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Topic 18B: Amines, amides, amino acids and proteins

8. be able to identify:

i the amine and amide functional groups

ii molecules that are amino acids

9. understand the reactions of primary aliphatic amines, using butylamine as an example, with:

i water to form an alkaline solution

ii acids to form salts

iii ethanoyl chloride

iv halogenoalkanes

v copper(II) ions to form complex ions

10. understand reasons for the difference in basicity of ammonia, primary aliphatic and primary aromatic amines given suitable data

11. understand, in terms of reagents and general reaction conditions, the preparation of primary aliphatic amines:

i from halogenoalkanes

ii by the reduction of nitriles

12. know that aromatic nitro-compounds can be reduced, using tin and concentrated hydrochloric acid, to form amines

13. understand that amides can be prepared from acyl chlorides
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What to do if you get stuck

1. Read Chapter 18.2, p233-243 in textbook, Curtis, Hunt & Hill, Book 2 (you can read the online version on GOL)

2. Look at the chemguide website on the topic: 

Information on the amines - http://chemguide.co.uk/organicprops/aminemenu.html#top
Information on the amides - http://chemguide.co.uk/organicprops/amidemenu.html#top
3. Have a look at the chem factsheets on GOL (top left hand corner)
	34
	Organic Chemistry 5 – Compounds containing nitrogen

	35
	Answering questions on organic pathway and conversions

	101
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Organic functionality and structure – Part 2 (A2)

	153
	Amines


4. Look through the powerpoints in the worksheets and resources folder on GOL

5. Try out the worksheet in the folder

6. Come and ask for help or

drop into Chemistry Clinic – 1pm on Fridays or 
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after college on Tuesdays in Room 141

What to do if you have more time

1. Make a revision/ summary page – using the specification statements on the front of the pack as a guide 

2. Complete the Test Yourself questions (Chapter 18.2, p233-243) of the textbook (Curtis, Hunt & Hill, Book 2)

3. Do the Activity question in the textbook (Paracetamol – an alternative to aspirin) –p240

4. Attempt the Exam Practise Questions 1, 2, 5, 6, 8, 11 & 12 in the textbook p255-258 (Curtis, Hunt & Hill, Book 2)
Answers can be found at https://www.hoddereducation.co.uk/edexcelachemistry2
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Other useful websites

http://www.knockhardy.org.uk/sci.htm
Another site on A level nitrogen compounds
http://www.chemistryrules.me.uk/candrands/nitrogen.htm#title
http://www.benjamin-mills.com/chemistry/section-13.8.htm
amines and amides Salter’s syllabus

THE AMINES
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References
Curtis, Hunt & Hill, Book 2 p233-243


Chemguide link to amines
Amines can be considered as compounds related to ammonia, NH3, with one, two or three of the hydrogen atoms substituted by an alkyl or an aryl group, R.  If the amine is not the principal group, the prefix -amino (-NH2) is used.
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	Name
	Displayed formula
	Name (1o, 2o, or 3o)
	Displayed formula

	Methylamine (1o)
	
	Phenylamine
	

	Ethylamine (1o)
	
	1 - aminopropane
	

	Propylamine (1o)
	
	2 - aminopropane
	

	Dimethylamine (2°)
	
	Trimethylamine 
	


Physical properties Solubility 
Draw out the structure of methylamine to show the polarity of the NH2 group and the lone pair on the N atom. Identify the intermolecular forces present 

Draw a diagram to illustrate this intermolecular bonding.
Shorter chain amines are gases at room temperature as the Hydrogen bonding  is not as strong as it is in alcohols.

Would you expect short chain primary amines to be soluble in water? ……

Explain your answer …………………………………………………………………………………

………………………………………………………………………………………………………..

Would you expect an amine to behave as a base? ……., a nucleophile? ……., a ligand ……………
Explain your answer. …………………………………………………………………………………
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Amines are found in nature in putrefying and decaying flesh when proteins decompose.  They are associated with ammoniacal, fishy smells.
Reactions of Amines
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In these experiments, you will be looking at the reactions of ammonia, and  butylamine 
Draw out the displayed formulae of these structures.

ammonia




butylamine
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Method

1 Solubility and pH

· Make dilute aqueous solutions of the two compounds, warming if necessary.

 Add drops of full-range indicator.

Are the compounds Acidic/Basic or neutral?............................................................
Are the compounds readily soluble or only sparingly soluble? ……………………………….

