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Aldehydes, Ketones and
Carboxylic Acids




g Carbonyl Compounds )\ £
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Y = Substituents
attached

to the carbonyl group 4




\CCIassification of Carbonyl Compounds)\

Based on the type of ©Y’,

carbonyl compounds
are classified as

R
8-

Carbonyl -
compounds with

Carbonyl compounds
with groups that can
be replaced by

groups that cannot
be replaced by a

: a nucleophile
I _nucleophile S — P _—




Carbonyl Compounds: Class | and Class Il
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Carbonyl Compounds

Aldehydes have a carbonyl group
bonded to a carbon atom on one side
and a hydrogen atom on the other
side

Formaldehyde is an exception
because it has hydrogen
atoms on both sides.

= H HCHO



\C Carhonyl Compounds )\




Carboxylic Acid and Its Derivatives

(o)
|

C
o
R “OR

Anhydride




Aldehydes

and Yy Preparation
Ketones

Properties




\C Nomenclature of Aldehydes and Ketones }

Nomenclature |




IUPAC Nomenclature of Aldehydes and Ketones

Aldehydes (-CHO)

Prefix: formyl/oxo - - - - _|-

HO

O

6-Oxohexanoic acid

-

Oxo is used as a prefix when
‘C' of ‘'CHQO’ is included in the

~

parent chain, or else formyl’ is

used.

o

)




Common Names of Aldehydes and Ketones

Br

When common names |

are used, the position of CH,—CH CH,—CHO
the substituent is y B o
designated by lowercase & o

Greek letters (alpha, YX

beta, and gamma). The

P

Systematic hame
3-Bromobutanal

carbonyl's C is not =
designated, but the C POSItlor_1 of the
adjacent to carbonyl's C substituent

Common name

is alpha c, next adjacent
to alpha c-beta c then
next adjacent to beta c-
gamma c, and so on.

B-Bromobutyrald

ehyde I

—_———— _—

The position of a substituent is

designated by a lowercase Greek

letter when common names are used.




Structure of Carbonyl Compounds P

[ sp? hybridised C 0

e 0C gonal planar
/ \ Trigonal planar ,5
B A

~120°
= ) 05_\ : R : eI
[ Folansee e e H Electronegativity | Electronegativity |
= of oxygen | of carbon |
C | D

ARG



\C Structure of Carbonyl Compounds )\

.

|

3 ~ Nucleophilic
0 %{ centre
Oxygen acts as O
nucleophilic centre
whereas carbon acts as

an electrophilic centre.

C
/6+\\f Electrophilic
L

centre

|
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Preparation of Aldehydes and Ketones




& Preparation of Aldehydes and Ketones }

Preparation via




\g Oxidation of Alcohols ? A

| PCC
ek ] Aldehydes
alcohol J \

CrO4/K,Cr,0,
el Ketones
alcohol




Dehydrogenation of Alcohols

1°alcohol _CUB00°C  Ajdehyde
(RCH,OH) H, (R-CH=0)

2° alcohol  Cu/300°C , Ketone
(R,CHOH) H, (R,C=0)

Cu/300°C .
3° alcohol > Alkene (Here dehydration

-H,0 takes place)




Ozonolysis

g

[>=

(1) 03, CH2C|2, '78°C

(2) Me,S




\( Kucherov Reaction )\

LGeneraI reaction:w;
| o ]
aqg. H,S0O,,
[R C:CHW; e CI %
f HgSO |

Kucherov reaction

Only acetylene produces aldehyde, otherwise all alkynes produce ketone.




\g Alkaline Hydrolysis of Gem-dihalides ?

[ From terminal gem-halides ]

T

-H,0 c—o0
C ,
. ~OH >

0] H

N\
y

T
aq. KOH
H/ci"*“cn ——
Ci

Terminal gem-dihalides Aldehydes




\g Alkaline Hydrolysis of Gem-dihalides ?

[ From non-terminal gem-halides ]

R
Cl 0
., ag. KOH C -HZO9
R—C—R = |
OH R R'

Cl

Non-terminal gem-dihalides> Ketones




Preparation of Aldehydes

<‘ Acid chloride
Nitrile and ester

Preparation

of aldehydes
from

Hydrocarbons




& Rosenmund Reduction }

S g T Sl H2
e

Lindlar’s catalyst

[ Example:j

o
| i

| ;
c Pd-BasO,
H3C/ \CI e

O—O0O



@reparation of Aldehydes from Nitrile and EsteD\

G

,

eneral reaction:; !

R==GC==N

o

O

=

[Reduction]

[Reduction]

]

T N
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\C Preparation of Aldehydes




& Derivatives of LiAlH, }

Derivative 1: I Derivative 2:
& . H
O——1t-Bu
o+ Al

Li H .\ o) t-Bu

In general, double
bonds are not
reduced by
DIBAL-H.




\g Preparation of Aldehydes ?

f Example: W

LiAIH(O-t-Bu),
H,O

RCN >RCHO

CH3CH——CHCH,CH,CN

LiAIH(O-t-Bu), | H,O

CH,CH—=CHCH,CH,CHO

DIBAL-H
RCN = RCHO

CH3CH=——CHCH,CH,CN

DIBAL-H

CH;CH—=CHCH,CH,CHO



o

Preparation of Aldehydes

&)

> RCHO

(@)
| DIBAL-H
C
H,O
R/ \CI 2
0
|| DIBAL-H
Cc H,O
- D \OR
DIBAL-H
R=g=—N

H,0




& Stephen Reaction } o7

/ | (2)H,0"

(1) SnCl,, HCI
(2) H;O* ey

) k)




& Preparation of Aldehydes )

-

From hydrocarbons




-

& Etard Reaction

[ Reaction: i CH, CHO

CrO,Cl,, CS,, H,O*



Etard Reaction

)

\
=

[ Reaction:

CS,
CH; + CrO.,Cl ===

f

Cl,(HO)CrO OCr(OH)CI
AHO)CTON_| _otroHcl,

\

;Jnstable '

3o+

é (_| o



'

\C Oxidation of Toluene by Chromic Oxide

G CH, CHO

Reagents used

1) CrO,, (CH,C0),0
At 273-283 K
2) H,0™, A



\g Oxidation of Toluene by Chromic Oxide ? 4

CH,

(o) o)
fReaction: W M I(!
+ CrO; + H3C/ \0/ \CH

o o)
H |
H3C—C—O _O—C—CHy

S8

Benzaldehyde




\g Oxidation of Toluene by Chromic Oxide ?

Unstable
: : [

7

| . I HO. OH
H3C—C——O\ /0——C—CH3 \ el

L

ol




\CSide Chain Chlorination of Methyl Benzen@ 4

( Reaction:
CHCI,

o ol

Reagents used

<

1) C|2, 1) 373 K

2) H,0,373 K
Benzaldehyde



\(Side Chain Chlorination of Methyl Benzen@ v

;Jnstable '

e

o e

Benzal chloride Benzaldehyde

CHCl,




\C Gattermann-Koch Reaction )\

1) CO, HCI
2) Anhydrous
AICI,;/CuCl

The reaction occurs
in two steps.




