CHAPTER D

Carbonyl Compounds

InTrRODUCTION

+ Organic compounds in which -C- group is present, are called ‘Aldehyde and

Ketone'. \
O

+ The group, —ﬁ— is called as carbonyl group. So the compounds containing this group
(0]
are also called carbonyl compounds.

+ If H atom is attached with this carbonyl group, then compound is called aldehyde, and
if alkyl group is present on both sides then compound is called Ketone.

+ In ketone if both alkyl groups are same then they are called simple ketone, if different
then the compound is called mixed ketone.

The general formula of carbonyl compounds is C,H,,0. Hybridisation state of carbon
is sp? and C=0 bond length is 1.23 A.

The ratio of C, H, and O in formaldehyde is 1:2:1 (CH,0).

Aldehyde shows chain and functional isomerism.

Ketone shows chain, position, functional isomerism, and also metamerism.
Aldehyde and ketone both are functional isomer with each other.

+

+ 4+ 4+ +

PHYSICAL PROPERTIES

* Aldehydes are colourless liquid with pungent smell, while ketones are pleasant smelling liquids; but formaldehyde
is gaseous in nature.

* Lower carbonyl compounds are soluble in water. It is due to polarity in carbonyl group.
* Higher carbonyl compounds are insoluble in water due to more covalent character.

1
Number of branches

Boiling point o< Molecular mass o<

* Aldehydes and ketones have higher boiling points than those of non-polar compounds of comparable molar mass,
but have lower boiling points than those of alcohols and carboxylic acids due to the absence of H-bonding.

Order of boiling point
(a) Aldehyde < Ketone
(b) The boiling point of unbranched aldehydes increases with the increase in the molecular weight.
Methanal < ethanal < propanal
(¢) Order of boiling point of methyl ketones.
Propanone < butanone < 2-pentanone



(d)
3-methyl butanal < Pentanal
2-pentanone > 3-methyl-2-butanone

in preserving dead bodies.

infection.

Branched carbonyl compounds < unbranched carbonyl compounds

Boiling point of carbonyl compounds is as under:

40% solution of formaldehyde is known as ‘FORMALIN’ (40% HCHO, 54-56% H,0, 4—6% methanol). It is used

Mixture of formaldehyde and lactose sugar is called ‘FORMAMINT’ which is used in medicine of throat

S. No. Compound Boiling Point
1. Formaldehyde -21°C
2. Acetaldehyde +21°C
Acetone +56°C

METHODS OF PREPARATION OF CARBONYL COMPOUDNS

<o
>CH_N\o (i) NaOH (ii) H,0°®
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»C=N-OH
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R-C=N

“R—C=N

*R-C-Cl

“only used for prepration of aldehyde.
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oxidation
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(i) H,0®
Stephen reduction

H,0/Pd + BaSO,

Rosenmund
reduction




NUCLEOPHILIC ADDITION TO THE CARBON-OXYGEN DOUBLE BOND

The most characteristic reaction of aldehydes and ketones is nucleophilic addition to the carbon—oxygen double bond.

Nu
R\ |
C=0+H-Nu R-C-OH
e
H

When the reagent is a strong nucleophile (Nu), addition usually takes place in the following way, converting the trigonal
planar aldehyde or ketone into a tetrahedral product.

If the nucleophile attacks the carbonyl group, the hybridisation state of carbon changes from sp2 to sp3.

Nu:
RL) Nu /\'(‘ Nu
C=0 — -0 TN S H N

R Trigonal R / Tetrahedral R Teterahedral
planar intermediate product

Nucleophilic addition can take place either under acidic or basic conditions.
(1) Acid catalysed mechanism of nucleophilic additions to the carbon—oxygen double bonds:

A poor nucleophile requires an acid catalyst to make the nucleophilic addition reaction occur at a reasonable rate. The acid
protonates the carbonyl oxygen, which increases the susceptibility of the carbonyl carbon to the nucleophilic attack.

Nu

R ®
=0 + H-Nu 2> R-C-0H
H |
H

The mechanism of acid-catalysed reaction is as follows:

Step-1
R ./ rpagRO (L RY
/C O:+HIA— /C OH<—>/C OH
RY & & (weak R RY *
lewis acid)
Step-11

+Nu/ Hk\ Nu

Rate determine step R* /C O H— = /C O H+H-A

R," /\ slow
C-OH Nu-He=————
R+

(2) Base catalysed mechanism of nucleophilic additions to the carbon—-oxygen double bonds:

If the attacking atom of the nucleophile (such as Oxygen nucleophile and nitrogen nucleophile) has a pair of nonbond-
ing electrons in the addition product, water will be eliminated from the addition product. This is called a nucleophilic
addition—elimination reaction.



Nu

R 5 \
(=0 + H-Nu B> R-C-0OH
H |

H
The mechanism for base-catalysed reaction is as follows:
Step-I
LN ® ©
B + H-Nu BH+Nu
Step-11
R~ /\ _ slow R%‘C /Nu @é\ Fast step R%C /Nu
R /ngDg + Nu Rate determine step R AN OiB/_;_I R” \OH
Intermediate

Reactivity of Aldehydes and Ketones for Nucleophilic Addition Reactions

The reactivity of the carbonyl group for nucleophilic addition depends mainly on three factors.
(1) Ability of carbonyl oxygen to carry a negative charge
(2) Nature of the groups attached to the carbonyl carbon atom
(3) Size of the substituent groups (steric factor).
Reactivity of different carbonyl compounds in decreasing order is as follows:
! i

HCHO > C{H,~CH,~CHO > RCHO > C,H,~CHO > R—C-R > R-C-C,H, > C;H,~C—C,Hj

Reactivity in decreasing order

Reactivity of Cyclic Ketones

In case of cyclic ketones the reactivity order is as follows:

0 o O o
A-CT-0-

Thus more is the angle strain in the cyclic ketones more is their reactivity for nucleophilic addition reaction.

Conclusion

(i) Steric hindrance and more alkyl substituents make carbonyl compounds less reactive towards any nucleophile.
(i) Electron-withdrawing groups and small rings make carbonyl compounds more reactive towards any nucleophile.



CHEMICAL PROPERTIES OF CARBONYL COMPOUNDS

=0

H-CN /OH cat.

(i) R-MgX

(i) H,0®

(i) Br Zn CH, COOR

(i) H,0

(i) R-C=C Na

(ii) H®

NaHSO,

H,0/H®

2RO-H/H®

(-H,0)

2RS-H/H®

Aldehyle
or
Ketone

(-H,0)

H-O-CH,
| / :
H-O-CH,

(-H,0)
H,N-Z/H®

(-H,0)

aldol reaction

dil. NaOH

COOR
() H,c / Pyridine
COOR

(i) H,0®/ A

Witting reaction

Ph,P= CH,

H, /Pd or LiAlH, / H

Zn-Hg / HCl1

NH,-NH, / KOH

A

OH
>C< (Cyanohydrin)
CN

OH
>C<R (alcohols)

OH
>C< (Reformatsky reaction)

CH,-COOR

OH
>C< (Acetylinic alcohol)
C=C-R

OH
>C< (White Crystal)
SO,Na

OH
(Unstable)
>C<OH nstable

OR
>C< (Acetal or Ketal)
OR

SR )
>C< Thioacetal or Thiketal
SR

O-CH,
>C< |~ (Cyclic acetal or ketal)
O-CH,

»C =N-Z(Z = CH,, NH,, OH, NH-Ph...)

B-Hydroxy aldehyde / Ketone

>C = CH-COOH (Knoevenagel reaction)
»C =CH, + Ph,P=0
>CH-OH

>CH2 Reduction

DCH,



METHODS OF PREPARATION AND CHEMICAL PROPERTIES OF BENZALDEHYDE:

(OIL OF BITER ALMONDS)

@ CO + HCI/AICI,

(i) HCN + HCV/AICI,4
@ (i) H;0°
CH,
@ CrO,Cl,
Oxidation
COCl1
O—w
Pd + BaSO,
CHCl,
@ aq NaOH
CH,OH
@ Cu/300°C
Or PCC
CN
@ (1) SnCl, + HCl1
(ii) H,0°
CH=CH,
@ 0,/H,0/Zn
@MgBr
H-C-OR
g

CHO

HCN

NaHSO,

LiAIH,/H®

H,N-OH/H®

(-H,0)
H,N-NH-CONH,/H®

(-H,0)
2 CH,OH/H®

(-H,0)
Zn-Hg/HC1

Reduction
K,Cr,0./H®

Oxidation
50% KOH

Cannizzaro

AI(OC,H,),

Tischenko

Tollen reagent

Fehling solution

alc. KCN/@CHO

Benzoin condensation

(CH,CO),0/Basic med.

Perkin Reaction

CL/AICI,

HNO; + conc.H,SO,

H,SO,(Fuming)

Friedel-Craft

Reaction

OH

|
CH-CN

|
CH-SO;Na

o
T

CH,OH
CH=N-OH

CH=N-NH-CONH,
OCH,

CH<
OCH,

COOH

COONa + @CHZOH
o)

0]

COOH +Silver
mirror

OH‘
o

CH=CH-COOH
CHO

=0
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Cl
CHO

OL

NO,
CHO

SO.H

Pl



SPECIAL POINTS
1. Distinction between formaldehyde, acetaldehyde and acetone:

Sol.

S. No. Reagent/Test HCHO CH,CHO CH,;COCH,
1 Brady reagent/DNP Coloured crystal | Coloured crystal | Coloured Crystal
2 Tollen’s reagent Silver mirror Silver mirror X
3 Fehling’s solution Red Red X
4 Benedict’s solution Red Red X
5 Corrosive sublimate (HgCl,) Black Black X
6 Schiff’s reagent Pink Pink X
7 lodoform test x Yellow Yellow
8 Pyrogallol test White X X
9 Legal test (Sodium nitroprusside/NaOH) | x Red Red

10 m-dinitrobenzaldehyde test X X Blue

Chloral (CCI;CHO) is an important intermediate in the manufacture of chloroform and D.D.T.
Popoff’s rule: Oxidation of unsymmetrical ketones largely take place in such a way that the smaller alkyl group
remains attached to the CO group during the formation of two molecules of acids.

e.g.. CH,—C-CH,~CH, %\~ CH,~COOH + CH,~COOH

|
0

Formaldehyde is used in preparation of urotropine (Hexamethylene tetramine), a urinary antiseptic and bakelite
(phenol—formaldehyde resin) polymer, formamint, throat lozenges (formalin + lactose).

Formaldehyde is used as disinfectant and preservative for biological specimens in the form of formalin.

Acetaldehyde is used in preparation of polymers and dyes; metaldehyde is used as solid fuel and paraldehyde as
mild hypnotic. Some more hypnotics are.

R\ ,SO,R HC\ ,SO,CH; HCn SO, -C,H;
R” NSO, R H, (/' “SO,-C,H; H.C, “SO,-C,Hj
sulphonal trional tetronal

Acetaldehyde is used as an antiseptic.
Acetone is used as a solvent for cellulose, nail polish, varnish and silk.

Il . Il
LB b t ki

SOLVED EXAMPLE 1 R

Which of the following will not be formed when
calcium formate is distilled with calcium acetate? 2

Thus, propanal is not formed.

. When diethyl cadmium [(C,Hs),Cd] is treated with
acetyl chloride [CH;COCI], the main product is likely
to be:

(1) Propanone
(3) Ethanal

(2) Propanal
(4) Methanal

[2] (1) acetone (2) methyl ethyl ketone
(CH,-C00),Ca + (H-COO0),Ca— CH,~C-CH; (3) diethyl ketone (4) acetaldehyde
(H) Sol. [2]
Propanone o)
Self product | SN
H—ﬁ—H (C,Hy),~Cd + CH;-C-Cl —>~ CH3—CH2—(ﬁ—CH3
0] 0O
Methanal Methly ethyl ketone
CH,-C-H 3. Which one among the following is the best reagent

for the conversion of pent-3-en-2-ol into pent-3-en-

‘O Cross product
2-one?

