Chemistry

CHAPTER 19
ALDEHYDES AND KETONES
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After completing this lesson, you will be able to:

e Explain nomenclature and structure of aldehydes and ketones.

o Discuss the preparation of cldehydes and ketones by ozonolysis of alkene,
hydration of alkynes, oxidation of alcohols and Fnedel Craft's acylation of
cromalics, (Applying) Describe reaclivity of aldehydes and ketones and their
companson. (Analyzing)

e Describe acid and base catalyzed nucleophilic addition reaction of aldehydes ond

ketones. (Applying)
e Discuss the chemustry of cldehydes ond ketones by therr reduction fo

hydrocarbon alcohols, by using carbons neuclophiles nitrogen nucleophiles

oxygen nucleophilic (Appiying)
o Descnbe oxidation reactions of aldehydes and ketones, (Applying)

e Descrnbe somensm in agldehydes des and ketones. (Understanding)

Ql. What are aldehydes and ketones?

Answer

Organic compounds containing the carbonyl functional group are called

aldehydes and ketones,

(1) Functional Group

In aldehydes, the C-atom of carbonyl In ketones, the C-atom of carbonyl group is
group 1S diwrectly attached to at least One H-|bonded to two carbon atoms called ketonic

group
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(2) General Formula

he homologous series of aldehydes havel The homologous series of ketones have

general formula C.Hz.0. generol formula CaH2,0.

(3) General Formula Structure

n aldehyde may be represented by thel ketone may be represented by the genera

general formula structure formula structure

(4) Occumrence

Aldehydes groups are present in mosi ketonic group is present in camphor and
sugars. hey are the principal constituents offructose.

a number of essential oils used as fragrances

d flovors.

(5) Examples

i) H-CHO (Formaldehyde] f“> (“>

(H,-C-CHy (n) CH, - C - CK

() CHs-CHO {Acetaldehyde)

Acetone Mcthyl ethyl ketor®

Q2. Give nomenclature of aldehydes and ketones.

Answer

a) Common names

An aldehyde is named after the name of corboxylic ocid obtained on ifs
oxidation, the ending —ic acid is replaced by "aldehyde’, e.q.,

H
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HC =0 Formaldehyde
H
|

CH3-C=0 Acctzldehyde

For naming substituted cldehyde, the chain is lcbeled by using a, p, v..efc. the

carbon next to carbon of the carbonyl group Is indicated by 'a” and so on.

b) IUPAC Names

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

nydrocarbon.

2. The ending e of the alkane is replaced by al

3. The numbering starts from the carbon atom of the carbonyl group. The carbon
atom of aldehydic group I1s always carbon number |.

4. The position of the substituent is iIndicated by numbers which is written before
ther number.

Examples:
CH, Br
cHonc it
yCH, \" Cl- CH,CHO CH,CH-CH - CH, CIK
Propanal 2-vhloro cthanal (3 bromo 4-
mthyl pemanal - 1)
Ketones:

a) Common names:
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Ketones are names by adding the word ketone after writing the names of alkyl or

aryl group linked to carbonyl carbon in alphabetical order,

0 (.)
|
CH""C'C}" CH,'C"‘C,H’
Dimcthyl Ketone Ethyl mcthyl
(Aauonc) Kaione

Subshituted ketones are named by labeling the chain using a. p. y . £iC. the

carbon next to carbon of carbonyl group 1s indicated by 'a’ and so on, e.g.

CH, O

C

CH, - CIl - C - CH,
|

Methyl a-methyl cthyl Ketone

1
CICH, CH, - C - CH,

Mcthyl B-chlorocthyl kewone

O

a | a
C","‘CH"C"C",W

a-hydroxyl-methyl cthyl ketone.

(b) IUPAC Names:
The longest chain containing the carbonyl group is taken a parent hydrocarbon.
The ending e of hydrocarbon is replaced by one

The numbering starts from the end that gives the carbonyl carbon the lower

number. In cyclic ketones, carbonyl carbon is number |

The positions of substituent are indicated by numbers before their nomes.
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2)

i, O
s
Cil,- CH - C - CH, - CiL, - O,

2 - mwihyl b hexanom

CHl, 0

J

3 Mcethyl Cyclo
hexanone

0
'
e - O, -, - € - Cal

4-bromo- 2- bulanon

Clil
0)

CH.
2,6 dimcthyl cwd
he x anone

Q3. Give Physical Properties of aldehydes of ketones.

