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2,3-dihydroillicinone E: 4,12-di-O-methyl-

Abstract—On examination of the constituents from the roct bark of /licium anisatum, six prenylated C,-C;
compounds have been isolated, including two known ones. The structures were elucidated by means of

spectroscopic analysis. © 1997 Elsevier Science Ltd

INTRODUCTION

We have described the isolation and structural deter-
mination of the structurally novel constituents classi-
fied into three groups, sesquiterpene, triphenyl-neo-
lignan and glyceryl C,-C;, from Chinese Ilicium plants
[1-9]. On the other hand, Japanese star-anise, /. anis-
atum, is well known as a toxic plant and sesqui-
terpenes, anisatin, neoanisatin {10, 11] and 2-oxy-
neoanisatin [12], of the constituents from the fruits,
has shown to be responsible for its toxicity. As the
root bark of this species was also suggested to have a
convulsive component [13], we have examined
the constituents of this part. Although none of the
toxic component was isolated, four new prenylated
C(-C; compounds (3-6) named 1l-epi-illicinone E,
2.3-dehydro-5,6-di-O-methylillifunone E, 2,3-dihy-
droillicinone E and 4,12-di-O-methylillifunone C,
respectively, were isolated together with two known
compounds, illicinone E (1) and 2,3-dehydroillifunone
C (2). These types of compounds have been frequently
isolated only from [/licium plants [14-21]. We now
describe the isolation and structural determination of
the four new prenylated C4-C; compounds.

RESULTS AND DISCUSSION

The MeOH extract of the root bark of 1. anisatum
was separated by Sephadex LH-20 column chro-
matography with MeOH to give three fractions. The

* Author to whom correspondence should be addressed.
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middle part of these fractions was fractionated by
CHP-20P column chromatography with methanol-
water to give tour fractions. Of these, the fourth frac-
tion was purified by MPLC affording six compounds
(1-6). Compound 1 was identified by illicinone E, by
comparison with 'H and "C NMR data described in
the literature [18]. Compound 2 was identified in a
similar way as 2,3-dehydroillifunone C [20].
Compound 3 had the molecular formula C,;H,,05
based on the ion peak at m/z 280 in the mass spectrum
and the presence of 15 carbon signals in its “C NMR
spectrum of 3. The IR spectrum revealed the presence
of a hydroxyl (3500 cm ') and an «,B-conjugated car-
bonyl (1685 cm™') groups. The NMR data indicated
the presence of an allyl, an isolated methylene [dy, 2.30
(d,J =17 Hz) and 3.20 (d,J =17 Hz); . 42.0], a
methylenedioxy group [dy 4.94, 5.21 (each s); d 94 8]
and a dimethyl carbinol group [&; 1.11, 1.20; 6 24 .6,
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signal for a methoxyl group. Hence, the structure of
compound 5 was determined to be 23-dihy-
droillicinone E. The configuration of the C-2 position
was analysed from the coupling constant between H-
2 and H3a, H-3b protons, being the same as that
of 7.

The El-mass and the '"C NMR spectra of com-
pound 6 gave the molecular formula C,(H,,O,. The
IR spectrum showed the absorption band for an o, /-
conjugated carbonyl group at 1645 cm~'. The NMR
spectra of 6 indicated the presence of two methoxyl
groups [0y 3.26 (3H,s) and 3.32 (3H,s); é 50.2 and
51.8], a dimethyl carbinol group [éy 1.25 (3H.s) and
1.18 (3H.s): d¢ 20.4 and 21.7], an allyl group and a
carbonyl group (d¢ 199.5). In the H-H COSY spec-
trum, the proton connectivity of an allyl group was
extended to methine and methylene groups. These
features were typical of those of a 5.6-dehy-
droillifunone-type of structure. Therefore, the two
methoxyl groups were located at the C-4 and C-12
positions, respectively. The lower shift value of the H-

11 proton signal at d;; 4.58 indicated the presence of

a 1,3-syn-methoxyl group, i.e. a 45, 11 R system. If the
configurations of C-2 and C-4 were on the same side
(28, 4S or 2R, 4R), the carbon chemical shift of C-2
would increase by 45 ppm, whereas if they were on
opposed side (2R, 4S or 2, 4R), the shift would be ca
40 ppm [20]. The carbon chemical shift of C-2 in the
BC NMR spectrum of 6 was .- 40.2, confirming that
the configuration of C-2 was on the opposite side to
the 4-methoxyl group. Consequently, the structure of
6 was determined to be 4,12-di-O-methylillifunone C.

