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Abstract

In a chemosystematic investigation of Digitalideae (Plantaginaceae), the water-soluble part of extracts of two species of Digitalis,
two species of Isoplexis, as well as Erinus alpinus and Lafuentea rotundifolia were studied with regard to their content of main car-
bohydrates, iridoids and caffeoyl phenylethanoid glycosides (CPGs). Digitalis and Isoplexis contained sorbitol, cornoside and a
number of other phenylethanoid glycosides including the new tyrosol B-pD-mannopyranoside, sceptroside but were found to lack irid-
oid glucosides. Erinus contained mainly glucose, the new 8,9-double bond iridoid, erinoside, and a number of known iridoid glu-
cosides including two esters of 6-rhamnopyranosylcatalpol, as well as the CPG poliumoside. Finally, Lafuentea was
characterized by the presence of glucose, aucubin and cryptamygin B but apparently lacked CPGs. The chemosystematic signifi-

cance of the isolated compounds is discussed.
© 2005 Elsevier Ltd. All rights reserved.
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1. Introduction

Recent extensive molecular systematic investigations
of the heterogencous family Scrophulariaceae have led
to significant changes in its circumscription (Olmstead
and Reeves, 1995; Oxelman et al., 1999; Olmstead
et al., 2001). Many former members of the family have
been assigned to a largely expanded Plantaginaceae
(Veronicaceae sensu Olmstead, 2003), now comprising
approximately 92 genera and 2000 species (APG, 2003;
Albach et al., 2005). Within this family, we have recently
reviewed the chemotaxonomy of Plantago (Rensted
et al., 2000, 2003b; Taskova et al., 2002b), Aragoa
(Ronsted et al., 2003a), Veronica (Taskova et al., 2002a,
2004; Jensen et al., 2005), Paederota (Albach et al.,
2004) and Campylanthus (Rensted and Jensen, 2002).

* Corresponding author. Tel.: +45 45252103; fax: +45 45933968.
E-mail address: stj@kemi.dtu.dk (S.R. Jensen).

0031-9422/$ - see front matter © 2005 Elsevier Ltd. All rights reserved.

doi:10.1016/j.phytochem.2005.04.020

Digitalis and its allies have been found to be closely
related to Veroniceae and also belong to the extended
Plantaginaceae (Oxelman et al., 1999; Olmstead et al.,
2001; Bello et al., 2002). Tribes Veroniceae and Digita-
leae were established by Bentham (1846) but subse-
quently lumped into one tribe (Bentham and Hooker,
1886; von Wettstein, 1898). Pennell (1935) reestablished
Digitaleae as a small tribe comprising only Digitalis and
perhaps Rehmannia. Recently, Albach et al. (2005) have
found Isoplexis and Erinus to be the closest relatives of
Digitalis. Sibthorpia, Lafuentea and Campylanthus have
also been considered as members of the tribe by different
authors (Bentham and Hooker, 1886; von Wettstein,
1898; Hallier, 1903; Melchior, 1964; Olmstead, 2003).

Digitalis and Isoplexis have been subjects of much
chemical work mainly due to their content of heart-ac-
tive cardenolides (Hegnauer, 1973; Ganapaty et al.,
2003). A number of caffeoyl phenylethanoid glycosides
(CPGs) have been detected or isolated from Digitalis
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(Lichius et al., 1995; Matsumoto et al., 1987; Baudouin
et al., 1988; Brieger et al., 1995; Zhou et al., 1998; Calis
et al., 1999a,b; Kirmizibekmez et al., 2002). Also, corno-
side (2) has been reported from Digitalis purpurea (Jen-
sen et al., 1975) and salidroside (5) from Isoplexis
chalcantha (Gonzalez et al., 1985). In his survey for irid-
oid glucosides in Scrophulariaceae, Kooiman (1970) in-
cluded Digitalis, Isoplexis and Erinus. However, only the
latter was shown to contain aucubin (15) and some addi-
tional unidentified iridoids. Rensted and Jensen (2002)
have recently investigated Campylanthus and isolated
mannitol and sorbitol as the major carbohydrates and
a number of iridoid glucosides, similar to those found
in some species of Plantago. Pinar (1977) has reported
coumarins from Lafuentea rotundifolia. In the present
work, we have investigated the water-soluble constitu-
ents of two species each of Digitalis and Isoplexis as well
as of Erinus alpinus and L. rotundifolia and identified the
isolated compounds by NMR.

2. Results and discussion

The plant material was extracted with cold or boiling
ethanol and the water-soluble part of the extract was

subjected to reversed phase column chromatography
to give the compounds listed in Table 1. Both in the case
of D. purpurea and E. alpinus fractions with additional,
unidentified CPGs were collected. Unfortunately, the
carbohydrate fraction was not investigated in for D. pur-
purea, but sorbitol (1) has previously been shown to be
the main alditol present in mature leaves of this plant
(Raymakers, 1973). One of us has previously isolated
cornoside (2) from D. purpurea (Jensen et al., 1975),
while 9 and 10 together with calceolarioside A (8) and
forsythiaside (13) were reported by Matsumoto et al.
(1987). With regard to the compound 9, it was first iso-
lated from cell-cultures of Rehmannia glutinosa (Shoy-
ama et al., 1986) but not given a trivial name, then it
was reported from D. purpurea as purpureaside A (Mat-
sumoto et al., 1987), from Plantago major as planta-
majoside (Ravn and Brimer, 1988), and finally from
several species of Plantago as plantamoside (Andary
et al., 1988). The name purpureaside A therefore have
priority, but since plantamajoside is by far the most used
name and since the compound is a characteristic for
Plantago species (Ronsted et al., 2000, 2003b), we sug-
gest that this name is retained for 9.