Answer

Chemistry

The polar nature of the C=0 (due to the electronegahvity difference of the

atoms) means dipole-dipole interactions will occur.

Though C=0 cannot hydrogen-bond to each other, the C=0 can accept

hydrogen bonds from hydrogen bond donors (e.g. water, alcohols). The

implications of these effects are:

o higher melting and boiling points compared to analogous alkanes o lower

boilling points than analogous alcohols © more soluble than alkanes but less

soluble than alcohols in aquecus medic

Q4. Give Preparations of Aldehydes and Ketones.

Answer
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Ozonolysis
of Alkenes

Hydration of
Alkynes

Crafis
Acylation of

Q5. Give reactions of ethane with ozone along with mechanism.

Answer

Ozonolysis of Alkenes

\ / \ /
C=C 4 0, — 4 C2Q <4+ 0=C
/o \ work-up /

Reaction type: Electrophilic Addition

Elaboration
l. Overall transformation; C=C to 2C=0

2. Reagents: ozone, O3, followed by a reducing work-up, usually Zn in acetic
acid.

3. It s convenient to view the process as cleaving the. alkene into two carbonyl
compounds:.
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4. The substituents on the C=0 depend on the substituents on the C=C.

MECHANISM FOR REACTION OF ALKENES WITH O:

O+
- l—/ T O
s'ep l' X—ﬂ '9’3

The electrons act as the nucleophile, attacking the ozone at the l
electrophilic terminal O, A second C-O s formed by the &
[=
nucleophilic O attacking the other end of the C=C. o
step 2: :
The cyclc species called the molozonide reamranges to the :'2><:o:
ozonide, 7' N
Step 3:

oo

On work-up (usually Zn / acetic acid) the malozonide

decomposes o give two carbonyl compounds.
Hydration of Alkynes

Waoter adds on to alkynes in the presence of dil. H2S0O4 and HgSO« to produce an
aldehyde or ketone, Enol forms as intermediate which isomerizes into aldehydes

or ketones, €.g.,
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HeSO, _
HC2C+ 11O ——— Cl);=CH- OH —
11.50),
Vyl
akcohol
H

!
CH,-C =0  (Acctalichyde)

Propyne gives acetone:

H.50, e
CH,-CoCH+ MO ———s CH,-C» CH, — CH, -C - CH,
Hg SO, |

This reaction is useful for preparing methyl aryl ketones

Oxidation of Primary and Secondary Alcohols

Pnmaory alcohols are oxidized to aldehydes by (i) warming with acidic dichromate

solution (1) Jone reagent (CrO: + ail. H.SO4 + acetone) (m) Sarett reagent (CrOs in

pyndine)

Cone. H.S0O,

Cit,CH.CILCHLL.OH ——0m — CHLCH.CH, (1O
N.Cr,0,

Butuwil Butanal
Sonctt ’
CILCHL Ol ——— (. H, CHO
neapenl
Jow

w-CH,Cll,OH ——— n-CH,; CHO
: capenl
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Non-aqueous solvents are employed to avoid further oxidation. Secondaory

alcohols gre oxigdized to ketones.

()
Cil,- CHON —— CH, C=0

I l
CH, CH,

Q6. Friedel-Crafts Acylation of Benzene.

Answer

It i1s the subshitution of acyl group In an organic compound In the presence of

AlIC 13 or some other Lewis acid

AICT,
C.u, +R- (.‘ - C) o= C.", COR + HC)
O

(Alkyl aryl Keuwnw)

AlCl3 generates acylenium ion (electrophile) which is substituted in the aromatic

nng
() 0O
| |
R = C-Cl+AICl =2 R - Ci,+AIC),
Reactivity:

The double bond of the carbonyl group has @ o-
bond ond a It-bond. As oxygen IS more
electronegative, it attracts the it-electrons to itself,

This attraction makes the carbonyl group a polar

group.

