CONCEPT

MAP

ALDEHYDES, KETONES
AND CARBOXYLIC ACIDS

Being important constituents of fabrics, flavourings,
plastics and drugs, carbonyl compounds are of
utmost importance to organic chemistry while
carboxylic acids are amongst the earliest organic
compounds to be isolated from nature and are still
known by their common names.

.
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Structure and Nomenclature
Aldehydes
0

Il
o R—C—H where, R = H, alkyl or aryl group.
e InIUPAC system, aldehydes are named as alkanals.
Ketoneos

Il
® R— C— R where Rand R’ both can be same or different

groups.
o In [UPAC system, they are named as alkanones.

. ALDEHYDES

. AND

Physical Properties
1
Molecular mass

Solubility in water e

Compounds having upto four carbon atoms are
soluble in water due to hydrogen bonding.

Due to dipole-dipole interactions their b.pts. are
higher than the corresponding hydrocarbons or ethers
but lesser than alcohols or carboxylic acids which have
intermolecular H-bonding.

Due to two electron donating alkyl groups, ketones
have higher b.pts. than the corresponding aldehydes.

Distinction Tests

Test Aldehydes Ketones
Schiff's reagent | Pink colour No colour
Fehling's solution | Red ppt. No ppt.
Tollens' reagent | Silver mirror No ppt.

Sodium hydroxide| Brown resinous mass|  No reaction

(except HCHO)
Alkaline sodium | A deep red colour  |Red colour which
nitroprusside (except HCHO) changes to orange

Structure and Nomenclature
Carboxylic acids
(]

e R——0H where, R=H, alkyl or aryl group.
o InTUPAC system, they are named as alkanoic acids.

Physical Properties

1

e Solubility in water o< Molecular mass
e Highb.pt. dueto intermolecular hydrogen bonding.
e M.pts. and b.pts of aromatic acids are usually higher

than those of aliphatic acids.

Chemical Properties

e Acidity order : Carboxylic acids>Phenols>Alcohols
o EDG decreases the acidity and EWG increases the acidity.

e More the electronegativity of the atom attached to
the carboxyl group, more will be the acidity.

Distinction Tests

Test | Carboxylicacids | Phenols |Alcohols
NaHCO; | Brisk effervescence| No No
of CO, gas reaction | reaction
FeCly Buff coloured ppt. | Violet, blue | No
orred colour| reaction

Preparation
e Oxidation of alcohols : " R-C=C- R’%) R—C=C|1—R' H,0,
K,Cry,07/H,SO4(dil. : THF OH™
RCH,OH + [0] 22207 H804d) oy, H,0 H B, R
(1" atcohoh K,Cry0;/H,80,,(dil) R=G=G R RO =R
RCH(OF)R' + [0] —=—=——— RCOR' + Hy0 H OH
alcohoi .
o Catalytic decomposition of carboxylic acids: i * Ozonolysisof alkene(s); R
MnO, 573 K =C—R" Sel
RCOOH + HOOCH —22 53Ky peno + copr H0 | ROH=C TR 570> RCHO + , 2c=0
MnO, K , : 4
RCOOH + HOOCR —M22373 Ky pCOR’ + €O+ HyYO R
X L . o Fromgem-dihalides:
e Hydroboration-oxidation of alkynes : v /
| aq. KOH |
B,H, R—C=C—H —C— —C=
R-C=C-H 22, T 1,0, R CII CIWOH)Z)R C=0
Terminal alkyne THF H BH2 OH Cl
R—C=C—H=RCH,C—H Aldehyde when R" = H
[ Il Ketone when R’ = alkyl group,
H OH
Chemical Properties
: Reduction
o Nucleophilic addition reactions: : RCHO > RCH; ] (Zn-Hg/HCl, NH,NH,/KOH,
, _Reduction /| HI/Red P)
- RCOR" ————> RCH,R
\\/\ _oslow_ N /O er fast /OH Oxidation i
C=0 +:Nu RCHO —— > RCOOH (Even with mild oxidising agents)

7 W 7 \Nu 7 \Nu
® Reactivity order:
Aldehydes > Ketones (steric and electronic reasons)
HCHO > RCHO > PhCHO > RCOR > RCOPh > PhCOPh
o Nucleophilic addition-eli
(i) NH, N
N @A ,C I_'NH + HZO
,C=0 () NH,—Z_ ~ . "¢
SC=N—Z+H,0

