Crash Course for NEET 2020

KEY NOTES ON Aldehydes, Ketones and Carboxylic acids

Biomentors Classes Online, Mumbai

NCERT Based - Very Important Points

Methods of preparation of aldehydes and ketones(ﬂ%ﬂ%?é)ﬁ? frAT &
ICLen))

1. Oxidations of alcohols (3TeehIgel FT ITFHIHIT)

RCH,OH + [0] =227 3 RCHO + H,0
H,S0,, (dil.)

R,CHOH + [0] ~2297* !

2 +10] f,50, @) R~C—R+HO

2. Catalytic dehydrogenation of alcohols (3TeaIgel T 3cART f3gTESIgA1H0T)

RCH,OH ==X RCHO + H,T
573 K

R,CHOH —22> R,CO + H,T
3. Reductive ozonolysis of alkene (Wﬂimmm)

CHCl,

N or C(_?LjI O .
RCH=CHR + O; —> RC CHR
2 196 K | |
O+4—0

izn, H,0

2RCHO + ZnO



4. Rosenmund reactions (W17 rfaAfeam)

Pd-BaSO,,

+H, — > RCHO + HCI
oiling xylene

RCOCI

5.From reduction of nitriles (W?mﬁ)

(i) AIH(i-Bu),

RCEN—or5—>RCHO
. () R"MgX/dryether _ r
RC=N (ii) H30+ > RCOR
(i) SnCl, + HCI
RC=N — > RCHO + NH,Cl
(ii) Ether Stenhs ) ;} |
(iiii) H,0 (Stephen reduction

6. From esters (T¥eT &)

(i) DIBAL-H, 195K

— > RCHO
(i1) HZO

RCOOR

7. Gatterman-Koch reaction (mﬁﬂ'm)

CHO

CO,HCl
Anhyd. AICI;, CuCl *

8. Friedel-Craft acylation (13e #T¥cH Tl

COR

RCOCI

Anhyd. AICL,




1. From alkenes (3TehieT ®)

dil. H,80,
—C=C— > RCHO or RCOR
HgSO,, 333K
. B)Hg, THF
—C=C— 1,0,/00 > RCHO or RCOR

2. Etard reaction (§2T8 37f&f3Ram)

CH, CHO

(i) CrO,Cl,
(ii) H;O"

Physical properties of aldehydes and ketones (mmmﬂ'%mﬂwﬂﬁ)

Methanal is a gas at room temperature. Ethanal is a volatile liquid. Other aldehydes and ketones are
liquid or solid at room temperature. The boiling points of aldehydes and ketones are higher than
hydrocarbons and ethers of comparable molecular masses. It is due to weak molecular association in
aldehydes and ketones arising out of the dipole-dipole interactions. Also, their boiling points are lower
than those of alcohols of similar molecular masses due to absence of intermolecular hydrogen bonding.
The following compounds of molecular masses 58 and 60 are ranked in order of increasing boiling

points.( F&T ATT W ALY 39 & FT F gIT &. 3Vl Teh arsaeiiel ga §. 317 Ufesgss iR e
heT ATIshA 9T od IT BT Bl . UTeSEISs! d hielsl o Fadsiich HHAJeT 0TI GeaHT alel
gTISSIehTa= 3R ST A T8 gl §. Ig Uesgrsst 3R el gfaga -afaga 3Tehvor & Hereaed
3ot gelel JATUTTAh VT & HROT Bt 8. SoTeh Fadiatich 3 HHAJE T Geg AT dTel
3eTergioll § 3R OTIdh §ISgToTel TS He]U U §lat o ShRUT & Bl & Toia=T Hfarent T, foietenr
3TMUTTeh gedAT 58 3R 60 §. FTUATHT & dad el H IWTIATE.)

n-Butane 273 58
Methoxyethane 281 60
Propanal 322 58
Acelone 329 58

Propan-1-ol 370 60



Chemical properties of Aldehydes and Ketones(¥fe3g188 3R el & Tarafas rfafeam)
1. Nucleophilic addition reactions (ATFAIEN Fret FIHRTHATT)