Ethanal



Sol.

Sol.

Sol.

/\)(L

(2) K,Cr,0,/H,S0,

OH
AN

(1) KMnO,/H,SO,

(3) CrO,/CH,COOH
(4]

{(ONH cicro;

P.C.C. is selective oxidising agent which does not

@ ((O)NH cicro;

. ~ s
affect the oxidation of /C=C\

Consider the following sequence of reactions

CrO, | ‘

A p—Yam , CH,CCH, + CO,

(C,Hg05)

The compound (A) is:

(1) HOCH,CH,CH,COOH
(2) CH;CH(OH)CH,COOH
(3) CH;CH,CH(OH)COOH
(4) (CH;),C(OH)COOH

(2]
CrO
CH,~CH-CH,~-COOH ——> CH,-C~CH,-COOH
3 ‘ 2 oxidation ‘
oy @ (B)
(CHg05) B-keto acid
-CO, |Warm
CH3—‘C‘—CH3
o
Which of the following compounds does not react

with sodium bisulphate?
(1) Propanone (2) Propionaldehyde

(3) 3-pentanone (4) 2-pentanone

[3]
All aldehydes and only aliphatic methyl ketones give
white precipitate with NaHSO;

3-pentanone, CH;—CH,-CO-CH,—-CHj, does not give
white precipitate because it is not methyl ketone.

O OH

NO, NO,

Above conversion can be achieved by

(1) LiAlH, (2) H,,Ni
(3) NaBH, 4) All
Sol. [3]
0 OH
NaBH,
NO, NO,

— —NO, group not reduced by NaBH,

7. A hydrocarbon reacts with HI to give (X) which on
being treated with aqueous KOH gives (Y). Oxidation
of (Y) gives 3-methyl-2-butanone. The hydrocarbon
is

(1) CH,CH=C(CH,),

3) CH3CH2(‘3 =CH,

(2) CH, = CHCH(CH,),
(4) HC = C-CH(CH,),

CH,
Sol. [2]
o L
CH3—ﬁ—CH—CH3@ CH3—C‘H—CH—CH3
0 OH
3-methyl-2-butanone
Aq KOH
CH,

|
CH3—(‘IH—CH—CH3 (one of product)

I THI

CH,

|
CH,=CH-CH-CH,

8. A compound A(Cs;H,,Cl,) on hydrolysis gives
CsH,,0 which reacts with NH,OH, forms iodoform
but does not give Fehling test A is

cl
) CH3—C‘—CH2—CH2—CH3
a
cl
() CH3CH2—C‘—CH2CH3

|
cl

C‘l
(3) CH,CH,CH,CH,CH-CI
cl cl

|
(4) CH,~CH-CH-CH,CH,



Sol.

(1]

CsH (O must be methyl ketone because it gives
iodoform. Also ketone does not answer Fehling’s
solution.

CH3—CH2—CH2—/C<CH3@> CH,~CH,~CH,~C—CH,

Cl Cl1 OH OH
CH3—CH2—CH2—(‘Z‘—CH3
‘ (0]
w8
CH3—CH2—CH2\C=N_OH Ch, —vetest
C - idofrom

9.

Sol.

10.

Sol.

11.

Acetaldehyde on being treated with aluminium ethox-
ide forms

(1) CH,CHOHCH,CHO (2) CH;COCH,CH;

(3) CH;COCH,COOC,H;(4) CH;COOC,Hs

[4]

CH,-CH=0
2 mole

C,H.-0),Al/
CHOAR oy oCH,~CH,

Tischenko reaction ‘ ‘

Ethyl acetate
Which of the following cannot be used to convert
RCHO into RCH,OH?
(1) H,/Pd
(2) LiAlH,
(3) NaBH,
(4) Reaction with RMgX followed by hydrolysis
(4]
H,/Pd, LiAlH,, NaBH, will convert R-CH=0 into
R-CH,OH by reduction.

Aldehyde is converted into 2° alcohol with Grignard
reagent.

I\{ 1\2 I\{
R—‘C R-Mg-X R—C‘—R O, R—C‘—R
|
¢} OMgX OH
2° alcohol

A compound (X) of molecular formula C;HsO forms
bisulphate complex, gives iodoform test but does
not reduce Tollens reagent. (X) on reaction with
CH;MgBr/H,O" gives a compound (Y) that cannot

(1) give red colour with CAN

(2) give white turbidity immediately with Lucas
reagent

Sol.

NaHso, CH; _OH
CH;”  ™SO,Na
CH,—C-CH;—
| bisulphite
(0]
L/KOH
————CHI,
idoform
Tollens _ve test
reagent
CAN Red colour
CH, RL CUCAS__ White turbidity
CH, MgBr ‘ eagent
CH,~C-CH,—— CH,~C-CH,—
H 3 ‘OH iodtc:;:rm _ve test
X) (Y) CH
L CWA_, CH,-C=CH,
12. A compound (A), C,HsCl,, on hydrolysis gives a

Sol.

13.

(3) give iodoform test

(4) be dehydrated to alkene on reaction with heated
Cu

(3]
In given condition X(C3;HcO) should be methyl
ketone.

product (B) which forms a 2, 4-DNP derivative but
does not reduce Tollens reagent. The compound (A)
has the structure

(1) CH;CH,CHCICH,Cl (2) CH,CH,CCIl,CH,4

(3) CH;CH,CH,CHCl, (4) CH;CHCICHCICH;
(2]

Ketone group forms 2, 4, DNP derivative but do not
reduces Tollens’ reagent. Hence A(C,HgCl,) must be
non-terminal geminal di chloride.

Aq KOH

CH3_CH2_C<CH3W

Cl Cl

CH,-CH,-C-CH,
/\
OHOH

CH—CHz—ﬁ—CH3
0

Consider the following reaction:
0] (0]

M NaBH,
_—

OCH,
The product (A) is:
OH OH (0]

OH )\/\A
(1) )\/\/ 2) OH

A



Sol.

14.

Sol.

15.

Sol.

16.

o 1, oL
o~ 0 O
[3]

Reduction of ester group is not affected by weak
reducing agent NaBH,

OCH))

L Transestrification

LA,

Which of the following gives Cannizzaro reaction?

(1 CH3—ﬁ—H ) @CHz—C—H
o) o)

3) CC]rﬁ—H (4) Ph—CH=0

(4]
Aldehydes having no o-H give Cannizzaro reaction.

Chloral gives nucleophilic substitution reaction so
that derivative of formic acid is formed. Thus only

Ph—C-H no -H (gives Cannizzaro reaction)

]
0

A water soluble C¢H,,O, compound is oxidised by
lead tetraacetate (or periodic acid) to a single C;HcO
carbonyl compound. Which of the following would
satisfy this fact?

(1) meso-2, 3-dimethoxybutane

(2) 1, 2-diethoxyethane

(3) meso-2, 5-hexanediol

(4) meso-3, 4-hexanediol

(4]
Only vicinal diol cleaved by periodic acid
CH,-CH,-CH+-CH-CH,~CH, ———
| | HIO,
OH | OH
Meso 3,4 hexane diol
CH,-CH,—CH=0 (C;H,O)

Which of the following would undergo aldol
condensation?
CH,

|
(2) CH,~CH,-C-CHO

|
CH,CH,

(1) HCHO

Sol.

17.

Sol.

18.

Sol.

19.

Sol.

CH,

|
) CH3—(‘I—CH2—CHO

CH,

(3) CCL,CHO

(4]
Only «-H containing substances undergo aldol
condensation.

Consider the structures (P) and (Q)

o 0
)\OA \/\OA
P) Q

The products of acid-catalysed hydrolysis of (P) and
(Q) can be distinguished by

(1) Lucas reagent (2) 2,4-DNP
(3) Fehling’s solution (4) NaHSO,
[3]
0 0
)\O},Jk N0 )}K
H,0° H,0'
tautomerise \tautomerise

\/\O

aldehyde

%O
ketone
(Negative test with (Postivie test with

Fehling’s solution) Fehling’s solution)

Compound ‘A’ give positive test with 2,4-DNP and
with I,/NaOH. Compound ‘A’ may be:

O

2) \){/
(ﬁ 0

(3) Ph—C-Ph @ \)K

(4]
* positive DNP test indicating that compound (A)
must have carbonyl group

(1) Ph-CHO

* positive iodoform test indicating that (A) must
be methyl ketone

Which of the following reduce Fehling’s solution?
(1) Fructose (2) Benzaldehyde

(3) Sucrose (4) Amylose

(1]



Fehling’s ..
Fructose 4.g>p051t1ve test CH; CH;
Solution ‘ ‘

H,SO,/
o-Hydroxy ketone will also reduce Fehling’s 22. CH3_$_$—CH324M>(A)

solution. OH OH
20. End product in the following sequence of reaction is:

Product A is:
OyH,0  CaOH), A
CH,

Ok (1) CH—C—CH=CH,
0T [
(0]
(0]

T
2) CH3—(‘Z — ﬁ—CH3
3 4
3) 4) O CH, O
Sol. [2] CH,
o |
CH,-CH,-COOH CH,~CH,~C-O~_ ™
0,/H,0 Ca(OH : S
O% [ COm = ) CH, OH
CH,-CH,-COOH CH,-CH,~ | ‘—O
—CaCoﬂA @) CH,—C = C—CH,
Sol. 2]
B
CH, CH, ‘CHs ?Hg
0 CH3—C‘ — é—CH3 HS0/8, CH-C — C‘ — CH;
|
21. +Ph,P = CH-CH, — A OH OH OH
ll : 2 CH; shift
A is:
CH-CH CH Pinacole-pinacolone re-arrangement
—CH, 3
’ CH,
| 7+
ey 2 CH3—C‘ — Cm— CH,
CH, O
CH, CH=CH, ; OH
[
3) “4)
T
Sol. [1] CH3—C‘ — ‘C‘Z—CH3
O CH-CH, CH, O
+ Ph,P = CH-CH;,—— ij 23. Cyclohexene on treatment with O;, followed by
reaction with zinc dust and water gives a compound

(E). The compound (E) on further treatment with
aqueous KOH yields a compound (F). The compound
(F) is

Wittig reaction



(1) &CHO

2) QCHO
COOH

3) QCOOH 4) CCOOH

Sol. [1]

o L» CH,—CH,—CH=0
O Zn/H,0 | 2 2\‘ -

CH,—CH,—CH=0
Aq. KOH

Intramolecular
Aldol condensation

CH=0
OH

24. (A) Positive

Tollens' test

C,H,0

Ph-CH=0
"OH/A

(B)

Product (B) is:

'EXERCISE 1

1. Consider the following sequence of reactions

CH.CHI 1. Li/Et,0
3 2.cul

(CH,),CCOCl + A—=B

The final product (B) is:

(1) (CH,),CCOCH,~CH,

(2) (CH;);CCH(OH)CH,—-CH;4 3.

CH,
(3) (CH,),CCCH,—CH,
on
(4) (CH;);CCOOCH,-CH;
2. The K., values in HCN addition to following
aldehydes are in the order:

Sol.

25.

Sol.

