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20.1.1 Nucleophilic Substitution Reactions

Nucleophilic Substitution Reactions

In nucleo philic substitutio n reactio ns invo lving halo geno alkanes, the halo gen ato m is replaced by

a nucleo phile

The strength o f any nucleo phile depends o n its ability to  make its lo ne pair o f electro ns available

fo r reactio n

The hydro xide io n, OH , is a stro nger nucleo phile than water because it has a full negative charge

This means that it has a readily available lo ne pair o f electro ns

A water mo lecule o nly has partial charges, δ+ and δ-

This means that its lo ne pair o f electro ns is less available than the hydro xide io ns

The lo ne pairs o f electro ns in a water mo lecule are still available to  react

Lewis structures of the hydroxide ion and water molecule - illustrating the lone pairs of electrons and

charges within their structures

Exam T ip

In general:

A negatively charged io n will be a stro nger nucleo phile than a neutral mo lecule

A co njugate base will be a stro nger nucleo phile than its co rrespo nding co njugate acid

e.g. the hydro xide io n is a stro nger nucleo phile than water

-
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SN1 Mechanism

Nucleo philic substitutio n reactio ns can o ccur in two  di�erent ways (kno wn as

S 2  and S 1 reactio ns) depending o n the structure o f the halo geno alkane invo lved

S 1 react ions

In tertiary halo geno alkanes, the carbo n that is attached to  the halo gen is also  bo nded to  three

alkyl gro ups

These halo geno alkanes undergo  nucleo philic substitutio n by an S 1 mechanism

‘S’ stands fo r ‘substitutio n’

‘N’ stands fo r ‘nucleo philic’

‘1’ means that the rate o f the reactio n (which is determined by the slo west step o f the

reactio n) depends o n the co ncentratio n o f o nly o ne reagent, the halo geno alkane

The S 1 mechanism is a two -step  reactio n

In the �rst step, the C-X bo nd breaks hetero lytically and the halo gen leaves the halo geno alkane

as an X  io n (this is the slo w and rate-determining step)

As the rate-determining step o nly depends o n the co ncentratio n o f the halo geno alkane, the

rate equatio n fo r an S 1 reactio n is rate = k[halo geno alkane]

In terms o f mo lecularity, an S 1 reactio n is unimo lecular

This fo rms a tertiary carbo catio n (which is a tertiary carbo n ato m with a po sitive charge)

In the seco nd step, the tertiary carbo catio n is attacked by the nucleo phile

Fo r example, the nucleo philic substitutio n o f 2−bro mo -2−methylpro pane by hydro xide io ns to

fo rm 2−methyl-2−pro pano l

N N

N

N

N

-

N

N
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The mechanism of nucleophilic substitution in 2−bromo-2−methylpropane which is a tertiary

halogenoalkane

Exam T ip

Yo u are expected to  kno w the di�erence between the hetero lytic �ssio n that features in S 1

reactio ns and ho mo lytic �ssio n in o ther reactio ns:

Hetero lytic �ssio n fo rms anio ns and catio ns and uses do uble headed arro ws to  sho w the

mo vement o f bo th electro ns fro m the co valent bo nd

Ho mo lytic �ssio n fo rms free radicals and uses single headed arro ws, so metimes called �sh

ho o ks, to  sho w the mo vement o f a single electro n as the co valent bo nd breaks

N
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SN2 Mechanism

S 2 react ions

In primary halo geno alkanes, the carbo n that is attached to  the halo gen is bo nded to  o ne alkyl

gro up

These halo geno alkanes undergo  nucleo philic substitutio n by an S 2  mechanism

‘S’ stands fo r ‘substitutio n’

‘N’ stands fo r ‘nucleo philic’

‘2’ means that the rate o f the reactio n (which is determined by the slo west step o f the

reactio n) depends o n the co ncentratio n o f bo th the halo geno alkane and the nucleo phile

io ns

The S 2 mechanism is a o ne-step  reactio n

The nucleo phile do nates a pair o f electro ns to  the δ+ carbo n ato m o f the halo geno alkane to

fo rm a new bo nd

As this is a o ne-step reactio n, the rate-determining step depends o n the co ncentratio ns

o f the halo geno alkane and nucleo phile, the rate equatio n fo r an S 2 reactio n is rate =

k[halo geno alkane][nucleo phile]

