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1. Molecules with more than one functional group are useful chemical ‘building blocks’.

Compound D, CH;CH(OH)CH,NHj,, is an intermediate in the synthesis of a variety of drugs.
e

)l IASAL
C l\ Compound D can be synthesised from ethanal, CH3CHO.| ) L—) ‘7
N -

\,\ (’ - (J\\‘\ Devise a two-step synthesis of compound D from ethanal.

3) e Give details of appropriate reagents and relevant conditions.
e Write an equation for each step, showing clearly all organic compounds.
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Explain why compound D is very soluble in water.
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CH3;CH(OH)CH;NH;
e S
| Compound D reacts with propanedioic acid, HOOCCH,COOH, to form a

—(— UM condensation polymer.
b, C R 2 (0w + (oot
Draw a possible repeat unit of this condensation polymer. OJV\/\’J\‘Q' QQH,L&—(_DQH’B
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Show clearly any functional group present in the repeat unit.
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Use electron repulsion theory to predict the shape of the bonds around atoms A and B.

Give relevant bond angles around atoms A and B.

Give reasons for your answers.




OCR (A) Chemistry A-Level - Organic Synthesis 2 PhysicsAndMathsTutor.com

A student adds an excess of aqueous sodium hydroxide to a sample of solid serine.
The student then purifies the resulting reaction mixture to obtain a pure sample of an ionic
organic product.

e Draw the structure of the ionic organic compound obtained.

e OQutline the steps that the student could carry out to obtain a pure sample of the organic
N(‘LB/\‘\; product from the reaction mixture.

pcy  + base ,;SF}LJ 3 WATCK
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Identify the chiral centres present in a molecule of tabtoxin.

On the structure above, mark each chiral centre with an asterisk, *.

Q.MV\AM L/'~ Tabtoxin can be broken down by alkaline hydrolysis. P NA/L M%

Draw the structures of all the organic products of the alkaline hydrolysis of tabtoxm
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2. A student investigates reactions of aromatic compounds.

The student first carries out the reaction shown below. C\OH & 0’)_

OH
OH

F6C13 + HCI

HO

Faphs! "”’“{\”

quinol Compound E

The student obtains a very low yield of compound E.
The student obtains a much higher yield of a different organic product with molecular
formula C14H2202.

Suggest an identity for the organic product C14H»,0; and draw its structure below.

A
ﬂ\@:< %\K gt
WO /
[1]

The student is told by a friend that the FeCl; catalyst is not needed because quinol is more
reactive than benzene.

OH

Explain why the student’s friend is correct.

You may draw a diagram to support your answer. HO

\Y\ v} V\ quinol
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4-Nitrobenzoic acid is an important compound in chemical synthesis. The flowchart below shows a
synthesis involving 4-nitrobenzoic acid.

W g AT

HO & product
step 1 step 2

NO,
NO,

Compound F

State suitable reactant(s) and conditions for step 1. W L W .

WMA Nl?\,\l }\// @

In step 2, the NO, group in compound F is reduced by tin and concentrated
hydrochloric acid.

Write an equation for the reduction of compound F.

Show the structures of any organic compounds involved.
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3. a-Hydroxy acids (AHASs) are naturally occurring acids often used as cosmetics.
The flowchart below shows some reactions of an AHA, CH3(CH,),CHOHCOOH.

Fill in the boxes to show the organic products of Reactions 1 and 2, clearly showing the
relevant functional groups.
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—~C— (00w
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Reaction 1 CH3;COOH and H,SO, . .
heat \ /
cC——C
H3PO4 /
h H COOH
CH;(CH,),CHOHCOOH eat
- Compound G
%,
V} H)()I Reaction 3
+
NaBr and H,SO,4
Reaction 2 - heat ) ) Compound H
\n %
\

-

\
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Give the full systematic name for compound G.
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Compound H is a stereoisomer of compound G. H COOH

e Suggest a structure for compound H. Componnd G

e Draw the repeat unit of the addition polymer that can be formed from compound H.
D W o
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Compound H \/ addition polymer \/
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The addition polymer in (iii) is used widely in industry. Increasingly, waste polymers are
being processed as a more sustainable option than disposal.

Apart from recycling, state two methods for usefully processing waste polymers. , /
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A student synthesises a sample of the AHA J using the following reactlon scheme, starting from
propane-1,2-diol.

O
NaBH4
[O] o
propane-1,2-diol ~——
Step 1 Step 2
OH
OH K{W '

Compound J

In the space below:

\/ state a suitable oxidising agent for Step 1
write an equation for Step 1
e outline the mechanism for Step 2, showing curly arrows and relevant dipoles.

