Aldchvdes & Ketones

NEB Syllabus

[A] Aliphatic aldehydes and ketones
Introduction, Nomenclature & Isomerism
Preparation of aldehydes and ketones
i) By dehydrogenation of alcohols
ii) By oxidation of alcohols
iii) By Ozonolysis of alkenes
iv) By catalytic hydration of alkynes
v) From Acid Chlorides (Rosenmund's reduction)
vi) From Gem dihalides (or dihaloalkanes)
Physical properties (state, color, odor, boiling point, solubility)
Structure and nature of carbonyl group
Chemical properties
[) Addition reactions (H2, HCN, NaHSO3, Grignard reagents)
ii) Action with ammonia derivatives (NH20H, NH2NH2, pheny! hydrazine, 2, 4- DNP,
semi carbazide)
iii) Reducing properties of aldehyde (Reaction with oxidizing agents like Tollen’s reagent
and Fehling solution)
iv) Special reactions: Aldol condensation, Clemmensen’s reduction, Wolff’s Kishner
reduction, Action with PCI5, Action with LiAlH4
v) Special reactions of Methanal or formaldehyde: Cannizzaro’s reaction, action with
ammonia, action with phenol (polymerization)

Formalin & its uses

[BJAromatic aldehydes and ketones
Preparation of Benzaldehyde from
toluene Preparation of Acetophenone
from benzene

Chemical Properties of benzaldehyde
i) Perkin condensation

(i) Benzoin condensation

(i) Cannizzaro’s reaction

iv) Electrophilic substitution reactions
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Introduction, Structure of,carbonylgroup;Nomenclature; &
Isomerism
O

Introduction: Organic compounds (aldehydes and ketones) containing carbonyl—E—) are
group ( collectively called as carbonyl compounds.

|
v General formula: —”— & — =
Vv Structure:
( )
bond )
sp2 hybridized Lone pairs
C-atom \\ \C ]
v .
bond
Fig. Type of hybridization in carbonyl c-atonp
J

AldehydeKetone
Fig. Planar structure of carbonyl compounds

& J
v Nomenclature:Aldehyde are named as “Alkanal” & ketone are named as“alkanone”,
(common names are given in brackets )
@) 0] 0]
1 1l ]
H—C —H CH3€H— CH3€ECH3
Methanal P
Ethanal ropano
(Formaldehyde) (Acetaldehyde) ne
(Acetone

Isomerism: Exhibit chain, positional, functional isomerism and sometime also exhibit
metamerism (only in ketone) & tautomerism.
Example:
3 6

Functional isomers of CHO
¢]
n

Il
CHGHLH — — CHEEH —
Propanal Propanone

Note-1: These isomers can be distinguish from each other by iodoform test. Propanone gives positive
lodoform test whereas propanal does not.
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( Isomers ot C4HgO

Chain isomers of C,/H 3O
)
1\
CH3’CH2—CH2—C"‘H &

?Ha 0
]
CH;—CH—C—H

Butan-1-al 2-methylpropan-1-al

Functional isomers of C/H O

2 2
11
CH3‘CH2"‘CH2—C"’H & CH3"’CH2_C_CH3
Butan-1-al Butan-2-one
(. J

Note-2: The functional isomers of C4H80 can be distinguish from each other by iodoform test.
Butan-2-one gives positive iodoform test whereas butane-1-al does not.

[A] Aliphatici Aldehydes and Ketones

\J
***Rreparation;ofialdehyde and ketones
1. By dehydrogenation of alcohols (Removal of hydrogen):

i) Primary alcohols are dehydrogenated into aldehydes

Cu , 300°C
CH3—CH,;—OH = (CHg—CHO T H,
Ethanol Ethanal
(Acetaldehyde)

i) Secondary alcohols are dehydrogenated into ketones

i Cu. 300°C EI_?
a.d
CH3—CH—CH; ——————= CH3;—C—CH3; +H,
Propan-2-ol Propanone
(Acetone)

(Iso- propylaleohol)

2. By Oxidation of alcohols:
Alcohols are oxidized by acidified K2Cr207 or Na2Cr207 or acidified / alkaline KMnO4 solution

i.e. (KCrO / H+, NaCrO / H++-227227 or KMn0O4 / H, KMnO4 / OH).

i) Primary alcohols are easily oxidized into aldehydes.