In terms o f mo lecularity, an S 2 reactio n is bimo lecular

At the same time, the C-X bo nd is breaking and the halo gen (X) takes bo th electro ns in the

bo nd (hetero lytic �ssio n)

The halo gen leaves the halo geno alkane as an X  io n

Fo r example, the nucleo philic substitutio n o f bro mo ethane by hydro xide io ns to  fo rm ethano l

N

N

N

N

N

-
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The S 2 mechanism of bromoethane with hydroxide causing an inversion of con�guration

The bro mine ato m o f the bro mo ethane mo lecule causes steric hindrance

This means that the hydro xide io n nucleo phile can o nly attack fro m the o ppo site side o f the C-Br

bo nd

Attack fro m the same side as the bro mine ato m is so metimes called fro ntal attack

While attack fro m the o ppo site side is so metimes called backside o r rear-side attack

As the C-OH bo nd fo rms, the C-Br bo nd breaks causing the bro mine ato m to  leave as a bro mide

io n

As a result o f this, the mo lecule has undergo ne an inversio n o f co n�guratio n

The co mmo n co mpariso n fo r this is an umbrella turning inside o ut in the wind

N
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Inversion of con�guration - umbrella analogy

Exam T ip

If yo u are asked to  explain reactio n mechanisms where there is an inversio n o f co n�guratio n, yo u

will be expected to :

Use partial charges, δ+ and δ-, to  help explain why the nucleo phile attacks and the halo gen

leaves

Use do tted, wedge and tapered bo nds to  sho w the change in co n�guratio n o f the ato ms /

functio nal gro ups aro und the carbo n that is being attacked

Draw the transitio n state with the nucleo phile attached to  the carbo n with a do tted bo nd

and the halo gen still attached to  the carbo n, also , with a do tted bo nd

Be aware that the co mpo und yo u draw is a transitio n state and no t an intermediate
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Factors A�ecting Nucleophilic Substitution

Fact ors a�ect ing nucleophilic subst it ut ion

Vario us facto rs a�ect the rate o f nucleo philic substitutio n, regardless o f S 1 o r S 2, invo lving a

halo geno alkane:

�. The nature o f the nucleo phile

�. The halo gen invo lved (leaving gro up)

�. The structure (class) o f the halo geno alkane

�. Pro tic & apro tic so lvents

1. T he nat ure of  t he nucleophile

The mo st e�ective nucleo philes are neutral o r negatively charged species that have a lo ne pair o f

electro ns available to  do nate to  the δ+ carbo n in the halo geno alkane

The greater the electro n density o n the nucleo phile io n o r mo lecule; the stro nger the nucleo phile

Co nsequently, negative anio ns tend to  be mo re reactive than their co rrespo nding neutral

species, e.g. hydro xide io ns and water mo lecules (as previo usly discussed)

When nucleo philes have the same charge, the electro negativity o f the ato m carrying the lo ne pair

beco mes the deciding facto r

The less electro negative the ato m carrying the lo ne pair; the stro nger the nucleo phile

Fo r example:

Ammo nia is a stro nger electro phile than water because the nitro gen ato m in ammo nia is

less electro negative than the o xygen ato m in water

This is because a less electro negative ato m has a weaker grip o n its lo ne pair o f electro ns,

which means that they are mo re available fo r reactio n

 The e�ectiveness o f nucleo philes is as fo llo ws:

Stro ngest     CN  > OH  > NH  > H O     Weakest

2. T he halogen involved (leaving group)

The halo geno alkanes have di�erent rates o f substitutio n reactio ns

Since substitutio n reactio ns invo lve breaking the carbo n-halo gen bo nd, the bo nd energies can

be used to  explain their di�erent reactivities

Appro ximate Halo geno alkane Bo nd Energy Table

N N

- -
3 2
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The table abo ve sho ws that the C-I bo nd requires the least energy to  break, and is therefo re the

weakest carbo n-halo gen bo nd

During substitutio n reactio ns, the C-I bo nd will breaks hetero lytically as fo llo ws:

R C-I + OH      →    R C-OH + I

The C-F bo nd, o n the o ther hand, requires the mo st energy to  break and is, therefo re, the

stro ngest carbo n-halo gen bo nd

Fluo ro alkanes will therefo re be less likely to  undergo  substitutio n reactio ns

This idea can be co n�rmed by reacting the pro duct fo rmed by nucleo philic substitutio n o f the

halo geno alkane with aqueo us silver nitrate so lutio n

As a halide io n is released, this results in the fo rmatio n o f a precipitate

The rate o f fo rmatio n o f these precipitates can also  be used to  determine the reactivity o f the

halo geno alkanes

Halo geno alkane Precipitates Table

3
-

3
-
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The fo rmatio n o f the pale yello w silver io dide is the fastest (fastest nucleo philic substitutio n

reactio n) whereas the fo rmatio n o f the silver �uo ride is the slo west (slo west nucleo philic

substitutio n reactio n)

This co n�rms that �uo ro alkanes are the least reactive and io do alkanes are the mo st reactive

halo geno alkanes

The trend in reactivity of halogenoalkanes
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3. T he st ruct ure (class) of  t he halogenoalkane

Tertiary halo geno alkanes undergo  S 1 reactio ns, fo rming stable tertiary carbo catio ns

Seco ndary halo geno alkanes undergo  a mixture o f bo th S 1 and S 2 reactio ns depending o n their

structure

Primary halo geno alkanes undergo  S 2 reactio ns, fo rming the less stable primary carbo catio ns

This has to  do  with the po sitive inductive e�ect  o f the alkyl gro ups attached to  the carbo n

which is bo nded to  the halo gen ato m

The alkyl gro ups push electro n density to wards the po sitively charged carbo n, reducing the

charge density

In tertiary carbo catio ns, there are three alkyl gro ups stabilising the carbo catio n

In primary carbo catio ns, there is o nly o ne alkyl gro up

This is why tertiary carbo catio ns are much mo re stable than primary o nes

The diagram shows the trend in stability of primary, secondary and tertiary carbocations

Overall, the structure (class) has a direct e�ect o n the fo rmatio n o f the carbo catio n and,

therefo re, the rate-determining step

Co nsequently, this a�ects the o verall rate o f the nucleo philic substitutio n reactio n

N

N N

N
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Protic & Aprotic Solvents

4. Prot ic & Aprot ic Solvent s

    Hydro gen bo nding

Pro tic, po lar so lvents co ntain a hydro gen ato m bo nded to  a very electro negative nitro gen o r

o xygen ato m

This means that they are capable o f hydro gen bo nding

Examples o f pro tic so lvents include ammo nia, carbo xylic acids, ethano l and water

Apro tic, po lar so lvents co ntain hydro gen ato ms but they are no t bo nded to  an electro negative

ato m

This means that they canno t participate in hydro gen bo nding

Examples o f apro tic so lvents include ethanenitrile, ethyl ethano ate and pro pano ne

    So lvatio n

So lvatio n is where so lvent mo lecules surro und a disso lved io n

In S 1 reactio ns, the rate-determining step is no t  the attack o f the nucleo phile

The rate-determining step is the fo rmatio n o f the carbo catio n intermediates and halide io n

Bo th io ns co uld be stabilised by the use o f a pro tic so lvent, as sho wn in the fo llo wing

example:

Protic polar solvent stabilising carbocation intermediates and halide ions

In S 2 reactio ns, the rate-determining step is the attack o f the nucleo phile

The use o f apro tic so lvents do es no t so lvate  the nucleo phile

This means that the nucleo phile is mo re able to  react and fo rm the transitio n state

N

N

S 1 reactio ns are best co nducted using pro tic, po lar so lvents

S 2 reactio ns are best co nducted using apro tic, no n-po lar so lvents

N

N
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20.1.2 Electrophilic Addition Reactions

