
The genus Digitalis is reputed to be the main source of
cardenolide glycosides. However, several phenylpropanoid
glycosides, such as lugrandoside,1) purpureasides A—C2)

have also been reported from some members of this genus. In
a continuation of our research program on phenylethanoid
glycosides from the Turkish Scrophulariaceae,3—9) we have
now examined D. ferruginea subsp. ferruginea (5D. aurea
LINDLEY), which is the most widespread member of the nine
Digitalis species growing in Turkey.10) This paper describes
the isolation and structural elucidation of three phenyl-
ethanoid glycosides, lugrandoside (1), ferruginoside A (2)
and B (3), the latter two of which are new to the literature, 
together with a well known compound, trans-ferulic acid 
(4) from the aerial parts of D. ferruginea subsp. ferruginea.

Results and Discussion
The water soluble portion of the aqueous MeOH extract of

the plant was fractionated on reversed-phase vacuum liquid
chromatography (RP-VLC). Further separation of the result-
ing fractions by a combination of silica gel column chro-
matography (CC) and reversed-phase medium pressure liquid
chromatography (RP MPLC) led to the isolation of com-
pounds 1—4.

Compound 1 was identified as lugrandoside, which was
formerly obtained from various Digitalis species, by compar-
ison of its spectral data (UV, IR, 1H-, 13C-NMR, FAB-MS)
with those reported in the literature.1) Compound 4 was char-
acterized to be trans-ferulic acid on the basis of its NMR
data,6) FAB-MS data and direct comparison (TLC) with the
authentic sample.

Ferruginoside A (2) was obtained as a colourless, amor-
phous powder. The positive ion FAB-mass spectrum of 2 dis-
played a quasimolecular ion at m/z 663 ([M1Na]1), suggest-
ing the molecular formula C29H36O16, the same as that of 1.
The UV spectrum of 2 showed absorption maxima at 219,
249, 289 and 327 nm, indicating its polyphenolic nature. Its
IR spectrum contained absorption bands for hydroxyl (3396
cm21, br), a ,b-unsaturated ester [1698 (C5O), 1629 cm21

(C5C)], and aromatic (1603, 1518 cm21) functionalities. The
1H-NMR spectrum of 2 exhibited signals accounting for one
3,4-dihydroxyphenylethanol moiety [d 6.49 (d, J52.0 Hz, H-
2), 6.44 (d, J58.0 Hz, H-5), 6.32 (dd, J52.0, 8.0 Hz, H-6); d
3.49, 3.90 (m, H2-a), 2.68 (t, J56.7 Hz, H2-b)] and one
trans-caffeic acid unit [d 6.94 (d, J52.0 Hz, H-2-), 6.71 (d,
J58.0 Hz, H-5-), 6.82 (dd, J52.0, 8.0 Hz, H-6-); d 5.92 (d,
J515.9 Hz, H-a9), 7.27 (d, J515.9 Hz, H-b9)]. The disac-
charidic structure of 2 was indicated by two anomeric dou-
blets at d 4.32 (J57.8 Hz) and 4.37 (J57.8 Hz), suggesting
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1 R5R15H, R25trans-caffeoyl, R35H
2 R5H5R15trans-caffeoyl, R25R35H
3 R5R15R25R35H
3a R5R15R25R35COCH3

