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Abstract

A mass spectrometric method based on the combined use of positive and negative electrospray ionization, collision-induced dissociation and
tandem mass spectrometry has been applied to the structural characterization of the eriodictyol 7-O-glucosyl-(1→2)-glucoside and luteolin 7-O-
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lucosyl-(1→2)-glucoside. The low-energy product ion mass spectrum of [M + H]+ and [M− H]− ions showed extensive fragmentation of
iglucose moiety, loss of the glycan residue, and fragmentation of the aglycon units that permit characterization of the interglycosidic ld

he substituents in the A- and B-rings. Both glycosides were shown to yield the0,2X0
0,2X1 ion which can be considered as characteristic o

→2 interglycosidic linkage in the glucoglucoside adducts, since it can not be formed in the case of other interglycosidic types. In t
he eriodictyol diglucoside the 1, 3 fragmentation of the C-ring was observed before those involving the carbohydrates thus allowing t
etermination of the diglucoside moiety on the A-ring. In the negative ion mode only the luteolin diglucoside was shown to undergo

nduced homolytic and heterolytic cleavages of theO-glycosidic bond producing the aglycone radical–anion [Y0–H]•− and Y0
− product ions, while

his was not observed in the case of eriodictyol glycoside. CID MS/MS analysis of the sodiated molecules gave complementary inform
he structural characterization of the studied compounds. The B2

+ fragment which is useful for establishing that the terminal carbohydrate u
inked to another carbohydrate and not directly to the aglycone was obtained as base peak. This result is of analytical value for the dif
f O-diglycosyl and di-O-glycosyl flavonoids.
2005 Elsevier B.V. All rights reserved.
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. Introduction

Flavonoids are polyphenolic natural products which are rec-
gnized as one of the largest and most widespread class of plant
onstituents occurring throughout the plant kingdom, and are
lso found in substantial levels in commonly consumed fruits,
egetables and beverages. Flavonoids have recently aroused
onsiderable interest because of their potential beneficial bio-
hemical and antioxidant effects on human health. Most of
he experimental results demonstrate that flavonoid compounds
ave several biological activities including radical scavenging,
nti-inflammatory, anti-mutagenic, anti-cancer, anti-HIV, anti-
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allergic, anti-platelet and anti-oxidant activities[1]. Flavonoids
are grouped together into subclasses based on their basic c
cal structures; the most common ones being flavones, flavo
isoflavones, flavanones, anthocyanins and chalcones. Flavo
can exist as free aglycones but most of them commonly occ
C- or O-glycosides. Disaccharides are also often found in a
ciation with flavonoids and occasionally tri- and even tetra
charides.

The structure determination of flavonoids plays an im
tant role in many areas of science. The position of hydr
groups and other features in the chemical structure of flavo
are important for their antioxidant and free radical scav
ing activities. The structural characterization of flavonoid
generally performed by a combination of spectroscopic m
ods, including ultraviolet (UV), nuclear magnetic resona
(NMR) and mass spectrometry (MS). Among these met
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mass spectrometry (MS) is one of the important physico-
chemical methods applied to the structure determination of
natural products due to its sensitivity, rapidity, and low lev-
els of sample consumption[2–4]. With the development of
soft ionization techniques, mass spectrometry has become a
powerful analytical tool of flavonoids, a polar, non-volatile,
and thermally labile classes of compounds[5–7]. Mass spec-
trometric methods such as electron ionization EI/MS[8], fast
atom bombardment FAB/MS[9], atmospheric pressure chem-
ical ionization APCI/MS[5,10,11]and electrospray ionization
ESI/MS [12–14] have proved useful to determine flavonoids
in herbs and other foods[8,12,14,15]. The coupling of liq-
uid chromatography/mass spectrometry (LC/MS) with API/MS
and ESI/MS/MS techniques has been demonstrated to be a
powerful tool for the identification of flavonoids[16–18]. The
combination of FAB with collision-induced dissociation (CID)
and tandem mass spectrometric techniques has been shown to
yield important structural information for the characterization
of underivatized flavonoid aglycones and glycosides[9,19].
Furthermore, the low-energy CID MS/MS spectra of various
flavonoid aglycones and glycosides in mixture were described
in both LC/ESI/MS/MS[14,15] and LC/APCI/MS/MS[7,10].
It has been demonstrated that fragment ions provide important
structural information for flavonoids and can be used to establish
the distribution of the substituents between the A- and B-rings.
A careful study of the fragmentation patterns in CID MS/MS
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time of use. The resulting aqueous phase was extracted with hex-
ane and the subsequent aqueous phase was subjected to a SPE
column. Elution was performed successively by H2O, MeOH
10%, MeOH 40%, MeOH 50% and MeOH 100%. The frac-
tions were concentrated under reduced pressure, lyophilized,
tested for their scavenging activity, and analysed through ana-
lytical HPLC. The MeOH 50% fraction, which was shown to be
rich in natural antioxidant compounds, was explored first using
semipreparative HPLC. After several successive injections, sam-
ples corresponding to the same chromatographic peaks were
verified by analytical HPLC, concentrated under reduced pres-
sure and lyophilised. This operation gave the studied purified
compounds.

