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areF PTG I A MY IS EEGROTUAZ 0 & T 5 AR D S L
B SN TVDBEIZBN TS, RKEPITH 7R EIE S — F2 R D8RI < B
FASILTWD. ITETIE, AT b HEESN/ZT L 2 A R galanthamine 2358 HUETR
BRI I =—L®, 2011 - EH(AAR) & LT, WEEMZ oA Y A A b EE ST
AR Y & F R halichondrin B %€ F— 7 IZ&RK S 4172 eribulin {/~7 7' > ®, 2011 4 Eifi(H
AN DNHUEMEIEGIE & LT STV D X912, REMIFAIZEIZB W CEER&HI 2 17
LTWn5%.

ARV A L, BHICHEH S TE L RREFRICET 2 HA RE S,
TelpEHE Y — ROFER, AIBRICERAISNZEILH 5. 2015 FI2 ) —~VARZ - EPE
=B LT gy & A3 7 H L 7= artemisinin (%, FEESO BT 2R 25512 L TR
REh, HixT V7L L TEMMELINTERERMTH 5.

~Z VTR D b D KW & RER L TR 5 1%, 1700 FFRERTICE il PIEE
FOWHM %] OIREEGEIE S HHRNOBIZHH SN TWDLAER THH] Bt~ 7 Y
TYERZRT Z &2 WFF L TR 2B LTz, 3K T E ) OREFEWIZIX Artemisia
carvifolia (F04 @ 1DV 7 =) & Artemisia annua (F04, @ 7V =22 0) BDHIE S U
TWBN, Ji~v7 U TIENEEZRT DIX A. carvifolia (B4 : Fi) TlidZe< A annua (T
4 WAEE) ThAHAZENMLNERST. LU, A annua DRHWITHT~ T Y
TIEREZETRT OO, ZTOB/BNEITZ Lotz 207, &S ICHESLHRY,
ZOFRHICHD [HE—E LUK THE KBt #ike (—o2A0OF &% 400 mL DKIZ
BL, LIV EofeitZ2ikEe) ] LW —UZER L, ZIVETIT- T ER TOHhH
TIHEMER A PE L TLE D &E R, i FEd REL, BERi~7 ) 71EREZRT
T X, artemisinin & FLH L7-.

TIVH LI - A RFEEOTRGE & ©F 22 PEOGHIERIZET 2 H MO W < 203E3L
FHINTELT, IMBIZLVEERINTHNDIHEDLH Y, YLK E ORANIZ LV &
PRUTWLIBRD D L. ZNODHROPITITATRD & D IZEH S — X DR RIZDRP D
HERERPZGEND EE X, YHRETIITE, FIZZ 0P BRENEFEL, <
DHAME OEF - YU EEA LTV D EHIRF SN HEME ICB W CEAB R 21T
VY, 6 FEEITHY 1000 FOASHEHMICEE T DI A5 T0 5.

—HIAE, 7 IERERGERFDEIL, H—DOXTA01 L LIEXTVAL v FREN
EESNTWD. ZHETIE, ik A¥ I ¥ cetirizine (P47 v 7% ORIWEA (HRK)
B L 72 (H)-K D B D levocetirizine (A H/L®), v kR 7 FHEHA] omeprazole (A
AT T =) ORFTBIT D CYP2CIY DFEHRE/hE< L, BeFEROREEZZTIC
< K LIz(@)-ARD I D esomeprazole (R 7 A®) 7o EAVHHR E L TR I TWD. £z,
PEPRIFTRIEIE pioglitazone (777 b A®) 1L, ()-HKPREIINCEFIEIZEE T % PPARYyT =



ZAPTHDLZEITHL, (OAKIEI P R 7 OEEMRECRRIEFEN 2R 2 &R
Hah, TV m— AVEIRIIRT 72 1S4 2GS 2 HEE LT 2016 FIZ(H)-(RDRERIK
FVARBRSR SN, 2O XIS, EEREDA RIS D =R ITTHEEDE N X 555 &
DVITEWER~DOREN LD TER SN TEY, RREWEZFEM & LT LWERES—F
Z PRI D BR O ARBLE O B O IR EmE > TV 5.

FRROERESER, EHITTEERE OBHEEDICONTEA NS DIRFENFER 5V
(ZHLHE U 72 RO ORI SLARECTE D J7 & %2 3 D T IS AR AT BT IE 22 AT o 7.



F1E EREEOLREMIONT

PEFEEICALE T HEMAEL, 6,000m L EOBEAEE AT 2EHRHIBIZ LY, HHE
H s S HEFEHE R D U N EAE T D . T DT D SIDFMEINH B, TEOE Tldk
% DK 17,000 RO EA L TWD. £72, ERAICITTEERFARD S 56 ORI
YR IHT- 5 25 DRBENEL, 2D 9 5 15 RIEITEME A OVEEKRTH 5 (Fig. 1) .
ok, ThERREES N REERE D, BEARRREREZFIA LA o RIEEY s
ALTEY, IhbRIEEHRED» OFERAREE S — AR R SN ATV E & 2
D, Lo, 6 MEE T DA/KIER « I D 1E I RIE ORI L v ERL >
OHY, TNOOEREIE - BEHL, FLENIET I EIIRROMETHS.

B 7~ R
a3

Figure 1. ZER§E OV EKEO BERXE X OTRAHIE(A-E).

ZOEDBRBENG, YBEEDL, THEEMEDEREORTEY & 2 OAF I



T HH5E] D, 2003 405 2008 FECHNT TOEBRIENMEK T 5 KIRFEMICBET 57 «
— L RREZIT> TV 5. T, 2003 F0>5 2005 I/ CTHRmEES, FEICEET D
N AWE, T IR, N=R, U —E, ZAME, YAR, =k, BIOARICOWTHHEL,
#9520 T O B EEY O IE R 2 457=  (Fig.1 A, B H3) . 2006 4E7> 5 2008 4E2H 0 TRk, b
VEES, PEEO X v AR, R, =R, YARR, U RRR, X—iR, b— Uk, FUaR—
W, 7F ¥ M, BEOFARIZONTHAEL, £ 480 FEOREEMOIE#REZ 17 (Fig.l
C-E #lf) . T DMBRITZIKIT Iz > TR, U o~ FooME, i ARME T O 234
IZZ < Abir.

D 6 RIS DN B D 5 B, FH1TE 2008 AT LTz, 70 2 BHEY) Rubia
yunnanensis 33 X OV > R U BEY) Gentiana rigescens \Z O\ TRMIFFE &2 1T - 7=.



W28 T I REBHEY) Rubia yunnanensis 1RO R3S

=
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It
el

1) Rubia JERED)IZOT

7 7 F B Rubia BRI 70 FEIEAE L, T D5 b 36 MITPEICHAET D [1]. ABRHEY
il O ETRO—>T, R tinctorium (B4 I 77 I x) 13l < 26 R ChRta ekt
ELTHEHSN TS, B2, YE LI — A EORETHEALINTREOMNG b,
Rubia JEREY) D FFAFRS) alizarin 23R H STV 5 [2]. HARTIIEBR)ND R, argyi
(=R. akane) (7 71 R) ZYeftE LTHWTWD [3].

—J, PEEZ=ZRKTHROOE DT, AKICHET HHMEEML-EDETH L [MHEAR
B OHELIZ R cordifolia DR THER] & L CIE I TR0, AFEHIMn, Mmiicks
KRR I EN oD & SN TN D ARAESKITEHAE S PEBRMIZING S TEB Y, O,
fkZ, U o~F, mhi, S, X OREER EDOIREICER STV [4].

2) Rubia JETEW) D FES7IZDUNT

REWEDIT VN T7x% 7 8, T7 M2V, a7 F RE, BN T Ay
W lEE8R/THZ ERgE S Tws (Fig 2.1) [4-9].

7 v 87X ) UL Rubia BAEM DO EFERG TH Y, SREOEIED alizarin 0 [EFK L TH
EAR OFEMEY)E & U CTHUE STV 5 purpurin 72 E238H 5 [10].

Mollugin #4380 3577 b/ VHHBWE STV DH2S [11], £ OHEBERESITT
F7% I bR [4]. LALZRA D, Rubia B HIX1STEDT 7 %) v &K
DHEESNTEY, ZOFRRRUFREESCEMIEE DAL TFEIZE > THI R ¥
— RTINS [12:20].

AR O B S L2 A 7 e X7 Z A REEIL RAs X rubicordin A 72 EHULA ANEMEE A
THZENRINTND [6,21,22]. F U T /L~ FA Tl rubiarbonol A [23]72 & arborinane %
DEWE DN HEESILTWD [4,24-26].

3) Rubia yunnanensis (22T

Rubia yunnanensis (TP EARTOEIICBET H2FEEMY THDH [27]. FETII/NEE

(EEHE) LU, ZORMERIEE LT, @i, fTHE, U v<F, BIETE 150
B, ARAIEZ &S £ SERBEROBRICAN LN TEL [2829]. ALEHKIZ, 1977 4K
O S E TIHESR L LTI ST, 1985 4B 0 HIBR S h, BRI s
(CR STV D R. coldifolia (B EAR) O L LTSN TWD. HHFZE=E T,
2008 FEDOFHA TEME DD EERIED A WA DAR Z 510 A ## 2 DI RIS &
WO TEHRAER TN D, A ORRET 28E XV ONEET 228, F /7 VORI



WAIT 7 [27,30-35]. FEIE, HHE L THWBILS R yunnanensis DR DEH K7
HHL, Bz tor.

anthraquinones
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Figure 2.1. Previously isolated compounds from Rubia plants.
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Figure 2.1. Previously isolated compounds from Rubia plants.



28 - Bk

2008 FZEFE I THEA L7z R yunnanensis DR (3.7kg) % 70% acetone aq. THRAHM L,
FoNToTF 2% EtOAc & H,O0 THld L7z, 1§ 547z EtOAc FIEIMI Sy % SiO, 1 7 L% H
WCHLSYE L7705, Sephadex LH-20 517 L2 XV b U TIARUEHES &% ) L&A
ICHBELTZ. X U EREI % Si0, 77 A, MCIGELCHP20P 7 7 A, ODS 7 L% %
FAWTHED I LBEL, 5 FOFHT 7 M/ V58K rubiaquinone A—E (1-5)% Hiff L 7=
(Scheme 2.1). FrEbLEWHEEOEFE TEEA{LA Y D rubiarbonone A (6) [30]% Hiffff - [FlE L
7-.

Roots of Rubia yunnanensis (3.7 kg, dry)

ext. with 70% acetone aq.

70% acetone aq. ext. (2867903 g)
, partit.

EtOAc(53g) H,O

}

rubiarbonone A (6) (12.0 mg)
Si0, (CHCI; / acetone)
Sephadex LH-20 (CHChL / MeOH)

SiO, (CHCE / EtOAC)

MCI GEL CHP 20P (MeOH / acetone) SiO; (n-hexane / acetone)
ODS (MeOH / HX) SiOy (toluene / EtOAC)
SiO» (CHCL / MeOH) RP HPLC (MeOH / H0)

RP HPLC (MeOH / H,0)

rubiaquinones A (1) (4.7 mg) rubiaquinones C (3) (6.5mg)
B (2) (2.3mg) D (4) (12.5mg)
E (5) (10.4mg)

Scheme 2.1. Isolation scheme of rubiaquinones A—E (1-5) from R. yunnanensis roots.

AcO,

rubiarbonone A (6)

Figure 2.2. Structure of a known triterpene, rubiarbonone A (6).



3T FElT 7 b V5K rubiaquinone A-E (1-5) DA & fRAT

% 1 I8 Rubiaquinone A (1) DAEIEFEHTIZ DUV T

Rubiaquinone A (1)IF 5 A 3EAaPERER & LT B AL, Mo fifRE ESIMS X ¥ 73+ % C3HieOs
LIwE L7z {m/z395.0899 [M+Na]", caled for C23Hi60sNa, 395.0895}. IR A7 ML XV E R
1 U (3416 em) B L O VAR =L EE (1707 and 1670 e )Y DAFEAHEE L7z, HEB L O
BCNMR A7 buinbid, 1EOHEBEBR B, 2{H O 12- " FHE 2, 1 fEDop-
Aafnr v, 1EO7 & b =)V EOFEN R S 472 (Fig. 2.3 and Table 2.1).

1"

1-OH
“MLJ & k ) A_ . L»’H‘ i J Y, P

T 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 55 5.0 45 4.0 3.5 3.0 25 20 1.5 ppm

Figure 2.3. '"H NMR spectrum of rubiaquinone A (1) in DMSO-ds (500 MHz).

'H-'H COSY 3 LT HMBC A7 bV OFFMTN G, 1 ON-HiffiEZ I 62N L7z, H-5-
H-6"H-7-H-8'F]® COSY tHEH, B XU H-5'E C4'B LN C-8 [, H-8'& C-17 [, H-3'&
C-1', C-2, C4, BLUC-4a [H HMBC HHEIN 5 1,4-dihydroxynaphthalene #543 (C-1'-C-
8a)DAEE A HMZ L7, & BT H-5-H-6-H-7-H-8 [{]® COSY fHES, H-5 & C-4 B L C-
8a ], H-7 & C-8a ff], H-9 & C-1, C-2, B L1 C-8a f#], Hs-11 & C-9 I LT C-10 [} HMBC
FHBA7> 5 4-hydroxy-1,2-naphthoquinone #543 (C-1-C-8a)Dffi& &, C-1 IZFET A7 h=
FEOFERHEE LTz, £72, REIFIEE L BC D47 2 HLy 7 ME[C-1' (¢ 144.3), C-2' (8¢ 120.3),
C-3 (8¢ 113.4), C-4 (5¢c 161.4)] % & J& L, 1,4-dihydroxynaphthalene & 4-hydroxy-1,2-
naphthoquinone 28 7 7 VERZ TR L CHEE T 5 &ffam L7z, UL EDORERDG, ruriaquinone A



)DL % Fig. 2.4 (RIS & IRtE L7z,

== 1414 COSY
—_— HMBC

Figure 2.4. Selected 2D NMR correlations for rubiaquinone A (1).

Rubiaquinone A ()FEKXMEEZ RIS RS ENL T VIR THDLEEZ X, TNV T L%
AW RSB ITo T2, ZORE, Moz rFA~—H)-1 &)1 %28 1:1 OHTH
7= FEE D IE AT JASCO OR-2090Plus chiral detector % FiV > CHERS L 7=[#3R @ rubiaquinone
B-E (2-5)b [Alf]. ECD A7 FMVOFERE Z#H R PR FEEZ AW TR LIz A7 hL
LR L2, EORER, (1)1 (-1 OFERUENRZNEI1-R & 1-S OFHEEE R RS L
721z, (-1 L (-1 D C-1 DA LARBLE A ENENRBLOS EHEE LT,

5

25
(+)-1 (exptl)
Y —— ()1 (exptl)
254 [\ N ---- 1R (caled) [ 125
& \ ,'/ o % S 1S-1 (calcd) —_
= b e
= \ o
Zo o5
4 50 3
-2.5 I -12.5
-5 -25

nm
Figure 2.5. Experimental and calculated ECD spectra for enantiomers [(+)-1 and (-)-1] of
rubiaquinone A (1) (calculated spectra were blue-shifted by 20 nm).

(Fi ) RIRA IR LB O/ LARBLE OJF BRI I EICLL ISR LIZFER AW DS
nb.

O 2GR PRISNDEEEEREZRTERL, TNHDART MT—F Z i L AT
HELE A IRIE T 5 HETh DH. i bMERMABERE S 20, 7 AU v b e LTERAk
& a2 R n5.

@ X Mt mEfT - <O HWONDIRMBHIETHD. L LR S, MITICISME
DE WA OFEN LI TH Y, e b MERMES B EREIETZN, KA TIIEM S
OVEREA LV NEETH 5. T4, EE I L0 LSS SIS ot 5 & e bG48
AN URBEREZEIT D, FEMAR Y U BB S ER SN TWD 03, RIZHHEES A6
DFIERENTHS.

o

10



@ F 7 NFIEEH W= FE (BB Mosher % [37], PGME 14 [38,3915%) : KMz ¥ T L
RIEZMEE ST THOLNDL VT AT LA~ —MD NMR (L3277 MED ZE7 & sk TR R
BEZIRBE T2 51E. RN E KR LTV D NMR 2 AWIRE 2Nl HE72208, 8 b 7= 01k
EMEMHEELTCLEY LW REANRDH D, T, EETIC ZRKEEIESX T V72 VR R
DIFAENRLETH Y, ISR b EMICHIRN & 5.

@ CD A7 hb: 8846 - A2 FIHT % ECD A7 b v &R EFIHT 25 VCD A
X7 MRBHY, BT NVEEETDHIERMENEETH S, ECD AT ML TSR
Sb - WIREII RN 20 T ARG OFIENLETH L0, pg A7 —nLrobaody 7
JVTORENFEETH D, VCD A7 MV TIIRANIILER L, 1FEAETRTONE:
TG By TICHEIE TE D, L L7722, VCD Tidk mg BREDOY > TV R ME L 7
5.

ECD A7 b L% W T A SRR E ORI, F7 & > FHI[40,41]7% & O BRI H
DVIINEF% T U 7 ¢ —iE [42]72 EOIERBRIN WO TE . —HCilnfE, G
ZROBI 72 MERER BITPEWE T 153 &2 FW 2 ECD A7 MO FRINHLED a2 B a
—Z—THHEEL 72V, ECD A7 ML O FERANE A &3 THR72 ECD A2 b & ik
T2 2 & T, IERBRANAL A ORI ARRLE S HEE TE 2 X 9122 o 72, R O ESR
Bricd ZOFEOHERMERRI I, IKISHINTWD [43]. YBFE=TH ECD A7
MV DRAJFE & AV, HAEE TIZ agelamadin C-E [44], algiolide A [45], 72 & TNC
frondhyperin A-D [46] & N5 72 KIRW) DO STARBLE 2 B 5 7M2 L C& 7= (Fig. S1). LvL
R, SRIEAMROREBIRT 7 Nt ED T L VT EE R T AL EWIZ oW T
X, BREOHREAZITOZLEHLVWEEZLND.

