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Preface

It has been a long haul. The start for this revision came almost the same way that the original
edition started. For the first edition it was Mike Ellerd, then an undergraduate at Montana State, who
organized my crude Name Reaction handouts so well that others encouraged the conversion into a
book. At Colby College, Frank Favaloro did the same thing, making “study sheets” and adding to
the list of Name Reactions. He graduated in 1996 and I started reformatting and expanding. With
encouragement from Darla Henderson, this became a project. By then Frank had finished graduate
school and was enthusiastic about participating. I had also retired from formal teaching and found
much more time for creative work. The three of us started to work in earnest!

This edition differs substantially from the first by the inclusion of many modern Name
Reactions instead of sticking exclusively with the old, tried and true. There are many reactions not
covered; indeed, we ultimately eliminated those that had little contemporary use. We generally
applied a “rule of thumb” that a newer name had to be cited by multiple authors. Therefore there are
some relatively new protocols that have not stood the test of time; however the breadth of recent use
warranted inclusion. As for reagents, we have focused on both Name Reagents and those whose
acronyms are often used in place of the actual name. We have noted the common use of these forms
in current literature.

First and foremost, this is a book to be used. Feel free to write in the text . . . use any available
blank space to add your own notes. Transform this into your book of Name Reactions! It is
intended to serve as a starting point. Within a two page format for reactions and one page for
reagents, the reader will find a basic, generalized definition / formula, a mechanism that conveys a
possible course from starting material to product, notes which describe a few of the major highlights
of the reaction or which points the reader to related reactions (by name or similarity) and recent
examples of use. We have tried to convey the current mechanistic thinking with special care to show
intermediate steps, point out proton exchanges, and sometimes suggest transition states, but without
going through kinetics, isotope effects, etc.

Wherever appropriate, we have included references to selected secondary sources. They
contain more detailed discussions on the topics introduced in this book. In all cases, we recommend
use of the primary literature. The examples in the following pages are but a smalil taste of the detail,
variation, scope and experimental detail available. Our choices reflect our personal interests; there is
no “better or worse” implied! We tried to use current examples from journals that seem to be most
commonly accessible, both in paper form and electronically, to student and professional alike.

When recent references were difficult to come by, we made use of the abstracts and reaction-search
engine of SciFinder (American Chemical Society). In these cases, we supplied a number [AN year:
XXXX] that will allow ready access to the abstract. To the authors of the works we have chosen to
describe, we hold the most sincere gratitude and we hope we have faithfully represented your work.

Colby College
Waterville, ME
Feb 1, 2005
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ACRONYMS AND
ABBREVIATIONS

Acronym Name
Me
Ac Acetyl ﬁ
(0]
O (o}
Acac Acetylacetonate )]\)L
Me Me
?Hcgfxlc) Acetic acid Me -COOH
AIBN 2,2°-Azobisisobutyronitrile NC—\C—N‘N—jA CN
e
CN NC
ACN 1,1°-Azobis-1-cyclohexanenitrile Q )<:>
N
9-BBN 9-Borobicyclo[3.3.1]nonane A
O I PPh,
2,2’-Bis(Diphenylphosphino)-1,1’- APPh2
BINAF binaphththyl OO
. L
BINOL 1,1°-bi-2,2’-naphthol
O ! OH
BITIP Binol/Titanium isopropoxide Ti(iPrO)4 / BINOL
} . Me‘( NS ®
BMDA Bromomagnesium Diisopropylamide MgBr
Me
Me
BMS Borane Dimethylsulfide BH;-Me,S

viii




Acronyms and Abbreviations

BMS Borane Dimethylsulfide BH;-Me,S
Bn- Benzyl ;CHZ '@
Me
Boc- t-Butoxycarbonylchloride E_C —0- Cl ~Me
(t-Boc) u 1\|/I
e

BOM- Benzyloxymethyl- Q— CH,-O-CHy s

O
Bs Brosylate %ISI @_ Br

I

(0]
Bu,SnH tri-"butylstannane Bu);SnH

(0]
Bz Benzoyl %E
CAN Ceric ammonium nitrate Ce(NH,4)»(NO3)s
CAS Ceric ammonium sulfate Ce(NH,4)4(SO4)4
Chz- Carbobenzyloxy QCHZ —0 —ﬁ —E

O
CDI 1,1'-Carbonyldiimidazole
Cetyl Hexadeca-
cod Cyclooctadiene
cp Cyclopentadienyl
cp* Tetramethylcyclopentadieny!
Me Me
sS4 Camphorsulfonic Acid
HO;S-H,

DABCO 1,4-Diazabicylo[2.2.2]Joctane, TED, ﬂq' .
TED triethylenediamine \7




Acronyms and Abbreviations

Diethylamino)sulfur trifluoride Et
DAST N —SF,
’
Et
N
DBN 1,5-Diazabicyclof4.3.0Jnon-5-ene -
N
1,5-Diazabicyclof5.4.0Jundec-7-ene N
DBU
N
N
DCC Dicyclohexylcarbodiimide N=C=N O
(0]
DDQ 2,3-Dichloro-5,6-dicyano-1,4- NC cl
benzoquinone
NC Cl
(o)
Me o
DDQ Dimethyldioxirane >< 1
Me 0
DEAD Diethyl Azodicarboxylate EtOOC—N =N —-COOEt
Et\
DEIPS Diethylisopropylsilyl i-Pr—Si —5
Ef
(')H
. EtOOC -CH-CH-COOEt
DET Dietkyl tartrate i
HO
in R-, S, and meso
forms
DIBAL Disobutylaluminum hydride Me Me
DIBAL-H >—\ /_<
Me z?l Me
H
DIEA Diisopropylethylamine Me
DIPEA Hunig’s base Me,{ Me
N—
Me -(
Me
OH
DIPT Diisopropyl tartrate PrOOC- C’H CH-COOiPr
1
HO
i R-, S, and meso
forms
Diglyme Diethylene glycol dimethy! ether

(0}
MeO” """ 0Me




Acronyms and Abbreviations xi
Me\N Me
DMAP 4-(Dimethylamino)pyridine N
| P
1,2-Dimeth h, Meo\_\
DME ,2-Dimethoxyethane
— Gl
yme OMe
Me
DMIPS Dimethylisopropylsilyl i-Pr—Si _é
Mé
D hylf dy Me
DMF imethylformamide N
N-Me
H—-C
[\Y
(6}
Me
DMP Dimethylpyrazole
! ‘:N
Me N’
H
O
DMPU N,N’-Dimethylpropyleneurea Me.
Né“ -
DMS Dimethylsulfide Me~ S “Me
DMSO Dimethylsulfoxide o
Me - ﬁ —-Me
O
O,N
DNP 2,4-dinitropheny! >>__—:
02N
1,2-Bis(diphenyiphosphino)ethane / \
dppe (DIPHOS) Ph—ﬁ’ P—Ph
Ph pp
dppp 1,2-Bis(diphenylphosphino)propane
Ph —I" };’ —Ph
Ph _ Ph
ee enantiomeric excess
= % major enantiomer - % minor
enantiomer
0]
Fmoc 9-Fluorenylmethoxycarbonyl '“gz‘/u\o .O




xii Acronyms and Abbreviations
/
2-(6-Chloro-1H-benzotriazole-1-y!)- —N N/
HCTU 1,1,3,3-tetramethyluronium ® 7]’ N
hexafluorophosphate N, @)
al N®
O
©
HMPT Hexamethylphosphoric triamide Me,_ Me
HMPA N
| Me
O=P—N’
I&\ Me
Me” “Me
HMTA Hexamethylenetetramine ( N )
N \/\N)
NN
HTIB Hydroxy(tosyloxy)-iodobenzene OH Me
O\\ /@
0~ S
(0]
I
Im Imidazoyl HN a
K/ N
Me. Me
Me
Icp,BH Diisopinocampheylborane
15
52
\
H
LTA Lead tetraacetate ?Ac
AcO-Pb=-0Ac
1
O
LTMP Lithium 2,2,6,6-
LiTMP tetramethylpiperidide Me N Me
Me ) Me
MAD Methylaluminum bis(2,6-di-t-butyl- O\I
4-methylphenoxide)
‘Bu Bu' Me
COsH
MCPBA m-Chlorperoxybenzoic acid ©/
MeCN Acetonitrile Me-Cz=N
MEM- 2-Meth th thyl 0}
ethoxyethoxymethy Meo——C~, ;
Ms Mesyl , Methanesulfony!l




Acronyms and Abbreviations

xiii

MTM Methylthiomethyl %
g\
S—Me
O
MVK Methyl Vinyl Ketone Me _<_~
NBS N-Bromosuccinimide O%O
1
Br
NCS N-Chlorosuccinimide
ALONY O I:I O
Cl
Me
NMM 4-Methylmorpholine IlI
CJ
Me O
NMO N-Methylmorpoline-N-oxide [N ]
(0]
NMP N-Methylpyrrolidone &
N O
1
Me
X o}
PCC Pyridinium chlorochromate | 0 =C"r -l
Corey’s Reagent N/ I
® Y
H S)
PDC Pyridinium dichromate X 2
| @/ Cry,07
N
q /2
Pd(dba), Bis(dibenzylideneacetone)palladium W
© 5
PMB p-Methoxybenzyl
§CH2 OMe
PNB para-Nitrobenzoyl [6)
Il
PPA Polyphosphoric Acid Unspecified mixture with
High concentration of
P,0s
PIT Phenyltrimethylammonium Me o
tribromide @ B
Phenyltrimethylammonium Ph=N-Me T3
PTAB, s \
perbromide Me
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Me
PPTS Pyridinium para-toluenesuifonate ==
l @,
N
H SO3(a
PTSA p-Toluenesulfonic acid;
Tosic acid Me SO;H
Pivaloyl (|)| I\’/Ie
Pv ivaloy & _(‘: “Me
Me
. A
Py Pyridine | _
N
RAMP (R)-1-Amino-2-
Methoxymethylpyrrolidine H.y-N
H B
~H
~ocH,
SAMP (S)-1-Amino-2-
Methoxymethylpyrrolidine H.n-N
Ender’s Reagent H' C
H
OCHj;
2-Trimethylsilylethoxy-methoxy M Me
SEM ]
Me™" "o\ v
Sodium BiS(Z— @ OCHQCHzoMC
SMEAH methoxyethoxy)aluminum Hydride Na H—Alx I=OCH,CH,0OMe
2 2CHy!
H
Bu
TBAF Tetrabutylammonium fluoride Bu— &@Bu (%
|
Bu
Ph
TBDPS tert-Butyldiphenylsilyl Bu—Si _é
Ph’
Me
TBHP t-Butyl hydroperoxide Me 9— N
Mé OH
TBS Me‘
TBDMS tert-Butyldimethylsily] t+Bu—Si _g
M
Et
TEA Triethylamine Et— N’:
Et
Et @
TEBA Benzyltriethylammonium chloride N-—-Et &)
TEBAC Q_/ W«
TEMPO 2,2,6,6-Tetramethylpiperidin-1-oxyl | pe QMe
Me ’\Ij Me
(0]
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Et
TES Triethylsilyl Et—Si —
Ef
Trif i
Tf riflate %S _
CF;
1}
(8]
THF Tetrahydrofuran { \
(¢)
THP Tetrahydropyranyl /O
o
TIPS Triisopropylsilyl i—Pr\
i-Pr—Si—3
i-pr’
TMEDA N,N,N’,N’- / \
Tetramethylethylenediamine Me ‘I\II I\II -Me
Me Me
TPAP Tetra-n-Propylammonium Pr4N+RuO4'
Perruthenate
Ph
TPP Triphenyl phosphine Ph—p
\
Ph
Me
TMS Trimethylsilyl Me - Si —é
Mé
Trimethylsilyltrifluoro- 00
TMSOTf methanesulfonate ™S SO,CF3
TPS Triphenylsilyl Ph
Ph—Si—3
Ph’
Trt Trityl Ph
Ph +§
Ph
Ts- Tosyl
Tos- p-toluenesulfonyl




This page Intentionally Left Blank



NAME REACTIONS

In this section we provide a summary of Name Reactions. The format is slightly modified from our
previous book, but maintains the essential features:
Reaction:
Summary reaction.
Proposed Mechanism:
Currently accepted mechanisms. We have tried to be complete in showing steps, intermediates
and the necessary curly arrow notations.
Notes:
Additional comments and references from key sources.
Examples:
Current examples if possible.

When a term is underlined, (for example, 4ldol Condensation) it means that the concept can be
found under an independent heading in the book.

General Bibliography:

B. P. Mundy, M. G. Ellerd, Name Reactions and Reagents in Organic Synthesis, John Wiley and
sons, Inc., New York, 1988;

M. B. Smith, J. March in March’s Advanced Organic Chemistry, 5% ed., John Wiley and Sons, Inc.,
New York, 2001;

T. Laue, A. Plagens, Named Organic Reactions, John Wiley and Sons, Inc., New York, 1998;

V. K. Ahluwalia, R. K. Parashar, Organic Reaction Mechanisms, Alpha Science International Ltd.,
Pangbourne, UK., 2002;

J. J. Li, Name Reactions, Springer, Berlin, 2002;

Comprehensive Organic Synthesis, B. M. Trost, editor-in-chief, Pergamon Press, Oxford, 1991;
M. B. East, D. J. Ager, Desk Reference for Organic Chemists, Krieger Publishing Company,
Malabar, FL, 1995;

M. Orchin, F. Kaplan, R. S. Macomber, R. M. Wilson, H. Zimmer, The Vocabulary of Organic
Chemistry, John Wiley and Sons, Inc., New York, 1980;

A. Hassner, C. Stumer, Organic Syntheses Based on Name Reactions and Unnamed Reactions,
Pergamon, Oxford, 1994;

The Merck Index, Merck & CO., Inc., Whitehouse Station, N. J. (now in the 13® Edition) Each
edition has an updated list of Named Reactions.

See also: http://themerckindex.cambridgesoft.com/TheMerckIndex/NameReactions/TOC.asp

Other URL’s to Name Reaction Websites:
www.monomerchem.com/display4.html
www.chempensoftware.com/organicreactions.htm

www.organic-chemistry.org/namedreactions/
http://orgchem.chem.uconn.edu/namereact/named.html

Some references are provided with a SciFinder (American Chemical Society) number so that one can
access the abstract if needed.



2 Name Reaction

Acetoacetic Ester Synthesis

The Reaction:

1. Base o) [e) 0O
U 2.R-X hydrolysis
—_— _— H
OFt 3. Base OEt decarboxylation R
4.R"-X Ry Ry ,
Proposed Mechanism:
(O 0 %O O (6] o]
e M,
A OEt OEt OFEt
H Q, R' X R
N
The methylene protons are the most acidic ~ X can be Cl, Br, |,
by mfluence from both carbonyls. OTs, etc.
H
0] O : 0] \:O
1. Base 1. HO", H,0 o~ A
OEt + O CcO,
2. R-X -
R| R" 2' H R! R"
Alkylation can be done a second time  Ester hydrolysis/saponification, then with
(with a different R) if desired. heat, the $-keto acid decarboxylates to give an enol.
H(;o 0
proton
_
R"
R R'
keto-enol tautomerism
Notes:

Acetoacetic Ester can be prepared by the condensation of ethyl acetate, called the
Acetoacetic Ester Condensation Reaction, a Claisen Condensation:
o o o J. K. H. Inglis and K. C. Roberts

Base Organic Syntheses CV1,235
——-
. NG .

See M. B. Smith, J. March in March’s Advanced Organic Chemistry, 5™ ed., John Wiley and Sons,
Inc., New York, 2001, p 549; and C. R. Hauser, B. E. Hudson, Jr., Organic Reactions 1,9

Weiler Modification: By using very strong bases, a dianion can be formed that will preferentially
alkylate at the methy! group:

@ @ 0] (o]
U NaH, n-BuLi o o Br/\/
- - P OEt
Me OEt THF, 30 min HZCMOEt
83% F

S. N. Huckin, L. Weiler Journal of the American Chemical Society 1974, 96, 1082

. Simple AM1 calculation
- on Me ester shows the

£ ® HOMO corresponding to

» - the reactive intermediate




Name Reaction

Examples:
0 o)
/U\/COzEt 1. NaOEt, EtOH | CO,Et
Me 2. n-Bu-Br Me
72% Bu

C. S. Marvel, F. D. Hager, Organic Syntheses 1941, 1, 248

COzMC
(0] 1. NaH, DMF Me
COMe Me
Me)l\/ 2. 2. _ \ fe)

Br Me Me

Me Me |

X~ .
Me N\ Me
T7% Me

K. A. Parker, L. Resnick, Journal of Organic Chemistry 1995, 60, 5726

O 1. NaOMe, MeOH o)
—_—_—
2. Mel Me
COzMe o - X
Me 82% I\:/I . CO;Me

Y.-Q. Lu, C.-J. L, Tetrahedron Letters 1996, 37, 471

j)l\/(l)l\ MeQ, ~\H NaH
+ — Me
Br d Me
Me OFEt -
MeO H
€ 32%
K. Mori, Tetrahedron 1974, 30, 4223
ffgie
-Bu P .
(6] i-Bu o) 0 Me O Me
+
t /u\)]\/’\
0 BU~o7 Me Me
Me Me : TsOH Me
— e
N OH Z "OH HOAc
s} 90% 0 75% 0

W. L. Meyer, M. J. Brannon, C. da G. Burgos, T. E. Goodwin, R. W. Howard, Journal of Organic
Chemistry 1985, 50, 438



4 Name Reaction

Acyloin Condensation

The Reaction:

1N Aprotic Solv.
,(l)l\ Na /" o0, 015 IOH
R OR' 2. H@ R R

Proposed Mechanism:

Na *
4 o o, ©
Oz O o o® 0 07 o 0
Hoe T o e —
OR'  OR RO (OR' R R
An electron adds to the Two of these radical Alkoxide leaves to give a 1,2 dione that
LUMO of the ester. anions react. further reacts with electrons in solution.
S) &) -
oo  0° ©o 09 @ Hrg oy o oH
e, > — >=< — \>> (/\H(’D > ( H
o A —e M
R%JR R R R R R R

Notes:

M. B. Smith, J. March in March's Advanced Organic Chemistry, 5" ed., John Wiley and Sons, Inc.,
New York, 2001, p 1562; T. Laue, A. Plagens, Named Organic Reactions, John Wiley and Sons,
Inc., New York, 1998, pp. 1-3; S. M. McElvain, Organic Reactions, 4, 4; ). P. Schaefer, J. J.
Bloomfield, Organic Reactions, 4, 15, J. J. Bloomsfield, J. M. Owsley, J. M. Nelke, Organic
Reactions 23,2

The Réiihlmann modification (Bouveault-Blanc Conde tion or Riihl Reaction) traps the
dienolate as a TMS derivative. This protocol generally results in improved yields.
S} @
fe) (6] O TMSO OTMS
/U\ EI;I;H ) ( TMSCI ) (
' t!
R OR R R R R

This reaction is better than either the Dieckmann or Thorpe-Zeigler reactions for preparing large
rings.

Examples:
(o]
OH
Na
MeOOC  _~_~_COOMe  ___
xylene
N. L. Allinger, Organic Syntheses 1963, 4, 840
—_—
\
COOMeCOOMe —
TMSO OTMS

E. Butkus, A. llinskasa, S. Stoniusa, R. Rozenbergasa, M. urbanovib, V. Setnikac, P. Bouc, K.
Volkac, Tetrahedron: Asymmetry 2002, 13, 633



Name Reaction

Na-X, toluene
TMSC1

taken to next step w/o purification

J. A. Marshall, J. C. Peterson, L. Lebioda, Journal of the American Chemical Society 1984, 106,
6006

1. Na, TMSCI, toluene

7 2. dil HC1 Z
CO;Me 3. Ac,0, pyridine OAc
CO,Me
76% 0

G. Mehta, R. Vidya, Journal of Organic Chemistry 2001, 66, 6913

/@\/cli)om Na, TMSCI TMSO
MeO Me to Iuene OTMS

88%

M. J. Meyers, J. Sun, K. E. Carlson, B. S. Katzenellenbogen, J. A. Katzenellenbogen,
Journal of Medicinal Chemistry 1999, 42, 2456

CO,Et OTMS

TMSO
O/ ><)/\/E\ _Na/toluene X/\)ir
TMSCI
Me CO,Et
97%

A.N. Blanchard, D. J. Burnell, Tetrahedron Letters 2001, 42, 4779



Acyloin Rearrangement

The Reaction:
0  OH
R acid or base R R"
R e - R
HO O

Proposed Mechanism:
In acid:

.. ® _H _H
0 -/‘\(_9 (O O
R /U\ERv H R)l\ﬁ R s R@k\\ﬁR‘
R" Rr" R"
HO HO HO
H@ R OH
- RVI
R
(6]
In base
(6] (O R Oe ®
R R aL. /U(\I<R' - R>‘\”/ R HY,
R" b R"
(ZJH g o
Examples:
Br Me
Br, \Br Na,CO;
: ,
O,N NO, H,0
Me" "hi ield”
4y O igh yie

o)

Name Reaction

P. A. Bates, E. J. Ditzel, M. P. Hartshorn, H. T. Ing, K. E. Richards, W. T. Robinson, Tetrahedron

Letters 1981, 22, 2325

R OEt Me R
TsOH
e
Me benzene )/ (
HO OEt (0] OEt
R=iPr 43%
R=Ph 80%

T. Sate, T. Nagata, K. Maeda, S. Ohtsuka, Tetrahedron Letters 1994, 35, 5027



Name Reaction

a mixture of acyl esters

M. Rentzea, E. Hecker, Tetrahedron Letters 1982, 23, 1785

J. Liu, L. N. Mander, A. C. Willis, Tetrahedron 1998, 54, 11637



8 Name Reaction
Adamantane Rearrangement (Schleyer Adamantization)

The Reaction:
Ao =
e—-

Proposed Mechanism: ‘
P. von R. Schleyer, P. Grubmcller, W. F. Maier, O. Vostrowsky, Tetrahedron Letters 1980, 21, 921

M. Farcasiu, E. W. Hagaman, E. Wenkert, P. von R. Schleyer Tetrahedron Letters 1981, 22, 1501

E. M. Engler, M. Farcasiu, A. Sevin, J. M. Cense, P. V. R. Schleyer, Journal of the American
Chemical Society 1973, 95, 5769

M. A. McKervey, Tetrahedron 1980, 36, 971 provides a useful review:
This reaction consists of a series of deprotonations, protonations, hydride transfers and Wagner-
Meerwein rearrangements. There are postulated to be 2897 possible routes between starting

material and product! A few of the steps have been tested experimentally; most of the data are
computational. The following structural features seem to be supported:

M@_» Ca_,@ﬁ» ©

Notes:

Tricyclic molecules having 10 carbon atoms are converted to adamantane with Lewis acids.
Additional carbon atoms become alkyl appendages:

Me
Me
A@ @ —
—

M. A. McKervey, Tetrahedron 1980, 36, 971
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Examples:

- 1. SbF,80;
OH —i
2.H,0 OH
~ 80%

H. W. Whitlock, Jr., M. W. Siefken, Journal of the American Chemical Society 1968, 90, 4929

Verification of the first steps:
O)N~g

O:N~g ON=q
Lb? 98-100% HNO; HNOs _
e

65%
P. A. Krasutsky, I. R. Likhotvorik, A. L. Litvyn, A. G. Yurchenko, D. Van Engen Tetrahedron
Letters 1990, 31, 3973
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Aldehyde Syntheses

Arens-van Dorp Cinnamaldehyde Synthesis

OH
R OH
R Lindlar Reduction H®
// RO X —
RO

H
H

R_LO
/\)Q@ m - HzO OHC \/\©

Bodroux-Chichibabin Aldehyde Synthesis

O)Et/_\ . OEt GOBC
, gX ; /‘ " 74()

6 OEt - OEt OEt R 9@

acetal Et

%Et OEt OFEt

()L 0,0 74 -u® 7<\/\H@
H R H7No-H H7/N,-H

R I—i hemi acetal

Et ®

kO’H @O, H . H@ o
HR '-8--'H o H’kR H/U\R

Bouveault Aldehyde Synthesis

XMg/\ XMg~q Q
/U\N Me —= R/}\N Me —— Hzo 4@3 R/U\H

M e
DMSO-based Oxidations
Albright-Goldman Oxidation / Albright-Goldman Reagent

G g NG
A S’OGLM}‘ ¢ Me _@OAc M%S]C;?/#-\H etc
Me

Me N
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Corey-Kim Oxidation / Corey-Kim Reagent

O

O

0
Me T Me o)
¥ ol — /\S—C1+@N
Mé Me
0
NCS

N-ChloroSuccinimide

\:. ’ H a0
)Q _HCl )Q iVIe X - )J\

Scavanged by NR3

Kornblum Aldehyde Synthesis

X . AgTs 0
————————-
R//\H 2. DMSO P'S
H 3.NEy,NaHCO; R° H

X=I,Br, OTs

Onodera Oxidation

@/\‘t
Q A .

+ P
M Me 0”00
DMSO phosphorous pentoxide
( 0/ P0 5@
3

H S< Me
ve, Me @ Me
H O~

: -s®

Pfitzner-Moffatt Oxidation

H
o DCC, HX o
/}\ DMSO I
R I R” H

also for ketones

Swern Oxidation

OH . o
/'\ Oxalyl chloride, DMSO )]\
R il H CH,Cl, R H

also for ketones

Me @ Me

Ly

P

O

Me \63_ Me

S
[
o

Me
+ g
AY
Me
Me
(0] 4 SI
AN
Me
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Dess-Martin Oxidation

OAc
A
CO ~0OAc
AY
O
JOH 0 O
R CH,Cl,, 25°C R)LH

also for ketones

Duff Reaction

hexamethylenetetramine

N—, (HMTA)
EDG r \] EDG
N [N
LN~/
AcOH (aq)
(6] H
Etard Reaction
©/<>H </V€ ©/‘\ou l
al\(, (, '.OH
lCr
a Yo

H
O
—_— + HOCIClI + HCI

Fukuyama Reduction

/U\ Et;SiH
R” TSR Pd-S-R’
Pd(0)
0
)l\ E; S-SR’

R H Pd H
M. Kimura, M. Seki, Tetrahedron Letters 2004, 45, 3219
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Ganem Oxidation

X
R H
R
H Sn2 displacement @) Me
H N p .
A S W
5 helped by DMSO R H Me
®I£I’Me Me’ @Me
Me i\/[e
TMNO

13

Gattermann Reaction (Gatterman Aldehyde Synthesis) / Gattermann Reagent
O

G G
N l Zn(CN), , HCl N | H
—_—
x> H,0 x
=alkyl, OR

Gatterman-Koch Reaction (see under Gatterman Reaction)

There seems to be agreement that the product forming part of the mechanism is:

@
G 0)
Y - @*
AN SN @

However, the details of the formation of the formyl cation seem to be less assured.

O HCL AICK .‘ﬁ
i e

——

Cu !

H .
See S. Raungei, M. L. Klein, Journal of Physical Chemistry B, 2001, 105, 8213 for pertinent
references to experiment, and their computational study of the formy! cation.

Grundmann Aldehyde Synthesis

H o

- Nz )
in-O O iPr
0
] 2N
R/U\/O AlOiP; H
\n/ PrOH \-/
0 W (' o

Meerwein-Ponndorf-Verley Reduction PrO O-zPr



14 Name Reaction

/"\OAC
©- zPr)zAl /?]\ 09 }',b
AcO”. “OAc
0‘3 R /K/OH _0__,
or HIO4
AI(O iPr), Criegee Glycol Oxidation
OA ;
I|>b,6Ac A(‘O\Pb,OAc ACO\ .OAc
o~ {_OAc \O*\Hf\@OA oj Qo
o )\/ + OAc _poac I
R H R
O
— R)LH + CO + PbOAc),

Hass-Bender Reaction
NO,

(0]
Me Me
Ar/\X > ArJLH

Krohnke Aldehyde Synthesis

Os U
N ®N
Z | X i A
I y/ — ~ N
(P A e
/{\ ) X@/k\‘ X@)
R o H R H R
| g
i
Hydrolysis (6]
—--
R H
© «N? H
O 7/
R

McFadyen-Stevens Aldehyde Synthesis

o 0
R/lkN‘N\s"O Lot R/lLH
H & SAr

R = Ar or alkyl with no a-protons
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Meyers Aldehyde Synthesis / Meyers Reagents

6] Base Aﬁ\o /* Rf; 0
RN oY K"
H H 9 g H H

H H
Polonovski Reaction
ACzo
R or R'\N.R" 0
4N@@ AcCl + Jl_ +3HOAc
R' l"\O /& R H or
R o HCI

Reimer-Tiemann Reaction

OH OH O
H
+ CHCl; + 3 KOH —— ©/U\ + H,O + 3 KCl1

15
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Reissert Reaction (Grosheintz-Fischer-Reissert Aldehyde Synthesis)

©\/j + jz — ©\/j a® N /K—CN
R Cl
2 N ®
PONSICOUE
N \\X NN
N.

AN M
CoL o O - O/
SN Ne=NH N =, BN e,
R)§ 0 R)‘. 0. 8 >

R ®Yy
X H -u® A @ S
AY ’H —_— rH
® NH, NH,

H@ H,0 > R
——
amide = + NH;
N COOH

hydrolysis

Rosenmund Reduction
O

H, o
)L /[L + HCI

R” ¢ Pd-BaSO, R

Sommelet Reaction

N
OAENEE e
LN ?



Name Reaction 17

Sonn-Muller Method

_PCl, ,PC14
Pl X 2Ph Cl NP
Iﬁ s, S C O
H H H
Cl H
N s, N om0
—_— —
HCI1
Stephen Reduction (Stephen Aldehyde Synthesis)
HC ©® S NN -
R—=N s R =N-H v — ): )zN@Cl@
R H
H

H.se.H proton H.l_H
H;O N H transfer @N A

SnCly, ——— 'y .
2 —_—
/|—0'® /hg
R \ R y
H H H H

B9 H
SnCl; (anh) (N

(6]
—
R)LH
Vilsmeier-Haack Reaction

G G O
0
ve. U POch, H
NTTH
M

nucleophilic aromatic
compounds only

Wacker Oxidation Reaction

o  +HC H0
+
. A RO 2 cudl 1/20,+ 2 HCI
H. = +cl
(Q  Pd—H;0 ClPd=Cl_- )
R R
Cl‘ .Cl
HOy_, -Cl sgPd~a
R = H,O R H,0
@
H Cl\ cl- -Cl

R A - R
o HOyJ Cl-pg-¢! H:0
R HO Y@
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Alder-Rickert Reaction

The Reaction:

HO G H H \G
7 = T+ o
H

H G Ho H G

Proposed Mechanism:
(6]

H G H __H G
w7 = Q@ - 1
gl G G 17 H G

This reaction is a reverse Diels-Alder Reaction. The orbital considerations controlling the
“backward: reaction are the same as the “forward” reaction.

Notes:
It seems accepted that almost any "retro-Diels-Alder" reaction can be included in the grouping,
"Alder-Rickert Reaction".

Examples:
CO,Me
=
o)
COMe  MeO,C ~ Me0,C
—_— /] A
MeO,C Me MeO,C OTMS
OTMS OTMS 2
Me
Me 59% for the two steps.

