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Reacoes de f-Eliminacao

*Desidrogenacao de alcanos:
processo industrial; nao regiosseletivo

Desidratacao de alcois:
catalisada por acido

*Desidro-halogenacao de haletos de alquila:

consome base

\c—c/ T H—Y
—C—C—Y . C=
H ﬂc C~ / N
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Desidro-halogenacao de
haletos de alquila

Aquecimento do R-X em presenca de bases fortes leva ao alceno

C5H50Na H
CH3CHCH,4 » H,C=C-CH; *+ NaBr + CsHsOH
| CsHsOH, 55 °C
Br 79%
CHg CsHsONa CH3
H3C—C—Br » H;C-C=CH, + NaBr + CgH50H

0]
CH, CgHsOH, 55 °C

91%



ReacoOes de Eliminacao

Exemplo: Obtencao de alcenos
(desidro-halogenacédo =—)> -HX)

 Perda de halogénio como ion haleto
« Perdade H"do carbono adjacente, para uma base

« Formacao de uma ligacao pi.



Possivel mecanismo para a
desidro-halogenacao de haletos de alguila:

0 mecanismo E2
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Fatos

(1) a desidro-halogenacao de haletos de
alquila exibe cinética de segunda-ordem

12 ordem, para o haleto de alquila
12 ordem, para a base

velocidade = k[haleto de alquila][base]

Implica em que tanto a base como o haleto de
alquila estejam envolvidos no passo que
determina a velocidade de reacao; I.e., ele é
bimolecular (segunda ordem)
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Fatos

 (2) velocidade de eliminacao € dependente
do halogénio

ligacoes C—X mais fracas: velocidades
maiores

velocidade: RI > RBr > RCIl > RF

Implica em que haja quebra da ligacao
carbono-halogénio no passo determinante da
velocidade de reacao
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Mecanismo E2

 processo bimolecular concertado ( um passo)

Quebra da ligacao C—H
Formacao do componente © da ligacao dupla

Quebra da ligacao C—X
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 Mecanemoz

Reagentes
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Mecanismo E2: eliminacao bimolecular

H(Br

= N
H & CHy; — C=
AN H)CH H
OM 3
o _
H ,Br
H c|:c|: CH,
o CHs
HO/
I 6-

¢ Requer uma base forte

/
C
\
CHs;

CHgs

+ Hzo + Br

¢ Saida do haleto e abstracao de proton acontecem
concertadamente — ndo ha intermediarios
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Outra possibilidade para o mecanismo
das eliminacoes em haletos de alguila:

0 mecanismo E1
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Exemplo
CH,

CH,—C — CH,CHj

Br

Etanol, aguecimento

CH H;C H
/T N/
H2C=C\ u /CZ C\
CH,CH; H;C CH;
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Mecanismo E1

1. Ocorrem eliminacoes em haletos de alquila,

mesmo na auséncia de bases.

3. O passo determinante da velocidade € a ionizacao
unimolecular do haleto de alquila.

4. Para haletos terciarios, em geral a base é fraca

e em baixas concentracoes.
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energy —»

Diagrama de Energia: E1

_ rate-limiting
e o 8
t1 ~~ transition state

El rate = k [R — X]

|
H :X: \c=c/

B—H ‘X

reaction coordinate —>

¢ Nota: primeiro passo é igual ao proposto para as S, 1
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Passo 1 CHj

CH,—C — CH,CHj

Q

. Br:

lento, unimolecular

CH,

C
CH. * > CH,CH:

; Br Z_
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Passo 2 CH;

C
CH, * > CH,CH;
_ F1+
- T
+
C PAN
CH. CH,CH, CH;~ S CHCH,
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A Closer Look

o S

CHg
H—C~C—CH; —» =5

CHj

H;O
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Reacao E1

Eliminacao Unimolecular
Perda de dois grupos (usualmente X  and H*)
Nucleodfilo atua como base

Fornece, também, produtos S, 1 (mistura)

21



Competicao

CI3H3 §H3
H3C_?_OH + H3C_CI:_OCH2CH3
CH, CH,
SN1 N Y,
Y

CHs 809 c,H-OH
| 0 LoHg

H3C_CI:_C| ' 83%
CH; 20% H,O

25 °C

= CHs

/
H,C=C

\

CHs

17 %

« 19 passo: formacao do carbocation
eliminacao-22



El

¢ Tertiary > Secondary
¢ Weak base
¢ Good ionizing solvent

¢ Rate = k[halide]
¢ Saytzeff product
¢ No required geometry

¢ Rearranged products

or

<

E27

Tertiary > Secondary
Strong base required

Solvent polarity not
Important

Rate = k[halide][base]
Saytzeff product

Coplanar leaving
groups (usually anti)

NO rearrangements
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resumao

Somente reagoOes bimoleculares Sy1/El ou E2

metila 12 29 32
Reacodes Sy 2 Predomina Sy 2 Bases fracas: N&o ha S\2
I, CN-, RCO,
excecao: base forte  Predomina Sy2 Solvolise: S\1/E1;
impedida baixa temperatura
estericamente Bases fortes: favorece Sy1
Predomina (RO
E2 Predomina E2 Bases fortes: (RO")
Predomina
E2

eliminacéo-24



Dehydrohalogenation
A useful method for the preparation of alkenes

NaOCH,CH, / \
Cl -
ethanol, 55°C \

(100 %)

likewise, NaOCH; in methanol, or KOH in ethanol
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Dehydrohalogenation

When the alkyl halide Is , potassium
tert-butoxide in dimethyl sulfoxide Is the
base/solvent system that is normally used.

