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• REDUCTIONS USING NaBH4

• BOUVEAULT-BLANC REDUCTION



REDUCING AGENTS

• All reducing agents provide the equivalent of two hydrogen atoms
but there are three types of reductions, differing in how H2 is added.

• The simplest reducing agent is molecular hydrogen. Reductions of
this kind are carried out in the presence of a metal catalyst such as
Ni, Pd, Pt, etc., that provides the surface on which the reaction
occurs. This type of reduction is commonly known as CATALYTIC
HYDROGENATION.

• The second way to deliver H2 in a reduction is to add two protons
and two electrons to a substrate, that is, H2 = 2H+ + 2e-. The
reducing agents of this kind use alkali metals as source of electrons
and liquid ammonia as a source of protons. Reductions with Na in
NH3 are classified as DISSOLVING METAL REDUCTIONS.



REDUCING AGENTS

• The third way to deliver the equivalent of two hydrogen atoms is

to add hydride (H-) ion and a proton (H+). The most common

hydride reducing agents contain a hydrogen atom bonded to boron

or aluminium. Simple examples include sodium borohydride

(NaBH4) and lithium aluminium hydride (LiAlH4).

• These reagents deliver H- to a substrate and then a proton is added

from water or an alcohol. Metal hydride reagents act as a source

of H- because they contain polar metal-hydrogen bonds that place

a partial negative charge on hydrogen.



MEERWEIN-PONNDORF-VERLEY (MPV) 

REDUCTION

• The reduction of aldehydes and ketones by metal alkoxides, usually
by aluminiun isopropoxide in isopropanol, to the corresponding
alcohols is known as MPV reduction.

• The carbonyl compound is heated with aluminium isopoxide in
isopropanol solution, the isoproxide is oxidized to acetone which is
removed from the equilibrium mixture by slow distillation.



FACTS

• The reaction is completely reversible and the removal of low

boiling ketone (56 °C) or the addition of excess isopropanol shifts

the equilibrium to the right.

• Of all the metal alkoxides that may be used for this reaction, e.g.,

K, Na, etc., aluminiun alkoxide is the best because of its great

ability to form co-ordination compounds and also it is readily

soluble in both alcohols and hydrocarbon solvents.

• This reducing agent is specific for the carbonyl group and can be

used for reducing aldehydes and ketones containing some other

functional group that is reducible, e.g., a double bond, a nitro

group, an ester group.

• Thes method is sensitive to steric hindrance. So, aldehydes are

reduced faster than ketones. Consequently, keto-aldehydes are

reduced to hydroxyl ketones.



FACTS

• β-Diketones (like acetylacetone, CH3COCH2COCH3) or β-keto
esters (like ethyl acetoacetate, CH3COCH2CO2Et) cannot be
reduced due to the formation of stable β-enolate chelate complexes
with the metal alkoxides but when these compounds do not have
enolisable hydrogens at the α-position, such as for
CH3COC(CH3)2COCH3 the reduction proceeds smoothly.

• Cyclic diketones usually give rise to hydroxyl ketones unless an
aromatic ring can be formed via hydrogen transfer.

• The most important side reactions of the MPV reduction are
(i) aldol condensation of carbonyl compounds with α-hydrogen
atom and (ii) Tischenko reaction with carbonyl compounds
without α-atom but that can be restricted by using anhydrous
solvents.



MECHANISM

• The reduction occurs by hydride ion transfer from aluminium
isoproxide to the carbonyl compound (acts as an hydride ion
acceptor) via a 6-membered cyclic transition state (having a chair-
like conformation).

• When an unsymmetrical ketone, R1R2CO (R1≠R2) is used, then
hydride ion transfer from the aluminium alkoxide can occur from
Re as well as from the Si face of the ketone and consequently an
enantiomeric mixture is obtained.

• Aldehydes do not form chiral alcohols.

• That the reaction involves a hydride shift from aluminium
isopropoxide to the ketone is corroborated by the fact that when
alkoxide like (Me2CDO)3Al is taken, then deuterium is found to be
incorporated to the carbon atom of the reduced alcohol.



MECHANISM



CLEMMENSEN REDUCTION

Conversion of a carbonyl compound to the corresponding

alkane by refluxing with 37% aqueous hydrochloric acid and

amalgamated zinc in a hydrophobic organic solvent like

toluene is called Clemmensen reduction.



