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Properties

Unit 3- Organic Chemistry

8 The properties of acids are strongly influenced by the ability of the

CH,CH,CH,CH,
Butane
(butane)
M.W. = 58
lyp, 0.5°C
Hydrogen bonds O
I
CH,;CH,C—H
Acids can often forrp two Propanal
hydrogen bonds which lock (propionaldehyde)
two molecules together to M.W. = 58
form a dimer. b.p. 49°C
O:-H—O
Va AN
R—C C—R
N V4
O—H---0O

hydrogen-bonded acid dimer

The ability to hydrogen bond with water molecules ensures
that the smaller carboxylic acids are very soluble in water.

4

Hydrogen bonds

-----

However, the solubility falls off quite quickly as the length
of the carbon chain increases.
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CH,—O—CH,CH,

Methoxyethane
(ethyl methyl ether)
M.W. = 60

b.p. 2.0°C

0
|
CH,C—CH,

Propanone
(acetone)
M.W. = 58
b.p. 56°C

Complete
solubility
T 11T

Z

W
ANN

L

solubility of acid (g per 100 ml H20
&~

molecules to set up hydrogen bonding. This can be seen clearly by
comparing molecules of similar size and mass.

CH,CH,CH,—OH

1-Propanol
(propyl alcohol)
M.W. = 60
b.p.97:2°C

O

I
CH,;C—OH
Ethanoic acid
(acetic acid)

M.W. = 60
b.p. 118°C

1 2 3 4

5 67 8 910

number of carbon atoms in acid
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35. A compound C,H,O does not react with
sodium and is not reduced by lithium
aluminium hydride. It is likely to be an

A acid

B ether

C alcohol
D aldehyde.

36. Which of the following is least acidic?

A CHOH
B
//O
H—-C
~
OH
C
: OH
D
o)

37. Two isomeric esters, X and Y, have the
molecular formula C,H,O,. Ester X on
hydrolysis with sodium hydroxide solution
gives CH,CH,COONa, and ester Y on
similar treatment gives CH,CH,OH.

Which line in the table shows the correct
names of X and Y?

X Y

propyl methanoate | ethyl ethanoate

methyl propanoate | ethyl ethanoate

methyl propanoate | ethyl methanoate

whNoRE--R=

propyl methanoate | methyl propanoate
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38. A white crystalline compound, soluble in
water, was found to react with both dilute
hydrochloric acid and sodium hydroxide
solution.

Which of the following might it have been?

A CHOH

B CHNH,

C  CH.COOH

D  HNCH,COOH

39. Which of the following esters gives a
secondary alcohol when hydrolysed?

A
0
I
(CH,),C—O—C—H
B
0
|
CH,—O—C—CH(CH,),
C
0
|
(CH,),CH—0—C—CH,
D

0
I

(CH,),CHCH,—O—C—CH,

40. Which of the following will react with dilute
sodium hydroxide solution?

A CH,CHOHCH,

B CH,CH=CH,

C CH,COOCH,

D CH,CH,OCH,

41. Which of the following compounds would be

produced by passing ammonia gas into dilute
ethanoic acid?

A CH,CONH,

B CH,COONH,
C  NH,CH,COOH
D  CH,CHNH,Cl
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AROMATICS

CH,CH, Aromatics are an enormous group of chemicals based on the benzene ring. The ring

ALKANES gives distinctive properties to any molecule that contains it.

. i

g

E.

U% <

alkylation
BENZENE ALKYLBENZENES
AICI, / R—Hal

R Despite the unsaturated nature of a
benzene, it does not readily undergo
addition reactions as this would destroy the

delocalised T cloud which is responsible for
the great stability of this ring structure.

NO
@ ‘ Most functional groups are introduced into

the benzene ring by means of a substitution

HALOBENZENE BENZENE SULPHONIC ACID reaction. Though the delocalised 1 cloud of
electrons will be disturbed during the

OH
@CI @ | —0 reaction, it will be re-established in the final
J)| product molecule.

Elecrophilic Substitution

g /10
uorneuadorey

Though only four electrophilic substitution reactions need to be learnt in detail for Advanced Higher,
there are a wide variety of molecules that can be made in this way. 0

Hal Co

Halogenation \ / Acylation

NO, R
— T
Aromatic ring

Nitration / \ Alkylation

: SO3H : OH

Sulfonation Hydroxylation
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Unit 3- Organic Chemistry

ELECTROPHILIC SUBSTITUTION

This is the main reaction of benzene rings. Though they have even more 7 electrons than the C = C bond
in alkenes, they resist addition because the loss of the delocalised ring is too destabilising.

ALKYLATION - USING ALKYL HALIDES/AICI3

The production of the electrophile requires the presence of
AICI, . (The Al make use of its empty 4" orbital).

