Capitulo 18
Acidos Carboxilicos e Derivados.
Adicao Nucleofilica-Eliminacao no
carbono Acila



¢ Introducao

=» O grupo carboxilico (-CO,H) é da mesma familia de compostos
denominados de acila ou derivados de acidos carboxilicos

Structure Name Structure Name
0 0
C Acyl (or acid) chloride C
R cl R” NH,
T 0
C Acid anhydride C Amide
B O TR R~ “NHR’
0 0
C R’ Ester C
R Do~ R~ > NR'R"
R—C=N Nitrile
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¢ Nomenclatura e Propriedades Fisicas

=» Na nomenclatura IUPAC o nome dos acidos troca-se o terminal o
do alcano por oico
O carbono carboxilico € a posicao 1

1 ]

6 5 4 3 2 ” 6 5 4 3 2
CH3CH2(|?HCH2CH2COH CH,CH=CHCH,CH,COH
CH,
4-Methylhexanoic acid 4-Hexenoic acid
(or hex-4-enoic acid)
= Os nomes comuns continuam em uso
P Metanoico e etanoico sao acido férmico e acido acético

= Acidos Carboxilicos formam ligacdes de hidrogénio fortes entre
eles e com a agua

Acidos Carboxilicos com até 4 carbonos sdo misciveis em agua em qualquer
proporgao
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Tabela 18.2 Acidos Carboxilicos

Solubilidade em Agua
p.f. p.e. (g 100 mL™! de H,0)

Estrutura Nome Sistemaético Nome Comum (°C) (°C) 25°C pK,
HCO,H Acido metanéico Acido férmico 8 100,5 % 3,75
CH,CO,H Acido etandico Acido acético 16,6 118 o 4,76
CH,CH,CO,H Acido propandico Acido propidnico -2 141 ® 487
CH.(CH,),CO,H Acido butanéico Acido butirico -6 164 o0 4,81
CH,(CH,),CO,H Acido pentanédico Acido valérico - 34 187 4,97 4,82
CH,(CH,),CO,H Acido hexanéico Acido capréico -3 205 1,08 4,84
CH,(CH,),CO,H Acido octandico Acido caprilico 16 239 0,07 4,89
CH,(CH,);CO,H Acido decanéico Acido cdprico 31 269 0,015 4,84
CH,(CH,),,CO,H Acido dodecanéico Acido l4urico 44 179'¢ 0,006 5,30
CH,(CH,),,CO,H Acido tetradecan6ico Acido mirfstico 59 200% 0,002
CH,(CH,),,CO,H 1§cido hexadecandico é.cido palmitico 63 219" 0,0007 6,46
CH,(CH,),,CO,H Acido octadecanéico Acido estedrico 70 383 0,0003
CH,CICO,H Acido cloroetanéico Acido cloroacético 63 189 Muito soldvel 2,86
CHCLCO,H Acido dicloroetanéico Acido dicloroacético 10,8 192 Muito solivel 1,48
CCLCO,H Acido tricloroetanéico Acido tricloroacético 56,3 198 Muito soldvel 0,70
CH,CHCICO,H Acido 2-cloropropanéico Acido a-cloropropidnico 186 Soldvel 2,83
CH,CICH,CO,H Acido 3-cloropropandico Acido B-cloropropidnico 61 204 Soliivel 3,98
CH;CO,H é.cido benzéico Acido benzéico 122 250 0,34 4,19
p-CH,.CH,CO,H Acido 4-metilbenz6ico écido p-toluico 180 275 0,03 4,36
p-CIC,H,CO,H Acido 4-clorobenzéico  Acido p-clorobenzéico 242 0,009 3,98
p-NO,C,H,CO,H Acido 4-nitrobenzéico  Acido p-nitrobenzéico 242 0,03 3,41

CO,H Acido 1-naftGico Acido a-naftéico 160 300 Insolivel 3,70

s
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® Acidez dos Acidos Carboxilicos

=>» O proton carboxilico é o mais acido e tem pK,=4-5

# Acidos carboxilicos sdo facilmente desprotonados hidroxido de sodio o
bicarbonato de sédio formando sais de carboxilatos

