..doing

science

for better
health! Necuk s

Efeitos de substituintes na
reatividade de sistemas aromaticos
Reacdes de compostos aromaticos

e seus mecanismos
Fendis e haletos de arila: substituicdo
nucleofilica aromdtica

..doing
science ~ o
A reducdo de Birch
health! Neaokieo
H H
= .
| o |
XN
H H
Benzene 1.4-Cyclohexadiene (80%)
The overall reaction:
H H H
H H H H
+ 2Na + 2CH;0H — b 2NaOCH;
H H H H
H H H
Benzene Sodium Methanol 1.4-Cyclohexadiene Sodium methoxide
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for better
health! Necuk s

Passo 1:
H
H H

H H
H

Benzene

..doing

science

for better
health! Neub o

Passo 2:

Benzene anion radical

Mecanismo da reacdo

H
H H
‘Na —— ‘ + Na™
H ~  "H
H
Sodium Benzene anion radical Sodium ion

Mecanismo da reacdo...

H
H H
(¥ -
+ H—(_)CH3 B + -QCH3
H H
HH
Methanol Cyclohexadienyl radical Methoxide ion
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..doing
science . ,.,_
for better Mecanismo da reacado...
health! Neoukieo
Passo 3:
H H
H H H < _H
+ Na — + Na®
H H H H
H H H H
Cyclohexadienyl radical Sodium Cyclohexadienyl anion Sodium ion
..doing
science . -
for better Mecanismo da reacado...
health!  Wokie
Passo 4:
H H H
+ HC(?CH3 — +  :OCH,
H H H H
HH HH
Cyclohexadienyl anion 1.4-Cyclohexadiene Methoxide ion
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..doing

Ex: Explique a formagdo do

for better}

heattht wae  produto da reacdo de Birch

Na, NH, rather
QC(CH3)3W> QC(CH_»; e QC(CH3)3

tert-Butylbenzene |-tert-Butyl-1.4- 3-tert-Butyl-1.4-
cyclohexadiene (86%) cyclohexadiene
-.doing Halogenacdo de

?Z'fé’éft%!w alquilbenzenos via radical

health! e

livre
@C@—@{ — {:»CH2 +H A =356 kI (85 keal)
Toluene Benzyl radical
CH2=CHC‘.E3\—(?{ — CH3=CHCH2 + H- AH® = 368 kJ (88 kcal)
Propene Allyl radical
ATes .
(CH3;);C—H —— (CH;)5C- + H- AH® = 397 kJ (95 kcal)
2-Methylpropane fert-Butyl radical
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O radical é

‘ estabilizado por
L% ' &_ sobreposicdo do
| @ orbital p semi-

preenchido com o
sisfema © do anel
aromatico.

< CH, CH, CH, CH,
H H H H H H
R
H H H H H H
H H H

Most stable Lewis structure
of benzyl radical

doine gu Benzotricloreto € usado para fazer
r

science
for bette tinfuras e outros produtos quimicos.
galth!  Wokie
CH,Cl CHCl,

@ hl @ ]]L © I11 @

heat [|]l it heat
Toluene Benzyl chloride (Dichloromethyl)- (Trichloromethyl)-

benzene benzene
T

Toluene Chlorine atom Benzyl radical Hydrogen chloride

@CHZ + o, — QCHQC}: +

Benzyl radical Chlorine Benzyl chloride Chlorine atom
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..doing

science

for better
health! Necuk s

A EPA classificou o
benzotricloreto como
provavel carcindbgeno

humano.

