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AXH, UTOBES S UVBSERAL .

Bu butyl

BuOH butanol

calcd calculated

CcC column chromatography
CD circular dichroism

con A concanavalin A

Cosy correlated spectroscopy
DFT density functional theory
DMSO dimethyl sulfoxide

DMT-MM 4-(4,6-Dimethoxy-1,3,5-triazin-2-yl)-4-methylmorpholinium chloride

2D NMR two dimensional nuclear magnetic resonance

ECD electronic circular dichroism

EtOAc ethyl acetate

ESI electrospray ionization

exptl experimental

fr. fraction

HMBC heteronuclear multiple bond correlation
HPLC high performance liquid chromatography
HR high resolution

HSQC heteronuclear sngle-quantum correlation
i- iso

IR infrared

J coupling constant

Me methyl

MeCN acetonitrile

mmu milli mass unit

MS mass spectrometry

MTPA a-methoxy-a-(trifluoromethyl)phenylacetic
n- normal

NMR nuclear magnetic resonance

NOESY nuclear Overhauser enhancement spectroscopy
ODS octadecylsilyl

OR optical rotatio

Pr propyl

PrOH propanol



ROESY
sec

TD

tert
TFA

uv
VCD

rotating frame nuclear Overhauser effect spectroscopy
secondary

time dependent

tertiary

trifluoroacetic acid

ultraviolet

vibrational circular dichroism
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EYOMEMDELET IRAYIIBEDLHRENE . HRAGEMEREZTRT &b,
EXERFRK. FICRPEARE. MERCRERORRBICAIE L —XELTKRECERLT
=1-1, IE. SARS-CoV-2 (Severe acute respiratory syndrome coronavirus 2) [Z&k Y 5| &
#£Z S ht- COVID-19 (Coronavirus disease 2019) [FHRFTEELTHEY . BREEHA O F
BA. EEHD 200 GAIZEZEHS>TLVD, D SARS-CoV-2 [Zx9 HABREDRFKILEEER
DREETHD, RAMETDARBEL—XELELTEEINTEY . BEOXAYHXDESE
mmd SARS-CoV-2 239 HERDFHHEATHhN TV S, EDFEER, 2015 FIT/ —N)LEH
FEHERELEAMNSICE > THRESN-REYE ivermectin, A F A RHEMA XAV
(Cephalotaxus harringtonii) A5 B & - 1814 F M B ME D A ZE homoharringtonine.
BNIZF7HrEHE® k3> (Psychotria ipeacacuanha) DIEM L EB S -H R R
emetine FOXAYIC—E DI SARS-CoV-2 FEMNRH I TEHY 2, ivermectin [TDUVT
(FEERREABMNITHON TS, Sh 5IERTZ, SARS-CoV-2 ABREDMFKICITRA > TLVEL
M. REYERIREICEWTEZELGREZR-LETTLEILERLT LS,

— A, EENRTSHRGEREE, TRAOEYMEEL T TEHRATELGIMGELN S X
A LUNDRAMAEE LTINS 3, MA T, FHHGEERPFERARICEY ., 2=—9 4
LZBEZAL. SRGEMERZTIIRAYSRE SN TN S 4, D EEEER ORTEITD
HEBICEY. CNFETLY LIWMERS OERNAREIZHE S BRIZHE LT, BHICKAHRE
LOKENTWBEABINTULDEEICELNTH, O TERAUNDOKRAMICHLEE
LEBAHARETOLELNHLHIEEZAOND,

E, HEZEOMEMOZRRBIZHITEIIEDS 2T 49 AFlHPERFEAIZLD
FRBIED — FRENEANIZITHONTLSH S, EMIZE TR IERECERBOMER
NERBTHLIZ LMD, FLEAEFTHNTLVEN, —AT, RAREBRIZBIT2EHES DI
RHEEZHMIC, JLEFUOZAVEERIREICEY . BRSNS ZEEECBTERHAFE
DRAENTONNDE S, COL I EBRFENOFHFRLEAIARBIIIFEAEELS . TR
SHABICERLSF-N D,

LEREOEREREFEA. EBRRR—FOERZEEL. £8 - RRERICEFNLHXRA
MDRREET o= MAT, AN EFUREICK YIERSN-BEEKEYOEF RS IR
EHELH. TOFMERARRET o=,



F1E EE - RABRIZCEENDIXRAMIZDONNT

ARIFBICEMOCEATERZAELTEY ., £EXNTT SHRLGEDIERST OEWELE
EIFTTIHGBRATERWMEEAE . ERFUSNORAYNEDEEICKEEEL TS,

#AE (Ephedrae Herba) (X< A & L+ <7 Ephedra sinica STAPF. E. intermedia
SCHRENK, XI% E. equisetinaBUNGE Dith L £ %512 S E1-+£ DT, KO, B4, 5
KEOAREBEEEMNE LEZEAEFIICALLATLS 7, REDKREXILECSMIEFTMRE
ERICEERADELTEFNDT FLT) URBRRRBIERAZETSI I FYUTILA
O4 K (-)-ephedrin (1.1) % (+)-pseudoephedrin (1.2) N&FE5FT B EEZ0NTHY. BR
EZRAICBLWTH M RV I2ZE8TT7ILAO0C KOEEN 0.7 BULEERESA TS,
—AVIFBRFHORKRMLGH AR SEFRAHNE L ORERICEIETR L TEH TE.
Ma%, KKZEEBETIHY., EoBER. BE, 8T, 5%, Bfiw. —SHEBEAET.]
LERHINTHEY., THREOEMIERASELTEEFNSII I FYUTILAOA FTER
BT E 20 BE., BEREICKT HEN. LBERIERAEZRTRAYEBHASAITEATIVE
LYo

ARG IEHREIFANRTERIEAICEERSUNDORAYIBFTELTWSEER. 5
A A ORBBIEERAW-AS LA NS T4 —IC&KYRELIZ-T T FYOTILARD
4 FBREIXRADERERZFME LIz, ZORR. T 7z FJo7LhOA FREIXAN
TRPV1 (BAREZAEWN) RIEMERZERL %, £ URXZAL: formalin 5 paw licking
EIZBITAE_HOERRLEHIT 52 EMBE LM o1 % (Figure 1.1), COHRA B
DO ERRIFEENTTEDICERSUNDRAINFTE L TWS I LEZRIIFHITHS
LEZLND,

= "'
Ephedrae Herba (#f#)
extracted with H,0, A

Ephedrae Herb ext.

| cation exchange resin cc

Ephedrine Alkaloids fraction Ephedrine Alkaloids-free

OH oH | Ephedrae Herba fraction

@/KTN ~ @/\[,N ~ analgesic effects

(-)-ephedrine (1.1)  (+)-pseudoephedrine (I.2)

Figure 1.1. Analgesic effect of ephedrine alkaloids-free Ephedrae Herba extract.
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ozt ERPREELLTELNSIERERN A -— Y RIEFBECEYEL
EHRIAHAIRAYABESN TS, UTICZEDO—HlZETRT,

1) LJF (Angelica acutiloba B T* A. sinensis) ML EBINI=742 1) K

BATIEt ) BHEW k9% Angelica acutiloba MR %E. HETIX A. sinensis DIEEEHR
ETHER - HIFHHMARE, FMTROXREZHAFLTAHALLNA TS, BIROE/HIE
7% 1) K ligustilide (1.3) THY. BERERAH (F 18 BAKLY) OHEIABRDEERD LI
S2TWA 8, Ffz, 13D [2+2] HAHULE [4+2] RibAMIZKVEER SNz, ERADE
BEHEDT2 ) FZEHK (42 RUZERK (1L5)* EN|ESN TS, TRATHLHHE
EAR0 1.3 [ZEPRMGEER. mFmER. M/MUESEEERANRHIN TLNVS—A T,
L4 [FEERICERSNABWVITOSRTAVERERNRESNTEY 2 BAEELLTH
W DBIFOEREICHES LTV AATEEELH S,

ligustilide (1.3) 2,4-dihydro-diligustilide (1.4) triligustilide A (1.5)

Figure 1.2. The structures of major (1.3) and minor compounds (1.4 and 1.5) contained in
Angelica acutiloba and A. sinensis.

2) +3 (Houttuynia cordata) W BEESIN=T SR/ A4 K

FoOFS (FOFSHE) ORMESR EMEERENE T HEE - +3(F, BHERBHERELS
VAILNAEERBEICREAEEL LTECAVLOATWLNS, REMICIE. 75K/ 4 FECHEARL®
houttuynin (1.6) MEICEEN TLVS 9, Houttuynoid A (1.8)* (. 75K/ —/LECHEE
hyperoside (L.7) & 1.6 DEESKRBEEZEH T HARAMTHY . EELGREMAILRI DML
REMERLIZ, SHITKEHRRES YA ILRL HSV-2 DA JLRIZEBLELANILRZ D A
LWRICH L THEEREEZRT CENHOMELG >TSS I EMD 0, ZOMERIZE T
HAENEDONTINS, Ff-, 1.8 LEZILEMDEEMM 2018 FITER S NI-ED, BE
EMEEMELERSATNS ',



(0]
/\/\/\/\)J\/CHO

houttuynin (1.6)

OH O Clsal OH O Clsal
hyperoside (1.7) houttuynoid A (1.8)

Figure 1.2. The structures of major (1.6 and 1.7) and minor (1.8) compounds contained in
Houttuynia cordata.

CDESIC, £ RREEDSHLELREIZIE. EROUNDEAMOBZENTRE I
M. HNEt - PP EHETHD C EDLFHEREURNHEBOBRBAICEESTELT . TELHM
DOHEEDNBASNIGSEREIERTHD, TN ZHLVBIES—FELTEELE
HHEBIMRETOLENHSEEAOND,

LUEDERDOT. ELFFRES—FOEREZBEMIC, EXLLTEAINS TEER]. it
WICTHEREEIRUTEAKIICEFTFN I ERAUNORAMICER LIEAHRET o1,

ST, ALEFURBICEYVER SN - ERAEMNEET 2BFEL - RRBKSO
RRZHAFL. BB LRABEYMORBEARETHLH VL) A FFVICOVTEHMELERAS
HRZEIToT1=,



F2E ERRSICET AT ERAKXRODFHROTIARURUVERAXTTILR D DILEEE
WO EWENE

E1E FR

1) HRIZDWT

£/& (Cinnamomi Cortex) (&% X/ XF4EH¥ Cinnamomum cassia DR E=ER LT 5
FREED—DOTHS, C. cassia FEICHERAEHOAN FFLEBTHESATSY. A
AOWISETIIPETHESINS TEEER] RV IEREER] NECRBELTLS 2%

ERIE. HERER IIELT TEE] RU M) AERICIRESATLS, Fi=.
FERERZEEY Tk, BEEFEL LT IEEL. THE] ITMAT M) OREHEHLHY.
BICTHE] . ARRZLEHIN, BRFRL—MBUITERSIA T ZEEILNATS,
Fiz. BERED T MEEELSH. F. ELAKER. MELVHD, hZEEDO. FFHOKEFR
L. DEEDER, ok, EEl. &/, BBE. BEZI 5, FTEHL, Ex ko, B, 2R,
SEFILD, BECHEBSE. BHERL, OkEZEL. BRRZET, BEZEEL. 8
NBEFMIETEN ALLIRTNIE, BILERY BVDIEEND | L TORENTHIATNS 3,

BERERBEKRICAVSNLBRE. &G, NEFESO. BRLESICAV LN ZRHE
PEESGLEDULAICEFISNATND I LMD, —BMNICIE, FEMRERBERRAELZRE SN
TW3 2, L LGRS, EAEFMICIE, FTHR. BREKICNA, REBEZIK. EEK
K. FERYE. BB EOXRELHFINIGAZROERERS AL, IIKEOSHEMRES.
BRGEICLHERASINDIETHO/\KEALGE, £AFID 30%%BZ250FICEASN LR
BEWEREZTATIEETHD, -, BRAKEIXRICIE, BEMER . MEARERY, &
ENFIVER 1° ITH0Z . invitro IZE TS 1) L/ SERDETERIBER 7 SHAMESL TS,

()

I THERER) IPERHOEYNE KEF) ETHY. —FOBHHZAbET: 365 BOENERIIR
BAMNTRELAEGEDLESR (120 ), FLVARETEFHEBIZELIEMEDODS (120 18). EMENEL< .,
REIRFAASITRELAREDT R (1255) OZFEHEICHEBELTWD,

2 THRAERET) FMARAENETORAEEDRHZRET HL BT, BIEMATE 730 EZ
REL=2DTHS,

© TRERNG) FMEARASHRAERICINE SN D 365 ELEZDEXZEHEL. HRLEZLDTH S,
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2) EERSIZDOT

BERICIXEFERES & LTH 2-3%0 cinnamaldehyde A&BSh TS 8, £f-7TOY
T_OUEN 10%EEEEINTNS 9 ZOMICHEERENSIE. YITFoERDELT
FEERIEEY. ERAXTIRUVODTIRVENEHHRESA TS, UTITERRY C.
cassia ML HEHRE SN L EVDILFBERVEMTHEICONTIRR S,

2.1) FEEILEY

FREHBRH TH S cinnamaldehyde (1) [2INZ . BAEIEE®E LT IL2-1L5 ANRESh
TWL5 2 (Figure 2.1), L1 [ZIXREFIH R ORELENE 2, FROF—EHEEERA 2O, it
VITHEENE 2 F0ZHRLGEMEENRE Sh TS, TRPA1 (AREZENR) ZHIE

$HET, REMEDIRICK DB, HTFFZSISEIT B JEepMoNTLND,
Ri Ry ?
Xx~R1 cinnamaldehyde (II.1) CHO H OH
©\/\/ 2-methoxycinnamaldehyde (I1.2) CHO OMe
R, cinnamic acid (I1.3) COOH H OGilc
cinnamic alcohol (I1.4) OH H dihydomelilotoside (11.5)

Figure 2.1. Cinnamaldehyde (l.1) and its analogues (ll.2-11.5) isolated from Cinnamomi Cortex.

¥ M 51 tetrahydronaphthalene E & ¢ 2,6-diarylhexahydrofuranofuran 1) 5’4 A
ZHBE SN TINVS 2, —4.C. cassia DEM 5 [F 1,2-dioxetane E 5 #H T 5 cinnacassin
J (I1.6). tetrahydrofuran &343 %D cinncassin M (I.7) ED A ) T F %, TSR/ —)L
BoREA & ) T o DEEKREEZET S cinnamomoside A (I.8) L EDKRAME L TIL
WEBEZET DI ITFTUORURF U TFHFUNRESN TS 25 (Figure 2.2), 1.6 [ E ~##
EFHMED tunicamycin FEMEELZAE T 2HBEREFEEAEZRT CEARESA TS,

OH ) le}
cinnacassin J (I1.6) cinncassin M (I.7) cinnamomoside A (l1.8)

Figure 2.2. Neolignans (1.6 and 11.7) and flavonoid-lignan conjugate (l1.8) isolated from the
leaves of C. cassia.

BEEMNGIE, TRAVT7ZU U=y b@ (-)-epicatechin (I9), TALT7=L U8
{A® procyanidin B-2 (I1.10). =£{A® procyanidin C-1 (I.11), FEE{A® cinnamtannin A4
M12), BEDBERTOS T UEIRESIN TS " (Figure 2.3), ZH 5IZ[& protein
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kinase JETEDHNHIER 26 PIEL/ER 2 HEMNRHB I TLVS, £, Tempesta 51X A
BEa%E895707 2 b 7= UMESK cassiatannin A(I13) &G L TLNSH 28, A
REEZHTHIO07 0 b7 =2 UIE C. cassia ERED C. zeylanicum KU C. sieboldii
DETATUERITZOUTHY 2, ThiblEC.cassia lZITEHINLEWNEDHRELH S
e, EYMERMNESOTUVDEREENEZ DN b,

cinnamtannin A4

1.12)

procyanidin C-1
(1n.11)

procyanidin B-2
(1.10)

(-)-epicatechin
(1.9) OH cassiatannin A (11.13)

Figure 2.3. Proanthocyanidins (11.9-11.13) isolated from Cinnamomi Cortex.

BERICEHWAFEETELEEYME L T, op-diphenyl-y-butyrolactone #EEZH T %
cinnamomulactone (11.14)%° K U cinncassin A (I1.15)25 45 tetrahydrofurane &8 #H 3 %4
S5 L7 = = )LEFESEC#E(K cinnacaside A (11.16)3" AEB S TLVS (Figure 2.4), DS
5. A5 [ZIE 1.5 & RBFRO@FREMERAN 25, 11116 ITIFRERBT O~ R EiEMmEICE
WTEHL T #ER U B MABHEAEEE 2 ARKEIN TS,

OH
HO
Q. ¢ ol
HO .

R OGilc
cinnamomulactone (11.14) Me OMe
HO OMe cinncassin A (I1.15) H o) cinnacaside A (11.16)

Figure 2.4. Phenolic compounds (1l.14-11.16) isolated from Cinnamomi Cortex.
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22) EREFTIRY

ERDLIEATRT AT R 117) RUADF 2B (118) ERFTILRUZERD &
L.BRLEBREETHEXXTTILRY (119-1.22) MERE Sh TLVS 3 (Figure 2.5), Yan
SIFERNSBEBLE-ERAXTILRUORERAEERMEAZEELTAY. &Y /La—
ARBARIKAEA G U X LMBBICENT, 119121 ZETTEH 7« TJORI F o (BIKE
2 R D1RUA VE—0A F2-6) OFERENMIFHISNEIEERELTLVS 3D,

OH

o H

O
OH
I
HO HO
- H
HO OH
megastigmen-9-one 15-hydroxy-a-cadinol (-)-15-hydroxy-T-
(.17) (11.18) muurolol (11.19)
(0]
H OH
HO'"
HO “’OH

cinnamoid E (11.20) ent-48,10a-dihydroxy- clovane-2B,9a-diol (11.23)

aromadendrane (11.21)

Figure 2.5. Sesqiterpenes (I1.17-11.23) isolated from Cinnamomi Cortex.

23) STILRY

LHEEOHALSITBEICHERKEIXZAND, SEICEEIh, EHRICHEREL-2=—
DL EEETI—EDOOTILRY (I1.24-1.31) £8E LHRE L TLD 5% (Figure
2.6), H#H. 2017 £IZ Fraga BIT&>TH R/ XEIEW Persea indica M ih EEH 5
cinncassiol E (1.31) NEEE S h, JEITHE LBENETES NI 5,

HQ Ho HQ Ho
e _Ho
=osl

HO
HO

cinncassiol B (lI.25) cinncassiol C4 (11.26) R=H
cinncassiol C1 19-O-B-p- R = Glc
glucopyranoside (11.27)

cinncassiol D4 (11.28) R=H cinncassiol D3 (11.30) cinncassiol E (11.31)

cinncassiol D4 19-O-B-p- R = Glc (revised)
glucopyranoside (l11.29)

Figure 2.6. Diterpenes (11.24-11.31) isolated from Cinnamomi Cortex by our group.
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LEDERSTILRUD S B, cinncassiol B (11.25)3%2 (&4 1 1) &H4#EH Ryania speciosa
Mo BEIZ#RE S TLV= ryanodine (1.32)% & [[F—® 6/5/5/6 RIRERFBREET H &
Mo YT7 /BB EEINSD (Scheme2.1), —A. cinncassiol D (11.28)34¢ [F#H 5 (2
KO TRWEENT-FIRL: 5/6/5/6 MIRMERFEREBELTHY. VT/ FVEITILRY
EDEERMGEENS, A1V )T/ FUBICHEINDS,

ryanodane type diterpenes

H
(e)
QYHO
H

O ryanodine (11.32)
from Ryania speciosa

cinncassiol B (11.25)

A xa

Isaprene unit isoryanodane type diterpene

cinncassiol D4 (11.28)

Scheme 2.1. Possible biogenetic pathway of ryanodane and isoryanodane type diterpenes.

F 1=. cinncassiol A (1.24)"* BT C1 (I.26)%% [, ZNEFNV T/ ZUEITILRUD C-
11/C-12fE. B&UC-7/C-8 MIDRFHBENHR LI-BEKEHBL TS (Figure 2.7), &5
[Z. cinncassiol E (I.31)%*35 (4 Y YT/ Z BT ILR D C-12/C-13 D RFFEED
FAZ. C-6/C-10 FDRFHEDHRERTHREINIRFFTEERL, GBIV T/
BUBROTFIRUIZHEESNS,

C-11-C-12 C-7-C-8
cleavage cleavage
——

cinncassiol B (1.25)
ryanodane type

C-12-C-13
cleavage
C-6-C-10
bond formation
cinncassiol D4 (11.28) cinncassiol E (11.31)
isoryanodane type rearranged isoryanodane type

Figure 2.7. Carbon skeleton relationships of cinncassiols A-E.
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NOHERSTIRVOEBEGEEEEISIENEY. BELEMDOFERMELBRAIC
Thntf-#R. C. cassia DEIE 37 PE X, BE X H 54 Figure 28 [TRLF-DTILRY
NEHINATWS, 4. EHhLEEE ST cinnamomol A® (& 11.313435 LR—DEEZ
BT S Ehb KWXTIlEcinncassiolE & LTHKI b U TILARUD S B cinncassiol
E (I.31) [2A0Z F (1.33)%7, #iTfIZ cassiabudanol B (11.35)%° (& C. cassia MbE SN T
WESTIRUDPTHRICERGRERRZALTEY .. ZOEERNGHRAN S, T
NEBEMBSTILRVIZHEEIND, T, 1.31% RU I35 [EREFEERNRESH
T Y. concanavalin A R # D < o A RIEHRIZHEMT 52 & T, THEDEER U Treg
MBI EERINTINS 3839, —F 1347 [ZERA7 vE4 RIZEWTRENH %A
REIN TS,

cinncassiol G (I1.34)
immunosuppressive

cinncassiol E (11.31) cassiabudanol B (Il.35)
(cinnamomol A) immunostimulative
immunostimulative

Figure 2.8. Diterpenes (11.31 and 11.33-11.35) previously isolated from the barks, leaves, and
buds of Cinnamomum cassia.

HEEZDEALAICERESATVEDN, ChAODAFICELWTERIEIZOERS &
LT&EEND cinnamaldehyde 7O 7= UV EOEWMEED A TIEHATE R OEEE
REfFESNTAHALLONTLS, FHEF, BERMCHEBEIN-EXAFTILRY (119-
1.21)30 HPTF IR (131, 11.34, and 11.35)37%9 [ZHHERBEBTRIERORERSIERH
REINTWEI NS, ERENETHZHRLEEIHICERIUNDORAYAESE LT
WBEEZOND, TCTERI. BEREICEFNI A -— U HILEEES L UVEYTELEEZE
TARAYOFHMEIERARET o1,
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55280 - R

TR (REFER, 60 kg) # MeOH THIH L. TFRX%#Hf-, TN #E n-hexane & 90 %
MeOH THEZL7=#%&. 90 % MeOH &+ 51 bk &BFIL. n-hexane. CHCIls, acetone.
MeOH DIBEITAH S B 1=, IBET S 2V VEZERET 571, acetone AHER % Al,O3 [
&S . MeOH AHAE H0 AHEICHE Lz, MEIDZZTN T, silica gel. ODS.
Sephadex LH-20. Diaion HP-20 75 L ZRAWTH#f L1=#%. ODS HPLC TH#&IL. 578
DFM T TILR > cinncassiol H (1), | (2). Ds (3). Ds (4). ifiTXIZ 18-hydroxycinnzeylanol
(5) E2FEDFHMEAFTILR > cinnamcassiol A(6) RUB (7) B L1- (Scheme2.2),
Fi-. FRILEMZEET 5BETRAILEY 81E (8-16) ZHE L 1= (Figure 2.9),

Cinnamomi Cortex (60 kg)

| ext. with MeOH
MeOH ext. (5 kg)

| partit. between n-hexane / 90 % MeOH agq.

¥ v

n-hexane-soluble fr. 90 % MeOH ag.-soluble fr.

Cinnamomi Cortex

| mix. with celite

n-hexane eluate CHCI; eluate acetone eluate MeOH eluate
|AI203
\l' \l' a: SiO, cc (EtOAc/MeOH/H,0)
b: ODS cc (MeOH/H,0)
MeOH eluate H2O eluate ¢: Sephadex LH-20 cc (MeOH/H,0)
| abce g g d: Diaion HP-20 cc (MeOH/H,0)
l, i e e: ODS HPLC (MeCN/H,0)
cinncassiols H (1, 2 mg) 6 known diterpenes 2 known diterpenes

I (2,2 mg) 8 (442 mg) 14 (11 mg)

D5 (3, 0.5 mg) 9 (20 mg) 15 (173 mg)

Dg (4, 4 mg) 10 (15 mg)

18-hydroxylcinnzeylanol (5, 5 mg) 11 (5 mg)

cinnamcassiols A (6, 1 mg) 12 (85 mg)
B (7, 3 mg) 13 (5 mg) . .
1 known megastigmane glucoside
16 (5 mg)

Scheme 2.2. Isolation of new diterpenes (1-5) and sesquiterpenes (6 and 7) from
Cinnamomi Cortex.
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%3 E BAEEYDEE

7 OB ¥ T )L Y cinnzeylanol (8)*°, cinnzeylanine (9)*°, cinncassiol B (10)342, C4
(11)%49, Dy (12)3%<, D4 (13)%. D, 19-O-B-D-glucopyranoside (14)%c, I RIZ A (15)5, 1
DA HRT 1< UEHER roseoside (16)Y ZRIEARY MLT—42 £ XHkE & LLERT
%5 Z & TRIE LTz (Figure 2.9),

Ry Rz
cinnzeylanol 8) H H cinncassiol D¢ (12) H H
cinnzeylanine (9) Ac OH cinncassiol Dy 19-O-B-b- Glc OH

cinncassiol B (10) H OH glucopyranoside (14)

“'0Glc

cinncassiol D4 (13) cinncassiol A (15) roseoside (16)

Figure 2.9. Structures of known compounds (8-16) isolated from Cinnamomi Cortex.
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FA4H FROTILRY (1-5) OIEEMET
% 1 I Cinncassiol H (1) B U | (2) DO#&ER4T

Cinncassiol H (1) [E25E M {02 +39.9 (¢ 0.10, MeOH)} 7T EGIERERMEREIARE L T
H/Fonf-, HRESIMS &Y. 1 D5FK% CooHs0s(m/z419.1687 [M+Na]*, A+0.5 mmu) &
BB LT=. IR ARY MILHVSIEKEEE (3413cm™") EAIARZILE (1684 cm™!) DEFEEM
TEEINfz, 'HNMR ARY FLTIE1EOAFIAFU AEOFFAFLY, 3ED
SPPAFU 2D spP AF L, 3ED tert-AFIL, HHUIZ 1 ED sec-* FILD LT F
ILHNERBI Stz (Figure 2.10 and Table 2.1), LikdDT—% &, 7% AB EIZH Y T
DLtV FIL {8h2.43and1.88(d, J=13.7)} h D, REEMEER S TILR U LHEE
L7zo °C NMR RU DEPT ARY hiL S 1 EADT Fo 1 ADAL 742, 2ADT
A—)ixk. SEDBRRFI/ES L-=HKixk., LU 1 EAEBERREZETET 20ED
RERDODEFELNEL NI > T,

A

20

10

J 15a,b

5.5 5.0 4.5 4.0 3.5 3.0 2.5 20 1.5 1.0 ppm

Figure 2.10. '"H NMR spectrum of cinncassiol H (1) (500 MHz in CD30OD).

Cinncassiol H (1) O FE@E#iE% 2D NMR AR ~LOEFICK YBSHMIZLT= (Figure
2.11)o H2-15/H-1 Rl H-1/H2-2 BT Hp-2/H2-3 fEl D H-'H COSY #HEi & H,-15/C-5 R U H-
3/C-4, C-5 8 HMBC #BM 5. C-1 [ hydroxymethyl EA$ES L 7= cyclopent-2-ene &3
7 (C-1-C-5) OFHEFZHL MLz 2HEEZH S HMIZ LT=,Cyclohexenone IRDFE L.
IR ARY RLIZEWTEBI ST 1684 cm DIRIR & C-4 (5c 164.3). C-5 (5¢ 136.7). &5
U2 C-6 (6c 200.1) ® BC NMR # X2 AL T MEMD B XEHE SNz, S HIC,
tetrahydropyrane (C-8—-C10, C-13, and C-14) A' cyclohexane (C-7-C-12) IZ#5& L. 2-
oxabicyclo[3.3.1]Jnonane &84 (C-7-C-14) #HA Y % C & % H»-14/C-8.C-13 [l & H-10/C-
13 M HMBC #HEM B oM IZ LTz, —7A. 2-hydroxy-2-methylethyl ZA' C-13 [ZH#EE
% &% Hs-20/C-13, C-18, itiTfI C-19 M HMBC #EEAM SBAL ML=, &EIZ,
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cinncassiol H (1) D93 F= & C-11 (8¢ 106.1) & C-13 (6¢ 110.6) D BCNMR 7 2 AL T
FEZZEEIT A ET, CL1UCI3 NI —TFILENLTHEAL., HEL 29

dioxatricyclo[4.3.1.038]decane B #HHR L TLWD EHEL=., ULEDM@EFIZLY ., XitE
YMOTEEEEZE Figure 2.11 ICRIHEE L IRE L 1=,

1 3 === 1H.TH COSY
—> HMBC

Figure 2.11. Selected 2D NMR correlations and gross structure of cinncassiol H (1).

Cinncassiol H (1) N&Y % 2,9-dioxatricyclo[4.3.1.038]decane #&i&(Z&1+5 C-7-C-11 &
KU C-13 DR ILIRGIERE (X Figure 2.12 IR L-EREICHIB SN S, &5(2, H-1/H-3B
il & H-30/H-10/H-12/H,-15 1D NOESY #EM 5. 1S+ 12S*EEEZIRE L 1=,

sl
€

15
—4
\ ~ by
@ 12 ) - A
) [ S [l 1 I
% I 1o n
A 1

@913

’ 3
IR 0% 7
16°\~_r\ &
A ¥’

1 -« - » NOESY

Figure 2.12. Selected NOESY correlations and the relative configuration of cinncassiol H (1)
(protons of methyl groups are omitted).

1 DMAIRERBEEHET 5-HIZ.ECDRARY MLOFEAE L HEEDLLEZITo 1=,
ZORE. EELSYOEIHESEEMET S (1R7R,8RIR,10R,115,12S,13S)- A5t
BENEAELFELULEZRARY MILERLIZZ EA S, cinncassiol H (1) D#Ext AR E &
1R,7R,8R,9R,10R,11S5,12S,13S L #t%F L f= (Figure 2.13),

20

40

— 1 (exptl)
10 A 72N ==== 1 (calcd) + 20
— 7\ —
= II \\ B
8 oS °o 3
© 200 250 ~ 350 400 ‘w’
< L7 b4

L -20
1(1R,7R,8R,9R,10R,115,125,13S)

20 CAM-B3LYP/6-31G+(d)//B3LYP/6-31G(d)

-40
nm

Figure 2.13. Experimental and calculated ECD spectra of cinncassiol H (1)
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Table 2.1. "H and 3C NMR data for cinncassiol H (1) in CD3OD.
1

positon ~ 13C @ H® (Jin Hz)
1 473 347 (1H,m)
2 273 216 (1H, m)
1.83 (1H, m)
3 325  2.59 (2H, m)
4 164.3 -
5 136.7 -
6 200.1 -
7 81.3 -
8 79.9 -
9 46.0 -
10 855  4.03(1H,s)
1 106.1 -
12 447  265(1H, q, 7.0)
13 110.6 -
14 36.0  2.43(1H,d, 13.7)
1.48 (1H, d, 13.7)
15 635  3.67 (1H, dd, 10.5, 9.5)
3.62 (1H, dd, 10.5, 9.5)
16 178 1.21(3H, s)
17 9.3 0.99 (3H,d, 7.0)
18 73.0 -
19 248  1.30(3H,s)
25.0
20 178 1.29 (3H, s)

aRecorded at 125 MHz. ? Recorded at 500 MHz.
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(i R)
ECD ARY FLIZK DX I AEREDIREIZCDLNT

AREEZBEIRY MLEF, ERY EARY ARECHT IREEDEEZRRICHLIAY FF5HC
ETHLONDIARTMLDZETHD, COCDARY MLDSE, E£5E & URAIRMEEICIRIN % 28T
5HDNECD RRY bLTHSD, ECD ARY MLIEH+< 4/ 055 LORHMTAELAETHY. 1k
EYORMIIARBEZRET IFEND—DELTHLLATWS, #9422 R4 HDIORD Y IT— M|
BLHEORBREES LELELFEOMEFFS Y T4—E* NIAETICAVLATE, BETIE
EFNEHEZRI-ECD AR MLOFEMNAIREL LY . ECD ARY MLOEFEE L EAED LHEIC
KV ABREZTIRET DFENECAVLNE LS >TLVS, ECD RARY FMLOFEIFLTO
FlgTRHBEN D,

) BFHE (MM) EICKYEERZRZTL., KEEEZKRDD,

) BoNE=REREDNS 5RILYI VAT 1% U LOERES DFT SHEIC& YRELT 5,

3) REILINIERENDS B, RILYI U 1%ULIZDNT, TDDFTAICK YIERBEERD 5,
) TESLIBEM D ECD ARY MLEFTET 5,

) REBEEDRILY T UHHIZEDIE ECD ARY MLEMEFEHIET B,

ZMRETH. EFHNFEHEZTHAVZECD ARY MLOFEELZEAE L LLERT 4 Z & T, perovsfolin
A% hypatulin C*¢, i X< myrtucommunin AY HEDZRABREE T H2RAYMOMRILARE ZH S H
IZLTW3,

perovsfolin A hypatulin C myrtucommunin A
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Cinncassiol | (2) [FERFELZMEE R E L TE O, LLIEXE [0]*o —23.0 (¢ 0.10,
MeOH) % R L7z, HRESIMS & Y 53 FHK % CooH20s & JEE L 1= (m/z 371.1831 [M+Na]*,
A-0.3mmu), E£f=. 2D UV AR FLTIE 243 nm (g 13,000) [ZIRILAERBI S hf=Z &M
HHEERDEENTEIN, IR ARYT FILD 1696 cm™ ORIIMN S WILRZ I EDEFELEE
HE Lz '"HNMR ARY MLTIE, 2EDKERE. 5EDAFLY (55 1@EIFKBEEL
HEELTWD) SEDAF >, 3ED tert-A FIL, 1D sec-A FILD LT FILHERAIS
f= (Figure 2.14 and Table 2.2), CNED T FILDHIZIE, HE D TILRUIZHEHL AB
BIZhy TG LEAFLUODOVTFILLNBBIESNIzCEND 2 EHED TR LH
ElLlze LOLEAS, AVUT/FORSTILRUD HB6 PUT/ ZFOBOTILROD
H-1 [CIRB SN D EHISAICBBI SN DA XTI AF OO TF LN 2 TIEBBIShiEHh -
fzo —AH. BCNMR ARY MLTIE2@DT b 2OFAL T 4 >, BERFHIES
2 EO= kxR, LRIC 2 EAONKRFLZELEFT 20 BORFRL T FILLEB ST,

4-OH

/ 7-0H
T T 1
7.0 6.5 ppm 15
20
T T T T T T T T T T 1
5.5 5.0 4.5 4.0 3.5 3.0 25 2.0 1.5 ppm

Figure 2.14. '"H NMR spectrum of cinncassiol | (2) (500 MHz in CsDsN).

Figure 2.15 [Z’R L 1= 'H-'H COSY #8Bi & HMBC #HBEM 5. BEfIA V) 7/ BT
~'> cinncassiol D334 [Zxtf5d % C-1-C-5. C-7-C-9. ;i TNIZ C-12-C-20 DT EEDTF
EZHEZEL, CCHMBIZA LT, C2IZF b orFEEZEETDHEREBRREL-.

16 m===1H.H COSY . .
2 HMBC cinncassiol D3

Figure 2.15. Selected 2D NMR correlations and gross structure of cinncassiol | (2).
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EHICTEDABEAFLLYTO Y {812.44,1.77 (each 1H, d, J= 16.8 Hz)} M5 C-9
(6c 44.3) &7 b2 (3¢ 210.9) ~® HMBC #HE & Hs-17 ™54 b UikSE (3¢ 210.9) ~D
HMBC #HEMN L. SO AB EAFLOTOMYE HA10 12, LU RFZE C-11 IZIBEL
f=o —H. BBABEAFLUAFLLTOMY {84 3.24, 3.07 (each 1H, d, J = 14.4 Hz)}
M5 C-5(8c169.7) & C-8(5c49.9) ~HMBC HHBEIMNRBIShzC &b, COABEAF
Lo7Obhr%E He6 EIREB L=, UEDEHIZK Y. cinncassiol | (2) DT mEiEE% Figure
215 [T RLEBELRE L=,

Cinncassiol | (2) O ILIAEE % NOESY HERU A Y T VT EHDEMTIZKYBAL
M= L1= (Figure 2.15), Bl%. H-8/Hs-16/H-3p/4-OH/H-6p/7-OH FI K U H-8/7-OH Ri M
NOESY #HEM 5. Chod 70 kU %B-EE & I1RE L. H-30/H-10/H-13 1D NOESY 48R
N5 128 13R'EEE ZIRE L= (Figure 2.15A), &2, Ay U U TEHRIZE Y H-13/H-
18 I& gauche (3Jn-13m-18 = 5.1 Hz) BLEEZER S L #&&m L. H-19/H3-17 fdl. H-18/H-13, H3-17
7% 5 UNC H3-20/H2-14 fD NOESY #EHA S 18 LD IAEEE R EIRELI:
(Figure 2.16B),

8Ji-13/1-18 = 5.1 Hz (gauche)

NOESY -« - >

Figure 2.16. (A) Selected NOESY correlations and the relative configuration (protons of
methyl groups are omitted); (B) projection for C-13 to C-18 of cinncassiol | (2).

FNT, I IARBEEHET H=0I1Z, ECD ARY MLOEIE L HABEEOLLERZ{To
t=o ZTOHER. 2 DEAEN (4S,7S,85,9R,12S5,13R,18R)-2 D EE L B { i L TL =
ZEMD, 2 DIEXIAEE % 4S5,7S,85,9R,12S,13R,18R L #t5E L 1= (Figure 2.17),

— 2 (exptl)
5 W - 2 (caled) 10
\
—_ \ —
5 \ /- 8
é b LY AAA 0 @
— ”~ M ~—
e éQc_\’/\MU/ Mo

2 (45,75,85,9R,125,13R,18R)

CAM-B3LYP/6-31G+(d)//B3YLP/6-31G(d)

nm

Figure 2.17. Experimental and calculated ECD spectra of cinncassiol | (2)
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Table 2.2. "H and '3C NMR data for cinncassiol | (2) in CsDsN.

