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II. 成果の概要（総括研究報告） 

 

補助事業期間最終年度にあたりますので、初年度から最終年度までの全補助事業期間における活動

総括概要を作成してください。 

 

和文 

含フッ素有機化合物の創薬開発における重要性は，市場に出ている医薬品の約 2 割から 3 割が含

フッ素医薬品であることから明白である。そのため，試行錯誤的要因の強い創薬開発において，フ

ッ素化合物のライブラリーにそのリードを求める方法は，医薬品開発を効率的にする手段のひとつ

である。しかしながら，フッ素有機化合物を合成することでは簡単でなく，如何にして効率良く含

フッ素有機化合物を合成するかが課題となっている。当該プロジェクトでは，外部研究者等から依
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頼のあった化合物を元に含フッ素誘導体成し，生理活性増強を狙う「支援」研究と，既存法では合

成困難なフッ素化やフッ素官能基化を行う新手法の開発を行う「高度化」の２つの側面から研究を

展開してきた。その結果，支援としては，独自の高度化手法で合成した数多くの含フッ素化合物サ

ンプルを合成・構造公開し，ライブラリーへ提供した。また，治療薬を目指したタンパク質間結合

阻害低分子の開発支援にて含フッ素複素環化合物の多数の合成に成功・構造開示し提供した。他機

関との共同（学生派遣）も実施し，創薬サンプルの合成に成功した。これらの成果を他機関と共同

で特許出願した。また，この成果は，現在，論文投稿中である。また，最終年度にも新たなる支援

案件を開始し，化合物を他機関に提供した。 

一方，高度化に関しては，様々な新手法の開発に成功した。まず，フッ素化合物合成の高度化技

術を推進する試薬群を開発し，JACS, AngewChemIntEd, Chemical Science, ACS Catalysis, GreenChem, 

ChemMedChem など含むインパクトファクターの高い論文に多数発表した。その試薬には，トリフル

オロメチル化試薬，ジフルオロメチル化試薬，トリフルオロメチルチオ化試薬，ジフルオロメチル

化試薬，ペンタフルオロスルファニルフェニル化試薬およびペンタフルオロスルファニルピリジル

化試薬が含まれる。高度化で発表した手法のいくつかは，メディア（新聞）でも取り上げられた。 

また支援と高度化を融合させ，フッ素を導入したフルオロサリドマイド，フルオロドネペジルな

どの生理活性物質の合成にも成功した。 

 

英文 

Fluorine is one of the most attractive elements in the drug development. As many as 20-30% of 

pharmaceuticals on the market contain fluorine(s) in the structures, Lipitor is an example of blockbuster. Thus, 

it is quite reasonable to find out the drug leads from the library of organofluorine compounds in order to 

minimalize the try and errors.  However, the synthesis of organofluorine compounds is not easy.  Hence 

development of efficient synthetic methodologies for organofluorine compounds is of great importance in the 

medicinal chemistry research. This academia drug development project, “Advancement of Lead Compounds 

in Drug Discovery by Utilizing C-H Bond Activation (Advancement of Organofluorine Compounds in Drug 

Discovery)” had been carried out for 5 years, consisting of two major parts, i.e., drug candidate’s support and 

development of novel methodology of fluorine-containing compounds. The former is the "advancement" of 

designing and synthetic supports of organofluorine compounds requested from external researchers within the 

whole project for drug discovery. The latter is the "advancement" of the new technique for fluorination and 

fluoro-functionalization reactions capable to synthesize potential biologically active organofluorine 

compounds which are currently hard to synthesize. As a result, as support, we had synthesized a wide variety 

of organofluorine compounds containing complex structures and provided them to a drug library. All the 

fluorinated compounds from us are completely original and new compounds thus some of them have been 

submitted to the patent. Two collaborative projects were carried out. Our group had much contribution to the 

projects based on the synthesis of a large number of fluorine-containing heterocyclic compounds. One of them 

went to the very good results which was submitted to the patent.   

In addition to the “support” above mentioned, we had much effort on the "advancement" of the new 

technique for fluorination and fluoro-functionalization reactions. A variety of novel fluoro-functionalization 

reagents had been reported such as trifluoromethylation, difluoromethylation, trifluoromethylthiolation, 

difluoromethylthiolation, pentafluorosulfanyl-phenylation and pentafluorosulfanyl-pyridylation. All the 
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reagents are very powerful tools for the synthesis of fluorine containing organic compounds.  Some of them 

are going to be discussed for commercialization in near future. These research had been published in high 

quality journals such as JACS, AngewChemIntEd, Chemical Science, ACS Catalysis, GreenChem, 

ChemMedChem and so on. Selected works were also announced by advancement, even the media (newspaper) 

was taken up. 

