NCERT Solutions for Class-XII Chemistry
CHAPTER -8

NCERT Chemistry Class 12

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

(i) Cyanohydrin (i1) Acetal

(iii)) Semicarbazone (iv)  Aldol

(v) Hemiacetal (vi)  Oxime

(vil) Ketal (vii)  Imine

(ix) 2,4-DNP-derivative (x) Schiff’s base

(i) Cyanohydrin:

Cyanohydrins are organic compounds having the formula RR'C(OH)CN, where R

and R’ can be alkyl or aryl groups.
N
‘\\.\

Aldehydes and ketones react with hydrogen cyanide (HCN) in the presence of
excess sodium cyanide (NaCN) as a catalyst to field cyanohydrin. These reactions

are known as cyanohydrin reactions.
RR'C=0+HCN—2N_,RR'C(OH)CN
Ketone Cyanohydrin

Cyanohydrins are useful synthetic intermediates.
(ii) Acetal:

Acetals are gem—dialkoxy alkanes in which two alkoxy groups are present on the
terminal carbon atom. One bond is connected to an alkyl group while the other is

connected to a hydrogen atom.
H
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Cieneral structure of an acetal

When aldehydes are treated with two equivalents of a monohydric alcohol in the
presence of dry HCI gas, hemiacetals are produced that further react with one more

molecule of alcohol to yield acetal.
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Aldehyde OH OR
Hemiacetal Acetal

(iii) Semicarbarbazone:
Semicarbazones are derivatives of aldehydes and ketones produced by the

condensation reaction between a ketone or aldehyde and semicarbazide.

(8]
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Semcarbazide

Semicarbazone
Semicarbazones are useful for identification and characterization of aldehydes and
ketones.
(iv) Aldol:
A B-hydroxy aldehyde or ketone is known as an aldol. It is produced by the
condensation reaction of two molecules of the same or one molecule each of two
different aldehydes or ketones in the presence of a base.

2 CH,CH,—CHO E;Lﬂ CH, —CHE—TH—EHJ— CH,—CHO

Propanal OH
4 — Hydroxyhexareal (Aldol)
(v) Hemiacetal:

Hemiacetals are a—alkoxyalcohols
RO OH
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General structure of a hemiacetal
Aldehyde reacts with one molecule of a monohydric alcohol in the presence of dry

HCI gas.
RIOH, dry HC gas. e
ROCHO = —{"H
OH
Hemacetal

(vi) Oxime:



(vii)

Oximes are a class of organic compounds having the general formula RR’"CNOH,
where R is an organic side chain and R’ is either hydrogen or an organic side chain.
IfR"is H, then it is known as aldoxime and if R’ is an organic side chain, it is known
as ketoxime.

OH OH
/ vl
M M
i H [ R
Aldoxme Retoxime

On treatment with hydroxylamine in a weakly acidic medium, aldehydes or ketones
form oximes.

S e=6 TiiNon —— Se—N—oi + 80

Hydroxviamme
Ketal:
Ketals are gem—dialkoxyalkanes in which two alkoxy groups are present on the
same carbon atom within the chain. The other two bonds of the carbon atom are

connected to two alkyl groups.
-

R— C—0OR"

OR™
Gieneral struciure of a keral

Ketones react with ethylene glycol in the presence of dry HCl gas to give a cyclic
product known as ethylene glycol ketals.

R CH,OH R 8 —LH,
. 2 HClgas N 7
=0+ | —\‘ 3 = H0
g V3 CH,0H S dil O o 2R 0—Ci,
Ketane Ethylane glycol Ethrelene glvool ketat

(viii) Imine:

Imines are chemical compounds containing a carbon nitrogen double bond.
R 3

|
R, R
Creneral atructure of an imine

Imines are produced when aldehydes and ketones react with ammonia and its
derivatives.

o
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(ix) 2,4-DNP-derivative:
2, 4—dinitrophenylhydragones are 2, 4—DNP—derivatives, which are produced when
aldehydes or ketones react with 2, 4—dinitrophenylhydrazine in a weakly acidic

medium.
MO,
>{If}l—H_—_v— NNH NO,
2. 4 — Dinrtrophenythydrazine NG,
H.0 + >C:NNH NO,

2.4 - Dituttophenylhydrazone
To identify and characterize aldehydes and ketones, 2, 4—DNP derivatives are used.
(x) Schiff’s base:
Schiff’s base (or azomethine) is a chemical compound containing a carbon-nitrogen
double bond with the nitrogen atom connected to an aryl or alkyl group-but not
hydrogen. They have the general formula RiR>C = NR3. Hence, it is an imine. It is
named after a scientist, Hugo Schiff.