EXPERIMENTAL

General. "H (500 MHz) and "*C (125 MHz) NMR:
CDCl,, TMS as int. standard. CC: silica gel (Merck,
70-230 mesh), Diaion CHP-20P (Mitsubishi Kasei
Co. Ltd.) and Sephadex LH-20. TCL: precoated silica
gel Fs, plates.

Plant material. Root bark of I. anisatum L., ident-
ified by Dr N. K. (ex-professor of pharmacognosy in
Nagasaki University), was collected on a small moun-
tain of Yamaguchi prefecture, Japan. A voucher speci-
men is deposited at our botanical garden in Nagasaki
University.

Extraction and isolation. Chopped root bark (207.3
g) was immersed in MeOH at room temp. for one
week. The MeOH extract was evapd in vacuo to give
a crude brown extract (27.7 g), which was fractionated
by CC on Sephadex LH-20 using MeOH to afford 3
frs. Of these frs, fr.2 was sepd by CC on Diaion CHP-
20P developing with MeOH-H,0 (7:3) to give 5 frs
(I-V). Fr.1V was further fractionated and repeatedly
purified by CC on silica gel using CHCl,-MeOH
(49:1) to yield compounds 1 (3 mg), 2 (24.9 mg),
3 (29.1 mg), 4 (8.8 mg). 5 (6 mg) and 6 (4.9 mg),
respectively.

11-Epi-illicinone E. (3). Oil. [«]i} —7.8" (MeOH; ¢
2.08). C,sH»,0s. EI-MS 1z 280 [M]+. IR i i s em '
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3500 (OH), 1685 (conj. C = 0), 1642 (C = C). *Cand
'H NMR: Tables 1 and 2.

2.3-Dehyvdro-5,6-di-O-methylillifunone E (4). Oil.
[«])5’ +68.3" (MeOH; ¢ 1.38). C,H.,0s5. EI-MS mjz
296 [M]*. IR y$HCS em~': 3500 (OH). 1682 (conj.
C = 0), 1640 (C = C). “C and 'H NMR: Tables 1
and 2.

23-Dihvdroillicinone  E (5). Oil. [a]y+16.17
(MeOH; ¢ 0.55). C\sH»,0.. EI-MS m/z 282 [M]". IR
ViR em ' 3600 (OH), 1718 (C = O), 1640 (C = C).
BC and '"H NMR: Tables 1 and 2.

412-Di-O-methylillicinone C  (6). Colourless
amorphous powder. [«]5+13.07 (MeOH; ¢ 0.36).
CH20,. EI-MS m7/2 280 [M]'. IR v{ 15 em™": 1645

max

(conj. C = 0). "C and '"H NMR: Tables 1 and 2.

