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qb s el Topicos da Aula

A) Literatura recomendada.

B) Principios.
a) Compostos carboxilicos.
b) Reacao.
c) Mecanismo geral.
- Grupo de partida.
d) Reatividade relativa.
e) O grupo de partida sob a otica do pK,.

C) Hidrolise.
a) Mecanismo.
- Meio &cido.
- Meio Alcalino.
b) Saponificacao.
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qb s el Topicos da Aula

D) Esterificacao
a) Mecanismo.
- Catalise &cida.
b) A partir de cloretos de acido.
c) Trans-esterificacao.

E) Preparacéo de Cloretos de &cido.
F) Preparacdo de Anidridos
G) Formacéo de amida

a) Reacoes.
b) Mecanismo.
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qb Topicos da Aula

H) Acido carboxilico
a) Formacéo via de nitrilas.
b) Descarboxilacgao.

I) Resumo.
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Literatura recomendada

e Organic Chemistry: J. Clayden, N. Greeves, S. Warren, P.

Wothers. (Capitulos XI1I)
« Organic Chemistry: P. Bruice : (Capitulo XVII)

« Organic Chemistry: J. McMurray : (Capitulo XX e XXI)
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Principios

Compostos carboxilicos
0 0 0

C C C C

a carboxylic acid an ester an acid anhydride

0 0
(": !
R~ (I R~ Br

an acyl chloride an acyl bromide
acyl halides
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C C C

R~ SNH, R~ “NHR’ R~ > NR,
amides



Universidade de Sao Paulo Q & G
qb instituto de Quimica Princi plosS

A reacao

9 [e] L
- =8

H
R",g) H (.Gb R’f RO~ is a leaving group
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Universidade de Sao Paulo Q & G
qb instituto de Quimica Princi plosS

A reacao

9 [e] L
- =8

H
R",g) H (.Gb R’f RO~ is a leaving group

S{L @@R / RO is a leaving group
Me OR )4

ketone

0
Me \ JJ\ — = reacts
Me Me

further
MgBr
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Universidade de Sao Paulo Q & G
qb instituto de Quimica Princi plosS

Mecanismo geral
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qb Principios

Mecanismo geral

Cn ’ Ky E k, {ﬁ' ]
|

— R— Y —— C + Y:
A k-4 (s k-2 <N
R \J/ " R Z

a tetrahedral intermediate
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qb Principios

Mecanismo geral

CH’ .\lff“ k. {if i

R./ i_,/ k_ Z k_z Rx" "‘xz

a tetrahedral intermediate
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qb Principios

O Grupo de partida

Grupos de partida sdao 0s grupos que, ao serem removidos do
Intermediario tetraédrico recuperam a carbonila levando ao produto mais
estavel possivel.

R_C_YY the weaker the base, the
easier it is to eliminate
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Universidade de Sao Paulo Q & G
qb instituto de Quimica Princi plosS

O Grupo de partida

> . .
5 Be

) —_— CI/|\ — o
< Y
ehase
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Universidade de Sao Paulo Q & G
qb instituto de Quimica Princi plosS

O Grupo de partida

SRS SEN S
e
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qb Principios

O Grupo de partida

0
)Jz % N
Cl

J (e

i Cléib\ y
O U™
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qb Principios

O Grupo de partida
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qb Principios

O Grupo de partida

DI .
5 Be

. —_— 'C|/|\ —_— 0
oH O/&b\ H
ehase
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leaving 0
group
AN
0 + )]\
. 0
Clris a
leaving group
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qb Principios

Reatividade relativa
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qb Principios

Reatividade relativa

O O O

.
most %R’/ ~Cl > R S07 R >
reactive [ acyl chloride acid anhydride
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Principios

Reatividade relativa

k O O @)
.