Gieneral structure of schiffs base
Aldehydes and ketones on treatment with primary aliphatic or aromatic amines in
the presence of trace of an acid yields a Schiff’s base.
R— CH==0 ~Hi— N ol = N—r H.0

Aldebpede 17 aimine Sehift’s bass
Name the following compounds according to [IUPAC system of nomenclature:
(1) CH;CH(CH;3)CH2CH>CHO
(i)) CH3CH2COCH(C;Hs5)CH2CH,Cl
(ii1) CH;CH = CHCHO
(iv) CH3COCH>COCHs
(v) CH3CH(CH3)CH2C(CH3).COCH3
(vi) (CH3);CCH.COOH



(vii) OHCCsH4CHO-p

(1)  4-methylpentanal

(i) 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
(vil) Benzene-1,4-dicarbaldehyde

Draw the structures of the following compounds.
(1) 3-Methylbutanal
(i) p-Nitropropiophenone
(iii)) p-Methylbenzaldehyde
(iv) 4-Methylpent-3-en-2-one 4-Chloropentan-2-one
(vi) 3-Bromo-4-phenylpentanoic acid
(vil) p,p’-Dihydroxybenzophenone
(viii) Hex-2-en-4-ynoic acid
®
CH, 0

W€ — CH—CH;—C —H

(ii)
0
I
DEN Q C _CH:_CH';
(iii)
0}
|
H;C —{i :F C—H
(iv)
0 CH;
| |
H:€ —C —CH—=C—EH;
v)
0} Cl
| |
H;C—C—CHy—CH—CH;
(vi)

CaHs. Br ﬁ

H;{"_{.ﬂH —CH _C[’[:_{."_UH

(vii)



(viii)

HiC —C= C—CH=(H—C(—OH
Write the [IUPAC names of the following ketones and aldehydes. Wherever possible, give
also common names.

(i) CHs;CO(CH,):CHs (i)  CHsCH,CHBrCH,CH(CH;)CHO
(ili) CHi(CH2)sCHO (iv) Ph-CH=CH-CHO
(v)

(vi) PhCOPh

(i) CH3CO(CH»)+CHj;

IUPAC name: Heptan-2-one

Common name: Methyl n-propyl ketone

(i1) CH3CH2CHBrCH,CH(CH3)CHO
IUPAC name: 4-Bromo-2-methylhaxanal
Common name: (y-Bromo-a-methyl-caproaldehyde)

(111) CH3(CH2)sCHO
IUPAC name: Heptanal

(iv) Ph-CH=CH-CHO
IUPAC name: 3-phenylprop-2-enal
Common name: -Pheynolacrolein

IUPAC name: Cyclopentanecarbaldehyde
(vi) PhCOPh

IUPAC name: Diphenylmethanone

Common name: Benzophenone

v)

Draw structures of the following derivatives.

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

(iii) Acetaldehydedimethylacetal

(iv) The semicarbazone of cyclobutanone



The ethylene ketal of hexan-3-one
(vi) The methyl hemiacetal of formaldehyde

(1)
NG,
@—CH= NNH 4@\103
(i)
N-DH
I
(111)
CHy—CH e
e
\U{'H_«,
(iv)
0
[l
—|=NNH —¢ —NH,
(V)
H'_\-_T — CH;
QO 0
M
H}C _CHE_ 58 _(H:_ CH'I_CH::
(vi)
H OH
NS
1 \D{‘H_;

Predict the products formed when cyclohexanecarbaldehyde reacts with following
reagents.