K,Cr,0, / H*
——— CH;CHO +H,0

CH;CH,OH
[O] Ethanal

Ethanol

NOTE: Strong oxidizing agents may convert the aldehyde produced into carboxylic acids so to
prevent the aldehyde produced from further oxidation, it should be distilled off as soon as possible

from reaction mixture.
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i) Secondary alcohols are easily oxidized into ketones.

H K,Cr,0, / H* Q
CH;CHCH;, T» CH;CCH;  +H,O
Propan-2-ol Propanone

NOTE : Ketone resist the further oxidation under normal condition.

3 By Ozonolysis of alkenes:
Alkenes reacts with ozone to form ozonide, which on heated with zinc dust and water gives

aldehydes and ketones.

O, ‘;.{O\,.\"
H,C==CH, —®  HC" *v" CH, __ 200 o H,0 or HCHO
Ethene ~ (Oonation) \ (Hydrolysis)
Oo- =0 -H,0, Methanal
Ozonide'corr,lplex (2 mol)
0, AN Zn/H,0
CH;—CH=CH, —® CH;—HC "/ CH; ————® CH,CHO + HCHO
Propene i / -H,0, Ethanal Methanal
0--0

Ozonide'complex

NOTE: Here Zn is used in hydrolysis in order to prevent the oi(idation of product by hydrogen
peroxide produced after hydioR)sis ztdets Firstoxillized hd zinc 93 e before product.

4. From catalytic hydration of alkynes:

H
H2S0 )~ &_ rearrangemenp I
HC&H + HBH ——>| HZeCH —> CH3CTH—
Ethyne water HsSO Ethenol Ethanal
& (enoffr:)?m) (keto form)
4
H2S0O 0 . IO‘
— earrangemen
CH3E =CH + HOH ——=|CH3—Cg H |LZ20 T cp3—Cens
Propyne water
HgSO Propenol propanon
e (keto

(enol

Note: Here addition of Waterz}o unsymmetrifcocfmropyne follow the Markovnikfoo\/rrsn )

rule
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5. From gem dihaloalkanes:

Cl HO 0]
, aq. KOH | é
CH3EHCH —— [CH3€HOH |—— CH3—C—H
1,1-ichaloroethane Ethane-1,1-diol (- H20) Ethanal
(gem dihalide)
CII (l)H 0
aq. KOH
CH3—CeH3 [CH3— CH3 ] 7CH3—é|—-CH3
| H (-H20 Propanone
2,2-dichloropropane propane-2,2-diol
(gem dihalide)

NOTE: Geminal (from Latin Gemini = twins), abbreviated as gem & Vicinal (from Latin vicinus =
neighbor), abbreviated as vic.
From Acid chlorides:

6When acid chloride reacts with hydrogen in presence of palladium placed over barium sulphate,
partially poisoned by quinoline (Rosenmund’s catalyst) gives aldehyde.
This reaction is called Rosenmund’s reduction.

0 0]
] Pd- Il
CH3ECH  *H2  ——» Cp3eH— +HCl
Ethanoyl chloride a Ethanal
Quinolin
€ O
Il 5  Pd- Il
CH3CH2cTl—  *M2 > CH3€H2eH—  +HC
Propanoyl chloride Ouinolin Propanal

/“NOTE: Here quinoline is used as organic base to remove acidic byproducts. Barium sulphate™

(BaS04) is used as catalytic poison to decrease the catalytic rate of Palladium based reduction
reaction otherwise the aldehyde obtained may reduce into alcohol.

X

/
Quinoline N

K (benzopyridine) /

But, ketones can be prepared from acid chlorides by reacting with dialkyl cadmium in presence ¢
dry ether.

