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AXAATAVEREYORAPAR (BIHRY) X F2HSATDORE BEEIN T
5,6-Dimethoxy-2-isopropenylbenzofuran DIt AL E M
SHO-', NGIRER, s EHE

Chemical Constituents of the Genus Ligularia Plants. IV. Chemical Stability of
5,6-Dimethoxy-2-isopropenylbenzofuran Isolated from the Roots of

Ligularia stenocephala MatsuM. et Koipz.

Kazuki Tovopa, Yasunori Yaorra, and Masao KikucHr

(Received November 21, 2006)

5,6-Dimethoxy-2-isopropenylbenzofuran (1), which was isolated from the roots of

Ligularia stenocephala Marsum. et Koipbz., was dissolved in MeOH and stand in a

refrigerator for 5 days. The resultant mixture was shown to be composed of several

products along with unchanged 1. Preparative HPLC of the mixture afforded eight .

compounds (2 —9). Among them, compounds 2 and 3 were unstable and were found to

change to compounds 4 —11 during a few days in storage in the eluting solution of

preparative HPLC [MeOH—H,0(4:1)] at room temperature. The structures of compounds

2 — 11 were determined on the basis of spectral data.

Key words — 5,6-Dimethoxy-2-isopropenylbenzofuran; chemical stability; Ligularia

stenocephala

FIZEEGIL, XA¥ AT 27 Ligularia
stenocephala MatsuM. et Komz. DIRDNX )7 5
YRR OWTHREZITY, b5,6-dimethoxy-2-
isopropenylbenzofuran (1) % HEfE, [FwEL72.2
Z OB, 1 DOMeOHEW 2 IWHERIIRE L7z &
A, I HEOENMEOFENSBD LT,
LW IEZBET BN TAEETH D I LD
HINTWVEY,Y ZOFFMIZOWTIZRL 212
ENTwpv, 22 T4HE, 1LEW1 OILFEWN%E
EWICET AR ELHIT, ERROBLRIC
DWTHRE Z1T- 7. TOER, 10EOILEY
(2—11) DILFHEEZHS 2T LI LD TET
DT, TNH DEBBEEIIOWTOEREZITo /2.

L& 1 O MeOH K % W AR 12 5 H TR E
Liz& 2 h, REAAD L3RI, Fz B LERD
FAEDFER SNz, A SEHPLCICAH 2 &
CEDIbEm2 -9 L. o) b, bE
W2 K181, B HPLCHE#ME, ZEiR CHEEER

[MeOH—H,0(4 : 1)] HICHET A Z & I12X 01k
a4 — 11~ =L 7.

L&Y 2\ $& 5 fEE (HR) - BF1 4 Y L(ED)-
MS %5 CogHysOg D ¥+ BT 5 Z EADVHBIL
7z. 'H-NMR A7 M VIZBWTIE, =X F L
% [64 1.17(3H, s, CH,-1)], —EAEAICER L/
AFVE [8y 1.75(3H, br d, J = 2.6 Hz, CHz-4) ],
A MF T (6, 348(3H, s, CH0-8), 3.78(3H, s),
3.88(6H, s) (CH,0-7, CH,0-5', CH,0-6")], =&
“EHE [04617(H, d, J = 1.2 Hz, H-3)] iE°
ICUEREAN Y B [0y 6.62(1H, s, H-9), 6.63
(1H, d, J = 0.8 Hz, H-6), 7.15(1H, s, H-4"), 7.18 (11,
d,J=0.7Hz, H-7)] 2D 7 FAIFED 5N
5. F/2, EI-MSIZBWTldm/z 218 1T retro
Diels-Alder FU Y ICHRT B 757 A b A~
V- PBIgENG, i), AMeaWwiz1o
_ =K TH 5 1-(5',6'-dimethoxybenzofuran-2'-yl) -
7,8-dimethoxy-1,4-dimethyl-9bH-1,2,3,9b-
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H —H, AW, 5 b

tetrahydrodibenzofuran & #E L7, 728, 1D
SAREFZOWTUE, BB SRR IR L
22O ET A ENTE LD o7,

L& 3ix, 2 2L/ H-NMR A7 b
52505, 210N IMO=/H AT IV
(64 1.17(3H,s)] 2% 64 1.69(3H, s) 1Z&fEH> 7 b
LTHEENEZ 2o, {bEW20Y T AT
FX—THAHIEDVHEESINS., L2L, 2L[H
FRIC T BEBRVE R ISR YL U 72 72 DI 7 AR R 2
DPEINIES o 72,

