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PREFACE

Organic Chemistry plays a central role in the field of
chemistry, as it deals with the study of carbon-containing
compounds that form the basis of life and many useful
materials around us. From medicines, polymers, dyes, and
fuels to natural products and biomolecules, organic
compounds have a significant impact on science, technology,
and everyday life. Understanding the structure, properties,
reactions, and mechanisms of these compounds is essential for
students pursuing higher studies in chemistry and related
disciplines.

This book, Organic Chemistry, is prepared to provide
undergraduate B.Sc. Chemistry students with a clear and
systematic understanding of the fundamental concepts of
organic chemistry. The objective of this book is to build a
strong foundation in organic chemistry by explaining
important principles in a simple, logical, and student-friendly
manner.

The contents of this book have been carefully
organized to include essential topics such as the structure and
bonding of organic molecules, reaction mechanisms,
hydrocarbons, functional groups, stereochemistry, aromatic
compounds, and important organic reactions. Each chapter is
designed to help students understand both the theoretical
concepts and their practical applications in chemical and
biological systems.

Special attention has been given to presenting the
subject in a clear and concise style so that students can easily
grasp the concepts and develop analytical thinking. Examples,
explanations, and systematic presentation of reactions help



learners understand the subject more effectively and prepare
for university examinations.

This book is intended to serve as a useful resource for
B.Sc. Chemistry students, teachers, and anyone interested in
gaining a basic understanding of organic chemistry. It is our
sincere hope that this book will help students develop a strong
interest in organic chemistry and inspire them to explore the
fascinating world of organic compounds and their applications
in science and industry.
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UNIT 1
Alkaloids

The alkaloids are now defined as, physiologically
active compounds of plant origin,in which atleast one
nitrogen atom forms part of a cyclic system. Alkaloids are a
group of naturally occurring chemical compounds that
mostly contain basic nitrogen atoms. The term alkaloid was
coined by Meissner, a German pharmacist, in 1819.

% Alkaloids are cyclic organic compounds containing
nitrogen in a negative state of
& oxidation with limited distribution among living
organisms.
Functions of alkaloids:

They are of no importance and may be regarded as
by-products of plant metabolism. They may act as
reservoirs for protein synthesis. They may act as protective
substances against the animal or insect attacks. Like
hormones, they may function as plant stimulations or
regulations in activities like growth metabolism and
production.May functionating as detoxicating agents by
methylating, condensing, and cyclising the compounds
whose accumulation might otherwise cause damage to the
plant.

Properties:

Most alkaloids contain oxygen in their molecular
structure; those compounds are usually colorless crystals at
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ambient conditions. Some alkaloids are colored, like
berberine (yellow) and sanguinarine (orange).

Most alkaloids are weak bases, but some, such as
theobromine and theophylline,are amphoteric. Many
alkaloids dissolve poorly in water but readily dissolve in
organic solvents.Most alkaloids have a bitter taste or are
poisonous when ingested.

Classification:
Pyridine-piperidine # Tropane
+ Quinoline #Isoquinoline# Indole
+ Imidazole % Steroids % Purines
+ Alkaloid amine

Isolation:

Soxhlet Extraction Process: The soxhlet assembly
is a continuous extractor which is generally suitable for the
extraction of alkaloids from powdered plant materials with
the help of organic solvents. In this instance, the powdered
drug is usually moistened with dilute ammonia solution and
then packed loosely in the thimble of the Soxhlet apparatus;
and the organic solvent affords a deep penetration of the
moist drug thereby allowing the greatest possible extraction
of the alkaloids from the exposed surfaces of the cells and
tissues of the crude drug. Once, the extraction is ascertained
to have completed, the solvent is filtered and evaporated in
a Rotary Thin-Film Evaporator and the residue is treated
further for the isolation of individual alkaloids.
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Stas-Otto Process:

The Stas-Otto process essentially consists of treating
the powdered and sieved drug substance with 90-95% (v/v)
ethanol, previously acidified with tartaric acid. The
proportion of crude drug to solvent should be maintained as
1 Kg to 1 L. The alcohol is distilled off under vacuum and
the resulting aqueous residue is treated with petroleumether
(60-80°C toremove the fatty components completely. If any
alkaloid is removed by the petroleum ether, it must be
recovered by treating it with dilute mineral acid. Thus, the
resulting aqueous extract is mixed with the main bulk of
aqueous extract. The combined aqueous extract is filtered
and evaporated to dryness preferably in a Rotary Thin-Film
Evaporator under vacuum. The residue is extracted with
absolute ethanol thereby dissolving the total alkaloids.
Purification:

1.Direct crystallisation from solvent
2.Repeated acid base treatment
3.Chromatographic techniques Ex: Partition, ion-
exchange and column chromatography
4. Precipitation method Ex: AuCl;, PtCls, Mayer’s
Reagent.
General methods of structural determination of
alkaloids:

Molecular Formula: The first step in structural
elucidation is the determination of molecular formula and
optical rotatory power. Elemental composition and hence
the empirical formula is found by combustion analysis.
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Determination of Unsaturation: The unsaturation
can be determined by adding bromine, halogen acids or by
hydroxylation with KMnO4 or by reduction (using either
LiAlH4 or NaBHs). Number of Double bond: - Number of
Rings present in an alkaloids can be determine by following
formula- Ca Hb Nc Od.

Functional Group Determination: By using the
usual standard chemical tests or by infrared (IR)
spectroscopy. Hydroxyl group: - Formation of Acetate on
treatment with Acetic anhydride /Acetyl chloride or
benzoate on treatment with Benzyl chloride.

By determining the amount of Acetic anhydride
/Acetyl chloride or benzoate that reacted with alcohol to
form an ester, the number of hydroxyl groups can be
determined.

R- OH + (CH3:C0). 0 —» ROOCCH;+ CH;COOH
R- OH + CH;COCl — ROOCCH;+ HCl

R- OH + CéHsCOCl — ROOCCeHs + HCI

Then check (alcoholic-OH or phenolic —OH) +
FeCls = color phenolic —OH or if Soluble in NaOH =
phenolic — If not Phenolic —OH: Alkaloid +H>SO4 ->
unsaturated + KMNO4 -> aldehyde or ketone or acid

If Primary amines are present in alkaloids also give
this test. Then Hydroxyl group is can be determined.
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NeOH
R-OH +CH,COCl —> R-0COCH; ———  R- OH +CH;COONa

Excess of Alkali is estimated by titration with
standard HCI. Number of -OH group can be calculated from
the volume of Alkali used for Hydrolysis.

Carboxylic group: soluble in aqueous solution
sodium carbonate NaxCO3; or ammonia NH3, on treat with
alcohol form ester. Specific IR and NMR signals, Number
of -COOH group can be determined by volumetrically by
titration against a standard Ba(OH), or NaOH solution
using phenolphthalein as an indicator.

Carbonyl group: The presence of aldehydes and
ketones can be detected by their reaction with
hydroxylamine to form the corresponding oxime.

NH,OH. HCl
N N GH & ()
{ ~H,0 /

Oxime

\. PN\
(=0 —
/ -/

Phenylhydrazone

(=N=NH-Ph + H(l

Nature of Nitrogen: General reactions of alkaloids
with acetic acid, methyl iodide and nitrous acid indicates
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the nature of nitrogen. If all reactions are negative — N»
probably tertiary Majority of nitrogen presence in alkaloids
are secondary and tertiary: If tertiary when treated with
H>0: (30%) form amine oxide. Nature and No. alkyl group
attached to Nitrogen: Distillation with Aq. KOH, formation
of methylamine, dimethylamine and trimethylamine (Vol.
products)

I (0) IE) S
3° N N— s ==N==1)
|

30% H,0, |

Amine oxide
Herzig- Mayer method: presence and number of N- methyl
group

G0 Ao
-0 0 — 08 4l e STV p—
(I

The aldehydes and ketones are distinguished by
their oxidation or reduction products. The carbonyl groups
of aldehyde, ketone and carboxyl groups are further
confirmed by their spectral data such as IR, UV and NMR.

Methoxide group: determination by Zeisel method:
When methoxy group present in a alkaloid treated with HI
at 1260C perform methyl iodide which can treated further
with silver nitrite to perform silver iodide precipitate.
Which estimated gravimetrically: e.g... Papaverine.

Degradation of alkaloids: Study of degradation of
alkaloids gives rise to some identifiable products of known
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structure. Knowing structure of the degraded products and
the changes occurred during the degradation, it is
convenient to know the structure of the original molecule.

CONNINE:
STRUCTURE:
/\T,,/\\/CH:;
K/ NH
Coniine
CONSTITUTION:

It is most important alkaloid of Hemlock group
which is obtained from Conium |D +15.70 amaculatum.
Coniine is optically active [colourless liquid b.p. 1670 C
with unpleasant odour and burning taste. It is historical
alkaloid since this was used by Greek philosopher Socrate
and was found dead in 399 B.C.

It was the first alkaloid, which was synthesized in
laboratory in 1866. Structure

1. Molecular formula of coniine was found to be
CsHi7N on the basis of molecular weight
determination ad elemental analysis.

2. When coniine was treated with benzoyl chloride it
forms monobenzoyl derivatives which indicates
the presence of secondary nitrogen atom (since
there is no oxygen atom) (Van Braund’s method
for secondary cyclic nitrogen)
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3. Coniine on zinc dust distillation gives conyrine
having molecular formula CgHi;iN which on
further oxidation with potassium permanganate
gives -picolinic acid) apyridine-2-carboxylic acid.
The formation of pyridine-2-carboxylic acid
indicates that conyrine is 2-substituted pyridine
and hence coniine must be 2-substituted
piperidine. Thus side chain must contain three
carbon atoms, since two carbons are lost when
conyrine is oxidized with KMnOs.

4. The difference in molecular formula of coniine
CsHiiN and pyridine-2- carboxylic acid indicates
that side chain may be either n-propyl or isopropyl
and thus there may be two possible structure of
coniine (I) and (II). Coniine was found to have
structure (I) on the basis of following facts: (I)
Coniine when heated with hydriodic acid at 300°C
under pressure gives noctane whereas structure
(IT) would form isooctane.

SYNTHESIS (Ladenbergs synthesis)

-[" ] 300°¢ ["Mk*] CHCHO

“NE e NP CH

Na
1,rnu2 I‘nj-*"']"-r_H;-::fC i—L_r_HEIOH, [r] o l;___,f_"—i;..l__l_n
The original synthesis (shown below) of Coniine
was performed by Ladenburg in 1886. Ladenburg heated N-
methylpyridine iodide to 250°C, to obtain 2-
methylpyridine. He then performed a Knoevenagel
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condensation with acetaldehyde in anhydrous zinc chloride
to yield 2-propenylpyridine.

NICOTINE:

STRUCTURE:

N CH3

CONSTITUTION:
» Nicotine is the chief alkaloid of tobacco plant.
» TUPAC name 3-(1-methyl-2-pyrrolidinyl) pyridine.
» It is a bicyclic compound with a pyridine cycle and
a pyrrolidine cycle.
» The molecule possess an asymmetric carbon and so
exists in two enantiomeric compounds.
» It occurs in the plant leaves as salts of malic acid
and citric acid to the extent of 4 to 5 percent.
» The alkaloid was named after the Frenchman
NICOT who introduced tobacco in France in 1560.
Elemental analysis and molecular weight determination
leads to the molecular formula CioH 14N> for nicotine.
1. It absorbs two molecules of CH3 I, suggesting the
tertiary nature of both the nitrogen atoms.
2. On oxidation with chromic acid, nicotine yields
nicotinic acid (pyridine-3-carboxylic acid).
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This shows that the alkaloid contains a pyridine
nucleus with a side chain at the 3 position. That is the side
chain has the composition (CioH14N2=CsH4N-CsHioN).
Therefore the formula for nicotine may be written as:
NICOTINE TO NICOTINIC ACID

o
CuyCry05 7
X oH T >

R
/N N

Nature and position of the side chain

a) The alkaloid forms an addition compound with zinc
chloride, C10H14N> .ZnCl, ,which when heated with
lime yields pyridine, pyrole, and methylamine.

b)When heated with concentrated hydriodic acid at
200-300°C, nicotine yields CH3 I, showing that
methyl group is attached to Natom. Therefore,it
appears that the side chain could be N-
methylpyrrolidine.

c) Nicotine hydriodide when treated with CH3 I, forms
nicotine isomethiodide which on oxidation with
potassium ferricyanide yields nicotone. This on
further oxidation with chromium trioxide produces
hygrinic acid.

The above structure of nicotine is further confirmed as it
explains the following reactions:
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a) Nicotine when treated with bromine in acetic acid
followed by aqueous sulphurous acid give
dibromocotinine,  CioHi0ON2Bro.  This  upon
oxidation with a mixture of sulphurous acid and
sulphuric acid at 130-140°C, yields 3-
acetylpyridine,oxalic acid and methylamine.

b) Nicotine on reaction with bromine in hydrobromic
acid gives dibromoticonine which when heated with
barium hydroxide solution at 100°C, yields nicotinic
acid, malonic acid and methylamine.

SYNTHESIS:

Finally the structure of nicotine was confirmed by
the following synthesis accomplished Spath (1928). This
synthesis also confirms pinners formula for nicotine. The
racemic alkaloid obtained is resolved by means of (+)-
tartaric acid to get (-)-nicotine which is found to be
identical with the natural alkaloid.

SYNTHESIS OF NICOTINE
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PIPERINE:

Piperine occurs in black pepper (Piper nigrum, Fam.
Piparaceae). The piperine content of black pepper is 6 to
11%. It is present in relatively smaller amounts in other
piper species, e.g. Piper longum (~5%), P nigrum (~1.5%)
Black pepper is employed commercially as a condiment. It
has been used as a stimulant and a febrifuge. Piperine has
insecticidal activity.

STRUCTURE:
N = =
I
O
Piperine
CONSTITUTION:

Piperine is the naturally occurring alkaloid that
gives the spice black pepper its characteristic biting taste.
The stereoselective synthesis of this natural product, in
good yield from inexpensive and readily available starting
materials, exemplifies the powerful synthetic utility
afforded by the Wittig reaction and its variations such as the
Horner Wadsworth-Emmons reaction.

The important impact of the Wittig reaction on
modern synthetic organic chemistry was recognized by the
1979 Nobel Prize that was awarded in part to Georg Wittig
for his discovery and subsequent development of this
reaction.
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Piperine on hydrolysis yielded piperidine and
piperic acid, indicating that the two fragments are linked
with each other by means of an acid amide linkage. Further
oxidation of which gave piperonylic acid and tartaric acid.

