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SYNTHESESOF（±）－CLAVｴCｴPIT工ＣＡＣｴＤＡＮＤｎＳＤＥＲⅣⅢⅣES１

ＭａｓａｎｏｒｉＳｏｍｅｉ，★ＳｈｏｉｃｈｉＨａｍａｍｏｔｑＫｙｏｋｏＮａｋａｇａｗａ，Ｆｕｍｉｏ 

Ｙａｍａｄａ，ａｎｄＴｏｓｈｉｈａｒｕＯｈｔａ 

ＦａｃｕｌｔｙｏｆＰｈａｍＩaceuticalSciences〃ＫａｎａｚａｗａＵｎｉｖｅｒｓｉｔｙ，

１３－１Takara-machi，Ｋａｎａｚａｗａ９２０，Japan 

Abstract---Aformaltotalsynthesｉｓｏｆ（±)－ｃｌａｖｉｃｉｐｉｔｉｃ 

ａｃｉｄｗａｓａｃｈｉｅｖｅｄｉｎｆｉｖｅｓｔｅｐｓｆｒｏｍｉｎｄｏｌｅ－３－ｃａｒｂｏｘａｌｄｅ－ 

ｈｙｄｅ･Synthesesof（±)-4-cyano-，（±)-4-methyl-，ａｎｄ（±）－４－ 

hydroxymethyl-6-(Lmethyl-1-propen-1-yl)－３，４，５，６－tetrahy-

dro-1H-azepino[５，４，３－cd]indolesarealsoreported． 

C1avicipiticacid2（ａｍｉｘｔｕｒｅｏｆｌａａｎｄ１ｂ，Schemel）andaurantioclavine3 

(ユｃ）ｃｏｎｓｔｉｔｕｔｅｏｎｅＥａｍｉ１ｙｏｆｅｒｇｏｔａｌｋａｌｏｉｄｓａｎｄｔｈｅｙａｔｔｒａｃｔｅｄｍｕｃｈ

ａｔtentionbecausetheyhavel，３，４，５－tetrahydroazepino[５，４，３－ｃｄ]indole（２） 

ａｓａｕｎｉｑｕｅｃｏｍｍｏｎｓｋｅｌｅｔｏｎ、Ｔｈｕｓｆａｒ，ｆｉｖｅｇｒｏｕｐｓ４ｈａｖｅａｃｈｉｅｖｅｄｔｏｔａｌ

ｓｙnthesisoftheformeralkaloid（（±)－１ａ,ｂ），ａｎｄｔｗｏｇｒｏｕｐｓ５ｆｏｒｔｈｅ 

ｌａｔｔｅｒ（エｃ），buttheirsynthesesarenecessitatｅｄｔｏｃａｒｒｙｏｕｔｍｏｒｅｔｈａｎ

ｔｅｎｓｙｎｔｈｅｔｉｃｓｔｅｐｓ、４，５ｂ

ｴnourcontinuingproject5a'６forsimplesynthesesofer9otalkaloids，we 

succeedednowinachievingfivesteptotalsynthesisof（±)－１ａａｎｄ（±）－ユｂ･

ｎｓｈｏｕｌｄｂｅｓｔｒｅｓｓｅｄｔｈａｔｅｘｃｅｐｔｔｈｅｌａｓｔｈｙｄｒｏｌｙｓｉｓｓｔｅｐ４ｂｗｅｃｒｅａｔｅｄ 

ｓｕｉｔａｂｌｅｒｅａｃｔｉｏｎｓｆｏｒｏｔｈｅｒＥｏｕｒｓｔｅｐｓ，ａｎｄａｌｌｓｔｅｐｓｃａｎｂｅｐｒａｃｔｉｃｅｄｉｎ 

ｔｈｅｐｒｅｓｅｎｃｅｏｆａｉｒａｎｄｍｏｉｓｔｕｒｅ･Ｏｒｉｇｉｎａｌｉｔｙｒａｔｅ７ｏｆｔｈｅｐｒｅｓｅｎｔ 

ｓynthesisof（±）－ユａａｎｄ（±）－１ｂｉｓ８６３．

Thefirststepistheonepotpreparatｉｏｎ６ｏｒ４－（３，３－dimethylallyl)indole-

3-carboxa1dehyde（４）造ｒｏｍｉｎｄｏｌｅ－３－ｃａｒｂｏｘａｌｄｅｈｙｄｅ（３）ｉｎ４９患ｙｉｅ１ｄ
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ａｃｃｏｒｄｉｎｇｔｏｔｉｎ－ｔｈａｌｌｒｅａｃｔｉｏｎ、６，８ｍｔｈｅｓｅｃｏｎｄｓｔｅｐ，ｇｒａｍ１ｎｅｓｙｎｔｈｅｔｉｃ

