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Abstract

From the stem bark of Newbouldia laevis three phenylethanoid glycosides, designated as newbouldioside A—-C, were isolated together
with a sodium salt of analogue B and the known compounds, verbascoside, 5-hydroxydehydro-iso-a-lapachone, 3,8-dihydroxydehydro-
iso-a-lapachone, apigenin and luteolin. The structures of the phenylethanoid glycosides were elucidated by spectroscopic methods as
B-(3,4-dihydroxyphenyl)ethyl ~ 5-O-syringoyl-B-p-apiofuranosyloxy-(1 — 2)-O-[a-L-rhamnopyranosyl-(1 — 3)]-B-p-glucopyranoside,
B-(3,4-dihydroxyphenyl)ethyl 5-O-syringoyl-B-p-apiofuranosyloxy-(1 — 2)-O-[a-L-rhamnopyranosyl-(1 — 3)]-6-O-E-feruloyl-3-p-gluco-
pyranoside, and B-(3,4-dihydroxyphenyl)ethyl 3-O-E-feruloyl-B-p-apiofuranosyloxy-(1 — 2)-O-a-L-rhamnopyranosyl-(1 — 2)-6-O-E-

sinapoyl-B-p-glucopyranoside, respectively.
© 2006 Elsevier Ltd. All rights reserved.
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1. Introduction

We previously reported (Gormann et al., 2003), the iso-
lation of five furanonaphthoquinones, atraric acid and a
benzofuran derivative obtained from a dichloromethane
extract of the stem bark of Newbouldia laevis SEEM. (Big-
noniaceae). The stem bark is traditionally used among the
native populations in areas of Western Africa for the treat-
ment of a variety of ailments including dysentery, rheuma-
toid arthritis, epilepsy and skin infections (Burkill, 1985;
Azuine, 1999). During the earlier isolation the presence
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of a number of other components in the acetone and meth-
anol extracts were noted and the present report deals with
the isolation and structure elucidation of some of these
constituents.

2. Results and discussion

Dried and powdered stem bark of N. laevis were initially
extracted with dichloromethane, the constituents of
this fraction have been the subject of a recent paper
(Gormann et al., 2003). The plant material was subse-
quently extracted with acetone and methanol. After
removal of a precipitate, the latter extract was further
partitioned between methanol and n-hexane. Subsequent
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column chromatography on silica gel of the n-hexane solu-
ble portion using a cyclohexane-ethyl acetate gradient sys-
tem, followed by HPLC purification with water
containing increasing amounts of methanol, yielded the
known furanonaphthoquinones, 5-hydroxydehydro-iso-o-
lapachone (1) and 3,8-dihydroxydehydro-iso-a-lapachone
(2), identified by comparison of their physical and spectro-
scopic data with those previously reported (Wagner et al.,
1989; Gafner et al., 1996).

The methanol soluble extractives were chromato-
graphed on Sephadex LH-20 in methanol. Subsequent
HPLC purification of appropriate fractions afforded apige-
nin (3), luteolin (4) and verbascoside (5). While the flavo-
noids 3 and 4, being reported for the first time from this
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plant species, were readily recognized by direct comparison
with authentic specimens, compound 5 was identified on
the basis of its spectroscopic data, identical with those
reported previously (Andary et al., 1982).