FACTS

• The Clemmensen reduction does not appear to work well for

aldehydes but is reasonably good for many ketones.

• This reaction fails for acid sensitive and high-molecular weight

substrates. Therefore, this reduction is not suitable for the carbonyl

compounds with functioanl group like –OH or –NH2 which are

affected by strong acids.

• The reaction goes very well when only one carbonyl function is

present as the functional group. 1,2-, 1,3-, 1,4- and 1,5-diketones

and α,β-saturated ketones do not give good results and often gives

rearranged products.

• The class of reductions, of which the Clemmensen is a member,

known as dissolving metal reductions.



MECHANISM

• In this reaction, alcohols are not postulated as intermediates,

because subjection of the corresponding alcohols to the same

reaction conditions does not lead to alkanes.

• Two different mechanisms have been proposed for the reaction.

One involving carbanion and the other involving zinc-carbenoid.



Mechanism involving Carbanion intermediate 



Mechanism involving Zinc Carbenoid

HOME-WORK: Why is amalgamated Zn used instead of pure Zn in

Clemmensen reduction?



LIMITATIONS

Keto-alcohols cannot be reduced to an alcohol by Clemmensen

reduction because alcohols may undergo dehydration reaction in

presence of strong acid, HCl or may cyclize intramolecularly to

give cyclic enol-ether.

HOME-WORK: Provide a plausible mechanism for the

transformation from A to B or vice-versa.



WOLFF-KISHNER REDUCTION

The deoxygenation of carbonyl compounds to hydrocarbons via

the corresponding hydrazones or semicarbazones under basic

condition is called Wolff-kishner reduction. Hydrazine is oxidized

to nitrogen gas. The reaction is almost specific for the reduction of

the carbonyl group. Other reducible groups like olefinic double

bond, -COOH, NO2, etc., are not affected by this reaction.



FACTS

• The wolff-kishner reduction can also be applied to the

semicarbazone of aldehydes or ketones.

• The reaction is usually carried out in high-boiling organic solvents

like ethylene glycol, so that the use of sealed tube can be avoided.

• The normal procedure of Wolff-Kishner reduction involves the

mixing of carbonyl compound with pure N2H4 in ethylene glycol in

presence of excess base (NaOEt) and the reaction mixture is heated

in a sealed tube. But the main problem is that the temperature drops

due to the liberation of water during hydrazone formation. This

results in long reaction time.

• In the modified method (Huang-Minlon modification), the water

and the excess hydrazine are removed by distillation once the

hydrazone is formed. In this reaction, hydrazine hydrate and water

soluble bases like KOH or NaOH are used.



FACTS

• The reaction is not suitable when the substrates are base sensitive. For
example, halogenated carbonyl compounds can undergo base-promoted
dehydrohalogenation. However, the reaction is suitable for the acid
sensitive carbonyl compounds like hydroxyl group substituted carbonyl
compounds.

• The Clemmensen and Wolff-Kishner reactions are complementary, since 
the former uses acidic and the latter basic conditions.



MECHANISM

• In this case, the base abstracts a proton from the hydrazone to
form a diimide and that is the rate determining step. Then the
diimide loses another proton to form a carbanion which rapidly
takes up a proton from the solvent or from the alcohol, formed
in the process, to form the alkane.



MECHANISM

HOME-WORK: When a 1,2-diketone (RCOCOR) is subjected to

Wolff-Kishner reduction, the alkyne (P) is formed. Explain the

formation of P mechanistically.



LITHIUM  ALUMINIUM  HYDRIDE (LAH)

• LAH is prepared by the reaction between LiH and anhydrous

AlCl3 in dry ether. It is preserved in moisture and alcohol free

container. It is used in dry ether or THF medium.

• It reacts violently with water and with any protic solvents,

such as alcohols. Therefore, the formation and reaction of this

reagent are carried out in anhydrous solvents.

• LAH is a very powerful and unselective reagent as a

reducing agent. When in a compound CO, -COOH and

-COOR are present, all are reduced. Consequently, other

metal hydride, e.g., NaBH4 is generally used when

chemoselectivity is required.



REACTIONS
It is used to reduce varieties of organic compounds such as carbonyl

compounds (both aldehydes and ketones), acids and their derivatives

like esters, anhydrides, acid halides, amides, nitriles, etc.



