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A
Cetylene tetrachloride (Westron)

Acetylene

tetrachiorige is atI::)raChlo"de plestiran), GHCly CHCy ; Acetylens \

action of i z:lled as sym. Tetrachioroethane. It is created by the !

afuminium T vl acetg./lene In presence of a catalyst such as \
» Iron, ferric chloride, quartz or kieselguhr.

CH =CH + 2Cl, —— CHC!.-CHCI,

1 - . -
1122 -Tatrachloosthane)

In ab
Sénce of catalyst, the reaction between chlorine and

—

acetylene is hij :
ylene is highly explosive producing HCI and carbon. The reaction is

l - -
€8s violent in occurrence of a catalyst.

It is a heavy, non-inflammable liquid. It boils at 146°C. It is highly
toxic in nature. Its smell is similar to chloroform. It is not soluble with

water but soluble in organic solvents.

On further chlorination, it forms hexa and pentachloroethane. On

heating with Calcium hydroxide, it is converted to useful

product westrosol (CCl,=CHCI).
CHCl = CCly+ CaCly + 2H0

Wastrool
(Trichlosthens)

'''''
) CHC!
- 44 .
2
T B

-
W RSN

S a7l v O .
: C +f - —
—_— “‘ S 1 C{&|O“ ) =
- LY /-
P

Both westron and westrosol are used as solvents for oils, fats,

waxes, resins, varnishes and paints, etc.

\

i
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Von Richter 1

The von  Richter reaction, also namedvon Richter

- 3‘! -‘Er a9 " - “'ﬂ

rearrangement, is aname reaction in the organic chemistry. It is

named after Victor von Richter, who discovered this reaction in year
1871,

It is the reaction of aromatic nitro compounds with potassium

cvanide in aqueous cthanol to give  the product

g ———

of eine substitution (ring substitution resulting in the entering group
positioned adjacent to the previous location of the leaving group) by a
carboxyl group. Although it is not generally svnthetically useful due |
to the low chemical yield and formation of numerous side products,
its mechanism was of considerable interest, eluding chemists for

almost 100 years before the currently accepted one was proposed.

I'he reaction below shows the classic example of the conversion

of p-bromonitrobenzenc into m-bromobenzoic acid. i

NO, o |

SC=N C\OH l}
|

J

Br Br

he reaction is a type of nucleophilic aromatic substitution. Besides
the bromo derivative, chlorine- and iodine-substituted nitroarenes, as

well as more highly substituted derivatives, could also be used as

Scanned by Tapcannf



yields are generally poor 18

substrates of this reaction. However,
m 1% to 50%.

moderate, with reported percentage yields ranging fro

Reaction Mechanism

Several reasonable mechanisms were propose

mechanistic data before the currently accepted one, shown below
basis of "N labeling

proposed in 1960 by Rosenblum on the

d and refuted by
, Was

experiments.
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First, the cyanide attacks th b i

This is followed by ring closing viz CallblJn Or'”'lo e

roun, after which o i | nuc ef)phlllc attack on the cyano
| | 1date intermediate is rearomatized. Ring

opening via nitrogen—oxygen bond cleavage gives an ortho-nitroso

benzamide, which recyclizes to give a compound containing a

nitrogen—nitrogen bond. Elimination of water gives a cyclic

azoketone. which undergoes nucleophilic attack by hydroxide to give

4 tetrahedral intermediate. This intermediate collapses with

elimination of the azo group 10 yield an aryldi
e group, which extrudes nitrogen gas 1o afford the
product, presumably

azene with

an ortho carboxylat
form of the observed benzoic acid

anionic
on and immediate protonation of an aryl

through the generati anion
intermediate. The product is isolated upon acidic workup.
Subsequent mechanistic studies have shown that the subjection

ed ortho-nitroso benzamide and azoketone

of indenendently prepar
s afforded the expected

intermediates to von Richter reaction condition

product, lending further support to this proposal
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TIC ALDEHYDE

AT TPEI A
ALIFH.

AROMATIC ALDEHYDES

The n electrons in the carbonyl group in an aromatic aldehyde
have the nice nearness to those in the aromatic ring, which I would
say promotes some m orbital overlap between the orbital of the
carbonyl carbon and an orbital on the aromatic ring.

As a result, it extends the delocalization of the = electrons
by redistributing the effects of the electron-withdrawing nature of
oxygen in the carbonyl group to incorporate the aromatic ring. (In
fact, you could draw two more resonance structures showing the
distribution of the electropositivity onto the other two aromatic 1
carbons, each one meta to the previous.)

Thus, the presence of the aromatic ring makes the carbonyl
carbon less  electrophilic through the redistribution of = the
electropositivity throughout the aromatic ring instead of just on the

carbonyl carbon.

ALIPHATIC ALDEHYDES :

An aliphatic aldehyde doesn't have that adjacgnqy_ to an :
aromatic ring, so it doesn't have some resonance stabilization
that makes the carbonyl carbon less acidic/electrophilic.

Therefore, the greater electrophilicity of the aliphatic aldehyde’s
carbonyl carbon makes il more reactive. :

¥

Scanned by TapScanner



4

4 COMPARISON  OF REACTIVITY OF ALIPHATIC

ALDEHYDE AND ALIPHATIC KETONES

Aldehydes are typically more reactive than ketones due to the
following factors.

|. Aldehydes are less hindered than ketones (a hydrogen atom is
smaller than any other organic group).

2. The carbony! carbon in aldehydes generally has more partial

positive charge than in ketones due to the electron-donating
nature of alkyl groups. Aldehydes only have one ¢ donor group
while ketones have two.

Reactivity of Aromatic Aldehydes

+ Less reactive in nucleophilic addition reactions than
aliphatic aldehydes

+ Electron-donating resonance effect of aromatic ring
makes C=0 less reactive electrophilic than the
carbonyl group of an aliphatic aldehyde
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UNIT - 111

CARBOXYLIC ACIDS

Organic compounds which contain one or more carboxyl groups, —COOH, are
carboxylic acids. The word carboxyl is a contraction of the words carbonyl {
and hydroxyl (OH) because in the carboxyl group, both the (C=0) and the
groups are combined as shown below:

!R COOH
—C—OH or —COOH &.g. |
’ Hac—COOH i COOH
Carboxyl group Acetic acid Oxalic acid

Replacement of one H
CH 4 by one COOH group H:‘C—COOH

Methane Acelic acid

o Replacement of two H ~ COOH

+* H,C
4 two COOH 2
o group ~SCOOH
Methane Malonic acid

Acids containing one COOH group are termed mono-carboxylic acid while @

containing two and three COOH groups are called di-and tri-carboxylic
respectively.

Fatty Acids

The monocarboxylic acids are called fatty acids. The name fa aci

from the fact that some of the hlghgry members of the setiiyes,c g.;.a,s g:ﬁgltk': :
(C15H3rCOOH) and stearic acid (C,,H,;,COOH), were first obtained from fats. The ges
formula of the carboxyl homologous series is C H,,, ,COOH or RCOOH whereas
functlopal group is the carboxyl group, —COOH. As only hydrogen atom of the
group is replaceable by a metal, the fatty acids are all monobasic acids.

C,H,COOH Valeric acid Pentanoic acid
C4Hg COOH Caproic acid Hexanoig aciq
CSHHCOOH Heptanoic acid Heptanoic agnd ]
C*5 l-? COOH Palmitic acid Hexadecanoic ac}d
CL:H;COOH Stearic acid Octadecanoic aci
Son;etimes acids are named as alkyl derivatives of acetic acid. For example,
CH,CH,CH,COOH (CH,),CHCOOH
Ethylacetic acid Dimethylacetic acid

Complicated members are always named according to the IUPAC.system andv thﬁ
substituents are indicated by numbers. Here the carbogyl group is always give
number 1. For example, is 3-ethyi-4-methy|pent1anolc acid.

’CH,—‘cle-—’cl:H—’cn,——coou
CHS Csz
Alternatively, the carboxyl group is regarded as a substituent and is denoted by

. L e
adding the suffix carboxylic acid to alkane. For example,
’ ‘cn;—’clzﬂ—‘cH,—cooH

CH,
is 2-methylpropane-1-carboxylic acid or 3-methylbutanoic acid.



General Methods of Preparation of Fatty Acids

(i) By the oxidation of alcohols, aldehydes or ketones with dichromate
solution. Primary alcohols are oxidised with oxidising agents acid as potassium
permanganate or chromic acid first to aldehydes and then to carboxylic acids.

(@) O
c,HoH-Zs cHyCHO 2+ CH,COOH

Ethyl alcohol Acetaldehyde Acetic acid
(Primary alcohol)
Secondly alcohols are oxidised first to ketones and then to a mixture of carboxylic

acids

R R
N . (o)
“cHoH 2 Sc—o 19, RcoOOH + RCOOH
Rc/ R_/
(Secondary alcohol) Kelone Mixture of fatty acids
(SEecunualy auiny NS

In some cases an ester is obtained in place of the acid because a part of the
alcohol gets oxidised to the acid which can form an ester with the remaining part of

the alcohol.
Since aldehydes are more easily oxidised than ketones, even mild oxidising agents

such as Tollen's reagent, [Ag(NH,),]*OH oxidise aldehydes to carboxylic acids

(i) Ag(NH, ),OH
R—CHO ————— R—COOH
(i) HyO

(ii) By the hydrolysis of cyanides with acid or alkali. This constitutes a very

good synthetic method for carboxylic acids as cyanides can be easily obtained from
alkyl halides.

0 o)
H,0 1] H,0 Il
R—C=N——* R—C—NH, —21 »R—C—OH + NH,
Alkyl cyanide Amide Acid
(Intermediate product)
For example,
H.C

— 2 Il *
H;C—C=N —.H‘ H_3C —C—0OH + NH.

Ethanenitrile Ethanoic acid

(i) By the oxidation of alke ‘
B bt atkaline KO, nes. Alkenes can be oxidized to carboxylic acids

- - : MnO‘
R—CH=CH—R W RCOOH + R'COOH

For example, Mixture of fatty acids

HsC—CH=CH— CH.CH, —n0,
,CH, ——*s CH,COOH + CH,CH,COOH

Pent-2-gne
gne Ethanoic acid Propanoic acid

(fv) By the hydrolysis of natural fats. Higher farry acids are commonly obtained

by the hydrolysis of natural fats s
¥ stearic acid. . For example, stearic acid is obtained from triglyceride

c
CH,0COC, ,H,, CH,OH

(EHOCOC,;Hjs + 3HO —— éHOH + 3C_H_ COOH
CH,0COC, H (I:oHZ.OH Stearic acid

177 °35

Tristearin Glycarol



(v) By treating Grignard reagent with carbon dioxide followed by hydrolysi
with an acid, e.g., YAy

(IJ Pl Icl) H,0 ﬁ
C=—Q + MQ E—— Hsch%OMgl —_— H3C~C—OH + Mg(OH)I
™
Carbon Grignard Addition Acetic acid
dioxide reagent product
Mechanism of the reaction is as given below:

I~ HO+

5-\ 8+ | M
REMgX + C==0 —— R—C—OMgX ——s R—C—OH + Mg?*+ OH + X'

S

0 0 0
I

Addition praduct

(vi) By heating a dicarboxylic acid having two —COOH groups attached
» the same carbon atom, when a molecule of carbon dioxide is eliminated to
leld a monocarboxylic acid.

COOH

-
H,C el . CH.COOH + CO,
“SCooH ’ e
Malonic acld Acetic acid
COOH
| 2, HCOooH + €O,
COQH
Oxalic acid Formic acid

The mechanism of the reaction can be represented as follows

o
[l \
;\/c—'faln -
R—HCT_ —+ R—CH;—COOH
COOH

(vii) By heating sodium alkoxide with carbon monoxide under pressure
followed by acid hydrolysis of the sodium salt of the fatty acid formed.

R—ONa + CO %. RCOONa —HC , RCOOH
Sodium alkoxide Sodium salt of acid Fatty acid

(viii) From Malonic or Acetoacetic ester. Many fatty acids are conveniently
synthesised from malonic or acetoacetic ester. For example, alkyl-substituted
acetoacetic ester on hydrolysis with conc. KOH yields the corresponding alkyl acetic
acid.

O R 0]
| I Acid hydrolysis
H.JC:—'(::—CH'—C—OC.‘,Hs Conc. KOH CH3COOH + RCHchOH + CzHSOH

HO—H HO—H Acetic acid Alkylacetic Acid Ethanol
Alkylacetoacetic ester

General Properties of Fatty Acids

(A) Physical Properties

(1) The first three members of the carboxylic acid series are colourless, pungent-
smelling, corrosive liquids. The acids from C,H,0, to C;H,,0, are oily liquids
smelling like goat's butter and the higher ones are odourless solids.

(ii) The specific gravity gradually declines from 1.22 for formic acid to 0.845 for
stearic acid. Only the first two members are heavier than water.



(iii) The first four members are very soluble in water and the solubility decreases
gradually with increase in molecular mass (cf. alcohols). This solubility is due
to the acids being capable of forming hydrogen bonds with water. All fatty acids
dissolve readily in alcohol or ether.

(iv) The melting points of the normal fatty acids show irregular behavior i.e., the
melting point of an acid containing even number of carbon atoms is always
higher than that of the acids containing odd number of carbon atoms immediately
below and above it. The boiling points, however, have a regular gradation.

(v) The lower members are far less volatile than that can be expected of their
molecular mass. This is due to their being associated as a result of hydrogen
bonding.

(vi) Their acidity decreases as the molecular mass increases the faint acidic character,
however, persists among the higher homologues and they give salts and esters.

(C) Chemical Properties

The molecule of a fatty acid (RCOOH) consists of (/) an alkyl group, R, and (ii the
carboxyl group (—COOH). The properpties of fatty acids, therefore, are the properties
of these groups as examplified below:

Reactions of the Alkyl Group

(i) Halogenation

Fatty acids may be readily halogenated in the a-position, /.e., the hydrogen attached
to the carbon adjacent to the carboxyl group is readily displaced. The reaction is
best carried out in diffused sunlight or in the presence of halogen carrier (iodine,
red phosphorus). This reaction is known as the Hell-Volhard-Zelinsky reaction.

RCH,COOH —~1—+ R—CHI—COOH —*l— R—CI;~COOH

Similarly in acetic acid the three hydrogen atoms of the alkyl group are successively
replaced by halogen atoms (chlorine or bromine).
CH,COOH + Cl; —— CICH,COOH + HCI
Monochloroacelic acid
CICH,COOH + Cl, ——— CI,CHCOOH + HCI
Dichloroacetic acid

CI,CHCOOCH + Cl, —— CI,CCOOH + HCI

Trichloroacetic acid
Some other examples are

P+ Br.
CH,CH,CH,COOH ———2+ CH,CH—CH-—COOH + HBr
Butanoic acid lBr

2-Bromobutanoic acid

| SRR =
) P+Bn -"'Br + HBr
- _— it
;i ) = / TCOOH
A==
Cyclohexane- 1-Bromao-1-cyclohexane
Carboxylic acid Carboxylic acid
o o 2OH
I P+ Br, Il L’|
R—CH;—C—OH——=—"—*R—CH;—C—Br R—CH=C—Br
2 or PBry 2 =7 j
Carboxylic acid Acyl Bromide Br—Br l Enol form
(e
I HO Il
R%(I:H%C-JOH -—— R—?H—C——Br + HBr
Br Br

a-Bromocarboxylic acid



(ii) Oxidation

When acids are treated with mild oxidising agents (e.g., hydrogen peroxide), the
alkyl group is oxidised at the B-position. For example, butyric acid gives p-
hydroxybutyric acid.

(9]

l] i l} a
HsC—CHs—CH;-COOH HsC—CHOH—CH;-COOH
Butyric acid B-Hydroxybutyric acid

Reactions of the Carboxyl Group

(i) Reactions Involving Replaceable Hydrogen Atom

The fatty acids ionize in polar media to give hydrogen ions (H*) responsible for
their acidic nature.
RCOOH = RCOOU + H'
CH,COOH === CH,CO0 +H'
This indicates that carboxylic acids will react with alkalis and alkali metal carbonates
and with metals themselves as described below in (a) and (b):

(a) With alkalis and carbonate. Carboxylic acids are acidic towards litmus,
neutralize alkalis forming salts and decompose carbonates and bicarbonate when
carbon dioxide gas is evolved with effervescence.

RCOOH + NaOH ———— RCOONa + H,0

CH,COOH + NaOH —— CH,COONa + H,0

2CH,COOH + Na,CO; ——+ 2CH,COONa + H,0 + CO,
Sodium acetate
(b) With metals. With strongly electropositive metals like sodium and zinc, the
fatty acids give salts with the liberation of hydrogen.
2RCOOH+ Zn —— (RCOO),Zn + H,
2CH,COOH + 2Na ——— 2CH,COONa + H,
Sodium acetate

Reactions involving the hydroxyl group

(a) With alcohols. Fatty acids react with alcohols in the presence of dehydrating
agents like anhydrous zinc chloride or concentrated sulphuric acid, to form esters
(Esterification).

CH,COOH + C,H,OH === CH,CO0CH, + H,0
Acetic acid Ethy! alcohol Ethyl acetate (Ester)

Esterification becomes difficult when both the carboxylic acid and the alcohol have
bulky groups. The order of relativity of carboxylic acids and alcohols towards
esterification is:

HCOOH > CH,COOH > RCH,COOH > R,CHCOOH > R,CCOOH
CH.OH > 10%-alcohol > 2%-alcohol > 3%alcahol

- ———

(b) W::th phospho'rus halides or thionyl chiloride. Phosphorus trichloride,
phosphorus pentachloride and thionyl chloride react with fatty acids to give
acid chlorides.

3RCOOH + PCl, — 3RCOCI + H,PO,

Acid Acid chloride
CHBCOOH - F’CI5 e CH3COCI + F’OCla + HC|
Acetic acild  Phosphorus Acetyl chloride
pentachloride
CzHECOOH + SOCI2 _— CZHSCOCI + HCl + SOE
Propanoic Thiony! Propanoyl

_acid ) Ch.iOfi(_iB ) L chloride

- ——aY L B R LT



{ i ide | i ing acetic acid vapours over
¢) Dehydration.Acetic anhydride is obtained by pass
o a heated catalyst Na(NH,) HPO,+ BPO, at 875—895 K.
-H,0
2CH,COO0H —— (CH,C0),0

Anhydrides of higher fatty acids may be prepared by heating with acetic

anhydride.
' —— (RCO),0 + 2CH,CO0H

2RCOOH + (CH,C0),0

Acetic anhydride Acid anhydride )

(d) With ammonia. Carboxylic acids react with ammonia to form ammonium salts
which upon heating lose a molecule of water to form acid amides

Heat
RCOOH + NH3 —_— RCOONH“ —————p RC('.)MH2 + HEO

Carboxylic acid Ammonium salt Acid amide ) )
Carboxylic acids ;re, however, less reactive towards nucleophilic subst:tu;éon
seaction with ammonia. A better method to prepare amides is to treat acid chlorides

sith ammonia.

‘Reactions involving Carboxyl Group as a whole

(i) Decarboxylation. Dry distillation of the anhydrous alkali salts of fatty acids
with soda-lime yields paraffins.
RCOONa + NaOH — RH + Na,CO,
' CH,COONa + NaOH ——* CH, + Na,CO,
Sodium acelate Methane

The mechanism of the above base-induced decarboxylation is uncertain but it is
believed that salts decompose by S.1 reaction.

(-\"‘,
(ED—H OH
R—G ———+ R+ CO, + H,0
W\ Base (OH ) 2
0

Decarboxylation is favoured by the presence of an electron-withdrawing group.
The presence of a - carbonyl group, for example, facilitates decarboxylation and
thus p-keto acids undergo decarboxylation simiply on heating.

(o] O 0
i Il 373-423K I
R—C—CH;C—0H ——— R—C—CH,
p-Keto acid

=0

|
H,C—C—CH~C—OH — == H c—C—CH, + CO,

Decarboxylation of B-keto acids proceeds throdgh a cvciié transition state.

-~ ! A H
(O o) o/) 0
I ¥ €0 |+ . l
R—C _~ C=0 R—C==CH, = ~ R—C—CH,
NS A
CH enol Ketone

(ii) Kolbe's electrolytic reaction. Electrolysis of the concentrated aqueous solution
of alkali metal salts of fatty acids gives paraffins (Kolbe's reaction). For example,
At anode: 2CH,CO0" — CH, CH, + 2CO, + 2e"
thane
At cathode: ~  2H,0+2e- —» 20H + H,

£330 - Ay - .
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| pe o e A ids. Strong heating of the
fon of heat on ammonium salt of fatty aci .
w :n‘;tmﬂcmium salt of fatty acids resuits in the formation of acid amides:

RCOOH + NH; — RCOONH,

Acid Ammonia Ammonium salt
RCOONH, —» RCONH, + H,0
Ammonium salt Acid amide

of fatty acid
CH,COONH, —» CH,CONH, + H,0
Ammonium acetate Acetamide

(iv) Dehydration of ammonium salts with phosphorus pentoxide results in the
formation of a cyanide, e.qg.,
P.H o
CH,COONH,——%+ HC—C=N + 2H,0
Ammonium acetate Methyl cyanide

i It of a fatty acid other
Action of heat on calcium salt of acigfs. Calcium sa :
bl than formic acid, when heated strongly, gives a ketone. If, ho;vever, the calcium
salt is heated with calcium formate, an aldehyde is obtained.

HiC
—* C=0 + CaCo
Hye~ 3
Acetone
O o]
{ I 0
H,C C‘O\ _O/CH i
_Ca + Ca —— 2H,C—C—H 4 2CaCo,
H,C ICI:—O o ﬁH Acelaldehyde

(vi) Hundsdiecker reaction. When silver salt of the fatty acid is heated with a
halogen, it gives an alkyl halide. With an alkyl halide it gives an ester. This
reaction is called Hundsdiecker reaction.

RCOOA + X, Ly px 4+ O, + AgX

Silver salt of Alkyl halide
the fatty acig

RCOOAg + Rx —Heal | prror + AgX

E
(vii) Reduction. All _fatty acids are very resistant to reduction but prolonged heating

RCOOH + 3H, —N Reh, + 2H,0

Falty acid Paraffin
Carboxvlic aride ~an e - - .



(viii) Oxidation. All the
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(a)

(b)

(c)
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Effect of Substituents on Acidity

From the ab.ove discussion it is clear that any factor that stabilizes the anion more
than it stabilizes the acid, should increase the acidity and any factor that makes
the anion less stgble should decrease the acidity of the carboxylic acid.

An electron-withdrawing substituent stabilizes the anion by dispersing the negative
charge and, therefore, increases the acidity. On the other hand, electron-releasing
substituents intensify the negative charge on the anion resulting in decrease of stability
of the carboxylate anion and therefore decrease the acidity of the acid.

0 l o 1
I 2
G—C !
e '
ol ol
An electron-withdrawing substituent  An electron-relaasing substituent G
G withdraws electrons and stabilizes  releases electrons and destabilizes

the anion the anion
(Acidity increases) (Acidity decreases)

Effect of electron releasing groups. The presence of an electron releasing
group decreases the acid strength of the carboxylic acid. For example, CH,COOH
(acetic acid) in about one tenth as strong as HCOOH (formic acid) and C,H;COOH
(propionic acid) containing a larger alkyl group is weaker still. i.e,
HCOOH > CH,COOH > C,H,COOH

Effect of electron withdrawing groups. Introduction of electron withdrawing
groups result in the increase in the acidic strength of carboxylic acids. For
example, chloroacetic acid; (CICH,COOH) is 100 times as strong as acetic acid;
dichloroacetic acid (C|2CHCOOH§ is 10,000 times as strong as acetic acid
(CH,COQH), I.e.,

Ge—C,

C1,C.COOH > CI,CH.COOH > CICH,.COOH > CH,COOH
Effect of nature of electron withdrawing group. The acidic strength of
carboxylic acids increases with the increase in electronegativity or electron
withdrawing nature of the substituent. For example, strength of halogen
substituted acids follows the following order because electron withdrawing nature
of various halogens is in the same order
FCH,COOH > CICH,COOH > BrCH,COOH > ICH,COOH
F>Cl>Br>|
Effect of position of electron withdrawing group. The acidic strength
decreases with the increasing distance between electron withdrawing substituent
and the COOH group. For example, 2-chloropropanoic acid (CH,,CHCLCOOH) is
a stronger acid than 3-chloropropanoic acid (CICH,CH,.COOH) since electron
withdrawing effect of chlorine in a-position is stronger than in p-position. i.e.,
CH,-CHOOH > CH,CH,COOH

| |
cl Cl



AROMATIC ACIDS

INTRODUCTION

The aromatic acids are obtained from aromatic hydrocarbons by the replacement of
one or more hydrogen atoms by carboxyl groups (—COQH). The carboxyl group may
be directly attached to the benzene nucleus or may be present in the side chain. The
acids containing the carboxyl group in the side chain can be regarded as aryl-
substituted aliphatic acids and are also classified as aromatic acids due to the
presence of a benzene ring. Some typical aromatic acids are:

TOOH COOH CH,COOH
CH. COOH
@ Cj/ | é @:
=™ ™ COOH
Benzoic acid ¢-Toluic acid Phenyl- Phthalic acid
acetic acid

MONOBASIC ACIDS WITH CARBOXYL GROUP ATTACHED TO THE
NUCLEUS

General Methods of Preparation
General methods for the preparation of aromatic acids are given below. Aromatic
ariels are prepared :

(i) By the oxidation of corresponding alcohol or aldehyde, e.g., benzyl
alcohol or benzaldehyde gives benzoic acid.

