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Aldehydes, Ketones

& Carboxylic Acids
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Q. 1. What is meant by the following terms? Give an example of the reaction in each case.
(i) Cyanohydrin (ii)  Acetal (iii) Semicarbazone (iv) Aldol
(v) Hemiacetal (vi)  Oxime (vii) Ketal (viii) Imine
(ix) 2, 4-DNP-derivative (x)  Schiff’s base
ANSWER:-

(i) Cyanohydrin:

Cyanohydrins are a class of organic compounds with the general formula RR'C(OH)CN, where
R and R’ can be either alkyl or aryl groups.

N
N

Aldehydes and ketones react with hydrogen cyanide (HCN) in the presence of excess sodium
cyanide (NaCN) acting as a catalyst to form cyanohydrins. These reactions are referred to as
cyanohydrin reactions. Cyanohydrins are useful synthetic intermediates

RR'C=0+HCN—X 3, RR'C(OH)CN
Ketone Cyanohydrin

(ii) Acetal: Acetals are geminal dialkoxy alkanes where two alkoxy groups are attached to the same
carbon atom. One of these bonds is linked to an alkyl group, while the other is connected to a

hydrogen atom.
I
R—(I‘ —OR’
OR"
General structure of an acetal
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When aldehydes react with two equivalents of a monohydric alcohol in the presence of dry HCI
gas, they first form hemiacetals. These hemiacetals then react with an additional molecule of
alcohol to produce an acetal.

OR' . OR'
acpo B0SL Gy HOL e, R—f‘{ =t R—(':i{ + Hy0
< e 2
\\ H
Aldehyde OH OR
Hemiacetal Acetal

(iii) Semicarbazone

(iv)

\))
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Semicarbazones are compounds derived from aldehydes and ketones, formed through a
condensation reaction between a ketone or aldehyde and semicarbazide.

OH
e e g s Il ~ W™ o
>C;()+H‘ﬁ-N—NI[_C —NH:P /C\ II
-------- - Semucarbazide R

'

H,O + > C==N—NH—C—NH,
Semicarbazone
Semicarbazones are valuable for the identification and characterization of aldehydes and ketones.
Aldol

A B-hydroxy aldehyde or ketone is referred to as an aldol. It is formed through a condensation
reaction between two molecules of the same aldehyde or ketone, or one molecule of each of two
different aldehydes or ketones, in the presence of a base.

2 CH,CH, — CHO S2220H S C,— CHy—CH—CH,—CH, —CHO

I

Propanal OH
4 — Hydroxyhexanal { Aldol)

Hemiacetal

Hemiacetals are a-alkoxy alcohols.
RO OH

o
N
-
~

h
#

R H
A hemiacetal forms when an aldehyde reacts with one molecule of a monohydric alcohol in the
presence of dry HCI gas.

ORrR’
R'OH |
RCHO \ﬂ Sl X R—CH
OH
Hemiacetal
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(vi) Oxime

Oximes are a group of organic compounds with the general formula RR'CNOH, where R is an
organic side chain and R’ can be either hydrogen or an organic side chain. When R’ is hydrogen, the
compound is called an aldoxime, and when R’ is an organic side chain, it is referred to as a ketoxime.

OH OH
/ P 4
N N
R) kH R) k R'
Aldoxime Ketoxime

Aldehydes or ketones form oximes when treated with hydroxylamine in a weakly acidic medium.

$C==0 + HyNOH —— D C=N—0H * H,0

Y —— 4
Hydroxylamine

(vii) Ketal

Ketals are gem-dialkoxyalkanes where two alkoxy groups are attached to the same carbon atom
in the chain, with the other two bonds of the carbon connected to two alkyl groups.

TI
R— (|' —OR"
ORrR™
General structure of a ketal

Ketones react with ethylene glycol in the presence of dry HCI gas to form a cyclic compound
called ethylene glycol ketal.

C=0 +T O _Hogs | N/ H,0
e T B b
R A cuon  WHC R 7 No—cu,

Ketane Ethylene glycol Ethvlene glycol ketal

(viii) Imine
Imines are compounds that contain a carbon-nitrogen double bond.
Ry

A,

General structure of an imine
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Imines are formed when aldehydes and ketones react with ammonia or its derivatives.

OH
------- X
Se=to + FHN—Z = 75\ — >C=N—2 + H,0

(ix) 2, 4-DNP—derivative

2, 4-Dinitrophenylhydrazones are 2, 4-DNP derivatives formed when aldehydes or ketones
react with 2, 4- dinitrophenylhydrazine in a mildly acidic medium.

2, 4 — Dinitrophenylhy drazone

2, 4-DNP derivatives are used to identify and characterize aldehydes and ketones.
(x) Schiff’s base

Schiff’s base (or azomethine) is a compound featuring a carbon-nitrogen double bond, where

the nitrogen atom is bonded to an aryl or alkyl group, but not hydrogen. They have the general
formula R R,C =NR..

General structure of schiff's base

Aldehydes and ketones react with primary aliphatic or aromatic amines in the presence of a
small amount of acid to form a Schiff’s base.

