Mdédulo 1 - Quimica Organica

4. Propriedades fisicas e reatividade
dos principais grupos funcionais

Propriedades fisicas e reatividade das moléculas
bioldgicas (aspetos fundamentais)

Alcoois, carater anfotérico, dlcoois primarios,
secundarios e terciarios.

Aldeidos e cetonas

Acidos carboxilicos

Compostos aromaticos

Aminas
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ALCOOIS: Propriedades fisicas

Alcoois mono-hidroxilados Pfusdo  Peb.(eC)  dens R - OH
(2C) (1 atm) (g mL?)

Metanol -97 64.7 0.792

Etanol -117 78.3 0.789 Alcoois

Propanol -126 97.2 0.804 primarios ndo

Isopropanol -88 82.3 0.786 ramificados

1-Butanol -90 117.7 0.810 s30 |I’C|UiC|OS

2-Metil-1-propanol (isobutilico) -108 108.0 0.802 até C12

2-Butanol (sec-butilico) -114 99.5 0.808

2-Metil-2-propanol (t-butilico) 25 82.5 0.789

Diois e triois

Etanodiol (etilenoglicol) * -12.6 197 1.113

1,2-Propanodiol (propilenoglicol) 59 187 1.040

1,2,3-Propanotriol (glicerol) 18 290 1.261

*usado como liquido anticongelante
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ALCOOIS:

Influéncia das ligacoes intermoleculares nas
propriedades fisicas

Ponto de ebulicao

(°C), 1 atm
CH,CH, -88.5 .
isomeros
CH,—O—CH, * 24 T, *C.H.O
2Mg
CH,CH,OH * 783 — .
(96
CH.CH,CI 13.1
CH,
CH,CHO 20.8
CH,CH,Br 38.4

CH,CH,| 72.3
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Nos alcoois ha P g R -OH

- ~ CH H A
polarizacdo das 3 B 5o
”gagoes C'O'H: methanol bent shape

- An alcohol has a net dipole. Alcohols exhibit intermolecular hydrogen bonding.
R
Oy | ) T _ <7 e
GH l net dipole CHy—O: _ JS @ - \ ’_, - ,ﬁl‘_
tw::: polar bonds \\H 9 — H CHs
hydrogen bond

# * Alcohols have higher boiling points and melting points than hydrocarbons of comparable
size and shape.

stronger intermolecular forces
CH3CH;CH,CH, CH4CH,CHLOH = higher boiling point and melting point
butane 1-propanol

melting point: —138 °C melting point: —127 °C
boiling point: -0.5 °C boiling point: 97 °C
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A solubilidade dos alcoois em agua diminui com
o tamanho da cadeia:
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* Alcohols are soluble in organic solvents.

* Low molecular weight alcohols (those having less than six carbons) are soluble in water.

* Higher molecular weight alcohols (those having six carbons or more) are not soluble in
water.

Thus, both ethanol (CH;CH,OH) and 1-octanol [CH;(CH,);OH] are soluble in organic solvents,
but ethanol is water soluble and 1-octanol is not.

CHaCH,OH CHaCHoCH,CH5CH,CHoCHoCH,OH

" e & & ¢ o
o o, v va | 3

o @ 9 6

1 o (| AL
only 2 C’s in the chain many nonpolar C—C and C—H bonds
water soluble water insoluble
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W FIGURE 14.1 Ethanol—The Alcohol in Alcoholic Beverages

Fermentation

CgHis0g — 2CH3CH,OH + 2CO;
glucose - ethanol

/~~ CH,CH,OH
ethanol

Ethanol is the alcohol in red wine, obtained by the fermentation of grapes. All alcoholic beverages are mixtures of ethanol and water in
various proportions. Beer has 3—8% ethanol, wines have 10-14% ethanol, and other liquors have 35-90% ethanol.
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W FIGURE 14.2 Some Simple Alcohols

T

CH4OH

» Methanol (CH;0H) is a useful solvent and starting material for

the synthesis of plastics. Methanol is extremely toxic because of
the oxidation products formed when metabolized in the liver (Sec-
tion 14.6A). Ingestion of as little as 15 mL (about half an ounce)
causes blindness and 100 mL causes death.

'S

2-Propanol [(CH3);CHOH, isopropyl alcohol] is the major com-
ponent of rubbing alcohol. When rubbed on the skin it evaporates

5 ! @ readily, producing a pleasant cooling sensation. 2-Propanol is
H used to clean skin before medical procedures and to sterilize
Y e medical instruments.
(CH3)sCHOH
o Ethylene glycol (HOCH,CH,OH) is the major component of
b '%ﬂ antifreeze. It is sweet tasting but extremely toxic. Ethylene glycol
v is a starting material in the synthesis of synthetic fibers such as
¢ Dacron (Section 17.10).
HOCH,CH,0H
_53 » Glycerol [(HOCH,),CHOH] is a triol used in lotions, liquid soap,
e, 'h and shaving cream. Since it is sweet tasting and nontoxic, it is
? q f .r"'" also an additive in candy and some prepared foods. Its three
@ - OH groups readily hydrogen bond to water, so it helps to retain
L moisture in these products.
HDCHEI‘T‘HCHE«DH
OH




ALCOOIS: reatividade R -0OH

5+ 5 o+
C-0O-H
-polarizacdo das ligacoes C- 0 e O-H

-0s pares de eletroes nao partilhados do
oxigénio sao basicos e nucleofilos

Reacoes:

-comportamento de acido e de base
-desidratacao (eliminacao, formam alcenos)

-oxidacao
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Alcoois sao substancias anfotéricas:

-rutura da ligacao O-H, comportamento de acido
-rutura da ligacao C-OH, comportamento de base

o+ O OF acido Ka acdo
mals
—C— O H CH,OH (1%)  10%> forte

|

CH,CH,OH 10159
] (CH COH (3arlo) 10-18 éCi(_ZlO
Atague por acidos 1[_naus
faco

© (,eietrck))fjlo_s Atague por bases
(carater basico) (carater acido)

N
R-0-H R — o'f\- H
R+ +~OH_ RO' + H+
FORMACAO PE
CARBOCATIAO
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Comportamento de acido (O-H)

-Ocorre por acao de uma base

-A labilidade do hidrogénio funcional origina a

formacao de alcoxido ou alcoolato Explicado pelo efeito

alcool 1@ro > 3lcool 22rc >  Jlcool 3ario indutor repulsivo dos

Maior reatividade menor reatividade substituintes alquilo

—

-0 efeito indutor influéncia a forca dos acidos:
H,O > R—OH > R—C=C—H > H, > NH; > R—H
A base conjugada do alcool € o iao alcoxido

