /R
NTTs T E
R? R R®

Bu~ R'
) pge

R2>H\\ N RS
H N TS Bu_

R3
1
R C z , R R
2 — N> E*
R%N’/N ANV - ——R A

R R’ 3
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Sharpless asymmetric aminohydroxylation
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Osmium-mediated cis-addition of nitrogen and oxygen to olefins. Nitrogen

sources (X—NCINa) include:

R.O O

M

(o)

O//S “NCINa j\ BnO~ “NCINa 9 )J\NBrLi
Et0” “NCINa TMS\/\)J\NCINa

R = p-Tol; Me
chiral ligand
R K,050,(0OH)4 R
R CINaN-X HO
-BuOH, H,0

The catalytic cycle:

0sO; + CIN-X

v R |
1
o
H,0
R1
O_g nwiR
c)_’/||s"}'
N x
X
g
R R’
_ 0 “
CN-X 07N o _.”)>\
0%0s=N G R
L ox L x

R1

7

NHX
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Sharpless asymmetric epoxidation

Enant'ioselective epoxidation of allylic alcohols using #buty!l peroxide, titanium
tetra-iso-propoxide, and optically pure diethyl tartrate.

RL_R £Bu-O-OH, Ti(OiPr), R~ R

R; OH | .(+)-diethyl tartrate R; O

1
R j]/\R/ -Bu—-O-OH, Ti(OFPr), g/\/

0)
R; OH D-(-)-diethyl tartrate R; OH

The putative active catalyst [2]:

o 4

CO,Et

EtO o
Wo or
O\T'/ N '//OlPr

1
Va ~

1
Pro” [ Ng o
rro
Et0,C 0™ ~OEt

EtO,

The transition state:

O \\COZEt
_\

N

C
O
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The catalytic cycle:
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* LaTig
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/O_/g " LTiCO
" LT ?
o Bu
Bl
O/\>
LaTiz-Q
?
*O/>*> Bu
LnTiT-O
0 .
Bu
References

Katsuki, T.; Sharpless, K. B. J. Am. Chem. Soc. 1980, 102, 5974.

Williams, L. D.; Pedersen, S. F.; Sharpless, K. B.; Lippard, S. J. ibid. 1984, 106, 6430.
Rossiter, B. E. Chem. Ind. 1985, 22(Catal. Org. React.), 295.

Pfenninger, A. Synthesis 1986, 89.

Corey, E. J. J. Org. Chem. 1990, 55, 1693.

Woodard, S. S.; Finn, M. G.; Sharpless, K. B. J. Am. Chem. Soc. 1991, 113, 106.
Schinzer, D. Org. Synth. Highlights 111995, 3.

Katsuki, T.; Martin, V. S. Org. React. 1996, 48, 1-299.

Johnson, R. A.; Sharpless, K. B. In Catalytic Asymmetric Synthesis 2" ed., Ojima, 1.,
ed. Wiley-VCH: New York, 2000, 231.

A I AR ol b

335
Sharpless dihydroxylation
AD-le-B HO OH
| | (DHQD),-PHAL 3
AV4 W ’/R
RS_ Ru KzOSOZ(OH)4 S R H M
R™ H K,CO3, KsFe(CN)g RE By
[ (DHQ),-PHAL
AD-mix-o HO OH

(DHQD),-PHAL = 1,4-bis(9- O-dihydroquinidine)phthalazine:

'A stepwise mechanism involving osmaoxetane seems to be more consistent
with the experimental data than the corresponding concerted [3 + 2] mechanism:

¥y~ 0, 0 [2 + 2]-like g‘?‘>>
3% + 1L PP
o 0 cycloaddition L
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rearrangement Q hydrolysis HO/>
- 0z0s.4 —_—
o7l HO

The catalytic cycle is shown on the next page (page 337, the secondary cycle is

shut off by maintaining a low concentration of olefin):
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Shi asymmetric epoxidation

An asymmetric epoxidation using fructose-derived chiral ketone.

o
C/\L /O Oxone, pH 7-8 9]
—/ - VAY
o H,0/MeCN Ph

PH o

Bt

O'H

The catalytic cycle:
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Simmons-Smith reaction

Cyclopropanation of olefins using CHolp and Zn(Cu).

