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Abstract

Compared with planar molecules, the special molecular structure of spirocyclic compounds such as
"bicyclic co-carbon" shows unique advantages in the field of chemistry, and its spirocyclic compound
structure changes are more abundant, the rigid three-dimensional configuration is like a molecular
"skeleton", maintaining a stable morphology, the flexible modification of substituents brings diversified
properties, and the chiral center makes it have unique optical properties like a "molecular fingerprint".
Recent studies have shown that these structures have outstanding potential in anti-cancer and
immunomodulation. With the advancement of catalytic technology, more functional spirocyclic molecules
are being developed, which continues to promote innovative development in the field of medicine and
materials.

As a class of green and highly active organocatalysts, nitrogen heterocyclic carbenes are widely used
in the construction of organic compounds with variable structures, especially in the construction of
complex cyclic compounds. Based on this, this study focused on the cycloaddition reaction catalyzed by
nitrogen heterocyclic carbene, and established a synthesis strategy for efficient construction of spirocyclic
systems, and the main research results are as follows:

Part I: The [4 + 2] cycloaddition reaction of salicylaldehyde and pyrazole-4,5-dione catalyzed by
nitrogen heterocyclic carbene was developed, and the one-step construction of xaspirocyclone-pyrazolinone
was realized. Twenty-three novel spirocyclic lipid derivatives were successfully synthesized under the
condition of 10 mol% nitrogen heterocyclic carbene catalyst, and the reaction conditions were mild, the
operation was simple, and the yield was 44-98%. The configuration of the product was confirmed by X-ray
single crystal diffraction analysis. After gram and derivatization experiments, the yield of the reaction
remained almost unchanged. At the same time, according to the analysis of the reaction mechanism, we
propose a reasonable catalytic cycle.

Part II: A [3,3] asymmetric cycloaddition reaction of indole-enalin and 2,4-dioxane catalyzed by
nitrogen heterocyclic carbenede was developed, which efficiently constructed 10 spiroepoxidized indole-
§ -lactone compounds and exhibited excellent enantioselectivity control (82-93% ee). Subsequent studies
showed that under methanol reflux conditions, the spiroring product could be converted into 3,3'-
disubstituted indole oxide containing a full carbon quaternary carbon center. This method achieved the
efficient synthesis of 3,3'-disubstituted indole oxide derivatives from 28 full-carbon quarter carbon centers
(90-98% yield), and the substrate was widely applicable. Scale-up experiments and derivatization studies
further verify the practicability of the proposed method. In addition, based on the analysis of the reaction
mechanism, we proposed a reasonable catalytic cycle mechanism.

Keywords: Spiroketal; N-Heterocyclic Carbene (NHC); Asymmetric ring addition; Spiroepoxy indole
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Figure 1-1 Bioactive spirocyclic compounds
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Figure 1-2 Development of nitrogen heterocyclic carbene catalysts
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Figure1-3 The main types of nitrogen heterocyclic carbene catalysts
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Figure 1-6 The [2+2] asymmetric cycloaddition reaction of ketimines and aldehydes catalyzed by NHC
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Figure 1-7 Asymmetric [3+2] addition reaction of enals and hydroxyindolinones catalyzed by NHC
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