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mtredl. GLUEUE

Some important classes of organic compounds like aldehydes, ketones,
carboxylic acid, esters, amides, acid halides, acid anhydrides etc contain a
ynctional group called carbonyl group are called carbonyl compounds. Many
of these compounds are important commercially and in biological processes.

A carbonyl group is a functional group composed of a carbon atom doubly

nonded to an oxygen atom.

Ald'ehydes and ketones are two different classes of organic compounds
containing a carbonyl group. Aldehydes have at least one hydrogen atom
aftached to the carbonyl carbon. The other group may be an alkyl group (or
Hatom in case of forméldehyde). Thus the functional group of aldehyde is

i

~C-H called formyl group.

In ketones the carbonyl carbon atom IS connected to two other carbon

é‘:atoms, The ketone functional group is called keto group and is represented

_;as "C0-. The two groups attached to it may be both alkyl groups (same or

b3
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Two types of naming systems are used for naming aldehydeg and
ketones. Common naming system and IUPAC system.

- Ne

Common names of Aldehydes are derived from the common names of
carboxylic acids containing the same number of carborr atoms. Whie

(53

naming aldehydes in this system, the ending “ic acid” |n the common

name of corresponding carboxylic acid is r:eplaoed by the word
“aldehyde”. |

Similarly S : v

Scanned with CamScanner



MDCAT BY FUTURE DOCTORS (TOUSEEF AHMAD)

posmons of other groups on the chain are indicated by Greek letters

5 5610) Lettenng starts from the carbon atom adjacent to formyl group
(ﬂ- L R

In this system, following rules are used for naming aldehydes.

a. Chain Selection:
Locate the longest chain of carbon atoms containing formyl group
to get the stem name. In IUPAC system, the ending “-e” of the
corresponding alkane is replaced by “al’.

Carbon atoms of the selected chain are numbered from the carbon |
+ Offormyl group (~CHO) because it is always at the terminal position |

Itis not necessary to mention the position of aldehydic group during
namin 8 4

The rules for naming branches are same as in case of alkanes.
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In this system ketones are nameq by writing first the name for
the alkyl groups attached to the carbonyl carbon followed by
the. word “Ketone”. For similar groups prefix “di’ is used befor
their name. In case of different groups attached to the carbon!

.__ ap htical order is followed for writing their names.

If the %y o | '
e 1 ik 9roups attached to carbonyl carbon are the

tled symmetrical ang nt, it is
unsymmetrical il | . If‘ different,

sa®
ool
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While naming ketones in IUPAC system following steps are taken

Chain Selection: Select the longest chain as stem name for ketone,

which is then named by replacing the ending “-e” of corresponding alkane

by “one”. No numbering is necessary for propanone and butanone.

‘ Numbering the Chain: The carbons of the selected chain are numbered

to mention the position of the carbonyl carbon before stem name because
In ketones carbonyl group may occur at various positions on the carbon
chain. Numbering is done from that end at which the carbonyl carbon has
the lowest possible number.

If

oNe or more branches are attached to the selected chain then the same
fu
les arg Obeyed as mentioned for IUPAC names of alkanes.
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RhysicallProperties 1%

. Lower aldehydes like formaldehyde and aeetaldohyde have "ed_
sharp pungent odour whereas higher members of aldefy™
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T

aromatic aldehydes as well as most of the ketones have pleasant

' smell. _ ; :

Formaldehyde is a gas at room temperature while aldehydes are

" colourless liquids. Acetone, the simplest ketone, is a liquids at room

temperature with pleasant odour. All the other members of ketone
series are also colourless liquids with characteristic odour.

(3) Low molecular weight aldehydes and ketones (up to C,) are water

soluble. Water solubility decreases as the size of the molecules
increases. Higher members of aldehydes and ketones (C,onward)

are usually insoluble in water, while formaldehyde is highly soluble in
water. Carbonyl compounds cannot form hydrogen bonds with
themselves as there is no hydrogen on the carbonyl oxygjen.-
However, their solubility in water is due to hydrogen bond formation
of carbonyl oxygen with water molecules

. Aldehyqes and ketones' are polar compounds due to high dipole
Moment of their C = O bond. As a result they have high boiling
Paints than the corresponding alkanes and non-polar compounds

" like ethers but lower than alcohols. The-boiling point of methanal is
~21°Cwhereas ethanal boils at 21°C, close to room temperature.
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Acetone has boiling point of 56°C. The boiling point of aﬁéhyués
and ketones increase with the increase in the molecular weightg

. G

b

The carbon and oxygen in the carbonyl group, present in aldehydes
and ketones, consists of a sigma bond and a pi bond. Both carbon as
well as oxygen of the carbonyl group are sp® - hybridized.

