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Organic synthesis - 2021

1. March/2020/Paper_42/No.4
Compound F has been found in small quantities in some cereals and dried fruit.

(a) (i) Give the name of the functional groups labelled A and B.

[2]

(ii) State the number of chiral carbon atoms in one molecule of F.

1]
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(b) F can be hydrolysed by heating with an excess of dilute hydrochloric acid, as shown.

Three products are formed: G and two others.

F

o 0}
NL@T\
H
Cl

excess dilute HCI

G
o OH O
+ + HO OH
OH
Cl
Draw the structures of the other products of the reaction in the boxes provided. [3]
(c) Compound H is formed in one step of a different synthesis, as shown.
H
0] OH O 0] OH O
Cl, and FeCl
HO OH 2 e e s . HO OH
Cl
(i) State the role of FeCl, in this step.
....................................................................................................................................... [1]
2
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(ii) Use the Data Booklet to suggest two reasons why the chlorine atom in compound H
substitutes into the ring at the position shown, instead of the other positions in the ring.

(d) Compound J, CH O,, is also found in some cereals.

Part of the mass spectrum of J is shown. The M and M+1 peaks are labelled, along with their
relative intensities.

1004 M, relative intensity 100.0
80

relative
intensi l
ty 40

20
T lH‘ | ‘ O M+1, relative intensity 14.4
04—l .

I|| |
— T
150 175 200 225 250
mle

(i) Calculate the number of carbon atoms, x, presentin J.

X i [2]
(ii) The mass spectrum has a peak at m/e = 205.

Suggest the identity of the fragment lost from J to form this peak.

[Total: 12]
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2. March/2020/Paper_42/No.5¢c,5d

(c) Compound K is used as the starting material in a synthesis of gallic acid.

A student suggested the first two steps of the synthesis could be as shown.

K L M
COOH  concentrated HNO, COOH concentrated HNO, COOH
and and
concentrated H,SO, concentrated H,SO,
step 1 step 2
P NO, P ON NO,
NH, NH, NH,

Nitronium ions, NO,*, are generated by the reaction between concentrated sulfuric acid and
concentrated nitric acid.

(i) Construct an equation for the formation of NO,* by this method.
-1
(ii) Complete the mechanism and draw the intermediate of step 1.

Include all relevant charges and curly arrows to show the movement of electron pairs.

intermediate
COOH
— — L+H

NH, @NOZ

[2]
(iii) State the name of the mechanism in (c)(ii).
-1

4
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Compound M is converted into compound P as shown.

M N P
COOH COOC,H, COOC,H,

CH,CH,OH

and H,SO,

> —-
step 3 step 4
O,N NO, O,N NO, H,N NH,

NH, NH, NH,

(iv) State the reagents and conditions for step 4.

. [2

P reacts with an excess of sodium nitrite, NaNO,, and dilute HCI at 5°C to form compound Q,
CyH,N;O,ClI,.

Compound Q is then converted into gallic acid.

P Q
CyH,NO,CI,
COOC,H,
an excess of NaNO,
and dilute HClat 5°C

step 5
H,N NH,
NH,
step 6
gallic acid

HO

0
HO

OH

HO

(v) Suggest the structure of compound Q in the box provided. [2]

(vi) State the reagents and conditions for step 6.

- [
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(d) (i) State the number of peaks that would be observed in the *C NMR spectrum of gallic acid.

gallic acid
HO
O
HO
OH
HO

-1
(i) The proton NMR spectrum of gallic acid dissolved in D,O is recorded.

e Predict the number of peaks observed and any expected splitting pattern.
e State the expected chemical shift range (6) of each peak predicted.

2
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3.

June/2020/Paper_42/No.5
(a) Define the term partition coefficient, K,,..

- [2]
(b) K, of benzoic acid between octan-1-ol and water is 79.4.
(i) Asolution of 0.400g of benzoic acid in 25.0 cm? octan-1-ol is shaken with 125 cm? of water.

Calculate the mass of benzoic acid extracted into the water layer.

mass of benzoic acid extracted = ......................... g [2]

(i) K, of benzophenone, C;H,COC;H;, between octan-1-ol and water is different from the
value of K _ of benzoic acid given in (b)(i).

Explain why.

- 1]
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(c) Benzophenone can be synthesised from benzoic acid in two steps as shown.
In step 1 compound J, a reactive reaction intermediate, is formed.

Compound J then reacts with an organic compound, K, to form benzophenone.

benzoic acid
CO,H J

step1_ benzophenone

(@)

AICL,
W —_—
K

(i) Deduce the identities of organic compounds J and K and draw their structures in the
boxes. [2]

(ii) Suggest reagents and conditions for step 1.

- [
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(d) Benzophenone can also be synthesised in two steps from bromomethylbenzene.