Br
NH
Br // 0
HN H 0._0
g #»>—NH, P o Ox,-OH
NH, O HN"R N HO
(0] R R
HOOC ° HS&&O
- 2CF3CO0" OH HO 0”7 OR
agelamadin C algiolide A frondhyperin A

Figure S1. Structures of agelamadin C, algiolide A, and frondhyperin A.

ECD A7 MAOFREIZLLTOFIETITON D, 1ZTOIT, 1) o IIE0 R R oy
FHUEER EORE o A S ORWERETEE AW T, BUEER ATV ERIEZ# T 5. 2)
BN RIEREE & R 2 A N OmRmOEETLBEEL (DFT) k70 &2 v TRl b4 5. fi
T, 3) WA EEYLBI% (TDDFT) 1510 XV, Foiifb S Bl O e R 2 BT 5.
4) FENTREE & T D A3 TR T Z LT, ECD A7 MLOFHEMERELND. —EHOE
T, FHRREH OGO o1 L& B I9IZ, Boltzmann 5347 12555 < ZERLHE DL Y IAZR

11



AT NVOANEFEELA T D [43].

Rubiaquinone A (1)I353 F-PNIZ A7 b oX_UB U EWVSTERAMAER L TEBY, 37
(RELE DOFRNTIC ECD A7 MAVEHWD Z ENTE L. F, HELYV Yy b THDHT®D
BT /5 E A2 A2 ECD A7 h LD HRIZ X AT LAk B Th 5.

12



%5 2 IH Rubiaquinone B-E (2-5) DOEIEMEHTIZ ST

Rubiaquinone B (2)I LR AFEdbMEEIA & L TR b A, 43 U E 53 R EE ESIMS 2> 5 CazHzOs
ThbHIZ ENRIITE {m/kz567.1070 [M+Na]*, caled for C33H200sNa, 567.1056}. 'H NMR A
N7 MVTE, 3EOLHET v by, RBEOFEFRT 7 R, BLOT P = AR
ENDY T FIURER &l (Fig.2.5). 2D BCNMR TiE, 1 & KL< L=z 7L (C-
1-C-11 and C-1'-C-8'a)lZ /i 2., 2-hydroxy-1,4-naphthoquinone #5473 (C-1"-C-8"a)iZ#&->5< 10 fi
DIRFEY T F VL X7z (Table 2.1). 'H-'H COSY B XU HMBC A7 hLOFEH72
fi#FT 25 4, 2-hydroxy-1,4-naphthoquinone 43 (C-1"-C-8"a)DfF1E M X FF S #17-(Fig. 2.6).
EHIT, 200 FRE 1 TR SN H3WRB SN P 7T ABHEE L TN Z L 2B
L, rubiaquinone B & rubiaquinone A (1) C-3'lZ 2-hydroxy-1,4-naphthoquinone (C-1"-C-8"a)73
fia Lz, —EREEz a4 oameimE L.

1

7 1-OH 9

8
5
$OH g5 | ol g6 ”
*_,QIL;UIJUJ‘GJM zjj Jb&l“l_g ] a

T T T T T T T T T T T T T T T
9.0 85 8.0 75 7.0 6.5 6.0 5.5 5.0 45 4.0 3.5 3.0 25 2.0 1.5 ppm

Figure 2.6. '"H NMR spectrum of ruiaquinone B (2) in DMSO-ds (500 MHz).
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= 1H-H COSY
e 2 — HMBC

Figure 2.7. Selected 2D NMR correlations for rubiaquinone B (2).

Rubiaquinone C (3)I% 2 & [Rl— D751 Ci3H00s & L {m/z 567.1070 [M+Na]" (caled for
C33H2005Na, 567.1056)}, 'H B LV BCNMR A7 MLZ20FENE & L SHHB Lz A~
V%R L7z (Table 2.1). 'H-'H COSY XU HMBC AXZ hUIZEWT 2 & RIEEDOFHE
N2 LD, 3O FHEEE 2 LE—OfEEIRELEZ. LML, 9D I hu
U7 MTHOTDREVNDR RN, 3% 2 ONAREMEREHEE LT-.

14



Table 2.1. 'H and '3C NMR data for rubiaquinones A—C (1-3) in DMSO-ds

1 2 3
position Bc 'H (J in Hz) BC 'H (J in Hz) BC 'H (J in Hz)
1 74.4 - 77.2 - 77.2 -
2 194.5 - 194.2 - 194.1 -
3 113.4 — 114.5 — 114.5 —
4 161.4 — 161.1 — 161.0 —
4a 123.5 - 123.2 - 123.0 -
5 122.1 8.06 (1H, dd, 5.7, 3.3) 122.2  8.09 (1H, brd, 7.5) 122.2  8.09(1H,d, 7.5)
6 1284 7.53(1H,td, 5.7, 3.3) 1284 7.52(1H,td, 7.5,1.2) 1284 7.51 (1H,t,7.5)
7 130.5  7.52(1H,td,5.7,3.3) 130.1 747 (1H,td, 7.5, 1.2) 1302 7.46 (1H,t,7.5)
8 1279 7.74 (1H, m) 1275 7.58 (1H, brd, 7.5) 1274 7.57(1H, d, 7.5)
8a 144.1 - 143.2 - 143.2 -
9 547 356 (1H,d, 17.3) 547 299 (1H, d, 14.8) 551 3.05(1H, d, 14.8)
3.52(1H, d, 17.3) 2.93 (1H, d, 14.8) 3.00 (1H, d, 14.8)
10 206.1 - 205.0 - 205.3 -
1 305 1.96 3H, s) 314 189 (3H, s) 315 191 (3H,s)
1-OH 6.23 (1H, brs) 6.04 (1H, ) 6.10 (1H, )
1 1443 - 144.8 - 144.9 -
2 120.3 - 121.8 - 121.5 -
3 99.5 7.42(1H,s) 107.2 - 107.0 -
4' 151.7 - 148.4 - 148.7 -
4'a 123.7 - 1244 - 1244 —
5 123.7 8.26 (1H, brd, 8.2) 124.0 8.35(1H,d, 8.0) 124.0 8.33(1H,d, 8.0)
6 1253 7.58(1H,td, 8.2, 1.2) 1254 7.61(1H,t, 8.0) 1254 7.60 (1H,t, 8.0)
7 1280 7.73 (1H, m) 127.6  7.76 (1H, m) 127.6  7.75 (1H, m)
8' 119.6  8.34 (1H, brd, 8.2) 119.7 8.41(1H,d, 8.0) 119.7 8.41(1H,d, 8.0)
8'a 121.0 - 120.8 - 120.8 -
4-OH 10.44 (1H, brs) 8.95 (1H, s) 8.97 (1H, s)
1" 182.6 — 182.5 —
2" 147.0 - 147.5 -
3" 110.5 - 110.4 -
4" 181.0 - 181.0 -
4 134.4 - 134.6 -
5" 125.8 7.92(1H,d,7.4) 1259 797 (1H,d, 7.3)
6" 1344 7.82(1H,td, 7.4, 1.2) 1344 7.83 (1H,t,7.3)
7" 1319 7.76 (1H, m) 1319 7.77 (1H, m)
8" 1255 8.08 (1H,d,7.4) 125.6 8.07 (1H,d, 7.3)
8"a 131.1 — 131.2 —
2"-OH 6.36 (1H, 5) 632 (1H, s)
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Rubiaquinone B Q)IFfe Nt a RS 7otz Z &nh, T8 IKTHL EHEE L. 2120
TXINH T LEHNTHREGEEZITD, (D2 BLUOO-2 28 1.1 OLTHEZ. —H,
Rubiaquinone C QNI DWW T H[REERICF TV T A2 HWLTHRFESEZITV, ()3 B LVG)-
3 &5,

VL EOFEREMN S, rubiaquinone B (2) BLONC 3)iE, C-1 F T /VERFEE C-3/C3"HDOARFE
HZ B DN BIEROREW TH D Z LR ynodz. Thhbh, 92 BLU)3 X
(M18)/(P,1R)& % \ME (MIR)(P1S)D#AHE D T & IR THh 5 (Fig. 2.8).

Figure 2.8. Possible stereoisomers of rubiaquinones B (2) and C (3).

HFEHENC L VG (H)-2, ()2, (D)3, BEUO)-3 OMINARELE OJRIEEZ1T 5 729
ECD A7 hLOEHRIE L FHEMEOLENC L 2 )R8 23 A 7=. £, rubiaquinone B (2)# X
NCR)DE V1GD 4 FEDOSAKEMKR(MILS), (P1R), (M,IR), I ONP,1S)}? ECD A~
ML E B FEEZAOCTHEELZ. (D)2, (-2, (H)-3, BEU-)-3 D ECD A7 k
LD ERNE A (M1S), (P,1R), (M,1R), %J:U“(P 1S)? ECD A7 L OFHE & el L=,
LAL2RD3 s, 2o OFEHIE & FHEMIZILICIER 1T ML Cotton R EZ R L7229,
WA KD IREIZNEECTH -7 (Fig. 2.9). £ 2T, ECD A~XZ MLOMEIZ X DT 21T-
7-.
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60

—— (+)-2 (exptl)
— (-)-2 (expt)

-30 —
80 60
— — (M,1R) (calcd) — —(PR) (calcd)
a0 . P — (P, 1S) (calcd) wl P (M, 1S} (calcd)
l" "\ | .|"I “. A I” “\
l“ "l ’, \\ _________ ,'. "| ’! \ l" “\
YO rmei— e § o T oo
200 % "', a0 500 203\ ;‘.‘ ,f"\\ 300 // 200 500
\ hTJ % "
4 ! VAN
-0 \\ ] {4, .’
a0 B3LYP/6-31G+(d,pB3LYP/6-31G(d) B3LYP/6-31G+{d,p)}/B3LYP/6-31G(d)
nm 0

30

— (+)-3 (exptl)
— (-)-3 (exptl)

Figure 2.9. Experimental (solid line) and calculated (dotted line) ECD spectra for stereoisomers of
rubiaquinones B (2) and C (3).
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(i) ECD OME AT hvd a7 MIOWTHAT 5. Rubiaquinone B (2)1 L
C Q)DHETE SN D 4 FOSAKEVEKR(M1S), (P,1R), (M,1R), L (P,1S8)}? ECD A~2”
KL% (MIR)E (P,1R), 5T (P1S)E (M1S)E 2 HAEDLE TR LADLED EAFK
HHZ kT % Cotton ZNRPFEHR S, AFRFICHKT D Cotton BIROLH I S 7z
ECD I A~Z hABG B D L& 272 (Fig. S2).

ECD spectrumof (P,1R) ECD spectrum of (M,1R)

Ae

PR expected to be observed

Cotion effects due & Cotton effeds due &
chiral axis chiral carbon
nm

Figure S2. Concept of composite ECD spectrum.

F7, ()2 £(+)-3 D ECD A7 MOFEHELE R LAEDEZNLDME AT MLi
57=(Fig. 2.10.A). Z DOME AT kL iE(+)-rubiaquinone A (1) FEHIME & L < xhiis LTz
(Fig. 2.10.B). J72b b, (-2 &(#)-3 D ECD A7 hMLOMEIZ LY, RFHEICHET S
Cotton ZEPFIHIH S, R BLEDRFRFICHIKT D Cotton RO HNB KBS 7=,
PR OINFE AR SABNELNZEHE Lz, U EDOREENS, ()2 L30T d
(+)-rubiaquinone A () £ R U IRECEZH T 5 EHEE LT-.
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—7J, ()2 £(-)-3 D ECD A7 hMVOFRED HAFT-IHE A2 kL (Fig. 2.10.C)I%(-)-
rubiaquinone A DO FEHUHE & L < X LTV 722 &5 (Fig. 2.10D), (H)-2 £(©)-3 1% (-
rubiaquinone A & [F] U 1S Bd& & 78 L7z,

(B)

60 60 5
- == (-)-2 (exptl) ——— (=)}2 + (+)-3 (exptl, composite)
........... (+)-3 (exptl) - == (#)1 (expt))
—— (-)-2 + (+)-3 (composite) ?630 i 25
,‘5
o
Q o=
e MY v aeaaao e
o e 0F
5 3 2 - 400 500 4
.i ot
430 25
-60 60 -5
nm nm
(C) (D)
60 60 5
=== (+)-2 (expt]) (+)-2 + (-)-3 (exptl, composite)
.......... (9)-3 (exptl) === (-1 (exptl)
+)-2 + (-)-3 (composite
(+) (=)-3 (comp ) - L o5
2
7}
¥ £ 3
8/ r P 8 e ——— e I
- \ =7
\/ 300 0 50 = 400- - 500 4
[ S T R P
(22
4 - - -2.5
-60 -5

Figure 2.10. (A) Composite ECD spectrum generated by summing experimental ECD spectra of (-)

nm

2 and (+)-3. (B) Comparison of composite ECD spectrum with ECD spectrum of (+)-1 (experimental).

(C) Composite ECD spectrum generated by summing experimental ECD spectra of (+)-2 and (-)-3.

(D) Comparison of composite ECD spectrum with ECD spectrum of (—)-1 (experimental).

()2 and (+)-3
Figure 2.11. Absolute stereochemistry at C-1 for rubiaquinones B (2) and C (3).
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AR OMFHT LV IRE Sz C-1 ORIl EN T OMAE DRI/ D (H)-2 E(H+H)-3 BX
N)-2 £E(©)-3 DIMAEHETECD A7 M E R LADE THIEME AT ML Tl C-1 O
SARBRE 2 FES < Cotton ZEE2MHFR S, C-3'/C-3"DOARFHIH T2 Cotton DA%
R EB T TN ERAEOIME AT MvE (M1S)E (MR & 5T (P,1S)E (PIR)

D EENSHBIIEART MV LT 52 & C, fiEx 7 V7 4 —DIRBEEZRAT-.
()2 £ ()31 B2 ECD ME A7 "Ly (M1S)E (M IR)DHBEAEN AT ALy
MLEXILKHIEL TN ZZ Enn, (B2 EH)3OEMEXT VT o —% M EHEE LT,

FEROREI DD ()2 £ (-3 1L PEETH D Lffam Lz, LLEDRERNG, (H)-2,(-)-2, (H)-
3 B L OO)-3 DHXIIAREL & % Z L ZTUWM,1S), (P,1R), (M,1R)} XL ONP,18) & JftJE L7=.

(A) (B)
100 100 100
---------- (+)-2 (exptl) (+)-2 + (+)-3 (exptl)
- == (+)-3 (exptl) === (M1R)+(M18) (calcd)
(+)-2 + (+)-3 (composite) 50 N | 50
P ~
- 1 ' N o
g‘ "[“\ “ \\ B
e é 0 t T - L = = 0 13,
400 5005 208 \| [ 300 - - 4007 50 4
o
50 W\ L -50
Wy
W B3LYP/6-31G+(d,p)//B3LYP/6-31G(d)
-100 — 100 composite spectrum (calculated) was blue-shifted by 10 nm 100
(C) (D) "m
100 100 100
.......... (-)-2 (exptl) — ()2 + ()3 (exptl)
=== (-)3 (exptl) === (P1R) +(P1S) (calcd)

50 4 — (-)-2 + (-)-3 (composite) 50 50
2 e 3
g 0 e ﬁ 0 T = =r 0 g
400 500 3 400 0 4

50 A 50 -50

B3LYP/6-31G+(d,p)//B3LYP/6-31G(d)
um ( ) was blue-shifted by 10 nm

-100 100 -100

nm

nm

Figure 2.12. (A) Composite ECD spectrum generated by summing experimental ECD spectra of (+)-

2 and (+)-3. (B) Comparison of composite ECD spectra (experimental and calculated). (C) Composite

ECD spectrum generated by summing experimental ECD spectra of (-)-2 and (-)-3. (D) Comparison

of composite ECD spectra (experimental and calculated).
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(-)-2 and (+)-3 (+)-2 and (-)-3
Figure 2.13. The helicities of the C-3'/C-3" chiral axis for rubiaquinones B (2) and C (3).