® K- (A/\gl_/v\k’— WMM ) \)(’)\(/(LO«]\/
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The reagent used in Step 2 of the synthesis in (i) was NaBH,4. NaBH, contains the ions
Na' and [BH,] .

Draw a ‘dot-and-cross’ diagram of NaBH, and give the full electron configuration of Na®.

Show outer shells of electrons only. . i Jp"O’W‘ N

N )

sl
\’\Y 31 H
o T e

19 . 29,6
full electronic configuration of Na': \ ...... [L B ......... XO ..................................
@)
) - 92 11‘ 6 \
NaBH. Noo W& 15 Ls Q‘f 56
) e
Step 2

OH
H
Y Compound J
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Compound K is an AHA that is often used in ‘chemical face peels’.

A student wishes to identify compound K from the list of compounds below.

7 Q) (:" glycolic acid HOCH,COOH. W

i’ U malic acid 'HOOCCH,CHOHCOOH, M @U}‘/‘{\/\ \\ ka :
mandelic acid C¢Hs;CHOHCOOH '
pantoic acid HOCH,C(CH;),CHOHCOOH

The student isolates compound K and analyses a sample of the compound by titration.

The student dissolves 1.89 g of compound K in water and makes the solution up to 250.0 cm’ in a
volumetric flask. The student titrates 25.0 cm® of this solution with 0.150 mol dm > NaOH(aq).

18.80 cm® of NaOH(aq) were required for complete neutralisation.
Use the results of the student’s analysis to identify compound K from the list above.
Show all of your working. \%1%0 ' 0 _ 6 | OOQ%’)\ V\y(
Y\(Novt)\ﬂ:\m(,:tooo *0(6\ .
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4. Cyclohexanone can be prepared in the laboratory by reacting cyclohexanol with concentrated sulfuric acid
and sodium dichromate.

Ethanedioic acid is added to the reaction mixture to react with any excess dichromate.
The mixture is then distilled. The impure distillate is a mixture of cyclohexanone and water.

You will need to refer to some or all of the following data to answer these questions.

Boiling point /°C | Density /g cm™ M,
Cyclohexanol 161 0.962 100.0

(Q{U\) (/ Cyclohexanone 156 0.948 98.0
Wotw l

Draw a labelled diagram to show how you would safely set up apparatus for distillation and describe
a mcthod to obtain a pure sample of cyclohexanone from the distillate.

wAA
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Ethanedioic acid removes excess dichromate ions, Cr,05>, as in the equation below.

3(COOH), + Cr,07 + 8H" — 6CO, +2Cr’* + 7H,0

LGRS
Suggest how you could tell when the excess dichromate has completely reacted with the
ethanedioic acid.

A student monitors the course of this reaction using thin-layer chromatography (TLC).

Outline how TLC could be used to monitor the course of the reactior}.

—TahL

ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

M/

—

Plan an experiment that would allow the'student to confirm the identity of the pure organic product o

by means of a chemical test. (6/‘70*'\/;‘5 AN ) KEToNE
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5. This question is about the chemistry of aromatic compounds.

(a) Benzoic acid can be nitrated by concentrated nitric acid in the presence of concentrated
sulfuric acid as a catalyst, as shown in Equation 17.1.

The organic product of this reaction is 3-nitrobenzoic acid.

COOH COOH
H2804
+ HNO; ——» + H,0 Equation 17.1
NO2
benzoic acid 3-nitrobenzoic acid

(i) Outline the mechanism for this nitration of benzoic acid.

Show how H,S0, behaves as a catalyst.

M, SO, ¥ HNO; —> H2O NO," + H3O4

coor

COCH
O,
@’ — x g

NO,

coort
H"\‘-\- @)

¥ -
Teeamation oF 4ve cq&ox:vsg:.
[5]
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(ii)* A chemist carries out the reaction in Equation 17.1 using 4.97 g of benzoic acid.
The chemist obtains 3-nitrobenzoic acid as an impure solid.
The chemist purifies the solid to obtain 4.85g of 3-nitrobenzoic acid.

Describe a method to obtain a pure sample of 3-nitrobenzoic acid from the impure solid,
determine the percentage yield and check its purity.

B S e COOM

= 0-290 o Ox

......................................................................................................................... NOp
I e X A N
O OO O = N S
..................................................................................................................................... 6]

me.\-\rirgs YoMk Z@x oS onQoere
A levasn ool .
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(b) Astudent investigates the relative ease of nitration of phenol, benzene, and benzoic acid.

