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Two novel carbonic acid esters conjugated with oligophenyl
glucosides from Rhamnus nakaharai
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Abstract—Two novel carbonic acid esters conjugated with oligomeric phenyl glycosides have been isolated and characterized from
the wood of Rhamnus nakaharai. The structures are characterized as 5,7-dihydroxyphthalide 5-O-b-[6-O-{300-methoxy-400-O-b-[6000-O-
(40000-O-carboxy-30000,50000-dimethoxy)phenyl]glucopyranosyl}phenyl]glucopyranoside (1) and 6-O-{3 0-methoxy-4 0-O-b-[600-O-(3000-mer-
capto-5000-methoxy-4000-O-methylcarboxy)phenyl]glucopyranosyl}phenyl b-glucopyranose (2), namely, rhamnakoside A (1) and B
(2), all by NMR and other spectral methods, respectively. They could be a novel case of phase II detoxification products and bio-
genetic diversity in plant kingdom.
� 2007 Elsevier Ltd. All rights reserved.
Rhamnus nakaharai Hayata (Rhamnaceae) one of the
traditional folk medicines in Taiwan has been used for
treating constipation, inflammation, tumors, and asth-
ma.1 The studies on this plant have proved 3-O-methy-
quercetin as an anti-inflammatory agent2 and
bronchodilator,3 isotorachrysone as dual inhibitor of
platelet aggregation4 and antioxidant,5 etc. Recently,
the wood of the same plant which is rich in 6-methoxy-
sorigenin glycosides, has been isolated and also proved
as an excellent metal chelating antioxidant.6 Rhamna-
ceous plants have long been used as laxatives,7 however,
this Formosan Rhamnaceous medicinal plant showed
diverse bioactivities as described.1–6 For continual
search on this plant, two carbonic acid esters conjugated
with phenyl glycoside oligomers, namely rhamnakoside
A (1) and B (2) (Chart 1), have been further isolated
from the hydrophilic portion of methanolic extract of
wood. These two compounds could be a rather rare case
of carbonic acid conjugates of natural products and also
as a rare glycoside with oligomeric phenyl conjugates as
known. Furthermore, rhamnakoside B (2) containing an
aromatic thiol moiety suggested it could be a phase II
glutathione conjugation metabolite8a of quinone by the
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plant as there was no known biogenetic source about
aromatic thiol. These two compounds could be a novel
example of the phase II conjugation metabolites and
biogenetic diversity in plant chemistry. The structure
elucidation of these two carbonic acid conjugates and
their proper biosynthetic mechanism will be discussed
herein.

Rhamnakoside A (1) appeared as colorless needles with
an mp of 254 �C and major IR (KBr) absorption bands
at mmax 3497 (sharp, COOH), 3380 (OH), 2899, 1744 (c-
lactonic C@O), 1703 (carbonic ester C@O), and 1612
(aromatic C@C) cm�1. In the 1H NMR (pyridine-d5,
400 MHz) of 1, three sets of aromatic signals could be
differentiated at d 7.63 (2H, s) as a symmetrically substi-
tuted benzene, an ABX type coupled benzene at d 7.74
(1H, d, J = 2 Hz), 7.91 (1H, dd, J = 2, 8.4 Hz), and
7.66 (1H, d, J = 8.4 Hz), and a meta-coupled aromatic
system at d 6.82 and 6.97 (each 1H, d, J = 1.6 Hz).
There were also three methoxy signals at d 3.55 (3H, s)
and 3.71 (6H, s), a pair of c-lactonic methylene signals
at d 4.95 and 4.98 (each 1H, AB q, J = 15.2 Hz). The
above aromatic systems were identified as 2,6-di-
methoxyhydroquinonyl, 2-O-substituted hydroquinonyl,9

and 5,7-dioxygenated phthalide moieties, respectively.
In the meantime, there were two glucosyl anomeric sig-
nals at d 5.72 and 5.76 (each 1H, d, J = 7.6 Hz) and both
their C-6 methylene signals showed lower field shift at d
5.21 (dd, J = 12, 2.0 Hz), 4.92 (t, J = 11.6 Hz) and 5.42
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Chart 1. Structures of 1 and 2.
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(dd, J = 12, 2.0 Hz), 5.02 (t, J = 12.0 Hz) in the 1H NMR
spectrum of 1. The 13C NMR spectrum (pyridine-d5,
100 MHz) of 1 (Table 1) supported the structure of 1
in the feature of three aromatics connected by two
glucopyranosides on head and tail by comparing with
the 13C NMR data of C-6 acylated glucoside,10a 1-O-
methyl b-glucopyranoside, and 6-O-methyl b-glucopyra-
nose.10b HMQC and HMBC spectra of 1 confirmed the
connection of these sub-structures of 1 in the sequence
Table 1. 1H and 13C NMR spectral data of 1 and 2