MeO

0
(1) Ph—CH:C‘—CH3 @) CH-Ph
CH,
o
(3) Ph-C=CH-Ph (4) Ph-CH=CH-CH=0

(4]
(A) must be aldehyde,

Ph-CH=0

CH,~CH=0 —————Ph-CH=CH-CH=0
: OH /A

(positive Tollens’ test)

Claisen condensation

Propanone on reaction with magnesium amalgam in
benzene and subsequent hydrolysis forms:

(1) CH,CHOHCH, ) (CH3)2‘CCH2COCH3

OH

(3) (CH;),C=CHCOCH; (4) (CH,),C — C(CH,),

|
OH OH

(4]
CH, CH,
(i) Mg-Hg b+enzene CH3—(‘: . C—CH3
Il (ii) H,O/H | \
O OH OH
(Reductive Dimerisation)

CH,-C—CH,

H H H

Me,N
I I

1) I>1I>11 2) OI>1I>1
B mr>1>1 4 I>1>11
Consider the following sequence of reactions:

III

H,0A"
CH,CHO + HCN— CH,CHOHCN——> CH.,CHOHCOOH
‘ 3 3 heat 3

The acid formed as the final product will be obtained
as:

(1) an L-isomer
(2) a D-isomer
(3) 20% D-isomer and 80% L-isomer
4) 50% D-isomer and 50% L-isomer



+

CH, Nefl H, AL AAis
0 o |
C-OH
(H (2)
i I
|
_ C
coH \OCH,
3) “) '

(0]
H Ag,0,NH,0H
' QA e T P
LiATH,
HO

Product (P) is:
O
O HO
(0] O
HO o
(0]
D D
()= T T
Arrange the follwing reagent in the correct order in
which above transformation is carried out:

(1) KOD/D,O, H*/A, LiAlH,

(2) H*/A, KOD/D,O, LiAlH,

(3) KOD/D,0, LiAlH,, HY/A

(4) LiAlH,, H*/A, KOD/D,O

. Identify the major product in the following
reaction.

1. MeMgBr
2.H,0"

9.

10.

11.

12.

13.

14.

Structure of (X) is
0]
@ J

@ -~ SoH

1 ~F9

OH
CIEN

Which of the following ketones/aldehydes can
undergo haloform reaction?

i
(1) CH,—C—CH,
i

3) i}c—CH3

Monomer of trioxane is

(2) CH,~CHO

(4) All of these

(1) { () HC=0
(3) Me(H)C = O 4) Me,C =0
i
i) NaBH,
HO-C-CH,CH,~CHO NP (A) A (B)
(i) H
Structure of B will be:
0
o) o)
() ()
o)
o)
0
3) @ M on
HO
(i) DIBAL-H SeO 8H
CH,-C=N-— - : 7,7 is:
3 (i) H,0® A Y4 s

(1) CH, (OH)-CO0®  (2) CH,-CO0°
(3) HOOC-CO0® (4) CH, (OH)-CH,(OH)

Which of the following compound not reacts with
HIO,?

(@)
(1) m ?)
OH OH
OH
OH
(@) @)
3) H @)
OH
(@)

|
CH,CH=CH, *» Y, CH,CH,CH



15.

16.

17.

18.

19.

X and Y are, respectively:

(1) H;0", MnO,/H*

(2) H;0%, CrO4/Pyridine

(3) BH;. THF/H,0,, OH", CrO,/pyridine

(4) BH;. THF/H,O0,, OH‘,Cr2027_/H30Jr

Which type of reaction in the reduction of carbonyl

compound with LAH and NaBH, occurs, and which
nucleophile takes part in the reaction?

(1) Nucleophilic addition and AIH? or BH?

(2) Nucleophilic addition and H®

(3) Nucleophilic substitution and AIHS, or BHS

(4) Nucleophilic substitution and H®

Which of the following aldehydes does not undergo
a Cannizzaro reaction?

(1) C4Hs—CHO

@ [\
o CHO

(3) (CH,),~CH-CHO

4) (CHs)QN@CHZCHO

Reagent that can distinguish a set of benzaldehyde
and formaldehyde is

(1) 1I,/NaOH

(3) Fehling’s solution
1. SnCl,/HCI
2. H,0. heat
the functional group and the change in hybridisation
of the functional carbon are, respectively

(1) —CN to —CH,NH,, sp’ to sp’

(2) —CN to —CONH,, sp to sp”

(3) —CN to —COOH, sp to sp’

(4) —CN to —CHO, sp to sp”

A compound ‘X’ (C,4H,,0) on mild oxidation yields
C4H 5,0 (Y). If X is treated with a dehydrating agent,
it loses a molecule of H,O and resulting product on

vigorous oxidation yield two molecule of benzoic
acid. Identify the structure of X and Y.

(1) Xis @CHZ—CH—Ph &Y is Ph—‘C‘—CHz—Ph
O

OH

(2) Tollens’ reagent
(4) Baeyer’s reagent

In the reaction PhCN the modification of

OH

|
2) Xis Ph—(‘I—CH3 &Y is Ph—C\:CH2

Ph Ph

3) Xis Ph—C‘?H—CHz—OH &Y is Ph—C‘?H—CH =0
Ph Ph

4) Xis

QCHZ—CH—Ph & is Ph—CHz—CHz@O

HO
20.

21.

22,

23.

24,

OH

Consider the following reaction sequence.

CH,CH,COOH
‘ MnO/Heat

CH,CH,COOH

HI/P,
heat

X)

(Y)

The product (Y) is—
(1) cyclobutane (2) cyclopentane
(3) cyclopentanone (4) cyclobutanone

Which of the following pairs is differentiated by
iodoform and Tollens’ reagent?

(1) PhCOCH,; Ph-CHO
i
(2) H-C-CH, ; CH,~CH,~CHO

(3) {1 CHy-CH,-CHO
o)

(4) H-C-H;Ph-CH=0

I

o
Schiff’s reagent is used for the differentiation
between:

(1) HCHO and CH,CHO
(2) CH,COCH, and CH,CHO

i i
(3) C4H,~CH,~C—CH, and C4H,~C—CH,—CH,
(4) HCHO and C{H,CHO

MnO,

CH,=CHCHCH,CH,0H

|
OH

(1) CH,=CHCHCH,CH,OH

]
o

A As

@) CH,=CHCHCH,CHO

OH
3) CHy=CHCCH,CHO

O
) CH2=CHﬁCH2ﬁ0H

(0] O

CH,COH

In the reaction PhCOCH; ———A, the product
(A) is:
(1) PhCOOCH, (2) CH,COOPh
(3) PhCO,H (4) PhCOOCOCH,



25.

26.

27.

28.

29.

30.

Aniline undergoes condensation reaction with benz-
aldehyde to from benzalaniline. The latter is known
as:

(1) a Mannich base
(3) Schiff reagent

Which of the following will give negative Tollens’
but positive iodoform test?

i i
(1) H-C-H (2) CH,-C-H

O O
3) M 4) /Y\
o}

Acetophenone when reacted with a base, C,Hs;ONa,
yields a stable compound which has the structure:

.

C——~C

(1) | | @
OH OH

P CHCH@
OH OH

(2) a Schiff base
(4) Benedict’s reagent

C=CH——C

G) | |
CH, o
C-CH,——C

4) \ ? [
CH, o

0o 4
Y T

Above conversion can be carried out by:

(1) Clemmensen reduction

(2) Wolff—Kishner reduction

(3) LiAlH,

(4) NaBH,

When a nucleophile encounters a ketone, the site of

attack is:

(1) The carbon atom of the carbonyl

(2) The oxygen atom of the carbonyl

(3) Both the carbon and oxygen atoms, with equal
probability

(4) No attack occurs as ketones do not react with
nucleophiles

i
R-NH
R-C-H———>R-CH=R. This reaction gives the

best yield at:

31.

32.

33.

34.

35.

(1) pH 12 (2) pH 4-5
(3) pH 10-11 (4) pH 13-14
i
SOCl, H,
Ph-C-OH (A5 250, (B)
Product (B) is:
i
(1) Ph—-C-H (2) Ph—CH,—OH

(3) Ph—CH,—Cl (4) Ph—CH=CH,
CrO,Cl, (A) conc. KOH

Ph—-CH, Ph-CH,OH + (B)
Product (B) of above the reaction is:

(1) Ph—CO,H (2) Ph—CO,~

(3) Ph—CHO (4) Ph—CH,

@SEN + CHMgBr—~ (4) X0L(B) + (©)
3
Products (A) and (C) are:

]
) gc—cm; CH,

0
I 14
2) gc—cm; CHI,

|

[©]
3) gc—o; CHI,
14 ;
o gCHZ—%HO; CHI,

‘CHZ—CHZ—CozH R

BaCO;

NH,-NH, (B) heat (C)

(A) KOH

CH,-CH,-CO,H

Product (C) obtained is:

(0]
(1) CH;—CH=CH—CH, (2)
N-NH,
o) e
HeSO, LiAIH,
(A)— (B) ©
dil. H,SO, Racemic mixture

Reactant (A) is:
(1) CH;—C=CH (2) HC=CH

(3) CH—C=C—CH, (4) Ph—CH=CH,



'EXERCISE 2

0
(DNEOH - A B). Product (A) &
. O HD (A) + (B). Product (A)

(3) LiAIH,

. Give the major product of the following reaction—

OH
r@ MnO, Major product

OH
0 OH
OH
(1) 2
OH
OH OH
OH 0
(3) (r@ (€]
0 o)
i i
. CH,~C-CH,~CH,-C-CH, d?j)N:OH Major product
1u
will be—
0 0
(D 2
0
CH,. ,OH
(3) i “

o

Todiform test
X
% Tollens’ test

H,0 . ,
—_—
Drop of FLSO, Positive Tollens’ test

Compound (A is):

i
) CH3—C—(‘ZH—C‘?H2
OCH,OCH,

0 OCH,

|
@) CH3—C—‘C—CH3

OCH,

i
3) CH3—C—CH2—‘CH—OCH3
OCH,

i
4) CH3—C—CH2—CH2—C‘H—OCH3
OCH,

0O, Conc. KOH H )
7o (A)—B) - (C); Product

(©) is

2

3 “4)

9.8
0.8

. An organic compound with the molecular formula

CyH,,O forms a 2, 4-DNP derivative, reduces
Tollens’ reagent and undergoes Cannizzaro reaction,
on KMnO, oxidation it gives 1, 2-benzenedicarbox-
ylic acid. Structure of organic compound is

CHO

e)) 2

~On
O~ O

CHO



7.

10. X,

CH,
. . ) conc. H,SO,
In the given reaction O—‘»CH34> A
OH OH

The product A is

) CH, @) _CH,
O “CH, CH,
CH,

CH,
4
3) @QOOC% @
CH,—CI ©
27 . -
©/ KON () _EO/A o
(i) Ph-C-H1

|
0

Product (B) of the reaction is

(1) Ph—-CH,~CH=CH-Ph (2) Ph—CH:(‘I—Ph

CN
() Ph-C=CH-CH-Ph  (4) Ph-CH=C—CH,-Ph
CN CN

o~ OH

@%‘* P

major product
Identify the structure of ‘P’

i |

N @) N @)
(1) LI ®) [j

}‘I 0

N__O NH,
3) @)

LiAIH HNO
0 T (A) = (B) = ()

The products A, B and C, respectively, are:

OH

0 < . “—NH,, —NO,
OH

i

OH OH

@ { BN
CN

CN OH CH2NH, OH

(3) X /N / .\ /
0
OH
4
()% NHZNHZ, A

11.

12.

13.

14.

15.