From D. thapsus and I chalcantha cornoside was
accompagnied by 3 or 4, repectively. We have recently

Table 1

Compounds isolated in the present work

Plant Plant part Extraction
method

Main carbohydrate  Iridoids Phenylethanoids

Fresh leaves and stems
from flowering plant

Digitalis purpurea

Digitalis thapsi Frozen whole first year plant Cold EtOH
Isoplexis chalcantha Fresh whole first year plant Cold EtOH
Isoplexis sceptrum Fresh leaves from old plant Cold EtOH
Erinus alpinus Frozen whole plants Boiling EtOH

Lafuentea rotundifolia  Dry whole flowering plants

Boiling EtOH

Boiling EtOH

Cornoside (2)
Plantamajoside (9)
Purpureaside B (10)

Cornoside (2)
Cornoside agluc. (3)
Calceolarioside A (8)
Forsythiaside (13)

Cornoside (2)
Rengyolone (4)
Salidroside (5)
Lugrandoside (11)
Forsythiaside (13)

Cornoside (2)
Salidroside (5)
Sceptroside (6)
Dopaol glucoside (7)
Calceolarioside A (8)
Forsythiaside (13)

Sorbitol (60%) -

Sorbitol (50%) -

Sorbitol (90%) -

Glucose Aucubin (15) Poliumoside (12)
Geniposidic acid (16)
8-Epiloganic acid (17)
Arborescosidic acid (18)
Erinoside (19)
Catalpol derivs. (21, 22)
Glucose Aucubin (15) -
Sucrose Gardoside (20)
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shown that plants in which cornoside (2) is present, this
compound sometimes is more or less hydrolysed during
work-up (Jensen et al., 2005), probably due to enzyme
activity, to give the aglucone (3) which is unstable and
depending on the conditions rearrange to rengyolone
(4). When this effect was discovered after part of the
present work was finished, we decided to test this by
using hot ethanol for the work-up of D. purpurea, and
indeed only intact 1 was isolated from this plant.

Salidroside (5) has previously been reported from I
chalcantha (Gonzalez et al., 1985), and in the present
work, we could isolate this compound from both species
of Isoplexis. From I sceptrum we in addition found a
new isomeric compound which we have named sceptro-
side (6).

Sceptroside (6) was isolated as an amorphous solid
[oc]]230 —51° and the elemental composition C;4H,,04
was established by HRESIMS. The '>*C NMR spectrum
in D,O (see 3.3) showed the expected 14 signals of which
eight could be assigned to a p-hydroxyphenylethyl moi-
ety like in salidroside (5). The remaining six signals obvi-
ously belonged to a glycosyl moiety different from
glucosyl, and comparison with the spectrum of dopaol
B-p-mannopyranoside (Franzyk et al., 2004) showed al-
most complete coincidence with the signals from the
mannopyranosyl group when allowing for the different
standard used. Moreover, it was unlike the reported
spectrum of methyl of o-p-mannopyranoside (Bock
and Pedersen, 1983). The '"H NMR-spectrum was also
consistent with structure 6; thus, the signals assigned
to the aglycone was almost identical with those seen
for 5 and the signal from the anomeric proton of 6 ap-
peared as a singlet at § 4.46 while that of H-2" was seen
as a doublet (J » 3 = 3.3 Hz) at 6 3.81, consistent with
an axial position of the 2-OH group of the glycone. In
conclusion, sceptroside is tyrosol B-p-mannopyranoside
(6). Compared with galactosides and allosides, p-
mannosides are rare as micromolecular natural prod-
ucts, we have only been able to find a few recent reports,
namely of two flavonoid (Wei and Yan, 1997; Jiang
et al., 2002), one anthraquinone (Rai, 1993), one sapo-
nin (Guo et al., 1991) and some alkaloid mannosides
(Yamashita et al., 2002). Earlier reports on flavone
mannosides from Stachys sp. (cf. Meremeti et al.,
2004) are most likely misidentifications of allosides
which are often present in this genus.

In contrast to the above species, E. alpinus gave glu-
cose as the main sugar, the CPG poliumoside (12) and a
number of known iridoid glucosides, as well as a new
iridoid glucoside which we have named erinoside (19)
and the two esters of 6-rhamnopyranosylcatalpol 21
and 22. Erinoside was isolated as an amorphous solid
which proved somewhat unstable upon isolation and
therefore the optical rotation was not measured; the ele-
mental composition was C;¢H»yO1; as established by
HRESIMS. The '3C NMR spectrum of 19 (Table 2)

Table 2
NMR data for erinoside (19) and the model compound 18 recorded in
D,O

Atom  Erinoside (19) Arborescosidic
acid (18)*
'H (500 MHz) 3¢ HMBC 3¢
correlations

Aglucone

1 6.65 (s) 92.1 1,3,5,8 92.2

3 7.34 (br s) 150.4  1,4,5,11 151.4

4 115.4 ca. 120

5 3.62 (m) 38.8 4,9 38.2

6 1.49 (ax) (m) 31.2 4,5,7 31.5
2.52 eq (m) 8,9

7 2.68 (m) 34.5 5,6,8,9 34.5
2.72 (m) 6,8,9

8 139.9° 143.1

9 138.1° 130.2

10 n.o. ¢ 58.1

11 172.7 n.o. ¢

Glc

Iy 4.80 (d, 8.1) 99.1 1,5 99.1

2/ 3.24 (dd, 8, 9.5) 73.5 1,3 73.5

3/ 3.48 (t, 9.5) 76.2 2/, 4 76.5

4/ 3.37 (1, 9.5) 70.4 3, 5,6 70.4

5/ 3.47 (m) 77.0 77.1

6’ 3.70 (dd, 12.4, 5.8) 61.5 4,5 61.5
3.88 (dd, 12.4, 1.2) 4

% Ronsted et al. (2000).
® Interchangeable.
¢ n.0. — not observed.