SO

CH2|2 + Zn(Cu) —_— |Cszn|

Zn, Oxidative
I—CH,-| > ICH,Znl
addition
Simmons—Smith reagent
2 ICH,Znl (ICHy)2Zn + Znl,
I~ 2n! I--Znl
H, —

S e
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0 decarboxylation
le + EéJl\rc} CO,T + Re
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Simonini reaction

Ester fgrmation when silver carboxylate is treated with iodine. On the other hand,
when silver carboxylate is treated with bromine, the product is alkyl bromide,
R-Br (Hunsdiecker reaction, page 178).

S e
—_— + Co,T + Agl
R O,Ag RJ\O’R 2 g
= Sp2 0 homolytic
N
gﬁ(\, - AT R)J\"G O
R™ %0 Ag 0 cleavage

0
R)J\O/I /lol\
RTI* 2~

\*R—G\‘ R ot
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Simonis chromone cyclization References
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Skraup quinoline synthesis References
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HO OH_", Ho oH Y PN
HO OH
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H pA CHO  dehydration
=, CHO , HzO,)AQH/ OHC._~

acrolein
H* H
© o N ¢ U
conjugate py H*
|) H addition ©\ @\
NH; N N
U § H
+/H
CO ' H OH OH
| intramolecular H*
A _— -
@_ electrophilic \ﬁ
N addition N N
H H

+
(o,
H  gehydration @fj oxidation by
T R ( I j
N

N PhNO,, -
H

For an alternative mechanism, see that of the Doebner—von Miller reaction
(page 104).
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Smiles rearrangement Sommelet reaction

General scheme: Transformation of benzyl halides to the corresponding benzaldehydes with the
aide of hexamethylenetetramine.

_stong X, 2 N A Ne X~ A
[ \© 1 ]@ ATX NrQN — NON+ Ar ar-EHO
base Y LN/ CHCl; /N ~ H,0
X =8, 80,80, 0, CO, Hexamethylenetetramine
YH = OH, NHR, SH, CH,R, CONHR

Z:N02, SOQR N —
X
N N Sn2
e.g. —~ N N
S S A N T
o, NO: 0,5 NO, Ar@ LN/ +

OH 0 No

. N~
(o = L

NO
o, NO: 0, 2 : LN~/ h ransfer[2]  “N~ X __
N-
OH o [/ Chs N~cH
o e e g
02 No2 0,5 NO, 2 &H LN~

0]

The hydride transfer and the ring-opening of hexamethylenetetramine may
spirocyclic anion intermediate occur in a synchronized fashion:
(Meisenheimer complex)
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Sommelet-Hauser (ammonium ylide) rearrangement

N “NH
N

+
-~
©/\N\ N4
N
& —— NH3 + @|

“NH,

ammonium ylide

aromatization |
N ~

H+

Z_
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Sonogashira reaction

Pd-Cu-catalyzed cross-coupling of organohalides with terminal alkynes. Cf. Cas-
tro—Stephens reaction.

PdC'z.(PPh3)2
Ar—X + =——R Ar——R
Cul, Et3N,n
Generation of Pd(0):
llation
— Cul, Et;N . - transmeta N
=R —— EtNH"eI" + Cu—="R =5 opr ),
transmetallation o L
Cl—Pd———2R » R——Pd——R
Cu——R
reductive
——————> Pd0) + R———=R
elimination
Coupling reaction:
oxidative transmetallation
Ar=X + Pd(0) ———  Ar—Pd—X —
addition Cu———R
reductive
A—Pd—R ———» Ar——R + Pd(0)
elimination

Note that Et;N may reduce Pd(Il) to Pd(0) as well, where Et;N is oxidized to
iminium ion at the same time [8]:

Cl5PdClI — B-hydride
o k coordination o1
:NEtg elimination
H
reductive

\—N+ + CPd—H ——— HCl * Pd(0)
N elimination
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Staudinger reaction

Reduction of azides to amines by Ph;P/H,0.