..doi '

elence ! Ex: escreva os passos para a

ferbettert g bromacdo benzilica em condicoes
de iniciacdo fotoquimica

CH3 CHzBr
+ B, ——— + HBr
NO, NO,
p-Nitrotoluene Bromine p-Nitrobenzyl bromide Hydrogen
(71%) bromide
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oing J8 O NBS € um agente
for better conveniente para a reacdo
health! Necuk s

de bromacado via radical-
livre. Escreva os passos pard
a seguinte reacdo

O
benzoyl
[m xide
CH,CH; + ((b 0 (|:HCH3 + NH
Br
(0]
Ethylbenzene N-Bromosuccinimide 1-Bromo- I-phenylethane Succinimide
(NBS) (87%)
RCHLCHLR! ——Ce0 . : .
_
,CH,» .0, 50, ot 11O reaction | LTIO0 y
N, O /4
Na,Cr,04 Bl Na+ Cr” “Cr Na+ i
= - ~t1 g d o7 W A To-
H,0. H,50,, hear . 1O F€AcCtiON 5§ o0
‘ 1s

Aufbau Principle: Exception

O
Na;Cr,04 ||
CHaR o CHR, H,0, H,80,, heat COH

Alkylbenzene Benzoic acid
O
Na,Cr;05 ”
O,N CH; W O,N COH
p-Nitrotoluene p-Nitrobenzoic acid (82—86%)
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..doing

SubstituicGo em haletos

for better

health! fobe benzilicos

I
OZNO—CHZCI s OZNOCHQOCCHg,

p-Nitrobenzyl chloride p-Nitrobenzyl acetate (78—82%)

Qual sera o produto da reac¢ao quando o Nu for o
etoxido de sodio e o substrato for, p.ex.,
0 1-(1-bromoethyl)-4-nitrobenzene.

Explique. h |
o
O
..doing ' - . -
Reacdes de adicdo em
for better .
health! e alguenilbenzenos
clH3 C|H3
‘ H: + H - ‘ CHCH{"H;
Br Br
2-(m-Bromophenyl)-2-butene Hydrogen 2-(m-Bromophenyl)butane (92%)
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..doing

Preparacdo de
for better ! .
health!  Aeas alguenilbenzenos
Ocmcm - OCH=CH2 +OH,
Ethylbenzene Styrene Hydrogen

O etilbenzeno ocorre
naturalmente no
alcatrdo de carvao e
no petréleo.

=

IJ

Ir—O
I—O—xI

- -n
..doing
for better Sintese do poliestireno
health! (e
0] 0]
S0 e fH =
o]

Benzoyl peroxide Benzoyl radical
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..doing

Explique a regiosseletividade

for better

health!  ooar de adicdo do HCl ao indeno

Cl
+ HC -
Indene Hydrogen chloride 1-Chloroindane (75-84%)

..doing
science -
for better SOlU(;OO
health! Neub o
H H
o

H—Cl: H
AT =0
H

Carbocation that leads to
observed product

HHCl

H - O’ H :Cl:

Less stable carbocation

10
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Aprenda por modelos
via mapas de potencial

eletrostatico

Aprenda por modelos
s via mapas de potencial

eletrostatico

11
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Aprenda por modelos
via mapas de potencial
elefrostatico

Less stable carbocation

7
2 s Eletronegatividade
G .
3 ; do orbital =
4 ) 3
H 7.1 29
H 5.5 CH
I
H
Carbocation that leads to 7.1
observed product 5.5
H H 5.21
5.10
H G5 CHb.46
. l . 5.10 3
5.21

C26

12
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..doing

?ileﬁiﬁerkgj Cargas totais

health! Neoubieo

Carbocation that leads to
observed product

H

’ H:Cl:

Less stable carbocation

s

e Estrutura e estabilidade do
g benzeno

+ O benzenoreage lenfamente com Br, para produzir
bromobenzeno (Br substitui H)

« Esta é a substituigdo ao invés da reacdo de adigao
rdpida comum aos compostos com C = C, sugerindo
que no benzeno hd uma barreira de energia mais alta

. - -

Br Br

F
@ + Br, —— O/ + HBr
catalyst
Br
H

Benzene Bromobenzene (Addition product)

