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Core Topic Modules 

No. of 

Lectur

es 

General 

Treatment of 

Reaction 

Mechanism I 

Mechanistic classification: ionic, radical and pericyclic (definition 

and example) 
1 

Reaction type: addition, elimination and substitution reactions 

(definition and example)  
1 

Stereochemical representation of Newman and interconversions.  1 

Nature of bond cleavage and bond formation: homolytic and 

heterolytic bond fission, homogenic and heterogenic bond formation 
1 

Curly arrow rules in representation of mechanistic steps 1 

Reagent type: electrophiles and nucleophiles (elementary idea) 1 

Electrophilicity and nucleophilicity in terms of FMO approach 1 

Reactive intermediates: carbocations (carbenium and carbonium 

ions) 
1 

Reactive intermediates:  carbanions:  generation and stability, 

structure using orbital picture 
1 

Reactive intermediates:  carbon radicals: generation and stability, 

structure using orbital picture 
1 

Reactive intermediates:  carbenes:  generation and stability, 

structure using orbital picture 
1 

Electrophilic/nucleophilic behavior of reactive intermediates 

(elementary idea) 
1 



Core T4 - Organic Chemistry II 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Core Topic Modules 

No. of 

Lecture

s 

Substitution and 

Elimination 

Reactions 

Free-radical substitution reaction: halogentaion of alkanes, 

mechanism (with evidence) and stereochemical features; reactivity-

selectivity principle in the light of Hammond’s postulate 

1 

Nucleophilic substitution reactions: substitution at sp3 centre: 

mechanisms (with evidence), relative rates & stereochemical 

features 

1 

SN1, SN2, SN2', SN1' (allylic rearrangement) and SNi 1 

effects of solvent, substrate structure, leaving group and 

nucleophiles (including ambident nucleophiles, cyanide & nitrite) 
1 

Substitutions involving NGP 1 

Role of crown ethers and phase transfer catalysts; [systems: alkyl 

halides, allyl halides, benzyl halides, alcohols, ethers, epoxides] 
1 

Elimination reactions: E1, E2, E1CB and Ei (pyrolytic syn 

eliminations) 
1 

Formation of alkenes and alkynes; mechanisms (with evidence), 

reactivity, regioselectivity (Saytzeff/Hofmann) and 

stereoselectivity 

1 

Comparison between substitution and elimination 1 

Importance of Bredt’s rule relating to the formation of C=C 1 



Core T7 - Organic Chemistry III 

 

 

 

 

 

 

 

 

 

Core Topic Modules 

No. of 

Lectur

es 

Organometallics 

Grignard reagent:  preparation and reactions (mechanism 

with evidence) 

1 

Organolithiums:  preparation and reactions (mechanism 

with evidence) 

1 

Gilman cuprates:  preparation and reactions (mechanism 

with evidence) 

1 

Addition of Grignard and organolithium to carbonyl compounds 1 

Substitution on -COX; directed ortho metalation of arenes using 

organolithiums, conjugate addition by Gilman cuprates 

1 

Corey-House synthesis,  abnormal behavior of Grignard reagents 1 

Comparison of reactivity among Grignard, organolithiums and 

organocopper reagents 

1 

Reformatsky reaction; Blaise reaction 1 

Concept of umpolung and base-nucleophile dichotomy in case of 

organometallic reagents 

1 

Carbonyl and 

Related 

Compounds 

Nucleophilic addition to α,β-unsaturated carbonyl system: general 

principle and mechanism (with evidence) 

1 

Direct and conjugate addition, addition of enolates (Michael 

reaction), Stetter reaction, Robinson annulation 

1 

Substitution at sp2 carbon (C=O system): mechanism (with 

evidence): BAC2, AAC2, AAC1, AAL1 (in connection to acid and 

ester) 

1 

Acid derivatives: amides, anhydrides & acyl halides (formation and 

hydrolysis including comparison) 

1 

 

Green 

Chemistry 

Elementary ideas of Green Chemistry: Twelve (12) principles of 

green chemistry 

1 

Planning of green synthesis 1 

common organic reactions and their counterparts: reactions: 

