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Aldehydes and Ketones

Aldehydes are compounds of the general formula RCHO; ketones are compounds of the
general formula RR'CO. The groups R and R' may be aliphatic or aromatic.

N N
R R
An aldehyde A ketone

Both aldehydes and ketones contain the carbonyl group, C=0, and are often referred to
collectively as carbonyl compounds. It is the carbonyl group that largely determines the
chemistry of aldehydes and ketones.

It is not surprising to find that aldehydes and ketones resemble each other closely in most of
their properties. However, there is a hydrogen atom attached to the carbonyl group of
aldehydes, and there are two organic groups attached to the carbonyl group of ketones. This
difference in structure affects their properties in two ways:

(a) aldehydes are quite easily oxidized, whereas ketones are oxidized only with difficulty.

(b) aldehydes are usually more reactive than ketones toward nucleophilic addition, the
characteristic reaction of carbonyl compounds.

Nomenclature

The common names of aldehydes are derived from the names of the corresponding
carboxylic acids by replacing -ic acid by -aldehyde.

The IUPAC names of aldehydes follow the usual pattern. The longest chain carrying the -
CHO group is considered the parent structure and is named by replacing the -e of the
corresponding alkane by -al. The position of a substituent is indicated by a number, the
carbonyl carbon always being considered as C-I.

Here, as with the carboxylic acids, we notice that C-2 of the IUPAC name corresponds to
alpha of the common name.
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H—(I:ﬂ CH 3(}}-——0 CH,CH,C=0 CH,)C H2CHzé‘=-O
Formaldehyde Acetaldehyde Propionaldehyde n-Butyraldehyde

Methanal Ethanal Propanal Butanal
H H H ! H
@cl.—-:o o N{O}([T=0 CH @(l:=0 @C=O @cn =0
2 3 OH =
Benzaldehyde p-Tolualdehyde Phenylacetaldehyde
p-Nitrobenzaldehyde Salicylaldehyde (Phenylethanal)
(o-Hydroxybenzaldehyde)
H H H
« 8 | v &
CH3CH2CH2CH =0 CH 3CH zCHCHzC——_'O CH 3CHLH2CH2 =0
H; i Hj H;
cn-Me'thyﬁraleraldehyde \ B-Methylvaleraldehyde Isocaproaldehyde
Z-Methylpentanal ' 3-Methylpentanal y-Methylvaleraldehyde

The simplest aliphatic ketone has the common name of acetone. For most other aliphatic
ketones we name the two groups that are attached to carbonyl carbon, and follow these
names by the word ketone. A ketone in which the carbonyl group is attached to a benzene
ring is named as a -phenone, as illustrated below.

According to the IUPAC system, the longest chain carrying the carbonyl group is considered
the parent structure, and is named by replacing the -e of the corresponding alkane with -one.
The positions of various groups are indicated by numbers, the carbonyl carbon being given
the lowest possible number.
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CH;—C—CH; ICH;CH,—C—CHj;
Acetone Meihyl ecthyl ketone
Propanone Butanone
“f”’
CH;CH;—(ITI—CHZC}{; CH;CH—C—CHj;
0
Ethyl ketone Methyl isopropyl ketone
3-Pentanone 3-Methyl-2-butanone
O -gon  Or-cmeven
O (0
Acetophenone n-Butyrophenone

D&

3-Nitro-4/-methylbenzophenone

Physical properties

2019/2020

CH;CH,CH,—C—CH,

Methyl n-propyl ketone
2-Pentanone

©)er—s—cn
0O

Benzyl methyl ketone
1-Phenyl-2-propanone

©50

Benzophenone

The polar carbonyl group makes aldehydes and ketones polar compounds« and hence they
have higher Boiling points than non-polar compounds or comparable molecular weignt. By
themselves, they are not capable of intermolecular hydrogen bonding since they contain
hydrogen bonded only to carbon; as a result they have lower boiling points than comparable

alcohols or carboxylic acids.

The lower aldehydes and ketones are appreciably soluble in water, presumably because of
hydrogen bonding between solute and solvent molecules; borderline solubility is reached at
about five carbons. Aldehydes and ketones are soluble in the usual organic solvents.
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PREPARATION OF ALDEHYDES
1. Oxidation of primary alcohols.

e H
RCH,0H =227, R—C—0
1° Alcohol Aldehyde
Example:
CH,CH,CH,CH,0H X0 HaS0uwarm | oy CH,CH,CHO
n-Butyl alcohol n-Butyraldehyde
(1-Butanol) (Butanal)

2. Oxidation of methylbenzenes.

Cl,, heat H,0

> ArCHCl,

ArCH; —— —> ArCHO

Cr0,, acetic anhydride . ArCH(OOCCHj), —2

Examples:

m@c:ﬂ, bt e, Br@CHClz €0 B0, Be{(D)CHO

p-Bromotoluene p-Broamobenzaldehyde
3. Reduction of acid chlorides.

