www.Padasalai.Net www.CBSEtips.in

+1 & +2 Chemistry Name Reactions To get more marks in Chemistry S Refer Gem Materials & 9080228421]

Sabatier - Sanderson

CH,:CH, | 11, — Y, CH3-CH;

Preparation of Ethane by Kolbe’s electrolytic metho d

2CH,COONa+ 2H ,0
+ Electrolysis

H; C-CHs+ 2CO»+H,+2NaOH

- LN, S i

—~—

.
at Anode at Cathode
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(5) Preparation of ethene by kolbe’s
electrolytic method:

When an aqueous solution of potas-
sium succinate is electrolyzed between two
platinum electrodes, ethene is produced at
the anode.

CH,-COOK CH,-COO

- =+
| Electrolysis K

CH,COOK CH,-COO~

Potassium Succinate

3. Preparation of alkynes from
electrolysis of salts of unsaturated

dicarboxylic acids. (Kolbe’s electrolytic
method)

Electrolysis of sodium or potassium
salt of maleic or fumaric acid yields alkynes.

CHCOOK ~ CHCOO -
” Eletrolysis ” +2K*
CHCOOK CHCOO
Potassium maleate
CHCOO CH
” —""‘”l 4 2050Yy +28
CHCOO CH

acetylene
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ii) Wurtz reaction
When a solution of halo alkanes

in dry ether is treated with sodium metal,

higher alkanes are produced. This reaction
is used to prepare higher alkanes with even
number of carbon atoms.

for example:

CH3-Br +2Na+Br—CH; > CH3;-CH3#2NaBr
2 Y
methyl bromide ether ethane

(c) Wurtz - Fittig Reaction:
When a solution of bromo benzene and iodo methane in dry ether is treated with metallic

sodium, toluene is formed.

ether
CeHsBr + 2Na + ICH; @ ——> C¢H;—CH; + NaBr + Nal
Bromo benzene Iodo methane Toluene

iii) Corey — House Reaction
An alkyl halide and lithium di alkyl
copper are reacted to give higher alkane.

for example:

CH3 CH2 Br Jr((:I_I 3)2CU-Li
ethyl bromide ¢

CH 3;CH,CH 5 + CH 3Cu +LiBr

Grignard Reaction

Dry ether
CH;—Cl + Mg ——» CH;Mg(Cl

chloromethane  methyl magnesium chloride

CH;MgClI +H2()—1-CH4 + Mg(OH)CI
methane
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(1) Preparation of primary alcohol

Formaldehyde reacts with Grignard
reagent to give addition products which on
hydrolysis yields primary alcohol.

O

I
H— C— H + CH; Mgl —
Formaldehyde

OMgl OH I

H—!Z— H— H—(II— EL I\/Jg/
\

| I OH
CHs; CH,

Ethylalcohol ( 1°)

2) Preparation of secondary alcohol

Aldehydes other than formaldehyde,
react with Grignard reagent to give addition
product which on hydrolysis vields
secondary alcohol.

O OMgl
I I H
CH;— C—H + CHzMgl —™ CHy— IC— H
Acetaldehyde P
OH 1
O fH I /
——» CII;— C— II+ Mg
| ~~ou

CH,
Isopropylalcohol ( 2°)

3) Preparation of Tertiary alcohol

Ketone reacts with Grignard reagent
to give an addition product which on

hydrolysis yields tertiary alcohols.

% '4 Né ]
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Example For Example

o]
I

CH;—C—CH; + CH;Mgl— CH—C—CH;

OMgl
@]

Il
0=C=0 + CH3;Mgl — CHs— C— OMgl

Acetone CH,

2 I H*/H,0
HLO/H* | / e CHy— c— OH+ M
—— CI—C—CH; + Mg

CH; OH

Acetic ac1d
Tert - Butylalcohol( 39)
(4) Preparation of aldehyde 7) Preparation of esters

Ethyl formate reacts with Grignard

Ethylchloroformate  reacts  with
reagent to form aldehyde. However,

Grignard reagent to form esters.
with excess of Grignard reagent it forms

secondary alcohol. Example
Example | ﬁ OMg]

ﬁ’ OMgl CHsO— C—Cl+ CHsMgl — C,Hs0 —<|3—C1
H—C— OC,Hs + CHzMgl — H— (ij— OCHs Ethylchloroformate CH;
Fthylformate CH; I

o , /
.. | CH3z— C— OGH4 Mg\
HOME b ony ol [ a
Acetaldehyde OC;H;s iheflaect
ate
(5) Preparation of ketone ) )
8) Preparation of higher ethers
Acid chloride reacts with Grignard
reagent to form ketones. However, with Lower halogenated ether reacts with
excess of Grignard reagent it forms tertiary Grignard reagent to form higher ethers.
alcohol.
Example
Example _
CH;— O— CH,CIl + CH;Mgl —
0 OMgl e 2 3VE
I Chloro dimethyl ether
CH,— G— Cl+ CHzMgl —= CH,—C—cl I
Acetyl chloride I /
CHy— O CH,CH; + Mg
H,0/11" Ethyl methyl ether Cl
Sl 8N C —CH, + Mg/\
Acetone

9) Preparation of alkyl cyanide

6)P tion of carboxylic acid
} Rreparatig e tbomylic seisle Grignard  reagent reacts with

Solid carbon dioxide reacts with cyanogen chloride to from alkyl cyanide

Grignard reagent to form addition product

Example
which on hydrolysis yields carboxylic acids.
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Cl
CH; Mgl + CNCl—» CHsCN + Mg’

Cyanogen chloride Methyl cyanide\ I

10) Preparation of Alkanes

Compounds like water, alcohols and amines
which contain active hydrogen atom react
with Grignard reagents to form alkanes.

Example

CHs;Mgl + HO—H —» CH,+ Mgl (OH)

CH3Mgl + C2Hs OH —83» CH, + Mgl (OC,Hs)
Ethyl alcohol methane

Markonikoff's Rule
(b) Addition HBr to unsymmetrical

alkene:

In the addition of hydrogen halide to
an unsymmetrical alkene, two products are

obtained.

CH;-CH=CH, + HBr
Propene

CH;—CH-CH; CH;-CH,-CH,—Br

1-Bromo Propane
(minor product)

Br

2-Bromo Propane
(major product)

)
-
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Anti-Markovnikoff’s Rule (Or) Peroxide
Effect (Or) KharaschAddition
The addition of HBr to an alkene in
the presence of organic peroxide, gives the
anti Markovnikoft’s product. This effect is
called peroxide effect.

Peroxide

CH;-CH=CH, 4 HBr

propene (CsHsCO),0,

CH3'CH2'CH2_BI'

1-bromopropane

(d) Triedel Craft’s Reaction:
When benzene is treated with methyl chloride in the presence of anhydrous aluminium

chloride, toluene is formed.

anhydrous AlCI;
CeHs + CH;CL > C.HsCH;  HCI

Benzene chloromethane toluene

(d)  Friedel Craft’s Alkylation: (Methylation)
When benzene is treated with an alkyl halide in the presence of only AICI3, alkyl benzene is formed.

CH,

Anhydrous AICI 5

+ CHiCl 5 +  HC

toluene

(¢)  Friedel Craft’s Acylation : Acetylation

When benzene is treated with acetyl chloride in the presence of AICI3, acyl benzene is formed.