PPhs
R—N; R—NH,
H,0
H+
.:Phs Sn2_ N,T + R—N—PPh, <= RN=PPhs
R-N-N=N 2 =
-+ Hzo:

H

|
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)

H
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Stetter reaction (Michael—Stetter reaction)

1,4-Dicarbonyl derivatives from aldehydes and o, B-unsaturated ketones. The

thiazolium catalyst serves as a safe surrogate for CN. Cf. Benzoin condensation.

N N
HO /[ »\éOH HO [/ »\(OH
R )
B

N
. Bu =
addit
ition S g C_)

+,Bn o

B
0 , N
B o) o Bu :s

+,/—Ph
HO, N
Y 0
S w
= R
NH;

0]

+/—Ph +,Bn

HO N . N
\/\/[ »DH deprotonation R [ » oy
S V\ HOBu S K’%‘(\)

:NH; R

+ Bn +,Bn

R\— @706

tautomerization

+,Bn
Michael

+,Bn
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Stevens rearrangement

R
z/\N:R1 Base )\ .R'
IR Z° N
B: \'
L+
ﬁH\ deprotonation 77 >R ]
+ R 'R
27 N o R?
RZ
The contemporary radical mechanism:
~ _~R homolytic ~F. R
z /\+ '}': R’ Re + Z Mo
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R :) R
o) AR

2 ! X
A~ R + pl R!
77N 7R 27N
R2R I, L2
R R
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Stieglitz rearrangement
Ph Ph
Ph PCls H,0 Ph
_Ph +
Ph>‘\N/OH ph/gm o /go + Ph—NH; Cl
H H CI”
cl,pLar
Sy2 Ph
Ph Ph f N Ph " 0
ph” ~n-CH Ph"ONG PCl,
H H

Ph
phenyl B H O:%Ph hydrolysis
O=PCl; + 2 Ph | - - -

migration H CI™
Ph
Ph
AP — K+ P o
(0 4 Ph™ 0
H
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Still-Gennari phosphonate reaction

Horner—Emmons reaction using bis(trifluoroethyl)phosphonate to give Z-olefins.

0 KN(SiMe3);, 18-C-6
(CF3CH,0),P-__CO,CHj3

. Ph—__ CO:CHs

then PhCH,CHO

0
CF3CH,0~ ,$ )
CF3;CH,0” OMe CF3CH 0~ p
H . CF4CH,0” \H/\o
N siMe,
N\
SiM63
_/\EQOCHZC& CI),OCHZCF3
~OCH,CF; . OxP~0CH,CF,4
H\\\\ i H““ mH
Ph CO2CH3 Ph CO,CH;

erythro isomer, kinetic adduct

Ph CO,CH3
References
1. Still, W. C.; Gennari, C. Tetrahedron Lett. 1983, 24, 4405.
2. Ralph, J.; Zhang, Y. Tetrahedron 1998, 54, 1349.
3. Mulzer, J.; Mantoulidis, A.; Ohler, E. Tetrahedron Lett. 1998, 39, 8633.
4. Jung, M. E.; Marquez, R. Org. Lett. 2000, 2, 1669. 7

359

Stille coupling

Palladium-catalyzed cross-coupling reaction of organostannanes with organic hal-
ides, triflates, etc. For the catalytic cycle, see Kumada coupling on page 208.