R— > NH,— > R—C=C— > RO~ > OH—
bases fortes (bases conjugadas de acidos fracos)
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Comportamento de base (C-0OH)

-Ocorre por acao de um acido:

alcool 3o > 3lcool 2aM° > 3alcool 1ario
Maior reatividade Menor reatividade
—

-¢ explicada pela estabilidade do carbocatiao formado:

carbocatido 3@rc > carbocatido 24° > carbocatido 1aric
Maior estabilidade Menor estabilidade

-0 efeito indutor influéncia o comportamento como
“bases” dos alcoois

Os substituintes alquilo estabilizam o carbocatiao
formado (por efeito indutor repulsivo)
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Reacoes dos alcoois: Eliminacao

-por desidratacao, os alcoois podem formar alcenos (em
meio acido, com aquecimento)

H,CH - CH,OH — H,C = CH, + H,0

| H,SO
Dehydration | —C—C = >c=c< & H0
H OH
alkene
H;0O is “lost.”
facilidade de desidratacdo Regra de Zaitzev:

terciario > secundario > primario | -
E o carbono menos

hidrogenado que perde

Estabilidade do carbocatiao intermédio o H porque se forma um
terciario > secundario > primario | carbocatiao mais estavel

16/11/2019 © Luisa Louro Martins, ISA 12
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H,SO,
- + HEG
H OH cyclohexene
Cl H H C2 H H
|, HaSO04 o
H—C—C—CH-CH({CH3)2 » H—C—=—C—CH-CH(CHg): + H20
H OH 4-methyl-1-pentene
(1  bonded to C=C, labeled in green)
cC2 H H C3 H H
N H,S0, .
GHE T T UH{GHS}E = an_G:G—'._.H{GHS}E + HED
HO H 4-methyl-2-pentene
(2 C's bonded to C=C, labeled in green)
major product
16/11/2019 © Luisa Louro Martins, ISA
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Ex: sintese do 2-metil-2-buteno a partir do 2-metil-
2-butanol, por desidratacao, em meio acido

CHs;
| H+
HZCI:_ CI: - CH-CH; —
|
H OH H

\4

Alcool terciario
-sofre facil desidratacao

k(%

CHs; -
I

H;C-C=CH-CH; |+ H-OH

-a posicao da dupla depende da estabilidade do carbocatiao

intermeéedio

16/11/2019 © Luisa Louro Martins, ISA 14



A Regra de Zaitsev define a posicao da dupla
ligagao formada:

CHs; CH,
I H+ |
H2C - C - CH-CH3 —> H3C-C=CH-CH3 + H'OH

I

H OH H
CH; A posicao da ligacao
I

dupla € definida

-C - - pela estabilidade do
6= €= CH=CH;, carbocatido

/+ CI)H +\ intermédio

carbocatido carbocatido #Tem maior
primario secundario estabilidade

16/11/2019 © Luisa Louro Martins, ISA 15
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Ex: sintese do 2-metil-2-buteno a partir do 2-metil-2-butanol

Free energy —9»

Carbocatiao -

Dario B
H
Carbocatiao ol /T
34rio R —¢—oiy /
H /
AN ' /
% # .~
/ / tido
&
ct + H,0 f * ALY
N ] fé’ AGT(2°) g
f | |
H /
+ | + 4
R —C—OH, R c—OHWef
= L
_Mi : = 4 ,,_m“f&gf = ,,.,_i ______
2° j I

AG* (3°) < AGH©2°) < Gt (19)

FIGURE 7.9 Free-energy diagrams for the formation of carbocations from protonated ter-
tary. secondary. and primary

secondary < primary.

16/11/2019

alcohols. The relative free energies of activation are tertiary

© Luisa Louro Martins, ISA 16
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6+ A+
R H K H H H
v | o+ v | 5 ‘
s+R & C**O—H b C*=0—H CH0—3
& 5+ | o+ | 5%
R H H
o+
Transition state leading Transition state leading Transition state leading
to 3° carbocation to 2° carbocation to 1° carbocation
(most stable) (least stable)
Carbocatiao

3ério
@ mais estavel

O efeito indutor repulsivo mais acentuado
atenua a carga positiva do catiao intermédio

16/11/2019 © Luisa Louro Martins, ISA 17
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Exercicio:
Qual o composto formado a partir da desidratacao

do 3-metil-2-butanol?
Justifique. CHL

| U
CH,—C—CH—CH, + H,0 (%9
N

2-Methyl-2-butene

CH, (major product)
| H*, heat
2CH;—C H—(lf H—CH, <
OH (|:H3
3-Methyl-2-butanol CH,—CH—CH=CH,; + H,O
3-Methyl-1-butene
(minor product)

16/11/2019 © Luisa Louro Martins, ISA 18
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Write an equation showing the dehydration of each of the following
alcohols. If there are two possible alkene products, indicate which is

the major product and which i1s the minor product.

CH,
a. CH,CH,OH c. n.':Hz_n.':H;éHt:Ha::qur:H3
O
OH OH
b.CHE_f.lZHEI—IJ d. CHJIL:TCI—IE
CH,

16/11/2019 © Luisa Louro Martins, ISA 19
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ALCOOIS: oxidacdo
Ganho de oxigénio

Perda de H
Alcohol Carbonyl compound
O—H O
I O] ||=—A new C—0O bond is formed.
_ETH Y —_—

cC
RN AN
“~Two bonds are broken.

A reacao de

oxidagao permite
diferenciar as trés
classes de alcoois

>

H H H H
| [O] | [O] \ [O] \ [O]
H—r:lj—H e H—t|:—DH — fGZD fGZD — (O0=C=0
H H H HO
4 C—H bonds 3 C—H bonds 2 C—H bonds 1 C—H bond 0 C—H bonds
0 C—0O bonds 1 C—0O bond 2 C—0O bonds 3 C—0O bonds 4 C—0O bonds
Increasing number of C—0O bonds
16/11/2019 © Luisa Louro Martins, ISA
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ALCOOIS primérios:
Primario —2*— Aldeido —2*— Acido

* Primary (1) alcohols are first oxidized to aldehydes (RCHO), which are further oxidized
to carboxylic acids (RCOOH) by replacing one and then two C—H bonds by C—0 bonds.