COCH,

Anhydrous AlCI 5
+ CH,COCI - + Hd

acetophenone
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b. Birch reduction:

Benzene can be reduced to 1,
4-cyclohexadiene by treatment with Na or Li
in a mixture of liquid ammonia and alcohol.
It is the convenient method to prepare cyclic

dienes.
1)Na / Li
Lig. NH 4
%
2YR-OH
Benzene Cyclohexa-1,4-diene

4) Halogen exchange reactions
a) Finkelstein reaction

Chloro or bromoalkane on heating
with a concentrated solution of sodium
iodide in dry acetone gives iodo alkanes.
This reactionis called Finkelstein reaction,
(S,,2 reaction).

CH;CH,Br + Nal
Bromoethane iAcgtone

CH,;CIH I + NaBr
Iodoethane

b) Swarts reaction

Chloro or bromo alkanes on heating
with metallic fluorides like AgF, SbF, or
Hg F, gives fluoro alkanes. This reactions
is called Swarts reaction.

Example

CH3zCH;Br + AgF
Bromo ethane |A

CIH;CII,T + AgBr
Fluoro ethane
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vii) Williamson ether synthesis

Haloalkane, when boiled with
sodium alkoxide gives corresponding ethers.

Example

This method can be used to prepare mixed
(unsymmetrical) ethers also.

CH,CH_Br+NaOCH_CH,
Bromo ethane| Sodium ethoxide

CH,CH,OCH,CH, +NaBr
diethyl ether

(i) Sandmeyer reaction
When aqueous solution of benzene

diazonium chloride is warmed with Cu2Cl2
in HCl gives chloro benzene

N=N-Cl
I
| ~ Cu,Cl, /HCI (Sandmeyer reaction)
———®= O
_F Cu/HCI (Gattermann reaction)
Benzene dizonium chloride Cl
|
=
| + N,
/
Chlorobenzene

5) Commercial preparation of chloro
benzene (Raschig process)

Chloro benzene is commercially
prepared by passing a mixture of benzene
vapour, air and HCl over heated cupric
chloride .This reaction is called Raschig

process.
v HCl+ 120, SuCl2
525K
Benzene 1

|\+H20

P

Chloro benzene
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Swern oxidation
In this method, dimethyl sulfoxide (DMSO) is used as the oxidising agent, which converts
alcohols to ketones / aldehydes.

In this method an alcohol is treated with DMSO and oxalyl chloride followed by the
addition of triethylamine.

I I Il
CH;— CH—CH; + HC—S—CH; +Cl—C—C—l
Propan - 2- ol DMSO Oxalylchloride
o l Et,N
Il
CH;— C—CH; + (CH;),S + CO, + CO + ZHCI
propanone

Preparation of Phenols
a) From halo arenes(Dows process)

When Chlorobenzene is hydrolysed with 6-8% NaOHat 300 bar and 633K in a closed
vessel,sodium phenoxide is formed which on treatment with dilute HCI gives phenol.

cl Na H
633K
+ NaOH - HEL 5 + NaCl
300 bar

Chlorobenzene Sodium phenoxide Phenol

v) Kolbe’s (or) Kolbe’s Schmit reaction:

In this reaction, phenol is first converted into sodium phenoxide which is more reactive
than phenol towards electrophilic substitution reaction with CO,. Treatment of sodium
phenoxide with CO, at 400K, 4-7 bar pressure followed by acid hydrolysis gives salicylic acid.

OH ONa H H
OONa COOH
NaOH 400K H/H,0
L 00— 2 -
4-7 bar »

phenol sodium phenoxide sodium salicylate Salicyclic acid

vi) Riemer - Tiemann Reaction:

On treating phenol with CHCL,/NaOH, a -CHO group is introduced at ortho position.
This reaction proceeds through the formation of substituted benzal chloride intermediate.

OH ONa O Na* CH
CHCI CHO CHO
CHC13 2 NaOH @/ H+ @/
—_— —_— R —
aq.NaOH
phenol Salicylaldehyde

g
-

ox )
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2.  Williamsons synthesis:

When an alkyl halide is heated with an alcoholic solution of sodium alkoxide, the
corresponding ethers are obtained. 'The reaction involves SN* mechanism.

CH,-ONa + Br-C,H, —= CH,-O-C,H_ + NaBr
Mechanism:

N -NaBr .
CH,—ONa + CH;— CH,— Br ——» CH3—CH;— 0 —CHj,4
A -

methoxyethane

We know that primary alkyl halides are more susceptible for SN* reaction. Hence for
the preparation of mixed ether having primary and tertiary alkyl group, primary alkyl halide
and tertiary alkoxide are used. On the other hand, if we use tertiary alkyl halide and primary
alkoxide, elimination dominates and succeeds over substitution to form an an alkene.

iii) Friedel Craft’s reaction:
Anisole undergoes Fridel Craft’s reaction in presence of anhydrous AICI, as a catalyst.

OCHs; OCH; OCH;
Anhyd. AICI H
+ CH;Cl - +
CS,

CHjy
2-methoxy 4-methoxy toluene
toluene(minor) (major)

OCHj OCH,
OCH; COCH;4
Anhyd. AlCl, +
+CH;COC1 -

COCHj;
2-methoxy 4-methoxy
acetophenone Acetophenone
(minor) (major)

B. Preparation of aldehydes

1) Rosenmund reduction
a) Aldehydes can be prepared by the hydrogenation of acid chloride, in the presence of
palladium supported by barium sulphate. 'This reaction is called Rosenmund reduction.

. Example I
8) @)
Il [

CH;—C—Cl+H, My— CH;—C— H + HCI
Acetyl chloride Acetaldehyde

In this reaction, barium sulphate act as a catalytic poison to palladium catalyst, so that
aldehyde cannot be further reduced to alcohol.

Formaldehyde and ketones cannot be prepared by this method.

11 e
o )
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2. Stephen’s reaction
When alkylcyanides are reduced using SnCl,/ HCI, imines are formed, which on
hydrolysis gives corresponding aldehyde.

CH;=C = N—%H, O~ CH-NH—2— CH;~ CHO + NH,

C) Preparation of benzaldehyde

1. Side chain oxidation of toluene and its derivatives by strong oxidising agents such as
KMnO, gives benzoic acid.

When chromylchloride is used as an oxidising agent, toluene gives benzaldehyde. This
reaction is called Etard reaction. Acetic anhydride and CrO, can also be used for this reaction.

Cl, CH (OCrOHCl,),

H;0"
+ CTOZCIZ _b © 3 ©

methylbenzene benzaldehyde
2) Gattermann - Koch reaction

This reaction is a variant of Friedel - Crafts acylation reaction. In this method, reaction of
carbon monoxide and HCI generate an intermediate which reacts like formyl chloride.

CHO
CO, HCl
AICI; / CuCl

2) Preparation of phenyl ketones

Friedel - Crafts acylation

It is the best method for preparing alkyl aryl ketones or diaryl ketones. This reaction
succeeds only with benzene and activated benzene derivatives.

' Example I

CO— CH,
A1C13
CH; — C Cl
benzene acetophenone
acetylchloride
CO — CgHs
A1C13
C¢Hs — C Cl
benzene benzophenone
benzoylchloride
\
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a) Clemmensen reduction

Aldehydes and Ketones when heated with zinc amalgam and concentrated hydrochloric
acid gives hydrocarbons.

Example
— 4 }
CH, |(|:_ H* 4(H) CZn ;gl CHL— CIL, + 1,0
on
O
Acetaldehyde Ethane

CH,—C —CH, * 4(1) _“n-Hg  CH,CH,CH, + H,0
Con HCI

Acctone Propane

b) Wolf Kishner reduction Aldehydes and Ketones when heated with hydrazine (NH,NH.)
and sodium ethoxide, hydrocarbons are formed Hydrazine acts as a reducing agent and
sodium ethoxide as a catalyst.