Electrophilic Addition Mechanism

Elect rophilic Addit ion

Electro philic additio n is the additio n o f an electro phile (o r Lewis acid) to  an alkene do uble

bo nd, C=C

The alkene do uble bo nd, C=C, is an area o f high electro n density which makes it susceptible to

attack by electro philes

The C=C bo nd breaks fo rming a single C-C bo nd and 2 new bo nds fro m each o f the two  carbo n

ato ms

Electro philic additio n reactio ns include the additio n o f:

Hydro gen, H  (g)

Steam, H O (g)

Hydro gen halides, HX

Halo gens, X

2

2

2
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Alkene electrophilic addition reaction overview

Elect rophilic addit ion of  hydrogen halides

A hydro gen halide mo lecule is po lar as the hydro gen and halo gen ato ms have di�erent

electro negativities
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Fo r example, in a mo lecule o f hydro gen bro mide, HBr, the bro mine ato m has a stro nger pull o n

the electro ns in the H-Br bo nd

As a result o f this, the Br ato m has a partial negative and the H ato m a partial po sitive charge

Due to di�erences in electronegativities of the hydrogen and bromine atom, HBr is a polar molecule

In electro philic additio n reactio ns with hydro gen halides, the H ato m acts as an electro phile and

Lewis acid by accepting a pair o f electro ns fro m the C=C bo nd in the alkene

The H-Br bo nd breaks hetero lytically, fo rming a Br  io n

This results in the fo rmatio n o f a highly reactive carbo catio n intermediate which reacts with the

bro mide io n, Br

Fo r example, the mechanism fo r the electro philic additio n o f hydro gen bro mide and ethene is:

Electrophilic addition reaction of HBr and ethene to form bromoethane 

-

-
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Exam T ip

Fo r electro philic additio n mechanisms, the curly arro ws must:

Be do uble-headed to  sho w the mo vement o f a pair o f electro ns

Start fro m a lo ne pair o f electro ns o r an area o f high electro n density, e.g. the C=C bo nd

Mo ve to wards a δ+ electro phile o r the po sitive charge o f a carbo catio n

Examiners o ften co mment abo ut the po o r and inco rrect use o f curly arro ws in o rganic

mechanisms

Elect rophilic addit ion of  halogens

The mechanism fo r the electro philic additio n o f halo gens (and hydro gen) is the same as the

electro philic additio n o f hydro gen halides with o ne key exceptio n:

Hydro gen halide mo lecules have a permanent dipo le  (as sho wn abo ve)

Halo gen mo lecules have a tempo rary (o r induced) dipo le  caused by the repulsio n o f the

halo gens electro ns by the high electro n density C=C bo nd

The temporary (or induced) dipole in a halogen molecule

Elect rophilic addit ion of  int erhalogens

Interhalo gens  are co mpo unds that co ntain two  o r mo re di�erent type o f halo gens

The mechanism fo r the electro philic additio n o f interhalo gens is the same as the electro philic

additio n o f hydro gen halides

Just like hydro gen halide mo lecules, interhalo gens have a permanent dipo le

Di�erences between the electro negativity o f the halo gens determine which halo gen will

beco me the δ+ electro phile

The electro negativity increases as yo u mo ve up the halo gens, F > Cl > Br > I
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The polarity of interhalogen molecules

Exam T ip

The electro philic additio n reactio ns o f alkenes with hydro gen halides, halo gens and

interhalo gens are the same. The di�erence is whether the electro phile is due to  a permanent o r

tempo rary dipo le
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Markovnikov’s Rule

Carbo catio ns are po sitively charged carbo n ato ms with o nly three co valent bo nds instead o f

fo ur

There are three types o f carbo catio ns: primary, seco ndary and tertiary

Induct ive e�ect

The alkyl gro ups attached to  the po sitively charged carbo n ato ms are ‘electro n do nating gro ups’

This is also  kno wn as the inductive e�ect o f alkyl gro ups

The inductive e�ect is illustrated by the use o f arro wheads o n the bo nds to  sho w the alkyl gro ups

pushing electro ns to wards the po sitively charged carbo n

This causes the carbo catio n to  beco me less po sitively charged

As a result o f this, the charge is spread aro und the carbo catio n which makes it energetically mo re

stable

This means that tertiary carbo catio ns are the mo st stable as they have three electro n-do nating

alkyl gro ups which energetically stabilise the carbo catio n

Due to  the po sitive charge o n the carbo n ato m, carbo catio ns are electro philes

