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Chapter 12 CARBOXYLIC ACIDS
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NOMENCLATURE OF
CARBOXYLIC ACIDS
0

O
|
H~ TOH CH; ~OH
systematic name: methanoic acid ethanoic acid
common name:  formic acid acetic acid
I j
fﬂx e
CH;CH; OH CH;CH,CH, OH
propanoic acid butanoic acid
propionic acid butyric acid

IUPAC names: hydrocarbon + “oic acid”
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I ]
C C

CH,CH,CH,CH;” ~OH CH,CH,CH,CH,CH;~ ~OH
pentanoic acid hexanoic acid
valeric acid caproic acid
O O
| I
C N
CH,—CH~ ~OH / OH

propenoic acid  benzenecarboxylic acid
acrylic acid benzoic acid
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c|:|‘.r O
|
C C

T, P
' "OH CH;CH,CH-CH,CH; OH

-~
CH,CH,CH,CH,CH,
i 5 4 3 2 £ 6a Vv B«

systematic nomenclature common nomenclature
() O
CH:O | Br |
PN PO
CH,CH,CH OH CH;CH,CHCH; OH
2-methoxybutanoic acid 3-bromopentanoic acid
a-methoxybutyric acid B-bromovaleric acid
O
i|?1 |
C
CH,CH,CHCH,CH;~ ~OH

4-chlorohexanoic acid
v-chlorocaproic acid
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Some natural occurring acids & derivatives

COOH O
’__,.-'".'*;‘,; HG\H/\/J\GH
cHy \“H
- OH i:jsuu:n::ini-.: acid
(5)-(+)-lactic acic
{h} COOH
HO._ _C._ fJﬂ,
C OHyoocch;” \ ““CH,COOH
I OH
':.' : citric acid
oxalic acid
i Jeors. con°
CH;C{]CHEQ CH,COCH,CH,CHCH,;
benzyl acetate isopentyl acetate

jasmine banana
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PREPARATIONS OF CARBOXYLIC
ACIDS

From Grignard reagents

e

7Y
O=C=0 + CH,CH,CH,—MgBr ——
LS P
carbon propylmagnesium
dioxide bromide
| H-O" I
C s C
R + P
CH;CH-CH- O MgBr CH-CH-CH-» OH

butanoic acid
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From nitriles

HCI ” +

N+HGT C +NH._1

i
CH,CH, OH

C=N HCI, H,0 |
CH;CH,Br —s 0 CH;CH,C=N — _C_
CH;CH; OH

1

Have 1 more carbon as compared to the halide
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From primary alcohols
Can NOT be isolated

2.

H . C rﬂ4
CH,CH,CH,CH,OH > [EH;CHECHECH]

a primary alcohol an aldehyde
O
further |
————— CH.CH-.CH-COH
oxidation AT e T e
a carboxylic acid
0
PCC
CH;CH,CH,CH,OH CH.CI > (CH,CH,CH,CH
a primary alcohol ol an aldehyde

PCC: pyridinium chlorochromate
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From aldehydes

O O

| Na,Cr,O [
C 2=12 ?} {:.

CH,CH; ~H M50s  cp.cu;” “Son

I I
H,CrO
Em 2610 Cx
aldehydes carboxylic acids

Aldehydes are generally easier to oxidize than
primary alcohols

10
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From alkylbenzenes

CH COOH
? 1.KMnO,4, A | =
2. H ’ -

CH,CH,CH,CH, COOH

| o= NaxCr;07, H'
A AN
- (|:'HC'H ; ~~ “COoOH
CH; does not have a
benzylic hydrogen
CH;

C—CH, .
O/(lfﬂ Nazl:riﬂ;, H ., ho reaction

11
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REACTIONS OF CARBOXYLIC
Esterification ACIDS

reactions {ﬁ} {ﬁ}

H"
ROH + R'COH <=——R'COR + H,0

Alcohol Carboxylic acid Ester Water
1 0
ROH + R'COCR" —— R'COR + R'COH
Alcohol Carboxylic Ester Carboxylic
acid anhydride acid

