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Abstract This study aims to identify the chemical components in Sophorae Fructus, and explore
themass spectrometric cleavage rules using the UPLC-Q-TOF-MS/MSmethod. Themain
characteristic fragments of the compounds were analyzed by electrospray ionization
(ESI) ion source under positive and negative ionmodes. The compounds were identified
by molecular formula, multistage mass spectrometry, ultraviolet spectrum, and the
fragmentation patterns of standards. A total of 142 compounds were identified,
including 68 flavonoids, 39 saponins, 21 organic acids, and 14 others, of which 43
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Introduction

Sophorae Fructus is the dry and mature fruit of Sophora
japonica (L.), a leguminous plant. It has the functions of
clearing away heat and toxic material, cooling blood and
stopping bleeding, and is usually used for treating intestinal
heat, hematochezia, nevus swelling and bleeding, dizziness, as
well as red eyes.1 It also has anticancer and estrogen-like
effects, and plays a roles in prevention and treatment of
cardiovascular disease, osteoporosis, and female menopause
syndrome.2 The study of the chemical components of
S. japonica is of great significance for its quality control and
clinical application. Themain components of Sophorae Fructus
are flavonoids, isoflavones, alkaloids, triterpenoid saponins,
amino acids, stearic acids etc., among which isoflavones and
their glycosides are the highest. However, up to now, there are
fewreportson theanalysisof thetotal componentsofSophorae
Fructus. Sun et al identified and inferred 24 common com-
pounds and 21 variance compounds in Sophorae Fructus from
different producing areas by ultra-performance liquid chro-
matography-quadrupole time-of-flight mass spectrometry
(UPLC-Q-TOF/MS).3 Zhang identified 131 compounds from
the total extract of Sophorae Fructus in positive and negative
ion modes by UPLC-Q-TOF/MS.4 The structural types include
81 flavonoids, 18 triterpenoid saponins, 5 steroids, 2 anthra-
quinones, 3 phenols, and 22 others. Triterpenoid saponins
were less identified, and flavonoids were mainly reported.

Traditional methods for phytochemical isolation and
identification are time-consuming and labor-intensive. In
recent years, techniques combining the efficient separation
ability of liquid chromatography and strong identification
ability of MS have been widely used in the separation and
qualitative and quantitative analysis of complex Chinese
medicines.5,6 In this study, UPLC-Q-TOF/MS was used to
rapidly identify the chemical composition of Sophorae Fruc-
tus. We established a UPLC-Q-TOF/MS qualitative analysis
method to analyze the constituents of Sophorae Fructus,
which lay a foundation for the study of its pharmacodynamic
substance basis and quality control.

At present, the studies on MS pyrolysis are relatively scat-
tered. The electrospray ionization MS of saponin7,8 and flavo-
noid9,10 components has been reported. Flavonoid species can
be identified according to the ultraviolet (UV) absorption
characteristics of compounds and the characteristic ion frag-
ments of the parent nuclei. But there are few literature reports
on determining the connectionmode between glycosyl groups
in flavonoid glycosides by using the cleavage rule ofMS. In this

study, through the comparison of the MS data of 21 reference
substances, including flavonoid oxyglycosides, flavonoid
carbon glycosides, dihydro-flavonoid glycosides, isoflavone
glycosides and saponins, and a large number of literature
reports,wesystematically deduced the cleavage characteristics
of these compounds, so as to provide reference for the MS
structure identification of such components.

Materials and Methods

Materials and Reagents
The prepared slices of Sophorae Fructus is obtained from
Tianjin Darentang TCM Chinese Herbal Medicine Co., Ltd
(Bozhou, China). Reference standards citric acid (97.0%), gallic
acid (90.8%), protocatechuic acid (97.7%), protocatechuic alde-
hyde (99.6%), baicalein (97.9%), apigenin (99.4%), rutin (91.6%),
kaempferol (93.2%), isoquercitrin (97.2%), genistein (98.8%),
kaempferol-3-O-rutinoside (94.0%), kaempferol-3-O-gentio-
bioside (93.1%), isorhamnetin-3-O-neohesperidin (93.0%),
naringin (93.5%), hesperidin (95.3%), neohesperidin (99.4%),
genistin (99.9%), sophoricoside (99.6%), puerarin (95.4%),
vitexin (99.1%), asperosaponin VI (94.3%), mogroside V
(96.1%), ginsenoside Re (96.0%), jujuboside A (96.0%), rusco-
genin (98.0%), and oleanolic acid (95.8%)were purchased from
National Institute for Food and Drug Control (Beijing, China).
Sophorabioside (�98%) was purchased from Shanghai
Standard Biotech Co., Ltd (Shanghai, China). Kaempferol-3-
O-sophoroside (�98%) was purchased from Chengdu Purifa
Technology Development Co., Ltd. Kaempferol-3,7-di-O-
glucoside (�98%) and kaempferol-3-O-(2′′-O)-β-D-glucosyl)-
β-D-rutinoside (�98%) was purchased from Chengdu Push
BiotechnologyCo., Ltd (Chengdu, China). Isorhamnetin-3-O-β-
D-rutinoside (�98%) and kaempferol-3-O-β-D-sophorae-7-O-
α-L-rhamnoside (�98%) were self-made in the laboratory.
Liquid chromatography-MS (LC-MS)-grade acetonitrile (Ther-
moFisher, United States), methanol (ThermoFisher, United
States), formic acid (ThermoFisher, United States), and deion-
izedwater prepared by aMillipore Alpha-Qwater purification
system (Millipore, United States) were used as the mobile
phase for the chromatographic separation. Other reagents
were of analytical grade.

Preparation of Standards and Samples
All reference materials were dissolved in methanol and each
was prepared into a solution of 0.1mg/mL. In brief, 1.0 g of
Sophorae Fructus powder (through No. 3 sieve) was accu-
rately weighed and ultrasonicated with 30mL 70% methanol

components were reported from Sophora for the first time. Moreover, the mass
spectrometric fragmentation rules of some identified species components were
deduced, which are helpful for the structural analysis of flavonoid and saponins.
This method provides a reference for the rapid identification of chemical components
and is conducive to further study the pharmacodynamic material basis and action
mechanism of Sophorae Fructus.
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(v/v) (250W, 40 kHz) for 60minutes. The sample solution
and standard solution were filtered through 0.22 µm micro-
porous filter membrane.

Instrumentation and Conditions
The UPLC-QTOF MS/MS analysis was performed using a
Waters Acquity UPLC system coupled with a Xevo G2-XS
QTOF mass spectrometer (Waters, United States) with an
electrospray ionization ion source in MSE mode.

The chromatographic separation process of flavonoids
was performed on an ACQUITY CSH C18 (150mm�2.1mm,
1.7 μm; Waters, United States) at 35°C, with a mobile phase
consisting of methanol (B) and 0.05% formic acid aqueous
solution (A). The gradient elution was as follows: 0–
9minutes, 10–20% eluent B; 9–27minutes, 20–40% eluent
B; 27–30minutes, 40% eluent B; 30–39minutes, 40–60%
eluent B; 39–42minutes, 60% eluent B; 42–48minutes, 60–
80% eluent B; 48–50minutes, 80% eluent B; 50–50.1minutes,
80–10% eluent B; 50.1–65minutes,10% eluent B. The flow
rate was 0.2mL/min.

Saponins were separated by Hypersi1 Gold (100mm�2.1
mm, 1.9 μm; ThermoFisher Scientific, United States) at 35°C.
The flow rate was 0.3mL/min. The mobile phase was acetoni-
trile (B) and 0.1% formic acid (A) in water. The gradient elution
was as follows: 0–1minute, 99% eluent A; 1–5minutes, 99–91%
eluent A; 5–9minutes, 91–84% eluent A; 9–12minutes, 84%
eluentA; 12–18minutes, 84–67%eluent A; 18–23minutes, 67–
63% eluentA;23–29minutes, 63–49% eluent A; 29–34minutes,
49–0% eluent A; 34–36minutes, 0–99% eluent A; 36–
37minutes, 99% eluent A. The injection volume for all was 1 μL.

MS conditions were operated in both positive and nega-
tive ion modes and applied as the following: solvent gas
temperature (nitrogen), 450°C; capillary voltage, 3.0/2.5 KV;
an ion source temperature, 120°C; desolvation gas flow, 500
L/h; cone gas flow, 100 L/h; the low collision energy, 6 V; the
high collision energy, 25 to 60V.

Data Processing and Compound Identification
Masslynx 4.1 software (Waters, United States) was used to
analyze the mass spectra peaks of Sophorae Fructus in
positive and negative ion modes. According to the compari-
son of reference standards or references, the compounds
were identified by UV spectrum, retention time, excimer ion
peak, molecular formula, fragment ions, and other informa-
tion combined with Scifinder database.

Results and Discussion

To systematically and qualitatively analyze the chemical
components in Sophorae Fructus, the MS behavior of the
existing reference standards was studied to summarize their
chromatographic retention behavior, UV absorption, crack-
ing rule, and characteristic fragment ions.

The Cracking Rules of the Deglycosylation Group of
Flavone-O-diglycoside
Kaempferol-3-O-sophoroside (tR¼26.28minutes) and
kaempferol-3-O-gentiobioside (tR¼28.33minutes) are iso-

mers, their mass spectra in negative and positive ion modes
are shown in ►Fig. 1. In the negative ion mode (►Fig. 1A),
kaempferol-3-O-sophoroside can obtain fragment ions ofm/
z 429.0819 [M – H – 162 - H2O]–. In the positive ion mode
(►Fig. 1C), it could generate fragment ions of m/z 449.1071
[MþH - 162]þ, and the relative abundance (>10%) was
higher than that of kaempferol-3-O-gentiobioside (<10%,
►Fig. 1D). Similarly, isorhamnetin-3-O-β-D-neohesperido-
side produces fragment ions of m/z 459.0932 [M – H – 146 -
H2O]– in the negative ionmode. The relative abundance ofm/
z 479.1197 [MþH - 146]þ fragment ion (>50%) was higher
than that of isorhamnetin-3-O-β-D-rutinoside (<50%) in the
positive ion mode. The retention time and ion fragments of
the four reference substances showed the following regular-
ities: (1) the polarity of flavone-O-diglycoside linked to
monosaccharides in 1!2 mode was greater than that of
flavone-O-diglycoside linked to monosaccharides in 1!6
mode; (2) in the negative ion mode, when the flavone-O-
diglycoside is linked in 1!2 mode, it can produce [M – H –

monosaccharide - H2O]– characteristic fragment ion, but
when it is linked in 1!6 mode, it can only produce [M – H
- monosaccharide]– fragment ion, which is the same as
reported in the literature11; (3) the relative abundance of
[MþH - monosaccharide]þ fragment ions produced by 1!2
linkage between glycogroups is higher than that of the same
fragment ions produced by 1!6 linkage between glyco-
groups. It is consistent with the cleavage law of Fructus
aurantii flavone diglycosides in the positive ion mode
reported in the literature.12 The rules can provide a basis
for identifying the most common two disaccharide connec-
tion modes (1!6, 1!2) in flavonoid oxyglycosides.

