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Aldehydes, IKetones
and Carboxylic Acids

[ Fastracl« Revision )

Aldehydes and Ketones

» In aldehydes, the carbonyl group (>C=0) is bonded to
carbon and hydrogen, while in the ketones, it is bonded to
two carbon atoms.

» Nature of Carbonyl Group

e The carbon and oxygen of the carbonyl group are sp?
hybridised and the carbonyl double bond contains one
o-bond and one =-bond.

Va

GG >0 or SE§
® The electronegativity of oxygen is much higher than that
of the carbon, so their electron cloud is shifted towards
the oxygen. Therefore, C—O bond is polar in nature.
Preparation of Aldehydes and Ketones
» By oxldation of Alcohols:

RCH,OH — 3> RCHO
H

» By Dehydrogenation of Alcohals: In this method, alcohol
vapours are passed over heavy metal catalysts (Ag or

Cu). Primary and secondary alcohols give aldehydes and
ketones,

R—CH,—OH —re—> RCHO
Cr
S?]K
» By Ozonolysis of Alkenes:
O o)

R—CHICH—R 2RCHO

(i) En/H

: (1)0
Oee- O

Bonzoldohyda Cyclohaxanono

» By Hydratlon of Alkynes: Acetylene on hydratlon
glves acetaldehyde and other alkynes on hydration give
ketones.

CHe CH + H,0 —&sbs CHy—C—H
Neebylene

R—C=CH +H,0 —H@»Rj—m

H,S0,
» By Heating Ca Salt of Acid:

(RCOO),Co —— RCOR + CaCO,
» From Nitriles (Stephen reactlon):
H,0*
RCN + 5nCl, + HCl —— RCH==NH —2=— RCHO
» From Acyl Chlorides:

X
2R—Mg—X + CdCl,—~ R,Cd + 2Mg (CL
2R—C—Cl+R,Cd —— 2R—C—R +CdCl,

» Rosenmund Reduction:

ocl HO
H,
Pd-BasS0O,

Benzayl chlorido Benealdehyde
® Farmaldehyde cannot be prepared by this method as
HCOCL Is highly unstable.
» Etard Reaction:

H, HO
CH(OCrOHCL),
cs,
—
+Cro,Cl, @ rs
Toluene Chromium complex Benealdehyde

» Side Chain Halogenation Followed by Hydrolysis of
Toluene:

H, HCl, HO

Cly/hy H,0
373K

Toluene Benzal chloride Bonzaldehydo

» Gattermann-Koch Synthesls:

HO
CO, Hal
e T
Anhyd. AICLfCucl

Banzene Benzaldehyde
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» By Decarboxylation and Dehydration of Aromatic
Aclds:

MnO
C4H,COOH + HCOOH —555¢—> C(H,CHO + H,0 + CO,
hWnQ
CH.,COOH + HOOCH, —55e— C,H.COCH, + H,0
4 C02
» From Nitriles:
Elher
CH—CH,—C=N + C;H,MgBr ="~
CH.CcH,—c ¢ NMgBr
el \CsHs
—NH .
—mgioH)ar| O
40
Ho—i
C'z g \C H

(1-Phanylpropangng)
» Friedel-Crafts Acylation:

O=C—Ar/R
@ + ArfRtcl Anhyd. AICL

Physical Propertles of Aldehydes and Ketones

° Methanal (HCHO) is a gas at room temperature and
its 40% aqueous solution is known as Farmalin. It is a
reducing agent in silvering of mirrors and decolourising
vat dyes.

® Ethanal (CH,CHO) Is a volatile liquid. Other aldehydes
and ketones are liquld or solid at room temperature.

® The bolling polnt of aldehydes and ketones are
higher than hydrocarbons and ethers of comparable
molecular mass due to high magnitude of dipole-dipole
Interactions.

e Aldehydes and ketones have lower bolling polnt than
those of alcohols of similar molecular masses due to
absence of intermalecular hydrogen bonding.

® The lower members of aldehydes and ketones are
misclble with water due to the formation of hydrogen
bond with water. However, the solubllity decreases with
increase In length of alkyl chain.

Chemical Reactlons of Aldehydes and Ketones
» Nucleophilic Additlon Reactlons:

; ; & OE
Scowos s o [ 5e® | e,

Nu] F Nu

Product

¢ Addlition of Hydrogen Cyanide;
OH
>C=0+HCN —» >C<CN
Cyanohydrin

® Addition of Sodlum Hydrogen Sulphite:

0SO,Na
>C=0 + NaHsO, — > o :

Vihite arystalling solld

* Addition of Lower Alcohols:

OR']| ¢
-0 R'OH, HCl gas [ H< j|RC3H

OH | H
H

Hemlacetal

R H,—OH R H,

Semor [N ML M T

R CH,—OH R” ~ TO—CH,
Ethytane glycol ketal

®* Addition of Ammonia and its Derivatives:

6HCHO  +4NHy wows (CH5 )Ny +6H,0
Formaldehyde Haxametdeno
telraamine(Urotropinag)
Uratropine on controlled nitration gives the well knovn
explosive, RDX (Research and Development explosive).

H,C _OH 4 H,C
CHyCHO +NHy —> 2 > —2 2" > CalH
Acetaldehyde NH, ? H
Adduct Acetaldiminag
H,C_NH
2CH,COCH, +NH, —» * >c 2
Acetone H,C CH,COCH,

Dincotonaming
~ — [~ OH ~
/CIO + HzN—Z = |:/C\NHZ:| —"/CLWM + H2O
where, Z = alkyl, aryl, —OH, —NH, —CHNH,
—NH,CONH, etc.

» Reduction: Aldehydes and Ketones are reduced to
primary and secondary alcohols respectively by sodium
borohydride (NaBH,) or lithium aluminium hydride
[LialH ).

® Clemmensen Reductlion:

~ ZnHg N
/C‘:O _HO—P/CH2+HEO

° Wolff-Kishner Reductlon:

S H,NNH,  ~

KOH/Ethdane glycol

g
5 CH, + N,

» Oxidatlon: Aldehydes get easily oxldised to carboxylic
acids by HNO,, KMnO,, K,Cr,0,, etc, or even by mild
oxldising agent.

Q
RCHO—{J—" RCOOH

» Reactlons due to a-hydrogan: The aldehydes and ketanes
undergo a number of reactlons due to the acldic nature of
a-hydrogen.

* Aldol Condensation:

2CH,—CHo —2LMOH , CHitiJ-I—CHz—CHO—-H-\‘DL-
Ethanol "
OH
3-Hydroxybutonal
(Aldol)
CHy—CHwCHCHO
But-2-onol

L
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CH,

2CH,COCH, 229,

CH,—C—CH,COCH, ——>
Propanone | =HQ

K::l.o
CH —i—-CH—COCH

4- Methy\pent -3-80-2- OhL‘
(Meaityl oxide)
lis further condensation gives phorone.
® Cross Aldol Condensation: Base catalysed crossed
aldol condensation between an aromatic aldehyde
and an aliphatic aldehyde or ketone is called Claisen-
Schmidt condensatlon or Claisen reactlon.

CHy—CHO + CH,CH,CHO —2720%

[ CHyCH=CH—CHO + CH,CH,CH=C—CHO
But-2-onal
CH,
| (self aldol products) ~ #Mothyipant2-anal

= CH 3CH,—CH=CH—CHO + CH,—CH=CCHO
BubE -onal

CH
2-Methylbut-2-onal

(cross aldol products)

oo @-Lovtee
©i-®

1,3:Diphonylprop:2-an+1-one
(Benzalacotophenona)
Major praduct

» Othar Reactlons:
® Cannizzaro Reaction:

2HCHO —XOHICone) , cp.oH + H—ﬂ-—-OK

Methanol Potagsium Formate

2 @ CHO NoOH (Conc.) @CHZ—OH

Benzyl alcahol

+@_if_om

Sodium beneoote
® Electrophilic  Substitutlon Reactlon: Aromatic
aldehydes and ketones undergo electrophilic
substitution. Carbonyl group shows +R effect, therefare
it acts as a deactivating and mete-directing group.

O,N
_HNOy/H,S0,
QCH 273-201K O

Bongaldehydo m-Nitrobanzoldohydo

* Baeyer-Villiger Oxldatlon: With Caro's acld (H,50) or
perbenzolc acld (C,H,0) or peracetic acld (CH,CO,H),
aliphatic ketones give ester,

R,CO + R'CO;H —- RCOOR + RCOOH

* Tischenko’s Reaction:Itisamodified form of Cannizzaro
reaction.

2CH;CHO — 25O, CH,COOH + C,HOH ——> CH;COOC,H
Ethyl ocatate

® Schmidt Reactlon:

ConcH,S0 by
A

RCHO+  NyH
Hydrazoic ocld

R—CN + HCONHR +N,
Myl cyarmide  N-Alkylformamide

Tests to Distinguish between Aldehydes and Ketones:
* Tollen's Test: Aldehydes give bright silver mirror with
Tollen's reagent (ammoniacal silver nitrate).
RCHO + 2[Ag(NH,),)* + 20H"—- RCOO™ + 2Agl +H,0+ NH, +
+ Sliver mirrar 3NH,
® Fehling's Test: Fehling's solution gives a reddlsh-brown
precipitate with aldehydes (except benzaldehyde).
R—CHO + 2Cu? + 50H —- RCOO~ + Cu,0(s) L+ 3H,0
Fehling's solution Rad ppt.
® Benedict Solution: With it, aldehydes (except
benzaldehyde) glve red ppt. of Cu, 0.
® Schiff's Reagent: It is an aqueous solution of magenta
or plnk coloured rosaniline hydrochloride which has
been decolourised by passing SO,. Aldehydes give pink
colour with this reagent but ketones do not.

Carboxylic Acids

0

[
These are the compounds which have —C—QH group
[carboxyl group). The word ‘carboxyl’ Is a combination of two

vrords—carbonyl (>C:O) and hydroxyl (—OH).
Methods of Preparation of Monocarboxylic Aclds

» From Primary Alcohols and Aldehydes:

{ )AH; limn I(Mn04

RCH,OH - [ll] Hao - R—COOH

CH,(CH,),CH,OH 0, CH,(CH,),COOH
Docanoic ocid
» From Alkyl Benzenes: Alkyl benzene when treated with
strong oxlIdising agent like H,CrO, (chromic acld), acldic or
alkaline KMnQ, gives benzolc acld.

H, COOK COOH
, : ,
KInQ /KOH @r H,0 @
Haot

Benzuole acld

OOH
() KMRO, 5 KOH, Hoot
(i) H,0" -

» From Acid Derivatives:

H,CH,CH,

dil RCI
RCOZ “srainson > RCOOH

Z = —NH,, —X(X = Cl, Br, I), OR’, RCOO—atc.
Ease of hydrolysls: RCOC| > (RCO),0 > RCOOR' > RCONH,

L
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» From Nitriles and Amides:

H" H™ W H* H-
R—CN ——2 2> R—C—NH, ——>"» RCOOH
1

CH3CONH, — 22— CH,COOH + NH,

Ethonamido Ethanoic aad

CONH, COOH
—l-
Boenzamide Benzolc add
» From Grignard Reagents:
R—Mg—X + O=Ce=0 LDy ether

H,0"
—— RCOOH

0
F‘\_C</‘(.’l"Ivlg)("

» By Heating Geminal Dicarboxylic Aclds:

—CH<COOH “»p—cHS{ +CO
COOH SCooH T 2

» From Alkynes:
(()Oy, (@MH,05 or
KMnO, /OH™ A

R—C=C—R — Z2RCOOH

Physical Properties of Carboxylic Acids

* Aliphatic carboxylic acids up to nine carbon atoms are
colourless liqulds at room temperature with unpleasant
odours. The higher acids are wax like solids.

® The lower carboxylic aclds are freely miscible with
water due to the presence of intermolecular hydrogen
bonding with H,0 molecules. However, the solubility in
water decreases gradually due to Increase In the size of
alkyl group.

® Monocarboxylic acids have higher boiling polnts as
compared to the alcohols of comparable molecular
masses due to the presence of stronger intermolecular
hydrogen.

° Melting polnts of allphatlc monocarboxylic acids show
alternation or oscillation effect, /.e. the m.p. of an acid
with even number of carbon atoms Is higher than the
next lower and next higher homologue containing odd
number of carbon atoms.

Chemlcal Properties of Carboxylic Aclds
» Reactlons Involving Cleavage of O—H Band:
Carboxyllc aclds do not glve reactions of carbonyl groups as
It enters into resonance with lone pair of O of —OH group.
® Reactions with Metals and Alkalies:

Na 1
—— > RCOONa + 5 H

—=0> (RCOO),Zn +H,

2

RCOOH——"—» RCOONa + H,0

NaHCO
———L—> RCOONa + CO, +H,0

N, CO
2> JRCOONa + €O, +H,0

® Acidity: Carboxylic acids dissociate in water to give
resonance stablilised carboxylate anions and hydronium
ion.
The electron releasing substituents (+| effect) decrease
the acldlc strength of the carboxylic aclds by destabllising
the carboxylate ion.

Order of + I effect: —H <—CH, <—C,H, < —C3H,

Therefore, the order of acidic strength is

HCOOH > CH,COOH > C,H;COOH > C;H,COOH

0 o)
S >l —cH—Z >

Trichloroacetic acid Dichloroacetic add

0 0]
c—cH—C s el
O—H
Monochloroacetic acld Acetic acid

FCH,COOH > CICH,COOH > BrCH,COOH > ICH,COOH
This Is because —| effect decreases In the order:
F>Cl>Br>l.

» Reactlaons Involving Cleavage of C—O—H Bond
° Formatlon of Anhydrldu'

0
ch—c< \C—CH

3 orpP,054.-H,0

CHSﬁ_CHB
Ethonolc anhydride
* Esterification:
RCOOH + R'OH === RCOOR' 4 H,0
* Reactlons with PCl,,PCl; and SOCL,;:
RCOOH + PCl, — RCOCL + PCL, + HCL
3RCOOH + PCly — 3RCOCL + H,PO,
RCOOH + SOCL, — RCOC! + SO, + HCl
® Reactlon with Ammonia:

CH COOH + NH; === CH;COONH, -H = CH,CONH,

Aummorium ocotmo Acotandda

COOH COONH, ONH,
&
Qe

Arnmonium benposte Bentomide
OOH OONH CONH
b NHJ — . w @
OCH COONH,
AMMONUm Phtholamico
phtholate —NH l oo
? hooting
/NH
Pivtholimide
» Reactlons Involving—COOH Group:
¢ Reduction
0By (I HyO* r

L L o s s o
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® Decarboxylation:

NoOH CoO (Rotio 3:1)
A

RCOONa R—H + Na,CO,

» Substitution Reactions in the Hydrocarbon Part:

(X, /Redphosphorus

R—CH,—COQCH M0

R—%H—COOH

X
(X= Cl, Br)

The reaction is known as Hell-Velhard-Zelinsky reaction.
> Arndt-Eistert Reaction: It is method of converting lower
carboxylic acids to thelr higher homologues.