*®

The three atoms attached to carbonyl carbon lie in a plane with bond
angles of approximately 120°. The pi bond is formed by the overlap of &
p-orbital of carbon with p—orbital of oxygen atom. There are W

unshared electron pairs on oxygen atom of the carbonyl group. The
C=0bond. distance is 1.2:_33\,shorter than

C-Obond distance n
alcohols and ether (1 .433-) 3 |

m Preparation]of aldehydesand|Ketones:

Aldehydes and ketones may be prepared by the following methods:

' g : o
fOzone, an allotropic form of OXxygen, reacts vigorously with alkene® lﬂ
orm an unstable intermediate compound called ozonide. The ozonid'

s ‘rec.luced directly to aldehydes and ketones by zinc and water
reaction is called ozonolysis.
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Water adds to alkynes in the presence of mercuric sulphate and
sulphuric acid to form an unstable intermediate, unsaturated alcohol
(enol). The enol intermediate then undergoes rearrangement to form
aldehyde or ketone depending on the starting alkyne used.

In case of unsymmetric alkynes H,Oaddition takes place according to

Maﬂ(dvinkoﬂ’s rule.
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Aldehydes are also prepared by the oxidation of primary a|¢0ho|s

When a primary alcohol is treated with oxidizing agents like acidifieg

potassium dichromate or potassium permanganate it is oxidized to an
aldehyde. -

_ | |

The introduction of acyl group (R-C-)into the aromatic ring (benzené
ring) in the presence of acyl halide and anhydrous AIClI, catalyst b
called Friedel ~Crafts acylation or simply acylation.

When benzene is treated in the presence of Lewis acid, AIC,, with add
halide, an aromatic ketone is produced.

?
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e

in carbonyl g-oup ( C=0) oxygen is much more electronegative than
carbon. Therefore, the = -electrons in C=0bond are strongly attracted
by the oxygen atom. As a result, the carbonyl group ‘becomes highly

polar with @ partial negative charge on the oxygen atom and a partial
positive charge on the carbon atom. :

As a result of this polarization, most carbonyl reactions involve
nucleophillic aftacks at the carbonyl carbon often accompanied by
addition of a proton to the oxygen. The aldehydes and ketones usually

undergo nucleophillic addition reactions as compared to alkenes where

C=C are not polarized and hence they usually involve electrophillic

addition. The nucleophillic addition in aldehydes and ketones is
generally shown as:

In ¢

€8¢ reacti :
e ®actions, the nucleophillic end (negative part) of the reagent
N8S With the electro

"Ophillig end (positiy

phillic carbon of carbonyl group, wherease the
e part) of the reagent, usually a proton, goes to

gen, :
h%e. Th These reactions are catalysed either by an acid or by a
'y € Presence of '
*t While

Carbon

base increase the nucleophillic character of the

the presence of acid increase the electrophillic character
Yl carbon atom. : 1

of the
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- Aldehydes and ketones are very reactive substances mostly unde

rgoing
addition reaction across C= O bond. These can also be oxidized as Wel

as reduced. Thus they undergo a very large variety of reactions. Some of
their reactions are.

Aldehydes and ketones mainly undergo nucleophillic  additions
reactions. These

catalyzed.

reactions may be either acid catalyzed or base

atom. In acid catalyzed addito"

ated by the proton (H')of the acid

which combines with the carbonyl oxygen atom to fo
This increases the electrophillic n

inducing more positive charge on it
attacked by weak nucleophiles.

reaction the addition process is initi

rm oxonium 0"
ature of the carbonyl carbon o/
and thus enhances its ability t0 ?°
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—

=
The carbonyl carbon, which is trigonal and sp?-hybridized in the

starting aldehyde and ketones becomes tetrahedral and
sp’ - hybridized in the reaction product. '

A base catalyzed nucleophillic addition will take place with a strong
nucleophile.. The base reacts with the reagent and generates
the nucleophile. This nucleophile attacks at the Carbon atom of the
carbon—-oxygen double bond because that carbon has a partial
positive charge and Pi electrons of C = O bond move to the oxygen
atom, which, because of its electronegativity, can easily

accommodate the negative charge. The reaction is completed by
addition of proton to the negative oxygen.