(i) PhMgBr and then H30+

(i1) Tollens’ reagent

(ii1)) Semicarbazide and weak acid

(iv) Excess ethanol and acid

(v) Zinc amalgam and dilute hydrochloric acid



O\rh,Br GH

EH==0 Ph—MeBr | 0T |
Dr}' ether H}dmlwls

Cvelohexans -

carbaldehvde Cyclobexylphenylearbingl
(i1)
CH=0O
O/ ¢ 2[AgNHz)alt +  30H
Cvelohexane - Tollens' reagent
carbaldehwde
)
|
c—0
O/ © 2Ag |+ 4NH, + 2H0
Silver
OHTer
Cyalohexane
carboxvlate ion
(iii)
CHO ﬁ'
pH &5 .
+ H;NNH—C—NH; ——a H.0 + 0
wieak acid Il
Cyclohewane — Semicarbazida CH=NNH — { — NHy
carbaldehyde
Cyclohexanecarbaldehvde
semicarbazone
(iv)
"""" 8 'D(, Hs

O/ . Dy HUCI Dy HCl gas
b | TOCHs  + Hi0
Cyclohexane — '~ -- -- HOCH; O/
carbaldehyds Edhianol iExis:
ol (Bxcess) Cyelohexanecarbaldehyde
diethy] acetal
CHO

CH;
O/ Za { Hg —HE 3
—_—

Cyelohexane { l nnensen
¥ C Cled

La‘ |'i'| ¢l :]eh |5[|.L|.f"0‘.n}
v : I _'r'di.:

Methvleyclohexane
7.  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 (i)  2-Methylpentanal
(iii)) Benzaldehyde (iv)  Benzophenone



(v) Cyclohexanone (vi)  1-Phenylpropanone

(vii) Phenylacetaldehyde (viii) Butan-1-ol

(ix) 2, 2-Dimethylbutanal

Aldehydes and ketones having at least one a-hydrogen undergo aldol condensation. The
compounds (ii) 2—methylpentanal, (v) cyclohexanone, (vi) 1-phenylpropanone, and (vii)
phenylacetaldehyde contain one or more a-hydrogen atoms. Therefore, these undergo
aldol condensation.

Aldehydes having no a-hydrogen atoms undergo Cannizzaro reactions. The compounds
(1) Methanal, (iii)) Benzaldehyde, and (ix) 2, 2-dimethylbutanal do not have any
ahydrogen. Therefore, these undergo cannizzaro reactions. Compound (iv)
Benzophenone is a ketone having no a-hydrogen atom and compound (viii) Butan-1-ol
is an alcohol. Hence, these compounds do not undergo either aldol condensation or
cannizzaro reactions.

Aldol condensation (ii)

CH;
2 - Methylpentanal CHs

€H;CH2CHy— CH — CH — CH—CH>CH:CH;
CHy OH CHO

3 = Hydrany -2, 4 — dimethyl — 2 - propyibegptanal

(v)
0
OH
Cvclohexanone - (1 - Hydroxy - 1 ~ cvclohesvl) - eyelobesan - 1- one
(vi)
ﬁ" 1 1y
z@c — i LU @C—EH— C‘@
1 ey propanons {'H.:
CHy
3 — Hydroxy — 2 — methyl — 1, 3 — diphenylpentan — | — one
(vii)
L'I'H CHO
|
2@(1!;(‘51(} dil. NaOH @—{ [I=—FH — CH @
Phenviacetaldzhyde 3 - Hydroxy - 2, 4 - diphenyibutanal

Cannizzaro reaction (i)



H

H | H
2 TNC==0 o KOH —— e H— C—— OH 30— OK
He | e
H
Methana Methanol Potzssiumm methanoats
(iii)
i}
EQCHD'*COHC.KGH —h-@*fl—[g OH +©C—GK
Benzaldehwds Baneyl alcahaol Potassim benzoate
(ix)
CH;3 CH;3 CHy
conc. WaldlH . =
CH3CH; — ¢ —«€HG —————— = CH3CHy — ¢—(CHy — OH + CH3CHy — ¢ — ﬁ“ — OMag
€Hj C'Hy CH; 0O
2, 2~ Dimethylbutanal 2,2 - Dimethylbutan « 1~ ol Sodium 2, 2 - dimethy lbutano

8. How will you convert ethanal into the following compounds?
(1) Butane-1, 3-diol (ii) But-2-enal (iii) But-2-enoic acid
8. (1) On treatment with dilute alkali, ethanal produces 3-hydroxybutanal gives butane-
1, 3-diol on reduction.

(I CHH
CHycHO NSO o oy CH— CHy — CHO —— 1y, oy — (H— CH;— CHy— OH
' = {Reduction) = =
Ethanal 3 — Hydrosybistanal Buztanz — 1, 3 — diol

(i) On treatment with dilute alkali, ethanal gives 3-hydroxybutanal which on heating
produces but-2-enal.

