What is a Functional Group

substituent or moiety in a molecule that causes the
molecule's characteristic chemical reactions.
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INTRODUCTION»

¥

a carboxyl functionaé@roup,
-COOH Q-

0 carbonylgrou&ttached
to a hydroxyl group




Classification

daliphatic (RCOOH) or arematic (ArCOOH)
dhigher members of aliphatic carboxylic acids
(C12 — C18) known as‘fatty acids




Nomenclature

»isolated from nature
>»common names end with the suffix —oic acid
> Latin or Greek names of their natural sources



For example

»  Formic acid (HCOOH) was first obtained
from red ants (Latin: formiea means ant)

»  Acetic acid (CH3COOH) from vinegar
(Latin: acetum, means“vinegar)

»  Butyric acid (CH3CH2CH2COOH) from
rancid butter (Latin: butyrum, means butter)
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—e in the name of the corresponding alkane
with — oic
the carboxylic carbcigs numbered one

The number of carboxyl groups are
indicated
by adding th&ultiplicative prefix, di, tri,
etc. to the term oic

‘



Structure

HCOOH

CH,COOH
CH,CH,COOH
CH,CH,CH,COOH
(CH,),CHCOOH
HOOC-COOH

HOOC -CH,-COOH
HOOC -(CH,),-COOH
HOOC -(CH,),-COOH
HOOC -(CH,),-COOH

HOOC -CH,-CH(COOH)-CH,-COOH

/

Common name

Formic_acid
acid
%pmmc acid
Butync acid
Isobutyric acid
Oxalic acid
Malonic acid
Succinic acid
Glutaric acid
Adipic acid

IUPAC name

Methanoic acid
Ethanoic acid
Propanoic acid
Butanoic acid
2-Methylpropanoic acid
Ethanedioic acid
Propanedioic acid
Butanedioic acid
Pentanedioic acid
Hexanedioic acid

Propane-1. 2, 3-
tricarboxylic acid



@—COOH
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CH,COOH

COOH

COOH

Benzoic acid

Phenylacetic acid

Phthalic @§
Na

Q\/
&

Benzenecarboxylic acid
(Benzoic acid)

2-Phenylethanoic acid

Benzene-1, 2-dicarboxylic
acid
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Structure
of Carboxyl Group

Arrangment of Elements
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The bonds to the carboxyl carbon lie in one plane and are separated
by about 120
The carboxylic carbon is less electrophilic than carbonyl carbon
because of the possible resonance structure shown below
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Alcohols & Aldehyde

-OH
-CHO

Preparation of
monocarboxylic
acids

Grignard reagen

acyl halides, anhydrides and esters=——

Hydrolysis from acid
derivatives

R-COCI
R-CO-O-OC-R
R-COO-R




Acid chlorides when hydrolysed with water
give carboxylic acids or more readily
hydrolysed with aqueous base to give
carboxylate ions which on acidification
provide corresponding carboxylic acids.
Anhydrides on the other hand are hydrolysed

?\ to corresponding acid(s) with water.

N8
CO\/ H,0

Hydrolysis from

acid derivatives

> RCOOH + CI

. RCOCI1 _
— H,O'
QQ OI/HO , rcoo + €1 —=» RCOOH
H,0
(C,H,C0O),0 — 2 C,H,COOH
Benzoic anhydride Benzoic acid
C,H,COOCOCH, —=2 5 C,H,COOH + CH,COOH
Benzoic ethanoic Benzoic acid Ethanoic acid

anhydride



COOC,H; COOH
©/ E ©/ + C,H,0H

Acidic hydrolysis of =i
N o CH,CH,CH,COOC,H. == CH,CH,CH,COONa + C,H.OH
esters gives directly .. Jio
carboxylic acids while CH.CH,CH.CO0H
basic hydrolysis gives
carboxylates, which
on acidification give
corresponding

carboxylic acids
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Physical Appearance and smell

Odour © State
Aliphatic carboxylic acid@% Aliphatic carboxylic acids upto
nine carbon atoms wit nine carbon atoms are
unpleasant odours. The higher colourless liquids at room
acids are practically odourless temperature. The higher acids
due to their low volatility are wax like solids.




