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METAOEZEIZ

[3,3]-ZIFMATPOIIKEZ METAOEZEIZ METAGEZH CLAISEN
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Claisen, L. Ber. Dtsch. Chem. Ges., 1912, 45, 3157.
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METAGEZEIX

[3,3]-ZIFMATPOIIKEZ METAOEZEIZ METAGEZH CLAISEN

_0ld o bond - pboth
.~ ends numbered 1

zr fa_ [3,3] fﬂ' |
! _,.r"f 2 3

«
3 o 3
new « bond - both*
ends numbered 3

Y

old bond broken here old bond breaking here
L] L]
i i
O - - -
S e booc., [ R
i '
new bond formed here new bond forming here

OH

W heat
=



METAOEZEIZ

[3,3]-ZIFMATPOINIKEZ METAOEZEIZ METAGEZH ESCHENMOSER-CLAISEN

MetdOeon Claisen apidooketalmv

H

+

[ Me,NY OM NMe -
MeO' OMe _ﬁ’ N gy Base

NMez

R)\%Fv—’ )\ﬂw—’)\ﬂ J\/\ R

NMe2 NMe;

Eschenmoser, A et al. Helv. Chim. Acta., 1964, 47, 2425.



METAOEZEIZ

[3,3]-ZIFMATPOINIKEZ METAOEZEIZ METAOEZH IRELAND-CLAISEN

MetdOeon Claisen ciiviosotépmv

O OSiMe3 OSiMej OH
D= 3
/\) Megsicf /\) = ] =

Ireland, R. E. et al. J. Am. Chem. Soc., 1972, 94, 5897.



METAOEZEIZ

[3,3]-ZIFMATPOIIKEZ METAOEZEIZ METAGEZH JOHNSON-CLAISEN

MetdOeon Claisen opbosotépmv

W eﬂ(f“” MeO\OW k:)o]lvlve ’ Base
OH
R)\/AR1 —_— )\/\R1 — )\/\ J\/\ - = /é\

Johnson, W. S. et al. J. Am. Chem. Soc., 1970, 92, 741.



METAOEZEIZ

[3,3]-ZIFMATPOIIKEZ METAOEZEIZ METAGEZH CLAISEN
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METAOEZEIZ

[3,3]-ZIFMATPOINIKEZ METAOEZEIZ METAGEZH COPE

Cope, A. C. etal. J. Am. Chem. Soc., 1940, 62, 441.

[3,3]-ZIFMATPONIKEZ METAOEZEIZ METAGEZH OXY-COPE

O

Cope, A. C. etal. J. Am. Chem. Soc., 1940, 62, 441.



METAOEZEIZ

METAGEZH [1,2]-WITTIG

*Avtidpaomn afépmv pe aAkvrioAifia dtvovtac aAkoOAEC.

2 Rl
R2Li
1
R o R - R)\OH
MHXANIZMOX
RZ—\v
1 1
i Rt — > ~ R — i LR i
R™ O R™ O R™ ™0 R” “OH

Wittig, G. et al. Justus Liebigs Ann. Chem., 1942, 550, 260.



METAOEZEIZ

METAGEZH [2,3]-WITTIG

Avtidpaon aAlvrlooBeépmv pe aAkvAoAiBio divovtog oLOOAIVAIKES AAKOOAEC.

R2Lj -

1 : 1
R\/\/O\/R > \/\‘/R

OH

MHXANIZMOX

/\\ Buli (f’\b 23] :/e Ho ((
0 0 OH
s 4 ; .
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Cast, J. et al. J. Chem. Soc., 1960, 3521.



METAQOEXEIX

Ts wOTs
Ph Ph ‘
5\\/\\[:' wDTs

N\ 0Ac
reacts with water reacts with CF3COzH reacts with acetic acid reacts with acetic acid
600 times faster than 3000 times faster than 101! times faster than 670 times faster than

Ts 0Ts

SN ~ ors
OAc

Sn1 reaction of ethoxymethyl chloride

Aﬂ/ﬁ(:gl —_— ﬂg}/‘:‘l\ﬂﬁ SR AQAQH
3

m-bonded cationic intermediate

neighbouring group participation of a sulfide
Ph

AY
ph/Q\(c? f:tiﬂ = " oR

three-membered ring intermediate



METAQOEXEIX

anti reaction goes with 5N reaction goes with
diastereocisomer retention at this centre diastereoisomer inversion at this centre
I |
|
~0Ts ¥ «OAc OTs Y wO0Ac
w AcOH w AcOH o
_— e

I n
w, sy - A - OG- O

both substituents both substituents symmetrical
equatorial axial intermediate
orbitals involved in participation
HOMO
0 filled n orbital
-«—sp? lone pair)
0 rlng flip “\\.,\UAI:
LUMO
ual empty C-0
OAc Ts ¥ orbital
AcOH 0




METAQOEXEIX

anti reaction goes with 5N reaction goes with
diastereoisomer retention at this centre diasterecisomer inversion at this centre

