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a b s t r a c t

Acetophenones in Cynanchum species, especially cynandione A and its derivatives, whose utilization and
toxicity in herbal drugs and folk medicines has caused great interest in the chemical investigation, have
extensive biological activities. In this paper, a facile method based on high-performance liquid chromatog-
raphy coupled with electrospray ionization tandem mass spectrometry (HPLC-ESI-MSn) was developed
for the analysis of cynandione A derivatives in the roots of the Cynanchum wilfordii and C. auriculatum.
ESI-MS/MS and ESI-MSn analysis of cynandiones A and B in negative ion mode were firstly performed
employing two mass spectrometers each equipped with an ion-trap and a quadrupole time-of-flight (Q-
TOF) mass analyzer. The results drawn from both instruments were similar to each other. Characteristic
fragmentation pathways were proposed by comparing the spectra of two standards acquired in the exper-
iments. The fragment ions at m/z 283 and 268 were obtained, and then were used as diagnostic ions to
screen and identify cynandione A derivatives from the roots of above two species, together with an HPLC-
MSn method. Total of 28 cynandione A derivatives comprising 4 reported and 24 novel components were

identified or tentatively identified. Furthermore, breakdown curves were constructed to distinguish two
types of isomers among these compounds. To our knowledge, this is the first report on characterization of
acetophenones by HPLC-ESI-MSn, which allows a rapid and complete analysis of cynandione A derivatives

ecies.
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. Introduction

The genus Cynanchum, including about 200 species, are
idespread in the world [1]. Most Cynanchum species have been
sed in folk medicines for the prevention and treatment of various
ypes of diseases, such as curing snakebites, rheumatic arthritis and
umors. Owing to various bioactivities of Cynanchum species, the
ioactive ingredients have been widely explored in many studies
2–4]. It was demonstrated that acetophenones, mainly cynandione
and its derivatives, had properties of hepatoprotective, neuropro-

ective and anti-tumor activities [2,5,6]. In view of the importance

f acetophenones, it is useful to explore efficient methods to aid in
he structural elucidation and characterization of these bioactive
ompounds from the complex extracts of Cynanchum species.
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In the analysis of acetophenones, most efforts focused on the
identification of the pure compounds isolated from Cynanchum
species using UV, IR NMR and MS techniques [6,7–9,14]. Since the
information provided by UV and IR spectroscopy is not enough
to elucidate the structures of these compounds, NMR is usu-
ally used for the structural characterization of acetophenones.
However, this technique requires large amounts of purified sam-
ples. Mass spectrometric techniques were used as an alternative
and complementary method to NMR in natural product analysis.
Although the electron ionization (EI) mass spectra and desorp-
tion chemical ionization (DCI) mass spectra of acetophenones
have been reported [7,15,16], these methods only provide lit-
tle structural information on purified acetophenones. Recently,
high-performance liquid chromatography coupled with electro-
spray ionization tandem mass spectrometry (HPLC-ESI-MS/MS)
presents a convenient method for the on-line identification of

various natural products and biological matrix because it can
provide high sensitivity and considerable structural information
with relatively short analysis time and low amount of samples
[10–13]. But up to now, no systematic study via HPLC-ESI-MSn

for a complete structural characterization of cynandione A and

http://www.sciencedirect.com/science/journal/07317085
http://www.elsevier.com/locate/jpba
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ts derivatives from the extracts of Cynanchum species has been
eported.

Herein, the fragmentation mechanisms of two representative
cetophenones, cynandiones A and B, were investigated in detail
sing ESI tandem mass spectrometry equipped with an ion-trap (IT)
nd a quadrupole time-of-flight (Q-TOF) instruments. The fragmen-
ation pathways and diagnostic fragment ions were obtained. On
he basis of these structural information, an HPLC-ESI-MSn method
as developed for on-line identifying cynandione A derivatives

n root extracts of Cynanchum wilfordii and C. auriculatum which
ave been used as a folk medicine (named Bai-shou-wu) in China

or their anti-tumor, anti-inflammatory and anti-aging properties
1,14]. Except 4 reported, 24 compounds were presumed to be new
cetophenones. Moreover, breakdown curves were constructed to
iscriminate isomers among these 28 substances, and the results
howed that both positional isomers and chiral isomers investi-
ated could be differentiated obviously. To our knowledge, this
s the first report on the characterization of acetophenones by
PLC-ESI-MSn, which allows a rapid, selective and sensitive for the
ffective analysis of cynandione A derivatives in roots of Cynanchum
pecies.

. Experimental

.1. Chemicals and reagents

HPLC-grade acetonitrile (ACN) and methanol (MeOH) were
urchased from Tedia Company Inc. (Fairfield, OH, USA). Cynan-
iones A and B were isolated from the roots of C. auriculatum.
heir structures were fully identified by NMR, MS spectroscopy.
eionized water purified by a Millipore Milli-Q system (Bedford,
A, USA) was used throughout the experiment. Other solvents
ere of analytical grade. Standard solution of cynandiones A and
with concentration of 1 mg/mL was prepared by dissolving

ach sample in 80% MeOH/H2O and stored at −20 ◦C for analy-
is.