¢ Sais Carboxilicos sdo mais soluveis em agua do que o acidos

0 O
[ H,0 |
COH + NaOH —— CO~Na* + H,0
Benzoic acid Stronger Sodium benzoate Weaker
(water insoluble) base (water soluble) acid
Stronger acid Weaker base
0 (0
[ H,0 [
COH + NaHCO, — CO~Na* + CO,t + H,0
(water insoluble) Stronger (water soluble) H,CO,
Stronger acid base Weaker base Weaker

acid

= Grupos retiradores de eletrons vizinhos ao grupo carboxilico
aumenta a acidez do acido carboxilixo
? Eles estabilizam o anion carboxilato por deslocalizacdo indutiva da carga

Cl Cl H H
Cl<$—C02H > c1<c|:—C02H > Clé(lt—cozH > H—?—COQH

Cl H H H
Pk, 0.70 1.48 2.86 4.76
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® Acidos Dicarboxilicos

= Acidos Dicarboxylicos sdo denominados de acidos alcanodidicos
no sistema IUPAC

= Common names are often used for simple dicarboxvlic acids
Tabela 18.3 Acidos Dicarboxilicos

pK,
(a 25°C)
Estrutura Nome Comum p.f. (°C) pK, pK,
HO,C—CO,H Acido oxlico 189 dec 12 4,2
HO,CCH,CO,H Acido malénico 136 29 5,7
HO,C(CH,),CO,H Acido succfnico 187 4,2 56
HO,C(CH,),CO,H Acido glutérico 98 43 54
HO,C(CH,),CO,H Acido adipico 153 4,4 56
¢is-HO,C—CH=CH—CO,H Acido maléico 131 1,9 6,1
trans-HO,C—CH=CH—CO,H Acido fumdrico 287 3,0 44
@[CO:H Acido ftalico 206-208 dec 2,9 54
CO,H
CO,H Acido isoftalico 345-348 3,5 4,6
CO,H
CO,H Acido tereftalico Sublima 3,5 4,8
CO,H
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® Esteres
= Os nomes dos ésteres sao derivados dos nomes dos acidos
carboxilicos correspondentes e do alcool que esterifica

=» Esteres, nao formam ligacdes de hidrogénio eentre eles portanto

tem menor ponto de ebulicdo do que os acidos carboxilicos e sao
bastante sollUveis em agua

Tabela 18.4 Esteres Carboxilicos

pf. p.e. Solubilidadeeongna

Nome | Estrutura °C) (°C) (g 100 mL-" 2 20°C)
=ormato de metila HCO,CH, -99 ;1{5 g:)?;t‘c:eslolﬁvel
=ormato de etila HCO,CH,CH, =19 . 2
s-etato de metila CH,CO,CH, ~ 29 > 7,39 e
sc2tato de etila CH,CO,CH,CH, = 8% ) 1:89
scetato de propila CH,CO,CH,CH,CH, - 94 v o Yos s
s.cztato de butila CH,CO,CH,(CH,),CH, = = 1,75
3-spanoato de etila CH,CH,CO,CH,CH, —73 e M
3zznoato de etila CH,(CH,),CO,CH,CH, -93 . o
#=ntanoato de etila CH,(CH,),CO,CH,CH, - 91 e he
“=vanoato de etila CH,(CH,),CO,CH,CH, | J ?g i 0: =
3enzoato de metila C¢H,CO,CH, - . S
3enzoato de etila —— — €4H,CO,CH,CH; =3 - < S I
soztato de fenila CH,CO,C(H; o s GF e
salicilato de metila 0-HOCH,CO,CH, =5 ¢
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® Anidridos de acidos carboxilicos

=» Esses sdo denominados retirando o termo acido e substituindo-o
por anidrido

@) 0
O
v / I ]
H3C——C\ HzC—C\ (.\ chl/ .\O
(@]
(@) (8] O (0]
Anidrido acético Anidrido succinico, Anidrido ftalico, Anidrido n:aléico,
(anidrido etanéico), p.f. 121°C p.f. 131°C - p.f. 53°C

p.f. —73°C
Cloretos de acidos

=» Os cloretos de acila sdao denominados retirando —ico do e
adicionando cloreto —ila

@)
I | I o
CH,C—ClI CH.CH.C—U C,H,.C
Cloreto de acetila Cloreto de propanoila, Cloreto de benzoila,

(cloreto de etanoila) pf. —94°C; p.e. 80°C p.f. =1°C; p.e. 197°C

p.f. —112°C; p.e. 51°C
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® Amidas