L& 4 D5 FRITHR-EI-MS 75 CypeHyg0, &
W5E L7z, EIMS 2B W Tl mz 434 12 1550F DK
DIREECHET AT T 7 AV b T E— 7 ]
BINLI DL, FFHICVEDOKEREDHFLE
PR ENDS.® F72, 'HNMR A7 MLIZBW
T, ZfHAFvE [6y 1.64(3H, s, CHy4), 1.77
(8H,s,CHs1)], * b¥ 3 [643.61(3H, s, CH0-
8), 3.83(6H, s, CH,0-5', CH,0-6'), 3.85(3H, s, CH,0-
7)], ZEHR_FEHEES [0, 645(0H, d,J = 0.8 Hz,

CH30 CH30
CH30 CHz0

8 R = CHjs (rel.)
10 R=H (rel.)

9 R = CHg (rel.)
11 R=H (rel)

H-3)] S a@ER~N ¥ B (6, 6.72(1H, s,
H-9), 7.06(2H, s, H-4', H-7"), 7.14(1H, s, H-6) ] =3
DY TFNDERD NG, PLEDARY LT —
5 TR AL AW 129 L IET AT LIC LD,
ALY ORETE % 10 - (5',6'-dimethoxybenzofuran-
2'-y1)-7,8-dimethoxy-1,4-dimethyl-4 @ -hydroxy-
1,2,3 4-tetrahydrodibenzofuran & #t5€ L 7.

L& 5, CpHyOs DHNMR A2 N Vidfb
EWAIZEPL TWEY, 41D LN 1IN D=
AT NVEE [641.77(3H,s)] #° 8y 1.86(3H,s) |2
BHEHY 7 P LTHREEIND., I D KRLEY
X, 4D 40RIKBIEICETLAIEY—TH 5 1la-
(5' 6'-dimethoxybenzofuran-2'-y1) -7,8-dimethoxyd 4-
dimethyl-4 8 -hydroxy-1,2,3,4-tetrahydrodibenzofuran &
SN, CAMICEI L ClRI—DONFEEZ FT 5
REEREALEW139 L DIz X b e L7z,

1tE47 6 12 HR-EI-MS %5 CoHys0, D FI %
FELTBY, FOWHNMR A7 Mid{bEWa
WHEELL TS, Lo L, E-MSIZBW Tmz 434

CH40

CH30

4R'=CH;, R2= OH (rel)
5R' = OH, R? = CHj (rel)
6 R' = CH3, R2 = OOH (rel)
7 R' = OOH, R? = CHj (rel.)

R! "'R2

12R' = CH3, R? = OH
13 R' = OH, R2 = CH3

Chart 1
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15T OBEBRILKEOBEICHRT 275 7 X
VI G V=IO NG LS, T
1O Favst F 2 FEOEEIRER SR
5.9 Ik A LEWE, 1LEaYa D afikikE
e FaxuvtFy FicEitbo721a-(5',6'-
dimethoxybenzofuran-2'-yl)-7,8-dimethoxy-1,4-
dimethyl-4@-hydroperoxy-1,2,3,4-
tetrahydrodibenzofuran & #5%E L 7z.

LEMT, CoptogOs, DHNMR AXZ b Vil
AW IZHL L TWAED, 6ICBROLNIZILD
=R AFOVEE [0 1.77(3H, )] 2% 64 1.86(3H, s)
RS Y 7 P LTBIs S A, ThE W RILE
Wi, IbEWen4afie Fa~jLut ¥ RIZET 5
IV —TdH5 la- (5 6-dimethoxybenzofuran-2'-
yl) -7,8-dimethoxy-1,4-dimethyl-4 8 -hydroperoxy-
1,2,3,4-tetrahydrodibenzofuran & #5E L 72,

