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Aldehydes

HYDES AND KETONES

arbonyl functional group (—C—) are cal

unctional Group

O
led aldehydes and ketones.

Ketones

018
In aldehyde, the C-atom of carbonyl group is directly | In ketone, the C-atom of carbonyl group js bonded to
stached to at least one H-atom. two carbon atoms.
— Position of Functional Group '
Carbonyl functional group lies at one end of the chain. | Carbony! functional group lies within the chain.
"
e General Formula
i seri g / 1 formula
The homologous series of aldehydes have general The homologous series of ketones have genera
fOl‘mu’& CnI{ZnO- CannO.
= <
General Formula Structure
A ketone may. be represented by the general formula

An aldehyde may be represented by the general
‘0
l

i
structure R=C—R

formula structure R—C—H

Occurrence

Ketonic group is present in camphor and fructose.

Aldehyde groups are present in most sugars. They are

the principal constituents of a number of essential oils
used as fragrances and flavors.
Examples
(i) H-CHO (Formaldehyde) O 0
(i) ~ CH;-CHO (Acetaldehyde) | |
CH:—C—CH; CH;—C—-C,H;
Acetone Methyl ethyl ketone

) Common Names
* An aldehyde is named after the name of carboxylic acid obtained on its oxidation. The ending —ic acid i ]
‘ ¢ —ic acid is replace

by “aldehyde” e.g.

0]
Il

Formic acid (H—=C—OH)

Carboxylic Acid = | -

I
Formaldehyde (H-C—H)
O

O
I

Acetic acid (CH;—C—OH)

S
Acetaldehyde (CH; —é ~H)
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0]
0 il

Propionic acid ( Ha— H,— '—OH) Proplonaldehydc (CHJ 2
. etc. I he carbon next to Cal’bon Of thE

For naming substituted aldehydes, the chain is labeled by using a, B ¥ -
carbonyl group is indicated by ‘a’ and so on. o
CHy— CH ~CHO CHs—CH—CH—CHO
I
|
o . Idehyde)
(a-methyl propionaldehyde) (B-chloro butyra y

b) IUPAC Names

1.
2
3.

4.

: : n.
The longest carbon chain containing the aldehydic group is taken as the parent hydrocarbo

The ending *¢" of the alkane is replaced by ‘al’.

ic group is alw,
The numbering starts from the carbon atom of the carbonyl group. The carbon atom of aldehydic group ays

carbon number 1. )
The position of the substituent is indicated by numbers'which is written before their name

Examples:

o |
0 I CH; Br
CH,—-CH —C/ CHg—CH—C—H | |
TN | CH, —CH —CH—CH,CHO
ct

Propanal » 2-Chloropropanal (3-Bromo-4-methylpentanal)

flKetones .
a) Common Names .

Ketones are named by adding the word ketone after writing the names of alkyl or aryl group linked to carbonyl
carbon in alphabetical order. '

O o)
Ml Il
CH3—C—'CH3 CHa_C—C2H5

Dimethyl ketone (Acetone) Ethyl methyl ketone

Substituted ketones are named by labeling the chain using a, B, y ..

.ete, T
group is indicated by "o’ and so on, e.g. he carbon next to carbon of carbony!
- I II
CHs=CH=C~CH _ 0
T 3 CAGHCha-C~Ch, o Il

CH;—CH,-C ¥
3— — —
Methyl a-methyl ethyl ketone  Methyl B-chloroethyl keton R 2 CH,OH

achydroxyl-methyl ethy|
(b)) IUPAC Name y yl ketone

ll
2.
3.

The longest chain containing the carbonyl group is taken as e parent hyd
The ending “¢” of hydrocarbon is replaced by “one’ ycrocarbon.

: at giye )
carbonyl carbon is number |, 8ives the carbonyl carbon the lower numbe H nes
292 . However, i ic ketone>
The positions of i . » In cyclic
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po¥ CI:Hslol |Cl: N
| CH3—-CH—C—CH2—-CH2-—CH3 Br—CHz—CHbz—tanon;

-2-bu .

2.Methyl-3-hexanoné 4-Bromo 2

CH;
g _ CH,
3-Methylcyclohexanone - 2, 6-Dimethylcyclohexanone
4Bz
Wdures of S R | ‘Structure
' Il
() |2-Hexanone CHS-_C—CHQ—CHz—CHz—CHs
|
) |Pentanal CHa=GH;=CH,—CH,—C—H
: \ Il Il
(c) 2,4-Hexanedione | GHa—C—CH,—C—CH,—CHa
| i
@ | 1-Phenyl-2-butanone ~ i @_ H,C—C— CH,— CH;,
' o) Cll-l3
- ]-2-pent I
(e) | 4-Methyl-2-pentanone CHae G CHy— CH —~CHs
: ‘ O O
I Il
() | 1-Phenyl-3-(2-methoxyphenyl)-1 ,3-propanedione C—CH,—C O
. =z
' : OCH,4

Give the [UPAC names of the followings:
Structure | I[UPAC Name

(a) 9
I Butanal
CH3—CH2—CH2—C—H '
(b CH3_CH2—C— CHZ—CH3
) I

3-Pentanone
0]

0

(c) I
\ c —CH,—CH,—~CH, 1-Cyclohexyl 1-butanone

(d) . )
N g OCH-CH,-CH,—-CHO 1,4-Butanedial ]



262 r
’ BN

O CH,

] 7
CH3~C= CH-C-HC=C
AN
' CH,
CH,

Physical Properties ipole-di
(due to the clectronegativity difference of the atoms) means dipole-dipoje

e The polar nature of the C=0
interactions will occur. )t hydrogen bonds from hydrogen bopg

e Though C=0 cannot hydr
donors (e.g. water, alcohols).

2,6-Dimclhyl-2,5-hcpmdicn-4-one

an accej

ogen-bond 1o cach other, the C=0¢

Structure

Compound |:
Alkane Butane CH;,—CH;—CH;—CH; 0°C
o) .
Aldchyde Propanal CHJ—CHz—g—H 50
0 o
Ketone Acetone CH;—g—CH;., 56°C
Alcohol Propanol CH;—CH;—CH:—OH 97°C

The implications of these efTects are:
» higher melting and boiling points compared to analogous alkanes.
» Jower boiling points than analogous alcohols.

5 more soluble than alkanes but less soluble than alcohols in aqueous media.

|- ————e—py o e S— = 9

Q. Explain why the boiling point of Alcohol is greater than ketones and aldehydes?

m"‘**w’.&t:ﬂ;ﬁﬁn

Ans.  An alcohol contains OH group allowing for hydrogen bonding which is stronger than other intermolecular forces,
Aldehydes and ketones have C = O but ne H bond to the oxygen (therefore no hydrogen bonding). Therefore
boiling points of alcohols are greater than carbonyl compounds.

Q A

The carbony! group consists of an O atom bonded to a C atom via a double bonds via an sp’ hybridization model
imilar to that of ethene. As oxvgen is more electronegative, it tends to attract the electrons to itself. This attraction
1akes the carbonyl group a polar group. The oxygen atom has a partial negative charge on it and is nucleophilic, whereas

he carbon atom has a partial positive charge and is clectrophilic. 8+ -

Cc=0

O I i — —_— —
zonolysis of Alkenes /C C\+ O, e /C =0 + O= C\
H
H : — H* H\ /OH | |C|)
ydration of Alkynes —C=C— +HO ——— C= ——=t
2 ng+ C < — C — C -
/ AN |
H
OH 0
Oxidation of Alcohols R— é— H ——___H_[O] Icl:
] 7N
H R H
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rylodﬁl'c'“"' Acylation
of Aromatics

is of Alkonos
020nCe N 7 N 4
C=C +0; =—r———> C=0 + 0o=C
/ \ work-up / N

paction tyPO: Electrophilic Addition

|"|l|h"r"“"" . )
‘ ' ()vcrull1rnn.s;lnr|nul|(m: Cm=Cto2C=0

Rengents: 070Ne, Oy, followed by a reducing, work-up,
It is convenient to view the process as cleaving the.alke

R_i R R R
R>T<R — R>—O O—<R

uents on the C= C.

cetic acid.

usually Zn in a

ne into two carbony! compounds:

The substituents on the C = O depend on the substi-
for Reaction of Alkenes with O;

o
A
g-0

2) Hydration of Alkynes

Water adds on to alkynes in the presence of dil. H,SO
i : : and H
B ntermediate which isomerizes into aldehydes or ketonezs. c.Ag. 830 to produce an aldehyde or ketone. Enol forms