REFERENCES

1. Kouno, 1.. Kawano, N. and Yang, C.-S., Jourral
of the Chemical Society, Perkin Transactions 1,
1988, 1537.
Kouno, I., Hashimoto, A., Kawano, N. and
Yang, C.-S., Chemical and Pharmaceutical Bull-
etin, 1989, 37, 1291.
3. Kouno, I., Baba, N., Hashimoto, M., Kawano,
N., Yang. C.-S. and Sato, S., Chemical and Phar-
maceutical Bulletin, 1989, 37, 2427.
4. Kouno, [., Baba, N., Hashimoto, M., Kawano,
N., Takahashi, M., Kaneto, H., Yang, C.-S. and
Sato. S., Chemical and Pharmaceutical Bulletin,
1989, 37, 2448.
5. Kouno, ., Baba, N., Hashimoto, M., Kawano,
N., Takahashi, M., Kaneto, H. and Yang. C.-5.,
Chemical and Pharmaceutical Bulletin, 1990, 38,
422,
6. Kouno, 1., Hashimoto, M., Enjoji, S., Takahashi,
M., Kancto, H. and Yang, C.-S., Chemical and
Pharmaceutical Bulletin, 1991, 39, 1773.
7. Kouno, 1., Morisaki. T., Hara, Y. and Yang, C.-
S., Chemical and Pharmaceutical Bulletin, 1991,
39, 2606.
8. Kouno, 1., Yanagida, Y., Shimono. S., Shintorni,
M. and Yang, C.-S., Chemical and Pharmaceutical
Bulletin, 1992, 40, 2461.
9. Kouno, I., Iwamoto, C., Kameda, Y., Tanaka, T.
and Yang, C.-S.. Chemical and Pharmaceutical
Bulletin, 1994, 42, 112.
10. Yamada, K., Takada, S.. Nakamura, S. and
Hirata, Y., Tetrahedron, 1968, 24, 199,

11. Yamada, K., Takada, S., Nakamura, S. and
Hirata, Y., Tetrahedron, 1968, 24, 1267.

12. Kouno, [., Mori, K., Akiyama, T. and Hashi-
moto, M., Phyvtochemistry, 1991, 30, 351.

13. Kawano, N. and Matsuo, A., Yakugaku Zasshi,
1958, 78, 1220.

14. Yakushijin, K., Sekikawa, J., Suzuki, R., Mcri-
shita, T., Furukawa, H. and Murata, H., Chemi-
cal and Pharmaceutical Bulletin, 1980, 28, 1951.

15. Yakushijin, K., Tohshima, T.. Suzuki, R,

[}



1390

Table [. *C NMR (125 MHz; CDCl,) spectral data of com-

pounds 1, 3-6
C 1* 3 4 5 6
1 194.6 1941 1944 2081 199.5
2 138.3 1388 14]1.2 43.7 40.2
3 138.8  138.0 1420 34.3 34.5
4 85.4 85.6 81.3 88.4 74.7
5 110.4 1109 1024 1113 1773
6 44.7 46.3 42.0 474 101.2
7 332 33.1 33.0 34.7 34.1
8 134.1 1341 1345 1351 1363
9 117.9 1178 1176 1179 1169
10 35.9 373 36.2 36.2 33.6
11 84.1 86.1 83.7 84.9 90.1
12 71.0 70.2 70.9 711 80.8
13 243 243 24.5 24.1 21.7
14 27.0 27.5 25.6 27.5 20.4
O-CH--O 943 94.8 92.8
OMe 49.0 50.2
OMe 52.8 S51.8

* Good agreement with data of ref. [18].

25.6]. On the other hand, the 'H and "C NMR spectra
were similar to those of illicinone E (Tables | and 2),
indicating that 3 was also a prenylated C,-C; com-
pound; this was also supported by HMBC corre-
lations. All of the carbon signals of 3 appeared at
similar values to those of illicinone E, except for two
signals of C-10 and C-11, suggesting that 3 is a stereo-
isomer of illicinone E. The C-11 signal of 3 shifted to
lower field by 2 ppm compared with that of illicinone
E, and the H-11 signal of 3 shifted 0.46 ppm to lower
field compared with illicinone E. For the reason of the
anisotropic effect by oxygens of a methylene dioxy
group [20], the H-11 proton signal may shift to lower

[. KounNo et al.

field. Thus, the structure of compound 3 was con-
cluded to be the 11-epimer of illicinone E.

