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Abstract-The new lariciresinol-based lignan bis-glucosides, 7S, SR, 8’R-( -)-lariciresinol-4,4’-bis-0-/I-D-glu- 
copyranoside and 7S, 8R, 8’R-( -)-5-methoxylariciresinol-4,4’-bis-O-B-~-glucopyranoside, together with ( -)- 
syringaresinol-4,4’-bis-0-/I-D-glucopyranoside were isolated from the n-butanol extract of Galium sinaicum 
roots and their structures were established by various spectroscopic techniques. The isolated compounds 
represent the first report of lignan glycosides from the Rubiaceae. The two lariciresinol-type glucosides exhibited 
weak cytotoxic activity against the P388 cell line. 01997 Elsevier Science Ltd. All rights reserved 

INTRODUCTION 

In previous studies [l-3], a total of 30 anthraquinones 
were isolated from the n-hexane, Et,O, CHICll and n- 
BuOH extracts of Galium sinaicum roots, of which 20 
new ones were reported. In the present study, the early 
fractions of the n-BuOH extract were investigated for 
their non-anthraquinone content and the structural 
elucidation of the new isolated compounds is 
discussed. 

RESULTS AND DISCUSSION 

From the early fractions of the n-BuOH extract, 
two new lariciresinol-based lignan bis-glucosides were 
isolated and identified as 7S, SR, 8’R-(-)-lar- 
iciresinol-4,4’-bis-O-/I-D-glucopyranoside (1) and 7S, 
8R, 8’R-( - )-5-methoxylariciresinol-4,4’-bis-O-P-D- 
glucopyranoside (2). (-)-Syringaresinol-4,4’-bis-0-fl- 
D-glucopyranoside (3) [4] was also characterized. The 
three compounds were generally characterized by 
strong and broad IR bands at cu. 3400 and 12261240 
cm-’ for free OH and C-O stretches, together with 
the aromatic skeletal bands (C==C) at 1595 and 1515 
cm-‘. The corresponding sugar and aglycone residues 
were readily liberated by enzymatic hydrolysis with 
P-glucosidase enzyme suggesting that all were O-/I- 
glucosides. 

The FAB-mass spectrum of 1 displayed a 
[M + Na]+ at m/z 707 and the fragment ions at m/z 
545 [M-glc+Na]+ and 361 [M-2glc+H]+ cor- 
responding with the successive loss of one and two 
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R-H (1) 
R=-a (2) 

glucosyl moieties. The ‘H NMR data of 1 and its 
aglycone 1A (Table 1) disclosed a substituted diary1 
epoxylignan skeleton [5-81 characterized by the pres- 
ence of only one downfield-shifted benzylic methine 
proton (H-7), one benzylic methylene proton (HZ-7’) 
and a primary carbinol methylene (H,-9). The diary1 
substituents showed the 1,3,4-trisubstitution pattern 
by two sets of resonances, each of three coupled aro- 
matic protons. Such an NMR pattern, together with 
two OMe resonances and two anomeric protons (H- 
1”, H-l”‘) with diaxial coupling, suggested that the 
diary1 substituents are two identical guaiacyl-4-O+ 
D-glucopyranosides. It could, therefore, be concluded 
that the aglycone moiety of (1) is lariciresinol [5, 7,9- 
111. The 2D NOESY established the cis-configuration 
of H-8 and H-8’ and the trans-orientation of H-7 and 
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Table 1. ‘H NMR (400 MHz, DMSO-&,) spectral data of compounds l-3 and the aglycones 1A and 3A 

Proton 

H-2 

H-5 

H-6 

H-7 

H-8 

H.-g 

H,-9 

H-2 

H-5’ 

H-6’ 

H,-7’ 

H,-7’ 

H-8’ 
H,-9’ 

H,-9’ 

H-l” 

H-1”’ 

OMe-3 
OMe-5 
OMe-3’ 
OMe-5’ 