J. W. Patterson, Tetrahedron 1993, 49, 4789
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o} 0 0
FVP
A =~

R. N Warrener, J.-M. Wang, K. D. V. Weerasuria, R. A. Russell, Tetrahedron Letters 1990, 31, 7069

Ow”""0OMe O —~"~0Me
Me Me
e —
COOMe COOMe
Heat . —_—
83%
O~ ~""0Me
Me
TOOMe

D. W. Landry, Tetrahedron 1983, 39, 2761

Me R Ne
Me =—CHO =
toluene Me
h 85% AcO &
eat (]
O =g
D. Schomburg, M. Thielmann, E. Winterfeldt, Tetrahedron Letters 1985, 26, 1705
Me, toluene Me., N 0
O —i
(e] A .
Z 0
Ay 100% — a
Me Cl Me

M. E. Jung, L. J. Street, Journal of the American Chemical Society 1984, 106, 8327
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Aldol Type Reactions

The Reaction:
This reaction has become an extremely important tool in the reaction toolbox of organic chemists.
Because of the variety of approaches to the aldol products, this summary section is prepared.

Most synthetically useful approaches use a preformed enolate as one of the reactants.

0
With a weaker base and / or slow addition
R \/U\CH3 00 of base to the ketone, an equilibrium will be
Strong Base ———— > p established and a "thermodynamic enolate”
Ketone added to base CH, will predominate.

"Kinetic enolate"

VN
00 H\ 0 \ 0©
CH;, — R R
R \ACHZ R)ﬁ]’ o~ CH, \/\cm
o)

"Thermodynamic enolate”

The most useful approach is when the enolate can be trapped and used in a configurationally stable
form.

A generic analysis of enolate addition to an aldehyde:
Unfavorable
xleric

Z-enolate ’_) interaction

[
M 0 P M \®
o el O not Ho O ¢
e | T 0 H—C—0
S LR H— | |
¢ R' ] R

0 R' H R' O OH

A similar exercise can be provided for the E-enolate.

Zimmerman-Traxler model
An analysis of the steric effects in a chair-transition state for the reaction:
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A directed aldol reaction requires that one partner provides a preformed enolate (or chemically
equivalent reactive species) and is then added to the second carbonyl-containing molecule.

When one of the reactants is chiral, asymmetric induction can provide enantioselective products:

Cram’s Rule and Related Views on Asymmetric Induction

This rule was developed to rationalize the steric course of addition to carbony! compounds.’ The
conformations of the molecules are shown in their Newman structures, and a preferred
conformation is selected in which the largest group, L, is situated anti to the carbonyl oxygen. This
conformation assumes a model having a Jarge oxygen, sometimes referred to as the "big O" model.”
Examination of steric hindrance to nucleophile trajectory determined the major product.” We might
point out, at the start, that Reetz has recently reported that “how” the reaction is carried out; for
example “slow” vs. “fast” mixing, can dramatically alter product ratios.*

Less steric effects

L
S o]
MaZ Nu: <<=
IHR w >

S o M\
L & L
Nu R R Nu
™M s™T'M
OH OH
Major product Minor product

In cases where the alpha-carbon is chiral, attack at the carbonyl carbon introduces a new stereogenic
center. The two carbonyl faces are diastereotopic and attack at the re and se faces are different

— |
S o M
The two faces are diastereotopic
A modification of the Cram model, in which the medium sized group, M, eclipsed the carbony!
oxygen, was developed by Karabatsos®; however, it generally predicted the same product as the
Cram model. In this model, which assumes two major conformations, the major product is that
which is derived from attack at the less hindered side of the more stable conformer.

1. a. See J. D. Morrison, H. S. Mosher, Asymmetric Organic Reactions, Prentice-Hall, Englewood
Cliffs, 1971, Chapter 3, for a somewhat dated, but excellent account of this concept.

b Cram's first work, (D. J. Cram, F. A. Abd Elhafez, Journal of the American Chemical Society
1952, 74, 5828) set the stage for intense studies that have spanned 50 years.

2. The original thought included the notion that there was a large steric bulk associated with the
oxygen by nature of metal complexing.

3. Application of the Curtin-Hammett Principle would suggest that the different ground state
conformers have minimal influence on the product composition. It is the difference in activation
energies for the two different isomers that controls the reaction, and the diastereomeric transition
states would be attained from either ground state conformation.

4. M. T. Reetz, S. Stanchev, H. Haning, Tetrahedron 1992, 48, 6813

5. a G. J. Karabatsos Journal of the American Chemical Society 1967, 89, 1367;
b. G. J. Karabatsos, D. J. Fenoglio, Topics in Stereochemistry 1970, 5, 167
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Preferred

7~
S R\

Felkin—Cherest-Anh Rule

Like Cram’s Rule, the Felkin-Cherest-Anh model, developed by Felkin and coworkers®,
is an attempt to understand and predict the stereochemistry of addition to a carbony! group. This
model requires a "small O" interpretation in which the largest group is oriented anti to the attacking
nucleophile's trajectory. One should note that the Felkin-Cherest-Anh model neglects the
interaction of the carbonyl oxygen. In this approach, the R/S or R/M interactions dominate.

R
S R S This is the important interaction that must be
L 'H = M L minimized. Note that in this approach the
O

M 0 carbonyl substituent plays an important role.

Calculations in this model are based on an orbital interaction as described below. It should also be
noted that the trajectory of delivery of nucleophile to the carbonyl carbon is defined by an angle of
about 109°.

-0
OCIIRSPO e
E>|6 < D\u@

Biirgi- Dunitz trajectory

| 109

\SN

K R )
Preferred conformation. We see in this coformer an
Less interaction between increased interaction
the small group and the between the medium

R-group. We also note group and R. Also,

that this model "feels" the  there is more interaction

influence of increasing size  with the nucleophile.

of R.
This model often leads to the same conclusions obtained from the other models. It does,
however, recognize the nonpassive role of the R-group in ketones. In this model one
would predict an increase of stereodifferentiation as the size of R- increases. This has
been found experimentally.

For aldehydes the transition state model will be:

6. M. Cherest, H. Felkin, N. Prudent, Tetrahedron Letters, 1968, 9, 2199
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A useful orbital approach by Cieplak’ has suggested that the nucleophile will attack the carbonyl anti

to the best donor ligand.
E

—
# \
Carbon . Ymmmenas 5 0f nucleophile
]

Nu: Donor
donor s- _#’_(
bond i
O ‘\
\\_H._u

Cases for Modification of the Models

Sometimes the Lewis acid that coordinates with the carbonyl oxygen is sufficiently bulky
that it seriously influences the stereochemistry of attack. Sometimes these reaction products, which
seem opposite of the expected Cram Rule analysis, are termed "anti-Cram” products. Compare the
"normal" situation with the influence of a sterically bulky Lewis acid:

O Lewis acid O Lewis acid
) 0
As the bulk of the /“- I
o —— 54;—§I
e %
L :Nu

Lewis acid increases

1
’
'
1
[l
!
'

This gives the

This gives the
"anti-Cram" product

Cram product
Dipolar Model
There is evidence to suggest that competing dipole effects will alter the preferred
conformation. Thus, for example, halogens will prefer a conformation in which the dipoles are anti
to one another. This is often described as the Cornforth model® In this model the highly polarized

group will take the place of the L-group of the Cram model.

H o R'M H RY
R )’. /L+ % - )’. ;(OH
=N cl R

1

Ccl - R
6] O
X L L S
~ g — - - Preferred direction
- of attack.
Y L

7.a. A. S. Cieplak, B. D. Yait, C. R. Johnson, Journal of the American Chemical Society 1989 111,

8447
b.

8. J. W. Cornforth, R. H. Cornforth, K. K. Methew, Journal of the Chemical Society 1959, 112

A. S. Cieplak, Journal of the American Chemical Society 1981, 103, 4548
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Chelation Control
Neighboring heteroatoms can provide a site for complexing.

S R
L\:. R L s (
Cl H
Het \O Prefered  Cl "Il" 0
Nt direction  ¢”7' "o ==
M 0 P‘Iet of attack Cl RMC
\
Het = heteroatom \I\/}
M =metal

Product stereochemistries can be greatly influenced by these chelation control effects.
This was first observed by Cram.'® There are many controversies about this topic, and the issue
remains a topic of investigative interest.’ Without kinetic data, it has been suggested that it is
impossible to distinguish the following two mechanistic types:'>
Chelate === Ketone + MgMe,

Product (Non-chelation)

Ketone + MgMe, Chelate

Rate enhancement should be a requirement for chelation control because if chelation is the source of
stereoselectivity it necessarily follows that the chelation transition state should be of a lower energy
pathway."

These concepts are seen on the energy diagram below. It should be noted that an
interesting conclusion from this analysis is that increased selectivity is associated with increased

reactivity. This might be considered to run counter to a number of other analyses of reactivity and
selectivity.

Product (Chelation)

R;Mg 0

|
)\/OR 0 -MgR,
ﬂ )'\/‘OR

9. M. T. Reetz, Accounts of Chemical Research 1993, 26, 462

10. D. J. Cram, K. R. Kopecky, Journal of the American Chemical Society 1959, 81,2748

11, C. Still, J. H. McDonald, Tetrahedron Letters, 1984, 1031

. W.
. M. T. Reetz, Angewandte Chemie, International Edition in English, 1984, 23, 556
. G. E. Keck, D. E. Abbott, Tetrahedron Letters 1984, 25, 1883

. S. V. Frye, E. L. Eliel, Journal of the American Chemical Society 1988, 110, 484

12.J. Laemmle, E. C. Ashby, H. M. Neumann, Journal of the American Chemical Society 1971, 93,
5120

13. X. Chen, E. R. Hortelano, E. L. Eliel, S. V. Frye Journal of the American Chemical Society
1992, 114, 1778 '
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The a priori prediction of which functional groups will provide complexation are not always
obvious. Keck'* demonstrated some dramatic differences in oxygen chelation resulting from minor
differences in substitution.

Me Me
o o
0O 0 Me....O 0

Sit
L Ao
-Bu
With SnCly
Stong chelate No chelate

A potentially useful extension of the Cram's rule is the asymetric induction provided by a remote
ester (Prelog's rule):

(0]
R'MgX
L g

YA

Reactions based on the Aldol Reaction:
Claisen-Schmidt:
6] O OH [e)
1. Base 3. H®
R o R Ar ~Ho R Z Ar
R 2. R
H)]\Ar

Henry Reaction

6]
ON R+ _Base_ 0N R
Xy R SR Adid
H k '
an aldehyde Worsup R R
or ketone
Knoevenagel Reaction
H
R INCH EWG R
EWG_ H R
o< + X —— =
H EWG H EWG H

Do o protons methylene with two

electron withdrawing groups

14. G. E. Keck, S. Castellino, Tetrahedron Letters 1987, 28, 281
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Aldol Condensation

The Reaction:
Acd

R O R", o —>

H + H or

R’ R” R RY 1. Base
—_—
2. Acid

Proposed Mechanism:
Acid Catalyzed

RH OJ‘H@ H O-H R 9/-H H O-H

R%( —_ ):< + R ® =

Rl Rn R' R" R' i Rl\/ RV
Base (' S)
H O R O H
VY < Ve &
P =" ey —
RV R" R| RIV R R

(0]
R
R"
H RY
RV" Rlv
If R'=H, dehydration is possible to Dehydration is often irreversible
give the o, f unsaturated ketone. and a driving force.
Notes:
If the starting materials are not the same, the reaction is known as a "mixed" aldol condensation.
R
R' O_ M Rn ~ Rv
R 9;1\/[ R\E\d e Y\ﬂ,
— / R" OH O
H < R anti / threo
R" H R
) \ R o0-M R" R
0 Jd
& OH ©O
syn/ erythro

M. B. Smith, J. March in March s Advanced Organic Chemistry, 5" ed., John Wiley and Sons, Inc.,
New York, 2001, pp 1218-1213; T. Laue, A. Plagens, Named Organic Reactions, John Wiley and
Sons, Inc., New York, 1998, pp. 4-10; A. T. Nielsen, W. J. Houlihan, Organic Reactions 16 (full
volume); T. Mukaiyama, Organic Reactions, 28, 3; C. J. Cowden, 1. Patterson, Organic Reactions
51, 1.
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Examples:
NaOH Me CHO
A~CHO —— o
Me H,0 "
86% ¢

M. Haussermann, Helvetica Chimica Acta 1951, 34, 1482 (Reported in A. T. Nielsen, W. J.
Houlihan, Organic Reactions 16, page 8).

(0]
2% NaOH
Me Me EtOH
[¢]

94: 6
P. M. McCury, Jr., R. X. Singh, Journal of Organic Chemistry 1974, 39, 2316

o Me Me
A e )
——-

-Pr Y EtOH i-Pr 0
Me 50% Me
E. J. Corey, S. Nozoe, Journal of the American Chemical Society 1965, 87, 5728

o 3 oi 0 S OH S
Me\/U\ J_ TicL, ™EDA I
——————
N S Ph )ks + Ph/\)l\ S
\__/ PhCHO v \_J
Me & Me ; Me :
A 62% Me—x Me
97:3 7\
Me Me Me Me Me Me
M. T. Crimmins, K. Chaudhary, Organic Letters 2000, 2, 775
Sn(OTf),, EtCHO R
Me 2
\/lLN S Et/\:/ll\ N s
e 2
Me— N CHCh Me—
Me 1 Me
95%
D. Zuev, L. A. Paquette, Organic Letters 2000, 2, 679
(o] OH
1. L-Proline (cat) M
e
J\‘ J\" 2. TBSOTT H/u\/'\(
Me Me

61%
P. M. Pihko, A. Erkkila, Tetrahedron Letters 2003, 44, 7607
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Algar-Flynn-Oyamada Reaction

The Reaction:

o™ s
e
HO@

O

Proposed Mechanism

H0, * HO — OOH + H,0

cry™

Enone Epoxidation Route:

O@n on. L
{

O

O <O\ O Oxidation
—— ———-
1" _H2"
OH
0 0
Michael Route T

5,
seatvoed
C() 08 ~OH

T. M. Gormley, W. 1. O'Sullivan, Tetrahedron 1973, 29, 369
See: M. Bennett, A. J. Burke, W. 1. O'Sullivan, Tetrahedron 1996, 52, 7178 for a detailed analysis
of the role of the epoxide intermediate.

Notes:
Sometimes an "arone" can be formed.

o

BrAr

Br
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Auwers Synthesis
Br
Ar
O Ar
o %y ©on
R
t
R Br EtOH OH
0 0

The Rasoda Reaction:
OAc ‘
base
%
fe} Br ».OH
R=Bror /

w A
I

R =0H (abromohydrin)

OR
OH O

O N Na,CO3, HyO O |
Br acetone OH
0] no yield given [e]
R=Meor Bn

M. G. Marathey, Journal of Organic Chemistry 1955, 20, 563

Examples:
(This step is a Claisen-Schmidt Reaction.)

OH
| 30% KOH
+ H _—
Me Me  gon
5 o 37.5%

30% H,0,, KOH
e ——— e
acetone, EtOH

27 N

63.4%
K. B. Raut, S. H. Wender, Journal of Organic Chemistry 1960, 25, 50

~
OH X OH
NaOH (aq)
+ H —— t
Me EtOH

o]

1. 30% H,0,, NaOH, EtOH

-

2. dil HCI

40%
J. R. Dharia, K. F. Johnson, J. B. Schlenof, Macromolecules 1994, 27, 5167

29
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Alkyne Coupling
The Reaction:
2 R—=—H —_— R—=————R

General Discussion:
See P. Siemsen, R. C. Livingston, F. Diederich, Angewandte Chemie International Edition in
English 2000, 39, 2632 and K. Sonogashira, Comprehensive Organic Synthesis, Vol 3, Chapter 2.5

The earliest of the alkyne coupling reactions is that of Glaser, who had noted:

O
Ph—=—Cu —= Ph—=—=—"Ph

In much of the early work, the copper acetylides were prepared from the reaction of a terminal

alkyne with Cu(I) salts.
_ CuX -
Ph———H » Ph——Cu
NH4OH
The reaction was of limited use due to the explosive nature of copper acetylides.

In the Hay modification of the Glaser reaction, it was noted that the reaction could be modified to

avoid isolation of the acetylide:
CuX, TMEDA (catalytic)

Solventand O,
A. S. Hay, Journal of Organic Chemistry 1962, 217, 3320

R——= — —R

In this process the TMEDA-Cu complex readily binds to the alkyne. Various interpretations of the
binding are possible:

. Il
[N\ /féNj or [Né‘;‘l\ /Nj y R — &

,(:u\ y/ 3 LN ’C\l‘ - -
N 7 N N ] I’ N
R In any event, there is collapse to product.
R

There is evidence that the role of oxidant is to convert Cu(l) to Cu(Il). It may be:

o Cu(l) ¥ N:Base o
R———H —> R—==H R———Cu

Cu()

R———Cu(l) ---> R—=——Cy——=—R "~~~ R—————R

Qy
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An older view of these reactions involved formation of a radical:
2 Rm—Cu * 2Cull) —— 2 R—==-+ 4Cu()

|

R———= R
This would require that hetero-coupling of two different alkynes give a statistical product mix. This
is not observed.

A computational study of the Glaser reaction provides additional mechanistic insight.
L. Fomina, B. Vazquez, E. Tkatchouk, S. Fomine, Tetrahedron 2002, 58, 6741

Selected intermediates are shown:

\, R \ ~
N\ N\ N\
E u® + R—==H [ o] — | cv—=—r
N
/N W /7N
R R

l:Cu Cu j -

R
\N‘// hm N/
—EZ—P [ ‘Cu\ B —
N_ OH OH HO'
AN AN N\
R—————R

There is much to learn about the details of these reactions. In different sections the following
reactions will be described:

Cadiot-Chodkiewicz Coupling

R————H *+* X—VFR e =—R'
Castro-Stephens Coupling
R—==—n + B base —

— Ar=X tucLa, R/ 4
Eglinton Reaction

__ CuX; o
2 R———H - R—= ——R

pyridine

Glaser Coupling
R—==—q CuX, TMEDA (catalytic) R—— —
— Solvent and O, -

Sonogashira Coupling
PdCl,(PPhs),

R—X + H—=VRr = R—==—FR'
Cul, NEty




32 Name Reaction

Allan-Robinson Reaction

The Reaction:
[¢) O O
OH O R’
R R’
B ———
R Base R
O

Proposed Mechanism:

R
N
0._0_0L0 0
OH proton transfer/ OH Y \f HO o
H enolization R R 8@
RI
R Z R R
(0 40 3
0 H
=~ HO R O.:R'
proton transfer/ .
@O—/U\R; /3 enolization \"I OH
—_— ¢ —_—
H R R
(@) (O
H
CI)) R proton 0 R’ proton 0 %
@ OH transfer oy transfer OH
=
R = wR 1 R
“~@0 40 0
“H,0 O R
—_—
R
(o}
Notes:

The rate determining step is dependent on both the concentration of enolacetate and acetate ion. T.
Szell, D. M. Zorandy, K. Menyharth, Tetrahedron 1969, 25, 715

In the related Kostanecki Reaction, the same reagents give a different product. In that case,
the attacking species is the phenol oxygen, rather than the enol tautomer of the ketone.

R Kostanecki Acylation
Product

¢] O
R\)J\O/U\/R/ 0" Yo = Coumarin
\ 0O
OH Allan-Robinson

Reaction Product
O = Chromone

S




Name Reaction

Examples:

OH O OH O
Me o0 O  pyridine ] Me
+ >
1 1
Me Me glycero HO o Me
55%

HO OH

T. Szell, Journal of the Chemical Society, C, 1967, 2041 (AN 1968:2779)

)
Me o
DBU
R
OH + c pyridine
E0” S0 0N 40% g0 o NO,

0} BnO

BnO

HO OH
OMe MeO
OMe

OH O OH O
No yield given, product synthesis to confirm structure of an isolated compound.

G. Berti, O. Liv, D. Segnini, 1. Cavero, Tetrahedron 1967, 23, 2295

33



34 Name Reaction

Amine Preparations
See R. E. Gawley, Organic Reactions 1988, 35, 1

Delépine Reaction

X N
7( . 4 1 HCI NH,
H N 4\
g H LN EOH — HTIN,

R

Fischer-Hepp and Related Rearrangements
Fischer-Hepp Rearrangement

i 1
N. N.
@/ NO  HCI O H
—-
ON
HCl is the preferred acid.

Orton Rearrangement

0 0
Me/U\ N’Cl )l\N‘H

Me
HCI
— =
Cl

Hofmann-Martius Rearrangement

H. .Me .~
N N
©/Me

Reilly-Hickinbottom Rearrangement
Similar to Hoffmann-Martins Rearrangement except that it uses Lewis acids and the amine
rather than protic acid and the amine salt.

ClM l CH3 CI—M ,H

@ M(:l2 © c1e /\ et
+ Me-— 01 E——

M=Co, Cd, Zn




Name Reaction
Forster Reaction (F orster-Decker Method)

H
proton HO ) Ar

/\/(6 \//A transfer o
—N . —_—
R™H ~NY
H H H R™ Yy

i o '/r-’\
- H,O
TN]/“) + Pop —» \ﬂ/\/‘ =,
R°® H R” @ R
Schlff Base c1@
SRR H.
O proton &O
H Ar transfer H Ar O
Poofmb e
N o N? H H Ar
R R R I R
Fukuyama Amine Synthesis
SO,Cl s” >coon
1. RNH, NO
NO: 5 rom, PPhy, DEAD H 2
>~ _N. + + SO,
3. HSCH,COOH R R
NO, NO,
via:
H‘4~
{a NG HogR
055116\ o—é(—@o 0=§=0
:I\IIHZ
NO, R NO, Cl@ NO, R'OH, PPh,
———lgp —_—— ————-
DEAD
Mitsunobu Reaction
NO, NO, NO, e
R'<. .R R

D ——

SO, + NO + —_ N +

NO, NO,

H®
!\_,S /\C OOH S /\COOH
R NO, H NO,

35



36 Name Reaction

Gabriel Synthesis

Ie) O
1. RX
N-K V> H'I\{‘H + OH
2. hydrolysis R OH
0 0
via:
H
G g
\ O r—x \ OH \y
NI D IN-R —>= IN-R —>
O o}
proton
0’?} transfer (_(@/ @ 0@
NG o.
GRrR ) H
0 @O/ NH
(R
proton 1 protic 1
transf . ..
S Neg s 09 worw_ Nl | OH
H @ H
R 0) R OH
o} O

Gabriel—Colman Rearrangement

_-COOR X COOR
N ——>
NaOEt

Gabriel—Cromwell Reaction

O
H,N-R' $NEt, < /\‘H NEt3
RO RO X RO™ X 2. keto enol
@ R' N.R' tautomerism

:\ H
H H

o
(1; B® sNEt R
T B ro )%915:}{'/_\ 3. RO /UX/N
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Gabriel (-Marckwald) Ethylenimine Method

s _
(I_II \ Base ‘ @ /\ B Bre

Ne o~ — — (CH)
H (CHy, 'Br g CH > Br @

Schweizer Allyl Amine Synthesis
A combination of Gabriel and Wittig chemistry
1. Base, phthalimide

@  2.RCHO —
/\p}g _ HNT PR
3. Hydrolysis

o ®
o
/"\ /\ PR
(0]
R
0 o o@)
P @
H R ©:: PR;
. N
O
O R
_/_/ Hydrolysis
@:EN — N Ty
(0]

Voight Amination / Reaction

PR3 - R3 P=0

H oH H O

O A
i
P05 N N
R)H/OH +R"“NH2 TOOCD ,,R/ j\‘/OH g R +H20
R

R' R



38 Name Reaction

Andersen Sulfoxide Synthesis

The Reaction:
Me
(¢] A ) .
[ 1. separate diastercomers g
PN + PN
R Cl w 2. M-Nu R™  Nu
a sulfinyl HO
chloride Me Me
menthol

Proposed Mechanism:

Me Me
O
It O? - HCY
P S ~ + > 1 @ —_—
R Cl Ho SO
\ .Q . R ’/ 1 O
e " ¥ Cl I—lI)
Me Me Me Me
Me Me
. Y 1. separate diastereomers
\ /O \ /O
Rv S. IO\‘ ) + R ] VO\" 2. Nu-M
Me Me Me Me
-
Me Me
A\ ,0 INu_ Q0 '\ 0 Nu QO
S S 'S'V AN )S,l
R (0] Nu R R 0 R Nu
Me Me Me' Me
K. K. Andersen, Tetrahedron Letters 1962, 3, 93
Notes:
Other chiral auxiliaries have been used besides menthol.
Sulfoxide Designations:
By formal
-- -- charge
O 0 :0: 0: & 0
N N, L=
RF7R O ORWR RSw R7OCRY R77CR



Name Reaction

Examples:

1. cholesterol -
Mea/\/ A i Mea/\/s 5
Me - RMgX Me
Me Me
R=n-Bu: yield=61%, 83% ee
R =Ph-CH,: yield=78%, 91% ee
R. R. Strickler, A. L. Schwan, Tetrahedron: Asymmetry 1999, 10, 4065

n-=0
:
/ ‘o

: quarnt.
50:50 mixture
Me
2 Me Me
ol . 0 NaH
7o age \) Mel
o (¢}
v O 0
Me FEt Me Me
p-tolg A N O _ optically active
RN — ™ Juvenile hormone

9:1 diastereoselectivity
H. Kosugi, O. Kanno, H. Uda, Tetrahedron: Asymmetry 1994, 5, 1139

o—'§'<0-Men MMl | omgmcgl
I
CeHal yields not Me
[a]p -146° reported [alp +99°

P. Bickart, M. Axelrod, J. Jacobs, K. Mislow, Journal of the American Chemical Society 1967, 89,

697

39



40 Name Reaction
Appel Reaction

The Reaction:

OH  PhP S
r—/ X, rR—/ Ph7 1 Ph HCX,

X=ClorBr

Proposed Mechanism:

X Ph@ =
Ph3P1//+\;(Q€'X — Ph—l\P—X + CX,

1 1
. ¥
i h
1 \@ Ph
S . T
r— X ~ ~ R ph X
© X Ph

Notes:

There are two processes called the Appel Reaction. Although similar, the second is concerned with
reactions of phosphorous:

\P’O PhsP, CCly \P,O © N \ O
———

N < @ Cl —_ P
7 on 7 “0—PPh, / “Nu
With inversion of configuration around P..

J. Baraniak, W. J. Stec, Tetrahedron Letters 1985, 26, 4379

See also: J. Beres, W. G. Bentrude, L. Parkanji, A. Kalman, A. E. Sopchik, Journal of Organic
Chemistry 1985, 50, 1271

Examples:
ph. Ph Ph_ Ph
Me. O OH  PhiP,CClL Me O cl
—_—
Mé O OH 72% Me O OH
Ph Ph PH Ph

D. Seebach, A. Pichota, A. K. Beck, A. B. Pinkerton, T. Litz, J. Karjalainen, V. Gramlich, Organic
Letters 1999, 1, 55



Name Reaction 41

¢] OH
HO O~ PhsP , CBry
O e et
OO 0 THF
O 9 \\L 63%
00 OH
HO Br
Br
HO OH 0 _/_/
Br o O~ Br
o O
(6]
o 0 -0 \\L
0—O0 Br
J_J g Br
Br Br
M. Dubber, T. K. Lindhorst, Organic Letters 2001, 3, 4019
0] B (0] ] (¢]
Me Me Me
ﬂ\ l PPh, Ij\ l HN |
—_— ———-
0 N CCly . o N O)\N
OH cl DMTO—\ 0
prepared in situ. Oép
L immediately reacts _|
to give 30% overall DMTO
yield

ODMT (ODMTTr) is the 4,4’-dimethoxytrityl group, a common —OH protecting group for the
carbohydrate moieties in syntheses of polynucleotides.

MeO l l OMe
Ci

4,4'-dimethoxytrityl chloride [40615-36-9]

B. Nawrot, O. Michalak, M. Nowak, A. Okruszek, M. Dera, W. J. Stee, Tetrahedron Letters 2002,
43, 5397



42 Name Reaction

Arbuzov Reaction (Michaelis-Arbuzov Reaction)

The Reaction:
,X
—C
EfO . /N i,
-P: ————- —P
El0—pP E0 P ~c'<
EtO EtO

Proposed Mechanism:

o’Et X 0
EtO X ')
A\ A @l / 1 /
BO-PI" —C = —=mo~P~c. = mo~P¢lL T MeX
EtO E©O \ EtO
Notes:

T. Laue, A. Plagens, Named Organic Reactions, John Wiley and Sons, Inc., New York, 1998, p. 12,;
M. B. Smith, J. March in March’s Advanced Organic Chemistry, 5" ed., John Wiley and Sons, Inc.,
New York, 2001, p. 1234.

The Photo-Arbuzov Reaction:

(0]
Ar  OR Ax
h 1l
Lt ., \—p-0rR
AN 1
OR OR
Michaelis-Becker Reaction (Michaelis Reaction)
The Reaction:
(0] (0]
i)' 1. Na or NaH g
EtO™{~H 5 RX EtO7{ "R
EtO ’ EtO
Proposed Mechanism:
(6] O T (0]
EtO’I,)ﬁH ——> H, g + EtO/P,'@ Na ol EtO’I:\R + NaX
EtO EtO EtO
Kabachnik-Fields Reaction
acid or base H
R (|)l catalysis R=N (3
>=0 +RNH, + H —P—OR" — P—OR"
]
H OR" R Or"
,H
- (6]
i EtOH Bn N\_"
H—P—OEt + CH,0 + Bn-NH, —— P—OEt
.Bn _Bn
(6] kO
H.-J. Cristan, A. Herve, D. Virieux, Tetrahedron 2004, 60, 877
Examples:
O
o 2
\ hv
P—OMe — P ome
O/ MeCN (¢]

40%
M. S. Landis, N. J. Turro, W. Bhanthumnavin, W. G. Bentrude, Journal of Organometallic
Chemistry 2002, 646, 239



Name Reaction 43

0]
OMe TMSBr i
- - ~P~
T ph 80°Csealedtube T
P.-Y. Renard, P. Vayron, C. Mioskowski, Organic Letters 2003, 5, 1661

AR
VBT B
MeO,8" s MeO,S 'S \

929 OEt
S.-S Chou, D.-J. Sun, J.-Y. Huang, P.-K. Yang, H.-C. Lin, Tetrahedron Letters 1996, 37, 7279

o O
11
P—OEt
_P(OER); | OEt
Me
94%
Me

R. W. Driesen, M. Blouin, Journal of Organic Chemistry 1996, 61, 7202

i
Me .OMe P(CH,CF3); F;CH,C—P §-OMe
W/\I}I KF, Alumina, MeCN F3CHC f
Br Me Me Me
33%

S. Fortin, F. Dupont, P. Deslongchamps, Journal of Organic Chemistry 2002, 67, 5437

Described as a tandem Staudinger-Arbuzov Reaction:

'y A
Me (0] (0] (¢] Me (6] O O
P(OMe);
R OEt R OEt
CH,Cl,
Ny N, Oy LNU N,
R = Me, 78% PO H
R =Ph, 66% MeO OMe
M. M. S4, G. P. Silveira, A. J. Bortoluzzi, A. Padwa, Tetrahedron 2003, 59, 5441
q f
B0~ F~Na B B0~ P~
OFt "high yields" OEt
1. Pergament, M. Srebnik, Organic Letters 2001, 3, 217
O
1
Et0-F~Na
— OEt . }: TOEt
; OEt
88%

H.-P. Guan, Y.-L. Qui, M. B. Ksebati, E. A. Kern, J. Zemlicka, Tetrahedron 2002, 58, 6047



44 Name Reaction
Arndt-Eistert Homologation Reaction

The Reaction:
o 1.CH,N,
)j\ 2.A80
R
R a3 mo HO/U\/

Proposed Mechanism:
Elimination of nitrogen gives a carbene,

H @ @ followed by migration of the R group.
N2 0
)l\ @ 2N _A2,0 ¥
. { =, N——
\/ -N, R @ ©
H H
The rearrangement Q ’_\(—B .N
of the diazo ketone R O \I\i;
is known as the Wolff N ©
Rearrangement. H

Alternatively, R migration and N, elimination may be
concerted, avoiding the formation of a carbene.