: most R >l > R7 S0~ R >
5 reactive acyl chloride acid anhydride

i O 0O O

|| || [

z C C C

> R~ SOR’ -~ R7 TSOH > R7 NH, _ [least
ester carboxylic acid amide reactive
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qb Principios

Grupo de partida sob a otica do pK,
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qb Principios

Grupo de partida sob a otica do pK,

O

|
weakest CI < "OCR < "OR ~ "OH < "NH, strongest
base base
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qb Principios

Grupo de partida sob a otica do pK,

: O
£ o B B B
5 | weakest CI < "OCR < "OR ~ "OH < "NH, strongest
8 base base
g
&
: A
% Leaving group PKay
o =3
s R™ 50 %
g _ =
, NH3 35 @
S RO™ 16 3
g ijs]

S

RCO3 5 S
(4]
=
Ccr -7 g
Y
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qb Principios

Grupo de partida sob a otica do pK,

Z~is a weaker
ki |<) base than Y~
C + 7 — R C Y

R Y <)
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qb Principios

Grupo de partida sob a otica do pK,

>0 Z" is a weaker
| _ k4 |<) base than Y~
C + Z: — R C Y

— z

F

Free energy

Tl
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Progress of the reaction
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qb Principios

Grupo de partida sob a otica do pK,

Y~ is a weaker
base than Z=
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qb Principios

Grupo de partida sob a otica do pK,

Y~ is a weaker
base than Z=
k

3
;{:Euo -0 .DD 0O
7 {|:|“ 7w fL R {l: Y == : 'S
@ + 4 — —L e +
2 N k-1 (s k-2 ah
3 REY £ R™ Z
S
S
5 b
©
S
2 A
g >
i 2
3 2
2 3 TI
T W
S -
L

—

Progress of the reaction
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Universidade de Sac Paulo
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Principios

Grupo de partida sob a otica do pK,

the basicities of

Y~ and Z™ are
similar
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R—(EDY —
« Z




qb Principios

Grupo de partida sob a otica do pK,

the basicities of

Y- and Z~ are
similar
e o

8

: 5 07

5 C(”: 7 R (|:*j‘( fa t|:|* YT
+ ZT — R—C—Y — - + Y

S 20N k- 7 | k-3 2N

2 R Y f/ Q |\ R 4

S — Z

£

3

S C

(<)

©

:-g A

3 >,

i :

:

= @

g LﬂE Ti

T

Progress of the reaction
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Universidade de Sac Paulo
Instituto de Quimica

Mecanismo
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Universidade de Sao Paulo = 7 |-
Instituto de Quimica H I ro I S e

Mecanismo
(!‘ H,0O Acl {g“ CH-,OH
+ ') — . + 3
CH; OCH, CH; OH
methyl acetate acetic acid
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qb Hidrélise

Mecanismo

3
g g H,0 —L. g" CH,OH
o + ” . + 3

~TN < TN -
g CH; OCH; CH, OH
é methyl acetate acetic acid
S
T H
i il
ol HB"

P C

cH; “OCH, B CH; “OCH;
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Universidade de Sac Paulo
Instituto de Quimica

Meio acido

protonation of +/H ..
the carbonyl Y (_ ‘OH
3 group '—E!+ || | ..
2 / — — CH;—C—0CH;
@ H; OCH3 CH;, OCH3 + H,0: .
o S ( :OH ‘B
3 A 1'143/
‘g formation of
o a tetrahedral tetrahedral intermediate |
g intermediate
O H equilibration of the
S three tetrahedral
§ :{?H intermediates
S
-% CH; C OCH;
(I
: OH \* L
~ removal of a
S proton from tetrahedral intermediate Il
S the carbonyl group
5 I
Ny VL
HB+ +H_ " B .
O 0 ~*OH
: — (|!~ CH;OH == CH Lk{:'* FL(ECH
. —_— -+ 3L ] 3 7 I . .
N ~ . # elimination of
CH; OH CH3 OH '(lJﬁH _ the weaker base

tetrahedral intermediate Il
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Universidade de Sao Paulo = 7 |-
Instituto de Quimica H I ro I S e