1t-&% 813 HR-EI-MS 75 CyHy Oy D FR A H
T5Z LA Lz, HNMR A7 b LiZBw
T, =#AFVE [6y 1.15(3H, s, CH-1), 1.56
(3H, s, CHy4)], AFL 3 [6,1.53(1H, dd, J =
13.2, 6.2 Hz, H-2b), 2.01(1H, ddd, J = 15.8, 13.2, 6.2
Hz, H-3b), 2.11(1H, dd, J = 15.8, 6.2 Hz, H-3a), 2.51
(1H, ddd, J = 13.2, 132, 62 Hz, H-2a)], X b&F ¥
# [642.94(3H, s, CH,0-9b), 3.79(3H, s, CH,0-8),
3.85(3H, s, CH,;0-7), 3.87, 3.88 (each 3H, s, CH;0-5/,
CH;0-6)], =B _FiEE [046.61(1H,s,H-3)]
AN U E N B B 5, 6.67(1H, s, H-6),

Fig. 1. 'H-'H COSY(Bold Line), HMBC (Full-Line
Arrows) and NOESY{(Dotted-Line Arrows)
Correlations of 8

7.02(1H, s, H-9), 7.12(1H, s, H-4"), 7.14(1H, s, H-7") ]
WEILK YT TR OLNE, 72, BC-NMR
ARG PWIZBNWTE2TERDY 7 F VRO 5
n, ToHH, §562.9(C-4),85.1(C-9b) KV
96.9(C-4a) ICBRFEEREFEDT TR O MR K FEIZ
EOLL VTPV EE IS, BIZ, 'H-H shift
correlation spectroscopy (*H-'H COSY), 'H-
detected heteronuclear multiple-bond coherence
(HMBC) i T°IZ nuclear Overhauser effect
correlation spectroscopy (NOESY) A<XZ bV %
METd 52 2128 ) Fig 1 R FofEEH 5
ME otz MAAREEIZ DWW TIEINOE ZEANRY
MK WBRE ERAT o7z, Thbbh, 1D AF
WEEEBRE L72E, 28 0KE, 3pMDKE
B4 DX F )V EE DRI NOE 2530 5 b.
ZN% Dreiding TR EHVTERT S L,
448 fLOO TARF VEIWL N O LD A b F I
IZafE% & BHAITDAINS D NOE DFHM
VEEE 25 (Fig 2). EofERENLL, RMbE
Yo E % 1o -(5',6'-dimethoxybenzofuran-2'-yl) -
1,4-dimethyl-4 @ ,4a & -epoxy-7,8,9ba -trimethoxy-
1,2,3,4,4a,9b-hexahydrodibenzofuran & %€ L 7.
L&Y, CuHyOs D HNMRARZ MV
EW8ITHML TWE A, 8IZRD LN/ D=
A FIVE [64 1.15(3H, s)] A¥651.69(3H, s) 12
BR Y 7 P LTEE SR, HEHIZ, NOESY A%
7 MPVIZBWT, IMNOEHmAFIVEE IOk

Fig. 2. NOEs of 8
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B —F, NS, 55 bk

FEDBIZNOEDSRD LN L. T, 4,4afs
DIRFTERDPIMDO A bF T EI I B
Bl bGEDORIHAPTRTHL I END,
HALEW DR % 10 - (5',6'-dimethoxybenzofuran-
2'-yl)-1,4-dimethyl-42,4a 3-epoxy-7,8,9b -
trimethoxy-1,2,3,4,4a,9b-hexahydrodibenzofuran &
R L7z,

LEW10, ChuHyOy, @ H-NMR A7 b Ui
{LEW8IZHABLL TWBHAS, dbafrdx bF 3

WCHEST LY 7T VBHELTHREZ Enb, £
DHEFE %1 a-(5',6'-dimethoxy-benzofuran-2'-yl) -
7,8-dimethoxy-1,4-dimethyl-4a,4aa-epoxy-9ba-
hydroxy-1,2,3,4,4a,9b-hexahydrodibenzofuran & &
E L7

LB, Cyuly0s, O HNMR A2 bLid
QIZHEM L TWBEDS, 9bpALd X b F L EIZHER
TEYTFNIPRHEELTWLZ E0s, FO/E
# la- (5',6'-dimethoxybenzofuran-2'-yl)-7,8-

Diels - Alder
reaction autoxidation
2,3
CH50
CH30
homolysis
CH30 o
CH30
4R' = CH;, R?=OH
5R" = OH, R?=CH,4
CH30
6 R' = CH;, R?= OOH CH;0

