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•Catalytic hydrogenation of alkenes or alkynes is a

common strategy to alkanes.

•Catalytic hydrogenation is the common method for

converting unsaturated oils to saturated fats in a process

commonly referred to as “hardening of oils”.
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•Organocuprates (Gilman reagents) couple with alkyl

halides to provide alkanes.

•The reaction of organocuprates with alkyl halides is a

substitution reaction made possible by the polarization of

the C-I as a result of the differences in electronegativities

between carbon and iodine.

•Note that the C-Cu bond is less polarized and therefore

more covalent compared with the C-Li or C-Mg bonds.
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•Reactions of ionic organometallic reagents with water.

•The most common organometallic reagents used are

organolithium and organomagnesium reagents.

•Hydrolysis of metal carbides provide methane gas
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•Reduction (deoxygenation) of aldehydes and ketones also

provides access to hydrocarbons.

•One of the most common methods for deoxygenation of

aldehydes and ketones is the Wolff Kishner reduction.

• It involves heating an aldehyde or ketone with hydrazine

in the presence of a base (KOH).

•Toluene (methylbenzene) is used as a common industrial

solvent.
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•Toluene, common industrial solvent, can be prepared from

benzaldehyde based on the Wolff-Kishner reduction.
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ii. Propane is used as a fuel. Propose a reasonable and

stepwise reaction mechanism for the conversion of

acetone to propane based on the Wolff Kishner

reduction shown below:

iii. Explain why hydrogenation turns long chain alkenes

into solid alkanes yet it increases the molecular mass

by only two mass units.

i. Complete the following reactions by giving the

principal organic product:



Reactions of Alkanes

8

•Alkanes are generally considered unreactive as they have

no functional groups present.

•They only contain strong C-C or C-H σ-bonds and since

carbon and hydrogen have similar electronegativity, none

of the bonds in alkanes is polarized.

•As a result alkanes do not react with electron rich species

(nucleophiles) or electron-deficient species (electrophiles).

•However, reactive species with unpaired electrons (free

radicals) play an important role in the reactions of alkanes.

•The common reactions of alkanes can be summarized as:

(a) Combustion

(b) Halogenation

•We will look at each of these reactions to begin

understanding how organic reactions proceed.
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•Alkanes burn in air at elevated temperatures to carbon

dioxide and water.

• Since a large amount of heat is released when alkanes

burn, they are commonly used as fuels in internal

combustion engines or homes.

•Although fossil fuels have been a dependable source of

energy, there are concerns that the increased

concentrations of carbon dioxide released to the

atmosphere from burning these fuels would increase the

earths temperature (the greenhouse effect) as a result of

the absorption of infrared radiation by CO2. This leads to

the phenomena of global warming.
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•A greenhouse is a structure with walls and roof made

chiefly of transparent materials e.g. polythene, in which

plants requiring regulated climatic conditions are grown.

• It is usually warmer in the greenhouse than its ambient.

•The greenhouse effect refers to the global warming

associated with increasing atmospheric concentrations of

greenhouse gases such as carbon dioxide, methane, nitrous

oxide and ozone.
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• In limited supply of air, alkanes burn to carbon monoxide

and water.

• It is therefore important that the fuels be used in well

ventilated areas to avoid carbon monoxide poisoning.

•Carbon monoxide forms a stronger bond than oxygen to

the iron (Fe) of heamoglobin and therefore heamoglobin is

unable to transport oxygen to the tissues where it is

needed to support the metabolic processes of the body.
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i. Suggest alternative sources of energy that can be used

to mitigate against global warming.

ii. Due to the reduction in fossil oil reserves, there is a call

for the use of renewable energy.

a.What is renewable energy?

b.Give some examples of renewable energy forms.
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•Alkanes react with halogens (Cl2 or Br2) at elevated

temperature or in the presence of light to provide alkyl

halides.

•Considering that alkanes and molecular halogens are both

relatively nonpolar, how can we rationalize the outcome of

this reaction?

•The high temperature (or light) supplies the energy

required to break the Cl-Cl or Br-Br bond homolytically

into Cl or Br atoms.