Mechanism
Step 1t e econd Cc-0Ois
The Pi(n) electrons act as the nucleophile, attacking he ozone at the electrophilic terminal O. As
ormed by the nucleophilic O attacking the other end of the C =C. : -
4 o7 /Q\O'-
O:‘\ (I) "
5" =/ —> S
N —/_)\ / \
ok
Step 2:
The eyclic species called the molozonide rearranges to the ozonide.
o)
oL\ ' N TN
0. .00 5 C
c—C Q-0
/7 N
Step 3:
On work-up (usually gxl / acetic acid) the ozonide decomposes to give two carbonyl compounds.
\C/"\/+Zn _'9\(: 0 /
=0+0=
N -, O C\

HC = CH + H,0 ﬂs_o_‘_, CH, = Rearra T
50, ~2= CH—OH ngement . CH,—C =0
Vinyl alcohol ' Acetéldehyde
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Progvne gives acetone:

. OH \ 0
CHs~C=CH + HOH H;go.a CH,— Cl: = CH, Rearrangement | CH;—g"CHJ
4
Acetone

This reaction is useful for preparing methyl aryl ketones

0
I
@— C=CH+HOH — 2% @— C—CH,
HgSO,

Acetophenone

3) Oxidation of Primary and Secondary Alcohols
Primary alcohols are oxidized to aldehydes by:
(i)  Warming with acidic dichromate solution
CH3CH,CH,CH,0H -£21%H280s | oy o, CH,CHO
. ) Nazcron
But;{nol Butanal

(i)  Jone reagent (CrO; + dil. H,SO, + acetone)
(iii)  Sarett reagent (CrOs in pyridine)

CgHsCH,0H 22", ¢ H.CHO
reagent

. Benzyl alcohol Benzaldehyde

Non-aqueous solvents are employed to avoid further oxidation.

e Secondary alcohols are oxidized to ketones.

CH;, 0
- CHy— HC — OH ——=— CH;—C—CH;,

2-Propanol Acetone (Propanone)

4)/Friedel-CraftsiAcylation of.Bénzene _ o
It is the substitution of acyl group in an organic compound in the presence of ALC; or some other Lewis acids.

AlcL,

CgHg + R—C—=CL CsHsCOR + HCL
) (')' (Alkyl aryl ketone)

O

Il
ALCL; generates acylenium ion (R—C+) (electrophile) which is substituted in the aromatic ring.

The double bond of the carbonyl group has a o-bond and a n-bond. As oxygen is H\
&

lectronegative, it attracts the m-electrons towards itself. This attraction makes the +5_
C . 0

more €

carbonyl group a polar group. . ' |
The oxygen atom has a partial negative charge on it and the carbon atom has partial /
H

positive charge. The = e'ectron cloud is pulled more strongly by the oxygen atom than the
carbon atom. It makes oxygen atom nucleophile and carbon atom becomes electrophile. '
" REACTIONS OF ALDEHYDES AND KETONES

ucleophilic Addition Reactions
There are two types of nucleophilic addition reactions of carbonyl compounds:

1. Base catalysed nucleophilic addition reaction
2. Acid catalysed nucleophilic addition reaction
The characteristic reactions of carbonyl compounds are nucleophilic addition reactions.

e — 7 R R NN R - ————
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5 (1) BASE-CATALYSED ADDITION REACTIONS .

ase-catalysed ili - . ;
- Arctx: erit nndy cnc::tc‘eo]phlhc ﬂddm'on reaction will take place with a strong nucleophilic reagent. The base reacts
with the reag & es the nucleophile. The addition is initiated by the attack of a nucleophile on the electrophilic

carbon of the carbonyl group. The general mechanism of the reaction is as follows:
general mechanism

Step-1:
b 5 _
H-O+H<Nu == Nu + HOH
\A
Base Reagent Nucleophlle
Step-II:
——J b |
Nu: +/C=O = Nu-C-0
Step-I11:

| 7

Nu—C—0 "+ H—OH =—== Nu—C—OH + OH

The base catalysed nucleophilic addition reactions of aldehydes and ketones are as follow:

i) Addition of Hydrogen Cyanide

Hydrogen cyanide adds to aldehydes and ketones to form cyanohydrins. The acid generates HCN form sodium

cyanide in HCL.

H ' H OH
o= 0% HON e, S )
H” H” NCN
Formaldehyde Formaldehyde cyanohydrin
CH, . CH OH
AN a N
C - O + HCN NaCN/HCI C
H” H” NCN
Acetaldehyde Acetaldehyde cyanohydrin
: ‘ Q. How  would you
" CH, CH, OH convert Acetaldehyde
~N a NN
C = 0O + HCN Bt C/ into lactic¢ acid?
cH,” cH,” NCN
Acetone Acetone cyanchydrin
The cyano group, —CN is hydrolysed by an aqueous acid into a carboxylic acid through an acid amide.
OH OH

l

CH,—CH—CN + 2H,0 + H,80, — > CH;—CH —COOH + NH,HSO,

Acetaldehyde cyanohydrin 2-Hydroxypropanoic acid
(Lactic acid)

‘

Use of the reaction
The reaction is used in the synthesis of a-hydroxy acids that contain one carbon atom more than number ¢

carbon atoms in the starting aldehydes or ketones. t
Mechanism '

: f- g
The reaction is base-catalysed because HCN has no lone pair of electroifs on its carbon. The base (OH™) generat
cyanide jon which acts as nucleophile. The mechanism of t} : reaction is as follows: .

l

%
/
b

/

i

N e




00—
Stop-lt o~ /\l g
H — g + H— CN @”ﬁ CN™ + H,0
Step-1l:
o
" B ~
\(9 ::/\()h‘ 1 .CN g‘szﬂ-'! /<
AW CN
Step-111: ) OH
O ap b \ o
\< + lﬂ-—Oﬁ > /C< + OH
7 NeN \f , CN
Addition product

of cyanohydrin react

yerated in the formation
ore carbonyl compound.

The hydroxide ion il
hich in turn react withm

roduces more cyanide jons W

ii) Addition of Gri

Grignard reagents add to aldehydes
HCL H,S04) give aleohols.
i) With Formaldehyde
H H H
Y N
C

W g X b Ether N . . HO
CH;—-CH,—Mg—Br+/C=O — H-—/C—'OMgBr—‘——-b H—C —OH+Mg

Ethylmagnesium l)u‘;mvdo H \/ CH:‘_.CHI CHT’CHZ
Methanal 1-Propanol (Primary alcohod)
(i) With Acetaldehyde
H H H Br
W b BN b _Ether N~ . H.O b
CH—CH—Mg—Br + /c:o — CH,—-/C— OMgBr —— CH,—/C — OH+ Mg
Cthylmagnesium bromide CHJ CH,—CHZ CH:—CHZ \OH
Ethanal 2-Butanol (Secondary alcohol)
[iii) With Acetone ’ )
PR Cth ot 5
B b o~ hs o o -t y \ 4
CH—CH—Mg—Br+ C=0 Eher , CH,— C— OMgBr HO, cH,— c—OH + Mg
Ethylmagnesium bromide / \/ / \
CH, CH—CH, CH—CH, Okt
Propanone g
. 2-Metnhyl-2-butanol (Tertiary aicohc!)

isulphite
Aldehydes and small methy! ketones react with a saturated aqueous solution of sodium bi

rystalline white precipitate of sodium bisulphite adduct.

H
~ OH
/C = O + NaHSO, —— I“l\C/
H Y H NsONa
Formaldehyde | [ ite iti
y a Bisulphite addition product

2

i

fic

tio.

Poun

adducts which on hydrolysis with a dilute mineral 2

/Bf

/
NoH

s with undissociated hydrogen cyanids ,. y

sulphite to fo™ !

57




CH, a7
\ .
C = O 4 Na'_isO‘ CHI\ /OH

"
H g BN
Acetaldehyde H/C\SOINa
Bisulphite addition product
CH,
. CH @)
” /C = O + NaHSO, —— l\C‘/ "
E cH,” NsONh
. | | _
one Bisulphite addition product

pisulphite on heating with a dilute mineral acid (HCL or H;S0,) regencrates the parent aldehyde ot ketone

GH,. ,OH 0
C + HC A
H7 N 5O,Na ( —A2 5 CH,-C~H+NaCl+H,0+80,
Bisulphite addition product Acetaldehyde

Use of the reaction
The reaction is used for the separation and purification of carbonyl compounds from non-carbonyl compounds

such as alcohols,

iv) Condensation Reaction

The reactions, in° which two molecules of the same or different compounds combine to form a
a small molecule like 1,0 ar NHy, arc called condensation reactions.”

—

new compound

with or without the elimimation of

mj(iv) Define and explain aldol condensation along with mechanism.

ALDOL CONDENSATION

“Aldol condensation is a re
carbonyl compounds containing a-hydrogen (hyd
atom next to carbonyl group) combine together to form al

usually loses water molecule.”

