UNIT 1lI
2 MARKS

What is meant by carbonyl polarisation?

Give two tests of identify acetaldehyde?

In what properties does not acetaldehyde resemble acetone?
Write short on acidity of alpha hydrogen?

Kneovenagel reaction?

Write down benzoin condensation?

What is meant by reformatsky reaction?

Define keto - enol tautomerism?
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What is amido - imide tautomerism?
10. Write nitro — acinitro tautomerism?

5 MARK

Explain the reactivity of carbonyl group?
Discuss the mechanism of aldol condensation?
Explain with an illustration cannizaro reaction?
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How are tautomers identified?
10 MARK

1. Discuss the preparation and properties of aldehyde and ketone?
2. Explain

i Perkin reaction

ii. Claisen reaction

3.Give an account of tautomerism.
Unit -3
Carbonyl compounds and Tautomerism

PERKIN CONDENSATION:

e When benzaldehyde is headted with an aliphatic acid anhydride containing two o-
hydrogen atoms in the presence of the sodium salt of the acid condensation takes place to
from an a-unsaturated acid. This reaction is know as perkin reaction.

1. Only aromatic aldehydes are used in perkin reaction .

2. Perkin reaction proceeds more rapidly when the aromatic aldehyde contains
halogen atom or a nitro group in the ring.

3. Methyl substituents present in the ortho position slow down the reaction.

e Benzaldehyde reacts with acetic anhydride in presence of sodium acetate to give
cinnamic acid.



CeéHsCHO + CH3COOCOCHz; —» CgHsCH=CHCOOCOCH;3
Benzaldehyde Acetic anhydride
——» CH3COOH + CgHsCH=CHCOOH
Cinnamic acid

MECHANISM:

1. The CH3COO" ion produced by sodium acetate acts as basoc catalyst. It removes the o-
hydrogen from the aliphatic anhydride to form the carbanion I.

2. The carbanion | adds to the carbonyl group of the arrmattic aldehyde to form an

intermediate 1.

The intermediate 1 after protonation forms an aldol like product IlI.

4. In this product Il , internal proton transfer occurs leading to the elimination of a water
molecule to form an o,f-unsaturated mixed anhydride 1V.

5. Hydrolysis of the unsaturated mixed anhydride gives cinnamic acid V.
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Hydrolysis
H — 2> CH,CH==CHCOOH + CHyCOOH

Cinnamic acid

KNOEVENAGEL REACTION:

e This is the reaction between an aldehyde and compound with active methylene groups in
the presence of an organic base.

e This is an aldol type of condensation reaction. Compound like acetoacettic ester,
cyonoacetic ester, malonic ester and 1,3-carbonyl compounds containing reactive
methylene group react with aldehyde. Pyridine is usually used as the catalyst.

e Acetaldehyde react with malonic ester to give crotonic acid.

e Benzaldehyde undergoes konevenagel condensation. It react with malonic acid in
ethanolic ammonia to form cinnamic acid.

CsHsCH=0 + H>C(COOH)> HsCsCH=CHCOOH + CO; +H,0
>
Malonic acid Cinnamic acid
e This reaction is also known as knoeveagel condensation.
MECHANISM:

The mechanism is similar to the aldol condensation.



The base removes a proton from the reactive methylene group to from the carbanion I.
The carbanion | attacks the carbonyl carbon of the aldehyde to from an anion II.

The protonated base reacts with the anion Il to from hydroxy compound I11.

The hydroxy compound eliminates a water molecule to give the unsaturated ester IV.
The unsaturated ester on hydrolysis give the unsaturated acid.
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ALDOL CONDESATION

e Two molecules of acetadehyde condense in the presence of a dilute alkali, potassium
carbonate or hydrochloric acid, to give a syrupy liquid known as aldol.

(i? H
[
HaC—C—H + H.CHchO S e Hac—?—CH2CHO
OH
_A_ce_taldehyde (Two molecules) Mdol

e On heating aldols eliminate water to form unsaturated compounds. Aldol on heating
gives crotonaldehyde.

P
H,C—C¥CHCHO —H8L, 1 cCH=CHCHO
2

(OH Crotonaldehyde

e In presence of barium hydroxide, acetone gives diacetone alcohol by a similr aldol
condensation.



CH
Ba(OH), e
—_—

H3C—(|3—CH2.CO.CH3
OH
Diacetone alcohol
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MECHANISM OF ALDOL CONDENSATION

¢ Aldol condensation takes place between two aldehydes or ketones that contain at least
one hydrogen atom attached to the carbon a-to the carbonyl group.
1. Formation of carbanion (negatively charged carbon) and
2. Reaction of the carbanion with the carbonyl compound.
e The formation of carbanion takes place by the reaction of the base with the aldehyde
or ketone at the a-hydrogen.

T e u ﬁ f\ﬁﬁ
oH + H—CH;—C—H CH;-C—H
Acetaldehyde Carbanion

e This carbanion can stabilize itself by resonance and hence is stable enough to attack
the carbonyl group(as any other nucleophile will react) to yield aldol.
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e H Aldol

H
Aldol condensation is a general reaction and both with aldehydes and ketones. It can
also be catalysed by acids.

H.C H,C
i -H,0 \
= —) C=CHCOCH
C=0 + CH3COCH3 Dry HCl gas . 3
H,C _ H,C
Acetone (two molecules) Mesityl oxide

CLAISEN REACTION:(also known as the claisen-schemidt reaction)

e Benzaldehyde, in the presence of dilute alkali, condense with aliphatic aldehyde or
ketones containing a-hydrogen, e.g., with acetaldehyde it give cinamaldehyde.

QCHO *GH0H0 SaoH, @—CH=CH-CHO + H,0

Benzaldehyde Acetaldehyde Cinnamaldehyde

e With acetone it gives benzylidene-acetone .



Benzylidene acetone

MECHANISM
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BENZOIN CONDENSATION:

e When benzaldehyde is heated with aqueous- ethanolic NaCN or KCN, it dimerizes to
form an a-hydroxy ketone called benzoin.

e This reaction involving self-condensation of an aromatic aldehyde in the presence of
CN- anion as catalyst, is referred to as benzoin condensation.

©)‘\ Hzo / EtOH ‘)‘r‘

Benzoin

MECHANISM

I Nucleophilic addition of a cyanide anion to the carbonyl carbon.

H
.s " L

| |
SW | CN
ii. The CN group acidifies the former aldehyde H atom which migerate to the former
carbonyl group
H /Q,

°
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iii. The resonance stabilised carbanion adds to the carbonyl carbon of another molecule
of benzaldehyde.



o d‘é: OH 0
I I - _l; e B LI
CH;—Cg + F—GCeHs —> Sl

1= L CN H

iv. The migration of the proton of OH to the oxygen accompained by abstraction of
cyanide anion, forms benzoin.
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TH—O “30: 20 OH
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CN H “CN H
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-CN !
- 3 H
Benzoin

CANNIZARO REACTION:

e Aldehydes having no a-hydrogen atom when treated with concentrated solution of
alkali (50% NaOH or KOH ) undergo self oxidation and reduction forming the
corresponding acid and alcohol. This reaction is known as cannizaro reaction.

2HCHO + KOH » HCOOK + CH:20H

Formaldehyde potassium formate  methyl alcohol

(CH3)sC CHO + KOH (CH3)3C COOK + (CHz)3C CH:0H

v

MECHANISM

1. Nucleophilic addition of hydroxyl ion (OH") on the carbonyl group gives complex anion
l.

2. The anion | transfers a hydride (H") ion to another molecule of formaldehyde reducing it
to methoxide ion (CH3O) while the anion 1 itself is oxidised to formic acid.

3. We get CH30" and HCOOH. The resulting methoxide ion and formic acid exchange a
proton to form the methyl alcohol and formate ion.



CHsO- + HCOOH — & CHsOH + HCOO-

e Benzaldehyde on treatment with NaOH, does not give a resin but undergo cannizaro
reaction.

2CHsCHO + NaOH ——— >  CgHsCOONa + CegHsCH20H
Benzaldehyde Sodium benzoate  Benzyl alcohol

e The cannizaro reaction can also take place between two different aldehyde and is
know as ‘Crossed Cannizaro’ reaction.

CeHsCHO + HCHO + NaOH — > CsHsCH20OH + HCOOH
Benzaldehyde = Formaldehyde benzyl alcohol ~ Sodium Formate

TAUTOMERISM

e This is a type of isomerism in which the isomers are inter-convertible under normal
condition. (tauto —same : meros — part), A tautomeric substance is a mixture of two
mutually inter — convertible isomers called tautomers.

KETO - ENOL TAUTOMERISM

e When a methylene group is attached to two carbonyl groups, the hydrogen atom
migrates to one or other carbonyl group.

e This type of tautomeris is called the keto-enol tautomerism. In this tautomerism a
hydrogen atom migrates from a carbon atom to oxygen atom.

R, O R
12 L9 _JOH
R—C—C—R, = €~C
| >4 N
H R, R,
‘\a-hydrogen
Keto Enol

MECHANISM
1. Acid catalysed mechanism:

Step-1: protonation of the carbonyl

®
H O: H O—
T /\@ T
R-C—C—R, + H-OH, — R~C—C- + H,0
Rz Rz
Keto Hydronium Oxonium Water

Step-2 : Deprotonation of the a-hydrogen and formation of the enol



7
HO + p_c¥Zg c=C_ + H,0
| R, R,
R
2
Water Oxonium Enol Hydronium

2. Base catalysed mechanism:
Step-1: Depronation of the a-hydrogen resulting in the enolate

H O (S
o I~ 0> R ~o:
H—O: + R,—f—C—R3 — _c=c_ + H,O
R R, R,
Hydroxide Kzeto Enolate Water

Step -2 : protonation of the enolate gives the enol

R o: R OH
2 . 2 @
\c=c/ ’+\‘H¢O\H — \c_—_c/ + :OH
R/ \R R/ \R
1 3 1 3
Enolate Water Enol Base

Nitro Acinitro tautomerism:
e Aliphatic nitro compounds are in equilibrium with aciforms.

S I AN
Nitro form Aci form

e The nitro form is much more stable than the aci form in sharp contract to the
parallel case of nitroso-oxime tautomerism, undoubtedly because the nitro
form has resonance not found in the nitroso case.

Amido-imidol system:

?
NH—C=0. T2 —NH=C — OH
Amido form Imidol form

\
ALDEHYDE AND KETONE

¢ Aldehyde and ketone have the general forumula ChH2,O. The characteristic
group of aldehyde is -CHO or —CH=0 and this group occurs only at the end of
the chain.



e The characteristic group of ketones is >C=0 which cannot occur at the end of
the chain as each of the two valencies is jointed to a carbon atom.

NOMENCLATURE
Aldehyde

e The general formula of the aldehyde is RCHO. To give a correct name to higher
members of the family, a longest chain containing the aldehyde group is selected as the

parent hydrocarbon. If the aldehydic group is the only function group present in the
compound.

CH,CH;—CH—CH—CH;—CH,
'CHO CH,

Ketone

e The general formula for ketonesis ="

e When he two alkyl group are the same, the ketone is termed a simple ketone while
another with two different alkyl groups is termed a mixed ketone.

e The lower members are commonly named according to the alkyl groups attached to the
ketonic group.

PREPARATION OF ALDEHYDE AND KETONE

1. Oxidation of alcohol with acid dichromate:
e Primary alcohol give aldehyde and secondary alcohol give ketone.

CH,CH,OH + [0] —2%d |
é ‘ = dichromate CH3CHO Ll HZO
thanol
(A primary alcohol) f\:net:l‘c?::yc?ee)
H3C H3C
—~CHOH 4+ [0] —— Sc—
H3C ! H3C/C~O * Hzo

Isopropyl alcohol
(Sec. alcohol) (:iettone
etone)

2. The vapours of fatty acid over manganous oxides as catalyst at 570 K:



CH,COOH + HCooH —MnO , sCHO + CO, + H,0
Acetlc acid Formic acid

Acetaldehyde
2CH,COOH —MmO, 1COCH, + CO, + H,0
Acetnc acid Acetone

By hydrolysis of alkylidene halides:

-H,0O B
CH,CHCl, —22%, CH, CH(OH), ———=* CH,CHO
Ethylidene chiloride Dlh/drlc alcohol Acetaldehyde
(unstable)
H5C H,C
H3C\ NaOH 2 _—~OH -H,O
/CC|2 —_— =6 —— i i > e
H3C H3C~ OH HLC”
Isopropylidene Acoscich

chloride

PROPERTIES OF ALDEHYDE AND KETONE:
Physical properties:
e Lower aldehyde and ketones are colorless volatile liquids, higher aldehyde
and ketone are solids.
e Lower aldehyde is unpleasant smell and ketone have a pleasant odour, higher
aldehyde have a fruity odour.
e Formaldehyde, acetaldehyde and actone are freely soluble in water. Acetone
and other ketone are very good solvents.
Chemical properties:
1. Addition of hydrocyanic acid:
e When treated with sodium cyanide and dilute sulphuric acid the carbonyl
group adds on hydrogen cyanide to form cyanohydrins.