showed only 15 signals of which six could be assigned
to a B-glucopyranosyl moiety and the remaining nine
signals were in accordance with an iridoid aglucone con-
taining two double bonds and two carboxylic acid
groups like in ixoside (Takeda et al., 1975), although
only one of the carboxylic acid groups was visible in
the spectrum. This was probably due to line broadening
caused by partial ionisation like in the spectrum of arbo-
rescosidic acid (18) (Rensted et al., 2000). Except for the
signals arising from C-8 and C-9 (6 139.7 and 138.3), the
spectrum was almost identical to that of 18 (see Table 2).
Furthermore, when compared to 18, such upfield
(3 ppm) and downfield (8 ppm) shifts for C-8 and C-9,
respectively, would be expected when the double bond
was conjugated with a carboxylic acid group as in 19.
In the '"H NMR-spectrum, the H-1 signal was seen at
the low field position 6 6.65, characteristic for iridoids
with an §8,9-double bond (Jensen et al., 1996). The
assignments of the NMR spectra were partly based on
the DQF-COSY, gHSQC and gHMBC spectra.

Dried plants of L. rotundifolia, collected in the natu-
ral habitat in Spain, had glucose and sucrose as the main
carbohydrates. It contained two iridoid glucosides as
well as the compound cryptamygin B (dihydromeliloto-
side; 23) as one of the main constituents. Compound 23
has previously been reported from Cinnamomum cassia
(Tanaka et al., 1989) and Cryptocarya amygdalina
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(Chan et al., 2002), both Lauraceae, and from Mussa-
enda arcuata (Ranarivelo et al., 1990), Rubiaceae.

OH (0]
GlcO
DL oL
(0] (0] (0]
2; Cornoside 3; Cornoside 4; Rengyolone
aglucone
OH
OH RO R'
OH OH
OH 5; R=Glc; R'=H; Salidroside
OH 6; R=Mann; R'=H; Sceptroside
7; R=Glc; R'=0OH
1; Sorbitol
8; R=R'=H; Calceolarioside A
9; R=Glc, R'=H; Plantamajoside
10; R=Glc, R'=Rha; Purpureaside B
11; R=H; R'=Glc; Lugrandoside
12; R=R'=Rha; Poliumoside
13; R=H; R'=Rha; Forsythiaside
14; R=Rha; R'=H; Verbascoside
§:E§ OH
§\:KC)‘EC OGilc OGic

15; Aucubin 16; Geniposidic acid 17; 8-Epiloganic acid

COOH

X
O

HO

OGic

18; R=CH,OH; Arborescosidic acid
19; R=COOH; Erinoside

20; Gardoside

©\/\/COOH
OGilc

23; Dihydromelilotoside

HO— OGilc

21; R=R'=H; R"=Cinnamoyl
22; R=Acetyl; R'=Cinnamoyl; R"=H

The isolated compounds, sorbitol (1), cornoside (2),
CPGs (8-14) and iridoids (15-22) are all of potential

chemosystematic interest. Sorbitol (1) is a carbohydrate
with a limited distribution. It has been reported from

many Rosaceae and found in Tetrachondraceae (Jensen,
2000a). In Plantaginaceae (sensu APG, 2003), it is pres-
ent in all species of Plantago (Rensted et al., 2003b),
Aragoa (Ronsted et al., 2003) and Campylanthus
(Ronsted and Jensen, 2002) investigated. However, in
many other taxa of the family, mannitol appears to be
the characteristic sugar (Hegnauer, 1973) and this is in-
deed also the case for Veronica (Jensen et al., 2005).

Cornoside (2) and its precursor salidroside (5) belong
to the same C4-C, pool that gives rise to dopaol gluco-
side (7), calceolarioside A (8) and the other CPGs (9-
14). While salidroside is widespread in plants, cornoside
has a much more limited distribution, and is found
mainly within Lamiales (Jensen et al., 2005). It usually
occurs in taxa where iridoids are lacking but would be
expected to occur, and this is also the case for Digitalis
and Isoplexis. Caffeoyl phenylethanoid glycosides
(CPGs; i.e. 8-14) are characteristic for most taxa in
Lamiales, and the most common representative, verbas-
coside (14) has been reported from all the families of
Lamiales. Only two examples are known from outside
the order (Jensen, 1992).

Iridoid glucosides (i.e. 15-22) are characteristic for
Lamiales, but they are more widespread than CPGs.
However, specific compounds can be systematically very
useful. Aucubin (15) and/or catalpol are characteristic
for most taxa within Plantaginaceae, usually accompag-
nied by one or more of their biosynthetic precursors (i.e.
16) or compounds derived from such precursors (17 and
20) (Ronsted et al., 2000), but they are present in most
families of the order. Conversely, the iridoid glucosides
with a 8,9-double bond, like 18 and 19, have only been
reported from Plantaginaceae; until now, they are
known from Globularia, Paederota, Plantago, Veronica
and Wulfenia (Albach et al., 2004). Rhamnopyranosyl-
catalpol esters, like 21 and 22, have so far been reported
from Scrophulariaceae s./. and some taxa of Lamiaceae
(Jensen, 2000b; Helfrich and Rimpler, 1999, 2000); they
have not previously been found in Plantaginaceae.

As expected, the genera Digitalis and Isoplexis are
found to be very similar: both contain sorbitol (1),
cornoside (2) and a number of CPGs, but lack iridoids.
Accumulation of salidroside (5), the precursor of 2,
could be considered as characteristic for Isoplexis, since
it was isolated from both species investigated. The new
compound sceptroside (6), which was found only in I.
sceptrum, is obviously related to 5.