Mild Alkaline conditions
Aldol condensation takes place unde
sodium bicarbonate, barium hydroxide, dilute sodium hydr

action in which two molecules of same or different
rogen attached to the carbon
dol or ketol, which

r mild alkaline conditions, for example in the presence of sodium carbonate,

oxide or an alkoxide in low concentration.

Types
Aldol condensation ¢an oceur in following combinations:

(i) Condensation between two aldehydes:

H H H H
' ' aq.OH I (l:
i CH3 a C +H - (i-: = CHO - - CH3 - CI — : — CHO
g H OH H
aldol (acetaldol)

Ethanal Ethanal

(Identical aldehydes) .B-hydroxyl butyraldenyde or 3-Hydroxybutanal

o Crotonaldchyde ~_ oform1
dily loses water on heating In 'sence of dilute acid to form o B-unsaturat
y P- rate

bon double bond is formed betw! a-and (3-carbon atoms.

Conversion int
The aldol compound rea
carbonyl compound. A carbon-car
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2 —
f a Heat
CHy — CH — CH = CHO — CHa—CH=CH—CHo
| | - Crotonaldehyde
OH H (2-Butenal)
(ii) Condensation between aldehyde and ketone:
H H H H
| | « ' aq OH™ | |
CHJ—C+H—(|3—ﬁ—CH3 §0H3-?_C"C‘CH3
! (|
0 H O OH H o
. Ethanal Propanone 4-Hydroxy-z-pentanone(Ketol)
(iii) Condensation between two ketones:
0 0 OH 0
I I Ba(OH), l T
CH_‘—cls + H—=CH,—C—CH, =———= CH— <|3H —CH,—~C —cH,
CH, CH,
Propanone Propanone

4-Hydroxy-4-methyl-2-pentanone

Mechanism of Aldol Condensation

Following steps are involved in aldo! condensation:
* Formation of nucleophile

Removal of a proton from a-carbon of aldehyde/ketone by base:

O O
H—O0 + H—=CH—~C—H T=———= CH,—C—H+ H,0
Hydroxide 1on Ethanal Carbanion
e Formation of alkoxide ion
Attack of nucleophile on cartonyl carbon to form alkoxide ion.
<'5 0 o] 0
CH;=CH #CH—9—H &=—— CH,~CH—CH,—C—H

Ethanal Carbanion * An alkoxide ion
e DProtonation:

The alkoxide 1on removes a proton from water to form aldol. ;
\
@) O OH O

CH—CH=CH—C—H+H—0OH — , CH—CH

—CH—C—H+ O_H
Alkoxide ion

3-Hydroxybutanal (aldol)
The basic catalyst hydroxide (OH") ion is regenerated. |

i ——

— - N - 5 : " ———
m. .3(viii) Which type of aldehydes give Canmzzaro's,.e\.———’ ——
g mechanism. : : act]on? Explain with

= . t
(v) Cannizzaro's Reaction

Aldehydes that have no a-hydrogen atoms unde:go Cannizzaro’s reaction,

™ . . . .
. : i self oxidation-reductic a) reaction,
e It is a disproportionate ( tved?

’ 1 'Oat_Q ne mole 1 . :
Two molecules of the aldehyde are 1 ] eyle s I'Educed‘ INto correspong; .
oxidized into acid (in the salt form). « ng alcohol and the other 5

The reaction is carried out with 50 percent aquieous solution of g4
. A

\\
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2H—C— O

H+NaOH —— il
+ H—

2 CHO ONa
| Q== “on COONa

Benzaldehyde

. Benzyl alcoh
i ol
| yechanis™ S°"'”’“ benzoate
| step I o
The hydroxide ion acts as a nucleophllc It attacks
H\ 4;\ on the electrophilic c: arbonvl carbon to frmy ac A
ot H O m a complex anion.
L2204+ 0H =
'H : /C\
Foma!d°WCe H CH -CH OHg D—"Juced pl’oduct)
. 2 o Reductior =~ Acation of Hydrcgen
Step ) HCHG
The anion transfers a hydride ion to second molecule ot formaldehvde Oxicatiof - Acdgion of oxygen
- HCOGH (oxdized procuct)
.H\C/O ” -
% =—— H2C-OH + H
H \OH Formic acid
The presence of the negatwe charge on oxygen of the anion helps in the loss of hy dride ion.
Step IIT: \ ,
H \.\ X
’ ~e o D
l"l/+\“ G & O \ &= CH.- O
Hoo M '
Methoride on
Step IV:
The methoxide ion acts as a base and abstacts a proton from formic acid to form methanol and formate ion.
®) @)
V" | I _
CHj O+HUO C—H —m8 CH3OH+H—C—O
Methoxide ion Formic acid Meﬂ;anol Formate ion
Step V:

The formate ion in the presence of alkali gives a salt of the acid.

H- g—o + NaOH —> H=C —ONa + OH
. ﬁﬂ

BEE Q.3(v) Give detail of halofo
——

(vi) Haloform Reaction

gve haloform and sodium salt 0
bromoform or iodoform) is on€ ©
O

i iti rd
rm reaction. Why it Is called so? _

Rr;. I,) in the presence of sodium hydroxida: to

with halogens (CLs.
reaction because a haloform (chlorofoim,

methyl ketones react .
haloform is used for the

f the acid. The term
f the products.

Only acetaldehyde and m

H — CHX, + RCOONa + 3Nax + 3H,0
Haloform Socd. carboxylate

oes iodoform reaction.

R— G — CHy * 3x, + 4NaO

= alkyl, aryl or hydrogen
Ace‘aldehvde is the only aldehy

Halogen
.de which underg
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@
0 .

CH,—C - H+ 3l, + 4NaOH ——» CHI, + HCOONa + 3Naj +3H,0
Acelaldehyde lodine " lodoform  sod. formate
o . (yellow ppt)
(i) All secondary kgones undergo iodoform reaction. '

CH,—C—CH, + 3, + 4NaOH —— CHI, + CH,COONa + 3Nal + 3H,0
‘os Acetone lodine lodoform  sod. acetate
(i) Ethanol is the only primary alcohol that gives this reaction.

CH,CH,0H +4I, + 6NaOH —=— CHI, + HCOONa + 5Nal + 5H,0
. Ethanol ' lodoform sod. formate
(iv) Secondary alcoho}lj containing the methyl group also undergo this reaction.
: 0

I [
R—CH—CH,+ 4I, + 6NaOH —=—» CHI, + RCOONa + 5Nal + 5H.0

Secondary alcohol lodoform sod. carboxylate

From a synthetic point of view, the haloform reaction affords a convenient method for converting a methy] ketop,
to a carboxylic acid containing one carbon atom less than the parent compound. '
’ McQ's

Which of the following give
“The haloform reaction using iodine and aqueous sodium hydroxide is called the positive iodoform test?
iodoform test.” It results in the formation of water insoluble iodoform which is a (a) 1-Pentanol |

lodoform Test

yellow solid. (b) 2-Pentanone
' . (c) 3-—Pentanone
Use of lodoform Test (d) Pentanal -

Iodoform test is used to distinguish:
* Methyl ketones from other ketones.
e Ethanol from methanol and other primary alcohols.

* Acetaldehyde from other aldehydes. » ,
" (2) ACID CATALYSED NUCLEOPHILIC ADDITION REACTIONS

These reactions will take place with a weak nucleophilic reagent. The addition is initiated by the proton (H)
liberated by the acid. The proton combines with the carbonyl oxygen atom and increases the electrophilic character of the
carbonyl carbon. As a result, the attack of the weaker nucleophile on the electrophilic carbon becomes easier.

Mechanism:
The general mechanism of the reaction is as follows.

Step-I:

' N\ 5+ m{ N+
) C=0 + H S S

7
Step-II:

[
N Y _C-
N+ C=0 - == N”'?‘ OH

Y

The acid-catalysed nucleophilic addition reactions of aldehydes and ketones are the following




1 polymerizatio
Both formaldehyde and acetaldehyde ‘merize |

‘. = Al d acetaldehyde polymerize in the presence of il THSO, to piv
t"r;\ldch_\-dc respectively. S P R
Metatormaldehyde is a

y 0 \ white wolid having
CH CH melting point 62°C,
3HCHO ~— —5% T ’
. 0 0
N 7/
Metaformaldehyde
4 o N
H.SO CH,-CH CH-CH,
3CH3—CHO 224 | | paraldehyde is a cyclic
5 ') 0 trimer and is used as a
N/ hypnotic and soporific
(I-:H (sleep producing).
CH,
Paraldehyde

2. Addition of Ammonia Derivative
Aldehydes and ketones react with ammonia derivatives, G
»E=N=G and water. The reaction is known as condensation reaction or
is lost after addition occurs. The reaction is acid catalyzed.

