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MONO, Di CARBOXYLIC ACIDS

B AND AMINES

/
\/2.1 MONOCARBOXYLIC ACIDS

" Carboxylic acid
Organic =~ compounds  containing the  carboxyl

0 ) | A
-C group are called carboxylic acids. The name

oH |
carboxyl is derived from carbonyl (C = O) and hydroxyl
(- OH) because in carboxyl group these two groups are directly

linked to each other. " ) 9/
/) Y

to three types according

Carbgxylic acids are classified in
ent in the molecule.

to the number of — COOH groups pres
1. Monocarboxylic acids

2. Dicarboxylic acids
3. Tricarboxylic acids etc.,
are also called Fatty

The aliphatic monocarboxylic acids | Fat
as glycerides 10 oils

acids because some higher members occur
and fats.
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Examples

(1 Monocarboxylic acids

—————
e e —
et

Formula | Name
— H.COOH Formic acid
""—w('j—]i;jc()_OH Acetic acid |

CH; - CH, - CH, - COOH n— Butyric acidm

(ii) Dicarboxylic acids

Formula Name
(EOOH Oxalic acid
COOH
CH,— COOH

I Succinic acid
CH,—COOH ~
CH,—CH,—COOH

l i ok
CH,~CH,~COOH Adipic acid

(ili) Tricarboxylic acids

CH,~COOH
HO—?—COOH

CH,—coon

21.1 General name of Monocarboxylic acids

Compounds containing one-COOH group per molecul¢
are calleq monocarboxylic acids. They are represented by (h¢
general formula, R-COOH (or) C, H,, ; | COOH.

Citric acid
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2.1.2 Nomenclature

There are three ways of naming monocarboxylic acids.

They are
| {. Common names

2. TUPAC names

3. Derived names
-

Derived-names

Sometimes fatty acids are named a

/ Formula Common | TUPAC
name name
% : .
H-COOH Formic Methanoic
acid acid
CH, - COOH Acetic Ethanoic
acid acid
CH, - CH, - COOH Propionic | Propanoic
acid acid
CH; - CHy - CH; — COOH n — Butyric Butanoic
acid- acid
CH;-CH - COOH iso-Butyric 2-Methyl
| acid propanoic
S acid.
CH; - CH, - CH; - CH, - COOH Valeric Pentanoic
acid acid.

acetic acid (or) substituted acetic acids.

s alkyl derivatives of




Examples
Formula Name
- Methylacetic acj

CH,—CH, COOH ylacetic acid
CH, .

>CH—COOH Dimethylacetic acid
CH,
@ CH,~COOH Phenylacetic acid

\i%}q Acetic acid: (Aliphatic carboxylic acid)
P 0

ructure:
I
CH,-C—OH
Preggration
X From Grignard reagent
Grignard reagents react with CO, to form additio

» products which on hydrolysis give carboxylic acids.

Ether E X
RMsX+g=0 — R— C—-OMgX }%?»R— —OH + Mg<

.a OH

___ Ether " HOH @ Br
CH;MgBr + C=0 == CH,~ C=OMgBr 3+ CH;-C—OH+ Mg,

H-COOH cannot be prepared by this method, because |

~ contains only one carbon atom.,

2. Oxidation J

. Primary alcohols (or) aldehydes undergo oxidation witl
a mlxtu‘re of K, Cry O; and H, SO, to from carboxylic acids
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. A secondary alcohol (or) ketone on oxidation gives .
with lesser number of carbon atoms. $ an acid

r—ci,08 & r-cHo ©, R—&OH

T T T Yy

_ 0 0 9
= CH O e 10 > ci-bom

{NCLOG OLLE Jf/

‘J')(‘-'"%f" LM A

R ©) R< ©
L1ed 8 - )
~ CHOH ~c=0 = r_coon

: ey (8)
- o —> o _C=0 ©), crg—coom@
3. Hydrolysis

T TT———T

'Hydrolysis of alkyl cyanides, amides and esters with
aqueous alkali (or) acid give carboxylic acids.

; H* HOH
4 (i) R-C=N+H. 0 —»R—E— — R-COOH+
k- ) Amid':u-I2 H' W

(o)
(§) I
i CH3—CEN—112-7-> CI%—C—NHZE—QIE C}{,“,—&—O}HNH3
B Acetamide

(ii) R—g—NH2+NaOH —-—bR—E—ONa +NH,

‘ 3
‘HCI :
R—g-OH +NaCl

0
CH,~C—NH, +NaOH —» CH3—PJ-ONa+NH3

|HC| CH3_E_0H+Na01

Ll ke
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i .
(i1i) R-(L/—O—R'-*NaOH —»R-C—ONa+R'OH

Ester
‘HCl 9
R—C—OH +NaCl
cu,-@— OC,H, + NaOH ——>cns—@— ONa + C,H,OH

Ethyl acetate
HCl (El)
CH,-C—OH + NaC|

Properties

Acetic acid is a colorless, corrosive liquid with vinegar odour
and sour taste. Its boiling point is 118°C and m.pt is 1667 C
The vapours are suffocating and cause damage to the lungs. Pur
acetic acid is called Glacial acetic acid because it forms ice-likc
solid on cooling. It is miscible with H,O, alcohol and ether.