CH,OH CHO COOH
KMﬂ04 / an /
10] [9]
N N
Benzyl alchoho! Benzaldehyde Benzoic acid

(ii) By the hydrolysis of aromatic nitriles, e.g., benzonitrile on hydrolysis
gives benzoic acid and o-toluenecarbonitrile gives o-toluic acid.

COOH
+ 2H,0 _HJE‘_, @ +  NH,

Benzyl alcohol Benzoic acid

CH, CH
AN COOH
+ 2H,0 _HaS0 . NH

o-Toluanecarbonitrile o-Toluic acid

CN



The nitriles may be obtained by fusing the alkali salt of sulphonic acid with
potassium cyanide or

By Sandmeyer’s reaction, i.e., by treating a diazotized amino compound with
cuprous cyanide dissolved in aqueous potassium cyanide.

NLCI CN

(/i) By means of a Grignard reagent, e.g., phenylmangnesium bromide on
treatment with CO;, yields benzoic acid.

(e} OMgBr
NS
MgBr N COOH
i
+ C=0 HCI
Phenylmagnesium Addition product Benzoic acid
bromide

(iv) By Friedel-crafts reaction, e.g., when benzene is treated with excess of
f:arbonyl chloride in the presence of anhydrous aluminium chloride, benzoy! chloride
is produced. This on hydrolysis gives benzoic acid in about 55-58% yield.

coci COOH

AICI H,0
@ * COC'? —3. .

Benzoyl chloride Benzoic acid

be
Excess of carbonyl chloride is necessary as otherwise benzophenone may

btained as the main product. ' o
. (v) By the oxidation of homologues of benzene with dilute nitric acid,
dichromate-+sulphuric acid, alkaline permanganate, gtc.Sometlmes it may be more
convenient to chlorinate the hydrocarbon and then oxidise the chloro derivative.

CH, COOH
KMnOy4
e
©)
Benzoic acid
Toluane
CH.CI CH,OH GOk
CH, 2
7
P o “ Na,CO, e,
] — | —* I
.
= Benzoic acid
. Icohol
Toluene Benzyl chloride Banzyl oo diate alcohol

inati i e interme
Oxidation of side chain via chlorination is very easy since th

igi n.
is comparatively more readily oxidised than the original hydrocarbo



General Properties

When compared with aliphatic acids, the aromatic acids are generally less
volatile, less soluble in water and are slightly stronger acids. This is because phenyl
group, like a double bond, exerts an electron-withdrawing effect on the carboxyl
group. When heated with soda-lime aromatic acids are readily decarboxylated. Their
more important reactions are given under benzoic acid.

Benzoic acid (Benzenecarboxylic acid, C¢H;COOH)

Benzoic acid is found in balsams and resins particularly gum benzoin. It is also
present as hippuric acid (benzylglycine) in the urine of horses.
Preparation

Benzoic acid can be prepared in the laboratory by any of the general methods of
preparation of aromatic carboxylic acids as given above.
Manufacture

Commercially benzoic acid is prepared:
(i) By the hydrolysis of benzylidyne chloride (or benzotrichloride) with
milk of lime in the presence of iron powder (catalyst).

CCl, C(OH), COOQH
Fe -H,0 Z
Ca{OH) l
2 [
Benzyldyne Unstable Benzoic acld

ehloride

(ii) By the catalytic oxidation of toluene with air.

CH, COOH

+ 30, — 2 + 2H,0

T
cluene Benzoic acid

(iii) By means of Fried
el Crafts reacti
chloride and hydrolysis of benzoyl Chloric’l‘;nog:atiwnzzn benzene and carbonyl

cocl COOH

@ + cocl, . 8 Z H0
e

Benzoyl chlaride Benzoic acid

Physical Properties



Chemical Properties

Chemically benzoic acid resemble aliphatic acids and gives similar reactions. It is,
however, a stronger acid than acetic acid.
(a) Reactions of Carboxyl group

(/) When benzoic acid reacts with an alkali metal hydroxide or carbonate, it gives
the corresponding salt:

QCWH + NaOH ———» Qcma + H,0

Sodium benzoate

(i) Benzoic acid readily forms esters when it is refluxed with alcohol in the
presence of small quantity of concentrated sulphuric acid or hydrogen chloride.

Conc,
COOH + GHOH —o5> COOC,H, +
Q e H.80, Q 2Ms + H0

(iify When phosphorus pentachloride, benzoic acid gives benzoyl chloride,

QCOOH + PCly, — @—COCI + POCly + HCI

Benzoic acid Benzoyl chloride
(iv) When heated with soda-lime, benzoic acid gives benzene.

@——COOH + CaQ —* @ + CaCO,

(v) With ammonia it gives ammonium benzoate which on heating gives

benzamide.

Heat

Benzolc acid Amm. benzoate Benzamide

(vi) On reduction with lithium aluminium hydride benzoic acid gives benzyl

alcohol.
@—cow . N @—CH,OH

Benzoic acid Benzyl alcohol



(b) Reactions of the Phenyl group

Benzoic acid gives the usual
substitution reaction of the benzene
nucleus, e.g., nitration, sulphonation
and halogenation, and meta
derivatives are obtained in each
case.

Uses

(i) Benzoic acid and some of its
salts are used in medicine as
urinary antiseptics.

(if)y Sodium benzoate finds use as
a food preservative.

(#iiy This acid is also used in the
manufacture of dyestuffs such
as aniline blue.

(iv) Its vapours mixed with steam
are inhaled for disinfecting
bronchial tubes.

COOH
HNO,
H ZSO-I
NO,
COOH
Cong.
H,80,
il SO,H
m-Carboxy benzene sulphonic acid
COOH
Br, “
FeBr
3
= Br

m -Bromobenzoic acid



DICARBOXYLIC ACID

Nomenclature

Saturated dicarboxylic acids are represented by the general formula C,H,,(COOH),
(n=0 for oxalic acid). Their common names generally indicate the source from which

these have been obtained, e.g., oxalic acid is named
of the oxalis group. According to TUPAC system,

dicarboxylic acid as exemplified below:

Formula Common name
COOH
Oxalic acid
COOH
COOH
>4 "
H,C Malonic acid
2"™~cooH
(IIHZCOOH
CH,COOH Succinic acid
(CH,);(COOH), Glutaric acid
(CH,),(COOH), Adipic acid
(CH,)(CO0OH), Pimelic acid
(CH,)¢(COOH), Suberic acid
(CH,),(CO0H), Azelaic acid
(CH,)4(COOH), Sebacic acid

so because it occurs in plants
their class suffix is dioic acid or

IUPAC name

Ethanedioic acid

Propanedioic acid

Butanedioic acid

Pentanedioic acid
Hexanedioic acid
Heptanedioic acid
Octanedicic acid
Nonanedioic acid
Decanedioic acid

In the trivial system positions of side-chains are indicated by Greek letters and

in the JUPAC system by numbers, e.qg.,

a' P 1] o
HOOC - CI:H—CHf-CHz— ICH —COOH
CH, ¢

a-Chlero-a'-methyladipic acid (Common name) or
2-Chloro-5-methylhexan dioic acid ({UPAC namae)

General Methods of Preparation

(/) By oxidation of Glycols, e.g., ethyleneglycol gives oxalic acid.
?HZOH COOH

—_—
CH,OH COOH
Smcg higher polymethylene glycols are relatively inaccessible this method is of
very limited synthetic utility.
(i) By treating halogen substituted esters of fatty acids with silver or zinc.
el Er]CH2COOC;H5 2nge; H2CCOOC,H, wei  HzCCOOH

Br CH:COO C2H5 H,C COO C2H5 H.CCOOH
Ethyl braomoacetate Ethylsuccinate Suceinic acid

(#ii5) Cyanide synthesis._Starting material in this method is polymethylene dibromide
ora halogen-substituted acid which is converted to its cyanide derivative which
in turn can be readily hydrolysed to the corresponding carboxylic acids.

CH,Ci CH,CN _COOH
| KCN -~

- ECzHSOH

H,0
—— H,C

|
COOH COOH " COOH
Chioro-acetic acid Malonic acid
CHzﬁr ke (?HzCN H,0 ?HECOOH
— | —_—
CH,Br CHch CHZCOOH
Ethylene bromide Suceinic acid

L S



(tv) Crum-Brown and
Walker E : i i i
of the ; ectrolytic m .
potassium alkyl ester of a dlbas?gh:g;j E;?‘f:m::ss of an aqueous solution
S

ﬁi gher dicarboxylic acid.
2KO—C—CH,CO0C,H 2H,0 H,CCOOC.H
Potassium ethyl malonat 2"'s " Electrolysis o + 2CO, +
ale (2 molacules) H,C COOC,H, ,+ H, + 2KOH
o Diethyl succinate

+ - |l

2KO—C—CH,CO 2
OC.,H, ——» 2" = |

At cathode: 2n 2 2Hs 2K +20—

; C—CH,CO
0+2 . OC,H
At anode: O+ 2E *20H + H, ! s
i
- O
20—C—CH,C -2e -
2 OOCZHs —=_, 20—é—CH2COOC H H,C cOOCsz
2''s —
. ' + 2CO
. H,C
By oxidation of cyclic ketones H,CCOOC,H, 2
,CHQ'QH;
WG g—g o, MeFCH,CO0H
CHzCH H,CCH
Cyclonexanoie : 200N

Adipic acid

Physical Properties

Dicarboxylic acids are crystalline solids which are soluble in water. Solubility decreases
with increase in molcular weights. Their solubilities and melting points show alternation
or oscillation from one member to the next. 0Odd acids (with odd number of carbon
atoms) are more soluble in water than even acids (with even number of carbon
atoms) immediately above and below them. Similarly even acids have higher melting
points than the odd acids.

This phenomenon of alternation is probably due to the fact that the carbon chains
of dicarboxylic acids are arranged in the zig-zag fashion. As a result of this zig-zag
orientation (shown below) the carboxyl groups of an ‘odd acid’ lie on the same side
of the carbon chain while of an ‘even acid’ lie on the opposite cides of the chain.

108°28

A -
Odd Dicarboxylic acld  « A T 2y
« = COOH

.- o

"“\ ~ - P
Even Dicarboxylic acid 2 L Mg

Odd Dicarboxylic acid /\v/\/\'
Even Dicarboxylic acid N_/\/\/

109°28°

. Arranaement of carbon chalins in ‘odd’ and 'even’ acids.
Chemical Properties L
Chemical reactions of dibasic acids are mainly the reactions of the two carboxyl
groups as given below:

(i) Acidic Nature

The acid strength of the dicarboxylic acids decreases as the series is ascended.
They dissociate In two steps, the dissociation constant of the first being much greater
than that of the second. They give two series of derivatives depending upon whether
one or both the carboxylic acid groups react. For example, possible derivatives of
oxalic acid are:



COONa
|

COOCH, COCI CONH,

| |
COOH  COOH  COOH

COOH
™ Mon0 S ctetical]  Gramic acid
cf:ooma COOC,H; cocl CONH,
l |
COONa COOC,H, coci CONH,
Sodium Diethy| Oxaly! Oxamide
oxalate oxalate chioride
Dicarboxylic acid ionise in two steps:
COOH coao 5
[ + HO =—= | + H,0 R 4
COOH COOH
Coo’ Ccoo .
| +HO=— | +HO (2)
COOH Co0

Since in the second lonization, a proton has to be removed from a negatively
charged species containing an electron-donating substituent /.e,, —CO00", the equilibrium
lies to the left. As a result of this equilibrium, oxalic, malonic and succinic acids are
weaker in their second ionisation than formic, acetic and propionic acids respectively.

2
(K,=140 x 10°%). When two or more methylene groups intervene, the two carboxyl
groups have little effect on each other. For example, succinic acid (K,=6.4x10°%) is
only slightly stronger than acetic acid (K,=1.76x105),

(ii) Action of Heat

(/) Acids with two carboxyl groups attached to the same carbon atom eliminate a
molecule of carbon oxide on heating.

COOH
> -CO;
HZC\ R HaccOOH
COOH
Malonic acid Acetic acid

(#) Succinic and glutaric acids on heating form cyclic anhydrides,

_CH,.CO0H o /CHz‘CS
H,‘,C\ H,C /O
CH,.COOH CH-CO
Glutaric acid Glutaric anhydride

(ar) Adipic acid and higher members are stable towards heat,
(iii) Action of Heat on Calcium Salts
Calcium salts of higher dicarboxylic acid form cyclic ketones when heated.

9
MO—CHIC=0_ oo, HC—CH,
-~ = i fco
H,C—CH;-C—0 H,C—CH;

” o« “

Caicium adipate Cyclopentanona



(Iv) Uxidation

E;(cept for oxalic acld, dicarboxylic acids are stable towards oxidising agents. This
difference in behaviour is due to the fact that oxalic molecule has no hydrocarbon
chain.

INDIVIDUAL MEMBERS
(7) Oxalic acid (Ethanedioic acid), (COOH),

Oxalic acid is one of the most Important dicarboxylic acids and it occurs in rhubarb,
sorrel and other plants of the oxalis group (hence the name). As calcium oxalate, it
Is present in spinach, sweet potatoes, cabbage, grapes and tomatoes.

Preparation

(/) Laboratory Method. Oxalic acid is prepared in the laboratory by oxidation of
sucrose (cane-sugar) with concentrated nitric acid in the presence of vanadium
pentoxide as catalyst. The Product is concentrated and crystallized when oxalic
acid crystals, (COOH),2H,0 separate which can be purified by recrystallization

from water.
HNO,
C1aHp2Oy + 180] ==+ 6(COOH), + 5H,0
Sucrose Oxalic acia

(i) Manufacture. An industrial method for the preparation of oxalic acid, which is
now almost obsolete, is by strongly heating (470-490 K) a paste of sawdust
with caustic soda when sodium oxalate is obtained. The fused mass is treated
with water when sodium oxalate dissolves. The solution is treated with milk of
lime when calcium oxalate is precipitated out which is filtered, washed and
decomposed with sulphuric acid to recover oxalic acid. The precipitated calcium
sulphate is filtered off and the filtrate evaporated be crystallization when oxalic
acid dihydrate crystallizes out

Ca(00C), + H,50, —— CaSO, + (COOH),
Calcium oxalate ppt. Oxalic acid

(#) The modern method for the industrial preparation of oxalic acid is by heating

sodium formate rapidly to 633 K.

COONa
2HCOONa — | + H,
COONa
Sodium formate Sodium oxalate
Sodium oxalate obtained is treated as described in method (/i) for obtaining

free acid.
(iv) Oxalic acid can also be obtained by the hydrolysis of cyanogen with concentrated
hydrochloric acid. The method is, however, of theoretical importance only.

CN COOH
|+ 4H,0 + 2HCI — | + 2NHCI
CN COOH

Oxalic acid

Cyanogen ' ) '
(v) An interesting synthesis of oxalic acid is by heating sodium or potassium In a

current of carbon dioxide at 633 K.
2Na +2C0, 633k , (COONa), — (COOH),
Sodium oxalate oxalic acid

Properties of Oxalic acid

Physical Properties ) S
‘ id i i i f water of crystailization.
ic acid is a colourless, crystalline solid with two molecules o ‘
?::hrfy?:lrated acid melts at 374 K whereas the anhydrous acid melts at 1462E: K.Itis
poisonous in nature, soluble in water and alcohol but almost insoluble in ether.



Chemical Properties

H
Oxalic acid contains two carboxyl groups and gives the reactions |
of fatty acids. 0:\\0,0 )
Some important reactions of oxalic acid are: | “H

(/) Acidic nature. Since there are two ionizable hydrogen atoms, =C_ /
it ionizes in two steps. First hydrogen atom ionizes about 1000 Hod bgm
times more readily than the second hydrogen atom. ke om0 pui- 4

COOH g  COO . k _CoO
| —_— J: + H — _+H
COOH O0OH Co0o

Ky= 6.4 %10 Kp=52x10"

This difference in K, and K, is due to the fact that more energy s needed in the
second step when H* (proton) is being pulled away from the negatively charged
HOOC—COO- ion than from the neutral molecule (in the first step) due to hydrogen
bonding as shown in the margin.

(i) Neutralization. With alkalis or carbonates it gives two series of salts.

COOH \,on COONa ., COONa

> |
cooH MO coon “HO CcoOONa
Oxalic Monosodium Di-sodium
acid oxalate oxalate

(i) Esterification. With alcohols in the presence of conc. H,S0,, oxalic acid gives
two series of esters.
COOH ¢H,0H COOCHg ¢ h,0H COOC,H,
\ _——— —

cooH MO cooH ™0  COOC,H,
Oxalic acid e Diethyl oxalate

(iv) With ammonia. When oxalic acid is treated with ammonia, ammonium oxalate
is obtained which on heating loses water to give oxamide:
COQOH  2nH, COONH,  Loat CONH,
—

| —2ho "
COOH COONH, 2 CONH,
Amm.oxalale Oxamide

(1) Action of Heat. Oxalic acid dihydrate when heated loses water at 370-378 K.
On further heating to 470 K, Oxalic acid decomposes into carbon dioxide, carbon
monoxide, formic acid and water.

HOOC.COOH.2H,0 __370-378K | (COOH), 470K, HCOOH + CO, + CO + H,0

(vi) With glycerol. When oxalic acid is heated with glycerol, formic acid or allyl
alcohol is obtained depending upon the conditions of reactions.

(vil Dehydration. On heating with concentrated sulphuric acid at 360 K, oxalic
acid loses water giving carbon monoxide and carbon dioxide.
(COOH), HS04 360K . CO + CO,+H,0
(viii) Oxidation. With oxidising agents like acidified potassium permanganate, potassium
dichromate or chlorine, oxalic acid is oxidised to carbon dioxide.
(COOH),+0 — 2CO,+ H,0
(COOH), + Cl, — 2C0O,+ 2HCI

With concentrated nitric acid. it is onlv verv slowly oxidised.
(ix) With phosphorus pentachioride. If oxalic acid is treated with excess of

phosphorus pentachloride, the two —OH groups are replaced by two —Cl atoms
and oxalyl chloride (b.p. 337 K) is formed.

COOH  pg.  €OCI
\ —

cooH Exess cocl
Oxalyl chioride
If an excess of phosphorus pentachloride is not used, instead of giving oxalyl
chloride, oxalic acid decomposes to yield carbon dioxide and carbon monoxide.




COCl |
SO . Y | I — CO, + CO + HCI

(]JOOH COOH |

Oxalic Probable
acid intermediate product

i i i id gives glycollic
Reduction. Oxalic acid when reduced with zinc and sulphuric acid 9 |
% acid. When subjected to electrolytic reduction with lead cathode, it yields glycollic

and glyoxylic acids.

o H CH,OH
CH,OH CHO Electrolytic C‘;OO Zn/H,50, Bk

ci:oou * (|300H reduction COOH COOH
Glycollic acid Glyoxylic acid Oxalic acid Glycollic acid
Uses
(i) Oxalic acid is used in volumetric analysis and is a constituent of most metal

olishes.
(i) Ipt is used to remove ink stains from cloth and to bleach straw (for hats).

(i) Its antimony salts are used as mordants in printing and dyeing.
(iv) Potassium ferrous oxalate is used in photography as a c}eve!oper.
(v) For the laboratory preparation of allyl alcohol and formic acid.

Analytical Tests
(/) Oxalic acid and its salts yield a mixture of carbon monoxide and carbon dioxide
when heated with concentrated sulphuric acid.

(#) A neutral solution of oxalic acid when treated with calcium chloride, yields a
white precipitate of calcium oxalate which is insoluble in acetic acid.

(i) Oxalic acid and its salts decolorise acidified potassium permanganate solution
on warming.

2. Malonic Acid (Propanedioic acid), CH,(COOH),

Malonic acid is commonly prepared by heating potassium chloroacetate with aqueous
potassium cyanide followed by hydrolysis of the product (Potassium cyanoacetate)
with hydrochloric acid.

Cl CN COOH
7~ KCN Ve H,0 /
H,CZ_ —— ROl — Hzc\
COOK COOK COOH
Potassium chioroacetate Potassium cyancaceltate Mailonic acid

Malonic acid is a colourless, crystalline solid (m.p. 318.5 K) soluble in water and
alcohol but is sparingly soluble in ether. It gives the usual reactions of a dicarboxylic
acid, e.g., on heating to 413-423 K, it eliminates a molecule of carbon dioxide to
yield acetic acid.

- COCH

H,C ~——— CH,COOH + CO
* coon : 1
When malonic acid is heated with phosphorus pentoxide, a small amount of carbon
suboxide is produced.

0=C—C—C=0 —Lw,

2H,0 O0=C=C=C=0

Carbon suboxide

Its diethyl ester (diethylmalonate) is a valuable synthetic reagent in organic
chemistry.



3. Succinic Acid (Butanedioic acid), HOOC.CH,CH,.COOH

It was originally obtained by distillation of amber called s i i
uccinum in Latin (hence th
name). It is also formed during the fermentation of sugar, etc. ( :

Synthesis of Succinic Acid

2C + H, m‘;g‘!

Acetylene Ethylene
CH.Br CH.CN CH,COOH
[2 _Kken, ['27" _Acd hydrolysis 4
CHzBr CHZCN CH2COOH

Ethylene bromide Ethylene cyanide Succinic acid
Preparation

(‘i) From ethyleqe bromide as given above.
(i) By the reaction between malonic ester and ethyl chloroacetate or iodine

mhm a4 AN

Manufacture
(/) 1t is prepared on a large scale as a by-product during the distillation of amber.
The distillate is evaporated to dryness and crystallized from hot dil. HNO,.
(i) Tartaric acid and malic acid get reduced to succinic acid when heated with
hydriodic acid and red phosphorus in a sealed tube.
CH(OH)COOH ,  CH,COOH i CH(OH)COOH

\ — —
CH(OH)GOOH ™P  CH,cooH ™P CH,COOH

: Tartaric acid Succinic acid Malic acid
(i) By the catalytic or electrolytic reduction of maleic acid.

CHCOOH i  CH,COOH
Il + H2 - * ‘
CHCOOH CH,COOH

Maleinic acid Succinic acid

Properties of Succinic Acid

(a) Physical Properties. 1t is a crystalline solid (m.p. 458 K) which is moderately
soluble in water and alcohol but is sparingly soluble in ether.
(b) Chemical Properties. Succinic acid gives the normal reactions of dicarboxylic

acid. A few more important reactions are:
(1) Succinic acid generally sublimes on heating. However, a small amount of

succinic anhydride is also obtained on strong heating.

0

CH,COOH H.C—C
[ 2 e ] >o + H,0

CH,COOH H,C—C

¢ 7

o)

Succinic acld Succinic anhydride



(i) On heating ammonium succinate, succinimide is formed which on further heating
loses a molecule of ammonia to give succinimide.

