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ABSTRACT Isomeric polyphenolic glycosides that possess regioisomeric

O-acylated saccharide residues can be found in many medicinal plants

and their preparations as well as some synthetic intermediates. The need

for a pure and sufficient quantity of compounds for nuclear magnetic reson-

ance measurements calls for a microanalytical method for their rapid differ

entiation. In the current investigation, an electrospray ionization–tandem mass

spectrometric method was developed for rapid differentiation of two pairs of

regioisomeric acylated monosaccharides, quercetin-3-O-(300-O-galloyl)-a-L-
rhamnopyranoside and quercetin-3-O-(200-O-galloyl)-a-L-rhamnopyranoside

as well as quercetin-3-O-(300-O-galloyl)-b-D-glucopyranoside and quercetin-

3-O-(200-O-galloyl)-b-D-glucopyranoside; the mechanisms governing their

similar or differential fragmentations are also discussed. The work may facili-

tate the structural determination of these regioisomers and their analogs in

pure form or in complex matrix.

KEYWORDS electrospray ionization, polyphenolic glycosides, regioisomeric

O-acylated monosaccharide, structural differentiation, tandem mass spectrometry

INTRODUCTION

Isomeric polyphenolic glycosides that possess regioisomeric O-acylated

saccharide residues can be found in many medicinal plants and their

preparations[1–4] as well as some synthetic intermediates.[5–7] The present

approaches for their structural determination mainly involve nuclear mag-

netic resonance (NMR) spectroscopic techniques, but the requirement of a

pure and high quantity of compounds for NMR measurements suggested

that these compounds could be structurally determined only when they

were obtained in sufficient quantity.[1–7] In view of the complexity and trace

amounts of chemical constituents in crude synthetic products and medicinal
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plants and their preparations, a rapid, reliable, and

microanalytical method is needed to determine their

structures in complex systems (e.g., a plant extract or

a crude synthetic product with various reactants and

by-products). In addition, since these isomeric poly-

phenolic glycosides contained almost the same struc-

tural subunits, the general analytical methods (e.g.,

UV and IR) could not be used alone to discriminate

the structures of these isomers even when they were

obtained in pure form and with sufficient amounts.

The developed analytical method should therefore

take into consideration the easy discrimination of these

isomeric glycosides. As coupling of liquid chromato-

graphy with tandem mass spectrometry has become

a routine method for the identification and structural

determination of various phenolic glycosides in crude

plant extracts[8,9] and electrospray ionization–tandem

mass spectrometry (ESI-MS=MS) has gained success

in differentiating quite a number of positional isomers

of various structural types,[1,10–21] the use of ESI-MS=

MS for differentiation of these positionally isomeric

polyphenolic glycosides may possibly facilitate the

rapid structural determination of these compounds.

In the previous report,[1] the fragmentation pat-

terns of various O-acylated monosaccharide residues

were investigated and some fragmentation mechan-

isms were proposed. However, direct differentiation

of the regioisomeric acylated monosaccharides by

their product ions has not yet been discussed.

Besides, fragmentations were also not discussed in

detail, which leaves some confusing data for the

readers. In this report, an MS=MS method has been

developed for the differentiation of the two pairs of

isomeric polyphenolic glycosides that possess regio-

isomeric O-acylated monosaccharide residues, quer-

cetin-3-O-(300-O-galloyl)-a-L-rhamnopyranoside (1) and

quercetin-3-O-(200-O-galloyl)-a-L-rhamnopyranoside

(2) as well as quercetin-3-O-(300-O-galloyl)-

b-D-glucopyranoside (3) and quercetin-3-O-(200-

O-galloyl)-b-D-glucopyranoside (4) (Fig. 1). The

mechanisms underlying their differential fragmenta-

tions were also discussed.

