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2021
The Graduate School Entrance Examination
Chemistry 3 (Organic Chemistry)
Problem Number C3

Answer Time 40 minutes

GENERAL INSTRUCTIONS

1. Do not look at the Problems until the start of the examination has been announced.
2. Use 5 Answer Sheets and 1 Draft Sheet.
3. Do not use the back faces of the Answer Sheets or the Draft Sheet.

4. Fill in your examinee number in the designated places at the top of all the Answer
Sheets and the Draft Sheet.

5. Answers must be written in Japanese or English.
6. Answers must be marked within the solid frame on the Answer Sheets.

7. Any Answer Sheet with marks or symbols irrelevant to your answers is considered to

be invalid.
8. The Problems are described in Japanese on pages 5-9 and in English on pages 11-15.

9. Scrolling, expansion and reduction of the Problems are permitted. Keyboard

operation is prohibited.

Continue the answer even if network trouble occurs.
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Chemistry 3 (Organic Chemistry)

Answer all Questions I, II, III, and IV.
I. Answer the following questions.

1. Give the nomenclatures of the following compounds A and B according to
the International Union of Pure and Applied Chemistry (IUPAC) definition.

Br

)\(

A B

2. Arrange the following carbon radicals in descending order of stability. Also,

explain the reason for the order briefly.

‘CH3 'CHzCH3 ‘CH(CH3)2 'C(CH3)3

Continued on the next page.
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3. Arrange the following alcohols in descending order of acidity in an aqueous

solution. Also, explain the reason for the order briefly.

CHsOH CH3CH:OH  (CH3):CHOH  (CH3)sCOH

4. Arrange hexane, cyclohexane, and 2,3-dimethylbutane containing the same
number of carbon atoms in descending order of boiling point. Also, explain the
reason for the order briefly.

5. The melting points of cyclopentane, cyclohexane, cycloheptane, and
cyclooctane are —93.9 °C, 6.6 °C, —12.0 °C, and 14.3 °C, respectively, and do
not always increase with increasing the number of carbon atoms. Discuss the

reason for this phenomenon.

Continued on the next page.
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II. The reaction of 1-phenylpropyne and hydrogen chloride was performed in the
presence of Al203. Compound C with a molecular formula of CoHoCl was the major
product at the initial stage of the reaction, and then compound D, which is an isomer

of compound C, was finally produced as the major product. Answer the following

questions on the reaction.

1-phenylpropyne

1. Draw the chemical structures of compounds C and D.

2. Draw the reaction mechanism of the formation of compound C at the initial
stage of the reaction using arrows to show the movements of electrons. In
addition, briefly explain the reason why compound C is the major product.

3. Draw the reaction mechanism of the isomerization from compound C to

compound D using arrows to show the movements of electrons.

Continued on the next page.
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III.  Answer the following questions on Wittig reaction.

1) PhgP

)y 2) BulLi
Br > E
3)

(Ph = CgHs, Bu = C4Hg)

1. Draw the chemical structure of compound E to show the configuration.
2. Discuss a method to determine the configuration of compound E using proton

nuclear magnetic resonance spectroscopy.

Continued on the next page.
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IV. Answer the following questions on multistep synthesis.

1. Design a synthetic route to compound F using benzene as a starting material.

In addition, indicate all required reagents.
©

2. Design a synthetic route to compound G using bromocyclohexane as a

starting material. In addition, indicate all required reagents.

O — O
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