Reduction of Epoxides, nitro,
nitroso, azo and oxime groups,
Hydrogenolysis

Reduction of epoxides
Epoxides can be reduced in two
different ways:
(i) Deoxygenation of epoxides to
alkenes
(ii) Reductive
cleavage
of
epoxides to alcohols

 Phosphorous reagents are particularly
effective because phosphorous has
strong affinity with oxygen
 Best reagent is Ph3P and (EtO)3P
 LiPPh2 is used to open epoxide
rings, subsequent reaction in situ with
methyl iodide forms a betaine. This
betaine on syn elimination gives
alkene
 High level of streospecificity (reported
in 1970 by E. Vedes)

(i) Deoxygenation of epoxides to alkenes

 Cis-epoxides give (E) alkenes and trans give (Z) alkenes
 The ring opens with strict inversion and the elimination is syn periplanar

 Reaction is very useful as it is reversal of epoxidation of alkenes and since both these reactions
combined represent protection of a double bond

 As both these reactions are streospecific, can be used oxidation/reduction protocol to invert the
geometry of an alkene

 Reduction of epoxides to alkenes can also be accomplished by refluxing with Zn dust/acetic acid or
with Zn-Cu couple in ethanol, by heating at 65 0C with titanium dichloride prepared in situ from
titanium trichloride and LiAlH4 and by treating with chromous chloride-ethylenediamine complex in
DMF

(ii) Reductive cleavage of epoxides to alcohols
 Reagents are: hydrides
and complex hydrides
 Regioselective reactions
 Hydride approaches the
oxide from less hindered
side thus giving more
substituted alcohols
 Lithium aluminium hydride
yields trans products

 Allyl alcohols on epoxidation give epoxy
alcohols
 Epoxy alcohols reduced selectively to give
a range of either 1,2 or 1,3 diols depending
on nature of reducing agents

 Hydrides of electrophilic nature such as
boranes especially in presence of BF3,
open the ring in opposite direction and give
predominantly less substituted alcohols
 These reagents yield cis-products

R−NO2+6H⊕+6e⊖→RNH2+2H2O

Reduction of Nitro group

The reduction of a nitro compound to
an amine requires six equivalents of
reducing agent:

 Both
aliphatic
and
aromatic nitro groups are
easily reduced without
affecting other functional
groups
 Nitro
group
behaves
differently if it is tertiary,
secondary, primary or
aromatic
 In secondary nitroalkanes,
aci form is generated,
which is reduced in
different ways

(i) Reduction of Aliphatic nitro compounds
 Tertiary nitroalkanes are
reduced to amines with
Al/Hg or iron/AcOH or
catalytically
 Generally primary nitro
compounds are reduced
to
aldoximes
and
secondary to ketoximes
by metal salts such as
stannous chloride and
chromous chloride

 Similar
results
are
obtained
by
catalytic
hydrogenation

 Aliphatic nitro compounds on
complete
reduction
gives
amines

 Lithium aluminium hydride and
catalytic reduction with a
transition metal catalyst are
suitable methods

(i) Reduction of Aromatic nitro compounds
 Nitro group is very strong
nucleophile
and
is
readily
converted to a series of functional
groups of various degree of
reduction
 Very exceptionally to a nitroso
group
 More often to a hydroxylamino
group
 Most frequently to amino group

 Azoxy, azo, hydrazo compounds are formed by
combination of two molecules of the reduction
intermediates
 With exception of nitroso stage, all intermediate
stages of the reduction of nitro compounds can be
obtained by catalytic hydrogenation
 All the reaction intermediates are prepared by the
use of suitable reducing agents

 In neutral solution buffered
with ammonium chloride,
phenylhydroxyl amine is
the main product
 In basic solution, using a
weak reducing agent such as
glucose, the intermediate
nitrosobenzene reacts with
phenylhydroxylamine to give
azoxybenzene
 With more powerful reducing
agents
converts
into
azobenzene
and
hydrazobenzene.
 Metal in acid solution brings
about reduction to aniline

Thus NN-aryl-substituted azanols can be obtained
directly from the corresponding nitro compounds with
zinc and ammonium chloride solution. However, zinc
and hydrochloric acid gives the amine:

Reduction of aryl nitro compounds with less-powerful
reducing agents, especially in alkaline media, gives
what may appear to be a mysterious conglomerate of
bimolecular reduction products. For example, with
nitrobenzene,

The difference between these reactions is in the
reduction rates associated with the acidity of the solution.
Ammonium chloride is a much weaker acid than HCl ;
the pH of ammonium chloride solutions is around 6.
Oxidation of the NN -arylazanols under controlled
conditions yields nitroso compounds. This reaction is not
unlike the oxidation of alcohols to ketones

All of these substances can be reduced to benzenamine
with tin and hydrochloric acid. As a result, each could
be, but not necessarily is, an intermediate in the reduction
of nitro compounds to amines. Formation of the
bimolecular reduction products is the result of baseinduced reactions between nitroso compounds and
azanols or amines and possibly further reduction of the
initially produced substances.