OH COOH

phenol benzene benzoic acid

The student finds that the conditions required for the nitration of each compound are different,
as shown in Table 17.1.

Compound phenol benzene benzoic acid
Dilute HNO, Concentrated HNO, | Concentrated HNO,
COI‘IdItIOl.'IS rt_aquwed 20°C 55°C 100°C
for nitration
No catalyst H,SO, catalyst H,SO, catalyst
Table 17.1

(i) State the trend in the relative ease of nitration of phenol, benzene, and benzoic acid.

phe.«\d\ is X\ . eaaq;\-_ A  aTIOAR

dm \s

Susegnole ¥ o tvoQwr.



OCR (A) Chemistry A-Level - Organic Synthesis 2 PhysicsAndMathsTutor.com

(c) A student synthesises 3-bromophenylamine, shown below, starting from nitrobenzene.

(i) Complete the flowchart showing the structure of the intermediate and the formulae of
the reagents for each stage.

NO,

bromination

reagents: Brg/ ALY .. \\OLQ%Q’\ Qo QY
CO\ W

.

reduction NH

reagents: .. =YY, CONC. W Vel .

| X'

Br

3-bromophenylamine

intermediate

[3]

(ii) Another student attempts the same synthesis but carries out reduction before bromination.
The student was surprised to find that two structural isomers of 3-bromophenylamine
had been formed instead of the desired organic product.

Explain this result and suggest the structures of the two isomers that formed.

Structures

NIH , N,
Gr
& oxdh

@r @



OCR (A) Chemistry A-Level - Organic Synthesis 2 PhysicsAndMathsTutor.com

6. This question is about organic compounds containing nitrogen.

(a) Sodium cyanide, NaCN, can be reacted with many organic compounds to increase the length
of a carbon chain.

(i) 1-Chloropropane, CH,CH,CH,CL reacts with ethanolic sodium cyanide by nucleophilic
substitution.

Outline the mechanism for this reaction.

Include curly arrows, relevant dipoles and the structure of the organic product.

H !
c— ot c-CN
S5 W HETST

‘CN v e

3]
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(ii) Compound G is used to synthesise compounds H and 1 as shown in the flowchart below.

Complete the flowchart showing the structure of compound G and the formulae of the
reagents for Reaction 2 and Reaction 3.

I/
H—C—C{
L o
compound I

A

Reaction 3

reagents: H,_SQ*(Q\ ......

Reaction 1
>~ H—C——CN

o
\\
. /C Mh NaCN/H*

compound G

Reaction 2 .
reagents: H;_,N\ ...................

OH H

H—C——C——NH,

H H

compound H

[3]



OCR (A) Chemistry A-Level - Organic Synthesis 2 PhysicsAndMathsTutor.com

(iii) Compound H reacts with dilute hydrochloric acid to form a salt.

Explain why compound H can react with dilute hydrochloric acid and suggest a structure
for the salt formed.

A
— C— W ce”
"

[2]
(iv) Compound I is the monomer for the biodegradable polymer J.

Draw two repeat units of polymer J and suggest a reason why it is biodegradable.

esier \ink
H H
S B\ ( (I?
O—C~+C -0 c—C
\ {
" — " n
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(b) The repeat unit of Nylon 6,6 is shown below. 'd'e'

s

Nylon 6,6

(i) Draw the structures of two monomers that can be used to form Nylon 6,6.

oro W

\
OY\/\/ oH

(ii) A sample of Nylon 6,6 has a relative molecular mass of 21500.
Estimate the number of repeat units in the sample.

Give your answer as a whole number.

2\s00
\ = 9a5. |

T 226

PhysicsAndMathsTutor.com

(2]

QFEM = AR QOCNAQ( 2% lz\+((6’<?)*(‘“z)

number of repeat units = 0|5 ................
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7. This question is about organic molecules that have a strong smell.
(a) Thiols are foul-smelling, organic sulfur compounds with the functional group —SH.

Butane-1-thiol, shown below, contributes to the strong smell of skunks.
/\/\ .Flt "'_l
o (e | A
butane-1-thiol ]L =
a” [wal

(i) Thiols are weak acids.

Write the expression for the acid dissociation constant, K, for butane-1-thiol.

[“{\[Coth 571
[canasl

(ii) Thiols react with carboxylic acids to form thioesters.

WKa =

1]

Write an equation for the reaction of butane-1-thiol with ethanoic acid.