- 1 1At 
6n (ppm, J in Hz)* 

2 3 3At 

6.88 
d(l.6) 
7.02 
d (8.3) 
6.78 
dd(8.3, 1.6) 
4.72 
d (6.0) 
2.20 
dddd (6.0) 
3.44 M 
- 
3.67 M 
- 
6.82 
d(l.6) 
6.98 
d (8.3) 
6.68 
dd (8.3, 1.6) 
2.47 
dd(13.5, 11.0) 
2.86 
dd (13.5,4.4) 
2.61 m 
3.58 
t (7.3) 
3.90 
t (7.3) 
4.83 
d (7.5) 
4.86 
d (7.5) 
3.75 s 
- 
3.75 s 
- 

6.70 
d(1.8) 
6.87 
d (8.3) 
6.83 
dd (8.3, 1.8) 
4.79 
d (6.8) 
2.42 
dddd (7.0) 
3.75 
dd(ll.0, 6.2) 
3.92 
dd(l1, 7.0) 
6.68 
d (1.8) 
6.85 
d (8.3) 
6.81 
dd (8.3, 1.8) 
2.56 
dd (13.5, 10.7) 
2.92 
dd (13.5, 5.2) 
2.73 m 
3.79 
dd (8.6, 6.1) 
4.06 
dd (8.6, 6.6) 

3.89 s 
- 
3.89 s 
- 

6.59 s 6.65 s 
- 

- 

- 

6.59 s 6.65 s 
- 

4.72 
d (5.7) 
2.23 
dddd (5.9) 
3.51 m 

- 
4.66 
d (3.8) 
3.09 m 

3.66 m 
- 
6.82 
d(1.8) 
6.97 
d (8.4) 
6.69 
dd (8.4, 1.8) 
2.47 
dd (13.5, 11.0) 
2.83 
dd (13.5,4.5) 
2.60 m 
3.58 
t (7.3) 
3.90 
t (7.3) 
4.84 
d (7.6) 
4.86 
d (7.6) 
3.74 s 
3.74 s 
3.74 s 

- 
3.82 
dd (9.1, 3.3) 
4.20 
dd (9.1, 6.6) 
6.65 s 

- 
6.65 s 

- 

- 

- 
4.66 
d (3.8) 
3.09 M 
3.82 
dd (9.1, 3.3) 
4.20 
dd (9.1, 6.6) 
4.87 
d (7.2) 
4.87 
d (7.2) 
3.75 s 
3.75 s 
3.75 s 
3.75 5 

6.58 s 
- 
- 

6.58 s 
- 
4.73 
d (4.4) 
3.09 M 
- 
3.893 

4.28 
dd (9.1, 6.9) 
6.58 s 
- 
- 
- 
6.58 s 
- 
- 
- 
4.73 
d (4.4) 
3.09 m 
3.897 
- 
4.28 
dd (9.1, 6.9) 
- 
- 
- 
- 

3.90 s 
3.90 s 
3.90 s 
3.90 s 

- 
*Coupling constants (J) in Hz are given in parentheses. 
t Measured in CDCI,. 
$ J values could not be calculated due to overlapping with OMe resonance. 

H-8. The disposition of the two OMe groups at C-3 
and C-3’, as well as the glycosylation sites at C-4 and 
C-4’ were indicated by cross-peaks between the two 
OMe groups and their vicinal protons H-2 and H-2’, 
as well as between the two anomeric protons and the 
two aromatic ones H-5 and H-5’, respectively. The 13C 
NMR data (Table 2) and DEPT experiments revealed 
the basic C,,-lignan skeleton of the 7,9’-monoepoxy 
type [12] characterized by three signals ascribed for 
C-7, C-7’ and C-9. These signals, together with those 
of the guaiacyl groups and the two anomeric carbons 
C-l” and C-l”‘, are in accordance with a lariciresinol 
diglucoside structure. The HMQC and HMBC illus- 
trated the key connectivities between the two diary1 
substituents and the central tetrahydrofuran ring 
through two- and three-bond correlations from H-7 
to C- 1, C-2 and C-6 and from H,-7 to C- 1 ‘, C-2’, C-6’ 

and C-8’. Significant correlations were also observed 
from H-7 to C-9, from H-l” to C-4’ and from H-l’” 
to c-4. 