OH
H,C ="
3 \“CZO + H_'ﬁE:N —_— ch'
He” o
, H,C
Acetone Acetone cyanohydrin
OH
HeGHeT -, 22 .. o CHc/OH
\CN 3 it
COOH

Acetaldehyde

a-Hyd ioni i
cyanohydrin ydroxypropionic acid

- (Lactic acid)
2. Addition of Grignard reagent:
e The carbonyl group adds on Grignard reagent to yield an addition product
on hydrolysis, give an alcohol.

\ ~N OMgX OH
N
7 Sa / N
Grignard Addition

reagent : product Alcohol



3. With thioalcohols(mercaptan):
e Aldehyde and ketones condense with mercaptans to form mercaptal or
mercaptol respectively.
N
C=—0 +2RSH ——> C(SR), + H,O
Meréaptan or thigalcohol Meré:aptal or Mercaptol
4. Reduction:
e With conc.HCl acid and Zn/Hg the >C=0 group is reduced to a methylene
(-CH2-)group.

zZn/
RCH=0 + 4[H] —™9 , RCH. + H.O
conc. HCI 3 2
R R
\ %
XC=0 + 4H] ——— CH, + H,0
R Rf

5. Oxidation:
o
H,ccH=0 —l\ 4 ccoom
Acetaldehyde Acetic acid
KoCrz07

+
CH,COCH, + 40 —igo > CH,COOH + CO,*+ H,0



UNIT IV

2 marks

1.Why p-chorobenzene acid is more acidic than benzoic acid.
2.Arrange the following in the order of increasing acidity.
I)Benzoic acid ii)p-toluic acid iii) p-nitrobenzoic acid

3.How will you convert malonic acid to adipic acid.

4.What happens when ethyl aceto acetic ester is reduced with LiAIH,4
5.Write down the uses of citric acid.

6.Write any two preparations for succinic acid.

7.Give the structure of carboxylate anion.

8. Write down the Hammet equation.

9.Give the properties of oxalic acid.

10.Write down the characteristics of reactive methylene group.

5 Marks.

1.Explain Hammet equation.

2.Discuss the reactions of monocarboxylic acids.

3.Describe adipic acid.

4.Give the preparation and properties of citric acid.

10Marks

1.How the substituents affect the acid strength of benzoic acid.
2.Discuss the synthetic uses of acetoacetic ester.

3.Give an account on the synthetic uses of malonic ester.

UNIT -4



CARBOXYLIS ACIDS
Acidity of carboxylic acids :

e Inan ageous solution, molecule of these acids with water molecule to form
carboxylate ions and hydronium ions.

0 0

e ¢ H .= + H
R—C—0—H +..o\é R—C— 0% +H—0"

H o 98 Ny

e The most simple carboxylic acids are only slightly ionised in water and these are
fairly weak acids.

e A one molar solution of acetic acid is ionised only to about 0.5% at room
temperature while a strong acid like HCI or H2SO4 is almost completely ionised.
Evidently water molecule are not very strong proton acceptors in relation to
carboxylic acids, which are relatively weak proton donars.

Structure of Carboxylic acid and Carboxylate ion

e The carboxylic acid and the carboxylate ion are considered to be resonance hybrids.
B el

R~—C—0OH <¢—» . R—C—0

- - s O
o) o) ;
/ G —n e
Rl & B —R—C.
O 0O O

e The negative charge is evenly distributed over both oxygen atoms.

e Due to resonance in acid molecule C=0 bond will have some single bond character
and C-OH bond will have some double bbond character.

e So the length of C=0 is greater tha of ‘CO’ in ketone. Similarly C-OH bond is shorter
than C-OH bond in alcohols. This is the reason why the ‘CO’ in COOH is not as
reactive is ketones.

e The carboxylic acids are highly associated in solution and in liquid state. There is
resonance in the acid mole as indicated earlier. Because of these reasons the ‘OH’ in
‘COOH’ does not show all the reactions shown by ‘OH’ group in alcohols.

. C/ A
R ' C—R
\O""H——O( F



HAMMET EQUATION:

e Itis the linear free energy relationship which describes the effect of polar factors I and R
on reactivity in aromatic compounds.

Equation :

There are two forms of Hammett equation. They are
i log— =
. gKO op

.. K
ii. logk—zap

Application :

e Hammett equation deals with only mono substituted benzenes, that too to substitutents
m- and p to the reaction site only.

Explanation :

e The hydrolysis of ethyl benzoate and that of m- and p — substituted ethyl benzoateds.
This is considered to be a specific reation. Any specific reaction there will be a set of
rate constants or equilibrium constants. This set is called reactions series.

e Let K be a set of ionisation constant of m- and p- substituted benzoic acids. Let K’ be
a set of ionisation constants of m- and p- substituted phenyl acetic acids.

e Iflog K’ values are plotted as ordinate against log K value as abscissae, we get
straight line. This line is given by the equation.

logK’=plogK+C (1)

e Here p is the slope of the line and C is the intercept. We can consider an
unsubstituted benzoic acid as a special case in which the substituent is H, then the
equation ,

log K’o=plog Ko+ C (2



Substracting (2) from (1)

oo (o) =ree ()

e In asimilary way different reaction series can be related to one another. Hammett
chose the ionisation of substituted benzoic acids in water at 25°C as the standard
reaction as many of these ionisation constants have been measured with great
accuracy. Hammett defined a new constant is

K(substituted benzoic acid)

a=1lo
9 Ko(benzoic acid)

Substituting (4) in (3) we have

log X =

0g o =ap

For any reaction the equation is written as
log ==

og Ko op

If reaction rates are involved the equation is
log X =

095~ P

Signification of a:

e qis called substituted constant. It is quantitative measure of the polar effect in any
reaction of a m or p substituent with respect to hydrogen. More positive o mean more
electron withdrawing is the substituent. More negative o mean more electron
releasing is the substituento value of hydrogen is zero.

Signification of p:



e pis called reaction constant. It is measure of the sensitivity of a given reaction series
to the polar effects of the ring.

Substituents:

e Inother word it is a measure of the sensitivity of a given reaction series of changes in
a value of the substituent.
1. Ifpis positive it means that such reaction will be aided by electron withdrawing groups.
2. If p is negative it means that such reaction will be hindered by electron withdrawing
groups.

Uses of Hammett Equation:

1. Form o value we find that polar effects are grater in the o-position than in the m-position.

Halogens are expections.

2. o value and orienting power of the group:

e Substituents whose a value are more negative for p-than for the m-position increase
the general reactivity of the ring for electrophilic reagents. They are o- and p-
directing. (Eg). NH2, CHs.

e Substituents whose a value are more positive for p- than for the m-positive lower the
general reactivity of the ring for electrophilic reagents. They are m- directing. (EQ).
NO,,COCHs.

3. The behaviour of halogens explained:
e The halogens have positive a value. This explains the lowering of the general reactivity
of the ring. But the p-value are more negative than m-values. Hence halogens are o- and
p- directing.
4. Inductive and reasonance effect explained:
e When a m and ap have different signs, then I and R effects are opposite direction.

Substituted Benzoic Acids:
Strength of aromatic acids:

e When we compare the strength of benzoic acid and acetic acid , benzoic acid stonger.
Reason:

e The phenyl group has both +R and —I effects. When it is attached directly to COOH
group.

e The -l effect increases the acid strength. But the +R effect reduces the acid strength.
The net effect will be additive. The net effect (-1 ,+R) of phenyl group is less than +I
effect of methyl. So benzmc acid is stronger than acetic acid.

y
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Effect of substituents on acidity




e Electron withdrawing group increase acid strength while electron increasing groups
decrease acid strength.
e Example:
i.  Both p-nitro and p-chloro benzoic acid are stronger than benzoic acid because both are

electron withdrawing groups(-1 effect).
COOH COOH COOH

558

ii.  P-nitro benzoic acid is stronger than p-chloro benzoic acid. It is because with p-nitro
group both —I and +R effect are operating. The net result is that electron with drawing
effect is more in p-nitro benzoic acid than in p-chloro benzoic acid. So
p -nitro ben20|c acid is stronger than p- chloro ben20|c aC|d

- C3—Tp- @

TN N '

iii. P-toluic acid is a weaker acid than ben20|c acid. Methyl group in p-position to COOH
exerts +1 as well as +R effect due to hyperconjugation. These electron releasing
effects make it weaker acid than benzoic acid.

iv. In the case of hydroxy benzoic acid the order is p-hydroxy benzoic acid< benzoic acid
<m-hydroxy benzoic acid < o-hydroxy benzoic acid.

e The OH group exert —I as well +R effect is stronger with respect to —I effect.
Thus there is net electron releasing effects in 0 and p positions and only
electron withdrawing —I effect at m-position.

e So m-hydroxy benzoic acid is stronger than benzoic acid and p-hydroxy
benzoic acid is weaker than benzoic acid.

——

OXALIC ACID(Ethane dioic acid),(COOH): :

e Itis widely distributed in the plant kingdom. It is present kin spinach , potatoes,
tomatoes, rhubarb in the form of calcium oxalate. It occurs in wood sorrel(Oxalis
acetosella) as potassium oxalate.

PREPARATION:

1. Sodium oxalate required in above method can also be prepared by the direct combination of
CO> with sodium at 360°C.



360°C
2C0O2+ 2Na > (COONa)2
Sodium oxalate
2. Commercially it can also be obtained by the oxidation of carbohydrates like glucose, sucrose
and cellulose with nitric acid in the presence of FeSO4 and V20s used as catalyst.CéHsOs  +
6HNOs3 —3(€cooHy + 6NO +6H0
3. Oxalic acid also be prepared by the acid hydrolysis of cyanogen or by the oxidation of
ethylene glycol with acid K>Cr20x.

ik e 2NH,CI
|+ 4H,0 + 2HCI —— | ol |
CHN COOH

Cyanogen Oxalic acld

PHYSICAL PROPERTIES:

e Oxalic acid crystallizes as prismatic colourless crystals from water in the form of
dehydrate (HOOC-COOH.2H20).

e Anhydrous oxalic acid melts at 190°C where as hydrated form melts at 102°C. the
high melting and boiling points are due to existence of intermolecular hydrogen
bonding.

e Itissoluble in water and alcohol , but insoluble in ether.

CHEMICAL PROPERTIES:

1. Acidic character:
e Itis the strongest dicarboxylic acid as explained earlier.
2. Formation of salts, esters, acid halides and amides:

COOH paomH (lzooma MaoH TOONa
cooHn M2 COoOOH -H.O  coOoMNa

Orxalic M onosodium Di-sodium
acid oxalate oxalate

COOH ¢,H,0H COOC,H;g C,H,OH COOC, H,
— —

cooH ~H©  cooH -H,0 ~ COOC,H,
Monoethyl -
Oxalic acid oxalate Diethyl oxalate
COOH oanH, COONH, .o CONH,,
—_—
COOH COONH, 2H:© CONH,,
Amm.oxalate Oxamide

3. Reaction with glycerol:
e Oxalic acid when heated with glycerol at 120°C gives formic acid and at
260°C gives allyl alcohol.
4. With H2SOu:



(COOH), __HS04360K . CO + CO,+H,0

5. Oxidation:
e Itis oxidised to carbon dioxide and water by acid KMnO4 at 60°C, with
decolourisation of KMnO4.

5(COOH)2 + 2KMnOs + 3H2S0s — »K3S04 + 2MnSO4 +10C0O2 +8H20

e This reaction is used in oxidation-reduction titrations.
6. When heated alone at 190°C gives formic acid.
HOOC-COOH HEOOH + CO: t

USES:

=

For the preparation of formic acid and allyl alcohol,

2. Asamordant in dyeing particularly in calicoprinting,

3. In the form of potassium ferric oxalate in platinum prints photography,

4. As a standard solution in oxidation — reduction titrations and for removing ink stains.

MALONIC ACID(Propanedioic acid),H2C(COOH)..

e Malonic acid was first prepared by the oxidation of malic acid and hence given
the name malonic acid

PREPARATION:
1. CICH2COOH + NaHCO3—  CICH2COONa + H20 + COzT

Chloroacetic acid sodium chloroacetate

2. CICH2COONa + KCN —» :NC-CH2COONa + KCI
Sodium cyanoacetate

PROPERTIES:

e Itis a white crystalline solid, melting point 135°C, soluble in water and
ethanol but insoluble in ether.
1. Effect of heat:
On heating at 140-150°C, it loses a molecule of CO2 to produce acetic acid.
140-150°C
HOOC-CH,-COOHCH:;COOH—=+CO7 >
2. When heated with P20s:

P,O
O0=C—C—C=0 ————

-2H,0

O=C=C=C=0
Carbon suboxide



3. With ethanol in the presence of an acid it gives diethyl malonate
H2C(COOH)2 + 2CoHsOH ~ ——— #H2C(COOC:Hs)2 + 2H20
Diethyl malonate(ester)
4. Action with bromide:
It gives monobromomalonic acid when its suspension in ether is treated with bromine.
H2C(COOH) +Br> ——B+HE(COOH) + HBr

USES:

e Itester derivative (diethyl malonate) is very synthetic organic compound for
the synthesis of acids, barbiturates, etc..