2.2. Mass spectrometry

LC/MS analyses were performed with a chromatographic
system (Alliance) consisting of a Waters 2695 separations mod-
ule equipped with an autosampler and a Waters 2487 dual
lambda absorbance detector (Waters, Milford, MA, USA). The
column was a 150 mm× 2.1 mm Interchrom UP5ODB#15E
(Uptisphere 5�m ODB) with a 10 mm× 2.1 mm precolumn
from Interchim (Montluc¸on, France). Chromatography was car-
ried out in isocratic mode with a 60/40 mixture of acetonitrile
(RS-Plus quality for HPLC from Carlo Erba) and water with
0.2% acetic acid. The flow rate was 0.2 mL/min, the analyses
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an also be of a particular value in the structural elucidatio
- andC-glycosides[9].
Since the number of flavonoid compounds is steadily inc

ng, and in order to further increase the applicability
C/ESI/MS/MS in the analysis of plant phenolics, it appea

mportant to investigate the fragmentation pathways of
avonoids in order to correlate the structures with their fragm
ation patterns, thus allowing a rapid identification and ana
f flavonoids. In the present study, LC/MS and MS/MS us
SI were applied for molecular mass and structural informa
f two flavonoid glycosides, namely eriodictyol 7-O-glucosyl-
1→2)-glucoside and luteolin 7-O-glucosyl-(1→2)-glucoside
nalyses were first conducted using ESI/MS in the negative
ositive ion modes to obtain ionized molecular species. T

andem MS/MS spectra were obtained by low energy coll
nduced dissociation (CID) of the [M + H]+ or [M − H]− ions,
nd were interpreted to propose plausible fragmentation
ays for each studied compound.

. Experimental

.1. Materials

The two studied flavonoid glycosides were isolated from
queous methanolic extract ofG. alypum aerial parts. Fres
erial parts were air-dried in shade at room temperature an
ried aerial parts were powdered. Hundred grams of the obt
owder were macerated during 48 h at room temperature
00 mL of a 3:2 mixture of distilled water–methanol. The cr
reparation was filtered and concentrated under reduced
ure to provide a crude extract which was stored at−20◦C until
-

,

-

e
d

s-

ere performed with the column and the samples kept at a
nt temperature and 5.0–10�L was injected for each analys
he effluent from the UV detector was introduced into the m
pectrometer without any splitting of the flow. The HPLC sys
as coupled directly to a Quattro LC/MS/MS triple quadrup
ass spectrometer (Micromass, Manchester, UK) equipped
pneumatically assisted electrospray ionisation source (
ata acquisition and processing were performed using a M
ynx NT 3.5 data system. The electrospray source param
ere fixed as follows: electrospray capillary voltage 3.25 k
ositive mode and 3 kV in negative mode, source block tem
ture 120◦C, desolvation gas temperature 400◦C. Nitrogen wa
sed as drying gas and nebulising gas at flow rates of app
ately 50 and 450 L/h.

