LOYAL EDUCATION

CHEMISTRY

Result Oriented (NCERT SOLUTION) [ CLASS XII ]

CH12 - ALDEHYDE, KETONES AND

CARBOXYLIC ACIDS

12.1. Write the structures of the following compounds:

(i) a-Methoxypropionaldehyde
(ii) 3-Hydroxybutanal

(iii) 2-Hydroxycyclopentane carbaldehyde

(iv) 4-Oxopentanal

(v) Di-sec.butylketone

(vi) 4-fluoroaeetophenone
Ans:

0

Il
() CH,—CH—C—H
|

OCH,
o)
, I
(i) CH;—CH—CH,—C—H

|

OH

CHO
(i) OH
0 0
_ I I
(iv) CHy—C—CH,Cl,—C—H
O

Il
(v) CH,—CH, —CH—C—CH—CH,—CH,

! |
CH;  CH,

(vi) F—@—E ~—CH,
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12.2. Write the structures of the products of the following reactions:

CH;
O

Il Anbyd. AIC]3 1 CrO2Clp
. C S Y .. __E o
@ @ i (CS3) (#) 2 H30"
H5C2/ \m C ?

NO,

Hg?* H2804
(iii) (C¢HsCH;),Cd + 2CH3COCl — (iv) H;CC=CH ——

Ans:
0

O
] Anhyd AICI3(CS7) Al
(0 @ + C;Hs—C—-Cl —=3% OCFCZHS_FHCI
Friedel Crafis reaction

Benzene Propanoyl chloride 1-Phenylpropanone (propiophenone)

_/OCrC1,0H
CH, CH{ CHO
DC[’CIEDH :
(i) 2Cr02Cl3 (CS2) | Hy0! | =
(ii) e} — ]
{ Etard's reaction) —
0, . NOy NO,
4-Nitrotoluene (Complex) 4-Nitrobenzaldehyde

| (dry ether) 3 2 1
(iii) (CHsCH,),Cd + 2CH; —C—Cl ——> 2CH3—C—CH,CeHs + cacl,

Dibenzylcadmium Ethanoylchloride 1-Phenylpropanone

0

Hg? */H2504 ?H Tautomerises I

‘ —C= — ——— H;C—C—CH;

() HC—C=CH + B0 ——5y o L :

Propyne Propanone
enol

12.3. Arrange the following compounds in increasing order of their boiling
points:

CH3CHO, CH3CH20H, CH30CH3, CH3CH2CH3

Ans: The order is : CH3CH2CH3z < CH30CH3 < CH3CHO <CH3CH20H

All these compounds have comparable molecular masses CH3CH20H undergoes
extensive intermolecular II-bonding and thus its b.pt. is the highest. CH3CHO is
more pdlar than CH30CH3s so that dipole-dipoie interactions in CH3CHO are
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greater than in CHz3OCH3. Thus, b.pt. of CH3CHO > CH30CH3. CH3CH2CH3s has only
weak van der waals forces between its molecules and hence has the lowest b.pt.
12.4. Arrange the following carbonyl compounds in increasing order of their
reactivity in nucleophilic addition reactions :

(a) Ethanal, propanal, propanone, butanone

(b) Benzaldehyde, p-tolualdehyde, p-nitrobenzaldehyde, acetophenone

Ans: (a) The increasing order of reactivity of the carbonyl compounds towards
nucleophilic addition reactions is :

butanone < propanone < propanal < ethanal

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

(b) The increasing order of reactivity is :

acetophenone < p-tolualdehyde < benzaldehyde < p-nitrobenzaldehyde

Explanation: Acetophenone being a ketone is the least reactive towards
nucleophilic addition. All others are aldehydes. Among them, p-tolualdehyde is
less reactive than benzaldehyde because CH3 group present at the para position
w.r.t. -CHO group will increase the electron density on the carbonyl carbon atom
due to hyper conjugation effect. As a result, the nucleophile attack occurs to
lesser extent as compared to benzaldehyde.

H H F DE

In p-nitrobenzaldehyde, the nitro group has an opposing effect. It is electron
withdrawing in nature due to -1 effect as well as -R effect. The electron density on
the carbonyl carbon atom decreases and this favours the nucleophile attack.