SUCCINIC ACID (Butanedioic acid), HOOC.CH2CH2.COOH

e It was originally obtained distillation of amber called succinum in latin. It is
also formed during the fermentation of sugar, etc...

PREPARATION:

1. Itis prepared by treating ethylene bromide with potassium cyanide followed by the
hydrolysis of ethylene cyanide with hydrochloric acid.

CH_Br CH_CN
27 _KenN | | < Acid hydrolysis C|:H2COOH
———ycrolysis |
CHzBr CHZCN CH COOH
Ethylene bromide Ethylene Cyanide 2

Succinic acid

2. ltis obtained by heating malic acid or tartaric acid in a sealed tube with hydriodic acid
and red phosphorus.

CH(OH)COOH

Wi CH,COOH CH(OH)COOH

Hi
CH(OH)COOH ™¥P  CcH cooH P CH,COOH

Tartaric acid Succinic acld Malic acid
3. It can be prepared on large scale by the catalytic reduction or electrolytic reduction of
maleic acid.
CHCOOH Ni CH,COOCH
I + Hy —hp
CHCOOH CH,COCH
Maleinic acid Sucecinle acid

PHYSICAL PROPERTIES:

e It is a white crystalline solid (melting point 185°C) which is moderately
soluble in water and alcohol, but sparingly soluble in ether.

CHEMICAL PROPERTIES:



1. Action of heat:
e Succinic acid generally sublimes on heating. However, a small amount of

succinic anhydride is also obtained on strong heating.

i
CH,COOH H,C—C
| . —_— Ji ;O + HECI
CH,COOH Hzc-—i

Q

Succinic acid Suceinic anhydride

2. Action of ammonia:
e On heating ammonium succinate, succinimide is formed which on further

heating lose a molecule of ammonia to give succinimide.
O

O Il (I?
1]

- - —C—NH H,C—C
H,C—C—ONH, ..o H,C 2 _-NHy 2‘ -
Hzc—ﬁ—ONH4 HZC"—ﬁ*"NHz HC—C

o (o} o}

Succinimide

3. On electrolysis of an aqueous solution of sodium or potassium succinate ethylene is

obtained.
it
| -
H,C—C—C | ﬁHZ + 2CO, + 2€
. Hzc—ﬁf—‘j CH,
o
USES:
e Succinic acid finds use in volumetric analysis, medicine and in the
manufacture of dyes and perfumes.
CITRIC ACID

(2-hydroxypropane-1:2:-tricarboxylic acid), HOOC.CH2-C(OH).COOHCH2COOH.

e Citrus fruits such as lemon, lime, orange and galgal which contain free citric
acid constitute the natural sources of the acid.

PREPARATION:

1. From citrus fruits:
e Juice of any of the citrus fruits mentioned above is extracted and boiled. The

albuminous matter is coagulated and filtered off. The filtrate is neutralized
with chalk and filtered again. Calcium citrate is deposited when the filtrate is
boiled. This is separated and decomposed with a calculated amount of
sulphuric acid. Calcium sulphate precipitate is removed and the solution
concentrated to get citric acid crystals.

2. From sugar or molasses:



The acid is now being manufactured by fermentation of dilute sugar solution or
diluted molasses, in the presence of certain inorganic salts by various moulds

or fungi, eg. Citromyces perfferianus.

PHYSICAL PROPERTIES:

Citric acid crystallizes as white monohydrate crystals which lose its water of
crustallization at 403 K and melt at 426 K. It is readily soluble in water and
alcohol but is insoluble in ether. It is not optically active.

CHEMICAL PROPERTIES:

i. Formation of salts: With alkalis or alcohols, citric acid gives three series of salts and

ester.
CH,COOH CH,COONa CH.,COONa CH,COONa
! 5 NaOH ‘ F: 1 ‘
C(OH)COOH * C(OH)COOH L " C(OH)COOH L_72 C(OH)COONa
| |
|
CH,COOH CH,COOH CH ,COONa CH,COONa
Mono sodium Disodium Trisodium
) , » 7 Citrate citrate citrate
ii. Acetylation: With acetyl chloride, it form a monoacetyl derivative.
CH,COOH CH.COOH
C(OH)ICOOH + CH,CcOocC * C(O.COCH,).COCH + HCI
CH,COOH CH,COOH

iii. Reduction: On reduction with hydriodic acid , citric acid give tricarballylic acid.

CH_ COOH CH,COOH

CiOHICOOH 2 CHCOOH

CH_,COOH CH,COOH

Citric acid ricarballylic acid

iv. Action of heat: On heating to 423 K, it loses a molecule of water to give aconitic acid.

CH,COOH CHCOOH

’ > 1 1
C(OH)COOH 420K, GcooH + H,0
I -
CH_,COOH CH,COOH
C Aconitic acid

Citric acid

v. Action of concentrated sulphuric acid: On heating with concentrated sulphuric acid,
aconitic acid is obtained but with fuming sulphuric acid, citric acid forms acetone

dicarboxylic acid.



~H,COOH
CH,COOH Bk e
, + CO + H,
C(OH)COOH * 60

CH,COOH

Acetone dicarboxylic acid

CH,COOH

Citric acid

USES:

1. In making beverages, eg. ;lemonades.

2. As amordant in dyeing and calico-printing.

3. Ferric ammonium citrate , magnesium citrate, sodium or potassium citrate are used in
medicine.

Ferric ammonium citrate also finds use in making blue prints.

Esters of citric acid find use as plasticizers for lacquers and varnishes.

o ks

Characterstics of reactive methylene group:

e When a methylene group - CH2- is flanked by two electron with drawing
groups, the hydrogen atoms bonded to carbon become acidic and reactive. The
compound containing such methylene group are referred to as active
methylene compounds.

T 0
|
H,C,0-C-CH,~C-OC,H,

CHa- Active methylene group

e The enhanced activity of the active methylene group is attributed to the
influence of the adjacent electronwithdrawing groups and the formation of the
resonance stabilised carbanion. The carbon-hydrogen bonds of the methylene
group are thus weakened so as to make its H atom acidic and reactive. In the
presence of a base such as ethoxide ion.

H O H O
| |

- |l
72— C— (‘—W()cgn5 ——> 2— (—C—O0GH;

H

MALONIC ESTER (Diethyl malonate):



e Malonic ester is the diethyl ester of malonic acid. It is a colourless liquid,
boiling point 472 K with a pleasant odour. Like acetoacetic ester, it contains a
reactive methylene group and a tautomeric mixture of keto and enol forms.

0 0 OH 0
[| I I

I
C,Hs0—C—CH;—C-—0C,H; === C,H,0—C=CH—C—0C,H,
Malonic ester (Keto form) Malonic ester (Enol form)

PREPARATION:

1. From chloroacetic acid :

Cl Cl
Cl K2CO P KCN

CH,COOH —2— H2C< L, H,CL_ T

COOH COOK
Acetic acid Monochloroacetic acid Potassium chloroacetate

COOH COOC,H
/CN 2H20 + HCI 7~ CoH50H i 2''s
HaG Nrac 2N el
Scook COOH COOC,H,
Potassium chloroacetate Malonic acid Malonic ester

Synthetic uses:
Active methylene group:

e Malonic ester contains active methylene group. One methylene group is
bonded to two CO groups.

HsC2-CO-CH2-CO-OC2Hs

e The methylene group is between two negative groups which are electron
attracting group, the hydrogen atoms in CH2 are reactive. When hydrogen
atom replaced by sodium when treated with alcoholic C2ZH50Na . other
hydrogen atom also replaced.

e Malonic ester is a much stronger acid than ordinary esters or compounds
containing a single COOH group.



1. Substituted malonic acid:

Rﬁ 5 H20

CaHsON
e R— CH(COOEY), — 2~ R—CH(COOH),

CH,(COOEY), —=—=—» NaCH(COOE!),

s ‘ . Mono-alkyl Mono-akyl-malonic
Malonic ester Sodio-malonic ester Pyt i oo l C,HsONa Ic acid
R R R‘-f‘i‘\_

ScicooH), 22— >C(cooeuz R—C(COOEY),
R/ R N5
Dialkyl-malonic Dialkyl-malonic Sodio-alkyl
ester ester malonic ester

1. Synthesis of fatty acid:

e Malonic ester or substituted malonic ester on hydrolysis and subsequent
heating give a fatty acid with loss of carbon dioxide.

i
COOEt C—0—H
P H20 £ g
H,C_ —_ H2C< N _Heat | CH,COOH
COOEt S
Malonic ester g Acetic acid
Malonic acid
(o]
COOEt —0—
RCH. W - - RcfH\/ © '\O/ ) —Heat | RCH,COOH
COOEt Ne—o—H €9 2
I
(o]
Mono-alkyl-malonic ester Mono-alkyl-malonic acid Mono-alkyl-
5 P acetic acid
Ng PR e R COOH R
P G \C/ Heat N
R "COOEt sl -CO, /CHCOOH
R COOH R

Dialkyl-malonic ester

Dialkyl-malonic acid Dialkyl-acetic acid

2. Dicarboxylic acid :
e Malonic ester is treated with ethyl choloracetate to get succinic acid.



1% H) H,CCOOH
NaCH(COOE), Electrolysis (H(COORD; H20 CHIGOOH); Heat 2
—_— _c —_—co—z—’

NaCH(COOE), CH(COOEY) CH(COOH) H,CCOOH
2 2 2
Sodiomalonic ester (At anode) ethane Succinic
tetracarboxylic acid acid

(2 molecues)

3. Unsaturated acids:
e Malonic acid treated with an aldehydes and the product obtained is hydrolysed
to get unsaturated acid.

" W meramms =g

COOC;Hg : CO0CHs .0
pyridine : 2 =y e
H,C—CH=0 + Hzc\ — HSC—CH_——C m; H,C CH—-CH——COOH
i £O0CMs But-2-enoic acid
Acetaldehyde Diethylmalonate
COOCzHs COOC,H
/—\\_ 7~ 275 pyridine e 2"s
CH=0 + H7C\ —— CH_—_C\
\_.—_‘/’
CO0C;Hs COOC,H,
Benzaldehyde
(IH20

CH=CH-—COOH

Cinnamic acid

—_—»
{heat -cO,

4. Amino acid:
e Glycine may be prepared as follows.

zn
HO—N==0 + CH,(COOC,Hg), —* HO—N=C(COOC,Hs), Rceiicacid
Oximino malonic ester

Nitrous acid Malonic ester
Hydrolysis _Heat _ . N—CH,COOH
HzN—CH(COOCZHs)z L ikl e H,N-——CH(COOH), co, 2 2
Aminoacetic acid
Amino malonic ester (Glycine)

5. Heterocyclic compounds:
e Diethyl malonate condense with urea to form malonyl urea or barbituric acid.



CO—NH

COOC,H
7 ans: g -2CH50H / Nco
H,C ¥ co =T, el P
- CO—NH

R
COOC,Hg  H,N

Malonic ester Urea Barbituric acid

6. Ring compounds:

CH;—CH,Br COOCHs .5 CH;—CH, . _COOCzHs ,0
- R —~cooc,H
CH;—CH,Br COOC,H, CH;—CH, 2''s
Tetramethylene Disodio-malonic Cyclopentane
bromide ester dicarboxylic ester
i
CH;—CH C—OH 25 T
- L Heat , CHCOOH
—%~c—on =0, -
O
Cyclopentane Cyclopentane
dicarboxylic acid monocarboxylic acid

ACETOACETIC ESTER(Ethyl acetoacetate ) CH2COCH2COOC2H5:

PREPARATION:

Acetoacetic ester is prepared by the action of sodium of ethyl acetate in the

presence of ethyl alcohol.
Acetoacetic ester is produced as a result of condensation between two

molecule of ethyl acetate in the presence of sodium ethoxide.

