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Introduction

* Carbonyl compounds are organic compounds containing carbon-oxygen double bond

\C=O Q
/

e Aldehydes have carbonyl group bonded toac nd'hydrogen.
I )

R C H (WhereR=H or %r aryl group)

e Ketones have carbonyl group bon o carbon atoms.O
ﬁ

R—C——R" (Where R Wmay be same or different alkyl or aryl groups)

Nomenclature of AI%;nd Ketones

N
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Aldehydes

Structure Common name IUPAC w
CH3CHO Acetaldehyde Etha

H Isobutyraldehyde 2-M panal
H;C—C—CHO O

Q
H,C—CHCHO Acrolein

CH,CHO

Ny

"

P’op-Z-enaI
Phenylacetaldehb -Phenylethanal

CH,CH=CHCHO

Crotona

But-2-en-al

N
S

)

N
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Ketones
Structure Common name IUPAC name
0] Dimethyl ketone or Propanone
Acetone
H3C—C—CH3
O Diethyl ketone entap-3-one
CH3CH2"C—'CH20H3
ﬁ Methyl phenyl keton henylethan-1-one
C—CH
% o
O Mesityl oxi 4-Methylpent-3-en-one
H3C\ ”
/C_(|3 C—=CH;,4
: N
aC H
ﬁ T O| Ace@e Pentane-2,4-dione
HyC—C <|: C—CHs b
H
(ﬁ ﬁ etyl Butane-2,3-dione
H,C——C——C—CHj,3

ﬁ_ 3
o

Ethyl phenyl ketone

1-Phenylpropan-1-one

Structure and mCarbonyl Group

Structure

The carbonyl carbon group is sp? hybridised and forms three sigma bonds.

The fourth electron in the p-orbital forms a n-bond by overlapping with p-orbital of oxygen.
The oxygen atom also has two non-bonding electron pairs.
So the carbonyl carbon with the three atoms linked to it lies in the same plane and the n-
cloud liesabove and below the plane.
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e The bond angle is 120° with expected trigonal coplanar structure.

=k
2 2
% n-BOND
""""""" - BOND
Y o @
1200 (3P7+. sp’-p 0 sp?® - BOND

() ()
e
Nature

e The C-O double bond is polarised since oxygen is negative than carbon.
e Sothe carbonyl carbon is an electrophilic centre the carbonyl oxygen is a nucleophilic centr
* The carbonyl compounds have substantiakdipo oments and are polar than ethers.

e The high polarity of the carbonyl group gan explained on the basis of resonance involving
neutral %

(A) and a dipolar (B) structures given

0] 0]
L LS

N /

Preparation ofAIdeh?

» Rosenmund
In this reaction% ride on hydrogenation in the presence of palladium catalyst and
te gi

bariumsulpha aldehydes.
O 0]
Pd-BaS0Q,,S
R—C—~C| +Hy ———» R—C—H +HCI
Boiling xylene
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» Stephen Reaction
Nitriles on reduction with stannous chloride in the presence of HCI give imine which on
hydrolysisgives corresponding aldehyde.

H30
RCN + SnCl, +HCI| — RCH ——=NH » RCHO

An alternate method to reduce nitriles selectively is by dns uminium hydride to
imines which onhydrolysis yields aldehydes.

i) AIH(i-Bu),
RCN —————» R-CHO
ii) HoO

Esters can also be reduced to aldehydes with DIBAL-H

(@] (@]
“ i) JoBALH ”
CH3(CHy)g—C—0C,Hg — > CH —_——
i) H,O 0
» From Aromatic Hydrocarbons
Aromatic aldehydes can be prepared u5| IIowmg methods.
1) By Oxidation of Methylbenzh
Etard Reaction ( Use of Chro ride)
Chromyl chloride oxidises the group to a chromium complex which on further
hydrolysisgives correspondl aldehyde.
CHs CH(OCrOHCl,), CHO
+ CrO,Cl H30"
— >
Use of Chromic r0s)
Toluene when t |th chromic oxide in acetic anhydride gets converted into
benzyliden hich on hydrolysis with aqueous acid gives benzaldehyde.
& CH(OCOCHj3), CHO
273-283K H;0*

+CrOs + (CH3C0),0 ———

Side Chain Chlorination
Toluene on side chlorination gives benzal chloride which on hydrolysis gives benzaldehyde.
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CHCQ
C|2/hv
373K

Benzal chloride Benzald

Gatterman — Koch Reaction
Benzene or toluene on treatment with CO and HCI in t nce of AICI3 or CuCl
givesbenzaldehyde or p-tolualdehyde.

