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SECTION A: SYNTHETIC CHEMISTRY I (ORGANIC) (CH402)

Answer 2 questions from questions 1, 2 and 3.

You should NOT attempt MORE than TWO questions in this section since ONLY the first
will be marked.

1. Answer ALL Parts.

(a) Predict the major product arising from the ring-opening reaction of each of the radicals 1
and 2. What factors will influence the regiochemistry of the ring-opening?

Ph

PK
1 2

[20%]

(b) The BusSn radical can add reversibly to alkenes.

(i) Using this knowledge, predict the product of the following reaction.

A ,, ̂  h JL Bu3SnD, AIBN lnfra Red spectrum
3 I i\̂  "" shows a broad peak

at 3400-3200 cnY1 _

(ii) Draw all the possible intermediates in the reaction and explain how they are
formed. Your answer should also include a mechanistic scheme.

[45%]

(Question 1 continues on the next page)
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(c) Reaction of 4a (R = Me) with Smla and 'BuOH furnishes two products 5a and 6a in a ratio
of!50:l.

2 eq Sml2
 H°^ ~R -Me H°^ ~R -M*

'BuOH

4a (R = Me) 5a (R = Me) 6a (R = Me)
4b (R = fBu) 5b (R = fBu) 6b (R = fBu)

(i) What is the mechanism for the formation of the products 5a and 5b?

[15%]

(ii) Which of the diastereomers 5a or 6a (R = Me) is the major product? Explain your
reasoning.

[10%]

(iii) If 4b (R = 'Bu) was reacted under the same reaction conditions, how would you
expect the ratio of the two products 5b and 6b to change?

2. Answer ALL parts

(a) Identify compounds 8 and 9 for the reactions shown below. Propose a mechanism for the
formation of 9 from 8. (dmgH = dimethylglyoximato ligand).

.CO2Et

8 _ 9
Dark Light

OAc OMe
7

[20%]

(b) Propose a mechanism for the formation of 11 from 10. Why are two equivalents of
Mn(OAc)s required?

H „ „ H
2 eq Mn(OAc)3

' H"I ^°

OH
10 11 O

[15%]

(Question 2 continues on the next page)
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(c) Propose a mechanism for the formation of 13 from 12.

O

Bu3SnD, AIBN

[15%]

(d) The heterocyclic compound 15 can be used to catalyse the addition of PhCBbBr, 14, to 16
to give the enantiomerically enriched product 17.

10mol%

H
15

PhCH2Br 14 96% ee
16 17

Given this information:

(i) illustrate the intermediate that will be formed upon reaction of 15 with 16, and give
a mechanism for its formation;

[15%]

(ii) Explain, with the aid of appropriate illustrations, how the catalyst subsequently
controls the absolute configuration of the product 17.

[15%]

(iii) Explain why the use of 15 to catalyse the addition of phenylcuprate to 18 gives the
product 19 with a much lower enantiomeric excess (ee) than it does for the
conversion of 16 to 17.

[10%]

(e) Describe two other approaches to the asymmetric synthesis of 17, in each case showing
which bond adjacent to the chiral centre would be created. Specific mechanisms and
reagents are not required.

[10%]
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3. Answer ALL parts.

(a) The Sharpless Asymmetric Dihydroxylation (AD) reaction converts styrene 20 into diol 21
in high enantiomeric excess (ee).

OH

10 mol% Chiral amine

5 mol% OsO4

NalCX,

20

Using this information, devise reaction sequences for the following transformations
(reagents should be given for each step, but mechanisms need not be shown):

(i) allylic alcohol 23 from alkene 22;

F,C
22

(ii) ester 25 from alkene 24.

24

F,C

[15%]

[15%]

(Question 3 continues on the next page)
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(b) Cationic complex 26 ([(chiraphos)Rh]+) acts as an asymmetric catalyst for the
hydrogenation of a-acylaminoacrylate 27 to give the amino acid precursor 28 in high ee.

C02H

(i) Draw a sketch showing how the phenyl rings in 26 create a chiral environment
around the rhodium(I) atom.

[10%]

(ii) Illustrate the two diastereoisomers which are formed upon co-ordination of
substrate 27 to complex 26.

[20%]

' p Jn,2 "
R(\

26

<J> Ph

0 ^+
 MAlco

H

27

0.1 mol%
catalyst 26

MeOH, H2

pn
O H

J^>
H

28

(iii) Explain how the catalyst thus achieves a selective hydrogenation of 27.

[20%]

(iv) Devise a synthetic sequence for the synthesis of the a-arylpropionic acid 28 from
methyl ester 29, using complex 26 in a hydrogenation step. Reagents should be
given, but mechanisms need not be illustrated.

MeO

O

29

0

28

[20%]

end of section A
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