ｍｅｔｈｏｄｌｂＥｒｏｍｉｎｄｏｌｅ－３－ｃａｒｂｏｘａｌｄｅｈｙｄｅｓｗａｓａｐｐｌｉｅｄ･Ｔｈｕｓ，ｔｈｅｔｒｅａｔｍｅｎｔｏｆ 

４ｗｉｔｈＮａＢＨ４ｉｎＭｅＯＨａｎｄａｑｕｅｏｕｓ５０８Ｈｅ２ＮＨａｔｒｏｏｍｔｅｍｐｅｒａｔｕｒｅｐｒｏｄｕｃｅｄｔｈｅ 

ｄｅｓｉｒｅｄ５６’９ｉｎ６９８ｙｉｅｌｄ・Ａｓｔｈｅｔｈｉｒｄｓｔｅｐ，ａｌｋｙｌａｔｉｏｎｍｅｔｈｏｄｌＯｏｆ

ｇｒａｍｉｎｅｉｎｔｈｅｐｒｅｓｅｎｃｅｏｆ（ｎＢｕ)3Ｐｗａｓａｐｐ１ｉｅｄｔｏｔｈｅｒｅａｃｔｉｏｎｏＥ５ｗｉｔｈ 

ｍｅｔｈｙｌｎｉｔｒｏａｃｅｔａｔｅ，ｒｅｓｕｌｔｉｎｇｉｎｔｈｅｆｏｒｍａｔｉｏｎｏｆｔｈｅｅｘｐｅｃｔｅｄ６１１ａｉｎ８０号

ｙｉｅｌｄ、Ａｓｔｈｅｆｏｕｒｔｈｓｔｅｐ，ｔｈｅｒｅｄｕｃｔｉｖｅａｍｉｎｏｃｙｃｌｉｚａｔｉｏｎｍｅｔｈｏｄ５ａ，１２of

nitro-o1efinswithZn(Ｈｇ）ｉｎＨＣ１ａｎｄｍｅＯＨｗａｓａｐｐｌｉｅｄｔｏ６･Consequent1y， 

(±)－４，６－trans-11b（７）ａｎｄ－ｃ工s-clavicipiticacidmethylesterllｃ（８），the

corresponding（±)－IV-hydroxycompounds，（９）１１．ａｎｄ（１０），１１eandnoncyclized 

products，（ユユ）１１ｆａｎｄ（１２），Ｕｇｗｅｒｅｐｒｏｄｕｃｅｄｉｎ２９，２２，１，３，４，and6g

yie1ds，respectively･Thecolnpound（９）ｗａｓｔｒａｎｓＥｏｒｌｎｅｄｔｏ７ｉｎ６６急ｙｉｅｌｄｂｙ

ｔｈｅｒｅｄｕｃｔｉｏｎｗｉｔｈａｑｕｅｏｕｓＴｉＣｌ３・Ｕｎｄｅｒｓｉｍｉｌａｒｒｅｄｕｃｔｉｏｎｃｏｎｄｉｔｉｏｎｓ，1O

afforded8in848yield・Sincebothcolnpounds，（７）ａｎｄ（８），wereconverted

tothecorresponding（±)－４，６－trans-（（±)－１ａ）ａｎｄ－ｃｴs-clavicipiticacid 

(（±)－１ｂ）byMNatsumeandco-workers，４bformaltotalsynthesesofthem 

werｅｃｏｍｐｌｅｔｅｄ･ 

Synthesesof（±)－４，６－trans-11h（ユ。）ａｎｄ－ｃｴs-4-methyl-11i（1ｅ），ａｎｄ（±)-

4,6-trans-11j（１だ）ａｎｄ－ｃｴs-4-hydroxyIIlethyl-6-(２－methyl-1-propen-1-yl)－

３，４，５，６－tetrahydro-1H-azepino[５，４，３－cd]indolellk （ユｇ）ｗｅｒｅｒｅａｄｉｌｙ

ａｃｈｉｅｖｅｄａｓｆｏＵｏｗｓ・Ｔｈｅａｌｄｏｌｒｅａｃｔｉｏｎｏｆ４ｗｉｔｈｎｉｔｒｏｅｔｈａｎｅａｆｆｏｒｄｅｄ８８堵