&
—f'lcl‘—/w:H\zN g —= —C— g~ —¢=N _G+H,0
Aldehydé Ammonia Amino alcohol Condensation ,
or keton derivative (unstable) product
Where G =OH, — NHx ~ NHC.H, . — NHCONH,, etc.

ammonia derivatives arc hydroxylamine, NH,Ol11, hydrazine, NI1,NH,, phenylhydrazine,
NHCOHN, and 2, 4, dinitrophenylhydrazine, NH-NHCHy(NO>),.

aldehydes and ketones arc as follow.

— NI to form compounds containing the group,
addition-climination reaction because water

The general reaction is:

Some commonly used
C¢HsNHNH,, scmicarbazide, NH

The reactions of the above stated ammonia derivatives with

‘ (i) Reaction with Hydroxylamin€

Aldehyes and ketonces react with hydroxylzlminc {o form oximes in the presence of an acid.
CHa\ H CHJ\
c=0 + HzNOH —_— C=N—OH+ HO
VA e H/'
H
Ethanal Ethanaloxime
CH:,\ H' CHJ\
c =0 + HNOH —_— /C = N—OH + H,0
cH” CH,

Propanoné : Propanoneoxime
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L Kelangy

(RiH, — NH — CgHs) (CsHs = phenyl group = Ph-)

Aldehydes and ketones react with phenyl hydrazine to form phenylhydrazones in the presence of an aciq,

—HZO H\ .

Hoo (> ol . H
SC=0 + NH—NH—Ph > >c ——  C=N—NH—ph
Al I HY " SN NH—Ph
Formaldehvd o Formaldehyde
(zl\/‘;:aat]haena%) © Phenylhydrazone
| B+
CHy & (5 '? + CHyx, “Ho CHa 7w
NE=0 + NH—RH—Pn > C{ — " DC=N=RH—pn
LN H” " N NH—Ph _
Acetaldehyde Acetaldehyde
(Ethanaf) , Phenylhydrazone
61 -

& ( + CH ~H,0 CH .
OINEE = fiH— P > 3)0(% —=5 " S c=N—NH—Pn
on/ T CH” “N'—NH="Ph CH,

Acetone
Acet
(ProC:a(r)lgie) Phenylhydrazone

(iii) Reaction with Hydrazine; . |
Aldehydes and ketones react with hydrazine to form hydrazones in the presence of an acid.

CH . CH
NG N
C = O +.H,NNH, —H—r C = N—NH, + H,O
e Ve
H H
Acetaldehyde Acetaldehyde hydrazone
CH, | He CHi
/C = 0 + H,NNH, —_— C = N—NH,+ H,0O
CH, CH,”
Acetone : Acetone hydrazone

(iv) Reactlon with 2, 4-D|n|trophenylhydrazme [2,,4-DNPH]

Aldehydes and ketones react with 2, 4-dinitrophenyhydrazine to form 2, 4-dinitrophenylhyrazones in the presenct
of an acid. '

CH CH

3\ .
c=0 +HNNH (N —F» C = N—NH
e -H,0 e
NO, H NO,
NO, NO .
Acetaldehyde g
2,4-DNPH Acetaldehyde 2,4-DNPH
CH, ' NO,
C O + H,NNH C =
Acetone O
2.4 DNPH Acetone 2,4-DNPH

The reactions can be used for the identification of aldehydes and ketones becau €5
: : se 2, 4- hydrazon
are usually yellow or orange crystalline solids. -Dinitrophenylhy

v
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= g BIROR STonyen of the carbonyl group.

\-\", _.4/-\. N
/.L- = Q * H T /.C“"‘OH

aimosen of ammenia denvative il i
mogen of ammonia denvative on the clectrophilic positively charged carbon and

. ~ AN
IR 1, A
\

Adduct
mn‘i‘ ) A
Progomation o OXYERA of hyvdroxyl group followed by the removal of water
N A 2 A N
C-0R _— /C—OH: —R /C—N—G
7 | >| =H0
H—N—C HLN=G

WGeindes alechols in the presence of hvdrogen chloride gas to form acetals. The hydrogen

%

Sipride fRS AT AR 2 czm=hvst Boththe alcohol and the hydregen chloride gas must be dry.
=C CH OC.H
N Dry HC SR 9
- =0 + 2CHOA Dy HOL +H,0

C = =
=7 H” “OC.H,
1,1-Diethoxyethane (an acetal)
aldehyvde group against alkaline oxidizing agents. To regenerate aldehyde,

~ CH
C +HO — C=0 = 2C,H.OH
o oC.n. e

ative Reactivity
vzl SEBDIS pucleophilic addition can be represented with curly arrows as follows:
L .
o
<ll < L —/\ H
."\I'J—'? Cb‘ —_— Nu——C-—O _— NU‘_C_OH
A ! ‘

55 rea-rivity of aldehydes and ketones can be easily rationalized by considering the important resonance

ey whach oo ~haroe Separation witha—ve C and —Ve 0. . )
II) — +

Co ' PN

uC CH - HC CH,

R eeneral the raa,:mm order towards nucleophiles is : aldehydes > ketones

Thz coherimnents have TWO contributing factors on the reactivity at the carbonyl C:

———
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(l) Size of the substtuents attached to the C=0

Larger groups will tend 1o sterically hinder the approach of the 9] 0O -
Nucleophile }L ? A > 0
(i) The clectronic effect of the substituent H H R H ;;/"-a___

so they make

Alkyl groups are weakly clectron donating
fore less

the € in the carbonyl less electraphilic and there
reactive iov ird ., nueleophiles.

] b 1 ’ ih 1 7 i c
Ihese trends are supported by the trends in the cquilibrium data for th

Carbonyl Com

Carbonyl

Methanal 1.6 % 10° 50

Ithanal 4.1x%10° 19

2.2-Dimethvlpropanal 2.5x%x 107

. REDUCTION OF

Reduction to Hydrocarbons
0

ﬁ r
C‘ — ! R—CHE—R’

/7 ~
R R Alkane

Carbonyl Compound
Clemmensen Reduction (acidic conditions)
Zn(Hg) in HCL reduced the C=0 into —CH,— (Methylene)
O

I N,
H.C—C—CH, Al4[H] &5 H,c—CH,—CH, + H,0
Acetone Propane
Wolf-Ki hner Reduction (basie conditions)
NH,NH. ' KOH / ethylene glycol (a high boiling solvent) reduces the C=0 into —CH,—
O

I NN
H.CAC=H + 4[H]——=5 H,C—CH..+ H.O
Overview
e These reductionmethods do not reduce C=C . C = Cor —CO;H

1 { e .
s _The choice of incthod should be made based on the tolerance of other functional groups to the acidic or basic
rcaction conditions N ;

Hydride Reductions of Aldehydes anu Ketones
e Reduction of methanal (formaldehvde) gives methanol.

i O
LIAIH. or NaBH, + C . .
AT e (I: —H
H

Formaldehyde Methanol



-tion of other aldehydes gives primary alcohols

Redue
0
LIAfH, or NaBH,  + L o
RJ
Aldehyde
. Reduction of ketones gives secondary alcohols. ~iin sty siconcl
o o OH
LiAfH, or NaBH, + e ! I
. ’ N > — —— "
R R" <|-" R
Keton R
e Secondary alcohol

, Aldehydes and ketones are most readily reduced with hydride reagents.
The reducing agents like LiALH, and NaBH, act as a source of 4H (hydride ion).

Overall 2 H atoms are added across the C=0 to give H—-C—O—H.
A hydride reacts with the carbonyl grotip. C=0. in aldehydes or ketones to give alcohols.

The substituents on the carbonyl tell the nature of the product alcohol.

The acidic work-up converts an intermediate metal alkoxide salt into the desired alcohol

via a simple acid base reaction.

Using Carbon Nucleophiles
Cyanohydrin Formation

H—C=N + —_— G
/

es and ketones to give a cyanohydrin.

¢ Cyanide adds to aldehyd
aCN or KCN with HCL.

¢ The reaction is usually carried out using N
¢ HCN is a fairly weak acid, but very toxic.

useful since the cyano group ¢ verted into other useful functional groups (—CO:H or

o The reaction is an be con

—CH,NH>)
Nucleophilic addition o
Step 1:

The nucleophilic C in the cya

f cyanide toan aldehyde

nide adds to the electrophilic C in the polar carbonyl group. Electrons from the

ive O creating an intermediate alkoxide.

C =0 move to the clect{?negau oy
0" | b
CH3—-C—'H+H"‘“C—=—N: e CH3——C|I—CN:
Step 2; : i
An acid/base reaction. Protonation of the alkoxide oxygen creates the cyanohydrin product.