An AICI, " ion is
q also tormed
C — Cl: Cl,
Pathways
°CH,

T electrons move from the
ring to form a new bond with
the methyl ion.

B

@\

The positive charge is shared
over the whole ring.

Electrons move from the C—H
bond, a H* ion is eliminated.

Q
am

Overall, an alkyl group takes the place
of a hydrogen atom, SUBSTITUTION.

The H* ion reacts with the AICI,~ to reform
AICI, and a molecule of HCI.

HALOGENATION - USING HALOGENS/AICI3

The production of the electrophile is helped by the presence
of AICI, . The reaction would be very slow otherwise.

a CXCN

®Cl r electrons move from the
ring to form a new bond with
the chlorine ion, CI*.
H Cl

The positive charge is shared
over the whole ring.

An AICI, " ion is
al@o formed

Electrons move from the C—H
bond, a H* ion is eliminated.

K

Overall, a halogen atom takes the place
of a hydrogen atom, SUBSTITUTION.

The H* ion reacts with the AICI,~ to reform
AICI, and a molecule of HCI.

NITRATION - USING HZSO 4/HNO3

The production of the electrophile , NO,* is a result of a
reaction between these two strong acids.

2H,S0O, + HNO, — 2HSO,~ + NO," + H,0*

T electrons move from the
ring to form a new bond with
the nitro ion, NOQ*.

°NO,

A

H NO

2

The positive charge is shared
over the whole ring.

Electrons move from the C—H
bond, a H* ion is eliminated.

NO

2
|
Overall, a nitro group takes the place of
a hydrogen atom, SUBSTITUTION.

SULPHONATION - USING H,SO 4/SO3

The electrophile is a molecule of SO,. The 3 oxygen atoms
are more electronegative' a large 6+ forms on the sulphur.

6+S N 6— T electrons move from the
rmg to form a new bond with
the sulphur trioxide, SO,.
Electrons also move in one of the S—O
bonds.
O_
/

H S\\:O

The positive charge is shared O
over the whole ring.

Electrons move from the C—H
bond, a H* ion is eliminated.

/OH

S\\:O

The H* ion that is eliminated from
() the benzene ring attaches itself to the
oxygen ion.

Overall, a HSO, group takes the place
of a hydrogen atom, SUBSTITUTION.
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Common Aromatics
Most of the aromatics you will come across are substituted benzene rings and can be named accordingly

with the substituent's name preceding benzene - chlorobenzene. Alternatively the label phenyl can be used
for the benzene ring followed by the substituent - phenylchloride.

CH, cl NO,
©;"I—CH3 ©;1—CI O/ Ph—NOZ OMe

Methylbenzene Chlorobenzene Nitrobenzene
(Toluene)
OH NH, 9 Ph—OMe
Benzoic acid Methoxybenzene
OH (Anisole)
Phenol Aniline Ph—CO,H
Ph—OH Ph—NH,
2 CH, - CH, 2 CH,
5 1 5 1 5 1
4 4 2 4 2
3 CH3 3 HSC 3
1,2-Dimethylbenzene CH 1,4-Dimethylbenzene

1,3-Dimethylbenzene

Conjugated Systems

In general, you can assume that a functional group attached to a benzene ring will continue to behave as
normal. There are, however, two exceptions that you will be expected to be aware of.

Alcohols all possess a very polar O — H bond, but have little to no ability to form H" ions (acidity) due
to the instability of the alkoxide ion that would also have to form. Phenol is an exception. The molecular
orbital of the benzene ring can extend to form a conjugated system with the orbitals containing the lone
pairs on the oxygen. This draws electrons away from the oxygen to be shared between 7 atoms ( 1 oxygen
plus 6 carbons).

This allows phenol (also called carbolic acid) to be weakly acidic.

Non-bonding electrons on the The lone pair becomes part of
oxygen atom in the phenol group the delocalisation increasing
are drawn into the benzene ring the electron density in the ring
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A similar conjugated system can be set up in aniline (aminobenzene
or phenylamine) with the lone pair of electrons on the nitrogen atom.

However, amines rely on the attraction of their lone pair for H" ions

to give them their basic properties. NH;

NH, + HO - NHS + OH-

3

RNH, + HCl — RNH + CI-
Cyclohexylamine
The formation of the conjugated system results in
electrons being drawn away from the amine group
which explains why aniline is a much weaker base
than would be expected.

The strengths of weak bases are measured on the pK, scale. ‘NH,
The smaller the number on this scale, the stronger the base is.

ammonia pK, 4.75
methylamine pr 3.36 Aniline
phenylamine pK, 9.38

Methylamine is a stronger base than ammonia because alkyl chains

Unit 3- Organic Chemistry

are generally electron donating (the inductive effect met earlier) and so increase the electron density on

the nitrogen atom.
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42. Chlorobenzene, nitrobenzene and
ethylbenzene can all be formed from benzene

by
A electrophilic substitution
B electrophilic addition
C nucleophilic substitution
D

nucleophilic addition.