The Cracking Rules of the Deglycosylation Group of
Flavone-O-triglycoside
Kaempferol-3-O-β-D-sophoroside-7-O-α-L-rhamnoside (tR
¼19.66minutes) and kaempferol-3-O-(2″-O-β-D-glucopyr-
anosyl)-β-D-rutinoside (tR¼25.33minutes) are isomers.
Their mass spectrometric cleavage pathways in positive
and negative ionmodes are shown in►Fig. 2. In the negative
ionmode, kaempferol-3-O-β-D-sophoroside-7-O-α-L-rham-
noside can obtain fragment ions of m/z 755.1894, 609.1498,
449.1126, and 284.0459, indicating that rhamnose on the C7

position was lost first and then glucose groups on the C3

position were lost successively. However, in the positive ion
mode, the glycogroup at the end of C3 site was lost first, and
the fragment ion of m/z 595.1671 was detected. Then, after
the loss of all glycogroups at the C3 site, the rhamnose group
at the C7 site was lost, and the fragment ion with m/z of
433.1140 and 287.0568 appeared (►Fig. 2A). Kaempferol-3-
O-(2″-O-β-D-glucopyranosyl)-β-D-rutinoside in the nega-
tive ion mode could generate fragment ions of m/z
755.1838, 593.1495, 575.1411, and 284.0424. In the positive
ion mode, it could generate fragment ions of m/z 779.1974,
595.1671, 493.1533, 449.1071, and 287.0568. This shows
that whether in the positive or the negative ion mode, the
glucose connected with 1!2 at the end was lost first, then
the rhamnose connected with 1!6 was lost, and finally
the glucose connected with aglycone was lost (►Fig. 2B).
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Therefore, we come to the conclusion that: (1) the polarity of
flavonol glycoside substitution at the C3 and C7 sites is
greater than that of glycoside substitution at the C3 site
only. (2) Flavonol glycosides replaced by glycogroups at the
C3 and C7 sites lose the glycogroups on the C7 position first
and then the glycogroups on the C3 position is lost in turn in
the anion mode. In the positive ion mode, the glycogroups at
the end of position C3 were lost successively, and then the
glycogroups at the C7 site were lost, which was consistent
with the pyrolysis rule of flavonoids in Herba Epimedii in the
positive ion mode described in the literature.13 (3) The three
monosaccharides in flavone-O-triglycoside are connected to
each other.Whether in the positive or negative electrode, the
glycosyl connected at the end with 1!2 is lost first, then the
glycosyl connected with 1!6 is lost, and finally the loss of
the glycosyl connected with aglycone.

Cleavage Rules of Flavonoid Carboglycosides
The mass spectrogram of puerarin in positive and negative
ion modes showed fragment ions of m/z 325.0699 [M – H -
90]–, 295.0578 [M –H - 120] –, 297.0750 [MþH - 120]þ, and a
series of dehydration peaks m/z 399.1077/381.0974/
363.0857were generated by the ionization peaks of [MþH]þ

m/z 417.1158, and [M – H - 120] – and [MþH - 120]þ are the
main characteristic fragments with high abundance (►Fig.

3). Vitexin showed the same cleavage pattern, indicating that
if the fragment peak of the disaccharide group does not
appear first, but there are [M –H - 90]–and [M –H - 120]–ion
fragments and [M – H - 120]–or [MþH - 120]þ are the main
characteristics, the fragments can basically be determined as
hexacarbon flavonoid carboglycoside compounds. This is
consistent with the research of Liu et al.14 Meanwhile,
according to relevant literature,14–17 in the positive ion
scanning mode, the continuous dehydration of glycosyl
mainly occurred, and the negative ion scanning mode has
more obvious mass spectrum characteristics than the posi-
tive ion scanning mode.

Cleavage of Dihydroflavonoid Glycosides and
Isoflavone Glycosides
Through the secondary mass spectra of naringin (tR¼29.63
minutes), hesperidin (tR¼30.23minutes), and neohesperi-
din (tR¼31.42minutes) (►Table 1), we found that: (1) the
polarity of dihydroflavonoid glycosides connected in theway
of 1!2 between the monosaccharides substituted on the C7

position of dihydroflavonoid glycosides is less than that
connected in the way of 1!6. (2) In the negative ion
mode, in the secondary mass spectra of naringin and
neohesperidin, in addition to the conventional ions [M – H
- Rha]–, [M –H – Rha - Glu]–, therewas also special ion [M –H

Fig. 1 Mass spectra and cleavage of (A) kaempferol-3-O -sophoroside and (B) kaempferol-3-O -gentiobioside in negative ion mode, and mass
spectra of (C) kaempferol-3-O-sophoroside and (D) kaempferol-3-O-gentiobioside in positive ion mode.
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- 120]–with strong abundance, and the fragment ion [M –H -
162]–could be observed. Hesperidin did not appear as these
special ions. It may be due to that the rhamnose linked to the
hydroxyl in the C2 position of the glucose at the end of
aglycone has rearranged and cleaved and the ion [M – H -
120]–resulted from the loss of a hexose residue in positions
0–3. The conclusion is to be proven by further experiments.
(3) In the positive ion mode, the relative abundances of ions
[MþK- Rha]þ and [MþK –O - Rha]þwere higher than those
of 1!6 connected when the C7-substituted rhamnose and
glucose are 1!2 connected. In the negative ion mode, the
rhamnose linked to the hydroxyl in the C2 position of
the glucose at the end of aglycone is more likely to rearrange,
which may be related to the different charge distribution in
the positive and negative ion modes. In the positive ion
mode, the charge is mainly concentrated on the added
sodium ions; and in the negative ion mode, the charge is
mainly distributed in the whole sugar chain.18

By comparing genistin (tR¼24.04minutes), sophorico-
side (tR¼28.72minutes), and sophorabioside (tR¼30.28
minutes), we found that the polarity of isoflavone glycosyl
substitution on the C7 position is greater than that at position
C4’ (►Fig. 4). The glycosyl group of genistein substituted at
position C7 only lost 120 fragment ions at the negative
electrode. Both in the positive and negative electrodes, the
glycosyl groups of sophoricoside and sophorabioside substi-
tuted at position C4’ detected the loss of 120 fragment signal,

and the positive signal intensity is higher. However, whether
the lost fragment signal (120 U) can be used as the diagnostic
fragment of isoflavone glycosides needs further research.

Mass Spectrometric Cleavage of Saponins
Full scan and mass spectrometric cleavage analysis were
performed for saponin standard under positive and negative
ion modes. The analysis results of characteristic fragments
are shown in ►Table 2, and the mass spectrometric cleavage
pathway of asperosaponin VI is shown in►Fig. 5. The summa-
ry rules are as follows: (1) In the negative ion mode, the
saponin parent nucleus fragments are not obvious, mainly the
deglycosylated fragments and [MþCl]–, [M – H]– excimer ion
peaks; in the positive ion mode, a series of dehydrated frag-
ments and [MþNa]þ excimer ionpeaks in themother nucleus
were mainly detected, while the response of deglycosylated
fragments was weak. (2) The glycosyl group at C3 position in
asperosaponin VI, mogroside V, and ginsenoside Re is the last
to fall off. Asperosaponin VI first lost the glycosylation at
position C28, ginsenoside Re first lost the glycosylation
at position C20, and mogroside V first lost the glycosylation
at position C23. Thismay bedue to the ester bond and the ether
bond on the straight chain is easier to break than the ether
bond on the C3 ring. (3) In the positive ionmode, the dehydra-
tion reaction of saponin parent nucleus fragments is only
related to the number of hydroxyl groups carried on the
mother nucleus, not related to the type of saponin, sugar chain

Fig. 2 Mass fragmentation pathways deduced of (A) kaempferol-3-O -β-D-sophoroside-7-O -α-L-rhamnoside and (B) kaempferol-3-O -(2″-O -β-D -
glucopyranosyl)-β-D -rutinoside in positive and negative ion modes.
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Fig. 3 Secondary mass spectra of puerarin in (A) negative ion mode, (B) positive ion mode, and (C) its possible cleavage pathways.

Table 1 MS2 data of naringin, neohesperidin, hesperidin, and the relative abundance (%) of ions

Compound MS2 (ESI�) MS2 (ESIþ)

Naringin

579.1885 [M – H]–

459.1290 [M – H – 120]–(100)
433.1394 [M – H – Rha]– (17.9)
415.1147 [M – H – 164]–(24.6)
271.0694 [M – H – Rha – Glu]–

619.1328 [MþK]þ (23.2)
603.1697 [MþNa]þ (100)
473.0746 [MþK – Rha]þ (4.1)
457.1020 [MþK – O – Rha]þ (3.3)
273.0744 [MþH – Rha – Glu]þ (39.8)

Neohesperidin

609.1806 [M – H]–

489.1284 [M – H – 120]–(100)
463.1176 [M – H – Rha]– (6.6)
449.0977 [M – H – 160]–(89.3)
447.0865 [M – H – 162]–(9.4)
301.0676 [M – H – Rha – Glu]–

649.1487 [MþK]þ (18.7)
633.1815 [MþNa]þ (100)
503.0856 [MþK – Rha]þ (6.6)
487.1154 [MþK – O – Rha]þ (2.0)
303.0862 [MþH – Rha – Glu]þ (34.7)

Hesperidin

609.1806 [M – H]–

463.1176 [M – H – Rha]–

301.0711 [M – H – Rha – Glu]–

649.1539 [MþK]þ (21.6)
633.1815 [MþNa]þ (100)
503.0810 [MþK – Rha]þ (2.6)
487.1064 [MþK – O – Rha]þ (1.4)
303.0862 [MþH – Rha – Glu]þ (22.1)
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and substitution position, and the number of dehydrated
fragments is consistent with the number of hydroxyl groups
on themother nucleus, which is consistent with the literature
report.19 (4) Saponin aglycone: triterpenoid saponin oleanolic
acid has a [M –H]– excimer ion peak in the negative ionmode,
while steroidal saponin ruscogenin has a [MþH]þ excimer ion
peak in the positive ion mode.