2
position BCe "H? (Jin Hz)
1 136.9 -
2 205.5 -
3 46.3  2.86 (1H, d, 18.9)
2.55 (1H, d, 18.9)
4 79.5 -
5 169.7 -
6 335  3.24 (1H, d, 14.4)
3.07 (1H, d, 14.4)
7 82.6 -
8 49.9  3.19 (1H, d, 6.8)
9 44.3 -
10 442 2.44 (1H, d, 16.8)
1.77 (1H, d, 16.8)
11 210.9 -
12 62.8 -
13 45.6 2.32 (1H, ddd, 9.2, 6.8, 5.1)
14 26.1 2.49 (1H, dd, 13.3, 6.8)
1.94 (1H, dd, 13.3, 9.2)
15 79 158 (3H,s)
16 147 1.20 (3H, s)
17 96  1.39 (3H,s)
18 382 219 (1H, m)
19 67.7 3.69 (1H, dd, 10.5, 6.5)
3.59 (1H, dd, 10.5, 6.5)
20 147  1.26 (3H, d, 6.8)
4-OH 7.02 (1H, s)
7-OH 6.74 (1H, s)

aRecorded at 125 MHz. ? Recorded at 500 MHz.
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%8 2 I8 Cinncassiol Ds (3) &R U De (4). i TXIZ 18-hydroxycinnzeylanol (5) Di&&f#HT

Cinncassiol Ds (3) [TEBIEHREDEIARE LTHE LN, HIELEIX [0]® 9.2 (¢ 0.04,
MeOH) T#H>fzo 'H NMR XRY FILTIE, 4 EOKEE. 4 BOAFU, 4 HOAFL
U, RIZSEDAFILDITFIVIZMA, AVIT/ FOROSTILROD H6B [TIRES
N BAXTIOAFODITFIL (5ud.48 (1H,d, J=2.1Hz)} NEERIS =2 &M,
KEEMEAVIT I/ ZAOBROTILR U EHTE LTz (Figure 2.18 and Table 2.3), & 512,
HRESIMS Qi s, 3 (EBEEIA V) 7/ 4 U857 )L cinncassiol D1 &ER— D5 F
= CooH3205 #HT B EMNTREENT= (m/z 375.2145 [M+Na]*, A-0.2 mmu), 3D 'H &
U 8C NMR XA kJLIF cinncasiol D1 D& 5 EEEELL TULV=AY, cinncasiol D3¢ M
sp? AF Y (CH-3) RUFTF L AF LY (CH2-19) DT FILIZRHY ., 3DARY MLT
(X, BREFNES LI-=HMRF (5c87.4) RU sec-AFJIL {61 1.20 (3H, d, J=6.5Hz); 5¢
19.1} DT TF LA ST,

17
15

2 x methines
7-OH 4 x methylenes
6
11-OH 1-OH 5 ——
4-OH X 8
1)
T T T T T T T T T T T T T T
8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 25 2.0

T 1
1.5 1.0 ppm

Figure 2.18. "H NMR spectrum of cinncassiol Ds (3) (500 MHz in CsDsN).

AIEEWD 2D NMR RRY M LOMHTIZE Y (Figure 2.19), 3ldA VYU T7/ A BST
IWRVERERBTDHCLZHRE L. C4A4 ZKBEENEELE=MRFK (6¢874) IZI®RE L=,

— 11
3 H-'H COSY

cinncassiol D4
—> HMBC . _

Figure 2.19. Selected 2D NMR correlations and gross structure of cinncassiol Ds (3).
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F1. C13I12i-FOEILE (C-18-C-20) hEERT 5 & %. H-18/H3-19, H3-20 fE D 'H-
'H COSY #EBE R U H3-20/C-13 Bl HMBC fHEAM B LMIZL. 3 OFEIEEZ Figure
219 IZ5R LT=#& & IRE L 1=, Cinncassiol Ds (3) M NOESY A% MLIZFH LT, Figure
220 [TRL-#EEMRB O T2 &N D, 1S 4R 55 6R* 7TR* 8S* OR* 12S' FLE X IRIE L
fzo T BIZ, H3-19/H3-17/H-6 . H3-19/7-OH [, i T’ H-13/11-OH M NOESY #EEgH
5. -7AELE (C-18-C-20) IIPEEEICHEAL TLWDEIRE Lz, BH. 11-OH [FIREHK
[k SHIRMNSaBREICFHIREMNS, LLEDEHM S, cinncassiol Ds (3) DX ILIKREE %
Figure 220 IR LE-EBEE L IRE LTz, BH. TOMIAEBEEEIRIFERETH D,

\\L % ¢ 3
16
<08 .-
3 NOESY — - »

Figure 2.20. Selected NOESY correlations and the relative configuration of cinncassiol Ds (3)
(protons of methyl groups are omitted).

Cinncassiol De (4) [ZLLIENE [0]%60 —23.9 (¢ 0.10, MeOH) % R¥ ERIEFERMEREIK &
L THELMNTz, HRESIMS OfEHHN 5. RIEEWIE cinncassiol Ds (3) EE—DHFHXEH
F3 MR ENT {CaoHs20sNa (m/z 375.2135 [M+Na]*, A=1.2 mmu)}, £7=. 4 D 1D
NMR XX MLIE3 DEN B EFEELL TUL=A (Figures 2.21 and 2.18, and Table 2.3). 3
DARY MLTEHBIENTz CHx-15 & CH3-19 [TRBEIN DT FILIZRH Y. 4 TIE, 1
BD sec-A FIL {61 1.22 (3H, d, J = 6.4 Hz); 5c 15.8) & 1 DA XL AFL > {54 3.87
3.81 (each 1H, m); 5c 67.9} DL T FILHEEI SNz, UEDRRY MLT—E M5, 4%
SDKBEDHEEMENELLILEMEHTE LT,

S
N

i

20

1 methine
4 x methylenes

e L

T T T T T T T T T T T T T T T T T 1
8.5 8.0 75 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 25 2.0 15 1.0 ppm

Figure 2.21. "H NMR spectrum of cinncassiol Ds (4) (500 MHz in CsDsN).
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Cinncassiol De (4) D& 2DNMR AR MLOEFIZEY . AV T/ ZVBIOTIAR
VEROFEEEHER LTz, -, Hs-15/H-1 . H3-20/H-18/H2-19 ffi® 'H-"H COSY 48R &
Hs-20/C-13. H3-15/C-5 1M HMBC f8BEA 5. sec-A FJLHY C-1 (2. 1-hydroxymethylethyl
A C13 IZREBTHEZHELMNIZL, 4 DFEEEE Figure 2.22A [ZRIHEEITREL
=, # U T, Figure 2.22B IZ5R L 7= NOESY 4B & A VU 7/ AU RIS TF LR U DREEK
2K BHIBEM S, 1R*4R*55*,6R*,7R* 85*9R*115*,12S*,13S* 18R*ELE %# &)@ L 1=, AIE
&84 (C-18-C-20) M 18 LDIEXRILABLE (X H3-20/H3-17, 7-OH, Hp-19/H-14B, H-18/H-
140f81Z NOESY fHEM BB S n-Z A5, 18S'EELHE LT,

. e1s

\\ 1
A
\ 1
oy
'»«‘.’L/fi}‘\
\( =N

HO — 1 1
4 H-'"H cOSY 4 NOESY
—> HMBC >

Figure 2.22. (A) Selected 'H-"H COSY and HMBC correlations; (B) selected NOESY
correlations (protons of methyl groups are omitted) of cinncassiol De (4).
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Table 2.3. 'H and '3C NMR data for cinncassiols Ds (3) and Ds (4) in CsDsN.

3 4
position ~ 1°C®@ H? (Jin Hz) 3ca H® (Jin Hz)
1 815 - 54.4  2.69 (1H, m)
2 414 2.41,2.16 (each 1H, m) 35.1  2.03, 1.90 (each 1H, m)
3 364 251 (1H, ddd, 12.4, 8.4, 1.6) 37.6  2.43,1.91 (each 1H, m)
2.31 (1H, m)
4 87.4 - 87.2 -
5 62.6  2.74 (1H, brs) 36.3  2.67 (1H, brs)
6 76.3  4.48 (1H, d, 2.1) 76.9  4.50 (1H, brs)
7 89.5 - 89.5 -
8 491  2.88(1H, d, 6.9) 492  2.92(1H,d, 7.0)
9 422 - 42,5 -
10 444  2.25,2.07 (each 1H, d, 14.1) 441 221,213 (each 1H, d, 14.2)
1 107.8 - 107.7 -
12 57.6 - 57.5 -
13 474 227 (1H, m) 40.9  2.91 (1H, m)
14 26.9  2.33(1H, m) 26.3  2.46 (1H, m)
2.01 (1H, dd, 13.3, 8.4) 2.08 (1H, dd, 13.5, 8.8)
15 246 1.6 (3H, s) 158  1.22(3H, d, 6.4)
16 225  1.31(3H,s) 230 127 (3H,s)
17 103  1.71 (3H, s) 105  1.73 (3H, s)
18 203 2.05(1H, m) 37.6  2.37 (1H, m)
19 191  1.20 (3H, d, 6.5) 67.9  3.87,3.81 (each 1H, m)
20 242 1.02(3H,d, 6.7) 13.9  1.40 (3H, d, 6.6)
1-OH 4.84 (1H, s) -
4-OH 5.76 (1H, s) 5.64 (1H, s)
7-OH 6.38 (1H, s) 6.31 (1H, s)
11-OH 7.77 (1H, s) 7.69 (1H, s)
19-OH - 6.15 (1H, t, 5.3)

a2Recorded at 125 MHz. ? Recorded at 500 MHz.
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18-Hydroxycinnzeylanol (5) [ZtbhEStE+20.7 (¢ 0.10, MeOH) %R L 1=, RILEHD 'H
BU BC NMR ZRY FLTIE, 1 HO7 2 —ILikk. 6 HOBRERFINES LI-=HRix
RAEOAF U N BAOAFIAFU ABEOAFLY (5B 2EIEZABEAY TS
AFLU) 4D tert-AFIL, 1 ED sec-A FILD LT FIILHERI Stz (Figure 2.23 and
Table 2.4), CNHEDARY MLT—RIFEREY 7/ F OB DT I)LR Y cinnzeylanol*® D%
DL -TRELE (C18-C-20) DL T FILERFFLULTWV=CED D, KIEEMED T
JEUBRISTFIR U EHEE LT, -, HRESIMS OfE#H 5. 5 1& cinnzeylanol®® &Y %
BERF 1 @5 %0 CooHx0s #HT B EMNTREB SN (m/z 423.1988 [M+Na]*, A-0.7
mmu), #EWLT. 5 DEFE 2D NMR AR R LDfEHTZ4TUY (Figure 2.24), 5 HMEISEERS
(C18-C-20) #B&Z=. cinnzeylanol L E—DFEEEZE TS LEI®RELTz, S5IZ, C-
18 M7 I HILL T ME (6¢76.7) B U CH3-20/C-13, C-18, C-19 I HMBC #HEAM 5. 5
D C-18 [SKBEEMNERT D L EHLAIC LT,

s

! i

T T T T T T T T T T 1
5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 ppm

Figure 2.23. '"H NMR spectrum of 18-hydroxycinnzeylanol (5) (500 MHz in CDsOD).

= TH.1H COSY .
— >  HMBC L cinnzeylanol _

Figure 2.24. Selected 2D NMR correlations and gross structure of 18-hydroxycinnzeylanol (5).

29



18-Hydroxycinnzeylanol (5) ORI ABREZRET 5. hy TV VI EH L
NOESY 1B fi##T %17 o 1= (Table 2.4 and Figure 2.25), H-1/H-2 [l & H-4a/H-3 D H v
TV UTEH (Cdimz =10.3 Hz, 3Juaamns = 12.8 Hz) & H-1/H-3 R U H-2/H-4a @D NOESY
HEMDS, >oanTH A RBEEZ EY . H-1 RU H4a (& axial fZlCfiiiET S &
MEBALMZH o=, & 512, H-4a/H-9b, H-9a/H-14b, H3-20. H-14b/H3-20 fE7% 5 W2 H-
4b/H3-16/H-14b = NOESY MR SN - &N D 1R* IR 13S' BREZIRE L 1=, &
LIZ, UT/ Z VBT IRUDRFERMND C-5-C-8, C-11, AN C-12 DR ILIKED
E I Figure 225 [CRLEEBREICHIBEI NS EMD. 5 ODEAMTIAEE F
1R*,25*,5S8*6R*7R* 8R* 9R*11S*125*13S* L IFE L =, LLEDEM L. 5 DHEEL
cinnzeylanol @ 18 fIIZ/KEEEAEES L 1= 18-hydroxycinnzeylanol &IRE L 1=, #ExtIL{KER
BIEIRRBETH SH. cinnzeylanol ZETHD ) 7/ F BT ILR Y L E— DX ILKE
BExHTHLHEEIND,

16 NOESY =« - >

Figure 2.25. Selected NOESY correlations and relative configuration of
18-hydroxycinnzeylanol (5) (protons of methyl groups are omitted).
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Table 2.4. 'H and '3C NMR data for 18-hydroxycinnzeylanol (5) in CD3OD.

5
positon ~ 1°C@ H® (Jin Hz)
1 727  3.81(1H,d, 10.3)
2 554 1.81 (1H, m)
3 295  1.56-1.39 (2H, m)
4 271 2.08 (1H, dd, 12.8, 5.3)
1.30 (1H, m)
5 86.3 -
6 88.3 -
7 98.5 -
8 89.8 -
9 49.7 -
10 443  2.33,1.79 (each 1H, d, 13.5)
1 103.1 -
12 66.6 -
13 86.1 -
14 454  2.85,1.63 (each 1H, d, 15.3)
15 19.0  1.01 (3H, d, 6.5)
16 112 0.88(3H,s)
17 101 1.43 (3H, s)
18 76.7 -
19 276 1.32(3H,s)
20 262  1.18(3H,s)

aRecorded at 125 MHz. » Recorded at 500 MHz.
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% 318 CinncassiolH (1) RO 1 (2), HUVICEES TRV ODESRKICET 5EE

CNETIZ 20 BEULEDA V) T/ ZUB DT ILR UM Cinnamomum cassia®e3
Itoa orientalis*®, i TN Persea indica®® MBLIMESINTULSH, LWIFhit 6 (LICEHEFREHRE
EEZHLTWS, —A., SEEE LT cinncassiol | (2) &6 MIZEEREREZE-LULIDH
TRAIYNT I/ BUBRESTFILRUTHSD, Cinncassiol | (2) ER—DERBEREFT HI1LE
¥ X (X, 6 LICERRFNMEE LA VI T/ AVRDTILR O DESRAEMAIZIAY T
5LEZBbN% (Scheme 2.3),

Cinncassiol H (1) (&, ZDFHEINDIEERBEBIO SEUBA VI T/ FOBROTIR
VICHETES, B, RILEYMOFELEESHATEAR X D C-12/C-13 D retro-aldol K it
[CKYhEAY BRER LTz, C-6 & C-10 DERLICHEE. C-10/C-13RBTT7 2 —ILEES
R LI-HhBEZNERT S, LT, 1,2-dioxolane &84 (C-10, C-11, and C-13) A
BEh, REICHRKRENEI Y., cinncassiolH (1) NEARENBEEEZ BN D,

cinncassiol Dy
(iIsoryanodane type)

Scheme 2.3. Possible biosynthetic pathway of cinncassiols H (1) and | (2).
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CinncassiolH (1) &#EErIZEET S P TIL X & LT cinncassiol E3#35:38 K UF3,
it UM< cassiabudanol A® HE(Fon, CNE TR O FEEGHRBRITEELTLS
(Scheme 2.4), Cassiabudanol A OEAX#EE(F 1 ER—DFEESKDREIEZ D C-11/C-14
B aldol &I, C-8/C-14 M retro-aldol RIGICK YEhbdEEZ NS, —A.
cinncassiol F¥ (¥ EEAFRBIAY D 12 LLDEREIZ K Y tetrahydropyran IR AL L 1=
#%.C-MCA3HMNI—TILENLTHET DI LTEER SN D, 512, cinncassiol F¥
? C-10/C-6 M aldol It &k B xFFEEDRBHIZ L Y cinncassiol E343538 [FEGRE I
5EEZABNTND,

C-14/C-8 C-11/C-14
”l retro-Aldol ¢¢ Aldol

cinncassiol E

cinncassiol F

Scheme 2.4. Possible biosynthetic pathway of rearranged isoryanodane diterpenes from
possible biogenetic precursor (X).
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¥ 58 FHREXFTILRY cinnamcassiol A (6) R U B (7) Di&iEfEHT

Cinnamcassiol A (6) IZELIEFE+3.6 (¢ 0.10, MeOH) Z=L. '"HNMR AX% kL TIZ.
1TEDIFYAFLY AEDFFUAFY 2EDAF U 4EDAFLY, 1 BOZEL
BEDAFIL, BHWIZ2ME®D tert-A FILD T FILHEBI S - (Figure 2.26 and Table
2.5), —A. B*CNMR AR bLTIE 1 BADOAL T 1 >, BREFINEE LI 3IBED=H
RREZFEC15EORFRI T FILERA SNz, LEDRARY FLT—4 & HRESIMS OfiF
WHSIRE L1z FRK CisHeOs DR EEFIEN 5 (m/z 269.1752 [M-H]~, A-0.1 mmu). &1k
EME_BRBUEERFTILRUEEE LT,

JUGt 6
A

T T T T T T T
5.0 4.5 4.0 3.5 3.0 25 20 1.5 1.0 ppm

Figure 2.26. '"H NMR spectrum of cinnamcassiol A (6) (500 MHz in CDsOD).

Cinnamcassiol A (6) @ 'H-"H COSY AR%Y MLD#EEHTIZK Y. C-8-C-9, C-3-C-6 MEP
PEEDFEENIBES M o= (Table 2.5 and Figure 2.27), & 512, HMBC A% kJLIZ
HLVT, Hx-2/C-3. H-9/C-10 fd. Hs-14/C-1. C-2. C-10 f#. M Hs-15/C-6, C-7. C-8
MICHENRBI S DD, decalin BOBFEFHLMNCT L LEHIT, 2 BDAFIL
DIEBMEE C1 & CTIZRELE. BCNMR 73 HILS T MEAD C-1 (3¢ 73.7). C-7
(8¢ 72.3). C-10 (8¢ 77.5) IZEERRFHMHES L. Hs-13/C-4. C-11. C-12 @D HMBC #HEH
o isopropenyl A% C-4 [C#aE T % &g L 1=, LLEDEHA 5. cinnamcassiol A (6) DFE
&% Figure 2.27 IZR LF=#EICIRE L 1=,

m— 1H.1H COSY
—>  HMBC

Figure 2.27. Selected 2D NMR correlations cinnamcassiol A (6).
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LT, 6 DHEFIIAEBRELZRET 50, hy T VT EHS KU NOESY 1HED #EHT
#1T o 1= (Table 2.5 and Figure 2.28), '"HNMR A% kLIZFH TS, H-2a (61 1.99,td, J =
13.4,4.1 Hz), H-4 (5n 2.61,td, J=12.3, 3.6 Hz). H-5 (8n 2.25,dd, J=12.3,2.4 Hz), #H
(2 H-9a (81 2.04,td, J=13.9,43Hz) DAy TYUITEHN LI LD T O+ UIF axial B2
BEHELIz, &5IZ, H-2a/H-4 fE. H-3/H-5/H-9a D NOESY #HEIM 5. decalin i
trans fiE&T&HY .2 8D cyclohexane IRITWNIT b A ABEELZIS EFERLTIz. S BIT,
Hs-14/H-9b, Hp-2 i, H-5/H-6/H3-13 fEl. 7% 5 UM Ho-8/Hs-15/H-6 D NOESY M 5.
X IAEEZ Figure 228 DL SITI/REL. 6 ZFHRD O FUBIOTARD EEER LT,

1
' ‘/» 5/I4 !
\‘o ’ L~ [
15 % 7 >@ \
13
6 NOESY == - >

Figure 2.28. Selected NOESY correlations of cinnamcassiol A (6)
(protons of methyl groups are omitted).

Cinnamcassiol B (7) [ZHZFFHETHY {[a]*®> +2.6 (¢ 0.10, MeOH)}. HRESIMS D f#E#T
DEHRFRIE 6 LE—D CisHpOs TH D Z EMNBALMNICIE o1z (m/z 269.1763 [M-H],
A+1.0 mmu), 7@ 'HNMR ZRY bJLIEH-4 RUH-5ICIREESNE LT FILERSE. 60D
HOEFELL TV =C &M D (Figures 2.29 and 2.26, and Table 2.5), M{EEMIET T AT
LAR—DBERIZHDZENTEINIz, DI &IE. 7D 2D NMR RRY kLD FEFHTH
5 (Figure 2.30A), 6 LRI—DFEBEMNFoN-CEhbIXFEINT,

14
Ho™, PH
8 T 2 14
15I||-- 3 15
T4
HO = H
OH_~Z
12 13
7 13
12a, b
/ 8a 8b.3b
6 | |
4 5 3a 9a 2a 9b 2b m
. o Aol J___
T T T T T T T T T 1
5.0 4.5 4.0 3.5 3.0 25 2.0 1.5 1.0 ppm

Figure 2.29. '"H NMR spectrum of cinnamcassiol B (7) (500 MHz in CDsOD).
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Cinnamcassiol B (7) DR IAEEIL. E DMSO R THIE LTz '"H NMR XA RY ~LD
Hy TG EHRRY NOESY ARY MLDEHIZK YBASMIZ LT (Figure 2.30B and
experimental section), H-5/H-9b/7-OH f& & U 10-OH/H-8a/6-OH M NOESY #HBAM 5.
C-5-C-10 @M cyclohexane RI&A ABEEF LS5 LHEL. ChonTO M IELNTAE
axial i THBZ &M D, H-5 RU 7-OH ZPHLIZ 6-OH B 10-OH ZofLE L RE L 1=, %t
LWT.H-3a A axial fZIfiEFT B2 EZ HNMR ARY MMLIZEIFDHh Y T U TESH (Gn
2.13,qd, J=13.2,3.7Hz) S ¥#EFE L. H-3a/10-OH, H-5/1-OH/H-4 RI<fnz . H-3a/6-OH
I NOESY #EBEAE Al S hi-Z &M, C-1-C-5. R C-10 i LR &N 5 cyclohexane
BIIRMEEEZIRD EHE L, &5I1Z, 1-OH/H-9ax, H-4 fEid NOESY #EBEM 5. 1-OH
BRUHA4 &pHICBRE Lz ULDBEHAL. 7TE6D4fMTET—LEERL. FRINLA
LUBEXXTILRU ERE LT,

—> HMBC 7 NOESY = - >

Figure 2.30. (A) Selected 2D NMR correlations; (B) selected NOESY correlations (protons of
methyl groups are omitted) of cinnamcassiol B (7).

Table 2.5. 'H and '3C NMR data for cinnamcassiols A (6) and B (7) in CDzOD.

6 7
position 8Ce "H? (Jin Hz) BCe "Ho (Jin Hz)
1 73.7 - 74.5 -
2 36.3 1.99 (1H, td, 13.4, 4.1) 38.0 1.91 (1H, td, 13.8, 4.5)
1.38 (1H, m) 1.43 (1H, ddd, 13.8, 4.5, 3.7)
3 27.8 1.86, 1.34 (each 1H, m) 24.3 2.23 (1H, qd, 13.5, 3.7)
1.34 (1H, m)
4 43.2 2.61 (1H, td, 12.3, 3.6) 41.7 2.64 (1H, dt, 12.1, 3.7)
5 37.8 2.56 (1H, dd, 12.3, 2.4) 44.0 2.51 (1H, dd, 5.4, 3.3)
6 76.7  3.33 (1H, brs) 75.7  3.34 (1H, overlapped with HOD)
7 72.3 - 72.3 -
8 29.9 1.90 (1H, td, 13.9, 4.2) 33.5 2.00 (1H, td, 14.2,4.2)
1.40 (1H, ddd, 13.9, 4.2, 2.6) 1.35 (1H, m)
9 27.2 2.04 (1H, td, 13.9, 4.2) 31.8 2.08 (1H, ddd, 13.7, 4.8, 2.7)
1.53 (1H, ddd, 13.9, 4.2, 2.6) 1.67 (1H, td, 13.7, 4.8)
10 77.5 - 74.4 -
11 149.1 — 148.6 —
12 112.4 4.83, 4.75 (each 1H, d, 2.3) 110.9 4.88, 4.83 (each 1H, brs)
13 18.9  1.69 (3H, s) 23.0 1.78 (3H,s)
14 233 1.10 (3H, s) 242 122 (3H,s)
15 27.8 1.19 (3H, s) 27.5 1.15(3H, s)

aRecorded at 125 MHz. » Recorded at 500 MHz.
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55 6 #i AEWIE LT

1) SefEHRECxt 9 & iE T

MBS VYT FOROTILRUIZHFESEINS cinncassiol E® BT cinnamomol B
[ZI1X. concanavalin A R T < RAEREEMEMRIZE T4 T MIBERIBEERAIHRESN
TWd, 22 C5HE., EELE-#HBALEY cinncassiol H (1), | (2). Ds (4). 18-
hydroxycinnzeylanol (5). ifi Uf[Z cinnamcassiol A (6) U B (7) [ZMZx. BE&EEY
cinnzeylanol (8). cinnzeylanine (9). cinncassiol B (10). C1(11). D1(12). D4 (13). D2 19-
O-B-D-glucopyranoside (14). M UIZ A (15) @ LPS R U concanavalin ARH T, ¥ XH
KEREMARIZE TS5 BHIEERU THIBOEBIEIZE X 55E % 5Ffi L /= (Figure 2.31),

% HZ R
Ri Ry Rg
4 H OH H
12 H H OH

14 Glc OH OH

Ri Ry Ry
5 H H OH
8 H H H
9 Ac OH OH
OH 10 H OH OH

Figure 2.31. Compounds evaluated their anti-inflammatory activities.
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LPS IZ& B HE T T.15 A% 100 uM DEE T B HIRE D EIE % HHI L =S Db &%,
B MR DIBIEICFHE F 5 X G o= (Figure 2.32),

150

% 100

50

Figure 2.32. Effects of 1, 2, 4-15 (100 uM) on LPS (1 uM) induced B cell proliferation.

—7. concanavalin AR T TIE, HHEE 25 yM IZEWT 7 RV 15 A T ka0 1E%E
EHHI LT, —H. 1.2, 4.5, 10, 11, 12, 13, RU 14 H T $ERADHETE %R L= (Figure
2.33),

180

% 10 rR-B-B-B--—-%-w-B-B-B-8- 8 —-- -

50 r

Figure 2.33. Effects of 1, 2, 4-15 (25 uM) on concanavalin A (1 uM) induced T cell proliferation.
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#ELVT concanavalin AR T (0.5uM) IZEWT. 1 AEFT 5 T HMRIEHEERAOEREKRTF
% 0.0005 uM-50 uM DEETIE L=, ZOFER. 1 % 0.005 uM KM LIEIZBH KX
MR TE (R EER A ERZE Stz (Figure 2.34),

16
14
12 —_ ; .

1 _________________________ I ____
08 |
06 |
04 |
02 |

0

Ratio

0.0005 0.005 0.05 0.5
uM

Figure 2.34. Effects of 1 (0.0005-50 uM) on concanavalin A (0.5 pM)
induced T cell proliferation.

E5(C, 7A=Y bARY—[Z& Y., 1KMEE (0.005uM) O REREMRIZE 1T
CD45E R U CD8 G THIFADIRH - EEZ 1T 2 1=, TDHER 11X CD3 [514HHAE (CD4+.
CD8+, CD4+CD8+ffifa&5t) ZIBIES . HICCDAGHE THREZHECBESE S
EMBBLAITAE > F- (Figure 2.35),

CD4+ CD8- in total cell (%)

H 0
4 CD4- CD8* in total cell (%) 5 CD4+ CD8+ in total cell (%)
3
2
1
0
control 1 con A control 1 con A
**P<0.01, *** P<0.001 vs. control
e AIFLAINT /FLSINT__ [A] FL4 INT / FL5 INT [A] FL4 INT / FL5 INT
81 B2 'UY?B‘——BI (D’? 1 —
P
L e A
£ ® E Z
. a : !
© T 2
Ia) et
(@]

10'
FL4 INT
control 1 con A

10 10t 10° 10'
FL4 INT FL4 INT

CDh4

Figure 2.35. Effects of 1 (0.005 uM) and concanavalin A (0.5 uM) on spleen T cell subsets by
FACS analysis. Representative FACS staining for CD8 or CD4 and the percentage of CD4+ and
CD8+ T cells.
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2) R HERR ISR T DIRIEE M

EERIEAMDS B, 15 ZRUV=1LAHD LPS RIKIC&L 534045 ) ZHEENSD IL-
1BEEREIC Xt T BMFEE LML 7zo LALELNS, WThDIEEWE IL-1BOIFIEHEE
RN ot
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INFE

FRDFMERSAEZTL. SEOHFHR D TILR 2 cinncassiol H (1), 1(2). Ds(3). Ds
(4). ITFIZ 18-hydroxycinnzeylanol (5) & 2 FEDFR 2 X FTJLX > cinnamcassiol A (6)
RUB((7) 2z, BE{EEH O & (8-16) ZHEEL 1=,

Cinncassiol H (1) (&1 =—% % 2,9-dioxatricyclo[4.3.1.038]decane B ZHT B TFILR
UTHY. TOEEBNLGERANSENEA V)T / FVBOTIRVIINEIND,
Cinncassiol | (2) L6 ZLICBAREREEZF-LVWVIDAVIT I/ ZOBOTILRUTHY.,
INFETIZZELHMESNTLDS 6 HICERRRFIMEELELAVIT/EAVESTILROD
AEESRABRMAICHHLT HEEZ BNS, —A. cinnamcassiolA(6) RUB (7) [X. ThEFh
FRAOTFORUVILVALVEERAFTILRUTH S,

HE L tEYORERBEHTIZE T 5 U R EEMEICx T 5 % &8 /EH £ 5
L7=& 2 A, concanavalin A R T., SHFEEE 25 uyM [THEWT 7 RV 15 A T MAaE5EHD
FIEMAZ. 1. 2, 4, 5. 10, 11, 12, 13, RO 14 B BIEREERZ RS C EMNHALHITE
2fz, EBIT DV TTIA—YA A RY—ZRAWETZITL. 1 (& CD3 [GiEHAE
FESE., FHICCDABM THRZERICIBESEAIZEZHLM L,

BRKEIFZADinvitro [THETEHY) U/ BROFHIENRESHTLNSA, TOEMHILLE
MBPKRRETHD. AARDFERE. ) U/NBRDFHLEIZ 1 21RO ET HIERPLUNDEK
RN DNERDFEMEICEAS L TS RIEEEZRE L TS,

Figure 2.33. New diterpenes (1-5) and sesquiterpenes (6 and 7) isolated from
Cinnamomi Cortex.
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EI3E MRERVERMORACET HHIE

%16 Fih

1) Z XY VYIBEPRV TN ZHRE T HEE

Hypericum BAEMIEA ¥ ) VY ORIZE L. ZHEAER, HAHWIERCERERG EHKAL
HHEEZ AT 559500 ATEE L TULVS 0, Nurk & I1% Hypericum BAiE¥ Z e H. TN
[SEEGEFENLGEHHMICE Y. Figure 31A IZTRT 8D RMBIZHFEL TS Y, KEHEMD

RN FEFELE, EORICRONSIBRELERDERNEELERTH S (Figure 3.1B),
(A) Hypericum plants B peren. herb (B)
| E1 shrub pale glands
| tree black glands

O posses pale glands
| @ posses dark glads

Figure 3.1. (A) Morphological evolution of Hypericum (the size of blocks reflects number of
plants)3'; (B) the picture for leaf of Hypericum plants®2.

Fi-. AEEDIZIFRUEOMSIZHTIRBEELE LTHWLONIELHE H D, UTIC
FEXVYIEEYMERRETHEECIODNTIRRS,

1.1) $I55E 53 (Hypericum ascyron)

Ascyreia HilZ&E N5 0 H. ascyron (F1%&: FEI VYD) FETOT7ELICELSAHLT
WAEEHN 1 mELEDOZFELEERTIUMOEEOMGMZIFATELET 5, AEYDEE
Z [FIR&E] £FL, RETIEER. B, BEEFIC. HHIVINATEE. BhhEDS
BICHWLONSA, RIIERELTHL LKL,

1.2) &%k 5 (Hypericum chinense)
Ascyreia BilZ&FEN % % H. chinense (f1%: E3ADU¥+X) IHERENSSH I mD
IMERTHY. 6~7 AIZ 5 RODIERFDELVWEBDEZEINE S, REVDLEL €4
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Bl EFRL. PETIHEHERCY O FHER. RRICKIREONFIZKDREDEREFIC.
BIZZORVPAVLGNA TS, —A, BATREICRERICHEIATEY ., REAEELT
DFAIIBEMED, EERTEEZOEEMEARORMEL LTERASA TN,

1.3) BZEEH 55 (Hypericum perforatum)

H. perforatum (F1%&: 4 3974 ~F 1)) I& core Hypericum EilZn$ash %, £(123—0A
YINDNHRTOTICHTTHML TV L EELEEYMTHD, AEVDEEHDHLIFED
ZFOEEN BEXEEH) & LTHETEMM, sMEEM., VoI FICKSER. KEITHT
HBEICAVNONS, BRKTIE, KIEMDO T X REFIDEE~DEED S DERKRICHT 5
T)AVMEFELELTRHLWLNATWS,

1.4) 1\E#E 55 (Hypericum erectum)

H. erectum (F14&: # kX1 Y 2) [& core Hypericum EiIZ5H S h 0, hEDKERSH Dith
HizamlThsY., BRIZEELS AL TWS, NMEVMDOEEFEHFEIZE T [VNES] &
MmEn, ABFIE. 2LHTE, FE. TG, fFEmIcALohd., BRORBEETHE
AEYDOEEEZNRAEL LTRHVL., £OECEDTZUECENMOERREIC, FIREITE
HORBOEMREICERAINTLS, B, HRIIHRAERLGEEZRICHEE L= THEXR
B ICHEZSIKRALENID_TELAH D) EEREBLTHY ., —RICITKRFICL>X 3D,
INBIZA FFYYDIRRTOENTLSA, BESN TS KHADIFHKIL H. ascyron DHL D
CHLULTHEY., G M ERIEN TV -AEE4EINH D,

2) Hypericum BHEMI R A IZ DN T

Lk Lf=—ER®D Hypericum BHEMIZR SNDERICIET 70051V / —ILFERK
T# 5 hyperforin, BEIZIZF T b7 X0VFEKRTH S hypericing NFEELTE Y.
N B lE Hypericum BHEYIIZH 1T 235 EILEYMTH S, CABITIIZ T, RAEEWH
HRIELDFH Y FUPAOTIRUARESN TS, BT, ChoDRFEIGERSZD
WTiRR B,

21) 7oL 2RATIILY —ILEEERE

Hypericum BHEMMNS(X, EITEEIZTLDIEShiz7oo00d LY/ —ILFE
X (PPAP: polyprenylated acylphloroglucinol) A\#i& &4 T L\5 Hyperforin (X B & (H.
perforatum) M5O TIHE SNf- PPAP THY 5 EEEHIN RTINS DIERADEMEARRE
EEINTLS %, T hyperforin BT 5 1=—V HLEEBE L EYERITEENEY. 2
KOF RXYYIREMZEENS PPAP DIFRMEMNITHONIFER. ChFEFTIZH 400
FEOILEYHER., |RESN TS P, 2055, 200 F&E(E hyperforin (1) ITRERSH
% bicyclo[3.3.1]nonane-2,4,9-trione B % HT S PPAP THY. 7007 )ILL/ —)LERE
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DT7IINEEAYVTLULUEBPDOHEESREIZELEY type A RV type B IZH3EEh B 5%d
(Figures 3.2 and 3.3),

R» Ro R4 = Ph, i-Pr, sec-Bu, etc.
type A PPAPs type B PPAPs Rz = prenyl, geranyl, Me, etc.

Figure 3.2. Relative positions of the acyl group and isoprene moieties on the phloroglucinol
core for type A and type B PPAPs5%4.

takaneone C (lll.3)

hyperibone L (l11.4) yezo'otogirin E (llI.5) hyperpin A (ll1.6)

Figure 3.3. Type A (ll1.1-11.3) and B (1ll.4-111.6) PPAPs isolated from Hypericum plants.

LR =ETIE Hypericum BHEYMORITAEXEZTo-TH Y. type A IZHEEIN D
furoadhyperforin (I11.2)5° %> type B IZ53$8 S 11 % hyperibone L (1I.4)8" [ZHNZ . type A RU
type B & L T¥ L L\ bicyclo[3.2.1]octane-2,4,8-trione B1& % &9 5 takaneone C (ll.3)%2 X
U yezo'otogirin E (II1.5)%3 % H.shikokumontanum B 1 H. yezoense Mith EERA 5 BB L .
;& L TLVS (Figure 3.3), E£72.2020 &2 Hou & HY H. przewaslskii i 5 B g L 1= hyperprin
A(lI.6)%* (X type B IZHEINBHRIRMED PPAP THY . SEICHBIR LA =—V HEE%x

44



AL TWL3, lIL5 X Escherichia coli &1} Staphylococcus aureus |1Zxt3 2B EEZRT
ZEDBALMNZHE LTINS 84,

Tz, type AHD VI type BO ST LGN FHRIREIZKY, REMELTHRET IV
BUBERHDIVIRETEITI VA UREREET S PPAP LHEEIhTHEY ., AHRE
T H. scabrum H > BB L 1= hyperibone K (IIL.7)8! 45, Yao bk »THES -2 =—%
% 2,7-dioxabicyclo[2.2.1]heptane #35> % H 9 % dioxasampsone A (lll.8)% ZinH & L
(Figure 3.4), ST ETICH 70 FEARE S TLVS 5%, 1118 [ HelLa #HERGIZx L THEFERE
EMERTIEMNRESNA TS 2,

hyperibone K (11l.7) dioxasampsone A (lIl.8)

Figure 3.4. PPAPs with adamantane (lll.7) and homo adamantane (1ll.8) core isolated from
Hypericum plants.

LR type A RU B EIZELGSEEDIFHZEFE o 1= PPAP £ & ST LY5 Hypercalin
C (I.9)%8, chinesin Il (I.10)%7, i UM< hyphenrone J (I1.11)%8 (X Ascyreia Eilc&FE N 5 H.
henryi. Hchinense. H.calycinum i\ B Stz PPAP THY. 7BBJ LS/ —)LicA
JEUBRIRIEA VA DBE) TIRUNMES LI-#EEZEH L TLVS (Figure 3.5),

LHRETIIHRE (H. ascyron) D EEDREAHAZEZEITLLG &Y EERS4.5/6/6
ZIEMOBHEED tomoeone A (II1.112)%° ZHBEEL, |ELTLD,

£ 10 [T E MEERMRICK L TRAGIBIEREESRZ RIS/ TS Y %,
2019 FEICIFER AL ED-THFLEHMMNERSNTID O,

OH O OH O
H H
HO \HO 0] HO \HO ¢}
= X X
hypercalin C (1l.9) chinesin Il (11.10) hyphenrone J (lll.11) tomoeone A (lll.12)

Figure 3.5. Other PPAPs (111.9-111.12) isolated from Hypericum plants.
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22) ST AOVEHERK

F 7 ST URAOVEEIRTH S hypericin (II.13) (X—EBD Hypericum BHEYI D ZEOTE
[CERONDERICHEATIEFAEERTHD 7" (Figure 3.6), £z, 13 [FABERIERIZHM
Z.EEHRICERTIERZALTVS I LML, BOXRBHEEREICHE T 5 AERAI~
DISAFENER S TULVS 72, Hypericin BAEL &% E L T H. perforatum m & (&
pseudohypericin (II.14) AY . H. montanum H 5 (& protohypericin (IL15) & U
hypericodehydrodianthrone (III.16) M $R&E SN TLVS 73,

OH O OH OH O OH OH O OH

hypericin (111.13) R=H protohypericin (11l.15) hypericodehydrodianthrone (Il.16)
pseudohypericin (lll.14) R = OH

Figure 3.6. Dianthrones (ll1.13-111.16) isolated from Hypericum plants.
23) ¥ b
Hypericum BHEWMMN SIE. BEIZCTL ISRz FH Y FUABECHRESATLS
(Figure 3.7), HHAREDHP 5IZK > TEAHK (H. chinense) DIREFH, L BB I iz
biyouxanthone A-C (IIL17-11119)I&. BEICTL Lk hizFH > FUFEERTHY.
MA7 RV M8 (41 C BF R VA IILREEERLIZ T4,

Pre

X Z

O OH
T
HO ) OR

biyouxanthone A (lll.17) biyouxanthone B (lll.18) R = Me
Pre = prenyl biyouxanthone C (lll.19) R=H

Figure 3.7. Xanthones (lll.17-111.21) and a biogenetically related depsidone (1ll.22) isolated from
Hypericum plants.