ｙｉｅｌｄｏｆユ３，１１１ａｎｄｔｈｅｎ１３ｗａｓｃｏｎｖｅｒｔｅｄｔｏ１５ａｌｌｍｉｎ７７８ｙｉｅｌｄｂｙｔｈｅ

ｒｅｄｕｃｔｉｏｎｗｉｔｈＮａＢＨ４、１３while，ｔｒｅａｔｍｅｎｔｏｆ１５ｂ，ｐｒｅｐａｒｅｄｉｎ７１８ｙｉｅｌｄｂｙ

ｔｈｅｒｅｄｕｃｔｉｏｎｏｆユ４６ｂｗｉｔｈＮａＢＨ４，ｗｉｔｈｆｏｒｍａｌｄｅｈｙｄｅｉｎｔｈｅｐｒｅｓｅｎｃｅｏf

KOtＢｕａｆｒｏｒｄｅｄユ６１１ｎｉｎ５８＄ｙｉｅｌｄ･Ｓｕｂｓｅｑｕｅｎｔａｍｉｎｏ－ｃｙｃ１ｉｚａｔｉｏｎｒｅａｃｔｉｏｎｏｆ

ユ５ａｐｒｏｄｕｃｅｄ１ｄａｎｄｌｅｉｎ２６ａｎｄｌ７８ｙｉｅ１ｄｓ，ｒｅｓｐｅｃｔｉｖｅ１ｙ･Ｃｏｍｐｏｕｎｄｓ，

(ユだ）ａｎｄ（ユｇ），１４ｗｅｒｅａｌｓｏｐｒｅｐａｒｅｄｉｎ３８ａｎｄｌ７８ｙｉｅｌｄｓ，respectively，ｂｙ

ｔｈｅｓｉｍｉｌａｒａｍﾕｎｏ－ｃｙｃｌｉｚａｔｉｏｎｏｆ１６． 
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A1thoughoxidationoだ（±)－１五wasexpectedtogive（±)－１ａ，ｔｈｉｓｗａｓｎｏｔｔｈｅ

ｃａｓｅ．。ｏｎｅｓ，Ｓｗｅｒｎ，ｏｒＭｏｆｆａｔｔｏｘｉｄａｔｉｏｎｏｆ１ｒＥｏｒｍｅｄｍａｎｙｐｒｏｄｕｃｔｓａｎｄ

ｔａｒｓ，ａｎｄ２－ｏｘｉｎｄｏｌｅｄｅｒｉｖａｔｉｖｅｓｗｅｒｅｏｎ1ｙｉｓｏｌａｂｌｅｐｒｏｄｕｃｔｓｉｎ１ｏｗｙｉｅｌｄｓ・

Ｃｏｎｔｒａｒｉｗｉｓｅ，ｏｘｉｄａｔｉｏｎｏｆユ玉ｗｉｔｈＡｃ２０－ＤｍＳＯｐｒｏｄｕｃｅｄｌ７，１１ｏ１８，１１ｐａｎｄ

ｴ９，１１ｑｉｎ２２，３８，ａｎｄ２６＄yields，respectively（Scheme2）．Startingfrom 

18， （±)－４，６－trans-4-cyano-6-(２－methyl-1-propen-1-yl)－３，４，５，６－tetrahydro-

1H-azepino-[５，４，３－ｃｄ]ｉｎｄｏｌｅ（（±)－２１）ｗａｓｐｒｅｐａｒｅｄａｓＥｏｎｏｗｓ･The 

reactionwithNH20Hinpyridineafrordedtheoxime（２０），amixtureo玉ｓｙｎ－

ａｎｄａｎｔＬｉｓｏｍｅｒｓ，ｉｎ９９堵ｙｉｅｌｄ･Ｄｅｈｙｄｒａｔｉｏｎｏｆ２０ｗｉｔｈＡｃ２０ａｔｌｌ５ｏＣ

ｐｒｏｄｕｃｅｄ２ユ１１ｒｉｎ８９諸ｙｉｅｌｄ・

ｍｔｅｒｅｓｔｉｎｇｌｙ，ａｔｔｅｍｐｔｓｔｏｔｒａｎｓｆｏｒｍｔｈｅｆｏｒｍｙｌｇｒｏｕｐｏｆ１８ｉｎｔｏｔｈｅ 
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ｃａｒｂｏｘｙｌｇｒｏｕｐｗｅｒｅｕｎｓｕｃｃｅｓｓｆｕｌｕｎｄｅｒｖａｒｉｏｕｓｒｅａｃｔｉｏｎｃｏｎｄｉｔｉｏｎｓａｎｄ 