Pd(0)
R—X + R'-sn(R?, R-R' + X—Sn(R%;,
___ 2
oxidative R. L Ri—Sn(R)3
_ - -
R=X + LzPd(0) " Pd<y transmetallation
addition L isomerization
L Lt reductive 1
X—Sn(R%; + P, ——— R-R' + L,Pd(0)
R R elimination
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Stille—Kelly reaction

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

e
Me3;Sn—SnMe;

e i 1
"/OH ( 3 4 ”/,OH

OH OH

() oo

Me;Sn—SnMe;s

Br
SO
""OH oxidative

addition
OH

ME3SH—Pd
reductive

_— = Pd(O) +
OH elimination OH
OH OH

transmetallation

Me3Sn

‘y,

Me35n
PdBr

Pd(0)

-_———

oxidative
" OH
addition

Pd O reductive O
O i i i O‘ + Pd(O)
elimination
‘OH ‘OH

OH OH
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Stobbe condensation

0 CO,Et  KOtBu COaEt
)J\ o [ 2 R~ CO,H
R® R CO,Et  HOtBu R
t-Bu6
I ¢ enolate aldol
OEt  formation condensation
CO,Et
R R CO,Et R CO,Et
lactonization
0~ 0
rILR CO,Et fing CO,Et CO,EL
- H* R CO-,H
O) H‘\_ . R = C02 ~ 2
Ot-Bu opening R R’
(0]
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Stollé synthesis

Acid-catalyzed indolinone formation from aniline and o-chlorocarboxylic acid
chloride.

R3
Cl
RR O 2
HCI R
+ R?
@\ _R’ H —_— ©\ i
N Cl Cl ||\| (0]
H R
R3
AICI R2
N O
F|21
R ( O-H
H* R? 4 ol R3
R} o/ protonation  Cl Cl amide R?
2 — ——————————
R ; i formation N Q
c’ T ', (CI'H
NH R
L1
R
AIC|
& 3R3 : H R
) Friedel-Crafts ~ R?
— — | R AlCI; +
I}l 0O alkylation I}I 0]
R1 R1
H /R3 R3
.
= I IR — @Rz
x Yo N0
y o
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Stork enamine reaction

A variant of the Robinson annulation, where bulky amines such as pyrrolidine are
used, making the conjugate addition to MVK take place at the less hindered side
of two possible enamines.

%“%&é

methyl vinyl ketone (MVK)

+ _
conJugate N 0] isomerization
Z
addltlon
B:
Z + S \ O 0
-
Q A
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Strecker amino acid synthesis
2 _R?
/l(J)\ ,  NaCN un- R H* HN
R ~H AcOH R1)\CN CO.H
H* H
2 o
R4 H R1)\(\'|\'|’R2 >: NH —s
K__/RZ N NG H R?
H,N
iminium ion
_R? 2

.R
)\ HN tautomerization
R1” — /IYNH >

R

HzOZ OH
2
HN/R :OHZ R2
1 mHz acidic amide HN” H*
§ 0 hydrolysisA R' NH
HO OH
H+
R2
HN” R2
R1 @ —— HN
HO™ O R SCO,H
H
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Suzuki coupling

Palladium-catalyzed cross-coupling reaction of organoboranes with organic hal-
ides, triflates, efc. in the presence of a base (transmetallation is reluctant to occur
without the activating effect of a base). For the catalytic cycle, see Kumada cou-
pling on page 208.

L,Pd(0)
R—X + R'-B(R,); R-R'
NaOR?
oxidative R. L
R—X + L,Pd(0) F;d\x
addition L
NaOR?
R1—B(R) - 1 C')R32
22 R —B(R");
addition of base -
OR? .
R, L . L transmetallation
Pd. R —B(R");
/X _ . L
L isomerization
3 2 N reductive ]
R'O-B(R%), + Fjd\R1 —— = R-R' + L,Pd(0)
R elimination
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O

Swern oxidation Ei
. —_— 1)-]\ 2 + (CH3)ZST
Oxidation of alcohols to the corresponding carbonyl compounds using (COCl),, R R
DMSO, and quenching with Et;N. Not applicable to allylic and benzylic alcohols.
References
(COCl),, BMSO
OH CH-Cl,. —-78 °C (@) 1. Huang, S. L.; Omura, K.; Swern, D. J. Org. Chem. 1976, 41, 3329.
2~z )J\ 2. Huang, S. L.; Omura, K.; Swern, D. ibid. 1978, 43, 297.
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0O = cl 0 g Tetrahedron Lett. 1998, 40, 4593.
)%(] Cl — - Cl | 8. Rodriguez, A.; Nomen, M.; Spur, B. W.; Godfroid, J. J. ibid. 1999, 40, 5161.
Cl