Carboxylic acids are higher boiling liquids than aldehydes, ketones and even alcohols of
comparable molecular masses. This is due to more extensive association of carboxylic
acid molecules through intermol@‘ar hydrogen bonding.
The hydrogen bonds are not broken com?ne y even in the vapour phase.
In fact, most carboxylic acids exist as dimer in@ apour phase or in the aprotic solvents.

7 \ \
\ V4 H % z
O—H-------- O Q . O< (o) 0

dimer Q /C:O]IIHH/ \H\"-‘
R
In vapour state or in Hydrogen bonding of

aprotic solvent RCOOH with H,O




HH

Reactions of
monocarioxylic

acids

. Salt formation
. Decarboxylation
. Halogenation - Hell Volhard Zelinsky Reaction



The carboxylic acids like alcohols evolve
hydrogen with electropositive metals
and form salts with alkalies similar to
phenols. However, unlike phenols they
react with weaker bases such as
carbcﬁates and hydrogen carbonates to
evolve carbon dioxide. This reaction is

Séﬁd to detect the presence of carboxyl
roup in an organic compound.
A%

O

2&5&1 + 2Na ——>2R-COONa" + H,

Sodium carboxylate

Salt formation

R-COOIH + NaOH———>R-COONa" + H,0

R-COOH + NaHCO, ——> R-COONa’ + H,0 + CO,



Decarboxylation

?\

Carboxylic acids lose carbon dioxide to form hydrocarbons when
their sodium salts are heatéd with sodalime (NaOH and CaOin
theratioof 3:1). The r@ction is known as decarboxylation.

NaOH & CaO
R-COONa > R-H + Na,CO,
Heat




Halogenation -
Hell Volhard
Zelinsky Reaction

Carboxylic acids having an a-hydrogen are halogenated at the a-position on treatment with
chlorine or bromine in the presence of small amount of red phosphorus to give a-
halocarboxylic acids. The reaction is known as Hell-Volhard-Zelinsky reaction.



(i) X,/Red phosphorus
R-CH,-COOH 2, p7o%P > R-CH-COOH
(ii) H,O |

X
Q X=Cl, Br

a — Halocarboxylic acid




2P «+ 3131"z > Z2PBr,
3CH3CH2COOH + PBr, » SCH ,CH CODBr + | & B, o e

Propionyl bromaide

O

“ — HBr
CHLCH.,—C —Br+ Br, I i o B e - (R SRS

N\ L 4
B O Qv

| il
CH,—CH —C VCH CH_,COOH

@l
& o

1
CHS'CH——C H + CH s,CH_,—CBr

Br

The propionyl bromide produced then reacts again
and again till the whole of acid is converted to
x-substituted acid.
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Carboxylic acid
derivatives

ACETYL CHLORIDE
ANHYDRIDE
AMIDES
ESTERS



© ACETYL
-CHLORIDE

OQ~ 0O

|

H,C——C——(l
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lC) )

H,C C OH + SOCl, — H, C Cl + S0, + HCI
Acetic acid <Acetyl chloride
o) 5?” o)

CO\/

3 H3C C OH + P%.,'_" 3 H3C C Cl + H3PO3
Acetic acid \O)¢ Acetyl chloride

R — .



I I
& OH + PClg = HiC C Cl + POCI; + HC(C]
Acetic acid Acétvl chloride

H,C



Reactions

of Acetyl
Cﬁfihlaride

&




Hydrolysis of

Acetyl Chloride

\/
e
CH;COCl + H,0 —'VPB- CH;COOH + HCI
Acetyl chloride O Acetic acid
QQ~
C¢H;COCl + H,0 — CcHsCOOH + HCI
Benzoyl chloride



Mechanism

g
HyC—C

D
O + Hy: — HyC— LGl —>
-Cl
+OH,
0
| o
HaC——C——OH,——H,C




Reaction with

alcohol

\/

An acid chloride reacts witS?élcohol to form an ester

Cﬁ\/

S

—
—0

Hac C ~Cl + C2H50H_—"> H3C C 002H5 s HCI



Mechanism

9 D
H1C C Cl +H2": — H,C c f}n Cl’.
+0OH,
O
| e
HyC——C——0H,——H,C




Reaction with Ammonia

(Ammonolysis)

v

An acid chloride reacts with am'r?lonia to form an amide.

