M.Sc.-1I Organic Chemistry

Semester — IV

CHO-5401 Chemistry of Natural Products-I
(48 L+ 12 T) (4 Credit)

Course Objective: On completion of the course, the student will be able to:

1)
2)
3)
4)
3)
6)
7)

To understand the isolation extraction and separation of natural product.

To identify the structure of natural product by chemical and spectroscopic method
To study the biogenesis of variety of natural product.

To establish the synthesis of natural product.

To study the biogenesis of different natural products

To know the mechanism of biological formality

To gain knowledge of mechanisms involved in biological chemistry

Course Outcomes: On completion of the course, the student should be able to:

COl. To get the knowledge of the isolation extraction and separation of natural product.

CO2. Able to identify the structure of natural product by different chemical and spectroscopic
method.

CO3. Apply the knowledge of the biogenesis of variety of natural product in lab.

CO4. Build a sense of enquiry and able to formulate the synthesis of natural product.

COS. Get the skill of extraction, separation and purification of Natural products using different
techniques.

CO6. Create new methodologies for synthesis of different types of natural product using
simple ways.

CO7. Gain the knowledge of mechanisms involved in biological chemistry.

CO8. Identify the stereochemistry of different natural products.

1. Isolation of Natural Products SL)

General methods of isolation and purification:

1) Extraction and fractionation-Maceration, enfleurage, Soxhlet extraction, supercritical fluid

extraction, extraction with solvents, hydrodistillation, steam distillation

i1) General methods of separation/purification:

Separation by chromatographic techniques: column chromatography, ion exchange and

charcoal chromatography, Size exclusion chromatography, HPLC, Ref. 1-8



2. Methods of structure determination of Natural Products (5L)
Chemical methods:Based on functional group-Bicarbonate extraction, sodium bisulphite
adduct formation, derivatization of functional group; degradation of alkaloids-Emde’s
degradation, etc.

Physical/Spectral methods: UV, IR, NMR spectroscopy, MS spectrometry, optical
polarimetry, XRD. Ref. 1-8

3. Synthesis and Structure elucidation involving stereochemistry, spectral and
chemical methods (14 L)
Terpenoids: Menthol (Takasago) and Caryophyllene (EJCorey)

Alkaloids: Reserpine (RB Woodward) and morphine (Marshall Gates)
Prostaglandins:Prostaglandins E2(E.J.Corey)
Antibiotics:Cephalosporin (RB Woodward) Ref. 1-8

4. Biogenesis ofnatural products 20L)
Terpenoids and Steroids—Mono, Sesqui, Di, Triterpenoids Steroids:
biosynthesis of cholesterol- mevalonic acid pathway
Alkaloids

a) Derived from ornithine-hygrine,cocaine,tropine,cuscohygrine,hyoscymine,retronecine,

b) Derived from Lysine-anaferin, lobeline, piperine, pelletierine ,lupinine,

c¢) Derived fromTyrosine-mescaline,anhalonine,reticuline,thebaine,codeine, morphine, emetine,
cephaeline,

d) Derived from nicotinicacid-biosynthesis of nicotinic acid, biogenesis of nicotine, nornicotine
Derived from tryptophan-psilocin, Harman, harmine, ajmalicine, yohimbine, cinchonine,

quinidine, camptothecin, lysergic acid. Ref. 9, 10,11

5. Mechanisms in biological chemistry (4L)
Mechanisms involving NAD/NADP to NADH/NADPH reductive amination in nature,
nature’s acyl anion equivalent, shikimic acid pathway, oxidation with FAD.

Ref. 1
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Choice Based Credit System Syllabus
(2019 Pattern)
Mapping of Program Outcomes with Course Outcomes

Class: M.Sc. II (SEM 1V) Subject: Organic Chemistry
Course: Chemistry Natural product Course Code: CHO-5401
Weightage: 1=weak or low relation, 2=moderate or partial relation, 3=strong or direct relation

Course Outcomes (COs) and Program Outcomes (POs) Matrix with Weightage:

CO\PO PO1 |PO2 |PO3 |PO4 |POS |PO6 PO7 PO8 PO9
Co1 3 0 0 2 0 0 0 0 0
CO2 0 3 0 0 0 0 0 0 0
CO3 0 0 3 0 0 0 0 0 0
CO4 0 0 0 3 0 2 0 0 0
CO5 0 0 0 0 3 0 0 0 0
CO6 0 0 0 3 0 3 0 0 3
CO7 0 0 0 0 3 3 0 0 3