W0Ts ¥ WOAc 0Ts ¥ OAc
O\D - O\ Q:D - Q\
_
Ac OAc Ac OAc

0Ts gTS /I\
Om ring flip 0 0
O:um: _g S 02

W
Ac — Ac@ -
L OAc 0Ac



METAQOEXEIX

Br Br OH
NaOH Sn2 =
S\ _oH , / 0®© . Am‘ﬂ/ou
(S}2-bromopropanocic acid %H (RHactic acid
Br o OH
Ag>0, H,0, HO
9 _oH - (S) _oH
0 0
(S)-2-bromopropanoic acid (SHactic acid
Ag
Br LF@ neighbouring group participation H
(S oH HO™, Ag” inversion of  Hu, by carboxylate lon 0
— configuration 2= t - ).7/
0 o0
H . OH
second inversion of configuration g (S _oH

= overall refention



METAQOEXEIX

sulfide participation Phs\/\m reacts with H,0 600 times faster than "‘\/\EI

icipation?
Sther participation’ MEO\/\USDQM reacts with AcOH 4 times slower than V\DSUZM

N SOLAr reacts with ROH NN
ether participation \(\/\ﬂ 4000 times faster than 0S05Ar
Me
QDSUEAr
M
Me —_— = M \ —- R
J pl'q@ HOR Me

MeO: e
S-membered ring intermediate




METAQOEXEIX

Ts Acéh Ac
—_— — orbitals involved in m-participation
QO LUMO: empty o* orbital
just one way of representing Tﬁf
the intermediate cation
HOMO:
filed & orbiral
Me Me
= 0Ts AcOH = OAc
I==
e e
Me Me Me
Mo E HOAc :
= = - = OAc
A AN e AN
<| » Me
Me X e Me
(+ (+)
the delocalized phenonium ion




METAQOEXEIX

0Ts AcOH OAc
I==
T L Tk

--==turn the molecule over — it's the same

nn=
o

mn=
@

OAc

Me

start with this enantiomer of tosylate . . . we get this phenonium ion . . . and therefore this enantiomer of product

whichewver end the acid attacks
Me Ve

0Ts

= Me
A = OAc
—_— - —_— -
Me Me O/\W]:

Me Me
0Ts OAc
#’:!"Me

Me




METAQOEXEIX

start with either enantiomer . .

Me

0Ts
..r,, &M

tum malecule over -
’cheg,.r are indentical

o @

. we get the same achiral phenonium ion

Me

50% attack OAc
at A
—_—
Me
racemic mixture of two
enantiomers
Me
50% attack =
atB OAc

. and therefore racemic product




METAQOEXEIX

METAGEXH PAYNE
loopepiwon 2,3-€TTO¢U AAKOOAWYV UE TN XpHon Baong.

NaOH

the Payne rearrangement
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METAOEZEIZ

METAOEZH WAGNER-MEERWEIN

MetaBeom aAKLA OLAOOG GE KOTIOVTIKO KEVTPO.

Me H+ Me
Me >

OH Me

MHXANIZMOX

Ai Me

Me

Wagner, G. Russ. Phys. Chem. Soc., 1899, 31, 690.



METAOEZEIZ

METAOEZH WAGNER-MEERWEIN

Me Me Me
/ — —
Me H ® Me + e
H |
@ 2 this proton cannot be lost this alkene would be very strained

Ve methyl migration ®__Me E1l elimination Me
,' ~ H =

e
Me Me
secondary carbocation tertiary carbocation



METAGEZEIX

METAOEZH WAGNER-MEERWEIN

H+
isobormeol —_— camphene

rotate structure about 90"

NN SN

migrate C4 from C5 to C6 to create tertiary cation



METAGEZEIX

four-membered ring five-membered ring

5 Cl
4
—_— _
protonation 3 alkyl chloride addition
of alkene ) migration to cation



METAGEZEIX

4
Me pinacolone
T0% yield

pinacol

loss of a proton gives

methyl
a stable ketone

. Migration
Me ——

oxygen's lone pair--==H0:
becomes involved,
stabilizing the new
positive charge Me

Me ————=

M Me




METAGEZEIX

black bond breaks green bond forms




METAOEZEIZ

METAOGEZH BECKMANN

[oouepimon o&uav og apidia vitd 6&iveg cuvOnKec.

PCls O
)l\ > )k R
R™ "RI R N
H
MHXANIZMOZX
CI\PCI4
O\H N,OPC|4 RN RN + OH2
| — ' — I, =—— ||l
R)\R1 R)\Rl Ilql ll
R
R + N~ O
N H
I
I , - 1
RlJ\O’H RlJ\OH R)J\H’R
| +

Beckmann, E. Chem. Ber., 1886, 89, 988.



METAOEZEIZ

METAGOEZH FAVORSKII

[oouepimomn a-0A0YOVOKETOVOV GE EGTEPEC LECH UETAOEONC KaTaALOUEVTC amd Pdon.