:0-H Oe - proton o’ H
: 0
\9\, H/H | g @ n tenfr i/HN — J_r
t(? = HO T~ HO
R H R R

keto-enol tautomerism

Notes:

See: Diazomethane

M. B. Smith, J. March in March’s Advanced Organic Chemistry, 5™ ed., John Wiley and Sons, Inc.,
New York, 2001, pp 1405-1407; T. Laue, A. Plagens, Named Organic Reactions, John Wiley and
Sons, Inc., New York, 1998, pp. 13-15; W. E. Bachmann, W. S. Struve, Organic Reactions 1,2

The Kowalski Ester Homologation provides a similar conversion (C. Kowalski, M. S. Haque,
Journal of Organic Chemistry 1985, 50, 5140)

OEt . R Br :
R OFt . BulLi BuLi
\ﬂ/ + LiCHBR, —> R+CH2Br — }:{ —
fe} _O Li—0O Br
Li
R Li R
EtOH
. PR R
Y — =i — L-o—=—% N
Li—0O Br Li—0O

See also: P. Chen, P. T. W. Cheng, S. H. Spergel, R. Zahler, X. Wang, J. Thottathil, J. C. Barrish, R.
P. Polniaszek, Tetrahedron Letters 1997, 38, 3175

Nierenstein Reaction
H
0 D_ o)
o} 7= NN Qo NN O 0 o
-Cl ®.
<)J</H o /”\CQIN/ .
AT Tl A (G Ar Nz
0o



Name Reaction 45

Examples:
O O
1.
Cl Cl
NN CO0H = N NN
Z 2. CH,N, Z N COOH

3. Ag20, Na2CO3, Na3SZO3

T. Hudlicky, J. P. Sheth, Tetrahedron Letters 1979, 29, 2667

a Chbz 0 (llbz
i
1. CHyN;
al NH 2:N2 MeO NH
COOFEt 2. hv,MeOH COOEt
65%

J. M. Jimenez, R. M. Ortuno, Tetrahedron: Asymmetry 1996, 7, 3203

Hi
HO“, Kowalski 0“.
O‘ Method COOMe
COOMe — =
N 57% N
Bn Bn

A number of examples to show that this method is more mild than the Arnds-Eistert reaction

D. Gray, C. Concello’, T. Gallagher, Journal of Organikc Chemistry 2004, 69, 4849

®© @
Ts N, @D (N Ts
N Br & L /\ N Br
S ) Me M 3O \
% s
- CHBr N
Me 7 N —OMe el D-OMe
HOOC _ o ‘N=
N 1.COCI, , DMF, CH,Cl, N
A\ 2. CH,N,, Bt;N A
3. HBr
N N
Ay
OBn SEM 58% OBn SEM

N. J. Garg, R. Sarpong, B. M. Stoltz, Journal of the American Chemical Society 2002, 124, 13179

0™\ 1. (CICOY,, 1, 72h 100% O™\
. ,0 - éj: O
o7 2. CH,N,, B0 80% 07 &
3. AgNO;, 2:1 THF:H,0 88%
HO,C  COMe COxMe
2 02 HO,C 2

R. A. Ancliff, A. T. Russell, A. J. Sanderson Tetrahedron: Asymmetry 1997, 8, 3379



46 Name Reaction

Aza-Cope Rearrangement
The Reaction:

R
DN

$
(2

Proposed Mechanism:

&
L ;N\l
R R _

Z - @k @2 Ro7m X
LN 3/‘ ﬁl A 32 1 - %

R 7 46 46 e |

NH T 5 5 NN

e iminium ion \J

> formation X

Notes:

M. B. Smith, J. March in March’s Advanced Organic Chemistry, 5™ ed., John Wiley and Sons, Inc.,
New York, 2001, p. 1445.

iminium ion formation
JH
R ®O R R R

Iif'/‘\/lg Iil'H OH proton ILI-' %Iz
—_—

“H H H @\/ transfer
(/ = Z P

The Azo-Cope Rearrangement:

®
P

Vi

N .. R" P N - . Ru
°N A # N
= \/l
Examples:
Ph Ph H. Ph O
HO HO (.‘O Ph
CH,0 =
—_— — = —
CSA = NS
NH @N “ LN@ N
! 96% 1 : ! )\
CHPh, CHPh, CPh, pn? Ph

L. E. Overman, E. J. Jacobsen, R. J. Doedens, Journal of Organic Chemistry 1983, 48, 3393
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Me Me
CH,0O < N,
/NH HOAc Bn
Me Bn M e
98%

K. Shishido, K. Hiroya, K. Fukumoto, T. Kametani, Tetrahedron Letters 1986, 27, 1167

H. Ent, H. De Koning, W. N. Speckamp Journal of Organic Chemistry 1986, 51, 1687

N HC1
CHZO
%@ toluene MeCN }Eﬂz—\
orpdMe 94% MeO OTIPS

M. Bruggemann, A. I. McDonald, L. E. Overman, M. D. Rosen, L. Schwink, . P. Scott, Journal of
the American Chemical Society 2003, 125, 15284

/ZNSQ_* T@F@@_* \{\FE@G .y ‘ N

MeO MeO
No yield given for this step, catalyzed by tosic acid in benzene.

K. M. Brummond, J. Lu, Organic Letters 2001, 3, 1347



48 Name Reaction

Baeyer-Villiger Reaction

The Reaction:

Acid catalyzed
é o RCO3H 3 o
DA
$ HOOH N0
HO@

Base catalyzed

Proposed Mechanism:
Acid catalyzed:

e e e L ey
OH COH : @

O,O\H/\RJ*H@ \40/‘9"\[6}{ —_—
O @O\H

u®

Base catalyzed:
{Con
H Cg) N

E:ﬁg/e__g\h‘ E?[B y 2HOO EYO
3

Notes:

M. B. Smith, J. March in March’s Advanced Organic Chemistry, 5™ ed., John Wiley and Sons, Inc.,
New York, 2001, pp 1417-1418; T. Laue, A. Plagens, Named Organic Reactions, John Wiley and
Sons, Inc., New York, 1998, pp. 16-19; C. H. Hassall, Organic Reactions 9, 3; G. R. Krow, Organic
Reactions 43, 3.

H

Migratory Apptitude: 3°>2°>Ph-CH-> Ph- > 1°>Me>H
Hydrolysis or reduction of the lactone ring provided by reaction with cyclic ketones provides a
useful strategy for construction of ring systems:

.

>0 -
MCPBA \'< LiAIH,

: On
5%

Y. Chen, J. K. Snyder, Tetrahedron Letters 1997, 38, 1477

'CH,OH
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oH
Lb¢0 MCPBA o Hydrolysis n-Bul
4 A HMPA
0 <
~—C00

~—COO0n-Bu
A. E. Greene, C. Le Drian, P. Crabbe, Journal of the American Chemical Society 1980, 102, 7584

Examples:

Note the retention of stereochemistry after the oxygen insertion. This is a general observation.

m-CPBA, Li,CO; P04,
——————— -
CH,Chy, 1t, Sh 0. O
80% 03
Et0,C CO,Et EtO,C COBt

N. Haddad, Z. Abramovich, I. Ruhman Tetrahedron Letters 1996, 37, 3521

/u\ Baeyer-Vllhger
75%

F. W. J. Demnitz, R. A. Parhael, Synthesis 1996, 11, 1305

OH Me

OH Me

H,0,, (CF;C0),0
———ree—e

CHCl,
HO

25.2%
B. Voigt, J. Schmidt, G. Adam, Tetrahedron 1996, 52, 1997

0
O Mcea Y
Me 69%
Me Me Me

G. Magnusson, Tetrahedron Letters 1977, 18, 2713
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Baker-Venkataraman Rearrangement

The Reaction:
(8] 0 0
CHj Base Ar
—
(6] OH
O)\Ar

Proposed Mechanism:

Base (Va)
-_— or
o] j\ 0]
o)\Ar 0% ar
¥ O 4—-Ar
07 \"
S}
O (6]
protic
Ar workup
06\
Resonance-stabilized phenoxide ion
See: T. Szell, G. Balaspiri, T. Balaspiri, Tetrahedron 1969, 25, 707
Notes:
These B-diketones are useful intermediates for the synthesis of flavones and chromones:
o R R =Ph: Flavone; R = Me: Chromone

(6]
V. K. Ahluwalia, R. K. Parashar, Organic Reaction Mechanisms, Alpha Science International Ltd.,
Pangbourne, UK., 2002, pp. 277-278

Examples:
t BuOK

83%

O Ph pyndme
80- 85%

A. Nishinaga, H. Ando, K. Maruyama, T. Mashino, Synthesis 1992, 839
T. S. Wheeler, Organic Syntheses, CV4, 478
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Me KOH
—_— —_—
pyridine P> 1
o} CO;Me OH
MeO,C
o
o 0 O 0

A ring closure that is often associated with the reaction is called the Baker-Venkataraman Reaction.

N. Thasana, S. Ruchirawat, Tetrahedron Letters 2002, 43, 4515

N N
e Il

Me o Me  Baker-Venkataraman Me OH
Me i 7‘ O O
Me reaction Me
(6] O (0] Cl

S. I. Cutler, F. M. El-Kabbani, C. Keane, S. L. Fisher-Shore, C. D. Blanton, Heterocycles 1990, 31,
651 (AN 1990:552089)

(]
Me 0O O
KOH =
MeO O —_ /
pyridine MeO OH S
<
S ) 1%

P.F. Devitt, A. Timoney, M. A. Vickars, Journal of Organic Chemistry 1961, 26, 4941

) o o
CE“\ Me NaH (D:U\/‘L NEt,
——

j\ THF ol

92%
¢] NEt,
A. V. Kalinin, A. J. M. da Silva, C. C. Lopes, R. S. C. Lopes, V. Snieckus Tetrahedron Letters 1998,
39,4995
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Balz-Schiemann Reaction (Schiemann Reaction)

The Reaction:
NH. F
@ 2 NaNO,, Acid ©/
——-
g n A

Proposed Mechanism:

<
@H/
cl
{
L0 20 yOf .O._ .0 w® 0.0 HO,_ o. .o .0

Na~N® H N ¥ gTONTT T NN
- c© I}I"O ”O
o " @, -H proton
ONHZ O\\N,O\Nco O/IEH @/ transfer
o :H 01@_- G,DOH2 @
M = Na, H, NH,
@/ v H@ @/ HO_ ©/N MBF, (ag), cold
B @ N

F
1 d : OF
F

salt precipitates

Notes:
The original work:

NH, N,*BF4 F
HONO
BF, A
G. Balz, G. Schiemann,Berichte der Deutschen Chemischen Gesellschaft 1927, 60, 1186
T. Laue, A. Plagens, Named Organic Reactions, John Wiley and Sons, Inc., New York, 1998, pp.

237-238; M. B. Smith, J. March in March’s Advanced Organic Chemistry, 5 ed., John Wiley and
Sons, Inc., New York, 2001, p. 875; A. Roe, Organic Reactions 5, 4

Reaction is often incorporated into the Sandmeyer Reactions series,

Procedural improvement to avoid isolation of the (toxic) intermediate:

D. I. Milner, P. G. McMunn, J. S. Moilliet, Journal of Fluorine Chemistry 1992, 58,317 and D. J.
Milner, Journal of Fluorine Chemistry 1991, 54, 382

Reaction improvement by using ionic liquid salts:
K. K. Laali, V. J. Gettwert, Journal of Fluorine Chemistry 2001, 107, 31



Name Reaction

Examples:
NH, F
NaNO,, HC
Q\COZMe HPF¢ S CO,Me
47%

H,N F
@\ NaNO,, HCI @\
—————
g~ TCOMe HPF, s7 L0
43%

A. Kiryanov, A. Seed, P. Sampson, Tetrahedron Letters 2001, 42, 8797

A modified Balz-Schiemann Reaction:

X0 NaNO, AN

—_—
I Z OH l Z
N NH, ! N F

fluoroboric acid
63%

F. Dolle, L. Dolci, H. Valette, F. Hinnen, F. Vaufrey, H. Guenther, C. Fuseau, C. Coulon, M.
Buttalender, C. Crouzel Journal of Medicinal Chemistry 1999, 42, 2251

EtO,C. CO.Et Et0,C. CO,Et
Me Me
N I\
O 1. NaNO,, HCI Y
—_——

2. HBF, 85%
HN OMe 3.A 26% F OMe

OMe 22% overall OMe

M. Argentini, C. Wiese, R. Weinreich, Journal of Fluorine Chemistry 1994, 68, 141

Me Me
NH2  NaNo,, Acid F
———
F
Me HBF, Me
0,
By 77% B

H. Hart, J. F. Janssen, Journal of Organic Chemistry 1970, 35, 3637

53



54 Name Reaction
Bamberger Rearrangement

The Reaction:

H
No @ NH,
HO

Proposed Mechanism:

e

NH proton
- >} transfer
H

@)

A

H
See discussion in: N. Haga, Y. Endo, K.-i. Kataoka, K. Yamaguchi, K. Shudo, Journal of the

American Chemical Society 1992, 114, 9795

f;) gNH 5@
-0

Notes:

M. B. Smith, J. March in March’s Advanced Organic Chemistry, 5™ ed., John Wiley and Sons, Inc.,
New York, 2001, p. 878; V. K. Ahluwalia, R. K. Parashar, Organic Reaction Mechanisms, Alpha
Science International Ltd., Pangbourne, UK., 2002, p. 449

By addition of azide ion to the reaction, the intermediate can be competitively trapped:

NH RO NH
® H

J. C. Fishbein, R. A. McClelland, Journal of the American Chemical Society 1987, 109, 2824

A related reaction: OH
H;N
L NH
I 1
®
H rd.s oH
—— —_—
\
NH,

N. Haga, Y. Endo, K.-i. Kataoka, K. Yamaguchi, K. Shudo, Journal of the American Chemical
Society 1992, 114, 9795



Name Reaction 55

Examples:
OEt
(0]
o NOH 0

1. HCJ, EtOH

_—
co OO

79%

Via: \
o™X NHOH @
CO O

J. C. Jardy, M. Venet, Tetrahedron Letters 1982, 23, 1255

-OH

HN
Me Me HZSO4
H0
Me Me No yield given
in abstract.

G. G. Barclay, J. P. Candlin, W. Lawrie, P. L. Paulson, Journal of Chemical Research Synopses
1992, 245

¢ Hoa, _HOAC, S0, o] °© c
THO,EL0 T

NH

o 58-63%

R. E. Harman, Organic Syntheses CV4, 148



56 Name Reaction
Bamford-Stevens Reaction

The Reaction:

Base
H

Proposed Mechanism:
Loss of the tosyl group generates a diazo compound.

H o H
Iﬁ.. _Base @ - Ts £
NG :N\ NT
N Ts .I\\j) @: @ Nw/
A tosylhydrazone
In PROTIC solvents InlAPRO'lI‘IC )
the diazo compound solvents, loss o
protonates. nitrogen generates
} a carbene.
1]
1
H -N, H i H
I @ : ) S
@ g Na { 2
! H °“N. : o® H
[
I
I
I
4

Elimination gives Loss 0of N Hydride migration gives
the olefin. gives a carbocation. the fnal product.
Notes:

M. B. Smith, J. March in March’s Advanced Organic Chemistry, 5® ed., John Wiley and Sons, Inc.,
New York, 2001, p. 1335; T. Laue, A. Plagens, Named Organic Reactions, John Wiley and Sons,
Inc., New York, 1998, pp. 19-22; R. H. Shapiro, Organic Reactions 23, 3

In the related Shapiro reaction, two equivalents of an alkyl lithium are used and the less substituted
alkene is formed.

Bamford-Stevens
Na 1
s ethylene glycol
o NN N._Ts Me
H 7
_ H
Me Me 1.2 RLi 1
20,0

Me
Shapiro



Name Reaction 57

Examples:
OPh OPh
Me Me
LDA
e

- NNHTs -

= >98% z
Me Me

P. A. Grieco, T. Oguri, C.-L. J. Wang, E. Williams, Journal of Organic Chemistry 1977, 42, 4113

Me /TBDMS Me ITBDMS
0 o Y
H
HN . LDA HN aH
THF
64%

Ts—NH

C. Marchioro, G. Pentassuglia, A. Perboni, D. Donati, Journal of the Chemical Society Perkin
Transactions 1 1997, 463

MeLi, TMEDA
—_—
ether

%

H
N\N,Ts

H
S. J Hecker, C. H. Heathcock, Journal of the American Chemical Society 1986, 108, 4586

A general method for the homologation of aldehydes to benzylic ketones makes use of the Bamford-
Stevens approach, via intermediate aryldiazomethanes:

H
CHO X, .N.
/@ Ts-NH-NH, N T PHCHO
———————.-
Me 88% Me E1OH, E0O
Ph
_—
(6]
Me Me

S. R. Angle, M. L. Neitzel, Journal of Organic Chemistry 2000, 65, 6458



58 ' Name Reaction

Barbier (Coupling) Reaction

The Reaction:

o 0 ether
A Mg+ Ee /'\CH
R R' R' 3
OH
o X
Mg
n n
Proposed Mechanism:
Resembles an internal Grignard reaction:

Notes:
M. B. Smith, J. March in March’s Advanced Organic Chemistry, 5™ ed., John Wiley and Sons, Inc.,

New York, 2001, p. 1205

This reaction was used before it was noted that adding the halide to magnesium prior to the addition
the carbonyl gave a better reaction. See the Grignard Reaction.

Other metals may be used.

A variety of reactions of a carbonyl and an organohalogen compound are classified as Barbier and
Barbier-type.

Examples:
M
eMe eMe
X —_— OH +
1
Me > 0O
Conditions Ratio

Br Li powder, ultrasound, Et,0 34 50 -

Br Mg turning, HgCl, ultrasound, THF 10 12 37

1 BuLi, THF 71 - -

W. Zhang, P. Dowd, Tetrahedron Letters 1993, 34, 2095



Name Reaction

% s

65%, >99% de

C. A. Molander, J. B. Etter, L. S. Harring, P.-J. Thorel, Journal of the American Chemical Society
1991, 113, 3889

For a review of diiodosamarium chemistry (including Barbier Reactions) see:
H. Kagan, Tetrahedron 2003, 59, 10351

0
/@/“\H . I\O Zn, Cul, InCl(cat)
0.07M NayCy 04, H,0
NC L2V, 12

OH

71%
Mechanistically:
O/InCI
R-I Zn-Cu

OH
/{\ H2 O /i\
—_—
R R R R
H H

C. C. K. Keh, C. Wei, C.-J, Li, Journal of the American Chemical Society 2003, 125, 4062

Cy7Hy7 CiHyy

r ) | |

0" o LDBB |0 ©O |mrCpHyCl  LiC O . LO O
OMe OMe 57% OMe OMe
S

@
LiDBB =Lithium 4,4'-dit-butylbiphenyl = 1; t-Bu +-Bu

J. Shin, O. Gerasimov, D. H. Thompson, Journal of Organic Chemistry 2002, 67, 6503

O
(0]
Zn, ICH,CH,I O
CO,Me 2212
\\ H . Xy 2 THF/PhH, ultrasound
X \ Y B 5% aq. NH4Cl — —
' X Yo

X=0,Y =S 68% (cis/trans = 95/5) X =S,Y =S 72% (cis/trans =95/5)
X=0,Y=0 71% (cis/trans = 56/44) X =S, Y=0 43% (cis/trans = 52/48)

A.S.-Y. Lee, Y.-T. Chang, S.-H. Wang, S.-F. Chu, Tetrahedron Letters 2002, 43, 8489



60 Name Reaction

Barbier-Wieland Degradation (Barbier-Locquin Degradation)

The Reaction:
o 1. EtOH, H® o
R \/lk 2. excess Ph-MgX R OH
OH 3. Ac0orAor H@ \[r Ph Ph
4. CrO;5 or NalO,-RuO, o

A procedure for decreasing a chain length by one carbon.
Proposed Mechanism:

- /\\ proton -H

0] ’/‘ETOH @ H transfer 04)

R \/*\ R\/}\OEt
OH
OH Et H%H\v

faEt
_H O R —OEt PhMgX

Notes:
M. B. Smith, J. March in March’s Advanced Organic Chemistry, S™ ed., John Wiley and Sons, Inc.,
New York, 2001, p. 1526.

A variation of this procedure, the Meystre-Miescher-Wettstein Degradation (Miescher
Degradation) removes three carbons from the chain:

PhMegX - 10
R~ ——e%, R Ph —_—
COOR'
Ph"  OH
R \/\/\rPh _NBS_ R \/\'/Y})h - HBr_
Ph Br Ph
H



Name Reaction

Gallagher-Hollander Degradati

SOCl CH,N.
R 2 R Cl 2Ny
~N"coow —— —

(0]
R HC1 R Zn
\/\/\n/\N2 — \/\/\n/\cl -
HOAc
(6] O
1.BI’2 CTO3

R CH3 — - = R, / CH3 ——
\/\/\n/ > - HBr \/\/\n/
O (6]
R \/YO

H
Krafft Degradation
R \/\/\H/O\M,O\n/\/\, R LZO> R \/\/\[(CH:;
O O (o)

ﬂ, R _"_-Coon

61



62 Name Reaction

Bartoli Indole Synthesis

The Reaction:

@
+ 3 /\M oBr H_> N
NO, N
G G

Proposed Mechanism:

N ;
O@ G _O@@MgBr G ( O~MgBr

N H \/\
BrMe” X 2 BrMg” AN
@
G

Notes:

G. Bartoli, G. Palmieri, M. Bosco, R. Dalpozzo, Tetrahedron Letters 1989, 30, 2129;
G. Bartoli, M. Bosco, R. Dalpozzo, Tetrahedron Letters 1985, 26, 115

The reaction works only with the ortho position of the nitrobenzene occupied.



Name Reaction

Examples:
Me Me
NO, 1. % MgBr Q 1
e e .
2. NH,Cl | |
=

67%

G. Bartoli, G. Palmieri, M. Bosco, R. Dalpozzo, Tetrahedron Letters 1989, 30, 2129

CH,Br CH,Br
M Br
61%

A. Dobbs, Journal of Organic Chemistry 2001, 66, 638

MgB
O/\ ]/ AgBs MeO,C
- Me
2. ultl

NO,

3% Me

K. Knepper, S. Brase, Organic Letters 2003, 5, 2829

63



64 Name Reaction

Barton Decarboxylation

The Reaction:
B i
.. + /U\ AIBN, H-Sn(n-Bu);
N7 X~ "R A —H
Na<—B U=

Proposed Mechanism'
CN

Aorhv NG - N*+ .
el s Dol €

AIBN = Azo-bis-isobutyronitrile

NC

y NC
?'f\‘}l\—(gn(n—Bu)g —_— ?—H +  *Sp(n-Bu);

The decarboxylation step:

X — X O
P Vit DV G ¢ §
NS N7 S R Q
i
R \nfo Sn(n-Bu)s
(o]
r \(J
— CO, + Rfm. R—H + *Sn(n-Bu)
Notes:
Starting material preparation
(6]
R/U\Cl
X > =
| or l e
N“Ss RCOOH S
C[)H DCC R (l)
milder conditions \ﬂ/

O
Rather than direct reaction of the the acid chloride with oxygen, the following takes place:

(l/‘* Qxﬁx Q@ﬁ

Na@ O@ O@ -

Q

o@ R\n/

(¢]
D. Crich Aldrichimica Acta 1987, 20, 35



Name Reaction 65

TBDMS-O H
AN | 1
| v, JN—Cbz

Examples:

N S Cls 0
1
OH ,DMAP Y -Q
dichloroethane, CCly, hv
NH HN. NH HN.
+-BuPh” Ph+-Bu 76% -BuPh” Ph¢-Bu

J. T. Starr, G. Koch, E. M. Carreira, Journal of the American Chemical Society 2000, 122, 8793

: i
N. 5 N.
O‘)j\( Boc _I__BB§_H_> r Boc
Ss_N_ R by R
[ 78%
N

D. H. R. Barton, Y. Herve, P. Potier, J. Thierry, Tetrahedron, 1988, 44, 5479

ACOH
Barton
—_—
low yield
Me
MeO,C MeO,C

S. F. Martin, K. X. Chen, C. T. Eary, Organic Letters 1999, 1, 79

N-hydroxypyridine-2-thoine

Me [1121-30-8] Z |
RS Me S
- (L A
N CO,Et
E0,C O )
l OH 20%
S
o) poeTnoseosseosessssome- -,

C
EtO,C (0] = -
2 S\) Me j)
hv Me Me CO,Et
> g /

CH,

-CO,

CO,Et COEL
E. Bacque, F. Pautrat, S. Z. Zand, Organic Letters 2003, 5, 325



66 Name Reaction
Barton Reaction (Barton Nitrite Photolysis Reaction)

The Reaction:

H 0
R,C'H OH 1.NOCI R~c? OH

O w o U

3.H"/H,0

Proposed Mechanism:

H H N H /’
RJI_H RUI.H (.NO R.I/H
5C OH m» C (O\ ﬂ» C 0 — =
«{K) o v v
b #~0 (I)H
H Il
Rl /V\.NO R?‘r‘jN R\ ’;N H
C- OH =, C OH —= UH
L (U 10
R. -0 HO g
C OH + v\
N~y
Notes:
Hydrolysis mechanism
HO\I\E,/_\@ HO D, H HO.s:.H };'O_H
Jo = e
'H
H NS
HO\N/TH HO 1 N g o
cH \,% —O, /u\
/I-o@ /Tfo\
H H

This reaction is a useful method for functionalizing a remote position (the d—position).

Also by Barton is the
Barton-Kellogg Reaction (Barton Olefin Synthesis)
1. H,N—NH,

O 2. H5S
)l\ 3. Pb(OAc), > <
S

4.PR;, A

1. RZCNZ >=<
—
/u\ 2.PR3, A



Name Reaction

Examples:

o)

CH
[\ 1
N N,
F%)ﬂ ﬁ—ﬁ%{
hv
—
519
AcO % AcO

D. H. R. Barton, I. M. Beaton, L. E. Geller, M. M. Pechet, Journal of the American Chemical
Society 1960, 82, 2640

HO.
]'\II HO
H;C_Me 1.NOCI ' HC.__Me CH__Me
HO 2.hv HO 2% HCl o
—_— ————
f 3. Heat f
Me 4. Hydrolysis Me Me
Not purified 51% yield of hemiacetal

P. D. Hobbs, P. D. Magnus Journal of the American Chemical Society 1976, 98, 4594

67



68 Name Reaction
Barton-McCombie Reaction (Barton-Deoxygenation)

The Reaction:
R

S R
AIBN, H-Sn(n-Bu),
NP N A

A H R’
= H, CH;, SCH; (= xanthate, see Chugaev Reaction), Ph, OPh, imidazolyl

Proposed Mechanism:
CN

?7 Q‘% Aorhv I\%. N24 .e

AIBN = Azo-bis-isobutyronitrile

NC

NC
?/\ ‘H\—(gn(n—Buh e ?—H + - Sn(n-Bu);

s,}/; N SnteB) s g SnlrBu; Rk
* Sn(n-Bu), R
R'Jko)\ R R')'C' )é\ R /& " R’
R
) /\/\ Sn(n—Bu)3 — R')\H +  +Sn(n-Bu),
Notes:

M. B. Smith, J. March in March’s Advanced Organic Chemistry, 5 ed., John Wiley and Sons, Inc.,
New York, 2001, p. 527.
For a discussion of mechanism: D. Crich, Tetrahedron Letters 1988, 29, 5805

Depending on the substrate, different thiocarbonyl compounds have been used:

S
1)
R R C\ R S
I\O,H &» I\ @ —> '\O S@ Me—" l\ )I\ -Me
CI@ a o primary alcohols wzth xanthates
@ Me\®,Me
S S SN
—_—
R” TOH CI/U\R, - RT 07T R R” 707 R
imidoyl chloride methochloride secondary alcohols with thiocarbonyl esters

(from phosgene and an amide) R S
R
R>ko’u\ H

tertiary alcohols with thioformates



Name Reaction 69

Examples:

1. MeLi Bu;SnH
2.CS, AIBN, benzene
3. Mel
92%
90%

1
CHy)
8 —
5 .
Me
Me

1. CS,, Mel, DBU
2. Bu;SnH, AIBN, 60°C

78%

7-Bu
M. T. Crimmins, J. M. Pace, P. G. Nantermet, A. S. Kim-Meade, J. B. Thomas, S. H. Watterson, A.
S. Wagman, Journal of the American Chemical Society 1999, 121, 10249

Me, .

Me 1. NaH, CS, Mel
2. BuzSuH, AIBN

T1%

TBDMSO
1. R. Williams, D. Chai, J. D. Bloxton, II, H. Gong, W. R. Solvibile, Tetrahedron 2003, 59, 3183

S
Me \O/U\5' Me Me

__BuSoH
AIBN, benzene
N o ‘ NT o
L 72%
Ph I\ Ph

K. Paulvannan, J. R. Stille, Tetrahedron Letters 1993, 34, 6673



70 Name Reaction
Barton-Zard Pyrrole Synthesis

The Reaction:

R R R
~2C o+ \:( base /H
ROC™ N NO, ROLC™

H
D. H. R. Barton, S. Z. Zard, Journal of the Chemical Society, Chemical Communications 1985, 1098
D. H. R. Barton, J. Kervagoret, S. Zard, Tetrahedron 1990, 46, 7587

R"

Proposed Mechanism:

(0 O R'
N O \4 R"
A~ H baSC O RO
RO @ RO —
-H N | NS¢
N ‘[ l®\
ll
o ¢ €O
m
R R "@e @ R %
H —base 0) base
0, e AQ < —H®
N N
RO RO
R R n

proton
w\/y N02 H N transfer w
f &N

D. H. R. Barton, J. Kervagoret, S. Zard, Tetrahedron 1990, 46, 7587

Notes:
One possible starting material preparation: A Henry Reaction followed by trapping with Ac,O and
eIimination of the resultant acetate.