An organic compound A (molecular formula CcH,,0)
does not change the colour of acidic dichromate
solution. Compound A on treatment with H,SO,
produces alkene, which on oxidative ozonolysis gives
a molecule (C4H;,05) which gives positive iodoform
test. Find the structure of A

(D }OCH 2 OH
3 ) u
CH,
OH OH
3) H ) CH,

Acetaldehyde on being heated with malonic acid in
the presence of pyridine produces

(1) CH,CH=C(COOH),

(2) CH,COOH

(3) CH,CH=CHCOOH

@) HOOCCHZC‘HCHZCOOH

CH,

H
CH,—C—H 1N () 1O, (B)»(C) A (D)
HIO,
——>HCHO + (E)

Compound (C) can show geometrical isomerism.
Product (E) of the reaction will be:

i i
(1) CH,—C—CH, (2) CH,—CH,—C—H
(3) CH,—CHO (4) HCHO

Arrange the following carbonyl compounds in
decreasing order of their reactivity in nucleophilic
addition reaction.

OCH, CH,

(i) (ii) (iii) (iv)
(1) ii > iii >1 > iv 2) ii >i>iv > iii
(3) il > ii > 1> iv ) i>iv>ii > iii

Which of the following compounds will not give
positive Tollens’ test?

(1) CH,CHO

o[
OH

O



16.

17.

18.

19.

3) CH3CH2CH2CH2C‘IH—OCH3

OH
) CH3—CH<82E2
The compound A gives following reactions:
Na metal H, gas T
A(CH0,) | 2.4DNP yellow orange ppt
: B(C4H,0,)

Its structure can be:

(1) CH,=CH-(CH,),~C-CH,OH
H

(2) OHC—(H,C,),~HC-COOH

OH
3

OH
“

CHO
Consider the following reactions:

| [AeNH,I . OH

I
1. CH,COC,H, —2~

The final product is acid in:
(H L IL, 1T (2) I, I
3) LI 4 1

Arrange their stabilities of given gem-diols in
decreasing order.

OH

M ><OH (n

(H I>1I>11 2 H>1I>1

B)I>m>1 4 mM>1>0

Consider the following two reactions:
CHO

OH

OH OH
(1I) < OH

NaBH, SnCl,-HCI
e —— —_—

NO,

A

20.

21.

22,

The two major products (A) and (B) are,
respectively:
CH,OH CHO
and
® @ @
NO, NH,
CH,OH CHO
and
® @ @
NH, NH,
CHO CH,0OH
0O, ™ Ol
NH, NH,
CH,OH CHO
and
@ @ @
NH,

NH,
Consider the following sequence of reactions

CICH,COCH,Cl 5 A

The end product (C) is
(1) CNCH,C(OH)CH,CN

KCN(excess) B }1130+

COOH
(2) HOOCCH,C(OH)CH,COOH

COOH
(3) CNCH,COCH,CN
“4) HOOCCHZCOCHZCOOH

/ C H— @CH —OH

O

Identify the reagents that can perform this conversion
successfully

() H,, Raney Ni, A (I) HI/P,

o

[S]
{m NaBH,, H,O (Iv) H-C-H, OH

Select the correct code
(1) Tand IT (2) I and III
(3) II and IV (4) I and IV

Give the major product of the following reaction:

s

ﬂ, Major product



24. In which of the following reactions, an aldehyde is

n 0 O not formed as major product?
H OH CH,

| H,0
0 (1) CH;—C=CH + (CH3—CH—C‘H)2BH NoOM
CH,
o ()
N H,0
H (2) CH;—CH,—C=CH + KMnO, — "~
O A
(3) CH;—CH,CH,CH,—OH + Cu —
3) O O% (4) CH,;—CH,CH,CH,—COOH + HCOOH .
H 25. The product P in the reaction:
H N
— 5 J
0 O
+ CH;MgBr —Q —
OCH,
Hl LiAIH
2. Ou, () LA, ) _CH,
CHZ CHO
OH OH CH,
Product (B) is (D (2
0 OH OCH,
i
M) ) COOH C_CH,
- - o
&) S OCH, OH
'EXERCISE 3
One and More Than One Option Correct Type ‘CH3 0
Question (1) CH;—C—CHO 2
1. Consider the reaction given below: \

CH

3
O + NaHSO,(aq) —
G . @7y > (4) C4H,CH,~CH=0
0

The correct observation regarding the above reaction

is/are: 3. In the Cannizzaro reaction mentioned below

(1) Precipitate formation takes place o

(2) Racemic mixture of salts are formed ] D,0 H,0"

(3) Salts on acid hydrolysis give back the original H—C—H +NaOD =
reactant the possible product(s) is/are

(4) If NaHSO; is in limited amount, no precipitation (1) CH;0H (2) CH;0D
occurs (3) HCOOD (4) H,CDOH

2. Which of the following form enamine on heating 4. In the reaction given below

with a secondary amine in weakly acidic medium?



ey
@)
3)

0
H@
g +H,N—OH —~

ceric ammonium nitrate test
give brisk effervescence with sodium bicarbonate
it will give a characteristic colouration with

expected product(s) is/are

(1) 2)

3) “4)

(0]
N
(@]
. Consider the reaction sequence give below.

(i) Ph,P _ CH,CHO
i) C,H,Li

o
H
Y
H
(X
(0]

H,C—CH,CI | X Y

The correct statements regarding the above reaction

is/are: 9.

(1) X is CH,—CH=PPh;,

(2) Y is CH;—CH=CH—CH;

(3) Y is CH,—CH,—CH=CH,

(4) Y is a mixture of diastereomers

. The carbonyl compound(s) that will undergo racemi-
sation on treatment with aqueous KOH is (are):

CH% o (0]

2) M

(1) Ph 11
CH,
O
3) ) A)kH
CH,

. Which of the following are correct statements?
(1) Acetophenone does not give a red colour
precipitate with Fehling’s solution

(2) Benzaldehyde gives a red coloured precipitate
with Fehling’s solution

3)

Benzaldehyde gives silver mirror with Tollens’
reagent

(4) Benzaldehyde gives a black grey precipitate with
mercuric chloride solution
CHO
. An organic compound has the structure
OH
CH,-COOH

It will give

10.

neutral ferric chloride after decarboxylation and
reduction by Clemmensen’s method

“

It will give silver mirror test

Statement Type Question

If both Statement-I and Statement-II are correct
and Statement-II is the correct explanation for
Statement-I

ey

If both Statement-I and Statement-II are correct
and Statement-II is not the correct explanation
for Statement-I

(@)

If Statement-I is correct and Statement-II is
incorrect

3

If Statement-I is incorrect and Statement-II is
correct

“)

Statement-I: Fehling solution can oxidise aliphatic
aldehyde but cannot oxidise aromatic aldehyde.
Statement-II: Tollens’ reagent can oxidise aliphatic
and aromatic aldehyde both.

Statement I: When a mixture of ethanal and pro-
panal is treated with aqueous Na,CO;, four aldol
(excluding stereoisomers) compounds are formed.
Statement-II: In mixed aldol condensation, two
self and two cross condensation products are always
formed.

Statement-I: Consider the reaction given below,

‘C‘) 0]
|
CH,—C—CH, + H,N— C— NH-HNCH,—
I

CH;—C=N— C—NH.HNCH,

|
CH,

Statement-II: Aldehydes and ketones react with
semicarbazide to form semicarbazone.

Comprehension Type Question
Passage Based Questions (Q. 12-14)

0, Dil.NaOH
(CH3)S B(C8H1402)

C

A is optically active and C is one of the several aldol
possible in the above reaction.

12. The structure of A satisfying above criteria is



13.

14.

o vg
Besides C, the other six membered cyclic aldol
formed in the above reaction is

o AL

0)

0]
The product B is stereomeric. If a mixture contain-
ing all stereoisomers of B is treated with excess of

LiAIH, followed by the acidification will give how
many different isomeric diols?

1 2 2) 4
(3) 6 “4) 8

Column Matching Type Question

15.

Sol.
16.

Column-I Column-II

(A) —COOH (p) Tollens’ reagent

(B) —CHO (@) Sodium bisulphite

i

(C) CH,-C- (r) Sodium bicarbonate
I

D) -C- (s) Sodium hypo iodite

(E) -COOCH; (t) Sodium hydroxide

(1) A—>r; B>p; C—os; D—>q; E—t

2) A—»p; B—s; C—t; D—>q; E—-r

3) A—s; B—>q; C—op; Dor; E—>t

4) A—>q; B—>t; C—s; D—p; E-r

(1]

Column-(I) Column-(IT)

(a) PhMgBr + CI-NH, (P) Ph—-CN

(b) PhMgBr + CI-CN (Q) Ph—NH,

I I
(c) PhMgBr + H,C-C—Cl (R) Ph—C—CH,CH,
I I
(d) PhMgBr + CH,~C-OC,H; (S) Ph—C—CH,

Sol.

17.

(D
2
3)
4)
(1]
Ph-Mg — Br + CI-NH, —> Ph — NH,
Ph-Mg-Br + CI-C=N —— Ph-CN

Ph-Mg-Br + CH,— C—Cl—>Ph-C—CH,

a—>Q; b—>P; c—S; d—>R
a—>Q; b—>P; c>R; d—>S
a—>P; b>Q; c—>R; d—S
a—>Q; b—>P; c—>R; d—>S

I |
0 0
I

Ph-Mg-Br + C,H.~C-0-C,H,—Ph-C-C,H;

]

Match the compounds given in List-I with those in
List-IT and select the suitable option using the code
given blow:

List-I List-IT
(a) | Benzaldehyde (1) | Phenolphthalein
(b) | Phthalic anhydride | (ii) | Benzoin condensation
(c) | Phenyl benzoate (iii) | Oil of wintergreen
(d) | Methyl salicylate | (iv) | Fries rearrangement
Code:
a b c d
(D) Gy @  Gv) (@)
(2) Gv) (@ @) (i)
(3) Gv) @G @i (@)
@ Gi) @i @Gv) @
18. Match the reactants from Column I with the reagents

and expected outcomes from Column II. Mark the
correct option form the codes given below.

Column I Column II

p. |LiAlH,-racemic mixture
of products.

1i.

o

q. | [(CH;),CHO]; Al-racemic
mixture of products.

iii.

. | Zn(Hg)-HCI- suitable for
selective reduction of car-
bonyl group

. | N,H,/NaOH/Heat- suitable
for selective reduction of
carbonyl group.




Codes:

i ii
(1) p.q S r
2 pq q
3 p q r
@ p q r

iii

P, q

iv

p

p-q, r
S

S

21. Match the Column I with Column II and mark the
correct option form the codes given below.

Codes:
i ii iii iv
M p,q,1,s P, q, s q, r p,q T, s
2) p, 1 q, r S I, r
3) qr I, S p, s S
@ p,r q I, s S
19. Match the reaction from Column I with the properties
of products from Column II. Mark the correct option
form the codes given below.
Column I Column II
i. |CHO p-|Racemic
+ NaCN
| +HCN — mixture
CHO Excess
i.| H O g.|Pair of
N + NaHSO,(aq.) —» diastereomers
H
iii. H ;0 r. [Meso isomer
W + CH,MgBr—> ——-
0)
iv. H . | s. |Product mixture
KZCr307 NaBH, H,O can be sepa.
H rated into two
(+) 3-methyl-2pentanol fractions by
chromatography
Codes
i ii iii iv
M p.grs qs p q,s
(2 q,s ps p,q rq
3 pq q Lq s
@4 p, g, 1 I, S r p
20. Match the reactions of Column I with the type of

reactions from Column II. Mark the correct option

form the codes given below.

Column I Column II
. i) Conc. NaOH
- | CH,CHO + CH,0 (excess) L MOF Ip.Aldol con-
(i) H;0 densation

U B CHO + Conc. NaOH —2- [
reaction
iii (i) Conc. NaOH r. |Claisen
CH,),CH—CHO — T :
(CHy), (ii) H;0 reaction

iv.