Identification of Chemical Constituents of Sophorae
Fructus

Identification of Flavonoids
When analyzed the test sample according to chromatograph-
ic conditions (1), under the negative (►Fig. 6A) and positive
(►Fig. 6B) ion scanning modes, the separation degree and
ionization degree of each component of Sophorae Fructus
meet the requirements. Identification of flavonoids: first, the
types of flavonoids were speculated according to the char-
acteristics of UV spectrum. Combined with the above MS
rules and literature references, 84 compounds were finally
identified in positive and negative ion modes, including 51
flavonoids, 12 isoflavones, 3 dihydroflavonoids, 8 organic
acids and 10 amino acids, and sugars, as shown in ►Table 3.

Among the flavonoids, flavonols are the most abundant.
Take compound 35 in►Table 3 as an example to illustrate the
identification process. According to the UV maxima at 260
and 353nm, the structural type was flavonol with substitu-
tion at the C3 position. In the negative ion mode, the MS2 of
the aglycon-related ions were m/z 315.0502, 300.0277,
284.0320, 269.0450, 255.0295, 243.0678, 215.0729,
125.0258, which is identified as isorhamnetin by compari-
son with the literature.20 Compound 35 displayed a [M – H]–

ion atm/z 785.2151 and ions atm/z 639.1575 [M – H - Rha]–,
m/z 459.1283 [M – H – Rha – Glu - H2O]–, as well as m/z
315.0502 [M – H - Rha - 2Glu]–. It was noted the presence of
them/z 459.1283 ion, which results from the loss of a hexose
(180 u). This H2O loss shows that the dihexosyl should have a
1!2 interglycosidic linkage because, as referred to above

when the 1!2 bond versus the 1!6 bondwas compared, the
1!6 bond is difficult to break. In the positive ion mode,
compound 35 produced [MþH]þ ion at m/z 787.2308 and in
its MS2 fragmentation of these ions (m/z 625.1698 [MþH –

Glu]þ!m/z 463.1243 [MþH – 2Glu]þ!m/z 317.0664 [MþH
– 2Glu – Rha]þ) can be observed. Combined with the above
flavone cleavage rules, rhamnose was bound to a phenolic
hydroxyl at position C7, dihexosides with interglycosidic
linkage 1!2 was substituted at position C3. Therefore,
compound 35 was proposed to be isorhamnetin-3-O-soph-
oroside-7-O-rhamnoside by comparison with the
literature.11

Identification of Saponins
After analyzing the test sample according to chromatographic
conditions (2), the total ion flow diagram is shown in►Fig. 6C

(negative ion scanning mode) and ►Fig. 6D (positive ion
scanning mode). A total of 58 compounds were identified by
using the above saponin cleavage rules in combination
with relevant literature and reference standards, including
39 saponins, 10 phenolic acids, 3 fatty acids, 2 phenylpropa-
noids, 1 flavonol, and 3 others (►Table 4).

Triterpenoid saponins are mainly contained in Sophorae
Fructus, and the structure is mostly oleanene type. The sugar
chain structure in saponins is easy to be removed during
cracking. If it is a branched glycosyl group and the two
terminal glycosyl groups are different, the fragment peaks
that lose the two terminal glycosyl groupswill appear, so it is
easy to distinguish between branched glycosyl groups and
straight chain glycosyl groups.21 Compound 104 in ►Table 4

is taken as an example to derive the cracking rule of these
compounds. Compound 104 was detected at m/z 941.5151
[M – H]– in the negative ion mode. The fragment ion at m/z
795.4539 indicated the loss of a deoxyhexose residue
(146 u); peaks at m/z 615.3890 [aglyconeþGluA – H2O –

H]–, m/z 457.3663 [aglycone – H]–, and m/z 483.1363 [Rhaþ
GluþGluA – H]– were presented in spectra. In the positive
ion mode, the characteristic fragment ions at m/z 965.5106,

Fig. 4 Secondary mass spectra of genistein and sophoricoside.
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Fig. 5 Mass fragmentation pathways deduced of asperosaponin VI.

Fig. 6 Total ion flow diagram of Sophorae Fructus components in (A, C) negative ion mode and (B, D) positive ion mode.

Pharmaceutical Fronts Vol. 4 No. 3/2022 © 2022. The Author(s).

Structural Characterization of Chemical Compounds Based on Their Fragmentation Rules He et al.e170



Ta
b
le

3
A
na

ly
si
s
an

d
id
en

ti
fi
ca
ti
o
n
of

fl
av
on

oi
ds

fr
om

So
ph

or
ae

Fr
uc

tu
s
by

U
PL
C-
Q
TO

F
m
as
s
sp

ec
tr
om

et
ry

N
o
.

C
o
m
po

n
en

t
n
am

e
Fo

rm
u
la

C
al
cu

la
te
d

m
as
s
(m

/z
)

M
ea

su
re
d

m
as
s
(m

/z
)

M
as
s

er
ro
r

(p
p
m
)

R
T
(m

in
)

A
d
d
u
ct
s

Fr
ag

m
en

t
io
ns

(m
/z
,
ES

I–
/E
SI

þ
)

