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HYDROCARBONS 

Hydrocarbons are compounds that contain only carbon and hydrogen and are divided into two main classes: 

aliphatic hydrocarbons and aromatic hydrocarbons. 

 

Aliphatic hydrocarbons include three major groups: alkanes, alkenes, and alkynes. Alkanes are 

hydrocarbons in which all the bonds are single bonds, alkenes contain acarbon–carbon double bond, and 

alkynes contain a carbon–carbon triple bond. Examplesof the three classes of aliphatic hydrocarbons are the 

two-carbon compounds ethane, ethylene, and acetylene. 

 

                                              

 

 

 

                                         

 

 

Aromatic hydrocarbons are known as arenes. Arenes have properties that are much different from alkanes, 

alkenes, and alkynes. The most important aromatic hydrocarbon is benzene.A succession of hydrocarbons 

that differ from each other by one methylene group (—CH2—) is a homologous series. Chemists often call 

each compound in a homologous series a homolog. 



 

For molecules that contain a large number of atoms or complex structures, drawing every bond and every 

atom is time and space consuming. A common notation developed to abbreviate the drawing without 

sacrificing the clarity of the structure is the condensed structural formula shown below for heptane: 

 

CH3CH2CH2CH2CH2CH2CH3  or CH3(CH2)5CH3 

 

Often, chemists combine the bond-line and condensed notations to clarify a structure or emphasize specific 

features. Bond-line formulas represent the carbon atoms as the intersection of lines and as line ends. 

                   

                                                                 

methylcyclopentane 

 

Exercise 

Redraw each of the following condensed structural formulas using the bond-line notation. 

   

 

 

 

 

 

 



 

Exercise 

Redraw each of the following bond-line structural formulas as condensed structures. 

 

 

                                               

 

ALKANES 

Of the various groups of organic compounds, alkanes have the simplest structure. Alkanes are hydrocarbons 

in which all the carbons form sp3 hybridized bonds; thus, each carbon atom bonds with four other atoms in 

the tetrahedral shape. Because each carbon atom in an alkane bonds to four other atoms, chemists say they 

are saturatedhydrocarbons. 

 

Alkanes have the general molecular formula CnH2n+2, and cycloalkanes have the general molecular formula 

CnH2n. The molecular formula for the seven-carbon alkane, heptane, is C7H16. The molecular formula for 

the sevencarbon cycloalkane, cycloheptane, is C7H14. 

                           

 

Source 

Natural gas and petroleum deposits make up the world’s largest source of alkanes. Petroleum is a complex 

mixture of hydrocarbons and must be refined into fractions before it can be used. 

 



                   

 

Alkyl groups 

An alkyl group is an alkane portion of a molecule, with one hydrogen atom removed to allow bonding to 

the rest of the molecule.  

 

            

 

 

The table below gives the name of some members of the alkane family and their condensed formular 

 

 

 

 

 

 

 

 

 



 

Nomenclature 

Step 1 Find the longest possible chain of carbon atoms. Name this chain based on the number of carbons in 

this chain. If there is more than one chain of the same length, choose the one with the simpler substituents. 

Step 2 Number the carbons on the longest chain. Begin numbering from the end closest to a substituent on 

the chain. 

Step 3 Name any substituents using the alkane name for the number of carbons in the chain, changing the –

ane suffix to –yl. 

Step 4 List the names of the substituents alphabetically. Precede each substituent with a number and a dash. 

Immediately follow the last substituent by the name of the longest chain. 

Step 5 If there are multiple instances of a substituent, list the substituent name with the prefix di–, tri–, etc., 

indicating the number of identical substituents. Number each substituent and separate the numbers with 

commas. 

Step 6 When the alkane chain is complex or has more carbons than a cyclo alkane ring, name the ring as a 

substituent on the alkane chain. Follow the above steps for naming a normal alkane and for naming a 

cycloalkane. Call the ring a cycloalkyl group. 

 

                                                      

 

Step 6 When one ring is attached to another ring, call the larger ring the parent compound. Use the above 

steps for naming the cycloalkane and cycloalkyl portions of the compound. 

 

                                                               

 



 

Exercise 

1. Name each of the following compound following the IUPAC pattern 

 

                

 

More examples: 

             

 

2. Name each of the following compounds using IUPAC system 

 

 

 



 

3. Name the following cycloalkanes using IUPAC 

 

 

 

PREPARATION OF ALKANES 

1. Hydrogenation of unsaturated hydrocarbons 

 

Alkenes or alkynes, in the presence of nickel or platinum catalyst, can be hydrogenated to give alkanes.The 

use of platinum and palladium catalyst takes place at room temperature while Nickel catalyt needs higher 

temperature of about 250 to 300˚C. 

e.g  

CH2CH2 + H2      → CH3CH3 

 

CHCH + 2H2 → CH3CH3 

2. From alkyl halides  

The preparation of alkanes from alkyl halides can be achieved in a number of methods which include: 

i. Reduction 

The alkyl halides are reduced with zinc, HCl and HI to the corresponding alkanes. 

 



 

 

R-X + 2H   →   RH + HX 

CH3I + 2H   →   CH4 + HI 

 

ii. Wurtz reaction 

This method is used for preparing higher alkanes. RX when heated with Na metal in ether solution results in 

alkanes. Here, two molecules of alkyl halides are required. 

 

2RX + 2Na    ether   →         R-R + 2NaX 

iii. Frankland Method 

This is also used in preparation of higher alkanes and it involves heating of alkyl halides with zinc in an inert 

solvent. Two molecules of alkyl halides are also required. 

 

RX + Zn + RX      →   R-R + ZnX2 

 

iv. Grignard reaction 

The Grignard reagent (RMgX) is an important reagent employed in organic chemistry for variety of 

purposes. They are obtained by adding a solution of alkyl halide in dry ether to metallic magnesium. The 

metal dissolves to form a cloudy solution containing alky magnesium halide. 

 

RX + Mg     +    dry ether    →      RMgX 

 

Grignard reagents when treated with compounds containing active hydrogen (e.g water, alcohols, amines, 

etc ) gives the pure alkanes. e.g  

 

C2H5MgBr + H2O    →     C2H6 + Mg(OH)Br 

 



 

C2H5MgBr + HOCH3     →   C2H6 + Mg(OCH3)Br 

 

 

3. Decarboxylation 

When sodium salts of alkanoic acids are heated with soda lime, a molecule of CO2 is eliminated to give the 

required alkane. 

RCOONa + NaOH      →     RH + Na2CO3 

 

C2H5COONa + NaOH   →     C2H6 + Na2CO3 

 

 

4. Kolbe’s electrolytic method 

Electrolysis of the sodium salt of mono carboxylic acids results in the formation of higher alkanes. 

 

RCOONa + 2H2O   →   R-R  +  2CO2 + 2NaOH + H2 

 

The mechanism of the above process is known to proceed through a free radical path 

 

CH3COONa  →    CH3COO- + Na+ 

 

At anode: 

2CH3COO-   -  2e   →    2CH3COO. →    2CH3
. + 2CO2 

 At cathode: 

 

2Na++ 2e-    →     2Na   →    2NaOH + H2 

 

 



 

 

PHYSICAL PROPERTIES 

Alkanes are nonpolar, so they dissolve in nonpolar or weakly polar organic solvents. Alkanes are said to be 

hydrophobic (“water hating”) because they do not dissolve in water.  