COOH
<OUW/INO 1] KOH /HO <OI>/\/\/
¥

[s) 2] HCI P'O ; o
PIPERINE iperic aci HN
KMnO, ) all
Piperidine
HO COOH o COOH
HC1/200C
e
HO O
Protocatechuic acid Piperonylic

Piperine was synthesized (Ladenburg, 1894) by the reaction
of the piperic acid chloride with piperidine, which
confirmed the structure of the molecule. The synthesis of
piperic acid was achieved starting from piperonal, which
was obtained from catechol using Reimer-Tiemann reaction
followed by the condensation with diiodomethane in the
presence of a base. Piperonal was condensed with
acetaldehyde in the presence of sodium hydroxide and the
product obtained was then heated with acetic anhydride and
sodium acetate to yield piperic acid.
PAPAVARINE

One of the opium constituents, papaverine has been
studied particularly intensively because it has a clinical use
as antispasmolytic agent. Papaverine is an optically inactive
1-benzyl-isoquinoline derivative. Methoxyl determination:
established that all four oxygen atoms are present as
methoxyl groups proved by
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Zeisel determination method.

The structure was further elucidated from cleavage
reactions leading to identifiable fragments. Thus, alkali
fusion gives two fragments that account for all of the
carbon atoms, a C-l1l-base identified as 6,7-
dimethoxylisoquinoline and a C-9 ether identified as 4-
methylcatechol dimethyl ether.

MeO.
| i alkali MeO A\ N\ e
MeO = fusion . | N W
MeO = OMe
! OMe
OMe
The point of linkage in the isoquinoline fragment
was revealed by permanganate oxidation of papaverine,
which results in attack at the methylene group to give

ketone papaveraldine which on heating with potassium
hydroxide degrades further into 1-4 four products.
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HOOC. .~y
+ | N
HOOC” ™
COOH
+

S
Me0 COOH

0

Me0 N
| I Co0M
=N A .
OMe H
OMe @
OMe
&

The position of carboxyl group in compounds 1 and
2 above, indicated that the isoquinoline unit is linked to
dimethylcatechol unit at the position C1 through methylene
bridge.
Terpenoids

The term ‘terpene’ was given to the compounds
isolated from terpentine, a volatile liquid isolated from pine
trees. The simpler mono and sesquiterpene is chief
constituent of the essential oils obtained from sap and
tissues of certain plant and trees. The di and tri terpenoids
are not steam volatile. They are obtained from plant and
tree gums and resins. The term ‘terpene’ was originally
employed to describe a mixture of isomeric hydrocarbons
of the molecular formula CioHi6 occurring in the essential
oils obtained from sap and tissue of plants, and trees. But
there is a tendency to use more general term ‘terpenoids’
which include hydrocarbons and their oxygenated
derivatives.
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Definition:

Terpenoids are the hydrocarbons of plant origin of
the general formula (CsHsg), as well as their oxygenated,
hydrogenated and dehydrogenated derivatives
ISOPRENE RULE:

Isoprene rule Thermal decomposition of terpenoids
give isoprene as one of the product. Otto Wallach pointed
out that terpenoids can be built up of isoprene unit. Isoprene
rule states that the terpenoid molecules are constructed from
two or more isoprene unit. Special isoprene rule states that
the terpenoid molecule is constructed of two or more
isoprene units joined in a ‘head to tail’ fashion.

CHg
C CH,
HQC/ \Ic_:l/

CLASSIFICATION OF TERPENOIDS:

Most natural terpenoids hydrocarbon have the
general formula (C5H8)n.They can be classified on the
basis of value of n or number of carbon atoms present in the
structure. Each class can be further subdivided into
subclasses according to the number of rings present in the
structure. Acyclic Terpenoids: They contain open structure.
Monocyclic Terpenoids: They contain one ring in the
structure. Bicyclic Terpenoids: They contain two rings in
the structure. Tricyclic Terpenoids: They contain three rings
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in the structure. Tetracyclic Terpenoids: They contain four

rings in the structure.

General methods of determining structure:
1) Molecular formula: molecular formula is determined
by usual quantitative analysis and mol.wt determination
methods and by means of mass spectrometry. If
terpenoid is optically active, its specific rotation can be
measured.
i1) Nature of oxygen atom present: If oxygen is present
in terpenoids its functional nature is generally as alcohol
aldehyde, ketone or carboxylic groups.
ii1) Presence of oxygen atom present: presence of —OH
group can be determined by the formation of acetates
with acetic anhydride and benzoyate with 3.5-
dinitirobenzoyl chloride. Primary alcoholic group
undergo esterification more readily than secondary and
tertiary alcohols. Presence of >C=0O group: Terpenoids
containing carbonyl function form crystalline addition
products like oxime, phenyl hydrazone and bisulphite
etc.

If carbonyl function is in the form of aldehyde it
gives carboxylic acid on oxidation without loss of any
carbon atom whereas the ketone on oxidation yields a
mixture of lesser number of carbon atoms.

Unsaturation: The presence of olefinic double
bond is confirmed by means of bromine, and number of
double bond determination by analysis of the bromide or by
quantitative  hydrogenation or by titration with
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monoperpthalic acid. Presence of double bond also
confirmed by means of catalytic hydrogenation or addition
of halogen acids. Number of moles of HX absorbed by one
molecule is equal to number of double bonds present.

Addition of nitrosyl chloride (NOCI) (Tilden’s
reagent) and epoxide formation with peracid also gives idea
about double bonds present in terpenoid molecule

Dehydrogenation: On dehydrogenation with
sulphur, selenium, polonium or palladium terpenoids
converted to aromatic compounds. Examination of these
products the skelton structure and position of side chain in
the original terpenoids can be determined.

For example o-terpenol on Se-dehydrogenation yields
pcymene.

Oxidative degradation: Oxidative degradation has
been the parallel tool for elucidating the structure of
terpenoids. Reagents for degradative oxidation are ozone,
acid, neutral or alkaline potassium permanganate, chromic
acid, sodium hypobromide, osmium tetroxide, nitric acid,
lead tetra acetate and peroxy acids. Since oxidizing agents
are selective, depending on a particular group to be
oxidized, the oxidizing agent is chosen with the help of
structure of degradation products.

Number of the rings present: With the help of
general formula of corresponding parent saturated
hydrocarbon, number of rings present in that molecule can
be determined.
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Relation between general formula of compound
and type of compounds: For example: limonene (mol.
formula. C1oH'®) absorbs 2 moles of hydrogen to give
tetrahydro limonene (mol. Formula CioH2o) corresponding
to the general formula. Ch,Hon. It means limonoene has
monocyclic structure.

Spectroscopic studies: All the spectroscopic
methods are very helpful for the confirmation of structure
of natural terpenoids and also structure of degradation
products. The various methods for elucidating the structure
of terpenoids are;

a)UV Spectroscopy: In terpenes containing conjugated
dienes or a, B-unsaturated ketones, UV spectroscopy
is very useful tool. The values of A max for various
types of terpenoids have been calculated by applying
Woodward’s empirical rules. There is generally good
agreement is ambiguous and in such cases analytical
evidences are used in conjunction with the synthesis.
Oxime with NH>OH, semi carbazone and semi
carbazide, and dicarboxylic acid having the same
number of carbon atoms on oxidation the presence of
ketonic group in camphor (CioHisO) led CioHis
corresponds to CyHan-> which confirms a bicyclic
compounds. Condensation with C¢HsCHO forms
monobenylidene derivative suggesting the presence of
—CO-CH; — group. Camphor on distillation with zinc
chloride or phosphorous pentoxide gives p- cymene
which suggests one six membered ring distillation
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with iodine gives carvacrol suggest ketonic group in
camphor).

b)Mass Spectroscopy: It is now being widely used as a

means of elucidating structure of terpenoids for
determining mol. wt., mol. formula, and nature of
functional groups present and relative positions of
double bonds. X-ray analysis: This is very helpful
technique for elucidating structure and
stereochemistry of terpenoids.
Synthesis: Proposed structure is finally confirmed by
synthesis. In terpenoid chemistry, many of the
synthesis calculation and observed values. Isolated
double bonds, o,B-unsaturated esters , acids, lactones
also have characteristic maxima.

c IR Spectroscopy: IR spectroscopy is useful in
detecting group such as hydroxyl group (~3400cm™)
or an oxo group (saturated 1750-1700cm™). Isopropyl
group, cis and trans also have characteristic
absorption peaks in IR region.

d)NMR Spectroscopy: This technique is useful to
detect and identify double bonds, to determine the
nature of end group and also the number of rings
present, and also to reveal the orientation of methyl
group in the relative position of double bonds.
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Camphor:
Structure:

Important constituent of oil of camphor .colourless
transparent mass of characterstic smell and burning taste,
M.pt. 1790 C and b.pt. 2040C .Optically active (+) and (-)
forms occur naturally while the racemic form is usually a
synthetic product .Main source is Cinnamomum camphora
(camphor tree) which is extremely found In Formosa
Present in higher proportion in the trunk of the tree
.Andustrially from a-pinene which in turn obtained from
turpentine oil.

STRUCTURAL ELUCIDATION:

Molecular formula Ci10H160: oxime with NH>2OH, semi
carbazone and semi carbazide, and dicarboxylic acid having
the same number of carbon atoms on oxidation the presence
of ketonic group in camphor (CioHisO) led CioHis
corresponds to CyHano which confirms a bicyclic
compounds. Condensation with C¢HsCHO  forms
monobenylidene derivative suggesting the presence of —
CO-CH> - group. Camphor on distillation with zinc
chloride or phosphorous pentoxide gives p- cymene which
suggests one six membered ring distillation with iodine
gives carvacrol suggest ketonic group in camper.
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SYNTHESIS:

.SyntheSiS of Camphor

’ \‘°°°” CH,c0C! ’ \\ B Na- Hg

3 | .COOH
e L

~fs7 0 =
CAMPHORIC 5%
CAMPHORIC ACID ANIIYDRIDE APha-CANPHOIDE
e G p ks o
o ) &, ; \\ ""C"/OH o \\ '\'c//om
¢ (i) KON \ 0 \
A - el ——— e,
By (i) H* / (i) H* /
) / ! Sy e //v,..‘
o 7 L 0N o COOH
HOMO CAMPHORIC ACID
b

. O
. ., SN
P

\

~..[~" COOH
HOMO CAMPHORIC ACTD CAMPHOR
o —
CITRAL:
STRUCTURE:
CTH3 CHa,
cHO
\\ “\
cHO
Hac SHa HaC CHa



CONSTITUTION:
1) Molecular formula: C10H160

/]\/( HO - CHO /\f" //‘\rl
\
H

H . CHO . CH

| A
k S N

Geranial (Citral a) Neral (Citral b)
. SH0H 0

Na-alcohol KHSO,
- —l
| A
Citral p_ cymene

Geraniol

Position of Aldehyde group

The UV spectrum of citral shows A max at 230 nm
which indicates conjugated aldehyde. On hydrolysis with
aq. KoCOs; gives 6-methyl hept-5-ene-2- one and
acetaldehyde by breaking o,- double bond. Both reactions
proved that citral is a conjugated aldehyde.
Carbon skeleton of citral

» Citral is heated with potassium hydrogen sulphate, it
gives p-cymene (known compound).
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* Formation of p-cymene and product obtained from
the ozonolysis reveals that C-skeleton (I) of citral is
formed by the joining of two isoprene units in the
head to tail fashion.

» Formation of p-cymene also reveals the position of
methyl and isopropyl group in 1:4 position w.r.t.
each other in citral.

SYNTHESIS:

& L Ay, S0

) Ba/ ICH.CO0E . k
2 . kgl it el o (it dead
= N

] = Arun
il H , LI sH;,
o Eiliwifh Kanale

f.-'\ Rdimsarsliy's rection

A

Mthi haptenang Ciral

MENTHOL:

STRUCTURE:
CHx

oH

H T CHg
CONSTITUTION:
Chemical formula: Ci0H200, m.p. 34 °C, b.p. 213 °C,
[a]D -50°, n*° 1.4661.
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Menthol is the major constituent of Mentha piperita
and has been known in India, China and Japan since ancient
times. It is mainly used as flavouring agent and has a
cooling effect. Medicinally it exhibits antiseptic and
anaesthetic properties. It is the ingredient in cold balms.

Molecular formula of menthol was determined as
Ci10H200. On treatment with phosphorus pentachloride and
phosphorus pentoxide menthol gave a chloride CioH19Cl
and a hydrocarbon CioHis respectively, inferring that it is an
alcohol.

[0]
> Geranial (the corresponding aldehyde), C,H 40
0,

Acetone (one of the products)

bromination N :
Tetrabromo derivative, CygH gBryO
Geraniol (1) cat. (H)
CyoHys0 —— Tetrahydro derivative, C;gHy,0, a saturated compound

[3,7-Dimethyl-(E)-
2,6-octadiene-1-0l]

On oxidation geraniol afforded citral. which on reduction
gave two alcohols.
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TR

Citral Geranic acid

Geraniol and nerol are geometrical isomers. Both
geraniol and nerol gave the same tetrahydro derivative on
catalytic hydrogenation. Both of them underwent
cyclisation to give terpeneol by the action of sulphuric acid
and the rate of cyclisation in the case of nerol was 9 times
faster compared to that of geraniol. Based on this A? -
double bond in nerol was assigned as cis while the same
double bond in geraniol as trans.

i\/()l L,OH i/
Slower

Geraniol
'runnydmaeﬂv-m
Terpeneol
H
CH,OH —
ool f“’

BETA-CAROTENE:

B-carotene is the molecule that gives carrots, sweet
potatoes, squash, and other yellow or orange vegetables
their orange color. It is part of a family of chemicals called
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the carotenoids, which are found in many fruit and
vegetables, as well as some animal products such as egg
yolks. Carotenoids were first isolated in the early 19"
century, and have been synthesized for use as food
colorings since the 1950s. Biologically, B-carotene is most
important as the precursor of vitamin A in the human diet. It
also has anti- oxidant properties and may help in preventing
cancer and other diseases.