The oxygen atom has a parhial negative charge on it and the carbon atom has

particl positive charge. The electron cloud 15 pulleGd more strongly by the oxygen
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atom thcn the carbon atom. It makes oxygen atom nucleophile and carbon

atom becomes electrophile,

Q7. Give different reactions of aldehydes and ketones.

Answer

Nucleophilic Addiction

There are two types of nucleophilic addition reactions of carbonyl compounds.

1) Base catalyzed nucleophilic addition reaction

). Acid catalyzed nucleophilic addition reaction
i) Base Catalyzed

A base catalyzed nucleophilic addition reaction tckes place with a strong
nucleophiic reagent. The base reacts with the reagent cd generates the
nucleophile. The addition is inficted by the attock of a nuclecphie on the
electrophilic carbon of the carbonyl group. The general mechanism of the

reaction s as follows:

General Mechanism

——
H—O0" +H—\-):u s==u=t Ny + HOH

(Base) (Reagem) (Nucleophile)
\ .
N~ ¥ en b~ == Nu—C—0
/(mm) [
| f:au’__/-_‘gﬁ gem==e Nu—C— OH +OH"

There are five types of base catalyzed nucleophilic addition reactions of carbonyl
compounds.

I) Addition of hydrogen cyanide
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2) Addition of Grignard’s recgent

3) Addition of sodium bisulphate
4) Condensation reactions

5) Holoform reactions

1) Addition of hydrogen cyanide

Hydrogen cyanide adds to cldehydes and ketones to form cyaonohydnns. The

acid generates HCN form sodium cyanide in HCI,

CH) - CH - CN + 2H;0 + H,80, —— CH, - CH - COH +(NH.),S0,
Acetaldchyde cyanohydrn 2-Hydroxypropanoic acyd
(Lactic acad)
The reaction is based In the synthesis of a hydroxyl acid that contains one carbon
atom more than the number of carbon atoms in the starting aldehydes or
ketones.

Mechanism

The reaction is base catalyzed. The base (OR) generates cyanide ions which act

as nucleophile. The mechonism of the reaction is os follows:
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H—ﬁ"f_\ch —CN+|.{.O

. ) O
/ 7 Nen

0 _OH

+H —OH e >C + OH

/7
C
N \CN

\
7 NeN

Chemistry

The hydroxide ion liberated in the formation of cyanohydrnn reacts with

undissociated hydrogen cycnide and produces more cyanide ions, which in turn

react with more carbonyl compound,

1) Addition of Grignard’s reagent

Grignard’s recgents add to aldehydes and ketones to form adduct which on

hydrolysis with ¢ dilute mineral acid give alcohols. (Chapter 17)

2) Addition of sodium bisuvlphate

Aldehydes and small methyl ketones react with ¢ saturated oqueous solutfion of

sodium bisuiphate to form a crystaline white precipitate of sodium bisulphate

adduct.

H H\ _OH

\C"'lt O + N\ HSOy ————p \C/
H” H” \SO)NI
Formaldehyde Bisulphite addition product

Acetaldehyde Bisulphite addition product
CH,; CH)\ /OH
\C = (O + NaHSOy) —— C
CHs/ CH)/ \SO)NI
Acctone Bisulplute addition product
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Bisulphite on heating a dilute mineral ocid (HCI or H2S04) regenerates the parent

aldehydes or ketone.

O

CH, OH A )
\C/ + HCl —— CH, - C - H + NaCl + H;0 + 503
H /7 \SOJNI

Ricuinhite addition product Acetaldehyde

The reacthion 1s used for the separation and purnfication of carbonyl compounds

from non-carbonyl compounds such as aclcohols.

Mechanism
Sodium bisulphate ionizes to form sulphate ions.
NaHSOy === §0;,—0 +H +Na

The sulphite in acts as a nucleophile, since the sulphur atom i1s more nucleophilic
than oxygen, a C-S bond is formed.

N7 N

/

/0
\

o
0’ ONS . C
7 N§0,0Na

Proton is attached to the negatively charged oxygen atom to form bisulphate
addition product.