Use structures for all organic compounds with the functional groups clearly displaycca.f.l.
b

o
O, CHRCHL, Cxi ST+ c—c”? &
s \ ont 0.9%’:‘0)2

WZ)
N>
N\o\:j\w \l/
O
H3C r Yo

Ch1,CH, o, o

(iii) When beer is exposed to light, 3-methylbut-2-ene-1-thiol is formed, which gives an
unpleasant smell and flavour to the beer.

Draw the skeletal formula for 3-methylbut-2-ene-1-thiol.

lf- s s

/K/ 24 /V
\ [1]
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(iv) Propane-1,3-dithiol reacts with carbonyl compounds in a condensation reaction to form a

cyclic organic sulfur product. m R
=0
ane-1,3-dithiol with propanone. f { G

Write an equation for the reaction

Use structures for or ¢ compounds.

H'S _b><5
S &

Sy
X ,0

[2]

(b)* The structures for six naturally occurring organic compounds with pleasant smells, B-G, are
shown below. The common names in brackets relate to their source and smell.

(linalool) a\uen< (citral)

(geraniol) -
(camphor)

F Zoa\G’Jl’O\

(menthol) (ionone)
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Explain how chemical tests would allow each compound to be distinguished from the other
compounds.

In your answer, include essential details for all test procedures and observations.

Details of apparatus and quantities are not required.
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/\ _ -
8.  Which compound does not react with nucleophiles? € ()ot \r o(o NO I~

A CH,CH,CHO /\'“ S

C.a. Okt Yy
O J—

@ CH,CHCH, X ! J ;PR
€ CHCH,COCH, [ 5, 5

D CH,CH,CH,CI °0- _~_ rall F /41 £, and /)
i have O+ C MJ//L.’(,LL
Your answer | \
1 cowmpmaon 1]
S Qﬁ’ %7&654

C=C for nucleoph, le
o propeas (B)
s k%/ e~ Lence
and w,ﬁ' il e, 7~

q#@ﬁ Uaé 8’6/
M"“(@O,O/u'/g_ e



OCR (A) Chemistry A-Level - Organic Synthesis 2 PhysicsAndMathsTutor.com

9.  Asolid organic compound can be purified by recrystallisation. s T
kiaotic € % Solveut T
... more @m‘%\'dﬁ dfgsal.v{v\% Salfed
Trué‘ ol {.+E_ T as T 1

Which statement(s) about recrystallisation is/are true?
1 The organic compound is more soluble in hot solvent.

2 The hot solution is cooled before the purified organic compound is collected.  Tvwe
S solution wast e cuoled Yo collect solid pute < pap ouol .
3 The melting point of the purified organic compound is lower than the impure compound. FMLSQ

\AWP d‘& fM{JWV\ﬁ Covaau-b\ﬂ 1S lower
£ hen P c,om,oauwi as /'w/’Mr-fl'&/g
@ Only 1 and 2 mberrupt ond wes kon crgstd (othieo

C Only2and3

A 1,2and3

D Only1

Your answer b

[1]
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10. Cinnamaldehyde and methylcinnamaldehyde are naturally occurring organic compounds.

CHO CHO
g g7

cinnamaldehyde methylcinnamaldehyde

(a) Methylcinnamaldehyde is an E stereoisomer.

Explain this statement in terms of the Cahn-Ingold-Prelog (CIP) rules.

rignesc... Plonhy . gmwes . Cells..,. CHO. oxe.
ON.....oPPOSHR ... Sides ..ot e . C=Co
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(b) A student plans to carry out some chemical tests on both cinnamaldehyde and
methylcinnamaldehyde.

CHO CHO

X X

cinnamaldehyde methylcinnamaldehyde

(i) Suggest a suitable chemical test to confirm that both compounds contain an unsaturated
carbon chain.

Your answer should include the reagent and observations.

(ii) Describe a chemical test to confirm that both compounds contain an aldehyde functional
group.

Your answer should include the reagent and observations.

Tolents . Reogonk  @Modnees. o SIWeN ...
N Y O e [1]

(iii) Describe a chemical test to confirm that cinnamaldehyde and methylcinnamaldehyde
contain a carbonyl group.

How could the products of this test be used to distinguish between the two compounds?

Your answer should not include spectroscopy.

TQake .o .. mﬁkﬂﬂg ..... POINC. . and....AOmMQar..
TS o NSNS
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(c) The flowchart below shows some reactions starting with cinnamaldehyde.

Draw the structures of the missing organic compounds in the boxes and add the missing
reagent(s) on the dotted line.

o
& ~ C H'LNH‘I.
vd
A
excess H,/Ni
OH
CHO
N reagent(s): NQC[N!H-‘-
&= x o
cinnamaldehyde
NaBH4 H‘{aq]
Y Y
oH

©/>/\ o - CaGH

[5]
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(d)* Methylcinnamaldehyde reacts with iodine monochloride, 1Cl, by electrophilic addition. The
reaction produces a mixture containing two different organic products.