CHO
CO HCI
L
Anhyd. AICI3/CuCI

Preparation of Ketones

» From Acid chlorides or Acyl chloride
Acyl chloride on treatment with dlalkyl obtained by reaction of cadium chloride

with Grignardreagent gives ketone
2 R-Mg-X +CdCl, —— R,Cd + % |
2R- |(|; -Cl+R,Cd ————» 2 R&r CdCl,
O O

» From Nitriles
Nitriles on treatment ard reagent followed by hydrolysis yields a ketone

/NMgBr &
Ether H;0* P
CHyCH,—C==N + gBr ——» CHiCH—C{ e CHs—CZ

Q Cols \C H

65

N Propiophenone

(1-Phenylpropanone)

> From Benzenes or Substituted Benzenes
Benzene or substituted benzene on treatment with acid chloride in the presence of
anhydrous AIC|3 gives the corresponding ketone and this reaction is known as Friedel-
Crafts acylation reaction.
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(@)
g

ey
U: Anhyd. AICl, deit
+ Ar/R -

-Cl — &
» Nucleophilic Addition Reactions ®

Aldehydes and Ketones undergo nucleophilic additi tions.
(i) Mechanism for Nucleophilic Addition Rea
* A nucleophile attacks the electrophilic carb om of the polar carbonyl group
e
&

Chemical Reactions

perpendicularly tothe sp® hybridised orbi arbonyl carbon.

e The hybridisation changes from sp? tm
formed.

e The intermediate grabs a prot fr%e reaction medium to give an electrically
neutral product. b
C

¢ The net result is addition of Nu-§ ross the C-O double bond.
+
H
Fast W
- | == a““)\
i step 2 OH

Planar Tetrahedral Additional product
@ intermediate
(ii) Reactivity

e Aldehydes are e reactive than ketones in nucleophilic reactions because of two reasons:
e Sterically, it e presence of two relatively large groups in ketones that hinder the
approach of nucleophile to carbonyl carbon than in aldehydes which have only one
such substituent.

a tetrahedral alkoxide intermediate is

e Electronically, aldehydes are more reactive than ketones because the two alkyl groups
in ketonesdecrease the electrophilicity of the carbonyl carbon more effectively than in
aldehydes.
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(iii)Important Examples of Nucleophilic Addition and Nucleophilic
Addition- EliminationReactions

(a)Addition of Hydrogen cyanide (HCN)
e On addition of HCN to aldehydes and ketones they yield ¢
e Since the reaction is very slow with pure HCN, it is cat

and the cyanide ion (CN-) generated as a strong nuc
compounds to give cyanohydrins.

HCN + OH =—= :CN + H,O :
\C‘jI+ L Sp— [ N I W
/ / C / \OH
Tetrahedr
intermedia
(b) Addition of Sodium Hydrogensulph%
Sodium hydrogen sulphite when 3& aldehydes and ketones yield addition

products.
SO3H SO3Na
\ v:*c Proton transfer \C/

ith the help of a base
hile adds to carbonyl

Cyanohydrin

/c=o + NaHSOz;=—= —

\ONa / \OH
Bisulphite addition
compound

(c) Addition of Grignard Re 3

Grignard reagents on reith aldehydes and ketones yield alcohols.
H HQO H

RCHO + R'MgX @ R—clz—Ong » R c|; OH +Mg(OH)X
R’ R’
R' R'

s | H20 |

RCOR + N — R (|: OMgX——— R—C—O0H +Mg(OH)X

| |

(d)Addition of Alcohols

¢ Aldehydes on treatment with one equivalent of monohydric alcohol in the presence
of dry HClgive hemiacetal which on further treatment with one more molecule of
alcohol gives acetal.
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' ORI
R'OH H~
R-CHO ‘—‘ / - - R—C\ + H,0
HCI gas H* R'
Hemiacetal
e Ketones also react with ethylene glycols under simila itions to give ethylene
glycol ketals.
R
Ne——0 + CH,OH HCl Hoiges \ TH2 T ho
R-/ | \ —CH 2
CH,OH dl| HCI 2

ble glycol ketal
(e)Addition of Ammonia and its Deriva

Ammonia and its derivative add to the c group of an aldehydes and ketone

\C—O + HoN-Z — C—NZ +Hy0

/o /

Z = Alkyl, aryl, OH, NH H, NHCONH,, etc.
» Reduction m

(i) Reduction to Alcohol

Aldehydes and ketone reduced to primary and secondary alcohols by NaBH4 or

LiAIH4. @
4
CH,CHO &, CH3CH,OH

BH, H
CH3COCH3 ———>H3C‘_C‘_CH3
OH

(i) Reduction to Hydrocarbons
Aldehydes and ketones reduce to —CH; group on treatment with zinc-amalgam and
conc. HCI [Clemmenson reduction] or with hydrazine which on heating with
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sodium or potassiumhydroxide in ethylene glycol[Wolff-Kishner reduction]

e QOxidation

e Aldehydes get oxidised to carboxylic acids with common oxidising agents like nitric
acid,potassium permanganate, potassium dichromate et

O
R-CHO L» R-COOH

e Ketones undergo oxidation with strong oxidising agen@ elevated temperatures.
The reaction involves carbon-carbon bond cleavaﬁe tokgive a mixture of carboxylic

acids with lessernumber of carbon atoms than the t ketones.
®
Ha Hy [0] )
R—C —C—C —R' ——4_5 R-CQOH H,COOH
” (By e of/C4-C, bond
(@]
R- H + R'-COOH

y cleavage of C,-C3 bond)

Test to distinguish Aldehydes f m%nes
Tollens test b
e Aldehydes on warming wi ly prepared ammoniacal silver nitrate

solution (Tollensreagent) & a bright silver mirror due to the formation
Dc

of silver metal.
e The aldehydes are oxidi orresponding carboxylate anion in alkaline
medium.
RCHO + 2[Ag(N OH —— RCOO + 2Ag + 2H,0 + 4NHj3

Fehling’s test

e Fehling rea prises of Fehling solution A and
Fehling B%Iution A = aqueous copper sulphate
Fehling s@lution’ B = Alkaline sodium potassium tartarate(Rochelle salt)

e On heating ling’s reagent with an aldehyde, a reddish brown precipitate is
obtained.

