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Abstract

B RERJPERMEERABZEOERASTOEBATREENTEY), ThSOMERNBER
RISORAEIERECZOSHFICSVTHRENCHARREOVOEOITH S, KRARTE., EAHFK
ZVF REBRUEEVEHATERTPEARELTHREL. ThSOLEMHNEITHEAFETZILK
BIROICHAODREFAEERTDIRLOBRZENE Lz, E5I1C, BRLERIEZRAVTRAYN
+)-TOTRN)RELPZFOEBHEOLERMARZEIT2 12,

F)-TOFRURE, 1989FICHFIVRMEN R EBEBE N EAFTINR /A RTHD, TOBE
FEERAFHROEZECHRECNRUEERZELTHY ., RENMBREFITZ()-TATUARY/
) RCK V) BERR2IRICAMRISICTEERENTVR EHEE ATV, TS TRESE. 7
ATVARI /) REBBREERPEEICEREL L, 4S5, 2007 F0ALRCBIATIL
FEAORR /AR  XEXREDALEWTT /U RBEEBEL, KV TH FREIH-EIL-
BH-EREZAVTREMNEBREZERL L. BREOER, )-TATUAI /U RDOXR /—
AT IZ R RF I3 C & TERR+2BRICAMRISHAETL. (+)-T 7T KU RD5/5/4/8EIRH
SBEAIMNRUBREBETEDLEZRELE, ARBIEHVT, EEOREZENMERILEVUNE
TRAEAFRUMERNICOHDOPOLAFICEREh, E—0EMKELTENETIERYZ
BRENTEI. COMICE, 54/4TERN SBBMRMEBEEXESL/BERN SBZZREER
DI\EELERL I,

LEDOEKSIZ, RAEBEEH)-TIOTRI)RBLVOCZTOEZHREOEIR, N OMENELEKICKI
Lko ZAREERERLFOIHFILHVT, SETLBVRBOSERERITHENTE
Tz

The direct formation of medium- and large-sized rings is problematic because of unfavorable
transannular interactions. Therefore, the development of reactions for their efficient formation is
one of challenging subjects in organic chemistry. In this study, highly strained medium- and large-
sized ring compounds were set as synthetic intermediates and the stereoselective transfer of their
planar chirality to stereogenic centers was investigated. Furthermore, the developed reaction was
applied to the total syntheses of (+)-aquatolide and related compounds.

(+)-Aquatolide is a sesquiterpenoid that was isolated from the composite plant in 1989. Its structure
consists of a unique tetracyclic skeleton containing five contiguous stereogenic centers. The
proposed biosynthesis of (+)-aquatolide involves a transannular [2+2] cycloaddition of
(-)-asteriscunolide C bearing an 11-membered carbocycle. We set an asteriscunolide-type
compound as a synthetic intermediate. Thus, a ring-opening/ring-closing/cross metathesis of
cyclobutenecarboxylate constructed the butenolide skeleton and a subsequent intramolecular
Nozaki-Hiyama-Takai-Kishi reaction formed the 11-membered carbocycle. After extensive
examinations, we found that the transannular [2+2] cycloaddition of a methanol-adduct of
(-)-asteriscunolide D proceeded by irradiation of light to construct the tetracyclic 5/5/4/8-ring
skeleton of (+)-aquatolide. In this reaction, the planar chirality of the 11-membered ring compound
was stereoselectively transferred to four stereogenic centers and the desired product was obtained
as a single isomer. In addition, a tetracyclic 5/4/4/7-ring skeleton and a tricyclic 5/5/8-ring skeleton
were also constructed.