43. Which of the following shows the above
compounds in order of increasing acid

strength?
H H H
0 o
H—-—C—-C H—C—C—0OH OH
| | |
H OH H H
X Y VA
A XY Z
B Y Z X
C Z XY
D X7ZY
44.
What is the molecular formula for the above
structure?
A C17H11
B C17H14
C C17H17
D C17H20

45. Which of the following compounds is soluble
in water and reacts with both dilute
hydrochloric acid and sodium hydroxide

solution?
A CHNH,
B CHNH,
C CHNH.CI
D HOOCCH,NH,

KHS Chemistry Nov 2013
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46. Which of the following molecules is planar?
A Hexane
B Cyclohexane
C Chlorobenzene

D Methylbenzene (toluene)

47. Which of the following reactions is least
likely to take place?

A

Br

Br,/AICI,
_—

B

) Br

© Br,/light ©/

C

CH, CH,Br
Br,/light ©/
—_—
SO H
H,S0,/S0, ©/
—_———

48. In which of the following pairs does an
aqueous solution of the first compound have a
higher pH than an aqueous solution of the
second?

%)

O Q

OH and CH;COOH

OH and CH,CH,0OH

COOH

and HOCH,CH,OH

COOH and CH,OH

elelele
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3.2. ORGANIC SYNTHESIS

Hydrocarbons & Haloalkanes

3.2.1

322

323

3.24

325

3.2.6

3.2.7

328

3.2.9

3.2.10

3.2.11

3.2.12

3.2.13

Bonding in alkanes can be described in terms of sp® hybridisation
and sigma bonds.

Hybridisation is the process of mixing atomic orbitals in an atom
to generate a set of new atomic orbitals called hybrid orbitals.

A sigma (6) bond is a covalent bond formed by end on overlap of
two atomic orbitals lying along the axis of the bond

Alkanes undergo substitution reactions with chlorine and bromine
by a chain reaction mechanism.

The chain reaction includes the following steps

( i) initiation by homolytic fission to produce radicals
(ii) propagation
(iii) termination

Bonding in ethene can be described in terms of sp? hybridisation,
sigma and pi bonds.

Alkenes can be prepared in the laboratory by

(i) dehydration of alcohols using aluminium oxide,
concentrated sulphuric acid or orthophosphoric acid

(ii)  base-induced elimination of hydrogen halides from
monohalogenoalkanes.

Alkenes undergo:

( i) catalytic addition with hydrogen to form alkanes

(ii) addition with halogens to form dihalogenoalkanes

(iii) addition with hydrogen halides according to Markovnikov’s
rule to form monohalogenoalkanes

(iv) acid-catalysed addition with water according to
Markovnikov's rule to form alcohols.

The mechanisms of the above reactions involve

( i) for halogenation cyclic ion intermedate
(ii) for hydrohalogenation carbocation intermediate
(iii) for acid catalysed hydration  carbocation intermediate

Halogenoalkanes are named according to IUPAC rules.

Monohalogenoalkanes can be classified as primary, secondary or
tertiary.

Monohalogenoalkanes undergo nucleophilic substitution reactions.

Monohalogenoalkanes undergo elimination reactions to form
alkenes.

Unit 3- Organic Chemistry
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3.2.14 Monohalogenoalkanes react with:

( i) alkalis to form alcohols

(ii) alcoholic alkoxides to form ethers

(iii) ethanolic cyanide to form nitriles which can be hydrolysed to
carboxylic acids(chain length increased by one carbon atom)

( iv) ammonia to form amines via alkyl ammonium salts.

Alcohols and ethers

3.2.15 Alcohols exhibit hydrogen bonding and as a result have higher
boiling points than other organic compounds of comparable
relative formula mass and shape.

3.2.16 The lower alcohols are miscible with water but as their chain
length increases their solubility in water decreases.

3.2.17 Alcohols can be prepared from

(i) alkenes by hydration
(ii) halogenoalkanes by substitution.

3.2.18 Inindustry, alcohols (except methanol) can be manufactured by the
acid-catalysed hydration of alkenes.

3.2.19 Alcohols react with some reactive metals to form alkoxides .

3.2.20 Alcohols can be dehydrated to alkenes.

3.2.21 Alcohols undergo condensation reactions slowly with carboxylic
acids and more vigorously with acid chlorides to form esters.

3.2.22 Ethers have the general formula R'-O-R? where R'and R? are alkyl
groups.

3.2.23 Ethers are named according to IUPAC rules.

3.2.24 Due to the lack of hydrogen bonding, ethers have lower boiling
points than the corresponding isomeric alcohols.

3.2.25 Ether molecules can hydrogen bond with water molecules thus
explaining the solubility in water of some ethers of low relative
formula mass.