CHO

N

methylcinnamaldehyde

The electronegativity values of chlorine and iodine are given in the table below.

Pauling electronegativity value
Cl 3.0
I 2.5

Qutline the mechanism, using the ‘curly arrow’ model, for the formation of one of the organic
products and explain which of the two possible organic products is more likely to be formed.

In your mechanism, you can show the phenyl group as CgH... [6]




OCR (A) Chemistry A-Level - Organic Synthesis 2

11.

This question is about aromatic carboxylic acids and their derivatives.
(a) The flowchart below shows some reactions of compound H.

In the boxes, draw the organic products of these reactions.

o
f\

g, i wnh
® O NG
Q

HO

Na,CO,(aq)

PhysicsAndMathsTutor.com

o

W\
o,
S NG
\,O
& O

HO

O=—=0

compound H

Br,

=Ho

i\

C~oH

NaOH(aq)

[31
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(b) Compound H is used in the synthesis of polymer 1, as shown in the flowchart below.

Complete the flowchart by drawing the structure of the acyl chloride and two repeat units of
polymer I, and stating the formula of the reagent(s) required for the first stage on the dotted
line.

0O
I Q
& W

o oty (OF e

- O

compound H

acyl chloride

o O

W\

__-O.@-é':‘—o—<0 c---

two repeat units of polymer I

[4]
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(c) A cosmetic product containing four esters, J, K, L and M, is analysed by gas chromatography
and mass spectrometry. The results are shown below.

Gas chromatogram

59

4.3
42

. L”’Ng

0 1 2 3
retention time/minutes

The numbers by the peaks are the relative molar proportions of the compounds in the mixture.

Mass spectrometry

ester mlz of molecular ion peak
J 162 =137 =15 _
K 166 g am
L 180 -12371=43 /g’w\d\’\
M 180 - \31 =43 - tV\ddm-‘g

(i) The concentration of ester K in the cosmetic product is 9.13 x 1072gdm™3.

Using the results, calculate the concentration, in moldm™, of ester M in the cosmetic
product.

Give your answer to two significant figures.

Q. 2
\3x\0 = s.50 xxo'd"
166

5.50x10° % x iz :"I.SK\Q-G"md\d:N\"'S

AN =

-%
concentration of ester M = -75"\0 ............ moldm™ [2]
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(ii) A general structure for esters J, L and M is shown below.

C\ /R

[0)

HO
1+1e +(xe)r €+ 12+ (16x2)

Where ‘R’ is an alkyl group. =\377

Use the mass spectrometry results to deduce possible structures for esters J, L and M.
_:\_"_3_ -3 .6

12
12 x3 =36
43-36="

1S
4%
13 A 2 g
o

o]
Q cH(cn L
C—a~ HER, Hye

T
Q
©
I
/
0\
2
w
2
/
o
-
o]
8
/
PN
&
%

[31
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12, The relative molecular masses and boiling points of some fuels are shown in Table 22.1.

Fuel Relative molecular mass Boiling point/°C
hexane 86 69
pentan-1-ol 88 138
heptane 100 98
Table 22.1 =

> Cn¥onan T %:;w

(a) Write an equation for the incomplete combustion of heptane.

2.NOre L emenrYy (s reounRd o \owaue Hrede.
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(c) Fuel additives are often used to improve the combustion of a fuel.
(i) Compound N is a fuel additive containing carbon, hydrogen and oxygen only.

Complete combustion of 1.71g of compound N produces 2.97g of CO, and 1.62g of
H,0. The relative molecular mass of compound N is 76.0.

Calculate the molecular formula of N and suggest a possible structure for the compound.

s ML, &
L o (leray G 06713 neo) @Dz@o
3 I%
b O s = 0. 000 Mo
[+\ 16 ¢ + d
2.9
C3y Ha O,
26 - ((12x 3)48) = 32
o>

32" - ’
T TR TEOE feema\

compound N

5]
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(ii) Solketal has been investigated as a potential fuel additive.

T

solketal

Solketal is synthesised from propane-1,2,3-triol and a carbonyl compound.

Construct a balanced equation for this synthesis.
Show structures for the organic compounds in your equation.

) e B
" 0\/L\/O + /LK \ ><

h o
(d)* A scientist is researching compounds that might be suitable as fuel additives.
One of the compounds gives the analytical results below.