Glucose was the main carbohydrate present in E.
alpinus. Although cornoside (2) was not found, some
CPGs were detected and the isolated poliumoside (12)
is probably a precursor for the main phenylethanoid gly-
coside in Digitalis and Isoplexis, forsythiaside (13). A
number of iridoids were isolated from E. alpinus, namely
aucubin (15), its congeners geniposidic acid (16) and
8-epiloganic acid (17), as well as two esters of 6-rhamno-
pyranosylcatalpol, compounds 21 and 22. The two
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iridoids with an 8,9-double bond, arborescosidic acid
(18) and erinoside (19), clearly support Erinus to be a
member of the Plantaginaceae. However, this is the first
report of 6-rhamnopyranosylcatalpol esters from the
expanded Plantaginaceae (sensu APG, 2003).

In Digitalideae, the chemical profile of Erinus distin-
guishes it from the studied representatives of Digitalis
and Isoplexis and this is in contrast to the morphological
evidence and recent molecular systematic results (Al-
bach et al., 2005). Evidently, the ancestors of the Digi-
talis-Erinus clade must have been able to produce
iridoids and the blockage of iridoid biosynthesis hap-
pened in a branch which gave rise to Digitalis and its
closest relative, Isoplexis. Here, biosynthesis of cardeno-
lides has replaced that of the iridoids and reduction of
glucose to sorbitol took place. Indeed, the iridoid pat-
tern in Erinus with aucubin and compounds with an
8,9-double bond is characteristic for the remaining gen-
era in Veroniceae-Plantago clade, the sister to Digitali-
deae (Albach et al., 2004).

Chemically, L. rotundifolia is unusual in the family
since it lacks mannitol and sorbitol, displays a low con-
tent of aucubin (15) and no CPGs. Lafuentea has been in-
cluded in Digitaleae (von Wettstein, 1898; Olmstead,
2003), in Rehmanniae-Ourisieae (Rouy, 1909) and most
recently, it has been found to be a sister to tribe Antirrhi-
neae (Albach et al., 2005). The chemical profile of the
genus, in accordance with the floral and nuclear inclu-
sions morphology (Bigazzi, 1993; Albach et al., 2005),
do not corroborate the molecular evidence. Thus, (i)
mannitol has been found as the main sugar in some
Antirrhineae (Toth et al., 1978; Khan and Aqil, 1993);
(i) CPGs have been reported from Linaria (Lahloub,
1992; Otsuka, 1993), Kickxia (Amer, 1993) and Antirrhi-
num (Franzyk et al., 1998), although usually in low con-
centrations; (iii) all investigated genera of the tribe are
characterised by the iridoid glucoside antirrhinoside
and/or its derivatives. However, it could be assumed that
the presence of aucubin in Lafuentea reflects a primitive
condition for the tribe and change to antirrhinoside pro-
duction happened after the separation of Antirrhineae.

3. Experimental
3.1. General

Fresh or frozen (—23 °C) plant material was blended
with EtOH (4 x weight) and filtered. The concentrated
extracts were partitioned in Et,O-H,O. The aqueous
phase was taken to dryness, dissolved in 10% aq. acetic
acid (in order to give retention to acidic compounds)
and separated by reverse phase preparative chromatog-
raphy. Merck Lobar RP-18 columns (size B and C) were
eluted with H,O-MeOH mixt. (1:0 to 1:1); compounds
are listed in order of elution; the amount of sorbitol

(1) was estimated from the '*C NMR spectrum of the
crude sugar fraction. "H and '*C NMR spectra were re-
corded on a Varian Unity Inova-500 MHz or Mercury-
300 MHz instruments in D,O or MeOH-d, using the
solvent peak (6 4.75, 3.31 or 49.0) as the internal stan-
dard. In the cases where '*C NMR spectra were re-
corded in D,O the C-6' shift was set to 61.5 ppm
(Damtoft et al., 1981). 2D DQF-COSY, gHSQC and
gHMBC spectra were aquired using standard pulse se-
quences. LC-HR ESIMS was performed on an Agilent
HP 1100 Liquid Chromatograph equipped with a
BDS-C18 reversed phase column running a water—
acetonitrile (50 ppm TFA in water) gradient. The LC
was coupled to a LCT of a TOF MS (Micromass, Man-
chester, UK) operated in the negative electrospray ion
mode using S5-leucineenkephalin as lock mass. The
known compounds isolated were identified by their
NMR data: sorbitol (1), cornoside and congeners (2-4)
(Jensen, 2000a); salidroside (5), plantamajoside (9) and
iridoids (15-20) (Rensted et al., 2000); dopaol glucopyr-
anoside (7) (Sakurai and Kato, 1983); calceolarioside A
(8) (Nicoletti et al., 1986), purpureaside B (10) (Matsum-
oto et al., 1987); lugrandoside (11) (Calis et al., 1999a);
poliumoside (12) (Zhou et al., 1998); forsythiaside (13)
(Nishibe et al., 1982); 6-0-L-(4"-O-trans-cinnamoyl)-
rhamnopyranosylcatalpol (21) (Helfrich and Rimpler,
1999), scrospioside B (22) (Zhang et al., 1992).

3.2. Plant material

Digitalis purpurea L. (I10K-3/2004) was grown in a
private garden, Digitalis thapsi L. (I0K-4/2004), Isopl-
exis chalcantha Svent. & O’Shan. (IOK-5/2004) and
Erinus alpinus L. (I0K-19/2003) were all grown from
seeds in the experimental fields of The Botanic Garden,
University of Copenhagen. Isoplexis sceptrum (L. fil.)
Loudon (S1993/374) was obtained from a greenhouse
of the same institution. Lafuentea rotundifolia L.
(IOK-16/2004) was collected in the wild in Spain:
Almeria, Vicar, barranco de Vicar. The voucher speci-
mens were deposited in the Herbarium of Vienna.