OH
cHycHo SUNEOH o ey — Cl— CHy —CHO +ﬂ" CH; — CH=(CH— CHO
—
Ethanal 3 — Hvdrexybutanal But— 2 —enal

(ii1)) When treated with Tollen’s reagent, But-2-enal produced in the above reaction
produces but-2-enoic acid .
t
[g'{ﬁli_ﬂg OH

= 5 CHyCH=—=CHCOOH
Tollen's reagem

But— 2 - enal But— 2 — enoic acid

CHy — CH=—CH —CHO

10



10.

10.

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.
(i) Taking two molecules of propanal, one which acts as a nucleophile and the other as
an electrophile.
oH CH;

2 CH-CH;CHOD Mﬁ CH;CH,— CH— CH— CHO

Propanal 3 — hydrowy — 2 — methy |pentanal
(i) Taking two molecules of butanal, one which acts as a nucleophile and the other as
an electrophile.
OH  CH:CH;

2 CHLCHyCH0H0 — M o G CHLCH, — CH — CH— CHO

Butanal 2 — Ethyl — 3 — hvdroscyhaxanal
(ii1)) Taking one molecule each of propanal and butanal in which propanal acts as a
nucleophile and butanal acts as an electrophile.

ol CH;
CHyCH,OH,CHO &+ CHCH,CHO — CH3CHCH, — CH— CH—CHO
Butanal Propanal ; i ;
(Efectrophile) {Nucleophile) .- i oy 38—ty [ Dimgral

(iv) Taking one molecule each of propanal and butanal in which propanal acts as an

electrophile and butanal acts as a nucleophile.
OH  CHyCH;

CHCH.CHEO  + CH;CH;CH.CHO —— {CH:CH- CH— CHCHO
Propanal Buganal 2 - Ethyl - 3 - hydroxyhexanal
{Eléctrophla) { Mucleophile)

An organic compound with the molecular formula COH100 forms 2, 4-DNP derivative,
reduces Tollens’ reagent and undergoes Cannizzaro reaction. On vigorous oxidation, it
gives 1, 2-benzenedicarboxylic acid. Identify the compound.

It is given that the compound (with molecular formula CO9H100) forms 2, 4-DNP
derivative and reduces Tollen’s reagent. Therefore, the given compound must be an
aldehyde. Again, the compound undergoes cannizzaro reaction and on oxidation gives 1,
2benzenedicarboxylic acid. Therefore, the ~CHO group is directly attached to a benzene
ring and this benzaldehyde is ortho-substituted. Hence, the compound is

2ethylbenzaldehyde.
CHO

CH-CH;
2 — Ethylbenzaldehyde
11



11.

11.

The given reactions can be explained by the following equations.
N,

CH2CH;
224 - DNFP desvativa

2, 4 — Danitropheny] -
by drazine

CHO Eﬁ (Ml [.xIE| O COo0 ¢
> o
CHiCHy  lolensreasent CH CHs

2 — Ethvlbenzoate Silver mirroe

COOH
C[C OOH
|, 2 — Benzenedicarboxvlic acid
An organic compound (A) (molecular formula C8H1602) 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.
An organic compound A with molecular formula CgHi60> 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-o0l. On
oxidation, Butan-1-o0l gives butanoic acid. Hence, acid B is butanoic acid. Hence, the

ester with molecular formula CsHi60: is butylbutanoate.
0

Oxidation™LOJ

CH;CHACH;

€ — OCH;CH,CHoCH:

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

12



(o] O

dil HsS0,
CHCHACHy — € — OCH,CH;CH3CHy ———— CHLCHACH;

C—9OH + CH :EHECHiﬂHgDH
Butylbutanoate Butanoie acid Butan - | —al
{A) (B) ()
0y

CHyCH..CHy — C —OH
Butanoic acid
iB)