\C Steps Involved in Gattermann-Koch Reaction }

rl
i Step 1 Formation of electrophile }

(Y

CucCl
\

H——cl + C==o0" + AICl; T

N

+
H—Cc=—0 + "AICl,



@ Electrophilic substitution on benzene D\

I agm A 2
_' Step 2 Electrophilic substitution

on benzene

e

+

o)

Cc

H

>

—

7 =
Cl c
e 5 i
\ e
—HCIl T)
C



Methods to

chloride

Rosenmund's
reduction

\ reaction

prepare only

)\ aldehydes 4

A
i

| toluene 4 reaction
benzene Koch reaction




Preparation of Ketones

( Acid chloride

Preparation
from
Friedel-Crafts
acylation




\(Preparation of Ketones from Acid Chlorid®

Acyl chlorides —)_

Reagent used

LDiaIkyI cadmium W]

O+d O+.0—

2XMgR + CdCl, ——> CdR, | + 2Mg(X)Cl

Dialkyl
cadmium



@Preparation of Ketones from Acid Chlorids v

R o 0
; L| 8§6R_ SR |C! CdCl
R'/ \CI . : ZR'/ \R : 2

LGeneraI reaction:

: e
Mechanism:
L c’) ~ o- N
o e .
c + CdR, — > c cd
xR g (e
R o

il
|c! + CdcCl,



\( Preparation of Ketones ? 4

f Example: W‘




& Preparation of Ketones from Nitriles } |

s

-

LGeneraI reaction:w; a

IS h 0= O+ H30+ | + 2+
R C—N4+ R—MgX ——> C =+ NH4 + Mg™ + X~

A

1) RMgBr, ether

Ve

[Grignard reagent




\g Preparation of Ketones from Nitriles ? 4

[ Example: W

0
— B= Bte. HO |
CH;—CH,—C—N = CHs=MgBs ———>5 /C\
CH3'—__CH2 CH3

+ NH; + Mg?* + Br~



Steps Involved in the Reaction of
Grignard Reagent with Alkyl Cyanide

'--ﬂ
i Step 1 Nucleophilic attack J

— +
NMgBr

[\ 00— O+
CH;—MgBr C

CH.—CH C=——N > i
: . CH3—CH2/ CH;
Imine




_' Step 2

\g Hydrolysis of Imine

N
Hydrolysis of imine

)

<+
\ngBr
C

/ \
CH;——CH, CH; < CH;—CH,







Hydrolysis of Imine

&

= _CH;

DN

O

o

__CHs




&)
N

\g Preparation of Ketones from Nitriles

H H ﬁMgBr
5.5+ e H
CH; —NMgBr
CH;—CH, C——=N o1 C
/ G
CH;——CH, CH;
Imine
| ﬁ
/C\
H.NMgBr + CH;——CH, CH;



@ Friedel-Crafts Acylation j

D
C.H.‘+ ch.cagl Al—gl) C.HsCOCH, + HCl
3

Acetophenone

RCO is added to the benzene ring in this reaction.



\C Physical Properties of Aldehydes and Ketones }

/o( o)

/Q( Boiling Point

\QC Physical State )
\OC Solubility )

Physical
Properties




o

Odour

&

(T

he lower aldehydes have
sharp pungent odour.

The odour becomes
less pungent &
more fragrant




Boiling Point

Boiling point

The weak molecular
association
in aldehydes and
ketones arising out
of the dipole-dipole
interactions.




Boiling Point

Boiling point

The absence of
intermolecular
H-bonding in
aldehydes and
ketones

j&




C Physical State }

Gas at room
temperature
<. ( Volatile liquid >
Liquid or solid at
room temperature




Solubility }

€
, Solubility

They form hydrogen
bonds with water.

| ;

>:%num6|-:||-/ Eﬂluu%:ép



& Chemical Properties of Aldehydes and Ketones } A

Chemical
reactions




Nucleophilic Addition Reaction

Nu

LGeneraI reactionw; \6+ 5— O+ B— \ /
o

O + HNu —— ¢

7 ..

: 6 I N
L MechaniSIEs _| Step 1 | Addition of nucleophile

J

| o
_| Step 2 Protonation

3




\( Addition of Nucleophile )\ 4

Rate-determining step ]

Perpendlcular
attack to the plane
sp2 - of C=0 bond
hybridised C




L

)

Addition of Nucleophile
e
[ sp3 hybridised C ;x ‘
i o
a\w' a
7 o
L v,
Tetrahedral

intermediate






\QStereochemistry of Nucleophilic Addition} &

If the groups attached to
the carbonyl are different,

Nucleophilic addition
reaction leads
to racemisation.




@Stereochemistry of Nucleophilic Addition? v

A Nu Nu

| =

i, g Nu _Slow 6. Fast g
/ \J a\\y a“y
i =

o] 5 b
(0] OH
al:}c/ HT auhc/

—
‘ Fast ‘
B Nu Nu B



\gReIative Reactivity: Aldehydes vs Ketones? £

Reactivity depends on

A4

Electronic factor |

Steric factor |

Generally, aldehydes
are more reactive than
ketones due to less
steric hindrance.




\C Steric Factor: Aldehydes vs Ketones

7/

One alkyl Two alkyl
group | groups |




\g Steric Factor: Aldehydes vs Ketones

-

The carbonyl carbon of an aldehyde
IS more accessible to a nucleophile.

[ — —

It is because the hydrogen
attached to the carbonyl carbon
of an aldehyde is smaller than

the second alkyl group attached
to the carbonyl carbon of a ketone.




\C Electronic Factor: Aldehydes vs Ketones }

Aldehyde 05- Ketone
I =9

C
i,

One EDG

05—




\C Electronic Factor: Aldehydes vs Ketones } 4

Aldehyde |

4

More number of l

v

One EDG

electron-donating
groups

Less stabilisation of C§+ |

>

Higher stabilisation of
partial positive charge
on carbonyl's carbon

Less reactive |

More reactive |



\g Electronic Factor: Aldehydes vs Ketones ? £

Q=== 0
gy ol 0

g |

L Decreasing reactivity>




\C Nucleophilic Addition Reactions )\

ddition o

e Alcohol |

Ammonia and

its derivatives |




(_ Nucleophilic Addition of HCN )

LGeneraI reaction T
O CN
” NaOH /
— TEANAN
+ H—-C=N —— C
C e \
i, o

Cyanohydri
n



Steps Involved in the Addition of HCN

rl
A Step 1 Formation of a strong nucleophile

\

J

| ; Nucleophilic attack on the
Step 2
— carbonyl carbon

v

rl
H Step 3 Protonation of the intermediate




¢

Formation of Strong Nucleophile

&)

HCN is a weak nucleophile, its nucleophilicity is
increased when a base takes proton from it.

e

+ (i
=N+ NaOH ——— NaCN + H

H&}:_

20



\g Nucleophilic Attack on Garbonyl Carbon ? v

H3C fH c 0_\
\64:__[_\%— "CN ; \ /
/C N Slow /C\

H CN

H . _/
Tetrahedral
intermediate




\g Protonation of Intermediate ?

ey

H3C\ / e H3C\ /OH

< C
/ \ H/ \CN

el CN

Tetrahedral

intermediate B ohydrin



(_ Nucleaphilic Addition of HON )

Cyanohydrin formation is reversible

KCN and H,SO, can

- P

also be used as a ,, Just dissolving a cyanohydrin
source of CN" ion. in water can give back the
aldehyde or ketone, and aqueous
base usually decomposes
cyanohydrins completely.




(_ Nucleophilic Addition of HCN ) o

(0]
He o NaOH, H,O
>< > + CN
Cyanohydrin Ketone
OH_\V 0 CN
(@) CN
H - &

N



(_ Nucleaphilic Addition of HON )

The equilibrium is more Ellore BTl hinderance]
favourable for aldehyde t
cyanohydrins than for _
ketone cyanohydrins l
Lesser accessibility
for the nucleophile
| The size of the groups (( j

Reason attached to the s :
| carbonyl carbon atom Equilibrium shifts
; to the LHS.




R

(_ Nucleophilic Addition of HCN D o

o)

R

HO CN
Keq
+ HCN =

R R

Cyanohydrins are very useful
compounds in synthesizing many
other organic compounds such as]

a-hydroxy acids, amino acids,

A

Aldehyde or ketone Keq
PhCHO 212

o
28

< etc. )




\( Nucleophilic Addition of NaHSO, )\

LGeneraI reaction

;

!!

O

|
A8

+

(0
|

S

. N +
HO/ \ONa

Bisulphite addition
compound



_l Step 1I

H1C
N

= N
\CNucleophlllc Attack on Carbonyl Carhon>

Nucleophilic attack on
the carbonyl carbon

.

H

5 ‘ Slow
C=——0 S
/ \6Na 0

The S-site is more

nucleophilic than the O-site.



@ucleophilic Attack on Carbonyl carh@\

O

e
\6+ (\o— ”

C—0 + S

/ Ho™ X
H

Slow
i S

D
\ONa

r ™
H5C ONa
o
H/ SO-H
\_ N s

The nucleophile added in the slow step,
which is RDS, and hence, this reaction known
as 'nucleophilic addition’.



L

Proton Transfer )\ v

rl
B Step 2 Proton transfer }
r B s : -
H5C SO;H H,C SO;Na Since the reaction is
\C/ /’ SR reversible,
C
N :

H/ \6N+a H/ \OH S T

b o The addition product can be

converted back into carbonyl
compounds using mineral
acids.




