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Abstract

Isolation and structure determination of new |abdane
diterpenoids from Leonurus sibiricus L.

Moon, Hyun-teak
Advisor : Prof. Woo, Eun-Rhan, Ph.D.
Depar tment of Pharmacy.

Graduate School of Chosun University.

In our continuing to search for the bioactive compounds from natural
source, the CH:Clo—soluble fraction of MeOH extract aerial parts of the
plant Leonurus sibiricus L. showed siginificant antioxidative activity,
cell cytotoxicity, and anti-inflammatory activity in an in vitro assay.
Bioassay—guided isolation of this fraction led to the purification of
six new bis—spirolabdane-type diterpenoids, 3a-acetoxy—leoheteronone E
(1), 3a-acetoxy-15-epileoheteronone E (2), 3a-acetoxy-leoheteronone C
(3), leoheteronone F (4), 3a-acetoxy-leoheteronone A (5) and leohetero
none G (B6). Their structures were determined by physical and spectrosc
opic analyses.

Compound 1/2 were isolated as epimeric pairs at C-15, the other
compounds 3, 4, 5, and 6 were obtained in pure form. All of these
compounds especially have either hydroxyl group or acetoxyl group at
C-3 position, for that reason they are considered as new compounds.

In vitro anti-inflammatory activity was evaluated by inhibition % of
hIL-6 production in TNF-a stimulated MG-63 cell line. Compound 6,
isolated from the CHxCl. fraction, exhibited hIL-6 inhibition activity,
decreased to 66.4+1.1%.
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. A &

QDX (Leonurus sibiricus L.)= BE D (Labiatae)ll ot 28N =202 A
2t 8= 2™ J0kK QI 2 YUY ¥ &€= S0l ArMetC.

&d=x= =0| 150cm 2HHOID =Jl= =otH UWEZXH HME0] QA0 M0 o

H == e 22tk 20! Ht=sxdeg =0t st
2 OtcH? 22 2t EF=2 2101 CHAl 3= ZcekXld Jt20d 201 Ot

I AN SSMO =0/ YD 4 = = 20HIF LCH e 9o A=
She 520010 He SE0IH 22 HEGHD 3049 520l ASH 20| 9D
Zorsl =0 so{UCtH "

BEY(Labiatae)= ZI19 IHKE W2XD, 42 OF= UAL S LD, =
AS QI 22 UMGE I Yz DY, BEAO Sl E= 51, 22 £ Y
o2 JIMN2IE 4-52H0ICH 422 4 F= 202 20 22, 2YS 24l
e A9l otiie SrYUstl RI0IA 222, HHES 400, Qiis 210 22 A
ADIE 400, HHRES AZFOIHLE QICH A0 20025 3500, e2lLtetils 252
55801 22t

0l Al22 BHYNA MEZE A2X2tD 6i0, 2, HO, XA, 449 55
0l YT, ASZ2E, FASE, BIZUM, HO25, L, AE, MS8EsS 2
SICH, QOHe Z9AXetd ofi, =&, Hol, XZ, ¥¥O 5501 YD, A=
=, o C+.@

flavonoids@ rutin, genkwanindt alkaloidsZA
leonurine, leonuridine, strachydrine, 4-guanidinobutanol, 4-guanidinobutyric
acidS ef=otH, terpenoids@! labdane diterpenes, furanoditerpen—lactonesit
JIEt essential oil, protocatechol, benzoic acid, XIZ&tES &R 8tCH

Essential oil2 &XN& 0I=HEZ2 UEIUWHDN NE2s52 Z2AMH 3022
29I, leonurine2 MI3xFS L2 ©
4 guanidine atet== Al SUAN Hats =01 &Zot0l JIeCh. £ labdane

HEOl diterpenes 1 82 & L2t anti-platelet aggregation activityJt

D|L xé—;_i_gi O|h al _.C_ao:III-S?._O| o]}

QU= 210JF /}ILM, LS-1,2, leonotinin, leonotin, dubiin, nepetaefuran &



2 furanoditerpen-lactonese ==& HH= leukemia cel IOl CHEH cytotoxic
activity (1Cs:50~60u8/me)E LIEtHCI D SHCH A2 X ext.= £, JILITID,
N So HEXZ20 s A=z+==2 LEL, & MFo ot 22 78% A X
= AEENI YD, L8 MeOH ext.= F 22 2 37 S0 AHUMA
Analgesic and anti-inflammatory activityJdt UCtD StCH. UL S0l CHSt
AP0 FH, Bl 52 25 22 8 J0I0HAM L&E J|Hl CHet o2 2

Ol28t Sral=E0 2Hot0d 22X MeOH, CHClp, EtOAC, 7BUOH % H0 ==

OF NBT assyS S8 Satsterd, SRB 2HS 0188 MESH, T2l TNF-a ol
ol REE MG-63 MEXS hil-6 SMMEBLS AMEIACH. 1 2D A=
CHCl, 280l 9 0i2] 248 JI® 2022 UEWD, 012 HIE22 ARXo)
CHCl, 282 So|= AESIUC

LFH tet=
(h

O IIA hiL(human interleukin)— SASE, 0|M
SNE, SEANE 5 HAXTHY =2t 92 s, 0l e JIssS I
hiL-62] A&t ZHEO0| EE O U MALEHE e JHAl Kb HSEE S )

Metd 2elet ste2s MEZE sS40l s sZ0M INF-a Ol 2ol R=&
hiL-62] LHAES LO0tEI| ot MG63 MIEF=E 0188t hiLl-62 =2l 2K
aEsS
ADR=x (Leonurus sibiricus L.) CHLL, 2 0IM MZ& 642l bis-spirolabdane
-type diterpenoids2 =clotRUCt. &F Fcl= open column chromatographyE &
ot0d ORI/, =&stN ZA(NWMR)U 2ot REIJH 2AZIJACH 01 SHEH=
compound 1/2= C-15 X0 hydroxyl groupOl 22 epimeric pairs=2, LIHX
Stef=S2 pure forme2  Z2EIRULCH. O 6 tetEs=2 BF
C-3 RAXI0 hydroxyl groupOlLt acetoxyl groupOl EMHESCEM 4lstet==2 2l
ZEM Ol0f 28t MBtHEOl Ae W8S 2I0kA+ 8Lk,

oA
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2-1. A<

® S04

T L ZEE AL2 12 ANLS AIESHA 20, TLC2E chromatography& Al 2F
218 = S22 MI2 ASotAt

(2 Packing materials

Column chromatography2l packing material2= Kieselgel 60(63-200 um, Art.
7734, Merck)2t Kieselgel 60(40-63 um, Art. 9385, Merck), Lipophlic Sephadex
LH-20(25-100 wm, Lot 81K1092, Sigma), LiChroprep RP-18(40-63 um, 1610400
138, Merck), MCI gel CHP20P(75-150 w, Mitsubishi Chemical Corporation) S&

ArESHALE.

® TLC

Thin layer chromatography& plate= precoated silica gel 60 Fos
plate(layer thickness 0.25 mm  20x 20 cm. Art. 5715, Merck)®2t precoated
RP-18 Fasss plate(layer thickness 0.25 mm, 20x20 cm, Art. 5423, Merck)E At
S0tUCH. prepartive thin layer chromatography (PTLC)&S plate= precoated
silica gel 60 Fass plate(layer thickness 0.5 mm, 20x20 cm. Art. 5744, Merck)
2} precoated RP-18 Fusus plate(layer thickness 1 mm, 20x 20 cm, Art. 5434,

Merck)S AI26HS L.

2-2. JlJI



0l0

g0 AtEet JJl= L 2L,
IR @ PerkinElmer Spectrum 100 FT-IR Spectrometer
FAB-MS : JMS 700(JEOL)
'H-NMR : Unity Inova FT-NMR spectrometer 500 Mk
C-NMR : Unity Inova FT-NMR spectrometer 125 Mz
Polarimeter : AUTOPOL® IV automatic polarimeter
(Rudolph Research Flangers, NJ 07836)
HPLC pump : Waters 1525 Binary HPLC pump
HPLC UV Detector : Waters 2487 Dual A Absorbance Detector

rir

n;



= MeOH 92 2 80TCOIA 3AIZES2F 3201 2

kg
o NEOIHMN F==st = W, 2 ==06t0 151.161g2 MeOH extractE & U

10
0]
Poi
~
D
S
g
&
[
S
N
S
&
2

Ct. 0l =542 do=06tD methylene chloride (CH.Clo), ethyl acetate
(EtOAc), mbutanol (BuOH) =A2 HEX 22HOZ 2EoIACH. (Scheme | ).

