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Analysis on chemical composition of Farfarae Flos by UPLC-Q-TOF-MS

CHENG Xiao-ye, ZHANG Xia, LIAO Man, LIANG Cai-juan, DIAO Xin-peng, ZHANG Lan-tong
Department of Pharmaceutical Analysis, School of Pharmacy, Hebei Medical University, Shijiazhuang 050017, China

Abstract: Objective The chemical constituents in the methanol extract from Farfarae Flos were rapidly identified using
UPLC-Q-TOF-MS in positive and negative ion modes. Methods The analysis was performed on an Agilent Poroshell 120 EC-C g
chromatographic column (100 mm x 2.1 mm, 2.7 um). The mobile phase consisted of acetonitrile and 0.1% aq formic acid. In positive
ion mode, gradient elution: 0—1 min, 5%—17% B; 1—3 min, 17%—19% B; 3—14 min, 19%—44% B; 14—16 min, 44%—66% B;
16—26 min, 66%—87% B; 26—28 min, 87%—95% B; 28—33 min, 95% B. In negative ion mode, gradient elution: 0—2 min,
5%—14% B; 2—10 min, 14%—32% B; 10—15 min, 32% B. The flow rate was 0.4 mL/min, and the injection volume was 5 pL. The
information of the compounds was analyzed by positive and negative ion modes mass spectrum information, elements composition,
reference substance retention time or mass spectrum parameters of compounds in literature. Results Thirty-four compounds in
Farfarae Flos extracts were identified, combined with provided accurate molecular weight compounds by UPLC-Q-TOF-MS,
including 12 kinds of terpenoids, eight kinds of flavonoids, seven kinds of phenolic acids, two kinds of pyran compounds, one kind of
phenolic ketones, one kind of fat ketones, and three kinds of alkaloids. Conclusion The method provides the theory basis for quality
control and the clinical reasonable application and provides the reference for clarifying its efficacy material base.

Key words: Farfarae Flos; UPLC-Q-TOF-MS; terpenoids; flavonoids; caffeoyl quinic acid; alkaloids
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o R ARCORH R FH DY AT R IR AT IS TR BT
(UPLC-Q-TOF-MS) HA M #i%. mR AL mik
2 N TN = e 7 e R S W s R 5L 7 D e R i
WA T B, AR 2544 5 P2 B b BATRlRE ) A
B, AR ] UPLC-Q-TOF-MS H AR k&6 2544
FEH A2 O AT 43 AT, AR 1y o A5 S
SRR ARG SCIREAR LU, S ik A iR
YIRSy, WIHAATIHAES:, HAS R A0 Tk
ZUFREEATHEN, S/ s e e . PR
T, R IR AR AN R PR S R o
1 NES5RKH
1.1 ¢

Triple TOF™ 5600 % 55 /3 5 B4 (3E [
AB A HE] D SO 535 R 48 (Shimadzu
Nexera-X2 UHPLC system, H4); Agilent Poroshell
120 EC-Cs (438 4% (100 mmX2.1 mm, 2.7 pm);
IHTEAT: Peak View 2.2 (ZE[H Applied Biosystems
AT]); KQ-5200E AU A A CEA LT A A AT B
/~w]); Sartorius BT125D B HL1 K1 [F€ 2 ARl
AR AbRD HRA ]

1.2 X%

ST (FE5 100080-201408 ) LLiZs iy (it
5 110861-201310) # A& (4it5 11184-201303).
SEER (IS 110753-201415) ¥ A J E A 2
RS E T B o TR B 2 B R S B (e
FHAHD, ARSI KT 98%. &
i ZE R EE (2[E 1. T. Baker A F]); il FIR
Gl R AT R AR LRI K.

DR A A LTIk F R E, bRk
S e A 2 S AR T MR B 5 0T AR A TR
W4 Tussilago farfara L. [T AC .