) OH
\C/ ¢+ H = >C< o
7 N§0,0'Na’ $0,0"Na
Bisulphite addition product

Ketones in which both alkyl groups are larger than methyl do not react with
sodium bisulphite.

www.topstudyworld.com



www.topstudyworld.com Chemistry

1) Condensation reactions

The recction in which two molecules of the same or different compounds
combine to form ¢ new compound with or without the elimination of @ small

molecule like H20 or NH3 are called condensation reactions.

a) ALDOL CONDENSATION
Definition:

Aldol condensation is ¢ reaction in which two molecules of same or different
carbonyl compound containing a-hydrogen (hydrogen attached to the carbon
atom next to carbonyl group) combine together to from aldol or ketol, which

usually loses water molecule.

Mild Alkaline conditions:

Aldol condensation takes place under mild clkaline conditions, for example in the
presence of sodium caorbonate, sodium bicarbonate, banum hydroxide, dilute

sodivm hydroxide or an glkoxide in low concentration.
Types:

Aldol condensation can occur:

i) Between two cldehydes (identical or different)

i) Between an aldehyde and ¢ ketone

iii) Between two ketones (identical or different)

i) Condensation between two aldehydes:

(a)
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H H H H
CH,—%*H—-({?-—CHO———» CH)—?-—('Z-CHO
0 H OH H

Ethanal ethanal aldo)

(1dentical aldehydes) (scetaldol)
 hydroxy butyraldehyde
(3-hydroxybutanal)

On hecting aldol loses a molecule of water to form @, B-unsaturated aldehyde

(b)

H
CHy — CH — CH — CHO —%-» CHy — CH = CH — CHO
- H;
OH b a, [ ~unsaturated aldehyde
Chrotonaldehyde
(2-butenal)

(ii) Condensation between aldehyde and ketone:

o Y
Clh=C+H=C~=C=CH; QO5 CH; — (!7 (‘: C—CHy
] | Ll
0O H O OH H O

Ethanal propanone 4-Hydroxy-2-pentanone (ketol)

Mechanism of Aldol Condensation:

Following steps are involved in aldol condensation.

I) Removal of a proton from a—carbon of aldehyde/ketone by base:

(Formation of nucleophile)
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H
: |
—CHO — HOH+-:(|:—-CHO

H
Carbanion (nucieophile)

HO + H—

ool @ By

2) Attack of nucleophile on carbonyl carbon to form alkoxide ion:

(Formation of alkoxide ion)

T H o
CH;—(%*» -:cl':—CHo — cn,—(':—(lz—cno

s

0O H O H

(alkoxide ion)

3) Removal of proton from water by alkoxide ion:

(Formation of aldol)

T T
HOH*CH;-—-(IZ—(IZ—CHO'—-" CH) — (|3 —(I:—CHO+0H'
O H OH H

b) Cannizzaro’s Reaction:

Aldehydes having no a-hydrogen atoms undergo Cannizzaro's reaction. It s @

disproportionate (self-oxidation-reduction) reaction.
Two molecules of the aldehyde are involved.

One molecule is reduced intc corresponding alcohol and the other is oxidized
iNnto the acid (In the salt form). The reaction camed out with 50 percent aqueous

solution of sodium hydroxide ot room temperature.
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0 o
—H*NOH —- CH;OHOH—C ON.

@-Cﬂo . @—cu.ou ©—coom

Benzaldehyde Benzy! alcohol Sodium benzoate

Mechanism of Cannizzaro's Reaction:

The hydroxide ion acts as a nucleophile. It attaches on the electrophilic carbonyl

carbon to form a complex anion.

> B DoH em— el
Formaldehyde Anion

The anion fransfers a hydnde ion to second molecule of formaldehyde.

H H .

N\, /v - ﬁ

Y -0" « -\C/ ——> CH~0 + H=C—0OH
H H/ “OH

Formaldehyde Complex anion Methoxide ion Formic acid

The presence of the negative charge on oxygen of the anion helps in the loss of

hydnde ion.

