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Table 1. Physicochemical Properties of Shizukanolide A (1).

A

colorless needles, mp 95-96.5°C, [a]go +200°(c=0.21, CHCT,).
MS m/z(%): 230.1308(M%, C..H..0.(calcd. 230.1307), 2), 109(23), 107(100),

1518%
105(50), 91(43), 79(16).
R B enl: 3070, 1760, 1739, 1670, 1655, 895.
w A ey 213.5(17,700)
TH-NMR A 8L626
14-H 0.80 (3H, s) 0.29
2-H 0.8-0.9 (2H, m) 0.4-0.8
1-H 1.38 (H, ddd, =8, 7 and 4 Hz)  0.85
9a-H 1.49 (1H, dd, 7=12 and 10 Hz) 0.98
13-H 1.83 (3H, t, 7=1.5 Hz) 1.60
3-H 2.0-2.2 (1H, m) 1.6-1.7
68-H 2.04 (IH, t, J=12 Hz) 1.40
5-H 2.48 (1H, br dd, =12 and 2 Hz) 2.00
98-H 2.63 (1H, dd, 7=12 and 7 Hz) 2.12
60-H 2.69 (1H, dd, 7=12 and 2 Hz) 2.6
15-H 4.76 (1H, br s) 4.59
15-H 5.01 (1H, br s) 4.95
8-H 5.01 (1H, br dd, 7=10 and 7 Hz)  4.40
Bewr 60%3: 8.4 (g, 13-C), 15.9 (t, 2-C), 17.2 (q, 14-C), 23.4 (d,

™S
3-C), 23.8 (t, 6-C), 27.0 (d, 1-C), 38.6 (s, 10-C), 44.1

(t, 9-C), 63.9 (d, 5-C), 79.5 (d, 8-C), 106.0 (t, 15-C),
121.4 (s, 11-C), 150.2 (s, 4-C), 161.4 (s, 7-C), 174.0
(s, 12-C). :
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6.0

Fig. 3c.

H R :
5.0 4.0 .0 2.0 0 reu

lH—NMR Spectrum of SA-H (CDCL 90MHz) .

3’

Table 2. Physicochemical Properties of SA-H.

coloriess oil

GC-MS  m/z(%):

film -1,
IR Vmax cmoo:

1 CDC1

H-NMR STMS 3:

+
236 (M, C]5H2402, 0.5), 221 (2), 163 (2), 147 (2),

123 (5), 122 (100), 121 (11), 120 (3), 109 (4), 107 (2),
)

(
93 (2), 74 (4).
2957, 1771, 1455, 1386, 1159, 955.

0.82 (3H, s), 4.55 (1H, m).
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6.0 5.0 4.0 3.0 2.0

Fig. 4ec. lH-—NMR Spectrum of SA-OH (CDC13, 90MHz) .

1o O re

Table 3. - Physicochemical Properties of SA-OH.

colorless o0il

MS  m/z(%): 262(M+, C]6H2203; 2), 231(17), 230(100), 175(22), 159(18),
133(18), 119(43), 105(68), 91(47), 88(23), 69(18).

IR v;;lm an”': 2048, 1738, 1708, 1661, 1463, 1196, 1153, 880.

Tiowr 6%0CTs. 0,50 and 0.57(3H, s, 14-H), 1.19(3H, d, =8 Hz, 13-H),

™S =
2.60(2H, br s, 9-H), 3.67 and 3.70(3H, s, OMe),
4.71(1H, br s, 15-H), 5.01(1H, br s, 15-H).
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Fig. b5c. H-NMR Spectrum of SA-I (CDCl 90MHZz) .

3’

Table 4. Physicochemical Properties of SA-I.

colorless needles, mp 68-70°C.

GC-MS  m/z(%): 230(M+, C]5H1802’ 96), 215(62), 120(52), 119(32),

107(100), 105(15).

IR vﬁgi en™': 1750, 1680, 1321, 1036, 1017.
Li_NMR 5$3§13: 0.20(1H, m, 28-H), 0.77(1H, m, 3-H), 1.19(3H, s, 14-H),

1.2-1.7(3H, m, 1, 20 and 9o-H), 1.69(3H, t, J=1.5 Hz,
15-H), 1.79(3H, t, o= 1.5 Hz, 13-H), 2.34(1H, dd, J=11
and 6 Hz, 98-H), 2.57(1H, br d, g=15 Hz, 6B-H),
3.35(TH, d, J=15 Hz, 6a-H), 4.99(1H, m, 8-H).

51



BRAR4E 244 ( =4 o LR (. o F 4
7 & 5 2 '"H-NMR 2 A 7 L it ¥ % B8 8 v
VRBIE N R T < B3kt v 7 b U2 AdEp v g <
-2 03 a tdgsy, DA Y 2, L9
- WNERAELZ 03, L2k La if
Mg, SA o MERMABFH 7 T o,
D 3T s 3, BRA NS L a MR
2N 9 e N L 59 ko 1F 1=3-() 1= @' A" 3 SA
A XERBET 28 3 MM EE RR 1R . F,
W) B2 k&

SA BT A2 F FILANY ©E LD WLE& 2

/

EEBR KT 3 B e183 Bhy Ak 24
‘ 26)
CEAS L . YR, 3oL viEa B ¢

I3 &R, G Uhviea-i1iF Ao

SA (‘l-ggmtj) 74} ZSM,QP?“le T - 7~ e :‘f':/;&‘“‘é— t / f'l%:—’
li: F ﬁéﬁ LtE N5 dkE A Picy 28 b 4_5
uth})m bouwl T — F ILR3k = 164 P

FUr, Yoilk, 5B T 1365 18R B ( ¢



e

-~

R iv t R4%E
F (L (éwﬁl),

s\,);'gg ',

!

In

M

7 5538 & ¢

- A

w5 % e

> g

WA (g

RO 0% 1)

Y

Y

d

(o

13 Mk A RY%

v B % :(/’x‘; 3 = ,

K xvn % 18,
Z e 7

)

e

5/

<~ U T= »
R ES

By, %3

© =~ Al

R ET

S 3% TG S

Tt 7=, j‘;‘/ﬁ\;fé/ L

R (e 2 1< BE B3
2"k Ctow?) % 1o 2 ,

2 1

82 1o
)
] -
b

T~

BtE ok 2B 4E Bhug ( 3k

oo TLC2' SA & 2 £y F

¢« L ARIE

LB e @

z

BEn 13 o v All) = 9E

5 D L7 - v ) E 0 3T,

I~
°c ( BB ) - po

200 A 3Joo0
27)

Clmo axRf%, AREE TIP3 L

Bfe % (7 &Y v N E B
L v &AL b ~ 5g 15

EN N S AT T R

£S5 % Y v B% 2 bt

IEENEVNIE S S 3L I

C =, B5/E

Az, ol
AT T v~ BdE L

@.L&%A(%Eh\, gé

[

S % 1)

iR (

3

72"»»%@;;&1@65%*¢ r

$3



SA-Aa» 3 2, IR L VIF & B 2 A° 9 F e &

Fig. 6anc iz, #nte M8 € Table 6 1= 37 . % &,

NS —i@mﬁ/(b?lc%&/»\tﬂ%?k%Lzﬁ
" 28)

- S—Z,uwu‘o\zu(-zv\n CEE)V‘ 2N 9 b T~ 7 L ¥

- w il U k. B E o IR A W vigp 2 A > L

l'\/(ati}k%;?na:<ﬂ¢zu3b\" T R 2ZA 9 Lo

/

»n B - 7 WE N TR 3 SA-A 2 12
EN

Ysbpropy\c\fw&’fhyloxzulzwx (Cis Hig) =R 5 T 3 £° -~
7 Cw/z2 198 ) Nkt < Y &y (43 2 4=

v b too o wagd N EBE 2B 3 . AEL 2

7

A-A T 254 (MY 124 © 198) & BB tn 2" & 9,

I XA E /75\3—7;”‘ 184 Qe Hig) 2_"/ 5 29 SR urAp
E_ ~ 3’3 o~ ‘Lﬁ)&d M- MR 26° 5 F U o
18 365,958 ( Fig. €d) o 350 % 0 v % 0 1
© om B2

, PR v A BRAEDS T T S

C)
‘C}éig‘h—, 35 0 4 T ol E N g



100 SA"A

50 . e . . e e

(1) ' L’ Jboohor &

I = .
1005 T T T T ) 50 600 650  (um)

§ - 3 wo &zu(&t'\.z

507

=] i 1 J l
ifr y T ; T —
- 100 120 140 160 180 200 (/)

t T
550 . éoo 650 Cewmy

Fig. 6a. Mass Spectra of SA-A Fig. 6b. Visible Spectra of
and S-Guaiazulene. SA-A and S-Guaiazulene
(in cyclohexane).

(31288
[ ' i 1 ! i ! 1 | L 1 ]
4000 3500 3000 2500 2000 1800 1600 1400 1200 1000 800 600 (Cm-])

Fig. 6c. 1Infrared Spectra of SA-A and S-Guaiazulene (film).

55



3.0

Fig. 6d.

3.0 . 7.0

1

H-NMR Spectrum (aromatic region)
of SA-A (CC14, 90MHz) .

Physicochemical Properties of SA-A and Guaiazulene.

Table 5.
SA-A guaiazulene
appearance:‘ deep blue oil deep blue oil

MS m/z(%):

film _ -1,
IR vmax cmoo

cyclohexane
VIS Amax

Wk 881,

™S

nm:

198(7), 184(100),
183(25), 169(79),

155(17)

3060, 2960, 1552, 1450,
1195, 1019, 772

556sh, 582sh, 606,
634sh, 661

6.86(1H, br d, 7=10 Hz)
7.09(1H, d, J=4 Hz)

7.28(1H, dd, 7=10 and 2 Hz)

7.49(1H, d, J=4 Hz)
8.04(1H, d, J=2 Hz)

198(1", 90), 184(5),
183(100), 168(10)

3060, 2960, 1555, 1461,
1196, 1020, 770

556sh, 581sh, 604,
633sh, 659

6.86(d)302)

7.06(d)
7.27(dd)
7.47(d)
8.05(d)
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Fig. 7. A Perspective View of the Shizukanolide A Molecule.

