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Mark Scheme

Answer 1.

a) The functional groups found in morphine are:
TWO from: [2 marks]

e alcohol / hydroxyl;
¢ alkene/alkenyl;
+ phenol;

e (tertiary) amine;

e cther;

[Total: 2 marks]

* Youarenotexpectedto
soitwould be anaccept
e Thelocationof the funct

may have come across it

ether

alkene / alkenyl
EXAMPAPERS PRACTICE
3= phenol benzene ring / phenyl
Copyright
@ 2024 Bxam F}I’EIDTICE tertiary amine alcohol / hydroxyl

OH
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b) The functional group(s) presentin heroin, but notin morphine:
e Ester/ethanoate; [Imark]
[Total: 1mark]

e Anestergroupis RCOOR, inthis case, ethanoate, CHzCOO™ (rest of molecule)
¢ Heretheyare onthe molecule:

c) The reagents and conditions needed to turn morphine into heroin are:

=XAM PAPERS PRACTICE

CGB‘;’?F@H?CICH CH3COOH / Ethanoic Anhydride /(CH3CO),0: [1mark]

@ndlig#}: Exxam Papers Practice

e Concentrated sulfuric acid / H;50 4/ concentrated hydrochloric acid/HCI / heating: [1
mark]

[Total: 2 marks]

¢ Youmay not have come across the synthesis of heroin, but youwould be expected to use
your knowledge and understanding of synthetic routes to deduce the reagents and
conditions needed to convert one functional group into another

¢ Youshouldrecognise that this reactionis an esterification

¢ Theinorganic acid is a catalystin this reaction and it does not matter whether youuse
sulfuric or hydrochloric aslong as it is concentrated

¢ Reaction conditions caninclude solvents, catalysts or particular temperatures and
pressures

For more help visit our website https://www.exampaperspractice.co.uk/
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d) How morphine and heroin would react with warm acidified potassium dichromate solution:

e Morphine would turn the potassium dichromate solution from orange to green; [1 mark]
e Heroinwould notreact /nochange / stay orange with potassium dichromate; [1 mark]
e Morphine contains a(secondary) alcohol group: [1 mark]

[Total: 3 marks]

e Primary and secondary alcohols will react with potassium dichromate solution as they can

be oxidised

e Don'tforgetto give the Co, testresults
|ghted|n green); [1 mark]

Answer 2.

a) Twofunctional groups
e alkene/alkenyl hlghllghted in
e (primary)alcohol/hydroxyl

EXAM PAP RS RACTICE

Copyright X X OH
@ 2024 bExam Papers Practlce

[Total: 2 marks]

¢ Youshould be able to identify individual functional groups in structural and skeletal
formulae diagrams

e Strictly speaking, the functional groups are called alkenyl and hydroxyl, respectively, and
the families are called alkene and alcohol, but you wouldn't be marked down in an exam for
this

For more help visit our website https://www.exampaperspractice.co.uk/
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b)  Howyouwould expect farnesol to react with bromine water:
¢ The bromine water would decolourise; [Imark]

[Total: Tmark]

e Thisis atestforunsaturated compounds containing the alkene functional group

e All alkenes willdecolourise bromine water, though its important to use only a few drops of
bromine water as the colour may fade by not disappear completely if you use too much

¢ Sometimesthe bromineis dissolvedin cyclohexane rather than water as it can be difficult
forinsoluble organic compounds to react sufficiently with the aqueous bromine water, but

theresultis the same
oduct is:
k]

e Thereagentinthe first stepis acidi
agent
e Primary alcohols reactwith this oxidising agent to form aldehydes and carboxylic acids

EXAMEARERS PRACTICE
o e.g.CH3CH,OH +[0]— CHzCOOH + H,0

Copyright

@ 2024 Exam Papers Practice

c) Afunctional group pre
e Carboxylic acid; [l

[Total: 1mark]

potassium dichromate solution which is an oxidising

d) Afunctional group presentinthe final product, but notin farnesol, is:
o Ester; [Imark]

[Total: 1mark]

¢ Thereagentis a mixture of sulfuric acid and methanol which can be used in esterification
reactions
e The product contains one more carbon and two more hydrogens, which is consistent witha
(methyl) ester being formed
o e.g.CHzCOOH + CHzOH — CHzCOOCHz+ H;0

For more help visit our website https://www.exampaperspractice.co.uk/


https://www.exampaperspractice.co.uk/

7

EXAM PAPERS PRACTICE

Answer 3.

a)

i) The halogenoalkane, D, that undergoes nucleophilic substitution in step 4 to form propan-1-
olis:

e |-chloropropane
OR
1-bromopropane; [1 mark]

ii) The reagents and conditio

e Agueous sodium hydroxi
OR
Agueous potassium hyd
o Heatunderrefiux; [Imar

NaOH (aq)

opan-1-olis nucleophilic substitution
ropan-1-ol, an OH group must have substituted a

[Total: 3 marks]

¢ Youaretoldthatthereactionto for
o This meansthatin order to foy
halogen on carbon-1

C(ﬁgl H;tdroxide

wise, eHination wlr_:'}uld have occurred if alcoholic / ethanolic sodium hydroxide
@ 2024 .txam Papers Practice

e The conditions are a fact that you simply need to know - heat under refiux

b) The identity of the alkene, C,inFig. 3.1is:
* Propene;[lmark]
[Total: 1Tmark]

* This canbededucedfrom acorrect answer to part (a) (i) or from the final product name,
propan-1-ol

e Both of these suggest that the carbon chaininvolved has 3 carbons
e Thereis only one alkene with 3 carbons, propene

For more help visit our website https://www.exampaperspractice.co.uk/
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c) The electrophilic additionreactionin step 3 might not be favourable in anindustrial multistep
reactionbecause:

e Thereaction produces more thanone product / a major and minor product
OR
The products will need to be purified
OR
The reaction has low atom economy (as a second /unwanted product is formed); [1 mark]

[Total: 1mark]

¢ This guestiontests that
o Reduce the amoun

o Haveahighatome
byproducts as pos

o Electrophilic additi unsymmetric jor and minor products

producing as little waste /

Answer 4.