The methoxide i1on acts as a base and abstracts a proton from formic acid to form

methanol and formate ion.

ey | i
NaOH
CH,~0+ H l.'9—(":—014 g====a CHOH * H=C-0 ——
0
Methoxide ion Formic acid Methanol |

H—C —ONa + OH
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The formate ion in the presence of alkali gives a salt of acid.
1) Haloform Reaction

Only acetcldehyde and methyl ketones react with halogens (Cl, Br, 1) in the
presence of sodium hydroxide to give haloform (chlorotorm, bromoform or

iodoform) and sodium salt of the acid.

O
I
R—C—CH, + 3X; + aNaOH —— CHX; + RCOONa + 3NaX + 3H,0
R = alkyl, Halogen Haloform Sod. carboxylate
aryl or
hydrogen
W
CHy—C —H + 33 + 4ANaOH ——— CHIy + HCOONa + 3Nal + 3H,;0
Acetaldehyde  lodine lodoform Sod. formate
(yellow ppt)
v
CHy —C —CH; + 3l; + 4NaOH ———— CH{; + CH;COONa + 3Nal + 3H,0
Acctone lodine lodoform Sod formate
(yellow ppr)

Secondary clcohols containing the methyl group also undergo this reaction.

Ethanol is the only primary alcohol that gives this reaction.

(')H

A
R - CH - CH, + 4]; + 6NaOH —————— CHI, + RCOONa + $Nal « SH;0
a secondary sicohol lodoform Sod carbonylate

a
CH,CH;0H + 4]; + 6NaOH ——— CHI, + HCOONa + 5Nal + 5H,0

Ethanol ' lodoform Sod formate

Halogen reaction, affords a convenient method for converting a methyl ketone
to a carboxylic acid containing one carbon atom less than parent compound.

lodoform Test:

It is haloform reaction in which iodine and agueous sodium hydroxide form water
insoluble iodoform (¢ yellow solid). lodoform test is used for distinguishing methyl
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ketones from other ketones. It is also used to distinguish ethanol form methanol
and other primary clcohols, It can be used to distinguish acetaldehyde from other
aldehydes.

i) ACID CATALYSED NUCLEOPHILIC ADDITION REACTIONS
Acid catalyzed Addition Reactions

The addition is inthicted by the proton libercted by the acid, which combines with
the carbonyl oxygen. It increases the electrophilic character of the carbonyl
carbon and the attack of the weaker nucleophile on the electrophilic carbon

pecomes easy.

The general mechanism of the reaction is as fallows,

N\ g \
/c'- /\.k ) /C o —
Nu

O

There are three types.

4
$. |
=0-H == Nu—-C-0OH

.  Polymenzation
. Addition of ammonic denvatives

. Addition of alcohols

Polymerization

Both formaldehyde and acetaldehyde polymernze in the presence of dil. H2504

to give metatormaldehyde and paraldehyde.
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O

/ \

‘H, CH,

SHCHO ~ — 30, | f"
0O

LW 4

CH,
Metaformaldehyde

O

/7 \

3CH. — CHO H,S0, CH, jH' EH CH,
\
off
|
)
Paraldchyde

Addition of ammonia derivatives

Aldehydes and ketones react with ammonia denvatives,, G-NH2 to form
compounds containing the group —C N — G. The reaction 15 known Qs
condensction reaction or addition—elimination reaction because water is lost
after addition occurs. The general reaction is given below,

T

= H.N—G ——C N—Geret —C =N—G+HO

Aldehyde Ammonia Ammo alcohol Condensation
or keton denvabve (unstable) " préduct

Where G = OH, — NH; — NHCHs.— NHCON,. etc

Specific Examples:

Some commonly used ammonic denvatives are hydroxylomine, NHZ20H,

hydrazine, NH2NH2, phenylhydrazine, C:HsNHNH2, semicarbozide. NH2NHCONHz,
and 2.4- dinitrophenylhydrczine.

Reaction with hydroxylamine
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Aldehydes and ketones react with hydroxylocmine to form oximes in the presence

of an acid.

CH, : CH;\

\C =0 + H,NOH H - C=N—OH+ H;0

wo H

Ethana! Ethanaloxime
(H, . CH!\

\C » 0O + H;NOH -—--H—» /(‘ =« N — OH + H;0
C”u/ CH, .

