Synthesis Past Paper Questions

Multiple Choice
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One mole of which of the following compounds
will react with the largest volume of 1moll”
‘hydrochloric acid?

A CH,NHCH,

B H,NCHNH,

€ HOOCCH,NH,

o Hmc_©_NH,
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‘Which of the following structures represents a
tertiary amine?

H CHH
|

A H—C—N—C—H
| |
H H
H H H
|

B H—C—N—C—H
| |
H H
H H H
||

c H—C—C—C—H
[
H NHH
H H H
|

D H—C—C—C—H

L
NH, NH, NH,
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25. Which of the following is not an example of a
hydrolysis reaction?

A CH,+H,05 CHOH

B CHLCN + 2H,0 > CH,COOH + NH,

€ CH,COOCH, + H,0 - CH,COOH + CH,0H

D CHCOOCH, + H,0 > CH.COOH + CH,OH
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25. Which of the following is not an example of a
hydrolysis reaction?

A CH,+H,05 CHOH

B CHLCN + 2H,0 > CH,COOH + NH,

€ CH,COOCH, + H,0 - CH,COOH + CH,0H

D CHCOOCH, + H,0 > CH.COOH + CH,OH
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The formula C,;H,0 could represent an
alcohol (C,H,OH) or an ether (C;H,0C;H,).

Which of the following statements would not
be true about both compounds?

A
B
c

They are flammable.
They are used as solvents.

They have hydrogen bonds between
their molecules.

They can be made by nucleophilic
substitution from a halogenoalkane.
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The conversion of butanoic acid into butan-1-ol
is an example of

A climination

B substitution
C  oxidation

D reduction.
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propan-1-ol

l@

1-chloropropane

¥ X

propene methoxypropane

Which line in the table is correct for the types
of reaction taking place at @, @ and @

Reaction @ | Reaction @ | Reaction @
A | substitution | climination | substitution
B | substitution | reduction | substitution
C| addition | reduction | condensation
D | addition | climination | substitution
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propan-1-ol

l@

1-chloropropane

¥ X

propene methoxypropane

Which line in the table is correct for the types
of reaction taking place at @, @ and @

Reaction @ | Reaction @ | Reaction @
A | substitution | climination | substitution
B | substitution | reduction | substitution
C| addition | reduction | condensation
D | addition | climination | substitution
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Bromine reacts with propene to produce
1,2-dibromopropane.

A possible intermediate in the reaction is
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Which of the following compounds would be
expected to have the highest boiling point?

A

B
c
D

Pentanal
Pentan-2-ol
Pentan-2-one

Ethoxypropane
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‘The Williamson synthesis for the preparation
of unsymmetrical ethers (ROR) starting with
an alcohol and a haloalkane is summarised in
the general equations:

Step 1: ROH + Na — RO'Na* + %H,
Step2: RONa' + R'X > ROR'+ Na'X~
Using propan-2-ol and 2-chlorobutane, the
unsymmetrical ether formed would be

A CH,CH,CH,OCH(CH,)CH,CH,

B CH,CH,CH,0CH,CH,CH,CH,

©  CH,CH(CH,)OCH,CH,CH,CH,

D CH,CH(CH,OCH(CH,)CH,CH,
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Which species initially attacks the benzene
molecule in the above reaction?

A

B
c
D

o,
No;-
No,"
HSO;
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©—O~O

The above reaction is an example of

A

B
c
D

addition
oxidation
climination

substitution.
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Carbonyl groups in aldehydes and ketones react with HCN and the product can then be hydrolysed
forming a 2-hydroxycarboxylic acid as shown in the equation below.

" ! i
N o
Je=0HNw w—c—on Hedp n_c_on
| |
o c Co
i & om
N
‘methanal 2-hydroxyethanoic acid

When the final product is 2-hydroxy,2-methylbutanoic acid, the starting carbonyl compound is

A propanal
B propanone
€ buanal

D butanone.
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Phenylamine reacts with hydrochloric acid.

H H

f +HC —>

The products are

A H___a

B

c

D H
H | _H
SNE
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Which of the following will react together to produce 2-ethoxypropane?

CH;CH;0H and CH;CH,COONa
CH,CH,0Na and CH,CH,CH,Br
CH,CH(OH)CH; and CH,COONa
CH,CH,0Na and CH,CHBICH,

o0 ® >
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Aldehydes can be converted into alcohols by the reaction shown

®
|
Nemo owmer o
W (i) H*
H

Which of the following aldehydes would produce a primary alcohol?

