Aldehydes and Ketones

0
CH3—4J.‘—C1 +H,

Acetyl chloride

Preparations:

|CBSE Sample Paper 2018: AT 2016]

CH,—CH—CH—CH,

Stephen's reaction

Ethyl ethanoate

l
2CH,—C—Cl + (CH,),Cd

Ethane nitrile

OH

2-Propanol

CHy—CH—CH,

Pd-BaSO4

Rosenmund
Reduction

@) O,
——)
(i) ZvH,0

CH,C=N+ 2[H] S:I_g]lz
Stephen's reaction [Delhi 2017)
=NH H,0
CoiEe = HCI
- () AlH
(iso Bu),
CH,C=N BED
” i) DIBAL-H
CH3_C_OC2H5 0]

—_—
(ii) H,0

_—
Acetyl chloride ~ Dimethyl cadmium
O 0
C |é I
CH-C—0 O-—C—CH, -
- Ury
P aiio ] “Distillation”
CHs——C—O O——(i—CH3
Il I
0 (0]
Calcium acetate
. (i) CH,MgBr
CH3C—N (i) H,O/H

_Cu.ST3K |

i
CH—C—H

Acetaldehyde
(Ethanal)

i
CH,—C—H

Acetaldehyde
(Ethanal)

I
CH,—C—H
Acetaldehyde
(Ethanal)

CH,CHO
Acetaldehyde

(Ethanal)

i
CH,—C—H

Ethanal

?
CHs—é——CH3
Acetone
(2-propanone)

i
CH—C—CH,
Acetone
(2-propanone)

0
CH3—g—CH3
Acetone
(2-Propanone)

|
CH,;—C—CH,
Acetone
(2-Propanone)

IMPORTANT REACTIONS AND CONVERSIONS

Cu

CH,CH,OH
' 573 K
0, H,SO
H,0, H,50, HC=CH
HgSO, Ethyne
(Acetylene)
M CH3CHC]2
1,1-Dichloro ethane
] i
CH;+C—0 0+-C—H
Dry ° N\ /
istillation | Ca+Ca
/ o —
CH3——(|f_o 0= (ﬁ H
O

(#) CH;MgBr

(if) H,O/H" — G
e OH
LY,
Conc. H,S0, CH,—~CH—CH,
H,0
“<——o— CH =
Hgsoﬂl’stoat SECQ:pynSH
H,C CH
(i) 0, T 172
@z CH;—C=C—CH,
2,3-dimethyl but-2-ene
Cl
2KOH(aq) CHf‘ —CH3
Cl

2,2-Dichloro propane
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"\
0 CHO
” Pd-BaSO Etard Reaction
CH—C—Cl+H, R\“* ococ,
g osenmund
Benzoyl chloride reaction (n) H,0 o
(CBSE Sample paper 2018] Benzaldehyde [Foreign 2017) CSESaEps piperdil])
() O, || L 0co,
Cfl =TSl g — | CHs—C—
1,2-Diphenyl ethene 2 Benzaldehyde (n) (CH,C0),0
H, 0" Toluene
CHCI, CH,
() SnCL+HCI
e 2KOH(aq)
= PR ———
C6H5C N () LM C6H5CHO
Benzaldehyde
Toluene
I i
C6HS__C__O N Y O-+—C—H ” (Gattermann—Koch reaction)
Ca+Ca D lcH_ g AlCl,
/ S Distillation ;53 5 HCl+ CO
—C—0 O-—C—H enzaldehyde
C6H5 I | Benzene
)
Friedel—Crafts .
” acylation (@)
+ CH3_C—C1 AlC, ”
Acetyl chloride g C—CH,
[Delhi 2017] 0
CH,CO ~
. = Ng Bl ——— 2CH—C—Cl + (CH,),Cd
—_— .
y Benzoyl chloride
CH,CO [Delhi 2017] Acetophenone
Benzene _ Acetic anhydride
]
C—C,H,
I 4161, — CH—t—q1+ (CHY,Cd
+CH—C—C ——— 65 652
Benzoyl chloride Benzoyl chloride Dimethyl cadmium
Benzophenone

Physical Properties of Aldehydes and Ketones.

- Aldehydes and ketones are polar in nature. Therefore, their boiling points are higher than that of non-polar compounds
but lower than that of alcohols and carboxylic acids.

2. The lower members of aldehydes and ketones are soluble in water but higher members do not dissolve in water.

. Folmaldehyde is a gas at room temperature while acetaldehyde boils at 294 K. The next nine members are liquids
and higher members are solids. Ketones are colourless liquids.

- Lower aldehydes have unpleasant odour. The higher members have pleasant smell. Ketones are generally pleasant
smelling. Benzaldehyde has a particular smell of bitter almonds.

- Acetone and other lower ketones are very good solvents.