Table 6a. Final Ffactional Atomic Co-ordinates
of the Shizukanolide A Molecule.

ale ‘s o
ATOM X SX* Y SY% z ¥l
(A1) -0.0455  0.0005 -0.0351  0.0001 0.0396  0.0009
0(A2) 0.1252  0.0003 -0.0038  0.0001 0.1225  0.0005
(A1) 0.2637  0.0004 0.1363  0.0001 0.2236  0.0006
c(A2) 0.3434  0.0004 0.1716  0.0001 0.1748  0.0007
c(A3) 0.2146  0.0004 0.1713  0.0001 0.1063  0.0006
C(A4) 0.1872  0.0003 0.1556  0.0001 -0.0898  0.0006
c(A5) 0.1708  0.0003 0.1109  0.0001 -0.0610  0.0005
C(46) 0.1640  0.0004 0.0807  0.0001 -0.2253  0.0005
(A7) 0.1294  0.0004 0.0423  0.0001 -0.1277  0.0006
c(A8) 0.1980  0.0004 0.0286  0.0001 0.0466  0.0006
c(A9) 0.2174  0.0004 0.0614  0.0001 0.1960  0.0005
C(A10) 0.2652  0.0003 0.0995  0.0001 0.0943  0.0005
c(A11) 0.0338  0.0004 0.0191  0.0001 -0.1537  0.0007
c(A12) 0.0291  0.0005 -0.0098  0.0001 ~0.0064  0.0009
C(A13) -0.0619  0.0006 0.0204  0.0002  -0.3047  0.0011
C(A14) 0.3302  0.0004 0.0913  0.0001 0.0105  0.0007
C(A15) 0.1760  0.0004 0.1765  0.0001 -0.2474  0.0007
0(81) 0.9478  0.0003 0.1195  0.0001 0.4623 . 0.0005
o(g2) 0.9177 ~ 0.0003 0.1687  0.0001 0.2480  0.0004
(81) 0.6011  0.0004 0.2265  0.0001 -0.1877  0.0006
c(82) 0.5638  0.0005 0.2386  0.0001 -0.3862  0.0008
¢(83) 0.5110  0.0004 0.2019  0.000} -0.2980  0.0008
c(84) 0.5696  0.0004 0.1616  0.0001 -0.3330  0.0007
c(85) 0.6596  0.0003 0.1578  0.0001 -0.1716  0.0005
£(B6) 0.7516  0.0003 0.1237  0.0001 -0.1670  0.0005
c(87) 0.8207  0.0003 0.1303  0.0001 0.0142  0.0005
c(88) 0.8704  0.0003 0.1714  0.0001 0.0541  0.0005
¢(89) 0.7764  0.0003 0.2048  0.0001 0.0342  0.0006
c(810) 0.7152  0.0003 0.2006  0.0001 -0.1611  0.0005
¢(811) 0.8416  0.0003 0.1068  0.0001 0.1656  0.0006
c(B12) 0.9069  0.0003 0.1300  0.0001 0.3093  0.0006
¢(813) 0.8074  0.0005 0.0640  0.0001 0.2023  0.0008
c(814) 0.8073  0.0004 0.2076  0.0001 -0.3229  0.0007
¢(815) 0.5473  0.0007 0.1351  0.0001 -0.4665  0.0010

* standard deviations
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Table 6b.

Interatomic Bond Distances

of the Shizukanolide A Molecule.

A A SD B A SD
0(A1)-C(R12) 1.204 0.007 0(B1)-c(B12) 1.208 0.005
0(A2)-C(A8) 1.449  0.005 0(B2)-C(B8) 1.450  0.005
0{A2)-C(A12) 1.354 0.007 0(B2)-C(B12) 1.363 0.005
C{A1)-C(A2) 1.496 0.006 C(B1)-C(B2) 1.496 0.007
C(AY)-C(A3) 1.508 0.005 C(B1)-C(B3) 1.504 0.006

© C{A1}-C(A10) 1.537 0.005 €(B1)-c(810) 1.545 0.005
C{A2)-C(A3) 1.509 0.006 €(B2)-C(B3) 1.490 - 0.006
C(A3)-C(A4) 1.492  0.006 C(83)-C(84) 1.527  0.006
C(A4)-C(A5) 1.512  0.004 C(B4}-C(B5) 1.507 0.006
C(A4)-C(A15) 1.312  0.006 C(B4)-C(B15) 1.291 0.008
C(A5)-C(A6) ~ 1.524 0.005 C(B5)-C(B6) 1.530 0.005
C(A5)-C(A10) 1.553  0.005 €(85)-C(B10) 1.554 0.004
C(A6)-C(A7) 1.497  0.005 €(B6)-C(B7) 1.491  0.005
C(A7)-c(A8) 1.502 0.006 C(87)-C(B8) 1.502 0.005
C(A7)-C(AN1) 1.328 0.006 C(B7)-C(B11) 1.331  0.005
C(AB)-C(A9) 1.522  0.005 C(88)-C(B9) 1.533  0.005
C(A9)-c(A10) 1.546  0.005 C(B9)-C(810) 1.525 0.005
C(A10)-C(A14) © 1.531 0.006 C(B10)-C(B14) 1.539  0.006
C{(A11)-C(A12) 1.471  0.007 C(B11)-C(812) 1.457 0.006
C(A11)-C(A13) 1.4% 0.009 C(B11)-C(B13) 1.499 0.006

Table 6¢c.

Interatomic Bond Angles of

the Shizukanolide A Molecule.

degree (standard deviation)

molecular A

molecular B

109.

60.
189.
107.

60.

59.
107.
119.
104.
127.
128.
123.
104.

c(8)-0(2)-c(12)
€(2)-c(1)-c(3)
c(2)-c(1)-c(10)
¢(3)-c(1)-c(10)
C(1)-c(2)-c(3)
€(1)-c(3)-c(2)
c(1)-¢(3)-c(4)
€(2)-c(3)-C(4)
€(3)-c(4)-C(5)
¢(3)-c(4)-c(15)
c(5)-c{4)-c(15)
C(4)-C(5)-C(6)
c(4)-c(5)-C10)
c(6)-c{5)-c{10)
€(5)-C(6)-C(7)
c(6)-c(7)-c(8)
c(6)-c(7)-c(11)
c(8)-c(7)-c{11)
0(2)-c(8)-C(7)
0(2)-c(8)-C(9)
c(7)-c(8)-c(9)
c(8)-c(9)-c(10)
€(1)-c{10)-C(5)
¢(1)-c(10)-C(9)
c({1)-c(10)-c(14)
c{5)-c(10)-C(9)
c(5)-c(10)-c(14)
€(9)-c(10)-c(14)
c(7)-c(n1)-c(12)
¢(7)-c(11)-¢c(13)
c{(12)-c(11)-c(13
0(1)-c(12)-0(2)
0{1}-c{12)-c(11)
0(2)-c(12)-c(11)

nas.
103.
n9.
129.
108.
103.
1.
113.
109.
101.
113.
12.
106.
113.
109.
107.
130.

121

122.
128.
109.
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Table 7. Physicochemical Properties of SA-F and Lindenene.
SA-F lindenene
appearance:. co]br]ess oil colorless o0il
[a]D (CHC13): =51.4°(c=0.11) -50.1°
MS m/z(%): 214(M", 75), 172(32), - 214(MY, 35), 172(10),
109(100), 108(68), 106(37), 109(72), 108(84), 106(68),
91(39) [23eV(GC-MS)] 91(100) [70eV]
IR Viax cm']: 3070, 1660, 1625, 1560, 3070, 1656, 880 (CSZ)
880 (film)
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Fig. 8a. Mass Spectra of SA-F and Lindenene.
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Table 8. Physicochemical Properties of Shizukanolide B (g).

colorless needles, mp 64-65.5°C, [djéﬁ +59.8°(c=1.02, CHC1,).
MS  m/z(%): 228.1166(M", CigHi 0, (caled. 228.1167), 14), 213(43),
200(87), 119(26), 105(23), 91(100).
IR vggi an': 3060, 2960, 1775, 1650, 1008, 883.
MeOH ]
uv Xmax nm(e): 282.5 (20,400).
1 CbC1,, C6D6-
H-NMR sChCT3. 5626
14-H  0.80 (3H, s) 0.50
2-H  0.8-1.0 (2H,m) 0.5-0.8
1-H  1.67 (1H, m) 1.20(ddd, s=8, 8 and 4 Hz)
13-H  1.91 (3H, d, 7=2 Hz) 1.54
3-H  1.96 (1H, m) 1.60
68-H 2.24 (1H, br dd, =16 and 11 Hz) 1.70
6a-H 2.69 (1H, dd, J=16 and 4 Hz) 2.10
5-H  2.97 (1H, br dd, =11 and 4 Hz) 2.62
15-H  4.79 (1H, br s) 4.61
15-H  5.06 (14, br s) 5.00
9-H 6.25 (1H, s) 5.82
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Fig. 10c. [H-NMR Spectrum of SB-OH (CDCl,, 100MHz).

3’

Table 9. Physicochemical Properties of SB-OH (43).

colorless needies, mp 144.5-145.5°C.

MS  m/z(%): 246(M° , Cighig0ss 1)» 228(15), 121(13), 106(13), 105(100),
91(44). |

IR vgii em™V: 3355, 1738, 1690, 1663, 1428, 1326, 1190, 1114, 942, 896.

| MeOH , .\ MeOH+NaOH _

o A pn(e): 220 (ca. 10,000); Al 265.

TH-NMR a$ﬁg‘3 0.51(1H, s), 0.7-1.0(2H, m, 2-H), 0.93(3H, s, 14-H),

(

.36(1H, m, 1-H), 1.82(3H, br s, 13-H), 1.8-2.7(5H, m),
3. 34(1H, m, OH), 3.42(1H, m), 4.75(1H, br s, 15-H),
5.01(1H, br s, 15-H).
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Table 10. Physicochemical Properties of SB-RH and SA-RH.