RCOOH —2% , pecoct N,

RCOCHN, -2

Diazo kplona

» RCH,COOH

> Reducing Property: Among carboxylic acids, formic acid
is the only acid that acts as reducing agent. It reduces
acldified KMnO, to MnSO,, HgCl, to Hg, Tollens' reagent
to silver mirror and Fehling’s solution to red ppt. and itself
gets oxidised to CO, and H,0.

HCOOH + HgCl, — Hg + 2HCL + €O,

» Electrophilic Substitution Reactlons of Aromatic Acids:

OQH
Br, +HBr
FeBr,
(Halogenation) Br
3-Bromobenrole acld
OOH OOH
HNO, (conc.)
— H,50,(conc) e
(Nitratlon) NOE
3-Nitrobenzoic add
OO0H
Conc. H,50 +H,0
(Sulphonation)
SO4H

3-Sulphonic benraic acid
» Uses of Carboxylic Acids

» Formic acid is used in leather tanning, textile dyeing
and finishing.

> Acetic acid is used in the manufacture of rayon and
in plastics, in rubber and silk industries, in cooking
and in vinegar (a 8-10% solution of acetic acld).

» Benzoic acid and its salts are used as urinary
antlseptlcs.

» Formic add can act as a reducing agent.

& Practice Exercise

'@ Multiple choice Questions \

Q1. Which of the following compounds will give
butanone on oxidation with alkaline KMnO,
solution? (NCERT EXEMPLAR)
a. Butan-l-al b. Butan-2-al
c. Bath of these d. Nane of these

Q 2. Which of the following does not reduce Fehlings

solution?
a. CH,COOH b. HCOOH
c. HCHO d. CH,CHO

Q8. What is |[UPAC name of the ketone A, which
undergoes  iodoform  reaction to  give

of CHI,?
a. 3-Methylpent-3-en-2one
b. 3-Methylbut-2-en- one
c. 2. 3-Dimethylethanone
d. 3-Methylpent-4-one

Q 4. Which of the following reagents would one choose

(CBSE SQP 2023-24)

to transform CH,COCl into acetone? (COSE 2023)
a. (CH,),Cd b. CHyMgBr
c. CHyd d. (CH,0),Mg

Q5. The oxidation of toluene to benzaldehyde by
chromyl chloride is called: (CBSE SQP 2022-23)

a. Etard reaction

b. Riemer<Tlemann reaction
c. Stephen's reaction

d. Cannlzzara's reactlon

Q 6. Acetic acld reacts with hydrazoic acld at 0° in the
presence of conc. H,SO, to give:
a. methane b. methyl amine
c. methyl cyanide d. ethyl amine.

Q7. Which of the following does not give Cannizzaro
reaction? (CBSE2023)
a. (CH,),C—CHO b. (CH,), CH—CHO

C QCHD

Q8. Aldehydes and ketones react with hydroxylamine
to farm: (CBSE 2023)
a. hydrazanes b. cyanohydrins
c. semicarbazones d. oxime

Q9. What is the correct IUPAC name of the given
compound? (CBSE 2020)

d. HCHO

CHy
|

CH;—C—CH, —CH,
|

COOH

2. 2-dimethylbutanolc acld
2-carboxyl-2-methylpropanolc acld
2-ethyl-2-methylpropanolc acld

3-methylbutane carboxylic acid

Q10. Which of the following is most reactive in

now

e

nucleophilic addition reactions? (CBSE 2023)
a. HCHO b. CH,CHO
c. CH,COCH, d. CH3COC,H,

L
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Ql2.

Q13.

Q4.

QIs.

Q 16.

Q.

qQ1s.

m s w o

The reagent that can be used to distinguish
acetophenone and benzophenone Is:  (CBSE2023)
a. 2, 4-dinitrophenyl hydrazine

b. aqueous NaHS0,

c. Fehling solution

d. |, and NaOH

Which of the following does not give aldol
condensation reaction? (CBSE2023)

d. CH4COCH,

a. CHy~CHO

C @—(Ho

Which of the following compounds will undergo
self-condensation in the presence of dilute NaOH

solution? (CBSE2023)
a. C;HgCHO b. CH,CH,CHO
c (CH,);C—CHO d. H—CHO

Which does not form iodoform on heating with |,
and base?

a. Acetone b. Ethanol

Identify A and B:
a. A =1-phenylethanal, B = acetophenone
b. A=Benzophenone. B = formaldehyde

(CBSE SQP 2023-24)

c. A= Benzaldehyde. B = Acetophenone
d. A= Benzophenone, B« Acetophenone

-§) Assertion & Reason Type Questions N

Directions (Q. Nos. 19-24): Each of the following questions
consists of two statements, one [s Assertion (A) and the other (s

Reason (R). Give answer:

a. Both Assertion (A) and Reason (R) are true
and Reason (R) Is the correct explanation of
Assertian (A).

b. Both Assertion (A) and Reason (R) are true but
Reason (R) [s not the correct explanation of
Assertion (A).

¢. Assertion (A) Is true but Reason (R) Is false.

(
d. Assertion (A) Is false but Reason (R) Is true.
Assertion (A): Benzolc acld is a weaker acld than
farmic acld.
Reason (R): Phenyl group destabilises the
carboxylate anlon due to conjugation.
Assertion (A): Acetic acid does not undergo haloform
reaction.
Reason (R): Acetic acld has no a-hydrogen atom.
Assertion (A): Formic acid and acetic acld can be
distinguished by Tallen's reagent.
Reason (R): Formic acld Is a stronger acld than
acetic acid.
Assertion (A): Strong oxidising agents oxidise
toluene and its derivatives to benzoic acids.
Reason (R): It is possible to stop the oxidation
of toluene at the aldehyde stage with suitable
reagents. (CBSESQP 2023-24)
Assertion (A): Nitratlon of benzoic acld gives meta
nitrobenzaoic acld.
Reason (R): Carboxyl group deactivates the artho
and para positions in the ring.
Assertion (A): Carboxylic aclds do not
characteristic reactions of carbonyl group.

Reason (R): The carbonyl group Is sterically hindered
in carboxylic acld.

give

19.
c. Methanol d. Acetaldehyde. Q
Which of the following is an‘Acetal'?  (COSE2023)
a. CHyCH, —OCH,
Q 20.
b HC . 0-CH,
HyC” "~ >S0-CH,
OCH,
& 2L
¢ CHy—CH \OCH Q
OH
/
d. CH—CH gy
OH™ 22.
CGHSCHO-FCHSCOCHETK."&HSCH-mCH—-COCHS, Q
This reaction Is known as: (CBSE2023)
a. Aldol condensation
b. Cross-Aldol candensation
c. Cannizzaro's reaction Q23
d. Frledel-Crafts reaction. :
Which of the following tests/reactions is given by
aldehydes as well as ketones?  (CBSESQP2022-23)
a. Fehling's test b. Tollen's test
C. 2.4 DNP test d. Cannlzzaro react Q24.
A+ B diLNaOH @—c s CH— C—@
Answers
v
(b) Butan-2-al 2. (a) CH,COQH
(a) 3-Methylpent -3-en-2-one
(a) (CH,),Cd
(a) Etard reaction
Etard reactlon Involves the oxldatlon of aromatic 6.
methyl groups ar heterocyclle bound methyl 7

groups to an aldehyde using chromyl chloride.
For example, toluene can be oxidized to benzalde-
hyde uslng the Etard reactlon as shown:

H,
H
©/1 +Cr02CLz—“‘©j\

(b) methyl amine

(b) Aldehydes that do not have an a-hydrogen
atom undergo self-oxidatlon and reductlon
(disproportionation) reactlon on heating with

L
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concentrated alkali. In (CHy), CH—CHO. alpha
hydrogens are present So. it does not undergo
Cannlzzaro reaction.

(d) Oxime

(a) 2. 2-dimethylbutanolc acid

(a) Reactivity towards nucleophilic addition reactions
are influenced by the groups attached to carbonyl
carbon. More electron-deficlent thls carbon.
more is the reactivity. Presence of alkyl groups
decrease the reactivity by decreasing the electron
deficiency. Hence. HCHO is mare reactive towards
nucleophilic addition reactions.

(d) 1, and NaOH are used to distinguish the two. On
reacting with acetophenone, iodine molecules
react with methyl groups and form methyl lodide
leading to the formation of yellow precipitate
which shows that the compound is acetophenone.
On the other hand. if 1, and NaGOH reacts with
benzophenone. then it will not give any precipitate
because benzophenone has a ring that does not
lead any precipitate.

(c) Benzaldehyde will not give aldol condensation
reaction due to absence of ¢- H atom.

(b) CH,CH,CHO has a-hydrogen atom, hence it will
undergo self-condensation In the presence of
dil. NaOH solution.

(c) Methanol

(c) An acetal is an organic molecule where two
separate oxygen atoms are single bonded to
a central carbon atom. They have the general
structure of R,C(OR),.

(b) Cross-Aldol condensation

(c) 2. 4 DNP test
Fehling's test. Tollen's test and Cannizzaro
reaction are shown by alcohols only and not by
aldehydes or ketones.

(c) A = Benzaldehyde. B = Acetophenone
This is an example of crossed Aldol condensation.

(a) Both Assertion (A) and Reason (R) are true
and Reason (R) Is the correct explanation of
Assertion (A).

(c) Acetic acld behaves as an acld In the presence of
OH™ ions and does not create CHX; halaform. So.
it does not undergo the halofarm reactlon. Hence.
the assertion Is true. but reason is false because
the acetic acid has three alpha hydrogens.

(b) Both Assertion (A) and Reason (R) are true, but
Reason (R) is not the correct explanation of
Assertlon (A).

(b) Both Assertion (A) and Reason (R) are true but
Reason (R) Is not the correct explanation of
Agsertlon (A).

(a) Both Assertion (A) and Reason (R) are true and
Reason (R) Is the correct explanation of Assertion
(A).

(c) Assertlon (A) Is true due to the lone palrs on
oxygen atom attached to hydrogen atom In the
—{L0O0H group that are Invalved in resonance and
hence malklng the carbon atom less electrophilc.
So, carboxylic aclds do not give characteristic
reactlons of carbanyl group.

Reason (R) is false because the carbonyl group in
carboxylic acld has both single and double bond
characters due to resonance.

-§) Case Study Based questions
Case Study 1

Nucleophilic addition reactions are encountered in
compounds having polar functional groups (C=0,
CemN, C=S). In the firs( step, a nucleophile with
its pair of electrons attacks the carbon atom of a
double or triple bond, forming a carbanion. It is
followed by a second step in which this carbanion
reacts with a positive species.

G [
\/g\ + Y /C C\

Y.
Step I: >C__—‘.,//—\ 3 L £

© Y\

7 X
StepIl: Nc— 4 . /
plbJc—ct ¥ W —e—CCW

When the olefin contains a good Ieavmg group (as
defined for nucleophilic substitution), substitution
i$ a side reaction. (i.e. a nucleophilic substitution
at a vinylic substrate).

Addition of HCN to carbony! group and addition
of alcohol to carbonyl group is a nucleophilic
addition reaction.

Addition of HCN to carbonyl group: In this
reaction cyanide ion (CN™) acts as a nucleophile
which attacks the carbon of carbonyl group, the
carbon-oxygen double bond breaks followed by
capture of proton and a cyanohydrin is formed.

g "
Nc“’/\'\/zﬁfjl — NC>—@ H°

Addition of alcohol to carbonyl compounds:

Aldehydes and ketones react with one mole
of alcohol to form hemiacetal or hemiketal,
respectively. Reaction with second mole of
alcohal gives acetal or ketal. In this reaction, the
alcohol with lone pair of electrons of oxygen atom
acts as a nucleophile.

HO OR RO OR
)(i ROH ><
C.ulul)sa.d by Catulyvod by R R
teld or bose ncld only
Kctnnc Non-motul Metl

Read the given passage carefully and give the
answer of the following questions:

Q1. Identify the example in which both nucleophilic
addition and nucleophilic addition elimination
reactlon occur respectively in the carbonyl
compound.

a. Reduction to alcohols

b. Additlon of sodlum sulphide
c. Tollen's test

d. Reaction with alcohols

-



Q 2. Conslder the following reaction:

SOzH
N 23
/C= 0 + NaHSO; =— >C\ .
ONa
Proton transfor \C/ SOsH
7N OH
Bisulphite addition
compound (crystalline)

In the given reaction, equilibrium lies largely
to the right hand side for most aldehydes and
the left for most ketones due to:

a. electronic reasons b. sterlc reasons

¢. bonding reasons  d. Both a. and b.

Q 3. Which of the following alternative is correct
for the treatment of ketones with ethylene
glycol in the presence of dry HCL?

a. The product obtained Is ethylene glycal
hemi-ketal

b. In this reaction, electrophilicity of carbanyl
carbon decreases

c. HCl protonates the oxygen of the carbonyl
group

d. The product thus abtalned Is cyanohydrin

Q 4. Consider the following reaction:

OH
\C=0 + HN—Z =— \C/
4 “NHZ

AN
c + H,0

Which of the following statements Is/are true about
the above reactions?

a. H,N — Z tends to add to the carban of carbonyl
group of aldehydes and ketones

b. The reactlon Is reversible and catalysed by acld

c The equillbrium favours the product formation
due to rapld dehydration of the Intermediate

d. All of the above

SWN
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[ Answers ][ *
d) Reaction with alcohols

b) steric reasons

c) HCl protonates the oxygen of the carbonyl group

c) The equlilibrlum favours the product formation
due to rapld dehydration of the Intermediate

Study 2

The carbon-oxygen double bond is polarised
in aldehydes and ketones due to higher
electronegativity of oxygpen relative to carbon,
Therefore, they undergo nucleophilic uddition
reactions with a number of nucleophiles such as
HCN, NaHSO,, alcohols, ammonia derivatives
and Grignard reagents. Aldehydes are easily
oxidised by mild oxidising agents as compared
to ketones. The carbonyl group of carboxylic acid

(
(
(
(

[ ]

does not give reactions of aldehydes and ketones.

