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Abstract—Two new diterpenoid glucosides, auriculatosides A and B, one new sesquiterpenoid glucoside,
auriculatoside C, as well as two known compounds, 3-hydroxy-4(15), 10(14),11{13)-guaiatrien-12,6-olide-8a-
O-B-D-glucopyranoside and gentiopicroside were isolated from roots of Aster auriculatus. On the basis of
spectral evidence, auriculatosides A, B and C were identified as pimar-15(16)-p-ene-8,11p,20-triol-78-O-§-p-

glucopyranoside,

pimar-15(16)-B-ene-88,11a-diol-20-(3-hydroxy-3-methyl)-butanoyl-7f-0- f-D-glucopyr-

anoside and 3f-hydroxy-4(15), 10(14), 11(13)-guaiatrien-12,6-olide-8a-0O-f-D-(6’-O-formyl)-glucopyranoside,
respectively. © 1997 Elsevier Science Ltd. All rights reserved

INTRODUCTION

Aster auriculatus Franch [1]1s used as a Chinese herbal
remedy which has anti-inflammatory, insecticidal and
antitumour activities [2]. In the course of our studies
on its chemical constituents, we have isolated and
characterized two new diterpenoid glucosides, aur-
iculatosides A (1) and B (2), one new sesquiterpenoid
glucoside, auriculatoside C (4), as well as the known
3B-hydroxy-4(15), 10(14), 11(13)-guaiatrien-12,6-
olide-8a-0-B-D-glucopyranoside (3) and gentio-
picroside (5) from the roots of 4. auriculatus.

RESULTS AND DISCUSSION

Gentiopicroside (5) was identified by comparison
of its spectral data (FAB-MS, 'H and “C NMR) with
those reported in the literature [3].

Auriculatoside A (1) gave a positive Molish test. Its
IR spectrum showed the presence of hydroxyl groups
(3407 cm™"), a double bond (1632 cm™'), a —CMe,
group (1385 cm ') and a C—O—C bond (1075 and
1043 cm™"). The molecular formula, C,H,O,, was
obtained from its FABR-MS, 'H NMR, *C NMR and
DEPT data (Table 1). Acid hydrolysis of 1 afforded D-
glucose. The '"H NMR spectrum of 1 clearly indicated
singlets for three methyl groups at 4 0.97, 1.01 and 1.04
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(each 3H, s), an ABX pattern for olefinic protons at &
6.47 (1H, dd, J = 11.0, 17.7 Hz), 5.14 and 4.90 (each
1H, dd, J =12, 17.7 Hz, J= 1.2, 11.0 Hz, respec-
tively), and an anomeric proton of f-glucose at é 4.42
(1H, d, J = 7.8 Hz). The “C-'H COSY showed the
corresponding carbon signals at 6 22.5, 32.6, 34.6
(3 x Me), 149.8 (CH), 109.6 (CH,) and 106.0 (CH).
From these characteristic spectral data, compound 1
was deduced to be a pimarene-type diterpenoid glu-
coside [4]. Except for the glucose signals, the *C NMR
spectrum of 1 also showed three carbon signals at &
77.9 (CH), 64.3 (CH,) and 77.0 (C), each of which was
attached to a hydroxy group and one carbon signal at
& 80.6 (CH) linked to the glucose moiety. The NMR
data and molecular formula suggested the overall struc-
ture 1. The assignments for each signal based on 2D
'"H-'H COSY, “C-'H COSY and HMBC spectra are
shown in Table 1. The cross peaks C,H-1"/H,C-7; C-
10/H-5,9,20; C-8/H-7,9; C,H-9/H,C-11 showed that the
glucosyl linkage was at C-7 and two hydroxyl groups
at C-8 and C-11. Assuming the usual trans stereo-
chemistry of the three rings in pimarene-type diter-
penes, C-20 and OH-8 were both § and H-5 and H-9
both « [4-8]. The coupling constants of H,/Hg, (11.8
Hz), H,/H, (2.3 Hz) showed H-7 was o, while
Jiize = 28 Hz, Jyy 12 = 43 Hz, J;1 5, = 7.4 Hz showed
H-11 was also a. The relatively low field signal of CH;-
17 (6 32.1) showed this group was equatorial, i.e. a {9,
10]. Taken together, this led to the stereochemistry shown
in formula 1. Thus, auriculatoside A (1) was pimar-15
(16)-p-ene-88,118,20-triol-7-0-p-D-glucopyranoside.

