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Abstract

The structural diversity of the metabolic pool of Pelargonium reniforme was extended by the characterization of the 'C,-glucose based
ellagitannin pelargoniin E, gallic acid n-butyl ester, (—)-4,4',9'-trihydroxy-3’,5’-dimethoxy-2,7’-cyclolignan 9-O-B-glucopyranoside and
reniformin, a diterpene ester comprised of a diterpene acid with an uncommon —(CH,),— bridging element linked to 2-(4-hydroxyphe-
nyl)ethansulfonic acid. These metabolites were associated with the known (a,)-3,4-di-O-galloyl-glucopyranoside, 4,6-dihydroxy-2§-

glucopyranosyloxyacetophenone,

© 2007 Elsevier Ltd. All rights reserved.

1-O-galloylglycerol, 6’-O-galloylsalidroside and (+)-isolariciresinol-9'-O-B-glucopyranoside. All
structures were established on the basis of spectroscopic methods.
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1. Introduction

The pink-flowered Pelargonium reniforme CURT.
(Geraniaceae), mainly distributed in coastal regions of
southern Africa, is an attractive erect shrub and has a
long tradition as herbal medicine (Watt and Breyer-
Brandwijk, 1962; Hutchings, 1996). Following its thera-
peutic use in traditional and modern phytomedicine for
the treatment of upper respiratory tract infections
(Kolodziej and Kiderlen, 2007), this medicinal plant con-
tinues to be the subject of extensive studies to identify
the underlying active principle(s). The metabolic pool
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of. P. reniforme exhibited remarkable diversity and com-
plexity. Our recent systematic examination has revealed
the presence of a notable wealth of highly oxygenated
simple coumarins (Latté et al., 2000), ellagitannins with
a 'C4 glucose core (Latté and Kolodziej, 2000) and
O-galloyl C-glycosylflavones (Latté et al., 2002). The
coumarins and phenolic constituents are of particular
interest, displaying moderate antibacterial and fairly high
immunomodulatory properties (Kayser and Kolodziej,
1997; Kayser et al., 2001). In our continuing work on
this plant, we have discovered three new phenolic
metabolites, the corilagin-based ellagitannin pelargoniin
E (1), n-butyl gallate (2), and (—)-4,4',9-trihydroxy-
3’,5’-dimethoxy. 2,7'-cyclolignan 9-O-B-glucopyranoside
(3) from the aerial parts, and a novel diterpene ester,
reniformin (5), from the roots of P. reniforme. The for-
mer metabolites were associated with five rarely reported
compounds (4, 6-9). The current paper reports the isola-
tion and structure elucidation of the new natural
products.
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2. Results and discussion

An aqueous acetone extract of the aerial parts of P. ren-
iforme was successively extracted with petroleum ether,
chloroform and ethyl acetate. The ethyl acetate soluble
portion was subjected to repeated chromatography on
Sephadex LH-20 using water-methanol gradients. Final
purification by semi-preparative HPLC yielded three new
natural products, the ellagitannin pelargoniin E (1), n-butyl
gallate (2), and the aryltetralin lignan 3 along with five
known compounds (4, 6-9) obtained for the first time from
this plant source.