=]
&\&3 i /0 D\‘\ﬁ_ 2 JI’D
%ﬁ@ﬂiK\H ¢ E}G/N_ E\H
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12.5. Predict the products of the following reactions:

o
0 Q"m >

(ii) é+ H,N —NH —@NOI—)-

(iii) R—CH = CH—CHO + NH —--{—NH-—N’H '"H’""

(w)@"c — + CH,CHNH, D>
NOH
o Y

2

o é@%

(i) R—CH=CH—CH = NNHCONH,
3

R—CH=CH—CH=NNH CONH, + H,0

P
(iv) @- C == NCH,CH, + H,0

12.6. Give the 1UPAC names of the following compounds:
(i) PhCH2CH2COOH
(ii) (CH3)2C=CHCOOH
CH, -
COOH

(iii)
NO,

COOH-
()

O,N NO,
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Ans: (i) 3 - Phenylpropanoic acid

(ii) 3 - Methylbut-2-enoic acid

(iii) 2-Methylcyclohexanecarboxylic acid

(iv) 2,4,6 - Trinitrobenzoic acid

12.7. Show how each of the following compounds can be converted into benzoic
acid.

(i) Ethylbenzene

(ii) Acetophenone

(iii) Bromobenzene

(iv) Phenylethene (styrene)

Ans:
)
CH,CH, coo K' COOH
@ KMnO,- K()g @ ,0 @
Ethylbenzene Benzoic acid
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COCH, coo K' COOH
KMnO,-KO
NeL e L3e
Acctophenone Bcnrouc acid

gBr C—OMgBr
(iii) @nyﬂh« o £ O

Bromobenzene

~

c
A o
S
. Benzoic acid
Q)
CH=CH, COO K’
KMnO ~KOl +
—;——L @ +HCOO K
Styrene
HO'
COOH
QY +ncoon
Benzoic acid

12.8. Which acid from each of the following pairs would you expect to be a
stronger acid?

(i) CH3COOH or CH2FCOOH

(ii) CH2FCOOH or CH2CICOOH

(iii) CH2FCH2CH2COOH or CH3CHFCH2COOH

(iv) F;C—@—CUOH or H3C@CWH

Ans:

Explanation: CHs group with +1 effect increases the electron density on the
oxygen atom in O - H bond in the carboxyl group and cleavage of bond becomes
diffcult. It therefore, decreases the acidic strength. The F atom has very strong -1
effect, i.e., electron withdrawing influence. It decreases the electron density on
the oxygen atom and cleavage of bond becomes easy. The acidic character
therefore, increases. It is further related to the
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1. No. of F atoms present in the molecule.
2. Relative position of the F atom in the carbon atom chain.
In the light of the above discussion.
(i) CH2FCOOH is a stronger acid.
(ii) CH2FCOOH is a stronger acid.
(iii) CH3CHFCH2COOH is a stronger acid.

{iv) CF:}@C{}DH is a stronger acid.

NCERT EXERCISES

12.1. 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

(%) Schiff’s base.

Ans: (i) Cyanohydrin: gem-Hydroxynitriles, i.e., compounds possessing hydroxyl
and cyano groups on the same carbon atom are called cyanohydrins. These are
produced by addition of HCN to aldehydes or ketones in a weakly basic medium.

>C=0+HON 22105 Sl
CN

(ii) gem - Dialkoxy compounds in which the two alkoxy groups are present on the
terminal carbon atom are called acetals. These are produced by the action of an
aldehyde with two equivalents of a monohydric alcohol in presence of dry HCI
gas.
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CHy_ - H—0C CH OCH,CH
>C =0+ P _opmaiga |, TN H,0
gl TR e ?
H H — OCH,CH, H \\{}CHZCH:_,
When dihydric alcohol is used cyclic acetal is formed |

::C =0+ . —_—— S\Ci : +H,0

H H-O-CH, H” O-CH,

These are easily hydrolysed by dilute mineral acids to regenerate the original
aldehydes. Therefore, these are used for the protection of aldehyde group in
organic synthesis.
(iii) Semicarbazones are derivatives of aldehydes and ketones and are produced
by action of semicarbazide on them in acidic medium.

8]

CHp i CH;
C =0 + H,NNH—C—NH, P33 C =NNHCONH, + H,0
cHy” : L B gt

(iv) Aldols are P-hydroxy aldehydes or ketones and are produced by the
condensation of two molecules of the same or one molecule each of two different
aldehydes or ketones in presence of a dilute aqueous base. For example,
' OH
CH,CH=0 + H—CH,CHO — 21N , cpy Ca —CH, — CHO
p~hydroxy butylaldehyde

(An aldol)
: O OH
BHse = I Ba(OH) l
CH/C-O +H'—CH2 —C-'—CH3 —--—-——2—) CH:’_F-H_CHZ —..[If_.c:[—l3
3 ' #
\['.‘H3 O
hacetone alcohol

(v) gem - Alkoxyalcohols are called hemiacetals. These are produced by addition
of one molecule of a monohydric alcohol to an aldehyde in presence of dry HCI
gas.

(vi) Oximes are produced when aldehydes or ketones react with hydroxyl amine
in weakly acidic medium.