Justification for the mapping
PO 1 (Disciplinary Knowledge):
CO 1: Students will learn different methods of extraction, separation, and purification of natural
products. This knowledge contributes to their disciplinary knowledge in the field of natural
product chemistry, covering essential techniques.
PO 2 (Critical Thinking and Problem Solving):
CO 2: Students will be able to illustrate the structure of natural products by spectral techniques.
This involves critical thinking and problem-solving skills when interpreting complex spectral
data to determine natural product structures.
PO 3 (Social Competence):
CO 3: Students will expertise in the synthesis of different types of natural products, which
enhances their social competence by addressing the needs of the pharmaceutical and natural
product industries.
PO4 (Research-related Skills and Scientific Temper):
CO 4: Students will gain knowledge of mechanisms involved in biological chemistry,
supporting research-related skills in understanding the chemical processes in biology.
PO 5 (Trans-Disciplinary Knowledge):
CO 5: Students can identify the stereochemistry of different natural products, which extends to
trans-disciplinary knowledge as stereochemistry is essential in various fields, including

chemistry, pharmacology, and biochemistry.

PO6: (Personal and Professional Competence)

CO 4 Student will gain knowledge of mechanisms involved in biological chemistry.



CO 6 Ability to troubleshoot common issues and challenges that may arise during extraction
processes.

CO 7 Awareness of current advancements and trends in extraction technologies

PO9: (Self-directed and Life-long Learning)
CO 6 Ability to troubleshoot common issues and challenges that may arise during extraction
processes.

CO 7 Awareness of current advancements and trends in extraction technologies



CHO-5402: Advanced Synthetic Organic Chemistry
(48 L+ 12 T) (4 Credit)

Course Objective: On completion of the course, the student will be able to:

1)
2)
3)
4)
S)
6)
7)

To study different cross coupling reactions for C-C bond formation
To study different cross coupling reactions for C=C bond formation
To study the use of transition metals in organic synthesis.

To study the importance of click chemistry

To study different ring forming reactions in organic synthesis.

To study the use of boron and silicon chemistry

Students will get knowledge of organoboranes in details

Course Outcomes : On completion of the course, the student should be able to:

COl.
CO2.
CO3.
CO4.
COs.
COe.
CO7.

COs.

Learn click chemistry and related important reactions.

Get knowledge of organoboranes in details

Expertise in various coupling reactions

Expertise in silicon and boron reagents in organic reactions

Get knowledge of ring forming reactions in organic synthesis.

Understand the basic principles and applications of Click chemistry,

Acquire proficiency in the synthesis of clickable functional molecules using
organoboranes as starting materials.

Develop critical thinking skills in the design and execution of Click chemistry

experiments, troubleshooting reactions, and analyzing and interpreting data.

Transition metal complexes in organic synthesis: only Pd, Ni, Co, Fe (Metal mediated C-

Cand C-X bond formation reactions): Suzuki, Heck, Sonogashira, Stille, Fukuyama,

Kumada,Hiyama, Negishi, Buchwald-Hartwig, ReppeRef. 1-6 (14L)

1.

Cc=C bond formation reactions: Wittig, Horner-Wordworth-
Emmons,McMurryShapiro, Bamford-Stevens,Julia-Lythgoe and Peterson olefination
reactions, Titanium-carbene mediated olefination: Tebbe, Petasis. Ref. 2, 3,4, 5,7

@L)

Clickchemistryotherimportantreactions: criterionforclickreaction,Sharpless azides
cycloadditions and other ring formation reactions: Pausan-Khand, Bergman. Corey-

Chaykovsky Reaction, Mitsunobu reaction. Ref. 8, 10 “4L)

Metathesis: Grubbs 1% and 2% generation catalyst, Olefin cross coupling(OCM), ring



closing(RCM) and ring opening (ROM) metathesis, Shrock catalysts, Buchwald
catalysts, Knowels catalyst of Ruthenium and Rhodium — synthesis and uses its use in

hydrogenation reactions-deallylation, C-C, C-O, C-N bond cleavages. Ref. 4, 5, 8

(1oL
4.  Organoboranes: reactions of organoborane reagents e.g. RBH2,R.BH,R3B,9-
BBN,catechol = borane. = Thexyl borane, cyclohexyl borane, ICPBH>,
IPC.BH,Hydrboration-mechanism, stereo and regeoselectivity, uses in synthesis of
primary,secondarytertiaryalcohols,aldehydes,ketones,alkenes.Synthesis of EE,EZ, ZZ
dienes and alkyenes. Mechanism of addition of IPCBH. Allyl boranes- synthesis,
mechanism and uses. Use of Silicon in organic synthesis reactionRef.2, 4, 9 @8L)
5.  Green Chemistry:Introduction, Twelve principles of green chemistry, atomecomony,
Organic synthesis using crown ethers, PTC, ionic liquids, fluorous phase technique,
nanoparticles in organic chemistry-synthesis of arylidenebarbituric acid, Prins
condensation reaction of B-pinene and paraformaldehyde.Ref. 11-15 “4L)
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Choice Based Credit System Syllabus
(2019 Pattern)
Mapping of Program Outcomes with Course Outcomes