Meio acido
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C C
CHi A“‘“‘OCH3 CH; A“OCHB

more susceptible
to attack by a
nucleophile

less susceptible
to attack by a
nucleophile




qb Hidrélise

Meio acido

@ H
g 0~ 0
(“: |
(@)
3 CHi A“{:}CH; CH; A“OCHB
8
§ more susceptible less susceptible
© to attack by a to attack by a
9 nucleophile nucleophile
E
P CP
+
3 CH;—C—OCH CH;—C—QCH
g | I:-v’H 3 3 | bt 3
g :QH :OH
tetrahedral intermediate in tetrahedral intermediate in

acid-catalyzed ester hydrolysis uncatalyzed ester hydrolysis
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Universidade de Sac Paulo
Instituto de Quimica

Meio acido

I’/-\*
__~H—B*
-
T
R/CRD/$—CH3:::
CH;
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Universidade de Sac Paulo
Instituto de Quimica

Meio acido

the carbocation
with a nucleophile

HB*

III/-\.q
ff___...-a—H'—B+
v + H
‘0" CH; 07 CH,
I | - Sy 1
R/CMC)/?_CHB — R/C{O%(F—CH:; —
CH; . CH;
|
Jllllll
departure of the
leaving group to form
a tertiary carbocation
/,f--'-B
¥
Mo i
Sy 1 2
— C + C—CH; ——72 HO—C—CH; —— HO—C—CH;4
= .,
R~ o /] HOH
' CH; J CH;
N
||I|IIIL
reaction of



Universidade de Sac Paulo
Instituto de Quimica

Meio Alcalino
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qb Hidrélise

Meio Alcalino
g
%D -0 'O:_“m1
: C’__g HOT — CHy—C(CH, — & CH;07
2 _C.. + HO: — CH;—C-OCH; — + CHax
2 |\
§ CH; \OEEJ -#/ OH" CH; OH
E Ho—“Hzo i
éf :i_‘|iH (ﬁ:
2 CH;—C—OCH, C_ + CHy0H
= | CH; 07
g / OH 3 P

the more basic the solution,
the lower its concentration
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Universidade de Sac Paulo
Instituto de Quimica

Saponificacao
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I|
CH,O0—C—R!

I
CHO—C—R2 + H,0

||
CH,O0—C—R’

a fat or an oil

Hidrolise

Saponificacao

NaOH _

0

CH,OH R-¢—0 Na*
0

CHOH +  RC—0 Na*
0

CH,OH R C—0- Na*

glycerol sodium salts of fatty acids
soap
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Hidrolise

Saponificacao

1 0
CH;(CH,),CO™ Na™ CH;(CH,);CH=CH(CH,);CO™ Na™
sodium stearate sodium oleate
O

CH;(CH,),CH=CHCH,CH=CH(CH,);CO~ Na*

sodium linoleate



qb Hidrélise

Saponificacao

nonpolar tail

0_& ®

2
o
ol

polar head
‘l group
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qb Esterificacao

Mecanismo
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qb Esterificacao

Mecanismo

WOH
OH - o \F

cat. H2804
OH benzene (solvent) OH
lactic acid remove water by distillation 89-91% yield
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qb Esterificacao

Mecanismo

WOH
OH - o \F

cat. H2804
OH benzene (solvent) OH
lactic acid remove water by distillation 89-91% yield
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OH AcOH )
- g
Y\/ S W/\/ 0
silica gel
(drying agent) 57% yield
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qb Esterificacao

Mecanismo

acid-catalysed ester hydrolysis
excess water forces -

reaction forward
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qb Esterificacao

Mecanismo

acid-catalysed ester hydrolysis
excess water forces -

reaction forward

H,0

acid-catalysed ester formation
excess ester or removal of water forces
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- the reaction backward
/—L H®
. ® H
HO OR J’E )‘L
OH OH OH

ROH
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qb Esterificacao

A partir de cloretos de acido
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qb Esterificacao