3.2.1. Digitalis purpurea

Fresh leaves and stems (88 g), after being blended in
hot EtOH, gave 4.4 g of crude extract; chromatography
(Lobar column C) gave a sugar fraction (1.0 g, not fur-
ther investigated), cornoside (2; 35 mg), pure planta-
majoside (9; 20 mg), a mixture containing mainly 9
(140 mg), purpureaside B (10; 75 mg) and a mixt. of
CPGs (140 mg).

3.2.2. Digitalis thapsi

Frozen vegetative plants (50 g) gave crude extract
(1 g); chromatography (Lobar column B) gave a sugar
fraction (580 mg) in which the main sugar was sorbitol
(1; ca. 60% of total sugars) followed by cornoside (2;
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10 mg), impure cornoside aglucone (3; 60 mg), calceola-
rioside A (8; 30 mg) and forsythiaside (13; 180 mg).

3.2.3. Isoplexis chalcantha

Fresh vegetative plants (50 g) gave 2.2 g of crude ex-
tract; chromatography (Lobar column B, 1:0 to 1:1)
gave a sugar fraction (550 mg) consisting of mainly sor-
bitol (1; ca. 50%); then came a mixture of ethyl B-gluco-
pyranoside and cornoside (2; 70 mg), pure 2 (120 mg), a
fraction with mainly rengyolone (4; 30 mg), salidroside
(5; 170 mg), lugrandoside (11; 80 mg), forsythiaside
(13; 200 mg). The last fraction eluted (420 mg) consisted
apparently of saponins acc. to '"H NMR.

3.2.4. Isoplexis sceptrum

Fresh leaf material (26 g) gave 1.6 g of crude extract;
chromatography (Lobar column B, 1:0 to 1:1) gave a su-
gar fraction (280 mg) with mainly sorbitol (1; ca. 90%),
cornoside (2; 55 mg), followed by dopaol B-glucopyr-
anoside (7; 15 mg), salidroside (5; 35 mg), sceptroside
(6; 35 mg), calceolarioside A (8; 20 mg), and forsythia-
side (13; 100 mg).

3.2.5. Erinus alpinus

Frozen whole plants (88 g) in hot EtOH gave crude
extract (2.4 g); chromatography (Lobar column C, 1:0
to 1:1) gave a sugar fraction (2.3 g) consisting of mainly
o- and B-glucopyranose, aucubin (15; 230 mg), genipos-
idic acid (16; 60 mg), 8-epiloganic acid (17; 15 mg), im-
pure arborescosidic acid (18; 15mg), erinoside (19;
40 mg), a fraction A with CPGs (70 mg), poliumoside
(12; 40 mg), a fraction B with iridoids and CPGs
(230 mg) and finally 4”-cinnamoyl-rhamnopyranosylca-
talpol (21; 40 mg). Fraction A was not further
investigated, but separation of fraction B gave 2”-ace-
tyl-3”-cinnamoyl-rhamnopyranosylcatalpol (22; 20 mg).

3.2.6. Lafuentea rotundifolia

Dry flowering plants (14 g) was brought to boiling
with EtOH (100 ml), homogenized and left to stand
for 2 weeks. Work-up gave a crude extract (0.40 g);
chromatography (Lobar column size B; 1:0 to 1:1) gave
first a sugar fraction (180 mg) consisting mainly of glu-
cose and sucrose, aucubin (15; 20 mg), gardoside (20;
5 mg) and dihydromelilotoside (23; 25 mg).

3.3. Sceptroside (6)

Amorphous solid: [oc]g) = —51° (MeOH; ¢ 0.5); LC-
HR ESIMS m/z : 299.1171 [M-H] ; (C4H;907 requires
299.1131); '"H NMR (500 MHz, CD;OD): 6 7.05 and
6.68 (2x2H; AA’BB’-system, J=8.5Hz, H-2/6 and
H-3/5), 4.46 (s, H-1'), 4.04 (dt, J=9.6 and 7.2 Hz, H-
oa), 3.85 (dd, J=2.3 and 11.8 Hz, H-6a’), 3.81 (d,
J=3.3Hz, H-2'), 3.70 (dd, J=5.8 and 11.8 Hz, H-
6b’), 3.69 (dt, J=9.6 and 7.2Hz, H-ob), 3.54

(r, J=9.5Hz, H-4'), 3.40 (dd, J=3.3 and 9.5 Hz,
H-3'), 3.17 (ddd, J=2.3, 5.8 and 9.5 Hz, H-5), 2.80
(2H; t-like, J=7.3 Hz, p-CH,); >*C NMR (75 MHz,
D,0): 6 131.2 (C-1), 130.7 (2C; C-2 and C-6), 115.8
(2C; C-3 and C-5), 154.3 (C-4), 34.8 (B-CH,), 70.9
(a-CH>), 100.3 (C-1"), 70.9 (C-2'), 73.4 (C-3') 67.3 (C-4"),
76.7 (C-5'), 61.5 (C-6'); '*C NMR (50 MHz, CD;0D):
d 131.0 (C-1), 131.0 (2C; C-2 and C-6), 116.1 (2C; C-3
and C-5), 156.8 (C-4), 36.4 (B-CH,), 72.5 (0-CH,),
101.7 (C-17), 71.8 (C-2'), 73.4 (C-3') 68.6 (C-4'), 78.3
(C-5"), 62.9 (C-6)).