Class: M.Sc. II (SEM 1V) Subject:Organic Chemistry

Course: Advanced Synthetic Organic Chemistry CourseCode: CHO-5402
Weightage: 1=weak or low relation,2=moderate or partial relation,3=strong or direct relation

Course Outcomes (COs) and Program Outcomes (POs) Matrix with Weightage:

CO\PO PO 1 PO 2 PO 3 PO 4 PO S PO6 PO7 PO8 PO9
CO1 3 0 0 0 2 0 0 0 0
CO2 0 3 0 0 0 0 0 0 0
CO3 0 0 3 3 0 0 0 0 0
Co4 0 0 3 3 0 2 0 0 0
CO5 0 0 0 0 3 0 0 0 0
CO6 0 0 0 0 0 3 0 0 0
CO7 0 0 0 0 0 0 0 0 3

PO 1 (Disciplinary Knowledge):
CO 1: Students will learn click chemistry and related important reactions. This knowledge is
essential for their disciplinary knowledge in the field of synthetic organic chemistry, covering

modern reactions and methodologies.

PO 2 (Critical Thinking and Problem Solving):
CO 2: Students will get knowledge of organoboranes in detail. This involves critical thinking
when understanding the properties and reactivity of organoboranes, which can be used for

problem-solving in synthetic chemistry.

PO 3 (Social Competence):

CO 3: Students will be experts in various coupling reactions. This expertise is valuable in the
context of social competence, as coupling reactions are widely used in the synthesis of
pharmaceuticals and other important compounds.

CO 4: Students will be experts in silicon and boron reagents in organic reactions, contributing to

social competence by addressing the needs of the chemical and pharmaceutical industries.

PO 4 (Research-Related Skills and Scientific Temper):

CO 3: Expertise in various coupling reactions supports research-related skills by enabling
students to explore and develop novel synthetic methodologies.

CO 4: Knowledge of silicon and boron reagents in organic reactions contributes to research-
related skills, as these reagents have significant applications in organic and medicinal chemistry
research.

PO 5 (Trans-Disciplinary Knowledge):

CO 5: Students will get knowledge of ring-forming reactions in organic synthesis, extending to



trans-disciplinary knowledge as ring-forming reactions are essential in various chemical and

biochemical fields.

POG6 (Personal and Professional Competence):
CO 4 Students will be expertise in silicon and boron reagents in organic reactions
CO 6 Understanding the role of catalysts and reaction conditions in promoting C=C bond

formation reactions.

PQOY (Self-directed and Life-long Learning):
CO 7 Awareness of current advancements and trends in C=C bond formation reactions, such as

the development of new catalysts and greener reaction conditions.



CHO-5403: Biomolecules, Org chemistry of drug design and chiral drugs
(48 L+ 12 T) (4 Credit)

Course Objective: On completion of the course, the student will be able to:

1) Student will understand : biomolecules, their properties and reactions.

2) Basic concept of Chiron approach retrosynthetic strategy and synthesis of chiral compounds.
3) To Explain Pharmacokinetics and Pharmacodynamics.

4) To Explain Structure and activity Relationship: QSAR And application

5) Synthesis of pharmacologically active chiral drugs.

6) The biological properties of drugs.

7) To Explain Structure and activity Relationship: QSAR And application

Course Outcomes : On completion of the course, the student should be able to:

COl. Student will learn in detail Stereochemistry and synthesis of various bimolecule

CO2. Students will get knowledge of organic chemistry in drug design

CO3. Students will learn in detail chemistry of amino acid, protein, enzymes and lipid

CO4. To understand Pharmacokinetics and Pharmacodynamics.

COS5. To understand Structure and activity Relationship: QSAR and application.

CO6. Students will understand the principles behind rational drug design and the importance
of molecular interactions in drug-receptor interactions.

CO7. Students will expertise in chiral drug design and their synthesis

1. Advancedcarbohydrates @8L)

Monosaccharides: Introduction of sugars, structures of triose, tetrose, pentose, hexose,
stereochemistry and reactions of Glucose, conformation and anomeric effects in hexoses,
mutarotation, glycoside formation, acetonide formation, reduction, synthesis of D-
glyceraldehyde, Killani-Fischer Synthesis, glucal formationand reactions,HanesianReaction,
Ferrier rearrangement. Disaccharides: Maltose, lactose, sucrose and their hydrolysis

Polysaccharides: Starch, end group analysis of amylose.Ref.1,2,6

2. Chiron approach @8L)
a) Introduction
b) Theconceptofchiraltemplatesandchironswhereinthecarbonskeletonisthechiral
precursor.
¢) Utilisation of the basic concepts for retrosynthetic strategy and synthesis ofthe
following: (S) Propanediol, (R) and (S)-Epichlorohydrin, L (+)-Alanine, (-)
Multistratin, (-) Pentenomycin, (-) Shikimic acid, Carbonolide BRef. 1,2,3



Eal

93]

3. Amino acids, proteins, enzymes, and lipids @8L)
Introduction to a- aminoacids :acidic, basic, neutral, Strecker synthesis, modified Gabriel
synthesis, Erlenmeyer synthesis, reaction of amino acid with ninhydrin.