46



(0]
HO (0]
OM

e

\
HO OH
chinexanthone A (111.20) 2-O-demethylkielcorin (l11.21) hyperwightin A (111.22)

Figure 3.7. Continued.

Tz, BR S EEEPMDERVENSF S Iz LI —TIILFEREXI YU L ODES
AT % % chinexanthone A (lI.20) %> xanthonolignoid T# 4 2-O-demethylkielcorin (111.21)
ZiRHE LRG0 FEDXY Y FUFBREERL, MELTLD S,

7 EXU U OREYMO SE. hyperwightinA(Il.22) Z21RHDET BT T RUFEKR T N
FESINTHY., InoFFY U FUZRIEBRE LTEERSNDEEZONTIVS, HIK
$8H 5 D depsidone B EZ AT HARAMDEEAIEZ < H AN 7 . SFEYH 5 DFHEE.
TRV YIREINSDATH D,

24) AOFILRY

ABEEMHS(E type A PPAP ZHIBRAET HAOTILRUMNZERESN TS (Figure 3.8),
Xu SIZHIRSE (H. ascyron) DOith EED A ATK Z1TLV. y-lactone & cycroheptane IR AN
ABLI=-ZIRMBKEH I 5 ascyronone A (111.23)"® 45 cyclooctane ¥2% A9 % ascyronone C
(.24)® [ZHNZ T. nor-type APPAP T#% norascyronone C (ll.25)"° #$R&ELTLNS, —A.
LMEREDHFBSE H. yezoense Dt EERHS 11.25 LEBLIDHEEEH T S nor-type A PPAP
ERIBRIAEL TE S BSN B yezo'otogirin A (1I1.26)8° ZEiff, $REL TS,

ascyronone A ascyronone C norascyronone C yezo'otogirin A
(n.23) (I1.24) (I1.25) (I1.26)

Figure 3.8. Meroterpenes (111.23-111.26) derived from type A PPAP isolated from
Hypericum plants.
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Fiz. BHARETIE type APPAP LIS D PPAP ZRIERALL TEERINDAOTILRUESR
&L TLVS (Figure 3.9), H. patulum mhi5 RH LT= hypatulin A (111.27)8" [ Baeyer-Villiger &
L BREEZZET IR/ —LEBRNERDNS I ETEEREINS . 2 =—V 11 5/5/5
D=IBRHEEREZRTHIAOTILRUTH D, —H. Rk (H. chinense) DIRERH 5 [E TR
Dy-lactone E=EREDy-lactone ' C-C FEELI=RKAMEL TCA=— VLGB EEZRTHA0TIL
R biyoulactone A (I11.28)82 %> octahydroinden IRICT/—LEDB-CH o EESTAIEEY-
lactone ERH MG S L1=#E1E £ H 3 5 biyoulactone D (1I.29)83 #HEEL . FREL TS, Thbd
biyoulactone $81&. €42 kDih LA S Bt S iz PPAP TH 5 10 07 D IILEDHEED
ER2EBLEMERRAL LTEEARSINELEEZ TS,

hypatulin A (l11.27) biyoulactone A (111.28) biyoulactone D (111.29)

Figure 3.9. Other meroterpens (I11.27-111.29) isolated from Hypericum plants by our group.

F1f-. &%k (H.chinense) DEMDIE, YOZJL CoOABREN CoA =y F2EDHET
DILEMN SR SN D short ketide Ein & 1 BDA Y T LU LK SN B hyperolactone
A-D (II.30-111.33)8¢ £% 1995 & IZZ M SIZ &k > THWE Sh TS (Figure 3.10),

(-)-hyperolactone A (111.30) (+)-hyperolactone B (lll.31) (-)-hyperolactone C (1l1.32)

hyperolactone D (lll.33) biyouyanagin A (111.34) biyouyanagin B (l11.35)

Figure 3.10. Hyperolactone congeners (Ill.30-111.35) isolated from Hypericum chinense.
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LHMEZEOHAERICEYSHREDEN S BEEE ST biyouyanagin A (I11.34)%58 KU B
(N.35)8788 [F, £ RXFTFTI)LRY (ent-zingiberene) & NI.32 A cyclobutane %L THE
TEHRELGEEZELTHEY., EELGR HIV FEERTIAOTILROTHD B8, 204
BB ELEYERICSIENEF Y. 2ERRUVHEESTHBEBAMELERASIATINS %8, C
DBIETN32 [THLHHIVEENRE IR TS %,

IHIT, HHEEDOHSF SIL short ketide R FHEDA DO TILR2 E LT yojironin A
(11.36)8° %> yezo'otogrin G (lI.37)8% % H. yojironum R H. yezoyense Mih_EERH 5 Bk
L TL % (Figure 3.11), =&, MILEMIEIEEHDBEFET Co-unit 1 fHK S5 Z & T short
ketide BB R L TL\S EHE L TH Y 838, hyperolactone ¥ & TSR DE = TR A
Enb,

yojironin A (I11.36) yezo'otogirin G (Il1.37)

Figure 3.11. Meroterpenes (lll.36 and 111.37) with short ketide moiety isolated from
Hypericum plants by our group.

LLE®D & 3 (2. Hypericum BHEMIZIE, 2 =— Y IS LEBECEMENEZHT HZHEX
RPHPBESN TS, — AT, XAEREYVORSIHAEHIL. Z<OEBAERLE SN TS
EEIZOWTIThhiz3 DAL, BROBRSHAFIE DAL, FIRE (H. ascyron) (2D T
LRKTHY . 2EZERELTAHAVWSD, ZOROEAITEATIMRECAETIZITHN
TELT . ROSARDICEERAF-N-, T TSE. EZ S LEBORD EFEGED
TV BRBEEF ORAYOERE L BENIC. HEEORORSIFERET 1=,

Fl. €MD I =— U GEEEBER VEMIEHZH T 5 hyperolactone $80D#H AL < Bk
EL. FHRAOTIARUDEEZENICEAREOR SRR ZIT o=,

(#2)
ABHXPTIE, TABTILRY ] RU Tshort ketide 51 ZUTO LS IZEER LT,
1. AAFTIRY: TUILERSEYAZIL CoA BI3RD C2 2=y FRUA Y TLUERH 54 HILEME,
PPAP ([, GEICIFAATARUIZHEEN DM, KRN TIE, PPAP & XA L1=, Fi=.
PPAP @ retro-aldole R 4> aldole R, BRXBEONFARMKIZEY. ARG ILS/
— LB RONIEEWE A O TILRUICHFEL TN,
2.short ketide 5 : 7N RAZ—H—& Co-unitl @, HBLE 2 BOHD 5% ZE0HEE,
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F2H MEBENOHEELEFIROAV VAL XY UEEARRUHFRAT L7009
WS/ —ILEEERDILEEE S EWiES

5 1IE - R

#125% (Hypericumascyron) MR (1.4kg) % MeOH T L. #HH T ¥ X 143.89g 215
f=o "M% n-hexane. EtOAc. n-BuOH. RUKTIER A 5B L. n-hexane, EtOAc.
n-BuOH % #/71-#%. FAAMEINTNEEIOT LI T T4 —IC&KYBYRLDEEL -,
ZTOHRE. SEOHB IO J-1,4-OF FH U FEK hyperdioxane A-G (17-23) BT (+)-
sampsone B (24). U0z 6 D HR PPAP TH S hypascylin A-E (25-29) B U ent-
hyphenrone J (30) % B L 7= (Scheme 3.1), MNZ T, 17 BOEEXNLEY (31-47) ZHEH
L 7= (Figure 3.12),

roots of Hypericum ascyron (dry, 1.4 kg)
l ext. with MeOH

MeOH ext. (144 g)

partit. between n-hexane / H,0
I I
n-hexane-soluble fr. (21 g) H,O-soluble fr.
. . roots of Hypericum ascyron
:IO;CZ (n E:nge/Et((l\)/IAcO)H/H 0) collected at Tokushima Pref.
ephadex LH-20 cc (Me 2
ODS cc (MeOH/H,0)
SiO, HPLC (n-hexane/EtOAc)
ODS HPLC (MeCN/H,O/TFA)

! )

hyperdioxanes A (17, 18 mg) hypascylins A (25, 21 mg) 1 known sesquiterpene
B (18, 704 mg) B (26, 6 mg) 31 (21 mg)
D (20, 1 mg) C (27, 4 mg) 2 known xanthones
E (29, 14 mg) 32 (7 mg)
ent-hyphenrone J (30, 3 mg) 33 (6 mg)
1 known phloroglucinol
43 (2 mg)

Scheme 3.1. Isolation of new dibenzo-1,4-dioxanes (17-24) and PPAPs (25-30) from the roots
of Hypericum ascyron.

50



H;0O-soluble fraction
partit. with EtOAc
| 1
EtOAc-soluble fr. (32 g) H,O-soluble fr.
partit. with n-BuOH
SiO; cc (CHCIy/MeQH) [ ]
ODS cc (MeOH/H,O) n-BuOH-soluble fr. (29 g) H,O-soluble fr. (39 g)
GPC on HPLC (MeOH)
ODS HPLC (MeOH/H,0)

MCI gel CHP-20P cc (MeOH/H;0)
Toyopearl HW-40C cc (MeOH/H,0)

l ODS cc (MeOH/H,0)
hyperdioxanes C (19, 1 mg) '5 known xanthones 3 known ' 1 known xanthone
E (21, 0.3 mg) 34 (41 mg) phloreglucinols 39 (8 mg)
F (22, 41 mg) 35 (12 mg) 44 (13 mg) 1 known flavan-3-ol
G (23, 2mg) 36 (24 mg) 45 (18 mg) 41 (8 mg)
(+)-sampsone B (24, 50 mg) 37 (7 mg) 46 (20 mg) 1 known phenol glucoside
hypascyrin D (28, 2 mg) 38 (1TM9) 4 known riterpene 42 (5 mg)
1 known xanthonolignoid 47 (2 g)
g
40 (17 mg)

Scheme 3.1. continued

%215 BAEEYDREE

HEELEBAMEEYMDARY MLT—R2 2 XEELLERTHZ LT 1EOERFTILA
> eremophil-9,11(13)-dien-8B,12-olide (31)*°. 8 D 4 > k > 2-methoxyxanthone (32)°',
garcimangoxanthone D (33)%2 . 1,3-dihydroxy-5-methoxyxanthone (34)® . 1,6-
dihydroxyxanthone (35)%. 2-hydroxyxanthone (36)°'. gentisein (37)°®. 1-methoxy-3,5-
dihydroxyxanthone (38)%. 1,7-dimethoxy-3,6-dihydroxyxanthone (39)%, 1 D ¥4 > k/
1) 45/ 4 K kielcorin (40)%7, 1 &M 7 5/\>-3-4—JL (-)-epicatechin (41)%, 1 N7 =/
— LECHE(A tachioside (42)%°, 4 &0 PPAP hyphenrone K (43)%, hypercalin C (44)%,
tomoeone A (45)%° BT H (46)%°, ITNIZ 158D ') TILRZ betulinic acid (47)'° & RIE
L 7= (Figure 3.12),

Pz H Q O OH
Y OMe
o © AN
0]
H 0 HO 0 o
eremophil-9,11(13)-dien- 2-methoxyxanthone (32) garcimangoxanthone D (33)

8p,12-olide (31)

O OH (o]
CLC o™
o oo LI 280
HO (¢} (6]
OMe
1,3-dihydroxy-5- 1,6-dihydroxyxanthone (35) 2-hydroxyxanthone (36)

methoxyxanthone (34)

Figure 3.12. Structures of known compounds (31-47) isolated
from the roots of Hypericum ascyron.
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O OH O OMe
" sool
LG o LG
(0] OH OH HO (0] OH

gentisein (37) 1-methoxy-3,5- 1,7-dimethoxy-3,6-
o dihydroxyxanthone (38) dihydroxyxanthone (39)
CocL” L
OGlc
HO O
o OH /@:
. “oH HO OMe
OH
(-)-epicatechin (41) tachioside (42)
HO
OH O
H
HO \HO o
= NS

tomoeone A (45)

tomoeone H (46) betulinic acid (47)

Figure 3.12. Continued
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B2 MOV 14-OF XY UFEBK (17-24) OIEEREMT

1) Hyperdioxane A (17) &1 B (18) Di&:&EfRHT

Hyperdioxane A (17) 1ER2E %% {[0]%@p -60.9 (¢ 0.10, MeOH)} #E e IEFERMEDE A &
LTHLNIz, HNMR ARY FLTIE1ED 124-ZBB-AVEY, 2HO=ZERA LD
A2, 3EADA FIE, SEDSpPPAFY (55 LBAITEBEFLEST ). 5ED sp3 A
FLY, 1D sec-AFIL, 1 ED tert-A FILD T FILHEBI S iz (Figure 3.13 and
Table 3.1), BCNMR ARY MLTIX L EDS L LEQALER=ZIL 1EOT7EZ—IL.
1 EOBRFEFNMEELEZZRREK. 2 BOEBRFEZSTAT 30 AORRICHEXT 5
Jribsgontz, Shs5d NMR 7—4 & HRESIMS [Tk YU/ oNniz m/z 545.2136
(M+NaJ*, A-1.6 mmu) D E—2 M5 17 DHFH % CaoHzO0s ERE L 1=,

7-OMe
10a-OMe

3-OMe
15

R

Figure 3.13. '"H NMR spectrum of hyperdioxane A (17) (500 MHz in CeDe).

2D NMR AR FILDOEEHTIZEL Y. hyperdioxane A (17) 1% 2 D &R #:& (units A and
B) ¥ DI EMRME I = (Figure 3.14), unitA & L T. 1,2,4-trihydroxybenzen &84 % it
EL., SBICCTITHAMFUEMNERT S L% 7-OMe/H-6, H-8 D ROESY M &
BS5MIZ L=, —A. unitB [& Figure3.13 [Z5R L= 2D NMR #HES# M @T L. TLE
7435/ 54 FEEXEXTILRY (C-1'-C-15") & bicyclo[2.2.2]octenone A 11 TR E
AEELE=RBELRB LTz, 3512, C-3(5c150.1), C-4a(5c 78.5). MitkIZ C-10a (5c 90.2)
DTIHILLT MaD L, ChOoDRFEENENIT/ —LBEOA LT 1« ViR, BREF
MEELI=iRKR. 72— ILRFRLIFBELz, /. C3aB&LUC-10alt FFIHE
NEAT BT E%H HMBC ARY MLOEEFMNSB 5 M LTz, UnitB fdy-lactone DFETE
(E. 1771 cm? BBl S iz IRIRA S B RIF ST,
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(unit A) (unit B) S
9»\ O\E
e 10
Y | ::5
Mé6*7,~1 o/é
A T

Figure 3.14. Selected 2D NMR correlations and partial structures (units A and B)
of hyperdioxane A (17).

= 'H-'H cosY
—  HMBC
<--> ROESY

: : = "H-'H cosY
1% 9 — HMBC

# U T. hyperdioxane A(17) M7l unit A¥ C-10/C-10a &k U* C-5/C-4a B CIT—TFI/L§EE
L NA-DFFHURENLTHET S &%, H-910a-OMe Bl ROESY #HE & FHX %
EZETH L THELT (Figure 3.14), LIEDfEHT KL Y. hyperdioxane A (17) % Figure
BA5 [SRLEILET A4S/ 54 FRERFTIRVEDAR VA4 DX H UFBED
BERBEICIRE L=,

ROESY

Figure 3.15. Gross structure of hyperdioxane A (17).

# U T. ROESY AR K LDfEHTH S hyperdioxane A(17) DR IFEEZIRE L 1=,
BN5. Figure 3.16A [Z7r L 7=#8BEA 5. unit B ® H-7'B. H-8'B. Me-14'a, KR Me-15'a.
BRI M'SEEZEOMIICLIz, &5IZ, H-9/H3-14 [E & H-4/10a-OMe 1= ROESY #8ES
MEBSNI=Z EM S (Figure 3.16B). 25*4aS*,10aR*EE & HFE L 1=,

(A) (B)

4 )\: 13"27
PEE g G
RS S LS4
FZE TN Sorpoy
. | P
= o ] 8 .’
L_u1 © \4’
€ ) )
. —--» ROESY C <
17 (Unit B) 17

Figure 3.16. (A) Selected ROESY correlations and the relative configuration for the
sesquiterpene moiety (unit B) of hyperdioxane A (17); (B) the relative configuration of 17.
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HE L=t SLARBCE L. 17 D 'H NMR ARJ R JLIZE T, Hz-14'& He-15 AR E
VOERAMMBRICEYBHIBY I LTSI EDEXREFEIN, HH. H-9H:-14 D
ROESY HBEDBEMNBE M- e b, HELZHEAMNIAKEEICRIET S
(2S,4aS,10aR)-ANZREEES DFT SHHICK YRSz, BON-REEEREIZE TS H-
IH-14BDEMEEH LI ZA357TATHY . H-9/H-14'THIZ ROESY HBEMNERA S B
CEIZFEN LGN EEHR LIz, LEDOMEFM S, hyperdioxane A (17) DIBXILABCE
% Figure 3.16B [C.R LF-ERE L IRE L =,

Dekkers 5%, B,y-Afafl4y b IZE LT, AR LE E ZFFEEHFigure 3.17 (A) D
£ O BERMERE L & H5A. 300-350 nmIZADI Y FUBRETRL. FOBEEOMERS
REGBGFE. EDAY FUMRZRT CEEHEL TS (Figure 3.17),

Hyperdioxane A(18) MECDA R MILZERIFE L1=& A, 330 nm HaIZB,-FEaF047 +
Y (C1-C-4) O_EHE (n—n*'B8) LALKRZI)L (n—r*EH) ICHEXTIHIEDIY k
UHBRMNEBI SN &M D (Figure 3.18). AR )LEE ZFFESIL. Figure 3.17 (A)
DEMMEBZ L B2 ENATB SNz, ULOEFTHA S, hyperdioxane A (17) DLk
AL %#2S,4aS,10aR,4'S, 5R, 7'R, 8R,11'SE1RBE L 1=,

C ff
(30%“3 nsgo icntn) (_) ("')

Figure 3.17. Enantiomeric chromophores associated with dissymmetric
B,y-unsaturated ketone 01,

—— hyperdioxane A (17)
10 4 //\ MeO

200 250 w 4

Ae
o

o

30 hyperdioxane A (17)
nm

Figure 3.18. Experimental ECD spectrum and absoluteconfiguration of hyperdioxane A (17).
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Hyperdioxane B (18) [&%F= C1sH1406 #F L {m/z 313.0689 ([M+Na]*, A+0.1 mmu)}.
HFIEM {[0]*0 -39.1 (c 0.20, CHCl)} #EffEmE L THERES NIz, 1D NMR ARY +
LTI, 1ED124-ZB|AELE 1EOHEEAILARZIL, 2EO=ZEBRAL T 1 2.
1 EO7EI2—IikFR, BoUIZ 3 EDA CFIEDITFILHLEA STz (Figure 3.19
and Table 3.1),

(@]
9 l\(/:l)e(:D 7_0M610a-OMe
2 2
Q 105 3-OMe
7 3
MeO 0 OMe

6 i
18

JLLQL@WL |

T T T T T T T T T T T T T 1
7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 25 2.0 15 1.0 ppm

Figure 3.19. '"H NMR spectrum of hyperdioxane B (18) (500 MHz in CDCl3).

2D NMR AR MILDEHFZEIT LN, C3 & Cl0a ITA RFIEMNEAELLE:
cyclohexadienone 34> (C-1-C-4, C-4a, and C-10a) DFFFEZEBA 5 M IZ L= (Figure 3.20),
T2, BFRE 124-ZEBB-RUEUHSD BCNMR 7 2 HILY T ME {C-5 (5c 141.9),
C-7 (8¢ 155.6), and C-10 (8¢ 132.4)} Z#&E L. cyclohexadienone #5r & 1,2,4-=FEHA >
TUBAE LA-DAFYUVREN L THET HSFEBEZRB LI, C-7 124 M X EMHE
&9 5 LI, 10a-OMe/H-9, 7-OMe/H-6. i XIZ 7-OMe/H-8 [l NOESY #5875
Wi o T=,

,'"*MeO O
B
Pid 10a
r'/;®i 462\ = 1H-"H COSY
MgO?,J 0" 3 OMe

HMBC
18 <--» NOESY (DMSO)

Figure 3.20. Selected 2D NMR correlations of hyperdioxane B (18).
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Hyperdioxane B (18) M#Exti{AERE (L. AIELEYD Pd/IC it & HiEAZETICELY
& oLtz hexahydroF5E(K (18a) ICHBE Y v—i&'®2? 2 EATHI L THLMITL T,
#&HI1Z 18a M NOESY #HBE (Figure3.21) &Ay T VT EREMFTT 5 Z & T MARILK
BEEFRETHIEHIC, VOANXTYUIEA RBEEZERY ., 1 (KEEEX equatorial fiz(<
BT D LEMHRLIz, LV T 18a % (S)-RU (R)-MTPA ZXF /L (18band 18c) ~&
BE. BEZRDI-E A, Figure 3.22 DHRIZHML TV &M D, 18a D 1 fuDiExt
IAREEZER ERE L. ULDOEHA S, hyperdioxane B (18) DXt {AEE % 10aR
clRE L=,

i N - §
A
A\l o );

AL 18a

Figure 3.21. Selected NOESY correlations of hexahydrohyperdioxane B (18a)
(protons of methyl groups are omitted).

~0.31
~0.13 MeO C?)R
~0.04_" o=/ +Ol0§0.18
10a +0.06
-0.02 /@ .,/ +001 18a R=H
MeO™ 35 O H OMe 18b R = (S)-MTPA
A (in ppm) = 85— 8 18c R = (R)-MTPA

Figure 3.22. A3 values [A3 (in ppm) = 8s — dr] obtained from the (S)- and (R)-MTPA esters (18b
and 18c, respectively) of hexahydrohyperdioxane B (18a).
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Table 3.1. 'H and '®C NMR data for hyperdioxanes A (17) and B (18).

17 (in C¢De) 18 (in CDCly)
position Bca HP (Jin Hz) Bca HP (Jin Hz)
1 195.7 - 187.3 -
2 56.6 3.59 (1H, d, 2.1) 94.7 5.37 (1H, d, 2.2)
3 150.1 - 172.6 -
4 99.9 5.43 (1H, d, 2.1) 99.7 5.69 (1H, d, 2.2)
4a 78.5 - 153.2 -
5 143.1 - 141.9 -
6 103.7 6.78 (1H, d, 2.8) 101.8 6.61 (1H, d, 2.8)
7 156.7 - 155.6 -
8 108.8 6.43 (1H, dd, 8.8, 2.8) 109.7 6.64 (1H, dd, 8.8, 2.8)
9 118.1 6.95 (1H, d, 8.8) 118.7 7.11 (1H, d, 8.8)
10 133.7 - 132.4 -
10a 90.2 - 86.4 -
3-OMe 55.5 3.14 (3H, s) 56.5 3.82 (3H, s)
7-OMe 55.2 3.22 (3H, s) 55.7 3.78 (3H, s)
10a-OMe 52.2 3.49 (3H, s) 49.8 3.36 (3H, s)
1 31.9 1.94 (1H, td, 12.7, 4.7)
1.67 (1H, brd, 12.7)
2 29.4 1.52, 0.95 (each 1H, m)
3 30.5 1.11 (1H, brd, 12.1)
1.07 (1H, qd, 12.1, 4.1)
4 38.5 1.20 (1H, m)
5 38.8 -
6' 321 1.50 (1H, dd, 14.0, 4.3)
0.73 (1H, t, 14.0)
7 375 2.17 (1H, dt, 14.0, 4.3)
8’ 72.8 4.37 (1H, t, 4.3)
9 112.8 5.22 (1H, d, 4.3)
10' 156.7 -
11' 47.9 -
12' 176.0 -
13" 31.8 2.51 (1H, d, 13.1)
2.48 (1H, d, 13.1)
14' 15.2 0.58 (3H, d, 6.7)
15' 19.4 0.41 (3H, s)

aRecorded at 125 MHz. ?» Recorded at 500 MHz.
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2) Hyperdioxane A (17) U B (18) DASRIZET 5 &

A EFYVYDIREEMASIEFY D FUBEER T OTTORUFEER TS fNEBESA T
%, SEE# L 1= hyperdioxane A (17) XU B (18) M T4 AR % Scheme 3.2 2R
L,7‘:0 I HH5, 1,3,6-trihydroxyxanthone’® @ Baeyer-Villiger BRI1LICK YT T K2 (X)

Bond, 18X XDMKAEDE. BBIEICKVELDY ZRTEERIN, 17X 18 &
EE%IHZZ#T)I/\/eremoph|I-9,11(13)-d|en-8[3,12-ollde (31)%° L [4+2] TRiEfTAOIZK Y
AEFEhdEEALND,

HO.__O

O OH
O ji)\
HO O OH

1,3,6-trihydroxanthone

HO

P ] -<O

MeO
10a /
L) i @ o =
MeO OMe a 0]

hyperdioxane B (18) eremophil-9,11(13)-

dien-12,8-olide (31) hyperdioxane A (17)

Scheme 3.2. Possible biogenetic pathway of hyperdioxanes A (17) and B (18).

%[, hyperdioxane A BEfd 5@BFET. TOEESKEIREE L TEZX 5N 5 eremophil-
9,11(13)-dien-8p,12-olide (31)%° ZHEd 5 LN TE 1=, 31 DA IHEREFRREETH
21128 0, ECD AR MILDFEELFRAEDLRIZK S 31 DX IIKEEDIREZE
Hafz, TOHE. EAENASARTRBR)-ADHEMBEE LK HIGELTWW 2 EMD
(Figure 3.23), #&xi{AECE % 4S4R,7TR8R LHEE LT,

8 40
— 31 (exptl)
P 2 et (4S5R7R8R)-31 (caled) | _
/ -

- —~ o] H
= o :
e 3 7
\u_)r 0 1+ :-!..—__.—--‘_—— Lol T 0 8 ﬁ@ O
@ 2 250 300 350 a0 0
< < H

4 20 (4S.5R,7R,8R)-31

B3LYP/6-31G(d)/B3LYP/6-31G(d)
8 -40
nm

Figure 3.23. Experimental and calculated ECD spectra of 31
(calculated spectrum was red-shifted by 5 nm).
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ECD XY hMLDETIZ &L Y HE L 1= hyperdioxane A Dt ITIARRE (L. ChHFTEAE
B RIEBR A DX LIAECE ERIE LTS Z EM D, hyperdioxane A DIEEIXFESHDE
AL XEFIND,
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3) (+)-Sampsone B (24). hyperdioxane C (19) &1 D (20) D& &R

(+)-Sampsone B (24) [FEGIEFERMEREARLE L TH LN, HRESIMS OB EITLN. £
DHFK%E CiHi1807 EIRE L1= {m/z 345.0952, ([M+Na]*, A+0.2 mmu)}, H H XU 13C
NMR ARY bILTIE, LEDspPAFLY, 4BDA FFIE, 2BDOT7EE2—ILikE. 1
BD124-ZBBALE Y HWIT1EDR-FEMY DT FILHERI S - (Figure
3.24and Table 3.2), T 50 1DNMR T—4 (&, Hypericum sampsonii D _E&BAH 5 B g
SNEERMORYY-14-OF XY V&K (-)-sampsone B D3N E—FLT=, BE.
(=)-sampsone B D#EE . BFER X EEEEMICE YA IIAREE TRESN TS 104,
LA LMD, 24 DLETERE {[o]o +94.8 (c 0.10, MeOH)} X (-)-sampsone B M LIS E
{leJo —12.8 (c 0.50, MeOH)} 194 L IFERLGHAFEZEZRLI-C &ML, 24 & (+)-sampsone B
cHEmLT=,

Meo §
9 0. 7.0Me 10a-OMe
8 10a) 2 4a-OMe
7 4a 3 3-OMe
MeO % o OMe
OMe
24

T T T T T T T T T T T 1
6.0 5.5 5.0 4.5 4.0 3.5 3.0 25 2.0 15 1.0 ppm

9 86 2
‘ 7‘.0 ‘
Figure 3.24. '"H NMR spectrum of (+)-sampsone B (24) (500 MHz in CDClz3).
(-)-Sampsone B DX AR EIERIZFETH 1= 1%, £ I T, 25 Dt ABE ZHA
M Bf=8H, ECD ARY MLORBAMELFHREDOLLRZT o=, TOHERE. RAMEMN

(4aS,10aS)-ADETEIE LR LI=Z EM S (Figure 3.25), (+)-sampsone B M#fExf 3L A2
&% 4aS,10aS &L#E L1,
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20

-10

— 24 (exptl)
— — - (4a5,10a5)-24 (calcd)

30

CAM-B3LYP/6-31G+(d)//B3LYP/6-31G(d)

_ _ MeQ |
= - o -
‘2 \\ 3 d4a
4 / \ @
02 5’61 250 300 350 4 0O ) e® ° OMe oM
I 24

nm

Figure 3.25. Experimental and calculated ECD spectra of (+)-sampsone B (24)
(calculated spectrum was red-shifted by 15 nm).

Ff=. (-)-sampsone B DEBHHERIICITEA 2 / — LR THIZE L= NMR T—42 A5
HEINTW =M 19 KREMS, CHEFE/OORILLRTAELET—2DRYTHD
AREMNEZ 5N D,

Hyperdioxane C (19) ([XF=E ML {{a]? +32.1 (¢ 0.08, MeOH)} #f IELE R D MIRY
BETHY. HRESIMS &Y H5FHK%E CisHisO7 EIFE L7T= {m/z 331.0820, ([M+Na]*, A+2.6
mmu)}, AMEEHD IDNMR T—R [Z1ED A FFIED LT FILNER LI EERE.
(+)-sampsone B (24) O+ M & B <3t L TULVz (Figures 3.26 and 3.24, and Table 3.2),
MZ T, WEEYD BC NMR 7 2 H)LT T MEIZIE C-6-C-8 IZhT LA ERI S
fzZ &b, 19 & 24 @ 7-O-demethyl (K& fER LTz, CDHETEEEIL. E DMSO Tl
7E L7z ROESY ARG MJLIZH VT 7-OH/H-8. H-6 R U 10a-OMe/H-9 fflIZFEBE A ER A
SN e BXFEEINT (Figure 3.27),

. Meo @
o
8 108 2
s ﬁ
HO (@] OMe

6 OMe

3.0Me 102-OMe

4a-OMe X

19

L LB I B 4L_JMJ LL

7.0

6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 25

Figure 3.26. '"H NMR spectrum of hyperdioxane C (19) (500 MHz in CDCls).
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;"*MeO o

:@0\1 |
L 10a
’ = = 'H-1H COSY
7TNA 3
o0 e e =
1

HMBC
9 —--» ROESY (DMSO)

Figure 3.27. Selected 2D NMR correlations of hyperdioxane C (19).

BOTHAILIAREZIRET 51=-0IC ROESY ARY MLOEMZETo1=A., HELH
BE1B5ZENHEFELMN D=, —HA. hyperdioxane C (19) M ECD AR MLZELDE
BEEBETDH24DARY MLELER L= A (Figure3.28), MEIFR (AL TLV=2 &
M. 19 DIEXIILABEZ 24 & R—0 4aS,10aS &H#EE L 1=,

0]
14 l\c/;e(%)
10a
— 24 (exptl) /@: 4a
—— 19 (exptl) RO (0] OMe
" —— 20 (exptl) OMe
24 R=Me
4 19 R=H
. | , Meo ©
2 250 Ma 400 OGS
10a
o
MeO (0] OMe
7 H
nm 20

Figure 3.28. Experimental ECD spectra of hyperdioxanes C (19) and D (20),
and (+)-sampsone B (24).

Hyperdioxane D (20) ® HRESIMS [Z#H VT m/z 315.0844 [ZF Y LftMaF4 4>
E—2 [M+Nal"NEBISn=Z &M 5 .20 DA FK % CieH1800 ERE L = (A-0.2 mmu),
AEE®®D 1D NMR T—4 [E Hypericum reptans Qi EEMNSRE I MO0 Y-14-2
XY UFEK 2,7 4a-trimethoxy-1,4,4a,8b-tetrahydrodibenzo-p-dioxin-4-onel® (E#E g X
REEMRTICK Y ILAREE TIRE) DT o &—HL TULVz (Figure 3.29 and Table
3.2), LAOLEMNS, LEEAEDFSIT—EHLAEI o1 {[0]*®s +78.5 (¢ 0.10, CHCI3) for 21;
[a]o =120.3 (¢ 0.10, CHCI3) literature data'®} C &b, 20 # 2,7,4a-trimethoxy-1,4,4a,8b-
tetrahydrodibenzo-p-dioxin-4-one D TF+ > FA T — LR L 1=,

Hyperdioxane D (20) M ECD ARY MLA 24 DED E K CFEEBILI=Z £ DS 4aS,10aR
BLiE & H#EE L 1= (Figure 3.28),
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4a

I

7-OMe
10a-OMe

3-OMe

. 4

6.0 5.5 5.0

4.5

4.0 3.5 3.0

1.5 1.0 ppm

Figure 3.29. '"H NMR spectrum of hyperdioxane D (20) (500 MHz in CDCls).

Table 3.2. 'H and 3C NMR data for (+)-sampsone B (24), and
hyperdioxanes C (19) and D (20) in CDCls.

24 19 20
position 1BCa H? (Jin Hz) BCa H® (Jin Hz) BCa HP (Jin Hz)
1 188.4 - 188.6° - 188.4 -
2 99.7  5.43 (1H, d, 1.5) 104.4  5.42 (1H, d 1.0) 100.8  5.46 (1H, d, 1.5)
3 173.3 - 173.5 - 175.0 -
4 33.3 3.16 (1H, dd, 17.5, 33.3 3.13 (1H, dd, 17.5, 32.7 3.09 (1H, ddd, 16.7,
1.5) 1.0) 10.5, 1.5)
3.08 (1H, d 17.5) 3.07 (1H, d, 17.5) 2.88 (1H, dd, 16.7,
6.0
4a 96.3 - 96.2 - 71.7 4.30 (1H, dd, 10.5,)
6.0)
5 140.0 - 140.4 - 142.7 -
6 102.9  6.56 (1H, d, 2.9) 104.4  6.51 (1H, d, 3.0) 102.2  6.51 (1H, d, 2.5)
7 155.2 - 151.9¢ - 155.1 -
8 108.5 6.55 (1H, dd, 10.0, 109.9 6.47 (1H, dd, 8.5, 108.3 6.51 (1H, dd, 9.5,
2.9) 3.0) 2.5)
9 1185  7.09 (1H, d, 10.0) 1185  7.00 (1H, d, 8.5) 118.6  7.06 (1H, d, 9.5)
10 134.0 - 133.9° - 134.1 -
10a 92.8 - 92.7 - 91.9 -
3-OMe 56.4 3.77 (3H, s) 56.5 3.76 (3H, s) 56.5 3.78 (3H, s)
4a-OMe 495  3.25(3H, s) 495 3.23(3H,s) -
7-OMe 557 3.76(3H, s) - 55.7  3.74(3H,s)
10a-OMe 514  3.27 (3H,s) 51.3  3.26 (3H, s) 51.2  3.31(3H,s)

aRecorded at 125 MHz. ® Recorded at 500 MHz. ¢ Detected by HMBC spectrum.
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4) Hyperdioxane E-G (21-23) D&

Hyperdioxane E (21) ® 'HNMR AR L TIX LED 1,24-=B@}A Y, 1{EOF
L7478 R 2DA FXDE, BREFIEELEZ1ED spP AF >, 1ED spd
AFLUIZRBEIND T FILAEBI S = (Figure 3.30 and Table 3.3), chi>® H
NMR AR5 ~ILDYEI(E. Hypericum x 'Hidocote' H 5 BiEf &41= hyperhidcotini®® @ 4,
DEFERL T =AY, 21 D H-1 (51 4.63,t,J=3.0Hz) & Hz-2 (5u 2.84, 2.76, each 1H, dd,
J=17.0,3.0H2) DT FILDTIALST MEE LU A Y T VT EHHMHRE 6 & (&
B> TV, £1=. HRESIMS OfEMHIZ &L YIRRE L 1= 21 5 F= (& hyperhidcotin & [E—
M CisH1607 TH Y {m/z 301.06881, ((M+Na]*, A + 0 mmu)}. Figure 3.31A [Z7x L 1= 2D NMR
HEOEHEMLBON-FEEEIX. hyperhidcotin ERI—ThHh =T D, 21 #
hyperhidcotin D TEY— & #E L 1=,

7-OMe 10a-OMe

7.0 6.5 6.0 5.5 5.0 45 4.0 35

X
9 6 4 ]
[N ) 2
N [ T o
T T T T T 1
30 25 20 15 10 ppm

Figure 3.30. '"H NMR spectrum of hyperdioxane E (21) (500 MHz in CDCl3).

;;“.L/\/‘v ‘//. 10 9‘
10a Tz ! |10e '
I\
2 — 1H H cosY YN
Meo HMBC -7
<--» ROESY (DMSO) 24 <> ROESY (DMSO)

Figure 3.31. (A) Selected 2D NMR correlations; (B) selected NOESY correlations and
relative configuration of hyperdioxane E (21).
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Hyperdioxane E (21) OMEMIAREZIRET 510, hy T I EHME LU ROESY
ARY MILOBHE{To1=, 5, 1-OH/10a-OMe M anti BEBE THZHZ &% H-1 DA
w T UTES (I = 3.0 Hz) RV H-2ax/10a-OMe & Hz-2/H-1 fElD NOESY [ (Figure
3.31B) " LIRE L. RIEA¥W%E hyperhidcotin ® 1 ITEY—THHERRLE-, BE.
hyperhidcotin @ 1-OH/10a-OMe A’ syn BRE# & 5 C & IS H#ER X fREBEMTIC K VIRES
TS 106,

Hyperdioxane E (21) ® ECD A% bILOEANE(L (1S,10aR)-{ADETHE{E & FEELL TLY
f=1=& (Figure 3.32). KILEWDIEXILAEEF 1S,10aR EH#HE L=,

30

— 21 (exptl)
o (18,10aR)-21 (caled) | 45
= 5 Meo Q"
B \ o (SN
3 o “ 0o 3 102
w200l \ a0 3
= L < MeO 0 0
-2 4 A ,' F-15 21

CAM-B3LYP/6-31G+(d,p)/B3LYP/6-31G+(d)
nm

-30

Figure 3.32. Experimental and calculated ECD spectra of hyperdioxane E (21)
(calculated spectrum was red-shifted by 10 nm).
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Hyperdioxane F (22) @ HNMR ARJ kJLIE, DR Y-14-OA 34 UFEKRIZHHEN
BT FILERL., (+)-sampsone B (24) MDD EFEEIL TLMV=AY (Figures 3.33 and 3.24).
25 M 4a-H A \L\E 10a-OMe DT FILHER L. Kb VYIZKEBEDS T FIL 5k 3.71, d,
J=17) HMERIEht-, £, 22 ® HRESIMS OEHMSIRBLE=SFKIF. 24 LU E
CH, 720N CisH1s07 THo1=Z A D {m/z 307.0826, (M-H]", A+ 0.8 mmu)}, 22 %
24 M 4a-O-demetyl 3 % LM 10a-O-demetyl FER L HE L 1=,

. Meo §
(O
8 108 2
X
MeQ O OMe

it | Y |

7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 25 2.0 1.5 1.0 ppm

Figure 3.33. '"H NMR spectrum of hyperdioxane F (22) (500 MHz in CDCls).