In addition to the development of fluoro-functionalized reagents, “advancement” drug candidates had been 

developed such as fluoro-thalidomide for cancer and fluoro-donepezil for Alzheimer diseases. 
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Otsu (Otsu, Japan), 2013/5/27-28, 国内（国際会議）．

2. A Sterically Demanding Organo-superbase Avoids Decomposition of a Naked Trifluoromethyl Carbanion

Directly Generated from Fluoroform, 口頭（招待講演）, Norio Shibata, 10th International Symposium

on Carbanion Chemistry (ISCC-10), Doshisha University (Kyoto, Japan), 2013/9/23-26, 国内（国際会

議）．

3. Kinetic Resolution of Allylic Fluorides by Enantioselective Allylic Trifluoromethylation based on

Silicon-assisted C-F Bond Cleavage, 口頭（招待講演）, Norio Shibata, ZING Conference (Asymmetric

Synthesis Conference), Parador de Nerja (Nerja, Spain), 2014/2/25-28, 国外．

4. Thalidomide and Its Chirality: Towards Paradox, 口頭（招待講演）, Norio Shibata, Pharmacy –a journey

from Edo times to modern pharmaceuticals and health economics 19. Japanese-German Symposium,

Erlangen-Nürnberg University (Germany), 2014/5/23-24, 国外．

5. サリドマイドとキラリティー:パラドックスへの返答, 口頭（招待講演）, 柴田哲男, シンポジウ

ム モレキュラー・キラリティー2014, 仙台国際センター（仙台）, 2014/6/6-7, 国内．

6. サリドマイドとフッ素:パラドックスへの挑戦, 口頭（招待講演）, 柴田哲男, 第４回フッ素化学

若手の会, 浜名湖かんざんじ温泉「開華亭」, 浜松, 2014/8/7-8, 国内．

7. Trifluoromethanesulfonyl iodonium ylide for trifluoromethylthiolation, 口頭（招待講演）, Norio Shibata,

248th ACS National Meeting & Exposition, San Francisco Moscone Center (San Francisco, USA),

2014/8/10-14, 国外．

8. Trifluoromethanesulfonyl Hypervalent Iodonium Ylide for Trifluoromethylthiolation, 口頭（招待講演）,

Norio Shibata, Molecular Complexity in Modern Chemistry (MCMC-2014), Zelinsky Institute of

Organic Chemistry (Moscow, Russia), 2014/9/13-19, 国外．

9. Novel Reagents for Electrophilic Pentafluorosulfanylphenylation of C, O, S and N‐Nucleophiles, 口頭

（招待講演）, Norio Shibata, Japan/Russian Conference on Fluorine Chemistry and Friends 2014,

Department of Nanopharmaceutical Sciences  Nagoya Institute of Technology (Nagoya, Japan),

2014/12/8-10, 国内（国際会議）．
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10. Trifluoromethylthio Compounds for Electrophilic Trifluoromethylation under Rhodium Catalysis, 口頭

（招待講演）, Norio Shibata, 22nd Winter Fluorine Conference, TradeWinds Island Grand Beach Resort,

St. Pete Beach (Florida, USA), 2015/1/11-16, 国外．

11. Recent Progress in the Synthesis of Aryl Triflones, 口頭（招待講演）, Norio Shibata, 249th ACS

National Meeting & Exposition, The Colorado Convention Center (Denver, USA), 2015/3/22-26, 国外． 

12. 試薬開発に力点を置いたフッ素化合物の精密合成, 口頭（招待講演）, 柴田哲男, 日本化学会 第

95 春季年会 (2015), 日本大学（船橋）, 2015/3/26-29, 国内．

13. Synthesis and Property of Novel Phthalocyanine Having Pentafluorosulfanyl (SF5) Group on the

Peripheral Positions, 口頭（招待講演）, Norio Shibata, 227th ECS Meeting, The Hilton Chicago

(Chicago, USA), 2015/5/24-28, 国外.

14. Organocatalyzed trifluoromethylation of ketones and sulfonyl fluorides by fluoroform under superbase

system, 口頭（招待講演）, Norio Shibata, 16th Tetrahedron Symposium Asia Edition, Shanghai Institute

of Organic Chemistry (Shanghai, China), 2015/11/10-13, 国内

15. 忘れ去られた原子団 SF5 基を持つ合成ツールの開発, 口頭（招待講演）, 柴田哲男, 第 10 回プロ

セス化学ラウンジ, 和光純薬工業株式会社湯河原研修所（熱海）, 2015/12/4-5, 国内.