EXAM PAPERS PRACTICE

Copyright
@ 2024 Exam Papers Practice
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a) The systematic names of compounds A, B and C are:

« CompoundA=benzoic acid; [1 mark]
e Compound B = phenylamine
OR
Aminobenzene; [ mark]
e CompoundC=123-dimethylbenzene; [1 mark]

[Total: 3 marks]

« CompoundA
o The functional grou
o The carboxylic acid
o Therefore, compou

« CompoundB
o The functional grou

group
o The amine/aminog
» Anamino- prefix

» This means thatone

ule
ys provides angei I to

nd the carboxylic acid
name

f this molecule ri nd the amine /famino

npr

sible name forcompound B is aminobenzene

» _Oragn-amine suffixto thena
EXAM-SAPERS-PRACTICE
» Therefore, another possible name for compound Bis phenylamine

Co ound Bis often called by its common name aniline but this will not gain the mark

© Q0P ERET AR PHTE
e Compoun
o The functional groups of this molecule are the benzene ring and the two methyl groups
o The two methyl groups mean that the name is prefixed with dimethyl-
o Remember: You must give numbers to show the positions of the methyl groups
n [fthetop methyl groupis carbon-1, thenthe second methyl group is on carbon-3

because the functional groups are numbered to give the lowest possible numbers
o Therefore, compound Cis 1,3-dimethylbenzene

For more help visit our website https://www.exampaperspractice.co.uk/
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b)The positions that are activated for the following compounds in part (a) are:

e CompoundA-=23/three
AND
5 /five; [1mark]

e CompoundB=2/two
AND
4 /four
AND
6 /six; [1mark]

[Total: 2 marks]

* Youneedtoknowthep
COQCH and electron-do

on hdrawing groups such as
S suc

EXAM PAPERS PRACTICE

Copyright
@ 2024 Exam Papers Practice
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c)
i) Thereagents forsteps1-4are:

¢ Step1=(hot alkaline) potassium manganate(VIl) f KMnO.; [1 mark]
e Step 2 =(dilute) hydrochloric acid / HCI; [1 mark]
* Step 3 =(concentrated) sulfuric acid
AND
(Concentrated) nitric acid; [1 mark]
s Stepd=tin/Sn
AND
Hydrochloric acid / HCI; ark]

ii) The structures of compou re:
CompoundD:

i c e
. :[Tmark]
E PAPERS PRACTICE
Copyright Compound D
@ 2024 Exam Papers Practice

K*-O )

For more help visit our website https://www.exampaperspractice.co.uk/
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CompoundE:

NO,

. @ [Tmark]

Compound E

[Total: 6 marks]

EXAM PAPERS PRACTICE

Copyright
@ 2024 Exam Papers Practice
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* Theconversionof benzene to benzoic acid /f compound Alis an oxidation reaction
o Benzeneis heated underreflux with hot alkaline potassium manganate(Vl) to form
compound potassium benzoate fcompound D
o Treating potassium benzoate / compound D with hydrochloric acid then forms benzoic
acid / compound A
¢ Theconversion of benzene to aminobenzene / phenylamine /compound B is a nitration
reaction followed by reduction
o Concentrated sulfuric acid and concentrated nitric acid are used to form the nitronium
NOstion
o Benzeneundergoes
nitrobenzene /fcom
o Treating nitrobenzen
reduces the nitrobe
compound B
 Youcanalsobeexpecte
o Give any necessary
o Name compounds
o Statethetypes of reactionso
nitration, electrophilic substi
o 5State /drawthe mechanism for appropriate reactionsteps

EXAM PAPERS PRACTICE

Copyright
@ 2024 Exam Papers Practice

bshi iumNQOs;*ionto form

loric acid /HCl then
ne / phenylamine /

ompound E wj
pound

ing at different steps, e.g. oxidation, reduction,

For more help visit our website https://www.exampaperspractice.co.uk/
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d)
i) One set of reagents and conditions that could be used for both stepsis:

e Reagents = Chloromethane / CH3Cl; [1 mark]
e Conditions = Aluminium trichloride / AlCl5 catalyst: [1 mark]

i) Step 2isunlikely to occur because:

e The methyl group (onmethylbenzene) activates positions 2, 4and 6
OR

The methyl group (onm

5 3; [1 mark]
[Total: 3 marks]

« Bothstepsthatarepro ‘A3ar ionreactions
o Theserequire anap riate chloroal an AlCl; catalyst
o The AICI; catalysth the - ' ing the chlorine from the
chloroalkane
e Steplislikelytohappenasthebe
thereaction

e Step2is Iesslikelr to occurbecause there is now a methyl group attached to the benzene

Cﬂpgﬁgh‘i‘e”“g
etefore, the formationof 1,3=-dimethylbenzene / compound Cis unlikel
© 200 PSP S adticE™ . /

e has no attached functional groups that may affect

For more help visit our website https://www.exampaperspractice.co.uk/
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Answer 5.