R

@ Point to Remember! )\

This method can be used for the
purification of

aldehydes from other organic compounds.

Stir together —  +
9 in ice bath HO\ /SO3Na
)J\ + NaHSO; _ : c
H Dilute acid R/ \H
or base _
Crystalline

solid

In case of ketones,
the equilibrium of the
reaction is shifted in

the left direction.



\CNucIeophilic Addition of Grignard Reagent}

Reagent Reactant Product
Formaldehyde Primary alcohol

Grignard An aldehyde other Secondary

reagent than formaldehyde alcohol

Ketone

Tertiary alcohol

(0)
5
H/ \H

Formaldehyde

H;0*

+ CH3H,C—MgBr ——> CH,CH,CH,0 MgBr —> CH;CH,CH,OH

Primary alcohol



\gNucIeophilic Addition of Grignard Reagen® |

C ” O MgBr Y OH
H,;0 |
C + H;C—MgBr ——> | —_—
Pl CH;CH,CHCH; CH;CH,CHCH3
H,CH;C H
Secondary alcohol
Propana

- +
CO O MgBr OH
| | mo' |
Cc + CH3H20_MgBr —_— CH3CCH2CH2CH3 —_— CH3CCH20H2CH3

H3C/ \CH,_CHZCH?, | |
CH,CHs CH,CH,

5 Pantanore Tertiary alcohol



\C Nucleophilic Addition Reactions )\

Addition of

e Alcohol |

Ammonia and

its derivatives |




@ucleophilic Addition-Elimination of Water} v

O OH Water is a poor nucleophile.
H HC] Therefore, it adds relatively
C +HO = slowly to a carbonyl group.
R R/H
OH
An aldehyde A gem-diol .
or aiketene A hydrate The rate of the reaction is

increased by an acid catalyst.




Nucleophilic Addition—Elimination of Water 4

The addition of water Y rl :
to an aldehyde or a i Step 1 Protonation

ketone forms a hydrate. 4
rl
1 Step 2 I Nucleophilic attack of water}

: ) I
A molecule with two —OH r _
groups bonded to the 2 Step 3 Deprotonation
same carbon, also
& called gem-diols. :




Mechanism for Acid-Catalyzed N A
C p

Hydrate Formation

H
g~ : i 2
:0: S OH 0
|| U\ g ” M + H,0 : R—C—H
A A
/C\ A R w 0)
R H R H H/+\H

The acid protonates
the carbonyl oxygen

The nucleophile adds
to the carbonyl carbon




Hydrate Formation

Mechanism for Acid-Catalyzed N A
C p

OH OH Generally, simple aldehydes
are hydrated to some extent
C H- i Hzé A R C H + H,0 while §|mple ketongs are not.

o ¢

Aqueous solution of
formaldehyde is
completely hydrated.




@ucleophilic Addition—Elimination of Water§ P

Substituent Effect
The extent to which an
aldehyde or a ketone is Electron-donating, Decreases the
hydrated in an aqueous bulky (such as methyl | percentage of hydrate
solution depends on the groups of acetone) present at equilibrium
substituents attached to
e @RS § e Electron-withdrawing, Increases the
small (the hydrogens percentage of hydrate
of formaldehyde) present at equilibrium




Steric Factor )\ £
Name Structure Equilibrium
constant K
0]
Acetone )J\ 0.001
(0]
Acetaldehyde )‘\ 1.06
H
o)
Formaldehyde J‘\ 2280
H H




\C Electronic Factor )\ £

Equilibrium
constant K

o] HO OH Name Structure
R

K
T e 22
R R

R

Acetone 0.001

)(]\
Chloral & 1.06

Hexafluoro-

2280
acetone




\( Nucleophilic Addition of Alcohol )\ Ve

HCI gas (0] 34
) N N
LGeneraI reaction: C—0 + ROH ¢ /c

i
’ 5 H OH
Hemiacetal
(Tetrahedral intermediate)

1 LROH, -

\C/"R
7 N
H OR

Acetal




\gtructures of Hemiacetal, Acetal, Hemiketal and Ket@\ %

Hemiacetal |

Acetal Hemiketal |



EXaMm?LE

KC Nucleophilic Addition of Alcohol )\ £

O
H,C OH
| L N
C
/C\ + CH,OH o—
HyC H H OCH;
Hemiacetal

/I I/CHgOH/H+

H3c\c /OCH3
AN

H OCHj,
Acetal



\( Nucleophilic Addition of Alcohol )\ £
EXaM?LE

9 HsC OH
| .
+ CH,OH
e N\
H;C CH,3 H,C OCH,4
Hemiketal
/H/CH30H/H+
H,C OCH;
o C/
H3C/ \OCH3

Ketal



Steps Involved in Nucleophilic
Addition of Alcohol

€

rl
A Step 1 | Formation of a hemiacetal}

OH



\C Formation of a Hemiacetal ?

. : OH
:OH
H
H CH, A ¢ s
A +
ot s : OCHj

H : CH; Hemiacetal



\C Formation of an Acetal

rl
Al Step 2 Formation of an acetal J

:OH
H CH;
:OCH,
e
H CH,




H

\C Formation of an Acetal

&)

ﬁ{/’——_;;r\\
f\ \+/ 3 ‘I
CH 5, (0
7 - CH.aH
> H CH;, ——> H
g 2 —HClI

OCH; :OCHj

OCHj

OCH;
Acetal

CH,




\C Note! )\

Generally,

Acyclic hemiacetals Acetals and ketals can
and hemiketals are not be transformed back to
stable in the aqueous the respective aldehydes

phase. Hence, they and ketones by using

cannot be isolated. mineral acids.

—




(Example: |

W

|

\( Conversion of Acetals and Ketals )\
OCH,CHj
| Hot  CHaCH,CHO
3
HiC——CH =€~ H = = +
2CH,CH,OH
OCH,CHj

Acetal



\\C Nucleophilic Addition of Alcohol )\

Cyclic acetals and
ketals are formed in the

presence of dihydric or
trihydric alcohols.

‘ O H.C O—CH
‘ [—Example: T | / s, X 2
‘ /‘ 4

. - c + H,0

Ethylene glycol
ketal



\\C Trick to Remember! )\ A

o O—CH,

H.C
H=—O0——CH; | gas, 2 &
C=0 4 | . c
H-{—0— i H3C/ AN

+| H,0

H5C O——CH,

Ethylene glycol ketal



Cyclic Acetals

Cyclic acetal too, can be reversed by
treating the acetal with aqueous acid




\( Acetals as Protecting Groups )\ g

s R'O OR' -z
Although acetals are hydrolysed >< L No reaction
to aldehydes and ketones in H,0
aqueous acid, acetals are
stable in basic solutions

, Acetals are used to / \ OH™

/|protect aldehydes and O (0) —>H20 No reaction
ketones from undesired
| reactions in basic solutions

Protecting group ]




\( Acetals as Protecting Groups )\
EXam¢LE

0 o}
0 |
o HA (
>
o L HOCH CH.OH - OFt

(1) LiAIH,, Et,0
(2) H,O

o e




)

\C Addition of Ammonia and Its Derivatives

,

LGeneraI reaction: |

Aldehydes and ketones
react with primary amines
to form imines.