Compound 4 had the molecular formula C,;H,,O;
judging from the ion peak at mj/z 296 in the mass
spectrum and 16 carbon signals in the *C NMR spec-
trum. The IR spectrum showed absorption bands at
3500 and 1682 cm™', indicating the presence of a
hydroxyl group and an =x,f-conjugated carbonyl
group. The 'H and "C NMR spectra also strongly
resembled to those of illicinone E, except for the
appearance of two methoxyl signals [dy 3.44 (3 49.0)
and Jy 3.39 (8. 52.8)], in place of the methylenedioxy
group of illicinone E. The positions of the two meth-
oxyl groups were determined as follows. One of the
methoxyl signals at d,; 3.44 was correlated with the C-
5 signal of 3. 104.4, and the signal of dy 3.39 had
connectivity with the C-4 signal of d- 81.3 in the
HMBC spectrum, indicating that the two methoxyl
groups are located at the C-4 and C-5 positions,
respectively. As the signal of H-11, dy 3.62, appeared
at a similar position to that of illicinone E, the con-
figurations of two methoxyl groups were the same as
those of the methylenedioxy group of illicinone E and
the configuration at C-11 of 4 was also the same as
that of illicinone E. Accordingly, the structure of 4
was concluded to be 2,3-dehydro-35,6-di-C-methyl-
illifunone E, based on the structure of illifunone E
[20].

Compound 5 had the molecular formula C;sH,Os.
The IR spectrum showed absorption for a carbonyl
group (1718 cm ™). The NMR data indicated the pres-
ence of an allyl. methylenedioxy group [d;, 5.10 (2H, s);
d¢92.8] and a dimethyl carbinol group [6; 1.27 (3H. s)
and 1.11 (3H.s); J; 24.1 and 27.5]. All these data
strongly resembled those of 13-O-methyl-2,3-dihy-
droillicinone E (7) [18], except for the absence of the

Table 2. '"H NMR (500 MHz; CDCI,) spectral data of compounds 1, 3-6

C 1* 3 4 5 6

2 - e — 2.22(dd,8.4) 2.57 (m)

3a 6.59(1,1) 6.52(s) 6.41(d, 1) 2.18(dd, 12,8) 1.56 (dd, 15,13.5)

3b 2.26(dd, 12, 4) 2.55(dd, 15,4.5)

6a 2.92(d. 17) 2.80(d,17) 2.66(d,17) 2.80(d. 16) 5.46(s)

6b 3.04(d. 17) 3.28(d, 17) 3.20(d,17) 2.92(d.16) —

7 3.02(dd,7.3) 3.00 (dd, 12,3) 3.06(d,7) 2.20(m) 2.16(m)

2.63(m) 2.74 (m)

8 5.80(dd.17,10,3)  5.78(ddd, 17,10.3)  5.83(ddt,17,10.7)  5.73(ddr,17,10,2)  5.75(dd1,17,10.3)

9a 5.10(dd. 17, 1.5) 5.09(dd, 17, 1) 5.09(dd, 17.2) S.12(m) 5.05(dd, 10,2)

9b 5.13(dd. 10, 1.5) 5.12(dd, 10, 1) 5.13(dd, 10.2) S5.14(m) 5.07(dd. 17.2)
10a 2.13(dd. 14.7) 2.14(dd. 14.11) 2.04(dd. 12.6) 2.09(dd, 14, 7) 1.82(dd, 14, 10)
10b 2.58(dd. 14,9) 2.381(dd, 14.5) 2.57(dd. 12.11) 2.47(dd. 10. 10) 2.39(dd, 14, 5)

1 3.80(dd.9.7) 4.26(dd. 11,5) 3.62(dd, 11.6) 3.74 (dd. 10.7) 4.58(dd, 10,5)
13 1.14(s) 1.12(s) L.11(s) 1.11(s) 1.18(s)

14 1.27(s) 1.31(s) 1.20(s) 1.27 (5) 1.25(s)
0O-CH,-O 53 (s) 4.94(3) — 5.10(s) —

5.28(s) 5.21(s)

OMe (15) — -— 3.44(s) — 3.32(s)
OMe(16) - 3.39(s) — 3.26(s)

* Good agreement with data of ref. [18].