9. Dupont, J.; Bemish, R. J.; McCarthy, K. E.; Payne, E. R.; Pollard, E. B.; Ripin, D. H.

(0 B.; Vanderplas, B. C.; Watrous, R. M. Tetrahedron Lett. 2001, 42, 1453.
@ o\
SN H Cl s " N NEt
PR , 3
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R'” R? R’

EtzNeHCIL + H _— R1)1\R2+ (CH3),ST

sulfur ylide
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(—CI +
0 H D> H
Q o+ — cot+ cot+ ~—:0
Cl ? R1)\R2
0]
—-Cl \S+ H +\
o> 9 N NEtg o
H — EtsNeHCH + /QH
R1/I<R2 R!
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Tamao—Kumada oxidation Tebbe olefination (Petasis alkenylation)
Oxidation of alkyl fluorosilanes to the corresponding alcohols.
Cf. Fleming oxidation. N 0] JJ\ )
F\S./F KF, H,0, > RO cpoTi{ JAlCHy), + R/U\ o — g +  CpeTi=0
AN KHCO3, DMF cl

Tebbe’s reagent

: H  o-hydride
F F L \F | R//S'-.\\F . transmetallation Cp Ti'o_ y
\ / R—Si! R=si'F 0”1 R Cp2TiClz + 2 AI(CH3); - e -
R/?I\\R — ( PR | ORI —— N F CH;  abstraction
\ HO._ \Hl
- _0 H H
F H™ 07 . CI—AI(CHy), N
CH,T+ Cp,Ti=CH, — CpTil_ AICH3),
_ F - coordination cl
II: | WF Tebbe’s reagent
— o-siy'F — PS8, — > 2ROH
/~ 1R — R -
R F Pl o Cp2Ti=CH;
R N\ dissociation
CpaTiy_ AllCHy):2 CI—AI(CHy), + R
Cl o=
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Thorpe-Ziegler reaction Tiemann rearrangement
The intramolecular version of the Thorpe reaction.
n-OH PhSO,CI NPT Lo 0
CN | 2 | 2 ;, R1\ )J\ ,Rz
CN  “OF M g2 1 R NN
CN  "HOEt NH; H :
amidoxime urea
- ~
EtO H-OH
! Ho CNH (-\
—nN H-OEt & I\I/OSOZPh OzPh
LN ) .
=N R'I N
H
CN CN :OH,
H /_\ The substituent anti to the leaving group ("OSO,Ph) migrates.
NH T NH, .
“NH H* /[OJ\ 2
2 —H_ R .R
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Tiffeneau-Demjanov rearrangement

OH NaNO,
[:::TL_\VHZ " [::::S?

Step 1, Generation of N,O;

Hex N
+ o - -
~N. H {C? H20 O\\N/O\ N//O
HO O HZ’O-) \\O
+
Step 2, Transformation of amine to diazonium salt
OH
0, (0.0 _ OH " OH P
OH /'N -NO, I}IJN—O
S N—N=0 _/H
OH

H+ Crgli — Hzo
ST

Step 3, Ring-expansion via rearrangement

+- N “

References

Tiffeneau, M.; Weil, P.; Tehoubar, B. Compt. Rend 1937, 205, 54.

Smith, P. A. S.; Baer, D. R. Org. React. 1960, 11, 157.

Fattori, D.; Henry, S.; Vogel, P. Tetrahedron 1993, 49, 1649.