MeOH ext. 151. 161g

Suspended in H0
Extracted with CHClo

CH,CI, ext. H,O layer
(18.7 0) | Extracted with EtOAc
EtOAc ext. H,0 layer
(10.7 g) | Extracted with n—-BuOH
/~BuOH ext. H,0 ext.
(21.9 9) (64.1 g)

Scheme | . Extraction and fractionation of the MeOH extract from
Leonurus sibiricus L.

3-2. CHLl, 28222 H compound2l &2l

A2 =9 MeOH, CH.Cl., EtOAc, ~BuOH % H,0 Z =0l CHst Statst 24, MIE
sS4, Jdeld hil-6 el Mol #4845 JMst 2 CHLl, ZE0A 2 MK &
S0l LIEtSCH. OIS HIE2Z AZDXE9| (HLl, ZECZRH <12 el Mel g
a2 It 22 S ZclotA 2 s Al&ott



O CHLlz ext.(150)E MAS Hest 2EHQRSH 2ES MIGHLD AE
= 0

£ =0|J] ®IotH CHLI, =2 nHexane : MeOH : Hq

open column chromatographyES & AIot0] HexaneS WA 512 AF&=, MeOH - H.0
(Scheme 11).

SESUHA 32 A== SRUL.

Leonurus sibiricus L. CHCl, ext. 15g

Hexane @ MeOH @ H,0 =10 @9 @1

Hexane MeOH + H0
(7.2 a) (7.6 a)
Hexane © Acetone=10:1 —> 1:1, HeOH 100% Hexane @ Acetone=1:2->1:3, MelH 100%
OH1 OH2 DH3
HI He H3 Ha H5 (4000 mg) (2245 mg) (1348 me)

(3500ma?} (384 mg) (1033 mg) (756 mg) (1065 mg)

Scheme Il . Fractionation of the CH.Cl. extract from

Leonurus sibiricus L.

3-2-1. Compound 1, 22| =2l
Subfraction DH1 (4g)S nHexane : Acetone(4:1—1:3) EM=2A2=Z Silica
gel 60 (40—63 mesh)2 0l &3dt0] open column chromatographyS & Alot
o 2&|== Silica gel 60 Fass2t RP-18 Fosss TLC pattern 2 =t
50 ek 1501 & 2222 LisRULH.
Ol &= = DH17 (260mg)=2& 2 MeOH : H0(2:1), CHCN : MeOH : H,0(3:1:6)
2

e
ol
2
gl
o
mn

i
a
i

L
=

Of EHEHLZ LiChroprep RP-18= 0I&8t column chromatography
Gt04 compound 1, 2 (33.6mg)= LRUCH. compound 1, 2= =FelZX £
mixture2 LHFLD, U SHIHE(254nm) 0 HIHE(365nm) A 2F &5 20IX
HUA2H, 10% SAZHOZ DA Al H2 SBetMsS LIEHHRICE.

Compound 1/2 @ M-, ™C-NMR data ( Table 1, 2)

White amorphous powder



Molecular formula : CosHasOs

HR-EI-MS : m/z 452.2408 [M]'(calcd for CoHseOs : 452.2410)
[0l @ -5.742 " (c=1.25, MeOH)

IR vhax (KBr) om™' : 3442, 2959, 2873, 1737, 1466, 1373, 1244

3-2-2. Compound 32| =cl

Subfraction DH14 (300mg)S Silica gel 602 O0I&6t0 rHexane : Acetone
(4:1) SBOHZ2422Z column chromatographyES & AIGHO 8IHSl AZES HRULH.
Ol AZ& = DH146 (78.5mg)2 CHCN : MeOH : HO(3:1:6)EEMEH2Z
LiChroprep RP-18= OI&8&t column chromatographyS £HS & AlotL), CHCN @ MeOH
D HO(2:1:7)8 &IHEO0HE MCI gel CHP20PZ & XMIGHO compound 3 (Img)S Z A
Ct. Ol Stet=22 W S HY UJU20, 10% a2z A Al 22 Zet
MS LIEHLHALCE.
'H-, “C-NMR data ( Table 1, 2)
White amorphous powder
Molecular formula : CosHssOs
HR-FAB-MS : m/z 489.2835 [MNa]™ (calcd for CusHagOsNa : 489.2836)
[a]s™ @ +31.357 ° (c=0.5, MeOH)
IR Vhax (KBr) cm™ : 2954 2897, 1740, 1463, 1215

3-2-3. Compound 42| =cl

Subfraction DH145 (73.6mg)E CHCN : H:0(4:6)E SBOHZ242=2 o0
LiChroprep RP-18= OI&8t column chromatographyES & AlotL), CHCN @ MeOH :
H0(3:1:6)E HMIHEOHZ LiChroprep RP-182 & MGG compound 4 (6.2mg)2 LA
Ct. O 2tet= WV S5 HY AUSH, 10% ELUSHA 22 Doz UM
= = ZMOZ HIIRIL.
'H-, C-NMR data (Table 1, 2)
White amorphous powder
Molecular formula : CpsHaeOs
HR-EI-MS : m/z 466.2566 [M]"(calcd for CusHasOs : 466.2567)
[alo® : +14.093 ° (c=1.2, MeOH)



IR Vhax (KBr) om™' : 2959, 2873, 1739, 1463, 1244

3-2-4. Compound 5, 62| &2l

Subfraction DH16 (476mg)= Silica gel2 O0I23t0 rHexane : Acetone(4:1)
EMEZAHSZ column chromatographyE & AIGHH 702l A=&lE& 2RUCEH. 0 AF
2l = DH165 (130mg)= CHCN @ MeOH : H0(3:1:6)E0HEH2Z LiChroprep RP-18
£ 0/&8t column chromatographyE #&lAIGtd CHAl 502 Z&otACH. O 3
DH1653 (35mg)S LiChroprep RP-18%2t Sephadex LH-205 01 &0ot0, E01ZE2 CHCN
© MeOH @ H:0(2:1:7)2 column chromatographyS Bt= AIAIGILD, 22 S0HEX2A2
2 MCI gel CHP20PZ & WIS compound 5 (4.5mg), compound 6 (4mg)S & RUCEH.
0 SIE2SES LeME U= of I4EIZ WV E= SUUH, 10% EAMSHO=Z

2

8FAH
=2 T

2= LIEHLH ALY,

=

compound 5

'H-, "C-NMR data (Table 1, 2)

Yel lowish oil

Molecular formula : CosHss0r

HR-FAB-MS : m/z 447.2915 [M+Na]'(calcd for CosHusO/Na @ 447.2917)
[alo® : +19.197 ° (c=1.0, MeOH)

IR Vhex (KBr) om™ : 3442, 2945, 2832, 1746, 1470, 1369, 1245

compound 6

'H-, "C-NMR data (Table 1, 2)

Yel lowish oil

Molecular formula : CosHas07

HR-EI1-MS : m/z 424.2459 [M]'(calcd for CuHasO; : 424.2461)
[o]o® @ +19.929 ° (c=1.0, MeOH)