¢ Aldehydes are oxidised to corresponding carboxylate anion while aromatic
aldehydes do notrespond to this test.

RCHO +2Cu*2+50H ——— RCOO" + Cu,0+ 3H,0

Haloform reaction
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Aldehydes and ketones with at least one methyl group attached to the carbonyl carbon
atom on oxidation with sodium hypohalite turn to sodium salts of corresponding acids
with one carbon atomless than that of carbonyl compound. In this reaction, the methyl
group is converted to haloform.

(0]
” NaOX ”

R—C——CH;s » R—C——ONa + CHX,4 f =

» Reactions due to a-hydrogen

¢ The a-hydrogen of aldehydes and ketones is aC|d|c ture hence they undergo a
number of reactions.

e The a-hydrogen atoms of carbonyl gr ic due to the strong electron
withdrawing effect of the carbonyl gro sonance stabilisation of the

conjugate base.

I ) 7]
!—CH: - c—=cC
C !B

(i)  Aldol Condensation
Aldehydes and ketones WI; ast one a-hydrogen undergo reaction in the

presence of dilutealkali as c to form §-hydroxy aldehydes (aldol) or §-hydroxy

ketones (ketol) respectlv is known as AIdoI reaction.
Dil. NaOH

2 CHyCHO /——> — CHO? CH3-CH=CH-CHO
-2

But-2-enal
Q Hydrenyintons (Aldol condensation product)
@ CH3 CHj3

OH), A | L
2 CH3 - N H3C—C—'CH2COCH3H_O> H3C—C—CH'CO-CH3

(Ketol) 4-Methylpent-3-en-2-one
4-Hydroxy-4-methylpentan-2-one  (Aldol condensation product)

(i)  Cross Aldol Condensation
¢ In this reaction, two different aldehydes and/or ketones with a-hydrogen atoms

reaction in the presence of dilute alkali as catalyst give a mixture of four
products.



ALDEHYDES. KETONES AND CARBOXYLIC ACIDS

CH4CHO
. 1.NaQH CH3-CH=CH-CHO + CH3CH,-CH=C-CHO
CHsCH,CHO 2.2
CH,
- na

2-Methylpent
From two molecules from two molec
\ of ethanal of propanag /
Simple or self aldol prodg
+
CH3-CH=C-CHO + CH3CH,-CH=CHCHO

CH,
2-Methylbut-2-enal 2-enal

From one moNethanal and one molecules of propanal

1,3-Diphenylprop-2-en-1-one
(Benzalacetophenone)
(Major product)
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» Other Reactions
()  Cannizzaro reaction
¢ Aldehydes with no a-hydrogen undergo self oxidation and reduction on
heating withconcentrated alkali.
¢ Inthis reaction, one molecule of the aldehyde is reduced toaleohol and another
is oxidisedto carboxylic acid salt.

e + _ +KOH —m ——— A— +
/c_o /c =0 | TN

OK
H H
Formaldehyde Whaml Potassium formate
CHO CHZOE : COONa
2 + NaOH —> @

I alcohol Sodium benzoate

(i)  Electrophilic Substitution Re

Aromatic aldehydes and keto ergo electrophilic substitution reaction at the
ring in whichthe carbonyl g as a deactivating and meta-directing group.
CHO

T

Benza% m-Nitrobenzaldehyde

Carboxylic Acids

® The carbonyl compounds in which carbonyl group is bonded to oxygen are known as carbox:
acids.

® The derivative compounds of carboxylic acid where carbon is attached to nitrogen and to
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halogens arecalled amides and acyl halides respectively.

Nomenclature of Carbonyl Group

Common Name
Formic acid

Structure

H H Isovaleric acid
H3C—(|3—(|3—COOH
L, | O
H H Succinic acid @ Butane-1,4-dioic acid
HOOC—é—(!‘,—COOH %
Il Q>

H;C——CH=CH—COOH Crotomc% But-2-enoic acid
COOH-COOH K Ethane-1,2-dioic acid
/CHZCOOH Gl d Pentan-1,5-dioic acid
HZC\CHZCOOH ~<
Structure of Carbonyl Group &

The bonds to the carboxyl car carboxyllc acids lie in one plane and are separated by
about 120°. Due to possible re ce structure given below, the carboxylic carbon is less

electrophilic than carbo
o)

+/ /
<——> \

Preparation of Carboxylic Acids

» From Primary Alcohols and Aldehydes
e Primary alcohols undergo oxidation with the help of oxidising agents like potassium
permanganate in neutral, acidic or alkaline media or by potassium dichromate and
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chromium trioxide in acidic media to give carboxylic acid.
i)Alkaline KMnO4

RCH,0OH » RCOOH
ii) H;O*
e Carboxylic acids can also be prepared by treating aldehydes withgmild oxidising agents.
[O]

R-CHO ——  R-COOH

» From Alkylbenzenes Q

e In this method, alkyl benzenes on vigorous oxidation Wwith ghromic acid or acidic
or alkalinepotassium permanganate yield aromatic car ic acids.
e Primary and secondary alkyl groups are oxidised\in this way while

tertiary groups remainunaffected.