2.1.4 Reactions

Acetic acid is a typical monocarboxylic acid and gives
all the reactions of this class.

Conversion of Acids to their derivatives

1. Formation of Esters

Carboxylic acids react with alcohols in the presence o
mineral acid (HCl (or) H,SO,) to form esters. This reactior
is reversible and is called esterification.

The equilibrium can be shifted to right by using exces
of alcohol (or) removal of H,O by distillation.

O 0O
o , . H' I

R-C-0OH+R'-OH =— R-C-0OR'+ H,0

= ‘___'___;/-' Ester

T o @
CH,-C—-OH+C,HOH =— CH,- “O—Czﬁs+H20

Ethyl acetate
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mono. Of

Mechanisms
The mechanism of esterification involves the following stepe

m Protonation of Carboxylic acid

OH

Cﬂaﬁ—OH—\ﬁCHa_g_oﬂ aceltt oyl

MAttaCk by Nucleophile
OH g pos © OH
-0 0-Cpty <= Cﬂs—i— Q- C,H,

H
mProton transfer
@ .

| ]
cm—g—gfczns#cns—c‘:—o-czns
OH OH

Elimination of proton and H,O

i e D
L H '

g )
2. Formation of anhydrides i
Carboxylic acids undergo intermolecular cleb_ydration oi
heating with P,O5 to form anhydrides. :

Acetic anhydride
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Anhydrides can also be prepared by treating (1

¢ 3()(“
salts of the acids with acid chloride. I
? ®
|
R-C—-ONa R-C~_
+ 5 +N
R-(|f—Cl - ﬁ /0 aCl
- 0]
1 T
|
CH,~C-ONa CH,-C
CH, c-a > _O+NaCl
T CHs‘c":
0 0
Acetic anhydride

3. Formation of amides

When ammonium salts of carboxylic acids are hegt
alone, amides are formed.

i 0 0
R-C-OH+NH, —»R-C-ONH, —2 » R-C
0

0
Il Il k Il
CH;~C~OH + NH,—» CH,~C-ONH,—2» CH,~C-NH,
Ammonium acetate

Acetamide
4. Formation of acid chlorides

Carboxylic acids react with PCls (or) PCl; (or) SOC
to form acid clorides.

O

0
I
CH,~C—OH+PCl; — CH, -

[
C—Cl+POCI+HC!
Acetyl chloride
0 0

Il
~C~OH+PCl; —s 3 CH,-C-Cl+H,PO,
o

O
l [ "
CH,-C-OH + SOCl2 — CH,~C-Cl1+ SOz'“@A

3C

Thionyl
chloride
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Other reactions

5. Formation of Salts

Fatty acids react with alkalies, carbonates and
bicarbonates to form salts. :

Cﬂg—g —OH+NaOH —» CH, - g— ONa+H,0
CH,~C—OH+ NaHCO; — CH,~C—ONa+CO, + H,0

2 CH,—C—OH +Na,CO, — 2CH,~COONa +CO,+ H,0
Sodium acetate
6. Reduction
Carboxylic acids undergo reduction with LiAlH4 (or)
diborane in THF at 0° C to form primary alcohols.

o)

I [H]
R-C-OH ———» R~ CHZOH
LiAlH,

CH,- &-on —%» CHS—CHZOH

Heating with HI/P converts the carboxylxc acids to alkanes
0

(H] -
CH,~C-OH ——» -+ CH,~CH,

Ethane
7. Decarboxylation

When sodium salts of carboxylic acids are heated with

soda-lime (NaOH + CaO), alkanes are formed.
0
Ii CaO
R-C—ONa+NaOH —;—> R—H +Na,CO,

0
Il Ca0
CH3—C—ONa +NaOH ————bA CH it N32C03
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8. Halogenation

When a carboxylic acid (containing « — hydrogen)
B ‘ ' . ' v ~ g ;'
treated  with Cly (or) Bry in the presence of P, the ¢

hydrogen atoms are substituted by chlorine (or) bromine ator
This reaction is known as HVZ (Hell- Volhard-Zeliny,

reaction.
0] 0
I p I
R—CHz— C-OH+ C12 — R—(IJH-C-OH + HCl
Cl
A a — Halogenated acid
Il
CH3—C—OH + Cl2 —P> ('3H2— COOH+HCI
Cl
7
CH,~C~OH+ Br, =+ CH,~COOH + HBr
Br
1
CHa—CHz -C-0OH+ Br2 — CH;"' CH-COOQOH-+HBr

