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From the methanolic extract of the underground parts of Globularia orientalis, a new
antioxidant sugar ester was isolated. The structure of the new compound, globularitol (1),
was identified as 6-O-feruloyl-�-d-glucopyranosyl-(156)-glucitol by spectroscopic methods
(1D and 2D NMR, ESI- and FAB-MS) and confirmed by chemical means.

Introduction

The genus Globularia (Globulariaceae) is repre-
sented by eight species in Turkish flora (Davis,
1982), some members of which (G. alypum, G. tri-
chosantha) are well known in Anatolian folk medi-
cine (Baytop, 1984; Sezik, 1991). As part of our
continuing search for bioactive new natural prod-
ucts from Turkish Globularia species (Calis et al.,
1999 and 2001), we investigated Globularia orien-
talis. Methanolic extracts of both aerial and the
underground parts of this plant exhibited signifi-
cant antioxidant effects, based on the scavenging
activity of the stable 2,2-diphenyl-1-picrylhydrazyl
(DPPH) free radical. Bioactivity-guided isolation
of the underground parts afforded a new sugar es-
ter, globularitol (1), along with the known sucrose
esters 6-O-caffeoyl-�-d-fructofuranosyl-(251)-α-
d-glucopyranoside (2) and 6-O-feruloyl-�-d-fructo-
furanosyl-(251)-α-d-glucopyranoside (3), 10-O-
benzoylcatalpol and geniposide. Activity-directed
fractionation of the aerial parts, using the same
antioxidant assay, furnished an acetophenone gly-
coside (picein), eight iridoid glycosides; asperulo-
side, alpinoside, aucubin, catalpol, geniposidic
acid, 10-O-benzoylcatalpol, globularin, melam-
pyroside and three phenylethanoid glycosides (cal-
ceolarioside A, verbascoside, leucosceptoside A).
In this report, we describe isolation and structure
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elucidation of globularitol (1). The antioxidant ac-
tivity of the isolates will also be presented.

Material and Methods

General experimental procedures

Optical rotations were measured on a Rudolph
autopol IV Polarimeter using a sodium lamp oper-
ating at 589 nm. UV spectra were recorded on a
Shimadzu UV-160A spectrophotometer. IR
spectra (KBr) were measured on a Perkin Elmer
2000 FT-IR spectrometer. A Varian instrument
(500 MHz for 1H and 125 MHz for 13C) with a
Nalorac MDBG 3 mm probe was used to acquire
NMR data. Negative and positive mode ESIMS
were recorded on a Finnigan TSQ 7000 instru-
ment. FABMS measurements were performed on
a Finnigan MAT95 spectrometer. TLC analyses
were carried on silica gel 60 F254 precoated plates
(Merck, Darmstadt); detection by 1% vanillin/
H2SO4. For MPLC separations, a Lewa M5 pump,
a LKB 17000 Minirac fraction collector, a Rheo-
dyne injector, and a Büchi column (column dimen-
sions 2.6 ¥ 46 cm, and 1.8 ¥ 35 cm) were used.
Silica gel 60 (0.063Ð0.200 mm; Merck, Darmstadt)
and polyamide (Woelm; Eschwege, Germany)
were utilized for open CC. MPLC separations
were performed over LiChroprep C-18 (Merck)
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material. Gentiobiose and isomaltitol were pur-
chased from Merck and Fluka, respectively.

Plant material

Globularia orientalis L. was collected from An-
kara, Bala, Turkey, in June 1998. A voucher speci-
men (HUEF 98008) has been deposited at the
Herbarium of the Department of the Pharmacog-
nosy, Faculty of Pharmacy, Hacettepe University,
Ankara, Turkey.