3.4. Erinoside (19)

Amorphous solid: LC-HR ESIMS m/z: 387.0902 [M-
H]™; (CiH 9Oy, requires 387.0927); NMR data in
Table 2.

3.5. Dihydromelilotoside (23)

Amorphous solid: '>*C NMR (50 MHz, CD;0OD):
131.6 (C-1), 157.0 (C-2), 116.3 (C-3), 128.6 (C-4),
123.4 (C-5), 131.0 (C-6), 35.8 (C-a), 27.2 (C-b), 178.2
(CO), 102.6 (C-1"), 75.0 (C-2'), 78.1 (C-3"), 71.4 (C-4'),
78.1 (C-5'), 62.5 (C-6'); very similar to that reported
(in DMSO; Chan et al., 2002).

Acknowledgements

We thank the staff of The Botanic Garden, The
University of Copenhagen, and Dr. M. Montserrat
Martinez-Ortega, University of Salamanca, Spain, for
providing the plant material, Kristian Fog Nielsen,
BioCentrum, DTU, for recording the mass spectra,
and Dr. Dirk Albach, Institut fiir Botanik der Univer-
sitdt Wien, for authenticating the plants. R.M. Taskova
is grateful for the grant by the Danish Ministry of For-
eign Affairs and Cirius Foundation.

References

Albach, D.C., Held, G.C., Jensen, S.R., 2004. Iridoid glucosides of
Paederota lutea and the relationships between Paederota and
Veronica. Phytochemistry 65, 2129-2134.

Albach, D.C., Meudt, H.M., Oxelman, B., 2005. Piecing together the
“new” Plantaginaceae. Am. J. Bot. 92, 297-315.

Amer, M.M.A., 1993. Glycosides of Kickxia heterophylla (Schousb.)
Dandy in Andrews. Alex. J. Pharm. Sci. 7, 58-61.

Andary, C., Motte-Florac, M.E., Gargadennec, A., Wylde, R., Heitz,
A., 1988. Caffeic esters from the genus Plantago. Identification and
chemotaxonomic value. Plant. Med. Phytother. 22, 17-22.

APG, 2003. An update of the Angiosperm Phylogeny Group classi-
fication for the orders and families of flowering plants: APG II.
Bot. J. Linn. Soc. 141, 399-436.

Baudouin, G., Skaltsounis, A.L., Tillequin, F., Koch, M., 1988.
Lugrandoside: a new phenylpropanoid glycoside from various
Digitalis species. Planta Med. 54, 321-323.



1446 R.M. Taskova et al. | Phytochemistry 66 (2005) 14401447

Bello, M.A., Chase, M.W., Olmstead, R.G., Ronsted, N., Albach,
D.C., 2002. The paramo endemic Aragoa is the sister genus of
Plantago (Plantaginaceae, Lamiales): evidence from plastid rbcL
and nuclear ribosomal ITS sequence data. Kew Bull. 57, 585-
697.

Bentham, G., 1846. Scrophulariaceae. In: DeCandolle, A. (Ed.),
Prodromus 10. Treuttel & Wiirtz, Paris, pp. 186-586.

Bentham, G., Hooker, J.D., 1886. Genera Plantarum, vol. 2, part 2.
Reeve and Co., London, UK.

Bigazzi, M., 1993. A survay on the intranuclear inclusions in the
Scrophulariaceae and their systematic significance. Nord. J. Bot.
13, 19-31.

Bock, K., Pedersen, C., 1983. Carbon-13 nuclear magnetic resonance
spectroscopy of monosaccharides. Adv. Carbohydrate Chem.
Biochem. 41, 27-66.

Brieger, D., Liedtke, S., Weber, R., Kirschke, M., Lichius, J.J., 1995. A
new ester glucoside derived from Digitalis lanata leaves: maxoside.
Pharmazie 50, 707-708.

Calis, 1., Tasdemir, D., Sticher, O., Nishibe, S., 1999a. Phenyleth-
anoid glycosides from Digitalis ferruginea subsp. ferruginea (=D.
aurea Lindley) (Scrophulariaceae). Chem. Pharm. Bull. 47,
1305-1307.

Calis, 1., Akbay, P., Kuruuzum, A., Yalcin, F.N., Sahin, P., Pauli,
G.F., 1999b. Phenylethanoid and cardioactive glycosides from
Digitalis ferruginea. Pharmazie 54, 926-930.

Chan, Y., Wu, C., Wu, S., Wu, T., 2002. The constituents and
synthesis of cryptamygin-A from the stem bark of Cryptocarya
amygdalina. J. Chin. Chem. Soc. 49, 263-268.

Damtoft, S., Jensen, S.R., Nielsen, B.J., 1981. '*C and 'H NMR
spectroscopy as a tool in the configurational analysis of iridoid
glucosides. Phytochemistry 20, 2717-2732.

Franzyk, H., Frederiksen, S.M., Jensen, S.R., 1998. Synthesis of
antirrhinolide, a new lactone from Antirrhinum majus. Eur. J. Org.
Chem., 1665-1667.

Franzyk, H., Olsen, C.E., Jensen, S.R., 2004. Dopaol 2-keto- and 2,3-
diketo-glycosides from Chelone obligua (Scrophulariaceae). J. Nat.
Prod. 67, 1052-1054.

Ganapaty, S., Mallika, B.N., Balaji, S., Lakshmi, S.V.V.N.S.M.,
Thomas, P.S., Ramana, K.V., 2003. A review of phytochemical
studies of Digitalis species. J. Nat. Remed. 3, 104-128.

Gonzalez, A.G., Breton, J.L., Navarro, E., Trujillo, J., Boada, J.,
Rodriguez, R., 1985. Phytochemical study of Isoplexis chalcantha.
Planta Med. 51, 9-11.