(Y 1 . \ Hay
Nl p [ 4 ] i

Gen
erally, Ketones are somewhat less. reactive than aldehydes

Owa
d ds nucleophiles. There are two main reasons for this reactivity
Tfference.

o The carbonyl carbon is more crowded in ketones
Pared to aldehydes. In nucleophilic addition, the attached

QTOUp
®Me even closer because in the product the hybndlzation
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changes from sp?to sp’and the bond angles decrease from 1y,
- . h
109.5°.

_ As alkyl groups are usually electron d°nat‘ng

compared to hydrogen. They, therefore, tend to neutralize the pay,
positive charge on the carbonyl carbon -decreasing its_--'_.'reagﬁw

towards nucleophiles. Ketones have two such alkyl groups; aldehyde
have only one.

Addition of hydrogen to aldehydes and ketones is called - reductio

Following are some important reactions of aldehydes and ketones 1
involve reduction,

1. Reductlon of carbonyi compounds to Hydrocarborls

Aldehydes and ketones can be reduced to saturated hydr ocat”
either by Clemmensen reduction or by Wolf Kushner reductlon

In this reactnon aldehydes and el

arere
duced to alkanes in the presence of Zlnc amalgam andH0

reducmg agent.

_-:;'.'1 il .
= CHL=CH. +H.©®

Gone.t¢)|

Sthanal

=
=
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CH— CH; CHa
FPropane

When an aldehyde or ketone is treated with hydrazine a
corresponding hydrazone is obtained which on heating with KOH
in boiling ethylene glycol gives corresponding alkane.

6 =0 + NH,NH., - —y \"'(;; N = NF KOF : G4
” ke Tt v I:‘:’() l:/ l:l ’} I‘j;' i\

i 17
thanal Hydrazine

&

CH, ~ Gt
1ehyd l ! ‘Alkane
Aldehyde OH O LA
hydrazone

2. Reduction Using Hydrides to give Alcohols:

Aldehydes and ketones are easily reduced to primary and secondary
alcohols respectively by using metal hydrides as reducing agents.
The most common metal hydrides used to reduce carbonyl
compounds are lithium aluminum hydride (LiAIH,)and sodium
borohydride (NaBH, ).

e
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3. Reduction -Using Carbon Nucleophiles:

In organometallic compounds (e.g Grignard reagent) and hydrogen
cyanide (HCN), the carbon acts as nucleophile and can reduce aldehydes
and ketones by nucleophilic addition. i

Grignard reagents act as carbon nucleophiles toward carbonyl
compounds. The R group of the Grignard réagent adds irreversibly to
the carbonyl carbon, forming a new carbon —carbon bond that gives

a:j intermediate alkoxide. The alkoxide can be protonated by dilute
HClto give alcohol.
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The carbon in hydrocyamc acnd also acts as carbon nucleophile
and undergoes nucleophulhc addition to aldehydes and ketones in
the presence of base to yield cyanohydrins, compounds with a

hydroxyl and a cyano group attached to the same carbon. The
reaction is carried out in basic medium.

4. Reduction -Using Nitrogen Nucleophiles:
Ammonia, amines and some other related compounds have an
Unshared electron pair on nitrogen atom and therefore act as

. nuc'eol)hlles toward the carbonyl carbon atom.
g Aldehydes react with ammonia to form

solid aldehyde arnmonia.
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Ketones do not form addition product when treated with ammonia,
rather it gives condénsation products.

derivatives are alkyl amines, hydroxyl amines (NH,OH), hydrazine

(NHNH, ), phenyl hydrazine etc. (CeHsNHNH, )

aldehyde and ketones to form an unstable addition product

which loses water to form a product with a carbon nitrogen
double bond, called imines.

tl'

LKW i“m!- CHINH - k\[ Chi 'HL'l‘

enzalie Vel

methylamine:

“ Aldehydes and ketones "

oximes on reaction with hydroxylamine.