= Amidas sem substituintes no nitrogénio sado nomeadas
substituindo acido -ico ou oico por amida
? Grupos no nitrogenio sdo nomeados como subatituindo localizando —os no N ou

N,N-
(II) (II) s (I)
CH,C—NH, CH,C—N CH,C—NHC,H;
\C H,
Acetamida N,N—Dimetilacetamida, N-Etilacetamida,
(etanamida), p.f.—-20°C; p.e. 166°C p.e. 205°C

p.f. 82°C; p.e. 221°C

O O
H
s I
CH,C—N_ C—NH,

CH,CH,CH,

N-fenil-N-propilacetamida, Benzamida,
p.f. 49°C; p.e. 266°C a 712 torr p.f. 130°C; p.e. 290°C

= Amidas com um ou dois hidrogénios no nitrogénio formam
ligacdes de hidrogénio muito fortes e tem alto ponto de fuséo e
ebulicéo
# Amidas N,N-dissubstituidas ndo formam ligacdes de hidrogénio entre si e tem
menor ponto de fuséo e ebulicao.
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=» Ligacao de hidrogénio entre amidas em proteinas e peptideos sao
importantes na determinacéo da estrutura terciaria dos mesmos.

0]
)]\ R,
R ITI/
5+ H.
.-. 6._
O
/“\ R,
R ITI/
H
Hydrogen bonding (red dots) Hydrogen bonding between amide groups of peptide
between amide molecules chains. This interaction between chains (called a
B sheet) is important to the structure of many proteins.
® Nitrilas

=» Nitrilas aciclicas sao denominadas adicionando o sufixo —nitrila
ao nome do alcano

=» A nitrila é o carbono 1
? Nome popular da Etanenitrila é a acetonitrila

2 1 3 2 |
CH,—C=N: CH,=CH—C=N:

Ethanenitrile Propenenitrile
(acetonitrile) (acrylonitrile)
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® Propriedades Espectroscopicas do compostos Acilas

=» Espectros no infravermelho

¢ Estiramento da carbonila varia de fequencia ade acordo com o tipo do derivado
de acido carboxilico

/2 |

Functional Group

Approximate Frequency Range

Estiramento O-H do acido carboxilico da uma banda larga entre 2500-3100 cm!
Estiramento N-H de amidas acontecem em 3140-3500 cm!

1840 1820 1800 1780 1760 1740 1720 1700 1680 1660 1640 1620 1600

(em™)
. : 1815-1785
Acid chloride 18001770 (conj.) [ —-——
. . 1820-1750 _ !
Acid anhydride 1775-1720 (conj.) IR (Txln-ro ?—IO albsolrptllonsl)
T 1750-1735 Also C—0 (1300-1000);
1730-1715 (conj.) - no O—H absorption
Cxbenilisndd ~1760 or 1720-1705 (monomen)| | (dimer)| Also C—0 (1315-1280)
AR ISAE 1710-1680 (coni.) and 0—H (~3300, broad)
1740-1720 -l 1l ]
Aldehyde 1710-1685 (conj.) b 1| Also C—H (2830-2695)
Ketr 1720-1710
clofie 1685-1665 (conj.) B
Amide/lactam SRR T e
(solution)
Carboxylate salt =2E0-R0R0 (|'I'w~:|) Clzolab?orpl)tio]ns)
*Orange bars represent absorption ranges for conjugated species.
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=» Espectros de RMN delH

=» Os hidrogénios « dos acidos carboxilicos e seus derivados em &
2.0-2.5

?__O arupo carboxilico ressonaem 8 10-12

CH3 == CH2 e C === OCH3
@ (0 () —

T

— — (b)
24 22 1.2 1:0 J ﬂ _J TMS
A

w,

g |

(c)

P L TR B : ! P | Ls Lo ains .