0 ? ﬁ
H,C—C—ONH, H,C—C—NH, H,C—C
2 - 2Hi0 - NH, >NH
Hzcﬂﬁ_ONHJl H2C —-ﬁ—-N'H2 HEC_ﬁ
(0] (0] 0
Succinimide

(iif)y On electrolysis of an agueous solution of sodium or potassium succinate
ethylene is obtained.
At cathode: 2H,0+ 26 ——» 20H + H,

i
H2C—C—d CH; -
— | "+ 2C0, + 2€
At anode: H,C—C—O0 CH,
Il
e}
(iv) On heating with dry ammonia, succinimide is obtained.
Q O 9
i /
H,C—C._ H,C—C H,C—C
< / 2 2
f o —2— | To—a— [ TNH+HO
H,C——C— MO HCc—c M HL—C
. W
o (8] o]
Suceinic Succinic Succinimide
acid Anhydride

Succinimide on reaction with alkaline solution of Br, at 273K forms
N-bromosuccinimide (NBS), which is a useful reagent for allylic bromination.

(v) Succinic acid on heating with an excess of ethylene glycol forms a polyester,
known as Alkyd. esters.

O
HC—Cn CH,OH 9 1 0

' OH | ————= HOOCCH,CH;~C—OCH,CH,0—C CH,CHz-C—OCH,CH,0H
H,c—c—9H  ch,oH n

O Ethylene glycol
Succinic acid

Polyester



Uses

Succinic acid finds use in volumetric analysis, medicine and in the manufacture of
dyes and perfumes.

UNSATURATED DICARBOXYLIC ACIDS

Introduction
The formula of the simplest unsaturated dibasic acid is HOOC.CH=CH.COOH. In fact
this formula represents two important isomers, viz., maleic acid and fumaric acid
H_ ___COOH H_ COOH
C g
: :
H” “COOH HOOC™ “H
cis (Maleic acid) trans (Fumaric acid)

Maleic acid which gives anhydride on heating is the cis-variety and fumaric acid
is the trans variety. Thus, we find that maleic and fumaric acids show geometrical
isomerism.

1. Maleic Acid

Preparation

Maleic acid is a synthetic compound and does not occur in nature, It may be prepared;
(/) By heating malic acid at about 520 K. The maleic anhydride formed is converted
into the acid by boiling with alkali followed by acidification.

0]

o
—C
OH . CHCOOH o HC .
cl:H:CO = — H C/O
CH(OH)COOH CHCOOH HC— \\O
Maleic acid maleic anhydride

CHCOONa . CHCOOH

NaO MO, |
Bol  CHCOONa CHCOOH
Sopdium Maleate Malaeic acid

the presence of vanadium pentoxide at

Malic aicd

{#) By oxidation of benzene with air in
680 - 700K.

. ; eld
| The anhydride so obtained is hydrolysed as given above and acidified to yiel
ighe maleic acid.

: - i i On heating
is soluble in water. On

3 stalline solid (m.p. 403 K) which is sc ‘

.'l'ﬁltis . colouries;a Z::tlls unchanged and the rest changes into mglelc anhy_dridewﬁhﬁ

. e heated with acetic anhydride. e

anhyan btained when the acid is _ :
?:r :ssor‘-:w‘:otir(:'ae at 423 K, it changes into fumaric acid. Its chemical properties

peen described under fumaric acid.




Fumaric Acid

| heating malic acid at 420 K for a long time.
i ’ H\C/COOH
(IIH.zCOOH ?:,: g . 1O
4 "
CH(OH)COOH HooC” ~ H
Malic acid Fumaric acid .
&) By heating bromaosuccinic acid with alcoholic potash, maleic acid is also obtained.
CHBrCOOH CHCOOH R
| + KOH— || + KBr X
CH,COOH CHCOOH
Fumaric acid and
Bromosuccinic acid  zieoholic Maleic acid

which is slightly soluble in water. It

lline solid (m.p. 560 K)
R e (-2 s maleic anhydride when heated at

mot give the anhydride of its own but give
L &

Chemically both fumaric and maleic acids give the reactions of alkenes as well as
dibasic acids. For example,
(/) Reduction. Both fumaric acid and maleic acid give succinic acid when reduced
catalytically or with sodium amalgam.
CHCOOH NaMg

| o
cHcooH M CH,COOH
Maleic or tumaric acid Succinic acid

(i) Addition reactions. Maleic acid and fumaric acid both form addition products
with bromine and hydrobromic acid. A molecule of water is added on boiling
maleic acid with dilute sulphuric acid under pressure to yield malic acid.

Br. CHBrCOOH
——!

CHBrCOOH
Dibromasuccinic acid
CHCOOH CHBrCOOH
i ] HBr .

CHCOOH CHZCOOH
Maleic or Bromosuccinic acid

fumaric acid
H,0 CHECOOH

CH,COOH

CH(OH)COOH
Malic acid

Addition of bromine to maleic acid or fumaric acid takes place in a stereospecific
manner, l.e., one particular sterecisomer form of the starting material reacts in such
a way that it gives a specific stereoisomeric form of the product.

When maleic acid reacts with bromine in CCl, or acetic acid, the product is a
mixture of enantiomers of dibromosuccinic acids (i.e., a racemic mixture).

H H H\ Br B\,- COOH
% # . /
c=C + Br, —— HOOC=C—C.,,, + HOOC=C—C =M
/ N\ z / H 4 \
HOOC COOH Br COOH H Br

(mixture of enantiomers)



When fumaric acid reacts with bromine, the product is a meso compound

H __COOH H Br Br COCH
C=0C + Br, —» HOOC—EC—C/ ) ;“H
P Y 2 wcooH *+  Hw»CC
/ \
HOOC H Br H HOOC Br
Fumeric acid Dibromosuccinic acid

(meso compound)

oro jir::(t:e b;)tl; r_naleic a_cid aqd fumaric acid are stereoisomers of each other and the
diffe:jen: :te:e?):;or:':frtil:o? with bfromige, racemic or meso dibromosuccinic acid are
orms of product, both the reactions are s
The formation of these products is explained below. e e

orm an intermediate bromonium ion, which can then

Maleic acid adds bromine to f
or b) to yield enantiomers of

react with bromide ion in two possible ways (a
dibromosuccinic acid.

H H H B H
4 # LA i
c=C + Br —_— c—C
/N : TN
HOOC COOH HOOC ‘g COOH
i i Bromonium ion
Maleic acid @) l )
H Br Br COOH
% / \ aH
Hooc——/c—c -yt HOOQC=—C—C
¢
Br COOH H Br
Dibromosuccinic acid

../mixture of enantiomers)

Fumaric acid adds bromine in a similar manner to form meéo-dibi‘bmosuéciﬁfé‘étua“‘“
as shown below:
H COOH H gt COOH
b # LA
c==C + Br —— c—
/ N 2 /( _J\
HOOC H HOOC ‘g H
; i Bromonium ion
Fumeric acid r (@) } (&)
H Br Br COOH
oG A / \ {-‘H
HO --/c—c:\;.,..com,l * g€
Br H HOOC Br
Dibromosuccinic acid
{meso compou

nd)
(i) Oxidation. Fumaric and maleic acids both get oxidised by alkaline permanganate

to tartaric acid.

CHCOOH CH(OH)COOH

I + H,0+ O —

CHCOOH CH(OH)COOH

Maleic or (alkaling )
Tanaric acid

tumaric acid permanganate)

(iv) Formation of salts and esters. Both of them form sal
and esters when treated with alcohols.

t when treated with alkalis

?HCOONB ClHCOOC2H5
CHCOONa CHCOOC 2H5
Sod. salt of Dietyl maleate

maleic or lumaric acia or fumerate



AMINO SUBSTITUTED CARBOXYLIC ACIDS

Amino Acids

Proteins are complex nitrogenous substances which occur in plants and in most cells
of animal body. Proteins on hydrolysis with strong inorganic acids or by enzymes
yield a mixture of amino acids. In all about twenty-five amino acids are known to
occur in nature, ten of which are essential, i.e., a deficiency of any of these can
prevent growth in young animals, and may even cause death.

‘Structure of ac-Amino Acids

a-Amino acids are the compounds containing an amino group and a carboxylic acid
group within the same molecule. They are represented as follow:

o
R— (IZH—COOH

NH,

However, their properties such as high melting points, solubility in polar solvents,
large dipole moments and the low values of acidity constant (K,) and basicity
constant (K,) cannot be explained by the above structure. Since amino acids
contain both a basic group (-NH,) and an acidic group (-COOH), an amino acid
undergoes an internal acid-base reaction to form a dipolar ion called Zwitterion
as shown below:

R-—(l:H—COO
NH,
General Methods of Preparation of Amino Acids.

(i) By treating halogen-substituted acids with ammonia or potassioph-

thalimide (Gabriel phthalimide reactions).

NH_‘ Secondary + N
CICH,COOH + H,0 ——* H,NCH,COOH—————* NH(CH,COOH), (CH,COQH),
Chloroacetic acid Amincacetic acid Secondary amino acld Tertiary amino acid
To avoid secondary reactions, the Gabriel’s phthalimide synthesis is generally

used (see under Glycine)
(i) By reduction of the oximes of aldehydic and ketonic acids.

(@] ?IIOH 'T'Hz
| Rediction
C— —C— —— H,C—CH-COO0
H,C—C—COQH *+ H,NOH H,C—C—COOH g .C—C OO0OH
Pyruvic aca _
(Keto acid) Oxime of pyruvic acid a-Aminopropionic acid

(iify Strecker’s Method. Starting with aldehydes and ketones amino acids can be
synthesised as follows:

0
OH NiH NH
(! ’ NH 2 HCOH il
HE—C—H —HN 4 HE—HE]  —— % HC—HO = HC—HC{
CN ‘CN 'COCH
Cyanohydrin of a-Aminoethyl
acetaldenyde cyanide a-Aminopropionic acid

(iv) From Proteins. Proteins on heating with Ba(OH), at 473 K in an autoclave,
get hydrolysed to give a mixture of amino acids. This mixture on esterification
gives a mixture of esters which can be separated by fractional distillation.
The esters on hydrolysis give the corresponding amino acids.

Physical Properties

Most of the amino acids are crystalline substances with high melting points and are
sweet in taste, Simpler acids are readily soluble in water, whereas higher members
are less soluble. They are insoluble in alcohol and ether. Except glycine, all are optically
active: and therefore some amino acids are dextrorotatory while others are laevo-
rotatory. They give a deep red colour with ferric chloride.



Chemical Properties

The structure of the amino acids suggests that these compounds should behave
both as acids and bases (amphoteric in nature). For example in an aqueous solution
of glycine we have the following equilibria:

H,N—CH;—COO0 |

+ OH 2Zwitterion OH .
H,N—CH;—COOH = == H,N—CH;—COO
H,0 H,0

H,N—CH;—COOH
L Neutral amino acid
The position of the equilibrium, however, depends on the pH of the solution. The
dipolar ion is termed as a zwitterion. The existence of a-amino acids as zwitterions
is confirmed by the following facts.

(/) Most of the amino acids are crystaline substances with high meilting points.
The high melting point of amino acids can be explained by strong interparticle
forces arising from the electrostatic interactions of dipolar structure.

(i) The amino acids are insoluble in non-polar organic solvents such as benzene,
ether etc., but are soluble in water.

(iii) Their aqueous solutions behave like solutions of substances having high dipole
moments. This shows that they have considerable ionic or dipolar structure.

(iv) Spectroscopic studies of these compounds do not show the presence of free
amino or carboxylic groups.

(v) Amino acids show low values of acidity constant (K,) and basicity constant
(K,) than the usual values for aliphatic carboxylic acids and amines.

The acidic portion in the zwitterion is the ammonium ion (—NH,*) rather than the

free —COOH group. Similarly the basic centre is the carboxylate ion (—COO") rather
than the free —NH, group. Acidity constant, K, for glycine = 1.6 x 10719 while its



(c) Distinctive Properties of o, /#, and ~Amino Acids.
Intramolecular reactions of the amino acids on heating depend upon the positions of
the amino group in the molecule with respect to carboxyl group, as will be clear from

the following examples:
(/) u-amino acids |lose water to give cyclic anhydrides called diketopiperazines.

i i
v HO—-C H,C—NH—C
?HENH‘ + | _Heat | 2| | +2HLO
COOH H,N-CH, |(;—NH—CH2
' 0
Two molecules of glycine Diketopiperazine
Similarly CH,CH(NH,)CO,H will yield dimethyldiketo piperazine.
i T
1]
C—OH  HN-CH—CH, .. C—NH—C—CH;,
| + J; — {
H,C—CH—NH, HO— M0 H,C-C—NH—C
d ! I l I
0 H
Dimethyldiketo piperazine

Diketopiperazine on partial hydrolysis gives a dipeptide of glycine.

0]
|
H,N—CH;1-C—NH -CH,COOH
Peptide linkage

Peptides are compounds obtained by linking COOH group of one amino acid molecule
with NH, group of the other amino acid molecule. The CONH group linking the two

molecules |s termed the peptide linkage.
(i) p-amino acids readily produce unsaturated acids with the loss of ammonia.

—Heat Hp=CH—0—0lt + M,

CHi—CHrﬁ;— OH

H,N
-Amino proplonic acid Acrylic acid
(/i) y-amino acids readily give rise to inner anhydrides known as lactams with
the loss of one molecule of water.

- Heat i
ICHTCH:;—C“E—?—O o, " HC—CHCHC=0
NH

H,N OH
y-Aminobutyric acid y-Butyro-lactam

d-amino acids and others having longer chains behave similar to y-amino acids.



CARBOXYLIC ACID DERIVATIVES

(A) ACID OR ACYL CHLORIDES

Nomenclature

Acid chlorides are obtained by the replacement of the hydroxyl by chiorine in the
carboxyl group. These are also known as acyl chlorides because they contain the
acyl group RCO—

(0] ﬁ
I} Replacement of
e s ————— R—C—CI
R—C—0OH OHby G R—C—C
Fatty acid Acid chlonde or
Acylchloride

The commaon names of acid chiorides are obtained by changing the suffix -ic acid
of the trivial or IUPAC names of the acids into -y/ chioride, e.g.,

Formula Parent acid Commoan names IUPAC names
HCOCI Formic acid Formyl chloride Methanoyl chloride
CH,COoCI Acetic acid Acetyl chloride Ethanoy! chicride
C,H.CoCl Propionic acid Propionyl chloride Propanoyl chloride
C,H,CoCl Butyric acid Butyryl chloride Butanoyl chloride

General Methods of Preparation
Acid chlorides may be prepared by the following general methods:

(N

(i)

By heating the acid with phosphorus trichloride or pentachloride e.g.,

3CH,CO0H + PCl, ——s 3CH,COCI + H,PO,
C,H;C00H + PCl; —— € H,.COCI + POCI, + HCI
Propangcic acid Propanoyl chioride

By the action of thionyi chioride on the acid.
CHacOOH + SDCI;, —_— CH3COCI - 502 + HCI
Acetic acld  Thionyl chioride Acetyl chioride

(i) Acid chlorides are prepared industrially by distilling sodium salts of the acids

with phosphorus trichloride, phosphory! chloride or sulphuryl chloride, e.q.,
acetyl chloride is prepared from sodium acetate,

ZCH,COONa + POCI; —— 2CH,COCI + NaCl + NaPO,

2 CH,COONa + SOZCI2 —* 2CH,COC| + Na,SO,

Sodium acetate Acatyl chloride



General Properties of Acid Chlorides

Physical Properties
Lower members are colourless, pungent-smelling liquids, while the higher homologues
are colourless solids. They fume in moist air. These are insoluble in water but slowly

dissolve on account of hydrolysis.
IR spectra. The IR spectrum of an acid chloride shows a prominent C=0 stretching
pand at 1780-1850 cm™ and a C—Cl stretching band at 650-800 cm™.

Chemical Properties

The chlorine atom in acid chlorides is very reactive. This makes acid chlorides very
smportant reagents. Various chemical reactions shown by them are:
(i) Hydrolysis. Acid chlorides are readily hydrolysed to form the corresponding
acids. For example,

RCOCI+ H,0 ——— RCOOH+ HC!

Acid chloride Carboxylic acid
CH:,COCH HZO ——b CH3000H+ HCI
Acetyl chloride Acetic acid

The rate of hydrolysis decreases with increase in the size of the alkyl portion
of the acid chlorides. The mechanism of the reaction is as follows.

r

| :09:

* bt 0t 0
;;ro/Ta, ('ﬁ & M -H,0 I
R—C® 2R Cll——sRr—C—0 + C —*—+ R—C—OH
Cl [ Peog L\H /zQ

H H b

(#) Alcoholysis. Acid chlorides react with alcohols and phenols to form esters.
The reaction of an organic compound with an alcohol is known as alcoholysis.

I i
| I
R—C—Cl + ROH —— R—C—OR' + H20
Acid chloride Alcohol Ester
Lﬁ 0
{
R—C—CI + CH30H —+ R—C—OCH, + H20
Acetyl chloride Methanol Methyl acetate

The reaction of an acid chloride with alcohol is usually carried out in the presence
of 2 weak basc such as pyridine. The role of pyridine apart from a catalyst, is to
®eip in the removal of HCI.

The mechanism of alcoholysis is similar to that of hydrolysis of an acyl halide as

shown below.

o o _ P N I
BT, §—cH, — Rllff)—c:n3 =L, =0 —*~ » R—C—OCH,
e | i N -H,0
H Cl H CH,

(&) With amino compounds. Acylation occurs when acid chlorides react with amino
compounds. During acylation H-atom of the amino group (—NH, or>NH) is
replaced by an acyl (—COR) group.



CH,COCI + NH; —— CH,CONH, + HCI

Acetyl chicride Ammonia Acetamide
CHscOCI + (IHal'«IH2 —_— CH3C0NHCH3 + HCI
Acelyl chloride  Amine Acetyl derivalive
of the amine
The mechanism of the reaction is as follows:
0 [ o ] o | )
b R |« | -« | (, 1]
R—C*¥ + NHy —* IR —NH,| &=/ 1R:‘——NH2 —— R—C—NH, + CI
¢ | o | | Sa

(iv) Reduction. Acid chlorides on reduction with hydrogen in presence of palladium
suspended in BasSO, yield aldehydes (Rosenmund’s reaction). For example,

acetyl chloride on reduction gives acetaldehyde.

0 0
Il Pd [
H,C—C—C —— H,C—C—H + HCI

2
Acetaldenyde



Acid chlorides are, however, reduced to alcohols on reaction with lithium aluminium
hydride
o]
I (LIAH,
H,C—C—Cl —+ H,CCH,0H
Acetal chloride Ethyl alcohol
(v) Formation of Acid anhydrides. When heated with sodium salt of a fatty acid,
they give acid anhydride, e.g., acetyl chloride with sodium acetate gives acetic
anhydride.
H,CCO._
CH3COCi + CH,COONa ——* 0 + NaCl
H,CCO
Acetic anhydride
(vi) With Grignard reagents. Acid chlorides react with Grignard reagents to produce
ketones, e.g.,

H3C C,H, H,C OMgl H,C Cl
/ N /
C=0 + Mg | C=0 + Mg
7 \_\ s \ / \
Cl I HC, Cl H.C, I
Acetyl Ethyl magnesium Ethyl methyl
chloride lodide katone

Grignard reagents however react further with ketones to give tertiary alcohols.

(vii)y Halogenation. Acyl chlorides are readily halogenated in the a-position when
treated with chlorine or bromine in the presence of a small amount of red
phosphorus.

This reaction is called Hell Volhard Zelinsky (HVZ) reaction

CH,COCI + Cl, iy CICH,COCI + HCI
Acetyl chloride a-chloro acetyl chioride

P
—HC—COC! + HBr
CHacHQCOCJ + Br, — Hac H(i: co
Br

Prapionyl chloride «-Bromopropionyl chloride
(wviii) With carboxylic acids. The acyl chiorides react with carboxylic acids as indicated

below:
rRCOCI + RCOOH — R'COCI + RCOOH
In case R'COCI has lowest boiling point, whole of R"'COOH may be converted

to R'COCI. _
(ix) With Ethers.Acetyl chloride reacts with ethers in the presence of zine chloride

to form alkyl acetate and alkyl chloride.
CH,COCI + C,HOC,H — CH,CO0C,H, + CoHsCl
Acetyl chioride Ether Ethy! acetate Ethyl chloride
(x) with potassium cyanide. Acetyl chloride reacts with poyassium cyanide to
give acetyl cyanide which on hydrolysis yields pyruvic acid.

H,O
cH,coct —<N s CHCOCN ——— CH,COCOOH

Acety! chioride Acetyl cyanide Pyruvic acid
(xi) With organo cadmium compounds.Acid chlorides react with organo cadmium
compounds to form ketones.
2CH,COCI + (CH,),Cd —— 2CH,COCH, + cdCl,
Acetyl Chioride Dimethyl Cadmium Acetone

—d fem khan



~0 70 N o (0] O_) (o] ]
bl Il - i {l |+ [l J
H:C—~C—Q—C—CH; + NH, —= HiC—C—0—C—CH, | HqC—C*E)—-C*CHl
i 3
NH, )| NH,
0 0

HyC- E—NH;, + H;.,c—(i:—o‘
(iv) With dry hydrogen chloride. Acetic anhydride reacts with dry hydrogen chloride
to give acetyl chloride.
P 3 i i
|
H3C _C_O_E‘CH:’ + HC’ —lp HQC_ g— Cl + HaC'_C—OH
Acelic anhydride Acety. .n'oride Acelic acid
'v) With phosphorus pentachloride. Acetic anhyuride reacts with phosphorus
pentachloride to give acetyl chloride.
(CH,CO),0 + PCl, —— 2CH,COCI + POCL,

Uses

Acetic anhydride is largely used:
(1) As an acetylating agent,
(i) For the detection of hydroxy and amino groups.
(fify In the manufacture of dyes and acetate rayon from cellulose.
(1v) In the manufacture of aspirin and some other pharmaceuticals.

(C) ACID AMIDES
Nomenclature

Acid amides are compounds in which the hydroxy|

group of an acid had been replaced by the amino group (—NH,).

Their common names have been obtained b
corresponding acid by amide. Accordin

parent alkane is replaced by amide.

group present in the carboxyl

i “ i i

|
R—C—OH R—C—NH, —C—0OH —&—NHI
Carboxylic acid Acid amide Carboxyl group  Amide group

y replacing the suffix -ic acid of the
g to the IUPAC system, the final e of the

Formula Parent acid Common name | Parent alkane | IUPAC name

HCONHz HCOOH Formamide Methane Methanamide
Formic acid

CH,CONH, CH,COOH Acetamide Ethane Ethanamide
Acetic acid

C,H,CONH, C,H,COOH Propionamide Propane Propanamide
Propionic acid !

C,H,CONH, | C,H,COOH Butyramide | Butane | Butanamide
Butyric acid [ j




Formamide, HCONH,

Formamide is prepared by heating ammonium formate in an atmosphere of
ammonia.
HCOCONH, —— HCDNH2 + H,0
Ammonium formate Formamide
It is manufactured by the catalytic combination of ammeonia and carbon monoxide
under high pressure.
CO + HNH, —— HCONH,
Ammonia Formamide
Formamide is a hygroscopic liquid readily soluble in water and alcohol. It is unstable
and readily decomposes at its boiling point. In this respect it differs from other
amides.
HCONH, —— CO + NH,
Formamide
It is an ionising solvent and dissolves many organic compounds. In industry formamide
is used as solvent as well as a plasticizer.

Acetamide, Ethanamide, CH,CONH,

Preparation

Acetamide is obtained
(i) By heating ammonium acetate
CH,COONH, —— CH,CONH, + H,0
Ammonium acetate Acetamide

Since ammonium acetate tends to dissociate on heating, the reaction is carried
out in the presence of some free acetic acid which suppresses dissociation and
hydrolysis of the salt. Acetamide is conveniently prepared in the laboratory by
this method.

CH,COONH, === CH,COOH + NH,

Expt. A mixture of ammonium acetate crystals and glacial acetic acid (equal weights)
is taken in a round-bottom flask fitted with a long upright air condenser and refluxed
for about 4 hours. Partial dehydration of ammonium acetate occurs to give acetamide
and the water vapours escape through the condenser. The contents are transferred,
while still hot, to a distillation flask and distilled using an air condenser. Acetamide
distils over above 487 K and the distillate solidifies on cooling. It may be furthe:
purified by recrystallization from alcohol and benzene.

(i) By the action of concentrated solution of ammonia on acety’ chloride, acetic
anhydride or ethyl acetate (ester).