The acetone extract was chromatographed on Sephadex
LH-20 using acetone as the mobile phase to afford bright-
yellow eluants that were grouped according to their TLC
patterns. Subsequent chromatographic purification of dis-
tinct fractions by HPLC afforded four chromatographi-
cally homogeneous phenylethanoid glycosides (6-9).
Structural assessment was effected by analyses of MS,
and 'H and '>C NMR spectroscopic data. Allocation of
signals was facilitated by COSY, HETCOR and HMBC
experiments.
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These compounds were visualized by the typical light
violet fluorescence on TLC plates, while treatment with
the Naturstoff A reagent showed conspicuous greenish
spots in the daylight. A similar response was noted for ver-
bascoside (5) and a number of structural analogues in a
TLC spotting test, thus suggesting the presence of phenyl-
ethanoids. Supporting evidence for this assumption was
obtained from their UV spectra with absorption maxima
at ca 215, 285 and 320 nm (except for 6), which were rem-
iniscent of those of newbouldioside (10), previously
obtained from the roots of N. laevis (Gafner et al., 1997).
In this context it should be noted that 10 was concurrently
obtained from Markhamia lutea and was designated luteo-
side C (Kernan et al., 1998). Initial identification of these
phenylethanoids was accomplished by analysis of their
"H NMR spectra which displayed the following common
key features: signals (6 6.4-6.7) for an aromatic ABX spin
system and the presence of two mutually coupled methy-
lene groups (¢ 2.6-3.9), arising from a B-(3,4-dihydroxy-
phenyl)ethyl moiety, and three anomeric protons
appearing at ca 6 4.30 (d, J ca 7.5Hz), 50 (d, J ca
1.3 Hz) and 5.2 (d, J ca 1.4 Hz), which were assignable to
a B-glucosyl, an o-rhamnosyl and a B-apiosyl moiety,
respectively (Table 1). These features established that com-
pounds 6-9 were related to phenylethanoid glycosides such
as myricoside (Cooper et al., 1980), forthysioside B (Endo
et al., 1982), pedicularioside A (Zimin and Zhongjian,
1991), luteosides A-C (Kernan et al., 1998), and markha-
miosides A-E (Kanchanapoom et al., 2002), that possess
similar units.

Compound 6 was obtained as a yellow amorphous pow-
der, possessing the elemental composition of C34H4605 as
concluded from (—)-FABMS ([M — H]™ at m/z 773) and
the key fragment [syringyloxyapiosylglucosyl]™ (m/z
489.12562, calc. 489.12442 for C,oH»5014) observed in
the HREIMS. Its '"H NMR spectrum displayed, in addition
to the key features noted above, signals for a syringoyl res-
idue. An m/z 181 ion in the EIMS spectrum of 6 confirmed
the "H NMR notion, while the peaks at m/z 154 and 198
corresponded to 2-(3,4-dihydroxyphenyl)ethanol and
syringic acid, respectively. The identity of these fragments
was proved by HREIMS (see Section 3). Furthermore,
key fragmentation ions observed in the negative FABMS
established that both rhamnose and apiose were terminal
units and that the syringoyl residue was attached to the api-
ose in 6 {m/z 627 [(M — H)-rha]"; m/z 461 [(M — H)-
syringoyloxyapiosyl] }.

Although some of the glycosidic protons overlapped in
the "H NMR spectrum, the corresponding signals in 6 were
well dispersed and were assigned from a COSY spectrum.
Heteronuclear 'H-'*C correlations then allowed assign-
ment of the structure and the remaining NMR signals,
summarized in Tables 1 and 2. In the '*C NMR spectrum,
the apiofuranosyl C-5 (dc 68.1) was conspicuously
deshielded, compared to the chemical shift of the analo-
gous carbon resonance of newbouldioside 10 (dc 64.6)
(Gafner et al., 1997) and a non-acylated apiofuranosyl unit

(0c 65.6) (Sugiyama and Kikuchi, 1993), respectively, sup-
porting the esterification at this position. Confirmatory
evidence was similarly available from the downfield posi-
tion of H,-5 (6 4.32 and 4.46, apiosyl) as compared
to 0 3.57 in the non-acylated analogue 10. On the basis
of these data, the structure of 6 was elucidated as B-(3,
4-dihydroxyphenyl)ethyl 5-O-syringoyl-B-p-apiofuranosyl-
oxy-(1 — 2)-O-[a-L-thamnopyranosyl-(1 — 3)]-B-p-gluco-
pyranoside, designated as newbouldioside A.

