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Cyclic Aliphatics

Imagine that you have a chain of three or more carbons. If you remove one hydrogen atom from each of the end carbons, you are left with a pair of bonding electrons that the terminal carbon atoms can share.  


Can the two end carbons bond to form a ring? 

A ring of three or more carbons connected by single bonds is called a cyclic alkane or a cycloalkane. Cyclic alkanes have two less hydrogen atoms than their corresponding continuous-chain alkanes. The general formula for a cyclic alkane is CnH2n which is the same as the general formula for an alkene that has one double bond.  

Cyclic alkenes are rings that possess a double carbon to carbon bond. They are sometimes referred to as cycloalkenes. 

Cyclic aliphatics may have one or more alkyl groups; however, in this course, you will focus on structures that lack alkyl substituents.


Structural Formulas for Cyclic Aliphatics

There are at least three acceptable methods of representing a cyclic aliphatic structure: full structural formula, condensed structural formula, and line drawing. 
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All three ways are acceptable, but line drawings are preferred. In a line drawing, each point or corner represents the location of a carbon atom.  
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Example 1

Draw the structural formula for cyclopentane. 

Answer 

Draw a ring structure that has five distinct corners. 
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Naming Cyclic Aliphatics

To name a cyclic aliphatic: 

1. Count the number of carbon atoms in the ring.

2. Name the structure as you would name the corresponding continuous-chain alkane.

3. Add the prefix cyclo to the alkane name.

Example 2

Name this cycloalkene.     [image: image4.png]



Answer 

1. The line drawing has six corners, so the prefix to be used in the name is hex.

2. Since the ring has a double bond, the ending -ene is applied: hexene. 

3. Finally, the prefix cyclo- is used to indicate that the carbon atoms form a ring: cyclohexene.
  

Isomerism

Cyclic aliphatics are isomers of corresponding aliphatic hydrocarbons. For example cyclobutane is one isomer of C4H8. Other isomers of this molecular formula include 1-butene, 2-butene, and methylpropene. Be sure to consider the possibility of a ringed structure when you are asked to draw or list the isomers of any hydrocarbon that possesses three or more carbon atoms. 

Textbook Readings

MHR
· pages: 356 - 358:  Cyclic hydrocarbons - (omit properties for now).

Textbook Items

MHR
· page 358:  # 30 and 31

· page 363:  # 6 - 8

· page 372:  # 17b

Practice Items

1. Provide a IUPAC name for each structural formula. 
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2. Draw a structural formula (line drawing) for each cyclic aliphatic. 

a. cyclopropane

b. cyclopentene

c. cyclooctane

d. cycloheptene

  3. For each cyclic aliphatic in Exercise 2, draw and name one noncyclic isomer. 

 

Aromatic Hydrocarbons

Imagine how difficult it must be to try to determine the structure of something that you cannot sense directly. This is a predicament that chemists and physicists face all the time. 
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In chemistry we cannot actually see the individual molecules whose structure we are attempting to describe. We use the composition of a substance, our knowledge of bonding theory, and the properties of a substance to predict how the atoms are bonded to each other to form a compound. Some compounds are more difficult to figure out than others.

Benzene is a compound that chemists puzzled over for a very long time. Its chemical formula was determined to be C6H6 by Michael Faraday in 1825, but a suitable structural formula wasn't proposed until August Kekulé came up with one in 1865. Kekulé's ring structure was a very significant discovery because it helped explain the unique properties associated with benzene and benzene compounds.

Compounds that possess a benzene ring as part of their structure are classified as aromatic compounds. It is the presence of a benzene ring that distinguishes the aromatic hydrocarbons from the aliphatic hydrocarbons.


Carbon to Carbon Bonds in Benzene

The benzene ring consists of six carbon atoms, each of which is bonded to a hydrogen atom. 

One way to satisfy the octet rule for carbon atoms in the benzene ring is to show the carbons with alternating single and double bonds. That way, each carbon atom has four bonds: a double bond (C=C), a single bond (C-C), and another single bond (C-H). 
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Now look carefully at the line diagram for the benzene ring above. What do you notice about the single and double bonds? Are they the same length? 

Double carbon to carbon bonds are 14% shorter than single carbon to carbon bonds, yet x-ray crystallography studies show that all six carbon to carbon bonds in benzene ring are the same length (about 139 pm). The benzene ring is actually a flat hexagonal structure as illustrated by this image. 
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This structure suggests that all six of the carbon to carbon bonds are the same length. In other words, a distorted, unsymmetrical ring is not a suitable model for benzene. Can you think of a way to draw a structural formula that resolves this problem?

he problem of producing a structural formula for benzene that is consistent with the flat ring observations has been addressed using the concept of resonance. It is a pretty simple idea. 

Resonance means that there are two or more possible distributions of bonding electrons for a compound. The resonance structure (sometimes called resonance hybrid) is an average of the electron distributions. 

Animation requires the flash plug-in.