Propanone Propanoneoxime

Reaction with Phenylhydrazone

Aldehydes and ketones react with phenylhydrazone to form phenylhydrozones in

the presence of an acid.

CH

CH) - l\

\(.‘ « (O + H;NNHC.H, -—-H——-—*’ /C w N — NHC¢Hs + H;O
nw- T
Cthanal Ethanal phenylhydrazone

o —

CH, \ H ’ CH) \

C = O+H;NNHC¢Hy ————» C=N—
CH)/ Cll)/ N}’c‘l”l ” HI'O

Propanone Propanone phenylhydrazone

Reaction with hydrazine

Aldehydes and ketones react with hydrazine to form hyrdozones in the presence

of on acid.
CH N e C!h\
C=0 +* H;NNH; ——— C=N-—NH; + H;0
H 7 H /
Acetaldehyde Acetaldehyde hydrazone
\C = 0 g HzNN,H) ‘—‘"H——" C - N —— T\'H, + H’O
CH)/ CH)/ :
Acetone Acetone hydrazone

Reaction with 2,4-dinitrophenylhydrazine
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Aldehydes and ketones react with 2.4-dinfrophenylhydrozine to
2. 4dinitrophenylhydrazone in the presence of an acid.

cu,\ o CH, O
T H. \
H,NNH SLLEN C =N—NH + H,0
- / |
H
NO, NO,
Aeetaidehyde 2, 4-DNPH
- Acetaldehyde 2, 4-DNPH
CH, A CH, MO,
\ s | H N\
O + H,NNH — C * N—NH + H,0
/ / |
CH, NO CH
: ' NO,
Acetone 2, -DNPH

Acetone 2, 4-DNPH

The reaction can be used for the identification of aldehydes and ketones
because 2.4dinifrophenylhydrazones are usually yellow or orange crystolline

solics.

Mechanism of the Reaction of ammonia derivatives

Step (i) Protonation of oxygen of the carbonyl group.

" &- .
H e
sl e H ————— S

Step (1) Nucleophilic cttack of nitrogen of ammonia ‘denvctive on the
electrophilic positively chaorged carbon and deprotonation of the cdduct.

H N\
| " \c-ou O /C-OH
N Ol * N—=( = /| — l
i H -N=H T—"
|
1 G G
Adduct
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Step (m) Protonation of oxygen of hydroxyl group followed by the removal of

water,
/-\ \ f\
/ | LI (vl —
“H,0" /|
H—N-—H
Addition of alcohols

Aldehydes combine with alcohols in the presence of hydrogen chlonde gas to
form acetals. The hydrogen chlonde octs as a catalyst.

”\C\ ‘ Dry HC' (.H)\ /OC3H1
C=0+ 2011 OH == ' 11,0
T P NOC;Hs

I
1, 1-Dicthoxyethanc

The reaction may be used to protect the aldehyde group against alkaline

oxidizing agents. To regenerate aldehyde, the acetal is hydrolyzed in the
presence of an acid.

OC ;1 HiC
N M o M T N c-0 + 20O

1 / \O( e H 4

Note: Ketones do not react under these conditions.

19.6.2 Relative Reactivity

Overall a smple nucleophilic addition can be represented with curly arrows as
follows:

www.topstudyworld.com
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The reachvity of aldehydes and ketones can be easily rationalized by
considenng the important resonance contrnibutor which has charge separation

with g +ve C and -ve O,

03 S
H,C"C""CH3 H,c"c“cga

In general the reactivity order towards nucleophiles i1s . aldebydes > Ketones (sce below)
The substituents have two contributing factors on the reactivity at the carbonyl C:

Size of the substituents
attached to the C=0. Larger
groups will tend to sterically
hinder the approach of the
Nucleophile.

The electronic effect of the
substituent. Alkyl groups are
weakly electron donating so
they make the C in the
carbonyl less electrophilic
and therefore /ess reactive
towards nucleophiles.

"

These trends are supported by the frends in the equiibnum data for the

formction of hydrate.

Carbonyl K/ M % Hydrate
methanol 4] 99.96
ethanal 1.8x 10 7 S0
Carbonyl 2,.2-dimethylproponal 4.1 x 10-3 19 Hydrate
propanone 2.5 x 105 0.14

(K = [hydrte]/C = O
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Q8. Give Reduction reactions of Aldehydes and Ketones.