0] 0]
dry ether
CH;—C——¢CI + (CH3),Cd  ——x—® CH;—C——=CH; + CdCl,
Ethanoyl Chloride ~ Dimethyl Cadmium Propanone
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NEB Past Questions (Related to preparation of aldehyde and ketone)

1. NEB 2073 set C the preparation of propa@iogighe chemical reaction for from i) 2, 2-
dibromopropane ii) Propan-2-ol.

2. NEB 2073 set D the preparation of ethamale the chemical reaction for from i) 1,1-
dibromoethane, ii) ethyne iii) ethanoyl chloride

3. NEB 20 0rsemetostigfi3preparation of ethanal

4. NEB 2067 propanonepreparetbw is from i) Isopropyl alcohol ii) 2,2- dichloropropane
(3)

5. NEB 2072 supp. propanoneprepareétdw is from i) 2,2- dichloropropane ii) Isopropyl
alcohol u)gropyne (3)

6. NEB 2069 supp. set B the preparation of efigiagapie chemical reaction for from i)
ethyne, ii) ethanoyl chloride iii) 1,1- dichloroethane (3)

7. IGEB 2o general method of preparation of aldehydes. (5)

8. MEBe2 ARwrblE of Rosenmund’s reduction (1)
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Physical properties of:aldehyde:andketones

1. Solubility:
Lower members (Methanal, ethanal and propanone) are slightly soluble in water due to their
ability to form intermolecular H-bond with water molecule. The solubility in water is
decreases with the increase in the hydrocarbon portion (alkyl part) which is hydrophobic in

nature.
H-bond H-bond
0 (VH@ o 5 (VH(‘9 o
e \ / [RLRARAN! /
4 S N4 S
AN Water \ Water
Aldehyde " KetoneR

2. Boiling point:
Aldehydes and ketones have higher boiling point than corresponding hydrocarbons, ethers
but lower than that of alcohol and carboxylic acid of comparable molecular mass. This is
because of the polar nature of carbonyl group and the molecules are associated with each
other by dipole-dipole force of attraction.
(Note: cannot form intermolecular H- bond with each other)

dipole-dipole attraction

AAYLD -

—0 wnmmm C=——=0

/

Fig. Dipole- Dipole interactions
in aldehyde or ketone

Chemical properties of aldehydeandiketones

1.Addition Reactions:
Due to electronegativity difference between C-atom and O-atom in carbonyl group, the C-atom
acquires partial positive charge and O- atom acquires partial negative charge. Therefore the C-
atom of carbonyl carbon can be easily attacked by nucleophiles (cyanide ion, C-atom of Grignar
reagent, N-atom with lone pair electrons in ammonia and its derivatives etc.) followed by
addition of proton to give final addition product.

oo OH
[
Nu © ® 0N AN
\/_) ~ ’\\IU / \Nu
Aldehyde or ketone Addition product
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Examples

a) Addition of HCN
0 (|3H
—{_@H3+HCN — CH3—CH-
Ethanal

N

Acetaldeh
(Acetaldehyde) 2-hydroxypropane nitrile
(Acetaldehyde cyanohydrin)
0 C,’“
[
CH3—Cen3 + HCN — CH3—cen3
Propano N
?Aietone 2-hydroxy-2-methylpropanenitrile
) (Acetone cyanohydrin)

/7@2: Cyanohydrins are important in organic synthesis to produce hydroxy acids such as N
hydroxy propaonic acid (Lactic acid) and this lactic acid can be used to prcgjacgegradab/e polymer

(biodegradable plastic) like poly lactic acid (PLA)

OH OH

| dilHCl |
CH3-CH CEH—> —(|:—H

&N O/H+30r H2 COOH

2-hydroxy propanoic acid
(Lactic acid)

o

CH3

| I
[ -0 OH
HD/\H”-../ %Tf‘o)\’/
o CH o]

Structuresof PLA
(Biodegradable plastic)

/

b) Addition of NaHSO3

OH

0

Ethanal
(Acetaldehyde) O3Na
Acetaldehyde
sodium bisulphite
(ppt)
0 OH
CH3—y—CH3 + NaHS03 —» CH3—4C—3
Propanon O3Na
e
(Acetone Acetone
) sodium bisulphite
(ppt)
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/ Note: \
( Mechanism of bisulphite addition )
N 0 N OH
NaHSO —> Na* , HSO- ﬂ 'S05” H* 4
' C/ _
3 HSO-——> H  + 3:S0- N* J
3 3 aldehyde or ketone O3Na
L Addition product )
This reaction is very important in the purification and the separation of aldehyde and

ketones. When this bisulphite addition product is hydrolyzed using dil HCI then aldehyde and

ketone can be recovered.