IR vhax (KBr) om™' : 3446, 2956, 2873, 1738, 1470, 1369, 1246



‘ Leonurus sibiricus L. DH1 fraction 4g ‘

Silica gel C.C.
n-Hexane ; Acetone = 4°1->1:3

DH11-13 [H14 [H1G CH1E DH17 [DH18~115
(300 ma) (478 mg) (260 mg)
Silica gel C.C. Silica sel C.C. RP-15 C.C.
n-Hewxane : &cetone = 4:1 n-Hewane : dcetone = 4:1 MeOH = HO = 1:1
DH141-144 OH145 DH146 [H147-148 DH161-164 [CH1E65 CH1BE-167 DHIT1 [CH172 DH173-173
(73.6 mg) (78.5 ma) (130 ma) (60.3 mg)
‘ FP-18 C.C. CHON - MeOH = RO FP-18 C.C. CHON : MeOH = HO FP-18 C.C.
=3:1:8 =3:1:8 CHyCN : MeOH = HO
] | | e
DH1461-1464  DH1486  DH1466-1487  [H1651-1852 DH1653 DH1654-1655 Compound 1,2
RP-16 C.C. (30.2 mg) (35 mg) (33.6mg)
CHON : H . .
e RP-18 C.C. CHON : MeDH © HO ‘ FP-18 GO, RO = etr = 10
=3:1:6 = °
DH1E531
(20 mg)
DH14R51 [CH14R52 MCI gel C.C. CHCH - MelH - HO
(28.7 ma) =2:1:7
‘ ‘ ‘ RP-18 C.C. CH,CH : MeOH : HO ‘
=3:1:6
DH1451-1452  DH1453 DH1454 Compound 5 Compound 6
{19.2 mg) (4.5ma) (4ma)
FP-13 C.C. DH146511~146512 DH146513
C[ED;_:IME_O';: HO (28.7 ma)
""" Compound 4 MCl gel C.C. CHCH - MeH s HO=2:1:7
(6.2 ma) Compound 3
(1mg)

Scheme IIl. Isolation of compounds 1-6 from CH.Cl, extract of

Leonurus sibiricus L.



R
Compound 1 B-OH
Compound 2 a—0H
Compound 3 a—0Me
Compound 4 B —OMe

R
Compound 5 ao-0Me
Compound 6 B —OMe

Fig 1. Structures of compounds 16 isolation from
Leonurus sibiricus L.
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4-1. NBT superoxide scavenging assay

NBT superoxide scavenging assay= HFUE8E SE0IH AESHA2H S
2 CH. 15 mM NaEDTA (50 mM KH:PO4/KOH, pH 7.4 in d.w.) &% 20 #£, 0.6 mM N
SN 50 #£, 50 mM KOHOl =¢Q! 3 mM hydroxanthine 30 S F &t (I8 E=sE=2
=0l sample 100 #E FIIGIACE. O4J100l xanthine oxidase (1 unit in 10 me
buffer)8H 50 ©#E €2 F 25T incubator CHOIA 30& S0t &3t LOLEE
£ PSS Al2) Ch3 microplate readerE Soll 570nm EZEE SZoIAUL A=

=AE 5% DMSO (dimethylsulfoxide) in buffer HES control2 otH 20

i

AlBo] HESX2E allopurinol SAIE6HCH, 020

rate of control reaction - rate of samplereaction
Anti-oxidative activity (%) = x 100
rate of control reaction

4-2. Cytotoxic activity

Ol AENMAM AEst L2ME= MG63 (Osteosarcoma-=SLMIEZF)0I0 A
SAINGHESE sulforhodamine B (SRB) assay 2&®’s &2&UCH. = AHUEQ
NEZES 2S00 AE6HI| f6t0 & trypsin-COTA EHC=Z ZIFE HOo=ZZL
B E2lAI2112, 96 well flat bottom microplate (Falcon)Ol well AIZEZ=Jt 3x

10'0l I == 2F5IACH. 2F= MEZSS 5% C0, incubator LHOIAI 24A12F BH 5t

2
==
Ja
i
]
=
N
ol

aspiratorE mediags MHotL) 6552 log dose=Z medium
O 3|45t test material EUSZS MEI SUH U= wel [0l 10042 36 =
(triplicate)2 E0{F1 48AI2tSet O UHLSIRUCEH. XSRS A 22 DMSOO

Ol = HHXIENCZ SIAGIUCH & BtS N = DMS02l s== 1% Olott &=
= ot ZHNSH2 M0l Jtotdl MOl miliphore filter2 Odtotd A& 2
DAHE SXOIACH. AMIEZE 2SI 48A12F BHLS = wel 12 mediume HIAGH

1 10% formalin solutionS 10082l DJtaE0! 4COHIA 1AIZEFSCH 2XI6tH MIES

H
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o

plate2l HtE ZHOl DEHAIZICH. AHXES2l DEOl EL = plateE S5==2 56
A

2| M=EGIH HOtU= formalinEHS 280l MHotl Ad=20A 82 =19t &1

| MI=GHH MOl Zgotkl &2 Hd2l SRBE MHOHRULCH. OIZ A

m <
12
10
HU
(@3]
>
fo

HAME cell plate=2 Al A20IMH HZAIZI = wel IOl 10042 10mM trisma

base (unbuffered)2HE JIot0{ titer plate shaker2 1022t shakingdtOd & A4

Je
o
0f0
It
=
v
o
=
124
@)
=3
ot
@
@
QO
o
@
i
=
0t
9'j
2
o
>
o
3
=
x
o
0
n
1
I
0x
(_D'j
2

2 ==(Tz, zero time)2t =2 &l S HHXISHS Jot0 48A12F HHLRHS
O MIE ==(C, control) & 2t s5£2| 221 &N 48A12F BHLHS Hel MIE =
(T, test)S 22 =&FHoIW OS2 =201 et SSEHS AHAGHACH. = 12T
ol d=20l=  [(T-Tz)/(C-Tz)]I x002=2  AH&GHRALD, Tz<Tol  F=20=
[(T-Tz)/Tz] ¥002] =AC=Z  HAGHRUCEH.  OIZAH  HAE S=Z22EH  LOTUS
program2| data regression toolS 0I&

S0l 50% effective dose (1Cs0)S HAHGHHLE.

=S
[a—

O

4-3. MG-63 cell lineOlM hiL-621 =cl =l

NEZZ== 10% FBS (fetal bovine serum)Jt & & DMEM (eulbecco's modified
eagle medium) BHXIZS AFE6F0 37C, 5% C0» incubator IAl culture dishOll =4l
A2l MG-63 KHIZZ 24-well plateil HEZA2 MIE(3X0°)2 500 wA FHEst

o

£ SOt incubationot) BHAIE WAHIGHACEH. OD210 TNF(tumor necrosis

o]

rr

factor)-a @ SRB assayES Soll €2 MESHO = sT9 sampleE HMelst =

37C incubator Ol Al Hi&Fet = 24A12F1 48A12E & 22y 70 w4 BHXIES M F6HK

-

Oh

HE B2SCH 96-well plated |XF anti-body 100 #£(anti-human |L-6 2 wug/mé
in 0.1 M NaHCO;)E Y2 = 4TCOIA overnightotOd 1XF anti-body2t 96 well
platefl 2= E= oIRLCH. Z2ETXN 22 11X anti-bodyES M OLHD| <ol

washing solution [0.05% Tween 20 in (PBS) phosphate buffered saline] 100 ¢
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2 3H Ao = blocking solution (3% bovine serum albumin (BSA) in PBS)
200 #E XMclotd A=20M 2A12F S0 2 XIet = washing solution 200 #2 2
BN RIOIA 24A12F =28 48A12F =0l XHF S HH& 50 42t blocking
solution 50 wE E0 &A20 A 4AI2E E£= 4TCUHA overnightdttd 1xt
anti-bodyet Z&otES GtALCH. 100 #£2] washing solution@2Z 481 NH& =
100 2| 2Xt anti-body (biotin conjugated rat anti-human IL-6 1 ug/mé j
blocking solution)E& &It ot 452 SOt ZEAI2I S ZEEX %2 2X
anti-bodyE 100 #£2] washing solution2=2 6% AIEGIH AO{HCH 100 x|
Streptavidin HRP (0.1% BSA, 0.05% Tween20 in tris buffered saline, pH 7.3)&
EItotd 20= &2t Z&Al2! 5l washing solution@= 6% MIZEHCH. TMB (Tetra
Methyl Benzidine) 100 & L0 ZMAI2I =Al micro plate reader& ALESHO
450 nm AN SZEE STOIALCH. 1% OMS02F TNF-a (15 ng/ml)It SOHUS
M hil-62 SR2AdEZ=(%S control2 oOIUCH A HESE=2:=
dexamethasone= AFE0HRALH. hIL-62] =2l =212 controlOll CHet &CHAQ! IHA

€ =, (rate of sample reaction/rate of control)x0022 ZAlatCH "

