
 
© Adrian Dingle’s Chemistry Pages and ChemEducator LLC 2014 – All rights reserved 

 
 

1 
 

INTRO TO ORGANIC CHEMISTRY TOPIC 4: The Reaction Catalog 
 
 

1 

Type: Substitution 

Reagents: Halogeno compounds with dilute aqueous OH- ions 

Conditions: Warm under reflux 

Example & Equation: 
1-Iodopropane with aqueous NaOH 
 
CH3CH2CH2I(l) + NaOH(aq) è CH3CH2CH2OH(aq) + NaI(aq) 

Notes: Compare to reaction #2, and connect to mechanisms (SN1, SN2) 
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Type: Elimination 

Reagents: Halogeno compounds with OH- ions 

Conditions: Boil under reflux in ethanolic solution 

Example & Equation: 
Bromoethane with concentrated NaOH in ethanol 
 
CH3CH2Br + NaOH(ethanol)è CH2=CH2 + NaBr(ethanol) + H2O 

Notes: Compare to reaction #1 
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Type: Esterification and subsequent hydrolysis of the ester 

Reagents: Carboxylic acids with alcohols (and then with dilute acid or alkali) 

Conditions: Heat under reflux in the presence of concentrated sulfuric acid 

Example & Equation: 
Ethanoic acid with ethanol 
 
CH3COOH(l) + C2H5OH(l) çè CH3CO2C2H5(l) + H2O(l) 

Notes: 

 
The ester can be hydrolyzed in two ways; 
 
Acid hydrolysis (H+/H2O, e.g., dilute HCl): will reverse the process to 
produce the parent acid and alcohol 
 
Alkali hydrolysis (OH-/H2O, e.g., dilute NaOH): will reverse the process but 
the alkali present will react with the re-generated acid to produce the 
corresponding salt 
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Type: Oxidation 

Reagents: Alcohols and aldehydes with oxidizing agents 

Conditions: Warm under reflux 

Example & Equation: 

 
a. Primary alcohols, e.g., butan-1-ol with K2Cr2O7 solution in dilute sulfuric 
acid. Oxidation to form an aldehyde, then further oxidation to yield a 
carboxylic acid in a two step process 
 
CH3CH2CH2CH2OH + [O] è CH3CH2CH2CHO + H2O 
Butan-1-ol    Butanal 
 
CH3CH2CH2CHO  + [O] è CH3CH2CH2COOH 
Butanal     Butanoic acid 
 
Or a single step process to acid directly 
 
CH3CH2CH2CH2OH + 2[O] è CH3CH2CH2COOH + H2O 
Butan-1-ol    Butanoic acid 
  
b. Secondary, e.g., butan-2-ol with Jones’ reagent. Oxidation to form a 
ketone 
 
CH3CH2CH(OH)CH3 + [O] è CH3CH2COCH3 + H2O 
Butan-2-ol    Butanone 
 
c. Tertiary, e.g., 2-methylpropan-2-ol. No oxidation via this method 
 

Notes: 

 
1. There are several different oxidizing agents. Acidified (dilute H2SO4) 
potassium dichromate (VI) and acidified potassium manganate (VII) are 
common. As a useful tool in identification is that both undergo a color 
change when they act as oxidizing agents. Dichromate (VI) changes from 
orange (6+) to green (3+) and manganate (VII) from purple (7+) to 
colorless or very pale pink (2+). Others oxidizing agents include PCC 
(pyridinium chlorochromate) and Jones’ reagent (CrO3 dissolved in acid 
and acetone) 
 
2. If, when oxidizing a 1o alcohol, the aldehyde is the desired product, it 
can be obtained by either keeping the alcohol in excess and distilling off 
the aldehyde before it has a chance to be oxidized further, or by simply 
using PCC as the oxidizing agent (PCC only causes the oxidation to the 
aldehyde and no further). If the acid is the desired product then keep the 
oxidizing agent in excess 
 
3. In the balanced equations, [O] is used to represent an oxidizing agent. 
In a similar fashion [H] is used to represent a reducing agent. Compare to 
reaction #5 
 
4. 1o, 2o and 3o alcohols are those with 1, 2 and 3 R groups respectively, 
attached to the carbon atom that bears the –OH group 
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Task 4a 

 

1. Which of the following compounds would be oxidized by acidified potassium dichromate (VI)? 
Propan-1-ol, propan-2-ol, 2-methylpropan-2-ol. 

