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1. PRINCIPLES OF GREEN CHEMISTRY 3h

Twelve Principles of green chemistry: prevention of waste, less hazardous chemical synthesis,
safer solvents and auxillaries, use of renewable feed stock, catalysis, real time analysis for
pollution prevention, atom efficiency, designing safer chemicals, design for energy efficiency,
reduced derivatives, design for degradation, inherently safer chemistry foraccident prevention.

2. USE OF ULTRASOUND AND MICROWAVE IN ORGANIC SYNTHESIS (4+1)
h

Use of ultrasound: instrumentation and the phenomenon of cavitation. Sonochemical
esterification, oxidation and reduction. Use of microwave: introduction, reaction vessel and
medium, specific effects, atom efficiency, advantages and limitations, N-alkylation and
alkylation of active methylene compounds with aldehydes and amines.

Diels-Alder reaction and oxidation of alcohols.

3. MECHANOCHEMISTRY 5h

Definition of mechanochemistry. Mortar and pestle for organic synthesis. Ball milling as
reactors for organic synthesis; effect of operating frequency, milling time and reaction
temperature. Energy efficiency; comparison of KMnO,4 mediated oxidation of p-toluidine to

other methods (classic heating, microwave and ultrasound).

4. POLYMER SUPPORTED REAGENTS IN ORGANIC SYNTHESIS 5+1)
h



Introduction- structure of polymer supports, properties of polymer support, advantages of
polymer supported reagents and choice of polymers.

Applications: substrate covalently bound to the support- synthesis of oligosaccharides,
Dieckmann cyclisation. Use of Merrifield resin in peptide synthesis.

Linkers and advantages, reagent linked to a polymeric material - synthesis of polymer bound
per acid and its applications.

Polymer supported catalytic reactions: preparation of polymer supported AICl;, and

application in acetal formation reaction.

5. PHASE TRANSFER CATALYSIS (PTC) AND CROWN ETHERS 6+1)h
Definition, mechanism of PTC, types of PTC reactions and advantages. Preparation of catalysts
and their application in alkylation, oxidation, and reduction reactions.

Crown ethers: general structure, nomenclature, features, and nature of donor site. General
synthesis of crown ethers. Synthetic applications: aromatic substitutions.

Generation of carbenes and alkylation.

6. MULTICOMPONENT ONE-POT REACTIONS 4+1)h
Meaning of one pot synthesis (mention of synonyms domino/cascade/ tandem reactions).

Effective reactions for one-pot synthesis; reaction in which the intermediate compound is
unstable, reaction in which the intermediate compound is hazardous, reactions in which there
is equilibrium between intermediate compounds, reaction in which the starting compound is in

equilibrium with the intermediate, reactionin which same reagents are employed in subseguent

reactions; an example each. Restriction for one-pot reactions; reaction, solvent, amount of

reagent. Ex: Passerini, Ugi, Biginelli and Mannich reactions.

7. ORGANOCATALYSIS (12+1)h
Introduction- types of organocatalysts, advantages, reusability.
Enamine catalysis: Aldol and Mannich type reactions, a-heteroatom functionalization, direct

conjugate additions via enamine activation.

Iminium catalysis: cycloaddition reactions, 1,4-addition reactions, transfer hydrogen reactions,
cascade reactions- total synthesis of natural products- tetrahydroquinoline alkaloids.
N-Heterocyclic Carbenes (NHC): Conjugate umpolung of a,B-unsaturated aldehydes for the
synthesis of gamma-butyrolactone.



Hydrogen bonding networks - epoxidationof olefins and Baeyer—Villiger oxidation of ketones.
Supported organocatalyst and lonic liquid organocatalyst.

Precursors and generation of NHC.

8. GREEN CHEMISTRY PRACTICES IN PHARMACEUTICAL INDUSTRY
(10+1) h

Solvent categories in pharmaceutical process development and greenness factor.

Supercritical fluids and applications.
Water as solvent: under pressure enabling reactions at high temperature, in ring closure
reactions under PTC conditions, dehydrohalogenation under PTC conditions.

Solvent free reactions: ex; Biginelli reaction.

Case studies: (i) Convergentsynthesis of Sildenafil citrate (ii) Comparison of old and new
commercial synthesis of sertraline HCI (use of green solvent) (iii) Use of biocatalyst to replace
Cr based catalyst in the synthesis of LY 300164 (iv) Improved ecological footprint in the
synthesis of Celecoxib (v) Quinaprin synthesis avoiding the use of potentially explosive

hydroxybenzotriazole

Green technologies in generic pharmaceutical industry: Current vs greener method, ex;

bromination (Reddy’s lab).

9. FLOW CHEMISTRY (3+2)
h

Introduction: Batch vs flow operations, flow reactor, types of reactors. Meaning of residence
time and molar flow rate.

Mass transfer: mixing rate vs reaction rate, Damkohler number, manipulation of Damkohler
number: e.g. synthesis of VVerubecestat.

Advantages of flow chemistry: Outpacing intramolecular reactions, e.g. Fries rearrangement.
Practical applications: Fischer esterification using in-line GC analysis.

Swern-Moffatt oxidation.

Handling hazardous reagents, ex; diazomethane, phosgene.

Limitations of flow chemistry
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Blue print
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Green Chemistry and diversity of its applications

Number of Maximum marks for which
Chapter teaching hours(As questionsare tobe framed
P . mentioned in the from this chapter (including
Number Title .
syllabus) bonus questions)
1. | Principles of green chemistry 3 5
Use of ultrasound and
2. microwaves in organic 5 9
synthesis
3. Mechanochemistry 5 9
4 |Polymer supported reagents in 6 10
organic synthesis
5 Phase transfer catalysis . 12
" | (ptc) and crown ethers
6 Multlcompor)entone-pot 5 8
reactions

7. Organocatalysis 13 22

Green chemistry practices in
8. pharmaceutical industry 11 19
9. Flow chemistry 5 9

Total marks excluding bonus questions 70
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