CH,CHO + C;H,CHO

(i) Conc. NaOH
_——

(i) H;0"

s. [Tischenko
reaction

Column I Column II
i. o p- | Gives just one aldol
only
CH,
ii. O g- | Gives yellow precipitate
PR with L/NaOH
H,C CH,
iii. o r. | Produces isomeric oxi-
A mes with HONH,
CH,CHj; CH,CH,
iv. o s. | more than 4 u in molar
mass on treatment with
NaOD/D,0
(0]
t. | Gives more than one
aldol.
Codes:
i ii iii iv
D p,q q T, t S, t
2) qrt p-q s t I, s, t
3 trq p,q s p,r q
“4) q,s,t p, T T, s, q S, I, t

Single Digit Integer Type Question

22. How many reagents (i to viii) are successively reacted
with the following it compound

O
\_-OH Il
(i) NaHCO,

(iii)) Na metal

(v) Fehling’s solution

(vii) Bry/H,0

OH

(i) 2, 4, DNP

(iv) AgNO; + OH
(vi) Cu,Cl, + HCI
(viii) NaNO, + HCI



23.

24,

25.

26.

How many moles of HIO, are consumed by given
compound when it reacts with HIO,?

I
C-H
H—/——0H
HO——H
H——OH xHIO,
H——OH
CH,OH
(D-Glucose)

How many different alcohol isomers with molecular
formula CsH[,0 can be oxidised to ketones using
K,Cr,0,-H,S0,?
In the following reaction, how many isomers of tri-
oximes are formed?

O O O

W + HszOH N
Excess

In the reaction

(0]

O
NH,0H Conc.H,SO, .
M s *— Amides

H H

'EXERCISE 4

Which one of the following undergoes reaction with
50% sodium hydroxide solution to give the corre-
sponding alcohol and acid? [AIEEE-2004]

(1) Phenol (2) Benzaldehyde

(3) Butanal (4) Benzoic acid

The best reagent to convert pent-3-en-2-ol into pent-
3-en-2-one is [AIEEE-2005]
(1) Acidic dichromate

(2) Acidic permanganate

(3) Pyridinium chloro-chromate

(4) Chromic anhydride in glacial acetic acid

The increasing order of the rate of HCN addition to
compounds A-D is [AIEEE-2006]
(a) HCHO (b) CH;COCH;

(c) PhCOCH;4 (d) PhCOC¢H;

(1) d<b<cxa 2) d<c<bxa

3) c<d<bx<a 4) a<b<c<d

Which of the following on heating with aqueous
KOH produces acetaldehyde? [AIEEE-2009]

(1) CH,COCI (2) CH,CH,CI
(3) CH,CICH,CI (4) CH,CHCI,

27.

28.

29.

30.

5.

How many different amides are expected?
Consider the following two step synthesis:

O
AN NaOH

Br— CH,—COOEt + Zn—; "
(i) H;0

A cyclic diketone X

If x is finally treated with excess of NaBH, followed
by acid work-up, how many different isomers of diols
would be formed?

In reaction of CgH;COCH; with KOH-I, to form
iodoform, how many moles of KOH are consumed
per mole of ketone?

In the reaction given below, how many different
oximes would be formed?
i

CH,CH=CH— C—CH=CHCH, + H,NOH—> Oximes

If all the aldehyde isomers of CsH,;,O is indepen-
dently treated with HCN/NaCN solution, how many
of them will of them will give racemic mixture of
cyanohydrin?

Among the following the order of reactivity toward
nucleophilic addition is [JEE-Main Online-2012]

(1) HCHO > CH,CHO > CH,COCH,
(2) CH,CHO > HCHO > CH,COCH,
(3) CH,CHO > CH,COCH, > CH,COCH,
(4) CH,COCH, > CH,CHO > HCHO

The reaction [JEE-Main Online-2012]

[H]
Zn(Hg/Conc. HCI)

CH,CHO — CH,CH, is:

(1) Cannizzaro reaction
(2) Wolf—Kishner reduction
(3) Rosenmund reduction
(4) Clemmensen reduction

. Formaldehyde can be distinguished from acetalde-

hyde by the use of
(1) Schiff’s reagent
(3) I/Alkali

Clemmensen reduction of a ketone is carried out in
the presence of:— [JEE-Main Online-2013]

(1) LiAlH,
(2) Zn-Hg with HCI

[JEE-Main Online-2013]
(2) Tollens’ reagent
(4) Fehling’s solution



9.

10.

11.

12.

13.

14.

(3) Glycol with KOH
(4) H, with Pt as catalyst

Which of the following is the product of aldol
condensation? [JEE-Main Online-2013]

OH O

0]
m A M oo LI
(0]
0]
@Ho M @ M
OH

Cannizzaro reaction is not given by—

[JEE-Main Online-2013]
CHO

0 Oraw o (X
CH,

(3) CH;CHO

(4) HCHO

Which is the major product formed when acetone is
heated with iodine and potassium hydroxide?
[JEE-Main Online-2014]
(2) Acetic acid

(4) Acetophenone

(1) Iodoacetone

(3) Iodoform

Tishchenko reaction is a modification of:
[JEE-Main Online-2014]

(1) Aldol

(2) Claisen condensation

(3) Cannizzaro reaction

(4) Pinacol-pinacolone reaction

In the following sequence of reactions
[JEE-Main-2015]
KMnO, SOCl, H,/Pd
Toluene A BasO, C,

The product C is:

(1) C¢HsCOOH (2) C¢HsCH;4

(3) C¢HsCH,0OH (4) CcHsCHO

A compound A with molecular formula C,; H;;CI
gives a white precipitate on adding silver nitrate
solution. A on reacting with alcoholic KOH gives
compound B as the main product. B on ozonolysis
gives C and D. C gives Cannizzaro reaction but not
aldol condensation. D gives aldol condensation but
not Cannizzaro reaction. A is:

[JEE-Main Online-2015]

(1) CH—CHz—CHz—C‘H—CH3

cl
CH,—CH,—CH,
CH;—Cl

@)

15.

16.

17.

18.

19.

20.

(3) C¢Hs~CH,~CH,~CH,~CH,~CI

CH,
) CGHS—CHZ—(‘J< ey

Cl
In the reaction sequence [JEE-Main Online-2015]
2 CH,CHO OH _ A 2 B, the product B is

o

I
(1) CH,~C-CH,

(2) CH,—CH,~CH,-CHj
(3) CH,~CH=CH-CHO
(4) CH,~CH,~CH,-CH,~OH

MeO@CHO +X
MeO@CH = CH-COOH

The X in the given reaction is
(1) CH;COOH (2) BrCH,~COOH

3) ?OOH(CH3CO)2O (4) (CH;CO),0

CH,COONa

[IIT-2005]

CHO
How will you convert butan-2-one to propanoic
acid? [IIT-2005]

(1) Tollens’ reagent (2) Fehling’s solution
(3) NaOH/L/H* (4) NaOH/Nal/H*
Butan-2-one can be converted to propanoic acid by
which of the following?

(2006, Only One Option Correct Type)
(1) NaOH, Nal/H*
(3) NaOH, L,/H*
The smallest ketone and its next homologue are
reacted with NH,OH to form oxime

(2006, Only One Option Correct Type)

(1) Two different oximes are formed

(2) Fehling’s solution
(4) Tollens’ reagent

(2) Three different oximes are formed
(3) Two oximes are optically active
(4) All oximes are optically active

Cyclohexene on ozonolysis followed by reaction with
zinc dust and water gives compound E. Compound
E on further treatment with aqueous KOH yields
compound F. Compound F is

(2007, Only One Option Correct Type)

(1 @CHO ) Qcm



3) QCOOH 4) CCOOH

Passage Based Questions: (Q. 21-23)

In the following sequence, product I, J and L are formed.
K represents a reagent.

(i) Mg/ether
(i) NaBH (ii) CO, K
Hex-3-ynal — 4 s
XY TG B, (iii) H,0" !
H2
H,C /\N Cl P /Bas0,. Quinoline
(0]

(2008 Comprehension Type)
21. The structure of the product I is
SN
(1) H,C NNpy

(2) H,C
N \g,
3) H3C/WBr

@R

Br

22. The structure of compounds J and K, respectively,
are

ey H3C\JCOOH and SOCI,

@ H,c~ 7 >"“COOH and SOCI,
(3) HC

COOH and SO,CI,
() H.C—  —COOH and CH,SO,CI

23. The structure of product L is

(1) HC CHO
N

SN
@ HC CHO

Passage Based Questions: (Q. 24 and 25)

A tertiary alcohol H upon acid catalysed dehydration gives
a product I. Ozonolysis of I leads to compounds J and K.
Compound J upon reaction with KOH gives benzyl alcohol
and a compound L, whereas K on react ion with KOH gives
only M.

(2008 Comprehension Type)

0
HC N py
M=
H

Ph

24. Compound H is formed by the react ion of
0)

(1) ; PhMgBr
Ph)kCH3

o
2) ; PhCH,MgBr
PhACH3

(0]
3) ; PhCH,MgBr
PhAH

2

o  cH
@ Ay

25. The structures of compounds J, K and L, respectively,
are
(1) PhCOCH;, PhCH,COCH; and PhCH,COOK*

(2) PhCHO, PhCH,CHO and PhCOOK*
(3) PhCOCH;, PhCH,CHO and CH;COOK*
(4) PhCHO, PhCOCH; and PhCOOK*

26. In the following reaction sequence, the correct

MgBr

structures of E, F and G are [IIT-2008]
(OJN0) |
Heat 2
o MOH [E] —— [F]+[C]
(* implies13C labeled carbon)
E F G
b i
1) A L CHI,
Ph CH, PhAo Na
0] 0]
@ N, ., CHL
Ph' 'CH, Phh O Na
(0] (0]
3) A . CHL
Ph CH, Phh O Na
by T
4) ) CH,I
PH” “CH, PhAo Na

Passage Based Questions: (Q. 27-29)

A carbonyl compound P, which gives positive iodoform test,
undergoes reaction with MeMgBr followed by dehydration
to give an olefin Q. Ozonolysis of Q leads to a dicarbonyl
compound R, which undergoes intramolecular aldol reaction



to give predominantly S. (2009 Comprehension

Type)

05/Zn-H,0 OH

2.H,H,0 Heat

3. H,SO,/Heat

S

27. The structure of the carbonyl compound P, is

§ § Me
O/ Me O/ Me
O
X
ToslEioal
O/ Et Me

28. The structure of the product S, is

ey

B
o

Me

=<
o

‘O 5&0
z
&o
3

3)
Me Me
29. The structures of the products Q and R, respectively,
are

()
COCH,

=4 )
9
s

e
a
Q

o=

HC CH,

@)
CHO

¥

o=

@

@

os
T

o=
@
Q
=

3

=
[¢)]
i

“)

/;\ /;\

= & § £
>i j:o >i ;o
oNe O Q
= T E

<
2

(¢

30. In the scheme given below, the total number of intra-
molecular aldol condensation products form (Y) is

[1IT-2010]
1. 04 1. NaOH(aq)
2.Zn,H,0 2. heat
1 2 2
33 “4) 4

31. Match the reactions in column I with appropriate
type of steps/reactive intermediate involved in these
reactions as given in column II and give a correct

answer [IIT-2011]
Column-I Column-II
(A) o H,c 0 (p) | Nucleophilic
@J substitution
aq. NaOH
o
(B) 0 (qQ) | Electrophilic
Substitution
CH,CH,CH,CI
O
CH, Mgl
g CH,
©) o (r) | Dehydration
18
CH,CH,CH,0H
18
O
H,S0, \
(D) CH,CH,CH,C(CHy), (s) | Nucleophilic
©/ | addition
OH
H,S0,
H,C CH,
(t) | Carbanion

) A->rnts;Bop,s,;C—or,s;D—>r,q
2 A->rt,s;B-or,s;C—>p,s;D—>r,s

B A->ps,;Borns, t;C—or,s;D—>q,r
4 A—>qrn;B-ops,Co>qt;D-ors



Passage Based Questions: (Q. 32-34)

Two aliphatic aldehydes P and Q react in the presence of
aqueous K,CO; to give compound R, which upon treatment
with HCN provides compound S. On acidification and heat-
ing, S gives the product shown below.