1
A
rg
in
in
e

C
6
H
1
4
N
4
O
2

17
3.
10

44
17

3.
10

36
–4

.6
2

1.
02

[M
–
H
]–

17
3.
10

36

2
A
la
ni
ne

C
3
H
7
N
O
2

13
4.
04

59
13

4.
04

64
3.
73

1.
12

[M
þ
H
C
O
O
]–

13
4.
04

64

3
α
–S

o
ph

o
ra

C
1
2
H
2
2
O
1
1

38
7.
11

44
38

7.
11

34
–2

.5
8

1.
30

[M
þ
H
C
O
O
]–

38
7.
11

34

4
A
sp

ar
ti
c
ac
id

C
4
H
7
N
O
4

13
2.
03

02
13

2.
02

96
–4

.5
5

1.
33

[M
–
H
]–

13
2.
02

96

5
A
ra
bi
no

se
C
5
H
1
0
O
5

19
5.
05

10
19

5.
05

14
2.
05

1.
37

[M
þ
H
C
O
O
]–

19
5.
05

14

6
M
al
ic

ac
id

C
4
H
6
O
5

13
3.
01

42
13

3.
01

37
–3

.7
6

2.
17

[M
–
H
]–

13
3.
01

37

7
C
it
ri
c
ac
id

a
C
6
H
8
O
7

19
1.
01

97
19

1.
01

91
–3

.1
4

3.
42

[M
–
H
]–

19
1.
01

91

8
Ph

en
yl
al
an

in
e

C
9
H
1
1
N
O
2

16
4.
07

17
16

4.
07

10
–4

.2
7

4.
06

[M
–
H
]–

16
4.
01

70

9
G
al
lic

ac
id

a
C
7
H
6
O
5

17
1.
02

88
17

1.
02

87
–0

.5
8

4.
11

[M
þ
H
]–

17
1.
02

87
,
12

5.
03

00

10
γ-
G
lu
ta
m
yl
ty
ro
si
ne

C
1
4
H
1
8
N
2
O
6

30
9.
10

92
30

9.
10

88
–1

.2
9

6.
32

[M
–
H
]–

30
9.
10

88

11
Tr
yp

to
ph

an
C
1
1
H
1
2
N
2
O
2

20
3.
08

26
20

3.
08

22
–1

.9
7

7.
16

[M
–
H
]–

20
3.
08

22

12
Ka

em
pf
er
ol
-3
-O

-s
op

ho
ro
si
de

-7
-O

-g
lu
co

si
de

b
C
3
3
H
4
0
O
2
1

77
1.
19

89
77

1.
19

90
0.
13

8.
83

[M
–
H
]–

77
1.
19

90
,
59

3.
14

95
,4

47
.0
89

,
28

5.
04

03

13
Pr
ot
oc

at
ec

hu
ic

ac
id

a
C
7
H
6
O
4

15
3.
01

93
15

3.
01

91
–1

.3
1

8.
97

[M
–
H
]–

15
3.
01

91

14
M
et
hy

lg
al
la
te

C
8
H
8
O
5

18
3.
02

99
18

3.
02

96
–1

.6
4

10
.1
3

[M
–
H
]–

18
3.
02

96
,
16

9.
01

79
,1

25
.0
21

9

15
4-
(β
-D
-G

lu
co

py
ra
no

sy
lo
xy
)-
3-
hy

dr
ox

yp
he

ny
l

ca
ff
ea

te
b

C
2
1
H
2
2
O
1
1

44
9.
10

89
44

9.
10

83
–1

.3
4

10
.7
6

[M
–
H
]–

44
9.
10

83
,
28

7.
05

53

16
Pr
ot
oc

at
ec

hu
al
de

hy
de

a
C
7
H
6
O
3

18
3.
02

99
18

3.
03

01
1.
09

10
.8
6

[M
þ
H
C
O
O
]–

18
3.
03

01

17
1,
6-
di
-O

-g
al
lo
yl
-β
-D
-g
lu
co

se
C
2
0
H
2
0
O
1
4

48
3.
07

80
48

3.
07

91
2.
28

11
.4
9

[M
–
H
]–

48
3.
07

91
,
33

1.
06

51
,3

13
.0
55

0,
16

9.
01

30
,

12
5.
02

35

18
Ka

em
pf
er
ol
-3
-O

-g
en

ti
on

bi
os

id
e-
7-
O
-

gl
uc

os
id
eb

C
3
3
H
4
0
O
2
1

77
1.
19

89
77

1.
19

90
0.
13

12
.2
9

[M
–
H
]–

77
1.
19

90
,
60

9.
14

48
,4

47
.0
89

0,
28

5.
03

69

19
Ka

em
pf
er
ol
-3
-O

-(
2″

-O
-β
-D
-
gl
uc

op
yr
an

os
yl
)-

β-
D
-r
ut
in
os

id
e-
7-
O
-g
lu
co

si
de

b
C
3
9
H
5
0
O
2
5

91
7.
25

68
91

7.
25

74
0.
65

12
.4
7

[M
–
H
]–

91
7.
25

74
,
75

5.
20

06
,5

77
.1
55

6,
44

6.
08

54
,

28
4.
03

20

20
Le
pi
d
os

id
e

C
2
6
H
2
8
O
1
4

56
3.
14

06
56

3.
13

74
–5

.6
8

14
.0
9

[M
–
H
]–

56
3.
13

74
,
41

9.
12

05
,2

85
.0
40

3

21
G
en

is
te
in
-7
-O

-β
-D
-g
lu
co

si
de

4′
-O

-
so

ph
o
ro
si
de

C
3
3
H
4
0
O
2
0

75
7.
21

86
75

7.
21

82
–0

.5
3

14
.4
5

[M
þ
H
]þ

75
7.
21

82
,
59

5.
16

22
,4

33
.1
14

0,
27

1.
05

97

22
G
en

is
te
in
-7
,4
′-d

i-O
-β
-D
-g
lu
co

si
de

C
2
7
H
3
0
O
1
5

59
5.
16

57
59

5.
16

64
1.
18

14
.9
1

[M
þ
H
]þ

59
5.
16

64
,
43

3.
11

40
,2

71
.0
59

7

23
Q
ue

rc
et
in
-3
-O

-(
3′
′′
-O

-β
-D
-g

lu
co

py
ra
no

sy
l)
-β
-

D
-n
eo

he
sp

er
id
os

id
eb

C
3
3
H
4
0
O
2
1

77
1.
19

89
77

1.
19

90
0.
13

15
.5
9

[M
–
H
]–

77
1.
19

90
,
60

9.
14

48
,4

62
.0
80

6,
43

1.
09

84
,

29
9.
01

80

24
A
pi
g
en

in
-7
,4
′-d

ig
lu
co

si
de

C
2
7
H
3
0
O
1
5

59
5.
16

57
59

5.
16

71
2.
35

15
.8
8

[M
þ
H
]þ

59
5.
16

71
,
43

3.
10

97
,2

71
.0
63

0

(C
on

tin
ue

d)

Pharmaceutical Fronts Vol. 4 No. 3/2022 © 2022. The Author(s).

Structural Characterization of Chemical Compounds Based on Their Fragmentation Rules He et al. e171



Ta
b
le

3
(C
on

tin
ue

d)

N
o
.

C
o
m
po

n
en

t
n
am

e
Fo

rm
u
la

C
al
cu

la
te
d

m
as
s
(m

/z
)

M
ea

su
re
d

m
as
s
(m

/z
)

M
as
s

er
ro
r

(p
p
m
)

R
T
(m

in
)

A
d
d
u
ct
s

Fr
ag

m
en

t
io
ns

(m
/z
,
ES

I–
/E
SI

þ
)

25
N
eo

er
io
ci
tr
in

b
C
2
7
H
3
2
O
1
5

59
5.
16

68
59

5.
16

53
–2

.5
2

16
.0
8

[M
–
H
]–

59
5.
16

53
,
43

1.
09

84
,2

87
.0
55

3

26
D
io
sm

et
in
-7
-O

-s
op

ho
ro
si
de

b
C
2
8
H
3
2
O
1
6

66
9.
16

72
66

9.
16

63
–1

.3
5

16
.3
3

[M
þ
H
C
O
O
]–

62
3.
16

38
,
46

1.
10

86
,4

45
.0
78

6,
26

8.
03

87

27
Q
ue

rc
et
in
-3
-O

-(
2″

-O
-β
-D
-
gl
uc

op
yr
an

os
yl
)-
β-

D
-r
ut
in
os

id
e-
7-
O
-r
ha

m
no

si
de

b
C
3
9
H
5
0
O
2
5

91
7.
25

68
91

7.
25

33
–3

.8
2

17
.3
0

[M
–
H
]–

91
7.
25

33
,
77

1.
19

90
,6

09
.1
39

7,
46

1.
13

06
,

30
1.
03

56

28
G
en

is
te
in
-7
-O

-β
-D
-g
lu
co

si
de

-4
′-
O
-

ne
oh

es
pe

ri
do

si
de

C
3
3
H
4
0
O
1
9

73
9.
20

91
73

9.
20

86
–0

.6
8

17
.8
8

[M
–
H
]–

73
9.
20

86
,
57

7.
16

54
,4

31
.0
98

4,
41

5.
10

70
,

26
8.
04

54

29
Ka

em
pf
er
ol
-3
,7
-d
ig
lu
co

si
de

a
C
2
7
H
3
0
O
1
6

60
9.
14

61
60

9.
14

48
–2

.1
3

18
.1
5

[M
–
H
]–

60
9.
14

48
,
44

7.
09

77
,2

85
.0
40

3

30
Ka

em
pf
er
ol
-3
-O

-(
4′
′′
-O

-β
-D
-
gl
uc

op
yr
an

o
sy
l)
-

β-
D
-r
ut
in
os

id
eb

C
3
3
H
4
0
O
2
0

75
5.
20

40
75

5.
20

62
2.
91

18
.7
4

[M
–
H
]–

75
5.
20

62
,
59

3.
15

45
,4

46
.0
85

4,
28

5.
04

03

31
A
pi
g
en

in
-7
-O

-(
2′
′-
O
-s
op

ho
ro
sy
l)
-β
-D
-

ru
ti
no

si
de

b
C
3
9
H
5
0
O
2
4

90
3.
27

65
90

3.
27

97
3.
54

18
.9
0

[M
þ
H
]þ

90
3.
27

97
,
74

1.
21

86
,5

79
.1
73

8,
43

3.
11

40
,

27
1.
05

97

32
Te

rn
at
um

os
id
e
V
III

b
C
3
9
H
5
0
O
2
4

90
1.
26

19
90

1.
26

01
–2

.0
0

19
.2
9

[M
–
H
]–

90
1.
26

01
,
75

5.
20

62
,5

93
.1
49

5,
43

0.
09

17
,

28
4.
03

55

33
Ka

em
pf
er
ol
-3
-O

-s
op

ho
ro
si
de

-7
-O

-
rh
am

no
si
de

a
C
3
3
H
4
0
O
2
0

75
7.
21

86
75

7.
21

96
1.
32

19
.6
4

[M
þ
H
]þ

75
7.
21

96
,
59

5.
16

71
,4

33
.1
14

0,
28

7.
05

68

34
Is
or
ha

m
ne

ti
n-
3-
O
-(
4′
′-
O
-r
ut
in
os

yl
)-
β-
D
-

ru
ti
no

si
de

b
C
4
0
H
5
2
O
2
5

93
3.
28

70
93

3.
28

65
–0

.5
4

20
.1
2

[M
þ
H
]þ

93
3.
28

65
,
78

7.
22

50
,6

25
.1
69

8,
46

3.
12

43
,

31
7.
06

64

35
Is
or
ha

m
ne

ti
n-
3-
O
-s
op

ho
ro
si
d
e-
7-
O
-

rh
am

no
si
de

b
C
3
4
H
4
2
O
2
1

78
5.
21

46
78

5.
21

51
0.
64

20
.7
2

[M
–
H
]–

78
5.
21

51
,
63

9.
15

75
,4

59
.1
28

3,
31

4.
04

45

36
Ka

em
pf
er
ol
-3
-O

-g
lu
co

si
de

-7
-O

-r
ut
in
o
si
de

b
C
3
3
H
4
0
O
2
0

75
5.
20

40
75

5.
20

62
2.
91

21
.0
3

[M
–
H
]–

75
5.
20

62
,
63

5.
09

11
,6

08
.1
39

8,
44

7.
09

33
,

28
5.
04

03

37
D
ih
yd

ro
ka

em
pf
er
o
l3

-O
-g
lu
co

si
de

C
2
1
H
2
2
O
1
1

44
9.
10

89
44

9.
10

83
–1

.3
4

21
.4
5

[M
–
H
]–

44
9.
10

83
,
28

7.
05

78

38
G
en

is
te
in
-7
-O

-m
al
on

yl
gl
uc

os
id
e-
4′
-O

-
gl
uc

os
id
e

C
3
0
H
3
2
O
1
8

68
1.
16

61
68

1.
16

41
–2

.9
4

21
.8
2

[M
þ
H
]þ

68
1.
16

41
,
43

3.
11

40
,2

71
.0
59

7

39
Q
ue

rc
et
in
-3
-O

-β
-D
-g
lu
co

py
ra
no

sy
l(
1!

2)
-[
α
-

L-
rh
am

no
py

ra
no

sy
l(
1!

6)
]-
β-
D
-

gl
uc

op
yr
an

o
si
de

C
3
3
H
4
0
O
2
1

77
3.
21

35
77

3.
21

54
2.
46

22
.1
2

[M
þ
H
]þ

77
3.
21

54
,
61

1.
16

09
,4

65
.1
01

1,
30

3.
04

98

40
Q
ue

rc
et
in

3-
O
-g
en

ti
o
bi
os

id
e

C
2
7
H
3
0
O
1
7

62
7.
15

56
62

7.
15

63
1.
12

23
.0
8

[M
þ
H
]þ

62
7.
15

63
,
46

5.
10

33
,3

03
.0
49

4

41
Q
ue

rc
et
in
-3
-O

-(
6′
′′
-O

-a
di
po

yl
)-
β-
D
-

ru
ti
no

si
de

b
C
3
3
H
3
8
O
1
9

73
9.
20

80
73

9.
20

90
1.
35

23
.2
1

[M
þ
H
]þ

73
9.
20

90
,
46

5.
10

33
,3

03
.0
49

4

42
Q
ue

rc
et
in
-3
-O

-(
6″

-O
-(
3′
′′
-O

-a
ra
bi
no

se
)-
α-
L-

rh
am

no
sy
l)
-β
-D
-n
eo

he
sp
er
id
os

id
eb

C
3
8
H
4
8
O
2
4

88
7.
24

63
88

7.
24

80
1.
92

23
.4
6

[M
–
H
]–

88
7.
24

80
,
74

1.
18

57
,6

09
.1
44

8,
30

1.
03

56

Pharmaceutical Fronts Vol. 4 No. 3/2022 © 2022. The Author(s).

Structural Characterization of Chemical Compounds Based on Their Fragmentation Rules He et al.e172



Ta
b
le

3
(C
on

tin
ue

d)

N
o
.