3.2.26 Ethers are highly flammable and on exposure to air may form
explosive peroxides.

3.2.27 Ethers can be prepared by the reaction of halogenoalkanes with
alkoxides.

3.2.28 Ethers are useful solvents for many organic compounds due to

(i) relative stability with respect to oxidation and reduction
(ii) polarity
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Aldehydes, ketones & carboxylic acids

3.2.29

3.2.30

3.2.31

3.2.32

3.2.33

3.2.34

3.235

3.2.36

3.2.37

3.2.38

3.2.39

The following physical properties can be explained in terms of
dipole-dipole attractions and/or hydrogen bonding

( i) higher boiling points than corresponding alkanes
(ii) lower boiling points than corresponding alcohols
(iii) miscibility of lower members with water

Tollens’ reagent or Benedict’s solution can be used to distinguish
between aldehydes and ketones. Aldehydes reduce the complexed
silver(I) ion and the complexed copper(Il) ion to silver and
copper(l), respectively.

Aldehydes and ketones can be reduced to primary and secondary
alcohols, respectively, by reaction with lithium aluminium hydride
in ether.

Aldehydes and ketones undergo

(i) addition reactions in which the carbon atom in the polar
carbonyl group submits to nucleophilic attack.

(ii) condensation reactions with derivatives of ammonia (XNH,)
which proceed by nucleophilic addition of XNH, followed by
elimination of a water molecule.

The reaction with 2,4-dinitrophenylhydrazine to form a
2 4-dinitrophenylhydrazone is an example of a condensation
reaction.

The melting points of the resulting 2,4-dinitrophenylhydrazones are
used to identify carbonyl compounds.

Aldehydes are generally more reactive than ketones because the
presence of two alkyl groups in ketones hinders nucleophilic attack
and reduces the partial positive charge on the carbonyl carbon
atom.

In pure carboxylic acids hydrogen bonding produces dimers thus
explaining the relatively high boiling points. Dimerisation does not
occur in aqueous solution.

Carboxylic acid molecules also form hydrogen bonds with water
molecules thus explaining the appreciable solubility of the lower
carboxylic acids in water. As the chain length increases water
solubility decreases.

Carboxylic acids are weak acids. Their slight dissociation in water
can be explained by the stability of the carboxylate ion caused by
electron delocalisation.

Carboxylic acids can be prepared by:

( i) oxidising primary alcohols and aldehydes
(ii) hydrolysing nitriles, esters or amides

Unit 3- Organic Chemistry
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3.2.40 Reactions of carboxylic acids include:

( i) formation of salts by reactions with metals, carbonates and alkalis

(ii) condensation reactions with alcohols to form esters

(iii) reaction with ammonia or amines and subsequent heating of the
ammonium salt to form amides

(iv) reduction with lithium aluminium hydride to form primary
alcohols.

Amines

3.2.41 Amines are named according to IUPAC rules.

3.2.42 Amines are organic derivatives of ammonia and can be classified as
primary, secondary or tertiary.

3.2.43 Primary and secondary amines, but not tertiary amines, associate by
hydrogen bonding and as a result have higher boiling points than
isomeric tertiary amines and alkanes with comparable relative
formula masses.

3.2.44 Amine molecules can hydrogen bond with water molecules thus
explaining the appreciable solubility of the lower amines in water.

3.2.45 The nitrogen atom in amines has a lone pair of electrons which can
accept a proton from water, producing hydroxide ions. Amines are
weak bases.

3.2.46 Amines react with aqueous mineral or carboxylic acids to form salts.

Aromatics

3.2.47 Bonding in benzene can be described in terms of sp? hybridisation,
sigma and pi bonds and electron delocalisation.

3.2.48 Benzene is the simplest aromatic hydrocarbon and its unexpected
stability can be attributed to the presence of delocalised electrons.

3.2.49 Most reactions of benzene involve attack of an electrophile on the
cloud of delocalised electrons, that is electrophilic substitution.

3.2.50 Benzene resists addition reactions but undergoes electrophilic
substitution reactions. These include:

( i) chlorination and bromination to produce chlorobenzene and
bromobenzene

(ii) nitration to produce nitrobenzene

(iii) sulphonation to produce benzene sulphonic acid

(iv) alkylation to produce alkylbenzenes.

3.2.51 The presence of delocalised electrons in the phenyl group can be
used to explain:

(i) the stronger acidic nature of phenol compared to aliphatic
alcohols

(ii) the weaker basic nature of the aromatic amine, aniline compared
with aliphatic amines.