The negative FABMS of 7, isolated as a yellow solid,
showed an [M — H]™ peak at m/z 949, consistent with a
molecular formula C44H540,3. Again, the series of abundant
key ions at m/z 489, 198, 181 and 154 (vide supra) were
detected in the EIMS. Close structural similarity of 6 and 7
followed from the general congruence of 'H and '*C NMR
data (Tables 1 and 2). Notable differences were signals from
a trans-feruloyl moiety in 7. Comparison of the NMR spec-
tra of 6 and 7 also showed a conspicuous deshielding of H,-6
(Ao 0.6) and C-6 (AJ 2.0) of the central glucose core, thus
localizing the acyl moiety at C-6'. Supporting evidence for
this placement was also evident from comparing the 'H
and >C NMR data of 7 with those of newbouldioside (10)
(Gafner et al., 1997; syn. luteoside C, Kernan et al., 1998),
which differ in the presence of an acylated vs. nonacy-
lated apiosyl moiety, respectively. Thus, compound 7 was
identified as the new B-(3,4-dihydroxyphenyl)ethyl 5-O-
syringoyl-B-p-apiofuranosyloxy-(1 — 2)-O-[a-L-rhamnopyr-
anosyl-(1 — 3)]-6-O-E-feruloyl-B-p-glucopyranoside, named
newbouldioside B.

Compound 8, a white amorphous powder, co-eluted
with 7 from a Sephadex LH-20 column and was separated
by HPLC (R; 38.2 vs 36.2 min). The peculiar chromato-
graphic behaviour of 8 on the RP-18 column was reproduc-
ible and cannot satisfactorily be explained. It showed the
peak of highest mass at m/z 971 [M — H]™ and an ion at
m/z 768 [M-phenolate entity]” in the negative FABMS,
corresponding to its molecular formula Cy44Hs30,3Na.
Taking into account that the '"H and '*C NMR spectra
of 7 and 8 were superimposable, except for the upfield
shifts of H-2/H-6 (Ad 0.5) and C-2/C-6 (AS 1.7) as well
as C-4 (A 2.6) of the syringoyl residue (Tables 1 and 2),
this finding suggested 8 to be a sodium salt of 7. Since a gly-
cosidic linkage between the apiosyl and syringoyl units was
excluded by the spectroscopic features, the observed chem-
ical shift differences associated with the syringoyl moiety
indicated a phenolate structure at C-4 of this acyl unit.
Compound 8 represents the first example of a salt form
within this group of secondary metabolites. The possibility
that 8 represents an artefact was excluded by the work-up
procedure, the relatively high yields and the absence of
analogous derivatives of the structurally related com-
pounds 6, 7 and 9.

The ESI-TOF mass spectrum of 9 showed an [M + NaJ"
peak at m/z 999.3095, consistent with a molecular formula
of C46H 56053 for the phenylethanoid glycoside. Analysis of
the "H NMR spectrum indicated again the presence of two
acyl moieties in 9, as inferred from the set of signals
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Table 1

'"H NMR data of compounds 6-9 (CD;0D) isolated from N. laevis®

Position 6 7 8 9

Aglycone

2 6.62 d (2.0) 6.61 d (2.0) 6.64 d (2.0) 6.69 d (1.8)
5 6.60 d (8.0) 6.57 d (8.0) 6.58 d (8.0) 6.64 d (8.1)
6 6.40 dd (8.0, 2.0) 6.39 dd (8.0, 2.0) 6.46 dd, (8.0, 2.0) 6.55 dd, (8.1, 1.8)
7 2.67 t-like (7.6) 2.67 t-like (7.6) 2.75 t-like (7.6) 2.79 t-like (7.4)
8a 3.53 (m) 3.53 (m) 3.53 (m) 3.74 (m)

8b 3.94 (m) 3.88 (m) 3.88 (m) 3.97 (m)
Glucosyl

1 428 d (7.7) 430 d (7.3) 437 d (7.5) 4.52 d (7.6)
2 3.45 dd (7.7, 9.0) 3.49 dd (7.3, 9.5) 3.49 dd (7.5, 9.5) 3.588

3 3.58 r-like (9.0) 3.628 3.628 3.56-3.61%
4 3.36 t-like (9.0) 3.35-3.508 3.35-3.508 3.56-3.61%
5 3.23 (m) 3.50-3.608 3.50-3.608 3.608