Answer

Reduction to Hydrocarbons

O
s, i R=CMeM
s 4 =

) Clemmensen Reduction (ccidic conditfions)

In(Hg) in HCI reduced the C=0 into -CHz Wolft-Kishner Reduction (basic
conditions)

2) NH;NH; / KOH / ethylene glycol (a high boiling solvent) reduces the C=0 into
—CHaz-

Overview
® These reduction methods do not reduce C = C, or—COzH

® The choice of method should be made based on the tolerance of other

funchional groups to the acidic or basic reaction conditions.

3) Hydride Reductions of Aldehydes and Ketones

2 on
]
" o — - -
H H '
H
LAl H 9 (?H
~r “+ R"C"H —— - H-(;.’—H
NaBH R’
g Ol
+ S8 — H-i:.n..
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2 Aldehydes and ketones are most readily reduced with hydride reagents.

. The reducing cgents LAIH4 and NaBH4 act as ¢ source of (hydride

on).

Overall 2 H atoms are added across the C=0 to give H-C-O-H.

0fs] Star Key to Cimlistry 12 (Federal Board)

® Hydnde reacts with the carbonyl group, C = O, in aldehydes or ketones to give

Qlcohols.
® The substituents on the carbonyl tell the nature of the product alcohol.
® Reduction of methanal (formaldehyde) gives methanol.
® Reduction of other acldehydes gives prnmary alcohols.
® Reduction of ketones gives secondary alcohols.

® The ccidic work-up converts an infermedicte metal alkkoxide salt into the deswed

alcohol via a simple acid base reaction.

Q9. Reactions of aldehydes of ketones vusing carbon nucleophiles.

Answer

H-CEN + R"C"Ru S — R/C\R'

® Cyanide adds to aldehydes and ketones to give a cyanohydrin.

® The reaction is usually carried out using NaCN or KCN with HCI.

® HCN is a fairly weak acid, but very toxic.
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® The reaction is useful since the cyano group can be converted into other
useful functional groups (-CO2H or -CH2NH?2)

11) Nucleophilic Addiction of Cyanide to an Aldehyde

Step 1:

The nucleophilic C in the cyanide adds to the electrophilic C in the polar carbonyl

group, electrons from the C=0 move to the electronegative O creating an
iNntermedicte alkoxide.

Step 2:
An acid/base reaction. Protonation of the

alkoxide oxygen creates the cyanohydnn product.

iii) Using Nitrogen Nucleophiles

Reactions of Pnimary Amine denvatives
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+ R" - N}(, —_—— C +
R™ R R R
imine
@ Pnmary amines, R-NH; or ArNH;, undergo nucleophilic addition with aldehydes
or ketones to give carbinolamines which then dehydrate to give substituted
imines.
@ The reactions are usually carmied out in an acidic buffer to activate the C=0

and facilitate dehydration but without inhibiting the nucleophile.

@ Systems of the general type Z-NHz undergo this type of reaction and can be

used

iv) Using Oxygen Nucleophiles

Formation of Hydrates

O HO OH
H, 0 E \c/
+ 2 = ————
R™ R R R
hydrate

@ Aldehydes and ketones react with water to give |, | -geminal diols known as

hydrates.

@ In general, hydrctes are not stable enough to be isolated as the equilibnum shifts

back to starting materials.

@ However, hydrates cre the reactive species in the oxidation of aldehydes to
acids.

e Understanding the mechanism is useful betore looking at the very closely related

reactions of alcohols.
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MECHANISM FOR THE ACID catalyzed FORMATION OF HYDRATES

Step 1. oY -—i an

An qcid/base reaction. Since there is only o weak - ” H”
- B
nuclecphile, we need to activate the carbonyl by 11—y
_ CH, \\C-'.I-L. L
protonating on O. 1 l ——
1]
step 2. . S5 =
The nucleophilic O In the water attacks the electrophilic =i L \?
-
C in the CFO. breaking the 't bond and giving the ”
electrons to the positive O. N
.
.
Step 3: o o in’pn IT D