Figure 2.14. Stereochemistries for enantiomers of rubiaquinones B (2) and C (3)
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Rubiaquinone D (4)33 X OVE (5)i%, HRESIMS 75 [R— D513 CssHuOs H T H Z &N
B & 7~ & 72 5 72 {m/z 607.1349 [M+Na]* for 4, m/z 607.1360 [M+Na]" for 5, (caled for C3sH240sNa,
607.1369)}. 'H 35 X TV BC NMR (4 rubiaquinone B 2)EB L O C B)DZ D & XS L Ty
Zh, 4BIVS TE 20T & b=VEICHET 52 7T VBBl S vz, 'H-"H COSY
B LW HMBC A7 K OfENT 76, rubiaquinone B (2)FB LY C 3) & [k D 1,4-
dihydroxynaphthalene 43 (C-1'-C-8'a)#3 J: (* 4-hydroxy-1,2-naphthoquinone 73 (C-1-C-8a) %
AT 22 EBRHONERoTo. BB SNT & b= VEORELEL H-9" & C-1",
C-2", BLUC-3"H] HMBC #HE87 5 C-2" & ))& L, Rubiaquinone D (4)35 & OYE (5)D i
38 % rubiaquinone B 2)B LN C B)D 2"\ICHEAT D RuF v &icfiby, 7k h=1
L boElmE LT

6" 1-OH

8. 5 87
5 g b
8" 6
5 99
4" OH

T T T T T T T T T T T T T T T T T T
9.5 9.0 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 1.5 ppm

= 1H-TH COSY
® 4 — HMBC

Figure 2.16. Selected 2D NMR correlations for rubiaquinone D (4).
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Table 2.2. 'H and '3C NMR data for rubiaquinones D (4) and E (5) in DMSO-ds

4 5
position e 'H (J in Hz) e 'H (J in Hz)
1 75.6 - 75.6 -
2 194.5 - 193.8 -
3 113.9 - 113.8 -
4 161.7 - 161.9 -
4a 123.1 - 123.2 -
5 122.3  8.10(1H,d, 7.3) 1224 8.12(1H,dd, 7.4, 1.3)
6 128.5 7.52(1H,t,7.3) 128.6  7.53 (1H,td, 7.4, 1.3)
7 130.5 7.49(1H,t,7.3) 130.7 7.50 (1H,td, 7.4, 1.3)
8 127.6  7.61 (1H, d, 7.3) 127.8  7.61 (1H, dd, 7.4, 1.3)
8a 143.7 - 143.6 -
9 3.15(1H, d, 15.4) 544 3.12(1H,d, 15.8)
3.02 (1H, d, 15.4) 3.06 (1H, d, 15.8)
10 205.4 - 205.2 -
1 1.86 (3H, s) 309 1.88 (3H,s)
1-OH - 617(1H,5) ~ 6.05(1H,s)
it 1443 - 144 .4 -
2 119.8 - 120.1 -
3 108.0 - 108.4 -
4' 147.8 - 147.9 -
4'a 124.3 - 124.4 -
5 1242 836 (1H,d, 8.3) 1243 8.37(1H,d, 8.3)
6 126.1  7.65 (1H, d, 8.3) 1262 7.66 (1H, t, 8.3)
7 1284 7.80 (1H, d, 8.3) 1286  7.81 (1H,t, 8.3)
8' 1199 8.44(1H,d, 8.3) 120.0 8.44(1H,d, 8.3)
8'a 121.0 - 121.1 -
4-OH —  9.67(1H, brs) — 957(IH,s)
" 185.1 - 185.3 -
2" 142.4 - 141.7 -
3" 144.5 - 144.6 _
4 183.6 - 1833 -
47 1333 - 1332 -
5" 1265 8.06 (1H, m) 1263 8.00 (1H, m)
6" 1342 7.92 (1H, m) 1343 7.92 (1H, m)
7" 1337 7.92 (1H, m) 133.8  7.91 (1H, m)
8" 1262 8.15 (1H, m) 1262 8.15(1H, m)
8"a 132.1 - 132.1 -
9" 3.42 (1H, d, 16.5) 432 3.46(1H,d, 16.4)
336 (1H, d, 16.5) 3.40 (1H, d, 16.4)
10" 203.6 - 203.7 -
1 1.83 3H, 5) 299 1.88 (3H, s)
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Ae (4, exptl)

Rubiaquinone D (4)3 L TVE (5) bie 2R S 72 x> 72 Z & 25, rubiaquinone B (2)3 L Y
C Q) LIAEE, C-1XTNRFEL CI/CI3"DARIEFNIHKT HT7EIRKTHDL EHEE L. 4
BIR S5 IZOWTHEFIND T LEAWNTEFESENZITY, ENENNLH)- R LUK
= Y

S E L TAL B ORISR RLE DR E 21T © 120, 557 bEW[(+)4, (54, (+)-5,
B L )-5]1D ECD A7 kLD FEHIiE % rubiaquinone B (2)3 L U8 C (3)? ECD A2 kb
DOERUE & e LT=. ()4 BLU(©)-4 O ECD A7 MMLOFERAEIZ-)-2 BLUH)-2 D
ECD A7 hMVOFERIE & N EIE <K L TW272, (1)-4 Offef SLRRL E % (P,1R),
(-)-4 OMEXISTARELE 2 (M, 18) & 78 L=,

25 g0 25 0
(+)-4 ()5
(-)-4 -)-5
""""" )2 [ 125 iy )3 [ 2
(+)-2 = - foo (+)-3 —
[ B
= RS MY
400 50 & o N g
a4 <
30 125 [ 20
25 60 25 _40
m nm

Figure 2.17. (A) Experimental ECD spectra of rubiaquinones B (2) and D (4) and (B) experimental
ECD spectra of rubiaquinones C (3) and E (5).

—77, (15 BELV(-)-5 D ECD A7 hLOFERNEIZ()-3 3 L (+)-3 DFERME L K <xf
JELTWZZ LD, (H)-58 X ON)-5 DR SLARELE & (+)-5 2 Z 1 1UP,18)8 LM, 1R)
LlRE LTz,

(-)-4: 1S (+)-4: 1R
(-)-5: 1R (+)-5: 18

Figure 2.18. The structures of rubiaquinones D (4) and E (5).
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94 H AEWTENE

Rubia J&)> G HEES VTWAILAEWIX, Sid A, M/MREHERRS, 7 L ¥ —, JiRE
HOENE TR T ERFEINTND [4]. TDH 6, 77 h% ) 2OV TP ETEEZ
BT5ZEeRESNTWS., 22T, HEEL7LEWD 5 B, (£)-rubiaquinone A (1), (¥)-
rubiaquinone E (5)33 & T rubiarbonone A (6)IZ-2VNT, Escherichia coli, Staphylococcus aureus,
Bacillus subtilis (2%t D PLETEMHRER 21T > 72, ZDFER, (£)-rubiaquinone A (1)73 B. subtilis
PTG % 7R L7 (MIC, 4 pg/mL).

.

O
o OH

O

(zx)-rubiaquinone A (1) (x)-rubiaquinone E (5) rubiarbonone A (6)

Figure 2.19. Compounds examined for their antimicrobial activities.
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BSHE NE

Rubia yunnanensis DR 6 5 FMOFHALEW Z Gt 6 MOLEWMEZHEEL, T b O
EEH O L.

Rubiaquinone A (1)/% 1,4-dihydroxynaphthalene 35 & TF 4-hydroxy-1,2-naphthoquinone 7> 73
517 h& v " EIKTHS. Rubiaquinone B-E 2-5)IL77 FHIZ 1 DOARKHH/2 5N 1
DDARF R % H D, 1,4-dihydroxynaphthalene, 4-hydroxy-1,2-naphthoquinone 35 L 8 2-
hydroxy-1,4-naphthoquinone 2> 572 5L =—2772F 7 h% ) V =BRTHoT-. RN H D
T 7 b = BRI HIV IEMEZ BT % conocurvone [47]% O HEBERE 1N H D03, D
B D e IEFIZB LWEITH S, £72, Rubia BHHDOF 7 h¥ ) v ZBRITAEIAHIO
HEtCTh 5.

Rubiaquinone A—E (1-S)IZHHIAEEIC T2 o 2 H LoD ER L, 7 h% 7 v
FHEROT ' FATIMEEEZ HILD. LA L7RDY 5, Rubiaquinone B-E (2-5)I3 457 FNIZA
FREAFMEGT D, WEfmiro 2 —>7 > & UTIFRICHRE MEEMIETH 5.

Rubiaquinone A-E (15T 7 I KL LTHRLN, ¥ T V00T LEHWNTOEESEILTI-1%,
NN ORI ARELE % )78 L 7. Rubiaquinone A (1)D#E% ST ARE L, ECD A~<7 k
VD FENEZ TDDFT (2 & - THEH L2 FH5E AR & i3 5 % CJRJE L7-. Rubiaquinone B (2)
BEO C @)DOHaxtLAFELE L ECD A7 b VO ERE & 3RO bk TR E T & 2o
ST, MEANT MAEBEINT D2 & TERS ORI AELE AL O NICT 52 LT
&l ZOMEANRZ PV, BEORFTLH L2 VIIAFEEZA L, ECD A2 hLo
FERZ K 2 fRbiT 3 R 22 b SIS C & DA RetED 8 5

Rubiaquinone A (1)IZ-2\N T, Bacillus subtilis (2% 2 HEEMEE AW 7Z L7- (MIC, 4
ug/mL) .

Ho QO

d OH
o)
(+)-1: 1R (+)-2: 1S, R = OH (-)>-2: 1R, R=OH
-)1: 18 (+)-3: 1R, R = OH (-)-3: 1S, R=OH
(-)-4: 1S, R = CH,COCHj3 (+)-4: 1R, R = CH,COCH,
(-)-5: 1R, R = CH,COCH, (+)-5: 1S, R = CH,COCH,4

Figure 2.20. The structures of rubiaquinones A—E (1-5).
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V> RURMEY) Gentiana rigescens Hi 73 & DNTHRES KL OMRZE DR/ 1F5E

bl
i

=
=
It
el

1) Gentiana JBFEY)IZ-DUNT

Gentiana J&1XY > KU Fl (Gentianaceae) fx KDOETH U, #9400 FEOWMDATFAET 5.
KRBT ERE AT HZ ETHLATEY, RS TEMAIROHEIEAROSEIZH
VBTG [48].

AARIER I Gentiana R Z R & H4EFKE LT, Yo FT7FBIR) a0

(FEAE) A SN TWD. ZBITW T bR LOMREZEAENL & 3573, Gentiana
B O FEAE WA EHEM L 6 5. BlxIE, Ty N TIX G. rhodantha O FEHF
RROBH, BOBFIEH ST\ [49]. £/, £ TN TIE G aldida O LR FEEL
RO LD, Mid L UIRDBIIEDIEIRIZHN SN TN D [45].

2) Gentiana JBAE) D EK531Z2UNT

KIBHEMOR T E LTUIA Y RA N, XV b, 778 74K, MU TARUER
WEINLTND.

AU RA NEIX Gentiana JEAEMIZFHEHI WA BT 55D T, v /r_r 48
TUBREREET DAY A Y (loganic acid 72 &), A U KA FAID C-7/C8 [Ty 7 |
R VBEPARL, C7/C-11 MT7 7 o2k T 5224 Y RA B (gentiopicroside
mE) ITHEEND. TNHEDOE TR L L THFEELTERY, FEORE L TRk
BlA Y RA FOHBERSTITD 20 [50].

XY MBI B 0HEN L, KUY A MFTFH 2 Fr (decussatin <
gentiacaulein 72 &) BABIZFFEAI R TH D [48]. Gentiana BRI EH SNDH 7 T K
J A RiX 6-C-EbE(R (isoorientin 72 &) MNE < HE SN TS [48]. RBEHEMIL Y T
VELEBEICEATEY, AT IR Y URNIKBI) OREN SR B S
TW%. —J7, gentirigenicacid D X~ 7 LA LXK N R Y FL_ U 3R B K
CHRZEN D OWENRL N [48].

3) Gentiana rigescens {\Z-2OUNT

Gentiana rigescens Franch. ex Hemsl. ({4, : WgMR) 1%, HEEEES, FF2EmME O LM
WICHAT D [51]. BARER G TIIARE 1) 20 &) ofFEYE LT, G scabra, G.
triflora, ¥ X O G. manshurica DRI L OMREDHUE SNV TWDH 3, HREZEICIE TR
E LT, ERL3HEIZIA G rigescens ©ZDOHEFHEM & L THESNTWD [52,53]. V=¥
FART o F T LRk, EREEREE LTHVLR LS, PETIIFE, BEx, VU~
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F, MR EDOIBFICHLHWHITND [52,54]. FEIEGRMY CThHHEaA Y FA FECHE
{K gentiopicroside D& H HIL G. triflora, G. rigescens, G. manshurica, G. scabra DJIETZ\
EDOWENRH D [54]. AED ORI L CETFREFERSCERIEH 2~ fBax DA U R
A FEERB L O 24U Mo REREERD A - @5 ST b [54].

MIFFREIT - T2 BB BT DA T, DEERED A RS AREY ORI L O %I
RROMEROBKIIANTODERI HnL ol 2 2 TEFIL, EHEEICTEALLAK
T F 2 M B & AR L OMBR 2RI 1T 72 1%, ENEN DI DWW TR RE 21T 7.
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iridoids

X
HO
HO

OH

loganic acid gentiopicroside swertiamarin
xanthones

OMe O OH OMe O OH OMe O OH
MeO ! ! HO ! ! HO ! ! OMe

0] OMe 0 OMe 0 OH

decussatin gentiacaulein rhodanthenone D

flavonoids

OH O OH O
isoorientin isovitexin

triterpenoids

gentirigenic acid gentirigenoside A

Figure 3.1. Compounds previously isolated from Gentiana plants.
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it - e

i
\9]
=

1 15 Gentiana rigescens #_EXT O - 7 Ef

i

2008 H-IZEMEIT CHEAN L7z Gentiana rigescens DM EX (1.9 kg, dry) % MeOH THiz
L, MeOH =2 (354¢) %1%7/-. Zi% EtOAc & H,O TIARBEM AL, EtOAc AlVA
K97 % X 51T n-hexane & 90% MeOH aq. CT/rBEl L7=. 90% MeOH aq.% 77l L TH7= 50%
MeOH aq. 7] ¥AH 4y (12g) % MCIGEL CHP-20P 7 7 L% fAWTHBEL, (U A NEAEHE
Gy ARl ZOEIS A Si0y 72 H NS ODS 1 7 A& VT L7-t%, WifH HPLC TRy
L, 6fOFILEY) rigenolide A (7)35 L OV D-H (10-12) % Hifff L 7= (Scheme 3.1).

FRALE Y BEORIET 9 FOBRbEWE HEEL, SEA~T LT —2 2 3CRiE &
g9 % Z & T, Z£4FH swermacrolactone C (20) [55], gentiolactone (21) [56], swerilactone
B (22) [57], gentiopicroside (23) [72], 2'-O-acetylswertiamarin (24) [58], 2'-0-(2,3-
dyhydroxybenzoyl)-4'-O-acetyl-6'-O-(2hydroxy-3-O--D-glucopyranosylbenzoyl)

-sweroside (25) [59], gentirigenoside A (26) [51], isoorientin (27) [60], 1-O-(2-hydroxy-3-
methoxybenzoyl)--D-glucose (28) [61],  3-hydroxy-1-(4-hydroxy-3methoxyphenyl)-propan-1-one
(29) [62] & [FIE L 7= (Fig. 3.2).

—7J7, H0 A[IAMH 5y (257 g) (22U C, Diaion HP-20 % W CHIFEZ FRE LD H, ODS
BT B LAY R REFBSERTZ. ZNbE I B2 Si0 T 2 EANTHEELTZD
B, WA HPLC (2 XV RRL, #illtaA U KA RFHE(R rigenolide B 22)5 L OV C 23)%
HLEE L 72 (Scheme 3.1). ZyEEDIESFET 9 OB LA 2 HEEL, KA b T =4 %
SUHME & b4~ % 2 & TEHLZ 4L loganic acid (30) [63], swertiajaposide D (31) [64], gentianol
(32) [65], 6'-O-B-D-glucosyl-gentiopicroside (33) [66], olivieroside C (34) [67], di-O-methylcrenatin
(35) [78], potalioside B (36) [69], 4-(hydroxymethyl)-2-methoxyphenol-B-D-glucopyranoside (37)
[70], (+)-jatrointelignan D 4-O-B-D-glucopyranoside (38) [71] & [FlE L 7= (Fig. 3.3).
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Aenal parts of Gentianarigescens(1.9 kg, dry)

| ext. with MeOH
MeOH ext. (354 g)
[

EtOAc H,0 (257 g)
I

partit

Diaian HP-20 (MeOH /H,0)
ODS (MeOH / H.0)

SiO, (CH3Cl / MeOH)

RP HPLC (MeOH / Ho0)

n-hexane  90% MeOHaq. rigenolides B (8, 3mg) 9 known compaunds

C (9.1 30 (582mg) 35 (15 mg)

artt @Ima) 51 emg 36 (12m)
2(mg) 37 Gmy
33 (27mg) 38 (4mg)

‘ 34 (3 mg)

CH.Cl  50% MeOH aq.(12g)

MCIGEL CHP-20P (MeOH / H;0)
Si02 (CHCl / MeOH)

ODS (MeOH / H,0)

RP HPLC (MeOH / H,0)

A 4

rigenolides A (7, 183mg) 10 known compounds
D (10,2mg) 20(3mg) 25 (11mg)
E (11,1mg) 21 (4mg) 26 (49 mg)
F (12, 5mg) 22 (4mg) 27 (15 mg)
G (13,2mg) 23 9mg) 28 (7 mg)
H (14: 1mg) 24 (%6mg) 29 (5mg)

Scheme 3.1. Isolation scheme for rigenolides A—H (7—14).
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=
0
OH °: OHy
swermacrolactone C (20) gentiolactone (21) swerilactone B (22)
0o__0O
N o
HO—
HO
OAc
gentiopicroside (23) 2'-O-acetylswertiamarin (24)
HO
HO o
OH
0]
HO
AcO
(e} OH
OH
2'-0-(2,3-dyhydroxybenzoyl)-4'-O-acetyl-6'-O- gentirigenoside A (26)

(2-hydroxy-3-O-p-b-glucopyranosylbenzoyl)-sweroside (25)

OH OH
HO M
HO o o e0 o)
HO OMe
OH
OH O OH (0] OH HO
isoorientin (27) 1-O-(2-hydroxy-3-methoxybenzoyl)  3-hydroxy-1-(4-hydroxy-3-

-B-p-glucose (28) methoxyphenyl)-propan-1-one (29)

Figure 3.2. Known compounds isolated from 50% MeOH aq.-soluble material of

the aerial parts of G, rigescens.
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HO

HO
HO
OH

loganic acid (30)

HO
HO&OWO
HO
OH

HO
HO

6'-O-B-p-glucosyl-gentiopicroside (33)

HO OMe
HO&&O
HO
OH OH
MeO

di-O-methylcrenatin (35)

L

4-(hydroxymethyl)-2-methoxyphenol
-B-p-glucopyranoside (37)

HO

HO
HO

HO
HO
OH

swertiajaposide D (31)

o__0
o__0
o %
: |
: HO AN

gentianol (32)

HO HO
HO
HO

OH
olivieroside C (34)

(@)
HO e)
HOE?H/ OMe
HO O o
HO
OH OH
MeO

potalioside (36)

g0 b

(+)-jatrointelignan D 4-O-p-b-glucopyranoside (38)

Figure 3.3. Known compounds isolated from H>O-soluble material of

the aerial parts of G, rigescens.
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% 2 I8 Gentiana rigescens 133 L UMRZE D - /7 EfE

G. rigescens DRI L OMRZE (866g) % MeOH TRl L, MeOH =F 2 (234¢) %1%
7z. 2% EtOAc & HO TIBERITEL L, #5 D417 BtOAc AITAHERZ & 5 1Z n-hexane & 90 %
MeOH aq. CIASERI /0B L7=. 5 5472 90% MeOH aq. FI¥AHR (12g) % ODS, MCIGEL CHP-
20P, ODSMPLC 3 LU Si0x 77 7 L& VT, WiHH HPLC THRRL, 5 FEDFHILE
W) % BLEE L 7= (Scheme 3.2). 43 Hff @ i F2 T gentiopicroside (24) [72], 2-0-(2,3-
dihydroxybenzoyl)-sweroside (39) [73], macrophylloside A (40) [74], 3(S)-hydroxy-1-octene 3-O-
B-D-glucopyranoside (41) [75], syringic acid 4-O-a-L-thamnopyranoside (42) [76]% B « [F7E L
7= (Fig. 3.4).