6'a 3.66 dd (5.45, 12.5) 433 dd, (5.3, 11.8) 433 dd, (5.1, 11.9) 4.24 (m)

6'b 3.85 dd, (2.0, 12.5) 4.49 dd, (2.0, 11.8) 4.50 dd (2.0, 11.9) 4.24 (m)
Rhamnosyl

1" 4.98 d (1.4) 5.01d (1.3) 5.01d(1.2) 5.06 (br s)
2" 3.988 3.988 3.95b 3.968

3" 3.698 3.70® dd,(3.20, 9.5) 3.69 dd, (3.2, 9.6) 3.56-3.61%
4 3.42 t-like (9.3) 3.44 t-like (9.5) 3.44 t-like,(9.6) 3.56-3.61°
5" 3.90-3.96® 3.95-3.98b 3.95-3.988 3.56-3.61%
H;-6" 1.26 d (6.3) 1.26 d (6.2) 1.27 d (6.2) 1.12 d (6.1)
Apiosyl

1 523d(1.2) 523 d (1.5) 5.22d(1.4) 521d(2.2)
2 4.07 d (1.2) 4.02d (1.5) 3.99 d (1.4) 3.948

4" 3.80 d (9.8) 3.81d (9.8) 3.79 d (9.8) 3.74 d (9.8)
4" 4.14 d (9.8) 4.14 d 89.8) 4.12d(9.8) 4.01 d (9.8)
5"a 432 d (11.4) 4.30-4.338 4.30-4.338 3.58 (br s)
5"b 4.46 d (11.4) 4.46 d (11.5) 4.47 d (11.5) 3.58 (br s)
Syringoyl

2" [6" 7.35 (s) 7.35 (s) 6.86 (s) -
3"1/5""-OCH; 3.87 (s) 3.84 (s) 3.84 (s) -

Feruloyl

Qi — 7.15d (1.7) 7.15d (1.8) 7.11d (1.7)
5 - 6.79 d (8.1) 6.79 d (8.1) 6.77 d,(8.2)
6 - 6.99 dd (8.1, 1.7) 7.00 dd (8.1, 1.8) 7.03 dd (8.2, 1.7)
7 - 7.60 d (15.9) 7.61 d (15.4) 7.62 d (15.5)
8" - 6.37 d (15.9) 6.39 d (15.4) 6.36 d (15.5)
5" OCH; - 3.84 (s) 3.84 (s) 3.82 (s)
Sinapoyl

2!//!///6//!//! _ _ _ 679 (A)

7 - - - 7.58 d (15.6)
8" - - - 6.32 d (15.6)
5 - - - 3.79 (br s)
7”””-OCH3

A Chemical shifts (relative to TMS) are in () in ppm, multiplicities and coupling constants in Hz in parentheses.

B Signal pattern unclear due to overlapping.

reminiscent of a trans-feruloyl residue (vide supra), and res-
onances arising from a sinapoyl moiety (Table 1). In the
EI-MS of 9, the ions at m/z 177 and 207 were in full agree-
ment with the presence of a feruloyl and sinapoyl moiety,
respectively. In contrast to compounds 6-8, structural
assessment of 9 required several HMBC, HMQC, TOCSY,
HETCOR, DEPT and COSY experiments due to increased
spectroscopic complexity with severe overlap of '"H NMR
signals, and a mass fragmentation pattern that did not
readily show the sequence of the sugars. Structural assess-

ment of 9 was thus accomplished using a combination of
NMR techniques, along with comparisons to the assign-
ments of analogues 6-8. The carbonyl carbon at dc 167.5
showed in the HMBC experiments a three-bond correlation
to the H,-6' signal (6 4.24), and the anomeric proton at ¢
4.52 correlations to C-8 (dc 71.3). This evidence suggested
the placement of the sinapoyl residue at C-6 of the glucose
unit that, in turn, was again linked to the phenylethoxy moi-
ety. In addition, the anomeric C-1” (rhamnosyl) at oc 102.1
correlated to both the H-2' at ¢ 3.58 and H-5" at ca ¢ 3.60.
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Table 2