Compound 1 was readily shown to be an ellagitannin
by the characteristic coloration with FeCl; (blue), potas-
sium iodate (pink) (Haslam, 1965) and sodium nitrite/ace-
tic acid (blue) (Bate-Smith, 1972). Its FAB-MS showed an
[M+Na]" peak at m/z 947, reminiscent of pelargoniin A
and phyllantusiin C, representing oxidatively modified
metabolites of geraniin (Latté and Kolodziej, 2000; Yos-
hida et al., 1992). Confirmation of the presence of a cori-
lagin moiety was obtained from the fragment at m/z 633
and the familiar "H resonances of a galloyl group (6 7.06
s, 2xH), a hexahydroxydiphenoyl (HHDP) moiety (o
6.67 and 6.83, each s, 2x1H), and signals characteristic
of a 'C, glucopyranose core (6 6.44-4.26, 7xH; J < 4 Hz
for H-1, H-2, H-3 and H-4). The location of the galloyl
group at C-1 followed from a significant downfield shift
of the anomeric proton (J 6.44), assigned with the aid of
"H-"H shift correlation spectra, while the R-configuration
at the chiral HHDP group was evidenced by the negative
Cotton effect at 242 nm in the CD spectrum of 1 (Okuda
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et al., 1995). Besides these signals attributable to a corila-
gin unit, the "H NMR spectrum of 1 showed an isolated
methylene function [0 3.04, br s, H»-3’ (ring E)] and an
isolated aromatic proton [¢ 7.28, s (ring D)], suggesting
the presence of an oxidatively modified DHHDP moiety.
Given the molecular mass of 1 at m/z 924 and the estab-
lished corilagin moiety in the molecule, the remaining
substructure was evidently represented by a C13H,Og frag-
ment, compatible with the ion at m/z 291 in the EI-MS.
Although lack of sufficient sample quantity excluded '*C
NMR analysis, comparison of chemical shift data
(CD3;0D) with those of the structurally related pelargoni-
ins and realization of a carboxylic proton from an acetone-
dg spectrum as previously demonstrated for pelargoniin D
(Latté and Kolodziej, 2000) in conjunction with close
examination of the mass fragmentation of 1 facilitated def-
inition and placement of the modified DHHDP residue.
The position of this acyl residue at C-2 was readily
inferred from the conspicuous downfield position of H-2
of the glucose moiety (0 5.23, d, J=4.0 Hz) relative to
that of corilagin (6 3.98), while the relatively upfield posi-
tion of just H-4 Glc (§ 4.45) reflected the only non-acyl-
ated position of the carbohydrate residue. The ion at m/z
308 indicated the 2-acyloxy fragment resulting from cleav-
age between the corilagin and the DHHDP moieties.
Based on the above evidence, the structure of compound
1 was identified as depicted in its formula. In analogy to
the series of structurally related ellagitannins from the
same plant source, trivially named pelargoniins A-D
(Latté and Kolodziej, 2000), this new analogue was desig-
nated as pelargoniin E.
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Compound 2, obtained as a white amorphous powder
and visualized by a dark blue colour on silica plates upon
treatment with the FeCl; reagent, was established to have
a molecular formula of C;;H,0s by HR-EIMS (M™ at
mlz 226.2308; calc. 226.2312). Diagnostic features in the
"H NMR spectrum of 2 were the presence of a two-proton
singlet at ¢ 7.04 for the magnetically equivalent 2- and 6-
protons of a galloyl moiety, and sequentially coupled ali-
phatic proton signals attributable to a methyl group (¢
0.99, t, J=17.4 Hz) and three methylene functions (6 1.48
and 1.72, each m; 6 4.23, ¢, J = 6.5 Hz), reminiscent of an
n-butyl residue. The conspicuous downfield position of
one of the aliphatic methylene signals was consistent with
the adjacent oxygen of an ester group. Supporting evidence
for the presence of these constructing units in 2 was avail-
able from the mass fragmentation pattern, showing peaks
at m/z 170 and 56 for the galloyl and n-butyl residue,
respectively. Although gallic acid esters are known to
widely occur in the plant kingdom, the characterization
of 2 is reported from a plant source for the first time.