16. Carbene-induced intra- vs intermolecular transfer-trifluoromethylation of aryl

trifluoromethylthio-compounds under rhodium catalysis, 口頭（招待講演） , Norio Shibata, The

International Chemical Congress of Pacific Basin Societies 2015(Pacifichem 2015), Hawaii Convention

Center(Honolulu, Hawaii, USA), 2015/12/15-20, 国外.

17. Asymmetric synthesis of efavirenz via organocatalyzed enantioselective trifluoromethylation, 口頭（招

待 講 演 ） , Norio Shibata, The International Chemical Congress of Pacific Basin Societies

2015(Pacifichem 2015), Hawaii Convention Center(Honolulu, Hawaii, USA), 2015/12/15-20, 国外.

18. フロン 23（フルオロホルム）を用いたフッ素化合物の合成, 口頭（招待講演）, 柴田哲男, 有機

合成のニュートレンド 2016, 大阪科学技術センター（大阪）, 2016/2/2-3, 国内.

19. Enantioselective Trichloromethylation of MBH-Fluorides with Chloroform Based on Silicon-assisted C-F

Activation and Carbanion Exchange Process Induced by Ruppert-Prakash Reagent, 口頭, Norio Shibata,

Molecular Chirality Asia 2016, Knowledge Capital Congrès Convention Center (Osaka, Japan),

2016/4/20-22, 国内（国際会議）．

20. Difluoromethanesulfonyl Hypervalent Iodonium Ylides for Electrophilic Difluoromethylthiolation

Reactions under Copper Catalysis, 口頭（招待講演）, Norio Shibata, 5th International Symposium on

Organofluorine Compounds in Biomedical, Materials and Agriculture Sciences (“Bremen Fluorine

Days”), Jacobs University Bremen Campus Center (Bremen, Germany), 2016/7/3-7, 国外．

21. 製造コストの大幅削減を可能にするエイズ治療薬中間体の革新的合成, 口頭, 柴田哲男, 研究交

流クラブ第 177回定例会 共同研究推進事業成果発表会, 名古屋銀行協会（名古屋）, 2016/7/26, 国

内．

22. Enantioselective Trichloromethylation of MBH-Fluorides with Chloroform Based on Silicon-assisted C-F

Activation, 口頭（招待講演）, Norio Shibata, 18th European Symposium on Fluorine Chemistry, Hotel

Ramada Encore (Kyiv, Ukraine), 2016/8/7-12, 国外．

23. C-F and C-H Bond Activations under Organocatalysis: Enantioselective trichloromethylation and

Alkenylation of MBH-fluorides based on silicon-assisted C-F activation, 口頭（招待講演）, Norio
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Shibata, International Symposium on Pure & Applied Chemistry (ISPAC) 2016, Borneo Convention 

Center Kuching (Kuching, Malaysia), 2016/8/15-18, 国外． 

24. C-F and C-H Bond Activations under Organocatalysis: Enantioselective trichloromethylation and

Alkenylation of MBH-fluorides based on silicon-assisted C-F activation, 口頭（招待講演）, Norio

Shibata, 6th Korea-Japan-China Joint Seminar on Fluorine Chemistry, International Hotel Changwon

(Changwon, Korea), 2016/9/7-9, 国外．

25. 炭素-フッ素結合の活性化を基軸とするフッ素化合物の不斉合成，口頭（招待講演），柴田哲男，

第 9 回有機触媒シンポジウム，名古屋大学 ES ホール（名古屋），2016/12/1-2，国内

26. Preparation of meta- and para-SF5 -substituted pyridines, 口頭（招待講演）, Norio Shibata, 23th Winter

Fluorine Conference, Hilton Clearwater Beach (Florida, USA), 2017/1/15-20, 国外．

27. Asymmetric desymmetrization via non-metallic C-F bond activation: Synthesis of

3,5-diaryl-5-fluoromethyl-oxazolidin-2-ones with quaternary carbon center, 口頭（招待講演）, Norio

Shibata, 253rd American Chemical Society National Meeting & Exposition, The Moscone Center (San

Francisco, USA), 2017/4/2-6, 国外．

（３）「国民との科学・技術対話社会」に対する取り組み

なし

（４）特許出願

特願 2012-174671 号 

特願 2013-101853 号 

特願 2013-115430 号 

特願 2013-115436 号 

特願 2013-117554 号 

特願 2013-117946 号 

PCT/JP2013/070772 

PCT/JP2013/070771 

特願 2013-199758 号 

特願 2013-208757 号 

特願 2013-208766 号 

特願 2013-223811 号 

特願 2014-034045 号 

PCT/JP2014/064817 

特願 2014-153692 号 

特願 2014-157623 号 

特願 2014-164814 号 

特願 2014-216164 号 
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特願 2014-235779 号 

特願 2015-007675 号 

特願 2015-008256 号 