Example
CHy—C—H+40) MeNMh o cn,— o+ H0 TN,
il C,HONa
O
Acetaldehyde Eth g

CH;—C— CH; +4(1) MLNL - CH,CH,CH, + H,0 + N,
| C,H;ONa
O Propane

Acctone

Aldehyde (or) ketones is first converted to its hydrazone which on heating with strong
base gives hydrocarbons.

CH, CH,
Mg— Hg [
CHy-C=0+0=C-CH;*2(H) —j5 CH; - C-C-CHy
CH, CH, 4 ~oHoH |
Ko Acetone 2.3 dlmethyl. butane 2.3 - diol
(pinacol)

D) Haloform reaction

Acetaldehyde and methyl ketones, containing CH (|f group, when treated with

O
halogen and alkali give the corresponding haloform. This is known as Haloform reaction.

CH,-C-CH, st , CCl-C-CH, wmox, CHC, + CH,C-ONe

Il
O O O

g
-

IE )
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i) Claisen - Schmidt Condensation

Benzaldehye condenses with aliphatic aldehyde or methyl ketone in the presence of dil.
alkali at room temperature to form unsaturated aldehyde or ketone. This type of reaction is
called Claisen — Schmidt condensation.

Example
CH,CH CH- CHO 408 _ ¢ H, CH=CH- CHO +H,0

Benzaldehyde  Acetaldehyde Cinnamaldehyde

Colls CH H-—”c—-CH3 AINaOH ¢ Hy CH = CH—-|(|: —CH, + H,0

Benzaldehyde o) o

Acetone Benzylidene acetone
(Benzal acetone)

ii) Cannizaro reaction

In the presence of concentrated aqueous or alcoholic alkali, aldehydes which do not
have « - hydrogen atom undergo self oxidation and reduction (disproportionation) to give
a mixture of alcohol and a salt of carboxylic acid. This reaction is called Cannizaro reaction.

Benzaldehyde on treatment with concentrated NaOH (50%) gives benzyl alcohol and
sodium benzoate.

CsHsCH,OH
CeHsCHO Benzylalcohol
50% NaOH
- s +
C,H;CHO CzH;COONa
Benzaldehyde Sodiumbenzoate

This reaction is an example disproportionation reaction

Crossed Cannizaro reaction

‘When Cannizaro reaction takes place between two different aldehydes (neither containing
an o hydrogen atom), the reaction is called as crossed cannizaro reaction.

CHsCHO  + HcHo N2OH_ - CHsCHOH +  HCOONa

Benzaldehyde Formaldehyde Benzyl alcohol sodium formate

In crossed cannizaro reaction more reactive aldehyde is oxidized and less reactive aldehyde
is reduced.

4) Perkins’ reaction

When an aromatic aldehyde is heated with an aliphatic acid anhydride in the presence of
the sodium salt of the acid corresponding to the anhydride, condensation takes place and an
o, b unsaturated acid is obtained. This reaction is known as Perkin’s reaction.

Example:
]
_ - I wo
CoHls =€ H SN %‘ZFNLCEHS— CH = CH~C 2 CgllsCH = CH—COOH + CH;COOH
H CH3— el z /O . . . Acetic acid
I CHs—C Cinnamic acid
% O ]
Benzalihyiis Acetic anhydride 0]

g
-

ik )
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5) Knoevenagal reaction

COOH _ . o0
-
CoHs—CH \ —Lyilne o CeHs CH = C/-I—>A CHls CH = CH— COOH
coon Ncoon "
Benzaldehyde Malenic acid Cinnamic acid

Benzaldehyde condenses with malonic acid in presence of pyridine forming cinnamic
acid, Pyridine act as the basic catalyst.

3) Kolbe's electrolytic decarboxylation

'The aqueous solutions of sodium or potassium salts of carboxylic acid on electrolysis gives
alkanes at anode. 'This reaction is called kolbes electrolysis.

CH;COONa  Electrolysis CHa

n R | + 2C0O, + 2Na
CH;
CH,COONa L I
Sodium acetate Anode Cathode

Sodium formate solution on electrolysis gives hydrogen

4) Hoff mann’s degradation
Amides reacts with bromine in the presence of caustic alkali to form a primary amine
carrying one carbon less than the parent amide.

@]
I A
CH3— C - NH2 + Br2 + 4 KOH CH3NH2 *+ K2C03 + 2KBr + 2H20

Acetamide Methyl amine

15 %
e )
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b) Hoffmann’s degradation reaction

When Amides are treated with bromine in the presence of aqueous or ethanolic solution
of KOH, primary amines with one carbon atom less than the parent amides are obtained.

Example:
I Br, / KOH
R— C — NH, » R— NI, +K, CO; +KBr+ H,0
amide Primary amine
R = Alkyl (or) Aryl
4) From alkyl halides

a) Gabriel phthalimide synthesis
Gabriel synthesis is used for the preparation of Aliphatic primary amines. Phthalimide
on treatment with ethanolic KOH forms potassium salt of phthalimide which on heating with
alkyl halide followed by alkaline hydrolysis gives primary amine. Aniline cannot be prepared
by this method because the arylhalides do not undergo nucleophilic substitution with the
anion formed by phthalimide
O

alcoholic I

& aqueous élj — Ok

+ AN K

CC p W’@( o QL e
C E (SN2) ﬁ/ ﬁ OK o
0 o amine)
Phthalimide Potassium phthalimide N - alkyl Potassium pthalati

phthalimide

b) Hoffmann’s ammonolysis

When Alkyl halides (or) benzylhalides are heated with alcoholic ammonia in a sealed
tube, mixtures of 1¢, 2° and 3% amines and quaternary ammonium salts are obtained.

NH i oft,-B .. CH,Br ... CH;Br + -
CHi Br T3> CH,— NH2—3L(CH3m}I—3> (CH;);N ——=— (CH3);N Br

29 - amine 3% amine Quarternary
ammonium
bromide

19 - amine

This is a nucleophilic substitution , the halide ion of alkyl halide is substituted by the -NH,
group. The product primary amine so formed can also has a tendency to act as a nucleophile
and hence if excess alkyl halide is taken, further nucleophilic substitution takes place leading

3) Schotten — Baumann reaction

Aniline reacts with benzoylchloride (C H,COCI) in the presence of NaOH to give N —
phenyl benzamide. This reaction is known as Schotten — Baumann reaction. The acylation and

benzoylation are nucleophilic substitutions.

g
-

ZE )
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5) Carbylamine reaction

Aliphatic (or) aromatic primary amines react with chloroform and alcoholic KOH to
give isocyanides (carbylamines), which has an unpleasant smell. This reaction is known as
carbylamine test. This test used to identify the primary amines.

C,Hs - NH, + CHCl; +3KOH — C,H; - NC + 3KCl + 3H,O
Ethylamine  Chloroform Ethylisocyanide

6) Mustard oil reaction

i) When primary amines are treated with carbon disulphide (CS ), N - alkyldithio carbomic
acid is formed which on subsequent treatment with HgCl, , give an alkyl isothiocyanate.

S S
| Il HeCl,
CH;-N-H+C=S — CH; - NH-C-SH — CH;-N=C=5 +HgS +2HCI
|
H N - methyl Methyl
) dithiocarbamic acid isothiocyanate
Methylamine

(Mustard oil smell)

i) When aniline is treated with carbon disulphide, or heated together, S- diphenylthio urea is
formed, which on boiling with strong HCI, phenyl isothiocyanate (phenyl mustard oil), is

formed.
Qg N THTTTT i N ConHCl /=
; simc=s5 2 4 /C:S —A“<\ />—N:C:S
— ' H -H,S —
N\~ N L - SO
- Phenyl isothiocyanate
- S - diphenyl
Aniline thisiitea

These reactions are known as Hofmann — Mustard oil reaction. This test is used to identity
the primary amines.