 

The boiling points increase smoothly with increasing numbers of carbon atoms and increasing molecular 

weights.For branched chain alkanes, the more the branching in the molecule, the lower the boiling point. 

This is because the intermolecular attraction decreases with branching hence the boiling point is lowered. 

 

REACTIONS OF ALKANES 

 

Alkanes are the least reactive class of organic compounds. Their low reactivity is reflected in another term 

for alkanes: paraffins. The name paraffin comes from two Latin terms, parum, meaning “too little,” and 

affinis, meaning “affinity.” Chemists found that alkanes do not react with strong acids or bases or with most 

other reagents. They attributed this low reactivity to a lack of affinity for other reagents, so they coined the 

name “paraffins.” Most useful reactions of alkanes take place under energetic or high-temperature 

conditions. These conditions are inconvenient in a laboratory because they require specialized equipment, 

and the rate of the reaction is difficult to control.  

 

1. Combustion 

Combustion is a rapid oxidation that takes place at high temperatures, converting alkanes to carbon dioxide 

and water. Little control over the reaction is possible, except for moderating the temperature and controlling 

the fuel/air ratio to achieve efficient burning. 

 



 

 

2. Cracking and Hydrocracking 

Catalyticcracking of large hydrocarbons at high temperatures produces smaller hydrocarbons. The cracking 

process usually operates under conditions that give the maximum yields of gasoline. In hydrocracking, 

hydrogen is added to give saturated hydrocarbons; cracking without hydrogen gives mixtures of alkanes and 

alkenes. 

 

catalytic hydrocracking: 

 

                 

 

catalytic cracking: 

 

 

 

 

 



 

3. Halogenation 

Alkanes can react with halogens to form alkyl halides. For example, methane reacts with chlorine to form 

chloromethane (methyl chloride), dichloromethane (methylene chloride), trichloromethane (chloroform), 

and tetrachloromethane (carbon tetrachloride). Heat or light is usually needed to initiate this halogenation. 

Reactions of alkanes with chlorine and bromine proceed at moderate rates and are easily controlled. 

 

A chain reaction mechanism has been proposed to explain the chlorination of methane. 

A chain reaction consists of three kinds of steps: 

 

i. The initiation step, which generates a reactive intermediate. 

                               

ii. Propagation steps, in which the reactive intermediate reacts with a stable molecule to form a 

product and another reactive intermediate, allowing the chain to continue until the supply of 

reactants is exhausted or the reactive intermediate is destroyed. 

 

                            

 

                        

 

 

 



 

The chlorine radical generated in step 2 goes on to react in step 1, continuing the chain. 

 

iii. Termination steps, side reactions that destroy reactive intermediates and tend to slow or stop the 

reaction. The following are some of the possible termination reactions in the chlorination of 

methane: 

     

 

 

Structure of methane 

The simplest alkane is methane, CH4. Methane is perfectly tetrahedral, with the 109.5° sp3 bond angles 

predicted for an sp3 hybridized carbon. Four hydrogen atoms are covalently bonded to the central carbon 

atom, with bond lengths of 1.09 Å. 

                                                   

 

 

 

 

 

 

 

 

 

 



 

ALKENES 

Alkenes are hydrocarbons that contain carbon–carbon double bonds. A carbon–carbon double bond is the 

most reactive part of an alkene, so we say that the double bond is the functional group of the alkene. Alkene 

names end in the -ene suffix. If the double bond might be in more than one position, then the chain is 

numbered and the lower number of the two double-bonded carbons is added to the name to indicate the 

position of the double bond. The double bond consists of a sigma and pi bond. 

 

 

                               

 

                  

 

 

Physical properties of alkenes 

 

The first three members are gases. C5 to C15 are liquids while others are solids at normal temperature and 

pressure. They are insoluble in water but soluble in organic solvents. 

 

TERMS ASSOCIATED WITH ALKENES 

Symmetrical alkenes: these are alkenes in which both doubly bonded carbon atoms have identical atoms or 

groups attached to them.e.g but-2-ene, ethane, Cis-1,2-dibromo, 1,2-dichloroethene. 

Unsymmentrical alkenes: these are alkenes in which we have a dissimilar pattern of substituents on the two 

double bonded carbon eg. Propene 

Terminal alkenes: these alkenes have their double bonds at one end of the carbon chain. E.g but-1-ene 



 

 

SYNTHESIS OF ALKENE 

 

1. Debromination of Vicinal Dibromides 

Dehydrohalogenation is the elimination of a hydrogen and a halogen from an alkyl halide to form an alkene. 

Vicinal dibromides (two bromines on adjacent carbon atoms) are converted to alkenesby reduction with 

iodide ion in acetone. This debromination is rarely an importantsynthetic reaction, because the most likely 

origin of a vicinal dibromide is from brominationof an alkene (Section 8-10). We discuss this reaction with 

dehydrohalogenationbecause the mechanisms are similar. 

 

                      

 

 

2. Dehydration of alcohols 

This is a common method for making alkenes. The word dehydration literally means “removal of water.” 

Dehydration can be forced to completion by removing the products from the reaction mixture as they form. 

The alkene boils at a lower temperature than the alcohol 

because the alcohol is hydrogen bonded. 

 

                                    

 

 

 

 



 

The hydroxyl group of the alcohol is a poor leaving group but protonation by the acidic catalyst converts it 

to a good leaving group H2O In the second step, loss of water from the protonated alcohol gives a 

carbocation. The carbocation is a very strong acid: Any weak base such as H2O or HSO4- can abstract the 

proton in the final step to give the alkene. 

 

3. Reduction of alkynes 

                                     

                   

 

4. Catalytic Cracking of Alkanes 

The least expensive way to make alkenes on a large scale is by the catalytic cracking of petroleum: heating a 

mixture of alkanes in the presence of a catalyst (usually aluminosilicates). Alkenes are formed by bond 

cleavage to give an alkene and a shortened alkane. 

                         

 

5. Dehydrogenation of Alkanes 

Dehydrogenation is the removal H2 of from a molecule, just the reverse of hydrogenation. Dehydrogenation 

of an alkane gives an alkene. 

                                      

 

 



 

 

REACTIONS OF ALKENES 

 

Alkenes are more reactive when compared to alkanes. The high reactivity is due to the presence of a pi 

bond. The pi bond are weak compared to sigma bond hence available to any reagent that is electron seeking. 

 

Because single bonds (sigma bonds) are more stable than pi bonds, the most common reactions of double 

bonds transform the pi bond into a sigma bond. For example, catalytichydrogenation converts the C=C pi 

bond and the H-H sigma bond into two sigma bonds. 

 

1. Hydrogenation 

When an alkene is treated with hydrogen in the presence of a platinum catalyst, hydrogen adds to the double 

bond, reducing the alkene to an alkane. Hydrogenation is mildly exothermic, evolving about 80 to 120 kJ 

(20 to 30 kcal) of heat per mole of hydrogen consumed. 

