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SECTION A (84 marks):
Answer ALL questions

Each question is worth 12 marks (= 12 minutes)

Allene is an unusual molecule that has the structure H,C=C=CH.,.

(@)
(b)
(©)

(d)

(a)

(b)

(©)

Draw a detailed picture of the bonding orbitals in allene.
Assign the hybridisation of each carbon in allene. Explain your answers.

What shapes would you predict for allene and H,C=C=C=CH,? Explain your

answer.

Can a substituted allene be chiral? Explain your answer.

Define what is meant by 1,3-diaxial steric strain. Would you expect a tert-
butyl [-C(Me)s] or a cyano [-CN] group to cause the most 1,3-diaxial steric

strain? Explain your answer in detail.

Explain why 1,3-trans disubstituted cyclohexanes must have one substituent
in an axial orientation and the other in an equatorial orientation while 1,3-cis
disubstituted cyclohexanes must have both substituents in axial or both

substituents in equatorial orientations.

Draw the most stable chair conformation of trans-1-methyl-3-

bromocyclohexane and explain your choice.

Discuss ways in which enantiomers can be distinguished and separated. Illustrate

your answer with examples.

Using examples of your choice, discuss the link between the three-dimensional

shape of a biomolecule and its biological function.
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(@)

(b)

(©)

(d)
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B-Glucopyranose contains a six-membered ring in which all of the
substituents are equatorial. Draw B-glucopyranose in the more stable chair
conformation.

HOL CH,OH

HO OH
OH

Draw a Newman projection looking along C2-C3 of -glucopyranose.

a-Glucopyranose has the opposite configuration at C1. Draw a-

glucopyranose in its more stable chair conformation.

Define the anomeric effect with reference to your structures for a- and p-

glucopyranose.

Aldehydes and ketones:

(@)

(b)

(©)

are polar molecules because of the >C=0 dipole. Show the dipolar nature of
the carbonyl group using propanone as an example.

. : : + .
are weakly basic and will react with protons, H . Using propanone as an

example draw a scheme for this reaction and show the protonated form of

propanone.

undergo nucleophilic addition reactions. There are TWO general ways
(mechanisms) by which this occurs. One is under basic conditions and the
other is under acidic conditions. Using curly arrows show the schemes for
the addition of an appropriate nucleophile to ethanal under acid and under

base conditions.

O O

Al

HaC CH;  HsC H
Propanone Ethanal
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7. Experimentally it is observed that:

» aldehydes are generally more reactive towards nucleophilic addition than

ketones, and
* amides are more resistant to hydrolysis to acids than esters.

Using steric and electronic arguments, rationalise these experimental observations.
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(@)

(b)

(@)

(b)

6 ENCH 241

SECTION B (36 marks):
Answer THREE questions out of SIX

Each question is worth 12 marks (= 12 minutes)

By formation of an enolate, carbonyl compounds can act as nucleophiles.
Using propanal as an example show, using curly arrows, the scheme for

formation of the enolate.

The aldol reaction is an acid- or base-catalysed dimerisation reaction. Show
all the steps in the formation of 3-hydroxy-2-methylpentanal under basic

conditions.

= AL

propanal

3-hydroxy-2-methylpentanal

Define tautomerism. Draw out the tautomers, for each of following. In each

case suggest, with reasons, a likely percentage for each tautomer (keto/enol).

Using the following example, explain why mono-halogenation of ketones is

best carried out in acidic solution and not in basic solution.

O
Br,
acetic acid



10. (a)
(b)
11. (a)
(b)
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Nucleophiles such as CN' can react with a,,3-unsaturated aldehydes or

ketones by conjugate addition (1,4-addition). Using the example below,
outline what you consider to be the key features of conjugate addition

reactions.

HOAC
O S
Ethanol, 35° C

+ NaCN

Conjugate addition competes with nucleophilic addition to the carbonyl group
(1,2-addition), but conjugate addition usually occurs. Why?

When 4-hydroxybutanal is treated with acidified methanol the product is 2-

methoxytetrahydrofuran. Explain.

H -
HO/\/\( ﬂ» OCHj
I H+

O

The enzyme glucose-6-phosphate isomerase converts glucose-6-phosphate to
fructose-6-phosphate. Suggest a mechanism for this isomerisation.

H O
~F CH,OH
H——1—OH ——O
glucose-6-phosphate
isomerase

HO——1—H N HO——1—H
H—-—1—OH H——1——OH
H——1—OH H——+—OH

2— 95—
CH,OPO4 CH,OPO4
glucose-6-phosphate fructose-6-phosphate
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12. Thiol esters, such as acetyl CoA, play key roles in many metabolic cycles. Explain
why:

(@) acetyl CoA is more reactive than ethyl acetate;

(b)  the a-methylene hydrogens of acetyl CoA are more acidic than those of ethyl

acetate.

The following data may be of use.

PKa
H-CH»-COSCoA 21.0
H-CH,-COOCH,CH;  25.0
CH3CH,-S-H 10.3
CH3CH»-O-H 16.0

13. Thiamine pyrophosphate (TPP) is a co-factor in acyl transfer reactions in biological

cycles.
(@)  The key reactive form of TPP is the ylid. Draw out the TPP ylid.
(b)  Show how the ylid reacts with pyruvate to give hydroxyethylTPP (HETPP).

(¢) Indicate how HETPP is converted into ethanal.

T A j@i

TPP HC HETPP ethanal



14.

(@)

(i)

(i)
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SECTION C (30 marks):
Answer this question

(~ 30 minutes)

Show how the Langmuir adsorption isotherm

0 = V.  KP
" Vmon  1+KP

may be derived from a simple model of adsorption. State clearly any
assumptions which must be made, and the nature of any parameters

you introduce.

[V is the volume of gas adsorbed on a surface; Vimon is the volume
corresponding to monolayer coverage; P is the pressure of gas in
contact with the surface.]

The BET isotherm may be expressed as

A cz
Vinon B (1 - Z){l - (1 - C)Z}

Briefly outline the additional assumptions which are made in the
derivation of this expression, i.e. how is the Langmuir model
extended? [z = P/P* where P* is the vapour pressure of a
macroscopic layer of liquid (liquefied gas) on the surface; c is a

constant.]

Note: No derivation is required in this part.

Question 14 continued on following page
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Question 14 continued on following page

(b) The following data have been obtained for the adsorption of butadiene on to a

(©)

patented industrial catalyst at 15°C. Show that the data fit the BET adsorption

isotherm. Find Von and c for the catalyst sample used.

P/Torr 100 200 300 400 500 600
Viem® (of gas @ STP) 34.4 634 903 116.8 1446 1755

Further information

At 15°C, P* = 1500 Torr for butadiene.

The BET isotherm equation may be rearranged into the form
z 1 (c-1)z

(1-2V. " cVimon * CVmon

Briefly explain how you might use the value of Ve Which you have obtained to
calculate the surface area for the catalyst sample used above. Indicate what other
experimental data you would need to have available in order to complete this

calculation.

[No actual calculation is required in this part.]

END OF PAPER
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