CH3 COOK COOH
KMnO,4-KOH Hy0"
Heat

N Benzoic acid
e Substituted alkenes can also b ox% using the same oxidising agents to yield

carboxylic acids.
K2C|'207,HQSO4
RCH=CHR ————» 2R;COOH

o

» From Nitriles and Amide .
e Nitriles on hydrolysis gi

presence of H+ orQ @ st.
e Use of mild reactio ions is done to stop the reaction at the amide stage.

ides and then they are converted to acids in the

I
+ H* or OH
R-CN H R—C——NH, » RCOOH

H,O 5

H,0*
CH,CONH, —— = CH3COOH + NHj

» From Grignard Reagents
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Grignard reagents on treating with carbon dioxide form salts of carboxylic acids which on
acidificationwith mineral acid give corresponding carboxylic acids.

O
Dry ether / H,0*
R-Mg-X +0=C=0 ———» R—0C

—== » RCOOH
\OMgX
» From Acyl Halides and Anhydrides

e Acid chlorides on hydrolysis with water give carbo st or readily undergo
hydrolysis with aqueous base to give carboxylate i ich on acidification give

corresponding carboxylic acids. ®

e Anhydrides on the other hand undergo hydrolysis With water to give corresponding

acids.
H,O
» RCOOH +Cb

RCOCI ——
OH7H,0 \)Hsd

. RCOO@ — » RCOOH
e
(CeHsCO)0 —— = 2¢,
Benzo id
> From Esters

Esters on hydrolysis with aci acids directly while basic hydrolysis give carboxylates

which onacidificationsponding acids.
COOC,Hs COOH

H

N Benzoic acid

NaOH
CH3CHZCHZCOOCZH5 _— CH3CH,CH,COONa + C,H50H

CH4CH,CH,COOH

Benzoic anhydride

+ C,HsOH
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Chemical Reactions of Carboxylic Acids

Reactions involving cleavage of O-H bond

1. Acidity
® Carboxylic acids react with metals to form salts with the n of hydrogen gas.
® They also react with weaker bases such as carbonates rogen carbonates
® This reaction is used to detect the presence of carboxyl p in an organic compound.
® Carboxylic acids dissociate in water to give reson tabilised carboxylate

anions andhydronium ion. ®
, . o
|| . el
R—C—OH+ H,0— H30 R .~ “
i

Acidity of carboxylic acids: Car. ds are more acidic than phenols.
The strength of acid depends t xtent of ionisation, which in turn

o
depends on the stability of anion @

(i) Effect of electron-donat stituents on the acidity of carboxylic acids:

intensifying the neg

harge and hence decreases the acidity of

Electron-donating sub: decreases the stability of carboxylate ion by

carboxylic acids.

(i)  Effect of electr rawing substituent on the acidity of carboxylic
acids: Theelect hdrawing group increases the stability of carboxylate

ion by deloc negative charge and hence increases acidity of carboxylic
acid.
The effect’of the following groups in increasing acidity order is:

Ph<I<BmF<CN<NOZ<CF3

(a)nEffec the number of electron-withdrawing groups: As the
n e lectron-withdrawing groups increases, the —I effect increases,

incre the acid strength.

(b) Effect of position of electron-withdrawing group: As the distance

between electron-withdrawing group and carboxylic group increases,

electron-withdrawing influence decreases.

» Reactions involving cleavage of C-OH bond
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1. Formation of Anhydride
Anhydrides are obtained on treating carboxylic acids with mineral acids such as H2S04 or wit

P20 .
0 o}
CH,COOH + CH,COOH oA H.C ! (‘l
3 3 —» H3C—
or P205A \ /

O

Ethanoic )mQ
Esterification

Esters are formed on treating alcohols or phenols vgth carboxylic acids in the
presence of conc.H,S0,4 or HCI gas as a catalyst. :

i

+

RCOOH + R'OH === RCOOR' + H,0

3. Reactions with PCls, PCl; and SOCI,
On treating with PCls, PCl; or SOCI,, t oxyl group of alcohols is replaced by
chlorine atom.SOCI, is preferred since products formed are volatile and escape

easily making the purification of the %ts easier.
RCOOH + PCl; — RCOCI + POCI; +

3RCOOH + PCl; — 3RCOCI + Hs

RCOOH + SOCl, — RCOCI + SO0, %

Reaction with Ammonia
When carboxylic acids wed to react with ammonia, ammonium salt is
formed which onfurthemheating at high temperature gives amides.

CH;COOH + NH; = ‘NH[ —5—>CH;CONH,

COO@ COONH, CONH,
N 3 L’

Ammonium Benzamide
benzoate

> Reactions involving -COOH group

B

1. Reduction
On reduction with reducing agents like LiAlH4 or diborane, carboxylic acids are reduced
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to primary alcohols.

i) LiAlH4/ether or BoH
RCOOH (i) LiAlR,/ether or BoHe R-CH,OH

(ii) H0"