R ' ”" ' " 1 "

>=O N < base R>_< Ac,O R>_< base \__—_<

02 O@ N02 AcO N02 NOZ
Examples:
Me
Me
NaOr-Bu
. ——
‘Cs -
\i/\(ll_‘lt THF, A J \
Ph(),S R = Et, 68% ]\I COsR
grey sphere represents a carborane cage R = Bn, 90%
(see reference for a better picture)

S. Chayer, L. Jaquinod, K. M. Smith, M. G. H. Vicente Tetrahedron Letters 2001, 42, 7759



Name Reaction 71

0 .
e
S0,Ph N \\N t-BuOK =
Ph—N THE, A Ph—N — NH
COy-Bu
0 > 0 COyt-Bu

part of a 7 step procedure of overall 32% yield
D. Lee, T. M. Swager Journal of the American Chemical Society 2003, 125, 6870

NC Tos NC
o -
l N NH
DBU =
+ —————
THF, 0 °C CO,Et
NO, COzEt NO,
2%

J. Bergman, S. Rehn Tetrahedron 2002, 58, 9179

“Ce DBU
+ N cor THF, 1t

NO, N7 COR
X=N,R=Et, 53% N

X=CHR=Et, 8%  X=N,R=sBu, 8%

X=CH,R=rBu,65%  X=N R=Bz, 73% (refluxing THF / i-PrOH)

T. D. Lash, B. H. Novak, Y. Lin Tetrahedron Letters 1994, 35, 2493

3 NaH, HMDS
PN~
* RO,CT TN DMSO, THF, 0°C-1t

SO,Ph
R'=H, R"=Ph,78% R =Me, R"=Ph,75% O

'=H,R"=Py, 66% R =Me,R"=Py, 74%
S. H. Hwang, M. J. Kurth Tetrahedron Letters 2002, 43, 53

A rearranged / abnormal Barton-Zard Pyrrole product is observed when the protecting group on
nitrogen is pheny! sulfonyl. However, when R = Bn, COEt or 2-pyridyl, the expected
pyrrolo[3,4,blindole is obtained.

R = SO,Ph, 85% q N\ CO,Et
N02 "C\‘ N
\ + N _DBU N
< THF SO,Ph
N
CO,Et
K ’ Z “NH
R =Bn, 31% _
R=CO,Et, 8% N
R = 2-pyridyl, 91%. : CO,Et

E.T. Pelkey, L. Chang, G. W. Gribble Chemicql Communications 1996, 1909
E. T. Pelkey, G. W. Gribble Chemical Commurnications 1997, 1873



72 Name Reaction
Baudisch Reaction

The Reaction:
OH OH
©/ NH,0H, H,0, @
——— Y
+2
Cu N

Proposed Mechanism:
There is much not known about the details of this reaction.

o=

H H H
0—0 0
H P -H,0
N-OH + Cu? + H,0, — +2Cu"‘/ (h —— 2
o \ / AN C)
.N—0 .N=0
H H
H H
@[ « X)) — I
N N
] it
0

Notes:

For studies on the mechanism: See K. Maruyama, 1. Tanimoto, R. Goto, Tetrahedron Letters 1966,
47, 5889



Name Reaction 73

Examples:
OH OH
NaNO, NO
————————-
anhydrous 0
MeO EtCO,H  MeO '

R. J. Maleski, M. Kluge, D. Sicker, Synthetic Communications 1995, 25, 2327 (AN 1995-63432)

0 0
HONO NO
H,N —_— H,N

OH 9% OH

H,N 2 \g/N\ NH,
\O /S ® \O/

M. C. Cone, C. R. Melville, J. R. Camey, M. P. Gore, S. J. Gould, Tetrahedron 1995, 51, 3095



74 Name Reaction
Baylis-Hillman Reaction (Morita-Baylis-Hillman)

The Reaction:
DABCO

o} [(%7 OH O
+ R ——> R R
R” H

H H
DABCO = 1,4-Diazabicyclo[2.2.2]octane

Proposed Mechanism:

o) R TE of S
H T H protonatlon
—i
> R Z "R limination
H

H‘\H HN

Attack of the tertiary amine generates the Protonation of the alkoxide and elimination
enolate which will attack the aldehyde. of the amine gives the final product.
Notes:

M. B. Smith, J. March in March’s Advanced Organic Chemistry, 5" ed., John Wiley and Sons, Inc.,
New York, 2001, p. 1212; E. Ciganek, Organic Reactions 51, 2; D. Basavaiah, A. J. Rao, T.
Satyanarayana, Chemical Reviews 2003, 103, 811

The Rauhut-Currier Reaction is a similar reaction involving two enone coupling partners:

va
\
Proposed Mechanism:
R oL R
O> ? 'P/— O@ I
) N
\P
7 I@
JH
(@] O
> keto-enol
Z R tautornerism O R




Name Reaction
Examples:
Me._ Me Me. Me
é :’/Nw/x PicHO Ly %Lrph
oZ N ! DABCO e
Ph 0 ;
79% Ph
K.-S. Yang, K. Chen, Organic Letters 2000, 2, 729
OH
CHO ’ CN
N MeyN
T e
O,N H:0 O,N
85%
K,-S. Yang, K. Chen, Organic Letters 2600, 2, 729
i\
qumldme (cat) Q oH
J\H,M Me
CH,Cl, Me s quinidine  (ro

40%
1. E. Mariko, P. R. Giles, N. J. Hindley, Tetrahedron 1997, 53, 1015

OH
CHO CO,Me
Q + WCOZM‘* DABCO
o] ultrasound )
\—o o

75

F. Coetho, W. P. Almeida, D. Veronese, C. R. Mateus, E. C. S. Lopes, R. C. Rossi, G. P. C. Silveira,

C. H. Pavam, Tetrahedron 2002, 58, 7437

Examples for the Rauhut-Currier Reaction:

O-Rham O-Rham
H
BTSO Me;P BTSO
——
Br COOMe  MeOH Br
H COOMe

COOMe 40%

COOMe
D. J. Mergott, S. A. Frank, W. R. Roush, Organic Letters 2002, 4, 3157

H . CN PBu, H o CN
>_/ —
Pressure
Me Mﬁj (77:23 cis:trans)
160% Me CN

G. Jenner, Tetrahedron Letters 2000, 41, 3091



76 Name Reaction

Béchamp Reduction

The Reaction:

0. .20 H. .H
< N N
+ 2Fe t 6HCI — © + 2H,0 * 2FeCh

Proposed Mechanism:

Ar-NO, +6e(a + 6 H® Ar-NH,; + 2 H,0

sy
N

2 Fe 2 Fe+3
6 H+ 2H,0

The reaction is a metal-catalyzed oxidation-reduction process.

Notes:
C. S. Hamilton, J. . Morgan, Organic Reactions 2, 10

Other new approaches to the reduction:
1,1’-Dialkyl-4,4-bipyridinium balides (viologens) are useful electron-transfer catalysts.

| o NO2 Sm (0) ©/NH2
vz I\ /\® /2

R CgHi7 _g) . \ /N-C3H17 R
Br@ Br@ R: para -CH,, 83%
R: para -CH,CH,N3, 92%
C. Yu, B. Liu, L. Hu, Journal of Organic Chemistry 2001, 66, 919

OH
AlHg, )
—_—
THF, H,0
NO, NH,
92%

R. W_Fitch, F. A. Luzzio, Tetrahedron Letters 1994, 35, 6013

In wire, acidic

H,0, 1t, )))
high yields

R-NO, R-NH,

Y. Se.Cho, B. K. Jun, S. Kim, J. H. Cha, A. N. Pae, H. Y. K., M. C. Ho, S.-Y. Han
Bulletin of the Korean Chemical Society 2003, 24, 653 (AN 2003:513428)



Name Reaction

Examples:

©/ ©/ :
87%

S. Mukhopadhyay, G. K. Gandi, S. B. Chandalia, Organic Process Research & Development 1999,

3,201
NO, Nano-sized
iron powder
HZO
Excellent yields

L. Wang, P. Li, Z. Wu, J. Yan, M. Wang, Y. Ding, Synthesis 2003, 2001

1. Me;N-CH(OMe), BN

2.NalQy4, THF, H,0O ~ H
3.Fe, AcOH, HCl (cat), EtOH, H,0O

NH, O

73%

E. C Riesgo, X. Jin, R. P. Thummel, Journal of Organic Chemistry 1996, 61, 3017

Bechamp
reductlon
HO,S HO;S

A. Courtin, Helvetica Chemica Acta 1980, 63, 2280 ( AN 1981: 406876)

CN CN
Cl NO, Fe, MeOH Ct. NH,

HCI

89%
M. W. Zettler, Encyclopedia of Reagents for Organic Synthesis, John Wiley and Sous, Inc., L. A.
Paquette, Ed., New York, 1995, 4, 2871

77



78 Name Reaction

Beckmann Fragmentation

The Reaction:

R IOH —=N
no o protons N PCls, *
or a stable {R' Cl
carbocation
Ru Rm R'
eg (Ar,C'H) an oxime R7<Rm

Proposed Mechanism:

A®
R :b':{\i R \_0O-H R
) ewis Acid ’ -LG re
A ® .
R R >vR

R" R™ R" R" R' R"

A better leaving group is made when
oxygen bonds to the Lewis Acid

@ Rl"
R—= R —> R—=N
o +
® Cl
nitrilium ion R' &, R'
R R" rRY R"

Because a stable carbocation can be formed, the nitrile is liberated before it can be trapped by water
as in the usual Beckmann Rearrangement.

Notes:
Starting material preparation:
R H,N —OH R OH
): O _— ): N
R' R’
an oxime

The -OH group is generally anti to the larger R

Hydroxylamine-O-sulfonic acid

(HOSA)
R SOH SO,H
H,N—O S0
)=o 7 . )=N
R R

Provides an intermediate with a reactive leaving group already incorporated.
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Examples:

Me ( Me COOH

i@ POC13 Hydrolysis
- Me
70% overall

Me
G. Rosini, M. Greir, E. Marcotta, M. Petrini, R. Ballini, Tetrahedron 1986, 42, 6027

(CHz)zz-Me TMSOTE (CH2)4-Me (CH2)4 -Me
- OAc ‘3 Me
Me

88%
e

I S(CHy)Me
IMSOTf (CH,),Me
“ohe _ TMSOTf = TMS-0-SO,-CF,

93%

H. Nishiyama, K. Sakuta, N. Osaka, H. Arai, M. Matsumoto, K. Itoh, Tetrahedron 1988, 44, 2413

NC
HOSA
= CN
43%

M. G. Rosenberg, U. Haslinger, U. H. Brinker, Journal of Organic Chemistry 2002, 67, 450

OMe OMe
1. POCl;, Pyr
B
2. TsOH
OMe OMe 96%
Me

J. D. White, J. Kim, N. E. Drapela, Journal of the American Chemical Society 2000, 122, 8665
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Beckmann Rearrangement

The Reaction:
® N
R OH R R
C >=Nl 2-11;1I o }—N'
R’ 7 0o ¥

Can be a ring enlargement.
The reaction can also be carried out with PCls, PPA, P,O;s or TsCL

Proposed Mechanism:

nitrilium ion
. ./.\ {I\ @ i
R O-H Y® R O~H R ¥ ~D
/ / -H,O D% KA
)=N.. H- \XN-' L AN ®-—N - R—=N-R
R R R {
H-0O:
AY
H
R R proton ' R
H0 >= N transfer R X -a® R ’
2 e o [’ N\@ —_— N‘
H @0\ 0 H o H
H e
H g
Notes:

Starting Material Preparation:
H,N—OH R OH
o — N
R!
an oxime
The -OH group is generally anti to the larger R.

T. Laue, A. Plagens, Named Organic Reactions, John Wiley and Sons, Inc., New York, 1998, pp.
22-24; M. B. Smith, J. March in March’s Advanced Organic Chemistry, 5% ed., John Wiley and
Sons, Inc., New York, 2001, pp 1349, 1381, 1384, 1415-1416; L. G. Donaruma, W. Z. Heldt,
Organic Reactions 11, 1; R. E. Gawley, Organic Reactions 35, 1

The rearrangement of amidoximes to derivatives of urea is called the Ti Rearrang t
.OH O«
N PhSO,Cl ( Sozph 0,0 q
M r RS /lk O, p M w
) Ny
1
H H H H
Examples:

_ BCly
c12, CH,Cl,
2% o Y

J. A. Robl. E. Dieber-McMaster. R. Sulsky. Tetrahedron Letters 1996, 37, 8985
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DCC _
TF A, DMSO, benzene

H
30%
M. Han, D. F. Covey, Journal of Organic Chemistry 1996, 61, 7614

OBn OBn
TosCl J\
(§) N g - 6] N g
N KeCO;, DME, H,O N O
& 95% A
Et
Et N-OH

O. Muraoka, B.-Z. Zheng, K. Okumura, G. Tanabe, T. Momose, C. H. Eugster, Journal of the
Chemical Society, Perkin Transactions 11996, 13, 1567

Me Me Me
PPA .
LOH —  Me. . Me_ ..
N CW\‘ N 3 NH
Me H o Me O
Me”Me

N. Komatsu, S. Simizu, T. Sugita, Synthetic Communications 1992, 22,277 (AN 1992:151543)

MeSO3
HO~

79%
P. W. Jeffs, G. Molina, N. A. Cortese, P. R. Bauck, J. Wolfram, Journal of Organic Chemistry 1982,
47,3876

In this example, the intermediate carbocation is trapped by Me;Al rather than water:

Me Me;Al
10 Me =
54% 10 N Me

“OMs
Y. Matsmura, K. Maruoka, H. Yamamoto, Tetrahedron Letters 1982, 23, 1929
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Beirut Reaction

The Reaction:

0
{ 0O o0
) o j\)‘\ f‘\
="\ 3
+
@Np R)J\/U\R ROH @E

Proposed Mechanism:
L. Turker, E. Dura, Journal of Molecular Structure (. Theochem) 2002, 593, 143

proton

©j \f\;\/ .NR3 CE %L trans fer
R

proton

N {o; R
o) [¢] o] O [¢]

G { i
N ® N N

S P
N 'OH N R N = R
1R 1 t

OH (6]

For 1,3-diketones both isomers can be observed.

A second mechanistic interpretation:
C. H. Issidorides, M. J. Haddadin, Journal of Organic Chemistry 1996, 31, 4067

R._O
O R H Q
4 75 NP
/N\/\, 4 O, N‘
< 'O + Bl S “/O R B —
N, R Ng
0
R R
0 0 Pg
N @ N e} N
\O & H=NR3 J QO ~ [e]
N—© N—OH S A
{ N N
R' A R R
o o
-H,0 N\ R
-~
N” TR
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Notes:
The reaction provides access to a number of quinoxaline-1,4-dioxide derivatives, by reaction of the
benzofurazan oxide with 1,3-diketones, $-ketoesters, enals, enamines, phenols and o,3-unsaturated
ketones.

Examples:
0 v
(@] (@] N
N Et;N ]
="\ 3 Ph
+ .
CE o Ph)]\/u\Ph P
N 38% N
(0]
0 o 0
I\f O 0 LN N
Rt
WA, e Y
-~ 7 Me Me )/
N 78% N” Me

t

C. H. Issidorides, M. J. Haddadin, Journal of Organic Chemistry 1966, 31, 4067

P
N (0] O
Ay
O +
<IN' Me/u\/u\OEt McOH @

60%

(0]
‘
N

HOOC HOOC Me
)‘J\/ Me —» I
=N MeOH

85%
M. L. Edwards, R. E. Bambury, H. W. Ritter, Journal of Medicinal Chemistry 1976, 19, 330

o
0 [ ] o}
' §
/N\ N MeOH S
o~ /O + > P
N N

48%

M. J. Haddadin, C. H. Issidorides, Tetrahedron Letters 1965, 6, 3253

R { -8 iy NS
ﬁN\ Ph CH3 j@ \I ) Ph
O _—
~_1 )
R N MeOH, NH; R I:I CH;
. O
A large series prepared for screening

A. Carta, G. Paglietti, M. E. R. Nikookar,P. Sanna, L. Sechi, S. Zanetti, European Journal of
Medicinal Chemistry 2002, 37. 355
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Benzidine Rearrangement (Zinin Benzidine Rearrangement)

The Reaction:
H
® H H
Gy = OO
N ; \
G g

Proposed Mechanism:

H
VRN
a®

@}f H Hp@H
le .
Ph. _N:Ph 2HY ph N DO,

. IN@ Ph H-N{N-H  —~
) TN y
H H

HpeH
H-N N-H )
i/ \l

H‘ /H
H H

Notes:

M. B. Smith, J. March in March’s Advanced Organic Chemistry, 5™ ed., John Wiley and Sons, Inc.,
New York, 2001, pp. 1455-1456; T. Laue, A. Plagens, Named Organic Reactions, John Wiley and
Sons, Inc., New York, 1998, pp. 24-26.

Z,

I
T, T
oite)
$
2
:r:'@m
o
=

Byproducts sometimes include semidines:

JQ,

2
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Examples:

This work included kinetic details.

OMC MeO OMe

——— > N NH,
HN 70%

H. 1. Shine, K. H. Park, M. L. Brownawell, J. S. Filippo, Jr., Journal of the American Chemical
Society 1984, 106, 7077

oY,

—_—
HN-NH

S
48%
e

A. Burawoy, C. E. Vellins Journal of the Chemical Society 1954, 90

Br
Br Br
HN HCl
NH _ H,N NH;

75%
Br

H. R. Snyder, C. Weaver, C. D. Marshali, Journal of the American Chemical Society 1949, 71, 289

Me Me
weasm N N\
B H

75%
M. Nojima, T. Ando, N. Tokura, Journal of the Chemical Society, Perkin Transaction 1 1976, 14,
1504

The following is an example of the Sheradsky Rearrangement. 1t is an oxygenated analog of the
Benzidine Rearrangement.

0Pk @
H®
lN —-Ph — O\ —_—
(0) HN
NO, NO,

HO,C
w0 L)

T. Sheradsky, S. Auramovki-Grisaru, Journal of Heterocyclic Chemistry 1980, 17, 189 (AN
1980:407167)
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Benzilic Acid Rearrangement

The Reaction:
o] O 1. GOH HO O
Y4 R
R R 2.H ® R OH
Typically the R groups are aromatic, but if not, must be devoid of a-hydrogens.

Proposed Mechanism:
-

0O (:) e (;) Oe o} O ® HO (@)
ML e Bfon - e

R R R R R OH R OH
no o hydrogens

Notes:

M. B. Smith, J. March in March’s Advanced Organic Chemistry, 5™ ed., John Wiley and Sons, Inc.,
New York, 2001, p. 1403; T. Laue, A. Plagens, Named Organic Reactions, John Wiley and Sons,
Inc., New York, 1998, pp. 26-27.

This reaction can be a ring contraction:

° 0 o HO OH
Me Me 1.S0H Me Me
Me Me 2. HGD Me Me

Reported in: T. Laue, A. Plagens, Named Organic Reactions, John Wiley and Sons, Inc., New York,
1998, p 27 (A. Schaltegger, P. Bigler, Helvetica Chemica Acta, 1986, 69, 1666)

Examples:
O
0 I\Me
1. NaOH,
2HOD ’
82%
OMe OMe

S. Deb, R. Chakraborti, U. R. Ghatak, Synthetic Communications 1993, 23, 913 (AN 1993:494997)
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Y OO0 L

——-
DMSO
0 0 OH 100%

A

J. M. Robinson, E. T. Flynn, T. L. McMabhan, S. L. Simpson, J. C. Trisler, K. B. Conn, Journal of
Organic Chemistry 1991, 56, 6709

KOH, MeOH
B
H,O
60-70%

V. Georgian, N. Kundu, Tetrahedron 1963, 19, 1037

OH 0o
—
1. KOH, aq EtOH & 4 -
2. HC|, H,0

32%

E. Campaigne, R. C. Bourgeois, Journal of the American Chemical Society 1953, 75, 2702
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Benzoin Condensation

The Reaction:
(OH

S 7 |

)
No protons on the o carbon. The group is typically aromatic.

Proposed Mechanism:

pr lon

AT ‘_\.. el i CN -
- = H"«
0 H

ev HO

proton - OH OH

“l )
N |1'.m~1cr‘ N( | = . | .
- |
OH O o

Notes:

M. B. Smith, J. March in March’s Advanced Organic Chemistry, 5" ed., John Wiley and Sons, Inc.,
New York, 2001, p 1240, 1243; T. Laue, A. Plagens, Named Organic Reactions, John Wiley and
Sons, Inc., New York, 1998, pp. 27-29; W. S. Ide, J. S. Buck, Organic Reactions 4, 5.

Use of thiazolium ion catalysis allows the benzoin condensation of aldehydes with a-protons.
Me — /~pn

INC)
HO/\I 3 ci® o)
S
CHO Me
M E;N, EtOH Me/\/U\(\/

71-74% OH
H. Stetter, H. Kuhlmann, Organic Syntheses, CV 7, 95

In these reactions a thiazolium salt forms an ion that participates much like cyanide:
R' R"

N®
B f\)éa* —
S)@

Stetter Reaction (Stetter 1,4-Dicarbonyl Synthesis)

O (0]
R eCN (cat.) R
(¢]
Me — /=ph

O/\IN»GBCIG O
S

(CHps _H \)OL H
_(CHy)s CHy) T]/\/U\
Me + A ,( 275
M M
Lr Me Et;N, EtOH ¢ ¢

O

H. Stetter, H. Kuhlmann, W. Haese, Organic Syntheses, CV 8, 620
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Examples:
CHO
HO
KCN OMe
—— e
EtOH, H,0 5h Meo~</ \
— (6]

OMe 44%

G. Sumrell, J. 1. Stevens, G. Goheen, Journal of Organic Chemistry 1957, 22, 39

CH,0
/©/ _ emzyme CH,0H
94% Me

A.S. Demir, P. Ayhan, A. C. Igdir, A. N. Duygu, Tetrahedron 2004 60 6509

Me
(0]
Chiral
CHO rotaxane l =
Loeaa o
Et3N . P OH
Me 34% Me low e.e.

Y. Tachibana, N. Kihara, T. Takata, Journal of the American Chemical Society 2004, 126, 3438

6]
CHO
CHO . BFD, DMSO O
aq. buffer (inc. ThDP)
Cl
CN

OH
99%, 90% ee
CN
=
ThDP = Thiamine diphosphate = )N\)E/GB\N
>
Me~ N OP,06>

BFD = Benzoylformate decarboxylase

P. Diinkelmann, D. Kolter-Jung, A. Nitsche, A. S. Demir, P. Siegert, B. Lingen, M. Baumann, M.

Pohl, M. Miiller, Journal of the American Chemical Society 2002, 124, 12084

89
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Bergman Cyclization

The Reaction:
R
F

R
I A The source is frequently 1,4-dihydrobenzene
2 H- R

\
R

Proposed Mechanism:

241 2 2H
3| UK\ A 3@1 28, 3 1
4 5%( 4 : 6 45H 6

by

L

4
Notes:

M. B. Smith, J. March in March’s Advanced Organic Chemistry, 5 ed., John Wiley and Sons, Inc.,
New York, 2001, p. 1432; T. Laue, A. Plagens, Named Organic Reactions, John Wiley and Sons,
Inc., New York, 1998, pp. 29-33.

The Myers-Saito Cyclization is a similar reaction with a different substrate:
A

] 1.Aorhv
2. Hydrogen donor

allenyl enyne

Examples:

1,4-Cyclobexadiene
Pyridine (cat) / TosOH (cat)
18%

H. Mastalerz, T. W. Doyle, J. F. Kadow, D. M. Vyas, Tetrahedron Letters 1996, 37, 8683
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SiMe-Bu U Me
Ol Q XO
y - 1,4-Cyclohexadiene
/\/
CH,Cl,
o"‘ = 100%

K. lida, M. Kirama, Journal of the American Chemical Society 1995, 117, 8875

H
== N 1,4-Cyclobexadiene
\ =
0, 72%

TBDMS TBDMS

D. P. Magnus, R. T. Lewis, J. C. Huffman, Journal of the American Chemical Society 1988,
110, 6921

Q O
/
O‘ 1,4-Cyclohexadiene O ‘O‘
— 79%
O

M. F. Semmelhack, T. Neu, F. Foubelo, Tetrahedron Letters 1992, 33, 3277

4\/© 1,4-Cyclohexadiene
ol Attt
MeO

¢ 55%
T. Brandstetter, M. E. Maier, Tetrahedron 1994, 50, 1435

ne
MeO

€

ouH

/ \

O o
(0] O
Excess 1,4- Cyclohexadlene < >
O (6]

DMSO-d6
'LO o-) 22% o 0~
/

M. M. McPhee, S. M. Kerwin, Journal of Organic Chemistry 1996, 61, 9385
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Biginelli Reaction (Biginelli Pyrimidone Synthesis)

The Reaction:

Q 0 0 i
COOR'
COOR' + + — N X
R/U\/ - /u\ u H,N JI\ NH, )\
Urea O N R"

Proposed Mechanism:
G. Jenner, Tetrahedron Letters 2004, 45, 6195
C. O. Kappe, Journal of Organic Chemistry 1997, 62, 7201

0~ 5)
t O OH.
)i o ,lL@)\ vanser_ Ll

H,N R"
HN~ "NH, H
o° H i
) R'QOC
0 R'ooc\/\ O R
-H,0 JL ("\/ R u N)J\N o —
N ‘) R 2 )
H
o (§
/\ R OH " R\ OH,
proton
R—Y COOR' ™ H_ COOR'  transfer ~ Hoy COOR'
0~ "N” TR 07 N7 R 07 NT R
I!I H H
R
H. COOR'
-H,0 X 0
O IT] R"
H
Notes:
C. O. Kappe, A. Stadler, Organic Reactions 63, 1
Examples:
OBn O H
(6] R" N O
O
N o H+ CuCl, HOAc hd
R >
- H,N" 'NH, BF3;E4,0 X NH
CO,Et BnO " “OBn 2 2 2 EtO.C
OBn 65% R

A. Dondoni, A. Mass, S. Sabbatini, V. Bertolasi, Journal of Organic Chemistry 2002, 67, 6979
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Ph
MeOOC,
9 0 INBr, EtOH - NH
M __coort + M #prco T
CLe H,N” “NH, HOv, NAO
e H
70% i

M. A. P. Martins, M. V. M. Teixeira, W. Cunico, E. Scapin,a, R. Mayer, C. M. P. Pereira, N.
Zanatta, H.G. Bonacorso, C.Peppeb Y.-F. Yuan, Tetrahedron Letters 2004 , 45, 8991

o @ O EtOH, HCl
Me-CHO + /U\/U\ + J\ _—
Ph OEt HN NH, 78%
O Ph

EtO Z” "NH

Me” N0
° H

H. E. Zaugg, W. B. Martin, Organic Reactions 1965, 14, 130

O (6] OoOH O H

® 0 R N -H,0
RA /U\NHZ \4

NH,
N 0 2
\ NPV,
o COCH
/u\ An o-ketoacid approach
HN H
RN “CooH
R’
M. M. Abelman, S. C. Smith, D. R. James, Tetrahedron Letters 2003, 44, 4559
MeO OMe
CHO
EtO0OC
Q O I,, toluene NH
HCJ\/COOEt " n NJ\NH N — | A
3 2 MeO OMe 92%  H,C” "NTV0
R. S. Bhosale, S. V. Bhosale, S. V. Bhosale, T. Wang, P. K. Zubaidha,
Tetrahedron Letters 2004, 45,9111
H
(0] O Ph N O
o) (0]
I, - S A —
HOOC OB m”™H  HNT ONH, Ho0e” N NH

J. C. Bussolari, P. A. McDonnel Journal of Organic Chemistry 2000, 65, 6777
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Birch Reduction

The Reaction:

EDG . EDG
Lior Na, NH; (1) EDG can be
ROH R, -OR
EWG . EWG
Li or Na, NH; (1) EWG can be

Proposed Mechanism:

o H H
TR
000 =0 %
proton ) ) )
@f source Q
o g~ H

Notes:

M. B. Smith, J. March in March’s Advanced Organic Chemistry, 5" ed., John Wiley and Sons, Inc.,
New York, 2001, p. 1010; T. Laue, A. Plagens, Named Organic Reactions, John Wiley and Sons,
Inc., New York, 1998, pp. 33-35; D. Caine, Organic Reactions 23,1; P. W. Rabideau, Z. Marcinow,
Organic Reactions 42,1.

Na / NHj; is more prone to Fe-catalyzed conversion to NaNH,. The Wilds Modification (A. L.
Wilds, N. A. Nelson, Journal of the American Chemical Society 1953, 75, 5360) uses Li, and is less
likely to be converted to amide ion. It is often helpful to distill the liquid ammonia before use.

Other susceptible functional groups:

o o H R
r - (7 i
R—=——F’ R H
CH,0H CH; — R R’
— Compare >=<
with Lindlar H u
(0] (0]
- OR
)j\OR /U\OH .
X H Z Z
—
)\ )\ R = OAc, H, POCl,

Benkeser Reduction

©/G M, R_NHZ O/G
e R

R-NH, = various amines  eg. EtyNH and Me,NH
M=Na.Li, Ca
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Henbest Reductino
Li, ENH, @
—_——
OAc
Birch reduction of enones provides for a number of useful synthetic applications:
Me Me Me
—_— —_—
ROH
O @O O Y
JCN—Br R
Me
Y :
CN
Examples:
o :,()hde :,()hde
z Et z
N: 3 1. K, NHj, t-BuCH, THP, -78°C : 3
2. LiBr, piperylene, Etl, -18°C
™S T™S

97%
A. G. Schultz, L. Pettus, Journal of Organic Chemistry 1997, 62, 6855

1. K, NHs, THF Hp
—_—» ——-
2. CH5I Rh /AlO4

~65% overall yield 7 *™ 5 ) 5r—(i)
(;;}\\()hde (5/,

L. E. Overman, D. J. Riccan, V. D. Tran, Journal of the American Chemical Society 1997, 119,
12031

CO,H OH

With a weaker organic acid used in workup, the enol ether can be selectively converted to the ketone
without conjugation of the resulting enone.

CH,OH 1. Li/ NH; CH,OH
R e
/@/\/ 2. HO,C-CO,H, Q/\/
MeOQ H,0, +BuOH 0

>70%
E. J. Corey, N. W. Boaz, Tetrahedron Letters 1985, 26, 6015

The intermediate anion can be captured by electrophiles other than protons.

HO,C
HO,C OMe ] OMe
L Li/NH; Me
et e

2. Mel

OMe 87% OMe
A. Gopalan, P. Mangus, Journal of the American Chemical Society 1980, 102, 1756
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Bischler-Napieralski Reaction

The Reaction:

T
Rn,N\
H

R
Other catalysts are possible. (e.g. ZnCl, and POs)

Proposed Mechanism:

Notes:
M. B. Smith, J. March in March’s Advanced Organic Chemistry, 5" ed., John Wiley and Sons, Inc.,
New York, 2001, p. 721; W. M. Whaley, T. R. Govindachari, Organic Reactions 6, 12

Starting Material Preparation:

Cl‘) —
0+
NH, R @Dy -H R N
I w g
fe) (0]
Anhydrides can also be used.