Unit 3- Organic Chemistry
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Exam Practice

1. Isoamyl acetate 1s found naturally as the flavour and scent of bananas.

Its shortened structural formula 1s
CH,COOCH,CH,CH(CH,),

(a) (1) 'To which class of organic compounds does isoamyl acetate belong? 1

(11) Apart from flavouring agents, suggest another common use for this class of organic
compound. 1

Isoamyl acetate can be made in the laboratory by reacting ethanoic acid with another substance,

X.
(b) (1) Write the systematic name of substance X. 1
(1) Name the type of reaction which takes place. 1
C))

2. A student designed the following reaction scheme starting from ethyl benzoate.

sodium ®
ethyl " hydroxide » sodium n ethanol
benzoate solution benzoate
O
I
C
N
0 —C,H;
Y
benzoic ethene
acid 0
I/
C\
T ©
Y
dibromoethane

(@) InaPPA, benzoic acid was prepared from ethyl benzoate.

(1) Name the type of reaction occurring in step @ . 1
(1) What is added to sodium benzoate solution to precipitate out benzoic acid? 1
(111) Name the procedure used to purify the benzoic acid. 1
(iv) Assuming the percentage yield is 70%, what is the minimum mass of ethyl benzoate
required to produce at least 4:0 g of benzoic acid? 2
(b)) (1) Name the type of reaction occurring in step . 1

(11) Using structural formulae, outline the mechanism for the reaction occurring in

step © 2

®)
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3. A student devised the following reaction sequence starting from propan-1-ol, C;H,OH.

_ CH,CI
CHOH —>» CHO — 5 Y

®

PCI, C,H.,OH
C,H,COOH — » C,H.,COCl 22 »

(@) Name a suitable reagent to carry out

(i) Step (1)
(i) Step (3). 2

(b)) Name Y. 1
(¢) Draw a structural formula for Z. 1
C))

4. A mixture of butan-1-ol and butan-2-ol can be synthesised from 1-bromobutane in a two stage

process.
KOH/C,H,OH HZO/HJr butan-1-ol
CH,CH,CH,CH,Br » CH,CH,CH=CH, > +
Stage 1 Stage 2 butan-2-ol
(@) What type of reaction is taking place in Stage 1? 1

(b)) The bonding in but-1-ene can be described in terms of sp2 and sp3 hybridisation and
sigma and pi bonds.

(1) What is meant by sp2 hybridisation? 1
(11) What 1s the difference in the way atomic orbitals overlap to form sigma and pi1
bonds? 1
¢) Draw a structural formula for the major product of Stage 2. 1
jor p g

(d) 1-Bromobutane reacts with hydroxide ions in a nucleophilic substitution reaction to
produce butan-1-ol. The following results were obtained for this reaction.

Experiment [1-Bromobutane]/mol I [OH ]/mol I Initial rate/mol s

1 0-25 0-10 3-3%x107°

2 0-50 0-10 6:6 x 107°

3 0-50 0-20 1-3x 107
(1) What is the overall order of this reaction? 1
(1) Calculate a value for the rate constant of this reaction, giving the appropriate units. 2

(111) Outline the mechanism for this nucleophilic substitution reaction using structural

formulae. 2
)

KHS Chemistry Nov 2013 page 47 Systematic Organic Chemistry - Synthesis



Revised Advanced Higher Unit 3- Organic Chemistry

5. InaPPA, propanone reacts with 2,4-dinitrophenylhydrazine to make the
2,4-dinitrophenylhydrazone derivative as shown below.

H,C CH,
N S
C
I
H,N N
N ~
NH NH
O NO, NO,
I
C + —_— + HZO
VAN
H,C CH,
NO, NO,
propanone 2,4-dinitrophenylhydrazine 2,4-dinitrophenylhydrazone
derivative
(a) What type of reaction 1s this? 1

(b)) 'The 2,4-dinitrophenylhydrazone derivative formed in the reaction is impure.
(1) How would the derivative be purified? 1
(11) How can the technique of derivative formation be used to identify an unknown

ketone? 1

(c) Propanone has an isomer. The shortened structural formula of this isomer 1s

CH,CH,CHO.
(1) Which chemical reagent could be used to distinguish between propanone and this
1isomer and what would be the result? 1

6. Compound W reacts in two steps to form compound Y.

® @

C,H,Br - C,H, 0 —— C,H,0
w X Y

Y reacts with 2,4-dinitrophenylhydrazine solution (Brady’s reagent) to form a yellow precipitate Z.

Y does not react with Fehling’s solution, nor with Tollens’ reagent.

(@) Identify compound Y. 1
(b)) What type of reaction is occurring in step @? 1

(c) What property of the yellow precipitate Z is measured and how is this used to confirm the
identity of Y? 1

(d) Dehydration of compound X produces three unsaturated isomers of molecular formula
C,H;. Two of these are geometric isomers.

Draw the structures of both geometric isomers and name each one. 2

)
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7. A student devised the following reaction scheme starting with benzene.

Br

CH, T NO,
BON @,
CH,Cl NO,"
: SO;H

(@) What type of reaction does benzene undergo in reactions @ - @ ? 1
(b) Name a suitable reagent and catalyst for reaction @ . 1
(c) Reaction @ involves nitration of benzene.