CH; CH |
S H,NOH —%ﬂ _c~Non
CH; | CH;
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(vii) Ketals are produced when a ketone is heated with dihydric alcohols like
ethylene glycol in presence of dry HCl gas or /3-toluene sulphonic acid (PTS).

T
CH ! H+0-—CH, pyHa CH 0—CH,
3>{:J;U+ f o PTS, & ?'\\C/ .
G i 00 cny” o —cH,
; Acetone ethylene ketal

These are easily hydrolysed by dilute mineral acids to regenerate the original
ketones. Therefore, ketals are used for protecting keto groups in organic
synthesis.
(viii) Compounds containing -C = N - group are called imines. These are
produced when aldehydes and ketones react with ammonia derivatives.
3C=0+HN—Z——>C=N—Z+H,0
Z = alkyl, aryl, -NH,, ~OH, -NHC,H,, -NHNHCONH,, etc.
(ix)2, 4-Dinitrophenyl hydrazone (i.e., 2,4-DNP derivatives) are produced when
aldehydes or ketones react with 2,4-dinitrophenyl hydrazine in weakly acidic
medium.
NO, No,
C\Hs:;‘c -0+ H?han—C'}-r«)3 ey CH}>C - NNH —@—NDI
CH; CHI . Propanone.2.4. dinitrophenyl
-hydmzone

2, 4-DNP derivatives are used for identification and characterisation of aldehydes and ketones.
(x) Aldehydes and ketones react with primary aliphatic or aromatic amines to
form azomethines or SchifFs bases.

R—CH=[0+ H,|N—R' —T@=SH , R __CH=N—R'+H,0
Schiff 's Base

eg.  CH,CH =0+ H,NCH,CH, ", CH CH = NCH,CH, + H,0

12.2. Name the following compounds according to IUPAC system of
nomenclature:

(i) CHsCH (CH3)—CHz CH—CHO

(if) CH3CH2COCH(C2Hs)CH2CH2Cl

(iii) CH3sCH=CHCHO

(iv) CH3COCH2COCH3

(v) CH3CH(CH3)CH2C(CH3)2COCH3

(vi) (CH3)sCCH2COOH.
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(vii) OHCC¢H4CHO-p

Ans: (i) 4-Methyl pentanal

(ii) 6-Chloro-4-ethylhexan-3-one

(iii) But-2-en-l-al

(iv) Pentane-2,4-dione

(v) 3,3,5-Trimethyl-hexan-2-one

(vi) 3,3-Dimethyl butanoic acid

(vii) Benzene-1,4-dicarbaldehyde
12.3. Draw the structures of the following compounds.
(i) 3-Methylbutanal

(ii) p-Methylbenzaldehyde

(iii) 4-Chloropentan-2-one

(iv) p, p’-Dihydroxybenzophenone

(v) p-Nitropropiophenone

(vi) 4-Methylpent-3-en-2-one.

(vii) 3-Bromo-4-phenylpentanoic acid
(viii) Hex-2-en-4-ynoic acid

Ans:
CHj
: 4 |3 2 1 i
) CH;—CH—CH,—CHO (ii) H;C—@—{H{J
1 i
5 4 3 1 :
(H” CH3—(|:H—CH2—-2C—CH] f“"} HO_Q_‘:A@_OH
Cl
0 o)
: I s a3 9l 1
() O;N —CH;CHj; (vi) CHE—“?":CH—E— Ha
CH,4
8]
o . B B 1 o 6 54 3 2 b
(vii) €H;—CH—CH—CH,—COOH (viii) CH,—C=C—CH=CH—C—OH
CgHsBr

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

(i) CH3CO(CH2)4CHs3

(ii) CH3CH2CH BrCH2CH(CH3)CHO
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(iii) CH3(CH2)sCHO
(iv) Ph—CH=CH—CHO

Ans:
IUPAC name ' Common name
(f) Heptan-2-one -
(#) 4-Bromo-2-methylhexanal y-Bromo-a-methyl ca
: - roald
(#ii) Heptanal - R o
() 3-Phenylpropan-2en -1- al B-Phenyl acrolein
(v) cyclopentane carbaldehyde -
Ew' ) Diphenylmethanone : Benzophenone

12.5. Draw structures of the following derivatives:
(i) The 2,4-dinitrophenylhydrazone of benzaldehyde
(ii) Cydopropanone oxime

(iii) Acetaldehydedimethylacetal

(iv) The semicarbazone of cyclobutanone

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

(vi) The methyl hemiacetal of formaldehyde

Ans:

: NO,
. ’ N-—OH
U} @—_CH =NNH NO, (i) fE
Cli:,\C/DCH_3 . ﬁ
_(m) H '\DCl‘lg () NNH — C — NH,