EGHSCDDCEHB —_— |l'JH3'CCH:}H2'IZ}!'.:.'-IC.“.:IEH5 + C?HSDH
Acetoacetic ester

e The above condensation between two molecule of ethyl acetate is called clasien
estercondensation .



N +
C,H,OH —=—> C,HONa |c,H0| + Na

)
() Ethanol Sodium ethoxide
CHZCOOCZHS * CZHSOH

(i) CH,COOC,Hg + |C,HgO|

o H O
-"ﬁ — | f_l il -C,H;OH
i = _ —Cc—C—C—0—C_H
(I”) HJC__C _y CHZCOOcsz ~— H3C (|; ? C 2° S
iy H.C,0¢ H
OC2H5 52
OoH H O

o fl'l 0l
| I |
H3C—~C:C—C—-O——'C2HS

Lo

Dil. acetic acid HSC__C:C_C___O_CQHS

Acetoacetic ester (Enol-form)

7

o 0 i q
. [ 4 —C—CH—C—O—C,H
(V) HE—C=CH—C—0—C,H; === HC—C—CH—C—0™Cl,

Explanation:
Step-1: EtO- abstracts the hydrogen of ethylacetate giving a carbanion.

Step-2: The anion got in step-1 combines with a second molecule of the ester and form another
ion.

Step-3: The ion obtained in step-2 elimination EtOH and form the enolate of aceto acetic ester.

Step-4: The enolate abstracts a proton from acetic acid and gives the enol which under goes
tautomeric shift of a proton to give the keto form of the acetoacetic ester.

Synthetic uses:

1. Fatty acid:
When acetoacetic ester or its alkyl derivatives are heated with conc. Alcoholic potsh,
fatty acids are produced.
o o}
I | ;

H,C—C—CH;—C—OC,H, ——» 2CH,COOH + C,H,OH

0 0
I I ON-
H3C-—C—Af(|:H—C—OC2H5 —— RCH,COOH + CH,COOH + C,H,OH

R Monoalkylacetic acid
Monoalkylacetoacetic ester
O R O
HaC--C*‘C'—C—OCsz e CHCOOH + CH,COOH + C,H,OH
R' R’

Dialkylacetoacetic ester Dialkylacetic acid



2. o B-unsaturated acids:
acetoacetic ester undergoes the knovenagel reaction due to the presence of an active
methylene group. It condenses with aldehydes or ketone in the presence of a base and the
product o acid hydrolysis yield a,B-unsaturated acids.

COCH
H C_CH_ / . Pyridlne /COCH3
COOC,H, COOC,H,
Acetaldehyde Acetoacetic ester
H,0
—+* HyC—CH=CHCOOH + CH,COOH + C,H,OH
Crotonic acid
3. Ketone:
o o N o
| | H,O |
HBC—C——CHz—C—OC2H5 —_— H:,C—C—CH3 + CO2 +CzH50H
Acetone
(@} 0]
| I H,0"
H,C— —-(I)H——- —OC,Hy —— RCH.‘,COCH3 2 CO2 * CszoH
R
Monoalkylaceto-acetic ester Monoalkylacetone
O rR O R
o HO TS
H3C—C-——C—C—~OC,‘,H5 —_— /CHCOCH3 + CO2 + C,H,OH
R' R
Dialkylacetoacetic ester Dialkylacetone
4. Ketonic acids:
T ows g I
| o Cl—CH,COOH Ketonic
] O = PR o TS P —— s (3 c—
HyC—C—CH—C—OC,H, H,C—C CHCOOC H, m
CH,COOH
0O
P a

I}
H,C~—C-—CH,CH,COOH + CO, + C,H,OH
v
y-Ketovaleric acid
or 4-oxopentanoic acid



5. Hydrocarbons:
On electrolytic reduction, acetoacetic ester and its alkyl derivatives give rise to

hydrocarbons.
CHECDCHECODCZH
5 T —* CH,CH,CH.CH
Acetoacetic ester 3 2 2 5
n=
DHECDCHRCDGEQHE oh Butane
—_— o
Alkylacetoacetic ester 3CH,CHRCH,
- 2-Alkylbutane
6. Heterocyclic compounds:
— Cf) o O
£ NG %)
/NH: C—0C,H, é ™ oc,H, /g\
P + GH HN T CH HN c
o e I | —— e é g CH+ H,0 + C,H,OH
NH, e =C .C—CH, ~C_ _C—CH,
H—“O/ o./ ~Naa”” O/
Acetoacetic ester
Urea (enolic form) 4-Methyluracil
7. Antipyrine:
o
HyC—C—CH;—C—OC,H, + H,NNHGH; ——2° & H,C—C—CHz—COOC,Hy — 282"
Acatoacetic ester Phenyl hydrazine l\ll
\\\TF‘
CGH5
|
HC—C—¥ —CH M — -
= l __He—cC CH (cHg,80, HiC—S CH
AN\ /C=O HN\ /c:_—o NaOH H:"C_N\N/C:
' | |
CeHs CgHg CgHg

Antipyrine



UNIT 5

2 MARKS

1.what are heterocyclic compounds. Give an example.

2.Pyridine is stronger base than pyrrole. Why

3.Write down the Skraup synthesis of quinoline.

4.Give the synthesis of isoquinoline by BischlerNapicralski method.
5.Howis pyrrole is prepared from furan.

6.Draw the structure of piperidine and indole.

7.What happens when pyrrole is treated with acetic anhydride.
8.Electrophillic substitution in pyrrole is easier than that in benzene-Explain.
9.How is furfural converted into furan.

10.Pyrrole is both a weak acid and a weak base.How.

5Marks

1.Explain the electrophilic substitution reaction in furan’
2.Describe the Skraup synthesis of quinoline.

3.Dlscuss the chemistry of indole.

4.Discuss the chemical rections of pyridine

10 MARKS

1.Compare the basic nature of pyridine,piperidine and pyrrole.
2.How will you convert the following.

1)Quinoline to nicotinic acid.

i)Quinoline to 3- nitro quinoline

iii)Indole to indolemine

iv)Isoquinoline to cinchomeronic acid.



3.Discuss the aromatic characteristics of pyrrole,fyran,thiophene and pyridine.
Unit-5
Heterocyclic compounds

Heterocyclic compounds

e |naddition, to carbon atoms, one or more poly valent atoms such as O, N and S are
called heterocyclic compounds. E.g , Furan, thiophene, pyrrole, pyridine etc...

CHEMISTRY OF FURAN, (CsH4O)

e Molecular formula: C4H4O. It contains one oxygenatom in its ring.

e Number 1 is given to the oxygen atom. (In all the heterocyclic compounds
containing one hetero- atom, number 1 is always given to the hetero- atom).

s i B p
52“ 'ulq
. ‘ 4 .
1~ '

1. Mucic acic is heated. We get furoic acid. It is distilled with soda lime, we get furan.

PREPARATION:

COOH HC—CH HC—CH

p Heat // \
Dry distil / \\ —
(CHOH), _t;ol > HC__ _C—COOH _co, HC\O/CH
| . o~
COOH 3H,0 Furan
Furoic acid

Mucic acid

2. When furfuran undergoes oxidation and followed by heating it gives Furan.

@.cno—@—»/ \ COOH %’%‘2—» @

(o}
Furfural Furoic acid Furan

PROPERTIES:

e It is a colourless liquid. It is insoluble in water but soluble in alcohol and other.
e It turns a pine splint moistened with hydrochloric acid green.

1. Reactions:
2. When furan is catalytically reduced with Hzin the presence of Ni or PCI we get
tetrahydrofuran(THF) which is used as a non aqueous solvent.



- Hzc—c\H2 H,C—CHa
2H HCI
[ N2, L b, e ClH,E  CH, OH
o]

Tetramethylene
Furan Tetrahydrofuran chlorohydrin of

4-chloro-1-bu

3. Electrophilic substitution reaction:
3. Furan is resonance hybrid of the following five resonating structure (I to
V)
4. If obeys Hukel’s rule and contains (4n+2)r electron (here n=number of
rings =1). The molecule is planer. Therefore it is an aromatic compound.
5. It is less aromatic than benzene. It has a larger electron density at position

2to5than 3 or4.
Anack at L
posmon 3 § : Sj

Q - — —
" Attack at H
S ?2 » Z/«-f _H ’@H Y
position ~ s Z o v
o) Y 5 Y, Q
]

More stable carbocatlon being a hybrid of larger
number of resonating structures resulting in
greater spreading of charge.

e Itis because attachment of the electrophilic reagent at position 2 results in the
formation of a more stable carbonium ion which, is the resonance hybrid of
three structures 11, IV and V.

e Furan is more reactive than benzene i.e., less aromatic than benzene because the
lone pair on the oxygen atom is involved in resonance.

a) Nitration and sulphonation:
5. When furan is nitrated with acetyl nitrate or hot solution of nitric acid
and acetic anhydride , we get 2-nitrofuran.
6. When furan is treated with pyridine and Soz mixture we get furan-2-
sulphonic acid.



4 \\ B SOy4-Pyridine // \ CH,COONO, / \

A ~SO;4H (Sulphonation)- Nitratior >

" \O (Nitration) - NO,
2-Nitrofuron

b.Halogenations:

e When furan is treated with chlorine at 233 K we get 2-chlorofuran and 2,5-
dichlorofuran.

@\COOHL&/@COOH == erﬂ

0
Furoic acid 5-Bromo- 2-Bromofuran
furoic acid

b) Gattermann reaction:
e It under goes Gattermann reaction to give furfural as the product.

AICI,
HCl + HCN ——> NH=CHCI

ACl H,0
Z/ \3 + NH=CHCI — > @CHO
o

0
c) Friedel- Crafts Acylatlon:
¢ Furan can be acylated with acetic anhydride in the presence of BFs or SnCls
at273K to yield 2-acetyl furan.

Q
[ =2 [ ).,

0 O
Furan 2-Acetylfuran

d) Mercuration :
e |t can be mercurylated to give 2-chloromercuri furan.

D ﬁ’ @\chl

o

e) Gomberg reaction:
e Itis used in synthesis of 2-Aryl furan.



@ + AN, CI ”_ET‘Z'H. @m
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CHEMISTRY OF PYRROLE, (C4HsN)

e Molecular formula: C4HsN. It is a five membered ring compound
containing a nitrogen atom.

PREPARATION:

I. Isolation from bone oil:
e Pyrrole distils over in the fraction boiling between 373K and 423K.
e This may be purified by fursing with potassium hydroxide. Solid potassio
pyrrole is formed. This on steam distillation gives pure pyrrole.

Steam
C4H4NK + H20 ——*‘""CdeNH + KOH
) distillation
Potassio- Pyrrole
pyrrole

ii.  Manufacture from Ammonium mucate:
e It can synthesised from ammonium mucate as the startin material.

(CHOH),COONH, ooy 1\
l B ok +2C0,+ NH, + 4H,0

(CHOH),COONH, 470k N
[
iii.  Convenient preparation:

e Succinimide undergoes Keto-Enol tautomerism and enol form
undergoes reaction in presence in zinc dust to give pyrrole as the

product.
C‘O /OH
I/l _cH
H\/c:\H(’C HCZ "\ 7zn  HC= -
| \NH — | NH > ‘C /
s
CH.¢/ HCs¢/ HO=ch
P % ‘
H \ \
G0 OH
Succinimide Enol form Pyrrole
(Keto form)

iv. By Paal Knorr synthesis:
e 1,4-diketone is heated with ammonia. We get pyrrole



\
H,C—CH, (./CH—CQZ
/ NH
H,C—C C—CH, —= c—cC .~ *C—CH, »
\\ d C Heat ) W\ V4
o NH O

Acetonylacetone
(1, 4-diketone)

H

/-
HC—CH e
TP se., LN
HC— Ny~ CHy
H

HC™ N\~ ToH
H
2, 5-Dimethylpyrrole

PROPERTIES:
e Itisacolourless liquid. It is sparingly soluble in water but readily
soluble in alcohol and other.
REACTIONS:
1. Reduction
It is a weak base. It dissolves in cold dilute acids.

CsHaN-H +HCI
Pyrrole hydrochloride
2. Electrophilic substitution:
e Pyrrole is a reasonance hybride of the following five resonating
structures (I to V)
e If obey Huckel’s rule and contains (4n+2)x electron.
e The molecule is planar. Therefore it is atomatic compound. It is
also less atomatic than benzene.