(i)
(ii)

(iii)

(e) (i)

(ii)

bromomethylbenzene L, C3Hy,

Br step 3

—_—

step 4 | KMnO,, heat

benzophenone
o

O O

Deduce the identity of compound L and draw its structure in the box. [1]
Name the mechanism of step 3 and suggest reagents and conditions for step 3.
MEChaNISM Of SEEP B .o e nennnes

reagents and CONAItIONS ... e nennnes

[2]
Deduce the type of reaction in step 4.
- [1]

Deduce the number of peaks that would be present in the carbon-13 NMR spectrum of
benzophenone.

NUMDETr Of PEAKS ... e seneeaeneeneens | 1]

Identify two different environments of carbon atom that would result in different chemical
shift ranges in this carbon-13 NMR spectrum of benzophenone.

environment of carbon atom chemical shift range (8)

[2]
[Total: 15]

9
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Oraganic synthesis - 2021

1. Nov/2021/Paper_41/No.9
Compound T is made by a three-stage synthesis.

(a) Instage 1, phenylethanoic acid reacts with a suitable reagent to form compound R.

phenylethanoic acid

stage 1 ©/\’( ©/\“/

Suggest a suitable reagent for stage 1.
- [1]

(b) Instage 2, compound R reacts with ethylamine to form compound S.

S

R
o H
stage 2 m + C,H,.NH, — N\/
@)
)

(i) Name the functional group formed in stage 2.

-1
(ii) Identify the other product formed in stage 2.

-]

(c) Instage 3, compound S reacts with a suitable reagent to form compound T.

S T
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(i) State the formula of a suitable reagent for stage 3.

]

(ii) Name the type of reaction that occurs in stage 3.

-]

(d) The relative abundance of the molecular ion peak in the mass spectrum of ethylamine is 62.

(i) Calculate the relative abundance of the M+1 peak in the mass spectrum of ethylamine.

relative abundance = .............................. [1]

(ii) The mass spectrum of compound T contains several fragments. The m/e values of two of
these fragments are 29 and 91.

Draw the structures of the ions responsible for these peaks.

mle structure of ion

29

91
[2]
2
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(e) The proton ("H) NMR spectrum of compound T shows hydrogen atoms in different environments.
Six of these environments are shown on the structure using letters a, b, ¢, d, e and f.

Use the letters a, b, ¢, d, e and f to answer the questions that follow. The questions relate to
the proton ("H) NMR spectrum of T.

Proton d does not cause splitting of the peaks for protons c or e under the conditions used.
Each answer may be one, or more than one, of the letters a, b, ¢, d, e and f.

(i) Identify the proton or protons with a chemical shift (3) in the range 6.0 to 9.0.

(if) Identify the proton or protons whose peak will disappear if D,O is added.

(iii) Identify the proton or protons whose peak is a triplet.

(iv) Identify the proton or protons with the lowest chemical shift (5).

[Total: 12]
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2. June/2021/Paper_41/No.9

The carbon-13 (*C) NMR spectrum of compound A, C,H,0,, contains six peaks.

Compound A reacts with an excess of bromine water to give compound B, C;H.Br,0O,.

Compound A reacts with alkaline aqueous iodine to form a yellow precipitate C and compound D.

Compound D reacts with PCI to form compound E, C,H.O,CL

Compound E reacts with propan-2-ol to form compound F.

Draw the structures of compounds A, B, C, D, E and F in the boxes.

A C;H,O,

alkaline I,(aq)

Br,(aq)

B C,4HsBr,0,

C yellow ppt.

STEMUP.CO.UK

PCI,

E C,H.0,Cl

Apan-zol

[6]
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3. June/2021/Paper_42/No.6
(a) There are four possible structural isomers of C,H,, that contain a benzene ring.

Draw the skeletal formulae of the four structural isomers in the appropriate boxes. The number
of peaks observed in the carbon-13 (*C) NMR spectrum of each compound is given.

isomer 1 isomer 2
three peaks in *C NMR four peaks in 3C NMR
isomer 3 isomer 4
five peaks in *C NMR six peaks in *C NMR
[4]
5
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(b) Athree-step synthesis of X (C,,H,,0) from benzene is suggested as shown.

CI(CH,),CO,H
AICI, N
step 1 B

w

step 2

Cl
O

step 3 | AICI,

X (C4oH400)

(i) Step 1is the alkylation of benzene by electrophilic substitution.
Use R-Clto represent C/(CH,),CO,H.

Write an equation for the formation of an electrophile from R—Cland AICL,.
-1
(ii) Deduce and draw the structures of W and X in the boxes. [2]

(iii) Suggest the reagents and conditions for step 2.

-]
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(iv) Complete the mechanism for the reaction of benzene with the electrophile formed

in (b)(i).
Include all relevant charges and curly arrows showing the movement of electron pairs.

Draw the structure of the intermediate.

intermediate

O — -0

3]
[Total: 11]
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Organic synthesis - 2023 A2 Chemistry 9701

1. Nov/2023/Paper_9701/41/No.7(a _c)
Sunset Yellow is an additive used for colouring foods.

A synthetic route for making Sunset Yellow is shown.