SB-RH SA-RH

appearance: colorless needles colorless needles

mp(°C): 141-142.5 137-139

GC-MS m/z(%): 232(M+, C15H2002’ 9), 232(M+, C]5H2002, 5),
159(67), 158(69), 119(100), 159(64), 158(61), 119(100),
117(15), 106(70) 117(36), 106(74)

IR v cm™': 1758, 1660, 1169, 962, 882 1758, 1665, 1169, 966, 885
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Scheme 1. Alkaline Reduction Pathway of Shizukanolides A(1)
and B(2).
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Fig. 12c. TH-NMR Spectrum of Shizukanolide C (CDC1,, 90MHz).
TabTe 11. Physicochemical Properties of Shizukanolide C (AJ).
colorless needles, mp 53.5-54.5°C, [a]§3 ~140°(c=0.41, CHCT,).
MS  m/z(%): 246.1257(M', C o0, (caled. 246.1256), 16), 231(33),
228(6), 215(17), 213(76), 91(100).
R VB enl: 3400, 1770, 1635, 1045, 1010.
MeOH .
o A yn(e): 282 (20,000).
e sS0CT3: 0.90(3H, s, 14-H), 0.6-1.0(2H, m), 1.2-2.0(3H, m),

1.70(1H, s, OH), 1.87(3H, s, 13-H), 2.1-2.8(3H, m),
3.82(2H, d, J=6 Hz, 15-H), 6.22(1H, s, 9-H).
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Table 12. Physicochemical Properties of SC-AC.

colorless prisms, mp 157-158°C, [u]D -112° (c=0.40, CHC13)
MS  m/z(%): 288(M+, C]7H2004, 5), 228(26), 213(100), 185(26), 91(26).
KBr -1
IR Viax SM ¢ 1770, 1730, 1640, 1235, 1225.
o]
- 0
H
~OAc

C X< -3 TR, SC oo HEA L @t mRD
t e 522 e PR, fH, SCa7t
F L AL ¥ ?:'&3 QMorO\V\”ﬁ«A{aCfomz C 2 aioa 3

/3\@%‘)3(%‘1 o 2 3 ( la‘if,l’;’y oL E {5k ),
-6 shizukanolide D n RS

FER Mtds @ R SR

shizukanolids D (SPD) &2 v 2, [ R B iy
NMR Ccoery | CsPeN) 2 A° 9 L IC % F"?- [%a~elz,
b 48 T Table 13 (2 £ F T2 N7k
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w1 = M6z 038 0 735 YAk 45 v g4

/

25 TR S S S N SD F 422 F F A v 7p
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Table 13. Physicochemical Properties of Shizukanoliide D (gg) and CC-0X.

shizukanolide D CC-0X
appearance: colorless needles. | colorless needles
mp{°C): 156-156.5 :154.5-155.5
[a]y (CHC1,): -222°(c=0.715) | -332°(c=0.065)
MS m/z(%):  304(M',1), 262(78), 119(46), :304(M+,1), 262(86), 119(61),
105(38), 91(31), 43(100) 1 105(41), 91(34), 43(100)
IR v$§§cm-]: 1790, 1770, 1727, 1675, 1790, 1770, 1730, 1678,
1233, 1022, 1013 . | 1235, 1022, 1015
Th-n  6S805N L0 ! 85013
14-H 0.64 0.76(3H,s) | 0.76
20-H 0.72 (1H,ddd,7=8.24,8.24 and 5.49Hz) '
28-H 0.79  (1H,ddd,7=5.49,3.96 and 3.67Hz) !
3-H 1.30 (1H,dddd,7=8.24,7.94,3.96 and 3.66Hz) ;
1-H 1.5 (1H,ddd,7=8.24,7.94 and 3.67Hz) |
4-H 1.61 (1H,dddd,7=11.91,6.10,6.10 and 3.66Hz) |
13-H 1.78 1.86(3H,t,7=1.52) v I 1.86
68-H 2.00 (1H,ddq,7=19.22,13.43 and 1.52(q)Hz) |
Ac-H 2.07 2.09(3H,s) : 2.09
bu-H 2.42 (1H,ddq,7=19.22,5.19 and 1.52(q)Hz) |
5-H 2.76 (1H,ddd,7=13.43,11.91 and 5.19Hz) |
15-H 4.26 4.18(2H,d,7=6.10Hz) AT
9-H 4.34 4.13(1H,s) 13
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Table 14. Physicochemical Properties of Shizukafuranol (23) and IF-HR.

shizukafuranol IF-HR

appearance: colorless needles white powder
mp(°C), [a]D 69-70, -67.1°(c=0.16, CHC13) 82-84
MS m/z(%):  234.1680(M", CycH,,0,(calcd.
234.1620), 3), 216(57), 201(22),
145(26), 108(100)
GC-MS m/z(%): 234(100), 149(45), 109(12), 234(100), 216(9), 149(46),
108(79) 109(12), 108(88)
KBr -1,
IR Viayx M 3390, 2918, 1376, 1133, 1095,
916
EtOH )
uv Amax nm(e): 221(6030)
1 CbC1, . CgDsN, CDC1, .
H-NMR GTMS 3: STMS : GTMS 3:
14-H 0.88 (3H, s) 0.90 0.89 (3H, s)
15-H 1.25 (3H, s) 1.40 1.26 (3H, s)
13-H 1.91 (3H, s) | 1.88 1.92 (3H, s)
6 -H 2.08 (1H, m)
9-H 2.36 (2H, br s) 2.40 2.36 (2H, br s)
6 -H 2.67 (1H, dd, 7=16 and 4 Hz) 3.10 2.67 (1H, dd, J=15 and 4
12-H 7.01 (1, s) | 7.21 7.02 (H, s) Hz)
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Table 15. Physicochemical Properties of SF-DH.

colorless oil .

GC-MS  m/z(%): 216(M+, C15H200, 53), 201(8), 145(7), 109(7), 108(100),
93(8).

1 CDC1

H-NMR & 3: 0.76, 0.84 and 1.05(intensity 60:25:15, total 3H, each s,
THS 4,15 3.4 4,5
14-H of A™>"7, A”°7 and A™*” isomers, respectively),
1.93(3H, s, 13-H), 4.69 and 4.84(each 0.6H, br s, 15fH
of a%19 isomer), 5.44(0.25H, m, 3-H of 354 isomer),

7.03(TH, s, 12-H).
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Table 16. = Physicochemical Properties of Shizukolidol (24) and SF-0X.

shizukolidol

SF-0X

appearance: colorless needles colorless needles
mp(°C): 194-195 192-195
[a]D(CH013): -64° (c=0.03) -70° (c=0.03)
MS m/z(%): 248(M+, C]5H2003, 32), 177(26) 248(M+, 28), 177(23),
175(100), 163(52), 43(33) 175(100), 163(38), 43(42)
IR vgzi cm'1: 3341, 1764, 1659, 1006 3337, 1762, 1657, 1006
MeOH .
uv Amax nm(e): 272](27,500) et
1 coC ' DC
H-NMR S1ys 3 GTMS 3
14-H  1.05(3H, s) 1.05(3H, s)
15-H  1.27(3H, s) 1.26(3H, s)
5-H 1.80(1H, dd, J=14 and 3.4 Hz)
13-H  1.90(3H, d, J=1.5 Hz) 1.90(3H, d, J=1.7 Hz)
68-H  2.35(1H, ddq, 7=17(d), 14(d) 2.36(1H, m)
and 1.5(q) Hz)
6a-H  3.07(1H, dd, 9=17 and 3.4 Hz) 3.07(1H, dd, 7=17 and 3 Hz)
9-H 5.52(1H, s)
Caled, 2€8, 163D »N § L & ¢ = , IR 2 A% 2 L

L2 oH R [ B, K123 9 F > R

Cl26%, 1659 cea?) € 7 C UV i £ (212

/

nm ) T & b T 2 [ 2k ‘@"; % I Y-QH</V(|'0[QV\—\[>%T€V\0(I(LD v

A



e B LUz 03 R TR E. 'H-NMR 2
~N ke ccouﬁ;"m‘ S 1005, (27 R Y .90 i<
3 Aottt C RS L, hiL e (-
o kv et voen 5 shiaukafuranl
tl’s\C%p}é?é O Y S S AN I < AT U N

§5.52=E4% 3 5 L v oa SAE b0 F v oot &t 8

o3 T % L Li2a (R UV 2 A 5 L € a

/
o &L Sk F sliwdkafuransl a 7 3 R
v- alkylideusbufenside T8 = B4 ~ ¢ v 8% o (€ A
B 2t 3 T e N R B = R e 3 1 72,
M- MR 2009 L L 2" S [ 20 (dd, T= 16, A% Ka)
2,35 (ddq , J=(7, (%, [.5(9 Ha), 307 (dd, J= (7,35 Ha)
S Bt T L 3B a A ke o
O-a U, “Lm%'ﬁ/:s\‘iifk Ny (LA 4 e (8.9
a7 e rn ., ) a3 g
~CHocH=E=docty A PR S SRR tae m . 2
A8 Y - 1 sliadkanolide B 18w (B1FA 1“,'
| 2udesmans P (L D tn a Ce~C¢ 1= Y%
B2, MEatb2 o0y ska

B % w2k ok, R % (<

[ (3



\/

¥ E % o Rl te b g shizukaturansl & 6}
%

-

Zﬁm“'L r’*o

I

(2) Squka-ﬁtArano( ™ S oa %;% i_é
SK ath % ¢ D GBAAP LD &k 2 38m & 3 K

o= SL&f’z_uka‘Fu\"&\ml (3) ™ 3 &

Tl

%J?-E-gq/??ko
sudesmane ™ o £ 2 F F L AL 2 5 o (% ‘ZB%

7 BEAC T 2 T3 Y-3 5 b v %S 23 o

4 a3 = @3

;'./(t%‘( L G f_@)@&; & A o0 3 v Luleno-

52) $q)
lide , T ( > T/ « 3 <« v-alklidewabudlrnslidse
NERI = £ AT 3 2 w0l 4 3
ot / SL\;ZM‘SO\{‘U\\ro&v\o\, a 2.3-dichlevs =5, 6~al?g);af10~

l(e—benzoguinonr (DDQR) (= & 3 BEACT 34 =,

sk ukafuvams | (4“«‘}) & 02wl a V'F T s

XRA L, Dha [Swqg & 00 2 2 45°C " G A PR FY 13

( = . ﬁﬁt‘;iﬁl&l T
FREY &P JC . B R

—

CUHR LT E ™R
BS + | Y % <ok 3%

[



2—l

£ U &,

e 9% E L, B%% v 7L pPTCC

‘qj(

SF-oXx e ®ABILH Cluy) © 1]

/BERR T 4 e o) THE O, 3

SF-oX a 7 2 ([ R Bl "HANMR 2 a° 7

F(\g. 20an~c (=, $DE(E ¢t Table

SF-oX o Ints(B (v, 1% & ¢

(=

R

INTENSITY

/

S

PRBS L YD oo TRelR1E iR

(A >

EI N

.

T

[+

(é‘
D% 2 SK a 13

P -3 CE 2 em g, SK a 35 & N A2t

RSN I T L A S BN T ST IR P
1800 __ 175

- 163

8. xL[ 7{lt!LeU§lLJlLJ,,lUfaJJlﬂ.AU#za&LJJ,eﬁllufl’

S0 100 150 200 250

Fig. 20a. Mass Spectrum of; SF-0X.

