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• ALDOL CONDENSATION

• CLAISEN-SCHMIDT REACTION

• TOLLENS’ CONDENSATION



ALDOL CONDENSATION

• Carbonyl compounds, aldehydes and ketones, containing an

α-hydrogen atom, in presence of dilute alkali, like NaOH, KOH,

Ba(OH)2, etc., or dilute acids, like HCl, H2SO4 undergo a type of reaction

in which two molecules of the aldehydes or ketones condense to form an

unstable syrupy liquid, aldol.

• This reaction is a dimerisation of an aldehyde (or ketone) to a

β-hydroxyaldehyde (or β-hydroxyketone) by alpha C-H addition of one

reactant molecule to the carbonyl group of the second reactant molecule.



FACTS

• The product is an aldehyde with a hydroxy (ol) group whose trivial

name is aldol. The name aldol is given to the whole class of

reactions between enolates (or enols) and carbonyl compounds even

if the product is not a hydroxyaldehyde.

• The Aldol Condensation leads to the formation of carbon-carbon

sigma bond between two carbonyl compounds (same or different),

one acting as a nucleophilic species and another as an electrophile.

• The rate expression for the aldol reaction at low concentrations of

hydroxide ion is, rate = k [CH3CHO][HO-], showing that the

formation of the enolate ion is rate-determining.

• The base catalysed aldol condensation of acetaldehyde takes place

in two steps, the first step being the formation of the carbanion (I),

and the second, the combination of this anion with a second

molecule of acetaldehyde to form the anion (II) of the aldol.



MECHANISM

The enolizable aldehyde, acetaldehyde, in presence of a small amount of base,
dilute NaOH, forms the enolate ion. Here, the carbanion (I) is obtained from the
action of base to an α-hydrogen atom of one molecule of acetaldehyde.

Here, only a small amount of the nucleophilic enolate ion is formed; the hydroxide ion is not

basic enough to enolize an aldehyde (pKa ≈ 13.6) completely. Consequently, each molecule of

enolate is surrounded by molecules of the un-enolized aldehyde having the electrophilic

carbonyl group intact. Therefore, each enolate ion will add to the second molecule of the

aldehydes to form an alkoxide ion (II), which will be protonated by the water molecule to the

aldol.



MECHANISM

• The reaction occurs with ketones as well. Acetone is a

symmetrical ketone, there can be no argument over which way it

enolizes. The base catalysed reaction with acetone is best carried

out with insoluble barium hydroxide, Ba(OH)2.



RATE-DETERMINING STEP

• In the case of CH3CHO, the equilibrium is found to lie right over in

favour of aldol. The forward reaction of step [2] and the reversal of step

[1] are essentially competing with each other for the carbanion (I).

Carrying out the reaction in presence D2O fails to result in the

incorporation of any deuterium into the CH3 group of the unchanged

acetaldehyde (CH3CHO), however, so that step [2] must be so much

more rapid than the reverse of step [1] as to make the latter virtually

irreversible.

• For simple ketones, e.g., acetone, the equilibrium is found to lie far over

to the left (≈ 2% of diacetone alcohol)-reflecting the less ready attack by

the carbanion (III) to the second molecule of acetone, compared to the

case of acetaldehyde. Thus, in the case of acetone, carrying out the

reaction in presence of D2O results in the incorporation of deuterium into

the CH3 group of the unreacted CH3COCH3, i.e., step [2] is no longer

rapid with respect to the reversal of step [1].



DEHYDRATION STEP

The reaction with acetaldehyde works well when one drop of dilute sodium

hydroxide is added to acetaldehyde. The acetone reaction, on the other hand, is

best done with insoluble barium hydroxide, Ba(OH)2. Both approaches keep the

base concentration low. Without this precaution, the aldol products are not the

compounds isolated from the reaction. With more base, further reactions occur,

because the aldol products dehydrate rather easily under the reaction conditions

to give stable conjugated unsaturated carbonyl compounds.



• Base-catalysed dehydration, of aldol is effected under the influence of
base. It occurs under the reaction conditions for two reasons:
(i) that Aldol contains α-H atoms removable by base to yield an ambient
concentration of the resonance stabilised carbanion (IV) and (ii) that this
carbanion possesses a goodish leaving group- hydroxide ion (-OH) on the
adjacent (β) carbon atom. This dehydration involves an E1cB
mechanism.