~~__~ HCN _ ~.~CN
Se=0 5 2

Cyanohydrin

~ NaHSO; =~ H/SO3Na

Bisulphite
~Ne=0 (?.)ng{ ~-~~R
- (i) H;0" ~ " >SOH
$H20H
Ne=0 CH,0H ~_._-0—CH,
<7 driyHC T~ ~O—CH,
Ne—=0 _RoH_ ~~~OR _ron ~.~OR
=0 dry HC /C\OH dry HCI /L\OR
Hemiacetal Acetal

2. Nucleophilic addition-elimination reactions (ATfASEN ATT-TAeTTeT 3rfRTEHAT)

No oy DNHy

2C=0 ———=> JC=NH,
Imine

~ (i)NHZ—Zx\H_ .

C=0 — 21— >C=N—z

NO,

—NH—<:>—NOF—NHCONH2

EmmﬂZ=Mb¢Aq¢—OHrNHP%ﬂﬂ%HT



3. Oxidation reaction (JTFHIHIT FARFAT)

R~ o K,Cr,O,/H"

o C >RCOOH
Aldehydes differ from ketones in their oxidation reactions. (Wmﬁﬂmmﬁ
ffeat cTagR A §)

Ketones are generally oxidised under vigorous conditions, i.e., strong oxidising agents and at elevated
temperatures. Their oxidation involves carbon-carbon bond cleavage to afford a mixture of carboxylic

acids having lesser number of carbon atoms than the parent ketone.( FICIAT T T HTFETHIOT
AT Taol IRIEATAN, SA-Tael IiTFEaoT Fafent 3R 3T a9 W I §. SoAh 3iTardienior &
FIeT -TeeT T FT Al BIaT &, [T 31 el faFdTeleh 3Fdll & fHS0T 9o 81T 8. foiaTd
TRATIL3T T HEAT, Hel hraifieier e & et WAUBT A HATRAE 1)

1 2 3
O
R—CH,—C—CH,-R’ #} R-COOH + R'-CH,COOH
g—l:, (By cleavage of C-C, bond)

+

R-CH,COOH + R'-COOH
(Bv cleavage of C,-C, bond)

The mild oxidising agents given below are used to distinguish aldehydes from ketones:

Tollens’ test(ﬁ@ﬂ'ﬁ&’lﬂ) On warming an aldehyde with freshly prepared ammoniacal silver nitrate

solution (Tollens’ reagent), a bright silver mirror is produced due to the formation of silver metal. The
aldehydes are oxidised to corresponding carboxylate anion. The reaction occurs in alkaline medium.

UeSgISS ol Aol et TATATH oar ATgee Taerdst & | 1 Siat W od eI &eiel &
HRUT THhGR Heal gUOT e STl . WeSE1$3 I hraiedlele RO H ferdiiehd ST
ST §. g 3R &7 ATerH A 9T glcil & |

RCHO + 2[Ag(NH,),]' + 3 OH——>RCOO + 2Ag +2H,0 + 4NH,



Fehling’s test (m;JT gRaor )Fehling reagent comprises of two solutions, Fehling solution A and Fehling

solution B. Fehling solution A is aqueous copper sulphate and Fehling solution B is alkaline sodium
potassium tartarate (Rochelle salt). These two solutions are mixed in equal amounts before test. On
heating an aldehyde with Fehling’s reagent, a reddish brown precipitate is obtained. Aldehydes are

oxidised to corresponding carboxylate anion. Aromatic aldehydes do not respond to this test.( Bforar
fAFAF AT [aerget Hielr [Aerdst A g hichr faager 8 gid 8. Hfcir idega A snfod waw dethe
a7 ol faerdst B Afsaa qieRITA ersge (1 aaor Jgiar g. IReTor & qd &It f[aerdsT gt
AT H fAemd S . Wfeserss bl faesT & a1 a1 e O oITet -337 19819 9Ied gl g.
UeSgISS T raieriiole UM H ierdiehd &1 old ¢ . WiHTeeh WesgTes Ueh TRETT & Ui
BIGIERIGEEAICE)