They have a carbon-
nitrogen double bond




\g Addition-Elimination of Ammonia and Its Derivatives ? %

X
\c=0 + HzN_Z — /C:N———Z + HZO

\ f\ \ /NHZ_Z

C=—O0 + H,N—7Z
A oo

ﬁldehyde Ammonia / \
or ketone derivative Dipolar it
/‘ L Proton
transfer
[} [—
\C/ Amino

/ \ alcohol
OH



e : AN
Q\ddltlon of Ammonia and Its Derwatwes)

X K* NN

N

Am|no alcohol Protonated

amino alcohol

H,O" +

Iminium ion

/‘LHZ&S:

C:N\

Imine



\C Imine

)

~ N

/c:o + HLN—R ——> C——N

Aldehyde 1° amine Imine
or ketone

Imine formation: Reaction |

R

with a primary amine



\( Oxime )\

N T

/CZO + HoN==0H ——— = C——N + H,O

Aldehyde Hydroxylamine An oxime
or ketone

Oxime formation: Reaction |

with hydroxylamine



\g Hydrazone )\

2 SR

/c:O + HbNNH, —> C——=N + H,0
Aldehyde Hydrazine A hydrazone
or ketone

Hydrazone formation:

Reaction with hydrazine )



\g Phenylhydrazone )\

= N

C=—0 + H,NNHC¢Hs —> C——NNHCgH; + H.,O

Phenylhydrazine A phenylhydrazone

Substitutedﬁ hydrazone fo;mation:

Reactions with phenylhydrazine



g Semicarbazone )\

ﬁ ﬁ

C=—0 + HN—NH—C—NH, —> C—N—NH—C—NH, + H,O

Semicarbazide Semicarbazone

Semicarbazone formation:

Reactions with semicarbazide



\( 2,4-Dinitrophenylhydrazone )\

C=—0 -+ H;NNH N, = C———NNH NO; + H,O

O,N O,N

2,4-Dinitrophenylhydrazine 2,4-Dinitrophenylhydrazone

Substituted hydrazone formation:

Reactions with 2,4-dinitrophenylhydrazine |
_4




\( Structure of 2,4-DNP )\ v

NH, |
HN/ Used for identification of
- aldehydes and ketones
Noz/
NO,

2,4-Dinitrophenylhydrazine



\g Addition of Ammonia and Its Derivatives }

O,N

\ R

\ 4
c—o0 <+ H,N—HN N

2,4-Dinitrophenylhydrazine
(2,4-DNP)

O,N

\C_N HN / \ NO, + H,O

2,4-Dinitrophenylhydrazone

o









[ Wolff-Kishner |

& reduction J

, ]
1

——>1 Wittig reaction

S

Reduction to W
alcohol

Basic W'
condition |




\C Clemmensen Reduction )\

ﬁ
seTEy CH

1 v e

‘ Aldehyde/Ketone Hydrocarbon

\

+ .

\ > Zn-Hg, HCI

| General reaction H

1 R\

|

‘ Zn-H
e N Lt HO
/ HCI




Clemmensen Reduction )

H3C H3C
C—o0 gnHg \CHz + H,0
- 1 HCI i :
H H

ﬂ) o= HZO
HCI



7~ For these cases,
reduction iS

Wolff-Kishner
quite useful.

P



Clemmensen Reduction )

This is not a good
method to reduce
carbonyl for acid

sensitive substrates.

OH

e )

CH,

Zn(Hg)-HCI, A
=

Cl

CH,CH,



l

Reduction to |
alcohol

 Clemmensen | Acidic 2
, _reduction condition |

:

—-)[Wittig reaction |




\( Wolff-Kishner Reduction )\

o
/u\ E e

CH
o
Aldehyde/Ketone Hydrocarbon
— - - —>[NH2NH2, KOHIAW;
R H
General reaction \ 1 HoN——NH,
C > R C H + Nt
/ 2. KOH/Ethylene glycol/A
- H,0
H H



K( Wolff-Kishner Reduction )
R\ R
C—:0 + H,NNH, —— C::_N—N-Iz + H,0
H H Unstable
Hydrazone lKOH/Etherne glycol/A
intermediate
R C——H + ’NZT |




(

Wolff-Kishner Reduction

EXaMm?LE

CoHg

H

CoHs
NH,NH,

)

c—0 ———> C——NNH, + H,0

7 7

H

KOH/Ethylene glycol l JAN

C,Hs

H

7~

CH,

+ N,



Wolff-Kishner Reduction )\ &

0 NNH,

NH,NH,
> + H,0

l KOH/Ethylene glycol/A



\C Note! )\




\( Wolff-Kishner Reduction )\

EXam?LE -
|

C CH,CH,4
\CH3

NH,NH,
“OH/A




\C Reduction to Alcohol )\

Reducuon

‘ Reducuon

LGeneraI reactionw; R ' R
' \ Reduction \
/C_—_O > /CH—OH
H H

Aldehyde Primary alcohol



L

Reduction to Alcohol )\

General reaction

R R
| Reduction
/C—O x CH—OH
Rl

Rl
Ketone 2° alcohol



\C Reduction to Alcohol

~

Reduction of
aldehydes and
ketones to
alcohols

N\




C Recall )

f N [ \

Aldehyde Ketone Ester Amide Carboxylic acid

o) 0 0 o 0 0
R H @ R R 2 OR R NR, R OH

1
!
-




L

Catalytic Hydrogenation

)

General reaction

R

N H,

cC—0

/ Pd, Ni, Pt 2

H

Aldehyde

R

N
7

H

1

CH—OH

° alcohol



\C Catalytic Hydrogenation D\ £

e

General pictorial

representation of catalytic S a2 NG et 2
hydrogenation of aldehyde < '» ™
when passed over catalyst oy /I‘ l‘x "L LCC C
surface to form primary “‘ "‘2 " _
e e e e eare

alcohol.




C

Catalytic Hydrogenation

General reaction

Ketone

H,

Pd, Ni, Pt

>

)

R

>CH_0H
RI
2° alcohol



Oxidation of Aldehyde and Ketone

[ Oxidation of Aldehydes ] 0 O
| e |
/2 AN
R H/IR R OH
[ Oxidation of Ketone ] (@)
ﬂ

CH
i \CH o g 2CH,COOH
2

H,C

Vigorous oxidation
(strong oxidant at
elevated temperature)

]




CH;

Popoff’s Rule

The rule states that
during the oxidation of unsymmetrical ketone,
the cleavage of the C—CO bond
happens in such a way that
the keto group is always
with the smaller alkyl group.

(O]

CH, CH,
Conc. HNO,

Propanoic acid

QO

Pentan-2-one

CH, > CH;——CH, COOH

*
CH;——COOH

Acetic acid



Oxidation of Aldehyde

o)
?4[ l . RcooH

& Oxidation of an
aldehyde to an acid
can be done with a

strong oxidising agent

such as KMnO,,

\_ HNO,, K,Cr,0, /

\_

Also, with mild
oxidising agents like
Tollens' and Fehling’s
reagents

~N

J




Oxidation Reactions of Aldehydes and Ketones

P Tollens’ test

= Fehling’s test

B Benedict’s test
Oxidation

reactions

Haloform reaction



Tollens’ Test

Tollens’

test




K( Tollens’ Test )\ 7

A
LGeneraI reaction RCHO + 2[Ag(NH3)2]+ + 304

Aldehyde Tollens’ reagent

202 Sl : : %
This reaction is also 7
known as silver

mirror test

= L2,

RCOO + 2Ag| + 2H,0 + 4NH,

Carboxylate  Silver
anion mirror



\( Preparation of Tollens’ Reagent )\ g

2Ag(NO;) + 2NH,0H ——> Ag,0 + 2NH,(NO,) + H,0

Silver nitrate Ammonium
hydroxide

Ag,0 + 4ANH,0H ——> 2[Ag(NH;),]"OH™ + 3H,0

Tollens’
reagent



Oxidation of Aldehyde by Tollens’ Reagent £

Reduced to

2[Ag(NHg),]" 4 30H™ > 2Ag]
Tollens’ reagent Silver mirror
Oxidised to e
RCHO > RCOO
Aldehyde Carboxylate

anion

Gives positive
Tollen’s test

O==0

All aromatic aldehydes
give Tollens’ test.



Fehling’s Test

Fehling’s
test




Fehling’s Test
Fehling’s solution Fehling’s solution
A B
| I
[ I
\Z v
Freshly prepared Sodium potassium
aq. CuSO, tartrate

[Rochelle's salt]\ 0 oH
SR

tko

OH o



¢

Fehling’s Test )\

General reaction

REOHO b PEnet & o -50H

Aldehyde  Fehling’'s
solution

l

REOO: "¢ Cu.O| <+ 3H,0
Carboxylate
anion ppt



L Fehling’s Test D g

Oxidised to

RCHO > RCOO ﬁ
anion _ H
Does not give
Fehling’s test
t
>Cu2* Reduced O Cu,0}

ppt All aromatic aldehydes

do not give Fehling’s test



\C Benedict’s Test )\ &

General reaction

RCHO + Cu(Citrate)s + B50H™

Aldehyde Benedict's
reagent

l

RCOO™ + cu,0( * 30

Carboxylate Blue colour
anion ppt

Ag. CuSO, + Sodium citrate

Benedict’s
reagent

Cu (Citrate)i—



\C Trick to Remember! D\

R ti
pCu2* educ |on) Cu,0
Benedict’s and
Oxidation < Fehling's reagents
RCHO > RCOO have similar

Aldehyde Carboxylate anion SR



Comparison of Tollens’ and Fehling’s Tests

Tollens’ Fehling’s
SEERie test test
Aliphatic aldehyde N4 v
Aromatic aldehyde \/

Aliphatic ketone

Acetal
Ketal

Hemiacetal \/ \/



Comparison of Tollens’ and Fehling’s Tests

ek VA
Carboxylic acid
Formic acid V4 V4

(HCOOH)



Comparison of Tollens’ and Fehling’s Tests

Presence of an
aldehydic C-H bond

e C)

H/ \OH

As a result, this bond can be
oxidised further in the presence
of mild oxidising agents such as

Tollens’ and Fehling's reagents.

a-Hydroxy ketones
give Tollens' and
Fehling's tests
because they can be
converted into a-
hydroxy aldehydes
under
basic conditions.