"""" Traceof H'
R—FHIU H N—R ————#R —CH= N—R' + H,0

Aldehyde I* amine Schiff’s base

Q. 2. Name the following compounds according to IUPAC system of nomenclature:
(i) CH,CH(CH,)CH,CH,CHO
(i) CH,CH,COCH(C,H)CH,CH,CI
(iii) CH,CH = CHCHO
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(iv) CH,COCH,COCH,
(v) CH,CH(CH,)CH,C(CH,),COCH,
(vi) (CH,),CCH,COOH

(vii) OHCC,H,CHO-p

ANSWER:-

(i) 4-methylpentanal

(ii) 6-Chloro-4-ethylhexan-3-one
(iii) But-2-en-1-al

(iv) Pentane-2,4-dione

(v) 3.,3,5-Trimethylhexan-2-one
(vi) 3,3-Dimethylbutanoic acid
(vii) Benzene-1,4-dicarbaldehyde

Q. 3. Draw the structures of the following compounds.

(i) 3-Methylbutanal (ii)  p-Nitropropiophenone

(iii) p-Methylbenzaldehyde (iv)  4-Methylpent-3-en-2-one

(v) 4-Chloropentan-2-one (vi)  3-Bromo-4-phenylpentanoic acid
(vii) p,p’-Dihydroxybenzophenone (viii) Hex-2-en-4-ynoic acid.

ANSWER:-
@) CH; 0

H;C — CH—CH,—C—H

|
0,N —@—r—m:—ca;

(iii) 0

|
||3c—©— C—H

(iv) 0 CH;

W) 0 Cl

H}C —— _fH:-__CH —CH;

D) CeHs Br 0
| I Il

H;C —CH — CH —CH;—C—O0H
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0
|

H;C —C=C—CH=CH—C—0H

(vii)

(viii)

—

Q. 4. Write the IUPAC names of the following ketones and aldehydes. Wherever possible, give also
common names.

(i) CH,CO(CH,)CH,
(i) CH,CH,CHBrCH,CH(CH,)CHO
(iii) CH,(CH,),CHO

(iv) Ph-CH = CH-CHO

v) CHO

(vi) PhCOPh

ANSWER:-
Here is the information arranged in tabular form:
Compound IUPAC Name Common Name
(1) CH,CO(CH,)4CH, Heptan-2-one Methyl n-propyl ketone
(i1) CH,CH,CHBrCH,CH(CH,)CHO | 4-Bromo-2-methylhexanal v-Bromo-a-methyl-caproaldehyde
(iii) CH,(CH,),CHO Heptanal -
(iv) Ph-CH=CH-CHO 3-Phenylprop-2-enal B-Phenylacrolein
(v) CHO
Q/ Cyclopentanecarbaldehyde | -
(vi) PhACOPh Diphenylmethanone Benzophenone
Q.5. Draw structures of the following derivatives.

(i) The 2, 4-dinitrophenylhydrazone of benzaldehyde
(i) Cyclopropanone oxime

(i) Acetaldehydedimethylacetal

(i) The semicarbazone of cyclobutanone

(i) The ethylene ketal of hexan-3-one

(i) The methyl hemiacetal of formaldehyde

ANSWER:-
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(@)
NO,
@—CH: NNH —@—NU:
(i)
N-OH
Il
(iii)
OCH;
CH;—CH
OCH;
(iv)
0
|
— NNH —C —NH,
v)
H,C — CH,
||
0 0
T
H;C —{'H;}— C _CH;{_ CH; —CHg
(vi)
H OH
e
7 &
H S OCH;
Q. 6. Predict the products formed when cyclohexanecarbaldehyde reacts with following reagents.

(i) PhMgBr and then H,O"

(ii) Tollens’ reagent

(iii) Semicarbazide and weak acid

(iv) Excess ethanol and acid

(v) Zinc amalgam and dilute hydrochloric acid
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ANSWER:-
()
l‘JMgBr DH
Dry ethcr quiroiysm
Cvclohexane -
carbaldehyde Cyclahaxylphmylcarh-ml
(ii)
CH=0
O/ + 2[Ag(NH3z)]" + 30H"
Cyclohexane - Tollens' reagent
carbaldehyde
0
| I
C—0
O’ * 2Ag | +4NH;+2H;0
Silver
mirror
Cyclohexane -
carboxylate ion
(iii)
CHO ﬁ o
Cr + H;NNH—C—NH, ¥—/—"» H,0 + 0
weak acid Il
Cyclohexane — Semicarbazide CH=NNH — C — NH;
canbiadileheyde O’
Cyclohexanecarbaldehyde
semicarbazone
(iv)
CHO HIOC,H; ?C3H5
O/ P Dry HCl gas ?"“‘“{)CH e
! : Ll 7
Cyclohexane — *------ H:OC,Hs H
carbaldehyde I
LN Cyclohexanecarbaldehyde

diethy] acetal
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™)
CHO

CH
O/ Zn / Hg — HCI 3
_—

clemmensen
Cyclohexane ( reduction)
carbaldehvde

Methyleyclohexane

Which of the following compounds would undergo aldol condensation, which the Cannizzaro
reaction and which neither? Write the structures of the expected products of aldol condensation
and Cannizzaro reaction.