, CsH4NH HCI

H
':{ N: Y
— l\ /]
Attack at Il S
> | ' !
position 3 < @X ~N
N N
ak . ! ’ 1
// \ il ; /7:_ Sp—— H
& B / H > -
: atackat L fl § \ _H <> (L3 o . g
position2 [/ A N N
i \J

v
1

e lItis because attachment of electrophilic reagent at position 2 result
in formation of a more stable carbonium ion, is the resonance hybrid
of three structure 111, IV and V.
e Pyrrole is more reactive than benzene (i.e.,less aromatic than
benzene)
a. Nitration :
e When pyrrole is nitrated with nitric acid in acetic anhydride we get pyrrole.



,V \": HNO,in @
o (CH,C0),0 at 260K N NO,

H H
Pyrrole 2-Nitropyrrole

b. Sulphonation :
e When pyrrole is reacted with pyridine and SO3 in ethylene chloride , we get pyrrole -2-
sulphonic acid.

/ \ F_hl,-rr'dz'na-SOJ N @\
N in C,H,Cl, N SDJH
H H

Pyrrale Sulphenic acid

c. Halogenation
e On halogenation we get 2,3,4,5-tetra halogenopyrrole E.g., with iodine solution it
gives 2,3,4,5-tetraiodopyrrole.

h H
H
Pyrrole lodole

3. Reactions in which pyrrole resembles phenol :
a) Kolbe’s reaction :

COOH
(/ \5 L et @\ . Z/ \>
N N COOH N
H H H
2-Pyrrole- 3-Pyrrole-
carboxylic acid carboxylic acid

b) Reimer- Tieman reaction:

[/ \5 + CHCI; + 3NaOH —> @ + 3NaCl + H,0
CHO
N N
H H

2-Pyrrole-

carbaldehyde

c) Coupling reaction:



.
[N e, [
N~ N=N-CgH,

solution
H

Ir=z

4. Ring expanding reaction:
e Methylene iodide in the presence of sodium methoxide, pyrrole ring expand giving
pyridine

oS CH,OH
f/ \} + 2CH,0Na + CHyl, — || + 2Nal + 2CH4
bz
N N

H
Pwolﬂ Pg,rlidine

5. Oxidation: Pyrrole is oxidised by chromic acid to give maleic imide.

HC—CH H/C=C\H
/\ Oxidation
HC\N/CH CrO,4/H,S0, OC\N/CO
H H
Maleic imide

6. Reaction with Grignard reagent:
e Pyrrole react with Grignard reagent to give N-pyrryl Magnesum lodide.
e The Mgl group is substituted in position 2 because give 2 substituted pyrroles.



@ S, @ o éj\COOH
y ; 3

Mgl ) )
Pyrrole N-Pyrrole- Pyrrole-2-carboxylic acid
magnesium lodido

CH,
o] loneon, 7Y
@CH; KN/\ ] == i COCH,
H H

H

2-Methyl 3-Mothyl 2 Acetylpyrrole
Pyrrole Pyrrole

CHEMISTRY OF THIOPHENE: (C4HaS) :

e Molecular formula: C4HsS. It contains one sulphur atom in its rings. Number 1 is given
to the sulphur atom

©®

S

Thiophene

PREPARATION:

I. Isolation from coal tar:
e Coal tar fractionally distilled. The fraction collected upto 170°C is known as light
oil. Their boiling points are also very close to each other.
e Thiophene is separated by refluxing the mixture with aqueous mercuric acetate.
Thiophene is mecurated.
ii. Manufacture:
Thiophene is manufactured by passing a mixture of acetylene and hydrogen sulphide
through a tube containing Al.Oz at 670K.
R
CH A'zog + H
2 '(Ile + HS ok HC\§/CH ’

PROPERTIES:

e Itis colourless liquid, smelling like benzene, it is insoluble in water but soluble in
alcohol and ether.

REACTION:

1. Reduction:



[ \5 @, CH,CH,CH,CH, + NiS

S5 2
Thiopheneo n-Batane

2.Electrophilic substitution:
e Thiophene is a reasonance hybrid of the ten resonating structures.

¥ E) (i A

o (¥l — =Ly 1)
0@ O d) O

e It obey Huckel’s rule and contains (4n+2)n. The molecule is planar. Sulphur atom is
less electronegative then oxygen or hydrogen atoms.

e Structure I to V are got when sulphur use its P- orbitals. Structure VI to X result
when sulphur uses its ‘3d’ orbitals also.

e Electrophilic reagent at position 2 result in the formation of a more stable carbonium
ion, which is the resonance hybrid of the three structures 111, IV and V.

e position 3 result in the formation of a stable carbonium ion which is the resonance
hybrid of only structures I and I1.

i L
.@ —

/V
> 4

<

a) Nitration andSulphonation :
i.  Nitrogen of thiophene with fuming nitric acid in acetic anhydride gives 2-

nitrothiophene.
ii.  Sulphonation with cold concentrated sulphuric acid gives thiophene-2-sulphonic
acid.
b) Halogenations:
e When thiophene is treated with N-Bromosuccinimide (NBS) it gives 2-
bromothiophene.



Q) — L,

Thiophene 2 - Bromothiophene

¢) Mercuration:
e When thiophene is treated with HgCl. in presene of sodium acetate, we get 2-
Chloromercuri thiophene.

[N caatete s, Q
CH, COONa HgCl
S
Thiophene 2-Mercurichloride
iniophene

d) Friedel —Craft’s reaction:

e Thiophene may be acetylated with acetic anhydride in presence of phosphoric
acid or with acetyl chloride in presence of stannic chloride to yield
methyl-2-thienyl ketone.

H.PO
Z/ \B + (CHyCO)0 ——> Qcocm

S
i Methyl-2-thienyl-
Thiophene , Lt
e) Indophenin reaction:
e Thiophene is treated with isatin and sulphuric acida blue colour is formed.
This test is used to find the presence of thiophene in benzene.

CHEMISTRY OF PYRIDINE, (CsHsN)
e Molecular formuls: CsHsN. it is six membered ring compound containing a
nitrogen atom.

dory

N“"'\Burﬂ-
[ _,..-"'2“'1

M
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Pyridine

PREPARATION:
a) Hantzsch synthesis :
e This is a method to prepare pyridine derivatives.



H.C,00C N
e & _CO0CHs  h,c,00C COOC,H,
CH, [ H,C 52 S
e T — T
U ZUN\
H,C™ ~0 H 07 “CH, H,C” N7 TCH,
< H
tat
Ehyl acetoacetate ’l\j BRI Y
(3-dicarbonyl
compound) (0]
H,C,00C COOC,Hs
AN ) /
l J (i) KOH/C,H5OH \
e M B
(i) Ca0, heat, -CO, XN
O H,C N CH,
H,C N 3

2, 6-Dimethylpyridine

b) From acetylene :
e Acetylene and HCN are passed through a red hot tube, we get pyridine.

CH X
2| + HC=N
CH

Z
N

PROPERTIES:

e Pyridine is a colourless liquid, boiling point 115°C, it possesses irritating
smell, it is miscible with water in all proportions and is hygroscopic, it is
basic nature.

REACTION:
1. Reactions:
e When it is catalytically reduced with Ni and H2 or reduced with sodium and
alcohol we ger poperidine.

Na/CzHSOH
CiH,, + NH, <«—"—
5712 3 450-470K e
n-Pentane N

H
Pyridine Piperidine
2. Electrophilic substitution:
e Pyridine is a reasonance hydrid of the five resonating structures.

e These structure the long pair on nitrogen atom , it is more basic than pyrrole.
e Pyridine obeys Huckel’s rule and contains (4n+2)x electron. The molecule is
planar, it is an aromatic compound , it is more aromatic than benzene.



e Structures | to VI are less stable than the corresponding ones for attack on
benzene because of the electron withdrawing nature of the nitrogen atom,
therefore substitution in pyridine is slower than in benzene.

Y. 'H

500~ 0)

Espectally unstable
nitrogen has sextet only

* Y Y Y
J H / i H / H
l T Vg T et 2
N/ N/ N
iy v VI

a) Nitration:
e When pyridine is nitrated with fuming HNO3 we get 3-nitropyridine.

570K

3- Nnropyndme

b) Sulphonation:
e When pyridine is sulphonated with H.SO4 or SOs at 573 K, we get
pyridine -3-sulphonic acid.

SO H
Cone. H,80, e
ook

Pylidlne Pyridine-3- sulphonlc acld

c) Halogenations:
e Pyridine and bromine vapour are passed over charcoal catalyst at 573
K. we get mixture of 3-bromopyridine and 3,5-dibromopyridine.

o Bra, STOK
l P Charooal
N

Pyridine 3- Bromo 3, 5- leromo
pyridine pyridine

3. Nucleophilic substitution reactions:



e Pyridinering a benzene ring containing strong electron withdrawing
groups. So position 2 and 4 become slightly electron deficient.

¢ Nucleophilic attack at position 4 yield a carbanion is a resonance
hybrid of structure I, Il and 111 .

e Attack at position 2 is similar to attack at position 4. Attack position 3
yield a carbanion is resonance hybrid structures 1V, V and V1.

¢ All the above structure are more stable than benzene because electron
withdrawing nature of nitrogen atom.

e Il is stable because the negative charge is on nitrogen atom is more
electronegative than carbon atom.

e Pyridine is un reactive electrophilic substitution and highly reactive in
nucleophilic substitution.

H\/NH2 H NH, H  NH,
l + NH, > ( ) «—> C[ ’ —
N \N'é ON NN

(Especially stable)
negative charge on nitrogen

oo A H H
L) C L
«~—
/ < o«
N LA N/\J \N v
v
v VI

a. Amination:

D P
450-470K _
N/ Br N NH,

2-Bromopyridine 2-Aminopyridine

4. Basic nature:
e Itisastrong base because it contains a tertiary nitrogen atom with a
lone pair of electrons which can accept a proton. It form salts with
inorganic acids.



|
C<HsN _E_, CsHsNH}CI

Pyridine Pyridine hydro-
chloride or .
pyridinium chloride

e Pyridine is much stronger than pyrrole
Reason:
e The lone pair of electrons on nitrogen in pyrrole is involved in the
aromatic sextet. So it is not available for donation to a proton.
e The pyridine the long pair of electrons on nitrogen are not involved
in the aromatic sextet. So they available for donation to a proton.

Structure of pyridine:
1. Itis extremely stable towards oxidising agents like KMnO4 chromic acid
and HNOg.
2. Through the molecular formula suggest unsaturation in the molecule it
gives only substitution products with chlorine and bromine.
It can be nitrated and sulphonated.
It’s amino derivatives can be diazotised, and coupled in the normal way.
Pyridine contains five carbons, one tertiary nitrogen and three double
bonds. It like benzene. It is aromatic.
6. Molecule formula of pyridine deduced from its analytical data and
molecular weight determination is CsHsN.

ok w

CHEMISTRY OF INDOLE, (BENZOPYRROLE) CsH7N:

e The molecule of indole is made up to a benzene ring fused with a pyrrole ring.
e Indole occurs in coal tar, jasmine flowers and orange blossoms. It is the parent
substance of natural indigo.

g%

H
Indole

Synthesis:

1. Fischer-Indole synthesis:
e This involves cyclization of a phenyl hydrazone of an aldehyde or a ketone in the
presence of sulphuric acid or anhydrous ZnCl; or other acidic catalysts.

1o
O~ 6 ¢

NG (o] N » 2
(ot (10 2= C I
) = »
. A ~NHy ¢ H " Neh. N ; ‘
~ NH 6 5 3 AN N ] “\\,5.,/ ~ g ~
NH N CGH
H

5

Phenyl hydrazine Acetophenone 2-Phenylindole



2. By heating 0-amino-w-chlorostyene with sodium ethoxide.

CH=CH—CI
C,H;ONa |
— >
Heat
N
NH, H
Indole

PROPERTIES:
Physical properties:

e Indole is a crystalline solid , melting point 325K, which plate-like crystals.
e Indole has a strong unpleasant faecal odour, pure indole in dilute solutions has a pleasant
smell and use in perfumery for preparing jasmine and orange blossom blends.

Chemical properties:
1.Electrophilic substitution reaction:

e Indole is considered to be a resonance hybrid of the five canonical

~ structures.
- Cij -
|J\ <——’ | N/ ‘*’ u/ F :'j/
H
| I 1l
PwGw @U ©j
- //\ ) o \ /J
H
VI Vil

¢ The conjugated structure | is most stable. Two of the structures 1l and IV
carry a negative charge at position 3. Therefore, electrophilic substitution in
indole normally occurs in the 3-position.

a) Halogenations:
e It is brominated or iodinated in 3-position. With SO,Cl; it gives 3-chloroindole.