-5

-

I
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position compound 1  compound 2 compound 3 compound 4 compound 5 compound 6

1 1.14(m) 1.17(m) 1.14(m) 1.14(m) 1.09(m) 1.12(m)
1.59(m) 1.70(m) 1.62(m) - 1.93(m) 1.93(m)

9 1.70(m) 1.70(m) 1.69(m) 1.68(m) 1.65(m) 1.65(m)
1.96(m) 1.91(m) 1.90(m) - 1.95(m) 1.95(m)
3 4.64(m) 4.64(m) 4.64(t, 2.5) 4.64(br s) 3.40(br s) 3.43(br s)

5 2.20(m) 2.16(m) 2.19(m) 2.24(m) 2.19(m) 2.18(m)

6 2.26(m) 2.29(m) 2.26(m) 2.27(m) 2.24(m) 2.22(m)

2.50(m) 2.55(m) 2.51(dd, 14, 12) 2.52(dd, 14, 12) 2.51(dd, 145, 12) 2.51(dd, 14, 12)
1 2.32(m) 2.18(m) 2.18(m) 2.17(m) 2.18(m) 2.22(m)
- - 2.28(m) 2.26(m) 2.24(m) -

12 2.26(m) 2.05(m) 1.97(m) 2.17(m) 1.96(m) 2.16(m)
2.30(m) 2.14(m) 2.17(m) 2.27(m) 2.15(m) 2.35(m)

1 2.01(m) 2.16(m) 2.21(m) 1.98(d, 13) 2.19(m) 1.96(m)
2.45(m) 2.33(m) 2.31(m) 2.42(dd, 125, 55) 2.28(m) 2.33(m)
15 5.53(d, 5) 5.42(dd, 5, 2.5)  4.94(dd, 6, 4) 5.00(d, 5.5) 4.93(dd, 5.5, 4) 4.99(d, 5)
16 3.53(d, 8.5) 3.55(d, 8.5) 3.49(d, 8) 3.77(d, 8.5) 3.58(d, 8) 3.83(d, 9)
3.85(d, 8.5) 4.06(d, 8.5) 3.74(d, 8) 3.89(d, 8.5) 3.92(d, 8) 4.06(d, 9)

17 1.41(s) 1.44(s) 1.39(s) 1.40(s) 1.33(s) 1.31(s)

18 0.87(s) 0.88(s) 0.88(s) 0.88(s) 0.96(s) 0.96(s)

19 0.91(s) 0.91(s) 0.90(s) 0.90(s) 0.85(s) 0.86(s)

20 1.20(s) 1.20(s) 1.17(s) 1.19(s) 1.19(s) 1.17(s)

3-OCOCH;3 2.07(s) 2.03(s) 2.06(s) 2.04(s) - -

8-0OCOCHs 2.08(s) 2.09(s) 2.08(s) 2.08(s) 2.06(s) 2.07(s)
15-OCHs - - 3.34(s) 3.30(s) 3.34(s) 3.28(s)

Table 1. 'H-NMR spectral data of compounds 1-6
(& in ppm, J/ in Hz, 500 MHz, CDCls)
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position compound 1 compound 2 compound 3 compound 4 compound 5 compound 6

1 26.5 26.8 26.4 26.6 26.2 26.1
2 22.2 22.2 22.3 22.2 24.6 24.7
3 771 77 7.2 77.5 75.2 75.3
4 37.6 37.6 37.6 37.6 38.5 38.6
5 43.3 446 445 44 1 42.9 43.6
6 35.3 35.3 35.2 35.4 35.5 35.4
7 205.7 205.6 205.1 205.7 205.3 205.6
8 87.5 87.5 87.4 87.6 87.6 87.6
9 96.4 9r.2 96.4 96.5 96.6 96.7
10 43.2 43.2 43.1 43.3 43.4 43.2
1 28.5 28.0 28.0 28.5 28.1 28.5
12 39.3 36.8 39.7 39.4 39.3 39.9
13 90.6 91.2 90.6 90.9 90.8 91.3
14 46.7 46.3 46.0 46.4 46.4 47.3
15 98.2 98.2 104.3 104.8 104.4 105.1
16 77.9 75.4 74.3 .7 74.8 77.9
17 6.7 16.1 15.8 15.8 15.6 16.7
18 27.3 27.4 27.4 27.4 27.8 2r.7
19 21.3 21.3 21.4 21.4 21.8 21.8
20 18.0 18.0 17.8 18.1 18.0 17.9
3-0C0CHs 170.5 170.4 170.5 170.5 - -
3-0C0CHs 21.3 21.1 21.3 21.2 - -
8-0C0CHs 169.1 169.0 169.0 169.1 169.0 169.0
8-0C0CHs 21.3 21.3 21.4 21.3 21.4 21.4
15-0CHs - - 55.0 54.8 55.0 54.6

Table 2. 'C-NMR spectral data of compounds 1-6
(6 in ppm, 125 MHz, CDCl3)
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1. Compound 1, 29| =X

Compound 1/2= &S 2 AEHS epimeric mixture2 =cl&IRUCEH.
[al®s -5.742° 2 SHIY Xtale °C-NMR(Table 2) 1t HR-EI-MS(m/z 452.
2408 [M]") 22 CoHu0:2 ZHTIACH. 12l IR spectrunS 22 E hydroxy| (34
42cm )1t ester(1737cm’') functional group EME =tQI5HACH. H-, “C-NVR(Ta
ble 1, 2)1t HSQC spectrum dataZFE 0 S&=0l 4942 tertiary methyl
groups[1/2: &4 1.41(s)/1.44(s), 0.87(s)/0.88(s), 0.91(s)x2, 1.20(s)x2; &¢c
15.7/16.1, 27.3/27.4, 21.3x2, 18.0x2], 1742l ketone group[1/2: & ¢ 205.7/205.
6], 1JH2 oxygenated methylene group[1/2: 8y 3.53/3.55 (both d, J = 8.5Hz),
3.85/4.06 (both d, /= 8.5Hz); &c 77.9/75.4], 2912l oxygenated methine grou
ps[1/2: 84 4.64(m)x2, 5.53(d, /= 5Hz)/5.42(dd, J =5, 2.5Hz); &c 77.1x2, 9
8.2x2], 3JH2l oxygenated quaternary carbons[1/2: 8¢ 87.5x2, 96.4/97.2, 90.6/
91.2], 2942l acetoxy! groups[1/2: 8y 2.07(s)/2.03(s), 2.08(s)/2.09(s); &¢
170.5/170.4, 169.1/169.0, 21.3/21.1, 21.3x2], 6JH2l methylene groups[1/2: &¢c
26.5/26.8, 22.2x2, 35.3x2, 28.5/28.0, 39.3/36.8, 46.7/46.3], 1JH2 methine
group[1/2: 8y 2.20(m)/2.16(m); Sc 43.3/44.6] el 242 quaternary
carbons[1/2: 8¢ 37.6x2, 43.2x2]8 XItl Bt 24002 O0IZ0A IE=2=2 HAAM
Ct.

