Functional Groups

Hydrocarbons are organic compounds that contain only carbon and hydrogen. Most organic compounds, however, also contain at least one other element.

The most prevalent added element is oxygen, but halogens and nitrogen are also common. The addition of groups of elements (called functional groups) greatly change the physical and chemical properties of a compound.

Alcohols






R—O—H

Alcohols are essentially water molecules with one of the H groups replaced with an alkyl group. Examples include: ethanol, cholesterol and retinal (vitamin A).

Naming Alcohols

The OH group is named “ol” and is added to the end of the parent chain name.

When an alcohol contains more than 2 carbon atoms or more than 2 OH groups numbering is required.

Alcohols can also be subdivided into primary, secondary, and tertiary alcohols. This is dependent on the number of alkyl groups attached to the carbon with the OH functional group.

1o alcohol (primary alcohol)

2o alcohol (secondary alcohol)

3o alcohol (tertiary alcohol)

Common Names for some Alcohols

IUPAC Name



Common Name
methanol

ethanol

2-propanol

1-butanol

2-butanol

2-methyl-1-propanol

2-methyl-2-propanol

Polyalcohols/Cyclic/Aromatic Alcohols

For alcohols containing more than one OH group use the prefix di/tri/tetra

Most cyclic alcohols are known by their common names. This is menthol.
The IUPAC name is:
The simplest aromatic alcohol is phenol (hydroxybenzene is the IUPAC name))

Reactions Involving Alcohols

Many alcohols are produced industrially by hydration reactions involving unsaturated hydrocarbons.

Alcohols can also be used to create alkenes using the reverse reaction known as dehydration reactions.

Properties of Alcohols

Compared to alkenes alcohols have higher boiling points. This is explained by the OH group which allows hydrogen bonding. This functional group also makes alcohols polar which allows simple (small) alcohols to dissolve in water.

Long chain alcohols act as nonpolar molecules making good solvents for non-polar substances. Because of this alcohols are often used as solvents in organic reactions (i.e. creation of aspirin) because they will dissolve both polar and nonpolar compounds.

Homework:
Pg 41
#1,2,3


Pg 42
#4,5,6

Ethers







R—O —R’

Ethers are named by adding oxy to the prefix of the smaller hydrocarbon group and joining it to the alkane name of the larger hydrocarbon group.

methoxyethane (also called methyl ethyl ether)

propoxypropane (also called dipropyl ether)

butoxyhexane (also called butyl hexyl ether)
Properties of Ethers

The structure of ethers are very similar to water except each hydrogen is replaced with an alkyl group. Ethers do not contain OH groups – however, the 
V-shape of the C—O—C bond make ethers more polar than hydrocarbons.

Relative boiling points of ethers are between 
Ethers make excellent organic solvents –
Ethers are unreactive 
Preparation of Ethers

When two alcohols react together, the result is an ether and the elimination of a water molecule. This is called a condensation reaction (a reaction in which two molecules combine to form a larger molecule with the elimination of a smaller molecule).  This is also a dehydration reaction since water is the molecule that is eliminated.

ALCOHOL
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R—O—H
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ETHER



R—O—R

+
H2O

Homework

Pg 48
Practice #13


Section 1.5 Questions #2,3,5,6,7,9a,b,d
Ketones and Aldehydes

R—C—R

R—C—H
Ketones have a C=O inbetween two alkyl groups.

Aldehydes have a C=O inbetween an alkyl group and a hydrogen (i.e. always at the end of a chain).

The C=O functional group is called a 

Ketones make up most of the chemical signals species use to communicate. The sex attracting ketones called pheromones are an example. Aldehydes are responsible for many of the smells you are familiar with. Many large aldehydes have pleasant flowery odours. Many are used in perfumes and aromatherapy products.

Ketones are named by replace the “e” of the corresponding alkane with “one”. If the chain is 5 or more carbons long, the position of the carbonyl group must be indicated.

propanone


butanone



3-pentanone

(acetone)

Aldehydes are named by replacing the “e” of the corresponding alkane with “al”.  The location of the carbonyl group does not need to be indicated since it is always at the end of the chain.

methanal





ethanal

(fomaldehyde)




(acetaldehyde)

Properties of Aldehydes and Ketones

Boiling Points 

Solubility 
Reactivity
 Preparing Aldehydes and Ketones from Alcohols

Aldehydes and ketones are prepared by the controlled oxidation of alcohol. In organic chemistry Oxidation Reactions generally implies a gain of oxygen or loss of hydrogen.



R—OH 
+
(O)
(
R—C—H

or

R—C—R


The reactive oxygen atom from the oxidizing agent removes 2 hydrogen atoms, one from the OH group and one from the adjacent carbon atom, resulting in a C=O group. A water molecule is also produced in the reaction.

1. When a primary alcohol is oxidized an H atom remains on the carbon atom and an aldehyde is produced.

2. When a secondary alcohol is oxidized the carbonyl group is attached to 2 alkyl groups, forming a ketone.

Tertiary alcohols do not undergo this type of reaction since there is no hydrogen atom available on the central carbon atom.