(i) Methanal (ii)  2-Methylpentanal
(iii) Benzaldehyde (iv) Benzophenone

(v) Cyclohexanone (vi) 1-Phenylpropanone
(vii) Phenylacetaldehyde (viii) Butan-1-ol

(ix) 2, 2-Dimethylbutanal.

ANSWER:-

Aldehydes and ketones having at least one a-hydrogen undergo aldol condensation
Aldehydes having no a-hydrogen atoms undergo Cannizzaro reactions.

Compound Type of Reaction Reason
(i) Methanal Cannizzaro Reaction No a-hydrogen present
(ii) 2-methylpentanal Aldol Condensation Contains a-hydrogen
(ii1) Benzaldehyde Cannizzaro Reaction No a-hydrogen present
(iv) Benzophenone Neither Aldol nor Cannizzaro No a-hydrogen present, ketone
(v) Cyclohexanone Aldol Condensation Contains a-hydrogen
(vi) 1-phenylpropanone Aldol Condensation Contains a-hydrogen
(vii) Phenylacetaldehyde Aldol Condensation Contains a-hydrogen
(viii) Butan-1-ol Neither Aldol nor Cannizzaro | Alcohol, does not undergo these reactions
(ix) 2, 2-dimethylbutanal Cannizzaro Reaction No a-hydrogen present
Aldol Condensation
(ii) dil NaOH

2CH;CHyCHy == CH — CHO

CH;
2 — Methylpentanal CH:

CH4CH,CH, — CH— ii’H — CH— CH,CH,CH;

CHy OH CHO

3 ~ Hydroxy -2, 4 -~ dimethyl - 2 - propylheptanal

® ¥ . Veda Academy
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v) 0
C>= _dil NaOH C>v2\:>
OH
Cyclohexanone 2 — (1 - Hydroxy - 1 - ¢cyclohexyl) - cyclohexan ~1- one
(vi) 0 U‘H ["H]
2@—!2[—(‘!13(11 dil NeOH @—C—CH—(‘—@
1 - Phenylpropanone fH:

CH;y
3 — Hydroxy — 2 — methyl - 1, 3 — diphenylpentan — | — one

(vii) ti]H ?Hn
©— CH,CHO-4iLN2OH @— CHy — CH— CH —@
Phenylacetaldehyde 3 - hydroxy - 2, 4 - diphenylbutanal

Cannizzaro reaction

Q)] H
H-..,_\
\C—G + conc KOH ——» H—C — OH + C — OK
H e | u
H
Methanal Methanol Potassium methanoate
(iii)

2 o amekont — - H—an _W@_c_m

Benzaldehyde Benzyl alcohol Potassium benzoate
(ix) CH; CHj CHj
CH3CHy — ¢ — CHO S20CNaOH o oy cHy — C— CHy — OH + CH3CHy — C — ﬁ —ONa
CH3 CH3 CH3
2, 2 ~ Dimethylbutanal 2, 2 - Dimethylbutan ~ 1 - ol Sodium 2, 2 - dimethylbutanoate
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How will you convert ethanal into the following compounds?

(i) Butane-1, 3-diol (i) But-2-enal (iii)  But-2-enoic acid
ANSWER:-
(i) OH oH
dil NaOH R | O — NaBH, D RO
CH3CHO ————» CH; CH CH» CHO IRL‘dTOn)-r CH3 CH CH2 CH2 OH
Ethanal 3 - Hydroxybutanal Butane - 1, 3 - diol
(i) OH
cHycHo -INIOH o e CH—CH; —CHO + CH; — CH==CH— CHO
Ethanal 3 - Hydroxybutanal ' But - 2 - enal
(iii) , |
Etg U*H;EI O
CH3 — CH==CH — CHO » (CH3CH==CHCOOH

Tollen’s reagent
But— 2 — enal But — 2 — enoic acid

Write structural formulas 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.

ANSWER:-

(i) Two molecules of propanal are used, with one acting as a nucleophile and the other as an
electrophile.

OH CH4

ZCH_;CHJCHDMFCH]CH; CH— CH— CHO

Propanal 1 - hydroxy — 2 — methylpentanal

(ii) Two molecules of butanal are used, with one functioning as a nucleophile and the other as an
electrophile.

OH CH+CH4

2 CH3CH,CH,CHO I NaOH o CHyCH,CH, — CH — CH— CHO

Butanal 2 — Ethyl - 3 — hydroxyhexanal
(iii) One molecule of propanal and one molecule of butanal are used, with propanal acting as the
nucleophile and butanal as the electrophile.
OH CH;

CH;CH,CH,CHO + CH;CH,CHO —» CH:CH,CH, CH CH CHO

Butanal Propanal
( Electrophile) {Nucleophile)

3 - Hydroxy — 2 — methylpentanal

{, +9198103 37915 _ ) veda cacemy
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(iv) One molecule of propanal and one molecule of butanal are used, with propanal acting as the
electrophile and butanal as the nucleophile.
OH CH,CH;

CH;CH,CHO + CH;CH,CH,CHO — CH;CH; CH — CHCHO

Propanal Butanal 2 - Ethyl - 3 - hydroxyhexanal
{Electrophile) {Nucleophile)

Q.10.  An organic compound with the molecular formula C H, O forms 2, 4-DNP derivative, reduces
Tollens’ reagent and undergoes Cannizzaro reaction. On vigorous oxidation, it gives 1,

2-benzenedicarboxylic acid. Identify the compound.