7R' = OOH, R? = CH,

formation of epoxide by an
intramolecular cyclization
of the hydroperoxide group

-
£ o

8 R = B-CH;, R? = a-OCHj,

9 R' = a-CHj3, R? = B-OCHg
10 R' = B-CH,, R? = «-OH
11 R = a-CH3, R? = B-OH

Fig. 3
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14 156 16
Fig. 4
QOH OCH,
o~ MeOH - H,0 E A
MCQOH ___(5_1)_._.._> s , ~COOH
17 18
Fig. 5

dimethoxy-1,4-dimethyl-453,4a f-epoxy-9b j3-
hydroxy-1,2,3,4,4a,9b-hexahydrodibenzofuran & ¥
E L7,

Kz, bEW2 — 11 DEREBICOVWTEE
#1107z (Fig. 3). 3%&bb, (LEW2RUBII,
ZFOREIED H 1 O T I BT A Diels-Alder G
ICEWAERTAEbDEEZONS. 72, LAY
6 LUTIE, {bE&EW2 RO 3OHEEERILIZL A&
WTAbDEHEESINS., ZOZ LI, 1LEYW2,
3 LMD HEE © F 9 A N-phenyl-1,2,3,9b-
tetrahydrodibenzofuran-1,2-dicarboximide (14) @
BEIMLRICICBWT, Wed b FaL ¥
v ROIVY<— (15,16) KT 5 & v 9 Brewer
LOWED »odbFFESNE (Fig 4). XIZ, 1t
W4, 8RUM0DEFBEICONWTOEEZIT
o7z, Thbb, {bEW4aldent Fubr ¥
S ROREY YA VERT S Z LA HEE SR
5.8 F72, LEW8 R0, 60k Fu~
T ¥ FOZREX Y FAOSTHENE, BiE5
T LA EBRFGICE VERT LI EFEZ LN
A, 2Dz kIE, (92,11E,13S)-13-hydroperoxy-
9,11-octadecadienoic acid (17) ®MeOH — H,0(9
1 1) BEFIIBWTHEEW 18 A AEIRI I
55 &9 Gardner b DRE? 76 TR

% (Fig. 5). 1t&W5, IR 11DV THILE
W7H0 FELEFERROIDIZ L D ERTH b DL
HESNS.

DIk, bW Db EEIZ DWW TR &
v, 108k, ZEtko HEERL, BB
{WEDFREY) VA, B ROV FY FOLEF
¥ FADOGF-PEEALIE RS T OB HE 2
LB 22— PERT LI L ZHLPITL.

£ B O B

EI-MS % O HR-EI-MS 13 HAREF JMS-DX 303 F!
% W CHlE L7z, H-R U BC-NMR A% b
X HAREF INM-LA 6007, JNM-LA 400 % F 721
JNM-EX 270 Bl 2R L, AEEYEIC
tetramethylsilane (TMS) % AW CHlE L7- (B
ZE . s = singlet, d = doublet, dd = double doublet,
ddd = double double doublet, br = broad). b3
7 M ofE (ppm) TRL, #HEEH ) (dHz
T#E L7, SEHPLCIZIE, Ry —8E (R
7', CCPS; fHigs, RI-8020, UV-8020) % f#f L 7-.

5,6-Dimethoxy-2-isopropenylbenzofuran (1) »*5
12— 9DERK a1 (250.0 mg) = MeOH
(10 ml) ICEfERE, BEEFR CSHERE L& 2
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—H, /AR, M IERH