a)
i) The name of compound A and the reaction conditions for step 1 are:

« Compound A =nitrobenzene; [1 mark]
e Reaction conditions =reflux /heat
AND
Any temperature between 25 and 60 °C; [1 mark]

ii) The mechanism forthe co dthereactive species are:

* Mechanism = electroph
s Species=NO;" /nitroni

[Total: 4 marks]

¢ Thereactionof benzen ntrated sulfuric acidis
nitration
o Thisis completedunderrefiu

o Youneedtoknow thereage

5-60°C
and conditions for many organic reactions, so take the

EXAM - CAPERS -RRACTICE

nitronium ion
hanomurn ionis anelectrophile

EU?}{ %H‘? %E)aé argﬁ% nthe benzenering
o Therefore, this reaction |seectrop ilic substitution

* ‘Youcouldbe asked to draw the mechanism for this reaction

For more help visit our website https://www.exampaperspractice.co.uk/
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b) The catalyst required for this reaction and the equation for the formation of the electrophile
are:

s Aluminium trichloride / AICI5
AND

CHsCOCI + AICl; — CH3CO* + AICI;~: [ mark]

[Total: 1Tmark]

* Thisis another example of an electrophilic substitution reaction,
draw a mechanism for

e Youneedtoknowthere dit
o Bothreactionsreq nappropriate
suchasAlCls

o Careful: The cataly
molecule

* Youshould also be able

that you could be asked to

alkylation and acylation
halogen carrier catalyst

halogen as the reacting

trophile

¢) Two changes that occur to compo
taken place are:

EXAM PAPERS PRACTICE

Cﬂﬁﬂm@ﬁ is gained; [1 mark]
© 2024 [ xam Papers Practice

* ‘Youdonot needtoknow the structure of compound B to answer this question
o The key piece of informationis that a nitro group / NO; is being converted into an
amine group, NH;
o Therefore, oxygenis beinglost and hydrogen is being gained

e Remember: Thereis more than one way to describe reduction:
o Lossof oxygen

o Gainof hydrogen
o Lossofelectrons

during this reaction to show that reduction has

For more help visit our website https://www.exampaperspractice.co.uk/
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d) The aliphatic functional group that is formed after the reaction of compound C with
NaBH.is:

H,5N

e OHfunctional group cor

ii) The structure of compoun

H,N

ERS PRACTICE

Copyright O
@ 2024 Exam Papers Practice

[Total: 2 marks]

e NaBH4isareducing agentthatisusedtoreduce:
o Aldehydes — primary alcohols
o Ketones — secondary alcohols
¢ This meansthatcompound Cwas originally a ketone
o Toreverse this:
= Remove the Hopposite the OH group
= Remove the H of the OH group
» Replace the single C-O bond with a double C=0 bond

For more help visit our website https://www.exampaperspractice.co.uk/


https://www.exampaperspractice.co.uk/

7

EXAM PAPERS PRACTICE

Answer 6.

a) The other functional groups presentin each molecule are:

¢ |buprofen: carboxylic acid; [1 mark]
s Paracetamol: phenol

AND

Amide; [1 mark]

[Total: 2 marks]

e AnOHgroup attachedt
o Thisiswhyitisterm

* The paracetamol contai
score the mark

o Aprimary amide wo

pletely

t needtoclassification to

b)

Similarity: Enantiomers have identical physical and chemical properties
Copianc /

© é’iﬂgr‘én@!lﬁ{l!aH@BF&EJ@%E%&ansed light / potential biological activity; [1 mark]

ii) The meaning of racemic mixture:
e Amixture containing equal amounts of each enantiomer; [1 mark]
[Total: 2 marks]

e Enantiomers are mirror-image molecules containing a chiral carbon, that is, a carbon with
four different groups attached
¢ Anotherterm forracemic mixture is aracemate

For more help visit our website https://www.exampaperspractice.co.uk/
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c) The completad table is:

reagent organic product structure type of reaction

N OH
LiAIH4 H reduction

electrophilic

anexcess of Bra(aq) substitution

e Bothcorrectreactionty

[Total: 3 marks]

d lggovt hat lithi | M6C iy Cluei ntgao | i
EXAM-HAPERS FPRACTICE
o Amides canbereduced to amines
Cﬂwrl'i'@lﬁoducts of anon-substituted amide are: a primary amine and water
© 26 e E:@Qpﬂ@éiﬁepgt@rg@ﬁrm@ are; a secondary amine and water
o Paracetamol contains a secondary amide, so a secondary amine and water are formed
¢ Dueto the phenolic OH group, bromination would be directed tothe 2, 4 and 6 positions

o Thereis already afunctional group attached inthe 6 position so bromine will add to the
2 and 4 positions

For more help visit our website https://www.exampaperspractice.co.uk/
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d)
i) An equation to show how AICl; generates the electrophile for the conversion of Xinto Y is:
e CHzCOCI+AICI; — CHsCO"* + AICl4 ; [Tmark]

ii) The mechanism for the conversion of Xinto Y. Include all necessary curly arrows and charges:

]

- Curl arrowfromtherm systemto the CHi {arrowtcthe GSItwelychar edcarbon

'tl mediate tru& mar CE

ﬂﬁfrrow from the C-H bondinto the ring

4.Examapers Practice

i) An equation to show how the AIClz is regeneratedis:
o H*+AICl; — HCI+ AICIz; [T mark]