 

2. Write equations for any reactions that occur, name the products and state what you would 

expect to observe. 

 

3. Write half reactions to show the change occurring in the dichromate (VI) ion and the 

manganate (VII) ion when they act as oxidizing agents. 

 

5 

Type: Reduction 

Reagents: Carboxylic acids, aldehydes and ketones with reducing agents 

Conditions: Room Temperature 

Example & Equation: 

 
a. Carboxylic acid with reducing agent, e.g., benzoic acid with LiAlH4 in 
dry, ethoxyethane. Cool then add water 
 
C6H5COOH(s) + 4[H] è C6H5CH2OH(l) + H2O 
 
b. Aldehyde with a reducing agent, e.g., benzealdehyde with NaBH4 in 
water 
 
C6H5CHO + 2[H] è C6H5CH2OH 
 
c. Ketone with a reducing agent, e.g., propanone with NaBH4 in water 
 
(CH3)2C=O + 2[H] è CH3CH(CH3)OH 
 

Notes: 

 
There are several different reducing agents that can be used. Lithium 
aluminum hydride and sodium borohydride are the most common. LiAlH4 
is used under dry conditions to avoid a reaction with water, hence use in 
ethoxyethane solvent 
 
Compare to reaction #4 
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Type: Substitution (free radical) 

Reagents: Alkanes with halogens 

Conditions: Ultra-violet light at room temperature 

Example & Equation: 

 
Ethane with chlorine in ultra-violet (sun) light 
 
C2H6(g) + Cl2(g) è C2H5Cl(g) + HCl(g) 
 

Notes: 

 
Similar reaction occurs with Br2. Practical problems occur when multiple 
substitutions take place. To avoid this, use an excess of the alkane 
 
See TOPIC 3 for the mechanism 
 
Compare to reaction #7 that can take place ‘in the dark’ (without light) 
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Type: Heterolytic electrophilic addition 

Reagents: Alkenes with halogens, hydrogen halides or water/H2SO4 

Conditions: 

 
In the dark in the gaseous phase. Alternatively dissolve halogen in an 
inert solvent such as tetrachloromethane at room temperature 
 

Example & Equation: 

 
a. Ethene with bromine 
 
C2H4(g) + Br2(g) è CH2BrCH2Br(l) 
 
b. Ethene with hydrogen halides 
 
(i) symmetrical 
 
Ethene with hydrogen bromide gas at RT. Only one possible product 
 
C2H4(g) + HBr(g) è CH3CH2Br(l) 
 
(ii) unsymmetrical 
 
Propene with hydrogen bromide gas. Two possible products 
 
CH2=CHCH3(g) + HBr(g) è CH3CHBrCH3(l) (2-bromopropane) 
 

and/or 
 
CH2=CHCH3(g) + HBr(g) è CH2BrCH2CH3(l) (1-bromopropane) 
 
c. Propene with conc. sulfuric acid followed by addition of water at RT 
 
CH3CH=CH2 + H2SO4 è CH3CH(OSO3H)CH3 
 
Then, on warming with H2O, the propyl-2-hydrogensulfate is hydrolyzed to 
an alcohol. The effect is the addition of water across the C=C bond. 
Markovnikov’s rule (see below) is obeyed 
 
CH3CH(OSO3H)CH3(l) + H2O(l) è CH3CH(OH)CH3(aq) + H2SO4(aq) 
 

Notes: 

 
Of the two possible products of the addition of HBr to the unsymmetrical 
alkene, the 2-bromopropane is predominant. In such cases the more 
electronegative end of the incoming molecule (in this case Br), will add to 
the C atom with the least number of H atoms attached to it. This is called 
Markovnikov’s rule. The explanation lies in the mechanism. In the reaction 
a carbocation is formed. The 2o carbocation is more stable than the 1o 
(due to increased delocalization in the 2o), and so it is formed 
preferentially. See TOPIC 3 for mechanism 
 
Compare to reaction #6 that needs light for halogenation 
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Type: Dehydration 

Reagents: Alcohols and a dehydrating agent 

Conditions: Various 

Example & Equation: 

 
Ethanol heated over aluminum oxide at 350oC, or refluxed with excess 
concentrated sulfuric acid at 170oC 
 
C2H5OH(l) è CH2=CH2(g) + H2O(l) 
 