Aldol,Friedel-Crafts, Michael, Knoevenagel, Cannizzaro, benzoin 

condensation and Dieckmann condensation 

1 

 



Core T10 - Organic Chemistry IV 

 

 

 

 

 

 

Core Topic Modules 

No. of 

Lectur

es 

Nitrogen 

compounds 

Amines: Aliphatic & Aromatic: preparation, separation (Hinsberg’s 

method) and identification of primary, secondary and tertiary 

amines; reaction (with mechanism) 

1 

Eschweiler–Clarke methylation, diazo coupling reaction, Mannich 

reaction 

1 

Formation and reactions of phenylenediamines, diazomethane and 

diazoacetic ester 

1 

Nitro compounds (aliphatic and aromatic): preparation and reaction 

(with mechanism): reduction under different conditions  

1 

Nef carbonyl synthesis, Henry reaction and conjugate addition of 

nitroalkane anion 

1 

Alkylnitrile and isonitrile: preparation and reaction (with 

mechanism): Thorpe nitrile condensation, von Richter reaction. 

1 

Diazonium salts and their related compounds: reactions (with 

mechanism) involving replacement of diazo group; reactions: 

Gomberg, Meerwein, Japp-Klingermann. 

1 

Rearrangements 

Rearrangement to electron-deficient carbon: Wagner-Meerwein 

rearrangement, pinacol rearrangement, dienone-phenol; Wolff 

rearrangement in Arndt-Eistert synthesis, benzilbenzilic acid 

rearrangement, Demjanov rearrangement, Tiffeneau–Demjanov 

rearrangement 

1 

Rearrangement to electron-deficient nitrogen: rearrangements: 

Hofmann, Curtius, Lossen, Schmidt and Beckmann. 

1 

Rearrangement to electron-deficient oxygen: Baeyer-Villiger 

oxidation, cumene hydroperoxide-phenol rearrangement and Dakin 

reaction. 

1 

Aromatic rearrangements: Migration from oxygen to ring carbon: 

Fries rearrangement and Claisen rearrangement. 

1 

Migration from nitrogen to ring carbon: Hofmann-Martius 

rearrangement, Fischer-Hepp rearrangement, N-azo to C-azo 

rearrangement, Bamberger rearrangement, Orton rearrangement and 

benzidine rearrangement 

1 

Rearrangement reactions by green approach: Fries rearrangement, 

Claisen rearrangement, Beckmann rearrangement, Baeyer-Villiger 

oxidation. 

1 



Core T12 - Organic Chemistry V 

 

Core Topic Modules 

No. of 

Lectur

es 

Biomolecules 

Amino acids: synthesis with mechanistic details: Strecker, Gabriel, 

acetamido malonic ester, azlactone 

1 

Amino acids: synthesis with mechanistic details:  Bücherer 

hydantoin synthesis, synthesis involving diketopiperazine 

1 

Isoelectric point, zwitterions; electrophoresis, reaction (with 

mechanism): ninhydrin reaction, Dakin-West reaction; resolution of 

racemic amino acids 

1 

Peptides: peptide linkage and its geometry 1 

Syntheses (with mechanistic details) of peptides using N-protection 

& C-protection, solid-phase (Merrifield) synthesis 

1 

peptide sequence: Cterminal and N-terminal unit determination 

(Edman, Sanger & ‘dansyl’ methods) 

1 

Partial hydrolysis; specific cleavage of peptides: use of CNBr. 1 

Nucleic acids: pyrimidine and purine bases (only structure & 

nomenclature) 

1 

Nucleosides and nucleotides corresponding to DNA and RNA 1 

Mechanism for acid catalysed hydrolysis of nucleosides (both 

pyrimidine and purine types) 

1 

Comparison of alkaline hydrolysis of DNA and RNA 1 

Elementary idea of double helical structure of DNA (Watson-Crick 

model) 

1 

Complimentary base–pairing in DNA 1 
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MODULE of the UG Syllabus Under CBCS and Semester System                              
by DR. SAMARESH GHOSH 

Subject: UG Chemistry (Core)       

Course Course Title/ID  Course Type Semester 

SHCHE/101/C-1  Organic Chemistry I/11411 C-1 I 

 

Module Course Description Lectures 

1 Bonding and Physical Properties  

1.1 Valence Bond Theory: Concept of hybridization, shapes of molecules, calculation 
of formal charges and double bond equivalent (DBE); orbital pictures of bonding 
(sp3, sp2, sp: C-C, C-N & C-O systems and s-cis and s-trans geometry for suitable 
cases) 

3 

1.2 Electronic displacements: inductive effect, field effect, mesomeric effect, 
resonance (including hyperconjugation); resonance energy; bond polarization 
and bond polarizability; electromeric effect; steric effect, steric inhibition of 
resonance. 

