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Fluorine and sulfur have become crucial elements in the fields of agrichemicals,
pharmaceuticals and material sciences. In the last two decades, fluoroalkylthio [RrS)
units have gained special attention as a potential functional group to improve and/or
alter the physical and biological properties of original compounds. This thesis describes
our investigation in the preparation of fluoroalkylthio (R7S) units containing
compounds. We has developed the first general method for trifluoromethylthiolation of
pyrroles and aryl amines under mild reaction condition with a trifluoromethanesulfonyl
hypervalent iodonium ylide. Later, we disclosed a diazo-triflone for -effective
trifluoromethylthiolation of varies of nucleophiles. These two reagents were found not
only as reagent for trifluoromethylthiolation, but also as attractive building blocks for
triflones. Finally, we have developed a new protocol for direct electrophilic

difluoromethylthiolation of nucleophiles.




In chapter 1, a method of copper-catalyzed regioselective trifluoromethylthiolation of
pyrroles and aryl amines by trifluoromethanesulfonyl hypervalent iodonium ylide
under mild condition was described. A variety of pyrroles and aryl amines could be
transformed to the corresponding products in moderate to excellent yields. The
combination of CuF2 and NMP is critical to obtain high yields.

In chapter 2, 2-diazo-1-phenyl-2-((trifluoromethylsulfonylethan-1-one
(diazo-triflone) was revealed as an effective electrophilic trifluoromethylthiolation
reagent under copper catalysis. A broad set of enamines, indoles, B-keto esters, pyrroles,
and anilines were nicely transformed into corresponding trifluoromethylthio (SCFs)
compounds in good to high yields by diazo-triflone under copper-catalysis via an
electrophilic-type reaction. A coupling-type of trifluoromethylthiolation reaction of aryl
iodides was also realized by diazo-triflone under copper catalysis in acceptable yields.

In chapter 3, synthesis of biologically attractive triflones has been achieved 1;sing
electrophilic trifluoromethylthiolation reagents as building blocks, and not as reagents.
Trifluoromethanesulfonyl hypervalent iodonium ylide and its diazo-analogue were
found to be useful triflone-containing building blocks, depending on reaction conditions.
| A variety of triflones including vinyl-triflone, amide-, ester- and enol-triflones, and
oxazole-triflone were synthesized in one step. Moreover, pharmaceutically attractive
multi-substituted B-lactam-triflones were synthesized for the first til;le by diazo-triflone
with imines under catalyst-free heating conditions through a Staudinger [2+2]
cycloaddition reaction.

In chapter 4, a novel HF2CSO:z:Na/Ph2PCl system was described for direct C-H
difluoromethylthiolation. Phenols and naphthols could smoothly transformed to the
corresponding SCF2H-compounds in good yields with our system under mild conditions.
Other Csp2 and Csp3 nucleophiles such as indoles, pyrroles, pyrazoles, enamines,
ketones and B-keto esters were also transformed to corresponding SCFz2H-products in
good yields. This system is effective for the late-stage direct C-H
difluoromethylthiolation of a number of natural products and pharmaceutically
attractive molecules without any pre-treatment of the substrates. The reaction
mechanism was investigated with the assistant of 1°F NMR and GC(LC)-MS analysis.

In chapter 5, summary of the thesis was described.
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Fluorine and sulfur have become crucial elements in the fields of agrichemicals,
pharmaceuticals and material sciences. In the last two decades, fluoroalkylthio (R#S) units have
gained special attention as a potential functional group to improve and/or alter the physical and
biological properties of original compounds. This thesis describes our investigation in the
preparation of fluoroalkylthio (R7S) units containing compounds. We has developed the first
general method for trifluoromethylthiolation of pyrroles and aryl amines under mild reaction
condition with a trifluoromethanesulfonyl hypervalent iodonium ylide. Later, we disclosed a
diazo-triflone for effective trifluoromethylthiolation of varies of nucleophiles. These two reagents
were found not only as reagent for trifluoromethylthiolation, but also as attractive building blocks
for triflones. Finally, we have developed a new protocol for direct -electrophilic
difluoromethylthiolation of nucleophiles. '

In chapter 1, a method of copper-catalyzed regioselective trifluoromethylthiolation of pyrroles
and aryl amines by trifluoromethanesulfonyl hypervalent iodonium ylide under mild condition
was described. A variety of pyrroles and aryl amines could be transformed to the corresponding
products in moderate to excellent yields. The combination of CuF: and NMP is critical to obtain
high yields.