EXPERIMENTAL

Reagents and Chemicals

Quercetin-3-O-(300-O-galloyl)-a-L-rhamnopyranoside

(1), quercetin-3-O-(200-O-galloyl)-a-L-rhamnopyranoside

(2), quercetin-3-O-(300-O-galloyl)-b-D-glucopyrano-

side (3), and quercetin-3-O-(200-O-galloyl)-b-D-

glucopyranoside (4) were obtained in our laboratory

as natural products. Their structures were confirmed

by MS, 1H-NMR, and 13C-NMR.[22]

Mass Spectrometry

All the mass experiments were carried out using

a Waters ACQUITY TQD (triple quadrupole mass

spectrometer, Waters, Milford, Massachusetts, USA)

equipped with a Z-spray ESI source. The acquisition

parameters were collision gas, helium (He); nebuliz-

ing and drying gas, nitrogen (N2); source tempera-

ture, 120�C; desolvation temperature, 350�C; cone

gas flow, 50 L=hr; desolvation gas flow, 650 L=hr;

collision gas flow, 0.18 mL=min; capillary voltage,

3.0 kV; extractor voltage, 3.0 V; and RF lens voltage,

0.50 V. MS=MS of all the components was performed

at a cone voltage of 20 V and a collision energy of

14 eV. Each standard solution (ca. 20mmol=L) was

prepared by dissolving the standard in 50%

CH3CN=0.1% formic acid in water. MS spectra were

acquired by direct injection of the standard solutions

into the MS system.

RESULTS AND DISCUSSION

ESI-MS=MS study of quercetin-3-O-(300-O-galloyl)-

a-L-rhamnopyranoside (1) (Fig. 2(A)) and

FIGURE 1 Structures and mass fragment nomenclature for the

four polyphenolic glycosides.

FIGURE 2 MS2 spectra (m=z 50–350) of the [MþH]þ (m=z

601 for 1 and 2; m=z 617 for 3 and 4) of the four polyphenolic

glycosides (A: 1; B: 2; C: 3; D: 4).
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quercetin-3-O-(200-O-galloyl)-a-L-rhamnopyranoside

(2) (Fig. 2(B)) showed that, at the collision energy

of 14 eV, both [MþH]þ (m=z 601) of compounds

1 and 2 could be fragmented to give a galloyl rham-

nosy cation [B1]
þ (m=z 299) (Fig. 1) and a [Galloyl]þ

(m=z 153). However, a protonated aglycone [Y0]
þ

(m=z 303) (Fig. 1) was only observed for the

[MþH]þ (m=z 601) of 1, and the relative abun-

dances of galloyl cation [Galloyl]þ (m=z 153) differ

significantly between the two isomers. The cation

was detected as a base peak in the product ion

spectrum of the [MþH]þ (m=z 601) of 1 but only

as a negligible ion in that of 2. Besides, successive

losses of two water molecules (to yield m=z 281

for [B1-H2O]þ and m=z 263 for [B1-2H2O]þ) from

the product ion [B1]
þ were only observed for

the [MþH]þ (m=z 601) of quercetin-3-O-(200-O-

galloyl)-a-L-rhamnopyranoside. The two regio-

isomers could therefore be easily discriminated.

It should be noted that almost no ions with m=z

larger than that of [B1]
þ (m=z larger than 350

were not shown in Fig. 2; see supplementary and

associated data) were observed. [Galloyl]þ and other

fragment ions seemed to be derived from the

product ion [B1]
þ.

As in the cases of isomeric rhamnosides (1 and 2),

successive losses of two water molecules (to yield

m=z 297 for [B1-H2O]þ and m=z 279 for [B1-

2H2O]þ) were also only observed for the [MþH]þ

(m=z 617) of 200-O-galloyl isomer (4) (Fig. 2(D)).

However, different fragmentation patterns were also

observed for the [MþH]þ (m=z 617) of the two

isomeric glucosides (3 and 4) (Fig. 2(C) and 2(D)).

Although only very weak [Y0]
þ (m=z 303) was

detected in the product ion spectrum of the [MþH]þ

(m=z 601) of 300-O-galloyl isomeric rhamnoside (1),

intense [Y0]
þ (m=z 303) was observed for both of

the two isomeric glucosides (3 and 4). Besides,

obvious protonated gallic acid (m=z 171) was only

observed for the [MþH]þ (m=z 617) of the two iso-

meric glucosides (3 and 4), with the one from that of

3 being more intense. Further discrimination of the

two regioisomeric glucosides could be accomplished

by analysis of their [B1]
þ, [B1-Gallic acid]þ, and

[Galloyl]þ. The galloyl glucosyl cation [B1]
þ (m=z

315) was rather intense (and as the base peak) for

4 but was relatively weak for 3, while the galloyl

cation [Galloyl]þ (m=z 153) was rather weak for

4 but relatively intense for 3. A [B1-Gallic acid]þ

(m=z 145), however, was only observed in the

product ion spectrum of 3.