Introduction to proteins, calculation of weight of polypeptide, N-terminal aminoacid
determination, Carboxy-terminal amino acid determination, Edman degradation of
peptides,sequence determination, synthesis of peptide: Merrifield solid-phase synthesis
Enzyme classification with their role in organic synthesis, Factors enhancing rate of enzyme

catalyzed reactions, working of citrate synthase enzyme. Ref. 4, 5

4. Organic ChemistryofDrug Design

Organic chemistry of drug design and drug action-quantitative structure activity relationship
Hammet equation, Taft equation Hansch analysis-derivations and application in drug design,
illustration with examples 4L)

Lypophilicity effect measurement of lipophilicities identification of active part molecular

graphics and lead modifications 2L)

SAR bymass and NMR 2L

Combinatorial chemistry-general aspects, split synthesis, peptide and non-peptide libraries
QL)

Drug receptor interactions enzyme inhibitor and drug target “4L)

Ref. 7-14

5. Chiral Drugs (10 L)

) Introduction of chiral drugs, Eutomer,Distomer ande udesmic ratio
) Distomers-i) with no side effects ii) with undesirable sideeffects
) Synthesis of some drugs: Propanolol, Diazepam, Adrenaline, Omeprazole,S-Ibuprofen, S-

Metaprolol, Captopril. Ref. 15,16
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Choice Based Credit System Syllabus

(2019 Pattern)
Mapping of Program Outcomes with Course Outcomes
Class: M.Sc. II (SEM 1V) Subject:Organic Chemistry
Course: Biomolecules, Org Chemistry of drug design and chiral drugs Course Code: CHO-5403
Weightage: 1=weak or low relation, 2=moderate or partial relation,3=strong or direct relation

Course Outcomes (COs) and Program Outcomes (POs) Matrix with Weightage:
CO\PO PO 1 PO 2 PO 3 PO 4 PO 5 PO6 PO7 POS8 POY
CO1 3 0 0 0 0 0 0 0 0
CO2 3 0 0 0 0 0 0 0 0
CO3 0 3 0 0 0 1 0 0 0
CO4 0 0 3 0 0 2 0 0 0
COS5 0 0 0 3 2 0 0 0 0
CO6 0 0 0 0 0 3 0 0 3
Cco7 0 0 0 0 0 3 0 0 0

PO 1 ( Disciplinary Knowledge):

CO 1: Students will explain the principle of drug design, chemistry of diseases, and drug
development, which is crucial for building their disciplinary knowledge in the fields of
medicinal chemistry and drug design.

CO 2: Students will explain peptide sequencing and its applications in therapeutics, contributing
to their disciplinary knowledge by covering essential concepts in biochemistry and
pharmaceuticals.

PO 2 (Critical Thinking and Problem Solving):

CO 1: Understanding the principle of drug design involves critical thinking and problem-
solving skills to design and optimize drug molecules effectively.

CO 2: Explaining peptide sequencing and its applications requires critical thinking and
problem-solving abilities to understand and apply these techniques in therapeutics.

PO 3 (Social Competence):

CO 3: Students will explain pharmacokinetics and pharmacodynamics, enhancing their social
competence by addressing the needs of the pharmaceutical and healthcare industries.

PO 4 (Research-Related Skills and Scientific Temper):

CO 4: Students will explain structure-activity relationships, quantitative structure-activity
relationships (QSAR), and their applications. This supports research-related skills as these
concepts are fundamental for designing effective drug molecules.

PO 5 (Trans-Disciplinary Knowledge):

CO 5: Explaining structure-activity relationships and their application extends to trans-
disciplinary knowledge, as these concepts are relevant not only in medicinal chemistry but also
in various scientific and pharmaceutical fields.

PO6 (Personal and Professional Competence)

CO 3 Explain Pharmacokinetics and Pharmacodynamics.




CO 4 Explain Structure and activity Relationship: QSAR and application.

CO 6 Ability to apply the acquired knowledge in practical applications, such as carbohydrate
synthesis or analysis.

CO7 Understanding Familiarity with the Killani-Fischer Synthesis and glucal formation and
reactions

PO9 (Self-directed and Life-long Learning)
CO 6 Ability to apply the acquired knowledge in practical applications, such as carbohydrate

synthesis or analysis



CHO-5404:0rganic stereochemistry Il andAsymmetric Synthesis
(48 L+ 12 T) (4 Credit)

Course Objective: On completion of the course, the student will be able to:

1) To know principle and applications of asymmetric synthesis which helps to predict the

chiral products in organic synthesis.