2. Decarboxylation

Sodium salts of carboxylic acids on heating with sodalime carbon

dioxide to formhydrocarbons. The reaction is known as de lation.
NaOH & CaO

RCOONa —— " "3 R-H + Na,CO,

Heat

Substitution reactions in the Hydrocarbon

o
1. Halogenation
Carboxylic acids with a-hydrogen atom und halogenation at the a-position on

treatment with small amount of red phosph give a-halocarboxylic acids. The
reaction is known as Hell- Volhard-Zelinsky

on.
(i)Xo/Red P
R-CH,-COOH————» R— OH

(ii) H,O

Br

N— Halocarboxylic acid

2. Ring Substitution
Aromatic carboxylic aci@ergo electrophilic substitution reactions in which the
carboxyl groupacts,as ctivating and meta-directing group.
They however do no go Friedel-Crafts reaction because the carboxyl group is
deactivating and t@alyst aluminium chloride (Lewis acid) gets bonded to the

carboxyl group. :
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FooH COOH

Conc. HNO;"
Conc. H,SO,4
NO,
m-nitrobenzoic acid

COOH COOH

Br,/FeBrg
—_ )
BI‘ Br %

m-Bromobenzoic ac

S
5
&
S

Ne
O
Ny
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ALDEHYDES, KETONES, AND CARBOXYLIC ACIDS

Important Questions

Multiple Choice questions-

Question 1. Which of the following cannot reduce Fehling’s solution?
(a) Formic acid
(b) Acetic acid

(c) Formaldehyde
(d) Acetaldehyde
Question 2. Which of the following acids does not form anhy@

(a) Formic add P
(b) Acetic acid

(c) Propionic add
(d) n-butyric acid
Question 3. The acid which does not contain-CO@Jp is
(a) Ethanoic acid

(b) Lactic acid N
(c) Picric add %

(d) Palmitic acid b
Question 4. Trans-esterification is a rw etween

(a) two ester molecules
(b) alcohol and carboxylic acid CD
(c) alcohol and ether
(d) alcohol and ester.

Question 5. Acetone on h&@th ammonia produces

(a) Acetaldehyde
(b) Diacetone alcohol

(c) Diacetoneamin
(d) HydrobenzamiK

Question 6. Methyl ketones are usually characterised through
(a) Tollen’s reagent

(b) lodoform test

(c) Schiff’stest

(d) Benedict solution test.
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Question 7. Which of the following reagents can be used to prepare ketone from acid chloride?
(a) Grignard’s reagent

(b) LiAlH4

(c) Dimethyl cadmium

(d) Cadmium chloride
Question 8. HVZ reaction is used to prepare
(a) B-haloacid

(b) a-haloacid
(c) a, B-unsaturated add

(d) None of these < )

Question 9.An alkene C7H14 on reductive ozonolysis give aldehyde with formula CsHeO and and
ketone. The ketone is

(a) 2-butanone
(b) 2-pentanone
(c) 3-pentanone

(d) propanone Q
Question 10. Acetaldol is a condensation prow

(a) two molecules of ethanal

(b) two molecules of propanone %
(c) ethanal and methanal

(d) ethanal and propanone.

Very Short Questions- y

o

1. Give one use of Formalin.

2. What is the chemical name o ’s reagent and Fehling’s solution.
3. Write the structure of at on ozonolysis will give ketone only.
4. What is the function of rosenmund reaction?

5. Name the isomers with.molecular formula &#<?  Which one will have high boiling point?
6. Write a chemical te inguish between aldehyde and ketone.

7. What happens wldehyde is kept with a trace of sulphuric acid? Write the structure
of product.

8. What is the Hofmann'bromamide reaction? lllustrate with one example.

9. Give IUPAC name of following
CH.3 CO-CH-CH,CH,Cl

CHs

10. Give IUPAC name of following
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H, CHO

— |

o™

Short Questions-

. Ethanoic acid has molar mass of 120 in vapour state.

. Carboxylic acids do not give characteristic reactions of Carbexyli€"acid is stronger acid than phen
. Ethanol is more soluble in water than ethyl chloride

. Aldehydes are more reactive than Ketones towards nucleophilic additions.

. Carboxylic acids has higher boiling points than alcohols af same no. of carbon atoms.

. carbonyl group.

. Formaldehyde does not undergo aldol condensationt

. Floro acetic acid is a stronger acid than acetic acidk

. Toluene to benzaldehyde

10. Acetaldehyde to Acetamide

Long Questions-

O 00O NOOULLESE WN -

C,H,,0

1. A compound ‘A’ with formula giVies a positive 2, 4 —DNP test but a negative Tollen’s

test It can be oxidizing to carboxylic acid B’ ofimolecular formula GH0,

k. KMnO

, When treated with

al “under vigorous conditions/The salt of ‘B’ gives a hydrocarbon ‘C’ on Kolbes’
electrolytic decarboxylation. Identify®A, B.C & write chemical equations.

CH,0

2. Acompound A with molecular formula on oxidation forms compound B with

molecular formula ©#:9  The compound B gives iodoform test but does not reduce
ammoniacal silver nitrate. Theseempound B on reduction with Zn — Hg/ HCl gives compound C

with molecular formula Csh

Taldentify A,B.C & give the chemical reactions involved.

3. An organic compound Ajwdhich has a characteristic odour, on treatment with NaOH forms

two compound B and,C. Compound B has molecular formula C-H:0 \yhich on oxidation gives

back A. Compound is the'sodium salt of an acid. C, when heated with soda lime yields an
aromatic hydrocarbon®®s'deduce the structures of A to D.