                                

 

2. Hydrohalogenation 

This example shows what happens when gaseous HBr adds to but-2-ene. The proton in HBr is electrophilic; 

it reacts with the alkene to form a carbocation. Bromide ion reacts rapidly with the carbocation to give a 

stable product in which the elements of HBr have added to the ends of the double bond. 

 

 

 



 

 

Step 1: Protonation of the double bond forms a carbocation. 

                                         

Step 2: Bromide ion attacks the carbocation. 

                                        

 

Markovnikov’s Rule 

The simple mechanism shown for addition of HBr to but-2-ene applies to a large number of electrophilic 

additions. We can use this mechanism to predict the outcome of some fairly complicated reactions. For 

example, the addition of HBr to 2-methylbut-2- ene could lead to either of two products, yet only one is 

observed. 

 

MARKOVNIKOV’S RULE: The addition of a proton acid to the double bond of an alkene results in a 

product with the acid proton bonded to the carbon atom that already holds the greater number of hydrogen 

atoms. 

          

The first step is protonation of the double bond. If the proton adds to the secondary carbon,the product will 

be different from the one formed if the proton adds to the tertiary carbon. 

 

 

 

 

 



 

 

                 

 

                       

 

 

When the proton adds to the secondary carbon, a tertiary carbocation results. When theproton adds to the 

tertiary carbon atom, a secondary carbocation results. The tertiary carbocationis more stable, so the first 

reaction is favoured. 

 

Nb: Stability of carbocations: 3̊>2̊>1̊> CH3An electrophile adds to a double bond to give the most 

stablecarbocation in the intermediate 

 

Predict the major products of the following reactions, and propose mechanisms to support your predictions. 

i. pent-1-ene + HCl  

ii. 2-methylpropene + HCl 

iii. When 1-chlorocyclohexene reacts with HBr, the major product is 1-bromo-1 chlorocyclohexane. 

Propose a mechanism for this reaction, and explain why your proposed intermediate is more 

stable than the other possible intermediate. 

iv. Show how you would accomplish the following synthetic conversions. 

2-methylbutan-2-ol to 2-bromo-3-methylbutane 

but-1-ene to 2-bromobutane 



v. Show how you would accomplish the following synthetic conversions. 

2-bromo-2, 4-dimethylpentane:2, 4-dimethylpentan-3-ol 

but-1-ene: butan-1-ol but-1-ene: butan-2-ol 

 

3. Addition of water 

An alkene may react with water in the presence of a strongly acidic catalyst to form an alcohol. Formally, 

this reaction is a hydration (the addition of water), with a hydrogen atom adding to one carbon and a 

hydroxyl group adding to the other. 

                                

 

4. Addition of halogens 

Halogens add to alkenes to form vicinal dihalides. 

Step 1: Electrophilic attack forms a halonium ion. 

                                      

Step 2: The halide ion opens the halonium ion. 

                                                            

 

Addition of Br2 to propene 

Step 1 

                                      



Step 2 

                                                    

 

An epoxide is a three-membered cyclic ether, also called an oxirane. Epoxides arevaluable synthetic 

intermediates used for converting alkenes to a variety of other functionalgroups. An alkene is converted to 

an epoxide by a peroxyacid, a carboxylic acidthat has an extra oxygen atom in a –O-O- (peroxy) linkage. 

          

 

5. Ozonolysis 

 

Alkenes can be oxidized with ozone to form alcohols, aldehydes or ketones, or carboxylic acids. In a typical 

procedure, ozone is bubbled through a solution of the alkene in methanol at −78 °C until the solution takes 

on a characteristic blue color, which is due to unreacted ozone. 

 

 

               

 

 

One of the most common uses of ozonolysis has been for determining the positions of double bonds in 

alkenes. 

 

https://en.wikipedia.org/wiki/Ozone
https://en.wikipedia.org/wiki/Alcohol
https://en.wikipedia.org/wiki/Aldehyde
https://en.wikipedia.org/wiki/Ketone
https://en.wikipedia.org/wiki/Carboxylic_acid
https://en.wikipedia.org/wiki/Methanol


 

 

Exercise 

 

Give structures of the alkenes that would give the following products upon ozonolysis–reduction. 

              

               

             

 

Chemical test to distinguish between saturated and unsaturated hydrocarbons 

i. Test using bromine water (HOBr) 

Prepare a solution of the test substance by dissolution in small amount of tetrachloromethane. Add about 4 

drops of bromine water to the solution. If the reddish brown colour of the bromine water disappears then the 

compound is unsaturated. If it remains it is saturated (You can also bubble directly into the bromine water). 

      CH2CH2(g) + HOBr(aq)  →    CH2(OH)CH2Br(aq) 

ii. Test using potassium tetraoxomanganate(VII) solution (KMnO4) 

Add drops of acidified KMnO4 to a solution of the test substance. If the purple solution of KMnO4 is 

decolourised, then the compound is unsaturated. Saturated hydrocarbon will not decolourise the purple 

colour of potassium tetraoxomanganate(VII) solution. 



Question: difference between saturated and unsaturated hydrocarbons in terms of nature of flame 

 

Answer. When saturated compounds are burnt in air, they give a clear (blue) flame but the burning of 

unsaturated compounds (akenes and alkynes) gives a sooty (yellowish) flame. Actually, saturated 

compounds contain comparatively less percentage of carbon which get completely oxidized by the oxygen 

present in air. On the other hand, the percentage of carbon in unsaturated compounds is more and it requires 

more oxygen to get completely oxidized that is not fulfilled by air. So due to incomplete oxidation they burn 

with a sooty flame. 

 

 

 

ALKYNES 

 

These are hydrocarbons with carbon–carbon triple bonds as their functional group. Alkyne names generally 

have the -yne suffix, although some of their common names (acetylene, for example) do not conform to this 

rule. The triple bond is linear, so there is no possibility of geometric (cis-trans) isomerism in alkynes. 

 

A triple bond gives an alkyne four fewer hydrogens than the corresponding alkane. Its molecular formula is 

like that of a molecule with two double bonds: Therefore, the triple bond contributes two elements of 

unsaturation (eu). CnH2n-2. 

 

The carbon-carbon triple bond is made up of one sigma and two pi bonds, often called the acetylenic 

linkage. 

 

NOMENCLATURE IN ALKYNES 

If the molecule contains more than one triple bond, the suffix ‘ane’ of the parent alkane is replaced with 

‘diyne’ if three, ‘triyne’ etc. e.g  CHCCCCCH 

 



 

 

 

Isomerism in alkynes 

i. Chain isomerism 

This is due to difference in the type of carbon skeleton or chain. For example C5H8 is represented by two 

formulae, which are chain isomers. 

Pent-1-yne(straight) and 3-methybut-1-yne (branched) 

ii. Position isomerism 

This is due to difference in the position of triple bond in the chain. Example is but-1-yne and but-2-yne. 

iii. Functional isomerism 

Alkynes are isomeric with dienes e.g butyne and but-1, 2-diene.  

 

Chemical properties 

Many of an alkyne’s chemical properties depend on whether there is an acetylenic hydrogen that is, whether 

the triple bond comes at the end of a carbonchain. Such an alkyne is called a terminal alkyne or a terminal 

acetylene. If the triple bond is located somewhere other than the end of the carbon chain, the alkyne is 

called an internal alkyne or an internal acetylene. 