2. Replacement by Chlorine, Bromine, Cyanide group
a) Sandmeyer reaction

On mixing freshly prepared solution of benzene diazonium chloride with cuprous halides
(chlorides and bromides), aryl halides are obtained. This reaction is called Sandmeyer reaction.

When diazonium salts are treated with cuprous cyanide, cyanobenzene is obtained.

CU.QCIQ /HC]
I C6H5 = Cl + N2
Chlorobenzene
+ - Cu,Br,/HBr
CeHs - N:Cl » C.Hs- Br+N,
Benzene Bromobenzene
diazonium
Chloride
CuCN/KCN

» Cdls- CN +N,

Cyanobenzene
b) Gattermann reaction
Conversion of benzene diazonium chloride into chloro / bromo arenes can also be effected
using hydrochloric / hydrobromic acid and copper powder. This reaction is called Gattermann

reaction.
Cu/HCI
+ — e -
CoHs - N,Cl » C.H;-Cl+N,
Chlorobenzene
Benzene —
diazonium
Chiotide Cu I HBr

- C6H5 -Br+ N2
Bromobenzene

The yield in Sandmeyer reaction is found to be better than the Gattermann reaction.

g

G )
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4. Replacement of fluorine (Baltz - schiemann reaction)

When benzene diazonium chloride is treated with fluoroboric acid, benezene diazonium
tetra fluoroborate is precipitated which on heating decomposes to give fluorobenzene.

+ A
Cel; - 1"\']2(;1‘+ HBF, — Cglls-NoBFy ——= Cells -1+ Bl + Ny
Benzenediazonium Fluorobenzene

Fluoroborie fluoroborate

acid
7. Replacement by aryl group (Gomberg reaction)

Benzene diazonium chloride reacts with benzene in the presence of sodium hydroxide to
give biphenyl. 'This reaction in known as the Gomberg reaction.

@_ 1-';]2(31_+H—C\> ﬂ; O O + N2+ + HCI

Benzene Biphenyl

3. Condensation reaction
a) Thorpe nitrile condensation

Self condensation of two molecules of alkyl nitrile (containing «.~H atom) in the presence
of sodium to form iminonitrile.

NH

CH;CH,-C == N + CH,-CN Fiher CH,CH, - C - CH -CN

Propanenitrile CH;

3 - imino - 2- methyl
pentanenitrile

b) The nitriles containing ot- hydrogen also undergo condensation with esters in the presence
of sodamide in ether to form ketonitriles. This reaction is known as “ Levine and Hauser”
acetylation

This reaction involves replacement of ethoxy (OC,H,)group by methylnitrile (- CH,CN)
group and is called as cyanomethylation reaction.
O

i) NaNH, ii) H' CHLCH
NI, > ;3bHy —(C—CH,—CN

CHy,CH, — ¢ -Z OC,Hs + H-CH, -CN

Ethane

Hilig] Bropionats it 3 - Ketopentanenitrile

g
-

oE )
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Oxidation
Examples:
(o)
CH3;CHO — »  CH;COOH
_ Acidic -
Acetaldihyde 3; 1 romate Acetic acid
OH O
KzCI’zO;v
H,S0,
OH O

4-Hydroxy Phenol P-benzoquinone

Some of the important functional group interconversions of Organic compounds
summarised in the below mentioned Flow chart.

Oxidation
acid K,Cr,0,
Primary alcohol Aldehyde
R-CH 20H LiAIH, reduction R-CHO
'Alcohol
Oxidation
Secondary alcohol e KCL0  Ketone
Rz_CHOH . LiAlH, reduction R-COR
ageous OH-
S R-OH
substitution
Alkylhalide R-Cl
H,SO,/H.O
alcoholic OH- :
alkene |
elimination

)
-

% '1 Né ]
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(2) Oxidation:

(1) With cold dilute alkaline KMnO4

solution (Baeyer’s Reagent)

Alkenes react with Baeyer’s reagent
to form vicinal diols. The purple solution
(Mn”") becomes dark green (Mn°"), and
then produces a dark brown precipitate
(Mn*).

CH2=CH2 £ H20
[O] | Cold dil. KMnO,

273K
CHz'CHZ

| + MnOy |
OH OH

dark brown
ethane-1,2-diol

(if) With acidified KMnO,4 Solution

Alkenes react with acidified KMnOys solution and are oxidiwed to ketones or
carboxylic acid depends on the substituent at the olefinic carbon atom. The purple
solution becomes colourless. This is one of the test for unsaturation.

CH; CH;
| KMnQy /H®
CH;—C=CHy——» CH;—C=—=0
2-methylprop-1-ene ¢ propan-2-one

CH;-CH=CH-CH;
But-2-ene

[0]| KMnO/H*

2CH,CHO 2294 o 2CH;COOH

(O]
Ethanal Ethanoic acid

2k
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O

CH/ \CH
CH2=CH2 i ()3 —_— \2 / 2

O—O0O
Ethene ozonide
Zn/H20

ethene

2 HCHO
Formaldehyde

/O\

H;—CH CH,
CH,~CH=CH, 405 \ /
prop-1-ene O—0O

propene ozonide

Zn/H 20

HCHO

Formaldehyde
_|_

CH,CHO
acetaldehyde
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3. Ozonolysis:

Ozone adds to carbon-carbon triple bond of alkynes to form ozonides. The ozonides
are hydrolyzed by water to form carbonyl compounds. The hydrogen peroxide (H,0,) formed
in the reaction may oxidise the carbonyl compound to carboxylic acid.

O,
0, CH—CH
= HEL H,0,  2HCOOH
CH=CH \ / — T T Methanoic acid
Acetylene a0 | | | |
O
Glyoxal
05 O 7
CH3—CECH_”CH3—C/ CH n » CH;—C—C—H
Propyne / H,0 ” ”
o—0 o O
(0] [HyO,

CH,COOH +  2HCOOH
Ethanoic acid Methanoic acid

(ii1) Oxidation:
a. Vapour - phase oxidation:-

Although benzene is very stable to
strong oxidizing agents, it quickly undergoes
vapour phase oxidation by passing its vapour
mixed with oxygen over V,O, at 773k. The
ring breaks to give maleic anhydride.

