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Iridoid glycosides are an important class of natural products and have many biological activities. Iridoid
glucosides in an extract of the plant species Paederia scandens were investigated using reversed-phase
high performance liquid chromatography and electrospray quadrupole time-of-flight-type tandem mass
spectrometry. The elemental composition of most of the compounds was determined by accurate
mass and relative isotopic abundance (RIA) measurements. In positive ion mode, the fragmentation of
[M+NH4]* precursor ions was carried out using low energy collision-induced electrospray ionization tan-
dem spectrometry. The neutral losses of NH3, H,0, Glc, and the side chain of the iridoid moiety were the
main fragmentation patterns observed. For simple iridoid glycosides, the main differences were related
to the side chains. Fragmentation of the [M—H]~precursor ions was achieved for the compounds possibly
having phenolic acid group. The connection order of the iridoid, sugar, and phenolic acid moieties, and
the linkage of the 6-OH group of the sugar to the phenolic acid were unambiguously confirmed using a
combination of MS/MS spectra in both positive and negative ion modes, and our previous work. For some
trace dimeric iridoid glucosides, the connection order between the asperuloside and paederoside moi-
eties was determined by the characteristic product ions; this was supported by D-labeling experiments.
A total of 24 iridoid glucosides, including 14 new species, were identified or tentatively characterized
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based on exact mass, RIA values, tandem mass spectra, and D-labeling experiments.

© 2013 Elsevier B.V. All rights reserved.

1. Introduction

The vine Paederia scandens is widely distributed in India, Japan,
the Philippines and the USA [1]. It has long been used in India,
China and Vietnam for the treatment of toothache, chest pain,
piles, inflammation of the spleen, rheumatic arthritis, and bacillary
dysentery [2,3].Iridoid glycosides have been isolated as major com-
pounds from the stem and root of P. scandens [4-9], and found to
have antiviral, antitumor, anti-inflammatory, antinociceptive and
antimicrobial activities [2,10-12].

Structural characterization of a natural product is the key to
study its bioactivity. However, characterization has always been
a challenge, especially for those compounds and their metabolites
that occur in trace amounts. Nuclear magnetic resonance (NMR)
spectroscopy offers detailed structural information, but requires
laborious purification of the compounds, and some oligomers con-
sisting of structurally similar monomers are difficult to identify by
NMR [13-15].
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Mass spectrometry (MS) is an important physicochemical tech-
nique for the identification of trace natural products in extracts,
particularly because of its rapidity, and sensitivity, and the very
small quantities of sample required. A number of iridoid glucosides
have been studied by electrospray ionization mass spectrometry
(ESI-MS/MS) [16-18]. In negative ion mode, the formate adduct
ion [M+HCOO]~ is a diagnostic ion for distinguishing iridoid glu-
cosides that have a methyl ester, lactone, or carboxyl group, when
formic acid is used as an additive [18]. Zhou et al. reported the
fragmentation pathways of the [M+Na]* precursor ions for four
sulfur-containing iridoid glucosides [19]. Relatively high collision-
induced energy (40 eV) for [M+Na]* precursor ions reduces the ion
intensity markedly, making these ions unsuitable as precursors,
particularly for natural products present in trace amounts.

The chemical basis of traditional Chinese medicine has been
widely investigated. Several of the main components have been
identified by high resolution mass spectrometry (HRMS), and
can be used as standard samples, avoiding the necessary for
the time-consuming and repetitious processes of purifying these
compounds. In this study, high performance liquid chromatogra-
phy and electrospray quadrupole time-of-flight-type tandem mass
spectrometry (HPLC-ESI-QTOF) were used for the phytochemical
analysis of an extract of P. scandens. A series of iridoid glucosides,
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including previously unknown trace dimericiridoid glucosides, was
identified or tentatively characterized based on exact masses, rel-
ative isotopic abundance (RIA) values, tandem mass spectra, and
D-labeling experiments.

2. Experimental
2.1. Chemicals

HPLC-grade acetonitrile, thrice deionized water, ammonium
acetate, deuterium oxide, and a mass calibration standard for use
in the analyses were obtained from Fisher Scientific (Pittsburgh,
PA, USA), Fluka (Switzerland), Haihong (Chengdu, China), Guoyao
(Chengdu, China), Merck (Andover, MA, USA) and Agilent Tech-
nologies (Palo Alto, CA, USA), respectively. The stems of P. scandens
were collected in June 2011 from Anyue, Sichuan province, China.
Extracts were prepared in 95% ethanol, petroleum ether, ethyl
acetate, and n-butanol, obtained from Bodi Corp. (Tianjin, China).