KOC(CH,;),
CH3(CH5):15CH; _ _
dimethyl sulfoxide
CH5(CH,),:CH=—

(86%6)
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Regioselectivity

>(\ KOCH,CHj, Y\ 0 \K\
Br ethanol, 70°C '
29 % 71 %

follows Zaitsev's (Saytzeff’s) rule:

more highly substituted double bond

predominates
5-27



Saytzeff’s Rule

¢ If more than one elimination product is possible, the most-
substituted alkene is the major product (most stable).

R,C=CR, > R,C=CHR > RHC=CHR > H,C=CHR

tetra > tri > di > mono
H Br $Hs
] CH
H—C—C—C—cH, _OH M - i ,CHs
| | | 3 H/C:C—C—CHg + H—C—C:C\
H H H Lo Lol ey

secundario menos mais
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® Zaitsev’s Rule: Formation of the Most Substituted
Alkene Is Favored with a Small Base

Some hydrogen halides can eliminate to give two different alkene

products
CH,
H (a) 7 .
(b) “<s ) —> CH3CH=C\ + H—B + =I§_r=
(a) Iil_(_a) CH?_,) CH3
. P
— V - - -
B CH,CH—C \Err 2-Methyl-2-butene
CH
CH, (b) 7 s
— CH3CH2C\ + H—B +:Br:~
CH,
2-Bromo-2-methylbutane 2-Methyl-1-butene

terciario
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0 Zaitzev’s Rule: when two different alkene products are possible in an
elimination, the most highly substituted (most stable) alkene will be
the major product

O This is true only if a small base such as ethoxide is used

CH; CH, CH,
) | 70°C _/ 7
CH,CH, 0™ + CH3CH2(IZ CH, CH.CH,0H > CH3CH—C\ + CH3CH2C\
t Br CH, CH,
2-Methyl-2-butene 2-Methyl-1-butene
(69%) (31%)
(more stable) (less stable)

O The transition state in this E2 reaction has double bond
character

O The trisubstituted alkene-like transition state will be most stable
and have the lowest AG#
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0 Kinetic control of product formation: when one of two products is
formed because its free energy of activation is lower and therefore
the rate of its formation is higher, this reaction is said to be under

kinetic control

6—
OCH,CH,4
CHj H
CH3CH, ~ == C
p \""lul H
o—_."1
- & = 8
CH;CH,0
Less stable transition state '\\ Wy
resembles a disubstituted El CH;
alkene . N — CH,
3" \
/ 2 o—
; H ‘Br:
L More stable transition state

resembles a trisubstituted alkene.

e
o CH,CH,C = CH, + CH;CH,0H + Br-

|
CH5CH,0~+ CH;CHy—C —CHj 2-Methyl-1-butene

Br (fH’?’

CH3CH:CCH3 + CH3CH201"I + Br”

2-Methyl-2-butene

5-31




® Formation of the Least Substituted Alkene Using
a Bulky Base

Bulky bases such as potassium tert-butoxide have difficulty on removing
sterically hindered hydrogens and generally only react with more
accessible hydrogens (e.g. primary hydrogens)

CH CH
| 3 | 3 75°C / CH, V4 CH,
CH3—(|3—O‘ +CH/CH, (|3 Br (CH.).COH > CH3CH=C\ + CH3CH2C\
2-Methyl-2-butene 2-Methyl-1-butene
t (27.5%) (72.5%)
(more substituted) (less substituted)
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0 Heats of hydrogenation of three butene isomers:

H3C\ /CH3
CH.CH,.CH=CH, /c —— C\
+H H.C H
2 . H . 3 \c C/
I7kJmoI‘1 t e P S |
|Cm— H CH3
5 I 5 kJ mol™? + Hy
| =t}
P g
Z
AH® = -120 kJ mol™?
RIS Sl e AH® =-115 kJ mol~!

CH,;CH,CH,CHj
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Overall Relative Stabilities of Alkenes

Relative Stabilities of Alkenes

R R R R R H R H R R
K 7 - # Y # L 7 ¥ 5
C=C > =C > €£=C_ > C=C > L£=C
/ N\ / N / 7 N N
R R R H R H H R H H

Tetrasubstituted Trisubstituted Disubstituted >

/
N

R H H H
N / S 7

/ R Z X
H H H H

Monosubstituted Unsubstituted

The greater the number of attached alkyl groups (i.e. the more highly
substituted the carbon atoms of the double bond), the greater the alkene’s

stability
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