Guo, D., Li, S., Chi, Q., Sun, W.G., Sha, Z.F., Zhao, X.W., 1991.
Isolation and structure determination of a new saponin of
Anemarrhena asphodeloides. Yaoxue Xuebao (Acta Pharm. Sinica)
26, 619-621.

Hallier, H., 1903. Ueber die Abgrenzung und Verwandtschaft der
einzelnen Sippen bei den Scrophulariaceen. Bull. Herb. Boiss. II 3,
181-207.

Hegnauer, R., 1973. Chemotaxonomie der Pflanzen, vol. 6. Birkhduser
Verlag, Basel, pp. 343-386.

Helfrich, E., Rimpler, H., 1999. Iridoid glycosides and phenolic
glycosides from Holmskioldia sanguinea. Phytochemistry 50, 619—
627.

Helfrich, H., Rimpler, H., 2000. Iridoid glycosides from Gmelina
philippensis. Phytochemistry 54, 191-199.

Jensen, S.R., 1992. Systematic implications of the distribution of
iridoids and other chemical compounds in the Loganiaceae and
other families of the Asteridae. Ann. Missouri Bot. Gard. 79, 284—
302.

Jensen, S.R., 2000a. Chemical relationships of Polypremum procum-
bens, Tetrachondra hamiltonii and Peltanthera floribunda. Biochem.
Syst. Ecol. 28, 45-51.

Jensen, S.R., 2000. Chemistry of Buddlejaceae. In Norman, E. (Ed),
New World Buddlejaceae. Flora Neotrop. Monogr. 81. New York
Botanical Garden, New York. pp. 42-61.

Jensen, S.R., Nielsen, B.J., Dahlgren, R., 1975. Iridoid compounds,
their occurrence and systematic importance in the angiosperms.
Bot. Notiser (Lund) 128, 148-180.

Jensen, S.R., Olsen, C.E., Rahn, K., Rasmussen, J.H., 1996. Iridoid
glucosides in Plantago alpina and P. altissima. Phytochemistry 42,
1633-1636.

Jensen, S.R., Albach, D.C., Ohno, T., Grayer, R.J., 2005. Veronica:
Iridoids and cornoside as chemosystematic markers. Biochem.
Syst. Ecol., in press.

Jiang, S., Zhu, B., Wei, F., Lin, R., Lu, J., 2002. Studies on chemical
constituents in herba of Galeobdolon chinense (1). Zhongguo
Zhongyao Zazhi 27, 671-673.

Khan, I.Z., Aqil, M., 1993. Isolation and identification of pectolinarin
and mannitol from Kickxia ramosissima (Wall). Chem. Environm.
Res. 2, 287-289.

Kirmizibekmez, H., Tasdemir, D., Ersoz, T., Ireland, C.M., Calis, 1.,
2002. A new pregnane glycoside and a furostanol glycoside from
Digitalis cariensis. Pharmazie 57, 716-720.

Kooiman, P., 1970. The occurrence of iridoid glycosides in the
Scrophulariaceae. Acta Bot. Neerl. 19, 329-340.

Lahloub, M.F., 1992. Flavonoid, phenylpropanoid and iridoid glyco-
sides of Linaria haelava (Forssk.) Dil. Mansoura J. Pharm. Sci. 8,
78-95.

Lichius, J.J., Weber, R., Kirschke, M., Liedtke, S., Brieger, D., 1995.
Determination of caffeic acid esters in Digitalis species. Deutsche
Apot. Z. 135, 88-94.

Matsumoto, M., Koga, S., Shoyama, Y., Nishioka, 1., 1987. Phenolic
glycoside composition of leaves and callus cultures of Digitalis
purpurea. Phytochemistry 26, 3225-3227.

Melchior, H., 1964. Syllabus der Pflanzenfamilien II. Gebriider
Borntraeger, Berlin.

Meremeti, A., Karioti, A., Skaltsa, H., Heilmann, J., Sticher, O., 2004.
Secondary metabolites from Stachys ionica. Biochem. Syst. Ecol.
32, 139-151.

Nicoletti, M., Galeffi, C., Messana, 1., Garbarino, J.A., Gambaro, V.,
Nyandat, E., Marini-Bettolo, G.B., 1986. New phenylpropanoid
glucosides from Calceolaria hypericina. Gazz. Chim. Ital. 116, 431—
433.

Nishibe, S., Okabe, K., Tsukamoto, H., Sakushima, A., Hisada, S.,
1982. The structure of forsythiaside isolated from Forsythia
suspensa. Chem. Pharm. Bull. 30, 1048-1050.

Olmstead, R.G., 2003. A Synoptical Classification of the Lamiales —
Version 1.0.  http://depts.washington.edu/phylo/classifications/
Lamiales.html.

Olmstead, R.G., Reeves, P.A., 1995. Polyphyletic origin of the
Scrophulariaceae: evidence from rbcL and ndhF sequences. Ann.
Missouri Bot. Gard. 82, 176-193.

Olmstead, R.G., DePamphilis, C.W., Wolfe, A.D., Young, N.D.,
Elisons, W.J., Reeves, P.A., 2001. Disintegration of the Scrophu-
lariaceae. Am. J. Bot. 88, 348-361.

Otsuka, Hiedaki, 1993. Phenylethanoids from Linaria japonica. Phy-
tochemistry 32, 979-981.

Oxelman, B., Backlund, M., Bremer, B., 1999. Relationships of the
Buddlejaceae s. 1. Investigated using parsimony jackknife and
branch support analysis of chloroplast ndhF and rbcL sequence
data. Syst. Bot. 24, 164-182.

Pennell, F.W., 1935. The Scrophulariaceae of eastern temperate North
America. Acad. Nat. Sci. Philadelphia Monogr. 1, 1-650.