>~
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H +
I HON , cp—CH—CN 27
CH3—CH=CH—C——H Acetaldehyde cyanohydrin
But-2en-1-al [Delhi 2017 (2-hydroxy propane nitrile)
H* | heat OH
M ﬁ CH,CHO
OH" 2 —CH—COOH
CH3—CH——CH2—C—H 3d tvd CH3 Lactic acid
-hydroxy butanal Aldol Acettdeyds 8
vbesi 20171 3-hydroxy condensation (Ethanal) (2-hydroxy propanoic acid)
0 (I)MgBr OH
e | H,O/H"
CH.—CH.OH 4 CH3——é——H | CHMeBr | oy CH—CH,; —— CH;—CH—CH
3 2 Reduction i
Ethanol Ethanal
0 0 (I)H
KMnO | NaHSO
CHt_ o M0 | oy ¢4 |2 CH,—CH—SO;Na
3 . H,80,dil. Ethanal
OC,H (ﬁ (I)H
CH,OH CH,OH
CH—C—H¢ 2GHO0 | on—C—n : CH;—CH—OCH; —fci
| HCI(g) Ethanal HCl(g) Hemiacetal
OC,H, OCH,
1,1-Diethoxy ethane
o CH;—CH——OCH3
” K.Cr,0, “ NH,OH 1,1 Dl}r]nethoxy
CH,—C—OH «—~ "' CH—C—H CH,CH=NOH S
H,SO,(conc.) Ethanal NH, Acetaldoxide
L >CH,—CH=NH
Todoform test O 3 Acetaldhmine
a H N—NH
CHL, «~2 — 1 CH,CHO 2 2 CH;—CH=N—NH,
(Yellow ppt.) Ethanal Acetaldehyde hydrazone
Tollens’ reagent test A N H,N—NHC H,
2ag + CH,C00™ 220 | oy eno *CH,CH=N"—NHE 5,
(Silver mirror) OH Ethanal NO, Acetaldehyde phenyl
hydrozone
Fehling’s solution test 0
ot ” H,N—NH NO,
Cu,0 + CH,C00™ | CH,—C—H
(Brick red ppt.) OH Ethanal 2, 4 DNP NO,
Cross aldol condensation L
OH. CH, CH,CH=N—NH NO,
CH,—CH,—CH—CH—C e ) )
3 gplaties HO + Acetaldehyde 2,4-Dinitro
OH o | o - phenyl hydrazone Reduction
| - cucn—c— I emmensen Reduction
CHs—CH_%Hz_C—H ) OH- CH,—C—H Zltlg
Ethanal Conc. HC1 — CH3 H3
OH 0O .
| i C“) Wolff-Kishner Reduction
CH—CH—CH—C—H+ | CH,—C—H | N—NH, Ko
Chon——n
m 3 Ethanal CH,0l—CH,0H CH,;—CH;
=g o @
N H,N—NH— .
CH;—CH,;—CH—CH,—C—H CHa_y;_I gL NN, (Delhi & Foreign 2017
v Ethanal (Scmicarbazide)

OH

CH 3‘—C H=N—NH—C—N H:'
Ag‘cml.dchyde semicarbazone
(Semicarbazone of cthanal)

(Delhi 20161
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CHO

CHO
Conc. H,S0, HCN H H.O/H"
heat ——>CH,—CH—CN z
SO,H Benzaldehyde (‘)H
3-Formyl benzene cyanohydrin
sulphonic acid C¢H,—CH—COOH
1-Hydroxy-1-pheny! ethanoic
% acid
CH, C—H CHO
Zn(Hg) Cl,
—
Conc HCI FeCl, Ci
Toluens m-Chlorobenzaldehyde
(3-Chlorobenzaldehyde)
CH, CHO CHO
NH,—NH, HNO, (conc.)
>
KOH, glycol H,SO,(conc.)
Toluene Benzaldehyde NO,
m-Nitrobenzaldehyde
(l? (3-Nitrobenzaldehyde)
C—CH3 (I?
C—H H,NC.H
(i) CH;MgBr 5, .CH—CH=N—C.H;
W (Schiff's base)
2
(iii) Cw/573
= Cannizzaro’s reaction
ZCGHSCHO -m C6H5COOK + C6H5CH20H
: [CBSE Sample Paper 2017]
NH,OH
CH,—CH=NOH «———| CgH,CHO
Cross Cannizzaro’s reaction
n0, | B0 HCOONa + CH,CH,0H
CeH,COOH o5 CotsCHO I Ragmteonc) gs
OH OH
s NH,0H | HON & on 1O, o L coom
CH,—C=NOH 2 CHJA—(i;eCHs T T
Acetonoxime ce CH3 CI—I3
0 OMgBr OH
CH, I & |
,NNH NH | CH;MgBr H,0/H*
CHs—C=Tll—NH——C—NHZ L 2 eny—C—Clly |——— CH;—(II—CH3 : CHJ—(|3—CH3
Acetone semicarbazone CH.‘S CHJ