8 7 6 5 4 3 2 1 0
3y (ppm)

=» Espectros de RMN de 13C

# O sinal do carbono carbonilico de 4cidos carboxilicos e seus derivados aparecem
em § 160 to 180

O
/

/ / /
H,C—C H,C—C H,C—C H,C—C H,C—C=N
\ \ by \
OH OCH,CH, Cl NH,
0177.2 0170.7 01703 0 172.6 01174 12
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¢ Preparacao de acidos carboxilicos
® Oxidacao de alcenos

1) KMnO,, OH"
RCH=CHR' = Eeai > RCO,H + R'CO,H
(2) H,0'
- , _(1Os ’
RCH=CHR' ——— RCO,H + R'CO,H
(2) H,0,

® Oxidacéo de aldeidos e alcoois primarios

1) Ag,O or Ag(NH;), OH™
R e AR U . R
) H;0

(1) KMnO,, OH"

heat
(2) H;O™

RCH,OH RCO,H

H,CrO,

R— CHO or RCH,0H 45 RCO,H

® Oxidacao de alquilbenzenos

1) KMnO,, OH™
O-en2mar. ()-com
(2) H,0"
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® Por oxidacdo do anel benzénico

O
(1) 0,, CH,CO,H _ I
5 (2) H,0, ’

R—CH R—COH

® Por oxidacao de metil cetonas ( reacao do Haloformio)

O
| (1) X,/NaOH _ ”

Ar” OcH, @HOT A" OH

® Por hidrdlise de cianoidrinas ( alfa hidroxi acidos) e
outras nitrilas

R R OH OH
e N 7 HA |
C=0+HCN=—= (C ——>R—C—CO,H
P Pl H,O0 | “
R’ R’ CN R’

Chapter 18
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? Haletos de alquila primarios podem reagir com cianeto e formar nitrilas e estas
hidrolizam a acido carboxilicos

NaCN (1) OH", H,O
HOCH,CH,CI W HOCH,CH,CN %) H.O —> HOCH,CH,CO,H
 (75-80%)
NaCN . . HO* . .
BrCH,CH,CH,Br ('/'I—T‘)) NCCH,CH,CH,CN m HO,CCH,CH,CH,CO,H

® Por carbonilacdo de Reagentes de Grignard

?H} (|*.H_‘ CH,
Mg (1) CO, :

CH;——(l‘——CI =6 CH_xcl‘Mi_Cl YT CH,(IfL()lH
CH. CH, CH,

(79-80% overall)

1) CO,
CH,CH,CH,CH,CI CH,CH,CH,CH,MgCl -5+ CH,CH,CH,CH,CO,H
(80 %
Mg (1) CO, —
@»Br—ao—» @»McBr T @(()zu
(85%)
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¢ Adicao Nucleofilica — Eliminacao no carbono

acila

= Lembramos que os aldeidos e cetona sofre adicao nucleofilica na
dupla ligacdo carbono oxigénio

. N\ Nu Nu
" A, - | L . . —
C=0. + Nu:- = C—0:-— C—O + Nu:~
R” R/ R/
R R

ﬂ

Adicao nucleofilica

=>» O grupo carbonilico dos acido e seus derivados sofrem adicao-
eliminacao
# The nucleophile reacts at the carbonyl group to form a tetrahedral intermediate
? The tetrahedral intermediate eliminates a leaving group (L)

H
\
R Nu* Nu Nu
¢ (n. e S L \ :
C=0. +:Nu—H—7— C—0i~— s i 0. + HL
/ . o / .. '
L R/ R/ ’
L Hl.~
# B J
v
adicao eliminacao
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=» Para sofrer adicdo-eliminacao nucleofilica o composto acila tem

que ter um bom grupo de saida
¢ Cloreto de acila reage com perda do ion cloreto
? Anidridos reagem com perda de ion carboxilato

Specific Example
‘0 10 O
/2 . \J ¥ / -
R—Ce«/+:0—H=—=R—C——O0—H —R—C LTS
Cl: g G H ’?5—H
Loss of the H
chloride ion /
as a leaving H,0 l
rou "
group ‘O
// o
R—C\ + H,0
O—H

Chapter 18
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=» Esteres, acidos carboxilicos e amidas generamente reagem com a
perda de grupos de saida como alcool, aguae amina
respectivamente.

? Esses grupos de saida s&o gerados por protonagao do composto acila

=> Aldeidos e cetonas nédo reagempor este mecanismo porgue nao

possuem grupo de saida bons

: (|) 5 //O \
R—C|—Nu%R—C + H:-
Hydride
gH Nu ion These reactions
" . . rarely occur.
R—(li—Nu%R—C + R:-
Alkanide
gR Nu ion

Chapter 18
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® Reatividade relativa dos compostos de acila:

O O O O
/ YA / Y
R—C >R—C >R—C > R—C
\ \ X !
Cl O OR’ NH,
/
R'—C
\
O
Acyl Acid Ester Amide

chloride anhydride

= Em geral areatividade esta relacionada a facilidade de saida do

grupo abandonador (L)
¢ Facilidade de saida é inversamente relacionada a basicidade
# Cloreto € mais fraco e o melhor grupo de saida
? Aminas sdo bases mais fortes e 0s piores grupos de saida

=>Via de regra os compostos acilas podem ser sintetizados

osapartir dos mais reativos.

