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Abstract—One new lignan glucoside, erythro-1-(4-O-f-D-glucopyranosyl-3,5-dimethyoxyphenyl)-2-syr-
ingaresinoxyl-propane-1, 3-diol, four new acetylenic glycosides, 8 £-decaene-4,6-diyn-1-0-$-p-glucopyranosyl-
(1"-2")-p-p-glucopyranoside, 8E-decaene-4,6-diyn-1-0O-f-D-apiofuranosyl-(1"-6")-p-D-glucopyranoside, 8E-
decaene-4,6-diyn-1-O-f-p-glucopyranoside and 2E-decaene-4,6-diyn-1-0-B-D-glucopyranoside, as well as the
known syringaresinol-4’-0-f-D-glucopyranoside were isolated from roots of Aster auriculatus. They were
identified on the basis of spectral data and chemical evidence. © 1998 Elsevier Science Ltd. All rights reserved

INTRODUCTION showed a [M+H]* at m/z 807, which suggested the
molecular formula of C;,H;,O,, compatible with the
results of elemental analysis. The IR spectrum of 1
showed the presence of hydroxyl at 3418 cm~', a phe-
nyl ring at 1595, 1500 and 1462 cm™ and a C—O0—C
bond at 1124-1000 cm~'. The NMR data clearly indi-
cated the presence of six aromatic methoxyl groups,
one unit of B-glucose, a bis-tetrahydrofuran ring [9],
a 1-phenyl-2-aryloxypropane-1, 3-diol moiety [10] and
three sets of 3, 5-dimethoxy-4-oxygenated phenyls (11,
12] (Table 1). This suggested that 1 was a sesquilignan
monoglucoside, with an overall structure shown in
Fig. 1, the chemical shifts of which were assigned from
the analysis of the 2D NMR spectral data, including
'H-'H COSY, *C-'H COSY and HMBC spectra.
The relatively small coupling constant between H-
The 70% ethanol extract from roots was chro- 7" and H-8" (5.3 Hz) and the chemical shift of C-7" (¢
matographed over a highly porous polymer column 74.04), indicated that the I-phenyl-2-aryloxypropane-
eluting successively with water, 30%, 60% and 95%  1,3-diol moiety was in the erythro-configuration [12~
ethanol. The 60% ethanol eluate was then subjected  16]). Comparison between the NMR data of 1 and

Although many acetylenic compounds have been iso-
lated from the Compositae [1-4], acetylenic glycosides
are very limited in occurrence [5, 6]. In continuation
of our chemical investigation on the glycosidic con-
stituents from the roots of Aster auriculatus [7], we
have isolated four new C,s-acetylenic glycosides (3—
6). In addition, one new sesquilignan glucoside (1) and
the known syringaresinol-4’-O-B-D-glucopyranoside
(2) were also obtained from the Asrer genus for the
first time. This paper describes their isolation and
structural elucidation.

RESULTS AND DISCUSSION

to repeated CC over silica gel to obtain compounds  syringaresinol-4'-0-D-monoglucopyranoside 2),
1-6. showed that in 1, H-7 and H-7" were both axial, i.e.
Compound 2 was identified as syringaresinol-4-"-  the f-configuration [8, 17-19].
O-p-p-glucopyranoside by comparison of its spectral From the well resolved resonance of H-7" (6 4.96, 4,
data with those reported in the literature [8]. J = 5.3 Hz), the *C NMR chemical shift assignments

Compound 1, obtained as a white amorphous from C-1” to C-4” were proved by analysis of the
powder, gave a positive response with FeCl; and Mol-  correlation in the HMBC spectrum between the res-
ish tests, indicating that it was a glycoside with a onance of H-7" and C-1" (6 139.49), H-7" and C-2"/6"
phenolic hydroxyl group. Its FAB mass spectrum (6 106.05), C-1" and H-2"/H-6" (9 6.78), H-2"/6" and
C-3"/5" (8 153.83), H-2"/6" and C-4" (6 135.51). With
the signal of 8 135.51 assigned to C-4”, the glucosyl
linkage could be assigned to this position from the
* Author to whom correspondence should be addressed. cross-peak between Glu H-1 (5 4.86, 4, J = 7.8 Hz)
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Table 1. NMR chemical shifts (4) of compounds 1 and 2 (125 MHz for "*C and 500 MHz for 'H)