[Total: 5 marks]

For more help visit our website https://www.exampaperspractice.co.uk/
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¢ Youneedtoknow how AIClz acts as a catalyst to form the positive ion required for the
reaction, including the equations to form the ion and reform the AlCIz catalyst
s [npartii)
o The arrows must start frominside the circle and form the middle of the C-H bond
o Theintermediate needs to have the positive charge to be correct
o The bond is formed between the carbon of the ring and the carbonyl carbon of the
CH3CO" soyou must show the arrow pointing to the carbon, not the oxygen
o Mechanisms are a good way to pick up quite a few marks soitis worth practising them
o The origin and destination of curly arrows must be clear and unambiguous or you may
lose the marks

Answer 7.

a)Thereagents foreach ste

Step 1 heat with AICIs +
Step 2: heatwith AlClz + Cl;
Step 3: NaOH + |5 (or Cls) (then H?);
Step 4: LiAIH 4 (in dry ether); [1 mar,

EXAM.PAPERS.PRACTICE

Cﬂp?ﬁ@rﬂer to form the electrophile a halogen carrier which can be AICI5 if the
© 20

Zigﬁ%ﬁ’llkﬂﬁe cori,tai a C;E:lﬂinﬁ atom
eBrzisalso accEr?[agle ilrt%e a%genoalka ne contains a Bratom
o AICI5 +(CHz);CHCl— AICl4~ + (CHz),CH*
e Step Zinvolvesthe same type of mechanism, though a CHzCO group is being added to the
benzeneringthis time
o Therefore an acyl chloride and a halogen carrieris required
o AICI;+ CH3;COCI—AICl4s + CH3CO!
e Step 3involves the formation of a carboxylic acid from a carbonyl group (a ketone in this
case)
o Therefore the iodoformreactionis required
o R-CO-CHz+ 3l;+40H — CHzl+RCOO™ + 3" + 3H,0
o The RCOO™reactswithH* toformthe RCOOH
e Step4d
o The final step involves areaction with LiAlH,4 to form a primary alcohol from a carboxylic
acid

For more help visit our website https://www.exampaperspractice.co.uk/
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b) The mechanism for step 2 and type of reaction for step 4 are:

e Mechanism of step 2. Electrophilic (aromatic) substitution; [1 mark]
e Type of reactionin step 4: Reduction; [1 mark]

[Total: 2 marks]

e Areneswillundergo electrophilic substitution, whereby a hydrogen atomin the benzene
ringis substituted for an attacking electrophile
o Make sure you know the mechanism for this reaction
* The formation of aprim ac | 1 reduction

EXAM PAPERS PRACTICE

Copyright
@ 2024 Exam Papers Practice

For more help visit our website https://www.exampaperspractice.co.uk/
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c) The reactionmechanismis:

COCH, COCH,
@ B .

e Curly arrow from the ring
e Correctintermediate str
extending past carbons
e Curly arrow fromthe C- ndbackto the +
AND
Correct benzene produ
AND
H* shown; [1 mark]

EXAM PAPERS PRACTICE

» Benzene mechanisms are electrophilic substitution reactions and the common mistakes
Copatdght
@ 2874t Hramrhe Mapers thitdblingsubstituted
o Draw the hydrogen being substituted in the wrong position
o Forgettoputthe +inthe correct place onthe intermediate, especially using the Kekule
structure for the mechanism
o Draw theringinside the intermediate structure incorrectly, if using the ring structure for
the mechanism
e The general mechanism for electrophilic substitutionis as follows:

&80

For more help visit our website https://www.exampaperspractice.co.uk/
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d)The number of °C peaks are:
o /peaks; [l mark]
[Total: 1 mark]

o Tip: It helps to look for symmetry within the molecule when identifying '°C peaks as this
identifies equivalent carbon environments quicker
¢ The 7 peaksinthe *C spectrum for cuminyl alcohol are:

EXAM PAPERS PRACTICE

Copyright
@ 2024 Exam Papers Practice
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Answer 8.

a) The synthesis of ethanal from ethaneis:
i) Step 1: Ethane to chloroethane

e Reagent: chlorine / Cl3: [1 mark]
e Conditions: UV light / hightemps; [1 mark]
e Reactiontype:(freeradical) substitution / halogenation ; [1 mark]

ii) Step 2: Chloroethane to ethanol

e Reagent: agueous sodiu
OR
Agueous potassiumhydroxXide / KOH (aq):

e Conditions: hot/heatu

e Reactiontype:(nucleop ) substitution /

iii) Step 3: Ethanolto ethanal

e Reagent: acidified potassium dich te(Vl)
OR
Acidified potassium dichromate(VI)

EXAM.PARERS PRACTICE

%}%?ﬂg dlstufdlstlllatlon [Tmark]
ype: oxidation; [1
© Bam apersrﬁracnce

[Total: 9 marks]
e The conversion of an alkane to a haloalkane would be very impractical industrially
o Thisis becauseitis hard to control the extent of halogenation and to prevent multiple
products from forming
o However, itisincludedto test the application of your knowledge of organic reactions
to solve synthesis problems
e Thetype of mechanisms are shown in brackets, but they are not essential for the mark
o Thedichromateion, Cr,O5%",is the key oxidising agent, so itis possible to gain the mark
from sodium dichromate as well as potassium dichromate

For more help visit our website https://www.exampaperspractice.co.uk/
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b) Suitable reagents for the synthesis of compound Aviastep 1:

o K-CrO7/ potassium dichromate(VI)