R-CHO + 2Cu” + 50H —— RCOO + Cu,0 + 3H,0
Red-brown ppt

4. Haloform reactions (TPYeT 3TTRTHaT)

2NaOH + I, —> Nal + NaOI + H,0O
RCOCH,; + 3NaOI —> RCOONa +
CHLl + 2NaOH
Iodoform (yellow ppt.)
(Given by compounds having CH,CO group or
CH,;CH(OH) group).

5. Aldol condensation (Y8l HE)

O

a I -
2R—CH2—C—H dil. NaOH

OH O

4
R—CH,—CH—CH—C—H
-H20|a If ﬂ) Aldol

R—CH,—CH=C—C—H

o,3-Unsaturated aldehyde
(aldehydes and ketones having at least one
o-hydrogen)



Intramolecular aldol condensation

It takes place in diketones and gives rise to cyclic products.( %WW%WW3CQIEOI Fr
EHBETGIE)

Crossed aldol condensation (T YeaTel HETT)

When aldol condensation is carried out between two different aldehydes and / or ketones, it is called
cross aldol condensation. If both of them contain a-hydrogen atoms, it gives a mixture of four products.

This is illustrated below by aldol reaction of a mixture of ethanal and propanal.( 9 &l foee -fAe
UfeBgTes AR /AT HIele & HEg Vestel Helell g1 & dl 3W I Veslel Wl hgd o. I T H a-
grSgiolet g1 dl A IR 3curel &1 fAS0T & 8. 38 3Yetel 3R Wiste fAsor & Vester Huste AR fHar
CART THSITAT ST FehelT 8)

CH,CHO 1. NaOH CH,-CH=CH-CHO + CH,CH,-CH=C-CHO
+ 2. A But-2-enal (Ijl—[
CH,CH,CHO

from two molecules of ethanal 2-Methylpent-2-enal

from two molecules
of propanal /

simple or self aldol products

+
CHE—CH=(I3-CHO + CH,CH,-CH=CHCHO
CH.’L
2-Methylbut-2-enal Pent-2-enal

from one molecule of ethanal and one molecule of propanal

cross aldol products

Ketones can also be used as one component in the cross aldol reactions. ( 1Y Voalel e & hreteT of

Teh E¢eh oh & H Y &1 Tehl §)

O

Il

CHO + C-CH, _©OH CH=CH-C
@ @'g L

1, 3-Diphenylprop-2-en-1-one
(Benzalacetophenone)
(Major product)



Cannizzaro reaction (FfersTRY rfafeam)

Aldehydes which do not have an a-hydrogen atom, undergo self oxidation and reduction
(disproportionation) reaction on heating with concentrated alkali. In this reaction, one molecule of the

aldehyde is reduced to alcohol while another is oxidised to carboxylic acid salt.( f"@%‘l%‘s’, Sad a-
gTSSToTel TATY] 78T Bl Hig &TR Y 3UTEATA H IRHA aitel § TR0 T e (AT )T
sfAfFaT vefda axd €. 38 AR 7 Wfesgrss 1 ve 319] el 1 3afad giar & stafe ganT
370] ST o 319 & orauT 7 Jfedigd g g 1)

H ]
H H (8]
AN N A | 7
/C=O + /C=D + Conc. KOH ——— H—C—0OH + H—C
H H | oK
H
Formaldehyde Methanol Potassium formate
2 @—CHO + Conc. NaOH L} QCllzﬂll + QCDON&
Benzaldehyde Benzyl alcohol Sodium benzoate

Distinction between aldehydes and ketones (mmmﬂ'*iﬁﬂ'ﬂm)

Tests with Aldehydes Ketones

Schiff’s reagent |Pink colour No colour
Fehling’s Red precipitate |No precipitate
solution

Tollens’ reagent |Silver mirror  |No silver mirror
2,4- Orange- Orange-

Dinitrophenyl- |yellow or red  |yellow or red
hydrazine well defined well defined
crystals with crystals with
melting points |melting points
characteristic ~ |characteristic
of individual of individual

aldehydes. ketones.