Position 1 (CD,0D) 2 (CD,0D) DEPT
| 133.1 133.2 C
2,6 104.6 6.69 s 105.0 6.68 s CH
3,5 1494 149.4 C
4 136.3 136.4 C
7 87.2 4.79d(3.1) 87.2 4.79 d (4.0) CH
8 55.7 317m 55.7 345m CH
9 72.8 431 m,395m 729 431m,3.93m CH,
3,5-OMe 56.9 3885 56.9 3.88s CH,
1 139.0 139.6 C
2.6 104.4 6.72 s 104.8 6.74 5 CH
35 154.6 154.4 C
4 136.1 135.8 C
7 87.6 4.75d(4.0) 87.6 4.74 d (4.4) CH
8 55.5 317 m 55.5 3.15m CH
9 72.9 4.32m,395m 73.0 431 m,393m CH,
3,5-OMe 57.0 3.87s 57.2 3875 CH,
1” 139.5 C
2", 6 106.1 6.78 s CH
3", 5 153.8 C
4" 135.5 C
7" 74.0 4.96 d (5.3) CH
8" 87.0 4.30m CH
9” 61.6 3.64 dd (8.0, 3.6) CH,
3.94 d (8.0)
3”,5"-OMe 56.8 384 s CH,;
Glu
1 105.6 4.86d(7.8) 105.4 4.89d(7.9) CH
2 758 3.51 dd (7.8,9.0) 75.8 3.51dd (7.9, 8.8) CH
3 78.3 3.25m 78.3 323m CH
4 71.4 3.45m 71.4 3.44m CH
5 77.8 346 m 77.9 345 m CH
6 62.6 3.70 dd (12.1,4.9) 62.7 3.69dd (12.0,5.1) CH,

381dd(12.1,2.2)

3.80dd(12.0,2.4)

and C-4” (6 135.51). This conclusion was further con-
firmed by the fragment ions in the FAB mass spectrum
(Fig. 2). From the above results, 1 was identified as
erythro-1-(4-0-f-D-glucopyranosyl-3,5-dimethoxy-
phenyl)-2-syringaresinoxyl-propane-1, 3-diol.
Compound 3 was obtained as a white amorphous
powder. Its IR spectrum showed absorptions for
hydroxyl at 3406 cm~', C=C at 2368-2153 cm™', a
double bond at 1628 cm~' and a C—O—C bond at
1076-1000 cm~'. The 'H NMR spectrum showed one
methyl group at d 1.54 (dd, J = 6.9, 1.4 Hz), two trans-
double bond protons at § 6.22 (dg, J = 15.9, 6.9 Hz)
and 5.55 (d, J = 15.9 Hz) and 16 protons resonating
in the region of é 3.65-5.28, including two anomeric
protons at 6 5.27 (d, J =7.7Hz) and 483 (4, J = 7.7
Hz). The “C NMR and DEPT spectra revealed the
presence of one methyl group at ¢ 18.5, two olefinic
carbons at d 143.5 and 110.3, four C=C bonded quat-
ernary carbons at 6 84.5, 74.7, 74.0 and 66.2, five
methylenes at § 16.6, 29.2, 62.6, 62.8 and 68.2, and
ten methines in the region 4 107-71, including two

anomeric carbons at § 106.6 and 102.9. These spectral
data suggested that compound 3 was a C,,-acetylene
diglycoside. The FAB mass spectrum showed a
[M+H]* at m/z 473, suggesting the molecular for-
mula C,,H;,0,,, compatible with its NMR data.

Acid hydrolysis of 3 with 2N HCI-MeOH produced
sugar components, which were identified as glucose
by PC comparison with an authentic sample. The
two glucose units had f-configurations, based on the
coupling constants of their anomeric protons.