A, RBEAED1 (2339 mg) ki, #HzALE
Y2 —9hHER L7z, 2s %43 EUHPLC [column,
TSKgel ODS-120T (7.8 mm i.d.X 30 cm, Tosoh):
moble phase, MeOH—H,0 (4 : 1); flow rate, 1.0
ml/min; column temperature, 40 C; detector, RI, UV
(at295nm) | I2fF 32 &2k iAW 2 (2.0mg,
0.8%), 1t&#3 (1.9mg, 0.8%), L& 4 (0.8 mg,
0.3%), 1t&%5 (0.8mg, 0.3%), L& 6 (1.4 mg,
0.6%), 1t&W7 (1.3mg, 0.5%) 1L&W8 (1.6 mg,
0.6%) KRUOMLAH9 (15mg, 0.6%) %157:
L2 RO 3L S5IEEMA—11 DER LA
2 (2.0 mg) (FIHPLCHEE, HiRIZBW
TAEER (MeOH— H,0(4:1)] Hi12 ﬁﬂtﬁ@% zt
WX 0fbE A -1~ L. ThEBES
HUHPLC [column, TSKgel ODS-120T (7.8 mm
i.d. X 30 em, Tosoh); moble phase, MeOH — H,0 (4 :
1); flow rate, 1.0 ml/min; column temperature, 40 C;
detector, RI, UV (at 295 nm) ] IZfF§Z &2k D,
{t&%4 (0.1mg, 5%), {L&WS5 (0.1 mg, 5%),
&6 (0.3mg, 15%), {L&#7 (02mg, 10%),
L& 8 (0.3mg, 15%), {L&W9 (0.4mg, 20%),
L&W10 (0.1 mg, 5%) KUOMLEW11 (0.1 mg,
5%) 1872, F7-, {LEW3 (1.9mg) b2 & Ak
IZHPLC /5 81%, ZHiRICH W CTHEMR [MeOH —
H0(4:1)] FICHET A &I ibEae—
1ML L L7, SEBESIHPLC [column,
TSKgel ODS-120T (7.8 mm i.d.X 30 cm, Tosoh);
moble phase, MeOH — H,0 (4 : 1); flow rate, 1.0
ml/min; column temperature, 40 ‘C; detector, RI, UV
(at295nm) ] (12T Z L2k, ka4 (0.1 mg,
5%), 1t&#5 (0.1mg, 5%), 1L&W6 (0.3mg,
16%), 1t&%7 (02mg, 11%), L& 8 (0.4 mg,
21%), t&%9 (0.3 mg, 16%), 1L&%10 (0.1
mg, 5%) KUMEEY11 (0.1mg, 5%) =f87-.
1- (5',6-Dimethoxybenzofuran-2"-yl) -7,8-dimethoxy-
1,4-dimethyl-9b H-1,2,3,9b-tetrahydrodibenzofuran
(2, 3) 2 EEAEK. EIMS m/z (rel. int., %):
436 (M*, 97), 421 (M* — CH,, 100), 258(60), 243
(18), 218(44), 203(15). HR-EI-MS m/z: 436.1884
(M*, Caled for CogHysOg; 436.1886). 'H-NMR (270
MHz, CD,0D) &: 1.17(3H, s, CH,-1), 1.75(3H, br d, J
= 2.6 Hz, CH,-4), 2.27(1H, m, H-9b), 3.48(3H, s,

CH,0-8), 3.78(3H, s), 3.88(6H, s) (CH;0-7, CH,0O-
5', CH;0-6"), 6.17(1H, d, J = 1.2 Hz, H-3"), 6.62(1H,
s, H-9), 6.63(1H, d, J = 0.8 Hz, H-6), 7.15(1H, s, H-
4'), 718(1H, d, J = 0.7 Hz, H-7). 3: & TERK.
IH-NMR (270 MHz, CDCl;) 8: 1.69(3H, s, CH,-1),
1.80(3H, s, CH;-4), 3.80(3H, s, CH,;0-8), 3.87, 3.91,
3.92(each 8H, s, CH,0-7, CH,0-5', CH,;0-6"), 6.09
(1H, s, H-3"), 6.85(1H, s, H-9), 6.87(1H, s, H-6),
7.03(1H, s, H-7"), 7.06 (1H, s, H-4').

la- (5',6'-Dimethoxybenzofuran-2'-yl)-7,8-
dimethoxy-1,4-dimethyl-4 ¢-hydroxy-1,2,3,4-
tetrahydrodibenzofuran (4) #ESEFHEK. EI-MS
m/z (rel. int., %): 452 (M, 15), 434 (M* — H,0, 100),
419(M* — H,0 — CH,, 98), 217(13) . HR-EI-MS m/z:
452.1823 (M*, Calcd for CysH,g0,; 452.1835). 'H-
NMR (270 MHz, CD,OD ) &: 1.64(3H, s, CH;-4),
1.77(3H, s, CH,-1), 3.61(3H, s, CH,0-8), 3.83(6H, s,
CH,0-5', CH,0-6'), 3.85(3H, s, CH;0-7), 6.45(1H, d,
J =08 Hz, H-3), 6.72(1H, s, H-9), 7.06 (2H, s, H-4,
H-7'),7.14(1H, s, H-6).