T

o — Halogenerated acids are the convenient starting

~
g materials for preparing other o — substituted acids.
L0 7@ Benzoic acid (Aromatic carboxylic acid)
S

Strucutre:
OOH

ctly linked to the benzent

When a carboxyl group is dirc '
¢ carboxylic acids

the compounds are called Aromati
acid is the simplest ol aromatic acids.

ring

I
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Preparation
1. From Grignard reagent
Phenyl magnesium bromide reacts with CO; in ethane to
form an addition product which on hydrolysis gives bc:}zog',c acigl.
h'qaeol \ MM.jf }
-0 ¢ [Bseak down.

I, _ Eth I
C¢H MgBr+C = 0—» C H,~C-OMgBr

HOH ln*
_ Br

I
CH,-C —~OH+Mg
NOH

Benzoic acid
2. By Oxidation

Benzoic acid is prepared by the oxidation of side-chain
of benzene derivatives. The side-chain oxidation can be carried
out by acid K, Cr, O7 (or) KMnOy (or) alk. KMnOy4 (or) air.

(i) By the catalytic oxidation of toluene with air in the
presence of Co-Mn acetate (or) by oxidation with acid

KMIIO4
CH, COOH
Co-Mn acetate
+30
2 2 —T1°Cc " +2H,0
CH, COOH
©O)
Acidified
KMnO,
(i) By the oxidation of benzyl chloride with acidic KMnO,4
CH,CI CH,0H COOH
NaOH O) 7
bl —_— l

KMnO, (N




2.12 General Chemistry "

—

(iii) By the oxidation of benzaldehyde with alk. KMnO,

CHO COOH
~ ©)

| 5
5% Alk. KMnO,

3. By hydrolysis

Benzoic acid can be prepared by the hydrolysis |
benzotrichloride with aqueous Ca(OH), in the presence of |
powder.

CCl, COOH

Fe
Properties

Benzoic acid is a white, crystalline solid, m.p 122°(
It is sparingly soluble in cold HyO but dissolves readily |
hot water, ether, ethanol and benzene. It is

. volatile in stea
and may be sublimed to give white plates.

2.1.6 Reactions

Chemically benzoic acid resembles alj
gives simnilar reactions. However, it is a st
acetic acid.

phatic acids an
ronger acid thg

Conversion of Acids to their derivatives

1. Ester formation

Benzoic acid readily forms esters when i g refluxeq .
alcohol in the presence of conc HaSOy (or) hydroge, chl \-v(;t
’ Oride

COOH

C00C2H5
H,S0,
s C2H5OH it ¥ H20

Ethyl benzoate
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3. Formation of anhydride

Benzoic acid forms the anhydride when it is boiled with
acetic anhydride

. 0
0 Il
¢-oH i CelsmEN OOH
H.-C-OH ——» +2CH,C
2C6 5 Boil C.H _C/O H3
65 I
(0)

3. Formation of amide

It reacts with NH3 to form ammonium benzoate which
on heating gives benzamide.

. 0
I
C,H,~ COOH +NH, —»C¢H, - COONH, _A(_). C¢H,—C-NH,
| Ammonium H, Benzamide

benzoate
4. Formation of acid chloride

It reacts with PCls (or) SOCI, to form benzoyl chloride.

COOH CocCl

+PCly ——> +POCl,+ HCI

Other reactions

5. Salt formation

Benzoic acid reacts with strong bases such as NaOH (or)
KOH to form salts.

COOH COONa

+NaOH —— @ +H20
Sodium

benzoate
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6. Reduction
Benzoic acid can be reduced to benzyl alcohol
LiAlH, (or) diborane in THF at 0°C

COOH CH20H
[H]
_—
LiAIH 4
Benzy] alcohol

7. Decarboxylation

Benzoic acid undergo decarboxylation when heated witt
soda-lime to form benzene.

NaOH / CaO
*'A + CO2

8. Electrophilic substitutations

COOH

Benzoic acid undergoes the

B usual electrophilic
substitutions at meta position.

COOH
Cl,/Fe
—
cl
m-chlorg s A
COOH benzoic acid
COOH
Conc, HNO, / sto "
—
) NO
- Bittobenzoic acig
COOoHl

Conc. 1'12804
D

SOJH
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Uses

1. Benzoic acid is used in medicine as urinary

antiseptic and its vapours for disinfecting bronchial
tubes.

2. Na benzoate is used as food preservative. |
3. It is used in dye industry for making aniline- b]u
2.1.7 Strength of Carboxylic acids

An acid is a proton donor. The strength of an acid
depends upon the ease with which it can release the proton.