The '"H NMR spectrum of the aglycone moiety of
3 showed two separate spin systems. The first was a
CH,CH=—CH— unit related to five protons at  1.54
(3H), 5.55 (IH) and 6.22 (1H), respectively, the
second, a —CH,CH,CH,O— unit, which cor-
responded with the six protonsat é 1.88 (2H, 1, J = 6.5
Hz), 2.61 and 2.69 (each 1H, m), 3.85 and 3.93 (each
1H, m), the chemical shifts of the last two protons
showing that this methylene must be bounded to an
oxygen atom. The two units were linked through two
acetylenic bonds; therefore, the aglycone was deter-
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mined to be CH;—CH=—CH—C=C—C=C—CH, C-1 to C-6 of a terminal glucose, respectively. The
CH,CH,0—. signals observed at § 102.9, 84.4, 78.0, 71.7, 78.0 and

The C NMR spectrum of 3 displayed signals at &  62.8 were due to C-1 to C-6 of the inner glucose. The
106.6, 76.8, 78.6, 71.4, 78.3 and 62.6, attributable to  glycosylation shifts of +10.3 ppm for the C-2 of the
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Fig. 2. FAB mass spectral fragment ions of compound 1.

inner glucose in comparison with that of methyl-§-p-
glucopyranoside [20] showed that the terminal glucose
was connected to C-2 of the inner glucose.

Taken together, this evidence gave the structure
shown for 3 and this conclusion was confirmed by 2D
NMR experiments, including 'H-'"H COSY, "*C-'H
COSY and HMBC, which demonstrated the various
chemical shift assignments and their connectivities.
Thus, compound 3 was established as 8 E-decaene-4,6-
diyn-1-0-p-p-glucopyranosyl-(1"-2")-B-p-gluco-
pyranoside.

Compound 4 was obtained as its corresponding
peracetate 4a. The IR spectrum showed the presence
of a —C=C— bond at 2230 and 2130 cm ', a double
bond at 1630 cm™' and a C—O—C bond at 1038
cm™'. The '"H NMR spectrum of 4a showed two sep-
arate spin moieties for CH;CH=CH— [¢ 1.79 (3H,

dd, J =69, 1.8 Hz), 6.28 (1H, dq, J = 15.9, 6.9 Hz)
and 5.57 (1H, 4, J=159 Hz)] and —CH,CH,
CH,0—[62.39(2H, ¢t,J = 7.0Hz), 1.73-1.81 (2H, m),
3.63 and 3.88 (each 1H, m)], as well as two anomeric
protons at 4 4.69 (1H, d, J = 8.0 Hz) and 5.04 (1H,
5). The "*C NMR data of the aglycone part of 4a was
almost superposable on that of 3, which indicated that
it was also a 4,6-diyn-8 E-decaene diglycoside.

Acid hydrolysis of 4a afforded glucose and apiose
as sugar components, identified by PC comparison
with authentic samples. Comparison between the *C
NMR data of 4a and those of methyl-$-D-glu-
copyranosepentaacetate [20], showed that in the acetyl
glucose moiety of the former, the C-6 resonance (5
67.1) was shifted downfield by +5.5 ppm and the C-
5 (6 72.2) shifted upfield by —0.8 ppm, owing to the
glycosylation effect. This showed that the terminal
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Table 2. NMR chemical shifts (8) of the aglycone moieties of compounds 3, 4a, 5, 5a, 6 and 6a. (500 MHz for 'H and 125