In conclusion, we achieved the short, efficient total syntheses of (+)-aquatolide and related
compounds. This research established a new, original methodology in synthetic organic chemistry.
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Development of Reactions for the Stereoselective Transfer of Planar Chirality to Stereogenic Centers in Medium— and Large—Sized
Ring Compounds and Their Application

1. BrEERRFEEOMUE

h-REBRIEBRHEERLGEOEAINSTFOHENATFESNTEY., TNODOHEMNLARRICOREIIERIEZOLFICH
WTHEBMEHAEEEDVEDTHD, AMETIE. EANKEVH-KXERILEVEHZ TERPREAKELTHREL,. ThHDIEE
MHAETEIEAAFEILRBIRMICHDIRETALERTEIREDRAFEERMEL =, S5IZ, ARELEREEHWTRAYMH-TIT7E
EELUVZFDEREDEEEMEEIT oI,

H-FHTPRIRIE, 1989 FEIZXIFRHEM LY EBEIN-ERAEXTILR /AR THD, TOBE TR EERFTHOEETHETMBESE
EREELTHEY. ®RE 11 BIBZHTAC)-TATYRY/YR C KYEBLR2BILANMRGIZTESRKEA TS EHEFEESNR T
f=o ZZTHRIBIE, FRTFURG /IR EBRERESRPRBIKRIZRE L, T4hE ., V0T T VARV BIRTILEEADRE.
IR REAEVRIZKYITTF/IREREREEL, L THFRHFE-BIL-SH-FRIEEZAVTRSE 11 BREEAL-. RETD
BR.O-FRATURYIYRED QAR /— )L IMKICHBEH T 5 ETERR2IRIEAMRENETL. G)-FIFRIED 5/5/4/8
BN INBEEREBETELLZRELE. ARIGIZBLWT. EE0RE 11 ABRILAYIAE T IEAFIXILIFEIRMIC
EOOHLFRFICERIN, BE—DEMERELTEMET DERMEBLENTE, ZOMICH, 5/4/4/7 BEBMILHLIMIRER
A 5/5/8 BRMNLHEA=ZIREBHRDEELZERLS -,

UEDESIZ, BF=BIEH-FOTMERE LUV ZDEREDELE. M OVEMEEARICTHYIL. AREIZHEERILZDS
FIZBWT. SETITHWVRB DO AR REEILT HENTE,

2. MIRERRAEEOBE FEHR)

The direct formation of medium— and large—sized rings is problematic because of unfavorable transannular interactions. Therefore, the
development of reactions for their efficient formation is one of challenging subjects in organic chemistry. In this study, highly strained
medium— and large—sized ring compounds were set as synthetic intermediates and the stereoselective transfer of their planar chirality
to stereogenic centers was investigated. Furthermore, the developed reaction was applied to the total syntheses of (+)-aquatolide
and related compounds.

(+)-Aquatolide is a sesquiterpenoid that was isolated from the composite plant in 1989. Its structure consists of a unique tetracyclic
skeleton containing five contiguous stereogenic centers. The proposed biosynthesis of (+)-aquatolide involves a transannular [2+2]
cycloaddition of (—)—asteriscunolide C bearing an 11-membered carbocycle. We set an asteriscunolide—type compound as a synthetic
intermediate. Thus, a ring—opening/ring—closing/cross metathesis of cyclobutenecarboxylate constructed the butenolide skeleton and
a subsequent intramolecular Nozaki—Hiyama—Takai—Kishi reaction formed the 11-membered carbocycle. After extensive examinations,
we found that the transannular [2+2] cycloaddition of a methanol-adduct of (—)—asteriscunolide D proceeded by irradiation of light to
construct the tetracyclic 5/5/4/8-ring skeleton of (+)-aquatolide. In this reaction, the planar chirality of the 11-membered ring
compound was stereoselectively transferred to four stereogenic centers and the desired product was obtained as a single isomer. In
addition, a tetracyclic 5/4/4/7-ring skeleton and a tricyclic 5/5/8-ring skeleton were also constructed.

In conclusion, we achieved the short, efficient total syntheses of (+)-aquatolide and related compounds. This research established a
new, original methodology in synthetic organic chemistry.
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