Examples:

O h

HN O POCI P O N N

MeO — —> MecO — Z
50%

S. Doi, N. Shirai, Y. Sato, Journal of the Chemical Society, Perkm Transactions 1 1997, ﬁ, 2217
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POC13
MeO

TZ,
A=
Z,

COOMe COOMe
Me 87%

MeO,C o MeO,C

E. E. Van Tamelen, C. Placeway, G. P. Schiemenz, 1. G. Wright, Journal of the American Chemical
Society 1969, 91, 7359

H H
N N
0= " HN.__0 POCh o= O ZN
N — N OMe
H H
MeO 4% O
OMe
OMe

C. V. Denyer, J. Bunyan, D. M. Loakes, J. Tucker, J. Gillam, Tetrahedron 1995, 51, 5057

EtO
o 15>c15
MeO CHC13
Br—? / 8%
S

?3

Br

S. Jeganathan, M. Srinivasan, Synthesis 1980, 1021

MeO poc;

S

Me

T 96%
(o]

A. Brossi, L. A. Dolan, S. Teitel, Organic Synthesis 1977, 56, 3

MeO

MeO MeO

POCH
—-
NH  CH;CN

5

o

MeO

ON 85-93%

OMe

C. S. Hilger, B. Fugmann, W. Steglich, Tetrahedron Letters 1985, 26, 5975
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Blaise Reaction

The Reaction:
O
1.Zn 0 o
R —_—-
Rﬂ/u\ OR" 2.R"CN R,,,)S(LKOR,,
Br 3. workup R r

Proposed Mechanism:
The starting reagent is the Reformatsky-type. In this case, instead of adding to a carbonyl group,
addition is to the nitrile. See Reformatsky Reaction for a discussion of reagent.

BrZn .
0 0 ~ TN o ®
Zn R*"—=N H
B = BrZn -
r%ORu a)j\ORu R"™ )%OR"
R R oxidative R R' R R
addition :
H. /'\ H. .H @
N o ® (Nmo H,N OH,0 —H®
H —_— _—
R™ MOR" R™ /LVI\OR" R" OR"
R r R R R R
H
\
¢] 0 (¢]
NGO - NH,
———
Rlﬂ OR" R"' OR"
R R R R
(0] (0]
KOH@q) - ope* NH: + Za(OH)Br
R R
Notes:

M. B. Smith, J. March in March’s Advanced Organic Chemistry, 5" ed., John Wiley and Sons, Inc.,
New York, 2001, p. 1213.

See Reformatsky Reaction for further comments on the organo-zinc reagent.
It is possible to arrest the workup to provide the enamine product:

BN o H. H. .H
@ N o ~Ho

m w — —
R MOR R...)%OR.. o J\I/U\OR.,
H R‘ H Rl

imine - enamine tautomerism



Name Reaction

Examples:

OTMS Q OTMS

/k‘ H + Me O/ -Bu ZI’I_dUSt» H Me
Ph™ Ny THF Ph
Br Br-Zn-N CO,-t-Bu
OTMS
hydrolysis H Me

T e Ph —_—

74% HN CO,-t-Bu

J. Syed, S. Forster, F. Effenberger, Tetrahedron: Asymmetry 1998, 9, 805

O

Me Me
BrZn
) N\ \/U\OMe —
Me CN —mmm———— Me —
H,N COM
62% 2 2e

M. Mauduit, C. Kouklovsky, Y. Langlois, C. Riche, Organic Letters 2000, 2, 1053

Me 0

OTMS )\ O
1. BriZn CO,Et .
RPN ~pe  R=Ph19%
R” TCN 2. hydrolysis R =iPr, 13%

J. 3. Duffield, A. C. Regan, Tetrahedron: Asymmetry 1996, 7, 663

o H,N CO,Et
1. Z 2 2
RCN + Bizn._.COEL 1 /Zn0Q, sonication -
2. hydrolysis
R
R = _<] ,50%
R =Ph, 90%

A.S.-Y.Lee, R.-Y. Cheng, O.-G. Pan, Tetrahedron Letters 1997, 38, 443
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Blanc Chloromethylation Reaction

The Reaction:
Cl
1Y) chlz
Ar-H + )l\ + HCI ——
H H Ar H

Proposed Mechanism:
The HCI and ZnCl, form the reactive reagent with formaldehyde:

H H H o
>=o + HCl+ ZnCl, === >=o o ZnCl;
51 H

® H

@, H

O
b,

/?)LH o -u® mﬁ
Q— gi-aQgr =
o
S Nes

g?® o=
H

Notes:
See: Formaldehyde. The use of aqueous formaldehyde sometimes gives better yield than using
paraformaldehyde.

-0

See the similar Quelet Reaction:

R’\O
O
HCI
+ /lk —_— + H2 O
R H ZnCl,

R Cl
If the p-position is filled, the substitution will go to an open ortho position.
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Examples:

_CH,0.HCI
H3PO4, HOAc

74-77%

CH,CI

O. Grummitt, A. Buc, Organic Syntheses CV 3, 195

i-Pr

CHZO
2n012 ,HC!
CH,Cl

69% Me

W. G. Whittleston, Journal of the American Chemical Society 1937, 59, 825

Me
CH20
CH,Cl
75-80%
Me

J. V. Braun, J. Nelles, Journal of the American Chemical Society 1951, 73, 766

CHZO Me Me
HBr, HOAc CH,Br

94% Me

A W. Van der Made R. H Van Der Made, Journal of Organic Chemistry 1993, 58, 1262

101
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Blanc Cyclization / Reaction (Blanc Rule)
The Reaction:
Ac,O

COM — AGO_ 0 + 2HOAc +CO,

COH A
This reaction works for 1,6 dicarboxylic acids or larger.
Proposed Mechanism:

o /V proton o

:OH *———> ®o“> 0

FTH
\f ot
CO,H CO,H
“HOAc O\[( enolization (?/74

0o o0 ( 0 » o~H
H
r\H O
HO O HO (o8 OH ’
keto-enol
- HOA A tautomerism
] LN
L &'
y o H
¢]
Notes:
For 1,4 or 1,5 diacids the following is observed

2 ! o

COOH  Ac,0 ( JK - HOAc

. [0
3 — P O
e 'OH

+—COOH

s 0

(0]

The Ruzicka Cyclization (or Ruzicka Large Ring Synthesis) is a similar reaction in which cyclic
ketones are formed from salts (Ca or Ba for smaller rings and Th or Ce for larger rings) of diacids:

COOH  Ba(OH), 8 H,O o
COOH

P. A. Plattner, A. Furst, K. Jirasek, Helvetica Chimica Acta 1944, 29, 730 (AN 1946:23967)
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Examples:

HO (0]
MeO MeO O
H
v NaOAc I
(6] Ht o
MeG Ac0 H
ol 72% Me0O” 0
(0] OH .
H.-J. Gais, G. Biilow, A. Zatorski, M. Jentsch, P. Maidonis, Journal of Organic Chemistry 1989, 54,
5115

ok O.__OH 0 €O, o
0 HBr HOOC\é/COOH ) é

0 —_—

HO 0 o 30%

L. Crombie, J. E. H. Hancock, R. P. Linstead, Journal of the Chemical Society 1953, 3496

O OH
i @
OH
9@ 0
o0
1%

W. E. Backmann, N. C. Deno, Journal of the American Chemical Society 1949, 71, 3540

0

HOOC 0
Ac,0
)—\COOH <2 0 JLO
CooH

HOOC
No yield reported O
J. Dressel, K. L. Chasey, L. A. Paquette, Journal of the American Chemical Society 1988, 110, 5479

Examples of the Ruzicka Cyclization:

MeO MeO
W. S. Johnson, D. K. Banerjee, W. P. Schneider, C. D. Gutsche, W. E. Shelberg, L. J. Chinn,
Journal of the American Chemical Society 1952, 74, 2832

Me
OWO MnCO; Mej:>:0
"HO Me Me Me OH 95% Me

H. E. Baumgarten, D. C. Gleason, Journal of Organic Chemistry 1951, 16, 1658
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Boord Olefin Synthesis

The Reaction:
OEt H
Zn, Mg or Na
R ’ R
W/‘\ " L . \%\R'
Br H

Proposed Mechanism:

OFEt OFEt OEt H
Zn, Mg or Na - MBr
R o |R R R
R \I)\R' - \Cg\R' _—()E;» \%\Rv
B M. H
r Br g-l) .
Br

The E1-CB mechanism associated with this reaction results in similar product yields independent of
stereochemistry.

Notes:
M. B. Smith, J. March in March’s Advanced Organic Chemistry, 5™ ed., John Wiley and Sons, Inc.,
New York, 2001, p. 1344.

Starting Material Preparation:

OEt OFEt OEt
EtOH _HCI Br,
R\/U\ R\/k — R — R
H ua Cl =~ "H Br
H Br
OEt
R'MgX R
A R
Br
Examples:
MeOH
“OH
Cl

85%

B. Halton, S. G. G. Russell, Journal of Organic Chemistry 1991, 56, 5553

s 23,
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o 0 7n 0 OH
——
EtOH
H - .
HO q CH,I no yield given HO HH

J. S. Yadav, R. Renduchintala, L. Samala, Tetrahedron Letters 1994, 35, 3617

L1 Na( finely divided), ELO ﬂ
2.H,0

O Me OH Me
88-93%

R. Paul, O. Riobé, M. Maumy, Organic Syntheses CV 6, 675

}[’MP
N

Ph‘?:O
Me

~ 40
Me Zn, HOAc Me Me N
—_— -+ Ph
Me B MeOH Me

r
95%

S. N. Joshi, A. R. A. S. Deshmukh, B. M. Bhawal, Tetrahedron: Asymmetry 2000, 11, 1477

I:MP

OH

105
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Borche Reduction

The Reaction:

H—-N N~
(0] \ N
/u\ LiCNBH /k
R R b 3 R R
Proposed Mechanism:
~.~ G
O N ~.. .~

_H_ ( LiCNBH; N
R)J\ R )J\ \/\@ R/k R

"H
Notes:
The success of this procedure rests on the much greater reactivity of

-~
N> ] wotheredu
to the reducing agent
R)\R‘ R/U\ R

Examples:
N
HzNPr \/\Me
LiBH;CN, MeOH
81%
NH, NH,
N 00 T
Me (6(6]6] NH, LiCNBH;, MeOH Me COOH
41%

R. F. Borch, H. D. Durst, Journal of the American Chemical Society 1969, 91, 3996

Me Me Me
Me N N ™ SN N CHO
Me Me
LiCNBH;3 / MeOH
no yield given
Me Me Me
[~ NS NS /A
Me =X X Iﬁ]
Me Me

S. E. Sen, G. D. Prestwich, Journal of the American Chemical Society 1989, 111, 8761
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0O (e}

i-Pr MeNH;CI, NaCNBH; i-Pr
MeOH, pH =5
MeO MeO Me
& CcHO 30% 3 N

A.S. Kende, T.J. Bentley, R. A. Mader, D. Ridge, Jowrnal of the American Chemical Society 1974,
96, 4332

To see the use of the method for generating a library, with a modification of the reducing agent:
R. A. Tommasi, L. W. Whaley, H. R. Marepalli, Journal of Combinatorial Chemistry 2000, 2, 447

l\'/Ie I\[/Ie
Me Me HN /\/N \/N “Me
H ! ! H
o Me,O NN NN H Me
o : 7=t
T @ NaCNBH;, MeOH, pH =4 <= @

82%

A.]. Frontier, 8. Raghaven, S. J. Danishefsky, Journal of the American Chemical Society 1997, 119
6686

L]

9 0
( NN Cotls ( X Celis
o 0
N an oxime NaCNBH; NH
\ derivative H® MeOH !
OH | ofa ketone -MeO OH
OPh OPh

95%

K. M. Werner, J. M. de los Santos, S. M. Weinreb, M. Shang, Journal of Organic Chemistry 1999,
64, 686
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Borsche-Drechsel Cyclization

The Reaction:

L v
—_—
.N
N
1
H
Proposed Mechanism:

Pre e ) o A &
1=y =08 —
N N®H NH

H

=
=

Notes:
See this general concept in the Fischer Indole Synthesis and the Bucherer Carbazole Synthesis.

M. B. Smith, J. March in March’s Advanced Organic Chemistry, 5™ ed., John Wiley and Sons, Inc.,
New York, 2001, pp 865-66; T. Laue, A. Plagens, Named Organic Reactions, John Wiley and Sons,
Inc., New York, 1998, p. 37

Bucherer Carbazole Synthesis
The Reaction:

OH
o S s O
1
H N

Proposed Mechanism:

/’\ H H
OO e (X OO
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keto-enol
tautomerism

H,N-HN~ ‘ ‘ ~ NH-NH,

HOAc
No yield given
O
N N
H H
P. Bruck, Journal of Organic Chemistry 1970, 35, 2222
Me WN
N [¢] O
H,S0,
N 7 N
i
NH
85%

Me
K. Freter, V. Juchs, T. P. Pitner, Journal of Organic Chemistry 1983, 48, 4593
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Bouveault Aldehyde Synthesis / Reaction

The Reaction:
O DMF o
— 7 —_—
R—M + H)LN R)LH
M = MgX, Li, '

Proposed Mechanism:

R H

Comin modification:
D.L. Comins J. D. Brown, Journal of Organic Chemistry 1984, 49, 1078

CHO
Ll 1. E E
2. Hydrolysis

Notes:

Based on the mechanism, one might suggest an extension to ketone synthesis. This is not a useful

reaction. (M. B. Smith, J. March in March’s Advanced Organic Chemistry, 5* ed., John Wiley and

Sons, Inc., New York, 2001, p 1215).
¢]

(0]
R_ng + R'J\N‘Me *» R)LR‘
Me
DMF

Bodroux-Chichibabin Aldehyde Synthesis

The Reaction:
OFEt
RMgX [¢]
H : M
OFt #®, 1,0 H” R

OEt
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Proposed Mechanism:

OEt QOEt
» TNRMgX /’\ H - EtOH
B okt - OFt OEt B
¥ Okt R )
acetal Et
® OE OE
OFt t t
H H
H R ¥, P,H O’H
H hemi acetal
Et® -
Yow — XL = %
H h,H
R HJJ\R H R

Examples:

S (0] H
BuL1
NG
S Me Me
B 48%
T

J. M. Lovell, J. A. Joule, Journal of the Chemical Society, Perkin Transactzons 1 1996, 2391

(6] O 0 H BuL1 i
Me + Y ij])k
. N.
Me Me
77-85%

G. J. Bodwell, Z. Pi, Tetrahedron Letters 1997, 38, 309

N 0 Y H BuLi ' SN
| n THF |
Z _N. = H
Br N Br Me Me 98% Br N

(6]
D. Cai, D. L. Hughes, T. R. Verhoeven, Tetrahedron Letters 1996, 37, 2537

(6]
S O H (\s
E\ N j\]i BuLi H
s Me~ Me THF $
NN Me ™ Me

76%
S. P. Khanapure, S. Manna, J. Rokach, R. C. Murphy, P. Wheelan, W. S. Powell, Journal of Organic
Chemistry 1995, 60, 1806
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Bouveault-Blanc Reduction

The Reaction:

CH
o Na
M Eon
R OR' EtOH R " H
Proposed Mechanism:
.H _H
o o O o o © ~
)k e H—OEt )\ e )\ H—0Et
—_— — — B ——
R OR' R™ * OR' R"* OR R OR
s H
9 okt
" Tor' - HOR'
o° _/O’Et OH ~ OH
)J\ _* )\ -H—OEt__ /l\
R -'H R R°CH RLH
Dissolving metal reduction of carbonyl group

Notes:
M. B. Smith, J. March in March’s Advanced Organic Chemistry, 5% ed., John Wiley and Sons, Inc.,
New York, 2001, pp 1191, 1551.

The related reduction of simple carbonyl groups with Na / alcohol (see boxed portion of mechanism)
has been largely replaced by hydride reduction. However, the method has some advantages:

1. "thermodynamic products” are favored;

2. Oximes are converted to amines.

For direct conversion of an acid to an aldehyde in the presence of a ketone:

c Me

0o o H>= NM@e a® o o

Cﬁi’MOH LiAlH(+-BuO); C‘*H"’MI\H
85-93%

T. Fujisawa, T. Sato, Organic Syntheses CV_8, 498
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Examples:
It is appropriate here to mention that in the following example LiAIH, would reduce both the acid

and the ester; diborane would preferentially reduce the acid; and DIBAH would convert the ester to
an aldehyde.

COMe CH,0H
2 Na, NH;, ?
——-
alcohol
CO,H COH

2%

L. A. Paquette, N. A. Nelson, Journal of Organic Chemistry 1962, 27, 2272

H
5 CO2Me Na, NH3
e
EtOH

“‘COOH ““COOH
H H 70% H o
R. M. Borzilleri, S. M. Weinreb, M. Parvez, Journal of the American Chemical Society 1995, 117,
10905

Me Me

electrochemical with
171‘§\ Mg electrode, NH; (1) I;I‘§\
kN COOEt kN CH,0H
H 70% H

J. Chaussard, C. Combellas, A. Thiebault, Tetrahedron Letters 1987, 28,1173

Na
EOOC« ,,COOEt ——»  HOH,C. , CH,OH
VA E{OH v A
7375%

R. H. Manske, Organic Syntheses CV 2, 154
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Boyland-Sims Oxidation

The Reaction:
D g

N 1. KOH (aq), K,S,05 N.
R - ©: R'
2.H
OH

Proposed Mechanism:

Kg 0
R. .R 0-S-0__ O 1.0
Wi O RxN"TSgok

1] _
T\“y‘oc]s;%@ @

%

Z

E. J. Behrman, Journal of Organic Chemistry 1992, 57, 2266

0 0. PO ®
I \S\ K
RRN O—S—OH RRN + "0
@

G
|
=

Im@

4

OR (?‘)O — & z .
u -
RRN 0-$§£0° ery 0752
11 @® O
yo K
@H
R. KR R, KR R R
N N o *N°
0
o9 proton
e _g® SS%~H  transfer OH
(3 LoOn, —— 07\ 0 _—
© Shy)
Notes:

For comments on this and the Elbs Reaction, see: M. B. Smith, J. March in March’s Advanced
Organic Chemistry, 5% ed., John Wiley and Sons, Inc., New York, 2001, p 724; E. J. Behrman,
Organic Reactions 35, 2
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See the similarity in the:

Elbs Persulfate Oxidation (Elbs Reaction)

The Reaction:

OH
©/ OH " OH (ag), K»$,05 -
@®
H HO

Proposed Mechanism:

T. Laue, A. Plagens, Named Organic Reactions, John Wiley and Sons, Inc., New York, 1998, pp.
92-93; V. K. Ahluwalia, R. K. Parashar, Organic Reaction Mechanisms, Alpha Science
International, Ltd., Pangbourne, UK., 2002, pp 320-321.

) i T
@/%H “on @f 0® o 0 Lo
v-/@ ©
Q
O_ﬁ— \’\111) ©
0-S—0 ©
O n 9/4 @ (6]
=
S) -S04 H
- o0 o—z—o
=5=
%0
O@ OH
proton /©/
HZO transfer
~9 —— o8 zn
=|=O O S OHZ ,\\
O O
©
proton
transfer QOH
HO
Notes:

Oxidation usually occurs at the para position. If the para position is occupied, the ortho position is
the next likely site for reaction.
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Bradsher Reaction

The Reaction:

R' R
X @ X
GV — Gw
AR Z
0 R

Proposed Mechanism:
M. B. Smith, J. March in March’s Advanced Organic Chemistry, 5® ed., John Wiley and Sons, Inc.,

New York, 2001, p 720
Rl RV
G = G A
W - e
= R " (1;
( @
®O\H OH

R
TN H®
S
AR
.p..

R R' H
0 59 N r®
— Gv — Gv
P o
HO R HO: R
R H R’
X \ SHO N
Gwe
=
AN
H,.O R
®
Notes:

This reaction also works with heterocyclic derivatives, where G = O, S, or Se.

SO0 = 00

See: Polycarbocyclic Syntheses
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Examples:
OH
Me OMe Me
1. PPA
———
siegi- N 006
F F

58.8%

R. G. Harvey, C. Cortez, Tetrahedron 1997, 53, 7101

(6]
HBr, HOAc
——-b
( OOO

C. K Bradsher, Journal of the American Chemical Society 1940, 62, 486

o OO
———— -

J O

CN

Ph

g

\¢
5@

F. A. Vingiello, R. K. Stevens, Journal of the American Chemical Society 1958, 80, 5256

J . O
D L CLC

C. K. Bradsher, E. F. Sinclair, Journal of Organic Chemistry 1957, 22, 79

0,
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Brook Rearrangement

The Reaction:
R
i.R
_H LSi
O O R
R ‘((‘ZR L R
si 2)n H‘( 2) n
R™
R

n=1-3, where for 3 — 5 membered transition states can be formed.
Proposed Mechanism:

R R
l_‘R Sl“R
[ 1
H“\ (@O O, ‘R
Base ! H,0
R Y _CR CR 2 _C.
R:Si,CRz — R,SI\} 2 e\z/\ R ,
R™1 !
R R
Examples:
Me;,Si H
/{\ Excess NH; Me,Si /’\
—_— ~
O CFy)sCF.
HO o (CF,)sCF; EL,0 Ph( 2)sCF3
95%

B. Dondy, P. Doussot, C. Portella, Tetrahedron Letters 1994, 35, 409

Me\ Me Me Me
. Sig Sl
HO SiMe; O -Bu Bu,NF 0O 0" “tBa
1, b —_— =
W THF ~
7 Me Et)J\;/\Me
MeOvO 55% Meov()

P. F. Cirillo, J. S. Panek, Journal of Organic Chemistry 1990, 55, 6071

L
o J @o TBDMS—0
0 TMS 0 R RO
. ot — T e
TBDMS “~ 15% TBDMS Brook N
overall rearrangement
Me yield TMS Me ™S Me
TBDMS— Oﬁm rBDwso\Q/ TBDMSO o)
T™S TMS  Me T™MS  Me

K. Takeda, H. Haraguchi, Y. Okamoto, Organic Letters 2003, 5, 3705
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HO Me

119

S[i-Me BuL1 (6 Sl Me O0-— Sl
|
Ph

%
M. Koreeda, S. Koo, Tetrahedron Letters 1990, 31, 831

An example of a Homo-Brook Rearrangement

1 .Me

OH OK‘Me
TMS base 4)
Z (\
N

Yields were varied, depending on base used.

51%

O—TMS

—~C(J

R. Ducray, N. Cramer, M. A. Ciufolini, Tetrahedron Letters 2001, 42, 9175

Me\ Me
T™S ’W Me=Si7, o©
o 0 Me EtOH [0) Me
I N kgl
@3 heat Sy
Me N e Me N@® Me
31%
H
O Me
Me N Me
H

<O TMS
Me
—_— i/ Me
Me
N m

L. A. Calvo, A. M. Gonza'lez-Nogal, A. Gonza'lez-Ortega, M. C. San™udo, Tetrahedron Letters

2001, 42, 8981
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Brown's Hydroboration

See: T. Laue, A. Plagens, Named Organic Reactions, John Wiley and Sons, Inc., New York, 1998,
pp. 157-160.

The Reaction:

mBr, H_ BR> po, H  OH
F B —— >—J
R NaOH R
HBR'; may be BH; (B,H, = diborane) or other borane derivatives (see below).

Proposed Mechanism:
In the presence of ethers (and especially dimethy! sulfide) diborane can dissociate into a complexed
borane:

H\ IH\ IH I{\
)B AN IB A - H _B _Z
H H H H
Z =20, S, generally from Et,O, THF, and DMS
T
1o® 1" on
R’ *
H. .X IR
=y Hor e
Y R H R/l\/ R
Borane attacks from the  Boron adds as an electrophile and Boron hydrolysis begins
least hindered face. hydride as the nucleophile in a with the attack of peroxide.

Stereochemical control. cis-fashion. Regiochemical control.

t

B o ©o ,
B ,OH ~_OH o .r I "oH Q
R)\/\\'O Ny T R)\/ 113 R)\/?\,\BGR\‘&»

2. eOH

R t
The bond to boron then OR
migrates to oxygen.

H_
H Y 0 H 0© o

O ! OH
0~ + _B. > OH + _B ——» _+ Na3BO
R)\/ RO”~ “OR' R/K/ RO” “OR  —= A

Two more addition / migrations take place

The result is a cis, anti-Markownikoff addition of water. The C-B
bond is converted into a C-OH bond with retention of stereochemistry.

Notes:
With hindered alkenes, it is more difficult to add three alkenes to borane. This becomes the basis for
unique, borane derivatives. See Hydroboration Reagents.

Y Sl () - A

Disiamylborane Thexylborane 9-BBN
Sia,BH 9-borabicyclo[3.3.1]nonane
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Examples:
(0]
H
1. BHCy, THF
‘ \ 2. NaBO;+4H,0,
a H,0

G. W. Kabalka, S. Yu, N.-S. Li, Tetrahedron Letters 1997, 38, 5455

}_‘Zb 1.9BBN, THF %%b »_‘Zb/
2. H;0, NaOH
EtOH No, !

55% 17%

D. L. Gober, R. A. Lemer, B. F. Cravatt, Journal of Organic Chemistry 1994, 59, 5078

HOH,C
1. SlazBH
2. [0] l
75-80%
Me

D. L. Gober, R. A. Lerner, B. F. Cravatt, Journal of Organic Chemistry 1994, 59, 5078

0 H ,_3? OH ©O
1. 9-BBN h
OTBS —— C T
2.[0] TBSO 0
O o Me,
99% Me
Me

K. Suenaga, K. Araki, T. Sengoku, D. Uemura, Organic Letters 2001, 3, 527
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Bucherer-Bergs Reaction

The Reaction:
O
0 KCN, NH,),CO;  H H
> 4/2%3 N N~
R R EtOH, H,0 R
R O
hydantoin
Hydrolysis of the hydantoin provides an approach to amino acids:
O
H‘N)k]\z ~H hydrolysis R NH,
= OH
R/\ \ § R
R O 0

Propesed Mechanism:
2NH; + H,0 + CO,

OH ) 0 { ?\IH o
CN (NH,),CO; O CN
R e )l\ —_—— JL E
3 CN i R R' R R'
non-productive
route (0] O

. @
N’Ib\D;\cf\ HN JLO@ proton HNJ\OH
=0 transfer (
R/l\R' R/(I;] R' R
(o

S
CN R (°N
0 0 C'p
proton
Hon /lkg), H transfer H *1\? 0 N o .
—_— =
R R <ﬁ‘ R 2
g NO R NH R NH
0 0 o
)
C proton
(;\III ‘\:NHZ @NJLCI?HZ transfer H ‘N/lLN -H
R)ﬁ § R R Q
R © R O R O

F. L. Chubb, J. T. Edward, S. C. Wong, Journal of Organic Chemistry 1980, 45, 2315
An intermediate a-aminonitrile carbamate is found. A. Rousset, M. Lasperas, J. Taillades, A.
Commeyras, Tetrahedron 1980, 36, 2649

Examples:

R R
RO R (NH,),CO, NaCN
Y NH;, EtOH, H,0 H-y o

0 96% )’ N,

R: 3-benzylthymine
F. L. Chubb, J. T. Edward, S. C. Wong, Journal of Organic Chemistry 1980, 45, 2315
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CO,H cog H

Bucherer-Bergs N
(Lm0 moemes IO

40% If “H

J. Ezquerra, B. Yruretaguyena, C. Avendano, E. de la Cuesta, R. Gonzalez, L. Prieto, C. Pegregal,
M. Espada, W. Prowse, Tetrahedron 1995, 51,3271

H
I\\I 0]
0
o KON, (NH92C0s _ H
<:><o T EOR 1,0 <:>< ]:&
CO,Et 50% CO,Et

C. Dominguez, J. Ezquerra, S. R. Baker, S. Burrelly, L. Prieto, M. Espada, C. Pedregal, Tetrahedron
Letters 1998, 39, 9305

fe) i-Pr -
o KCN, NHy),CO;  H
_—_———
EtOH, H,0
OMe
SANAY 2%

B. Steiner, J. Micova, M. Koos, V. Langer, D. Gyepesova, Carbohydrate Research 2003, 338, 1349
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Bucherer Reaction

The Reaction:

OH  Na,50, NH, NH,
—— -
H,0
NH,  Na,SO,, H,0 OH
_—
OO KOH OO

This reaction can be carried out in either direction with modest modifications of reaction conditions.

Proposed Mechanism:

H o
“Y;O H H® SO3 ”/ ~ H
keto-enol f 0 O@ proton
tautomerism N/& NHs transfer
- ®
s02 50,9
H ..
Din o AU =
H
» H
s0°2 s0.° (so3

These are the critical steps for the reverse process.

_ HSO;e NH,

Notes:

M. B. Smith, J. March in March’s Advanced Organic Chemistry, 5" ed., John Wiley and Sons, Inc.,
New York, 2001, pp 861, 865; T. Laue, A. Plagens, Named Organic Reactions, John Wiley and
Sons, Inc., New York, 1998, pp. 37-39; N. L. Drake, Organic Reactons 1, 5.
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Examples:

1. Na,S0;3, EtOH, H,0
2.KOH

81%
NH, OH

v,

R. S. Coleman, M. A. Monenseﬁ, Tetrahedron Letters 2003, 44, 1215

OH NH,
Oy 2= O
———i

Q conditions

56%

S. Vyskocil, M. Smrcina, M. Lorenc, L. Tislerova, R. D. Brooks, J. J. Kulagowski, V. Langer, L. J.
Farrugia, P. Kocovsky, Journal of Organic Chemistry 2001, 66, 1359

—
0 O CO HO,NH, TN O OO

65%

jas}

L. F. Fieser, E. B. Hershberg, L. Long, Jr., M. S. Newman, Journal of the American Chemical
Society 1937, 59, 475

OO oH (NH,);S03, H,O OO NH,
OH NH; OH
conlNge

K. Korber, W. Tang, X. Hu, X. Zhang, Tetrahedron Letters 2002, 43, 7163
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Buchwald-Hartwig Reactions

The Reaction:

R

' Pd(0) .

Ar=X + R“N’R _— Ar—N
H NaOt#-Buy, tol, A \R‘

Proposed Mechanism:
Buchwald calls the replacement of halide by nitrogen metathesis.

R
Ar-N [~Pd-L Ar—X
R [=Pd(®)] oxidative
reductive addition
elimination
R
| Lop:*X
R’}:r?PdiII: AL
,R
H-N
\
x@ R'
R’
base can then take out HX O 1 X
and 2 L's come back to fill BuO R’}\\I?PdtH L
r

the space.