N

c) Addition of Grignard reagent: (synthesis of 1o, 20 & 30 alcohols)

o/_\ OMgX OH
ll ® o 4 HO/H+2 4
—_ -

©

—(—+ R—MgX — | __C__
; addition hydrolysi
Aldehyd ?Qfgg:it FL ydrolysis Fl
or Ketone additio alcohol
n
Examples: Pigdug
o OH
OMgI HO/H+2 J
H

—_—>» H—
JHB

—U —+—H +CH3-Mgl —
Methyl magnesium H—C—H

Methanal Lm:
(formaldehyde) iodide
H3
e Ethanol
additio
n (10 alcohol)
product
0 OH
| OMgl | HO/H+2 |
CH3—¢—H +CH3-Mgl—— CH3—C-H
Ethanal Methyl magnesium |CH3——C-H
(acetaldehyde) iodide . H3
additio Propan-2-
n ol (20
product alcohol)
O OH
g OMgl —IHO/H+2 |
cH3—C——CH3 +CH3'MgI—> > CH3 CH3
Methyl magnesium |CH3——CeH3 ({
propano iodide H3
ne H3
(acetone) additio 2- methyl propan-2-ol
n (30 alcohol)

product
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2. Action with Ammonia derivatives(addition followed by elimination of water):

{07V Han—a I|—G
/ \ / \ +H20
aldehyde or ketone addition product
02N
Where,
G =-OH, -NH2, -NHCONH2, N»_© , N NO2

Examples

a. Reaction with hydroxyl amine:

...........

1O+ HIN—OH N— OH
- Hydroxylamine ll +H20
cH3 H < w
CH3
Acetaldehyde Acetaldoxime
{0 & HaN—OH N—OH
Hydroxylamine y +H20
cHz” cH3 — CH3/ \CHB
Acetone Acetoxime

b. Reaction with hydrazine:

O T HIN—NH2 N—NH

T Hydrazine (u +H20
iz H > ¥ H
Acetaldehyde Acetaldehyde hydrazone

{0 4+ HIN—NH2 N——NH2

N Hydrazine l' +H20
cH3” cH3 s D

Acetone Acetone hydrazone

c. Reaction with phenyl hydrazine:

e O
! !
CH3/ \H Phenylhydrazine CH3/ \H +H20

Acetaldehyde Acetaldehyde phenylhydrazone
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I — =

Phenylhydrazine +H20
i ch3 vy chs
Acetone Acetone phenylhydrazone
d. Reaction with 2,4-dinitrophenyl hydrazine (2,4-DNP):
2 ON O2N
{0+ HRNNH @Noz N—NH@NOZ
i —
ez 2,4-DNP cHz” H +H20
Acetaldehyde Acetaldehyde-2,4-dinitrophenylhydrazone
(Yellow ppt.)
O2N O2N
O I NN @NOZ N—NH@Noz
- —
cHy” cH3 2,4-DNP iy cH3 +H20
Acetone Acetone-2,4-dinitrophenylhydrazone
(Yellow ppt.)

Ndiis:reaction is used to distinguish carbonyl compounds (aldehydes & ketones) from other
class of organic compounds. This reaction can be used as laboratory test reaction for carbgny
compounds & also known as 2, 4-DNP test or simply DNP or DNPH test.

e. Reaction with Semi carbazide:

(@]
(\)l NH I
I:--O---;---HZNNH —CN-H N|— _CN'H 5
cHemommeaas )
Semicarbazide —>
Y +H20
CH3/ \H CH3/ H
Acetaldehyde Acetaldehyde semicarbazone
(crystalline ppt)
(0]
ﬁ N—NH—(IZ\N-H
I”O + HZN"NH —CNH 4| P
AT 5
Semicarbazide —>
~ +H20
CH3/ \CH3 CH3/ CH3
Acetone Acetone semicarbazone

(crystalline ppt)
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3.Reducing properties of aldehyde (or Oxidation of aldehyde)

Aldehydes are easily oxidized by mild oxidizing agent (Tollen’s reagent, Fehling solution)
and strong oxidizing agents (acidified KMnO4 or K2Cr207 solution) but ketones are not
easily

oxidized under normal condition.