Cl |
N N N

H H H
3-Chloroindole Indole 3-lodoindole
b) Nitration : h
¢ On treating indole with sodium ethoxide mixed with ethyl nitrate, 3-nitroindole
is obtained.




s
e C,H,ONa
- L | “2"s | I|
e M s = N7
H
H 3-Nitroindole

¢) Sulphonation:
¢ On treating indole with SO3 in pyridine at about 390K, 2-indole sulphonic acid

is produced.
395|< " SO,H
H
lndole 2-Indole-sulphonic acid

3. Reimer- Tiemann reaction:
¢ With chloroform and sodium hydroxide, indole gives indole-3-aldehyde.

CHO
@l—j = @ij
N OH
? N
H

lndole 3-Indolecarbaldehyde

4. Mercuration:
e On mercuration with mercuric acetate, indole gives 2,3-diacetoxymercuri-

indole.
HgOCOCH,
_ (CHiCOOHg ©;—:[
HgOCOCH,
Indole

5. Reduction:
e Indole on electrolytic reduction gives 2,3-dihydroindole.

N
H

Octahydroindole Indole 2,3 D\hydrmndole

6. Gettermann reaction:
e Indole reacts with HCN and HCI to form 3-formyl-indole.



_CHO

HCN/HCI
H,O
N
H
Indole 3-Formylindole

7. Diazo coupling:
¢ Diazonium salts couple in the 3-hydroxyindole at 2-position to form diazo
coupling product.

OH OH
&«
CgHygN,CI
| N |
NaOH
N low temp. N N=N
H H

3-Hydroxyindole

CHEMISTRY OF QUINOLINE, (BENZOPYRIDINE),C9H7N

e In quinoline, one benzene and one pyridine kring are fused together at thr ortho
positions.

e It does ot occur free in nature but many alkaloids derived from this ring system
are well known, such as quionine , atarbrine, etc....

5 4ory
\ 6 A 3orp
o 3 0)@
P 7 > 20ra 2
N 8 'Xl

Resonance hybrid
Quinoline

PREPARATION:

1. Skraup synthesis:
e It involves heating of mixture of aniline, nitrobenzene, glycerol, concentrated
sulphuric acid and ferrous sulphate.
¢ Nitrobenzene acts oxidising agent while presence of ferrous sulphate makes the
reaction less violent.
(i)  Glycerol loses water to yield acrolein.
(i) Aniline adds on to acerolein in the 1,4-position.



CHO CHO

,'/\
e £l NaOH alb CHy 4
3 W d Y
PPN " y ol
N NH2 07 H N N

o-Aminobenzaldehyde  Acetaldehyde Quinoline

2. Friedlander synthesis:
e It involves a condensation between o-amino benzaldehyde with acetaldehyde in
sodium hydroxide solution.

PROPERTIES OF QUINOLINE:
Physical properties:

e Quinoline is a colourless oily liquid, boiling point 511K, Sparingly soluble in
water but readily dissolves in alcohol and ether , it is volatile in steam.

CHEMICAL PROPERTIES:

1. Basic nature :
e Quinoline is a tertiary base and resembles pyridine in many of its reaction. It
forms quinolinium salts with inorganic acids and quaternary salts with alkyl

halides.

N

LI e
|

CH,

,_,f"t‘% S
) cr
— N ==
H
Quinoline methyl-

lodide or N-methy Quinaling Quinoline-
quinolinium |'0did3:3 hydrochloride

2. Electrophilic substitution reactions:
Quinoline is a resonance hybrid with resonance energy of 264.9 KJ mol.
It is attacked be electrophilic reagent at positions 8 and 5 and nucleophilic regents at
positions 2 and 4.



Structures I, II, VI and VII have one aromiatic sextet intact)

e Electrophilic attack at position 5 or 8 gives a carbocation, which is resonance
hybrid of seven canonical structures.
a. Sulphonation:
e Fuming sulphuric acid at 490 K yield quinoline-8 sulphonic acid with a small
amount of quinoline-5-sulphonic acid.

SO,H
5 4
6 "% Fuming H,S0, N N
> +
490K
7 a2 S S
. N N N
1

SO,H
- 3 .
Quinoline Quinoline 8-sulphonic acid  Quinoline 5-sulphonic acid
(Main product) (Small quantity)

b. Nitration:
¢ Quinoline is react with nitric acid and acetic anhydride give 3-nitroquinoline.

N HNO, (. O S "
>
A0 - ‘ /J/
N - N

Quinoline 3-Nitroquinoline

c. Bromination:
¢ \Vapour phase bromination of quinoline gives 3-bromoquinoline at 770 K , the
product is 2-bromoquinoline.
e Bromination under condition of hight acidity produced 5 and 8 bromoquinoline.



\ 3
770K vapour
phase

2- Bromoquinohne Quinoline 3-Bromoquinoline
Br
5 A Br,, | High acidity
6 X3 X
+
2
7 P /
8 N N
1
5-Bromoquinoline 8-Bromoquinoline

3. Nuclophilic substitution reactions:
¢ Quinoline unde goes nucleophilic substitution reactions at position-2.
a) With sodamide:

5 4

O = O

7 2 =N TNH,
o

2-Aminoquinoline

b) With n-butyl-lithium:

= =
P
X N C4Hy

2-n-Butylquinoline

4. Oxidation:
e VVigorous oxidation usually oxidises benzene ring with the formation of
quinolinic acid and oxalic acid.

4

m _ Alkaline KMn0, _ (I COOH
COOH
SN "COOH

Qulnollne Quinalinic acid Oxalic acid

5. Reduction :
¢ Reducing agent like sodium in liquid ammonia or lithium aluminium hydride,
reduced it to 1,2 dihydroquinoline.
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"’/ |r R ’ Hy/NI | H i H, /Pt l l 1
l » | e
S N & _ CH,COO0H | y

N/ AN "N~ " \\N/’
Quinoline H H

1,2, 3, 4-Tetra- ;
Hydroquinoline Dg%?,’:ﬁ;fj,;o

NaNH, 2 7 S
————p
or LIAIH, % H |
N “N"
H
1, 2-Dihydro-Quinoline

Uses of quinoline:
e It is high boiling solvent, as an antiseptic, in analytical work for precipitation of
certain metals.

Constitution of quinoline:

1. Molecule formula of quinoline as deduced from its analytical data and
molecular mass determination is CoH7N.

2. Just like benzene quinoline undergoes nitration and sulphonation.

3. It forms quaternary salts with alkyl halides. The presence of a tertiary nitrogen
atom

4. On vigorous oxidation with alkaline permanganate it gives quinolinic acid and
oxalic acid.

CHEMISTRY OF ISOQUINOLINE, CoH7N

e Like quinoline the molecule of isoquinoline is made up to benzene ring fused
with a pyridine ring but in a different position

5 4 5 4
6 X3 6 X3
7
/N 2 7 2
8 1 8 N
Isoquinoline Quinolin;

PREPARATION:

e Isquinoline is always present in quinoline and may be separated from it by
converting the mixture into sulphates which are separated by fractional
crystallization from alcohol.

1. Bischler —Napieraliski synthesis:

¢ This involves acylation of 2-phenylethylamin with an acyl halide to form an
amide which can be cycliced with phosphours oxychloride to produce
dihydroisoquinoline.

¢ Dehydrogenation of the latter with a palladium catalyst gives isquinoline.

PROPERTIES OF ISQUINOLINE:



e Isquinoline is colourless liquid, melting point 296K , boiling point 513 K having
an odour resembling that of benzaldehyde.

Chemical properties:

1. Basic nature:lt is a stronger base as compared with quinoline.

Isoquinolinium Chloride Isoquinoline N- Methyhsoqunnolmlum lOdldG

2. Electrophilic substitution :
a) Nitration:
¢ On nitration the main product obtained is 5-nitroisoquinoline together with a
small quantity of 8-derivative.

NO,
X Nitration \\\ . \\
N N N

Isoquinoline 5-Nitro Isoquinoline 8-Nitro isoquinoline

b) Sulphonation:
¢ Sulphonation of isoquinoline also takes place mainly at the 5-position and to a
small extent at 8-position.

SO,H
-

Xy n,s0, = .
N =N =N

SO,4H
inoli Isoquinoline-5- Isoquinoline-8-
Isoquinoline sulphonic acid sulphonic acid
c) Bromination and mercuration:
e On bromination isoquinoline give 4-bromo-isoquinoline.
e Similarly mercuration with mercuric acetate.
HgOCOCH,,
(CH, COO)ZHg
.l )
4-Bromoisoquinoline Isoquinoline 4-Acetoxy mercury-

isoquinoline

3. Nucleophilic substitution:



e Nucleophilic substitution in isoquinoline at position 1. When treat with
sodamide , it gives 1-amino-isoquinoline.

\T NaNH, T
—_
/N
NH,
Isoquinoline 1-Aminoisoquinoline

4. Reduction:
¢ Isoquinoline on reduction with sodium and liquid ammonia gives 1,2-
sdihydroisoquinoline.

o ’ Sn /4:\
) e | \
R 7 //NH HCI \

1, 2- D|hyd ro-
isoquinoline

Catalyst OO

Octahydro-
isoquinoline

1, 2, 3, 4-Tetrahyro- Isoquinoline
isoquinoline

5. Oxidation:

e Pyridine ring in isoquinoline is not so stable as that is quinoline. On
oxidation with permanganate it yields a mixture of phthalic and
cinchomeronic acids.

COOCH HOOC

- o N
-1
N r-.i
Z S COOH HOOC F

Isoquincline Phthalic acid Cinchomeronic acid

Constitution of isoquinoline:

1. Molecular formula of isoquinoline as deduced from it analytical data and molecular
weight determination is CoH7N.

2. Isoquinoline undergoes nitration like benzene. This indicates the presence of one more

aromatic ring in the molecule.

With alkyl halides it yields it quaternary salts.

4. This structure is further confirmed by synthesis of isoquinoline by condensing
benzaldehyde with ethylamine and passing vapours of the product through red hot tubes.

w
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Cinnamic acid
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LYlem 600t LI L| &) 6V 62 D 600 M LI 617 600T LI L| &5 60T 600 LO6DILLI UL LD, C-OH
LY emevor LILN L& 60 @) T L6050 L L9 60)600T L1 L| &5 60T6m LD | LD &) (1H > S LD.

e 6160TG6U C = O BeTDGEL_CLMeofl6V ‘CO’ e SHSHIDTHL TS,
@ G5HGLIMEL C-OH LIemevor 1L 31,6085 amMmeu& 616l C-OH
L em6voT Liem LIS L& 60 MeU T8 2_6TemS1. COOH @ 6ve_aTerm ‘CO’
T Tl 66T G L GL 6T 6T @) 6VVITH S M & @) S C6U 8 T6uoTLD.

o asriurdF 605 06VHIS6TEH M TFIa DT TauBlemeuullew b &6 LD
QSTLIJL|6DLUI6m6.
(PeTL &L 198 ML LILILL LG 6levGLmedlevsH el _6Terg.
@\[HS 5 TI600T IRl 6IT TV, ‘COOH’ @6V 2_6T6m ‘OH’ BL6V &M MeV & 6rfl6v
‘OH’ & (WD & MevoT L1l & (&0 2| 60)60T 5 1 6T H) (76111 601 60T 5 60 61T U LD G ITL_ LTSI,

P4 O\

R—C

- C—R
N0-ess Y 07

Cam 6wl FwerTuT®:

e 3)5CHIHCHTL(HEL LG60T M MMVGSTLTLY,
@) ! b M) LD6v0T @& [T LD M1 85 61T 6L 61 60) 60T 85 &) 10 60T LO &1 &5 (IH 61 & [T [T 6001 1 & 61T |
LOMmMILD R ellemeTemeuailalifl&H ma.

FLeorUm@):

e GaMQILNL &FLO6OTLITL 19.60T @) [F600T (h 611 6) IS 6ITL_GITET6OT. |60)6)

i. logK/KO = a.p
ii. logklko = o p

uwiestLm(

o GamGivt" FiwsstLiT®GLOTGEDT ITLO MM MIG) LI60T & 60T @B L60TLO L (H GLO QI &F W6V L

G& DG, 2i&ia|D m- LDHWID p .
06T IeleneTSaTsH MG L (HGLWLTHNRMSI.

alleTdH & 1D:

o mEHMSHLELITCHFTQWL LDMHMILDM- LOMMILDP —
LS eSHQsFWLIULLeSHevauUeTCFmCUL M seflerBrmmu@LiL.