 

 

                                       

 

1. Combustion of Alkynes 

Ethyne burn in air with a luminous, smoky flame, (forming carbon dioxide and water).  

 

 



   2 C2H2   +   5 02       →    4 CO2   +   2 H2O              

 

 

   

The ethynes are highly dangerously explosives when mixed with air or oxygen. 

2. Ozonolysis of alkynes generally gives an acid anhydride or diketone product, not complete 

fragmentation as for alkenes. A reducing agent is not needed for these reactions. The exact 

mechanism is not completely knownIf the reaction is performed in the presence of water; the 

anhydride hydrolyses to give two carboxylic acids. 

3. Oxidation of Alkynes  

Ethyne is oxidised by a dilute aqueous solution of potassium permanganate to form oxalic acid. Thus, if 

ethyne is bubbled through a solution of potassium permanganate the solution is decolourised. This is 

Baeyer's test for unsaturated organic compounds.  

 

C2H2  + KMnO4 → H2C2O4 

4. Alkylation of Alkynes 

Terminal alkynes deprotonated using an appropriate base (typically NaNH2) to generate a carbanion. The 

acetylide carbanion is a good C nucleophile and can undergo nucleophilic substitution reactions alkyl 

halides (Cl, Br or I) which have electrophilic C to produce an alkyne. 

                                       

 

 

 

 

 



 

 

 

 

Question:  

i. starting from ethyne, show how you would prepare hexanol 

ii. starting from a named terminal alkynes show how you would prepare heptanol 

 

Physical properties 

The physical properties of alkynes are similar to those of alkanes and alkenesof similar molecular weights. 

Alkynes are relatively nonpolar and nearly insoluble inwater. The terminal alkynes are slightly soluble due 

to the polarity of the terminal CH. They are quite soluble in most organic solvents, including acetone, ether, 

methylenechloride, chloroform, and alcohols. Many alkynes have characteristic, mildlyoffensive odours. 

Ethyne, propyne, and the butynes are gases at room temperature. 

 

SYNTHESIS OF ALKYNES 

1. Alkylation of Acetylide Ions 

An acetylide ion is a strong base and a powerful nucleophile. It can displace a halideion from a suitable 

substrate, giving a substituted acetylene. 

 

                    

           

 



NB:Alkylation of acetylide ions is an excellent way of lengthening a carbon chain. The triple bond can later 

be reduced (to an alkane or an alkene) if needed. 

 

 

 

Example: 

Show how to synthesize dec-3-yne from acetylene and any necessary alkyl halides. 

Solution 

 

 

 

 

Or: show how you can prepare decane using ethyne as the starting raw material. 

 

Exercise: 

Show how you might synthesize the following compounds, using acetylene and any suitablealkyl halides as 

your starting materials. If the compound given cannot be synthesized by thismethod, explain why. 

 

(a) hex-1-yne (b) hex-2-yne 

(c) hex-3-yne (d) 4-methylhex-2-yne 

(e) 5-methylhex-2-yne (f) cyclodecyne 

 

2. Action of water on calcium carbide 

Addition of water to calcium carbide produces acetylene and hydrated lime. 



                                 

                                    

 

 

                            

 

3. From natural gas 

The synthesis of acetylene from natural gas is a simple process. Natural gas consists mostly of methane, 

which forms acetylene when it is heated for a very short period of time. 

                                            

 

4. dehydrohalogenation 

In some cases, we can generate a carbon–carbon triple bond by eliminating two molecules of HX from a 

dihalide. Dehydrohalogenation of a geminal or vicinal dihalide givesa vinyl halide. Under strongly basic 

conditions, a second dehydrohalogenation may occur to form an alkyne. 

 

 

             

 

 

 

 



 

 

                

 

 

            

Chemical test to distinguish between saturated and unsaturated hydrocarbons 

i. Test using bromine water (HOBr) 

Prepare a solution of the test substance by dissolution in small amount of tetrachloromethane. Add about 4 

drops of bromine water to the solution. If the reddish brown colour of the bromine water disappears then the 

compound is unsaturated. If it remains it is saturated (You can also bubble directly into the bromine water). 

      CH2CH2(g) + HOBr(aq)  →    CH2(OH)CH2Br(aq) 

ii. Test using potassium tetraoxomanganate (VII) solution (KMnO4) 

Add drops of acidified KMnO4 to a solution of the test substance. If the purple solution of KMnO4 is 

decolourised, then the compound is unsaturated. Saturated hydrocarbon will not decolourise the purple 

colour of potassium tetraoxomanganate(VII) solution. 

 

 

 



 

 

 

Chemical test to differentiate alkenes and alkynes (terminal alkynes) 

i. Ammoniacal silver nitrate test 

Terminal alkynes (e.g ethyne) react with ammoniacal silver nitrate solution resulting to a whitish yellow 

precipitate of silver acetylide (silver dicarbide). Alkenes do not give such reaction. 

C2H2(g) + AgNO3(aq) → Ag2C2(s) + 2HNO3(aq) 

White precipitate 

 

                     Ammonical silver nitrate is a solution of silver nitrate in liquid ammonia 

ii. Ammonical copper (I) chloride test 

Ethyne reacts with a solution of cupper (I) chloride in aqueous ammonia at room temperature to give a 

reddish brown precipitate of copper(I)dicarbide. Ethene does not give such reaction. 

C2H2(g) + 2CuCl(aq) → Cu2C2(s) + 2HCl(aq) 

Reddish brown 

 

ALKANOLS 

 

Alcohols are organic compounds containing hydroxyl groups. They are some of the most common and 

useful compounds in nature, in industry, and around the house.  

 

Alcohols are synthesized by a wide variety of methods, and the hydroxyl group may be converted to most 

other functional groups. For these reasons, alcohols are versatile synthetic intermediates.  



 

                         

 

                             

 

The structure of an alcohol resembles the structure of water, with an alkyl group replacingone of the 

hydrogen atoms of water. 

 

Classification of alcohols 

 

One way of organizing the alcohol family is to classify each alcohol according tothe type of carbinol 

carbon atom: the one bonded to the --OH group. If this carbonatom is primary (bonded to one other carbon 

atom), the compound is a primary alcohol.A secondary alcohol has the –OH group attached to a secondary 

carbon atom, anda tertiary alcohol has it bonded to a tertiary carbon. 

 

Compounds with a hydroxyl group bonded directly to an aromatic (benzene) ring are called phenols. 

Phenols have many properties similar to those of alcohols, while other properties derive from their aromatic 

character. 

 

                            

primary alkanols 

 



                                         \ 

   

                                    

secondary alkanols 

 

                  

                                                                              tertiary alkanols 

 

Compounds with a hydroxyl group bonded directly to an aromatic (benzene) ring are called phenols. 

Phenols have many properties similar to those of alcohols, while other properties derive from their aromatic 

character. 

 

                                                                

 

Diols 

Alcohols with two –OH groups are called diols or glycols. They are named like other alcohols except that 

the suffix diol is used and two numbers are needed to tell where the two hydroxyl groups are located. This is 

the preferred, systematic (IUPAC) method for naming diols. 