 Partial reduction of dinitro compound is
accomplished by catalytic hydrogen
transfer using Pd on carbon and
cyclohexene or triethylammonium
formate
 Other reagents are titanium trichloride,
hydrogen sulphide in pyridine and
sodium or ammonium sulphide
 A very reliable reagent for reduction of
nitro groups in presence of carboncarbon multiple bonds in the side chain is
alkaline ferrous sulphate
 Titanium trichloride is a very good
reducing agent for nitro group in the
presence of aldehydic group
 Hydrogenation in the presence of metal
catalyst reduces only nitro group and has
no effect on ester or carboxylic or
hydroxyl groups

Selective reduction

Reduction of Nitroso compounds
 Readily reduced to corresponding amines
 Vigorous reagents such as zn-acid or Sn-HCl
 Mild reducing agent-sodium hydrosulphite

 N-nitroso groups prepared from alkylamines and nitrous acid are reduced to unsymmetrical hydrazines by
Zn and acetic acid, but more vigorous reagents such as stannous chloride give cleavage to the amine
with aromatic amines

Reduction of Azo compounds
 Azo compounds behave like nitroso compounds and can be reduced to primary amines under relatively
mild conditions (with sodium hydrosulphite)

Reduction of Oximes
 yields primary amines on reduction either catalytically or chemically
 Since oximes are readily prepared from carbonyl compounds, their reduction constitutes a conversion of
aldehydes and ketones into primary amines

Hydrogenolysis
 Reactions completely cleave the bonds between carbon and electronegative elements replacing them with
bonds to hydrogen are known as reductive cleavage reactions
 Reductive cleavage reaction using hydrogen and a catalyst is known as hydrogenolysis.
 Accelerated by addition of acid.

Hydrogenolysis of Amines (Reduction of C-N, sigma bonds)
 Amines that are substituted with a benzyl group may be broken by reduction with hydrogen and a transition
metal catalyst
 Benzyl group can be used as protecting group for amines and deprotection can be achieved by
hydrogenolysis
 Tertiary amines are easier to deprotect than sec amines which are more reactive than primary amines

Hydrogenolysis of Benzyl ethers, esters and Carbamates (Reduction of C-O, sigma bonds)
 Benzyl ethers, esters and carbamates undergo reductive cleavage reaction with hydrogen in the presence of
transition metal complexes

 Benzyl derivatives are often used as protecting groups for oxygen based functional groups
 Oxygen protecting groups of this kind are easier to deprotect than the corresponding nitrogen protecting
groups
 Hydrogenolysis is preceded by adsorption of aromatic ring on to the surface of the catalyst on which
hydrogen is also adsorbed
 Bond breaking may then occur via nucleophilic attack of a chemisorbed hydrogen in SN2 manner.

 Hydrogenolysis of compound (A) with palladium showed complete inversion during C-O bond cleavage. This
supports the proposed mechanism
 Naphthyl analogue of the benzyl group is easy to hydrogenolyse
 This may be because of the high affinity of the flat extended pi-surface of the naphthalene for the metal
catalyst

Hydrogenolysis of C-X bond
 Hydrogenolysis produces HX which reduces the rate of reaction, hence base is added in the reaction
mixture
 Ease of hydrogenolysis follows the order of carbon–halogen bond strength (weakest bond C-I, easiest to
reduce)
 All types of halides may be reduced, including those bound to sp2 hybridized carbon

 Hydrogenolysis of aryl halides can also lead to reduction of carbon-carbon double bond
 Successful hydrogenolysis of aryl halides can be achieved in the presence of Lindlar catalyst

 Hydrogenolysis of acid chlorides yields aldehydes (Rosenmund Reaction)
 Pd is the metal of choice and needs deactivation prior to reduction

Hydrogenolysis of Cyclopropane rings
 Partial pi-character of C-C bonds within cyclopropane rings means that they may be cleaved by
hydrogenolysis
 Platinum is the metal of choice
 With alkyl substituents present on the ring, it tends to be the least hindered bond that is broken
 This regioselectivity can be used to prepare geminal dimethyl groups
 Rupture of cyclopropane ring takes place on the catalyst surface and a doubly adsorbed species is formed
 Transfer of hydrogen from the metal to the carbon ensues to form geminal dimethyl group