Sources for mechanism:

J.P. Wolfe, S. Wagaw, S. L. Buchwald, Accounts of Chemical Research 1998, 31, 805
J. Louie, J. F. Hartwig, Tetrahedron Letters 1995, 36, 3609

B. H. Yang, S. L. Buchwald, Journal of Organometallic Chemistry 1999, 576, 125

Notes:
Representative catalysts:

O PPhy
O Pdy(dba); —— 2 Pd(PPhs),

Cl fo}

=7 0
O dba

dibenzylidineacetone

Pd(dppH)Cl, =
[1,1'-Bis(diphenylphosphino)ferrocene]dichloropalladium(II)
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A useful Review describes the use of BINAP for the conversion:

0.25 mol% Pdy(db
Ar-Br+ RNH, mol% Pdydba) - pr-NHR
BINAP, N2Or-Bu

J. P. Wolfe, S. Wagaw, S. L. Buchwald, Accounts of Chemical Research 1998, 31, 805

Examples:
OBn
N Pd,(dba);, BINAP N Ar
NS H(dba)s, ;
)jji \>—Br T \>—NH
oy oy? N oTBDMs NaOFBu, ArNH, N \CJOTBDMS
1
DMT o 0
OTBDMS OTBDMS
72% 83%

T

DMT = Dimethoxytrityl, a useful protecting group
L. C. J. Gillet, O. D. Scharer, Organic Letters 2002, 4, 4205

See Verkade’s Base

Me Me
. H-N FBu. P« _iBu NC ON\

o N
i-Bu
Pd(OAc),, ~ N7) 96%
+
NaO#Bu
CN 0 ¢
HN ] NC N [¢]

\__/ \_/

92%

S. Urgaonkar, J.-H. Xu, J. G. Verkade, Journal of Organic Chemistry 2003, 68, 8416

Pd,(dba);, BINAP @ F @
O/\NHZ 2( )3 O/\ TFAc Ac

NaOz-Bu

A number of ligands and resins were examined.
K. Weigand, S. Pelka, Organic Letters 2002, 4, 4689
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Cadiot-Chodkiewicz Coupling

The Reaction:

H R base

CuCl

I+
|
=

R————X

Proposed Mechanism:

N—
Cu(l) D) / \ R—=—X

R'——= —» R'—='=—H ——» R=——Cy —————»

! CuCl

('m oxidative addition
R—==—X — R%C{u = R' ————» R————=—=—FR'

Cu—==—r X reductive elimnation

Notes:

See Alkyne Coupling,
CuCl = Cu,ClL,

M. B. Smith, J. March in March’s Advanced Organic Chemistry, 5™ ed., John Wiley and Sons, Inc.,
New York, 2001, p. 937.

Strauss Coupling:
In the absence of oxygen or oxidizing atmosphere:
H
. HOAc /7""R
R———Cu — —» R—— Q
non-oxidative conditions H
Examples:
OTHP
OTHP 4
A =/ Z
—— -
I Me Conditions A or B I Me
S Me S Me
R Si Me Reported N Si Me
75 Me , NH,OH HCL BuNH,, SN Me
Me Me CuCl, EtOH 15% Me Me

Cul, Pdy(dba)s, Pr,NH, 77%

D. Elbaum, T. B. Nguyen, W. L. Jorgensen, S. L. Schreiber, Tetrahedron 1994, 50, 1503
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N N N
= {0 o (D=1
0 0, o o

90%

U. Fritzsche, S. Hunig, Tetrahedron Letters 1972, 13, 4831

= <OH CECI HO> e —— <OH
90%

H. A. Stansbury, W. R. Proops, Journal of Organic Chemistry 1962, 27, 320

v R
N

CuCl, TMEDA

——————-

Air, Me,CO \\ on

93%

A. S. Hay, Journal of Organic Chemistry 1962, 27, 3320

Me OH Me OH
NH,0H HCJ, CuCl
MeL — + == / 2 Me \ —— /
EINH, /
Me Me
70-80%

.J.-P. Gotteland, I. Brunel, F. Gendre, J. Desire, A. Dethon, D. Junquero, P. Oms, S. Halazy, Journal
of Medicinal Chemistry 1995 38, 3207
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Cannizzarro Reaction / Aldehyde Disproportionation

The Reaction:

O O OH
2 )j\ NaOH /U\ + +
R;C H A R;C OH H H
—— CR;
no acidic protons
typically CR; =

Proposed Mechanism:

—— Na )L Na.

(6] 0~ \
=P G
R,C” "H RyC HRBC

complexation
I»Iydﬁdc transfer to 2nd aldehyde.

Na . Na Na o™  protic
0o 0 NaOH Q) o workup
/U\r\H + /}\ e /&A + —_—
R,CT TO7 HI"H R;C” O H IH
CR;3 CR;
(0] OH
)k * +
R,C” “OH H 1l H
CR;

Notes:

T. Laue, A. Plagens, Named Organic Reactions, John Wiley and Sons, Inc., New York, 1998, pp 40-
42; M. B. Smith, J. March in March’s Advanced Organic Chemistry, 5™ ed., John Wiley and Sons,
Inc., New York, 2001, pp 1564-1565; T. A. Geissman, Organic Reactions 2, 3.

Tollens Reaction
The reaction is an aldol condensation followed by a Canmnizzarro reaction.
The Reaction:

RH,C.__R' o} Ca(OH) 08 0
2 a 2
R
LRI U S L
O H H i H OH
OH
Proposed Mechanism:
0 S
9}\ _OH _ \/-|<0H
H H H Hydride transfer
o > @O (Cannizzaro Reaction)

)H\\‘VI/]/?@OH /F? LH p - HCOOH
R ’ g
)

©
@O HO protic o
H R HCOOH H R' workup H R'
R o R ” R
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Examples:
O <1)H 0
Me q NaOH Me . Me Ol
Me Me Me

M. Hausermann, Helvetica Chemica Acta 1951, 34, 1211 (AN 1952:2485)

CHO KOH N CH,0OH COH
2 — | ]/ +
MeOH ==
55% 47%

C. G. Swain, A. L. Powell, W. A. Sheppard, C. R. Morgan, Journal of the American Chemical
Society 1979, 101, 3576

Do 228 00, O
CcHoH COOH

O
61-63%

W. C. Wilson, Organic Syntheses, CV1, 276

CHO CH,OH COOH

mixed with alumina ©\ @\
> +
microwave NO, NO

95%

NO,

A. Pourjavadi, B. Soleimanzadeh, G. B. Marandi, Reactive & Functional Polymers 2002, 51, 49

CHO KOH [I SN CH,OH COOH
——-
solvent-free P *

38% 41%

K. Yoshizawa, S. Toyota, F. Toda, Tetrahedron Letters 2001 42, 7983
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Cargill Rearrangement
The Reaction:

R
4 H® R

&) 0O

Proposed Mechanism:

Y ® Y Y
8 2 H p v B Z,
{ @
O @0, O,
H H
Y Y @ Y [
B -H _
@ — Py K I
)
g, o) ¢ o
H

R. L. Cargill, T. E. Jackson, N. P. Peet, D. M. Pond, Accounts of Chemical Research 1974, 7, 106

Notes:

The name of this rearrangement is applied to acid conditions on B-y unsaturated ketones where either
(or both) the carbonyl and/or alkene bond is in a strained environment.

In later works, the name seems to include highly congested and strained multi-ring systems.

Me O
CONENS 0@
E——

[¢) Br Br

"almost” Me
Me Me quantitative Me M

S. N. Fedorov, O. S. Radchenko, L. K. Shubina, A. I. Kalinovsky, A. V. Gerasimenko, D. Y. Popov,
V. A. Stonik Journal of the American Chemical Society 2001, 123, 504
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Examples:

A e &
H o
Me
90: 10 d

O onacid equilibration
R. L. Cargill, T. E. Jackson, N. P. Peet, D. M. Pond, Accounts of Chemical Research 1974, 7, 106

8 =

0
u®

—_—

93%

o)
3

A. B. Smith, ITI, P. I. Jerris, Journal of the American Chemical Society 1981, 103, 194

Me
Cl
6M HCl 4&
_— /4
HO

66%
4

. i ! o®

| ® /

/;
HO

R. L. Cargill, D. M. Ponds, S. O. LeGrande Journal of Organic Chemistry 1970, 35, 359

~

jus)
]

2
®
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Carroll Rearrangement (Kimel-Cope Rearrangement)

The Reaction:

-./' JH H -
‘0~ 0 0" o 070
2 2 2
x
30)%’[]\1\4@ 30))}(u\ Me 302 Y] Me -CO,
IH —_— -b\ — —_—
NG 4V6 4 A6
5 5 )
Ay
6} (¢)
TN
1/ Me T Me
—
A A6 4 A6
5 N
Notes:

See Claisen, Cope and Related Rearrangements.

Enol formation provides the necessary “1,5-diene” for the “Cope-like” rearrangement. If one
provides an enolate anion, the ionic nature of the reaction provides the expected acceleration of rate.

Anion-accelerated Carroll Rearrangement:

(0] O O
Me [6) Me
1. LDA, THF
\ 2. toluene, A Z A
Me Me Me Me
60%

B. Shi, N. A. Hawrylik, B. B. Snider, Journal of Organic Chemistry 2003, 68, 1030
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Examples:
Me Me
Me Me Me Me,
O A 0
—_—
ls} le) neat
= 65% -
Me Me

M. Koreeda, L. Brown, Journal of Organic Chemistry 1983, 48, 2122

Y] xylene
——
62%
OMe
i-Pr

M. Tanabe, K. Hayashi, Journal of the American Chemical Society 1980, 102, 862

~—OMe ~—OMe

Z \IN 1. LiTMP Z N‘N
2. toluene, 100 °C
0 3 Lam,

57%
D. Enders, M. Knopp, Tetrahedron 1996, 52, 5805

OMe

MeO

O 1. LDA Me
2. TBDMSCI1

° ENY Qe
e CO,H
4.F
Me Me
not purified

G. A. Kraus, P. J. Thomas, Journal of Organic Chemistry 1986, 51, 503

135
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Castro-Stephens Coupling

The Reaction:
Cu(l) H-C=C-R

@

”
Ar=X + Cu=Cs=C-R MA’L‘K Ar—C=C—R

Proposed Mechanism:

See Alkyne Coupling
CuX Et;N _ Ar-X

H———R — = Cu——R >

Ar—Cu————R — Ar———R + CuX
1
X

Notes:
It appears that common use of the Name now extends to halides other than Ar-X. Thus, for
example:

Me S
~ p TBSO,  Me OTBS COOMe
N Me Me 7 Cul, Et;N
— _ —_n .
— = Me DMF, Et,0
8 Br Me O Me 5
TBSO 60%
S
Me \(
\
N Me OTBS COOMe

TBSO' Me O Me
1. D. White, R. G. Carter, K. F. Sundermann, M. Wartmann, Journal of the American Chemical
Society, 2001, 123, 5407

Examples:
Xy Me . Cul oy Me
+ H-—==—nBu
Z Pd(PPh;), =
NT Tal N

98%
M. A. Ciufolini, J. W. Mitchell, F. Roschangar, Tetrahedron Letters 1996, 37, 8281

n-Bu

Although the authors call this reaction a Castro-Stephens reaction, they point out that it is really a
Linstrumelle modification of the Sonogashira protocol.
[Cl L = Pd(PPh3)a, Cul /\/——\:
COOMe —7—™ COOMe
cl BuNH, Cl
93%
D. Guillerm, G. Linstrumelle, Tetrahedron Letters 1985, 26, 3811
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OTBDPS [ A
N \/\/\(\o Cul, Pd(PhsP)4
+ _—
MC/\/\ (e] Me BuNH,
Me

H Yield not given for this step;

QTBDPS after 4 additional steps, 46%

A~
Me %/

0]
O’Me
Me

J. Mulzer, M. Berger, Tetrahedron Letters, 1998, 39, 803

37%

R. Garg, R. S. Coleman, Organic Letters, 2001, 3, 3487

} pyndme
93%

G. A. Krause, K. Frazier, Tetrahedron Letters, 1978, 19, 3195

MeO

NO,

\

MeO

137
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Chan Alkyne Reduction
The Reaction:
HO
I P smean . B
( or LiAIHy R 4
Propargyl alcohol E - alkene
and derivatives
Proposed Mechanism:
R
R R '
-Al
HrAIO R™%%
4 N\
OH - SMEAH /\/, P H>:)<
R%ﬁ— R——= > .
“ o\ J O
Protic HO,
workup
e
R H
E - alkene
Notes:
Reagent preparation:
Na®, Al H, H O - Me

/\/O ~ » Al
HO Me benzene, >100°C ¢ (0]
’ H 0"7™""Me

SMEAH
Sodium bis(2-methoxymthoxy)aluminum Hydride

The reaction bears similarity to the Whiting Reaction:
HO, H

Hy—=—&H - —
R R AN

Examples:

Me

— Me
Me Meff O\THP 1. Hydrolysis of THP Me Me —/""N\_on

THPO,,. ydroysiso HO, .

“IOH 2. SMEAH, THF “MOH

71%

H. Yamamoto, T. Oritani, Phytochemistry, 1995, 40, 1033
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~

T™MS

1. LiAlH,, NaOMe, THF
2. Bu,NF, THF

76.4%

H
H

M. M. Kabat, J. Kiegiel, N. Cohen, K. Toth, P. M. Wovkulich, M. R. Uskokovic, Journal of Organic
Chemistry, 1996, 61, 118

OH OBu OH Ot-Bu
[ LiAlH, [
PR NH — PR NH
#Z THF I
) 94%
HO Me HO Me

C. Agami, M. Cases, F. Couty, Journal of Organic Chemistry, 1994, 59, 7937

Me
Me‘}—O
0, ,

LiAlH,
.
THF H™ "'3( Me
85% Me / OH © Me

T. Eguchi, T. Koudate, K. Kakinuma, Tetrahedron, 1993, 49, 4527

Me . Me
LiAIH.
HO — / —_— HO /
Me Et,0 Me
88%

E. B. Bates, E. R. H. Jones, M. C. Whiting, Journal of the Chemical Society, 1954, 1854
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Chan-Lam Coupling

The Reaction:
OH Cu(OAc),
B, + H-Z b—» Z
OH ase

4 U

H—-Z7Z = H-N or H-O
OH  cu0ac), i H-Z
B - . Gl  ——>
OH OAc
L
O — O

Notes:
Evans describes the possibility of a common intermediate for the Ullman and Chan-Lam reactions.
D. A. Evans, 1. Katz, T. R. West, Tetrahedron Letters 1998, 39, 2937

Examples:

LH u NRN CuOA, N/§ N
B + — —_
Me \OH \a pyridine € \)
72%

P.Y.S. Lam, C. G. Clark, S. Saubern, J. Adams, M. P. Winters, D. M. T. Chan, A. Combs,
Tetrahedron Letters 1998, 39, 2941

OH _Cu(OA)
Me B + H)N
\O - lutxdme
Me NH
91%

J. C. Antilla, S. L. Buchwald, Organic Letters 2001, 3, 2077
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et

55%

Cu(OAc)z
luudme

J. C. Antilla, S. L. Buchwald, Organic Letters 2001, 3, 2077

OH
U
O
\
OH
/OH
OH

D. M. T. Chan, K. L. Monaca, R.-P.

OH
|

B
MeO

O
>‘Me Cu(OAS), >"Me
H-N ——— N
‘Ph pyridine ‘Ph
59%
t+-Bu +Bu
Cu(OAc),
—_——

Et;N

+Bu 73% Me OO

HO

Me
HO
NHAc Cu(OAc),
- —_— " =
I ™co,Et EtN
81%

0,Et

D. A. Evans, J. Katz, T. R. West, Tetrahedron Letters 1998, 39, 2937

141

Wanag, M. P. Winters, Tetrahedron Letters 1998, 39, 2933
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Chapman Rearrangement

The Reaction:
SRV

N:< — N—<

Ar Ar Ar' Ar

Proposed Mechanism:

Similar to the Newman-Kwart Rearrangement:

@\ i heat
——-
0 I\II/

S

)khll/

Name Reaction



Name Reaction 143

Examples:
ON ON
Ph, O NO, heat </ \ NO,
N= _—  an 0
Ph NO, 4% oN  NH4

z
Ph Ph

J. D. McCullough, Jr., D. Y. Curtin, I. C. Paul, Journal of the American Chemical Society 1972, 94,
874

& )—coome
0 heat ,\ / 0
N =< —_— Me N —<

Ph Me Ph
@—a " </ Nqi

D. M. Hall, E. E. Turner, Journal of the Chemical Society 1945, 694

Me

]

N
N

N=\
S heat QXN‘MG
—_
i o’P h 74% N™ o
Ph

The methyl migration is rationalized.

T. Kuroda, F. Zuzuki, Tetrahedron Letters 1992, 33, 2027

Cl presumeably via:
B Cl N Cl
COOMe —
\ />— COOMe COOMe
O 0
heat \
N= — N— — NH
{
Ph 28% / \\ Ph
MeO MeO MeO
\_ —_

W. G. Dauben, R. L. Hodgson, Journal of the American Chemical Society 1950, 72, 3479
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Chichibabin Reaction

The Reaction:

X NaNH, =

l ~ Heat NS ‘

N N NH,

Proposed Mechanism:

AN NaNH, /'H - NaH Q 7RO D
A

L

N NN,
Na H
-H X Na  workup A
L ®
N Il\I N NH,
H
Notes:

See: M. B. Smith, J. March in March’s Advanced Organic Chemistry, 5™ ed., John Wiley and Sons,
Inc., New York, 2001, p. 873.

This reaction will work with other nitrogen containing heterocycles such as quinoline.
RNHO and R,N Owill also work
Attack at the 2- or 4- positions can leave negative charge on the ring nitrogen.

A related reaction: Ziegler alkylation:
> R-Li X -LiH =
| —— |l R —— |
Z A NZ R
N I}I H
Li

In the pyrimidine series an S\(ANRORC) mechanism has been proposed:

() NZ _a®©
NH, 59( R /\l‘\ Cl
¢ g NHH
2

NH,

>
proton
(?@LH;‘ o gl = j@ S

H. C. van der Plas, Accounts of Chemical Research 1978, 11, 462
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Examples:
| X NaNH, [ X
-
= NH Z NH
H,N N 2 toluene N N 73
99% H

M. Palucki, D. L. Hughes, N. Yasuda, C. Yang, P. J. Reider, Tetrahedron Letters 2001, 42, 6811

NH,
(0 20
I
kN/ N Quantitative LN/ N
H  after 70 hours. H

N. J. Kos, H. C. van der Plas, B. van Veldhuizen, Journal of Organic Chemistry 1979, 44, 3140

CCL - L
-~
NP cE, NH3O Z SN NH,

88%

Y. Kobayashi, I. Kumadaki, S. Taguchi, Y. Hanzawa, Tetrahedron Letters 1970, 11, 3901

@:/\ NaNH; / KNH; E X
=N xylene, heat ra

64 - 70%

NH;

F. W. Bergstrom, H. G. Sturz, H. W. Tracy, Journal of Organic Chemistry 1945, 11, 239
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Chugaev Reaction

The Reaction:

Ts A R-S-H
Jr = T
0”7 s” $=C=0

xanthate less substituted alkene

Proposed Mechanism:
}AI\WS L N His . R—E—H
0¥ s R 041\? R $=C=0
less substituted alkene
A cis elimination, often providing the least substituted alkene.

Notes:

T. Laue, A. Plagens, Named Organic Reactions, John Wiley and Sons, Inc New York, 1998, pp.
42-44; M. B. Smith, J. March in March’s Advanced Organic Chemistry, 5" ed., John Wiley and
Sons, Inc., New York, 2001, p. 1330; H. R. Nace, Organic Reactions 12, 2.

Starting Material Preparation:

S=C HS R_(I»
IEIE ST I ST

See the related Grieco-Sharpless Elimination.

Examples:

T. M. Meulemans, G. A. Stork, F. Z. Macaev, B. J. M. Jansen, A. deGroot, Journal of Organic
Chemistry 1999, 64, 9178
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S
o4
SMe

Me. O \
- NaHCO; Me O, \ Hz Me ‘e L
e o — S L —
N Phy,O Me O\\ N e Me
/ »
Chbz /N Dy N
M~y bz ’ Cbz

Me

H. Nakagawa, T. Sugahara, K. Ogasawara, Organic Letters 2000, 2, 3181

Ph wﬁ\ . Me Ph
Ph S eat >_
" T . __—-<
H O/U\S-Me Ph H

77%

D.J. Cram and F. A. A. Elhafez, Journal of the American Chemical Society 1952, 74, 5828

1. NaH, C52
2 Mel, heat
46%
HOH,C CH,OH HOH2C CH,0H

G. Cernigliano, P. Kocienski, Journal of Organic Chemistry 1977, 42, 3622

A,
T

Me HMPA
> 90%
MeS

S

X. Fu, C. M. Cook, Tetrahedron Letters 1990, 31, 3409
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Ciamician-Dennstedt Rearrangement

The Reaction:
. Cl
/ \ Dichlorocarbene l X
g Oor N
Proposed Mechanism:
AN cl
d Oor -c® e ® c
’l\ c1)@\c1 ¢ T
1
Cl & Cl & al
dichlorocarbene reacts as the
zwitterion
/ ¢ cl
SN cl cl
F\_a ) oy -a® A 5® X
N u @ p
} | i X
H H
Notes:
empty p-orbital
4 cl a1 @
a «— Twoelectrons = ¢c: = C
cl cal o ©

The Skattebol Rearrangement is another dihalocarbene-based rearrangement:

S )

ng} O
2 94% overall yield of
two stereoisomers

K. H. Holm, L. Skattebol, Tetrahedron Leitters 1977, 18, 2347
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Br
Br MeLi ﬁ
———
Et,0 M
e
Me Me 87% Me

L. A. Paquette, M. Gugelchuk, M. L. McLaughlin, Journal of Organic Chemistry 1987, 52, 4372

Examples:

Me

A BuNBr
Me + CHCl / Me
N
H
32%
%

F. DeAngelis, A. Inesi, M. Feroci, R. Nicoletti, Journal of Organic Chemistry 1995, 60, 445

_CHCI KOH S
Bu4NHSO4, H,0 O P
N0

K. C. Joshi, R. Jain, S. Arora, Journal of the Indian Chemical Society 1993, 70, 567 (AN
1994:508439)

a
i\ Ft,0 X
/N\ + cHoy —— |

~

ii 13% N

E. R. Alexander, A. B. Herrick, T. M. Roder, Journal of the American Chemical Society 1950, 72,
2760

Hg T:CI benzene X
| + ] —
o
N 69% N

H
a dichlorocarbene precursor

W. E. Partham, R. W. Davenport, J. B. Biasotti, Tetrahedron Letters 1969, 10, 557

Ph-Hg-CX; are known as Seyferth Reagents.
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Claisen Condensation (ester attacking ester)

The Reaction:
(6]
1. Base R
. OR'
OR 2 Ru H
0 K
RO ﬁcict t
-Kelo ester

3, H®

Proposed Mechanism:
O
Q\%o Ry, R
~Base B g o
OR' Z o&/ —> H —
b RO e
o
O O O
S, R v LR™ R + worky, R '
R"O :\H OR R"OH S OR' p - OR
R" R" > R
[e) [6) (0]

B-keto ester
Notes:

R" is usually a group that cannot form an enolate, such as a pheny! ring.

It is important to note that an equivalent of base must be used for this reaction; unlike the Aldol
Condensation, this cannot be used catalytically.

See: T. Laue, A. Plagens, Named Organic Reactions, John Wiley and Sons, Inc., New York, 1998,
pp. 45-48.

Aldehyde or ketone attacking ester

R
Base RrR' R
j \R'/’ O R T R e
"RO !
ROY 53 0
© 1,3-diketone
R" is usually a group that cannot form an enolate.
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Examples:
COOEt
COOEt
NaOEt 0
+ EtOOC—COOEt ———-——— COOEt
toluene, Et,O
COOQEt
86 -91% COOEt
L. Friedman, E. Kosower, Organic Syntheses, CV3, 510
O O
1. NaOCH,4 L Hydrolysis
Me e
MeO™ Me 2. e} MeO Conc. HCI
Me MeO OMe
MeO 80% overall
MeO OMe
O (0]
Me
A
O

A. G. Cameron, A. T. Hewson, M. L. Osammur Tetrahedron Letters 1984, 25, 2267

— COOEt —
O
1. NaNH;, Benzene Me 0 hydrolysis M (0]
Me\)j\ EtO O €
OEt 2. MeO\ n MeO
MeO =
¢ N N/ P
N
N L 75%

J. W. Comforth, R. H. Cornforth, Journal of the Chemical Society 1948, 93

Desired pathway
Me
Me i/le
2@MeLi ‘ >
~~OMe O o]
Meef\ \FO Me Q X Me O):
o OMe © OMe v
e
OMe Me

Me
Serious .
competition \ 2 MeLi -
—@OMe \FO
oA 'om ©
e O

B. P. Mundy, D. Wilkening, K. B. Lipkowitz Journal of Organic Chemisiry 1985, 50, 5727
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Claisen, Cope and Related Rearrangements

Claisen-Type Reactions:
N 5

4@\6 A LN
O,

30&1 3
2

2

Cope-Type Reactions:

5 5
&2 =
N2 3\2 1

Name Reaction

2

Notes:
All reactions are classified as [3,3]-sigmatropic reactions. They are orbital symmetry regulated
processes.

5 5

4
AR
Z
2 7Z=C or heteroatom

By Frontier Molecular Orbital theory several important predictions can be made:
1. There will be a preferred chair transition-state for the reaction:

LA IvIL L v

- —_—

Lrod
4 .I :_‘I j"”“"“mlm;
). .=

— _.V_J
RO HOMO
HOMO

In the boat transition-state there is an antibonding interaction between C-2 and C-5.

2. Reactions will be accelerated by charged intermediates:

A LUMO

EWG

AE
Rate of reaction is related to this difference.

The smaller the AE, the faster the reaction.
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Claisen and Related Rearrangements

This reaction has developed a number of related protocols and variations. Some have earned
sufficient recognition to act as "stand alone" reactions and will be found under their own headings in
this monograph.

Carroll Rearrangement (Kimel-Cope Rearrangement)
B-keto esters can rearrange to give B-keto acids which will decarboxylate to give d,y-unsaturated
ketones.

JH
0} o 0 0
WP RIS of%/u\ €0 °f;
— —— Y
4v6 H 4|<\/ 6 a8 g 6
5 5 s 5
a fB-keto acid 8,y-unsaturated ketone

Claisen-Arnold Reaction:
Enolate formation with an allyl ester can give 2-substituted carboxylic acids.

O O@ 0

0
HO Ho/u\/ R 0)]\/ R BuLi oj%/ ® u®  wo R
N~ N Nes N

Claisen-Eschenmoser Reaction (Eschenmoser-Claisen Rearrangement):
Amides are produced after rearrangement with heating.

S
R . A 3
L TigH ’g\ MeOH |/\ g MeOH
MeO R o) 072
ME.O/>‘/\ —Meoe\./H >(\R el R
NR, MeO NR, MeO NR,

2
1 3 1
3 X =
AN
oz

40 [¢]
j5/6\R 4§ 6R

N
R R R R

4
\
z
’

Claisen-Ireland Reaction (Ireland-Claisen Rearrangement):
Formation of a silyl enol ether will generate an allyl vinyl ether which after rearrangement can be
desilylated to give a carboxylic acid.

[s) i-Pr\N,i—Pr O@ ’\ O,SMC3
HTTN
/u<\/H ﬂi )\ Me lSlL/hCl 3,2 ! A
(@) S~ S ¢ e O/A N LI
@ & =
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Dauben-Dietsche Rearrangement:

X x 4
] -
N H

Denmark Rearrangement:
The Claisen rearrangement of pheny! sulfony! substituted ally! vinyl ethers.

S w7
A

0 o

SO,Ph SO,Ph

Johnson-Claisen Rearrangement (Johnson Orthoester Rearrangement)
Elimination of two equivalents of ROH after condensation between an allyl alcohol and an
orthoester will provide the allyl vinyl ether which undergoes the [3,3]-sigmatropic rearrangement.

A A -ROH (\ -ROH

RO /‘\QH @ _— S {\H —_

O
R .
RO>(\ -ROG\JH 7(\R /‘?(<R
OR RO OR RO OR
2 2
3 )\l A N
S, T o
4 W5/6\R N R
OR OR

Marbet-Saucy Reaction / Variation
A vinyl ether and allyl alcohol will react under acidic conditions to give the allyl vinyl ether which
then rearranges under the reaction conditions.

R A
OH @ R R
+ L AN — Z
o (o]



Name Reaction
Cope and Related Reactions

Aza-Cope Rearrangement

R R
SN ON
x> A z
Z x>
Azo-Cope Rearrangement
N N R" N . RrR"

“NT A Z N
L/ ~/

Cope Rearrangement

5

5
4 4 6
T?6 : @
N~ 3\21

2

Oxy-Cope Rearrangement

HO HO - (@)
N A 2 Keto-enol S

155
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Claisen Rearrangement (allyl phenyl ethers)

The Reaction:

o OH ™
| A
—

Proposed Mechanism: a [3.3]-sigmatropic rearrangement
3 3

Yo X2
5 1

Note that the pi-system of the allyl group is readily aligned over the aromatic ring, providing a 1,5-
diene motif for the sigmatropic rearrangement.

Notes:
If the ortho-positions are blocked (only one shown, below), rearrangement continues:
3 3
‘0 e 2 0 X2 o 0
\ . )
5 ( R
— o
O~ O = -
\/ H
Z

OH
R
—_—
Z
Simple [1,3]-rearrangements have been observed:
M

€
=
o O/\/l\Me o OH Me
e 50% OMe

O
OM
Me Me

F. X. Talams, D. B. Smith, A. Cervantes, F. Franco, S. T. Cutler, D. G. Loughhead, D. J. Morgans,
Jr., R. J. Weikert Tetrahedron Letters 1997, 38, 4725

Florisil ® Z e

—_— o)



Name Reaction

Examples:
/\)M\e
P
o (0] Me o OH
N,N-Dimethylaniline, A
[¢] ()
OMe added HN(TMS), Me OMe
Me 81% Me _ Me

via: ¢ ¢
o OH Me o O o OH
=
Me .
(¢) — R ¢)
—
OMe OMe OMe
Me Me —/ Me Me—7 Me
Me Me

D. B. Smith, T. R. Elworthy, D. J. Morgns, Jr., J. T. Lenson, J. W. Patterson, A. Vasquez, A. M.

Waltos, Tetrahedron Letters 1996, 37, 21

Ph, b
Me” "0 Ar0,8 "Ny N>50, 4 Xy on
1
OH
OH Br % Me

NEt;, CH;Cl,
89%

*Reagent used for the enantioselective rearrangement:

(S,8)-2-Bromo-4,5-diphenyl-1,3

-tosyl-1,3-diaza-2-borolidine

H. Ito, A. Sato, T. Taguchi, Tetrahedron Letters 1997, 38, 4815

70%

Li

J. Barluenga, R. Sanz, F. J. Fananas, Tetrahedron Letters 1997, 38, 6103

MeO OMe

e

OMe

xylene
—_—
A

MeO OMe !

75% OH
° OMe

S. Lambrecht, H. J. Schaefer, R. Froehlich, M. Grehl, Synlett, 1996, 283 (AN 1996:201759)

o 1. £-BuLi/Et0 o =
_ - —_—
2. CuCN, LiBr

Br 1

157
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Claisen Rearrangement (allyl vinyl ethers)

The Reaction:

(\\ A Z

o 0]

Proposed Mechanism:
4.6
e
3O</‘
2

Notes:

See: Claisen, Cope and Related Rearrangements

Ficini-¥Ynamine-Claisen Rearrangement

HO
R. .~ Z
N 1 ., O R"
R' | K
X :
_=nCHu 2~
CH,0H
N Tl O OAN X
\ ( PNBSA, toluene, A \-—& n-CsHyy
i-Pr i-Pr

50%

J. A. Mulder, R. P. Hsung, M. O. Frederick, M. R. Tracey, C. A. Zificsak, Organic Letters 2002, 4,
1383

Examples:

CF3

|
o to uene o

0,
K/\M 100% N

c

J.-P. Begue, D. Bonnet-Delpon, S.-W. Wu, A. M'Bida, T. Shintani, T. Nakai, Tetrahedron Letters,
1994, 35,2907
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-Pr

PPt
1. (i-Bu)sAl
.