Carboxylic acids are considerably more acidic

than alcohols and most of simple phenols.

Read the given passage carefully and give the

answer of the following questions: (CBSE2023)

QL Write the name of the product when an

aldehyde reacts with excess alcohol in
presence of dry HCL

Q2. Why carboxylic acid Is a stronger acld than

phenol?

Q3. (i) Arrange the following compounds in
increasing order of their reactivity towards
CH,MgBr :

CH,CHO, (CH3)3C—%—CH3, (:H;—(II—CH3

o 0

(ii) Write a chemlcal test to distingulsh

between propanal and propanone.

OR

Write the main product in the following:

0
i) [AgINH, )T
CHO

CHO
(i) ©/ H,NCONHNH,

l Rcoae | =
| Answers °

1. Analdehyde react with excess alcohol In the presence

of dry HCl to yield alkoxy alcohol intermediate known
as hemlacetals which further reacts with one more
molecule of alcohal to give a gem-dialkoxy compound
known as acetal.

. Carboxylic acid Is a stranger acld than phenol because

the negatlve charge In carboxylate anlon Is mare
spread out compared to the phenoxide ion as there
are two electronegative O-atoms in carboxylic anion
compared to one In phenoxide lon. In the resonance
structures of carboxylate anlon, the negative charge
is present on the O-atoms while in resonance of
phenoxide lon, negative charge Is also present an
electroposlitive carbon atom which leads to less
stability of phenoxide lon than carboxylate anlon.

) CH3CHO>CH3—H—CH3 > (CH, )ac—ﬂ—m3

Aldehydes are more reactive than ketoneg towards
Grignard reagents due to less steric hindrance.
Grignard reagents attack if the bulkiness Is low.

(i) Propanal and propanone can be distinguished by
the Tollen's test. Propanal Is an aldehyde. Thus. It
reduces Tollen's reagent. But propanone belng a
ketone does not reduce Tollen's reagent.

L
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QL

Ans.

Qa.

Ans.

Q3.

Ans.

Q4.

Ans.
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.

CHyCH,CHO + 2[ Ag(NH3 ), | + 30H

Propanal Tollen's reagent

CH4CH,CO0™ +Ag L + 4NH; +2H,0
Propanoate lon Sllver mirror

OR

+2Ag + 4NH; + 2H,50
coo-
The main product obtained Is silver mirror due to the
formation of silver metal

CHO
HNCONHNH
(i) O/ 2 2,

Benzaldehyde

Benzaldehyde semicarbp2ong
The maln product obtained Is Benzaldehyde
semlcarbazone.

Verv Short Answer Type Questions N

Give a chemical test to differentiate between
aldehyde and ketone.

On heating with Fehlngs solution, aldehydes
(acetaldehyde) glve red precipitate of Cu,0 whereas
ketones (acetone) give no reaction.

—2Cu,0 L + CH,COOH
mdppt

CH,CHO  +2Cu0

acotaldehyde Fohlng Solution
Explain Schmidt reaction by giving example.

Schmidt Reaction: The reaction in which carboxylic
acld reacts with hydrazolc acld in the presence of

concentrated H,50, to give primary amine. Is called
Schmidt reaction. e.q.,

CHCOOH+ N —222202%00 ¢ HoNH, +CO, +N,
Benzoicacd  Mydrazolc Anfling
acid
Complete the following reaction.
CH;
\ CHCly
CH ~C=0 —cn
3
CH CH OH
3 3
SO CHE, 8y “SeC
CH, CH, ca,
Oxidation of CH—CHO s easler than CH,COCH,.
Why? (CBSE 2019)
CH,—CHO contains H atom on the carbonyl group

but ketones like CH;COCH; do not have it Cleavapge of
C—H bond In CH,CHO is easier than cleavage of C—C
bond In CH,CO CH.. Hence. CH,—CHD oxidises easlly.

Q5.

Q6.

Ans.

Q7.

Ans.

Q8.

Ans.

Q9.

Ans.

Q10.

Ans.

Complete the following equation.

0COCH;
Anhyd. ALCL, ?
0COCH; OH
Anhyd. mctl
> 333}(
COCH;

p-hydroxy ocetophenone

Write the chemical reaction of preparation of
benzoic acld from benzene.

CH3 COOH
1({ Anhyd. KhMnQ,
—
M‘Ih\ld AlCLy
(FapdulLrane
Benrene s Toluene Benzolc acld

Write the chemical equation for the decarboxylation
reaction of an organic acld.

I
CHy—CH—OH ---'3'-“—0%’—9“& CH, +CO,

Le. CH,COOH OO, chy COONa

Sodlum acetote
_ NaOH/Ca0 CH, +Na,CO0,
Write the chemical equation of the reaction of
formlc acld with Tollen's reagent.
HCOOH + Ag,0 — 2Ag L +C0, L+H,0

Tollen's Silver

F@i]gl?ﬂt mirrar
CH,CHO is more reactive than CH,COCH, towards
reaction with HCN. Why? (COSE2019)

CH,CHO s sterically hindered than CH,CHO due to
the presence of alkyl group on both sides on the
carbonyl carbon. making them less reactive towards
nucleophilic attack because both methyl groups have
electron releasing tendency due to-/ effect. These
alkyl groups make ketone less reactive by donating
an electron to a carbonyl group. Therefore, CH,CHO Is
mare reactive towards reaction with HCN.

Note: As +/ effect increases, steric hindrance increases
and hence reactivity decreases.

p-nitrobenzolc acld has lower pK, value than
benzoic acld. Why? (COSE2019)

As p-nltrobenzolc acld contalns —NO, group which

i3 an electron withdrawing group resulting in higher
acldity than benzolc acld. Greater is the addic
character, lower Is the pK, value. Thus, pK, value of
p-nitrobenzolc add Is lower than that of benzolc acld.

L
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QIL
Ans.

Qla.

Ans.

Q13.

Ans.

Q14.

Ans.
Q1s.

Ans.

Q 16.

Ans.
Q1.

Ans.

Q1ls.

Ans.

How will you convert benzoic acld Into benzene?

Benzoic acld can be converted into benzene by fusing
with soda lime (NaOH/Ca0).

NaOH

CHCOOH — =, C H COONa 20, ¢ 1y
Fuse Fuse

Benzolc acid Sod benzoate Benzene

Complete the following reactions:

X dP
(i) R—CH,COOH i

(ii) 2CH,CO0H — 2%, 7

; X5 /Red P
(i) R—CH,COOH —
Carboxylc ocid

»R — CH(X)COOH

a-Haolocarboxylic
reaction) acld

i 2CH CDOHL (CH,C0),0 +H,0
3 & ) 2

Ethanoic ocid "% Ethanoic anhydride
How will you convert benzolc acld to benzaldehyde?
{\JUU or
CBI-LJ-COOH wrmsmmnsmensiy, CoHECHyOH -

Benxalc acid Ruductian genzal alcohol

Es CHECHO

Contruuc\d
avidation Benzaldehyde

Name the reagents used in the following reactions?
() CHy—CHO —'5 CHy—CH—CH,

OH
(i) CHy—COOH — CH5COCI

(I) CHyMgBr / H,0. (if) PCLg or PCLy or SOCL,
How will you convert:

() Acetic acld to methane

(ii) Benzoic acid to benzaldehyde.

(i) C|-|3cooH_.A.i.‘£'9ﬂu_, CHyCOONa L JOHICHO Ly

Pt 4
Acote acld Sod geetole Multhang
H, Pd
(I CH;,COOH e T ¢He CDC[ _aolfT'_’ CH.CHO
Buumf adu kun\r‘l e 4 Bunouloewoe

Arrange the following compounds in increasing
arder of acidic strength: 2, 4-dinitrobenzoic acld,
4-methoxybenzoic acld, 4- nitrobenzoic acid.
The Increasing order of acldic strength ls:
4-methoxybenzolc acld < 4-nltrobenzolc acdd <
2. 4-dinitrobenzolc acid.
Why is ethanal soluble in water?
Ethanal is soluble in water due to formation of
Intermolecular hydrogen bonding
CHi o o= H\ s
C ()’
H/ 5_

Give a chemical test to distinguish between
benzaldehyde and benzoic acid.
Benzolc acld pgives a brisk effervescence  with
saturated NaHCO, solutlan but benzaldehyde falls to
respond to this test.
CgH;COOH + NaHCO, ---» C;H,COONa +H,0+ (O,

Bonaok ackd Sod borzonwe Briah
eHuerveacence

Q 19. Distinguish between the following:
() CH,—CO—CH,CH, and CH,—CH,—CH,—CHO
(ii) Ethanal and ethanoic acid.

Ans. (i) CH~—CO—CH,CH; responds to  lodoform

reaction  (gives vyellow precipitate) while

CHy—CH,—CH,—CHO fails to give.

(if) Ethanolc acid gives a brisk effervescence with

NaHCO, solution while ethanal fails to gjve.
Q20. Write the structures of A, B, Cand D in the following

reactions:
€ HcoEl —Pullete0s gy MOMimnel o g..c
Benroyl chloride

CHyMgBr/H; 0" [D]
Ans. ¢ HCOCI OO i SO 5 CHoCHO _NoOH (conc)

Beraoyl cnloride u;hu(ﬂ?quc
CH:CH,0H + C.H.COONa  O1yigpin,0° CeH;CH(OH)CH,
Bonayl alcahol Sod bonzaptp — esesee— ——  2-Phanylaihanol
(8) (€) (D)
Q 21. How will you convert propanone to propene?

]
Ans. CH,-~C—CH, ~-3—s CH, ~~CH(OH)}—CH,
Propamane Prapan-2-ol
H,50, (canc)
— 27 0, CH CHenCH,
Pmp@n@

Q 22. Predict the product of reaction:
CHy — fli-- 0———7

CH,
OH

Ans. CH, ——Tt"—"CHHCN -  (CH —% CN

CH, CH,

Propanono Proponono L‘vannlwdrln

Q23. How will you convert benzoyl chloride into
benzaldehyde?

Ans. It can be done with Rosenmund's reduction (H, In the

presence of Pd/BaS0,)

CoHCOCL +H, B0 5 ¢ W CHO + HCL

Baneod chioride Bananlonhydoe

Q 24. Write the products of the following reactions:

-
(i <:>:o + NH;0H ——+

(i) 2C,H,CHO + NaOH (conc.) —->

Ans. (1) <:>==NOI—I : Cyclohexanaone oxime.

(il) CcHsCH,OH (benzyl alcohal).
C¢H;COONa (sodium benzoate).

L
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Qas.

Ans.

Ans.

Q 28.

Ans.

Q29.

Ans.

Q 30.

Ans.

Q3L

Ans.

Qa2

Q26.

Q27

Out of CH,;CH,COCH,CH; and CH,CH,CH,COCH,
which gives iodoform test?

. CH;CH,CH,COCH; Is a  2-methylketone. It pives

lodoform test.
Why does not
condensation?

(CH,);CCHO does not undergo aldol condensation due
to absence of a-hydrogen atom.

(CH,),CCHO  undergo aldol

How will you convert propanone to propan-2-ol?

C‘; OH
|
CHy—=CCH, +H, 2280 CH O CH
Proponorio Propon-2-ol

Complete the following reactions:
0
|

(i) 2H—C—H Sk ,

Jel

0
I

CH,
HNO;/H,50,
s

275-283 K

(i) 2H—C—H LI, (4 OH + HCOOK

fdothyl Pot formato
(ii) U

alcohol
CHO
Anlline

HRID, H, SO
H>

Heat

NG,
2-Nitrobenzaldehyde

Complete the following:

DIL NaOH hoot
2CH,CHO ) A—15 8
2CH,CHO — e enaarasian— CHCH{OH) €, CHO

hiy
“ip CHaCH=2CHCHO
But-2-ene

Give the names of the reagents which can bring
about the following conversions:

(i) Propan-1-ol to propanal.

(Il) Pent-3-en-2-ol to pen-3-en-2-one.

(I} Pyridine chlorochromate (P.C.C.)

(i) Pyridine chlorochromate (P.C.C.)

How will you convert ethyl
1-phenylpropanone?

CHCH,CmaN + CH MgBr " e,

cyanide to

Eund cyanldo Phomyl mag
bromige
NMgBr : 0
T A T
B=" 2 ~ e Y
CGHS EGHS
intgrmadiote compound I-Phemfiproponana

Give a simple test to distinguish between:
(i) Pentan-2-one and pentan-3-one
(i) Benzaldehyde and acetaphenone.

Ans.

Q33.
Ans.

Q 34.

Ans.

Q 35.

Ans.

Q 36.

Ans.

Qa7

Ans.

Q 38.

Ans.

(i) Pentan-2-one is a methyl ketone. It gives iodaform
test (vellow ppt) but pentan-3-one does not
respond to this test since it Is not a methyl ketone.

() Acetophenone (CcH;COCH,) belng a methyl
ketone responds to lodoform test (yellow ppt)
but benzaldehyde (C;HsCHO) does not give this
test.

How would you prepare but-2-enal from ethanal?

CH3CHO + HCH,CHO — CH,CH(OH)CH,CHO

— 22— CHyCH = CHCHO

-H-,0
but-2-enpl
(Crotanaldehyde)

Glve IUPAC name of the organic compound:

0
I

(CH,),C=CH—C—CH;.

0
s a3 b oo
CH;“T=CH—C2—CH31 4-Methylpent-3-en-2-ane.
CH,
How will you convert cyclohexanol to
cyclohexanone?
Oxidation
OH > 0
K>Cr3049/H5504
Cyclohexanol Cyclohexanone

Name the reagent that can be used to convert:

(i) A primary alcohol to an aldehyde

(ii) Butan-2-one to butan-2-ol.

(i) Pyridinium chlorochromate (PCC).

(i) LiAlH, or Hs in the presence of nickel catalyst
(catalytic hydrogenation)

Complete the following:
() CH,COCH, + HI .. RedPABK

(i) CHy ==CH, +PdCl, + H,0 —2%2,

CH,COCH, + 4HI R8P 22 K, CHLCHCH,

( ) Propanant

Propone
+H,0+2l,
(i) CH,=CH, +PdCL, +H,0 —-=2— CH,CHO
Clhine Clharot
2HClL+Pd

What happens when methanal Is treated
with methyl magnesium bromide and then
hydrolysed?

Ethanol is formed.

