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CORE COURSE (HONOURS) IN CHEMISTRY

SEMESTER-I

CEMACOROIT: ORGANIC CHEMISTRY-I

(Credits: Theory-04, Practicals-02)
Theory: 60 Lectures Marks: 50

Basics of Organic Chemistry  Bonding and  Physical Properties
(25 Lectures) Marks: 20

Valence Bond Theory: concept of hybnidisation, shapes of molecules, resonance
(including hyperconjugation); calculation nf formal-charges—and double bond equivalent
(DBE); orbital pictures of bonding (sp°, sp”. sp: C-C. C-N & C-O systems and-scis-and-s=

Ererpesme iy fersrnleeases.

Electronic displacements: mductive effect, field—effeet mesomernic effect. resonance
energy. bond polanization and bond polanzability; electromeric effect; steric effect, stere

mhibitonrof resonance. steric inhibition of rsonance

MO theory: qualitative idea about molecular orbitals, bendins—and anttbending
wteraetions, 1dea about 7, 0% 7, ™ *, n — MOs; ba-a*s—tdaa—abaﬂ—ﬁmaﬂaﬂl@&-@l@}
concept of HOMO, LUMO and SOMO: interpretation of chemucal reactivity m terms of

FMO interactions: sketch and energy levels of ; MOs of 1) acyclic p orbital system (C=C.
ccﬂ_jugated diene, triene, a]lj,rl and pentadien].rl S}'stems) ﬂ}—ejﬂehe—p—efbﬁa-l—aﬁem

Hux:kﬂl‘q rules fnr ammﬂtlmt}r up tcr [I{}] a_ﬂnulcna (mcludmg mnﬂmmclaa: heter{:-::}chc
compounds up to 6-membered ring); concept of antmmmanmrj, and humnammaucﬂy

non- ammam: mnlecules Frost diagram; elemen

ST

Physical properties: mnfluence of hybridization on bond properties: bond dissociation
energy (BDE) and bond energy; bond distances, bond angles; concept of bond angle stramn
(Baeyer’s strain theory); melting—peint/boiling point and solubility of common organic
compounds in terms of eewalent—& non-covalent intermolecular forces: polanty of
molecules and dipole moments: relative stabilities of 1someric hydrocarbons 1 terms of
heat of hydrogenation, heat of combustion and heat of formatien.

General Treatment of Reaction Mechanism I
(10 Lectures) Marks: 10
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Mechanistic classification: &

AAtHTE i nation: hﬂmnlync and heteml},?tlc bond ﬂssmn_
bamrersense—guid he*e&:geme—bm curly arrow rules in representation of
mechanistic steps; reagent type: electrophiles and nucleophiles (elementary 1dea);
electrophilicity and nucleophilicity in terms of FMO approach.

Reactive intermediates. carbocations (eafbemm—aﬂé—eafbemum—tm} carbamons, carbon
radicals, carbenes: semerattem—and stability, structure using orbital picture and
electrophilic/nucleophilic behavior of reactive intermediates (elementary idea).

Stereochemistry I
(25 Lectures) Marks: 20

Bonding geometries of carbon compounds and representation of molecules: tetrahedral
nature of carbon and concept of asymmetry; Fischer, sawhorse, flying-wedge and
Newman projection formulae and their inter translations.

and point group: Cnh, Cnv, Dnh
Concept of chirality and symmetry: symmetry elements and—peﬂt—gr-eﬂp-a-(@m—am—(;‘m-
Er—P oL PP r—sn-E—Er: molecular chirality and centre of chirality; asymmetric
and dassymmclnc mﬂleculﬂs enantmmers and d:lastemﬂmers conceptefepimers; eeneept
Digit sametss: chiral centres and number of
stereoisomerism: S}’SI’E]II.S- unﬂh ing 1;‘2;3{1:.1:31 cenlre[s} (AL AB ABA and ABC

types).

Relative and absolute confieuration: DVL and R/S descriptors; ervthro/three and meso
nomenclature of compounds; swantnemenelataresforaldels; E/Z descriptors for C=C,
conjugated diene, triene, C=N and- =3} systems; combination of R/S- and E/ Z-
150Mmerisms.

Gpﬁr’mf activity of chiral compounds: optical rotation, speciﬁc rotation and molar rotation;
racemic cnmpcuuds racermsatmn (thmugh catmmc anionic, Iadmal mtermeiates and

invertomerism ﬂf ch:.ral ma]kylammes

CEMACOROIP: ORGANIC CHEMISTRY-ILAB
(60 Lectures/Contact Hours) Marks: 25

1. Separation, based upon solubility, by using common laboratory reagents likee—ssates
{eeld—het). dil. HCL., dil. NaOH, dil-NaHCOs; efc.. of components of a binary sohd
muxture; purification of any ome of the separated components by crystallization and
determination of 1ts melting point. The composition of the mixture may be of the
following types: Benzoic acid/p-Tolumdine; p-Nitrobenzoic acid/p-Aminobenzoic acid; p-
Nitrotoluene/p-Amsidine; efc.