Tollen’s reagent
Ammoniacal silver nitrate solution [Diammine silver (I)
hydroxide] is called Tollen’s Reagent & is prepared by
following process:

AgNO; + NaOH =™ AgOH + NaNO;

2AgOH + 4NH,OH—  2[Ag (NH;),] OH + 4H,0
Diammine Silver Bernhard Tollens
(1) hydroxide (1841-1918)
or Tollen's reagent

Tollen’s Test or Silver mirror Test

The test reaction in which aldehyde reduces the Tollen’s reagent into free metallic silver

which is deposited around the inner wall of test tube and aldehyde itself gets oxidized

into carboxylic acid is called
Tollen’s test or Silver mirror test.

This test is given by aliphatic aldehydes (like formaldehyde, acetaldehyde etc.) and aromatic
aldehyde (like Benzaldehyde) whereas ketones fail to give this test.

Examples:
0 0
M +1 H 0 i
H—+H+— 2[Ag(NH3)2]JOH —> p__©___on  +2Ag+ ANH3 + H20
Methanal (Tollen's Methanoic acid  Silver mirror

(Formaldehydde) Reagent) (Formic acid)

0 (0]
u +1 U 0
CH3—"——H +2[Ag (NH3)2]OH » CH3 —OH  +2Ag +&NH3 +H20
Ethanal (Tollen's Reagent) Ethanoic silver mirror
(Acetaldehyde) acid (Acetic
acid)
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Fehling’s solution or Fehling :
}I@ggﬂhqlline aqueous solution of CuS04 containing some Rochelle salg(i.¢
sodium potassium tartrate) is called Fehling’s solution.

The solution is prepared by mixing equal parts of alkaline solution of
Rochelle salt (Fehling’s solution A) to aqueous CuS04 solution (Fehli

solution B).
_ - Herman
iOONa COON Von
H—— COH-CH o—a— Fehling
.y  doox #2NaOHCuSO — ¢, l +Na2504 +
| copper sylphate ' u —C-H 2H20
o (Rehling solution A) ‘JI H
alkaline solution i
Deep blug-celored
of Rochelle Salt complex &ehling's
(Fehling solution Solutipry

Simply Fehling Sblutionis ~ 2C * 40H

YRS solution v

Thestest reaction in which aldehyde reduces the cupric [Cu++ (ag.)] ions of
Fehling solution into cuprous oxide (Cu20) which is obtained as and respective
aldehyde itself gets Oxidized to carboxylic acid is called brick red ppt

Fehling’s solution test.
This test is only given by aliphatic aldehyde (like formaldehyde, acetaldehyde etc.)
but aromatic aldehyde like benzaldehyde & ketones fail to give this test.

Examples: © Q
° !

e I '
Methanalfrom acid opt
(Formaldehyde)Fehling's i '
solutiaﬁ a(EiormD@

o
CH — — cH—Ct—o0
3 it 3 H +Cu20 + 2H20

H+2Cu 40H Ethanoic brick red

Ethanalfrom acid ‘ ppt.

(Acetaldehyde)Fehling's (Acetic

SoraTon acid) \

Note: Diagnosis of Diabetes (Clinical

If Person sufferigﬁefmr;gﬁi' etes, their urine contains significant amount of glucose
and glucose also contains ‘aldehyde functional group (-CHO) which reduces cupric
(Cu+ +) ions of Fehling’s or Benedict’s solution to cuprous (Cu+ ion) & itself gets
oxidized into Gluconic acid. The formation brick red ppt of cuprous oxide (Cu20) is
the indication of glucose in urine of diabetic patient.