STRUCTURE:

Vitamin-A:

Vitamin A or retinol has a structure depicted to the
right. Retinol is the immediate precursor to two important
active metabolites: retinal, which plays a critical role in
vision, and retinoic acid, which serves as an intracellular
messenger that affects transcription of a number of genes.
Vitamin A does not occur in plants, but many plants contain
carotenoids such as beta-carotene that can be converted to
vitamin A within the intestine and other tissues.
STRUCTURE:

HCs CHs HCs HCs

N N NS oH

CHa
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UNIT-1I
CARBOHYDRATES

Carbohydrates a major class of naturally occurring
organic compounds. They include such well-known
substances as sugars, starch, and cellulose. Table sugar,
wood, cotton, potato starch, honey, and milk sugar are all
carbohydrates familiar to most of us. They are essential to
the maintenance of life in both  plants and animals. They
provide raw materials for many important industries
including textiles, artificial silks, paper, films, plastics,
lacquers, confections, drugs, fermentation and explosives.

Carbohydrates, as the name implies, are composed
mainly of carbon, hydrogen and oxygen with the latter two
elements in the ratio of 2 to 1 as in water. These compounds
may be represented by the general formula Cx(H:20) vy,
where x and y may be same or different”.

For example, we can write Glucose CeHi206, as
Cs(H20)6, and Sucrose Ci12H22011 as C12(H20)11.

Because of this fact they were considered, in early
days, to be hydrates of carbon and for this reason were
called carbohydrates. It is simply a coincidence that in
carbohydrates hydrogen and oxygen are present in the ratio
of 2 to 1. However, the world carbohydrate is a misnomer,
as some members do not obey above definition (e.g.,
Rhamonose, C¢H120s, Rhmnoheptose C7H140¢ etc.)
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Classification of Carbohydrates

The names of most of carbohydrates are
characterized by the ending ‘—ose’. Thus we have glucose,
fructose, sucrose, cellulose, and so on.

Number of Aldose Ketose
Carbon atoms
Four Aldotetrose Ketotetrose
Five Aldopentose Ketopentose
Six Aldohexose Ketohexose
Seven Aldoheptose Ketoheptose
Eight Aldooctose Ketooctose

The carbohydrates are divided into three major
classes depending of the simple sugar with unit present in
the molecule. In other words the basis of classification of
carbohydrates will be the number of simple sugar molecules
produce on hydrolysis.

Monosaccharides (simple sugar)

The monosaccharides are polyhydroxy aldehydes or
polyhydroxy ketones which cannot be decomposed by
hydrolysis to give simpler carbohydrates. Examples are
glucose and fructose, both of which have molecular formula
CesH110e¢.

Oligosaccharides

The oligosaccharides (Greek, Oligo, few) are
carbohydrates which yield a definite number (2-10) of
monosaccharide molecules on hydrolysis. They include
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Table: lists the terms applied to monosaccharides having
four to eight carbon atoms.

Disaccharides, which yield two monosaccharide
molecules on hydrolysis. Examples are sucrose and
maltose, both of which have molecular formula, C12H2201;.

Trisaccharides, which yield three
monosaccharide molecules on hydrolysis. Example
is raffinose, which has molecular formula,
CisH3,016.

Polysaccharides

The polysaccharides are carbohydrates of high
molecular weight which yield monosaccharide
molecules on hydrolysis. Examples are starch and
cellulose, both of which have molecular formula
(CsH100¢6)n. They are amorphous, tasteless and mosity
insoluble in water, these are further classified as-

Homopolysacchyaridies- which on hydrolysis yield
only one kind of sugar. E.g., starch and cellulose on
hydrolysis give only glucose.
yield more than one kind of sugar. E.g., a-Haparin and
hyaluronic acid.

Sugars and Non-Sugars
@i In general, the monosaccharides and
oligosaccharides art crystalline solids, soluble in
water and sweet to taste. Their molecular weight can
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be determined accurately. They are collectively
known as sugars.
(i) The polysaccharides, on the other hand, are
amorphous, insoluble in water and tasteless. Their
molecular weight cannot be determined accurately.
They are called non-sugars.
Reducing and Non Reducing Sugars

The carbohydrates may also be classified as either
reducing or non- reducing sugars. Carbohydrates which
have the ability to reduce Fehling's solution and Tollen's
reagent are referred to as reducing sugars, while others are
non-reducing sugars. All monosaccharides and the
disaccharides other than sucrose are reducing Sugars.
Sucrose and all polysaccharides are non- reducing sugars.

A. Carbohydrates can be classified on the basis of
number of carbon atoms present in them into
trioses, tetroses, pentoses, hexoses etc., E.g.,
Ribose is a pentose, Glucose and fructose are
hexoses.

B. Over 200 different monosaccharides are known.
They can be grouped according to the number of
carbon atoms they contain and whether they are
polyhydroxy aldehydes or polyhydroxy ketones.
Monosaccharides that are polyhydroxy aldehydes
are called aldoses; those that are polyhydroxy
ketones are ketoses. E.g., Glucose, maltose,
lactose, Galactose are aldose. Fructose is a ketose.
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H  C —OKE

HC —O C —0

(CHOH) (CHOH ),

rz

H . —OH H_ < —OF
Addose Ketose

Glucose and fructose are specific examples of an aldose and
a ketose.

H L& ]
\('.// CHp,—OOOH
I]—(IZ—()II !L!I:()
FIOO—CC—TF1 ki()—(!:—[»i
FH—C C—a(O 1 }I—(l_I—{JII
H—C_—O 1 I{A-—(l‘,i()fl
CH O (Ifli;.—(JIE
Glucose (aldohexose) Fructose (ketohexose)
Monosaccharides
1 L
\(‘// CEFIa—aOFT
I]—dili—()l | O — >
EFICO»— o —F 1 FIC»— - F1
Fl—a — 1 Fl— —a 1
| o | o —— A i —C COEA
CEI O ET (|:| 1T

Glucose (aldohexosae ) Fructose (ketohexose )

Glucose and fructose are specific examples of an
aldose and a ketose. Monosaccharides may contain 3 to 10
carbon atoms but pentose and hexose containing 5 and 6
carbon atoms respectively. Monosaccharides are colourless
crystalline compound soluble in water but insoluble in most
organic solvent unlike disaccharides, they crystalline with
difficulty. When heated they bend to chair oogive the
characteristic smell of burnt sugars. Chemically
monosaccharides exhibit the reaction on both alcohols
and aldehydes or ketones. Here we shall discuss Glucose
and fructose briefly.
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Glucose (Dextrose, Grape Sugar, Corn Sugar, Blood
Sugar), CsH1206

Glucose is the most common monosaccharides. It
is known as dextrose because it occurs in nature
principally as the optically active
dextrorotateisomer.

Glucose occurs naturally both in a combined and
free state. In the Free State, it is present in most
sweet fruits and in honey. Ripe grapes often
contain as much as 20 to 30 per cent of glucose,
and for this reason it is sometimes called Grape
Sugar.

Small quantities of glucose are also present in
human blood and urine, but urine of sufferers from
diabetes may contain as much as 8 to 10 per cent
of glucose. In the combined state, it forms a major
component of many disaccharides (e.g., sucrose,
maltose, and lactose), and polysaccharides (e.g.,
starch, cellulose, and glycogen).

Physical Properties

Naturally occurring glucose (a -D-glucose) is a

colourless, odourless, crystalline solid, mp 146°C. It is

very soluble in water, sparingly soluble in alcohols, and

insoluble in ether. An aqueous solution of glucose is

dextrorotatory [a] D, of a fresh solution is +112° and for

this reason it is sometimes called dextrose. It is about three

fourth as well as can sugar (sucrose).
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|
O OH OH OH OH
Chemical Properties

Structural formula of glucose indicates the
presence of- one aldehydic group
(-CHO). One primary alcoholic group (-CH,OH), Four
secondary alcoholic groups with asymmetric carbon atoms
(CHOH).

In the solid state, the two cyclic forms of D-glucose
(a-D-glucose and b-D- glucose) are stable. However, in
solution, each form is in equilibrium with the other via the
open-chain aldehyde form.

o o

N~

H,OH 2 ° CH,OR
H—C—OH o
= H | H n - OH
on i ——= SR — T
1 = INTEE A
HO oH e How“
- om ] - oH
_— 1— o
«—D-GLUCOSE CH,0H B-D-6LUCOSE

Because the above equilibrium reactions are fairly
fast, glucose solutions can react as though they consisted of
any of the three forms. Thus the reactions of glucose are of
two types:

Reactions characteristic of the open-chain aldehyde
form Reactions characteristic of the cyclic forms.
Reactions characteristic of the open-chain aldehyde
form Oxidation

With bromine water: Mild oxidation of D-glucose
with bromine water (Bro/H2O) gives a monocarboxylic acid
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called D-gluconic acid or D-glucose acid. The bromine
water is decolourisied. Bromine water is a mild oxidizing
agent, which oxidizes an aldehyde group to carboxylic acid.

COOH CHO COOH
CHOH CHOH CHOH
CHOH Brorase CHOH conc. HNO, CHOH
< >
CHOH Cl'H( JH CHOH
|
CHOH CHOH CHOH
CH,OH CH,OH COOH
Gluconic acid Glucose Glucaric acid

With Conc. HNO3: Drastic oxidation of glucose
with Conc.HNO; (strong oxidizing agent) yields a
dicarboxylic acid called D-glucaric acid (or D-
glucosaccharic acid). Conc.HNOj oxidizes both —-CHO and

-CH:20H groups.
COOH (I‘H() COOH
CHOH cl'm)u CHOH
CHOH Brocine CHOH conc. HNO, CHOH
CHOH CIH()H CHOH
CHOH CI‘H()H CHOH
CH,OH CH,OH COOH
Gluconic acid Glucose Glucaric acid

Action as Reducing Agent: Glucose reduces an
ammonical solution of Silver oxide (Tollen’s reagent) to
silver. It oxidized to gluconic acid. It reduces an alkaline
solution of cupric ion complexed with sodium potassium
tartrate (Fehling's solution) to cuprous oxide. It is oxidized
to gluconic acid.

Uses of Glucose
Glucose finds a number of uses. For example it is
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v" Reducing agent in silvering of mirrors and in the
reduction of indigo blue to indigo white.

v Used in the manufacture of confectionary, in syrups,
candies, jams, wine, beer, etc.,

v’ A starting material for the manufacture of ascorbic
acid (vitamin C). Used for the treatment of tobacco.

Structural Elucidation / Constitution of GlucoseOpen
Chain Structure for Glucose

Elemental analysis and  molecular  weight
determination show that the molecular formula of glucose
is CeH1206. Complete reduction of glucose with
concentrated hydriodic acid in the presence of red
phosphorous produces n-hexane (Ce¢Hi4) as the major
product. This indicates that the six carbon atoms in the
glucose molecule form a consecutive, unbranched chain.

7 Glucose readily dissolves in water to give a
neutral solution. This indicates that the glucose molecule
does not contain a carboxyl (-COO-) group. Glucose reacts
with hydroxylamine to form a monoxime, or adds only one
mole of hydrogen cyanide to give a cyanohydrin. These
reactions indicate the presence of either an aldehyde (-
CHO) or a ketone (-CO) group, but not both. Mild
oxidation of glucose with bromine water gives gluconic
acid, a monocarboxylic acid with molecular formula
CsH1207. This indicates the presence of an aldehyde group
since only the aldehyde group can be oxidized to an acid by
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gaining one oxygen atom without losing any hydrogen
atoms,

Further oxidation of gluconic acid with nitric acid
gives glucaric acid, a dicarboxylic acid with molecular
formula CsH10Os. This indicates the presence of a primary
alcohol group, since oxidation occurs with the loss of two
hydrogens and gain of one oxygen atom.

Glucose reduces an ammonical solution of silver
oxide (Tollen's reagent) to metallic silver, or a basic
solution of cupric ion (Fehling's solution) to red cuprous
oxide. These reactions further confirm the presence of a
terminal aldehyde group. Glucose reacts with acetic
anhydride in the presence of pyridine to form a
pentaacetates. This reaction indicates the presence of five
hydroxyl groups in a glucose molecule.

Configuration of D-Glucose (Fisher’s Proof) / Structure
Determination of D-Glucose

The above structure has four asymmetric carbon
atoms (*). This representation of glucose is incomplete,
because it does not give us any idea about the spatial
arrangement of the —OH and -H atoms around these four
asymmetric centres. A specific procedure is applied to find
out the configuration around each chiral carbon atom, and it
was given by Emil Fischer.

CHO CHO CHO CHO

|
H—C—OH HO—C—H H—C—OH HO—C—H
| | I
H—C—OH H—C—OH HO—C—H HO—C—H
| | [ |
H—C—OH H—C—OH H—C—OH H—C—OH

CH,OH CH,OH CH,OH CH,OH
I I 111 V.

37| Page



A key compound in this determination is D-
arabinose, an aldopentose, which must have one of the
following structures (I—IV). It is known that, oxidation of
D-arabinose with nitric acid gives an optically active
dicarboxylic acid. Under these conditions I and IIT would
have given optically inactive meso diacids. It should be
note that the meso compounds are those which contain two
or more asymmetric centres but are optically inactive. They
contain an internal plane of symmetry such that one half of
the molecule forms the mirror image of the other half. They
are optically inactive because the optical activity due to one
half is compensated by the optical activity of the other half.

CHO CHO CHO CHO
I | I I
H—C—OH HO—C—H H—C—OH HO—C—H
H—C—0OH H—C—0OH HO—C—H HO—C—H
H—C—0OH H—C—0OH H—C—0OH H—C—0OH
| I |
CH,OT CH,OH CH,OH CH,OH
I. II. III. V.
CHO CHO
I
HO—C—H 1. HCN HO—C—H HO—C—H
| 2. H;0"
CHOH (?) —mm> CHOH (?) + CHOH (?)
3. NaBH4
H—C—OH H—C—OH H—C—OH
I
CH,OH CH,OH CH,OH
D-arabinose Vv VI

Both glucose and mannose on oxidation with nitric
acid give diacids which are optically active. This means that

38| Page



the hydroxyl group C-4 is on the right, as in VII and VIIIL. If
it would on the left, VII would have yielded an optically
inactive meso diacid, IX.

CHO CHO COOH
H—C—OH HO—C—H H—C—OH
HO—C—H HO—C—H HO—C—H
H—C—OH l*[—(lf—()ki I'I()—(If—l*l
F l—(li—()l 1 H—C—OH H—C—OH
CH,OH CH,OH COOH
VII VIII IX

(meso compound)

Structures VII and VIII, and then represent D-
glucose and D-mannose. It only remains to decide whether
VII is glucose and VIII is mannose, or the other way
around. To decide this last point, we make use of another
aldohexose, L-gulose, X. This compound when oxidized
with nitric acid yields the same dicarboxylic acid (XI) as
that obtained from D-glucose.

