


1 

Statistical and AI Analysis on Stereoselective Glycosylation Reactions and 
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Cheng-Chung Wang 

 
Institute of Chemistry, Academia Sinica, Taiwan 

 
Carbohydrates are ubiquitous biomolecules that mediate numerous biological processes and 
exhibit important pathogenic effects. However, chemical synthesis of glycoconjugates has 
been hampered by challenges in glycosylation reaction, of which the stereoselectivity and 
yield are paramount but unpredictable. We develop a database composed of relative reactivity 
value (RRV) 1-5 and acceptor nucleophilic constant (AKa)6 to quantify the reactivity of glycosyl 
donors and nucleophilicity of hydroxyl groups in glycosylation influenced by the steric, 
electronic and structural effects, providing a connection between experiments and computer 
algorithm. A diverse range of glycosylation donors and acceptors with well-defined reactivity 
and promotors were organized and processed by the designed program “GlycoComputer” for 
prediction of glycosylation reaction without involving sophisticated computational processing. 
The applicability of this system was further tested by the synthesis of a Lewis A skeleton to 
show that the stereoselectivity and yield can be accurately estimated.6 The mechanisms and 
unknown factors of glycosylation reactions were further elucidated using this platform.7 
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Cyclic vinylogous esters have served as versatile building blocks for modular syntheses of 
substituted cycloalkenones. More recently, we1a and others1b-d have developed palladium-
catalyzed arylation reactions of cyclic vinylogous esters, and the Stork-Danheiser transposition 
of these arylated products furnished γ-aryl cycloalkenones. Through pattern recognition 
analysis,2 we realized that γ-aryl-substituted cyclic ketones are a common structural motif in a 
range of biosynthetically unrelated natural products. Building on this concept and the arylation 
protocols, we established a unified and straightforward strategy for assembling selected 
natural products with remote aryl functionality. In the foray into the total synthesis projects, 
we serendipitously disclosed cascade arylation processes of cyclic vinylogous esters; these 
transformations are driven by the unique properties of tris(1-adamantyl)phosphine,3 enabling 
rapid access to nonplanar polyaromatic scaffolds.4 This presentation highlights new 
opportunities for exploiting cyclic vinylogous esters in organic synthesis. 
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Perovskite Solar Cells (PSCs) may be the first in the history in photovoltaics (PV) technology 
with high efficiency and low cost. For commercializing PSC, the techniques for preparing large-
area, high-efficiency solar modules should be developed.  Furthermore, for the industrial 
production of high-efficiency perovskite solar cells/modules using non-expensive wet 
chemistry methods.  It is necessary to use non-toxic solvents because of large amounts of 
solvent vapors are released during the continuous high-throughput perovskite film production 
processes. In this talk a step-to-step to fabricate large-area, high-quality perovskite films was 
revealed.  Furthermore, Hole transport layer (HTL), having the functions of optimizing 
interface, adjusting the band alignment with the absorber and transporting the holes, is one 
of the important components in a PSC to achieve high efficiency and good stability. A low-
temperature sol-gel method was developed to prepare ZnCo2O4 spinel based thin films as high 
photovoltaic performance HTL for coating perovskite film (NA-Psk) from the basic MAPbI3/ 
ACN/CH3NH2 solution in air without using anti-solvent.  Both solar cell/module fabrication 
techniques and the photovoltaic performance of the resulting solar cells/modules will be 
presented. 
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Enabling Chemical Synthesis via Machine Learning 
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The Doyle lab conducts research at the interface of organic, organometallic, physical organic, 
and computational chemistry. Our goal is to address unsolved problems in organic synthesis 
through the development of catalysts, catalytic reactions, and synthetic methods. We apply 
mechanistic and computer-assisted techniques to the analysis of these reactions in order to 
uncover general principles that can guide the design of improved ligands, catalysts and the 
discovery of new reactions. These studies have also included the development of machine 
learning tools for reaction optimization, prediction and mechanistic inference. This lecture will 
describe our integrated efforts to develop, assess, and deploy machine learning tools in 
reaction and catalyst design. 
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