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研究成果の概要（和文）：この研究では、クロマノンラクトンの新しい合成法が紹介されています。不斉ビニロ
グース付加反応により、2-エステル置換クロモンを得ることができ、キラル配位子を用いることで、エナンチオ
選択性を制御することができます。この手法は、異なる置換基を持つクロモンにも適用可能で、優れたジアステ
レオおよびエナンチオ選択性を有する天然物アナログが得られました。さらに、ent-blennolide Bとsecalonic 
acid Aの合成にも成功しました。

研究成果の概要（英文）：This study achieved the development of a new synthetic method for chromanone
 lactones. The method is applicable to chromones with different substitution groups and has yielded 
natural product analogs with excellent diastereo- and enantioselectivity. Additionally, successful 
syntheses of ent-blennolide B and secalonic acid A were also achieved.

研究分野： synthetic organic chemistry

キーワード： total synthesis　asymmetric catalysis　enolate　copper

  ３版

令和

研究成果の学術的意義や社会的意義
The method developed in this study could be used for the synthesis of biologically important natural
 products in an effective manner which may accelerate drug discovery based on natural products.

※科研費による研究は、研究者の自覚と責任において実施するものです。そのため、研究の実施や研究成果の公表等に
ついては、国の要請等に基づくものではなく、その研究成果に関する見解や責任は、研究者個人に帰属します。
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１．研究開始当初の背景 

The chromanone lactones are an important class of compounds in organic synthesis 
and drug discovery. They exhibit various biological activities. For example, 
blennolides D and E have antifungal and antialgal properties, and microdiplodiasone 
inhibits the bacteria responsible for Legionnaires’ disease. Gonytolide A, which is 
composed of two monomeric units of gonytolide C, shows interesting immune 
response promoting activity. Xanthoquinodin A4 is active against human cancer cells. 
In addition to being attractive synthetic targets themselves, chromanone lactones 
can also be used as synthetic intermediates to access tetrahydroxanthone natural 
products, many of which also have interesting biological properties. In fact, a 
comprehensive structure-activity relationship (SAR) study of chromanone lactones 
is still lacking. Thus, total synthesis endeavors will provide opportunities to 
understand the nature of these types of molecules at the molecular level and provide 
invaluable insights into drug discovery. 
Vinylogous addition of siloxyfurans to chromones is arguably the most 
straightforward strategy for accessing chromanone lactone natural products, which 
can be converted into tetrahydroxanthones via a “retrobiomimetic” Dieckmann 
cyclization developed by Porco and co-workers. However, an enantioselective version 
of the above vinylogous addition applicable to total syntheses of natural products has 
not yet been achieved. Prior to this study, there is only one report of an asymmetric 
version of this type of transformation, reported by Trost and co-workers in 2019. 
Their transformation proceeds with high syn-selectivity. However, the direct 
catalytic asymmetric synthesis of anti-type chromanone lactones, analogues of (+)-
lachnone C and (+)-gonytolides C&G, is still unknown. In addition, the reported 
method cannot be used for the synthesis of natural products bearing ester appendage. 
It will be highly desirable to develop a new catalytic asymmetric method for the 
efficient synthesis of chromanone lactone and tetrahydroxanthone natural products. 
 

２．研究の目的 

We propose the development of a novel catalytic asymmetric vinylogous Michael 
addition of butenolides to chromones, for the efficient preparation of chromanone 
natural products and their analogues for biological evaluation. 
 

３．研究の方法 

Firstly, we used 2-H-chromone as a model and screened different catalytic systems 
including Cu(I)/chiral ligand/Brønsted base for the synthesis of chiral chromanone 
lactones. The developed optimal method was used for the preparation of anti-type 
chromanone lactones.  
Next, 2-ester-substituted chromone was used as the substrate for the synthesis of 
chromanone lactones bearing chiral tetrasubstituted center to synthesize several 
natural products in an efficient manner. Various catalytic systems were screened to 
realize this transformation. 
 
４．研究成果 
For the synthesis of anti-type chromanone lactones, we developed a catalytic 
asymmetric vinylogous addition of β,γ-butenolide to chromones. The developed 
catalyst system is characterized by tuning of the steric and electronic environment 
within the stereocontrolling transition state using a chiral BIPHEP-type ligand to 
invert diastereoselection, and improvement of the catalyst turnover by a 
coordinative phenoxide additive to increase the chemical yield. This method would 
be useful for the syntheses of natural product-like libraries with high levels of 
stereoselectivity.  
Next, using 2-ester-substituted chromones as the substrates, we have developed an 
asymmetric copper-catalyzed process that delivers enantioenriched chromanone 
lactones with catalyst-controlled diastereodivergence for formation of elusive tetra- 
and tri-substituted stereocenters. The catalytic system features the use of chiral 
ligands to control the diastereo- and enantioselective addition of copper vinylogous 
enolate to 2-ester-substituted chromones, with suppression of undesired retro-
addition pathways by silyl additives. The reaction proceeds smoothly with a variety 



of unactivated 2-ester-substituted chromones bearing diverse substituents and 
provides natural product analogs with outstanding diastereo- and 
enantioselectivities. The approach enabled a concise and efficient synthesis of (−)-
blennolide B and provides a formal synthesis of secalonic acid A.  
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