Compound 3 was found to be a regio- and stereoisomer
of the known and concurrently isolated (+)-isolariciresinol
9’-0O-B-glucopyranoside (4) as indicated by identical
[M+HT" peaks at m/z 523 in the FAB-MS, the optical rota-
tions {[a]"® —56.0 (¢ = 0.06 in MeOH) and +47.6 (¢ = 0.04
in MeOH) for 3 and 4, respectively} and the analogy of sig-
nal and coupling patterns of their '"H NMR spectra. Nota-
ble differences included replacement of the feruloyl
substitution pattern on the pendent 7’-aryl entity by a
syringoyl moiety as concluded from a two-proton aromatic
singlet (6 6.77) and two methoxyl resonances (¢ 3.83 and
3.86), reminiscent of that of lyoniresinol and 5’-methoxy-
isolariciresinol derivatives (Dictionary of Natural Products
on CD-ROM, 2006). The ABX-system in the aromatic
region verified the 1,3,4-substitution pattern of the remain-
ing aryl ring of the lignan framework. Notably, this
arrangement has been encountered for the first time for a
member of aryltetralin lignans. Coupling constants for
the aliphatic protons of 3 (J; g = Jg' g = 7.1 Hz) reflected
trans—trans configuration, while the negative sign of the
optical rotation strongly supported a structure analogous
to ent-isolariciresinol (Urones et al.,, 1987; Vecchietti
et al.,, 1979) and (—)-lyoniresinol derivatives (Lundgren
et al., 1981 and 1985; Ohashi et al., 1994; Smite et al.,
1995; Cortez et al., 1998). Based on the dihedral angles
derived from Dreiding models and application of the Kar-
plus equation, the conspicuously small J values were attrib-
utable to a half-chair conformation of the cyclohexene ring
with the pendent 1-aryl ring in an axial orientation. Note,
however, that although a relative trans—trans stereochemis-
try of 4 was evident from large coupling constants
(J77.8 = Jg g =10.8 Hz), the 7’-aryl group adopted an
equatorial position. The 'H NMR spectrum of 3 also
showed seven aliphatic proton signals of a carbohydrate
unit, with coupling constants consistent with a B-p-gluco-
pyranose, upon the assumption that it is of the p-form.
Owing to insufficient sample quantity for '*C NMR analy-

sis and extended 2D NMR experiments, the assignment of
the position of glycosylation at C-9 was concluded from
comparing the chemical shifts of H,-9' (6 3.23 and 4.05)
and H,-9 (6 3.71 and 3.76) of 3 with those of 4 (6 3.54,
3.93 and at ca. 3.50, respectively) with established struc-
ture. Thus, the conspicuous upfield shifts of the H»-9’ sig-
nals (46 ca 0.25 ppm) suggested that the glucosyl moiety
could be placed on the hydroxyl at C-9. Compound 3
was, therefore, identified as the new naturally occurring
aryltetralin lignan, (—)-4,4’,9'-trihydroxy-3’,5'-dimethoxy-
2,7'-cyclolignan 9-0-B-glucoside.

An aqueous acetone extract of the roots of P. reniforme
was similarly partitioned between water and organic sol-
vents of increasing polarity as noted above. The extractives
of the ethyl acetate phase were repeatedly subjected to
chromatography on Sephadex LH-20 using water-metha-
nol gradient systems. Subsequent purification of appropri-
ate fractions, combined according to TLC monitoring, by
HPLC on RP-18 material with water containing increasing
amounts of methanol afforded the novel diterpene ester (5),
designated as reniformin.

Compound 5 was isolated as a white amorphous solid,
possessing the empirical formula C,gH40SOg¢ as concluded
from an [M—H] ion peak at m/z 503 in the negative FAB-
MS and the key diterpene fragment [M-(CgH;,SO4)]"™
observed at m/z 302.22444 (calc. 302.22458 for C,oH3005)
in the HREIMS (Fig. 1). Analysis of its 'H NMR spectrum
revealed the presence of an AA’BB’-spin system at  6.76
and 7.09 (H-3'/H-5 and H-2'/H-6', respectively; each d,
J=28.4), typical of a p-disubstituted benzene entity and
consistent with the presence of a 2-(4-hydroxyphenyl)eth-
ansulfonic moiety. This partial structure was further evi-
denced by the long-range correlations between C-1' (¢
128.3) and two mutually coupled methylene groups,
assigned to C-7’ (6 2.84) and C-8' (¢ 3.09). The conspicuous
downfield position of the latter signal agreed well with the
vicinity of the SO;H functionality. Consistent with this
placement of the sulfonate group was also the deshielded
C-8' resonance (oc 42.2) relative to that of C-7’ (d¢ 33.8)
(Yao, 2003; Yin et al., 2005). Taking into account the ele-
mental composition of 5 (Section 3), the HR-EIMS data of
the diterpenoid moiety (Fig. 1) and the nature of the ester
bond established through HMBC experiments (vide infra),
the placement of the sulfonate group at C-8' was beyond
doubt. On the basis of these data, the structure of the C-
9 substituent was elucidated as 2-(4-hydroxyphenyl)ethan-
sulfonic entity. It should be noted that this residue has
not been reported to date for natural products.