Carboxylic acids (FTaffFafors 31F)

General Formula : C,, H5,,0, having —COOH group

RCOOH where R = H or alkyl or aryl group

Structure(ﬁﬁ?ﬂ) : In carboxylic acids, the bonds to the carboxyl carbon lie in one plane and are

separated by about 120°. - carboxylic carbon is less electrophilic than carbonyl carbon because of the

possible resonance structure. (ama’fﬁaﬁm 3ﬂ$ﬁﬁ, mﬁ%&amﬁa%aﬂwaﬁﬁwmﬁsﬂ?
SIS 120 ° @ IGETGI ST & | ShTaiifoTel hlelet hlaiffelel Shleie h Jolell H e SAFCITEAE! o Fdiich
EREEEGCICEICRIENIGE)

(,;U +1/Q:_ ,/Q:_
L Tl el
O—H O—H O—H

Classification : They are classified as mono, di, tri and polycarboxylic acids depending upon the number

of carboxyl groups present in a molecule. (ﬁ@ﬂﬁmmuﬂ@ﬁma:mw

AT, g, 218 3R dicTehraifaatore 3l & ®9 # gefihd fhaT AT g 1)
Carboxylic acids
|
v v
CH,—COOH 0
Acetic acid {!"'— OH
(monocarboxylic |
acid) v v C—QH
O COOH I
1 O
CH,—C—OH Oxalic acid
| ﬁ (Dicarboxylic
——— acid)
HO—C—C DDH Benzoic acid
] (Aromatic

CH,—C—O0H monocarboxylic acid)
Citric acid
(Tricarboxylic acid)
Aliphatic monocarboxylic acids and aliphatic esters are known as functional isomers. Some higher
aliphatic monocarboxylic acids (C;, — C;g)are known as fatty acids because they occur in natural fats as

esters of glycerol. e.g., palmitic acid and stearic acid are obtained on hydrolysis of fats.( vfothfes

HlATh R g oleh 3l 3R TeiTthieeh TEeX i hilcHsh AR & & H ST ST & | & 3T



Tferthieen Alclh R e Teleh 31Fel (C; — C1g) BT HET 3l & & H ST STl & Fi1eh d HTepicieh
FOTH FITT F TEX FFT AT AT &1 9, UlafAfesd 3 3R TR 3 ga@Tah ool
3YECT WUTCT 8l 6 1)

Preparation of carboxylic acids (ma’f%aﬁa:amﬁ EFl'ﬁﬁFl')

Oxidation, alk. KMnO,, H3O+

or Cr03—H2804

RCH,OH — 5= i s —>RCOOH

Primary
alcohol
Oxidation
RCHO K CrO- 1 dil 1150 > RCOOH
Aldehyde 2287 TGl Haoty
or Fehling’s solution
or Tollens’ reagent
Hydrolysis
RCN > RCOOH

Alkyl Mineral acid
Cyanide HCL H,SO,; etc.

Hydrolysi

RCN A ———> RCOONa

Alkyl  NaOH or KOH lHCl
Cyanide

RCOOH
CO, (dry ice)
RMgX — > RCOOH
. ry ether

Grignard

H,0"
RCONH, ——> RCOOH
Amide

H,O -
RCO(;I or, () OH JH,0 ~ RCOOH
Acyl halide

(ii) Hy;O"

H,O
(RCO),0 > RCOOH
Acid anhydride



Some more methods of preparation of carboxylic acids (a:m’fﬁ'aﬁwm frdadrF gﬁ ik ?-mﬁv')

) H,0", A
RCOOR' > RCOOH
Ester
. NaOH, H;0™ i
RCOOR' > RCOOH
Ester
i i KMnO,/OH~ i
RCH=CHR ~ILOT > 2RCOOH
Alkene » T3
RC=CR Khinf34ffJH_ > RCOOH
F— T - .
Alkyne A, HyO
COOH