An acid/base reaction. Deprotonation of the oxonium ion neutralizes the charge

giving the hydrate.

v) Oxidation Reactions
Oxidation of Aldehydes:

Mild oxidizing agents like Tollen’s reagent, Fehling's solution and Benedict’s solution
easily oxdize aldehydes to carboxylic acids. They cre also oxidized by strong
oxidizing agents such as K;Cr;0;/H,S04, KMNO/H,SO., and dilute nitric acid. The

hydrogen atom attached to the carbonyl group in aldehydes is oxidized to OH

group in these reactions,

Oxidation of Ketones:

Ketones are only oxidized by strong oxidizing agents such as K:CrzO/H2S80.,
KMNO/H2504 and conc. HNO3. The carbon atom joined to the smaller number of

hydrogen atoms is oxidized. In case of symmetrical ketones only one carbon atom
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adjacent to the carbonyl group is oxidized and mixture of two carboxylic acids is
alwaqys obtcained.

0 0
| : | :
CHy--C -Cihojo)  KEROHS0 ey ¢ - 01+ HCOOH

Acclong Acetic acid

However, in case of unsymmetrical ketones, the carbon atom joined to the
smaller number of hydrogen atoms is preferentially oxidized and the carbonyl
group remains with the smaller alkyl group.

O O O
L - "
(=€ =Clly--CH, » )IO}-kﬁ'—’-‘-—)’-'!i—so-fo CH, ---E —QOH + CHy — C -~ OH

Butenone Accic acxd

IMPORTANT INFORMATIONS
Sugars Glucose and Fructose — Naturally occurring carbonyl compounds

Sugars are sweet tasting soluble carbohydrates. Carbohydrates derive ther name for the fact
that they are composed of carbon, hydrogen and oxygen with Hand O in the rotio of«-as in
water, Monosaccharides such as glucose are usually pentoses or hexoses, i.e, they contain $
or 6 carbon atoms in their molecules. Disccchardes such s sucrose consist of two
monosaccharide molecules joined by the elimination of a molecule of water. Polysaccharides
such as starch are made up of many Monosaccharides units joined together. Notice that the

Monosacchandes all have asymmetrnc molecules. They therefore exhibit optical somensm.

The most obvious feature of the structure of the Monosacchandes and disacchandes is the
presence of lorge number of —OH groups. These give them a large capacity for hydrogen
bonding. so they are in volatile solids, soluble in water, The presence of —OH groups on several

adjacent carbon atoms in the molecule is thought to be responsible for the sweet taste of
sUgars.
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The most obvious feature of the structure of the Monosacchandes ond disacchandes is the
pOresene of large number of —OH groups. These give them a large caopacity for hydrogen
bonding, so they are involatile solids, soluble in water, The presence of —OH groups on several
adjacent carbon atoms in the molecule is thought to be responsible for the sweet taste of
sSugars.

As well as showing the properties of polyhydroxy compounds, sugars show many properties in
solution that are typical of carbonyl compounds. For example, glucose gives a crystalline
condensation compound with 2,4-dinifrophenylhydrazine. This is surpnsing since the structure
of glucose contains no carbonyl group.
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The carbonyl properties possessed by glucose arise from the fact that in addihion to its normal

nng form it can exist as an open chain form.

Glucose — An example of aldehyde
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Ring form open-chain ém

The two forms are readil inter-converted and in g veous solution about 1% of lucose
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molecules exist In the open chain form. This form cormries an oldehyde group, so glucose has
several properties typical of an gldehyde. It is sometimes called an aldose. Thus, in addition to
the condensation reaction akeady mentioned glucose shows the reducing properties typical
of an cldehyde. The reduction of Fehling's solution (or Benedict's solution) is a standard test for
glucose and ofher reducing sugars.

Fructose — An example of Ketone

The open chain form of fructose is

Fructose is therefore a ketose.

Why does the open chain form of glucose and other sugors change to the ring form? It is @
result of the tendency of the carbonyl group to undergo nucleophilic addition. The

nucleophie involved is the oxygen atom of one of the -OH group of the same molecule. An
internal nucleophilic addition reaction occurs, forming a nng.
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