C
o
m
po

n
en

t
n
am

e
Fo

rm
u
la

C
al
cu

la
te
d

m
as
s
(m

/z
)

M
ea

su
re
d

m
as
s
(m

/z
)

M
as
s

er
ro
r

(p
p
m
)

R
T
(m

in
)

A
d
d
u
ct
s

Fr
ag

m
en

t
io
ns

(m
/z
,
ES

I–
/E
SI

þ
)

43
C
om

pa
ct
in

b
C
2
7
H
3
0
O
1
6

61
1.
16

07
61

1.
16

09
0.
33

23
.6
7

[M
þ
H
]þ

61
1.
16

09
,
44

9.
10

79
,2

87
.0
55

9

44
G
en

is
ti
na

C
2
1
H
2
0
O
1
0

43
1.
09

84
43

1.
09

84
0

24
.0
3

[M
–
H
]–

43
1.
09

84
,
26

9.
05

51

45
A
pi
g
en

in
-7
-O

-(
3′
′′
-O

-a
ce
ty
l)
-β
-D
-r
ut
in
os

id
e

C
2
9
H
3
2
O
1
5

61
9.
16

68
61

9.
16

90
3.
55

24
.8
5

[M
–
H
]–

61
9.
16

90
,
43

1.
09

84
,2

68
.0
38

7

46
Ka

em
pf
er
ol
-3
-O

-(
2″

-O
-β
-D
-
gl
uc

op
yr
an

os
yl
)-

β-
D
-r
ut
in
os

id
ea

C
3
3
H
4
0
O
2
0

75
7.
21

86
75

7.
21

82
–0

.5
3

25
.0
4

[M
þ
H
]þ

75
7.
21

82
,
59

5.
16

71
,4

49
.1
07

1,
28

7.
06

72

47
Rh

am
no

ci
tr
in
-3
-O

-β
-D
-g
lu
co

py
ra
no

sy
l(
1!

2)
-

D
-A
pi
o-
α
-D
-f
ur
an

o
si
de

-4
′-
O
-g
lu
co

si
de

C
3
3
H
4
0
O
2
0

75
7.
21

86
75

7.
21

82
–0

.5
3

25
.3
1

[M
þ
H
]þ

75
7.
21

82
,
59

5.
16

22
,4

63
.1
24

3,
30

1.
07

23

48
Is
or
ha

m
ne

ti
n-
3-
O
-s
op

ho
ro
si
d
e

C
2
8
H
3
2
O
1
7

64
1.
17

12
64

1.
17

03
–1

.4
0

25
.9
4

[M
þ
H
]þ

64
1.
17

03
,
47

9.
11

97
,3

17
.0
66

4

49
Ka

em
pf
er
ol
-3
-O

-s
op

ho
ro
si
de

a
C
2
7
H
3
0
O
1
6

60
9.
14

61
60

9.
14

48
–2

.1
3

26
.1
2

[M
–
H
]–

60
9.
14

48
,
42

9.
08

19
,2

85
.0
50

7

50
M
ul
ti
fl
or
in

B
C
2
7
H
3
0
O
1
5

59
3.
15

12
59

3.
14

95
–2

.8
7

26
.5
8

[M
–
H
]–

59
3.
14

95
,
43

1.
09

84
,2

84
.0
32

0

51
N
ar
in
gi
na

C
2
7
H
3
2
O
1
4

57
9.
17

19
57

9.
17

36
2.
94

27
.0
5

[M
–
H
]–

57
9.
17

36
,
43

3.
12

39
,2

71
.0
60

1

52
Ka

em
pf
er
ol
-3
-O

-α
-L
-r
ha

m
no

py
ra
no

sy
l

(1
!

4)
]-
β-
D
-g
lu
co

py
ra
no

si
de

C
2
7
H
3
0
O
1
5

59
3.
15

12
59

3.
14

95
–2

.8
7

27
.7
3

[M
–
H
]–

59
3.
14

95
,
44

7.
09

33
,4

29
.0
77

6,
28

5.
04

03

53
6″

-β
-D
-X
yl
os

eg
en

is
ti
n

C
2
6
H
2
8
O
1
4

58
7.
13

77
58

7.
13

66
–1

.8
7

28
.0
5

[M
þ
N
a]

þ
58

7.
13

66
,
43

3.
11

81
,2

71
.0
60

9

54
Ru

ti
na

C
2
7
H
3
0
O
1
6

63
3.
14

32
63

3.
14

48
2.
53

28
.1
6

[M
þ
N
a]

þ
63

3.
14

48
,
46

5.
10

33
,3

03
.0
56

5

55
Is
oq

ue
rc
it
ri
na

C
2
1
H
2
0
O
1
2

46
3.
08

82
46

3.
09

02
4.
32

28
.5
9

[M
–
H
]–

46
3.
09

02
,
30

0.
03

23

56
Ka

em
pf
er
id
e-
3-
O
-g
lu
co

si
de

C
2
2
H
2
2
O
1
1

46
3.
12

35
46

3.
12

43
1.
73

28
.6
6

[M
þ
H
]þ

46
3.
12

43
,
30

1.
07

23

57
So

p
ho

ri
co

si
de

a
C
2
1
H
2
0
O
1
0

43
3.
11

29
43

3.
11

40
2.
54

28
.7
4

[M
þ
H
]þ

43
3.
11

40
,
27

1.
06

30

58
H
el
ie
ia
ne

os
id
e
A
b

C
3
2
H
3
8
O
1
9

72
5.
19

35
72

5.
19

47
1.
66

30
.0
6

[M
–
H
]–

72
5.
19

47
,
59

3.
14

95
,4

31
.0
98

4,
28

5.
04

03

59
So

p
ho

ro
b
io
si
d
ea

C
2
7
H
3
0
O
1
4

60
1.
15

33
60

1.
15

18
–2

.5
0

30
.2
8

[M
þ
N
a]

þ
60

1.
15

18
,
57

9.
17

38
,4

33
.1
14

0,
27

1.
05

97

60
A
pi
g
en

in
-7
-O

-n
eo

he
sp

er
id
os

id
e

C
2
7
H
3
0
O
1
4

57
7.
15

63
57

7.
15

56
–1

.2
1

30
.8
3

[M
–
H
]–

57
7.
16

54
,
43

1.
09

84
,4

13
.0
86

7,
26

9.
04

50

61
A
pi
g
en

in
-7
-O

-r
ut
in
os

id
e

C
2
7
H
3
0
O
1
4

57
7.
15

63
57

7.
15

56
–1

.2
1

31
.4
3

[M
–
H
]–

57
7.
15

56
,
43

1.
09

84
,2

69
.0
45

0

62
A
pi
g
en

in
-4
′-
O
-r
ut
in
o
si
de

b
C
2
7
H
3
0
O
1
4

57
7.
15

63
57

7.
15

56
–1

.2
1

31
.8
1

[M
–
H
]–

57
7.
15

56
,
43

1.
09

84
,2

68
.0
38

7

63
Ka

em
pf
er
ol
-3
-O

-r
ut
in
os

id
ea

C
2
7
H
3
0
O
1
5

59
5.
16

57
59

5.
16

71
2.
35

32
.6
2

[M
þ
H
]þ

59
5.
17

21
,
44

9.
10

71
,2

87
.0
60

3

64
A
pi
g
en

in
-7
-O

-g
en

ti
ob

io
si
de

C
2
7
H
3
0
O
1
5

59
3.
15

12
59

3.
14

95
–2

.8
7

33
.0
2

[M
–
H
]–

59
3.
14

95
,
44

7.
09

33
,2

69
.0
45

0

65
Is
or
ha

m
ne

ti
n-
3-
O
-β
-D
-r
ut
in
os

id
ea

C
2
8
H
3
2
O
1
6

62
5.
17

63
62

5.
17

49
–2

.2
4

33
.3
1

[M
þ
H
]þ

62
5.
17

49
,
47

9.
11

97
,3

17
.0
66

4

66
D
io
sm

et
in
-7
-O

-g
lu
co

py
ra
no

sy
l-(
6!

1)
-O

-
ar
ab

in
o
py

ra
no

si
de

C
2
7
H
3
0
O
1
5

59
3.
15

12
59

3.
14

95
–2

.8
7

33
.8
0

[M
–
H
]–

59
3.
14

95
,
46

1.
11

02
,2

99
.0
57

6

67
A
pi
g
en

in
-7
-O

-[
6-
O
-a
ce
ty
l-2

-O
-(
6-
O
-a
ce
ty
l-β

-
D
-g
lu
co

py
ra
no

sy
l)
]-
β-
D
-g
lu
co

si
de

b
C
3
1
H
3
4
O
1
7

67
7.
17

23
67

7.
17

02
–3

.1
1

34
.4
5

[M
–
H
]–

67
7.
17

02
,
47

3.
10

59
,2

68
.0
37

2

(C
on

tin
ue

d)

Pharmaceutical Fronts Vol. 4 No. 3/2022 © 2022. The Author(s).

Structural Characterization of Chemical Compounds Based on Their Fragmentation Rules He et al. e173



Ta
b
le

3
(C
on

tin
ue

d)

N
o
.

C
o
m
po

n
en

t
n
am

e
Fo

rm
u
la

C
al
cu

la
te
d

m
as
s
(m

/z
)

M
ea

su
re
d

m
as
s
(m

/z
)

M
as
s

er
ro
r

(p
p
m
)

R
T
(m

in
)

A
d
d
u
ct
s

Fr
ag

m
en

t
io
ns

(m
/z
,
ES

I–
/E
SI

þ
)

68
A
pi
g
en

in
-7
-O

-(
4,
6-
d
i-O

-a
ce
ty
l)
-β
-D
-g
lu
co

si
de

-
4′
-O

-β
-D
-g
lu
co

si
de

b
C
3
1
H
3
4
O
1
7

72
3.
17

78
72

3.
18

40
8.
58

34
.6
2

[M
þ
H
C
O
O
]–

72
3.
18

40
,
67

7.
16

46
,4

31
.0
98

9,
26

8.
03

72

69
6″

-O
-A
ce
ty
ln
ar
in
gi
nb

C
2
9
H
3
4
O
1
5

62
1.
18

25
62

1.
18

18
–1

.1
3

34
.7
2

[M
–
H
]–

62
1.
18

26
,
47

3.
10

68
,2

71
.0
60

1

70
G
en

is
te
in
-4
′-
O
-m

al
on

yl
g
lu
co

si
d
e

C
2
4
H
2
2
O
1
3

51
9.
11

33
51

9.
11

16
–3

.2
8

35
.0
4

[M
þ
H
]þ

51
9.
11

16
,
27

1.
05

97

71
Ka

kk
an

in
C
2
7
H
3
0
O
1
4

57
9.
17

08
57

9.
16

89
–3

.2
8

35
.3
1

[M
þ
H
]þ

57
9.
16

89
,
44

7.
12

78
,2

85
.0
77

4

72
Eu

ry
an

os
id
eb

C
2
9
H
3
2
O
1
5

61
9.
16

68
61

9.
16

39
–4

.6
8

35
.4
8

[M
–
H
]–

61
9.
16

39
,
47

3.
10

68
,2

69
.0
45

0

73
A
ca
ce
ti
n-
5-
O
-α
-L
-m

an
no

py
ra
no

sy
l(
1!