OR

KMnO 4/ potassium permanganate(VIl); [1 mark]
o H-50,/acidified /with acid; [1 mark]
» Oxidation; [1 mark]

[Total: 3 marks]

e Anesteris commonly m
e Acarboxylic acid canno
first step producing A,
» Careful: The question a
o Youcouldlose mar enotreagents-a
reagentis somethingthat you can find ’ odium dichromate(Vl) is,
however, anaccept alternative

whichis a ketone, so the
rboxylic acid

c)

EXAM. PAPERS PRACTICE

iiﬂlﬁ[ﬁﬁé@bﬁe of the type of reaction thatis involvedin step 2 and suggest a suitable reagent

fapthi{pratdsscamn Papers Practice

¢ Reduction; [1 mark]

e LiAIH ./ lithium aluminium hydride /lithium tetrahydridoaluminate
OR
NaBH. / sodium borohydride / sodium tetrahydridoborate; [1 mark]

[Total: 3 marks]

e Thereduction of a ketone produces a secondary alcohol
o This secondary alcoholis required to produce the branched chain ester
e Lithium tetrahydridoaluminate, LiAlH4, is much more reactive than sodium
tetrahydridoborate, NaBH4, so is more dangerous to use in the laboratory
¢ Forthe purposes of this question, bothreagents are suitable answers

For more help visit our website https://www.exampaperspractice.co.uk/
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d) The skeletal formula of the ester formed from the reaction scheme is:

]
. 0 ‘[1Tmark]
[Total: 1Tmark]

* Remember: When draw e aci rtion of the ester link while
the alcohol attaches to ingle bonded imlation of amolecule of
water

Answer 9.

a) The three functional groups

EXAM PAPERS PRACTICE

nol; [1 mark]
G'Cl Wgﬁi{:ohcl; [1mark]
@ 2029 ‘fhPaep[ﬁarl;_lsarEramice

e Arene/ary enzZen

[Total: 3 marks]

e Thegroupsinnoradrenaline are:

Alcoho

For more help visit our website https://www.exampaperspractice.co.uk/
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b) Compound Z and the reagents for steps 1 and 2 are:

s Compound Z is:

cN  [1 mark]

+ Step 1: HCN and NaCN

OR

HCN and base; [1 mark]
s Step 2: Hy; and Ni

OR

LiAlH4 in dry ether

OR

Na and ethanol; [1 mark]

[Total: 3 marks]

EXAM PAPERS"PRACTICE

C- Thergfgre, a nitrile group CN needs to be added to the carbonyl carbon
p%ﬁrlg ction takes place to form the amine group

@ 2024 Exam Papers Practice
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c) The observation and product of this reaction are:

e Bromine decolourises
OR
Bromine changes from orange to colourless
OR
Awhite precipitate is formed; [1 mark]
e The structureis:

Br

> EAl

PAPERS PRACTICE
Copyright

19,2024, Fxam Papers Practice

e When drawing the structure you will gain a mark for including either two or three bromine
atoms
e Phenols react readily with bromine and this reaction occurs at room temperature
¢ Dihydroxybenzaldehyde decolourises the orange bromine solution to form a white
precipitate via electrophilic substitution
o More than one hydrogen atom on the ring can be substituted as this

For more help visit our website https://www.exampaperspractice.co.uk/
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Answer 10.

a) The functional groups present in compound G are:

» Phenol; [1 mark]
* Ketone; [1 mark]

[Total: 2 marks]

* \When an -OH group is bonded to a benzene ring it is a phenol group
* The C=0 group in the carbon chain is a ketone group

EXAM PAPERS PRACTICE
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b) The completed tableis:

Structure of organic

Reagent Observation
product

Type of reaction

Effervescence /bubbles/

Nais) fizzing; [1 mark] 0

Redox: [Tmark]

Decolourises or
Brz(ad) |[1mark]

lectrophilic substitution;
mark]

Oxidation; [1 mark]

Ilow o] [Tmark]
[if’apers Practice

[T mark]

[Total: 9 marks]

For more help visit our website https://www.exampaperspractice.co.uk/
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e Na(s)willreactwiththe -OHgroup to forman O~
o The oxygen-hydrogen bond in the hydroxy group breaks
e Aqueous bromine reacts with phenol and a hydrogen atom is substituted for a bromine
atominthe 2 and 6 positions
o Thereis agroup already on the 4th carbon atomin the ring so the bromine atom does
not substitute here
o The-OHgroupis 24,6 directing
o The ketone group is also 3,5 directing so this corresponds to where the bromine atoms
have beensubstituted
e |5 /NaOH(aqg)aretherea
compound willreact wit
o Thereactioninvolve
= |nthe halogenat
atoms, forming
= Theintermediat
salt (RCO5; Na*

he ketone groupin the

arereplaced withiodine

olution to form a sodium

ayellow precipitate of CHlz

EXAM PAPERS PRACTICE
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c)
i) The structures are:

Compound J:

. &N—O—SOJH [1 mark]

CompoundK:
ii) The reagents and conditio
Step ]

e NaNO;+HCI

EXAM PAPERS PRACTICE

e T<10°C;[1 mark]
Copyright
®24 Exam Papers Practice

¢ (AddKto asolution of G)in NaOH (aq); [1 mark]

[Total: 5 marks]