ANSWER:-

The compound, with the molecular formula C;H, O, forms a 2, 4-DNP derivative and reduces Tollen’s
reagent, indicating that it is an aldehyde. Additionally, the compound undergoes a Cannizzaro
reaction and, upon oxidation, yields 1, 2-benzenedicarboxylic acid. This suggests that the ~CHO

group is directly attached to a benzene ring, and the benzaldehyde is ortho-substituted. Therefore,
the compound is 2-ethylbenzaldehyde.

CHO

CH,CH;

2 — Ethylbenzaldehyde

The following equations can explain the given reactions.

NO-
CECH = NNH—@—ND: + H,0

CH,CH;
2.4 - DNP denvative

CHO EL’ (NH3z)2 | oM 00— i
- + Ag
CH,CH; Tollen’s reagent CH.CH;
2 - Ethylbenzoate Seilver murror
@:(‘{)OH
COOH

1, 2 — Benzenedicarboxylic acid

2. 4 — Dinitrophenyl —
hydrazne

[o]

Oxadation

™ Veda Academy
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Q.11.

Q. 12.

An organic compound (A) (molecular formula C.H, O,) was hydrolysed with dilute sulphuric
acid to give a carboxylic acid (B) and an alcohol (C). Oxidation of (C) with chromic acid
produced (B). (C) on dehydration gives but-1-ene.Write equations for the reactions involved.

ANSWER:-

An organic compound A with molecular formula C.H, O, gives a carboxylic acid (B) and an alcohol
(C) on hydrolysis with dilute sulphuric acid. Thus, compound A must be an ester. Further, alcohol
C gives acid B on oxidation with chromic acid. Thus, B and C must contain equal number of carbon
atoms. Since compound A contains a total of 8 carbon atoms, each of B and C contain 4 carbon
atoms. Again, on dehydration, alcohol C gives but-1-ene. Therefore, C is of straight chain and hence,
it is butan-1-ol. On oxidation, Butan-1-ol gives butanoic acid. Hence, acid B is butanoic acid. Hence,
the ester with molecular formula C.H, O, is butylbutanoate.

0
CH3CH,CH; — C — OCH,CH,CH,CH;
Butylbutanoate

All the given reactions can be explained by the following equations.

Q 0

dil H»SO
CH4CH,CH; — € — OCH+CH,CH; ('Hx_ll"('Hz('H-.('H«.—('—DH + CH;CH,CH,CH,0H
Butylbutanoate Butanoic acid Butan - | - ol
(A) (B) (C)
0
CH4CH,CH, — C —OH
Cr03/CH;CO0H Butanoic acid

Oxidation ®)

CH;CH,CH,CH, — OH
Dehydration

CH;CHJCH == CHE
But -1 —ene

Arrange the following compounds in increasing order of their property as indicated:

(i) Acetaldehyde, Acetone, Di-tert-butyl ketone, Methyl tert-butyl ketone (reactivity towards
HCN)

(i) CH,CH,CH(Br)COOH, CH,CH(Br)CH,COOH, (CH,),CHCOOH, CH,CH,CH,COOH
(acid strength)

(iii) Benzoic acid, 4-Nitrobenzoic acid, 3,4-Dinitrobenzoic acid, 4-Methoxybenzoic acid (acid
strength)

~. Veda Academy
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ANSWER:-

@

(i)

When HCN reacts with a compound, the attacking species is the nucleophile, CN—. As the
negative charge on the compound increases, its reactivity with HCN decreases. In the given
compounds, the +I effect increases, as shown below, and it can also be observed that steric
hindrance increases correspondingly.

CH; 0
CH, CH, tl
Ne=o > Nc=o > CH,—— C —=— C —==CH,
o cu” ' +
Hy
Acetaldehyde Acetone CH,

tert — Butyl methyl ketone

v
CH; o CH,
|

CH,——C —— ( —== C—=CH,

+ {

CH, CH,
1 — tert — butyl ketone

Therefore, the given compounds can be arranged in order of increasing reactivity toward HCN
as follows: Di-tert-butyl ketone < Methyl tert-butyl ketone < Acetone < Acetaldehyde.

When carboxylic acids lose a proton, they acquire a negative charge, as shown:
R-COOH——R-COO +H"

Any group that helps stabilize the negative charge will enhance the stability of the carboxyl
ion, thereby increasing the acid’s strength. As a result, groups with a +I effect will reduce acid
strength, while groups with a —I effect will increase it. In the given compounds, the —CH,
group exerts a +I effect, while the Br~ group exerts a —I effect. Therefore, acids containing
Br are stronger. Additionally, the +I effect of the isopropyl group is greater than that of the
n-propyl group, making (CH,),CHCOOH a weaker acid than CH,CH,CH,COOH. Furthermore,
the —I effect weakens with increasing distance. Thus, CH,CH(Br)CH,COOH is a weaker acid
than CH,CH,CH(Br)COOH. The strengths of the given acids increase in the following order:
(CH,),CHCOOH < CH,CH,CH,COOH < CH,CH(Br)CH,COOH < CH,CH,CH(Br)COOH.