What type of molecular interaction will be helping them to dissolve? …………………………
…………………………………………………………………………………...…………….
Equation for the reaction of butylamine with water:-
2 Formation of salts

· Add two drops of butylamine to 2 cm3 2 M hydrochloric acid.
· Repeat with ammonia
 
Are the amines more soluble in hydrochloric acid than in water?
…………………………………………………………………………………………………
 
Could they be reacting with the hydrochloric acid? Write down equations representing any reactions which you consider to be taking place.
3 Reaction with transition metal ions

· Add two drops of butylamine to 2 cm3 1 M copper(II) sulfate. Then to excess 
· Repeat with ammonia
Are somewhat similar results obtained? Describe them:-
…………………………………………………………………………………………………
…………………………………………………………………………………………………

Equations for the reaction with ammonia. (This is covered in more detail in Transition metals)
1. Deprotonation

[Cu (H2O)6]2+(aq) 
+
2NH3(aq)
(
[Cu(H2O)4(OH)2](s)
+
2NH4+(aq)








copper(II) hydroxide ppt
2. Ligand exchange
[Cu(H2O)4(OH)2](s)
+
4NH3(aq)
(
[Cu(NH3)4(H2O)2]2+(aq)  +  4H2O








soluble complex ion
The reactions with amines are essentially the same.  Give the deprotonation and  ligand exchange equation for the reaction of [Cu(H2O)6]2+(aq) with butylamine:-
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4 Nucleophilic reactions of amines with acid derivatives

This reaction with ethanoyl chloride will be demonstrated by your teacher.

Carefully place 0.2 cm3 of ethanoyl chloride (take care) and 0.2 cm3 of the amine in separate test tubes, in a fume cupboard, and then mix. A solid compound should be obtained, whose melting temperature is characteristic of the original amine.

Describe the reaction ………………………………………………………………………….
Which electrophilic centre is attacked?……………………………………………………….
Which bond breaks?……………………………………………………………………………
Write an equation for the reaction.
Product name and homologous series …………………………………………………………

Acids and Bases

You will study acids and bases in the pH pack after Christmas, for this topic however you need a basic understanding of a base. 

We define a base as a proton acceptor. It has a lone pair which it can use to form a dative covalent bond with a proton, which in chemistry is a H+ ion.  

Basic properties of the amine 

All amines, like ammonia are basic. However their ability to act as bases is determined by 

the availability of the lone pair on the nitrogen to accept a proton. 

Ammonia,  Butylamine and Phenylamine  
Show how each of the above bases reacts with water to produce a basic solution
…………………………………………………………………………………………………………

…………………………………………………………………………………………………………

…………………………………………………………………………………………………………

The ability to act as a base is determined by the availability of the lone pair on the nitrogen. The more available the lone pair the better it is able to attract and hold onto a proton and hence the stronger base. 
Why is Butylamine a stronger base than ammonia

………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………

Why is phenylamine a weaker base than ammonia 

……………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………… 

Preparation of amines

[image: image44.wmf]NH

3

+

Cl-

Refer to Curtis, Hunt & Hill, Book 2 p241

Amines as Nucleophiles 
[image: image45.jpg]


Reaction of a halogenoalkane with ammonia
What type of reactions do halogenoalkanes frequently undergo? 
……………………………………………………………………………..…………………………

Why can ammonia act as a nucleophile? …………………………………………………………….
Reagents:
halogenoalkane



excess conc. ammonia dissolved in ethanol

Conditions: 
heat in a sealed tube

The products depend on the relative amounts of reagents, by understanding the mechanism you will see why.
Equation for reaction of 1-chlorobutane ammonia
Mechanism for the reaction of 1-chlorobutane with limited ammonia 
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Complete the mechanism to show how the amine is released by treatment with dil. NaOH
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Reaction of excess chloromethane with ammonia results in successive substitution reactions:-

Complete the equations:-
· CH3Cl
+
NH3
(

+
HCl
methylamine
· CH3Cl
+
CH3NH2
(

+
dimethylamine
· .
+

(

+
trimethylamine

It is difficult to separate these products even by fractional distillation as their boiling points are similar.

The Preparation of amines 

1) From Halogenoalkanes 

Aliphatic amines are produced by heating the corresponding halogenoalkane in a sealed tube with excess ammonia in ethanol 

During the first step of the reaction the ammonia acts as a nucleophile and then in the second step it acts as a base releasing the free amine  

Draw out the mechanism using 1-bromobutane and ammonia.