Which reagents are used to produce the NO; ion? 1
(d) What is the molecular formula for the product of reaction @ ? 1
(¢) 'The product of reaction @ was reacted with bromine in the presence of light.

Draw a structural formula for an organic product of this reaction. 1

(5)

8. N-Phenylethanamide can be prepared from benzene in three steps.

NO, NH, NHCOCH,
step @ step @ step @
—_— —_— e
benzene nitrobenzene phenylamine N-phenylethanamide
(a) What chemicals are required to react with benzene to bring about step @? 1
(b) What type of reaction occurs in step@? 1
(c) Suggest a reagent which could be used to bring about step @ . 1

(&)
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9. Alkenes can be prepared from alcohols.

In a PPA, 22:56 g of cyclohexanol was dehydrated using an excess of concentrated phosphoric

acid.

The reaction mixture was then distilled. The crude cyclohexene was added to a

separating funnel containing a solution which was used to wash the cyclohexene and improve
the separation of the aqueous and organic layers. The organic layer was separated and treated
with anhydrous calcium chloride before it was distilled to yield 6-52 g of pure cyclohexene.

(a)

(®)
(c)
(d)

10. Cinnamaldehyde is an aromatic compound found in cinnamon.

Why was concentrated phosphoric acid used as the dehydrating agent rather than
concentrated sulphuric acid?

Name the solution that the crude cyclohexene was added to in the separating funnel.
What was the function of the anhydrous calcium chloride?

The relative formula masses of cyclohexanol and cyclohexene are 100 and 82 respectively.

Calculate the percentage yield of cyclohexene.

reaction of benzaldehyde and ethanal.

(a)
(b)
(e)

C,H,CHO + CH,CHO — C.H;CHCHCHO
What type of reaction is this?
Draw a full structural formula for cinnamaldehyde.

All three of the carbonyl compounds shown above react with 2,4-dinitrophenylhydrazine,
(Brady’s reagent), forming solid derivatives.

The structure of 2,4-dinitrophenylhydrazine is

H,N
N\
NH

NO

NO

2

(1) Draw a structural formula of the compound formed when ethanal reacts with
2, 4-dinitrophenylhydrazine.
(1) The compound formed is impure.

How would this compound be purified?

(111) How would the purified compound be used to show that the original carbonyl
compound was ethanal?

(1iv) 2,4-Dinitrophenylhydrazone derivatives have distinctive colours.

What colour is the 2,4-dinitrophenylhydrazone derivative of propanone?

It can also be prepared by the

Unit 3- Organic Chemistry

®)

(6)

KHS Chemistry Nov 2013 page 50 Systematic Organic Chemistry - Synthesis



Revised Advanced Higher Unit 3- Organic Chemistry

11. Consider the following reaction scheme.

@ but-2-ene benzene @

CH,CI

CH

CH,CHBrCH,CH, ®

COOH

@ butan-2-ol ®

concentrated H,S50,

©

(a) Explain why but-2-ene exhibits geometric isomerism yet its structural isomer but-1-ene
does not. 1

(b)) But-2-ene undergoes electrophilic addition to form . .

Draw a structure for the carbocation intermediate formed in this electrophilic addition

reaction. 1

(¢) Name a reagent used to convert to @ . 1

(d) Name a catalyst required in converting @ to ® . 1

(¢) Draw a structural formula for ester @ . 1
)

12. Consider the following reaction sequence.

OH OH
HCN I H,O/H* I
A—> HC—-C—H——» HC—C—H
I I
CN COOH
B lactic acid
(@) Name compound A. 1
(b)) To which class of organic compounds does compound B belong? 1
(c) Name the type of reaction taking place in converting compound B into lactic acid. 1
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13. When sodium hydroxide solution was added to 2-bromomethylpropane an Sy1 reaction took place
producing methylpropan-2-ol and hydrobromic acid.

a 1) What is meant by an S,,1 reaction? 2
(a) (1) y N

(1) Draw the structure of the carbocation intermediate formed in this reaction. 1

(b) Chloromethane reacts with sodium ethoxide in an S 2 reaction.

(1) How is sodium ethoxide prepared in the laboratory? 1
(11) Name the organic product of this S 2 reaction. 1
5)

14. 'The structure of lactic acid is

H OH

| | v
H—=C—C-—C
®| ®| @ \

H U OH

(@) What 1s the systematic name of lactic acid? 1

(b)) Lactic acid contains an asymmetric carbon atom.