Roots and rhizomes of Gentiana rigescens (866 g, dry)

ext. with MeOH

MeOH ext. (234 g)

o
Et0|Ac H,O
e
n-hexane 90% MeOI-|I aq.(12 g)
|
ODS (MeOH/ H,0)

MCI GEL CHP-20P (MeOH / H,0)
ODS MPLC (MeOH/ H,0)

Si0, (CHCI/ EtOAC)

RP HPLC (MeOH/H,0)

5 known compounds

rigenolides | (15,4 mg)

J (16,2 mg) 20 o)
K (17,10 mg) 40 (12mg)
L (18,2 mg) 41 (4 mg)
M (19,8 mg) 42 (42mg)

Scheme 3.2. Isolation scheme for rigenolides [-M (15-16).
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\\“‘ O
H
Ho0 P
HO
OH OH
Ri Rz
gentiopicroside (23) 2'-(2,3-dihydroxybenzoyl)-sweroside (39) H H
macrophylloside A (40) Ac S

R3
H
Ac

HOA
MeO COOH H,Q,O&WO

H OH
\/\/\7(\ o) S
HO 6] OMe
Hoﬁ/ HO@#
HO HO

OH OH
3(S)-hydroxy-1-octene syringic acid 4-O-a-
3-O-B-p-glucopyranoside (41) L-rhamnopyranoside (42)

Figure 3.4. Known compounds isolated from 90% MeOH aq.-soluble material of

the roots and rizomes of G. rigescens.
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F3HE HHULE Y O EARAT

1 15 Rigenolide A (7) D& AT

bl

Rigenolide A ()L YEIE M2 B AIEMMERIK & LT/ O {[a]y, —74.2 (c 1.05,
MeOH)}. HRESIMS{m/z 543.1462 [M+Na]", calcd for CosHas01:Na, 543.1478} & 0 4y 1K
CasHasOn &R L 7=,

Rigenolide A (7)® 'HNMR A7 hLTiE, 1O =% [645.74 (1H, m), 5.34 (1H, d,
J=17.0Hz),5.32 (1H,d,J=10.5Hz)], 1O 7 &% — V&% [6u5.18 (1H,d,J=4.5Hz)], B
T UMEOT 7 AV v 7 7r by [6pd.84 (1H, d, J = 8.0 Hz)| =& Tl kD o 7 F L 038
R ST, T 51X swertiamarin [77,78]DF 4L 6 & B < HALL L T2y, 7 Tl swertiamarin
DINLD VL7 47 NATRBEIND V7 ITARER ST, 1,4- BB 6y
7.09 (2H, d, J = 8.5 Hz), 6.69 (2H, d, J = 8.5 H)ICH KT D > 7 T ARHER SNz, 7D 13C
NMR A7 RV T, 2O AT VI VR =)ViRSE (8¢ 175.5, 174.5), 1 HOT &% —v
R (5c 101.7), 1fEHDOA X X F 1 (8¢ 72.0), BLO1EHD sp® WUFHLIRTE (Sc 57.0)DIFIE
PORSNTZ MAT, LEDOT 7 ~—RFE (8c99.2)& &L 6 RAOFERRD > 7 F V@il =
n, FO7rIBNTT MENL TNV —ATHDH I ERRBEINT-.

|
OH -1

3" 1

RN St ML, e
4\.5 4.0

20 15 ppm
Figure 3.5. "H NMR spectrum of rigenolide A (7) in CDsOD (500 MHz).

T T
70 6.5 6.0 a5 50

R E AT O 728 2D NMR Z fifght L7=. H-1-H-9-H-8-H»-10 [}, Hy-6-H»-7 ] 'H-'H
COSY FHBHI LTVH-1 & C-3 (8¢ 72.0), C-5, BEL O C-1'H], Hp-6 & C-4 (8¢ 57.0)FB LN C-5
f, Ho-7 & C-11 [} HMBC fHB L 0, &A1 U FA REBHAERS (C-1-C-10 B L OV C-1'-
C-\DIFIEMH BN E 2o 7=. —J5, H-'H COSY A7 FLZHEWT H2"-H-3"D A '
FEAMNHER S, HMBC A7 FUIZBWT, H-7"& HERIKSE 6c81.0)BLU= AT /L
BRI VEHE G 175NN RSN, £, Fla—2xp2fi7a kb7
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VIR = VIRFERIZ HMBC FHEANBIZR SN Z & d, v a— 2D 2 (LIZHES LTz Ce-
Cyr=v FOFENHA L. & 512, H-3-H-2"f]o 'H-H COSY B LU H-3"L C-4
BEW C-5 ] HMBC #HEAR MR SN2 Z &b, a4 U FA FEFEHEAT 5 & Ce-Cs =
=y FD C3-C2", C4-CR"THRELIZ7uT7ZUBEFHKE LTSI ERHLMNE o
7o, L EOfATIc XY, Pt Fig. 3.6 (AR THEE IR LT,

0/ 677 OH
= 1H-1H COSsY r

= HMBC 7 ’ ’x&
7 7

Figure 3.6 (A) Selected 2D NMR correlations and (B) selected NOESY correlations and relative
stereochemistry for rigenolide A (7).

NOESY A7 MVIZET S H-9/H-T"MOFERS [Fig. 3.6 B)]H, ZNbD7m ik
a4 Y KA REGO BUNCAFET 2 EHEE L=, —J7, H-6a/H-1 [ & H-1/H-1'fH1Z NOESY
MENBHIENT-720, ZhbD7a hoPabliEr &ED 2 ERHLNIRoTz, &5,
H-3/H-6"fi] & H-6"/H-8"fH]DOFHEIN & H-3, H-8", BL O TLICAEET D p-E Red 7o
=)LEE (C-1"-C-6") & ofil i &7 )8 L7-.

PLEDFERD G, rigenolide A (7)DFEXIELE % Fig.3.6.B (T~ LIZALE & Fe L7, 7 D2
IR L 0 FT2 7 N a — AR EDREREEZ R LI-Z &b, Jba—R% p KEIRRE
L7z, PLEORERMS rigenolide A (7)D#%f SLAKRALE 2 & b 7= HiiE % Fig. 3.7 (R #kiE &
Atam L7z,

Figure 3.7. Structure of rigenolide A (7).
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Rigenolide A(7)i%, /v 7 2 VBRENBERT 7 b raglva=—7 RIBRMEOMIE &
OB AV FA FEFHARTHY, 2'-O-coumaroylswertiamarin (X)D [2+2] BR{LATINIC &
DA IS EEZBIVD (Scheme 4). ZAULETIZ, 2'-O-coumaroylswertiamarin (X)? H
BER A 13720 28, X & JBELOHELE % F7-D orivieroside A 35 X OVB 723 Gentiana olivieri 1> % [67],
4'-O-Coumaroylswertiamarin, 35 - (8 6'-O-coumaroylswertiamarin 23 U > R 7 B4 Swertia
mileensis 7> & HHf « G STV D [78].

OH
+
OH ~
0 O HoSNo
OH . .
swertiamarin p-coumaric acid

Scheme 3.3. Possible biogenetic pathway of rigenolide A (7).

HO HO

olivieroside A

HO
o. O

OH

OH

HO 0
O L6 0

OH

4'-O-coumaroylswertiamarin 6'-O-coumaroylswertiamarin

Figure 3.8. Structures of p-coumaroyl secoiridoid glucosides previously isolated from

Gentianaceous plants.
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Table 3.1. 'H and '*C NMR data for rigenolide A (7) in CD;0D.

Position Ou (J in Hz) d¢
1 5.18 (1H, d, 4.5) 101.7
3 5.19 (1H, m) 72.0
4 - 57.0
5 - 69.3
6 2.06 (1H, ddd, 14.5, 12.0, 4.5) 34.2
1.92 (1H, br d, 14.5)
7 447 (1H, brt, 12.0) 65.5
4.17 (1H, dd, 12.0, 4.5)
8 5.74 (1H, 17.0, 10.5, 9.0) 133.8
9 2.84 (1H, dd, 9.0, 4.5) 52.6
10 5.34(1H, d, 17.0) 122.3
5.32(1H, d, 10.5)
11 - 174.5
' 4.84 (1H, d, 8.0) 99.2
2' 4.73 (1H, m) 81.0
3 3.71 (1H, m) 74.5
4 3.38 (1H, m) 71.8
5' 3.38 (1H, m) 79.7
6' 3.87 (1H, dd, 11.5, 1.5) 62.5
3.68 (1H, m)
1" - 130.5
2" 7.09 (2H, d, 8.5) 129.7 (2C)
3" 6.69 (2H, d, 8.5) 116.0 (2C)
4" - 157.3
7" 4.76 (1H, m) 42.3
8" 4.03 (1H, dd, 10.5, 8.5) 49.0
9" - 175.5
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%5 2 TH  Rigenolide I (15)33 X TN J (16) DAE & fRAT

Rigenolide T (15)IXEAHRE & L TR DAL, ESLE+1.8 (c 0.04, CHCl) &R L7-.
HRESIMS {m/z 207.0636 [M+Na]*, calcd for CoH1,04Na, 207.0633} X ¥ 15 D43+ 2% CoH1204
IR L7Z.

IHNMR A7 kb, 1{HOD sec- A F /v [8u1.35 (3H, d, J=6.5Hz)], 1 {HDOFF 2
F L [6u4.38 2H, m)], 2 HD A F T A F > [5.83 (1H, s) and du4.46 (1H, m)] DIFIED T S
iz, F£72, BC NMR A7 s, 1 fHOT AT VI VKR =)VERSE [6¢c 162.4], 1EHD
T A —VIRF [5c 88.01% E T 9 D RFE DIFIEN /R SHLTz.

10

W kL

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 0.5 ppm

Figure 3.9. '"H NMR spectrum of rigenolide I (15) in CDCl3 (500 MHz).

Rigenolide I (15)® 'H-'H COSY A7 ~LVOfEHTIZ LY C-6-C-7, C-9-C-8-C-10 D531
WEDFIENRH S E 572, & 52 HMBC A2 MUZEBWT, H-3 & C-4,C-5, BLOC-
8M, H-6 &£ C-4 LW C-5, H-7 & C-11 ], H9 & C4, C-5, BLOC-6 Hiczhzh
FAREMA A b= 2 & 225 {Fig. 3.10 (A)}, 15 1% swercinctolide B [79] & [F]— D it & A9
HEBHLNE 2T,

(B)
o__0O (0] (0]
_~3,0H ~3.OH
= 1H-TH COSY e} 0o
—=  HMBC
<-+ NOESY
15 swertinctolide B

Figure 3.10. (A) Selected 2D NMR correlations for 15 and (B) structure of rigenolide I (15) and

swertinctolide B.
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Rigenolide I (33)? NOESY A-XZ KL C, H-3 & H-8 {2 NOE fHEARN B b 7=72%, H-3
EHS8 X 13-UT XX LOBMRICH D Z ENB B E/RY, 151X swercinctolide B [79]D
epimer T& 5 &ififiam L7= {Fig.3.10.(B)}. 7235, swercinctolide B |EFLHEYEE DOHMEXHEL 16.0
Th-o7=Z LKL [79], Rigenolide I (15)IXLLFESEE DHERIMEDS 1.8 E/NE Do T2 F D HER
NTEIRTHDLEHEL TN,

Rigenolide J (16)IFZEAHMRE & L THE O {[a]s—7.6 (c0.12, CHCl3)}. HRESIMS {m/z
221.0789 [M+Na]", calcd for C1oH1404Na, 221.0790} X ¥ 16 D43 1-20i% CioH 1404 & IR L 7=,

Rigenolide J (16)® 'H 33 LU 3C NMR A7 R /L{Z rigenolide I (15)DZ 415 & L < kS L
TV, 16 T A U EICHET BT 7 F L [813.49 (3H, s); 8¢ 5S5. 713 F - 1Bl S
72. 2DNMR A7 hERIELIZE Z A, 15 LREOMBEICINZ, A v 7r bk
T/ H—VIRFE (C-3)ENZ HMBC FHEER A O T2 Z D, 16 1X 15 D 3 iLIZ A R F VN
A LTEHMETHDLZ ENHALNE RS T2,

L EDOFERD G rigenolide J (16)D VA& % Fig. 3.12 [ZR- T & IR L7z, 16 DALIK
BLEIZOWTIIRIFETH S.

7 3-OMe

10

7

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 0.5 ppm

Figure 3.11. "H NMR spectrum of rigenolide J (16) in CDCls (500 MHz).
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= 'H-H COSY

—

HMBC

Figure 3.12. Selected 2D NMR correlations for rigenolide J (16).

Table 3.2. 'H and '*C NMR data for rigenolides I (15) and J (16) in CDCls.

15 16
Position Ou (J in Hz) S¢ Ou (J in Hz) d¢
3 5.83 (1H, s) 88.0 5.25 (1H, s) 94.1
4 - 123.2 - 123.7
5 - 154.1 - 153.0
6 2.48 (1H, m) 28.5 2.54 (1H, m) 28.5
2.33 (1H, ddd, 18.0, 5.5, 5.5) 2.28 (1H, ddd, 17.5,4.5,4.5)
7 4.38 (2H, m) 65.3 4.38 (2H, m) 65.2
8 4.46 (1H, m) 62.2 4.20 (1H, m) 61.3
9 2.23 (1H, dd, 19.0, 10.5) 36.8 2.21 (1H, dd, 19.0, 10.0) 36.8
2.15(1H, dd, 19.0, 4.0) 2.15 (1H, dd, 19.0, 4.5)
10 1.35(3H, d, 6.5) 20.5 1.30 (3H, d, 6.5) 20.7
11 - 162.4 - 162.4
3-OMe - 3.49 (3H, s) 55.7
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418 G. rigencens DR )& HLEfE L 7= rigenolide I (15)IXE =24 U FA RNEFEAR O AGK S
nH /AU KA RThHEZZBND. T72bbh, sweroside [80]1% HFEME L L, B =/
EMBlbsnizob, 17 8&—VORRNMEZYD, 3L 8L TOHFNERILEIL, M
7V an, BREERTAERT 2 EHEIND.

“ OGilc W OGilc

sweroside 8-hydroxy-10-
hydrosweroside

o__0 0.__0 o.__0
B S— <
~3,0H _co, N3O0H 6 A3 ,0H
8 0O HO. g8 O HO U 8 0O
OH
15

OGilc

Scheme 3.4. Plausible biogenetic pathway of rigenolide I (15).
INETITHRESNTND VAU A FOELLIEA Y RA REITH S [82-89], =LA

U KA RO DB OHRTH Y [79,90,91], rigenolide I (15)F L OV T (A6)IXHHRMED =
k& Nz 5.
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%5 3 IH  Rigenolide B (8)F & O% C (9) DA & iR

Rigenolide B (8)IZ 6 A1EME {[aly —72.0 (¢ 0.31, MeOH)} 72 A JE AL PEE A & L TH b,
HRESIMS {m/z 545.1617 [M+Na]*, calcd for C2sH30012Na, 545.1635} & V) 751 %& CosHz0012 &
J#JE L7z. IDNMR A7 K LIZFW T, gentiopicroside [72{Z %t~ d" % & 7 /L(C-1-C-11,
C-1'-C-6")3 L ¥ rigenolide I (A5G % S 7 F /b (C-3"-C-11"BBZE SN, 61T,
H-3"75 C-6'#1> HMBC FHBN D, C-6'E C3"BERHRIR 727 L THEG LT\ 5 Z L A3
Hnkleolz. LIz -TC, rigenolide B (8)D FtiiEa, =AY KA FIZHEA L7ZHED
6MLIZE BT/ VEaA U FA RBFESE LG L RE LT,

Rigenolide C (9) D77 13X 8 LA — D CosH3012 THDLZ LALLM E R ST {m/z
545.1653 [M+Nal", calcd for CosH30012Na, 545.1635}. 9 @ 'H 33 LT 3C NMR Z2~7 b L%

8 L LB LAY FILEIRLTZN (Table 3.3), C-5'L C3"D 7 I /L7 MZbHT )
IREWVR L HITZ. NOESY A7~V OfiE#rid rigenolide B (8)3 LY C (913 W\ 41 H H-
3"H-8"-syn Fli&E % & O & AR LT,

vt v
-
6"
10°
3 9
3 6 3" 10 v .
W TJ\ ﬁ o TRRer
H\L AM J‘uﬂ UWJL St LJI‘ wtgkl_\ht,\_“u*_,ﬁ_,fj S
T T T T T T T T 1
75 70 65 6.0 5.5 3..5 3.0 25 20 15 ppm

Figure 3.13. 'H NMR spectrum of rigenolide B (8) in CD;OD (500 MHz).
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10°

9

.10 1 3[4

[ [ TR VYIS AT

Figure 3.14. '"H NMR spectrum of rigenolide C (9) in CD;OD (500 MHz).