Closer analysis of the '"H and '>*C NMR spectra sug-
gested the presence of a rearranged diterpene skeleton.
Unambiguous proton and carbon signal assignments were
facilitated by extensive 2D NMR experiments (COSY,
HETCOR, HMBC, HMQC), though partially severe over-
lapping of proton signals in the '"H NMR spectrum was
apparent. From the '*C and DEPT NMR spectra, 28 reso-
nances were clearly discernable, for 3 x CH;, 11 x CH,,
7xCH and 7x C. A diagnostic feature in the '*C NMR
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Fig. 1. Proposed mass spectral fragmentation of 5 and HR-EIMS data of key fragments.

spectrum was the appearance of an ester carbonyl signal
(oc 181.5). HMBC experiments correlated the low-field
ester carbonyl carbon with H,-10 (6 1.04), H-6 (6 1.34)
and the methyl protons at C-16 (6 1.19). These three-bond
associations thus provided strong evidence for the place-
ment of the ester carbonyl at C-9 of the diterpene moiety

and the mode of bonding between this entity and 2-(4-
hydroxyphenyl)ethansulfonic acid.

Further detailed analysis of the observed HETCOR and
HMQC/HMBC correlations facilitated definition of the
novel diterpene skeleton (Table 1). The well separated pro-
ton signal of the olefinic methine H-4 (6 5.35) and the tert-

Table 1

'H and '3C NMR data of 5 and the associated HMBC correlations®

No. 'H (6, J in Hz) 13.C (80) HMBC correlations
1 34.05 Hs-13, H»-14, H»-15
2 1.91, 2H, br s 48.35 H;-13, H,-14

3 136.12 H,-2, H,-20

4 5.35, 1H, m 122.42 H,-2, H,-20

5 2.13, 1H, br d (13.5) 2.42, 1H, #-like (14.0) 25.53 H-6

6 1.34, 1H, dd (12.3 and 4.1) 52.80 Hs-16, H-4

7 1.67, 1H, m 52.90 H-6, H5-18

8 1.29, 1H, m 1.55, 1H, m 38.22 Hs-13, H»-14

9 44.66 H-6, Hs-16

10 1.04, 1H, dd (13.5 and 3.4) 2.13, 1H, br d (13.5) 39.40 H,-11, Hs-16

11 1.44, 1H, m 1.96, 1H, m 20.83 H;-18

12 36.89 H-6, H5-18

13 0.81, 3H, s 22.08 H,-14

14 1.58, 2H, t-like (7.4) 44.80 Hs-13, Hx-15

15 4.09, 2H, t-like (7.4) 65.91 H,-14

16 1.19, 3H, s 29.77 H-6, H,-10

17 181.53 H-6, H,-10, H3-16
18 0.77, 3H, s 14.78

19 1.09 1H, br dd (13.2 and 4.0) 1.88, br d (13.2) 41.10 H,-11, H5-18

20 1.27, 1H, m® 1.54, 1H, m 22.08

1 128.33 H-3’, H-5', H,-7', H,-8’
2! 7.09, 1H, d (8.5) 130.81 H,-7'

3’ 6.76, 1H, d (8.5) 116.70

4 157.80 H-2/, H-3’, H-5', H-6
5 6.76, 1H, d (8.5) 116.70

6’ 7.09, 1H, d (8.5) 130.81 H,-7'

7' 2.84, 2H, t-like (7.5) 33.80 H,-8'

8’ 3.09, 2H, t-like (7.5) 42.24 H,-7'

2 Data were obtained in CD;0D at 400 MHz for 'H and 100 MHz for '*C NMR.

® Overlapping with H,-8.
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methyl singlet (H3-16, 6 1.19) in the 2D HMBC plot were
observed to be associated with C-6 (dc 52.8). In addition,
the H-6 signal (6 1.34) showed distinct two-bond correla-
tions to C-5 (d¢ 25.5), C-7 (oc 52.9) and C-9 (¢ 44.7),
while that of H3-16 was associated with the quaternary
C-9. Correlations from H,-2 (6 1.91) to both C-3 (¢
136.1) and C-4 (0c 122.4) established the proposed
arrangement.

