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Question 1 	 Structure and Properties ofBiphenyl Naphthalene Authracene and 
Phenanthrene 

(a) 	 Write the correct structure for the most stable resonance fonn of structure for each 
of the following compounds. (5 marks) 

(i) 	 (ii) 

(iii) 	 (iv) 

(v) 

(b) 	 (i) Briefly describe the structure of biphenyL Indicate the elements of 
biphenyl structure that explain its physical properties. (3 marks) 

(ii) Explain why the optical resolution of compound. (2) is possible when the 
same optical resolution of compound (3) is nonnally unsuccessfuL 

(3 marks) 

Hooe 	 HeOOH N02 

eOOH 	 H eOOH 

(2) 	 (3) 
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(c) 	 Synthesis 

Write the sequence of reactions that correctly describe a rational synthesis of each of the 
following compounds. Start with the simplest and most available hydrocarbon and, in 
each case, show all reagents reaction conditions and intermediate products: 

N02 

NHCOCH3 . 

Br Br 

(i) 	 (4 marks) (ii) (4 marks) 

(d) 	 Reaction 

(i) 	 Explain why electrophilic substitution occurs in naphthalene preferentially 
at C - 1 rather than at C -:- 2. (4 marks) 

(ii) 	 Write the structure of the expected dominant product on the mononitration 
ofeach ofthe following compounds., (2 marks) 

NHCOCH3 

(i) 

(iii) (iv) 

(Each correct structure = '",1'2 marks) 
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Question 2 

(a) "Write the correct structure for ea9h of the following compounds: 
(4 marks) 

(i) 2 - Phenylaziridine 

(ii) 3 - azetidone 

(iii) 2,5 - Dihydrofuran 

(iv) 3 - Methyltetrahydropyran 

(b) Predict and give the major product ~m each ofthe following reactions: 
(4 marks) 

(i) Br~C02H + 

Br 

Cl 

(ii) 
NaH ?.. 

ether 

(iii) 

+ 

50%KOH ...... ? 
lOOOe 
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(c) 	 (i) Briefly describe the orbital structure and bonding characteristics ofpyrrole 
and imidazole.' (3 marks) 

(ii) 	 Explain the following observations: 

(a) 	 Compared witl) other azoles, pyrazole and imidazole are solids at 
room temperature and have higher boiling points. (2 marks) 

(b) 	 Furan, pyrrole and thiophene undergo electrophilic substitution 
predominantly at C - 2. (1 marks) 

(c) 	 Pyridine is more basic than pyrrole. (1 marks) 

(d) 	 Give a brief outline of a synthesis for each of the following heterocyclic 
compounds. (1'lS marks each) 

(i) 	 (iii)Br~N02 	 00 
N 

(ii) 	 (iv) 
~ 0PhJC~ 	 00 

H 

(e) 	 Write the structure of the main product expected from each of the following 
reactions ofheterocyclic aromatic compounds. 

0 
0 0 

(i) H3P04 (4 marks)+ )lo~ 	 .. ? 
S 	 ReflUx 

d 
COOH 

(ii) + Br2' CH3COOH.. ? 
S 250C 

(iii) 	 + HN031H2S0~ 
1150C ; 19 hr .0 

() + ,. 	

'. 

Br2 
(iv) 


N CHCl3 

H. 
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Question 3 Carbohydrates 

.' 
(a) 	 Write the Harworth fonnulas corresponding to the a - and ~ - pyranose fonns of 

D - Xylose, D - Ribose and D - ,Galactose. (9 marks) 

HO 

H 

H 

CH20H 

HO CHO 

OHOH H H 

HO
OH HO H 

HO 

OH HOH H 

OH 

H 

H 

OH 

CH20H CH20H 

D-(-)-Ribose D-(+)-Xylose D-( + )-Galactose 

(b) 	 Show the steps and reagents in the sythesis ofL-Glucose from L-Arabinose 
(8 marks) 

HO 
CHO 

H OH 	 H H 

OHH H ~ H 

HO HHO H 

HHOCH20H CH20H 

L - Arabinose 	 L- Glucose 

(c) 	 Give the structure of the product of the reaction ofD-glucose with the following 
reagents: (8 marks) 

(i) 	 bromine in water (Br21H:20) 
(ii) 	 Nitric acid 
(iii) 	 Acetic anhydride in pyridine 
(iv) 	 Hydroxylamine (HO NH2) 

(v) 	 Sodium borohydride in water (NaBHJfhO) 
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Question 4 Lipids 

(a) 	 FaJtyAcids 

(i) . 	 The physical properties (m.p. appearan,ce etc) of fats, waxes and oils normally 
depend on the degree of unsaturation in the fatty acid component. Explain. 

