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CHEM 123 - REACTION MECHANISMS AND NATURALLY OCCURRING COMPOUNDS
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INSTRUCTIONS:

e THIS PAPER IS DIVIDED INTO THREE SECTIONS: A, B AND C; ANSWER ALL QUESTIONS IN
SECTION A AND A TOTAL OF THREE QUESTIONS FROM SECTIONS B AND C, INCLLUDING AT
LEAST ONE QUESTION FROM EACH SECTION

SECTION A (ANSWER ALL QUESTIONS)
SECTION B (ANSWER 1 OR 2 QUESTIONS)

SECTION C (ANSWER 1 OR 2 QUESTIONS)
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Al.

A2,

A3.

A4.

AS.

AG6.

Section A

Answer all questions from this section.

Propene reacts with hydrogen chloride to make two different organic products.
(a)  Explain why two different organic products can be formed.

(b)  Outline the mechanism for the formation of the major product.

(c)  Draw the structure of the minor product.

[5]

The reaction between 2-iodobutane and cyanide ions is known as an SN1 reaction.
(a)  Outline the mechanism of this reaction.
(b)  Use the mechanism of this reaction to explain the meaning of the term “SN1”.

[5]

The acid-catalysed dehydration of butan-2-ol gives three different organic products.
(a)  Outline the mechanism for the formation of one of these products.
(b)  Draw the structures of the other two products.

[5]

The reaction of ethane with bromine in the presence of UV light gives a variety of organic products, one of
which is bromoethane.

(a)  Outline the mechanism of the reaction between ethane and bromine to form bromoethane.

(b)  Explain the role of the UV light in this reaction.

(c) Identify one other organic product that could be formed during this reaction.

(5]

Methyl ethanoate is a common ester which can be prepared by reacting ethanoyl chloride with methanol.

(a)  Outline the mechanism of this reaction.

(b)  Name the mechanism you have outlined.

(b)  This method is not the standard industrial preparation for ethyl ethanoate. Suggest one reason for this.

[5]

(a) Give the IUPAC names of the following organic compounds:
(i) (ii)
0 O
H3C
HD\J\/GH ’ #OH
NH»>
(iii) (iv)
(@) (0]
OH OH
NH NH»>
HO ?
(b) Draw the structures of the following compounds:

(i) Glucose
(ii)  Sucrose
(iii) Maltose
(5]



A7.

A8.

A9.

Al0.

(a)
(b)

Sate and briefly explain any four factors that could affect the denaturation of a protein molecule.

Explain the difference between glycosides and oligosaccharides.

(5]

Draw the main organic product of the following reactions:

(a)

(b)

(c)

(d)

(e)

(a)
(b)

(a)

(b)

H:50,
+ HMNO; H

Fe
+ Cl;

AlCk
+ RCOCI H

OO0

CH,OH

H+
+ CHz:OH

H

0]
I
@)
Al
Q
@)

OH

KMnOa
OH" E

Wﬁ

(5]

Briefly explain any three criteria that can be used to determine whether a compound is aromatic.
Explain the difference between saturated and unsaturated fatty acids and give two examples of each.

(5]

Define the following terms:

(i) Saponification number

(i)  lodine number

(iii)  Transamination

Give the structures of the following amino acids:
(i) Lysine

(ii)  Isoleucine

(iii)  Leucine

[5]



Section B

Answer one or two questions from this section.

B1. This question is about different mechanisms by which bromoalkanes can react and be formed.

(a)

(b)

(d)

(e)

When 1-bromobutane reacts with hydroxide ions under certain conditions, the main product is butan-
1-ol. Name and outline the mechanism for this reaction, write an equation for the reaction and state
the role of the hydroxide ions in the reaction.

(6)

When 2-bromomethylpropane reacts with hydroxide ions under the same conditions, the main
product is methylpropan-2-ol. The mechanism for this reaction, however, is slightly different to the
mechanism in (a).

(i) Explain what the difference is between the two mechanisms.

(ii) Explain why the two molecules react with hydroxide ions by different mechanisms.

(iii) Describe how you could determine experimentally which of the two mechanisms is taking
place.

(6)

When 1-bromobutane reacts with hydroxide ions under different conditions to those in (a), the main
product is but-1-ene. Name and outline the mechanism for this reaction, write an equation for the
reaction and state the role of the hydroxide ions in the reaction. Suggest the conditions which would
favour the formation of but-1-ene rather than butan-1-ol.

(6)

But-1-ene can be converted back to 1-bromobutane by reacting it with hydrogen bromide. However,
1-bromobutane is not the major product of this reaction.

(i) Draw the structure of the major product.

(ii) Name the mechanism by which this reaction takes place.

(iii) Explain why 1-bromobutane is not the major product.