Identify, and explain, which one of the numbered carbon atoms is asymmetric. 1

(¢) Lactic acid can be produced from ethanal by the reaction sequence below.

step @ step @

ethanal 2-hydroxypropanenitrile lactic acid
reduction
compound A
(1) Which reagent could be used in step @ ? 1
(1) What type of reaction takes place in step @ ? 1
(111) Draw a structure for compound A. 1

)
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Multiple Choice Answers

Page 7:

1 D | 2. 3. 4. 5. | D | 6. 7. 8. | B |9.|D

Page 15:

10. | C | 11. 12. 13. 14. | A | 15. 16. 17. | C

Page 24:

18. | D | 19. 20. 21. 22.| C | 23. 24. 25.1 C |126.| C

Page 30:

27.| B | 28. 29. 30. 31.| B | 32. 33. 34. | B

Page 35:

35.| B | 36. 37. 38. 39.| C | 40. 41.

Page 40:

42.| A | 43. 44. 45. 46. | C | 47. 48.
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Exam Practice Answers

Question

Acceptable Answer

Mark

Unacceptable Answer

(i

Esters

Solvents, perfumes etc

To make things smell good

® @
(i)

3-methylbutan-1-ol

Condensation/esterification

3-methylbut-1-ol

Question

Acceptable Answer

Unacceptable Answer

(i)
(i)
(i)

Hydrolysis/Alkaline hydrolysis
Hydrochloric acid/HCl/Conc HCL
Recrystallisation

7.02 g/7.03 g/7.0g

Method 1
theoretical mass of benzoic acid = 4.0x 100
70
= 571g
122 <+—» 150

571 <+—» 150x5.71
122

=702g (- 1 mark 1f no units)

Method 2

150g +—>

122¢

150x4.0 <—* 40
122

=492

mass required = 4.92 x 100
70

=703 g (- 1 mark if no umts)

Other methods acceptable but deduct 1 mark if wrong GFM
which may give correct final answer

@

@

@

@

Acid hydrolysis/substitution

Weak acid/acids

Question

Acceptable Answer

Mark

Unacceptable Answer

Sodium metal or any reactive metal
Any Gp 1 metal and Ba

Mg NaOH
Ca

(i)

(Hot) copper (II) oxide or acidified dichromate or acidified
permanganate or correct formulae
H'/MnOy H/Cr07

Copper oxide Acidified chromate

Tollens
Benedict’s/Fehlings
H' /MnO,4 H/Cr,07

} reagents

)

Ethoxypropane or ethylpropylether

Propoxyethane

Propylethylether
Do not accept formulae

©
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Question Acceptable Answer Mark Unacceptable Answer
| 4. (a) Elinunation 1 Nucleophilic elinunation
(b) [11] sp2 hybridisation is a nuxing of one s orbital and two p orbitals, A 1s orbatal .
(hybridising of one s orbital and two p orbitals) 1
(i) | Sigma bonds— end on overlap of (atomic) orbitals Overlap between 2 carbons
P1 bonds — sideways overlap of (atomic) orbitals 1
2 correct diaprams
© 1|{ H 1‘1 H 1
H—(|j— T— T— (|3—H or CH;CH,CHOHCH;
H H OH H
@ @ |2order 1

(ii) | Rate = k[OH][1-bromobutane]