la- (5',6'-Dimethoxybenzofuran-2'-y1)-7,8-
dimethoxy-1,4-dimethyl-4 2 -hydroxy-1,2,3,4-te-
trahydrodibenzofuran (5) ESFEHE. EIMS mz
(rel. int., %): 452 (M-, 4), 434(M* — H,0, 100), 419
(M* —H,0 — CH,, 79), 217(15). HR-EI-MS m/z:
452.1826 (M*, Caled for CogHoO,; 452.1835). 'H-NMR
(600 MHz, CD,0D ) ¢&: 1.61(3H, s, CHy-4), 1.86(3H,
s, CHy-1), 3.72(38H, s, CH;0-8), 3.81, 3.85, 3.88 (each
3H, s, CH;0-7, CH,0-5', CH;0-6'), 6.13(1H, d, J =
0.7 Hz, H-3'), 6.92(1H, s, H-6), 6.99(1H, s, H-9),
7.09(1H, s, H-4"), 7.18(1H, s, H-7").

la- (5',6'-Dimethoxybenzofuran-2'-yl)-7,8-
dimethoxy-1,4-dimethyl-4 a-hydroperoxy-1,2,3,4-
tetrahydrodibenzofuran (6) &K, EI-MS
m/z (rel. int., % ): 468 (M, 10), 434 (M*— H,0,, 100),
419(M* — H,0, — CH,, 93), 275(21) . HR-EI-MS m/z:
468.1811 (M, Calcd for CogHag0Oy; 468.1784). 'H-NMR
(600 MHz, CD,0OD ) &: 1.67(3H, s, CH;-4), 1.77(3H,
s, CHy-1), 3.59(3H, s, CH,0-8), 3.83, 3.84 (each 3H,
s, CH;0-5', CH,0-6'), 3.85(3H, s, CH,0-7), 6.48(1H,
d,J = 0.7 Hz, H-3"), 6.69(1H, s, H-9), 7.06 (2H, s, H-
4' H-7),7.15(1H, s, H-6).
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la- (5',6'-Dimethoxybenzofuran-2'-yl)-7,8-
dimethoxy-1,4-dimethyl-4 5 -hydroperoxy-1,2,3,4-
tetrahydrodibenzofuran (7) &K, EL-MS
m/z (rel. int., %): 468 (M*, 5), 434 (M+ — H,0,, 100),
419 (M* — H,0, — CH,, 76), 275(9). HR-EI-MS m/z:
468.1770 (M*, Caled for CygH,50y; 468.1784). 'H-NMR
(400 MHz, CD,0D ) &: 1.64(3H, s, CH;4), 1.86(3H,
s, CH;-1), 3.71(3H, s, CH,0-8), 3.81, 3.84, 3.88 (each
3H, s, CH;0-7, CH,0-5', CH;0-6'), 6.13(1H, d, J =
0.7 Hz, H-3"), 6.91(1H, s, H-6), 6.99(1H, s, H-9),
7.08(1H, s, H4"), 7.18(1H, s, H-7').

1a- (5',6-Dimethoxybenzofuran-2'-yl)-1,4-dimethyl-
4 ¢ ,4aq-epoxy-7,8,9ba-trimethoxy-1,2,3,4,4a,9b-
hexahydrodibenzofuran (8) &K%, HR-EI-
MS m/z: 482.1959 (M, Caled for CoHy Oy 482.1941) .
IH-NMR (600 MHz, CD,OD) &: 1.15(3H, s, CH,-1),
1.53(1H, dd, J = 13.2, 6.2 Hz, H-2b), 1.56(3H, s,
CH,-4), 2.01(1H, ddd, J = 15.8, 13.2, 6.2 Hz, H-3b),
2.11(1H, dd, J = 15.8, 6.2 Hz, H-3a), 2.51 (1H, ddd, J
=13.2, 13.2, 6.2 Hz, H-2a), 2.94(3H, s, CH;0-9b),
3.79(3H, s, CH,0-8), 3.85(3H, s, CH;0-7), 3.87, 3.88
(each 3H, s, CH,0-5', CH;0-6'), 6.61 (1H, s, H-3"),
6.67(1H, s, H-6), 7.02(1H, s, H-9), 7.12(1H, s, H-4),
7.14(1H, s, H-7"). BC-NMR (150 MHz, CD,0OD ) -
18.7(C-3), 20.0(C-2), 26.5(CH,-1), 27.5(CH;-4),
42.8(C-1), 52.9(CH,0-9b), 56.6, 56.9 (CH,0-5",
CH,0-6'), 57.1, 57.2(CH,0-7, CH,0-8), 62.9(C-4),
85.1(C-9b), 96.2(C-6), 96.5(C-7"), 96.9(C-4a),
104.3(C-4"), 105.4(C-3"), 111.3(C-9), 114.4(C-9a),
121.6(C-9'), 145.7(C-8), 147.6(C-5'), 150.0(C-6"),
150.8(C-8"), 153.2(C-7), 154.8(C-5a), 161.9(C-2').