4 

1.3 Physical properties: Influence of hybridization on bond properties: bond 
dissociation energy (BDE) and bond energy; bond distances, bond angles; 
concept of bond angle strain (Baeyer’s strain theory); melting point/boiling point 
and solubility of common organic compounds in terms of covalent & non-
covalent intermolecular forces; polarity of molecules and dipole moments; 
relative stabilities of isomeric hydrocarbons in terms of heat of hydrogenation, 
heat of combustion and heat of formation. 

4 

1.4 MO theory: Qualitative idea about molecular orbitals, bonding and antibonding 

interactions, idea about σ, σ*, π, π *, n – MOs; basic idea about Frontier MOs 

(FMO); concept of HOMO, LUMO and SOMO; interpretation of chemical 

reactivity in terms of FMO interactions; sketch and energy levels of π MOs of i) 

acyclic p orbital system (C=C, conjugated diene, triene, allyl and pentadienyl 
systems) ii) cyclic p orbital system (neutral systems: [4], [6]-annulenes; charged 

systems: 3-,4-,5-membered ring systems); Hückel’s rules for aromaticity up to 

[10]-annulene (including mononuclear heterocyclic compounds up to 6-
membered ring); concept of antiaromaticity and homoaromaticity; non-aromatic 

molecules; Frost diagram; elementary idea about α and β; measurement of 

delocalization energies in terms of β for buta-1,3-diene, 

cyclobutadiene, hexa-1,3,5-triene and benzene. 

5 

1.5 Assignment and discussion 1 

2 General Treatment of Reaction Mechanism I XXX 

3 Stereochemistry-I XXX 

 

Text Books 



2 
 

1. I. L. Finar, Organic Chemistry (Volume 1), Pearson Education. 

2. T.W.  Graham Solomons, C. B. Fryhle, Organic Chemistry, John Wiley & Sons, Inc. 

3. N. Tewari, Organic Chemistry-A Modern Approach (Volume 1), McGraw Hill Education. 

For Further Reading 

1. J. Clayden, N. Greeves, S. Warren, Organic Chemistry, Second edition, Oxford University Press.  

2. I. Fleming, Molecular Orbitals and Organic Chemical Reactions, Reference/Student Edition, 

Wiley. 

 

 

 

 

Contd------ 
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MODULE of the PG Syllabus under Semester System                                                    
by DR. SAMARESH GHOSH     

Core Subject Paper Code  Semester 

Organic Chemistry CHEM102C I 

 

Module Course Description Lectures 

1 Bonding in Organic Molecules  XXX 

2 Stereochemistry and Conformational Analysis-I  XXX 

3 NMR Spectroscopy   

3.1 Principles, instrumentation and different techniques (CW and FT) of NMR 
spectroscopy.  

1 

3.2 Factors influencing chemical shift, spin-spin interactions, coupling constant (J); 
Jablonski diagram, spin-decoupling. First order and second order spectra, spin 
system notations.  

3 

3.3 Introduction to 13C: proton decoupled 13C spectra, NOE, cross polarization, 
peak integration, off resonance 13C.  

3 

4 Mass Spectroscopy   

4.1 Mass Spectroscopy Principles, instrumentation and applications of mass 
spectrometry-methods of generation of ions in EI, CI, FD and FAB, MALDI-TOF.  

2 

4.2 Detection of ions, ion analysis, ion abundance, molecular ion peak, metastable 
peak, isotope, ion-molecule interaction and analysis of fragmentation patterns. 
Calculation of MF from mass. 