15

T} 7 ke

Ja.eo

/\n.o0

M-t



10
hy

Q

T

3

"

A

wchi bt

2

P SRS b hotul

1ee

) Caets

tage

1264

[l Tetl e

R bR ot _ —

1863

o P

IR 1]

1 i T R vy SN 2

+
e e et PUCEUY S - SR, el RPN free s —ee o

,
* : : ! : : i
~

T

tai}

R Nl i NP YNNI UM S U S S

\
- |M e e } : 4 Joe . 4 P

1 t i N 1 1

- - ’!..!Tll.;«l.t..i[.X.imlu..!alrnm.xl..l:_;.t...!.wl...l..v.lri...|VL:|.... “t ..

...A.lwlllv. ” . w ._.yn.vr.l.lmnrlqvl(;?!!..v..
R Al Rt bt st AP DR

] |
ERRAERARURERY

1 e ——— B TP Ay A
" i.l.&!*ll'i-loml. oY [RURESNNAF NS QORI
l.u. P — .Iml}l‘.’li b s e e | ...I.w e
= e e E e et

——— Tlintf’..libfln! o e e e ey

B .

[ P S S S

A

| S e T ST =t

!

_ e e e vyvass §

B Ry S D D RO
+ H + ' + [3 1
———— Bt U R SR T R e b .
- »
5 < = ¥ B -4
'] a < & o 2 i

N

1500

Infrared Spectrum of SF-0X (KBr).

20b.

Fig.

. -

——— e ————

.._.._.__.6 .- = ...._.5 -

7

g

1H—NMR Spectrum of SF

0):¢ (CDC13, 100MHz) .

20c.

Fig.

16



| -4 shizuka- acoradiens] o %

MR A MR B B % eRin

SL\FZMka—aCorad‘\Qno[ (AD) A I 2 [ R /H-

/ {

NMR (Cbky, CsDsN) Boad CD-0ORD 2 A° 9 b

T Fig.2lane =, $D4E4E & Table 17 (= 3

CIA
AD F 27 2 2~ 7 kL' W2 210 TN AT
Y- 72 TR, B A h%‘a‘é"l‘i’_tzot,zQ}

¥ Cis Hae 0 Cobsd. 220, l6’}4( , caled, 220, (827 ) 5V S

-

25 ¢, TR, AD T BewmMr Ao L
e 2 spr B R N 4@ (S, (20,44,

(o [ (d), 146.8() BB/ ~ d 3 2 o I8 g

Ny

ST h), IR 289 LW kBsE (
3o ) Bl AR =B A (1Keo, (600 wnl) o

B, UV Z AR kT 233 am (= RYR TR R R

)

NG, H-NMR2Z A9 ke (Day) 28 4 4

CE o 348 ( So.7¢, 086 B ode ), 7 &

(—tg7°nl_>(o”$ag§6)/:.1g VoL 4 L

e

(8493, s.19) B Gs-oledin (8532, ¢.15) & 3

-

R SO ‘_‘Lh‘i,{ L+ ILE v %0

[



J@.00

1900 _

ALISN3INI

250

200

108

Mass Spectrum of Shizuka-acoradienol.

Fig. 21la.

11 12 131415 - 20
LEL

il
K8

ke
1

iy

L

e
b
vief |

po et

e TPty

o e -

- ' - -
T D
T

——— e 3

!
!

1t
o}
A0y

=i
TG

4
— R
=1
- E
=
- ———— 7
o xn
- 1

~ S

Fig. 21b.

Infrared Spectrum of Shizuka-acoradienol (KBr).

[18



1

Fig.2lc. lH—NMR Spectrum of Shizuka-acoradienol (CDClB,ZOOMHz).

1

Fig.2ld. "H-NMR-Spectrum of Shizuka-acoradienol (CSDSN,ZOOMHZ).
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Table 17. Physicochemical Properties of Shizuka-acoradienol (25).

~S

colorless needles, wmp 128.5-130°C, [Q]SB -203° (c=0.06, CHC13).
MS  m/z(%): 220.1841(M+, C,cH,,0(caled. 220.1827), 4), 202(9), 159(100),

15124
136(40), 118(40), 91(67), 69(64), 55(41), 41(47).
IR vﬁgi em™': 3160, 1640, 1600, 1070, 885.
MeOH .
w A vnge): 233 (18,000).

CD/ORD (c=1.036x10"%M, EtOH, 25°C):
T [e] [e] P (o]
[cb]243 -43,400°, [¢]227 0°, [¢]205 +39,600
(81555 05 81554 -60,800, [6], . 0.

TH-NMR SThel3 1 (=n) 62805N. (=p) A-B
14-H  0.74 (3H, d, 7=6.8 Hz) 0.92 -0.18
12(13)-H  0.86 (3H, d, J=6.8 Hz)  0.73 +0.13
13(12)-H  0.90 (3H, d, 7=6.8 Hz) 0.6 +0.14
68-H  1.27 (H, t, 7=12.8 Hz)  1.66 ~0.39
6a-H 1.6-1.9 1.96 (dd, 7= 12.8 and 5.7 Hz)
OH (2H, complex) 6.52 (d, J=6 Hz)
7-H  4.50 (H, m) 4.80 -0.30
15-Ha  4.93 (H, br s) 5.17 -0.24
15-Hb  5.19 (1H, br s) 5.82 -0.63
10-H  5.32 (M, d, 7=9.8 Hz)  5.32 0
9-H  6.15 (1H, d, 7=9.8 Hz)  6.36 ~0.21
Be-mr  650C1s: 13.7(q, 14-C), 22.9(q, 13(or 12)-C), 23.4(q, 12(or 13)-C),

27.3(t, 3-C*), 29.3(t, 2-C*), 30.4(d, 11-C), 31.5(t, 6-C*),
47.3(d, 4-C), 50.9(s, 5-C), 57.9(d, 1-C), 67.8(d, 7-C),

107.7(t, 15-C), 127.4(d, 9-C), 140.1(d, 10-C),
146.8(s, 8-C). *

]

interchangeable
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Table 18. Physicochemical Properties of AD-I and (-)-Acorenone.

AD-1I (-)-acorenone
appearance: yellow o011 colorless o1l
[a]D(CHC13): +28.8° -34.9°
MS m/z(%): 220(M", CiHyg05 12), 205(2),  220(M*, 66), 205(7),
177(12), 149(10), 135(68), 177(30), 149(17), 135(54),
]09(91), 82(100) 109(70), 82(100)
film _ -1,
IR Voax M 1670 1670
MeOH .
uv Amax nm(e): 242 (10,500) 241.5 (6460)

Table 19. ]H-NMR Data of AD-I and Acorenone Isomers.

12-H
13-H  15-H  6-H 10-H 9-H
14-H
0.82(d)

AD-T (52¢) 8:g§§33 1.75(m)  2.32(s) g:%ggggg 6.64(m)
0.81(d)

acorenone (52a) 8:32%33 1.75(m) 2.31(s) g:;jggg; 6.66(m)
0.82(d)

4-epiacorenone (52b) 0.84(d) 1.76(m) 2-3%(d) 5 55 a(m) 6.65(m)
0.78(d)

acorenone B (52¢) 0.87Egg 1.77(m) g'égggg 2.1-2.3(m) 6.64(m)

A 0.95 :

0.83(d) 2.32(d)

4-epiacorenone B (52d) 0.84(d) 1.78(m) 5- 2.2-2.4(m) 6.65(m)

22 e 2.41(d)
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Table 20.

Physicochemical Properties of Glechomanolide (26).

~

48)
origin Chloranthus japonicus Glechoma hederaceae
appearance: colorless plates colorless crystals
mp (°C): 110-112 110

[a]D (CHC13):
MS  m/z(%):

KBr _ -1

IR Vnax

MeOH

nax nm(e):

uv A
H-NMR

14-H
15-H
13-H
2,3,90-H
68-H
98-H
6o-H

5-H

1-H

8-H

+150°(c=0.1)

+
232.1416(M ,C]SHZOOZ(calcd.
232.1463),6), 122(13),
121(100), 110(20), 109(11),
108(11), 107(44), 93(21),

91(20)

: 2930, 1752, 1668, 1652,

1095, 1006
213.5 (16,800)
€DC1

GTMS 3:

1.49(3H, m)

1.69(3H, s)

1.83(3H, m)

1.8-2.4(5H, m)

2.85(1H, dd, 7=14 and 11 Hz)
3.07(1H, br dd, 7=12 and 6Hz)
3.40(1H, d, 7=14 Hz)
4.31(1H, br d, g=11 Hz)
4.80(TH, br d, J=11 Hz)
4.90(1H, dd, 5=10 and 6 Hz)

+120.5°(c=23.2)

232(M")

2930, 1750, 1650, 1095,
1005

238 (13,200)

CDC1
™S =

.50(3H, br s)

.60(3H, t, J=1.5 Hz)

.80(3H, t, J=1.5 Hz)
.9-2.5(5H, m)

.80(1H, dd, =15 and 11 Hz)
.10(1H, dd, 7=12 and 6.5 Hz)
.25(1H, br d, J=15 Hz)
.35(1H, br d, 7=11 Hz)
.80(1H, br d, o=11 Hz)
.02(1H, m)

3.
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Table 21. Physicochemical Properties of GL-R.

colorless crystals, mp 64.7-65.4°C

IR

KBr _ -1
max

cm : 2965, 2925, 1441, 1130, 1075, 753.
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Table 22. Physicochemical Properties of GL-TA, Atractylenolide Il and Asterolide.