CH,COCI + 2NH, —* CH,CONH, + NH,CI

-

Acetyl chlonde Acetamide
(CH,C0),0 + 2NH, — CH,CONH, + CH.COONH,
Acetic anhydride Acatamide ’
0

Il
H3C-C—OC2H5 + NH, — CH,CONH, + CZH_,’OH
Ethyl acetate Acelamida



(i) By the partial hydrolysis of methyl cyanide effected by means of (@) alkaline
hydrogen peroxide, or (b) by dissolving it in concentrated sulphuric acid and
pouring the solution in cold water.

HC—C=N + H,0 %M, cy conm,
or H,S0, b
The mechanism of the reaction can be represented as under:
P OH OTH (9]

. OH | . Ho s [
HC—C=N /——= HC—C=N —1» HC—C=NH ——» H,C—C—NH,

Acetamide
The methods used for the preparation of acetamide are also the general methods
used for the preparation of other amides.

Properties : Physical Properties

Acetamide is a colourless crystalline (m.p. 335 K; b.p. 495 K). It is practically odourless
when pure. It is readily soluble in water, alcohol and ether.

(1) Hydrolysis. Acetamide is hydrolysed slowly by water, rapidly by acids and far
more rapidly by alkalis.
Reflece hally by

= H,o

Mechanism of the reactions involved is given below:
(a) Basic hydrolysis of CH,CONH,:

OD (o) 0 0

.l I I _ |l

OH + |C—NH2 _ HO—(I_‘,—NH2 = HO~—C + NH2 — 0—C + NH3
CH, CH, CH, CH,

Nucleophile OH attached
to electron deficient carbon

(b) Acid hydrolysis of CH,CONH,:
0 1 0 0
. G L I

HO L Y .
H# CoNH, === C—NH, == H,0-C—RH, === H—Lci:—clz +/NH, —— H—o-c|: + NH,
CH, CH, CHy H CH, CH, .

(i) Feebly Basic and Acidic Nature. The presence of acetyl group not only reduces
the basic character of the amino group but also makes the molecule feebly
acidic. Acetamide is thus both feebly basic as well as acidic, e.g., it forms
unstable salts with strong inorganic acids (feebly basic character) and dissolves
mercuric oxide to form covalent mercury compounds in which mercury is probably
linked to the nitrogen (feebly acidic character).

CH,CONH, + HCI ——— CH,CONH,HCI
2 CH,CONH, + HgO —— (CH,CONH),Hg + H,0

When treated with sodium or sodamide in ethereal solution, the sodium salt
[CH,CONH]'Na* is formed. The structure of the sodium salt may be I or II.

. 0 | o
|

HSCpc-fﬂHWNé -—

l
H‘C—C=NH Na

L}
, |

(iif) Reduction. Acetamide is reduced by sodium and ethanol or c
ethylamine, 7
Na / CyHy
CH,CONH, + 4 [H] ————— CH,CH,NH, + H20
y Ethylamine

atalytically to

Acetamide



(iv) Dehydration. Acetamide is dehydrated to methyl cyanide when heated witn
phosphorus pentoxide.

- p‘OIﬂ —
CH,CONH, — 5~ H,C—C=N

Acetamide Methyl cyanide

(v) Action of Nitrous acid. When acetamide is treated with nitrous acid, nitrogen
is evolved and acetic acid is formed.

CH,CONH, + HONO —— CH,COOH + H,0 + N,
Acetamide Nitrous acid Acetic acid

(vi) Hofmann Bromamide Reaction or Hofmann Degradation. On treatment with
bromine and alkali, the amide gives a primary amine which has one carbon
atom less than the amide, For example, acetamide gives methylamine. This
reaction Is known as Holfmann reaction or Hofmann degradation.

CH,CONH, + Br, + 4KOH ———= CH,NH, + 2KBr + K,CO, + 2H,0
Acatamide Methylamine

The mechanism of the reaction is explained as follows:
(o} 0 H
i | 7
(@) HiC—C—NH, + Br, — HJC—C—N\ + HBr

Br lKQH

Acetamide Acetobromamide
KBr + H,0
Removed by treatment with KOH
(b) Acetobromamide has acidic properties owing to the presence of the carbonyl
group and the bromine atom. With KOH, it forms a salt which is unstable and
loses a molecule of KBr and then undergoes molecular rearrangement to give
methy! isocyanate. It is an example of 1, 2-alkyl shift.

i i e
A | . (> - A
HC—C—N—H —=rs Ho—C—fLor| K =24 o=C
H h
(Acidic in natura) (Unstable salt) -
Rearrangement 0—0C—N ——CHa 2 KOH CH3NH2 5 choa
Mathyl isocyanate Methylamine

This reaction is used in the descent of series type of reactions, i.e., for preparing
a lower homologue from a higher one.

In the amides, the keto form behs
g, ehaves as a
Capable of giving metallic derivatives, behaves awse:kwt;aaske.a;;ue b



General Methods of Preparation of Esters

(1) From carboxylic acids. Esters are generally prepared by refluxing the acid
with alcohol in the presence of small amounts of mineral acids as catalysts,
e.g., 5-10% concentrated sulphuric acid. The reaction is reversible and is
known as esterification.

H,S0,

RCOOH + R'OH
Mechanism of the reaction is as follows:

RCOOR' + H,0

+ -
0 & OH \, OH H OH
Vi H (4’: C,H OH | 4/ fas! Qe
H.C—C H,C—C =t HC—C-0 == Hc—C—ocH,
fas! ™~ slow Y |
OH OH OH C,H, “:0H
OC.H 0
Hy0 s H I
H,c—C H,C—C—OC H,
fast “OH fast

Rate-determining step for esterification of acids is addition of alcohol.

Alternatively, dry hydrogen chloride gas is passed into the acid-alcohol mixture

till there is 3% increase in weight and the mixture is refluxed to yield an ester.

Esterification may also be brought about by passing a mixture of the vapours of

an acid and an alcohol over a metallic oxide catalyst (Thoria, ThO,) at 575 K.
(2) From silver salts of carboxylic acids. By refluxing silver salt of an acid with

an alkyl halide in ethanolic solution.

CH,COOAg + C,HJl ——— CH,COOC,H, + Agl
Silver Ethyl Ethyl acetale

acetate iodide (Esten
This method is very useful in cases where direct esterification is difficult,

e.qg., tertiary alcohols.



General Methods of Preparation of Esters

(1) From carboxylic acids. Esters are generally prepared by refluxing the acid
with alcohol in the presence of small amounts of mineral acids as catalysts,
e.g., 5-10% concentrated sulphuric acid. The reaction is reversible and is
known as esterification,

H,50,

RCOOH + R'OH RCOOR' + H,0

Mechanism of the reaction is as follows:

+

+
. \ OH H OH
A H G C,H,OH L s/ st S
H.C—C. HC—Ce H&—C-80 +=—— HC —C—0C,H,

g fasl sl | \
OH OH o OH C,H, “OH
oC.H 0
HEO ’ 2 5 - H' I!
H,C—C H,C—C—OC,H,

fast = OH fast

Rate-determining step for esterification of acids is addition of alcohol.

Alternatively, dry hydrogen chloride gas is passed into the acid-alcohol mixture
till there is 3% increase in weight and the mixture is refluxed to yield an ester.
Esterification may also be brought about by passing a mixture of the vapours of
an acid and an alcohol over a metallic oxide catalyst (Thoria, ThO,) at 575 K.

(2) From silver salts of carboxylic acids. By refluxing silver salt of an acid with
an alkyl halide in ethanolic solution.
CH,COOAg + C,HJ ——— CH,COOC,H, + Agl

Silver Ethyl Ethyl acetate
acetate lodide (Ester)
This method is very useful in cases where direct esterification is difficult,

e.g., tertiary alcohols.

(3) From acid chlorides or acid anhydrides. By the action of an acid chloride
or acid anhydride of an alcohol.
CH,COCI + C,H,OH —— CH,COOC,H, + HCl

Acetyl chicrida  Ethanol Ethyl acetale
(RCO]EO + RCH ——— RCOOR' + RCOOH
Acid anhydride An alcohol Ester

The reaction with tertiary alcohols is very slow. With acid anhydrides there is
tendency for dehydration of alcohol to olefin. With acid chlorides tertiary
chlorides are also formed.

(4) By reaction of carboxylic acids with diazomethane. Methy| esters can very
conveniently be obtained by treating an acid with an ethereal solution of
diazomethane.

RCOOH + CHN, ——» RCOOCH, + N,
Acid  Diazomethane Ester

(5) From aldehydes. Ester may also be obtained by condensation of aldehydes

in the presence of aluminium ethoxide (Tischenko reaction).

H ——— H
I A(OCH, ), l

HC iC + O—‘—-C—CH‘ —— H,C—~ICI:'—C)—CE'—-CH1
L |

0 H (0] H

Acetaldehyde (Two molecules) Ethyl acetate



(6) Transesterification. The reaction of an ester with alcohol in the presence
of an acid or a base as the catalyst yields a new ester, the reaction is known

as transesterification. For example,
0 '(JJi
I|
HC—C-—O0—CH-CH, + CH,OH — H,C—C—O0—CH, + CH,CH,OH
Ethyl acetate Methanol Methy! acetate Ethanol

General Properties of Esters

Physical Properties
(/) Esters are colourless neutral liguids or solids with characteristic pleasant odours.
(/) Boiling points of methyl and ethyl esters are lower than those of the corresponding
acids. Straight-chain esters have higher boiling points than their branched-

chain isomers.

(#) Esters with low molecular weight are fairly soluble in water. The solubility
decreases as the molecular weight increases. All esters are soluble in most of
the organic solvents. Many of them are good solvents for other substances
as well,

Chemical Properties

(1) Hydrolysis. Esters are hydrolysed by acids or alkalies to form aicohols and
acids or their sodium salts. For example, ethyl acetate is hydrolysed as under:

CH,CO0C,H, + HOH —2%0s CH,COOH + C,H,OH

Ethyl acetate Acetic acid Ethanol
CH3COCtC?H5 + NaOH ——— CHBCOONa + .C2H50H
Ethyl acetate Sodium acetate Ethanol
The hydrolysis of carboxylic esters may be represented in two ways:
9 A 0
H3C—IC|—L6EI H,C—g—(Q—EI
Acyl-oxygen helerol_ysis Alkvl-oxyggn heterolysis

It has been observed that alkaline hydrolysis of esters proceeds with acyl-oxygen
heterolysis and it is a bimolecular reaction. For example, base catalysed hydrolysis
of ethyl acetate is formulated as under:

C;O - (:? " //O tast Ple)

4 st - vl

HC—C"_ L+ H,C- C—OH HC—C  + Ed % H,C—C__+ EtOH
‘oEt v SO "OH ange 5]

On the other hand acid catalysed hydrolysis proceeds with alkyl-oxygen heterolysis.
This is also a bimolecular reaction and is formplated as under:

.
0 . OH % OH :OH

& H /’_/\ OH [+ fast G
H,C—C: H3C—C./ =t HaC—C—OH, H,C—C—0H

8l
OEt H?El

|
H,C—C—OH




In the above reactions Et means the ethyl group, C,H,. ‘

Experimental studies indicate that the rate determining step for acid hydrolysis is
the addition of water.

During alkaline hydrolysis of an ester, sodium or potassium salt of the acid is
obtained. Since alkali salts of the higher fatty acids are soaps, alkaline hydrolysis of
an ester is also known as saponification. Saponification of an ester is more rapid
than its acid hydrolysis.

(ir) Reaction with Ammonia. Esters react with ammonia on heating to form amides.

This reaction is an example of ammonolysis (splitting by ammonia).
CH,COOC,H; + NH, — CH,CONH, + C,H.OH
Ethyl acetate Acetamide
(i) Reaction with Phosphorus Pentachloride. Phosphorus pentachloride reacts
with esters to produce acid chloride and alky! chlorides.
CH,COOC,H; + PCl; —» CH,COCI + C,H.Cl + POCI,
Ethyl acetate Acetyl chloride Ethyl chloride
(/v) Reduction. Reduction of an ester by means of excess of sodium and ethanol

gives alcohols.

CoHsOHNa
CH3C00C2H5 + 4H ————— CH3CH20H + C2H50H
Ethyl acetate Ethanol Ethanol
C,H;OH/N
RCOOR' + 4[H] ————"+ RCH,0H + ROH

Other reducing agents used are: (/) lithium-aluminium hydride and (/i) hydrogen
under pressure (100-300 atmospheres) in the presence of copper chromate (catalyst)
at 570 K.

(v) Alcoholysis (splitting by alcohol). When an ester is refluxed with a large
excess of alcohol in presence of a little acid or sodium alkoxide (catalyst),
the alcohol residue present is replaced by another (a lower one). This method
is called trans esterification.

CoHzONa
CH,COOCHy + C,HOM ==—= CH,COOCH, + C,H,0H
Butyl Acetate Ethy! acelate
(vi) Acidolysis (splitting by acid). In acidolysis, the acid residue present is replaced
by another acid residue.
CH,COOC,H, *+ C,H,COOH

C,HyCOOC H, + CH,COOH
Elhyl acetate Valeric acid Ethyl valerate Acelic acid
(vir) Reaction with Grignard Reagents. Esters react with Grignard reagents to
form addition products which undergo decomposition to give ketones.

vQ OMgX (o]
-~ N\ | I
R—C—OR' +/ R"—MgX —— R—C—OR' _ R—C—R" + R'OMgX
LS S
Ester S—— Grignard A— Ketone
reagents Adduct

Under the reaction conditions, ketone reacts further with Grignard reagent to
form a tertiary alcohol

0 OMgx OH
I\'I| \\‘ I H,O
R—C—R" + ﬂz'—ﬁng —— R—C—R" 2% R—C—R'
. ‘ | |
Ketone R" R"

3%-alcohol



(viii) Claisen Ester Condensation. Two molecules of ethyl acetate in the presence
of sodium ethoxide undergo condensation to form ethyl acetoacetate.
C,HONa/
C,H-OH
Claisen sster

condensation
Ethyl acetate Ethyl aceloacetale

2CH,CO0C,H, CH,COCH,COOC,H, + C,H.OH



Maloni i i
Ic ester is the diethyl ester of malonic acid. It is a colourless liquid (b.p. 472 K)

with a pleasant odour Like a i
| ; cetoacetic ester, it contaij
and exists as a tautomeric mixture of keto and enotf ;girgsreactive methylene aroup

0 ™o
‘ |
CzHSO-—C ﬁCH‘Z—C—OC?HS (:2}-15,0—(’.2:CH—C—OC;.H5
Malonic ester (Keto farm) Malonic ester (Enol form)
Preparation

It is obtained from monochloroacetic acid. The monochloroacetic acid is neutralized
with aqueous solution of K,CO, and the resulting potassium salt solution is heated
with KCN till the vigorous reaction that has set in, subsides. The solution of the
potassium cyano-acetate so obtained is evaporated to dryness on a sand bath with
constant stirring to give a residue which is powered and heated with an equal amount
of absolute alcohol in a flask through which dry hydrogen chloride gas is passed to
saturate the mixture. The product is cooled and poured in ice-cold water. The malonic
ester so obtained is extracted with ether. The ethereal solution is washed, dried and
distilled to recover ether. The oily residue left is further purified by fractional distillation
and the fraction distilling between 468 K and 478 K is collected, which is pure malonic
ester.

Cl Cl
Cl K2CO

CH,CO0H —— H,C( T H,c< o,

COOH COOK
Acelic acid Monochloroacetic acid Potassium chloroacetate
COOH
/CN 2H50 + HCI - C3H5OM /COOC?H,,
H:,C\ NHCl Hzc\ b H2C\
COOK COOH COOC ,H,
Potassium chloroacetate Malonic acid Malonic ester

Synthetic uses of Malonic ester

Malonic ester is one of the few important synthetic tools in the hands of an organic
chemist. Its wide applications in organic synthesis are due to the presence of a
reactive methylene group. The hydrogen atoms in this methylene group are reactive
due to their position between two electron attracting groups. One of these active
hydrogen atoms is readily replaced by sodium when treated with alcoholic solution of
sodium ethoxide. The following examples will show the importance of malonic ester in
organic synthesis:

(1) Synthesis of substituted malonic acids. Malonic ester gives its sodio-derivative
when boiled with alcoholic solution of sodium ethoxide or metallic sodium in alcohol.
The sodio-derivative forms with alkyl iodide monosubstituted. The second hydrogen
atom may similarly be replaced to obtain substituted ester.

It is the enolic form of the acid that gives sodio-derivative which is a resonance
hybrid of two structures. On reacting the sodio-derivative with alkyl halide, the alkyl
group attaches with the carbon atom. In the following discussion, however, simple
formulae have been used for the sake of convenience.

The ester on hydrolysis will produce the corresponding acids.



™

- I’ -
CzH5ON; - R—I H20
CH,(COOEN, ———= NacH(CooEH, A~ , g CH(COOEY, — 2" R—CH(COOH),
o Mono-alkyl Monig-alkyl-mal id
Malonic ester Sodio-malonic ester malonic ester | CaHsONa ong-alkyl-maienic ac
‘-\

P Ha0 R."\ R@T \-

,CICOOH), +——— _CICOOEY, +——— R—C(COOEY),
R’ R Na
Dialkyl-malonic Dialkyl-malonic Sodio-alky!

aster ester malonic esler

The disubstituted derivativ
with two equivalents of C,H
acetoacetic ester).

e can be prepared in one step by treating the ester
sONa and then with two equivalents of alkyl halide (cf.

2C7H50
CH,(COOC,H,), 20, Ng C(cOORY, —2RX RC(COOE),

Disodiomalonic ester Dialkyl malonic ester Dialkyl malonic acid
(2) Synthesis of fatty acids. Malonic ester or substituted malonic ester on

hydrolysis and subsequent heating gives a fatty acid with loss of carbon dioxide.

Hz0
— R,C(COOH),
Maloniester

i
COOEt ~_C—0—
~ . :
HCT_ e, H2C< " —=8_, CH,COOH
COOEt Ci‘-—O—H e
I
Malonic ester 0 Acetic acid
Malonic acid
I
COQE! C—0—H
.
RCH_ . . Réfn\/ ~ =+ RCH,COOH
COOEt ﬁ.———O_H z
(o}
Mono-alkyl-malonic ester Mengo-alkyl-malonic acid n:g::;a a”g:
R, _COOEt R COOH
¢ Ho | TN 600 Heat “SCHCOOH
oy B —co, * CH
R* “cooe R”  “cooH 2 R
Dialkyl-malonic ester Diaikyi-malonic acid Dialkyl-acetic acid

(3) Synthesis of dibasic and other polybasic acids. (i) Two molecules of sodio-

malonic ester with iodine yield a tetracarboxylic ester which on hydrolysis
and subsequent heating yields succinic acid.

N&CH (COOE:}2 QH(COOE!)E H20 CH {COOH)2 al H,CCOOH
2 * ‘r | -2CO
NaCH(COOEY), CH(COOE), CH(COOH), ¢ H,CCOOH
Ethanetetra- Ethaneterra-
carboxylic ester carboxylic acid Succinic acid

Similarly starting with sodio-alkylmalonic ester, we get dialkyl succinic acid.

(#1) Sodimalonic ester may also be treated with a halogen substituted fatty acid
to get a dibasic acid.

\NaCH(COOEY), Base CH(COOEY),

CH(COOH)Z CH,COOH

H20 Heal |

— | ——e | ndll

c;— CH,CH,COOE! CH,CH,COOEt CH,CH,COOH ™“2  CH,CH,COOH
| Tricarboxylic ester Tricarboxylic acid Glutaric acia

FIIN v



Qianc acig

(/i) Sodiomalonic ester on electrolysis gives tetracarboxylic ester which on hydrolysis
and subsequent heating finally yields succinic acid.
NaCH(COOE), Blectoysis  CH(COOEN, cH(coon),
| —

, weat  H,CCOOH
NaCH(COOE), CH(COOE),

| -CO

CH(COOH), #  H,CCOOH
Sodiomalonic ester (Al anode) ethane Succinic
(2 molecues) tetracarboxylic acid acid

(4) Synthesis of higher dibasic acids. Sodiomalonic ester when treated with an

alkylene halide with two halogen atoms in the end positions yields higher dibasic
acids.

2 A _
Br—CH, NiCH(COOE) CH,CH(COOET)
T~ £ -2NaBr ¢ o

—_—

: 5 H20
) N
Br—CH, NaCH(COOEt), CH,CH(COOET),
Ethylane Soediomalonic Bulane-tetra-
bromide estar (2 mol) carboxylic ester
CH,CH(COOH), CH,CH,COOH
‘ Heal
-CO.
CH,CH(COOH), 2 CH,CH,COOH
Butane-latra-carboxyllc aicd Adipic acid
(5) Synthesis of cycloalkane carboxylic acid
LAY = T
Br—-CHz >__ CH:,— CH(COOCsz)z CoHgONa CHZ—-C(COOCZHs)z
{ + NaCH(COOC,H,), — | T
H,C—CH.,B CH;—CH—Br ) —_——
4 2= Sodiomalenic ester 4 T2 HG—CH,
1. 3-Dibromopropane
CH;—C(COOCzHS)z iysis C:H:,—-C(CDC}H)2 S CHZ——-CHCOOH
| e, | 3~
CHﬁ_CHz CHZ-—CH.‘, ¢ CHj—-CHz

Cyclobutane carboxylic acid

el
Malonic ester undergoes Knoevenag

idine) and
ic bases (e.g., pyri [
(6) Synthesis in the presence of organ id as given below:
R W:Qa?&?'g?g; isster and finally an unsaturated acndﬁaﬂh‘_i .

gives an u

of a, p-unsaturated acid.

For example, COOC;Hs

{IHz0 H.C— CH—CH —COOH
COOCHs . . 3
oyidne.

H,C—CH=C_ (ireat -CO,

/
COOC,H, But-2-enoic acid

C—CH=0 + H.C__
H COOC,H,

imalonate H
Acetalgehyde  Diethy COO0CHs
COOCsz
N

— / pyridine. ,f’r—\\.}—cH:C
i \\:‘__cHzo + Hzc\ p COOC?HS

Y COOC,Hy
(1 H20 Q_crt:u-!——coo“
{IilHeat -CO, Ginnamic acid

Benzaldehyde



(7) Ey—r;th’esis of cyclic or ring compounds

CH;—CH,Br CO0CHs 8 CH;—CH, __COOCHs H;0
' +Na,C\ s /C\COOCH —
CHz-—CHth COOC,Hg CHz—CH, 25
Tetramethylene Disodio-malonic Cyclopentane
bromide ester dicarboxylic ester
lZIHl;—CH2
CHyCH L OH _Heat | ~>CHCOOH
CH;—CH, G—oH 2 CHy—CH,
Q
Cyclopentane Cyclopentane
dicarboxylic acid monocarboxylic acid

(8) Synthesis of Heterocyclic compounds. Urea and malonic ester combine to
form malonylurea or barbituric acid and alcohol.

C.H CO—NH
[COOCHs H’N‘-, 2CH50H 7 ~
H,C. + co ———— HC_ Pele
COOC,H,  HN "CO—NH
Malonic ester Urea Baroituric acid

(9) Synthesis of [i-ketoacids (3-oxobutanoic acid). Sodium salt of malonic ester
on treatment with acyl chloride followed by hydrolysis and decarboxylation yields

i-keto acid.
R &)
Q - >, CO0CHs . . | COOC:Hs
H,C—C——Cl +NaCH N, H,C—C-HC ol
. . \\_ ~
COOC,H, COOC,H,
Acetyl chioride
0 0
H,C g we” COOH———'”‘*“ H.C ! —COOH
3 = C _Coz 3 _'C_CH2
‘COOH

3-Oxobutanoic acid
{a p-Keto acid)

(10) Synthesis of amino acids. Amino acid, glycine can be synthesized from malonic
ester by the following sequence of reactions.

o Zn
HO—N==0 + CH,(COOC,H,), —* HO—N=C(COOC,Hs), Zegicaad
Nitrous acid Malonic ester Oximino malonic ester

Hydro
HoN—GH(COOC,H,), — Y38, by N—CH(COOH), _*é%a'—- HyN—CH,CQOH
e ez
Aminoacetic acid
(Glycina)

Amino malonic ester



ACETOACETIC ESTER

Acetoacetic Ester or Ethyl Acetoacetate

It is the ethyl ester of acetoacetic acid, CH,COCH,COOH, a p-ketonic acid. The
name acetoacetic ester is given to it since it could also be regarded as an acetyl
derivative of acetic ester (ethy! acetate). It is an extremely valuable synthetic reagent.