H> - HM.M{_} :><O MEEr
H CH,

hhathanal {AddHion procua)

H OH
b + Mg(0H)Br

Ethanol

"&ZJ oM

L
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Q39.

Ans.

Q 40.

Ans.

Q 4l
Ans.

Q42.

Ans.

Q 48.

Ans.

Q 44.
Ans.

Complete the following:
CH

L3
o HyS0, | 0, Lo HLNI
OH ot [0mr|nirsls) >? »?
CHB CH;
| H,50 |
CH,—C—0H —&—=3— (H,—C=CH
3 hoat 3 2
| Isabutene
CH,
tevt-butyl alcohol
CH, CH,
| ]
m—m:f;itT)CH —C=0—2"_,CH,CHOH
o Acetone l;e&g_i‘%

How will you prepare benzaldehyde from toluene?
_,0COCH3

CH; CH

N\0COCH;

Cr03/(CH;C0);0
—_—

Toluene Benzylldinedlacetate

(Gem-dlacetate)
CHO

H,0/QH"
(Hydrolysis)

+ 2CH3CO0H

Benzaldehyde
How will you convert ethanol to propanone?
CH,CH,0H 2525980, ¢y cooH - 4202,

Oidation ol
Ethonal E]:hnnnic ockl

CH,C00-

DIl
a—————— (CH,COCH
CH CDO/C =R Prf}pi]n{mﬂa

Cal oalt

What happens when ethylbenzene |s heated with
acidified K,Cr,0,?
Benzoic acid is formed.

2Hs OOH
K50 80,
20r301/MH,80, + 0y + 2H;0
hoat

Ethylbunzene Banzoit beld
ethylamine

How will you from

acetaldehyde?
CH,CH we 0 —L
Ncounldeivwdo

How Is propanone obtained from ethanol?
CH,CH,0H —{2 CH.COOH 2

Ethnnol Ethonu\c ook

he
(CH,C00),Ca -2y CH,COCH,

Cal wolt Prapanone

prepare

L% CHLCH NH,

Evwleninag

CH CH'IENNH

J\Lum'\fll ming

. Glve a chemical test to distinguish between

benzaldehyde and acetone.

Ans.

Q 46.
Ans.

047.

Ans.

Q 48.
Ans.

Q49.

Ans.

Acetone (CH;COCH,). being a methyl ketane. gives a
positive lodoform test (forms yellow precipitate) but
benzaldehyde does not respond to this test.

Give a chemical test to distinguish between ethanal
and propanal. (CBSE 2013)
This distinction can be done by iodoform test which is
glven by ethanal and not by propanal.

Write IUPAC name of the compound

CH,—(liH— CO—T H— CH,

CH, CH,

s 4 g 1
CH, _(EH—C—?H—CHB: 2. 4-Dimethylpentan-3-one

CH, CH,

How will you convert acetaldehyde into methane?

CH,CHO — % l0duien) , ey cooH
Acetaldehyde

MG[F( acid

By

JIDOI-UC.DO

Sod. acetote
Howwill you convert ethanal to 2-hydroxypropanoic

acid?

f.l.ﬂilnnﬁ

ﬁ OH
| :
o[ LR B %—H B

Ethunol

CN
OH

|
CH,-CH—COOH

2-Hydrawypraponole ood

_' Short Answer type-I Questions \

QL Arrange the following compounds In Increasing

Ans.

Q2.

order of thelir boiling points. (NCERT INTEXT)

CH,CHO, CH,CH,0H, CH,0CH,, CH,CH,CH,
Molar mass of the given compounds are In the range
of 44 to 46. CH,CH,OH exhibits extensive hydrogen
bonding and exists as appregate molecule. Thus.
among the glven compounds. bolling point Is highest
for CH,CH,0H (ethanol). CH,CHO is mare polar than
CH,0CH;. Consequently, the dipole-dipole interactions
will be more in CH;CHO as compared to CH,0CH, and
CH,CH,CH,; (which have weak van der Waals' forces
af attraction). Thus, the given compounds can be
arranged In the increasing order of their bolling points
in the following manner.

CH—CH,—CH, < CHO0—CH, <

CHy—CHO
< CH,CH,0H

What happens when:
(i) Propanone is treated with methylmagnesium
iodide and then hydrolysed, and
(i) Benzene is treated with CH,COCl in presence of
anhydrous ALCL,? (CBSE 2020)

L
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Ans. (i) Tertiary butyl alcohol is formed
©
;>C —OH — Dxmduuh

+H50

@ H}CUH

CHy;—

OH
|

CH,CH, T—CHB +Mg(OH)1
H

=t alcohol

(i) Acetophenone Is formed.
COCH;

O + CH3COCL —— @ + HCL

Benzene Acetophenone

Q 3. What happens when:
(i) Butanone is treated with methylmagnesium
bromide and then hydrolysed and
(i) Sodium benzoate Is heated with soda lime.
(CBSE 2020)

Ans. () 2-methylbutan-2-ol Is formed.

CH,y!
CH,COCH,CH, — ¥ (CH, ), C(OH)CH,CH,
&Jhmorln 2-melhwl butan-2-ol

(1) Benzene Is formed.

MaOH « Col
e Oy

Beneene

C,H;COONa -

Sodlum bensoote

Q4. What happens when:
(i) Acetone is treated with Zn(Hg)/Conc. HCl and
() Ethanal is treated with methylmagnesium
bromide and then hydrolysed? (CBSE 2020)

Ans. (1) Propane Is fonmed.

In—Hp, KA (Conc]

CH,COCH, » CH,CH,CH,

() Propan-2-ol or Isapropyl alcohol fs formed.

(1) CH, MgBr

CH;CHO —5e 2

» (CH,),CHOH

Q5. An aromatic compound ‘A’ on treatment with CHCL,
and KOH gives two compounds, both of which give
same product '8 when distilled with zinc dust.
Oxidation of ‘B’ gives 'C’ with molecular formula
C,H,0,. Sodium salt of ‘C’ on heating with soda lime
gives ‘D' which may also be obtained by distilling ‘A’

with zinc dust. Identify'A’'B','C' and 'D".  (COSE2019)
oH CHO
Bo

Ans. A=

Phenol Benzaldehyde
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COCH

Benzoic acid Benzene
common] ERR(DR +
While finding the final product, students write complete
reaction and make mistalkes.

Q 6. How do you convert the following:

Ans.

Q7

Ans.

Qe.

Ans.

(i) Phenol to Toluene (lI) Ethanol to Ethanal

(CBSE2019)
F'heno to Toluene:

© Zn Gust @

CHy

CHyCL Anhyd ALCL

-HC!|
Phﬂmol Benzene Toluene
(ii) Ethanol to Ethanal :
CH,CH,0H -2 CH,CHO
Emnnol —IJ]J Eumnnl

Do the following converslons in not more than two
steps: (CBSE 2023)
(i) CH;COOH to CH,COCH,

(i) @—CHZCH_s, to @—CODH

(i) CH3COOH to CH,COCH,

Ca(OH)

Step 1: CHyCO0H - +4—(CH,C00),Ca

Step 2: (CH,C00),Ca (JEthLallan — > CH4COCH,

(i QEH2CH3 to QCOOH

Step1:

Basic KInO,
~HOH
QCHECHE _)‘
Step 2: Q[ODK —) @—CODH

COOK

Benzolc odd
How do you convert the following?
(i) Ethanal to propanone
(ii) Toluene to Benzoic acid
(i) Ethanal to propanone ;
H
(1) CH, MpBr H3\|
CH;—CHO ——— C—OH
Giharol U0 1,0 CH -
O;ir\mon CH CDCHJ
Praponono
(1) Toluene to benzalc acld
CHy COOH
KJI'LI"ID]
Oxlddtion
Toluene Banzolc acld

L L o s s o
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Note: Aniline does not undergo Friedel-Craft reaction

as it forms salt with ALCL,, which is used as catalyst.
Q9. Convert the following:

(i) Benzene to m-nitrobenzaldehyde

(i) Bromobenzene to benzolc acid

(CBSESQP 2023-24)
Ans. (I) Benzene to m~ni[robenzaldehyde

CCL HCO __Conc HNGy. HMNO4.
MO] {CuO conc. HZSO

Banzang m- mtrﬂbnnmldchvdu
(ii) Bromobenzene to benzolc acid :

MgBr COOH
©_r-ts__,
dry ether

Bromobenzeng

Q 10. Write the reaction and IUPAC name of the product
formed when 2-Methylpropanal (isobutyraldehyde)
is treated with ethyl magnesium broml|de followed
by hydrolysis. (CBSE SQP 2022-23)

Ans. When 2-Methylpropanal (Isobutyraldehyde) s
treated with ethyl magnesium bromide followed by
hydralysls. the following reactlons occur:

(CH;),CHCHO + C HMgBr—anyether
(CHy),CHCH(C,H, ) (OMgBr)

Benzoic acid

(CH, ), CHCH(C H; )(OmgBr) ——22
(CH),CHCH(C,H, )(OH)

The IUPAC name of the product formed Is
2-Methylpentan-3-ol.
Q 11. Account for the following:
(i) Aromatic carboxylic acids do not undergo
Friedel-Crafts reaction.
(i) pK, value of 4-nitrobenzolc acid Is lower than
that of benzolc acld. (CBSE2018)
Ans. (1) Due to presence of strong —COOH group.
aromatic carboxylic acld does not undergo
Friedel-Craft reaction.

(i) More is the value of pK_ lower the acldic nature
of carboxylic acld and vice-versa. The groups
which show-| effect. if present In benzolc acld are
stronger aclds than that show +/ effect ar has no
group. As nitro group (—NO,) show -/ effect. thus
it has lower pK, value than that of benzoic acid.

Q12. Write the equations involved in the following
reactions:

(i) Wolff-Kishner Reduction

(i) Etard Reaction (CBSE2017)

Ans. (I) Wolff-Kishner Reduction: The carbonyl group of

aldehydes and ketones Is reduced to—CH, group
on treatment with hydrazine followed by heating
with KOH In high bolling golvent lke ethylene

glycol. This reaction is known as Wolff-Kishner

reduction.
NG N KOb
/C—O * NHE_NH;! —_ /C—N.NH?_ ————
3C - HEC Blycol a
Acevang
CHy;—CH,—CH, +N, T
Propane

(ii) Etard  Reaction: Toluene reacts  with
chromyl chlorlde In presence of (5,
followed by hydrolysls to  produce

Benzaldeh!de.

CH, CH(OCrOHCL,), (}HD
+ Cr0,Cl,—2— 7
chramy!

Tolugne chloride Chromium Benzaldehyde

complex
Q13. (i) Outofp-tolualdehydeand p-nitrobenzaldehyde,
which one is more reactive towards nucleophilic
addition reactions, why?
(ii) Write the structure of the product formed when
acetone reacts with 2,4 -DNP reagent.
(CBSE 5QP 2023-24)
Ans. () p-nitrobenzaldehyde Is more reactive towards the
nucleophilic addition reactlon than p-tolualdehyde
as nitro group is electron withdrawing in nature.
Presence of nitro pgroup decrease electran
density. hence facilitates the attack of nucleophile.
Presence of —CHj leads to +/ effect as —CHj Is
electron releasing group.

CH,COCH,+ NHNH, NH=C(CH,),
Acemne —
O,N

g 2.4 -DNP
reagent

Q 14. Write the reactions involved in the following:
(i) Hell-Volhard Zelinsky reaction
(il) Decarboxylation reaction (CBSE2017)
Ans. (i) Hell-Volhard Zelinsky reaction: Carboxylic acids
having a-hydrogen atom are halogenated at
the «-position on treatment with chlorine or
bromine in the presence of small amount of
red phosphorus to give a-halocarboxylic acids.
This reactlon Is known as Hell-Volhard Zelinsky

reactlon.
R—CH, —COOH —L 2~ #R—H-—C00H

X
a-hotocarboaylc add
(XoCl E'h'y

(1) Decarboxylation: It refers to the reaction In which
carboxylic aclds lose carbon dioxlde to form
hydrocarbons when thelr sodlum salt Is heated
with sodalime.

Sodulimo (3 - | rotip

CHJCDéI;la L maurg of NoOH and CoD) ; CHQ i Nﬂzcoj

Sodium Iwtharo
othananio

L
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QIs.

Ans.

Q 16.

Ans.

Ans.

Write the reactions involved in the following

reactions:

(i) Clemmensen reduction

(if) Cannizzaro reaction (CBSE2017)

(i) Clemmensen reduction: The carbonyl group
of aldehydes and ketones is reduced to —CH,
group on treatment with zinc-amalgam and
concentrated hydrochloric acid. This reaction is
known as Clemmensen reaction.

= (=028 —CH, +H,0

(i) Cannizzaro reaction: Aldehydes which do not
have o-hydrogen atom undergo self oxidation
reaction on treatment with conc. alkali. This
reaction is known as Cannizzaro reaction.

>C130+:>C20

Formaldehyde

|
0
+ KOH —4 —0OH+ H—c/
(conc) Py
OK

H
Methanol Potassium formate

Give reasons:

(i) p-Nitrobenzoic acid has higher K value than
benzoic acid.

(ii) Acetone is soluble In water but benzophenone

is not.

(i) In p-Nitrobenzolc acid. —NO, group present at
para pasltion In the ring Is an electran withdrawing
group.Under ltsinfluence, therelease of H' lon from
the acld becomes easler as compared to benzolc
acid in which no such group is present. Therefare,
K, value of p-nitrobenzolc acld Is more (3.6 x 10-*)
as compared ta benzolc acid (6.3 x 10~ 9).

() Acetone (CH;COCH3) Is soluble In water to small
extent due to the presence of polar carbonyl
group which is involved in hydrogen bonding
with H,0 fe. molecules of water. Benzophenone
(CgHsCOCH;) has two phenyl groups which
are quite blg In slze. They try to mask the polar
carbonyl group to a large extent. As a result,
hydrogen bonding Is negligible and therefare,
benzophenone does not dissolve In water.,

Q 17. Give reasons:

(i) Formic acld is stronger acld than acetic acld.

() Alpha (u)-Hydrogens of aldehydes and ketones
are acidlc, (CBSE 2023)

(I) Acetic acld has the presence of methyl group
{(—CH, group) which Is electron releasing In nature
and hence electron density Increases on oxygen
atom of O—H bond. This makes the removal of H*
lons difficult. But formic acld has no such case due
to which it Is a stronger acld than acetlc acid.

Q18.

Ans.

Q19.

Ans.

Q 20.

Ans.