HEL-TEEEZEID D012 2D NMR AR MLOEH E{To1= (Figure 3.34),
BEl% . 4a-OH/C-4a [ElD HMBC #8EEA 5. C-4a [C/KEEENEES TS EFHLMIZL, 7-
OMe/H-6. H-8. 10a-OMe/H-9 [l ROESY M 5. 1,24-=EMAN 2 £ U E 5 D E Lk
K% Figure 3.34 [CRLI=-HKITT/E L= LLEDEETMN DS, 22 % 24 D 4a-O-demetyl &%

BRERELT=.
9,/'*MeO O
s 4a —_—
M$O74J OO‘|\_| SOMe _»HHCOSY

HMBC
22 <--= ROESY (DMSO)

Figure 3.34. Selected 2D NMR correlations of hyperdioxane F (22).
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Hyperdioxane F (22) QLLiEXEF O THY . S 2IARTHLHAREENEZ NT=T=0.
FJIHPLC ZRAWVREZERENZET o=, TDHR. MW L1 OLTEHIF VO FAY—25
f= {tr 13.2 min. {[0]?8p +112.8 (c 0.10, CHCls)} and 20.3 min. {[a]?®> —107.4 (c 0.10, CHCl3)}}
(Figure 3.35),

uv i [

0 10 20 25
min.

Figure 3.35. Chromatogram of chiral HPLC analysis for hyperdioxane F (22).

/ot (+)-hyperdioxane F (22) DX IIAEEDIREZRAA-H. +HLGHEBEETRT
NOESY ARV MLEJGAHC EMNHXRT ., FEHEGEN>F-. TIT. 22 0WMYS 5 47
DOTFTRATLAT—DMECD AR MLOFEEZEH L (Figure 3.36), ERIBEL DLLEK %
752 & T, ML ABEE L NICHEIIIARREDHEEZIT o=, TOHER. (+)-22 DEAIE
M (4aS,10aS)- AN EE XM L TLNV=Z &M (Figure 3.37), (+)-22 D#ExIILIAEE
% 4aS,10aS EH#EFE L=, Fl=. (4)-22 M ECD ARY MLEBEBDARY MLETRLE
(-)-22 D#EXIILABE & 4aR,10aR & H#EE L 1=,

40
————— (4aS,10aS)-22 (calcd)
--------- (4aR,10aR)-22 (calcd)

i
P Lt

TUemtSSTT asp 400

J—— (4aS,10aR)-22 (calcd)
s (42R,10a8)-22 (caled)

CAM-B3LYP/6-31G+(d)//B3LYP/6-31G(d)
-40

nm

Figure 3.36. Calculated ECD spectra for possible four diastereomers of hyperdioxane F (22)
(calculated spectra were red-shifted by 10 nm).
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20
Meo §
(+)-22 (exptl) Om;
254 . . - = = (4a5,10aS)-22 (calcd) | 10 4a
i VAR MeO o OMe
= | OpE= 7 OH
=% S = -
3 o : - —= 0 g (+)-22
% 2 250 I, 3 350 400 a’ MeO (0]
Vs - ’ =
WA (0]
254~ -l — (-)-22 (exptl) L 10 108
— — - (4aR,10aR)-22 (calcd) 4a
CAM-B3LYP/6-31G+(d)/B3LYP/6-31G(d) MeO O 6H OMe
-5 -20
nm (-)-22

Figure 3.37. Experimental ECD spectra for (+)- and (—)-hyperdioxane F (22) and calculated
ECD spectra for (4aS,10aS)-22 and (4aR,10aR)-22
(calculated spectra were red-shifted by 10 nm).

(+)-Hyperdioxane F (22) A%/ —JLIZBEESE-E T A *H NMR AXY ML TIE,
4a-OH/10a-OMe-s yn{KIZCHX T 5 ELEZA NI VT FILHFES L 1:0.16 DEIE TEA
Sht- (Figure 3.38), TDREDILRAEEZRELI-ZEC A, RAEMEZ RGN EN
B, (+)208A2 /) —)LRTSEIILTEHIENHALMITHE ST,

Meo @ Meo ©
0.: €
10a 10a
s —~ I
MeO (@] OH OMe MeO N OMe

22 22
(maijor) (minor)

T T T T T T
5.5 5.0 4.5 4.0 3.5 3.0

ppm
Figure 3.38. '"H NMR spectrum for the mixture of major and minor diastereomer of
hyperdioxane F (22) (500 MHz in CDCIs). *Signals of minor diastereomer.
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22MND5t 21klE Schem33 [SRL-HEIC K Y HEITT S EHMEL-, BB, O LUt
BEPTE, C-4a/CH5BDI—TILHEENRARL-E. XBNERT S5, oIz, LEDT +
VIREN S DT/ —IVEKBEELETEI—ILEBKT S5 & T, 10a LOILARERN
BZd, RNT., C-2/C-3EDZEHEEH C-3/C-4 FICERRIL. (-)-22 BNERT B, Fi-.
XD5HED 7T x/—)LHKEEED 10a-OMe & anti il S C-da EBUI—FTILENLTH
&9 % Z & T 4a-OH/10a-OMe-syn ARAEF T B EEE L TLVS,

dwﬁi @5?& @%

antl 22 syn 22 —

W

Meo O MeO (6]

5 O .

o)
1 OH /©: 1.

OHo OMe O MeO 550727 OMe

MeO" HO

(e} OMe

Scheme 3.3. Possible pathway for producing racemate of Hyperdioxane F (22).

N Oll

Hyperdioxane G (23) M5 FX%. HRESIMS OfE#HICEL Y 22 LR—®D CisH1607 L IRE
L7= {m/z307.0822, (M-H]", A + 0.4 mmu)}, KLEYD IDNMR T—42 (& 1,2,4-=ZEHEA
VEUESD (C-5-C-10) BT 22DH D EFERL TLV=Z &M 5 (Figures 3.39 and 3.34,
and Table 3.3). 23 (£ 22 @ 7-OMe DIEALMENRLLERATHD Z LEMNRE ST,

O 10a-OMe
9 MeO 8-OMe
MeO._s o=
10a 2
. " 3 3-OMe
e OMe
OH
23
69 2 4
L l TN
. il
T T T T T T T T T T T T T T 1
7.0 6.5 6.0 5.5 5.0 4.5 4.0 35 3.0 25 2.0 1.5 1.0 ppm

Figure 3.39. '"H NMR spectrum of hyperdioxane G (23) (500 MHz in CDCIs).
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HUT, &5 2D NMR RRY MMLOEHFTZ1TLY (Figure 3.40). 23 M cyclohexenone &B
DE. 22 LR—THBHZ EFBHLMIZ LTz, —A. H-9/10a-OMe fEIZ NOESY #EBEAER A
SNEMoTzH. 124 ZBMR VLV EDA X EDOHBEMEZBELMNITEIHIIEN
HEGMN ST, 23D 124-ZBWMAVEVICHETESTFILIRE—URN 2D TN EE
BHIENDL, A PFIEIECBICHALTLDEHEL TS, £z, THNMR ARXJ +
WIZBWTEBShTW =4 FT—I5FILIZDNTH 2D NMR ARY ML 1T
A 22 LR—DFEEENEON=ZEMD. ThHD LT FILIE 4a-OH/10a-OMe
M syn BBEMATAFT—SFTARATLAY—ICHETELDTHAEHEL-. BH. &
EEMITEAEZRIGN 2T EMND, 22 LRBDEE T, DBIBEDIZSEIEAE
TLiz&EZ NS,

o M0 )
S
TN 0 IR N0 = 'H-TH COSY
23 OH — HMBC
<= NOESY

Figure 3.40. Selected 2D NMR correlations of hyperdioxane G (23).

Table 3.3. 'H and 3C NMR data for hyperdioxanes E-G (21-23) in CDCls.

21 22 23 (major)
position BCa "H? (Jin Hz) BCa "H? (Jin Hz) BCa "Ho (Jin Hz)
1 67.1 4.63 (1H, t, 3.0) 188.4 — 188.4°¢ —
2 41.0 2.84,2.76 (each 1H, 99.3 5.42 (1H, d, 1.7) 99.2 5.45 (1H, d, 1.5)
dd, 17.0, 3.0)
3 194.7  2.76, (1H, dd, 17.0, 174.8 - 174.9 -
3.0)
4 107.7 - 38.8 3.23 (1H, dt, 17.2,1.7) 39.0 3.25 (1H, dd, 17.5, 1.5)
- 2.96 (1H, d, 17.2) 2.94 (1H, d, 17.5)
4a 159.0 - 93.5 - 93.3 -
5 141.2 - 140.3 - 133.7 -
6 102.2 6.69 (1H, d, 2.5) 102.9  6.53 (1H, brs) 118.1 6.89 (1H, d, 9.0)
7 155.9 - 155.9 - 109.7  6.59 (1H, dd, 9.0, 3.0)
8 110.2 6.63 (1H, dd, 9.0, 2.5) 108.9 6.54 (1H, dd, 9.3, 2.9) 155.3 -
9 118.1 7.00 (1H, d, 9.0) 118.7 7.09 (1H, dt, 9.3, 1.2) 103.5 6.80 (1H, d, 3.0)
10 133.3 - 132.6 - 139.3 -
10a 941 - 93.0 - 93.2 -
3-OMe - 56.5 3.76 (3H, s) 56.5 3.78 (3H, s)
4a-OH - 3.71 (1H, d, 1.7) -
7-OMe 558 3.79 (3H, s) 557  3.74 (3H, s) —d
8-OMe - - 55.7  3.76 (3H, s)
10a-OMe  50.7  3.37 (3H, s) 51.6  3.25(3H,s) 51.8  3.30 (3H, s)

aRecorded at 125 MHz. ® Recorded at 500 MHz. ¢ Detected by HMBC spectrum. ¢ Not detected.
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E3E FWT7IILoO0O05ILL ) —ILEEK (25-30) DIEERHT

1) Hypascylin A-E (25-29) K U ent-hyphenrone J (30) M FEEER VX ILIFEEIRE

Hypascylin A (25) [XEEhEStE+115.5(c0.10, MeOH) #RL. ZDO 4 F(F HRESIMS &
L) C31Ha6Os EGRFE L1= (m/z 497.2918 [M-H]-, A-1.2 mmu), IR A% ~ILTIE, KEEE
(3396 cm™) RUI/ —JLL L= Y (1636 cm™) ORIRAERI S iz, EY AAK
IWLHRTREL 'HNMR AARY MLTIE, —ROFEBITIREISES T b LIZKREES LT
KEEDL T FILHKESLER 5 : 2 DEIE TEAI SN (Figure 3.41 and Table 3.4), Z®
A% > 7 ILIE hypercalin C® %5 chinesin 1167 Z @) PPAP NE$ 5T/ —)LEIB 5= b
Jr rUBADT - T ) —LEZEHRIZEICEDTHEI I END., KILADE
hypercalin C %> chinesin | L BLDEAEEEZHT 5 PPAP LHE LT, LT OBERN
. EEZEMIK25a 12D T{To7= (Figure 3.42), 25a M 'HNMR A% ~JLZEMI
BIL. SEO=BRAL T4V . 3EDSp?AF . 5D sp? AF L, TV, EHD
AFILDFEEHTE LT (Table3.4), —A. BCNMR ARY MLTIE. 2D HILERZ)L,
10VECAL T« 1 BAORBREK. HUICHRERFHIEELZ 1 BO=RxFKE2zELE
3 EORRFIITFILLEBI ST,

2-OH

30
31

7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 25 20 1.5 1.0 ppm

Figure 3.41. '"H NMR spectrum of hypascyrin A (25) (500 MHz in CDCI3).
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25a 25b
(major tautomer) (minor tautomer)

Figure 3.42. The structures of major (25a) and minor (25b) tautomers of hypascyrin A (25).

T, 25a DFEEEEZRIE 2DNMR AR MLOBHIZE YIRE LT, 'H-"HCOSY
RUHMBC ARY MLOEHMNS (Figure 3.43).2 D 7L =)L (C-22-C-26 and C-27—
C-31).1 f@® 3-methylbutanoyl £ (C-17-C-21), i 1*IZ 1-hydroxymenth-3-en 4> (C-7-C-
16) DEFEEFHLMIZ LTz, %5 6 HDKF (C-1-C-6) D7 IHILTT MEMS, 1 ED
HEHILRZIL {5c 196.3 (C-6)}. 2D T/ —ILERS {5c 108.5 (C-1), 8¢ 190.1 (C-2), &¢
111.5 (C-3),and ¢ 176.3 (C-4)}. 1 {E®D sp® M#kiRFK {5c57.6 (C-5)} M olERINLTIAOO
TGV —NEBROFEEEHE Lz, 52, 2D T L= )LE., 3-methylbutanoyl &, ifi
U2 1-hydroxymenth-3-en Ei9AFnFh, 720045 )LY/ —)LERD C-5, C-1, C-3 [#E
BT BT &% Hp-22, 2-OH, H-7 i 5D HMBC #aBEM HBA S M L 1= (Figure 3.43), Ll E
DEFM D, hypascyrin A DEBZEE MK (25a) DFEiEE % Figure 3.43 ISR L1-#iE &
BB L=, =, YA FT—HEZEMIK (25b) [CDWNTHEMKIZ 2DNMR ZARY kLR
§5Z &L T, Figure 3.44 TR LT-#&E L RE L 1= (Table 3.5),

-« - » NOESY

25a —» HMBC 25a

Figure 3.43. Selected 2D NMR correlations for the major tautomer (25a) of hypascyrin A (25).
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= 'H-"H cosy
25b — HMBC

Figure 3.44. Selected 2D NMR correlations for the minor tautomer (25b) of hypascyrin A (25).

Hypascyrin A D EHEZEEMIK (25a) D NOESY AR kLIZHE T, H-7/H-11afEIZH
ANBonf=C &5 (Figure 3.43), TnoD 70O UIEZEFNZTH pseudoaxial fLIZHIE
THIENHALMIE Sz, & 51T Me-10 HafZIIIET 5 Z & & H3-10/H-7 M NOESY
HENSIRE L=, ULEDEHFMN S, hypascyrin A(25) DBXIILIAEZE % Figure 3.43 TR
TERELHTE Lz, IILAEEDREICOVLTIEERT S),

Hypascyrin B (26) U C (27) D% FH % HRESIMS DfEHT 1T\, FNZ N CioHasOs
& C31H460s & IRIE L 1= {m/z483.3114, [M-H]", A +0.4 mmu for 26; 497.3250, [M-H]~, A-1.7
mmu for 27}, 26 XU 27 @ IDNMR AR bJLIE 25 DEHD EFFEIL TLMVzAY, 25 DAR
9 MILIZEWTEB Sz, 3-methylbutanoyl 2D L FIILICKDHY . 26 Tl 2-
methylpropanoyl £. 27 TI& 2-methylbutanoyl Z£® L 5+ IILHAERI S t= (Figures 3.45,
3.46, and 3.41, and Table 3.4), LEDRARY FILT—E M5, 26 R 27 % hypascyrin A
(25) LIETVILEDEENERLLHLEMEHTE LTz, BFE2DNMR XARY MLDEFT & 1T
L\ (Figure 3.47). hypascyrin B (26) R U\ C (27) OEXM AR E 2 =T #E:E % Figure 3.45
RU 346 [CRIEBELRELT-.

2-OH
30
31 19
25 1020
T T T T
195 10.0 18.5 18.0 ppm 26 15
16
4-0H
- e
T T T 1 i
10.0 9.5 9.0  ppm 26 (major tautomer)
8 27 14 1
23,28
18 7 2y | U L
e N _
T T T T T T T T T T T T T 1
7.0 6.5 6.0 55 5.0 45 4.0 35 3.0 25 20 15 10  ppm

Figure 3.45. '"H NMR spectrum of hypascyrin B (26) (500 MHz in CDCls).
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2-OH

19.5 19.0 18.5 180 ppm
4-OH

T T T 1

10.0 9.5 9.0 ppm

30
31|25

27 (major tautomer)

27 14 11
T T T T T T T
4.5 4.0 3.5 3.0 25 20 1.5

7.0 6.5 6.0 5.5 5.0

Figure 3.46. '"H NMR spectrum of hypascyrin C (27) (500 MHz in CDCls).

26a —

HMBC 27a

Figure 3.47. Selected 2D NMR correlations for major tautomers (26a and 27a) of
hypasyrins B (26) and C (27).
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hypascyrins A-C (25-27) in CDCls.

Table 3.4. 'H and 3C NMR data for major tautomers (25a-27a) of

25a 26a 27a
position BCa "H? (Jin Hz) BCe "H? (Jin Hz) BCa "Ho (Jin Hz)
1 108.5 - 111.3 - 107.8 -
2 190.1 - 190.3 - 190.3 -
3 111.5 - 107.1 - 111.5 —
4 176.3 - 176.5 - 176.4 -
5 57.6 - 57.7 - 57.7 —
6 196.3 - 196.1 - 196.3 -
7 403  3.90 (1H, brs) 403 3.90 (1H, brs) 403  3.90 (1H, brs)
8 119.4  4.98 (1H, brs) 119.4 4.9 (1H, brs) 1195 4.96 (1H, brs)
9 73.8 - 73.8 - 73.8 -
10 27.8 1.23 (3H, s) 27.8 1.24 (3H, s) 27.8 1.24 (3H, s)
11 36.0  1.84 (2H, m) 36.0  1.84 (2H, m) 36.0  1.84 (2H, m)
12 229 234 (1H, m) 173  2.35(1H, m) 229 233 (1H, m)
2.07 (1H, m) 2.07 (1H, m) 2.1 (1H, m)
13 145.0 - 144.9 - 144.7 -
14 34.8  2.23 (1H, sept, 7.0) 34.8  2.23 (1H, sept, 6.8) 34.8  2.21 (1H, sept, 6.5)
15 21.2 1.03 (3H, d, 7.0) 21.3 1.03 (3H, d, 6.8) 21.3 1.01 (3H, d, 6.5)
16 213 1.02(3H,d, 7.0) 216 1.03(3H, d, 6.8) 215  1.02 (3H, d 6.5)
17 201.9 - 206.9 - 206.4 -
18 48.1 2.92, (1H, dd, 14.0, 7.0) 35.4 4.10 (2H, sept, 6.8) 41.8 3.96 (1H, qt, 7.0, 7.0)
3.00, (1H, dd, 14.0, 7.0)
19 25.9  2.16, (1H, m) 191 1.16 (3H, d, 6.8) 264  1.73 (1H, m)
1.41 (1H, m)
20 22.8  0.98(3H, d, 7.0) 188  1.15(3H, d, 6.8) 1.9  0.91 (3H,t,7.4)
21 227 0.99 (3H, d, 7.0) - - 16.8  1.13 (3H, d, 7.0)
22 395  2.60 (2H, m) 39.6  2.59 (2H, m) 39.7  2.58 (2H, m)
23 119.3 4.85(1H,t,7.7) 119.3 4.85(1H, t, 6.8) 1191 4.86 (1H,t,7.3)
24 134.2 - 134.2 - 1341 —
25 179 1.56 (3H, s) 17.9 156 (3H, s) 179  1.55(3H, s)
26 259  1.58 (3H,s) 26.0  1.58(3H,s) 259 158 (3H,s)
27 373 2.69 (2H, m) 374 270 (2H, m) 371 2.70 (2H, m)
28 1186  4.81(1H,t,7.7) 1187  4.82 (1H, t, 6.8) 1187  4.81(1H,t,7.3)
29 134.1 - 134.1 - 134.0 -
30 17.9 1.59 (3H, s) 17.9 1.59 (3H, s) 17.9 1.58 (3H, s)
31 259  1.60 (3H,s) 26.0  1.60 (3H, s) 259 159 (3H,s)
HO-2 19.40 (1H, s) 19.48 (1H, s) 19.51 (1H, s)
HO-4 9.76 (1H, s) 9.75 (1H, s) 10.02 (1H, s)

aRecorded at 125 MHz. ® Recorded at 500 MHz. 'H and 'C NMR data for corresponding signals of
prenyl groups {(C-22 to C-26) and (C-27 to C-31)} may be interchangeable in each column.
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Table 3.5. 'H and '3C NMR data for minor tautomer (25b) of hypascyrin A (25) in CDCls.

25b
position Bca 'HP (Jin Hz)

1 112.6 —
2 184.4 —
3 116.3 -
4 167.8 —
5 53.0 —
6 195.5 -
7 405  4.01(LH, s)
8 120.2 overlap
9 73.9 -
10 278  1.18(3H,s)
11 36.1 nd°
12 23.0 nd°
13 144.1 -
14 34.7 nd°
15 21.2 nd°
16 21.3 nd°
17 205.4 -
18 49.1 3.09, 3.04 (each, 1H, dd, 14.6, 7.0)
19 259 nd°
20 22.7 nd°®
21 226 nd°
22 36.0 nd°
23 1188 nd°
24 134.9 -
25 17.9 nd°®
26 259 nd°
27 37.6 nd°
28 1180 nd°
29 134.9 —
30 17.9 nd°®
31 25.8 nd°

4-OH 9.09 (1H, s)

6-OH 18.33 (1H, s)

@Recorded at 125 MHz. ® Recorded at 500 MHz. ¢ Not detected. 'H and '*C NMR data for corresponding
signals of prenyl groups {(C-22 to C-26) and (C-27 to C-31)} may be interchangeable.
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Hypascyrin D (28) [F#55E A {[a]2%s +22 (¢ 0.10, MeOH)} E&RIRME & L THEES
L. HRESIMS Db, ZDOHFRE 25 &Y £ 18 mass unit KE LY CyHis06 EIRE
L7z {m/z 515.3353, [M-H]", A -2.0 mmu}, EY B ARIL LB TRE LE=RELEYD 1D
NMR AR%Y MUK, B/ FILRUES (C-7-C-16) ICHET BT FILERZ 25 DED
EFELLL TV = EMD (Figures 3.48 and 3.41, and Tables 3.4 and 3.6), 28 % 25 & &1Ll
DiEEEHT S PPAP LH#EE LT,

OH
15
y 30
2-OH 12 31|25 |[10
JL " 26 15
21 16
- HO
T T T T
19.5 19.0 18.5 180 ppm

20

3 26

28 (major tautomer

13

)
8a
18 27 11,12 /
23 L
T T T T T T
3.5 3.0 2.5 2.0 1.5

T T T T T T T
7.0 6.5 6.0 5.5 5.0 4.5 4.0

T 1
1.0 ppm

Figure 3.48. '"H NMR spectrum of hypascyrin D (28) (500 MHz in CDCl3).

T2, 28 DEFE 2D NMR AT M LOEMTZ4TLY (Figure 3.49), 25 LE—N 7 QA
TN/ —LBrDEEERBET HEEIC, COECLUAICKEBEREERET DAV VEE
TILRUEBSDEEEBHALSHNICLT-, ULEDEIFTAN S, hypascyrin D (28) D FEIBEZ
Figure 3.49 IZRIHBE L RE L 1=,

15 §Y
\/“ 14 ©
13 o
AV
=
- W,JZ ;
'S #IQQA./Q
Ao oYL
A/ > “10
- 'H-"H cOSY + NOESY
-
28a — HMBC 28a

Figure 3.49. Selected 2D NMR correlations for the major tautomer (28a) of hypascyrin D (28).

MR ABEBEDIREIE. EASY/ —)ILHTRELZ 'HNMR AR MLIZEITDhY T
) U ERR UL NOESY RRY MLOEHIZK YBASAIZ LTz (Figure 3.49 and Table 3.7),
IROIZ. H-13 D axial BEZ Ay T U EH (tt, J = 11.7, 3.3 Hz) hol@EL =, &5
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(2. H3-10/H-7. Hs-10/H-11a, dEAIZ H-7/H-13 1D NOESY #HBEM 5. 7S*9S* 13R*ELE
%Z)®/E L. hypascyrin D (28) MO#EXIILAELE % Figure 3.48 IR LI-EEETH D &FEmL
T=o

Hypascyrin E (29) @5 F= L HRESIMS &Y C31HisO0s TH D Z EMTRE I NI {m/z
497.3255, [M-H]",A-1.2 mmu}, REE#®D 1D NMR T—2 (X7 VILERSD T FIL%E
BxZ . Hypericum henryi b b BBt Sn-BXsN1 70045 )L / —LEEEK hyphenrone J% D
LD EFEB L TV (Figure 3.50 and Table 3.6), R{EA®WIZH VT, C1 [T 3-
methylbutanoyl EA$EE T 5 Z & % Hx-18/H-19, H-19/H3-20, H-19/H3-21 f® 'H-'H COSY
RS & Hx-18 M5 C-1 ~MD HMBC #EBIA 5B S A L. hypascyrin E (29) O FmEiEE %
Figure 3.51 ISR L=#E& L IRE L =,

2-OH
T T T T
19.5 19.0 18.5 18.0 ppm
4-OH
JL 20,21
|
T T T T
12.0 15 11.0  ppm
15
2328 a7
\ 18
7 22
T T T T T T T T T T T T T T 1
7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 25 2.0 1.5 1.0 ppm

[
\\

|15 16

e ol

(% @14
113 ¢

&
1

e 5

-\

NN
S

SLlé

/ =To
— 'H-"H COSY " e »NOESY
292 — HMBC 29a

Figure 3.51. Selected 2D NMR correlations for the major tautomer (29a) of hypascyrin E (29).

Hypascyrin E (29) @ NOESY X X% kLTI (Figure 3.51).H-7/H-11a/H-13 & IZ NOESY
HEMSASATWCEME, ThoDTA kI axial GLICHKET S EFIBTL.
cyclohexane I® (C-7-C-9and C-11-C-13) (&4 REELEZF L S L fEm LTz, S 5IZ, 9-OH
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MPEEETHSD &% Hi-10/H-7 BT Hs-10/H-11a fED NOESY #HEAMSEHLAIZL.

hypascyrin E (29) M#ExtIL{AEEE % Figure 3.51 IZR LI-ERE & IRB L 1=,

30 @ 1D (Figure 3.52 and Table 3.6) XU 2D NMR XARJ MLDEEITo-& 2 A,
EE%0 PPAP hyphenrone J%® &M AREZEH-R—DEENFONT=. LHLENG,
AEEYOLBEAEEIXHELEIRADFESTH>=2 &ML {0’ +115.5 (c 0.10,
MeOH) for 30; [a]?®r —49 (¢ 0.20, MeOH) literature data®8}. % M#&E % hyphenrone J M T

F U F A< —TH5 ent-hyphenrone J (30) EfEsmL 1=,

ppm

30 (major tautomer)

11,12

e
T

26

8b

19

25 10 20

T T T T T
7.0 6.5 6.0 5.5

15
23,28 27
W g
T T T T T T
4.5 4.0 3.5 3.0 2.5

5.0 2.0

T
1.5

Figure 3.52. '"H NMR spectrum of ent-hyphenrone J (30) (500 MHz in CDCls).
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Table 3.6. 'H and 3C NMR data for major tautomers (28a—30a) of

hypascyrins D (28) and E (29), and ent-hyphenrone J (30) in CDCla.

28a 29a 30a
position BCea "H” (Jin Hz) BCca "H? (Jin Hz) 8Ce "H? (Jin Hz)
1 108.4 - 108.6 - 107.0 -
2 190.3 - 190.1 - 190.3 -
3 111.9 - 111.8 - 111.7 -
4 176.5 - 176.0 - 176.0 -
5 57.8 - 57.7 - 57.8 -
6 197.2 - 196.6 - 196.3 -
7 40.7 3.24 (1H, brd, 15.0) 40.7 3.30 (1H, dd, 13.5, 3.5) 40.7 3.29 (1H, dd, 13.0, 3.7)
8 26.5 1.76 (1H, m) 30.5 1.87 (1H, q, 13.5) 30.5 1.87 (1H, q, 13.0)
1.38 (1H, d, 15.0) 1.35 (1H, dt, 13.5, 3.5) 1.35 (1H, dt, 13.0, 3.7)
9 74.4 - 74.8 - 74.8 -
10 26.7 1.21 (3H, s) 27.9 1.23 (3H, s) 27.9 1.23 (3H, s)
11 401 1.82 (1H, m) 40.4 1.77 (2H, m) 40.3 1.77 (2H, m)
1.69 (1H, m)
12 22.0 1.75 (1H, m) 26.5 1.69 (2H, m) 26.5 1.69 (2H, m)
1.54 (1H, m)
13 48.7 1.53 (1H, m) 453 2.09 (1H, m) 45.3 2.09 (1H, m)
14 74.4 - 149.2 - 149.2 -
15 27.4 1.21 (3H, s) 108.8 4.71 (3H, s) 108.8 4.71 (3H, s)
16 27.6 1.21 (3H, s) 21.0 1.73 (3H, s) 211 1.73 (3H, s)
17 202.3 - 201.7 - 206.6 -
18 48.3 2.96 (2H, m) 48.1 2.97 (1H, dd, 13.9, 6.9) 35.3 4.08 (1H, sept, 6.8)
2.92 (1H, dd, 13.9, 6.9)
19 25.9 2.14 (1H, m) 25.9 2.13 (1H, m) 19.0 1.14 (3H, d, 6.8)
20 22.7 0.98 (3H, d, 6.0) 22.7 0.98 (3H, d, 6.7) 18.8 1.13 (3H, d, 6.8)
21 22.7 0.98 (3H, d, 6.0) 22.8 0.98 (3H, d, 6.7) - -
22 38.7 2.63 (2H, m) 38.7 2.71 (2H, m) 38.8 2.62 (2H, m)
23 118.8 4.80 (1H, t, 7.6) 119.0 4.83 (1H, 1, 7.5) 119.0 4.82 (1H,t,6.7)
24 134.3 - 134.2 - 134.1 -
25 18.0 1.56 (3H, s) 18.0 1.56 (3H, s) 18.0 1.56 (3H, s)
26 26.0 1.54 (3H, s) 25.9 1.52 (3H, s) 25.9 1.52 (3H, s)
27 38.1 2.70 (2H, m) 38.2 2.61 (2H, m) 38.2 2.68 (2H, m)
28 118.4 4.76 (1H, t, 7.6) 118.5 475 (1H,t,7.5) 118.6 4.76 (1H,t, 6.7)
29 134.2 - 134.0 - 134.0 -
30 17.8 1.56 (3H, s) 17.9 1.57 (3H, s) 18.0 1.56 (3H, s)
31 25.9 1.54 (3H, s) 25.9 1.54 (3H, s) 26.0 1.54 (3H, s)
HO-2 19.41 (1H, s) 19.47 (1H, s) 19.54 (1H, s)
HO-4 nd°® 11.71 (1H, s) 11.73 (1H, s)

aRecorded at 125 MHz. ® Recorded at 500 MHz. ¢ Not detected. 'H and '3C NMR data for corresponding
signals of prenyl groups {(C-22 to C-26) and (C-27 to C-31)} may be interchangeable in each column.
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Table 3.7. 'H and '®C NMR data for major tautomer (28a) of
hypascyrin D (28) in CD30D.

28a

position 1Bca IHP (Jin Hz)

1 113.1 -

2 190.4 -

3 109.1 -

4 180.7°¢ -

5 59.4 -

6 199.1 -

7 430  3.15(1H, brd, 11.7)

8 28.3  1.81(2H, brt, 11.7)

9 73.2 -

10 28.1  1.15(3H, s)

11 41.0 1.84, 1.68 (each 1H, m)

12 23.4 1.68, 1.54 (each 1H, m)

13 50.7  1.47(1H, tt, 11.7, 3.3)

14 73.2 -

15 27.3 1.15 (3H, s)

16 26.8 1.15 (3H, s)

17 203.1 -

18 49.9  2.86 (2H, m)

19 27.2 2.09 (1H, m

20 231  0.89 (3H, d, 6.5)

21 23.1  0.89 (3H, d, 6.5)

22 39.8 255 (2H, m)

23 120.1  4.83 (1H,t, 8.5)

24 135.2 -

25 18.2 1.57 (3H, s)

26 26.2  1.55(3H, s)

27 395  2.63(2H, m)

28 119.8  4.77 (1H, t, 8.5)

29 135.2 -

30 18.2  1.56 (3H, s)

31 26.2 153 (3H, s)

aRecorded at 125 MHz. ® Recorded at 500 MHz. ¢ Assigned with the aid of HMBC correlations.
'H and 3C NMR data for corresponding signals of prenyl groups {(C-22 to C-26) and (C-27 to C-31)} may
be interchangeable.
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2) Hypascylin A—E (25-29) XU ent-hyphenrone J (30) D#ExiIAECEDIZRE

Hypascyrin A (25) DX SIABRBEZHTE T 51, ECD ARY MLDOEFHEE & ERBHED
R ET o1 RKIEEVEKITHRZEY . BEFTET AT/ —ILEEEHRERIT
EDBASMIZE - TULVS (Figures 3.41and 3.43), FIHIZ, A8/ — LA THOEELEEMK
DEEEZHALNZT . EAZ/ —)LHTHIFE L% 1D (Table 3.8) XU 2D NMR
ARY FILOBIET212E2 A, EEEEMK 25a I 80 %DEIETHEL TSI &
ML o=, LLEDFERMN S, ECD ARY MLOFEIX 252 [2DWLNTDHITLY.
Ry FVAIEIZIZA SR/ —ILEA=, Figure3.531225 M ECD ARXR% ~)LOERIE & R
Y53 2 OIS FAY— (75,9S)-25a RU (7TR,9R)-25a DFHEEETRT . EAEH
(7TR,9R)-25a MEHEIBEIZLEN, (7S,9S5)-25a DETEEL R HMIEL TV &h b, 25 D
S ABE % 7S,9S EHEE L1=,

—— hypascylin A (25) (exptl)
\ - (75,95)-25a (calcd) 10

] L 5
1 f\/\ e
.12(5V 350 A '3 \/ﬁo,’w‘xo
’ - -5

Ae (exptl)
Ag (calcd)

3 _
; - - - (TR.9R)-25a (calcd)
54 -10

' B3LYP/6-31G+(d)//B3LYP/6-31G(d) (75,95)-25a

nm

Figure 3.53. Experimental and calculated ECD spectra of hypascyrin A (25).

F 1=. hypascyrin B (26) U C(27) ® ECD A% +ILDOEANE(L hypascyrin A (25) D
EREELELOOY FURIRERLIZZ EMDS (Figure 3.54), 26 & 27 DR SRR E L
25 LRI—M7S9S EHEELT-, BH. 2T D 18 DML ABEIXRITETH 5,

— 26 (exptl)
== 27 (exptl)

3 4 " /2 28 (exptl)
! y )
1 - g -
I i P
* -

N

S LTI

3 " e

1200 \ v/ 250 300\‘./350 400 450
-3
54
-7

nm

Figure 3.54. Experimental ECD spectra of hypascylins A-C (25-27).
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#ELV T, hypascyrin E (29) DO#txtI{AEE Z LI T OFIEICHULHETE L=, Hypascyrin E
(29) ZHEALETIZAT L. EETTIK 29¢ #1587 (Scheme 3.4), LIZHEXSIARRE ZHE L 1=
hypascyrin A (25) £ RE#RICHEMETIZH L. BoNF-ETXTARZRE L THE-ITERY 25¢
D HNMR ARY MLE29c DL D LB L&A, MHEIE—EH L= (Figure 3.55), &
512.29¢ & 25c DLIETEXEDEIFFEL LTV =2 A5 {[0]?? +39 (¢ 0.1, CHCI3) for 29c;
[0]?%0 +29 (c 0.1, CHCI3) for 25¢}, MEZR—DILEMEFIERTL. -T29D 7 L& 9 L
DIEXILABCEIL 25 £E—D 7S,9S g LTz, LLEDERMN D, 29 DI ILARE %
7S,9S,13R L HEFE L 1=,

hypascyrin A (25) hexahydrohypascyrin A (25c)

Scheme 3.4. Catalytic hydrogenation of hypascylins A (25) and E (29).

"H NMR spectrum of 29c (CDCl;, 500 MHz)

/W“L,m_ﬂw

"H NMR spectrum of 25c (CDCl;, 500 MHz)

T T T
20 15 1.0 ppm

WM_AN—A‘L
T T T
.5 3.0 25

Figure 3.55. Comparison of "H NMR spectra for hexahydrohypascylins E (29¢) and A (25c).

3.
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F1=. 29 LEELDOHEEZEAE T S hypascyrin D (30) & U ent-hyphenrone J (30) i LRI #xt
ILAERE A RIFEDELE PPAP T# % hyphenrone K (43)%8 M ECD RS RILELLEE LT
ETAH WTFhBERLTW =MD, 28, 30, HMUIC 43 DIEIIIABEZE 29 & FE—
M 7S,9S,13R L4 L 1= (Figure 3.56),

5
3 0 o PRI ‘___,};T"_\. e
2qb /[ 250 300 350 400 450
\
N/
-5 4
---- 28 (exptl)
| p — 29
a0 di fi (exptl)
‘ J — = 30 (exptl)
” -------- 43 (exptl)
-5 L

nm

Figure 3.56. Experimental ECD spectra of hypascyrins D (28) and E (29),
ent-hyphenrone J (30), and hyphenrone K (43)
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Table 3.8. 'H and 3C NMR data for major tautomer (25a) of hypascyrin A (25) in CD3OD.