Extraction and isolation

The air-dried aerial parts (200 g) of G. orientalis
were extracted with MeOH (2 ¥ 900 ml) at 45∞ C.
The combined methanolic extracts were evapo-
rated to dryness in vacuo (41 g, yield 20.5%). The
crude extract was dissolved in H2O and parti-
tioned against CH2Cl2. The freeze-dried H2O
phase (36.7 g) was subjected ton vacuum liquid
chromatography (VLC) over Si gel, using a
CH2Cl2ÐMeOHÐH2O gradient system (90:10:1 to
60:40:4 v/v/v) to yield fractions AÐH. Fraction C
(3.1 g) was subjected to C18 medium pressure li-
quid chromatography (C18-MPLC) using increas-
ing amount of MeOH in H2O (30Ð60%) to afford
picein (10 mg), asperuloside (26 mg), 10-O-benzo-
ylcatalpol (672 mg), a mixture (1:1) of globularin
and melampyroside (786 mg) and impure calceo-
larioside A (148 mg). The latter was further chro-
matographed by Si gel CC eluting with CHCl3Ð
MeOHÐH2O (90:10:1 to 80:20:1 v/v/v) to yield
8 mg of pure calceolarioside A. Fraction D (6.2 g)
was similarly separated by C18-MPLC using 5 to
100% MeOH in H2O as eluent to give catalpol
(197 mg), aucubin (31 mg) and six additional frac-
tions D3ÐD8. Fraction D3 (59 mg) was rechro-
matographed on silica CC (CHCl3ÐMeOHÐH2O,
80:20:2 to 70:30:3 v/v/v) to yield additional
amounts of picein (28 mg) and geniposidic acid
(11 mg). Fraction D5 (670 mg) was applied to a Si
gel column eluting with CHCl3ÐMeOHÐH2O
mixtures (80:20:1 to 61:32:7 v/v/v) and gave two
fractions D5a (89 mg) and D5b (300 mg). Fraction
D5b was purified by C18-MPLC using 5% stepwise
gradient elution from 10% to 45% MeOH in H2O
to obtain alpinoside (42 mg), calceolarioside A
(9 mg) and verbascoside (67 mg). Leucosceptoside
A (38 mg) was obtained by Si gel CC of fraction
D7 (136 mg).

The air-dried underground parts (330 g) of
G. orientalis were also extracted with MeOH
(2 ¥ 1500 ml) and filtered. The filtrate was concen-
trated to dryness in vacuo (24 g, yield 7.3%). The
extract was subjected to Polyamide CC eluting
with a 10% stepwise gradient from H2O to MeOH
to give fractions AÐK. Fraction C (5.0 g) was sub-
jected to C18-MPLC employing H2OÐMeOH mix-
tures (5Ð50% MeOH) and yielded eight fractions,
C1ÐC8. Fraction C2 (161 mg) was rechromato-
graphed over Si gel eluting with CH2Cl2ÐMeOHÐ
H2O (70:30:3 v/v/v) to give 10-O-benzoylcatalpol
(43 mg). Fraction C4 (73 mg) was likewise applied
to a Si gel column to afford 6-O-caffeoyl-�-d-fruc-
tofuranosyl-(251)-α-d-glucopyranoside (2, 12 mg).
Repeated chromatography of fraction C5 (340 mg)
by Si gel CC employing the same mobile phase
gave 6-O-feruloyl-�-d-fructofuranosyl-(251)-α-
d-glucopyranoside (3, 114 mg) and four additional
fractions, C5aÐC5d. Fraction C5a (23 mg) afforded
geniposide (9 mg) by Si gel CC (CH2Cl2ÐMeOHÐ
H2O, 90:10:1 v/v/v). Fr C5d (30 mg) was passed
through a Silica column employing an isocratic
CHCl3ÐMeOHÐH2O mixture (70:30:3 v/v/v) and
afforded globularitol (1, 10 mg).

Globularitol (1): Amorphous yellowish solid;
[α]20

D Ð22∞ (c = 0.1, MeOH); ESI-MS m/z: 519
[MÐH]Ð; FAB-MS m/z: 543 [M+Na]+, HR-FAB-MS
m/z: calcd for C22H32O14Na: 543.1690. Found:
543.1725; UV λmax (MeOH, nm): 217, 235, 295 (sh),
323; υmax (KBr, cmÐ1) 3372 (OH), 1698 (C=O), 1635
(C=C), 1600 and 1519 (aromatic ring), 1020
(CÐOÐC); 1H-NMR (500 MHz, CD3OD): Table I;
13C-NMR (CD3OD, 125 MHz): Table I.