(i) The acidity of a-hydrogen atom of carbonyl
carbon is due to the strong withdrawing effect of
the carbonyl group and resonance stabllisation

of the conjugate base. Thus, a-hydrogens of
aldehydes and ketones are acldic.

Complete each synthesis of filling the missing
starting materlals, reagents or products (X, Y)

(i) CgHsCHO + CH,CH,CHO 2%, x
(i) CH;CH,CH,CH,0H — ¥

() CcHLCHO + CHyCH,CHO 129,

CH;CO0Na + CHsCH,0H
Benzyl alcohol

(i) CH,CH,CH,CH,OH 2% 0 _, chy H,CH,CO0H
Butan- ol Butanakc ocid

How will you bring about the following conversion

in not more than two steps 7

(i) Toluene to Benzaldehyde

(ii) Ethyl cyanide to 1-Phenylpropanone.

(i)
CHs
@ Cly/Br

Toluene

CHCL,

CHO
H:0
373K

Benzalchlorida Benzaldehyde

Ph

Phidp
(Il) CHyCH,CrmH ——1
Ethyd cyanich

CH,CH, —C ==NMgBr

Ph

: I
0, CH.CH,—C =0
l-ﬁi\unuiprupnnnnu
Do the following canverslons in not more than two
steps:
(i) Toluene to Benzolc acld
(ii) Benzaldehyde to 1-Phenylethanol

(i) Toluene to Benzolc acid

CH, COOK
Step ©/ ___:ua.nod.-on >

Tolueng

oK, o COQH
Step 2: et ey

Benzoic acld

(I1) Benzaldehyde to 1-Phenylethanol
oM
¢ e
CH,

(CBSE2023)

CHO

Step T: O +CH;Mgl - .

Benn ldehydao

L



_ s m—e—e—-——————r——_—-—-r—_-r-:G—--_-Gr-:r-_-—-—|,:r-r-—rGr—-—:-—-r-—-rr-—-—-—r—-:—r-.-_,,-—-—----—-—--— "7

Ho
C—CH,

Step 2: _he .

1-Phenylethanal

Q2l. A compound (A) on oxidation gives B (C,H,0,),
(A) reacts with dil. NaOH and on subsequent
heating forms (C). The compound (C) on catalytic
hydrogenation glves (D). Identify A, B, C, D and write
down the reaction involved.

Ans. Since the compound (A) upon oxidation gives the
compound B (C,H,0,). it Is accepted to be an aldehyde
with the formula. CG;H,O. It is ethanal The reactions
involved are given:

0 0
I |

CH,—C—H —2xdslon_, oy c—0OH

Ethanal (A) Ethanoic add (8)
@] 0
H " dil MaGH
Hy—C + (Hy—(C—H

I | " (Aldol Condensation)
H H

Ethinol

aH 0 (6]

hag
@ WY o TR ]T‘é.— CH e o CH = € —H
I O But-2-gral

H

3-Hytbraneybutanal

Q22. An organic compound [A], whose molecular
formula is C;H,O, gives iodoform reaction and
forms compound [B]. Compound [B], when heated
with silver powder, converts into compound [C].
Compound [C] reacts with dil. sulphuric acid and
mercuric sulphate to obtain compound [D], which
gives Aldol condensation reaction. Write down the
names of all compounds from [A] to [D] and also
write the chemlcal equations for each step.

Ans. The compound [A) can be either an aldehyde or a
ketane. Since It gives lodaform test. It s a methylketone
and Is propanone. As a result of lodoform reaction,
the compound (A) glves lodoform [8). When heated
with sllver powder. lodoform changes Into ethyne (C].
Ethyne upon hydration in the acidic conditions gjves
ethanal (D) which responds to Aldol condensation. The
chemlcal reactlons Involved are listed.

0
" M ,C0
'[:Hﬂ‘--‘A»-C-\-‘--—CH3 — AR CH|5 s Hm]{ iy CHomm CH
Propanona [A) lodofarm (1) G (C]
L O NOb >
Hy80, 3 Aldel Congunsiton

Gthanol (D)

CH,CH(OH)CH,CHO

3 Hudmwhuiunni

Q 23. Complete tIBe following reactlons:

|

() CH,—C—CH, — S, 4 B0, g

(i) CH;—CH,—CH,—CHO 1, 4

ﬁ OMgBr
Ans. () CHy—C—CH, — s CHB-—T-—EHB

Additen campound [A)

OH

Iy CHB—lt—CHB
CH,

rert-buiyl alcohol (8)

(i) CH,—CH,—CH,—cHO %2,

Butonal

CH,CH,—CH, —CH,0H
Buran-1-gl [A)

Q 24. Write the products of the following reactions:
Conc. NoOH

CHO
M @ — &

0 +
(ii) + H,NNH—CO—NH, 1,

(CBSE 2023)
Ans. (i) The products obtalned are @—CHon (Benzyl
alcohol) and@—CDONa (Sodium benzoate).

N—NH € —NH,
(Il) The product abtalned Is

(cyclopentanone semicarbazone).
Q 25. What happens when:

(I) Acetaldehyde reacts with NH,0H?
(i) Acetone reacts with NH,—NH,?

Ans. (I) Acetaldoxime Is formed.

CH3 CHy

"
Ced0 ™+ HINOH i

H H
Acetaldohydao Acetsldoxime

Ce=NOH + H50

(II) Hydrazone of acetone Is formed.

CH}\ p CHH\
Co={07+ TN NHy —— CemN Hy + H0
CHy” oo™ CHy/”
Acetone Hydrazonp

Q 26. How will you convert 2-Methylpent-2-enal to:
(i) 2-Methylpentane
(ii) 2-Methylpentanal?

L
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CH,

Ans. (1) CH,CH,CH=CCHQ —Wotiannar_,
= e Roducuon
2-ldethwipent-2-enal

I T
[PL
CH,CH,CH=CH, —2% CH,CH,CH, —~CH, —CH,
2-Metnwdpentang
CH, CH,

(1) CH,CH,CH=CCHO —2, CH.CH CH=CH(OCH,)
32 HeL 3= 2 312

2-Methylpert-2-enal
CH,

B, CH,CH,CHCH(OCH, ),

|EHa
HCL HRD
ey CHICH,CH, CHCHO
(I-qurDi\Jh[‘J} E-Jﬁrghwi?nr\lnml

Q 27. Give reasons to support the answer:

(i) Presence of alpha hydrogen in aldehydes and
ketones is essential for aldol condensation.

(ii) 3-Hydroxy pentan-2-one shows positive test to
Tollen's reagent. (CBSESQP 2022 Term-2)

Ans. (i) The alpha hydrogen atoms are acidic in nature
due to presence of electron withdrawing carbonyl

group. These can be easlly removed by a base and

the carbanlon formed Is resonance stabllsed.

(Il) Tollen's reagent ls a weak oxidising agent not
capable of breaking the C--C bond In Ketones.
Thus, ketanes cannot be oxidised using Tollen's

reagent which itself gets reduced to Ag.
Q 28. Give the IUPAC name of the following compounds:

(i) C,H,CH,CH,COOH (ii) (CH;),C=CH COOH

COOH COOH
(iii) (iv)
0,N NO;
(NCERT INTEXY)
3 2 |
Ans. (i) C;H; CH, CH, COOH
B-Phurl! Ipropanaic acld

4 32
(i) CHE—%ECH—COOH

CH,

J-Aothylbun-2-gnalc ackd

(i)

2-Mothyloyclopentanecarboxylic acld

NO>

2

COQH
(iv) ’
OzN 4 - & N02
2 4 6 Trinitrol i
Q29. Write the chemical equations for the following
conversion (in not maore than 2 steps)
(i) Acetaldehyde to butane-1, 3-diol

(ii) Acetone to propene
Ans. (I) Acetaldehyde to butane-1, 3-diol

NaOH
CH,CHO ot~ AR

{Algol concenantion)
Acctoldohydo

Acpialdol

CHB—TH—CHE—THz

(recucuian)
OH OH
Butano-13-diol
(Il) Acetone to Propene

NaOH
CH,COCH, —{—-}—md‘:ﬂmn > CH, —lCH—CH3

Acetane
Soc-propyl olcohol

H,50, (Conc.)

27V CHe=(CH

heat =2 CHEI s 2
Propong

Q 30. Write reasons for the following statements:

(I) Benzolc acld does not undergo Friedel-Crafts
reaction.

(ii) Oxidation of aldehydes is easier than that of
ketones. (CBSE 2022 Term-2)

Ans. (i) No. benzolc add does not undergo
Friedel-Craft reactlon because the carboxylic
group s deactlvating and the Lewls acld catalyst
and carboxylic groups are bonded.

(Il) Oxidation of aldehyde Is easier than ketone due
to presence of H-atoms Unked to carbonyl group
carbon which Is absent In ketones,

Q 3l. Arrange the following in the increasing order of

thelr property indicated:

(I) Ethanal, Propanone, Propanal, Butanone
(reactivity towards nucleophilic addition)

(ii) 4-Nitrobenzoic acld, benzolc acid,
3,4-Dinitrobenzoic acid, 4-Methoxy benzolc acid
(Acld strength) (CBSE 2022 Term-2)

Ans. (I) The +/ effect of the alkyl group Increases in the
order:
Ethanal < Propanal < Propanone < Butanone.

(i) The strength of the given acld Increases as-
4-Methoxy benzolc acld < Benzolc acid <
4-Nitrobenzolc acld < 3.4-Dinltrobenzolc acid.

Q 32. Explain the following reactions:
(i) Wolff-Kishnar reduction
(ii) Cannizzaro reaction (CBSE 2022 Tarm-2)
Ans. () Wolff-Kishner reduction Is an Indirect reduction
of an aldehyde or ketone to the corresponding
hydrocarbon due to the effect of heat on the
hydrazone or semlicarbazone derivative with an
alcahollc solutlon of sodlum ethoxlde or with solid
potagslum hydroxide.

L
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(i) As per the definition, the Cannizzaro reaction
involves the reaction of aldehydes with caustic
alkali in which one molecule of aldehyde is
reduced to the corresponding alcohol and
another molecule Is oxidlsed to the salt of the
carresponding acld.

Q 33. Show how each of the following compound can be
converted into benzolc acid?

(i) Ethylbenzene (il) Acetophenone

(iii) Bromobenzene (iv) Phenylethene (Styrene)

(NCERT INTEXT)
CH;CH; COOK COOH
FURnOJO}-F Hy0"
s, 0 @ @ s
hml
Ethylbenzene Pot benzoate Benzolc acld
COCHs COOK COOH
|;m.10H
JDJqunn
rnuclmn
Acotophonong Pot banroote Benzolc add
hgBr

@® @ .
{dr\,r ather)

Bromobenzene

@ C=D

Phenyt mop. bromide

O
CmOMBr COOH

S=8

Addition compound Benralc acld
(He=a(CHy COOK
KA G/ OH- 1
(iv) T « HCOO™W"
It i
Pot Formato
Styrang POl banaoaie
COOK COOH
0"
—— v HCOOH
Faremic ockd

Pat Burzoato Benuolc odd
Q 34. Do the following conversions in not more than two
steps . (CBSE2023)

(i) CH3CN to CHy - C CH;

ns. CH_:,CN to CHy -—ﬁ-—CHa
0
_~NMgBr
ethar =z
Step 1: CH3CN + CHy MgBr _>CH3._C\CHa
NMgBr 20
Step 2: CH3_E/ & HrrO Iy CHy—C <
CH; CHy

o Oy o)
Step 1: QCDOH + NaOH—>

@—coowa +Hy0

StEp 2 QCODN NaOH & Ca0
@  NayCOs

'/ Short Answer Type-Il Questions N

QL Write structural formulae and names of four possible
aldol condensation products from propanal and
butanal. In each case, indicate which aldehyde acts
as nucleophile and which as electrophile.

(NCERT EXERCISE)
Ans. (I) Propanal as electrophile and butanal as nucleophile:

CH,CH,CHO + CH, CH,CH, CHO —»
Propansal Butanal
OH CH,CH,
5 a 3 3 1
CH, CH, —CH—TH—CHO
2-athyd-3-hydraryperianal

(If) Propanal as electrophile as well as nucleophlle:

CH,CH,CHQO + CH, CH,CH, CHO -~

Propanal Butanal

OH CH,

5 4 3! Zl 1
CH, CH, —CH—CH—CHO

Ishydincong 2-mothylpontanol
(iii) Propanal as nucleophile and butanal as

electrmghﬂe:

CH,CH,CHO + CH, CH,CH, CHO e
Propanal Butanal

OH CH,
6 g a 3| |
CH, CHy CH, = CH— CH—CHO
2-hwdrowy-3-nudbidpentonal

(Iv) Butanal as electrophile as veell as nucleophlle:

CH,CH,CH,CHO & CH, CH,CH, CHO -
Ouzanal Buranal
OH  CH,CH,
| |
3
CH CH CH —CH—TH—CcHo

2- (rlh\d 3 SNy drorypenTangt

Q 2. Do the following conversions in not more than two
steps:
(i) Benzolc acid to Benzaldehyde
(1) Ethyl benzene to Benzolc acid

(i) Propane to Propene (CBSE 2017)

L

L L o s s o



_ s m—e—e—-——————r——_—-—-r—_-r-:G—--_-Gr-:r-_-—-—|,:r-r-—rGr—-—:-—-r-—-rr-—-—-—r—-:—r-.-_,,-—-—----—-—--— "7

Ans. (i) Benzoic acid to benzaldehyde

COOH coct
S0 _Hy/P0-BaS045
or quinol]rm
Benzoic add Benzoyl Benzaldehyde
chloride
(ii) Ethyl benzene to benzoic acid
CH,CH3 COOK COOH

@ KIMNO,-KOH @ Hs0" @
A

Ethyl benzene Potassium Benzolc acid
benzoate

(lil) Propanone to propene

0
|
(H—C—CH, +NaBH,

Propanano

fi)H

CH, CHCH, 221250, CH_ uss CHCH,
Propans2-ol Prapunu
Q 3. Write structure of compound A, B and C in each of
the following reactions:
o Dbl Bip Mg/dry ather y A (o)CD!{g]
(iy ~¢s (b) HyO"

BN
(i) CHyeN —BEERE 4 SIS, g5 ¢

(COSE 2017)
MgBr
Mg/dry
co
Ans. () CoHsar—2ther, A
(b) H50"

Phenyl magnpnium bromide

COOH coct

s

B{'nzolc acld Benzoyl chlonde

n} Sn[l .I’HC{ AL NIOH
() CH,CN - 22y CHUCHO - __L__,

HO" Acetaldnhvd
(A)
HO
CHy— CH —CH,—CHO —2— CH,—CH==CH—CHO
-brpdramygbutano Bund-anol
g (Hw)

Q4. Explain why:
(I) CarboxylgroupInbenzoicacld Is metadirecting.
(l) Sodium blsulphite Is used for the purification of
aldehydes and ketones.
(iii) Carboxylic aclds do not give characteristic
reactlons of carbonyl group. (CBSE 2023)

Ans. (i) In benzolc acid, the carboxyl group is meta-
directing because it is electron withdrawing group
with —R effect There Is +ve charge on ortho and
para positions Seo. electrophilc substitution takes
place at meta position.