2) Students will be able to suggest the correct type of catalyst used for asymmetric reactions,

the mechanism and applications of these reactions

3) Develop effective strategies for using chiral auxiliaries, catalysts, and the substrate to

control stereochemical relationships.

4) Know the Asymmetric Synthesis, Chirol pool and Chiral auxillaries

5) Student should understand and learn the concept of Asymmetric synthesis.

6) Discover reactions that will reliably provide optically pure compounds.

7) Students will be able to give a detailed account of the course and mechanism of illustrative

examples of the asymmetric reactions that utilize chiral auxiliaries

Course Outcomes : On completion of the course, the student should be able to:

COLl.

CO2.

CO3.

CO4.

COs.

COe.

CO7.

Develop a solid understanding of the principles and concepts of stereochemistry,
including the different types of stereoisomerism (such as enantiomers and diastereomers)
and their significance in organic chemistry.

Gain knowledge of various methods and strategies used in asymmetric synthesis,
including chiral catalysts, chiral auxiliaries, and asymmetric induction.

learn about chiral molecules, their properties, and the methods used to identify and
characterize them

Explore the application of asymmetric synthesis in the preparation of pharmaceuticals,
natural products, and other complex organic molecules.

learn techniques for analyzing and determining the stereochemistry of organic
compounds, such as NMR spectroscopy, X-ray crystallography, and computational
methods.

Develop problem-solving skills related to stereochemistry and asymmetric synthesis,
including the ability to predict and explain the stereo chemical outcome of reactions.
Study the mechanisms of stereo selective reactions and understand how different factors

influence the stereochemistry of organic reactions.



1. OrganicStereochemistry-I1

a) Resolutionofracemicmodification.Ref.1, 4 (7L)
b) GeometricallsomerismandStereochemistryofolefins. Ref.1,2 (12L)
¢) Determination of stereochemistryorganic compounds usingNMR. SL)

Ref.3 Chapters 32 (13Edition)

2. Principles and applications of asymmetric synthesis: (24L)
AsymmetricSynthesis:Briefintroduction,thechiralpool-
nature’s“readymade”’chiralcenterstereoselective  aldol  reactions, predicting relative
stereochemistry through T.S. model Zimmer-Traxler, Specific reactions: Evan’s aldol,
Mukaiyama, Masamune, Cram’srule,
Felkin Anhrule, Cram’s chelate model,Conforthmodel,CieplakmodelAsymmetric synthesis,
use of chiral auxiliaries: oxazolidinone and norephedrine-derived, chiral reagents and
catalysts: preparation and wuse of CBS asymmetric reducing agent, Baker’syeast
reduction,asymmetric hydrogenation, Sharpless asymmetric epoxidation/dihydroxylation.
Synthesisofpropranolol/chloroamphenicol.Enantioselectivecarbonylreductions: BINAP based
Noyoritype,CBSreaction,Brownreaction,Knowle’scatalystofRutheniumand Rhodium-
synthesis and uses its using hydrogenation reactions-deallylation, C-C, C-O, C-N bond
cleavages
Ref.3 chapters33, 34, 35
References:
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Choice Based Credit System Syllabus
(2019 Pattern)

Mapping of Program Outcomes with Course Outcomes

Class: M.Sc. II (SEM V) Subject:Organic Chemistry
Course:Organic Stereochemistry II and Asymmetric Synthesis  CourseCode: CHO-5404
Weightage: 1=weak or low relation,2=moderate or partial relation,3=strong or direct relation

Course Outcomes (COs) and Program Outcomes (POs) Matrix with Weightage:

CO\PO PO1 [PO2 |PO3 |PO4 |POS |PO6 |PO7 PO8 PO9
CO 1 3 0 0 0 0 0 0 0 0
CO2 0 3 0 0 0 0 0 0 0
CO3 0 3 3 3 0 1 0 0 0
CO4 2 0 0 3 0 2 0 0 0
CO5 3 0 0 0 3 0 0 0 0
CO6 0 0 0 0 0 3 0 0 0
CO7 0 0 0 0 0 3 0 0 3

Justification for the mapping
PO 1 (Disciplinary Knowledge):

CO 1: Students will learn about the resolution and analysis of stereoisomers, formation of
racemization, and methods of resolution. This knowledge contributes to their disciplinary
knowledge in the field of organic chemistry and stereochemistry.

CO 4 1t involves principle and applications of asymmetric synthesis which helps to predict the
chiral products in organic synthesis.

CO 5 Students also came to know the use of cram rule, felkinanh rule, cram chelate model, use

of chiral auxillary and chiral reagents in organic synthesis.

PO 2 (Critical Thinking and Problem Solving):

CO 2: Students will study asymmetric synthesis, Chirol pool, and chiral auxiliaries, which
require critical thinking and problem-solving skills when designing chiral molecules and
strategies for asymmetric synthesis.