2) From Nitrile 

Reduction of nitriles can also produce amines. Unlike the above reaction there is no chance of further substitutions, however if using LiAlH4 care needs to be taken as the LiAlH4 is highly flammable 

Reduction can be achieved via two methods

1) Reduction using hydrogen gas and a nickel catalyst

2) Reduction using LiAlH4 in epoxyethane (dry ether), followed by dilute acid. 

The reduction of nitrobenzene to phenylamine
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Step 1

· Reducing agent: Tin and concentrated hydrochloric acid.

· Add tin to nitrobenzene, then add concentrated hydrochloric acid with cooling.

· Heat on a boiling water bath to complete the reduction.  Phenylammonium chloride is formed (write the name in the equation)
Step 2

· Sodium hydroxide solution is added to liberate the phenylamine.

· Collect the phenylamine by steam distillation. (see apparatus below) Distil until no more oily drops of phenylamine distil over. Separate the oily organic layer.

· Shake with NaCl(s) to reduce the solubility of phenylamine in water.

· Separate the organic layer and dry with K2CO3(s)

· Redistill using an air condenser.

[image: image62.emf]
AMIDES
[image: image63.wmf]O

H

O

H

O

H

N

C

H

3

H

Refer to 
Curtis, Hunt & Hill, Book 2 p242
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Chemguide amides menu
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	Name
	Structural and displayed formula

	ethanamide
	

	propanamide
	

	N - methylethanamide
	

	Benzamide
	


PHYSICAL PROPERTIES

Acid amides are organic compounds which have relatively high melting points and boiling points.  Methanamide is a liquid but all other acid amides are white crystalline solids.

Identify the intermolecular bonding present ……………………………………
Draw a diagram to show this intermolecular bonding:
Comment on the solubility of amides in water ………………………………………………………
………………………………………………………………………………………………………..
What is the N-C-C bond angle in ethanamide? Justify your answer.
………………………………………………………………………………………………………..
The lone pair of electrons on the nitrogen atom is delocalised through the  bond system.

This reduces the electron density on the nitrogen atom making it less basic than expected.
PREPARATION
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From ammonia or an amine and an acid chloride at room temp.
Give equations, showing the mechanism and name the products:-
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N-4-hydroxyphenylethanamide

paracetamol
Questions

Q1.
 

This question is about amines.

Phenylamine is an aromatic amine and butylamine is an aliphatic amine.

Phenylamine can be prepared from nitrobenzene.

[image: image1.jpg]



Butylamine can be prepared from butanenitrile.

[image: image2.jpg]



Compare and contrast these two preparations of amines.

(3)
 ............................................................................................................................................. 

 ............................................................................................................................................. 

 ............................................................................................................................................. 

 ............................................................................................................................................. 

 ............................................................................................................................................. 

 ............................................................................................................................................. 

 ............................................................................................................................................. 

 ............................................................................................................................................. 

............................................................................................................................................. 

 ............................................................................................................................................. 

(Total for question = 3 marks)
 

Q2.
 

The chemistry of organic compounds containing a chlorine atom is affected by the presence of other groups.

Draw the mechanism for the reaction of CH3CH2CH2Cl with an excess of ammonia to form the primary amine. Include curly arrows and relevant lone pairs.

(3)













 

(Total for question = 3 marks)
 Q3.
 

This question is about nitrogen and some nitrogen compounds.

Butylamine, C4H9NH2, reacts with ethanoyl chloride.

[image: image3.jpg]2C,H,NH, + CH,COCl —» CH,NHCOCH, + CH,NH;Cl




Explain how this equation illustrates that butylamine acts as a nucleophile and as a base.

(4)
 ............................................................................................................................................. 

 ............................................................................................................................................. 

 ............................................................................................................................................. 

 ............................................................................................................................................. 

 ............................................................................................................................................. 

 ............................................................................................................................................. 

 ............................................................................................................................................. 

 ............................................................................................................................................. 

 

(Total for question = 4 marks)
Q4.
 

This question is about amines.

Compare and contrast the basicity of phenylamine and butylamine.

(3)
 ............................................................................................................................................. 

 ............................................................................................................................................. 

 ............................................................................................................................................. 

 ............................................................................................................................................. 

 ............................................................................................................................................. 

 ............................................................................................................................................. 

 ............................................................................................................................................. 

 

(Total for question = 3 marks)
 

Q5.
 