4 CHBCOOH ('v'_l_,/rT_‘f’jF’ (A) alc.NH (B)
5.
cHconn, PR/ROH Ly NaNOHO g C

K,Cr,0,/H,S0, "
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6.

&

+ ,
pCl
orgey TR L (R) WO (g 5 o (C

(A) dy disnbuion N (B) I,/ NaOH {
X SOCf: ) &r alc . -KOH ) C

1. In these questions, a statement of assertion followed by a statement of reason is given. Choose
the correct answer out of the following choices.

v

; CH,COOH —X%

v

g CH;COCHS LidlH,

Assertion and Reason Questions-

a) Assertion and reason both are correct statem d feason is correct explanation for
assertion.

b) Assertion and reason both are correct sta@ but reason is not correct explanation for

d) Assertion is wrong statement but.rea orrect statement.

assertion. N
c) Assertion is correct statement but reaﬁn rong statement.

Assertion: Aromatic aldehydes and form % de undergo Cannizzaro reaction.

Reason: Aromatic aldehydes are almz&eactive as formaldehyde.

2. In these questions, a statement rtion followed by a statement of reason is given.
Choose the correct answer out @following choices.

a) Assertion and reas e correct statements and reason is correct explanation for
assertion.

b
b) Assertion and reasofi both are correct statements but reason is not correct explanation
for assertion.

c) Assertion is ment but reason is wrong statement.
d) Assertion is n ement but reason is correct statement.

Assertion: O-Substituted benzoic acids are generally stronger acids than benzoic acids.
Reason: Increased strength is due to ortho-effect.

Case Study Questions-

1. Read the passage given below and answer the following questions:
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A tertiary alcohol H upon acid catalysed dehydration gives a product I. Ozonolysis of | leads to
compounds J and K. Compound J upon reaction with KOH gives benzyl alcohol and a compound
I, whereas K on reaction with KOH gives only M.

O
HoL e &
O

Ph H

The following questions are multiple choice questiens. the most appropriate answer:

M =

(i) Compound H is formed by the reaction of:

O

)J\ + PhMgBr + PhCH,MgBr
@ Ph~ H CH,

&
j\ +PhCH2Mgb )(J)\ + )M\e

(ii) The structure of compou

Ph C C Ph
w0 >= “3)@ 5=
H Ph H Ph

(iii) The structures of compound J, K and |, respectively, are:

a) PhCOCHs, PhCH,COCHs and PhCH2COOK*
b) PhCHO, PhCH2CHO and PhCOOK*
c) PhCOCHs, PhCH,CHO and CHsCOOK*
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d) PhCHO, PhCOCHs and PhCOOK*

(iv) When (J) is treated with acetic anhydride, in the presence of corresponding salt of an
acid, the product obtained is:

a) Cinnamic acid.
b) Crotonic acid.
c) Maleic acid.

d) Benzylic acid.

(v) Which of the following statements is correct for compound/(K)?

a) It reacts with alkaline KMn04 followed by acidie hydrolysis and forms benzoic acid.

b) It reacts with iodine and NaOH to form triiodeomethane.

c) Itis prepared by the reaction of benzene with benzoyl chloride in presence of
anhydrous aluminium chloride.

d) It reacts with freshly prepared ammonfaeal silver nitrate solution.

2. Read the passage given below and answer the following questions:

When an aldehyde with no et-hydrogen,reacts®with concentrated aqueous NaOH, half the
aldehyde is converted to carboxylic acid salmand other half is converted to an alcohol. In other
words, half of the reactant is oxidized and.other half is reduced. This reaction is known as
Cannizzaro reaction.

0
|

O
I _
2 @—c— H M%@—c—o&a +QCHZOH
Mechanism :

R SCY

Ph—C—H-H yph— C W/ C —Ph——

L) i
Vs 7 Vs T
Ph— C + /H—C —Ph——> Ph—C +H—C —Ph
NO—H | NO~ |

H H
The following questions are multiple choice questions. Choose the most appropriate answer:

(i) A mixture of benzaldehyde and formaldehyde on heating with aqueous NaOH solution
gives:

a) Benzyl alcohol and sodium formate.
b) Sodium benzoate and methyl alcohol.
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¢) Sodium benzoate and sodium formate.
d) Benzyl alcohol and methyl alcohol.

(ii) Which of the following compounds will undergo Cannizzaro reaction?

a) CHsCHO
b) CHsCOCH;
c) CsHsCHO Q

d) CsHsCH,CHO

(iii) Trichloroacetaldehyde is subjected to Cannizzaro's re@ by using NaOH. The mixture

of the products contains sodium trichloroacetate ion an. another compound. The other
compounds is: ):

a) 2, 2, 2-trichloroethanol.
b) Trichloromethanol.

c) 2,2, 2-trichloropropanol.
d) Chloroform.

(iv) In Cannizzaro reaction given below: :N

OH
2PhCHO —— PhCH; —@ PhCO,
the slowest step is:

a) The attack "OH at th oxyl group.

b) The transfer of hydr he carbonyl group.

c) The abstracti on from the carboxylic group.
d) The deprotonati hCH,OH.

(v) Which of the follo@action will not result in the formation of carbon-carbon bonds?

a) Canni Wm.
b) Wurtzw .

c) Reimer-Tiemann reaction.
d) Friedel-Crafts' acylation.