Replace 1 C—H bond by

r 1 C—0O bond.
OH 0 0
N Y G-
—_— —_— —_—
| R H R~ TOH
H
17 alcohol ald Eh‘y’ﬂt—} GEI"DDI}I'HG acid
Replace 2 C—H bonds by 2 C—O bonds. [

Alcoois primarios sdo facilmente oxidados
Reacao ocorre rapidamente em meio acido na presenca de
agentes oxidantes fracos (KMnO,, K,Cr,0,, HNO;)

16/11/2019 © Luisa Louro Martins, ISA 21
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ALCOOIS secundarios:

Secundario —2X— Cetona —2*— 2 Acidos

+ Secondary (2°) alcohols are oxidized to ketones (R,C0O), by replacing one C—H bond by

one C—0 bond.
OH O
| [O] I
General reaction R—C—H —_— E,GR
R H
R Replace 1 C—H bond
2° alcohol by 1 C-O bond. ketone
OH O
E | CH l.'|} H (O] g
xample a—C— —_—
CH; ~CHaj
CHq
2-propanol acetone

As cetonas nao sao facilmente oxidadas

A reacao ocorre por acao de agentes oxidantes fortes em

condicbes mais enérgicas, KMnO, a quente, H,CrO,, em meio acido
16/11/2019 © Luisa Louro Martins, ISA 99
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ALCOOIS terciarios:

* Tertiary 3° alcohols have no H atoms on the carbon with the OH group, so they are not
oxidized.

R
FI;?—DH
noC—Hbonds -~ R
3* alcohol

Mo reaction

Os alcoois terciarios nao se oxidam

:> Sofrem desidratacao em meio acido
formando alcenos

16/11/2019 © Luisa Louro Martins, ISA 23
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A quimica organica no nosso dia-a-dia

While alcohol use is socially
acceptable, alcohol-related traffic
fatalities are common with irrespon-
sible alcohol consumption. In 2004,
almost 40% of all fatalities in car
crashes in the United States were
alcohol-related.

16/11/2019

14.6A THE METABOLISM OF ETHANOL

When ethanol is consumed, it is quickly absorbed in the stomach and small intestines and then
rapidly transported in the bloodstream to other organs. Ethanol is metabolized in the liver, by a
two-step oxidation sequence. The body does not use chromium reagents as oxidants. Instead,
high molecular weight enzymes, alcohol dehydrogenase and aldehyde dehydrogenase, and a
small molecule called a coenzyme carry out these oxidations.

The products of the biological oxidation of ethanol are the same as the products formed in the
laboratory. When ethanol (CH;CH,0H, a 1° alcohol) 1s ingested, it is oxidized in the liver first to
CH;CHO (acetaldehyde), and then to CH;COOH (acetic acid).

O
CH,CH,—0OH —’[O] u|‘.,|‘: —*[D] é
—
T CHy ™H CHy  “OH
alcohol aldehyde
ethanol dehydrogenase acetaldehyde dehydrogenase acetic acid

If more ethanol is ingested than can be metabolized in a given time period, the concentration of
acetaldehyde accumulates. This toxic compound is responsible for the feelings associated with
a hangover.

© Luisa Louro Martins, ISA 24
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ALDEIDOS e CETONAS

0
-compostos com o grupo carbonilo [l
A
ﬂ _—atleastone H -0 6 o bond
Cr—E o o «—polar bon
O - 12{1/(&#3;2{1 .
__~\O- T 3+
7 R_ C_O
aldeido | trigonal planar
H :I; nucleéfilos electréfilos
i e v
C ST @ 2
R "R ~——two R groups :C:Q S ::u:—[_:]:
S5+ F. F.
cetona  R—C=0" H H R,
Polarizacdo mais | ) =0 S==C =0 e
acentuada R’ H R R 0@
- +—= +—=
Momento dipolar é explicado pelo efeito indutor L=2.29 L=2.3 L=2.2

16/11/2019
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ALDEIDOS e CETONAS: Propriedades fisicas

Forcas intermoleculares determinam caracteristicas fisicas:
ponto de ebulicao (BP) e solubilidade em agua (S)

BP (°C) |S (g/100g dgua)

(CH5),C=CH, 7 0.04
(CH5),C=0 58 Muito elevada
CH5;CH,CH,CH=CH, 30 0.03
CH5;CH,CH,CH=0 76 7

* Low molecular weight aldehydes and ketones (those having less than six carbons) are
soluble in both organic solvents and water.

* Higher molecular weight aldehydes and ketones (those having six carbons or more) are
soluble in organic solvents, but insoluble in water.

16/11/2019 © Luisa Louro Martins, ISA 26
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Dipolo permanente:
Forcas . .9
intermoleculares Oy, polar bond J’ }..‘
/Céij - @9 ., @@

-di -di // / //
dipolo-dipolo CHy | ! ,

acetone @ Y

Oppositely charged ends of the dipoles interact.

A \J
CHs :"
-Pontes de H >C=§) = . .—-{;---v ® - H—éj\:
CHa 9 v H
acetone s 1+ ~ hydrogen bond

16/11/2019 © Luisa Louro Martins, ISA 27
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O ponto de ebulicao (BP) de alcoois, aldeidos e
cetonas é determinado pelas forcas intermoleculares
que se estabelecem entre as moléculas:

* Aldehydes and ketones have higher boiling points than hydrocarbons of comparable size.
* Aldehydes and ketones have lower boiling points than alcohols of comparable size.

CH;CH;CH,CH,CH, CH,CH,CH,CHO CH,;CH,CH,CH,OH
peniane butanal 1-butanol
bp 36 °C bp 76 °C bp 118 °C
Forcas
CH5CH;COCH4 intermoleculares
-Pontes de H

16/11/2019

2-butanone Forcas
intermoleculares

bp 80 °C -dipolo-dipolo

Increasing strength of intermolecular forces
Increasing boiling point

© Luisa Louro Martins, ISA 28



ALDEIDOS e CETONAS

A reatividade resulta de: NEE o B N T
: ~ . C=0  ou CcC=

-polarizacao do grupo carbonilo 4

com momento dipolar elevado

-ligacao dupla C=0

-2 pares de e nao ligantes

-possivel estabilizacao por
ressonancia

Sofre ataque
eletrofilo, adicao

Causam ataque
nucleofilo

Reacoes:
Adicao, Oxidacao

16/11/2019 © Luisa Louro Martins, ISA 29



ALDEIDOS e CETONAS

Nos aldeidos, o carbono do grupo carbonilo tem

maior défice eletrdnico, tornando o carbonilo
mais reativo

Oﬁ_ 0°~
Ce-+

@ w @& W

Este comportamento é influenciado pelo efeito
indutor repulsivo atribuido aos substituintes alquilo