Carboxylic acids are acidic in nature. Due to resonance,
the electron density on the hydroxyl oxygen decreases. Hence
the bonding pair of electrons between oxygen and hydrogen

in O-H group is shifted towards oxygen and the proton is
released readily.

o I
R-C R-C

- g
R-— c/O ——> R- c/0 H®

The carboxylate ion formed is also stabilized by
resonance which is much more effective than in carboxyl
group. The resonating structures in carboxylate ion are of equal
energy.

R-C G R—C\

X-ray studies support the fact that carboxylate ion exists
as a resonance hybrid. Greater the stability of the anion of the
acid, higher is its strength.
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2.1.8 Effects of substituents on the strength of
acids (acidity)

Any factor that stabilizes the carboxylate anion more
than it stabilizes the acid, should increase the acidity. Similarly

any factor that makes the anion less stable should decrease the
acidity of the carboxylic acid.

Factors explaining acidity of acids

The most important factor affecting the acidity is the
inductive effect of the substituents (or) groups on the o-carbon atom.

1. Electron-releasing substituents

Electron-releasing + I effect of alkyl groups decrease the
acidity. Electron-releasing alkyl groups increase the electron
density around the carboxyl group which makes the proton
release difficult. Further they increase the negative charge on
the carboxylate ion and destabilize it. Also, as the size of the
alkyl group increases, acidity decreases.

0
Il Il
H-C-OH CH,-COOH  CH,-CH,-C-OH
K,=177x10° K,=18x107 K, =134 %107

2. Electron-withdrawing substitutents
Electron-withdrawing substituents (F, Cl, Br, - CN and
—~NO,) increase the acidity. Electron-withdrawing groups (with

- 1 effect) decrease the electron density around the — COOH

group and thereby make the release of proton easy. These
groups decrease the negative charge on the carboxylate jon and
stabilize it.

Example
Chloroacetic acid is about 100 times stronger than acetic acid.
CH,—COOH Cl CH,~COOH
K, =18x107 K, =136x 107

The strength of the electron-withdrawing substituents
determines the magnitude of its effect on acidity.
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Example
Fluoroacetic acid is stronger than chloroacetic acid.
(|3112 — COOH (i‘.H.z - COOH
F Cl
K, =260 x 107 K, =136 x 107

Acidity also increases as the number of electron.
withdrawing groups ((or) substituents) increases.
CCL, ~ COOH CHCL—COOH  CICH, - COOH
K =23200x10° K, ,=5530x10° K, =136x107

Th

The distance between the carboxyl group and the
substituent also determines its strength.

2.1.9 Acidity of substituted benzoic acids

The acidity of substituted benzoic acids depends on the
nature and position of the substituent group. The K, values

for some substituted benzoic acids are given below:

Name . Formula K,
Benzoic acid il COOH 6.52 x 10~
|
p-Methylbenzoic acid COOH 43%10°°
CH,

p-Methoxybenzoic acid COOH 338 x 10~°
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I

Name Formula K,
p-Chlorobenzoic acid COOH 104 % 1073
cl
p-Nitrobenzoic acid COOH 40% 10~

The prensece of electron-releasing substituents like
— CH,, — OCHj etc., decrease the acidity of benzoic acid. On

the other hand, electron-withdrawing substituents  like
—NOZ,—Cl,— CN etc., increase the acidity of benzoic acid.

Factors explaining acidity

The effect of substituents on the acidity of benzoic acid
can b. explained by the following two factors

(i) Inductive effect of the substitutent
(ii) Resonance effect (or) Mesomeric effect.

(i) Effects of electron-withdrawing substituents
Electron-withdrawing substitutents increase the acidity of
aromatic acids also.

Example
p-nitrobenzoic acid and p-chlorobenzoic acid are stronger

than benzoic acid.
COOH COOH COOH

NO, cl
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p-Nitrobenzoic acid is stronger than p-chlorobenzoic acjg
because both -I effect and -R effect of nitro group are importap
in stabilizing the carboxylate anion. But in p-chlorobenzoic acjq
I effect and +R effect are opposing each other.

-I>+R

(ii) Effect of electron-releasing substituents
Electron-releasing substituents generally decrease the acidity,

Example
In p-methlybenzoic acid, the electron-releasing +I effecy

of the methyl group destabilizes the carboxylate ion. Hence
p-methylbenzoic acid is weaker than benzoic acid. The -QH

(or) —OCH; groups attached to the benzene ring exert
resonance effect and inductive effect in opposite directions.

+R>-1L

The electron-releasing resonance effcct predominates in
— OCH;4 group. Hence p-methoxybenzoic acid is weaker than

benzoic acid.
COOH COOH

OcH,

From the above discussion it is clear that the net effect of
two factors (Inductive effect and resonance effect) determines the
actual acidity of a particular substituted benzoic acid.