MHz for “C)
3 4a 5 S5a 6 6a
Position  (C;D:N) (CD,COCD,) (CDCly) (CD,0OD) (CDCly) (CD,0D)
1 68.2 68.6 68.7 69.3 69.0 69.8
385m 3.63m 3.53m 3.69m 3.50-3.65 4.25 ddd (1.7, 5.6,
15.5)
393m 388 m 3.62m 395 m 392 m 4.42 ddd (1.9, 5.0,
15.5)
2 29.2 29.1 284 294 141.5 144.2
261l m 1.73-1.8 m 2.40-2.50 m 1.77-1.87 m 6.30 m (16.0) 6.32 m (16.0)
2.69m
3 16.6 16.2 16.2 16.5 111.2 110.8
1.88 1(6.5) 2.39+{7.0) 1.83 1 (6.3) 2.431(6.9) 5.85d(16.0) 5.59 d (16.0)
4 66.2 66.2 65.7 66.0 84.8 85.2
5 74.04 733 72.6 73.5 75.2 759
6 74.7 74.8 74.3 74.8 722 734
7 84.5 84.7 82.7 83.0 65.2 66.6
8 110.3 1104 109.8 111.4 21.0 22.0
5.55d(15.9) 5.57d(15.9) 5.49 d (15.8) 5.80d(15.9) 2.29£(7.3) 2.351(7.0)
9 143.5 144.2 143.2 142.7 21.7 229
6.22dg (159,6.9) 6.28dg(15.9,6.9) 6.28dg(158.69) 629m(159,7.0) 124 m(7.3) 1.60 m (7.0)
10 18.5 18.7 18.8 18.8 14.2 13.7
1.54 dd (1.4, 6.9) 1.78 dd (1.8, 6.9) 1.80 dd (1.6, 6.9) 1.85dd (1.8, 7.0) 0.991(7.3) 1.04 ¢ (7.0)

apiose unit was connected to the C-6 of the inner
glucose unit.

The FAB mass spectrum of 4a showed an [M + H] "
at m/z 695, which was consistent with the molecular
formula C;;H,,044. The observation of fragment ion
peaks at m/z 259 [Api(OAc);]*, 289 [Glu(OAc),] " and
547 [Api(OAc);Glu(OAc),]*™ provided additional evi-
dence for the sequence of the sugar moiety. Therefore,
compound 4 was proved to be 8§ E-decaene-4,6-diyn-
1-0-B-p-apiofuranosyl-(1"-6)--p-glucopyranoside.

Compounds 5 and 6 were obtained as a mixture (ca
2:1) after analysis of 'H and C NMR data. They
gave only one red spot on HPTLC eluting with general
solvent systems; acetylation failed to resolve them.
The quasi-molecular ion peaks at m/z 311 [M+H]*
and 333 [M+Na]" in the FAB mass spectrum sug-
gested the molecular formula C,H,,0¢, which was
supported by the 'H NMR, *C NMR and DEPT data
(Tables 2 and 3). Most NMR signals from the mixture
were double, but due to the different amounts of 5
and 6, it was possible to identify the individual signals
for the two compounds. It was evident that both 5
and 6 contained four sp-bonded carbon signals and
that both were B-monoglucopyranosides. The differ-
ence between 5 and 6 was only due to their aglycone
moieties. The 'H NMR spectra showed the presence
of two separate units of CH;CH=—CH— and
—CH,CH,CH,0— in 5, but CH;CH,CH,— and
—CH=CHCH,0— in 6 [21, 22] (Table 2), which
indicated that the trans-double bond in § was at C-
8/9 and in 6, at C-2/3. The glucosyl linkages at C-1 in
5 and 6 were determined from the signals of 6 68.7 (C-
1 of 5) and 69.0 (C-1 of 6). The FAB mass spectrum of

peracetylated 5a and 6a also showed quasi-molecular
ions at 479 [M+H]", 501 [M+Na]* and 331
[Glu(OAc),]". Thus, compound 5 and 6 were eluci-
dated as 8E-decaene-4, 6-diyn-1-O-p-D-gluco-
pyranoside and 2E-decaene-4, 6-diyn-1-O-f-D-gluco-
pyranoside, respectively.

EXPERIMENTAL

General

Mps are uncorr. NMR spectra were recorded at 500
MHz for 'H and 125 MHz for *C. TLC was on silica
gel GF,s4 and HPTLC on silica gel H (5-7 um). Sep-
aration and purification were performed by CC on
silica gel (300-400 mesh and 180-200 mesh).

Plant material. Roots of A. auriculatus were col-
lected in Sichuan Province, P. R. China. A voucher
specimen (880801) was identified by Prof. W. Z. Song
and is deposited in the Herbarium of the authors’
Institute.