CO3: Understanding transition metal-catalyzed homogeneous asymmetric hydrogenation,
hydroxylation, and epoxidation involves critical thinking and problem-solving in the context of

designing chiral catalysts and reactions.

PO 3 (Social Competence):
CO 3: Students will learn about the principle and applications of asymmetric synthesis, which
enhances their social competence by addressing the needs of the pharmaceutical and chemical

industries, which rely on the production of chiral compounds.



PO 4 (Research-Related Skills and Scientific Temper):

CO 4: Students will gain knowledge of the use of cram rule, Felkin-Anh rule, cram chelate
model, and the use of chiral auxiliaries and chiral reagents in organic synthesis. This supports
research-related skills by enabling students to explore and develop novel methods for

asymmetric synthesis.

PO 5 (Trans-Disciplinary Knowledge):
CO 5: Learning the use of various principles and rules in asymmetric synthesis extends to trans-
disciplinary knowledge, as these concepts are applicable not only in organic chemistry but also

in various scientific and industrial fields.

PO6 (Personal and Professional Competence):

CO4 1t involves principle and applications of asymmetric synthesis which helps to predict the
chiral products in organic synthesis.

CO 6 Ability to identify and differentiate between different geometrical isomers of olefins.

CO 7 Awareness of current advancements and research in the field of geometrical isomerism

and stereochemistry of olefins.

PO9Y (Self-directed and Life-long Learning):
CO 7 Awareness of current advancements and research in the field of geometrical isomerism

and stereochemistry of olefins.



Practical course 111

CHO-5405: Innovative experiments in organic chemistry [4credits]

Course Objective: On completion of the course, the student will be able to:

1) Handling of single step reactions.

2) Isolation of product and purification.

3) Perform physical constant of product.

4) TIsolation of natural products.

5) Students will expertise in microwave, photochemical and enzyme catalyzed reactions.

6) Student will get the knowledge in the synthesis using green catalyst ( ionic liquid,

Nanoparticles)

7) Student will learn use of phase transfer catalyst in different synthesis

Course Outcomes : On completion of the course, the student should be able to:

COl.

CO2.

CO3.

CO4.

COs.

CO6.

CO7.

Learn the concepts and principles of green chemistry, including the importance of
sustainability, minimizing waste, and reducing environmental impact in organic synthesis.
Acquire practical skills in synthesizing and handling ionic liquids using appropriate
laboratory techniques. They will also learn to characterize and analyze the properties of
ionic liquids

Gain knowledge about the concept of phase transfer catalysis, including the role of the
catalyst in facilitating reactions between immiscible phases.

Learn about various types of green catalysts, such as heterogeneous catalysts, enzymatic
catalysts, and their applications in different chemical transformations.

knows the importance of atom economy in chemical reactions, which measures the
efficiency of a reaction in utilizing reactant atoms to form desired products while
minimizing waste.

Through the atom economy experiment, students will assess the efficiency of different
reactions by comparing their atom economies. This will help them understand the impact
of reaction conditions and catalysts on the overall efficiency of a chemical process.
Understand principles and techniques involved in synthesizing Nanoparticles, including

the selection of appropriate precursors, reaction conditions, and characterization methods

Atleast sixteen experiments should be carried out on micro scale.



1))

2)

3)

4)

5)

6)

7)

8)

9)

Phase transfer catalyst-
a) Oxidation of benzyl alcohol with hypochlorite esolution
b) Flavone from o-hydroxyacetophenone and benzoylchloride.
Microwave
a) o-Phenylenediamine to Benzimidazole
b) KMnO4 oxidation of toluene
Photochemical
a) Benzophenone to benzopinacol
b) Dimerization of cinnamic acid to truxillic acid.
Enzyme catalysed reactions
a) Sucroseto ethyl alcohol (Baker’syeast)
b) Asymmetric reduction of EAA by using Baker’syeast
¢) Hydrolysis of cane suga rusing invertase enzyme
Solids tate reactions
a) Preparation of 1, 1-bis-2-naphthol under grinding at room temperature.
b) Solvent free aldol condensation between3,4-dimethoxybenzaldehydeand!-
indanone
¢) Solventfreequantitativesolidphasesynthesisofazomethinesfromsubstituted
anilines and substituted benzaldehydes
d) BenzilBenzilicacidrearrangementundersolventfreecondition
Water mediated reaction
a) [4+2] cycloaddition reaction in aqueous medium at room temperature
b) Glucose to glucosazone
Ionic liquid mediated reaction
a) Preparation of 5-arylidenebarbiturateusing[ Bmim]OH
( Knovengel condensation)
Reactions using nanoparticles
a) Preparation of ZnO nanoparticle
b) ClaisenSchmidt condensation nusing ZnO nanoparticle
To understand the atom economy
a) Preparation of chalcone using conventiona Imethod
b) Preparation of chalcone using green method

c) Calculation of atom economy

10) Use of green catalysts

a) Benzoin condensation using thiamine hydrochloride
b) Clay catalyzed solid state synthesis of 7-hydroxy-4-methylcoumarin

¢) Bromination oftrans-stilbene usingsodium bromideand sodiumbromated.



d) Ecofriendly nitration of phenols and its derivatives using Calciumnitrate .