Molecules E and G each contain one —SO,~ group. These groups are unchanged in the formation
of Sunset Yellow.

E  ~0O,SC4H,NH,
{ step 1
F G HOC, HgSO,~
step 2
Sunset Yellow anion
HO
v JO
jOl ““N
0,8 SO,~
Fig. 7.1
(a) State the molecular formula of the Sunset Yellow anion.
(b) Deduce the structures of E, F and G and draw them in the boxes in Fig. 7.1.
(c) Suggest suitable reagents and conditions for step 1 and 2.

STEMUP.CO.UK


https://stemup.co.uk

2. Nov/2023/Paper_9701/41/No.8(f)
(e) (i) Capsaicinis heated with an excess of hot agueous NaOH.

capsaicin

)

CH,0 pZ

Ir=z

HO

Draw the structures of the two organic products H and K.

H CgH,,NO,Na K C,,Hy,0,Na

(2]
(ii) Name the two types of reaction occurring in (e)(i).
..................................................................................................................................... [1]
(f) Draw the structure of the organic product L formed when capsaicin is treated with LiAIH, in
dry ether.
L
(1]
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Oraganic synthesis — 2022 Nov AS Chemistry 9701

1. Nov/2022/Paper_11/No0.38
Which compounds can be used to make Y in a single-step reaction?

Y
OH
1 propanenitrile
2 ethanenitrile
3 propyl ethanoate
4  ethyl propanoate
A 1and3 B 1and4 C 2and3 D Zand4

2. Nov/2022/Paper_11/No.34
Ethanal reacts with hydrogen cyanide in the presence of KCN to produce a hydroxynitrile.

What is the first step in the mechanism of this reaction?

A B c D
&= &= &= 8=
0 0 0 o H
- - -
N <] | |
S+C CN §+C §+C &+
H,c” H HC 7 H H,c” j.\“H H,c” H
|
“CN-
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3. Nov/2022/Paper_12/No.37

Propyl propanoate can be synthesised in three steps using propanenitrile as the only organic
starting material.

In step 1, the nitrile is converted into compound X.

In step 2, compound X is converted into compound Y.

In step 3, compound Y is reacted with more of compound X to give propyl propanocate.

step 1 step 2 step 3
CH3CH,CN > X > Y > CH;CH,CO,CH,CH,CH;

Which reagents are suitable for carrying out step 1 and step 2?

step 1 step 2
A HCI(aq) conc. HoSOy4
B HCl(aq) LiATH,4
c NaOH(aq) conc. H;S0,
D NaOH(aq) NaBH4

4. Nov/2022/Paper_22/No.3(d)
(d) C2 can be synthesised using A1 as a single organic reactant.

A1 Cc2
O 0]
\)I\H \)J\O/\\«/
Devise a multi-step synthetic route to form C2 from A1.
Identify relevant reagents and conditions, and state the organic products of each step.

2
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Organic synthesis — 2023 AS Chemistry 9701

1. Nov/2023/Paper_9701/22/No.3(a)
Phosphoric(V) acid, H,PO,, is used in both inorganic and organic reactions.

(a) H,PO, is made in a two-step process from phosphorus.

(i)

(ii)

step 1 Phosphorus reacts with an excess of oxygen to form a white solid.
step 2 The white solid then reacts with water to form H,PO,.

Write an equation for each step.

] (= o 1 PR SSUSSE

] (=T o 1SS
(2]

H,PO, is a weak Brensted-Lowry acid.

Define weak Brensted—Lowry acid.

..................................................................................................................................... [2]

1
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2. Nov/2023/Paper_9701/22/No.4(b)
Lactic acid, CH,CH(OH)COOH, and pyruvic acid, CH;COCOOH, both contain two functional

groups.
lactic acid pyruvic acid
i @) H.C @)
| 7 N
H30—C—C\ /C—C\
(L O—H O/ O—H
/
H
Fig. 4.1

(b) Two possible syntheses of pyruvic acid are shown in Fig. 4.3 and Fig. 4.4.

Each synthesis has a total of three steps.

propene Br, Br [O] pyruvic acid
N first step /I\/ o second ste: third steph CH,COCOOH
Fig. 4.3
ethanal . lactic acid (O] pyruvic acid
’/\\O first step second step CH,CH(OH)COOH third step CH,COCOOH
Fig. 4.4

(i) Complete the diagram in Fig. 4.5 to show the mechanism for the reaction of propene
with Br.,.
2

Include charges, dipoles, lone pairs of electrons and curly arrows, as appropriate.

X
Br
—_— - —_— - )\/Br
Br
Br

Fig. 4.5
(3]

(ii) Write an equation for the oxidation of lactic acid to pyruvic acid, the third step of Fig. 4.4.
Use [O] to represent one atom of oxygen from an oxidising agent.

CHyCH(OH)COOH # oo [1]
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