No. C 1 (Pyridine-d5)

1H (mult; J = Hz) 13Ca

1 170.0
2
3 4.98, 4.95 (ABq; 15.2) 69.3
4 6.82 (d; 1.6) 101.5
5 165.3
6 6.97 (d; 1.6) 105.1
7 159.7
8 107.4
9 151.6
1 0 5.72 (d; 7.6) 102.1
2 0 4.32–4.42 (m)b 74.9
3 0 4.32–4.42 (m)b 78.5
4 0 4.24 (t; 9.6) 71.7
5 0 4.32–4.42 (m)b 76.0
6 0 5.21 (dd; 12, 2.0), 4.92 (t; 11.6) 65.3
100 166.5
200 7.74 (d; 2.0) 114.1
300 150.1
400 152.3
500 7.66 (d; 8.4) 115.4
600 7.91 (dd; 8.4, 2.0) 124.7
1000 5.76 (d; 7.2) 102.0
2000 4.32–4.42 (m)b 75.0
3000 4.32–4.42 (m)b 78.6
4000 4.21 (t; 9.6) 72.0
5000 4.51 (t; 9.6) 76.1
6000 5.42 (dd; 12.0, 2.0), 5.02 (t; 12.0) 65.6
10000 167.1
20000 7.63 (s) 108.6
30000 149.0
40000 120.6
50000 149.0
60000 7.63 (s) 108.6
CO2H 143.2
OMe 3.55 (s), 3.71 (s, 2x) 56.2, 56.7

a Signals obtained are verified by HMQC, HMBC, and DEPT techniques.
b These signals are overlapped.
of 2,6-dimethoxyhydroquinonyl (4!6) glucopyranoside
(1!1) 2-methoxyhydroquinonyl (4!6) glucopyranoside
(1!5) 5,7-dihydroxyphthalide (Fig. 1). A quaternary
carbon signal at d 143.2 in the 13C NMR spectrum of
1 was elucidated as carbonic acid monoester, since IR
spectrum showed additional carbonyl absorption at mmax

1703 cm�1. The carbonate ester linkage was assigned at
C-1 of the 2,6-dimethoxyhydroquinonyl moiety by com-
paring the reported 13C NMR data.9 Based on the above
2 (Pyridine-d5)

1H (mult; J = Hz) 13Ca

6.15 (d; 7.2) 103.5
4.21 (dt; 2.4, 9.6) 75.5
4.34 (t; 8.8) 79.1
3.99 (t; 9.6) 73.2
4.54 (t; 10.8) 75.7
5.17 (dd; 11.2, 2.4), 4.54 (t; 10.8) 66.6

166.5
7.67 (d; 2.0) 113.3

153.6
151.7

7.53 (d; 8.4) 115.6
7.43 (dd; 2.0, 8.4) 124.6
5.64 (d; 7.2) 101.8
4.36 (t; 8.4) 74.9
4.38 (t; 8.8) 79.0
4.05 (t; 9.2) 72.8
4.42 (t; 8.8) 76.0
5.31 (dd; 11.6, 2.0), 5.09 (t; 10.8) 65.8

166.3
7.88 (d; 1.6) 108.8

126.4
139.8
149.8

7.52 (d; 1.6) 108.0
(COOMe) 155.0
(COOMe) 3.48 (s) 56.4

3.56 (s), 3.92 (s) 55.9, 56.9
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Figure 1. HMBC signal correlation of rhamnkoside A (1).

O

O

H

H

O

SH

O

O

O

O

HO

H
H

O
H

H3C
O

O OH

OH
OHHO

HO
H

OH

H3C

CH3

H

HH

HH

Figure 2. HMBC signal correlation of rhamnkoside B (2).
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evidences, the structure of 1 can be characterized as 5,7-
dihydroxyphthalide 5-O-b-{6 0-O-{300-methoxy-400-O-b-
[6000-O-(40000-O-carboxy-30000,50000-dimethoxy)phenyl]gluco-
pyranosyl}phenyl]glucopyranoside (1), namely rham-
nakoside A. The FABHRMS (pos. mode) of 1 found
the quasi-molecular ion peak at m/z: 809.2137 (calcd
for C36H40O21 + H+ = 809.2135) confirmed the charac-
terization. The carbonic acid monoester was never
found from plant source. However, in the organic syn-
thesis phenyl carbonic acid monoester had been used
to prepare phenyl carbamate derivative under refluxing
conditions in strong acid.11 This interprets that phenyl
carbonic acid monoester can be stable under vigorous
condition and can be a support for the structure of 1.