(iii) Electron-donating groups reduce the strength of acids, while electron-withdrawing groups

enhance the strength of acids. Since the methoxy group is electron-donating, 4-methoxybenzoic
acid is a weaker acid than benzoic acid. The nitro group, being electron-withdrawing, increases
acid strength. Given that 3,4-dinitrobenzoic acid contains two nitro groups, it is slightly stronger
than 4-nitrobenzoic acid. Therefore, the strengths of the given acids increase in the following
order: 4-Methoxybenzoic acid < Benzoic acid < 4-Nitrobenzoic acid < 3,4-Dinitrobenzoic acid.

— E‘%‘%
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Q. 13.

Give simple chemical tests to distinguish between the following pairs of compounds.

(i) Propanal and Propanone

(ii) Acetophenone and Benzophenone
(iii) Phenol and Benzoic acid

(iv) Benzoic acid and Ethyl benzoate
(v) Pentan-2-one and Pentan-3-one
(vi) Benzaldehyde and Acetophenone
(vii) Ethanal and Propanal

ANSWER:-
(i) Propanal and propanone can be distinguished by the following tests.

(a) Tollen’s test: Propanal is an aldehyde. Thus, it reduces Tollen’s reagent. But, propanone
being a ketone does not reduce Tollen’s reagent.

CH,CH,CHO +2[ Ag(NH,), | +30H——CH,CH,COO +Ag | +4NH,+2H,0

Propanal Propanoate ion Silver mirror

Tollen's reagent

(b) Fehling’s test: Aldehydes respond to Fehling’s test, but ketones do not. Propanal being
an aldehyde reduces Fehling’s solution to a red-brown precipitate of Cu,O, but propanone
being a ketone does not.

CH,CH,CHO+ 2Cu*" + 50H" —— CH,CH,COO + Cu,0{ +3H,0

Propanal Propanoateion Cuprous oxide(Red —brown ppt)

(c) Iodoform test: Aldehydes and ketones having at least one methyl group linked to the carbonyl
carbon atom respond to iodoform test. They are oxidized by sodium hypoiodite (NaOI) to give
iodoforms. Propanone being a methyl ketone responds to this test, but propanal does not.

CH,COCH,+3NaOl—— CH,COONa+ CHI, +2NaOH

Propanone Sodium acetate Todoform
(yellow ppt)

(ii) Acetophenone and Benzophenone can be differentiated using the iodoform test. In the iodoform
test, methyl ketones are oxidized by sodium hypoiodite to form a yellow precipitate of
iodoform. Since acetophenone is a methyl ketone, it gives a positive result for this test, whereas
benzophenone does not.

C,H,COCH,+3NaOl—— C,H,COONa+ CHI, +2NaOH

Sodium Sodium lodoform

Acetophenone hypoiodit
ypotodite benzoate (yellowppt)

C,H,COCH; + NaOl—— No yellow ppt of CHI,

Benzophenone

(iii) Phenol and benzoic acid can be distinguished by ferric chloride test. Ferric chloride test: Phenol
reacts with neutral FeCl, to form an iron-phenol complex giving violet colouration.

6C,H,OH + FeCl, —[ Fe(OCH, ), | +3H" +3CI

Phenol Tron-phenol complex
(Violet colour)

> veds acadrmy
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However, benzoic acid reacts with neutral FeCl, to form a buff-colored precipitate of ferric benzoate.

3C,H,OH+ FeCl, - (C,H,CO0), Fe+3HCI

Benzoic acid Ferric benzoate
(Buff coloured ppt)

(iv) Benzoic acid and ethyl benzoate can be differentiated using the sodium bicarbonate test. In this
test, acids react with NaHCO, to produce brisk effervescence due to the release of CO, gas.
Benzoic acid, being an acid, gives a positive response, while ethyl benzoate does not.

C,H,COOH+ NaHCO, — C,H,COONa + CO, T +H,0

Benzoic acid Sodium benzoate

C,H,COOC,H, + NaHCO, — No effervescence due to evolution of CO, gas

(v) Pentan-2-one and pentan-3-one can be distinguished using the iodoform test. In this test, pentan-
2-one, being a methyl ketone, gives a positive response. However, pentan-3-one, not being a
methyl ketone, does not respond to the test.

0

CH;CH,CH, — C — CH; + 3 NaOl —— CH;CH,CH,COONa + CHIz4 + 2NaOH
Pentan — 2 — one Sodium butanoate  lodoform
(yellow ppt)

O
CH3;CH; — C — CH3CH; + NaOl —® No yellow ppt of iodoform
Pentan - 3 - one

(vi) Benzaldehyde and acetophenone can be distinguished using the following tests:

(a) Tollen’s Test: Aldehydes react with Tollen’s reagent. Benzaldehyde, being an aldehyde,
reduces Tollen’s reagent to form a red-brown precipitate of Cu,O, whereas acetophenone, a
ketone, does not react.

C,H,CHO+2[ Ag(NH,), | +30H" — C;H,CO0™ +Ag | +4NH, +2H,0

Benzaldehyde Tollen's reagent Benzoate ion  Silver mirror

(b) Iodoform test Acetophenone being a methyl ketone undergoes oxidation by sodium hypoiodite
(NaOI) to give a yellow ppt. of iodoform. But benzaldehyde does not respond to this test.

