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By the end of this chapter, you should
understand:

1. How carboxylic and sulfonic acid group are introduced
Into aromatic molecules.

2. The nature of the acidity of these groups.

3. The effect of the acidic groups on ring reactivity.

4. The reactions of the acidic groups.
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Aromati

Aromatic carboxylic acid s Aromatic sulf onic acid s
In these compounds, the In these compounds, the
carboxylic acid group is sulf onic acid group is attached
attached directly to aromatic directly to aromatic ring.
ring.
Example: N Example: ?|
' ¢ ' O0=S—OH

Benzoic acid Benzene sulfonic acid



Aromatic Carboxylic acids

Nomenclature

COOH COOH

HOOC COOH

Benzoic acid

Q/COOH

NO, COOH

m-nitrobenzoic acid Terphthalic acid

1,3,5-Benzene tricarboxylic acid

COOH

COOH
OH

o-Hydroxy benzoic acid

(Salicyclic acid)

@COzH
CO,H

Phthalic acid



Physical properties

Q .Why carboxylic acids have high boiling and melting
points?
Hydrogen bonds

)

* Higher boiling and meting points compare to alcohols,
Retones and aldefrydes due to dimer formation.




Acidity

The acidity of aromatic carboxylic acid is more than phenols
because of carbocsalate ion is more sable than phenoxide ion
(resonance stabilized)
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Effect of substituent groups on acid strength of benzoic
aclds?
e Electron withdrawing groups will stabilize the anion, decrease the AH,

shift the ionization to the right, increasing the K, increasing acid
strength.

COO-

e Electron donating groups will destabilize the anion, increase the AH,
shift the ionization in water to the left, decreasing the K, decreasing
acid strength.

COOr



-NH,, -NHR, -NR,

-OH

-OR electron donating groups
-NHCOCH;,

'C6H5

-CHO, -COR

-SO,H

-COOH, -COOR electron withdrawing groups
-CN

-NR;*

-NO,



Substituent Effects on Acidity

smgeﬁ_

COOH COOH COOH COOH COOH
@ @ T
NO,
OCHs NO, .
p-methoxy benzoic acid m-nitro p-nitro 0-nitro

PK,=4.46 pK,=4.19 pK,=3.47  PK;=341 pK,=2.16

Worked problem: explain why o-hydroxybenzoic acid is more acidic than p-
hydroxybenzoic acid




Synthesis of carboxylic acids

Oxidation methods

KMnO4
KMn04 I heat
K2Cf207 / H+ \ C02 /

| Cr03

CH,

MgBr
CH,0OH

XY (i) co, /dry ether/ \
| H2Cr04
2 (i) H,0 ‘ \
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Hydrolytic Methods

CN

NaOH

COCI

COONa y ©

CONH,
NaOH ©
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Q: Whrite equations to show how each of the following compounds
could be converted into benzoic acid:

a) Toluene

b) Bromobenzene
¢) Benzonitrile

d) Benzyl alcohol
e) Acetophenone
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Reactions of carboxylic acids

Esterification (Fisher esterification reaction)

0 H o0~
Ar)LOH —~— Ar)l\oH A /g H

r (@)
+

0 o-"
- H,0
Ar” TOCH; = —  Ar7| OH
_H O
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Other reactions

o O

Ar)LCI Ar)l\a NH,

SOCl, NH,
Acyl halide Ammonium salt

Ar)LOH

Carboxylic acid
. Y,

+
Q H,0

Ar)l\ ONa Ar” OH

Sodium carboxylate 1Y Alcohol
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The carboxylic acid derivatives

The structure of carboxylic acid derivatives

e Acyl halides, acid anhydrides, esters and amides
are called carboxylic acid derivatives.

. AL 5
Ar)l\CI Ar= 0" “Ar Ar)LOR Ar/u\NHZ

Acid halide Acid anhydride Ester Amide
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Reactivity consideration

: O ) X K1 /f\ K2 : 0 :
)‘J\ * £ = = )J\ Y
D R Y = *
R Y K. K.

As the basic character of leaving group (Y) decrease, the
reactivity of acid derivatives will increase.