.2. Materials

The dried root tubers of C. wilfordii and C. auriculatum were
ollected from Huanren, Liaoning Province and identified by
rofessor Han-ming Zhang (School of Pharmacy, Second Mili-
ary Medical University). Voucher specimens were deposited in
epartment of Pharmacognosy, Second Military Medical Univer-

ity.

.3. Sample preparation procedures

The dried root tubers of C. wilfordii (17 kg) were ground and then
xtracted three times with 95% ethanol under reflux, each time for
h. And total of the ethanol extract was evaporated in vacuum. The

esidue (2 kg) was suspended in water, and then partitioned succes-
ively with petroleum ether, CHCl3, EtOAc and n-BuOH. Part of the
tOAc extract (110.4 g) was subjected to a silica gel column chro-
atography (silica gel CC, 110 cm × 12 cm), gradient eluted with

HCl3/MeOH (100:1,1:3, v/v) to give eight major fractions. Frac-
ion 2 (19 g) was rechromatographed on a silica gel CC, eluting with
HCl3/MeOH from the ratio of 60:1 (v/v) to 15:1 (v/v) to obtain
ompound 27 (53.5 mg).
The EtOAc extract of C. auriculatum was obtained in the same
ay as above-mentioned for C. wilfordii.

Each of the EtOAc extracts (5 g) of C. wilfordii and C. auriculatum,
oth contain acetophenones, was dissolved in 10 mL of methanol
nd passed through a 0.45 �m filter prior to HPLC-ESI-MSn analy-
is.
Biomedical Analysis 49 (2009) 715–725

2.4. Liquid chromatography mass spectrometry

HPLC separations were done on a HP 1100 Series HPLC system.
The separations were carried out on a C18 RP column (TSKgel ODS-
100Z, 150 mm × 4.6 mm ID, 5 �m; Tosoh, Japan) at 35 ◦C. The mobile
phase consisted of ACN and water, with a linear gradient from 30%
to 100% ACN in 60 min. The flow rate was 0.8 mL/min and the split
ratio to the mass spectrometer was 2:1. The volume injected was
10 �L.

For LC-ESI-MSn experiments, an Agilent-1100 HPLC system cou-
pled with a LC/MSD Trap XCT ESI mass spectrometer (MA, USA)
was employed. The following conditions were applied in all exper-
iments: negative ion mode; collision gas, ultra-high-purity helium
(He); nebulizer gas, high-purity nitrogen (N2), 35 psi; drying gas
(N2), 10 L/min; drying temperature, 350 ◦C; HV voltage, 4.5 kV; mass
range, m/z 50–1200, compound stability, 100%; trap drive level,
100%; collision energy (Ampl), 30–120%; smart fragmentation, on.
Data-dependent MSn scanning was used in negative ion mode so
that the most abundant ions in each MS scan were selected and
subjected to ion-trap mass spectrometric (MSn, n = 2–5) analyses.

2.5. MSn analysis of standards

The conditions for IT-MS experiments were similar to those for
LC-ESI-MSn experiments. Collision energy (Ampl) was raised until
the relative intensity of the precursor ion dropped to approximately
20% (achieved at 40–120%, smart fragmentation, off).

Q-TOF-MS experiments were performed on a Micromass Q-TOF
MicroTM (Waters MS Technologies, Manchester, UK), equipped with
ESI interface (voltage set to 2.5 kV). The CID mass spectra were
recorded under collision energies of 25 V for the investigated com-
pounds; the collision gas argon was at a pressure of 3.0 × 10−5 Torr.

Pure compounds were injected into each spectrometer at a flow
rate of 6 �L/min using an external syringe pump.

2.6. NMR

NMR experiments were performed on a Bruker DRX-600 spec-
trometers (Bruker, Rheinstetten, Germany) equipped with an HX
inverse probe (1H: 600 MHz; 13C: 150 MHz). Sample was dissolved
in CDCl3 with TMS as internal standard.

3. Results and discussion

Two acetophenones, cynandione A and its derivative, cynan-
dione B, were studied so that the fragmentation patterns of this
group could be verified. Fig. 1 shows the structures of the inves-
tigated molecules, they contain at least two phenolic hydroxyl
groups, which make them predestined for electrospray ionization
in negative ion mode.

The product ion spectra of the two acetophenone standards were
obtained from the IT instrument and also acquired on the Q-TOF
analyzer for further interpreting fragment structures and routes.
The results are shown in Figs. 2 and 3. However, there are some obvi-
ous differences observed between the MS/MS spectra obtained by
the two instruments. The probable reason for the differences from
the two MS/MS spectra may be that the ion activation techniques
on the Q-TOF and IT instruments are different.

3.1. Fragmentation behavior of cynandione A
Both Q-TOF-MS/MS and ESI-IT-MS/MS spectra of cynandione A
are shown in Fig. 2. Although the main fragment peaks occur both
in IT-MS/MS and Q-TOF-MS/MS, the spectra look remarkably differ-
ent (Fig. 2 and Table 1). The fragment ions at m/z 217, 199, 189, 149
and 109 are only detected in Q-TOF-MS/MS. Fragment ion at m/z
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Fig. 1. Structures of investigated compounds.
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Fig. 3. Negative-ion ESI tandem mass spectra of cynandione B: (a) Q-TOF-MS/MS
and (b) IT-MS/MS.