A partir de cloretos de acido

0
| I
+ —
A~ C + CHOH — C + H + Cl
T Na 7 NocH,
L

benzoyl chloride methyl benzoate
i I
C_ 4+ QDH — C + H + Cl
CH;CH, Cl CH;CH,

QFL0342 — Reatividade de Compostos Organicos

0
propionyl chloride O

phenyl propionate
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qb Esterificacao

A partir de cloretos de acido

A 0%
|l .. |
J,CH + CH;OH — CH;—{%—CI —_—
CH; QZI / A~
- :OCH3
S k_| ‘B
HK_,/‘
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qb Esterificacao

A partir de cloretos de acido

A 0%
|l .. |
J,CH + CH;OH — CH;—{%—CI —_—
CH; QZI / A~
- :OCH3
S k_| ‘B
HK_,/‘
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qb Esterificacao

A partir de cloretos de acido

A 0%
|l .. |
J,CH + CH;OH — CH;—{%—CI —_—
CH; QZI / A~
- :OCH3
S k_| ‘B
HK_,/‘
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qb Esterificacao

Catalise nucleofilica
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qb Esterificacao

Catalise nucleofilica

9 i
Cl Sl\ -H*
3 — @NC — ﬁ Y —
N O |
F
X ROH

B
/ . -
reactive trigonal

intermediate
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qb Esterificacao

Catalise nucleofilica

: /,. I
A U F
| X ROH

reactive trigonal
intermediate

0
0
i ® X —:r)l\ +@
RO OR
O \
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qb Esterificacao

Transesterificacao
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qb Esterificacao

Transesterificacao
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qb Esterificacao

Transesterificacao

—_— Rz—h—
1
RO OR
O O
[ HCl [
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C. + CH,CH,OH C + CH;OH
O/ OCH; ©/ OCH,CH,

methyl benzoate ethyl benzoate
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qb Esterificacao

Transesterificacao

transition
state

intermediate
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o
ik
o
|
starting materials products
0 0
)‘\o R2 )J\ORi
Riéa Rzﬂe

extent of reaction
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qb Preparacao de haletos de acila

Reatividade

QFL0342 — Reatividade de Compostos Organicos
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qb Preparacao de haletos de acila

Reatividade
i i o0
C + C — C C + CI
cH; ¢  CcH o cH; 0  CH,
acetyl chloride acetic anhydride

I I
+ —_—
A + CH;OH — C + H™ + Cl
T a 7 NocH,
=

(L

QFL0342 — Reatividade de Compostos Organicos

benzoyl chloride methyl benzoate
I i
C + H,0 — C + H" + CI
T T
CH,CH,CH, Cl CH,CH-,CH, OH
butyryl chloride butyric acid
i i
+
C + 2CH;NH, — MC + CH;NH;CI”
O/ e K) ~NHCH,
cyclohexanecarbonyl N-methylcyclohexanecarboxamide

chloride
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qb Preparacao de haletos de acila

Via SOCI,

i
0 S 0
cl” el
OH - Cl
80°C,6h 85% yield
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qb Preparacao de haletos de acila

Via SOCI,
0
0 lc:l. 0
cl” cl
OH - Cl
80 °C, 6 h 859% yield

" e 0
| |

R | | |
—_— + HCI
S JJ\ SH. JJ\ ,,S
HO Cl Cl R ﬂ

unstable intermediate
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qb Preparacao de haletos de acila

Via SOCI,

® _H
0 0 0

NS

R o7 i el

R 0
unstable intermediate
Cl
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qb Preparacao de haletos de acila

Via SOCI,

0 0
J b e D
R 0/" ‘\CI TN

R 0
unstable intermediate
Cl

R
Cl
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H
0 qn o
S HCI
- A — > )I\ +
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qb Preparacao de haletos de acila

Via PCl,

0 0
acid chlorides are made PCls 90-96%
from carboxylic acids with OH —m Cl iold
phosphorus pentachloride yie
02N 05N
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Preparacao de haletos de acila