GHy CH,
0

~
CH; — CH, — C—CH, — CH, —CH,

M i) ™S OH

H”~ NOCH,

12.6. Predict the product when cyclohexanecarbaldehyde reacts with following
reagents :

(i) CeHsMgBr followed by H30+

(ii) Tollen’s reagent

(iii) Semicarbazide in the weakly acidic medium
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(iv) Excess of ethanol in the presence of acid
(v) Zinc amalgam and Cyclohexanecarbaldehyde Semicarbazide
Ans:

o OMgBr -
Il Pl i —C.H
C—g Dry C—CgzHs | H30 g 6115
(i) + CeHsMgBr —— g —3 H
Cyclohexane- Phenyl mag. {Addition Cyclohexylphenylcarbinol
carbaldehyde bromide compound}
0 0
| I
CsH Cpe
{ii) + [Ag(NH;3);]* + 30H" — + 2Ag + 4NH; + 2H,0
Cyclohexane- Tollen's reagent Cyclohexane- {Silver mirror)
carbaldehyde carboxylate ion
0]
|
C‘“‘H CH=NH CONH; + H,0
{iii) + NH;NHCONH; —
Cyclohexanecarbaldehyde  Semicarbazide Cyclohexane carbaldehyde
semicarbazone
|
e H
II{ . HI0C,H; |
- ! E
(iv) Ca%t o — %8s ago
; H/OC,H; OC,H;
Cyclohexane- Ethanol (excess) Cyclohexanecarbaldehyde
carbaldehyde diethyl acetal
i
CH
CxH Zn/Hg/HCI 3
v) Fat Clernmensen’s reduction +Hy0:
Cyclohexanecarbaldehyde Methylcyclohexane

12.7. 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

(ii) 2-Methylpentanal

(iii) Benzaldehyde.

(iv) Benzophenone
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(v) Cyclohexanone
(vi) 1-Phenylpropanone
(vii) Phenylacetaldehyde
(viii) Butan-l-ol 1
(ix) 2,2-Dimethylbutanal
Ans: 2-Methylpertfanal, cyclohexanone, 1-phenylpropanone and
phenylacetaldehyde contain one or more a-hydrogen and hence undergo aldol
condensation. The reactions and the structures of the expected products are
given below:

CH,
{:H-—r:H-—lc—CHJCHZ(:Hji
CH, (tZHs EZ)H (IZHO

(i) 2CH,CH,CH, — CH—CHO —DAROL, CH,CH,CH, —
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Cyclohexmone
. 2-(1-Hydroxy-1-cyclohéxy!) cyclohexan-1-one

L
_ CH)ZH, 0 .
3-Hydroxy-2-methy}- 1,3-dipheylpentan- 1-one
OH CHO
(vii)2 @—CHzCHO Dil NaOH @— —CH
o 3-hydroxy-2,4-dipheaylbutanal
Methanal, bcnuuucnyuc and 2,2-dimethyibutanai do not contain a-hydrogen and hence undergo

Canhnizzaro reaction. The reactions and the structures of the expected products are given below:
() 2HCHO —ConeNaOH CH OH + HCOONa

Methanal
(i )2 @— CHO -2 @— CH,OH +©— COONa

Benzaldehyde Benzylalcohol Sodium benzoate
?H, <|?H, CH,
(x) CH,CH, ]C —CHO —Qomc YoM, cl ;CH, —C—CH ,OH + CH,CH, —IC COONa
' CH, , CH, (IlH3
2,2-Dimethyl butanal ZJ-Dtnedlyibuta-l-d

Benzophenone (iv) is a ketone having no a-hydrogen while butan-l-ol (viii) is an alcoh
i 1.
neither undergo aldol condensation nor cannizzaro reaction. (il alcohol. Both of these

12.8. How will you convert ethanal into the following compounds?
(i) Butane-1,3-diol

(i) But-2-enal

(iii) But-2-enoic acid

Ans:

() 2CH,CHO —DUNeH , cpy ;CH(OH)CH,CHO W ,CHOHCH,CH,OH

}H)dmyhmnt : Butsn-1 3-d|nl

(#) 2CH;CHO —>=%L, CH,CH(OH)CH,CHO —-r"——+ CH, —CH=CH —CHO
But-2-enal

(ifi) CH,CHO —WRILNOK | vy o “‘“““MT"""'
3 PR 3 CHO = e e CH,B(in.: qH.SuDzH
: ~2-enoic

12.9. Write structural formulas and names of four possible aldol condensation
products from propanal and butanal. In each case, indicate which aldehyde acts
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as nucleophile and which as electrophile.
Ans:
(a) Propanal acts as both nucleophile as well as electrophile.