2)
-α
-L
-

rh
am

no
py

ra
no

si
de

b
C
2
8
H
3
2
O
1
3

57
5.
17

70
57

5.
14

11
–6

.2
4

36
.1
1

[M
–
H
]–

57
5.
14

11
,
43

1.
09

84
,2

83
.0
60

0

74
A
pi
g
en

in
-5
-O

-a
ce
ty
l-7

-O
-n
eo

he
sp
er
id
os

id
eb

C
2
9
H
3
2
O
1
5

61
9.
16

68
61

9.
16

39
–4

.6
8

36
.7
4

[M
–
H
]–

61
9.
16

39
,
47

3.
10

68
,3

11
.0
55

2,
26

9.
04

50

75
A
pi
g
en

in
-7
-O

-r
ha

m
no

si
de

C
2
1
H
2
0
O
9

41
5.
10

35
41

5.
10

28
–1

.6
9

37
.2
2

[M
–
H
]–

41
5.
10

28
,
26

8.
03

87

76
A
ca
ce
ti
n-
7-
(6
-m

al
on

yl
gl
uc

os
id
e)

C
2
5
H
2
4
O
1
3

55
5.
11

15
55

5.
11

07
–1

.4
4

37
.7
2

[M
þ
N
a]

þ
55

5.
11

07
,
28

5.
07

29

77
A
pi
g
en

in
-7
,4
′-d

i-O
-r
ha

m
no

si
de

b
C
2
7
H
3
0
O
1
3

56
1.
16

14
56

1.
16

20
1.
07

38
.1
2

[M
–
H
]–

56
1.
16

20
,
41

5.
10

63
,2

68
.0
40

0

78
G
en

is
te
in

a
C
1
5
H
1
0
O
5

27
1.
06

01
27

1.
05

97
–1

.4
8

38
.4
6

[M
þ
H
]þ

27
1.
06

01

79
A
pi
g
en

in
-7
-O

-α
-L
-m

an
no

py
ra
no

sy
l(
1!

3)
-α
-L
-

rh
am

no
py

ra
no

si
de

b
C
2
7
H
3
0
O
1
3

56
1.
16

14
56

1.
16

20
1.
07

38
.5
8

[M
–
H
]–

56
1.
16

92
,
41

5.
10

63
,3

97
.0
89

3,
26

9.
04

84

80
D
io
sm

et
in

C
1
6
H
1
2
O
6

29
9.
05

61
29

9.
05

70
3.
01

39
.6
9

[M
–
H
]–

29
9.
05

70
,
28

4.
03

20
,2

55
.0
29

5

81
A
ca
ce
ti
n

C
1
6
H
1
2
O
5

28
3.
06

12
28

3.
06

00
–4

.2
4

40
.3
6

[M
–
H
]–

28
3.
06

00
,
25

5.
02

95
,2

42
.9
43

3

82
Ka

em
pf
er
ol

a
C
1
5
H
1
0
O
6

28
7.
05

50
28

7.
05

59
3.
14

40
.7
1

[M
þ
H
]þ

28
7.
05

59

83
Ba

ic
al
ei
na

C
1
5
H
1
0
O
5

26
9.
04

55
26

9.
04

50
–1

.8
6

41
.1
1

[M
–
H
]–

26
9.
04

50

84
A
pi
g
en

in
a

C
1
5
H
1
0
O
5

26
9.
04

55
26

9.
04

50
–1

.8
6

41
.4
1

[M
–
H
]–

26
9.
04

50

a C
om

pa
re
d
w
it
h
re
fe
re
nc

e
su
bs
ta
nc

e.
b
Be

fi
rs
t
fo
un

d
in

So
ph

or
a.

Pharmaceutical Fronts Vol. 4 No. 3/2022 © 2022. The Author(s).

Structural Characterization of Chemical Compounds Based on Their Fragmentation Rules He et al.e174



Ta
b
le

4
A
na

ly
si
s
an

d
id
en

ti
fi
ca
ti
o
n
of

sa
po

ni
ns

fr
om

So
ph

or
ae

Fr
uc

tu
s
by

U
PL
C-
Q
-T
O
F
m
as
s
sp

ec
tr
om

et
ry

N
o
.

C
o
m
po

n
en

t
n
am

e
Fo

rm
u
la

C
al
cu

la
te
d

m
as
s
(m

/z
)

M
ea

su
re
d

m
as
s
(m

/z
)

M
as
s

er
ro
r

(p
p
m
)

R
T
(m

in
)

A
d
d
u
ct
s

Fr
ag

m
en

t
io
ns

(m
/z
,
ES

I–
/E
SI

þ
)

85
G
al
lic

ac
id
-O

-g
lu
co

si
de

(i
so

m
er
)

C
1
3
H
6
O
1
0

33
1.
06

71
33

1.
06

87
4.
83

1.
51

[M
–
H
]–

33
1.
07

61
,
16

9.
01

22
,1

25
.0
24

2

86
G
al
lic

ac
id
-O

-d
ig
lu
co

si
de

C
1
9
H
2
6
O
1
5

51
7.
11

69
51

7.
11

76
1.
35

2.
33

[M
þ
N
a]

þ
51

7.
11

76
,
35

5.
06

02
,1

71
.0
28

4,
12

5.
02

30

87
p-
H
yd

ro
xy
be

nz
oi
c
ac

id
gl
uc

os
id
e

C
1
3
H
1
6
O
8

29
9.
07

72
29

9.
07

56
–5

.3
5

2.
67

[M
–
H
]–

29
9.
07

56
,
13

7.
02

23

88
M
-d
ig
al
lic

ac
id

C
1
2
H
1
6
O
6

32
1.
02

52
32

1.
02

64
3.
74

2.
86

[M
–
H
]–

32
1.
02

64
,
16

9.
01

22
,1

25
.0
21

9

89
1-
p-
an

is
at
e-
gl
uc

op
yr
an

ur
on

ic
ac

id
a

C
1
4
H
1
6
O
9

32
8.
07

94
32

8.
13

77
8.
23

3.
11

[M
þ
e]

þ
32

8.
13

77
,
27

9.
09

45
,1

41
.9
58

8

90
G
al
lic

ac
id
-O

-g
lu
co

si
de

(i
so

m
er
)

C
1
3
H
6
O
1
0

33
1.
06

71
33

1.
06

87
4.
83

3.
23

[M
–
H
]–

33
1.
07

61
,
16

9.
01

22
,1

25
.0
24

2

91
D
ig
al
lic

ac
id

a
C
1
4
H
1
2
O
9

32
3.
04

09
32

3.
03

94
–4

.6
4

3.
37

[M
–
H
]–

32
3.
03

94
,
16

9.
01

22
,1

25
.0
24

2

92
3,
5-
D
ih
yd

ro
xy

-4
-[
(3
,4
,5
-t
ri
hy

dr
ox

yb
en

zo
yl
)

ox
y]
be

nz
oi
c
ac

id
C
1
4
H
1
0
O
9

32
1.
02

52
32

1.
02

64
3.
74

3.
52

[M
–
H
]–

32
1.
02

64
,
17

8.
97

72
,1

44
.0
44

4

93
A
m
yg

da
lin

ic
ac

id
a

C
2
0
H
2
8
O
1
3

47
5.
14

57
47

5.
14

28
–6

.1
1

3.
67

[M
–
H
]–

47
5.
14

28
,
32

9.
08

65
,3

13
.0
91

7,
26

8.
03

72
,

15
1.
03

81

94
2,
3-
D
ih
yd

ro
xy

-3
-(
3,
4,
5-
tr
im

et
ho

xy
ph

en
yl
)

pr
o
py

l-β
-D
-g
lu
co

py
ra
no

si
d
ea

C
1
8
H
2
8
O
1
1

41
9.
15

59
41

9.
15

49
–2

.3
9

3.
77

[M
þ
N
a]

þ
44

3.
11

70
,
42

1.
13

45
,2

89
.0
91

3,
15

8.
96

24
,

12
7.
03

96

95
Ev
er
la
st
os

id
e
H
a

C
2
1
H
2
8
O
1
4

50
3.
14

06
50

3.
14

08
0.
40

3.
92

[M
–
H
]–

50
3.
14

08
,
34

5.
08

41
,3

23
.1
35

1,
17

8.
97

72
,

14
5.
92

99

96
2-
H
yd

ro
xy

-1
-(
hy

dr
ox

ym
et
hy

l)
-2
-(
3,
4,
5-

tr
im

et
ho

xy
ph

en
yl
)e
th
yl
-β
-D
-

gl
uc

op
yr
an

o
si
de

a

C
1
8
H
2
8
O
1
1

46
5.
16

14
46

5.
16

53
8.
39

4.
03

[M
þ
H
C
O
O
]–

46
5.
12

25
,
41

9.
11

72
,3

15
.0
72

4,
23

5.
92

40
,

17
8.
97

72

97
Po

th
ob

an
os

id
e
C
a

C
2
6
H
3
8
O
1
6

65
1.
21

42
65

1.
21

00
–6

.4
5

4.
24

[M
þ
H
C
O
O
]–

65
1.
21

00
,
44

3.
18

91
,3

29
.0
86

5,
15

3.
01

69
,

13
7.
02

23

98
Tu

be
ro
si
ni
ne

D
C
1
9
H
2
8
O
1
2

47
1.
14

78
47

1.
14

94
3.
40

4.
43

[M
þ
N
a]

þ
47

1.
14

94
,
34

3.
04

66
,3

15
.0
54

4,
15

3.
01

64

99
D
i-O

-g
al
lo
yl

gl
uc

os
e

C
2
0
H
1
9
O
1
4

48
3.
07

80
48

3.
07

78
–0

.4
1

4.
61

[M
–
H
]–

48
3.
07

78
,
33

1.
06

12
,2

71
.0
45

0,
24

3.
05

13
,

16
9.
01

48

10
0

Is
or
ha

m
ne

ti
n

C
1
6
H
1
2
O
7

31
5.
05

10
31

5.
05

06
–1

.2
7

17
.4
9

[M
–
H
]–

31
5.
05

06
,
30

0.
02

86
,2

85
.0
38

3,
26

9.
04

36

10
1

28
–(
H
yd

ro
xy
m
et
hy

l)
o
le
an

-1
2-
en

-3
β-
yl
-O

-β
-D
-

gl
uc

op
yr
an

o
sy
l-(
1!