? Sinteses de derivados de acila a partir de derivados de acila menos reativos
edificil e necessita de reagentes especiais.
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¢ Cloretos de acila

® Sintese de cloretos de acila

=>» Cloretos de acila sao feitos de acidos carboxilicos por reacdo com
cloreto de tionila, tricloreto de foforo ou pentacloreto de fosforo

¢ Eses reagentes agem pois transformam o grupoo hidroxila do &cido num bom
grupo de saida

O 0)
RCOH + SOCI, —> R—C—Cl + SO, + HCl
Thionyl chloride
(”) O
3RCOH -+ PCl, —> 3 RCCl + H,PO,
Phosphorus
trichloride
(”) O
RCOH + PCl, —> RCCl + POCI,; + HCI
Phosphorus
pentachloride
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. B
R/ \O/ Cl/ R/ \O/Yl
| “Cl
H
Cl (ORiN :Cl: o) Cl
c”:5 é R c| : s/ (“: 0 9/\]
+ ——> R—C—0— — - —
R AN Do [~ % <N [ %
| c:H O 'H O |
:(:::]:—

Protonated acyl . )
chlorosulfite HCI + SO,

® Reacdes de cloretos de acila

=» Cloretos de acila sao os derivados de acila mais reativos e podem
ser utilizados para fazer qualquer outro derivado.

=» Como cloretos de acila sado obtidos a partir de acidos carboxilicos
eles dao uma via para sintese de compostos acilas a parti de
acidos carboxilicos

=> Cloretos de Aila regem violentamente com agua dando acidos
carboxilico mas ndo € uma eacao importante.
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I O (0]
R'CO-Na* [ [

(-Na*Cl") il
Anhydride
R'OH, base  _ R(lLJOR'
(=HCD
Ester
SOCl,
O or 0 (0)
Rg}OH P R(”:Cl S R(”:NH
—_— NE
or (-NH,*CI") ya B
Carboxylic acid PCl; Acyl chloride Amide
o)
ol > R(”:NHR'
(-R'NH,*CI")
N-Substituted amide
O
RRNH > R(||3NR’R"
(—-R'R'NH,*Cl")
N,N-Disubstituted
amide
|
RCOH + HCI
uo
I
O
RCC(CI O I

Acyl chloride .0 RCO~ + CI-
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¢ Anidridos de acidos

® Sintese de anidridos de acidos carboxilicos

=>» Cloretos de acila reagem com acidos carboxilicos formando
anidridos mistos ou simétricos
? E necessario utilizar bases como piridina

I T 7T
Lv ot O — b e
R~ SOH R~ Q R YN0~ R

N+

H

=» Carboxilatos de s6dio reagem com cloretos de acila formando
anidridos.

T I T 9
& + C —> C G + Na*Cl-

R,/\ et WV i T

e Cl R 0 R

R~ O-Na*
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=>» Anidridos ciclicos de 5 e 6 membros podem ser formados
aquecendo o diacido apropriado

O 0 0 0
‘é ; ! &
HC” SOH e HCOO\ SOH  230°C %
2 | S 5. * | 0O + H,0 OH EE— /() + H,0
HC OH H,C—¢” il C
” \ I I
0 0 0 (0
Succinic e Phthalic acid Phthalic anhydride
. . (~100%)
acid anhydride

® ReacOes de anidridos de acidos carboxilicos

= Anidridos de acidos carboxilicos sdo bem reativos e podem ser
utilizados para sintetizar esteres e amidas
# Hidrdlise de um anidrido fornece os acidos carboxilicos correspondentes

Chapter 18
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> RCOR’ + RCOH
Ester
O (0
NH, I I
> RCNI'I2 + RCO™NH 4+
RC—O—CR —
Anhydride 0 o
R'NH, I I
—> RCNHR' + RCO_R’NH3+
N-Substituted
amide
O
R'R'NH I |
— > RCNR'R” + RCO_R'R"NH2+
N,N-Disubstituted
amide By-products

i i
[0 0 y RCOH + HOCR’
I I
(0]