2.2. Extract preparation

The stems were soaked with 95% ethanol for 24h at room
temperature, and the solvent was evaporated under reduced pres-
sure. The resulting dry extract was suspended in water, which was
fractionated sequentially with petroleum ether, ethyl acetate, and
n-butanol. The solution of n-butanol was evaporated and the dry
extract was dissolved in methanol, and filtered (0.45 pm mem-
brane filter) prior to analysis by HPLC-MS.

2.3. Chromatography

We used an Agilent 1100 series HPLC equipped with a qua-
ternary pump, a diode-array detector, an autosampler, and a
thermostatted column compartment. The samples were separated
using a Kinetex C18 column (2.6 um, 2.1 mm x 100 mm) from Phen-
omenex (Torrance, CA, USA). The mobile phase consisted of (B)
acetonitrile and (A) water containing 0.5% ammonium acetate. An
adduct of ammonium acetate in water can improve the MS signal
and inhibit peak tails. The flow rate was 0.2 ml/min, the column
temperature was 25°C, and the total run time was 35min. An

Table 1

isocratic mode of 92% phase A was applied for 5min, following
which a linear gradient from 8% to 80% phase B was applied over
the next 30 min. The D-labeling experiments were carried out using
deuterium oxide instead of water as the mobile phase (A).

2.4. Mass spectrometry

MS experiments were performed using a Bruker micrOTOF-Q
mass spectrometer (Bremen, Germany). The mass resolution was
10,000 FWHM at 922 .. Helium was used as the collision gas, and
high-purity nitrogen was used as the nebulizer and dry gas at flow
rates of 0.4L/min and 8.0 L/min, respectively. The ESI source con-
ditions were as follows: capillary V, —4500V (positive), 4000V
(negative); end plate voltage, —4000V (positive), 3500V (nega-
tive); capillary exit voltage, 120 V; and dry gas temperature, 180°C.
The mass data were processed using Bruker Compass DataAnalysis
4.0 software.

2.5. Molecular formula analysis

A make-before-break (MBB) valve was installed between the
HPLC and the MS to introduce the solution of mass calibration stan-
dards. Relative isotopic abundance (RIA) measurements of [M+1]/M
and [M+2]/M provided important information on the number of C
and S atoms in the corresponding molecular formula. The N rule
and the loss of NH3 (or sequential losses of NH3 and H,O) were used
for determining the precursor [M+NH4]* ions. The determination
of the accurate masses of low mass product ions and conventional
neutral losses can provide information on the number of C, H, O,
and S atoms.

3. Results and discussion
3.1. Structural analysis of known compounds 1-4

The [M+NHy4]" ions for compounds 1-4 were detected in positive
ion mode. The molecular formula of compound 1 was confirmed
as CygH24012S, based on accurate mass and RIA measurements
(Table 1). Compound 1 is paederosidic acid (1) (Fig. 1), and was
the main compound in the extract of P. scandens. Compound 2 may

Elemental constituents of [M+NH4]* ions and RIA errors in MS spectra of iridoid glucosides.

Observed (m/z)  Error (ppm)  RlAeror® (%) (Im+1/Im) ~ RlAerror (%) (Im+2/In)

Compound Formula ([M+NH4]*)  Calculated (m/z)
Paederosidic acid (1) C18H2gNO12S 482.1327
Paederoside (2) CisH26NO11S 464.1221
Asperulosidic acid (3) CigH2gNO12 450.1606
Asperuloside (4) C18H6NO11 432.1500
5 C19H30NO12 464.1763
6 Cy0H30NO12S 508.1483
7 C21H34NO12 492.2076
Geniposidic acid (8) C16H26NO1o 392.1551
Deacetylasperulosidic acid (9) Cy6H26NO11 408.1500
Decatylasperuloside acid methyl ester (10)  Cy7H23NOq4 422.1657
11 C16H26NO12 424.1450
12 Ca4H2sNO12 522.1606
13 Cy5H3;NO 3 554.1868
14 Ca5H33NO14 570.1817
15 Ca6H34NO14 584.1974
16 Co4H35NO17S 644.1855
17 Ca4H35NO7 612.2134
18 C30H40NO17 686.2291
19 C36HasNO22 S, 910.2104
20 C36HasNO22 S, 910.2104
21 C36HagNO22S 878.2383
22 C36HasNO22S 878.2383
23 C36HasNO22S 878.2383
24 C36HasNO22S 878.2383