In the case of benzene, the single and double bonds appear to oscillate between two sets of positions. We can represent the resonance hybrid for benzene using a hexagon and an inscribed circle. 
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In benzene, the bonding electrons that make up the double bonds are said to be delocalized. In other words, they do not occupy the same valence orbitals all the time in the way electrons do in typical covalent bonds.

The idea of delocalized bonding electrons in the benzene ring is supported by bond length data and by the observation that benzene molecules behave like alkanes in chemical reactions, not like the alkenes. In other words - benzene molecules do not behave as if they have double bonds. (More on the chemical reactions of hydrocarbons later.)

Naming Aromatic Hydrocarbons

One or more hydrogen atoms of a benzene molecule may be substituted with an alkyl group. The resulting compound is called an alkyl benzene. 

Although all six of benzene's hydrogen atoms can be replaced by substituents, you will focus on those in which just one or two are replaced.


Monosubstituted Alkyl Benzenes

A benzene compound in which one hydrogen is replaced by an alkyl group is called a monosubstituted alkyl benzene. Consider these examples: 
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Naming monosubstituted alkyl benzene compounds requires a similar approach to the one you used for simple branched aliphatic compounds. The benzene ring is the parent and the alkyl group is the substituent. The ring carbon where the substituent is located is designated as carbon #1. This number is not included in the name.

Using these rules, what are the names of the monosubstituted alkyl benzene's above? 

Methylbenzene is an ingredient in paint stripper. However, when you pick up a can of paint stripper and look at the ingredients list or the safety sheet, you are more likely to see the non-systematic name toluene. Toluene has been retained as an acceptable name for methylbenzene.


Disubstituted Alkyl Benzenes

When two hydrogen atoms on the benzene ring are replaced by alkyl groups, the result is a disubstituted alkyl benzene. The two alkyl groups may be the same or different. Consider these examples:
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· What do you notice about the positions of the alkyl groups? 

· What term is used to describe the possibility of three structures for C8H10?

· What implications might this have for naming?  

This animation requires the shockwave flash plugin.

Important Note: 

Notice that the alkyl groups are numbered using lowest possible numbers. For disubstituted benzenes, there are only three possible combinations: 1 and 2, 1 and 3, and 1 and 4. IUPAC (International Union of Pure and Applied Chemistry) recognizes the use of special letter prefixes for disubstituted benzenes in place of these numbers: 

· ortho means positions 1 and 2. It is represented by an italicized "o".

· meta means positions 1 and 3. It is represented by an italicized "m".

· para means positions 1 and 4. It is represented by an italicized "p".

Thus 1,2-dimethylbenzene is also known as o-dimethylbenzene. (Note that these letter prefixes are italicized.)

As was the case for methylbenzene, non-systematic names have been retained for the three isomers of dimethylbenzene. They are o-xylene, m-xylene, and p-xylene. 

· 1,2-dimethylbenzene = o-dimethylbenzene = o-xylene

· 1,3-dimethylbenzene = m-dimethylbenzene = m-xylene

· 1,4-dimethylbenzene = p-dimethylbenzene = p-xylene 

Naming Aromatic Hydrocarbons

A reasonable question to ask now is: "are the rules different if the substituents are different?"  

The answer is yes and no. No in the sense that you have to assign lowest possible numbers, but yes in the sense that you should number the alkyl groups based on alphabetical order.


Example 2 

Provide a IUPAC name for this structural formula.




Answer 

1. Identify the alkyl groups: methyl and butyl.

2. Number the alkyl groups based on alphabetical order and position on the benzene ring: 1-butyl and 3-methyl (roll your mouse over the image above).

3. Combine the names and locations of the substituents with the parent name:   1-butyl-3-methylbenzene.


When Benzene is the Substituent

There are instances when a benzene ring is bonded to a non-terminal carbon of an alkyl group and others where more than one benzene ring is connected to an alkyl group. In these cases, the alkyl groups become the parents and the benzene rings become the branches. 

As a branch, the benzene ring is called a phenyl group.

Textbook Readings

MHR
· pages: 360 - 361:  Aromatic hydrocarbons.

Textbook Items

MHR
· page 361:  # 32 - 35

· page 363:  # 4, 5, 9 

· page 371:  #17f, 24

Practice Items


Exercise 1

Define each term.

a. aromatic hydrocarbon

b. delocalized electron

c. resonance


Exercise 2

Provide a IUPAC name for each monosubstituted benzene compounds.
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Exercise 3

Draw a structural formula for each compound.

a. hexylbenzene 

b. propylbenzene

c. pentylbenzene 

d. octylbenzene

  

Exercise 4

Provide a IUPAC name for each disubstituted benzene compounds. 
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Exercise 5

Draw a structural formula for each compound.

a. 1,2-dipropylbenzene 

b. o-diethylbenzene

c. 1-butyl-4-methylbenzene


Exercise 6

For each compound, draw the structural formula or provide a IUPAC name.

a. 2-phenylbutane


c. 1,1-diphenylethane
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