RC—O—CR’ 0

Anhydride m |

I
:0 RCO- + -OCR’
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¢ Esteres

® Sintese de esteres: Esterificacao

= Reac0Oes catalisadas por acidos com alcoois e acidos carboxilicos
dando esteres sao denominadas de esterificacdo de Fischer
=» Esterificacao de fischer € um equilibrio

# A formacdo do ester é favorecida pelo uso de excesso de alcool ou acido
carboxilico.

¢ Formacao de ester é também favorecida pela remocéo de agua;

O O
g R'—OH == ﬂ H,0
: + R'— : + H,
R OH R~ OR’ i
O O
| HA |
CH,COH + CH,CH,OH CH,COCH,CH, + H,O
Acetic acid Ethanol Ethyl acetate
O O
ol HA [
CHCOH + CH,OH — CH.COCH, + H,0O
Benzoic acid Methanol Methyl benzoate
Chapter 18
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=» Esterificacado com metanol marcado fornece um produto marcado
no oxigenio ligado ao grupo metilico . O mecanismo consistente
com essa observacao esta abaixo.
O : 0
| . HA I pe
CH;C—+—OH + CH,—0—+H — CH,C—OCH; + H,0

H—OGH o) .
C +CH, —()H
Al / \ = — N / \ ™ Al * —
CH. Q—H — CH., O—H CH,—C—0—CH; —
~CH,—OH |
:Q—H
The carboxylic acid The alcohol attacks the A proton is lost at one
accepts a proton from protonated carbonyl oxygen atom and
the strong acid catalyst. group to give a gained at another.
tetrahedral intermediate.
" H—O:"\ (e
H—O () | H—O*
CH A O—CH, — : _Hi ”
o . - e A N B T AEDT ey
|? ("(vH5 Q_CH3 +H?O (“(vHS Q_CH3
:(l)—[—]
H

Transfer of a proton to

Loss of a molecule of
a base leads to the ester.

water gives a
protonated ester.
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=» The reverse reaction is acid-catalyzed ester hydrolysis
? Ester hydrolysis is favored by use of dilute aqueous acid

O O

(li + go _HO7 (”: + R—OH
R~ OR’ 7S R OH

=» Esters from Acid Chlorides

¢ Acid chlorides react readily with alcohols in the presence of a base (e.g. pyridine)

to form esters

0: 0:
/ . —HCl 4
R—K, + R’—Q—H —— L,

\ e

=Ql= Q—R'
I 1

CH.C—Cl + CH,CH,OH + O — CH,COCH,CH, + @ Cl~
Benzoyl chloride N Ethyl benzoate NT
e 80%) |
H

Chapter 18
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=» Esters from Carboxylic Acid Anhydrides

? Alcohols react readily with anhydrides to form esters

//0
RC 0 0
/ |
B+ R'—OH — RC\ + RCOH
RC O—R’
\
0

| I
CH,C— /,0 + CH,CH,OH — CH,COCH,CH,; + CH,CO,H

Acetic Benzyl Benzyl acetate
anhydride alcohol
0 0
|| | cH,
My L\OéHCH CH
110°C
O + CH,CHCH,CH,——> oH
# | ¥
[ o |
O (0
Phthalic sec-Butyl alcohol sec-Butyl hydrogen phthalate
anhydride (97 %)
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® Base-Promoted Hydrolysis of Esters: Saponification

=» Reaction of an ester with sodium hydroxide results in the
formation of a sodium carboxylate and an alcohol

o)
||

H,O
RC—OR’ + NaOH —4— RC—O"Na®* + R’OH
Ester Sodium carboxylate  Alcohol

= The mechanism is reversible until the alcohol product is formed

=>» Protonation of the alkoxide by the initially formed carboxylic acid
IS irreversible
# This step draws the overall equilibrium toward completion of the hydrolysis

" O H slow |() .
_C \/' — R—C—O0—H =
R O—R’ “ i
‘O—R’
A hydroxide ion attacks The tetrahedral intermediate
the carbonyl carbon atom. expels an alkoxide ion.
i ]
——
L [) C
T
R = () R’ R 5™ sh: He=— O R’

Transfer of a proton leads
to the products of the reaction.
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® [ actones