7

T T
5 3.0 25 20 15 ppm

= 1H-1H cosY
— HMBC
<-> NOESY

Figure 3.15. Selected 2D NMR correlations for rigenolides B (8) and C (9).

Rigenolide B (8)35 & U C (9) & FANN/K /3 fift%, BEE Y % UV FiHH ATREZe thiocarbamoyl
-thiazolidine F5E (A~ L E X, ZOFFEIKD HPLC O &21T-7=. T7bb, 8L 9 nb1G
SNT-HEROMSEERFM Y, [FRRICHHIE L7z D-7 L a2 — 2 OFFEROERFRF (tr 17.5
min) & —H L7 EnD, SBIRIDHELZNTY D-Z /L a—RALREE LR [92]. £
72, 8BLRIDI N a—2DEGERITT AV v 77 a N OREAEEENLOTRLP
LlmlE LTz,

TaA VU NA RES (C-1-C-11D)DOFERBLE T 3nam DHHIZ L VIFRB L=, 3720
b, rigenolide B (8)3 X N C (9)D S 23T 4L E 3.1 Hz & gentiopicroside & [RIERDHE S
T (J=3.0Hz) [712]% R LT7=Z &0, H-1/H9-anti LIFE L7, LLEORKER, rigenolide
BOBLOCO)IZEaAY KA RS E VAU KA RERSY(C-3"-C-11") D SLARECE A3 5
2%, Fig.3.16 \RT 4OV T AT LA—DWNTFNNTH D EHEE LT
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o__0O

N30
R (o) ()
HO
RO I-I()%N/

8. OH

o0._.0O S

N300 A
R H
HO o o

RO ;;gf%x/”

OH

1R9S.3'R8'R 1R,853°S,8"S

Figure 3.16. Possible diastereomers of rigenolides B (8) and C (9).

Rigenolide B(8)1 LN C )Lt =AU A NEpICHZET = ) A RA Ry
IZx 7 > o7z Cotton 2~ 2 LS Wiff S A R EME AT LG THD. T
BRIZT LR T NREEEA L TOER, EaAf U FA FESBIO /LAY FA RE
BENEIULY Ty Rl Th 0, 1ot biN s a—R&HA TZEMIICEL TV
B, MZT, MRISIARELE A & )M 72 > T 5 gentiopicroside Z HilEL T\ 5 Z &y
5, ECD A7 MLDHERIC X 2 Hoeh SARBLE O 8 2 7 A 7.

%9, Fig. 3.16 ISR LT 4O YT AT LA~ —0 ECD A7 b & HEFFiEE
MWTHEE Lz, GoNEtBEAKLIZE 25, 1SR DEEZHTHH0
(1S,9R,3"S,8"S 3 L TN 1S9R,3"R,8"R) X270 nm D=y b OfFEndkmE L TATH
v, WORLED IRISELED H D (1R,95,3"S,8"S 3 L TN 1R,9S,3"R,8"R) X IED Cotton 5
ZaR LTz, L7285 T 270nm (3L Cotton Z OG5 13 24 U KA RERD OSLAR(LF:
T D ENRE S L. 2D Z &3 gentiopicroside @ ECD A-XZ7 kLT 277 nm TH
@ Cotton ZhENBHI S N=Z EnD b XEFS 72 (Fig. 3.17).
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5 30
I- v genfiopicroside {exptl)
C -—-- 1S9R3"R8"R (calcd)
25 |- - iy ---- 159R3"SB"S (cakd) | 15
W eV Y 1R9S3"RE"R (calcd)
= ¥ N 1R9S3"S8"S (calcd) g
SofA e KT — 0§
= 200, % ¢ 280, “---7,-300 350 ado o
<] 3 s ”__ Y s <]
1 WS -
-:f ‘\‘-’I
25 L 15
5 30

Figure 3.17. Experimental ECD spectrum of gentiopicroside and calculated ECD spectra of possible

diastereomers of rigenolides B (8) and C (9).

Rigenolide B (8)% X ' C (9)® ECD A7 FMLOERIEIZZNZH 278 nm, 273 nm TH
® Cotton ZhF% /R L7=Z LB (Fig. 3.18), B4 U KA FER OME SCAABLE 2 )T

ISOR tIFE L7=.

—J, AU BA a5y OSLAKE E A
£ CIED Cotton %%, 3"R,8"R DOt DIFXA D Cotton BN K% R L7=.

3"$,8"S M ECD A7 FLOFHHAEIE 230 nm

L7z o>7T, /v

A4V KA FEBS OSEARIE 230 nm 787D Cotton ZhFIC I N5 EHEE LT,

30
-——- 1S9R3"RB'R (calcd)
~——- 1S9R3"S8"S (calcd)
154~ PN e 1R9SI'RER (calcd)
AV ; 1R9S3"S8"S (calcd)
‘I \\ -:
w ‘—;-'-‘l \~\-
g0 N rsd
200, % B, o 2300 350 400
‘), FaS .
\‘ ” AT
15 =
30

Figure 3.18. Caluculated ECD spectra of possible diastereomer of rigenolide B (8) and C (9).

Rigenolide B (8)®> ECD A-~~7 /LD EHEIZ 230 nm 32 TIED Cotton %R %,
rigenolide C (9)IZA D Cotton Zh %7~ L7= Z & 225 (Fig. 3.18), 8 D/ /LA U KA REEy D
Mo STARELE & 3"S,8"S, 9 & 3"R8"R LimE L7=. LLEDORERN D, rigenolide B (8)F L
C (9) DA SLARBLE % Fig. 3.20 \Z 9 BLE & ffam L7z,
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i rigenolide B(8) {exp)) o —— rigenolide C(9) (expt])
i - -=-- 1S9R3"R8R (calcd) . 1S9RIRER (caled)
24 5 1S9R3™S8™S (caled) | 15 2, i === 1S9R3I"S8S (calcd) | 15
K VA 1RISIRER (calcd) a 1RISIRSR (calcd)
= L\ Yoo 1R9S3"S8™S (calcd) g8 | )} _ 1R953°S8™S (calcd) g
E A e gé 04" ;"‘"l;s'tE-“G‘v'-‘ - L0 _?_-’l,
w w w 200; 350 W00
< << [ <
2 15
1 o 30 -4 i 30

Figure 3.19. Experimental ECD spectrum of rigenolides B (8) and C (9) and calculated spectra of

their possible diastereomers.

0.0
4 31\\0
¥ HO
S_R 9" Ho
: OH
rigenolide B (8) rigenolide C (9)

Figure 3.20. Structures of rigenolides B (8) and C (9).
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Table 3.3. 'H and '*C NMR data for rigenolides B (22) and C (23) in CD;OD.

Position 8 9
8u (Jin Hz) dc¢ 8u (Jin Hz) 8¢
1 5.62 (1H, d, 3.1) 98.8 5.60 (1H, d, 3.1) 98.9
3 7.44 (1H, d, 1.1) 150.7 7.45(1H, d, 1.1) 150.9
4 - 104.9 - 104.8
5 - 127.1 - 127.2
6 5.60 (1H, m) 117.2 5.59 (1H, m) 117.0
7 5.06 (1H, dd, 17.7, 1.3) 70.9 5.06 (1H, dd, 17.7, 1.3) 70.9
498 (1H, dd, 17.7, 3.5) 498 (1H, dd, 17.7, 3.5)
8 5.74 (1H, ddd, 17.2, 10.2, 6.9) 135.0 5.71 (1H, ddd, 17.4, 10.4, 6.9) 135.0
9 3.28 (1H, m) 46.7 3.28 (1H, m) 46.7
10 5.20 (1H, ddd, 17.2, 1.3, 1.3) 118.5 5.22 (1H, ddd, 17.4, 1.3, 1.3) 118.6
5.18 (1H, ddd, 10.2, 1.3, 1.3) 5.19 (1H, ddd, 10.4, 1.3, 1.3)
11 - 166.3 - 166.3
I 4.63 (1H, d, 8.0) 100.5 4.63 (1H, d, 8.0) 100.6
2' 3.14 (1H, dd, 9.0, 8.0) 74.5 3.17 (1H, dd, 9.0, 8.0) 74.5
3 3.34 (1H, dd, 9.0, 9.0) 77.9 3.35(1H, dd, 9.0, 9.0) 78.2
4' 3.27 (1H, m) 71.5 3.24 (1H, dd, 9.0, 9.0) 71.9
5 3.48 (ddd, 9.0, 6.5, 1.7) 71.7 3.54 (1H, ddd, 9.0, 6.8, 1.9) 76.6
6' 4.05(1H, dd, 11.7, 1.7) 68.6 4.01 (1H, dd, 11.5, 1.9) 68.6
3.77 (1H, dd, 11.7, 6.5) 3.81 (1H, dd, 11.5, 6.8)
3" 5.39 (1H, s) 95.0 5.36 (1H, s) 93.9
4" - 123.7 - 123.7
5" - 157.1 - 156.8
6" 2.59 (1H, ddd, 18.0, 9.7, 6.0) 29.3 2.60 (1H, ddd, 17.0, 10.0, 6.0) 29.3
2.39 (1H, ddd, 18.0, 4.8, 4.8) 2.36 (1H, ddd, 17.0, 4.6, 4.6)
7" 4.38 (2H, m) 67.0 4.38 (2H, m) 66.9
8" 4.20 (1H, m) 63.0 4.21 (1H, m) 63.2
9" 2.29 (1H, dd, 19.0, 3.9) 37.5 2.27 (1H, dd, 18.9, 4.1) 37.5
2.21 (1H, dd, 19.0, 10.6) 2.21 (1H, dd, 18.9, 10.3)
10" 1.27 (d, 6.3) 21.0 1.26 (1H, d, 6.3) 21.0
" - 165.0 - 165.0

49



%5 4 TH  Rigenolide D (10)3 X OV E (11) DA & fiRAT

Rigenolide D (10)iX A IESAPEREIA &L LT B4, HRESIMS LV 51 :%& CioH1404 &5
JBL72. 'HNMR A7 hLTIE, 1HOA V7 4=y 7 7a b, 3EOLF I AF L,
LED sp’ A TF L BIX D sec- A F/VATIFIE S VD T 7 F VMBI S du7z (Table 3.4).
BCNMR TiI 1 O oB-FEEFIA LRI VI, 2EOA V7 4 v DIFAEN/RIE S LTz,

WURAAUR
, 0_0 [
6 o 3
L , OH
8
OH
10
10
1
7
3
: l 8
! D i Jo A S
T T T T T T T T T
85 50 45 40 35 30 25 20 ppm

Figure 3.21. '"H NMR spectrum of rigenolide D (10) in CD;0D (500 MHz).

2D NMR A7 MVOFRNTIZ LV, rigenolide D (10) D FaifEE A L Lz, §72b
B, Hx-6 & Hp-7 [H]® H-'H COSY #HEH, H»-3 & C4,C-5, BLOC-11 [, H»-7 & C-58
FOC-11 > HMBC #HBE2 5, a-& R ¥ X F /b, B-REIFIS-T 7 K L i#843(C-3—C-7 and
C-1NDHFEEH LT LTz, BT HMBC A7 RVORITIN G, ZEA L7 4
>(C-1 and C-8-C-10)238-7 7 b DPL (CHITHEAR L TWD LIRIE L7z, F£72, deuterium-
induced differential isotope shifts [93)IC &LV & R X EOMAMEEZMHR LZ. T772bb,
CD;OH Z W THIE L7 BCNMR A7 MAZRIELIZEZ A, C-1BROC3I DT Ih
T RIRENER 011 ppm KRS 7 R LCEBIBIS =2 EvD, C-1 & C3 ik Kr
XUEDEETHZERHLNE T,

NOESY A7 hUIZHEWT, Hx-6 & H3-10 [#], Hp-1 & H-8 fi]iZ NOE FHBIDMELHI S 47
XY, C8DHEMEEDTAA NI —HE LIRE L. L7223 T, rigenolide D (8)D
i % Fig. 3.22 [Z/R 3 4k1E & ffmm L7-.
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= 'H-"H COSY
— HMBC
<-> NOESY

Figure 3.22. (A) Selected 2D NMR correlations for rigenolide D (10) and (B) structure of rigenolide
D (10).

HRESIMS DT 7> 5, rigenolide E (11)D 5317 i%& CoH 1203 {m/z 191.0688 [M+Na]", calcd for
CoH120:3Na, 191.0684} L7 JE L7=. 'H NMR A7 | /Lid rigenolide D (10)D %41 & KL < HHIL
LTWa23, 10 THEZESNZ 2o Fefd o AFVRICHET L 7R 1 SEAL,
sp A FUNCHKT D TN EiT Bl S .

0 O WAL
7 —
6 4
8 =~ 1
10 OH
1
1
10
7
6
8 1 J |‘
h_._.J“L_____Ja__ﬂ_)- SE— Ji \u‘,‘,_.f» I o L ,m__J ¢ _,,_l 1
T T T T T T T I T I
6.0 a5 a0 4.5 4.0 35 3.0 25 20 ppm

Figure 3.23. '"H NMR spectrum of rigenolide E (11) in CD3OD (500MHz).

H-4 & C-5,C-11, 38 L VVC-6 [H]D HMBC #HRE7> 5 & sp? A F 2 (CH-4) DAFAEIN I S a7z,
SIHIL,TEHBLTCIBLOYCSDTIANTT MEBRERS>TWEZ ED C-8 D
FEREAGOTAA N —BER AW TH D EHEE L=, NOESY A~ hUZHWT H-8
& Hy-6, Ha-1 & Hs-10 [HIZ NOE tHREADBI SN/ Z &0 n, C-8 “EHEGDOI A A MY —
Z 7Z &R’ L, rigenolide E (11) D& % Fig. 3.24 [ R HEE & IR LT,
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040

7

6 4

5

— 1H-TH COSY 9
—» HMBC 8= Y
<-> NOESY o OH

Figure 3.24. (A) Selected 2D NMR correlations for rigenolide E (11) and (B) structure of
rigenolide E (11).

Table 3.4. 'H and 3C NMR data for rigenolides D (10) and E (11) in CD;0D.

10 11
Position 8y (J in Hz) d¢ Ou (J in Hz) d¢

1 4.12 (2H, brs) 65.7 438 (2H, s) 56.6
3 4.19 (2H, s) 57.9

4 - 129.2 6.09 (1H, br s) 114.1
5 - 155.8 - 158.1
6 2.56 (2H, t, 6.0) 29.9 2.65(2H, td, 6.3, 0.9) 259
7 441 (2H, t, 6.0) 67.1 440 (2H, t, 6.3) 67.6
8 5.73 (1H, qt, 7.0, 1.0) ~ 125.1 6.34(1H, q, 7.2) 135.4
9 - 139.8 - 138.4
10 1.59 (3H, dt, 7.0, 1.0) 14.7 1.94 (3H, d, 7.2) 14.5
11 - 167.1 - 168.6
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%5 5 TH  Acylated secoiridoid (1214 3 X OV 17-19) D & it

Rigenolide F-H (12-14)3 X O'K-M (17-19)i%, 1D NMR AX7 RV OFFEFT S T 2 AL S
NiztaA U RA FERARTHD EHELZ., ZNBIEAZ VU ABDINEIT EF Lk
WX VBRI LB ~FE L, AT MLT—H Z3CHE & kT 5 2 & THExELE & 5
etz IR Uic. LU FHERAT OFEMIZ >V TR 5.

Rigenolide K (17)IFE B AIEMEFEIA & L TR O, HEXE —169.0 (c 0.93, MeOH) % 7~
L72. HRESIMS {m/z 515.1163 [M+Na]’, calcd for C23H24012Na, 515.1165} £ v 75 + X %
CsHotOn EIRIE L7=. 17 @ 1D NMR A7 FUIE 1,23-Z @ B L = AT VLR
SOVIRFIZH KT 52 7T Bl S 7= 2 & ZFR X gentiopicroside [72]DZ 46 & L < %}
I LT 2728, {BAH) 17 13 gentiopicroside D7 2 MUK TH B EHEE S NTZ. 5T H-
2AMERE Y 7 N LTI S NI Z LD RED 2 (IS T U VEEREEA LT D EHEE L.

E.W-
10 \\\.-
HO
HO
HO 3
O
" OH
5 4
17
T
>
3 10 -
6 | 4= B 87 \7 7 6 |6 5_4' 0
|
! 1
R e
’ 70 65 60 55 50 45 40 35 30 25 20 15 ppm

Figure 3.25. '"H NMR spectrum of rigenolide K (17) in CD30D (500 MHz).
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— 'H-TH COSY
—=  HMBC

Figure 3.26. Selected 2D NMR correlations for rigenolide K (17).