3b R5R15R25H, R35Me

4

Fig. 1. The Most Significant HMBC Observed for 2



the presence of two b-D-glucose moieties. The sugar se-
quence within 2 was determined to be (Gt1→Gi6) with the
aid of 1H–13C long range correlations (Fig. 1) observed in the
heteronuclear multiple bond correlation (HMBC) spectrum
between a deshielded C-69 atom (d 68.4) and H-10, as well as
by a significant dipolar coupling traced from the rotating-
frame overhauser spectroscopy (ROESY) experiment of 2 be-
tween H-69 and H-10. From the comparison of these data
with those of 1, it was apparent that 2 bore close resemblance
to 1. However, H-29, which was intercoupling with H-19 of
the core glucose unit, was abnormally shifted downfield (d
4.55, dd, J57.8, 9.0 Hz), indicating the involvement of a caf-
feoyl function at this position, instead of at C-49 as in 1. An
HMBC cross peak between H-29 and the carbonyl function
of the acyl moiety (d 168.2) further confirmed 1 and 2 to be
positional isomers. All other structural assignments were
substantiated by the results contained in the two dimensional
homo- and heteronuclear NMR measurements. Thus, the
structure of 2 is 3,4-dihydroxy-b-phenylethoxy-O-b-D-glu-
copyranosyl-(1→6)-2-O-caffeoyl-b-D-glucopyranoside.

Ferruginoside B (3) was also obtained as a colorless, amor-
phous powder with a molecular weight of 478, C20H30O13

(FAB-MS: m/z 501 [M1Na]1). The UV spectrum of 3 exhib-
ited absorption bands at 226, 284 and 331 nm, and its IR
spectrum contained significant absorption bands typical of
hydroxyl (3387 cm21) and aromatic ring (1603, 1528, 1500
cm21) functionalities. The 1H- and 13C-NMR spectra of 3
were very similar to those of 1 and 2, containing three aro-
matic protons (ABX system at d 6.68, 6.70, 6.57, H-2, H-5,
H-6, respectively) and a benzylic methylene proton signal at

d 2.69 (t, J56.7 Hz, H2-b) indicative of the same aglycone
moiety found in both 1, 2, and two anomeric protons at d
4.32 (J58.1 Hz) and d 4.36 (J57.9 Hz), but the signals of
the acyl moiety were absent. Indeed, the acetylation of 3 in
the usual manner yielded a nonaacetate 3a exhibiting only
two aromatic and seven aliphatic acetoxyl resonances in its
1H- and 13C-NMR spectra (Tables 1, 2). These results led to
the conclusion that 3 is deacyllugrandoside (5deacylferrugi-
noside A). In order to confirm this assumption, compounds
1—3 were separately methylated with CH2N2. The following
alkaline hydrolysis of 1 and 2 yielded 3b (5deacylglycoside
dimethylether), on TLC, which was identical to the partially
methylated derivative of 3 by CH2N2. On the basis of this ev-
idence, the structure of ferruginoside B (3) was determined
to be 3,4-dihydroxy-b-phenylethoxy-O-b-D-glucopyranosyl-
(1→6)-b-D-glucopyranoside.

Experimental
Extraction and Isolation The plant material was collected from Al-

adag-Bolu, Turkey, in July 1996. Voucher specimens (HUEF 96105) are de-
posited in the Herbarium of the Pharmacognosy Department, Faculty of
Pharmacy, Hacettepe University, Ankara, Turkey. The air-dried and pow-
dered aerial parts of the plant (500 g) were extracted twice with a
MeOH–H2O (8 : 2) mixture. The water soluble part of the extract was frac-
tionated by VLC (stationary phase: LiChroprep C-18), and eluted with H2O
and H2O–MeOH mixtures. An aliquot (770 mg) of the H2O eluate (1.90 g)
was subjected to RP MPLC [Buchi 688 pump, Sepralyte C-18, MeOH–H2O
(3 : 7)] to give 1 (55 mg). Silica gel CC of a 25 g quantity of 25% MeOH elu-
ate (50 g) using CHCl3–MeOH–H2O (80 : 20 : 2→60 : 40 : 4) yielded 5 frac-
tions. Of these, combined fractions 4, 5 were further chromatographed by
RP MPLC using a gradient of MeOH in H2O (5% to 50% MeOH) to afford
3 (39 mg), 2 (27 mg) and 4 (14 mg), respectively.