1483



1484

o 7

Auriculatoside B (2), C;,H;,0,,, gave rise to NMR
data very similar to those of 1, except for the presence
of five additional signals at 6 173.7 (C), 70.2 (C), 49.1
(CH,), 30.1 (CH;) and 29.2 (CH,) and & 2.46, 2.40
(each 1H, d, J = 14.0 Hz), 1.195 and 1.204 (each 3H,
5) consistent with a 3-hydroxy-3-methyl-butanoyl
moiety. The HMBC spectrum of 2 (Table 3) showed
that this was attached at C-20. Shifts caused by the
ester group substitution were shown by the signals of
H-20 (+0.7 ppm) and C-20 (+ 1.5 ppm) compared
with the corresponding signals in 1. The signals of H-
7 [6 3.51 (1H, dd, J;,6. = 10.9 Hz, J;, .. = 4.0 Hz)]
and H-11 [0 442 (1H, dddd, J,,...= 34 Hz,
Ji1an2a = J11a9a = 10.7 Hz)] showed that in compound
2, H-7 was o« and H-11 § while in compound 1, H-11
was «. This was also shown by the difference in the
chemical shift of C-11 [6 77.9 (1); 68.7 (2)]. Thus,
auriculatoside B (2) was pimar-15(16)-B-ene-88,11a-
diol-20-(3-hydroxy-3-methyl)-butanoyl-78-0--D-
glucopyranoside.

Compound 3 was determined as 3f8-hydroxy-4(15),
10(14), 11(13)-guaiatrien-12,6-olide-8«-O-B-D-gluco-
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3 R=Glu
4 R =6"-O-formyl-Glu

pyranoside [11] according to its FAB-mass spectrum,
'H and '*C NMR spectra. Comparing the 'H and "*C
NMR spectra as well as FAB-mass spectrum of 4 with
those of 3 showed that there was a formyl group in 4
[0n 8.04 (1H, s5); 6 162.9 (CH)] and this group was
esterified to C-6 of the glucose moiety [C-6" (+1.5),
H-6" (+0.6) and C-5 (—2.7)] [12]. Thus, auricu-
latoside C (4) was 38-hydroxy-4(15),10(14),11(13)-
guaia-trien-12,6-olide-8a-0-§-p-(6’-O-formyl)-gluco-
pyranoside.

EXPERIMENTAL

General. '"H and »C NMR: 500 and 125 MHz,
respectively, in FT mode.

Plant material. The roots of Aster auriculatus
Franch were collected in Sichuan province, P. R.
China. It was identified by Professor Song Wan-zhi,
Institute of Materia Medica, Chinese Academy of
Medical Sciences, and a voucher specimen (880801) is
deposited in the herbarium of the authors’ Institute.

Extraction and purification. Air dried roots of plants
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Table 1. The NMR data of compounds 1 and 2 (500 MHz, dppm, CD,0D, TMS)

C 1 2 DEPT H 1 2
1 39.1 37.5 CH, 1 2.84 br d (14.3) 2.80 br d (14.0)
2 20.5 19.5 CH, 0.94 m 0.83 m
3 428 42.5 CH, 2 1.70-1.40 m 1.44 m (12.8,3.7)
4 34.5 34.5 C 1.35m
5 53.7 53.1 CH 3 1.70-1.40 m 1.16 m (17.0, 3.8)
6 28.0 26 CH, 1.38 m
7 80.6 82.6 CH 5 1.07 dd (12.1, 4.3) 0.97 brd (12.1)
8 77.0 77.7 C 6 193ddd (12.1, 11.8,4.3)  1.81dd(11.0,12.1.4.2)
9 62.0 61.8 CH 1.37m 1.39 m
10 43 435 C 7 3.90 dd (11.8,2.3) 3.51 dd (10.9, 4.0)
1 779 68.7 CH 9 1.08 d(7.5) 0.95d (10.5)
12 46.8 49.2 CH, 1 4.45 ddd (2.8, 4.3, 7.5) 4.42 dddd (3.4, 10.7, 10.7)
13 37.5 37.4 C 12 2.77dd (2.8, 12.1) 2.01 dd (3.4, 12.7)
14 49.5 50.4 CH, 1.27 dd (4.3, 12.1) 1.23 dd (10.7, 12.7)
14 2.23,1.22d(14.1) 2.16, 1.10 d (14.5)
15 149.8 149.5 CH 15 6.14 dd (11.0, 17.7) 6.10 dd (7.5, 11.0)
16 109.8 109.4 CH, 16 5.14dd (1.2, 17.7) 4.88 dd (17.5.1.0)
17 32.6 32.1 CH, 4.90 dd (1.2, 11.0) 4.75dd (11.0, 1.0)
18 34.6 347 CH, 17-19  0.97,1.01, 1.04 0.88, 0.87, 0.86
19 2.5 229 CH, (each 3H, 5) (each 3H, 5)
20 64.3 65.8 CH, 20 4.16,3.954(12.1) 4.86,4.67d(11.0)
Glu. I’ 106.0 100.0 CH I 4.42d(7.8) 4.34d(71.7)
b% 75.5 75.1 CH b 3.12dd (7.7,9.2)
3 78.9 78.1 CH 3 3.16m
4 71.5 71.8 CH y 3181 (8.5)
5 78.7 77.8 CH 5 331¢(8.5)
% 62.7 62.9 CH, % 3.93 brd(11.9) 3.77dd (11.8. 1.7)
3.75dd (11.9, 5.1) 3.58 dd (11.8, 5.6)
% 173.7 C
> 49.1 CH, > 2.46, 2.40 d (14.0)
kG 70.2 C
4,5 30.1,29.2  CH, 45 1.195,1.204 5