* You aretold that compoundlJis an amine and is converted to compound K which then
forms an azo dye
¢ |Inordertoform anazodye, the amine group must be converted to a diazoniumion
e This then canbondwith compound G to formthe azodye H
o This must take place in alkaline conditions, hence the requirement for NaOH (aq)
¢ Remember: HNO; must be formed'in situ’ in the reaction vessel asitis very unstable
o So,NaNOs; and HCImust be used to form the acid
o This also must take place at alow temperature, below 10 °C

For more help visit our website https://www.exampaperspractice.co.uk/
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d) Dye His very stable because:

e Delocalised electrons inthe mbonding systems of the two benzene rings; [1 mark]
e Extendedthroughthe -N=N-which acts as a bridge between the tworings; [1 mark]

[Total: 2 marks]

e Azodyescontainbenzenerings
¢ |nazocompounds, the R groups are arenerings

o The structures of these are more stable thanif the R groups are alkyl groups
Arenes are very stablec electronsinthering
This is because the neg leinstead of being
confinedtoasmall area

Answer 11.

a) The systematic name of b

e Ethyl4-aminobenzoate; [ mark]

EXAMWRABH;M PRACTICE

ﬁTeans that the name will follow the general alkyl alkanoate format for naming

@ gememﬁ( he dn’%ﬁ?g%gﬁq& anesterinvolves the reaction of an alcoholand a

carboxylic acid
o Alcohol + acid — Ester

For more help visit our website https://www.exampaperspractice.co.uk/
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Cﬂpé%hghol (green)used gives the alkyl / first portion of the name
@ 2 E@%@B’ﬁ.ﬁéﬂﬁfﬁs MIHB% and is, therefore, ethanol
o The carboxylic acid (blue) used gives the alkanoate / second portion of the name
» The carboxylic acidis benzoic acid with an amine group in the 4-position on the
benzenering
» Therefore, the acidis 4-aminobenzoic acid

e S50, toform benzocaine directly from an alcohol and a carboxylic acid:
o Ethanol + 4-aminobenzoic acid — Ethyl 4-aminobenzoate + water

For more help visit our website https://www.exampaperspractice.co.uk/
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b)
i) A suitable catalyst for step lis:

o AlBrz /aluminium tribromide
OR
FeBrz /irontribromide; [1 mark]

ii) The mechanism forstep 1, including all necessary curly arrows and charges, is:

+ H CHa
CH3
e Curly arrow fromtherin enz

e Correctintermediate structure wit seshoe covering more than half of the benzene but
not extending past carbon2 or 6; rk]
e Curly arrow fromthe C-H bond back to the + within the ring

EXAM.RPARERS PRACTICE

(et s |
@ 2&%%@%&@&@%%@%&@5%% is a Friedel-Crafts alkylation reaction

o Careful: Thisis most commonly performed with achloroalkane and an AlCl; catalyst
= But the question tells you that one of the reactants is bromomethane, which
means that an AlBrs; or FeBrzis required
e The catalystisrequired to form the *CHz electrophile for this reaction
o CHzBr+ AlBr; — *CHz + AlBrs~
* The mechanism thencontinues as astandard electrophilic substitutionreaction

For more help visit our website https://www.exampaperspractice.co.uk/


https://www.exampaperspractice.co.uk/

7

EXAM PAPERS PRACTICE

" H E E
| @
.+_
‘ \ + H

o The electrophile bo
o This forms aninterm
as a horseshoe with
o Theintermediatelo
regenerating the ca
¢ There are extra marking ts for electropl hanisms:
o The+mustbeonth rrect carboni
o The first arrow must
o The horseshoe in the ring mus
2or6

EXAM PAPERS PRACTICE
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on systemwhichis shown

lectron system and

ering
entred about carbon1and not extend past carbon
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c)
i) The roles of each acid are:

e Sulfuric acidis acting as an (Brensted-Lowry) acid
AND

Becauseitisdonating a proton / hydrogenion / H+; [1 mark]

e Nitric acidis acting as a(Brensted-Lowry)base
AND

Becauseitisaccepting

i) Comparing the strengths

e Sulfuric acidis stronger aproton)
OR
Mitric acid is weaker tha furic acid (bec aproton); [1 mark]

iiil) The structure of isomer Bi

EXAM. PAPERS PRACTICE

Copyright
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e The methyl/ CHs group on methylbenzene (is electron donating which) activates the 2, 4
and 6 positions on the benzenering
AND

The nitro / NO; group must attach / bond to carbon-4 (to form the product of step 3); [
rmark]

[Total: 5 marks]

For more help visit our website https://www.exampaperspractice.co.uk/
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¢ Thereversible arrowin thisreactionisirrelevant
¢ Thereactionto form the nitronium ion occurs ina number of steps but the overall equation
for the formation of the nitroniumionis
o HNOz +2H550,4— NO2* + 2HSO4 + H:0O*
e Forpartii)
o You arebasically being asked what the roles of the acids are
o The sulfuric acidislosing / donating a proton
» This means that the sulfuric acid is acting as a Brensted-Lowry acid
o The nitric acid is gaining / accepting a proton
= This meansthat itri id i I
o One of the first defi
definition
e Forpart(ii)
o Bothacids wouldno
» Therefore, sulfu
nitric acid
n Careful: Since
must include comparative
e Forpart (iii)
o The methyl / CHz group of methylbenzene donates electron density to the T-system

EXAM: PAPERS.ERACTICE

CG[]W%FQ at the product of step 3, the nitro / NO; group must have reacted at carbon-4