(4)

1-bromobutane can also be prepared from butane. Write an equation for this reaction and explain
why it is not a good way of making 1-bromobutane.
(3)
Total 25 marks



B2.

This question is about the electrophilic substitution reactions of benzene.

(a)

(b)

(c)

(d)

Explain the meaning of the terms “electrophile” and “substitution”. Explain why benzene reacts with
electrophiles and tends to undergo substitution reactions.

(6)

In one electrophilic substitution reaction known as alkylation, benzene can react with bromoethane in
the presence of a catalyst (iron (lll) bromide) at a temperature below 50 °C.
(i) Identify the electrophile in this reaction and write an equation to show its formation.
(i)  Outline the remainder of the mechanism of this reaction and name the main organic product.
(iii)  Write an equation to show how the iron (lll) bromide is regenerated.
(iv) Draw the structures of two alternative products that might be formed if the temperature of the
reaction mixture was allowed to rise above 50 °C.
(10)

The reaction in (b) is usually carried out by reacting benzene with ethene and hydrogen bromide,

instead of reacting benzene directly with bromoethane. The same catalyst is used.

(i) Write an equation for the overall reaction taking place.

(ii)  The electrophile in this reaction is the same as that in (b). Write an equation to show its
formation from ethene and hydrogen bromide.

(iii)  Explain why it is still important to add the iron (lll) bromide.

(4)

If benzene is mixed with propene in the presence of hydrogen bromide and iron (lll) bromide at a
temperature below 50 °C, two different products are formed.
(i) Draw the structures of the two products.
(ii)  State and explain which of the two products is likely to be the major product.
(iii)  If the minor product was the product you wanted, how could you make it more efficiently from
benzene?
(6)
Max 25 marks



B3. This question is about the reactions of nucleophiles.

(a)

(b)

()

Ammonia (NHs) is a good nucleophile. It is able to react with chloroethane and it is also able to react

with ethanoyl chloride.

(i) Explain why ammonia is a nucleophile and explain why chloroethane and ethanoyl chloride are
both able to react with nucleophiles.

(i)  Write an equation for the reaction of ammonia with chloroethane and outline the mechanism
for the reaction.

(iii)  Write an equation for the reaction of ammonia with ethanoyl chloride and outline the
mechanism for the reaction.)

(iv)  Suggest why the reaction between ammonia and ethanoyl chloride is much faster than the
reaction between ammonia and chloroethane

(12)

Methylamine is also a good nucleophile and is able to react with both chloroethane and ethanoyl

chloride by exactly the same mechanisms as ammonia.

(i) Write an equation for the reaction of methylamine with chloroethane, showing clearly the
structure of the organic product.

(ii)  Write an equation for the reaction of methylamine with ethanoyl chloride, showing clearly the
structure of the organic product.

(4)

Carbonyl compounds such as propanal can also react with nucleophiles.
(i) Outline the mechanism for the reaction of propanal with HCN and name the type of mechanism
taking place. Write an equation for the overall reaction.
(i)  Explain why this reaction is fastest if the pH is between 3 and 5.
(iii)  Suggest why it is not a good idea to carry out this reaction in the laboratory.
(iv)  Identify another nucleophile which can react with propanal and write an equation for the
reaction which would take place.
(9)
Total 25 marks



C1. (a)

(b)

Section C
Answer one or two questions from this section.
(i) What are aromatic compounds? Give four examples of aromatic compounds.

(ii)  State four characteristics of aromatic compounds.
Give the IUPAC names of the following compounds:

(i) (ii) (iii)
CH, OH

O3N NO,
(v)

cl’ Cl
Draw the structures of the following compounds:
(i) Amylopectin
(ii)  Amylose
Total 25 marks



C2.

C3.

(a)

(b)

(c)

Using an appropriate chemical equation, comment on the following methods of reducing the carbon chain
length in aldoses:

(i)  Wohl’s method

(ii)  Rutt’s method

Give the products of the following reactions:

(i @)

H O heat
+Ca0 H ? + ?

(i) CeHs+HNO3 > ?+7?
(iii)
CHOH CH,OH
@) @)

OH . OH _% ?

OH OH  OH OH
OH OH

Give the structures of any four heterocyclic compounds.
Total 25 marks

(i)  What are essential amino acids?
(i)  Give the structures of the following acids: arginine, phenylalanine, valine, tyrosine, proline.

(i) Give the molecular formulae of the following fatty acids: lauric acid, stearic acid, palmitic acid, oleic
acid, linolenic acid, linoleic acid
(ii)  What are osazones? Give the mechanism for the formation of an osazone.

Define the following carbohydrates and give two examples of each:
(i)  Glycosides
(ii)  Polysaccharides
(iii) Disaccharides
(iv) Monosaccharides
(v)  Oligosaccharides
Total 25 marks

END OF QUESTION PAPER