Preparation

Acetoacetic ester is prepared by the action of sodium on ethyl acetate in the presence
of ethyl alcohol.

Acetoacetic ester is produced as a result of condensation between two molecules
of ethyl acetate in the presence of sodium ethoxide.

2CH,CO0C,H, — CH,COCH,COOC,H, + C,H.OH
Acetoacelic ester

The above condensation between two molecules of ethyl acetate is called Claisen
ester condensation. It is a rather complex reaction and many mechanisms have
been proposed for it. The most widely accepted mechanism at the moment consists
of the following steps:

(N C,HOH — 4 ¢ H.ONa [c,HOf + N
Ethanol Sodium athoxide

(i) CH,COOC,H, + [C,H.O CH,CO0C,H, + C,H,OH

»O O H o
! g Lel -C,H,OH
(i) ch-—-C'_ +/ CHZCOOCZHE H,_|C—C¥C—-C—O—C22H5 e
H, )
OC,H, HeC,0% H
o H 0 OH H ©

L] DI, acetic acikd Ll
HJC —C=C—C—0 —C,,H.j — H3C —CZC—C‘,—O—C?H5
Acetoacetic ester (Enol-form)
O—H o] 8] ﬁ

- i |

HyC—C—CH—C—0—C,H,

(iv) HC—C==CH—C—0—C,H,

Agetoacetic ester (Enol-form) Aceloacetic ester (Keto form)

Pure ethyl acetate (10 parts) with a little alcohol is taken in a flask and to this
is added a clean sodium wire (1 part). A slow reaction sets in which becomes gradually
vigorous with the evolution of hydrogen and boiling of the liquid. The flask is heated
on a water bath after the reaction subsides till whole of sodium disappears.

The product of the above reaction is the sodium derivative of acetoacetic ester
which forms a brown semi-solid mass with sodium ethoxide and unused ethyl acetate.
This is acidified with dilute acetic acid (1 : 1) to decompose the sodium derivative
when acetoacetic ester separates out as an oily layer at the top. The oily product
is distilled and fraction passing between 448-453 K consists of almost pure ester
and is further purified by distilling under reduced pressure.

{ O—H &)
|+ I

chfC :CHE H,C—C—CH,

. ] a ]

It is the electron-attracting property of the carbonyl group which facilitates the

elimination of one CO, molecule.

(8) Acid Hydrolysis.This is called acid hydrolysis because an acid is the chief
product of hydrolysis though it is generally carried out by boiling acetoacetic

ester with concentrated alcoholic potash.
0 (0]
1 I 2KOH
H,C—C—CH;—C—0—C,H, =—T, 2CH,CO0K + C,H,0H



o rR O

o 0o cﬁ N:’(l:l, R ‘ c g-oc
I SO He—C€—C—C—OCH, — — HC—C— .

i R
3 I R
R o
i ] ter
Sodio-dervative of Dialkylacetoacatic es
Manoalkylacelo- monoalkylacetoacetic ester
acehc aster

oacetic ester or its alkyl derivatives are

(2) Synthesis of fatty acids. When acet rolysis), fatty acids

heated with concentrated alcoholic potash (base hyd
are produced.
(0] (I'.li _
: ' L2 OOH + C,H.OH
Hac—c—CHz—-c—oc,Hs —— 2CHC H

- e =

The possible mechanism of the reaction is given below:
() CHOH + KOH —— CHOK' + H,0

—/‘___-__A-‘-"—-.,_E 2
('_'!cl}./ ? N ?‘)d ﬁj
(i) HyC—C—CH;—C—0C,H, + C,H,0 H,C—C~~CH;-C—O0C,H, =—
OCZHS
(8] 0 O—H q
| | _EtOH Al i
HC—C + H,C=C—O0C,H, H,C=C—0CH; ——— H,C—C—OC,H,

]

OC,H,

0
| KON
(i) 2HL—C—OC,H; ——+ 2CH,CO0K + 2C,H,OH

: W
(V) cH,cook —E—s CH,COOH

Use of Acetoacetic Ester in Organic Synthesis

Acetoacetic ester /s an important reagent. Some of the important reactions of
acetoacetic ester exploited for synthetic purposes are given below: ’

(1) Styhnthesis of alkyl acetoacetic ester. Acetoacetic ester s treated with sodium
ie oxide and the sodio-derivative so obtained is further treated with alky|
odide when we get monoalkyl acetoacetic ester. The monoalkyl derivative

may again be treated with C.H ONa i
Sy again 2Hs and then with alkyl iodide to get dialkyl

(0] O 8] ~ 0 —— e
: | [ ¥
H,C—C—CH—C—oC,H, At

Sodic-acetoacitic sster

Il C.H.ONa fNE
H3C—-C——CH2—C—0{:2H5 23 2

Acetoacetic ester

o}
Q ﬁ Na (Ijl ? ) ! OC,H
Ri —C—C— €
C,H.ONa = —— H.C—C—C 28
| I 22— H,0—C—C—C—OCH, »
H;aC—C—CH_C—-OCZHS ! | R
% R
2 Sodio-denvative of Dialkylacetoacelic ester
Monoalkylacato- monoalkylacetoacetic ester

acelc ester



(2) Synthesis of fatty acids. When acetoacetic ester or its alkyl derivatives are
heated with concentrated alcoholic potash (base hydrolysis), fatty acids
are produced.
cl) (o]
I -

l ot
H,C—C—CH;—C—0C,Hy —— 2CH,CO0R + C,H,OH

@) O

I I :
H,C—C—CH—C—0C;H, 2, RCH,COOH + CH,COOH + C,H.OH

| Monoalkylacetic acid

R
Monoalkylacetoacetic ester
0O R ©
H | " OH' R\
ch——C——C—C-—OCzHS —_— CHCOOH + CHacOOH + Ci,HﬁOH
lRl R'

Dialkylacetic acid
Dialkylacetoacelic ester

Since acetic acid is water soluble and the substituted acetic acid probably
will not be, the two are easily separated. Otherwise they would be separated
by fractional distillation.

(3) Synthesis of dibasic acids. When sodio-derivative of acetoacetic ester is
condensed with a chlorofatty acid ester and the product is subjected to acid
hydrolysis, a dibasic acid is obtained.

+
Na
i'lac—(.‘.—Ct-!—(.‘.()()(.'.z,H5 + C'LTCHZCOOC;,HS _
Sadio-acetoacetic ester Chleroacetic ester
i
H,C—C——CHCOOC,Hy _ H:0 CH,COOH
e

+ CH,COOH  + 2C,H,OH
>

H CH:,COOH
Succinic acid

CH,CO0C,Hg

Dialkylsuccini i
Y inic acid can be prepared from acetoacetic ester in a similar manner

0 O
Q . D
H,G—C—CH—C—OC,H, —are | Na | CH,i 711
: 5 H HC—C—CH—C—OC,H, ———* H.C :
o He N H,C—C-—CH C- OC,H
-etpacetc est
er Aceloacetic ester
+
CH. ONa “ Ha
—_— — - r —
oh.on HSC C (.: C— OCJHE
CH,
0 CH,O C
Na it H I )1 i Th!
.. 6 —C—L— :
3 c ([: G Dc;”g * I;- , ? ‘ 0C2H5 o CHJ -—C¥C_CQFJH5
T nompt—goc, R on—c—t—can
(o] CH‘A (o] Cj:H "
3

a, u'-Dimethy! succinic acid



(4) Synthesis of a,f-unsaturated acids. Acetoacetic ester undergoes the
Knoevenagel reaction due to the presence of an active methylene group.
It condenses with aldehydes or ketones in the presence of a base and the
products on acid hydrolysis yield «,B-unsaturated acids.

/COC Hy - COCH,
HC—CH=0 + H,C oL 3 HC—CcH=c__
COOCsz cooc 2Hs
Acetaldenyde Acetoacelic ester

H,0
—»

.+ * HyC—CH=CHCOOH + CH,COOH + C,H,0H
Crolonic acid
The mechanism of this reaction involves the formation of a carbanion.

(5) Synthesis of ketones. When acetoacetic ester or its alkyl derivatives are
heated with dilute acid or alkali (ketonic hydrolysis) ketones are obtained.

I 3 i

H,0 |
HyC—C—CH;—C—O0C,H; —— H,C—C—CH, + CO, + C,H.OH

Acelone
0O 0

| I H,0
H,C—C—CH—C—0C,H; —— RCH,COCH, *+ CO, + C,H,OH

Monoalkylaceto-acetic ester Monoalkylacetone
0O R O
I , I HJO+ R‘\
HBC—C—C—C—OC.‘,H‘,’ — CHCOCH, + CO:, + C?HioH
| R
R’

Dialkylacetoacelic astar Dialkylacetona

(6) Synthesis of y-ketonic acids. When sodio-derivative of acetoacetic ester is

treated with a-chloro fatty acids and the product is subjected to ketonic

hydrolysis, we get y-ketonic acids.
o , O

| Ne | CI—CH,COOH I Keitari

o}

CH,COOH
0

“ B oa
H,C ——E) -CH;?CHECOOH + CO, + C,H,OH
~Ketovaleric acid
or 4-0xopentanoic acd



(7) Synthesis of diacetosuccinic ester and acetonylacetone. Two molecules of
sodioacetoacetic ester condense when treated with iodine and diacetosuccinic
ester Is produced. The product on ketone hydrolysis gives acetonylacetone.

o , O

| Na | o} 0
HyC—C—CH—C—OC,H, I |

& . B . ) 2MNa HC—C—CH—C—OCH,

|| Na || 2 * H,C—C—CH—C—OC,H, Hydrolyss
H;C—C—CH—C—OC,H, I |

l
0

Diaceto-succinic ester

| il
H,C—C -—CH‘,__CH;-C—CH:i + 2002 + 2C2H50H
Acelonylactone or 2, S-pentadione

(8) Synthesis of hydrocarbons.On electrolytic reduction, acetoacetic ester and
its alkyl derivatives give rise to hydrocarbons.

CHyCOCH,CO0C,H; ——»  CH,CH,CH,CH,

Acetoacetic ester n-Butane
CH,COCHRCOOC,H; ———  CH,CH,CHRCH,
Alkylacetcacetic ester 2-Alkylbutane

(9) Synthesis of heterocyclic compounds. Acetoacetic ester condenses with
various reagents to form different types of cyclic compounds. The following
may be given as typical examples:

(/) Diacetosuccinic ester obtained in (7) above by condensing two molecules
of sodio-acetoacetic ester in the presence of iodine, when treated with
ammonia gives pyrrole derivative.

O o] O ﬁ
|
H3C—C—CH-—C—OC€H5 HBC—L—CH"C\
+ NH, ——— | _NH  + 2CH,OH |
H3Cr-C ‘CHr—C—-OC‘QH& H3(3—|CIZ—-CH—ICI
|
o 0 Q
Diaceto-succinic ester Pyrrole derivative

\#) With urea it gives the ring compounds, 4-methyl-uracil from which uric
acid may be synthesised.

ol
T 2 i
My COCH, Creoe,m |
!' L 2 L ~C
e CH HN' H T CH
&= - — —— | _+HOo +cHoH
C—CH . _C—CH =
: - -~ ’ 07 TN £ 0~ N7 ’
7 H .
=
Acetoacelc ester 4-Methyluracil

{enalic torm)

o e - -



(W] Synthesis of antipyrine
o o]

I H,0
7 C—OCH, +H,NNHGH, — 2~
]
T HyE—p——pn
e — .
N HN\N /C_
| '|
CeHs CgHg

o H,OH
HiO—G—CHy—cooCH, Tat

\ \TH

CeHs

(CH ,,230‘ H:,C—Cz CH

NeOH ' HC—N___C=0
|
CgHg
Antipyrine
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A o™ n 140.2 pm
\ﬂ/ ™ /‘:.
HyC \ A @“j‘ o LH =N < H = 113

The carbon-nitrogen bond in aniline (140.2 pm) is, however, shorter than that in
methylamine (147.4 pm). This is explained by (/) sp?~hybridisation of carbon and
(/i) involvement of nitrogen lone pair in conjugation with the n-electrons of the ring.
The C-N bond in aniline involves sp?-orbital of carbon which gives a shorter bond
than the sp3-orbital of carbon in methylamine. Mareover, in aniline the lone pair of
electrons are delocalised into the aromatic ring as can be seen from the following
resonance forms of aniline.

INH, *NH, *NH, CNHZ INH,

) =

Such a delocalisation of lone pair of electrons of nitrogen gives a partial double
bond character to C-N bond, strengthen it and shortens it, As a result, the electron
density on nitrogen decreases and thus aryl amines are less basic than alkyl amines.
Another consequence of this delocalisation is the increase in electron density in the
ring and thus aniline exhibits a high reactivity in electrophilic substitution reactions.

General Methods of Preparation of Primary Amino Compounds

(1) By reduction of Nitro-compounds. Various reducing agents which may be
used to reduce nitro compounds to amines are tin, iron or zinc with hydrochloric acid.

Metal

ArNOz + G[H] _"'_ﬂc—id_—. AFNHZ i ZHzo
NO, NH,
Sn
©+GIH]‘“H¢T’ @ + 2H,0
Nitrobenzene Aniling

(2) Ammonolysis of halogen-compounds with liquid ammonia under pressure
and high temperature in the presence of a catalyst (Cu,0).

For Example,
cl NH,

2 * Cu0 + 2NH, ——, 5 +20u01 + H,0

Chiorobenzene Aniline



This is not as simple a displacement as it appears to be. The reaction involves
two stages : elimination and then addition. The intermediate molecule is termed
benzyne,

(/) Elimination stage involves two steps: abstraction of a hydrogen atom (step 1)
by the amide ion to form NH3 and carbanion I which then losses halide ion (step 2)

to form benzyne.
(Cx

Step 1 Step 2

(/i) The addition of NH; also involves two steps : attachment of the amide ion
(step 3) to form carbanion II, which then reacts with NH; to abstract H* (step 4).

N_
Step 3 Step 4

{n

The addition of a nucleophile may involve a single step in some cases. If this is
so, the transition state is probably the one in which the attachment of nitrogen has
proceeded to a greater extent than attachment of hydrogen and it has, therefore,
considerable carbanion character.

In benzyne, an additional weak bond is formed between H
two carbon atoms by sideway overlap of sp? hybrid orbitals H
(Fig. 7.1). The new bond orbital lies on the side of the ring and
has little interaction with the n—electron cloud above and below

the ring. H
Structure of Benzyne. It is still uncertain. Three possible H
structures of benzyne are given below: Fig. 7.1. Benzyne molecule
[ n
Benzyne Diradlcal Dipolar ion

If structure I is accepted, benzyne would be a distorted acetylene and should
therefore, would be unstable. Structure II is also unlikely because benzyne shown
has little resemblance to a diradical in its chemical behaviour. In structure III
benzyne is represented as a dipolar ion. On the basis of this structure we can explain



the attack by nucleophiles like NH3.

people prefer to name it as 1, 2-dehydrobenzene(which is a non committal name for

benzyne) which implies the presence of a triple bond.
(3) Ammonolysis of phenols with ammonia in the presence of ZnCl; at 570 K.

2nct,
@-—w N, e NH, + H,0

Phenol Aniline

(4) By reduction of nitroso compounds with tin and hydrochloric acid.

Sn
@—NG +oAH s NH, + H,0

Because of this uncertainty of structure, some

Nitrosobenzens Aniline
(5) Hofmann’s hypobromite method. By the action of bromine and alkali on
amides,
3‘2
CONH2 _KO_H_’ NHI
Benzamide Anilline

-H,0 H/Ni
— 310-340 K

Benzaldehyde Imine Benzylamine

Secondary amines are obtained on using a primary amine in place of ammonia."

L H,0 - * LiBH,CN
CH=0 + H,NCH, =— CH—NCzHﬁ W CH-‘,NHC-‘,HS

Benzaldehyde ( Benzylathyl;lrn!:lin ;
a secondary amine.

Aniline ( Benzenamine), C¢HsNH,

Aniline was first prepared by Unverdorben

(1826) who obtained it by distilling
indigo and named it as aniline (after the Portugu

ese word anil meant for indigo).

O+ p reducing agent similar to LiBH,. It reduces iminium group more rapidly than it reduces the
carbonyl group.



Preparation : (a) Laboratory Method
In the laboratory, aniline is prepared by the reduction of nitrobenzene with tin
and hydrochloric acid.

Sn
QNOz + 6[H] H_CI_’ NH, + 2H,0

Nitrobenzene Aniline

Expt. Nitrobenzene (20 g) and granulated tin (40 g) are taken in a round-bottom
flask fitted with a reflux condenser. To this is added conc. hydrochloric acid (100 ml)
in small amounts (10 ml at a time). The flask is shaken after each addition and the
temperature is not allowed to rise above 360 K. Towards the end, the reaction is
slow and larger quantity of acid can be added at a time. The flask is heated on a
water bath until the smell of nitrobenzene disappears. On cooling a solid mass of the
formula (CgHsNH;.HCI),.SnCl, separates out.

Sn/HCI

CgHsNO, s — CeHsNH:
Nitrobenzene Aniline
2C¢HsNH; + SHCI + SnCly — (CgHsNH,.HCI),SnCl,
Aniline Stannic Double salt
chioride (A solid mass)

The solid mass is treated with a concentrated caustic soda solution until the
solution is clear and alkaline. Aniline is liberated and floats as a dark brown oil.

(CsHsNHz.HCl)z.SnCL + 8NaOH —— 2C5H5NH2 + Na,Sn0O; + 6NaCl + 5H;0
Solid mass Anilina Sodium stannate
(Oily layer) (Soluble)

Aniline is recovered from the above mixture by steam distillation. The distillation
Is continued until the distillate is no longer turbid. To the distillate is added common
salt when practically whole of aniline separates. It is extracted with ether in small
lots. The ethereal extract is dried over solid caustic potash (calcium chloride is not
used as a drying agent because it forms an addition compound with aniline) and
ether is removed from it by distillation over water bath. Aniline so obtained after
removal of ether is purified by redistillation.

Commercial Preparation

Aniline is prepared on a commercial scale:

(/) By the reduction of nitrobenzene with scrap iron and concentrated
hydrochloric acid.

Fe + 2HCI ——— FeCl;, + 2[H]

Sn



Here not only costly tin is replaced by cheaper iron but also there is a saving of
hydrochloric acid as a portion of the acid gets regenerated by hydrolysis of ferrous
chloride.

FGCIZ +2H,0 —— FE(OH)Z + 2HCI

@———NOZ' + BFe(OH), + 4H,0 —» Quuz + 6Fe(OH),

Thus only 1/40th of the theoretical amount of hydrochloric acid is actually used.

Over Flow -— = C.H\NO,

~ {/;"—Slum

Water —=Saisife—r~ Scrap iron
o] |1~ + Watler
ToVatun + Conc. HCI
Distillation «—
Plant
- e e Stirrer
T AT g
S’mﬁu Reducer

Fig. 7.2. Manutacture of aniline

Process. Concentrated hydrochloric acid, water and scrap iron are placed in the
reducing pan (Reducer—Fig. 7.2). Steam is blown into the reducer and nitrobenzene
run in a fine stream, the contents are kept in agitation by a stirrer fitted in the
reducing pan. No further heating is necessary as the heat of reaction is enough to
complete the reduction.

At the end, milk of lime is added to neutralise the acid and to decompose aniline
hydrochloride (CgHg NH3.HCI) formed and aniline set free is separated by distillation
in steam. The distillate is caollected wherein crude aniline forms the lower layer.
Crude aniline is taken to a vacuum distillation plant and distilled under reduced
pressure when pure aniline distils over.

(ii) By the catalytic reduction of nitrobenzene. Aniline may also be
manufactured by catalytic reduction of nitrobenzene using nickel as a catalyst,

(iii) By the action of ammonia on chlorobenzene, Chlorobenzene reacts with
excess of aqueous ammonia when treated at 470 K under pressure in the presence
of cuprous oxide.

The later decomposes the ammonium chloride formed in the reaction and thus
renders the reaction irreversible.

2 Cl + Cu,0 + 2NH, 470K, NH, + 2CuCl + H.0

Chloro- Aniline
benzena

Physical Properties

i i b.p. 457 K) with an
ly prepared, aniline is a colourless ml_y liquid ( /
un Y:gggn{r?dhozrpan‘; it is poisonous in nature. Being sensitive to oTlidgtlor:, tl,}::
colgur rapidly changes to dark brown when exposed to air. It is practically insolu

in water but readily dissolves in organic solvents.



Chemical Properties

Aniline, CsHsNH, is made up of (/) an amino-group attached to the benzene
nucleus carbon, and (/1) the benzene nucleus. Its reactions are therefore the
reactions of these two groups:

(a) Reactions of the Amlno-Group

(1) Basic Nature

Aniline is weakly basic and gives salts with acids, e.g., aniline hydrochloride,
CeHsNH,.HCI, with hydrochloric acid, aniline sulphate (CGHSNHI)Z.HZSO., with
sulphuric acid and double salts CsHsNH,.HCI PtCly, with platinic chloride, (PtCly).

(:NHZ *NH, *NH, C:an INH,
Q) < N > =
N
) =

Owing to resonance, the lone pair of electrons on the nitrogen atom is less
3vailable for coordinating with a proton. In addition to this, the smal| positive charge
n the nitrogen atom tends to repel the proton,

Aniline may accept a proton to give a small concentration of the cation (anilinium



ion) which does not show resonance. N

Since there are more resonating structures possible for
aniline than for the anilinium ion, the former will be stabilized
with respect to the latter.

Effect of Ring Substitution on Basicity. The effect of ring
substituent, G on basicity depends on the following factors: G

(/) Nature of G whether it is electron-attracting or electron—releasing. An
electron-releasing group reduces the resonance of NH; group with the ring and,
therefore, increases the basicity. Similarly an electron-withdrawing group (—I effect)

tends to draw the electron pair of the N atom of NH; group into the ring and
consequently decreases the basicity.

R, NH,
) G G

G is electron G Is electron releasing
withdrawing- increases the basicity
. decreases the basicity
(/i) Ability of G to enter into resonance with the amino-group. Groups like
nitro group which have a strong—R effect decrease the basicity and others like
methoxy group having a strong +R effect increase the basicity.

0 Q) =N}
A O /
o =%)

0
Nitro group decreases the basicity due to — R effact
R NH H,C8 N t
HsC 7y e > HCQ H, «— elc.

W

Methoxy group increase the basicity dus 1o + R effect

(/i) Position of the substituent. The etectron-wlthdrawing or electron-releasing
effect is more at o-and P-positions than at the meta position. There may be added
complications due to steric effect.

Basicity of various substituted anilines are give below in terms of their pKé

values. The lower the PKb value of a compound greater is its basicity. It has been
observed that for aniline pPKb = 9.4

Substituent G in G-CgHy=NH, PKb values in aqueous solution
ortho- meta- para-
H 9.4 9.4 9.4
CH; 9.5 9.3 8.7
8.7
CH10 9.4 8 6.7
cl 11.3 10.4 -3
11.
COCH; 11.6 10.4 r3%
CN 13.1 11.2 .

NO, 14.3 11.5 13.0




Effect of various substituents on the basicity of aniline as seen from the pKb
values given in the above table can be explained as follows:

(/) CH3. It has a +1 effect and, therefore, increase the basicity from PKb = 9.4 to
9.3 (for m-) 8.7 (for p-). The effect is more when CH; is in p-position than in m-
position as explained earlier.

NH, NH, NH,
QL O
CHy

CH,
p-Toluidine m-Toluidine aniline

(if) NO,. It exerts —R as well as -1 effects and, therefore, decreases the basicity
as seen from an increase in pKb values. The effect in o~ and p-position i much
more than in the m-position. This is because from m- paosition it cannot exert —R
effect. Decrease in basicity is only due to -I effect.

NH, NH, NH,
) @ ) @
NO,
NO,

p-Nitroaniline m-Nitroaniline aniline

(iil) Methoxy and Amino Groups. The p-OMe group has a +R effect and the
basicity is increased due to its presence. In the m-position it exerts only an inductive
effect and this decreases the basicity. Effect of amino group can be explained
similarly.