2.2 DICARBOXYLIC ACIDS

Compounds containing two — COOH groups in ther

m9lecules are called dicarboxylic acids. Saturated dicarboxylic
acids have the general formula:

_COOH
(CH,),_ n=0,1,2,3...

\COOH
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221 Nomenclature of Dicarboxylic acids
Comm |
Formula - IUPAC name
name |
COOH ‘Oxalic | Ethanedioic
COOH acid ‘acid '
,COOH Malonic |Propanedioic
CE, ‘acid {acid
“COOH | |
CE,—COOH ] Succinic | 1,4-Butanedioic
éHz —COOH Eacid 'acid
,CH,—COOH Glutaric | 1,5-Pentanedioic
CH, acid acid
“CH,~COOH |
CHz’CHf’COOH Adipic 1,6-Hexanedioic
(‘Iﬁz—CHfCOOH acid acid
, CH,~ CH,—COOH Pimelic | 1,7-Heptanedio
CH, acid ic acid
\
CHz— CH2—COOH
CH,—CH; CH,~ COOH Suberic 1,§-Octanedioic
CH, —CH;- CH,~ COOH acid acid
,CH,—CHj~ CH,- COOH Az.elalc I,Q-Nonanedloxc
cH,- CH, ” acid acid
Sebacic 1.10-Decanedio
—CH.— CH.— CH,,— COOH '
FHQ CHy ™ Ha acid ic acid
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2.2.2 General methods of preparation

1. By the hydrolysis of dicyanides (or) cyanomonocarboxylic acid
COOH

CONH1 HOH ¢

CONH, COOH

B —~CN HOH CH,—COOH
CHz r KCN fH: -
HzBr CH~CN HCl  cH,—COOH

C=N
[ _+2H,0 —>|
C=N

_COOH K.CO, CH, —COOK CH,— COOK
CI:Hz ECOs (I: :{z KCN |Hz
a CN HOH| H(

_/COOH

CH,
\COOH

Malonic acic
2. From Grignard reagents

By treating Grignard reagents, obtained from t!
corresponding dihalides, with CO, and subsequent hydrolysi

CHr g e CHzMgBr co, |CH2—-C00MgBr

- CH,MsBr CH, —COOMgBr
HOH /H®
CH,—COOH - Mg” Br
CH,—COOH \OH
3. By oxidation

By the oxidation of diprimary alcohols (or) hydro
acr’s with KMnO, (or) K, Cr, O,
OH

©
CH,0H \ coon
0) COOH
COOH /

CH,OH
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4 From acetoacetic ester
C,H.ONa I{
iy &Cﬂr g OCH, 20 CHy- O CHNa O, M,

1(‘! CH, COOC, Hy

AR CH,- ? +CH- ?~ OC,H,

ca,-—'mon CH,— COO-C,H,

CH, NaCH

000G, H, “COOC,H,
,C00C,H, g CO0GHs oy ”00H
NCOOC, H, NCOOGHy  yon NCOOH

B | B o
- R
NaCH  ° g ~COOH
CH

000G, H, NCOOG;Hy \COOH
a _ CH,-coon
200, - COOH
nic ackd

If CH, I, is used instead of 1y, glutaric acid is formed.

Similarly when ethylene dibromide is used, adipic acid is
obtained.
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The dicarboxylic acids are much stronger than
monocarboxylic acids. The acid strength decreases with
increase in molecular weight. The dicarboxylic acids dissociate
in two stages K, ;> K.

Chemical properties
1. Action of heat

Different products are obtained on heating depending
upon the relative positions of the two — COOH groups.

(a) Dicarboxylic acids in which the two — COOH groups are

directly linked (or) to the same carbon atom (1,2 (or) 1.3)

lose CO, to form fatty acids.

COOH A
i —=» H—COOH + CO,
COOH

CH —2 , cH-COOH +CO,
“COOH
(b) The dicarboxylic acids, separated by two (or) three carbon
atoms, lose a molecule of H,O on heating (or) better by
distillation with acetic anhydride.
(M, COOR _4 (800 ,.no
CH,~COOH CH,~CO”

o
™ CH,~COOH cu,\m’_oo/ i




2. Oxalic acid is prepared industrially by heating HCOONa
rapidly at 360°C when sodium oxalate is formed. This is
then converted into Ca oxalate by treatment with lime
which then reacts with dil H,SO, forming oxalic acid.

H - COONa 300°C COONa
— | -+ Hz

H - COONa COONa

Na Ca(OH), COO ilH, SO
b e U iy v

&
COONa Co0~ L

3. Oxalic acid is prepared by the oxidation of ethylene glycol
(or) glycollic acid with Na,Cr,0; / H,SO,4

CH,0H

CH20H \ COOH

COOH o
cnzon o

4. In the laboratory oxalic acid is prepared by the oxidation
of cane-sugar with conc HNO; in the presence of

VZOS:

g,lso A
1

HNO,  COOH
C12 H22011+ 18 (O) —>6 | + 5H20

V,04 COOH
Properties

Oxalic acid is a colourless, crystalline solid. It is soluble
in H,O and alcohol but almost insoluble in ether. It is

poisonous.