When taken in conjunction with the observed couplings
between H,-19 and H,-20 that was evident from a COSY
spectrum, the cross peak between C-19 (éc 41.1) and H»-
11 (6 1.44 and 1.96) and a distinct long-range correlation
from C-19 to Hs-18 in the HMBC experiment established
the unusual C-3/C-12 bridging in 5. Such a remarkable
mode of linkage was additionally confirmed by the crucial
long-range correlations between H>-20 and both C-3 and
C-4. The presence of an oxygen bearing ethyl group was
inferred from the remaining '*C resonances at o 44.8
(C-14) and 65.9 (C-15) and from the chemical shifts in
the '"H NMR spectrum of H,-14 (8 1.58) and H,-15 (d
4.09). Location of this side chain at C-1 followed from
long-range correlations between C-2 (dc 48.4) and the
H,-14 and H;-13 signals. Consistent with the above place-
ment, HMBC experiments also showed definite associa-
tions between C-13 (¢ 22.1) and H,-14, and between C-1
(6c 34.05) and H,-15 (6 4.09).

Collectively these spectral data and other significant
HMBC correlations (Table 1) defined the novel diterpene
ester with an uncommon —CH,—CH,-bridging element as
depicted in structure 5. The isolation and structure elucida-
tion of 5 not only extends the range of known diterpene
skeletons but also introduces a new substituent, 2-(4-
hydroxyphenyl)ethansulfonic acid, that has not yet been
reported for natural products. For simplicity, this unique
diterpenoid 5 was named reniformin. Note that compound
5 was apparently accompanied by analogous metabolites.
Low quantities and the gradual decomposition excluded
the isolation and structural assessment of additional fasci-
nating analogues.

The known compounds 4 and 6-9 were identified by
comparison of their physical data with those reported in
the literature. Since some of their spectral data were not
previously recorded, these are included for comparative
purposes (see Section 3). Noteworthy is that these com-
pounds represent rarely reported metabolites. The presence
of the lignan 4 has only been demonstrated in Populus nigra
(Thieme and Benecke, 1969) and Stemmadenia minima
(Achenbach et al., 1992). Compound 6 has previously been
reported merely from two Quercus species (Nonaka et al.,
1982,1989), 7 from Macaranga tamarius (Lin et al., 1990),
8 from Curcuma comosa (Suksamrarn et al., 1997) and
Mpyrcia multiflora (Yoshikawa et al., 1998), and 9 from
some Rheum species (Nonaka and Nishioka, 1983) and
Mallotus japonicus (Saijo et al., 1990).

The results presented in this and preceding papers (Latté
and Kolodziej, 2000; Latté et al., 2000, 2002) demonstrate
a remarkable structural diversity amongst constituents of

P. reniforme and indicate that Pelargoniums are a rich
source of attractive natural products.

3. Experimental
3.1. General

Optical rotations were measured on a Perkin-Elmer
2M/MC polarimeter, and CD spectra on a Jasco J-720W
spectrometer. Elemental analysis was acquired with a
Vario EL facility. EI- and FABMS were obtained on a
Varian MAT CH,A and a Finnigan MAT CH;sDF mass
spectrometer, respectively, while HR-EIMS data were
measured on a Finnigan MAT 711. '"H (400 MHz) and
13C NMR (100.6 MHz) spectra were recorded on a Bruker
AC-400 instrument, and chemical shifts are given in
(ppm) values relative to that of (Me),Si. HMBC experi-
ments were recorded on a Bruker AMX-400 spectrometer,
optimized for 2 *Jy/c = 8 Hz. HPLC separations were con-
ducted on a Knauer instrument, equipped with a gradient
former and a variable UV detector, and computer integrat-
ing model (EuroChrom 2000). Experimental conditions:
Eurospher 100C-18 (5 pum; 8 x 250 mm); mobile phase,
H,O-MeOH gradient 9:1 — 3:7 (40 min, flow rate 4 ml/
min, detection at 275 nm). Column chromatography was
performed with Sephadex LH-20 (Pharmacia Fine Chemi-
cals Co., Ltd.), using a H,O-MeOH gradient system
(1:0 — 0:1), and TLC analysis was achieved with Kieselgel
60 F,s4 (Merck, Darmstadt, Germany) with EtOAc-
HCOOH-H,O0 (18:1:1) as developing system.