In chapter 2, 2-diazo-1-phenyl-2-((trifluoromethyl)sulfonylethan-1-one (diazo-triflone) was
revealed as an effective electrophilic trifluoromethylthiolation reagent under copper catalysis. A
broad set of enamines, indoles, B-keto esters, pyrroles, and anilines were nicely transformed into
corresponding trifluoromethylthio (SCFs) compounds in good to high yields by diazo-triflone under
copper-catalysis via an electrophilic-type reaction. A coupling-type of trifluoromethylthiolation
reaction of aryl iodides was also realized by diazo-triflone under copper catalysis in acceptable
yields.

In chapter 3, synthesis of biologically attractive triflones has been achieved using electrophilic
trifluoromethylthiolation  reagents as  building blocks, and not as reagents.
Trifluoromethanesulfonyl hypervalent iodonium ylide and its diazo-analogue were found to be
useful triflone-containing building blocks, depending on reaction conditions. A variety of triflones
including vinyl-triflone, amide-, ester- and enol-triflones, and oxazole-triflone were synthesized in
one step. Moreover, pharmaceutically attractive multi-substituted B-lactam-triflones were
synthesized for the first time by diazo-triflone with imines under catalyst-free heating conditions
through a Staudinger [2+2] cycloaddition reaction.

In chapter 4, a novel HF2:CSO:Na/Ph:PCl system was described for direct C-H
difluoromethylthiolation. Phenols and naphthols could smoothly transformed to the corresponding
SCF2H-compounds in good yields with our system under mild conditions. Other Cspe and Ceps
nucleophiles such as indoles, pyrroles, pyrazoles, enamines, ketones and B-keto esters were also.
transformed to corresponding SCF:H-products in good yields. This system is effective for the
late-stage direct C-H difluoromethylthiolation of a number of natural products and
pharmaceutically attractive molecules without any pre-treatment of the substrates. The reaction
mechanism was investigated with the assistant of F NMR and GC(LC)-MS analysis.

