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Abstract

As a special heterocyclic skeleton, spiroxidated indole exists in many natural products and bioactive
molecules. Snail epoxidated indole compounds with multiple stereocentes are widely used in medicine,
agriculture and materials because of their complex structure and potential medicinal value. Therefore, the
efficient construction of snail epoxidation of indole derivatives has been the focus of scientists. Nitrogen
heterocyclic carbene, as a highly active intermediate, can achieve the diversity and stereoselectivity of the
reaction in the development of organic asymmetric catalysis for the formation of spiral epoxidation indole
compounds. Therefore, in this thesis, through the cycloaddition reaction catalyzed by the asymmetric
catalysis of nitrogen heterocyclic carbene, spiral epoxidation indole compounds containing continuous chiral
centers were efficiently constructed, which mainly included the following two parts:

Part 1. The [3+2] cycloaddition reaction of isatin derived enaldes with pyrazole-4, 5-dione was
developed in the asymmetric catalysis of nitrogen heterocyclic carbene. Twenty-three kinds of spiroxindole
dihydrofuran and pyrazolinone compounds containing two continuous full-quarter carbon stereocenters were
constructed with 10 mol% chiral nitrogen heterocyclic carbene catalyst. The reaction has moderate to
excellent yield and diastereoselectivity, as well as up to 99% enantioselectivity. At the same time, the absolute
configuration of the compound was determined by single crystal diffraction and the possible mechanism of
the reaction was proposed. The reaction catalyst has low loading capacity, simple operation, mild reaction
conditions, good substrate universality and gram scale scaling, which provides a new, efficient and highly
enantioselective asymmetric synthesis method for the subsequent construction of such compounds.

The second part: The [3+2] cycloaddition reaction of isatin derived enal with a-cyanochalcone was
realized asymmetrically catalyzed by nitrogen heterocyclic carbene. Twenty-seven snail epoxidated indolyl
cyclopentenyl nitrile derivatives with three continuous chiral centers were synthesized with a 20 mol% chiral
carbene catalyst. The reaction yields were 46-99% and diastereoselectivity was 4:1-20:1. Most importantly,
the reaction has a unique advantage in controlling enantioselectivity, which is basically kept above 99%.
When the experiment was scaled up to gram level, the yield of the reaction was 87%, the diastereoselectivity
was > 20:1, and the enantioselectivity remained stable at 99%. Finally, the structure of the compound was
confirmed by single crystal diffraction, and the possible mechanism of the reaction was described based on
experimental studies. The method is easy to synthesize raw materials, wide range of substrates and mild
reaction conditions, which provides a new idea for efficient construction of snail epoxidation indole
compounds.

Key words: Nitrogen heterocyclic carbene; Snail epoxidated indole; Cycloaddition; Asymmetric catalysis
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