482.1331 -0.8 —-4.3 -8.1
464.1245 -5.1 . .
450.1599 1.6 -2.5 -1.6
432.1501 -0.2 - -
464.1755 1.7 3.0 0.6
508.1510 -53 9.7 7.3
492.2054 4.5 0.8 -
392.1534 4.3 10.3 -
408.1506 -1.5 - -
422.1659 -0.5 5.6 -
424.1466 -3.8 - -
522.1634 -5.4 . .
554.1874 -1.1 -4.0 9.2
570.1807 1.8 -2.8 10.8
584.1973 0.2 0.6 -
644.1858 -0.5 3.7 -13
612.2131 0.5 10.1 -
686.2301 -1.5 8.5 —-10.1
910.2117 -14 -6.8 —-10.6
910.2113 -1.0 -6.3 -8.1
878.2399 -1.8 5.6 0.0
878.2397 -1.6 3.6 -1.7
878.2417 -39 - -
878.2413 -3.4 - -

2 RlAerror (%) =100 x (RlAexp_RlAtheo )IR1A¢heo-
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Fig. 1. Iridoid glucosides: paederosidic acid (1, Mr 464.0988); paederoside (2, Mr 446.0883); asperulosidic acid (3, Mr 432.1268); asperuloside (4, Mr 414.1162); compound 5,
(Mr446.1424); compound 6, (Mr 490.1145); compound 7, (Mr 474.1737); geniposidic acid (8, Mr 374.1213); deacetylasperulosidic acid (9, Mr 390.1162); decatylasperuloside
acid methyl ester (10, Mr 404.1319); compound 11, (Mr 406.1111); compound 12, (Mr 504.1268); compound 13, (Mr 536.1530); compound 14, (Mr 552.1479); compound
15, (Mr 566.1636); compound 16, (Mr 626.1517); compound 17, (Mr 594.1796); compound 18, (Mr 668.1952); compounds 19 and 20, (Mr 892.1766); compound 21-24, (Mr
860.2045). Compounds 5-7, 12-18, and 21-24 are novel compounds.

be paederoside (2), based on its molecular formula. (C;gH2,011S; m/z 447 having a lactone structure, by the loss of a NH3 molecule.
Table 1). Product ion scans of the precursor [M+NH4]* were The low mass product ions in the MS/MS spectra of 1 were formed
recorded at m/z 482 and 464 for compounds 1 and 2 respectively. by the neutral losses of Glc, H,O, CH3SCOOH, CO and HCOOH (indi-
The fragmentation pathways of compounds 1 and 2 were proposed vidually or in combination) from m/z 447. The product ions at m/z
based on comparison of their tandem spectra. The loss of H,0 at 193, 175, 165 and 147 were likely characteristic ions of the iridoid
m/z 482 for 1 occur readily and further formed the product ion at moiety. Similar fragmentation pathways for 2 were observed.
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The molecular formula of compounds 3 was confirmed as
C1gH24013, and the MS/MS spectrum of this compound was very
similar to that of 1. This indicates that the skeleton structure of 3 is
the same as that of 1, and the data suggested that the former may be
asperulosidic acid (3) (Fig. 1 and Table 1). Compound 4 was puta-
tively identified as asperuloside (4), based on the accurate mass
determination and tandem MS spectra.

In negative ion mode, the deprotonated molecularion [M—H]~of
1 was observed, and selected as the precursor ion for the product
ion scan. Neutral losses of Glc, H,O, CH3SCOOH, CH3SH and CO,
comprised the main fragmentation patterns. The production at m/z
121 was produced by the retro Diels-Alder (RDA) reaction from m/z
191. For 2, a high abundance [M+CH3COO]- ion was detected in
negative ion mode, as reported previously [18]. It seemed that the
[M+CH3COO]- ion was negligible when carboxyl was present. As
in the positive ion mode, in negative ion mode, 3 and 4 had similar
MS and MS/MS behaviors to compounds 1 and 2 respectively.