In chapter 5, summary of the thesis was described.
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学位の種類学位記番号学位授与の日付学位授与の条件学位諭文題目コウ　チュウエンHUANG　ZHONGYA閥博士（ナノメァィシン科学）博第1095号平成29年3月23日学位規則第4条第1項該当　課程博士Development　of　Novel　Synthetic　Methods　for　F正uoroalkylthioCo匡皿POUIlds（フルオロアルキルチオ化　物を合成するための新手法の開発）教授教授教授山下　啓司柴田　哲男林　秀敏（名古屋市立大学）論文内容の要旨　Fluori限and　sulfur　have　become　crucial　elements　in　the　fields　of　ag主ichemicalspharmaeeuticals　and】殴ateピial　s6i鋤ces．　In　the　last　two　decades　fluo宝oalkylthio（RダS）uni七s　hεしve　gained　spρcial　a七tention　as　a　potential　fUnctio灘al　gr◎up　to　improve　and／◎主a1七e℃the　physical　and　biological　p主ope℃ties　of　original　compoun（1s．　Th元s　thesis　describesou℃　investigεしtion　ln　もhe　preparε≧tioD　◎f　£luo宝oalkylthio　（RπS）　units　c◎n七alnlngcompounds．　V砕｝has　developed　the負rst　gene宝al　method　fbr　tri£【uoronlethylthiolation　ofpyrroles　and　aryl　amines　under］泊ild　reaction　condition　wi七h　a　t主iflu◎ro］meもhanesu1蔽）nylhypervalent　iodonium　yhde．　Late宝，　we　disclosed　a　diazぴtriflone丘）r　effbc七ive七rifluo宝omethylthiolation　of　varies　of　Ilucleophiles．　These　tw◎ピeagen．ts　we宝e　fbund　not◎nly　as　reagent　fbr七rifluoromethylthiolation，　but　also　as　attrac七ive　building　blocks　fbrtri負・nes．　Fina11脇we　have　developed　a　new　prot◎co1伝direc七electr・philic由fluoromethy1もhiola七iol1◎f　nuele◎philes　　In　chapter　1，　a　method　of　coppe翼℃a七alyzed　regioselec七ive　t主iflu◎romethylthiolation　ofpy宝roles　and　aryl　amines　byもri且uoromethanesu1五）nyl　hypervalent　iodonium　ylideunder　m丑d　condition　was　described．　A　variety　of　pyオroles　and　aryl　anlines　could　betrans］R）rmed　to　the　co宜esponding　p主oducts　in　moderate　to　excellent　yields．　Thecombination◎f　CuF2　and　NMP　is　criti¢al　to◎btain　high　yields．　　In　　　　chapteオ　　　　2，　　　2・diazo・1・pheny1・2・（（七ri且uoromethyDsu頚）ny1）ethan・1・one（diaz◎・triflone）was　revealed　as　an　e£飴etive　electr◎phihc　tri且110romethylthi◎1ationreagent　under　copper　catalysis．Abroad　set　of　enalnines，　indoles，　B・keto　esters，　pyrroles，and　ani1輌nes　weぎe　nicely七ransfbrmed　inもo　corresp◎nding　tri簸uoromethylthio（SCF3）compounds　in　good　to　high　yields　by　diazo・七riflone　unde宝　copper・catalysis　via　anelectrophi1輌ctype　reaction．　A　coup1輌ng・もype◎f　trifluoromeもhylthiolati◎n　reaction　of　aryliodides　was　also∫ealized　by　diazo・寳ifユone　under　copPer　catalysis垣acceptabl（∋yields．　　In　chapもer　3，8ynthesis　of　biolog元cally　a七tτac七ive　tri釘ones　has　been　achieved　llsingelectrophilicもrifluo主omethylthiolation　reagen七s　as　building　blocks，　and　not　as　reagents．丁主i且u．oromethanesulfbnyl　hypervalent　iodonium　ylide　and　its　d輌azo・analogue　we主e負）und　to　be　usefUl　t主if【one・containing　building　blocks，　depending　onτeaction　cond輌ti◎ns．Ava翌iety　of　triflones　inclu（ling　viny1・triflone，　amide・，　esもer・and殴01−triflones，　and◎xazole・もriflo品were　synthesized　in　one　step．　Moオeover，　pha宝maceutically　attractivenlulti−substituted　B・1ac七am−triflones　were　synthesized　f〜）r　the　f詮st　tilne　by　diazo・trif1◎newith　imines　undeピ　catalyst・丘ee　heating　conditions七hrough　a　Staudmger　［2＋2］cycloadd輌tion「eaction°　　In　chapter　4，　a　novel　HF2CSO2Na／Ph2PCI　system　was　described　fbr　direcもC・Hdi舳oromethylthiolation．　Phenols　and　naphthols　could　smoothly　transfbrmed　to　thecoπesponding　SCF2H℃ompounds　in　good　yields　with　ouオsystem　under　m輌ld　conditions．Other　Csp2　and　Csp3　nucleophiles　such　as　indoles，　pyrroles，　pyrazoles，　enamines，ke七〇nes　and　6・ke七〇es£ers　weオe　also　transfbrmed　t◎co℃responding　SCF2H−prod促ts　ing◎od　　yields．　　IFhis　　system　　is　　ef飴ctive　　丘）r　　the　　late・stage　　direcも　　C・］…Idi且uorome七hylthiolation　of　a　numbe翼of　natural　producもs　and　ph醍maceuticallya七tractive　molecules　wi七hout　any　pre・treatme批of　the　subsもrates．　