@8I LS Teasm;sLiLGSRDnS.
THSQUMHGSMILILINLLerHiellenerubal & &L mned & eTs6V6v S &0
Blemeu LMl 68 & erfl6dT Q & M@ LI LTS @) (5 & &5 LD.
@SOS TGS LIL TR T66m60TS 6T ST [F6eT60TMIS|6MLP&HSLILIGISGMS!.

e KeledTLIGI M- LDMHMILD p-
LS eSO QFWWLILILLQU6TGF MUl &3l eui g 6rfl 60Ty Ul 6ot I WL M & LD LD T
MIWNSTQH TGS LILUTEHEES) HESHEHL(HILD. K *6TedTLIG m- LoMMILD p-
LO T M1 LT6m 60160 G 19 & 9 Ll 6v i & 61Tl 60T Wl 6ot l I & & LD Lo mdl 69l S5 61
OTOSHMTGLILTHQHEHSHL_(hLD.

e logK D& LILSH6THBlemeuILFlsvilblog K
S LIL&HTHemL WL Favilner(h &Sl eUemnTLIL DU T HSIT6V ,
BLN&GCHTCHTH T 60L& GLD.
@bSeUflEF T LMl pmISLILIGS M.

log K ’=plog K+ C (1)

o @EGHp6redTLISICHFTC&HITLL.60TF [fl6y L0 MMILDCET60T LI &I G 6u L (b & Sl 6voT
(.
RHASTTMHMOLIETCFTUINEH L 6VE S HEF MLIL|BISHLDLITS
BTLD&IHSHEVTLD, @& eVnmMHMIH, LedTeor J& 06T LM,

log K’0=plog Ko + C (2)

.-

!
wi
&

'
&
e

)

-

-



o s Q) sfas

) = ()

log K Kq

e CrLTHFWMTHR6U6LCMITHTaNMETOSHTL J&H6TER([H6U([HHC ST
BUTOSTLIL 60 UISTEHG@(HEHSHEVITLD.
@& W6t wma s L mNl6dl & 61T LIeuLE & & 3160601 Wi & &1 LT3 el L
LI 6USITeV, [Blemev U meoTeT &) Fedlem et wimss 25 ° C
QauliuplemevuilevBfleommHmLUILIL L Q6T & mull & oLl vk g erfleor
WeflWmes5enE5CanaL CHTaQFUWISTH.
GamQ L s(HLSH WLDmMed eTedTmIoem T UIMIS ST

a = log (substitutedbenzoicacid)/(benzoicacid)
(3) 2_aTar (4) LU SH
logK'IKo=a.p

611556606078 (& LD LIl 6dTeU (HLO & LD 6T LIT(H 6T S LIS M &l
logKIKo=a.p
allewerGaus DM HTASTLFL LM &S LU Geuevor(hLomuiera et Im@ LI
60T (HLOIT(H 3, G LD.
logKIKo=a.p
o 6T & WG SI6ILD

o aLIHSH MMM eTeTMIMPESLILGIMSI.
DAL FEEM6TLIQLITMIS S 6I6MTe(HM
6LV SIPLIT 65119 60T6T [H & 6T F) [Terll 6 60T LIl 61 LD &1 (1H 61 61l 6t 616 65T 61T
o emef(hlosGLD.
15 5 GBIT L0 60 D a6T60T M ITEV B 856T6V & L [T IT6dT &) (H LD LIL1GQ LIMIGU SILO T
MMTGLD.
P &TH TN M0 &MU 3 F) & 6T6v 8 LT e euerluhleredr LG
emamL_JeeofledrDMMMIaln S UL LL 83l UIDTEGLD.

paledT(LpFluidgleuLh :

o aFialswarlDTMIed6eTeTMIMPNEHSHLILIGSHMSI.
@) S16U 6D 6T UL & D) 60T ! (TH 6L el 60)6TEY B @B & G HMH &S LILIL_ L eTH Tl
6T & ITLIf160T2_600T J B M 6073 6T () 3, G5 LD.

wrHnf (Hser:



o GoaumiallsLorsdam PleTTs,
Q&ETH &G LILLLerHIallen et &L ifleor Lommmmi&serfl6or2_6oor T & M
60T e|emef(alnmm L 19 60T LOHLIL].

o GBTwedMWTSE)(HHHT6V,
6T6V & LT IT60T &) (H LD LILI Q) LI MILD & (LD & & 6T TV E) & & 60 85 UL 6T & [T &)1l 60 60T
2 _Ha|LD.

o srflirepurs@)(BHSHT6V,
6T6V & LT 60T &) (H LD LI Q) LI MI LD &5 (LD & & 6T TV @) & & 60 85 UL 6T &) [T &)1l 60 60T
&H6m L LI(h LD6T6dT LI TGS LD.

GaMGLDL_&LO6OT LIML_LY 60T LIUI60TSH 61T
6. wugeuboFlliLy, HiHeuaisnearayser M-KlenevsnpuwiailL_ O-

Blew eV Uil6LLOl& & F M S 661 6TEIT LIS &> TEWTAH M T LD.
am T @6V 63T S ET6TSH T LITTLIL|S61T.

¢ QFHTG&H &erletT o, HMILILI(H S S HVH MEILD:

7. -m- BlemevemwledlL p-
&&alBLIL|6TH TN MWITEHE) [(HE G LS SH s6TerevdH LG s L1608
D_60)6V 55615 8555 IT60T6U 60) 61T UL &5 &) 60T G\ LI &1 61 6ot 6] 60) 60T 85 &) 1D 60) 60T B\ 5
& @&LD. Qemel o- LnMHMILD p- @) WEGLD. (6T.851T). NHz, CHa.

8. -Mm-GpriwswmenwaiL_ p-
&@&CBTwemmwTeTS LI e L wLFed (hH6TeTevsh 1 CrmosLiledldhe _emevds Ehdd Temel
SWEIT LI & 55| 63T ) LI T &1 611 T 63T 6] 60 63T &5, 35| 1 6 63T 5 (6 M & 63T M 6WT. Qf6u T FH6iT M-

QusgHpriser. (sr.am). NO2, COCHs.
31,6082 60755 61T 60T 62 (LD & 6V IT M 60 M 61 61T EH (& & 6V:

o  VmeTaTEB T eMULD T LI6D LG 6 & Te0oT (b 6T6T60T.
@) S161 6D 61T LI &5) 60T Q) LI TSI 61 T60T6M] 610 60T & B) 1) 60) 60T (&5 60) M LI LI & &l 61T 8>
GH M. 2LE0TT6L p- LG m-
DG L1L| 85 6m6meN 6T S [T LD 6D M UL ITEOTS1 . 6T60T G 6L Y, 6082 60T 61T 0- LOMHMILD p-
QU&GLD.
STERTL_VMHMID2_1_ssllenere)al6) & 60)6Te 618 & 5 6L:

o omlDMHMIDNa G 6U6)EE6UMI M &M 860 6TE 6 & TEvoT L9.(H & &G LDCLIMS, |
LOMMILD Reem 66 & @HLD6TH [T H 6t & Wl 6V @) (1H & & LD.
LS eSHQsF WU LeUeTGFTUINE S L6V HIHET:

9|LilevmisaflsiTeusdlentn:



9. QuerGsrullsgilevibHmidFi 195 LllevsFlsiTausdlewoewuiBTidsp Ll (HbCLITg),
CueTGaTulls 9 Lilevibausdlen oLl G % ).

STII63TLD .

oollLIETIIEVEH T Riommiid —1@)restemL_ujibGls et Hsitarg). g COOH

G WYL TCBHIIg WITHE)ewenTd s ILRDEUTS].

| -1 aflew ey Lilevauedlew 06w Wi S & T15HF M G ., 60T T 6L

+Rallenerey s Lilsvarsdlosy w@GHswm&EHE M. Bl% rallenereyCFidendsul Td @) (5 @ LD.
soLTemerrev G pallerplsralenarey (-, + R) 6w + |
allemarenauaill_@&emmeurse 6rerg|.

sTaaTGu O LIstTCFTuildh 9 LileV 1D F1' 19 & LileVSemBailL_cuedlewLowITevT ).
9| levggeiTew LoullssTiommmy (h s el sirallemersy

6T6V LI TedT &) (LD LI L1 61 Lim) 1D (& (Lp 9 LH 6V 6x160] 63 LD 6w W1 B B 5 1155 (&5 1D,
BB BT HH6V6T6V L[ T6dT DB 15 (& LD &) (LY B 61T 9 L 6V6 60163 LD 68 L1 &5 (6 M 5 (G LD

2 _SHTT6STLOTS.

P-ewp L Grmwmmiid P
&CarTGrr6lLstTCFmuilds)Lilsvid @) rewt (B b6 LIstTCFT Uil % LilevbemsallL_susdlenLo
wresTeney, 676 6arentleD @) emeu @) revoT(HLD6TEVE: LI TedT &) (LD LILIG LMD & pddeir (-

aflemerey).
COOH COOH COOH
NO, c1

ii. P-swp L CrmreusitGamuildLilevn P-
GBarTCrrelusTCFruils o) Lflevsemspalll_susdlemwwTerg. P-sewpbl Crr@gepallsy -
woHmib + R ailewerey@)rent(h b(3) uiBi@H6usHT6VS T6IT. %I (LpLg 6 6T6erTent GlausiTmTsL,P-
GCarTGrrelusTCFruils s Lilevsemsalll_susnruL allewere)6lsmenrL_sTevdsL rrer P-
sw bl CrrelLeTCFTuildh D LileVH BV BlHLD. 9|H6vTT6V

P-ewp L CrroluesiTGFruilds gy Lflevid p-
GCarTCrrelLsTCFruildh ) LilevdemsallL_suedlen LOulITeTg).



COOH COOH COOH

566

NO, c1

iii. P-@l_rrggrruﬂésgiL&GULD@umGafrruﬂasgiLﬁisog,mg,slﬂl_usvsﬁmwrrm@ﬂﬂevwrr@m.
COOH &g p- plemsvuilsve_sirem©l g slsv@wp + |
wHmibewanliLiisTereymGsagarsrranToms + R allmerensussHL(BSSH1S DS
@)bseT6vE LT TeiTGleuatlufL (halleweareayserelLsiTGFruils g Lilsvgemsaill_LisvaTesiom
6UT S| LO16V G 6m B2 (16U T &5 (& 3| 63T M 63T

IV. sman_rr&Eedl6ustCGaruildssflevgamsituTnsSseusnr, P-

swan L& a6 Lt GFmuils 9 ilevib<6lLIssT@FTul & 9 Lflevib<m-

swan L& 606l LT CFmuild 9 Lolevid<0-eweaun L5 6v0 6 LissT GFmuild 9y LBl6VLD.
HOH@w -l wpmib + R allewerey -1 afleneareneuliGlLirmissauenreaus)surssrg;.
93,586 OLHMILD

PBlewsv et LB % reTevE LT TeTGleuafluf Ll (hailsweareyssire_sraresriom mILbeTeVd LI TedT
SHuliCumIHevL HGL- M-BlewevullsLbTeiTallsnears,.

sTedrGeu M-

swam L g1de0l6lLeTCFTulld 9 Lflevid6lLIsiT CFTulld 9 Lilevd em B ailL_6160lewLo 1 T6vT G LD
Hyib p-

swam L& a6l LT CFTuildh 9 ilevibC LITEFTUlld 9| LleVH M BHailL_LieVaT Lo TS

opdevTedsLAleVLD (F &GS 60Tem L GWIMUI &2 LdleuLd), (COOH) »:

10. @ gisTour@rréflwuggleoureusorsalplGurslssliLiGEmngi.
@ &SHCUTSITHNT, 2_(HeO6TEHRLNMEIG, H&H & mer],
GUTTLSTF WD SLEFCevL_all)ausH eV _aTensl. @ SINTFaIHS
(255606 FIL_CLTRF6V6VIT)
QUITLLTHRWIDSLEFCLLTHgMUGSHMSI.

Swrifliiy:

1. GGz _sirarpenmuilsvCHemeauriLiBHb@Fmig wibysFGsvl 360 ° C
EeutiupleneouilevCFmiguwig gL et CO2@)e5rChr1q &) 6w WL LIT6VS W T &% LILIL_6VTLD.

360 ° C.
2C02 + 2Na----mnnm- (COONa)

GFMQUILDIL&HFG6VL



2. U6l 1 & B W5 @) &1 (& 65 5B & TN,
F&HCIMEVMMIINQFLNICEVTEVELMETMSTTCLTmAML_CTL(h&Hem6TemHL-
169|106V 5 F1 L6074, 8 6r5l 2 G 60T D MI6) & E0TELO 6V (LD LD G LIMEVITLD,

@) 5161607607 W, 8 & WIS LIWLI6T LI(H &S LI LD FeSO4LnmmILD
V20s(Lp6oTeuflemeu il ev.