Extraction and purification. Air-dried roots (2.5 kg)
were extracted with 70% EtOH (5 x 5 1) under reflux.
The combined extracts were evapd under red. pres. to
obtain a crude syrup (500 g), which was chro-
matographed over a highly porous polymer column
(RA, Seventh Chemical and Industrial Factory, Beij-
ing) (9.5 x 50 cm, 2 x 750 g) eluting successively with
H,0, 30%, 60% and 95% EtOH. The 60% EtOH
eluate (250 g) was subjected to CC over silica gel
(8.0 x 64 cm, 180-200 mesh, 2 kg) eluting with CHCl;-
MeOH (9:1 - 1:1) gradient to afford eight crude frs
after monitoring by HPTLC. Fr. 1 (14-20), elution
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Table 3. NMR chemical shifts (3) of sugar moieties of compounds 3, 4a, 5, 5a, 6 and 6a. (500 MHz for 'H and 125

MHz for ®C)
3 4a 5 Sa 6 6a
Position  (C;DsN) (CD;COCD;) (CDCly) (CD,0D) (CDCLy) (CD,0D)
Glu
| 1029 101.3 102.8 101.3 102.1 101.9
483d(7.7) 4.69 d (8.0) 4.31d(7.0) 4.74 d (3.0) 4.34d(7.0) 4.70 4 (8.0)
2 844 73.6 733 72.8 72.9 72.8
4.11dd (7.7, 9.0) 4.86 dd (8.0, 9.6) 492dd(8.0,9.7) 4.95 dd (8.0,9.7)
3 78.0 73.7 76.3 74.2 77.0 74.3
5.21 dd (9.6, 9.6) 530dd(9.7,9.7) 5.30 dd (9.7, 9.7)
4 71.7 69.8 69.2 69.9 69.8 69.9
4.92 dd (9.6, 9.6) 5.061(9.7) 5.06¢(9.7)
S 78.0 72.2 75.5 72.9 76.1 72.9
3.67m 376 m 393 m 395m
6 62.8 67.1 61.2 63.1 60.4 63.1
442dd(11.6,46) 4.66d(12.1) 4.17 dd (12.3 2.3) 4.17dd (12.3, 2.3)
453dd(11.6,2.4) 4.62d(12.1) 4.32dd (12.3,4.5) 4.32dd (12.3, 4.5)
Glu Api
1 106.6 106.9
527d(1.7) 5.04 s
2 76.8 76.8
4.18 dd (7.7, 8.5) 5.28s
3 78.6 83.5
4101 (8.5)
4 714 73.2
4.251¢(8.5) 2.83 d(15.5)
5 78.3 63.8
4.05m 424 d(10.3)
4.06 d (10.3)
6 62.6
4.33dd (11.6, 5.3)
448 dd (11.6.2.1)
CH; (Ac) 2.00 (12H) 2.10(SH) 2.01 (9H)
1.98 (6H) 1.96 (3H) 1.98 (3H)
1.95 (6H)
COCH, 20.1-20.6 20.2-20.8 20.2-20.8
167.8-170.8 168.2-170.5 168.2-170.5

with CHCL;-MeOH, 9:1, 500 ml frs) was separated
by silica gel CC eluting with EtOAc-95% EtOH (12:1)
to obtain pure 1 (35 mg) and 2 (90 mg). Fr. 2 (21-25,
eluting with CHCl;-MeOH, 9:1, 500 ml frs) was also
chromatographed over silica gel eluting with CHCl ;-
MeOH (8:1) and then subjected to CC over silica gel
eluting with EtOAc—95% EtOH (9:1) to obtain a
mixt. of 5 and 6 (80 mg). This (60 mg) was acetylated
with Ac,O (2 ml) and dry pyridine (2 ml) at room
temp. overnight. The soln was evapd in vacuo and the
residue purified by CC over silica gel eluting with
petrol Me,CO (4:1) followed by recrystallization from
MeOH at 0-5°, to obtain a mixt. of Sa and 6a. Mixts
of 5§ and 6, and 5a and 6a, both showed one clear red
spot with 5% H,SO,-EtOH on HPTLC (silica gel 5-7
um) eluting with EtOAc—95% EtOH (6:1) and petrol-
Me,CO (4:1), respectively; R;s 0.52 for § and 6; 0.29
for 5a and 6a. Furthermore, 5 and 6, and 5a and 6a
could not be separated by HPLC or HPTLC eluting