CHO-CHO +++ -5115 2Cu + 40H = C5H1105-COOH + Cu20 + 2H20
kGlucose Benedict’s soln. Gluconic acid /

(From urine) (or Fehling’s solution)
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4.Reduction of aldehyde and ketones :
a.Reduction by using H2/Pt or H/Ni or H2/Pd or LiAlH4
Aldehyde gives primary alcoholandketonegives secondary alcoholon reduction with above

reagents.
Examples:
0 OH
u H2/Pt orNi or Pd iH
CH3I— " —H +2[H] . >  CH3— H Or CH3 CH2 OH
Ethanal Or, LiAlH4 Ethanol
(1o alcohol)
0 OH CH3
u H2/Pt orNi or Pd lH 4
CH3—— " ——CH3 + 2[H] > — —CH__
or LAIHA CH3 CH30Or CH3 OH
Propanone Propan-2-
ol (20
alcohol)

b. Reduction by using Zinc amalgam (Zn-Hg) in conc. HCl  (Clemmensen reduction)

Aldehyde and ketone are reduced into respectiwgkanesby amalgamated zinc in presence
of conc. HCl is known as Clemmensen reduction.

Examples:
o]
M Zn(Hg)/ conc. HCl
CH3—"——H +4[H] » CH3 CH2 H +H20
Ethanal Ethane
o]
U Zn(Hg)/ conc. HCl
CHS——"——CH3 +4[H] > CH3—CH2—CH3 +H20
Propanone Propane

a. Reduction by using Hydrazine (NH2NH2) in presence of KOH & glycol (Wolff-Kishner
reduction)
Aldehyde and ketonereduced toalkane

are respective with mixture of hydrazine (NH2NH2)
and alkali like KOH in ethylene glycol is known as Wolff-Kishner reduction.
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Examples:
0

” H2NNH2
CH3——  —H +4[H . CH3 + N2
[H] KOH,ethylene glycol +H20

Ethanal 2000C Ethane

(0]
H2NNH2

CH3——" ——CH3+ 4[H] » CH3 CH2 CH3 +H20+N 2
KOH,ethylene glycol
Propanone 2000C Propane

. eaCtIOfnc%Pﬁlotpng%up of aldehyde & ketone is replaced by two Cl-atoms.

Xygen o
(@] Cl
CH3—U—H +PCl5 — CH3€eH %Cl 3
Ethanal 1,1-dichloro ethane
0 Cl
CH3—'U—CH3 + PCl5 > (CH3 4 CH3+ POCI3
Propanone |

2,2-dichloro propane

6.Aldol Condensation:
Aldehyde & ketones containing -hydrogen undergoes condensation in presence of dil NaOH or
dil KOH to give -hydroxy aldehyde (aldol) or -hydroxyketone (ketol) is commonly known as
aldol condensation reaction.

) H-atom 0 OH 0

| Y | dil. NaOH L, !
CH3—-"—H + H—H2C H > CH3 CH2—~—H
Ethanal Ethanal 3-hydroxybutanal
(Aldol)
) oH-atom ) OH O
| Y I dil. NaOH | |
CH;——C——CH;  + H—H,C—C CHs »  CH;——C——CH,—C——CH;,4
Propanone Propanone |
CHs

4-hydroxy-4-methylpentan-2-one
(Ketol)

NOTE: An aldol condensation between two different aldehydes or ketones is called
mixed or cross aldol condensation.
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7. Iodoform reaction or Iodoform test:

Aldehyde or ketone containing methyl keto group i.e. CH3CO- group on reaction with excess
iodine in presence of NaOH to give yellow precipitate of iodoform with characteristics hospital
smellis called iodoform reaction.

0

CHB—U—H +NaOH+12 — 5 CH*3+ HCOONa+ H 20

Ethanal Iodoform

O

3 3CH H—Q—CH +NaOH+1 —— ¢ CHI+ CHCOONa+ HO

Propanone Iodoform

Formaldehyde or Methanal does not give this test. So we can distinguish Ethanal or acetaldehyd
from formaldehyde by iodoform test in laboratory.

o]
_U— HH+ NaOH + 12 ———— No reaction
Methanal
( Formaldehyde)

Similarly, Butan-2-one gives positive iodoform test whereas butane-1-al does not give

iodoform
test therefore they can be distinguished by this test also.
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8.Special reactions of Methanal:

a.Reaction of formaldehyde or methanal with ammonia:
When formaldehyde reacts with ammonia then Hexamethylene tetraamine (Urotropine) is
formed, which is used as urinary antiseptic.