Elemental analysis by mass:
C: 54.54%; H: 9.10%; O: 36.36%

Mass spectrum:
Molecular ion peak at m/z = 132.0

H NMR spectrum in D,0

PhysicsAndMathsTutor.com

" HLO

[2]

T T T T T T T T T

5 4 3 2 1
chemical shift, 3/ ppm

The numbers by the peaks are the relative peak areas.

When the spectrum is run without D,O, there are two additional peaks with the same relative

peak areas at 11.0ppm and 3.6 ppm.
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Use the information provided to suggest a structure for the compound.

Show all your reasoning. [6]
S&. 5% ... A0 36.3%6¢
....... O SO o = FO
"LESES L2 S S
VRIS BRI £ 03
= =4 =\

emeunaal. . geomana. i Coa e Ol

A oLIOK. ... LA 1 G A . O
$7.%:Cppp,..quamekt. .. L CHg-c-O
S =0 30em, Staqiet, 61 (CHz),-C
Szl 2eem,. Aok, DY ... CXh
B2 \W.Opom = COOH
R T A o3 (XN ) 2 S,
Additional answer space if required.

.................................... U ——
_______________ o RS g
........................... HC,-?- ‘_C“‘*OHHQW“\
.......................................... L TR o T S —————
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13.  This question is about organic reactions.
(a) Compound A is formed when ethanal is mixed with OH™(aq) ions, which act as a catalyst.

The balanced equation is shown in reaction 6.1 below.

(ii)

(iii)

(iv)

/ aar
|

c=—cC l

| \

Y

Reaction 6.1

Compound A

Give the systematic name for compound A.

What type of reaction has taken place?
PN O e 1]
Reaction 6.1 takes place in two steps. OH™ ions act as a catalyst.

In step 1. ethanal reacts with OH™ ions to set up an acid—base equilibrium.
In step 2, compound A is formed.

*  Complete the equilibrium for step 1 and label the conjugate acid—base pairs as:
A1, B1and A2, B2.

OH-

*  Suggest the equation for step 2.

CH,CHO & CHLCHO + O — C¥y C Y OHCH,CHO
+ OH ™

CH,CHO  +
AL

[3]
A similar reaction takes place when propanone, (CH,),CO, is mixed with OH™(aq) ions.

Draw the structure of the organic product of this reaction.

GH W o
—c-c”
HSC-‘((: { N

C [1]
CH, A K,
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(b)* Many organic reactions use electrophiles as reagents.

Explain the role of electrophiles in organic chemistry.

Your answer should include one reaction of an aliphatic compound and one reaction of an
aromatic compound, including relevant mechanisms. [6]
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14.  This question is about esters.

(a) The structure of ester A is shown below.

3- prowoproguroic ocd

etharol
O//\\‘

Ester A

(i) What is the systematic name of ester A?

A2

(ii) In the boxes, draw the organic products for the reactions of the functional groups in
ester A shown below.

Each reaction forms two organic products.

o
/\/\‘K " H o /\
B¢ O
H*(aq)
O
Br/\)LO/\\
Ester A
excess OH™(aq)
®)

+ 0/\

Ho/\/Ko" w

(5]

(ili) Name the type of reactions of ester A shown in (ii).
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(b) The protons in ester A are in four different environments, labelled 1—4 on the structure below.

1 0 3
|

r b

CH c CH y
i o 25
Br ol No” CH,
2

Complete the table to predict the proton NMR spectrum of ester A.

Proton environment Chemical shift Splitting pattern
1 8 a-%5 wopvek
2 2.0~"3:9 «~\plex
3 2 0-4%3 Quovekx
4 5. 4. iRk
4
Cs¥ o 02 By o
(c) Compound B is a structural isomer of ester A. Y
, _ H CHv<g
* Compound B reacts with aqueous sodium carbonate. CQOH Vit o) & z o
*  The 3C NMR spectrum of B has 4 peaks. Qr- C- IC . T
\ OH
Draw a possible structure for compound B. ok H 3&"{3
CHa ¢
|
i A TN oy
( - A - LT
B-C—"c-&”% 2 FEr v o
: \aH H B
[ Cﬂ3 H [1]
(d) A polyester is formed from 200 molecules of 4-hydroxybenzoic acid. COOH

What is the relative molecular mass, M,, of the polyester?

(vex )+ 6 + ((6xD) = (3B qpnat”! O
(2R x 200 = L6 gral™
27600 - ((Aax | ®) =24Q(& ot

M=_. 24008 gmol™' [2]
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(e)* A student intends to synthesise ester C.