RCOCl or ArCOCl -—LAMHBWD: . pCHO or ArCHO
Acid chloride Aldehyde

Examples:

OgN@COCl _LAIHB 1, 02N©CHO

p-Nitrobenzoyl chloride p-Nitrobenzaldehyde
4. Reimer-Tiemann reaction. Phenolic aldehydes.

OH O~ 0- OH

@ CHCl,, aq. NaOH _ @jcmm2 @cuo Hal @cuo
70"

Phenol Salicylaldehyde
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PREPARATION OF KETONES
1. Oxidation of secondary alcohols.

RCHOHR® —Sli%r . p_c R

2° Alcohol
Ketone
Example:
H; CH;
H K;Cr,04, H;S0,
— ey
OH O
CH CH
N
H, CH, H,C~ CH,
(-)-Menthol (—)-Menthone
2. Friedel-Crafts acylation.
- O
v AICly
R—C + ArH ~orother R—C—Ar + HCI
Cl Lewis acid
Acid chloride
O+ © = OO v
Benzoyl chloride Benzophcnonc

(Phenyl ketone)

(CH3C0),0 - @ AL, cn;—tﬁ@ + CH3;COOH
0

Acetic anhydride

Acetophenone
(Methyl phenyl ketone)

REACTIONS OF ALDEHYDES AND KETONES

1. Oxidation.
Ag(NH,), +
RCHO or ArCHO A L > RCOOH or ArCOOH
K;Cr,0,
Examples:
CH;CHO + 2Ag(NH;),* + 30H- —> 2Ag + CH,COO~ + 4NH; + 2H,0
Colorless Silver

solution mirror
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2. Reduction
(a) Reduction to alcohols.
H; + Ni, Pt, or Pd
Ny ] &
/=0 — t—> —C—OH
LiAIH, or NaBH,; then H |

H
Examples:

0 H_ OH
Q==
—

Cyclopentanone  Cyclopentanol

@—E—-cm =25 @—EH—-CHJ
H

Acetophenone x-Phenylethyl alcohol

(b) Reduction to hydrocarbons.

|
_Zn(Hg). conc. HCL &K Clemmensen reduction
N }!l for compounds sensitive to base
’ ‘=0 7
’ |
NH;NH; base . —C—H Wollf-Kishner reduction
}!{ [for compounds sensitne to acid
Examples-
CH;CH,CH,COCI Z‘"(Hﬁ}éi
. cone,
@ CHichCoa, @ﬁcnzcnzcm ore B9, {O)CH,CHCH CHy
O

n-Butylbenzene
n-Butyrophenone

(Phenyl n-propyl ketone)

0 H_H
‘ 7 NH;NH,, base‘_ G

Cyclopentanone Cyclopentane




The First Class Organic Chemistry 2019/2020

(c) Reductive amination.

H H H
| ! H- . N |
R--C-0O 4+ NH; —-—>» R— C--NH ~ N;tHHJCN'* R—C—NH;
An aldebyde An imine !‘if
A 1° amine
Tf RI.r‘ T’
R—C="0 + NH; —-> |R—C=NH[ oS> R-C—NH,
A ketone An imine 1![
A 1° amine

3. addition of derivatives of ammonia

\C/ + HoN—G —> l—i—~NH-GJ —_ :&N——G + H,0
H

H;N--G Product

H;N—OH Hydroxylamine >C=NOH Oxime
HZN-NH_; _ Hydrazine >C=NNH, Hydrazone
HzN-—NHCQH s Phcnylhgdrgzinc >C=NN HC¢H; Phenylhydrazone
H;N—NHCONH,  Semicarbazide > =NNHCONH,  Semicarbazone

Examples:

H H
CH;éd) + H,N—OH X5, CH,«J:=NOH + H,0
Acetaldehyde Hydroxylamine Acetaldoxime

H H
l . [
@—c=0 + H;N—NHCgHs ——» @—C=NNHC¢H5 + Hy0

Benzaldehyde Phenylhydrazine Benzaldehyde phenylhydrazone
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4. Addition of alcohols. Acetal formation.

N 4 2ROH =o> _&OR + HL0

R
An acetal
Example:
H
| HCI _‘|:
CH;—C=0 + 2C,H/OH T—* CH;—C—OC:H; + H,0
Acetaldehyde 0Csz
Acetal
(Acetaldehyde
diethyl acetal)
5. Cannizzaro reaction.
i
ba
2—C=0 —222, _(C00- + —CH,OH
An aldehyde with Acid Alcohol
no a-hydrogens salt
Examples:
2 HCHO —TeTiOH.romiempeniwie . yeOO- + CH;0H
Formaldehyde Formate ion Methanol

CHO CO0- CH,OH

50% KOM
t Qo Qo + Qla

m-Chlorobenzaldehyde m-Chlorobenzoate  m-Chlorobenzyl
ion alcohol

6. Halogenation of ketones.

O O
—(rJ:—t'lT‘——+xz Acid or base —%—41:——+Hx
H X

x2 = CIZ: Bl'z, IZ