CrO/CH;CO0H
Oicdation
CH3CHyCH,CH; — OH
Dehyedration
H,0
CH;CH,CH == CH,
But— | —ene
12. Arrange the following compounds in increasing order of their property as indicated:
(1)  Acetaldehyde, Acetone, Di-tert-butyl ketone, Methyl tert-butyl ketone (reactivity
towards HCN)
(i) CH3CH;CH(Br)COOH, CH3CH(Br)CH2COOH, (CH3).CHCOOH,
CH3CH2CH>COOH (acid strength)
(ii1)) Benzoic acid, 4-Nitrobenzoic acid, 3,4-Dinitrobenzoic acid, 4-Methoxybenzoic
acid (acid strength)
12. (i) When HCN reacts with a compound, the attacking species is a nucleophile, CN—.
Therefore, as the negative charge on the compound increases, its reactivity with
HCN decreases. In the given compounds, the +I effect increases as shown below. It
can be observed that steric hindrance also increases in the same

CH; 0
CH, CH + ||
“‘4\‘“ %";\_\
C=0 > C—0 > CHi»—C—+»—C —a{H;
_",.-" 2 ‘Jr“" 3 E
H CH;
Acetaldehvde Acetone CH,

feri — Butyl methyl katone

W
CH; o  CHy
|

T !

CHy—+=—{——C == U——(H,
CH, CH,
Di —terr— butvl ketone
Hence, the given compounds can be arranged according to their increasing reactivities
toward HCN as:
Di-tert-butyl ketone < Methyl tert-butyl ketone < Acetone < Acetaldehyde

13



13.

13.

(i1) After losing a proton, carboxylic acids gain a negative charge as shown:

R-COOH——R-CO0™ +H'

Now, any group that will help stabilise the negative charge will increase the stability of

the carboxyl ion and as a result, will increase the strength of the acid. Thus, groups having

+1 effect will decrease the strength of the acids and groups having —I effect will increase

the strength of the acids. In the given compounds, —CH3 group has +1 effect and Br™ group

has —I effect. Thus, acids containing Br~ are stronger.

Now, the +I effect of isopropyl group is more than that of n-propyl group. Hence,

(CH3)2CHCOOH is a weaker acid than CH;CH2CH2COOH. Also, the —T effect grows

weaker as distance increases. Hence, CH;CH(Br)CH,COOH is a weaker acid than

CH;3CH,CH(Br)COOH.

Hence, the strengths of the given acids increase as: (CH3)2CHCOOH <

CH;CHCH>COOH < CH;CH(Br)CH,COOH < CH3CH2CH(Br)COOH

(iii)) As we have seen in the previous case, electron-donating groups decrease the
strengths of acids, while electron-withdrawing groups increase the strengths of
acids. As methoxy group is an electron-donating group, 4-methoxybenzoic acid is
a weaker acid than benzoic acid. Nitro group is an electron-withdrawing group and
will increase the strengths of acids. As 3,4-dinitrobenzoic acid contains two nitro
groups, it is a slightly stronger acid than 4-nitrobenzoic acid. Hence, the strengths
of the given acids increase as:
4-Methoxybenzoic acid < Benzoic acid <4-Nitrobenzoic acid < 3,4-Dinitrobenzoic
acid

Give simple chemical tests to distinguish between the following pairs of compounds.
(1) 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
(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,OCHO - 2 Egth‘ll;]] oy OH ——— = CHCHRO00D 'kg¢ + 4MHy + IH-0
Propanal Tollen's reagent Propanoate won Stlver mirror
(b) Fehling’s test

14



(i)

(1i1)

(iv)

Aldehydes respond to Fehling’s test, but ketones do not. Propanal being an aldehyde
reduces Fehling’s solution to a red-brown precipitate of Cu20, but propanone being
a ketone does not.

CH;CH,CHO + 2€uw"" + S0H” —— CH,CH,.CO0™ + cuot + 3HL0

Propanal Propanaale 1on Cusprows 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
(NaOl) to give iodoforms. Propanone being a methyl ketone responds to this test,

but propanal does not.
CH:COCH; + 3 NaOl —= CH3;COONa + CHI; + 2 NaOH

Propanons Sodiumeacetate.  lodoform
{vellow ppt)

Acetophenone and Benzophenone can be distinguished using the iodoform test.
Iodoform test:

Methyl ketones are oxidized by sodium hypoiodite to give yellow ppt. of iodoform.
Acetophenone being a methyl ketone responds to this test, but benzophenone does

not.
CoHsCOCH; + 3 Mol — O HCOONa + CHIy. + 2 NaOH
Acetophenone  Sodiom Sodhum lodoform
hypoiedite banzoate  {vellaw ppt)