_ O
<CI < ghg < OR = OH < NH,
Decrease the basic character of the leaving group

o) o o) o] o) O
)J\ 5 )J\ /U\ . )K _ )J\ . )J\
Ar Cl Ar o) Ar Ar OR Ar OH Ar NH,

€

Increase the reactivity of acid derivatives
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Reactions of acyl halides

Ar)LOR
)OL Ester
Ar OH Ar—CH,OH
Carboxylic acid H,O 1Y Alcohol
(0]
)L R,NH
Ar” °NR, €
. Acid halide
Amide aiciy 1 O
o)

H RCOO

o [i]/bH Ar
Ar)L N
O 7 7 Ketone
HAoHe

3"Y Amide Ar
Acid anhydride

(Friedel-Crafts acylation)
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Acid anhydrides

The acid anhydride derivatives can also undergo nucleophilic
substitution reactions. But it less reactive than acyl halides. So
they can not react with NacCl, this is because the incoming halide
lon IS a weaker base than the deporting ion.

O O

)]\ )]\ NacCl

Ar O  CHgj P NoO reaction

Relative Basisities of the leaving group

- O - _ i
ciI < - < OR = OH < NH
OJLR :

Relative reactivities of the Acid derivatives

O O

Ar > Ar)LOR = Ar)LOH > Ar/u\NHZ



Reactions of Acid anhydrides

o
j’\ Ar)LOR + ArCOOH
Ar~ "OH H,0 ROH Ester Carboxylic acid
Carboxylic acid
4 )
O O

Ar)LOJ\Ar

@ Acid anhydride

\ J

0 RNH,
AICI, 0 )OL
ArCOOH + Ar + o
NH; Ar)LNHR Ar O NH;R
Carboxylic acid Ketone Amide Ammonium salt

O o

AFJLNHz : Ar)l\a ;\-IH4

Amide Ammonium salt
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Reactions of esters

+ + H,O
O ¥ OH
OH (Slow step)
+ Ar OMe e f €
~H + OH,

Tetrahedral intermediate

I
Acid catalyzed hydrolysis: it

+
OH

CIOH . OH
MEOH. . Ar)LOH — i e
oH H H OH
+ +
HIl-H
o)
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Base-catalyzed hydrolysis of esters

OMe + OH —/|/—= OMe
OH
X X
o O
= = OH
CH3OH + O - CH3O +
X
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Transesterfication

O O

OMe +  CH3CH,OH vy OCH,CH; *+ CH3OH
(Excess)

Methyl benzoate Ethyl benzoate

T +

Worked problem: Whrite the mechanism for the transesterification
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other reactions of esters

ArCH;0H + CH3;OH

0

1" alcohol

CH;OH + Ar)LNHZ e
NH,
NH,OH

PhMgX
o i _PhMgX /I\
Ar” Ph > Ar“lPh

CH;OH + Ar)LNHOH
3" alcohol
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Reactions of amides

Amides don't react with halide ions, alcohols or water because, in each case the
incoming nucleophile is weaker base than the leaving group (NJH,)of the amide.

No reaction No reaction
CH,CO0 /
\f N C_II
O
Ar)LNHz
Amide

H,O A y,
/ RO

No reaction No reaction 24



Hydrolysis of amides

+ + OH
o H OH H,O
SN, g A
Ar/u\NHz — Ar)LNHz o Ar-] N
+ OH,

+
+ Ar NH,
-H
OH
o o o _
- +
Ar)LNHZ + OH —>» Ar” | NH; > Ar)LOH NH;
OH
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Gabriel synthesis of primary amines

O

O

X

O
OH —— qul\l_
@)

COO

COO

+ RNH, ==

O
RBr
y N=R
SN?
O
+
Hyd.| H
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Aromatic sulfonic acids

Preparations

SO,CI SO,H

CISO;H
cxcess

H,SO,
conc.

SO;H

C



Acidity of Sulfonic acids

 Sulfonic acids are strong acids because their conjugate bases
(sulfonate anions) are resonance stabilized, and all the
resonance structures delocalize negative charge on oxygen.

:0: 0 ‘O:~ 0
| o A ) | '/_\ | = | +
RﬁOH+B—>RIS|»O<———>R—|SI»:Q=<—>R-—S|3:Q+H—B
- i
- - J g - - § - :0:
strong acid Three resonance structures—

PKa=—7 All have a negative charge on oxygen.
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Reactions of aromatic sulfonic acids

1- Reactions with amines and alcohols

WV
S
e v
O\\S//O CISO;H O\\ //O sulfonamides
S - _S
Ar OH  orpoc, AT TCI
ROH o o

\\ 7/
S
Ar~ TOR

sulfonates
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2- Displacement of sulfonic acid group

NH, OH

NaOH
SO3H /
fusion

CN NaCN KSH SH
fusion

fusion
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