O OOR

I RO

MHXANIZMOX

—_ O —_
o) o) RO. O @) OR
H Cl Cl ro
RO H-OR

Favorskii, A. J. Prakt. Chem., 1895, 51, 533.




METAGEZEIX

METAOEZH FAVORSKII

i
c:| Me0® O/J\ﬂ Me0®
Meﬂef\‘u
O/%A“’ O
0 0 \

Meﬂe)
¢l H d§ /
both isomers give the
—_— g same cyclopropanone
0
¥ ©oMe
0 Me
—_—




METAOEZEIZ

METAGOEZH FAVORSKII

0 0 CO-Me
Br, Br NaOMe
— — 61% yield
HOAc

CO;Me

Meﬂé-\H Br %\Ej’ e H_@Me Ij



METAOEZEIZ

ANTIAPAZH BAYER-VILLIGER

TomoekAeKTIKT 0EEIOMOT) KETOVMV TPOS EGTEPES 1| AUKTOVEG LLE T YPTNOT LIEPOEEIDIMV.
O RCO3H O o

or Hx0, o )J\ Good leaving group
HOtO” "R
0
MHXANIZMOS 0 P {
no 0" R
)R b
H
+H®
_—
0
carboxylate leaves --- iﬂ]\ i
C? R “OH 0

@*
« » | ]
e . f
0 air -« . )
lone pair - alkyl migrates
stabilizes the L

cation

Y
O
I
T
®
Y
-0

Bayer, A; Villiger, V. Chem. Ber., 1899, 32, 3625.



METAOEZEIZ
ANTIAPAZH BAYER-VILLIGER

OH
G
: [ CFgCﬂgH <El,¢UCF3 '__,\.,SE'DE Fs

by m|gra‘t|-;:|n of Ph: b'f migration of R:

:

oY O

= Yield fur R (%) Yield for R (%)
Me 0
Et 87 6
Pr 33 63
t-Bu 2 77

NMNOIA OMAAA METANAXZTEYEI'!

‘OTaV N KETOVN €ival OUPMPETPIKA Oev TiBeTal BEuaQ.

‘O1av n KeTOVN dEV €ival CUPMETPIKN, TOTE AKOAOUBEITAI N £CNGC OLIPA:

‘Bu > 2° alkyl > cyclohexyl > benzyl > phenyl > 1° alkyl > methyl >>> H

H ikavoTnTa HETAVAOTEUONG TWV APOPATIKWY OMAdWYV QUEAVEI UE UTTOKATAOTATEG TTOU
divouv nAekTpovia (11.x. pMeOPh) evw PEIVETAI JE UTTOKATAOTATES TTOU TPABOUV
nAektpovia (11.X. pPNO,Ph).



METAOGEZEIZ
ANTIAPAZH BAYER-VILLIGER

transition state

intermediate

Me

T

secondary alky

e

| group migrates

methyl group does not migrate

(+)

delocalized charge
in intermediate




METAGEZEIX

NaNO,, HCI oy NaNO2, HCI
NH, — > ’
90% yield 75% yield
CHO H,
OH e OH
NaNO,, HCI NaNO,, HCI
NH» . -
98% yield 77% yield
H2

alkyl group

- -——- H migrates

CHO




o N0z HC
NH, ——>
90% yield
OH
NaNO,, HCI
NH, —
98% yield

electrons in this filled o orbital

Y

have to move into this empty o* orbital

METAGEZEIX

» ':;lhﬁJf::::iymh

H>
OH
itHz

b:ast overlap if the
two green bonds
are anti-periplanar

:0H

on NaNO2, Hl
_

75% yield

NaNO,, HCI
—_——— =
77% yield

vos
>

0
OH
—_— =
H
&

o ::T’J::::]E:n
P



METAOEZEIZ

METAOGEZH CURTIUS

OepLukn) d1domoc™ aKVA AllOl®V 6€ AUIVEG LEGM 1IGOKVAVIKOV EVOLAUEGOV.

@)
)J\ heat H,O
R N3 _ > R—N=C=0 + N2 R_NH2
MHXANIZMOX
O O O heat
o= Moo o Rt
R™ N3 R™ “N=N=N R™ “N-N=N
OHy H 0 Base
N2 + R—N=C=0 R/ \”/ \H - R_NH2
@)

Curtius, T. Ber. Dtsch. Chem. Ges., 1890, 23, 3023.



METAOEZEIZ

METAOGEZH HOFMANN

OepLukn) d1domoc™ aKVA AllOl®V 6€ AUIVEG LEGM 1IGOKVAVIKOV EVOLAUEGOV.

o
A e =
R™ TNH; R—N=C=0 R=NH
NaOH
MHXANIZMOZ
@) _O O _O
_ B
R)J\NH—H , R/gNH Br—Br R)J\ITI R N-Br — -~ r-n=c=0 2% R—NH,
H
HO" HO

Hofmann, A. W. Ber. Dtsch. Chem. Ges., 1881, 14, 2725.