3.2. Structural analysis of compounds 5-7 with novel side chains

In positive ion mode, the accurate mass of [M+NHy4]* at m/z
464.1755 corresponded to the molecular formula C;gH»501, (com-
pound 5). The corresponding MS/MS spectrum was very similar
to that of 1 and 3 (Fig. 2(a) and supporting information). Thus,
compounds 1, 3 and 5 had the same skeleton structure, the only
difference being the side chain on the iridoid moiety. The neutral
loss of C3HgO, from the product ion at m/z 267 indicated that the
side chain on the iridoid moiety of 5 was propylene acyl rather than

acyl, as occurred in 3. The structure of compounds 6 and 7 was very
similar to that of 1, 3, and 5 based on their MS/MS spectra (Fig. 2),
with the difference being side chain. The molecular formulae of
unknown side chain group of for compounds 6 and 7 were con-
firmed as C3Hs (cyclopropyl or allyl) and C4Hg (butyl), respectively.
Compounds 5-7 are novel compounds.

3.3. Structural analysis of compounds 8-11 without side chains

For compound 8, the accurate mass of the [M+NH4]* precursor
ion at m/z 392.1534 provided the molecular formula C;6H5,01g,
and based on the MS/MS spectrum (Supporting Information and
Fig. 3(a)) there are three possible structures (a-c) for this com-
pound. The high abundance product ion detected at m/z 213 was
derived from m/z 392 by sequential loss of NH3 and Glc, which
implied that structures (b) and (c) are more likely than structure (a).
Analysis of 1 and 3 indicated that the product ion at m/z 213 should
be negligible for structure (a). In negative ion mode, the precursor
ion [M+CH3COO]- for 1 was not observed, but the precursor ion
[M—H]~ was in high abundance. This indicated that compound 8 is
geniposidic acid (structure (c)). The MS/MS spectrum of [M—H]—
at m/z 373 is shown in Fig. 3(b) and this further supported the
proposed structure (c).

The accurate mass of the [M+NH4]* precursor ion at m/z
408.1506 gave the molecular formula C;gH2,017 for compound 9.
The MS/MS spectrum of [M+NH4]* at m/z 408 is shown in Fig. 3c.
The product ion at m/z 373, resulting from m/z 408 by sequential
losses of a HO and a NH3 molecule, produced the product ion at
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Fig. 2. Product ion scan of the selected precursor [M+NH4]*: (a) at m/z 464 for compound 5 (collision energy: 8 eV); (b) at m/z 508 for compound 6 (collision energy: 10eV);

and (c) at m/z 492 for compound 7 (collision energy: 8 eV).
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Fig. 3. Product ion scan of the selected precursor: (a) [M+NH4]* at m/z 392 (collision energy: 8 eV) and (b) [M—H]~at m/z 373 for geniposidic acid (8) (collision energy: 17 eV);
and (c) [M+NH4]* at m/z 408 (collision energy: 8 eV) and (d) [M—H]~ at m/z 463 for deacetylasperulosidic acid (9) (collision energy: 17 eV).

m/z 211 by loss of Glc. Compound 9 may be deacetylasperulosidic
acid. In negative ion mode, the MS/MS spectrum of [M—H]-at m/z
389 (Fig. 3d) was similar to that of 1 and 3, implying the structure
proposed in Fig. 1.

Compound 10 was tentatively identified as decatylasperuloside
acid methyl ester based on the accurate mass of [M+NH4]* at m/z
422.1659 and the tandem MS spectrum in positive ion mode. The
loss of a CH30H molecule from each of the product ions at m/z
405 and 243, indicated that the carboxyl might be methylated. The
formula of compound 11 is C;gH,2012, based on the accurate mass
of [M+NH4]* at m/z 424.1466. The possible structure of 11 is shown
in Fig. 1. The product ion at m/z 245 was formed from m/z 424 by

loss of NH3 and Glc, and further yielded the product ions at m/z 227
and 209 by loss of a H0 molecule.

3.4. Structural analysis of compounds 12-15 with phenolic acid
groups

Compounds 12-15 may have phenolic acid groups (Fig. 1). The
molecular formula of compound 14 was identified as Ca5H38014
based on the accurate mass of the [M+NH4]* ion at m/z 570.1807
and RIA measurements (Table 1). The skeleton structure of com-
pound 14 was the same as 1, based on their comparative MS/MS
spectra in positive ion mode (Fig. 4 and Supporting Information).
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(collision energy: 8 eV); and selected precursor [M—H]-at m/z 551(collision energy:

The neutral loss of CgHgO4 from the product ion at m/z 373 was
observed. The product ions at m/z 181 and 163 were likely to
have been derived from the side chain group on the iridoid moi-
ety. In negative ion mode, the losses of Glc, H,0, and CO, were
the main neutral losses. Notably, the product ions at m/z 181
and 163 in positive ion mode and the product ions at m/z 179,
161, 135 and 134 in negative ion mode (Tables 2 and 3) are the
characteristic ions of caffeic acid [20]. The detailed fragmentation
pathways of m/z 570 in positive-ion mode and m/z 551 in neg-
ative ion mode for compound 14 are shown in Scheme 1. The
structure of compound 13 was very similar to that of 14. The high-
abundance product ion at m/z 147 in positive ion mode and the
product ions at m/z 163, 145 and 119 in negative ion mode, indi-
cated that the coumaric acid in 13 substitutes caffeic acid in 14
(Fig. 1).

23eV).

The molecular formula of compound 15 is CygH39014, Which
represents a difference of CH, from molecular formulas of 14, and
indicates that an H atom might be substituted by a methyl group.
The product ions at m/z 195, 177, 163, and 145 from the [M+NH4]*
ion at m/z 584 in positive ion mode (Fig. 5), and the product ions
at m/z 193, 175, and 161 from [M—H]~at m/z 565 in negative ion
mode (Fig. 5 and Table 4) further imply that the caffeic acid moi-
ety in 15 is methylated. The high abundance product ion at m/z
339 in positive ion mode was formed by losses of NH3 and iridoid
moiety from m/z 584, which indicates that the methylated caffeic
acid moiety is directly linked to a sugar. The product ions at m/z
337, which in negative ion mode resulted from m/z 565 by loss of
the iridoid moiety, provided three characteristic ions at m/z 295,
265, and 235, through cleavage of the sugar moiety (Scheme 2).
The three ions suggested that the methylated caffeic acid moiety

Table 2

Elemental constituents of major product ions from [M+NH4]* for compound (14).
lon Formula Calculated Observed Error (ppm)
[M+NH4]+ Cy5H33NO14 570.1817 - -
[M+NH4-NH3-H,0[* Ca5H7013 535.1446 535.1455 -1.7
[M+NH4-NH3-H;0-CsH1005]* Ci9H170s 373.0918 373.0906 32
[M+NH4-NH3-H,0-CgH1206]* Ci9H1507 355.0812 355.0817 -14
[M+NH4-NH3-H;0-CgH1905-CoHgO4]* C10HoO4 193.0495 193.0506 -0.5
[Caffeic acid+H]* CoHgO4 181.0495 181.0497 -1.1
[M+NH4-NH3-H;0-CsH12,06-CoHgO4]* CioH703 175.0390 175.0390 0.1
[Caffeic acid+H-H,0]* CoH703 163.0390 163.0390 0.0
[CoH702]* CoH70; 147.0441 147.0449 -5.4
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Table 3

Elemental constituents of major product ions from [M—H]~ for compound (14).
lon Formula Calculated Observed Error (ppm)
[M-H]~ Ca5H27014 551.1406 551.1401 0.9
[M—H-CO,]~ C24H27012 507.1508 507.1501 14
[M—H-CsH1005]~ Ci9H1709 389.0878 389.0900 -5.7
[M—H-CgH1206]~ Cy9H150s 371.0772 371.0773 -0.3
[M—H-CgH1005-CO2 ]~ CygH1707 345.0974 345.0978 -1.2
[M—H-CgH1206-CO2 ]~ CigH1506 327.0874 327.0875 -0.3
[Caffeic acid-H]~ CoH704 179.0350 179.0351 -0.6
[M—H-CgH1905-C0O2-CoHg04]~ C9HgoO3 165.0557 165.0562 -3.0
[Caffeic acid-H-H,0]~ CyoHs503 161.0244 161.0244 0.1
[M*H—C5H1005—C02—Caffeic aCid—H20]7 CgH70z 147.0452 147.0449 2.0
[Caffeic acid-H-CO, ]~ CgH;0; 135.0452 135.0444 5.9
[Caffeic acid-H-HCO, ]~ CgHgO2 134.0373 134.0361 8.9

is directly linked to the 6-OH group of the sugar. We previously
reported a very similar fragmentation pattern [20]. The structure
of compound 12 appears to be similar to that of 15, and comprise
iridoid, pentose and caffeic acid moieties (Fig. 1).