O3, V105
CH-COOH
_— e
72K chcooH

maleic acid

CH—CO
(llH—CO>O T 0

maleic anhydride
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Chemical properties
1) Oxidation

Chloroform undergoes oxidation
in the presence of light and air to form

phosgene (carbonyl chloride)

1 air
CHC13 + 5 02 M COClz—l— HCIl
2 light

Chloroform Phosgene

Since phosgene is very poisonous, its
presence makes chloroform unfit for use as
anaesthetic.
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FLOWCHART AND REACTION SUMMARY OF HYDROCARBON

Methods of Preparation Chemical Properties
RCH=—CH—R
Alkenes :
H, Comboiion, o, & G PiERE 3 el
Pd/Pt (3n-1)/2) O4
R—C=C—R ——
Alkynes
Xaf hv R X
RCOONa L SHCNeO | Halogenation 1 1 halides
Sodium salf of ~ Decarboxylation
carboxylic acid
A tisati
Zn/HCL O w Aromatic hydrocarbons
5 Cr03 /A1203/873k
Reducing agent
e
Alkyl halide RX /7
= s} H,O (steam) + Ni + 1273 K
Frankland method ALK%\I\EH ~ CO@+H: @
R=MgCl H.O m,_ Alkanes + Alkenes
Grignard Reagent—z—
RC(Zg)rI)\Ia $ Isomerisation i e Alk
Kolbe's electrolytic SEHIREGSOhanS
REOOK method
Sodium or potassium salt
of carboxylic acid
Method of preparation Chemical properties
Hydrogenation Alkares
R—OH Con HZSO,;(?r A1203 - Hi
kil Dehydration ogenation o _ - r. i,
X, (X=Cl, Br) |
Controlled X X
R—C=cH __hydrogenation Vicinal dihalides
Alkynes .Pd - ‘CaCO3 Hydration . R—CH=CH;
Lindlar's Catalyst H,0O/H St
R—X Dehydrohalogenatiop ) st fparaite
Alkyl halid i
Iyl halide ale. KOH | — . X
R—CH=CH, Hydro halogenation Alkyl halides
R—CH—CH, ;
| Dehalogenation HX - Markovnikoffs L. p_py-cpg
X X Zn/CH;OH rule ’
Vicinal dihalides -
cold dil KMnO 4
- > R—CH—CH,
273 K
OH OH
R—CH-COOK
| Kolbe's electrolysis M&F R-COOH
R—CH-COOK =~ — ¥ -
Carboxylic acid
Potassium salt of
dicarboxylic acid L Y3 Oonide — 28y Aldehydes
Polymerisation
» Long chain polymers
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Irlathodsof Preparation Chernical Properties
Hydrogenation H-
——— Akere; — Allanes
Br Sk PHN
E—CH it
S i ren Br Br
Ern:-mina'-ﬁn:-n Bl GO HE
Brs T Br
T ale KOH Alkynes [Hdro halo genation
R-CHy-C-OH —————"~| R —C=C—H - Cl +R-CH=C-H
a HC R=C=CH, ol
.04 Hf_* HY  peCHG-CH,
]
Kobe dectralyti 33K 0
m Folymnerisatio
CH COOK il s "OTUSERR, gy |
CHCOOE i G

g 2omide —ae iCarbosxylic acid
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Preparation of glycol

We have already learnt that the hydroxylation of ethylene using cold alkaline solution of
potassium permanganate (Baeyer’s reagent) gives ethylene glycol.

Cold alkaline
KMnO,
CH, = CH, + H,O » CH, — CH;
[O] I I
ethene OH OH

ethane-1.2-diol

Oxidation of alcohols

The important reactions of alcohols are their oxidation to give carbonyl compounds.
The commonly used oxidising agent is acidified sodiumdichromate. Oxidation of primary
alcohols give an aldehyde which on further oxidation gives the carboxylic acids. To stop the
oxidation reaction at the aldehyde / ketone stage, pyridinium chlorochromate (PCC) is used
as an oxidising agent.

I Example I

acidified acidified
N3.2CI'207 N32CT207
CH, — CH,— OH » CII, — CHO » CI1, —COOH
(O) (O)
ethanol cthanal ethanoicacid
acidified I%cid(ijﬁe((%
Nazcr207 A1l N - —
| (0) | (&) [
OH O &
Propan - 2- ol Propanone ethanoicacid
BoC
CH; —CH, — CH, — OH » CH; —CH, — CHO
Propan - 1- ol Propanal
Tertiary alcohols do not undergo oxidation reaction under normal conditions, but at
elevated temperatures, under strong oxidising agent cleavage of C —C bond takes place to
give a mixture of carboxylic acid.
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Biological oxidation

The fermentation of the food consumed by an animal produces alcohol. To detoxify the
alcohol, the liver produces an enzyme called alcohol dehydrogenase (ADH). Nicotinamide
adenine dinucleotide (NAD) present in the animals act as an oxidising agent and ADH catalyses
the oxidation of toxic alcohols into non-toxic aldehyde.

CH;CH,OH + NAD" ADH CH,CHO + NADH + H*
ethanol ethanal

Catalytic dehydrogenation

When the vapours of a primary or a secondary alcohol are passed over heated copper at
573K, dehydrogenation takes place to form aldehyde or ketone.

Cu
573K
etfianal ethanal
Cu
CH;—CH—CH3; ———» CH;— C—CH;
| 573K I
OH @]
Propan - 2- ol propanone

Tertiary alcohols undergo dehydration reaction to give alkenes.

(|3H3 HAC
Cu
CH; — C —OH > C=CH,
| 573 K
CH3 H3C
2 - methylpropan - 2- ol 2 - methylprop - 1- ene

Oxidation of glycol

On oxidation, glycol gives a variety of products depending on the nature of oxidizing
agent and other reaction conditions.

i) When nitric acid (or) alkaline potassium permanganate is used as the oxidizing agent, the
following products are obtained.

CH,OH [0] CHO [O] COOH [0] COOH [O] COOH
Bl e | —tam | e |
CH,OH CH,OH CH,0OH CHO COOH
Glycolicaldehyde Glycolic acid Glyoxalic acid Oxalic acid

2-hydroxy ethanal 2-hydroxy ethanoic formyl methanoic ethane-1,2 dioic

acid acid acid
l 0]
CHO [O]
CHO
Glyoxal

ethane-1,2-dial
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ii) Oxidation of glycol with periodic acid

Ethylene glycol on treatment with periodic acid gives formaldehyde. This reaction is
selective for vicinal 1,2 - diols and it proceeds through a cyclic periodate ester intermediate.

6]
CH,OH CH,— /O H-&-H
+ HIO, ﬂ, J b N — L+ HIO;
CILOH CH,— o/ \0 HHH
O
Formaldehyde

Oxidation

Glycerol can give rise to a variety of oxidation products depending on the nature of the
oxidising agent used for oxidation.

a) Oxidation of glycerol with dil. HNO, gives glyceric acid and tartronic acid.
b) Oxidation of glycerol with Conc. HNO, gives mainly glyceric acid.
¢} Oxidation of glycerol with bismuth nitrate gives as meso oxalic acid.

d) Oxidation of glycerol with Br,/H,O (or) NaOBr (or) Fenton's reagent (FeSO, + H,O,) gives

a mixture of glyceraldehyde and dihydroxy acetone('This mixture is named as glycerose).

e¢) On oxidation with HIO, or Lead tetra acetate (LTA) it gives formaldehyde and formic

acid.

f) Acidified KMnO, oxidises glycerol into oxalicacid.

CHO COOH COOH
0 I
— CHOH #" (|:HOH L" CHOH
CH,0OH CH,OH COOH
CH,OH [0] Glyceraldehyde Glyceric acid Tartronic acid
CHOH ——— (2 3-dihydroxypropanal) (2,3-dihydroxypropanoic (2 hydroxypropane-
acid) 1,3-dio1c acid)
CH,OH
Glycerol (IZHZOH (I:OOH 0]
@)
CH,OH COOH [O] COOH
Dihydroxyacetone Mesooxalic acid COOH
(1,3-dihydroxypropan (2-Oxopropane Oxalic acid
-2-one) -1.3 dioic acid) (ethan-1,2-dioic acid)
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Oxidation of Benzene

CH, CH;
I I
H,C—C—H H,C—C—0—0—H OH
H,PO, Air O, H,SO,
+ CH;CH=CH;, —————» — —- + CH,;COCH,
523K 5% aq Na,CO,4
Benzene Propene Cumene Cumene Phenol acetone
hydroperoxide

d) Oxidation:

Phenol undergoes oxidation with air or acidified K Cr O_ with conc. H,SO,to form
1,4-benzoquinone.