25a
position Bce H? (Jin Hz)
1 109.3 -
2 191.2 -
3 113.5 -
4 179.6 -
5 59.1 -
6 198.9 -
7 41.9 3.84 (1H, brs)
8 120.9  4.88 (1H, brs)
9 73.7 -
10 278  1.20 (3H, s)
11 37.2 1.86,1.79 (each,1H, m)
12 24.0 2.39, 2.02 (each, 1H, m)
13 144.9 -
14 36.2 2.21 (1H, sept, 6.8)
15 232 0.97 (3H, d, 6.8)
16 23.1 0.97 (3H, d, 6.8)
17 203.1 -
18 49.7  2.90, 2.83 (each, 1H, dd, 13.1, 7.0)
19 27.2  2.11 (1H, m)
20 222 1.03(3H, d, 6.5)
21 21.9 1.03(3H,d, 6.5)
22 40.6 255 (2H, m)
23 120.0  4.85 (1H, t, 8.0)
24 135.7 -
25 182 156 (3H, s)
26 26.2 159 (3H, )
27 38.4 2.61(2H, m)
28 119.6 4.82 (1H,t, 8.0)
29 135.1 -
30 18.2 1.55(3H, s)
31 262 1.59 (3H, s)

aRecorded at 125 MHz. ® Recorded at 500 MHz. 'H and "C NMR data for corresponding signals of
prenyl groups {(C-22 to C-26) and (C-27 to C-31)} may be interchangeable.
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3) Hypascylin A-E (25-29) % U' ent-hyphenrone J (30) DA S RLICEET £

Hypascyrin 8 & S8 D& #H 9 5 hyphenrone J D T A SRR A. Yao HIZL ViR
BENTHY. hypercalin C RUT7 VILEDEENEL 55EZILEYD cyclopentane Ei 5
DEBEICIVYEEREIND EEZ DN TS %8 (Scheme 3.5), 5[], BEf L 1= hypascyrin
FERBROBBICKY ., EERSNILEHELTLD, BH. EAKABMAD—D L LTE
Z bh 5 hypercalin C DI IARE (FHEIER X BBEBTICLVEIDONTEY 8,
4 [ElJRE L 7= hypascyrin E (29) @ 13 S1MDIL{KIL. hypercalin C DIL{k 88 &tz L TLVS
ZENBIXHIND,

hypercalin C R = j-Pr
(8S,9R,13R)

hypascylins A (25) R =i-Bu hypascylin D (28) hypascylin E (29) R = i-Bu

B (26) R = i-Pr ent-hyphenrones J (30) R = i-Pr
C (27) R = sec-Bu

Scheme 3.5. Possible biogenetic pathway of of hypascylins A-E (25-29), and
ent-hyphenrone J (30)
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55 4 IH EWIEEETE

1) BEE T

5E., BEEELEIEEYD S bHIRIEEY hyperdioxane A (17). B (18). RU F (22). (+)-
sampsone B (24). hypascyrin A(25). C(27). E(29). ent-hyphenrone J (30) IZhnz . BE%N
it &% eremophil-9,11(13)-dien-8B,12-olide (31). ifi ' IZ hyphenrone K (43) DLV T
Escherichia coli, Staphylococcus aureus (MRSA). Staphylococcus aureus (MSSA)., B U
Bacillus subtilis =3t 2B E M T o=, ZTDFER. 25, 27, 29, 30, FNIZ 43 A
S. aureus B U B. subtilis IZxt L THEEEZRT CEMNBELMNITE o1,

25 R=j-Bu 29 R=j-Bu
26 R =j-Pr N 30 R=j-Pr H
27 R = sec-Bu 43 R = sec-Bu 17
Meo 9 Meo § PN
0 (ONg (o)
(¢}
MeO (6) OMe MeO (o) OMe 22 R=H H
18 OR 24 R=Me 31

Figure 3.57. Compounds evaluated their anti-bacterial or anti-HIV or cytotoxicity or
anti-inflamattory activities.

Table 3.9. Antibacterial activity (uM) of isolated compounds from
the roots of Hypericum ascyron.

strain 17 18 22 24 25 27 20 30 31 43
Escherichia coli (7=4) MICso >64 >110 >110 >110 >64 >64 >64 >64 >110 >64
Staphylococus aureus MICsg 4 8 2 4 2
(MRSA) (n=7) MIC range 04 =10 >110 >110 5 45 42 4 M0 45
Staphylococus aureus MICsg 4 8 2 4 2
(MSSA) (n=5) MICrange 10 >10 >110 >110 4,8 45 24 M0 45
Bacillus subtilis (n=1)  MIC >110 >110 >110 >110 4 4 2 4 >110 1

2) fA HIV /&S

Hyperdioxane A (17). B(18). F (22). (+)-sampsone B (24). hypascyrin A (25). B (26).
E (29). ent-hyphenrone J (30). hyphenrone K (43) M#i HIV ;&1 % 14 L 1=, Hyperdioxane
A (17) 45 HIV EHER LA (ICxo 53 uM, T1 7.2). ZOHE1=v FTH 3
hyperdioxane B (18) [IR& M ofzZ &M b, 17 D HIV FHERBRICIETILET 45/
T4 REERXTIRVEDEEHRBENEETHD Z ENRE STz, (Tl = CCsol/lCso)
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3) HEEEEMR (A549, Hela, and MCF7) 239 5 Ml it

Hyperdioxane A (17). B (18). B U F (22), i IZ (+)-sampsone B (24) D E KRS
EEEMAE (A549. HelLa. MCF7) %9 5 1&5EHNHI3N R % ¥4 L 1=, Hyperdioxane B (18)
A A549, Hela., MCF7 fifa(<xt L. HIEEDIBIEIFHEMEZR L 1= (Table 3.10),

Table 3.10. Cytotoxicity of 17, 18, 22, and 24 against human cancer cell lines (ICso in uM).

Cell line 17 18 22 24
A549 >50 164 >50 >50
Hela >50 143 >50 >50
MCF7 >50 179 >50 >50

4) RIS X B REE T

Hyperdioxane A (17). B (18). BT F (22), MiTr[Z (+)-sampsone B (24) ® LPS Flli#I<
53007 T7HBEKILD IL-BREICH T HHMFINREZTMLI-. TOHRE.
hyperdioxane B (18) n 125 yM DEE (S 05 ) THREFEE77.7 %) I2HWLTIL-1B
ORBEINHEESE (79.5 %iH) 2R HERRRENGEET 5 EMNRE STz (Table
3.11),

Table 3.11. Inhibitory effects of 17, 18, 22, and 24 on IL-1B production
from LPS-stimulated microglial cells at 12.5 uM.
17 18 22 24

IL-1B production (%) - 795 293 8.2
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E3E ERMBEKRDIFREA O TR DILEEE
5 1IE - R

EHRUEDE (1.1 kg, dry) & MeOH THIH L. 396 g DMEMEEH -, HEI XX % n-
hexane & K THHEE L 1=, HH#E % SiO, 15 L., Toyopearl HW-40, 7 5 U< MCI gel CHP-
20P HSLERWTHEYIRLDEE LT-%. hyperolactone B ELEN &5~ CNOHDE
9% ODSHPLC %2!) %)L HPLC THRE L. 8 FEDHR A O T /LR merohyperin A-C
(48-50) . 4-epi-hyperolactone A-C (51-53) . hyperolactone E (54). it U [Z 4-epi-
hyperolactone E (55) &#I(Z 7 FEDEEEN A OTILR > (56-62) Z#HEfE L f= (Scheme 3.6
and Figure 3.58),

leaves of Hypericum chinense (1.1 kg, dry)
| ext. with MeOH

MeOH ext. (396 g)
partit. between n-hexane / H,O

| I
n-hexane-soluble fr. (77 g) H,O-soluble fr.
SiO, cc (n-hexane / EtOAc)

Toyopearl HW-40 cc (MeOH / H,0)
MCI gel CHP-20P cc (MeOH)
ODS HPLC (MeOH / H,0)

SiO, HPLC (n-hexane / EtOAc)

q )

leaves of Hypericum chinense
collected at Tokushima Pref.

merohyperins A (48, 13 mg) hyperolactone E (54, 3 mg) 7 known meroterpenes
B (49, 2 mg) 4-epi-hyperolactone E (55, 0.3 mg) 56 (8 mg)
C (50, 36 mg) 57 (2 mg)
4-epi-hyperolactones A (51, 30 mg) 58 (645 mg)
B (52, 104 mg) gg g? :g;
G 1% 5 mo) 61 (45 mg)
62 (7 mg)

Scheme 3.6. Isolation of merohyperins A—C (48—50), 4-epi-hyperolactones A—C (51-53),
hyperolactone E (54), and 4-epi-hyperolactone E (55) from the leaves of
Hypericum chinense.
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%218 BAEEYDEE

BB L-BE%0 A 0T LR biyouyanagin A (56)858 X 1) B (57)878, hyperolactone A-D
(58-61)84, it U¥(< 5,6-dihydrohyperolactone D (62)8 M#&iE & KIEANRY MILT—4 & Xk
[E& #9552 & TRE L= (Figure. 3.58),

biyouyanagin A (56) biyouyanagin B (57) (-)-hyperolactone A (58) (+)-hyperolactone B (59)

/O
o}
(-)-hyperolactone C (60) hyperolactone D (61) 5.6-dihydrohyperolactone D (62)

Figure 3.58. Structures of known meroterpenes isolated from the leaves of
Hypericum chinense.
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% 3I1F IWHEAOTILRY (48-55) DS
1) Merohyperin A—C (48-50) MDi&:&EAZ4T

Merohyperin A (48) [FJt25E M {[0]?b —43.5 (¢ 0.25, MeOH)} LEERKRYPEL LTH
bitz, HRESIMS DOfEfTIZ& Y. 7FK % CisHisO0s EIRE LTz (m/z 283.0938 [M+Na]*,
A-0.8 mmu), IR AR FLTIEFEHDAIILAR=)LE (1780 BT 1668 cm™) 12 & B IRIRA
ATz, ' HNMR AR LTI 1EOZ7zZLE, 1EHOE FOXIE, 1HOE
ZILE, 2D spP AFLU. 1 BEDAFILEDS T FILHERI S - (Figure 3.59 and
Table 3.12), C NMR ARY ML TIX 2D AR ILikFE 1ED spP MFRFESH
15 EDRFD LT FILHER ST,

12
15 14 ’ 8a 8b 5a 5b
13
Ll wi 1Ml A
JL_M ] )
T T T T T T T T T T T T T T T T 1
8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 ppm

Figure 3.59. '"H NMR spectrum of merohyperin A (48) (500 MHz in CDCl3).

H3-9/C-2, C-3., C-4., & U C-8 [El. Hx-8/C-7 [l HMBC #HBEA 5. y-lactone DPILIZ
AFLEEEDLENES LIS %L HE LT (Figure 3.60A), —4. H-11 (H-15)/C-
6 fil HMBC #BRB8 & Y benzoyl D FFEMBH S M E 7% o1z, y-lactone &4 & benzoyl E A
SPPAFLUENLTHET S %, H-5/C-4, C-6, LU C-7 [EID HMBC #HEEH. Ha-
5/H-11 (H-15) B NOESY A 5 IRE L1=,

®) L

NP

I A AN
o e S, ki
1.1 N ¢ Y g ;)
= H-TH COSY ° U’T’ L @
— HMBC e /
48 <--= NOESY 48 <--= NOESY

Figure 3.60. (A) Selected 2D NMR correlations; (B) selected NOESY correlations (protons of
methyl groups are omitted) and relative stereochemistry for merohyperin A (48).
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LI E DA 5. merohyperin A (48) D E#EIE % Figure 3.60A [CRLI-BELREL
f=o & BIZ. H-2/H-8B. H-2/H-5a, H-2/H-5b. H3-9/H-8c.., i UM H3-9/H-8BfE I NOESY #H
AR IN-ZEMND, OH-4 & Hs-3 [FWVT B aBtBETH S EHTE L. merohyperin A
(48) MR ITIAEZIE % Figure 3.60B IZRIELELIZFE L 1=,

Merohyperin B (49) [EHZ5EME {[0]®o +20.3 (¢ 0.09, MeOH)} A EAIERERMEDEIR &
LTHEBHN. HRESIMS DEEIZK Y. 2FHK%E CisHisO2 £EIFE L = (m/z 251.1050
[M+Na]*, A+0.2 mmu), IR R X% kL TIE, £EAILKRZILE (1660 cm) [ZE D < BRURA
BRlESNiz, 'HEIU BC NMR AR bbb 1 HOT7z=ILE, 1 HOAHILRZILEK
I EO=ZBHRAL T4 1HOEZILE, 1 BDOAFIILE, 1 BOEKRFK. 5LU 2
B®D sp® A FLUOFEMNRE ST (Figure 3.61 and Table 3.12),

;
/9

-
(5,
-
w
-
™~
[e2]

T T T T T T T T
8.0 75 7.0 6.5 6.0 5.5 5.0

Figure 3.61. '"H NMR spectrum of merohyperin B (49) (500 MHz in CDClzs).

1 8a 8b 4
|
T T T T T T T
4.5 4.0 3.5 3.0 2.5 2.0 1.5

T 1
1.0 ppm

2D NMR ZR%Y R LDfEHT & Y (Figure 3.62). 3-methyl-3-vinyltetrahydrofuran &4 (C-
1-C-5, C-8, and C-9) MEFHEMNTE SN, C5NH I AL T ME (5c 178.3) &Y C-5 (%
AL VRFREHBI LIz, COEHEEIL Ho-4/C-6 D HMBC #8BH. KU H-6 & Ho-
ARD YAy TYLY (J=16Hz) MBEEISh-Z EhdEXIFENT, H-11 (H-15)/C-7
D HMBC #E3 & Y benzoyl EQOBFEEMNTE S =,

= 'H-'H cosY
—> HMBC
49 <--» NOESY

Figure 3.62. Selected 2D NMR correlations for merohyperin B (49).
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= 5(Z, H-6/C-7 M HMBC #Ei& Y. tetrahydrofuran IRERHNAAL T4 2 ENMLT
benzoyl £ &HEET 5 EMNBALMIZA o 1= (Figure 3.62),

Merohyperin B (49) ® enone &% (C-5-C-7) M s-cis EE& %#. H-6/H-15 (H-11) E®
NOESY #BIZ &k YR LTz, —A. Hx-4/H-6 [EIZ NOESY HHEMN BRI S high oz Z &hH
5, ZEREDTA A N)—% E L#E LT (Figure 3.63), CDOTH A M) —%HRT S
=6, 49D BCHIALLT FOERAEZ DFTRICKVYHEL: EFRE LUV ZADEE
ELE LT, RAELHBEEDEN SKDI= MAE & K U DP4 probability 1§ E A% X #
L71=1=& (Table 3.11), 49 O C-5/C-6 BN _EHEEDTH A b —% E L#EHR/ LT,

(E)-49

—--» NOESY
Figure 3.63. Two possible geometric isomers {(E)-49 and (Z)-49} of merohyperin B (49).
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Merohyperin C (50) IFEEHKMEL L THE oM. HRESIMS OfEH &Y. 50 DHFX
% C13H2003 EIRE L 1= (m/z 247.1300 [M+Na]*, A-1.0 mmu), H EL U °C NMR R R %
FPLTE1EODLARZILRER, 1EAOZEBRF LI 1HOFFIAFLY, 1ED
EZILE. 1D sec-TFILE., BLU 1 HEDOAFILEDLTFILAENETN—xT DI
#BAlESN1=& (Figure 3.64 and Table 3.13). AMLEMIFIEY OORILLFTERBZIZTE
AL, PTRTLAT—EEY (50a and 50b) &% 5 EMNTREEINT-, LT,
merohyperin C (50) DEERTEI ST AT LA I—REEYDARY MLEARAWTITo 1=,

12
12|14

65 " 92 9
1}y Qa\ /gb 13a

22 11 L 43p

1 e 0 P
T T T T T T T T T T T T
7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5

1.0 ppm

Figure 3.64. '"H NMR spectrum of merohyperin C (50) (500 MHz in CDCI3).

'H-"H COSY & HMBC +HEADfEHT & Y. 50 [ 3-furanone @ C-7 [Z sec- T FILEMES
LBt s aT 5o EMBELMER 1= (Figure 3.65), & 512, Ha-10/C-2. C-3. C-
9. BLUCA4HEODHMBC BB LY., EZILE, AFIIE, BoUICE FAF I AFILED
mfkxRFE (C-3) #NM LT C4 ITHEET HEMERLIz. LLLDOEHIZK Y. merohyperin C
(50) DEEFEEZBM A OFILRY (-)hyperolactone A EHBOEHHEEZHIT S
Figure 3.65 IZ7R L F-18E&ICIRE L 1=,

12 = H."H cosy
50 —> HMBC (-)-hyperolactone A

Figure 3.65. Selected 2D NMR correlations for merohyperin C (50).
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(-)-Hyperolactone A M #fxt T {ABE L. Kinoshita > DEAHMEIZL Y 3S,4S,11R TH
B EDBALMZETNTLNS 107, (—)-Hyperolactone A Z MeOH/H20 #1 K,CO; THLEE L 1=
& T A, 50c g iz, 50c & merohyperin C (50) @ 'H NMR AR MLEHET B &
m&EIE—E L (Figure 3.66). LLIEXELELDETH =2 M5 {[0]*p +47.2 (¢ 0.03,
MeOH) for 50c¢; [a]?p +32.2 (c 0.25, MeOH) for 50}, M&E(XR—DILEMTH D LEHRL
fzo KL EDfEHTA 5 merohyperin C (50) D#ExIILAEZE % (-)-hyperolactone A & E—®D
3SR L& L T=,

"H NMR spectrum of 50c (derived) (CDCl;, 500 MHz)

- LA I " . JL

"H NMR spectrum of 50 (natural) (CDCl5, 500 MHz) 0

1"
HO
mmL_JJL 50 (natural)
| My M
T T T T T T T T T T T T T 1
7.0 6.5 6.0 5.5 5.0 45 4.0 3.5 3.0 25 20 15 1.0  ppm

Figure 3.66. Comparison of "H NMR spectra of derived (50c) and natural (50) merohyperin C.
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Table 3.12. 'H and '®C NMR data for merohyperins A (48) and B (49) in CDCls and
calculated '3C NMR data for (E)- and (Z)-49.

48 49 (E)-49 (2)-49
(expt) (expt) (calcd) (calcd)
position BCa "H? (Jin Hz) BCa "Ho (Jin Hz) 8C 8C
1 116.3  5.26 (1H, d, 11.1) 114.0 5.16 (1H, d, 17.6) 116.9 117.2
5.22 (1H, d, 17.6) 5.13 (1H, d, 10.1)

2 137.7 5.80 (1H, dd, 17.6, 11.1) 141.3  5.91 (1H, dd, 17.6, 10.1) 142.2 141.6
3 49.3 - 44.0 - 40.2 39.4

4 78.3 - 443  3.26, 3.22 (each 1H, dd, 38.8 39.8

18.2, 1.6)

5 36.6  3.37,2.97 (each 1H, d, 17.0) 178.3 - 179.1 168.4

6 201.3 - 96.2  6.55(1H,t, 1.6) 97.4 102.2
7 176.0 - 190.3 - 186.6 191.3

8 748  4.31,4.19 (each 1H, d, 8.5) 80.6 4.1, 3.99 (each 1H, d, 8.5) 72.9 74.2

9 155 1.27 (3H,s) 227 1.26 (3H,s) 17.6 16.9
10 136.6 - 139.7 - 138.8 139.4
1 128.3  7.92 (1H, d, 7.8) 127.6  7.91 (1H,dd, 7.7,1.4) 129.7 130.1
12 128.8 7.49 (1H,t,7.8) 1284  7.44 (1H,t,7.7) 128.9 128.2
13 1342 7.62(1H,t,7.8) 131.8  7.50 (1H, tt, 7.7, 1.4) 1321 131.7
14 128.8  7.49(1H,t,7.8) 128.4 7.44 (1H,t,7.7) 128.4 127.1
15 128.3  7.92 (1H, d, 7.8) 127.6  7.91 (1H,dd, 7.7, 1.4) 128.2 131.3

4-OH - 6.04 (1H, brs)

MAE ¢ 23 3.3
DP4¢ 100 % 0 %

aRecorded at 125 MHz. ? Recorded at 500 MHz. ¢ Mean absolute error. ¢ DP4 probability.

Table 3.13. 'H and '*C NMR data for epimers of merohyperin C (50) in CDCls.

50a 50b
position BCa "H? (Jin Hz) BCa "H? (Jin Hz)
1 116.8 5.20 (1H, d, 11.1) 115.3 5.20 (1H, d, 11.0)
5.17 (1H, d, 17.6) 5.18 (1H, d, 17.6)
2 136.4 5.78 (1H, dd, 17.6, 11.1) 139.3 5.86 (1H, dd, 17.6, 11.0)
3 46.0 - 45.4 -
4 89.1  4.48 (1H, s) 883  4.56 (1H, s)
5 204.8° - 204.7° -
6 103.8 5.4 (1H, s) 103.8  5.45(1H, s)
7 198.9 - 198.9 -
9 67.6° 3.80, 3.64 (each 1H, d, 11.6) 67.5¢ 3.75, 3.66 (each 1H, d, 11.5)
10 185  1.23 (3H,s) 147 1.03 (3H, s)
1 37.2 254 (1H, qt, 7.1, 7.1) 372 256 (1H, qt, 7.0, 7.0)
12 17.2¢  1.19(3H,d, 7.1) 16.9¢ 1.22(3H,d, 7.0)
13 27.0 1.68, 1.53 (each 1H, m) 27.0 1.69, 1.55 (each 1H, m)
14 114" 0.93 (3H, t, 7.4) 1.3 0.95 (3H, t, 7.0)
9-OH — 3,28 (1H, brs) — 3,16 (1H, brs)

2Recorded at 125 MHz. ? Recorded at 500 MHz.
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2) 4-epi-Hyperolactone A—C (51-53) Di&&EfZHT

BE&N A O F LR > (-)-hyperolactone A (58). (-)-hyperolactone C (60). ifi TNIZ (+)-
hyperolactone B (59) I£. ZhEZENT7 I EE L Tsec-TFILE, ZJxZ)LE, i-7OENL
HEZBLTEY. 58 RV 60 DIEXIKEEIL 35,4S THAHDITx L. 59 DX AR E
(X 3S4R TH B, hH. 58-60 DIEXMIAEEZELBEIFXEEMICELY ., EREIhTL
é ‘1070

Hyperolactone A-C (58-60) @ '"HNMR AR kL% BT 5 &, 58 & 60 D H-9a & H-
b DTIAILLT MEDEIZFLWTNLE 0.9 ppm THAHDIZX L. 59 TIFH 0.4 ppm T
%% (Figure 3.67), § 4t 5. hyperolactone 8T, H-9a & H-9b DSAEH$I 0.9 ppm D
8. TOEMILAREIL3S A4S THY . SAEHLH 0.4 ppm DIZE. IS AR EHET ST
EMTED,

"H NMR spectrum of 58 (CDCl;, 500 MHz)

A30.9

[

"H NMR spectrum of 59 (CDCls;, 500 MHz)

; [

"H NMR spectrum of 60 (CDCl;, 500 MHz)

A50.9

T T T T T T T T T
75 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 ppm

Figure 3.67. '"H NMR spectra of hyperolactones A—C (58-60).
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4-epi-Hyperolactone A-C (51-53) D5 F L. HRESIMS & Y ZhFh hyperolactone A-
C (58-60) ERE—T&Hd - EMNREEINT- {m/z 273.1092 [M+Na]*, A-1.1 mmu for 51; m/z
259.0911 [M+Na]*, A—3.5 mmu for 52; m/z 293.0832 [M+Na]*, A—4.2 mmu for 53}, 51-53 M
"HNMR AT LI HAO D72 ALY T MEZRE, 58-60 DHLDEZTNENFELLT
LV (Figures 3.68 and 3.67, and Table 3.14), 3 &5, 51 KU 53 M H-9a & H-9b MSA
EAHY 0.4 ppm THY . 52 DSAEHAHI 0.9ppm THoE=Z &M, 51-53 [ 58-60 D 4 L
IEYX—THAZENTREINT, BH. 510 1N UOBENIAREIXRET S LMNTE
mh ot

H NMR spectrum of 51 (CDCl5;, 500 MHz)

1 43
8 1 £50.4
<>
JJ‘ 9a ob 1|2b
2 12
il [ an l
10
"H NMR spectrum of 52 (CDCl;, 500 MHz) '72,13

H NMR spectrum of 53 (CDCl;, 500 MHz)

4

6 4
1 -
A50.4 13 7—0O
12
13 16 € > 14 6 O//—
15 oa 53
14 5 15 L—J‘\
T T T T T T T T T T T T T T 1
7.5 7.0 6.5 6.0 5.5 5.0 4.0 3.5 3.0 25 2.0 15 1.0 ppm

Figure 3.68. '"H NMR spectra of 4-epi-hyperolactones A—C (51-53).
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#: LV T, 4-epi-hyperolactone A-C (51-53) DR IARBEZIRET 51=HIZ. £ YHES
2FDITF UFAT—DECD ARV MLEEFTE L EAME & LLER LT (Figures 3.69-3.71),

4-epi-Hyperolactone B (52) MEAIEIE (3S4S)-ANFTEEE R RIEL TV =18, 52
DIEXILABCE % 35,4S £ HETE L= (Figure 3.69),

20

40
—— 52 (exptl)
- - - (35,45)-52 (calcd)
10 1.~ r 20
\ KN - — - (3R.4R)-52 (calcd)
!
= / ‘\ ! . T
Q \TaY ! N e Ee— %
o 0 - T S———= o 8
‘: 200 I 250 z 00 350 400 "‘;
< ‘\ ! / <
! 1/
104+ r-20
(35.48)-52 (3R.4R)-52
20 B3LYP/6-31G(d)//B3LYP/6-31G(d)

-40
nm

Figure 3.69. Experimental and calculated ECD spectra of possible enantiomers
{(3S,4S)-52 and (3R,4R)-52} of 4-epi-hyperolactone B (52).

4-epi-Hyperolactone A (51) MERECD ARX%Y bJLE (3S4R,11R)-51 R U (3R,4S,11S)-
51 OFtEMEE LB LIz, LML, BIEEVWTIAOIF U FAI—DFEBEE—HET.
51 DRI AREZIRET 5 Z LA HRLEH o7 (Figure 3.70),

20

40
—— 51 (exptl)
w0l o - = - (354R1R)-61 (caled) | o
- = - (3R.45,115)-51 (calcd)
= =)
g g
@ 0 SR ~ 0
- 2o [ 250 ;7 300 350 a0 =
< ' ! \ ’ ]
\
' v
10{ 7 ~7 b 20
(35,4R,11R)-51 (3R,45,115)-51
B3LYP/6-316(d)//B3LYP/6-31G(d)
-20

-40
nm

Figure 3.70. Experimental and calculated ECD spectra of of possible enantiomers
{(8S,4R,11R)-51 and (3R,4S,11S)-51} of 4-epi-hyperolactone A (51).
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4-epi-Hyperolactone C (53) ICDWTHREERICEY 552D T+ F4 <7 — {(3S4R)-
53 XU (3R,4S)-53} M ECD ARY MILZEFHEL., EAEEL L&KLz, LML, EiEZE
BRI IHEMEEBRIENTES, EAIARREZRET 5 LS HELEM o1 (Figure
3.71),

30 40
— 53 (exptl)
Loy === (384R)
L I K \ 53 (caled) [ 20
hY
= VO /J\ =)
= -~ B\
o \ - - o
$ 0 A — — N 0o g8
T o~ 250" 300 ¢ NS a0 =
< 0 Prd \ ’ ]
Lo \ V4 A /
PP “o_.' —-- (3R4S) L 20
-53 (calcd) (35,4R)-53 (3R,45)-53
B3LYP/6-31G(d)//B3LYP/6-31G(d)
-30 -40
nm

Figure 3.71. Experimental and calculated ECD spectra of possible enantiomers
{(3S,4R)-53 and (3R,4S)-53} of 4-epi-hyperolactone C (53).
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4-epi-Hyperolactone A (51) & U C (53) DEXHAILIAEZE Z ECD ARV MLDEFREEL
FAMEOLETIIIRET S ENTEEMN >, VCD MEFF3 ) T4 —EIZKkDIF
BERA-, FAIZ. BEE A OF )L hyperolactone A-C (58-60) 1= VCD B2 F¥5 ')
T4 —i% 1% ZFAL., SEIEELE-HEADOTILRY 4-epi-hyperolactone A-C (51-53)
(2%t L TARFEMERAAREMNHESE L 1= (Figure 3.72),

(-)-hyperolactone A (58) (+)-hyperolactone B (59) (—)-hyperolactone C (60)

Ae
-0.05

0.1 600 0.1

400
200

600
400
200

M

. Dhasren Ay S o
1900 1800 1700 1600 1500 14001300 1200 1100 1000

wh San N JANM]
19037800 17001500 1500 74001900 1200 7100 1000
[em™]

fem™]

Figure 3.72. VCD spectra of hyperolactones A—C (58-60).

(-)-Hyperolactone A (58) K U* (-)-hyperolactone C (60) ® VCD XA~X% kL TIE (Figure
3.72). LWFh$ 1700 cm™" fHEICIEDRUNAY, 1800 cm~' ICEDRINMNERI S - & h
B SMANLRIILEE BHAILRZILBEOBERIBIEFE— 2~ FO_EALKEEY TH
B EMNBALMNEL Tz, COFERIE, 58 & 60 DIERIIAEEZ VT Nt 354S &ERE
L1=. —7A. (+)-hyperolactone B (59) ® VCD A4S KL TIE, 58 U 60 & IEEMHDE
IRAVERBI &4 (Figure 3.72), 5L HILARZILEE S LAILKRZIIEDERIIBFE—A
FO—EHANRKEEY THAEICE, TH4HE 59D ISAREEZTE LT,

NLDMIIAREFRESNERELR—TCTHo-ZEMB. VCD MEEFXFIUT
4 —RIT S E BB L =33 A 0T ILR > 4-epi-hyperolactone A-C (51-53) Dt 1 {AElE
DIFBICERAARETH S & HIBL 1=,
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(HR)
VCD e FF35 VT4 —& 18 2D\ T

VCD (F, THRNAZBHEIRY ML EFFEN, FONERICRIRE L DX 5 LEHRS TOBERFTICH
WohTWd, ZTOERBEEIITT S/ BOBESRESOERNEORATRILEY LT EKRATH S, VCD
DISABELTHRLEICAVLATVSDAEMNIAKREEDRETHY . BRIAEICEIYKRD-FHEBE
FAEDOLEICE>T., TORAIAEREZRET S ENTARTHD, HE, JYRAKOBVFERL
LTAESICKYRIBSN-FENVCD BIEBFFS) T4 —ETHS.

VCD fIEFFF V) T4 —&TIE, ALRZIEZHRERAL LTAN., —EAOREAOERERE— AV
FORLAICEYRFIAREZIRBET S ENTES, THHE, VCD ARY MLTERRAICEDE
—7. BERAICADE—VHABRASNIZIEE. FlMLRICAN > THIHEYICRESIN TSI EMN
whd, —AH. BERAICEDE—Y. SERAICEOE—IHBIAIAIZGEEE. ZBAOE—A 2 ME
FAHDSHEICE, > TRIFETERVICEBESA TS Z LA MNDE, EBDESIZ, AR FLD/SFZ—2
Mo —EORBEADIARMGMERFRABRLGAELGY ., BMIARELZIRRT S ENTED, F=. %
BRICHALRZILZRAWVWDERE LT, thOEEEEN S LIZEAICRORIRERT Z &P, BERNE
FE—AY M C=OBEICIFFHTICHEET HEVS T ENBITF LN D,

clockwise twist  counterclockwise twist
(0°<e<+180° (- 180°<0<0°

high v[ecm™] low  high v[cm'] low

The signs of the couplet depend on the screw sense of the two electric dipole transition moments08,
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4-epi-Hyperolactone A-C (51-53) ® VCD R X% kL% Figure 3.73 2R3, 4-epi-
Hyperolactone A (51) U C (53) ® VCD AR kLI 1700 cm ' fHEICEDE—Y %R
L. 1800cm M IZIEDE—% #x L1z, —7A. 4-epi-hyperolactone B (52) @ VCD AR +
JLIE1700cm ' fHEICED E—Y R L. 1800cm [CEDE—V &R LTI, COHEEM 5.
SEANRIIEE BHAILRZIJILBEDOBERIBFE— A2 FOZEAN 51 XU 53 Tl
REFETEIY . 52 TEHEEFEY THLHZ EMNHELMNELRY ., 51 RU 53 DEXIIIAEEZ
3S4R LIRE L. 52 DX ILIAELE % 3S,4S LIRE L 1= (Figure 3.73), % &. VCD i
FXT)T4—ETIE, 520 C-11 DAL RREZRET S ENTELEM -1,

4-epi-hyperolactone A (51) 4-epi-hyperolactone B (52) 4-epi-hyperolactone C (53)

T
005 |- i L

Ae 0 Ae f
005 | i L

o1l R | 00

- 400

- 200 200

190013001700|50015001400|13D01200|1001Dﬁﬂ o 1900 1800 1700 1800 1500 1400{\300120“ 11001000 ° 190013001700160015UU1400;‘300120011001000
- [em] [em™]

600
400

600
400
200

Figure 3.73. VCD spectra of 4-epi-hyperolactones A—C (51-53).

4-epi-Hyperolactone A (51) B U C (53) (FEEICE2ERICK VRESN TSN 17, XA
NoDHEEEIHDTORETH S, SE. BHEELI=51 D IDNMR T—RIEARTBICL-T
wESNT= (3S4R,11R)-hyperdioxaneAD £ D 1070 L —F L TWWV=Z &b, 51D 1 4L
DIEFIFEEZ R LIRE L=,
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Table 3.14. 'H and '®C NMR data for 4-epi-hyperolactones A—C (51-53) in CDCls

51 52 53
position BCa "H? (Jin Hz) BCe "H? (Jin Hz) BCa "H? (Jin Hz)

1 1159  5.30 (1H, d, 10.7) 118.8  5.27 (1H, d, 10.4) 116.2  5.37 (1H, d, 10.8)
5.27 (1H, d, 17.6) 5.23 (1H, d, 17.1) 5.34 (1H, d, 17.2

2 136.8 5.93 (1H, dd, 17.5, 1344 5.92 (1H, dd, 18.0, 136.9 6.06 (1H, dd, 17.2,
11.1) 11.5) 10.8)

3 48.4 - 48.4 - 48.9 -

4 91.7 - 92.5 - 92.3 -

5 197.4 - 197.4 - 196.6 -

6 102.3  5.43 (1H, s) 1011 5.37 (1H, s) 100.4  6.04 (1H, s)

7 200.4 - 201.0 - 187.4 -

8 168.0 - 168.0 - 168.1 -

9 732 4.71, 4.46 (each 1H, 74.0  4.89, 4.04 (each 1H, 73.4  4.78, 4.38 (each 1H,
d, 8.4) d, 8.5) d, 8.6)

10 172 124 (1H,s) 197  1.41(3H,s) 156  1.30 (3H, s)

11 37.3 2.67 (1H,tq, 7, 7) 30.4 2.84 (1H, sept, 6.8) 127.7 -

12 271 1.74, 1.61 (each 1H, 19.3 1.28 (3H, d, 6.8) 127.5 7.85 (1H, br d, 7.8)
ddq, 14.0, 7.3, 6.5)

13 113 0.98 (3H,t, 7.5) 194  1.27 (3H, d, 6.8) 1291 7.52 (1H,1,7.8)

14 15.4 1.27 (3H, d, 6.9) 133.6 7.61 (1H, brd, 7.8)

15 129.1 7.52 (1H,t,7.8)

16 7.85 (1H, brd, 7.8)

aRecorded at 125 MHz. » Recorded at 500 MHz.
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3) Hyperolactone E (54) KU 4-epi-hyperolactone E (55) Di&&EREHT

Hyperolactone E (54) & 4-epi-hyperolactone E (55) [FF N EFNNZEF ML {a]?'s -
248.6 (c 0.20, MeOH) for 54; [a]?*> +130.5 (¢ 0.02, MeOH) for 55} 77 & IEFE R D EIAR &
LT/ N, HRESIMS O &Y. DFRIELTNIE CiuH1s0s THAHZ EMNBHLME
Z o1z (m/z 273.1132 [M+Na]*, A+2.9 mmu for 54; m/z 273.1107 [M+Na]*, A+0.4 mmu for
55), 54 & (-)-hyperolactone A (58) @ '"H NMR A% kJLIZEELLL TLV=AY, 54 Tl 58
D sec-TFILEIZRDY - TFILEDLTFILHER S NT=1=8 (Figure 3.74 and Table
3.14). 54 DIEEZ 58 D sec-TFILEICRD Y., - TFILEZETIRETHDHLEHEL
tzo EBISCHZO DT I ALY T MEDEMN09ppm THo1=Z &M D, IS ARTERE ZHE

EL

|

T=o

9b

|

X

L

1344

T T T T
7.0 6.5 6.0 5.5 5.0

T
4.0

T
3.5

T
3.0

T T T
25 20 1.5

T
1.0

Figure 3.74. '"H NMR spectrrum of hyperolactone E (54) (500 MHz in CDCls).
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Figure 3.75. '"H NMR spectrum of 4-epi-hyperolactone E (55) (500 MHz in CDCls).
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—7.55 &£ 54D HNMR ARY MLIEH-9 DT FILERE FBEL TV = &M D,
MBIFAMOTRATLAT—DOBERIZHHILEMTH S L H#E LT (Figures 3.75and 3.74,
and Table 3.15), 54 KU 55 D TFEIEEILZFE 2D NMR ARY MLOBIMALHLXZFIL
1= (Figure 3.76),

= "H-"H cosy
54 and 55 — HMBC

Figure 3.76. Selected 2D NMR correlations for hyperolactone E (54) and
4-epi-hyperolactone E (55).

#EL VT, hyperolactone E (54) D#ExIIIAERE VCD BIEFFZ T4 —i& 1% IT& YR
BLTz. 54 M VCD ARY FILIZEWNT, 1700 cm™ fHEICIED YR, 1800 cm™ IZE DK
AR SNz ZEND SUAILRZNWNEL BHALRZJLEDESIBFE—A 2 D
“HEAIIFEEY THHSZ EMNHIBALz, ULEDFEERL S, hyperolactone E (54) D#ExtsL
KEZE % 3S5,4S LIFE L1z (Figure 3.77),

0.1 1000

005 | VCD 1
800
Ag 0L
4 400
005 |- IR

o

il L L 1
9001800 1700 1600 1500 1400 1300 1200 1100 1000 0
[em”]

Figure 3.77. VCD spectrum of hyperolactone E (54).
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—7. 4-epi-hyperolactone E (55) [LHEBEEMN DT VCD ARY MLZBRIET S5 &
HRGM o7, €I T. 55 DERECD ARY bLE VCD BEFF T 74—k Vit
XL AECE ZIFE L 1= hyperolactone B (59) M £ M &L L 1=, ME®D ECD AR kLIE
LDy FUBRERLIZZEN D, 55 DIMXILAEEZ 59 LE—0 3S4R EHEE L
f= (Figure 3.78),

10 —— 55 (exptl)
—— 59 (exptl)
5 1 /\\A
Jo0 - —
200 250 300 350 400

nm

Figure 3.78. Experimental ECD spectra of 4-epi-hyperolactone E (55) and
hyperolactone B (59).

Table 3.14. 'H and '*C NMR data for hyperolactone E (54) and
4-epi-hyperolactone E (55) in CDCls.