A
6HCHO + 4 NH; — (CHy4N, + 6H,0
Methanal Urotropine
Or,
A
(0] CH2 CHZ\CHZ
A |
6 H—C——H + 4NH3 [ N + 6H20
Methanal CHZ/ \CH2
( Formaldehyde) N \N

y

Hexamethylene tetraammine
(Urotropine)

b.Cannizzaro reaction:
Aldehydes with no - hydrogen atom undergoes reaction in presence of conc. NaOH to form

alcohol and sodium salt of carboxylic acid is called Cannizzaro’s reaction.

0 0
U conc. NaOH
H—+H- H > CH3 oH +HCOONa
Methanal Methanal Methanol sod. methanoate

(Formaldehyde)  (Formaldehyde)

c. Reaction with phenol (Polymerization reaction)
> Thermosetting plastic Bakelite is formed.

OH OH
(0]
H+ orgH-Z CHOH
H H
L e
Methanal
(Formaldehyde)

o- hydroxybenzyl alcoholCH
20H

Polymerisation /
CH2
CH

OH OH OH
*
© h O
CH2
O .
H OH

CH2
a portion of bakelite

OH

Phenol

p- hydroxybenzyl alcohol

0]

: CHZ ; N
OH
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0’0 . .
* Formalin and its uses

Forty percent aqueous solution of formaldehyde solution (40% ag. HCHO) is called
formalin. It has pungent smell.

It can be used as

i) Preservative agent for biological specimens
ii) Disinfectant

Special reaction of Propanone or acetone

Reaction with Chloroform:

> Chloretone (sleep inducing drug) is formed.
CH3
CH3 OH
NaOH or KOH
c==0 +HCCI3 - N
Chlorofom
CH{ CH/ \CCIB
Acetone

Chloroetone
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[B] Aromatic Aldehydes and Ketones

Introduction: Carbonyl group (> C=0) attached to aryl group are called aromatic aldehyde and
ketones.

General formula:
(0] (0] (0]
Ar——  ——H Ar——  ——R Ar——  ——Ar

N J
Aromatic aldehyde v

Aromatic ketone
Where,
Ar = usually Pheny group i.@—

R =CH3-or C2H5- etc..

Nomenclature:

CHO CHO CHO CHO
o Q.
hyd b ldehyd OH -
o-hydroxybenzaldehyde m-chlorobenzaldehyde
Benzaldehyde (Salicyaldehyde) p-hydroxybenzaldehyde Y

(Salicyaldehyde)

Preparation of Benzaldehyde
1. Oxidation of Toluene:

CH3 CHO

H+ or
@ _ ]+ H20
CrO3/acetic anhydride

E%H?arfaehyde

NOTE: Ce = Cerium (Lanthanide, d-block) element with atomic number 58, mass number 140.11

Cr = Chromium (transition, d —block) element with atomic number 24, mass number 51.99

2. Rosenmund’s reduction:

cocl CHO
Q) v 2
- +
+ 2 [H] P
4 Benzoyl Chloride BaSO Benzaldehyde

Pd = Palladium (transition, d-block) element with atomic number 46, mass number
106.42)
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3. From Benzene (Gattermann-Koch Aldehyde synthesis)

CHO
AlCI3
@ +CO+HCl ———— +HCl
Benzene Benzaldehyde
/ NOTE: Gattermann’s aldehyde synthesis \
HC—NH CHO
AICI, H,O/H"
+ HCN + HC] — T»
A
NH,
\ Benzene Phenylimine Benzaldehyde j

Preparation of Acetophenone

1. Friedel Craft’s acylation:

COCH3

AICI3
+ CH3COCl N N B + HCl
Ethanoly chloride

Benzene (acetyl chloride) Acetophenone
Or,
COCH3
AlCI3
+(CH3C0)20 —» + .
Ethanoic anhydride Acetic acid
Benzene (acetic anhydride) Acetophenone

Physical Properties of Benzaldehyde:

> Benzaldehyde is colorless oily liquid with bitter almond odor, it is readily dissolves in alcohol

and ether. It boils at 1790C.