OH Q
K,Cr,0,
Conc. H,50,
(0)
O
Phenol 1.4-benzoquinone

Autooxidation of ethers:

When ethers are stored in the presence of atmospheric oxygen, they slowly oxidise to
form hydroperoxides and dialkylperoxides. These are explosive in nature. Such a spontaneous
oxidation by atmospheric oxygen is called autooxidation.

(I)—O—H
CH,-CH,-O-CH,-CH, —=22 5 C[{, -CH, -0-CH-CH, +CH,-CH,-0-0-CI, -CH,
1-ethoxyethyl

. diethyl id
ethoxyethane By oreide iethylperoxide
Some of the reaction of diethyl ether.
2CH—CH—Cl
A
-POCl, | p,

10 C1, dil 11,80,
CCLCCl0— CCly=CCly ——— CHy—CH;~O—CHy—CH, ————— 2CH,CH,0H

light )

CH,COCI anhydrous
ch12

\
CH;—CH;—Cl +CH,COOCH,CH,4

g
-

Sk )
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2.) Ozonolysis of alkenes
We have already learnt in XI th standard that the reductive ozonolysis of alkenes gives

aldehydes and ketones.

Alkenes react with ozone to form ozonide which on subsequent cleavage with zinc and
water gives aldehydes and ketones. Zinc dust removes H. O, formed, which otherwise can

oxidise aldehydes / ketones.
O,

N Zn/H,0
CH;—CH = CH — CH, + Oy — = CH=CH /' CH—CHy ———2 CH; CHO + H;0,
E | ethanal
O

but - 2- ene ‘ ,'I

CH, %
I &

Zn /1,0
CH;—CH = C—~CH; + 0, — CH;~CH } LT

C—CH; ————(CH,~-CHO + CH;—C—CH; + H,0,
Il

2 - methyl but-2-ene C|) ethanal o)

& propanone

Terminal olefines give formaldehyde as one of the product.

C) Preparation of benzaldehyde
1. Side chain oxidation of toluene and its derivatives by strong oxidising agents such as
KMnO, gives benzoic acid.

When chromylchloride is used as an oxidising agent, toluene gives benzaldehyde. This
reaction is called Etard reaction. Acetic anhydride and CrO, can also be used for this reaction.

CH, CH (OCrOHCl,),

H,O"
=} Cr02C12 —’- © 2 ©

methylbenzene benzaldehyde

Kindly send me your questions and answerkeys to us : Padasalai.net@gmail.com


https://www.padasalai.net/
https://www.padasalai.net/

www.Padasalai.Net www.CBSEtips.in

+1 & +2 Chemistry Oxidation Reactions  To get more marks in Chemistry & Refer Gem Materials & 90802284&3]

B) Oxidation of aldehydes and ketones
a) Oxidation of aldehydes

Aldehydes are easily oxidised to carboxylic acid containing the same number of carbon
atom, as in parent aldehyde. The common oxidising agents are acidified K,Cr,O., acidic or

alkaline KMnO, or chromic oxide.

Example
H O
| & I
CH;-C=0 ——» CH;-C-0OH
Acetaldehyde Aceticacid

b) Oxidation of ketone

Ketones are not easily oxidised. Under drastic condition or with powerful oxidising
agent like Con.HNO,, H"/KMnO,, H/K.Cr,O., cleavage of carbon-carbon bond takes
place to give a mixture of carboxylic acids having less number of carbon atom than the

parent ketone.

)

CH,— C—CH (ﬁ +

3 3 Con o, HCOOH CH,COOH
) Formic acid Acetic acid

The oxidation of unsymmetrical ketones is governed by Popoff’s rule. It states that
during the oxidation of an unsymmetrical ketone, a (C-CO) bond is cleaved in such a way

that the keto group stays with the smaller alkyl group.

O

CH;— CH,— CH,— C—CH, # CH; CH,— COOH + CH; COOH
” o1 3

O

pentan — 2 — one Propanoic acid ethanoic acid

1. From Primary alcohols and aldehydes

Primary alcohols and aldehydes can easily be oxidised to the corresponding carboxylic
acids with oxidising agents such as potassium permanganate (in acidic or alkaline medium),
potassium dichromate (in acidic medium)

Example
H*/ K2Cr207
CH3;CH,OH ———— CH3CHO ——— > CI3COOH
Ethyl alcohol 0) Acetaldehyde 10 Acetic acid

6. Oxidation of alkyl benzenes

Aromatic carboxylic acids can be prepared by vigorous oxidation of alkyl benzene with
chromic acid or acidic or alkaline potassium permanganate. The entire side chain is oxidised
to —COOH group irrespective of the length of the side chain.

Example

CH; COOH

OH7/KMnO,

3(0)

Toluene Benzoic acid

5 s
o )
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4) Oxidation of tert — alkyl amines
tert — butyl amine is oxidised with aqueous KMnO, to give tert - nitro alkanes.

CH, CH,
| |
CHy —C—NH, + 3j0] =M% cyy— ¢ —NO, + Hy0
I
CH, CH,
tert-butylamine 2 - methyl - 2 - nitro propane

5) Oxidation of Oximes
Oxidation of acetaldoxime and acetoneoxime with trifluoroperoxy acetic acid gives

nitroethane (1°) and 2 - nitropropane (2°) respectively.

CE,CCOOH
CH,-CH-N-OH——-57——> CH,CH,-NO,
Acetaliasiie Nitroethane
Amino group can be directly converted 0

. . . e e Hift I NO,
into nitro group, using caro’s acid (H,S0.) FyC—C—0—0—H
(or) persulphuric acid (H,S,0,)(or) -
peroxytrifluro acetic acid (E,C.CO,H)as
oxidising agent.

gag NH, NO,

p - diamino benzene p - dinitro benzene

T %
R
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Reduction

e

Pt /H,

benzene cyclohexane

1. Preparation of alkanes from cata-
lytic reduction of unsaturated hydro-
carbons.

When a mixture hydrogen gas with
alkene or alkyne gas is passed over a catalysts
such as platinum or palladium at room
temperature, an alkane is produced. This
process of addition of H, to unsaturated
compounds is known as hydrogenationThe
above process can be catalysed by nickel at
298K. This reaction is known as Sabatier-
Sendersens reaction

for example:

CH;=CH=CH, 4H,—Pt o CH;-CH,-CHj;
ProprEa propane

CH,=CH; | 11, —_y CH3-CHj;

Pt
CH3_CE = H+2H2 —d CH3'CH2' CH3
prop- 1 -yne propane

)
-

% '1 Né ]
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3.Preparation of alkanes using alkyl
halides (or) halo alkanes

i) By reduction with nascent hydrogen

Except alkyl fluorides, other alkyl
halides can be converted to alkanes by
reduction with nascent hydrogen. The
hydrogen for reduction may be obtained by
using any of the following reducing agents:
Zn+HCI, Zn+CH,COOH, Zn-Cu couple in
ethanol, LiAIH LEete.;

for example:

CH3'CH2'CH2_C1
chloro propane
[H] lZn/HCl

CH; -CH,-CH; + HCI
propane
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(2)Preparation ofalkenes from alkynes:

Alkynes can be reduced to cis-
alkenes using Lindlar’s catalyst (CaCO, sup-
ported in palladuium partially deactivated
with sulphur (or) gasoline). This reaction is
stero specific giving only the cis- alkene.