 

 

 



 

 

                     

 

The term glycol generally means a 1, 2-diol, or vicinal diol, with its two hydroxyl groups on adjacent carbon 

atoms. Glycols are usually synthesized by the hydroxylation of alkenes, using peroxyacids, osmium 

tetroxide, or potassium permanganate 

 

                                      

 

PHYSICAL PROPERTIES OF ALKANOLS 

 

i. Water and alcohols have similar properties because they all contain hydroxyl groups thatcan 

form hydrogen bonds. Alcohols form hydrogen bonds with water, and several of thelower-

molecular-weight alcohols are miscible (soluble in any proportions) with water. The water 

solubility decreases as the alkyl group becomes larger. 

 

ACIDITY OF ALKANOLS 

Like the hydroxyl proton of water, the hydroxyl proton of an alcohol is weakly acidic. A strong base can 

remove the hydroxyl proton to give an alkoxide ion. 

 

 



 

 

                                 

 

The acidities of alcohols vary widely, from alcohols that are about as acidic as water to some that are much 

less acidic. The acid-dissociation constant, Ka of an alcohol is defined by the equilibrium 

 

 

                                           

 

The acidity decreases as the substitution on the alkyl group increases, because a more highly substituted 

alkyl group inhibits solvation of the alkoxide ion, decreasing the stability of the alkoxide ion and driving the 

dissociation equilibrium toward the left. Table below shows that substitution by electron-withdrawing 

halogen atoms enhances the acidity of alcohols. For example, 2-chloroethanol is more acidic than ethanol 

because the electron-withdrawing chlorine atom helps to stabilize the 2-chloroethoxide ion. 

                           

 

 

 



 

NB: Questions: 

Predict which member of each pair will be more acidic. Explain your answers. 

(a) methanol or tert-butyl alcohol 

(b) ethanol or 2-chloroethanol 

(c) 2-methylpropan-2-ol or 2-chloropropan-2-ol 

(d) Butan-2-ol or penta-2-ol 

(e) 2-chloropropan-1-ol or 3-chloropropan-1-ol 

(f) 2-chloroethanol or 2,2-dichloroethanol 

(g) 2,2-dichloropropan-1-ol or 2,2-difluoropropan-1-ol 

 

NOMENCLATURE OF ALKANOLS 

The IUPAC system provides unique names for alcohols, based on rules that are similar to those for other 

classes of compounds. In general, the name carries the -ol suffix, together with a number to give the location 

of the hydroxyl group. The formal rules are summarized in the following three steps: 

1. Name the longest carbon chain that contains the carbon atom bearing the –OH group. Drop the final -e 

from the alkane name and add the suffix -ol to give the root name. 

2. Number the longest carbon chain starting at the end nearest the hydroxyl group, and use the appropriate 

number to indicate the position of the –OH group. (The hydroxyl group takes precedence over double and 

triple bonds.) 

3. Name all the substituents and give their numbers, as you would for an alkane or an alkene. 

 

In the following example, the longest carbon chain has four carbons, so the root name is butanol. The group 

is on the second carbon atom, so this is a butan-2-ol. The complete IUPAC name is 1-bromo-3,3-

dimethylbutan-2-ol. 

 

 



                                                        

Cyclic alcohols are named using the prefix cyclo-; the hydroxyl group is assumed to be on C1.                                                           

 

 

4. In naming alcohols containing double and triple bonds, use the -ol suffix after the alkene or alkyne name. 

The alcohol functional group takes precedence over double and triple bonds, so the chain is numbered in 

order to give the lowest possible number to the carbon atom bonded to the hydroxyl group. 

 

 

Question: 

Give the systematic (IUPAC) name for the following alcohol. 

                                                  

 



 

 

Clue: 

                                                

Answer: 3-(iodomethyl)-2-isopropylpentan-1-ol. 

Table below is a partial table showing the order of precedence of functional groups forassigning IUPAC 

names. A more complete table, titled “Summary of Functional Group Nomenclature,” appears inside the 

back cover. In general, the highest-priority functional group is considered the “main” group, and the others 

are treated as substituents. The –OH functional group is named as a hydroxy substituent when it appears on 

a structure with a higher-priority functional group or when the structure is too difficultto name as a simple 

alcohol. 

Priority of functional groups in naming organic compounds 

Acids (highest) 

Esters 

Aldehydes 

Ketones 

Alcohols 

Amines 

Alkenes, alkynes 

Alkanes 

Ethers 

Ethers (lowest) 

 



 

Question 2: Name the following compounds 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

SYNTHESIS OF ALKANOLS 

1. Grignard reaction 

Grignard reagents add to ketones and aldehydes to give alkoxide ions, which are protonated to give alcohols. 

Formation of the Grignard reagent: Magnesium reacts with an alkyl halide in an anhydrous ether solution. 

                                             

                                                

Steps in the synthesis 

Reaction 1: The Grignard reagent attacks a carbonyl compound to form an alkoxide salt. 

                                   

Reaction 2: After the first reaction is complete, water or dilute acid is added to protonate the alkoxide and 

give 

the alcohol. 

                            

NB: 

Ketones give tertiary alkanols while aldehydes give primary alkanols 

Methanal (formaldehyde) gives primary alkanols 

 



 

Practice question: 

Show how you would synthesize the following primary alcohols by adding an appropriate Grignard reagent 

to formaldehyde. 

 

 

2. Reduction of carbonyl compounds using complex hydrides (e.g sodium borohydride and lithium 

aluminum hydride 

steps: 

Reaction 1: Nucleophilic attack by the hydride ion forms an alkoxide ion. 

                                         

Reaction 2: After the first reaction is complete, water or dilute acid is added to protonate the alkoxide. 

                                               

 

 

 

 

 



 

 

REACTIONS OF ALKANOLS 

1. Acid catalysed dehydration of alkanols 

Concentrated sulfuric acid and/or concentrated phosphoric acid are often used as reagents for dehydration 

because these acids act both as acidic catalysts and as dehydrating agents. The hydroxyl group of the alcohol 

is a poor leaving group  but protonation by the acidic catalyst converts it to a good leaving group In the 

second step, loss of water from the protonated alcohol gives a carbocation. The carbocation is a very strong 

acid: Any weak base such as or can abstract the proton in the final step to give the alkene. 

Step 1: Protonation of the hydroxyl group (fast equilibrium). 

                             

Step 2: Ionization to a carbocation (slow; rate limiting). 

                                             

Step 3: Deprotonation to give the alkene (fast). 

                                         

Exercise 

Propose a mechanism for the sulfuric acid–catalyzed dehydration of tert-butyl alcohol ((CH3)3COH) 

Propose mechanisms for the following reactions. 



                                       

                                      

2. Oxidation reaction 

Oxidation of alcohols leads to ketones, aldehydes, and carboxylic acids. These functional groups, in turn, 

undergo a wide variety of additional reactions. For these reasons, alcohol oxidations are some of the most 

common organic reactions.Organic chemists tend to think of oxidation as the result of adding an oxidizing 

agent ( e.g O, O2, X2 (halogens) or loss of H2 etc.), and reduction as the result of adding a reducing agent 

(e.g H2, H-, or loss of O, O2  etc.). 

Oxidation of a primary alcohol gives an aldehyde with a carbonyl carbon having two bonds to oxygen. 

Oxidation of the aldehyde to an acid adds another bond to oxygen. A tertiary alcohol cannot easily oxidize 

because there is no hydrogen atom available on the carbinol carbon. 