OH CH,
CH,CH,CHO + CH,CH,CHO —> CPQCHQCH—J{Z:H—CHU
3-Hydroxy-2-methylpentanal
(b) Propanal as electrophile and butanal as nucleophile. .
' OH cI:H ,CH,

" CH,CH,CHO + CH,CH,CH,CHO —> CH,CH,CH —CH-—CHO
: 2Eﬂ|yl~!~hy&ourypeutml

() Butanai as electmphlle and propanal as nucleophile.
OH CH,

CH,CH,CH,CHO + CH,CH,CHO — CH,CH,CH, —CH—CH—CHO
3-Hydroxy-2~methyl hexanal

(d) Butanal acts as both nucleophile as well as an electrophile.
OH CH,CH,

CH CH CH CHO + CH3CH CH,CHO —» CH CH CH CH—CH—CHO
z-w i-hydmbexm

12.10. An organic compound with the molecular formula CoH100 forms 2,4-DNP
derivative, reduces Tollen’s reagent, and undergoes Cannizzaro reaction. On
vigorous oxidation, it gives 1,2-benzenedicarboxylic acid. Identify the compound.
Ans: Since the given compound with molecular formula C9H100 forms a 2,4-DNP
derivative and reduces Tollen’s reagent, it must be an aldehyde. Since it
undergoes Cannizzaro reaction, therefore, CHO group is directly attached to die
benzene ring.

Since on vigorous oxidation, it gives 1, 2-benzene dicarboxylic acid, therefore, it
must be an ortho- substituted benzaldehyde. The only o-substituted aromatic
aldehyde having molecular formula CoH100 is o-ethyl benzaldehyde. Ail the
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reactions can now be explained on the basis of this structure.

+ 30H ] 0] 3
2H,0 + 4NH; +:uv:g+ @( %C{ C(
Silver
c H, "COOH

mirrer
12— Bﬂmwdww'bmylulnd
hhboculm‘ Fon'nuh CgHmU

2, 4-Dinstropheny|
CH= NNH—@ hy;amm
- c,H,'

2,4-DNP .

12.11. An organic compound (A) (molecular formula CsH1602) was hydrolysed
with dilute sulphuric acid to give a carboxylic acid (B} and an alcohol (C).
Oxidation of (C) with chromic acid produced (B). (Q on dehydration gives but-I1-
ene. Write equations for the reactions involved.

Ans: Since an ester A with molecular formula CsH1602 upon hydrolysis gives
carboxylic acid B and the alcohol C and oxidation of C with chromic acid produces
the acid B, therefore, both the carboxylic acid B and alcohol C must contain the
same number of carbon atoms.

Further, since ester A contains eight carbon atoms, therefore, both the carboxylic
acid B and the alcohol C must contain four carbon atoms each.

Since the alcohol C on dehydration gives but-l-ene, therefore, C must be a straight
chain alcohol, i.e., butan-1-ol.

If C is butan-l-ol, then the acid B must be butanoic acid and the ester A must be
butyl butanoate.The chemical equations are as follows:

I
CH,CH,CH, —C— 0 —CH, CH,CH,CH, —H230¢ ,
tyibﬁmmue{.\] Hydrolysis
Molecular formula = CgHyg02

O
I
.CH,CH,CH, —C—OH + CH CH CH CH,0H
Butmme.aud ; Bulan ! ol
(B) {C)

O

CH,CH,CH,CH ;OH —E2UCUCON , oy ol CH, Eci: OH
,.| ol Bnunmc acid

© (B)

CH3CH,CH ,CH,OH —2275%% > CH,CH,CH = CH,

B-Ll: 1-ene
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12.12. Arrange the following in increasing order of the property indicated :

(i) Acetaldehyde, Acetone, Di tert. butyl ketone, Methyl tert. butyl ketone
(reactivity towards HCN). (C.B.S.E. Sample Paper 2011, 2015, C.B.S.E. Delhi 2012)
(i) CH3CH2CH(Br)COOH, CH3CH(Br)CH2COOH, (CH3).CHCOOH, CH3CH2CH2COOH
(acid strength) (C.B.S.E. Delhi2008)

(iii) Benzoic acid, 4-Nitrobenzoic acid, 3, 5-Dinitrobenzoic acid, 4-
Methoxybenzoic acid (acid strength) (C.B.S.E. Sample Paper 2011, 2015; C.B.S.E.
Delhi 2012, C.B.S.E. Outside Delhi 2015, Rajasthan Board 2015)

Ans: (i) Cyanohydrin derivatives are formed as a result of the reaction in which
the nucleophile (CN- ion) attacks the carbon atom of the carbonyl group. The
order of reactivity

« decreases with increase in +1 effect of the alkyl group.