CH; —C=C—CH;+H,
2-butyne
l Pd-CaCO5

H H
cis-2-butene

Alkynes can also be reduced to trans-
alkenes using sodium in liquid ammonia.
This reaction is stereospecific giving only
the trans-alkene.

CH;—C=C—CH,; + H,

2-butyne l Na/NH;
H CHs
CH3>_<H

trans-2-butene

(3) Preparation of alkenes by dehydro-
halogenaton of halo alkanes.

Halo alkanes react with alcoholic
KOH and eliminate hydrohalide resulting
in the formation of alkene.

CHS'CHz'CH2_Br
1-bromopropane l alc. KOH

CH3;-CH=CH, + KBr +H;O
prop-1-ene

'3 N‘é ]
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2. Addition reactions of alkynes

i) addition of hydrogen

Pt H
CHECH + Hy — = CHy=CH, — =  CH,-CH,

acetylene ethylene cthane

IT) addition of hydrogen:

Benzene can add on to three moles of
hydrogen in the presence of nickel catalyst
to give cyclohexane.

Raney Ni
CeHg + 3H, > CIH,,

cyclohexane

(b)  Preparation Of Benzene From Phenol

When phenol vapours are passed over zinc dust, then it is reduced to benzene.

C:H:OH + Zn _— CsHs + ZnO

phenol

(ii) Addition Reaction:
a. Hydrogenation of benzene:

Benzene reacts with hydrogen in
the presence of Platinum or Palladium
to vield Cyclohexane. This is known as

hydrogenation.

+3H, Pt/Pd C6H12

benzene cyclohexane

.4 3
-_'N.;
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b. Birch reduction:

Benzene can be reduced to 1,
4-cyclohexadiene by treatment with Na or Li
in a mixture of liquid ammonia and alcohol.
It is the convenient method to prepare cyclic

dienes.
1)Na / Li
Lig. NH ;
%
2)R-OH
Benzene Cyclohexa-1.,4-diene
Toluene

4) Reduction

Haloarenes on reduction with Ni-
Al alloy in the presence of NaOH gives
corresponding arenes.

CeHCl2(H) ALy ¢ 11, +TICI

Chloro benzene Benzene

4) Reduction reactions

Haloalkanes are reduced to alkanes
by treating with H, in the presence of
metal catalyst like nickel, palladium etc or
with hydroiodic acid in the presence of red

phosphorous.
Ni{or)Pd
CH;CH, Br+H, —5»CH;-CH;+HBr
Bromo ethane Ethane

CHs CH, 1+ HI Red Pl ~pr cpp, o1,
lodo ethane Ethane

% '5 Né ]
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1) Reduction of chloroform

a) Reduction of chloroform in the

presence of Zn + HCI gives methylene
chloride.

CHCl5 ZneHOl ROl Hat

chloro form 2 (H) methylene chloride

b) Reduction of chloroform using H2/Ni

CEIC]s Elz = CH,Cl, + HCl

chloro form methylene chloride

2) Reduction

Chloroform wundergoes reduction
with zinc and HCI in the presence of ethyl
alcohol to form methylene chloride.

Zn
CHCI3 + 2[H] T CH,Cl, + HCI
Chloroform Methylene chloride
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5. Reduction of carbonyl compounds:

Reduction of aldehydes/ketones with LiAlH, in the presence of solvents like THF
(Tetrahydrofuran) followed by hydrolysis gives alcohols. Unlike other reducing agents such as
Raney Ni, Na-Hg/H,O, the lithium aluminium hydride does not reduce the carbon-carbon
double bond present in unsaturated carbonyl compound and hence it is a best reagent to
prepare unsaturated alcohols.

' Examples I

CH, CHj
| i) LiAIH, |
CH;-C=0 — - CH3-C|3-H
acetone WO OH propan-2-ol

C,H,.-COOH—2% ,C H.CH,0H

ITERS)

Benzoic acid Phenyl methanol(Benzyl alcohol)
CH,COOCH,CH, —55—2CH,CH,OH

Ethyl ethanoate Ethanol

(ethyl acetate)
CH,-CH=CH-CHO—=%CH,-CH=CH-CH,0H
crotonaldehyde crotyl alcohol
(but-2-enal) (but-2-en-1-ol)

When two or more functional groups are present in a molecule a less vigorous sodium
borohydride is used as a reducing agent to reduce the more reactive group. For example,
if a compound contains both carbonyl and carboxyl group, it preferentially reduces the
carbonyl group.

NaBH
RCOCH, CH,COOH— ;-4 RCHOH-CH,CH,COOH

4-alkyl- 4- hydroxybutanoic acid
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Catalytic dehydrogenation

When the vapours of a primary or a secondary alcohol are passed over heated copper at
573K, dehydrogenation takes place to form aldehyde or ketone.

Cu
573K
o — ethanal
Cu
CH;—CH—CH; ————— CH;— C—CH;4
| 573K I
OH O
Propan - 2- ol propanone

Tertiary alcohols undergo dehydration reaction to give alkenes.

e H,C
Cu
CH, — C—og ———> C=CH,
| 573K
CH3 H3C
2 - methylpropan - 2- ol 2 - methylprop - 1-ene

a) Reaction with Zn dust:

Phenol is converted to benzene on heating with zinc dust. In this reaction the hydroxyl
group which is attached to the aromatic ring is eliminated.

OH
@ ~ 0
+ Zn —» + ZnO
phenol benzene

e¢) Reduction:

Phenol on catalytic hydrogenation gives cyclohexanol.

OH OH
Ni
+3H, ———>»
160°C
Phenol cyclohexanol

3. Selective reduction of cyanides
Diisobutyl aluminium hydride (DIBAL -H) selectively reduces the alkyl cyanides to form
imines which on hydrolysis gives aldehydes.

Example

i) AlH (iso-butyl),
Cl;— CH = CH—CH,—CH,—CN—— » CHy—CH=CH— CH,—CI,— CHO
1) H,O
hex - 4- ennitrile hex - 4- enal
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C) Reduction reactions
(i) Reduction to alcohols
We have already learnt that aldehydes and ketones can be easily reduced to primary

and secondary alcohols respectively. The most commeonly used reducing agents are Lithium
Aluminium hydride (LiAlH ), and Sodium borohydride (NaBH,).

a) Aldehyde are reduced to primary alcohols.

Example
i
CHy=C 2 (1) LML oy _ cpr, o
O 0
Ethylaleohol (1)
Acetaldehyde

b) Ketone are reduced to Secondary alcohols.

Example
Cl=C = CH + 201 NaBHy - cH=CH,
O OH
Acetone Isopropyl alcohol (2°)

'The above reactions can also be carried out with hydrogen in the presence of metal catalyst
like Pt, Pd, or Ni. LiAlH g and NaBH i do not reduce isolated carbon — carbon double bonds
and double bond of benzene rings. In case of a, B unsaturated aldehyde and ketones, LiAlH,
reduces only C = O group leaving C = C bond as such.

b) Wolf Kishner reduction Aldehydes and Ketones when heated with hydrazine (NI, NII.)
and sodium ethoxide, hydrocarbons are formed Hydrazine acts as a reducing agent and
sodium ethoxide as a catalyst.

Example
CH—C—H+4a) M2NDL_ cH,—cH,+H0+N,
il C,HsONa
@)
Acetaldechyde Ethans

CH;—C— CHy+4 (1) LML cH,CH,CH, + H,0 + N,

C,H;ON
g S . Propane

Acetone

Aldehyde (or) ketones is first converted to its hydrazone which on heating with strong
base gives hydrocarbons.

(iii)  Reduction to pinacols: Ketones, on reduction with magnesium amalgam and water,
are reduced to symmetrical diols known as pinacol.