H C—CT—C/O A
? ‘ fo\ X LFN

Ester C

(i) Plan a two-stage synthesis to prepare 12.75g of ester C starting from 2-methylpropanal,
(CH;),CHCHO. Assume the overall percentage yield of ester C from 2-methylpropanal is
40%.

In your answer include the mass of 2-methylpropanal required, reagents, conditions and
equations where appropriate.

Purification details are not required. [6]

_____ LIS oo e s e g
(32D A G L XY e

.................................... o S

gt
2. L.E8e), CrCOor £ CH O 22 (CH TR,
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(i) The mass spectrum of ester C is shown below.

1004
i Y=&3

80—

60—
Relative
intensity

20—

H 0 III{TI{II[I'!'[T[{ !}I%l}l'll{!ill !ill'l!’illIr|IJl-IIi'IIII'|TIIfi {II"IIIIIIITT'II}IIITII'II'!TI{I:'I"

t 10 020‘ 30 40 50 60 70 80 a0 100
# ./

' m/z

4
_CH € (

Cn.._g :
Suggest possible structures for the species responsible for peaks ¥ and Z in the mass
spectrum.

,.\.
(cka), CA (CHs), ditee)

[2]
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15.  This question is about benzene.
(a) Over time, the Kekulé and delocalised models have been used to describe the bonding and

structure of a benzene molecule.

(i) Describe, in terms of orbital overlap, the similarities and differences between the bonding
in the Kekulé model and the delocalised model of benzene.

elocaliged wodel
° A >TC bord3

Mexleule . nas. 33.T7C. Yordd . andk o
ddom%edm&e&m&'rcm\&

(ii) Experimental evidence led to the general acceptance of the delocalised model over the

Kekulé model.

Describe two pieces of evidence to support the delocalised model of benzene.

s benzone. iS. . eSS . reookwe. _Haedn
O O O S

12
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(b) Benzene can be used as the starting material for the synthesis of compounds D and E, shown

below.

In the diagrams C4H; is a phenyl group.

PhysicsAndMathsTutor.com

N/ I
/C:C\ H,N—C——COOH
C.H H
oo CeHs
compound D compound E ’c?
0AAWON C=C —d C-C Cordeaohon foms KN = C—R,
Compounds D and E can be converted into polymers. Qinide A
(i) Draw two repeat units of these polymers.
O O S
\ \ { (
C—-cCc—c-cC
( ( \ {
HC M u< « 70N
s 6 5 €
Two repeat units of polymer formed from D
{ tl \ «
N-C—C-N=-C — ¢
H \ H {
CcHs CeHl ¢ n
Two repeat units of polymer formed from E
[3]

(i) State the type of polymer formed from compounds D and E.

From compound D m\’t\'m ..............................................................................

From compound E ... (CaANAENRATNAN e
[1]
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(iif) In the synthesis of compounds D and E, benzene is first reacted with ethanoyl chloride,
CH,COCI, to form phenylethanone, shown below.

e~ _
¢ Rle e
QUIOSA; YO ON

phenylethanone

The reaction takes place in the presence of aluminium chloride, AICl,, which acts as a
catalyst.

In the mechanism for this reaction,
* ethanoyl chloride first reacts with aluminium chloride to form the CH;—C*=0 cation
* the CH;—C"=0 cation then behaves as an electrophile.

Complete the mechanism for the reaction.

Include equations to show the role of the AICl, catalyst, relevant curly arrows and the
structure of the intermediate.

4+
Formation of electrophile C.I‘LSCOC{*Q(CL:;_%CH:;-CV O-"QLCL;

+
H,C —C==0

i; W_ ,COCHz

Intermediate

H;C

/
\
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(iv) Complete the flowchart for the synthesis of compounds D and E from phenylethanone.

0]
Hsc\cf
B
W c-c-oH
NaBH, 3
—_—
Avelepphil C O
phenylethanone Ao
NaCN(aq)/H"(aq)
\-{zc-c - GHR y
O H /C ~_
\C = b
CH

’ ’ neCAERL €
o
Br C N suonnAt compound D

NMa, CHz CHON o,

sz : H,N —— C —— COOH
! N"'(l-‘-— N H0, 11, ek
1 -

compound E [7]
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16. Compounds B and C, shown below, are unsaturated hydrocarbons containing nine carbon atoms.

;j'[ ; v\bmw ringy
anert
B c

(@) Compound B reacts with chlorine at room temperature, but compound C requires the
presence of a halogen carrier.

In both reactions, the organic compound reacts with chlorine in a 1:1 molar ratio.