3.5. Structural analysis of compounds 16-18 with two sugar
groups

Compounds 16-18 appeared to contain two sugar groups. For
compound 16 the accurate mass of the [M+NH4]* ion at m/z
644.1858 provided the molecular formula Cy4H34047S, and the

product ions at m/z 447, 285, 267, 193, and 175 in MS/MS spec-
trum in positive ion mode were the same as for 1 (see Supporting
Information), implying that compound 16 includes the same struc-
tural moieties as 1. The product ion at m/z 609, which was derived
from m/z 644 thorough the loss of NH; and H,O molecules, further
produced the product ion at m/z 447 by loss of CsH1¢Os, which indi-
cate the hexose. MS/MS spectra indicated that compound 17 may
contain the structure of 3. It was also deduced that another moi-
ety in 17 was hexose based on the neutral loss of CgH1¢Os from m/z
612. Based on MS/MS spectra (Supporting Information), compound
18 contains the moieties of 13 and pentose.
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Fig. 5. Product ion scan of the selected precursor for compound 15: (a)
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[M+NH4]* at m/z 584 (collision energy: 8 eV); and (b) [M—H]~ at m/z 565 (collision energy: 23 eV).

Table 4
Elemental constituents of major product ions from [M-H]~ for compound (15).
lon Formula Calculated Observed Error (ppm)
[M-H]~ Ca6H29014 565.1563 565.1565 -0.3
[M-H-CO, ]~ Ca5H29012 521.1664 521.1641 4.4
[M—H-CyoHs03]~ C16H21011 389.1089 389.1079 3.0
[M—H-C19Hs03-H,0]~ C16H19010 371.0984 371.0966 -4.9
[M—H—C]gH]zOG(iridOId)] C16H1708 337.0929 337.0917 3.6
[M—H-C;oH1206(iridoid)-C2H, 0]~ (cleavage of sugar) Cy14H1507 295.0823 295.0818 1.7
[M—H-CyoH1206(iridoid)-C3H40; ]~ (cleavage of sugar) Ci3H1306 265.0718 265.0724 -19
[M—H-C;0H1206(iridoid)-C4HgO3]~ (cleavage of sugar) C12H1105 235.0612 235.0609 1.3
[M—H-C;19Hg03-C¢H1005]~ Ci10H1106 227.0561 227.0564 -13
[M—H-C;190Hg03-CcH1206]~ C10HoOs5 209.0455 209.0453 1.0
[Phenolic acid-H]~ C10HoO4 193.0506 193.0505 0.5
[M—H-C19Hg03-CgH1005-CO, ]~ CoH1104 183.0663 183.0662 0.5
[Phenolic acid-H-H,0]~ CioH703 175.0401 175.0403 -1.1
[Caffeic acid~-H-MeOH]~ CoHs03 161.0244 161.0249 -31
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Scheme 2. Major fragmentation pathways of (a) [M+NH4]* and (b) [M—H]-for compound 15.
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Table 5
Elemental constituents of major product ions from [M+NH4]* for compound (19).
Ion Formula Calculated Observed Error(ppm)
[M+NH4]* C36HagNO2, S, 910.2104 910.2119 -1.6
[M+NH4-NH3;-H,0]* C36H43021S2 875.1733 875.1760 -3.1
[M+NH4-NH3-H;0-CgH1005]* C30H33016S2 713.1205 713.1231 -3.6
[M+NH4-NH3-H;0-CsH1005-H,O0-CH3SCOOH]* CsH27013S 603.1167 603.1170 -0.5
[M+NH4-NH3-H;0-Cy2H;206S]* Cy4H31015S 591.1378 591.1387 -1.5
[713-C12H1206S]* or [M+NH4-NH3-C1gH24012S]* CisH21010S 429.0850 429.0837 3.0
[429-CH35SCOOH]* Ci6H170s8 337.0918 337.0915 0.9
[429-CH3SCOOH-H,0]* Ci6H1507 319.0812 319.0813 -0.3
[C12H1206S+H]* C12H1306S 285.0427 285.0425 0.7
[C12H1005S+H]" Ci2H1105S 267.0322 267.0325 -1.1
[C1oHgO4+H]* CioHgO4 193.0495 193.0498 -1.6
[C1oHgO3+H]* CioH703 175.0390 175.0389 0.6
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Scheme 3. Major fragmentation pathways of [M+NH4]" for compound 19.