2-methyl-2-propanol
(Tert. butyl alcohol)
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OH

. |
cHl, NaOH_| I i, LiAH, | oy CH—CH,
3
(Yellow ppt.) 2-Propanone _ELCB&——-) CH3COOH+C02+H20
OCH Conc. H,SO,
3
| CH,OH Zn(Hg) H.—CH—CH
CH,—C—CH CH,COCH;  |—gomeicr” CHs ) 3
3 3 HCl(g) 2-Propanorie NG Propane
H
OCH, @ H,
CH,0H CH—C—CH
[ g W 3 3 NH —=
——)H Cie) CH3 (|: CH, 5-Propanorie I NN CH3 C=NH
OCH, (T
OH J
CH—C—CH
| NaHSO 3 3| NH—NH,KOH
CH,—C—CH, 3 2-Propanone 2 STyeol —y CH3—CH%)—w—CH3
pane
SO,Na i
| CH,—C—CH, ) <|3H i
CH, 2-Propanone OH CH.—C—CH—C—CH
| (i) CH,MgBr Aldol 2 | i 3
CHJ_(lj CH3 (ii) H,0/H* oCH __(|l_CH condensation CH3
3
[Delhi 2017] OH 2-%’ropanone 4-hydroxy-4-methyl pentan-2-one
0 NOH OH 0
. CrO,
+ NH,OH —— é _—
Cyclo pentanone Cyclopentanonoxime Cyclohexanol Cyclohexanone
(I)H ﬁ Zn(Hg)
] (g
CH—CH, « AW, | C—CH; ["ooemar > GHCHs
[Delhi 2019, 2016]
E Acetophenone Ethyl benz
¥ikeny! ol Phenyl ethanone Y ene
i
(fH3 C—CH3
() CHMgBr K.Cr.O
CH—C—CH, «———— 2410,
S 37 (if) HOH" 1,50, (conc) CsHsCOOH + CO, + H,0
OH Benzoic acid
2-Phenyl propan-2-ol
1
C—CH
— C= 3
CH3 C=NOH CH2CH3
H,NOH NHZNHZ,KOH
Glycol Ethyl benzene
Acetophenonoxime ACC(t;)phenone
¢
ey COCH,
C¢H,COONa + CHI, 2! Br,
Sodium benzoate  lodoform FeBr, m-Bromoacetophenone
[Delhi 2016) (yellow ppt) Acetophenone Br
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B g

i OH
CH.—C—CH (i) NaBH, |
3 2COOC,Hy  ———— CH;—CH—CH,—COOC,H, [Chennai 2019]

(i) H*
Cl)H
©: CHO NaCN + HCl CH—CN
—
COOH (HCN) COOH [Similar to Delhi 2019

Claisen condensation

OH
C6Hs—(|£—H + CH,CH; J—H =X 5 ¢ «H —CliH—(le—lyl—H
CH,
3-hydroxy-2-methyl-3-phenyl propanal
(0]
(!—(,;(,H5
+ C6H5—g—c1 A +HCI
Benzene  Benzoyl chloride Benzophenone

Reactivity towards Nucleophilic addition reactions (stearic hindrance increases, reactivity decreases)

HCHO > CH,CHO > C{H;CHO > CH,COCH, > C4H,COCH, > C(H,COC H, (AT 2016}
Hc£0. Hc-0° Hc.-0° Hc.-0°

S —O—&—D

Electrophilic substitution reactions will take place at m-position. There is positive charge on o- and p-positions, therefore,

electron density is maximum at m-position.
CH,CH,CH,CH,0OH > CH,CH,CH,CHO > C,H;0C,H, > CH,CH,CH,CH, is decreasing order of boiling.poim.

* 2,2, 6-Trimethyl cyclohexanone does not form cyanohydrin in good yield due to stearic hindrance (crowding).

2
&y &y

0

* In HzN—NH—g—NHz
\C=O group to form semicarbazone.

involved in reaction with J

I!
second —NH, group is attached to — has double bond character, therefore, it is not

In preparation of ammonia derivatives, pH should be carefully controlled. In strongly acidic medium, ammonia deriva-
tives will get protonated. In strongly basic medium, OH™ will be nucleophile and attack >C=O group instead of

ammonia derivatives.

Uses of Aldehydes and Ketones.
(i) 40% aqueous solution of formaldehyde is called formalin which is used in preserving zoological specimens.