MECHANISM

• Mechanistically all these reactions involve hydride ion transfer

from AlH4
- to the electrophilic carbon centre in the substrate

molecule.

• The hydride ion in LAH is a good nucleophile and LAH contains

its own “built-in” Lewis acid, the lithium ion.

• The lithium ion acts as a “Lewis acid catalyst” by coordinating to

the carbonyl oxygen. The addition product, an alkoxide salt, can

react with AlH3 and the resulting complex can also serve as a

source of hydrides. Similar processes occur at each stage of the

reduction until all of the hydrides are consumed.

• An aluminium complex is formed in the ether medium which is

subsequently hydrolysed to the desired reduced product.

• One mole of LiAlH4 can convert four moles of a carbonyl

compound to the same number of moles of alcohol.



MECHANISM 



REDUCTION OF AN ESTER

Reduction of an ester proceeds in the form of two different

reactions. Initially an aldehyde and an alkoxide are formed. The

intermediate aldehyde is further reduced to the corresponding

primary alcohol.



SODIUM BOROHYDRIDE

• NaBH4 is prepared by heating a mixture of sodium hydride and
trimethoxyborane at an elevated temperature of 300 °C.

• It is less soluble in ether but readily soluble in water and alcohol.

• Since it is less reactive than LAH, it can be used in hydroxylic solvents
like water and alcohol.

• This reagent is very specific for the carbonyl group which is reduced to
the corresponding alcohol.

• It does not affect other reducible groups like –NO2, -CN, -COOH,
-COOR, -CONH2, etc.



MECHANISM

• The sodium ion is a much weaker Lewis acid than the lithium ion.

For this reason, the sodium ion does not coordinate strongly with

the carbonyl oxygen as the lithium ion does.

• NaBH4 reductions, on the other hand, are carried out both in protic

solvents such as alcohols as well as in aprotic solvent like THF.

• In protic solvents, hydrogen bonding between the alcohol solvent

and the carbonyl group serves as a weak acid catalysis that

activates the carbonyl group.

• Therefore, in protic solvents sodium ion does not seem to

participate in the transition state and has a little role in such

coordination.



MECHANISM  IN PROTIC SOLVENTS



MECHANISM IN APROTIC SOLVENT 

In dry THF, sodium ion coordinates to carbonyl oxygen acts

as a “Lewis acid catalyst”. Hydrolysis in aqueous acidic

medium releases the product alcohol at the final step.



COMPARISON BETWEEN LiAlH4 and NaBH4

For LAH reduction first step is fastest and rate of the reaction decreases in the

successive steps but for NaBH4 reduction first step is slowest and the rate

increases in the following steps.

For the relatively small boron atom substantial p-orbital overlap is

possible whereas in the case of the larger aluminium atom this type

of overlap is les effective so that the rate retarding inductive effect

of the alkoxy group becomes more dominant in the latter case.

The mesomeric effect of the two

unshared pairs of electrons on

oxygen atom of the alkoxy group

assists the loss of hydride ion

while the electron withdrawing

inductive effect of the alkoxy

group retards the process.



BOUVEAULT-BLANC REDUCTION

• Bouveault-Blanc reduction is the reduction of carboxylic acid-
esters to a mixture of alcohols using metallic sodium in presence
of an alcohol which is usually ethanol. One of the alcohols in the
product-mixture is always a primary alcohol and the nature of the
otherone depends on the nature of the parent ester.

• This dissolving metal reduction is related to the Birch reduction.

• If the ethyl alcohol is replaced by aprotic solvents like toluene or

xylenes then the reaction is switched over to dimerisation reaction

called Acyloin Condensation.



FACTS

• This reduction proceeds in steps. Ester is first converted into an
aldehyde and an alkoxide. The formed aldehyde is then further
reduced to a primary alcohol. Therefore, this method can also be
used for the reduction of carbonyl compounds.

• Carboxylic acid (-COOH) group is not reduced in this method.

• Isolated C=C bond in an ester is not affected in this reaction but
conjugated double bond gets reduced (RCH2CH=CHCOOR
is converted into RCH2CH2CH2CH2OH).

• This reduction cannot be carried out using sodium ethoxide itself,
although Na metal dissolves in EtOH to form EtONa. In this case
solvated electrons are the necessary nucleophile and not the EtO-.

• In this reaction, sodium serves as single electron reducing agent and
EtOH is the proton donor.



MECHANISM