MCQ Answers-

1. Answer: (b) Acetic acid

2. Answer: (a) Formic add
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3. Answer: (c) Picric add

4. Answer: (d) alcohol and ester.

5. Answer: (c) Diacetoneamine

6. Answer: (b) lodoform test

7. Answer: (c) Dimethyl cadmium QQ

8. Answer: (b) a-haloacid

o
9. Answer: (a) 2-butanone
10.Answer: (a) two molecules of ethanal b
Very Short Answers- 0

Ans 1. Formalin is used as a disinfectant, pr%tlve for biological specimens and in leather

industry.

Ans 2. Tollen’s reagent = Ammoniacal& rate

Fehlings solution = Sodium Potassium/Tartarate.

Ans 3. cv

CH; —C=C — CH, @ dimethyl but - 2 - ene
c|:|—|3 CH;

Ans 4. 5350: 3¢5 as a cat@poison which prevents further reduction of aldehyde to

alcohol. Q
OMe CH.COCH,

Ans 5. The two is sand “H:CH.CHO  pcetone boils at higher temperature
due to presence of two electron donating alkyl groups.

Ans 6. Aldehydes and ketones can be distinguished by Tollen’s test. Aldehydes give a silver
mirror on reacting with Tollen’s reagent whereas ketones will not react.

Ans 7. A trimer of acetaldehyde, called paraldchyde is formed.
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CH,
CH

Ans 8. Hoffman bromamide reaction is a reaction in which amides are/converted to amines

of one carbon less than the starting amide. It is a very important step — down reaction.
RCONH, + Br, + KOH — RNH, + KBr + K,CO, + H,0

Ans 9. 5-Chloro -3- ethylpentan -2-one.
Ans 10. 2 —(2-bromophenyl) ethanal

Short Answers-

Ans 1. Carboxylic acid on dissociation form carboxylatejion which is stabilized by two equivalent
resonance structure in which negative charge is’at'the more electronegative oxygen atom, wherea
the conjugate base of phenol, phenoxide ion, has,nan — equivalent resonance structures in which
negative charge is at the less electronegativgé carkon atom. Therefore resonance is not as importar
as itis in carboxylate ion. Moreover the negative/charge is delocalized over two more
electronegative oxygen atoms in carboxylate i@h whereas it is less effectively delocalized over one
oxygen atom and one carbon atom in ghen@Xide ion. Therefore the carboxylate ion is more stabiliz
than phenoxide ion and carboxylic acids*ake stronger acids than phenol.

Ans 2. Ethanol can form intermolectilar Hydrogen bonding with water molecules, ethyl chloride cal
not. Therefore ethanol is soluble¢’in'Water and ethyl chloride is not.

Ans 3. Aldehydes are more regactive than Ketones due to steric and electronic reasons. In Ketones
due to presence of two relatively large alkyl groups, the approach of nucleophile is more hindered
than in aldehydes having 6nly one such substitute. More over the +| effect of alkyl groups reduces
the electophilicity of carboryldgroup more in Ketone than in aldehydes.

Ans 4. Carboxylic deids hawe,more extensive association of molecules through intermolecular
hydrogen bonding thantalcohols. Moreover their boiling points are higher than alcohols of same
carbon atoms.

Ans 5. Ethanoic acid exists as dimer in vapour state in which two molecules remain together by
hydrogen bonding. This increases the effective molecular mass to 120.

CH; —C = C — CH, 2, 3 - dimethyl but - 2 - ene
CHy CHs
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Ans 6. In carboxylic acids due to presence of resonance, the C=0 group is not a pure carbonyl grou
& therefore they do not show characteristic reactions of carbonyl group.

Ans 7. Formaldehyde does not have any BaSO,_ hydrogen and therefore it can not show aldol
condensation.

Ans 8. In fluoroacetic acid, Fluorine being electron withdrawing gr ilizes the
conjugate base through delocalization of the negative charge
C.H.0
Therefore fluoroacetic acid is a stronger acid than acetic acid< )
Ans 9.
_0CO CH, e
CHi CH CHO
| ~~ococH,
. cro, v H+/H,D ¢
\ == s — =
(CH, COJ_. o"' |
Toluene Benzalde
Ans 10. N
(@ NH, I
CH.CHO »= CH. COOH » (Fg00 TN p CH,CONH,
' KMnO4 j
Acetaldehyde Acetamide

Long Answers- &
Ans 1. cv

A(CH,0) _24-DNP p

Negative

A alk. KMnO4 ‘:‘:“.H,-..D_a]

Kolbe's

C,H.0, - Na C

dt‘:cerbaxy!aﬁon -
As the compound A gives a positive 2, 4-DNP test but negative Tollen’s test, it is a ketone. Since on

oxidation, it gives an acid B, of molecular formula C-‘Hfoi, itis CH;CH,COCH,CH; and B is

CH,CH.COOH pg Cis obtained by Kolbes decarboxylation of B, Cis e )
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Therefore A = Pentan -3 one, CH,CH;C0 CHCH,
B = Propanoic acid HeRcaon

And C = Butane CH:CH-CH.CH;

The sequence of reactions is

MO,

|
CH, - CH, €O : — CHCHy

H,0

H‘.\I MNH Wi |
- o S
CH, CH, CO CH, CH,—<2¥ 5, CH CH.COOH + CH, COOH

CH, CH, COOK ——22<_, CH, CH, CH, CH, +CO, +KO

Ans 2.
(0) :
A (C.H,,0) > B{(CH,,0)
%**J{.‘w
g \J} lodoform test
N 't%
X v
Zn - Hg 2

Since B gives a negative Tollen’s te%ositive lodoform test, it is methyl ketone, i.e,
CH,CO CH.CH,CH; |0 it is for, y oxidation of A.
H
e,

, CH CH, CH, CH,CH,
Therefore A is secondary:

HCI.