(2012 Comprehension Type)
H,C OH
H,C
0">o
32. The compounds P and Q, respectively, are

‘CH

CH

I |
0 0

e
CH
2 H d H. H
@ g N N
| |
0 o}
O\ o N A HERZ
3) ‘ H and H
CH 0
B\ o TN M Nt
“4) \ I and I
CH
33. The compound R is
ﬁ 0]
|
H,C._C H,C_Cx
1) 4~ C H 2 C H
M) e @ o
H,C\_ /C{-I
OH H,C OH
Py
C HC O\
3 B e’ NH @) H3C>(‘? H
HC
N H,C”
OH 3~ OH
34. The compound S is
T I
CH C C AN
/ N 3 /7 “H
) HC S 2
(M) HC” @) H3C>‘
| H,C
\
SN CN

35.

36.

37.

CH, CN

| |
A A
(3) H,C (‘ZH OH
H,C
OH

C‘IN
CH

H,C
4 el N
@ e Con
H,C

\OH

The number of aldol reaction (s) that occurs in the
given transformation is

(2012 Only One Option Correct Type)
OH

Conc. aq. NaOH l ﬁOH
CH,CHO + 4HCHO T
(1 1 2) 2
(33 “) 4

The major product H in the given reaction sequence
is
(2012 Only One Option Correct Type)

Ny 95% H,SO
CH,—CH,—CO—CH, N g 22227

(1 CH3—CH=(‘Z—COOH

CH;

(2) CH;—CH=C—CN
&,
OH

|
(3) CH;—CH;—C—COOH

|
CH,
4) CH3—CH=C‘—CO—NH2
CH,
After completion of the reactions (I and II), the organic
compound(s) in the reaction mixtures is(are)

(JEE Adv.-2013)

0]
Br, (1.0 mol
Reaction-I: )k w»
H3C CH3 Aqueous/NaOH
(1.0 mol)
(0]
Br, (1.0 mol
Reaction-II: )k Br, (1.0 mol)
H;C CH, CH,COOH
"~ (1.0 mol)



38.

39.

o o o

N N

H,C~ “CHBr H,C~ CBr, Br,C~ CBr,
(P) Q (R)
o O
)k )k CHB,
BrH,C~ “CH,Br H,C~ “ONa
) (M U)

(1) Reaction I: P and Reaction II : P
(2) Reaction I: U, acetone and Reaction II: Q,
acetone
(3) Reaction I: T, U, acetone and Reaction II: P
(4) Reaction I: R, acetone and Reaction II: S,
acetone
Consider all possible isomeric ketones including
stereoisomers of MW = 100. All these isomers are
independently reacted with NaBH,. The total number
of ketones that give a racemic product(s) is/are
(2014 Ady., Integer Type)
The major product in the following reaction is
(2014 Adyv., Only One Option Correct Type)

o) (i) CH;MgBr, dry ether, 0°C

CIM

CH,

(i1) Aqueous acid

(0]

M HﬁM

CH,

40. The major product of the following reaction is

(2014 Adyv., Only One Option Correct Type)

0 (i) KOH, H,0

(i) H', Heat
CH,
(6]

41.

42,

o i ;7()
A Js
o

—~
(O8]
N

CH,
O
2
(0]

L CH,
“4)
Positive Tollens’ test is observed for
[IIT Adv.-2016]

Q
Jes

o

CHO
M) B )

%
T (@)

3) p

o
@ o~

The major product of the following reaction sequence
i [IIT Adv.-2016]

=
o @
o/ &
s~}
=

(i) HCHO (excess)/NaOH, Heat

(ii) HCHO/H" (catalytic amount)

; o

)

ey

Pe

o

o
o
T

(@)

<.

o
o

T
o

3)

o
T

@



EXERCISE # 1

1.

6.
11.
16.
21.
26.
31.

1.
6.
11.
16.
21.

1.
6.
11.
16.
21.
26.

1.

6.
11.
16.
21.
26.
31.
36.
41.

(1) 2.
A3) 7.
1 12
@ 17
3) 22
3 27
1 32
EXERCISE # 2
(1) 2.
2) 7.
@ 12
3 17
3) 22
EXERCISE # 3
(1,2,3.4)2.
Q4 7.
@ 12
2 17
2 22
@ 27
EXERCISE # 4
2) 2.
) 7.
3 12
@ 17
@ 22
@ 27
1 32
(1 37
(1,2,3) 42.

HINT AND SOLUTION

EXERCISE # 1
1. 1]

CH,—CH,-1

CH,-C — ﬁ—Cl

T
|

) 3
(1) 8
1 13
3) 18
(2) 23
(3) 28
(2 33
(1) 3
) 8
3) 13
4 18
4 23
(23.4) 3.
(134) 8.
3) 13
(1 18
6 23
4 28
) 3
(3) 8
3) 13
3) 18
(1) 23
2) 28
(2 33
(3) 38
(D

(i) Li/Et,0
—_—

CH, O

(ii) Cul

[CH,~CH }-Licu
SN,

-4
. (2)

)
. (2

.
- (2

4.

9,
@ 14
@ 19.
(1 24
2 29
(3) 34

4.

9,
3) 14
1 19.
2) 24
(1,2,3) 4.
(2,3.4) 9.
@ 14
) 19.
5) 24
@ 29.

4.

9,
@ 14
3) 19.
3) 24
2 29
(1 34
5)  39.

(CH;~CH,}-LiCu

(D 5.2
@ 10. (2)
3) 15 ()
(1 20. ()
2  25. Q)
(1 30.(2)
3) 35 03)
3) 5. (D
1 10. 2)
@ 15. (4)
(1 20. ()
2)  25. (4)
(1,3) 5. (124)
2) 10. (3)
@ 15 (D)
(1 20.Q2)
(5) 25.(6)
©6)  30.(3)
) 5. (D
2 10. 3)
3) 15 (3)
2  20. ()
2)  25. (4)
(1 30. (1)
@ 35 (3)
@ 40. (1)
1

T

—C‘ C-CH,-CH,
ln, H

ANSWER KEY

2. [4]

Rate of nucleophilic addition or HCN addition o<

EWG. ocL

ERG (-NMe,) > ERG(-OMe)

3. [4]

= Final product has chiral C
= So that equal amount of d and | isomer is present

4. [1]

(0]
C O-Na COOH
CH, NaOl q"
+ CH134>

iodoform test B-ketoacid

_CozlA
ioi

(0]
H

Ag,0, NH,0H
H Tollen's ReageriO/
HO

ReductionJLiAlH4

ion
HO

OH

D D .. D D

KOD LiAlH, >d<

S B e B

lHJr,A
D D
o

De-hydration
—_—

H,S0,

5. [2]




8. [2]
Given product is o, B unsaturated ketone so it is
formed by aldol condensation reaction.

(0]
>[$“)k >~o
0 H2 (2 mole)
(4]

9.
i
1,/KOH
R-C-CH, —*——— CHI,+RCOOK
R=H, alkyl, etc.
10. [2]
/O—CHZ\
3CH,=0 CH, \O—CHZ/O
(formaldehyde) (Trioxane)
11. [1]
By using NaBH, reduction of only aldehyde group
takes place.
i
CH,-CH
NaBH P TN
H—O—C—CHZ—CHz—CHzOT“>O=C\§OH H 0 /CH2
(Raduction)
Intramolecular
esterifiacation
O
é’
12. [1]
Intramolecular -
Cannizzaro reaction OH /A
C‘Hz—C007
OH
13. [4]
1, 4 diol not cleaved by HIO,
14. [3]
BH,/T.H.F
CH,—CH=CH, 1_3[ ) CH,—CH,—CH,—OH
22

Hydration by anti- X)
Markovnikoff
rule takes place

(Y) |CrO4/Pyridine
Mod | oxidation

CH,—CH,—CH=0

15. [2]
@ @ @
LiAlH, (LAH) — Li + AlH, + - AlH; + H

) )
NaBH, — Na* + BH, - BH; + H

AN 1o\ 0
=0 >C-0
7/ (NAR) 7|

H

16. [4]

Compound having no o-H undergoes Cannizzaro
reaction.

* C,Hs—CHO and @CHO
(0]

no o-H undergoes Cannizzaro reaction.

* (CH;),CH-CH = O gives both Cannizzaro reaction
and aldol condensation reaction.

It have o-H so that
« (CH;),N CH,CHO gives only aldol
condensation reaction.
17. [3]

Fehling solution
—_—

Ph—-CH=0 —ve test

Fehling solution
—_—

H-CH=0
18. [4]

+ve test

1. SnCl,/HCI
2. H,0, heat

Ph-CH=0
2

PhCN
sp sp

19. [1]

CH,~CH-Ph —1°%_, pPh_C-CH,-Ph
2 ‘ oxidation H 2
o)

OH

X(C,H,,0) Y(C,H,,0)

Dehydration
CH=CH-Ph
i[O]
@COOH + PhCOOH

Benzoic acid
20. [2]

CHZCHZCOOH MnO/Heat CHz_CHZ\C_O
CH2 CH2C OOH De-carboxylation CHz—CHZ/
HI/P,
Heat

CH,—CH,~_
CH,—CH,”

Cyclopentane

CH,



21.

22,

23.

24.

25.

26.

27.

28.

(3]

Y\ CH3—CH2—(ﬁ—H
0 0

(aldehyde)
Negative Iodoform
Positive Tollens’ reagent

(methyl ketone)
Positive Iodoform
Negative Tollens’ reagent

[2]
By Shiff reagent distinction between aldehyde

(-CHO) & ketone [>CO} group takes place.

(1]
With MnO,, oxidation of only allyllic alcohol takes
place.

(2]
Ph-C—CH, CH;COH  ph_0-C-CH,

| |
0 0

Baeyer—Villegar oxidation, migration aptitude order
for oxygen atom.

3°>Ph >2°>1°
[2]

CH=0 H,-N

G - 0-00

(Shiff base)

[3]

oo

CH,—C—+CH,—C—CH,
methyl ketone
T.R
Iodoform | test
Positive Nagative

test

— Negative Tollens’ test indicating that compound
have ketone group.

— Positive iodoform test indicating that A must be
methyl ketone or having acidic CH.

(3]
/0=C- CH,

ccm@

base

@ ~CH=C-CH,
C,Hs-O-Na

Aldol condensation

(2]

29.

30.

31.

32.

33.

Geminal ethers are stable in basic medium. Hence
give conversion carried in basic medium so that
NH,-NH, on reagent is most suitable (wolf krishner
reduction).

(1]

R s+ nu R
C=0 —
R~ R”
nu
the +vely charged carbon of carbonly group.

