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FIRST SEMESTER EXAMINATION FOR THE DEGREE OF BACHELOR OF

EDUCATION AND BACHELOR OF SCIENCE

SCH 411: HETEROCYCLIC CHEMISTRY

Thursday 8" December 2011 TIME: 4.30p.m - 6.30p.m

INSTRUCTIONS

Answer ALL questions

QL. (a) Explain fully the following differences in physical and chemical properties of

5- membered heterocycles on the basis of electronic (inductive, mesomeric ,
electronegativity) and related effects.
(i) The resonance (delocalisation) energies of 5-membered hetero-aromatic
compounds with one S, N or O atom are lower than that of benzene, 150 kJ mole’!,
and varies as follows: thiophene 122 kJ mole™!, pyrrole 90 kJ mole™*, and furan 68
kJ mole™ ", [6 marks]
(i) The relative rate of electrophilic attack (e.g. with ACONO) on the three
heterocycles is in the following order: pyrrole > furan > thiophene; electrophilic
substitution in all the three compounds occurs mainly at the 2-position adjacent to
the heteroatom (rather than at position 3). [6 marks]
(iii) Electrophilic reaction of the bicyclic heteroaromatic indole (pyrrole with
benzene) occurs preferably on the pyrrole moiety rather than benzene.
Electrophilic attack occurs at position 3 rather than 2 of the pyrrole ring.

[8 marks]
(b) In the following reaction sequence, identify the products formed in each step
and outline the electronic factors and mechanisms that underlie their formation:

CH;MgBr PhSO,Cl Ac,0, AICH; NaOH
Pyrrole . ? , 2 . ? ?
[10 marks]

Q2. (a) Account for the following differences or variations in the physical and

chemical properties of pyridine and its derivatives on the basis of electronic and
related effects.

(i) Electronic polarisation in both pyridine and its saturated analogue (piperidine)
is in the direction of the heteroatom (N); however, this polarisation is almost x2 in
pyridine compared to that in piperidine as reflected in their dipole moments
(pyridine, 2.2D; piperidine, 1.17D). [4 marks]
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(i) Two different isomers of quinolones (2- or 4-quinolone) are formed when
the products are exposed to appropriate conditions, the kinetic product to high
temperatures in an appropriate medium (e.g. in diphenyl ether) and the
thermodynamic product to concentrated sulphuric acid. Trace the cyclisation
reactions of each product to the appropriate quinolone isomer. |8 marks]

(¢) In the following hetero-Diels-Alder reactions, identify the missing

heterodiene or dienophile/heterodienophile in the formation of the given
heterocyclic compound.

A
/\'i ~— Ph

Q) 9y + H,C=CHCH=CH, —————— ‘K/

\O
ed it Citg (5 marks]
(1) I AN Cih—

\ e n + 9 SR ‘
CH} @ 5)2 @lﬁ)l\f \CH3
[5 marks]
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