CHO CH»OH COOH

| | I
HO—C—H H—C—OH H—C —OH

| Rotation I . |

HO—C—H — HO—C—H HMNO+ HO—C—H
— —_—

| by I I
H—C—OH 1 80° H—C—OH H—C—OH

| i I
HO—C—H H—C—OH H—C—OH

I
CH»OH CHO COOH

X X1

L-glucose
g ¢ VII ———3» XI
HNOg

Fructose (Laevulose or Fruit Sugar), CcH1206
Occurrence

Fructose occurs naturally both in a combined and
free state. In the Free State, it is present along with glucose
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in most sweet fruits and in honey. In the combined state, it
forms a major component of many oligosaccharides (e.g.,
sucrose). It is the sole constituent of inulin, a
polysaccharide found in the artichokes and dahlias. This
ketohexose is also called levalose (Optically active
compound), under reduced pressure to yield the crystals of
fructose.
Physical Properties

Naturally occurring fructose (b-D-fructopyranose) is
a colourless, crystalline solid, mp 102.4°C. It is very
soluble in water, sparingly soluble in alcohol, and insoluble
in ether. An aqueous solution of fructose is laevo-rotatory,
and for this reason, it is sometimes called laevulose.
Chemical Properties

H,OH

1

2 =0

3 *=CHOH
4. *CHOH
3 - OH
6 H,OH

fructose
Structural formula of fructose indicates the presence
of (E One ketonic group (-CO). Two primary (-CH2OH)
alcoholic groups. Z Three secondary (-CHOH) alcoholic
groups. Three asymmetric carbon atoms (*C). Chemical
properties of fructose are, therefore, the properties of these
groups.
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INTERCONVERSION OF MONOSACCHARIDES
Conversion of Pentose to Hexose (Aldopentose to
Aldohexose)
Arabinose to Glucose/ Ascending (Stepping up) the
sugars- series / Killani Reaction

(E The aldopentose is dissolved in dilute HCN and
the cyanohydrin obtained is hydrolyzed with aqueous
barium hydroxide. The mixture is acidified with a
calculated quantity of dilute sulphuric acid and barium
sulphate precipitate is filtered off. A polyhydroxy acid with
six carbon atom is obtained in aqueous solution.

CN CO,H (lzo CHO
CHO (’;HOH “HOH CHOH l CHOH
O
HOH .0y CHOM o picnn HOH CHOH ramig  GHOH
— ' A —> —_—
HOH CHOH ™ ¥:S0%  CHOH H : HOH
(!HOH i.HOH HOH iuox»l (!JHOH
H,OH H,0H H,OH H,O0H H,OH

The solution is evaporated to dryness when g -
lactone is obtained. This on reduction with sodium
amalgam in fainty acid solution yields an aldohexose
(hexose).

Conversion of Hexose into Pentose/ Glucose to
Arabinose /Descending (Stepping down) the sugar series
/Aldohexose to Aldopentose Wohls Method

(E The aldohexose (glucose) 1is treated with
hydroxyl amine and the oxime product is heated with acetic
anhydride. In this way the oxime is dehydrated to the cyano
compound where as the hydroxyl groups get acetylated. The
acetyl derivative is warmed with ammonical silver nitrate
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which removes acetyl groups by hydrolysis and eliminates a
molecule of HCN. An aldopentose is obtained as a result of
these changes.

CHO CH=N-OH CN (‘:HO
«AgOH”
HOH NH,OH HOH (CHyC0),0 éH'(-)'CO'CI'Ia“_"“>(CI'IOI'I)s'FAgCl\I
— —~
(CHOH),  (CHOH), (CH-0-CO-CH,), CH,0H
i (55%)

H,0H H,0H Hy0-CO-CH,

Ruff’s Method

In this method the aldose is oxidized to aldonic and
the calcium salt of the acid is obtained. The treatment of
calcium salt with Fenton’s reagent (H.0»/Fe*'] gave an
aldose containing one carbon atom less than the starting
aldose.

CHO CO,H
HOH g HOH B i CHO
(CHOH), (CHOH), ™%/ (CHOH), + CO,
éHon éHon (!HSOH
DISACCHARIDES

When a hydroxyl group of one monosaccharide
molecule acts as the alcohol to form a glycosidic linkage
with the hemiacetal group of a second monosaccharide, the
resulting glycoside is called a disaccharide.
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Condensation

(:hHl'_'()h + Li(n“l![}h :‘ [_.-HHE-_I(}H + H_IU
hydrolysis

The common disaccharides are the dihexoses, and
these have the molecular formula Ci2H2011.They are
therefore acetals, formed from two monosaccharides by the
elimination of one molecule of water. Conversely,
hydrolysis of a disaccharide either by water in the presence
of an acid or by enzymes yields two monosaccharides.
Sucrose (Cane Sugar or Beet Sugar), C12H2201
Occurrence

Sucrose is the ordinary table sugar which we eat
every day. It occurs in sugar cane (16 to 20%), sugar beets
(10 to 15%), pineapples (10 to 12%), maple sap (2 to 4%),
apricot, banana, mango, almonds, coffee, and honey. It is
the most important compounds commercially. They serve as
raw materials for sucrose manufacture. It is also called cane
sugar.

Manufacture of Sucrose from sugar Cane

The sugarcane is cleaned. It is cut into bits. They are
crushed in crushers. The juice is extracted. It is subjected to
clarification by sulponation and by carbonation.
Clarification is done to avoid fermentation of sucrose into
glucose and fructose and for removing unwanted matter. In
sulphoxidation, the juice is treated with lime and then with
sulphur dioxide.

In carbonation, the juice is treated with lime and
then with carbon dioxide. Precipitates are removed. The
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clear juice is concentrated in a ‘multiple’ effect evaporator.
The acidity of the solution is carefully maintained at a
desired level in order to avoid loss of sucrose by inversion
and destruction.

CH_ OH

1= 1 O 2
H
OH = .
HO ‘}
H O &

ox, 51 . 2-linkage

CH_.OH o .;
H HO =
H CH_ O
OH H
Maltose (Malt Sugar) Ci12H2:0n
Occurrence
Maltose also known as malt sugar is present in
germinating seeds, especially cereals. It is obtained by the
hydrolysis of starch with the enzyme diastase (e.g., malt) or
by the partial hydrolysis of starch.

Preparation:
. ) Diastase i
(CeHiOs)a + O —————3 C,H,,0y,
Starch Maltose

Maltose does not occur in the Free State in nature to
an appreciable extent. It is obtained as a result of partial
hydrolysis of starch by dlasta.re, an enzyme present in malt
(sprouted barley seeds).

Properties
Physical Properties

Maltose (b-form) 1is a colourless, odourless,

crystalline solid, mp 160-5°C. It is soluble in water, but
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insoluble in alcohol or ether. An aqueous solution of
maltose is dextrorotatory and exhibits mutarotation.
Chemical Properties

Maltose is a reducing sugar. Like lactose, its
reactivity is also due mainly to the presence of a free
hemiacetal group in one of the glucose units of its

molecule.
Oxidation
CH,OH
CHIW 0‘70“ 1
H /t O\ i /M H W i
H oM KN T
HO 0
ON N (o]
Ho oW

MALTOSE MALTONIC ACID

Oxidation of maltose with bromine water yields a'
monocarboxylic acid called maltonic acid or maltobionic
acid.

Structural Elucidation of Maltose

Elemental analysis and molecular weight
determination show that the molecular formula of maltose
is C. It reacts with excess Phenylhydrazine in the presence
of acetic acid to form maltosazone. This shows that a
carbonyl group present in it. Z On oxidation with bromine
water yields a' monocarboxylic acid called maltonic acid or
maltobionic acid.
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It has the same number of carbon atoms in maltose.
Therefore the carbonyl group in maltose should be an
aldehyde group. It undergoes mutarotation in aqueous
solutions. Therefore it exists in a-and b- forms. C4 in I and
CI in II have free hydroxyl groups on them. This suggests
that these two parts are linked in maltose through these
carbon atoms only.

|
CHOH H—c=
H—}—OH H——OH |
o O
HO H HO—+—H O
H——l- HN—4—0H
H H
CH ,OH CH,OH

Malatose hydrolyses to maltose to two molecules of
D (+) glucose. Therefore the non-reducing half of maltose
molecule is a a- in character. Optical measurements show
that both parts are a- in character. Therefore maltose is 4-a-
D-glucopyranosyl, 1-a-D-glucopyranoside
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CO.H

CHOH H—C= H——0CH,
H——OH L H——OH |, oqo——n
HO——H HO——H O  y— on
H——\|—~ H——OH H——0CH,
H H CH,0CH;
CH,0H CH,OH v
CHOH
H—+—0CH;
OH,0 ——H 0o
H—1+—O0CH;
H
CH,OCH;
VI
POLYSACCHARIDES

Polysaccharides are natural polymer in which
hundreds or even thousands of monosaccharide units are
joined together by glycosidic linkages. Among the most
common polysaccharides are starch, dextrins, glycogen,
inulin and cellulose. They are mostly tasteless compounds
which are insoluble in water. They form colloidal solutions
which readily set gels. Structurally, they are complex
molecules. They are hydrolyzed by acids or enzymes to
give monosaccharides. Of these, starch and cellulose are the
most important.
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Starch (Amylum) (CéH1005)n
Occurrence

Starch is the most important source of carbohydrates
in, the human diet. It is found in most plants, particularly in
the seeds, where it serves as the nutritional reserve
carbohydrate. The chief commercial sources of starch are
wheat, rice, maize, potatoes, barley, and arrowroot. Starch
occurs in the form of granules, which vary in size and shape
depending upon their plant source. The general molecular
formula is (CsH10Os5)n. The value of ‘n’ may range from 12
to 1000. Starch can be regarded as complex, natural
polymer or biomolecule formed using a-glucose units.

Manufacture

Commercially starch is extracted from wheat,
maize, and rice. The grains are soaked in water to soften the
crust. These are then crushed so as to break the cell walls
containing starch. The pulp thus obtained is carried by a
stream of water on to a fine sieve. The starch passes down
in the form of a milky suspension, leaving behind the cell
tissues which are used as fodder. The liquid containing
starch 1s allowed to settle and starch separated by
decantation. It is finally dried in the air or by gentle heating
in ovens.
Uses
Starch is used as food.
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It is encountered daily in the form of potatoes,
bread, cakes, rice, etc.

It is used in coating and sizing paper to improve the
writing qualities.

Starch is used to treat textile fibers before they are
woven into cloth. This treatment strengthens the
fibers so that they can be woven without breaking.
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UNIT III
MOLECULAR REARRANGEMENT

REARRANGEMENT TO ELECTRON DEFICIENT
CARBON
1) PINACOL-PINACOLONE REARRANGEMENT

The pinacol-pinacolone rearrangement is an acid-
catalyzed conversion of a 1,2-diol to a carbonyl compound.
The name of this reaction comes as pinacol rearranges to

pinacolone.
H.C O
OH OH H,SO, H 03
3
H3C~)—ECH3 R H,C CH,
H5C CHj,
Pinacolone
Pinacol
Mechanism
~ut
Z . O,H
OH PH Step 1 KOHZOH Step2  HC OH Step 3
H,C——t—CH, ~— Hac{—éCHg —_— + Hy —> Hscﬁ/J\cn
HC CH, CH,CH3  -H,0 H:';C L/CH3

HaC | < i |
HC—F cH, Hy
H,C
If both the —OH groups are not similar, then the one
that gives a more stable carbocation ntcarbonmigratesto the
carbocation center.

Step 1: Protonation of one hydroxyl group.
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Step 2: Elimination of water and formation of a
carbocation.
Step 3: Migration of one methyl group.

Step 4: The loss of proton and formation of final
product.
Application

(@) 0
OH
5O — o0 - &0
HO
Conc. HSO4  0°C major minor
Conc. H,SO, 97°C minor major

B. P. Mundy, R. Srinivasa, Tetrahedron Lett. 1979, 20, 2671.

F0— &OOU@O

Conc H,SO4
25% Conc. H,80; 0°C 30 1 69

B. P. Mundy, R. Srinivasa, R. D. Otzenberger, A. R. DeBemardis, Tetrahedron Lett. 1979, 20, 2673.
2)HOFFMAN REARRANGEMENT
The Hofmann rearrangement is a conversion
reaction of primary amide to primary halogen (chlorine or
bromine) or hypohalite (NaOCl or NaOBr). This reaction is
also referred to as the Hofmann degradation of amide.
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o Br, H,O
J ——> R7N=C=0 —— R—NH,
R1 NH NaOH
NH,

1. Br,, NaOH

2. H,0

MECHANISM

o Step 2 o “OH (O
H T e =
)l\ >H step 3 R)\N_Br
Sy S Th N

o —
H Step 1 {
HC)J\N /gNH = N
; (_,['_‘ ~ HZO (— e Br —H,0
Bromoamide l Step 4

__) Br—Br r
= o —Br
~
steps  HO Step 5 — & e
R—N-C—Q) = R::N—C:o R—N-C=0 -— RiTN=¢=°
: \H 'OH Isocyanate OH
Carbamic acid 5
* H,O
Fh—:\P—EC?\o ﬁ» R,—NH, +CO, @1
tep 7
H 2 B
Application
Br
Br
| — = |
O NH,  HO NNk

O
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3) CURTIUS REARRANGEMENT

The Curtius rearrangement is the thermal conversion
of an acyl azide to an isocyanate. The isocyanate is the
intermediate of several products such as urea, amine,
carbamate-protected amine, amino acid, and other products.
Several improvements on this reaction using different
reaction conditions and mechanistic studies have been
successfully accomplished.

Heat
—_— —_—N=( =
H] Nq _N H1 N G D
i 2
|SGC';FEIHEI‘E
Acyl azide
N__o
R,OH 2 Wof e
/ Carbamate
R N=C=o H.O R,—NH,
Amine
RyNH, N__N
R Ra
o
Urea derivative
Mechanism
{o
(0] (0] —N=C= +N
9 4 —> R-N=C=0 5
R/U\N N RJQ.N Y &—'NCKSN
_ %
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4) SCHMIDT REARRANGEMENT

The Schmidt reaction or rearrangement is an acid-
catalyzed reaction of hydrogen azide with a carbonyl
compound such as an aldehyde, a ketone, or a carboxylic
acid to give an amine ,amide, or nitrile, respectively, after a
rearrangement and the loss of a molecule of nitrogen gas.