(2.5 kg) were extracted with Me,CO (3 x 51) at room
temp. The combined extracts were evapd to give a
crude syrup, which was chromatographed over a silica
gel column eluting with petrol-Me,CO (15:1) fol-
lowed by increasing concns of Me,CO; six frs were
collected. Fr. 5 (petrol-Me,CO 2:1) on repeated chro-
matographic purification over silica gel eluting with
CHCIL;-MeOH (6:1) gave compounds 1 (30 mg) and
2 (50 mg). Fr. 6 (petrol-Me,CO; 1:1) was chro-
matographed repeatedly over silica gel eluting with
CHCl;-MeOH-H,O (4:1:0.1) to give compounds 4
(30 mg), 5 (15 mg) and 3 (80 mg).

Auriculatoside A (1). Amorphous powder, mp 129
1317 [2]3: ~17.6° (MeOH, ¢ 0.051); IR vKE (cm™'):
3407, 2926, 1632, 1605, 1454, 1385, 1075, 1043; 'H
NMR: Table [; C NMR: Table 1; FAB-MS (S-Gly)
m/z 501 [M+H]*, 338 [M—Glu]".

Auriculatoside B (2). Amorphous powder, mp 123-
125% [o]d’: —15.1° (MeOH, ¢ 0.112); IR vKB (cm ™).

3438, 2925, 1710 (ester group), 1634, 1458, 1371, 1209,
1074, 1042; 'H NMR: Table 1; *C NMR: Table 1,
FAB-MS (S-Gly) m/z 601 [M+H]* 438 [M —Glu]*,
338 [M —Glu—100]*.

Auriculatoside C (4). Amorphous powder, mp 132-
134°; [a)3): —2.6° (MeOH, ¢ 0.038); IR vRE (cm™"):
3424, 2925, 1750, 1722, 1672, 1635, 1605, 1077, 940-
910; 'H NMR: Table 2; ’C NMR: Table 2; FAB-MS
(S-Gly) m/z 453 [M + H] ", 262 [M-6"-O-formyl-Glu] *.

Gentiopicroside (5). Amorphous powder, '"H NMR
(CD;0D, TMS) 4: 4.67 (1H, d, J = 8.0 Hz, H-1"),
5.03, 5.10 (2H, m, H-7), 5.25 (1H, ddd, 10.5, 1.5, 1.5
Hz, H-10a), 5.28 (1H, ddd, J = 17.5, 10.5, 5.0 Hz, H-
10b), 5.66 (1H, m, H-6), 5.70 (1H, 4, J = 3.0 Hz, H-
1), 5.80 (1H, dddd, J = 17.5, 10.5, 7.0 Hz, H-8), 7.49
(IH, d, J = 1.5 Hz, H-3); *C NMR (CD,0D, TMS)
5 98.5 (C-1), 150.6 (C-3), 104.9 (C-4), 126.9 (C-5),
117.2 (C-6), 70.9 (C-7), 134.9 (C-8), 46.5 (C-9), 118.5
(C-10), 166.3 (C-11), 100.1 (C-1°), 74.5 (C-2°), 78.3 (C-
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Table 2. Cross peaks in 2D “C-"H COSY, 'H-'H COSY and HMBC of compound 2

C-'H COSY 'H-'H COSY HMBC

C-1 H-1 H-1 H-2 C-4 H-5

C-2 H-2 H-2 H-1,3 C-5 H-6

C-3 H-3 H-3 H-2 C-6 H-5

C-5 H-5 H-5 H-6 C-7 H-1',6,5
C-6 H-6 H-6 H-5,7 C-8 H-14,7,6,9
C-7 H-7 H-7 H-6 C-9 H-20, 14, 11
C-9 H-9 H-9 H-11 C-10 H-20,5,9,6
C-11 H-11 H-11 H-9, 12 C-11 H-9