. Results and discussion

The samples selected for this study were eriodictyolO-
lucosyl-(1→2)-glucoside1 and luteolin 7-O-glucosyl-(1→2)-
lucoside2 (Fig. 1). These flavonoids have to our knowled
ot been examined in previous mass spectrometric studie
re thus interesting from a phytochemical and analytical po
iew. In addition, compounds1 and2 are diglycosides consistin
f two glucoside units, which are different from the most p
iously reported flavonoids consisting of rhamnose and glu
oieties[4,9,20–28].

.1. Nomenclature

The major diagnostic fragmentations for flavonoid iden
ation are those involving the cleavage of two C–C bonds o
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Fig. 1. Structure of the studied flavonoid glycosides.

C-ring giving two structurally informative fragment ions. These
ions provide information on the number and type of substituents
in A- and B-rings. In this paper, these fragment ions are des-
ignated according to the nomenclature previously proposed by
Ma et al.[19]. For free aglycone, thei,jA andi,jB labels refer to
the fragments containing intact A- and B-rings, respectively, in
which the superscripts i and j indicate the C-ring bonds that have
been broken. For flavonoid glycosides, the classical nomencla-
ture proposed by Domon and Castello[29] for glycoconjugates
was adopted to designate the fragmentations:k,lXj, Yj, Zj repre-
sents the ions still containing the aglycone, wherej is the number
of the interglycosidic bonds broken (counted from the aglycon)
andk and l denote the cleavage within the carbohydrate rings
(Scheme 1).

3.2. LC/ESI/MS

After isolation, the purity of the two studied flavonoids
was determined using analytical HPLC with mass spectromet
ric detection (both positive and negative ion modes). When
the analysis was conducted in the positive ion mode, abun

S tion.

Table 1
Mass spectrometric data for the flavonoids1 and2 obtained using negative and
positive LC/ESI/MS analyses

1 2

Positive 613 611
[M + H] + 451, 289 449, 287
Fragments

Negative 611 609
[M − H]− 475, 287 437, 285
Fragments

Aglycone molecular mass (u) 288 286
Compound molecular mass (u) 612 610

dant protonated molecules [M + H]+ ions and protonated agly-
cones Y0+ ions at m/z 613 and 289 for1 and m/z 611 and
287 for 2 were observed (Table 1). In addition, [M + Na]+,
[M + K] +, and product ions allowing the partial characteriza-
tion of the flavonoids were also observed. The results were
consistent with their structures and their aglycone constituents,
and are also consistent with available literature data. Addi-
tional weak peak signals were observed atm/z 451 andm/z
449, respectively, for compounds1 and 2 and corresponding
to the Y1

+ in agreement with their diglycosidic structures. The
presence of an abundant Y0

+ in addition to the Y1+ ions are in
agreement with a protonatedO-diglucoside structure which by
rearrangement reactions at the interglycosidic bonds give rise
to Y1

+ and Y0
+ ions. In the case ofO-C-diglycosides, only

Y1
+ ions are formed, whereasC-glycosides give only [M + H]+

ions, in addition to other characteristic ion fragmentations
[9,23].

These results were also confirmed when the analyses were
conducted in the negative ion mode, where the parent ions
[M − H]− were observed in addition to the fragments noted in
Table 1. In order to characterize the fragmentation pathways
of these compounds, CID/MS/MS spectra exhibiting the pro-
tonated and deprotonated fragment ions were explored and the
results are discussed below.
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.3. Positive CID MS/MS analysis

In the structure analysis of flavonoids, positive ion CID sp
ra are most frequently used[11,15], whereas negative ion CI
pectra are often considered to be more difficult to interpret[21].
rotonation is believed to occur preferentially in the aglyc
art of the molecule, in particular, at the carbonyl oxygen a

30]. Charge delocalisation in the C-ring can lead to a proton
olecular species, which are highly stabilized by resona
ubsequent charge-remote rearrangements take place re

n the Y0 and Y1 ions, most likely involving hydrogen rearrang
ent from hydroxyl groups, which can sterically approach
lycosidic bonds.