Q)
1 NOH
=0 =1 v AR Ly e Sy ” AL AR =S

Methana|

HYAIOXVIEMIne

\'1 l.l} 1| } “] ). \ li'i-"l.'.‘l
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s Reduction ~Using Oxygen Nucleophiles:

Alcohols are oxygen nucleophiles as alcohols are weak acids having
0-Hbond. The oxygen of the alkoxy group attacks the carbonyl carbon of
adehydes and ketones, resulting in addition to the C=Obond. Since
doohols are weak nucleophiles, an acid catalyst (H,SO, )is required.

Te addition process is reversible and the product obtained is called
hemia"e‘ﬂi which contains both alcohol and ether functional groups on the
e carbon, |n the presence of excess alcohol, hemiacetal reacts further to

% “Ctal, which has two ether functional groups (a gem—ether) at the
M6 Carpon,

h—.

aldehydes and ketones undergo oxidation in the presence of
“ng Agents, oxidized than

% however, aldehydes are mOre easily
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?

. Oxidation s: Oxidation of an aldehyde, in the Presang,

of strong oxidizing agents like acidified KMnO, or acidifieq Sodium |
potassium dichromate, or AgO gives an acid with the same NUmbg;
 of carbon atoms. Actually, in the oxidation of aldehyde, the hydrogey

atom attached to the carbonyl group in aldehydes is oxidized to Oy
group. :

Sincg aldehydes can be oxidized by much milder oxidizing agents such
as Tollen’s reagent, Fehling’s solution and Benedict's solution. These

three re.aqftams can be used to distinguish aldehydes from ketones as
ketones are not oxidized by these reagents.

g
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. Oxidation by Fehling’s Solution: | If aldehyde is treated with
Fehlmg s solutlon the deep blue colour of cupric ion is reduced to
red precipitatqs of cupm_us oxide. Ketones do not given this reaction.

urine.

that is attached to carbonyI carbon but in case of ketones no such
hydrogen exists. Ketones having o-hydrogen can be oxidized in
the presence of strong oxidizing agents such as
K,Cr,0, /H,S0,,KMnO, /H,S0, or concentrated HNO, etc which involves

breaking of C—C bond.

In case of unsymmetrical ketones, the carbonyl group remain with
“Maller alkyl group as oxidation takes place at this site.
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Society, Technology and Science

Formaldehyde is a common precursor to more complex compounds and
materials. In approximate order of decreasing consumption, -products
generated from formaldehyde include urea formaldehyde resin, melamine
resin, phenol formaldehyde resin, polyoxymethylene plastics, 1,4-butanediol,
and methylene diphenyl diisocyanate. The textile industry uses
forrpaldehyde—based resins asfinishersto make fabrics crease-
resistant. Formaldehyde-based materials are key to the manufacture of

automobiles, and used to make components for th issi i
: e transmission, electrical
System, engine block, door panels, axles and brake shoes.

urea, or melamine, formaldehyde produces,
phenol formaldehyde resin, urea formaldehyde

¥

in. These polymers are common permanent

2322?:31::;;1 in plywood and carpeting. It is used as the wet-strength resin
ry paper products such as facial tissue, table napkins, and roll

med to mak_e insulation, or castinto moulded

Formaldehyde

as DEﬂtael':theritoli.s a::ﬁ s brecursor to polyfunctional alcohols such

formaidehyde derivatives int;ljﬁzg rrfgthﬁake L i R

important com ' ene diphenyl diisocyanate, a"
i Paints and foams, :ncg hexamine.

Scanned with CamScanner




e -

Rey Points:

- JMDGAT BY FUTURE;DOETORS(TC
o [UBS4] ' UHeReeTane

Aldehydes and ketones are two different classes of
compounds containing carbonyl functional group.

Oxidation of primary alcohols gives aldehydes and that of secondary
alcohol gives ketones.

organic

The C=0 bond in aldehydes and ketones is highly polar and hence
they are very reactive compounds.

Both aldehydes ang ketones undergo nucleophillic addition reactions.

Generally, ketones are somewhat less reactive than aldehydes
towards nucleaphiles.