6)
-O

-β
-D
-

ga
la
ct
op

yr
an

os
yl
(1
!

4)
-O

-[
α
-L
-

rh
am

no
py

ra
no

sy
l-(
1!

2)
]-
β-
D
-

ga
la
ct
op

yr
an

os
id
ur
o
ni
c
ac
id

a

C
5
5
H
9
0
O
2
2

1,
10

1.
58

51
1,
10

1.
57

81
–6

.3
6

17
.5
6

[M
–
H
]–

11
01

.5
78

1,
95

7.
52

37
,
79

5.
45

45
,6

33
.3
99

0,
45

8.
37

35
,
43

9.
35

92
,4

21
.3
48

0

10
2

3-
[(
O
-h
ex
op

yr
an

os
yl
-(
1!

2)
-O

-
he

xo
py

ra
no

sy
l-(
1!

3)
-O

-h
ex
op

yr
an

ur
on

os
yl
-

(1
!

4)
-6
-d
eo

xy
he

xo
py

ra
no

sy
l)
ox

y]
-,
21

-
ac
et
at
e
22

-(
2-
m
et
hy

lp
ro
p
an

o
at
e)
,
(3
β)
-

O
le
an

-1
2-
en

e-
15

,1
6,
21

,2
2,
28

-p
en

to
la

C
6
0
H
9
6
O
2
8

1,
28

7.
59

86
1,
28

7.
59

44
–3

.2
6

17
.6
6

[M
þ
N
a]

þ
12

87
.5
94

4,
12

65
.6
07

3,
11

03
.5
60

2,
76

5.
47

05
,
61

9.
15

20
,4

99
.1
17

9,
47

1.
06

06
,

45
8.
37

61
,
44

5.
12

29
,4

17
.1
30

1,
40

1.
20

97

10
3

Po
ly
bo

sa
po

ni
n
A

C
4
8
H
7
6
O
1
9

97
9.
48

78
97

9.
48

35
–4

.3
9

18
.8
6

[M
þ
N
a]

þ
97

9.
48

35
,
81

1.
44

66
,6

49
.3
91

4,
47

3.
36

36
,

45
5.
35

42
,
43

7.
34

32

(C
on

tin
ue

d)

Pharmaceutical Fronts Vol. 4 No. 3/2022 © 2022. The Author(s).

Structural Characterization of Chemical Compounds Based on Their Fragmentation Rules He et al. e175



Ta
b
le

4
(C
on

tin
ue

d)

N
o
.

C
o
m
po

n
en

t
n
am

e
Fo

rm
u
la

C
al
cu

la
te
d

m
as
s
(m

/z
)

M
ea

su
re
d

m
as
s
(m

/z
)

M
as
s

er
ro
r

(p
p
m
)

R
T
(m

in
)

A
d
d
u
ct
s

Fr
ag

m
en

t
io
ns

(m
/z
,
ES

I–
/E
SI

þ
)

10
4

A
zu

ki
sa
p
on

in
V

C
4
8
H
7
8
O
1
8

94
1.
51

15
94

1.
51

51
3.
83

19
.0
1

[M
–
H
]–

94
1.
51

51
,
79

5.
45

39
,6

15
.3
89

0,
45

7.
36

63
,

44
1.
37

44
,
42

3.
36

72
,4

05
.3
51

3

10
5

A
zu

ki
sa
p
on

in
II

C
4
2
H
6
8
O
1
4

79
5.
45

36
79

5.
45

39
0.
38

19
.3
3

[M
–
H
]–

79
5.
45

39
,
63

3.
15

41
,6

17
.4
02

0,
44

1.
37

44
,

42
3.
36

27
,
40

5.
34

71
,3

95
.0
49

4

10
6

D
eh

yd
ro
so
ya
sa
po

ni
n
I

C
4
8
H
7
6
O
1
8

94
1.
51

04
94

1.
50

88
–1

.7
0

19
.6
7

[M
þ
H
]þ

94
1.
50

88
,
79

5.
45

39
,6

33
.3
99

0,
45

7.
36

67
,

43
9.
35

49
,
42

1.
34

38
,4

03
.3
31

5,
39

5.
07

46

10
7

A
br
is
ap

on
in

I
C
4
8
H
7
4
O
2
0

97
1.
48

46
97

1.
48

94
4.
94

19
.8
7

[M
þ
H
]þ

97
1.
48

94
,
82

5.
42

59
,6

49
.4
01

8,
46

9.
33

04
,

45
1.
32

04
,
43

3.
11

33
,4

05
.3
43

0

10
8

U
m
be

lla
to
si
de

A
a

C
4
8
H
7
6
O
1
9

97
9.
48

78
97

9.
48

35
–4

.3
9

19
.9
6

[M
þ
N
a]

þ
97

9.
48

35
,
81

9.
44

11
,6

49
.3
96

5,
47

3.
36

36
,

45
5.
35

42
,
43

7.
33

89
,4

21
.3
44

4,
39

1.
11

88

10
9

A
st
ra
ga

lo
si
de

V
III

C
4
7
H
7
6
O
1
7

93
5.
49

80
93

5.
49

90
1.
07

20
.2
3

[M
þ
N
a]

þ
93

5.
49

90
,
78

9.
42

40
,6

33
.1
38

7,
44

1.
37

44
,

42
3.
36

27
,
40

5.
35

13

11
0

Pu
tr
an

os
id
e
C

C
4
7
H
7
2
O
1
9

96
3.
49

29
96

3.
49

63
3.
53

20
.6
5

[M
þ
N
a]

þ
96

3.
49

63
,
77

9.
45

32
,6

33
.4
01

2,
45

7.
36

92
,

43
9.
35

65
,
42

1.
34

80
,3

91
.1
22

8

11
1

Yu
ng

an
o
si
de

D
1
a

C
4
8
H
7
4
O
1
9

97
7.
47

22
97

7.
47

39
1.
74

21
.0
3

[M
þ
N
a]

þ
97

7.
47

39
,
83

1.
40

89
,6

33
.4
01

2,
45

3.
33

94
,

43
5.
32

60

11
2

So
ya
sa
po

ni
n
Bg

C
4
7
H
7
4
O
1
7

93
3.
48

24
93

3.
.4
74

8
–8

.1
5

21
.0
8

[M
þ
N
a]

þ
93

3.
47

88
,
76

5.
44

44
,6

33
.4
01

2,
45

5.
34

55
,

43
9.
35

65

11
3

(3
β,
4β

)-
23

-h
yd

ro
xy

-2
2-
ox

oo
le
an

-1
2-
en

-3
-y
l-

O
-6
-d
eo

xy
-α
-L
-m

an
no

py
ra
no

sy
l-(
1!

2)
-O

-β
-D
-

gl
uc

op
yr
an

o
sy
l-(
1!

4)
-β
-D
-

gl
uc

op
yr
an

o
si
du

ro
ni
c
ac

id

C
4
8
H
7
6
O
1
8

96
3.
49

29
96

3.
49

00
–3

.0
1

21
.1
4

[M
þ
N
a]

þ
96

3.
49

00
,
81

7.
42

76
,6

33
.4
01

2,
43

9.
35

65
,

42
1.
34

86

11
4

So
yb

ea
n
ph

en
ol

A
C
4
2
H
6
6
O
1
4

79
3.
43

80
79

3.
44

04
3.
03

21
.2
5

[M
–
H
]–

79
3.
44

04
,
63

1.
38

56
,4

55
.0
14

1

11
5

G
ly
cy

rr
he

ti
ni
c
ac

id
-3
-O

-
G
lu
co

py
ra
no

si
du

ro
ni
c
ac
id
-2
9-
O
-g
lu
co

si
de

C
4
2
H
6
4
O
1
5

83
1.
41

43
83

1.
41

48
0.
61

21
.6
2

[M
þ
N
a]

þ
83

1.
41

48
,
64

7.
40

64
,4

71
.3
44

9,
45

3.
33

51
,

43
5.
32

60
,
42

4.
19

24
,4

07
.3
35

0

11
6

U
ra
ls
ap

on
in

X
C
5
0
H
7
4
O
2
2

1,
04

9.
45

69
1,
04

9.
46

13
4.
19

21
.8
1

[M
þ
N
a]

þ
10

49
.4
61

3,
74

1.
37

34
,
70

4.
25

80
,5

65
.3
46

6,
52

5.
14

16
,
50

7.
13

60
,4

81
.0
82

5,
45

7.
23

79
,

43
9.
35

65
,
42

1.
34

44
,4

03
.3
35

4

11
7

(3
β,
4β

,2
2β

)-
22

,2
3-
D
ih
yd

ro
xy

-1
1-
ox

oo
le
an

-
12

-e
n-
3-
yl
-O

-6
-d
eo

xy
-α
-L
-m

an
no

py
ra
no

sy
l-

(1
!

2)
-O

-β
-D
-g
al
ac

to
py

ra
no

sy
l-(
1!

2)
-β
-D
-

gl
uc

op
yr
an

o
si
du

ro
ni
c
ac

id

C
4
8
H
7
6
O
1
9

97
9.
48

78
97

9.
48

35
–4

.3
9

22
.2
3

[M
þ
N
a]

þ
97

9.
48

35
,
83

3.
48

41
,6

71
.3
38

7,
45

5.
35

42
,

44
5.
13

06
,
42

3.
35

85
,4

09
.1
62

2

11
8

W
is
ta
ri
as
ap

on
in

D
C
4
7
H
7
4
O
1
7

90
9.
48

53
90

9.
48

29
–2

.6
4

22
.4
6

[M
–
H
]–

90
9.
48

29
,
76

3.
42

96
,6

31
.3
80

5,
45

5.
35

04

11
9

G
ly
cy

rfl
av
os

id
e
B

C
4
7
H
7
2
O
1
8

94
7.
46

16
94

7.
45

81
–3

.7
0

22
.9
5

[M
þ
N
a]

þ
94

7.
45

81
,
80

1.
39

14
,6

69
.3
49

6,
47

1.
34

49
,

45
3.
33

51
,
43

5.
32

60

12
0

(3
β,
4α

,2
2β

)-
22

,2
3-
d
ih
yd

ro
xy
ol
ea

n-
12

-e
n-
3-

yl
-O

-β
-D
-a
ra
bi
no

fu
ra
no

sy
l-(
1!

