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Reacdes de adicao e eliminacao sao processos
inversos e ha uma relacao entre elas.

H-|-
R.C=CHR'+ H,0 =—=" R,CCH,R
I
OH
H-I-
R.CCH.A' === R.C=CHR'+ HO

R.,C=CHR" + HXY — Hzt.l':l:HzFl' Hidro- halogenacao
¥

A.CCH.RY B

|
X

R.C=CHR' + B—H + ¥~ Desidro-halogenacio

Principio da reversibilidade microscépica e neste casos ambos seguem mesmo
caminho mecanistico mas em direcdes opostas assim as conclusdes da adicao
serve para eliminacao



Adicao eletrofilica bimolecular

RoCCHLA'
e RGHCHF
r . '
el e l D!j‘ ~ I4-|-

Hzr:l;x:HEFa*

+

?Hz

A,C=CHR" hydration RLCCH,A'
+H 0+ HY dehydration |
OH + H*
AsC=CHR' & H* === F,CCH,R
+
A.CCH.R A,CCHR 4

H.CCH.R" & H.O
+ I |
O*H, OH
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Questoes
Estereoquimica
Regioquimica
mecanismo
H
H—Br O\/
Br
anti
9

syn
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Hammond, JACS 1954, 76, 4121
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eletrofilica



Adicao de HX a alcenos

X X
majoriotario secundario

Regiosseletiva porém esta regioquimica
pode ser complicada quando ocorrer
adicao radicalar junto com adicao ib6nica.
Quando for regioespecifica dara somente
uma regioguimica

Reatividade HI>HBr>HC| e a equacao de
velocidade € de ordem 3.



Como explicar

cinética normalmente é de terceira ordem Ad;3

V= k%l alceno ]“—I—}"(]1

H—=X possibilidade




™, Iy fast
C=C + H=X = , o
4 " EE ER
hd
.
H
. I'I :::
N slow -3
ST — C-C
H-x"

Quando o alceno é conjugado o mecanismo pode mudar como no caso do
estireno que apresenta um cinética de primeira ordem para o HCl indicando
gue somente o HCl participa da etapa lenta da reacao portanto o caso A

HCl  PhCHCH; | PhCHCH,

HOAS ol se% 0,CCH, 8%
O = O .07
~  HOAc + NS
25% 5%

Reacdes que competem quando tem solventes nucleofilicos e existem
rearranjos devido a formacao carbocations



Formacao de de um sandwiche de ions nos intermediarios chave das reacdes
de HBr em acido trifluoroacético com 1, 2, ou 4- octeno.

ACHCH, 3%
I

O0.CCF,
“0.CCF
GF,CO.H S hydride shift 3%
RCH=CH, ——= ACHCH, —
BuyMN* Br~ + T~ deprotonation  32%
Br~
H?HGHa
Br B2%

Com dienos a adicao pode ser 1,2 ou 1,4 e o mecanismo de par idnico é
favorecido pela estabilizacao do ion alilico

CHyCH=CHCH=CH,

Cl 2 = 3% 78-62% “l



Com 1-fenil -3,4-butadieno somente um produto de adicao em 3,4
|
PHCH=CHCH=CH, + H—Cl —= F'hﬁj,;.-::hcfﬂHa ——= PhCH=CHCHCH,
gt

[ I cl
H o H

Cinética Ad;2

No caso de adicao HCl ou HBr a norborneno

Ay o e

HoO

77
|
+
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The Addition of Hydrogen Chloride and Hydrobromic Acid
to 2,3-Dideuterionorbornene

J. K. Stille,’* Fred M. Sonnenberg,'® and Thomas H. Kinstle

Contribution from the Department of Chemistry, University of Towa, Iowa City,
Towa 52240, and the Department of Chemistry, Iowa State University,
Ames, lowa. Received June 17, 1966

Abstract: The synthesis of 2,3-dideuterionorbornene and the ionic addition of hydrogen halides to it have been car-
ried out. From the reaction of hydrogen chloride, about 50 % of the product results from exo-cis addition without
rearrangement. Of the portion of the product formed as a consequence of rearrangement, 38 %, arises from a 6,2-
hydride shift and 12 %] from a Wagner-Merrwein rearrangement. In the reaction with hydrobromic acid, the per-
centages are 40, 46, and 14, respectively. Dehydrohalogenation of the exo- and endo-2-halonorbornanes occurs
nearly exclusively by abstraction of the exo-vicinal proton by base. The mechanistic interpretation of these results is

discussed,

O fato de 1 ser diferente de 2 indica que o intermediario ndao simétrico e que
par idnico forma adicao sin antes do ion nao classico atingir a simetria