GL-TA

)

No
atractylenolide 11

22)

asterolide

appearance:
mp (°C):
[ady:

MS  m/z(%):

1R Vnax M

Et0H
uv Amax

H=NMR

14-H
13-H
6o-H
15-H

8-H
15-H

nm(e):

colorless plates
121.5-122.5
+277°(c=0.13, CHC1,)
232(M", 100), 217(43), 122

(37), 121(38), 107(34), 93(32)

2945, 1750, 1688, 1650,
1096, 1038, 902 (KBr)

219 (18,800)

g

0.89(3H, s)

1.80(3H, t, J=2 Hz)
2.67(1H, dd, =13 and 4 Hz)
4.51(1H, br s)

4.74(1H, m)

4.78(1H, br s)

coloriess needles
125
+266.1°(c=5.0, CHC13)

2935, 1741, 1686, 1651,
1094, 1038, 906 (K8r)
220 (16,200)

o0,

0.90(3H, s)

1.83(3H, t)

2.75(1H, dd)

4.65(1H, br s)
ca.4.8(1H, m)

4.91(H, br s)

colorless oil

+471.6°(c=0.19)

232(M*, 100), 217(32), 204(21),
189(17), 93(100)

3090, 1770, 1650, 900 (CC14)

el
™S 3

0.90(3H, s)

1.83(3H, dd)

2.74(H, m)

4.61(1H, ddd)

4.84(1H, br dd, 7=10 and 6 Hz)
4.88(1H, ddd)

8
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. 1 . , ,
Fig.28c. "H-NMR Spectrum of Isofuranodiene (c. japonicus )
(CDCl3 , 90MHzZ) .
Table 23. Physicochemical Properties of Isofuranodiene and Furanodiene.
isofuranodiene isofuranodiene 73 furanodiene )
origin: Chloranthus japonicus Stenocylax michelii Curcuma zedoaria
appearance: colorless prisms pale yellow crystals colorless needies
mp (°C): 66-67.5 66 45-46
MS m/z(%): 216.1518(M" ,C, H, O(calcd. 216(M",25), 159(12), 145(13), 216(M*,52), 201(19), 159(26),
216.1514),30), 159(13), 109 109(21), 108(100), 106(20), 148(6), 145(27), 108(100),
(14), 108(100), 93(18), 91(14) 93(32), 91(37) 93(28), 79{(24), 77(27), 65(14)
IR vﬁgi cm-]: 2970, 2928, 1440, 1129, 3120, 1560, 1512, 1449, 1542, 1089
1077, 751 1137, 1080, 752
1 CDC1., .
H-NMR GTMS 3:
14-H  1.27(3H, s) 1.24(3H, s) 1.28(3H, s)
15-H  1.60(3H, s) 1.57(3H, s) 1.59(3H, s)
13-H  1.92(3H, d, J=1 Hz) 1.88(3H, d, J=1 Hz) J1.91(3H, d, J=1.3 Hz)
2,3-H  1.9-2.4(4H, m) 2.0-2.2(4H, m)
6-H  3.07(2H, d, J=8 Hz) 3.05(2H, d, J=7 Hz) 3.08(2H, d, J=8 Hz)
9-H  3.49(2H, br s) 3.43, 3.49(2H, ABq, J=16 Hz) 3.44, 3.52(2H, ABg, J=17 Hz)
5-H  4.76(1H, br t, J=8 Hz) 4.70(1H, t, J=7 Hz) 4.76(1H, br t, =8 Hz)
1-H  4.96(1H, m) 4.90(1H, t, J=8 Hz) 4.96(1H, br t, J=7 Hz)
12-H  7.06(1H, s) 7.00(1H, s) 7.05{1H, br s)
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Fig. 30c. H-NMR Spectrum of Furanodienone (CDClB, 100MHz) .
Table 24. Physicochemical Properties of Furanodienone(}f).

. . 77)
origin: Chloranthus japonicus Curcuma zedoaria
appearance: colorless prisfns colorless prisms
mp (°C): 87-88 89.5-90.5
MS  m/z(%):  230(M,47), 215(22), 150(50), 230(M%), 122(100)

122(100), 94(26), 81(48)
R kBr em™': 1644, 1608, 1231, 1013, 755 1645
v xifl;g” nm{e): 241 (9150), 269sh (6800) . 242 (9120), 272sh (6760)
1 cbhCl, .,
H-NMR 6TMS 3:
14-H  1.30(3H, s) 1.30(3H, d)
15-H 1.99(3H, s) 1.99(3H, d)
13-H  2.13(3H, s) 2.13(3H, d)
9-H 3.69(2H, s) 3.69(2H, s)
1-H  5.16(1H, m) 5.16(1H, br dd)
5-H 5.80(1H, s) 5.80(1H, br s)
12-H  7.05(1H, s) 7.05(1H, q)
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Table 25. Physicochemical Properties of Chloranthalactone C (13).

15)
isolate pubiished data
appearance: colorless prisms colorless prisms
mp (°C): 157-158 159-160

[od, (CHCT,) 2144 (c=0.402)

MS m/z(%): - 288(M',4.5), 228(25), 288(M")
213(100), 200(13), 199(11),

185(26), 162(12), 157(14),

. 91(28), 67(11), 53(11)

KBr _ -1

IR vie" em™l: 1770, 1730, 1640, 1235, 1770, 1730, 1640, 1235,
1225, 1020, 950, 820, 1225
uv Amng nm(e): 282 (19,900) 281.5 (19,900)
1 coel,.
H-NMR  6opcl3:
14-H  0.90(3H, s) 0.90(3H, s)
13-H  1.88(3H, br s) 1.90(3H, br s)
Ac-H  2.10(3H, s) 2.10(3H, s)
15-H  4.22(2H, d, J=6 Hz) 4.23(2H, d, 726 Hz)
9-H 6.22(1H, s) T 6.24(1H s)
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Fig. 32c. H-NMR Spectrum of Scopoletin (CDCl3, 100MHz) .
Table 26. Physicochemical Properties of Scopoletin and Isoscopoletin.
78,7%) 79.80)
scopoletin scopoletin isoscopoletin isoscopoletin
(isolate)  (published data) (isolate)  (published data) &
appearance: coloriess " colorless Meo ¢ \ 3
needies needles :
. 7 2
mp (°C): 201 203-204 174 169-190 HO O O
!
M m/z(%): 192(MT,100)  192(M*,100) 192(M",100)  192(M*,100) &
177(48) 177(52) 177(4) 177(11) ' 290
N
164(8) 164{17) 164(12) 164(40)
149(28) 149(26) 149(17) 149(53)
IR vﬁ; cm_]: 3330, 1705, 3320, 1700, 3378, 1689
1563, 1286, 1622, 1603, 1618
1136 1563, 1505 ) HO N
Tunr 6C0CT 3.
™S =
OMe  3.96(s) 3.95(s) 3.98(s) 3.98(s) Meo O O
OH  6.12(s) 6.15(s) 5.57(br s) 5.63(s)
3-H  6.27(d,9.5Hz) 6.42(d) 6.29(d,9.5Hz) 6.28(d) >a}
8-H 6.84(s) 6.86(s) 6.83(s) 6.83(s) ~—
5-H  6.92(s) 6.93(s) 6.97(s) 6.97(s)
4-H 7.60(d,9.3Hz) 7.60(d) 7.59(d,9.5Hz) 7.60(d)
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Fig.37e. CD-ORD-UV Spectrum of 7a-
Hydroxyneoacolamone (EtOH).
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Table 27. Physicochemical Properties of 7a-Hydroxyneoacolamone (§9).

colorless needles, mp 77-77.5°C, [u]so +212° (¢=0.57, CHC13)

MS  m/z(%): 236(M+, C15H2402, 2.2), 218(1), 208(11), 138(82), 137(37),
109(100), 43(19). ‘
KBr _ -1

IR Voax €M C 3440, 1670, 1610, 1015.
MeOH .
uy Amax nm(e): 256 (4200).

CD/ORD (c=2.46x10°*M, EtOH, 24°C):

P o [) T °
[61380 03 [6]323 +2400, [61295 +]200, [6]253 +2]’400,

[612]4 03 [91205 '6]00.
1

H-NMR 6$3g13 6$325N A
12(13)-H  0.93  1.09 (3H, d, J=6.8 Hz) -0.
13(12)-H  0.98  1.18 (3H, d, 7=6.8 Hz) -0

14-H  0.99  0.99 (3H, s) 0
1,2,9-H  1.4-1.9 1.4-2.0 (6H) ' -
88-H 1.4-1.9 2.32 (1H, ddd, 9=12.5, 12.5 and 5.6 Hz) -

OH 1.71 6.69 (1H, s) ' -4

15-H  1.78  1.85 (3H, s) -0

8o-H 1.95  2.05 (1H, dd, 7=15 and 4 Hz) -0

3-H 2.11 1.93 (2H, t, J=6 Hz) 0

11-H 2.28  2.78 (1H, sep, J=6.8 Hz) -0

13 - .CDC1

C-NMR  87ys'3:  16.0(q), 18.1(q), 18.4(t), 21.6(q), 25.1(q),
26.4(t), 32.4(d), 33.5(t), 35.3(t), 37.2(s),
38.3(t), 78.7(s), 137.6(s), 142.9(s), 203.4(s).

16

.20

.98
.07
.10
.18
.50
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Fig. 38c. H-NMR Spectrum of HN-H1 (CDCl3, 200MHz) .

S Cl}..?‘xlﬂ-lﬁ
.. RD
"~?. = EeoM (ae°c)

- M
2 : Jeu b 3 (ae)
= [ M e S i
2 |ree ;e
2oy ! [£4
£ :
.3t H
[ 24f.5 e (4o SY08) .
i ;
’ LY
ECN T J .
t . s
o
;
! i2
UV = Erop
L

210 e [hdd

Fig. 38d. CD-ORD-UV Spectrum of HN-H1
(EtOH) .

175




1020 _

B 5.00
SR I (1T O 1
g _Lm“h$“‘j&'j i MEjIMLHLlEﬂ'mWLMhuM ,mm;J%Eld;" M Ao.co
= 1ee 150 2n@ 258w
Fig. 39. Mass Spectrum of HN-H2
Table 28. Physicochemical Properties of HN-H1 and HN-H2.
HN-H1 HN-H2
appearance: colorless o0il colorless o0il
[0l (CHCT5):  +105° (c=0.19)
MS  m/z(%): 220(M+,79), 205(100), 220(M+,70), 205(100),
178(92), 149(70), 105(50) 178(88), 149(57), 107(43)
film _ -1,
IR Voax oM 1670, 1622
EtOH ]
uv Amax nm(e): 248.5 (5900)
Th-nvr 6SDC13: 0.89(3H, d, 7=6.8 Hz)
0.94(3H, d, J=6.8 Hz)
0.94(3H, s)
1.68(3H, s)
! T
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Fig.40c. TH-NMR Spectrum of HN-DHL (CDCL,, 200MHz).

Table 29. Physicochemical Properties of HN-DH-1.

colorless oil, [a]SS +79° (¢=0.01, CH013)

MS  m/z(%): 218(M+, C]5H220, 40), 203(62), 175(14), 161(100), 147(28),
133(8), 91(9), 41(13).

film -1,
R v en ! 1652, 1600.
uy xmgg“ nm(e): 247.5 (9650), 283 (6770).
1 cDC1

H-NMR dTMS 3: 1.02, 1.05(each 3H, d, 7=6.8 Hz, 12,13-H),
1.07(3H, s, 14-H), 1.4-1.8(4H, m, 1,2-H),
1.94(3H, s, 15-H), 2.0-2.4(4H, m, 3,9-H),
2.94(1H, dsep, 7=6.8(sep) and 1.0(d) Hz, 11-H),
6.46(1H, ddd, J=5.7, 2.9 and 1.0 Hz, 8-H).
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Fig. 42c. 1H—NMR Spectrum of HN-R1 (CDCl3, 200MHz) .