I I
ROH + R'CCI —— R'COR + HCI

Alcohol Acvl chloride Ester Hydrogen
chloride
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IUPAC names: alkyl + carboxylate

O ()

| |

C C
CH;” TOCH,CH; CHyCH; O~
S

systematic name: ethyl ethanoate phenyl propanoate

common name: ethyl acetate phenyl propionate

O O
Br | [
C C

| o C
CH;CHCH,~ ~OCH; O/ “OCH,CH,

methyl 3-bromobutanoate ethyl cyclohexanecarboxylate
methyl 2-bromobutyrate
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Intramolecular ester formation: Lactones

O
H 0
HOCH,CH,CH,COH —

—0
4-Hydroxybutanoic acid 4-Butanolide
v-lactone
HOCH,CH,CH, CHqEDH — < >=
3-Hydroxypentanoic acid S-Pentanolide

o-lactone
14
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O
O ( O
O

CH,CHj;
2-oxacyclopentanone 3-ethyl-2-oxacyclopentanone
Y-butyrolactone y-caprolactone
O O

O x O

3 :

2-oxacyclohexanone 3-methyl-2-oxacyclohexanone
f-valerolactone d-caprolactone

IUPAC names: 2-oxacycloalkanone 15
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Reactions of esters

Ester hydrolysis

-
14

R..-'"

+ H,0
~
OCH,
C + H,0

o,
OCH,

‘ reversible reaction

/ o
HCl I
— By

R OH

irreversible reaction

+ CH,OH

NaOH ,ﬂ + CH,OH

16
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Transesterification reactions

I
C HCl O
CH; TOCH, —— "_ f CH,OH
CH;  OCH,CH,CH,
+ EH{3EJ{ﬁD}Lﬂj}1
0 0
) CH3CH 0~ | . CH,OH

Q/ "OCH,

+ CH,CH,OH
excess

17
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Acyl chloride formation

0
| |
CH, OH thionyl CH, Cl
acetic acid chloride acetyl chloride
O O
3 {lil‘ PCl l'|:|‘ H;PO
+ 3 tHan o3 - + H3FU3
3 Lhag ~
CH,CH,CH; OH phosphorus CH;CH.CH;  Cl
butanoic acid  trichloride butanoyl chloride
() O
; {!’ PB 3 l.'|:|‘ H-PO
+ Iy > - T H3FU;
S A f - o
(J e b o, o
.
phosphorus phosphorous

benzoic acid tribromide benzoyl bromide acid

18
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IUPAC names: replace “ic acid” with “yl halide” /
“carboxylic acid” with “carbonyl halide”

I
C
CH; ~cl

systematic name: ethanoyl chloride
common name:  acetyl chloride

O C
CHy, | ~cl
| A
CH,CH,CHCH;  Br

3-methylpentanoyl bromide cyclopentanecarbonyl
-methylvaleryl bromide chloride

19
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Reactions of acyl chlorides

I I T

C + C — C C
CH; ~c  CH; o CH; 0  ~CHa
acetyl chloride acetic anhydride

I I

C. + CH;0H —— | C

Cl | OCH,
=

benzoyl chloride methyl benzoate

0 0
C. cud @ -OH— C
CH.CH,  Cl CH:CH; O

propionyl chloride \O

phenyl propionate


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

0 0
| ||

Lo T HO — AL
CH;CH-CH; 1 (CH-,CH,CH- OH
butyryl chloride butyric acid
I I
C + 2 CHjHHE — C
C/ ~al C[/ " NHCHa
cyclohexanecarbonyl N-methylcyclohexanecarboxamide
chloride

1

ITFI:' rﬁ- ﬁlj An amide

C C. C
e, S S
, OH _P,05 0 \@ »
"_,.p"'
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Amide formation