(i) Aldehydes and ketones form addition compounds
with NaHS05; whereas Impurities do not form
such. So. on hydrolysis. aldehydes and ketanes are
obtained further.

OH

i |
ik C—H+NaHSO O -

SD Na——Z——aCH —C-—H+NaHSD
(Pw?)

This Is due to the lone palrs on oxygen atom
attached to hydrogen atom in the —COOH group
that are Involved In resonance and hence make
the carbon atom less electrophilic. So, carboxylic
adds do not give characteristic reactions of
carbonyl group.

Q5. (4), (B) and (C) are three non-cyclic functlonal
isomers of a carbonyl compound with molecular
formula C,H 0. Isomers (4) and (C) give positive
Tollen's test whereas isomer (B) does not give

(i

P

Tollen's test but gives positive lodoform test.
Isomers (A) and (B) on reduction with Zn (Hg)/Conc.

HCI give the same product (D).
(i) Write the structure of (4), (B), (C) and (D)
(ii) Out of (A), (B) and (C) isomers, which one is
least reactive towards addition of HCN?
(CBSE2018)
Ans. () The possible functional Isomers of carbonyl
compound with molecular formula, C,H,0 are:

CH 0]

| I
CH,CH—CHO., CH,CH,CH,CHO, CH,CH,, «-C—CH,

(a) lsomers (A) and (C) gives posltive Tollen's test,
thus they must be aldehydes.

RCHO + 2(Ag(NH,),] —2—>RCOO™ + 2Ag L+ 2H,0+ 4NH, T

A0 yanany ropgent 5‘[] s
mirrar

ﬁTH—CHO and CH,CH,CH,CHO
CH,

L

(b) lsomer (B) does not give Tollen's test. but gives
posltive lodoform test thus It must be a ketone
with CH,CO— group.

RCOCH, —9%_, RCOONa ¢ CHX, (X = CLBr. )

(c) Isamers (A) and (B) on reduction with Zn(Hg)/
conc. HCl glve some product (D).

CH,

CHy=—CH—CHO + 4[H) —2H0one FD
(c)

L
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CH,

CH,—CH—CH, +H,0

CH,—CH,—CH,—CHO « 4[H] —ZH2tonc g,
()

CH,CH,CH,CH; + H,0
)
ZmHg/
CJ—IaC(;lzCHa Fa[H) 2, CHBCHEC{?CHB +H,0
Hence, the structure of (A), (8), (C) and (D) are:

CHy

CH,CH,CHO CH,CH,COCH, CH,CHCHO CH,CH,CH,CH,
) (o) @ ()

ERRQOR »

Improper analysis of the question may result In wrong
conclusion or incorrect product.

(i) The Isomer (B) is least reactive towards addition
of HCN because, aldehydes are more reactive
towards nucleophilic addition reactions than
ketones due to inductive and steric effects.

Q 6. What happens when:
(i) Formic acid reacts with conc. H,S0,?

(i) Acetic acid reacts with CL, in the presence of red
P?

(iii) Calcium acetate Is heated?
Ans. (I) Dehydration takes place resulting In formation of

co.

HCOQOH ~...._’§3§ga%?ﬂ_’ o
(ii) Trichloroacetic acid Is formed.

3acl
CH,CO0H «sZedey CCLLCOOH + 3HCL

(ll) Acetone s formed.

CH,C00
>(a ,,,,,, M_, CH_COCH, +CaCO),

CHECOO Acetane
Col. acototy

Q7. How are following canverslons carried out?
(i) Ethyl cyanide to ethanoic acid
(ii) Butan-1-ol to butanoic acld
(iii) Benzoic acid to m-bromobonzolc acld.
Ans. (i)

CH,CH,CesN 22, CH CH,CO0H — 1w, CH,CH,CONH,

Ethyl cyanyge Broponoic ocd

lﬁ'ﬁp&mm\!dc

Br, /KOH
KMAD, MH550, HOHO

CH,COOH ¢ 24220 CHyCH,0H ¢80 CH,CHNH,

Ethanoic ood Gthamot Gthanaming

S e KN, /H, B0,
() CHyCH,CH,CH,0H — =20

Dutn-fol

» CH,CH,CH,CO0H

Bunanok add

Q8.

Ans.

Q9.

Ans.

COOH COOH
(i) —_
FebBry
Br
Benzoic acld m-8romaobenzoic acld

An organic compound [A] with molecular formula
C4H, .0, was hydrolysed with dilute sulphuric acid
to give a carboxylic acid [B] and an alcohol [C].
Oxidation of [C] with chromic acid produced [B].The
alcohol [C] on dehydration gave but-1-ene. Write
equations for the reactions involved.

(NCERT EXERCISE)

() The available data shovss that the compaund [A)
upon hydrolysis gave carboxylic acid (8] and an
alcohol (€). It must be an ester.

(I1) Since the alcohol (€) upon oxidation with chromic
acld gave back the carboxylic acid (B8], both the
acld and alcohol must have the same number of
carbon atoms (four each).

(i) The alcohol (€] upon dehydration gave an alkene.
The equations for the reaction are given as

CH,CH,CH,COOCH,CH,CH,CH, 22,
Butvibutanoate (A)
(CgheO)
CH,CH,CH,COOH + CH,CH,CH,CH,0H
Butanolc acid (8] Butan-1-ol [C)

H,CrO, ;
CHCH,CH,COOH et CH,CH,CH,CH,0H

Butaneic ocrd (8] Buton-t-al [C)

—{oehvdiation) _, 4 _CH,CH=CH
-HJD 3 2 2

Bust-l-ene
An arganic compound ‘A’, having the molecular
formula C,H,O on treatment with Cu at 573 K,
gives 'B'.'B’ does not reduce Fehling's solution but
gives a yellow precipitate of the compound ‘C with
I,/NaOH. Deduce the structures of A, B and C.

(CBSE 2023)
Since compound B gives positive lodoform test, this
means it contains —COCH; (methyl ketone) group ie.
it I3 a ketone. Moreover. B ls obtained by the oxidation
af A So. it must be a 2° alcohol
Hence, thestructureof compound AlsR — CH — CH;.

H

Comparing with the molecular formula. CH,0. the
compound Al CHy- iH—cH3 (Propan-2-ol).

H
The reactlon Is as follows:

Cu
CHB---r--iH—-CHa -----»!-3-7-3-K——>CHB—~ﬁ—CH3

H
{A) Acetone
(8)

Acetone— U0 NG reaction
Solutian
CH;COCH; + 31, + ANGOH wevnavveons CHyCOONa

+3Nal + CH\B 1 +3H20
Iodofarm
©

L
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Hence. we have the following structures:
A == CH,CH(OH)CH,

B = CH4COCH,

C e CHI

Q10. Give plausible explanation for each of the following:
(i) Cyclohexanone forms cyanohydrin in good yield
but 2, 4, 6-trimethylcyclohexanone does not.

(i) There are two —NH, groups in semicarbazide.
However, only one is involved in the formation
of semicarbazane.

(iii) During preparation of esters from carboxylic
acid and alcohol in the presence of acid catalyst,
the water or the ester should be removed as
fast as it Is formed. (NCERT EXERCISE)

HO CN

0
Ans. () ij HEH @

Cyclohexonone Cyclohexanone
cyanchydrin
0
H3C CHy HON
— No reaction
CH3

2.4.6-trimethyloyclohexanone

In cyclohexanone, the attack of CN- lon
(nucleophile) can easlly take place at the
carbonyl carbon atom. However, In 2. 4
6-trimethylcyclohexanone, the three CH, groups
being electron releasing in nature (+ | effect) will
conslderably Increase the electron denslty on the
carbonyl carbon atom and the nucleophlle attack
does not seem to be feaslble. Moreover, the two
—CH, substituents at the ortho position will also
hinder the attack of nucleophile CN-lon on the
carbonyl group.

() The structural formula of semicarbazide Is
NH,NHCONH,, Although bath the amino groups
have lone electron palr, but one of these is In
conjugation with electran withdrawing carbonyl
group and acquires positive charge. Therefore. it
Is not In a posltion to act as the nucleophlile and
only one —NH, group Is involved In the formation
of semicarbazone.

CO: g

. Ve I .

NH;—NH—C—NH> <= NH;—NH—Cz=NH,

() The esterification carried out In the presence
of acld is of reversible nature and the reverse
reaction Is called ester hydrolysls.

Cotorificatlan
RCR%S]H + ROH == RCOOR+H,0

Alcohel  Hydrolyply  Gaber

In arder that the reaction may proceed In the
forward direction. ester or water formed In the

reaction must be remaved. Sulphuric acid added
in esterification helps In removing molecules of
H,0 as it is a dehydrating agent.

Q1. How will you convert ethanal to the following
compounds?
(i) Butane-1, 3-diol
(ii) But-2-enal
(iii) But-2-enoic acid
Ans. () Ethanal to Butane-1, 3-diol :

4 3 2 1
NuOH) 3
CH3CHO {Aldol ianuunnnuur\) 2 CH3 THCHE CHO
Ethanal
I-Hydroxybutanal

&EHS%HEHE%HZ

OH OH
Butan-1 3-diot
(i) Ethanal to But-2-enal :
4 2 2 1
NAOH
CH3CHO (Aldol ({nndmiuuljun) e EHB THCHZ CHO
Ethanal
OH
3-Mydraybutonol

s 4 3 2 1
S CHy CHe=CHCHO
But-2-onal

(iii) Ethanal to But-2-enolc acld :

4 o} & .
CH,CHO —20 0, CH, CHex CHCHO

Ethanal But-3-unol
------- Tollon® ragent_, ¢y, CH=CHCOOH
or MnD, 3 i
Bul-2-enok add
Note: Both Tollen's reagent and MnQ, are weak
oxldising agents. These oxldise only the aldehydic
group without affecting the double bond.

Q12. Arrange the following carbonyl compounds in
increasing order of their reactivity in nucleophilic
addition reactions:

(i) Ethanal, propanal, propanone, butanone

(ii) Benzaldehyde, p-tolualdehyde,

p-nitrobenzaldehyde, acetophenone

Ans. (I) The Increasing order of reactivity of the carbonyl

compounds towards nucleophllic addition reactions
Is:

butanone < propanone < propanal < ethanal

The reactlvity is based upon two factors. These
are steric factors and electronic factors.

(i) The Increasing order of reactivity Is:
acetophenone < p-tolualdehyde < benzaldehyde
< p-nitrobenzaldehyde
Explanation: Acetophenone. being a ketone Is the
least reactive towards nucleophilc addition. All
others are aldehydes. Among them. p-tolualdehyde
is less reactive than benzaldehyde because CH,
group present at the para position w.rt. — CHO
group will increase the electron density on the
carbonyl carbon atom due to hyper conjugation

L
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Q13.

Ans.

Q4.

Ans.

effect. As a result, the nucleophile attack occurs to
lesser extent as compared to benzaldehyde.

@‘”
H <
0°
-
E—H = elc

In p-nitrobenzaldehyde, the nitro group has an
opposing effect It is electron withdrawing in
nature due to | effect as well as -R effect. The
electron density on the carbonyl carbon atom
decreases and thus favours the nucleophilic
attack

L O

Arrange the following in the increasing order of
their property indicated:
(i) Benzoic acid, Phenol, Picric acid, Salicylic acid
(pk, values).
(ii) Acetaldehyde, Acetone, Methyl-tert-butyl
ketone (reactivity towards NH,OH).
(iii) Ethanol, Ethanoic acid, Benzoic acid (boiling
point) (CBSE SQP 2022 Term-2)
(I) Picric acld < Salicylc acld < Benzolc acld < Phenol
(i) Methyl-tert-butyl ~ ketane <  Acetone <
Acetaldehyde
(iii) Ethanol < Ethanoic acid < Benzolc acid
Note: BP. of carboxylic aclds is higher than
alcahols due to extensive hydrogen bonding, the
B.P. Increases with increase In molar mags.

H_

I—I"’i—I

An alkene ‘A’ (Mol. formula C(H, ;) on ozonolysis
gives a mixture of two compounds 'B' and 'C.
Compound 'B’ gives positive Fehling's test and also
forms iodoform on treatment with I, and NaOH.
Compound ‘C does not give Fehling's test but
forms iodofarm. ldentify the compounds A, B and C.
Write the reaction for ozonalysis and formation of
iodoform from B and C.

Compound A s an alkene. On ozonolysis. it will give
carbonyl compounds. As, both B and C have :C =0
group. B gives positive Fehling test so it is an aldehyde
and It gives lodoform test. so it has CH,C==0 group
which means that the aldehyde is acetaldehyde.

C does not give Fehling test, so It Is a ketane. It glves
positive iodoform test so it is a methylketone which
means it has CH,Css0 group. Compound A (CgH()
on ozonolysts gives B (CH,CHO) + C (CH,COR). So. Clis

CH,COCH,.

(o,
CHyCH=C(CH;), ) a0 CH3CHO*CH,COCH,

A B C
CH,CHO#2Cu?° + 5QH—> CH,C00 + Cu,0 + 3H,0

(red ppt)
CH,COCH, + 2Cu?* + 50H —> No reaction

CH,CHO + 31, + 3NaOH —> CHI; + 3HI + HCOONa
(Yellow ppt)

CH,COCH, + 3, +3NaOH —> CHI, + 3HI + CH, COONa
(Yellow ppt)
Q15. (i) Write the IUPAC name of the following organic
compound:
(CH,CH,),NCH,
(ii) Write the equations for the following:
(a) Gabriel phthalimide synthesis

(b) Hoffmann bromamide degradation
Ans. (i) N-ethyl-N-Methylethanamine
(I) () Gabrlel phthalimide synthesls:

Ex e
[ g P —Y—
c” c” (~Ker)

0
Phthallmide Pot Salt of phthalmide

a
I
NaOH (nq) C—0MNa

.1l1cnllnt

hvdmlvsdq C—O0MNa’

(~RH,) I

N- anLpthaUnﬂde 0

(b) Hoffmann bromamide degradation'
CONH,

+Br, + 4KOH —— @+2KBr+K €0, + 2H,0

Anlline

Q 16. What happens when:
(i) Propanone is treated with CH,Mg Br and then
hydrolysed?
(ii) Ethanal is treated with excess ethanol and acid?
(iii) MethaBal undergoes Cannizzaro reaction?