Since no NOESY correlations were observed 
between H-7 and H-8 and the NMR signals due to 
the aliphatic part of 1 closely resembled those of lar- 
iciresinol-4-O-/3-D-glucoside, lariciresinol-4-O-/I-D- 
glucoside [lo], lariciresinol-4,4’-bis-O-a-L-rhamnoside 
and 5,5’-dimethoxylariciresinol-4,4’-bis-O-a-r.-rham- 
noside [7], the aryl substituent at C-7 must therefore 
be axially oriented. Moreover, the fact that all five 
compounds are laevorotatory, having identical rela- 
tive configurations, indicated their common absolute 
configuration. Therefore, compound 1 is identified 
as 7S, 8R, 8’R-( -)-lariciresinol-4,4’-bis-O-B-u-gluco- 
pyranoside. 

The FAB-mass spectrum of 2 displayed a 
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Table 2. “C NMR (100 MHz, DMSO-d,) spectral data of 
compounds l-3 

6, kw)* 
Carbon 1 2 3 

C-l 
C-2 
c-3 
c-4 
C-5 
C-6 
c-7 
C-8 
c-9 
C-l’ 
C-2’ 
C-3’ 
C-4’ 
C-5’ 
C-6’ 
C-7’ 
C-8’ 
C-9’ 
OMe-3 
OMe-5 
OMe-3’ 
OMe-5’ 
C-l” 
C-2” 
C-3” 
C-4” 
C-5” 
c-6” 
C-1”’ 
C-2”’ 
C-3”’ 
C-4”’ 
C-5”’ 
C-6”’ 

131.6 s 
110.1 d 
148.8 s 
145.5 s 
115.1 d 
117.7 d 

81.6d 
52.4 d 
58.6 t 

134.6 s 
113.1 d 
148.8 s 
144.8 s 
115.3 d 
120.3 d 
32.1 t 
41.8 d 
71.9 t 
55.1 (7 

- 

55.1 y 
- 

100.3 d 
73.2 d 
76.8 d 
66.9 d 
77.0 d 
60.6 t 

100.2 d 
73.2 d 
76.8 d 
69.7 d 
77.0 d 
60.7 t 

133.5 s 
103.9 d 
152.5 s 
139.8 s 
152.5 s 
103.9 d 
81.8 d 
52.2 d 
58.7 t 

134.7 s 
113.1 d 
148.8 s 
144.8 s 
115.3 d 
120.4 d 
32.1 t 
41.8 d 
72.0 t 
56.4 q 
56.4 q 
55.7 q 

100.2 d 
73.2 d 
16.5 d 
69.7 d 
76.4 d 
60.7 t 

102.8 d 
74.2 d 
76.8 d 
69.9 d 
77.1 d 
60.9 t 

133.9 s 
104.3 d 
152.7 s 
137.2 s 
152.7 s 
104.3 d 

85.1 d 
53.7 d 
11.4 t 

133.9 s 
104.3 d 
152.7 s 
137.2 s 
152.7 s 
104.3 d 
85.1 d 
53.7 d 
71.4 t 
56.5 q 
56.5 q 
56.5 q 
56.5 q 

102.8 d 
74.2 d 
76.5 d 
70.0 d 
77.2 d 
61.0 t 

102.8 d 
74.2 d 
16.5 d 
70.0 d 
77.2 d 
61.0 f 

- 
* ‘% Multiplicities determined by DEPT pulse sequence. 

[M +Na]+ at m/z 737,30 mu more than that of 1. The 
‘H NMR data (Table 1) showed, like 1, an identical 
splitting pattern for a 7,9’-monoepoxy l&man-type, 
but the diary1 substituents showed the 1,3,4- and 
1,3,4,S_substitution patterns by two sets of resonances 
ascribed for three coupled protons (H-2’, H-5’, H-6’) 
and two proton singlet (H-2, H-6), respectively. Such 
a splitting pattern together with the three OMe res- 
onance and two anomeric protons (H-l”, H-l”‘) with 
diaxial coupling suggested that compound 2 is the 
methoxyl derivative of 1. The 13C NMR data (Table 
2) showed, for compounds 2 and 1, identical carbon 
resonances for both the guaiacyl derivative and the 
central epoxy structure, while those of the second aryl 
substituent of 2 displayed a strong downfield-shift for 
C-5 (+ 37.4) and upfield-shifts for the o- and p-car- 
bons (C-6, - 13.8; C-4, -5.7; C-2, -6.2). The 2D 
NOESY established the same relative configuration 
as in 1 and located the third OMe at C-S through a 
cross-peak with H-6. As the chemical shift of C-l is 