Table 2
Accurate masses and assigned elemental compositions of major fragment ions
observed for cynandiones A, B and E.

Compounds Proposed
formula

Measured
mass

Calculated
mass

Error (ppm)

Cynandione A

C16H11O5
− 283.0589 283.0606 −6.0

C15H8O5
− 268.0347 268.0372 −9.3

C14H11O5
− 259.0577 259.0601 −9.3

C8H7O3
− 151.0403 151.0395 5.3

Cynandione B
C16H11O5

− 283.0625 283.0606 6.7
C15H8O5

− 268.0384 268.0372 4.5
C15H12O4

− 256.0714 256.0736 −8.6

−

Table 3), yielding the final product ion at m/z 199 due to consecutive

T
E

C

C

C

ig. 2. Negative-ion ESI tandem mass spectra of cynandione A: (a) Q-TOF-MS/MS
nd (b) IT-MS/MS.

51 represents the base peak in Q-TOF-MS/MS, whereas it is a rela-
ively weak signal in IT-MS2–5. Other ions are observed in both types
f spectra. Based on these tandem mass spectral data, three main
ragmentation pathways of cynandione A are proposed as shown in

cheme 1. Furthermore, these assignments are supported by high-
esolution Q-TOF tandem mass measurements and high-resolution
S2 data of cynandione A together with those of its derivatives
hich are listed in Table 2.

able 1
SI-CID-MS/MS of cynandiones A and B in negative mode.

ompound Precursor ion Major fragment ions (% of b

IT-MS/MS

ynandione A 301 301 (41), 284 (16), 283 (100

ynandione B 567 567 (3), 565 (3), 284 (15), 2
Cynandione E

C18H13O6 325.1674 325.1651 7.1
C18H11O5

− 307.0655 307.0665 −3.2
C16H11O5

− 283.0597 283.0606 −3.2
C15H8O5

− 268.0385 268.0372 4.9

The fragment a (m/z 283), arising from the elimination of H2O
from the deprotonated molecule, represents the most prominent
fragment ion both in IT and Q-TOF-MS/MS. Therefore, the fragmen-
tation process leading to loss of water molecule (Scheme 1) is the
most facile pathway. Such a fragment is found for all investigated
acetophenones and plays an important role in further fragmen-
tation pathways (Schemes 1 and 2). Loss of radical methyl group
(−15 Da) from ion a led to key ion at m/z 268 [a−•CH3]

•−, and
this fragmentation route was also observed in EI-MS and DCI-MS
[7,15,16]. However, the further fragmentation of the [a−•CH3]

•− ion
did not present in EI and DCI mass but occur both in IT as well
as Q-TOF tandem mass. The product ions at m/z 240 and m/z 225
observed in both types of spectra can be explained by the loss of CO
(−28 Da) from [a−•CH3]

•− ion, followed by a methyl radical loss.
Additionally, the product ion spectra (Fig. 2) also show that the
product ion of m/z 284 (a′) due to loss of •OH group from [M−H]−

ion was also detected by both instruments. This ion then under-
went a similar fragmentation route as that of ion a (Scheme 1 and
losses of •CH3 radical, CO and •COCH2 group (Scheme 1).
The fragment b (m/z 259) with the elemental composition of

[C14H11O5]− can be interpreted by the loss of an acetyl group
(−42 Da) from the [M−H]− ion. This fragmentation pathway has not

ase peak)

TOF-MS/MS

), 259 (21),151 (4) 301 (9), 284 (25), 283 (90), 269 (10), 268 (50),
259 (68), 240 (7), 241 (18), 217 (15), 189 (15),
151 (100), 149 (51), 109 (8)

83 (100), 268 (33) 567 (12), 284 (23), 283 (100), 268 (8), 256 (5)
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Scheme 1. The proposed fragmentation pathway for cynandione A.

Scheme 2. The proposed fragmentation pathways for both cynandiones B and E.

Table 3
ESI-MS3–5 spectral data of cynandiones A and B.

Compound Major fragment ions (% of base peak)

MS3 MS4 MS5

Cynandione A 283 (8), 269 (9), 268 (100) 268 (3), 241 (6), 240 (100) 240 (100), 225 (33)

Cynandione B 283 (17), 269 (10), 268 (100) 268 (90), 240 (100), 225 (9) 240 (100), 212 (90)
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een reported previously [8]. The acetyl group loss probably occurs
t C2 position due to �-cleavage followed by H-atom transfer com-
ng from C8. The ion b did not undergo further fragmentation in
T-MS2–5, whereas in Q-TOF CID MS/MS (Fig. 2a), this species gave
ise to fragment ions at m/z 217 and 189 due to consecutive losses
f •COCH2 group and an H2O molecule, respectively (Scheme 1).