Houdai, T.; Matsuoka, S.; Murata, M.; Satake, M.; Ota, S.; Oshima, Y.; Rhodes, L. L.
Tetrahedron 2001, 57, 5551.

e

375

Tishchenko reaction

Esters from the corresponding aldehydes and AI(OEt)s.

o] Al(OEY)5 ji
R H R 07 R
/,-mmah OEt
A +__Al—OEt
X — G Jom —
R” H R” H
H™ Yo7 ™S

/
fo — @ 0™
RJKH R™H

hydride :ﬁ\ (EK»ZAF—FB<?
I N
transfer R O R H™ R
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Tollens reaction Tsuji—Trost reaction
HO (/\N
| BnO
R’ Ca(OH), 1 BnO g
0] . . _
OH — o 72% BnO N
BnO OopPh  THF, 60-70°C i
o) XN
H>\SH H)g Pd(IIL
. n
. H” ~OH BnO PAOIL BnO
" b r— >
— coordination
BnO OPh BnO OPh

HO Q
™ N,
H enolate H mixed aldol BnO
. . : 80 PA(IL,,
R formation RTX condensation n —_— y
(0] O<> O ( ) n - = U
_ BnO N

n-allyl complex
hydride transfer

H OH B8nO
Rjﬁ(lﬁ (Cannizzaro reaction) Su2 b
N
— N + Pd(O)L,

—
O BnO j\
o HO g‘/ N
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Ueno-Stork cyclization

Y RN

OH NBS o~ ~OEt

Bu3SnH, AIBN

OEt

NC% @%CN — N+ 2 °<CN

2,2’-azobisisobutyronitrile (AIBN)

n-Bu;;STD—f—I\‘ qéCN —  n-Bu3Sne + H—<CN

n-Bu3Sn° ﬁV\
>/\2 ;\ 5-exo-trig
OEt izati
>/2 E OFt 0) cyclization
YN
n-BuzSn=H hydrogen atom

OEt abstraction
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Ugi reaction

Four-component condensation (4CC) of carboxylic acids, C-isocyanides, amines,
and oxo compounds to afford peptides. Cf Passerini reaction.

o R
—+ -
R=COH + R'—NH, + R*~CHO + R*-N=C R)Ln}n)}(”‘ré’

R' O

isocyanide

HO)H N-R’
( H — RZAEUN\F? — R2‘<H
R'—NH, H

imine

H\+
__R1 /RB
R—CO,H -
& >_O\_/‘H R OJ\/ZN‘R1
'|'\CR R
I3
R
R: H'
N o R
Y/
o)
I W
RN R R" O
R1
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Ullmann reaction

Homocoupling of aryl iodide in the presence of Cu.

Cu
XOSEE

Cu, single Cul
Ql Cul + . —_———

electron transfer

O-
SET

The overall transformation of PhI to PhCul is an oxidative addition process.
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Vilsmeier—Haack reaction
~0 -
~ O
0 DMF, POClI;
. CHO
100°C, 24 h
CHO
34% 4%
—_ l_[-\ | 1l
N O
TROYA W —cI
H
Q |
/l\ilﬁgo—Pu2 ;N\\rH 0
o & O —PCl
Vilsmeier—Haack reagent
N ~
O;) Oj-) \O
) H
~UsH c—H Cl-+—H
Cl AN\ N

~

0]

~o
aqueous ©
H workup 7
07 H(;\' H

N2 CHO
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Cyanogen bromide (BrCN) is a counterattack reagent.
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S CN
T Rk R
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R "R, R1/+‘R2 2
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von Richter reaction : Wacker oxidation
NO, COH N PdCl,, H,0 )OJ\
KCN RS cue0, R
EtOH . H\O/H CD
R palladation -

RN + PdCl, ——~ .
0:7:-0 0.+.0 0.,-O_ 2 R/{D

N N
Z N
N} C —-H* ) o
- H — —_— H,0 B-hydride
- /l>\/PdCI _—
CN . R Co
nucleophilic
R R R

H elimination
attack

_ OH tautomerization 0
O,) +’,& N HO /H H—-Pd—C| + -
\ H 04 R, rvaN BN B
NH @] —_——— —_—
S — — H—Pd—Cl Pd(0) + HCl

Regeneration of Pd(1I):

Pd(0) + 2CuCl, —————— PdCl, + 2 CuCl

CO;H
Regeneration of Cu(II):
(, CN HHT
CuCl + O CuCl, + H,0
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Wagner-Meerwein rearrangement