                                           

                                            

 

 

 

 



 

ALDEHYDES AND KETONES 

The carbonyl group, , is the functional group for both aldehydes and ketones. A ketone has two alkyl 

groups bonded to the carbonyl group; an aldehyde has one alkyl group and a hydrogen atom bonded to the 

carbonyl group. Ketone names generally have the -one suffix; aldehyde names use either the -al suffix or the 

-aldehyde suffix. 

              

   

              

 

CARBOXYLIC ACIDS 

Carboxylic acids contain the carboxyl group, -COOH as their functional group. The general formula for a 

carboxylic acid is R-COOH (RCO2H). The carboxyl group is a combination of a carbonyl group and a 

hydroxyl group, but this combination has different properties from those of ketones and alcohols. Carboxylic 

acids owe their acidity ( of about 5) to the resonance-stabilized carboxylate anions formed by deprotonation. 

The following reaction shows the dissociation of a carboxylic acid: 

                  

 

 



 

SYNTHESIS 

REACTIONS 

 

Reactions of the carboxylic acids 

a. As an acid 

i. With metals 

 

Carboxylic acids react with the more reactive metals to produce a salt and hydrogen. The reactions are just 

the same as with acids like hydrochloric acid, except they tend to be rather slower. For example, dilute 

ethanoic acid reacts with magnesium. The magnesium reacts to produce a colourless solution of magnesium 

ethanoate, and hydrogen is given off. If you use magnesium ribbon, the reaction is less vigorous than the 

same reaction with hydrochloric acid, but with magnesium powder, both are so fast that you probably 

wouldn't notice much difference. 

                                    

ii. With metal hydroxides 

These are simple neutralisation reactions and are just the same as any other reaction in which hydrogen ions 

from an acid react with hydroxide ions. They are most quickly and easily represented by the equation: 

 

CH3COOH + NaOH   → CH3COONa + H2O 

 

 



 

iii. With carbonates and hydrogencarbonates 

In both of these cases, a salt is formed together with carbon dioxide and water. Both are most easily 

represented by ionic equations. 

                            2CH3COOH + Na2CO3  →  2CH3COONa  + H2O + CO2 

iv. With ammonia 

Ethanoic acid reacts with ammonia in exactly the same way as any other acid does. It transfers a hydrogen 

ion to the lone pair on the nitrogen of the ammonia and forms an ammonium ion. 

 

                              CH3COOH + NH3 → CH3COONH4 

b. Decarboxylation 

Loss of carbon dioxide is called decarboxylation. Simple carboxylic acids rarely undergo decarboxylation. 

Carboxylic acids with a carbonyl group at the 3- (or b-) position readily undergo thermal decarboxylation, 

e.g. derivatives of malonic acid. 

                                           

c. α-Halogenation (Hell-Volhard-Zelinsky reaction) 

Reagents most commonly : Br2 and either PCl3, PBr3 or red phosphorous in catalytic amounts. Carboxylic 

acids can be halogenated at the C adjacent to the carboxyl group.This reaction depends on the enol type 

character of carbonyl compounds. The product of the reaction, an a-bromocarboxylic acid can be converted 

via substitution reactions to a-hydroxy- or a-amino carboxylic acids 

                           



 

d. Reduction of Carboxylic Acids 

Carboxylic acids are less reactive to reduction by hydride than aldehydes,ketones or esters. Carboxylic acids 

are reduced to primary alcohols. As a result of their low reactivity, carboxylic acids can only be reduced by 

LiAlH4 and NOT by the less reactive  NaBH4 

                              

Preparation of Carboxylic acids 

1. Hydrolyses of nitriles 

A nitrile contains a CN group. Hydrolysis of nitrile gives ethanoate ion. On addition of acid it is converted 

into a carboxylic acid. 

CH3CH + H2O + OH → CH3COO- + NH3 

CH3COO- + H+ → CH3COOH 

2. Oxidation of primary alkanols 

The usual oxidizing agent for this reaction is sodium dichromate (VI). It is heated with the alkanol to give 

the desired acid. 

CH3CH2OH → CH3COOH 

Benzoic acid can be made by the oxidation of the side chain on the benzene ring using an acid or alkaline 

solution of KMnO4. 

C6H5CH3  → C6H5COOH 

3. Action of Grignard reagent on CO2 in the presence of mineral acid 

RMgI + CO2→ RCO2MgI + H+ →RCO2H +Mg2+ + I- 



 

 

CARBOXYLIC  ACID DERIVATIVES 

Carboxylic acids are easily converted to a variety of acid derivatives. Each derivative contains the carbonyl 

group bonded to oxygen or other electron-withdrawing element. Among these functional groups are acid 

chlorides, esters, and amides. All of these groups can be converted back to carboxylic acids by acidic or 

basic hydrolysis. 

               

Structure and Reactivity 

Stability and reactivity have an inverse relationship, which means that the more stable a compound, 

generally the less reactive - and vice versa. Since acyl halides are the least stable group listed above, it 

makes sense that they can be chemically changed to the other types. Since the amides are the most stable 

type listed above, it should logically follow that they cannot easily changed into the other molecule types, 

and this is indeed the case. 

The stability of any type of carboxylic acid derivative is generally determined by the ability of its functional 

group to donate electrons to the rest of the molecule. In essence, the more electronegative the atom or group 

attached to carbonyl group, the less stable the molecule. This readily explains the fact that the acyl halides 

are the most reactive, because halides are generally quite electronegative.  

The following derivative types are ordered in decreasing reactivity (the first is the most reactive): 

Acyl Halides (CO-X)> Acyl Anhydrides (-CO-O-OCR)> Acyl Thioester (-CO-SR)> Acyl Esters (-CO-

OR)> Acyl Amides (-CO-NR2) 



Every type can be made directly from carboxylic acid (hence the name of this subsection) but carboxylic 

acid can also be made from any of these types. 

ACID CHLORIDE 

Acyl chlorides are the most reactive carboxylic acid derivatives. The electronegative chlorine atom pulls 

electrons toward it in the C-Cl bond, which makes the carbonyl carbon more electrophilic. This makes 

nucleophilic attack easier. Also, the Cl- is an excellent leaving group, so that step is also fast. Because of 

their reactivity, acyl chlorides are easily converted into esters and amides and are thus valuable synthetic 

intermediates. They are made from carboxylic acids by this reaction 

 

RCOOH →  RCOCl + SOCl2 + HCl 

 

The acyl group is named first, followed by the halogen name as a separate word. 

e.g. CH3CH2COCl is propanoyl chloride (or propionyl chloride). 

 

CARBOXYLIC ACID ANHYDRIDE 

A carboxylic acid anhydride ([RC=O]O[O=CR]) is a carboxylic acid (COOH) that has an acyl group 

(RC=O) attached to its oxygen instead of a hydrogen. If both acyl groups are the same, then it is simply the 

name of the carboxylic acid with the word acid replaced with anhydride. If the acyl groups are different, 

then they are named in alphabetical order in the same way, with anhydride replacing acid. 

The name of the related acid(s) is used first, followed by the separate word "anhydride". e.g. 