2. Determination of hm]mg pumt of common orgamc liqmd cnmpnunds e—g—eﬂame-l—

Hﬂ%@ﬂﬂ-ld&hjﬁd&—ﬂi&&ﬁgﬁl—eﬂd&—eﬁe— [Bm]mg pnmt nf ﬂ:lf: chnsen organic compmmds
should preferably be less than 160 °C]

3. Identification of a Pure Organic Compound

Solid compounds: oxalic acid, tastamte—mesd, citric acid, sweemte—aerd, resorcinol,
urea, glucose, eane-sugar, benrete-nerd and salicylic acid

Liguid Compounds: fermie—aeid, acetic acid, methylalechel, ethyl alcohol, acstene,
aniline, dimethylaniline, benzaldehyde, ehloreform and nitrobenzene 3
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SEMESTER-III

CEMACORO?T: ORGANIC CHEMISTRY-III

(Credits: Theorv-04, Practicals-02)
Theory: 60 Lectures  Marks: 50

Chemistry of alkenes and alkynes
(15 Lectures) Marks: 12

Addition te C=C: mechamsm (with ewidence wherever applicable), reactivity,
regioselectivity  (Markovwnikoff and anti-Markownikoff additions) and stereoselectivity;
reactions: hydrogenation, halogenations, iodolactonisation, hvdrohalogenation, hydration,
oxymercuration-demercuration, hydroboration-oxidation, epoxidation. syn and anti-
hydroxylation, ozonolysis, addition of singlet and triplet carbenes; electrophilic addition
to diene (conjugated dienes and allene); radical addition: HBr addition; mechanism of
allylic and benzylic bromination in competition with brominations across C=C: use of

MWBS: Birch reduction of benzenoid aromatics: mterconversion of F - and Z - alkenes;

Addition to C=C ({in comparison to C=C): mechanism_ reactivity, regioselectivity
(Markownikoff and anti-Markownikoff addition) and stereoselectivity; reactions:
hydrogenation, halogenations, hydrohalogenation, hydration,
exymercurattondemerensation, hydroboration-oxidation, dissolving metal reduction of

alkynes (Birch); reactions of terminal alkynes by explonng its acidity; interconversion of
terminal and non-terminal alkynes.

Aromatic Substitution
(10 Lectures) Marks: 08

Electrophilic aromatic substitution mechanisms and evidences m favour of it; orientation
and reactivity; reactions: nitration, nitrosation, sulfonation, halogenation, Friedel-Crafts

reaction; one-catbon electrophiles (reactions: ehleremethylatton—Gatterman Jroeh:
Gatterman—HeubenHeeseh: Vilsmeier-Haack, Remmer-Tiemann, Kolbe-Schomdt): Ipse

substititmon.

Nucleophilic arematic substitution: addition-elimination mechanism and evidences
favour of it; Ssel—mechanismr; cine substitution (benzyne mechanism), structure of

benzyne.
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Carbonyl and Related Compounds
(30 Lectures) Marks: 22

Addition to C=0: structure, reactivity and preparation of carbonyl compounds:
mechanism (with evidence), reactivity, equilibrium and kinetic control: BurgrDPunstz
tratecterytanueleephilie addittens. formation of hydrates, cyano hydrins and bisulphite
adduct; nucleophilic addition-elimination reactions with alcohols, thiols and mitrogen-
based nucleophiles; reactions: benzoin condensation, Cannizzaro and Tischenko reactions,
reactions with yhdes: Withg and—Cereyr Chavkeseloy reaction; Rupe rearrangement,
oxidations and reductions: CSlessmensen Wolff-Eishner, LiAlH, NaBH, MPV,
Qﬁpmaﬂﬂ—B&m—emﬂt—Bl-aﬂe EC}lﬂm cundmsan{m eméa&en—e{—aleehalsﬂh—m;@aﬂd

Exploitation of acidity of a-H of C=0: 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, Se0; (Riley) oxidation; condensations (mechanism with evidence): Aldol,
Tollens’, Knoevenagel, SlaisenSehsudt, Clasen ester including Dieckmann, Stebbe:

Ma.nmch reaction, Perls:m rﬂacunn Eaa-af-el-a-x—seﬁ-ﬁw Hi-ylaﬂa-s—ef—ac-m-e
ethyl acetoacstate: spec:ﬁc enol eqlm'alents (hﬂ:lmm ennlates enamines, aza—e&ela{e& and

silyl enol ethers) i connection with elleflatten—aevlattenand aldol #pe reaction.