Alkyl groups push electron density towards the carbocation making it energetically more stable; the

more alkyl groups the carbocation is bonded to, the more stabilised it is

Markovnikov’s rule

Marko vniko v’s rule predicts the o utco me o f electro philic additio n reactio ns and states that:

In an electro philic additio n reactio n o f a hydro gen halide (HX) to  an alkene, the halo gen ends

up bo nded to  the mo st substituted carbo n ato m

In an electro philic additio n reactio n o f an interhalo gen to  an alkene, the mo st

electro negative halo gen ends up bo nded to  the mo st substituted carbo n ato m
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Marko vniko v additio n applies to  electro philic additio n reactio ns with unsymmetrical alkanes, e.g.

pro pene and but-1−ene

Marko vniko v additio n favo urs the fo rmatio n o f the majo r pro duct

Anti-Marko vniko v additio n favo urs the fo rmatio n o f the mino r pro duct

In electro philic additio n reactio ns, an electro phile reacts with the do uble bo nd o f alkenes (as

previo usly discussed)

The mechanism fo r electro philic additio n reactio ns with unsymmetrical alkenes is slightly

di�erent, e.g. pro pene + hydro gen bro mide

The electrophile reacts with the electron-rich C-C double bond

The electro phile can attach in two  po ssible ways:

�. Breaking the C=C bo nd and attaching to  the the least substituted carbo n

This will give the mo st  stable carbo catio n as an intermediate that will fo rm the majo r

pro duct

�. Breaking the C=C bo nd and attaching to  the the mo st substituted carbo n

This will give the least stable carbo catio n as an intermediate that will fo rm the mino r

pro duct

The major and minor carbocation intermediates formed during the reaction of propene and hydrogen

bromide
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The nucleo phile will bo nd to  the po sitive carbo n ato m o f the carbo catio n

The mo re stable carbo catio n pro duces the majo r pro duct

The less stable carbo catio n pro duces the mino r pro duct

Formation of the major and minor products of the reaction of propene with hydrogen bromide

T he mechanism for the electrophilic addition of hydrogen bromide to

propene, showing the formation of the major and minor products can be

shown as:
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The electrophilic addition reaction mechanism of HBr and propene to form 1−bromopropane and 2−

bromopropane

Exam T ip

The stability o f the carbo catio n intermediate is as fo llo ws:

tertiary > seco ndary > primary

When mo re than o ne carbo catio n can be fo rmed, the majo r pro duct o f the reactio n will be the

o ne that results fro m the nucleo philic attack o f the mo st stable carbo catio n.
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20.1.3 Electrophilic Substitution Reactions

The Structure of Benzene

In no rmal, everyday co nversatio n the wo rd 'aro matic' is used to  refer to  pleasant, fragrant smells

Ho wever, in chemistry, it is used to  describe mo lecules that co ntain o ne o r mo re benz ene rings,

i.e. a ring with co njugated π systems

Co njugated π systems arise fro m alternating do uble and single bo nds in which the electro ns

are delo calised

Benz ene is fo und in many useful pharmaceuticals, pesticides, po lymers and dyes

The co mmo n painkillers aspirin, paracetamo l, ibupro fen and mo rphine all co ntain benz ene

rings

Examples o f  aro matic co mpo unds including benz ene table

St ruct ure of  Benz ene

The structure o f benz ene was determined many years ago , by the German chemist Friedrich

August Kekulé

The structure co nsists o f 6 carbo n ato ms in a hexago nal ring, with alternating single and do uble

carbo n-carbo n bo nds

This suggests that benz ene sho uld react in the same way as an unsaturated alkene
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Ho wever, this is no t the case

Like other aromatic compounds, benzene has a planar structure due to the sp  hybridisation of carbon

atoms and the conjugated π system in the ring

Each carbo n ato m in the ring fo rms three σ bo nds using the sp  o rbitals

The remaining p o rbitals o verlap laterally with p o rbitals o f neighbo uring carbo n ato ms to  fo rm a π
system