C,H,COCH, +3NaOI — C,H,COONa + CHI, + 2NaOH

Acetophenone Sodium benzoate [odoform
(yellowppt)

(vii) Ethanal and propanal can be distinguished using the iodoform test. In this test, aldehydes and
ketones with at least one methyl group attached to the carbonyl carbon respond positively.
Ethanal, having a methyl group attached to the carbonyl carbon, gives a positive result. However,
propanal lacks a methyl group attached to the carbonyl carbon, so it does not respond to the test.

CH,CHO+ 3NaOI - HCOONa + CHI, + 2NaOH

Ethanal Sodium Todoform
methanoate (yellow ppt)
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Q.14.  How will you prepare the following compounds from benzene? You may use any inorganic
reagent and any organic reagent having not more than one carbon atom

(i)  Methyl benzoate (i)  m-Nitrobenzoic acid
(iii) p-Nitrobenzoic acid (iv) Phenylacetic acid
(v) p-Nitrobenzaldehyde.

ANSWER:-
() i Osy (. ~OMeBr
Br/FeBr; @ @ COo, @
— -
cthcr dry ice
Benzene
H;O™
COOCH; Cm“
({Estenfication)
-
CH;OH,
conc. HaS0y,
Methylbenzoate
ii
(ii) MeBr _OMgBr
Bry/FeBr, fg,,
—_—
cther dr_-,r ice
Benzene
H,0"
COOH COOH

HNOy / H'ySD_l
[ Nitration)
NG,

m — Nitrobenzoic acid
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CH,
CH;Cl/
Anhyd. AICI; HNO,/ H~Sﬂ4
{Fﬂﬂdﬂt -Craft [NII:I‘aIIDI‘I}

(iii)

— alkylanon)
(Minor)
(Major)
Separated by
filtranon
COOH COOK CHy
KMnO, — KOH
H 30"’ Tl — - A
NO, NO, NO,
P — Nitrobenzoic acid
(iv) CH,Br
CH;Cl/ NBS, hv or
O Anhyd. AICI; By Aand by
Bﬁﬂme Toluensa BMI bromide
Alc. KCN, A
CH,COOH CH,CN
H* MH,0

Phenylacetic acid Benzyl cyanide
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[‘H;[‘l f
@ Anhyd. AICI; HNO, / HSOy

Benzene NO,

\))

CS, [cro,cl,

CH(OCTOHCl,),

Q=

p — Nitrobenzaldehyde
Q.15.  How will you bring about the following conversions in not more than two steps?

(i)  Propanone to Propene

(i)  Benzoic acid to Benzaldehyde

(iii) Ethanol to 3-Hydroxybutanal

(iv) Benzene to m-Nitroacetophenone
(v) Benzaldehyde to Benzophenone
(vi) Bromobenzene to 1-Phenylethanol

(vii) Benzaldehyde to 3-Phenylpropan-1-ol
(viii) Benazaldehyde to a-Hydroxyphenylacetic acid
(ix) Benzoic acid to m- Nitrobenzyl alcohol

ANSWER:-
(i)  Propanone to Propene

0 OH

[ NaBH, | conc. Hy850,

CHy—C—CHy ——p» CH;— CH—CH; —h- CH; — CH=CH,
Propene
(ii) Benzoic acid to Benzaldehyde
COOH COoCl CHO
SOCl, H;
Pd - BaSO,
Benzoic acid Benzaldehvde

% L, +9198103 37915 )
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(iii) Ethanol to 3-Hydroxybutanal

OH
CHy — CHy — OH ——2% g C11,CHO %ﬁ?—ﬂr CH (I_“H(‘HEI‘HEI
Ethanol condensation) 3 — hydroxybutanal
(iv) Benzene to m-Nitroacetophenone
COCH; COCH4
CH;COCI,
Anhyd. AlCl4 HNO; / H180,
@ {Fnedal Craft @ ‘

Benzene alkylanon)

(v)  Benzaldehyde to Benzophenone

OH
Mgz Br I
(i) HaOr

Benzaldehyde s

@*@

Benzophenone

(vi) Bromobenzene to 1-Phenylethanol

DH
MgBr HiC — CH
Mgfdry ether (i) [‘Hg(‘Hﬂ
{I} H«G
e _— 1 — Phenylethanol
(vii) Benzaldehyde to 3-Phenylpropan-1-ol
i TRImEEN CH,CH,CH,OH
NaOH Ni/H
+ CHyCHO B —
(i) A (Catalytic
Benzaldehyde hydrogenation)

3 - Phenylpropan - | - ol
(viii) Benazaldehyde to a-Hydroxyphenylacetic acid

© D €, +919810337915 | %
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Q. 16.