:(I):\Jr Chsg /:C:)H
CH,—C—CN:+H — PN
I H CN:

H
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1SN |troen Nu(:'eoh" : \\)
Reactions of py. —~

Fimary A.: oo
- . '\"élne derivatives
” B thn
SN VR-NH, O C. + HpO
R R’ , R™ Dr
imine
bt Pl’ilnm‘\' e I{_.Nl_l i . e e 5
carbino] -y r Or ArNH,. undergo nucleophilic addition with aldehydes or ketones 1q give
: molaiimes which then dehydrate 1o give substituted imines, -
® ‘he oty ; ) = . i " X = .
) h(', r,e‘_'u'””'“ daie usually carried out i an acidic buffer to activate the C=0 and facilitate dehydration byt Withoy
nhibiting the nucleophile, [
® a ’ . .
Systems of the gencral type Z—NH, undergo this type of reaction.
0en Nucleophiles
Formation of Hyvdrates
O HO_  OH
Il N /T
H,O + _C, S C
R™ "R 7 N,
R R
hydrate ,
*  Aldehydes and ketones react w ith water 10 give 1,1-geminal diols kfiown as hydrates.
* Ingeneral. hndrates are not stable enough to be isolated as the equilibrium shifts back to starting materials,
*  However. hvdrates are the reactive species in the oxidation of aldehydes to acids.
* Understanding the mechanism is useful before looking at the very closely related reactions of alcohols.
Mechanism for the Acid Catalyzed Formation of Hydrates
Ntep 1:
An acid/base reaction. Since there is only a weak nucleophile we need to activate the carbonyl by protonating on
O.

+/H

e Iy
.CHS_C_CH:)"‘H S CHS—C_CHB
Step 2:
The nucleophilic O'in the water attacks the
slectrons to the pesitive O.

electrophilic C in the C = O, breaking the n bond and giving the i

OF _ e
{ I = o= & /H
CH —C—CH."H—0—H =—— CH3—CII—Q\
CH,
tepiS; An aeid base reaction. Deprotonation of the oxonium ion neutralizes the charge giving the hydrate,
/ - s H
5

0. —H lzfliH
et N .
CH—Cat s B — CH3—(I3—QH+H-—B+
i e
CH, X CH;,




OXIDATION REACTIONS

i1t o H TN any ' - . in t . v . .
idizing agents like Tollen's reagent, Fehling's solution and Benedict’s solution casily oxidize aldehydes 10

ids. They are also oxidized by strong oxidizing agents such ns K,Cr05 1 H,80,, KMnO, / H;SO4
. S0, X

carboxylic ¢

and dilute nitric ncid,

The hydrogen atom attached to the carbonyl group in aldehydes is oxidised to — OH group

i 7
CH,— C— H + (0] KCOMBO:, CH,—C —OH Miid oxidizing [Strong oxidizing
oatidEe o agonts agonts
o o » Tollan's reagant «conc. HNO,
il iR i + Fohling's aolution +K.Cr,0/H,50,
CH, — CH,— C—H+(0) COME0., CH,— CH,— C —OH + Bonodict's solutions |« KMnOJH,SO,

Propionnldehyds Pr sonic acid

The carboxylic acid has the same qumber of carbon ato:ns as are present in the parent aldchyde.

i) Oxidation of Kotones

Ketones do not undergo oxidation casily because they re uire bre
are only oxidized by strong oxidizing agents such as

' aking of strong carbon-carbon bond.

They give no reaction with mild oxidizing agent. The;
K:CryO03/H:504, KMnO,/11,SO, and con. HNO:.

adjncent to the carbonyl group are attacked. The carbon atom

+ In oxidation of ketonces, only the carbon atoms
preferentially oxidized.

joined to the smaller number of hydrogen atoms ie

symmetrical ketones

In case of symmetrical K
wo carboxylic acids is always obtained.

ctones only onc carbon atom adjacent 1o the carbonyl group is oxidized and a mixture of

(@] O
I P I
CH,— C— CH, +8[O] KCLOMSO. oy C— OH + HCOOH
Acetone Acelc acd Formic acid

Unsymmetrical ketones
In case of unsymmetrical Ketones, the

preferentially oxidized and the carbonyl group remains wi

O
Il K,Cr,0/H,50, | Il
CH CH,— CH, + 8[0] ———7%"" CH,— C—OH + CH,— C —OH

carbon atom joined to the smaller number of hydrogen alon 38
th the smaller alkyl group.
O

Acelc 3ad

— . Butancne B % - S
B C RS
E ) \ T\
k“,d g(&c @ o
4 ‘\c & =)
X =N
S

AL
Sugars: Glucose and Fructose (Naturally occurring carbonyl compounds)

ting soluble carbohydrates. Carbohydrates derive their name for the fact that th
ey are

* Sugars are sweet 135 . _ _
composed of carbon, hydrogen and oxygen with H and O in the ratio of 2:1 as in water,
* Monosaccharides such as glucose ar¢ usually pentoses or hexoses, i.c. they contain 5 or 6 carbo
n atoms in thei
eir

molecules. =
e - B ———e

. -
T —
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F:A::H\M;;——h ——

* Dis i . ) ¥ e e
of‘sc:: harides such as sucrose consist of two monosaccharide molecules Joined by the elimination of 2 ”"chcuk
ater,

L g . . ) (o0
Polysaccharides such as starch are made up of many monosaccharides units joined together,

g
Notice thag the Monosaccharides all have asymmetric molecules. They therefore exhibit optical isomerism,
Structure of Carbohy

b The most obvious feature of the structure of the monosaccharides and disaccharides is the presence of |z,
number of — OH Eroups. These give them a large capacity for hydrogen bonding, so they are non-volatile solids, soluble ip

Wwater. The presence of — OH groups on several adjacent carbon atoms in the molecule is thought to be responsible for the
sweet taste of sugars.

drates

Properties of Carbohydrates

- Aswell as showing the properties of polyhydroxy compounds, sugars show many properties in solution that g,
typlc:.a] ~of carbonyl compounds. For example, glucose gives a crystalline condensation compound with
2.4-dmltropheny]hydrazine. This is surprising since the structure of glucose contains no carbonyl group in ring structure,

JName- | Typei o |07 stricture Occurrence
v CH,0H

il Moncsaccharide, Occurs abundantly in plants and

aldose, hexose HO OH animals

OH
u-glucose
0)
HOC}V CH,OH

Monosaccharide, N : . .

HHICIEES ketose, hexose . ) O OH In fruits and honey
OH
o)
HOCH, N .
. Monosaccharide, C;omponept Of:thc molecules 9f .
Ribose aldose, pentNe OH ribonucleic acid (RNA) and vitamin
’ BI12
HO OH : .
. : ' H,0 Sugar cane, sugar beet (commonly
Sucrose Disaccharide Sucrose —— Glucose + Fructose simply called, ‘sugar’)
Maltose | Disaccharide Maltose — 290, Glucose + Glucose Malt
Lactose Disaccharide Lactose H—’o> Glucose + Galactose Milk
) ) . Plant storage organs, e.g. Potato

: de | Chains of «-D glucose units . .o~ Organs, e.g. Potato,

Starch Polysacchari & wheat grain, rice, barley, maize etc.
. Chains of B-D glucose units (linked )

Cellulose | Polysaccharide differently to those in starch) Structural material of plants.

The carbonyl properties possessed by glucose arise from the fact that in addition to its normal ring form it can
exist as an open chain form.

»
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A)

|
|
|
\

l

—

Glu’&,;é _ An example of al

O\?,/H l
H—C’—OH - N oL \ |
] H  C—OH I | I
he oL VATl o a;
H—C'—OH c G H OH \
| / \?H H/ \\o SCHZOH Q'D-Glucose l:;

1

H—C*—OH OH (e \ '
|
I | | \ H CS_ 0
|

Glucose , 4 H I 1 I
(open chain form) : /C\OH H/ cl: - H
’ OH (!;3_ c 2 H \'
| | |
H OH ‘

p-D-Glucose

o (Glucose (cyclic form)
T'he two fonps are read_lly inter-converted and in a;jueous solution about 1% of glucose molecules exist in the
open chain form. This form carries an aldehyde group, so gh cose has several properties typical of an aldehyde. It is some
time called an aldose. Thus, in addition to the condensatic 1 reaction already mentioned, glucose shows th;a reducing

properties typical of an aldehyde. The reduction of Fehling’s solution (or Benedict’s solution) is a standard test for
glucose and other reducing sugars.

Fructos f
The open chain form of fructose is
\ CH,— OH
\ | CH,OH OH
£=°
HO—(i,~ —H >
H—Cll —OH
H—C|3 —OH
CH,OH OH H
Fructose (open chain form) Fructose (cyclic form)
Fructose is therefore a ketose.
____——-————-————'—‘_—___"“_ e
1Q.  Why does the opéen chain form of glucose and other sugars change to the ring icr: -

Ans. It is a result of the tendency of the carbonyl group to undergo nucleophilic addition. The nucleophile involved i the
oxygen atom of one of the —OH group of the same molecule. An internal nucleophilic addition reaction occurs.

forming a ring.