(@)
P j\ 1. H;S0,, HNg
R F 22Ng >

R—NH
- H,0, heat 2

1. H,SO,, HN,
R1)J\R ~ R AR

N
R A 2 2. H,0, heat * H
R F
Application
5 0
M H O
Meodj NaN, eOmH MeO Nj
—_— -
s~ TFA-H,0 S \C[s
(9:1) Mai
A N Minor
2 c
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Mechanism

M step2
7 (]
e

Step 1 i 'Q_/N‘Jr ~

“Nan

/\ H/\ + & H30
O‘H

N~N

(0] Step 7 R, R Step 6 F(2

R
By SNt — N ——— ('\N
H HO

H

Step 1: Protonation of oxygen atom of the carbonyl

compound.

Step 2: Nucleophilic attack by an azide to the

electron-deficient carbonyl carbon atom.
5) FAVORSKII REARRANGEMENT

The Favorskii rearrangement is an organic reaction
used to convert an a-haloketone to a rearranged acid or
ester using a strong base (hydroxide or alkoxide). In case of
cyclic a- haloketone, this reaction gives a ring contracted

product.
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Application

B MeO o

6) FRIES REARRANGEMENT

Mostly AICI;, BF3, TiCls, or SnCls catalyzed
rearrangement of phenolic esters to 2-hydroxy aryl ketone
or 4- hydroxyaryl ketone is called the Fries rearrangement,
named after the German chemist Karl Theophil Fries. The
rearrangement can proceed with other acids such as HF,
CF3;CO2H, and MeSOsH in an inert solvent or without any
solvent. The acids are generally required in excess of the
stoichiometric amounts, particularly with the Lewisacids
(most common is AlCI3) since they form complexes both
with the starting materials products.
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O
OH
O/U\R

OH O
© 1. AICI;, heat
e — R +
2. H,O

O~ ™R
o-Acylphenol
or 2-Acylphenol p-Acylphenol
or 4-Acylphenol
R = Alkyl or aryl group
Mechanism
CI‘ a1
_Al
T g
o ci; et el
OJ\H %,ll\_n cc:ll’Al‘(‘)'
© Step 1 @ Step 2 © + At—0 -~ AC=O
C|1;'>||\5\ + A|0|3 o\3A| oH O

cl o
Slep s 9 Step s Step s ©/U\H
R-G0

Ci
]
- Al

cl, Al O/AICIJ
_AIZE Slep 4
ci-Z OW Step 3 _Step5
HZO

H E-0

k

7) BECKMANN REARRANGEMENT

The Beckmann rearrangement, named after the
German chemist Ernst Otto Beckmann, is a conversion of
an oxime to an N-substituted amide in the presence of acid
catalyst. The acid catalysts are used including HCI, H2SOs4,
PCls, SOCl,, P20s, tosyl chloride, SO3, BF3, etc. These
catalysts require the excess amounts and produce a large
amount of by-products. Most recently, this reaction has
been utilized by using a catalytic amount of new types of
catalysts such as RuCls, BiCl;, etc.
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R, oy  H=SO, o
—— _R
>—N P — FL‘)]\-N 2
R, or PClg H

Anti or trans
w.r.t. R,

_HO
o N
NH,OH H2S0,
—— -

NH
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UNIT IV
AIBN (Azobisisobutyronitrile)
1. Introduction
AIBN stands for Azobisisobutyronitrile. It is an azo
compound widely used as a radical initiator in organic
chemistry reactions. AIBN is commonly used in polymer
chemistry and free radical reactions.
2. Chemical Formula: CsHi2Na4
3. Structure: AIBN contains an azo functional group (-
N=N-) with nitrile groups.
(CH3)2C(CN)-N=N-C(CN)(CHs). The N=N bond

breaks easily when heated.
4. Physical Properties

v White crystalline solid

v" Soluble in organic solvents (benzene, ethanol)

v" Slightly soluble in water

v Decomposes on heating around 60—70°C
5. Preparation: AIBN is prepared from acetone
cyanohydrin through oxidation and azo coupling reactions.
6. Decomposition Reaction: When heated, AIBN
decomposes and produces free radicals and nitrogen gas.
Reaction:
AIBN — 2 free radicals + N2
The nitrogen gas released makes the reaction
thermodynamically favorable.
7. Mechanism

v" Heating breaks the N=N bond.
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v' Two 2-cyanopropyl radicals are formed.
v" These radicals initiate chain reactions.
8. Bromination Reactions: Used with NBS for benzylic or
allylic bromination.
Example:
Toluene + NBS + AIBN — Benzyl bromide
Organic Synthesis: Used in various radical organic
reactions.
9. Advantages
v" Produces radicals easily
v’ Stable at room temperature
v Clean decomposition (forms nitrogen gas)
BINOL: Full name: 1,1'-Bi-2-naphthol
Properties
v' Axially chiral molecules
v" Used as ligands in metal catalysts
Applications:
1,1'-Bi-2-naphthol (BINOL) is an organic
compound that is often used as a ligand for transition-metal
catalysed asymmetric ~ synthesis. = BINOL  has axial
chirality and the two enantiomers can be readily separated
and are stable toward racemisation. The specific rotation of
the two enantiomersis 35.5° (¢= 1 inTHF), with
the R enantiomer being the dextrorotary one. BINOL is a
precursor for another chiral ligand called BINAP. The
volumetric mass density of the two enantiomers is 0.62
gem™
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Importance: They help produce single enantiomer drugs,
which are very important in medicinal chemistry.

BOC:

In Organic Chemistry, BOC (Basic Organic

Chemistry) usually includes short concepts.

1.

Organic Chemistry: Organic chemistry is the branch
of chemistry that studies the structure, properties,
composition, and reactions of carbon-containing
compounds.

Catenation: Catenation is the ability of carbon atoms
to bond with other carbon atoms to form long chains
or rings.

Hybridization: Hybridization is the mixing of
atomic orbitals to form new hybrid orbitals for
bonding in molecules (sp, sp?, sp?).

Electrophile: An electrophile is an electron-deficient
species that accepts an electron pair during a
chemical reaction.

Nucleophile: A nucleophile is an electron-rich
species that donates an electron pair to form a
chemical bond.

Inductive Effect: The inductive effect is the
permanent displacement of electrons along a carbon
chain due to electro negativity differences.
Resonance: Resonance is the delocalization of
electrons in a molecule represented by two or more
contributing structures.
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8. Homolytic Cleavage: Homolytic cleavage is the
breaking of a covalent bond where each atom takes
one electron, forming free radicals.

9. Heterolytic Cleavage: Heterolytic cleavage is the
breaking of a covalent bond where one atom takes
both electrons, forming ions.

10. Isomerism: Isomerism is the phenomenon in which
compounds have the same molecular formula but
different structures or arrangements of atoms.

DABCO (1,4-Diazabicyclo[2.2.2]octane):

DABCO is a bicyclic organic compound that
contains two nitrogen atoms in its structure. It is commonly
used as a strong organic base and catalyst in many organic
reactions.

Chemical Formula: CsHi2N:

Structure: It has a cage-like bicyclic structure with two
tertiary amine nitrogen atoms.

Uses:

e Used as a catalyst in polyurethane and polymer
synthesis.

e Acts as a base in organic synthesis reactions.

e Used in nucleophilic substitution and elimination
reactions.

Property: DABCO is a colorless crystalline solid with
strong basicity due to the presence of two nitrogen atoms.
DCC (Dicyclohexyl carbodiimide)

DCC is an important reagent used in organic chemistry for
forming amide and
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Chemical Formula: CisH22N2
Definition: DCC is a dehydrating agent that helps in the
coupling of carboxylic acids with amines or alcohols.
Uses:
o Used in peptide synthesis to form amide bonds.
o Helps in the conversion of carboxylic acids into
esters and amides.
o Widely used in organic synthesis laboratories.

1. DIBAL (Diisobutyl aluminium Hydride)
Full name: Diisobutyl aluminium Hydride
Formula: (i-Bu):AlH
Definition

DIBAL is a selective reducing agent widely used in
organic chemistry for the reduction of esters, nitriles, and
other functional groups.
Structure

It contains aluminium bonded to two isobutyl
groups and one hydride ion. The aluminium atom acts as a
strong Lewis acid.

Properties

e Colorless liquid

e Sensitive to moisture and air

o Strong reducing agent

e Usually used at low temperature (-78°C)
Reactions

1. Reduction of esters to aldehydes
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2. Reduction of nitriles to aldehydes
3. Reduction of acid chlorides
Example: Ester — Aldehyde using DIBAL at low
temperature.
Advantages
o Highly selective reducing agent
e Stops reduction at aldehyde stage
Applications
e Used in organic synthesis
o Important reagent in pharmaceutical chemistry
e Used for partial reduction reactions
2. DMAP (4-Dimethylaminopyridine)
Full name: 4-Dimethylaminopyridine
Formula: C;HioN>
Definition: DMAP is a nucleophilic catalyst commonly
used in acylation reactions.
Structure: It is a pyridine ring containing a dimethylamino
group at the 4-position.
Properties
o White crystalline solid
o Strong nucleophilic catalyst
e More reactive than pyridine
Reactions
1. Ester formation
2. Amide formation
3. Acylation of alcohols and amines
Example: Alcohol + Acid chloride — Ester (in presence of
DMAP)
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Role in Reaction: DMAP activates the acyl compound,
increasing the reaction rate.
Applications
e Used in organic synthesis
o Important in drug synthesis
e Used in polymer chemistry
3. NBS/NCS
NBS (N-Bromosuccinimide)
Definition: NBS is a brominating agent used mainly for
allylic and benzylic bromination.
Formula: CsH4BrNO:
Properties
e White crystalline compound
e Mild brominating reagent
Reaction: Alkene + NBS — Allylic bromide
Applications
e Used in radical bromination
o Used in organic synthesis
NCS (N-Chlorosuccinimide)
Definition: NCS is a chlorinating agent used for selective
chlorination reactions.
Formula: C:H4sCINO:

Properties

o Stable solid

e Source of chlorine radicals
Applications

e Chlorination of alkenes
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e Oxidation reactions
e Organic synthesis
4. NMP (N-Methyl-2-pyrrolidone)
Formula: CsHsNO
Definition: NMP is a polar aprotic solvent widely used in
organic and industrial chemistry.
Structure: It contains a five-membered lactam ring with a
methyl group.
Properties
e Colorless liquid
e High boiling point
e Good solvent for organic and inorganic compounds

1. Solvent in organic reactions

2. Used in polymer synthesis

3. Used in pharmaceutical industries
Advantages

o Excellent solvating ability

o Stable at high temperature
5. PCC (Pyridinium Chlorochromate)
Definition: PCC is a mild oxidizing agent used for the
oxidation of alcohols.
Formula: CsHsCICrNOs
Properties

e Orange crystalline solid

e Contains chromium (VI)
Reactions

1. Primary alcohol — Aldehyde
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2. Secondary alcohol — Ketone
Example: Alcohol + PCC — Aldehyde
Advantages
e Does not over-oxidize aldehydes to acids
e Mild oxidation conditions
Applications
e Organic synthesis
o Pharmaceutical preparation

6. TBHP (Tert-Butyl Hydroperoxide)
Formula: CsH1002
Definition: TBHP is a powerful oxidizing agent used in
organic reactions.
Structure: Contains hydroperoxide group (-OOH) attached
to a tert-butyl group.
Properties
e Colorless liquid
o Strong oxidizing agent
o Reactive toward organic compounds

1. Oxidation reactions
2. Epoxidation of alkenes
3. Radical reactions

Applications

e Used in polymer chemistry

e Used in industrial oxidation processes
7. TEMPO
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Full name: 2,2,6,6-Tetramethylpiperidine-1-oxyl
Definition: TEMPO is a stable free radical used as a
catalyst for oxidation reactions.
Formula: CoHisNO
Properties
e Red-orange solid
o Stable nitroxyl radical
o Mild oxidizing catalyst
Reactions: TEMPO is used to convert:
Primary alcohol — Aldehyde
Secondary alcohol — Ketone
Advantages
o Selective oxidation
o Environment-friendly reaction conditions
Applications
e Organic synthesis
e Green chemistry
e Pharmaceutical chemistry
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UNIT-V
GREEN CHEMISTRY

INTRODUCTION

Green chemistry is the design of chemical products
and processes that reduce or eliminate the use or generation
of hazardous substances. Green chemistry applies across the
life cycle of a chemical product, including its design,
manufacture, use, and ultimate disposal. Green chemistry is
also known as sustainable chemistry.
Green chemistry

Prevents pollution at the molecular level is a
philosophy that applies to all areas of chemistry, not a
single discipline of chemistry?

Applies innovative scientific solutions to
real-world environmental problems. Results in source
reduction because it prevents the generation of pollution.
Reduces the negative impacts of chemical products and
processes on human health and the environment. Lessens
and sometimes eliminates hazard from existing products
and processes. Designs chemical products and processes to
reduce their intrinsic hazards
Benefits of Green Chemistry Human health:

v Cleaner air: Less release of hazardous chemicals to
air leading to less damage to lungs

v Cleaner water: less release of hazardous chemical
wastes to water leading

v Cleaner water: less release of hazardous chemical
wastes to water leading: to cleaner drinking and
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recreational water Increased safety for workers in

the chemical industry; less use of toxic materials;

less personal protective equipment required; less

potential for accidents (e.g., fires or explosions)
TWELVE PRINCIPLES OF GREEN CHEMISTRY

Green Chemistry has emerged as an important
aspect of all chemistry Green Chemistry is the design of
chemical products and processes that reduce or eliminate
the use and generation of hazardous substances.

