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Answer all the questions.

1 (a) Complete the reactions by drawing structural formulae in each of the boxes provided.

Tollens’ reagent

() CHsCHO

(ammoniacal AgNO3) / heat

(1]

conc. H,SO, and conc. HNO;

(i) CeHe heat

(1]

excess ethanolic NH;

v

(iil)  CHsCH,CH,Br i

(1]

HCl(aq)

(iv) CH3;COOCH,CHj;
heat

4
+

(2]

OH

(V) Brg
room temperature

v

(1]

OH

(vi) NaOH(aq) < 10 °C

v

[2]
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(b) Compound A, shown below, contributes to the smell and taste of black tea and is a
component in jasmine oil.

o]
@)
(i) Deduce the molecular formula of compound A. ... [1]

(i) Compound A contains several functional groups.

Identify, by name, the functional groups in compound A.

......................................................................................................................................... [3]
(i) Compound A is a stereoisomer.

On the structure above,

e mark each feature responsible for sterecisomerism with an asterisk, *,

e label each feature with the type of sterecisomerism. [2]

(iv) Outline two important factors that pharmaceutical companies need to consider
when manufacturing chiral compounds for use as medicines.

......................................................................................................................................... [2]

[Total: 16]
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2 Short sections of the molecular structures of two polymers are shown below.

H H
| |1
T e e

H H

SO0

polymer C
0] O H H O O H H
| [ || I [ ||
—cC C—O0—C—C—0—C C—o—c—clz—o—
H H H H
polymer D
(@ (i) Circle, onthe diagrams above, the simplest repeat unit in"'each polymer. [2]

(i) In the boxes below, draw the displayed formulae of the.two monomers that could be
used to prepare polymer D.

[2]

(b) Chemists have developed degradable polymers to reduce the quantity of plastic waste
being disposed of in landfill sites. Polymer D is more likely to be a ‘degradable polymer’
than polymer C.

Suggest two ‘reasons why.
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(c) Amino acids can act as monomers in the formation of polypeptides and proteins. The
structures below show three amino acids, glycine, phenylalanine and proline.

H H H

HN—C—COOH H,;N—C——COOH HN—C——COOH

H CH H,C CH;
| 2 N
C
CeHs Ha
glycine phenylalanine proline

Glycine, phenylalanine and proline can react together to form a mixture of tripeptides.

(i) Draw the structure of the tripeptide formed in the order glycine, phenylalanine and
proline.

[3]

(i) How many different tripetides could have been formed containing glycine,
phenylalanine and proline?

(i)  The mixture of tripeptides can be analysed by using gas chromatography, coupled with
mass spectrometry.

Summarise-how each method contributes to the analysis.

[Total: 13]
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3 Propanal, CH;CH,CHO, can be used in the synthesis of organic compounds.

(@) CH;CH,CHO reacts with NaBH, in a nucleophilic addition reaction. The nucleophile can be
represented as a hydride ion, H™. A mechanism for the reaction is shown below.

HO*
s/
H—O06-
/O O
NaBH
( H H o H
i—l“ organic product

(i) Add 'curly arrows' to the mechanism to show how the_intermediate reacts with the
water molecule in step 2. [2]

(i) Draw the structure of the organic product in the box'above. [1]

(i)  What is meant by the term nucleophile?

(iv) Describe, in words, exactly what is happening'to.the electron pairs and bonds in step 1
of the mechanism above.

(b) Compound F canbe prepared from propanal in a two-stage synthesis.
Compound F has'the molecular formula C4HgO..

The proton NMR:spectrum of compound F is shown below.

I ' I ' I ' I ' I ' I ' I ' I ' I ' I ' I ' I
11 10 =2 = - = = =} = = 1 =]

HSP—03—S572 r:lr:lm




(i) What region of the electromagnetic spectrum is used in NMR spectroscopy?

(i) Analyse and interpret the proton NMR spectrum of compound F to identify its structure.

Explain your reasoning clearly. Refer to chemical shifts and splitting patterns in your
answer.

# In your answer, you should use appropriate technical terms, spelled correctly.

................................................................................................................................................ [5]
(c) The flowchart'below represents the two-stage synthesis of compound F from propanal.
CH5;CH,CHO »  compound E »  compound F
Deduce the identity of compound E.
Draw its displayed formula below.
[1]

[Total: 14]
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4 Benzene reacts with chlorine in the presence of a halogen carrier, such as AICl;.

(@) (i) Write the equation for the reaction of benzene with chlorine.

[1]
(i) How does the halogen carrier allow the reaction to take place?
......................................................................................................................................... [1]
(iif) Outline a mechanism for this reaction.
Include curly arrows and relevant dipoles.
[4]
(iv) State the name of this mechanism.
......................................................................................................................................... [1]

(b) In contrast to benzene, the reaction of an alkene with bromine does not need a halogen carrier.

Compare the different reactivities of benzene and alkenes towards chlorine.

[Total: 10]
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5 Concentrated sulfuric acid reacts with many organic compounds, forming water as one of the
products.

For example, sulfuric acid dehydrates ethanol by eliminating water to form ethene.
C,HsOH — C,H; + HO
In each part below, sulfuric acid is a dehydrating agent.

(&) Sulfuric acid dehydrates methanoic acid to form a gas, G, with the same molar mass as
ethene.

Suggest the identity of G and write an equation for the reaction.

(b) Sulfuric acid dehydrates sucrose, C1,H,,044, to form a black solid,:H.

Suggest the identity of H and write an equation for the‘reaction.

(c) Sulfuric acid dehydrates ethane-1,2-diol"to form a compound | with a molar mass of
88¢g mol™". In this reaction, two'moles of ethane-1,2-diol produce one mole of | and two

moles of H,0.

Suggest the identity. of I Write "an equation for the reaction and deduce the structural
formula of compound-l:

[Total: 7]
Paper Total [60]
END OF QUESTION PAPER
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