R 1
R! H* R R
R2>|\’<H —_— 2> < 3
OH R R

R3
R 1
R’ + R’ -H,0 R
R2>S<H H R2>‘\’<H ) 2 R2>D%H
R3OH Rr3OH2 R®
R’ 1
2 + H - H+ R R
— & /k?: _—nf_ >=<
R R RS

R3
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Wallach rearrangement

B \
Ar\ ,O N=N
N=N A
+ ——
oo
OH

Ar O- Ar,  (OH

N=N+ H* N=N+ + +

OH
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Weinreb amide

MR -

RO MeONHMeeHCl

Q

0 AlMe

3 R ) rI\I,O\
2

R
RZ \ workup
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Weiss reaction

Synthesis of cis-bicyclo[3.3.0]octane-3,7-dione.

EtO,C
:< OIR aq. buffer
(@] + (R
0~ "R
EtO,C
EtO,C i
EtO,C 2 R /3\H
o) 0 Z
E—— 1 E——
¥ R 0]
EtO,C EtO,C
0L R op E0,ch R
2 /ORY
0 O— O
H \/;1 QH
E10,C Et0,C” Y R

Et0,C R CO,Et
— HO o —
EtO,C CO,Et
Et0,C R CO,Et
—— HO 0 —

)
Et0,C R CO,Et
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H R’
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Et0,C g COEL
0 0

R1
EtO,C CO,Et

R
EtO,C OH
o) 0O —
R1
EtO,C
EtO,C CO,Et

I

EtO,C CO,Et

EtO,C g CO,E

‘05 0
) ey »
H /[ H

R1
EtO,C CO,Et

EtO,C g CO,Et
o) 0

1
El0,C R CO,Et

2. Gupta, A. K.; Fu, X.; Snyder, J. P.; Cook, J. M. Tetrahedron 1991, 47, 3665.
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Wharton oxygen transposition reaction
Fu, X.; Cook, J. M. Aldrichimica Acta 1992, 25, 43.
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49, 1511.
NHZNHZ
+ N, + H0
OH

Van Ornum, S. G.; Li, J.; Kubiak, G. G.; Cook, J. M. J. Chem. Soc., Perkin Trans. 1
1997, 3471.

HzNHz NH NH2

H :OHZ
| tautomerization H W,
H,O + Xy, ~No “"NLYH
oo N H o W
—— N=NT + Qi) * O
O
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Willgerodt-Kindler reaction

Conversion of ketones to the corresponding thioamide and/or ammonium salt.

R
0 HN R
Y
Sg S
thioamide
HONR1 +H2 HSNR1

;\o

H

(o

k- o/ \
HN 0
/

see Carmack

mechanism

393

Lo
T

_OW
SR @N

G%QT

7

\_/

see Carmack =
A N
mechanism ()/\A @ @

In Carmack’s mechanism [5], the most unusual movement of a carbonyl group
from methylene carbon to methylene carbon was proposed to go through an
intricate pathway via a highly reactive intermediate with a sulfur-containing
heterocyclic ring. The sulfenamide serves as the isomerization catalyst:

NH—/SS

sulfenamide

R H R
R |
N / - SH
N R Sg N 2 N\R1
SH SH R! S

A slightly different mechanism has also been proposed:

/N S
HI\|\_/O @/\)j\ /\
N
Sg K/O

thioamide

0]
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Wittig reaction

Olefination of carbonyls using phosphorus ylides.

X
R! base
—_— +
PhsP  + )\X PhP—H —
R

X R

1 1
PhyP: —F N phyp—lrH —
R)\/Xw ’ R ‘\:B

++7N
PhsP\ O
] 2 3 \\
R R R’ [2+2]
Php=< ~—— O\
R cycloaddition
R®R

“puckered” transition state, irreversible and concerted

R3

Ph;PO :
o Q3 T PhP=0 Rz)\(R
R

R' R?
oxaphosphetane intermediate
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[1,2]-Wittig rearrangement

Treatment of ethers with alkyl lithium results in alcohols.