2)
-O

-6
-d
eo

xy
-

C
4
7
H
7
6
O
1
7

93
5.
49

80
93

5.
49

27
–5

.6
7

23
.8
4

[M
þ
N
a]

þ
93

5.
49

27
,
78

1.
47

66
,6

35
.3
33

7,
44

1.
36

58
,

42
3.
35

85
,
40

5.
34

71

Pharmaceutical Fronts Vol. 4 No. 3/2022 © 2022. The Author(s).

Structural Characterization of Chemical Compounds Based on Their Fragmentation Rules He et al.e176



Ta
b
le

4
(C
on

tin
ue

d)

N
o
.

C
o
m
po

n
en

t
n
am

e
Fo

rm
u
la

C
al
cu

la
te
d

m
as
s
(m

/z
)

M
ea

su
re
d

m
as
s
(m

/z
)

M
as
s

er
ro
r

(p
p
m
)

R
T
(m

in
)

A
d
d
u
ct
s

Fr
ag

m
en

t
io
ns

(m
/z
,
ES

I–
/E
SI

þ
)

β-
D
-g
al
ac

to
py

ra
no

sy
l-(
1!

2)
-β
-D
-

gl
uc

op
yr
an

o
si
du

ro
ni
c
ac

id

12
1

So
ya
sa
po

ni
n
I

C
4
8
H
7
8
O
1
8

94
3.
52

61
94

3.
52

61
0

23
.9
9

[M
þ
H
]þ

94
3.
52

61
,
79

7.
46

93
,6

35
.4
16

2,
44

1.
37

81
,

42
3.
36

27

12
2

So
ya
sa
po

ni
n
III

C
4
2
H
6
8
O
1
4

79
5.
45

36
79

5.
45

39
0.
38

24
.6
9

[M
–
H
]–

79
5.
45

39
,
63

3.
39

83
,4

55
.3
50

4

12
3

Ka
ik
as
ap

on
in

III
C
4
8
H
7
8
O
1
7

94
9.
51

37
94

9.
51

23
–1

.4
8

25
.4
2

[M
þ
N
a]

þ
94

9.
51

23
,
80

3.
44

89
,6

01
.4
11

7,
42

5.
37

73
,

40
7.
36

81

12
4

β-
D
-g
lu
co

py
ra
no

si
du

ro
ni
c
ac

id
de

ri
v-

ol
ea

na
ne

C
4
8
H
7
8
O
1
7

94
9.
51

37
94

9.
51

23
-1
.4
8

25
.8
7

[M
þ
N
a]

þ
94

9.
51

23
,
80

3.
44

31
,6

57
.3
56

3,
63

3.
40

12
,

45
7.
36

48
,
43

7.
19

35
,4

25
.3
77

3,
40

7.
36

81

12
5

Pi
su

m
sa
po

ni
n
II

C
4
8
H
7
6
O
1
8

93
9.
49

59
93

9.
49

37
–2

.3
4

25
.9
7

[M
–
H
]–

93
9.
49

37
,
79

3.
43

46
,6

31
.3
85

6,
45

5.
35

04

12
6

Ka
ik
as
ap

on
in

I
C
4
2
H
6
8
O
1
3

80
3.
45

58
80

3.
45

47
–1

.3
7

26
.3
3

[M
þ
N
a]

þ
80

3.
45

47
,
64

1.
28

33
,4

25
.3
77

3,
40

7.
36

81

12
7

A
zu

ki
sa
p
on

in
I

C
4
2
H
6
8
O
1
3

77
9.
45

87
77

9.
45

67
–2

.5
7

26
.6
5

[M
–
H
]–

77
9.
45

67
,
61

7.
40

16
,4

41
.3
72

4

12
8

Ka
kk

as
ap

on
in

I
C
4
7
H
7
6
O
1
6

89
5.
50

61
89

5.
50

54
–0

.7
8

26
.9
2

[M
–
H
]–

89
5.
50

54
,
74

9.
44

51
,5

99
.3
97

2,
44

1.
37

24

12
9

Ph
as
eo

si
d
e
IV

C
4
8
H
7
6
O
1
7

94
7.
49

80
94

7.
49

58
–2

.3
2

27
.0
9

[M
þ
N
a]

þ
94

7.
49

58
,
80

3.
40

25
,6

41
.4
02

5,
61

7.
40

20
,

44
1.
37

44
,
42

3.
36

27
,4

05
.3
51

3

13
0

Ka
kk

as
ap

on
in

II
C
4
2
H
6
6
O
1
3

77
7.
44

31
77

7.
44

63
4.
12

27
.9
1

[M
–
H
]–

77
7.
44

63
,
61

5.
39

41
,4

37
.3
43

5

13
1

Zy
go

ph
yl
os

id
e
M

a
C
4
0
H
6
2
O
1
3

79
5.
45

36
79

5.
45

39
0.
38

28
.1
6

[M
þ
H
C
O
O
]–

79
5.
45

39
,
74

9.
45

07
,6

33
.3
98

3,
44

1.
37

24

13
2

Ka
kk

as
ap

on
in

III
C
4
7
H
7
4
O
1
6

91
7.
48

75
91

7.
48

89
1.
53

28
.3
9

[M
þ
N
a]

þ
91

7.
48

89
,
74

9.
45

07
,6

17
.4
07

1,
44

1.
37

01
,

42
3.
36

27
,
40

5.
34

71

13
3

Pa
ra
do

xo
si
de

Ea
C
3
7
H
5
6
O
1
1

69
9.
37

20
69

9.
37

45
3.
58

28
.6
4

[M
þ
N
a]

þ
69

9.
35

82
,
47

1,
45

3.
16

52
,4

37
.2
02

0,
40

7.
36

81

13
4

Pr
es
en

eg
en

in
C
3
0
H
4
6
O
7

56
3.
32

26
56

3.
32

26
0

29
.4
4

[M
þ
H
C
O
O
]–

56
3.
32

26
,
50

2.
29

17
,3

11
.1
67

7,
26

5.
14

62

13
5

Pa
ri
tr
is
id
e
C
a

C
4
1
H
6
4
O
1
2

77
1.
42

95
77

1.
43

13
2.
33

29
.5
9

[M
þ
N
a]

þ
77

1.
43

13
,
60

9.
33

52
,4

41
.3
70

1,
42

3.
36

27
,

40
5.
34

71

13
6

A
sp

ac
oc

hi
no

si
d
e
O
a

C
3
3
H
5
2
O
1
2

64
1.
35

32
64

1.
35

06
–4

.0
6

29
.9
5

[M
þ
H
]þ

64
1.
35

06
,
47

9.
29

36
,3

17
.1
82

5,
30

1.
07

18
,

27
9.
23

12

13
7

C
or
on

ar
ic

ac
id

C
1
8
H
3
2
O
3

29
5.
22

79
29

5.
22

59
–6

.7
8

30
.3
1

[M
–
H
]–

29
5.
22

59
,
26

5.
14

62

13
8

D
4
-P
re
gn

en
-2
0β

-o
l-3

-o
ne

gl
uc

os
id
ea

C
2
7
H
4
2
O
7

47
9.
30

03
47

9.
29

81
–4

.5
9

30
.4
0

[M
þ
H
]þ

47
9.
29

81
,
31

8.
29

85
,3

01
.0
78

9,
28

1.
29

32

13
9

O
le
an

on
ic

ac
id

C
3
1
H
5
0
O
3

45
3.
33

74
45

3.
33

46
–6

.1
8

31
.0
3

[M
–
H
]–

45
3.
33

16
,
32

5.
18

42
,2

85
.1
70

3

14
0

Li
no

le
ni
c
ac
id

C
1
8
H
3
2
O
2

27
7.
21

73
27

7.
21

66
–2

.5
3

32
.5
6

[M
–
H
]–

27
7.
21

66
,
25

1.
16

30
,9

9.
92

44

14
1

O
le
an

ol
ic

ac
id

b
C
3
0
H
4
8
O
3

45
5.
35

31
45

5.
35

48
3.
74

32
.6
5

[M
–
H
]–

45
5.
35

48
,
32

5.
18

42
,2

71
.2
27

1

14
2

M
et
hy

l9
-h
ex

ad
ec

en
oa

te
C
1
7
H
3
2
O
2

26
9.
24

75
26

9.
25

00
9.
29

32
.9
6

[M
þ
H
]þ

26
9.
25

00
,
25

5.
26

37
,1

84
.0
74

0

a B
e
fi
rs
t
fo
un

d
in

So
ph

or
a.

b
C
om

p
ar
ed

w
it
h
re
fe
re
nc

e
su

bs
ta
nc

e.

Pharmaceutical Fronts Vol. 4 No. 3/2022 © 2022. The Author(s).

Structural Characterization of Chemical Compounds Based on Their Fragmentation Rules He et al. e177



819.4528, 617.4071, 441.3744, 423.3627, 405.3513 corre-
sponded to [MþNa]þ, [MþNa – 146]þ, [MþH – 146–162–
H2O]þ, [MþH – 146–162–176–H2O]þ, [MþH – 146–162–
176–2H2O]þ, [MþH – 146–162–176–3H2O]þ, according to
the above rules of saponins, there are three hydroxyl groups
in the parent nucleus. Combinedwith Scifinder database and
related literature,22 it was speculated that the compound
may be azukisaponin V.

Conclusion

In this experiment, the UPLC-Q-TOF-MS/MS method was
used to quickly characterize the chemical components of
Sophorae Fructus in positive and negative ion modes. The
cracking rules of main flavone glycosides and saponins,
whichwere preliminarily discussed, were helpful to improve
the structural analysis efficiency and provide reference for
the rapid screening and identification of flavonoids and
saponins. From the data presented, 142 compounds were
analyzed and inferred, including 67 flavonoids, 39 saponins,
18 organic acids, 10 amino acids and sugars, 2 phenylpro-
panes, 3 fatty acids, and 3 other types. A total of 43 compo-
nents were first reported from the genus Sophora. This work
will be helpful for the further study of pharmacodynamic
material basis and quality evaluation of Sophorae Fructus.

Through the application of LC-MS technology, the repeated
identification of known compounds by traditional separation
and purification methods is avoided, which is conducive to
saving resources, increasing the discovery probability of new
compounds, and effectively improving work efficiency. It
provides ideas and methods for the basic research and new
drug development of traditional Chinese medicine and other
complex substrates.

Supporting Information
The chemical structures of the 32 reference substances
can be seen in the Supporting Information (►Fig. S1

[online only]).
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