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SECTION A

(Answer BOTH questions in this section.)

(a) (4 marks)

Predict the products of the following reactions.
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(b) (4 marks)
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Pyridine is very unreactive towards electrophilic aromatic substitution. Outline

TWO ways in which pyridines can be activated towards electrophilic

substitution.

Question 1 continued on following page
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Question 1 continued

(¢) (4 marks)
For the compound shown below draw two other tautomers and explain why
each is less stable than the tautomer shown.

Explain the relative chemical shifts in the '"H NMR spectra of each of the

(d) (4 marks)

following compounds in terms of their polarisations.

7.52
f\(Q 17
8.39

Briefly explain why pyridine is much more basic than pyrrole.

8.14

9.17 H

(¢) (4 marks)

2. (a) (5 marks)
Show how each of the following compounds could be prepared by reaction

between a binucleophile and a bielectrophile.

Hs

S
\|T| )I \>7Ph Ph N CHg
= ve” T} CHy

(b) (5 marks)
List the five most commonly employed reaction-types used for the

construction of heterocyclic rings.

Question 2 continued on following page
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Question 2 continued

(¢) (5 marks)

Predict the products of the following reactions.

NH,
©i +  PhCOEt ——>
NH,

Ph H
M + NHOH — >

O 0]

NH,
Yy
O O

Ph cl  Pho _NH,
+ \(( >

0O S

W + PhNHNH, ———

O O

(d) (5 marks)

Either
(1)  Briefly describe the different types of tautomerism that are important

in heterocyclic chemistry

Or
(1i1))  Explain the terms n-deficient and m-excessive as applied to nitrogen

heterocycles.
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SECTION B
(Answer TWO questions out of THREE.)

3. (a) Protection of the hydroxyl group is important for the success of many
syntheses, such as in the scheme given below. Discuss the choices of
protecting groups used in this scheme, provide mechanisms for the protection
and deprotection steps (steps 1,3 & 4), and indicate why protecting groups are

required in this synthetic scheme.

Explain why LiBHy4 is a suitable reducing agent for step 2, whereas NaBHy is

not.

()
LiBH
oy ) e 0
Me

MeO,C
step 2 Me
step 1 Me
BnBr

step 3 NaH

PBr3 H*, HoO J\/j
BnO Br BnO OH ' 12

step 4 Me

step 6 =—1Li

Bno/\‘/\\\

Me

(b) For the following oxidation reaction give the reaction mechanism and explain

why it is necessary to exclude water from the reaction.

H
O/\OH CrO3 @O
pyridine

Question 3 continued on following page
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Question 3 continued

(¢) For the following enolate alkylation reaction two products are possible.
Provide specific reaction conditions that would lead to each product shown,
and, using diagrams, clearly explain why the conditions you have chosen

favour predominantly one product.
_— or
Y Oy - ON

4. (a) Whatis a pericyclic reaction?

(b) Use frontier orbital theory to explain why Diels-Alder reactions are thermally

allowed, whereas [2+2] cycloaddition reactions are thermally disallowed.

(¢) Use frontier molecular orbital theory to account for the regioselectivity of the

following Diels-Alder reaction.

MeO EtO,C MeO

(d) List the following dienes in order of decreasing activity in a Diels-Alder

reaction. Explain your reasoning.

X o U ©

(e) Explain the stereoselectivity observed in the following Diels-Alder reactions:

= | Heat @
N J ) +
EtOC " ""CO,Et CO,Et
(i) Heat
(i) NaOEt (I;LCOZEt
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(a) Using clear diagrams to show your reasoning, predict the stereochemical

outcomes of the following reactions.

o

Ph\‘)j\
H

(i) EtMgBr

(i) H*

(i) LDA

()G

n L

(i) LDA

(ii) o]
Ph

(i) LDA

(if) o]

phj)k
H

HO
HO O
HO (@]
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MOPh
HO (0]
PhW

(b) The following reaction did not produce the required target compound.

Suggest a more likely outcome of the reaction and provide an explanation for

its formation. Show a way in which the target compound could be made from

this starting material.

.

(i) MeMgl

(i) H3O *

ol

target compound

END OF PAPER



