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Eliminacao-f3

Substituicao e eliminac¢ao

* ReacglOes de eliminacao levam a formacao de alcenos. Alcenos, por sua vez, reagem
formando produtos que podem sofrer eliminacao.

HBr

Adicéo Eletrofilica

N

Br
Eliminacao
HO

H,0
e Os dois tipos mais comuns de mecanismo de eliminacao sdao E1 e E2.

nucleophilic substitution reactions of -BuBr

QFL0342 — Reatividade dos Compostos Organicos

slow fast reaction goes at the ,
- ® > same rate whatgver rate = k[1-BuBr]
Br H,0 or HOe OH the nucleophile
t-butyl + BP t-butanol

bromide

reaction of -BuBr with concentrated solution of NaOH

© + HOH  elimination reaction .., &ore-
>‘\Br + HO® o )\ 5o e oo rate = k[t-BuBr][HO]

) isobutene
t-butyl bromide (2-methylpropene)
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Eliminacao-I3

Eliminacao E2 e E1 | Mecanismos

* Eliminacao pode ocorrer na presenca de base ou acido.

attack here leads to

E2 elimination .- elimination

two molecules rate = k[+-BuBr][HO™] y
involved in the rate- HO@/.\ H®|\(3 » HOH )\ Bi® H _attack here leads to
determining step r _-" substitution
Vg

X

nucleophilic substitution of t-BuOH with HBr

>|\ HO ﬁ\ slow /k
® — ®
OH ( ,OH2 B©

t-butanol t-butyl bromide

fast ﬂ\
—_—
Br

E1 elimination of +-BuOH in HoSO4

O\ /O
H$0, =—= H® .+ ¢/
HO o@)
ﬁ\ H® ﬂ\ slow H\OJ{ fast )\
E—  —
OH Cﬁnz
t-butanol isobutene

(2-methylpropene)



Eliminacao-I3

Eliminacao E1 | Outros exemplos

* Eliminacao E1 pode ocorrer na hidrélise de ésteres e formacao de enamina.

E1 elimination of ROH during ester hydrolysis

~
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3

c

) tetrahedral

S . . new C=0
% intermediate H\ . ROH @OV)H .- double bond
: H—0 BR  yo H—0)0%R =

. Moy~ R L N - ron
S OH OH OH

3

©

(O]

©

_‘13 E1 elimination of H,O during enamine formation

2 tetrahedral new C=C

o intermediate H @ double bond
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[
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<
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Eliminacao-f3

Eliminagao vs. Substituicao | For¢ca e tamanho da base

* Aforca da base afeta o caminho da reacao.

strong base: elimination

weak base: substitution ®
pK; of EtOH, = -7 o pK; EtOH = 16

(plus a few %

¥ p
>‘\ EtOH elimination) >‘\ EtO® )\
—> —>
Cl OEt Cl

l Sy T_H+ \ E2 /
>L(C?' — J{(H\O'Et EtOQHM

O tamanho da base afeta o caminho da reacdo.

small nucleophile: substitution
KOH

N e P S e e P

[5e2]
\ Hoey HH /
\/\/\/\Bg

large nucleophile: elimination
KOt-Bu

R W -
N,
H

N
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Eliminacao-f3

Eliminagdo vs. Substituicao | Temperatura

* Nucledfilos que s3ao bases fortes favorecem eliminacdo em comparacao com
substituicdo.

e Bases volumosas favorecem eliminacao.

Temperaturas altas favorecem E2.

E1lvs. E2

* Mecanismo geral E1.

general mechanism for E1 elimination

H H

>$/ /F%/ /S/R rate = k[alky! halide]
’ rate

determining
step

general mechanism for E2 elimination

B@/\V H H H

R)Q/R > R/S/R rate = k[BJ[alkyl halide]

* InUmeros fatores podem fazer com que uma eliminac¢do ocorra via E1 ou E2.
e Bases volumosas favorecem E2.
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E2 | Exemplo

Eliminacao-I3

synthesis of a diene by a double E2 elimination

t-BuOK
mechanlsm in '//,,

Chapter 19

Ro@m = T

Br E2




Eliminacao-I3

E1lvs. E2

* A estrutura do substrato pode favorecer E1. A formag¢dao de um carbocation estavel
pode favorecer E1.

substrates that readily eliminate by E1 . ) —
stabilized carbocations

XJ R
: R
tertiary - = % H —— /K

X) H
allylic \)\/ ® il
y N R —» \v%?(R — WR u;
X H H ZS
benzylic ’j R ® R R _§
Ar Ar Ar X o