Alkaline Hydrolysis of 1. Compound 1 (2 mg) was
treated with 5% KOH in MeOH at 80 ∞C for 2 h.
After neutralization with methanolic HCl (1%), the
reaction mixture was evaporated to dryness. The
residue was dissolved in H2O and extracted three
times with n-BuOH. The combined n-BuOH ex-
tracts were concentrated and compared with gentio-
biose (�-d-glucopyranosyl-(156)-�-d-glucopyra-
noside), isomaltitol (α-d-glucopyranosyl-(156)-
glucitol) and the reduction product of gentiobiose
(�-d-glucopyranosyl-(156)-glucitol (4) by TLC,
using two solvent systems (CH2CI2ÐMeOHÐH2O,
60:40:4 and 50:50:5) and metaperiodate (sodium)-
benzidine as spray reagent (Stahl, 1969).

Preparation of �-d-glycopyranosyl-(156)-glucitol
(4). Gentiobiose (20 mg) was dissolved in H2O.
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50 mg of NaBH4 was added to this mixture and was
kept overnight at room temperature. After neutral-
ization with methanolic HCI (1%), the reaction
mixture was evaporated to dryness. The residue was
dissolved in H2O and extracted three times with
n-BuOH. Evaporation of the n-BuOH phase
yielded 4.

�-d-glycopyranosyl-(156)-glucitol (4). [α]20
D Ð2∞

(c = 0.1, H2O). 1H-NMR (300 MHz, D2O) δ: 4.53
(1H, d, J = 7.2 Hz, H-1), 4.14 (1H, br d, J = 10.2,
H-6�a), 3.92 (1H, br d, J = 12.0 Hz, H-6a), 3.75
(overlapped, H-6�b), 3.70 (overlapped, H-6b), 3.85Ð
3.60 (6H, overlapped, H2-1�ÐH-5�), 3.50 (over-
lapped, H-5), 3.49 (1H, t, J = 9.2 Hz, H-3), 3.42 (1H,
t, J = 9.2 Hz, H-4), 3.32 (1H, dd, J = 9.2, 7.2 Hz,
H-2). 13C-NMR (75 MHz, D2O) δ: 105.7 (d, C-1),
78.7 (d, C-5), 78.4 (d, C-3), 76.1 (d, C-2), 75.7 (d,
C-5�), 74.2 (t, C-6�), 73.6 (d, C-4�), 72.6 (d, C-2�),
72.5 (d, C-4), 72.4 (d, C-3�), 65.2 (t, C-1�), 63.5 (t,
C-6).

Reduction of DPPH radical. Methanolic solutions
(0.1%) of all isolates were chromatographed on a Si
gel TLC plate using a CHCI3ÐMeOHÐH2O
(61:32:7) solvent system. After drying, TLC plates
were sprayed with a 0.2% DPPH (Fluka) solution
in MeOH. Compounds showing a yellow-on-purple
spot were regarded as antioxidant (Cuendet et al.,
1997).

Results and Discussion

The methanolic extract of the air-dried stocks of
G. orientalis was fractionated by polyamide col-
umn chromatography (CC) followed by C18-
MPLC and Si gel CC. Globularitol (1) was ob-
tained as a yellowish amorphous powder. The pos-
itive- and negative ion FAB- and ESI mass spectra
exhibited pseudomolecular ion peaks [M+Na]+

and [MÐH]Ð at m/z 543 and m/z 519, respectively.
This observation, combined with the 1H- and 13C-
NMR data (see Table I), indicated the molecular
formula of C22H32O14, thus, the presence of seven
degrees of unsaturation. UV absorption bands at
λmax 217, 235, 295 (sh) and 323 nm indicated the
phenolic nature of 1. The IR spectrum revealed
absorption bands for hydroxyl (3372 cmÐ1), α,�-
unsaturated ester carbonyl (1698 cmÐ1), olefinic
(1635 cmÐ1), aromatic (1600 and 1519 cmÐ1) and
ether (1020 cmÐ1) functionalities. The 13C-NMR
spectrum exhibited 22 distinct resonances. When

Table I. 13C- and 1H-NMR (CD3OD, 125 MHz for 13C
and 500 MHz for 1H NMR) data and HMBC correla-
tions for 1*.