KC Tautomerism in a-Hydroxy Ketones )\

General reaction

OH O O OH
I H0H |
H—C—C—R s C—C
> Ho
H H
a-Hydroxy ketone a-Hydroxy
(terminal) aldehyde



\\C Tautomerism in a-Hydroxy Ketones D\

o ﬁ§ e OH 0-/\H—OH
:OH
H C C R

' A \S
¥, ¥ H—C—C—R
H




\g Tautomerism in a-Hydroxy Ketones )\

C R o-Hydroxy
aldehyde




Tautomerism in a-Hydroxy Ketones D\ g

C

Gives positive
Tollens’ and
Fehling’s tests

\Ti ﬁ OH ™
H C © R
N 0 4

a-Hydroxy aldehyde

%Benzoin ]

Some non-terminal
alpha-hydroxy
aldehyde/ketone
also gives positive
Tollens' test.



o

Haloform Reaction

Haloform
reaction




\g Haloform Reaction ?
El. - :
Ve
A _/

Aldehydes and ketones have at
least one methyl group attached
to the carbonyl carbon atom.



4

lodoform Reaction

7/

o

|
\ 4

<Ye|low crystalline solid

)

4

< Distinct M.P and B.P

D

1

\4

Easily identifiable




\g lodoform Reaction ? A

General reaction

oo
H;C—C—R + NaOH + |, —> RCOO Na + CHI, |
H or (Yellow ppt)
o NaOl

Formation of NaOl

2NaOH + |, > NaOl + Nal + H,0

(Cold and
diluted)



\C Halogenation of Methyl Ketone } 4

rl
A Step 1 Halogenation of methyl ketone ]

Resonance-
\/\ stabilised carbanion
i I
+OH
R c? H R Cc——C
Slow step ‘
H -H,0 H

[3 a-Hydrogens




\g Halogenation of Methyl Ketone j

(O (0]
R |(.l. \[\T H: <—— R—l“—_C—H
N *" o
Y

Resonating structures




¢

Halogenation of Methyl Ketone

T
=
£y 2r-0)

N

E Abstraction oféLW

remaining a-hydrogen

becomes easier

C

H

i




\( Halogenation of Methyl Ketone }
P T
Rei@ cﬂ H A R !:' c—
| & HO
H H
0 171 O I
| it g |
R+ O e ] e |




& Halogenation of Methyl Ketone }

O I O I

| e L

R C C I 7 R C e

P

I
-
C >

I

O ==

o)
|
Cc

R

C I

I
Trilodo-substituted
alkyl ketone



Formation of lodoform

&)

Formation of iodoform ]

Triiodo-substituted
alkyl ketone

CI;



\g Formation of lodoform ?

' ﬁ
R—C \;:13 s R/C\OIJCIB

Weaker the base, e HI
[ better is the leaving group. ] o il ‘l‘

(Yellow ppt)






: N\
\g Halogenation of Methyl Ketone )
: Las ;
OH
Slon R—C C?H\ —— R—C—C—H
Slow step ‘
H




)

\C Note!

Since enolate formation is the CH C
RDS, the addition of halogen 3
does not affect the rate of | | ‘
haloform reaction. :
. O
| |
| |
Reactivity order of halogens v v
in haloform reaction: _
CHI, RCOO

Cl,, = [Br, = I,



\C Note!

0

Haloform reaction
Is used to detect
the methyl ketone

group in organic
compounds.

OH

CH;——CH—

This shows a positive
haloform test.



& lodoform Test }

Gives
iodoform test




Note!

4

&

In case of halogenation
of a ketone/aldehyde
in an acidic medium,
monohalogenation

OCCurs.




Simple Aldol Condensation

—/

q

- C
O O
2=
T
o C
Q_CJ

o
€ ¢
= O
» 5




Necessary
condition

Simple Aldol Condensation

For an aldol ( Aldehyde of
. ketone with atleast

k 1a-H

[ Aldehyde or
ketone with atleast
2 a-H

For aldol
condensation k




L

Simple Aldol Condensation

) =

General reaction

2R

(o)
|
C

0], O|

1. dil NaOH (10%) | |
$ R——CH;—CH——CH—C——H

CH,

H

0, 5°C |
R Aldol
2. Al —H,0

ﬁ

R CH,—CH——=C—C——H

R
a,f—Unsaturated aldehyde



\g Simple Aldol Condensation } v

o OH o
|| 1. dil NaOH (10%) | ||
2R CH,—C H = > R CH,—CH CH c H
H,0, 5°C |
R Aldol
2 Al_HZO

ﬁ

R CH,—CH——=C—C——H

R
a,f—Unsaturated aldehyde



Simple Aldol Condensation }
OH
1. dil NaOH (10%)
s & GH;—C——CH,—CHO
H,O, 5°C
H Aldol
2. A| -H,0
[ Crotonaldehyde J\
CH3—T:CH—CHO

H

a,f—Unsaturated aldehyde



| Condensation

Formation of aldol

Steps Involved in Simple Aldol Condensation
D

Addition of enolate

Formation of enolate




\g Enolate Formation ?

H,C

r H,C—C—H <«—> Hzc——(‘:—H
o 1> 4
/H/ \ Enolate ion/
o

C
I Resonating structures
0o




4

&

Addition of Enolate

s
H,C—C + H,t=—C—H

.L ly

H;C——C——CH,—C——H

H o




&

\( Formation of an Aldol

T_/\/\

H;C—C——CH,—C——H + H—OH




\C Condensation ?

OHm

0
OH
H3C—(|2—(|:H—|(.1—H : H,C (l: Eﬂ
| E1cB |
H mechanism H I
Resonating
structure

H3C—C—CH_C—H

H



\C Condensation ?

[ °
i o N ] .
J, e il

o,f—Unsaturated aldehyde



e

Cross—Aldol Condensation

&

_C
0.9
'c-i-l
T 0

c
® 8
o
O 6

(&)




\( Example }

Four types of products can | ﬁ
result in a cross-aldol reaction H,C C H + H,C C H
- O-—-—-=-—=-=-= >H
(Product 1 ) Self-aldol
- l NaOH
H
i) Dil. NaOH, 5°C
2 CH,CHO > e ¢t—CH,—C—H
i) A |
OH O

Aldol



Example }

H CH,
Four types of products can ‘
result in a cross-aldol reaction H3C—CH2—ﬁ + HC ﬁ H
O -~ - > H (o]
( Product 2 ) Self-aldol > l L
H CH;
i) Dil. NaOH, 5°C
2 CH,CH,CHO A 5 H;C—CH,—C—C——C——H
OH H 0

Aldol



\( Example ?

