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Case Study Puzzle: The Mystery of the Aromatic Compound

Scenario

You are a chemist at ChemSolve Labs, tasked with identifying an unknown aromatic compound
and solving a series of chemical mysteries. Your team has received a sample labeled "Compound
X," which is a derivative of benzene (CsHs). Through analytical tests, you know it has a
molecular formula of CeHsY, where Y is an unknown substituent. Additionally, the lab is
investigating a set of reactions and compounds related to benzene derivatives used in industry.
Solve the following puzzles to identify Compound X and address the lab's challenges.

Puzzle 1: Unraveling the Structure of Benzene

Your first task is to confirm that Compound X is derived from benzene. The lab provides the
following clues about benzene’s structure:

Elemental analysis confirms a C:H ratio of 1:1.

The compound is unusually stable and does not undergo addition reactions like alkenes.
Spectroscopic data show all C—C bonds are equal in length (1.39 A).

It follows a rule for aromaticity involving (4n + 2) n-electrons.

Questions:

1. Based onthe clues, propose the structure of benzene and explain why it is stable
compared to a hypothetical cyclohexatriene.

2. What is Huckel’s rule, and how does it apply to benzene’s aromaticity? Calculate the
number of 7-electrons in benzene to confirm its aromatic character.

3. Draw the orbital picture of benzene, describing the hybridization of carbon atoms and the
nature of the n-system.

Puzzle 2: Identifying Compound X Through Reactions

To identify the substituent Y in Compound X (CsHsY), you perform a series of electrophilic
aromatic substitution reactions on benzene and compare the products to Compound X:

o Reaction A: Benzene reacts with a mixture of HNOs and H2SOs at 50°C, yielding
nitrobenzene.

o Reaction B: Benzene reacts with Cl. in the presence of FeCls, forming chlorobenzene.

o Reaction C: Benzene reacts with CHsCOCl and AICls, producing acetophenone.
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When Compound X is subjected to nitration under the same conditions as Reaction A, it forms a
mixture of two isomers: 1-nitro-2-Y-benzene and 1-nitro-4-Y-benzene. No meta-substituted
product is observed.

Questions:

1. Based on the nitration products of Compound X, is the substituent Y ortho-para directing
or meta-directing? Explain your reasoning.

2. Suggest possible identities for Y, considering it activates or deactivates the ring. Provide
two examples of substituents that match this behavior.

3. Write the mechanism for Reaction A (nitration of benzene), including the formation of
the electrophile and the sigma complex.

Puzzle 3: Troubleshooting a Failed Reaction

Your lab attempts a Friedel-Crafts alkylation on Compound X using isopropyl chloride
(CHs).CHCl and AICls, expecting to form CsHsY—CH(CHs).. However, the reaction produces
multiple products, and the yield of the desired product is low.

Questions:

1. Explain why the Friedel-Crafts alkylation of Compound X resulted in multiple products.
Discuss the role of carbocation rearrangement and polyalkylation.

2. Suggest an alternative reaction to introduce an isopropyl group to benzene without these
issues. Provide the reaction conditions and mechanism.

3. Why does Friedel-Crafts acylation (e.g., Reaction C) not face the same issues as
alkylation? Explain with reference to the electrophile’s stability.

Puzzle 4: Industrial Applications and Compound Identification

The lab receives a request to analyze four compounds used in industry, all related to benzene or
its derivatives:

e Compound 1: A pesticide with the formula C.4sHsCls, known for its environmental
persistence.

e Compound 2: A non-caloric sweetener derived from a benzisothiazole structure.

e Compound 3: A chlorinated cyclohexane used as an insecticide, with the active gamma
isomer called lindane.

e« Compound 4: A water disinfectant formed by reacting ammonia with chlorine.
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Questions:

1. ldentify Compounds 1-4 based on the descriptions. Provide their common names and
chemical structures (or formulas).
2. For Compound 2 (the sweetener), explain how its structure relates to benzene and why it

is safe for diabetic patients.
3. For Compound 3, clarify why it is not a true benzene derivative despite its name. How is

it synthesized from benzene?

Puzzle 5: Designing a Synthesis

Your lab needs to synthesize a disubstituted benzene derivative, 1-methyl-4-nitrobenzene (p-
nitrotoluene), starting from benzene. However, the team is unsure of the order of reactions due to
substituent effects.

Questions:

1. Propose a synthetic route to prepare 1-methyl-4-nitrobenzene from benzene, specifying
the sequence of reactions (e.qg., nitration, alkylation) and reagents.
2. Explain why the order of reactions matters, referencing the directing effects of the methyl

and nitro groups.
3. If you reverse the order of reactions, what products would form? Draw the major
products and justify their formation using substituent effects.

Instructions for Solving

e Answer each question concisely, using chemical equations, mechanisms, and structures

where necessary.

e For mechanisms, show key intermediates (e.g., sigma complex, electrophiles).

e Submit your answers to ChemSolve Labs, ensuring you justify your reasoning with
concepts like resonance, aromaticity, and substituent effects.

Bonus Challenge

An unknown compound is found to have 10 n-electrons and follows Huckel’s rule. Propose a
possible aromatic structure for this compound and explain why it is aromatic. How would its
reactivity compare to benzene in electrophilic substitution reactions?
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