Q1. (@) Use the following data to show the stability of benzene relative to the

hypothetical cyclohexa-1,3,5-triene.

Give a reason for this difference in stability.

@ + Hy —» O AF®= 120 kI mal™
@ + 3H, —» O AH®= 208 kI mol™

(b)  Consider the following reaction sequence which starts from phenylamine.

(4)

MHCOCH; MHCOCH;
Step 1 Step 2 Step 3
CH,; CDCI

(i) State and explain the difference in base strength between phenylamine and
ammonia.

(i) Name and outline a mechanism for the reaction in Step 1 and name the
organic product of Step 1.

(i)  The mechanism of Step 2 involves attack by an electrophile. Give the
reagents used in this step and write an equation showing the formation of the

electrophile.
Outline a mechanism for the reaction of this electrophile with benzene.

(iv)  Name the type of linkage which is broken in Step 3 and suggest a suitable

reagent for this reaction.
(17)
(Total 21 marks)
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Q2.

(a)  Aflask containing a mixture of 0.200 mol of ethanoic acid and 0.110 mol of
ethanol was maintained at 25 °C until the following equilibrium had been
established.

CH.COOH(l) + C,H,OH(l) == CH,COOC,H(l) + H.O(l)

The ethanoic acid present at equilibrium required 72.5 cm?® of a 1.50 mol dm=
solution of sodium hydroxide for complete reaction.

(i)  Calculate the value of the equilibrium constant, K., for this reaction at 25 °C.

(i)  The enthalpy change for this reaction is quite small. By reference to the
number and type of bonds broken and made, explain how this might have
been predicted.
9)

Aspirin can be prepared by acylation using either ethanoyl chloride or ethanoic
anhydride, as represented by the equations shown below.

CH,COCI + HOCH.COOH — CH,COOCH.COOH + HCI

(CH.CO).0 + HOCH.COOH — CH,COOCH.COOH + CH,COOH

(i) By a consideration of the intermolecular forces involved, explain why the
product HCl is a gas but the product CH,COOH is a liquid at room
temperature.

(i)  Give two industrial advantages of using ethanoic anhydride rather than
ethanoyl chloride in the manufacture of aspirin.

(4)
(Total 13 marks)
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Q3.Which one of the following types of reaction mechanism is not involved in the above
sequence?

CH.CH,CH, ——> (CH,),CHCl —— (CH,),CHCN

|

(CH;).CHCH.NHCOCH, €—— (CH,),CHCH,NH,
A free-radical substitution
B nucleophilic substitution
C elimination

D nucleophilic addition-elimination
(Total 1 mark)

Q4.(a) Outline a mechanism for the reaction of CH,CH,CH,CHO with HCN and name the
product.

Mechanism

Name of product

()

(b)  Outline a mechanism for the reaction of CH,OH with CH,CH.COCI and name the
organic product.

Mechanism
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NF=To g (=30 o]0 F=Ta T {3 o] o To L1 o
(5)

(c)  An equation for the formation of phenylethanone is shown below. In this reaction a
reactive intermediate is formed from ethanoyl chloride. This intermediate then reacts

with benzene.

AT,
+ CH,COCl — COCH, + HCl

(i) Give the formula of the reactive intermediate.

(i)  Outline a mechanism for the reaction of this intermediate with benzene to form

phenylethanone.

(4)
(Total 14 marks)
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