1.Prevention

It is better to prevent waste than to treat or clean up
waste after it is formed. Carry out a synthesis in such away
so that formation of waste (by-products) is minimum or
absent. Cost involved in the treatment and disposal of waste
adds to the overall production cost. The un reacted starting
materials also form part of the waste, if discharged causes
pollution and requires expenditure for cleaning-up

2.Atom Economy
Synthetic methods should be designed to
maximize the incorporation of all materials used in the
process into the final product. It is a method of expressing
how efficiently a particular reaction makes use of the
reactant atoms.
3.Less Hazardous Chemical Synthesis
Whenever practicable, synthetic methodologies
should be designed to use and generate substances that
possess little or no toxicity to human health and the
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environment. Redesigning existing transformations to
incorporate less hazardous materials is at the heart of Green
Chemistry. With the advancement of technology, the
designing and production of safer chemicals has become
possible. Example: Synthesis of Polycarbonate: Phosgene
Process

Disadvantages:

v/ Phosgene is highly toxic and corrosive

v' 1t requires large amount of COCl

v’ Polycarbonate
4. Designing Safer Chemicals

Chemical products should be designed to preserve

efficacy of the function while reducing toxicity. The
designing of safer chemical is now possible since there
have been great advances in the understanding of chemical
toxicity. It is now fairly understood that a correlation exist
between chemical structure e.g. presence of functional
groups and the existence of toxic effects. The idea is to
avoid the functionality related to the toxic effect. Chemical
properties of a molecule, such as water solubility, polarity
etc. so that they can manipulate molecules to the desired
effects.
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5. Safer Solvents and Auxiliaries.

The use of auxiliary substances (solvents, separation
agents, etc.) should be made unnecessary whenever
possible and, when wused, innocuous (harmless). An
auxiliary substance is one that helps in manufacture of a
substance, but does not become an integral part of the
chemical. Such substances are used in the manufacture,
processing at every step. Major problem with many
solvents is their volatility that may damage human health
and the environment. Even processes like recrystalisation
require energy and substances to change the solubility. The
problem of solvents has been overcome by using such
solvents which do not pollute the environment. Such
solvents are known as green solvents. Examples include
liquid carbon dioxide (supercritical CO;), ionic liquid
water. Even reactions have been conducted in solid state.
For example the condensation reaction of ortho esters with
o-phenylenediamines in presence of KSF clay under solvent
free conditions using microwave.

6. Design for Energy Efficiency

Energy requirements should be recognized for their
environmental and economic impacts and should be
minimized. Synthetic methods should be conducted at
ambient temperature and pressure. Energy generation, as we
know has a major environmental effect. The requirement of
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energy can be kept to a base minimum in certain cases by
the use of a catalyst. For example in conversion of benzyl
chloride into benzyl cyanide if we use phase transfer
catalyst, the conversion goes to completion in a very short
time

CGHscHzcl + dg KCN —— CsHscHZCN + KCl

Benzyl chloride Bereylcyaide

Conventionally, we have been carrying reaction by
heating on wire gauze, in oil bath or heating mantels. It is
now possible that the energy to a reaction can be supplied
by using microwaves, by sonication or photo chemically.
Simple examples are,

(a) CgHsCONHCgHs » CgHsCOOH
MW, 12 MINS

Esterification

(p) RCOOH + ROH RCOOR
H,S0O,4,Ultrasound

7. Use of Renewable Feedstocks

A raw material or feedstock should be renewable
rather than depleting whenever technically and

economically practical. Non reversible or depleting sources
can exhausted by their continual use. So these are not
regarded as sustainable from environmental point of view.
The starting materials which are obtained agricultural or
biological processes are referred to as renewable starting
materials. Substances like carbon dioxide (generated from
natural sources or synthetic routes like fermentation etc)
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and methane gas (obtained from natural sources such as
marsh gas, natural gas etc) are available in reasonable
amounts and so are considered as renewable starting
material. Methane, a constituent of biogas and natural gas
can easily be converted into acetylene by partial
combustion. Acetylene is a potential source of number of
chemicals such as ethyl alcohol, acetaldehyde, vinyl acetate
etc
8. Reduce Derivatives

Unnecessary  derivatization  (blocking  group,
protection/deprotection,  temporary = modification  of
physical/chemical processes) should be avoided whenever
possible. In organic Synthesis, the commonly used
technique is the use of protecting or blocking group. These
groups are used to protect a sensitive moiety from the
conditions of the reaction, which may lead the reaction to
proceed in an unwanted way if it is left unprotected. A
typical example of this type of transformation would be
protection of amine by making benzyl ether in order to
carry out a transformation of another group present in the
molecule. After the reaction is complete, the NH2group can
be regenerated through cleavage of the benzyl ether.to be
handled with care and used in the preparation of the desired
material and then regenerated as waste upon deprotection.
In this procedure, the protecting group is not incorporated
into the final product, and their use makes a reaction less
atom-economical. Thus, the use of protecting groups be
avoided. Though atom economy is a valuable criterion in
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evaluating a particular synthesis as “green”, other aspects of
efficiency must also be considered
9. Catalysis

Catalytic reagents (as selective as possible) are
superior to stoichiometric reagents.

In some reactions, the reactants (A and B) react to
form a product (C), in which all the atoms contained within
A and B are incorporated in the product (C). In such cases,
stoichiometric reactions are equally environmentally benign
from the point of material usage as any other type of
reactions. However, if one of the starting materials (A or B)
is a limiting reagent, in such cases, even if the yield is
100%, some unreacted starting material will be left over as
waste. In other cases, if the reagents A and B do not give
100% yield of the product (C), both the excess of unreacted
reagents will form part of waste. It is found that because of
the reason mentioned above, catalysts wherever available
offer distinct advantages over typical stoichiometric
reagents. The catalyst facilitates the transformations without
being consumed or without being incorporated into the final
product by using catalysts, both starting material utilization
is enhanced and formation of waste is reduced. An
additional advantage of the use of catalyst is that the
activation energy of a reaction is reduced, so the
temperature necessary for the reaction is also lowered. This
results in saving the energy.It should be understood that in
stoichiometric processes, the product
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obtained is one mole for every mole of the reagent used.
However, a catalyst will carry out thousands of
transformations before being exhausted.
Examples:

Hydrogenation of olefins in the presence of nickel
catalyst gives much better yields

N
H,C—CH=CH, + H, ——= H,C—CH,—CH,

Propena Propana

Conversion of benzylchloride in to benzylcyanide
results in much better yields on using phase transfer
catalysts

1"
C,H.CH,Cl + ag. KCN — C,H,CH.CN

Benzyl chloride > 90% yield
Benzyl cyanide

Oxidation of toluene with KMnOy in the presence of
crown ether give s much better yield.
{CHy [0)] COOH
a. KMnO,
Crown cther

Taluene = 85% yield
Benzoic acid

10. Design for Degradation

Chemical products should be designed so that at the
end of their function they do not persist in the environment
and instead break down into innocuous degradation
products. It is of more important that the products that are
synthesized should be biodegradable; they should not be
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“persistent chemicals” or “persistent bioaccumulators”.
Such chemicals (which are non-biodegradable) remain in
the same form in the environment or are taken upby various
plants and animal species, and accumulate in their systems;
this is detrimental to the concerned species. The problem of
non-biodegradability is generally associated with pesticides,
plastics and a host of other organic molecules.

Most of the pesticides in use are organo halogen-
based compounds. These pesticides though effective tend to
bioaccumulate in plants and animals. The pesticide DDT
was one of the first pesticide which bioaccumulated in
plants and animals. Whenever a chemical is being designed,
it should be made sure that it will be biodegradable. It is
now possible to place functional groups and other features
in the molecule which will facilitate its degradation.
Functional groups which are susceptible to hydrolysis,
photolysis or other cleavage have been used to ensure that
products will biodegrade. It is equally important to make
sure that the degradation products should not possess any
toxicity and be detrimental to the environment.

Plastics are known to remain persistent and are not
biodegradable. The waste plastics were mostly used for
landfills and so on. However, it now possible to make
plastics (particularly for garbage bags etc.) that are
biodegradable.

11. Real-time Analysis for Pollution Prevention

Analytical methodologies need to be further
developed to allow for real time in-process monitoring and
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control prior to the formation of hazardous substances.
Methods and technologies should be developed so that the
prevention or minimization of generation of hazardous
waste is achieved. It is necessary to have accurate and
reliable  reasons, monitors and other analytical
methodologies to assess the hazardous that may be present
in the process stream. These can prevent any accidents
which may occur in chemical plants.
12. Inherently Safer Chemistry for Accident Prevention
Substance and the form of a substance used in a
chemical process should be chosen so as to minimize the
potential for chemical accidents, including releases,
explosions, and fires. The occurrence of accidents in
chemical industry must be avoided. The accidents in Bhopal
(India) and Seveso (Italy) and many others have resulted in
the loss of thousands of lives. At times, it is possible to
increase accident potential inadvertently in an attempt to
minimize the generation of waste in order to prevent
pollution. It has been noticed that in an attempt to recycle
solvents from a process (in order to be economical and also
prevent escape of solvent to the atmosphere) increases the
potential for a chemical accident or fire. In fact, a process
must balance the accident prevention with a desire for
preventing pollution. A possible course is not to use volatile
solvents, instead solids or low vapour pressure substance
can be used.

78 | Page



GREEN SYNTHESIS

The starting materials are made to react with
suitable reagents under appropriate conditions in all
synthetic reactions. Consider all possible methods that can
give the desired product before deciding the route to be
followed for any synthesis. The method of choice should
not use any toxic starting material and should eliminate the
formation of by products and wastes. Following is some of
the important considerations for designing green synthetic
routes:

Choice of Starting Materials: It is very important
to choose the appropriate starting materials, since the
synthetic pathway will depend on this. Also, it is essential
to consider the hazards that may face by the workers
handling the starting materials. Most of the synthesis make
use of petrochemicals (Chemicals made from petroleum)
which are non-renewable. It is therefore very important to
reduce the use of petrochemicals by using alternative
starting materials, which may be of agricultural or
biological origin. For example, some of the agricultural
products such as corn, potatoes, soya and molasses are
transformed through a variety of processes into products
like textiles, nylons, etc. Some of the chemicals that have
biological origin (obtained from biomass) are butadiene,
pentene, phenolics, aldehydes, resorcinol, acetic acid,
peracetic acid, acrylic acid, methyl aryl ethers, sorbitol,
mannitol, glucose, gluconic acid, 5-hydromethylfurfural,
furan, tetrahydrofuran, furfuryl alcohol, etc.
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A typical example using biomass materials is the
manufacture of adipic acid from glucose using catalysts. By
this newly developed process, the use of large quantities of
benzene (a petrochemical and a suect carcinogen) could be

avoided.
Petroleum

+ OH 0
50-65% HNO; N,
H.
2 Oxidation N
Oxidation

Benzene Cyclohexane KA-oil
Yield < 10%
OH
0 Adipic acid
Cellulose p
+ OH OH A 0 OH OH
X 2 xidation : . _OH  OH removal
OH OH OH OH O
Glucose Glucaric acid

In the above synthesis, benzene is the starting
material which possess environmental and health hazards.
Also, the above synthesis uses HNO; resulting in the
production of nitrous oxide (N2O) as by product. It is a
green house gas and has adverse effect. The
environmentally benign synthesis of adipic acid uses D-
glucose as the starting material. Also, the synthesis is
conducted in water instead of organic solvents.

Choice of reagents (Green Reagents): The
selection of a suitable reagent is made on the basis of easy
availability, efficiency and its effect on environment. Some
of such reagents include triplet oxygen, singlet oxygen,
ozone, hydrogen peroxide, dioxiranes, dimethyl carbonate
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and polymer supported reagents. The advantage of using
polymer supported reagents is that the reagent is recovered
(since polymer supported) and can be used again. The
various steps involved are:

Substrate + Reagent Desired Product + Excess of Polymer

| supported Reagents

|

Filtrate Precipitate

[Contains the desired Product) Polymer supported Reagent
(can be reused)

Polystyrene is the most widely used polymer. Some
examples of polymer supported reagents include:
Polymersupportedperacids—p-C¢Hs-COzH (p-polymer).
This reagent is used for epoxidation of olefins. Polymer
supported chromic acid — It is commercially available in the
form of Amberlyst, A-26, HCrOs-and is used to oxidise
primary and secondary alcohols to carbonyl compounds and
also allylic and benzylic aldehydes to aldehydes and
ketones.

Choice of Catalysts: The catalysts facilitate
reactions without being consumed or without being
incorporated into the final product. They make the reactions
to proceed in much short time, consume less energy and
give good yields. They can be recycled. Even in those
cases, where no reaction occurs usually, the reaction
becomes feasible.
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Advantages of Catalysts in Organic Synthesis
v’ Starting material utilization enhanced
v/ Formation of waste reduced
v/ Activation energy of the reaction is lowered,
resulting in saving the energy.
Focuses on selectivity
Catalysts control site of reaction in the reactant
Green Solvents — Ionic Liquids. The commonly used
solvents like benzene, toluene, methylene chloride etc. for
organic synthesis,

NH; NHCH2CH; NHCHCHs
CyH CHCI HCl
SnCl,
=M =M CHO
m—An'n_nc_j Deprotection
benzanitrile
MH2
CHO

m-Aminobenzaldehyde

In this example, benzyl chloride (a known hazard)
needs particularly in industrial production, are known to
cause health and environmental problems. In view of this,
the search for alternatives to the damaging solvent is of
highest priority. This is particularly important as solvents
are used.in huge amounts (in industrial production) and
these are mostly volatile liquids, which are difficult to
contain.

The ionic liquids, comprising entirely of ions were
and mainly of interest to the electrochemists. It is possible,
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by careful choice of starting materials, to prepare ionic
liquids that are liquid at and below room temperature.
Different aspects of ionic liquids have been reviewed by a
number of authors. The first ionic liquid [EtNH3] [NOs]
(m.p. 12°C) was discovered in 1914.

Broadly speaking, ionic liquids are of two types:
simple salts (made up of a single anion and cation) and
binary ionic liquids; the latte rare salts where an
equilibrium is involved. It is the binary ionic liquids that are
used as green solvents. Some examples of simple salt are
given.

[EtzNH,] [NO,] : /NVN\/\/ [PFs] 5

C 0
oy [BF.:] :

g
CeH 3

S RS
B el o= Bl

Reactions in Acidic Ionic Liquids

The chloro aluminate (III) ionic liquids (where X
(AICI) > 0.50) behave like powerful Lewis acid and
promote reactions that are usually promoted by AICIs.
Infact, chloro aluminate ionic liquids are powerful solvents
and can be prepared by mixing the appropriate organic
halide. Salt with AICI3 and heating to form the ionic liquid.
This synthesis should be performed in inert atmosphere.