« decreases with increase in steric hindrance due to the size as well as
number of the alkyl groups. In the light of the above information, the
decreasing order of reactivity is :

CH; 0 CH; o CHj 0 0

| ¥

CH3-}-E—}C{—E<—CH3<CH;}C}C{_CH;;(.CH3}C¢CH3 < CH3»>C—H

CH, CH, CH;
Di-tertiary Methyl tertiary Acetone Acetaldehyde
buty] ketone buty] ketone

(ii) We know that alkyl group with +1 effect decreases the acidic strength. The +I
effect of isopropyl group is more than that of n-propyl group. Similarly, bromine
(Br) with -I-effect increases the acidic strength. Closer its position in the carbon
atom chain w.r.t,, carboxyl (COOH) group, more will be its -I-effect and stronger
will be the acid. In the light of this, the increasing order of acidic strength is :
(CH3)2CHCOOH< CH3CH2CH2COOH < CH3CH(Br)CH2COOH < CH3CH2CH(Br)
COOH

(iii) We have learnt that the electron donating group (OCH3s) decreases the acidic
strength of the benzoic acid. At the same time, the electron withdrawing group
(NO2) increases the same. Keeping this in mind, the increasing order of acidic
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strength is:
COOH COOH COOH
COOH
< @ < >, NO,
OCHj4 NO, NO,
4-Methoxybenoic acid Benzoic acid 4-Nitrobenzoic acid 3,4-Dinitrobenzoic acid

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

(i) PropanalandPropanone

(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) EthanalandPropanal

Ans:

() Propanal and Propanone can be distinguished by iodoform test.

CH,COCH, + 3NaOl — CH,I + CH,;COONa + 2NaOH

lodoform
( Yellow ppt.)

This test is given by aldehydes containing —COCH, group. Propanal does not have —COCH,
group thus it does not give iodoform test

(:‘:j Acetophenone and Benzophenone can be distinguished by iodoform test.
C¢H;COCH, + 3NaOl — C,H,COONa + CH,1 + 2NaOH

lodoform
(Yellow ppt.)

C,H,COC.H, L yellow ppt.

This test is given by aldehydes and ketones containing ~COCH, group
(iif) Phenol and Benzoic acid can be distinguished by FeCl, test

3C,H,OH + FeCl, — (C,H,0),Fe + 3HCI
Violet colouration

3C4H;COOH + FeCl; ——> (C¢H,COO),P¢ + 3HCI
Buff-colouration ppt.

(iv) Benzoic acid and Ethyl benzoate— By NaHCO, test
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C¢HsCOOH+ NaHCO; —— CgHs€OONa+ H,0+CO, T
Benzoic acid ~ Sodiumbenzoate

CﬁHﬁCOOCZHj -+ NEHCG:; —3 No C'Dj is formed

(v) Pentan-2-one and Pentan-3-one can be distinguished'by NaHSO, test

. CH OH
mﬂ;ﬂ’o‘*NﬂI{Sﬂ:‘—h} : - '/
CH3CH2CI ]2 3 CHjC HZCH{, b SD‘-;NH.

: * (Solid adduct)

'CH3CI—I2'(31‘.:.'¢'!.“,H2CH3 + NaHSO, —— No solid adduct.
Only methyl and cyclic ketones react with NaHSO, to give solid adduct.

(vi) Benzaldehyde and Acetophenone can be distinguished by iodoform test.

CsH;COCH, +3NaOl — C(H,COONa + CH,I { + 2NaOH
- : (Yellow ppt.)

C¢H,CHO + NaOI —— No yellow ppt.
(vii) Ethanal and propanal can be distinguished by Iodoform test.

CH,CHO + 3NaOI —— HCOONa + CH,I{ + 2NaOH
(Yellow ppt.) -

CHJ'CHECHOM No yellow ppt. -

[ CLASS XI1 ]

12.14. Row 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

(ii) m-nitrobenzoic acid
(iii) p-nitrobenzoic acid
(iv) Phenylaceticacid
(v) p-nitrobenzaldehyde
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Ans:

MgBr COOH,

Bry/F “-B": Mc.du' cther (i) 7
CH,OH (excess)
Conc. H,S0,
_ CODH O0H

(i) As in (1] above conc HNID
conc stl‘.}‘, NOZ
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O 6 == © tj~°=
; NO, e

[Mimr)
|}KMM:J OH A
(u] Dil Hy80,

() O Mm(m]ﬂ @ NBS.B!,"HHLI@I © Ale, KCN.& @
CH,COO
f ’H /H;0

Phenylacetic acid

oo . .CHO
(i) C0,C1/CSy
o) As in [m)m or Wmm}hﬂ
(i) l-l30
NO,

12.15. How will you brlng about the following conversions in not more than two
steps?
(i) PropanonetoPropene

(i) Benzoic acid to Benzaldehyde

(iii) Ethanol to 3-Hydroxybutanal

(iv) Benzene to m-Nitroacetophenone

(v) Benzaldehyde to Benzophenone -

(vi) Bromobenzeneto 1-PhenylethanoL

(vii) Benzaldehyde to 3-Phenylpropan-1-ol.