Alcohols can be produced from aldehydes and ketones using the addition reaction, hydrogenation.

Homework:
Pg 56, #6, 7



Pg 57, #2,3,4,10a,b,c


Carboxylic Acids
















R—C—OH

Many of the acids found in fruits (such as citric acid), lactic acid, acetic acid and acetylsalicylic acid (ASA) are carboxylic acids.

The functional group is known as a carboxyl group (COOH).

To name simple carboxylic acids you replace the “e” of the longest alkane chain with “oic” and add the word acid.

Methanoic acid




Ethanoic acid

Carboxylic acids have the highest boiling points of organic compounds because they have a polar C=O bond and also OH groups (hydrogen bonding). Some carboxylic acids have 2 or 3 carboxyl groups giving them very high melting points.

Carboxylic acids are prepared from alcohols along the same path as aldehydes.  It is a two step process starting with a primary alcohol to create an aldehyde, and then with further controlled oxidation creating the carboxylic acid.

Example:

This does not happen with ketones.

Practice:

Pg 60
#1,2




Pg 63
#3,4,5,6,7,8
Esters











R—C—O—R

Esters are responsible for the odours of fruits and flowers. Synthetic esters are used as flavourings in foods and as scents in cosmetics.

Esters are known as organic salts since they are made from an organic acid and an organic ‘base’ (alcohol).  Esters are produced through the process of ESTERIFICATION. This is a condensation reaction between a carboxylic acid and an alcohol.

The name of an ester consists of two words.

1.

2.
The acid is the first part of its formula as drawn, but is the second part of its name.


Examples:


1) CH3—CH2—C—O—CH2—CH3





2) CH3—C—O—CH2—CH2—CH2-CH2—CH3


3)

H—C—O—CH2-CH2-CH2-CH3


Properties of Esters

Reactions of Esters

Esters can undergo a hydrolysis reaction in the presence of an acid or a base which is a reversal of esterification.

Practice:


Pg. 66 #11, 12





Pg. 67 #13





Pg. 68 #1,2,3,4
Amines






These are hydrocarbons that contain nitrogen.

Ammonia

Primary

Secondary

Tertiary

The IUPAC system names amines as a nitrogen derivative of an alkane (i.e. the alkane is the main chain).

aminomethane


aminoethane

An alternate system names the compound as an alkyl derivative of ammonia.

methylamine



ethylamine

1o amines -
The IUPAC system further distinguishes 2o and 3o amines by including the N- prefix to denote the substituted groups on the N atom of the amino group.









(a 2o amine)









(a 3o amine)

Properties of Amines

Amines tend to have very unpleasant odours (i.e. rotten fish/decomposing animal tissue).

The N—H or N—C bonds in amines are polar. Therefore smaller amines are readily soluble in water. Amines have higher boiling points than comparable hydrocarbons because of these polar bonds, but they have lower boiling points than alcohols (the N—H bond is not as polar as the O—H bond).

Preparing Amines

Amines are prepared from alkyl halides.

iodoethane

ammonia



aminoethane   (1o amine)
The reaction can continue to produce a secondary amine.

iodoethane

aminoethane


The reaction can continue to produce a tertiary amine.

iodoethane
N-ethylaminoethane


Homework
Pg.  72
#1,2,3





(for #2, just write the IUPAC names)













Amides






R—C—N—R’


Amides are similar in structure to esters, with a Nitrogen replacing the Oxygen in the ester.

This is an important functional group since the amide linkage forms the backbone of all protein molecules (called a peptide bond).

Amides are created from the reaction of a carboxylic acid and ammonia or a 1o or 2o amine. If it is created with ammonia, the name consists of the acid root followed by ‘amide’. 

ethanamide






butanamide

If it is created with a 1o or 2o amine the first part of the name of an amide is derived from the amine that was used to create it, followed by the carboxylic acid with the ending ‘amide’. If there are one or more alkyl groups attached to the Nitrogen atom, the letter ‘N’ is used to clarify the location of the groups (as with amines) and the name is made up of two words (just like esters!).

Preparing Amides

The reaction that creates amides is a condensation reaction (two molecules are joined together with the formation of a water molecule).

Reaction with ammonia

Reaction with 1o amine

Reaction with 2o amine

This reaction does not happen with 3o amines.

Properties of Amides

Amides are weak bases. Only the smaller 1o and 2o amides are slightly soluble in water because of weak hydrogen bonding between the polar N—H bonds and water.

1o amides have higher melting and boiling points than 2o or 3o amides because they have some hydrogen bonding with the polar N—H bond.

Amides are less reactive than esters. They do undergo a hydrolysis reaction with a strong acid or base to produce a carboxylic acid and an amine.

Examples:

Amides involving a 1o amine (NH2)

Amides involving a 2o amine (NH—R)

This reaction does not occur with amides that involve a 3o amine (there is no hydrogen to be given up by the Nitrogen).
Homework
Pg. 78

#1,2,3,4,5
O
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This symbol (O) represents an oxidizing agent such as H2O2 or KMnO4
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