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Full A level · H432 · Modules 4 and 6

Follow the arrows to plan a route. Check the functional group, reagents and conditions at every step.
RS  Radical substitution     EA  Electrophilic addition     NS  Nucleophilic substitution     NA  Nucleophilic addition     ES  Electrophilic substitution
Ox  Oxidation     Red  Reduction     Hyd  Hydrolysis     Est  Esterification     Elim  Elimination     Acyl  Acylation

* Practise the OCR mechanism for this route. RS uses initiation, propagation and termination equations. Other labels name the reaction type.

Aliphatic reactions and carbon-chain extension
R and R′ represent organic groups; the two groups may differ. X is a halogen. Matching [C] and [S] labels connect repeated groups.

Carboxylic acids, esters and acyl chlorides

Benzene and aromatic synthesis
The circle represents the delocalised π-system.

Phenol
The –OH group is bonded directly to the aromatic ring.

Alkane
R–H

Haloalkane
R–X

Nitrile
R–C≡N

Alkene
C=C

Alcohol
1° RCH2OH  ·  2° RCH(OH)R′

3° R3COH

Primary amine
RNH2 from R–X

RCH2NH2 from RCN

Acid [C]
RCOOH

Dihaloalkane
e.g. CH2XCH2X

Acid [C]
RCOOH

Addition polymer

Aldehyde
RCHO

Ketone
RC(=O)R′

Hydroxynitrile
RCH(OH)CN or
RC(OH)(CN)R′

From substituted alkenes too

Amine reactions
RNH2 → RNHR′ → RN(R′)R″
R′X, then R″X · ethanol, heat · NS

RNH2 + HCl(aq) → RNH3
+ Cl-
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Carboxylic acid [C]
RC(=O)OH

Ester
RC(=O)OR′

Acyl chloride
RC(=O)Cl

Primary amide
RC(=O)NH2

Secondary amide
RC(=O)NHR′

Carboxylate salt [S]
RCOO- Na+ Another ester route: acid anhydride + alcohol

(RCO)2O + R′OH → RCOOR′ + RCOOH

Acyl / Est · warm if needed · no added acid catalyst required

Phenol forms an ester with an acyl chloride: see the green region.

Keep the C(=O) group intact when replacing –OH or –Cl.

Excess NH3 or amine also neutralises HCl.

Benzene

Nitrobenzene

NO2

Methylbenzene

CH3

Phenylamine

NH2

Halobenzene

X

Phenylethanone

CO
CH3

1-Phenylethanol

CH OH

CH3

Ring position matters
–OH and –NH2 direct to positions 2 and 4; –NO2 directs to position 3. Plan the order of substitutions.

Phenol

OH
Sodium phenoxide

O-

Na+

2,4,6-Tribromophenol

OH

Br

Br

Br

Phenyl ester

O

C O

R

OH

NO2

OH

NO2
2- and 4-Nitrophenol mixture

No reaction with carbonate. Phenol is not readily esterified by carboxylic acids.
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Keep the whole molecule
CN becomes COOH on acid hydrolysis, or CH2NH2 on reduction. For a hydroxynitrile, the existing –OH
stays: hydrolysis gives a hydroxy acid; reduction gives an amino alcohol.

Salts and amino acids
RCOOH + NaOH → RCOO- Na+ + H2O [S]. For amino acids, –COOH reacts with alkalis and with
alcohol/H+ to form esters; –NH2 reacts with dilute acid. Keep both groups when drawing the product.

Polyesters and polyamides
Diol + dicarboxylic acid → polyester. Diamine + dicarboxylic acid → polyamide. Respective diacyl chlorides also work.
Acid or base hydrolysis breaks ester/amide links; acidic products include ammonium groups, alkaline products include
carboxylates.

Check before you choose a route
Count every carbon. Show an intermediate for each step. For an unsymmetrical alkene +
HX, the major product forms via the more stable carbocation. 3° alcohols resist dichromate
oxidation. NaBH4 reduces aldehydes/ketones, not ordinary carboxylic acids.

A map is only part of your revision
Use Chemistry Help for explanations, mechanisms, practice and exam questions. Scan for OCR organic synthesis.
NS* hydrolysis applies to primary haloalkanes. The same R on different routes need not mean the same starting molecule.

OCR H432 specification v3.1; targeted 2023–2025 papers, schemes and reports via LearnFaster. Independent resource; not endorsed by OCR.
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H2 / Ni, heat
Red

Cl2 or Br2, UV
RS* · mixtures can form

HX, e.g. HBr
EA*

Steam / H3PO4
EA · heat, pressure

Conc. H3PO4 or H2SO4
Elim · heat · dehydration

NaOH(aq), warm
NS* · hydrolysis

NaBr + H2SO4, heat
Substitution · gives RBr

KCN in ethanol, heat under reflux
NS* · adds one carbon

Excess NH3 in ethanol, heat
NS · suitable sealed apparatus

H2 / Ni, heat
Red

HCl(aq), heat
Hyd · reflux

Br2 or Cl2
EA* · room temperature
Bromine decolourised

Addition
polymerisation

1° alcohol · acidified K2Cr2O7
Ox · gentle heat, distil aldehyde

2° alcohol · acidified K2Cr2O7
Ox · heat under reflux

NaBH4, then water
NA* · Red → 1° alcohol

NaBH4, then water
NA* · Red → 2° alcohol

NaCN(aq) / H+(aq), room temperature
NA* · adds one carbon

NaCN(aq) / H+(aq)
NA* · +1 C

Acidified K2Cr2O7
Ox · heat under reflux

1° alcohol · excess
acidified K2Cr2O7

Ox · heat under reflux

R′OH / conc. H2SO4
Est · heat, equilibrium

Dilute HCl(aq), reflux
Hyd · also forms R′OH

NaOH(aq), reflux
Hyd · also forms R′OH

SOCl2
Substitution

H2O, room temperature
Hyd · also forms HCl

R′OH, room temperature
Acyl / Est · also forms HCl

Excess NH3
Acyl · room temperature

Excess primary amine, R′NH2
Acyl · room temperature

Conc. HNO3 / conc. H2SO4
ES* · warm, about 50–55 °C

CH3Cl / anhydrous AlCl3
ES · Friedel–Crafts alkylation

Br2 / FeBr3 → X = Br
or Cl2 / AlCl3 → X = Cl
ES* · halogen carrier

Sn / conc. HCl, heat
Red · then NaOH to free amine

CH3COCl / anhydrous AlCl3
ES · Friedel–Crafts acylation

NaBH4, then water
NA* · Red

NaOH(aq)
Neutralisation

Excess bromine water
ES · room temperature

No halogen carrier
Decolourised; white precipitate

Dilute HNO3
ES · room temperature

RCOCl, room temperature
Acyl / Est · + HCl
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