Fig. 424d. H-NMR Spectrum of HN-R1 (CSD

5N, 200MHz) .
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Table 30. Physicochemical Properties of HN-RI.

colorless needles, mp 103-105°C, [a]S3 +108° (¢=0.13, CHC13).

MS m/z(%): 238(M+, C15H2602’ 1), 220(1), 177(2), 139(100), 121(93).
KBr -1

IR v cm : 3580, 3450, 2950, 2925, 990,
TR sLhels  oCasN A
C12(13)-H  0.96 1.23(3H, d, 7=6.8 Hz) -0.27
13(12)-H  1.02 1.42(3H, d, 7=6.8 Hz) -0.40
14-H  1.22 1.53(3H, s)
15-H  1.75 1.71(3H, s)
6-H  4.56 4.95(1H, d, J=1.5 Hz)
6-0H 5.65(1H, d, J=2.2 Hz)
7-0H 4.39(1H, br s)
11-H 2.55(1H, sep, J=6.8 Hz)

Table 31. Physicochemical Properties of HN-R2.

coloriess needles, mp 93-95°C, [a]§4 +65.2°(¢=0.23, CHCI,).

MS  m/z(%): 238(M C15H2602’ 10), 220(4), 205(14), 149(32), 137(62),
111(39), 109(69), 100(100), 95(21), 71(25), 69(66), 55(33),
43(77), 41(37).

KBr -1
IR Vhax M : 3475, 1706.
3

CD/ORD (c=9.66x10"~, MeOH, 24°C):
P o o] (=]

[¢];34 +390°, [¢]220 0°.

(81365 05 [8]35q 5 +2570, [0]y6, 0, [81,c, -40, [0],5, O

TH-nMR sihel3 6 a0sN A
12(13)-H = 0.88 1.00 (3H, d, 7=7.0 Hz) -0.12
13(12)-H  1.09 1.13 (3H, d, 9=7.0 Hz) -0.04

15-H  1.38  1.24 (3H, d, J=7.0 Hz) 0.14
14-H 0.91 0.91 (3H, s)

5-H  2.80  3.20 (TH, d, 7=3.9 Hz)
11-H 2.63 (1H, sep, J=7.0 Hz)

OH 6.86 (1H, br s)
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Table 32. Physicochemical Properties of HN-R3.

coloriess needles, mp 135-137°C

MS  m/z(%): 238(M C]5H2602’ 1), 220(1), 177(12), 139(100), 121(

43(63).
KBr -1

IR Viax M C 3425, 3340, 785.
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Table 33.

and (7R, 10R)-Eudesm-4-en-6-ones.

Physicochemical Properties of Neoacolamone (31) and (7S, 10R)-

neoacolamone

82, 83)

eudesm-4-en-6-one

'(Z§, 10R)-1isomer

(7R, 10R)-isomer

appearance:
[a]D(CHC13):
MS m/z(%):

colorless o0il
+69°(c=0.22)

220(M", 90)
205(100)
178(86)

177(55)
149(48)
107(50)

93(53)
81(54)

1677, 1618

: 249(5600)

colorless 1liquid
+72°(c=3.2)

220(M", 75)
205(100)
178(92)
149(79)
107(63)

1665, 1610

248(5600)

colorless liquid
+132°(c=2.8)

1665, 1610

252(4300)

(2) acelamonz a B) &

AColamong (AL_)O\Q 2, / R

CD-ORD 2 ~° 7 L 1 % F¥3,47a«dt:fh § .

L MM B

AL

LRAH e CsHgo aA I RER T3 €2e 7

e N

T F A~ f/

R tE B Niwa § 1= &,
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Fig. 47c.
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TabTe 34. Physicochemical Properties of Acolamone(32)

origin: Chloranthus serratus Acorus calamussg)

appearance: colorless o0il coloriess oil

0]y (CHC1,): +2.0° (c=0.23)

MS  m/z(%):  220(M',CqgH,,0,52), 220(M"), 205, 177
205(23), 177(13)

1R vIM enml: 1710, 1640 1715, 1645

) P o T o P ° T o
ORD (MeOH): [91500 +57?3, [915g, -300 (01555 +900°, [¢],g, -400
(c=3.54x107", 23°C, A=+8.7)  (A=+13)

1 CDCI cDC1

H-NMR STMS 3: GTMS 3:
14-H 0.75(3H, s) 0.76(s)
12(13)-H 0.87(3H, d, 5=6.2 Hz) 0.87(d, g=6.5 Hz)
13(12)-H 0.89(3H, d, Jg=6.2 Hz) 0.90(d, J=6.5 Hz)
5-H 2.91(1H, br s) 2.90(s)
15-H 5.01(1H, br s) 5.00(br s)
15-H 5.94(1H, br s) 5.95(br s)

Zﬁ‘l—4:&fi(-0\\\/3\’7 >"
(Acorus ca\amus)i@ "™ g %

83)
%&‘L dv oo 3 A cColamonx

Be-% L, AR ( &,

D K A Epte(E T ote Bk (2

(3) Aloragevmacrons A B2

O\COTO\?QTM&LTOMQ (AG) & T 2 IR ( Ui MR

7200
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Fig. 48c. 1H-—NMR Spectrum of Acoragermacrone (CDCL
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Table 35.° Physicochemical Properties of Acoragermacrone (=Bacchascandon).

83) 86)
acoragermacrone acoragermacrone bacchascandon
origin: Chloranthus Acorus calamus Baccharis
‘ serratus scandens
appearance: colorless o0il colorless 0il colorless o017l
[a]D: +7°(c=1.33,CHC13) +28.5°(c=0.95)
MS  m/z(%):  220(M7,0.6), 220(M"), 220(M",2),
205(1.6), 177(1.6), 205, 177, 205(8), 177(15)
150(1.8), 81(100), 150 150(26), 81(100)
R v ™cn 1. 1675, 1603, 887 1680, 1607 1677, 1603, 875
max
(CC14)
w A Hrm(e): 243.5 (5500) 242 (6610)
1 CDC1, .
H-NMR GTMS 3:
12(13)-H 0.91(d,6.3Hz) 0.90
13(12)-H 0. 97(d 6.3Hz) 0.96
14-H .23(br s) 1.20
15-H 2. 02(d 1.0Hz) 2.00
1-H 4.90(m) 4.87
5-H 5.64(br s) 5.62

Yo d-oaxial 55 A & 5 5

! k
' CeD 2wk L oaBi

260 -230 wua B 2

{

‘2.30— 200 nur /%é t% 1l‘ E (= T;
37) . |

xR e 3o BRME@ o Lo - (n

Tem™~g i 20- 4 TN 2ROy od o,

3
L, 1 AG o 30 tE 152 ¥ v 2@ e,
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CCR © Table 36 = 2 F TS = fR SRR a
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(S -G (S S N S kwk T 4.5~ <epoxide (FD-EP)
T8, BT LIy 22, R Ar —3;
L =, FDO-EPa 7 2, (R RW 'H-NM R 2
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Fig.49c. 1H—NMR Spectrum of Zederone (c¢. serratus) (CDCL
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Table 36. Physicochemical Properties of Zederone(3%)

23)
origin: Chloranthus serratus Curcuma zedoaria
appearance: colorless plates colorless needles
mp (°C): 153-154 153.5-154.5
[a]D (CHC13): +220° (c=0.1) +265.8° (c=5.0)

KBr -1, '
IR Vmax €M 1662 1660
w AEMin(e): 232 (5010), 285 (2450) 232 (6610), 284 (3310)
1
H-NMR CDC1 ‘ CDC1
Stms 3 S 3
15-H  1.35(3H, s) 1.33(3H, d, 7=0.8 Hz)
14-H  1.61(3H, s) 1.60(3H, s)
13-H  2.12(3H, d, 7=1.0 Hz) ©2.10(3H, d, o=1.3 Hz)
9-H 3.69(1H, d, J=16.0 Hz) 3.69(1H, d, J=16.5 Hz)
9-H 3.75(1H, d, 7=16.0 Hz) 3.72(1H, d, 7=16.5 Hz)
5-H  3.81(1H, s) 3.78(1H, s)
1-H  5.49(1H, dd, 7=11.7 and 3.5 5.47(1H, dd, 5=10.9 and 4.3
Hz) Hz)
12-H  7.09(1H, g, 7=1.0 Hz) 7.07(1H, q, 7=1.3 Hz)

BRABMIBREE = F ) L2 4 » 5 B
BER U203t s ) EALE Tkt dr
’L’a@\ I



%3% FEENVY A, F45>, 44

/

Fo353 > RUW 442030 af D2

3~ 1d U & iz

S LR AT LS EF‘) Li"ﬁ;z/&
T B RANA U 29 |fndenanz BB & A
T3ILZ2FFTULRYS 7 F 28 NA 3 @2 G
3 e NSy, BEa 250y 2 a
= £ R A T 3 NS N R H x o =, [fndenane
WS 0o R e g3 4% c 45 -~ B8
Shran, *azxBasmiz b Tzt
» 2B xd k=T a0 (58 R 6B,
ER )L B 79 g L
T N
NKBERAAE TS A R FRR MBI N B F 9 02T

Lt 82 89 g

{

> 3= B L o Fy

(

—
~—

™S Tde 5 2 lindenan:® 5 2 b v o B 1
o U a ABITIREBMAZ L v F, Mea g B
ok RO PR« X oL g o}, L2, AR
7 E3 2B M9k 4 N3 ) RE 17 4 + 5 ‘/f*—u?és#ﬁ
AR, 2t L)Y N, 4w, T TS

2l



—

v 7 > kvt
17, 52 =
B 7499
A& 2

F L=< 0

3
11
3 P\,

N

A %5 8
linde nang &Y

1¢ /ft =) ?-'F

[~3 S B S A

T

7

—-—

N T A2

é’é &) (ng‘ 35 a,

I‘Tiﬁ@l?— Fl\g
~, Bk

~/.

> 1) a9 25 w1 BB 2 Nt &
5 0 TR A3 E Ry Y 2"p
A% BA BM = F k= B S g
NI 4T HEEaE YR K
4 2" & 3 =8, Atttz T -~ 7

7 BE A GLCAR U GCe-MSAT ad T4,

BAYITE 13 B 2 6% Tk a3 g

-—

30 F LN IER 2, 2o 437
@ 2 M athep = onrE 9 L <TG

W89 ~ 4 T2,

) 22N RV 290 22N
Y ABa S o5 B e A
T3 A=, BER DL AWT
I - T FPHheEgH a GLc (7
"NTe BERY) L2270k 5 02
3 BNAE =5 (2 ad i
blea$C , 79 90 Y2 na 4
Sla, b =% 7 BE = )R A = & 3

7\” 7] & % N i ANV Slu\zu‘:ano[?ole

22



A : i N 3 Rl . TYPE 1
‘ : Pl '
i --0
' 0
i x4 H
5! '
ip . i N
ik i
TR I‘l ]
~. .-
gl of #h
i TYPE 11
P2
i} < i ’ it
iF E il .-O
A ] 3 o
ik 3 1 : il A XLI'
ik ii ] ii
i¥ il : (3] s il s
4
d
3 H x: z
TYPE III
H s T §E
1 s iy 3
' ii '
f
| I
. - 1 | !