Rhamnakoside B (2) was isolated as colorless granules
with an mp of 192 �C. The IR (KBr) absorption also
showed carbonate carbonyl band at mmax 1708 cm�1 to-
gether with other bands at mmax 3372 (OH), 2915 (CH),
and 1598 (aromatic C@C) cm�1. The 1H NMR (pyr-
idine-d5, 400 MHz) spectrum of 2 (Table 1) displayed
two anomeric proton signals at d 5.64 and 6.15 (each
1H, d, J = 7.2 Hz), and also two sets of lower field shift
C-6 methylene signals at d 5.31 (dd, J = 11.6, 2.0 Hz),
5.09 (t, J = 10.8 Hz) and 5.17 (dd, J = 11.2, 2.4 Hz),
4.54 (t, J = 10.8 Hz) interpreted two 6-O-substituted
glucopyranosyl (Table 1).10 The aromatic signals in the
1H NMR of 2 appeared at d 7.67 (1H, d, J = 2.0 Hz),
7.53 (1H, dd, J = 8.4, 2.0 Hz), and 7.43 (1H, d,
J = 8.4 Hz) and d 7.88, 7.52 (each 1H, d, J = 1.6 Hz)
due to a 2-methoxyhydroquinonyl and a 6-substituted
2-methoxyhydroquinonyl moiety. The 13C NMR (pyr-
idine-d5, 100 MHz, Table 1) spectrum of 2 supported
the characterization of the above sub-structures and
accordingly, the benzene systems were also connected
by glucopyranose on head and tail. FABMS (pos. mode)
of 2 showed quasi-molecular ion peak at m/z: 677
[M+H]+ suggested the second benzene system as
sulfur-containing 2-mercapto-6-methoxyhydroquinonyl,
which was also confirmed by comparing the 13C NMR
data with 2-methoxyhydroquinone9b and thiophenol12

as well as considering the possible metabolic pathway
of glutathione adduct.8a The conjugation sequence of
these sub-structures of 2 was established by the HMQC
and HMBC spectra (Fig. 2) as 2-mercapto-6-meth-
oxyhydroquinonyl (4!6) glucopyranosyl (1!1) 2-
methoxyhydroquinonyl (4!6) glucopyranosyl, respec-
tively. Furthermore, a methoxy signal at d 3.48 (3H, s)
showed a 3JCH cross peak with the signal at d 155.0 in
the HMBC spectrum of 2 (Fig. 2) suggested the di-es-
teric carbonate conjugation. Finally, the FABMS frag-
mentation pattern shown in Figure 3 supported that
the methyl carbonate di-ester was conjugated at C-1 of
the 2-mercapto-6-methoxyhydroquinonyl moiety in the
manner of 1, reasonably. Based on the above evidences,
the structure of 2 was assigned as 6-O-{3 0-methoxy-4 0-
O-b-[600-O-(3000-mercapto-5000-methoxy-4000-O-methylcarb-
oxy)phenyl]glucopyranosyl}phenyl b-glucopyranose (2)
and named rhamnakoside B. The FABHRMS (pos.
mode) found quasi-molecular ion peak at m/z:
677.1750 (calcd for C28H36O17S + H+: 677.1746) also
supported the characterization.

Carbon dioxide or carbonic acid has a well-known role
of one carbon unit in biogenetic systems; however, phase
II conjugative detoxicification in carbonate form is a
novel example other than that of sulfate and/or glycosyl-
ation.8b No wonder these two compounds exist in the
highly hydrophilic portion of the plant extract.13 On
the other hand, the biosynthesis of glycosides in higher
plants is catalyzed by the enzyme glycosyl transferase
that transfer sugar from the cofactor, uridine diphos-
phate (UDP)-glucose, to various aglycones and this
transformation usually found at the anomeric carbon
(C-1) of the sugar.8b These two compounds glucosylated
by C-6 of the sugar could be a novel case of glycoside
biogenesis at least to the author’s knowledge.14

Quinones are known as pro-oxidants that can drive
redox cycling to generate oxidation stress in the biosys-
tems8c and glutathione plays a role to detoxicify these
compounds by the enzyme glutathione S-transferase
(GST).8a After the glutathione adducts were formed,
peptidolytic enzymes hydrolyze the other amino acids
and finally an enzyme called cysteine-S-b-lyase releases
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the free aromatic thiol.8a Obviously, the 2-mercapto-6-
methoxyhydroquinonyl moiety in the structure of 2
must be a detoxified product of 2-methoxyquinone by
the plant GST since there was no known precursor of
aromatic thiol in biogenetic systems (Scheme 1). Rham-
nakoside B (2) could also be a novel natural occurring
case that contains an aromatic thiol especially as in
plant sources.
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