CH3C0CIQ‘~‘NH3 — CH3CONH2 + HCl
Acetyl chioride Acetamide

C6H5C0Cl + NH3 — C6H5CONH2 + HCI
Benzoy! chloride Benzamide



Mechanism

q P

HC—C + NHy—» po—c—L 3

—
-Cl
Cl
NH
s 3
0 O
| o |
H3C @ NH3 —_— H3C C NH2



Reaction with

Amines

An acid chloride reacts with mine (primary or

secondary) to form substituted amide

CH3COC| T CZHSW——» CH3CONHC2H5 + HCI
Acetyl chloride % N-Ethylacetamide

CH3COC] £ (Csz)zNH—-P CH3C0N(C2H5)2 + HCI
Acetyl chloride N,N-Diethylacetamide




Reduction

\/

When reduced with hydrogen in th sence of ‘poisoned’ palladium
catalyst, they form aldehydes. This%action is known as Rosenmund

reduction. \/

P o
R-COCI + H, &4 R-CHO + HCI

d
Acid chloride Qa.B Aldehyde
SO
CH;-COCI + {)~—"22.%  CH,-CHO + HCI

Acetaldehyde
They reduced with LiAlH4 to form ethyl alcohol.

iAl
H;C !:I cl S EREHy O -+ EIC
3 [4H] Ethylalcohol

FS
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_Anhydrides
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S — .

The compounds derived by the loss of a
water molecule between two molecules
of a carboxylic acid arg?:alled Acid

anhydride or simply’Anhydrides

N/
0 0 0 0
u | . © I

H;C‘—C—.-OH o HO—C%['E P—— H}C C o) C CH3 + H20

Ethanolic anhydride (Acetic anhydride)




w—‘ = <' : -

By Reaction of acid halide with salt of a
carboxylic acid

n I

HyC—C—cl + CH,'COO'N? — H;C—C—0—C—CH, + NaCl




Reactions

of
-~ Anhydrides

N




Hydrolysis

Acid anhydrides get I“Q//dkolysed by water to
give acids

Q%‘
o) 0 o) 0
I wo | |
| H3C C 0] C CH;—) H3C C OH it H3C C OH




By Reaction of acid halide with salt of a
carboxylic acid

0

)

0
HyC ‘c‘

¢l + CHyCOONe' — H,c—C—0

CH; + NaCl



0 0o 0
| o |
C—CH, —» H,C—C—0H + H,C—C—O0H

Y

’O
C

HyC

0

Hydrolysis

Acid anhydrides getydrolyzed by
water to give acids.



Alcoholysis (Reaction with alcohol)

Acetic anhydride reacts with alcohol to form ethyl
acetate

]
HyC—C—0—C—CH, ”

+ CH;-CH,-OH —» [;C C OCHs + H;C
Ethylalcohol

O—0

OH



Ammonolysis ( Reaction with Ammonia)

« Ammonia react with acetic anhydride to give Acetamide

ﬁ 0O
H;C—C—o0 (! CHj ﬁ ﬁ
;5 HzN'_H _v—"." I’lJC C NHZ + H3C C OH




Reaction with Amines

Acetic anhydride reacts with Amines to&jve substituted amide




Reduction

. Acid Anhydrides on reduction with reducing
agent LiAIH4 or Na/alcohl,' produces alcohols

o

8(H]

CH3 o ot
LiAlH,

O==0

H3C 2C2H50H + Hzo

O
O




~

e action of Ammonia
on acid chlorides:
5 y the action of Ammonia
on Anhydrides:
By heating ammonium
carboxylate.