Notes: 
 
Essentially the ‘opposite’ of reaction #7c 
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Type: Halogenation 

Reagents: Alcohols with halogenating agents 

Conditions: Various  

Example & Equation: 

 
With HCl. e.g., ethanol refluxed with concentrated HCl 
 
C2H5OH + HCl  è C2H5Cl + H2O 
  
With SOCl2. e.g., ethanol refluxed with SOCl2 
 
C2H5OH + SOCl2 è C2H5Cl + SO2 + HCl 
 
With PCl5. e.g., ethanol with dry PCl5 at room temperature 
 
C2H5OH + PCl5  è C2H5Cl + POCl3 + HCl 
 
With NaBr in 50% sulfuric acid and heat under reflux 
 
C2H5OH + HBr  è C2H5Br + H2O 
 
With red phosphorous and bromine or iodine (which makes PXy ‘in situ’) 
and dry, warm gently under reflux 
 
3C2H5OH + PBr3 è 3C2H5Br + P(OH)3 
 

Notes: 

 
SOCl2 has a distinct advantage over the others since the unwanted by-
products are gases and can be easily removed 
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Type: Halogenation 

Reagents: Carboxylic acid with dry PCl5 or SOCl2 

Conditions: ‘In the cold’ 

Example & 
Equation: 

 
Ethanoic acid with PCl5 
 
CH3COOH(l) + PCl5 è CH3COCl(l) + POCl3 + HCl 
 

Notes: ‘In the cold’ means without the need for heating, so at RT 
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Type: Nitration of an arene 

Reagents: Benzene and nitrating mixture (concentrated HNO3/H2SO4) 

Conditions: Reflux < 50oC (higher temperatures lead to multiple substitution) 

Example & 
Equation: 

 
Benzene with nitrating mixture 
 
C6H6 + HNO3  è C6H5NO2

 + H2O 
 

Notes: See TOPIC 3 for mechanism 
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Type: Alkylation & acylation (electrophilic substitution) 

Reagents: Benzene with a haloalkane or with an acid chloride 

Conditions: Heat under reflux at 40oC, in the dark with anhydrous aluminum chloride 

Example & 
Equation: 

 
Benzene with dry chloroethane 
 
C6H6(l) + C2H5Cl(l) è C6H5C2H5(l) + HCl(g) 
 
Benzene with dry ethanoyl chloride 
 
C6H6(l) + CH3COCl è C6H5COCH3 + HCl 
 

Notes: See TOPIC 3 for mechanism 
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Type: Oxidation of arene alkyl side chains 

Reagents: Arene with an alkyl side-chain with potassium manganate (VII) and NaOH 

Conditions: Heat under reflux 

Example & 
Equation: 

 
Methylbenzene boiled with KMnO4 in dilute NaOH(aq), reflux. 
 
C6H5CH3 + 3[O] è C6H5COOH + H2O 
 

Notes: Regardless of length, side chains can be oxidized to benzoic acid 
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Type: Substitution 

Reagents: Halogeno compounds with CN- or NH3 

Conditions: Various 

Example & 
Equation: 

 
2-Iodobutane with KCN dissolved in ethanol and boiled under reflux 
 
CH3CH2CHICH3 + KCN è CH3CH2CH(CN)CH3 + KI 
 
Iodoethane with NH3 dissolved in ethanol and heated in a sealed tube to 
create a high pressure 
 
C2H5I + NH3 è C2H5NH2 + HI 
 

Notes: Reaction with CN- is important since it increases the length of the chain 
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Type: Grignard 

Reagents: Halogeno compound and magnesium then various subsequent 

Conditions: Dry ether, iodine and cooling, then subsequent 

Example & 
Equation: 

 
Halogeno compounds with magnesium to form Grignard reagents and the 
subsequent reactions to form alcohols and carboxylic acids 
 
A Grignard reagent is prepared by adding magnesium turnings to a 
halogenoalkane in dry ether with a trace of iodine. The reaction is 
exothermic so cooling is required 
 
e.g., CH3CH2Br + Mg è CH3CH2MgBr 
 
The Grignard reagent can then react in a number of ways; 
 
a. With water at room temperature to produce an alkane 
 
CH3CH2MgBr + H2O è CH3CH3 + Mg(OH)Br 
 
b. With gaseous methanal followed by dilute HCl at room temperature to 
produce a primary alcohol 
 