0 O
| |

C__+ 2CH:NH — G
ol "h.,ﬂ__‘-
(T (e
3

2 L Dbl N-methylcyclohexanecarboxamide

chloride

7 I
{I% + CH;NH, __, "

T T
CH;CH; ~OCH,CH, CH;CH; ~NHCH,
ethyl propionate N-methylpropionamide

O O 0O
g {l% + 2 CH,NH, [
P — C
CH;CH; 0 CH,CH; CH,CH; ~NHCH,

propionic anhydride N-methylpropionamide
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IUPAC names: replace “ic acid”, “oic acid”, “ylic
acid” with “amide”

I I
f{:‘x f{:“x
CH; NH, CICH,CH,CH; NH-,
systematic name: ethanamide 4-chlorobutanamide
common name: acetamide v-chlorobutyramide

0O O
| |
C

C |
O/ “NH, CH;CH,CH,CH; “TEHEEH3
CH;

benzenecarboxamide  N-ethyl-N-methylpentanamide
benzamide
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Reactions of amides
I |
ff:m .f”c‘x
CH_:,EHE N{EH_:,}E + CH_q 0" —— no reaction
N,N-dimethylpropionamide

I
C

+ CH;OH —— no reaction
77 S NHCH.
P

N-methylbenzamide
I
CH,CH; NHCH-,CH;
N-ethylpropanamide

+ H-O —— no reaction
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(ﬁ} + HEG O +
HCl g + CH;CH,NH,

C
CH; NHCH,CH; A
N-ethylacetamide

o,

CH; ~OH

0 O .

C
O/ “NHCH, %',. N ~OCH,CH,

~F
N-methylbenzamide

Reaction only in the presence of an acid
25
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The Hell-Vohard-Zelinski reaction

Only for e-hydrogens

O
|| |

RCH,COH 1. PBr; (or P), Brs }

2. H,0 > RCHCOH

|
Br

1

Radical substitution (halogenation) will occurs in
the absence of PBr,, P

26
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Reaction
mechanism:

i|:|j:
PB
CH,CH,—C—OH —2>

a carboxylic acid

CH,CH,—C—Br — CH;CH=C—Br
an acyl bromide Br—RBr ‘j enol
A J{
0: *OH

EH;'L':’H—C—EI‘ — CH_qu'fH—C—Er

Br + HBr Br + :Br?
H,0 0:
_—

CH;CH—C—OH

|
Br

27
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CH;CH,CH,CO,H — CHyCH,CHCO,H ———

‘ H,O, heat

Br

2-Bromobutanoic acid (77%)

Butanoic acid

CH;CH,CHCO-H

OH

2-Hydroxybutanoic acid (69%)

(CH3),CHCH,CO,H —>  (CH,),CHCHCO,H H;]H

N

3-Methylbutanoic acid Br
2-Bromo-3-methylbutanoic acid (88%)
(CH;),CHCHCO-H
NH->

2-Ammo-3-methylbutanoic acid (48%)
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Reduction reactions

0
r!% e
CH;C‘H{J H'"CIH Raney Ni
a carboxylic acid H,/Ni, Pt, Pd or NaBH,
can NOT reduce acids,
ilfi" esters, amides
C H, — 10 reaction
CH,CH; T~OCH, RaneyNi
an ester
1
C L o et

CH.CH;_ “NHCH, RaneyNi

- 29
an amide
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O

” 1. LiAlH,
E, 2. H3D+ - CH?,CH:CH:CHEGH
CH.CH,CH:  ™OH a primary alcohol
| ; -:aril-:--::mylin: acid
]
1. LiAlIH
C S~ CH;CH,CH,0H
CH,CH;~ T~OCH; ™ a primary alcohol
an ester + CH,OH
I
1. LiAIH
C =4 CH,CH,CH,CH,NH,

2. H,0

CH;CH,CH; ~NH a primary amine

LIAIH, Is used to reduce only compounds such as acids,

esters, amides that can NOT be reduced by milder agents
30
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