0 5 10 15 20 25 30 35  (min.)
Fig. 35a. Gas Chromatograms of the Ether-soluble Neutral Fraction
of the Leaves of c¢. japonicus. (5% PEG-20M, 60°-§8°/min.)
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Fig. 5la. Gas Chromatogram of the Ether-soluble Neutral
Fraction of the Leaves of c. serratus. (5% PEG-20M, 40°- 8°/min.)
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Fig. 51b. Gas Chromatogram of the Ether-soluble Neutral
Fraction of the Roots of c. serratus. (5% PEG-20M, 40°~ 8°/min.)
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0 510 15 20 25 30 35 (min.)

Fig. 52a. Gas Chromatogram of the Ether Extract of the
Aerial Parts of c¢. fortunei. (5% PEG-20M, 60°~ 8% /min.)

0 5 10 15 20 25 30 35 (min.)

Fig. 52b. Gas Chromatogram of the Ether Extract of the Roots
of c. fortunei. (5% PEG-20M, 60°- 8°/min.)
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P24

30 35 (min.)
Fig. 53a. Gas Chromatogram of the Ether Extract of the Leaves
of c. spicatus. (5% PEG-20M, 60°> 8°/min.)
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Fig. 53b.

Gas Chromatogram of the Ether Extract of the Roots
of c. spicatus. (5% PEG-20M, 60°~ 8°/min.)
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Fig. 54a. Gas Chromatogram of the Ether Extract of the
Aerial Parts of c. elatior. (5% PEG-20M, 60~ 8°/min.)
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Fig. 55b. Gas Chromatogram of the Ether-soluble Neutral
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Fig. 56c. TH-NMR Spectrum of HI-SA (CDCl,, 100MHz).

3’

Table 37. Physicochemical Properties of HI-SA(65),

colorless crystals, mp 196-198°C.

MS  m/z(%): 246(M+, C15H1803’ 17), 228(43), 213(46), 185(38), 157(28),

121(56), 120(100), 105(91), 91(29).

IR vﬁzi en”V: 3306, 1774, 1728, 1699, 1130, 949.
1

n-nmr - sCPCl3. 023

™S 3* 1H, ddd, =4, 4 and 3 Hz, 2B-H),
1H

(
(1H, ddd, J=8, 8 and 4 Hz, 20-H),

(3H, s, 14-H), 1.38(1H, m, 1-H), 1.59(1H, s, OH),
.65(1H, m, 3-H), 1.70(3H, d, J=1.2 Hz, 15-H),

(3H, d, 7=1.2 Hz, 13-H), 2.33(1H, d, 7=13 Hz, 9a-H),

(1H, br d, =14 Hz, 68-H),

(1H, d, =13 Hz, 98-H), 3.28(1H, d, J=14 Hz, 6a-H).
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Fig. 57c. lH—NMR Spectrum of I-SB (CDCl,, 100MHz).

3,

Table 38. Physicochemical Properties of I-SB(&6)

white waxy solid

MS  m/z(%): 228(M+; CizH,.0,, 64), 213(100), 200(15), 199(15), 185(55),

15716022
157(32), 142(28), 74(28), 59(54).

R el enl 2922, 1764, 1643, 1020.

TH-nR  650C13: 0.30(1H, ddd, 7=4, 4 and 3 Hz, 28-H), 1.24(3H, s, 14-H),

1.72(3H, d, 3=1.5 Hz, 15-H), 1.91(3H, d, 7=1.7 Hz, 13-H),
2.86(1H, br d, 7=18.6 Hz, 68-H), 3.38(1H, d, 7=18.1 Hz,
6o-H), 5.84(1H, s, 9-H).
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Table 39. Physicochemical Properties of E-SB(Q])

colorless crystals, mp 95.5-96.5°C.
MS  m/z(%): 228(M+, C15H]602’ 38), 213(53), 199(8), 185(13), 174(100),
157(9), 142(9), 134(9), 105(20), 91(52).
CDC1

H-NMR 6TMS 3:

1 .6-0.8(2H, m, 2-H), 1.28(3H, s, 14-H),.

0
1.55(1H, m, 1-H), 1.90(3H, d, 5=1.7 Hz, 13-H),

2.17(1H, m, 5-H),

2.59(1H, ddg, 5=17.6, 5.4 and 1.7(q) Hz, 68-H),

2.96(1H, dd, J=17.6 and 1.8 Hz, 6a-H),

4.52(MH, d, 7=2.3 Hz, 15-H), 4.94(1H, d, J=2.3 Hz, 15-H),
5.42(1H, s, 9-H).
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Fig. 59c¢. “H-NMR Spectrum of D-SB (CDCl,, 400MHz).

3’

Table 40. Physicochemical Properties of D-SB(3).

colorless oil.

MS  m/z(%): 230(M+, CizH:50,, 16), 215(100), 201(9), 187(9), 174(12),

1511802+ |
162(13), 107(10), 105(12), 93(14), 91(17), 77(12).
IR v M T 1762, 1641, 1013, 756.

max
H-NMR  6Snc'3: 0.654(1H, ddd, 7-8.79, 8.30 and 6.35 Hz, 2a-H),
0.895(3H, d, 7=7.32 Hz, 15-H),

" 0.988(1H, ddd, 7=6.35, 3.91 and 3.90 Hz, 28-H),
1.535(1H, ddd, 7=8.30, 7.81 and 3.90 Hz, 1-H),
1.677(1H, dddd, 7=8.79, 7.81, 7.32 and 3.91 Hz, 3-H),
1.881(3H, d, 5=1.95 Hz, 13-H),
2.319(1H, br dd, J=ca.18 and 14 Hz, 68-H),
2.47-2.54 (3H, m), 6.175(1H, s, 9-H).

1
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Fig. 60c. 1H-NMR Spectrum of H-SB (CDCl
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Table 41. Physicochemical Properties of H-SB(&d)

pale yellow powder, mp 141.5-142°C
MS m/z(%): 244(M+, CicH; 04, 39), 226(20), 201(19), 150(20), 149(100),

1571673
121(14), 107(13), 91(35), 69(43).
IR V" enl: 3422, 1752, 1737, 1670, 1651, 1312, 1030, 1023, 885, 854.
TH-NmR 0Ty LoD A
20-H  0.75 0.73 (1H, ddd, J=8, 8 and 4 Hz) 0.02
14-4 1.31 1.54 (3H, s) -0.23
13-H 1.89 1.83 (34, d, =2 Hz) 0.06
68-H  2.61 2.81 (1H, dq, 7=17(d) and 2(q) Hz)  -0.20
6a-H  3.10 3.42 (H, d, 3=17 Hz) -0.32
15-H 4.92 5.08 (1H, s) -0.16
9-H  5.07 5.12 (1H, s) -0.05
15-H  5.45  5.66 (IH, s) -0.21
OH 6.81 (1H, br s)

Wz a3 (SL3) ¥ v v, Feey v v Lo |
T3Sy (SS90 L6a3) e o K
@(r’i%{? ﬁ@llﬂl‘(— ?s‘ Z,l Iﬁ,;%_g S‘ﬁ-"\/dro)yslf\fzuka-

nolide B (61) w2 @ ( =,

(é) \l3-§QCOSL\;‘2ukanol}o\,\ %3 (= aT\roc]}‘elao[fa\sz I/ Zf)

Tsefuranodiens C28wq) & Sue a %29 n n h
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Fig. 62c. H-NMR Spectrum of S-SB (CDCl 100MHz) .

3,

Table 42. Physicochemical Properties of S-SB(70),

colorless needles, mp 99-99.5°C

MS  m/z(%): 230(M+, C,eHi00,, 100), 215(98), 201(30), 187(21), 174(19),

1511802
162(18), 160(17), 159(17), 91(22), 77(16).
IR vggi em™': 2927, 1763, 1653, 1013, 919, 828.
T NmR 5$3§13: 0.94(3H, s, 14-H), 1.91(3H, d, g=1.5 Hz, 13-H),

4.63(1H, d, 7=1.2 Hz, 15-H), 4.91(1H, d, J=1.2 Hz, 15-H),
5.61(1H, s, 9-H).
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Fig. 65a. Mass Spectrum of 5,6,7,7a-Tetrahydro-7a-hydroxy-
3,6-dimethyl-2(4H)-benzofuranone.
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hydroxy-3,6-dimethyl-2(4#)-benzofuranone (CDC13, 400MHz) .

Table 43. Physicochemical Properties of 5,6,7,7a-Tetrahydro-7a-hydroxy-
3,6-dimethy1-2(4#)-benzofuranone(y)).

colorless plates, mp 181-182°C (1it, 188-189°C).

MS  m/z(%): 182(M+, C]0H1403, 1), 164(13), 154(50), 149(100), 139(12),

109(14), 93(10), 81(12), 77(13).

IR vgii em™': 3384, 1737, 1692, 1436, 1298, 1190, 1115, 956, 845.
:

H-NR - 6cl3: 0.9
.04(TH, ddd, 7=13.67, 13.18 and 3.91 Hz),
27(1H, dd, 7=13.19 and 12.20 Hz, 7-axH),
.81(3H, d, 7=1.46 Hz, 8-H),

.98(2H, m)

36(2H, m)

69(1H, ddd, 7=13.66, 4,39 and.1.95_Hz,-4-eqH).

8(3H, d, 7=6.34 Hz, 9-H),

]
1

jou o
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Fig. 66c. lH-NMR Spectrum of 5,6-Dihydro-3,6-dimethyl-.

2(4E) -benzofuranone (CDC1l 400MHzZ) .