(2]

A general equation for the formation of an imine
from a primary amine and an aldehyde or ketone is
shown here. Imine formation is acid catalysed, and
the product can from as a mixture of (E) and (Z)
isomers.

c-0o° nucleophilic attack on

N
.. o) R
\ ) \ /
-0. + H.N—R —
- C O 2 - C N,
Aldehyde  1° Amine Imine
or ketone [(E) and (Z) isomer]|T

Imine formation generally takes place fastest between
pH 4 and 5 and is slow at very low or very high pH.
We can understand why an acid catalyst is necessary
if we consider the mechanism that has been proposed
for imine formation. The important step is the step in
which the protonated amino alcohol loses a molecule
of water to become an iminium ion. By protonating
the alcohol group, the acid converts a poor leaving
group (an —OH group into a good one (an —OH,"
group.).

(1]

I socl, I H, H
Ph—C—OH 4’ Ph—C—Cl1 m’ Ph—C—H

Lindlar catalyst

Rosenmund's reduction

(2]
CrO,Cl, _~ Conc. KOH
Ph—CH, Mild oxidation Ph-CH=0 Cannizzaro
Etard reaction A) reaction
Ph—CH,OH + Ph-COO
(B)
[3]

i
DSI‘H CH,MgBr— }C_CH%
H;0 >
i
e g dren

(B) ©




34. [3]
o

CH,—CH,—COH é N
(‘:Hz_CHz—COZH BaCo, (Wolff-Kidhner reduction)

N-NH,

heat
KOH

CH,—C—CH,—CH

4. [3]

0 0
| _OCH;, H0 | |
Cocu, e CHy—C—CH—C—H

(Positive Tollenes' tet)

5. [1]

3. 3] CH=0 Cone KOH_ CH,-OH
: 0 OH Cannizzaro o
i )\/ CH=0 reaction COO

HgSO, LiAlH,
CHy—C=C—CHy 5" Pl

(racemic mixture)

EXERCISE # 2

1. [1]
(0] N—OH OH—N
(Beckmann
rearrangement)
H
| \ Q
N N 0]
-~ N_
@j LiAH, ©ij
(amine) (amine) (amine)
iLiA1H4
2. [1]

OH o
O 2=
OH OH

MnO, oxidises only allylic and Benzyllic alcohol
3. 2]

O CO
| H - | H,0
CH,-C-CH,~CH,~C-CH, 1+ > H = CH,-C-CH, =
Intramolecular aldol condensation CH2
/
[S) C=0
CH;™
C, Ot CH,

o O

H
o A CHz\OH
Intramolecular OH
e lokd
esterification
0 |
6. [2]
COOH
(‘Z‘—H KMno, COOH
O
(M.F=C4H,,0) 1, 2-benzenedicarbodylic acid
given strueture have CH = O group hence will
give 2, 4 DNP test, Tollen’s reagent and Cannizzaro
reaction
7. [4]
CH, . CH,
— T—‘(cm H/A, < j—L@ CH,
OH OH OH

ring expansion l

l@
pSy

o

This is pinacole—pinacolone rearrangement



8. [2]

Ph-C-H

Ph-—CH,—C1-"%-ph-CH —CN@»Ph ¢n-cN— 9

Cross Aldol condensation

OH

Ph—CH—(‘ZH—Ph
CN l

Ph—(\l:CH—Ph

CN

9. [1]

S ey

Beckmann re-arrangement (refer mechanism)

10. [2]
OH
KCN LiAIH, NH
)\CN 2
NA A) (B)
lHNOz
OH ® o
L ONexar
Unstable
o) OH o OH R OH
“H,0 )N O™ shift )\@
OH
©
11. [4]

A—Must be 3° alcohol because dichromate test do
not given by 3° alcohol

0
C SO,
é onc H, ﬁ —»CH —c (CH,-),COOH

(C,H,,0)
(C6H1003) l I/KOH

positive iodoform test

12. [3]

13.

14.

15.

16.

(3]
OH OH

I | o° \
CH,~C-H " CcH,-CH-CN CH,~CH-CO,H

(A) lA
i

CH,—CH{, , > CH—CH,

(‘)‘ (Lacide)
©

lLiAlH4

I HIO,

CH,—C—H + HCHO %, CH,—CH—CH,

.
OH OH

(4]

(i) Reactivity in NAR o !

Steric hindrance

Thus aldehyde is more reactive than ketone.
(i) Reactivity in NAR o< +ve charge at the carbon

\ o< o< 41>
of _~C=0 group EWG ERG
We know that ERG Power (—O—CH;3) > (—CH,)
ERG

Hence order of reactivity in NAR
1) > (iv) > (i) > (iii)
(4]
Aldehyde and hemiacetal gives positive test with
Tollens’ reagent.
OCH
~
R-CH
“SOH
they will convert into corresponding aldehyde in
basic medium, Hence also give positive test with
tollen’s reagent.

(3]
A (C¢Hg0,)
It indicates presence of —OH group.

A (C6H802) 2,4 DNP

3 .
type substance known as hemiacetal,

Na/metal

H, gas

yellow orange solution

It indicates presence Carbonyl group [>C=O]

O
A (C¢HgO,) —> B (C¢HiO,)
No loss of carbon atom indicating that, A must have
double bond around the ring.
OP~_OH _ ?H
—> CH—CH—CH,—C—CH,—CH

H I H
0

(C6H8O4)

(0]
(CeH}0,)



17. [4]
Ag(NH,),]", OH
I. CH,—CH=0 — -0l CH,—COOH
(Acid)
1. CH,—ccCl, %%, cH,—Cc00°

0
I I OH, °
. CHy—C-+-0C,H, -2 CH,—CO00 ™+ C,H,0H

18. [1]
Refer angle strain.
19. [1]
CH,-OH
NaBH,
CH=0 NO,
(A)
] CH=0
NO,
SnCL/HCI
NH,
(B)
20. [2]

Cl-CH,-C~CH,—Cl Cl-CH,-C~CH,—Cl
5 HO N
l KCN (excess)
NC-CH,~C-CH,-CN
/\

HO CN

al*
HOO-C-CH,—C-CH,-COOH
HO COOH
©
21. [3]
The given conversion is achieved by

NaBH,/H,0 —— Reduction

HCH = O/OH —— Intermolecular Cannizzaro
reaction

22. [4]
CH=0

@ CH.—CH= C‘—Ph aldol condensation
2 - 2 —_—

@ CHZ—CH=C‘J—CH=O

Ph

23. [2]

HIO, o LiAlH, OH
Reduction

Cleavage of vicinal diol takes place

24. [2]
In option (2), aldehyde is not formed. When a ter-
minal alkyne is oxidised with KMnO, formation of
carboxylic acid is always formed.

OH " OH

All options are preparation of aldehydes.
25. [4]

CH3
0]
—N — MgBr ||
HO——H H--OH C-CH,
HO-+H
CH, MgBr H3O
NAR
OCH, O CH OH

EXERCISE # 3

1. [1,2,3,4]
Aldehydes and ketones form bisulphite salt with
NaHSO; which is insoluble in concentrated NaHSO;
solution due to common ion effect. Hence, if NaHSO;
is in limited quantity, precipitation may not take
place.

NaHSO0, OH u
O—— o 0]
SO;Na

Racemic Recovered back

2. [2,34]
Aldehydes and ketones containing o-H form enam-

ines when treated with secondary amine in slightly
acidic medium.

3. [1,2,3]

i ?
H—C—H + OD*H—(‘:—H
OD |

i
CH,OH + H,0 or H—C-O + CH,0D

H

CH,0 +H,0"

CH,0 H
—2%H—C—OD + CH,0'

However, C—D bond is not formed in this

reaction.



4.

S.

10.

11.

[1,3]

0
g + HN_OH N gy Come. HiSO,
H+
i; i q

(1, 2, 4]
Wittig reaction

CH,—CH,C1 B5 oy, cH=pPh, 51O,
X
CH,—CH=CH—CH,
Y

Both diastereomers (cis and trans) of Y are formed.
[2,4]

0] o O)

N

CH, CH,
Y
W
CH,
leo
(0] (0]
N+ W
CH, CH,
N J
Y
o Racemic
CH, -H
[1,3,4]
[2,3,4]
[2]
[3]

Statement I is correct but Statement II is false, It would
be true only if both carbonyls are capable of forming
enolates, i.e., if both possess o-H

(4]
Nucleophilic attack occurs from aminic nitrogen not
from amidic nitrogen.

12.

0 0
H3C—Q—CH3 + H2N—Q—NH HNCH, ——
CH, O
H2C=C—IlI—NH—g—NH2
o,

(3]

Reversing the final product gives

/@%HO@%& Q(CIC{)3) S B
o O OB O /A 2

13. [4]

14.

15.
16.

17.
18.

(0] 0) O OH
B O

[4]
OH OH
LiAIH, R
53
H,0
Chiral carbon =3
SoOI=2"=38
[1]
[2]

Ph-Mg — Br + Cl -NH, —> Ph — NH,

Ph-Mg-Br + Cl - C=N — Ph-CN
Ph-Mg-Br + CH,4 —ﬁl ~Cl—>Ph- ﬁ —CH,
0

i i

Ph-Mg-Br + C,H,~C-O-C,H;— Ph—-C-C,H;

1]

(1]

(i) It has carbonyl carbon that turns chiral on re-
duction with hydrides. Hence, with LiAIH, or
aluminium isopropoxide, gives racemic mixture.
Also, it has no other functional groups, either
Clemmensen reduction or Wolf—Kishner reduc-
tion can be used.

(ii) It has an olefinic double bond. Clemmensen
reduction would not be suitable for selective re-
duction of carbonyl group.

(iii) LiAlH, also reduces primary halide but alu-

minium isopropoxide does not. Wolf—Kishner



reduction would not be suitable because HO™
reacts with halide group (Sy2 or E2).

(iv) Same reasons as in (i).
Hence, (i) = (p, q, 1, 5); (i) = (p, @, 9);
(iii) — (g, r); (iv) = (p, @, T, S)
19. [1]
H H

_ CHO Nacy HO——CN, HO—{—CN
) | +HCN— go—| cN"Ne——oH
CHO i 0

Meso Racemic
N J

Diastereomers

H OH SO,Na H SO;Na

)\)‘k NaHSO; )\>\ )\)\”OH
(ii)

Diastereomers

CH
(i) /Y + CH,MgBr 20, MO, i

OH

() Racemic

OH o
(iv) /\)\ Cr,0,” /\)& NaBH,
H+

Pure enantiomer Pure enantiomer

AP

Dlastereomers

Hence, (i) — (p, q, 1, 8); (ii) — (q, 8); (iii) —
(p); (iv) — (g, s)
20. [2]

(i) Initially, aldol reaction followed by Cannizzaro
reaction gives C(CH,OH), + HCOOH.

(i) F—CHO undergoes Cannizzaro reaction due to
absence of o-H.

(iii) It has difficulty ion aldol condensation, hence
undergo Cannizzaro reaction predominantly.

(iv) All aldol, Cannizzaro and Claisen reaction
occur.

21. [2]

i
——>Ph—C=CH—C—Ph

Geometrical isomers

OH_
0] s

Gives iodoform H,NOH
test Ph—C=N—OH

|
CH,

Geometrical isomers

OH
| OH | |
(i) H,C—C—CH;— CH, —(‘3 —CH,—C-CH;
Gives iodoform test
CH,
Single aldol
O
H,NOH D,0 ‘ ‘
CH;-C=N-OH—>D,C-C-CD,
3 ‘ op - 3
CH,
Single oxime
CH,
(i) /ﬁ(\ OH W
0 OH O
Racemic mixture
O
% More than one aldol
(iv) H,NOH .
m More than one oxime
0] S o) Gain in 8 units of molar mass
Unsymmetrical 2

Hence (i) — (q, r, v); (i) = (p, q, 8); (ii) — (V);
(iv) = (1, s, t)

22. [6]
23. [5]
i
C-H
H—+—OH
HO————H x HIO,
H————OH x=5
CH,OH

Each C—C bond cleavage requires 1 mole HIO,

24. [5]
All secondary alcohol isomers can be oxidised to
ketones.