11) Report on industrial visit or study tour.

Reference:

1.

2.
3.
4

Comprehensive Practical Organic ChemistrybyV.K. Ahluwalia and RenuAggarwal
A text book of practical organic chemistry by A.l.Vogel,LELBS and Longmangroup.
Laboratory manual of organic chemistry by R.K.Bansal

Monographon Green ChemistryLaboratoryExperimentsbyGreenChemistryTask
Force Committee, DST

Practical organic chemistrybyMann and Saunders, ELBS and Longmangroup



Choice Based Credit System Syllabus
(2019 Pattern)

Mapping of Program Outcomes with Course Outcomes

Class: M.Sc. 11 (SEM 1V) Subject:Organic Chemistry
Course:Innovative experiments in organic chemistry CourseCode: CHO-5405
Weightage: 1=weakorlowrelation,2=moderateorpartialrelation,3=strongordirectrelation

Course Outcomes (COs) and Program Outcomes (POs) Matrix with Weightage:

CO\ PO1 [PO2 |PO3 |PO4 |POS |PO6 PO7 PO8 PO9
PO

CO1 3 0 0 0 0 0 0 0 0
CO2 3 3 0 0 0 0 0 0 0
CO3 3 3 3 3 0 1 0 0 0
CO4 0 0 0 0 3 2 0 0 0
CO5 0 0 0 0 0 0 0 0 0
CO6 0 0 0 0 0 3 0 0 3
CO7 0 0 0 0 0 3 0 0 3

Justification for the mapping
Program Outcome 1 (PO 1: Disciplinary Knowledge):

CO 1: Students will learn the use of phase transfer catalyst in different synthesis, which
contributes to their disciplinary knowledge in the field of organic chemistry, specifically in
reaction mechanisms and synthetic methodologies.

CO2 Students will expertise in microwave, photochemical and enzyme catalyzed reactions.
CO 3 Student will get the knowledge in the synthesis using green catalyst ( ionic liquid,

nanoparticles)

PO 2: Critical Thinking and Problem Solving):

CO 2: Students will gain expertise in microwave, photochemical, and enzyme-catalyzed
reactions, requiring critical thinking and problem-solving skills when designing and optimizing
innovative reaction conditions.

CO 3: Learning about the synthesis using green catalysts such as ionic liquids and nanoparticles
involves critical thinking and problem-solving in the context of sustainable and environmentally

friendly chemistry.

PO 3: (Social Competence):
CO 3: Students will get knowledge in the synthesis using green catalysts, which enhances their
social competence by addressing the growing need for sustainable and eco-friendly practices in

the chemical industry.

PO 4: Research-Related Skills and Scientific Temper):



CO 4: Due to the industrial visit during a study tour, students will gain industrial knowledge.
This supports research-related skills by exposing students to real-world industrial practices and

fostering a scientific temper.

PO 5: Trans-disciplinary Knowledge
CO 4. Due to the industrial visit during a study tour, students will gain industrial knowledge.
This supports research-related skills by exposing students to real-world industrial practices and

fostering a scientific temper.

PO6: Personal and Professional Competence

CO 3: Student will get the knowledge in the synthesis using green catalyst ( ionic liquid,
nanoparticles)

CO 4 : Due to industrial visit during study tour students will get industrial knowledge which
will be helpful for their future opportunities.

CO6: Ability to apply principles of green chemistry and sustainability in the context of water-
mediated reactions and ionic liquid reactions

CO7: Awareness of current advancements and trends in the field of water-mediated reactions

and ionic liquid reactions.

PO9: Self-directed and Life-long Learning
CO 6 Ability to apply principles of green chemistry and sustainability in the context of water-
mediated reactions and ionic liquid reactions
CO 7 Awareness of current advancements and trends in the field of water-mediated reactions

and ionic liquid reactions.



Practical course IV
CHO-5406:Project work[4 credits]

Course Objective: On completion of the course, the student will be able to:

1.

U

Learn various synthesis techniques, including reaction mechanisms, retrosynthesis, and
functional group interconversions.

Practice designing and planning synthetic routes for the targeted molecules.

Develop skills in laboratory techniques and procedures for organic synthesis.

Gain hands-on experience in performing multi-step syntheses of complex organic molecules.
Learn about the different types of reagents, catalysts, and reaction conditions used in
organic synthesis.