3’

Table 44. Physicochemical Properties of 5,6-Dihydro-3,6-dimethy1-2(4x)-
benzofuranone(92).

colorless oil (solidified at -20°C)

MS  m/z(%): 164(M7, CjH1,0,, 16), 149(100), 135(6), 121(5), 93(7),
91(5), 77(5).
Sfitm -

R v enl: 2030, 1783, 1654, 1041, T001.
THemr  SDCT3: 1.15(3H, d, 5=7.32 Hz, 9-H),
1.45(1H, dddd, 7=13.19, 11.23, 8.79 and 4.88 Hz, 5-axH),
1.87(3H, d, 7=0.98 Hz), .
1 1.98(1H, dddd, 7=13.18, 4.88, 4.88 and 4.88 Hz, 5-eqH),
: : 2.48(1H, dddq, 7=17.09, 11.23, 4.88 and 0.98(q) Hz,

s =/ 4-axH), .
.60(1H, dddq, 5=8.79, 4.88, 3.42 and 7.32(q) Hz, 6-H),
2.74(1H, ddd, g=17.09, 4.88 and 4.88 Hz, 4-egH),
5.61(1H, d, J=3.42 Hz, 7-H). |
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shizakane (e 8 0 35 & 5 © ( R §-hydroxy shizu-
kanolids A (%2), B-hydiox, Isoshizakanolide A (63),
isoshizukanolide B (86) ,  S-=2piskizukanclide B (67),
4%, 1S~ dihydeoshizabanolide B (68) | Sp-hydroxy staizun
kanolide B (41) A 2 (D)= [, 3-s=coshizafane (ide § (76,
» 738, T2k R A (2 5,67 1a-

TeTrahydro ~ Ta~hydvoxy -7 b~ diwethy| - 2 C4H)~} enzafura-
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butenslide 3 38 (43, %, 7)), 2 _buTenolide 238 (L,
26), Hfuran 3 32 (27, 27, 22), "% 3 .

BRI <7 pedtachlorophensl (PP T € g "
Mz & ) ( chloramphenics| (3@ B ) & 2 = F 1) —

88 chlorotharonil & benomyl £ @ 4 72,

) R P TR £ 40

MU =B zady 28 3

wm & Bacillus subtilis AHU 1036 gram(+)
Staphylococcus aureus AHU 1042 "
Escherichia coli AHU 1041 gram(-)

m% & Saccharomyces cerevisiae var. sake AHU 3142

o' Aspergillus niger AHU 7]b4

‘Penicillium chrysogenum AHU 8117
Mucor racemosus AHU 6002

M. circinelloides AHU 6003
dimophosphorus AHU 6004
hiemalis AHU 6005
jansseni AHU 6009
javanicus AHU 6010
mucedo AHU 6013
spinosus AHU 6014
praini AHU 6015
pusillus AHU 6017
rouxianus AHU 6019
M. griseo~cyanus AHU 6044

Rhizopus japonicus AHU 6524
R. stolonifer AHU 6529
R. oryzae AHU 6536

Fusarium solani
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Table 45. Antibacterial Activity of Shizukanolides A and B.

diameter of inhibitory zone (mm)/dose (ug/disc)

B. subtilis S. aureus E. coli

11.2/500 12.5/500 - /500

shizukanolide A (1) 11.0/100 11.5/100 - /100
-/ 20 -/ 20 -/ 20

12.5/500 - /500 12.2/500

shizukanolide B (2) - /100 - /100 9.5/100
-/ 20 -/ 20 ' -/ 20

chioramphenicol 27.7/ 4 20.3/ 4 26.5/ 4
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Table 46. Anti-yeast Activity of Shizukanolides A and B.

diameter of inhibitory zone (mm)/dose (ug/disc)

S. cerevisiae

- /500
shizukanolide A (1) - /250

~ -/ 50

11.9/250
shizukanolide B (2) 10.4/ 50

~ -/ 10

PCP 23.3/ 50
10.4/ 10

Table 47. Antifungal Activity of Shizukanolides A and B.

diameter of inhibitory zone (mm)/dose (ng/disc)

M. griseo-cyanus F. solani A. niger P. chrisogenum

+ /250 + /250 - /500 17.0/500
shizukanolide A (1) -/ 50 -/ 50 - /250 17.5/250
-/ 10 -/ 10 -/ 50 14.8/ 50

29.3/250 14.5/250 12.5/500 18.3/500
shizukanolide B (2) 22.8/ 50 10.8/ 50 10.3/250 18.3/250
’ ,

12.3/ 10 -/ 10 -/ 50 15.5/ 50
PCP 23.5/ 50 33.7/ 50 26.3/ 10
13.5/ 10 15.1/ 10 16.7/ 2
benomy1 -/ 50 24.2/ 2 43.0/ 2
chlorotharonil - /125 12.0/ 2 18.2/ 2 36.0/ 2

266



Table 48. Antifungal Activity of Shizukanolide B Against the Genus Mucor
and Rhizopus.

fungus diameter of inhibitory zone (mm)
PCP(ug/disc) shizukanolide B(ug/disc)
25 12.5 50
Mucor racemosus - 21 19 26
M. circinelloides 17 19 28
M. dimophosphorus 26 24 39
M. hiemalis 15 20 25
M. jansseni 18 18 29
M. javanicus 14 13 19
M. mucedo 31 26 35
M. spinosus 24 18 27
M. praini 25 ‘ 25 35
M. pusillus 18 ‘ 17 26
M. rouxianus 18 20 29
M. griseo-cyanus 15 14 22
Rhizopus japonicus 21 25 38
R. stolonifer 18 23 36
R. oryzae 21 29 | 36

Table 49. Antimicrobial Activity of Isofuranodiene and Shizukafuranol.

diameter of inhibitory zone (mm)/dose (pg/disc)

B. subtilis E. coli M. griseo-cyanus S. cerevisiae

isofuranodiene(27) 16.7/500 - /500 11.0/500 11.3/500

- /100 - /100 - /100 - /100

shizukafuranol(23) + /100 - /200 11.0/100 - /200
s

-/ 25 -/ 25 -/ 25 -/ 25

PCP 40.0/ 10 12.5/ 10 12.0/ 10 -12.0/ 25
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Tabie 50. Antifungal Activity of Shizukanolide B and Its Related Compounds
Against the Genus Mucor and Rhizopus.

*
relative activity

compound ug/disc M. mucedo M. griseo-cyanus R. japonicus
0 200 137 173 285
H ~ 50 91 101 154
.0
o 200 62 - +
A ~ 50 56 - +
0
[T~ 13 200 - - -
TH ~
“~0Ac 50 - - -
0
200 - - -
f 2
Lo ~ 50 - - -
© 200 33 - 81
=/ 2t
~ 50 + - 77
o
200 51 + +
Ly 27 - -
~ 50 i - -
[X:ﬂ:} 200 35 - +
23 -
0 ~ 50 * - *
OHO 20
- - +
=0 43 0 -
H ~ 50 - - +
H
. : - - +
o 45 200 +
< ~ 50 - - +
m‘?:o o 200 + : -
~ 50 + - -
continued
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0,
0 ¢ 200 - + +
H ~ 50 - + +
o (s 200 121 151 252
H ~ 50 98 110 186
0 200 - +
g 69 | ‘ ¥
OH ~ 50 - - -
(0]
%0 4o 200 53 + +
H 50 45 + +
) ,
0 n| 200 - - -
— ~
50 - - -
0]
\[j;em 92 200 - - -
50 - - -

* PCP  (20ug/disc) = 100

%58 K B
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Scheme 7.

Possible Biosynthetic Route of the Sesquiterpenes in c. serratus.
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Table 51. Relationships between the Chloranthaceae Plants and Their

Constituents.
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Fig. 67. Relationships of the Six Chloranthaceae Plants by
Their Chemical Constituents.
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Fig. 68. Dendrogram Showing the Probable Relationships of
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Studies on the Chemical Constituents of the Chloranthaceae Plants

Jun Kawabata

Summary

The Chloranthaceae is a small family with five genera and

around seventy species occurring in tropical America, east Asia

and the Pacific. Four Chloranthus and one Sarcandra species
are known to grow in Japan. Only a few papers on the chemical

constituents of these two genera were previously published.

In this investigation on the chemical constituents of the
Chloranthaceae plants, thirteen compounds including seven novel
sesquiterpenes, shizukanolides A(l), B(%), C(;}) and D(%g),
shizukafuranol(%§), shizukolidol(%f) and‘shizuka—acoradienol(%?)

were isolated from Chloranthus japonicus Sieb. (Hitorishizuka).

Their Structures were elucidated on the basis of their physico-
chemical properties and some chemical reactions. Among the
isdlates, shizukanolides A-D are the new entries to the unusual
lindenane-type sesquiterpenes. So far, only ten lindenanes
have been known as the constituents of each two species of
Lauraceae and Compositae. Besides, it is also significant
that glechomanolide(%é) and isofuranodiene(%]), which are bio-
genetical key intermediates to many sesquiterpene lactones and
furans, respectively, coexist in this herb. Moreover, three
chemotypes of C. japonicus, each containing shizukanolide A,
glechomanolide or shizukafuranol as a major constituents, were

found to occur in the mountainous area of Sapporo.
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On the other hand, nine sesquiterpenes including a novel
hydroxyketone, 7a—hydroxyneoacolamone(§9) were isolated and
characterized from C. serratus (Thunb.) Roem. et Schult. (Futari-
shizuka) . Unexpectedly, C. serratus showed a quite different
pattern of the sesquiterpene composition from that of C.
japonicus. The lindenane-type lactones appeared as major
constituents in C. japonicus, whereas some germacrane- and
eudesmane-type ketones such as furanodienone(%§) and 29,
respectively, predominated in C. serratus.

‘Four more Chloranthaceae plants, C. fortunei (A. Gray)
Solms-Laub. (Kibi-hitorishizuka), C. spicatus (Thunb.) Makino

(Charan), C. elatior R. Br.(Oh-charan) and Sarcandra glabra

(Thunb.) Nakai(Senryo) were ‘also analyzed in view of lindenane-
type comnstituents. As a result, lindenane-type lactones, such

as chloranthalactone C(13) and/or szere detected in all species

315



examined. Therefore, the presence of the lindenane-type
lactones seems to be characteristic of this family. It is
also interesting, in view of chemical evolution, that the
Chloranthaceae plants contain an acorane-type sesquiterpene
(%;) and a kind of sesquiterpene ketones such as §§ or %9,
both of which have been known as the constituents of mono-
cotyledons, because Chloranthaceae belongs. to Polycarpiidae,
the most primitive class of angiosperms, which can be regarded
as a phylogenic junction from gymnosperms to monocotyledons
and the other dicotyledons.

Finally,,shizukanolide‘B, a major lindenane-type lactone
of C. japonicus, was found to cause remarkable growth inhibition

against the fungi of the genus Mucor and Rhizopus. Several

functionally related compounds were prepared andbtested in order
to obtain an information on the structure-activity relationship.
Consequently, it was proved that the polarity and conformation
of the whole molecule as well as the presence of a 4-alkylidene-
2-butenolide function and a cyclopfopane ring were necessary

for the appearance of the antifungal activity.
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