54 55
position BCa "H? (Jin Hz) BCa "H? (Jin Hz)

1 1191 5.28 (1H, d, 11.3) 116.0 5.27 (1H, d, 17.5)

5.24 (1H, d, 17.3) 5.30 (1H, d, 11.0)
2 134.4 5.94 (1H, dd, 17.3, 11.3) 136.7 5.93 (1H, dd, 17.5, 11.0)
3 48.5 - 48.6 -
4 92.9 - 91.9 -
5 197.4 - 197.3 -
6 104.1  5.38(1H, s) 104.1  5.45(1H, s)
7 195.4 - 195.6°¢ -
8 168.1 - 168.0¢ -
9 74.2 4.89, 4.04 (each 1H, d, 8.5) 73.2 4.32,4.72 (each 1H, d, 8.8)
10 194  1.41(3H,s) 154  1.24 (3H, s)
11 39.7 2.51,2.46 (each 1H, dd, 14.7,7.3) 39.6 2.52,2.48 (each 1H, dd, 14.7,7.3)
12 26.9 2.09 (1H, m) 26.8 2.10 (1H, m)
13 22.3 1.00 (3H, d, 6.7) 22.3 1.03 (3H, d, 8.5)
14 224  1.03(3H, d, 6.7) 223  1.02(3H, d, 8.5)

aRecorded at 125 MHz. ® Recorded at 500 MHz. ¢ Detected by HMBC spectrum.
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4) Merohyperin B (49) &R U C (50). 4-epi-hyperolactone A-C (51-53).
hyperolactone E (54). i 1< 4-epi-hyperolactone E (55) MDA S RIZEET 2 EE

BE%0 4 OF )L > hyperolactone A-C (58—60) [£7 < JL CoA & 2 D Co-unit M543
FUSRAFLUICTLZLENBASAZEESRTHEE X ORFRBREICEYEERS
NBHERBEINTING 84,

4[|, B# L 1= 4-epi-hyperolactone A-C (51-53). hyperolactone E (54), ifi TXIZ 4-epi-
hyperolactone E (55) £ RI#RICEERTHEE X DR FRIRIEEICIVEEHINDIEEZDL
L%, Merohyperin C (50) (& X DiREEE P FRRIEERETEERK S, merohyperin B
(49) [T X DIFREELEBKERTEERSIND EEZ 5D (Scheme 3.7),

o O 0 O
PR Cyx2 O 0 o o

R” ~S-CoA e )J\/U\/U\
R S-Enz

Cs
—
R = sec-Bu, Ph, i-Pr, i-Bu
/ =

52 j-Pr OH -CO,
55 i-Bu L —1 OH —
58 sec-Bu (0]
60 Ph R o
X
OH
74 R o
< 51 sec-Bu o —-CO,
| RY X, 53 Ph o —
o 54 -Bu e
R a O 59 ipr R « ©

Scheme 3.7. Possible biogenetic pathway of merohyperins B and C (49 and 50),
4-epi-hyperolactones A—C and E (51-53, and 55), and hyperolactone E (54).
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INFE

$I2ZE (Hypericum ascyron) DIRE Y., 8 BOFRIOALUY-14-OA FH UFEK
hyperdioxane A-G (17-23) & U (+)-sampsone B (24). i< 6 DI PPAP THS
hypascylin A-E (25-29) &R U* ent-hyphenrone J (30) [ZiNZ. 17 DAL EY (31-47)
THEHELT,

Hyperdioxane A (17) I£IEE (21 =—% 7% bicyclo[2.2.2]octenone IREZ S ERMEBK %
BIAHRIOANL V0 A-OAXY UFEERTH D, LTEILET 4T/ 74 FEERXT
LR (31) & hyperdioxane B (18) M4+2|fFMRIGIZE Y EEREIND EEZ N, BEAL
HEMFEMEVERL-CAOEBRA=Y FIOWNT, I HAEREZSTHEEZHLMNIC
TEHIETRARY MLEBIIZEYBELEBEICFEN TN 2R LT

CNETIZKRENLGD IR A 4-OF XY UBERDOBEEEE. Hypericum BHEYD
thEEBOSMESNT 3 FIDATHD, AARICKY ., AREEDRIEIZHLEORL J-14-
XY UFEROMBERFE O LALLM LE ST,

Meo O e
OMe o= Y
° 0N X
RO 0 oM
H MeO 0 OMe OMe ©
17 18 19 R=H
24 R = Me

MeO Q MeO OH MeO Q
MeO (0] OMe HO (0] OMe R o) OMe
1

22 Ry =H, R, = OMe
23 R;=OMe, R, = H

20 2
Figure 3.77. New dibenzo-1,4-dioxanes (17-23) isolated from the roots of Hypericum ascyron.

Hypascylin A-E (25-29) XU ent-hyphenrone J (30) [FW\FhE A2 VEIE ) TR
VEVREHET S PPAP THdH, CNETICHRESNA TV -ERILEMETEN LA EDE
BHOITHONTLNEND1=H, §E., 25D ECD ARY MLOEAE L HEBED LEER VLR
EHIZKY ., TOMIILAKREELTHE LT,
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R

25 i-Bu
26 i-Pr
27 sec-Bu

Figure 3.78. New PPAPs (25-30) isolated from the roots of Hypericum ascyron.

HREORN BB LIEEMOMEFE. it HIV FE., s, B CICRREESE
ZE@ L 1=, —ER0 PPAP (25, 27, 29, 30, and 43) A% S. aureus R U B. subtilis IZxt L T
BEMZRLIZD, DRV 4A- DA XY UFBRICEIREFENRSNGE, S F2, —A.
17 (X HIV ESEZE . 18 (XEBIESMAE (A549, Hela, and MCF7) 2% 9 % hi2E D HE5E
IMHEEER VRIS T 2MREFEZ RS Z EAHLMCE ST,

€4k (Hypericum chinense) DEM B IE. 8 FEDFHIH A BT )L merohyperin A-C
(48-50) . 4-epi-hyperolactone A-C (51-53) . hyperolactone E (54). it U2 4-epi-
hyperolactone E (55) &#(C 7 DM AOTILRY (56-62) ZHEL, HEEZHLMNIC
L7=,

Merohyperin A (48) &R U B (49) (. £h Zhy-lactone & tetrahydrofuran IREH T Sk
H1I5OFHBAOQTILRUOTH D, —H. 51-55 [FHED 1,7-dioxaspiro[4,4]non-2-ene-4,6-
dione BAZHL. TNETNT VI EDEER Y C4 DM ABEENEL S A OTILRY
THd. CNLDMERIABESE ECD ARY MLOEAELEEDLLE & VCD ¥
FS5UT4—%R%ERATHZETHLMNILE, BH. 2EBMEIZELY 51-53 DEEIE
BRICHRE SN TSN, KA DEEEEHOHTTH S,

Figure 3.79. New meroterpenes (48-55) isolated from the leaves of Hypericum chinense.
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FAE WLV A XD LM S BB LR 7 MEEYDLEBEE

1) Ao LA EFYIZDNT

hoLyx bF1Y (Hypericum frondosum ‘Sunburst) (X7 A Y hA KX (H.
frondosum) @A) EFUMEBICKYVERLE-REFETHY . BEFE L THESATY
510, RIEDTAVAAXCFVE 72 9F—MO/ —XAOSAFTMNEDERT A YA,
BICOYyXF—IUIROAREDTIEFZFATES BETH/MERTHY . HELRDBERFMS
TEHLE-ERE I cm BBONSLGEEZZHOTE " DITHL, AVLYA FFYFERS
cmMBOKRELEZ DTS,

HH. MERICESHARIEITHATLEWLA, Nurkk 5IC&KE0FETIETA Y AT XY
M Branthys s.I. + Myriandra Bl I 5ES TS ¥, EVPEICHRZAL, EaZHIHN
f=&. hyperforin @ PPAP [XE&F SN TULVSH, hypericin EDF 7 +CT7 XA VIEE
BIhBGWEHRATED,

2) HEMDEHIREIC DT

EYOBBIREFFEORBILOREOERILL L L) F24 =090, B=ED
CEVWTHEDLBREAZD—DOTHY. JILEFUNIEL ED AN AT LEIRELIREN
HEICTHONA TS, KHEESROREIZ 2 EORMBICEEBARZEST 5-OICRELT
HEADOEBEHEET )L EFUF, —ATREBRPRFIBEELLZV O, JLEF U NE
[CEYEBHEDOE Y FENEMLU-EHEOMBEEERT S ENTES, £, 2LETF
VRBIZKY, RAHEBENELRTEZIEABHLHIZHE-TEY. RTET (Stevia
rebaudiana) M EHKME D & L TH 5 % rebaudioside A EEEE @ PZF=FYUD
(Catharanthus roseus) h b RH S -2 EELRENHEF E L TERSNBZECHT
LhoA FEEEERE® OEBRNMRESA TS,

Hypericum BHEYMORSAEDNDEZ FEAELTHVLOLAZEIZOVWTEZITHRTH
Y. B=REICDOVTOESHAERIEDLEN, SE. aLEFUREBICKYERSA-EHR
K38 L th D Hypericum BHEMIO R ERDZWNZEKZHS, FI82%) RU Tkl &
FEENTHIN LA X EBORSHARET o=

112



55280 - R

EEREEZHNERBEMEICT 2015 FITHEE LAV LY F XY (H. frondosum
‘Sunburst’) MOt EEB (870 g,dry) & MeOH THIH L. B T ¥ X #1#F 7=, CN % n-hexane
EKTHE LT=#%. /KE% EtOAc & n-BuOH TIEXRSEE L 7=, n-Hexane % SiO,. ODS
HZ U MClgel CHP-20P 715 LZE AL THEE L /=# . ODS HPLC +> SiOo HPLC TH&E L.
6 BOHBY F KIE&™ frondhyperin A-F (63-68) #Eig L 1= (Scheme 4.1), E£1=. n-
BuOH Bh o [ZBX&MME &Y 4 78 (69-72) Z Bifft L 1= (Figure 4.1),

Aerial parts of H. frondosum ‘Sunburst’ (870 g, dry)
| ext. with MeOH

MeOH ext. (158.6 g)

partit. between n-hexane / H,O

[ | aerial parts of Hypericum chinense
H,O-soluble fr. collected at medicinal herb garden of
I partit. with EtOAc Tokushima Univ.

n-hexane-soluble fr. (29.2 g)

Si0, cc (n-hexane / EtOAC) [ |
ODS cc (MeOH / H,0) EtOAc-soluble fr. (25.4 g) HZO—squbI§ fr. »
MCI gel CHP 20P cc (MeOH) l partit. with n-BuOH

ODS HPLC (MeOH / H,0) | I
SiO, HPLC (n-hexane / EtOAc) n-BuOH-soluble fr. (44.5 g) H,O-soluble fr.

SiO; cc (n-hexane / EtOAc)
ODS cc (MeOH / H,0)
MCI gel CHP 20P cc (MeOH)

furondhyperins A (63, 23 mg)
B (64, 325 mg)

C (65, 1 mg) 3 known quinic acid esters

D (66, 21 mg) 69 (72 mg), 70 (38 mg), 71 (19 mg)
E (67, 138 mg) 1 known flavonol glucoside

F (68, 5mg) 72 (19 mg)

Scheme 4.1. Isolation of frondhyperins A—F (63—68) from the aerial parts of
Hypericum frondosum ‘Sunburst’.

()
ABXHTE. 27 VIREG—2—& Co-unit ol HILEME T4 F REEH) LB 5,
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% 38 BALEMOETE
n-BuOH B S B L= 3 OB+ 8 T X 7ILEFEIK 3-O-caffeoyl quinic acid (69)

M. Me ester (70)""', BuOH ester (71)"", it NI 1 FED 7 57K/ —ILECHER hyperin (72)112
DEEZARY MLT—2 #XHE L BT 5 2 & TIRE LT (Figure 4.1),

0
HO »—OR
0
. HO
HOY 7 YO Z
OH
OH
OH

OH O
3-O-caffeoyl quinic acid (69) R=H hyperin (72)
3-O-caffeoyl quinic acid Me ester (70) R = Me
3-O-caffeoyl quinic acid Me ester (71) R = Bu

Figure 4.1. Structures of known compounds (69-72) isolated from
the aerial parts of Hypericum frondosum ‘Sunburst’.
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E A48 FRT7TF EEY (63-68) DIBEREMT

% 1 I8 Frondhyperin A-D (63-66) 0#&:& 4T

Frondhyperin A (63) & U B (64) (. TR ZNHAZEFEM {[o]*'0 —43.1 (c 0.40, MeOH) for
63; [a]?'0 —35.1 (¢ 0.10, MeOH) for 64} 7ZEEMKME L L THE SNz, HRESIMS &V,
63 D5 FX % CieH1605 (m/z 287.0899 [M-H] -, A—2.0 mmu), 64 D7 FX% 63 &Y CH;
%L\ C17H1805 (m/z 325.1034 [M+Na]*, A-1.8 mmu) &EIRE L=, WIEEYD 'HNMR AR
7 RILIFEERILTEY (Figure 4.2), £BELT1EO—EBB-AE ., 1D sp3 A F 4
Fo 1ED sec-A FIL, HWIZ 2 ED tert-A FILD LT F ILHER S iz, 64 D 'HNMR
ARG MLTIE SNEDITFILIZMA, A X DEICBBRINS DT FILDBRA SN
(Table 3.2), Frondhyperin A (63) U B (64) @ °C NMR A% kL TIE, £&EL T3 A
DHNKRZIVRFE, SEDFEEEREEIEAL T4 ViRFE, BH5WIZ1ED sp? MFRFD
DU FILHEBI S Tz (Table 4.1),

"H NMR spectrum of 63 (C;DzN, 500 MHz)

6 o
"
3
2 5
6
1 2‘
| ,
"H NMR spectrum of 64 (CDCl;, 500 MHz) OMe & 7

-

6
4 2

T T T T T T T T T T T T T T T 1

8.0 7.5 7.0 6.5 6.0 55 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 ppm

Figure 4.2. "H NMR spectra of frondhyperins A (63) (500 MHz in CsDsN) and
B (64) (500 MHz in CDCls).

F1-. 63 % MeOH th TMS-diazomethane T L, * FILIL{K 63a #571-, 63a D 'H
NMR ZARY MILE X UVLEIERLE {[0]Pp—39.1(c0.03, MeOH)} (X, 64 DELEDE—FLT=1=
&, 64X 63DAFILAETHS ZENTESINT=,
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Frondhyperin B (64) @ 'H-"H COSY & U HMBC RRY LILDfEHTE Y. A FFTH
JLIRZJLE (unitA) EXRV YA IILE (unit B) DEENTE S, 512, H-2/C-9 .
Hs;-7’/C-2’. C-3'. C-4. RU C-6' M HMBC #8Bi & C-4’ (5¢c 154.5). C-8 (8¢ 132.0).
BEU C-9 (5c 162.1) M T AL T MMEL D, ZED A FILEMNFES L f=o,p-FE3F0-5-
lactone &84 (unit C) M#EEZHETE L 1= (Figure 4.3),

O OMe
f

= 'H-"H cosY
(Unit A) (Unlt B) (Unit C) —= HMBC

Figure 4.3. Selected 2D NMR correlations for frondhyperin B (64).

Frondhyperin B (64) |&. ME#BRA L 71 D EDIRZIILRENEES T IEEZRALTH
Y. 2D NMR RR% FLOBEHH SEEDEHSEE (units A-C) DEEBEXERS T
52 LITREH = >T-, £ T, PAIC ITKHEAZRITEZITLY. 64 ZiETLIK 64a ~EL /=
(Figure 4.4), 64a 0 H-7/H-8 FIZ 'H-H COSY #BRAAELI &S hf=C &(INZ (Figure 4.5).
H-2 (H-6)/C-7. H-4'/C-5T&IZ HMBC BN ERBI SN &Hh 5. 64a D C-7/C-8 [l & C-
4/C-5THDIEENHALINE L o1z, LLLDEHIMNS. 64 DF@EMEEZE Figure 4.5 [TRLT=
BELRELT.

OMe
3
4
67
"
2 3
6 4
5 .
7 '
jU | 2 A
L e I U
T T T T T T T T T T T T T T 1
7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 ppm

Figure 4.4. "H NMR spectrum of tetrahydro derivative (64a) of
frondhyperin B (64) (500 MHz in CDClI3).
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64a = 1414 cOSY
—> HMBC

Figure 4.5. Selected 2D NMR correlations for tetrahydro derivative (64a) of
frondhyperin B (64) and the gross structure of 64.

#ELV T, frondhyperin B (64) DX IAEREZHLMNZT H1=HIZ. ECD ART FILD
EREELHEBEOLEFT o1z, 64 DER ECD ARY MLH 2R-64 DEEEL B < Xt
LTW =S EDD, 64 DIERIAREZ 2R £#E L1= (Figure 4.6),

Frondhyperin A (63) @ * FJL{t{k 63a & 64 DLLIENXEN—BL TS LMD, 63D
C-2DIBXIAEREIZDOVNTE R EHEE LT,

3 15

0 - - 0 .
= 2 400 o
=1 L)
8 g
w w
< ——— 64 (exptl

N . (expt]) 45 <

- — - 2'R-64 (calcd)
B3LYP/6-31G+(d,p)//B3LYP/6-31G(d) 20
8 -

nm

Figure 4.6. Experimental ECD spectrum of frondhyperin B (64) and calculated spectrum
of 2’R-64 (calculated ECD spectrum was blue-shifted by 25 nm).
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Frondhyperin C (65) [JE&HIKME L L THE LN, LIENLE+17.5(c0.10, MeOH) %R
L7z HRESIMS & Y. 3 FH% 64 £ER—®D Ci5H1g0s & IFE L 1= (m/z301.1029 [M+Na]*,
A-2.0mmu), £tz IRARY LD 1771 LUK 1739 cm™ DIRILA 5. 65 [FEHD HIL
RoWEEEODEHEL, REEHD HNMR ARY FLIE, 64 DEHD EFERL TULV
M (Figures 4.7 and 4.2, and Table 4.1). 3C NMR R4 FLTIE. 64 D4 k Uik (C-7,
8¢ 191.3) DT FILIZRDH Y. 65 TIET 2 —ILixFE (5¢c 107.7) IZIRESIND T FIL
MEAI ST,

OMe

1 ] b e L

T T T T T T T T T T T T T T l
7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 25 20 15 ppm

Figure 4.7. "H NMR spectra of frondhyperin C (65) (500 MHz in CDCl3).
Frondhyperin C (65) M %&%& 2D NMR X XY M LOEFTAN 5. 65 (% 64 &LF—Do,B-F8

#0-5-lactone B4 (C-8, C-9, C-1'-C-4, and C-6', C-7") #HL. 74 —ILKEZE (C-7, 5
107.7) ZN LTIz DIE LA M VENEE T IBEZHFE O LEABHLNE LG ST,
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Frondhyperin B (64) &RIFkDAET 65 DEAIZETZITL. =LK 65a £#57= (Figure
4.8), &Iz, 65a M H-8/C-7 fll& H-4'/C-5’fM HMBC #8EM 5. C-7/C-8 il & C-4'/C-5
RD#EEZEBHSHNIZ LTz (Figure4.9), fEWLWT. C-7T D7 I hILS T ME (5¢107.7) & 65a
D5 FHK CisH1s0s (m/z 327.1200 [M+Na]*, A-0.8 mmu) Z&E L. y-lactone IBDEFE i
E L1, ULEDEHMNS, 65 DFEEIFE Fy-lactone & -lactone M55 ZRMED B 1
BEO7zZLE ANABEDA FFIE, HKIZ3ED A FILLEES L1= Figure4.9 TR LT-#
EEIRE LT,

OMe

8 > 8 4
T T T T T T T T T T
7.5 7.0 6.5 6.0 5.5 5.0 45 4.0 35

T T T T 1
3.0 25 20 15 ppm

Figure 4.8. "H NMR spectrum of dihydro derivative (65a) of
frondhyperin C (65) (500 MHz in CDCl3).

65a = 1414 COSY
—» HMBC

Figure 4.9. Selected 2D NMR correlations for tetrahydro derivative (65a) of
frondhyperin C (65) and the gross structure of 65.
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F1-. 65a DHEFILIABEE % NOESY ARY MLDFEINLIRELz, T§4H5., H-
2'/H-4'E & U H-8/H-2 (H-6) ffl> NOESY #8B& U (Figure 4.10). 2-Me & 7-OMe [ syn
FRETHDZEMNRALMIIZHE ST,

N

15 2 . A
O T\ 8 \T‘/
[ O

| | & 2'
< "\ - ) fi“ = @ 9
;“0 2 \\L ‘ ~

« f
o Q@

¢
65a <«-> NOESY

Figure 4.10. Selected NOESY correlations and stereochemistry for
dihydro derivative (65a) of frondhyperin C (65).

Frondhyperin B (64) % MeOH & NaOH TALE L& Z A, 64b A FHN Tz, 64b D 'H
NMR ZR%Y ~LIZ 65 DEDE—FL (Figure 4.11), LLIEAEFELDETH -2 &n
5 {[a]?'o +17.5 (c 0.10, MeOH) for 64b, [a]2> +18.6 (c 0.10, MeOH) for 65}, 64b & 65 I%
E—DEEHMEFIETL. 65 D C-2DIMIAEEL 64 LFR—D REEELFHE®L-. UL
DFEHT & 65a DR ILIKAEZE ZZE L (Figure 4.10). frondhyperin C (65) D%t (KB E

#2RTR L#EH L=,
1‘.5 ppm‘

"H NMR spectrum of 64b (derived) (CDCl,, 500 MHz)

_aly .

"H NMR spectrum of 85 (natural) (CDCl;, 500 MHz)

I JL

T T T T T T T T T
7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 25 2.0

Figure 4.11. Comparison of 'H NMR spectra (500 MHz in CDCIs) of
derived (64b) and natural frondhyperin C (65).

120



Frondhyperin D (66) & HIKME L L THE oI, LLiE)EE-6.1(c0.10, MeOH) %#RL
t=o HRESIMS DfiT & Y . 66 D7 FX % CisH1s0s & IFE L 1= (m/2301.1029 [M+Na]*, A—
23 mmu), 'HNMR XRY MLTIEFT b - T/ —)VEZEMICHXRTLHEEZONDEN
K 66a & 66b DU FILHFESLE 10:3 DELETEHA S iz (Figure 4.12 and Table 4.2),

O OH
2
3 8 i 0] S 0]
4 6 Z —
Z " 070 OH =-—— 070 OH
5 6'
66a 66b
(major) (minor)

@ U

2
64
2.
[ ¢ L

7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 ppm

Figure 4.12. '"H NMR spectrum of frondhyperin D (66) (500 MHz in CDCls).

KIE2DNMR AR MLDEHIZE Y (Figure4.13), EEZEEMIK 66a DTEEEEEA
A VEFBEER S (C-1-C-9) & 22-UAFILTA UEEMNEE LIt L RE L= (Figure
4.13), LLEDEHFME, 66a (X7 LU BOB-OF FUEREBEL TSI EATREINT:
=6, TOELEEEKRG66b T/ —ILEEETHD I EMNALMNIZLE o1,

OH
27N ]7
O Y O
o e
OH 0o~ O OH
o
= 'H.'H CcOosY 66b
—  HMBC (minor)

Figure 4.13. Selected 2D NMR correlations for major (66a) and
minor (66b) tautomers of frondhyperin D (66).
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Frondhyperin D (66) & (S)-(-)-phenylethylamine Z#&& <. 66¢c #%71=, 66c M 'HNMR
ARG MLTIE, PTRATLAY—REMICHRET 52T FILHESL 10:6 THBIS N1
(Figure 4.14), L EDFEREM S, 66 (£ 106 DS IRBREMTHAZEMNALMNIZHEST=,

‘A_‘AJMM_/\_MA_AAWW_____J

T T T T T T T T T T T T T T T \
8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 35 3.0 25 2.0 1.5 1.0 ppm

Figure 4.14. '"H NMR spectrum of 66c (500 MHz in CDCls).
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Table 4.1. *H and 13C NMR data for frondhyperins A—C (63—65).

63 in CsDsN 64 in CDCl; 65 in CDCl;
positon ~ 13C? H (Jin Hz) aca H (Jin Hz) 6 H® (Jin Hz)
1 137.3 - 135.6 - 134.2 -
2 1294 8.25(1H,d, 7.2) 128.9  7.79 (1H, d, 7.3) 1266  7.67 (1H, m)
3 129.0  7.37 (1H,1,7.2) 128.7  7.46 (1H,t,7.3) 128.8  7.40 (1H, m)
4 1334  7.43(1H,1,7.2) 133.9  7.58 (1H,t,7.3) 129.9  7.40 (1H, m)
5 1290 737 (1H,1,7.2) 128.7  7.46 (1H,t,7.3) 128.8  7.40 (1H, m)
6 1294  8.25(1H, d, 7.2) 128.9  7.79 (1H, d, 7.3) 126.6  7.67 (1H, m)
7 189.8° - 191.3 - 107.7 -
8 130.5 - 132.0 - 1447 -
9 163.6 - 162.1 - 158.6 -
1 146  1.30 (3H, d, 6.3) 146  1.45(3H, d, 6.6) 137 137 (3H, d, 6.6)
2 82.1  4.64 (1H, q, 6.3) 81.8  4.54 (1H, q, 6.6) 83.2 4.32(1H, g, 6.6)
3 37.9 - 37.9 - 35.5 -
4 159.6 - 154.5 - 149.6 -
5 169.0 - 164.9 - 166.6 -
6 19.0  1.47 (3H, s) 189  1.41(3H,s) 20.0  1.40 (3H,s)
7 218 1.35(3H,s) 218 1.23(3H,s) 187  1.27 (3H, s)
OMe 52.3  3.51(3H,s) 524  3.37 (3H,s)

aRecorded at 125 MHz. ® Recorded at 500 MHz. ¢ Detected by HMBC spectrum.

Table 4.2. H and 13C NMR data for major (66a) and minor (66b) tautomers of

frondhyperin D (66) in CDCls.

66a 66b

position BCe "H? (Jin Hz) BCa "H? (Jin Hz)
1 136.0 - 133.4 -
2 128.5 7.92 (1H, d, 7.9) 128.8 7.77 (1H, d, 7.9)
3 128.8  7.47 (1H,1,7.9) 1261 7.41 (1H,t,7.9)
4 133.7  7.59 (1H,t, 7.9) 1313 7.46 (1H, m)
5 128.8 7.47 (1H,t,7.9) 126.1 7.41 (1H,t,7.9)
6 128.5 7.92 (1H, d, 7.9) 128.8 7.77 (1H, d, 7.9)
7 192.4 - 171.7 -
8 462  3.98 (2H,s) 87.4 564 (1H,s)
9 166.7 - 172.4 -
1" 14.8  1.21(3H, d, 6.4) 152 1.29 (3H, d, 6.4)
2 740  5.26 (1H, q, 6.4) 740 534 (1H, q, 6.4)
3 46.2 - 46.2 —
4' 180.8 - 180.8 -
5 20.8  1.16 (3H, s) 209 1.28 (3H, s)
6' 205  1.15(3H, s) 20.7  1.25(3H,s)

2Recorded at 125 MHz. ? Recorded at 500 MHz.
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% 2 I8 Frondhyperin E (67) & U F (68) Mi&E&E#ET

Frondhyperin E (67) XU F (68) @ 'H NMR X~R% /L% frondhyperin B (64) D+ D &
HEgLIZECA, WTFNRBFELL T A, 64 DA FFOEDITFILIZRDYIZ, 67 &
68 TIXZNENI FXIEETMXIEIDTBEIND T FILOERBIES NI (Figure 4.15
and Tables4.1and 4.3), LLDFERMN S, 67 £ 681L64 DA FFLAILKRZILIZRDHY
TFNEFRI X DALRZNWET XA RZNEFTHILEMTHD I EHELZ, &
D &lE. HRESIMS DfEHM B HXFEI Nz (CigH200s: m/z 339.1198 [M+Na]*, A-1.0
mmu for 67, C2oH2405: m/z 367.1490 [M+Na]*, A—3.1 mmu for 68),

"H NMR spectrum of 67 (CDCl3, 500 MHz) o o 2 Y2
o} ~
=
e oo 67
Mu N .y
H NMR spectrum of 68 (CDCl,, 500 MHz) » 4 T 4
(@) O\/\/
o il
=
1" 0~ o 68 o 3
Lk )
"H NMR spectrum of 64 (CDCl,, 500 MHz) OMe wvins e
o O+«_OMe
(@]
Qﬁ%
0~ 0 64
T T T T T T T T T T T T T T T 1
7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 35 3.0 25 20 1.5 1.0 Ppm

Figure 4.15. '"H NMR spectra of frondhyperins B (64), E (67) and F (68) (500 MHz in CDCls).

67 &£ 68 MER ECD ARV MLELEREIFVTNE 64 DEDEFELUL TV &M
5{[a]p —51.0 (c 0.10, MeOH) for 67; [0]2*> —35.3 (¢ 0.10, MeOH) for 68; [a]2'o —35.1 (c
0.40, MeOH) for 64}, 67 & 68 DIEXIAEBEZ VT Nt R &LHEE LT (Figure 4.16), 7%
#. frondhyperin A (63) % 64 &%E{l9 % ECD A% hMILERLT=,
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Ae

—— 64 (exptl)
= = - 63 (exptl)

= 87 (exptl)
- = 68 (exptl)

nm

Figure 4.16. Experimental ECD spectra of frondhyperins A (63), B (64), E (67) and F (68).

Table 5.3. 'H and 3C NMR data for frondhyperins E (67) and F (68) in CDCls.

67 68
positon ~ *C? "H? (Jin Hz) BCe 'H? (Jin Hz)
1 135.7 - 135.7 -
2 128.7 7.81(1H, d, 7.6) 129.0 7.81(1H, d, 7.3)
3 129.0 7.47 (1H,t, 7.6) 128.7 7.46 (1H,t,7.9)
4 123.9  7.58 (1H, 1, 7.6) 133.9  7.58 (1H,t,7.3)
5 129.0  7.47 (1H,1,7.6) 128.7  7.46 (1H,1,7.9)
6 128.7 7.81(1H, d, 7.6) 129.0 7.81(1H, d, 7.3)
7 191.3 - 191.3 -
8 131.9 - 131.8 -
9 162.2 — 162.2 -
1 14.6 1.46 (3H, d, 6.4) 14.6 1.45 (3H, d, 6.6)
2 81.8  4.54 (1H, q, 6.4) 81.8  4.55(1H, g, 6.5)
3 37.9 - 37.9 -
4 154.5 — 154.6 —
5' 164.9 - 164.6 -
6' 19.0 1.43(3H,s) 19.0  1.42(3H,s)
7' 21.7 1.25(3H, s) 21.8 1.24 (3H, s)
1" 62.0 4.00 (2H, m) 65.9 3.99 (1H, m)
3.88 (1H, m)
2" 13.3 1.00 (3H,t,7.4) 29.9 1.35 (2H, m)
3" 18.9  1.13 (2H, m)
4" 13.5 0.77 (3H, t, 7.4)

aRecorded at 125 MHz. » Recorded at 500 MHz.
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% 5 i Frondhyperin A-D (63-66) MDA &SI 2EE

Frondhyperin D (66) [£7t k7t FJL CoA[Z 2D * FILEIFES L =& (X) &.
A4 )L CoA IZ Co-unit ¥ 1 {BHEE L 1= phenylketide (Y) WhWoEERINDEEZ LN
% (Scheme 4.2), F£f=. frondhyperin A (63) 7L ILRA—32— (7EFI CoA) & Co-
unit2 DA M LR E 5 shortketide K (Z) &2V A )LEEER (phenylketide) M
B LIRIC. 7 FRIRIEE. BRREE. BILZRBTEESHRINDEEZ 5N S, Frondhyperin B
(64) B U C (65) I frondhyperin A (63) M5B LN EH#HEL TS,

o o
o o cxz § 9 Y ©,)K/LLO o
|::> |::> S-Enz
A con )J><U\S'E”Z )><U\OH
X
66

Y

acetoacetyl CoA

ﬂcz
OH
O O O °
Cix2 Y
SIS I < s
S_COA S’COA ©)‘j\
O

z
O~_OMe

o)
Z
oo & o OO o
64 o
Z & Z
o)
(0] % o~ o 0~ O
P 63
oo
65

Scheme 4.2. Possible biogenetic pathway of frondhyperins A-D (63—-66).

MeO
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Hypericum BHEMIDEEM LB EAR N THAH PPAP. T 7 b7 RA Y FH U UL,
WFhd 3ELLD Counit SR INIENEEEHF LTS (Figure 4.17), —A.
FRRBEDSFARIGERZETIZ Counit X1 HHZ WL 2 EOHANSER SN EE.

Bl % short ketide %4
frondhyperin 8N _FIBE TH 5,

<prenylated acylphloroglucinol>

hyperforin

> = FEDXRAWIL hyperolactone EDHTHY . SEIEEEL -

<naphthodianthrone>
OH O OH

<xanthone>

PP
HO™ Z O OH
HO_ ;[. | .:<; | l\
kJ\JL& HO 0" " oH

|
OH O OH OH

hypericin 1,3,5,6-tetrahydroxyxanthone

Figure 4.17. Representative compounds from Hypericum plants.
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INFE

h2L)F kX1 (Hypericum frondosum ‘Sunburst’) H#h EERDRAMERZEITLN. 6 FED
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Figure 4.18. New short ketide—phenylketide conjugates (63-68) isolated from aerial parts of
Hypericum frondosum ‘Sunburst’.
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Experimental

General Experimental Procedures. Optical rotations and IR spectra were recorded on a
JASCO P-2200 digital polarimeter and a JASCO FT/IR-6200 spectrophotometer, respectively.
UV spectra were obtained using a Hitachi UV U-3900H spectrophotometer. CD spectra were
taken on a JASCO J-1500 spectrophotometer. VCD spectra were recorded on a Bio Tools
Chiralir 2X. NMR spectra were measured by a Bruker Avance 500 or 400 spectrometers. The
resonances of residual Ce¢Ds (81 7.15 and 6¢c 128.0), CDCIs (61 7.26 and 6¢ 77.0), CsDsN (dn
8.71 and &¢ 135.5), CD30OD (81 3.31 and &¢ 49.0), and DMSO-ds (6+ 2.49 and &¢ 39.7) were
used as internal references for the 'H and '>C NMR spectra, respectively. HRESIMS spectra
were run on a Wateres LCT PREMIER 2695 and a JEOL JMS-T100LP. HPLCs were
performed on a JASCO apparatus consisting of a PU-2089 Plus pump, and a UV-2075 Plus
spectrometer (at the wavelength of 254 or 210 nm).

Chapter 2
1. Plant material. The dried barks of Cinnamomum cassia were purchased from

Mitsuboshi pharmaceutical Co., Ltd.

2. Extraction and Isolation.

The dried barks of Cinnamomum cassia (15 x 4 kg) were extracted with MeOH (15 L x 4
times) to afford the extract (5.0 kg), which was partitioned with n-hexane and 90 % MeOH-
aqg. The 90 % MeOH-aqg.-soluble materials were mixed with celite, and then eluted
successively with n-hexane, CHCIs, acetone, and MeOH. Chromatography of the acetone-
soluble fraction with an Al2O3 column afforded the MeOH (fr. 1) and H20 (fr. 2) eluate fractions.
Fr. 1 was separated by repeated silica gel column chromatographies eluting with
CHCI3/MeOH (100:0—70:30) to give six fractions (frs. 1.1-1.6). Purification of fr. 1.2 by ODS
HPLC on COSMOSIL 5Cis-AR-Il (920 x 250 mm, MeOH/H.O, 30:70) gave 18-
hydroxycinnzeylanol (5, 5 mg), cinncassiol C1 (11, 5 mg), cinnzeylanol (8, 20 mg), and
cinnamcassiols A (6, 1 mg) and B (7, 3 mg). Cinnzeylanine (9, 20 mg) was isolated from fr.
1.1 by ODS column chromatography (MeOH/H20O, 0:100—100:0). Fr. 1.3 was loaded to
MPLC on an ODS column (MeOH/H20, 0:100—100:0) to give seven fractions (frs. 1.3.1—
1.3.7), and then fr. 1.3.3 was separated by ODS HPLC on COSMOSIL 5C1g-AR-Il ($20 x 250
mm, MeOH/H20, 30:70). Further purification of fr. 1.3.3.3 by ODS HPLC on YMC
Hydrosphere C1s ($10 x 250 mm, MeOH/H-0, 5:95) afforded cinncassiol H (1, 2 mg). Fr.
1.3.3.4 was further purified by ODS HPLC on COSMOSIL 5C+s-AR-Il ($20 x 250 mm,
MeOH/H20, 10:90) and YMC Hydrosphere C1s ($10 x 250 mm, MeOH/H20, 5:95) to give
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cinncassiol D (4, 4 mg). Purification of fr.1.3.6 by ODS HPLC on COSMOSIL 5C1s-AR-Il ($10
x 250 mm, MeCN/H20, 17:83) gave cinncassiol Ds (3, 0.5 mg). Cinncassiol | (2, 2 mg) was
isolated from fr. 1.5.3.4 by ODS HPLC on COSMOSIL 5C+s-MS-Il ($10 x 250 mm, MeCN/H20,
13:87). Fr. 1.4 was subjected to ODS MPLC (MeOH/H20, 0:100—100:0) to give eight
fractions (frs. 1.4.1-8), and then fr.1.4.4 and 1.4.7 were purified by ODS HPLC on COSMOSIL
5C1s-AR-Il (20 x 250 mm, MeOH/H-0, 30:70 for fr. 1.4.4) and YMC Hydrosphere C1g ($10
X 250 mm, MeOH/H20, 5:95 for fr. 1.4.7) to furnish cinncassiols D1 (12, 55 mg) and D4 (13,
5 mg), respectively. Fr. 2 was subjected to a Diaion HP-20 column (MeOH/H20, 0:100—
100:0) to give seven fractions (frs. 2.1-2.7). Fractionation of fr. 2.5 by Sephadex LH-20
column (MeOH/H,0, 10:90—100:0) gave seven fractions (frs. 2.5.1-2.5.7). Fr. 2.5.2 was
further purified by ODS HPLC on YMC Hydrosphere C1s (¢10 x 250, MeOH/H.0, 4:96) to
furnish cinncassiol D2 glucoside (14, 11 mg). Cinnzeylanol (8, 422 mg) and cinncassiol
B (10, 15 mg) were obtained from fr. 2.5.7 by repeated separation by silica gel
(CHCI3/MeOH, 90:10 — 30:70) and ODS (MeOH/H2O, 0:100 — 100:0) column
chromatographies. Separation of fr. 2.6 by silica column chlomatography (CHCIls/MeOH,
90:10—30:70) gave seven fractions (frs. 2.6.1-2.6.7). Fr. 2.6.6 was applied to a Sephadex
LH-20 column (MeOH/H20, 10:90—100:0) to afford seven fractions (frs. 2.6.6.1-2.6.6.7). Fr.
2.6.6.2 was separated by ODS column chromatography (MeOH/H20, 10:90—100:0) to give
11 fractions (frs. 2.6.6.2.1-2.6.6.2.11). Crystallization of fr. 2.6.6.2.1 from MeOH and
separion of fr. 2.6.6.2.7 by an MCI gel CHP-20P column (MeOH/H20O, 10:90 — 100:0)
afforded cinncassiol A (15,173 mg).

2.1. Cinncassiol H (1): colorless gum; [a]?®p +39.9 (¢ 0.10, MeOH); IR (KBr) vmax 3413 and
1684 cm™'; UV (MeOH) Amax 258 (€ 8,700) nm; ECD (MeOH) Ae (nm) -3.2 (313) and +12.1
(260); 'H and '*C NMR (Table 2.1); HRESIMS m/z 419.1687 [M+Na]* (calcd for C20H2s0sNa,
419.1682).