@ 2024 Exam Papers Practice

ry base
onor - thisis the

ing / donating a proton to

e strengths, your answer
uage e.q. sulfuric acidis stronger than nitric acid

For more help visit our website https://www.exampaperspractice.co.uk/
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d) Thereagents and conditions for steps 4 and 5 of the synthesis are:
Step 3

o Reflux with potassium manganate(VIl)/ KMnO,4/MnO4~
AND
Reflux; [1 mark]

Step 4

o \Warmwith ethanol; [1ma
¢ Concentratedsulfuric a

Step b

Alternative reagents 1

e Tinand concentrated hy hloric acid OR Sn /HCI

AND
Underrefiux: [Tmark]

Alternative reagents 2

EXAM-PAPERS PRACTICE

Cﬂ%ﬂﬁﬁﬁ?ﬁﬂ; [1mark]
Aretpdliveréagems Hapers Practice

e Nickeland hydrogen
OR
Ni/Hz:[1mark]

[Total: 4 marks]

For more help visit our website https://www.exampaperspractice.co.uk/
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e Step 3isthe complete oxidation of an alkyl arene
o Alkyl side-chains in alkyl arenes will oxidise to carboxylic
acids whenrefluxed with alkaline potassium manganate(\VIl)
o They are then acidified with dilute sulfuric acid (H;SO4) but thisis not required for the
mark
e Step4isanesterificationreaction
o This meansthatyouneed the corresponding alcohol to form the ester
o From the reaction scheme, you can see that the alcohol must have an ethane-based
carbonchain
o Esterificationalsore
 StepSisthereduction of
o Thisis doneusing Sn lorFe /HClor
o Careful: LiAlH, and t suita i action

ric acid catalyst

EXAM PAPERS PRACTICE

Copyright
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e)
i) Thisreactionschemeis animprovement because:

e There are fewer /less steps(reactionscheme); [1 mark]
i) This reaction scheme may not work because:

e Thenitration step / nitration of benzoyl chloride may / does not happen at carbon 4 of the
benzenering; [1 mark]

[Total: 2 marks]

¢+ Chemists aimto have fe
o This typically impro

e ThekeychangesinFig.1
benzene and the nitratio

e Fig.l.Thasthe extraste
- you are not expectedt

e The finaltwo esterification and red
o Therefore, the difference mu

stepsm anyre

rafts acylation of
theresultingb
onverting the 4-nitromethylben

into 4-nitrobenzoic acid
anism forthis step
nsteps of both reaction schemes are the same
inthose firsttwo steps

e The first step of both reaction schemes m|ght use different chemicals to form different

EXAM PAPERS - PRACTICE

C nitrom 911 Ibenzene
Gﬂm nd stepinFig. 1.2, mtratlng the benzoyl chloride does not preferentially form 4-

© Ak nafpers Practice

o [tforms 3-n|trobenzoyl chloride as the acyl chloride group directs attack to carbon 3

For more help visit our website https://www.exampaperspractice.co.uk/
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Answer 12.

a) Thereagents and conditions for each step are:
Step

e Ethanolic / alcoholic sodium hydroxide / NaOH

OR

Ethanolic / alcoholic potassium hydroxide / KOH: [1 mark]
¢ Heatedunderreflux; [1 mark]

Step 2

+ Watervapour/H;0 (g) / Water at 300 °C; [1
e Concentrated sulfuric a H-50,4 catalys
OR
Concentrated phospho

Step 3

* Heat /distil with (acidified) potassi ichromate (V1) / KsCrO7 solution; [1 mark]

[Total: 5 marks]

cXAM-HPARERS. WRACTICE

o If youcomplete step linalkaline / basic conditions, thenyou can:
Cr::pyrlglﬂarm propene via an elimination reaction - this would then allow for two further
@ 2024 bxeste Baprevsdhiactice
» Form propan-2-olvia a nucleophilic substitution reaction - this would only require
one further step to form propanone
o Therefore, steplis the elimination reaction of 2-bromopropane to form propene
» This requiresrefluxing with alcohaclic a base like sodium hydroxide or potassium
hydroxide
s Step 2 converts propeneinto propan-2-ol
o Thisis a hydrationreaction to form the secondary alcohol which requires water with a
concentrated H;S04 or HzPO4 catalyst at 300 °C (and 7 MPa)
* Step Jisthereductionof propan-2-olinto propanone
o Thisis an oxidation reaction which requires heating / distilling with acidified potassium
dichromate(VI) solution
o Youdonot need tospecify distillation as a secondary alcohol will oxidise to a ketone
with no further oxidation using acidified potassium dichromate

For more help visit our website https://www.exampaperspractice.co.uk/
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b)Onereactiontoreplace stepsland 2is:

o Nucleophilic substitution:; [1 mark]
¢ Using aqueous sodium hydroxide / NaOH (aqg) heated under reflux; [1 mark]

[Total: 2 marks]

e Careful: Take yourtime, this question has the distraction of compound A in the middle of
where you need tolook

¢ Tip: Remove the distraction of the reaction scheme by drawing the 2-bromopropane
reactant and the propa
o Youshould see that sb
* Remember: Aqueousc itions favour su
o This meansthatyou@fe using nucleop S Chemistry with
aqueous sodium hy

droxyl group

c) The equation forthe reaction of com d B with an oxidising agent, [O], to form propanone

EXAM PAPERS PRACTICE

CﬂEMﬂh*he question asks for structural formulae
@ 202bhpiaing Blahas Prasiitge structural formula CH;CHOHCH;
o Propanone hasthe structural formula CHzCOCHz
e Step 3is anoxidation reaction where the oxidising agent, [O], removes hydrogen from the
secondary alcohol to form a ketone
o The second product is water