3 

4.3 Applications of Mass, UV-VIS, IR and NMR spectroscopy to structural and 
mechanistic problems. 

2 

 

Reference Books 

1. P.S. Kalsi, Spectroscopy of Organic Compounds, New Age International Publishers  

2. W.  Kemp, Organic Spectroscopy, Palgrave. 

3. D. L. Pavia et al. Introduction to Spectroscopy, Cengage Learning India Ed. 

4.  J. Dyer, Application of Absorption Spectroscopy of Organic Compounds, PHI Private Ltd. 

5. R. M. Silverstein, G. C. Bassler and T. C. Morrill, Spectroscopic Identification of Organic 

Compounds, John Wiley & Sons, Inc.  
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MODULE of the PG Syllabus under Semester System                                                    
by DR. SAMARESH GHOSH     

Core Subject Paper Code  Semester 

Organic Chemistry CHEM202C II 

 

Module Course Description Lectures 

1 Heterocyclic Chemistry-I  

1.1 Systematic nomenclature (Hantzch-Widman system) for monocycle and 
fused heterocycles.  

2 

1.2 General approach to heterocyclic synthesis-cyclisation and cycloaddition 
routes. Heterocycles in organic synthesis-masked functionalities, umpolung, 
Stork annulations reaction. Rearrangement and ring transformation involving 
5- and 6-membered heterocycles with one heteroatom.  

4 

1.3 Assignment and Discussion 1 

2 Organic Name Reaction and Reagents XXX 

3 Pericyclic Reactions-I XXX 

4 Asymmetric Synthesis XXX 

 

Reference Books 

1. J. Clayden, N. Greeves, S. Warren, Organic Chemistry, Oxford University Press . 

2. J.A. Joule, K. Mills, Heterocyclic Chemistry, Blackwell Science. 

3. T. L. Gilchrist, Heterocyclic Chemistry, Pearson Education.  
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MODULE of the UG Syllabus Under CBCS and Semester System                              

by DR. SAMARESH GHOSH 

Subject: UG Chemistry (Core)      

Course Course Title/ID  Course Type Semester 

SHCHE/202/C-4  Organic Chemistry II/21412 C-4 II 

 

Module Course Description Lectures 

1 Stereochemistry II XXX 

2 General Treatment of Reaction Mechanism II  

2.1 Reaction thermodynamics: free energy and equilibrium, enthalpy and entropy 
factor, calculation of enthalpy change via BDE, intermolecular & intramolecular 
reactions. 

3 

2.2 Concept of organic acids and bases: effect of structure, substituent and solvent 
on acidity and basicity; proton sponge; gas-phase acidity and basicity; 
comparison between nucleophlicity and basicity; HSAB principle; application of 
thermodynamic principles in acid base equilibria. 

4 

2.3 Tautomerism: prototropy (keto-enol, nitro - aci-nitro, nitroso-oximino, diazo-
amino and enamine-imine systems); valence tautomerism and ring-chain 
tautomerism; composition of the equilibrium in different systems (simple 
carbonyl; 1,2- and 1,3-dicarbonyl systems, phenols and related systems), factors 
affecting keto-enol tautomerism; application of thermodynamic principles in 
tautomeric equilibria. 

3 

2.4 Reaction kinetics: rate constant and free energy of activation; concept of order 
and molecularity; free energy profiles for one-step, two-step and three-step 
reactions; catalyzed reactions: electrophilic and nucleophilic catalysis; kinetic 
control and thermodynamic control of reactions; isotope effect: primary and 
secondary kinetic isotopiceffect (kH /kD); principle of microscopic reversibility; 
Hammond’s postulate. 