(substitution product) | NOT formed

@ Thomson - Brooks Cole

13



..doing
science

for better} Recgées do benzeno

health! Neoubieo
[::::T/SogH
NO, R
©/ Sulfonation ©/

Nitration \ / Alkylation

Halogenation Acylation
© 2004 Thomson/Brooks Cole 27
..doing
science . o ~ 7 1°
for better) Substituicoes Aromaticas
health! Neub o
® *+ Areacdo com o bromo envolve um
H mecanismo semelhante a muitas
outras reacdes do benzeno com
eletrofilos
X + Ointermedidrio catiénico foi proposto
pela primeira vez por G. W. Wheland,
da Universidade de Chicago e é
frequentemente chamado de
George Willard Wheland intermedidrio Wheland
1907-1974

28

02/09/2022
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..doing
science

for better BrOmGgaO

health! Neoubien

* A adicdo de bromo ocorre em duas etapas

* Na primeira etapa, os elétrons 1 agem como um
nucledfilo em dire¢g&o ao Br, (em complex com o FeBr;)

+ O intermedidrio ndo € aromdatico e, portanto, possui alto
teor de energia:

Br Br + Br
N
@ + Br_/}zyr R @H — @LH —_— OH
+ +
29

..doing

Nitracdo Aromdatica

for better
health! Neaubieo

« A combinacdo de dcido nitrico e dcido sulfurico produz
NO,* (ion nitrénio)
+ Areacdo com benzeno produz nitrobenzeno:

0] H
A \Q\ 7/ [
:0—N+ +H,80, = :0--N+ =— H,0+N*
/ / \ I
H o~ H 0~ 0
Nitric acid Nitronium ion nft);:‘: f:m
0 0
+ \ + I
O0=N=0 N—O~ .. N+
Hﬁ:OHZ \O‘
—_— </ —_— + H;0*
+
Nitrobenzene 30

15
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..doing . .
sclence Sulfonagcdo Aromafica
health! Wi

Substituicdo de H por SO; (sulfonagdo)

Reagdo com uma mistura de dcido sulfurico e SO,

A espécie reativa é o triéxido de enxofre ou seu dcido conjugado
A reacdo ocorre via intermedidrio de Wheland e é reversivel

G LSS va i
— Sf:DH @S:OH 5=0
! \% \}3 + \"h + \}j

N OH
+P\H 0- /
/ 5 =0
@Ls :O:G/\\b
%

.doing Algquilacdo de anéis
for better] aromaticos: a reacdo de
estthl Friedel-Crafts

Cl

| @
CH4CHCH, + AICl, —> CH,CHCH, + ACT,
+ Substituicdo
aromdatica de CHa

um R* |
v N CHCH
+ O cloreto de CH 8HCH H :
aluminio 3 3 — ~ Lp‘ c
promove a ® AICI,
formoc;c”:p do
carbocation ?Hs /
CHCH;4
O/ + AICl; + HCI

32

16
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doing Alquilacdo de anéis

benes 1 ¢ aromaticos: a reacdo de
sttt Friedel-Crafts

unrearranged alkyl rearranged alkyl
substituent substituent
o
Allh CH,CH,CH,CH; CHCH,CH;
O +  CHCH,CH,CH)Cl  —goc™ O/ 4 ©/

1-chlorobutane 1-phenylbutane 2-phenylbutane
35% 65%
+ 1,2-hydride shift
CH,CH,CHCH, —— T¢I,  CH,CH,CHCH,
re

[\ A
H A
a primary carbocation a secondary carbocation

Copyright © 2007 Pearson Prentice Hall, Inc.

33

.doing W Alquilacdo de anéis

for better aromaticos: areacdo de
e Friedel-Crafts

Explique por que ha formacgao apenas
do 2-metil-2-fenilbutano

unrearranged alky! rearranged alky!
substituent substituent
?Hx CH;

?Hx - CH,CCH; CCH,CH;
O + CHCCHCl  —— O/ n, O/ém
CH,4

1-chloro-2,2-dimethylpropane  2,2-dimethyl-1-phenylpropane 2-methyl-2-phenylbutane
0% 100%

Copyright © 2007 Pearson Prentice Hall, Inc.

