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* UNIT I

Oxidation and Reduction Reactions (15 Hours) Study of
the following oxidation reactions with mechanism:

Oxidation of alcohols by CrO; , DMSO alone, DMSO in
combination with DCC; acetic anhydride and oxalyl
3chloride, oxidation of arylmethane,

oxidation of methylene alpha to carbonyl, allylic oxidation
of olefins, oxidative cleavage of glycols, oxidative cleavage
of double bonds by ozonolysis.

Study of the following reduction reactions with
mechanism; Reduction of carbonyl compounds by
complex metal hydrides (LAH, NaBH4, NaBH3CN),
clemmensen and Wolff Kishner reductions, Birch
reduction, MPV reduction.
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Birch reduction

» The Birch reduction 1is an organic reaction that is
used to convert arcnes to cvclohexadienes. The
reaction 1s named after the Australian chemist Arthur
Birch. In this organic reduction of aromatic rings in
liquid ammonia with sodium, hithium,
or potassium and an alcohol, such as ethanol and reri-
butanol. This reaction 1s
unlike catalvtic hydrogenation, which usually reduces
the aromatic ring all the way to a cyclohexane.



https://en.wikipedia.org/wiki/Arene
https://en.wikipedia.org/wiki/Cyclohexadiene
https://en.wikipedia.org/wiki/Arthur_Birch_(organic_chemist)
https://en.wikipedia.org/wiki/Arthur_Birch_(organic_chemist)
https://en.wikipedia.org/wiki/Organic_reduction
https://en.wikipedia.org/wiki/Aromatic_ring
https://en.wikipedia.org/wiki/Ammonia
https://en.wikipedia.org/wiki/Sodium
https://en.wikipedia.org/wiki/Lithium
https://en.wikipedia.org/wiki/Potassium
https://en.wikipedia.org/wiki/Alcohol
https://en.wikipedia.org/wiki/Ethanol
https://en.wikipedia.org/wiki/Tert-Butanol
https://en.wikipedia.org/wiki/Tert-Butanol
https://en.wikipedia.org/wiki/Tert-Butanol
https://en.wikipedia.org/wiki/Catalytic
https://en.wikipedia.org/wiki/Hydrogenation
https://en.wikipedia.org/wiki/Cyclohexane

Aromatic ring to cvclohexane
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https://en.wikipedia.org/wiki/Cyclohexane
https://en.wikipedia.org/wiki/Cyclohexane

MECHANISM
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The solvated electrons add to the aromatic

ring to give a radical anion. The added

alcohol supplies a proton to the radical anion
and also to the penultimate carbanion; for

most substrates ammonia is not acidic

enough.



https://en.wikipedia.org/wiki/Solvated_electron
https://en.wikipedia.org/wiki/Radical_ion

BIRCH reduction of anisole
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MECHANISM
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» The solution of metal in ammonia
provides which are taken up by the aromatic
ring to form the corresponding radical anion B in the
first step of the reaction.

» This 1s followed by protonation by the alcohol to form
a cyclohexadienyl radical C. Next, a second electron 1s
transferred to the radical to form a cyclohexadienyl
carbanion D. In the last step a second proton leads the
cyclohexadienyl carbanion to
the cyclohexadienyl product. These steps
are outlined below for the case of anisole.



https://en.wikipedia.org/wiki/Electride
https://en.wikipedia.org/wiki/Conjugated_system
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Allylic oxidation of olefins

» The Riley oxidation is a selenium
dioxide-mediated oxidation of methylene
groups adjacent to carbonyls. It was first
reported by Riley and co-workers in
1932. ... Today, selenium-dioxide-
mediated oxidation of methylene groups
to alpha ketones and at theallylic position

of olefins is known as the

Riley Oxidation.
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MECHANISM

» The mechanism of oxidation of -CH,C(O)R
group by SeO2 has been well investigated. The
oxidation of carbonyl alpha methylene positions
begins with attack by the enol tautomer at
the electrophilic selenium center. Following
rearrangement and loss of water, a second
equivalent of water attacks the alpha position.

Selenic acid is liberated in the final step to give
the 1,2-dicarbonyl product.

p—



https://en.m.wikipedia.org/wiki/Enol
https://en.m.wikipedia.org/wiki/Tautomer
https://en.m.wikipedia.org/wiki/Electrophilic
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» Allylic oxidation using selenium-dioxide proceeds
via an ene reaction at the electrophilic selenium
center. A 2,3-sigmatropic shift, proceeding through
an envelope-like transition state, gives the
allylselenite ester, which upon hydrolysis gives the
allylic alcohol. The (E)- orientation about the
double bond, a consequence of the envelope-like
transition state, is observed in the penultimate

ester formation, is retained during the hydrolysis
step giving the (E)-allylic alcohol product.'*



https://en.m.wikipedia.org/wiki/Ene_reaction
https://en.m.wikipedia.org/wiki/2,3-sigmatropic_shift
https://en.m.wikipedia.org/wiki/2,3-sigmatropic_shift
https://en.m.wikipedia.org/wiki/2,3-sigmatropic_shift
https://en.m.wikipedia.org/wiki/Transition_state
https://en.m.wikipedia.org/wiki/Hydrolysis
https://en.m.wikipedia.org/wiki/Allylic_alcohol
https://en.m.wikipedia.org/wiki/Riley_oxidation
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Application

» Selenium-dioxide mediated oxidation
was used in the synthesis of the
diterpenoid ryanodol.

» Selenium dioxide mediated allylic
oxidation to access ingenol.
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