Methanal
Ethanal
Propanal
Butanal

o0 ® >
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CH;CHO + NH,NH, — CH,CH = NNH, + H,0

This reaction is an example of

A hydration

B hydrolysis

C  dehydration
D condensation.
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When but-1-ene reacts with hydrogen chloride, 1-chlorobutane and 2-chlorobutane are
formed. According to Markovnikov’s rule

there will be more 2-chlorobutane than 1-chlorobutane

there will be more 1-chlorobutane than 2-chlorobutane

there will be equal proportions of both products

itis impossible to tell the relative proportion of each product.

o0 ® >
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When 2-bromobutane reacts with ethanolic potassium cyanide and the compound formed is
hydrolysed with dilute acid, the final product is

butanoic acid

pentanoic acid

2-methylbutanoic acid

2-methylpentanoic acid.

o0 @ >
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HoH M HoH oM
I | | |
A R I T
H OO H 1 H OHH 2
H
|
C
|
H o 4

Which line in the table correctly identifies W, X, Y and Z in the reaction sequence?

reduction  dehydration  addition

w X Y z
w X Y z

A 1 4 3
B 3 2 1 4
c 3 2 4 1
D 4 1 2 3
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Which of the following statements about benzene is not true?

Itis planar.

It is susceptible to attack by electrophilic reagents.
Its carbon to carbon bonds are equal in length.
Itis readily attacked by bromine.

o0 ® >
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(CH3);CBr + OH™ — (CH;);COH + B
The above reaction proceeds via an Sy1 mechanism.
What effect will doubling the concentration of hydroxide ions have on the reaction rate?

It will have no effect.

‘The reaction rate will halve.

‘The reaction rate will double.

‘The reaction rate will increase by a factor of four.

o0 ® >
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CH,CHBr + NHy — CHCHNH, + HBr
CHSr  + OH — CHOH + Br
The nucleophiles in these two reactions are

CH,Br and NH,

OH- and CH,CH,Br
CH,CH,Br and CH,Br
NH, and OH-~.

o N ® >
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A compound X has a GFM of less than 100g.
Complete combustion of compound X produces carbon dioxide and water only.
Reduction of compound X produces a secondary alcohol.

Compound X is most likely to be
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Amine Boiling point (*C)
CHN(CHy), 375
(CHNH 563
CHNH, 778

Based on the information in the table,

the tertiary amine has the highest boiling point
the secondary amine has the lowest boiling point

the primary amine has a lower boiling point than the tertiary amine
the secondary amine has a lower boiling point than the primary amine.

o0 ® >
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Compound Y reacts with the product of its own oxidation to form an ester.
Compound Y could be

propanal
propan-1-ol
propan-2-ol
propanoic acid.

o0 ® >
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Which of the following statements about benzene is correct?

o0 @ >

The benzene molecule s planar.

Benzene does not react with electrophiles.

Benzene readily undergoes nucleophilic attack.

The benzene molecule contains carbon to carbon bonds of two different lengths.
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An organic acid can be extracted from a reaction mixture using ethoxyethane. 100cm’ of
ethoxyethane were added to 500em’ of an aqueous organic acid and the mixture shaken. After
being allowed to settle, two immiscible layers formed.

(a) Draw a structural formula for ethosyethane.
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Aromatic compounds are widely used in the production of pigments,

agrochemicals. The reaction sequence below starts with benzene.

agenA | 130,150,
OO mpound ¥

“The first step in the sequence produces methyl benzene.

(@) Name reagent A,

antioxidants,

and
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() Identify catalyst B.
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Aspirin can be prepared by reacting 2-hydroxybenzoic acid (C;H,0;), with
anhydride in acidic conditions.

0 HO. 0
H,c%
o_cn
, 5
ne—( o
o

cthanoic anhydride aspirin

() Draw a structural formula for 2-hydroxybenzoic acid.

ethanoic
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Methanal is the simplest aldehyde and propenal is the simplest unsaturated aldehyde.

(a) When methanal is reacted with a saturated solution of sodium hydrogensulfite the following
product is formed.

(i) Suggest the type of chemical reaction which has taken place.
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Some possible reactions of propenal are shown below.

H H
He \ / NaHS0,
Ae——— c=c—c ——> B
[ SN @
Y

<)
" H
\ |
c=c—c—on
/o
H H

() Draw a structural formula for compound A.
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(ii) Draw a structural formula for compound B assuming that propenal reacts with sodium
hydrogensulfite in the same way as methanal.