H CH,
Four types of products can |
result in a cross-aldol reaction H3C_ﬁ + HC ﬁ H
O----=-=-- >H O
lNaOH
H CH,
i) Dil. NaOH, 5°C
CH,CHO + CH,CH,CHO e e |c| H
i
OH H 0

a\[e [o]



\( Example }

Four types of products can C
result in a cross-aldol reaction ||
(o)

= l NaOH
( Product 4 ) Cross-aldol

N

H
i) Dil. NaOH, 5°C  jc— ¢ (l; CH,— C—H

CH,CH,CHO + CH,CHO e | |
II




Factors Affecting the Stahility of the Product

)

7




¢

Factors Affecting the Stability of the Product

D

H  CH;

: &

E e
CH;—C—C—C—H

Product | Product Il

T CH, H
H3C—C:(|:—|C|—H H;C H,C (L=CH—C—H

o]

Product Ili

Product IV

G=——H

o

O

s



\C Factors Affecting the Stability of the Product }

H
H CH3 |

| | HyC——H,C——C=—=CH |c H

H,C—C=—=C ﬁ H

O

Product Il r Major product ] o
roauc ajor proauc
\ j

O



Mechanism of Cross—Aldol Condensation} £

1o

H
Hc::—c—H + OH T——— HC—/C—H + H,0

CH, CH;

o

[ Stable enolate 1
L

HC——C——H

CH,




\g Mechanism of Cross—Aldol Condensation} 7
I

CO O -
e ] siow

T_
H;C—C + HC——C—H —— H3C C|I CH Cc H
H

H CH;, CH;




\g Mechanism of Cross—Aldol Condensation

&)

OH H/O\ <OH o)
| 1 \ : o |
HiC—C—C——C—H + OH ——— H,—C—C—C
B —H;0 |
H  CHj; H CH;
- ch;

H,c—C—C—C—H + OH

0O



\C Chemical Properties of Aldehydes and Ketones} £

Cannizzaro reaction ;
Electrophilic
substitution reaction

iscellaneou
reactions




Cannizzaro Reaction

—

(@




o

Cannizzaro Reaction

2
c C
N O
N S
(&)
S ®
md.)
| -
(&)




Cannizzaro Reaction

Generally, aldehydes
with no a-H undergo
|

\Z

Self-oxidation
and self-reductio
|

v

On treatment with a
strong base

Disproportionation ]




\g Cannizzaro Reaction ? A

s Oxidation
Reaction bfo a-hydrogens
: e Y
\ ¥ Conc. KOH

—+
HCHO <+ HCHO 5 > CH,OH + HCOOK

Reduction



\g Cannizzaro Reaction ? A

Reaction No a-hydr?gens Oxidation
II :
/ \
o O\Qy H
\C ~ ¢ 2 CH,OH COONa
i Conc. NaOH)

A

Reduction



Steps Involved in Cannizzaro Reaction

rl 2
i Step 1 Nucleophilic attack of hydroxide

rl o
A Step 2 Hydride transfer
rl B
B Step 3 Proton transfer




(

Nucleophilic Attack of Hydroxide

C:

(@)
[
ey
i

Intermediate—l

Monoxide
anion

0



Nucleophilic Attack of Hydroxide 4

0o = o =
Acid-base
C reaction C C "
H/ é / \H H/ \H H/ \H
TOH (50%) o o
4(/ _ n =
Intermediate-ll  |ntermediate-I Intermediate-lI

Both intermediates are
formed in this reaction.

Dioxide
anion




\g Hydride Transfer ?
ov_> (0 Hydride
” transfer
e c
(o)
\H
Monoxide anion N7 e
O Na*
I
+ C
C
H/ \OH H/ \H




\C Proton Transfer }
ﬁ ﬁ)—Na
G e
s \OH +|.| C\H—> HCOONa + CH,OH




H

/C

o

Tt

¢

Hydride Transfer }
CO Hydride
5 ‘ ‘ transfer
Hydride transfer

Slow
e A
= H

Monoxide anion

-

H

NG H/\

OH

is the rate-
determining step
in Cannizzaro
reaction.



Cross-Cannizzaro Reaction

If we have two different
aldehydes in the
Cannizzaro reaction

(@)

Q

It is known as a
' Cross—Cannizzaro
reaction

The compound that
IS more reactive
towards nucleophilic
addition reaction
undergoes oxidation,
while the other one

undergoes reduction.



¢

EXaM?LE

0O—0

Cross-Cannizzaro Reaction ? &
CHs
Conc. NaOH
y + CH;—C——CHO
JAN
CHs
\4
ﬁ CH,
| -
C—ONa + CH;—C——CH,—OH

CH,




e

Intramolecular Cannizzaro Reaction

—/

©
- O

S & S
® N .©
— N
o= ©
Ec g
E‘UL
= O

k=




/(\

Intramolecular Cannizzaro Reaction ?

ﬁ
OH
C—H Conc.
| NaOH
C—=fp e e B C—H
u coo  *t
Glyoxal Na
Glycolate ion
CHE Gl ey
NaOH
A

CHO COONa*

4



\g Intramolecular Cannizzaro Reaction ? 4

0D o
|l .
C—C—=H HO—CH—C—ONa

Conc.

NaOH

—



@eps Involved in Intramolecular Cannizzaro Reactit@\

Proton transfer

Intramolecular

hydride transfer

Nucleophilic attack
of hydroxide



O—O0

\g Nucleophilic Attack of Hydroxide

0 >0
1<)
C C

o
|

C H H

OH
- OH

The attack takes
place on the carbonyl
carbon that is more
electrophilic.




\g Intramolecular Hydride Transfer ? 4

G B
C—C——OH H Cc C

b
H




Salt of
mandelic acid




&)

\g Electrophilic Substitution Reaction

General reaction

T oN



—

& Electrophilic Substitution Reaction

(@)
H

——C—H

O,N

HNO4/H,SO,
BHO - CHO
. 273-283 K



| Uses of Aldehyde and Ketone ‘

Most of the ketones like Aldehydes and ketones are known for their
acetone and ethyl methyl sweet and sometimes pungent odors. Because
ketone are used as most of their pleasant fragrances aldehyde and
commonly industrial ketone containing molecules are often found in
solvent. perfumes.

Acetone is used as a ; : )
nail polish remover. Urea formaldehyde resin are used an adhesive
and are favored whenever strong structural

joints are required.

Act as starting materials

& reagents for the _ )
synthesis of other Aldehyde and ketone are used in dye industry.

products.




& Uses of Aldehyde and Ketone

Formaldehyde
is used as a
preservative.

A 40% solution

of formaldehyde is known
as formalin. It is used for
the preservation of
biological specimens as it
is a disinfectant,
germicide, and antiseptic
in nature. It prevents the
growth of bacteria that
cause decaying




Nomenclature

Carboxylic  § @

) Preparation
acids P

Chemical properties




COOH

Benzoic |
acid |

\C Common Names of Carhoxylic Acids

)

COOH OH

OH

Phthalic |

acid ] cis-Butenedioic acid |
' (Maleic acid)

[0

OH




\C Resonance in Carhoxylic Acids }

.

Carboxylic acid’s C is
less electrophilic than
an aldehydic carbon.

[

Resonance phenomenon]

occurs in carboxylic acids.

-+




Cl

@ Relative Reactivity of Acyl Compounds ?

=) Ll

PN

R

NH,



Preparation of Carboxylic Acids

—

From 1° alcohol and aldehyde

From alkyl benzenes
From nitriles and amides
From Grignard reagents
From acyl halides and anhydrides

From esters



\g Preparation from Alkyl Benzenes ? |

- Must have at least 1
General reaction o [l)enzylic hydrogerJ COOH

1. Acidic/Alkaline KMnO, or
CrO,;

2. H,0*, —CO,




\(: Preparation from Alkyl Benzenes

D
EXam?LE
COOK
KMn04 KOH
A, —CO,

[

O/’COOH




\( Oxidation with KMn0,—KOH

7/

: _CHj
I 1° R group I

CH;

: ,CH_CH3

2° R group

|

COOH




Preparation from Alkyl Benzene

If a tertiary group or any
alkyl group with no
benzylic-H is present on

benzene ring, then it will not
undergo vigorous oxidation in
the presence of KMnO,-
KOH.

'



Preparation from Nitriles

0

RCN AT Neolely
Reagents used ----> H'/OH™/H,0, A
RCN 1 RCOOH
—NH,

Hydrolysis of
cyanide in acidic
conditions




\C Preparation from Nitriles } Ve

£t H,O", A
o C N > CH;—— COOH

General reaction

—OH/H,0 “OHH,0,A

—NH,

RCN RCOO

We get caboxylate ion on Amide Hyc.IrOI.YSIS 01.:
heating; otherwise cyanide in basic

hydrolysis stops at amide. conditions




Preparation from Nitriles

)

C
\S
il

CH;—C=N

—OH/H,0

Amide

P—m—-_ﬁ
O
” ~OH/H,0, A

CH,COO

g



\( Hydrolysis of Nitriles ?

p—

oH=1150 |

CH3 C_IN > CH3 C NH2
5 i|-| 2
/:/ HO ‘H
>
|
B, OH—/HZOlA

0
CH, l:' o‘|+ NH




-

\C Note

L OHTHO

a0

NH,

OH/H,0

RCOO/RCOOH + NH; «—%

Mild conditions are used to
stop the reaction at the amide
stage.