———

= e = & e s i R B

.,,.
<=
—
-
’n.vj-g
e o

=

e 40% aqueous solution of formaldehyde .is kr}oxx'n as formalin, which is used in the preservation o
biological specimens and sterilizing surgical instruments.

" o Acetone is widely used as solvents in industry, the laboratory and at home.

Formaldehyde is used as decolourizing agent in vat dyeing.

Formaldehyde and acetaldehyde are used in silvering of mirrors.

-
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Ans. »  The functional group of carbonyl compounds is —C—.
® Their general formula is C,H;,0.

2. What types of aldehydes used in Cannizzaro’s reactions -
Ans. Aldehydes that have no a-hydrogen atoms undergo Cannizzaro’s reaction. e.g. Formaldehyde, benzaldehyde e
3. Whatis Cannizzaro’s reaction?

Ans. Cannizzaro’s reaction:

Aldehydes that have no a-hydrogen atoms undergo Cannizzaro’s reaction. Two molecules of the aldeh yde
are involved, one molecule being converted into the corrc<pondmg alcohol (the reduced product) and the other ing,
the acid in the salt form (the oxidation product). The reaction is carried out with 50 percent aqueous solution of
sodium hydroxide at room temperature.

O O

+

2H—C—H+NaOH ——— CH,0H + H—C — ONa
4. Which types of carbonyl compound condense to form an aldol?

Ans. Aldehydes and ketones possessing a-hydrogen atoms react with a cold dilute solution of an alkali to form addition
products known as aldols. e.¢. acetaldehyde, acetone etce.

5. What'are haloform reactions?

Ans. Haloform reactions:

The carbonyl compounds react with halogens in the presence of sodium hydroxnde to give haloform and
sodium salt of the acid. The term haloform 1s used for the reaction because a haloform (chloroform, bromoform or
iodoform) is one of the products.

— C— CHy + 3X, + 4NaOH ——— CHX, + RCOONa + 3NaX + 3H,0
R = alkyl, Halogen Haloform Sod. carboxylate

aryl or hydrogen
6. Give the oxidation reactions of aldehydes.
Ans. Oxidation reactions of aldehydes:
Aldehydes are easily oxidized to carboxylic acids by:
‘s Mild oxidizir.2 agents (Tollen’s reagent. Fehliﬁg’s solution or Benedict’s solution).
s Strong oxidizing agents (K,Cr,0+/H,SO,, KMnOy/H,SO, or dilute nitric acid).
The hydrogen ator. attached to the carbonyl group in aldehydes is oxidised to — OH group.,

i 7
CHJ— C—H+ [O] K,Cr.0/H.S0O, CHJ-—-C —OH
Acetaldehyde : " Acetic acid

1. What is functional group of carbonyl compounds? Write their general formula? . \‘

The carboxylic acid has the same number of carbon atoms as are present in the parent aldehyde.

4
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primary alcohols can be oxidized to aldehydes (or further to carboxylic ncids).

gecondary alcohols can be oxidized 10 Ketones, .
o o )
Tertiary alcohols cannot be oxidized (no carbinol C~11),
. .
stonation of a carbonyl gives a structure that can be redrawn in another re e s
s The prolon | e of 1l )C g B AT R o] ther resonance form that reveals the
clectrophilic character of the C since it is a carbocation.
* anclithium or Grignard reagents react with the carbonyl group, C=0, in aldchydes or ketones to give alcohols
, The carbonyl group, =C=0, is present in aldehydes and ketones. In aldchydes it is in a terminal position in the
carbon chain. In ketones it is in a non - terminal position.
. Aldchydes and ketones are named using the suffixes ~al and ~one, respectively.

., Aldchvdes arc prepared by oxidising primary alcohols, ketones by oxidizing secondary alcohols.

. The carbonyl group readily undergoes nucleophilic addition. This is sometime followed by the elimination of a
molccule of water, resulting in a condensation reaction.

« Aldchvdes arc gencrally more reactive then Ketones.
o The tendency of aldehydes to undergo nucleophilic addition makes them polymerize readily.

o Aldchydes can be oxidized to carboxylic acids by a variety of reagents. Ketones are not readily oxidized.

e The carbonyl group activates the hydrogen atoms on neighbouring carbon atoms, making them more readily

'EXERCISE

substituted then those in alkancs.

—

Q1. Multiple Choice Questions. Encircle the correct answer:

& Read the question carefully.
O  Try to answer the question yourself before reading the answer choices.
O  Guessonly if you can eliminate one or more answer choices.
Q@  Drawing a picture can help.
O  Don’t spend too much time on any one question.
& In-depth calculations are not necessary; approximate the answer by rounding.
(1) The carbon atom of a carbonyl group is :
(a) sp hybridized (b) sp” hybridized (c) sp’ hybridized (d) none of these
(2) Ketones are prepared by the oxidation of
(a) primary alcohol (b) secondary alcohol (¢) tertiary alcohol (d) none of these
, 3) Acetone reacts with HCN to form a cyanohydrins. Itis an example of
" (a)electrophilic addition (b) electrophilic substitution
(¢) nucleophilic addition (d) nucleophilic substitution
4) Cannizzare's reaction is not given by
(a) formaldehyde (b) acetaldehyde (c) benzaldehyde (d) trimethylacetaldehyde
(5) Which of the following reagents will react with both uldehydc:s :\?d ketones?
(a) Grignard reagent (b) Tollen’s reagent (c) Fehling’s reagent (d) Benedict’s reagent
(6)  Aldehydes are the oxidation product of
(a) p-alcohols (b) s-alcohols . (c) ter-alcohols - (d) carboxylic acids
(7)  Which of the following compounds will not give iodoform test on treatment with 1,/ NaOH.
(a) acetaldehyde (b) acetone (c) butanone (d) 3-pentanone
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\%
® Aldehydes and ketones are carbonyl compounds. Which of them react both with NaBH, and wity 1

reagent. . ONenyy
(a) both aldehydes and ketones (b) aldehydes only
(c) ketones only : (d) neither aldehydes nor ketones
) Wkich one of the following can undergo Aldol condensation reaction?
(a) formaldehvyde (b) acetaldehyde (c) benzeldehyde (d u-imcthylﬂccmlde\\ydc

(10)  Aldol condensation is not sdccessful with compounds

(a) having no a-hydrogen (b) having a-hydrogen (c) having a-methyl group (d) none
(11)  Phenyl hydrazine on treatment with carbonyl compounds form.

(a) hydroxyl amines (b) phenyl hydrazone (c) oximes (d) norg
(12)  Formaldehyde react with NHj; to give?

(a) tetracthylene hexamine (b) tetracthylene tetramine

(c) hexamethylene tetraamine (d) cyclonite

(13) General formula of aldehyde and ketone is

(2) CH,,,0 (b) CoH3p41O (c) C,H,O (d) CalH2n120

e ?
(14)  Which of the following can be prepared in the laboratory by dry distillation of (HCO00),Ca?

(a) H,C = CH, (b) HCHO (¢) CH;OH @ CH;CHO
(15)  The colour of Iodoform is =
(a) white (b) black (c) yellow (d) blue
/7Y o { 2/0)73/1 Q7 J
SOLY 2D 2X2RASE DS

. _Answer g ety T Reason, o

(b) sp” hybridized C = O, double bond shows sp’ character of carbonyl group.

8

) (b) secondary alcohol CHa\ ' Na,CO,0, SEN
CH—OH +[Q] 0, . C=0+H,0
CHS/ . 29Y, CH3/ .
(3) (c) nucleophilic addition Because CN from HCN act as nucleophile that attack on carbonyl carbon. So| |,
HCN addition is Nucleophilic addition. : .
(4) (b) acetaldehyde Because Cannizzaro’s reaction is given by those compounds which have no
a-hydrogen but acetaldehyde has a-hydrogen.
(5) (a) Grignard Reagent ~ Tollen, Fehling and Benedict’s reagents do not react with ketones because
they are not strong oxidizing agents. - ‘ |
(6) (a) p-alcohol Because primary alcohol is oxidized to aldehyde while secondary alcohol is
oxidized to ketone.
(7 (d) 3-Pentanone Iodoform. test is given by methyl ketones i.e. the ketones which have methy!
group adjacent to carbonyl group. Since 3-Pentanone has no methyl group
. adjacent to carbonyl group it will not give iodoform test.
8) (b) Aldehyde only Because aldehyd d i dized
yde are reduced to primary alcohol by NaBH, and are oxidized

by Tollen’s reagent.

