Have you ever been caught in a heavy rainstorm? One so bad that every stitch[image: image43.jpg]


 of your clothing was soaked with water?  

Someone seeing you in that condition might say "Umm, my you're saturated!"


In organic chemistry, the term saturated refers to organic compounds which contain single carbon to carbon bonds or which have the maximum number of hydrogen atoms bonded to carbon atoms. Alkanes are saturated hydrocarbons.

Hydrocarbons whose molecules contain double or triple carbon to carbon bonds (multiple bonds) are said to be unsaturated. Alkenes and alkynes are unsaturated hydrocarbons - they possess at least one double or triple bond respectively. As a result, alkenes and alkynes have a higher carbon to hydrogen ratio than alkanes.
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Your study of alkenes and alkynes will be restricted to compounds containing only one multiple bond per molecule. This allows you to make the generalization that with each extra shared pair of electrons between two carbons, the number of hydrogen atoms per molecule decreases by two. The general formulas for alkenes and alkynes reflect this generalization. Respectively, they are: CnH2n and CnH2n-2.


Naming Alkenes and Alkynes

Consider these structural formulas for isomers of C5H10:
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If you follow the rules introduced in the study of alkanes, then both isomers would be named pentene. Can you see a problem with this? Roll your mouse over each structural formula above to see how IUPAC (International Union of Pure and Applied Chemistry) deals with the issue?

When naming alkenes and alkynes, a number is used to designate the location of the multiple bond. In fact, priority in the numbering of the longest continuous chain in unsaturated hydrocarbons is given to the location of the multiple bond. Consider these examples:
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If the structural formula on the left was named using the rules for branched alkanes, the parent chain would be numbered from right to left and the methyl group would be located at carbon #2. However, since priority is given to the location of the multiple bond, the parent chain is numbered from left to right and the structure is named 4-methyl-1-pentene. 

Can you name the structure on the right?

The suffixes -ene and -yne are used to name the parent chains in alkenes and alkynes respectively. 


Rules for Naming Alkenes and Alkynes

The rules for naming alkyl branches in alkenes and alkynes are the same as those introduced when you studied alkanes. 

Here is a summary of the rules to be applied:

1. Count to find the longest continuous chain of carbon atoms that contains the multiple bond. Number the carbons by giving the multiple bond the lowest possible number.

2. List and number the alkyl groups present. Assign Latin prefixes if necessary. List them alphabetically. (For the purpose of alphabetizing, ignore the prefixes di, tri, etc.)

3. Write the name using proper punctuation. Commas are used to separate numbers, and hyphens are used to separate numbers and letters.

Structural Formulas for Alkenes and Alkynes

The process of translating the name of an alkene or alkyne into a structural formula requires the same kind of systematic approach introduced in your study of alkanes. Decompose the name from right to left beginning with the name of the parent chain, the location of the multiple bond and then the location(s) of the alkyl group(s). Consider these examples.


Example 2

Draw a structural formula for 2-ethyl-1-pentene

Answer
Begin by drawing the parent chain including the multiple bond.
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Then add the alkyl group to the appropriate carbon atom. An ethyl group is located on carbon #2.
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At first glance, this structure appears to deviate from an important rule - the one about finding the longest continuous chain - because the longest chain is six carbons long. However, it is important to note that in the nomenclature of alkenes and alkynes, priority is given to the location of the multiple bond. This means that when a multiple bond is located between carbons 1 and 2, an ethyl group may be located on carbon #2. 


Important Notes

1. Be careful when drawing structural diagrams. Make sure that the carbon atoms share only four pairs of electrons in either four single bonds or one double bond and two single bonds or one triple bond and one single bond.

2. Be careful when you are drawing condensed structural formulas for hydrocarbons with multiple bonds. Make sure that each carbon atom is bonded to the correct number of hydrogen atoms. It is a good idea to draw the structural diagram of the compound first, and then draw the condensed structural formula. 