© Luisa Louro Martins, ISA
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Reacoes de oxidacao:
1. Aldehydes can be oxidized to carboxylic acids.
Replace 1 C—H bond by 1 C—0O bond.
Oxidation ‘ﬁ
C {..- [O] C./
R TH R™ TOH
aldehyde carboxylic acid
Examples ‘ﬁ' =|:|}
Aldehydes are easily oxidized KaCraOy o
by oxygen in the air. When CH,CH,CH;~ H CH4CH.,CH;~ ~OH
CH;CH,CH,CHO [putanal] stands at butanal butanoic acid
room temperature, it slowly develops
the characteristic smell of its oxida-
tion product, CHzCH,CH,COOH noC—Hbond |
(butanoic acid), a compound that T KoCry07 No reaction

contributes to the distinctive odor of
human sweat.

16/11/2019

CHsCH3  “CHag

2-butanone

© Luisa Louro Martins, ISA 31
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Oxidacao dos aldeidos pelo Reagente de Tollens:

What product is formed when each compound is treated with Tollens reagent (Ag,O, NH,OH)?

O 0
g b. HOCH d?
. 3 o
CH;~ ~H N

Only aldehydes (RCHO) react with Tollens reagent. Ketones and alcohols are inert to
oxidation.

The aldehyde in both compounds 1s oxidized to RCO,H, but the 17 alcohol in part (b) does not

react with Tollens reagent.

0 0
I Ags0 I

a. c. — C
cHy” 7H NHOH  cHy” 7oH

Replace 1 C—H bond by 1 C—0O bond.

O 0
b. HOCH G’? Agz0 HOCH c’?
: 2 \ NH,OH 2 \
OH

/ H

Only the aldehyde is oxidized.

16/11/2019 © Luisa Louro Martins, ISA 32



Oxidacao das cetonas:
-ocorre por agentes oxidants mais enérgicos

-€X.

CHa—CHEJ[EHCHE

T
Produtos CH; - COOH CH;-CH, - COOH
formados:  CH,-COOH COOH

16/11/2019 © Luisa Louro Martins, ISA 33
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Reacoes de adicao:

2. Aldehydes and ketones undergo addition reactions.

N\
Addition )XG_ 0 +  X—y N o {lj
XN
One bond is broken. Two single bonds are formed.

Reducao:

Recall from Section 12.8 that to determine if an organic compound has been reduced, we compare
the number of C—H and C—0O bonds. Reduction is the epposite of oxidation.

Reduction \G—D [H] —E|}—D
K{ I-li Itl Hs is added.
carbonyl group alcohol
2 C—0O bonds 1 C—0O bond
1 &—H bond

16/11/2019 © Luisa Louro Martins, ISA 34



UJ ussoa

INSTITUTO
L EASIADE (Fd SUPERIOR D
N AGRONOMIA

Reducao é reacao inversa da oxidacao:

oX

Primario g——= Aldeido _°* , Acido
red
) oX o )
Secundario = Cetona » 2 Acidos
red

* Aldehydes (RCHO) are reduced to 1° alcohols (RCH>OH).

= H

N [H]

/c:c:- H—c—{l::
H H H
aldehyde 1° alcohol

+ Ketones (RCOR) are reduced to 2° alcohols (R,CHOH,).

A A
N [H]
=0 Fl—f:—{l::
H

H H

16/11/2019 ketone 2% alcohol 35
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A reducao € reacao inversa da oxidacao:

CHg
&G =0
/!
H

aldehyde

CHaCHo
Y

c=0
CH,CH{

ketone

16/11/2019

Hy

Pd

Pd

H
GHﬂ—c—clza —  CHyCH-OH
H H

1% alcohol

EHglflJHg
CH4CH, ﬁ: O = (CH4CHy,),CHOH
H H

2" alcohol

© Luisa Louro Martins, ISA 36
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Outros compostos com o grupo carbonilo
acidos carboxilicos, ésteres, amidas

T 1 i i
C C C H (or B'
A R~ TOH R~ TOR R ‘“‘*hlr"" (orR)
H (or R')
acido éster amida
carboxilico

General structure

0 0 0
I I I

C C = o, v
R~ TOH ~O~on CH;” ™OH P .‘
)

carboxilico carboxilo

16/11/2019 © Luisa Louro Martins, ISA 37
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ACIDOS CARBOXILICOS: Propriedades fisicas

-Polarizacao da ligacao O-H

-Resultam do estabelecimento de

forcas atrativas pontes de hidrogénio e

dipolo-dipolo entre moléculas

-Estas forcas aumentam o ponto de
ebulicao e favorecem a solubilidade

(acidos carboxilicos tém ponto de ebulicao

elevado por estabelecerem 2 pontes H)

-As organicos de cadeia longa sao

moléculas dipolares

Ex: acidos gordos constituintes dos
lipidos, acidos de cadeias longas, ac.
palmitoleico e ac. palmitico

16/11/2019
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Formacao de 2 pontes de hidrogénio entre 2 moléculas
de acido acético:

hydrogen bond
H\C C//& *‘ .‘"*’r &° H_6\:(: C:;H
H"‘_? :\Q—H @ . ai ’.— \ : Q// \,
hydrogen bond

Formacao de pontes de hidrogénio entre moléculas
de CH;CONH, (amida):

’
CH, 9 H o:
v - ot L -
\ . v ’ 9 3
% ¥ hydrogen bond @
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Consequéncias da formacao de pontes de hidrogenio
nos acidos:

A 2 d * Carboxylic acids have stronger intermolecular forces than esters, giving them higher
Claos - . . . . L
beiling points and melting points, when comparing compounds of similar size.

VS
L4 . 8] O
esteres: Y Y
CHy—C CH4CH:—C
\ AN _ _
OCH4q OH 'hydrogen bonding possible
bp 58 °C bp 141 °C
no hydrogen bonding possible stronger intermolecular forces

higher boiling point

Acidos * Carboxylic acids have higher boiling points and melting points than alcohols of
comparable size.