(ii) Urea formaldehyde resin and phenol formaldehyde resin (Bakelite) are thermosetting polymers.
(i) Acetaldehyde is used for manufacture of acetic acid, ethyl acetate, vinyl acetate, polymers and drugs.
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Carboxylic acids

Preparation
KMnO,/ ﬁ
H,S0, (dil.)
CH,CH,0OH —————| CH,—C—OH
Ethanol Ethanoic acid
0 KMnO,/ ”
H,SO, dil.
CH3—}‘:—H - CH,—C—OH
Ethanal Ethanoic acid
I H,0
CH,—C—Cl —K—) CH3CQOH
Ethanoyl chloride Ethanoic acid
0 0
I HNO, |
CH;—C—NH, — | CH;,—C—OH

Ethanamide

Ethanoic acid

I H,0 Il
CH;—C—OMgBr — | CH;—C—OH
0 Ethanoic acid
I
CHBMgBr + C=0 0
. I
CH,C=N + H,0 i CH,—C—OH
Ethane nitrile

[AI 2016; Delhi 2017

Ethanoic acid

L

H,0/H"
<07 CH,COOC,H,
Ethyl ethanoate
0]
o [ |
———— CH;—C—O0—C—CH,
_ Acetic anhydride
Mn(COOCH,),
b CHCH;+0O,
KCr,0, ”
CH—C—CH
W 3 Acetone
@)
K.Cr,O, ”
u -2-0N¢
heat /COOH
—CO, CHZ\
COOH
Malonic acid

(Propane 1, 2-dioic acid)

Physical Properties of Carboxylic Acids.
1. Carboxylic acids are polar in nature and can form hydrogen bonds and exist as dimers

2. Lower members are soluble in water but higher members
insoluble in water. Carboxylic acids are soluble in ether,

3. Carboxylic acids have higher boiling points than alcohol
4. Their acidity decreases with increase in molecular weight,

are insoluble. Aromatic acids like benzoic acid is nearly
alcohol and benzene.

S. The

y form dimers due to hydrogen bonding.

5. Melting point of even ones are higher than odd ones i.e. hexanoic acid has higher melting point than heptanoic acid

Acidic character

Electron releasing group will destabilise carboxy
group will stabilise carboxylate ions, therefore, acidic

COOH

© Q)

OCH,
Benzoic acid
ZOOH

p-methoxy benzoic acid

<

late io

COOH

: NO,

m-nitro benzoic acid

ns, therefore, acid

§ . mwiﬂg
character increaSelC character decreases, whereas electron withd
CF4,COOH > CCI3COOH > CHC12COOH > 02N CH2C00H >NC-C

> HCOOH > CICH,CH,COOH > CgH,COOH > CyH,CH

S,

ot
OOH > FCH,CO0H > ¢l cH,cOo0H > BrCH:

Co
?4O0H > CH,cooy » CH,CH,COOH

OH COOH
©\COOH .
Salicylic aciq
(2'hydr0xy bchzoic acid) OOI{ "
(i

alic @ i
Terephthali® ™ _ g
(Benzene l,.;.[)ncarbu )
acid)
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Chemical

cl properties
| P/CI

CHz-—COOH ———21 | CH,COOH

2-chloroethanoic acid HVZ reaction Elhgnoic acid
(CBSE Sample Paper 2017] 3CH,COOH
Br Ethanoic acid

H—COOH it C
C 2 HVZ reaction H3COOH

2-Bromo cthanoic acid Ethanoic acid

LiAIH,

(0]
PCI; g
————CH;—C—Cl + POCI, + HCI
0 [Delhi 2017]
PCl, !I
————3CH;—C—Cl + H,PO,
(Ethanoyl chloride)
(o)
socl, Il
— > CH,—C—Cl + S0, + HCI

CHSCHZOH CHJCOOH NH
Ethanol Ethanoic acid 3 CH3C00NH4 heat } CH3—C——NH2
Na Ammonium acetate Ethanamide
L 1.+ CH.COONa «———— CH,COOH
2 2 3 Ethanoic acid
NaOH
H,0 + CH,COONa «———|  CH,COOH
: Ethanoic acid
Sodium cthanoate
NaHCO C,H.OH
O, + H,0 + CH;COONa  « : CH,COOH |12y CH,COOC,H + H,0
Ethanoic acid "7 Ethyl ethanoate
Na,CO, PO H.CO
+ H.O + 2CH,COONa <« - ?.CH_COOH » CH \O +HO
CO! ”2 ! l’.!hm:oic acid CH3CO / 2
Acctic anhydride
(i) AlH(iBu), R—CHO
o= ISRy £
RC==N o,
DIBAL-H
N —~ 5> CH —CH —CH )
CH,CH,CH=CH—CH,CN—Gr 6 ;—CH, (A1 2016]
I @DIBALH ol .-y:—H
-
Cll3(CHz)9—C——OC2H5 @) H,0 32

DB (i CHCH,CHO
(ii) H,0

[Delhi 2016}
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