Nucleophilic addition to e f-unsaturated carbonyl system: general—prnciple—and

mechanism {with-evidence); direct-and conjugate-additien; addition of enolates (Michael
reaction), Stetter reactionRobinsen-annulation

Substitution at sp'!' carbon (C=0 system): mechanism (with evidence): Bac2, Aac2. Aacl,
Aarl (1n connection to acid and ester); acid dertvatives: amudes, anhydndes & acyl halides
(formation and hydrolysis including comparison).

Organometallics
(5 Lectures) Marks: 08

Grignard reagent; Organelithiums, Gilman cuprates: preparation and reactions
(mechanism with evidence); addition of Grignard and organmolithum to carbonyl
compounds; substitution on -COX; directed ortho metalation of arenes using
organolithiums, conjugate addition by Gilman cupfates: Corey-House synthesis;
abnormal behavior of Grignard reagents; companson of reactivity among Gngnard,
organolithiums and organocopper reagents: Reformatsky reaction; Blasse—seaction:
concept of umpolung and base-nucleophile dichotomy in case of organometallic reagents.
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CEMACOROTP: ORGANIC CHEMISTRY-IITLAB
60 (Lectures/Contact Hours) Marks: 25

Experiment -1: Qualitative Analysis of Single Solid Organic Compounds

A Detection of special elements (N, S, Cl, Br) by Lassaigne’s test

B. Solubility and classification (solvents: H20, 5% HCIL, 5% NaOH and 5% NaHCOs;)

C. Detection of the following functional groups by systematic chemical tests:

aromatic amino (-NH), aromatic nitro (-NO;), amido (-CONH,, mmeluding—imude),
phenolic —OH, carboxylic acid (-COOH), carbonyl (-CHO and =C=0); only one test for
each functional group 1s to be reported.

D. Melting pomt of the given compound

Each student. during laboratory session. 1s required to carry out qualitative chemical tests
for all the special elements and the functional groups wath-relevant derrvatisatien in
known and unknown (at lensgﬁ-) organic compounds.

SEMESTER-V

CEMACORIZT: ORGANIC CHEMISTRY-V

(Credits: Theory-04, Practicals-02)
Theory: 60 Lectures  Marks: 50

Carbocycles and Heterocycles

(16 Lectures) Marks: 12

Polynuclear hyvdrocarbons and their derivatives: synthetic methods include Haworth,

Bardhan-Sengupta, Beger—Cool—and—ether—usefal syntheses (with mechanistic details);
fixation—of-deublebonds—and Fres—sale; reactions (with mechanism) of naphthalene,

mathraeene—phenanthrene and thesr denivatives.

Heterocvelic compounds: : 2 s me—re—aae—tuete aER; Teactivity,
orientation and important reactions (wﬂh mechamsm} of .ﬁlran p}’ﬂ'ﬂlﬁ: thiophene and

pyridine; synthesis (including retrosynthetic approach and mechanistic details): pyrrole:
Enesr syathesis. Paal-Knorr synthesis, Hantzsch synthesis; furan: Paal-Enorr synthesis,
Feist-Benary synthesis and its variation: ﬂnﬂphencs Paal-Enorr 3}’11‘[]1&515 H-i:&&be;g
syathests: pyridine: Hantzsch synthesis; benze—fased : ; wetthen
hetersates: reactivity, onentation and 1mpurtant reactions (1.1.'11]1 mechamstlc detalls} ﬂf
indole, qumnoline and 1soquinoline; synthesis (including retrosynthetic approach and
mechanistic details): indole: Fischer, Madelansand Retssest; quinoline: Skraup, Peebaes
MillerEnedlander; 1soquinoline: Bischler-WNapieralski synthesis.

6
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Cyclic Stereochemistry
(10 Lectures) Marks: 08

Alicvelic compounds: concept of I-stram; conformational analysis: cyclohexane, mono
and disubstituted cyclohexane; symmetry properties and optical activity; topomerisation;
ring-size and ease of cyclisation; conformation & reactivity in cyclohexane system:
consideration of stenc and stereoelectronic requirements; elimmmation (E2, E1),
nucleophilic substitution (Sxl. Sx2. Sxi. NGP), merged substitution-elimination;
rearrangements; oxidation of cyclohexanol, esterification, saponification, lactonisation,

epoxidation, pyrolytic sym elimination and-fragmentation-reactions.