The well known Friedel-Crafts reaction works very
well with the chloroaluminate (II) ionic liquids. Thus,
using this methodology, traseolide (5-acyl-1,1,2,6-
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tetramethyl-3- isopropylindane) and tonalid (6-acetyl-
1,1,2,4,4,7 -heaxmethyltetralin have been synthesised in
high yield in the ionic liquid [emin]Cl- AICI3(X = 0.67).

HyC S
CH,COCI[emin]CI-AIC] (X~0.67)
5 min, 0°C
(o]

1,1,2,6-tetramethyl- traseolide (99%)
3-isopropylindane

CH,COCI[emin]CI-AIC] (X=0.67)
5 min, 0 °C
(8]

1,1,2,4,4,7-hexamethyltetralin tonalid

Similarly Friedel-Crafts reaction of naphthalene
gives l-acetyl derivative as the major product.

CH,COC[emin]Cl-AIC (X=0.67)
5 min, 0°C )

Mapthalene |-Acetylnapthalene
E0%
+ (2% 2-acetylisomer)

Q

Another interesting application in the use of ionic
liquids is in the hydrogenation of polycyclic aromatic
hydrocarbons, which are soluble in chloroaluminate (III)
ionic liquids to form highly coloured paramagnetic
solutions, which on treatment with a reducing agent such as
an electropositive metal and a proton source results in
selective hydrogenation of the aromatic compound. Using
this  method,theanthracene can be reduced to
perhydroanthracene at normal temperature and pressure to
give the most stable isomer.
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[emin]CI-AIC1(X=0.67) 23
Zn/HCl (g) .

Anthracene

~ 0P~ P

Perhydroanthracene
90% (single product)

Diel's-Alder Reaction

The neutral ionic liquids are excellent solvents for
the Diels-Alder reaction. and are better than the
conventional solvents and even water. Addition of a mild
Lewis acid like Znl2 increases the selectivities in this
reaction. A special advantage of this system is that the ionic
liquid and catalyst can be recycled and reused after
extraction or direct distillation of the product from the ionic
liquid. A typical Diel's-Alder reaction is given.

0 o] 0
7 I
F.] 5 male %
] ' [bmin] [PF,] 5 mole 6 N
T 6 hr, 20 °C
Isoprene But-3-en-2-one Major Minor
The Heck Reaction

Neutral ionic liquids are excellent solvents for the
palladium catalysed coupling of alkyl halides with alkenes
(Heck reaction). The special advantage of using neutral
ionic liquids is that many palladium complexes are soluble
in ionic liquids and that the products or product
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of the reaction can be extracted with water or alkane
solvents. So the expensive catalyst can be recycled
compared to the routine Heck reaction in which the catalyst
is lost at the end of the reaction.

(8] 0
X N
3 “)kOE( Pb(OAc), OEt
———
jonic liquid, basic
R R

R = H, OMe +{H-Base] + X~

X=Brl
Green Reagent
Dimethyl Carbonate

Conventional methylation reactions employ methyl

halides or methyl sulfate. The toxicity of these compounds
and their environmental consequences render these
syntheses somewhat undesirable. Tundo developed a
method to methylate active methylene compounds
selectively using dimethylcarbonate (DMC) in which no
inorganic salts are produced.

CN H;C CN

0
K:CO; i
+ H3C‘~0)L\D~’CHJ' e ¢ CH3OH + €Oy

R

Dimethylcarbonate (DMC) can also act as an
organic oxidant. Cyclopentanone and cyclohexanone react
with DMC and a base K>COs to yield adipic and pimelic
methyl (or ethyl) esters, respectively.
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0

é} J—— K,CO; 3 COOCH,;
" + CH0COOCH; — === H,c00C” "6

n=1,2
GREEN CATALYSTS

Some of the major advances in chemistry especially
industrial chemistry, over the past decade have been in the
area of catalysts. Through the use of catalyst, chemists have
found ways of removing the need for large quantities of
reagents that would otherwise have been needed to carry
out the transformations and ultimately would have
contributed to the waste stream.

Catalysts play a major role in establishing the
economic strength of the chemical industry and the clean
technology revolution in the industry will provide new
opportunities for catalysis and catalytic processes.
Following are some different types of catalysts used.

ACID CATALYSTS

The traditional catalyst hydrogen
fluoride, an extremely corrosive, hazardous and toxic
chemical used in the production of linear alkyl benzenes
(LAB's), has been successfully replaced by a solid acid
catalyst, viz .fluorided silica-alumina catalyst, which does
not require special material of construction (of the
container), involves lower operating costs and obviates the
need for an acid scrubbing system and waste disposal of
calctum fluoride.- Microencapsulated Lewis acids have
replaced traditional corrosive monomeric Lewis acids in the
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reactions like Michael, Friedel Craft3, Mannich, Iminoaldol

reactions.
Ph Ph

~
N OSiMe, _ MCSc(OT, NH 0O
_—
L CH,CN, RT, 3h
)J\ ph)\/ e o
Ph H
OSiMe, Ph._
)\/ MCS¢(OTf), NH O
PhCHO + PhNH, + Ph™ ™ CH,CN, RT, 3h
Ph Ph
MCSc(OTH),
OMe + Ac O ——— > MeCO OMe
CH,NO,, LiCIO,
50°C, 6h

eSO,
Aoy’ s e S

Several large-scale industrial processes utilizing
hetero poly acids (HPA) catalysts exist. The two examples
are hydration of the isobutylene and the polymerization of
the tetra hydrofuran. Zeolites are widely used in the
petrochemical industry in acid catalyzed processes and
there are several reviews concerning recent developments
in their use in the synthesis of fine and speciality chemicals.

7N 0
CH—CH, CHrC/(H

Pentasilzeolite lig. or

>

gas phase

yield > 90%
R R
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CH;

H3C Pentasilzeolites
SC=CH, + NH; >  H,C——NH,
H,C 300°C, 300 bar
CH,
OXIDATION CATALYSTS

A large number of supported reagents have been
used in the liquid phase partial oxidation of organic
substrates. There has been considerable success in the use
of molecular sieves (titanium and vanadium) in commercial
units. The most important application of titanium silicates
(TS-1) is the hydroxylation of phenol, giving mixtures of
hydroquinone and catechol. The process is clean, giving
excellent conversion to product with very little waste.

OH OH OH OH
OH
——— + +
H,0,
OH
OH
%

81% 12%

Vanadium silicate molecular is capable of
selectively oxidizing 4-chlorotoluene to 4- chloro
benzaldehyde using hydrogen peroxide as the source of
oxygen in acetonitrile solvent
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CH; CHO CH,OH CHj

VS-2/H,0,
373 K/MeCN
OH

Cl Cl Cl Cl
66% 21% 8%
BASIC CATALYSTS
In contrast to the areas of heterogeneous oxidation
catalysis and solid acid catalysis, the use of solid base
catalysis in liquid phase reactions has not met the same
level of breakthrough. The industrial applications of basic
catalysts are in the alkylation of phenol, side chain
alkylation and isomerisation reactions.

OH OH
H;C CH;
MgO
+ CHOH ——>
6 KOH/K/
+ —_—
Y-ALO,
NaOH/Na
y- Al 0,
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POLYMER SUPPORTED CATALYSTS

The conventional catalyst which is normally used in
the homogenous phase, is linked to a polymer backbone and
is used in this form to catalyse different reactions.
Following are some of the polymer supported catalysts and
their applications.
POLYSTYRENE-ALUMINIUMCHLORIDE

It is used to prepare ethers from alcohols. Thus,
dicyclopropyl carbinol on treatment with polystyrene-
AlCI3produces die dicyclo-propylcarbinyl) ether in high
yield.

Dicyclopropyl carbinol Di(dicyclopropylcarbinyl)ether

Polystyrene-AlCl3 is a useful catalyst for synthetic
reactions, which require both a dehydrating agent and a
Lewis acid. Thus, acetals are obtained in good yield by the
reaction of aldehyde, alcohol and polymeric AICl; in an
organic inert solvent.

Polystyrene- AICI; is also an effective catalyst for
hydrolysis of acetals, e.g., heating the diethyl acetal of o-
chlorobenzaldehyde with polymeric- AICl3 in benzene-
methanol-water  (2:6:1) for 17.5 hr gave o-
chlorobenzaldehyde in 60% yield. Without the use of
catalyst, the yield of aldehyde is only 4%.
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Microwave Assisted Synthesis-A Green Chemistry
Approach

Organic synthesis on a large scale involves the use
of basic chemical ingredients from the petrochemical sector
and catalysts; and after the end of the reaction, separation,
purification,  storage, packaging, distribution etc.
Conventional methods of organic synthesis usually need
longer heating time, tedious apparatus setup, which result in
higher cost of process and the excessive use of
solvents/reagents. During the processes there are many
problems of health and safety for workers in addition to the
environmental problems caused by their use and disposition
as waste. Green Chemistry would like to increases the
efficiency of synthetic methods, to use less toxic solvents,
reduce the stages of the synthetic routes and minimize
waste as far as practically possible.

Microwave synthesis gives the chemists more time
to expand their creativity, test new theories and develop
new processes. Instead of spending hours or even days
synthesizing a single compound, chemists can now perform
the same reaction in minutes. The problem associated with
waste disposal of solvents has been overcome by
performing reactions without a solvent under microwave
irradiation. Coupling of microwave irradiation with the use
of mineral-supported catalysed reactions, under solvent-free
conditions, provides clean chemical processes with the
advantage of enhanced reaction rates, higher yields, greater
selectivity, and greater ease of manipulation. Thus
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microwave synthesis acts as a potential tool for green
chemistry.

Microwave irradiation provides an alternative to the
conventional methods, for heating or introducing energy
into the system. It utilizes the ability of mobile electric
charges present in liquid or conducting ions in solid to
transform electromagnetic energy into heat. Microwave
radiations  are  electromagnetic =~ waves. In  the
electromagnetic spectrum, the microwave radiation region
is located between infrared radiation and radio waves.
Microwaves have wavelength of 1 mm to 1 m
corresponding to frequencies between 0.3 and 300 GHz.
Tele communication and microwave radar equipment
occupy many of the band frequencies in this region.
Microwave dielectric heating; uses the ability of some
liquids and solids to transform electromagnetic radiation
into heat to drive chemical reactions. This technology opens
up new opportunities to the synthetic chemist in the form of
new reactions that are not possible using conventional
heating.

+ Energy efficient reaction: Microwave reactions offer
enhanced reaction conditions.

+ Higher yield: The rapid-efficient reaction inhibits
the byproducts formation and hence offers higher
yields of the products.

+ High purity: The rapid-efficient reaction inhibits the
byproducts formation and hence offers highly pure
compounds.
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+ Superheating: It takes the reaction environment to
very high temperature (super heating). It is very
essential for the several reactions such as
substitution and coupling reactions.

+ Versatility: The microwave heating can be utilized
for all kinds of organic reactions. It includes
substitution, coupling, rearrangement, oxidation and
reduction, etc.

Theory of Microwave heating

+ The rotational states of the molecules undergo
excitation with electromagnetic radiation. The
microwave irradiation, when absorbed by organic
molecules induces the rotational changes. The
frequency of molecular rotation is similar to the
frequency of microwave radiation. The molecule
continually attempts to realign itself with the
applied electric field and absorbs the energy. This
effect is utilized in microwave ovens to heat food
materials. Chemists also utilize the microwave
irradiation as an energy source for chemical
reactions.

+ Microwave oven contains microwave generator
called as magnetron (inside the string metal box). It
receives electricity and converts the min to high-
energy radio waves.

+ Microwave guide (channel) introduces microwave
heat energy (radiation) into the heat compartment.
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+ The microwaves bounce back and forth off the
reflective metal walls of the heat compartment.

+ The microwaves penetrate the material to be heated
(reaction vessel) and vibrate them to cause
molecular friction. The rate of vibration decides the
heating and initiates the reaction.

Principle

Microwave ovens more efficiently channel heat
energy into the molecules. In the microwave heating
process energy transfer occurs by three mechanism namely
dipolerotation, ionic conduction and inter facial
polarization. Microwave ovens inject the energy directly in
to the molecules, rather than warming the out side walls of
are action vessel to spread heat by convection and
conduction. High frequency -electromagnetic radiations
(electric fields) exert a force on charged particles of
molecules and that causes molecular friction to generate
super heat.

Ionic conduction: Ionic conduction is the
electrophoretic migration of ions, when an electromagnetic
field is applied. The oscillating electromagnetic field
generates an oscillation of electrons in a conduction and
results electric current.

The conduction mechanism generates heat through
resistance friction to the electric current.

v" Dipole rotation: It means rearrangement of dipoles
with the applied field. Polar molecules are the
ideal material for dipolarpolarization
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.Dipolepolarization depends on the dipolemoment
of a molecule. The difference in the
electronegativity of the atoms and molecular
symmetry is responsible for this effect. The a
lignment of polar molecules with an oscillating
electromagnetic field results random motion of
particles. This random motion effect generates
heat. The dielectricpolarization provides the
energy to the molecules to rotate into alignment.
The polarizations (Maxwell-Wagner effect)
contribute heating effect.
v' Interfacial polarization: A combination of the
conduction and dipole polarization mechanism.
Wall-heat transfer
The wall heat-transfer that occurs with heat
resources such as water bath, oil bath and steam bath leads
to incomplete reaction. Microwave irradiation produces
efficient internal heat transfer (in situ heating), and
overcomes the wall-heat transfer mechanism. The
microwave heating reduces the tendency for seed formation
(initiation of boiling).

Superheating

Reaction
Temperature is A mixture

(74
wE AN A B

A

Flame % Microwave energy
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Microwave Instrument Components

Magnetron: Microwave oven magnetron converts
the shortest microwaves (12 cm; 4.7 inches), which carry
higher energy into electromagnetic radiations. A magnetron
is a microwave source (thermionic diode) consist an anode
and a cathode. Cathode releases electrons upon direct
heating. The anode consists even numbered small cavities
(tunedcircuit). The gap across the end of each cavity
behaves as a capacitance. The electrons released from
cathode are attracted towards the anode. It causes bending
of the path of electrons, when they travel from cathode to
anode. These deflected electrons pass through the cavity
gaps and induces a small charge in the tuned circuit. This is
responsible for oscillation of the cavity and microwave
generation.
Microwave Solvents

Solvents serve a energy transfer media and help in
coupling the thermal energy with the kinetic en erg of the
reactants. Solvents are of major concern as environmental
pollutants (carcinogenic, mutagenic and allergens). Eco-
friendly microwave chemistry requires no solvents or very
lesser quantity of solvents as energy transfer medium.
Rapid microwave synthesis leads to lesser evaporation of
solvents and prevents or reduces environmental pollution.
Polar solvents are best for dipolar polarization and
microwave heating.