(iv) All groups, whether electron releasing or electron withdrawing, decrease
the basic strength when present in the ortho position.

This is known as the ortho effect and is probably due to a combination of steric
and electronic factors.

It is evident from the above discussion that when the substituent group can enter
into resonance with rest of the molecule, it exerts a marked effect on its basicity. For
resonance to be operative, the resonating structures must be planar or nearly planar.
If the planarity is partially reduced or completely prevented due to some steric

factor, the resonance is diminished or completely prevented. This is called steric
inhibition of resonance. For example, 3,5-dimethyl-4-nitroaniline is a stronger base
than 2,5-dimethyl-4-nitroaniline on account of steric inhibition. In the first case, the
nitro group cannot enter into resonance with the amino-group and is not able to
reduce the basicity appreciably. In the second case, it can enter into resonance and,
therefore, reduces the basicity appreciably.

NH, NH,
l = HyC CHa
H,C ~ CH,
NO, NO,

pKb~11.5 ~13



hwbylamine Reaction

heating aniline with chloroform and alcoholic potas
Lﬂine (an isocyanide) is noticed.

N-Alkylated Anilines. These are stronger bases than aniline, and N-ethylaniline
is a stronger base than N-methylaniline. This cannot be explained on the basis of + I
effect of alkyl groups resulting in increased resonance of the lone pair with the ring,
since that would make N-alkylanilines weaker bases than aniline. It is considered to
be due to the steric effect, which inhibits resonance of the lone pair on nitrogen and
makes it more available for protonation. Ethyl group being bigger than methyl, it has
a greater steric effect. Consequently N-ethylaniline is a stronger base than N-
methylaniline. pKb values of some of these are given below for reference purposes,

Base PhNH,  PhNHMe PhNHEL PhNMe,  PhNEt,
pKb 9.4 9.15 8.89 8.94 7.44

Halogens exert both +R and -I effect but +R effect is very small. Presence of
halogens decreases the basicity of NH; group due to -I effect.

(2) Acylation

With an acid chloride or an acid anhydride hydrogen atom of the amino-group is
replaced by acyl group to give an anilide; for example,

/ \ NH, + CH,cOCl — Q—NHCOCH, + HCI
— Acetyl

Aniline chloride Acetanilide
(3——&”42 +  CgH,COC| —» NHCOCEH5 + HCI
Banzo
Aniling chiori Benzanilide

(3) Alkylation

When treated with alkyl halides, the hydrogen atoms of the amino-group are
replaced by alkyl groups to give mixed, secondary and tertiary amino-compounds.

O 2t O 22 O
2

i i
Aniline N-Methylaniline N, N-Dimethylaniline
h, an obnoxious smell of

chl; N.C
Oy e (O

Ariline Phynyl isocyanide



e mechanism proposed for the reaction Is as iunuws.

Bl'l:lg + OH == 1:CCl; + H0
l:ca, —» CCl, + CI

Dichloro
carbene
o e, W,
fH, + cCl,—> /N NH,CCl; — > NHCCI,
E Dichloro _n b
Andine carbene
-H -cl’
I —_— N=CCI —— N=C
-cl
Carbylaminobenzene
with Grignard Reagent

ne reacts with Grignard reagent to form hydrocarbons.
+ CgHsNHz RH + CEHSNHMQBF

tion

an ice-cold solution of aniline in
of sodium nitrite, it gives benzene
to give phenol.

hydrochloric acid is treated with an ice-cold
diazonium chloride, which decomposes on

NaNO.‘.‘I + HCI HN02 +
Aniline Nitrous Benzenediazonium
acid chloride
$. = H0
Nzcl '-m' -N; OH
Phenol

(7) Action with Carbonyl Chloride

Aniline reacts with carbon i i
Wb ol yl chloride to give carbonylaminobenzene (also called

{ N X —aQ-co

Anlline
Phenyl i
chl ori ¥ yl Isocyanate

(8) Condensation with Aldehydes
Anili
iline gives condensation products (Schiff bases) with aromatic aldehydes

Oy =
| N=c
~ .L

Aniline Benzaldehyde Benzylideneanili
ine
(A Schiff base)



The Schiff bases on hydrolysis easily give free amine. Their formation offers an
easy method of protecting an amino-group before nitration.

On reduction, a Schiff base gives a secondary amino-compound.

N=CHAr ——» NHCH,Ar

Schiff base Secondary
amino compound

(9) Action with Carbon Disulphide

On heating with an alcoholic solution of carbon disulphide and solid KOH, it gives
phenylthiourea or thiocarbanilide (used in vulcanisation of rubber).

s
Il
2©-NH2 + §=C=S + 2KOH —» QHN—C——NH + H,0 + K8

Aniline S-Diphenylthiourea

(10) Oxidation

The high electron density on the ring in the aniline molecule makes oxidation
(electron removal) very easy. Thus it turns dark red on exposure to air due to
oxidation. More intense colours are given by stronger oxidising agents. For example,

Oxidising agent Colour produced
Bleaching powder Deep violet
Na,Cr,0; + Conc. H,S0, Intense blue
Na,Cr, 0; + CuS0,4 + dil. acid. Aniline black dye

Under carefully controlled conditions, oxidation of aniline with sodium dichromate
and sulphuric acid gives p-benzoquinone.

NH, Na,Cr,0, o o
H,S80,

Aniline p-Benzoquinone

(11) Action with Hypohalous Acids or Alkali Metals

i hen aniline
Hydrogen atoms of the amino-group are replaced by haloqen atoms w .
is tre:tedgwith hypohalous acids, e.g., with hypochlorous acid, HCIO, aniline forms

N, N-dichloroaniline.

Hypo

Aniline N, N-Dichloro-
chiorous- aniline
acid

When heated with sodium or potassium, the metal dissolves in aniline with the
evolution of hydrogen.



(b) Reactions of the Benzene Nucleus

(1) Coupling Reaction. Aniline gives a coupling reaction with diazonium salts
and yield azo-dyes.

Aniline
Warm at 300-310 K
N=—N—NH oy NH2
maother liquor

p-aminoazobenzene
(Yellow dya) (brilliant orange-red dye)”
(2) Halogenation. Presence of amino-group in the benzene nucleus facilitates
halogenation. A symmetrical trisubstitution product is obtained on chlorination or
bromination.

NH2 NH,
Br Br
+ 38r2 m— + 3HBr
Anilina
Br
2, 4, B-Tribromoaniline
(light yeltow ppt.)

In chlorination,
a water-

oxidation takes plycy. r-free solvent sych as chloroform shouyld be used

Monochioro or e otenise

m
of acetanilide 0n0bromoannme may be pre
) Prepared by chiorination or brominati
ination

NHC
OCH NHCOCH NHCOCH
Brz
CH;,COOH
-CH_.,COOH
Acetanilide .

o-Bromo acelanilide p-E!romoacetamIm

— A D



Deactlvatlng effect of the acetyl group in acetanilide, It js Considered to be
due to the fact that the lone pair of the: NH, group enters jntg résonance with the
carbony| group and as a result its resonance with the ring decreases Considerably,

(3) Nitration, Aniline being Very susceptible to oxidation, direct nitration is not

observed, The amine-group is protected by acetylation before Nitration,
NH, NHCOCH, NHCOCH, NHCOCH,
NO,
- HCJ HNO,
+ CfCOCHa — —_— +
Acetyl chioride
Aniline Acetanilide
NO,
2-and p-Nitroacetanilide
NH, W
NO,
Fiydroiysis +
~CH,CO0H
WO,
o-and p-Nitroaniline

i i ieldc
N the ortho-derivative in v to 450-470 K,
iy p-nvgoanil}r;ifa;;;ﬁzeg: heating with fuming sulphuric acid
(4) Sulphonation.

his is because
ilic acid). Why? T "
ic acid (sulphani 5 45, b the Hibe
gives p_aml?oiir;ﬁ:iiu::pehgversible and the p-isomer is know
sulphonation is

stable isomer. o T
NH,,

Fuming st(:)‘:
450470 K

SOa H
Sulphanilic acid
Aniline



Sulphanilic acid contains both acidic (SO3H) and basic (NH;) groups. These

groups Interact to form an internal salt called Zwitterion, Thus sulphanilic aci
: \ , ani

te,\"(:sts mainly as its zwitterion structure in which a proton from sul ';‘D i o

aken up by the amino group as shown below. phonic. acid s

S
=

Sulphanilic acid

(a) Points of Similarity:
(/) Basic nature
(iv) Action of Sodium
(vi) With Grignard reagent.

(b) Points of Difference:

(i) Alkylation
(v) Carbylamine reaction

el NH]
i :) o [ J
-H‘
S0,

Zwitterion
structure

Comparison of Aniline with Ethylamine

(iii) Acylation

Ethyfamine

Aniline

It is a colourless inflammable liquid (b.p.
292 K) with fishy ammoniacal odour.

It is highly soluble in water giving
alkaline solutions.

With nitrous acid, it gives ethyl alcohol
and nitrogen.

It is not easily oxidised.

No substitution takes place in the ethyl

group.

It does not react with aldehydes.

It does not give a coupling reaction.

It is colouriess liquid (b.p. 457 K) with
unpleasant odour.

It is practically insoluble in water.

It gives diazonium salt in cold and phenol
on heating.

It is very susceptible to oxidation.
Substitution in the benzene nucleus
proceeds readily. It can be nitrated,
sulphonated and halogenated.

It gives a Schiff's base with aromatic
aldehydes.

It gives positive coupling reactions.
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HETEROCYCLIC COMPOUNDS



Introduction

Heterocyclic compounds are cyclic compounds in which the ring includes on
more polyvalent atoms such as oxygen, nitrogen and sulphur in addition to ca
atoms. (Greek. Hetero = other, different). Some of the heterocyclic rings are re
opened and do not possess aromatic properties, e.g., ethylene oxide, y-an

lactones etc. These are generally not considered as heterocyclic compounds.

¥ B a
Hz?\ " R—CH—CH;-CH;CO
-
H,C 0
Ehtylene oxide v-Lactone

Heterocyclic compounds with a heteroatom in a five or six membered rint
considerably stable. A wide range of such compounds are present in plants
animals and have in fact played a crucial role in the origin of life on the eart
plants and animals, they participate in important physiological functions sut
photosynthesis (chlorophyll), oxygen transport (haemoglobin), energy tra
(Adenosine Tri Phosphate, ATP), oxidation and reductions (NAD & NA
metabolism, muscle movement, protein synthesis, cell division, and nerve ¢
transmission. They are associated with important biomolecules such as nucleic i
proteins, carbohydrates, vitamins, haemoglobin anthocyanins and alkaloids.
these compounds are essential for life and its various activity.

Classification

Heterocyclic compounds containing a five or six membered ring and
possess aromatic properties are classified into following categories :

1. Five membered heterocyclic compounds

These are considered to be derived from benzene by replacement of one
(-CH=CH") group by a heteroatom such as oxygen, nitrogen or sulphur. The
further classified into the following two types :

(a) Compounds having one heteroatom : Some common hetert
compounds of this type are furan, pyrrole and thiophene.

00y 0y

H
Furan Pyrrole Thiophene
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Imidazole Oxazole Thiazole Pyrazole 1.2, 3-Triazola

I1. Six membered heterocyclic compounds

These are considered to be derived from benzene by replacement of one of its
CH- group by a heteroatom such as nitrogen, oxygen or sulphur. These are further
classified into two types :

(2) Compounds having one heteroatom : Some common heterocyclic
compounds of this type are pyridine, pyrylium salt and thiopyrylium salt.

D G
W |§’§ Q

Pyridine Pyrylium salt Thiopyrylium salt

(b) Compounds having more than one heteroatom

N
Q¢ C
H,;N: N) I)I/

Pyridazine Pyrimidine Pyrazina

II1. Condensed heterocyclic compounds

These compounds have a heterocyclic ring system (five membered or six
membered) fused with a benzene ring or other heterocyclic ring system.

l
Indol

bR o i

Quinoline Isoquinaline Quiniline Purine

In this chapter, we shall be discussing five membered heterocyclic compounds
containing one heteroatom and an important six membered heterocyclic compound,
pyridine.

Five membered heterocyclic compounds

Furan, thiophene and pyrrole are the common five membered heterocyclic
compounds. Each of these behaves as a resonance hybrid of different structures. For
convenience their hybrid structures are represented as given below :

e © ©

N
H
Furan Thiophene Pyrrole



Furan, Oxacyclopenta-2, 4-diene (furfuran)

Furan derives its nam
e from in=
prepared by distilling bran with hfurfur iy

ring. The positions of side-chain

nu i
mbers, number 1 being given to the hetero atom

4 3
P — FHC—CHp
wd WA
5 \O/ a ~
L8 Q/

. Thus there are two m
Similarly therc are four
and 3:4 (B:p).

Preparation

(/) Furan is obtained by distillation of pine wood,

(ii) Dry distillation of ;
yields furan. mucic acid gives furoic acid which when heated at its b.p.

COOH

HC—CH
Dry disti HC—CH
(CHOH), g5 wd % coon =, W\
COOH 3H,0 ~o” -Co, o’ H
Mucic acid Furoic acid Furan

(i) Furfural on oxidation gives furoic acid which on heating decarboxylates to

give furan.
@C“o *@L’ﬁlmon Leas O

0
Furfural Furoic acid Furan
(iv) The Paul-Knorr synthesis. 1,4-Dicarbony!l compound such as

acetonylacetone on heating with phosphorous pentoxide (P;0s) undergoes
dehydration to form 2, 5-dimethylfuran. The synthesis is called Paal-Knorr synthesis.

H T
|
H C———C}H HC—CH
BT 7 N\ L
oy ¥o OH HO e M a 3
Acelonylacetone 2, 5-Dimethyl furan

Properties ,

Physical Properties

It is a colourless liquid (b.p. 305 K), which is insoluble in water but soluble in
alcohol and ether. It turns a pine splint moistened with hydrochloric acid, green in
colour (Test).

Chemical Properties
Chemically furan resembles benzene but tends to break open readily at the
oxygen linkages. Some important reactions of furan are :

(1) Diels-Alder Reaction. Furan is less aromatic than thiophene and pyrrole and
is the only one of these which undergoes Diels-Alder reaction.



-C
—C CH A S
HC—™y 0
" S+ I o — | ol
HC'*-.. r 4 ‘C
Q Malelc anhydride-furan adduct

Furan Maleio anhydride

hydrogen chloride to form tetramethylene chlorohydrin.

HE—h H’i—- iﬂz
{ E 2H / el OH
/ \ _Pdi’ HzC\O/CHZ CIHZ H2
0 Tetramathylane
T rofuran rin or
Furan etrahyd émomhf o

(3) Electrophilic Substitution Reactions. As stated earlier furan is a resonance
hybrid having a larger electron density at position 2 (or 5) than at position 3 (or 4).
During electrophilic substitution, the electrophile is expected to attack at position 2
(or 5) this being a centre of higher electron density. In practice, 2-substitution is
actually favoured.

Alternatively the rate controlling step in the electrophilic aromatic substitution is
the attachment of electrophilic reagent to the aromatic ring in such a way so as to
yleld the most stable carbocation. Let us apply this very approach to account for the
reactions of furan,

H H

=-f —(F
N 5

]
More stable carbocation being a hybrid of larger
number of resonating structures resulting in

greater spreading of charve, ..

Hence 2-substitution will be favoured for electrophilic substitution, since it results
in the formation of a more stable carbocation.

Furan ring is more reactive than benzene. This is because of the donation of the
oxygen lone-pair as a result of which furan ring becomes activated. Thus, furan



S0,-Pyridine CH.COONO
O\sosn (Sul:ihonlﬁon) /0 \ (r:wauo;; - O\Noz



[ if a group with -1 effec
can, however, be carried out dlrgctly
presse‘},w’f ':gn?!f:am}mg, e.q., furoic acid can be directly sulphonated to yield

sulphofurcic acid.
L 5, L
COOH HO3S COOH

(o] o
Furoic acid 5-Sulphofuroic acid

(i7) Halogenation. Furan readily reacts with halogens but polymensatlon |
caused by the halogen acid liberated during the reaction. Because of th:s_ d!fﬁ'culty
halogen derivatives of furan are obtained indirectly. For example, furoic acid on

bromination gives S5-bromo-furoic acid which on decarboxylation yields 2-

bromofuran.
e LN = [
o CO0H Br ~0 COOH Br

0]
Furoic acid 5-Bromo- 2-Bromoturan

furoic acid
(/i) Gattermann Reaction. Furan undergoes Gattermann reaction to yield
furfural when treated with a mixture of hydrogen cyanide and hydrogen chloride in
the presence of aluminium chloride, followed by decomposition of the complex
produced with water.

AlCI,
HCl + HCN * NH=CHCI

O + Wovcior S5 /0\ CH=NH,Cl — QCHO

0]

(/v) Friedel-Crafts Reaction. Since aluminium chloride attacks the furan ring, a
weaker Lewis acid like stannic chloride is used in its place to carry out Friedel-Crafts
reactions. Alkylation reactions with furan resuit in polymerisation and are, therefore,
not possible. Friedel-Crafts acylation can, however, be brought about with acid
chlorides or anhydrides using stannic chloride as a catalyst. Boron trifluoride in ether
has proved to be a better catalyst in acylation with anhydrides.

/ \ . CH,COCI —t, @ + HCl
o~ COCH,

o]
Furan 2-Acetylfuran
/ \ (CH,C0),0 / \
8Fs COCH,
0
Furan 2-Acetylfuran

(v) Mercuration. When heated with mercuric chloride in aqueous sodium
acetate, furan gives 2-chloromercurifuran. The mercuri-group can be readily replaced
by bromine, iodine or an acyl group.



i L)
(Br, or Ly} x
O %" O\”"C' T
ad ) N

(vi) Reaction with n-butyl-lithium. Furan when treated with n-butyl-lithium

gives 2-lithiated furan which gives the usual reactions of organo-lithiu
e.g., with carbon dioxide it gives furoic acid. % m compounds,

{ Noowms “ton [} 2% [Y
o Li (hH COOH
o o

n-Butyl-lithium 2-Lithiated furan Furoic acid

(vii) Gomberg Reaction. Furan on treatment with diazonium sal
solution gives arylfurans (Gomberg reaction): = In alkaline

ﬂ + AN, CI" —"_;'S;L @\N

@]

Thiophene, Thiacyclopenta-2, 4-diene, C,H,S

Thiophene contains one sulphur atom in its ring. The positions of side-chains or
substituents in thiophene are indicated by Greek letters or numbers as given below:

3
HC—CH B HC—CHB P p b P
\
gy R g O o A (@)
LS g S 5
Furiural

There is a close sinrilarity between thiophene and benzene. For example,
thiophene like benzene, can be easily sulphonated, nitrated and chlorinated. This
close similarity between the two has resulted in a similar nomenclature, e.g.,

CHz—
(D (S O
s s S
2-thienyl 3-thienyl 2-thienoy!
(cf. phenyl) (cf. benzyl) (cf. benzoyl)

Thiophene as a resonance hybrid. Thiophene behaves as a resonance hybrid
and its resonance energy is 117-130 kJ mol-!. Like oxygen atom in furan, sulphur
atom in thiophene contributes two electrons to form a (4n + 2) n-electron molecule.
In comparison to oxygen and nitrogen atoms, sulphur is less electronegative and it
can also use 3d-orbitals. On account of these facts more canonical forms are possible
for thiophene than for furan or pyrrole. In the canonical forms of thiophene given
below, in group (&) structures, the sulphur atom uses p-orbitals whereas in group (b)
structures, it makes use of its d-orbitals also.

) - AN
(a)@)HC@ “‘“’LQ,HQ‘) HU

(a



Preparation

(i) From Coal-tar. Benzene obtained from coal-tar contains thiophene. It is

difficult to separate them by fractional distilltion as their boiling points are very close
to each other.

~ The mixture is shaken with cold concentrated sulphuric acid when thiophene
gives thiophenesulphonic acid which is dissolved out in water. Thiophenesulphonic
acid is treated with superheated steam to recover thiophene.

A better method of separation of thiophene from benzene is by refluxing their
mixture with aqueous mercuric acetate when thiophene is mercurated while benzene
remains unaffected. Mercurated derivative is distilled with hydrochleric acid to
recover thiophene.

(/i) Manufacture. Thiophene is manufactured by passing a mixture of acetylene
and hydrogen sulphide through a tube containing Al,0; at 670 K.

HC-
ol ws A0 N L
CH

It is also manufactured by a reaction between n-butane and sulphur in vaour

phase.

920K
CiHjyy + 48 — CHS + 3H,S

(ii/) Laboratory Method. Thiophene may be prepared in the laboratory by

heating sodium succinate with phosphorus trisulphide.
HZCFCOONE p255 HCfGI\:‘
—

H,C—COONa HC =,

(iv) The Paal-Knorr synthesis. This involves heating of an enolizable 1, 4-
diketone (e.g., acetonyl acetone) in the presence of phosphorus penta sulphide.

H H
C-HC HC—CH HC—CH
HyC CH, === Hc‘(/ \_CH Pads c// \\c
3 % 4 3 HO 3 Heat Hac’ \S‘, --~-th3

OH

Acetonylacetons @notic form 2. 3-Dimethyl thiophene

Physical Properties

Thiophene is a colourless liquid (b.p. 357 K) with a smell like that of benzene. It
is insoluble in water but soluble in arganic solvents. It does not show basic properties
and is stable towards aqueous acids.

Chemical Properties

Chemically thiophene closely resembles benzene. When compared with furan and
pyrrole, it is comparatively more stable. Its important reactions are :

(1) Substitution reactions. Like furan, thiophene undergoes electrophilic
substitution. On the basis of charge distribution and stabilities of the carbocations,
the electrophilic substitution would be expected to take place at position 2 (or 5).
This is what actually happens in practice.



(/) Nitration and sulphonation. Nitration of thiophene with fuming nitric acid in
acetic anhydride gives 2-nitrothiophene and sulphonation with cold concentatred
sulphuric acid gives thiophene-2-sulphonic acid.

(/i) Halogenation. Chlorination results in the formation of both substitution and
addition products. However, at 240 K, 2-chloro and 2, 5-dichloro thiophenes are the

main products.
O = Do AL
S 240K s Cl Cl s ci
Thiophene 2-chloro 2, 5-Dichlore thiophene

thiophene

On bromination with N-bromosuccinimide (NBS) it gives 2-bromothiophene while
2-iodothiophene is obtained with iodine in the presence of yellow mercuric oxide.

e O 2 O
g7 1 MO Ng nes g W
2-lodothiophene Thiophene 2-Bromothiophene

(/ii) Friedel-Crafts reaction. Like benzene, thiophene gives Friedel-Crafts
reaction in the presence of stannic chloride. For example it is readily acylated in 2-
position when treated with acid chloride in the presence of SnCl, or better with acid
anhydride in the presence of phosphoric acid to yield methy! 2-thieny! ketone.

[/ \5 + (CH4CO),0 PO @
g~ “COCH,

S
Thiophene Methyl-2-thienyl-
ketone

(iv) Chloromethylation and Formylation.Thiophene may be chloromethylated
(with HCHO + HCI) and formylated (with dimethyl formamide and POCI;) in 2-

position.
[N seovow, [ s, BN
CHO POCI, s HA g~ CH,CI
Thiophena

S
2-Thiophene- 2-Chloromethyl-
carbaldehyde thiophene

(v) Mercuration. On mercuration with mercuric chloride in the presence of
sodium acetate (small amount), it gives 2-mercurichloride thiophene as the main

product.
{s) CH,COONa / s \ HgCl

Thiophene 2-Mercurichloride
thiophene
(2) Reduction. Catalytic hydrogenation of thiophene using large amount of the
catalyst gives tetrahydrothiophene (thiophan). On reduction with sodium in liquid
ammonia it gives 2, 3-, and 2, 5-dihydrothiophene.

HC=—CH HC—CH HC—CH H,C—CH

/ g \* N J/ \_  _pa Y
H,C\S/CH2+ HC\S/CHZ NH, HC\S/CH —’“2 HZC\S/CHZ

2, 5-Dihydro- 2, 3-Dihydro Thiophene Tetrahydro thiophene

thiophene Thiophene (Thicphan, thiolan)



e by G UG g

Catalytic reduction of thiophene with Raney nickel as catalyst gives n-butane &
the main product, i.e., it results in the removal of sulphur.