MECHANISM



Improvement of the Yield of DIACETONE ALCOHOL

UNDER BASE CATALYSED CONDITION

The equilibrium for the acetone condensation lies

almost completely on the left but the yield of

diacetone alcohol may be increased (71%) by boiling

acetone in a Soxhlet with solid Ba(OH)2, (as base

catalyst) in the thimble. Thus, the continuous

distillation/siphoning process in a Soxhlet apparatus

improves the yield. The equilibrium is effected in

hot acetone over solid Ba(OH)2. The equilibrium

mixture containing ≈ 2% of diacetone alcohol is then

siphoned off.

The mixture is then distilled back on to the Ba(OH)2, but only acetone (b. P. 56 °C)

will distil out, the ≈ 2% of diacetone alcohol (b. p. 156 °C) being left behind. A

second siphoning will add a further ≈ 2% of diacetone alcohol to the first 2% and

more or less total conversion of acetone to diacetone alcohol can be effected.



UNDER  ACID CATALYSED CONDITION

• The poor aldol reaction of acetone can be accomplished very much

more readily under acid catalysis. The acid promotes the formation

of an ambient concentration of the enol (nucleophile) form of

acetone and this then undergoes attack by the protonated form of a

second molecule of carbonyl compound, a carbocation (conjugate

acid of acetone).

• Here, the aldol, diacetone alcohol, is a tertiary alcohol and

undergoes elimination by an E1 mechanism in acid medium.

• Elimination of water is made up of an α-hydrogen and the

β-hydroxyl group.

• The elimination is even easier in acid solution and acid-catalysed

aldol reactions commonly give unsaturated products, mesityl oxide,

instead of aldols, diacetone alcohol.



MECHANISM



MIXED ALDOL CONDENSATIONS

• The aldol condensation can occur: (i) between two aldehydes
(identical or different); (ii) between two ketones (identical or
different); and (iii) between an aldehyde and a ketone. Whatever the
nature of the carbonyl compound, it is only the α-hydrogen atoms
which are involved in the aldol condensation.

• Mixed aldol reaction in which both reactants can serve as donors
and acceptors, i.e., both are having α-hydrogen atoms generally
give complex mixtures of both dimeric (homo) aldols and crossed
aldols.

• If all the reactions occurred at the same rate, equal quantities of the
four possible condensation products would be obtained. Separation
and purification of the components of such a mixture would be
difficult.

• Therefore, Crossed Aldol reactions, where both aldehydes (or other
suitable carbonyl compounds) have α-hydrogen atoms, are not
normally of any preparative value under normal reaction conditions.



• Four possible products are obtained when a mixture of acetaldehyde
(CH3CHO) and propionaldehyde (CH3CH2CHO) is subjected to Aldol
reaction. Each one can play the role of nucleophilic donor and
electrophilic acceptor.

Aldol Reaction Between Two Different Aldehydes



DIRECTED ALDOL CONDENSATION

• Directed Aldol reaction means to direct the course of the reaction in such away

that only the desired Aldol is formed.

• A directed Aldol reaction is a variation of the crossed aldol reaction that clearly

directs which carbonyl compound becomes the nucleophilic enolate and which

reacts at the electrophilic carbonyl compound.

• The strategy of a directed aldol reaction is as folows:

(i) To prepare the nucleophilic enolate of one carbonyl component with a strong

non-nucleophilic base, like LDA, (lithium diisopropylamide, pKa 36 in THF)

(ii) To add the second carbonyl compound (the electrophile) to the

previously formed enolate

• Because the steps are done sequentially and a strong non-nucleophilic base is

used to form the enolate of one carbonyl component only, a variety of carbonyl

substrates can be used in the reaction.

• Both carbonyl components can have α-hydrogens because only one enolate is

prepared with LDA.

• When an unsymmetrical ketone is used, LDA selectively forms the less hindered,

kinetic enolate.



MECHANISM
• This process begins with the irreversible formation of the kinetic enolate,

by employing a sterically hindered lithium amide base such as LDA.

• With an unsymmetrically substituted ketone, such a non-nucleophilic,
sterically demanding, strong base will abstract a proton from the least
hindered side of the ketone.

• Proton transfer is avoided with lithium enolates at low temperatures in
ethereal solvents, so that addition of a second carbonyl partner (ketone or
aldehyde) will produce the desired aldol product after the usual acidic
work-up.



FORMATION OF KINETIC ENOLATE

• The methyl hydrogens are kinetically more acidic than the methylene
hydrogens in butanone, so the α'-enolate is generated more rapidly than
the more substituted α-enolate under kinetically controlled conditions.
This transformation is almost irreversible. Again, the ketone enolate
react more rapidly with aldehydes than with ketones, so self
condensation of the ketone (butanone) is minimal.

