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Como os alcenos reagem?

=

cholesterol
BI’:
|::> e - /—/
ethylene 8
(ethene) 1,2-dibromoethylene
—

o’




= O/ﬂ‘i’_(j»}

OH

NaBH4

CH; CH;
— CH;éHCH-CHE .t 'm'—“: — CH,L’HCH,CH:OH
. M 2
3-methyl-1-butene 3-methyl-1-butanol




Adicao eletrofilica de bromo

alkene = nucleophile Bry = electrophile

(PR

LUMO = empty o* orbital

HOMO = filled & orbital

zlectrophilic attack by Bra on ethylene

bonding interaction
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---------- - a demonstration of how
bromine's lone pair
"bromonium ion" - comect stabilizes the cation
representation of cation




Adicao eletrofilica de bromo
c:E y-7,
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orbitals involved in the opening of the bromonium ion
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fon broménio assimétrico abre regiosseletivamente
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Ambos os ataques formam o mesmo produto
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Ataque nucleofilico pelo solvente
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MNote; the C—Br bond lengths in previous X-ray structure are 2. 116 A.




Velocidade relativa dos alcenos

Rt Br, Rl
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Alkene

CH,=CH, 1
CH5CH=CH, 61
n-PrCH=CH- 70
-PrCH=CH> 57
t-BuCH=CH, 27
(CH3)oC=CH, 5470
cis-CH5CH=CHCH; 2620
trans-CH3CH=CHCH3 1700
(CH3),C=CHCH5 130,000
{CH3),C=C(CH3)» 1,800,000



Estereoquimica X Estrutura do alceno na adicao de bromo
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carbocation MeOH




Oxidacao de alcenos para formar epoxidos
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electrophilic attack by a peroxy-acid on an alkene

bonding interaction
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transition state for epoxidation




A epoxidacao é estereoespecifica — adicao syn
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trans-stilbene trans-stilbene oxide

cis-stilbene Cls




Velocidade relativa de epoxidacao
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interaction with each filled
orbital raises HOMO and cesssmass : * |
: HOMO =
| ! B r orbital
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increases nucleophilicity

Aumento da nucleofilicidade da dupla ligacao deve-se a
interacdo C=C com a C-H adjacente.




Exemplos

Sl O

Dupla ligacao mais substituida reage mais rapidamente

H
B
@ NazCO3, NaOAc @}o

A epoxidacio diminui a nucleofilicidade da outra dupla ligacio




Por que preparar epoxidos?

Abertura do epoéxido pode ser regiosseletiva

reaction of epoxide with |
basic methoxide
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attack at less substituted end

reaction of epoxide with
acidic methanol

e MeOH, HCI M OH
:

attack at more substituted end




Adicao eletrofilica de H-X (X=halogénio) -

electrophilic addition of HBEr to cyclohexene

nucleophilc attack
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Addition produet



Transition state 1

Step 2




Alcenos assimétricos- Regra de Markovnikov

Regiosseletividade
HBr -
PI\— -
B
styrene 1-bromo-1-phenyethane
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isobutene tbutyl bromide



Alcenos assimétricos— Regra de Markovnikov
Regiosseletividade
stabilized
benzylic
Ph carbocation
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electrostatic slectrostatic
potential map potential map

for the tert-butyl cation for the isopropyl cation

electrostatic electrostatic

potential map potential map
for the ethyl cation for the methyl cation




5> CH:CH,CH, 2 » CH;CH,CH,Br

1° 1-Bromopropane
little formed
CH,CH=CH, —2F { )
slow X - CHiCHCH;
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Isomerizaciao de um Alceno em meio acido
isomerization of an alkene in acid

loss of green proton gives back
starting matenal

=T =0

protonation leads to stable,
. . loss of orange proton leads to
tertiary carbocation more stable trisubstituted
double bond

E, e isomerizacio - controle termodiniamico




Estereoquimica
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Carbocation estavel — adiciio syn via par ionico




Adicao eletrofilica de agua - hidratacio

dehydration: E1 elimination in acid
-
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hydration?

acid-catalysed hydration of an alkene
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stable, tertiary carbocation




Free energy
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Adicao eletrofilica de agua — oximercuracao/reducio
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1. Hg(0Ac), ’

2. NaBH
Exemplo /\( °: -

Adicao anti — estereoespecifica

Segue a regra de Markovnikov - Regioespecifica




Oximercuracao X Halogenacao — mesmo caminho reacional
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Reacio de adi¢ao de boro - hidroboracao

Boro




Hidroboracao
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Hidroboracao / Oxidacao

I hydroboration R~ r/H

H™ H







Hidratacio
anti-Markovnikov




A hidroboraciao/Oxidacio ocorre trés vezes
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Hidrogenacao catalitica

H,, Pt0,, AcOH
- +
mf"f:

82% cis 18% trans
Substrate Usual cholce of metal
benzyl amine orether Pd
alkene Pd, Pt, or Ni

aromatic ring Pt or Rh, or Ni under high pressure




hydrogen adsorbed | H

on to catalyst surface VAAAAAAAANAS
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lyst both hydrogens delwered
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alkene coordinates to catalyst
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Adicio eletrofilica a alcadienos

Increasing energy of orbitals
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- O HOMO do alcadieno possui maior energia do que o
HOMO do eteno, portanto o alcadieno é mais reativo
frente a eletrofilos;

- O LUMO do butadieno possui menor energia do que o
LUMO do eteno, consequentemente o butadieno ¢ mais
reativo frente a nucleofilos.




Adicio eletrofilica de Br, a alcadienos
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Adicao 1.4 X Adicao 1,2

M’qur ___/B'%r@ — //’\K\Br

Adicao 1,2 - controle cinético
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Equilibrio quimico para formar o produto de adicio 1,4




Adicio eletrofilica de H-X a alcadienos
Regiosseletividade
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Carbocations menos estaveis







| controle cmétlm' ~___ e
— H;C-(IJH-CH=CH1+ H;C-CH=CH-CH,

H,C=CH-CH=CH,+ HBr—— Br (80%) (20%) Br
1,3-butadieno yrUas H;C-(fH-CHd‘JH; +H3C-CH=CH-{|3H=
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| controle tennudinﬁmicu.
3-bromo-1-buteno  1-bromo-2-buteno
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Progresso da reacao




Adicao eletrofilica a alcinos

Reatividade
H
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Um carbocition vinila secundario

hibradizagan sp




Alcino é menos reative
do que um alceno
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Progresso da reacao




Adicao eletrofilica de halogénio

SO O O




Adicio eletrofilica de H-X

H—C=C—(CH,);CH;
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produto de Markownikoff

Em alcinos simétricos, somente a segunda adicao

segue a regra de Markownikoff

Hidrogenacio catalitica — reduciao Z-seletiva



Hidrogenacao catalitica — reducio Z-seletiva
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Hidrogenacao via dnion radical - E - seletiva
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A hidratacio de um alcino forma uma cetona



Hiboracao de alquinos

1 T S — -
I very slow
"thexyl borane
thexy! borane
Is often writtan
as ThBH3 and BH,
drawn as:
disiamylborane
BHs ia BH;
fast fast
dislamylborane or SlazBH
Boranos volumosos permitem uma
tinica hidroboracio em alcinos lento
terminais by
3




E - vinyl borane

NaB03-4H,0
- /\/\/\Ao

NaOH, THF
room temperature

79% yleld

Equilibrio ceto-enolico