'H-'"H COSY H LU HMBC A-<7Z h/LIZEWT Fig. 3.25 I[RTHENREE S R,
gentiopicroside (ZXf &3 5B HIE DAFAE (C-1-C-10 and C-1'-C-6") 3 RS S 47, 17125 L
0.05M NaOMe/MeOH (Z XD A &% /) U RA%&{ToT- & Z A, gentiopicroside [72] & methyl 2,3-
dihydroxybenzoate [94]235 H 7=, Z v a—AD 24ii7 vk (H2") & 7" AT L H LR
=)VIRFMINZ HMBC FHBE2 B S 7= Z & 55 2,3-dihydroxybenzoic acid (X2 /L 21— A D 2 {if
ICREA L TWD Z LA L, rigenolide K (17) D% % Fig. 3.26 (29 1 LI JE L7-.

OH

Figure 3.27. Structure of rigenolide K (17).

Rigenolide L (18)35 X TN H (14)1 306 A E M 72 AR IR & L TR B2 {[aly —71.7 (¢ 0.19,
MeOH) for 18; [a] —76.1 (¢ 0.12, MeOH) for 12}. HRESIMS X ¥ 4> FRHIF #4141 CosHaeOr3
35 LN CasHasO14 & it L 72 {m/z 533.1271 [M+Na]", calcd for Ca3Ha6013Na, 533.1271 for 18;
m/z 575.1357 [M+Na]*, caled for CosH23014Na, 575.1377 for 14}.

Rigenolide L (18)1 X O'H (14)D 'H 33 LTV BC NMR A7 ML 17 OZFn D & L FEU
LTEY, a1V RA FEHEAIZ 2,3-dihydroxybenzoic acid 235G L7ALEMI ThH 5 L
E L. F72, rigenolide H(12) Tl 7 F LVKIZIFE I ND 7Nz TEAIS L.
EIHIT, 17T TRLNIZS AL, 6 (HDO=EWA L7 4 VITRBINL 7T ADRpYIT I
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fE > AF Lo [8u1.76 (1H, ddd, J = 14.0, 11.0, 5.0 Hz), 1.69 (1H, ddd, J = 14.0, 3.0, 1.5 Hz), ¢
35.5 for 18; 8u 1.77 (1H, td, J = 12.0, 4.9), 1.69 (1H, m), 8¢ 33.5 for 14] L WEFER N HEE LT- 1
fHl D> =k frkFE [Sc each 64.3 for 18 and 14)IZHIRT L 7 FANBHI SN2 LD, 188
FON1410%, 17 &1 U NA FEREERE DER DI0E & HEE L.

& OH
18 )
JL._#J — w,ﬂ‘J‘Llwm) J HJMJ \J_J“\_A M_J H L_,___J“\_L____A ﬂM ‘ﬂ_at_r/J“___
| 70 65 @0 55 S50 45 40 35 30 25 20 15 ppm

Figure 3.28. 'H NMR spectrum of rigenolide L (18) in CD3OD (500MHz).

18 {22V T 0.05M NaOMe/MeOH (2 X H A ¥ /) VT A &fT->7- L T A, swertiamarine [80]33
& Y methyl 2,3-dihydroxybenzoate [94]731%F H 7= Z L 725, 18 (X swertiamirin (Z 2,3-
dihydroxybenzoic acid 23 & L7ALEM TH D Z E BB E 5T,

2,3-Dihydroxybenzoic acid DFEALE X, HMBC A7 NUZEBITH, Z/La—AD 2L
7a kb L AT VIV = VRSB OFEEINN B 17 LRIERIC 2L TH D L iEEm LT,
PLEDZ &0D, rigenolide L (18)DFi& % Fig. 3.28 [T A& & JmE L7-.

—7J7,14 13 'H-'HCOSY % X U'HMBC A7 hUIZHWNT 18 L FRIEROFABEN D b,
H-6'L 72 FNEITIRE SN D= AT VI VAR = )VIRSERIC HMBC MHBRS Sl 2 &)
5, 18 D O(LIZ 7 & F /NG S LIoAiE L #HEE L7z,

Rigenolide H (14)% &°V ¥V iy, HEKFERR &2 I\ CT7 2 F /UL E24TWME DN T-75EIK (14a)
@D 'H NMR A7 FLEB X OHESE D, rigenolide L (18)% 7 & F /Wb L T L 75
K (18a)DENH & —E L7, LLEDOKERN D, rigenolide H (14) D&% 6'-O-acetyl-2'-O-
(2,3-dihydroxybenzoyl)-swertiamarin & ##am L 7.
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— 1
OH H-'H COSY OH
—= HMBC

Figure 3.29. (A) Selected 2D NMR correlations for rigenolide L (18) and (B) structure of
rigenolide L (18).

Ac

_JILJILJW_W Uu LU unb

T T
7.0 6.5 4.0

9
Ll'LmJNJ ___N QWL_JJ\
a5 30 25 20 15  ppm

Figure 3.30. '"H NMR spectrum of rigenolide H (14) in CD;0D (500 MHz).
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AcO
TN
HO
O
O OH

OH

Figure 3.31. Structure of rigenolide H (14).

Rigenolide M (19)IFA B BIESLMEFEIIA L L TR, ERENEE —184.7 (¢ 0.77, MeOH) % 71~k

L7z. HRESIMS{m/z 517.1323 [M+Na]", calcd for C23H6012Na, 517.1322} L b 19 O 551
18 LV HLEREIFRT23 1 fEA 720 CosHasOrn & HIBH L 7.
'HEBEXUBC NMR A7 FUT 18 DEN S & L HELL T2y, 18 TR OIZEEZRIR
TOFES LT SR FBICHET D v 7 VBRI & T, 1D A F > [8u 3.11 (1H, m); 8¢
WAZIRBEND V7 FARBHIESNTZZ D, 19 DB a4 U N A REFERTS T
sweroside [80,95] CH 5 EHEE LT, £/, REGT 7 b LI kO 7 1 h o3 18 & B
S>TEIEINTZZ LD, 2,3-dihydroxybenzoic acid D5 GNLEN BRI DLEMTH D & HE
E L.

1

- . | © 0 £ 6
— “JJ — JJLJJ - /} \\“"‘JW“L_J,J U“ J Fh .

T T T T T
45 4.0 35 30 25 20 15 ppm

Figure 3.32. '"H NMR spectrum of rigenolide M (19) in CD;OD (500 MHz).
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Rigenolide M (19)D A % ) U 2 A& {T->7- & Z 5, sweroside [80,95]1F & Y methyl 2,3-
dihydroxybenzoate [94]234% 54172, HMBC A~XZ hUZEBWT, Fva—AD 37 a kv
& T ATV I VAR = VIR FEICHBEN o7 2 v h, 2,3-dihydroxybenzoic acid 1%
ITHEA L TV D e LT, LLEDZ E0vD 19 O % Fig. 3.33 IR L IfE L
7z.

= 1H-'H cosY
—=  HMBC

Figure 3.33. (A) Selected 2D NMR correlations for rigenolide M (19) and (B) structure of
rigenolide M (19).
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Table 3.5. '"H NMR data for rigenolides H (14) and K-M (17-19) in CD;0OD.

17 18 14 19
Position dy (J in Hz) Ou (Jin Hz) Ou (Jin Hz) Ou (Jin Hz)
1 5.69 (1H, m) 5.65(1H, d, 1.0) 5.51(d, 1.5) 5.57 (1H, m)
3 7.12 (1H, s) 7.08 (1H, s) 7.09 (s) 7.60 (1H, d, 2.5)
5 . - - 3.11 (1H, m)
6 5.53 (1H, brs) 1.76 (1H, ddd, 1.77 (td, 12.0,4.9) 1.76 (1H, ddd,
14.0, 11.0, 5.0) 13.0, 4.0, 2.0)
1.69 (1H, ddd, 1.69 (m) 1.69 (1H, ddd,
14.0, 3.0, 1.5) 13.0, 12.0, 4.0)
7 4.73 (1H, dd, 17.5, 4.67 (1H, ddd, 4.67 (ddd, 4.43 (1H, ddd,
3.5) 11.0, 11.0, 3.0) 12.0, 11.0, 2.6) 12.0, 4.0, 2.0)
4.60 (1H, d, 17.5) 4.23 (1H, ddd, 4.23 (ddd, 4.34 (1H, ddd,
11.0,5.0, 1.5) 11.0, 4.9, 1.6) 12.0, 12.0, 2.0)
8 5.65 (1H, m) 5.32 (1H, m) 5.31 (m) 5.54 (1H, m)
9 3.23 (1H, br d, 6.0) 3.23 (1H, br d, 6.0) 2.90 (dd, 8.6, 1.5) 2.72 (1H, dd, 9.0,
5.5)
10 5.15(1H, d, 16.5) 5.35(1H, m) 537 (dd, 16.5, 5.31(1H, dd, 17.0,
2.8) 1.5)
5.12 (1H, d, 10.0) 5.26 (1H, d, 9.0) 5.26 (dd, 9.5, 2.8) 5.28 (1H, dd, 10.5,
1.5)
11 - - - -
I 4.94 (1H, d, 8.0) 4.94 (1H, m) 5.01(d, 8.1) 4.85 (1H, d, 8.0)
2' 4.98 (1H, t, 8.0) 4.98 (1H, m) 4.98 (dd, 9.0, 8.1) 3.51 (1H, m)
3 3.74 (1H, m) 3.79 (1H, m) 3.80 (t,9.0) 5.26 (1H, t,9.5)
4 3.42 (1H, m) 3.44 (1H, m) 3.50 (dd, 9.8, 9.0) 3.65(1H,t,9.5)
5! 3.46 (1H, m) 3.47 (1H, ddd, 10.0, 3.67 (ddd, 3.49 (1H, m)
6.0,2.0) 9.8,5.3,2.1)
6' 3.95(1H, d, 11.5) 3.94 (1H, dd, 12.0, 446 (dd, 12.0, 3.92 (1H, dd, 11.5,
2.0) 2.1) 2.5)
3.72 (1H, m) 3.72 (1H, dd, 12.0, 428 (dd, 12.0, 3.73 (1H, dd, 11.5,
6.0) 5.3) 6.0)
1" - - _ -
2" - - _ -
3" - - _ -
4" 7.02 (1H, d, 8.0) 7.02 (1H, dd, 8.0, 7.02 (1H, dd,8.0, 7.02 (1H, dd, 8.0,
1.5) 1.5) 1.5)
5" 6.72 (1H, t, 8.0) 6.76 (1H, t, 8.0) 6.76 (t, 8.0) 6.76 (1H, t, 8.0)
6" 7.27 (1H, d, 8.0) 7.38 (1H, dd, 8.0, 7.38 (dd, 8.0, 1.5) 7.43 (1H, dd, 8.0,
1.5) 1.5)
6'-Ac 2.09 (3H, s)
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Table 3.6. *C NMR data for rigenolides H (14) and K-M (17-19) in CD;0D.

17 18 14 19
Position dc¢ dc¢ dc dc

1 97.3 99.9 100.0 98.1
3 149.1 153.5 153.4 154.0
4 104.9 109.3 109.4 105.5
5 126.4 64.3 64.3 28.4
6 117.9 35.5 33.5 259
7 70.3 65.6 65.7 69.7
8 134.7 133.2 133.2 133.2
9 46.0 51.9 51.9 43.8
10 118.2 121.5 121.5 121.0
11 165.4 166.9 166.8 168.5
I 96.8 99.0 99.0 99.6
2' 75.2 75.7 75.6 72.9
3 75.3 75.2 75.0 79.6
4 71.8 71.5 71.3 69.5
5 78.7 78.8 75.9 78.1
6' 62.6 62.5 64.2 62.3
1" 113.5 113.3 113.3 114.1
2" 151.3 151.8 151.7 151.4
3" 147.0 147.4 147.4 147.0
4" 1222 122.4 122.4 121.8
5" 120.6 120.2 120.2 119.9
6" 121.0 121.1 121.1 121.4
A 170.8 171.9 171.8 171.4
6'-Ac 172.7

20.7
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Rigenolide F (12)3 L TN G (13) 1T Z N Z VL FEM I AIESMEREIA & L THE LT {[a]y
~178.0 (¢ 0.44, MeOH) for 12; [a]5 —162.3 (¢ 0.18, MeOH) for 13}. HRESIMS 75, ZiLZiD
71 % CisHa4010 38 L O CoHoeO11 & It L 72{m/z 423.1261 [M+Na]* (caled for CisH24010Na,
423.1267) for 12; m/z 465.1387 [M+Na]" (caled for CaH2601:Na, 465.1373) for 13}. [ 'H
NMR A7 kUi, rigenolide M (19)DZiLE 2 A U KA RERFIZOWT L EEI Lz A
N7 MVERL, 12 B8BEWN13 & sweroside FHFEIREHEE L2, LavL, 12 B8KVM13 Tl
2,3-dihydroxybenzoic acid DOV IZT7EFALEITFBE SN 7T ABRBEI N2 &)
5, rigenolide F (12)3 X OV G (13)1% sweroside D7 &7 — bk L #EE L7-.

ENZENDALEZONT pyridine F1, MEKFERE 2 FAWCLELL, 7T /K (122
LN 13a)2 57, SONFEMNRIL 'THNMR 7 —# B L UWELEND tetraacetylsweroside
[96] & [RI7E L7=. HMBC A-XZ7 kLT, rigenolide F (12)IZ331F % H-2'L 8¢ 171.8 [, rigenolide
G (13)I2F1F % H-2' (8u 4.68) & 8¢ 171.8 [H I KL O Ha-6 (81 4.42 and 4.22) & 5¢ 172.7 HlIZZ 1
FHAHBPMBE SN Z LD, C2B LU C2, C-6NZ T B FVERREET 2 LIRE Lz,
PLED Z & D5 rigenolide F (12)3 L TN G (13) & Z L€ 4L 2'-O-acetylsweroside 35 L Tf 2',6'-di-
O-acetylsweroside & i L7=.

1

&'

10 2! & 3
) L JI Sllu 5 9 6
gl _ML_J\L_ L A Lo
7.‘5 ‘ 710 ﬁ.|5 6.‘0 515 510 4‘.5 4\10 3.‘5 310 £5 ‘ 7_‘0 1.‘5 ppm

Figure 3.34. '"H NMR spectrum of rigenolide F (12) in CD30D (500 MHz).
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Ac

1
B
5

4
1Ty
\.__L_ﬂ.l_,wu,ww b L_._MJML____/JL_

7.5 70 6.5 6.0

T
50 45 40 a5 30 25 2.0 15 ppm

R

Figure 3.35. '"H NMR spectrum of rigenolide G (13) in CD;0D (500 MHz).

\\“. O \\“. O
HO AcO
o2 O o2 O
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Figure 3.36. Structures of rigenolide F (12) and G (13).
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Table 3.7. 'H and '3C NMR data for rigenolides F (12) and G (13) in CD;0OD.

12 13
Position Ou (J in Hz) d¢ Ou (J in Hz) S¢
1 5.46 (d, 2.0) 98.3 5.33(d, 1.8) 98.5
3 7.57 (d, 2.5) 153.6 7.56 (d, 2.5) 153.5
4 - 106.5 - 106.6
5 2.88 (ddt, 13.0, 5.7, 2.5) 28.7 2.89 (ddt, 13.0, 5.6, 2.2) 28.7
6 1.77 (dq, 13.0, 2.5) 25.8 1.77 (dq, 13.0, 2.2) 25.8
1.67 (qd, 13.0, 4.5) 1.67 (tdd, 13.0, 13.0, 4.3)
7 4.45(ddd, 11.0,4.5,2.5) 70.0 4.46 (ddd, 11.3,4.3,2.2) 70.0
4.33 (ddd, 13.0, 11.0, 2.5) 4.33 (ddd, 13.0, 11.3,2.2)
8 5.51 (dt, 17.0, 10.0) 132.9 5.51(dt, 17.1, 10.0) 132.9
9 2.68 (ddd, 10.0, 5.7, 2.0) 434 2.69 (ddd, 10.0, 5.6, 1.8) 43.5
10 5.31(dd, 17.0, 2.0) 121.1 5.32(dd, 17.1, 1.7) 121.2
5.27 (dd, 10.0, 2.0) 5.27 (dd, 10.0, 1.7)
11 - 168.1 - 168.1
' 4.85(d, 8.0) 97.7 4.88(d, 8.1) 97.8
2' 4.68 (dd, 9.0, 8.0) 74.9 4.68 (dd, 9.4, 8.1) 74.7
3 3.56 (,9.0) 75.5 3.56 (1,9.4) 75.3
4 3.35 (m) 71.5 3.39(1,9.4) 71.3
5! 3.37(ddd, 9.0, 6.0, 2.0) 78.5 3.57 (m) 75.7
6' 3.90 (dd, 12.0, 2.0) 62.6 4.42 (dd, 12.0, 2.1) 64.4
3.67 (dd, 12.0, 6.0) 422 (dd, 12.0, 5.4)
2'-Ac 1.98 (3H, s) 171.8 1.99 (3H, s) 171.8
21.0 21.0
6'-Ac 2.07 (3H, s) 172.7
20.7
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54H AWIENE
HLEE L7 BUE e 4T (7, 1719) EBERVLA 2 7E (39, 40) (IZOW T DPPH 7%
JAHETEMEZRIE LTz,
Rigenolide A (7) % F& < 2 TCOLAWIZ DPPH 7 ¥ 1 MIHEIEIEA B S 72, FFIZ 40 13 1Cs
f16.2220.3 uM &, positive control "C& % ascorbic acid & ¥ 587 U W AHEIEEZ R LT,
p-Hydroxybenzoic acid 72 &', #iEFIZT7 = 7 —WMHKEEEEA 1 DLE L TN Dl
e, protocatechuic acid < gallic acid & VN> 7278 Y 7 =/ — VTR T ¥ B WIEETEMEZ
AT ERHEINTWD [97-100]. Rigenolide L-M (17-18), 2'-(2,3-dihydroxybenzoyl)-
sweroside (39), ¥ & U macrophylloside A (40)? DPPH 7 ¥ 1 /L DIEEITIT T 7 2 — AAEIED
FIZEELTWA EHEE ST

Table 3.8. DPPH radical scavenging activity (ICsoin uM) of compounds 7, 17-19, 38-39.