Therefore Cis @HS

Therefore N

A = CH.CHOH CH.CH.CH,
g = CH:CO CH.CH.CH,
c= CH.CH.CH.CH,CH,CH,

OH on reduction B gives pentane with Zn —H

CH.CH.C

Reactions:-
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(0 H)
CH, CH CH, CH, CH, "HZ_) > CH, C CH, CH, CH; —- EH:;‘H!“I = CH, CH, CH, CH, CH.

OH (A _ 0 {B) ()

I,/NaCH :
CH. € CH, CH, CH., : » CHI, + CH, - CH, - CH, - COONa + Nal + H,0
O
Ans 3

" NaOH B . . Q

> + € {Sodium salt of acid) Q
(C? “D}I
NaOH + CaO0 o
(o
(0) v
 j D (aromatic)
A

The molecular formula of (B) and characteristic

aldehyde, CeH;CHO g g (B) is alcohol, CH C. C) is a sodium salt of an acid & gives
hydrocarbon (D) on heating with soda Ilme ium benzoate and (D) is benzene.

Therefore:-
CHO
-3 = benzaldehyde : zylalcohol

CH,OH @’ COONa
; ' £ ) Sodium be

f (A) suggests that (A) is an aromatic

{ H

D ) = benzene Ption are
CHO S Q COOMa
% Conc. NaoH [
e s L '
(<)
MaOH +
(0 Cac
N ! '
CHO
(A)

Ans 4.
A= (|ZHP COOH , B= CHQ COOH

Cl NHa
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Ans 5. (A) = CH:CHNH,
N2C|

(= ® :
Ans 6. (A) = CHLCY

(B) = CH:COOH

(c) = CH:COC 0

Ans 7 (A) - I'CHSCOO:I: Ca N
(8) = CH:COCH,

(€)= % %
CHzCHCH
Ans 8. X = e &
CHs; CHCH, D

* O
Y= Cl
7 CH;-CH = CH, Q

Assertion and Reas swers-
1. (c) Assertion is @ement but reason is wrong statement.
Explanation:

Aromatic aldehydes and formaldehyde do not contain Q-hydrogen and thus undergo Cannizzaro
reaction. Formaldehyde is more reactive than aromatic aldehydes.

2. (a) Assertion and reason both are correct statements and reason is correct explanation for
assertion.
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Explanation:

O-Substituted benzoic acids are generally stronger acids than benzoic acid. This is regardless of
the nature(+l or -I) of the substituent. This is called ortho-effect and is probably due to a

combination of steric and electronic factors.
Case Study Answers-
1. Answer : QO

(i) (b)

0O .
+ PhCH %r
Ph/u\ CH; ‘Sjﬁg

0 o o
Ph— C — CH, + PhCH ﬁg@r—mh—c—cm
éb, |

CH, — Ph

O (#)
(ii) (a) Q
Ph. CHY

H

Explanation:
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(l)H
Ph—CHz—C—Ph—>Ph CH=C—Ph

| —H0 |
(H) CH, z;@

(iii) (d) PhCHO, PhCOCHs and PhCOOK* Q
Explanation: ‘ )
Ozonolysis
PhCH —C—Ph——> PhCHO + Ph—c| =0 ®
@)

|
CH,
(D) (K)
KOH R
Ph—CHO ——> Ph—CH,—OH + Ph—COO
Cannizzaro
(J)  reaction (L :
|

KOH
Ph—C—=0 ——22 5 ph—C=CH h
| Aldol condensation |

CH, CH,

(K) &
(iv)(a) Cinnamic acid. cv

Explanation: Q

CH3;COONa
CeHsCHO + ( 70—

-CH;COOH
Benzaldehyde A@ anhydride
CeHs — — COOH

Ci ¢ add

(v) (b) It reacts with iodine and NaOH to form triiodomethane.
2. Answer :
(i) (a) Benzyl alcohol and sodium formate.

Explanation:
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It is an example of cross Cannizzaro reaction where aromatic aldehyde gets reduced to
alcohol and aliphatic aldehyde gets oxidised to its sodium salt (both aldehydes must not
contain any «c-x-hydrogen).

CHO CH,OH
+ NaOH + HCHO —> @ + HCOONa

(i) (c) CeHsCHO < )
(iii) (a) 2, 2, 2-trichloroethanol.

. o
Explanation:

The Cannizzaro product of given reaction yiel%—t hloroethanol.

cl 5
Ny N

| H |
Cl Cl
trichl

1 OH
+ Cl— l
Cl
2, 2, 2-trichloroethanol
(iv) (b) The transfer of hyerthe carbonyl group.
Explanation:
Hydride transferis t est step.

|
Ph— C—OH+ Ph— CH,0"

(v) (a) Cannizzaro reaction.
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Explanation:

C-C bond is not formed in Cannizzaro reaction while other reactions result in the
formation of C-C bond.