This extensive sideways o verlap o f p o rbitals results in the electro ns being delo calised and able

to  freely spread o ver the entire ring causing a π system

The π system is made up o f two  ring shaped clo uds o f electro n density - o ne abo ve the plane

and o ne belo w it

Benz ene and o ther aro matic co mpo unds are regular and planar co mpo unds with bo nd angles o f

120 

The delo calisatio n o f electro ns, as sho wn belo w, means that all o f the carbo n-carbo n bo nds in

these co mpo unds are identical and have bo th single and do uble bo nd character

2

2

o
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Single co valent bo nds have a bo nd o rder o f 1 and do uble co valent bo nds have a bo nd o rder

o f 2

The co valent bo nds within benz ene have a bo nd o rder o f 1.5

The bo nds all being the same length is evidence fo r the delo calised ring structure o f benz ene

The Delocalisation of Benzene Model
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Electrophilic Substitution Mechanism

React ions of  Benz ene

The main reactio ns which benz ene will undergo  invo lve the replacement o f o ne o f the hydro gen

ato ms fro m the benz ene ring

This is di�erent to  the reactio ns o f unsaturated alkenes, which invo lve the do uble bo nd

breaking and the electro phile ato ms 'adding o n' to  the carbo n ato ms

These reactio ns where benz ene hydro gen ato ms are replaced, are called electro philic

substitutio n reactio ns

The delo calised π system is extremely stable and is a regio n o f high electro n density

The hydro gen ato m is substituted by an electro phile, which is either a po sitive io n o r the

po sitive end o f a po lar mo lecule

General Elect rophilic Subst it ut ion Mechanism:
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Exam T ip

Make sure yo u understand the general steps o f the electro philic substitutio n mechanism and

that yo u can explain what is happening - the same steps happen every time, the o nly di�erence is

the electro phile used in the reactio n!

There are numero us electro philes which can react with benz ene

Ho wever, they usually canno t simply be added to  the reactio n mixture to  then react with

benz ene

The electro phile has to  be pro duced in situ, by adding appro priate reagents to  the reactio n

mixture

Nit rat ion of  Benz ene

Yo u must be able to  pro vide the mechanism fo r the nitratio n o f benz ene via electro philic

substitutio n

The electro philic substitutio n reactio n in arenes co nsists o f three steps:

�. Generatio n o f an electro phile

�. Electro philic attack

�. Regenerating aro maticity

Nit rat ion of  Benz ene Mechanism

The nitratio n o f benz ene is an example o f electro philic substitutio n as a hydro gen ato m is

replaced by a nitro  (-NO ) gro up2

The overall reaction of nitration of arenes
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Step 1: Generatio n o f an electro phile

The electro philic nitro nium io n, NO , is generated by reacting co ncentrated  nitric acid,

HNO , and co ncentrated  sulfuric acid, H SO

The sulfuric acid is a catalyst

Step 2: Electro philic attack

Once the electro phile has been generated, it will carry o ut an electro philic attack o n the

benz ene ring

The nitrating mixture o f HNO  and H SO  is re�uxed with the arene at 25 - 60 C

Step 3: Regenerating aro maticity

The aro maticity is resto red by the hetero lytic cleavage o f the C-H bo nd

Fo r the nitratio n o f benz ene, there is an extra step invo lving the regeneratio n o f the sulfuric acid

catalyst

The di�erent stages in the nitration of benzene

Chlorinat ion of  Benz ene Mechanism

2
+

3 2 4

3 2 4
o
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The chlo rinatio n, o r halo genatio n, o f benz ene is ano ther example o f electro philic substitutio n