The solvents used in microwave reactions should
possess dielectric heating property. Dielectric heating
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ensures the conversion of electromagnetic energy into
efficient heating. The ability of the solvent dielectric
property is indicated by tan. The solvents with high tan

provide rapid heating. However the solvent with low tan
also can be used, but provide slow heating.

Applications

Microwave irradiation is very much useful in the following
chemical reactions.

v

Protection and de protect ion reactions: Functional
group protection and deprotection strategies are
important in carbohydrate chemistry and peptide
synthesis. Microwave chemistry is more useful in
these reactions.

Named organic reactions: Gabriel synthesis, Suzuki
reaction, Williamson- ether synthesis and Pinacol-
Pinacolone rearrangement.

Oxidation, esterification, O-alkylation and aromatic
electrophilic substitution reactions.

Oxidation, esterification, O-alkylation and aromatic
electrophilic substitution reactions.

Drug intermediates, namely, 1,4-dihydropyridines,
chalcones, carvones. Thio flavanoids and g-
carbolines also are synthesised.

Novel cepahalosporins are synthesized using
microwaves.

A symmetric reaction were also successfully
attempted.
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Some important Microwave assisted reactions
Microwave-assisted Wolf-Kishner reduction

Wolf-Kishner reduction converts a carbonyl
compounds (aldehyde or ketone) in to an alkane using
hydrazinehydrate = and  potassium  hydroxide. The
conventional reaction requires elevated temperatures and
prolonged heating. Parquetand Lin (1997)reported the
microwave assisted conversion of isatin into oxindole.
Isatin was mixed with hydrazine an dethyleneglycol and
irradiated (microwave heating)for 30 this produce
dhydrazide product. The mixture of isatin hydrazide and
potassium hydroxide in ethylene glycol was further
irradiated for 10 seconds to obtain oxindole. Microwave-
assisted inter molecular.

Aldol condensation: Aldol condensation involves
the condensation of enolate ion with a carbonyl compound
in the presence of catalyst (acid/base) to generate b-hydroxy
aldehyde (or b - hydroxy ketone). The dehydration of the b-
hydroxy product forms conjugated enone. Molecules with
dicarbonyl functionalities (e.g.2- carboxy benzaldehyde)
undergo special kind of aldol condensation called as
intermolecular aldol condensation. This reaction constructs
5 or six membered rings. Koca et al (2018) reported the
synthesis of 3-acetyl isocoumarin through intermolecular
aldol condensation.
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MW, / Exfwylene ghyool
0+ NHNH, 305 0 Mmo
: Hydrazine N H

hydrate H )
Isatin Isatinhydrazide Oxindole

Ref: J Chem Edu, 1997, 74(10), 1225

Microwave-assisted Dieckmann condensation

Dieckmann condensation involves the
intramolecular condensation of diesters containing
carbonlengthof6and7inthepresenceofstrongbasetogeneratec
yclicli-ketoester. Horta (2011) reported the synthesis ethyl
2-cyclopentane-carboxylate through Dieckmann
condensation. The self condensation of diethyl adipate
using t-butoxide as a base catalyst under microwave heating
(150 C, 20 min) generated the 2-cyclopentanecarboxylate
(~90%).

MW 150 °C,
o] 20 min
oc tBuDK
Hsczﬂ)K/\rf " Mm *
0
Diethyl succinate Ethyl 2-oxocyclopentane

-1-carboxylate
Ref- J Chem. Educ. 2011, 88, 7, 1014-1015

Microwave-assisted Claisen-Schmidt reaction

The condensation of aromatic carbonyl compound
(lacking I-hydrogen) with carbonyl compound (aldehyde or
ketone) having [-hydrogen in the presence of base is known
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as Claisen-Schmidt reaction. This reaction generates |, U-
unsaturated aldehyde or |, - unsaturated ketone. Rayaretal
(2015) reported the microwave condensation of
benzaldehyde and acetone using sodium hydroxide to
generate 4-phenylbut-3-en-2-one. The microwave heating

of 5 W for 15 min offered the product.
0]

CHO 0 MW5S W

J_L 15 min N NCH,
¥ e gy ¥

Acetone 4-Phenylbut-3-en-2-one

Ref- SpringerPlus, 2015, 4, 221-225

Microwave-assisted Michael reaction

The addition of carbanion (orenolate, anamine;
nucleophile) to the U-unsaturated systems (enone, enal)
generates carbo-carbon bond at the {i-carbon. This reaction
is known a Micheal addition reaction. Zhao et al (2014)
reported the microwave assisted Michael reaction for the
synthesis of 1,3-diphenyl-3-[(pyridine-2-yl)-amino] prop-2-
ene-1-one. The mixture of 2-amino pyridine and 1,3-
diphenyl prop-2-en-1-one (chalcone) in ethanol upon
microwave mediated heating (300 W, 30 min) produced
1,3-diphenyl-3-[(pyridine-2-yl)- amino] prop-2-ene-1-one
(90%).
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0O HN #
MW 300 W, P
C{ 3[) min < |
Ty
1,3-Diphenylprop-2-en-1-one 2-Aminopyidine 1,3-Diphenyl-3-[{pyridin- 2-yl)amina]
prop-2-en-1-one

Ref: Res Chem Intermed, 2015, 41, 5809-5819

Ultra sound assisted Green synthesis

The word ‘'ultrasound' has become common
knowledge due to the widespread use of ultrasounds
canning equipments in medical applications. Ultra sound
refers to sound waves. Having frequencies higher to which
the human ear can respond (m,>16KHz)(Hz= Hertz =
cycles per second). High frequency ultrasound waves are
used in medical equipments. The ultrasound frequencies of
interest for chemical reactions (about 20-100 KHz) are
much lower than those used for medical applications, but
the power used is higher. The ultrasound disgenerated with
the help of an instrument having an ultrasonic transducer,
device by which electrical or mechanical energy can be
converted into sound energy. The most commonly used are
the electro mechanical transducers which convert energy
into sound- they are mostly made of quartz and are
commonly based on the piezoelectric effect.

When equal and opposite electrical charges are
applied to opposite faces of a crystal of quartz, expansion or
contraction occurs. Application of rapidly reversing charges
sets up a vibration that emits ultrasonic waves called the
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piezoelectric effect. In modern ultrasonic equipments, the
piezoelectric  transducers are made from ceramic
impregnated barium titanate. Such devices convert over
95% of the electrical energy into ultrasound. In practice, the
devices only have an optimum operating frequency. When a
sound wave, propagated by a series of compression and
refraction cycles, pass through a liquid medium, it causes
the molecules to oscillate around their mean position.
During the compression cycle, the average distance
between the molecules is reduced and during refraction, the
average distance between the molecules is increased. In the
refraction cycle, under appropriate conditions, the attractive
forces of the molecules of the liquid maybe overcome,
causing formation of bubbles. In case the internal forces are
great enough to ensure collapse of these bubbles, very high
local temperature (around 5000°C) and pressure (over 1000
bar) may be created. It is this very high temperature' and
pressure that initiate chemical reactions. The term
'sonochemistry' is used to describe the effect of ultrasound
waves on chemical reactivity. A number of reviews on the
chemical applications of ultrasound have been published.

Seismology & Medical Medical & Destructive
Low Bass Animal Diagnostic & non-destructive
chenslstry evaluation
20 Hz 20 KHz 2 MHz l 200 MHz
L S e
S ~—
Infrasound Acoustic Ultrasound

The sono chemical process is usually thought to be
localized either inside the cavitation bubble or in the liquid
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shell surrounding it, or in both simultaneously. A general
model developed by Reisse et al., considers the cavitating
liquid as heterogeneous: each collapsing bubble, acting as a
closed micro reactor, presents a physical environment that
is quite different from that of the bulk liquid phase.
However, its outer boundary is diffuse rather than definite.
Sonochemistryinsolutionhasbeenoftenrationalizedintermsoft
histheory: cleavage to form radicals or excited chemical
species (Figure). These may induce subsequent reactions
with less volatile substrates at the bubble shell or, perhaps
most frequently, in the bulk medium. It is hardly possible to
conceive of a neat heterolytic reaction in the gas-face of the
bubble, however, such reactions can take place in the liquid
shell. It is important to mention that intense shock waves
form upon the collapse of cavitation bubbles, causing
various mechanical actions. These are the mainstays of the
explanation of sono-chemical effects on heterogeneous
processes (enhanced reaction rates and yields), which often
do not differ from those obtained by the use of a high-speed
stirrer.
bulk liquid bulk liquid
bulk liquid

/2 0°\ bulk liquid (ﬁﬁq,-\

- e H0 )} »H+ OH
. N

-+ ../ ~liquid shell “‘7999))

bulk liquid shock waves
micro-reactor on collapse
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Cavitation bubble as a chemical micro reactor:
Cleavage of a water molecule to free radicals that are
transferred to the bulk liquid, as well as formation of shock
waves on collapse are schematically depicted.
Theoretically, ultrasound irradiation (or ultrasonication)
alone is capable to generate hydroxyl radicals through water
pyrolysis. When water is irradiated with sound waves, it
generates compressions and rarefactions, thus micro-
bubbles (cavitation bubbles) are formed in the rarefaction
regions. These micro-bubbles grow in successive cycles
until they reach their resonant diameter and finally collapse
violently producing shock waves (temperature of around
5000°C and pressure of 500 atmospheres during a few
micro seconds). The process of rapid growth and implosive
collapse of bubbles is known as cavitation and creates three
regions for sono chemical reactions to take place

Radiueof g0
gas bubble
)

- - @ @ 0‘ '
Bubble grows in
— E FARIAIe AT e— ey v oes wolen 4
axcessive oycles Fachs tastebie & ndergoes wiclent ecll
T

BUDHE  — -
forms o

ime (yusc)

1. The region inside the bubble cavity (gaseous
region) where volatile and hydrophobic molecules
are degraded via pyrolysis and hydroxyl radical
attacks.
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ii. The region at the bubble-liquid interface where
hydrophobic molecules are degraded via hydroxyl
radical attacks.

iii. The liquid bulk region where free radicals form
edat the bubble- liquid interface generate
secondary sono chemical reactions

. z Interior of bubble
' oandl ekl (~5000°C, ~500 atm)
he RH + ))) — transformation products
ol | RH + 'OH — transformation products
4%
Bubble — solution interface
OH (300 - 2000°C, ~100 atm)
RH + 'OH — transformation products
‘OH Bulk solution
(25°C, 1 atm)
OH RH + 'OH — transformation products

General mechanism of sono-chemical reactions

Organic compound+))) —Transformation products
Transformation products + ))) — COx+ H,0+))) —+*OH
+eH Where))) refers to the ultrasound irradiation

Applications
1. Esterification reactions
This is generally carried out in presence of a catalyst
like sulphuric acid, p-toluene sulphonic acid, to sylchloride,
polyphosphoric acid, dicyclohexyl carbodiimide etc. The
reaction takes longer time and yields are low. A simple
procedure for the esterification of a variety of carboxylic
acids with different alcohols at ambient temperature using
ultrasound has been reported.
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HS0, R.T.
RCOOH + R'OH ——— RCOOR'

»

Saponification can be carried out under milder
conditions using sonification. Thus, methyl 2,4-
dimethylbenzoate on saponification (20 KHz) gives the
corresponding acid in 94% yield, compared to 15% yield by

the usual process of heating with aqueous alkali (90 min).
COOCH, COOH

CH, CH;
OH™ / H,0

3. 60 min

CH,; CH;

2. Saponification

3. Oxidation

The oxidation of alcohols by solid potassium
permanganate in hexane or benzene 1is enhanced
considerably by sonication. Using the above method, octan-
2-01 gives corresponding ketone in 92.8% yield in 5 hr
compared to 2% yield by mechanical stirring. Similarly,
cyclohexanol gave 53% yield of cyclohexanone by
oxidation under sonication (5 hr) compared to the 4% yield

under usual conditions.

R. R!
e CHOH KMnO, / hexane or benzene . L
RE/ RT, j)D Rz/

C=0
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Oxidation of cinnamyl alcohol with manganese
dioxide in a suitable solvent (like hexane or octane) gives
the corresponding aldehyde on sonication. It is believed that
under sonication the low reactive manganese dioxide is
activated. Benzylic halides can be oxidised with aqueous
sodium hypochlorite at room temperature on sonication.
The oxidations are believed to proceed via benzylic

hypohalides.
CH,CN, RT

D))

ArRCHX + NaOCl

> [ArRCHDCl ]

'

ArRCO
4) Reduction

Sonication increases considerably the reactivity of
platinum, palladium and rhodium black in formic acid
medium making easier the hydrogenation of a wide range
of alkenes at room temperature by sonication. Also,
hydrazine-palladium on copper couple is useful for the
hydrogenation of alkenes in ethanol at room temperature
using an ultrasonic bath. A commercially used example of a
sonochemically enhanced catalytic reaction is the ultrasonic
hydrogenation of soyabean oil.

Sonication also increases the activation of nickel
powder which is used for the reduction of alkenes.
Sonochemical reduction of nickel salts such as chloride
with zinc powder gives catalytically active nickel. Under
these conditions the excess of metallic zinc also gets
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activated and reduces the water present in the medium
producing hyrdrogen gas. In this way, not only the catalyst
but also the reagent is produced in situ with maximum
efficiency and safety. This process has been used for the
reduction of carbon-carbon double bonds in a,b-
unsaturated carbonyl compounds; the C-C double bond is
reduced much faster than the carbonyl group. The variation
in the conditions, especially pH permits the selective
reduction of C = C in preference to C = O.
Diels Alder Reaction

Sonication  facilitates  Diels-Alder  reaction.
Therefore, the addition of dimethyl acetylene dicarboxylate
to furan in water at 22-45 °C gives quantitative yield of the
adduct. The Diels- Alder cycloaddition of various dienes
(mostly belonging to 1-vinyl cyclohexenes) with o-
quinone proceeds very well under ultrasound conditions to
give the expected adducts in 59% yield compared to 30%
under normal reaction conditions. Better results are
obtained by soniciation of the neat mixture.

O
————
— CO;Me
¥ H,O, ‘J'jj-j CO;Me
2*45 " COsMe
COsMe v 90 | 4%
v
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