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NITROGEN COMPOUNDS AND PROTEINS - PRACTICE

1.

Draw the full structural formulae for 1-aminopropane, 2-aminopropane and trimethylamine. Some
data for butane and these three amines are shown in the table below:

Relative molecular

Substance mass Boiling point / °C
butane 58 -0.5
1-aminopropane 59 48.5
2-aminopropane 59 324
trimethylamine 59 2.9

Suggest reasons for the different boiling points of these substances.

State and explain the relative basicities of ammonia, ethylamine and phenylamine. Suggest, with
reasons, how the basicity of 3-chlorophenylamine might compare with that of phenylamine.

Give reagents and conditions to show how the following conversions may be effected.
(a) Phenylamine to N-phenylethanamide
(b) Phenylamine to 2,4,6-trichlorophenylamine
(c) Ethene to butane-1,4-diamine

Describe how you would distinguish the following pairs of compounds by means of a simple
chemical test.

(a) Phenylamine and propylamine

(b) Ethanamide and N-methyl ethanamide

(c) Ethylamine and ethanamide

Suggest a possible identity for organic compound D and E below. Explain your reasoning and write
balanced equations for the reactions involved where possible.

D, CsH7N, dissolves in hydrochloric acid to give a solution from which a white crystalline solid E can
be isolated. D decolourises aqueous bromine with the formation of a white precipitate.

The following structure shows part of a protein molecule.
—NH—(FH—CO—NH—?H—CO—NH—CHz—CO—
CH, CH,

| |
OH COOH

(a) What reagents and conditions are needed to break the protein into its constituent amino
acids?

(b) What is the name given to the type of reaction you have described in (a), and what type of
bond is broken during it?

(c) Draw the structural formula of each of the three amino acids produced by the reaction,
labelling any chiral centres in the molecules.

(d) In solution, amino acids exist as zwitterions. Choose one of the amino acids you have drawn
in (c) to illustrate what is meant by this term.
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(e) Amino acids act as buffers in solution. By means of equations, show how your chosen amino
acid can act as a buffer when
(i) dilute HCI,
(i) dilute NaOH,
is added to its solution.

7(a) What is meant by the primary structure of a protein?
(b) Enzymes such as pepsin hydrolyse proteins into smaller units.

(i) Write an equation for the hydrolysis of the peptide linkage in a protein.
(i) Describe how the enzyme is able to make this hydrolysis possible.

(c) The diagram below shows the structure, at pH 7, of a fragment from a protein which contains four
amino acids, A, B, C and D.

A B (9 D
---NHCHCONHCHCONHCHCONHCHCO---
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CHs  CH:SH CH(CHs): CH,OH

@) Draw the structure of the first amino acid, A, that could be obtained by hydrolysis of the protein
fragment.

(i) Draw diagrams showing how two groups in this protein fragment could be involved in
maintaining the secondary structure of the protein.

(iii) Show, with diagrams, how the side chains on amino acids B and D could be involved in the

maintenance of the tertiary structure of the protein.

8(a) The enzyme chymotrypsin digests proteins or polypeptides at the carboxylic acid end of the amino
acid phenylalanine, phe. The following peptides were identified after digestion of the polypeptide P with
chymotrypsin, and subsequent separation.

asp-lys—gly—phe
lys—val-arg
val-phe

Another enzyme trypsin digests at the carboxylic acid end of lysine, lys. The following peptides were
identified after digestion of the same polypeptide P with trypsin, and subsequent separation.

gly—phe-lys
val-arg

val-phe—asp-lys
Use the above information to determine the primary structure of polypeptide P. Justify your answer.

(b) A sample of cow’s milk was diluted with distilled water and the resulting mixture was then
treated with a few drops of a weak acid. A precipitate was formed. Explain this observation.
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