3.2. Plant material

The plant material of P. reniforme was kindly provided
by Dr. Willmar Schwabe GmbH & Co, Karlsruhe, Ger-
many. A voucher specimen has been deposited at the Insti-
tute of Pharmacy, Pharmaceutical Biology, Freie
Universitdt Berlin.

3.3. Extraction and isolation

The dried aerial parts of P. reniforme (4.1 kg) were
exhaustively extracted with acetone-H,O (4:1 V/V). The
combined extracts were reduced in volume and defatted
with petroleum ether (16 x 500 ml). The aqueous phase
was subsequently successively treated with CHCl; and
EtOAc, and the EtOAc extractives (32.3 g) subjected to
chromatography on Sephadex LH-20 and HPLC separa-
tions as described (Latté and Kolodziej, 2000) to afford
compounds 1-4 and 6-9 in amounts of 1-3 mg. The purifi-
cation described for the individual compounds follows ini-
tial chromatography on Sephadex LH-20 with a gradient
solvent system of H,O-MeOH (9:1 — 0:1).

The aqueous acetone extract of the dried and powdered
roots (1.5 kg) was similarly partitioned with organic sol-
vents of increasing polarity. The EtOAc soluble portion
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(10 gy was chromatographed on Sephadex LH-20
(120 x 4 cm) by first eluting with water then followed with
increasing amounts of MeOH. The fraction 316430 ml
eluted with H,O-MeOH (9:1) was re-chromatographed
on Sephadex LH-20 (120 x 2.5). From eluants 66—130 ml
compound 5 (12 mg) was obtained, following purification
by HPLC on RP-18 (H,O0-MeOH, 9:1 — 3:7).

3.4. Pelargoniin E (1)

The content (10 ml fractions) of test tubes 491-590
(70 mg) was subjected to HPLC separation to afford 2.
A white amorphous powder, Ry 0.42, R, 19.2 min; [0
—96.7 (¢ =0.18 in MeOH). FAB-MS: m/z 947 [M+Na]",
291. EIMS: m/z (rel. int. %) 308 (8). "H NMR (CD;0D):
0 7.28 (s, H-3 ring D), 7.06 (2H, s, galloyl H-2/H-6), 6.83
(s, HHDP, H-3), 6.67 (s, HHDP, H-3), 6.44 (d, J=4.0,
Glc H-1), 5.23 (br d, J=4.0, Glc H-2),4.85 (Glc H-3,
overlapped with solvent), 4.64 (¢-like, J =10.5, Glc Hy-
6), 4.55 (t-like, J=1.5, Glc H-5), 445 (br d, J=2.9,
Glc H-4), 426 (dd, J="1.5 and 10.5, Glc H-6,), 3.04
(2H, s, H,-3 ring E). CD [®l4, —47,000, [®]7; +30,000,
[@]95s —18,000.

3.5. n-Butyl gallate (2)

The content (10 ml fractions) of test tubes 2100-2300
(268 mg) was re-chromatographed on Sephadex LH-20
using a H,O-MeOH gradient system (8:2 — 5:5). HPLC
separation of the eluant 160-212 ml (43 mg) afforded 3. A
white amorphous powder, Ry 0.91, R, 24.6 min; m.p.
150°C. (—)-FAB-MS: m/z: 225 [M—H]. 'H NMR
(CD;0OD): 6 7.04 (2H, s, H-2/H-6), 4.23 (2H, ¢, J = 6.51,
H,-1"), 1.72 (2H, m, H,-2’), 1.48 (2H, m, H,-3’), 0.99
(3H, ¢, J =17.4, H;-4).