CoHzCOCH; + Nall —= No vellow pprof CHI
Benzophenons
Phenol and benzoic acid can be distinguished by ferric chloride test.
Ferric chloride test:
Phenol reacts with neutral FeCI3 to form an iron-phenol complex giving violet
colouration.
k]
6 CHOH + FaCl; —— - rg[gr,,,ui]ﬁ] FAHY a0
Phienal Iron-pherol complex
{ Vinket colour)

But benzoic acid reacts with neutral FeCls to give a buff coloured ppt. of ferric

benzoate.
.J'{.Ir:H_-'-.GH + Felly —F{'C.-'._H_-;(Gf.}}';l'é +3 HCI

Benzaic acid Ferric benzoate

{Bull eoloured ppt)
Benzoic acid and Ethyl benzoate can be distinguished by sodium bicarbonate test.
Sodium bicarbonate test:
Acids react with NaHCO3 to produce brisk effervescence due to the evolution of
CO; gas. Benzoic acid being an acid responds to this test, but ethylbenzoate does
not.

15



V)

(vi)

(vii)

C.H:COOH + NaHCO; — C,H:CO0Na + €05} + Hs0
Benzoic acid Sodium benzoate

CeH OO0 H; + NaHC Oy —— No effervescence due to evelution
of OO gas
Pentan-2-one and pentan-3-one can be distinguished by iodoform test.
Iodoform test:
Pentan-2-one is a methyl ketone. Thus, it responds to this test. But pentan-3-one not
being a methyl ketone does not respond to this test.

o
CH;CH:CH; — € — CH;j + 3 NaOl —— CH;CH;CHyCOONa: + (‘.l-li_ﬂ + 2MNaOH
Pentan — 2 —one Soddium butaneate lodoform
{yetlow ppt)
(8]

CHiCHy — ¢ — CH3CHy = Na@l —® No yellow ppt of iodoform

Pentan - ¥ - one
Benzaldehyde and acetophenone can be distinguished by the following tests.
(a) Tollen’s Test
Aldehydes respond to Tollen’s test. Benzaldehyde being an aldehyde reduces
Tollen’s reagent to give a red-brown precipitate of Cu20, but acetophenone being
a ketone does not.

C HsCHO + 1["@.‘1N’H;h] F30H —— U H:C00 QJ, + 4NHy + ZHa0

Benzaldebvde. Tollen’s reagent Benzoate won - Selver mirror

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

CeHCOCHy + 3nao] —— C HCOONa + CHI3 + 2 MaOn

Acetophenone Sodium benzoate  Iodoform
{yellow ppt)

Ethanal and propanal can be distinguished by iodoform test.

Iodoform test

Aldehydes and ketones having at least one methyl group linked to the carbonyl
carbon atom responds to the iodoform test. Ethanal having one methyl group linked
to the carbonyl carbon atom responds to this test. But propanal does not have a
methyl group linked to the carbonyl carbon atom and thus, it does not respond to
this state.

16



CH:OHO = 3Nall —= FICOOMNa + CHIiz + 2 WaOH
Ethanal Sodium Lodoform
methancate {vellow ppt)

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
(1) m-Nitrobenzoic acid
(i) p-Nitrobenzoic acid
(iv) Phenylacetic acid
(v) p-Nitrobenzaldehyde.

14. ()
Br MeBr GQ*E' - IMghr
|
Bry/FeBiy Mz COs i
— —_— —_— |
ether drv ice PR
Benzene :
H:0"
COOCH; (e
{Estenfication)
-
CHOH,
coms, Ha S0,y
Methylibenzoate
(i1)

17



Qe ¢ —~OMeBr

Br hzHr
BJ'E.IIFEBI.‘_:I Mg. coy
— e e e
ether dryv 1ce
Benzene
H:0"
COOH 'il‘DDH
HMO; / Ha S0y
(Miiration)
N,
e — Nitrobenzoic agd
(111)
CH; CH, CH,
CH4CL !
Anhyd AICE HMO: Ha "10_,
{Fnadel—l."raﬁ “(Nitration)
Benmfm alkylancn)
- Nk (Miror)
{Major)
Suparaw& by
filtration
COEH COOK
Kh"tn{)l KOH
HiO'
N,
= Mitrohenzoe soid
(iv)
CH;Br
CH4C1 ! MBS, Ivor
@ Anbyd. AL Brﬁ Aand by
Benzens Toluaiia Besnizy | brommde
Alc KON A
CHLC00H CH:CN
H MHa0
Phenylacetic acid Benzyl cvanide
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15. How will you bring about the following conversions in not more than two steps?