CH, CH,
Mg— Hg 171
CHy;-C=0+0=C-CH,y *2(H) —¢ CH;-C-C-CH,
1 ] 2O 1 1
CH;4 CH, _ OH OoH .
Acetone Acetone 2,3 dimethyl butane 2,3 - diol

(pinacol)
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ii) Cannizaro reaction

In the presence of concentrated aqueous or alcoholic alkali, aldehydes which do not
have o - hydrogen atom undergo self oxidation and reduction (disproportionation) to give
a mixture of alcohol and a salt of carboxylic acid. This reaction is called Cannizaro reaction.

Benzaldehyde on treatment with concentrated NaOH (50%) gives benzyl alcohol and
sodium benzoate.

CgHsCH,OH
CellsCHO SR Benzylalcohol
+ o [Nal e
C,H;CHO CzHs;COONa
Benzaldehyde Sodiumbenzoate

This reaction is an example disproportionation reaction

Crossed Cannizaro reaction

When Cannizaro reaction takes place between two different aldehydes (neither containing
an o hydrogen atom), the reaction is called as crossed cannizaro reaction.

CgHsCHO  + HcHo NaOH_ - CI;CH0H  +  HCOONa

Benzaldehyde Formaldehyde Benzyl alcohol sodium formate

In crossed cannizaro reaction more reactive aldehyde is oxidized and less reactive aldehyde
is reduced.

- 10 K |

o™
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C) Reactions involving - COOH group
1) Reduction
i) Partial reduction to alcohols

Carboxylic acids are reduced to primary alcohols by LiAIH, or with hydrogen in the presence
of copper chromite as catalyst. Sodium borohydride does not reduce the - COOH group.

Example
O
CH (l*! on —AMH _ cnomon ¢ 1m0
- — _—
3 200 sCH, 2
ethanoicacid ethanol

ii) Complete reduction to alkanes

When treated with HI and red phosphorous, carboxylic acid undergoes complete reduction
to yield alkanes containing the same number of carbon atoms.

Example
O
Il Red P
CH;— C— OH+ 6 HI W" CH3;— CH; + 31, + 2H»0
Acetic acid Ethane
(5) Reduction,

(a) When reduced with hydrogen in the presence of ‘poisoned’ palladium catalyst, they form
aldehydes. 'This reaction is called Rosenmund reduction. We have already learnt this
reaction under the preparation of aldehydes

(If 0
Pd - BaSO I
Acetyl chloride Acetaldehyde

(b) When reduced with LiAlH, gives primary alcohols.

O

Il LiAlH,
CH;— C—C( +4(H) ———— CH;—- CH,—OH + HCl

Ethyl alcohol

5) Reduction
Amides on reduction with LiAlH or Sodium and ethyl alcohol to form corresponding amines.

O

Al
CH;—C — NH; +4 (H) "

CH;— CHy— NH, + H,0

Acetamide Ethyl amine

11 e
o )
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i. Reduction of nitroalkanes

Reduction of nitroalkanes has important synthetic applications. The various reduction
stages of nitro group are given below.

+2[H +2[H +2[H
ety — NO, 20 o, — v = o 2L e — NHOH e CH,— NH,
-H,0 -H,O
nitromethane nitroso methane N - methyl methylamine
hydroxylamine

The final product depends upon the nature of reducing agent as well as the pH of the medium.

Sod CH. NH, + 2H,0
6[H] B . 3 * (acid medium)

CH; — NO, Methyl amine

Nitromethane Zn/NH,.ClL CH,— NHOH + H,0
4[H]

\

(neutral medium)

N - methyl hydroxyvlamine
Reduction of alkyl nitrites

Ethylnitrite on reduction with Sn/ HCl gives ethanol

Sn / HCI
CHsCH,- O -N=0 +6[H] —— CH;CH,-OH + NH; + H;0

Chemical Properties of nitrobenzene

Sn/HCL
s CGH5”—NH2 {acid medium)
Aniline
Zn/NH,C1
» C H—~NH=OH —
4(H) .
Pheny] hydroxylamine
CeHs—NO— — (neutral medium)
Fe/H,Osteam)

o F6H5 —N=0 —

Sy Nitrosobenzene

Self

SnCl,/KOH condensation
6Hs=NHy+ CgHs— N = Q| C¢Hs—N = N—C (H;
6(H)
Azobenzene
Zn/NaOH
C6H5_ N = N— C6H5

alkaline medium

2(H)
———— CH,— NH-NH—C H,

Hydrazobenzene

s
i )
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Electrolytic reduction:
weakly acidic

NO, » C,Js—NH; + 2H,0
. Anili
Electrolytic nine
reduction NH—OH NH,
strongly acidic Rearrangment
- —_—
OH

Phenylhydroxyl amine p-aminophenol

Reduction of catalytic and metal hydrides

Nitrobenzene reduction with Ni (or) Pt, (or) LiAlH, to give aniline
Ni (or) Pt/ H,

Cels - NO, +6 [H] ————2» CII; - NH, +2 IO
etls 2 (or) LiAIL, stls 2 2
Selective reduction of polynitro compounds
NO, NO,
A
+ 3(NHy), § —— + 6NH; + 2H,O + 38
NO, NI,
m-dintrobenzene m-nitroaniline

1) From nitro compounds
Reduction of Nitro compounds using H, / Ni(or) Sn/HCl or Pd/H, gives primary
amines.

CH3CH2 - N02 oo
Fe / HCI, 6 [H]

Nitroethane ethanamine
3H, /Pt, 680 K
Colls = NO, — » CgHs — NH, +2H,0
(or) Sn /HCI
Nitrobenzene Aniline

2) From nitriles

a) Reduction of alkyl or aryl cyanides with H,/Ni (or) LiAlH, (or) Na/C,HOH gives
primary amines. The reduction reaction in which Na/C H.OHis used as a reducing
agent is called mendius reaction

Na(Hg) / C, H;OH
4[H]

ethanenitrile ethanamine

CH,— CN > CH,CHy NH,

b) Reduction of isocyanides with sodium amalgam / C,H,OH gives secondary amines

Na(Hg) / C,H,;OH
CH; — NC » CII; — NH — CH,
4 [H]

Methyl isocyanide N-methylmethanamine

g
-

IE )
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3) From amides
a) Reduction of amides with LiAIH, gives amines
| i) LiAlH,

R_C_NH2 = - R — CHZ_NHQ
1) H,O

<) Alkyl halide can also be converted to primary amine by treating it with sodium azide
(NaN,) followed by the reduction using lithium aluminium hydride.

NaN; LiAlH,
CH3—Br——— CH3—N; — »CH;— NH, + N,
Methylbromide Methyl azide Methylamine

B. Reactions involving retention of diazo group

9. Reduction to hydrazines

Certain reducing agents like SnCl, / HCl; Zn dust / CH,COOH, sodium hydrosulphite,
sodium sulphite etc. reduce benzene diazonium chloride to phenyl hydrazine.

. _SCl+HOL
_ .o — NHNH
Q 2 T NaS0, O :
2. Reduction

On reduction with LiAIH, (or) Ni/ H,, alkyl cyanides yields primary amines.

N
CHy-CN +2H, —— » CH; - CH, - NH,

Ethanenitrile Ethanamine

2. Reduction: When reduced catalytically (or) by nascent hydrogen, they give secondary

amines.
Na/ C,H;OH
CH3 —NC + 4 [H —— CH3— NH —CH;
(or) Ni/ H,
Methyl isocyanide Dimethylamine
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