Pericyclic reactions
(8 Lectures) Marks: 08

Mechanism, stereochemistry, regioselectivity in case of

Electrocyelic reactions: FMO approach involving 4n- and 6m-electrons (thermal and
photochemical) and corresponding cycloreversion reactions.

Cycloaddition reactions: FMO approach, Diels-Alder reaction., photochemical [2+2]
cycloadditions.

Sigmatropic reactions: FMO approach sigmatropic shifts and their order; [1.3]- and [1.5]-
H shifts and [3,3]-shafts with reference to Claisen and Cope rearrangements.

Carbohydrates
(14 Lectures) Marks: 10

Monosaccharides: Aldoses up to 6 carbons; structure of D-glucose & D-fructose
(configuration & conformation); ring structure of monosacchandes (furanose and
pyranose forms): Haworth representations and non-planar conformations; anomenc effect
(including stereoelectronic  explanation): mutarotation; epimenzation; reactions
(mechanisms 1n relevant cases): Fischer glycosidation, osazone formation, brominewater
oxidation. HNO; oxidation, selective oxidation of terminal —-CH-OH of aldoses, reduction
to alditols, Lobry de Bruyn-van Ekenstein rearrangement; stepping—up (Kihani-Fischer
method) and stepping—down (Ruff's & Wohl's methods) of aldoses; end-group-
interchange of aldoses; acetomide (1sopropylidene) and benzylidene protections; nng-size
determination; Eischer's-proof of confimuration of () glucose.
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Biomolecules
(12 Lectures) Marks: 12

Amine acids: S}'ﬂl’h&ﬁls with mechamsnc dﬂtaﬂs S-Eeekef Gabnel acataﬂudo malamc
ester, azlactone, Biehe : : - :
1soelectric point, zwitterions; e-l-ee&ephefe-aﬁ reacnon (wﬂfh mechamsm] mﬂh}fdrm
reaction, Dakin-West reaction; resolution of racemic amino acids.

Peptides: peptide linkage and its geometry. syntheses (with mechanistic details) of
peptides using N-protection & C-protection, solid-phase (Mernfield) synthesis; peptide
sequence: C-termunal and N-terminal unit determination (Edman, Sanger &—dansyl
methods): partial hydrolysis; specifie-cleavage-of peptides: use of CNBr.

Nucleie acids: pynmidine and purine bases (only structure & nomenclature); nucleosides
and nucleohdes cnnespundmg to DNA and F.NA ﬁ&eehﬁﬂiﬁﬂﬂ—fﬂ{—ﬂ-etd—eﬁﬁlj‘&&d
secdmadas lesaides -pyrmtdine—and-punne—types). companson of alkaline
hydrolj.fsm Df DNA and RNA ﬁlﬂmentarj, ldﬂﬂ nf lelhlE helical structure of DNA
(Watson-Crick model); complimentary base—pairing in DNA_

CEMACORI2P: ORGANIC CHEMISTRY-V LAB
(60 Lectures/Contact Hours) Marks: 25

A, Chromatographic Separations

1. TLC separation of a mixture contaming 2/3 ammo acids

B. Spectroscopic Analysis of Organic Compounds

1. Assignment of labelled peaks in the 'H NMR spectra of the known organic
compounds explaining the relative d-values and splitting pattern

2. Assignment of labelled peaks m the IR spectrum of the same compound explaining
the relative frequencies of the absorptions (C-H, O-H, N-H, C-0. C-N, C-X, C=C, C=0,

N=0, C=C, C=N stretching frequencies; characteristic bending vibrations are
included).
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3. The students must record full spectral analysis of at least 15 (fifteen) compounds
from the following list:

(1) 4'-Bromoacetanilide (11) 2- Bromc- 4-meth},rlacetophenone (111) Vanillin (#—2"-
inebens aerd  (vi) Salieylamde (vi) 2'-

Hydmxyacetophenone (v 111) 1 3 Dmltl cbenzene (1x] nanS-Cmnaﬂuc acid Getrans—4-
e lyvde : AL < 2 : delyde (xiii) 4'-
Meth}'lacatamhde (}m) Memtyl ﬂxlde (X‘.] 2-Hydmxyb::nzaldehyde (xvi) 4-
Nitroaniline @evit}—2-Hydvony-3-nitvebenzaldelpde (xvin) 2,3-Dimethylbenzonitrile

(x1x] Pent- l-yn -3-ol (xx) 3 Nltmbanzaldeh}'de Geer)-3-Ethexy—4-hydrenybenzaldehyde

(xxvii) Ethyl 4-amjnobcnzoate {mﬂé—b&h—e&aﬁeh—ﬁeaﬂé—béﬁhﬂ—}—&ﬁmmaeh
(ress)- 3" Methy 1id
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