(i) Draw the structures of the organic product of each reaction.

eleckcoghie oddubton eleatvofhlic  suostomon
<l
cC Ct
Organic product with B Organic product with C
(2]

(ii) Explain the relative resistance to chlorination of compound C compared with compound B.

To. R . &e  eecoo /T bad s locauaeoh

TG X0 leokony. [TC. ring..Sofem ... is.... detocalusscd
T B e deckan densiy. i3 higher.. 3G 35 o .
Sosephle . de . 2AecvaPnilic  adracie /8. oNmos/occe@R
e dearopmle (CL) e [ B pdoxzes. X2 ecighe.
L O WK o . XSSO OSSOSO
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(iii) Outline the mechanism for the reaction of compound C with chlorine.
frmng - elegrephile
Show the role of the halogen carrier. -
+ \c(
flCty & B0, —& CLg = RiShe
\e neRda o SHErQRA

e_\ec*«e@'“ c /s \ess
couse !
eseormPnile o

cct
LS SuoseNae *© ‘eee,NQN\(c oNoCe
" Wrereos B will ondege
W\QQ oftonre wedn CL

cl

5 A

- HCl
MY & Al —> AL T

ki OIOREN Carriex

(51

(b) Compound C can be prepared by ‘trimerisation’ of propanone using concentrated sulfuric
acid as a catalyst. (@)

B, M0

Suggest an equation for this reaction, using molecular formulae. Q\’\

compound  C
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(c) An organic chemist is investigating compound D for possible use as a medicine.

The chemist proposes a synthesis of compound D from compound C.

comp<'>und Cc compound D

(i) Predict the number of peaks in the '3C NMR spectra of compounds C and D.

Compound C | Compound D

Number of peaks 2 ]

[2]
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(ii) The chemist develops a three-stage synthesis of compound D from compound C.

Complete the flowchart.
Show structures for organic compounds.

eAe Chofm v ¢ NO,

Subsitronon
reagent: ...... ﬂNQg ....................

-
catalyst: ....Hz_.SQq. ..................
compound C
1.Sn + HCI
2. Neutralise
O FRALCKDEN
J\ acy\ Chlonge Cosdions
HN T
Nr o

reagent: ... %=1}
- O

compound D
[5]
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17.  This question is about organic compounds containing nitrogen.
(@) SaltH, (CH;),CHNH,CI, is used in the manufacture of garden weedkillers.
The flowchart shows the synthesis of the salt H from propanone.

Complete the flowchart.
Show structures for organic compounds.

(o]
propanone 2
. Qe
\uc\e:?\m\\c l-\3C V e c“s
cdd\on NaBH,
or
1
i
HC CH
s 3 /) o0id  Convaluyc

reagent: Na&[&r'-\-\'\q_soq— ’H*
rocaePniic  SuloswruTion

Br

CH
™~
Heo CH,

reagent: NHSNW/ excess Mo

halosallore —3 amine
w-ss\\lﬁ H’ cl

Z@ reagent: ...... HCL ...................... |
AN > CH\
\.\3C C“3 H3C/ CH3
saltH

(5]
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(b) Aspartame, shown below, is an artificial sweetener commonly used as a sugar substitute.

aspartame

(i) Aspartame contains several functional groups.

Apart from the benzene ring, name the functional groups in aspartame.

(ii) A sample of aspartame is hydrolysed with aqueous acid.

CHY)
Draw the structures of the three organic products of the complete acid hydrolysis of
aspartame.
(o) +*
HC— OH Nis

&G

o

rooc

A
N\‘\s

)\/ cooH

R

anwwnd ot o
o< N\‘\g* insSvend
ot N, o3 in

—QC_\_Q.\_LW:‘ K\"\*B

oacvd WS\S.’
eher — ol
*—
AN
aovao,
amede —a oxatne
*-
oA NN C

o.ce&\]
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(iii) Some people are concerned that aspartame, C, HgsN,O;, may have adverse health
effects.
Research shows that the safe maximum daily intake of aspartame is 1.7 x 10~ molkg™".

«  Atypical UK adult has a mass of 75kg.
*  Acan of a diet drink contains 167 mg of aspartame.

How many cans of this diet drink is it safe for a typical adult to drink in one day?

(% x(2) + 18 + (lax2) + (Sx1€)

Q = 294 9o

Mol % REM 0'\675
AR

\.7x\0" T x78 = 0012 7S et pex 3asy

= S.€¥3x\0°Y (nar in \ com

o.0(21S
5.6 Bx\0O™ %

=22 -4 cona

NUDBET OF CANS = -ncnavaninsiimosaaimmsss soassshamssas svasmehasssassins [3]