0 stet=2l FZX= HWBCR2E NOESY spectrum dataE =4lotd ZEGHRUL.
HWBC(Fig. 8)2 S E C-13(1/2: 8¢ 90.6/91.2) Bt H-15(1/2: 84 5.53/5.42), H~14(1
/218y 2.01/2.16, 2.45/2.33), H—16(1/2: &4 3.53/3.55, 3.85/4.06)At0I, C-9(1/
2:8c 96.4/97.2)2 H-12(1/2: 84 2.26/2.05), Me=17(1/2: &y 1.41/1.44), Me-20(1
/20 &n 1.20x2) AtOI, C-8(1/2: 8¢ 87.5x2) 1t Me-17(1/2: 84 1.41/1.44), 8-0COCHs(
1/2: 8y 2.08/2.09)At0l, C-7(1/2: 8¢ 205.7/205.6)10 Me-17(1/2: &4 1.41/1.44),
Ho~6(1/2: 6 2.26/2.29, 2.50/2.55)A0I, C-10(1/2: 8¢ 43.2x2)1 H-1(1/2: &4
1.14/1.17, 1.59/1.70), Me-20(1/2: 8y 1.20x2), H-5(1/2: 84 2.20/2.16)At0I,
C-4(1/2: 8¢ 37.6x2)2 Me-18(1/2: 84 0.87/0.88), Me-19(1/2: 84 0.91x2),
H-5(1/2: 84 2.20/2.16) AtOI, C-3(1/2: 8¢ 77.1x2)1 Me-18(1/2: &4 0.87/0.88),

[T
AL Al

39
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Me-19(1/2: 84 0.91x2)ALOl, C-5(1/2: 8¢ 43.3/44.6)2 Me-19(1/2: 84 0.91x2) At
Ol, 3-0COCHs(1/2: 8¢ 170.5/170.4)2t H-3(1/2: 84 4.64x2), 3-0C0CHs(1/2: 8+
2.07/2.03) AtOl 3-0COCHs(1/2: 8¢ 21.3/21.1)2t H-2(1/2: 84 1.70x2) AtOI, C-6(1/2
©8¢ 35.3x2)3t  H-5(1/2: 84 2.20/2.16)Ak0OI, el C-11((1/2: 8¢ 28.5/28.0
)b H-12(1/2: 84 2.26/2.05)At0I2 cross—peaksE Z&EE 2 JUJUCH. £ NOESY
spectrum(Fig. 2, 3)2 22 & H-3( &4 4.64x2)0| Me-18( 64 0.87, 0.88), Me-19( 8
i 0.91x2), H~2(8&n 1.70x2, 1.96, 1.91)1Dt HI=& HEO NOEE LIEtHC=ZM
H-3Jt BHHEO0IL, C-32 chiral centerJt R configuration20l HAR/LCE. &£ a
Hhefrel H-5(84 2.20, 2.16)9t Me-18( &y 0.87, 0.88)2t LFEH &HS UEHW
Me-182 o BiEES C-52 S g2 EAZJUCH. eld H-52F Me-18, H-6a( 8y
2.26, 2.29), Me-17(&y 1.41, 1.44)A0I, PBHHESl Me-20( &4 1.20x2)2t axial
8-0Ac( &y 2.08, 2.09)AtOI0I cross—peakIt ZEEO Me-172 a, 8-0Ace= BUHE
O (-8R0t R BHES LIEHLHRACH. Me-203t H-11( 8y 2.32, 2.18)&H=E C9= S
BHE =S, Me-201t Me-192] ZHZ Me-19= BHIEO0IL] C-10®= S HHES DML,
Me-172t H—14( 8y 2.01, 2.33)A0I2] NOEZ C-13®l= S BIZS UERRCH. 2l
compound 12| &2 H-15( 8y 5.53) 1 H-12(( 8y 2.26, 2.30)2 OtRa 2H
EFLHAI 410, BHH compound 20l A& H-15( 84 5.42) 2 H-12( &4 2.14)JF 2H S
IHE2ZM compound 12 H-15Jt a BHEF, dclid C-15= R HHE, compound 2=
BUHEF, S tHZE=E E=AG/UCL. 1 224 Z Dt compound 1/2= (3R, 84S, 87, 95,
70S, 13S, 15R/8-3a, 8B -diacetoxy-9, 13 ; 15, 16-diepoxy-labdane-7-onesct
= bis-spirolabdane-type2l diterpenoids® & FCt. " Compound 1/2= SXL 3}
SO 72M 4002 2t 30He] OlsZ2es =0, 208 &2 SE AR chemical
shift 22 2= S JHQ  oxygenated quaternary carbons, C-9(1/2:68¢
96.4/97.2), C-13(1/2: 8¢ 90.6/91.2)2& HAE  spiro-tetrahydrofuran & 0|
Ct. Ol stef=2 C-3RIXI0 o-acetoxyl groupOl EMSLEM 4lAstat==2 QI
HECh 0 ste2e SAS H HMZ 6K S protonl BHEOl S0 2
2%, Chemical shift gt0l H-6a= 2.26/2.295 UEIULD H-6B = 2.50/2.555
LIEFHCH & B2 C-3RAXI0 0Acll =MZE Clot0 8¢ 77.1x2, &y 4.64x22| gt
£ 2=l IXN%ez C-169 & ==4[1/2: 84 3.53/3.55 (both d, J = 8.5Hz),
3.85/4.06 (both d, J = 8.5Hz)]= 25 dowbleteZ SRSt WIS &5 LIt

W= 22 2 = UL (table 1)

=
=

°

T
-

Q
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2. Compound 32| 2=

10

Compound 32 SFE A 2% A2 WEHE A AACH [als
+31.357 "2 =HEUD, 2XAS “C-NVR(Table 2)1F HR-FAB-MS(m/z 489.2835
IMNa]" ) 22 H CuHp0s2 Z AT QUCH. 212D IR spectrun 22 E ester (173%cm™
) functional groupQ ZEME =QIGHACH. H-, “C-NMR(Table 1, 2)1t HSQC
spectrum data=&ZDt, 0l &= compound 1/228 Z2 patternOl 1IH2
methoxy| group[ &4 3.34(s); &c 55.0]01 FIteEl EtA 25012 0120 A SEE2=2
ML

0l stet=2 FEA= HWBCR2E NOESY spectrum dataE =40t Z2EGHRULCEH.
HWBC(Fig. 9)2 & C-15[ 8¢ 104.312 15-0CHs;[ 8+ 3.34(s)]ArOl, C-2[8c 22.3]
Ot Me-18[ &4 0.88(s)]AIOl, C-13[&c 90.6]13t H-15[ &y 4.94(dd, J = 6, 4)],
H—=14[ 64 2.21(m), 2.31(m)], H—-16[ &4 3.49(d, J = 8), 3.74(d, J = 8)]At0l,
C9[&8c 96.4]2 H-12[ 84 1.97(m)], Me-17[84 1.39(s)], Me-20[ &y 1.17(s)]Al
0l, C-8[8c 87.4]2t Me-17[ &4 1.39(s)], 8-0COCHs[ &n 2.08(s)]AtOl, C-7[&¢c
205. 110t Me-17[ 8w 1.39(s)], H6[&n 2.26(m), 2.51(dd, J = 14, 12)]At0l,
C-10[ &8¢ 43.112t H-1[8x 1.14(m), 1.62(m)], Me-20[ &8s 1.17(s)], H-5[8+n
2.19(m)JAtOl, C-4[8c 37.6]12 Me-18[ 84 0.88(s)], Me-19[ &4 0.90(s)], H-5[ &+
2.19(m)JALOl, C-8 [&c 77.2 1t Me-18[ &y 0.88(s)], Me-19[ &4 0.90(s)]ALOI,
C-5[8c 44.5] 2 Me-19[ &4 0.90(s)]AFOl, 3-0COCH;[ 8¢ 170.5]12F H-3[ &4
4.64(t, J = 2.5)], 3-0C0CH3[ 81 2.06(s)]AFOI, 3-0COCH;[ 8¢ 21.3]2F H-2[ 6w
1.69(m)] AbOl, C-6[&c 35.2]10t H-5[ &% 2.19(m)] AtOl, 22l C-11[6&¢c
28.0]10 H-12[ 84 1.97(m)]AFOI2] cross-peaksE 2 &E £ URUCEH. £ NOESY
spectrum(Fig. 4)2 226 H-3(84 4.64)01 Me-18( &y 0.88), Me-19( &4 0.90),
Ho—2( &y 1.69, 1.90) Hl=st %2 NOEE LIEtEHCZ M H-30F BHiE0lL2, C-3
O chiral centerJt R UHZ 0l S&IB/CH. £ abise H-5(8y 2.19)JF Me-18( &y
0.88)1t L&sH 2HAS LIEILH Me-182 abiES G52 S tigg 2ALRUCH. 1
2l H-52 Me-18, H-6a(&y 2.26), Me-17( 84 1.39)At0l, BHHEF2l Me-20( &4
1.17)2t axial 8-0Ac( &1 2.08) AtOIONl cross—peakIdt ZtEZ0f Me-172 o, 8-0Ace=
BUHEICZ2 C-8RJF R BHE S LIEILHACH. Me-201 H-11( 64 2.18, 2.28)&AAHZ2
C-9= S BHZE =2, Me-20t Me—-192] ZHZ Me-19= BHIE0ILD C-109= S S
ORCH. Me=173F H-14( 84 2.21, 2.31)At0I2] NOEZ C-13®1= S BHZE S LIEHRICE.
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H-15( 84 4.94)2 H-12( 8y 2.20)0t ZHE IHE2=2ZM H-15= BHHE, C-15= S
thigz EACUCH. * 24 2D compound 32 (3R, 58S, 81, 9S, 10S, 13S,
158)-3a., 8-diacetoxy-9, 13 ; 15, 16-diepoxy-15a-methoxy|abdane-7-onect=
bis-spirolabdane-type2l diterpenoids® =& & CH "°