CeHsO6 + 6HNO3----------- 3 (COOH) + 6NO + 6H.0

3.5wGaTT e esfledT L0V T T H LI & LIL| D 6V6VG)
K2Cr2079] 01608 &1 L_60T6T8 5) 65601 5 600 61T G 85 60 60724, 8 &) 82 G 60T HM LD LN VLD T 6
D& mell& e WM &H&ELILOGS M.

T COGH 2NH Cl
|+ 4H,0+ 2HCI — | 2NH,,
CN s COOH
Cyanogen Oxalic acld
@ uipLiluieLIeTLS6iT:

11. gysenmedlsdleudBIPLIL] (HOOC-COOH.2H20)
allgeuSFH6vB e (p B LI flerunmg S Bl MWMMLILG 8 MHIGET TS LI SL0M8
GRMS.|TemaML_FeN L &5FMedl & evnd 190 ° C HG2_(HG LD,
BErmmLbeallgalDd 102° C @6V _(HGSLD.
P &H2_(H&LWDIDMHMILDQ S TS Bl6016V8 EH LD @) 60 L BlemevenamL_regeorLil
606007 L1 L9 60785 T [T 600T LD T8 &) (T 85 6) 60T (D 60T .

12. 3)515 essemf oM MDD}, 605 D T6VH6W I Uidh I Lg U],
QLOTMVF S V& TWTSH S

Gz W LI 6V L1600 L| &H61T:

1. 9 leuSeTenILD:
*  (Q)gI(pSTTI O OTHEILILILG 61661 TEUTED LT T LIT&HF 6014 LOl6VLD T @ LD.
2. 2 _LIL&6T, 6TV [J&H 6T,
3| Ll6vem amem 6V (H & 61T M MILD | 60)LD () & 61 | 60T 2_(TH U MTE B LD:

COOH COONa COOMNa
MNaOH | MNaOH |

cooH "H° cooH “M° COONa

Oxalic Monosodium Di-sodium
acid oxalate oxalate

-



COOH oM COOCHg cpon  COOC;Hs
—_— et takd

cooH “HO cooH MO  CoocC,H,
Monoethyl :
Oxalic acid oxalate Diethyl oxalate

COOH  2nNH, COONH,  eat TN
—_— e

COOH COONH, 2%°  CONH,

Amm.oxalate Oxamide

3.. ®eflegmever@ ralleneor: 120 ° C
@V R 6flEFTmeLE&CLMMIDCLIMSISL&6rMedl& | levd s UTT L& L6V s 605
WD 260° C QeuLILIBlemevuuI 6L 6VEMEVEV YL VHAN TS T(H &R M.

4..H2S04 o_L_eor:
5.9 g6l GasrHmLd:
)15 T LISTL_2yd 60 & B)LoHmi s estesst mds@KMNOs 26V & G Tev 60 ° C
&G 3,&HrNCarmMLILIG S MS!, KMn04@) 6T Bl mL0mmm & SiL_eoT.
5 (COOH) 2 + 2KMnO4 + 3H2SO4 e K2SO4 + 2MnS0O4 + 10CO; + 8H20

@S eTH Tellemeoray, & F 2 CeormmLD-
GODLILSBELILSETLLsLEss LGRS

6.190 ° C &GS 60 LMEGLMEHGLEUMSI&UTT L& L6V E 6m L& G LD.
HOOC-COOH ----nn-nmx HCOOH + CO;
LIULIGST 61T

1. oum L6859 LOl6VLD LD H M LD VM6V 6V DY, 6V D T6VS W T LILIG M (3,

2. PILIuTESTeOGamLfewTig BislsVFT WL (Heuslevsp G TGl L_6vdTL T,

3.

Llermi 14 607G Sle0 6 LML L THwDos6lLIT 5y & FCeVL 6119 615 B VL 6D S LILIL_BISH DT )
FADSIMSHI,

4. 915610120 Gedr DM & F6V6P (15 B6W6VLIT ST T6U T FH—
GODLILSHMEVLIL|SHETLOM MO LOFHED M &HEMET | HMM.

QuGsurssiasLlevLd (Propanedioic acid), H2C (COOH) 2.

¢ OlGe Tl LolevidLpH 60600605 ) L0V B 63T & Fle CaTH M &S T6VS Wi fld

SULLL G,



6T60T G6U @) &M &G LD B 6V IT6vT 1 8.2 L 6V LD 6TEOT M Q) LI WL TEU LD MBISH LTI L
8l

Swrifliiy:

. CICH2COCOH + NaHCO3 ----eeeeoo CICH2COON; + H20 + CO2
GCarTGr T ClF1g & LilevIDBFTig b CerrCymyAGL L

CICH,COONa + KCN --------=---- : NC-CH,COONa + KCI
CGEFmMQUWINFULGETTOFL_ GL L

L1600T L] &561T:
®)a15pHoleusTewerLIg HFHIL_,2_(HGLbLsTeafl 135 ° C,
16 161 LD6T & & 6WTT6O16Y] LD & 63 [ I &5 Fon_Lg-ULI Fy| Y, 6UT T 6V - 16V 69 I I T H G |

1. QeuliLgBerallemerey:
140-150 ° COeauliuplensvuilsd, o FL 19 Lllevdeng e Heurdss CO2

(3)6BTeLPEV S Tn DM Q) P& B M 1.
140-150° C.
HOOC-CH2-COOH ---------- CH3COOH + CO;

2. P0s52 L 60T&LM&HGSGEUMTS:

Carbon suboxide

3. 9LV S S 6T (LpssTestlemevulleVeT B 6vTT 6L 613 6wt (H) () F1 69 L_6Td 3l6V 6L GsvT Gevrt
L& 0& T (B & LD
H.C (COOH) > + 2C2Hs0H ------- H.C (COOC;zHs) 2 + 2H20
e L_6TS 306GV TGevrL_ (sTorVL 1)

4. LGTmemLD(h L 60TGI&F ULI6L:
B 160 9 56T Q)WL %&b DL SrribleyL_siTFl Sl FemaFwafldbasLiLbGumg @) g Gwm
CerriBrmewrGsvresfldsilevsems g aflsSng.
H>C (COOH) + Brp --------------- BrHC (COOH) + HBr

LIUI60T&H61T:
@) g161e0L_T6LMNGeul g6k (ewL_glsor LT GevrL) 6T6dTLIG IS LOlVBIKST,

urid o (H&er@LTesTmeumH WeTOS T & 1L dd TeuTLdl& 6 D6l F U H 6131 LD 6V
66U, G LD.

F&Lers ] L0l6vLD (Butanedioic acid), HOOC.CH,CH,.COOH



35115601606V G & TEIL TPl UlleV I FevT DT 1L (H DY LD LITOUIg S L LI LG,
B)BIFTHHMTOBTHSHVCLTHI2 (HouTH MG
Swrifliy:. 1.
@) 51675365607 GT MmN L QLML L MWD& W 60607 (h L 60T R G & em & Wlerfl L1 L
Feorepeuld s WM l&EsUILBSR S,
5eTIm@&Gemam L Crm& Cermile i Lilevs &L 6oTers 5 65 60Ta LI 60)60TL_Lq.60T[H
TTOUGLLASEWWLLGSMmS.
TH"-Br _KCN | ?HZCN Acid hydrolysis |CHzCOOH
CH,Br CHch e
Ethylene bromide Ethylene cyanide

CH,COOH

Succinic acid

2.emanMNGwTiy & Lilevbpmibfleuliyurevurenva e sVl Fwwing L Gyprullevwmedlds
giuﬂsmbg,6'1)61)@1l_rrr'rl_mﬂésgiLﬂwgmg@l_wé;@@g,e&r@wm@gj@umuu@@ﬁ)@l

CH(OH)COOH ,,  CH,COOH CH(OH)COOH

HI
CH(OH)GOOH P  CH cooH P CH,COOH

Tartaric acid Succinic acid Malic acid

3. OedlsLilevs et allewevt iy dF) &Hew M LI L] 6V6V I LO6TEOT T M LI & LI L] & ew M LIL| cLpsVLD ()
sn g Gl flwarailsvs wmiflassevrid.

'ﬁHCCIDH i lT;H?_'{'JII'_'JI'IZ.‘JH
+ H, —
CHCOOH  ° CH,COOH
Maleinic acid Suceinic acid
@ wipLiluievLIeTLS6iT:

B g1 eusTemarLg S (2 @@L tb 185 ° C) oy @b,
(3)g115 7LD D M) LD, 6V % 64D M6V, 35 Wi 61 M M 6VLH 5 LD T & & 6 T Wi > Fn_Lq LI G|,
9,697 T6V - 16V LD 35 (36 D 61 T & & 69 T Wl & Fon_Lg- U1 G .

GougluilursOLIesoTL| S 6T
1. GeuliugglesrGlFuisv:
*F5F 6vf1 5 ) L0l6VLD G LIT G161 T Gleu L1 LI LD Wi LD T &5 6016V (LY L Wi LD T 5 () (155 (&5 LD.

@) mriigyiid,
sugY| 6 TedTGleuLILIL TS &H60l6Vep (HF M W e F& F 6vfld 9y siTemam e T B LD LILI(BHS D

3l



O
I

CH,COOH H.C—C
| . _— 21 :‘:0 + HEG
CH,COOH H,C—C
W
0
Succinic acid Succinic anhydride

2. . ILDGLOMevTIWmeil 60T & Wi6V:
G TeflwbFsF T _ewL &L TdhGHLEUTSI, F&HFaflenwB2_(Heaursngi,
3)51CweIbGluLILIen L) bCLTHIF&FesflenoenL_6lsT(hdh e DG LomesilumailsireLpsv

XN JONNEE LB
0 0 i
I
i PN S H.C—C—NH H,C—C
HC—C—ONH, _, o M P oy, Y S
HZC—lcl:—ONH4 H,C—GC—NH, HC—¢
0 (0] 0
Succinimide

3.GFMQUWIDSVVSIQUITL L TRWLDEFSHEF G6oTL_6T8 5 65607215 Wieu M Ml 6T
QMLD& e TF 06T 6Teor MM LG LNV UMILGS MS!.

O
HET‘—E}—-CE o ﬁ”z + 2C0, + 26
. Hzc—ﬁ_‘j CH,
o
LIW6ITSH61T.

F&F eufld 9| LoleVIb g amaT L (L@ LiLTiiey,

LD (15161 LD LD M M| LD T W B1 61T LOM M| LD6U T F 6w 63T &) Tl wi i 61 & wi il il sv LiwisdTLimL
LG & TSI M.

AL M& g Llevid
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fo) O
Tetramethylene
Furan Tetrahydrofuran chlorohydrin of
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More stable carbocation being a hybrid of larger
number of resonating structures resulting in
greater spreading of charge.
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f) GaTbCUTs sTglTallemevr:

29)a1 -2 9w revLilyyrresfler CsTE@HLiLe LweaTUBHSSLILGB S DS
/N + angor NaoH, /N
"N, Ar
(@) 0

ewLGrredlsit Gouglulluiev) 8 4erd Seredr(

* VG M) FdHdrid :CAHS5N. 3)51 sp(h wBLT6T Hamieneud 6lsTadTL 2haI

Blewarayl L LILIL L eUenearil S6Venel & LD.
Swiriliiy:

HT6dT 6TV LDL| 6T6wT Gl swsTulled) (hbg1 HevflewioliLi(hd g5 60:

3 373K wpmitd 423K & @ @)ewL_ullev ClsTH S G LsTarsslev emuGrmsv aulg sl HSIMSI.

QurilLrAuwib enan L rTdhendFHL6iT 2 LOlpeus6iT cLpsVLd B)& FrdbSloMda UL eVTLD .S

Quml L TAGwT ewuGrmev 2_(HeurHlmg .@)g1 Hrreal sug sl Hsed HTw ewLGTTene eflEHngi.

ii. o)bGomesflwid w1 1960(HHG 2 HLSSH:

* @51 SGresflwiid LluyCs L 1960 (Hbgl VL TTLg63T CILIT(HOTTS 69 (HkISF DTS LILIL_6VTLD.

Steam

C,H,NK + H,0 ———» C,H,NH + KOH
distillation

Potassio- Pyrrole

pyrrole
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N N COOH N
H H H
2-Pyrrole- 3-Pyrrole-
carboxylic acid carboxylic acid
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N
H
2-Pyrrole-
carbaldehyde
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H
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/ \ Oxidation
HC\N _CH  “cro,m,s0, OC\N/CO
H H
Maleic imide
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2-Methyl 3-Methyl 2 Acetylpyrrole
Pyrrole Pyrrole
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