KMnO, - KOH/A _
H,0O" g

Alkyl benzene

Physical properties of carboxylic acids

Physical state : - Aliphatic carboxylic acids upto nine carbon atoms are colourless liquids at room

temperature with unpleasant odours. (Wmmﬁmﬁﬁmﬁw;ﬁﬁ
T Aol aTel HEET AT 19 TR 36 1 aTel WIewe ga g § 1)

Odour : - The higher acids are wax like solids and are practically odourless due to their low volatility.( 39

ol & 3T AGTET AA o1 I Bidl & T 37e9 arsgefiier 3R earagiRes &7 & TUET g & 1)
Solubility :

l.  Simple aliphatic carboxylic acids having upto four carbon atoms are miscible in water due to the
formation of hydrogen bonds with water (WWWWWWW

375 gISSIeT AT [AFH{C X Hehol o PRUT STl H THHOIT BT & 1)

II.  The solubility decreases with increasing number of carbon atoms. Higher carboxylic acids are
practically insoluble in water due to the increased hydrophobic interaction of hydrocarbon part.(

hlfeleT IIATUL3HT o HEAT S6e oh HTY Tl el STl § 3TeeR dhisiifarafers e
BISSIehIee] Sl SToTTaNTTaT 3T (shaT SGeT oh T [TATH STel H HTdT B © 1)
Il Benzoic acid, the simplest aromatic carboxylic acid is nearly insoluble in cold water.( aﬁﬂ?ﬁ?

37T, S T AT WiHTEH FreffFaiod 37 §, 33 STol # oereidT Jfaeagld g)



V. Carboxylic acids are also soluble in less polar organic solvents like benzene, ether, alcohol,

chloroform, etc (Ta el 31Fel Soflel, S, Hehigel Scalie, ST e Yary faeTrarhi 1 o
IECRRGEN)

Boiling points :

l. Carboxylic acids are higher boiling liquids than aldehydes, ketones and even alcohols of
comparable molecular masses due to more extensive association of their molecules through

intermolecular hydrogen bonding. STaiera el 31l & FaUelich HHJeH UTIdH Geg AT
aTel ¥TeSgTSS!, It T8l cieh i Jrcleeiell & 8T STU BT § | raiiraioleh 3l Jg JOTers
3eTeh JTUTHT Y IRER 318 19k ARG gT5gIeTe TSI SIRT HIUT oh HROT
3T gl & 1)

II.  The H-bonds are not broken completely even in the vapour phase.( ﬁg@@aﬂmm
HTEIT H AT quT &7 @ AE ged 1)

Chemical reactions of carboxylic acids (FreffFafa® 3Fdl F AR 3fATHAT)

1. Reactions involving cleavage of 0—H bond (ITATFATT G 0—H 3eer &1 fAgaa g1dT?)

Na,CO,
———> RCOONa + CO,+ H,0
NaHCO,
O => RCOONa + CO, +H,O

Rt oY s RCOONa +1/2 H,
NaOH
——>RCOONa + H,0

2. Reactions involving cleavage of C—OH bond ((mﬂﬁmﬁmﬁ C—OH 3a¥r FT g giar
?)

N
RCOOH/HY, A
———2R—C—0—C—
or P,Og, A R % hOd 'dC R
1o nhydride
2
R'OH/H*
i oM S RCOOR
R—C—OH 2 Ester
PCl, or PCI s RCOCI
or SOCI, in pyridine At Bihide
NH;, A
T 7'0 > RCONH2
Y

Amide



3. Reactions involving —COOH group (FEffdafas HHg —COOH Wﬂﬁ'm)

(i) LiAlH,/ether or B,H,/
ether

(i) H,0* >RCH,0H
O (Reduction)
I u
R—C—OH
NaOHELAO 5 RH + Na,CO,

(Decarboxylation)