VS
alcoois: P
CH3CH,CH-0OH GHE—G‘\
oH
1-propanol acetic acid
bp 97 °C bp 118 °C

more hydrogen-bonding interactions possible

16/11/2019 higher bolling point
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Consequéncias da formacao de pontes de hidrogenio
nas amidas:

* Primary (1°) and 2° amides have higher boiling points and melting points than esters and
3% amides of comparable size.

O O O
/ % %
CH;—C H— CH,CH;—
AN Y A N _ _
OCH4q MN(CHg)2 MNH» ‘hydrogen bonding possible
aster 37 amide 17 amide
bp 58 *C bp 153 °C bp213°C

strongest intermolecular forces
highest bolling point
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A polarizacao da ligacao O-H influencia as propriedades

fisicas: ponto de ebulicao e a solubilidade

O ponto de ebulicao aumenta regularmente com o tamanho da
cadeia carbonada (o ponto de fusao nao aumenta regularmente)

HCO,H
CH,CO,H
CH,CH,CO,H
CH,(CH,),CO,H
CH,(CH,),CO,H
CH,(CH,),CO,H
CH,(CH,).CO,H
CH,(CH,),CO,H
CH,(CH,),CO,H

Melting Point

8.4 °C
16.6 °C

-20.8 2C

-5.5¢C

-34.52C

-4.0 °C
-7.5°¢C
16.3 ¢C
12.0¢C

Boiling Point

101 °C
118 °C
141 °C
164 °C
186 °C
205 eC
223 °C
239 ¢C
253 °C

Diminuicao
da
solubilidade
em agua

-ligacdes duplas cis causam abaixamento do ponto de fusao

16/11/2019
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ACIDOS CARBOXILICOS:
reatividade do COOH

-nao ocorre ataque nucleodfilo a ligagao dupla

Devido a estabilizacao por ressonancia, nao ha

polarizagcao acentuada do grupo carbonilo (como se
verifica em aldeidos e cetonas):

NER /B r:r,':'_m
C7<0 W) CH.C{
_,.l'"'r .--"""'“D—].".."-.'

-Carater acido mais acentuado em acidos que em
alcoois
Ex: Etanol Ka=10-16, Acido acético Ka=10-474 ‘
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Acidos organicos sao (acidos) mais fortes que

alcoois e~ A -
-Estabilizacao por ressonancia do iao

carboxilato favorece a forma idnica, pelo que se
dissociam facilmente (maior carater acido):

2 0 L
e’ e CHLC ‘ CHCf

"'-.,%.. - ‘“-"q-{__ 3 £

t._{,j 0: n—12 |

’ . o 0. ™ - ", =
- E o fator de maior o o
importancia para . ot o
explicar a elevada a
acidez dos &cidos Sl e = 0 o
carboxilicos 0 © oo
R_CK R—LC
- Compete com o N W
. . . EE:IE:.] H —y e '.D iy
efeito indutor
small large
resonance stabilization resonance stabilization
note charge separation note charge delocalization
© Luisa Louro Martins, ISA 44
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ACIDOS CARBOXILICOS:
Influencia do efeito indutor na acidez

- A influencia do efeito indutor € maior quanto menor a
distancia ao grupo carbonilo

- Substituintes eletronegativos aumentam a acidez por efeito
indutor atrativo (F > Cl > Br > |)

pK, pK, PK,

HCO,H 3.75 BrCH,COOH  2.90 | CICH,CH,CH,CO,H  4.53
CH,COOH  4.74 ICH,COOH 3.10 | CH,CHCICH,CO,H  4.05
FCH,COOH  2.65 Cl,CCOOH 0.77 | CH,CH,CHCICO,H  2.89

CICH,COOH  2.85 | CH,CH,CH,CO,H 4.82
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ACIDOS CARBOXILICOS: o grupo carbonilo tem carater
eletrofilo que favorece a acidez mas sofre influéncia da

restante composicao:

Alcoois e
acidos

Influéncia
da natureza
do
substituinte:
atrativos e
repulsivos

Influéncia

da distancia
dos
substituintes

16/11/2019

1.

Pk 5

Ha+
&
ol
"
H

15.7

El_
C-H cl O-H
& _ ﬁ+* b
D"ﬁ. a C|+C+(|:E:H
H cl O-H
'El_
11.6 10.0
) H
HaC ot e'_F—-'E'cfll:—-c—cff
R O
io—H H -H
4,74 2.65
H 0
| & I
HaZ—C—C—10C
'+‘ Hz ™
IEI_.:| o-H
4.05
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Exemplo:
Consequéncias do carater acido

i N
G“m G“‘x
= O—H=-, + H,O —/7 0O~ + HZ 01
OCOCH; | OCOCH;
. This proton i
aspirin is removed. carboxylate anion

Why is this acid-base reaction important? To be active, aspirin must cross a cell membrane,
and to do so, it must be neutral, not ionic. This means that aspirin crosses a cell membrane and
is absorbed by the body in its neutral form in the stomach. Whether aspirin is present as its acid
or its conjugate base is thus very important in determining whether it can enter a cell and act as a
pain reliever and anti-inflammatory agent.
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Consequéncias do carater acido:
Formacao de sais por reacao com bases:

i i
General
C + H0 P— C +  Hy07
reaction R 0—H «  No-
carboxylicacid  This proton carboxylate anion
is removed.
. 0 0
Reacao com | X |
C + Na*"OH — C + H—O—H
NaOH CHy” “O—H«. CH;” O~ Na*
acetic acid \_  base sodium acetate
S
This proton is transferred
from he acid o the base, | >0 € Na
Reacao com
o CH-COOH + KOH — |CH,-COOK| + H,0 Il
Sal de K

16/11/2019 © Luisa Louro Martins, ISA 48
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Exemplo:

What products are formed when propanoic acid (CH;CH,COOH) reacts with potassium
hydroxide (KOH)?

AMALYSIS  In any acid-base reaction with a carboxylic acid:
* Remove a proton from the carboxyl group (COOH) and form the carboxylate anion (RCOO™).
* Add a proton to the base. If the base has a —1 charge to begin with, it becomes a neutral
product when a proton (H™) is added to it.
» Balance the charge of the carboxylate anion by drawing it as a salt with a metal cation.

SOLUTION -‘ﬁ* ﬁ
C + KTOH —— cC + H—0O—H
CH.CH,” ~O—H CH,CH,” O K*
propanoic acid \ base The carboxylate anion is

formed as a potassium salt.
This proton is transferred
from the acid to the base.