13C NMR data of compounds 6-9 (CD;OD) isolated from N. laevis

C 6 7 8 9
Aglycone

1 131.3 131.1 131.2 130.0
2 117.1 116.5 116.4 115.8
3 144.7 144.7 144.7 144.5
4 146.1 146.2 146.2 143.0
5 116.3 117.1 117.2 115.1
6 121.2 121.2 121.3 119.9
7 36.6 36.7 36.8 35.5
8 71.9 72.4 72.2 71.3
Glucosyl

Iy 102.8 103.0 103.0 101.9
2/ 78.7 78.9 78.9 79.6
3’ 87.1 86.3 86.4 71.0%
4’ 70.5 70.7 70.7 70.2
5! 77.8 77.8 77.8 72.3
6 62.6 64.6 64.6 63.2
Rhamnosyl

1” 103.6 103.5 103.5 102.1
2" 72.5 72.2 72.2 80.6
37 72.2 72.0 72.1 71.5
4" 73.7 73.8 73.7 70.6*
5" 70.7 70.7 70.7 69.6
6" 17.9 17.9 17.9 17.4
Apiosyl

1" 110.7 110.7 110.5 109.8
2 79.0 78.8 79.1 77.3
3" 79.2 79.2 79.2 79.2
4" 75.3 75.3 75.3 73.9
5" 68.1 68.1 67.7 64.3
Syringoyl

I 121.1 121.1 121.1 -
21 108.7 108.7 107.0 -

3 149.0 149.0 149.5 -
4m 142.4 142.4 139.8 -

5 149.0 149.0 149.5 -

6"’ 108.7 108.7 107.0 -

7" 167.9 167.9 168.9 -
3"/5""-OCHj;3 57.0 57.0 56.9

Feruloyl

1 - 127.7 127.7 126.2
2 - 111.6 111.6 110.4
3 - 1494 149.4 149.2
4" - 150.7 150.7 149.3
5 - 116.5 116.5 115.1
6" - 124.4 1244 122.9
7" - 147.2 147.2 146.4
8" - 115.3 115.3 114.0
9 - 169.1 169.1 166.7
5""-OCHj; - 56.6 56.5 55.2
Sinapoyl

1!///// _ _ _ 125.1
2////// o o o 105.4
3!///// _ _ _ 147.8
4////// _ _ _ 138.0
5!///// _ _ _ 147.8
6////// o o o 105.4
7!///// _ _ _ 146.0
8////// _ _ _ 113.8
9////// . . . 167.5
5///////’7/////I_OCI_I3 o o o 55.6

& Assignment of signals may be interchanged.

Consequently, the rhamnosyl unit was glycosidically linked
to C-2’ of the glucose. Owing to the very similar chemical
shifts of the C-2 protons of the apiosyl and rhamnosyl moi-
eties (0 3.94, 3.96), the crucial three-bond correlations
required for establishing the apiosyl-rhamnosyl connectiv-
ity, could not be established unambiguously. However, the
conspicuous deshielding of the C-2” resonance at dc 80.6
supported the B-p-apiofuranosyl-(1 — 2)-o-L-rhamnopyr-
anosyl partial structure in 9 when compared to the analo-
gous signal in compounds 6-8 (Table 2), taking also into
account the HMBC associations of C-1” (vide supra). Allo-
cation of signals arising from the apiosyl moiety was clearly
established by HMBC experiments, which showed the three-
bond correlations of 4 5.21 (H-1") with ¢ 79.2 (C-3"), ¢
77.3 (C-2") with ¢ 3.58 (H,-5"), and dc 109.8 (C-1"") with
both 6 3.74 and 4.01 (H,-4""). Following these definite asso-
ciations, the feruloyl unit was placed at C-3" because the '*C
resonances of C-2"” and C-5" appeared relatively upfield at
oc 77.3 and 64.3, respectively, when compared with the
chemical shifts of the analogous signals of compounds 6-8
(ca ¢ 79 and 68 ppm, respectively) being devoid of an acyl
moiety in this position. Accordingly, the structure of 9 was
identified as B-(3,4-dihydroxyphenyl)ethyl 3-O-E-feruloyl-
B-p-apiofuranosyloxy-(1 — 2)-O-a-L-rhamnopyranosyl-
(1 — 2)-6-0O-E-sinapoyl-B-p-glucopyranoside, designated as
newbouldioside C.