Chemical properties of Benzaldehyde:

1.Cannizzaro’s reaction:
Two moles of Benzaldehyde with no - hydrogen atom undergoes disproportion (self-
oxidation reduction) reaction in presence of conc. NaOH to form alcohol and sodium salt
of carboxylic acid is called Cannizzaro’s reaction.

CH20H COONa
@ @ conc. NaOH @ @
2 mols of Benzaldehyde Benzyl alcoholSodium benzoate
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2.Perkin reaction:

Aromatic aldehyde like benzaldehyde when heated with acetic anhydride in presence of
sodium acetate as base then cinnamic acid (, - unsaturated acid) is formed. This
reaction is commonly

known as Perkin reaction.

CHO gH:%H (OOH
Q 9 CH3COONa
+ CH3—C—O—(I_!CH3 > + CH3COOH
Acetic anhydride

Benzaldehyde (ethanoic anhydride) Cinnamic acid

( 3-phenylpropionic acid)
3.B%nzom condensation
en benzaldehyde is heated with alcoholic solution of KCN, two moles of benzaldehyde

condense with each other to give benzoin. This reaction is commonly known as Benzoin
condensation.

0 0
@ ”@ — @ ” @
c— H—C C—H

2 mols of Benzaldehyde Benzom

4.Electrophilic substitution reactions:

-CHO group in Benzaldehyde is meta directing. Due to resonance in benzaldehyde the
electron density at ortho and para position decreases in comparison to meta position.
Therefore, the incoming electrophile will prefer to attack at meta position.

i i Cl—H ¢+ ! | i }

CH | : C—H C—H CH
® ® ® ®
- - -~ - ——
® ®
Benzaldehyde .
L Resonanting structures . Resonacne hybrid
CHO CHO

m-attack E+ = electrohile (e.g. Cl+, NQ* 503, etc

/_\ £+ , ,

E
Benzaldehyde
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CHO

Benzaldehyde

CHO

Cl2 / AlCI3 m-chlorobenzaldehyde

(Chlorination) q

CHO
fuming H2S04
- m-formylbenzenesulphonic acid
(sulphonation)
SO3H
CHO
conc. HNO3 + conc. H2S04 m-nitrobenzaldehyde
(Nitration) > NO2
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NEB Past questions

What happens when benzaldehyde is treated with i) Conc NaOH solution ii) hydrazine

How does benzaldehyde reacts with i) Conc NaOH solution ii) acetic anhydride (1+1)

How does benzaldehyde reacts with i) Conc NaOH solution ii) acetic anhydride (1+1)
What happens when benzaldehyde is treated with i) Conc NaOH solution

(1)What happens when benzaldehyde is heated with i) LiAlH4 (ii) acetic anhydride in presence

of sodium acetate

Write an example of Perkin condensation. (1)

Give an example of each of following reactions i) Benzoin condensation (1)

Give an example (with formula) each from aliphatic and aromatic aldehydes which gives
Cannizzaro’s reaction.

what action takes place when benzaldehyde is heated with ethanoic anhydride in
presence of sodium ethanoate? (2.5) (Hint: Perkin’s reaction)

what happens when benzaldehyde is refluxed with alcoholic KCN? (2.5) (Hint:

CeO/ +2 H ;
NaOH{CgQ CHCB/ AlCl3 o Acetic _
Sodium benzoate A > B >C > D

anhydride
(Hint sodium benzoate to A is decarboxylation sodium
reaction, A to B is Friedel Craft’s alkylation reaction,
B to C is Oxidation of toluene actetate

C to D is Perkin’s reaction.)

NEB 2072 supp Q.N. 30b

Zn CHCI3/ AlCI3 CeO/ +2 H
A » B » C

> D

Compound D gives methyl benzene when heated with alc. KOH and hydrizine
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