The　reacti◎nmec畑nism　was　investiga七ed　with七he　assis七an七〇f　19F　NMR　a互d　GC（LC）・MS　analysis．In　chapte℃5，　summary　of　the　thesis　was　described．　　Fluorine　and　sulfUr　have　become　crucial　elements　in　the　fields　of　agrichemicals，pharmaceuticals　and　material　sciences．　In　the　last　two　decades，　fluoroalkylthio（RアS）units　havegained　special　at七ention　as　a　potential　fUnctional　group　to　iml）rove　and／or　alter　the　physical　andbiologiCal　pτope懇ties　◎f　original　compounds．　This　thesis　describes　our　investigation　irl　thepreparation　of舳oroa11ζylthio（RダS）units　containing　compounds．　We　has　developed　the紐sもgene主ahnethod　fbr　tri且uoromethy猛hiolation　of　pyrroles　and　a主yl　amines　under　mild　reactioncondition　with　a　tri且uoピometh孤esulfζ）nyl　hypervalent　iodonium　ylide．　Later，　we　disclosed　adiazo・tri日one　fbref琵ctive　tri且uoromethylthiolation　of　varies　of　nucleophiles．　These　two　reagentswere　fbund　not　only　as　Teagent　fbr　tri£畑o苦omethylthiolation，　but　also　as　attどactive　building　blocksfbr　tri且ones．　Fina1玩　　we　have　developed　a　new　i）rotocol　fbr　direcも　electrophilicdifluo翼omethy猛hi◎1ation　of　nucleophiles．　　In　chapter　1，　a　meth◎d　of　copper℃atalyzed　re錘oselective　trifluor◎methy玉th輌01ation　of　pyr£01esand　aryl　amines　by　tri且uoromethanesulfbnyl　hypervalent　iod◎nium　ylide　undeピmild　conditionwas　described．　A　va鴛iety　of　py婬01es　and　aryl　al1〕ines　could　be　t翌ansfbrmed　to　the　c◎rrespo1｝dingproducts　in　mode℃ate　to　excellellt　yields．　The　combination　of　CuF2　and　NMP　is　critical　to　obtainhigh　yields．　　In　chapter　2，2・diazo・1−phellyl−2−（（trifluoromethy1）sulfbnyl）ethan−1・one　（dia霧o−trinolle）wasrevealed　as　an　ef出ective　electrophihc　t主沮uo℃omethylthiolation　reεLgent−mder　copper　cata玉ysis．　Abroad　set　of頭alnines，　ind◎1es，　B−keto　este＃s，　py主roles，　an（l　anilines　were　nicely　t欝ans五）rmed　intocorresponding　trifluoromethylthio（SCF3）compotmds　in　good　to　high　yields　by　diazo・tri£lone　undercopper・catalys三s　via　an　electroph且iぴtype　reacもion．　A　couplillg一もype　of乞rifluoromethylthiolationreacti皿of　a妥yl　iodides　was　also　reahzed　by　diazo−tピi且one　undeぎcopper　catalysis　in　acceptableyields．　　In　chapteオ3，　synthesis　of　biologically　attrac七ive☆iflones　has　been　achieved　using　electrophilict主ifluoromethylthiolation　　　reagents　　as　　bu且ding　　blocks，　　and　　　rlot　　as　　reagents．西ifluoromethanesulfbnyl　hypervalent　i◎donium　ylide　and　its　diazぴanalogue　were　fbund　to　beuseful　triH皿e−corltaining　building　bl◎cks，　depending　on　reacti◎n　c◎nditiorls．　A　variety　of　triflol〕esincluding　viny1−tr沮◎ne，　amide−，　ester−and　end・trifbnes，　and　oxazde・triflone　were　synthesized　inone　step．　M◎reover，　pharmaceutically　attractive　rn砒i−substituted　B−lactam・tri日ones　weresynthesized　fb宝the飯st　time　by　d輌azol・tri負◎r｝e　with　imi田s　under　catalyst・free　heating　condiもiolコ欝もhrough　a　Staudinger［2＋2］cycloaddition　reaction．　　In　chapter　4，　a　novel　HF2CSO2Na／P祉Pα　system　was　desc苦ibed　負）r　direct　C−Hdifluo懇onlethylthiolatio11．　Phenols　and　naphthols　could　smoothly　transfbrmed　to　the　correspondingSCF2H℃ompounds　in　good　yields　with　ouジsystem　unde£mild　conditions．　Other　Csp2　and　C騨mlcleophiles　such　as　indoles，　pyrrdes，　pyrazoles，　enamines，　ketones　and　B・keto　esters　were　also、trans五）rmed　to　co翌responding　SCF2H−P主oducts　in　good　yields．　Th輌s　system　is　effbctive　fbでthelate・stage　direct　C・H　difluoτomethylthiolation　of　a　mlmber　of　natu宝al　products　andpharmaceuもically　attracもive　molecules　without　anyμe・treatment　of　the　substrates．　The　reactiqnmechanism　was　investigated　with　the　assistant　of　19F　NMR　and　GC（LC）−MS　analysis．　　In　chapter　5，　summary　of　the　thesis　was　described．　　　　以上のように，本論文ではフルオロアルキルチオ化合物を合成するための新手法の開発に成功した。これらは，6編の有審査論文（うち，第1著者6編）としてまとめられている。よって，本論文は，学位論文として十分価値あるものと認められる。