OH
d, 1) OH OH
d,D

25. [6]

HO~_ _OH_OH
O 0 O N N

J X mcon= L
Excess
X

Six isomers (stereoisomers) are possible for X.



26. [4]

HO-_ /OH Conc.
0 0 N N H,S0,

H H H H

0 0 0 1‘{ 0
M *
HN NH, H)LgﬁﬁNkH
o + I‘{
HZNMNYH
@d+1) o)
27. [4]

O 0
/\)& ML cook

Z
Br—CH,COOEt > -
H,0 ) l
OH

=

-

NaBH,

HO OH

Has two chiral carbons

28. [4]

(0]
|
Ph—C—CH,; + 4KOH 3I;>Ph—COOK + CHI, + 3KI + 3H,0

29. [6]
i
H,C—CH=CH—C—CH=CH—CH,+H,NOH

HO
A
H,C—CH=CH—C—CH=CH—CH,
@

Four stereoisomers exist for 1, cis-cis, trans-trans and
cis-trans with OH syn to cis and OH anti to cis.

30. [3]
T
CHO { c_c—cHO CHO
PN CHO )\/ 3 | /\/
CH,
@ an I1I) av)

IV is enantiomeric, its pure enantiomer, with HCN/
NaCN, would produce pair of diastereomers.

EXERCISE # 4

1. [2]
CH=0 COOK CH,-OH
50% KOH +
(cannizoro’s reaction)
Benzaldehyde Acid salt Alcohol
2. [4]

Only suitable reagent is chromic anhydride in glacial
acetic acid.

Option (1) and (2) will also affect (C=C) bond.
Option (3) is more suitable reagent for preparation
of aldehyde.

3. 2]
Reactivity towards nucleophilic substitution e< positive
charge at the carbon of carbonyl group

1
Steric hidrance
PhCOC¢H;5 < PhCOCH; < CH;COCH; < HCHO
4. [4]

‘ ‘ KOH (aq) ‘ ‘
CH,C-Cl— > CH,-C-OH + KC(Cl

KOH(aq)
CH,~CH,~Cl ———> CH,~CH,~OH

Cl-CH,~CH,~C1 X919 cy _cH,

OH OH 0
CH,-CH-C1-2"Y cy _cH-OH =0 CHS—Q—H
C‘l (‘)H 7 Acetaldehyde)
(unstable)

5. [1]
Reactivity towards nucleophilic substitution o<
positive charge at the carbon of carbonyl group
1
Steric hidrance



H-CH=0 > CH{CH=0> CE3+ﬁ+CH3

0]
6. [4]
It is Clemmensen reduction
7. [3]
H-CH=0 HKOE —ve test
CH,-CH=0 "% ve test (CHL,)
Hence I,/alkali is suitable reagent.
8. 2]
Zn—Hg/HCl
9. [2]

Compound having a-H gives aldol condensation and
B-hydroxy carbonyl Compound is formed.

OH O
In option (2)
B-hydroxy ketone

10. [3]
CH,—CH=O0 has o-H so it does not give Cannizzaro
reaction.
11. [3]
CH,~C—CH, —2%9!, CHI,+ CH,-COOK
H h (iodoform)
12. [3]
Tishchenko reaction is a modification of Cannizzaro
reaction.
13. [4]
CH,4 COOH cocl1 CH=0
KMnO, SOCl, H,/Pd BaSO,
Oxidation Rosenmund
reduction
Benzaldehyde
14. [3]
C Hs-CH,~CH,~CH,~CH,~C1 2 KO
(A)
(C,,H,;5CD
C¢(H,—~CH,—CH,-CH=CH,
(B)

ozonolysis | O;Zn/H,0

H-CH=0 + CH,~CH,~CH,~-CH=0

©) D)
o a-H (x—H present
— . It gives aldol
It gives Cannizaro but .
X condensation not
not aldol condensation .
Cannizaro

15. 3]
on
2CH,-CH=0 0, H3—?H—CH2—CH=O
OH A |E, g, dehydration
CH,~CH=CH-CH=0
16. [4]
It is Perkin condensation reaction.
17. [3]
CH,
ne Y Non NOR_ -H1, + CH,CH,COONa
O I/HZO
i
CH,CH,COOH
18. [3]
CH,
ch/Y fj‘}?g CHL, + CH,CH,COONa
0
H+
CH,CH,COOH
19. 2]

H~( .
H,C=0 + H,LN—OH —— N _C=N—OH (single)

(0]
C=N C=N" (two)
CH;—C—H + H,NOH— .~ < " o ol
20. [2]
O
o CHO
S e Oy
2 E 0 HZO
Intramolecular aldol
condensation reaction
F
21. [4]
22. [1]
23. [3]
(0]
M (i) NaBH /\/\/\
ii) PBr; Ether
CO, A
s COOH
H J
SOCl,
T coon T F e
J 0]
_H H>C —c
Pd/BaSO, H,C, CH,CH,CHO



24,

Ph—-C-CH,; + Ph—CH —MgBr

25.

26.

27.
28.

(2]
OH

|
Ph - c‘ CH,-Ph

CH,
(H)
De-hydration
-H,0
T
Ph - C ,#,CH-Ph
@
Ozonolysis
0,
Zn|H,0

Ph—CH=0 + Ph—ﬁ—CH3

J) (K) O
Cannizaro’s Reaction| KOH KOH
Aldal Conden Satien
CH,

©® ‘
Ph—-CH,-OH + Ph-COOK Ph - C = CH-C-Ph
benzyl alcohol L) ™M) g

Since H is tertiary alcohol and gives de-hydration
hence H is formed by treatment of grignard reagent
having with ketone as shown above.

(4]

As per above reaction.

(4]
O O

M Heat ‘ ‘ L

Ph™ % “OH PhCCH3w

Ph— COONa + CHI,
F G

(2]
(2]

29. [1]

CH CH
©/i CH,MgBr H'/H,0 CH3
— 3

07 “CH, cH,

(Gives positive iodoform test)

CHO
} CH; OH
CH3 Zn- HZO Aldol
6]
H,C CH Me® "Me

30.

31.
32.
33.
34.

35.

(0]
03 OH
Zn, H,0

(1]
(2]
(1]
(4]
The given product is an ester, obtained by condensa-

tion of a hydroxy acid obtained through hydrolysis
of a cyanohydrin.

Only product

=< O

CH, OH
s
CH,—C—CH
T N g HC OH
CH2 /CZO ?
| HO H;C
OH 0" o

Acid above is obtained by acid hydrolysis of cyano-
hydrin S as

0
H3Cf(‘ZfoH + HCN —— H3C*(‘J*CH—CN

CH,OH CH,OH
R S

CH,OH

R is obtained by treatment of P and Q with aqueous
K,COj; through aldol condensation reaction as

T i L
CH;—CH—CHO + H—C—H‘§0HC—<‘:—CHQOH
P+Q CH,
R

[3]

The given reaction is an example of repeated aldol

condensation followed by Cannizzaro reaction.

Step I CH;CHO + OH- —— CH,—CHO + H,0
o o}

|
H—C—H + CHy— CHO——H— (‘: CH,—CHO

H

OH

HO |
—> CH;—CH,—CHO

Step II HOCH,—CH,—CHO + HO™ =——= HO—
CH,—CH—CHO + H,0



i 7
H—C—H+ E‘Hz— CHO~:‘HfC‘fC‘1HfCHO

CH,OH H CH,0H
OH
HO |
—— CH;— C\IH*CHO
CH,OH
Step 111
o

I ,
HOCH;—CH— CHO + HO =HOCH;—C— CHO + H,0

CH,OH

(H) (szOH O CH,0H
||
H—C—H +C‘2HfCHOiH— C\—?—CHO%
CH,0H H CH,0H

CH,OH
|

HOCHsz‘fCHO
CH,OH

CH,OH

Step IV

CH,0H O o

|
HOCH2—$—C—H + H—$—0H

CH,OH H

Cannizzaro
—_—

C(CH,0OH), + HCOO

In the last step, formaldehyde is oxidised and the other
aldehyde is reduced giving the desired products.

(1]

The first step is cyanohydrin reaction.

36.

I T
_ |
CH,-CH,~C—CH, + CN»CH3—CH2—C‘J—CN
CH,

OH

|
o CH3—CH2—C‘—CN
CH,

@

In the second step, the —CN of intermediate (I) is
first hydrolysed and then dehydrated on heating in
the presence of conc. H,SO,.

OH

OH
0,

. oHs |
CH3—CH2—(‘I—CN 2—>CH3—CH2—$—COOH

CH,
()

CH,

A, CH3—CH:$—COOH

37. [3]

38. [5]

Molecular weight of

CH,

CH,

i Br,

I
Br +BrCH,-C-CH,

the ketone is 100.

So, molecular formula = CcH,,0

(D) n-butyl—C—CH, | n-butyl—CH—CH)
y i 3 y | 3
o OH
(2) Iso-butyl—C—CH,|  Iso-butyl—CH—CH, All are
| | >+ racemic
O NaBH, OH mixture
(3) 3° butyl*ﬁ*CH3 3° butylf(‘ZHfCH3
_J OH _J
i CH
() CHCHa—CH—6—CH) - cri—ciy-Ch—cil—cn,
0 OH
R(2° butyl) 2-alcohols (R, R) and (R,S)
Diastereomeric pair
“NaBH,
o | D
) CHrCHszHf‘(‘JfCH3 CH;—CH;—CH— (‘jlii—CH3
O OH
S(2° butyl)
(Heré; represents chiral centre) Z-alcohols (S, §) and (S, R)

diastereomeric pair



(6) n-propyl—(‘j—Et A n-propyl—CH —Et

| () racemic
0 OH mixture

G
NaBH,

(7) Iso-propyl—C—Et n-propyl—CH—Et
H (+) racemic
J OH mixture

While in case of (4) and (5), they do not produce
enantiomer due to the presence of stereogenic centre
on ketone.

39. [4]
This problem includes concept of nucleophilic addi-
tion reaction to carbonyl compound (ketone here) and
intramolecular nucleophilic substitution reaction.
Complete reaction sequence is as shown below

CH;MgBr OMeX
0] dry ether, &
0°C Cl
o~ A e |
CH, Nucleophilic CHSH3
addition
reaction
aq. acid CH
3
Inttramolecular nucleophilic 0 \c + MgXCl
Substitution reaction 3

40. [1]

@ﬁ

Aldol type
condensatlon

—HZO @f:/r

RCHO + Ag,0 —2 ~ RCOOH + 2Ag

(Tollen’s reagent)

o, B-unsaturated
ketone

41. [1, 2, 3]

(Silver mirror)

Tollens’ test is given by all aldehydes and all reducing
sugars as glucose, fructose and o-hydroxy ketones

OH O

|l
~CH—C-

H o
1) having an aldehyde group gives
=
H
Br
Tollens’ test

CHO
o

Aldehyde

42. [1]

SPIOR

H-atom at o carbon Carbanion
O
°0
| | 5
H—C—H—»H—(@?U
(0]
Crossed CH2 o
aldol
O
H,0 HCHO,0H

= / CH,OH

a-carbon has no H atom hence, next
reaction with HCHO is crosed
Cannizzaro reaction

OH

CH,0H+HCOO
(By oxidation)
(By reduction)

HCHO

Acetal
formation

Comment: Please check, o-carbon should be o-carbon