The overall reaction of chlorination of arenes

Step 1: Generatio n o f an electro phile

The electro philic chlo rine catio n, Cl , is generated by reacting chlo rine with anhydro us

aluminium chlo ride, AlCl

The aluminium chlo ride is electro n de�cient and acts as a Lewis acid by accepting a lo ne

pair fro m o ne o f the chlo rine ato ms

As the aluminium fo rms a dative co valent bo nd with o ne o f the chlo rine ato ms, the o ther

chlo rine ato m beco mes a chlo rine catio n, Cl

Step 2: Electro philic attack

Once the electro phile has been generated, it will carry o ut an electro philic attack o n the

benz ene ring

Step 3: Regenerating aro maticity

The aro maticity is, o nce again, resto red by the hetero lytic cleavage  o f the C-H bo nd

Fo r the chlo rinatio n o f benz ene, there is an extra step invo lving the regeneratio n o f the aluminium

chlo ride catalyst

+

3

+
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The di�erent stages in the chlorination of benzene
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20.1.4 Reduction Reactions

Reduction Reactions

Carbonyl compounds

Alco ho ls can be o xidised to  carbo nyl co mpo unds in the presence o f a suitable o xidising agent

Primary alco ho l → aldehyde → carbo xylic acid

Seco ndary alco ho l → keto ne

Tertiary alco ho l - no  reactio n

These reactio ns can be reversed in the presence o f a suitable reducing agent

Carbo xylic acid → aldehyde → primary alco ho l

Keto ne → seco ndary alco ho l

The two  mo st co mmo n reducing agents fo r carbo nyl co mpo unds are:

�. Lithium aluminium hydride, LiAlH , in anhydro us co nditio ns, co mmo nly dry ether, fo llo wed by

the additio n o f aqueo us acid

This is the stro nger o f these reducing agents and can reduce carbo xylic acids

�. So dium bo ro hydride, NaBH , in aqueo us o r alco ho lic so lutio ns

This is the less haz ardo us o f these reducing agents but it canno t reduce carbo xylic acids

Bo th o f these reagents pro duce the nucleo philic hydride io n, H

Exam T ip

Yo u can be expected to  kno w typical co nditio ns and reagents o f all reactio ns, e.g. catalysts,

reducing agents, re�ux, etc.Ho wever, yo u do  no t need to  kno w mo re precise details such as

speci�c temperatures

Reduct ion React ions

Equatio ns fo r reductio n reactio ns can be written using [H] to  represent the reducing agent

Carbo xylic acid to  a primary alco ho l (using LiAlH  re�uxed in dry ether, fo llo wed by dilute acid)

Remember that NaBH  canno t reduce carbo xylic acids

4

4

-

4

4
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Aldehyde to  a primary alco ho l (using LiAlH  o r NaBlH )

Keto ne to  a seco ndary alco ho l (using LiAlH  o r NaBlH )

Exam T ip

Take care if yo u are asked abo ut the fo rmatio n o f an aldehyde fro m a carbo xylic acidYo u have to

use LiAlH  re�uxed in dry ether, followed by dilute acid but this reaction cannot

be stopped at the aldehyde because the LiAlH  is too powerfulTo  fo rm an

aldehyde fro m a carbo xylic acid, yo u have to  reduce the carbo xylic acid do wn to  a primary

alco ho l and then o xidise it back up to  the aldehyde

4 4

4 4

4

4

Page 30 of 31
For more help visit our website www.exampaperspractice.co.uk



Reduction of nitrobenzene

Nitro benz ene, C H NO , can be reduced to  phenylamine, C H NH , acco rding to  the fo llo wing

two -stage reactio n:

The two-stage reduction reaction of nitrobenzene to phenylamine

Stage 1 - Reductio n o f  nitro benz ene

C H NO  (l) + 3Sn (s) + 7H  (aq) → C H NH  (aq) + 3Sn  (aq) + 2H O (l)

Nitro benz ene, C H NO , is reacted with tin, Sn, and co ncentrated hydro chlo ric acid, HCl

The reactio n mixture is heated under re�ux in a bo iling water bath

The phenylammo nium io ns, C H NH , are pro to nated due to  the acidic co nditio ns

Stage 2 - Fo rmatio n o f  phenylamine

C H NH  (aq) + OH  (aq) → C H NH  (l) + H O (l)

The phenylammo nium io ns, C H NH , are depro to nated by the additio n o f so dium hydro xide

so lutio n, NaOH (aq)

6 5 2 6 5 2
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