This question is about amines.

Write the equation for the reaction between propanoyl chloride and pentylamine. 
Include the name of the amide formed.

State symbols are not required.

(2)














Name of amide ............................................................................................................................................. 

 

(Total for question = 2 marks)
 Q6.
 

This question is about amines.

(a)   Amines can behave as bases.

What is meant by the term base?

(1)
 ............................................................................................................................................. 

 ............................................................................................................................................. 

 ............................................................................................................................................. 

 ............................................................................................................................................. 


(b)   Which of these compounds has the highest pH when dissolved in water to form solutions of the same concentration?

(1)
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  A   NH3
[image: image5.jpg]


  B   CH3NH2
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  C   C6H5NH2
[image: image7.jpg]


  D   NH4Cl

Q7.

The compound shown below is found in cocoa beans and in chocolate. Which of the groups listed is not present in its structure?

[image: image8.jpg]
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  A   Alkyl

[image: image10.jpg]


  B   Amide

[image: image11.jpg]


  C   Amine

[image: image12.jpg]


  D   Ketone

(Total for question = 1 mark)
Q8.
 

The skeletal formula of an organic compound is shown below.

[image: image13.jpg]



This compound is

[image: image14.jpg]


   A    an amino acid.

[image: image15.jpg]


   B    an amide.

[image: image16.jpg]


   C    a primary amine.

[image: image17.jpg]


   D    a secondary amine.



 

(Total for question = 1 mark)
 Q9.
 

This question is about amines.

A student wrote a statement about the mechanism of the reaction between a primary chloroalkane and an amine.

[image: image18.jpg]The amine acts as a nucleophile due to its unpaired electron
Tt attacks the slightly positive carbon in the chloroalkane,
forming an intermediate. The carbon is slightly positive as it
is attached to an electropositive chlorine atom. The
intermediate then loses a proton and a chloride ion, forming
the product, an N-substituted amide





Identify and correct two of the errors in the statement.

(2)
 ............................................................................................................................................. 

 ............................................................................................................................................. 

 ............................................................................................................................................. 

 ............................................................................................................................................. 

Q10.
(a)  The following data were obtained from experiments on solutions of aqueous amines of the same concentration.


[image: image19.jpg]Amine Formula pH of solution
Butylamine CH,CH,CH,CH,NH, 19
Dibutylamine (CH,CH,CH,CH) NH 121
Phenylamine (aniline) CHNH, 88






(i)  Identify the feature of the amine molecules that causes the solutions to be alkaline.

(1)
 ............................................................................................................................................. 

 ............................................................................................................................................. 


(ii)  Write the equation for the reaction that occurs when butylamine is dissolved in water. State symbols are not required.

(1)







*(iii)  Suggest why the dibutylamine solution is more alkaline than the butylamine solution.

(2)
 ............................................................................................................................................. 

 ............................................................................................................................................. 

 ............................................................................................................................................. 

 ............................................................................................................................................. 

 ............................................................................................................................................. 

 ............................................................................................................................................. 


(b)  When butylamine is added to an aqueous solution of copper(II) sulfate, initially a pale blue precipitate is formed. When excess butylamine is added, the precipitate dissolves to form a deep blue solution.


Complete the equations below. State symbols are not required.


(4)
I    Formation of the pale blue precipitate



Cu(H2O)62+ + 2C4H9NH2 →



II   The overall equation for the formation of the deep blue solution



Cu(H2O)62+ + 4C4H9NH2 →

(Total for Question = 8 marks)
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Amines & Amides
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Nicotine.  One nitrogen is a tertiary amine (which one?) and the other is an aromatic amine.
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Adrenaline, a hormone controlling blood sugar levels.  This is a secondary amine.
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Acetylcholine, a neurotransmitter which is also a quaternary ammonium ion.
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A Ligand is a molecule or ion with a lone pair of electrons which can make a dative covalent bond with a metal cation forming a complex ion. (see transition metals)





TOXIC





CORROSIVE





IRRITANT





HIGHLY FLAMMABLE





CORROSIVE





HIGHLY FLAMMABLE
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Step 2





Step 1





Steam distillation allows water-immiscible liquids to be distilled at temperatures below their normal boiling point.  The usual procedure is to pass steam continuously through a distillation flask containing a mixture of the compound to be distilled and water.
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The H atoms on the NH2 group can be replaced by 


alkyl or aryl groups resulting in an N substituted amide
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