2, - 1
1 R-Li R
PN /R —_——————
R (0]
R/kOH

R2
\v deprotonation -

H R™ Q)
> 1
R/‘\O’R

[1,2]-sigmatropic R’ workup R'

- L. — K

rearrangement R O R~ OH

The radical mechanism is also possible as radical intermediates have been iden-

tified.
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[2,3]-Wittig rearrangement

Transformation of allyl ethers into homoallylic alcohols by treatment with base.

Also known as Still-Wittig rearrangement.

|||;U

2 . 1
R\/\/Ov R' &» /\/\l/ R
OH
R' = alkynyl, alkenyl, Ph, COR, CN.

xR
e R
\ﬁ deprotonation ({Oj
f °N-
S 3

RZ
-} H \\\R \\R
[2,3]-sigmatropic /j\ workup /j\
_ —_—

rearrangement o~ "R! HO” ~R’
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Wohl-Ziegler reaction
Allylic bromination.
NBS
O = O
Initiation:
0 0
homolytic
WS I T
cleavage
0] 0
Propagation:
o) 0
l:i” s @ H abstraction liéNH + . <j>
0 O
Termination:

0] 0O
() — w{) [ﬁ
0] 0O

The succinimidyl radical now is available for the next cycle of the radical chain
reaction
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Wolff rearrangement

H
H 2
O \ R _NHZ 1 N\ 2
N, — N7 +  C=C=0 R YR
R'l/“\% 2 R1 O

a-diazoketone ketene intermediate
O O 4 3 O
— < ’/N
R1)j\7N2 = R1)]\5/N"’ R1/U\/\_'}/
O O
—  NpT + )J\

|u
&

R “CH: R’

o-ketocarbene

H+

alkyl H
\c—cfo\'

migration R1 ‘\
:NH,—R? 0
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Wolff-Kishner reduction
Carbonyl reduction to methylene using basic hydrazine.
O NH,NH,
P |
R R
1
R™ R NaOH
HO
o) K
1 . =
R R @(/))Q\IH N H
R R R% R!
NH,NH,
H. _H
o
HO ™ N Co.
1 — N2
- HN Q{/ R _/' S R/\ R

R R R,
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Woodward cis-dihydroxylation Yamada coupling reagent

Cf. Prévost trans-dihydroxylation The use of diethyl phosphoryl cyanide (diethyl cyanophosphonate) for the activa-

tion of carboxylic acids.

1.|2, AgOAC
= - A 0 )
: o (Et0),P—CN
2.H,0. H o s D S
. R” “OH NEt N
= D Sn2

S+ o
-_— 1]
1 & ) (E10),PLCN
OAc

cyclic iodonium ion intermediate

/D s A5 . <

G
.P(OEY),

O
ey RO —

O
R)L(_OX H R1_N H2

5 -0 °%K° T R 0)Q 0 9
0 P(OEY) I
- 2 + - R
j/ H,0: HLO R1\N>§:9 ——~ o POEY + g .
H —
neighboring group assistance
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Yamaguchi esterification (6
o dl
Esterification using 2,4,6-trichlorobenzoyl chloride (Yamaguchi reagent). )l\
o N R l\f Y
B P N/
Cl Cl Cl Ri—Q: |
0] H
Cl O O (I

cl /U\ )
0] R O
)J\ cl R ° R1\ )4‘) AN Q
R OH Et3N, CH2C|2 Cl Cl 0 (J\f\ij\ —_— )J\ R4
o e
N

HO—R, 0
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R O/
gi 0] Cl _
58 e P
_() cl a — \\XN
N / C
N \

e N\
DMAP (Dimethylaminopyridine) Steric hindrance of the chloro sub-

stituents blocks attack of the other
carbonyl.
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Zaitsev elimination

E2 elimination to give the more substituted olefin.

Br

H E2 X

‘\

" OFEt

major minor

Hofmann elimination, on the other hand, furnishes the least highly substituted
olefins.

+
B:’\ NMe; Base - TN
H E2
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