Lugrandoside (1): Amorphous, colourless compound. UV (MeOH; lmax)
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Table 1. 1H-NMR Spectral Data for 1—4 and 3a (300 MHz, D2O, d in ppm, J in Hz)

H No. 1 2 3 3a) 4b)

Aglycone
2 6.70 d (1.6) 6.49 d (2.0) 6.68 d (2.0) 7.05 s
5 6.72 d (8.0) 6.44 d (8.0) 6.70 d (8.0) 7.08 s
6 6.60 dd (1.6, 8.0) 6.32 dd (2.0, 8.0) 6.57 dd (2.0, 8.0) 7.08 s
a 3.70 m, 3.93 m 3.49 m, 3.90 m 3.72 m, 3.93 m 3.56 m, 3.68 m
b 2.68 t (6.7) 2.68 t (6.7) 2.69 t (6.7) 2.87 t (6.9)

Glucose (i)
19 4.32 d (7.8) 4.37 d (7.8) 4.32 d (8.1) 4.45 d (7.9)
29 3.10—3.60c) 4.55 dd (7.8, 9.0) 3.11 dd (8.1, 9.0) 4.94 dd (7.9, 9.5)
39 3.10—3.60c) 3.53c) 3.35c) 5.16 t (9.5)
49 4.81 dd (9.5, 10.4) 3.42c) 3.25c) 4.87 t (9.5)
59 3.10—3.60c) 3.53c) 3.45c) 4.12 m
69 3.55c) 3.85c) 3.70c) 3.56—3.68c)

3.83 br d (11.0) 4.06 br d (11.4) 4.05 d (11.5)
Glucose (t)

10 4.20 d (7.8) 4.32 d (7.8) 4.36 d (7.9) 4.55 d (8.0)
20 3.10—3.60c) 3.20 dd (7.8, 8.6) 3.17 dd (8.0, 9.0) 4.98 dd (8.0, 10.0)
30 3.10—3.60c) 3.30c) 3.27c) 5.16 t (9.4)
40 3.10—3.60c) 3.42c) 3.25c) 5.06 t (9.6)
50 3.10—3.60c) 3.30c) 3.35c) 3.56—3.68c)

60 3.55c) 3.78c) 3.58 dd (12.3, 4.8) 4.12 m
3.70 dd (12.0, 1.5) 3.99c) 3.75 br d (12.3) 4.26 dd (4.7, 12.4)

Acyl
2- 7.00 d (2.0) 6.94 d (2.0) 7.02 d (2.0)
5- 6.77 d (8.0) 6.71 d (8.0) 6.74 d (8.2)
6- 6.90 dd (2.0, 8.0) 6.82 dd (2.0, 8.0) 6.90 dd (2.0, 8.2)
a9 6.20 d (15.9) 5.92 d (15.9) 6.22 d (15.9)
b9 7.50 d (15.9) 7.27 d (15.9) 7.54 d (15.9)

OMe 3.75 s

a) Measured in CDCl3. Additional signals for 3a at d 2.26 and 2.28 (each 3H, aromatic OAc), and 1.92, 1.95, 1.98, 1.99, 2.01, 2.02, 2.08 (each 3H, aliphatic OAc). b) Mea-
sured in CD3OD. c) Multiplicity of the signals is unclear due to overlapping.



220, 248, 290, 331 nm. IR (KBr; nmax) 3410, 1695, 1630, 1605, 1520 cm21.
1H-NMR (300 MHz, D2O) Table 1. 13C-NMR (75.5 MHz, D2O) Table 2.
FAB-MS (positive, NOBA) m/z 663 [M1Na]1; Calcd for C29H36O16.

Ferruginoside A (2): Amorphous, colorless powder. UV (MeOH; lmax)

219, 249, 289, 327 nm. IR (KBr; nmax) 3396, 1698 , 1629 , 1603, 1518 cm21.
1H-NMR (300 MHz, D2O) Table 1. 13C-NMR (75.5 MHz, D2O) Table 2.
FAB-MS (positive, NOBA) m/z 663 [M1Na]1; Calcd for C29H36O16.