3.6. (—)-4,4',9'-Trihydroxy-3',5'-dimethoxy-2,7'-
cyclolignan 9-0-f-glucopyranoside (3)

A white amorphous powder, Ry 0.24, R, 10.6 min. [0y
-56.0 (¢=0.06, MeOH). (+)-FAB-MS: m/z 545
[M+Na]", 523 [M+H]". '"H NMR (CD;0D, 600 MHz):
0697 (d, J=1.9, H-3), 6.85 (dd, J=38.6, 1.9, H-5), 6.79
(d, J= 8.6, H-6), 6.77 (2H, s, H-2'/H6), 4.27 (d, J=1.8,
Glc H-1), 3.93 (dd, J = 5.5, 6.4, Hy-9'), 3.88 (s, 3’-OCH3),
3.87 (m, Glc Hy-6), 3.83 (s, 6-OCH3), 3.79 (br d, J=17.1,
H-7"), 3.67 (dd, J=11.1, 52, Glc H,-6), 3.54 (dd,
J=10.0, 5.5, H,-9"), 3.51-3.46 (3H, m, H,-9, Hy-9, Hy-7),
3.40-3.24 (3H, m, Glc H-3, Glc H-4, Glc H-5), 2.70 (¢-like,
J=17.1, H-8), 1.93 (2H, m, H-8', H,-7).

3.7. (+)-Isolariciresinol-9'--glucopyranoside (4)

A white amorphous powder, Ry 0.20, R, 14.3 min. [0y
+47.6 (¢=0.04 in MeOH). (+)-FAB-MS: m/z 523
[M+H]"; HREIMS m/z 522.2104, calc. for C,sH3401;
522.2101. '"H NMR (CD;OD, 600 MHz): § 6.77 (d,

J=19, H-2), 6.73 (d, J=8.1, H-5'), 6.64 (br s, H-6),
6.61 (dd, J=8.1, 1.9, H-6'), 6.16 (br s, H-3), 4.11 (d,
J=1738, Glc H-1), 4.07 (br d, J=10.8, H-7'), 4.05 (dd,
J=10.2, 2.4, Hp-9'), 3.82 (dd, J=12.0, 2.4, Glc Hy-6),
3.80 (s, 6-OCH3), 3.79 (s, 3-OCH3), 3.76 (dd, J=11.2,
4.0, Hy-9), 3.71 (dd, J=11.2, 6.3, H,-9), 3.64 (dd,
J =120, 5.4, Glc H,-6), 3.35 (r-like, J=9.0, Glc H-3),
3.26 (t-like, J = 9.0, Glc H-4), 3.23 (dd, J=10.2, 3.6, H,-
9%), 3.20-3.17 (2H, m, Glc H-2/H-5), 2.84 (dd, J=16.0,
10.4, Hy-7), 2.79 (dd, J = 16.0, 6.0, H,-7), 2.08 (m, H-8),
1.85 (1t-like, J = 10.8, 3.6, 2.4, H-8'); '*C NMR (CD;0D,
150 MHz): & 148.9 (C-3'), 147.2 (C-5), 145.8 (C-4), 145.2
(C-74), 138.7 (C-1'), 134.4 (C-2), 129.1 (C-1), 123.1 (C-
6'), 117.4 (C-3), 116.1 (C-5), 114.3 (C-2'), 112.4 (C-6),
105.2 (Glc C-1), 78.1 (Glc C-3), 77.9 (Glc C-5), 75.2 (Glc
C-2), 71.7 (Glc C-4), 69.5 (C-9'), 65.2 (C-9), 62.8 (Glc C-
6), 56.5 (6-OCHj3), 56.4 (3'-OCHj3), 47.9 (C-7'), 45.9 (C-
8), 39.5 (C-8), 33.9 (C-7).

3.8. Reniformin (5)

A white amorphous powder (12 mg); R; 29.6 min; [a]D
+33 (¢ 0.03, MeOH).(Found C, 66.6; H, 7.9; S, 6.1.
C,3H40SO¢ requires C, 66.6; H, 8,0; S, 6.3). (—)-FABMS
milz 503 [M—H]"; HR-EIMS m/z 302.22444 [M*-2-(4-
hydroxyphenyl)ethansulfonic acid, calc. for C,yyH300;
302.22458]. For further fragments see Fig. 1. 'H and *C
NMR data see Table 1.