5 

2.5 Assignment and discussion 1 

3 Substitution and Elimination Reactions XXX 

 

Text Books 

1. T.W. Graham Solomons, C. B. Fryhle, Organic Chemistry, John Wiley & Sons, Inc. 

2. N. Tewari, Advanced Organic Reaction Mechanism, Books & Allied (P) Ltd. 

3. M.S. Singh, Advanced Organic Chemistry-Reactions and Mechanisms, Pearson Education.  

For Further Reading 

1. J. Clayden, N. Greeves, S. Warren, Organic Chemistry, Second edition, Oxford University Press. 

2. G.M. Loudon, Organic Chemistry, Fourth edition, Oxford University Press. 
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MODULE of the UG Syllabus Under CBCS and Semester System                              

by DR. SAMARESH GHOSH 

Subject: UG Chemistry (Core)      

Course Course Title/ID  Course Type Semester 

SHCHE/303/C-7  Organic Chemistry III/31413 C-7 III 

 

Module Course Description No. of 
Lectures 

1 Chemistry of alkenes and alkynes XXX 

2 Aromatic Substitution XXX 

3 Carbonyl and Related Compounds  

3.1 Addition to C=O: structure, reactivity and preparation of carbonyl compounds; 
mechanism (with evidence), reactivity, equilibrium and kinetic control; Burgi-
Dunitz trajectory in nucleophilic additions; formation of hydrates, cyano hydrins 
and bisulphite adduct; nucleophilic addition-elimination reactions with alcohols, 
thiols and nitrogen- based nucleophiles; reactions: benzoin condensation, 
Cannizzaro and Tischenko reactions, reactions with ylides: Wittig and Corey-
Chaykovsky reaction; Rupe rearrangement, oxidations and reductions: 
Clemmensen, Wolff-Kishner, LiAlH4, NaBH4, MPV, Oppenauer, Bouveault-Blanc, 
acyloin condensation; oxidation of alcohols with PDC and PCC; periodic acid and 
leadtetraacetate oxidation of 1,2-diols. 

5 

3.2 Exploitation of acidity of α-H of C=O: formation of enols and enolates; kinetic 

and thermodynamic enolates; reactions (mechanism with evidence): 
halogenation of carbonyl compounds under acidic and basic conditions, Hell-
Volhard-Zelinsky (H. V. Z.) reaction, nitrosation, SeO2 (Riley) oxidation; 
condensations (mechanism with evidence): Aldol, Tollens’, Knoevenagel, Claisen-
Schmidt, Claisen ester including Dieckmann, Stobbe; Mannich reaction, Perkin 
reaction, Favorskii rearrangement; alkylation of active methylene compounds; 
preparation and synthetic applications of diethyl malonate and ethyl 
acetoacetate; specific enol equivalents (lithium enolates, enamines, aza-enolates 
and silyl enol ethers) in connection with alkylation, acylation and aldol type 
reaction. 

4 

3.3 Elementary ideas of Green Chemistry: Twelve (12) principles of green chemistry; 
planning of green synthesis; common organic reactions and their counterparts: 
reactions: Aldol,Friedel- Crafts, Michael, Knoevenagel, Cannizzaro, benzoin 
condensation and Dieckmann condensation. 

3 

3.4 Nucleophilic addition to α,β-unsaturated carbonyl system: general principle 

and mechanism (with evidence); direct and conjugate addition, addition of 
enolates (Michael reaction), Stetter reaction, Robinson annulations. 

2 

3.5 Substitution at sp2 carbon (C=O system): mechanism (with evidence): BAC2, 
AAC2, AAC1, AAL1 (in connection to acid and ester); acid derivatives: amides, 
anhydrides & acyl halides (formation and hydrolysis including comparison). 

3 

3.6 Assignment and discussion 1 



2 
 

4 Organometallics XXX 

 

Text Books 

1. Finar, I. L. Organic Chemistry (Volume 1), Pearson Education. 

2. T.W. Graham Solomons, C. B. Fryhle, Organic Chemistry, John Wiley & Sons, Inc. 

3. N. Tewari, Advanced Organic Reaction Mechanism, Books & Allied (P) Ltd. 

4. M.S. Singh, Advanced Organic Chemistry-Reactions & Mechanisms, Pearson Education. 

5. S.K. Ghosh, Advanced General Organic Chemistry- A Modern Approach, New Central Book 

Agency (P) Ltd. 

 

For Further Reading 

1. J. Clayden, N. Greeves, S. Warren, Organic Chemistry, Second edition, Oxford University Press. 

2. G. M. Loudon, Organic Chemistry, Fourth edition, Oxford University Press. 

3. T.M. Sorrell, Organic Chemistry, Viva Books (P) Ltd 
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