Amides
. By the action of Ammonia‘on acid chlorides:

O

| 2 NHs

1
HC—C—Cl —™ HC—C

NH, + NH,CI




Amides

. By the action of Ammonia on Anhydrides:




Amides

. By heating ammonium carboxylate:




Hydrolysis

Hydrolysis of amides produces
acid

CH,;-CONH, + H,0 + HCl — CH;-COOH + NH,CI



| Amides on reaction

Reaction with with nitrous acid

nitrous acid R Vﬁ'oduces

(NaNO2 HCI) 5?9 Carboxylic acid
\%

©
&

e & T —

CH;-CONH, + O=—N—"0OH—> CH;-COOH +N, + H,O
Nitrous acid




. Reduction of amides in presence of reducing
agent like LiAIH4, produces Amines

Reduction
O
|| LiAlH, H,
H3C C NHZ - H3C C NHZ 2 H20

primary amine



Dehydration

Amides when heated with a
strong dehydrating agent

like P205 i produces
acetonitrile.

ﬁ
P,0s |
HyC——C—Nh; -H,0 Acetonitrile



Hoffman's degradation
of amides d

¥
0 Br, 0] HO
1 > R C7 » R-NH,
R™ NHy NaOH QQ': N 0
Amide on reaction with bromine and sodium h}_’droxiqae

solution




« Amide on reaction with bromine and sodium
hydroxide solution forms isocyanate which on
hydrolysis and decarboxylation produces amine

Hoffman's degradation of amides
O O
A
0 OH O _Bb RJ\ -Br - on HJLN Br
L — W WS, H C
R™ "NH, (-H;0) R™ "Nt (-Br) Bromoamide (-H20)

O

. H,0 Ox I ~
CO; + RNH; =— HD/J-LNHR = C; N-R — ij I:,‘
=~ LBr

N\



Esters




Fischer Esterification

Mixture of carboxylic acid and alcohol
heated in presence of sulphuric
acid is known ad Esterification and
Is reversible in nature.

<

?\
_Esters
©
X S0,
<—= CH,C00C,H; + H,0

CH,COOH + HO-C,H;




Mechanism

« Protonation of carbonyl oxygen followed by nucleophilic

attack by alcohol.
O OH OH
| T |
R—C——0H = R—g o-HE'—E)—ER C—O-H
B N J




From acid chloride and Anhydrides on
reaction with alcohol

O

© Pyndine |
11, —C—Cl + HO-C;Hg - (H,COOC-He + HCI
0

.
| _ |
0—C—R +R-OH —”—> C—OR + R—C—OH

o
o

=
O



Transesterification
(Ester interchange)




Ester when heated with
water in presence of
acid catalyst give the
parent carboxylic acid

Q%“nd alcohol

N8
0\/

S

O

o)

H«C_C—""OCsz + Hzo —_— H3C C o + HO’CzHS
E)thyl acetate




Hydrolysis in base

. On hydrolysis with ag. NaOH forms
sodium salt of carboxylic acid and a
alcohol.

. Kinetic studies revealed that basic
hydrolysis of anester is a bimolecuare
reaction and it follows second order
kinetics (B2 mechanism)



.— 3. C 0" ==|R C OH + OR’

o +R-OH

L et )



Reaction with Ammonia

. Esters on reaction with ammonia produces
amides and alcohols

CH;-COOC,Hs + H-NHy~=— CH;"CONH, + CH;-CH,OH
Ethyl acetate Ammonia



Reduction

\/ R
Esters on reduction in presence {;gtrcing agents produces alcohol

O

CH3-COOC2H5 s [4H] L CH3 CHZ-OH 4+ CH3-CH20H
Ethyl acetate



Ester of an alcohol can react with
another lower alcohol in the
presence of a mineral acid, to
form the ester of second
alcohol. The interchange of
alcohol portions of the ester is Q?“ ran
called Transesterification Sv ) |

\%

CH;-COOC,Hs
Ethyl acetate




THANK YCU
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