Ferruginoside B (3): Amorphous, colorless powder. UV (MeOH; lmax)
226, 284, 331 nm. IR (KBr; nmax) 3387, 1603, 1528, 1500 cm21. 1H-NMR
(300 MHz, D2O) Table 1. 13C-NMR (75.5 MHz, D2O) Table 2. FAB-MS
(positive, NOBA) m/z 501 [M1Na]1; Calcd for C20H30O13.

Trans-Ferulic Acid (4): Amorphous powder. 1H-NMR (300 MHz, MeOD)
Table 1. 13C-NMR (75.5 MHz, MeOD) Table 2. FAB-MS (positive, NOBA)
m/z 195 [M1H]1, 217 [M1Na]1; Calcd for C10H10O4.

Acetylation of Ferruginoside B (3) Treatment of 3 (10 mg) with Ac2O
(1 ml) and pyridine (1 ml) at room temperature overnight, followed by CC
over silica gel using C6H6–Me2CO (5 : 1) yielded 9 mg of ferruginoside B
nonaacetate (3a) as an amorphous powder. The 1H-NMR (300 MHz, CDCl3)
and 13C-NMR (75.5 MHz, CDCl3) data of 3a are given in Tables 1 and 2.

Partial Methylation of 1—3 Followed by Alkaline Hydrolysis of 1—2
A solution of each compound (10 mg) in MeOH was treated with excess
CH2N2 and kept 1 h at room temperature. The reaction mixture was then
evaporated to dryness. The residues of 1 and 2 were further subjected to al-
kaline hydrolysis (5% KOH in MeOH) to afford the same product, 3,4-
dimethoxy-b -phenylethoxy-O-b -D-glucopyranosyl-(1→6)-b -D-glucopyra-
noside. This compound was identified by TLC comparison with 3a, which
was obtained by the partial methylation of 3 with excess CH2N2, as de-
scribed above.
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Table 2. 13C-NMR Spectral Data for 1—4 and 3a (75.5 MHz, D2O)

C No. Multipl. 1 2 3 3aa) 4b)

Aglycone
1 C 131.3 131.2 130.9 137.5
2 CH 116.2 116.2 117.6 123.9
3 C 143.8 143.6 144.7 141.8
4 C 142.2 142.1 142.9 140.6
5 CH 116.7 116.3 116.6 123.2
6 CH 121.1 120.8 120.5 127.2
a CH2 71.1 70.8 71.0 69.9
b CH2 34.4 34.1 34.4 35.3

Glucose (i)
19 CH 102.2 100.5 102.2 100.4
29 CH 72.9 73.6 73.0 71.1
39 CH 73.8 74.9 75.6 72.7
49 CH 69.5 69.3 69.4 68.3
59 CH 72.6 73.4 74.9 71.9
69 CH2 67.8 68.4 68.5 68.2

Glucose (t)
10 CH 102.6 102.7 102.7 100.8
20 CH 73.0 73.0 73.0 71.1
30 CH 75.8 75.8 75.8 73.3
40 CH 70.6 69.5 69.6 69.2
50 CH 75.5 75.6 75.6 72.7
60 CH2 60.6 60.7 60.7 61.9

Acyl
1- C 126.7 125.7 127.0
2- CH 113.7 114.7 114.2
3- C 144.3 145.1 147.4
4- C 147.3 149.4 151.0
5- CH 115.1 115.8 116.6
6- CH 122.8 123.0 123.1
a9 CH 116.2 112.8 114.8
b9 CH 146.9 146.6 147.2

C5O C 168.3 168.2 169.9
OMe CH3 51.9

a) Measured in CDCl3. Additional signals for 3a at d 168.3—170.6 (93OCOCH3)
and 20.5—20.7 (93OCOCH3). b) Measured in CD3OD.