[
Ans. (i) CH,—C —CH, + CH, Mg Br ——>

OMgBr OH
Hydrolyals |
CHy=—C = CH, VOWOB, CH, o—( —CH-
a | Bl 3 3
CH, CH,
pthanol (excess) H CﬁOCZH‘J
(i) CHy—CHO - > lHy— 1
0(:3H‘3
0

0
' OH-
(i) 2HCH ——— H—C—0H + CH,0H

L
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Q 17. Write the main product in the following reactions:
() 2CH,COCL+(CH,),Cd

(i) CH,CH,CHO Zn(Ha)/concHal

(iil) Q COONa + Naorfci%»

CHi
Ans. () ° C—0
ey

)

Q18. Write the structure of the products of the following:

0
: I Aoy |
(i) + /c\ 5.5
HsC; cl

(1l) CHy — CH, — CH,

CHs
. 1.Cro,CL
0 z-H,oJ- 2
NO,

(i) (CcHsCH,),Cd +2CH,COCL —>

(Iv) HyCC==CH o :HiS0_,

0
A l[ Anhyd. AICl3 (CS5)
ns. (i * Cabg==L—l
praanEgLenorge | eoerCratts reaction
Benzene 0
|
C=—CaHs + HC
-Phenylpropanone (proploghenone)
CH3
(i) (1) 2Cr02C15(CS;)
: (Etard's reaction)
K 0OCrCL,0H7
s oy CHO
4-Mitrotoluene OCrCL0H
H;0°
——
4-Nltroban-
_(Compmx) - Zoldahyde

i
(i) (CgHyCH, ), Cd + 2CHy«CmCL L dry other)
DBenpdcodmium Gianavichiarlde
0
e
20H, —C —CH,CgH, +Cdcl,

I-Phenylproponone

2+
y s Hg? " /H450,
(iv) HyC—C==CH+H,0 i

Propyne

OH ?]]

|_. TaUlOMErises
Hy,C—C=CH, | MONEEE Y € C—CH,
Proponane

onol

'@/ Long Answer Type Questions N

Q1 Arrange the following in increasing order of the
property indicated:

(i) Acetaldehyde, Acetone, Di tert. butyl ketone,

Methyl tert. butyl ketone (reactivity towards

HCN).

(ii) CH,CH,CH(Br)COOH, CH;CH(Br)CH,COOH,
(CH,),CHCOOH,  CH,CH,CH,COOH  (acid
strength)

(iii) Benzoic acld, 4-Nitrobenzolc acid,
3, 5-Dinitrobenzoic acid, 4-Methoxybenzoic
acld (acld strength). (NCERT EXERCISE)

Ans. () Cyanohydrinderivative is formed as a result of the
reaction in which the nucleophile (CN- lon) attack
carbon atom of the carbonyl group. The order of
reactivity :

(a) decreases with Increase In + effect of the
alkyl group.

(b) decreases with Increase In steric hindrance
due to the size as well as number of the alkyl
Eroups.

In the lght of the above Informatlon. the

decreasing arder of reactlvity Is:

CHy O CHy 0 CHs

L

CHamuT~[u c[—- CHy < CH3—C ~C|—CH3

CHB CHa CHJ
Oktertiary Mothl tartiory
bun ketone

butyl ketone
o) 0
I I
CHyw=wComCHy  CHyewe C—H
Acetong Acetaldeihwde
(i) We know that alkyl group + effect decreases the
acldic strength. The +| effect of isopropyl group
Is mare than that of n-propyl group. Similarly,
bromine (Br) with -l effect Increases the acldic
strength. Closer its position in the carbon atom
chaln w.r.t. carboxyl (COOH) group, more will be Its
«| effect and stronger will be the acld. In the lght
of this. the Increasing order of acldic strength ls:
(CH;),CHCOOH < CH,CH,CH,COOH < CH,CH(Br)
CH,COOH < CH,CH,CH(Br)COOH

L
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(i) We have learnt that the electron donating
group (OCH,) decreases the acidic strength of
the benzoic acid. At the same time, the electran
withdrawing group (NOs) Increases the same.
Keeping this in mind, the increasing order of acldic

strength Is:
COOH COCH COQH COOH
OCH3 NO; NO;
4-Mathooybonzoic  Benzoic 4-Nitrobenzoic J1.4-Dinitrobonzsic
acld acid acid acld

Q2. Complete each synthesls by giving starting material,
reagent or product.

CH;CH;

KMnO./KOH
Heat
COOH soc,
(") heat
COOH

(iii) CeHsCHO —2MCONAN
o

lepens
[Ag(NHy), ]
o L
CHO

CHO  jaavma
(vi) '

COOH
(vii) C,H;CHO + CH,CH,CHO —4LN0K_,

(vili) CH,COCH,CO0C,H; —0 s,
@ H"

(ix) <:>—0H S
0 Cron— Oy

(NCERT EXERCISE)
CH7CH4 CO0OK
: HKIAnO/MOH
Ans. () U Haat @r
Ethyl benzeno Pot, benzoato

COOH socl, COC
(i e
pat
COOH COC

Phthalic acld Ehthaloyl chlorlde

(iif) CgHgCHw:20 +Hy NCONHNH, —
Benzaldehyde Semicorbazide
CHgCH==NCONH, +H,0

Benzaldehydie
semicarbazone

D
Benzene Benzoyl
chloride
Antwyd. AICL
] +HCL
[Friedel-Crafts reaction)
Benzophenone
3
Oy
2 (Ag(Na),)®
—_—
(v) ! Tollen's reagent
CH

4-0xocyclohexono-
corboldehyde

RGN
coo”

4-Oxocyclohexanecarbosxylate
anion

i NaCN/HCL
(vi) +HCN ———
COCH oH
2-Formylbenzoic acld |
O:CH—" CN
COOH

2-(+hydroxycyanomathyl)
benzaolc acld

CHs

(V”) C5H5CH|=|O + H;;
----- Claisen Schmidt
Benzaldehyde Propanal Condansatlon

CH>

3 2‘ 1
CeHg—CHess C—CHO

2-\Mathyl-3-phenylprop-2-0nil

(vill) CHyorC—CH,CO0C H, -2y
(i) H*
Ethyl-3-oxobutanoate
OH

L | 3 2 1
CH;—CH—CH, COOC,H, +H,0

Glhyi=d=hydroxsyibutonoots

(Only the ketonlc group Is reduced by NaBH,. The
ester group Is not reduced.)

Cr03/H3504

Cyclohexanol Cyclohexanone

L
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B;_HE, H>0;
x) CH» CHy| B '——‘*
il

Methylenecyclohexane

<:>-CH20H

Cyclohexylmethanol

Q3. (i) Write the product (s) in the following reactions:

0
(a) E:/r +HCN — 7
COONa
Co0Q
(b) Q + NaOH =

DIBAL-H
(c) CHy—CH==CH—CN MMT’ ?

Baorane

Oy

Cyclohexanecarbaldehyde

(i) Give simple chemical test to distinguish
between the following pairs of compounds :
(a) Butanal and Butan-2-one
(b) Benzoic acid and Phenol (CBSE2017)
Ans. (i) (a) Cyclohexanaone reacts with hydrogen cyanide
(HCN) to form cyclohexanone cyanohydrin.

(J = (e

Cyclohexanona Cyclohexanone
_cyanohydrin
(b) The sodium benzoate reacts with soda lime to
glve benzene.

COONa
Ca0
@ =

Sodium benzante Benzone

+ NapCO3y

(c) But-2-en-l-nitrile on reaction with DIBAL-H
followed by water gjves but-2-en-1-ol

CH,—CHs== CH—CN—B38 %L, CH,CHis CH—CHO
ﬂm-‘w_n-!»- nitrtle Dyk2=orebol

() (a) Butanal belng an aldehyde reduces Tollen's
reagent to shiny silver mirror but butan-2-
one being a ketone does not reduces Tollen's

FGEIB@I'\L

CH,CH,CH,CHO + 2(Ag(NH,),)* + 30H —2
GKBGGEGDOOO

CH,CH,CH,C00" + 2Ag 4 + 4NH, + 2H,0
[AI i

0
|
CH,CH,, CCH, e8NS0 No sllver mirror

(b) Benzolc acld and phenol can be distinguished by
ferrlc chlorlde test. Phenol reacts with neutral

FeCly to form ferric phenoxide complex giving
violet colouration.
6CH.OH + FeCly = [Fe(OCH,). P> +6H™ +3C

lran-phenol complex
(Vialet colour)

But benzolc acld reacts with neutral FeCl, to glve a
buff coloured precipitate of ferric benzoate.
3CgH3COO0H +FeCly— (CH:CO0)4Fe + 3HCL

Ferric benzoate
(buff colour ppt)

Q4. (i) Write the reaction involved in the following :
(a) Etard reactlon
(b) Stephen reduction
(ii) How will you convert the following in not more
than two steps :
(a) Benzoic acid to Benzaldehyde
(b) Acetophenone to Benzoic acld
(c) Ethanolc acid to 2-hydroxyethanolc acld.

(CBSE2017)

Ans. (i) (a) Etard Reaction : Toluene reacts with chromyl
chloride in presence of CS, followed by hydrolysis to
produce benzaldehyde.

CH(OCrOHCly);  COOH

CH3
cs H30’
+ OrOsCl; —*
Chromyl

Toluene chloride Chromium Beﬂlﬂldﬂhvde
complex

(b) Stephen Reduction: Alkyl nitrites on reduction
with stannous chloride and hydrochloric acld In dry
ether glves corresponding Imine hydrochlorides
which on add hydrolysis, give corresponding

aldehydes.
SnCl, +HQ Hy0'
R—CN+ 2[H] sty RCH=NH —— RCHO
Alkyl Reduction Imine Aldehyde

nitrites

(i) (a) Benzoic acid to Benzaldehyde:

COOH COcl
Hy/Pd +
50CL; B«)SOﬂ +5
_—
Benzolc Benzoldehyde
acld
(b) Acetophenone to Benzolc acld:
COCH3 oo’

@ KMnO4/KOH @ @

Acetophenone Benzole acld
(c) Ethanoic acid to 2-hydroxyethanoic acid:
CH,COOH - 22282 CICH,COOH

Ethang'c acld

-~ Lo, OM...CH,COOH
2-ledrowy alhanoli add

L
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Q5. (i) Carryout the following conversions: Q6. (i) How can you convert each of the following
(a) Ethanal to But-2-en-1-al compounds to benzolc acid?
(b) Propanoic acid to 2-chloropropanoic acid (a) Acetophenone
(i) An alkene with molecular formula C;H,, on (b) Ethylbenzene
ozonolysis gives a mixture of two compounds (c) Bromobenzene
‘B’ and 'C'. Compound 'B’ gives positive Fehling (ii) Arrange the following compounds in Increasing
test and also reacts with iodine and NaOH order of their property as Iindicated:
solution. Compound ‘C’ does not give Fehling (@) 0,N — CH,— COOH, F — CH,— COOH,
solution test but forms iodoform. |dentify the i
compounds ‘A’,'8 and 'C'. (CBSE 2023) CN— CH,COOH
(Acidic character)
Ans. (i) (a) Ethanal to But -2-en-T-al:
4 3 4 (b) Ethanal, Propanal, Butanone, Propanone
{HaQH) . . .
C:{uigjlo (Aol condonsation) 'CHBEHCHZCHO (Reactivity In nucleophilic addition reactions)
(CBSE 2023)
I-Hydrowdoutanal P a CO0H; COOK COOH
_.-.““" CH CH--CHCHO _IyMaon @ ©
But-2-cnal 1
Uﬁdafuam
(b) Propanoic  acld to  2-chloropropanoic Sedionhangog: "R ot e Bonzk add
Ak e CHyCH; COOK COOH
CH4CH,CO0H— ‘”‘9‘”-— CH3—?+_COOH
(b) KJhnOcJDH‘
2- chlorupropuno.caciu T heat
(“) Compound B gjves positive Fehilng's test. Ethylbenzene Pot benzoate Benzole ackd
this shows that It Is an aldehyde and It glves Br MgBr
iodoform test which signifies that it has ﬁ
—COCH, group as well. (c) Mg Comm(]
v (dry ather)
Thus, structure of '8 Is HC—C == 0 (Ethanal).
- i '(_l Bromobonzane Phomyl mog. bromide
Compound C does nat give Fehling's test which o
signifies that it s a ketone and since it glves
iodoform test, thus, it has —COCH, group. C_D""Br SOk
Thus, structure of 'C'ls CHy — ﬁ — CHy (Acetone). @ _Hom: @
N © S
) Additlon campound Benzolc add
Since. B and C are obtained on ozonolysls of Sl =
alkene CyH,,, it must have the following structure: i
CHy—CH == C — CH; (2-methyl but-2-ene) KIANDo/OH- ,
huoot ¥ chm( L
Pat formoto
3 Styrune Pot. buneoote
The reactlons are : COOK COOH
« Ozaonolysis: o
o — + HCOOH
CH 3—83 e C — CH- —*{WHZHT—) Formic ocid
éH Pal Benpaate Beneale ackd
3 () () The presence of electron withdrawing group
0 0 increases the acidic strength and - effect of NO,,
| I F and CN are as follows: F < CN < NO,
CHy==C~H+Cy—E Hence, the increasing order of acldic character of
Ethanal Acotone the given compounds is :
¢ lodoform reaction : F e CHy —— COQH < CN w CH, —- COOH
NaOH
CHy C(H)O“‘T'""C(:*Lﬂ :~HE)ODNa <O,N — CH, -~ COOH
odolorm
FiaE (b) The increasing order of reactivity of the carbonyl
CH,COCH; ---'"Té-"*-*le;COONMCH'; (lodoform) compounds  towards nucleophilic  addition
© reactions Is:

L L o s s o
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butanone < propanane < propanal < ethanal
The reactivity Is based upan two factors. These
are sterlc factors and electronic factors.

Q7. (i) An organic compound (X) having molecular
formula C;H,,0 can show various properties
depending on its structures.

Draw each of the structures If it:

(a) gives positive iodoform test.