=>v- or 8-Hydroxyacids undergo acid catalyzed reaction to give
cyclic esters known as y- or é-lactones, respectively

) "
A_H*\ :0—H
B« ||5 i
R— (|IH CH —LH,—CH, —C—OH— =9—H e —
=O=\/
| R

H

A 6-hydroxy acid
+

A7 &
:0: + :0O—H—— :0: +H—(|)—H +A~

H H
R R

A 6-lactone

Chapter 18
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=» Lactones can be hydrolyzed with aqueous base

? Acidification of the carboxylate product can lead back to the original lactone if too
much acid is added

0)
OH
0 OH~/H,0 | I
: > C,H,CHCH,CH,C—O -
HA, slight excess -

C.H; 0°C l HA, e&aclly one
equivalent

OH (”)

|
CH,CHCH,CH,COH
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¢ Amides

® Synthesis of Amides

= Amides From Acyl Chlorides

# Ammonia, primary or secondary amines react with acid chlorides to form amides
? An excess of amine is added to neutralize the HCI formed in the reaction
¢ Carboxylic acids can be converted to amides via the corresponding acid chloride

O . 0"
IO TOEN | R
R/(‘\Cul' —>Rf(:c'fl-—>k/(‘\1xli
\.. G 1|
:NHR'R” H—lTﬁ—R" H
RI
Reactant

Ammonia; R’,R”" = H
1° Amine; R’ = H, R” = alkyl, aryl
2° Amine; R’, R” = alkyl, aryl

Chapter 18

R :Cl:- —R N

.'(|)'.
C R’
/ .o
SN+ R'R'NH,* CI-
R/
:NHR'R”
Product
Unsubstituted amide; R, R” = H
N-Substituted amide; R” = H, R” = alkyl, aryl
N,N-Disubstituted amide; R’,R” = alkyl, aryl
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= Amides from Carboxylic Anhydrides

? Anhydrides react with 2 equivalents of amine to produce an amide and an
ammonium carboxylate

(7) ;
. . o
RC—/0 + 2 R'—ITJH—> RC—1\|I—R’ + RCO,” R'R"NH,
RI! R”
R’, R” can be H, alkyl or aryl

? Reaction of a cyclic anhydride with an amine, followed by acidification yields a
product containing both amide and carboxylic acid functional groups

? Heating this product results in the formation of a cyclic imide

O O (0]

i ('l, @

% H,0 NH, H,0" NH,

O +2NH,— N e =

/ 3 warm /O* NH, (=NH,") /OH
C C C

[ I I

O (@) (0]

Phthalic Ammonium Phthalamic
anhydride phthalamate acid
(94 %) (81%)

¢ I

|
C C

—160° X
NH, 150-160°C N—H + H.0

/OH x -
C C

I [
(0) (0)

Phthalamic acid Phthalimide
(~100%)

Chapter 18
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= Amides from Carboxylic Acids and Ammonium Carboxylates
? Direct reaction of carboxylic acids and ammonia yields ammonium salts

@) @)
g NH, — g
+ .-
R OH R O NH,'
An ammonium
carboxylate

# Some ammonium salts of carboxylic acids can be dehydrated to the amide at high
temperatures

# This is generally a poor method of amide synthesis

0
] ;
hez
R™ D0~ NH* ) —— R—C +HO
NH,

? A good way to synthesize an amide is to convert a carboxylic acid to an acid
chloride and to then to react the acid chloride with ammonia or an amine
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? Dicylohexylcarbodiimide (DCC) is a reagent used to form amides from carboxylic
acids and amines
? DCC activates the carbonyl group of a carboxylic acid toward nucleophilic
addition-elimination
(|:6HII
O: ‘N R N—CH R N—CH
' TN L e 2 7
R—C\ - ﬁ — /C=()—C «—> /C—()—C\
:0—H :NP H—()z(D N:~ H—O* N:~
.. ] .. | ' |
C(vHII C(lel C(yH]l
Dicyclohexyl-
carbodiimide
(DCCO)
Proton
transfer
(0} =
” //N —CH,,
.. R'—NH
R 0— C\ R'—NH, |
NHCH,,
Reactive
intermediate
0~ CcN—CH,, 0 NHCH,,
. 7 Y; /
R_%‘—()_C\ Collapse of the R—C\ + ():C\
< tetrahedral ’ ~
NH2+ NHLGHII intermediate NHR NH(/()H“
| ; and proton An amide N,N’-Dicyclohexylurea
R transfer

Chapter 18
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® Hydrolysis of Amides

=» Heating an amide in concentrated aqueous acid or base causes
hydrolysis

? Hydrolysis of an amide is slower than hydrolysis of an ester

O

g + HO+ =2, g 4 KIH
- 3 y 4
R™ NH, heat " Son

Chapter 18
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1 \ .
+ H &\O

R H,
The amide carbonyl accepts

a proton from the
aqueous acid.