- 1
k= 3310 3 10%or 13 % 10%
01x0 25 1
Units =/ mol™ 5!
Correct units = 1 mark
Accept correct follow through from (d) (1)
(see below for follow through)
[1 bromobutane] [OH] k
025 0.10 132x 10" 1 mol 's”
(0.25)° 0.10 5.28 x 10~ 1" mol s’
0.25 (0.10)° 132 x 107 17 mol 757
(0.25)° (0.10)° 5.28 x 10~ 1° mol s’
(iii) 1 C4Hy Br
C3H7 CiH7 CyH, OH
B —_— N o B -
OH ¢ HO ---—C Bt
v [ Br }/
H H
1
Cs3Hy
C
HO” | H
H
— ve charge must be given outside the brackets or on the C (i the
transition state)
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Question Acceptable Answer Mark Unacceptable Answer
5. @ Condensation
or addition + elinunation 1
(b) () | Byrecrystallisation/crystallisation 1 Evaporate off the water
(i) | Measure melting pomt of denvative and compare with literature Boiling pomt mstead of MP
values/expected value/data book value/known value 1 Measure melting point
(©) (i) | Fehling’s solution and blue to orange/brown with the isomer 1 Cancelling errors eg propanone instead of propanal
(propanal) or Benedict’s — orange/red/green
Tollens’ reagent and silver mirror with the 1somer
Acidified dichromate and orange to green with the isomer
Acidified permanganate and purple to colourless with the 1somer
(Hot) copper (II) oxide and black to brown with the isomer
3 points — Aldehyde/reagent/result (final)
or — Ketone/reagent/result
Question Acceptable Answer Mark Unacceptable Answer
o LT 1
T
H H
OR
CH;CH,COCH; OR butanone
) (nucleophilic) substifution 1 not electrophilic
(©) Find its melting pomt and check with literature values 1 Boiling pomt
OR
Melting pomt and compare with melting pomt of ¥
@ H CH; H H 2
™~ ~ -
C=—C C=—=C(C
/ ~ - ~
HiC H HsC CH;
trans-but-2-ene cis-but-2-ene
Question Acceptable Answer Mark Unacceptable Answer
7. @ Electrophilic substitution 1 Nucleophilic substitution
) Br; and FeBri/FeCli/AlBr:/Fe/AICI; 1
Correct answers mn words rather than formulae
(© Sulphuric acid and nitric acid 1 Dilute H,SOy4 and HNO;
H3804 and HNO;
Concentrated/funming H,SO4 + HNO;
(d CsHsSO;3 1 CsHsSOsH
Any order
Q] @/ CH,Br 1
or — CHBn or— CBr3
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Question Acceptable Answer Mark Unacceptable Answer
8. (@ H»S04 and HNOs 1 Acids in dilute form
ar H;S0s and NaNOs;
) reduction 1
(© Ethanoic acid/CH;COOH 1
or
Ethanoyl chloride/CH3;COCL
or
Ethanoic anhydride/(CH3;CO),0
Question Acceptable Answer Mark Unacceptable Answer
9 (a) to give a higher yield 1 H;POs1s a better dehydrating agent
ar
to reduce side reactions Faster reaction
ar
to prevent charring
(b) sodium chloride (solution)/brine/salt water 1
(©) to dry the cyclohexene/dry the orgamic layer/drying agent/ 1 removes mmpurities
absorbs water/removes water dehydrating agent
d
@ Theoretical mass of cyclohexene = 82);.@ =185g 1
% yield = 6.52x100 _ 554, 1
185
ar
Moles cyclohexanol = 22 56/100 = 0.2256 mol 1
Moles cyclohexane = 6.52/82 = 0.0795 mol
. 0.0795
% yield = x100=352% or 35% 1
0.2256
Question Acceptable Answer Mark Unacceptable Answer
10 @ Condensation 1 elimination
(b) H H H 1
I NS
or =C—
@/ _ c” ~H
|
H
Accept either cis/trans isomer
H H
© O | I 1
N \ c
NZ N\
CH,
O:N NO,
(ii) | Crystallisation/recrystallisation 1
(iii) | Measure melting point and compare to known data/value 1 Measure melting point (on its own)
(iv) | Accept yellow/orange/gold 1
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Question Acceptable Answer Mark Unacceptable Answer
1. (a) because but-2-ene has two dafferent groups attached to each of the 1 But-1-ene, double bond at end of chamn
carbon atoms of the double bond But-2-ene, double bond in niddle of chain
or But-2-ene, symmetrical
because mn but-1-ene one of the carbon atoms of the double bond has 3 H atoms at end of chain
identical groups (H) attached
3 H atoms around the C=C in but-1-ene
Structures with explanation
®) II{ 1 CH;CH,CHCH,
®_~CH;
H;C—C—C=_ u III @
|
H H:.C— Cl:_ (Ij_ CH;
+
CH,CH, CHCH, H H
(©) aqueous potassium (or sodium) hydroxide KOHy, or NaOH,g 1 OH or OH
or _ ] ~ orLiOHgg LiOH
potassium (or sodium) hydroxide solution NaOH
or _ KOH
aqueous alkali ethanolic KOH
or
alkali solution
or
water/H,O
(d) aluminium chloride or AICL; 1 FeCl, or wron(IT) chloride
or
iron(III) chloride or FeCl;
or
iron(IT) bromide or FeBr3
or
aluminium bromide or AlBr;
© II{ 1
H—C—H
H H | 0
[ Il
o
H HH
or
i
w0
Use of Cg Hs 1n place of @
12 @ ethanal/acetaldehyde/correct structural formula 1 C,H,0
(b) cyanohydrin 1 nitrile
or
hydroxynitrile
or
cyanoalcohol
(©) hydrolysis/acid hydrolysis 1 alkaline hydrolysis
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Question Acceptable Answer Mark Unacceptable Answer
13. . . L _
(a) () | Nucleophilic substifution/replacement by a nucleophile 1
First order 1
ummolecular
(ii) (|3H3
mc—ct (CHz);C+
CH,
(b) () | Nainethanol 1
(i) | Methoxyethane 1
Accept methyl ethyl ether or ethylmethylether
Question Acceptable Answer Mark Unacceptable Answer
14. (a) 2-hydroxypropanoic acid (spelling must be correct) 1
(h) Carbon atom @ because it has 4 different groups attached 1 Carbon atom @ with no explanation
(¢) (i) | KCNorNaCN or HCN or any cyanide compound that would work 1
or correct names
(i) | Hydrolysis/acid hydrolysis 1
(i) or CH;CHOHCH,NH, 1
H OH H
H (Ij (lj (lj 11 .
[ SH
H H H
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