.3.1. Compound 1
The molecular mass of compound1 was concluded to b

12 Da on the basis of its positive ion electrospray mass
rum, which showed parent ions ([M + H]+) at m/z 613. In
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Scheme 2. Main fragmentations observed in CID MS/MS spectra of the
[M + H] + (dashed arrows) and [M− H]− (full arrows) ions of eriodictyol.

addition, a loss of neutral fragments corresponding to a mass
of 324 was observed indicating the presence of a two hex-
ose residues. This loss gave an ion atm/z 289 correspond-
ing to an aglycone with a molecular mass of 288 Da, sug-
gesting compound1 as a flavanone-based compound. This
conclusion was supported by the CID MS/MS spectra of
the ion at m/z 289 (Y0

+), which exhibited five main diag-
nostic fragmentations located atm/z 271 (–H2O), 179 (–B-
ring), 163 (1,4B+–2H), 153 (1,3A+), 145 (1,4B+–2H–H2O) and
135 (1,4B+–2H–CO) (Scheme 2). Taking into account the
reported data concerning the fragmentation of the flavonoid
skeleton, the data indicated a 3′,4′,5,7-tetrahydroxyflavanone
[31].

In order to study the fragmentations of flavonoid 1, CID
spectra of the [M + H]+ ion (m/z 613) were recorded at var-
ious collision energies. A typical CID spectrum is shown in
Fig. 2. When the pseudomolecular ions atm/z 613 were selected
as parent ion and the daughter ions were recorded at differ-
ent energies, the ESI/MS/MS spectra showed, even with low
relative intensity, the characteristicm/z 493 (0,2X0

+ or 0,2X1
+)

ion due to the loss of 120 Da by cleavage of theO-glycoside
moiety. In addition, the fragmentation patterns observed for
compound1 showed several ion signals in agreement with
previously reported data for flavanones[30]. Relatively abun-
dant Y type ions are observed atm/z 289 (base peak Y0+) and
451 (Y +), whereas other ions atm/z 595 [M + H–H O]+, 577
[
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Fig. 2. CID mass spectrum of protonated eriodictyol 7-O-sophoroside1 (m/z
613) and the proposed corresponding fragmentations.

the differentiation ofO-diglycosyl and di-O-glycosyl flavonoids
[9].

In the spectrum shown inFig. 2, the most striking feature is
the high intensity of the signal for the Y1

+ ion corresponding
to a neutral loss of 162 Da. In previously reported data concern-
ing flavonoid rutinoside and neohesperoside MS/MS spectra, an
internal loss of the glucose moiety leading a labeled Y* frag-
ment signal was observed in addition to the presence of the Y0

+

and Y1
+ ions[23,24]. The presence of this unusual glucose loss

is easily distinguished when the two carbohydrate moieties are
different as in the case of the rhamnoglycoside derivatives. This
was not the case for compound1, which is comprised of two
glucosyl moieties where the distinction between the terminal
and the inner glucose was not possible. This may explain the
high abundance of the observed ion located atm/z 451, which
may include either the ion resulting from the Y1 fragmentation
[M + H–162]+ corresponding to the terminal glucose loss and the
Y* fragmentation corresponding to the inner glucose loss. The
fact that Y0

+ is more abundant than Y1+ points to an 1→2 link-
age and is in agreement with previously reported data[23,24].
This result was further confirmed through the observation of the
fragmentations presented inFig. 2, where two successive losses
of 120 mass units were observed yielding the0,2X0

0,2X1
+ frag-

ment and confirming such an interglycosidic linkage.
In structural analysis of flavonoids, MS/MS techniques have

been often applied to the protonated molecules, [M + H]+, while
f
T ra of
t nd
t

1 2
M + H–2H2O]+, 433 (Z1

+), 373 (0,2X0
0,2X1

+), 331 (0,2X0Y1
+),

25 (B2
+) and 163 (B1+) formed by common fragmentatio

outes are also present. It is worth noting that a0,2X0
0,2X1

+

on can be seen in the CID MS/MS spectrum of compoun1.
his ion can be considered as characteristic of the 1→2 inter-
lycosidic linkage in the 7-O-glucoglucoside adducts, since
an not be formed in the case of other interglycosidic ty
dditional peaks atm/z 415 (Y1