SZotTIL 72M 4002 3t 3002 OlsZes =0, 22 &

=

o Mo
o

I chemical shift &S == S JH2l oxygenated quaternary carbons,
96.4),0-13(&8¢c 90.6)2& HAE gspiro-tetrahydrofuran Z0ICt. Ol
Stet22 compound 1/22] C-152IXl hydroxy! groupOl methoxy! group[ &4 3.34(s);
§c 55.0]122 XIEHEC=2M C-1521 &ce= 104.322 compound 1/22CH +A6A =
downfield shift2, éw= 4.94 2 -A0.58% upfield &2 Jt= 210l EE0l2
C-3®IXI0l a-acetoxyl groupOl =M= M AlRSEE=2 AFZECH. C-6RIX2
S proton2l HHEOl S£HOl RE&E0, Chemical shift 80l H-6a= 2.26(m)E Lt
EtLHD H-6B = 2.51(dd, /= 14, 12)E LIEtHCE., &£ C-3RIXI0 OAc2l =M=Z
Ot 8c 77.2 &4 4.64(t, J=2.5)2 g2 H=Ct. OHRIYL=Z C-162 & =
[64 3.49(d, J=8), 3.74(d, /=18)]= 25 doubletoE SH& ®IS &=
LIEtL=E HS 2 = UL (table 1)

0
J
r

ik
(<o]
[eg}
0 (@]

e

k-

3. Compound 42| =

Compound 4= SIS WM =29 A2 WESE HA AT [al™s
+14.093° 2 =FHZYD, =X “C-NMR(Table 2)1t HR-EI-MS(m/z 466.2566
M) 22E CuxHle® ZATACH. 211 IR spectrumS 2L H ester (1740cm™)
functional group® ZEME =QI5tACH. H-, "“C-NVR(Table 1, 2)It HSQC
spectrum data2&Z 1, O k&= compound 3t &ZE pattern@! EtA 2502
OI20& stet==2 2oINCL.

0l Stet=22l PEA= HWBCR2 NOESY spectrum datas Aotd Z2 &L
HMBC(Fig. 10)2=H C-13[&c 90.9]13F H-15[ &4 5.00(d, = 5.5)], H~14[ 84
1.98(d, J = 13), 2.42(dd, J = 12.5, 5.5)], H~16[8u 3.77(d, J = 8.5),
3.89(d, /= 8.5)]At0l, C-9[ 8¢ 96.512 H-12[ &1 2.17(m)], Me-17[ &4 1.40(s)],
Me—20[ &1 1.19(s)]AtOl, C-8[&c 87.6]10t Me-17[&4 1.40(s)], 8-0COCHs[ &+
2.08(s)]AtOl, C-7[8c 205.710t Me-17[ 84 1.40(s)], H6[ &4 2.27(m), 2.52(dd,
J =14, 12)]1At0l, C-10[ 8¢ 43.3]t H-1[ 81 1.14(m)], Me-20[ &4 1.19(s)], H-5

A

4
(e]]

HI

~
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[61 2.24(m)]ALOI, C-4[&c 37.6]12 Me-18[ 64 0.88(s)], Me-19[ &4 0.90(s)],
H- 5[6H 2.24(m)IAHOI, C-3[&c 77.5]10 Me-18[ &4 0.88(s)], Me-19[ &4 0.90(s)]
AHOl, C-5[ &8¢ 44.1] 2 Me-19[ &4 0.90(s)]AtOl, 3-0COCHs[ 8¢ 170.5]2F H-3[ &+
4.64(br s)], 3-0COCHs[ &4 2.04(s)]AOI, 3-0COCHs[ 8¢ 21.2]12 H-2[ &4 1.68(m)]
AHOI, C-6[&c 35.4]13t  H-5[ 84 2.24(m)IALOI, C-15[8c 104.8]%t 15-0CHs[ &
3.30(s)JAOI, C-2[&¢c 22.2]1 Me-18[ &4 0.88(s)]AtOI, 2l C-11[ &8¢ 28.5]
ot H-12[ 84 2.17(m)JALOISl  cross—peaksES 2ZEE = JUJUCH. &£ NOESY
spectrum(Fig. 5)222H H-3(84 4.64)01 Me-18( &y 0.88), Me-19( &4 0.90),
H2( 64 1.68, 1.93)1t Hi=8t &2 NOEE UIEIEHSZM H-3Dt BHHEOIL
nfiguration2 0l SfA™CH. & abiEC H-5( 6y 2.24) 0t
Me-18( &4 0.88) 10t L& S S LIEILH Me-182 aHES C-52 S gz E24%
AUCH. el H-52 Me-18, H-6a (84 2.27), Me-17(8&n 1.40)At0l, BHHES
Me-20( 84 1.19)2 axial 8-0Ac( &y 2.08)ALOI0I cross—peakdt ZE T Me-172
a, 8-0AcE BHIE2=Z C-8%IJt R HHE S LIEHHRAUCEH. Me-20F H-11( 84 2.17)2
HZ C-9= S HHE S, Me-201t Me—-192] ZHIZ Me-19= BHHEO0ILD C-109I= S bH
22 JtHCH Me-173F H-14( 8y 2.17, 2.42)At012] NOEZ C-13%®1= S BHE S LIEL
WHCH. H-15( 84 5.00)2 H~12( &y 2.17, 2.27)Jt OtR& ZHE IJtXIX 20t H-15
= abig, C-15= R g2 ZALIUC. *f =4 Z D compound 4= (3R, 58S,
8R, 89S, 10S, 13S, 15A)-3a, 8B —diacetoxy-9, 13 ; 15, 16-diepoxy-15 B —methox
ylabdane-7-one2t= bis-spirolabdane-type diterpenoids® &l &Ct 7Y 0l
Stet=22 15-methoxy! groupOl B HHEFCEZ=M o BHEFR! compound 31t XtOIE Lt
Et=0I, C-162 chimical shift &0l 77.72M compound 3=2Ct +A3.3
downfieldOll LIEtH 2301 S&EOICEH. C-69IXI2 S proton2| HIEO0l 3301 =25
(4, Chemical shift gt0l H6a= 2.27(m)E LIEtHWHDD H-6B = 2.52(dd, J = 14,
12)E LtEFHCEH. &£ C-3AXI0N 0AcSl =M=Z ISt &c 77.5 &4 4.64(br s)2 gt
Z=Ch HXY%CZ C-169 & =A[684 3.77(d, J=8.5), 3.89(d, /= 8.5)]
2% doubleteZ SFHEE RIS A+E UEU= 282 2 = ULt (table 1)

Stet2 % C-3AXI 0l o-acetoxyl group0l EMECEN A7 Stet=x QA L.

| chiral centerJt R con

i

L

S 1r uo

~

. Compound 52| =%
Compound 5= LSEHMES [l= 22 AEIZ =22lZAUCt. [alf= +19.197° 2



=HCAD, BXA2 "C-NMR(Table 2)1t HR-FAB-MS(m/z 447.2915 [MtNa]') 22 E

2 ZFZACH. 221D IR spectrum@ 2L EH hydroxyl (3442cm™) 2t ester (17
46cm') functional group® E=IES 2QIGHACH. H-, “C-NVR(Table 1, 2)3+ HSQC
spectrum data24& &2, 0l 3tet=2 compound 42+ H2l &2 patternOlXIEH 10K
O| acetoxyl groupOl HMHE 2302 OIZ20 & StEt=22 A [L.