In addition to these general trends, a characteristic fragmenta-
ion route, which leads to product ion c (m/z 151) with the formula
C8H7O3]−, was observed that was probably related to the cleavage
f the bridging single C1 C1′ bond between two aromatic rings. It
s noteworthy that series fragments resulted from the fragmenta-
ion of ion c in Q-TOF-MS/MS spectrum such as m/z 149 [c−2H]−,
21 [c−2H−CO]− and 109 [c−•COCH2]

•− did not present in IT-MS2–5

Fig. 2 and Table 3). These results can be explained as that the inten-
ity of ion at m/z 151 produced in IT-MS/MS was too weak to be
urther detected for fragmentation. On the contrary, these fragmen-
ation behaviors have not been observed previously [7,15,16].

.2. Fragmentation behavior of cynandione B

A comparison between the daughter ion spectra of cynandione
obtained using Q-TOF and IT-MS/MS (Fig. 3) shows that almost

ll the fragments were observed in both spectra (Table 1); the only
xception was the ion at m/z 256 that was observed only in the Q-
OF-MS/MS spectrum (Fig. 3a) attributed to loss of CO from ion at
/z 284 (Scheme 2). However, it is worth noting that, with this one

xception, all fragment ions appear in a single ESI-MS/MS spec-
rum obtained using Q-TOF mass spectrometer, while the same
ata could be obtained by using the IT in five different and easily

nterpretable MSn spectra (Tables 1 and 3).
The prominent fragment ion at m/z 283 in both IT and Q-TOF-

S/MS spectra was formed due to dimer cleavage without leaving
ny functional groups (Scheme 2). This ion then gave the same frag-
entation pattern as displayed for cynandione A, and produced the

roduct ions at m/z 268 and m/z 240. It is worthy of mention that the
ragment ion at m/z 240 in MS5 spectrum of cynandione B favored
oss of CO to generate product ion at m/z 212 (Scheme 2 and Table 3),

hereas, the favored fragmentation step of the m/z 240 ion in MS5

pectrum of cynandione A was methyl radical elimination resulting
n a strong signal at m/z 225 (Scheme 1 and Table 3).

.3. Identification of acetophenones from C. wilfordii and C.
uriculatum

The HPLC-MS chromatograms of standard mixture and both
xtracts of C. wilfordii and C. auriculatum are shown in Fig. 4. As
entioned above, the MSn spectra of cynandiones A and B were

ominated by the m/z 283 and m/z 268 ions, arising from consec-
tive losses of an H2O molecule and a methyl group. As shown in
ig. 4c and f, the extraction ion chromatograms (EICs) acquired from
xtract ion scanning of 283 of the C. wilfordii and C. auriculatum
xtracts are similar to the corresponding base peak chromatograms
BPCs) (Fig. 4b and e), but only peaks from acetophenones that
erived from cynandione A are observed. In contrast, the signals
f the similar peaks in the profiles acquired from extract ion scan-
ing of 268 (Fig. 4d and g) are also similar to corresponding BPCs.
herefore, tandem mass spectrometry with extract ion scanning
f 283, in combination with extract ion scanning of 268 that con-
rms that the compounds are indeed derived from cynandione A,
rovides a useful means for sensitive detection of acetophenone
pecies derived from cynandione A in mixtures.
As shown in Fig. 4 and Table 4, at least 28 derivatives of cynan-
ione A, including two reference standards, were detected from
he root extracts of C. wilfordii and C. auriculatum by using HPLC-
SI/MSn method. Among them, only cynandione A has previously
een reported from C. wilfordii [5]. And other compounds were
Fig. 4. HPLC-ESI/MS chromatograms in the negative ion mode: (a) base peak chro-
matogram (BPC) of standards mixture; (b) BPC, (c) extract ion chromatogram (EIC)
of 283 and (d) 268 of ethyl acetate extract of C. wilfordii roots; (e) BPC, (f) EIC of 283
and (g) 268 of ethyl acetate extract of C. auriculatum roots.

reported from this species for the first time and were identified
or tentatively characterized based on their tandem mass spectra of
the EIC peaks. While for C. auriculatum, this study can be consid-
ered as the first information on the composition of acetophenones
in this species since no previous studies on isolation of acetophe-
nones from C. auriculatum has been published. Furthermore, among
detected acetophenones, compounds 1, 6, 7, 10, 13–23 and 28 were
not detected in C. auriculatum, while compounds 9 and 26 were not
observed in C. wilfordii.

3.3.1. Identification of compounds 2, 4, 5, 10, 20, 25 and 26
4 and 25 represented major acetophenones of the two plants.

They could unambiguously be identified as cynandiones A and B,
respectively, by comparison of their retention times and MSn data
with those of pure standards (Tables 1, 3 and 4). Compounds 2 and 5
showed similar fragmentation behaviors as for cynandione A, thus
were deduced as derivatives of cynandione A. Compound 2 seen
with RPLC-ESI-MS eluted ahead of cynandione A and had a molecule
weight of 346 amu. Fragmentation pattern and its relative retention
suggested that this compound was a carboxyl derivative of cynan-
dione A. Similarly, compound 5 was tentatively characterized as
di-cynandione A. In addition, another two minor compounds (10
and 26) have similar fragmentation patterns with those of cynan-
dione B. The [M−H]− ions of them were observed at m/z 583 and 551,
respectively. The mass difference between each of them and cynan-
dione B is 16 Da, presuming the former has one more hydroxyl group

whereas the latter possesses one less hydroxyl group than cynan-
dione B. Accordingly, 10 and 26 were ascribed as hydroxylated and
dehydroxylated derivatives of cynandione B, respectively.