2.2. Cinncassiol | (2): colorless gum; [a]?°p —23.0 (¢ 0.10, MeOH); IR (KBr) vmax 3412 and
1696 cm; UV (MeOH) Amax 243 (€ 13,000) nm; ECD (MeOH) Ae (nm) -0.8 (407), -4.5 (327),
+3.2 (290), +0.4 (263), +6.2 (237), and —8.1 (208); 'H and *C NMR (Table 2.2); HRESIMS
m/z 371.1831 [M+Na]* (calcd for C2oH280sNa, 371.1834).

2.3. Cinncassiol Ds (3): colorless gum; [a]?®p —9.2 (¢ 0.04, MeOH); 'H and *C NMR (Table
2.3); HRESIMS m/z 375.2145 [M+Na]* (calcd for CooH320sNa, 375.2147).
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2.4. Cinncassiol Ds (4): colorless gum; [a]?®p —23.9 (¢ 0.10, MeOH); "H and *C NMR (Table
2.3); HRESIMS m/z 375.2135 [M+Na]* (calcd for C2oH320sNa, 375.2147).

2.5. 18-Hydroxycinnzeylanol (5): colorless gum; [a]**p +20.7 (¢ 0.10, MeOH); 'H and "3C
NMR (Table 2.4); HRESIMS m/z 423.1988 [M+Na]* (calcd for C2oH320sNa, 423.1995).

2.6. Cinnamcassiol A (6): colorless gum; [a]*°p +3.6 (¢ 0.10, MeOH); 'H and '*C NMR (Table
2.5): HRESIMS: m/z 269.1752 [M—H]" (calcd for C1sH2504, 269.1753).

2.7. Cinnamcassiol B (7): colorless gum; [a]*°p +2.6 (¢ 0.10, MeOH); 'H and "*C NMR
(Table 2.5); 'H NMR (400 MHz, DMSO-ds) 81 5.79 (1H, d, J = 8.6 Hz, 6-OH), 5.66 (1H, brs,
10-OH), 4.79 and 4.70 (each 1H, s, H>-12), 4.10 (1H, s, 7-OH), 3.95 (1H, s, 1-OH), 3.06 (1H,
brd, J=6.1 Hz), 2.54 (1H, overlapped with a signal of DMSO-ds, H-4), 2.37 (1H, dd, J = 5.3,
3.2 Hz, H-5), 2.13 (1H, qd, J=13.2, 3.7 Hz, H-3a), 1.88-1.78 (2H, H-9a and H-8a), 1.76 (1H,
td, J = 13.5, 4.1 Hz, H-2a), 1.69 (3H, s, H3-13), 1.56 (1H, td, J = 14.8, 4.8 Hz, H-9b), 1.27
(1H, m, H-2b), 1.20-1.11 (2H, H-8b and H-3b), 1.09 (3H, s, Ha-14), and 1.00 (3H, s, H3-15),
and 6.85 (1H, d, J = 8.0 Hz, H-9); HRESIMS: m/z 269.1752 [M-H]~ (calcd for C15H2504,
269.1753).

Chapter 3

1. Plant material. Hypericum ascyron was collected at Tokushima prefecture, Japan in
2014. The voucher specimen (HYA201407) was deposited at the herbarium of Graduate
School of Pharmaceutical Sciences, Tokushima University. The leaves of Hypericum

chinense were collected at Mori Botanical Garden in Tokushima prefecture in July, 2013.

2. Extraction and Isolation of the roots of H. ascyron.

The dried roots of H. ascyron (1.4 kg) were extracted with MeOH (15 L x 3 times) to afford
the extract (144 g), which was partitioned with n-hexane, EtOAc, n-BuOH, and H20. The n-
hexane-soluble materials (29 g) were subjected to silica gel column chromatography (n-
hexane/EtOAc, 90:10—50:50) to give 11 fractions (frs. 1-11). Fr. 3 was separated by ODS
column chromatography (MeOH/H20, 80:20—100:0) to give six fractions (frs. 3.1-5.6). Fr.
3.6 was chromatographed on a silica gel column (CHCIs/MeOH, 98:2—0:100) to yield eight
fractions (frs. 5.6.1-5.6.8). Fr. 3.6.2 was separated by silica gel HPLC on COSMOSIL 5SL-II
(620 x 250 mm, n-hexane/EtOH, 99:1), and then purified by ODS HPLC on COSMOSIL 5C 1s-
AR-Il ($10 x 250 mm, MeCN/H20/TFA, 98:2:0.1) to afford hypascyrins A (25, 21 mg), B (26,
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6 mg), and C (27, 4 mg), and hyphenrone K (43, 2 mg). Hypascyrin E (29, 14 mg) and ent-
hyphenrone J (30, 3 mg) were isolated from fr. 5.6.3 by using silica gel HPLC on COSMOSIL
5SL-1I ($20 x 250 mm, n-hexane/EtOH, 99:1) and ODS HPLC on COSMOSIL 5C1s-AR-Il ($10
x 250 mm, MeCN/H2O/TFA, 98:2:0.1). Fractionation of fr. 5 by an ODS column (MeOH/H20,
70:30—100:0) gave six fractions (frs. 5.1-6). Fr. 5.2 was purified by HPLC on GPC (Shodex,
GS-310 2G, MeOH) to afford 1-methoxy-3,5-dihydroxyxanthone (38, 11 mg) and eremophil-
9,11(13)-dien-8p3,12-olide (31, 21 mg). Fr. 5.6 was separated by silica gel column
chromatography (CHCI3/MeOH, 99:1—90:10), and further purified by silica gel HPLC on
COSMOSIL 5SL-Il ($20 x 250 mm, n-hexane/EtOH, 99:1) to furnish garcimangoxanthone D
(33, 6 mg). The MeOH-soluble materials of fr. 6 were loaded on an ODS column (MeOH/H-20,
80:20 —100:0) to give eight fractions (frs. 6.1-8). Frs. 6.5 and 6.6 were separated by silica
gel column chromatography (CHCIz/MeOH, 98:2—90:10) to give hyperdioxane A (17, 18 mg)
and 2-methoxyxanthone (32, 7 mg), respectively. Separation of fr. 9 by silica gel column
chromatography (CHCIz/MeOH, 98:2—90:10) afforded 6 fractions (frs. 9.1-6). Crystallization
of fr. 9.2 from MeOH gave hyperdioxane B (18, 704 mg). Fr. 10 was separated by silica
column chromatography (CHCls/MeOH, 99:1—90:10) to give four fractions (frs. 10.1—4). Frs.
14.2 was applied to an ODS column (MeOH/H20, 70:30—100:0) to afford five fractions (frs.
10.2.1-5). Fr. 10.2.1 was separated by HPLC on GPC (Shodex, GS-310 2G, MeOH) and
further purified by ODS HPLC on YMC triart PFP (MeCN/H20, 35:65) to furnish hyperdioxane
D (20, 1.0 mg).

The EtOAc-soluble materials (32 g) were separated by chromatography on a silica gel
column (n-hexane/EtOAc, 80:20—0:100) to give seven fractions (frs. 1’=7’). Crystallization
of fr. 3’ from MeOH afforded betulinic acid (47, 2 g). The mother liquor was loaded on an ODS
column (MeOH/H20, 60:40—100:0) to give three fractions (fr. 3'.1-3). Fr. 3’.2 was repeatedly
separated by silica gel column chromatographies (CHCI3/MeOH, 98:2 — 90:10; n-
hexane/EtOAc, 80:20—50:50) to yield 1,6-dihydroxyxanthone (35, 12 mg) together with two
fractions (fr. 3'.2.1-2). Purification of fr. 3'.2.2 by using HPLC on GPC (Shodex, GS-310 2G,
MeOH) gave 2-hydroxyxanthone (36, 24 mg). Fr. 3'.3 was purified by HPLC on GPC (Shodex,
GS-310 2G, MeOH) to give 1,3-dihydroxy-5-methoxyxanthone (34, 41 mg). Fractionation of
fr. 4’ by an MCI gel CHP-20P column (MeOH/H20, 60:40—100:0) gave eight fractions (frs.
4’ 1-8). Fr. 4.1.1 was separated by silica gel HPLC on COSMOSIL 5SL-II ($20 x 250 mm,
n-hexane/EtOH, 99:1) and further purified by ODS HPLC on COSMOSIL 5C+s-AR-Il ($10 x
250 mm, MeCN/H2O/TFA, 65:35:0.1) to furnish hypascrin D (28, 2 mg) together with
hypercalin C (44, 13 mg) and tomoeones A (45, 18 mg) and H (46, 20 mg). Gentisein (37, 7
mg) was isolated from fr. 4.6 by using HPLC on GPC (Shodex, GS-310 2G, MeOH). Fr. 4'.7
was applied to a silica gel column (CHCIs/MeOH, 95:5—90:10) to afford (+)-sampsone B (24,
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50 mg). Fr.5’ was subjected to an MCI gel CHP-20P column (MeOH/H20, 60:40—100:0) to
give eight fractions (frs. 5’.1-8). Fr.5’.5 was chromatographed on a silica gel column
(CHCI3/MeOH, 95:5—90:10) to yield six fractions (frs. 5'.5.1-6). Fr. 5.5.5 was further
separated by HPLC on GPC (Shodex, GS-310 2G, MeOH) to furnish six fractions (frs.
5’.5.5.1-6). Crystallization of fr. 5.5.5.5 from MeOH gave hyperdioxane F (22, 41 mg), and
followed purification of the mother liquor by silica gel HPLC on COSMOSIL 5SL-II (¢20 x 250
mm, n-hexane/EtOAc, 70:30) gave hyperdioxanes C (19, 1 mg) and G (23, 2 mg).
Hyperdioxane E (21, 0.3 mg) was isolated from fr. 5°.5.5.6 by using ODS HPLC on
COSMOSIL 5C1g-MS-1l (¢10 x 250 mm, MeOH/H20, 40:60). Fractionation of fr. 6" by
Toyopearl HW-40C column chromatography (MeOH/HO, 6:4 to 10:0) gave 10 fractions (frs.
6°.1-10). Fr. 6’.4 was purified by crystallization from MeOH to give kielcolin (40, 17 mg).

The n-BuOH-soluble materials (39 g) were separated by chromatography on an MCI gel
CHP-20P column (MeOH/H2O, 10:90 — 100:0) to give eight fractions (frs. 17-8").
Fractionation of fr. 2” by a Toyopearl HW-40C column (MeOH) gave five fractions (frs. 2”.1-5).
Fr. 2”.2 was applied to an ODS column (MeOH/H20, 20:80—100:0) to afford eight fractions
(frs. 27.2.1-8). Fr. 2”.2.3 was purified by silica gel column chromatography (CHCIl3/MeOH,
92:8—80:20) to furnish tachioside (42, 5 mg). Fr. 2”.3 was chromatographed on a silica gel
column (CHCI3/MeOH/H20, 80:20:2—70:30:5) to yield (—)-epicatechin (41, 2.0 mg). Fr. 5”
was loaded on a Toyopearl HW-40C column (MeOH) and then purified by silica gel column
chromatography (CHCIl3/MeOH, 92:8—8:2) to afford 1,7-dimethoxy-3,6-dihydroxyxanthone
(39, 8 mg).

2.1. Hyperdioxane A (17): colorless amorphous solid; [a]?*p =60.9 (¢ 0.10, MeOH); IR (KBr)
vmax 1771, 1748, and 1502 cm™"; UV (MeOH) Amax 202 (¢ 5,000) and 287 (3,500) nm; ECD
(MeOH) Ag (nm) —6.2 (346), —8.3 (333), —6.3 (322), +11.7 (255), +5.8 (233), and —22.8 (206);
'H and 3C NMR (Table 3.1); HRESIMS m/z 545.2136 [M+Na]* (calcd for CsoH34OsNa,
545.2151).

2.2. Hyperdioxane B (18): yellow crystals; mp 124-127 °C; [a]**p =39.1 (c 0.20, CHCIl3); IR
(KBr) vmax 1698 and 1508 cm™"; UV (MeOH) Amax 214 (¢ 40,500), 259 (8,300), and 371 (4,100)
nm; ECD (MeOH) Ag (nm) —4.9 (379), +2.4 (297), +9.3 (258), +16.0 (235), -2.5 (218), +3.0
(209), and -10.6 (202); "H and *C NMR (Table 3.1); '"H NMR (500 MHz, DMSO-ds) &1 7.13
(1H, d, J = 9.0 Hz, H-9), 6.79 (1H, d, J = 2.9 Hz, H-6), 6.67 (1H, dd, J = 9.0, 2.9 Hz, H-8),
5.93 (1H, d, J= 2.0 Hz, H-4), 5.47 (1H, d, J = 2.0 Hz, H-2), 3.83 (3H, s, 3-OMe), 3.72 (3H, s,
7-OMe), and 3.19 (3H, s, 10a-OMe); HRESIMS m/z 313.0689 [M+Na]* (calcd for C15H1406¢Na,
313.0688).
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2.3. (+)-Sampsone B (24): colorless gum; [a]*%p +94.8 (¢ 0.10, MeOH); IR (KBr) vmax 2360,
2342, 1684, 1608, and 1559 cm™"; UV (MeOH) Amax 220 (& 8,800), 255 (15,100), and 284
(4,500, sh) nm; ECD (MeOH) A¢ (nm) —3.2 (309), +9.3 (256), +5.9 (228), and -0.3 (206); 'H
and C NMR (Table 3.2); HRESIMS m/z 345.0952 [M+Na]* (calcd for CisH1sO7Na,
345.0950).

2.4. Hyperdioxane C (19): colorless gum; [a]?®p +32.0 (¢ 0.08, MeOH); UV (MeOH) Amax
219 (¢ 9,200 sh), 255 (12,200), and 284 (5,200, sh) nm; ECD (MeOH) A¢ (nm) —2.3 (308),
+6.1 (258), +4.1 (229), and —1.3 (205); 'H and "*C NMR (Table 3.2); 'H NMR (500 MHz,
DMSO-ds) on 9.22 (1H, s, 7-OH), 6.85 (1H, d, J = 8.0 Hz, H-9), 6.38 (1H, dd, J= 8.0, 2.5 Hz,
H-8), 6.38 (1H, brs, H-6), 5.46 (1H, d, J = 2.0 Hz, H-2), 3.76 (3H, s, 3-OMe), 3.22 (1H, d, J =
17.5 Hz, H-4a), 3.14 (3H, s, 4a-OMe), 3.09 (3H, s, 10a-OMe), and 3.00 (1H, dd, J = 17.5, 2.0
Hz, H-4b); HRESIMS m/z 331.0820 [M+Na]* (calcd for C1sH1607Na, 331.0794).

2.5. Hyperdioxane D (20): colorless gum; [a]?’p +78.5 (¢ 0.10, CHCI3); UV (MeCN) Amax 224
(¢ 6,500), 255 (12,100), and 286 (3,200, sh) nm; ECD (MeOH) A¢ (nm)—2.4 (315), +8.8 (256),
+7.0 (231), +3.6 (207), and —5.0 (202); 'H and '3C NMR (Table 3.2); HRESIMS m/z 315.0844
[M+Na]* (calcd for C1sH160sNa, 315.08446).

2.6. Hyperdioxane E (21): colorless gum; [a]?®p +42.9 (c 0.03, MeOH); UV (MeCN) Amax
224 (¢ 3,500), 252 (3,200), and 294 (2,400) nm; ECD (MeOH) A¢ (nm) +0.6 (306), +1.8 (249),
and —2.4 (220); 'H and '*C NMR (Table 3.3); '"H NMR (500 MHz, DMSO-ds) &+ 7.13 (1H, d,
J=9.0 Hz, H-9), 6.85 (1H, d, J = 2.5 Hz, H-6), 6.71 (1H, dd, J = 9.0, 2.5 Hz, H-8), 5.71 (1H,
s, H-4), 4.61 (1H, t, J = 3.0 Hz, H-1), 3.74 (3H, s, 7-OMe), 3.29 (3H, s, 10a-OMe), 2.77 (1H,
dd, J = 16.5, 3.0 Hz, H-2a), and 2.44 (1H, dd, J = 16.5, 3.0 Hz, H-2b); HRESIMS m/z
301.0688 [M+Na]* (calcd for C14H140OsNa, 301.0688).

2.7. Hyperdioxane F (22): colorless gum; [a]?*p +0 (¢ 0.10, CHCI3); UV (MeCN) Amax 224 (&
13,000), 252 (22,900), and 286 (5,800, sh) nm; IR (KBr) vmax 3374, 2943, 1680, 1605, 1597,
and 1506 cm™; 'H and *C NMR (Table 3.3); '"H NMR (400 MHz, DMSO-ds) 61 7.53 (1H, s,
4a-0OH), 6.96 (1H, d, J = 9.1 Hz, H-9), 6.51 (1H, dd, J = 9.1, 3.0 Hz, H-8), 6.50 (1H, brs, H-
6), 5.44 (1H, d, J = 1.6 Hz, H-2), 3.75 (3H, s, 3-OMe), 3.68 (3H, s, 7-OMe), 3.12 (1H, dd, J =
17.2, 1.6, H-4a), 3.07 (1H, s, 10a-OMe), and 2.89 (1H, d, J = 17.2 Hz, H-4b); HRESIMS m/z
307.0826 [M—H]- (calcd for C1sH1507, 307.0818).
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2.8. Hyperdioxane G (23): colorless gum; [a]**p £0 (¢ 0.05, MeCN); UV (MeCN) Amax 227
(¢ 4,800), 253 (7,300), and 287 (2,200) nm; 'H and '*C NMR (Table 3.3); HRESIMS m/z
307.0822 [M—H]- (calcd for C1sH1507, 307.0818).

2.9. Hypascyrin A (25): colorless gum; [a]?®p +117 (¢ 0.10, MeOH); UV (MeOH) Amax 223
(¢ 16,700), 325 (10,700 sh), and 355 (14,500) nm; ECD (MeOH) Ae (nm) 432 (+0.8), 362
(+1.5), 326 (-1.0), 284 (+3.4), 242 (+2.9), and 221 (-1.1) nm; IR (KBr) vmax 3396, 2962, 2927,
1636, 1593, 1524, and 1430 cm™"; 'H and '3C NMR (CDCls, Tables 3.4 and 3.5; CD3;0D,
Table 3.8); HRESIMS m/z 497.3253 [M-H]™ (calcd for C31H450s, 497.3267).

2.10. Hypascyrin B (26): colorless gum; [a]?®p +121 (¢ 0.10, MeOH); UV (MeOH) Amax 223
(e 20,900), 324 (13,200 sh), and 355 (18,000) nm; ECD (MeOH) A¢ (nm) 398 (-0.8), 367
(+1.2), 325 (-2.4), 285 (+2.6), 262 (-0.2), 240 (+2.0), and 223 (-4.8); IR (KBr) vmax 3393,
2965, 2927, 1634, 1586, 1520, and 1444 cm™'; 'H and *C NMR (Table 3.4); HRESIMS m/z
483.3114 [M-H]™ (calcd for C3oHa30s, 483.3110).

2.11. Hypascyrin C (27): colorless gum; [a]*°p +117 (¢ 0.10, MeOH); UV (MeOH) Amax 223
(¢ 16,000), 322 (9,600 sh), and 355 (13,400) nm; ECD (MeOH) Ae (nm) 432 (+1.0), 369 (+1.8),
326 (-0.8), 288 (+3.7), 241 (+3.3), and 223 (-0.5) nm; IR (KBr) vmax 3394, 2964, 2927, 1636,
1591, 1518, and 1443 cm™; 'H and '*C NMR (Table 3.4); HRESIMS m/z 497.3250 [M-H]"
(calcd for C31Has50s, 497.3267).

2.12. Hypascyrin D (28): colorless gum; [a]?®p +22 (¢ 0.10, MeOH); UV (MeOH) Amax 225
(¢ 18,800), 322 (11,600 sh), and 357 (16,000) nm; ECD (MeOH) A¢ (nm) 362 (+1.9) and 215
(=4.4) nm; IR (KBr) vmax 3419, 2963, 2929, 1686, 1635, 1592, 1521, and 1448; 'H and '3C
NMR (CDCls, Table 3.6; CD3sOD, Table 3.7); HRESIMS m/z 515.3353 [M-H]~ (calcd for
C31H4706, 515.3373).

2.13. Hypascyrin E (29): colorless gum; UV (MeOH) Amax 224 (¢ 20,100), 321 (11,700 sh),
and 357 (18,300) nm; ECD (MeOH) Ae (nm) 363 (+2.4) and 215 (-13.7) nm; IR (KBr) vmax
3376, 2963, 2928, 1633, 1586, 1520, and 1449 cm™"; 'H and 3C NMR (Table 3.6); HRESIMS
m/z 497.3255 [M-H]~ (calcd for C31H4505, 497.3267).

2.14. ent-Hyphenrone J (30): colorless gum; [a]?'p +86 (c 0.10, MeOH); UV (MeOH) Amax
224 (¢ 16,800), 322 (9,600 sh), and 358 (14,000) nm; ECD (MeOH) Ae (nm) 362 (+1.8) and

214 (-11.6) nm; IR (KBr) vmax 3461, 2960, 2926, 1686, and 1437 cm™'; 'H and *C NMR
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(Table 3.6); HRESIMS m/z 483.3110 [M-H]" (calcd for C3oH430s, 483.3110).

2.15. Eremophil-9,11(13)-dien-8p,12-olide (31): colorless oil; [a]?’p +53.9 (¢ 0.12, CHCI5);
UV (MeOH) Amax 202 (¢ 11,200), 218 (5,400), and 303 (300); ECD (MeOH) Ag (nm) —-0.5
(255), +5.6 (218), and -3.3 (202); '"H NMR (500 MHz, CDCls) 61 6.26 and 5.61 (each 1H, d,
J=2.6 Hz, H>-13), 5.46 (1H, d, J = 3.8 Hz, H-9), 4.86 (1H, dd, J=7.0, 3.8 Hz, H-8), 3.18 (1H,
m, H-7), 2.24 (1H, td, J = 13.3, 4.8 Hz, H-1a), 2.03 (1H, brd, J = 13.3 Hz, H-1b), 1.82 (1H, m,
H-2), 1.79 (2H, m, H>-6), 1.48 and 1.42 (each 1H, m, H2-3), 1.41 (1H, m, H-4), 1.29 (1H, m,
H-2), 0.96 (3H, s, H3-15), and 0.87 (1H, d, J = 6.0 Hz, H3-14); '3C NMR (500 MHz, CDCls) ¢
170.5 (C-12), 153.7 (C-10), 140.1 (C-11), 121.5 (C-13), 114.9 (C-9), 74.6 (C-8), 42.0 (C-4),
37.9 (C-5), 36.8 (C-6), 35.8 (C-7), 32.5 (C-1), 30.5 (C-3), 28.3 (C-2), 20.0 (C-15), and 15.4
(C-14).

2.16. Hyphenrone K (43): colorless gum; [a]??p +95 (¢ 0.10, MeOH); ECD (MeOH) Ae (nm)
362 (+1.8) and 214 (-11.6) nm; 1D NMR data were identical to those described in the

literature®®.

3. Catalytic hydrogenation of hyperdioxane B (18). A mixture of hyperdioxane B (18,
52 mg) and 10% Pd/C (150 mg) in EtOAc (5.0 mL) was stirred under H, atmosphere at room
temperature for 12 h. Filtration and concentration of the reaction mixture gave a residue,
which was purified by silica gel column chromatography (n-hexane/EtOAc, 7:3) to afford

hexahydrohyperdioxane B (18a, 40 mg).

3.1. Hexahydrohyperdioxane B (18a): colorless amorphous solid; '"H NMR (500 MHz,
CsDsN) 61 7.53 (1H, brd, J = 4.4 Hz, 1-OH), 7.08 (1H, d, J = 8.8 Hz, H-9), 6.77 (1H, d, J =
2.9 Hz, H-6), 6.62 (1H, dd, J = 8.8, 2.9 Hz, H-8), 4.12 (1H, dt, J = 12.4, 4.4 Hz, H-1), 3.86
(1H, dd, J = 12.4, 4.4 Hz, H-4a), 3.81 (3H, s, 10a-OMe), 3.62 (3H, s, 7-OMe), 3.46 (1H, tt, J
=124, 44 Hz, H-3), 3.31 (3H, s, 3-OMe), 2.55 (1H, m, H-2eq), 2.54 (1H, m, H-4eq), 2.20
(1H, q, J=12.4 Hz, H-4ax), and 2.19 (1H, q, J = 12.4 Hz, H-2ax); *C NMR (125 MHz, CsDsN)
8¢ 155.3 (C-7), 144.9 (C-5), 135.8 (C-10), 118.0 (C-9), 107.8 (C-8), 103.1 (C-6), 95.5 (C-10a),
73.6 (C-4a), 73.5 (C-3), 71.2 (C-1), 56.0 (3-OMe), 55.6 (7-OMe), 49.6 (10a-OMe), 37.7 (C-
2), and 34.1 (C-4); HRESIMS m/z 319.1167 [M+Na]* (calcd for C15sH200sNa, 319.1157).

4. Preparation of (S)- and (R)-MTPA esters (18b and 18c) of hexahydrohyperdioxane
B (18a). A mixture of 18a (1.0 mg), (R)-MTPACI (5.1 uL), 4-(dimethylamino)pyridine (9.6
mg), and triethylamine (3.6 uL) in CH>ClI, (500 ulL) was stirred at room temperature for 10 hr.
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After evaporation of solvent, the residue was purified by silica gel column chromatography
(n-hexane/EtOAc, 7:3) to afford (S)-MTPA ester (18b, 0.7 mg) of 18a. Similarly, the (R)-MTPA

ester (18c, 0.6 mg) of 18a was prepared.

4.1. (S)-MTPA ester (18b) of hexahydrohyperdioxane B: colorless gum; '"H NMR (500 MHz,
CD30D) 84 7.65 (2H, m, Ph), 7.49 (3H, m, Ph), 6.714 (1H, d, J = 8.9 Hz, H-9), 6.471 (1H, dd,
J=8.9, 29 Hz, H-8), 6.407 (1H, d, J = 2.9 Hz, H-6), 5.278 (1H, dd, J = 12.3, 4.5 Hz, H-1),
3.809 (1H, dd, J = 12.3, 4.5 Hz, H-4a), 3.705 (3H, s, 7-OMe), 3.66 (3H, s, OMe), 3.603 (1H,
tt, J =12.3, 4.5 Hz, H-3), 3.402 (3H, s, 3-OMe), 2.879 (3H, s, 10a-OMe), 2.381 (1H, dtd, J =
12.3, 4.5, 1.7 Hz, H-4eq), 2.334 (1H, dtd, J = 11.3, 4.5, 1.7 Hz, H-2eq), 1.808 (1H, dt, J =
12.3, 11.3 Hz, H-2ax), and 1.723 (1H, q, J = 12.3 Hz, H-4ax); HRESIMS m/z 535.1555
[M+Na]* (calcd for CosH270sF3Na, 535.1556).

4.2. (R)-MTPA ester (18c) of hexahydrohyperdioxane B: colorless gum; '"H NMR (500 MHz,
CD30D) 84 7.64 (2H, m, Ph), 7.50 (3H, m, Ph), 6.845 (1H, d, J = 8.8 Hz, H-9), 6.510 (1H, dd,
8.8, 2.9 Hz, H-8), 6.453 (1H, d, J = 2.9 Hz, H-6), 5.228 (1H, dd, J = 12.3, 4.5, H-1), 3.864
(1H, dd, J =12.3, 4.5 Hz, H-4a), 3.721 (3H, s, 7-OMe), 3.66 (3H, s, OMe), 3.610 (1H, tt, J =
12.3, 4.5 Hz, H-3), 3.397 (3H, s, 3-OMe), 3.186 (3H, s, 10-OMe), 2.404 (1H, dtd, J = 12.3,
4.5, 1.6 Hz, H-4eq), 2.276 (1H, dtd, J = 12.3, 4.5, 1.6 Hz, H-2eq), 1.736 (1H, q, J = 12.3 Hz,
H-4ax), and 1.625 (1H, q, J = 12.3 Hz, H-2ax); HRESIMS m/z 535.1559 [M+Na]" (calcd for
C2s5H2708F3Na, 535.1556).

5. Optical resolutions of hyperdioxane F (22). Optical resolution of hyperdioxane F (22)
was performed on chiral HPLC (CHIRAL-ART Amylose-SA, YMC Co., Ltd., $4.6 x 250 mm,
flow rate 1.0 mL/min, UV detection 254 nm) at rt with eluent of n-hexane/EtOAc (50:50) to
give (+)- and (-)-enantiomers in the integral ratio of ca. 1:1. (+)-22: tg 13.2 min; [a]?®p +112.8
(c 0.10, CHCIz); CD (MeCN) Ag (nm) +1.6 (228), +2.2 (254), and 0.9 (316). (-)-22: tr 20.3
min; [a]?®p —107.4 (c 0.10, CHCI3); CD (MeCN) Ae (nm) —2.4 (229), —3.4 (254), +1.1 (317).

6. Calculations.

6.1. Calculation of the distances between H-9 and H-14’ in the most stable conformer
of (2S,4aS8,10aR,4’S,5°R,7’R,8’R,11°S)-hyperdioxane A (17). Conformational searches
and DFT calculations were carried out on Spartan 14'"” program and Gaussian 09''® program,
respectively. Possible stereoisomers (2S,4aS,10aR,4'S,5R,7'R,8'R,11’S)-hyperdioxane A
(17) were submitted to conformational searches with the Molecular Mechanics (MMFF94s).
The initial stable conformers for (2S,4aS,10aR,4'S,5R,7’R,8' R,11°S)-17 with Boltzmann
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distributions over 1% (two conformers) were further optimized by DFT calculations at the
B3LYP/6-31G(d,p) level in the presence of benzene with a polarizable continuum model
(PCM) to give the most stable conformers. The distance between H-9 and H-14’ in the most
stable conformer of (2S,4aS,10aR,4'S,5°'R,7’R,8' R,11'S)-17 was calculated to be 3.57 A.

6.2. Calculation of the ECD Spectrum of eremophil-9,11(13)-dien-83,12-olide (31).
Conformational search of (4S,5R,7R,8R)-eremophil-9,11(13)-dien-8§,12-olide (31) with the
Molecular Mechanics (MMFF94S) gave two initial conformers with Boltzmann distributions
over 1%. The conformers were optimized by DFT calculation using the B3LYP/6-31G(d) level
in the presence of MeOH with a PCM, and subjected to TDDFT calculations at the same level.
The resultant rotatory strengths of the lowest 30 excited states for each conformer were
converted into Gaussian-type curves with half-bands (0.3 eV) using SpecDis v1.61'"°. The
calculated CD spectra were composed after correction based on the Boltzmann distribution,

and red-shifted by 5 nm.

6.3. Calculation of the ECD Spectrum of (+)-sampsone B (24), hyperdioxanes E (21)
and F (22). The conformational searchs of (4aS,10aS)-24 of sampsone B (24), (1S,10aR)-
21 of hyperdioxane E (21), and (4aS,10aS)- and (4aR,10aS)-21 of hyperdioxane F (21) were
separately carried out by the Molecular Mechanics (MMFF94s) on Spartan 18'?° program to
give their initial stable conformers. The initial stable conformers with over 1% of Boltzmann
distributions (eight, four, eight, nine conformers, respectively) were further optimized by DFT
calculations at the B3LYP/6-31G(d) level in the presence of MeOH for (4aS,10aS)-24, at the
B3LYP/6-31G+(d) level in the presence of MeOH for (1S,10aR)-24, at the B3LYP/6-31G(d)
level in the presence of MeCN for (4aS,10aS)- and (4aR,10aS)-22 with PCM on Gaussian
09 program, respectively. The stable conformers for (4aS,10aS)-24, (1S,10aR)-21, and
(4aS,10aS)-22 and (4aR,10aS)-22 with Boltzmann distributions over 1% were subjected to
TDDFT calculations at the CAM-B3LYP/6-31G+(d) level. The resultant rotatory strengths of
the lowest 30 excited states for each conformer were converted into Gaussian-type curves
with half-bands (0.3 eV) using SpecDis v1.61'°. The calculated ECD spectra were
composed after correction based on the Boltzmann distribution of the stable conformers. The
mirror image for the calculated ECD spectrum of (4aS,10aS)-22 and (4aR,10aS)-22 were
provided as the calculated spectrum of (4aR,10aR)-22 and (4aS,10aR)-22. Calculated ECD
spectra of (4aS,10aS)-24 and (1S,10aR)-21 were red-shifted by 15 and 10 nm, respectively.
Calculated ECD spectra of (4aS,10aS)-22, (4aR,10aS)-22, (4aR,10aR)-22 and (4aS,10aR)-

22 were also red-shifted by 10 nm, respectively.
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6.4. Calculation of the ECD Spectrum of Hypascyrin A (25). Initial conformational
searches and DFT calculations were run on the Spartan 14"” and Gaussian 09''® programs,
respectively. The major tautomer of (7S,9S)-hypascyrin A, (7S,9S)-25a, was subjected to
initial conformational search using Molecular Mechanics with MMFF94S. The initial stable
conformers of (7S,9S)-25a with over 1% of Boltzmann distributions (seven conformers) were
further optimized by DFT calculations at the B3LYP/6-31G(d) level. TDDFT calculations of
the stable conformers with over 1% of Boltzmann distributions at the B3LYP/6-31G+(d) level
with PCM (MeOH) were performed to give rotatory strengths. Conversion of the resultant
rotatory strengths of the lowest 30 excited states for each conformer into Gaussian-type
curves with half-bands (0.3 ev) were carried out on SpecDis v1.61"°. The calculated ECD
spectra were composed after correction based on the Boltzmann distribution of the stable
conformers. The mirror image for the calculated ECD spectrum of (7S,9S)-25a was provided

as the calculated spectrum of (7R,9R)-25a.

7. Catalytic hydrogenation of hypascyrins A (25) and E (29). A mixture of 29 (2.0 mg)
and 10% Pd/C (0.8 mg) in EtOH (2.0 mL) was stirred under Hz atmosphere at rt for 20 h. The
reaction mixture was filtrated and concentrated to give hexahydrohypascyrin E (29¢, 1.2 mg).
Similarly, catalytic hydrogenation of hypascyrin A (25, 2.5 mg) was carried out to give a
residue, which was purified by ODS HPLC on COSMOSIL 5C+s-AR-Il ($10 x 250 mm,
MeCN/H20/TFA, 95:5:0.1) to afford hexahydrohypascyrin A (25¢, 1.5 mg).

7.1. Hexahydrohypascyrin E (29c): colorless gum; [a]?’p +39 (¢ 0.10, CHCIs); "H NMR
spectrum (500 MHz, CDCIs) of 29¢ was identical to that of hexahydrohypascyrin A (25c¢);
HRESIMS m/z 503.3740 [M—H]" (calcd for C31H510s5, 503.3737).

7.2. Hexahydrohypascyrin A (25¢): colorless gum; [a]??p +29 (¢ 0.10, CHCI3); "TH NMR (500
MHz, CDCIs) data of major tautomer: 4 19.49 (1H, s), 11.75 (1H, s), 3.29 (1H, dd, 13.5, J =
4.0 Hz), 2.96 (2H, d, 7.0 Hz), 2.16 (1H, m), 1.98-1.63 (11H, m), 1.49-1.36 (8H, m), 1.27 (3H,
s), 0.99 (3H, d, J = 6.5 Hz), 0.98 (3H, d, J = 6.5 Hz), 0.90 (3H, d, J = 6.5 Hz), 0.87 (3H, d, J
= 6.5 Hz), 0.80-0.78 (12H, m); HRESIMS m/z 503.3726 [M-H]~ (calcd for C31Hs10Os,
503.3737).

8. Extraction and Isolation of the leaves of H. chinense.
The dried leaves of H. chinense (1.1 kg) was extracted with MeOH (15 L x 3). The MeOH
extracts were concentrated under reduced pressure to give a residue (396 g), which was

partitioned with n-hexane and H2O. The n-hexane-soluble material (76.8 g) was subjected to
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silica gel column chromatography (n-hexane/acetone, 99:1—0:100) to give 13 fractions (frs.
1-13). Further separation of fr. 7 by silica gel column chromatography (n-hexane/acetone,
90:10—0:100) afforded 7 fractions (frs. 7.1-7). Fractionation of fr. 7.5 by silica gel column
chromatography (n-hexane/EtOAc, 90:10—0:100) gave 8 fractions (frs. 7.5.1-8). Fr. 7.5.6
was loaded on silica gel HPLC on Mightysil Si60 ($20 x 250 mm; n-hexane/EtOAc, 90:10) to
give 8 fractions (frs. 7.5.6.1-8). Hyperolactone E (54, 3 mg) was isolated by purification of fr.
7.5.6.3 using a silica gel column (n-hexane/diethyl ether, 95:5—90:10—MeOQOH). Purification
of fr. 7.5.6.5 by ODS HPLC on COSMOSIL nNAP ($10 x 250 mm; MeOH/H,0, 70:30) gave
4-epi-hyperolactone E (55, 0.3 mg). Crystallization of fr. 7.5.6.4 (n-hexane/EtOAc, 90:10)
gave (-)-hyperolactone A (58, 645 mg), and the mother liqure was applied to silica gel HPLC
on Mightysil Si60 ($20 x 250 mm; n-hexane/i-PrOH, 90:10) to yield 4-epi-hyperolactones A
(51, 30 mg) and B (52, 104 mg), and (+)-hyperolactone B (59, 10 mg). Separation of fr. 8 by
silica gel column chromatography (n-hexane/EtOAc, 95:5—0:100) afforded 6 fractions (frs.
8.1-6). Fr. 8.2 was further separated by ODS HPLC on YMC-Actus Triart C1s ($20 x 250 mm,
MeOH/H20, 80:20) to yield 7 fractions (frs. 8.2.1-7). Purification of fr. 8.2.2 by ODS HPLC
on COSMOSIL =NAP ($10 x 254 mm; MeOH/H-0, 80:20) afforded merohyperin B (49, 2 mg).
Separation of fr. 9 by MCI CHP-20P column chromatography (MeOH/H20, 50:50—100:0)
gave 10 fractions (frs. 9.1-10). Fr. 9.4 and 9.7 were separately purfied by ODS HPLC on
YMC-Actus Triart C1s, (20 x 250 mm, 5.0 mL/min; 254 nm; MeOH/H20, 70:30) to afford
merohyperins A (48, 13 mg) and C (50, 36 mg), together with hyperolactone D (61, 45 mg)
and 5,6-dihydrohyperolactone D (62, 7 mg). Fractionation of fr. 9.9 by HPLC on GPC (Shodex,
GS-310 2G, MeOH) gave 9 fractions (frs. 9.9.1-9). 4-epi-Hyperolactone C (53, 6 mg) and
(=)-hyperolactone C (60, 30.8 mg) were isolated by purification of fr. 9.9.5 using silica gel
HPLC on Mightysil Si60 ($20 x 250 mm, n-hexane/i-PrOH, 90:10). Separation of fr. 3 by silica
gel column chromatography (n-hexane/EtOAc, 99:1—0:100) afforded 5 fractions (frs. 3.1-5).
Fr. 3.2 was loaded on ODS column (MeOH/H20, 50:50—100:0) to give 8 fractions (frs. 3.2.1—
8) Purification of fr. 3.2.2 by ODS HPLC on YMC-Actus Triart C1s ($20 x 250 mm, MeOH/H0,
95:5) gave biyouyanagins A (56, 8 mg) and B (57, 2 mg), respectively.