XD H
o-hetero
substituted Ré)J\ > R%)\&H > RO/\
substrates that may eliminate by E1

x) less stable carbocation

secondary )\ H ®
R P R b /\R
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substrates that never eliminate by E1

unstable carbocation

primary )X‘) ®
- —><— > 7~

R R

substrates that cannot eliminate by either mechanism—no appropriately placed hydrogens cannot

eliminate
- L
9 Me—X PR X X ) by E2




Eliminagao-I3

O HO Ph Ph
g PhMgBr H,S04, H,0
;g _— >
[eY0]
5 E1
3
: e T
o
£ ®
> H,0”)Ph Ph
S ® H
()]
'g
S
=
b5
0 * Cuidado com casos envolvendo estruturas biciclicas.
(@]
2
5 ;Jb ey = Y

"o , catlon can't get planar because
br|d ehead carbon will not
Wheregbndge joins ring) form of bicyclic structure
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Eliminacao-I3

E1l | Esteroquimica
* Regioquimica e estereoguimica.

only one alkene possible

Ph Ph
)<OH HO /K | S0H H® |
B —_—

two regioisomeric alkenes possible

trisubstituted disubstituted

alkene alkene
and/or regioisomers

two stereoisomeric alkenes possible

trans-alkene cis-alkene ,
stereoisomers

OH H®
)\/ — > X andlor ph/ﬁ (geometrical isomers)
Ph
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Eliminacao-I3

E1l | Esteroquimica

H,SO
)Oi/ it S P X"  pp7 Y, Exemplo de reagdo estereosseletiva
Ph

Um dos estereoisomeros se forma em maior quantidade
95% E alkene 5% Z alkene

stereoselective formation of an E alkene geometry of product depends on
conformation about this bond
H /
/! Me
Me —>Ph O Me —> ph/\s"
ANH _H
H,O
\ higher energy transition state
conformations of the (+) 7t
intermediate cation with C—H .OH
B and vacant p orbital aligned () H”
lower energy transition state | parallel Ph/\[
(+) Me 7% |higher energy on H Me
Ph/\\»/ intermediate:  Ph

steric hindrance s
H / Me H i

(+)OH, H
Ph lower energy
intermediate
Me

H

energy
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Ph/ﬁ

Me
S _Me Z alkene formed
more slowl
Ph. X y
E alkene formed faster
towards E alkene towards Z alkene

=

reaction coordinate
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Eliminacao-I3

E1l | Esteroquimica

e Alcenos mais substituidos sao mais estaveis, devido a hiperconjugacao.

OH  uBr H,0
\H\ i
=z X

~ o o +
Exemplo de reacgao regiosseletiva

major product minor product
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H H H
H H
\’/kH 7 cH, H,C” N cH,
H H H
T * H bl
H H H g H °
H H H
H H
no C—H bonds H increasing substitution
parallel with ©* H allows more Q—H
and C—C o orbitals

> to interact with ©*
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Eliminacao-I3

E1l | Esteroquimica

Exemplo de reagao regiosseletiva
Um dos regioisdbmeros se forma em maior quantidade

regioselective formation of the more substituted alkene

8 OH o H,0® i

= H Me. © partial double bond

= Me M > Me M » Me has only one

Q0 2 9 Me carbocation substituent: less
e o

a Me Me intermediate stabilized

S A partial double bond has Me. Dy ¥

3 three substituents: more j/\

o stabilized H

£ Me H

Q N (+

O Me \( T (+)OH,

8 >/\ higher energy transition state

© Me™ :

) H Y

© :

.-8 _ (+) OH2 H

= o lower energy transition state e ®

= Q

5

= Me g™ H

~ product depends on

< which proton is lost

™

(@)

o N

d \r\

monosubstituted alkene
forms more slowly

w/\

trisubstituted alkene forms faster

towards 2-methylbut-2-ene towards 3-methylbut-1-ene

i

-

reaction coordinate
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Eliminacao-I3

E2 | Esteroquimica
e Estado de transicao E2 é antiperiplanar.

new t bond made up of old
C-H ¢ and C—X ¢* and ¢ orbitals

% 4—
W R /7,
.4

)
H
\\
T~~---_-__two conformations with - - - - - -
ﬁ H and X coplanar

(%]

o
2

c
<0

0
O

(%]

o

+—

(%]

o

g' best arrangement: bonds fully parallel possible but less good arrangement
Q e
. X S/ : X g HX
_8 \\H @ X\ V%2, /@

o H )\ i
U . . H .
- anti-periplanar ~ Newman projection syn-periplanar  Newman projection
S (staggered)  of this conformation (eclipsed)  of this conformation
©

o}

o

|
gl_ NaOEt major minor plus 19%

a
(W
g Br 81% but-2-ene

H and Br must be anti-periplanar for E2 elimination:
two possible conformations

Br Br
H Me Me H
N ) i, Y
H Me H Me
_ H H major
minor two methyl groups two methyl groups anti-

gauche—more hindered periplanar—Iless hindered
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Eliminacao-I3