Compound 20 exhibited [M−H]− ion at m/z 403, which was
88 Da greater than that of cynanchone A (MW 316) [2,8]. Its MS2–4
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Table 4
Identification of acetophenones from the ethyl acetate extracts of Cynanchum species.

Peak number Retention time (min) Assigned identity [M−H]− (m/z) HPLC/ESI-MSn (% of base peak)

1 4.4 Cynandione A-O-glycoside 463 MS2[463]: 301 (100), 284 (15), 283 (62), 268 (5)
MS3[463 → 301]: 284 (9), 283 (100), 259 (14);
MS4[463 → 301 → 283]: 268

2 6.4 Carboxyl-cynandione A 345 MS2[345]: 328 (16), 327 (100), 301 (2), 284 (3),
283 (15)
MS3[345 → 327]: 284 (10), 283 (100), 270 (9),
268 (62)
MS4[345 → 327 → 283]: 268 (59), 241 (100),
193 (6), 181 (6)

3 6.9 Cynandione A-O-pentosylglycoside 613 MS2[613]: 595 (100), 571 (86), 451 (44), 409
(32)
MS3[613 → 595]: 551 (26), 433 (100), 283 (13)
MS4[613 → 595 → 433]: 415 (7), 391 (100), 284
(9), 283 (93), 269 (98), 241 (9), 226 (4), 213 (64)

4 7.3 Cynandione A 301 MS2[301]: 284 (12), 283 (100), 259 (13), 151 (2)
MS3[301 → 283]: 269 (60), 268 (100), 240 (2);
MS4[301 → 283 → 268]: 241 (5), 240 (100)

5 13.1 Di-cynandione A 601 MS2[601]: 584 (26), 583 (100), 559 (12)
MS3[601 → 583]: 566 (10), 565 (62), 541 (26),
523 (15), 301 (84), 300 (12), 299 (92), 298 (17),
297 (84), 284 (75), 284 (75), 283 (100), 269
(32), 268 (12)
MS4[601 → 283 → 268]: 268 (100), 241 (83),
228 (12)

6 13.2 Isomer of cynandione B-O-pentoside 717 MS2[717]: 699 (100), 567 (3), 433 (76), 391 (3),
283 (29), 268 (9)

7 13.6 Unknown 557 MS2[557]: 539 (6), 458 (24), 457 (89), 455 (4),
301 (2), 284 (13), 283 (100), 269 (5), 268 (35)
MS3[557 → 283]: 283 (6), 269 (9), 268 (100),
239 (3)
MS4[557 → 283 → 268]: 240 (100), 225 (37),
212 (24)

8 15.2 Cynandione A-O-pentoside 451 MS2[451]: 434 (22), 433 (100), 409 (37), 300
(3), 299 (19), 255 (2), 151 (2)
MS3[451 → 433]: 418 (100), 298 (14), 297 (14),
283 (13), 269 (9)
MS4[451 → 433 → 418]: 401 (17), 390 (9), 375
(20), 374 (17), 284 (17), 283 (100), 255 (44)

9 15.6 Unknown 527 MS2[527]: 509 (27), 491 (11), 477 (32), 385
(27), 301 (2), 284 (12), 283 (100), 281 (13), 268
(17)
MS3[527 → 283]: 268 (100), 241 (10), 240 (9),
237 (11)

10 16.5 Hydroxyl-cynandione B 583 MS2[583]: 566 (6), 565 (11), 556 (28), 555
(100); MS3[583 → 555]: 513 (100), 445 (32)
MS4[583 → 555 → 513]: 471 (91), 469 (100),
451 (38), 425 (29), 284 (4), 283 (36), 268 (6),
241 (12) MS5[583 → 555 → 513 → 469]: 451
(19), 427 (100), 425 (87)

11 19.4 Cynandione A-O-pentoside 451 MS2[451]: 433 (100), 409 (31), 301 (3), 283 (4)
MS3[451 → 433]: 418 (9), 415 (4), 298 (25), 297
(46),283 (100), 270 (22), 269 (97), 254 (16), 241
(7)
MS4[451 → 433 → 283]: 254 (100), 241 (12),
239 (10)

12 19.8 Anhydro derivative of cynandione A 283 MS2[283]: 283 (3), 269 (9), 268 (100), 239 (3)
MS3[283 → 268]: 268 (51), 241 (12), 240 (72),
225 (100), 212 (11)

13 20.5 Chiral isomer of cynandione B 567 MS2[567]: 284 (17), 283 (100), 269 (5), 268
(22), 241 (2), 240 (5)
MS3[567 → 283]: 283 (9), 269 (9), 268 (100),
239 (2)
MS4[567 → 283 → 268]: 268 (13), 241 (4), 240
(100), 225 (2)
MS5[567 → 283 → 268 → 240]: 184 (100)

14 21.6 Isomer of cynandione B-O-pentoside 717 MS2[717]: 699 (100), 433 (43), 283 (21), 268 (8)
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Table 4 (Continued )

Peak number Retention time (min) Assigned identity [M−H]− (m/z) HPLC/ESI-MSn (% of base peak)