Thus, CH;CH,COOH loses a proton to form CH;CH,COO™, which is present in solution as its
potassium salt, CH;CH,COO™ K*. Hydroxide ("OH) gains a proton to form H,0.
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Os sais de acidos gordos de cadeia curta formados com
catides monovalentes sao soluveis em agua, ionizando-se:

CH,-COOK — CH,-COO" + K*

Acidos carboxilicos de cadeia superior a 5C sao insoluveis
em agua mas os sais resultantes, formados com catioes
monovalentes, sao soluveis em agua, formando ioes:

0 0
g + Na* " OH —— ;tl + H—O—H
T o e +
CHa(CHp)y O—H CH4(CHy)s O™ Na
octanoic acid base sodium octanoate
The acid has more than 5 C's, so it The ionic salt is soluble in water.

is Insoluble in water.
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O caso dos saboes: Saboes sao sais soluveis de K, Na, Li, de
acidos gordos (acidos alifaticos de cadeia longa nao ramificada)
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¢ The ionic end is called the polar head.

* The carbon chain of nonpolar C—C and C—H bonds is called the nonpolar tail. S&o obtidos
industrialmente
' ‘ por

0 Structure of a soap molecule e
I ~ saponificacao
2SN das gorduras

Na® “0” “CH,CH,CH,CH,CH,CH,CH,CH,CHyCH,CH,CH,CH,CH5CH,CH,CH;, )
o \ naturais
ionic end— %
polar head - 5
a ong, hydrocarbon chain
. d’ d’ d’ d’ o o d’ u:’ nofGolikfae
Q Q
soap
+ - | /
7 >y L E
e ®
-

ABol

S

& 3

— ) soap micelles in Hy0
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nonpolar interior
E o0 caso das
aguas duras??
Ca2+ e Mg2+
_ . polar exterior
solvated by HsO

soap micelle

Cross-section of a soap Q‘
micelle with a grease particle I
dissolved in the interior
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Reacoes de substituicao nos acidos organicos:
-Formacao de ésteres e amidas

0 1 i
C C C H (or B’
R TOH R™ TOR' R ‘“‘*hlr"" (orR)
H (or RY)
acido éster amida
carboxilico
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Amidas:
General structure "ﬁ" El:’ ﬁ"
O C H C R' C R
E!: H,-‘" "'-.ITI..--‘ H,-'" ""-.riJ..r-" FI..--* "'--.PI"I.--"‘
R~ CNRj H H R
amide 17 amide 2° amide 3® amide
H' = H or alkyl 1 C—N bond 2 C—N bonds 3 C—N bonds
Formacao:
Amide formation ﬁ A E|}
C + H—N—R' C + H—OH
R™ TOH | R™ “NR,
HI
carboxylic acid R'= H or alkyl amide

* Reaction of RCOOH with NH; forms a 1° amide (RCONH,). Amida primaria
* Reaction of RCOOH with R'NH, forms a 2° amide (RCONHR'). Amida secundaria
* Reaction of RCOOH with R';NH forms a 3° amide (RCONR's). Amida terciaria
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Examples i \ i
C + H—MNH: —= C + H—OH
CH;  “OH : CH:  “NH,
acefic acid ammonia 17 amide
O O
Elé H—MN—CH = l.'lfl: H—OH
+ —MN—CHy; ——— + —
CH; ~OH | ) CH;  “NHCH,
H
acetic acid methylamine 2" amide
O O
g H—MN—CH = g H—OH
+ —N—CHy; —— - —
CH;  ~OH : CHi  “N(CHa)s
H,
acetic acid dimethylamine 37 amide
16/11/2019 © Luisa Louro Martins, ISA 55
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Reacoes de substituicao nos acidos organicos:
Esterificacao: formacao de ésteres

i i
Substitution ;Ga L H—Y fcx + H—7
R Z R Y
\— Y replaces Z. J
Z = OH, OR', NR's Y = OH, OR', NR';

Formacao de ésteres: reacao de acidos e alcoois
em meio acido (o equilibrio favorece a formacdo do éster)

O HoS0, O
Ester formation | + H—OR | + H—OH OR' replaces OH.
R G“‘GH R™ G“DH' ~
o A reacao inversa
acido | |alcool éster da esterificagdo é a
HIDROLISE
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Esterificacao entre um acido organico e o etanol em
meio acido:

Atague do acido ao praton e
atague do Alcool a0 carbono polarizado Saida de uma

/—/\ D& sproton acio maléoula de agua
OH 0—H
0 + | TH+ s

ch—c’f’? + H,C—CH,—OH L HC- ‘3 OH H,C—C—QH

. I
Q"_/// H,C— CH,— g O H,C— CH,—O

0
o
—~ ch_ CH + HOH
D - CHE_ CHg

Etanoato de etilo
(éster)
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EX:
Q H.SO,
| + H—OCH,CHg | + H—OH
,--"G“x ,--"CH.
CHa OH CHa OCHzCHj3 CONSUMER NOTE
acetic acid ethanol ethyl acetate Ethyl acetate is a common organic
solvent with a very characteristic
odor. It is used in nail polish remover
O O and model airplane glue.
| |
C C
e HoS50, et
| N OH 4+  H—OCH, —— OCH; 1+ H—OH
P
benzoic acid methanol methyl benzoate
Sintese do acido acetilsalicilico:
CO0OH COQOH
0 H.SO, S 0
- g P — E + H—OH
O—H HO” “CHa = {:rf\“‘““l:H3

salicylic acid acetic acid aspirin " new C—O bond

16/11/2019 © Luisa Louro Martins, ISA 58



UJ ussoa

INSTITUTO
L EASIADE (Fd SUPERIOR D
N AGRONOMIA

Exercicios:

E1l.

What ester is formed when each carboxylic acid is treated with ethanol (CH;CH,OH) in the
presence of H,50,7

O

0
¢ b. HCO,H r.'% d <_>me
d. . o C. . 2
(CH3),CH™ ~OH CHa(CHp)g~ OH

E2.

Methyl salicylate is the major component of the oil of wintergreen (Section 17.5). What
carboxylic acid and alcohol are needed to synthesize methyl salicylate by Fischer esterification?