CHO
'Illl'H OH
NaCN / HCI H* /H;0
—_— CHi—CH—CN ——» (;H;— CH—COOH
2 — Hydroxyphenylacetic acid
Benzaldehyde

(ix) Benzoic acid to m- Nitrobenzyl alcohol

COOH CH,OH CH,OH
(1) Llﬁ"‘l.; HNO; / H,80,
———
(m) HwD .
Benzaldehyde NO;

m — Nitrobenzy| alcohol

Describe the following:

(i) Acetylation (i)  Cannizzaro reaction
(iii) Cross aldol condaensation (iv)  decarboxylation
ANSWER:-

(i) Acetylation

(i)

Acetylation is the process of introducing an acetyl functional group into an organic compound.
This reaction is typically carried out in the presence of a base like pyridine or dimethylaniline. It
involves the replacement of an active hydrogen atom with an acetyl group. Acetyl chloride and
acetic anhydride are commonly used as acetylating agents. For instance, acetylation of ethanol
results in the formation of ethyl acetate.

CH,CH,OH+ CH,COCl—™m¢_y CH.COOC, H, +HCI

Ethanol Acetyl Ethylacetate
Chloride

Cannizzaro reaction

The self-oxidation-reduction (disproportionation) reaction of aldehydes lacking a-hydrogens
when treated with concentrated alkalis is known as the Cannizzaro reaction. In this reaction,
two molecules of aldehyde are involved, with one being reduced to an alcohol and the other
oxidized to a carboxylic acid. For example, when ethanal is treated with concentrated potassium
hydroxide, ethanol and potassium ethanoate are formed.

2 O + conc KOH —————p CH;—CH;—OH + CH;COOK

Ethanol Potassium
ethanoate

) veda cacemy
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(iii) Cross aldol condaensation

When aldol condensation occurs between two different aldehydes, two different ketones, or an
aldehyde and a ketone, the reaction is referred to as a cross-aldol condensation. If both reactants
contain a-hydrogens, four products are formed. For instance, when ethanal and propanal react,
they yield four products.

CH;CHO + CH;CH,CHO

A | NaOH

CH; —CH=CH — CHO + CH;{:HE—CH={I:—CH0

CH;
But — 2 — enal 2 — methylpent — 2 — enal
{From two molecules of ethanal) { From two molecules of Pmpanal1

Self-aldol products

+
CHy —C=C — CHO + CHyCHs — CH=CHCHO

CH;

2 - methylbut ~ 2 — enal Pent - 2 — enal

{From one molecule of ethanal and one molecule of propanal )

Cross-aldol products

(iv) Decarboxylation

Decarboxylation refers to the reaction in which carboxylic acids lose carbon dioxide to form
hydrocarbons when their sodium salts are heated with soda-lime. Decarboxylation also takes
place when aqueous solutions of alkali metal salts of carboxylic acids are electrolyzed. This
electrolytic process is known as Kolbe’s electrolysis.

Soda-lime (mixture of NaOH and CaO in 3:1 rato)
A

CHy{— COONa
Sodium ethanoate

C Hq, Ll Nﬂzfﬂj
Methane
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.
Q.17. Complete each synthesis by giving missing starting material, reagent or products [=1: EI
@) CHyCH, [=] =
KMnOy
>
KOH, heat
(ii) COOH
SOCl,
heat
COOH

H>NCONHNH,
- N 3

(i) C4HsCHO

(iv) 0
I
C
® - O
W) {}U [AcNHy),]
CHO
(vi) CHO
@ NaCN/HC
B
COOH
(vii)  C4HsCHO .
dil. NaOH "
CH,CH,CHO
uy NaBH,
(viii) CH}C‘IH;fW:HjW“"
1]

OH———»
(x)
Oran— e

(xi) ;
{n) Zn-H,0

g %&a ' ) Veda Academ
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ANSWER:-
Q)] CH,CH;, COOK
KMnO,
e
KOH, heat
Ethylbenzene Pot. benzoate
(i) COOH CcocCl
(= X
——— .
heat
COooOH cocl
Phthalic acid Phthaloyl chloride
(iii) 0
C;H;CHO + H;NCONHNH, ——+ (H;CH=NNHC—NH, + H,0
Benzaldehyde Semicarbazmde Benzaldehyde semicarbazone
(iv) D
coCl
@ " g Anhyd AICl;
F C. acylanon e
Benzene Benzoyl Benzophenone
chlonde
+ 0
™ “\0\ [A (NH),] U
= -
CHO Co0
4 - Oxocyclohexanecarbaldehyde 4 - Oxocyelohexanecarboxylate
anion
(vi) 1|:n-r
CHO CH %
@ NaCN/HCI (I -
.
COOH COOH
2 - Formylbenzoic acid 2~ [1 - Hydroxycyanomethyl|
benzoic acid
(vii) CyHsCHO
Beﬂmldfh)’dﬂ' 3 2 1
% CsHsCH =C—CHO
CH;CH,CHO
Propanal CH;
2 - Methyl - 3 - phenyl -
pro — 2 — enal

[ Ve €, +9198103 37915 | : .
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Q. 18.

(viii) CH,COCH,COOC,H, —2X8H: _ cH CH(OH)CH,COOC,H,

(i) H*
Ethyl 3—oxobutanote Ethyl3-hydroxybutanoate
i Cr0; - H,80
" O st (O
Cyclohexanol Cyclohexanone

(x) BH; [ ‘
Oron-2 Oy

Methylenecyclohexane 3
504 / OH™

PCC
D—ruo*— O—cuzm

Cvclohexanecarbaldehvde

(n) Zn-H;0

Cyclohexyhdenecyclohexane Cyclohexanone

Give plausible explanation for each of the following:

(i) Cyclohexanone forms cyanohydrin in good yield but 2, 2, 6 trimethylcyclohexanone does not.