1a- (5',6-Dimethoxybenzofuran-2'-y1)-1,4-dimethyl-
43,4ap-epoxy-7,8,9b-trimethoxy-1,2,3,4,4a,9b-
hexahydrodibenzofuran (9) &M A. HR-EL-
MS m/z: 482.1955 (M, Caled for CyyHy Og; 482.1941) .
IH-NMR (600 MHz, CD;0D ) &: 1.48(3H, s, CH;4),
1.69(3H, s, CH,-1), 3.10(3H, s, CH;0-9b), 3.69 (3H, s,
CH,0-8), 3.78(8H, s, CH;0-6'), 3.815, 3.822(each
3H, s, CH,0-5', CH,0-7), 5.99(1H, s, H-3"), 6.67 (1H,
s, H-6), 6.85(1H, s, H-9), 6.915(1H, s, H4"), 6.918
(1H, s, H-7'). BC-NMR (150 MHz, CD,0D) & : 18.9
(C-3), 21.4(C-2), 29.4(CH,-1), 30.1(CH,-4), 45.1

(C-1), 52.7(CH;0-9b), 56.5, 56.9 (CH,0-5', CH,0-
6'), 57.0, 57.7(CH;0-7, CH,0-8), 64.1(C-4), 83.0(C-
9b), 96.2(C-4a, C-6, C-7'), 104.2(C-4'), 104.5(C-3"),
110.2(C-9), 111.1(C-9a), 121.4(C-9'), 145.8(C-8),
147.1(C-6"), 149.1(C-5"), 150.2(C-8'), 153.4(C-7),
154.8(C-6a), ), 161.1(C-2).

la- (5',6'-Dimethoxybenzofuran-2'-yl)-7,8-
dimethoxy-1,4-dimethyl-4 &,4a a-epoxy-9b a-hydroxy-
1,2,3,4,4a,9b-hexahydrodibenzofuran (10) &I
K. HR-EI-MS m/2: 468.1802 (M*, Calcd for
CogHysOg; 468.1784) . 'H-NMR (600 MHz, CD,0D ) §:
1.17(3H, s, CHy-1), 1.57(3H, s, CHy;4), 3.76 (3H, s,
CH,0-8), 3.83(3H, s, CH,0-7), 3.87, 3.88 (each 3H, s,
CH,0-5', CH,0-6'), 6.64(1H, s, H-3"), 6.67 (1H, d, J =
0.7 Hz, H-6), 7.05(1H, s, H-9), 7.13(1H, s, H-7"),
7.17(1H, s, H-4').

la- (5',6'-Dimethoxybenzofuran-2'-yl)-7,8-
dimethoxy-1,4-dimethyl-4 3,4a -epoxy-9bs-hydr-oxy-
1,2,3,4,4a,9b-hexahydrodibenzofuran (11) 5T
A, HR-EI-MS m/z: 468.1814 (M*, Calcd for
CyeHosOg; 468.1784) . 'H-NMR (600 MHz, CD,0D ) o:
1.50(3H, s, CH,-1), 1.72(3H, s, CH;-4), 3.68(3H, s,
CH;0-8), 3.78(3H, s, CH,0-6'), 3.80, 3.82(each 3H,
s, CH,0-7, CH,0-5'), 6.00(1H, d, J = 0.7 Hz, H-3"),
6.64(1H, s, H-6), 6.92(3H, s, H-9, H-4', H-7").

BEE OAWIZEIZ47-0, MS RS NMR A%
VA EIE L TRV 7o R F R LR 2R = D 2 1T1R
FELFT.
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