5. Oxalic acid is prepared industrially by heating HCOONa
rapidly at 360°C when sodium oxalate is formed. This is
then converted into Ca oxalate by treatment with lime
which then reacts with dil H,SO, forming oxalic acid.

H — COONa 300°C COONa
— | . H2

H — COONa COONa

(o) COO- dilH,SO
C'IOONa Ca(OH), |oo - 1H, 4('3001;

Sl Sy +CaSO
COONa CO0~ COOH 4

3. Oxalic acid is prepared by the oxidation of ethylene glycol
(or) glycollic acid with Na;Cr,O5 / HySO4

'CHZOH

COOH

|
Q) COOH
(EOOH ¢ . lg,,_SoA :
CH,0H o %"
4. In the laboratory oxalic acid is prepared by the oxidation
of cane-sugar with conc HNOj in the presence of
V2052
HNO, COOH
C12 H22 011+ 18 (0) —>6 | . i 5H20

V505 COOH
Properties
Oxalic acid is a colourless, crystalline solid. It is soluble
in H,O and alcohol but almost insoluble in ether. It is
poisonous.




6. Oxidation
Oxalic acid is oxidised to CO, by acidified KMnOy:

2KMnO; + 3H,80;, ———> K,S0,4 + 2MnSQ, + 3H,0 + 5 (O)
5H,C,04 ———> 5H,0 + 5CO + 5CO,
5CO + 5 (0) ——> 5CO,

2KMnO, + 3H,50, 5H,C,0, ——> K,SO, + 2MnSO, + 8H,0 + 10 CO,

7. Action of heat

When oxalic acid is heated above its melting point, it
decomposes to give H-COOH, CO, and Hj:

COOH

| ———> H- COOH + CO,
COOH

H - COOH ———> H, +CO,

8. Reduction
Oxalic acid is reduced to glycollic acid by Zn/H,SO4

while electrolytic reduction using lead cathode leads to the
formation of glycollic and glyoxylic acids.

COOH zuH,s0, COOH
coogt 4™ T cm,oH
5 |COOH o Electrolytic) X |COOH . lcﬂo + 21O
COOH reduction CH,0H COOH .

9. With glycerol

When crystalline oxalic acid is heated with glycerol at
110°C, formic acid is formed. But when heating is done at
260°C, allyl alcohol is formed.
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2. It is prepared by the hydrolysis of malonylurea (barbituric

acid):

_CO—HN _COOH HN_
C=0 + 2H,0 —» CH, 3 co

\CO-HN” NCOOH H,N~

3. Malonic acid is also prepared by the oxidation of malic
acid with acidified K,Cr,0:

H

~COOH K,Cr,0/H"  \cooH

Properties
Malonic acid is a colorless, crystalline solid. It is readily
soluble in H,O and alcohol, but sparingly soluble in ether.

Reactions
1. Action of heat

When heated at 140°C, malonic acid decomposes into
CH3; COOH and CO»:

_COOH ,
CH, —=» CH,—COOH +CO,T
~COOH
2. With P,O;

When malonic acid is heated with P,Os, it loses two

molecules of H,O to form carbon suboxide (C30,). This when
dissolved in H,O again forms malonic acid.

A — % C,0
CH, 30,1 2E,0
~COOH |

3. With HNO,

Malonic acid on treatment with HNO, followed by
hydrolysis forms mesoxalic acid:




226 Succinie acld

Structure: lcn_\ - COONH
CH, - COOH
Preparation

1. Sucvinic acid 18 prepared by treating ethylene dibromide
with KON followed by hydrolysis:
'L‘H} Br R(‘N I(‘l‘j - (‘N “u“ f‘li: - (‘()()'l
CHyBr ~™ CH,-CN v CHy- COOH

2. It is also prepared by the action of HI and red P on malic
acid (or) tartaric acwd:

CHOH- COOH Redp CHy - COOH
CHy-Coon + M ——> CH, - COOH *+H20+ 1,

Malic acid

CHOH-COOH  yqp CHy-COOH
l 4H] ——> 2 21,
cHoH- coon * ! o LT Ml

Tartanc acid

3. It is prepared on a large scale by the catalytic reduction
of maleic acid:

H-C-COOH i CHa—COOH
I + Hy ——> 4. _ COOH
H-C-COOH ol
Properties

Succinic acid is a white, crystalline solid. It s
moderately soluble in H,O, but sparingly soluble in ether.