(viii) Benzaldehyde to a Hydroxyphenylacetk acid
(ix) Benzoic acid to m-Nitrobenzy 1 alcohol
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Ans:
(/) Propanone to propene:
ﬁ OH by
CH, —C—CH, —4— CH!—J':H—CH_., e S > CH, —CH =CH,
. = i .

(if) Benzoic acid to bénzaldehjfde:

COOH COCI CHO
S0Cl, Hy/Pd + BaSO,
50, A" S or quinoline

(iif) Ethanol to 3-hydroxy butanal:
OH
CH,CH,0H —=2BK_, cy,cHO —DINOH , cp, _{!TH —CH,CHO
(iv) Benzene to m-nitroacetophenone:
COCH, COCH,

: . conc HNO; + -
CH,COC], Anhy AIC1, _ conc Hy50,
o E e
NO,

(v) Benzaldehyde to benzophenone:

C,H,CHO —0K2C207/130, , Dry Distilation
6 73 [fi]ChCﬂ! (CﬁHscD{})z Ca —CaC0, - 4 (C&Hj )2 CO
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(v/) Bromobenzene to 1-phenylethanol -
' OH
CyH,Br —Meldyeher, ¢y Mgy —OTUHO , o —(IJH—CH3

(ii)H;0"
(vii) Benzaldehyde to 3-phenylpropan-1-ol
CHO CH = CHCHO CH,CH,CH,OH

+ chcHo Dot N @
i

(viii) -Benzaldehyde to a-hydroxyphenylacetic acid:

OH OH
_CH,CHO — 2N, C H, b —oN 0 C4H, _lH— COOH
(ix ) Benzoic acid to m-nitrobenzyl alcohol:
COOH cocl CH,OH

. (i) conc HN{);
+eons "‘2304 __() NaBH,
(ii) SOC1, NO, o> Fan

12.16. Describe the following:

(i) Acetylation

(ii) Cannizzaro reaction

(iii) Cross aldol condensation

(iv) Decarboxylation

Ans: (i) Acetylation refers to the process of introducing an acetyl group into a
compound namely, the substitution of an acetyl group for an active hydrogen
atom. Acetylation is usually carried out in presence of a base such as pyridine,
dimethylanitine, etc.

CH,COC! + CH,CH,0H —¥%_; CH,COOC,H, + HCI

(ii) Cannizzaro reaction : Aldehydes which do not contain an a-hydrogen atom,
when treated with concentrated alkali solution undergo disproportionation, i.e.,
self oxidation reduction. As a result, one molecule of the aldehyde is reduced to
the corresponding alcohol at the cost of the other which is oxidised to the
corresponding carboxylic acid. This reaction is called Cannizzaro reaction.

O O

I I
2H—C—H + NaOH —— CH; —OH + H—C—ONa
eg. . (50%)
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(iii) Cross aldol condensation: Aldol condensation between two different
aldehydes is called cross aldol condensation.If both aldehydes contain a-
hydrogens, It gives a mixture of four products.

3

o 0 . ?
: Il ] : |
CH,—~C—H + H—C—H —™%3 HO—CH, —CH, —C—H
(iv) Decarboxylation: The process of removal of a molecule of CO; from a

carboxylic acid is called decarboxylation. Sodium salts of carboxylic acids when

heated with soda-lime undergoes decarboxylation to yield alkanes.
CH,CH,COONa + NaOH —22:2°%_, CH, —CH, + Na,CO,

12.17. Complete each synthesis by giving missing starting material, reagent or
products.

CH,CH, COOH
KMn(, SOCH
@ ~Roma > “ C[ =z '
COOH

C
Gi) C,H,CHO MMy ) @ ,@” \@
0. CHO
[Ag (NHy)L NaCN/HCI
SO e O
CHO COOH

(vii) C;H,CHO + CH,CH,CHO—= 2%,

(viii) CH,COCH,COOC,H, —2"20

(ii)H*
(ix) Qoﬁﬂa
(xd) %‘“’_"”Q:D

Ans:

0 OrarsOron

CH,CH,

COOK
KMnO,
(@) KOH, heat
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O -

() CgHyCHO —2"22%% , ¢, H,CH = NNHCONH, + H,0
o

m@ @r M‘ @

CH CN
ool

(vii) qn,c CHO-MMeH E:,H, EH—E:—G-IIJ——:;C.H,CH= —CHO

Clllm-Sdm idt

. S o ol

I f
o (i) NaBH,
(viif) CH, —C —CH,COOC,H, _T}FL' CH, —CH—CH,COOC, H,

0 Omonssan( o 8 moen
Qa«J =

CH,ICHJ
@) @r KOH, Imnt O/

Call :- + 91 9953771000 @ 1/354, SADAR BAZAR, DELHI,CANTT - 110010




ovaceoucaion:’” CHEMISTRY

Result Oriented (NCERT SOLUTION) [ CLASS XII ]