15 22.3 Isomer of Cynandione E 565 MS2[565]: 547 (4), 521 (2), 284 (9), 283 (100),
268 (13)
MS3[565 → 283]: 283 (5), 282 (4), 269 (7), 268
(100), 239 (5)

16 22.5 Isomer of cynandione B-O-pentoside 717 MS2[717]: 699 (100), 433 (4), 283 (11), 268 (4)

17 24.5 Anhydro derivative of cynandione A 283 MS2[283]: 283 (5), 269 (6), 268 (100), 239 (4)
MS3[283 → 268]: 268 (100), 240 (29), 226 (6),
225 (60), 212 (18), 209 (14)
MS4[283 → 268 → 225]: 197 (100)

18 25.4 Cynandione B-O-pentoside 717 MS2[717]: 699 (79), 433 (100), 283 (33), 268 (9)

19 27.3 Isomer of Cynandione E-O-pentoside 715 MS2[715]: 697 (100), 673 (53), 655 (42), 633
(23), 565 (6), 431 (34), 307 (6), 283 (39), 268
(22), 240 (3)

20 27.9 Dicarboxyl cynanchone A 403 MS2[403]: 284 (12), 283 (100), 268 (21), 257
(9), 256 (39)
MS3[403 → 283]: 269 (8), 268 (100);
MS4[403 → 283 → 268]: 239 (100)

21 29.2 Cynandione E-O-pentoside 715 MS2[715]: 715 (9), 698 (33), 697 (56), 565 (2),
431 (84), 283 (100), 268 (41)
MS3[715 → ]: 268 (100), 239 (2)

22 29.7 Isomer of Cynandione E-O-pentoside 715 MS2[715]: 715 (14), 698 (51), 697 (100), 431
(62), 417 (14), 283 (90), 268 (43), 257 (7), 225
(2)

23 30.4 Chiral isomer of cynandione B 567 MS2[567]: 284 (11), 283 (100), 269 (4), 268 (20)
MS3[567 → 283]: 283 (5), 269 (4), 268 (100),
239 (3)
MS4[567 → 283 → 268]: 240 (100)

24 31.9 Chiral isomer of cynandione B 567 MS2[567]: 284 (12), 283 (100), 269 (2), 268
(24), 240 (2)
MS3[567 → 283]: 283 (5), 269 (8), 268 (100),
237 (2)
MS4[567 → 283 → 268]: 268 (2), 241 (2), 240
(100), 225 (12), 212 (2)

25 32.6 Cynandione B 567 MS2[567]: 284 (12), 283 (100), 269 (2), 268 (25)
MS3[567 → 283]: 283 (5), 269 (9), 268 (100),
239 (2)
MS4[567 → 283 → 268]: 268 (10), 251 (20), 241
(15), 240 (100), 225 (7)

26 37.0 Dehydroxy-cynandione B 551 MS2[551]: 284 (16), 283 (100), 269 (10), 268
(48)
MS3[551 → 283]: 269 (7), 268 (100), 239 (4)

27 37.3 Cynandione E 565 MS2[565]: 547 (4), 521 (4), 307 (10), 284 (13),
283 (100), 281 (5), 269 (6), 268 (21)
MS3[565 → 283]: 283 (3), 269 (12), 268 (100),
239 (4)
MS4[565 → 283 → 268]: 268 (71), 240 (53), 225
(100)

28 38.0 Isomer of Cynandione E 565 MS2[565]: 547 (4), 521 (3), 307 (7), 284 (11),
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pectra gave a list of abundant ions at m/z 283, 268 and 239, which
ere obviously the characteristic ions of both cynandione A and

ynanchone A [8]. Thus compound 20 should possess two more
arboxyl groups than cynanchone A. Hence, compound 20 was ten-
atively identified as dicarboxyl cynanchone A.

.3.2. Differentiation of isomers 12, 13, 15, 17, 23, 24, 25, 27 and
8

Two compounds (12 and 17) in both BPC and EIC exhibited
M−H]− ions at m/z 283, a decrease of 18 Da than that of cynan-
ione A. Their MS2 and MS3 spectra are almost the same, which
ave prominent ions of m/z 268, m/z 240 and m/z 225 (Table 4),
onsistent with the major fragmentation pathway of cynandione
283 (100), 281 (5), 269 (3), 268 (16)
MS3[565 → 283]: 283 (6), 282 (3), 269 (5), 268
(100), 239 (3); MS4[565 → 283 → 268]: 225
(100)

A. Using this information together with the differences of molec-
ular weights between each of them and cynandione A, we present
proposals for identifications of these two new acetophenones, i.e.,
anhydro derivatives of cynandione A. One of them may be produced
by the dehydrolysis reaction between C6 OH and C2′ OH on the
structure of cynandione A, forming a stable structure as shown in
Scheme 1a, and the other is most probably its positional isomer.