34

17
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alkylation of benzene by an alkene

CH;

I
. CHCH,CHj
O + CH;CH=CHCH; ——

sec-butylbenzene
Copyright © 2007 Pearson Prentice Hall, Inc.

alkylation of benzene by an alcohol

P

CHCH;
H,S0,
() + enguon 2= (T

OH isopropylbenzene

cumene
Copyright © 2007 Pearson Prentice Hall, Inc. Constituinte do 6leo bruto e
de combustiveis refinados.

..doing

Acilacdo de Fiedel-Crafts

for better
health! Neub o

* Areacdo de um cloreto de dcido (RCOCI) e um anel
aromatico na presenca de AICI; infroduz o grupo acila,
—COR

— Benzeno com cloreto de acetila produz acetofenona

I
I AlCI; C\CH
+ CH4CCl W’ 3+ HC1
Benzene Acetyl chloride Acetophenone (95%)

® 2004 Thomson/Brooks Cale

36

18
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doing H Mecanismo de acilagdo de
for better ! Frledel‘CrGfTS
healthl  Nebio

+ Semelhante a alquilacdo

 Eletréfilo reativo: cation de acila estabilizado por
ressondncia

« Um cdtion acila ndo se reorganiza

(6]
[ AlCl, - = _
R/C\Cl —— R—C=Q «<—— R—C=0" + AlCl,
An acyl cation
Q 0
R I

(@]

~
@(R\—‘ézé . ©%H“\ — ©/ R | Hel + Alcy,
AICI~

37

..doing

science ' Como prOd UZir

for better

1-fenilbutano<

unrearranged alkyl rearranged alkyl
substituent substituent
i
Alh CH,CH,CH,CH;4 CHCH,CH;
O +  CHyCH,CH,CH,Cl  —goc™ ©/ # ©/

1-chlorobutane 1-phenylbutane 2-phenylbutane
35% 65%
7
(”) - CCH,CHCH; CH,CH,CH,CHj
. 3 2
© + CH;CH,CH,CCl m" O/ Paic ©/
acyl-substituted benzene alkyl-substituted benzene
Copyright © 2007 Pearson Prentice Hall, Inc.
8

19
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..doing
science ~ .
w1 Reducdao da carbonila
ealthl  Wedio
CH,CH,CH;
0] Zn(Hg), HCl, A
| Clemmensen
CCH,CH; reduction
~ CH,CH,CH,
H,NNH,, HO™, A
Wolff-Kishner
reduction
Copyright © 2007 Pearson Prentice Hall, Inc.
..doing P
Reacoes do benzeno
for better
health! Neoubieo
Reaction and comments Equation

1. Nitration Warming benzene with a mix-
ture of nitric acid and sulfuric acid gives
nitrobenzene. A nitro group (—NO;)
replaces one of the ring hydrogens.

H NO;
HNO; - ©/ I H0

Benzene Nitric acid Nitrobenzene (95%) Water
H SO,0H

heat

3

2. Sulfonation Treatment of benzene with
hot concentrated sulfuric acid gives ben-

&

KR el + HOSO,0H —— + H0
zenesulfonic acid. A sulfonic acid group
(—SO,0H) replaces one of the ring hydro-
gens. Benzene Sulfuric acid Benzenesulfonicacid ~ Water
(100%)
3. Halogenation Bromine reacts with ben- H Br
zene in the presence of iron(lll) bromide as FeBry
a catalyst to give bromobenzene. Chlorine v Gl LB
reacts similarly in the presence of iron(lll)
chloride to give chlorobenzene. Benzene Bromine Bromobenzene  Hydrogen
(65-75%) bromide
4. Friedel-Crafts alkylation Alkyl halides H C(CH3);
react with benzene in the presence of alu- Alcly
minum chloride to yield alkylbenzenes. ©/ S (Cha)scdl 0°C + Hal
Benzene tert-Butyl chloride tert-Butylbenzene Hydrogen
chloride
5. Friedel-Crafts acylation An analogous (o]
reaction occurs when acyl halides react o I
with benzene in the presence of alumi- H I CCH2CH3
num chloride. The products are acylben- + CHsCH,CCl 2k +  Hal
zenes. G
Benzene Propanoy! 1-Phenyl-1- Hydrogen 40
chloride propanone chloride
(88%)