4. Electrolysis of Na® (or) K® salts

' The electrolysis of a solution of Na (or) K salt of
succinic acid yields ethylene:

| Anode Cathode
CH,—COOK  Ejectrolysis CH, ~coo® 2x®
CH,— COOK — cm,-coo® 7 1_26_
l—Ze"’ 2K
~C00- | mo
$CI-12H2—COO 2KOH+H,
?12‘—('}]2 ‘_zlc
CH, .CH, 2%

Uses
Succinic acid is used

1. In the manufacture of high polymer esters (or)
polyester resins.

2. In medicine.

3. As a reagent in volumetric analysis.

4. In the manufacture of dyes and perfumes.

2.2.7 Glutaric acid
Structure: > CH,—COOH

™~ CH,—COOH
Preparation

l. Glutaric acid is prepared by the hydrolysis of
trimethylene-dicyanide with HCI:
~CH,—CN CHz—COOH
CH2 + 4H20 _&. CH2/ + 2 NH,
. “NCH,—CN ~ CH,—COOH




Preparation
1. Adipic acid is prepared industrially by the oxidation of phenol
(or) cyclohexanone with HNO; in the presence of SeO:

OH

@ e Q m"oa’mz (j \(0)
e~ ~coos
CH,—CH,— COCH

2. It is also prepared on a large scale by the reaction of
THF with CO and H;O:

{ > +2C0 + H,O —> ?‘2 CH,~C0oH
o CH, ~CH,— COOH
3. Adipic acid is prepared by the reaction of sodio malonic
ester with ethylene dibromide.
Properties
Adipic acid is a crystalline solid melting point 150°C.

1. Action of heat
When adipic acid is distilled with acetic anhydride, it
loses H,O and CO, to form cyclopentanone:

CH,~CH,~COOH _ AC,0 ACzO O -
CH,~ CH1, — COOH co, + H,

2. Condensation reaction

It undergoes condensation with 1,6-hexamethyla\odiamim
to give a polyamide called Nylon-66.

0 o

1
nm-c-(Cﬂ,)‘—(l:—-OH-i- n H,N-('Cﬂﬁ; Nﬂz——A—"
o o o 0
—C —(CH,),— C+ NH— (CH,)—NH— C— (C)~C NE-—
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2.3.2 Nomenciature of Amines

S
Formula Common | IUPAC
name name
I—
CH; - NH, Methylamine | Amino
methane
CH; - CH; - NH, Ethylamine Amino
ethane
CH; - CHy - CH; — NH, n-Propylamine |1-Amino
propane
CH; - CH-CHj3 is0- 2-Amino
| Propylamine propane
NH,
CH; - CH, - CH, — CH, — NH, | n-Butylamine | 1-Amino
butane
CH; - CH - CH; — NHy iso- Butylamine | 2-Methyl-
| amino
CH; propane
CH; - NH - CHj Dimethylamine |(N-Meth
ylamino)
-methane
CH; - NH - CH, — CH; Ethylmethy (N-meth
' lamine ylamino)
-ethane
i N,N-Di
CH, Trlrpethy (
| lamine methyla
CH; - N - CHj4 mino)-

methane




I Br,/NaOH
R~CT —» R—NH,+ CO,
I Br,/NaOH
CH,~CH,~C—NH, — CH,~CH,—NH,~CO,
Mechanism
? Br, (")

lone

0o
N +——CH3-CH2—"5—5-P' Br
CH,~CH,~N=C =0 — " CH,— CH,~NH,
Ethyl isocyante +K,C0,4

5. By Gabriel phthalimide synthesis
Ethylamine (or primary amine) can be prepared in the
following steps:

co co
e ~s
©: NH KOH, NK
P co”
2 . CH,!
Pthalimide Potns_m}z
0
g
COOH ~
COOH f;/
o)
+2 CH,—CH,NH,




Preparation
1. By catalytic (or) chemical reduction of nitrobenzene

This is a very convenient and most widely used method
of preparmg aniline. The reduction is carried out with
(a) Hy in the presence of Ni, Cu, Pd (or) Pt catalyst, (b) Sn
(or) Fe and HCIl and (c) LiAlH,.

NO,
@ 0 + 2H,0
NO, NH,
" + 6 g S/ HC! @ ‘25,0
NO, Ty
LiAIH,
© e

2. By ammonolysis of aryl halides

Aniline is prepared by heating chlorobenzene with
ammonia in the presence of Cu salts at 210°C and high pressure.

Cl NH,

+2NH, ——» + NH,Cl

3. By Hofmann’s hypobromite reactions
When benzamide is treated with Br, and alkali, the amide
is converted into aniline containing one carbon atom less.

Q Br,/KOH

C6H5 -C- NH2 ———te C6H5 o NH2 " CO:)_ T




R-NH,+H,0 = R—%}V O

Applying law of mass action,

D e
R—NH3][OH ]

Ky =
2 [R — NH,]

K}, — Basicity constant.