ｆｉｎａｌｌｙｔｈｅｔｒｅａｔｍｅｎｔｏｆ１８ｗｉｔｈＳｅＯ２ｉｎｒｅｆｌｕｘｉｎｇｄｉｏｘａｎｅｗａｓｆｏｕｎｄｔｏ 

ｐｒｏｄｕｃｅ２２１１ｓａｎｄ２３１１ｔｉｎ５３ａｎｄ４８ｙｉｅｌｄｓ，ｒｅｓｐｅｃｔｉｖｅｌｙ･Ｔｈｅｃｏｍｐｏｕｎｄ 

(２２）wassuitableprismsforX-raysing1ecrystaUographicanalysis、１５Ｔｈｅ

ＯＲｍＥＰｄｒａｗﾕｎｇｏｆ２２，ｓｈｏｗｎｉｎＦｉｇｕｒｅｌ，ｃｌｅａｒｌｙｓｈｏｗｓｔｈａｔｔｈｅａｐｐｒｏａｃｈｏｆ 

ｔｈｅｏｘｉｄｉｚｉｎｇｒｅａｇｅｎｔｓｆｒｏｍｔｈｅｔｏｐｓｉｄｅｔｏｔｈｅｆｏｒｍｙｌｇｒｏｕｐａｔｔｈｅ４－ 

ｐｏｓｉｔｉｏｎｉｓｓｔｅｒｉｃａｌｌｙｈｉｎｄｅｒｅｄｗｉｔｈｔｈｅ２－ｍｅｔｈｙｌ－１－ｐｒｏｐｅｎ－１－ｙｌｓｉｄｅｃｈａｉｎ 

ａｎｄｔｈｅｄｏｗｎｓｉｄｅｗｉｔｈｔｈｅｎＪ－ａｃｅｔｙｌｇｒｏｕｐ・Ｔｈｉｓｉｓｐｒｏｂａｂｌｙｔｈｅｒｅａｓｏｎｗｈｙ

ｔｈｅＥorlmllgroupreｓｉｓｔｅｄｔｏｏｘｉｄａｔｉｏｎ． 

ＡＣＫＮＯＷＬＥＤＧＢＩＥＮＴＳ 

ＴｈｅａｕｔｈｏｒｓｅｘｐresstheirgratitudetoDr、Ｍ・Ｎatsume（ResearchFoundation，
ｴtsuuLaboratory）forkindlyprovidinguswithspecｔｒａｏｆ７ａｎｄＢ・Ｔｈｉｓ

ｗｏｒｋｉｓｓｕｐｐｏｒｔｅｄｂｙａＧｒａｎｔ－ｉｎ－ＡｉｄｆｏｒＳｃｉｅｎｔ並ｉｃＲｅｓｅａｒｃｈｆｒｏｍｔｈｅ

ｍｉｎｉｓｔｒｙｏｆＥｄｕｃａｔｉｏｎ，Ｓｃｉｅｎｃｅ，ａｎｄＣｕｌｔｕｒｅｏｆ。ａｐａｎ，ｗｈｉｃｈｉｓｇｒａｔｅｆｕＵｙ
ａｃｋｎｏｗｌｅｄｇｅｄ． 

RＥＦＥＲＥＮＣＥＳＡＮＤＮＯＴＥＳ 

１．ＤｅｄｉｃａｔｅｄｔｏＰｒｏｒ．Ａ、Ｒ･Ｋａｔｒｉｔｚｋｙｏｎｔｈｅｏｃｃａｓｉｏｎｏ玉ｈｉｓ６５ｔｈ

ｂｉｒｔｈｄａｙ．Ｔｈｉｓｉｓｐａｒｔｌｙｒｅｐｏｒｔｅｄ，ＡｂｓｔｒａｃｔｓｏｆＰａｐｅｒｓ，８７ｔｈＨｅｅｔｉｎｇ 
ｏｆＨｏｋｕｒｉｋｕＢｒａｎｃｈ，Ｐｈａｒｍａｃｅｕｔｉｃａ１Ｓｏｃｉｅｔｙｏｒ。ａｐａｎ，Ｔｏｙａｍａ，０ｃｔ、

１９９２，ｐ、１４．ａ）ＴｈｉｓｒｅｐｏｒｔｉｓＰａｒｔ６７ｏｆａｓｅｒｉｅｓｅｎｔｉｔｌｅｄ〃The
Chemistryorエndoles''．ｂ）Ｐａｒｔ６６：Ｆ･Yamada，Ｋ・Kobayashi，Ａ･Shimizu，
Ｎ、Ａｏｋｉ，ａｎｄＭＳｏｍｅｉ，HeteroCycles，１９９３，３６，２７８３゜

２．肌Ｅ・ＲｏｂｂｅｒｓａｎｄＨ．Ｇ･Ｆ１ｏｓｓ，ＩｂｔｒａｈｅｄｒｏｎＬｅｔｔ．，１９６９，１８５７；。．Ｅ･
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