In addition, three chiral isomers of cynandiones B, C and D were

isolated from C. taiwanianum [8], and their absolute configurations
were assigned as 7R; 7′′S, 7S; 7′′S and 7R; 7′′R, respectively [17].
However, the structure of cynandione B bears two chiral centres
(Scheme 2), it should thus give rise to four possible stereoisomers
that exist as two pairs of geometric isomers. In this study, the EIC
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Fig. 5. Extract ion chromat

canning for the parent ion at m/z 567 revealed four peaks eluting
t 20.5 min (13), 30.4 min (23), 31.9 min (24) and 32.6 min (25) with
imilar fragmentation patterns (Fig. 5), suggesting that cynandione
and its chiral isomers coexist in C. wilfordii.

Meanwhile, product-ion analysis showed three isomeric struc-
ures for the ions at m/z 565 eluting from 22.3 min (15), 37.3 min (27)
nd 38.0 min (28), respectively. The major ions obtained in MS2–5

pectra of these three compounds were similar to those of cynan-
ione B (Table 4), even though a decrease of 2 Da when compared
o the molecular weight of cynandione B. Based on the above evi-
ences, 15, 27 and 28 were deduced as the oxidation derivatives of
ynandione B. The oxidation reaction may occur at phenol hydroxyl
roups. However, there are five phenol hydroxyl groups in the struc-
ure of cynandione B. The oxidation reactions at C6′ OH, C2′′ OH
nd C2′′′ OH may not easily occur due to generating compounds
f olefine ketone ( C C O) which are labile. Therefore, C3 OH
nd C6 OH may be the most favorable positions for the oxidation
eaction to form para-benzoquinone which is relatively stable. The
utlined structure for these compounds could be assigned as shown
n Fig. 1.

The product ion spectra of the [M−H]− ions of above-mentioned
ompounds did not show any fragmentation patterns which, upon
isual inspection, allowed isomeric compounds to be differenti-
ted. Therefore, we attempt to discriminate these isomers via the
reakdown curves constructed by collision energy versus relative

ntensity of selected fragment ions. Through evaluating break-
own curves, information on fragmentation mechanisms such as

dentification of isomers and tautomers; distinguishing between
ompetitive and consecutive fragmentation pathways as well as the
tability of product ions, can be obtained [18–21].

12 and 17 were ascribed as positional isomers and their break-
own curves are shown in Fig. 6. The fragment ion at m/z 239 by

oss of 44 Da (−•C2H4O) from precursor ion [M−H]− at m/z 283
as minor peak in MS2 spectrum of each compound. However, the

urves for the formation of the ion at m/z 239 for these two com-
ounds showed different shapes and appearance energies which

ndicated they were formed by different mechanism. Meanwhile,
ollisional spectra put in evidence that •C2H4O group loss was ener-
etically more favorable for compound 17. In fact, the energy for the
ormation of the m/z 239 ion with highest relative abundance was at

.4 V for 17 and 0.9 V for 12. Consequently, it is proposed that these
wo positional isomers can be differentiated by their breakdown
urves.

The breakdown curves of 13, 23, 24 and 25 (Fig. 6) were
lso investigated with little differences observed. These four com-
(EIC) scanning of m/z 567.

pounds produced two fragment ions in MS2 experiment except for
the base peak at m/z 283. Although in low intensities, the m/z 284
and 263 ions for 13, 23, 24 and 25 displayed different breakdown
curves. Breakdown curves of the former two compounds showed
the different shapes and appearance energies in low collision
energy regions (0.2–0.4 V). The latter two also presented similar
phenomena. Whereas at increasingly higher energies (0.5–1.2 V),
curves for 13 and 25 possessed similar breakdown potential. How-
ever, the breakdown curves for 13 and 24 are remarkably different,
similar phenomena were presented in 23 and 24 as well as in 23
and 25. Therefore, it can be deduced that the breakdown curves
were useful for differentiation of these four chiral isomers. Simi-
lar observations were made for isomers 15, 27 and 28. Accordingly,
these three compounds might be deduced as the stereochemical
isomers, with stereochemical differences in C7 and C7′′ positions.
However, the exact structures of these compounds and differenti-
ation of chiral isomers via the relationships between breakdown
curves need further investigations.

3.3.3. Identification of O-glycosides 1, 3, 6, 8, 11, 14, 16, 18, 19, 21
and 22

Previous studies on some Cynanchum species have shown
the presence of acetophenone hexosides [22]. The aglycones
included two isomers, 2,4-dihydroxyacetophenone and 3,4-
dihydroxyacetophenone, the sugar moieties belong to glucose.
In the present study, HPLC-ESI-MSn analysis of the extracts
also showed five glycosylated acetophenones in the two inves-
tigated Cynanchum species. Among them, compounds 1, 3, 8
and 11 bear the same aglycone which exhibited the same frag-
mentation pattern as that of cynandione A. For compound 3,
consecutive loss of a hexose (glucose or galactose) (−162 Da)
and a pentose (arabinose, xylose or lyxose) residue with reten-
tion of the glycosidic oxygen atom (−150 Da), was detected.
Fragment ion at m/z 451, by loss of 162 Da from deprotonated
ion at m/z 613, suggested the terminal glucose residue. Conse-
quently, the disaccharide sequence of 3 was hexose–pentose–(m/z
613 → 451 → 433 → 283). Based on the fragmentation behaviors
and literature data, 3 was tentatively identified as cynandione
A-O-pentosylglucoside. Similarly, 1 was assigned as cynandione A-
O-glucoside, and another two compounds (8 and 11) with [M−H]−
ion at m/z 451 were tentatively identified as cynandione A-O-
pentosides. Breakdown curves of the m/z 409 ion for 8 and 11
(Fig. 6) displayed different shapes and appearance energies indi-
cating that these two isomers can be promptly discriminated by
breakdown curves. The higher relative intensity of the m/z 409 ion
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Fig. 6. Breakdown curves of MS2 ions of co