HIDRATACAO E REACOES ANALOGAS

H* HO
A,C=CHR' —— H,CCH,R'
+

R,CCHR'  + H*
OH

Segue a regra de Markovnikoff
Porém para responder se ha realmente um cation ou sera
gue o nucledfilo fica envolvido antes da completa

transferencia do proton
kHZO/kDZO =2-4

H-l-

PhCH=CD, PRCH=CHD

F"I:I'l_GHED?H

H.O || fast

FhCHCD,H

|
OH



show H.0

R.C=CHR" + p¢* R CCHR FLCHRT 4
+ fast |
OH

Alcenos sem substituintes fenilas seguem mecanismo analogo

Velocidades de hidratacdo de alcenos em acidos sulfurico aquoso

Alcenos k(M5 K e
CH,=CH, .56 % 1019 1
CH,CH=CH, 2,38 = 101 1.6 107
CH,{CH,);CH=CH, 432 % 10°* 3.0 107
(CH, ), C=CHCH, 2014 = 1077 1.5= 10"
(CH, ), C=CH, 371 = 107 2.5 10"
PhCH=CH, 2.4 % 10" .6 10"

a. W. K. Chwang, V. J. Mowlan, and T. T. Tidwell, £, Awm. Chenr. Soc., 99, T233 {1977



Com outros solvente nucleofilicos com catalise de catalise de acidos
fortes é semelhante a hidratacao com o solvente substituindo a agua
como nucledfilo

D-Br
D—8r
E-CH,CH=CHCH; ——= CH,CH=CHCH,
irII:I—Er
g CHy JH D
E -CHsCH=CHCHs | CH,
) CH,CO, H
CH,CO.H
Participacao do nuceldfilo — adicao anti
E-CHsCH=CHCH; + CF,50,D CH,CHCHGCH,
+
D O
I |
EHS?HEHGHE + CH;CO.H EHSEHEHGHE
D-CCH4

Sem participacao do nucledfilio a adicao nao é estereoespecifica e com acido
trifluoroacétido que nao precisa de outro acido forte e a reacao ocorre com forte efeito
isotopico com acido deuterado



Br+
|Ell J'Illll 'HH': ':‘.-F'Er
- -~ : =0 ar ';_, :
~c=C_ + B == ¢=¢. __ . 7 V¥
complex bromaonium ion

f-bromocarbocation

Rate = & [alkene][Br, | + &, [alkene][Br, |* + k;[alkene][Br, |[Br ]

Br
[ —~Br— - Brs™
i Brz Br Br—Br Brt Br;
T | A o~ al fast
—e=c] 08 or  4CCT —— product



Adicdo de halogénios

_‘\Er
+ B, — CL
Br

46

Brz

trans
rrans
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Br C E@
>8—8< — =&
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Br

Br



Reatividade relativa dos alcenos frente a halogenacao

o Chlorination® Bromination” Bromination®

Lthene UKL (L0025

| - Butene 00 |00 1.0

J.3-10 vi-1-bulene .15 027 .51
Z-2-Butene iR 27 173
E-2-Butene 54 17.5 1549
2-Methylpropene M 57 104
2-Methyl-2-butene 1.1 = 107 .38 =« 107

2. 3-Dimethy]-2-butene 4.3 1P 19,0 = 104

Bromacgao envolve um complexo com transferéncia de carga que colapsa num
intermediario par idnico. O catio pode ser um carbocation ou um broménio



'
Br Br

O50.0F5 Br-
&E ikj + Brs - +
_— Br* SOH
Br Br
Br
ﬁ:?‘ Er Qs
Reagdo reversa ocorre
Br
Se=cg
| e

Br B Br
BEr Br g :--“'
¥ S ————— _,.'-"G_ s ‘5_6\
\ﬁ,—f -— >—%- Br
Br

Brs antf
Br
nen-sterecspeciic Brry "'// \ ‘ N

- Br
+ B
or syn Br x %
9—% Br* Bry ﬁ Br
,ﬁ anti

ot |

non-sterecspecific

ar spn ; EBF
BEr



Com outros nucledfilos e com metais

R ©
\ sulfonium ion C'
R CI /
HCH CHg
sulfurane

lodo lactonizacao preferéncia por aneis de 5 membros

Clhm | I
(2 — B — B — T
o > OH OH O



Reacdes com selenio dao produtos anti e produto Markovnikof

SePh
~ PhSeCl T rH

),_f:—-—%_‘_:frx CH, - if:l._,_,r’h a
Cl

Eili:? PhSeCl i%;yfﬂcph

p yd
CHLCI ;

=Gl

Cl A EWG
Cl +
N-:i‘@ PhSeCl NE%SEF‘h l?;e—F'h
CH,Cl, : :
“Cl +

lon seleniranion nao simétrico e adicdo de cloreto é facilitada por grupos
retiradores de eletrons