. (2 marks) 

(ii) 	 Outline the sequence of biological reactions involved in the biosynthesis of 
caprylic acid (Cs) from acetylCoA. (3 marks) 

o 

~COOH )lSCOA 

Caprylic Acid 

AcetylCoA 

(iii) 	 Give a brief summary of the typical reactions of fatty acids. (3 marks) 

Terpenes 

(b) 	 Show 'the isoprene units in each of the following terpenes, and classify each 
terpene as a monoterpene etc. (l mark each) 

(i) 

Zingiberene 
(from oil of ginger) 

I)--Selinene 
(from oil of Celery) 

H 

(iii) 

Caryophellene 	 Squalene
•

. (from oil ofCloves) 	 (from sharkliver oil) 
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(c) 	 Show the main steps and outline the key reactions in each step that are involved in 
the biosynthesis ofthe compounds named vide infra (below). . 

(i) 	 iso-Pentenylpyrophosphate (IPP) from mevalonic acid (MVA). 
(2 marks) 

'C -+\",DH 
o 	

~OPPOf~OH 
MVA IPP 

-
(ii) 	 a-Pinene(2), p-Pinene (3) and borneo1.l (4) from E-Geranyl pyrophosphate (1) 

(3 marks) 

,,; . 

OH 
2 3 4

1 

(iii) Geranoil from IPP 	 (2 marks) 

~opp-- ~OH 
IPP 	 Geraniol 

Steroids 

(d) 	 The structures of the estrogen estradiol (I) and the androgen testosterone 2 are 
shown vide infra 

OH 

o 

E stradio 1 (1) 	 Testosterone (2) 
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Examine these structures Closely and answer the following questions: 

(i) Indicate the structural differences between the two compounds. 
(2 marks) 

(ii) . Estrogens, for example, Estradiol, are easily separated from androgens 
(testosterone), on the basis of. one of their chemical properties. What is 
the property and how could such separation be accomplished? 

(2 marks) 
. (iii) Name any two features ofthe steroid structure that determine the course, 

rate and stereo chemical outcome of their reactions. . 
(2 marks) 

Question 5 Alkaloids 

(a)_ Outline a biosynthesis for the following compounds. 

OH 

Hyosyamine 
Pellotine 

(l3 marks) 	 (6 marks) 

(b) 	 Indicate the. steps and necessary reagents for the synthesis of the hallucinogenic 
compound mescaline from 3,4,5-trimethoxy benzoic acid. (6 marks) 

'COOH 

OCH3 

Mescaline 
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Question 6 Amino Acids 

(a) 	 Suggest a synthesis ofLeucine from 4-methylpentanoic acid. (~ marks) 
+ 

. I ~H3~COOH --....... AAcoo· 


4·methylpentanoic acid 	 Leucine 

(b) 	 Outline the steps in the preparation of Valine by the Strecker Synthesis. 
(4 marks) 

(c) 	 Using diethylacetamidomalonate and any other appropriate reagents, outline a 
synthesis for histidine. (5 marks) 

+ oN--\\y-NH3 	 II COOEt

Z) tOO· 	 ~NH-6H 
N 	 I 

COOEt 

Histidine 	 DiethylaCetamidomalonate 

(d) 	 Glycine undergoes acid catalysed esterification more slowly than does propionic 
acid. Explain. (4 marks) 

(e) 	 Write the structural formula ofthe Glycylalanine (Gly-ala) dipeptide showing: 

(i) 	 the constitution and 
(ii) . the stereochemistry at the a.-carbon atom. 	 (4 marks) 

(f) 	 Predict and draw the structure of the major product ofthe reaction ofglycine with 
the following reagents. (4 marks) 

. . 
(i) 	 NaN02 and dilute HCI 
(ii) 	 Acetic anhydride [(CH3COhO] 
(iii) 	 NaOBr 
(iv) 	 CH3CH20H and dry HCI 