howed that 11 fragmented to lose COCH2 group more easily than
did.
In the same way, four compounds (6, 14, 16 and 18) exhibiting
M−H]− ion at m/z 717 were tentatively identified as O-pentosides
f compounds 13, 23, 24 and cynandione B (25), respectively, on
he basis of their similar fragmentation characteristics and elution
rders. Similarly, 19, 21 and 22 with deprotonated ion at m/z 715
nds 8, 11, 12, 13, 15, 17, 23–25, 27 and 28.

were ascribed as O-pentosides of 15, cynandione E (27) and 28,
respectively.
3.3.4. Identification of 7 and 9
Both compounds 7 and 9 have similar fragmentation patterns.

The [M−H]− ions of them were observed at m/z 557 and 527, respec-
tively. The mass difference between 7 and 9 is 30 Da, presuming
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ig. 7. Negative-ion ESI-MSn spectra of cynandione E acquired on the both Q-TOF
nd IT instruments: (a) Q-TOF-MS/MS, (b) IT-MS2, (c) IT-MS3 and (d) IT-MS4.

hat 7 have one more methyloxyl group. These two compounds
nderwent fragmentation processes consistent with cynandione
, suggesting that 7 and 9 are derivatives of cynandione A. How-
ver, MSn experiments did not provide more efficient information
o help elucidate their structures and their exact structures need to
e confirmed by NMR in the future study.

.4. Isolation and structure determination of compound 27

To confirm the accuracy of the assignment procedure, the most
bundant novel compound 27 was isolated and characterized by
MR (see Supplementary Material for 1H and 13C resonances). The
H NMR spectral data suggested that compound 27 is a tetraace-
ophenone derivative. The 1H and 13C NMR spectra of compound 27
howed similar chemical shifts to those of cynandione B [9], except
hat C1–C6 of A ring exhibited significant downfield shifts which
ndicated a para-benzoquinone ring. The HMBC spectrum of 27 (see
upplementary data) showed similar correlations of ring A–D to
hat of cynandione B. Based on a theory of long-range heteronu-
lear coupling constants of H1 and C13 [23], HMBC experiments and
he vicinal coupling constants of 1H–13C correlations were applied
o determine the relative stereochemistry of 27. The novel com-
ound 27 was assigned as cynandione E, which was emphasized by
tructural information obtained from IT-MS2–4 and Q-TOF-MS/MS
Fig. 7). As can be seen from Fig. 7, the [M−H]− ion at m/z 565
howed similar fragmentation patterns to those of cynandione B,
xcept for ions of m/z 325, 307 and 265. The fragmentation routes
roposed for the prominent ion at m/z 283 agree with evidence
rom MS3 and MS4 experiments of cynandione B, showing that the
/z 283 ion has the same structure as that produced by [M−H]−

on of cynandione B (Scheme 2). The origin of m/z 325 ion was pre-
umed to be generated by the bond cleavages of C5′′ O, C6′′ C7′′ and
7′′ O, leading to the specific fragment ion as shown in Scheme 2.
his ion further underwent to loss of water molecule to produce
ragment ion at m/z 307. The generation of the product ion at m/z
65 was proposed as loss of water from the m/z 283 ion, and the
ragment ion at the m/z 256 producing in Q-TOF-MS/MS spectrum
Biomedical Analysis 49 (2009) 715–725

corresponded to CO loss from the m/z 284 ion. Most of above-
mentioned assignment were consistent with those supposed by
high-resolution Q-TOF tandem mass measurements (Table 2). The
above results showed that although the stereochemical information
of the compounds was not available by MS, the structural informa-
tion can be extracted from the MS spectra and proposals can be
given.

4. Conclusions

The Q-TOF-MS/MS and IT-MSn analysis in the present study
revealed that the major fragmentation reactions of the investigated
acetophenones consist of elimination of water, methyl radical and
CO as well as dimer cleavage. For cynandiones A and B, the ions
at m/z 283 and m/z 268 are the diagnostic fragment ions, which
could be used to detect derivatives of cynandione A in Cynanchum
species in combination with tandem mass spectral rules. Based on
these indicative data, total of 28 cynandione A derivatives were
identified or tentatively characterized from the EtOAc extracts of
C. wilfordii and C. auriculatum roots. Among them, a new tetraace-
tophenone was isolated and named cynandione E based on analysis
of its mass spectral data, NMR spectroscopic and NOE spectra. Fur-
thermore, positional isomers and chiral isomers investigated in this
study can be differentiated promptly by evaluation of their break-
down curves, though each group of them yields the same product
ions. Hence, the proposed HPLC-ESI-MSn method is simple and effi-
cient for rapidly screening and identifying cynandione A derivatives
in complex mixtures.
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