Structural Isomerism in Alkenes and Alkynes

Structural isomerism refers to the possibility of more than one possible structural isomer for a given molecular formula. The presence of multiple bonds increases to the number of possible isomers (structural and other). For example, let's compare C4H10, C4H8, and C4H6. There are two isomers of C4H10, six isomers of C4H8, and at least seven isomers of C4H6. 

Why does the presence of multiple bonds make such a difference to the number of possible isomers? An obvious reason is possibility of more than one location for the multiple bond. For example, consider 1-butene and 2-butene for C4H8, and 1-butyne and 2-butyne for C4H6.  
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Notice how simply changing the location of a multiple bond results in a different structural isomer?

The possibility of branching in C4H8    [image: image14.png]


and the existence of ringed structures like  [image: image15.png]


and  [image: image16.png]


  , and branched rings [image: image17.png]


results in other structural isomers. 


In alkynes, the electrons in the triple bond may be redistributed to give two double bonds which may be located in various positions in the chain.
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Other isomers called geometric isomers are possible in alkenes. The labels cis- and trans- are used to distinguish between them. Think of cis as meaning the same side and trans as meaning across. Can you identify the cis and trans isomer? Roll your mouse over each image to check your answers.
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The important point to remember here is that a simple molecular formula for an unsaturated hydrocarbon can result in a large number of isomers. Recall that this was one of the reasons cited for the tremendous diversity of organic compounds. 

At this point you will focus on drawing straight chain and branched isomers for alkenes and alkynes. The ringed structures will be described in the next lesson.

 

Example 3

Draw structural formulas for and provide names for five of the possible structural isomers of C6H12.

Answer
As you will see, there are more than five possible isomers. You can begin deriving them by drawing the straight alkene isomers. This is achieved by moving the location of the multiple bond until all the possible straight-chain isomers are drawn.
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   1-hexene
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  2-hexene (there is a trans isomer too)
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  3-hexene (there is a trans isomer too)

Then you can shorten the parent chain by one carbon and use it to form an alkyl group.
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   2-methyl-1-pentene
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   3-methyl-1-pentene
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   4-methyl-1-pentene

Move the location of the multiple bond again to derive additional isomers.
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   2-methyl-2-pentene
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   3-methyl-2-pentene
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   4-methyl-2-pentene

If the parent is shortened to four carbon atoms, more isomers can be derived. 
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   2-ethyl-1-butene 
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   2,3-dimethyl-1-butene 
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   3,3-dimethyl-1-butene 
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   2,3-dimethyl-2-butene 

As you can see, one molecular formula can be represented by a large number of structural formulas! 

Textbook Readings

MHR
· pages: 344 - 348:  Alkenes (omit properties for now).

· pages: 354:  Alkynes (omit properties for now).

Practice Items

1. Draw a structural formula for each name given.

    a)  1-pentene 

    b)  2-pentene

    c)  3-hexyne 

    d)  2-octene

    e)  4-octyne 

    f)  2-butene


2. Write a IUPAC name for each alkene or alkyne.

    a)  [image: image35.png]



    b)  CH3CH2CHCHCH3
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    d)  CH3CCCH2CH2CH2CH3
    e)  [image: image37.png]



    f)  CH3CCCH2CH(CH3)CH2CH3 


3. For the molecular formula C5H10 draw and name all of the possible non-cyclic structural isomers.

 4. Draw and name three alkyne structural isomers for the formula C5H8.


5. For each compound, provide: 

    i) the IUPAC name or the structural formula

    ii) the molecular formula 

    iii) the class of hydrocarbon (alkane, alkene, or alkyne) 

    iv) the structural formula and name of one structural isomer

a)  4-methyl-1-pentyne 
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c)  dimethylpropane 
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f)  2,2-dimethylbutane

g)  3-ethyl-2,4-dimethyl-2-pentene 

h)  3,3-dimethyl-1-pentyne
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