Preferencia por aneis de 5 membros

b, | ’
T

6 membered
H cyclization

|+ XK >




1
Hg(OAc) CY, ++ O
N = o %NHQ
(@ \\(O
0

\/\N ,Aaam
\go

Markovnikoff regio e estereosseletividade



bromine

Ho'

>=

Comparacgao entre os intermediarios cationicos em ponte

2) H+ é duro e ndao tem eletrons nao compartilhados

b) E carbocétion ou o cation em ponte é eletrodeficiente

a) Br+ é um acido mole

b) 0 fon broménio pode ser representado com duas ligacdes covalentes

a) Hg+2 é um acido mole muito polarizavel

b) Tem uma estrutura em ponte eletrodeficiente



E1 Machanlsm
First Order Kinatics: rale = kR X]
LFER indicate cationic characteraf the TS

Sirong dependence on leaving group

EZ Mechanism

second Order Kinetics: rate = k[RX][base]

Leaving group effect is normally | > Br = Cl »=»F because bond-breaking occurs in RDS.
Kinatic isolopea effect for both B-C-H and leaving group.

Kinetic isotope effect for both n- and [i-carbons,

Elcb(rev)

Sacond Order Kinatics: rale = K[RX][basa]

Exchange of fi-H with protic solvent
LFEA indicate anionic character in TS

Elchbiirr)
Second Order Kinetics: rate = k[AHX][basea)
Leaving group elfect may be F = Cl = Br = |, sinca C-X bond-breaking is not invalved in RDS.

LFER indicates anionic characterin TS



ZCHGHR

X — FCH=CHR
. BH E1ch + BH + X
E2
lar E1ch-
like reaction
o
oh
)
=
=
Lo ] !
I 1
I
D
for E1-
like
raaclion
ZCH.CHR El — EGHEE}HH
) 4 - + X +B
+B C—X cleavage

HQGHGI:EHS:IE
nucleophilic |

canEr’n.?_,_r" Mu

HEE Hﬁl}{ﬂ H3:|2 E— HEGH c ['::Hg_:lg
+

4 \
deprotonation RaC=C{CHg)a



— KOH
O CHLH,—N°  p—X —= O.N CH=CH,

Elcb

5 .l'-|_-- " —
H—N!  )—CH,CH,— N buller HD— CH=CH,
h I‘-_J "

E1Cb necessita de substituintes que estabilizam carbanion nao é observado
com haletos e sulfonatos simples e € mais possivel de ser observado quando
o grupo de saida € beta a um carbonil, nitro, ciano, sulfonil our outro grupo

establizante

- Ph
PRCHCH,GI e s ‘e CH
I EtOH, 75°C <
CH.,
E2 Baseado k3°Cl/k37Cl =1,0059 e kH/kD= 5,37 e kBr/kCl=52



950 J. Am. Chem. Soc. 1991, 113, 6950-6954

A Change in the Rate-Determining Step in the E1cB Reactions
of N-(2-(4-Nitrophenyl)ethyl)pyridinium Cations

John W. Bunting* and James P. Kanter

Contribution from the Department of Chemistry, University of Toronto, Toronto,
Ontario M5S 1Al, Canada. Received March 7, 1991

Abstract: Second-order rate constants have been measured (aqueous solution, / = 1.0, 25 °C) for the hydroxide ion catalyzed
elimination reactions of 12 N-(2-(4-nitrophenyl)ethyl)pyridinium cations (3) bearing a variety of substituents in the pyridine
ring. Bronsted plots as a function of the basicity of the pyridine leaving group are concave-down, which is consistent with
a change in rate-determining step within an E1cB mechanism. These plots are characterized by 8, = —0.17 for the rate-determining
deprotonation for pKgy < 6.5, and §,, = —0.39 for the rate-determining expulsion of the pyridine nucleofuge from the carbanionic
intermediate for pKgy > 6.5. Elimination reactions in basic D,O occur without any significant incorporation of deuterium
into the 4-nitrostyrene product, and require the presence of a hydrogen-bonded carbanionic intermediate in which nucleofuge
expulsion occurs faster than exchange of hydrogen-bonding water molecules. Rate-determining deprotonation in these elimination
reactions occurs 50-fold more slowly than for the corresponding reactions of the N-[2-(4-nitrophenyl)ethyl]quinuclidinium
cations that have also been reported to have 8, = =0.17, but which do not show an analogous change in the rate-determining
step upon variation of the nucleofuge basicity. '?he analogous elimination of the 1-inethyl-3-[2-(4-nitrophenyl)ethyl]imidazolium
cation occurs a further 30-fold more slowly than that predicted for 3 having a pyridine leaving group of the same basicity
as |-methylimidazole. The ElcB reactions of 3 are similar to the analogous reactions of N-(2-cyanoethyl)pyridinium cations
(1) in displaying a change in the rate-determining step with nucleofuge basicity; however, the §,; values for 1 and 3 are quite
different for both k, and k;/k_,.