20
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..doing
science

for better 4 COminhO Comum

health! Neoubien

product of
zZ electrophilic addition
i

b a nonaromatic
compound

i

/\ »H :
+ Bl = ¥ product of
\ electrophilic substitution
carbocation Y
intermediate O/ i HZ

an aromatic
compound

Copyright © 2007 Pearson Prentice Hall, Inc.

..doing
science

for better COminho Comum

health! Neaubieo

the proton is removed from the
carbon that has formed the new
bond with the electrophile

% 5 X Y ¥ 3 v
© 4oyt em @H — @LH@» CS(H -, ©/ + HB*
+ +

‘B
Ebase in the reaction mixture

Copyright © 2007 Pearson Prentice Hall, Inc.

42

21



..doing

science

for better
health! Neaubieo

sigma complex substituted

lon benzénio
E.g. ion arénio

43

..doing
for btter Caminho comum
health!  Wokie

addition product

Y
[::j/ + HZ

substitution product

Free energy

Progress of the reaction
Copyright © 2007 Pearson Prentice Hall, Inc.

02/09/2022
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R Efeitos substituintes em anéis

_ ipso

1 - K
T ANy aromaficos
- — mela e Qs substituintes podem fazer com que um
~ composto seja (muito) mais ou (muito)
o menos reativo do que o benzeno
» Os substituintes afetam a orientacdo da
reacdo - arelacdo posicional € controlada
+ Afivadores orto e para-direcionadores,
desativadores orto e para-direcionadores e
desativadores meta-direcionadores
Benzene
0 0}
I I 4R l —CH, . .
—NO; —SOzgH —COH ~—CH —Bl —F (alkyl) —QCH;; —NH;
| | |
Reactivity
|
x 0 (6} e e 0 .
—NR3; —C=N —I: —Cls —H ——< :> " —OH
—lc['cH‘; vgocm " - —NH(IDICH;, &
N
Meta-directing Ortho- and Ortho- and
deactivators para-directing para-directing 45
deactivators activators
..doing
. Effect on rate Substituent Effect on orientation
science — = _ —
for better Very strongly activating :::; EZE;T:LMQ) Ortho, para-directing
health! Neook ko —NR,  (dialkylamino)
—(:):H (hydroxyl)
o
Strongly activating —NH!R (acylamino) Ortho, para-directing
—0R (alkoxy)
o
—égR (acyloxy)
Activating —R (alkyl) Ortho, para-directing
—Ar (aryl)
—CH=CR; (alkenyl)
Standard of comparison —H (hydrogen)
Deactivating —X (halogen) Ortho, para-directing
(X=FCl,Br, 1)
—CHX (halomethyl)
[o}
Strongly deactivating —gH (formyl) Meta-directing
o
—gR (acyl)
: i
ATIVOdOreS / —COH (carboxylic acid)
o
H 1
Desativadores s
—gCI (acyl chloride)
—C=N (cyano)
—S0;3H (sulfonic acid)
Very strongly deactivating —CF3 (trifluoromethyl)  Meta-directing
—NO; (nitro) 46