C/H δC ppm δH ppm, J (Hz) HMBC
Atom (H5C)

Glucose
1 CH 105.0 4.36 d (7.8) C-6�
2 CH 75.2 3.27 dd (7.8, 9.0) C-1, C-3
3 CH 77.7 3.39 t (9.0) C-4
4 CH 71.7 3.37 t (9.0) C-3, C-6
5 CH 75.6 3.54 ddd (9.0, 5.5, 2.0) C-4
6 CH2 64.6 4.52 dd (12.1, 2.0) C-4

4.30 dd (12.1, 5.5) C=O, C-5
Glucitol
1� CH2 65.2 3.79† C-2�, C-3�

3.61† C-2�, C-3�
2� CH 71.1 3.77† C-1�
3� CH 70.9 3.76† C-1�
4� CH 71.6 3.77†

5� CH 72.9 3.66† C-3�
6� CH2 73.7 4.15 dd (10.5, 2.3)

3.72 dd (10.5, 6.3) C-1
Ferulic
acid
1� C 127.7
2� CH 111.7 7.19 d (2.0) C-�, C-4�, C-6�
3� C 149.5
4� C 151.0
5� CH 115.1 6.80 d (8.2) C-1�, C-3�, C-4�
6� CH 124.2 7.07 dd (8.2, 2.0) C-�, C-2�, C-4�
α CH 116.6 6.39 d (16.0) C=O, C-1�
� CH 147.2 7.64 d (16.0) C=O, C-2�, C-6�
C=O C 169.2
OCH3 CH3 56.5 3.89 s C-3�

* The 13C and 1H NMR assignments were based on
gCOSY, gHSQC and gHMBC experiments.

† Multiplicity of the signal is unclear due to overlapping.

taken together with the 1H-NMR, the DEPT-135
and proton-detected gHSQC spectral data, the
presence of one methoxy, three methylene and
fourteen methine resonances could be assigned for
1. The remaining quaternary carbons were assign-
able to a carbonyl (δ 169.2) and three quaternary
aromatic carbons two of which are oxygenated (δ
127.7, 149.5, 151.0). The 1H-NMR spectrum of 1
exhibited signals for three aromatic protons at
δ 7.19 (d, J = 2.0 Hz), 7.07 (dd, J = 2.0, 8.2 Hz)
and 6.80 (d, J = 8.2 Hz) as an ABX system, and
two olefinic protons at δ 7.64 and 6.39 as an AX
system (JAX = 16.0 Hz). These signals, plus the
methoxy singlet at δ 3.89 were consistent with the
presence of a trans-ferulic acid moiety. Since the
feruloyl moiety accounts for six degrees of unsatu-
ration, 1 had to have one additional ring. An an-
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omeric proton signal appeared at δ 4.36 (d, H-1)
and the resonances in the region of δ 3.27Ð4.52
along with the corresponding carbon signals in-
ferred from the gHSQC spectrum, suggested the
presence of a glucopyranose unit. The � position
of the glucose was judged from the large coupling
constant value (J1,2 = 7.8 Hz) of H-1. This left six
13C signals to be assigned. The DEPT-135
spectrum contained signals for two methylene and
four methines in the region of δ 65.2Ð73.7, but no
anomeric carbon resonance around δ 100, indicat-
ing the second sugar to be an acyclic hexitol. From
this data, associated with the interpretation of the
gCOSY spectrum, the hexitol was identified as
glucitol (Colson et al., 1975). The gHMBC (J =
8 Hz) experiment (see Table I) permitted the de-
termination of the glycosidic linkages. The feruloyl
group was positioned at C-6 of the glucose on the
basis of obvious deshielding of both H2-6 and C-6
(δH 4.52 dd, J = 12.1, 2.0 Hz, δH 4.30 dd, J = 12.1,
5.5 Hz; δC 64.6) and the observed long range cor-
relations between H2-6 and the carbonyl reso-
nance (δ 169.2). The cross-peaks observed be-