• Lithium enolate derivatives of aldehydes or ketones is formed at low
temperature (- 78 °C) by slow addition of the carbonyl compound to an
excess of LDA in THF. In this procedure self aldolization is avoided,
because freshly introduced aldehyde (or ketone) reacts with the powerful
LDA base more rapidly than with any less basic enolate already present.



REVERSIBILITY OF ALDOL CONDENSATION

• The aldol reversibility is demonstrated by the base-catalysed isomerization of

2-methyl-1-acetylcyclobutene to 3-methylcyclohex-2-enone .

• Angle strain in the four-membered ring accelerates the retro-aldol ring opening. A

new intramolecular aldol reaction followed by elimination of a water molecule

produce the stable six-membered α,β-unsaturated ketone.



CLAISEN-SCHMIDT REACTION

• Crossed aldol reactions can be of synthetic utility, where one aldehyde has no
α-hydrogen atom and can thus act only as a carbanion acceptor. Here, only two
aldols are possible and in most cases the crossed product is the major one.

• Claisen-Schmidt reaction is the condensation between an aromatic aldehyde (or
ketone) and a simple aliphatic aldehyde or ketone containing α-hydrogen atom in
the presence of dilute aqueous alkali (usually10% NaOH) to form an
α,β-unsaturated carbonyl compound.

• Aromatic aldehydes (ArCHO) containing electron-donating group reacts slowly
in this reaction. Therefore, p-methoxybenzaldehyde reacts at only about
one-seventh the rate of benzaldehyde.



MECHANISM



INTRAMOLECULAR ALDOL CONDENSATION

Aldol reactions with dicarbonyl compounds can be used to make the

five- and six-membered ring compounds. The enolate formed from

one carbonyl group is the nucleophile and the carbonyl carbon of

the other carbonyl group is the electrophile. Aldol condensation can,

with suitable dicarbonyl compounds, be intramolecular.



MECHANISM

The STEPS in this process are the same as the general mechanism of the

Aldol condensation. These are:

(i) Formation of an enolate (ii) Cyclisation (iii) Dehydration



TOLLENS’ REACTION

• In Tollens’ reaction an aldehyde or ketone containing an α-hydrogen
atom is treated with formaldehyde in the presence of Ca(OH)2 or a
similar base like NaOH.

• The first step is a mixed aldol condensation in which the α-carbon
of the aldehyde or ketone adds to the carbonyl carbon of
formaldehyde.

• Tollens’ condensation includes a Cannizzaro reaction as its last
step.Therefore, often a second mole of formaldehyde is permitted to
reduce the newly formed aldol to a 1,3-glycol, in a crossed
cannizzaro reaction.



Aldehydes with One α-Hydrogen Atom

Aldehydes with one α-hydrogen atom react with formaldehyde in

presence of  NaOH as follows:

This β-hydroxyaldehyde in the presence of excess of formaldehyde 

forms a substituted trimethylene glycol:

Thus the first step of the above reaction is the replacement of the

α-hydrogen atom by a hydroxymethyl group, -CH2OH, a crossed

aldol reaction and the second step is the crossed cannizzaro reaction.



Aldehydes with Two α-Hydrogen Atoms

In a similar manner, aldehydes with two α-hydrogen atoms
are converted first into the hydroxymethyl group, then into
the bishydroxymethyl, and finally into the trishydroxymethyl
compound. Final step is the Crossed Cannizzaro reaction.



Aldehydes with Three α-Hydrogen Atoms

If the aldehyde has three α-hydrogens, they can all be replaced. The

reaction is carried out by adding powdered calcium oxide to a suspension

of paraformaldehyde in water containing acetaldehyde.

Tetrakis(hydroxymethyl)methane (tetramethylolmethane) or

pentaerythritol is formed. Final step is the crossed Cannizzaro reaction.

When aliphatic nitro compounds are used instead of aldehydes or

ketones, no reduction occurs, and the reaction is essentially a

Knoevenagel reaction, though it is also called a Tollens’ reaction.



SOLVE THE QUESTIONS

1. Draw the product of the following directed aldol reaction and give mechanistic

explanation.

2. Provide a rationale mechanism of the following reaction.

3. When two different aldehydes have α-hydrogens, a crossed aldol reaction is not

synthetically useful. Justify.

4. Draw a stepwise mechanism for the conversion of 2,6-heptanedione to 

3-methylcyclohex-2-enone with NaOEt, EtOH.

5. Provide the mechanisms for the transformations from A to B and B to C.