Compound ICso = SE
Rigenolide A (7) >100

Rigenolide K (17) 482+ 1.2
Rigenolide L (18) 36.7+24
Rigenolide M (19) 364+ 1.1
2'<(2,3-Dihydroxybenzoyl)-sweroside (39) 44.6 £0.8
Macrophylloside A (40) 16.2+0.3
L-Ascorbic acid 30.1+0.3
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Figure 3.37. Compounds evaluated their DPPH radical scavenging activities.
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BSHE MG

2008 FFEIZZEFMEICTEA LY & RUBMEY) Gentiana rigescens DR MAFGEAATVY, i F
#80D MeOH =X 270, 8 FDOHBUL AW 2 & T 27 FO(LEM %, RIS L UMRZED MeOH
TXANG, 5SFEOFREILEYZETe 10 MOlLEW A Bk L 7. HEEL 72t &morEtz
KFEANY M VT — X OFEM7efENT, ECD FHHIC X VIRE L7 (Fig. 3.38).

Rigenolide A (7)iTE =214V FA FEFHEAOHETIZH A LT p-r v~ A vikntas U R
ARGy & [242] BRABAIINESIZ X 0 AR L7 b & T, o rNICUBER EWEBERZ 6T
LIEFHICB LVEEEZ A LTV D.

Rigenolide I (15)& J (16)iTt =214 U FA FEFHANOAEKT D EZE2 ML /0 A U KA
FTH Y, rigenolide B (8) BLTNC (9) 1X, E=aA VU FA FE 15NV a—A%N L Th
G L7z, FRMEFHEEEZ T 2B THD.

AU KA FOFTH, 15 X° 16 DL 57t aA V) R MO b OIFHEERE 3 D72
<, FHMEOEWMEEMTH 5.

A, Tkt aA U RA FEFEAR, R#IC 2,3-dihydroxybenzoic acid 236 L7
LONBELEBAINTWE., WBEORE T, Gentiana BHEW ) HITFE A~ D 23-
dihydroxybenzoic acid FHEMRNHEEEI N TS, — 5T, oV > KBS » 51T 2,3-
dihydroxybenzoic acid #5A D HEFRE 1T 2 <, KBICFFADILEMHETH L EEZ L2 DND.

Fio, SRIOMETHBEELT-A U N1 Rid'=aA Y oA FROEENRLL, 41U K4 M
I% loganic acid DA Toh > 72. D Gentiana JEFEW > 6 I1TFEL DAY FA REALEY DS HiEfE
SILTWD N, G rigescens 1> 5 1 loganic acid 38 X OV OFFEAR L) BEEHR T 2372 <, AHH
MIZERENDA Y RA RiZkEaA ) RS MR ETHL EEZOND.

—75, AWFFEIZ LY, G rigescens i EERIZFE~Z DAY KA RBEFINTNDH T LN
Hinklpolz, LLaRn, A3 20X IR LUOMRE AWM E LT, #E
EITEEH S T, T, AR Y o v 2 o FEIEL RSy & ST D gentiopicroside
DEFEDMHEFTH/R <, LC-MS/MS (Z & 5 E & THEFEMICHRE SN TN D 1.5%I0i7-
2 1012 L ICERT B2 5.

HEE L7 BUbam 4 (7, 17-19) LBEALE 2 FE (39, 40) 2>V T DPPH radical
scavenging assay 21T > 7. 7 UANDILEMIT DPPH 7 ¥ I WA EIEMEDS L B0, 72 40 1%
positive control @ L-ascorbic acid & 0 58T P NAAEEEEZ R LT,
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Figure 3.38. New compounds isolated from G. rigescens.
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FEHIIERS > — FRRB LML EWIREZ B, EEAICTOBRED A [EHR
R 2 B <0 H #R 2 DIRIEIZHW T\ A 7 1 X FHEY) Ribia yunnanensis %3 X ONA] U < A &
D3R % IFRSCHHZE R DIRIEIZ VTS Gentiana rigescens D517 - 7=.

EFAPE R. yunnanensis DR XY 5 FOFIHT 7 b 7 L FHER rubiaquinone A-E (1-5)%
HREL7Z.

Rubiaquinone A (1)/% 1,4-dihydroxynaphthalene 35 & TF 4-hydroxy-1,2-naphthoquinone 7> 72
578X CBIRTHD. TEIRThTEDRFESHIEITY, oS T A
~—® ECD A7 FLOFEEZ TDDFT (2 & 0 B U= 3t 5l & il 2 T oik
BLiEZ I O L7e. £72, 11E Bacillus subtilis (x4 2 HtEIEEZ R LT,

Rubiaquinone B-E (2-5)I3%3 I 1| DOARFHE2 LN 1| DOARFIRFEE LD, T=—
77 F 7 bR UERETH T2 2B X033 1 L REROMNTIC X 2 STARBLE O 8 A3 K
#Thololzh, ECD A7 ML E g L&t 5 F THME Cotton Zh R % Hii(k9 5 N5
AT NNZ K BT 2B R LT-. IE AT V% T rubiaquinone B (2)38 LN C (3)
AFRFE D D WITAFIICH KT D Cotton ZROAZZHIH L, =T > F A~ — Dk 3Lk
BlEZH LN L. ZOMEARY FUiE, EEOARFTLH 5 WIEARFEzZA L, ECD
AR SV DB X DT SN EE b BTG T E D WREMED B 5.

.
o

S OH
0
(+)1: 1R (+)-2: 1S, R=0H (-)-2: 1R, R = OH
-)1: 18 (+)-3: 1R, R=OH (-)-3: 1S, R = OH
(-)-4: 18, R = CH,COCHjg (+)-4: 1R, R = CH,COCH3
(=)-5: 1R, R = CH,COCHjg (+)-5: 1S, R = CH,COCH,
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EFEEICTHEA LT G rigescens D72 HONIRIB LOMBEND 13 FOFHH A U R
A R&Eie 36 MOLAW % Bk LT-.

Rigenolide A (NI FHICUERE NLBRZ AT 2R ICTE LWVEEDLEMTH S.
NOESY A7 NVOfEHT, 3 LOBEDRIEZITY, HRLAEE %2 52N L.
Rigenolide I (15)& J (16)iTE =14 U NA FEMERNDAERT D EEZBND /LAY AR
TH Y, rigenolideB(8) BELUNC9) 1%, TNEN2MWMOAFIKRFELEEGTe / VAU KA FE
e aA V) RA RO EATHMLEMTHDL. ZTNOOESHEEN 7V a— X Vg
THNTWEZ &, EBIEHTFREWVEBELZ 22 &225 NMR IZ X 25 BLE OB A
WEETdH > 72728, BESHT & ECD A7 RV OFEMRIENT 21T 5 Z & THOXIARRLE %2 & 0
T AL 2 B B 2N LTz,

HEEL7ZLAMD O B, 40 12OV TRV T P h il EEEZ L L.

OH

o 0<:§
N 0__0
9
7 o 5.0 g o)
‘ 5 OH Rl o o o S
O\ZBQ\OH B0 o = SO

7 8 9
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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-3900H
spectrophotometer. CD spectra were taken on a JASCO J-1500 spectrophotometer. NMR spectra were
measured by a Bruker AVANCE-500 instrument using tetramethylsilane as an internal standard.
HRESIMS spectra were run on a Waters LCT PREMIER 2695. Column chromatography was
performed with silica gel 60N (63-210 um, Kanto Kagaku, Japan), Sephadex LH-20 (25-100 um, GE
Health Care, U.K.), MCI GEL CHP 20P (75-150 pm, Mitsubishi Chemical, Japan), YMC-pack ODS-
A (S-50 pm, YMC Co., Ltd., Japan). MPLC was performed on an Isorera One with SNAP KP-C18-
HS (Biotage Japan). HPLC was performed on JASCO apparatus consisting of a PU-2089 Plus pump,
a UV-2075 Plus spectrometer (at the wavelength of 254 nm), OR-2090 Plus optical rotation detector,
and a CO-2065 plus column oven, equipped with COSMOSIL Cholester (250 x 20 mm; 5 pum; Nacalai
Tesque), COSMOSIL nNAP (250 x 20 mm; 5 pwm; Nacalai Tesque), COSMOSIL 5C;3 MS-II (250 x
20 mm; 5 um, Nacalai Tesque), Mightysil RP-18GP (250 x 20 mm; 5 um; Kanto Kagaku) or
Mightysil RP-18GP II (250 x 20 mm; 5 pm; Kanto Kagaku). TLC was conducted on precoated silica
gel 60 F254 (Merck, Germany) and spots were detected by UV illumination and by spraying cerium
sulfate reagent followed by heating.

52 EOER
Plant material

Rubia yunnanensis was purchased in August, 2008, in Yunnan Province, China. The plant was
identified by Professor Li-Shan Xie of the Kunming Institute of Botany, Chinese Academy of Sciences,

China, and voucher specimens (08JY0016) were deposited in the herbarium of Tokushima University.

Extraction and isolation

The dried roots of R. yunnanensis Diels (3.7 kg) were crushed and extracted with 70% acetone aq.
(10 L x 3) at room temperature for 3 days. The 70% acetone aq. extracts were concentrated under
reduced pressure to give a residue (903 g). A part of the extract (258 g) was partitioned with EtOAc
and H>O. The EtOAc-soluble material was subjected to silica gel column (CHCls/acetone, 1:0 to 1:0)
to give seven fractions (frs. 1-7). Separation of fr. 4 on Sephadex LH-20 column (CHCI3/MeOH, 1:1)
afford four fractions (frs. 4.1-4.4). Fr. 4.2 was applied to a silica gel column (n-hexane/acetone, 9:1 to
0:1) to give 13 fractions (frs. 4.2.1-4.2.13). Fr. 4.2.8 was separated by a silica gel column
(toluene/EtOAc, 8:1 to 4:1) and ODS HPLC (Mightysil RP-18GP 1II, 20 x 250 mm, Kanto Kagaku,
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MeOH/H,0 70:30) to give rubiaquinones C (3, 6.5 mg), D (4, 12.5 mg) and E (5, 10.4 mg). Fr. 4.3
was subjected to silica gel chromatography (CHCI3/EtOAc, 8:2 to 0:1) to afford four fractions
(frs.4.3.1-4). Fr. 4.3.3 was chromatographed over a Sephadex LH-20 column (MeOH) and ODS
column (MeOH/H>0, 8:2 to 1:0) to give six fractions (frs. 4.3.3.1-6). Fr. 4.3.3.3 was applied to silica
gel column (CHCl3/MeOH, 1:0 to 0:1) to give five fractions (frs. 4.3.3.3.1-5). Rubiaquinone B (2, 2.3
mg) was isolated from ft. 4.3.3.3.1 using ODS HPLC (COSMOSIL 5C;s MS-II, 20 x 250 mm, Nacalai
Tesque, MeOH/H20 70:30). Purification of fr. 4.3.3.3.3 by reversed-phase HPLC (COSMOSIL tNAP,
20 x 250 mm, MeOH/H,0 70:30) gave rubiaquinone A (1, 4.7 mg).

Rubiaquinone A (1)

Yellow amorphous solid; IR (KBr) Vmax 3416, 1707, and 1670 cm™'; UV (MeOH) Amax 261 (€ 23100),
270 (30400), 311 (6130 sh), and 385 (5140) nm; ECD (MeOH) Ag (nm) —1.1 (334), —1.0 (281), and
+5.1 (243); 'H and *C NMR (Table 2.1); HRESIMS: m/z 395.0899 [M+Na]"* (calcd for C23H160sNa,
395.0895).

Rubiaquinone B (2)

Red amorphous solid; IR (KBr) vmax 3459, 3331, 1677, 1608, 1574, and 1558 cm’!; UV (MeOH)
Amax 270 (¢ 56,000) and 384 (9,230) nm; 'H and '*C NMR (Table 2.1); HRESIMS: m/z 567.1070
[M+Na]" (caled for C33H20OsNa, 567.1056).

Rubiaquinone C (3)

Red amorphous solid; IR (KBr) vmax 3443, 1675, 1610, and 1574 cm'; UV (MeOH) Amax 270 (€
37,200) and 382 (5,990) nm; 'H and '*C NMR (Table 2.1); HRESIMS: m/z 567.1066 [M+Na]" (calcd
for C33H200sNa, 567.1056).

Rubiaquinone D (4)

Red amorphous solid; IR (KBr) vimax 3448, 1707, 1664, and 1589 cm'; UV (MeOH) Amax 253 (e
34,960), 261 (36,944), 270 (39,892), 307 (10,021 sh), and 377 (7,249) nm; 'H and '3C NMR (Table
2.2); HRESIMS: m/z 607.1349 [M+Na]* (calcd for C3sH240sNa, 607.1369).

Rubiaquinone E (5)

Red amorphous solid; IR (KBr) vimax 3417, 1704, 1662, and 1595 cm'; UV (MeOH) Amax 254 (€
34,029), 261 (36,820), 270 (39,657), 305 (10,271 sh), and 377 (7,422) nm; 'H and '3C NMR (Table
2.2); HRESIMS: m/z 607.1360 [M+Na]* (calcd for C33H200sNa, 607.1369).

Optical resolution of rubiaquinone A (1)

Optical resolution of rubiaquinone A (1) was performed on HPLC using Ceramospher Chiral RU-2
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column {Shiseido Co., Ltd., 10 x 150 mm, flow rate 3 mL/min, UV (254 nm) and OR detections} at
50 °C with MeOH as an eluent. (+)-1: tr 14.4 min; CD (MeOH) Ae (nm) +1.39 (215), +2.99 (249), —
1.67 (271),—1.44 (303), —1.35 (325), and +0.60 (358). (-)-1: tr 11.7 min; CD (MeOH) Ae (nm) —1.45
(214),-4.03 (250), +1.19 (271), +1.74 (305), and —1.43 (357).

Optical resolutions of rubiaquinones B (2) and C (3)

Ceramospher Chiral RU-2 column {10 x 150 mm, flow rate 3 mL/min, UV (254 nm) and OR
detections} at 50 °C with MeCN/MeOH/H,0 (3:3:2) as an eluent. (+)-2: fr 16.9 min; CD (MeOH) Ag
(nm) —13.07 (209), +19.6 (222), —53.4 (246), +40.9 (267), +6.78 (300), +4.62 (325), and —4.00 (393).
(—)-2: &r 9.6 min; CD (MeOH) Ae (nm) +14.8 (210), —9.29 (222), +47.7 (246), —39.4 (269), —5.59
(299), —3.86 (325), and —2.90 (393). (+)-3: r 12.5 min; CD (MeOH) Ae (nm) —4.60 (206), +17.22
(221), —11.45 (246), +11.86 (266), —4.53 (283), —4.88 (320), and +2.54 (375). (-)-3: tr 10.3 min; CD
(MeOH) Ag (nm) +8.62 (202), —18.3 (221), +24.62 (247), -12.74 (270), +6.93 (282), +8.58 (317), and
—2.95 (374).

Optical resolution of rubiaquinone D (4)

Ceramospher Chiral RU-2 column {10 x 150 mm, flow rate 3 mL/min, UV (254 nm) and OR
detections} at 50 °C with MeCN/MeOH (1:19) as an eluent. (+)-4: #r 28.6 min; CD (MeOH) Ag (nm)
+8.97 (215), +12.3 (247), —14.5 (267), +7.98 (280), —5.83 (324), +2.29 (349), and —1.41 (430). (-)-4:
fr 36.5 min; CD (MeOH) Ag (nm) —6.28 (214), —8.50 (247), +16.39 (263), —11.49 (281), +4.19 (324),
—2.68 (348), and +1.19 (430).

Optical resolution of rubiaquinone E (5)

Ceramospher Chiral RU-2 column {10 x 150 mm, flow rate 3 mL/min, UV (254 nm) and OR
detections} at 50 °C with MeCN/MeOH/H,0 (3:3:2) as an eluent. (+)-5: #r 15.3 min; CD (MeOH) Ag
(nm) -3.72 (230), —3.92 (242), 0.79 (256), —1.93 (270), +6.05 (288), and —3.07 (356). (-)-5: & 8.7
min; CD (MeOH) Ae (nm) —4.12 (203), +6.27 (231), +6.55 (242), 3.19 (263), —11.65 (290), and +3.36
(358).

Calculations

Conformational searches and DFT calculations were carried out on Spartan 14 program (Wavefunction,
Irvine CA) and Gaussian 09 program [102], respectively. Possible enantiomers (1R-1 and 15-1) of
rubiaquinone A (1), and stereoisomers (M,1R), (M,1S), (P,1R), and (P,1S) of rubiaquinones B (2) and
C (3) were submitted to conformational searches at the Molecular Mechanics (MMFF94s). The initial
stable conformers with Boltzmann distributions over 1% were further optimized by DFT calculations

at the B3LYP/6-31G(d) level. The stable conformers with Boltzmann distributions over 1% were
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subjected to TDDFT calculations at the B3LYP/6-31G+(d,p) level in the presence of MeOH with a
polarizable continuum model. The resultant rotatory strengths of the lowest 30 excited states for 1R-1
and 15-1, and of the lowest 60 excited states for (M,1R), (M,15), (P,1R), and (P,1S) stereoisomers of
2 and 3 were converted into Gaussian-type curves with half-bands (0.3eV) using SpecDis v1.61 [103]
The calculated ECD spectra were composed after correction based on the Boltzmann distribution of
the stable conformers. The calculated spectra of 1R-1 and 1S-1 were blue-shifted by 20 nm, while
those of (M,1R), (M,1S), (P,1R), and (P,1S) stereoisomers of 2 and 3 were blue shifted by 10 nm.