+–2H2O), 397 (Y1
+–3H2O) and

55 (Y1
+–2H2O–60), which are also characteristic of flavan

-diglycosides[24,30], were also observed. The formation
1

+ ion (m/z 433) and absence of the corresponding rad
1
•+ ions are useful for establishing that the eliminated
inal carbohydrate unit is linked to another carbohydrate
ot directly to the aglycone and could be of analytical value
ew data have been reported on other cationized ions[22,32].
his fact prompted us to investigate the CID MS/MS spect

he [M + Na]+ ion of compound1 in order to better understa
heir behaviour. The pseudomolecular ion atm/z 635 ([M + Na]+)
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Fig. 3. CID mass spectrum of sodiated eriodictyol 7-O-sophoroside1 (m/z 635)
and the proposed corresponding fragmentations.

was thus selected as parent ion and the daughter ions were
recorded at various CID collision energies. An example of a
representative spectrum is shown inFig. 3. The most striking
feature of the spectrum is the high relative abundance of the
ion atm/z 347 (B2

+) corresponding to the loss of the aglycone
moiety. This fragmentation clearly indicates that the terminal
carbohydrate unit is linked to the other carbohydrate and not
directly to the aglycone. This fragmentation is thus of useful
analytical value for the differentiation ofO-diglycosyl and di-O-
glycosyl flavonoids. The Y0+ fragment atm/z 311 was observed
with a relatively low abundance, as was the radical aglycone
product ion observed atm/z 310. Another important fragment
was observed atm/z 499 (corresponding to the1,3A+ fragment),
while the complementary1,3B+ was observed atm/z 159 at low
abundance. This showed that the fragmentation involving the
C-ring could occur before those involving the diglucoside unit.
This is of analytical value since it indicated that the two glyco-
side moieties are located on the A-ring. Further successive losse
from the1,3A+ fragment of the terminal and inner glucose units,
give ions atm/z 337 (Y1

1,3A+) and 175 (Y01,3A+), respectively.

Fig. 4. CID mass spectrum of protonated luteolin 7-O-sophoroside2 (m/z 611)
and the proposed corresponding fragmentations.

Additional signals were observed atm/z 379 (0,2X1
1,3A+) and

259 (0,2X0
0,2X1

1,3A+) and were in full agreement with the 1→2
interglycosidic linkage.

3.3.2. Compound 2
The fragmentations observed for protonated ion [M + H]+

generated from compound2 are very simple, presenting the char-
acteristic fragmentation of flavonoidO-diglycosides[9,23–25]
and yielding two major ion signals atm/z 287 and 449, respec-
tively (Fig. 4). These signals correspond respectively to the
Y0

+ and Y1
+ ions, which are formed by rearrangement reac-

tions at the interglycosidic bond. Deuterium labeling experi-
ments indicated that hydroxyl hydrogen atoms are involved in
the formation of these ions[9]. The observation of a loss of
a 324 Da neutral fragment in the mass spectra of compound
2 confirmed the presence of two hexose moieties. In order to
characterize the aglycone part of compound2, the CID MS/MS
spectra were recorded for the [M + H]+ and Y0

+ ions. The
results presented inScheme 3showed that the aglycone ion
observed atm/z 287 (Y0

+) exhibited the following fragmenta-
tions atm/z 269 (Y0

+–H2O), 241 (Y0
+–H2O–CO), 179 (0,4B+),

161 (0,4B+–H2O), 153 (1,3A+), 137 (0,2B+), 135 (1,3B+), 123

S f the
[

s

cheme 3. Main fragmentations observed in CID MS/MS spectra o
M + H] + (dashed arrows) and [M− H]− (full arrows) ions of luteolin.
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(1,3A+–H2CO), and 117 (1,3B+–H2O), which are in agreement
with previously reported data for luteolin[19,33].