Develop skills in characterizing and analyzing synthesized compounds using spectroscopic
techniques.

Gain an appreciation for the importance of yield optimization, purification, and product

analysis in organic synthesis.

Course Outcomes : On completion of the course, the student should be able to:

COl. Develop skills in equipment operation and handling, including the use of laboratory

techniques and procedures specific to organic synthesis.

CO2. Apply principles of organic chemistry to identify suitable reaction pathways and

strategies for the synthesis of complex molecules.

CO3. Demonstrate an understanding of the properties and behavior of different organic

functional groups and their impact on reaction selectivity and efficiency.

CO4. Develop proficiency in the characterization of synthesized compounds using various

spectroscopic and analytical techniques.

COS. Learn how to interpret and analyze experimental data to evaluate reaction yields, purity,

and efficiency of synthesis.

CO6. Enhance critical thinking and creativity by designing and implementing efficient

synthetic strategies for the construction of molecules with desired properties.

CO7. Enhance written and oral communication skills through the presentation of project

results and the preparation of formal reports documenting the synthesis, characterization,

and analysis of target compounds.



This is mandatory for every student to undertake the project work on selected area of study
under the guidance of project coordinator. Student must carry out entire experimental work
within the stipulated time and present it briefly in the form of the dissertation at the time
evaluations.



Choice Based Credit System Syllabus
(2019 Pattern)
Mapping of Program Outcomes with Course Outcomes

Class: M.Sc. I (SEM 1V) Subject: Organic Chemistry

Course: Project Code: CHO-5406
Weightage: 1= weak or low relation, 2= moderate or partial relation, 3= strong or direct relation

Course Outcomes (COs) and Program Outcomes (POs) Matrix with Weightage:

CO\PO PO1 |(PO2 |PO3 |PO4 |POS |(PO6 |PO7 |PO8 |POI
CO1 3 0 2 0 1 0 0 0 0
CO2 2 3 2 0 0 0 0 0 0
CO3 2 0 3 0 0 0 0 0 0
CO4 2 0 2 3 2 0 0 0 0
CO5s 2 0 2 0 3 0 0 0 0
COo6 0 0 0 0 0 0 0 0 3
CO7 0 0 0 0 0 0 0 0 3

Justification for the mapping
PO 1 (Apply Academic Knowledge):

COl1. Students will apply the theoretical and practical knowledge acquired during their
academic coursework to real-world research, demonstrating the practical application of
academic knowledge.

CO2. Apply principles of organic chemistry to identify suitable reaction pathways and
strategies for the synthesis of complex molecules.

CO3.Demonstrate an understanding of the properties and behavior of different organic
functional groups and their impact on reaction selectivity and efficiency.

CO4.Develop proficiency in the characterization of synthesized compounds using various
spectroscopic and analytical techniques.

COS5. Learn how to interpret and analyze experimental data to evaluate reaction yields, purity,

and efficiency of synthesis.

PO 2 (Demonstrate Research Skills):
CO 2: Students will demonstrate their research skills by planning, conducting, and managing

independent research, including experimental work, data collection, and analysis.

PO 3 (Critical Thinking):

CO1. Students will apply the theoretical and practical knowledge acquired during their
academic coursework to real-world research, demonstrating the practical application of
academic knowledge.

CO2. Apply principles of organic chemistry to identify suitable reaction pathways and

strategies for the synthesis of complex molecules.



CO3. Demonstrate an understanding of the properties and behavior of different organic
functional groups and their impact on reaction selectivity and efficiency.

CO4. Develop proficiency in the characterization of synthesized compounds using various
spectroscopic and analytical techniques.

COS5. Learn how to interpret and analyze experimental data to evaluate reaction yields, purity,

and efficiency of synthesis.

PO 4: Contribute to Knowledge:
CO 4: Students will contribute to the existing body of knowledge in their chosen area of study

by conducting original research and making meaningful findings, thereby advancing knowledge.

PO 5: Trans-disciplinary Knowledge

COl. Students will apply the theoretical and practical knowledge acquired during their
academic coursework to real-world research, demonstrating the practical application of
academic knowledge

CO4. Develop proficiency in the characterization of synthesized compounds using various
spectroscopic and analytical techniques.

CO5. Learn how to interpret and analyze experimental data to evaluate reaction yields, purity,

and efficiency of synthesis.

PO6: Personal and Professional Competence

CO 4 Student will gain knowledge of mechanisms involved in biological chemistry.

CO 6 Ability to troubleshoot common issues and challenges that may arise during extraction
processes.

CO 7 Awareness of current advancements and trends in extraction technologies

PO9: Self-directed and Life-long Learning
CO 6 Knowledge of purification techniques for organic compounds, such as column
chromatography or recrystallization.

CO 7 Proficiency in performing organic reactions and handling reagents safely