Pinar, M., 1977. Coumarins of Magydaris panacifolia, Cachrys sicula,
Cachrys libanotis and Lafuentea rotundifolia. An. Quim. 73, 599—
600.

Rai, K.N., 1993. A new anthraquinone glycoside from seeds
of Cassia auriculata, Linn. J. Bangladesh Acad. Sci. 17,
119-124.

Ranarivelo, Y., Skaltsounis, A.L., Andriantsiferana, M., Tillequin, F.,
1990. Heterosides from Mussaenda arcuata Lam. ex Poiret leaves.
Ann. Pharm. Fr. 48, 273-277.


http://depts.washington.edu/phylo/classifications/Lamiales.html
http://depts.washington.edu/phylo/classifications/Lamiales.html

R M. Taskova et al. | Phytochemistry 66 (2005) 14401447 1447

Ravn, H., Brimer, L., 1988. Structure and antibacterial activity of
plantamajoside, a caffeic acid sugar ester from Plantago major
subsp. major. Phytochemistry 27, 3433-3437.

Raymakers, A., 1973. Carbohydrates in Digitalis purpurea at various
stages of development. Phytochemistry 12, 2331-2334.

Rouy, G., 1909. Conspectus des tribus et des genres de la famille des
Scrofulariacées. Rev. Gén. Bot. 21, 194-207.

Ronsted, N., Jensen, S.R., 2002. Iridoid glucosides and caffeoyl
phenylethanoid glycosides from Campylanthus salsaloides and
Campylanthus glaber. Biochem. Syst. Ecol. 30, 1091-1095.

Ronsted, N., Gobel, E., Franzyk, H., Jensen, S.R., Olsen, C.E., 2000.
Chemotaxonomy of Plantago. Iridoid glucosides and caffeoyl
phenylethanoid glycosides. Phytochemistry 55, 337-348.

Ronsted, N., Bello, M.A., Jensen, S.R., 2003a. Aragoside and iridoid
glucosides from Aragoa cundinamarcensis. Phytochemistry 64, 529—
533.

Ronsted, N., Franzyk, H., Molgaard, P., Jaroszewski, J.W., Jensen,
S.R., 2003b. Chemotaxonomy and evolution of Plantago L. Plant.
Syst. Evol. 242, 63-82.

Sakurai, A., Kato, T., 1983. A new glycoside, kusaginin isolated from
Clerodendron trichotomum. Bull. Chem. Soc. 56, 1573-1574.

Shoyama, Y., Matsumoto, M., Nishioka, I., 1986. Four caffeoyl
glycosides from callus tissue of Rehmannia glutinosa. Phytochem-
istry 25, 1633-1636.

Takeda, Y., Nishimura, H., Inouye, H., 1975. Two new iridoid
glucosides from Ixora chinensis. Phytochemistry 14, 2647-2650.
Tanaka, S., Yoon, Y.H., Fukui, H., Tabata, M., Akira, T., Okano, K.,
Iwai, M., Iga, Y., Yokoyama, K., 1989. Antiulcerogenic com-
pounds isolated from Chinese cinnamon. Planta Med. 55, 245-248.

Taskova, R., Peev, D., Handjieva, N., 2002a. Iridoid glucosides of the
genus Veronica s.l. and their systematic significance. Plant Syst.
Evol. 231, 1-17.

Taskova, R., Evstatieva, L., Handjieva, N., Popov, S., 2002b. Iridoid
patterns of genus Plantago L. and their systematic significance. Z.
Naturforsch. 57¢, 42-50.

Taskova, R.M., Albach, D.C., Grayer, R.J., 2004. Phylogeny of
Veronica — a combination of molecular and chemical evidence.
Plant Biol. 6, 673-682.

Toth, L., Kokovay, K., Bujtas, G., Papay, V., 1978. Constituents of
Kickxia spuria (L.) Dum. Pharmazie 33, 84.

Wei, F., Yan, W., 1997. Studies on the chemical constituents of
Vicia amoena Fisch. Yaoxue Xuebao (Acta Pharm. Sinica) 32,
765-768.

von Wettstein, R., 1898. Scrophulariaceae. In: Engler, A., Prantl, K.
(Eds.), Die Natiirlichen Pflanzenfamilien, vol. 4 (3b). Engelmann,
Leipzig, pp. 39-107.

Yamashita, T., Yasuda, K., Kizu, H., Kameda, Y., Watson, A., Nash,
R.J., Fleet, G.W.J., Asano, N., 2002. New polyhydroxylated
pyrrolidine, piperidine, and pyrrolizidine alkaloids from Scilla
sibirica. J. Nat. Prod. 65, 1875-1881.

Zhang, W.J., Yang, H.J., Liu, Y.Q., He, Z.D., Jin, Y.Q., Yang, C.R.,
1992. Iridoidal glycosides from Scrophularia spicata. Acta
Bot.Yunn. 14, 437-441.

Zhou, B.-N., Bahler, B.D., Hofmann, G.A., Mattern, M.R.,
Johnson, R.K., Kingston, D.G.I., 1998. Phenylethanoid
glycosides from Digitalis purpurea and Penstemon linario-
ides with PKCa-inhibitory activity. J. Nat. Prod. 61,
1410-1412.



	Chemotaxonomic markers in Digitalideae (Plantaginaceae)
	Introduction
	Results and discussion
	Experimental
	General
	Plant material
	Digitalis purpurea
	Digitalis thapsi
	Isoplexis chalcantha
	Isoplexis sceptrum
	Erinus alpinus
	Lafuentea rotundifolia

	Sceptroside (6)
	Erinoside (19)
	Dihydromelilotoside (23)

	Acknowledgements
	References