Fig. 1. Sugar esters (1Ð3) from G. orientalis and �-d-glucopyranosyl-(156)-glucitol (4).

tween the anomeric proton of glucose (δ 4.36) and
the C-6� (δ 73.7) of the glucitol unit led to the
identification of carbohydrate portion of 1 as �-d-
glucopyranosyl-(156)-glucitol. In order to con-
firm the proposed sugar moiety, compound 1 was
subjected to alkaline hydrolysis (5% methanolic
KOH). The adduct was co-TLCed with gentio-
biose (�-d-glucopyranosyl-(156)-�-d-glucopyra-
noside), isomaltitol (α-d-glucopyranosyl-(156)-
glucitol) and �-d-glucopyranosyl-(156)-glucitol
(4), which was prepared by reduction of gentio-
biose. The alkaline hydrolysis product of 1 gave a
spot which had the same Rf value with that of 4 in
two different TLC solvent systems. Furthermore,
the 1H- and 13C-NMR data of 4 were found to
be identical with the carbohydrate chain of 1 (see
Material and Methods). Hence, the structure of
compound 1 was established as 6-O-feruloyl-�-d-
glucopyranosyl-(156)-glucitol.

Additionally, the underground parts of G. orien-
talis yielded two known sucrose esters, 6-O-caf-
feoyl-�-d-fructofuranosyl-(251)-α-d-gluco-
pyranoside (2) (Wang et al., 1999), 6-O-feruloyl-�-
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d-fructofuranosyl-(251)-α-d-glucopyranoside (3)
(Bokern et al., 1991), 10-O-benzoylcatalpol (Fode-
raro et al., 1992) and geniposide (Inouye et al.,
1969) were also isolated and identified by compar-
ison of their spectral data with published values.
The aerial parts of G. orientalis afforded an aceto-
phenone glycoside, picein (Junior, 1984), eight iri-
doid glycosides; asperuloside (Otsuka et al., 1991),
alpinoside (Jensen et al., 1996), aucubin (Bianco
et al., 1983), catalpol (Chaudhuri and Sticher,
1981), geniposidic acid (Bianco et al., 1983; Akde-
mir and Calis, 1991), 10-O-benzoylcatalpol (Fode-
raro and Stermitz, 1992), globularin (Chaudhuri
and Sticher, 1981), melampyroside (Chaudhuri
and Sticher, 1980) and three phenylethanoid gly-
cosides, calceolarioside A (Nicoletti et al., 1986),
verbascoside (Sticher and Lahloub, 1982) and leu-
cosceptoside A (Calis et al., 1988).

The antioxidant property of the isolates was
tested using 2,2-diphenyl-1-picrylhydrazyl (DPPH)
radical (Takao et al., 1994; Cuendet et al., 1997).
Compounds 1, 2, 3, calceolarioside A, verbasco-
side, and leucosceptoside A showed antioxidant
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potential (yellow-on-purple spot) indicating their
ability to efficiently scavenge free radicals. Similar
sucrose esters from Polygonum lapathifolium have
recently been reported to show significant inhibi-
tory effects on the Epstein-Barr virus early antigen
activation by tumor-promoters (Takasaki et al.,
2001).

It is interesting that the underground parts of
G. orientalis contain only simple caffeoyl sugar es-
ters, whereas the aerial parts contain phenyletha-
noid glycosides which include an additional phen-
ylethanol moiety as aglycone. However, the ability
of both type of compounds to scavenge free radi-
cals might indicate their importance for the wel-
fare of the plant.
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