For more help visit our website https://www.exampaperspractice.co.uk/
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Answer 13.

a) The step of the reaction scheme that could use hydrogen cyanide is:

Step 2 AND at least one of the following:

e |tcannot be step 1 because the cyanide ion / hydrogen cyanide willnot react directly with

ethene
OR
It cannot be step 1 because the cyanideion (is a nucleophile and) will not attack the C=C/
double bond of ethene due to repulsion; [1 mark]

e |[tcannotbestep 3beca
anitrile / does not produ

rogen cyanide produces

narmine; [1 mark]

[Total: 2 marks]

ithout identify
and words and exam technigque is

e Youcannotscore fullma
e Yourunderstanding of ¢
o There are three step
suggest thatyou are goingto g
reactionwith hydrogen cyani

e Asthe mark scheme shows, you have to consider how the reactant of each step would

EXAM " PAPERS PRACTICE
%ﬂgﬂgﬁﬂgam FPapers Practice

ortant in this question
plain your answer”
arks for explaining why two steps cannot be the
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b) The skeletal structure of compound Alis:

N,

X

e Correctskeletal formula of compound A with any appropriate halogen; [1 mark]
e Reagent = corresponding hydrogen halide compound to match the skeletal formula; [1
mark]

[Total: 2 marks]

actwith th
lectrophilic ad
uld auto '

« CompoundAmustbea
e Etheneislikely tounder
o This meansthatyou
o Asthe nextreaction
needs to be monosubstituted containone polarbond
o Therefore, the only realistic nis the reaction with HX
= Remember: The X stands for a halide ion

EXAM PAPERS PRACTICE
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2,H2504
ithCN~, compound A
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c)Compound Bis:
e Propanenitrile; [1 mark]
The type of reactionthat compound B undergoes to form propylamine is:

e Reduction
AND
The nitrogen / nitrile group has gained hydrogen; [1 mark]

[Total: 2 marks]

¢ Examiners oftencomme
compounds

o Nitriles are an exami

» The carbon chai

» Students forge

= S0, makesurey

e The nitrile group has gai

o Remember: Look forthe GCS

can save time when identifyi

EXAM PAPERS PRACTICE
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bout the apparent difficulty that e students have naming

as essential

ntifiers of oxidation and reduction first because it
pes of reaction
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Answer 14.

a) The structures of the organic compounds A, B, Cand D are:

A B C D

NO, NH, N=N HO.

« Correctstructure forco

« Correct structure forcompound B;

o Correctstructure forcompound
[1 mark]

EXAM PAPERS PRACTICE

['I'otal 4 marks]

18] Tgf]’?ﬂ r@féﬂﬂlvpiggﬁgﬁr]g?gegﬁﬁfénc acid and concentrated nitric acid is nitration

o Fromthe structure of the final product, the nitro group must add to carbon-4
¢ The secondreactionwith Sn/concentrated HClis the reduction of aNO; group to anNH;
group
¢ The third reaction with NaNC- and HCl below 10 °C s the formation of a diazoniumion from
the NH; group

« Compound Dcanbe deduced from the structure of compound C and the final Sudanll
product:

uding positive charge on the correct nitrogen atom;

For more help visit our website https://www.exampaperspractice.co.uk/
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Yo p

N
\ —
C A N\ />
i\ f’:
" —/

b)

i) The equation to forman ap

- HND3+ HQSD4—>H3D'

i) The mechanism for the for Ibenzene and an

appropriate reactive spacie

ion of compou

CH, CH,
E TIGE
C
@G 24 Exam I%I_[i:?ers Pra Hy
H NO, NO,

4=
NQO,

e Curly arrow from the piring to the NO;* electrophile; [1 mark]
e Correctintermediate structure; [ mark]
e Curly arrow fromthe C-H bond to the + charge within the ring
AND
H* as a product; [1 mark]

[Total: 3 marks]
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* Thereaction of benzene with concentrated sulfuric acid and concentrated nitric acid s
nitration
o Careful: This means that the appropriate reactive speciesis the NO;* group
o Youneed to know how the NO;* group is formed from concentrated sulfuric acid and
concentrated nitric acid
* The mechanismthencontinues as astandard electrophilic substitutionreaction

Ho  E L

e
E

o Theelectrophilebo
o This forms anintermediate wit

as a horseshoe with + inside
o Theintermediateloses a profoOn, restoring the delocalised electron system and

EXAM FARPERS PRACTICE

o The +mustbe onthe correct carboninthe *NO; electrophile
Cﬂpﬂ_,l"ﬁ@!ﬂst arrow must start touching the ring, not start inside the ring

8 ZHz{ﬁe@qw@g‘yE@MEﬁgE&mred about carbon1and not extend past carbon
20ré

ron systemwhichis shown
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¢)1.3-dimethyl-5-nitrobenzene is likely to be the more abundant product because:

e Methyl / CHz groups direct attacks to the 2, 4 and 6 positions (on the ring); [1 mark]

AND
The 2,4, 5, and é positio

[Total: 2 marks]

Zzenering
ns of bothrings are the

* Remember: Alkyl group
e Asthediagramsinthem
same regardless of whic

e Although mononitration
carbons, itismorelikelyonthe 2,4

o The 4 and 6 positions will for

o This means that the 2 positio he next most likely structuralisomer and, therefore,

EXAM"PAPERS PRACTICE
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rnon-substituted
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