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Full A level · 7405 · Organic chemistry

Follow each arrow and check the reagents, conditions and carbon skeleton. Use E/Z names for alkene stereoisomers.
RS  Radical substitution     EA  Electrophilic addition     NS  Nucleophilic substitution     NA  Nucleophilic addition     ES  Electrophilic substitution
NAE  Nucleophilic addition–elimination     Ox  Oxidation     Red  Reduction     Hyd  Hydrolysis     Est  Esterification     Elim  Elimination

* Practise the named AQA mechanism. RS uses balanced radical equations; the other starred routes use curly arrows. Unfamiliar applications can also be assessed.

Aliphatic reactions and carbon-chain extension
R and R′ are organic groups; X is a halogen. Matching [A], [C] and [S] labels connect repeated functional groups.

Carboxylic acids, esters and acyl chlorides

Aromatic chemistry and the aspirin practical
Named aromatic mechanisms: nitration and Friedel–Crafts acylation.

Acid anhydrides
NAE reactions are required; the specified drawn mechanisms are for acyl chlorides.

Alkane
R–H

Halogenoalkane
R–X

Nitrile
R–C≡N

Alkene
C=C

Alcohol [A]
1° RCH2OH  ·  2° RCH(OH)R′

3° R3COH

Primary amine
RNH2 from R–X

RCH2NH2 from RCN

Quaternary salt
[RN(R′)3]+ X-

Dihalogenoalkane
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

Alkene + sulfuric acid
CH2=CH2 → CH3CH2OSO3H → CH3CH2OH
1 Cold conc. H2SO4, EA*    2 H2O, warm, Hyd

C–O–S linkage; H2SO4 regenerated in step 2.

Alkylation: 1° → 2° → 3° → quaternary ammonium salt
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The carbonyl C and its three bonded
atoms are planar. If addition creates a
chiral centre, attack on either face
gives a racemic mixture.

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 feedstock for ethanol [A]

C6H12O6 → 2CH3CH2OH + 2CO2

Fermentation · yeast, anaerobic conditions, about 30–40 °C

Fractional distillation separates ethanol from the dilute mixture.

Keep the C(=O) group intact in the acyl reactions above.

Excess NH3 or amine also neutralises HCl.

Benzene

Nitrobenzene

NO2

Phenylamine

NH2

Phenylethanone

CO
CH3

1-phenylethanol

CH OH

CH3

Generate the nitronium ion

HNO3 + H2SO4 → NO2
+ + HSO4

- + H2O

NO2
+ is the electrophile. Show the N atom

accepting the ring electron pair in the nitration
mechanism.

Generate the acylium ion

CH3COCl + AlCl3 → CH3C+=O + AlCl4-

AlCl4- + H+ → AlCl3 + HCl

The ring donates an electron pair to the
electrophile. Loss of H+ restores delocalisation;
AlCl3 is regenerated.

Aspirin example: acylate a phenolic –OH

2-hydroxybenzoic acid

OH

COOH

Aspirin

OC(=O)CH3

COOH

The phenolic –OH is acylated; –COOH is retained.

One RP10 example: recrystallise, then check the melting point.

By-product: ethanoic acid. Ethanoic anhydride avoids HCl fumes.

Acid anhydride
RC(=O)OC(=O)R

Carboxylic acid
2RCOOH

Ester
RCOOR′

Primary amide
RCONH2

Secondary amide
RCONHR′

Alcohol gives an ester + RCOOH. With excess NH3 or amine, the acid by-product becomes an ammonium carboxylate salt.
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Keep track of the carbon skeleton
Cyanide substitution or addition adds one carbon. RCN reduction gives RCH2NH2. Thermal cracking: e.g.
C10H22 → C8H18 + C2H4. Catalytic cracking uses a zeolite, high temperature and slight pressure. Excess
NH3 favours a primary amine; excess halogenoalkane promotes further alkylation.

Salts and amino-acid ions
RCOOH + NaOH → RCOO- Na+ + H2O [S]. RNH2 + HCl → RNH3

+ Cl-. Amino acid in acid:
H3N+CH(R)COOH; zwitterion: H3N+CH(R)COO-; in alkali: H2NCH(R)COO-. Here R is the side chain (H in
glycine). Peptide hydrolysis breaks amide links; apply the correct charges.

Polymers, fats and oils
Diol + dicarboxylic acid → polyester; diamine + dicarboxylic acid, or amino acids → polyamide. Ester/amide links
hydrolyse. Fat + NaOH(aq), heat → soap + glycerol. Fat + methanol / NaOH catalyst, warm → methyl esters
(biodiesel) + glycerol.

Choose conditions for the intended reaction
Aqueous OH- favours substitution; hot ethanolic OH- favours elimination. They can compete.
Unsymmetrical alkene + HBr: consider carbocation stability. 3° alcohols resist dichromate
oxidation. NaBH4 reduces carbonyls, not ordinary acids or nitriles.

A map is only part of your revision
Use Chemistry Help for explanations, mechanisms, practice and exam questions. Scan for AQA organic synthesis.
Generic structures show connectivity. R groups can differ between routes; repeated labels connect the same functional-group chemistry.
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Thermal cracking
High temperature and pressure

Also forms smaller hydrocarbons

Cl2, UV
RS* · further substitution possible

HBr
EA*

Steam / H3PO4
EA* · heat, pressure

Conc. H3PO4 or H2SO4
Elim* · heat · dehydration

NaOH(aq), warm
NS* · hydrolysis

Hot ethanolic KOH
Elim* · heat under reflux

KCN in ethanol/water, reflux
NS* · adds one carbon

Excess NH3 in ethanol, heat
NS* · suitable sealed apparatus

H2 / Ni, heat
Red Excess R′X · repeated steps

NS* · ethanol, heat

Br2, room temperature
EA* · bromine decolourised

Addition
polymerisation

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

2° alcohol · acidified K2Cr2O7
Ox · heat under reflux

NaBH4(aq)
NA* · Red → 1° alcohol

NaBH4(aq)
NA* · Red → 2° alcohol

1 KCN(aq)   2 dilute acid
NA* · adds one carbon

1 KCN(aq)
2 dilute acid
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

H2O, room temperature
NAE* · also forms HCl

R′OH, room temperature
NAE* · also forms HCl

Excess NH3
NAE* · room temperature

Excess primary amine, R′NH2
NAE* · room temperature

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

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

CH3COCl / anhydrous AlCl3
ES* · Friedel–Crafts acylation

NaBH4(aq)
NA* · Red

Ethanoic anhydride
Acid catalyst, warm

H2O
NAE · hydrolysis

R′OH
NAE · ester formation

Excess NH3
NAE · room temperature

Excess R′NH2
NAE · room temperature
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