Via PCl,



qb Preparacao de haletos de acila

Via PCI,
g | H®
2 0 Cly 0 0
g — ® _PCl, — PCl, —>
£ )I\ )J\ s )k ~rla
S OH (?
o H
E
g H._® ’
S

N 0) oj MCI
2 Cl ;_’ 0
S — )I\ _PCl; —— P
S 0 o~ | el

cl Cl Cl
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qb Preparacao de anidridos

A partir de haletos de acila

QFL0342 — Reatividade de Compostos Organicos
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qb Preparacao de anidridos

A partir de haletos de acila

0 HCO,Na 0 0

)I\ 23°C,6h )l\ )j\
Cl M > Me 0 H

e

mixed anhydride
64% vyield
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qb Preparacao de anidridos

A partir de haletos de acila

. 0 HCO,Na o 0

)I\ 23°C, 6 h )I\ )j\

S cl Me > Me 0 H

§ mixed anhydride

§ 64% yield

g CO 0} o o O

: )j\ g )I\ ~ )l\ )I\
o (o] Me | 0 H Me 0 H
& Me

S
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qb Formacgao de Amidas

A partir de haletos de acila

8 i i

S +

gcuo C“m + 2 CH;NH, > CH_“ + CH;3NH; CIT

o Cl NHCH;

S

é cyclohexanecarbonyl N-methylcyclohexanecarboxamide

S chloride

(0]

©

(<)

©

T

>

k3

| O O O

3 (|£ (”3 2 CH,;NH (”3 g

2 + 3NHy — +

S SN T ~ ~. +
= CHCH; 0 CH,CH; CH;CH;  ~NHCH; CH;CH, O~ H;NCH,

propionic anhydride N-methylpropionamide
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qb Formacgao de Amidas

A partir de haletos de acila

an aminolysis reaction

S
& 0
[oYo]
o (|£ + CHF_NHQ B (|% + CHECHQDH
4 T T
2 CH;CH> OCH,CHj; CH;CH; NHCH;
é ethyl propionate N-methylpropionamide
3
(0]
©
(<)
©
3 0 0
2 (Ig |
3 + CH3CH3NH2 — C +
& CH; TOH CH;” 0" H3;NCH,CH;
g an ammonium
S carboxylate salt
o]

I 0

C + NH; — C

+
CH;CH;~ ~OH CH;CH; O NH,
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qb Formacgao de Amidas

Mecanismo

QFL0342 — Reatividade de Compostos Organicos
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qb Formacgao de Amidas

Mecanismo

Sa0 necessarios 2 equivalentes de aminas para cada carboxila.

o o éﬂ 0
MEW)J\CI Me Me Mew/H\NH
= cr —* cr = 2
( NG NH
Me M

. 7
Me NH Me 4 )
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qb Formacgao de Amidas

Mecanismo

Sa0 necessarios 2 equivalentes de aminas para cada carboxila.

o o éﬂ 0
MEW)J\CI Me Me Mew/H\NH
= cr —* cr = 2
( NG NH
. Me M

QFL0342 — Reatividade de Compostos Organicos

Me Me y” H e
NH; H I|-I "\ ® A0
:NH; = NH, CI
0 Me,NH 0
(3 equiv.) Me
cl - N + Me,NH," ¢I®

0°C,2h |
Me

86-89% yield
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qb Formagao de Amidas

Mecanismo

Nao se produz amidas a partir de acidos carboxilicos em meio alcalino.

QFL0342 — Reatividade de Compostos Organicos
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qb Formagao de Amidas

Mecanismo

Nao se produz amidas a partir de acidos carboxilicos em meio alcalino.

0 NH3, 20 °C 0 NH3, 20 °C 0
)J\ A )L " )J\ NH
©
NH»> OH 0
amide ammonium salt
not formed {ammonium acetate)

QFL0342 — Reatividade de Compostos Organicos
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qb Formacgao de Amidas

Mecanismo

Nao se produz amidas a partir de acidos carboxilicos em meio alcalino.