Aldehydes ang ketones undergo condensation reactions with
Tmmtmia and its derivatives to form compounds containing ~E=N-
inkage, ;

Al o i idizing agent
r dehydes are oxidized to alcohols in the presence of oxidizing agents
ke K.Cro, i H,S0,, KMnO, in H,S0,

. . Howevere, ketones usually resist
OXidation

Alde :

preDhYdE!S form silver mirror with Tollen’s reagent and gives red

ipi : :
up’Tates With Fehling's solution on heating. Whereas ketones do
148190 these reactions,

ETEm
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iv.

V.

vi.

Exercise

Choose the correct answer.
The carbon of the carbonyl group is

a. Sp’ - hybridized b. trigonal planar

c. Pyramidal in geometry d. tetrahedral in geometry
The reduction of >C = O to >CH, is carried out with

a. Catalytic reduction b. Zn-Hg and conc. HCI

c. Wolff Kishner reduction d. LiAlH,4

A compound C,H, O yields a compound C,H;O on oxidation. The
compound C,H,0is.

a. An aldehyde b. An alcohol
C. A ketone d. An acid

Formaldehyde gives an additive product with methyl magnesium iodide
which on hydrolysis gives,
a. n—Propyl alcohol

C. Methyl alcohol

b. Iso propyl alcohol
d. Ethyl alcoho|

Which of the following compounds can react with ammonical silve’
nitrate solution to form silver mirror?
a. Acetone

C. Ether

b. Ethano|
d. Ethanal

Which of the following compounds precipitates Cu, Ofrom Fehling’s

reagent but does not react with sodium metal?
a. C,H,OH

¢. CH,CH(OH)CH,

b. C,H,CHO
d. CH,COCH,

e
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| when propanal is heated with Fehling’s solution there is.
a. A colour change from green to orange.

b. A colour change from blue to red.

¢. A negative test with Tollen’s reagent

d. No colour change.

0.2 Explain briefly.

. Aldehyde contains the carbonyl group. ketones, carboxylic acids and

esters also contain carbonyl group. What distinguishes these later
compounds from an aldehyde?

L The mechanism of nucleophilic addition to a carbonyl compound.

- Aldehydes and ketones undergo nucleophilic addition while alkenes
undergo electrophilic addition.

Aldehydes are oxidized easily than ketones.

* Ketones are Somewhat less reactive than aldehydes towards
Nucleophile,

+ Whj
. ©h test can be used for the identification of aldehydes from ketones
" laboratory

3 Writg
t
. he structura formulae and give IUPAC names for all aldehyde and
ne |
Q4 : 'SOmers of the molecular formula CsHioO.
) Nt
Qs Na he Structure and reactivity of carbonyl compounds.

Ce
%h of the following compounds according to IUPAC system.
0

)
I 9 (3) CHy— CHz —C—CHz—CHs

H’*"?H--g—-ﬂ @) cus—g—(cﬁlr'c“!
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Q.6 Write structural formula for each of the following. =
i. 2—Octanone i. Di-n-propyl ketone .
iii. 4—Methyl pentanal iv. 2,2 -Dibromohexanal
v. 3—Ethylpentanal vi. Hexane-2,4-dione
Q.7 Give a reaction to prepare each of the follownng
i. Cyanohydrin ii. Oxime jii. Imine .
iv. Hydrazone v. Acetal

' 3

g gl p T sy 1)
L vy e R e e, TG R
SRS S R R R

E’ Sy I_‘, i e

k|
= |

-

O 8 Usmg Gngnard reagent and the appropnate aldehyde or ketone how ead!

of the followmg can be prepared?

i. 1- Butanol ii. Ethyl alcohol '_
ii. 2= Butanol v, 2—Methyl -2_-butérr6r"’*‘“‘ “
v:3=Methyl -3=pentanol =~ o e oo lvians

Q.9 (a) Write any three methods for preparatson of- aoetaldehyde
(b) How does ethanal react with the following: reagents? '

i. Ethyl magnecium iodide - ii. Zinc = mercury. amalgam and
i. Lithium Aluminium hydride iv. Acidified K,Cr,0, .« "
Q. 10-(a) How-aromatic ketones are. prepared by Friedel-craft: acylatl,_,'?-_‘
(b) Starting from acetone, how will you prepare each of the following:

I Peraneuh_ S e AR " 2= F’fQFJanol m Acetone cY ohyd"™
"V-'Acetoﬁe"hYdragﬁﬁef v Hémlkéta( :

e R
—~ -

E S

Ty

ey ]
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