3.6. Structural analysis of iridoid glucoside dimers 19-24

Compounds 19-24 are dimeric iridoid glucosides. For com-
pound 19 the accurate mass of the [M+NH4|" ions at m/z
910.2117and RIA measurements gave the molecular formula
C36H44075S5. This, and the product ions at m/z 285, 267, 193 and
175 in the MS/MS spectrum (Table 5 and supporting information)
indicate that 19 may be a dimeric paederoside. Cleavage of the gly-
cosidic bond and the loss of H,O and CH3SCOOH were the main
fragmentation patterns for 19 (Scheme 3). The product ion at m/z
591 was the characteristic ion. A labeling experiment involving H/D
exchange in 19 was carried out (the MS/MS spectrum is shown in
Supporting Information). The product ion at m/z 597 indicated six
active H atoms, which provided further support for the structure of
the characteristic ion. The accurate mass, RIA measurements, and
MS/MS spectra of compound 20 imply that it is an isomer of 19.
The product ions of compounds 19 and 20 were the same, but their
relative abundances varied greatly. Except for m/z 603, the relative
abundances of the product ions were much lower for 20 than for
19. This suggests that the difference between the two compounds is
the linkages between the carboxyl group and the hydroxyl groups
on the sugar.

Compound 21 has the molecular formula C3gH440,5S, and com-
prises compounds 2 and 4. The product ions at m/z 285, 267, 253,
235, 193, and 175 in the MS/MS spectrum (Fig. 6) implied that

21 is a dimeric iridoid glucosides of paederoside (2) and asperu-
loside (4) (Fig. 1 and Scheme 4). The characteristic product ion at
m/z 559 indicates that the carboxyl group of asperuloside (4) is
linked to the hydroxyl groups on the sugar of paederoside (2). The
product ion at m/z 565 in the D-labeling spectrum supported this
analysis (Fig. 6). Compound 22 is an isomer of 21, based on their
molecular formulae and MS/MS spectra. The characteristic prod-
uct ion at m/z 591 implies that the carboxyl of asperuloside (2)
is connected to the hydroxyl groups on the sugar of paederoside
(4) (Fig. 1). Relative to 21, the MS/MS spectrum of 22 showed that
the product ion at m/z 571, 429, 253 and 235 were in high abun-
dance, but at m/z 397, 285, and 267 the product ion was in low
abundance. These product ions are the characteristic ions for deter-
minating the connection order between the asperuloside (2) and
paederoside (4) parts of the dimeric iridoid glucosides (Fig. 1). In
addition, for 21 the greater relative abundance of the product ion at
m/z 603 than that at m/z 571 and the opposite relationship for 22,
provides additional information for determinating the connection
order. However, the connections are difficult to be confirmed even
with the use of NMR spectroscopy. Because the 'H and 13C-NMR
spectra can overlap and reduce the quality of the ('H-detected)
heteronuclear multiple-bond correlation (HMBC) spectra.
Compounds 21, 22, 23 and 24 are isomers. As with the MS/MS
spectrum of compound 20, the relative abundance of many product
ions was very low for 23 and 24. Despite this, the connection order
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compound 21; and (c

) [M+NH4]* at m/z 878 (collision energy: 10 eV) for compound 22 (collision energy: 10eV).
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between the asperuloside (2) and paederoside (4) parts of 23 and
24 was confirmed by comparison of the MS/MS spectra of 21, 22,
23 and 24 (Fig. 6 and Supporting Information).

4. Conclusion

A series of iridoid glucosides in an extract of P. scandens was
investigated using HPLC-ESI-QTOF, without the use of standard
samples. A total of 24 (including 14 possibly new) iridoid gluco-
sides were identified or tentatively characterized based on exact
masses, RIA values, tandem mass spectra, D-labeling experiments,
and previously reported data. A number of complex compounds
were identified that contained a phenolic acid group in combina-
tion with iridoid and sugar moieties. Acylation of the 6-OH group of
the sugar by phenolic acid was detected, and the connection order
between the asperuloside and paederoside moieties in the dimeric
iridoid glucosides was confirmed by the characteristic productions;
such analyses are very challenging, even those based on NMR.

Although the structure of compounds could not be fully con-
firmed using only MS, HPLC-ESI-QTOF-MS/MS proved to be a
powerful tool for compound identification, especially for trace nat-
ural products in a complex mixture. MS can provide important
structural information that cannot be obtained by NMR. The com-
prehensive component analysis, especially with respect to trace
compounds in plant extracts will be useful in understanding the
diversity of plant metabolic diversity and biosynthetic processes.
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