0l stet=2 FEA= HWBCR2E NOESY spectrum dataE =40t ZEGHRULCH.
HVBC(Fig. 11)&%H C-13[&c 90.8]12t H-15[ &4 4.93(dd, J = 5.5, 4)], H-14
[64 2.19(m), 2.28(m)], H-16[ &4 3.85(d, /= 8), 3.92(d, /= 8)]At0l, C-9
[6c 96.6]2 H-12[ &84 1.96(m)], Me-17[84 1.33(s)], Me-20[ 84 1.19(s)]AtOl,
C-8[&c 87.6]2t Me—17[ 81 1.33(s)], 8-0C0CHs[ &8+ 2.06(s)]JAtOl, C-7[ 8¢ 205.3]

1708w 1.33(s)], H6[6n 2.24(m), 2.51(dd, /= 14.5, 12)]At0l, C-10[ &
c 43.410F H-1[ 84 1.09(m)], Me—20[ &4 1.19(s)], H-5[ 84 2.19(m)]JAIOI, C-4[ 8¢
38.5]2 Me-18[ &4 0.96(s)], Me-19[ &4 0.85(s)], H-5[ 81 2.19(m)]JAOI, C-3 [&
c 75.2]11 Me-18[ &4 0.96(s)], Me—19[ &4 0.85(s)]ALOI, C-5[8c 42.9] 2t Me-19
[64 0.85(s)]AMOl, C-6[8c 35.5]1 H-5[ &4 2.19(m)] AtOl, C-15[ 8¢ 104.4] 2t
15-0CHs[ 84 3.34(s)]ANOI, C-2[&c 24.6]3F Me-18[ 84 0.96(s)]Ar0l, 1e2l1
C-11[&6¢c 28.1]2 H-12[ &4 1.96(m)JALOI2l cross—peaksE Z2&HE = UJUCH. £
NOESY spectrum(Fig. 6)222H H-3(8u 3.40)01 Me-18( 84 0.96), Me-19( &4
0.85), H2( 8y 1.69, 1.95)1 Hl=8F H=2 NOEE LIEIHS2Z M H-30t B HHEOI
1, G-32 chiral centerJdt R configuration2Ol SfIB/CH. &£ aBHESl H-5( 84
2.19)Jt Me-18( &y 0.96) 0t LHSH 2HAS LIEILH Me-182 o biEFS C-52 S HHE
2 SAL/UCH. el H-52F Me-18, H-6a ( 8y 2.24), Me-17( &y 1.33)AtOl, B HH
ko] Me-20( &4 1.19)2 axial 8-0Ac(&n 2.06)AtOIOI cross-peakIdt 2t& & 04
Me-172 o, 8-0Ac= BHIE2Z C-8%910Jt R BHZS LIEILHRACH. Me—201F H-11( 84
2.24)AAZ C-9= S HIE S, Me-201 Me-192] ZHZ Me-19= B UHIEO0IL] C-10%
S HHE S JtBCH. Me-171F H-16( 81 3.58, 3.92)At0I2] NOEZ C-13%®I= R BHZ

LIEFSUCH. H-15( 861 4.93) 2 H-12( &4 2.15) 0t L&EE HAHE ItA H-15= B
, C-15= R g2 ZALIACH. 2 24 Z 1 compound 5= (3R, &S, 8R, 9S,
10S, 13R, 19R)-
bdane-7-onet= StetEe & gHaIFLH.

Ol stetE2e =EstTIF 62 M 4002 2t 2J02] o122 &S =0, 2019 &

i

mo rir
roh
id

oo

3a—hydroxy—8[3—aoetoxy—9, 13 ; 15, 16-diepoxy—15a —-methoxyla
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ro

EX Al chemical shift g2

-9(8c 96.6),0-13( 8¢ 90.8)2=2 AHZE spiro-tetrahydrofuran &O0ICt. Ol &t
22 C- 13910t R BHE =2 compound 1-42t Jt&E =2 X0IE 20l12, C-3%IXI<
a—acetoxyl groupOl a-hydroxyl grouplZ& XI&tE2=2M C-32| chemical shift
af0l 75.22 M compound 1-42Ct -A28 % upfieldOl LtEFEH 2201 S&OICH Est
C-152 methoxyl groupOl a HBHE2Z 8cIlt SHHC=Z 74EHUE LIEHHUCEH.
C-691X12 S proton2 Hi&Ol S0l 2%, Chemical shift 20l H6a=
2.24(m)E LIEILHLD H-6B= 2.51(dd, /= 14.5, 12)E LIELHICt. C-162 & =24
[64 3.85(d, /=8), 3.92(d, /= 8)]= 25 doubleteZ SHEt ®Is &+E
LIEtLHE 212 £ % ULt (table 1) 0l &2 C-3XI0 a-hydroxyl groupOl
EMSZM &7 StetE2 AFECH.

2t= 5 JH9 oxygenated quaternary carbons,

(&)

o

5. Compound 62| 2

Compound 62 LS (= ofl AEHE 221QACH. [al® = +19.929° 2
EXHLAD, 22XA2 “C-NWR(Table 2)1t HR-EI-MS(m/z 424.2459 [M]")2LH
Costss072 ZAEIQUCH. 2213 IR spectrum@ 22 E hydroxy! (3446cm™) Dt ester (17
38cm') functional groupl Z=IHE =QIGHRACE. H-, "“C-NMR(Table 1, 2)2 HSQC

I&t= 2 compound 52 &2 pattern2l EtA 230 Z

>

foh

spectrum datas24Z2 1, 0]
0120 & stet==2 2oINL.
0 stet=2l FZX= HWBCRE NOESY spectrum dataE =4lotd ZEGHRULH.
HWBC(Fig. 12)2%H C-13[8c 91.3]1 H-15[ &4 4.99(d, J = 5)]1, H—-14[ 6+
1.96(m), 2.33(m)], H-16[84 3.83(d, / = 9), 4.06(d, J = 9) ]/\FOI C9[&¢c
96.7]12 H-12[ &4 2.16(m)], Me=17[ &4 1.31(s)], Me-20[ &4 1.17(s)]ALOI, C-8[&
c 87.6]13t Me-17[8&y 1.31(s)], 8-0COCHs[ &4 2.07(s)]AtOl, C-7[6&¢ 205.6]BP
Me-17[ 64 1.31(s)], H~6[8n 2.22(m), 2.51(dd, J = 14, 12)]AL0l, C-10[&¢
43.2]3t H-1[ &4 1.12(m)], Me-20[ 84 1.17(s)], H-5[&n 2.18(m)JALOI, C-4[&¢c
38.6]2 Me-18[ &84 0.96(s)], Me-19[ 64 0.86(s)], H-5[ 81 2.18(m)]JAOI, C-3 [&
c 75.3]1 Me-18[ &84 0.96(s)], Me-19[ 84 0.86(s)JAIOI, C-5[&c 43.6] 2t Me-19
[84 0.86(s)]AtOl, C-6[8¢c 35.4]13t  H-5[ 84 2.18(m)] AtOI, C-15[&c 105.1]%t
15-0CHs[ 81 3.28(s)]At0l, C-2[8c 24.7]3t Me-18[ 864 0.96(s)]AtOl, 1el1
C-11[8c 28.5]3t H-12[ 84 2.16(m)]JAtOI2] cross—peaksS Z&EHE = JU/UCH. &
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NOESY spectrum(Fig. 7)222H H-3(84 3.43)01 Me-18( 84 0.96), Me-19( &4
0.86), H-2( 8y 1.65, 1.95)1 HI=x8 HE2| NOEE LIEtHES=Z M H-3Jt B HHEHOI
1, G-32 chiral centerJdt R configuration2Ol SfIB/CH. &£ aBHESl H-5( 84
2.18)Jt Me-18( 84 0.96) 1t LXSH 2EHS LIEILH Me-182 o biES C-52 S i
2 =AZJCH. el H-52 Me-18, H-B6a (84 2.22), Me-17( 84 1.31)AtOl, B bH
ol Me-20( 8y 1.17)%t axial 8-0Ac( 8y 2.07)AtOION cross—peakIt 2= & 0
Me-172 a, 8-0Ace BHIESZ C-8%1Dt R BHES LIEFLHACH. Me-202 H-11( &
2.22)2AZ C-9= S HIE S, Me-201 Me-192] 2H 2 Me-19= B UIE0IL] C-10<
= S BiZ S DJHMCH Me-173t H-16( 84 3.83, 4.06)AL0I2] NOEZ C-13%I= R HHEZ
S LIEHUCH H-15( 84 4.99)2 H-12( 84 2.16, 2.35)Jt OtRe ZAHESE IJHAIX &
b H-15= o biE, C-15= S tigE SASRUCH. 1 24 Z D compound 62 (3R,
58, B8R, 9S, 10S, 13R, 155)-3 a.-hydroxy—-8 B —acetoxy-9, 13 : 15, 16-diepoxy—-15
B-methoxy labdane-7-onect= 3t&t22 3 ACH " 0 stE2e =2ZsTI 6
SM 4002 2t 200 OlsZes =0, 22 &2 SE AR chemical shift
#=2 HF= S N2l oxygenated quaternary carbons, C-9(8c 96.7),C-13( 8¢
91.3)2& A& spiro-tetrahydrofuran ZO0ICt. el C-15JF a HHEkel
compound 52t= Z2l C-152 methoxyl groupOl B HHESZ 8cIit SHEH2=Z
77.98 LIEHLHQUC. O] stefE& C-6RIXIS S protone HigHOl SO0l =& O,
Chemical shift gt0l H-6a= 2.22(m)E LIEHLILD H-6B = 2.51(dd, /= 14, 12)
£ UEYCH C-169 & =2[84 3.83(d, J = 9), 4.06(d, J = 9)]e 2=
doublet@2 S3Hst IS A+E UEHUH=E AS £ % UCH (table 1) 0l &
&l