The extent of ionisation is described by Basicity constant.
It is an equilibrium constant for the ionisation reaction of the
base. The basicity constant values describe the relative strength
of the bases. Stronger bases will have higher numerical values

of Kp.

Table 2.1: K, values of some amines

Base Kp

NH; 1.8x107°
CH, - NH, 37x107°
CH, s

| 54 %10

CH, - NH

CH, ;

6.5x 10"

Relative basicities of amines

Aliphatic amines are stronger bases than ammonia. This
is because the alkyl groups are electron-releasing. They
increase the electron density around the nitrogen atom, thereby
increasing the' availability of the lone pair for protonation.




Kbvaluesofsomeammaﬁcamim

g I
Name Ky
5 PR

Aniline

Formula
5
| e B
NHZ:
CH,

236 Effect of substituents on basicity

Effect of various substituents on the basicity of aniline
depends on the nature of the group and its position in the
benzene ring. Further its ability to enter into resonance with
the amino group should also be considered.

Example
1. p-Toludine is more basic than aniline

p-Toludine is more basic than aniline. The CHj;-
(Methyl) group has a +1 effect. Therefore it increases the
electron density on the nitrogen atom. The effect is more when
CH;~ group in p-position than in meta position. This is due
to reason that the electron-withdrawing (or) electron-reicasing
"'fff’Cti!'»moreato-andp-positionzl,thzmmthc:ml!llpositiﬂlL

2 m'Nitl'oanﬂineismorebasicthano&pdn“
- In o-nitroaniline (or) p-nitroaniline the NOz— BrOWP
ba:?‘s: ~R as well as - effects and, therefor®, decreases the
effégty tremendously. In meta position, it cannot exert ~ R

- Decrease in basicity is only due 0

b of bagicie <. .
- asiCity in nitroanilines is as follows:




Unizll aa 0 &

%

(

R,;NH + HO = N = O ———3R,N = NO + H,0

iii) Tertiary amines react with

N = Nitrosoamine

HNO, to form the nitrite salts

in the cold. These salts are soluble in water.

® 5]
R3N . IlNOZ e — R3NH N02

Aromatic amines

salt

(1) Aromatic  primary amines form diazonium  salts
(diazotisation) with HNO,

NH,

N,Cl

+ HNO, +HCl —» © +2H,0

(i) Secondary amines form N-Nitrosoamine

(iii) Tertiary amines undergo
H,C—N-CH,

+HO—-N=

O=N-N—CH,

nitrosoation in the para-position.

H,C—N—CH,
O ;
-nitmso Nn

dimeth)'lnnﬂino




(i) Primary amine
Oxidation of aniline with Na,Cry,O;/H,SO, u“der‘
controlled conditions gives P-benzoquinone.

NH, 0
©
Na,Cr,0,/H,S0,
0
p — Benzoquinone

(ii) Secondary amine
Diphenylamine on oxidation by KMnO, gives tetrapheny|

hydrazine.
2 C :NH -_O-’ N—N ~ + H20
KMn /
tls 4 CeHs Cetls
Tetraphenyl-
hydrazine

2.3.8 Distinction between Primary, Secondary and
Tertiary amines

e

Reagent Primary Secondary Tertiary

(or) Test amine amine aminé
1. |With HNO, |Forms alcohol |[Forms yellow |Forms nitr
with the |oily  nitroso-|salt in t
evolution of|amine which |cold.
N, answers
Liebermann’s
nitroso reaction. -
2. |With Forms No reaction |No reactio?
CHC]3/KOH Carbyla[nine
with
obnoxious

smell
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| Reagent Primary Secondary Tertia

Test amine ry
(or) amine amine

3. |With Forms  alkyl|No reaction |No reaction

CSZ/H8C12 isothiocyanate
(Mustard  oil
reaction) .

4. |With Forms N-alkyl|Forms N, N -|{No reaction.
C¢HsSO,Cl | sulphonamide | dialkyl
(Hinsberg’s soluble in | sulphonamide
reagent) alkali insoluble  in

alkali.
" 5. |With diethyl | Forms a solid |Forms oxamic|No reaction.
oxalate dialkyl ester which is
COOC,H; oxamide  at|a liquid
coocfs | | iemperae. ||L
FO _NH-R COOCH;
CO-NH-R

6. |With acetyl | Forms N-alkyl | Forms No reaction.
chloride. acetamide N,N-dialkyl

acetamide

1. | With Forms alkane |Forms alkane |No reaction.
Grignard
reagent
(RMgX)

8. |With  alkyl | Forms Forms Forms »
iodide under | Quaternary salt | Quaternary salt | Quaternary l
ordinary with three | with two | with one moIe
conditions. |moles of RI. |moles of RL._|of R
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