O -

() CgHyCHO —2"22%% , ¢, H,CH = NNHCONH, + H,0
o

(W@ @r %‘ @

CH CN
ool

(vii) w,@c CHO-MMeH E?,H, I)H—E—a{z}——;c.u,cm —CHO

C!-uhsmmdt
- e
o (i) NaBH
(viif) CH; —C—CH,CO0C, H, _T}FL' CH; —CH—CH,COO0C,H,

0 Omentam( s 280 o

‘_IPCCWI’DC
O

12 18 lee plausible explanation for each of the following:

(i) Cyclohexanone forms cyanohydrin in good yield but 2,2,
fctrimethylcyclohexanone does not

(ii) There are two - NHz groups in semicarbazide. However, only one is involved
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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.

Ans:

HO CN

O=0
hesmed

The yield of second reaction is very low because of the presence of three methyl
groups at ex-positions with respect to the C = O, the nucleophilic attack by the
CN-ion does not occur due to steric hinderance. Since there is no such steric
hindrance in cyclohexanone, therefore, nucleophilic attack by the CN-ion occurs
readily and hence cyclohexanone cyanohydrin is obtained in good yield.
O G 0 5

: Oq e n | . - [ + :

(i) H,NXC—NHNH, ¢—> H,N = C-—NH — NH, «— H,N—C=NH-NH,

Although semicarbazide has two - NH: groups but one of them (i.e., which is
directly attached to C = 0) is involved in resonance as shown above. As a result,
electron density on N of this -NHz group decreases and hence it does not act as a
nucleophile. In contrast, the other -NH2 group (i.e.. attached to NH) is not
involved in resonance and hence lone pair of electrons present on N atom of this -
NH: group is available for nucleophilic attack on the C = O group of aldehydes
and ketones.

(iii) The formation of esters from a carboxylic acid and an alcohol in presence of
an acid catalyst is a reversible reaction.

RCOOH + R'OH ==2224= RCOOR’ + H,0
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Thus to shift the equilibrium in the forward direction, the water or the ester
formed should be removed as fast as it is formed.
12.19. 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
Tottens’ 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.
Ans:

C=69-77%.H= 11-67%

: O =100—-(69-77+11-63)%=18-6%

69-77 11-63 18:6
T lﬁ"=5-88:ll-63:i+ 16::5:10:1

The empirical formula of the given compound =C,H,,0

Empirical formulamass=5=12+10x1+1 x 16=86 z

Molar mass = 86 (given)

.. Molecular formula=C,H,,0

C:H:0=

Since the compound form sodium hydrogen sulphite addition product, therefore,
it must be either an - aldehyde or methyl/ cyclic ketone. Since the compound
does not reduce Tollens’ reagent therefore, it cannot be an aldehyde. Since the
compound gives positive iodoform test, therefore, the given compound is a
methyl ketone. Since the given compound on vigorous oxidation gives a mixture
ofethanoic acid and propanoic acid, therefore, the methyl ketone is pentan-2-one,
ie.,

3

0]

l
CH,—C — CH,CH, CH, - The reactions involved are:
0 .
f CHy. .-80; Na'
CH; —C —CH,CH,CH, + NaHSO, — CH,CH,CH; “OH
0
I

CH; —C—CH,CH,CH, + 3NaOl —— CHI,+ CH,CH,CH,COONa+2NaOH

(Yellow ppt )
1
] K CF)
CH, —CCH,CH,CH, —Ffzﬁi’?ﬁ CH,COOH + CH,CH,COOH
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12.20. Although phenoxide ion has more number of resonating structures than
carboxylate ion, carboxylic acid is a stronger acid than on phenol. Why?
Ans: Consider the resonating structures of carboxylate ion and phenoxide ion.

ans W

(10

Hth@H@ <}
ny
(1 (v) wu )

In case of phenoxide ion, structures (V - VII) carry a negative charge on the less
electronegative carbon atom. Therefore, their contribution towards the resonance
stabilization of phenoxide ion is very small.

In structures I and II, (carboxylate ion), the negative charge is delocalized over
two oxygen atoms while in structures Il and IV, the negative charge on the
oxygen atom remains localized only the electrons of the benzene ring are
delocalized. Since delocalization of benzene electrons contributes little towards
the stability of phenoxide ion therefore, carboxylate ion is much more resonance
stabilized than phenoxide ion. Thus, the release of a proton from carboxylic acids
is much easier than from phenols. In other words, carboxylic acids are stronger

acids than phenols.
% % k K Kk %k % k Kk % k k k Kk K *
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