(CH3(CH2)2CO)2O is butanoic anhydride   &   CH3COOCOCH2CH3 is ethanoic propanoic anhydride (or 

acetic propionic anhydride). 

 



 

ESTERS 

Esters are created when the hydrogen on a carboxylic acid is replaced by an alkyl group. Esters are known 

for their pleseant, fruity smell and taste, and they are often found in both natural and artificial flavors. Esters 

(RCOOR1) are named as alkyl alkanoates. The alkyl group directly attached to the oxygen is named first, 

followed by the acyl group, with -ate replacing -yl of the acyl group. 

 

RCOOH + R1OH   →  RCOOR1 

The alkyl group is named first, followed by a derived name for the acyl group, the oic or ic suffix in the acid 

name is replaced by ate. 

    e.g. CH3(CH2)2CO2C2H5 is ethyl butanoate (or ethyl butyrate). 

AMIDE 

Amides which have an amino group (-NH2) attached to a carbonyl group (RC=O) are named by replacing 

the -oic acid or -ic acid of the corresponding carboxylic acid with -amide. 

CH3COOH = acetic acid 

CH3CONH2 = acetamide 

Nitriles 

Nitriles (RCN) can be viewed a nitrogen analogue of a carbonyl and are known for their strong electron 

withdrawing nature and toxicity. Nitriles are named by adding the suffix -nitrile to the longest hydrocarbon 

chain (including the carbon of the cyano group). It can also be named by replacing the -ic acid or -oic acid of 

their corresponding carboxylic acids with -onitrile. Functional class IUPAC nomenclature may also be used 

in the form of alkyl cyanides. 

 



 

CH3CH2CH2CH2CN = pentanenitrile or butyl cyanide 

 

 

AMINES 

Amines are alkylated derivatives of ammonia. Like ammonia, amines are basic.  

                                 

Because of their basicity (“alkalinity”), naturally occurring amines are often called alkaloids. Simple amines 

are named by naming the alkyl groups bonded to nitrogen and adding the word “amine.” The structures of 

some simple amines are shown below, together with the structure of nicotine, a toxic alkaloid found in 

tobacco leaves. 

                                    

 

AMIDES 

Amides are acid derivatives that result from a combination of an acid with ammonia or an amine. Proteins 

have the structure of long-chain, complex amides. 

Amides are among the most stable acid derivatives. The nitrogen atom of an amide is not as basic as the 

nitrogen of an amine because of the electron-withdrawing effect of the carbonyl group. The following 

resonance forms help to show why amides are very weak bases: 

 



 

Exercise 

Circle the functional groups in the following structures. State to which class (or classes) of compounds the 

structure belongs. 

                

 

ALDEHYDES AND KETONES 

 

The simplest carbonyl compounds are aldehydes and ketones. A ketone has two alkyl (or aryl) groups 

bonded to the carbonyl carbon. An aldehyde has one alkyl (or aryl) group and one hydrogen bonded to the 

carbonyl carbon. 

 

                                                          

Structure of the carbonyl group  

The carbonyl carbon is sp2 hybridized, and has a partially filled unhybridized p orbital perpendicular to the 

framework. 

Nomenclature of Aldehydes & Ketones 

Aldehydes and ketones contain the carbonyl group (C=O). Aldehydes are considered the most important 

functional group. The carbon atom of this group has two remaining bonds that may be occupied by 



hydrogen, alkyl or aryl substituents. If at least one of these substituents is hydrogen, the compound is an 

aldehyde. If neither is hydrogen, the compound is a ketone. 

                           

A. Naming Aldehydes 

1. Aldehydes take their name from their parent alkane chains. The -e is removed from the end and is 

replaced with -al.   

2. The aldehyde funtional group is given the #1 numbering location and this number is not included in 

the name. 

3. For the common name of aldehydes start with the common parent chain name and add the suffix -

aldehyde. Substituent positions are shown with Greek letters. 

4. When the -CHO functional group is attached to a ring the suffix -carbaldehyde is added, and the 

carbon attached to that group is C1. 

             

              

        

 

 

 

 



 

Practice  

                

                

B. Naming Aldehydes and Ketones in the Same Molecule 

As with many molecules with two or more functional groups, one is given priority while the other is named 

as a substituent. Because aldehydes have a higher priority than ketones, molecules which contain both 

functional groups are named as aldehydes and the ketone is named as an "oxo" substituent.  It is not 

necessary to give the aldehyde functional group a location number, however, it is usually necessary to give a 

location number to the ketone. 

                

Naming Dialdehydes and Diketones 

For dialdehydes the location numbers for both carbonyls are omitted because the aldehyde functional groups 

are expected to occupy the ends of the parent chain.  The ending –dial is added to the end of the parent chain 

name. 

                      

          

 



 

C. Naming Cyclic Ketones and Diketones 

In cyclic ketones the carbonyl group is assigned location position #1, and this number is not included in the 

name, unless more than one carbonyl group is present. The rest of the ring is numbered to give substituents 

the lowest possible location numbers. Remember the prefix cyclo is included before the parent chain name 

to indicate that it is in a ring. As with other ketones the –e ending is replaced with the –one to indicate the 

presence of a ketone. 

With cycloalkanes which contain two ketones both carbonyls need to be given a location numbers. Also, an 

–e is not removed from the end but the suffix –dione is added. 

            

               

  

Please give the IUPAC name for each compound 

  



  

 

 

 

Answers for Question 1 

A. 3,4-Dimethylhexanal 

B. 5-Bromo-2-pentanone 

C. 2,4-Hexanedione 

D. cis-3-Penenal 

E. 6-methyl-5-Hepten-3-one 

F. 3-hydroxy-2,4-Pentanedione 

G. 1,2-Cyclobutanedione 

H. 2-methyl-Propanedial 

I. 3-methyl-5-oxo-Hexanal 

J. cis-2,3-dihydroxycyclohexanone 

K. 2-methylcyclopentanecarboaldehyde 

L. 3-bromo-2-methylpropanal  

2) Please give the structure corresponding to each name: 

A) Butanal 

B) 2-Hydroxycyclopentanone 



C) 2,3-Pentanedione 

D) 1, 3-Cyclohexanedione 

E) 3, 4-Dihydoxy-2-butanone 

F) (E) 3-methyl-2-Hepten-4-one 

G) 3-Oxobutanal 

 

 

Properties of Aldehydes and Ketones 

Because of the greater electronegativity of oxygen, the carbonyl group is polar, and aldehydes and ketones 

have larger molecular dipole moments (D) than do alkenes. We expect, therefore, that aldehydes and ketones 

will have higher boiling points than similar sized alkenes. They are also more soluble in water than 

hydrocarbons. 

 

 

 

 

 

 

 

 



 

Syntheses of the Aldehydes and Ketones  

1. From Alcohols  

Secondary alcohols are readily oxidized to ketones by Chromic acid (or KmnO4). Aldehydes are made from 

the oxidation of primary alcohols. This oxidation needs to be done carefully to avoid overoxidation to 

carboxylic acids.   

                                                   

Complicated ketones can be made by the oxidation of alcohols, which in turn can be made from reaction of a 

Grignard and an aldehyde. 

                                

                                        

2. Ozonolysis  

Alkenes can be cleaved by ozone (followed by a mild reduction) to generate aldehydes and/or ketones. 