with any other solvent systems. Fr. 4 (47-61, elution
with CHCL,-MeOH, 4:1, 500 ml frs) was separated
by repeated chromatography over a silica gel eluting
with CHcl;-MeOH-H,O (5:1:0.1) to obtain crude
compound 4, which was acetylated with Ac,O-pyri-
dine (1:1) at room temp. overnight. After concn under
red. pres., the residue was subjected to CC over silica
gel eluting with petrol Me,CO (5:1) to obtain pure 4a
R,;0.33 on HPTLC in petrol-Me,CO, 5:1. Fr. 5 (62—
64, elution with CHCl,-MeOH, 7:3, 500 ml frs) was
subjected to CC over silica gel eluting with EtOAc-n-
BuOH-H,0 (4:1:0.2) to obtain crude compound 3,
which was purified by CC over silica gel eluting with
CHCl1,-MeOH-H,0(7:1:0.1) to give pure 3 (150 mg).

Compound 1. Amorphous powder, mp 121-123°.
[2] +15.85° (MeOH, ¢ 0.057). C3oH,0,s, elemental
analysis: found: C 54.30%, H 6.49%; Caled: C
54.40%, H 6.56% for C3yH;;O15. 3H,O. FAB-MS m/z:
807 [M+H]*, 644, 627, 597, 444, 417, 405, 401, 387,
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372,282,229,209, 193, 181, 167. IR vKEf (cm™'): 3418,
2932, 1595, 1500, 1462, 1225, 1124-1063-1000. ‘H and
C NMR: Table 1.

Compound 2. Amorphous powder. C3H;O,;. FAB-
MS mjz: 581 [M+H]*, 418 [M—162]". 'H and '°C
NMR: Table 1.

Compound 3. Amorphous powder, mp 160-163°.
[2]% 0° (MeOH, ¢ 0.052). C,,H;,0,,. FAB-MS m/z:
473 [M+H}*, 325 [Glu-Glu]*, 309 [M-Glu]*, 255,
235, 207, 186, 163 [Glu]™*, 145, 131, 115, 85, 69. EI-
MS my/z: 309 [M —Glu]*, 292, 256, 235, 218, 191, 163,
148, 145, 127, 115,91, 85, 73, 57. IR vKE (cm~"): 3406,
2922, 2368, 2230, 2153, 1628, 1375, 1076-1032. 'H
and P*C NMR: Tables 2 and 3.

Compound 4a. Solid. C;;H,,0,6. FAB-MS myjz: 695
[M+H]}", 547 [Api(OAc);Glu(OAc):]*, 505, 407, 289
[Glu(DOAc).]*, 259 [Api(OAc),]*, 217, 169, 139. IR
vEBr (cm™'): 2957, 2230, 2130, 1751, 1630, 1433, 1371,
1221, 1038. 'H and '*C NMR: Tables 2 and 3.

Compounds § and 6. Liquid. C,;H,,0,. FAB-MS
mjz: 311 [M+H]", 333 [M+Na]*, 147 [M—-Glu]™.
"H and *C NMR: Tables 2 and 3.

Compounds 5a and 6a. Amorphous powder, mp
105-107°. [«]) —17.1° (MeOH, ¢ 0.050). C,,H3,0,.
FAB-MS mjz: 501 [M+Na]*, 479 [M+H]", 331
[Glu(OAc),]*, 285, 169 [M+Na—Glu(OAc),-H]*,
109. IR vKBr (cm™"): 2230, 2150, 1747, 1632, 1367,
1230, 1040. 'H and *C NMR: Tables 2 and 3.
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