In the previous report,[1] we suggested an

intramolecular hydrogen bonding between the

600-OH and the 300-O-galloyl for the loss of a gallic

acid (and hence formation of a protonated gallic acid

at m=z 171) for the fragmentation of the 300-O-galloyl

glucosyl ion [B1]
þ, yet the fragmentation patterns of

its regioisomeric [B1]
þ ions and their corresponding

polyphenolic glycosides were far from being

completely understood. Efforts were therefore made

in the current investigation to compare their frag-

mentations and to find out the possible mechanisms

that lead to their similar or differential fragmentations

between the two pairs of isomers.

Fragmentation of the glycosidic bond would gener-

ate a [Y0]
þ or a [B1]

þ (Fig. 1), and replacement of

a 500-methyl (as in the rhamnosides) by a 500-hydroxy-

methyl (as in the glucosides) might possibly reduce

more or less the stability of the [B1]
þ and hence obser-

vation of higher product ion intensity ratios of [Y0]
þ=

[B1]
þ for the two glucosides (3 and 4) as compared

to those for the rhamnosides (1 and 2) (Fig. 2).

Dehydration of the [B1]
þ of 200-O-galloyl isomers at

the C400-C500 (Scheme 1(A) and 1(B)) or the C300-C200

(Scheme 1(B)) bond initiated by the 400- or 300-axial-

OH lost one water molecule from [B1]
þ, while

SCHEME 1 Successive dehydration scheme proposed for the

[B1]
þ (m=z 299 for 2 and m=z 315 for 4) of 200-O-galloyl isomers

(A: 2; B: 4).
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aromatization of the newly generated ions by dehy-

dration would lead to the loss of the second water

molecule. The presence of an intramolecular hydro-

gen bonding between the 400-OH and the 300-O-gal-

loyl in the 300-O-galloyl isomers (Fig. 3) retarded

not only the loss of a water molecule but also that

of a gallic acid ([B1-170]þ) from [B1]
þ. Although the

latter (m=z 145, [B1-gallic acid]þ) could be observed

in the product ion spectrum of 3, its formation might

result from an intramolecular hydrogen bonding

between the 300-OH and the 600-O-galloyl of their

[B1]
þ (Scheme 2).[1]

The peculiar [B0
1]
þ ion at m=z 299 observed only in

the product ion spectrum of 3 might involve the gen-

eration of a protonated 300-galloyl 100-deoxyglucoside

(m=z 317) and its subsequent dehydration

(Scheme 2).

CONCLUSION

ESI-MS=MS has been proved to be one of the most

powerful structural techniques for the discrimination

of various regioisomers in a single experiment.[1,10–21]

In the current investigation, we have shown that

the two pairs of isomeric polyphenolic glycosides

that possess regioisomeric O-acylated monosacchar-

ide residues could be discriminated simply by

their product ions and their relative intensity. The

mechanisms proposed for their close or different

fragmentations might facilitate the structural deter-

mination of these regioisomers and their analogs in

pure form or in complex matrix.
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3. Şöhretoğlu, D.; Sakar, M. K.; Sterner, O. New galloylated flavonoid
glycosides from Geranium stepporumdavis. Helv. Chim. Acta 2009,
92, 520–524.

4. Moharram, F. A.; Marzouk, M. S. A.; Ibrahim, M. T.; Mabry, T. J.
Antioxidant galloylated flavonol glycosides from Calliandra haemato-
cephala. Nat. Prod. Res. 2006, 20, 927–934.

5. De Oliveira, E.; Humeau, C.; Chebil, L.; Maia, E.; Dehez, F.; Maigret,
B.; Ghoul, M.; Engasser, J.-M. A molecular modelling study to
rationalize the regioselectivity in acylation of flavonoid glycosides
catalyzed by Candida antarctica lipase b. J. Mol. Catal. B: Enzym.
2009, 59, 96–105.

6. Liu, C.; Richards, M. R.; Lowary, T. L. Probing the effect of acylation
on arabinofuranose ring conformation in di- and trisaccharide
fragments of mycobacterial arabinogalactan. J. Org. Chem. 2010,
75, 4992–5007.

7. Simerská, P.; Kuzma, M.; Pi�ssvejcová, A.; Weignerová, L.; Macková,
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