(b) shows Cannizzaro's reaction.

(c) reduces Tollens' reagent and has a chiral
carbon.

(if) Write  the  reaction

following:

(a) Wolff-Kishner reduction

(b) Hell-Volhard Zelinsky reaction

Ans. (i) (a) CHy _ﬁ_CH(CHa)z

0
(b) (CHy)5 CHO

(c) (CHy)— ClH — CH,CH,

Involved in the

(CBSE 2023)

CHO

(i) (a) Wolff-Kishner Reduction: The carbonyl
group of aldehydes and ketones is reduced to
—{(H, group on treatment with hydrazine followed
by heating with KOH In high bolling solvent
Uke ethylene glycol. This reaction Is known as

Wolff-Kishner reduction.
HiCa H,C

N
C=0+NH,—NH, —» C=N.NH,
H,c” e
Acelone

— oy CH,—CH,--CH, +N, T

Ethylono
ghuol a Prapong

(b) Hell-Volhard Zelinsky Reaction: Carboxylic acids
having o-hydrogen atom are halogenated at the
a-position an treatment with chlorine or bromine In
the presence of small anmount of red phosphorus to
glve u-halocarboxylic aclds. This reaction is known as
Hell-Volhard Zelinsky reaction.

R—CH,—CooH 122" o cHcooH
(I H,0 |

a-halocarboxdx atld
(X o CL &)

Q8. Ahydrocarbon (A) with molecular formula C.H,, on
ozonolysis glve two products (B) and (C). Both (B)
and (C) give a yellow precipitate when heated with
lodine in presence of NaOH while only (B) glve a
silver mirror on reaction with Tollen's reagent.

(i) Identify (4), (B) and (C).
(1) Write the reaction of B with Tollen's reagent.
(I1I) Write the equation for iodoform test for C.
(iv) Write down the equation for aldol condensation
reaction of B and C. (CBSESQP 2022-23)

Ans. Since. the hydrocarbon has molecular formula CgH,;,0
and it undergoes ozonolysis. so A must be an alkene.
B glves yellow precipltate with lodine In the presence
of NaOH and gives silver mirror with Tollen's reagent
so B must be an aldehyde. C doesn't glve silver mirror
with Tollen's reagent, so it must be a methyl ketone.

(i) Ais an alkene.
B1s an aldehyde with—CH, group.
Cls a methyl ketone.
or, A : CH(CH;) = C(CH,),
B: CH,CHO
C:0=C(CHy),
(II) The reaction of B with Tollen's reagent Is:
CH,CHO + (Ag(NH;),) + OH-—-»
CH,CO0- + Ag + NH; + H,0
(i) The equation far lodoform test far C ls:
CH,COCH; + NaOH + 1,—» CHIy + CH,COONa

(iv) The equation for aldol condensation reaction of B
and Cls as shown:
CH5COCH; + CHCHO

Ba(0H),

(CH5),C(OH)CH,COCH; + CHyCH(OH)CH,CHO +
(CHs),(OH)CH,CHO + CH;CH(OH)CH,COCH,

Haat

(CH,),C=CHCOCH + CH;CH=CHCHO
+ (CH3)C= CHCHO + CHyCH=CHCOCH,

Here, four products are obtained through mixed aldol
reaction of B and C as:

B—B8+C—C+B—C+(0—A8
Q9. An organic compound (A) with molecular formula

C,CL,0,H is obtained when (B) reacts with Red P

and Cl,. The organic compound (B) can be obtained

on the reaction of methyl magnesium chloride with
dry Ice followed by acld hydrolysis.
(i) Identify A and B.

(i) Write down the reaction for the formation of A
from B. What Is this reaction called?

(iii) Glven any one method by which organic
compound B can be prepared from its
corresponding acld chloride.

(iv) Which will be the more acldic compound (A) or
(B)? Why?

(v) Write down the reaction to prepare methane
from the compound (B). (CBSESQP2022-23)

Ans. () When B reacts with Red P and CL,, A Is formed
which must be a halogenated compound. Also, B
is formed by the reaction of methyl magnesium
chloride with dry Ice (Grignard reagent) fallowed

L
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Q10.

Ans.

by acld hydrolysls so. it Is a carboxylc acld. A has

molecular formula C,CLO,H having two carbon
atoms. so 8 will also have two carbon atoms only

and It must be an acetlc acld.
A: CCLCOCH
B: CH,CO0OH

sk’ o]
(i) The reaction for the formatlon of A from 8 Is:

() RedP/QL
CHHCOOH_—""_Z_’(U) 0 CClBCDOH

This reactlon Is called as Hell-Volhard Zelinsky
reaction.

(if) The organic compound B can be prepared from Its
corresponding acid chloride using the following
method:

CH,CoC—22 5 CH,CooH

(iv) A will be more acldic due to the presence of 3
Cl groups (electron withdrawing groups) which

increase acidity of carboxylic acid.

(v) The reaction to prepare methane from the
compound B Is as shown:

() NoOH.CO
CHCOOH—ree B s CH, +Na,COy

(I) Distinguish with a suitable chemical test:
(a) CH;COCH,CH and CH,CH,CH,CHO
(b) Ethanal and Ethanoic acid

(ii) Write the structure of oxime of acetone.

(ili) Identify A to D.

PCl o Hy/Pd-BaSO, o () CHy/MgBr | .

(I Hy0*
lLiAu-lq

D

CH,COOH

(CBSE 2023)
(i) (a) CH,COCH,CH, and CH,CH,CH,CHO:
Gn heating with Fehling's solution, CH,CH,CH,CHO
gives red preclpitate of Cu.0 whereas CH,COCH,CH,
glves no reaction.

CH4CH,CH

Cu,0 L + CH4CH,CH,CO0H
Redppt
(b) Ethanal and Ethanoic acid:
Ethanoic acid gives a brisk effervescence with
NaHCO, solution while ethanal falls to give such a
reactlon.

() Oxime of acetone: CHa_-T wu N — QH
CHy

(i)
pC Pd- OH,/higB
CHSCOOH-2 CH;COC o CHyCHO
" (1) H30
A @
LA,
CHCOCH;
CH;CH;0H Acetone
(Ethanol) ©
(v} +CH3MgBr

QlL (/) Draw structure of the 2, 4-dinitrophenylhy-
drazone of benzaldehyde.
(if) Which acld of the following pair is a stronger
acid?

F5C —OCOOH or HsC Ocoou

(iii) Write the chemical equation involved in
Rosenmund's reduction.

(iv) Why are a-hydrogen atoms of aldehydes and
ketones acidic in nature?

(v) Write a chemical test to distinguish between
benzaldehyde and benzoic acid. (CBSE 2023)

Ans. (i) Structure of  2.4-dinitrophenylhydrazone  of
benzaldehyde:

O EH“”NNH@;

(i) In both compounds. the carboxylic acld Is attached
to the benzene ring, so the carboxylate ion is

stabilised by resonance. In F3C—®—CDDH

fluorine Is also attached to the ring so due to Its
electron- withdrawing nature, it Increases the

acldic character of carboxylic acld while in the
case of HBC—Q- COOH. the —CH, group is an

electron-donating group which decreases the
acldity of carboxylic acld. Thus, FEC—O—COOH Is

a stranger acld as compared to HHC—D-CDOH
(l) The chemical equation Invalved In Rosenmund's

reduction ls:

i I
B0l B0 m T et
Ncld chloride Aldehyde

(iv) The acldity of a-hydrogen atom of carbonyl carbon
Is due to the strong withdrawing effect of the
carbonyl proup and resonance stabilisation of the

conjupate base. Thus. a-hydrogens of aldehydes
and ketones are acldlc.

(v) Benzolc acld glves a brisk effervescence with
saturated NaHCO, solution but benzaldehyde falls
to respond to this test.

CgH;COOH +NaHCO, ~—~C H;COOND +H,0¢  CO,

Benzelc oacid Socl benaoote Brink
¢Horvooconco

L
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& Chapter Test

Multiple Choice Questions

QL Find the product of the given reaction:
0
I
H
\CH,+CH,CH,NH, %>

H,CH,CH,
&
CH,
: CH,CH,CH,CH,
[

H
2 C—N—CH,0H

Q2

@m

Q2. Identify (X), (¥Y) and (Z) reagents in the given
sequence of reactiorls

CH =2 CH X CH,CHO "> CH,CH(OH)CH,

i CH,COCH,
3. X H,S0, Y H,0/0H Z » PCL, heat
b. X=HNO,, Y =Na,(0,. Z=H,50,, heat
€ X=H,50,/Hg?". Y= PCl/H,0, Z = K,Cr,0,/0H"
d. X=H,50,/Hg?*. Y= CH;MgBr/H,0. Z = K,Cr,0,/0H*
Q3. Match the column | with column Il and mark the
appropriate cholce.

Assertion and Reason Type Questions

Directions (Q. Nos. 5-6): Each of the following questions
consists of two statements, one (s Assertion (A) and the other (s
Reason (R). Give answer:

a. Both Assertion (A) and Reason (R) are true
and Reason (R) is the correct explanation of
Assertion (A).

b. Both Assertion (A) and Reasan (R) are true but
Reason (R) Is not the correct explanation of
Assertion (A).

c. Assertion (A) Is true but Reason (R) Is false.

d. Assertlon (A) Is false but Reason (R) Is true.

Q5. Assertion (A): Ketones can be converted into acids
by haloform reactian.

Reason (R): Addition of Grignard reagents to dry
ice followed by hydrolysis gives ketone.

Q6. Assertion (A): Etard reaction helps to stop the
oxidation of toluene at the aldehyde stage.
Reason (R): Chromyl chloride oxidises methyl
group to a chromium complex, which on hydrolysis
gives corresponding benzaldehyde.

Case Study Based Question

Column| Column Il
(A) Clemmensen reduction | () Conc. KQH
(B) Rosenmund reduction | (ii) Zn/Hg + Canc. HCl
(C) lodoform reactlon (iii) H,/Pd-Bas0,
(D) Cannizzaro reaction (Iv) NaOH +1,
a. (A) — (i), (8) — (iii). (C) - (ii). (D) — (iv)
b. (A) = (iii). (8) = (iv). (C) = (i). (D) — (i)
c (A) = (ii). (B) = (iif). (C) - (IV)( ) =)
d. (A) - (iv). (8) = (). (C) - (il). (D) — (iii)

Q4. What is the correct IUPAC name of the given

compound:
Hy

|c+15—1—t:+11—|c+|5
OOH

a. 2. 2-dimethylbutanolc acld

b. 2-carboxyl-2-methylpropanalc acid
¢. 2-ethyl-2-methylpropanolc acld

d. 3-methylbutane carboxylic acld

Q7. When an aldehyde with no a-hydrogen reacts with
concentrated aqueous NaOH, half the aldehyde is
converled o a carboxylic acid salt and other half
is converted to an alcohol. In ather words, half of
the reactant is oxidised and other half is reduced.
This reaction is known as Cannizzaro reaction.

@
oom NnOH

Q_ Nor( et

Mechanism:
(|)4-
0 =
Step It Ph—c\f/’_-i”x Ph“—Cl——OH
H
H
Hydroxy alhonide
Step IT:

O o 0 o)
0 X son 2 |
Ph—| + /C—Ph Slow, py ¢ 4 Ph—C—H
OH H OH H
Hydrido Hydride Curboxylic Alkoxide

donor neeeptor acid

L
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Step III:
o
O O
/ | /
Ph—C\ +Ph—C—H == Ph—C + PhCH,OH
—  Alcobhol
OH H . ‘ O
arboxylate
(More resonance
stabilised)

Read the given passage carefully and give the

answer of the following questions:

(i) What is given by a mixture of benzaldehyde
and fomaldehyde on heating with aqueous
NaOH solution?

(ii) Trichloroacetaldehyde Is  subjected to
Cannizzaro reaction by using NaOH. The
mixture of the products contains sodium
trichloroacetate ion and another compound.
Find the other compound.

(iii) In Cannizzaro reaction given below:
2PhCHO 2%, PhCH,O0H + PhCO,

Give its slowest step.

OR
Which of the following compounds will undergo
Cannizzaro reaction?

Benzophenone, Benzaldehyde,
1-Phenylpropanone, 2-2-Dimethyl butanol

Very Short Answer Type Questions

Q8. Illustrate decarboxylation reaction giving a
suitable example.

Q9. (CH;);C—CHO does not
condensation. Comment.

undergo  aldol

Short Answer Type-I Questions

Q10. Account for the following:
(i) Aromatic carboxylic aclds do not undergo
Friedel-Crafts reaction.
(ii) pK, value of 4-nitrobenzolic acld Is lower than
that of benzoic acld.
Q11. Predict the products.

(i O ___K_riinozﬂ,sod>
C—CH, |
(il @/g + CH,CHNH, ———

Q12. Write the equations involved in the following
reactions:

(i) Clemmensen reduction
(ii) Wolff-Kishner reduction

Short Answer Type-II Questions

Q13. An organic compound A (molecular formula
C,H,(0,) was hydrolysed with dilute sulphuric

acld to give a carboxylic acld B and an alcohol C.
Oxidation of C with chromic acid also produced
B. On dehydration, C gives but-1-ene. Write the
equations for the reactions involved.
Q 14. Write structures of compounds A and B in each of
the following reactions:
CH,CH,

" — H,0*
(l) KMI"I04 KOH s 10

A > B

OH

(ii] cro, H,N —NH —CONH,

A B

Q15. A, Band C are three non-cyclic functional Isomers
of a carbonyl compound with molecular formula
C4H,0. Isomers A and C give positive Tollen’s test
whereas Isomer B does not give Tollen's test, but
gives positive iodofarm test. Isomers A and B on
reduction with Zn(Hg)/conc. HCL give the same
product D.

(i) Write the structures of 4, 8, C and D.
(ii) Out of A, B and C isomers, which one is least
reactive towards addition of HCN?

Long Answer Type Questions

Q16. (i) What is meant by the following terms? Give an
example of the reaction in each case.

(a) Aldol
(b) Semicarbazone

(1) Complete the following:
(a) CHycoct  "»Pd/Bas0,

>

DIBAL—H
SRR —

(b) CH,—CH-=CH—CN
CHO

(c) Conc. HNO, + H,S0,

Q17. Write the structures of A, B, C, D and E in the
following reactions:

CH,cocl Zn - Hg/Conc. HCL (i) KMnO, - KOH, |
CH, B
Anhyd. AlCL, (1) H,0!
NaOH
¥
D+E
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