2. pCC

33%

L. A. Paquette, S.-Q. Sun, D. Friedrich, P. G. Savage, Journal of the American Chemical Society
1997, 119, 8438

H H
‘ . 5 eq i-BuAl, CH,Cl, ' 0
o 2. (COCl),, DMSO, EN, CH,C,

C. M. G. Philippo, V. Nha Huu, L. A. Paquette, Journal of the American Chemical Society 1991,
113,2762

0o THF 0
0 0
0 0
H

Y. Masuyama, Y. Nimura,; Y. Jurusu, Tetrahedron Letters 1992, 33, 6477

E)/‘/\/ COOH A o= COOH -CO, o=
J \
= OBn 85% OBn OBn
B-ketoacid

E. Marotta, P. Righi, G. Rosini, Organic Letters 2000, 2, 4145

Me
Me. ’ X "‘\Q
MeLi Me
—
Ph,O
76%

T. V. Ovaska, S. E. Reisman, M. A. Flynn, Organic Letters 2001, 3, 115
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Clemmensen Reduction

The Reaction:

(zinc amalgam)
0 Zn(Hg) H
—_—
/U\ HCI //\H
Aldehydes and Ketones

Proposed Mechanism:
This mechanism is not yet resolved. There are a number of possibilities:

L o) Zn(Hg) ZnCl 7n ZnCl H® H
e —_— R
HCl ﬂ/\OH //\an //\H
wZnas wZnve wZpa wWZp e wZne

* (o—*é AN %\H—»H
a ..

Notes:

T. Laue, A. Plagens, Named Organic Reactions, John Wiley and Sons, Inc., New York, 1998, pp.
52-53; M. B. Smith, J. March in March’s Advanced Organic Chemistry, 5™ ed., John Wiley and
Sons, Inc., New York, 2001, p. 1547; E. L. Martin, Organic Reactions 1, 7; E. Vedejs, Organic
Reactions 22, 3.

Other mechanistic interpretations:
Zn-carbene: J. Burdon, R. C. Price, Chemical Communications 1986, 893
One electron transfer: M. L. DiVona, V. Ruanati, Journal of Organic Chemistry 1991, 56, 4269

Examples:
Zn-Hg
el -2 "
HCl
O OH
0 OH OH

30% 45%

F.J. C. Martins, L. Fourie, H. J. Venter, P. L. Wessels Tetrahedron 1990, 46, 623

Me OMe Me OMe
Zn, HC1
—————
Et,O
40%

1. Elphimoff-Felkin, P. Sarda, Tetrahedron Letters 1983, 24, 4425
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(S 2 5y - (O (0
o} . .
Probably via: O O Q O

27%

®
0

44%

S. K. Talapatra, S. Chakrabarti, A. K. Mallik, B. Talapatra, Tetrahedron 1990, 46, 6047

OMe

Zn
—

HCI

Yield
H not reported

J. B. Thomas, K. M. Gigstad, S. E. Fix, J. P. Burgess, J. B. Cooper, S. W. Mascarella, B. E. Cantrell,
D. M. Zimmerman, F. L. Carroll, Tetrahedron Letters 1999, 40, 403

Me

Zn, HOAc
ultra-sound

90%

J. A.R. Salvador, M. L. SaeMelo, A. S. Campos Neves Tetrahedron Letters 1993, 34, 361

Ph.O Ph Ph
X e =\ =y
. =i +

N HCI N N
OPh OPh OPh

51% ~ 7 6%

H,, Pd-C
70%

K. M. Werner, J. M. de los Santos, S. M. Weinreb, M. Shang, Journal of Organic Chemistry 1999,
64, 686



162 Name Reaction

Collman Carbonylation Reaction
The Reaction

L g/m
Collman's Reagent
[F e(CO),]
OTs

kTl

Proposed Mechanism:

1 R O R (8]
C R
@ R-X Q1 \CO €o <§f\co H® oC :\(\H
O=c- Fe@c =0 ——= OCTFeyr) > OCTFey(D —— [ofeq
C co torl) co Co
i
'e) L)
—_—
R/U\H
1. P. Collman, Accounts of Chemical Research 1975, 8, 342
Notes:
Reagent preparation:
O (¢] 2
m %1
@H @ 20 ]
B K + O=c- Fefc\ —  [x*]jo=C-Fe-c=0|[K]
1
j ¢ o C
n mn
(6]
K- Selectride Collman's Reagent

For an alternative approach: A. Schoenberg, R. F. Heck, Journal of the American Chemical Society
1974, 96, 7761

PdX,(PPhy), e}
R—~X + CO + H, ——mm /U\+HX
RsN R” H

Examples:

Collman's Reagent

™ g 55% ™
o : e) N
Me S o Me ‘ 0
Me Me

D. Bankston, F. Fang, E. Huie, S. Xie, Journal of Organic Chemistry 1999, 64, 3461
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_0
Br o, LNEtBr MeCN
———————————————

Me T FCOs TG Me

82%
K. Yoshida, H. Kuwata, Journal of the Chemical Society, Perkin Transactions 1 1996, 1873

MeO (6] MeO (0]
1. NayFe(CO)4, THF
2. HOAc
57-63%

CH,Br CHO

MeO O

1. Na,Fe(CO),, THF

2. Mel
70-72%

O

Me

R. G. Finke, T. N. Sorrel, Organic Synthesis CV6, 807

1. K>Fe(CO)

N N —_— O
Br S opm, /\/\/\/Y

3. AcOH H
100%

J. A. Gladysz, W. Tam, Journal of Organic Chemistry 1978, 43, 22779
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Combes Quinoline Synthesis

The Reaction:

R
R
H,S04 RS
S e +2H,0
2
z NH, z N~ R
07~ R

Proposed Mechanism:

proton
. N
NH, @o‘) R H
R
proton H
_H@ /@34(3\ transfer /@i))h
s =
@N‘) R Z N®R
H
. ®
4R, OH R OH N\ R {OH,
5@ HO Q) -HO
'S | - . I = '{.“
Z N7 TR z N7 R z NT R
® H H (H
R
X
~
z N~ R

Notes:
The rate of cyclization is enhanced when Z = EDG. G. R. Newkome, W. W. Paudler, Contemporary
Heterocyclic Chemistry, John Wiley and Sons, New York, 1982, p. 203

1. L. Born, Journal of Organic Chemistry 1972, 37, 3952 provides mechanistic insight based on
deuterium incorporation.

Examples:
+ —_— +
NH, HJ\/U\H SN N
S I

L. Takeuchi, M. Ushida, Y. Hamada, T. Yuzure, H. Suezawa, M. Hirota, Heterocycles 1995, 41,
2221 (AN 1996:201759)
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OMe
OEt
MeO ———O—> MeO
H,S80,, AcOH

53% MeO

A. Baba, N. Kawamura, H. Makino, Y. Ohta, S. Taketome, T. Sohda, Journal of Medicinal
Chemistry 1996, 39, 5176

O O

Me

NH, then D,SO4
52%
AN
/
J. L. Born, Journal of Organic Chemistry 1972, 37, 3952
O
Me N\
o™ e OO
N N 7
65% Me
/l ’ Me

J.-C. Perche, G. Saint-Ruf, N. P. Buu-Hoti, Journal of the Chemical Society Perkin Transactions 1
1972, 260
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Conrad-Limpach Reaction

The Reaction:
OR OH
@ x
©\ + Oﬁ B +HOR
-
NH, o R N R'
Proposed Mechanism:
OR OR
proton
H H® transfer O -H,0
SN
/ R N7l R
H2 OH H(OH2
®
OR OR
s~ H keto-enol
O - H@ o tautomensm
—
~ Z
@I}I) R N R

Hw~

O OR
K)— \/‘ H proton
- HOR transfer
—_— l
™
N R' ) R'

N R Q
OH
proton transfer AN
- .. P
and aromatization N R

Notes:
See the very similar Knorr Quinoline Reaction, conducted with the same reagents at elevated
temperatures.

Examples:
NH, O
2N o o
@\/ . L SnCl, X7 “oMe
Me OMe toluene =
NH, N Me

74%

A. C. Veronese, R. Callegari, D. F. Morelli, Tetrahedron 1995, 51, 12227
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F
O O 0 TsOH
—_—
+ Me toluene
OMe
O o Me 28%
NH,

D. R. Sliskovic, J. A. Picard, W. H. Roark, B. D. Roth, E. Ferguson, B. R. Krause, R. S. Newton, C.
Sekerke, M. K. Shaw, Journal of Medicinal Chemistry 1991, 34, 267

O Me O
@\)LMe o 0 HCI XY OoEt
c A, e
M OEt ~PrOH >
NH, ¢ N7 Me

L. A. Bastiaansen, J. A. M. V. Schijndel, H. M. Buck, Organic Preparations and Procedures
International 1988, 20, 102 (AN 1998:510222)

6] O

OH
NH, polyphosphoric acid O ~
N -
OMe N/
50 - 70% O

B. Staskun, S. S. Isrealstam, Journal of Organic Chemistry 1961, 26, 3191

OH
NH, 0O 0 HCl A
+ —_—
Me/u\)J\OMe CH,CL, N/ Me

89.8%

C. E. Kaslow, M. M. Marsh, Journal of Organic Chemistry 1947, 12, 456
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Cope Elimination (Reaction)

The Reaction:
©o
\ R

HONR A -/ +
)-{ — NG
- " R R

Proposed Mechanism:

{@0\ _R
H @T\\])‘R A _ OH
- e + 1
7 31"., > < No
R R
Notes:

See: M. B. Smith, J. March in March’s Advanced Organic Chemistry, 5 ed., John Wiley and Sons,
Inc., New York, 2001, pp 1322-1326; T. Laue, A. Plagens, Named Organic Reactions, John Wiley
and Sons, Inc., New York, 1998, pp. 54-56; A. C. Cope, E. R. Trumbull, Organic Reactions 11, 5.

Starting Material Preparation: Alternate Starting Materials:
o ©
.'N. R RCO;H \ _R O\ @O\
H “R or H @N\R H ®Se‘R or H @S_R
H"* 1,0, H,, H, H.
Examples:
Me{ H
> mCPBA
O -
0O CHCl,
e
- H ’
Me 1 N 100%

(0] Me

K.-H. Lee, S.-H. Kim, H. Furukawa, C. Piantadosi, E.-S. Huang, Journal of Medicinal Chemistry
1975, 18, 59

Q 1. MCPBA, CH,Cl, Q
-~ N
\/” 2. Heat \J

N b
o o O
Ne o2t

I. A. O'Neil, E. Cleator, V. E. Ramos, A. P. Chorlton, D.J. Topolczay, Tetrahedron Letters 2004, 45,
3655




Name Reaction

heat

Me ’NE?)@
Me

C. A. Grob, H. Kny, A. Gagneux, Helvetica Chimica Acta 1957, 40, 130 (AN 1958:20977)

Me
Me
@N\ €]

80%

E. J. Corey, M. C. Desai, Tetrahedron Letters 1985, 5747

N A
Me
N, 73%
O Me
©

L. D. Quin, J. Leimert, E. D. Middlemass, R. W. Miller, A. T. McPhail, Journal of Organic
Chemistry 1979 44, 3496

Me Me
pwso_ %&
80% o]

@

A. G. Martinez, E. T. Vilar, A. G. Fraile, S. de la Moya Cereo, B. L. Maroto, Tetrahedron:
Asymmetry 2002, 13, 17

169
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Cope Rearrangement

The Reaction:

S A 7
= Y

Proposed Mechanism:

/\\ * I In the boat T.S. there
d F I p }

x. . s an antibonding
- :\ 6 4 I . . . interaction between

(-2 and C-5.

HOMO

T. Laue, A. Plagens, Named Organic Reactions, John Wiley and Sons, Inc., New York, 1998, pp.
56-59.

Notes:
See Claisen, Cope and Related Rearrangements.

An interesting study of competing pathways:
Px®

o, O
@ ~ ™~ o
P

[3,3]\‘ Px®

X
=

P. A. Wender, R. J. Ternansky, S. McN. Sieburth, Tetrahedron Letters 1985, 26, 4319



Name Reaction

Examples:
O
(6]
xylene
e
85% y Me
€
Me Me

H. M. L. Davies, B. D. Doan, Tetrahedron Letters 1996, 37, 3967

benzene
s e

100%

G. Jomme, F. Orsini, M. Resmini, M. Sisti, Tetrahedron Letters 1991, 32, 6969

o ~IMS
(0]
™S N
toluene
BnO e ————— Me
BnO Me
81%
Me

N. Kato, H. Takeshita, S. Tanaka, H. Kataoka, Journal of the Chemical Society Perkin:
Transactions 1 1989, 1833

Me

Me
Me
Me

Me Major isomer of several products formed

A. M. Adio, C. Paul, P. Kloth, W. A. Konig, Phytochemistry 2002, 65, 199

171
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Corey-Bakshi-Shibata (CBS Reduction)

The Reaction:

Ph
<::$’lcPh
@ 0 (cat)
N=g'o
0 h OH
Rs/u\ Ry BH;, THF, rt RS)\ :

Proposed Mechanism:

The face syn to the ring proton is more available
to attack

Ph Ph
B y.n 0 N
Lo 0
N-p"H N~g"H
H,B B 7z
2 HzB\ ( O

0
H, N
.. H
A R
S Ry \,/ Ry
Notes:

For a discussion of the reaction, see D. J. Mathre, 1. Shinkai, Encyclopedia of Reagents for Organic
Synthesis, John Wiley and Sons, Inc., NewYork, 1995, 7, 4767

Enatioselectivity for the reduction improves as the size differential of the groups on the carbonyl
increases.

BH; «THF H
=0 — :
Ph OH

O H Ph
\‘-.I§

i

H
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Examples:
Ph
Ph
GCY
N~—Boc N—Boc
B
6]

89% ee

T. Takemoto, K. Nakajima, Y. lio, M. Tamura, T. Nishi, T¢ etrahedron Asymmetry 1999, 10, 1787

TBDMSO (6] CBS TBDMSO OH
reduction
A OPMB —— X OPMB
Me Me Me Me

major isomer

T. Mulzer, M. Berger, Tetrahedron Letters 1998, 39, 803

CBS
reducuon
55-61%
74 -75% ee

C. B. de Koning, R.-G. F. Giles, 1. R. Green, N. M. Jahed, T etrahedron Letters 2002, 43, 4199

Ph
Ph
O
\ 4
B
Me OH
BH; THF HO f/ Me
98% 92% ee .

G. Bringmann, M. Breuning, P. Henschel, J. Hinrichs, Organic Syntheses, 79, 72



174 Name Reaction

Corey-Chaykovsky Reaction

The Reaction:
CH; Cle
H,C=S=0 9 H,C=8=0 0
j\ CHs OSZ R CH; R
RT TR
R R R

Proposed Mechanism:
CH;

|
H,C=§=0
CH,

!

coh

COJHzc‘S]:O O~ % 0
CH, 0/ FB°  -pmso

—_—_— t _

e > X

RZ "R CH R” "R

CH
Sloa ©
(0 HZC@?=O oJ 0
RO CH; Ry CH; -DMSO g
| —_— \//O —_—
)
R R Y R

CH;

Notes:
See: Corey-Chaykovsky Reagent.

A chiral approach: See V. K. Aggarwal C. L. Winn, Accounts of Chemical Research 2004, 37, 611
chiral catalyst

R
-5~ e
*R R* O
R—CHO + BnBr ————» *R/S\ . .
KOH ® R ® ‘Bn
Examples of chiral sulfide catalysts:
Ph Me.Me
Ph
(D &9
Me' g Me O, . /O o
S S\Lr
Examples:
Me
Me"™ L iMe NaH, DMSO
Ny —
0O —+IQH M€3S@ I e
60%

C. F. D. Amigo, L. G. Collado, J. R. Hanson, R. Hernandez-Galan, P. B. Hitchcock, A. J. Macias-
Sanchez, D. J. Mobbs, Journal of Organic Chemistry 2001, 66, 4327
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175
o)~ v )<
Corey-Chaykovsky
O d O
"readily synthesized"
_ readily syn
MeO O no yield given MeO 4

K. Hantawong, W. S. Murphy, N. Russell, D. R. Boyd, Tetrahedron Letters 1984, 25, 999

A novel-in-situ preparation of an epoxidation reaction (Simmons-Smith Epoxidation):

o9 S 1. CICH,T 0
R,S-CH .
reaq N o a g )

2. Ph-CHO Ph
EtzZn
O EtZnCH,Cl

A R,S y 97%

R

EtZn+ CI-CHyl
This reaction is useful for base-sensitive aldehydes; no epimerization.

V. K. Aggarwal, M. P. Coogan, R. A. Stenson, R. V. H. Jones, R. Fieldhouse, J. Blacker, European
Journal of Organic Chemistry 2002, 319

A polymer-bound reagent:
Me le)
0] ;
‘—Q_S\@ ore
H Me

Br NaH Br

85%

M. K. W. Choi, P. H. Toy, Tetrahedron 2004, 60, 2875
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Corey-Fuchs Reaction

The Reaction:
o CBr, PPhy,zn D% M | uBuLi _
R/U\ 2mo . BT R
H Br R >
E. J. Corey, P. L. Fuchs, Tetrahedron Letters 1972, 36, 3769
Proposed Mechanism:
B Ph 7B Ph
Br——B P—Ph — Br@ Phz P@B — 5 BrnPl—Ph
e ?_ T . I‘? \\_/4 T T 8 \
Br Br Ph
The bromine produced in this
< reaction is decomposed with zinc: B, * Zn ZnBr) >
o) Ph
Ph Ph  Ph Ph_;
pniipn AU ph=pP <~ 0O pp—P O
@P R H @ Y
& Br H Br H
Br R Br R
phosphorous ylide betaine oxaphosphetane
/’*‘*\ /’_-_\
Ph\ Br — H n-Buli _ n-BuLi
—> Ph—P=0 + > Br (s R >
/ Yo
Ph Br
protic
workup
©=—r > H—=R

Notes:

This is an alkyne-analog of the Wittig reaction. Since organocopper chemistry finds utility in
converting the C-Br bond to other alkyl groups, we show only the first part of the transformation in
most examples.

See: Fritsch-Buttenberg-Wiechell Rearrangement.

The Seyferth Protocol: is another method for the conversion:
N N

NCRY @0

\\—P OMe ~=—> \—P —OMe

@
H © P OMe
OMe OMe - P(O)z(OMe)z
A\ 7(

6]

-N

H H
R):c—NZHR)=C=N=N — p R———H
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Examples:

Ph3P CBr,
85%

Y. Mizuno, R. Mori, H. Irie, Journal of the Chemical Society, Perkin Transactions 1 1982, 2849

Me

1.CBry, Phyp _E%/O Y4
Et

e
J_/ 2. BuL1 Mel

75%

A.B. Smith, S. S.-Y. Chen, F. C. Nelson, J. M. Reichert, B. A. Salvatore, Journal of the American
Chemical Society 1995, 117, 12013

Me Me EtOOC S Me Me P COOEt
OHC N B CHO 1. CBry, PhsP A - - =
N ;‘ 2. BuLi, CICOOEK N ;’
SEMO OSEM OSEM SEMO OSEM OSEM

It was reported that these were just two of nice steps with average yield of 90%
W.C. Still, J. C. Barrish, Journal of the American Chemical Society 1983, 105, 2487

Br
. O
% CBy,Zn PP B
CH2C12

W. H. Okamura, G.-D. Zhu, D. K. Hill, R. J. Thomas, K. Ringe, D. B. Borchardt, A. W. Norman, L.
J. Mueller, Journal of Organic Chemistry 2002, 67, 1637

CHO //
Ph;P LDA
s
CHO \\

K. H. H. Fabian, A. H. M. Elwahy, K. Hafner, Tetrahedron Letters 2000, 41, 2855
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Corey-Gilman-Ganem Oxidation

The Reaction:
CHO 1 o~ © Hoac COOMe
> _ < > . <
2. MnOj, MeOH

Proposed Mechanism:
HO 9]

> _ <CHO "HCN" >:{7CN MnO, /X
MeOH : COOMe
—

E.J. Corey, N. W. Gilman, B. E. Ganem, Journal of the American Chemical Society 1968, 90, 5616

Examples:
O O
H 1.CN @, HOAc OMe
2. MnQO,, MeOH
>95%

E. J. Corey, N. W. Gilman, B. E. Ganem, Jowrnal of the American Chemical Society 1968, 90, 5616

OH OH
0. Me O Me
0 Z >< HOAc,NaCN O Z
< [ O Me "7 —~ o q O Me
MnQ,, MeOH
O 25
CHO N~gp, 0o COOMeN\OBn
81%

G. E. Keck, T. T. Wagner, J. E. D. Rodriguez, Journal of the American Chemical Society 1999, 121,
5176
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Me Me
Me Me — CHO o Me, Me — COOMe
1.cN'©  HOAc
0 o e 0
2. MnO, MOH
HO Me Me
97%

H. Yamamoto, T. Oritani, Tetrahedron Letters 1995, 36, 5797

CHO o COOMe
< CGGOx <
5 OFEt
61%
OFt

D. L. Boger, S. E. Wolkenberg, Journal of Organic Chemistry 2000, 65, 9120

OSEM OSEM

< O‘ orrs  C-GGOx < O‘ OTIPS

100% COOMe

D. B. Berkowitz, S. Choi, J.-H. Maeng, Journal of Organic Chemistry 2000, 65, 847
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Corey-House-Posner-Whitesides Reaction

The Reaction:

Me,CuLi
X — Me
X = halogen or tosylate

oH
Me,Cul i H{j/
O ———

Me

Proposed Mechanism:

Me,CuLi Me
X E—— Cu
-LiX Me
oxidative addition

- MeCu(D)

- =

reductive
elimination

D

See: N. Yoshikai, N. Eiichi, Journal of the American Chemical Society 2004, 126, 12264 for a

mechanistic discussion of the reaction at sp; centers.

Notes:
The reagent is most likely a more complex species.

Me-Cu-Me

When X = tosylate there is evidence of a direct Sy2 displacement with inversion of stereochemistry.

The general reaction of R,Culi is often included in this class.

Examples:
SPb QTs Me MeLi, Cul
OTr _—
ether
90%

S-Ph Me Me

OTr

S. Hanessian, N. G. Cooke, B. DeHoff, Y. Sakito Journal of the American Chemical Society 1990,

112, 5276
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OTs R
R,CulLi N
Me-S \/'\/\/OTBDPS ————»  Me-S_ _~_~_-OTBDPS
R= Me 83%
R= Bu 72%
R= Allyl 98%

S. Hanessian, B. Thavonekham, B. DeHofY, Journal of Organic Chemistry 1989, 54, 5831

O
CH,-Br Me,Culi CH,CH;
et ettt e
\g Et,0, HMPA \(O
Me Me
69%

B. D. Johnstone, A. C. Oelschlager, Journal of Organic Chemistry 1982, 47, 5384

Me, <o Me,CuLi Me, o
0 — 0
THF
HOY
0 41% Me

T. Wakamatsu, H. Nakamura, M. Taniguchi, Y. Ban, Tetrahedron Letters 1986, 27,6071

Br Me
— Me,CuLi —
Bro TFpomar .
£ 0O,
07 © 2 07 O
28%

D. Caine, A. 8. Frobese, V. C. Ukachukwu, Journal of Organic Chemistry 1983, 48, 740
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Corey-Link Reaction

The Reaction:
OH COR'
II_{I >< NaNj, base E >< 2
cCl R'OH N,

Proposed Mechanism:

52 O
O=H*" base - Cl@ o) N
H 3
lI-{I >< R>< ( — 23 .
CCl (CICIZ Q a /- c©
Cl Ct

R’ R‘\@,H
Cl i [¢]
/EH >§EO§I){ —Cl@ >(§) 436
H H ) S . H 0 =
R R S R
N3 N3 N3
OR'
H>(g
(6]
R N
Notes
OR' OR'
R>(& e M ; Mo >(g
i O is "equivalent" to: II_{I 0
N; NH,
See a similar mechanistic reaction in the Bargellini Reaction:
H
NH. a) N
CCl 2 -
R A =
Cl TR
CC12 OH OH o
c1) ( ¢l 01>

< (-

Starting material preparation:

R._.O o) p OH
Bu
\f + E:[ /\B_H _— Ikl><
CCly o) CCls
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Examples:
TBDPSO 0
OH o)< NaNj, 18-Crown-5
h —_—
DBU, MeOH
68%

Cl5C
M. H. Sorensen, C. Nielsen, P. Nielsen, Journal of Organic Chemistry 2001, 66, 4878

NaN3

H
Et0,C LHDMS B0 AN oy
HCCI3 F  DBU, EtOH
Cl;C
96% 98%
EtO,C, \%C/OZEI

C. Pedregal, W. Prowse, Bioorganic and Medicinal Chemistry Letters 2002, 10, 433
NH,

N3
NaOH, NaN; ~ H H,, Pd/C CO-H
—_—
DME 0 ©/\C02 2
70%, 0% ee
when DBU is the base used, 62%, 99% ee

C. Mellin-Morliere, D. I. Aitken, S. D. Bull, S. G. Davies, H.-P. Husson, Tetrahedron: Asymmetry

2001, 12, 149

CO,Me CO,H

COMe ppy, DBU, NaNs _ .
—_—
MeOH -
N H
2 TCoMe N COH

CCl;
S. R. Baker, T. C. Hancox, Tetrahedron Letters 1999, 40, 781
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Corey-Nicoloau Macrocyclization

The Reaction:

@\ 2,2"-dipyridyl disulfide
[¢] Z S N
S rd

N

OH
OH PPhs solvent, heat Cf )3

Proposed Mechanism:

m-PPh; @ N N
S‘) PhP I N
L
__________________________ .l
_PPh; ®
,S N @ PhSP\ @
#~H PhP ‘ A /O\‘ o 0\94
» O 8 | Na S B
+
OH OH Z O\H,N o

S N g Z o) I/

—— I —_— \ —_— S
{ N
&H N A~ O@ 0
This thiopyridy! ester uniquely activates the carbonyl
as well as the hydroxyl group by proton exchange.

o H.
M OSP®
O S/

Notes:
See: Macrolactonization Methods

Macrocyclization

GLC % yield
8
L]

. N : . : © = w | HO COCH
o-t),

E. J. Corey, K. C. Nicolaou, Journal of the American Chemical Society 1974, 96, 5614
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Examples:

O,
Meooc  Me o)
Me . repy 1. Ester hydrolysis, then H" Me Ph
Me \ 2. Corey-Nicoloau Me
Mé OH 75% Me Me

A. Fernandez, E. M. M. de la Nava, R. R. Gonzalez, Journal of Organic Chemistry, 2001, 66, 7632

MOMO Me_ Me
TBSO.,

—_—
a 0 0
> ” Cl«%;§_/J§
A \ O

TBSO,,.

HN ~
\Boc HN\
Boc

T. Sasaki, M. Inoue, M. Hirama, Tetrahedron Letters, 2001, 42, 5299

COOH 7
ACQ \I\/ ACQ
< . R
SINF Corey-Nicoloau ’ o]
—
¢}

/
0,
CsHy 67%

HO HO C4H,;

HO
E. J. Corey, K. C. Nicoloau, L. S. Melvin, Jr., Journal of the American Chemical Society 1975, 97,
653

Corey-Nicoloau
———————————eee e

95%

E. J. Corey, K. C. Nicoloau, L. S. Melvin, Jr., Journal of the American Chemical Society, 1975, 97,
653
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Corey-Seebach Reaction

The Reaction:
S
H Base
: >< H R— X < ><
S
Alkylation can take place twice.

Proposed Mechanism:

¢ 1 Base s@/\R_/X‘ S &
CoRn = O Os

Adjacent sulfur atoms allow the I

methylene protons to be acidic.
S,
S
{ Hu
S
Notes:

Although the five-ring analog is easily prepared, it is not useful for the transformation due to the
tendency for base-induced decomposition:

g Jy —

See: A.B. Smith, IlI, C. M. Adams, Accounts of Chemical Research 2004, 37, 365 for an excellent
tour through the authors’ use of the dithiane-based chemistry for the construction of complex
molecules.

Examples:

C > ,>——® NaNH,, EtOCH,0(CH,),ONa < >_>_®

90%

P. Gros, P. Hansen, P. Caubere, Tetrahedron 1996, 52, 15147

n-Bu
j)]\ . Sq TI(CP)z(P (OEDs), Me™ X n-Bu
Me n-Bu ™

Ph 44 4% 29.6%

Y. Horikawa, M. Watanabe, T. Fujiwara, T. Takeda, Journal of the American Chemical Society
1997, 119, 1127
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(S/\(SIM% (X\Me Buy NPh,SiF, C
—_—
S B THF S e

r
52%

A. S. Pilcher, P. Deshong, Journal of Organic Chemistry 1996, 61, 6901

BuLl >_' ll 1. BuL1
> CIPPh, O, “Ph 2. : O
67%

E. Juaristi, B. Gordillo, L. Valle, Tetrahedron 1986, 42, 1963

M)

w
[¥5]

>99%

M. H. B. Stowell, R. S. Rock, D. C. Rees, S. I. Chan, Tetrahedron Letters 1996, 37, 307
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Corey-Winter Olefination
The Reaction:

,OR
P—OR
S

og d OR 1
tos —— || tco,r2ma bl
RO”1 DOR
OH  cf OR

Proposed Mechanism:

0
H H
o cl @2 s
\ -
/../+\~ \l/ \f -HCl
—T~¢: c1 "-c1 0l
H
OR
=) -:P\_OR
RN 3 -HCL oY ok
. - @ a @\F =S
/Fo:a \, 0
A
H
c1
OR
-8= P OR :P—OR
NS \OR (3. @or
S0 >—P'—0R
@ VAR
0" TP-OR 0> OR
RO OR
03 ®OR OR
— P OR — CO, + 'P\—OR
OR

See: T. Laue, A. Plagens, Named Organic Reactions, John Wiley and Sons, Inc., New York, 1998,
pp. 59-61; M. B. Smith, J. March in March’s Advanced Organic Chemistry, 5% ed., John Wiley and
Sons, Inc., New York, 2001, p. 1340; E. Block, Organic Reactions 30, 2

Notes:
Instead of using CL,C=S: )O]\ S current reagent of choice
NN T NN N

N_J NN W

carbonyldiimidazole 1,1'-thiocarbonyldiimidazole
TCDI

A modification is the Corey-Hopkins olefination. See Tetrahedron Letters, 1982, 23, 1979:

Me
N\
[ v
P N THP-O
THP-0 (¢ Me
0>§s -
THP-O THP-O

J. Dressel, K. L. Chasey, L. A. Paquette, Journal of the American Chemical Society 1988, 110, 5479



Name Reaction

Examples:
.0
TBDMS Thymine TBDMS ~

o 1. TCDI _ Q 0 .
2. Triethylphosphite \\(_)/T'hymme

HO OH 36%

Y. Saito, T. A. Zevaco, L. A. Agrofoglio, Tetrahedron 2002, 58, 9593

Me Me
HO 1. TCDI
Me
HO — N\
2. [ 'P—Me
N
Me

M. E. Semmethack, J. Gallagher, Tetrahedron Letters 1993, 34, 4121

e e
1. TCDI, toluene, A
2. DMPD
OH 7
OH 84%

Y. Kuwatani, T. Yoshida, A. Kusaka, M. Iyoda, Tetrahedron Letter 2000, 41, 359

OBn OBn
[,, OAc I,’ OAc
OBn Corey-Winter OBn
————-
HO" ™ "OBn 87% “OBn

OH

S. H.-L. Koc, C. C. Lee, T. K. M. Shing, Journal of Organic Chemistry 2001, 66, 7184

189
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Cornforth Rearrangement

The Reaction:

(o)
H{(R) A N G
N ——
o\ -
0O G O H(R)
R R

Proposed Mechanism:

0 (% 0
HR) A @ H(R) @ HR)
G

D 7 @ 7
—C=N ,) - ——=N 3 -~
/4 v s J o

0 o)

7\
R G
@/(; G //ko HR)
é R
Notes:
S
¢ PONrES
\
) S 4 3
0] @ R 0]
4N

Crooo 0

First reported base-catalyzed Comforth equilibrium.
D. R. Williams, E. L. McClymont, Tetrahedron Letters 1993, 34, 7705
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Examples:
H N
(6]
N CHCl4 N
MeY« \ N A Me / \
07\ \ 0
Me N 58% Me

N
N

G. L'Abbe, A.-M. Llisiu, W. Dehaen, S. Toppett, Journal of the Chemical Society Perkin
Transactions 1 1993, 2259

S50 = o

92% X
N =

1. J. Turchi, C. A. Maryanoff, Synthesis 1983, 837

(0]

U OEt

toluene N
_> A \
N

90% @A 0" N
O

OEt

toluene N
7\
@ RO s s,
'}
90% \=y

M. J. S. Dewar, Y. K. Turchi, Journal of Organic Chemistry 1975, 40, 1521

191
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Curtius Rearrangement / Reaction / Degradation

The Reaction:

H
H,0 R
2 N
O e H o
/u\ T NNy D )J\
R” i ‘ _ R'OH Rso” ~n-H
Sodium azide )
R
Proposed Mechanism:
© O
4\0 N@ O NO _ )OL fN
X 1N@

N Y.
\/éN Na R N R N

To this point has been called the
Curtius Rearrangement / Reaction

1
1
09 proton 0 , ™ O
t fi 1 -CO .
orH /K Jonsfr, porn. M r ) w2 R
\j(‘ 07 N 0" N,- T
f N I|{ H H
]
stops here if have R Carbamic acid
OR with no nitrene...
©
O) ‘FI\‘I.@ 04/ N N O
% T e
R ONT® RON® g

Notes:

T. Laue, A. Plagens, Named Organic Reactions, John Wiley and Sons, Inc., New York, 1998, pp.
61-63; M. B. Smith, J. March in March’s Advanced Organic Chemistry, 5™ ed., John Wiley and
Sons, Inc., New York, 2001, pp 1412-1413; P. A. S. Smith, Organic Reactions 3, 9.