53 EOER
Plant material

Gentiana rigescens Franch. ex Hemsl. was purchased in August, 2008, in Yunnan Province, China,
and identified by Professor Li-Shan Xie of the Kunming Institute of Botany, Chinese Academy of
Sciences, China. Voucher specimens (08JY0007) were deposited in the herbarium of Tokushima

University.

Extraction and isolation

The dried aerial parts of G. rigescens (1.9 kg) were crushed and extracted with MeOH (16 L x 3) at
room temperature for 3 days. The MeOH extracts were concentrated under reduced pressure to give a
residue (354 g), which was partitioned between EtOAc and H,O.

The H,O-soluble material (257 g) was subjected to Diaion HP-20 chromathography with H,O
containing increasing amounts of MeOH to give four fractions (frs.1-4). Fr.3 was separated by an
ODS column (MeOH/H0, 0:1 to 1:0) and a SiO; column (CHCI3/MeOH, 12:1 to 0:1) to afford 11
fractions (frs1.1-11). Fr.1.4 was fractionated by silica gel column chromatography (EtOAc/MeOH,
20:1 to 0:1), and purified by reversed-phase HPLC (Mightysil RP-18 GP II, MeOH/H,0 45:55) to
yield rigenolide B (8, 3mg). Rigenolide C (9, 1mg) was isolated from fr.1.5 using ODS HPLC
(Mightysil RP-18 GP II, MeOH/H,0 45:55).

The EtOAc-soluble material (88 g) was partitioned with n-hexane and 90% MeOH agq., and the 90%
MeOH agq.-soluble material (42 g) was subsequently partitioned with CHCl; and 50% MeOH. The
50% aq. MeOH aq.-soluble material (12 g) was subjected to chromatography over MCI GEL CHP 20P
(MeOH/H-0, 0:1 to 1:0) to give 14 fractions (frs.1-14). Fr. 5 was fractioned by SiO> column
chromatography (CHCl3/MeOH, 30:1 to 0:1) to yield 10 fractions (frs. 5.1-10). Rigenolide D (10, 2
mg) was isolated from ft. 5.4 using ODS HPLC {Mightysil PR-18GP, MeOH/H,O (15:85)}. Repeated
column chromatographies of fr. 6 on a silica gel (CHCI;/MeOH, 30:1 to 0:1), an ODS (MeOH/H-0,
3:7 to 1:0), followed by a silica gel (CHCI3/EtOAc, 10:1 to 0:1) gave frs. 6.1-6.5. Purification of fr.
6.3 by ODS HPLC {(Mightysil RP-18GPII, MeOH/H,O (17:83)) furnished rigenolide E (11, 1 mg).
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Fr. 7 was fractionated by SiO, CC (CHCIl3/MeOH, 20:1 to 2:1) to afford rigenolide A (7, 183 mg),
along with 12 fractions (frs. 7.1-12). Fr. 7.8 was chromatographed over a silica gel column
(CHCls/acetone, 10:1 to 0:1) to afford eight fractions (frs. 7.8.1-8). Fr. 7.8.5 was purified by reversed-
phase HPLC {COSMOSIL tNAP, MeOH/H,0 (50:50)} to yield rigenolide F (12, 5 mg).

Fr. 10 was separated by an ODS column {MeOH/H,O (4:6 to 1:0)} to give 17 fractions (frs. 10.1-17).
Fr. 10.9 was fractionated by silica gel column chromatography (CHCIl;/MeOH, 30:1 to 0:1), and
purified by reversed-phase HPLC {COSMOSIL Cholester, MeOH/H>O (40:60)} to furnish rigenolide
H (14, 1 mg). Rigenolide G (13, 2 mg) was isolated from fr. 10.10 by ODS HPLC {Mightysil RP-
18GP, MeOH/H20 (45:55)}.

The dried roots of G. rigescens (866 g) were cut into small pieces and were extracted with MeOH
(4 L x 3). The MeOH extracts were concentrated under reduced pressure to give a residue (234 g),
which was partitioned between EtOAc and H>O. The EtOAc-soluble material (35 g) was further
partitioned with n-hexane and 90% MeOH aq.. The 90% MeOH aq.-soluble material (12 g) was
subjected to chromatography over YMC ODS-A column (MeOH/H,0O, 0:1 to 1:0) to give 12 fractions.
Fr. 2 was fractionated by MCI GEL CHP 20P chromatography (MeOH/H»O, 0:1 to 1:0) to afford
fractions 2.1-2.7. Fr. 2.4 was applied to an MPLC ODS column (KP-C18-HS, 400 g) (MeOH/H-O,
0:1 to 1:0) to yield fractions 2.4.1-2.4.11. SiO, CC (EtOAc/MeOH, 30:1 to 5:1) of fr. 2.4.2 followed
by purification by HPLC on COSMOSIL 7 NAP (MeOH/H,0, 45:55) afforded rigenolide L (18, 2
mg). Rigenolide K (17, 10 mg) was isolated from fr.2.4.8. by HPLC on COSMOSIL 7 NAP
(MeOH/H;0, (45:55). Fr. 2.5. was repeatedly chromatographed on SiO, CC (CHCls/acetone, 30:1 to
2:1 and CHCI3/EtOAc, 5:1 to 0:1), and then purified by HPLC on COSMOSIL 7 NAP (MeOH/H,O
(45:55) to give rigenolides I (15, 4 mg) and J (16, 2 mg). Repeated CC of fraction 3 on MCI GEL CHP
20P (MeOH/H>0O (0:1 to 1:0), silica gel CC (EtOAc-MeOH, 10:1 to 0:1), followed by HPLC on
COSMOSIL 7 NAP (MeOH/H,0, 45:55) afforded rigenolide M (19, 8 mg).

Rigenolide A (7)

Pale yellow amorphous powder; [a], —74.2 (¢ 1.05, MeOH); HRESIMS: m/z 543.1462 [M+Na]*
(calcd for CosH25012Na, 543.1478); "H NMR (CDsOD): See Table 3.1.; 3C NMR (CD3;0D): See Table
3.1.

Acid hydrolysis and identification of sugar moiety for 7

A solution of compound 7 (10 mg) in 2.5% H2SO4 (4 mL) was heated at 70°C for 2 hours. The reaction
mixture was neutralized with Amberlite IRA-400 anion exchange resin (Organo, Tokyo), filtrated, and
concentrated under reduced pressure. The residue was partitioned between EtOAc and H>O, and the
H,0O-soluble fraction was analyzed by HPLC [column, Capcell Pak NH> SG80 (4.6 mm i.d. x250 mm,
5 um, Shiseido, Tokyo, Japan); solvent, CH3CN-H,O (17:3); flow rate, 0.75 mL/min; column
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temperature: 35 °C; detection, OR.]. The sugar moiety was identified as D-glucose by comparison of

its retention time and sign of optical rotation with those of an authentic sample. [zr: 16 min, OR (+)].

Rigenolide B (8)

white amorphous powder; [a] —72.0 (¢ 0.31, MeOH); HRESIMS: m/z 545.1617 [M+Na]" (calcd for
C2sH30012Na, 545.1635); IR (KBr) Vimax 3424, 2918, and 1700 cm™'; UV (MeOH) Amax 206 (log € 3.45),
233 (3.37), and 272 (3.23 sh) nm; ECD (MeOH) Ag (nm) —0.55 (278), —1.73 (227), and +1.67 (201);
"H NMR (CDs0D): See Table 3.3.; *C NMR (CDsOD): See Table 3.3.

Rigenolide C (9)

white amorphous powder; [a]5 —96.6 (¢ 0.10, MeOH); HRESIMS: m/z 545.1653 [M+Na]" (calcd for
C2sH30012Na, 545.1635); IR (KBr) vimax 3415, 2921, and 1702 cm™; UV (MeOH) Amax 204 (log € 3.62),
235 (3.47 sh), and 270 (3.34) nm; ECD (MeOH) Ag (nm) —4.30 (273), +2.40 (236), and —3.40 (202);
"H NMR (CDs0D): See Table 3.3.; *C NMR (CDsOD): See Table 3.3.

Identification of sugar moieties for rigenolides B (8) and C (9)

Rigenolides B (8, 1.0 mg) and C (9, 0.8 mg) was separately treated with 5% H2SO4 (2 mL) at 70 °C
for 3 h. After neutralization by anion-exchange resin (IRA-400, ORGANO Co.), solvent was
evaporated to give the residue containing the sugar moiety of 8 and 9, respectively.

The residue containing the sugar moiety of rigenolide B (8) and L-cysteine methyl ester
hydrochloride (0.5 mg) was dissolved in pyridine (100 pL) and the mixture was heated at 60 °C for 1
h, and then phenylisothiocyanate (10 pL) was added to the mixture and heated at 60 °C for 1h. The
residue containing the sugar moiety of rigenolide C (9) was worked up in the same way.

HPLC analysis {Cosmosil 5Cis AR-II, Nacalai Tesque, 4.6 x 250 mm, flow rate 0.8 mL/min, UV
detection at 250 nm, eluent CH3CN / 50 mM H3POj4 aq. 1:3, column temperature 35 °C} of the reaction
mixture gave a peak at 17.2 min. The retention time was identical to that of the derivative prepared

from authentic D-glucose.

Calculations

Conformational searches and DFT calculations were carried out on Spartan 14 (Wavefunction, Irvine,
CA) and Gaussian 09 programs [102], respectively. Possible four diastereomers [1S5,9R,3"R,8"R;
1S,9R,3"S5,8"S; 1R,95,3"R,8"R; 1R,95,3"S,8"S] of rigenolides B (8) and C (9) were subjected to
conformational search using MMFF94s as the force field. The initial stable conformers with
Boltzmann distributions over 1% (6, 8, 9, and 11 conformers, respectively) were further optimized by
DFT calculations at the B3LYP/6-31G(d) level in the presence of MeOH with a polarizable continuum
model (PCM). The stable conformers with Boltzmann distributions over 1% were subjected to TDDFT
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calculations at the B3LYP/6-31G(d) level in the presence of MeOH with a PCM. 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 for 1S,9R,3"R,8"R and 1S5,9R,3"S,8"S; 0.2 eV for 1R,95,3"R,8"R and
1R,98,3"S,8"S) using SpecDis v1.61 [103]. The calculated CD spectra were composed after correction
based on the Boltzmann distributions of the stable conformers. The calculated ECD spectrum of

15,9R,3"R,8"R was red-shifted by 10 nm.

Rigenolide D (10)
White amorphous solid; HRESIMS m/z 221.0793 [M+Na]* (calcd for CioH1404Na, 221.0790); 'H
NMR (CDsOD): See Table 3.4.; 3C NMR (CD;OD): See Table 3.4.

Rigenolide E (11)
White amorphous solid; HRESIMS m/z 191.0688 [M+Na]" (calcd for CoH;203Na, 191.0684); 'H
NMR (CDsOD): See Table 3.4.; 3C NMR (CD;OD): See Table 3.4.

Rigenolide F (12)
White amorphous solid; [a]y —178.0 (¢ 0.44, MeOH); HRESIMS m/z 423.1261 [M+Na]* (calcd for
C1sH24010Na, 423.1267); '"H NMR (CD3;0D): See Table 3.7.; 3C NMR (CDs;0D): See Table 3.7.

Rigenolide G (13)
White amorphous solid; [a]5 —162.3 (¢ 0.18, MeOH); HRESIMS m/z 465.1387 [M+Na]" (calcd for
C20H26011Na, 465.1373); 'H NMR (CD30D): See Table 3.7.; *C NMR (CDsOD): See Table 3.7.

Rigenolide H (14)
White amorphous solid; [a]5 —76.1 (¢ 0.12, MeOH); HRESIMS m/z 575.1357 [M+Na]" (calcd for
C25H25014Na, 575.1377); '"H NMR (CD3;0D): See Table 3.5.; 13C NMR (CDs;0D): See Table 3.6.

Acetylation of rigenolides F-H (12-14)

Rigenolide F (12, 1.0 mg) was treated with acetic anhydride (500 uL) and dry pyridine (500 uL) at
room temperature for 6 h. The reaction mixture was concentrated under reduced pressure to afford
peracetyl derivative (12a, 1.3 mg). In the same way, peracetyl derivatives (13a, 1.1 mg; 14a, 1.0 mg)
of rigenolides G (13) and H (14) were prepared. The "H NMR data and specific rotation values for
12a and 13a were identical to the literature data for tetraacetylsweroside [96], while those for 14a
were coincident with peracetyl derivative prepared from 2'-O-(2,3-dihydroxybenzoyl)-swertiamarin

a7.
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2'-0-(2,3-Dihydroxybenzoyl)-swertiamarin pentaacetate (14a)

Pale yellow amorphous solid; [a]; —51.0 (¢ 0.10, MeOH); HRESIMS m/z 743.1767 [M+Na]" (calcd
for C33H36015Na, 743.1799); '"H NMR (CDsOD) 8y 7.80 (1H, dd, /= 8.0, 1.4 Hz, H-6"), 7.50 (1H, dd,
J=28.0,1.4 Hz, H-4"), 7.36 (1H, t, J= 8.0 Hz, H-5"), 7.27 (1H, s, H-3), 5.55 (1H, d, J= 1.5 Hz, H-1),
5.50 (1H, t,J=9.0 Hz, H-3"), 5.38 (1H, dd, J=15.7, 2.7 Hz, H-10a), 5.34 (1H, m, H-8), 5.27 (1H, dd,
J=9.4,2.7Hz, H-10b), 5.18 (1H, d, J=9.0 Hz, H-1"), 5.15 (1H, t, /= 9.0 Hz, H-4"), 5.12 (1H, t, J =
9.0 Hz, H-2'), 4.69 (1H, ddd, /= 11.8, 11.8, 2.8 Hz, H-7a), 4.34 (1H, dd, J= 12.5, 4.5 Hz, H-6'a), 4.27
(1H, ddd, J=11.8, 4.9, 1.6 Hz, H-7b), 4.20 (1H, dd, J = 12.5, 4.5 Hz, H-6'b), 4.04 (1H, ddd, /= 9.0,
4.5,2.1 Hz, H-5"), 2.92 (1H, dd, /= 9.6, 1.5 Hz, H-9), 2.31, 2.28, 2.07, 2.02, 1.94 (each 3H, s, OAc),
1.80 (1H, ddd, J=13.5, 11.8, 4.9 Hz, H-6a), 1.71 (1H, m, H-6b).

rigenolide I (15)
Colorless oil; [a]5 +1.8 (¢ 0.04, CHCIl3); HRESIMS: m/z 207.0636 [M+Na]* (calcd for CoH;,04Na,
207.0633); 'H NMR (CDCIs): See Table 3.2.; *C NMR (CDCl;): See Table 3.2.

rigenolide J (16)
Colorless oil; [a]; —7.6 (¢ 0.12, CHCls); HRESIMS: m/z221.0789 [M+Na]"* (calcd for C1oH1404Na,
221.0790); 'H NMR (CDCIs): See Table 3.2.; *C NMR (CDCl;): See Table 3.2.

Rigenolide K (17)

Off-white amorphous powder; [a]hy —169.0 (¢ 0.93, MeOH); HRESIMS: m/z 515.1163 [M+Na]*
(calcd for C23H24012Na, 515.1165); 'TH NMR (CD;0D): See Table 3.5.; 3C NMR (CDs;0D): See Table
3.6.

Methanolysis of 17

To a solution of rigenolide K (17, 4.4 mg) in MeOH (500 pL) 0.05M NaOMe/MeOH (200 uL) was
added, and the mixture was left stand for 3 h at room temperature. The reaction mixture was
neutralized with Dowex S0WX8-100, filtered, and concentrated under reduced pressure. The residue
was partitioned between CHCl; and 50% MeOH. A phenolcarboxylic acid derivative (0.7 mg) was
obtained from the CHCIz-soluble fraction, which was identified as methyl 2,3-dihydroxybenzoate. The
50% MeOH-soluble fraction was purified by silica gel column chromatography [CHCl;-MeOH
(20:1)] to give a secoiridoid glucoside (1.0 mg), which was identified as gentiopicroside by spectral

analysis.
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Rigenolide L (18)

Off-white amorphous powder; [a];, —184.7 (¢ 0.77, MeOH); HRESIMS: m/z 517.1323 [M+Na]*
(calcd for C23H26012Na, 517.1322); "H NMR (CDsOD): See Table 3.5.; 3C NMR (CD3;0D): See Table
3.6.

Methanolysis of 18
A solution of rigenolide L (18, 2.0 mg) in MeOH (500 pL) and 0.05M NaOMe/MeOH (200 pL) was
left stand for 3 h at room temperature. The reaction mixture was worked up the same way as described

for 34 to give swertiamarine (0.8 mg) and methyl 2,3-dihydroxybenzoate (0.4 mg).

Rigenolide M (19)
Off-white amorphous powder; [a.]5 —71.7 (¢ 0.19, MeOH); HRESIMS: m/z 533.1271 [M+Na]" (calcd
for C23H24012Na, 533.1271); '"H NMR (CDsOD): See Table 3.5.; 3C NMR (CD;OD): See Table 3.6.

Methanolysis of 19

A solution of rigenolide M (19, 4.0 mg) in MeOH (500 pL) was treated with 0.05M NaOMe/MeOH
(200 pL) at room temperature for 3 h, and worked up as described above to afford sweroside (2.8 mg)
and methyl 2,3-dihydroxybenzoate (0.7 mg).

DPPH free-radical scavenging assay
Each sample (2, 10, 50, 100 pg/mL) in EtOH (100 pL) was added to 100 pL of a DPPH solution
(60 pM, in EtOH). After mixing gently and stand for 30 min at room temperature, optical densities

were measured at 540 nm using microplate reader. L-Ascorbic acid was used as a positive control.
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