: :GDGGHS
OH
methyl salicylate
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Hidrolise dos ésteres:
i i
Ester hydrolysis |~ __C. =~ + H—OH —— _C_ _ ~+ H—OR |OH replacesOR.
ester
Hidrolise dos ésteres em meio acido:
-reacao inversa da esterificacao
O O
é H—OH H—'ﬂ é H—OCH-CH
CHY SOCH,CHy cHy “om | o
aster carboxylic acid alcohol
Hldrgllse dos est.e_res em meio alcalino: Quando se
-reacao de saponificacao formam
EI} ? sabdes?
C C
ha S +
OCH O N
O/ * + h—on M Q/ | + H—0CH,
ester carboxylate anion alcohol
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Reatividade dos COMPOSTOS AROMATICOS

- Sao compostos insaturados
« 6 ligacOes idénticas
« 6 e r partilhados por 6C

 anel benzénico muito estavel - 36 kcal mol-t

- Ocorrem preferencialmente reacoes
de substituicao

- Nao ocorrem reacoes de adicao
(como nos alcenos)

’ H
X
Addition - | + X—Y
does not occur. S
H Y
H

/"\
¢ @ @
® -0
20 %
140 pm &

Hibridacédo sp2

The product is not aromatic.

16/11/2019 © Luisa Louro Martins, ISA
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A quimica organica no nosso dia-a-dia:

The chlorination of benzene is the first step in the two-step synthesis of the pesticide DDT
(dichlorodiphenylirichloroethane).
GCIE,

Cl,CCHO
+ c, — Cl
FeCl, H,S0,

DOT
(nonbicdegradable pesticide)

DDT is an organic molecule with valuable short-term effects that has caused long-term prob-
lems. DDT kills insects that spread diseases such as malaria and typhus, and in controlling insect
populations, DDT has saved millions of lives worldwide. DDT is a weakly polar and very stable
organic compound, and so it (and compounds like it) persists in the environment for years. Since
DDT is soluble in organic media, it accumulates in the fatty tissues of most animals. Most adults
in the U.S. have low concentrations of DDT (or a degradation product of DDT) in them. The
long-term effect on humans is not known, but DDT has had a direct harmful effect on the eggshell
formation of certain predator birds such as eagles and hawks.
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Reacoes de substituicao sao as mais q?@m
frequentes nos compostos aromaticos

H ¥
S
Substitution + X—Y — | + H—Y
"

substitution of H by X

CH;
A substituicao do H no anel

it (o) Ortho Ortho (o)
aromatico por Br, CI, NO,
mantém as caracteristicas

aromaticas do composto final (m) Meta Meta (m)

Para (p)
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Orientacao nas reacoes de substituicao

There are three different ways that two groups can be attached to a benzene ring, so a prefix—

ortho, meta, or para—is used to designate the relative position of the two substituents. Ortho,
meta, and para are also abbreviated as o, m, and p, respectively.

1.2-Disubstituted benzene 1,3-Disubstituted benzene 1,4-Disubstituted benzene
ortho isomer meta isomer para isocmer
CH;CHj4 CHzCH4 CH5;CH4
CH,CH
2 3 P
=,
CH;CHy
CH5;CH4
ortho-diethylbenzene meta-diethylbenzene para-diethylbenzene
or or or
o-diethylbenzene m-diethylbenzene p-diethylbenzene
ar or or
1,2-diethylbenzene 1,3-diethylbenzene 1.4-diethylbenzene
16/11/2019 © Luisa Louro Martins, ISA
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Reatividade dos COMPOSTOS AROMATICOS:

A substituicao eletrofila no anel benzénico ocorre
devido a forte densidade eletrdnica do anel (ex:
halogenacao)

H
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Substituicao eletroéfila do H pelo Cl no anel benzénico:
O benzeno reage com o Cl, na presenca de catalisador
(FeCl;) e forma o clorobenzeno:

H SN Cl
Chlorination +  Cl—C] - . + H—CI
FeCl, =

chlorobenzene

Nitracao do anel benzénico:
Substituicao eletrofila do H pelo NO, (O= N O)

NOZ_OH

H NO
+ HNO - + H—OH
Nitration ©/ 5 0. Q/

nitrobenzene
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Os grupos substituintes do anel benzénico
influenciam a posicao dos substituintes:

eletrofila

substituicao
orto/para

orientador

“@Ng

+'H

NG

..--"3

5

Nitration is a very valuable reaction because nitro groups are readily converted to amino groups,
(NH,) with H; and a palladium catalyst.

Adicao de
(NO,-OH)

acene ncid

+ HNO, ——

grupo

OH é

acentua d

densidade eletréonica nessas posicoes (2 e 4),
tornando esses carbonos mais reativos

ey

OH

16/11/2019
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Os grupos substituintes do anel benzénico
influenciam a posicao dos substituintes:

# Na substituicao eletrofila, o grupo COH € meta orientador,
cria défice eletrénico nas posicoes orto e para tornando
esses carbonos menos reativos

0, _H 0, _H
-é assim que facilita a N Adiggode " Fomaggo
substituigao NO,-OH de H-OH
eletrofila na posicao HNO; = |
H,50,
meta = NO.
”-H -~ !‘H“-. Ay {-:I-.'.'I—

B C" [5 O (H kl
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Os grupos

/—- meta director

substituintes do anel 4
benzénico influenciam NO,

a orientacao da
posicao dos
substituintes:

16/11/2019

FEEfg

a
O grupo NO, é /)
meta orientador

@ By
I

meta position only

O grupo NH, é orto/para
orientador

? A~
\_
@ e e
I W |
g

© Luisa Louro Martins, ISA
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Os grupos substituintes do anel benzénico alteram o momento

dipolar e influenciam a reatividade por interacao de dois efeitos:
-efeito indutor atrativo (elementos eletronegativos)
-estabilizacdao do anel por ressonancia envolvendo os pares de eletroes

nao emparelhados

-Substituintes favorecem orientacao orto e para enquanto outros
favorecem a orientacao meta

substituintes que
ativam o anel
benzénico para
ataque eletrofilo

O

R i—
1.32

Activating Substituents

1.45 1.20

-t
0.4

sao orto e para
orientadores

(—OH, —OR,
—NH,, —CHs, —R,
—C¢Hs)

substituintes que
tornam o anel

benzénico menos

suscetivel de L
ataque eletrofilo 3.97

Deactivating Substituents

O oo

+—= 4
3.90 1.91

ar

+—3=
1.56

sao meta
orientadores

(NO,, —CH,Cl,
CHO, CO—R,
COOH)

16/11/2019
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FENOIS: reatividade

Deslocalizacao dos eletroes n

no anel benzénico é

responsavel pelas reagoes de

substituicao

Comportamento de acido
devido a polarizacao da
ligacao O—H

-carater acido € favorecido
pela orientacao orto e para
em relacao ao grupo OH (ex:
NO,)