 

 

3. Friedal Craft acylation 

Friedal Crafts acylation is an excellent method for the preparation of alkyl aryl ketones. 

 



 

                                             

4. Hydration of Alkynes  

Hydration of alkynes can either be achieved with Markovnikov (acid and mercury (II) catalyzed reaction) 

or  anti-Markovnikov (hydroboration-oxidation) regiochemistry. 

 

                                

In both cases the enols produced rearrange to their more stable keto forms (in the  hydroboration case the 

keto form is an aldehyde). 

 

 

5. Ketones from Carboxylic Acids  

Organolithium reagents are very reactive towards carbonyl compounds.  So much so, that they even attack 

the lithium salts of carboxylate anions.  

These dianions can then be protonated, which generates hydrates, which then lose water and produce 

ketones.  

 

           

 

 

 



 

 

6. Reduction of acid chloride 

Although strong reducing agents like LiAlH4still reduce acid chlorides all the way to primary alcohols, 

milder reducing agents like lithium aluminum tri(tbutoxy)hydride can selectively reduce acid chlorides 

to aldehydes. 

 

                 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

REACTIONS OF ALDEHYDES AND KETONES 

The most common reaction of aldehydes and ketones is nucleophilic addition.  This is usually the addition 

of a nucleophile and a proton across the C=O double bond. 

 

As the nucleophile attacks the carbonyl group, the carbon atom changes from sp2 to sp3.  

The electrons of the ∏ bond are pushed out onto the oxygen, generating an alkoxide anion.  

Protonation of this anion gives the final product. 

                  

 

RELATIVE REACTIVITY OF ALDEHYDES AND KETONES 

Aldehydes are more reactive than ketones.  

This (like all things in organic chemistry) stems from two factors:  

(1) electronics  

(2) sterics 

Electronic Effect  

Ketones have two alkyl substituents whereas aldehydes only have one.  Carbonyl compounds undergo 

reaction with nucleophiles because of the polarization of the C=O bond.  Alkyl groups are electron donating, 

and so ketones have their effective partial positive charge reduced more than aldehydes (two alkyl 

substituents vs. one alkyl substituent).  

 

 

 



 

 

Steric Reason  

The electrophilic carbon is the site that the nucleophile must approach for reaction to occur.  

In ketones the two alkyl substituents create more steric hindrance than the single substituent that aldehydes 

have.  Therefore ketones offer more steric resistance to nucleophilic attack.  

Therefore both factors make aldehydes more reactive than ketones. 

 

1. Reduction by Complex Metal Hydrides 

Addition of a hydride anion to an aldehyde or ketone would produce an alkoxide anion, which on 

protonation should yield the corresponding alcohol. Aldehydes would give 1º-alcohols (as shown) and 

ketones would give 2º-alcohols. 

RCH=O   +   H:(–)     RCH2O
(–)   +   H3O

(+)     RCH2OH 

Two practical sources of hydride-like reactivity are the complex metal hydrides lithium aluminum hydride 

(LiAlH4) and sodium borohydride (NaBH4).  

          

                              

  



1. Addition of Organometallic Reagents 

The two most commonly used compounds of this kind are alkyl lithium reagents and Grignard reagents. 

These reagents are powerful nucleophiles and very strong, so they bond readily to carbonyl carbon atoms, 

giving alkoxide salts of lithium or magnesium.  

                                  

 

           

Ketones react with organometallic reagents to give 3º-alcohols; most aldehydes react to produce 2º-alcohols; 

and formaldehyde and ethylene oxide react to form 1º-alcohols. 

 

2. Oxidation (Differentiating between Aldehydes and ketones) 

Useful tests for aldehydes, Tollens' test, Benedict's test&Fehling's test, take advantage of this ease of 

oxidation by using Ag(+) and Cu(2+) as oxidizing agents (oxidants). 

RCH=O   +   2 [Ag(+) OH(–)]     RC(OH)=O   +   2 Ag (metallic mirror)   +   H2O  

When silver cation is the oxidant, as in the above equation, it is reduced to metallic silver in the course of 

the reaction, and this deposits as a beautiful mirror on the inner surface of the reaction vessel.  

The Fehling and Benedict tests use cupric cation as the oxidant. This deep blue reagent is reduced to cuprous 

oxide, which precipitates as a red to yellow solid. All these cation oxidations must be conducted under 

alkaline conditions. To avoid precipitation of the insoluble metal hydroxides, the cations must be stabilized 



as complexed ions. Silver is used as its ammonia complex, Ag(NH3)2
(+), and cupric ions are used as citrate 

or tartrate complexes. 

 

3. Nucleophilic Addition of Water (Hydration)  

In aqueous solution, ketones (and aldehydes) are in equilibrium with their hydrates (gem diols). 

 

 

                                    

4. Nucleophilic Addition of Hydrogen Cyanide (Cyanohydrins)  

Hydrogen cyanide is a toxic volatile liquid (b.p.26°C). 

Cyanide reacts rapidly with carbonyl compounds producing cyanohydrins, via the base catalyzed 

nucleophilic addition mechanism. 

                      

5. Formation of Imines (Condensation Reactions)  

Under appropriate conditions, primary amines (and ammonia) react with ketones or aldehydes to generate 

imines. 

 

 



 

 

          

Imine formation is an example of a condensation reaction - where two molecules join together accompanied 

by the expulsion of a small molecule (usually water). 

6. Condensations with Hydroxylamines and Hydrazines  

Aldehydes and ketones also condense with other ammonia derivatives, such as hydroxylamine and 

hydrazines.  

Generally these reactions are better than the analogous amine reactions (i.e. give superior yields). 

 

                         

             

 

 

 



 

7. Formation of Acetals (Addition of Alcohols)  

In a similar fashion to the formation of hydrates with water, aldehydes and ketones form acetals through 

reaction with alcohols. In the formation of an acetal, two molecules of alcohol add to the carbonyl group, 

and one mole of water is eliminated. 

                           

                            

8. Oxidation of Aldehydes  

Unlike ketones, aldehydes can be oxidized easily to carboxylic acids (Chromic acid, permanganate etc).  

Even weak oxidants like silver (I) oxide can perform this reaction, and this is a good, mild selective way to 

prepare carboxylic acids in the presence of other (oxidizable) functionalities. 

 

                                           

Reduction of Ketone and Aldehydes  

Aldehydes and ketones are most commonly reduced by sodium borohydride 

 

NaBH4 reduces ketones to secondary alcohols, and aldehydes to primary alcohols. 



9. Addition of Phosphorus Ylides (Wittig Reaction)  

In 1954 Wittig discovered that the addition of a phosphorus stabilized anion to a carbonyl compound did not 

generate an alcohol, but an alkene! (= Nobel prize in 1979). 

                        

 

DIFFERENCIATING ALDEHYDES AND KETONES 

Silver Mirror Test (Tollen's Test)  

This type of oxidation reaction is the basis of the most common chemical test for aldehydes - the Silver 

Mirror Test.  

Tollen's reagent is added to an unknown compound, and if an aldehyde is present, it is oxidized. 

                              

This process reduces the Ag+ to Ag, and the Ag precipitates - it sticks to the flask wall, and forms a 'silver 

mirror'. 

 