In the CID MS/MS spectra of the protonated [M + H]+ ion,
the Y0

+ (m/z 287) was the base peak, while the Y1
+ (m/z 449)

was observed with a very low abundance (Fig. 4). This indi-
cated the existence of a diglycoside moiety since compounds
showing a high abundance form/z 449 have two glucose units
attached to different positions of the aglycone[34,35]. In addi-
tion, and according to previously reported analysis conducted
on rhamnoglucoside derivatives, the fact that the Y0

+ > Y1
+ is

more in favor with a 1→2 interglycosidic linkage[23]. In order
to see if this was also the case of glucosylglucoside derivatives,
the fragmentations appearing in the higherm/z value region were
thoroughly examined. Among the observed ions, the presence
of signals atm/z 593 [M + H–18]+, 551 (0,4X0

+), 521 (0,3X0
+),

491 (0,2X0
+), 431 (Z1

+) and 371 (0,2X0
0,2X1

+) was observed.
The latter fragmentation is of a great importance since it results
from two successive losses of 120 mass units, indicating a 1→2
interglycosidic linkage.

3.4. Negative CID MS/MS analysis

Various positive ion mass spectrometric methods have been
used in the structural analysis of flavonoids[11,15], while results
obtained from experiments conducted in the negative ion mode
h
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Fig. 5. CID mass spectrum of deprotonated eriodictyol 7-O-sophoroside1 (m/z
611) and the proposed corresponding fragmentations.

were reported to generate a radical aglycone product ion, indi-
cating that a 2,3-double bond adjacent to the 4-carbonyl group
is not a prerequisite to the formation of a stable radical aglycone
product ion[22].

Fig. 5shows the CID MS/MS spectrum of the [M− H]− ion
(m/z 611) generated from compound1. The Y and Z type ions
were observed atm/z 449 (Y1

−), 431 (Z1
−) and 287 (Y0−),

along with other ions atm/z 593 [M− H–H2O]−, 491 (0,2X0
−

or 0,2X1
−), 329 (0,2X0Y1

−) and 311 (0,2X0Z1
−). In contrast to

rhamnoglucoside disaccharides where the presence of0,2X0
− is

characteristic of the 1→2 isomer (since it can not be formed in
the case of 1→6 derivatives), this fragment could be formed in all
kinds of interglycosidic linkages between two glucose moieties.
Therefore, its presence could not be considered as indicative of
a peculiar interglycosidic linkage.

The most striking feature of the spectra is the presence of
a fragment ion atm/z 475 with a high relative abundance that
exceeds that of Y0− obtained at lower CID collision energy.
The complement of this ion was also detected atm/z 135 and
corresponds to the1,3B− fragment ion. This means that the ion
m/z 475 corresponds to the1,3A− fragment ion, which is an
indication that the breakdown of the aglycone skeleton could
occur before that of the glycosidic bonds. The importance of
this ion is that it confirms that the two glycoside moieties are
not located on the B-ring. The fragment ion atm/z 475 was subse-
quently selected as parent ion and its product ions were recorded
a own
i inal
g
o the
i -
i ent
w
4
3

ave often been considered more difficult to interpret[21].
tudies reported on negative atmospheric pressure ioniz

APCI and ESI) indicated however the improved sensitivit
uch techniques in flavonoid analysis[6,7,20,36–38]. The frag-
entation behavior observed was obviously different, gi
dditional and complementary information. This prompte

o investigate the analysis of the flavonoids of interest u
egative CID MS/MS.

.4.1. Compound 1
In the negative mode MS/MS experiments, with the depr

ated molecular ion (m/z 611) generated from compound1, the
resence of the base peak Y0

− (m/z 287) was observed resulti
rom loss of 324 mass units. This result supports the presen
wo hexose residues (Fig. 5). This elimination process gave
on at m/z 287 corresponding to an aglycone with a molec

ass of 288, consistent with a flavanone based compound
ID MS/MS spectra of the Y0− ion atm/z 287 exhibited seve
ain diagnostic fragmentations atm/z 257 (Y0