23
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..doing
science

weerer L ¢ Afivadores, dirigem o,p

health! Neoubien

Bromacdo do tolueno

X CH; CH;
Ortho — «—Ortho B
ry
—_—i
Meta «— Meta FeBr;
I Br

Para
Toluene p-Bromotoluene
© Thomson - Brooks Cole
47
Ortho Para Meta
CH, CH, CH, CH,
NO,
HNO,
g 3 +
H,SO,
NO,
NO,
o-Nitrotoluene  p-Nitrotoluene  m-Nitrotoluene
(59%) (37%) (4%)
NH, NH, OH OH
Br Br @ Br\@ Br
Br, Br,
—_— ]
H,0 H,0
anilina
Br Br
2,4,6-Tribromoaniline 2,4,6-Tribromophenol
(~100%) (~100% )

24
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..doing
science
for better
health! Necuk s
CF; CF; CF; CF;
NO,
HNO,
H,S( )_,5 + +
NO,
NO,
(Trifluoromethyl)benzene o-Nitro(trifluoro- m-Nitro(trifluoro- p-Nitro(trifluoro-
methyl)benzene methyl)benzene methyl)benzene
(6%) (91%) (3%)
- doing Velocidade e
regiosseletividade na nitracao
for better
health!  Nebi do tolueno
CH; CHj; CH;
NO, )
H and are formed q
faster than
NO,
H NO,

Ortho attack

CH,

CH; CH;
NO, NO, NO,
H «> H > H

This resonance form
is a tertiary carbocation

25



02/09/2022

..doing

science

for better
health! Neoubien

Para attack

CH; CH,4 CHj

H NO, H NO, H NO,

This resonance form
is a tertiary carbocation

..doing

science

for better
health! Neaubieo

Meta attack

CH; CH; CHj3
<> <>
H H H
N02 NOZ NOZ

26



Diagramas comparativos de
energia para atagque do ion

..doing '
science
for better}

health! Necuk s oy A e
nitronio
(a) E,¢(benzene)
NO, (€) Eycq(meta)
0
(b) Eﬂct (Oﬂ-ho) L,
I CH;
) E;\ct(para)
= CTI
& NO, H
8| NO, CH
i H NO
CH, CH; CcH 2

Cionce Velocidades relafivas
e 5 de atfaque ao tolueno

|
42 42 . 1 |
relative to
2.5 2.5 1 |

58 1

02/09/2022
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..doing

science

for better; .
health! Necuk s

Faca uma andlise similar
para a nitfracdo do
(trifluorometil)benzeno

..doing

zcience Velocidades relativas de ataque
or better; - o o
healthl ao (trifluorometil)benzeno
CF;
]
4.5 % 10 '@m 10-° ) J@I
) ) B . compared with
67 107° 67 10 1 1
45x10°° 1

28
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doing H Diagramas comparativos de
for beter energia para ataque do ion
healthl  Nebio ey A e
t nitrénio
(b) E . (ortho) (@) E., (para)
N N

CF;

“ NO, (¢) E . (meta)
i N L
(a) E ., (benzene) CTs

@ H NO,
NO, H

H

Energy —

+ + + +

for beter Halogénios?

health! Neub o

Cl Cl Cl Cl
NO,
HNO,
H,50, + +
NO,
NO,

o-Chloronitrobenzene m-Chloronitrobenzene  p-Chloronitrobenzene
(30%) (1%) (69%)

SRR

All these ions are less stable when X = F. CL. Br, or I than when X = H

Chlorobenzene

29



02/09/2022

..doing
science
for better
healthl  Nebio
Ortho attack Para attack
. - .6 e
S ¥
E E
>
H<«— H
H E H E
..doing
science . s .
Efeitos multiplos
health! Nk
CH, CH, (H)
C‘) 0 CCH,
AICl,
+ CH3;COCCH; ——
CH; CH;
1.4-Dimethylbenzene 2,5-Dimethylacetophenone
(p-xylene) (99%)
CH3 CH3
Br
Br,
NO, NO,
p-Nitrotoluene 2-Bromo-4-nitrotoluene (86—90%)

30
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..doing

science

for better; .
health! Neoubieo

A partir do benzeno,
mostre como
sintetizar o m-

cloroetilbenzeno

31