—
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b) Acetaldehyde Because for Ald i . !
(b) i EETSken. ol COfl(lensal1011 o-hydrogen is rsqmrcd so acetaldehyde has
J—
(a) Having no a-hydrogen Because for aldol condensation a-hydrogen is required
henyl hydrozone Phenyl 1 i i
(b) Phenyl hy hyd?gzin ;ydrazmc on treatment with carhonyl compound form phenyl
CHS\ _ H' CH!\
) _C =0 + HNNHCH, —— _C = N=NHCH, + HO
H
Ethanal Ethanal phenylhydrazone
"
Hexamethylene tetraamine CH,
(12) (c) \ Y 2 N
0y Ty
6 _C_ +4NH, —— (')H ANV CI;H + 6H,0
AN
N

Since two hydrogen atoms are removed and onc oxygen atom is added.

(13) | @ CHO
(14 | (B HCHO (HCOO), Ca %2, HCHO + CaCo,
o » i -
Il 0
_~C—0OH T
Ca _heal 5. Hyo C—H + CaCO,
N c—OH
Il
o)
15 [ vellow SRaloforin) FoTMUEL L Appearance
( ) Al Ao 2L
Fluoroform CHF, Colourlcss gas
Chloroform CHCI, Colourless liguid
? Bromoform CHBr;, Colourless liquid
- lodoform CHI, Bright yellow crystals

| 2 Give brief answers for the following questions. -

(i) Aow is formaldehyde prepared industrially? ' . .
| vapour and air is passed over |r9_n‘pxlde-molybdenum oxide or Ag catalyst at

Ans. In industry, a mixture of methano
500°C | ﬁ
FeO, MoO3 . _C— 'e)
FeO,Mobs y_C—H+H,
CH;OH *+ %02 —gpqe0
philic addition mechanism to the carbonyl compound.
hilic addition reaction mechanism is of following two types:
addition reaction
. hilic reagent. The base reacts with the re
O e place with a strong nucleop _ e reagent and generates
It will take B2 i< initiated by the attack of a nucleophile on the electrophilic carbon ofgthc zztri)sorll;(i

i addition 1 he 2 n
;rgl:OP;]}:Leé;heial mechanism of the reaction is as follows:

(i) Describe briefly the nucleo

Ans,  In carbonyl compounds nucleophilic
) Base-catalysed nucleophilic

- ———ss N ——



General mechanism
Step-I: ' : N

g B NU; + HOH

H-0O +H~<-Nu =
Nucleophlle

\A

Base Reagent

Step-II:

electrophilic
carbon

Step-111:
| 7 l
Nu—(IZ—O + H—OH ==—= Ny—C—0H + OH

Acid-catalysed nucleophilic addition reaction

(i) :
The addition is initiated by the proton (H") liberated by the acid.

The proton combines with the carbony]

oxygen atom and increascs the electrophilic character of the carbonyl carbon. As a result, the attack of the weaker

nucleophile on the clectrophilic carbon becomes casier.

Mechanism:
The general mechanism of the reaction is as follows.
Step-I:
\. 5+ 6/—_\ + N +
C=0 +H = C(C=0-H
/ 7/
Step-II:
" !
NG e L e— Nu - G- OH

(iii) What is the mechanism of HCN addition to carbonyl compounds?

Ans.  The reaction is base-catalysed because HCN has no lone pair or electrons on its carbon. The base (OH") generates
cyanide ions which acts as nucleophiles. The mechanism of the reaction is as follows:
Step-I:
/_/\ /'N B
H—O + H-CN s=—— CN + H,0
Step-11:
o
’ S+ S Y e \ /
\C‘ :/\(5 +~CN Seammend C
“ Y
Step-I11I: o
U= N
N o+ H—gh == X +oOf
d \CN CN
Addition product
(iv) How is ethanol converted to lactic acid? i,

Ans. Conversion of Ethanol into Lactic acid:

O

Il
CHsCH; — OH + [0] X201, CH,~C—H + H;0
onc Hy 4

Ethano| Acetaldehyde

A P




(v)

I " .
CH—C—H + H—Cn Monme, ™ ,OH
Acetaldehyde AN

H CN

Acetaldehyde cynohydrin

OH '
| o
H,— C— CN + 2H,0 +
LS +2H,0 + H;S0O, ————> CH,— C— COOH + NH,HSO,
: y

2-Hydroxy Propanoic acid (Lactic acia)

/ ® e
what is tl-'le addition product of Grignard reagent to formaldehyde, acetaldehyde and ketone?

|

Yy

<

ol

/

iy
1y

Ans-

(i) With HCHO (Formaldehyde)
H M ¥

N ae . . N\ . Br
CH—CH—Mg—Br + c o e, H—/Q—éw.;qar“—o-» =G —OH Mg
Erndmagnesiu romide A
ERfiagnesiun rasie 1 \/ CH—CH CH—CH, NoH
St Fropanal (Pnmary alcoha
(ii) With CH,CHO (Acetaldehyde)
/———\H‘\ » H\ : H\ /Br
CH—CH— Mg—Br+ C=0 —E2, cH-—C—O0OMaBr —=» CH~C—OH+Mg
Etnyimagnesum bromide /v z A S
e > CH, CH—CH, CH—CH, OH
Ethanal 2-Butanol {Secondary alconot)
(iii) With CH;COCH; (Acetone)
CH, CH, CH. ar

/—\" & Etner N = HO .\
CH—=CH;— \19—81'*/0—0 =22, CH,—C— OMgBr —* CH —/C'—OH + Mg

AN

Ans,

ng methyl group on carbon give positive iodoform reaction
(

Alzohols containi
ary alcohol that g gives this reaction.

Ethanol is the only prim
W + 41, + 6NaOH A, GHI,+HCOONa + 5Nal + K0
CH,CH,OH 74k

jodaform sod formate
th -f’.:}, o .

ining the methyl group also undergo this reaction.
a g 2

Secondary alcohols cont

A B de \
Etmylmagnestm bromid CH\/ CHTCH: CH,—CH_- OH
a o 2-Matnyl-2-cutanci (Tersary alconol)

(vi) What is Haloform reaction?

Ans. Acetaldehvde. ethanol, methyl ketones and secondary alcohols with methyl group at a-carbon. react with halogens
in the presence of sodium hy ‘droxide to give haloform and sodium salt of acid. This reaction is known as haloform
reaction.

(@]
R — g — CH3+3Xz+ 4NaOH —> CHXs+ RCOONa + 3Nax + 3H,0

(vii) Which types of alcohols undergo iodoform reaction?
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ol
.
N —CH—CH,+ &I, + 6NaON A+ CHI, + RCOONa + 5Nal + 51,0

2
2w N
SSTVNTEN acohe)

lodoform g0 catbosylate

(ix) Why formaldehyde do not give aldol cundensatlon reaction? T~

Ans. Foraldol co k3 .
Ol condensation reaction, the carbonyl compound must have c=hydrogen, Where s In Iumlnl(lchym
h yde, therg |

no a-hvdrocen <o it daec . , X
1varegen so it does not give aldol condensation reaction.

(x) _Give the mechanism of addition of sodium bisulphite to ketonos.

—
—

Ans.  Mechanism
Step-[;
Sodium bisulphite ionizes to form sulphite ions.
NaHSO, m==== SO,— 0 + H" + N&
Step-Ii: ‘
The sulphite fon acts as a nucleophile, since the sulphur atom is more nucleophilic than oxygen, n C - g

bond is formed.

’—"\ O_
NP, 3 =y [V
LG+ So—ong === & '\
/ §0,0Na

Step-ITI:

Proton is attached to the negatively charged oxygen atom (o form bisulphite addition product,

\C/O o . \C/O"'
“——_t_—-—
7" 50.0Na < N50,0Na

Bisulphite addition product
— e ——— T a—

R iitiind

R A —
_QS. Give detailed aswers fort

———

Q3.(i) What is the reactivity of the carbonyl group?
Ans. Reactivity of the carbonyl group
The double bond of the carbonyl group has a o-bond and a n-bond. As oxygen is more electronegative, it
attracts the m-clectrons towards itself. This attraction makes the carbonyl group a polarngroup.
The oxygen atom has a partial negative charge on it and the carbon atom has partial positive charge. The
7 electron cloud is pulled more strongly by the oxygen atom than the carbon atom. It makes oxygen atom
nucleophile and carbon atom becomes eleetgophile. ~o :
Q3.(ii) How will you prepare formaldehyde and acetaldehyde on industrial scale? ,

Industrial Preparation of Formaldehyde

Formaldehvde is manufactured by passing
molvbdenum oxide or silver catalyst at 500 °C.