15.

V)

CH:Cl/
@ Anhyd AICI HN{“I; 150,

Benzens ND-r

[‘32 {...I"D'_r{‘i_'_!

CHUOCIOHC 1

PG

Wk

7 — Nitrobenzabdehyde

(i) Propanone to Propene

(i1)) Benzoic acid to Benzaldehyde

(ii1) Ethanol to 3-Hydroxybutanal

(iv) Benzene to m-Nitroacetophenone

(v) Benzaldehyde to Benzophenone

(vi) Bromobenzene to 1-Phenylethanol

(vil) Benzaldehyde to 3-Phenylpropan-1-ol

(viii) Benazaldehyde to a-Hydroxyphenylacetic acid
(ix) Benzoic acid to m- Nitrobenzyl alcohol

0 OH
| NaBH, I cone. HaS0,
CHy — C— CHy ——# CHy— CH— CHy ——— CH; —CH=CH,
(i) Propena
COOH cocl CHO
S0C1; O Hy
—_— —_—
Pd - BaS0),
(i1) Benzoic acid Benzaldahyde
OH
D
CHy— CHa— OH — " o CH,CHO %—;';mp CHLCHCH,CHO
o
(111) Ethanol condensation) > ~ Mydroxybutanal
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C

%

H;

CH;COC,
Anhyd. AICT;
—

(Friedal-Craft
alkviatien)

HNO3 eroJf

(iV) Benzena
CHO
HMO;
(Eraidanon)
Benzaldehyde

0D
@ sociy

{Friedsl-Craft
acy lation)

: COCl
} Anhwd. AICT;
0
|

J O

(V) Benzophenong
Ull
MgBr ch .
Mg ldrv ether {ll CH;CHO
{l} H
(Vi) . ez I - t’hm-_-,]eihamal
AHO tH=EHEG CHsCH,CH,OH
(1) MNaOH [\m H,
+ CHi{CHO ———
(n} A [falal'ullc
Benzaldehvde hydrogrenation )
(Vii) 3 — Phenylpropan — | —al
CHO

OH OH
NCN.-’H(I H™/ H,0
i CegHs —CH—CN : CgHs — CH —COOH
i — Hydroxyphenylacetic acid
(viii) Benzaldehyde
COOH CH,OH CH5OH

{1FL13‘L|H_|_ HHG3 ."H:SG_|
—_—

{ii) H‘}ﬂ‘ o

Benzaldehvde 3

(ix)

16. Describe the following:

m — Mitrobenzy] alcohol
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16.

(1)
(ii)
(iii)
(iv)
@

(i)

(iii)

Acetylation
Cannizzaro reaction
Cross aldol condensation
Decarboxylation
Acetylation
The introduction of an acetyl functional group into an organic compound is known
as acetylation. It is usually carried out in the presence of a base such as pyridine,
trimethylaniline, etc. This process involves the substitution of an acetyl group for
an active hydrogen atom. Acetyl chloride and acetic anhydride are commonly used
as acetylating agents. For example, acetylation of ethanol produces ethyl acetate.

CH.CH,OH + CH,COC| —fmé y CH COOC,H. + HCI

Ethanol Acetyl Ethylacetate

Chloride

Cannizzaro reaction:
The self oxidation-reduction (disproportionation) reaction of aldehydes having no
ahydrogens on treatment with concentrated alkalis is known as the Cannizzaro
reaction. In this reaction, two molecules of aldehydes participate where one is
reduced to alcohol and the other is oxidized to carboxylic acid. For example, when
ethanol is treated with concentrated potassium hydroxide, ethanol and potassium
ethanoate are produced.

i

2 5N 4 conc KOH ——— = CH;—CH;—OH + CH;COOK
iy H

Ethatial Ethanol Potassium
ethanoate

Cross-aldol condensation:

When aldol condensation is carried out between two different aldehydes, or two
different ketones, or an aldehyde and a ketone, then the reaction is called a cross-
aldol condensation. If both the reactants contain a-hydrogens, four compounds are
obtained as products. For example, ethanal and propanal react to give four products.
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CH;OHE + CH;CH-CHO