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

(iii) During the preparation of esters from a carboxylic acid and an alcohol in the presence of an acid
catalyst, the water or the ester should be removed as soon as it is formed

ANSWER:-

(i) Cyclohexanones react to form cyanohydrins as shown in the following equation.

0 OH CN
_—

Cyclohexanone Cyanohydrin

In this case, the nucleophile CN— can readily attack without any steric hindrance. However, in
the case of 2, 2, 6-trimethylcyclohexanone, the methyl groups at the a-positions create steric
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hindrance, preventing the CN— from attacking effectively.

0 OH CN
é HCN @
—_—
Cyclohexanone Cyanohydrin

For this reason, it does not form a cyanohydrin.

(ii) Semicarbazide undergoes resonance involving only one of the two —NH, groups, specifically
the one attached directly to the carbonyl carbon atom.

0 0 0
Cy_ | |

NH\ - ( \\JH'} L I 3 {' \JH&
Aok P (e M e W e
H,N N H,N NH H,N NH

H

As aresult, the electron density on the =NH, group involved in resonance decreases, preventing
it from acting as a nucleophile. Since the other —NH, group is not involved in resonance, it
retains its nucleophilic character and can attack the carbonyl carbon atoms of aldehydes and
ketones, leading to the formation of semicarbazones.

(iii) Ester along with water is formed reversibly from a carboxylic acid and an alcohol in presence
of an acid.

RCOOH +R'OH——RCOOR" +H,0
carboxylic acid Alcohol Ester water
If water or ester is not removed promptly as it forms, it will react to regenerate the reactants,

as the reaction is reversible. Therefore, to drive the equilibrium toward the formation of more
ester, one of the two—water or ester—should be removed.

Q.19.  An organic compound contains 69.77% carbon, 11.63% hydrogen and rest oxygen. The
molecular mass of the compound is 86. It does not reduce Tollens’ reagent but forms an
addition compound with sodium hydrogensulphite and give positive iodoform test. On vigorous
oxidation it gives ethanoic and propanoic acid. Write the possible structure of the compound.

ANSWER:-

% of carbon = 69.77 % , % of hydrogen = 11.63 % ,% of oxygen = {100 — (69.77 + 11.63)}% = 18.6
% Thus, the ratio of the number of carbon, hydrogen, and oxygen atoms in the organic compound
can be given as:

69.77 11.63 18.6

C:H:O0=

12 1 16
=5.81:11.63:1.16
=5:10:1

The empirical formula of the compound is C.H, O. The empirical formula mass can be calculated as:

~. Veda Academy
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Q. 20.

5x12+10x1+1 x16=_86. Since the molecular mass of the compound is 86, its molecular formula
is C;H, O. As the compound does not reduce Tollen’s reagent, it is not an aldehyde. Additionally,
the compound forms sodium hydrogen sulfate addition products and gives a positive iodoform test.
Since it is not an aldehyde, it must be a methyl ketone. The compound also yields a mixture of
ethanoic acid and propanoic acid upon reaction. Therefore, the given compound is Pentan-2-one.

0
CH;—C—CH;—CH; —CH;
Pentan - 2 - ol
The following equations can explain the given reactions:
III]H
CH; ([ CH,CH,CH;

SO Na™

NaHSﬂ/’ (Addition Product)
I
CH; — C — CH,CH,CH; 220l o CH,CH,CH,COONa + CHI;
Pentan — 2 — ol lodoform

Sodium butanoate (Yellow ppt)

0]

CH;COOH + CH.CH,COOH

Ethanoic acid Propanoic acid

Although phenoxide ion has more number of resonating structures than carboxylate ion,
carboxylic acid is a stronger acid than phenol. Why?

ANSWER:-
Resonance structures of phenoxide ion are:

--@ e

lﬂ.D ‘0 et :0:

- 08

- e H—I-c@ - = - -

1 1 | v Vv
From the resonance structures of the phenoxide ion, it can be observed that in structures II, III, and
IV, the negative charge is placed on less electronegative carbon atoms. As a result, these structures
contribute very little to the resonance stability of the phenoxide ion and can be disregarded. Only

structures [ and V place the negative charge on the more electronegative oxygen atom, making them
the significant contributors.

® ¥ . Veda Academy
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Resonance structures of carboxylate ion are:

?ﬁ: ' G
R—Cy¢) =— R-—-CN
NG N

In the case of the carboxylate ion, the resonating structures I' and II' place the negative charge
on more electronegative oxygen atoms, and the charge is delocalized over two oxygen atoms. In
contrast, in the resonating structures I and V of the phenoxide ion, the negative charge is localized on
the same oxygen atom. Therefore, the resonating structures of the carboxylate ion contribute more
to its stability than those of the phenoxide ion. As a result, the carboxylate ion is more resonance-
stabilized than the phenoxide ion, making carboxylic acid a stronger acid than phenol.
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