Preparation from Amides

D

H,O0* A

>
Acidic
conditions

~OH/H,0. A
>

Basic
conditions

O—O0O

o

O

X



& Recall } v

General reaction 5 D+8s sl 5+ & Dryether //
RMgX + O Cc (o] g R—0C

S
OMgX

lw

4

R~

OH



\CPreparation from Acyl Halides and Acid Anhydrides
H,O/H*
v
H,O/H* _
Acid chloride —— RCOOH <«<—— Anhydride
i. OH—/H,0 A

ii. H,O0"



\(: Preparation from Acid Chlorides ?

EXaM?LE

H
CH,COCI —22 5  CH,COOH

—C

O

C o
AN
|-|3c/ atu” H

H,0"
——> CH,COOH + HCI



-

\g Preparation from Acid Chlorides

0
| w,000m- L
C > H,CCOO + Cl

pe
l H,0™

H,C Cl
H,CCOOH + HClI




\C Steps Involved in the Hydrolysis of Acid Chloride}

rl
Al Step 1 I Attack of the nucleophile}

¢

H,C

<

O

C_+ H,0:

w

AN

N\

O

H,;C C Cl

+
O

e w



\( Attack of the Nucleophile ?

H;C——C——Cl




\C Removal of the Leaving Group }

I -
m Removal of the leaving J

= group

@

Cl

G
\o
/



Preparation from Acid Anhydrides ?

o

3 2 0 0
| N
H3C/ \0/ \CH3 H,C 3 CH,

lHZO H— OH
2 CH,COOH l

CH,COOH + | CH,COOH




q

Preparation from Acid Anhydrides

)

O

C

o=

o

O

i \CH3

CH,COOH




@ Preparation from Acid Anhydrides ? Vo

T COOH

¢ -
\0/ \CH3 HZO
e
H—-OH + CH,COOH

D=0



\C Preparation from Esters } Ve

General reaction NaOH H,0"
—> Carboxylate —

Ester i _, Carboxylic

. + Alcohol
H3O+ acids

Basic hydrolysis of ester
NaOH e i
3

C,H.,COOC I === = @ W COONa" + C,H,OH —l

C,H.COOH + C,H;OH



C

Preparation from Esters

&)

SRR S
EXameLE

Acidic hydrolysis of ester

H,0"
C,H-COOC,H, *é C,H.COOH + C,H.OH



Preparation from Esters

§ L8

O

| o
C—O0——C,H; COONa

NaOH
s i
-

Esters with different R groups

H,0™
+ C,H;OH
COOH |

+ C,H;OH



\g Preparation of Benzoic Acid ?

CH,CH; COOH

i) KMnO,~K OH/A
i T + co,T
i) H;0

COOH

i) 1,-NaOH, A
> + CHI,,
i) HyO" X

Reaction

o \c _CHs



\g Preparation of Benzoic Acid ?

Br COOH
Reaction
i) Mg, dry ether
>
i) CO,, H,O"
CH=—=CH, COOH

KMnO,~H™/A
> + co,™



¢

Preparation of Benzoic Acid }

Reaction

CHO Tollens' reagent ] COOH

1. Ammoniacal AgNO,
>

2. H,0"



& Preparation of Dicarboxylic Acids } |

Preparation methods of
dicarboxylic acids




Dinitrile Compounds }

CH,

CH,

N Cc CH, C—N C——N C—N

Preparation

CH,—CH,; 4 IKCN T ———= C|:H2—C|:H2
C C

Cl Cl




Preparation from Dinitrile Compounds

O )

T

N=—C——CH,; > HO—C——CH,—C——OH

Malonic acid

Hydrolysis of dinitrile compound
yields carboxylic acid



Physical
Properties

O

S

o

( Boiling point

\ Physical state

\O/ Odour

\ Solubility

v W W W




O—0O

Acetic Acid
(b.p.=118°C)

Boiling Point of Carboxylic Acids

B.P. of carboxylic acids are higher than
that of alcohols, ketones or aldehydes
of similar molar mass.

H H OH H H 0
OH H C C C H H C C L|~
H H H H H
Propanol Propanal

(bp= 97°C) (bp= 49°C)



& Boiling Point of Carboxylic Acids } g

L

AW 391K

)

AV 351K

300
AW 293 K

B.P.
(K) 200|————— —

100 e




\C Boiling Point of Carboxylic Acids }

High B.P. of carboxylic acids is the result of the
formation of a stable H-bonded dimer.

0---H—0

R—C// \C_R
N /

O—H---0



(

Physical State

)

Aliphatic carboxylic
acids upto nine
carbon atoms

Colourless liquids
at room temperature

Higher acids

Wax-like solids due
to their low volatility




Butanoic acid ‘

b,

I — -
' v
Methanoic acidl M

Nonanoic acid

Ethanoic acid : -

23 |

-

Odour

Aliphatic carboxylic acids '
upto nine carbon atoms have |
unpleasant odours.

‘ Octanoic acid




Solubility

Carboxylic acids form hydrogen
bonds with H20 and the lower molar
mass aliphatic carboxylic acids
(upto 4 carbon atoms) are miscible
with water






7

& Reactions of Carboxylic Acids




7




7/

Recall

T

Acidity/Acidic

strength

Stability of
conjugate base

|
l l

< o'd

(0.4

1

Presence of

EWG (- R, -1, -H) Presence of EDG

(+R, +1, +H)



\C Reactions with Active Metals }

LGeneraI reaction

w )
|

R Cl OjH

Carboxylic

é H
acid Carboxylate ion + H, T

Reagents used ——> Active metals

R +
2CH,COOH + 2Na —> 2CH,COONa + H,T



—

\C Reactions with Alkalies
LGeneraI reaction W
I
Carboxylic :
acid —> Carboxylateion + H,O

Reagents used ——> NaOH/KOH

=~ +
CH,COOH + NaOH ——> CH;COONa + H,O

— +



" Carboxylic

I
/ = &
; : This reaction
acids also react |
I

I
I is used to
with weaker : :je;‘ect o
bases suchas ———> :
bicarbonates ! I howlic
| I group inan
and release | ;
co , | organic
_____ T | _ compound, -

This reaction is known as
bicarbonate test.

~
-_ees - s - - . .



&

\C Bicarbonate Test

LGeneraI reaction 7 r

o

Carboxylic acid—> Carbiz)r(‘ylate + CO,| +/H,0

Reagents Bicarbonates

used of alkali

- +
CH,COOH *+ NaHCO, ——> CH,;COONa + H,0 + CO, 1



&

Bicarhonate Test

»

T

Generally, compounds
that are more acidic
than phenol give
bicarbonate test.




\g Reaction of Phenol with Na, NaOH, and NaHCO, ? Ve

OH
NaOH

O/ ]/ZHZT

NaHCO,

> No reaction




\g Reaction of Benzyl Alcohol with Na, NaOH, and NaHB%? v

— +
CHZONa
Na

> + 1H,T

CH,OH
NaOH

> No reaction

NaHCO,

> No reaction




-

\g Reaction of Benzoic Acid with Na, NaOH, and NaHCO,

— +
COONa
\F}

+ 1%H,1

— +

COOH COONa

NaOH

+ H,0

et
COONa

NaHCO,

+ co,} +H,0

QG



Reactions of Carboxylic Acids £

Formation of

> anhydride

—>  Esterification

R——C j O H b Reaction with PCl;,
PCl;, SOCI,

—> Reaction with NH;



Formation of Anhydride

Examples: P,O./A,

Carboxylic acid ——>  Anhydride H,SO,/A, CaOlA
Reagentused ----- , Dehydrating Chemical compounds that drive
agents

the dehydration reaction

H*/A or
P,O./A




\g Formation of Anhydride ? &

(@) O o)
LGeneraI reactionw ” H*! A or ” ” ECH O
2R/C\0H balaa ; R/C\O/C\R :
0 O o) 0
H + H H+/A or P205/A | || + HZO
C C > C 3
R di Hof R e R



Esterification

(@

RCOOH + R'OH

S
—

RCOOR’ + H,O




Esterification

7\
7/

(o)

[l [l

C,HCOOCH, + H,O -

CH;—CH,—C—0—CH; + H,O



4

Steps Involved in Esterification

Formation of ester B

Nucleophilic attack
of alcohol

Protonation of
carboxylic acid




@ Protonation of Carboxylic Acid ? Ve

o’q OH
Va /
R—G . = R——¢C
X
OH OH

Carboxylic acid



@ Nucleophilic Attack of Alcohol

+
OH 1 o
L B=on, :
R ——aaaift - R C O
OH OH H
Tetrahedral

intermediate

D

RI



o

Formation of Ester

D

OH

:
i
l

:OH

N g

Proton
transfer\

N

R

OH

4=

C OR’

OH,

Tetrahedral
intermediate




Formation of Ester j

OR’

Tetrahedral
intermediate




4

Formation of Ester ?




