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(a) Eslers are well known as compounds providing the flavour in many fruits and the scent
of some flowers. The ester CH,(CH,),COOCH, contributes to the aroma of apples.

(/) Name the ester CH,(CH,),COOCH,,

----------------------------------------------------------------------------------------------------------------------------------

............................................................................................................................ (3]
(b) Leat alcohol, B, is a stereoisomer that can form when nsects eat leaves.
HO H
\CH/CHZ\C—C/C 2
2 PN Ch,
H H
B
(i) Draw the skeletal formula of B.
(1]
(if) Draw the geometric isomer of B.
[1]
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(iii) Draw a structure for the ester expected when B reacts with ethanoic acid in the
presence of an acid catalyst. Show all the bonds in the ester group.

(2]
(c) A chemist analysed a sample of B and determined its M, vaiue
(i) Deduce the M, value that the chemist would expect for leaf alcohol.
EXPBCIEU M, ouoviriiiriireisiresst s 1]
(i} What technique could the chemist have used to determined the M, for leaf
alcohol?
............................................................................................................................ [1]
(i) A chemist reacted B to form a product C with an M, 18 units less than that of B.
Suggest a structrure for C and deduce the type of reaction ihat took place.
structure of C
YD OF FOACHON ... vttt b b b0 [2]

[Total : 12]
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Like esters, carbonyl compounds can contribute to the smell of plants and food. The
carbonyl compounds D and E are structural isomers.

D CH,COCH, E CH,CH,CHO

(a) Name compounds D and E.

(b) State the reagents you would use and the observations you would make for a simple
chemical test

(i) n which D and E behave in the same way;
FEAGBIM(S) ..ecereieir ettt earisre s e e sat s een e st e et e nevr e e ene s neeaseanenntesanens

ODSOIVAEION .....oicviiiitieeeee it ves s s b e b st e e s ae e ae e s ane s s aannens [2)

(ify which can be used to distinguish between D and E.
FOAGONHS) ..ooreiet et s e e e s s e e e e s
ODSEIVAHON FOr D ...ttt sses s et et sb e et

ODSEIVAEION JOT E .....ovvvvvrivvre s st snesrar s snessnssssssssnens [3]
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(c) The infrared specirum of D is shown below.

0
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] |
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4000 3000 2000 1500 1000 500
wavenumber/cm™!

{f) On the spectrum above, mark with a cross the absorption peak that identifies the
functional group. Explain how you made your choice. (Use the Data Sheet
provided to answer this question.)

----------------------------------------------------------------------------------------------------------------------------------

(ii) Reduction of compound D with NaBH, produces a compound with the molecular
formula C4HO.

How would the infrared spectrum of this product be different from that of D?
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3 A commercial synthesis of the ester G is shown below.

CH,COCH,
conc. HZSO4
CGHSCHZCI > CGH50H20H > CBHSCHchOCH3
stage [ stage II
E F G

(a) Stagel:

(iy Suggest a suitable reagent.

............................................................................................................................ (1]
(ii) State the type of reaction occurring.
............................................................................................................................ 2]
{iii) Wirite the squation for this reaction.
............................................................................................................................ [}
(b) Stagell:
(i) Draw the displayed formula for the ester G.
i1
(i) Write the equation,
............................................................................................................................ 1]
(iit) Suggest a general use for esters such as G.
............................................................................................................................ [1]

(W;g also be made directly from E by reaction with CH,COO Na*. Sugge
possible mechanism for this reaction.
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6 Compounds K and L are structural isomers.

CH,OH OCH

K L

(a) (i) Whatis the molecular formula of these isomers?

(il} Calculate the mass:charge ratio, m/e, you expect for the molecular ion peak in the
mass spectrum of K, showing your working.

(iti} A sample of L is sent for analysis to determine its percentage by mass of carbon
and hydrogen, Calculate the expected results.

%C
%H
(2]
(b) Explain how infra-red spectra would aflow you to distinguish between samples of K
and L.
.................................................................................................................................... [3]
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7 Complete the reaction schemes below. Draw the structural formula of an appropriate
organic compound, or give a suitable reagent, in each of the boxes provided.

Tollen’s reagent

(ammoniacal
AgNO
@ CH,CH,CHO 9Ny >
{1l
conc, H,S0, and
conc. HNO,
{1
- — and
(c) CgHg » CeH:CH; (2]
Sn and conc. HCI |

G HINO
di—aig s

rad
'z

e — S
heat \
~H.

aqueous NaOH _
@ | >  GH,C00Na* + G,H.OH

heat [1]

HCNandKCN | —
(f) (/H CHZCOCH; —_—
~H]

(i) Describe the mechanism for the reaction in (f){i) above—State-the-name-for this
tyg of mechanism.

-------------------------------------------------------------------------------------------------------------------------------

----------------------------------------------------------------------------------------------------------------------------

[Total : a
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10
5§ Compounds with the formula C,H,OH are alcohols.

(a) Draw formulae to show the four structural isomers of alcohols with the molecular formula
C4H,,0.