(i) A

tion reactions :

(Z = alkyl, aryl, —OH,—NH,,—NHC¢H,
NO

2 o]
Il
—NH —ONOZ,— NH—C—NH,)

o Reduction and oxidation :

i o Haloform reaction :

(same no. of C atoms)

Oxidati
RCOR’ —°05 RCOOH (With strong oxidising agents)

(lesser no. of C atoms)

Given by compounds having CH;CO—group or
CH;CH(OH)—group

NaOX
RCOCH,;———> RCOONa + CHX,
Haloform

o Aldol condensation :

Il I QUL i
CHy=C+H == C=OM>CH3—$—(IZ—C=O

H H H H
(Aldehyde or ketone Aldol

having o.-hydrogen)
o Cannizzaro reaction :

KOH (conc.)

ducti »d
RCHO RS0 b O T (ot or pror b {  HCHO + HCHO =55 CH,0H + HCOO™K
Reduction LiAIH, or NaBH,) i (Aldehyde or ketone
RCOR" ———> RCH(OH)R’ | "4 4 : having no o-hydrogen)
Preparation

o Oxidation of 1°alcohols: . e Hydrolysis of esters :

RCH,0H A&KMnO4 o p oy O rcoon ' H* or OH_ ¢

2 0] acid RCOOR’ + H,0 —————> RCOOH + R'OH

o Hydrolysis of nitriles and amides :

¥

RCN + 2H,0 —->RCOOH + NH,
H,0 .

RCONH, ——~=>RCOOH + NHj e

o From Grignard reagents :

CO, + CH;MgBr %cmcom{ + Mg(OH)Br
> 2

{ CH,=CH, +CO +H,0

o Carbonylation (Koch reaction) of alkenes :

H;PO,, 573-673 K

Under pressure

CH,CH,COOH

(steam)
From methyl ketones :
O

: I
! CH3CH,—C—CHj + 3Na01%accll> CH;CH,COOH

+ CHI; + 2NaOH

Chemical Reactions

® Reactions involving cleavage of —OH group :

o Ringsubstitution in aromatic acids :

RCOOH/H", A (RCO),0 —COOH group is deactivating and meta directing.
> 2
Fo0p 8 Anhydride COOH
/, +
R'OH/H RCOOR’ COOH Br,
Il - Ester FeBry, A COOH
R—C-OH PCl; or PCly rCOCl ’ Br
- or SOCl, in pyridine A cid chloride Conc. HNO,
NH;, A RCONH Conc. H,SO4, A NO,
é
Amide 2
® Reactions involving proton of —OH group : e Reactions involving —COOH group :
Na
——— > 2RCOONa + H
5 NaOH 2 RE—I(IJ—OH NaOH and CaO‘ RH + Na,CO,
i ——> RCOONa + HZO : A (Decarboxylation)
Lo Na,Co.
R—C—OH| |l 23 5
: NaHCO ZRCOONa + CO, + H,0 ® Reactions involving —R group :
—————> RCOONa + CO, + H,0 o) X /Red P
e Reactions involving>C =0 group : | R R —CH — COOH
_ 8- group RC.H;:,'— C—OH| i) H,0 ]

(i) LiAlH /ether or B,H/ether
(i) H;0* (Reduction)

RCH,OH

I
R—;C+ OH

X
o-Halocarboxylic acid
(Hell-Volhard Zelinsky reaction)



	001
	002
	003
	004
	005
	006
	007
	008
	009
	010
	011
	012
	013
	014
	015
	016
	017
	018
	019
	020
	021
	022
	023
	024
	025
	026
	027
	028
	029
	030
	031
	032
	033
	034
	035
	036
	037
	038
	039
	040
	041
	042
	043
	044
	045
	046
	047
	048
	049
	050
	051
	052
	053
	054
	055
	056
	057
	058
	059
	060
	061
	062
	063
	064
	065
	066
	067
	068
	069
	070
	071
	072
	073
	074
	075
	076
	077
	078
	079
	080
	081
	082
	083
	084
	085
	086
	087
	088