sensitive both to change in substituents on the aro- 
matic ring and to their stereochemistry [13-l 51, com- 
parison between the chemical shift of C-l (6 133.9) of 
the axially-oriented syringyl grouping of (-)-syr- 
ingaresinol-4,4’-bis-0-B-D-glucopyranoside (3) with 
that of 2 (6 133.5) (Table 2), alongside with the above 
NOESY observations, confirmed the location of the 
syringyl grouping in compound 2 at C-7 and it must 
therefore be axially-oriented. The HMQC and HMBC 
confirmed the proposed structure of 2 through two 
and three bond correlations from H-7 to C-2 and C- 
6, from OMe groups to C-3, C-S and C-3’ and from 
H-2 (6) to C-7, C-6 (2), C-l and C-3 (5). Based upon 
the above spectral findings, compound 2 is the 5- 
methoxyl derivative of 1 and because both compounds 
are laevorotatory and having identical relative con- 
figurations, compound 2 is identified as 7S,8R,8’R- 
(-)-5-methoxylariciresino1-4,4’-bis-O-P-o-glucopy- 
ranoside. 

The two lignan glucosides 1 and 2 were subjected 
to cytotoxicity bioassay against the P388 leukemia cell 
line [16, 171. The tested compounds exhibited weak, 
in vitro, cytotoxic activity with IC,, values of 100 and 
42.0 gg ml-‘, respectively. 

It is of interest to note that very few lignans have 
been reported from the Rubiaceae. (+)-Syringa- 
resinol, (+)-dilignans and sesquilignans were isolated 
from the leaves of Hedyotis luwsonine [18] and (+)- 
isolariciresinol was reported from the whole plant of 
Rubia akane [19]. The present isolation of (-)-lar- 
iciresinol-4-4’-bis-0-glucoside (l), (-)-5-methoxy- 
lariciresinol-4-4’-bis-0-glucoside (2) and (-)-syr- 
ingaresinol-4,4’-bis-0-glucoside (3) represents the first 
report of lignan glycosides from the Rubiaceae. 
Whereas the 4-, 4’- and 9-monoglucosides of lar- 
iciresinol [5, lo], as well as the 4,4’-dirhamnosides 
of lariciresinol and 5,5’-dimethoxylariciresinol [7] are 
known natural products, (-)-lariciresinol-4,4’-bis-O- 
glucoside (1) and (-)-5-methoxylariciresinol-4,4’-bis- 
0-glucoside (2) reported in the present study, are 
hitherto unreported lignan glycoside. However, (+ )- 
lariciresinol-4,4’bis-0-glucoside (clemastanin B) was 
recently reported, during the preparations of this 
paper, from the roots of Clematis stuns (Ranun- 
culaceae) [20]. (-)-Syringaresinol-4,4’-bis-O-glu- 
coside 3 was previously isolated from some Aralia- 
ceous plants [21] and, recently, from Alhizzia jul- 
ibrissin (Leguminosae) [4]. 

EXPERIMENTAL 

General. Mps: uncorr. [a]$,’ pyridine. ‘H and 13C 
NMR: DMSO-d6 or CDCl, with TMS as int. stan- 
dard, Bruker AM400. HMQC, HMBC, NOESY, 
Bruker AM500. FAB-MS: 8kV, glycerol. IR: KBr. 
UV: MeOH. CC: Diaion HP-20 and Kieselgel 60. 
TLC: silica gel 60 Fzs4 plates; detection UV at 254 nm 
and spraying with 10% H2S04 in MeOH. Cytotoxicity 
bioassay: Tosoh MPR A4i microplate reader. 
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