Alternate Starting Material:

Base 3
Z(j\) ( (057‘ -HCl o o NaN,

R 0~ OEt R ¢} OEt
2

As with theHofmann, Schmidt and Lossen Rearrrangements, there is a common isocyanate
intermediate.
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Examples:
H\ O-Bu H\ O-tBu
N N
— [6) — (8]
Me-N A Me=NF
DPPA
_H _H
07 N Et;N, DMF 07 N
7 N-Me HOOC 62% 7 N—Me

N 0 PhO— PN, N %
A A
Me OPh Me

DPPA: Diphenyl phosphorazidate [26386-88-9]

1. Beria, M. Nesi, Tetrahedron Letters 2002, 43, 7323

T™S
H
CO,H 1‘\1\«0
2
TBSO TBSO (6]
1. DIPEA, i-BuO,CCl
OTBS 2. NaN, OTBS
3. toluene, A
Me 4. HO(CH,),-TMS Me
86%
A. B. Smith, III, J. Zheng, Tetrahedron 2002, 43, 7323
By N
P R= |
7 N; =
. . 0, o N
] 0,
).I\ Ph I.“J\\.-R 48%
R OH Et;N. FtOH A "
H R
53%
Y. Lu, R. T. Taylor, Tetrahedron Letters 2003, 44 9267
1. Oxalyl chloride, CHCLs, 0]
c S NaN; 66% s NH
_ Y—coon " O-NH N
N / v : N
2. 0 N-NH,
cl / 4% Cl 0

S. D. Larsen, C. F. Stachew, P. M. Clare, J. W. Cubbage, K. L. Leach Bioorganic & Medicinal
Chemistry Letters 2003, 13, 3491
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Dakin Reaction
The Reaction:
O R OH
" 10, HOO OH
2. 5®
The reaction requires an -OH or -NH, in the ortho or para position.

R=H or Me

Proposed Mechanism:
(The ketone oxygen is bolded to demonstrate labeling studies.)

o
ol OH Y
o LH o 1%y
»Oxp R l R G)‘H k\
> \J:)
oH @oop{ OH @OH OH @
&,
(\OA)OH
0~ R o® \ OH
©/OH ~RCOOH ©/0H NS OH
_RCOOR H

Notes:

M. B. Smith, J. March in March’s Advanced Organic Chemistry, 5" ed., John Wiley and Sons, Inc.,
New York, 2001, p. 1528; V. K. Ahluwalia, R. K. Parashar, Organic Reaction Mechanisms, Alpha
Science International Ltd., Pangbourne, U.K., 2002, pp. 432-433

Peroxy acids (Baeyer-Villiger Reaction) can provide the same products.

Hydroperoxide Rearrangement

Me._ _Me o, . H ..
Me O Me—_4 (,)@ \F"\\O,H
0, u® B no0 SR
_— — E— i
Me 1 i
$_0® Me ¢

o oy
Me Me

Phenol and acetone
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Examples:
OH NayCOs, H,0, OH
————
Me  THF, DMF, H,0
OH.
3 90%

G. W. Kabalka, N. K. Reddy, C. Narayana, Tetrahedron Letters 1992, 33, 865

HZN
HzOz

83%

R.S. Varma, K. P. Naiker, Organic Letters 1999, 1, 189

HO
3% H0,
"NHy, MeOH
78%

M. E. Jung, T. 1. Lazarova, Journal of Organic Chemistry 1997, 62,1553
1. MCPBA

R

O o 2. hydrolysis
! CHO 64%
MeO MeO

P. Wipf, S. M. Lynch, Organic Letters, 2003, 5, 1155

OBn

OH

g@

NH
Boc

OH

OH OH
CHOSodium percarbonate OH
THF, DMF, H,0
Cl Cl

G. W. Kabalka, N. K. Reddy, C. Narayana, Tefrahedron Letters 1992, 33, 865
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Danheiser Annulation

The Reactions:

O H H R
+ TiCly .
] _ Si(CHz);
R Si(CH3),

OH

R R R

——-

Z R"

R

A number of examples are presented

Proposed Mechanisms:
Cl

P (HO)sSin R al
Cl T1 Cl e
o-Ti
O Cl o)
R
_TiCly A Si(CHs);
5 /o
-Cl ®
H H
4T1
Cl
12-shift R
Si(CHs)z
Si(CH;);
" " ” R o]
R R 7
j\_i . —_— —_—
R Z r" Y R’ .
R" R
R. L. Danheiser, S. K. Gee, Journal of Organic Chemistry 1984, 49, 1672
Examples:
O O
M Me Me
€ SiMes TiCl
H, . + =-=< —-4—> H,. SiMes
Me YR CHCl, Me
H
82%

R. L. Danheiser, D. M. Fink, Y.-M. Tsai, Organic Synthesis 1988, 66, 8
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o O Me
SiMe; TiCly
+ —_— SiMe;
Me CH,Cl,
85%

R. L. Danheiser, D. J. Carini, A. Basak, Journal of the American Chemical Society 1981, 103, 1604

O Me
0 Me Me \‘:/ Me
Me3Si Me ) CH2C12 5
+ SiMe; ——» MesSi SiMe;
Mo THE
M
Me ° 38% Me e

R. L. Danheiser, D. J. Carini, D. M. Fink, A. Basak Tetrahedron, 1983, 39, 935

SnBuj SnBus
OTIPS
/\/\/ -
Me - 0
= 2. TIPSOTE, BTN ppe
70% o=

A. B. Smith, ITI, C. M. Adams, S. A. Kozmin, D. V. Paone, Journal of the
American Chemical Society 2001, 123, 5925
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Darzens Condensation (Darzens-Claisen Reaction, Darzens Glycidic
Ester Condensation)

The Reaction:
6]
(o] R"
H Base R
+ >=O —— RO
RO
X R™ O
R
R R
X = halogen

glycidic ester = an ., f3-epoxy ester

Proposed Mechanism:

R"
/‘n\
{o oS /=0 o 9
Hr\Base < J " & -X@ R
RO ~ RO RO R > RO 0
LIRS R ™
R" R Oe R R"

Notes:

T. Laue, A. Plagens, Named Organic Reactions, John Wiley and Sons, Inc., New York, 1998, pp.
71-72; M. B. Smith, J. March in March’s Advanced Organic Chemistry, 5% ed., John Wiley and
Sons, Inc., New York, 2001, p. 1230; M. S. Newman, B. J. Magerlein, Organic Reactions 5, 10.

One possible extension:

(0] ® (0]
H_ H H B}
R 0 . /‘» H \O & H C02
HZO 0; H,0 3 ~H

saponification

In a reaction with enones:

) R\ s
(O (AO >:O [6)
base \@ O _R"
EtO 4\[ (‘ =~ EO
P P R
Examples:
COOEt

ClCHZ-COOEt
KOz-Buy, - BuOH

83-95%

R. Hunt, L. Chinn, W. Johnson, Organic Syntheses CV4, 459
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(0]
Br 1. LDA, THF, HMPA, hexane
EtO + —
| 2. cyclopentanone EtO 0O
70% &
F. E. Anderson, H. Luna, T. Hudlicky, L. Radesca, Journal of Organic Chemistry 1986, 51, 4746

DME
_—

M
25% V¢ 7% Me 159 Me

S. Danishefsky, S. Chackalamannil, P. Harrison, M. Silvestri, P. Cole, Journal of the American
Chemical Society 1985, 107, 2474

MeO O MeO
MeO o , a 0 NaH
Solvent
(0] M Ct
Me €
it ig
‘, )
Y PN Meo” AL
Cl Cl
MeO + +
Me Me
MeO MeO O MeO [¢]
DMF 65%
THF 15% 40% 20%

J. G. Bauman, R. C. Hawley, H. Rapoport, Journal of Organic Chemistry 1984, 49, 3791
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de Mayo Reaction
The Reaction:
OH O
X
o 0O R" O
R R
O OH
g
R

O
+ hv
R" { R R"
Riv

R R' Riv

\, /

A

Proposed Mechanism:

R R R
R keto-enol R R R' R
tautomerism hv
(6] 0 “__ @]
)}H =< [ . g |
o7 R HO” R RV Ho™\, R"
The orientation of the alkene is dictated
by the identity of the R groups.
R ( R R R
keto-enol
retro-Aldol = tautomerism
retro-Aldol H=0 R" - . ¢] R
o) (6]
R" Riv Rr" Riv
Notes:

The reaction can be a ring expansion:

& q

o)
R R" R
+ [ o —
OH RY NR S RY

~

H e}

LUMO

OH
'ﬁ
(9] SOMO
i}

Examples:
O (6]
d D -
—_—
NG, 58%

NO,
T. M. Qaevilllon, A. C. Weedon, Tetrahedron Letters 1996, 37, 3939
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0 0
— _—
o7 chgChm (7
O_ﬁ 83% OO
0 T

(0]
R. Kaczmarek, S. Blechert, Tetrahedron Letters 1986, 27, 2845

Me 0

0O OH Me

= M
A Me/u\)\Me o + ©
——————————————
N. N. N.
Me hv Me Me
0 0

o (0]
Me Me
Me Me HO ra
[¢] + [
N. N.
Me @ Me
(6] (0]

D. E. Minter, C. D. Winslow, Journal of Organic Chemistry 2004, 69, 603
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Dess-Martin Oxidation

The Reaction:

A O OAC
© ,OAc

0

OH
0 0O

—
H CH,Cl,, 25°C
1° or 2° alcohols

Proposed Mechanism:

OAc
““@u ,OAc
Oy
O
S H \ H“\
-0 A‘?co A

Ac l
[ o) AcO Q OAc
H _ @O Ac Z—; H _ H@ H HOAC

O
0
! + /O + 2 HOAc
I
\
OAc

Notes:
M. B. Smith, J. March in March’s Advanced Organic Chemistry, 5™ ed., John Wiley and Sons, Inc.,
New York, 2001, p. 1516; F. A. Luzzio, Organic Reactions 53, 1.

This reaction is noted for its mildness.

Reagent Preparation: D. B. Dess, J. C. Martin Journal of Organic Chemistry 1983 48, 4155

OAc
[ OHZ , OAC
KB:O3 \ Aczo
O Hso,
OH 93% 93%
2-_Iodo,_v_;gbenzou‘ acid_ Dess-Martin Perwdinane
(BX) Reagent

2-Iodoxybenzoic acid (IBX) is also a useful oxidizing reagent. Insoluble in most solvents (except
DMSO) it can be used with other cosolvent mixtures.

See Dess-Martin Reagent and IBX Reagent.
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Examples:

Ts<
N
Dess -Martin
\
86% [¢)
Me

M. Mori, T. Tomita, Y. Kita, T. Kitamura, Tetrahedron Letters 2004, 45, 4397

< :©/\ Dess Martin <OD/ CHO
B BF
[ mlm] 4 O
95%

See: Bmim
J. S. Yadav, B. V. S. Reddy, A. K. Basak, A. Venkat Narsaiah, Tetrahedron 2004, 60, 2131

0
HOH,C XK\OTBS DessMartin o JX(\OTB s
R CH,CI R
C 2842 > Me O

Me Me

K. Suenaga, K. Araki, T. Sengoku, D. Uemura, Organic Letters 2001, 3, 527

Y.-F. Lu, A. G. Fallis, Tetrahedron Letters 1993, 34, 3367
OTBS

Dess-Martin
e ——————-

92%
OH Me O Me

P. A. Wender, S. G. Hegde, R. D. Hubbard, L. Zhang, Journal of the American Chemical Society
2002, 124, 4956
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Dieckmann Condensation / Cyclization / Reaction

The Reaction:

H
H Base

0 0 0

OR RO RO

Proposed Mechanism:

- H ase e
0 0o ~_ RO~ Rg) 0
OR OR 0® RO

- ROe‘ @ /\GOR /" H@
O// >:HO [2) o O (¢} (¢}
‘) RO °
RO RO

The product remains an
enolate until protic workup.

Notes:

V. K. Ahluwalia, R. K. Parashar, Organic Reaction Mechanisms, Alpha Science International Ltd.,
Pangbourne, UK., 2002, pp. 308-309; M. B. Smith, J. March in March’s Advanced Organic
Chemistry, 5™ ed., John Wiley and Sons, Inc., New York, 2001, pp 569-570; C. R. Hauser, B. E.
Hudson, Jr., Organic Reactions 1, 9; J. P. Schaefer, J. J. Bloomfield, Organic Reactions, 15, 1.

Regiochemistry Issues:

O
COOEt 1. NaH, THF
—_—
)N COOEt 2. Hydrolysis )N
Ph 73% Ph

P. Compain, J. Gore, J.-M. Vatele, Synthetic Communications 1995, 25, 3075 (AN 1995:752767)

Kinetic vs. Thermodynamic Control:

EtO0C O Et00C ook O
2 § NaOFt I 3 boNeomt [ g
-~  —
S benzene S 0°C S COOEt

F. Duus, Tetrahedron 1981, 57, 2633
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Examples:

COOEt Me 0 Me
1. NaH, Cat EtOH, benzene
2. Hydrolysis

COOEt Me 7% Me

D. P. Provencal, J. W. Leahy, Journal of Organic Chemistry 1994, 59, 5496
EtO0C 1.Na/Ph-H /EtOH

Me WMe
EtOOC :

N©° 2.NaCl/ DMSO / Hy0
o%

aMe
Me\/F:%\

COOMe

Me

W. Zhu, D. Ma, Organic Letters 2003, 5, 5063

NaN(TMS),
_— T
THF
99% Me Me

L. A. Paquette, H.-L. Wang, Journal of Organic Chemistry 1996, 61, 5352

O

COOEt Na, Toluene
COOEt » COOEt
cat. EtOH

followed by weak
acid in workup: 74 - 81%

In the absence of solvent
BuONa 74%
EtONa 61%

P. S. Pinkney, Organic Syntheses, CV2, 116
F. Toda, T. Suzuki, S. Higa, Journal of the Chemical Society: Perkin Transactions 1 1988, 3207
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Diels-Alder Reaction

The Reaction:
b
b a
=
X
Y- |
b a
b

Proposed Mechanism:

! ] %/
L —
R

The endo product is favored.

[

This is a [4+2] concerted reaction. Bonds are broken and formed simultaneously, however, the
arrows shown below are usually used to illustrate the mechanism.

( > - LUMO
NG I . EpG 4 2F T EWO

HOMO —
The smaller the AE, the faster the reaction. Therefore, electron donating groups on the diene and/or

electron withdrawing groups on the dieneophile will accelerate the reaction.

Although FMO theory shows the reaction to be a ground-state process, photochemical reactions with
a trans-ring juncture product have been observed. This has been attributed to an excited state
isomerization of the ene-portion followed by a ground state Diels-Alder reaction:

0 O 0O
S ~

hv
/ — / ——

H. Dorr, V. H. Rawal, Journal of the American Chemical Society 1999, 121, 10229

T. Laue, A. Plagens, Named Organic Reactions, John Wiley and Sons, Inc., New York, 1998, pp.
78-85; M. B. Smith, J. March in March's Advanced Organic Chemistry, 5" ed., John Wiley and
Sons, Inc., New York, 2001, pp 1062-1075; M. C. Klotzel, Organic Reactions 4, 1; E. Ciganek,
Organic Reactions 32, 1.

Notes:
The reverse reaction can also be performed, particularly if one or both fragments are stable.
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Boger Heterocycle Synthesis

e X
u NG
~N
o HNMez Me N zN Me Jﬁ
—_ > 7
heat P N

Hetero-Diels-Alder

‘Nz l IS
N 2N

D. L. Boger, J. S. Panek, Journal of Organic Chemistry 1981, 46,2179

The Diels-Alder Reaction can be used in a number of creative ways. For example, extremely
reactive dienes can be generated by thermal cycloreversion reactions:

(0]
Me

1,2,4-trichlorobenzene e’
SOk
65% cis, 28% trans
\ /(l) 0 — /
MeO

H. Pellissier, M. Santelli, Tetrahedron 1996, 52, 9093

N o il
// A
" I o q\\N benzene o
(o] (0]

C. W. Jefford, G. Bernardinelli, Y. Wang, D. C. Spellmeyer, A. Buda, K. N. Houk, Journal of the
American Chemical Society 1992, 114, 1157

The driving force for the Diels-Alder reaction is, in part, due to the rearomatization process.
Fluoride-induced elimination creates the same opportunity:

Pt P

d
N

Y. Ito, M. Nakatsuka, T. Saeguso Journal of the American Chemical Society 1982, 104, 7609
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Extrusion of SO, provides a unique opportunity for diene preparation:
Because of the sulfoxide influence, substitution at these positions quite easy.

2
@SOZ _heat ( + SO,

toluene
—_——

heat

60%

MeOOC

J. Leonard, A. B. Hague, G. Harms, M. F. Jones, Tetrahedron Letters 1999, 40, 8141

OMe
A O THF
95%

T. Heiner, S. . Kozhushkov, M. Noltemeyer, T. Hauman, R. Boese, A. DeMeijere, Tetrahedron
1996, 52, 12185

2 e

Me 0 Me
———— 3
96%
\ 7

M. Toyota, T. Wada, Y. Nishikawa, K. Yanai, K. Fukumoto, C. Kabuto, Tetrahedron 1995, 51, 6927
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X COOMe COOMe
el
Z COOMe 75%, COOMe
B. M. Trost, M. Lautens, Journal of the American Chemical Society 1983, 105, 3345
OMe
o Me 80%

A. B. Smith, III, N. J. Liverton, N. J. Hrib, H. Sivaramakrishnan, K. Winzenberg, Journal of
Organic Chemistry 1985, 50, 3239

' e
€ Me~g' o) 0
VLA Si~”
Me~ Si O ~ “Br
Me
74% Me
x Br

J. M. Whitney, J. S. Parner, K. J. Shea, Journal of Organic Chemistry 1997, 62, 8962

COOMe
I Me.,
= | xylene COOMe
Me N 86% BnoOC™
COOBn

D. L. Comins, C. A. Brooks, R. S. Al-awar, R. R. Goehring, Organic Letters 1999, 1, 229

OMe 56%

AN 1. toluene, A
m * —— PhO,S
1}1 = otms 2 HCL THF +
SOPh  Danishefsky's diene 35%
N OH

@j\ x OTMS 1. toluene, A OR
+ —_—
N NOo, P 2. HCL, THF N
1 |
CO,Et NMe, 51% CO,Et
Rawal's diene TBAF
R=TMS —— R=H
quant.

T. L. S. Kishbaugh, G. W. Gribble Tetrahedron Letters 2001, 42, 4783
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Dienone-Phenol Rearrangement

The Reaction:
(6] OH
i H@ i
—
R
R R R

Proposed Mechanism:

. ®__H _H _H _H
'0"\ 0) o@ 0 0
i H@ i ; ;

—— - g~ - B — R

- H
R R R R K R R R R
OH

g®
—_—

R

R
See: V. P. Vitullo, N. Grossman, Journal of the American Chemical Society 1972, 94 3844

Notes:
If the R-groups are different, product mixtures to be expected.

Dienol-Benzene Rearrangement
OH

acid
—_— -

R R R
A dienone preparation:

Zincke-Suhl Reaction

The Reaction:
OH (0]
CCly
—_— -
AlCh

Me Me CCl



Name Reaction 211

Examples:
OH

TsOH
acetone
O

A. Planas, J. Tomas, J.-J. Bonet, Tetrahedron Letters 1978, 28, 471

Me
TsOH
ACZO
AcO

05¢g 041g

A. Sandoval, L. Miramontes, G. Rosenkranz, C. Djerassi, Journal of the American Chemical Society
1951, 73, 990

O OH OH
Br H@ Br slow Br Br
_— —_— +
fast
Me Me
Me Me Me Me Me Me

54 46
A. J. Waring, Tetrahedron Letters 1975,12, 172

Me
Me ﬁj 50% H;S04 m
(6]

35% 27% 20%

P. J. Kropp, Tetrahedron Letters 1963, 4, 1671

(6]
‘ MeSO3;H
CHO D ——
O 92%
MeO
OMe

S. Kodama, H. Takita, T. Kajimoto, XK. Nishide, M. Node, Tetrahedron 2004, 60, 4901
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Name Reaction

Doebner Reaction (Beyer Synthesis, Beyer Method for

Quinolines)

The Reaction:

CO,H

0 Me)]\
SURES N
NH,

Proposed Mechanism:

@® H Vo proton
©\ 0’) ©\ OH transfer %Hz
NH, H’U\Ar (NkAr N™ “Ar
H H H
H O
Wl (’ — H
T AY
() H CO,H
CO,H § @A‘ o a
“H,0 H COH 0 g® M
——- @ _— » f;\.
N TAr N7 ar NT A
H H H
HO COH H O® COH COH
2 proton ‘& f“%H 2
transfer -H,0 SN
®
A N Ar
N ‘ N
H H H
CO,H
autooxidation AN
-H, =
N Ar
Notes:

Doebner-von Miller Reaction

Ar

The Reaction: V. K. Ahluwalia, R. K. Parashar, Organic Reaction Mechanisms, Alpha Science

International Ltd., Pangbourne, UK., 2002, p. 314

or

(0]
0 e
+ H J\ )I\ ———
NHz H Me
R

see below

AN
=
N R
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Proposed Mechanism:
@1 5P _ 2MecHO
0]

( Aldol
/’* proton

r\_/ Me transfer

proton
transfer

H H
LN H('O’H

H p
H —H20
— @
Me L’ITI Me
H
@ =L
=
1:1 Me N Me

.’L‘B:Z

Examples:
0 COH
0 Me CO.H 2
=+ ———————-
M 2
NH, H 'Ph 20% N~ "Ph
Me Me

G. J. Atwell, B. C. Baguley, W. A Denny, Journal of Medicinal Chemistry 1989, 32, 396

CO,H
O @ =2
p/
e
Me

G. A. Epling, K. Y. Lin Journal of Heterocyclic Chemistry 1987, 24, 853 (AN 1998: 55860)
See also: G. SA. Epling, A. A. Provatas, Chemical Communications 2002, 1036

o OHC \©\ o
1.
Me cl, Me’U\cozH 0

NH, 2. PhCHO

51%

D. J. Bhatt, G. C. Kamdar, A. R. Parikh Journal of the Indian Chemical Society 1984, 61, 816
(AN 1985:453938)
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Dondoni Homologation

The Reaction:

0 . BuNF, ()\TMS o, OH
N

H R 2. workup
Proposed Mechanism:

sTAME~
1,2- sh1ft with ( | @ [\ O@/.?{@ [ \ OH
retention of S S
R R
stereochemistry H H
HydrolySIS to aldehyde product:
X ® Me

Ran AN (N OH ﬂ OH
O )\FOH Bemse- & *ﬁ

Hg*z 0 OH
H,0 H H

A. Dondoni,.G. Fantin, M. Fogagnolo, A. Medici, P. Pedrini, Journal of Organic Chemistry 1989,
54, 693
A. Dondoni, G. Fantin, M. Fogagnolo, A. Medici, P. Pedrini, Tetrahedron Letters 1985, 26, 5477

Notes:
Rationalization of stereochemistry for addition given by:

<\
S\(S Sao
O
k\/\Ng\_é,M

H L



Name Reaction

Examples:

Me Me Me Me Me Me
BOC‘NXQ _ . Boe-y 0 N’\> . Bocey 0o O
\—‘RW H \\k\"\j—‘/ls 65% \_\\\‘)l\ oH

l¢] OTMS  several steps OTMS

(including oxidation
of the aldehyde to the acid)
A. K. Ghosh, A. Bischoff, J. Cappiello, Organic Letters 2001, 3, 2677

Me Me

o, I o,
Me%/ y Me%/ y
o CHO Dondoni o
J O Homologation
Me Me Me Me Me Me

J. Marco-Contelles, E. de Opazo, Journal of Organic Chemistry 20602, 67, 3705

0]
Dondoni
Boc~N 2 H  Homologation
A0
Me

A. Wagner, M. Mollath, Tetrahedron Letters 1993, 34, 619

Me S
Me i -0 o Dondoni Me (6]
0o Homologation 0 “,
OH

A. Dondoni, G. Fantin, M. Fogagnolo, A. Medici, P. Pedrini, Journal of Organic Chemistry 1989,
54, 693

215
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Dotz Reaction

The Reaction:

OH
R R
A 2
ol = - CrCO)
Cr(CO)s o) R
i}
OMe OMe

vinyl or aromatic alkoxy pentacarbonyl  and sometimes the regioisomer
chromium carbene complex for unsymmetrical alkynes

Proposed Mechanism:
i, u, (CO),

Cr(CO)s -CO Cr(CO)4
coordination

Cr
OMe OMe MeO\’%
R

O
(CCO)4 gZO)s o NR'
X T  — —Cr(CO
P R ———>CO _;4)’ w /{' N ( )3
MeO insertion MeO R
R OMe

R

OH
keto-enol R'
tautomerism Z 3
I —_— - Cn(CO);
R
OMe

Notes:
See: T. Laue, A. Plagens, Named Organic Reactions, John Wiley and Sons, Inc., New York, 1998,
pp. 88-91. These authors note that there is poor regioselectivity for non-symmetrical alkynes.

Often the product is directly oxidized:

OH O
2 R' R
31 Cr(CO);
R R
OMe O
The starting material can be prepared:
BuLi 1. Cr(CO)s
——— _— =
2. MeOTf OMe
X L

Cr(CO)
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Examples:

OMOM OMe —< MOMO  OMe
1. BuLi +Me

"2 Cr(C0)6 Cr(CO); Me

—_— -

3. Me.OTf

o
OMOM OMOM 36% MOMO  OH 074
Me

S. R. Pulley, B. Czako, Tetrahedron Letters 2004, 45, 5511

OMe
(0]
s111ca
CI‘(CO)5 heat
65%

J. C. Anderson, J. W. Cran, N. P. King Tetrahedron Letters 2002, 43, 3849

MOMO  OMe OTBS MOMO OTBS
Cr(CO); AcO
heptane
MOMO O
AcO OMq

MOMO 2. CAN, MeCN
e

35 -40%

W. R. Roush, R. J. Neitz, Journal of Organic Chemistry 2004, 69, 4906
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Dowd-Beckwith Ring Expansion

The Reaction:
O
CH,X Bu;SnH
COR AN

Proposed Mechanism:

COR

NC (\ ;\Igﬂ BU3

NC CN NC
7&@% Aorhy 7.+N2++ ? H7SnBu;

AIBN
Azo-bis-isobutyronitrile

0 0 C
~ ( N ( o)
X N . snBuy, .
COR COR COR

O

/ }—KS‘HB%
—_—

COR CO.R

—_—

P. Dowd, S.-C. Choi, Tetrahedron 1989, 45, 77

Examples:
Bu3SnH
—_— o]
o _ Me AIBN Me
TO,Et 86% o.Et

I

M. G. Banwell, J. M. Cameron, Tetrahedron Letters 1996, 37, 525

Name Reaction

« SnBuj,
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Br
CO,Me Bu;SnH
AIBN CO,Me
+Bu 9% -Bu

C. Wang, X. Gu, M. S. Yu, D. P. Curran, Tetrahedron Letters 1998, 54, 8355

O Br Bu,SnH o] Me
e (AK
Me/u>(l AIBN Me CO,Et
Mé CO,Et

64%
0
CH,Br Bu;SnH
_—
COMe AIBN CO,Me
2

75%
P. Dowd, S.-C. Choi, Tetrahedron 1989, 45, 77

O cooMe Q  cooMe Q  cooMme
Bu,SnH ]
—_— —
s AIBN
"‘o’( 97%
N
Me Me LN Me Me Me Me
HO L HO HO
5 _
COOMe o COOMe
M
MeHO Me | Me OH ¢

M. T. Crimmins, Z. Wang, L. A. McKerlie, Journal of the American Chemical Society 1998, 120,
1747
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Doyle-Kirmse Reaction

The Reaction:

R'S\/\/R +

Proposed Mechanism:

@ H "Metal" ~ %s xR
N=N={ — M=
- N2
T™MS ™S
M R
. =
R
H S’
T™S

Name Reaction

R

N, "Metal" r

J — R
H” TTMS H™[>g”

M. P. Doyle, W. H. Tamblyn, V. Bagher, Journal of Organic Chemistry 1981, 40, 5094

Notes:
Influence of metal catalyst:
Ph Ph .
Me ¢ [M} cis trans
° | cat M) % Cr(CO)s 91 9
THF PtCl, 75 25
\\ Me
Me
l[M] Me
Me _ —
Ph [ Ph T Ph
Me .
~ O —_— = Je) and/or = 0 [M] Yield
=, = = Cr(C0); 14
Mel b, 26
=M] Me g\ :
M]
Me

K. Miki, T. Yokoi, F. Nishino, Y. Kato, 