Halogenation of Alkanes
(Background Information)

14

•The homolytic bond cleavage is the initiation step because

it creates the radical that is used in the propagation step.

•A radical (often called a free radical) is a species

containing an atom with an unpaired electron.

•A radical is highly reactive because it would have a

tendency to acquire an electron to complete its octet.

•The chlorine radical formed in the initiation step abstracts

a hydrogen atom from methane to form HCl and a reactive

methyl radical.
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•A detailed illustration of the monochlorination of methane

is shown below:

•This is what is referred in organic chemistry as the

reaction mechanism: A reasonable explanation of how a

reaction proceeds. It uses curved arrows to illustrate the

movement of electrons during the reaction.
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•The reaction mechanism of halogenation of alkanes can be

divided into three steps (i) Initiation step (ii) Propagation

step and (iii) Termination step.

• In the initiation step, the reactive radical species necessary

to kick off the reaction with the unreactive alkanes are

formed in the presence of light or on heating.

• In the propagation steps, the radical formed in the

initiation step reacts with alkanes to generate new radicals

that will advance the forward reaction.

•Although there can be several propagation steps, the first

propagation step is the slowest step in the reaction and

therefore the rate determination step.

• Since the propagation steps are repetitive in generating

new reactive radicals, it is called a radical chain reaction.
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• In the termination step, any two radicals in the reaction

combine to form a molecule with all electrons paired (an

octet of electrons in achieved).

•The reaction is a radical substitution reaction because

radicals are involved as intermediates resulting in the

substitution of a halogen atom for one of the hydrogen

atoms of the alkane.

• Since the radical reaction is repetitive, polyhalogenation

of the alkane may occur.

•To promote the monohalogenation product, the reaction

should be carried out in the presence of excess alkane.
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•Bromination of alkanes follows a similar mechanism as

the chorination reaction we have just covered.

•The mechanism of monobromination of ethane with

bromine is illustrated below:
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•The monohalogenation of long chain alkanes provides a

mixture of products. For example, two monochlorinated

butanes are obtained from the reaction of butane with

chlorine.

• Substitution of a hydrogen bonded to one of the terminal

carbons produces 1-chlorobutane, whereas substitution of

a hydrogen bonded to one of the internal carbons forms 2-

chlorobutane.

•The expected (statistical) distribution of products is 60%

1-chlorobutane and 40% 2-chlorobutane because any one

of the 6H of butane can provide 1-chlorobutane, while

any one of the 4H can provide 2-chlorobutane.
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•The expected product ratio assumes all the C-H bonds are

equally easy to break. In actual practice, only 29% 1-

chlorobutane and 71% 2-chlorobutane is obtained.

• It appears that probability alone does not explain the

regioselectivity of the reaction.

• Since the rate determining step is the abstraction of

hydrogen atom from the alkane, it must be easier to

abstract a hydrogen atom from a secondary carbon than

from a primary carbon.
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•Generally speaking, alkyl radicals have different stabilities

and the more stable the radical, the more easily it is

formed.

•Tertiary radicals are the most stable and are formed faster

than secondary radicals, which are more stable than

primary radicals.

•Methyl radicals are the least stable and the slowest to

form. As a result the halogenation of ethane is faster than

that of methane.
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•Liquid alkanes have diverse uses as fuels, solvents and

lubricants. Proper disposal of such waste is important.

•Considering that municipal water is treated with chlorine

as a disinfectant, such alkane waste should not be disposed

in water from the water treatment facilities.

•The chlorinated hydrocarbons accumulate in adipose

tissues and due to the strength of the C-Cl bond, are very

stable and persistent in the environment.

•They exert heavily on the liver for detoxification and

excretion.
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i. Chloroform (trichloromethane) (CHCl3) is naturally

produced by many kinds of sea weeds and fungi. Its

use as an anaesthesia was discontinued in the 1850s,

but is still used as an industrial solvent.

Industrially, it is produced by heating a mixture of

chlorine with methane at 400oC. Propose a reasonable

and stepwise reaction mechanism for this industrial

production of chloroform:

ii. Explain why liquid alkanes should not be disposed in

muniscipal waste water.