[4)
(b) One of the isomers in {a), compound D, reacts with K,Cr,0, in the presence of H,S0,
to give E.
When E is heated with ethano! in the presence of concentrated H,S0,, compound F is
formed.
I
K, Cr, O, cone. H, S0 ethanol, conc. H,S0
p T, E e HC._ O~ CH:CHy
CH 0
heat heat |
CH;

F
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(i) !n this question, one mark is available for the quality of written communication.

State the reaction, if any, of each of your alcohols in (a) with acldified K,Cr,0,. Use
this information and the reactions above to identify D and E. Give your reasoning.

----------------------------------------------------------------------------------------
........................................................................................
........................................................................................
........................................................................................
........................................................................................
........................................................................................
........................................................................................
........................................................................................
........................................................................................
----------------------------------------------------------------------------------------
.........................................................................................

(i) Write the equation for the formation of F from E.

(¢) Compound F and compound G (shown below) are both esters. Draw the structure of the
product of the reaction of G with hot, aqueous NaOH.

C
| hot NaOH(aq)
O -

26814 Jan03

...........................................
...........................................
...........................................
...........................................
...........................................
...........................................
...........................................
...........................................
...........................................
...........................................

Quality of Written Communication [1]
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(b) 2-Hydhypmpﬂc[>i‘t;acid was dissolved in D,O and an n.m.r. spectrum of the solution
was taken. Predicl, with.reasons, the splitting patterns observed in this spectrum.

/

(c) Hept-4-enal, H, is also present in milk.

NN
H

(i) Deduce the molecular formula of H.

............................................................................................................................... (1}
(ii) Draw the skeletal formula of a sterecisomer of H.
[1]
(iii) J and K can be made from H.
Draw skeletal formulae for J and K in the boxes provided.
H
NaBH, H,, Pd catalyst
J K
[2]

(Total: @1

2814 Jane3 [Turn over




16

8 In this question, one mark is available for the quality of written communication.

Ketones of different chain lengths are important to the flavour of dairy foods.
You are given a sample of an unknown ketone Isclated from cheese.

Describe how you would

+ detect the presence ot a carbonyl group in your compound,
» confirm that it is a ketone and not an aldehyde,
+ use a chemical method to identify which ketone you have.

--------------------------------------------------------------------------------------------------------------------------------------------------

.............................................................................................................................................. (8]
Quality of Written Communication {1]
[Total: 9]
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Answer all the questions.

(a) (i) Name the compound CH,CHO.

............................................................................................................................... [1]
() Name the functional group of CH,CHO.

............................................................................................................................... [1}
(iii) Draw structural formulae for the organic products of the reactions below.

NaBH.;
CH,CHO — -
ammoniacal AgNQO,
CH,CHO o
(Tollens' reagent)
2]

(b) ¢i). Describe what is meant by nucleophilic addition. Jse-the—machanis
jerrof-GH;GHO-with-HGN-in-tha presence of KCN-in-yetir-anrswar.

.............................................................................................................................
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Benzene and phenylethene are aromatic hydrocarbons, Phenylethene also has an alkene
group in Its side chain, and shows reactions typical of both arenes and alkenes.

(a) In this question, one mark is available for the quality of written communication.

Describe the bonding In benzene. Include in your answer the model used for the
arrangement of electrons.

..........................................................................................................................................
..........................................................................................................................................
.........................................................................................................................................
..........................................................................................................................................
..........................................................................................................................................
..........................................................................................................................................
..........................................................................................................................................
..........................................................................................................................................
..........................................................................................................................................
..........................................................................................................................................

Quality of Written Communication [1]

(b) Phenylethene, C¢H,CH=CH,, reacts readily with bromine in an inert solvent. Benzene
reacts with bromine only in the presence of a catalyst.

(i) Draw the structural formula of the organic product obtained when phenylethene
reacts with bromine in an inert solvent.

(1]
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(ii) Explain why benzene reacts less readily than phenylethene with bromine.

.........................................................................................
.........................................................................................
.........................................................................................
.........................................................................................
.........................................................................................
.........................................................................................
..........................................................................................

26814 Jun3
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6 Compound B is a secondary lodoalkane, C,H,l.

(a) Deduce the mass:charge ratio (m/e) of the molecular ion in the mass spectrum of B.

..........................................................................................................................................

{b) When B, C,Hl, I1s reacted with hot ethanolic sodium hydroxide, HI is eliminated and
three isomeric alkenes C, D and E are formed. C, D and E form the same compound, F,
when reacted with hydrogen in the presence of a palladium catalyst.

() Suggest structural formulae for B, C, D, E and F. Give your reasoning.

...................................................................................................................................
...................................................................................................................................
...................................................................................................................................
...................................................................................................................................
...................................................................................................................................
..................................................................................................................................
...................................................................................................................................
...................................................................................................................................
...................................................................................................................................
...................................................................................................................................
..................................................................................................................................
...................................................................................................................................
...................................................................................................................................
...................................................................................................................................
...................................................................................................................................

.................................................................................................................................

(il) Classify the type of reaction in which C, D or E is converted into F using hydrogen
and a palladium catalyst.

[Total; 10]
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