A | NaOH
CH;—CH=CH —CHO F CH«,CH:—C‘H=L’T‘—CHD
{CHy
But— 2 - enal 2 — methylpent — 2 - enal
{From two molecules of ethanal ) [ Fram bwo molecules of Propanal)

Self-aldol products

!
i

CH;—C=0C —CHO - CH:CHy — CH=CHCHO
I
CH;

2 - methwlbug <2 ~ enal Pent — 2~ enal

(From one molecule of etharal 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.
Soda-lime (mixture of NaOH and Calvin 301 ratia)

A

CH; — COONs
Sodim ethanoate

CH.I_ T ﬂﬂ:[f{}_‘._
Methane
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.
17. Complete each synthesis by giving missing starting material, reagent or products
®
CHyCH;
KMA0),
KOH, heat
(i)
COOH

@( SOCH
. Y
heat

COOH
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17.

(1i1)

N COMNNI:

€ HCHD -
(iv)
0
[
® SRS
(v)
%Q [Aeir,] "
CHO
(vi)
CHEO
@ NaCN/HC
——
COOH
(vii)
C:H:CHO .
i dil NaOH |
lf"i-[_‘qC’I-lzjﬂHD
(viii)
i MaBH,y
CRCOCHCO0CE — =
= i H
(ix)
Q Cridy
oH—
(x)
Omme Oy
(x1)
(it} En-Fi 00
(1)
CHCH, COOK
KMnO), ©/
KOH, heat
Ethyibenzenz PPot. benzoate
(1)
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(iii)

(iv)

V)

(vi)

(vii)

(viii)

(ix)

COOH

X

COOH

Phthabic acid

CpHCHO
Benzaldehyde

o

Benzene

ﬂn [Ag (N3, ]

4 ~ Oxocyclohexane carbaldehy de

Cocl

S0CH ©:
_—
heat

Coel
Phithaloy| chioride

(9]

+  HNCONHMH; = H:CH = NNHC — NH;
Semicarbazide Benzaldehyds seomcarbazone

L]

©/ Anhyd AICK
’F‘{‘ acylation @ \© k- HCI

Benzoy] Benzophenone

chlorids
L

CHO Coo

4 = Depcyelohexanecarbooylale
anion

)

CHO CH

o

co

Mal MHC] oM

(H COOH

2 - Formylbenzoic acid 2 [ - Hydrosy evanomattivi |

CoHCHO
Benzaldehvde
CH4CHCHG

Propanal

benzoic acd

—_— 3 s I
dil ¥aOH CyH:CH = C—CHO

I
CH+
2 - Methyl - 3 - phenyl
pro— 2 — enal

(1) NaBH,

CH;COCH,COOCH;  ————= CH;CH{OH)CH.CO0C,HS

Ethyl 3 -~ pxobutanate

(id} H

Ethy] 3 - hydroxybutanoate

+

H 1
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18.

18.

O Oy — H?SGq <:>:
o ——— 4]

Cvclohexanol Cyelohexanone

(x)
BH:
Ol o]
Methvlenscyclohexane i
l 20, /OH™
POC
O-am = Or-ano
Cvelohexanecarbaldehyde
(x1)

? (i} Zn-F0

Cyelohesylidensovelohexans Cyvelohexanone

Give plausible explanation for each of the following:

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

(1i1) There are two —NH; groups in semicarbazide. However, only one is involved in the
formation of semicarbazones.

(i) 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.
(1) Cyclohexanones form cyanohydrins according to the following equation.
O OH  CN
HCN
Cyclohexanone Cyanohydrin

In this case, the nucleophile CN— can easily attack without any steric hindrance.
However, in the case of 2, 2, 6 trimethylcydohexanone, methyl groups at a-positions
offer steric hindrances and as a result, CN— cannot attack effectively.

8]
H3C o Iy

CH;

2,2, 6 - Tomethylevelohexanons
For this reason, it does not form a cyanohydrin.
(1)) Semicarbazide undergoes resonance involving only one of the two —NH> groups,
which is attached directly to the carbonyl-carbon atom.
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Hz“'/ e H:fﬁ”f St e Sw

oo

H

H
Therefore, the electron density on —NH2 group involved in the resonance also
decreases. As a result, it cannot act as a nucleophile. Since the other —-NH2 group
is not involved in
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