8.1. Merohyperin A (48): colorless gum; [a]?’p —43.5 (¢ 0.25, MeOH); IR (KBr) vmax 3558,
2969, 2931, 1780, and 1668 cm™!, 'H and "*C NMR (Table 4.1); HRESIMS: m/z 283.0938
[M+Na]* (calcd for C1sH1604Na, 283.0946).

8.2. Merohyperin B (49): colorless amorphous solid; [a]?*®p +20.3 (¢ 0.09, MeOH); IR (KBr)
vmax 2962, 2928, 1660, 1590, and 1572 cm~"; 'H and "*C NMR (Table 4.1); HRESIMS: m/z

251.1050 [M+Na]* (calcd for C1sH1602Na, 251.1048).
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8.3. Merohyperin C (50): colorless gum; [a]?"p +32.2 (¢ 0.25, MeOH); IR (KBr) vmax 3529,
2967, 2933, 1743, and 1587 cm™'; 'H and '*C NMR (Table 4.2); HRESIMS: m/z 247.1300
[M+Na]* (calcd for C13H2003Na, 247.1310).

8.4. 4-epi-Hyperolactone A (51): colorless oil; [a]*p +219.1 (¢ 0.25, EtOH); IR (KBr) vmax
2965, 2925, 2850, 1796, 1703, and 1597 cm~'; 'H and "*C NMR (Table 4.3); HRESIMS: m/z
273.1092 [M+Na]* (calcd for C14H1804Na, 273.1103).

8.5. 4-epi-Hyperolactone B (52): colorless amorphous solid; [a]?®p —228.5 (¢ 0.25 EtOH);
IR (KBr) vmax 2978, 2880, 1793, 1702, and 1597 cm™'; 'H and '*C NMR (Table 4.3);
HRESIMS: m/z 259.0911 [M+Nal]+ (calcd for C13H1604Na, 259.0946).

8.6. 4-epi-Hyperolactone C (53): colorless needles; [a]**p +267.7 (¢ 0.25, MeOH); IR (KBr)
vmax 2962, 2992, 2851, 1794, 1697, 1606, and 1571 cm™'; 'H and "*C NMR (Table 4.3);
HRESIMS: m/z 293.0832 [M+Na]* (calcd for C1sH1404Na, 293.0790).

8.7. Hyperolactone E (54): colorless amorphous solid; [a]*'p —248.6 (¢ 0.20, MeOH); IR
(KBr) vmax 2995, 2928, 2872, 1791, 1690, and 1603 cm~'; 'H and '*C NMR (Table 4.4);
HRESIMS: m/z 273.1132 [M+Na]* (calcd for C14H1804Na, 273.1103).

8.8. 4-epi-Hyperolactone E (55): colorless amorphous solid; [a]?%p +130.5 (¢ 0.02, MeOH);
IR (KBr) vmax 2962, 2922, 2850, 1794, 1704, and 1603 cm~'; '"H and '*C NMR (Table 4.4);
HRESIMS: m/z 273.1107 [M+Na]* (calcd for C14H1s04Na, 273.1103).

9. Methanolysis of (-)-hyperolactone A (58). (-)-Hyperolactone A (58, 2.0 mg) was
treated with K2CO3 (2.0 mg) in 50% MeOH ag. (400 uL) at rt with stirring for 4 h. The reaction
mixture was extracted with CHCI3z (300 pL x 3). The CHCIs layer was concentrated under
reduced pressure to give hydrolysate (58c, 1.1 mg) of hyperolactone A.

9.1. Hydrolysate (58c) of hyperolactone A (58): colorless gum; [a]?'p +47.6 (¢ 0.03, MeOH);

"H NMR spectrum (500 MHz, CDClIs) of 58c was identical to that of merohyperin C (50);
HRESIMS: m/z 247.1299 [M+Na]* (calcd for C13H2003Na, 247.1310).
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10. Calculations.

10.1. Calculation of the ECD spectra of 4-epi-hyperolactones A-C (51-53). The
conformational searchs of enantiomers {(3S,4R,11R-51) and (3R,4S,11S-51) of 4-epi-
hyperolactone A (51)}; {(3S,4S-52) and (3R,4R-52) of 4-epi-hyperolactone B (52)}; {(3S,4R-
53) and (3R,4S-53) of 4-epi-hyperolactone C (53)} were carried out by the Molecular
Mechanics (MMFF94s) on Spartan 14 program'’ to give initial stable conformers, which
were further optimized by DFT calculations at the B3LYP/6-31G(d) level in the presence of
MeOH with PCM on Gaussian 09 program'#. The stable conformers for enantiomers of 51—
53 with Boltzmann distributions over 1% were subjected to TDDFT calculations at the
B3LYP/6-31G (d) level for enantiomers of 51-53. The resultant rotatory strengths of the
lowest 30 excited states for each conformer were converted into Gaussian-type curves with
half-bands (0.3 eV) using SpecDis v1.61"9. The calculated ECD spectra were composed

after correction based on the Boltzmann distribution of the stable conformers.

10.2. Calculation of *C NMR chemical shifts of (E)-merohyperin B (50) and (2)-
merohyperin B (49). Conformational searches of (E)-49 and (Z)-49 by the Molecular
Mechanics (MMFF94s) on Spartan 14 program'’ (Wavefunctional Inc., Irvine, CA) gave
initial stable conformers, which were further optimized by DFT calculation at the
MPW1PW91/6-31G(d) level in the presence of CHCIs; with a polarizable continuum model
(PCM) on Gaussian 09 program. The stable conformers with Boltzmann distributions over
1% were subjected to DFT calculations (MPW1PW91/6-31G(d), in CHCIz with PCM,
Gaussian 09"18) to afford the '3C NMR chemical shifts, which were referenced by a multi-
standard approach''. The calculated '*C NMR chemical shifts were composed after

correction based on the Boltzmann distribution of the stable conformers.

Chapter 4
1. Plant material. The aerial parts of Hypericum frondosum ‘Sunburst’ were collected at

the medicinal herb garden of Tokushima University in 2015.

2. Extraction and Isolation.

Extraction of the dried aerial parts of H. frondosum ‘Sunburst’ (871 g) with MeOH (12 L x 3)
gave the extract (159 g). The extract (11 g) was partitioned successively with n-hexane,
EtOAc, n-BuOH, and H20. The n-hexane-soluble material (3 g) was separated by a silica gel
column chromatography (n-hexane/acetone, 90:10—0:100) to yield 15 fractions (frs. 1-15).
Fractionation of fr. 5 by TOYOPEARL HW-40 column chromatography (CHCl3/MeOH, 10:20
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—0:100) gave five fractions (frs. 5.1-5). Further separation of fr. 5.3 by ODS HPLC on YMC-
Actus Triart C1s ($20 x 250 mm, MeOH/H2O, 70:30) afforded frondhyperin A (63, 23 mg),
frondhyperin D (66, 21 mg), frondhyperin E (67, 9 mg), and frondhyperin F (68, 5 mg),
respectively. Separation of fr. 8 by an ODS cartridge column Strata C1s (MeOH/H20, 60:40
—100:0) gave five fractions (frs. 8.1-5). Frondhyperin C (65, 1 mg) was isolated by
purification of fr. 8.2 using ODS HPLC on YMC-Actus Triart C1s ($20 x 250 mm, MeOH/H20,
70:30). Subsequent separation of fr. 3 by silica gel column chromatography (n-hexane/EtOAc,
90:10—0:100) gave frondhyperin B (64, 325 mg). The n-BuOH-soluble material (45 g) was
subjected to TOYOPEARL HW-40 column chromatography (MeOH/H20, 10:90—100:0) to
give 6 fractions (frs. 1'-6’). Fr. 4’ was separated by an MCI gel CHP-20P column (MeOH/H20,
10:90 — 100:0) to give eight fractions (frs. 4’.1-8). Fr. 4.5 was chromatographed on
Sephadex LH-20 column chromatography (MeOH/H20, 10:90—100:0) to yield five fractions
as frs. 4’.5.1-5 including 5-O-caffeoyl quinic acid Bu ester (71, 72 mg). Fr. 4’.5.1 were purified
by silica gel column chromatography (EtOAc/MeOH/H20, 50:3:2—20/3/2) and ODS column
chromatography on cartridge Strata C1g (MeOH/H20, 60:40—100:0) to afford hyperin (72, 19
mg). Separation of fr. 3’ by a Sephadex LH-20 column (MeOH/H20O, 30:70—100:0) gave 5-
O-caffeoyl quinic acid (69, 72 mg) and its Me ester (70, 38 mg)

2.1. Frondhyperin A (63): colorless gum; [a]?'p —43.1 (¢ 0.40, MeOH); IR (KBr) vmax 1736
and 1672 cm™"; UV (MeOH) Amax 251 (¢ 12,700) nm; ECD (MeOH) Ae (nm) —0.6 (331), =3.0
(255), and —4.4 (210); 'H and "*C NMR (Table 5.1); HRESIMS: m/z 287.0899 [M-H]" (calcd
for C16H150s5, 287.0919).

2.2. Frondhyperin B (64): colorless gum; [a]?'o —35.1 (¢ 0.10, MeOH); IR (KBr) vmax 2984,
1721, and 1677 cm™"; UV (MeOH) Amax 248 (¢ 13,300) nm; ECD (MeOH) As (nm)—0.6 (336),
-3.1 (254), and —4.5 (210); 'H and *C NMR (Table 5.1); HRESIMS: m/z 325.1034 [M+Na]*
(calcd for C17H180sNa, 325.1052).

2.3. Frondhyperin C (65): colorless gum; [a]?*p +17.5 (c 0.10, MeOH); IR (KBr) vmax 1771
and 1739 cm™; UV (MeOH) Amax 230 (¢ 13,200 sh) and 278 (3,200 sh) nm; 'H and 3C NMR
(Table 5.2); HRESIMS: m/z 325.1032 [M+Na]" (calcd for C17H18OsNa, 325.1052).

2.4. Frondhyperin D (66): colorless gum; [a]?®p —6.1 (¢ 0.14, MeOH); IR (KBr) vmax 2984,

1739, and 1686 cm~"; UV (MeOH) Amax 245 (¢ 10,300) and 283 (3,000) nm; 'H and *C NMR
(Table 5.3); HRESIMS: m/z 301.1029 [M+Na]* (calcd for C1sH1sOsNa, 301.1052).
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2.5. Frondhyperin E (67): colorless oil; [a]?®p —51.0 (¢ 0.10, MeOH); 'H and '3C NMR (Table
5.4); HRESIMS: m/z 339.1198 [M+Na]* (calcd for C1sH200sNa, 339.1208).

2.6. Frondhyperin F (68): colorless oil; [a]**p —35.3 (¢ 0.10, MeOH); 'H and '3C NMR (Table
5.4); HRESIMS: m/z 367.1490 [M+Na]* (calcd for C20H240sNa, 367.1521).

3. Methylation of frondhyperin A (63). A solution of frondhyperin A (63, 0.5 mg) in
MeOH (500 uL) was treated with TMS-diazomethane (0.6 M solution in n-hexane, 20 pL) at

rt for 1 h. The reaction mixture was concentrated under reduced pressure to furnish 63a (0.5

mg).

3.1. 5-O-Methylfrondhyperin A (63a): colorless amorphous solid; [a]?®p —39.1 (¢ 0.03,
MeOH); 'H NMR spectrum (500 MHz, CDClIs) of 63a was identical to that of frondhyperin B
(65); HRESIMS: m/z 325.1022 [M+Na]* (calcd for C17H180OsNa, 325.1052).

4. Catalytic hydrogenation of frondhyperin B (64). A mixture of frondhyperin B (64, 33
mg) and 10% Pd/C (108 mg) in EtOH (4 mL) was stirred under H, atmosphere at rt for 10 h.
After filtration of insolubles, the filtrate was concentrated under reduced pressure to a residue,
which was purified by ODS HPLC on COSMOSIL NAP ($10 x 250 mm, MeOH/H>0 65:35)
to give tetrahydrofrondhyperin B (64a, 2.3 mg).

4.1. Tetrahydrofrondhyperin B (64a): colorless amorphous solid; '"H NMR (500 MHz, CDCl5)
8H 7.35 (3H, m, H-3, H-4, and H-5), 7.26 (2H, m, H-2 and H-6), 4.99 (1H, d, J = 9.0 Hz, H-7),
4.19 (1H, q, J = 6.4 Hz, H-2’), 3.66 (3H, s, OMe), 2.96 (1H, dd, J = 9.0, 6.7 Hz, H-8), 2.25
(1H,d, J=6.7 Hz, H-4"), 1.28 (3H, d, J = 6.4 Hz, H3-1’), 0.95 (3H, s, H3-6’), and 0.85 (3H, s,
Hs-7"); 3C NMR (125 MHz, CDCls) ¢ 174.7 (C-9), 171.5 (C-5'), 139.0 (C-1), 128.7 x 3 (C-3,
C-4, and C-5), 126.9 (C-2 and C-6), 79.5 (C-2’), 72.3 (C-7), 51.6 x 2 (OMe and C-4’), 46.7
(C-8),37.0(C-3),27.8 (C-6’), 18.2 (C-7’), and 14.4 (C-1"); HRESIMS: m/z 329.1344 [M+Na]*
(calcd for C17H2205Na, 329.1365).

5. Chemical conversion of frondhyperin B (64) into frondhyperin C (64b).
Frondhyperin B (64, 19 mg) was treated with NaOH (19 mg) in MeOH (10 mL) at rt for 10 h.
After neutralization by cation-exchange resin (Dowex 50WX8-100), the reaction mixture was
filtered, and concentrated to a residue, which was purified by a ODS column chromatography
(MeOH/H20) and a silica gel column chromatography (n-hexane/EtOAc) to give 64b (8 mg).
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5.1. Frondhyperin C (64b, derived): colorless amorphous solid; [a]*'0 +18.6 (¢ 0.10,
MeOH); '"H NMR (500 MHz, CDCIs) was identical to that of natural frondhyperin C (65).;
HRESIMS: m/z 325.1031 [M+Na]* (calcd for C17H180OsNa, 325.1052).

6. Catalytic hydrogenation of frondhyperin C (64b). A mixture of frondhyperin C (64b,
1 mg) and 10% Pd/C (3 mg) in EtOAc (2 mL) was stirred under H; atmosphere at rt for 10 h.
The reaction mixture was worked up as descrived above to give dihydrofrondhyperin C (65a,
0.8 mg).

6.1. Dihydrofrondhyperin C (65a): colorless amorphous solid; '"H NMR (500 MHz, CDCls)
8H 7.75 (2H, m, H-2 and H-6), 7.41 (3H, m, H-3, H-4, and H-5), 4.16 (1H, q, J = 6.6 Hz, H-2),
3.23 (3H, s, OMe), 3.55 (1H, d, J = 11.7 Hz, H-8), 2.93 (1H, d, J = 11.7 Hz, H-4"), 1.35 (3H,
d, J=6.6 Hz, H3-1"), 1.33 (3H, s, H3-7’), and 1.15 (3H, s, H3-6"); *C NMR (125 MHz, CDCls)
8¢ 173.7 (C-5’), 165.7 (C-9), 137.5 (C-1), 129.3 (C-4), 128.6 x 2 (C-3 and C-5), 126.8 x 2 (C-
2 and C-6), 108.6 (C-7), 83.1 (C-2’), 51.9 (OMe), 49.6 (C-8), 49.0 (C-4’), 34.7 (C-3’), 24.3 (C-
7’), 14,5 (C-6"), and 14.4 (C-1'); HRESIMS: m/z 327.1200 [M+Na]* (calcd for C17H200sNa,
327.1208).

7. Condensation of frondhyperin D (66) with (S)-phenylethylamine. To a solution of
frondhyperin D (66, 3 mg) in MeOH (2 mL) was added (S)-1-phenylethylamine (6 uL) and 4-
(4,6-dimethoxy-1,3,5-triazin-2-yl)-4-methylmorpholinium chloride (DMT-MM, 16 mg), and the
mixture was stirred at rt for 10 h. After concentration of the reaction mixture, the residue was
dissolved in EtOAc (30 mL), which was washed successively with 1N HCI, water, and brine,
and concentrated to a residue. Purification of the residue by silica gel column
chromatography (n-hexane/EtOAc) and ODS column chromatography (MeOH/H20) afforded

a mixture of diastereomers (66¢) (2.5 mg).

7.1. A mixture of diastereomer (66¢): colorless gum; HRESIMS: m/z 380.1860 [M-H]~
(calcd for C23H26NQ4, 380.1862).

8. Calculation of the ECD spectrum of frondhyperin B (64). The conformational
searchs of 2’'R-64 of frondhyperin B (64) was carried out by the Molecular Mechanics
(MMFF94s) on Spartan 14 program'"’ to give initial stable conformers, which were further
optimized by DFT calculations at the B3LYP/6-31G(d) level in the presence of MeOH with
PCM on Gaussian 09 program'®, The stable conformers for 2’R-64 of frondhyperin B (64)

with Boltzmann distributions over 1% were subjected to TDDFT calculations at the B3LYP/6-
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31G+(d,p) level for (2’'R-64) of frondhyperin B (64). The resultant rotatory strengths of the
lowest 30 excited states for each conformer were converted into Gaussian-type curves with
half-bands (0.3 eV) using SpecDis v1.61"°. The calculated ECD spectra were composed
after correction based on the Boltzmann distribution of the stable conformers. Calculated
ECD spectra was blue-shifted by 25 nm.
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Supplementary Data (Chapter 2)
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Figure S2.1. '3C NMR spectrum of cinncassiol H (1) in CD3OD (125 MHz).
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Figure S$2.3. HSQC spectrum of cinncassiol H (1) in CDsOD (500 MHz).

Figure S2.4. HMBC spectrum of cinncassiol H (1) in CD30D (500 MHz).
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Figure S2.6. '3C NMR spectrum of cinncassiol | (2) in CsDsN (125 MHz).
158



—»MMJ\—AW_kL_LMmMWWM_AA—JMJLAL.UV\‘

Figure $2.7. 'H-'H COSY spectrum of cinncassiol | (2) in CsDsN (500 MHz).
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Figure S2.8. HSQC spectrum of cinncassiol | (2) in CsDsN (500 MHz).
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Figure $2.10. NOESY spectrum of cinncassiol | (2) in CsDsN (500 MHz).
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Figure S2.13. HSQC spectrum of cinncassiol Ds (3) in CsDsN (500 MHz).
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Figure S2.14. HMBC spectrum of cinncassiol Ds (3) in CsDsN (500 MHz).
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Figure $2.17. 'H-'H COSY spectrum of cinncassiol Ds (4) in CsDsN (500 MHz).
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Figure S2.18. HSQC spectrum of cinncassiol De (4) in CsDsN (500 MHz).
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Figure $2.19. HMBC spectrum of cinncassiol De (4) in CsDsN (500 MHz).
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Figure S2.20. NOESY spectrum of cinncassiol Des (4) in CsDsN (500 MHz).
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Figure S2.21. 3C NMR spectrum of 18-hydroxycinnzeylanol (5) in CD3OD (500 MHz).
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Figure $2.22. 'H-"H COSY spectrum of 18-hydroxycinnzeylanol (5) in CD30D (500 MHz).
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Figure S2.24. HMBC spectrum of 18-hydroxycinnzeylanol (5) in CDsOD (500 MHz).
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Figure $2.26. '3C NMR spectrum of cinnamcassiol A (6) in CD3OD (500 MHz).
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Figure $2.27. 'H-'H COSY spectrum of cinnamcassiol A (6) in CD30D (500 MHz).
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Figure S2.28. HSQC spectrum of cinnamcassiol A (6) in CDsOD (500 MHz).
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Figure $2.29. HMBC spectrum of cinnamcassiol A (6) in CD30D (500 MHz).
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Figure S2.30. NOESY spectrum of cinnamcassiol A (6) in CD30OD (500 MHz).
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Figure S2.31. "H NMR spectrum of cinnamcassiol B (7) in DMSO-ds (500 MHz).
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Figure $2.32. 13C NMR spectrum of cinnamcassiol B (7) in CD30D (500 MHz).
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Figure $2.33. 'H-'H COSY spectrum of cinnamcassiol B (7) in CD30D (500 MHz).
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Figure S2.34. HSQC spectrum of cinnamcassiol B (7) in CD3OD (500 MHz).
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Figure S2.35. HMBC spectrum of cinnamcassiol B (7) in CDsOD (500 MHz).
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Figure S2.36. NOESY spectrum of cinnamcassiol B (7) in CD30D (500 MHz).
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Figure $2.37. NOESY spectrum of cinnamcassiol B (7) in DMSO-ds (500 MHZz).

174



Supplementary Data (Chapter 3)
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Figure S3.1. '3C NMR spectrum of hyperdioxane A (17) in CsDs (125 MHZz).
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Figure $3.2. 'H-'"H COSY spectrum of hyperdioxane A (17) in CeDe (500 MHz).
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Figure S3.3. HSQC spectrum of hyperdioxane A (17) in CeDs (500 MHZz).
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Figure S3.4. HMBC spectrum of hyperdioxane A (17) in CsDs (500 MHZz).
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Figure $3.6. "H NMR spectrum of hyperdioxane B (18) in DMSO-ds (500 MHz).
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Figure S3.7. '3C NMR spectrum of hyperdioxane B (18) in CDCls (125 MHz).
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Figure $3.8. 'H-'H COSY spectrum of hyperdioxane B (18) in CDClIs (500 MHz).
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Figure S$3.9. HSQC spectrum of hyperdioxane B (18) in CDCls (500 MHz).
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Figure S$3.10. HMBC spectrum of hyperdioxane B (18) in CDCIs (500 MHz).
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Figure S$3.11. NOESY spectrum of hyperdioxane B (18) in DMSO-ds (500 MHz).
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Figure $3.12. '"H NMR spectrum of hexahydrohyperdioxane B (18a) in CsDsN (500 MHz).
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Figure S$3.13. NOESY spectrum of hexahydrohyperdioxane B (18a) in CsDsN (500 MHz).
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Figure $3.14. '"H NMR spectrum of (S)-MTPA ester (18b) of hexahydrohyperdioxane B

| )

in CD30D (500 MHz).
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Figure $3.15. 'H NMR spectrum of (R)-MTPA ester (18c) of hexahydrohyperdioxane B

in CD30D (500 MHz).

iLeee

69F 6% ——
02815 ——
089765 — _
L0795

INLOL —
000-4L

AT

25126

92% 96

589 66

w8 'z0l——
Skv 801

OL¥ 81—

120 '¥€1
686 '6€1

LELSSI

152 el

e8¢ 98l

o
[}
=

40 20

6o

160 " a0 “i20 “Ti00
5/ppm

180

200

Figure $3.16. '3C NMR spectrum of (+)-sampsone B (24) in CDClIs (125 MHz).
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Figure $3.17. 'H-'H COSY spectrum of (+)-sampsone B (24) in CDCIz (500 MHz).

Figure $3.18. HSQC spectrum of (+)-sampsone B (24) in CDCls (500 MHz).
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Figure S3.19. HMBC spectrum of (+)-sampsone B (24) in CDCIz (500 MHz).
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Figure $3.20. '"H NMR spectrum of hyperdioxane C (19) in DMSO-ds (500 MHz).
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Figure $3.21. 3C NMR spectrum of hyperdioxane C (19) in CDCls (125 MHz).
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Figure $3.22. 'H-'H COSY spectrum of hyperdioxane C (19) in CDClIs (500 MHz).
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Figure S$3.25. NOESY spectrum of hyperdioxane C (19) in CDClIs (500 MHz).

Figure S3.26. ROESY spectrum of hyperdioxane C (19) in DMSO-ds (500 MHZz).
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Figure $3.27. 'H NMR spectrum of hyperdioxane D (20) in DMSO-ds (500 MHz).
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Figure S$3.28. 13C NMR spectrum of hyperdioxane D (20) in CDCIs (125 MHz).
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Figure $3.29. 'H-'H COSY spectrum of hyperdioxane D (20) in CDClIs (500 MHz).
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Figure S$3.30. HSQC spectrum of hyperdioxane D (20) in CDCls (500 MHz).
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Figure S$3.31. HMBC spectrum of hyperdioxane D (20) in CDCls (500 MHz).

Figure S$3.32. NOESY spectrum of hyperdioxane D (20) in CDCIs (500 MHz).
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Figure S3.33. NOESY spectrum of hyperdioxane D (20) in DMSO-ds (500 MHZz).
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Figure $3.34. '"H NMR spectrum of hyperdioxane E (21) in DMSO-ds (500 MHZz).
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Figure $3.36. 'H-'"H COSY spectrum of hyperdioxane E (21) in CDClz (500 MHz).
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Figure S$3.38. HMBC spectrum of hyperdioxane E (21) in CDCIs (500 MHz).
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Figure $3.40. '"H NMR spectrum of hyperdioxane F (22) in DMSO-ds (500 MHz).
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Figure $3.41. 3C NMR spectrum of hyperdioxane F (22) in CDCl3 (125 MHz).
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Figure $3.42. 'H-'H COSY spectrum of hyperdioxane F (22) in CDClIs (500 MHz).
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Figure S3.43. HSQC spectrum of hyperdioxane F (22) in CDCIz (500 MHz).
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Figure S3.44. HMBC spectrum of hyperdioxane F (22) in CDCls (500 MHz).
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Figure S$3.45. NOESY spectrum of hyperdioxane F (22) in CDCIs (500 MHz).
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Figure S$3.46. NOESY spectrum of hyperdioxane F (22) in DMSO-ds (500 MHz).
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Figure $3.47. '3C NMR spectrum of hyperdioxane G (23) in CDCIs (125 MHz).
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Figure $3.48. 'H-'H COSY spectrum of hyperdioxane G (23) in CDClz (500 MHz).
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Figure S$3.49. HSQC spectrum of hyperdioxane G (23) in CDCls (500 MHz).
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Figure S$3.50. HMBC spectrum of hyperdioxane G (23) in CDCIz (500 MHz).
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Figure S3.51. NOESY spectrum of hyperdioxane G (23) in CDCIz (500 MHz).
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Figure $3.52. '3C NMR spectrum of hypascyrin A (25) in CDClz (125 MHz).
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Figure $3.53. 'H-'H COSY spectrum of hypascyrin A (25) in CDClz (500 MHz).
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Figure $3.54. HSQC spectrum of hypascyrin A (25) in CDCls (500 MHz).
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Figure S$3.55. HMBC spectrum of hypascyrin A (25) in CDCls (500 MHz).
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Figure S$3.56. NOESY spectrum of hypascyrin A (25) in CDCls (500 MHz).
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Figure S$3.57. '"H NMR spectrum of hypascyrin A (25) in methanol-ds (500 MHz).
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Figure S3.58. 13C NMR spectrum of hypascyrin A (25) in methanol-ds (125 MHz).

120

140

60

1

80

1

200

203



/l et

i,

J

50

N
| g

oo 0oz oor 009 oos 000k o'oeL oork

T f I T L

Figure $3.59. 'H-'H COSY spectrum of hypascyrin A (25) in methanol-ds (500 MHz).

Figure S3.60. HSQC spectrum of hypascyrin A (25) in methanol-ds (500 MHz).
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Figure S3.61.

Figure S3.62. NOESY spectrum of hypascyrin A (25) in methanol-ds (500 MHz).
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Figure $3.65. HSQC spectrum of hypascyrin B (26) in CDClIs (500 MHz).
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Figure S$3.66. HMBC spectrum of hypascyrin B (26) in CDCIs (500 MHz).
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Figure $3.69. 'H-'H COSY spectrum of hypascyrin C (27) in CDCIz (500 MHz).
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Figure S3.70. HSQC spectrum of hypascyrin C (27) in CDCls (500 MHz).
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Figure S3.72. NOESY spectrum of hypascyrin C (27) in CDCls (500 MHz).
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Figure S$3.75. HSQC spectrum of hypascyrin D (28) in CDCIz (500 MHz).
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Figure S3.76. HMBC spectrum of hypascyrin D (28) in CDCls (125 MHz).
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Figure $3.78. '"H NMR spectrum of hypascyrin D (28) in methanol-ds (500 MHz).
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Figure S3.79. 3C NMR spectrum of hypascyrin D (28) in methanol-ds (125 MHz).
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Figure $3.80. 'H-'H COSY spectrum of hypascyrin D (28) in methanol-ds (500 MHZz).
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Figure S3.81. HSQC spectrum of hypascyrin D (28) in methanol-ds (500 MHz).

Figure S$3.82. HMBC spectrum of hypascyrin D (28) in methanol-ds (500 MHz).
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Figure S$3.83. NOESY spectrum of hypascyrin D (28) in methanol-ds4 (500 MHz).
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Figure $3.84. '3C NMR spectrum of hypascyrin E (29) in CDClz (125 MHz).
216

120

1 LMMM_

140

|

160

major tautomer)

29 (
180

200




o

1N

30

LN

|
ufuuﬂmbwﬁlqduw}'\ﬂl”wd

5.0

b L L

0o 002 oor o

BRI f I !

Figure $3.85. 'H-'H COSY spectrum of hypascyrin E (29) in CDClIs (500 MHz).
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Figure S3.86. HSQC spectrum of hypascyrin E (29) in CDCls (500 MHz).
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Figure S$3.87. HMBC spectrum of hypascyrin E (29) in CDCIs (500 MHz).

ufwiuﬁ_uujmﬂﬂuudt

A

Figure S3.88. NOESY spectrum of hypascyrin E (29) in CDCI3 (500 MHz).
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Figure $3.90. 'H-'H COSY spectrum of ent-hyphenrone J (30) in CDClI3 (500 MHz).
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Figure $3.91. HSQC spectrum of ent-hyphenrone J (30) in CDCIs (500 MHz).
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Figure $3.92. HMBC spectrum of ent-hyphenrone J (30) in CDCl3 (500 MHz).

220



X

W ,\Jﬁ\

AN L

Figure S3.93. NOESY spectrum of ent-hyphenrone J (30) in CDCl3 (500 MHz).
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Figure $3.94. '"H NMR spectrum of hexahydrohypascyrin A (25c¢) in CDClz (500 MHz).
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Figure $3.96. '3C NMR spectrum of merohyperin A (48) in CDCls (125 MHz).
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Figure $3.97. 'H-'H COSY spectrum of merohyperin A (48) in CDClI3 (500 MHz).
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Figure S$3.98. HSQC spectrum of merohyperin A (48) in CDCls (500 MHz).
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Figure S$3.100. NOESY spectrum of merohyperin A (48) in CDCls (500 MHz).
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Figure $3.101. '3C NMR spectrum of merohyperin B (49) in CDCIs (125 MHz).
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Figure $3.102. 'H-'H COSY spectrum of merohyperin B (49) in CDClz (500 MHz).
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Figure S$3.103. HSQC spectrum of merohyperin B (49) in CDCls (500 MHz).
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Figure S3.104. HMBC spectrum of merohyperin B (49) in CDCIs (500 MHz).
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Figure $3.105. NOESY spectrum of merohyperin B (49) in CDCl3 (500 MHz).
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Figure $3.106. '3C NMR spectrum of merohyperin C (50) in CDClz (125 MHz).
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Figure $3.107. 'H-'H COSY spectrum of merohyperin C (50) in CDClIs (500 MHz).

228



R I T | | T | ppm

I
“L
. o 9, :
) .
L ] e
- ; 40
. P o o & L
‘ a o . a )
: : 60
Cl =] °
| EB@| o . I
R g R (e . .
.
: 80
E:] ¢
EL- u L
. b
5 100
g -
. I
1
o | @B -‘
: 120
b
)
S . 140
;

653 60 355 50 45 40 35 30 25 20 15 10 ppm
Figure S$3.108. HSQC spectrum of merohyperin C (50) in CDCIs (500 MHz).
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Figure $3.109. HMBC spectrum of merohyperin C (50) in CDCls (500 MHz).
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Figure $3.110. '3C NMR spectrum of 4-epi-hyperolactone A (51) in CDCls (125 MHz).
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Figure $3.111. '"H-"H COSY spectrum of 4-epi-hyperolactone A (51) in CDCls (500 MHz).

230



i “h [ & ppm

= : 120

— - clon

140

65 60 35 50 45 40 35 30 25 20 15 10 ppm
Figure $3.112. HSQC spectrum of 4-epi-hyperolactone A (51) in CDCls (500 MHz).

I ' ‘h ﬂ M o L ppm
N 6 [ : gz o a-]ﬁ w’: Ll
. » )
; o ® Q )
an ) » # L é 50
]
: :
— [ wp L] ¢
v 5 M 100
' ]
. i
— [ 4 ® ¢ §
‘, 150
B & '
i
— i - owl 200
65 60 55 50 45 40 35 30 25 20 15 1.0 ppm

Figure S$3.113. HMBC spectrum of 4-epi-hyperolactone A (51) in CDCIs (500 MHz).
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Figure S$3.114. 3C NMR spectrum of 4-epi-hyperolactone B (52) in CDCls (125 MHz).
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Figure $3.115. 'H-H COSY spectrum of 4-epi-hyperolactone B (52) in CDClIz (500 MHz).
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Figure S$3.116. HSQC spectrum of 4-epi-hyperolactone B (52) in CDCIz (500 MHz).
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Figure S$3.117. HMBC spectrum of 4-epi-hyperolactone B (52) in CDClIs (500 MHz).
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Figure $3.118. '3C NMR spectrum of 4-epi-hyperolactone C (53) in CDClz (125 MHz).
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Figure $3.119. 'H-'H COSY spectrum of 4-epi-hyperolactone C (53) in CDClI3 (500 MHz).
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Figure $3.120. HSQC spectrum of 4-epi-hyperolactone C (53) in CDCIsz (500 MHz).
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Figure $3.121. HMBC spectrum of 4-epi-hyperolactone C (53) in CDClIs (500 MHz).
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Figure $3.122. '3C NMR spectrum of hyperolactone E (54) in CDCls (125 MHz).
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Figure 3.123. 'H-'H COSY spectrum of hyperolactone E (54) in CDClI3 (500 MHz).
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Figure S$3.124. HSQC spectrum of hyperolactone E (54) in CDCIs (500 MHz).
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Figure S$3.125. HMBC spectrum of hyperolactone E (54) in CDCIz (500 MHz).
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Figure $3.126. '3C NMR spectrum of 4-epi-hyperolactone E (55) in CDCls (125 MHz).
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Figure $3.127. 'H-'H COSY spectrum of 4-epi-hyperolactone E (55) in CDClI3 (500 MHz).
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Figure S$3.128. HSQC spectrum of 4-epi-hyperolactone E (55) in CDCls (500 MHz).
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Figure S$3.129. HMBC spectrum of 4-epi-hyperolactone E (55) in CDCIs (500 MHz).
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Figure S4.1. 3C NMR spectrum of frondhyperin A (63) in CsDsN (125 MHz).
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Figure $4.2. 'H-"H COSY spectrum of frondhyperin A (63) in CsDsN (500 MHz).
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Figure S$4.3. HSQC spectrum of frondhyperin A (63) in CsDsN (500 MHz).
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Figure S4.4. HMBC spectrum of frondhyperin A (63) in CsDsN (500 MHz).
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Figure S4.5. '3C NMR spectrum of frondhyperin B (64) in CDCls (125 MHz).
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Figure $4.6. 'H-"H COSY spectrum of frondhyperin B (64) in CDCIz (500 MHz).
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Figure S4.7. HSQC spectrum of frondhyperin B (64) in CDCls (500 MHz).
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Figure S4.8. HMBC spectrum of frondhyperin B (64) in CDClIs (500 MHz).
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Figure $4.9. '3C NMR spectrum of frondhyperin C (65) in CDCls (125 MHz).
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Figure $4.10. 'H-'H COSY spectrum of frondhyperin C (65) in CDCIs (500 MHz).
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Figure S4.11. HSQC spectrum of frondhyperin C (65) in CDCls (500 MHz).
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Figure S4.12. HMBC spectrum of frondhyperin C (65) in CDCIs (500 MHz).

ppm

20

40

60

80

100

120

ppm

ppm

20

40

60

80

100

120

140

160

180

200

ppm



—1924
——180.6
——166.6
136
133
131
129
128
128
128
126
—287.4
—753
46.0
—149

__—208
T~204

(0]
SPUY
9 OJ><U\OH
66a

(major)

T T T T T T T T T T T T T T T T T T T 1
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 ppm

Figure S4.13. '3C NMR spectrum of frondhyperin D (66) in CDCls (125 MHz).

|

85 80 75 7.0 65 6.0 55 50 45 40 35 30 25 20 15 10 ppm
Figure S4.14. 'H-"H COSY spectrum of frondhyperin D (66) in CDCIs (500 MHz).
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Figure S$4.15. HSQC spectrum of frondhyperin D (66) in CDCIs (500 MHz).
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Figure S4.16. HMBC spectrum of frondhyperin D (66) in CDCIs (500 MHz).
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Figure S4.17. '3C NMR spectrum of frondhyperin E (67) in CDCls (125 MHz).
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Figure $4.18. 'H-'H COSY spectrum of frondhyperin E (67) in CDClI3 (500 MHz).
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Figure $4.19. HSQC spectrum of frondhyperin E (67) in CDCls (500 MHz).
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Figure S4.20. HMBC spectrum of frondhyperin E (67) in CDClIs (500 MHz).

249

20

40

60

80

100

120

140

160

180

ppm



191.3
——164.6
—162.2
——154.6
—131

129

128

81.8

65.9
—379
—299

O O~
)
/
o~ ©
68
T T T T T T T T T T T T T T T T T T T 1
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 ppm

Figure S4.21. '3C NMR spectrum of frondhyperin F (68) in CDCls (125 MHz).
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Figure $4.22. 'H-'H COSY spectrum of frondhyperin F (68) in CDCls (500 MHz).
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Figure S$4.23. HSQC spectrum of frondhyperin F (68) in CDCIs (500 MHz).
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Figure S4.24. HMBC spectrum of frondhyperin F (68) in CDCls (500 MHz).
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Figure $4.25. '3C NMR spectrum of tetrahydro derivative (64a) of frondhyperin B (64)
in CDCIs (125 MHz).
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Figure S4.26. 'H-'H COSY spectrum of tetrahydro derivative (64a) of

frondhyperin B (64) in CDCIz (500 MHz).
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Figure S4.27. HSQC spectrum of tetrahydro derivative (64a) of frondhyperin B (64)
in CDCls (500 MHz).
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Figure S4.28. HMBC spectrum of tetrahydro derivative (64a) of frondhyperin B (64)
in CDCls (500 MHz).

253



108.6
145
14.4

i

83.1

~ ~
I )
~ ©
— “

— 1375
1203
=—1286
T~1268
_ 518
_—496
T~490
—347
—29.7
——243

T T T T T T T T T T T T T T T T T T T
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 ppm

Figure $4.29. '3C NMR spectrum of dihydro derivative (65a) of frondhyperin C (65)
in CDCls (125 MHz).
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Figure $4.30. 'H-'H COSY spectrum of dihydro derivative (65a) of frondhyperin C (65)
in CDCls (500 MHz).
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Figure S4.31. HSQC spectrum of dihydro derivative (65a) of frondhyperin C (65)
in CDCls (500 MHz).
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Figure S4.32. HMBC spectrum of dihydro derivative (65a) of frondhyperin C (65)
in CDCls (500 MHz).
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Figure $4.33. NOESY spectrum of dihydro derivative (65a) of frondhyperin C (65)
in CDCls (500 MHz).
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