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The examination is out of 95 marks and you have 3 hours to complete it. No extra time will be
given.

You can use a pen of any color except RED AND GREEN to write your answers.

Read the whole question paper carefully before you start answering. You are allowed to start
with any question, just clearly number it in your answer sheet.

You have been provided with Spectroscopic Correlation Tables at the end of the question
paper. Make sure you use them.

This is a closed book examination. You are NOT allowed to have any book, memorandum,
notes, paper, photographs, document or written/printed material other than the question paper
and the answer books provided by the examiner/invigilator. If you need paper for rough work,
an additional exam answer sheet will be given to you, which must be clearly labelled as rough
work: not for marking, and handed in together with the question paper and all your answer
books.



QUESTION 1

(a) Give the Fischer projection formula of the compound below. Also give the absolute
configuration (R/S) of all the stereocentres present in the molecule. 4)

(b) Identify the relationship between the following pairs of compounds as enantiomers,
diastereomers, constitutional isomers or the same compound.

CH3 H
H——F HsC——Br
H——2Br F—1—CH;
CHs H (2)
(ii)
C'm NCI
cl cl (2)
[8l
UESTION 2
(a) Draw a complete mechanism for the following reaction and name the type of mechanism.
Name both the substrate and the product using systematic IUPAC nomenclature. (6)
+ HOO ——™
H H

(b) Which product(s) would you expect to obtain from each of the following reactions? For each
reaction, state the mechanism (Sn1, Sn2, E1 or E2) (you do not have to write the mechanism)
by which the product is formed. In each case, explain your choice.

(i)

NaOEt
?
Br EtOH, 80 °C (3)
(i)
C?)H3 OH
Br—(‘:—CHZCOCHs _— ?
0,
CH,CH, CH3OH, 50 °C 3)

[12]
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QUESTION 3
(a) Wrrite mechanisms of the following reactions:
AN L NP
—
Q) ~ TROOR (5)
(ii)
HaPO,
3,3-dimethyl-2-butanol —— > 2,3-dimethyl-2-butene
Heat (6)

(b) Give the missing starting materials, reagents and products.

(i)
,:>=CH2 1. 0,4, CH,Cl, o s o

2. Zn, HOACc (2)
(ii)
i. Hg(OAc), ; THF - H,O /\)oi
?  Ti. NaBHg OH @)
(iii)
o KOC(CHa)a <><Z|
CHCl, I (1)
[16]
QUESTION 4
(a) An unknown alkene with formula C7H12 undergoes oxidation in hot, acidic KMnOj to yield only
the following product. What is the structure of the original alkene? (2)
0]
)j\/\/\"/OH
0]

(b) Which isomer would you expect to undergo E2 elimination faster, trans-1-bromo-4-tert-
butylcyclohexane or cis-1-bromo-4-tert-butylcyclohexane? Draw each molecule in its more
stable chair conformation and explain your answer. (6)
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QUESTION 5

(a) Examine the '"H NMR spectrum of 1-nitropropane, shown below. Assign the
signals to the respective hydrogen atoms in the molecule.

Ii(l() IZH() 1 P2 ()"!0 6"() (’l() ()()() 5‘)() I!/ 33() 3"() 3]() 3()() "‘)0 lI/

Ay M. X, -
CH_;"'CHQ_' CHQ_" 'NO:

— T T T —1 T T T T
4.0 3.5 3.0 2.5 2.0 1.5 1.0 ppm

(b) What is the structure of the compound in the following "H-NMR spectrum (molecular formula
CqH1002)? Relative integration is shown. Explain how you came to this conclusion. (5)

N

=
[\V]
-
o
o]
[}
-
o
o

®)
[8]
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QUESTION 6

(a) What is the most stable radical that would be formed in the following reaction?
CH;3

?

C.l + CH3CH20HCH3 (1)

(b) Name the three steps that are involved in the chlorination of methane and give an example of

each. (3)
(c) Radical chlorination of pentane will lead to 4 products. Draw their structures and assign (R) or

(S) where applicable. (5)

[9]
QUESTION 7
(a) Consider the following reaction:
OH
CHsCH=CH, ——22M0_ op e o

Explain how the product is formed by showing a complete mechanism (draw it with arrows). Is
this a Markovnikov or Anti-Markovnikov product? Explain your answer. (7

(b) Fill in the missing product, reagent or substrate:

(i)
©/\ Hg(OAc), HyOTHF A NeBHo o
(2)

/=\ ? H,.A.\H

HsC CHs; (2)

(ii)

(i)
i 03, CH2C|2
?
i Zn, HOAC )K/ JK 2)
(c) Compound A is a flammable liquid with molecular formula C;H2. It reacts with 1 mol
equivalent of H,. On treatment of A with hot basic KMnO, it gives the dicarboxylic acid C.

Compound B is the isomer of A and also reacts with 1 mol equiv of H,, but yields
cyclohexanone after treatment with acidic KMnQO,4. Suggest structures for A and B.
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Compound C:
Q OH
HO-C-C':HCHchZCHz-C=O
CH3j
QUESTION 8

(@) Provide a mechanistic explanation for the following observation:

MeONa | \/

O MeOH MeO OH
(b) Fill in the missing reagents, products and starting materials:
, wCHs
(i) %
OH
HQ
3 JH
iy ~_L = % .,
(iii)
NaOMe
? ———» 1-Methoxy-2-methyl-2-propanol
MeOH Xy yl-2-prop
QUESTION 9

(a) What restrictions are there on the use of Grignard reagents? Explain.

(b) Fill in the missing reagents, starting materials and products:
0]
OH O O

C/\OH ) é)kOH
OH O

» _1.NaBHj,, CH3CH,OH
2. H;0*

--000---

(ii)

“4)
[17]1

(4)

)

(1

(1)

{8l

©6)

)

(N
[l
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Tabie of Charscteristic IR Ahsorplions
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