[/ \5 ;"‘%”—"L CH,CH,CH,CH; + NiS
S 2

Thicphene n-Batane

(3) Oxidation. Thiophene does not behave like a thioether, It cannot be oxidise
to sulphoxide or sulphone. Tetrahydrothiophene (also called thiophane) on the othe
hand behaves like true thioether and is oxidised to sulphone.

C—CH H,C—CH
¥ il Ovidation,_ e
HC.__CH, H,C._ CH,

2 £5%
o~ o
Thiophane Sulphone

(a true thioether)

Oxidation with hydrogen peroxide, however, results in the opening of thiophen
ring with oxidation of sulphur to sulphuric acid.

(4) Formation of Lithium derivative. Thiophene on treatment with n-buty
lithium in ether, gives 2-lithiothiophene which is very useful in the synthesis ¢
various 2-substituted thiophenes.

SEINBWEL-Ya
S CeHyp /s Li @H s COOH

Various derivatives of thiophene may be obtained from the monobromo
derivatives. For example,

[N e N o [
s r s MgBr (i) s COOH
(5) Indophenin reaction. On treatment with isatin and sulphuric acic

thiophene gives a blue colour (Test).
Pyrrole, Azacyclopenta-2, 4-diene, C,H;N

Pyrrole is an important heterocyclic compound having a five-member rin
containing a nitrogen atom. Various atoms of the ring are numbered as follows :

4 3
HC—CH RHC—CHp
A A
a L3
S\ﬁf 2 \ﬁ/
H H

It occurs in coal-tar and bone oil.
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(/) Isolation from bone oil. Bone oil is first washed with dilute alkali to remove
acidic substance and then with acid to remove strongly basic substances (pyridine
bases). It Is then fractionated when pyrrole distils over in the fraction boiling
between 370 and 420K. This is fused with potassium hydroxide. Solid potassiopyrroie
is formed which on steam-distillation yields pure pyrrole.

Staam
CHMNK + W0 o™ C,H,NH + KOH

Potassio- Pyrola
pyrrole

(/i) By distilling a mixture of ammonium mucate and glycerol at 470 K.

(CHOH),COONH
- ¢ o, |\ 4 2c0,+ NHy+ 4H0
(CHOH),COONH, 470k "

H

(ifti) BY distilling succinimide with zinc dust. Pyrrole is formed on distilling
cuccinimide with zinc dust.

P 4
Ho v ¢
LA i .CH
CH HC=" Zn HC=" '\
/NH = | /NH = | NH
,—8}*(; HO=¢ HO=ch
H A \
(o] OH
Succinimide Enol torm Pyrrola
{Keto form)

(iv) By passing acetylene mixed with ammonia through a red-hot tube.
2C2H2 + NHg -3 C.;HSN + Hz

(v) Manufacture. pyrrole can be manufactured by passing a mixture of furan,
ammonia and steam over heated alumina (catalyst).

D"'Nﬂg i‘"ﬂ.@+nzo

H
Furan Pyrrole

(vi) Paal-Knorr synthesis. On heating a 1, 4-diketone with ammonia,
derivative is obtained.

H
o \
H,C—CH, » C/ CH—CH,
c—C Y o 2
Hy ot e CHy  —omt ™ HC—C A~y ——F
NH o
Acelonylacetone
(1, 4-diketone)
H
C// \« CH; H0 /ﬂ\
H H

2, 5-Dimethylpyrrole



Physical Properties

It is a colourless liquid (b.p. 404 K) sparingly soluble in water but readily soluble
in alcohol and ether. It rapidly darkens on exposure to air and finally forms a
resinous mass. A pine splint moistened with hydrochloric acid turns red by pyrrole
vapours. Pyrrole derives its name from this characteristic reaction (Green : Pyrros =
fiery red; Latin : Oleumn = oil)

Chemical Properties

Chemically, pyrrole shows the reactions of aromatic compounds. It is less
aromatic than thiophene but more aromatic than furan. Some important reactions of
pyrrole are :

(1) Basic nature. Nitrogen atom in pyrrole contributes its lone pair of electrons
to form a (4n + 2) n-electron molecule. Because of this contribution, the availability
of the lone pair of electrons of the nitrogen atom for protonation is very much
decreased. As a result of this, pyrrole is a very weak base (cf. aniline). However, in
acid solution, protonation also occurs at the 2-and 3-positions, and in concentrated
solution, pyrrole polymerises (to form pyrrole-red).

o |
Ia" H
% — &Y, — L
GN. Y . r:l/
H H ’i{ J-I

(2) Replacement of imino-hydrogen. The imino-hydrogen of pyrrole is
replaced by sodium, potassium, alkyl or acyl radicals. For example, on heating it with

solid caustic potash potassiopyrrole is formed.
C4H4NH + KOH — CsHaN—K*+ + H,0
This reaction shows that pyrrole is a weak acid.

It reacts with acetyl chloride at about 350 K to give N-acetyl pyrrole. With methyl
iodide at 330 K it forms N-methylpyrrole.

) g )

y COCH,
N-Mathyipyrrole Pyrrole N-Acetylpyrrole
[/ \} + CHCl; + 3NaOH — @ + 3NaCl + H,0
CHO
N N
H H
2-Pyrrole-
carbaldehyde

(ii) Coupling. Like phenol, pyrrole couples with diazonium salt in the 2-position
in weakly acid solution. In alkaline solution coupling takes place in 2-and 5-positions
to give a bisazo-compound.

N\ coHeNieT /@\
[ N Akaine CgHgN=N N=N-CgHg

solution N
H

H
[\ o [\
4 Alkaline N=N-C Hg
H

N
H



These reactions when carried out at higher temperatures (420-490 K) give the 2-
or 3-substituted products in place of the N-substituted compound, This is probable

due to the rearrangement of the N-substituted compound formed in the first
instance.

(3) Resemblance with Phenols. (/) Kolbe's-Schmidt reaction Potassiopyrrole
reacts with carbon dioxide to form 2-and 3-pyrrolecarboxylic acid (cf. Kolbe-Schmidt
reaction).

’ COOH

I o, — 0N . 3

N N O00H N

H H H
2-Pyrrole- 3-Pyrrole-
carboxylic acid carboxylic acid

Pyrrole reacts with chloroform in the presence of a base to yield pyrrole
carbaldehyde (cf. Reimer-Tiemann reaction).

(/ \3 + CHCly + 3NaOH —» (/ \} - + 3NaCl + H,0
N
H

N
H

2-Pyrrole-
carbaldehyde

(/i) Coupling. Like phenol, pyrrole couples with diazonium salt in the 2-position
in weakly acid solution. In alkaline solution coupling takes place in 2-and 5-positions
to give a bisazo-compound.

/ N\ cHaNier ﬂ
we _':'k:Tk:;’csusmu N=N-C¢Hg

N
H H
C.H.N.C @
4 NB\ S, { o
H H

Coupling takes place in the 3-position if both 2-and 5-positions are not free.

(4) Electrophilic substitution reactions. Pyrrole und_ergoes_ the usual
electrophilic substitution reactions of aromatic compounds to give mainly 2 (or 5)
substituted products.

Some important electrophilic substitution reactions of pyrrole are given below:

(/) Halogenation. It is easily halogenated. For example, with iodine solution it
gives tetraiodo-pyrrole (iodole)which is used as a substitute for iodoform.

e

Pyrrole lodole
(ii) Nitration. With nitric acid in acetic anhydride at 260 K, pyrrole gives 2-

nitropyrrole.
{/ \E‘ WOy ( \E
N (CH,C0),0 at 260K - NO,
H

H
Pyrrole 2-Nitropyrrola




(iii) Sulphonation. With pyridine-sulphur trioxide in ethylene chloride, pyrrole is
sulphonated to give pyrrole 2-sulphonic acid.

@ an%% @SOaH

N
H H
Pyrrole Sulphonic acid

Orientation of Substitution Reactions in Pyrrole

Pyrrole is a resonace hybrid having a larger electron density at 2 and 5 positions
due to greater contribution of structures I, III and IV towards resonace hybrid (p.
3.387). Therefore, electrophilic substitution in pyrrole takes place preferably at
position 2 (or 5).

Alternatively, the preffered position for electrophilic attack in pyrrole can be
determined by considering the stability of carbocations in the rate determining step.
We know that the rate controlling step in electrophilic substitution reaction is the
attachment of the electrophilic reagent to the aromatic ring which takes place in such
a way so as to yield the most stable carbocation intermediate. Let us study this
approach to account for the electrophilic substitution of pyrrole.

Attack at position 3 of pyrrole gives a carbocation which is a resonance hybrid of
structures I and II. Attack at position 2 of pyrrole yields a resonance hybrid of

structures 111, IV and V. The extra stabilisation conferred on the latter hybrid by one
additional structure V makes the carbocation more stable.

H H
! :Y l =X
Aftack at / e /
position 3 ;‘/
H

1}
Altack at /J \ H H H
position2 — O «— L
\ N Y N Y
Ny i H
H
v

1] v

-— IZSP

(>

Hence electrophilic attack is favoured at position 2. Compared to benzene,
pyrrole is more reactive towards electrophilic subsitution reactions. This is due to
ability of nitrogen to share its electron pair with pyrrole ring which makes the ring
more activated towards electrophilic attack.

Orientation of substitution in furan and thiophene as well as their high reactivity
can be accounted for in a similar way.

(5) Ring expansion. When treated with sodium methoxide and methylene
iodide, pyrrole gives pyridine (a six-membered ring compound).

S
/ \+2CHON3“'CHI — + 2Nal + 2CH,OH
3 2'2 > 3
N
Pyridine

N
H
Pyrrole



(6) Oxidation. When oxidised with chromium trioxide in sulphuric acid pyrrole
gives maleic imide.

HC—CH He=g!
I\ Oxidation oc co
HC\N LOH “ciogm,s0, g
H
" Maleic imide

id gvies pyrroline (2,
ction. Pyrrole on reduction with zinc and acetic acic

S-dl(tzszd:-‘o.:;:role}. Wizh H, in presence of nickel at 470 K (catalytic reduction) pyrrole
gives pyrrolidine (tetrahydropyrrole).

H,C—CH, HC—CH ”/C=C\"’
7 \ H/MNi Hélj \\CH Zn HC._ CH,
HZC\N P S N CH,CO0H  * Sy
H
H H
Pyrrolidine Pyrrole Pyrroline

. When pyrrole is treated with
8) Reaction with Grignard reagent _ W \
met(hy)lmagneslum iodide, N-pyrroylmagnesium iodide is formed. This behaves as if

the magnesium were combined at the 2-position also because it yields 2-substituted
pyrroles from this reaction as well.

H i N

Mal
Pyrrole N-Pyrrole-
magnesium lodide

U\CH; @Cﬂa’gy_l lﬂ"cﬂ’ @\COCH._,,

2-Mathyl 3-Methyl 2 Acetylpyrrole
Pyrrole Pyrrola

Pyrrole-2-carboxylic acid

Pyridine, Azabenzene, C;:H:N

Pyridine is an important heterocyclic compound containing a six-member ring. It
may be regarded as benzene in which one =CH— group has been replaced by =N—.
Different positions in pyridine are indicated by numbers or Greek letters, e.g.,

4dory

X30p
] /Zurc

N

1

Pyridine

Pyridine is a resonance hybrid of two Kekule structures and charged structures
given on to be inserted. For convenience, its hybrid strucrture is represented as

given below:

N



Pyridine occurs in the light oil fraction of coal-tar and in bone oil. It is a
decompsoiton product of several alkaloids.

Isolation of Pyridine from Coal-tar. Light oil fraction of coal-tar is treated with
dilute sulphuric acid. This dissolves pyridine and other basic substances which form
soluble sulphates. The acid layer is treated with sodium hydroxide when the bases
are liberated. These are purified by rectification. The mixture of pyridine bases so
obtained is used industrially in denaturing spirit, as well as a solvent in the
purification of crude anthracene. Pyridine can be separated from this mixture of
pyridine bases by repeated fractional distillation,

Properties

Physical Properties

Pyridine is a colourless refractive liquid (b.p. 398 K) which has an‘unpleasant
odour. It is miscible with water in all proportions and is hygroscopic. It is a good
solvent for most organic compound and dissolves many inorganic salts.

Chemical Properties

Pyridine is basic in nature and resembles benzene in many of its properties. It is,
however, less reactive and is only very slowly attacked by boiling nitric acid or
chromic acid. Important reactions of pyridine are given below :

(1) Basic nature. It is a strong tertiary base which gives salts with inorganic
acids and forms quaternary salts when heated with alkyl halides. These reactions
involve nitrogen directly and are due to its unshared pair of electrons.

CH,l HCI
CsHsN.CH3} - e——— CsHsN ——  CqHsNH)CI
Pyridine methiodide Heat Pyridine Pyridine hydro-
or N-Msth J)yri- chloride or
dinium iodide pyridinium chloride

The quaternary salt on heating to 570 K forms 2- and 1-methy! pyridines. On
treatment with moist silver oxide it gives N-alkyl-pyridinium hydroxide, a strong
base.

+ +
CsHgN.CH3 }M- R— CsHsN.CH; }OH-
N-Methylpyridinium N-Methylpyri-
iodide dinium hydroxide
(a2 strong base)

Pyridine is a stronger base than pyrrole because its lone pair of electrons is not
involved in the aromatic sextet. It is, however, a weaker base than aliphatic tertiary
amines. This can be explained by the hybridisation of the orbitals having the lone
pair of electrons. In pyridine, lone pair of electrons is in sp? hybrid orbital where it is
held more tightly by the nucleus while in case of aliphatic tertiary amines lone pair is
in a sp3-hvbrid arbital.

(2) Electrophilic substitution in pyridine. It gives electrophilic substitution
reactions and resembles a highly deactivated benzene derivative such as
nitrobenzene. It undergoes nitration, sulphonation and halogenation only under very
vigorous conditions and does not undergo Friedel-Crafts reaction at all. Substitution
occurs chiefly at 3- (or p-) position.

Let us try to account for the reactivity and orientation in pyridine on the basis of
stability of the intermediate carbocation (o-complex). Attack of an electrophile y* at
the 4-position yields a carbocation which is a resonace hybrid of structures 1, 11
and ITI.

Y H Y H Y H
- | | *
| Q‘ -5 e
N= C.-.-:. Y

Espectally unstable
nitrogen has sextet only



(Attack at the 2-position resembles attack at the 4-position just as the ortho
attack resembles the para attack in benzene ring.)

Out of the above structures, II is especially unstable since in it the
electronegative nitrogen has only a sextet of electrons. As a result, attack at the 4-
position (or 2-position) is especially slow.

Similarly electrophilic attack at 3-position of pyridine yields a carbocation which is
a resoance hybrid of stable structures IV, V and VL.

.Y Y Y
l > (\ R S .
N/ N/ \N
v v i

Thus we find that an attack at 3-position yields a carbocation which is resonance
nybrid of three stable structures. On the other hand aack atl 2 or 4-position yields a
carpocation which is a resonance hybrid of only two stable structures. Due o this,
elecirophiiic substitution N pyrdine oocouaes predominanitly in position 3.

Some important electrophilic substitution reactions of pyridine are :

(1) Halogenation. Pyridine undergoes halogenation but less readily than in
benzene.

+
(/) At ordinary temperatures addition occurs to form dihalides, e.g., CsHsNBr}Br,
1-bromopyridinium bromide.

(if) At 570 K in the presence of a catalyst (pumice or charcoal), it forms a mixture
of 3-bromopyridine and 3, 5-dibromopyridine (or corresponding chloro-derivatives).

B Br Br
I \ Bry, 570K e ' =
e o
N N N
Pyridine . 3-Bromo- 3, 5-Dibromo

pyridine pyridine
(ifi) At 770 K in the presence of a catalyst, it gives 2-bromo and 2, 6-dibromo-

derivatives.
Xy ry, 770K = =
BE=d +
-
N/ N/ Br Br N Br
Pyridine 2-Bromo- 2, 6-Dibromo

I;yﬂdine pyridine

Halogen atom in 2-or 4-position is reactive and is readily replaced by —OH, —CN,
—NH,, etc., (cf. o-and p-chloronitrobenzene).

(2) Nitration. On heating with conc. H,S0, and HNO;3 at 570 K, it gives 3-

nitropyridine.
NO.
l = HNO, = =
- conc. sto‘ |
N 570K N/

3-Nitropyridine

Pyridine reacts with concentrated nitric acid
readil —
group is present in the ring, Y orly el &n —OH or ~Nh,

(3) Sulphonation. Sulphonation of pyridine is difficult. On heating with

concentrated sulphuri i i
pir phuric acid at 625 K for some hours, it gives pyridine-3-sulphonic

SO
(\/l Cone. H,S0, (j/ H
N - B25K _
Pyridine N

Pyridine-3-sulphonic acid



(4) Reduction. Pyridine on reduction with sodium and ethanol gives piperidine.
Electrolytic reduction or catalytic reduction using nickel also gives piperidine.
However on heating with hydriodic acid at 570 K, the reduction is accompanied by
ring fission to form n-Pentane and ammonia.

S
HiI Na/C,HgOH
Cellyg + NHy <0 I TeH

P
n-Pentane N N
H
Pyridine Piperidine

(5) Nucleophilic substitution in pyridine. Pyridine resembles benzene
derivatives containing strongly eletron-withdrawing groups. Therefore in pyridine,
nucleophilic substitution takes place readily, particularly at the 2- and 4-positions.
For example, a halogen atom at the 2- and 4-positions is readily replaced by OH, CN,

NH, etc.
N S
| ot |
A 450-470K P
N B N NH,

r
2-Bromopyridine 2-Aminopyridine

cl NH,
X NH, X
I o |
P e
N N

4-Chloropyridine 4-Aminopyridine

An important example of nucleophilic substitution in pyridine is its amination by
sodamide (Chichibabin reaction)

RS
@ NN _—’O b At
2 NH, Lz
N NN

2-Aminopyridine

The reaction mechanism involves the following steps

N0 g N S
=
$J GGy
&/ \N N L‘N N

N H, NH, NN,
Pyridine
o 2 [
H ™
Ny W, N~ NH,
2-Aminopyridine

Similarly, with n-butyl lithium and phenyl lithium at 383 K, pyridine forms 2-butyl
pyridine and 2-phenyl pyridine respectively.

7z CgHgl 7 | n-C Hgli < l
l . 273K T, c
\N CeHs N N o

2-Phenvipvridine Pyridine 2-Butylpyridine



Nucleophilic attack at 4-position yields a carbanion which is a resonace hybrid of
structure I, II and III.

H NH,
S -
I ¥ SI:IH2 — l _a ') —*
N Ne)
I
(Especially stable)
negative charge on

(Nucleophilic attack at the 2- position is similar to attack at 4-position.) rid of
Attack at the 3-position yields a carbanion, which is a resonace hybr

structures IV, V and VI. ’
H H
-— —r -
CI 7 G Sy
v v i

Thus substitution at 2- or 4-position is favoured since it results in the formation
of a stable carbanion.

All these structures are more stable as compared to the corresponding benzene
derivatives on account of the electron-withdrawing nature of the nitrogen atom,
Structure II is especially stable since the negative charge is located on the
electronegative nitrogen atom which can accommodate it the best. Stability of these
structures accounts for rapider nucleophilic substitution in pyridine than in benzene.
Since structure II is expecially stable, it is reasonable to predict that nucleophilic
substitution would occur more rapidly at the 2- and 4- positions than at the 3-
position.

Thus we find that it is electron-withdrawing nature of nitrogen that makes
pyridine less reactive towards electrophilic substitution and highly reactive towards
nucleophilic substitution,



CONDENSED RING SYSTEMS

The heterocyclic compounds described in the last chapter were monocyclic
compounds because each of them contained only one heterocyclic ring. There are
many other important heterocyclic compounds in which a benzene ring is condensed
with a five or a six membered heterocyclic ring, e.g., indole, quinoline and

isoquinoline.
0 0 O
" N N =N
H
Indole

Quinoline Isoquinoline

INDOLE, 1H-1-AZAINDENE, BENZOPYRROLE, C;H;N

The molecule of indole is made up of a benzene ring fused with a pyrrole ring. To
name its derivatives various atoms of indole are numbered as follows:

4 4

_CH
HC ¢ CH 5 Jorf 5 Jorfl

[ O

2ora 5 2o0r

HCx. _C CH g

e N 7 Ny 7 N

H H H

Resonance hybrid
structure

Indole occurs in coal-tar, jasmine flowers and orange blossoms. It is the parent
substance of natural indigo.

Synthesis
Indole may by synthesised:
(/) By heating o-amino-w-chlorostyrene with sodium ethoxide.

CH=CH—CI
C,H,ONa
L |
Heat
NH, N
H

Indole

(/i) By heating formyl-o-toluidide with potassium alkoxide (Madelung synthesis)

CH,
0 ROK
I J
NH™ \H :
Formyl-toludide Indole

(iii) By the reduction of o-nitrophenylacetaldehyde

bisulphite solution. The amino compound produced cha et Powder and sodium

nges to indole spontaneously,

CH, CHO CH, M
Reduction e H,0 C‘ID
—_— —H 2 CH
(l:l) /fllH !
NO, NH, hlj i

o-Nitrophenyi o-Aminophenyl acetaldehyde

Th\ Bl w— 2 & - =%

Indole (Indolenine formula) Ordinary Ion':mla



(/v) Fischer-Indole Synthesis T o o

This involves cyclization of a

presence of sulphuric acid or anhphenyl hydrazone of an aldehyde or a ketone in the

ydrous ZnCl, or other acidic catalysts. For example

o)
Q [ Hac\c/ G’
+
NH ~C [l 2nC1,
NH/ 2 CBHS CHa /N ’ ,
N

NH

Pheny! hydrazine Acetophenone " CeHs
The mechanis 2-Phe
m of Fischer . Mfkuidle
rearrangement as given beloy Indole synthesis involves an acid catalyzed
c CgH
'.13 \C/ 65 HZC\ CGH H
e Ry R CH, __CeH
N = GIooou, G
H
NH NOf ~ NH; —
H NH

Cl C
= HZ“C/

H

6Hs |

CH
l Il — C:H H

+ ~8"'§
'Q’NHZ o’c\N -NH. ‘
2 N\ (J.H? 3
NG,

s
H H

Properties of Indole R

Physical Properties

Indole is a crystalli i
ne solid (m.p. 325 i
indole has a strong unpleasant fa'::cal od:a() which gives plate-like crystals. Impure

a pleasant smell and i - ur while pure indole i
blends. nd is used in perfumery for preparing jasm‘ian:enacr':cl:lu:)eras:;m:,;ns has
e blossom

Chemical Properties

Chemically indole resembles pyr
to indigotin. Indole solution imparts a cherry-re

with alcohol and hydrochloric acid.
(1) Electrophilic Substitution Reactions. Indole is considered to be a

resonance hybrid of the following five canonical structures

S LD AN
l ﬁl . l / s +
¥ N N N N
H H H H H
I I 1l v v
e e AT N
L e ] +—> - > o h o o l ‘
G NG A GN 7
H H H H
v Vil I

role in many of its properties. It is oxidised by ozone
d colour to pine shavings moistened

Vil

Out of these, the fully conjugated structure I is most stable. Two of the structures
I1I and 1V carry a negative charge at position 3. Therefore, electrophilic substitution
in indole normally occurs in the 3-position. However, if this position is blocked,
substitution takes place in 2-position and if both 2-and 3-positions are occupied
substitution occurs in the benzene ring at 6-position. For example,

(i) Halogenation. 1t is brominated or iodinated in 3-position. With SO,Cl, it gives

3-chloroindole.



N

H
3-Chloroindole Indole 3-lodaindole

(if) Nitration. On treating indole with sodium ethoxide mixed with ethyl! nitrate, 3-
nitroindole is obtained. On the other hand, nitration of 2,3-dimethylindole with
nitrating acid mixture gives the corresponding 6-nitro derivative.

NO,
C,HzONa
| oo \
C,H;ONO,
N N
H H
3-Nitroindola
CH, CH,
HNO,
| |
H,S0,
N TCH, ON NT TCH,
H H
2, 3-Dimethylindole 6-Nitro-2, 3-dimethylindole

(iif) Sulphonation. On treating indole with SO3 in pyridine at about 390 K, 2-
indole sulphonic acid is produced. It is rather an unusual case of orientation.