=22 C-3RIXI0 a-hydroxy!| groupOl =MEC =M

o

Compound 1-62 25 S JHQl spiro-tetrahydrofuran €8 ==
“&E bis-spirolabdane-typell diterpenoidsOICt. Ol stefE===2 C-3%9IXI0 «
-hydroxy!| groupLt o -acetoxyl groupdt EMESLZMN &lstefE=2 IEECCEH Ol
stet=s2 SF=2 X BMZ 6912 5 proton2 HHEO0I S0l =50
Chemical shift g0l H6a = 2.2-2.32 LIEtHLHD H-6B = 2.5-2.6& UELH=A
compound 3-62| H-6B2 642 EAS A= XUz 2.51, dd, J = 14, 12/
2.52, dd, J= 14, 12/ 2.51, dd, J = 14.5, 12/ 2.51, dd, J= 14, 12.8 *
Ct. & B2 C3RAXI0 0AcE = compound 1-4= 8¢ 77, 84 4.642] gt
4, OHE == compound 5, 62 &c¢ 75, 64 3.4=2 UHEHL compound 1-42CH

rr

rnr "
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upfield2 chimical shift &S H= HS & = UL+ E£8F compound 1-42
Me-18, 192 8u4= 0.96, 0.852 &= == B compound 5, 62 8§42 Me-18, 19
JH 0.87, 0.9022 FHEE= AES & = UL HAH22 compound 1-60IAl C-16
of & A= BF doubletlz SHe BT &4+E UEUE A2 =2 = U
Ct.(table 1) EE8 C-162] chimical shiftgt0l 77-782 UEHLHH H-15Jt o HHEF
2, 74752 wfieldOl A LIEILIY BUIES 2= 22 = 4 Ak

b A

=

~

d&e

Mot

Z 1
7-1. NBT superoxide scavenging assay
I X9 MeOH, CH.Cl,, EtOAc, BuOH, H,0 extractOll CHoFOd NBT superoxide

scavenging assay0l 2|8t antioxidative activitiesE HEotICE. 21 Z10F 10048

/Rl SE0IM CHCl, (60.2%) =201 &0l UUD, 504g/m2l sZOUHAM=
CH:Cl2 (40.7%), EtOAc (0.14%) =201 &0l AU, 25ug/mQl sE0HAM=
o2

CHLCl2 (15.7%) =80 &0l U= H2=2 LIEHELC. I AE2xE2 CHLI =

Jor
ro
N

Z=9| CHLl. =& Ul A

AL
OF StHEILY,

[ Ty

=& 28t antioxidative activitie

E
E
28t antioxidative activitiesdl Ues FFE=20] U=

7-2. Cytotoxic activity assay

MG-63 CIXl=cH LAMEZ=0 CHet AIE2H MEZEE HofSUE SRB (sulfor
hodamine B)2 o= 22 =2 MeOH, CH.Ll», EtOAc, ~BuOH, H.0 2= 0 CHSHN
ZAo = 21 CHLI2l 2201 MG63 & MIZE=F0l CHotd 147.9 ug/meRl | Cso

S0lM S8 cytotoxic activity

7-3. MG-630l A hIL-621 =2l =tel
Z=2| MeOH, CHLClz, EtOAc, mBuOH, H.0 =2 2 compound 1/2, 4, 60il CHot
63 MZ0IA hiL-62 ReBE(%E ZESHALCH. O Z CHLIZ= W 0]

&cl&E coumpoud 601 MG-63 MIEZZSFE hIL-62 FelJt X3

92
MG-
101 e

2129l hil-62] R8s 18.6+

| A
o2 LIEFGCH. compound 1/2, 4, 60 CH
7.0%, 10.8+4.6%, 66.4+1.1%= UIEFSHCE.

I
[0 o

roh
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Fig. 2. Selected key NOE correlations in NOESY spectrum of compound 1
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Fig. 3. Selected key NOE correlations in NOESY spectrum of compound 2
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Fig. 5. Selected key NOE correlations in NOESY spectrum
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Fig. 7. Selected key NOE correlations in NOESY spectrum of
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Fig. 8. Selected 'H-"°C long-range correlations
in HMBC spectrum of compound 1/2

CHj;

Fig. 9. Selected 'H-C long-range correlations
in HMBC spectrum of compound 3
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Fig. 10. Selected H-"°C long-range correlations

in HMBC spectrum of compound 4
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Fig. 11. Selected 'H-"°C long-range correlations
in HMBC spectrum of compound 5
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Fig. 12. Selected H-"°C long-range correlations
in HMBC spectrum of compound 6
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ol xol MxEs= EE, HO, X&, A9 &0 YL, M=EE, HE=
EfRLhal, EOI=0H, €., AHE, M=E=2 XIZetlh. S0HE SRAet] ot
2, 0, £&, 389 5501 1, EF2E, Uok, A4=0E0 st S5
XIZstlh, el ELZ2E= Mdxo 2 FE201 &), M2 BHE U300 ot &
FAES I LD, HUFALAl 22 26HAIZICH

AZ0 &8t ARE EH  flavonoids@! rutin, genkwaninit alkaloids2 A

leonurine, leonuridine, strachydrine, 4-guanidinobutanol, 4-guanidinobutyric
acidE e =otH, terpenoids@! labdane diterpenes, furanoditerpen-lactonest
JIEt essential oil, protocatechol, benzoic acid, XIZ&tE &Rotes 222 Lt
EtLt=dl, =2 HA70 =S bis-spirolabdane-type2l diterpenoids?t Odef 4
clgds JIMe2 HolM MEZ& bis-spirolabdane-type diterpenoids =clE Al

t

ol
=

{—
—

ol
o 38
[m)

= (Leonurus sibiricus L.) CHLCL, &AM MZ&2 612 bis-spirolabdane
—-type diterpenoids, 3 a-acetoxyleoheteronone E (1), 3 a—-acetoxy—15-epileohet
eronone E (2), 3a-acetoxyleoheteronone G (3), leoheteronone F (4), 3a
(6)2 =Zclotilt. 4= =el

RESE 2 (NWR)OI 5t

—-acetoxy-leoheteronone A (5) and leoheteronone

k_JCD

= open column chromatographyE &6t OIFHA
o 220 2AEIUALE

? &2 = compound 1/2= C-15 X0 hydroxyl groupOl 22 epimeric
pairs=Z, LIHAl === 2 pure form2 22l &ULCH

Ol 6IH2 stet=se2 2 SRS
group0l EMLZMN dlAstetEsx F=EU. deld AR2x9| CHLl, BELER

B =cle stg=S MESH0l el sE0AM TNF-alll Slof R== hil-62 <
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