Ans.
a mixture of methanol vapours and air over iron oxide

i
; i |
CH:OH + %0, —22Mo20s, H_C_H+H,0
500°C
Industrial Preparation of Acetaldehyde
Acctaldehyde is prepared industrially by air oxidation of ethylene using palladium chloride catalyst with

cupric chloride promoter.

7
OCH, =CH, +0, ———"5 2CH, —C— H

Ethylene Acetaldehydc:

he following questi_ons.
i e
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as.(““""wfo : s with following? (i) HoN (i) 1.8
) Reaction of Formaldehyde with HCy 1:50, _ (iili) NaHsQ,
po H
% =0+ Hoy o, i 08
. H H/ N
‘[ Formaldehyde CN
' ' Formaldehyde cyanohydrin
{ (i) Reaction of Formaldehyde with H,S0,
| 0]
'C/h \CH
H
JHCHO &~ —=2 R
O o0
N
CH,
Metaformaldehyde

(ifi) Reaction of Formaldehyde with NaHSO,

H

~ OH

€ =0 + NaHSO, —— H\c/.

H H” NsONa
Formaldehyde Bisulphite addition product

'Q—g,Tvi)Give the following reductions of aldehydes and ketones along with mechanism.
(i) NaBH. (i) Catalytic reduction

T () Reductions of aldehydes and ketones with NaBH,
- Aldehydes and ketones are reduced to alcohols with sodium borohvdride, NaBH,. The reaction is carried
out in two steps: reaction of the carbon compound with NaBH; under anhydrous conditions and then hydrolysis.
H H
H—C = O+ 2[H] —=*> H—CH—OH
e Methanal H, Metnanol
' ]
A CH,— C =0 +2[H] NaBH.,  CH,— CH,— OH
| ﬂ Ethanal H‘O Ethanol
< CH, CH,
~ l NaBH,
CH,— & =0 + 2 [H] —H——P CH,— CH— OH
- 4 2-Propano!
) Propancne .
\O“T Sodium borohydride reduces the carbon-oxygen double bond but not the carbon-carbon multiple bond.
Mechanism . ) =% :
is source of hydride ion, H". The hydride ion acts as a nucleophile

The tetrahydridoborate (111) ion .BHj
It attacks on the electrophilic carbon of the ¢

) g — " 70

arbonyl group to give an alkoxide ion.

v
‘ an alcohol.

The alkoxide jon is protonated with water to give
| 7 3
H O+ ¢ —_—
Alkoxide on An alcohol
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(ii) Catalytic Reduction -
i -Aldchydes and ketones on reduction weth hydrogen in the presence of a metal catalyst like Pd, p
orm primary and secondary alcohdls respective -v. Hydrogen is added across the carbonyl group.. or N

H—g-—m H, —=Po%,  CH,OH
Formaldehyde Methy! alochoi
@] , ,
CH,— TR b, LePeN . CH—CH,OH
Acetaldehyde Ethylalcohol
O OH

|
CHJ_ (':I:_ CH_, + Hz M; CHJ—CH —-CH:,

Acelone

Q3.(ix) How do you distinguish a ketone and an aldehyde by chemical method?
Ans.

|sopropylalcohol

| |

Distinction Tests of Aldehydes and Ketones

Exception

Chemical reaction ““Aldehyde “ " Ketone

All aldehydes but only

Sodium bisulphite Test ~ White ppt is formed White ppt is formed methyl ketones
(NaHSO,) ‘ i give this reaction
2,4 DNPH Test Yellow Red ppt is Yellow Red ppt is is used for both aldehydes
(2, 4 - Dinitrophenylhydrazine) formed formed and ketones
, : ' ’ _ Both aliphatic and aromatic
Tollen’s Test . A s:lverfmlrrodr (Ag) is no reaction | aldehydes give this reaction
Ammonical silver nitrat  solution orme i but not ketones
Fehling’s solution Test ) Aromatic aldehydes and
Brick Red ppt of Cu,0 no reaction ketones do not give

(An alkaline solution containing

a cupric tartrate complex ion) is formed this reaction
Benedict's solution Test . Aromatic aldehydes and
(An alkaline solution containing Rk Re;j ppt of Cu;0 no reaction ketones do nﬁt give
a cupric citrate complex ion) is formed this reaction

A wine red or Orange red | Aldehydes do not give "
colouration this reaction

Sodium Nitroprusside Test

Na,[Fe(CN),NO] no reaction

R

Q3.(x) How will you differentiate between acetophenone and benzophenone? ik

Ans, ..l\cetophcnone and benzophenone can be distinguished using the iodoform test. For iodoform test the main criteria
is the presence of free methyl group on carbonyl carbon.

Since acetophenone contains a free methyl group therefore it will give a positive iodoform test.
CsHsCOCH; + 4NaOH + 31, — C4Hs;COONa + CHI; + 3Nal + 3H,0
) Yellow ppt of iodoform

H :
owever: bguophenone does not contain any free methyl group therefore it will give a negative iodoform test-
CeHsCOCgHs + 4NaOH + 31, —— No reaction .
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pradlctﬂ“ formulas of the products of the following reaction - . .. : > ‘_

()

A

CH;COCH;CH; + H; —> e o ,r
CHsCOCH; + NH,0H —» i wy
CH;CHzCOCHchJ + HCN —

C4HsCHO + KMnO, —»

(a)
(b)
(c)
(d)

©) CH,CH,CHO + Cl,—»
ﬁ CH,COCH,CH; + Hy —»
0 P
'CH, — C = CH, — CH; + H; —BuPdorNi o CH - CH, - CH,
2-Butanonc 2-Butanol (Secondarv alcohol)

(b) C¢H:COCH; + NH,0H —

CHa\ p CHax\
C=0+HNOH —— C=N = OH + H,0
CeHs” CoHy”
Actetophenone Actetophunone oxime

(@ CH,CH,COCH,CH,+HCN—>
(0] &H ,
I 3 8- NaCN/HCL N /OH
C,H —C—C,Hg + H—CN === e
CHL N
2015 Q@ -CN

3-Pentanone
3-Pentanone cynohydrin

@  CHCHO+KMnO,—>

O o)
L KMnO I
CbHs—'C—H+[O] — Ve CGHS"‘C'—OH
Benzaldehyde Benzoic acid
(e) CH;CH;CHO +ClL,—>
O 0
Il ; I 5
C,H; — C — Byt Cl——— CH;—(IZH—C—H
crE -
Propanal 2-Chloropropanal
(In) Write structural formulas for all compounds of molecular fo'rmula C4H:O containing a carbongl
—___ group. :
Ans,  Following carbonyl compounds contain molecular formula C4H;O:
0O - 0
1}
(i) CH; - g — CH, — CH;s (i) CH;-CH,-CH,-C -H
Butanone ) ' Butanal (Butyraldehvde)
o) :
. Il
(i) CH, - (I:H -C-H
CHs

Iso-butyraldehyde



. —\nluenydey Ang
unds formed W ‘
() Predicts the formulas of the compo med When the following 2

's roagent methyl magnesium bromide, followed by water, re tr.lt.N‘
?:\‘%ﬂ?t;\(a:ol ‘gb) Ethanol (c) Propanone (d) Carbon dioxide With the

‘Am. (a)Mt-llmlml Br - ~———

Ethar CH, + Mg/

e Mg-—ar-ﬁC"L "OH

wgroeslum promiJ pethanal Mathana \OCH‘
b) Ethanol
( Cther ol
ther
CH=Mg—Br+CH—OH —— CH+Mg
Melnylmagnesium bromide Ethanal - Mathane \OCHZCH1

Propanone
(c) Proj CH. CH. A

e o BN B e N, e o \ Br -
Cli=tg=Br'+ (=0 Etver CHi—C— OMgBr L, CHy— G —OH + e
ragnesium bromide CH..\/ CH CH1 \OH

Propanone 2-Methyl-2-propanol (Tertlary alcohol)
(d) Carbon dioxide

N 8. 4 E" r ﬁ‘ — L4 X H o* /Br

GH—Mg—Br + 0O=C=0-E1% "0=C—0MgBr—— O=C—OH +Mg
ey lnegnosium bromide ICH1 éH“ \OH

Catbon dioxite
Acetle acld

Predict he formulas of the products of the following reaction
CHyCOCH,CHy + Hz >
CoHsCHOCH, + NH,OH —-~
CHyCH;COCH,CHy + HCN —=—-»
CyH:;CHO + KMNO, ey
CHiCH;CHO + Clg -==—=-> _
(i)  Write structural formulas for all compounds of molecular formula C4HsO contalning a carbonyl group.
() Predicts the formulas of the compounds formed when the following are treated with the Grignard's
reagent methyl magnesium bromide, followed by water. -
(a) Mathanol (b) Ethanol_(c) Propanone (d) Carbon dioxide

Skill Activity
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