0 NH3, 20 °C 0 NH3, 20 °C 0
)J\ A )L " )J\ NH
©
NH»> OH 0
amide ammonium salt
not formed {ammonium acetate)

QFL0342 — Reatividade de Compostos Organicos

I
_C + H,O —— noreaction
CH;CH; NHCH,CH;

N-ethylpropanamide
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qb Formacgao de Amidas

Mecanismo

Porém, e possivel hidrolisar amidas em meio acido.

QFL0342 — Reatividade de Compostos Organicos
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qb Formacgao de Amidas

Mecanismo

Porém, e possivel hidrolisar amidas em meio acido.

” HC ” +
_,,-"C‘x + HED T _'_‘__,CE‘_“ + CH3CH2NH3
CHj3 NHCH,CH; CH; OH
N-ethylacetamide
i i
HCl
C + CH;NH;

QFL0342 — Reatividade de Compostos Organicos

+ CHiCH,0OH —— C
A
Q/ “NHCH; Q/ NO(jHECﬂs

N-methylbenzamide
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qb Formacgao de Amidas

Mecanismo

mechanism for acid-catalyzed hydrolysis of an amide

3 N
o e ‘ r ..
= (0 y » O—H :OH
<ruc% | o HLE—)HZ I:H_ || | s
S C C + H-0: = CH,—C—NH
o . . 0 3 2
¥ CH;” ~NH, CH; “ONH, y; .
8 ~ __ ” :OH :OH,
] o @ //
g H
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qb Acidos carboxilicos

Via nitrilas

QFL0342 — Reatividade de Compostos Organicos
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qb Acidos carboxilicos

Via nitrilas
H,0, H,S0,
Ph”” CN ~  Ph” COLH
100 °C, 3 h 80%

QFL0342 — Reatividade de Compostos Organicos
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qb Acidos carboxilicos

Via nitrilas

H,0, H,S0,
PhACN

100 °C, 3 h 80%

QFL0342 — Reatividade de Compostos Organicos
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Acidos carboxilicos

Via nitrilas
H,0, H,S0,
Ph” CN - PhACOEH
100 °C, 3 h 80%
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qb Acidos carboxilicos

Via nitrilas
synthesis of NaCN OH H,0 OH mandelic acid
mandelic acid PhCHO —— )\ — 50-52% yield
from benzaldehyde H® Ph CN HCI Ph CO,H

QFL0342 — Reatividade de Compostos Organicos
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qb Acidos carboxilicos

Via nitrilas
synthesis of NaCN H,0 OH mandelic acid
g mandelic acid PhCHO — —_— - 50-52% vield
ks | yie
<§D from benzaldehyde H® Ph CN HCI Ph COLH
o
S
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S mechanism for acid-catalyzed hydrolysis of a nitrile
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qb Acidos carboxilicos

Descarboxilacoes

removing CO3 from an a-carbon
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CH; CH; O CH; “CH, CH; CH,
3-oxobutanoate ion
acetoacetate ion + CO,

QFL0342 — Reatividade de Compostos Organicos
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qb Acidos carboxilicos

Descarboxilacoes

removing CO3 from an a-carbon

O O~ O
Iy LN &
o — _
CH; CH; O CH; “CH, CH; CH,
3-oxobutanoate ion
acetoacetate ion + CO,

QFL0342 — Reatividade de Compostos Organicos

-H
o/ (9 PH i
P _ tautomerization
cr Yoo A C — c
CH; CH; O CH;  ~CH, CH3 ~ "CHy
3-oxobutanoic acid + CO,

acetoacetic acid
a 3-keto acid
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qb Acidos carboxilicos

Descarboxilacoes

3
;é decarboxylation of acetoacetate derivatives to give ketones
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Resumo

most reactive
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carboxylic
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