( Reation with PCl, PEI, SO0, ) ™

PCl,
)
| PCl,
RCOOH > RCOCI
I A

socl,



@ Reaction of Carboxylic Acid with PCI, ?

General reaction .| o RCOOE = e > SRCOC|I + H,PO,

0
| 0
R—C——OH ”
Il R c— c + H,PO,
o] ||= ﬁ
H0—|C1—R -+ a’i ol R=—=C——1l

£



\g Reaction of Carboxylic Acid with PCI, ? g

General reaction = RCOOH + PCl; ——> RCOCI| + POCI; + HCI 1

Cl—PCls 8y ﬁ
O + ——> R—C—CI
| .
i & : i POCI,
+

HCI 1



\g Reaction of Carboxylic Acid with SOCI, } <

General reaction = RCOOH + SOcl, —> Rcocl +so,] +Hci?

Cl—S0——Cli O
5 |
|| * R C (o
R—C——0t § -
S0, %
+



Reaction with PCl;, PCl;, SOCI, ) "

CH,COOH + PCl;, —> CH,COCI + POCI, + HCI4
CH,COOH # SOCl, —/—> CH,COCI + SO} + HCIt

Preferred
reagent




\g Reaction of Garboxylic Acid with SOCI, ? P

Gaseous

| y

Escapes from
RCOCl @ + SOZT + HCI T mixture

v

Makes
purification of
ROCI easier






& Reaction with NH; }

LGeneraI reaction 71 1. NH,

e

Ammonium salt |




\‘( Reaction with NH; } Ve

\ —+
CH,;COOH + NH; — CH;COONH,
Ethanoic acid Ammonia Ammonium acetate
CH;CONH,

Ethanamide



@ Reaction with NH, ?

COOH COONH, CONH,
e A
+ NH _—
e —H,0
Benzoic Ammonia Ammonium Benzamide
acid benzoate

0O O

| A |

H,;C C OH + H-—NH, —> H;C C

NH, + H,O



Reaction with NH, ? g
—+
COOH COONH,
£ oy, ——
COOH coaﬂrm
Phthalic acid Ammonia Ammonium
phthalate
A l—szo

Phthalamide



\g Reaction with NH, ?
(0]
CONH, Strong Ic!
heahng
—NH3
CONH,
Phthalamide

Phthalimide



\C Reactions of Carboxylic Acids } v

Reactions R[C OOH

involving

|
l i

Reduction Decarboxylation




\g Reduction of Carhoxylic Acids ? v

General reaction LiAIH,
I H,O l
RCOOH i > RCH,OH
H,O :
NSPH, T
’.'_Izb
Not strong
enough to
g reduce COOH




Reduction of Garhoxylic Acids

¢

General reaction

D

|

|

LiAIH,
‘ H,O
RCOOH B8 > RCH.,OH
H,0 2
/ NaBH,
Selective

reducing agent for
carboxylic acid




Note

o

-

g In general,
‘4

Reduction of carboxylic acid is
preferred with diborane
because it does not easily
reduce other functional groups

such as ester, nitro, halo, etc.




Decarhoxylation of Carboxylic Acids

Sodium carboxylate ———

Reagentused ~——-—-=>

Hydrocarbons

3:1 ratio

NaOH + CaO/A



\C Decarhoxylation of Garboxylic Acids

'

— + NaOH + CaO
General reaction RCOONa A > R——H

Soda-lime
process

— + NaOH + CaO
CH,COONa s cH, | +

+

Na,CO;

Na,CO,



\C Steps Involved in Soda-Lime Process }

rl
A Step 1 Decarboxylation }

ﬁ (o
AN =

. /C\/o) . R e - C

\) Carbanion o

(intermediate)



L

Abstraction of Proton ?

rl
A Step 2 Abstraction of proton }

R+ H—=—UOH+sr-s>» R——H |+ OH

\



Uses of Ca0

01

As CaO is porous, it increases
the surface area of the mixture,
thereby facilitating decarboxylation
by absorbing CO.,.

1

CaO absorbs CO, only to form
CaCQOg, but since NaOH is present
in the solution, it reacts further
with CaCO; to give Na,CO,.

P

This reaction is considered as the
heating effect of carboxylic acid.



Reactions of Carboxylic Acids £

R CH COOH

Reactions involving

|
v v

Halogenation Ring substitution




7

Halogenation }

a-Halocarboxylic
acid

_) (i) X,/Red P (X = Br, Cl)
| (ii) H,0




o

HVZ Reaction

c
o
=
o
©
a:
S
N
>
L




\g HVZ Reaction ?

S i) X,/Red P
General reaction ' g CH COOH > R CH COOH 4 HX
ii) H,0 |
H X
a-Halocarboxylic acid
a-H atom l
(0 O
i) Cl,/ Red P
> + HCI
ii) H,0
H,C OH H,C OH

Cl
a-Chloroacetic acid



HVZ Reaction ) v

i) Br,/Red P
CH;—CH,—CH COOH > CH;—CH,—CH——COOH 4+ HBr
i) H,O
H Br

/ a-Bromobutyric acid
a-H atom |




|

Deactivating
group

Lode

Meta-directing
group

J

Electrophilic
substitution reaction



Ring Substitution Reaction

Electrophilic
substitution reaction

! !

Nitration Bromination




\g Nitration of Aromatic Carboxylic Acids ? <£

- ]
L Reacliof e COOH COOH

Conc. HNO,
>
Conc. H,SO,

NO,

m-Nitrobenzoic acid



\gBromination of Aromatic Carboxylic Acids? |

o
L Reaction i o T

Br

m-Bromobenzoic acid



7/




(

Oxidation

Aromatic rings can be
cleaved with strong
oxidising agents. Reagent
that oxidises aromatic rings
is air catalysed by V,0Os.

—

air

V205



S

Bimolecular Nucleophilic

Substitution Reaction with

Tetrahedral Intermediate
(SN2Th)



e
-

S, 2Th

S\2Th is a characteristic reaction of
acid and its derivatives (acid halide,
anhydride, ester, and amide).

General reaction




S, 2Th

-

The incoming nucleophile adds
to the carbonyl to form a
tetrasubstituted intermediate

( )
Nucleophilic acyl substitution
usually takes place by an addition-
elimination mechanism.

\. ‘l y,
( )




e

Mechanism }







|

Weaker base is the
better leaving group.




Basicity of 19 © should be
Examples less than that of Nue

O
|-

C C C
R/ \CI R/ \0' R/ \O/ \R




4

S, 2Th

7/

O—O0O
O—O0O

= o g

+ C|T ——— Noreaction

e

=

An anhydride cannot be converted

into an acyl chloride because a chloride ion
is a weaker base than a carboxylate ion.

\

%




T

S, 2Th

~

SR
NN,

oO—O

) OHC
s,
5 / A
£ o—s 5
S \ /
% as oO——oO
—/ A — /
o i
-/
oO—oO

R



Uses of Carboxylic Acids

.

Methanoic acid is used in the rubber
industry.

J

-

Ethanoic acid in the form of vinegar is used
in the food industry.

~N

\& J
(e o)
Esters of benzoic acid are used in
perfumery.

\_ J
Higher fatty acids

are used for the manufacture of soaps and
detergents.

P
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