C-12 H-12 H-12 H-11 C-12 H-14

C-14 H-14 H-15 H-16 C-13 H-15, 16, 14
C-15 H-15 H-16 H-15 C-15 H-1e, 14
C-16 H-16 C-20 H-5,9

C-17 H-17 C-1I H-7,2
C-18 H-18 C-1” H-20, 2"
C-19 H-19 C-3” H-2",4", 5"
C-20 H-20 C-4", 5" H-2"

C-r H-1" H-1 H-2

C-2 H-2 H-2 H-3, 1

C-3 H-3 H-3’ H-2', 4

C-4 H-4 H-4 H-5,3%

C-5 H-5 H-§ H-4, ¢

C-6 H-¢/ H-¢’ H-5

Cc-2” H-2"

C-4" H-4"

C-5" H-5"

Table 3. The NMR data of compounds 3 and 4 (500 MHz, éppm, CD,0D, TMS)

C 3 4 DEPT H 3 4 J (Hz)
1 46.3 46.3 CH 1 288¢ 287¢q 8.5,8.6,8.6
2 429 43.2 CH, 28 1.86 dddd 1.86 dddd 13.8,7.9,5.9
3 67.0 67.0 CH 20 2.24 ddd 2.21 ddd 14.1,8.1, 59
4 150.9 150.9 C 3 4.53 dd 4.45 dd 1.9, 6.0
5 52.1 52.0 CH 5 2.65 dd 2.66 dd 10.1, 8.7
6 79.7 79.8 CH 6 4.49 dd 4.47 dd 10.5, 8.7
7 50.6 50.5 CH 7 2.96 dd 297 dd 8.6,3.2
8 81.4 81.9 CH 8 423 dt 423 dt 3.2,59,59
9 38.8 38.9 CH, 98 2.29 dd 2.29dd 13.6, 5.9

10 145.3 1453 C Sa 247 dd 2.47dd 13.3,6.0

11 137.6 137.7 C 13a 6.18 d 6.18d 35

12 172.2 172.2 C 13b 5.56d 5.56d 3.5

13 122.5 122.4 CH, 14a 498d 4974 1.6

14 117.0 117.0 CH, 14b 483d 483d 1.6

15 113.3 1133 CH, 15a 5.34d 5.334d 1.3

Glu. 15b 5.26d 5.284d 1.3

I 104.9 103.7 CH I 436d 436d 7.4

2 75.2 75.2 CH — —

¥ 77.9 78.1 CH 2-5 3.1-3.6 3.1-3.6

4 71.6 71.6 CH

5 71.8 75.1 CH

6 62.7 64.2 CH, 6'a 3.56 dd 4.19 dd 11.9,6.3

6'b 3.77dd 4.43 dd 119,19
1" 162.9 CH 1” 8.04 5
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31, 71.5 (C-4'), 78.0 (C-5'), 62.8 (C-6'); FAB-MS (S- 6.
Gly) m/z 357 [M+H]*, 194 [M-Glu]*. Spectral data
were identical to those reported in the lit. [3]. 7.

Klyne, W., Journal of the Chemical Society, 1953,
3072.
Laidlaw, R. A. and Morgan, J. W. W., Journal of

REFERENCES

the Chemical Society, 1963, 644.

. Bohlmann, F. and Zdero, C., Phytochemistry,

1982, 21, 1697.

9. Beier, R., Organic Magnetic Resonance, 1978, 11,

. The Annals of Chinese Plants (Zhongguozhiwuzhi), 586.

Vol. 74. Science Press, Beijing, 1985, p. 143. 10. Zhao, T. Z., Carbon-13 NMR Spectroscopy.
- Quanguo Zhongcaoyao Huibian, Vol. 2. People’s Henan Science and Technology Press, Zheng-

Hygiene Press, Beijing, 1988, p. 815. zhou, 1993, p. 240.
. Mpondo, E. and Chulia, A. J., Planta Medica, 11. Das, S., Baruah, R. N., Sharma, R. P., Baruah,

1988, 54, 185. J. N., Kulanthaivel, P. and Herz, W., Phyto-
. Pinto, A. C., Figueiredo, M. R. and Epifanio, R. chemistry, 1983, 22, 1989.

D. A., Phytochemistry, 1992, 31, 1681. 12. Harborne, J. B. and Mabry, T. J., Recent

. Ruzicka, L., Helvetia Chimica Acta, 1953, 36,
1918.

Advances in Flavonoid Research, 1975-1980.

Chapman and Hall, London, 1982.