O == (L
N e N SO,H

H H
Indole 2-Indole-sulphonic acid

(iv) Acylation. On heating indole with acetic anhydride 1, 3-diacylindole is
obtained which on hydrolysis with dilute alkali gives 3-acylindole.

COCH, - COCH,
CH,C0),0
Q== == (I
N N N
H | H
COCH

a
Indola 1, 3-Diacylindole 3-Acylindele

(2) Reimer-Tiemann reaction. With chloroform and sodium hydroxide, indole
gives Indole-3-aldehyde.

CHO
NaOH
N N
H H

Indole 3-Indolecarbaldehyde

This compound may also be prepared by the Gattermann aldehyde synthesis.



(3) N-Acetylindole undergoes rearrangement to give 3-acetyl-indole.

COCH,
() == J
N N
EocH H

N-Acetylindole 3-Acelylindole

(4) Mercuration. On mercuration with mercuric acetate, indole gives 2,3-di

acetoxymercuri-indole.
HgOCOCH,

: N HgOCOCH,
indole H

tic reduction gives 2, 3-dihydroindole
Sn + HCI or zinc dust + H5PO4) gives the
ctahydroindole.

(7) Reduction. Indole on electroly
(indoline). Reduction with metal and acid (
same product. Catalytic reductions with Raney nickel gives 0

(1 == () & (1)
Hy HC!

N N N

H H H

Indole 2, 3-Dihydroindole

Octahydroindole

Indole behaves as a tautomer of Indolenine.

p = (I
N N
.EJ
Indole Indolening
vatives are known.

Indolenine itself has never been isolated but its deri

(8) Gettermann reaction. Indole reacts with HCN and HC! to form 3-formyl:

indole.
CHO
HCN/HC!
=5 " |
N N
H H
Indole

3.Formylindole



the d:je water— Aotubla opd bnde the d\JQ_

_QFPoAﬁte{j, Q,Bm'ged Frroupg of HLebric

~ — A e
- 1)\7;’,( u_r)d t mu;u
! RETEC

‘\’,‘\\

:;'[\,)\Jt't') ! -
~ -
(oloure d O'rﬁcuuc

X mjﬂé are.
C'U“'\fc LLDG‘/§ -Ihat oote (Med D TmPD“l +; wloy o
& “Paber , leathe™

Vasious Auabsiyate , PClud
- AP A
T""",- hafr d'ruj_g) Cosmestica , hlares, 3160 =

fP ‘-06145‘(6 and {,Qq({_—? V-3 NMa lLextals.
“8 a. Coloved Ccrmpcwd,

A 4
* -Lje - wlhich j8 Capable
I\o-rmauj Upsed o Aolutier,
5 Lred 1 a Hamic

R “1he olcja hos & oolony due & tha
Prosence & C hyomophoxye and ¥4 Prxed
Proper sy 1o -be. acid_ ox bosic Groups Auch
as ©OH, 8osH , NH, , NR, setc.. i .
X e Polay cuxothyrame MokKes

o Ee.mj

t» thbe  Jeobaic bﬂ, uD":ﬂaTad:LD'D wh Hh thae

Structoste. o

j{meL_ﬂlL_'ﬂ)Q, CD"EOT‘S +that (‘j
mjmbeﬁr_ dyes.

Ave —oda Y ome

Scanned by TapScanner



" Oyg-
f 5 ")BJ ) e
| R LS’J mhe foc dﬂe_é CryRs Trhere

p evfzfsrihc;ag {romo clethes TR Lo
Tood o wod . Thts B became PY

| oote ohecx_Po_gr <o Paoduca brﬁgbip—fb’) eTe,

| Colox _fest and easy to opPY o Fabit

| £4q., Had dyes, p2o el

- Bewic Duj'e_Z“J Mondant o\lde.é.;ﬁi:c-;---

; I\Ycri:uwra] :DgeA:—_ -

| o - x  Notowal __C?L;j%*__q—qi@- S

| OLJQA oy Colovants doafyed Lyomn _CP_L%MJ
Tovertebyuleg o Migexals. .

¥ he Mojority o Natural

dyes owe \[&?Ma,, el Aovrn  Plont

Aounces . €-9., T%at.%lgmﬁg&_j_bﬂma,
leaves  ond  lalood . .

- _Kﬁ_‘oﬂ:gﬁ_ﬂzr%&oﬁz; Aouncas
(rclude. —Fun%‘f _and |fchens.

Scanned by TapScanner



i Rgmente:.

ow wlouy DPogts des Fhat

[ 2}
LG"GL . “ o d-&}:}emmon o.cg,ani-{.o
=3 fSu-rQa.aa, of, the mataerial to ba
CO{GUVQJ
0 PPT(ament 98 deriyved Lyono wlewd

‘8"79-0*&10."3"‘ Means Colow tng -~ MatteT:
o *?'\'%/me_nto ora. Ovgontc  ond Ermaan:r.
T\Okowals  Which owe ‘quaﬁc_a\l;a Samlabie. o
Medfum & Nh?;h —lbe-nj, oHe c’.’nCaK‘Porath-

- o 'Pﬁ‘gmant& aye. used olmol b=
_z_oLooo Y:re_cmrls aﬂo_ } —
* Ahout 2000 Be Motmpal Othew

*I‘:\Lqﬁ bovne Aometzie & Migtuye  wWith
M.O-Ngane_do. Oe. o Prvduce aed ;, Yioler on:j

blacic Bigments Ao o tz_;{ierg S

| ~ The ferar Aynterz. O et wos
. "(PfuM‘{cm buu:_bdh?dﬂ__wgb__/&!dmbesﬁz..eol 7
| ToLy. . *L,___ B

‘HPP  CodTon gveif ' — DPigmentt oote. aused

(,D'{o-“rf-n 0’_( [e.pdrbe'a ) ot |d 3 Moo wrals (PQ-CPQ?_)
'CO Ventnt| C’ewmfc, (3(9@@8} T)O-LEQ LW K) (P}ovs'&m
%lof?!?f( LD;%ﬂ?QSiL.;_‘,S ‘bwo\ and Ot~ MCJLE n als .
' e M. I

Scanned by TapScanner



Scanned by TapScanner



Ov ‘QUBCLM_C&D‘L‘O(%QD?Q
| &L&bﬁta.n_wb?_ob_?m_paﬁ
Coloy 4o a  gRubgiwaty
- RY  selectSve o brorprsn
qﬁhﬁ’%}w

_Phyx

— e e
_ .'BT) 7114;_9‘05&[&(.0_{9_&4__ '_lbg-_w‘fg@,kbla&;(:i

| Wi o3 Lluorescont
;D‘q@;wg anfa
%iorﬁmic.__fiq{?’ s,
UWAua Ly
; ag_d keé/agﬁt_fa_ll_gi_ -

o wasluble

>
un

and gberr_xi_c_g_t_u&
by the

Aubstrate n

#\IE"ﬂd Amall
W [vops poaent.
% Roluble  {»  water

« Dug ol
v Theseqnt  auxochion®
Growppe

* A\lal lable &P la

pDumbey
*®x Hoa o divecs
%t"hﬁ to +he materiad

'rg»e.

r» Wheh 'ﬂ'fg

oy JpHCowporated,

¥ Compavatd ely Lc_ug_a
A _Dpogue.

¥ Nok Acluble & watey

ond Many Qolverts
H_ﬂjnawgong
s No  Ouxo Unomo

Scanned by TapScanner



lt Tees Mot ‘ibqu?l“-
‘ l\‘_}\cl \B\C{ L.u* \_‘J L.tﬂ

* " The
o} dYyes )‘{'Cmpc‘"ec\"ﬂj

Addwct ug @

@ lthey s *lcwcnﬂ tha-
;c.‘-pplvmﬂﬁn (P“D'UCQM'

l ¢ Ernporr‘bs
4043'{0'(6 b«.j he Reloottw

=

—

_5_-E Cog-t:ltj
ow Lght#e&taﬂ
“"—EL fP'mokuci:

—A

il

ma{enT ol k£
. !

kO_L_lA_e‘dQ _Yop

_ Otb/soerGg-o o
S CJ(L@_CLF____

-H)thd ves b d GB?
ryent

wihe dEodcius Y
PTG mencs Aoes oy
odit© oy dmﬂbﬂ The,
aﬂwlfca::i’m Prowag,
o Di-ffuses on +ha
La by )
WEWPQ*K‘“ Colows |
btj ACa-ttmrubj 04,
Ughe ox by /&eiw;,\

_‘qg(%::H.ng)DH% bg/h,b(la»si:lw
- The rPfrb

— -

Scanned by TapScanner



( }‘1'1 eme O hored &v P uyochhomes

PNANANANANS AN O SNNNNAAD

Q‘\mmPF)O'YQA."'
ANV AAAAN ’_)ﬁa C«:Qo-u'\’ U’g O‘Faancc;: Ccm,rocruﬁd
due o e Pogesence 03 Cevfend Mo Aondy
Yroups o called  Chyemophores. ,
- — Py Nty , pzo | Mtooke ete..
Chwrmeo Celoux, Phevein = o ooy
4 S deded an fAolated Coyalantl&
bo nded %Yb’u.to _dhot Apous a  choyogesTate
oo (SOKP’CIBY) & the. witvavislel on the YVikSible

Gy &r. Some- o) the Tmportant choomophoves

oote e"’h%z’.en?f_ — ok,ce—_f:%laa_ci_ 3> Cg_fszsm-?ﬂdj, _acPd&,

_eptevs , ond _ﬂf_tﬂta—__%w%_e:&g#,(‘;cuig— P
—C=c,—Coott— ,C=dlebe..})
Wypes of Chgomephores: () Thdependent
| AU~ S AANNAANNANNAT < - eo!
| Chovmophoves:- Y one chpmophoye 54 Feglx

OINANAAANANANANA o
AL uePogt ,dmﬁ%;;ﬁ?:o,gmg,;:ﬂ_:f\hm_‘{'mﬁo
| Roup,No.
| @;)—:DEpende.nt_thfm Noye Ahan Ore

| CW fa  qegufved o mPogt  colou.

%@,‘—-ﬁm 'haﬁ?)% one Ketone GRowyd 8
eologles Whevess dfacetul hws% oo Ralhng
GRoups B yello

Scanned by TapScanner



¥ Chyemophere e md’ Mga %}-:1{3
Contndns  electyons cund —fbetf O;?,Q%
Yo apwi-ben - ASacks e hroropho¥RA
ocetyleno. ebc. -
® . Chyomophore. lMDh %h =
eloctyors and n C Non- bc'“&"ﬂj

|Ruch mMMMW e ’:345%4\

tomrdite (o, TETr® and p2>F-e—— 7
—Prumorhmmezs
/\,,\AM/\/\/WV\_/

2. TThe Aunctiral Group Wihich Mﬁmd%"
e)mxng_'ﬂxzh_dﬁé_ﬂot_@h&om Todied=on

m_b.;nﬁgu,ﬁ__ﬂr_ﬁbmpijzb— @[:;_Ohlﬁ, NHg 5ol
ye Sub s titudke oy With  Unsh Ped
| eloctoors « Liice.  ovt W, Ny, NMQ@QL!%
abso o . to tcm%@, A. __——-3.
T%)% == i A4ve  aoxothyome.
‘ ‘Ej'm\uﬁ@ﬁa,egg
3 Aid o) NegatSve  a Yo ochyopall

(Baﬁmommmm%vg’bt% t» L°D3€~r o
oMo callad Yed &RGAL .
KJ

InA

Scanned by TapScanner



— - - .

"\\jﬁowg\w@ AYL - ARG E 4o ahowtar & alge ca e
blae gpapt

Uﬂponbmﬂu':m - Thcveome w & 0 o hangd

N A=A NN -

MY Poc hopmt 6m ~ decvenke v € &4 a bong

N AN AT

'1\ c Hype xch¥omc ARt !
| -H‘j?/&oth'rorm'c 1 T o~ Arbe |
o Ban oshrmlcid

; B

; |

0 N~

; ~

"LL \/ — e

\«\a\fdenngh h —-——-9

0t hevy debwr—hooo{, Poscothrome: - P Auochynome
A aNNAANNS AANSNANANAT
* o %md %WH{) o} odvms cdtached to dx
Chavmophove o apror o l'%/h.tﬁ, %@mg the
ovovelength o coﬂﬂ/vbj o} dho Qbfe e QLoD

L
i -

oA coctiom de%ng b2 W

Y Dyes taauf ha clossiffed Occondig
oMo P hotCA. Prrgent @« P

- Nftep and Nidapse dye s

0. Noe dyen —F}mb'wttmﬂ

X j},o\"fao Ayek .

w B AN B &

to e Fype O
Al yuctoes
dyoas

Scanned by TapScanner



e a x Thede dyes
Nire and Nitwere Q4827 0 an e

cca?b

,contown Nidgs an DDA aug olhrSme |
) Chwomophoyes ond — ot ol l\l’ o
IQ'L - onNc '
'\hph-}ha{ Aoy , Mofdaﬁb j . \
I ‘e llow g. : R
|

"AZDC‘{%V = 'h.aadtda(s 18 cx[amﬂe cloir O } i'l
| A Y pthekte O"a’gcx;\cc. olnao_zL—-Pha_j: condoanr Wii‘fb%m_L |

[on e Roup —N=N— 0% pmoma chrsmophoya |

tbQiFJm’LDuALQG’ At ook . ; :

, Thege dyes ave ha%hnd wUU'rQlend
jg.&.m @repmgb%‘ 0\10%;1:-08, N QLD'ma.i::.c_
gtd_&zugw% Pt (uftedsle ansmatte. Compoand .

oH R I

1

[ / N\ 17

= B a

qc\vm.’Eed ' %

o N I

= ~ - N . Methyl svangg .

| AN < ! 1
/N _ N ' l\[a:r‘ lgd X/G_ |

AT ¥ |
i B
j ﬁac:&d%ﬁ&, Arcount 'BOY O-ppmmoﬁﬂ

bo-Tod- o} all dyes used & hood cnd {445 let
mCmu-bautwrQ.

Scanned by TapScanner



—

KOEqunTnons cluor - Anbraquieora e 24 47 B

3113““P > O"aﬁnm clyes hcmng mreloc lar AtgucTe

hosed. pan —Pncu: c—t Otnv‘h“ro.qpnB:vM —— é
|

' 2 Plizonin 76 dhe Moun mca'rnal"en.t— —?m’ e
Manuoctene e the maddet lake. me%JnMu bnoop
to Pabtor oa Rede maddex and P oot Cofd Ao,

s Azane ko aMe  used Commeztally d4-a

Ted fowtSle db(o_ o ____F____ﬁ,_______ﬁ__,*_d_,f_,
w\Hs o dntrxaSve *foluo_ eolox Hnﬂﬁm?mﬂ%)_gz&%omcz.
nodtuwal dye extyocted $pem Planis. (Qur-f-ocﬂmj D_e.axg
all uﬂ%o dﬂ@ e (quvolu_u:d A%rﬁhatl ca_hu -

. T ontedeg CQ@’EBOI%X_EMH’CQBDI‘Q—A

AN
KD

#(—‘n "P*ru-r)qry_u\& abaL_S-Dd_& A 0& &Dlye‘p&'{
cotten Yoen Whh }6 mm’ﬁ__&m jbgj?ﬂducj:wot%
denin clodh ot blue Joars -

* Small amouwnts asa  wed 1o dUe,.}aj wor]
ond AT IK.

Scanned by TapScanner



- AASNNAAS L P ST
CorgHrtzgon -
A"
ANAAAN JSke the ’Ph(_ysf}_a) N
%Pm,{;‘j,s o} cx'gcm?}, Comfsunds, theve i o
dﬂ/ﬁ&ﬁ’.bﬂ— 'Y\Zia't‘-’z‘fksh\jf Lei‘zua.@,n/ ‘he coloy And
Cofhtf@'i:%o 'e'ﬂ} Henoeno 7 CD“GOB/'QM) Wheveag
\y omaz , fulvene u colored . Tha pethowing
theomes have be=n "Dfﬁ‘bpobei_‘to qulag% o
o breoxved ?Jmmrcd el oo h‘?(?_(s oxy bﬂ:c?)q beteoeon
Ty 2 5 C
Cotox  ond  Copsrfictioms. “The oo UD poxtent
dheonfer , Which explale P laustbly the ¥ elotron
hetwesen totox. ,,and,mmfrtnctaoﬂ ,..Yo_cycﬁm ——
A.o'ﬂv_uﬁ'\ad:_ h o oxetfeal _Jﬁa_cl(fdtm-y:d _apout the
efbect— o Ught on -tha molocute. S
= Volence {)cﬂd_—l-bae:mg [
- Melculor Bwbread 'l'beo'rH

M& (E)/gwfd m.'—"m\/amm Do stelatas
o #Ps Aheory 04 Lo owi: -

W ClhgpmefPhoresd —owe Gyoe{>4  cdoma,
rhe T elecraons  Oh whick may gek {yarsiered
oo gosend giote to Cucried Aailn by the
ar s PIuD a{;zsad."actw?n;_ bous  Pocd uufng tha.

A -—A—ummm% OQ ﬂw—u.’of < IA\N S
tond 4p Gxaeose TCATNance kY Plewocding
the  Unshooed Qe o electrons on ;thD?&

Scanned by TapScanner



On Oxﬂaw ofomsA
with 4he T elewae Gvess

=
TRAS  Ghcveosga w

b
Gﬁ_ﬂm?ilﬁ o abwapﬂo‘r) 4 (onge'o"‘mm?
ARty the AbaospEe? lrcnr:t-r;LQ ) o4 Hhe.
Hepe Apeyn DCcuT b Ve Hsodc 9P CE¥R_q ! ]
cs evidents | Rt

» fh- ‘
Coloy - {hom +h1A the. cotor ong -

P qesonance. MASE deoper o bo 8o ~
Cctually te has leer Asond. e~
i The d?Po‘lo, momenit— %"-03@%\){
o esule of osgllaten of  elector joaldrs. B
he fotlowd g ordar hot  feon. Obcemd,%mf;

the. coze o oxcitaton & d?ﬂbbeimi:%}ﬁupd\

' o N=po>Se=9=N=nN >C=0o>c=N>_
C=C. "

——

B ¥ “Rezopance 'ﬂ)ecm(.f _,kgm_p;Lm%zs;__ the_

- E—_—

— relation o the color ond” the /S‘demwm&.mj,q-__

——

cdepens . The moye. “kb@%&?kﬂ?ttj and. Lorﬁqg )
4y Path 4o a thnge. 1 oA (ot D |
Compound, +the lenges tDaVE—QE.na'bh o3 ﬁ%&&

w ll he abroxbed ang theveboro cieq)zx
wWodA be  the wipy

Scanned by TapScanner



oy, On- eloctyon Lyom op oobieal o lowenr
1o Anet 6 Higher enagy . These

Cney :
dﬂ.&l‘?‘fém mO‘j bo— O—-,J(l_l_,) oy D cr\m-—bcﬂdmgj
&
& o Pk — LD Rig hax energy &t;:d:ezi%;ﬂ— .
artS ~ loonck A el |
Cormmon lté kKaown A6 . —

7 LT th T oD
+5-bond aN6Cd d_i:Qd ) |
onti-b ) | Pw:‘maj

odieed wWhAn 0D -
(;J(:c:ué tbey do pot Ao bonds cbaﬁ_:j
the xBolost Hosmy e ehsents
U'DP %a ‘\j’D wm [a
= | &hawird ™ ';’
: % W&\ ‘3 Nwm—i:aﬂé

Scanned by TapScanner



aadiatror -

Onty the '-Pq—(lowela Sy ped O g |
- ﬁ~9¢* — — — =
— nD-—>T* ond ww—1" &

| bond - . 1he CDTYL{JW&(S_ \T Ke Kodovat]
hy dmoaarbons whics derat  have- &1y e
O‘Mfm:n& Mmay U—ﬂoQQ'a%o onp!y C}“_-:bo;*

Soegwriaons - —Howevewr Ao Ko  Ayant feort
do not  toke lce. by 'Olbéo’o’b(?)'a H the
Ovgpoay Ubva. nolot m?w?:

- e4bane OprosbA Ak lgqm**.

Scanned by TapScanner



= hfc,c{md
amwme . thatr A 'ﬁo-rmed h‘Zf Tea{q_u & aﬁadc_

Cas o J:-“Dma,imo_—fm dye) ot _

with  acids Wu@ug Ives back the o[% 2
# Fr leucs djo_ C {o_ukoz-afjmuc
NMears Whi) K a dye Which can Autich
betrueep +wo Chemical Aorms ; ore which 34
Colorle st - “Royvaessible ':!:-'Barys'ﬁ,ofrno:{‘:ngné Con be
Caused b:a heat \ _r?aJn_t o PH TeAurzFy &
Q'La_mplg,(__ % +hezmrochmemPAm. Protp £ hyomiAm
ond helothayermism, Teefectively _Tmmmibu
Fronsiprmatens TYPicaly  dhe TRdudsen o
Owdm‘g.n.% colox leAs povm Tx Aome-tPos |

5 )
to on the [enco fexm”?
yelerred Sy

_Tr\d?%o NaNE Y
( Loy Lolndigo)

Scanned by TapScanner




M]ovolo_n-& L=
’ S % B Moydant o¥ dYe =

’ =
Ao

B o substene uced to Lop Cre- btndj
o TC‘A}DE:(hQ

AYes on Sfabstcs by ’Q"’m‘”ﬁ o tee

Comp lex  wiith +bo_dye, WhFeh then They

+6 +tbe fapsfe (ov LtFAswe). Lt oy EQW

Ronr dyed Lapfcs on Rox c.?.)*i:QMT'f“d‘EgL

RE=eBes & cell oy +SfMue Prefnooriton.

%bcrug/b Moxdants awe &SEFU u&O—dJQEPQCTQ.\‘A}'
by  smal batch dyevs, e ha& < heen LQW“‘ |
dréplacad e u%elu&&wj b:j o BT g =10 . VN

ar% oo Moydant COFD_QA-P!mn»
the lozs movdere “to Bt  Ph e Dok,

e waa thought dbat o mMordant helped
the Odye bfte onte the Drine -xp pur T
coTud: bo{o] o5t _dqﬁnh?r -_90054}\338,. |

| -ﬁl#nmmtant 2K oo a Po ly vals®
Metol wn , odHep

_ Chrom e (Y The vesuttr
CDO fdzoatw-o C/DmP\Q X O:{ d_%o__

. and Tn b
Colleidal and can pao €St °

AP P

D ‘ oo
o bca \une. .

Scanned by TapScanner




Commen Oye  Mordaril —
T A (\i ANAN Mo';rolm ‘:chuda,

Chyeme olum, Kedium Chlﬂﬁd;J

+annfc acfd ,olum,
and Gutsus Rats of odum
Potaksiam , Aedium,

fove atgie Numpes , 1alhSch fa called ¢l or
Celovr Thdow Numbar - ﬁfPO\B"L "P"“T‘m- +Hha
Numbex of eoch dye & given o (enextc n

on Cl nome 5 4he namae S22 bosd on e base
ackior L dyes mode o behavPor and +He
actwsn - he ¢l Nome 4hus qiwea a A peciyic

Lo & wiiich dyes Can ha lde~rtH{Ted.

Scanned by TapScanner



“Kan
Qioucktae l 3‘;
Ny &9 A Lpo0oO — . . |
) D K
qa
NsEvo logoo —'° . Azod \
Diazo Q_oooo——gaqqq 3 &.
Q -3
N ’tS"ooo'—qu 9 . .
atural dyes : S Q?“:\ |
-:on«ﬂar?ﬁ, y ~1to00 =~ - PM |
'W _ - -
: — T '-__‘_77_—_\ —

e e ~—‘___\“

- Food dyesi- The fed clyes awe clossey
26 Jood additives, they ave Manajo gy
Ok.h"’ghenr Kizndoad thon &ome @G JAuAtxral

- dyes. Food dlyes Con he difvect, moydapl
and 1y
"o Je dyes and  thePw %e‘s.,é,smwyﬁ
\entmltad by legiglatndn. Mo

cyes, _gl-l_-_boua), amb%m ang doPopent

Significance of dyesi= o

y are azp

—

Scanned by TapScanner



_yp«r[uom,guznf—_ b&ﬁ’g&vtcnqwes, Lo
Lpyitle Febwmas ond Poper.

x [oatpes AYe& Aox leatre o

Scanned by TapScanner