CH3MgBr + HCHO è CH3CH2OMgBr  
CH3CH2OMgBr + H2O è CH3CH2OH + Mg(OH)Br 
 
c. With any other aldehyde followed by dilute HCl at room temperature to 
produce a secondary alcohol. e.g., with ethanal 
 
CH3MgBr + CH3CHO  è CH3C(CH3)HOMgBr 
CH3C(CH3)HOMgBr + H2O è CH3C(CH3)HOH + Mg(OH)Br 
 
d. With a ketone followed by dilute HCl at room temperature to produce a 
tertiary alcohol. e.g., with propanone 
 
CH3MgBr + CH3COCH3 è (CH3)3COMgBr 
(CH3)3COMgBr + H2O è (CH3)3COH 
 
e. With solid carbon dioxide followed by dilute HCl at -70oC then room 
temperature to produce a carboxylic acid 
 
CH3MgBr + CO2 è CH3COOMgBr 
CH3COOMgBr + HCl è CH3COOH + MgBrCl 
 

Notes: 

 
Reaction a. is not used as a method for preparing alkanes, only to 
illustrate why it is necessary to carry out the other reactions in dry ether 
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Type: Substitution 

Reagents: Acid chlorides with various reagents 

Conditions: Various 

Example & 
Equation: 

 
a. Ethanoyl chloride with water at room temperature 
 
CH3COCl(l) + H2O(l) è CH3COOH(aq) + HCl(aq) 
 
b. Ethanoyl chloride with dry alcohols at room temperature 
 
CH3COCl(l) + C2H5OH(l) è CH3COOC2H5(l) + HCl(aq) 
 
c. Ethanoyl chloride, cooled, with concentrated aqueous ammonia 
 
CH3COCl(l) + NH3(aq) è CH3CONH2(s) + HCl(aq) 
 
d. Ethanoyl chloride with amines at RT, to produce substituted amides 
 
CH3COCl(l) + C6H5NH2(l) è CH3CONHC6H5(s) + HCl(g) 
 

Notes: Acid chlorides are highly reactive and therefore useful in synthesis 
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Type: Hydrolysis 

Reagents: Nitriles and aqueous acid 

Conditions: Boiling under reflux 

Example & 
Equation: 

 
Ethanonitrile boiled with HCl 
 
CH3CN(l) + 2H2O + HCl è CH3COOH(l) + NH4Cl 
 

Notes: Other acids could be used 
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Type: Reduction 

Reagents: Nitriles and LiAlH4 

Conditions: Boiling under reflux in ethoxyethane at 0oC, then add water 

Example & 
Equation: 

 
Propanonitrile with LiAlH4 
 
CH3CH2CN(l) + 4[H] è CH3CH2CH2NH2 
 

Notes: Nitrogen atoms become ‘saturated’ with H 
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Type: Acid-Base 

Reagents: Primary amines with hydrogen ions  

Conditions: Room temperature 

Example & 
Equation: 

 
Methylamine with dilute H2SO4 
 
2CH3NH2(g) + H2SO4(aq) è 2CH3NH3

+ SO4
2-

(aq) 
 
Amine can be regenerated by addition of a warm strong alkali like KOH 
   
CH3CH2NH3

+Cl-(s) + KOH(aq) è CH3CH2NH2(l) + KCl(aq) + H2O(l) 
 

Notes: 

 
The lone pair on the nitrogen acts as a base by accepting a proton from 
the acid forming a salt 
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Type: Dehydration 

Reagents: Amides and P4O10 

Conditions: Heating with excess dehydrating agent 

Example & 
Equation: 

 
Propanamide heated with an excess of solid phosphorous (V) oxide 
 
6CH3CONH2 + P4O10è 6CH3CN(l) + 4H3PO4(l) 
 

Notes: Other dehydrating agents are possible 
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Type: Hofmann degradation 

Reagents: Amides with Br2 in OH- 

Conditions: Heat at 70oC 

Example & 
Equation: 

 
Ethanamide heated at 70oC with bromine and concentrated potassium 
hydroxide 
 
CH3CONH2 + Br2 + 4KOH è CH3NH2 + K2CO3 + 2KBr + 2H2O 
 

Notes: 

 
This reaction is extremely important in synthesis, since it reduces the 
length of the carbon chain 
 

 