The identification of the newbouldiosides A-C (6-9)
extends the range of analogues of this group of natural
products containing glucose, rhamnose and apiose. It is
significant that compound 8 represents the first phenolate
known hitherto within this group, while newbouldioside
C (9) not only introduces the first member with a linear
gle-rha-api chain, but also possesses a sinapoyl moiety in
the molecule.

3. Experimental
3.1. General

UV spectra were recorded on a Shimadzu UV-240
spectrophotometer and optical rotations were measured
on a Perkin-Elmer MC 241 polarimeter. '"H NMR
(400 MHz) and ')C NMR (100.6 MHz) spectra were
obtained using a Bruker DPX-400 and a Varian Unity
Inova 600 spectrometer; the chemical shifts are given in
0 (ppm) relative to (Me)4Si. HMBC experiments were
optimised for 2'3JH/C = 8 Hz. EIMS and HR-EIMS were
acquired with a Varian MAT CH,A and a Finnigan
MAT 711 spectrometer, respectively. FABMS spectra
were recorded on a Finnigan MAT CHsDF, while the
ESI-TOF data were acquired on an Agilent MSD-TOF
spectrometer. HPLC separations were done with a Shima-
dzu instrument, equipped with a gradient former and a
photodiode array detector, and Class M10-A software.
Experimental conditions: Eurospher 100C-18 (5 um;
8 X250 mm); oven temperature, 40 °C; mobile phase A,
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H,O-MeOH gradient 9:1 — 3:7 (40 min, flow rate 3 ml/
min); detection at 275 nm; mobile phase B (for naphtho-
quinones), H,O-MeOH gradient 1:0 — 0:1 (40 min, flow
rate 4 ml/min); detection at 254 nm. Column chromatog-
raphy was carried out on silica gel (63-200 mesh; Merck)
and Sephadex LH-20 (Fluka). After the emergence of yel-
low material, fractions were collected. Precoated TLC
plates were used without activation (silica gel 60 Fsq4,
0.25 mm, Merck). Naphthoquinones were visualized by
their typical yellow colour in the daylight and by exposure
to UV (366 nm). Phenylethanoid glycosides and flavo-
noids were spotted by UV (366 nm) and Naturstoff A.

3.2. Plant material

The stem bark of N. laevis were collected in Abuja (Nige-
ria) in 1997 and authenticity of the plant material was
confirmed by Dr. M. Azuine, National Institute for Pharma-
ceutical Research and Development, Abuja, Nigeria. A vou-
cher specimen (BKOL 1) is deposited at the Institut fiir
Pharmazie, Pharmazeutische Biologie, Berlin, Germany.

3.3. Extraction and isolation

Dried and powdered stem bark of N. laevis (1 kg) were
successively extracted with CH,Cl,, acetone and MecOH
at room temperature to afford a brownish residue (9.3,
6.6 and 33.1 g, respectively) on evaporation of the solvent.
A portion of the MeOH extract (30 g) was re-suspended in
MeOH and treated with n-hexane to yield 378 mg of a
solid. The n-hexane soluble fraction (300 mg) was subse-
quently applied to a silica gel G 60 column (2.5 X 36 cm)
using a cyclohexane-EtOAc gradient system (10:0 — 4:1).
The content (10ml fractions) of test tubes 41-90
(17.5mg) and 91-150 (22.3 mg) were subjected to HPLC
purification using the H,O-MeOH gradient system B to
afford compounds 1 (3.9 mg, R; 10.6 min) and 2 (3.7 mg,
R, 14.1 min), respectively.

The MeOH soluble portion (23.7 g) was fractionated on
Sephadex LH-20 using MeOH as eluant. A portion (72 mg)
of the content of test tubes 17-34 (25 ml fractions; 7.1 g)
was further purified by HPLC separation with the H,O-
MeOH gradient system A to afford compound 5 (5.2 mg,
R 25.7 min).