−–H2CO), 239
Y0

−–H2CO–H2O), 211 (Y0
−–H2CO–H2O–CO), 151 (1,3A−),

35 (1,3B−), 125 (1,4A−) and 107 (1,3A−–CO2) (Scheme 2), in
greement with a 3′,4′,5,7-tetrahydroxyflavanone[7,31,38,39].

t is worth noting that no radical anion fragments were obse
or the flavanone aglycone ion generated from compound1. This
esults supports those previously reported by Hvattum and
erg[26], who indicated that for flavanones and dihydrochalc
lycosides, no radical aglycones product ions were gene
his result indicates the need for a 2,3-double bond adjac

he 4-carbonyl group in the C-ring for the formation of sta
adical aglycone fragments. It may also be noted that, in
rast to these findings, that naringin, hesperidin and nar
-

.
o

-

t different collision energy values giving the spectrum sh
n Fig. 6. The ions corresponding to the loss of the term
lucose unit and corresponding to the Y1

− and Z1
− ions were

bserved atm/z 313 and 295 respectively. Further loss of
nner glucose residue yields the Y0

− ion atm/z 151 correspond
ng to the1,3A− aglycone part of the molecule, in agreem
ith the structure of compound1. Additional fragments atm/z
57 (–H2O), 415 (0,4X0

− or 0,4X1
−), 373 (2,5X0

− or 2,5X1
−),

55 (0,2X0
− or 0,2X1

−), 253 (0,4X0Y1
−), 235 (0,2X1

0,2X0
−),
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Fig. 6. CID mass spectrum of ionm/z 475 generated from deprotonated eriod-
ictyol 7-O-sophoroside2 (m/z 611) and the proposed corresponding fragmenta-
tions.

217 (0,2X0
0,2X1

−–H2O) and 193 (0,2X0Y1
−). All the fragmen-

tation pathways corresponding to theses ions are schematized
in Fig. 6. The presence of the ionsm/z 355 and 235 and cor-
responding to successive losses of 120 units from the 475 ion
supported an 1→2 interglycosidic linkage.

3.4.2. Compound 2
The CID MS/MS spectrum of the [M− H]− ion (m/z 609)

generated from compound2 exhibited the fragments typical of
glycosyl derivatives (Fig. 7). Loss of the terminal sugar was
observed giving a low abundance ion atm/z 447 (Y1

−). Further-
more, loss of another glucosyl moiety gives an intense signal
(base peak) corresponding to the aglycone moiety atm/z 285
(Y0

−). The Y1
− ion was observed with low abundance, in agree-

ment with a diglucoside structure of compound2. The CID
MS/MS spectrum of the aglycone Y0

− ion (m/z 285) exhib-
ited the following fragmentations:m/z 257 (Y0

−–CO), 243
(Y0

−–C2H2O), 241 (Y0
−–CO2), 175 (Y0

−–C3O2–C2H2O),
151 (1,3A−), 149 (1,3A−–2H), 133 (1,3B−), 121 (1,3A−–H2CO),
and 107 (0,4A−) (Scheme 3), in agreement with a luteolin unit
[7,38]. It is worth noting that in contrast to the behavior of eriod-
ictyol aglycone, where no radical fragment was observed in the
negative CID spectra, the glycoside 2 showed both a collision-
induced homolytic and heterolytic cleavage of theO-glycosidic
bond producing a deprotonated radical aglycone ion [Y0–H]•−
a −
r f the
s ree-
m

-
e
4
3
f ass
u

Fig. 7. CID mass spectrum of deprotonated luteolin 7-O-sophoroside2 (m/z
609) and the proposed corresponding fragmentations.

oside isomer, since it cannot be formed in the case of other
interglycosidic linkages. The fact that the 1→2 isomer exhibits
more fragment ions could be related to the hydroxyl group clos-
est to the acetal linkage between the aglycone and the sugar
part, i.e., the 2OH group of glucose. Formation of Y0

− appears
to be more difficult compared to the rutinose analogues. This
explains why the formation of other fragment ions is favored in
flavonoids having interglycosidic linkages like the neohesperi-
doside derivatives[24].
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