Organic Chemistry - Exercise 3

Distribution: October 9, 2025
Help: October 16, 2025
Return until: October 18, 2025

This exercise is about the planar tropylium ion (cycloheptatrienyl cation). This structure
is frequently detected when organic molecules containing benzyl fragments are analyzed
with mass spectrometry. Upon ionization, the benzyl fragment forms a cation that quickly
rearranges into the highly stable tropylium ion. Its structure is given below.

®

a. How many m molecular orbitals are there in the tropylium ion? How many «
electrons are there in total?

b. Explain whether or not the tropylium ion is aromatic!

c. Draw a simplified MO diagram of tropylium ion. Consider only 1 orbitals and
schematically justify the energy levels you have assigned to the different MO.



d. Using the “electron in a box with steady boundary conditions” model show in a
simplified way how the participating p atomic orbitals contribute (qualitatively!)
to the m MO.

e. According to the previous answer draw simplified LCAO representations of the
different molecular orbitals in the cyclic monomer.



Adenine (9H-purin-6-amine) is a purine nucleotide base found in DNA, RNA and ATP. The
shape of adenine is complementary with either thymine in DNA or uracil in RNA. In this
exercise, the nature of its electron system is going to be discussed. The structure of
adenine is shown below.
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a. What are the hybridization states of the C and N atoms in adenine? Is the cyclic
system of the molecule planar or not?

b. In what type of atomic or hybrid orbital are the electron lone pairs on each of the
nitrogen atoms?

c. How many 7 electrons are there in adenine molecule? According to the Hiickel
rule, discuss the aromaticity of adenine.



3. This exercise is about understanding the electron-donating and electron-withdrawing
effects in aromatic systems.

a. Draw the resonance structures of phenol (CsHs-OH).

b. Draw the resonance structures of benzoic acid (CcHs-COOH).

c. Draw the resonance structures of phenyl methanoate.

d. Discuss the mesomeric effect of different substituents on the benzene ring and
discuss how they affect the electron density in the system.



4. According to the Brgnsted-Lowry theory, acids are substances that act as proton donors,
and bases are substances that act as proton acceptors. The acidity/basicity depends on
stability of the anions resulting from proton dissociation, and of the cations resulting from
protonation, resecptively — the more stable the resulting ion, the stronger the acid or base.

In this exercise, you shall compare the acidity of three aromatic compounds: phenol
(C¢Hs-OH), 4-nitrophenol and 4-methoxyphenol.

a. Draw Lewis structures of phenol, 4-nitrophenol and 4-methoxyphenol.

b. Write the chemical reactions that describe the deprotonation of these three
compounds.



Draw the resonance structures of the phenoxide ion (conjugated base of phenol),
4-nitrophenoxide ion (conjugated base of 4-nitrophenol) and 4-
methoxyphenoxide ion (conjugated base of 4-methoxyphenol). Based on these
structures, order phenol, 4-nitrophenol and 4-methoxyophenol according to their
acidity and explain your choice of order.



d. Bonus question: Consider 3,5-dimethyl-4-nitrophenol. Even though it also has a
nitro group in position 4, it is now much less acidic than 4-nitrophenol. Try to
take an educated guess why this might be the case.
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