3.9. (o,f)-3,4-Di-O-galloylglucopyranoside (6)

A white amorphous powder, Ry 0.30, R; 11.4 min. (—)
FAB-MS: m/z: 483 [M—H]". '"H NMR (CD;OD): § 7.14
and 7.09 (2xs, 2x Galloyl H-2/H-6); B-isomer: 5.42 (1,
J=9.6, Glc H-3), 5.14 (¢, J=9.0, Glc H-4), 4.87 (d,
J=28.8, Glc H-1), 4.5-3.5 (3H, m, Glc H-2/H2-6), 4.19
(m, Glc H-5); a-isomer: 5.74 (¢, J=10.0, Glc H-3), 5.34
(d, J=4.0, Glc H-1), 5.17 (m, Glc H-4), 4.5-3.5 (4H, m,
Glc H-2, Glc H-5, Glc H,-6).

3.10. 4,6-Dihydroxy-2-f-glucopyranosyloxyacetophenone
(7)

A white amorphous solid, R¢0.39, R, 7.3 min. (—)-FAB-
MS: m/z: 329. [M—H]". 'H NMR (CD;OD): 6 6.18 (d,
J=22, H-5), 594 (d, J=2.2, H-3), 5.04 (d, J=17.6, Glc
H-1), 3.91 (dd, J=12.0, 1.8, Glc H-6), 3.72 (dd, J=5.0,
12.0, Glc H,-6), 3.50-3.30 (4H, m, Glc H-2-H-5), 2.70 (s,
8-OCH3). Physical data corresponded to those in the liter-
ature (Yoshikawa et al., 1998).

3.11. 1-O-Galloylglycerol (8)

A white amorphous powder, R 0.55; Ri: 3.3 min. Mp.
185-187 °C, [a*° +2.8 (¢ =0.5 in MeOH). (—)-FAB-MS:
miz: 243 [M—H] . '"H NMR (CD;OD): ¢ 7.08 (2H, s, H-
2/H-6), 4.29 (2H, m, H»-1"), 3.92 (2H, m, H-2'), 3.62 (2H,
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m, H>-3"). Physical data corresponded to those in the liter-
ature (Nonaka and Nishioka, 1983).

3.12. 6'-O-Galloylsalidroside (9)

An off-white solid, Ry 0.39; R, 12.1 min. m.p. 115-
116 °C. [0¥ —16.6 (c=0.11 in MeOH). (—)-FAB-MS: m/
zi 451 [M—H]", 331 [(M—H)-4-vinylphenol]~, 298
[(M—H)-galloyl]”. "H NMR (CD;0D): § 7.09 (2H, s, gal-
loyl H-2/H-6), 6.98 (2H, d, J = 8.5, H-3/H-5), 6.65 (2H, d,
J=28.5, H-2/H-6), 4.58 (dd, J = 2.0, 11.9, Glc H,-6), 4.43
(dd, J=5.7, 11.9, Glc H,-6), 4.32 (d, J="1.8, Glc H-1),
3.92 (m, Hy-1), 3.70 (m, H,-1), 3.55 (m, Glc H-5), 3.39
(2H, 1, J=8.0, Glc H-3, Glc H-4), 3.21 (1, J=8.4, Glc
H-2), 2.81 (2H, m, H»-2). *C NMR (CD;0D): 5. 168.4
(COOH), 156.7 (C-4), 146.6 (galloyl C-3/C-5), 139.1 (gal-
loyl C-4), 130.9 (C-2/C-6), 130.7 (C-1), 121.5 (galloyl C-
1), 116.1 (C-3/C-5), 110.2 (galloyl C-2/C-6), 104.6 (Glc
C-1), 78.0 (Glc C-3), 75.5 (Glc C-5), 75.1 (Glc C-2), 72.3
(Glc C-4), 71.8 (C-2), 64.8 (Glc C-6), 36.5 (C-1).
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