1
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10, Astudent devised the following reaction sequence.

@)

@

®

@

@

e a,

°

E)

What type ofrescton s tking place n step O

During st @, chloine sty udergoes osmolytic s,
Explain what this s

Drave  sructursl formula fo prodisctX.
What ype ofrscton s tking place n step ©

Drave a sructursl formula for product V.
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10, Astudent devised the following reaction sequence.
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@

®

@

@

e a,

°

E)

What type ofrescton s tking place n step O

During st @, chloine sty udergoes osmolytic s,
Explain what this s

Drave  sructursl formula fo prodisctX.
What ype ofrscton s tking place n step ©

Drave a sructursl formula for product V.
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Cyclohexanol can be converted into cyclohexene or cyclohexanone using different reagents as

outlined below.
OH

cyclohexanol cyclohexene

cyclohexanone

(a) Suggest a dehydrating agent that could be used to convert eyclohexanol into cyclohexene in
reaction @.
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Aspirin can be used as a starting material for the synthesis of the drug,
salbutamol, which is used in the treatment of asthma. Salbutamol acts as an
agonist by stimulating receptors in the lungs.

A possible synthetic route is shown.

Hose Step @ HO,C.
AT,
H,COCO

HO'

CHyOH/H* | Step @

9 9
HyC0,C. B _Step @ Hyco,C
Br,
Ho HO

HO' ¢

HO'
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Step (D is known as a Fries rearrangement.
Suggest the role of AICl; i this rearrangement.
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Which of the following is the formula for a
tertiary haloalkane?

A CHBr,

B (CH,),CBr

C (cHBa.cH

D BrCH,C(CH),
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A possible mechanism for acid-catalysed enolisation
where R, R'and R" are alkyl groups.

H R
= K’—\E\—C/ =
- ;N0 T
R" o

Using structural formulae and curly arrow notation, show a possible
mechanism for the acid-catalysed enolisation of 3-methylpentan-2-one. 3
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Suggest a reaction condition required for Step 3.

Identify the type of reaction taking place in Step @.

Step ® involves several reactions.

Suggest a suitable reagent that could be used to convert the ketone
carbonyl group to the hydroxyl group.
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A student devised the following reaction scheme starting with
1-methylcyclohexene.

s o,
cf. Of
o,
compand Y,
Q)/onea

Hy Hy
5 o) coon
v -
ethanot

‘compound X
(@ In reaction @, 1-methylcyclohexene reacts with HBr to produce two
compounds.

® Draw a structural formula for compound X.

() Reaction (D obeys Markovnikov's rue.

Explain, with reference to the carbocation intermediate, why
‘compound X s the minor product in this reaction.

1
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A student devised the following reaction scheme starting with
1-methylcyclohexene.
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(@ In reaction @, 1-methylcyclohexene reacts with HBr to produce two
compounds.

® Draw a structural formula for compound X.

() Reaction (D obeys Markovnikov's rue.

Explain, with reference to the carbocation intermediate, why
‘compound X s the minor product in this reaction.

1
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(6) Suggest a reagent that could be used in reaction @.

(© Reacton s tely to undergo an 1 mechanism.
Usingcurlyarrow notaion,draw the mechanism for thi reaction.

(@ Name compound Y.
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Propene can be produced by heating
1-bromopropane with ethanolic potassium
hydroxide.

"This reaction is an example of

A reduction
B hydrolysis
C  climination
D

condensation,
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The formula C,H, O could represent an
alcahol (C,H,OH) or an ether (C,HOC,Hs).

Which of the following statements would not

be true about both compounds?

A They can be made by nucleophilic
substitution from a haloalkane.

B They have hydrogen bonds between
their molecules.

€ They are used as solvents.
D They are flammable.
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‘Which of the following will react to
CH,CH,0CH,CH,CH;?
A CH,CHOHand CH,CH,COONa

B
c
D

CH,CH,CH,0H and CH,COONa
CH;CH,0Na and CH,CH, CH,1
CH,CH,0Na and CH,CHICH;

form
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‘Which of the following statements is true
about the carboxyl group?

A

B

©=0 and —OH each retain their own
properties, unaffected by the other.

The properties of the C=0 are changed
but the —OH is unaffected.

The properties of the —OH are changed
but the C=0 is unaffected.

The properties of the C=0 and the
—OH are cach affected by the other.