Re-chromatography of fraction 35-56 (15 ml fractions;
1.3 g) on Sephadex LH-20 using EtOAc as eluant, followed
by HPLC purification of the content of test tubes 21-57
(112 mg) yielded compounds 3 (2.9 mg; R, 42.9 min) and
4 (2.1 mg; R, 39.8 min), respectively.

A portion of the acetone soluble extract (5 g) was ini-
tially chromatographed on a Sephadex LH-20 column
(3 x 75 cm), collecting 18 ml fractions. Elution with acetone
and subsequent HPLC purification of a portion of fraction
141-230 (89 mg) with a H,O-MeOH gradient-system
(9:1 — 3:7 in 40 min, flow rate 3 ml/min, detection at
275 nm) yielded compounds 7 (11.3 mg; R; 36.2 min) and
8 (9.1 mg; R, 38.2 min). Similar HPLC purification of a

portion of the content of test tubes 213-318 (65 mg) affor-
ded compounds 6 (8.1 mg, R, 25.3 min) and 9 (13.2 mg,
R, 38.9 min).

The known furanonaphthoquinones 1 and 2 (Wagner
et al., 1989; Gafner et al., 1996) as well as verbascoside
(5) (Andary et al., 1982) were identified on the basis of their
physical data, consistent with those previously reported,
while the flavonoids 3 and 4 corresponded to authentic
specimens.

3.4. Newbouldioside A (6)

Yellow amorphous material (8 mg). Rp 0.53; R, 25.1-
25.3 min. [a]p — 53.3 (MeOH; ¢ 3.15). UV (MeOH) .«
nm (loge): 219 (3.99), 281 (3.98). Negative FAB-MS mi/z
773 [M — H]; positive FAB-MS m/z 797 [M + Nal';
HR-EIMS m/z 489.12562 calc. for C,yH,50,4 489.12442,
mfz 198.05322 calc. for CoH;,Os 198.05283, my/z
181.05112 calc. for CoHoO, 181.05008, m/z 154.06366
(calc. for CgH,yO3 154.06299; EI-MS m/z (rel. int.): 198
(95), 181 (32), 154 (53), 139 (38). 'H NMR and "*C
NMR see Tables 1 and 2.

3.5. Newbouldioside B (7)

Yellow amorphous material (11 mg). Ry 0.69; R, 36.2—
36.4 min. [o]p — 50.5 (MeOH; ¢ 2.75). UV (MeOH) Aax
nm (loge): 219 (3.99), 286 (3.98), 320 (2.4). Negative
FAB-MS m/z 949 [M — H]"; HR-EIMS m/z489.13968,
calc. for CyoH»5014 489.12442; EI-MS m/z (rel. int.): 489
(65), 198 (39), 181 (18), 168 (9), 154 (52), 150 (20), 139
(61). '"H NMR and "*C NMR see Tables 1 and 2.

3.6. Newbouldioside B sodium salt (8)

Yellow amorphous material (9.1 mg). R 0.69; R, 38.0—
38.3 min. [o]p — 52.7 (MeOH; ¢ 4.3). UV (MeOH) Apax
nm (loge): 214 (3.99), 290 (3.98), 327 (2.4). Negative
FAB-MS m/z 971 [M — H], 768 [M-phenolate entity] .
EI-MS m/z (rel. int.): 489 (66), 207 (65), 181 (14), 150
(24), 150 (20), 137 (18). "H NMR and '>C NMR see Tables
1 and 2.

3.7. Newbouldioside C (9)

White amorphous material (9.1 mg). R; 0.69; R, 38.0-
38.3 min. [o]p — 47.9 (MeOH; ¢ 2.4). UV (MeOH) /max
nm (loge): 219 (3.99), 294 (3.98), 327 (2.4). MALDI-TOF
MS m/z 999 [M + Na]"; EI-MS m/z (rel. int.): 207 (65),
181 (14), 150 (24), 150 (20), 137 (18). '"H NMR and "*C
NMR see Tables 1 and 2.
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