-carater acido é favorecido

pela estabilizacao por
ressonancia do iao fenolato

16/11/2019

oOH

Pk

oOH

[ [
K

Energy

Fesonance
stabilization ™
of phenal

PKa 7.2 8.3 4.1
/

2H 2H OH OH
DCHo Cl
(] CHz
10.0 10.2 a2 s
oH OH OH
i M2 (PR MO 2
M
MOz MOz
L —» 0.3

i=)

D shabilization
@ of phenal ate

cyclohexanol
phenal
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Os fenodis tém um carater acido mais forte que os
alcoois (e ndo formam ésteres por reacdo com os acidos):

i e — _
CH;CH,O—H ——= H" + CHiCH,O: K, =10"'%(pK, = 16)
T -
O—H+—= H" + O: K, =10""{pK, = 10)
[ArO] . [HY]
K, =
[ArOH]

Estabilizacao do ArO- por ressonancia

:i:'wj -0 0 0
H H I H H H H_. H
— :]' — L4 >
H H H™ ™% H H™ &7 "H H H
H H H

H
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Exercicio E1: —
Explique porque se formam os seguintes produtos a
partir do fenol: activating
OH OH
O,N NO
HNO HNO,
H 80, H, so sto;
NO,
phenol deaotwatmg plcric acid

(CRal-2ats
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Aminas

H—ili—H FI—f*I:I—H
H R

Amina Amina

primaria secundaria

Fr:—fifl—n
FI

Amina
terciaria

* A primary (1°) amine has one C—N bond and the general structure RNH,.
* A secondary (2°) amine has two C—N bonds and the general structure RoNH.
* A tertiary (3°) amine has three C—N bonds and the general structure R4N.

Exemplos

de aminas:

Amina terciaria
N-substituida

16/11/2019

CH3NH> =  CHj N""'H
methylamine H
109.5°
N'u
(CHg)3N = CHj “CH,q
trimethylamine CHq
109.5°

© Luisa Louro Martins, ISA
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Y

v
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74



UJ ussoa

INSTITUTO
L EASIADE (Fd SUPERIOR D
N AGRONOMIA

Aminas: propriedades fisicas

* In comparing compounds of similar size, 1° and 2° amines have higher boiling peints

than compounds incapable of hydrogen bonding, but lower boiling points than alcohols

that have stronger intermolecular hydrogen bonds. o

(s
&)
CH3CHoOCHoCHa CHaCHoCHoCHoNH, CHaCHoCHoCHoOH
diethyl ether 1-butanamine 1-butanol =
bp = 38 °C bp = 78 °C bp = 117 °C

-y

Increasing intermolecular forces
Increasing boilling point

Aminas primarias e

7 . intermolecular
secundarias

hydrogen bonding
estabelecem pontes de i
H, embora mais fracas s M i %Qv‘jt' e _ \¢
que com o oxigénio 8 i f - Y “NeH,
¢ *1
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Aminas terciarias dificilmente estabelecem pontes
de H pelo que apresentam pontos de ebulicao
menores que aminas primarias e secundarias

-apenas aminas 3arias com menos que 6 C sao soluveis em
agua

¢ Tertiary (3°) amines have lower boiling points than 1° and 2° amines of comparable size,
because they have no N—H bonds.

-
3° amine CH4CHoN(CHa)a CHaCHo—N—CHoCH;  2° amine
no N—H bond bp = 38 °C bp = 56 °C N—H bond

higher bolling point

Amines are soluble in organic solvents regardless of size. Amines with fewer than six carbons are
water soluble since they can hydrogen bond with water. Larger amines are water insoluble since
the nonpolar alkyl portion is too large to dissolve in the polar water solvent.
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A gquimica organica no nosso dia-a-dia:

cafeina e nicotina sao alcaldides CONSUMER NOTE
Sao aminas heterociclicas de origem vegetal y

i

Caffeine and nicotine are widely used stimulants of the central nervous system g

3
Nf’h‘N> < )_<; _\_

Some chocolate bars contain as
much caffeine as a 12-0z can of

caffeine nicotine cola.

TABLE 181 Average Caffeine Content in Common Foods and Drugs

Product Serving Size Caffeine (mg)

Coffee, brewed 8oz 133

Coffee, instant 16 0z 47

Coffee, decaffeinated 8oz 5 1 oz
28 mL

Tea, brewed 8oz 53

Coca-Cola Classic 12 0z 35

Diet Coke 12 0z 47 77
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Aminas: reatividade

As aminas sao bases (bases fracas)
(aceitadores de protdes, dadores de eletroes)

-carater basico resulta da presenca de um
dupleto livre no N
. H

-C-N
| ..\H

Ataque por acidos /
e eletrofilos
(carater basico)

This electron pair forms

_——anew bond fo a proton. H
f

Y
H—N—H + H—0—H +=—= H—N*H
H N H

ammonia This proton is removed.

General
reactions

Ataque por bases
(carater acido)
-pouco acentuado

Q..
N

+ ‘:@Z:J—H

ammonium ion
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As aminas reagem com acidos fortes formando sais
soluveis em agua:

-a reacao ocorre por ataque eletrofilo devido a presenca de um
par de eletroes no N

Example

16/11/2019

H
rr |
CH;—N—CHy+ H—Cl =—— CH,—N*-CH, + CI

CHa CHa

Amina :
terciaria This proton is transferred
from the acid to the base.

positively charged
ammonium ion chloride anion
|
. ] N v
CH,CH;,CH;—N—H + H—Cl ——— CHyCH,CH;—N—H + CI™
g~ | g Mgrp |
H H
[

ammonium salt
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Influéncia dos substituintes na reatividade

das aminas: Carater basico aumenta

O efeito indutor

. H F:J RI’
repulsivo dos 0 Ng*’ 0 Ha_—*’ o N'-f
radicais alquilo RH ‘&H ;“F:“
acentua a
densidade Primaria Secundaria Terciaria
eletrénica sobre o Reatividade aumenta

azoto

As aminas aromaticas sao menos reativas (menor carater
basico) pois ha menor densidade eletronica sobre o azoto:

:NH “NH *NH N Y
L SLE L L T = . Apresentam '
—s O - s Q - car_ater acido {7
H H H H B Tl H H mais acentuado
H H H H

do que as aminas

O par de eletrdes estda menos presente sobre o alifaticas
16/11/2019 azoto devido ao efeito de ressonancia



