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Abstract

This paper transforms a real synthetic research project-the construction of tetrahydrothienoquino-
linone via nitroalkenes-into an undergraduate research training experience, and documents students’
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learning experiences throughout the complete research process from the instructor’s perspective. The
practice reveals that students transitioned cognitively from “following procedures” to “asking why”,
operationally from “mechanical execution” to “decision-making based on information”, and attitudi-
nally from “fear of failure” to “analysis of failure”. Authentic research contexts stimulate deeper under-
standing more effectively than any simulated exercise. This paper also reflects on the limitations of the
current practice and proposes directions for improvement, offering a referable pathway for the reform
of comprehensive organic chemistry laboratory teaching.
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Figure 1. Synthetic route to tetrahydrothienoquinolinone
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Figure 2. Reaction mechanism for the synthesis of 3-nitroquinolin-2-one
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Figure 3. Reaction mechanism for the synthesis of tetrahydrothiophene derivatives
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Table 1. Mechanistic highlights and assessment of experimental reasoning
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Figure 4. |H NMR spectrum of 3-nitroquinolin-2-one
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Figure 5. |H NMR spectrum of tetrahydrothiophene derivatives
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