—H :0O—H
|| :OH, |
H— Ce— —=R—C—0H, =
R~ NH, |
:NH,
A water molecule A proton is
attacks the protonated lost at
carbonyl to give one oxygen
a tetrahedral and gained
intermediate. at the
nitrogen.

e +
:0—H ‘0=-H (0}
G] " ||

+
R—C—O0—H — C + NH; — C + NH,
C R~ YO0—H R~ YoH
NH, -
o
Loss of a molecule Transfer of
of ammonia gives a proton to
a protonated ammonia leads
carboxylic acid. to the carboxylic
acid and an

ammonium ion.
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R

O’ :6:— . :6:_
> . om )

_Ce +0H - =R—C—0—H=——=R—C—0+

NH, | el
NH, NH,
A hydroxide ion A hydroxide ion \_)H(_NOH
attacks the acyl removes a proton o -
carbon of the to give a dianion. The dianion loses a
amide. molecule of ammonia

(or an amine); this
step is synchronized
with a proton transfer
from water due to
the basicity of NH, .

Chapter 18
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® Nitriles from the Dehydration of Amides

=>» A nitrile can be formed by reaction of an amide with phosphorous
pentoxide or boiling acetic anhydride

.’() .

// P,0O,, or (CH,CO),0

R—C heath —> R—C=N:+ H,PO, or CH,CO,H
'\NH (—H,0) A nitrile
. ,, =

4

® Hydrolysis of Nitriles

=> A nitrile is the synthetic equivalent of a carboxylic acid because it
can be converted to a carboxylic acid by hydrolysis

\\e‘&‘ l{ C O 2H

-
"

oo

s/ \o
=
O

s

20, h
¢ ~ RCO,"
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H

|
R—CEN:Q?IEQ*—

H

slow

+ + |
H— R—CE\;\IH «—R—C=NH +:0—H+——

———

Protonated nitrile

i

:0H 0:

[~ ﬂ | H
/C\ =6H2 /C\ <\| +

— = NH + H—0—H—

N

Amide tautomer

H\ e ’ H\+ "
(0 () O:
«—>
o7 SR A TR (amide
R I:IHZ R NHZ hydrolysis)

Protonated amide

several steps

Chapter 18

+
RCO,H + NH,
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N N NH
y | H-—OH ||5(_/\_ -
R—C=N:+ =Q—H= /C\ /C\ + =Q—H=
R OH R OH
Amide
tautomer
OH O—H O~
| 7 iy ..(_\‘OH | . HOH
R—C—NH R—C—NH, R—C—NH,
[ = -OH | H, | -OH
OH OH 0—H—"
)
i O
R g) N?INH o (”:
S e 2
[ & R~ o-
O_
Carboxylate

Chapter 18

anion

+ NH, + OH-
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¢ Decarboxylation of Carboxylic Acids

=> B-Keto carboxylic acids and their salts decarboxylate readily when
heated

? Some even decarboxylate slowly at room temperature
O O @)
" ” 100-150°C "

RCCH,COH > RCCH, + €O,
A B-keto acid

=» The mechanism of B-keto acid decarboxylation proceeds through
a 6-membered ring transition state

H /H
By
O (0] —CO O
KN\ —
F . G St TN o
R cii, O R™ CH, R CH,
B-Keto acid Enol Ketone
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=» Carboxylate anions decarboxylate rapidly because they form a

resonance-stabilized enolate

-'O:
// " p 2
) s A
\ m — —3F R—C & R—EC
Nog ey \.. - \
O— CH, CH,
Acylacetate ion I
/
R—C\
\CH2

Resonance-stabilized
anion

=>» Malonic acids also decarboxylate readily

O R O

LT 1 io0-1s0ec
_

HOC— C| —COH
R

A malonic acid

Chapter 18

1|QO

[
H—C|—C0H + CO,

R
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