E2 | Esteroquimica

E2 pode ser esteroespecifica: so se forma um Unico estereocisdbmero.

this diastereoisomer ----» eliminates to give
this alkene (E)
Me
Ph : >=\
Ph
Br Me
redraw i
\
Me, (‘Br
Ph z i Ph Br
Me @Ph
H H
g\ A Ph H
HO H
only this proton can | Hand Br must be
be attacked by HO~ anti-periplanar

this diastereoisomer - - - - » eliminates to give
this alkene (2)
We Me
£ Ph NaOH
Ph/\‘/ — =
Br Ph Ph

redraw E slower: gauche
Y Ph—Ph interactions in
reactive conformation

Ph CBr

Me%—émph Br
H H Ph Me
()
© \ Ph H
HO H
only this proton can | Hand Br must be
be attacked by HO- anti-periplanar
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Eliminacao-I3

Eliminacao em cicloexanos

* E2 pode ser esteroespecifica: so se forma um Unico estereocisdbmero.

iy
equatorial X is anti-periplanar
only to C—C bonds

and cannot be eliminated by an
E2 mechanism

Ceon
rmg inversion t‘i? O

axial X is anti- perlplanar to C—H bonds,
so E2 elimination is possible

elimination of diastereoisomer B
CH3 CHj; CHj;

NaOEt C}
—_—
3 250

times
—\ Cl

elimination of diastereoisomer A

=

ratio of 1:3

Mecanismo so pode ser E2
Qual seria o produto por E17?

'I
7,
\\“\
'I
7,

slower

) 2, 1,

conformation of diastereoisomer A ) )
two anti-periplanar C—H

bonds: either can eliminate
to give different products

Q OEt
Me  ying H

inversion H
[ER—

= Me

| H CCI

favoured; equatorial /-Pr

No C—H bonds anti-
periplanar to the C—Cl
bond: no elimination

mh"e

favoured; equatorial /-Pr

No C—H bonds anti-
periplanar to the C—ClI
bond: no elimination

disfavoured; axial i-Pr

conformation of diastereoisomer B

one anti-periplanar
C—-H bond: single
alkene formed
Me
. Cl
ring
inversion

_~ L

"
OEt

disfavoured:
axial i-Pr
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Eliminacao-f3

Eliminacao em cicloexanos

Produto de A e B via E1.

CH,

NaOEt
— 3

CHj3



Eliminacao-I3

E2 | Esteroquimica

* Regiosseletividade. Uso de base forte e impedida pode levar ao alceno menos estavel.

Cl
2 Hs;PO
S ﬁj 120 °C é é KOCEt, é
[ —_—
<0
0
O
3
+ CRV<C)
& O~ K
Q.
S
o
O
= KOCEt;
Q
©
©
S
2
o
' i
(o]
< methyl hydrogen
§ H f\e anti-periplanar to CI methyl hydrogens
= two ring hydrogens ring hydrogens more RO less hindered: this
anti-periplanar to ClI hindered: no reaction product formed

73% 69%
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Eliminacao-I3

Elcb

* Eliminacao E1 via base conjugada, Elcbh. Acontece quando o grupo abandonador é
ruim.

o OH o

OH o® OH O OH
©
H% best representation alternative, less realistic
OH of anion adjacent to C=0 representation
green proton acidified (pK; ca. 20) delocalized on to oxygen

by adjacent carbonyl group

O\ H fo)
the elimination step
by the E1¢B mechanism — )J\/\/\/
the E1cB mechanism

fast, reversible rate- 5
X deprotonation /OQ)/)E detesrg;)nlng j\j\
R’ i R! R? —> R! R3

R3
H% stabilized anionic
intermediate
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Eliminacao-I3

Resumo

E1 elimination E2 elimination E1cB elimination
leaving group first deprotonation and deprotonation first
e deprotonation loss of leaving group X X leaving group

- follows ® simultaneous follows X
<O o,
(@)
(%]
8
é Weakly basic Strongly basic, Strongly basic, hindered
e Poor nucleophile nucleophile unhindered nucleophile
S (e.g. H,0, ROH) (eg.l, RS) nucleophile (e.g. RO) (e.g. DBU, t-Bu0)
(%]
= methyl HsC—X no reaction Sp2 Sn2 Su2
[
°
g primary (unhindered) N X no reaction Sn2 Sn2 E2
=
-
4 primary (hindered) N X no reaction Sn2 E2 E2
o
|
S
™
= secondary N Syl E1 (slow) S E2 E2
L X
g

tertiary E1orS,1 Syl E1 E2 E2

>\ X
0 X

[3nt)<l)J anion-stabilizing M E1cB E1cB E1cB E1cB
group “B
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