2 FHiE
2.1 UPLC #&i &

Agilent Poroshell 120 EC-C g A4 (100 mm X
2.1 mm, 2.7 pm); VRBIAHN 0.1% T HKHFE (A) -
O (B)o FUili R IE B 7RI, (oulbf B pe b
AR 0~1min, 5%~17% B; 1~3 min, 17%~
19% B; 3~14 min, 19%~44% B; 14~16 min,

44%~66% B; 16~26 min, 66%~87% B; 26~28
min, 87%~95% B; 28~33 min, 95% B. ik
F A B 1), il el FE DE i 45 11 0 - 0~2 miin,
5%~14% B; 2~10 min, 14%~32% B; 10~15
min, 32% B. AR E 0.4 mL/min, #EFEE 5 uL.
2.2 MS i &4

IE B A S I B I8 (EST, IDA (+)
e BTFmiEHEE: 5500 V; XKiEHE (DP):
60 V; i B (CED: 35 eV i i it B4 E (CES):
15 eV; 546 (gas1): 60 kPa; B in#< (gas2):
65 kPa; "7y (CUR): 35 kPa; L FIiLE (TEMD:
550 ‘C; FAHivEHl (TOFMASSES): m/z 50~800.

B AR HUE 55 47 2 1R (ESI-), IDA (-)
i BT —4 500V, ZFEHE (DP): —60 V;
LR (CE): —25eV; ZAL (gasl): 60kPa; ffi
W< (gas2): 65kPa; “{fif (CURD: 35kPa; 2
WRNREE (TEMD: 550 C; 4347l (TOFMASSES):
m/z 50~800; flifFEEY e (CES): 15eV.
23 REMBRIBRNHE

Iy RRECE 22 WK T e A
RATAFNER AR 6 Flot) I Sl i, AN —E i)
HE, B P AL PR AR, FH 0.22 pm PlALIENE B
i, BRI REIRE N 0.5 mg/mL FITR A% Ak
WL 20 CTIRAE, #H.
24 HmiERRHE

PRIV 2R A e R G 4 508 1g, &
THEE DR =, IANHEE 20 mL, #5578,
AR 30 min, R BCE, pEL, HUERIEW, H
0.22 pm FRALIEREIEL, BIASFE
3 4R
31 RELUFERD DI

KH UPLC-ESI-MS XK &AM B o AT
SEMET, RS BB AE MRS SR IE B
THREA, IS T IR A PR 1 TR
Bi; (+) ESI-MS F1 (—) ESI-MS 5t s B i &
(TIC) WA 1. i#id UPLC-ESI-Q-TOF-MS #7551
A AL AR FE I ] (i) FITTRESS R,
G550 BT BAH DG STHR B R0 ELBEA T 44 27 1231
N, (+) ESI-MS B PRI ik S 2 R WA 1,
(—) ESI-MS 5K MR (P4 S 25 5 WK 2.
3.2 WEMRIRIL MBS IE
321 LAY (+) ESI-MS Jiit S ik

(1) THIET*: 1 N 3.626 min, 1E&E FHAR
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Fig. 1 Total ion current chromatogram in positive ion (A) and negative ion (B) mode for extract from Farfarae Flos

WSy 15 106k m/z 336 [M+H]", Jii2: necic acid
w4y, TR T HOERE (retronecine) FFAERE Fr
miz 138 [M+H—CoH1404]", JBi25 1 43T /KIE ek
HEWEF miz 120 [M+H—CoH40,—H,0]", Fifii 2
CoHy TERFFIEREF miz 94 [M+H—C oH,40,—H,0—
CoHL]"s WK 2-1. #REETCEAL T, %S5y
F20h C1sHasNOs, A3 i H i (i 336.180 55,
SEIE 336.180 77, %K 0.6X10°°, 4 SCHkIR
YA AT BT, HHX S TR N
335, BN ZA AP R T 16T

(25 [T HOGHE: 1 537924 3.821 F114.305 min,
1B PR R 7 3 Il miz 366 [M+H]',
2= necic acid #74), FEHK otonecine FFERE /- miz
168 [M+H—CoH1404]"5 Wi 2 1 43T IK A BAFAE i
Jm/z 150 [M+H—C,oH,0,—H,0]", F/iiZ: Cco
T AR AERE T m/z 122 [M+H—C;oH404—H,0—

COY", X 2 MBI T S — 20, 433 I
Kl 2-2. 2-3, MRAEICERAE T, e 3
A C1oHasNOg, XS 731 it PR A 366.191 11, SE
TAE 559 K 366.191 45 F1366.191 44, iRZ=HN
0.9X10°°, & LRI W AAE 1 A7AE 70 G T HLG
B, HAPAER 73 Sepatae, JLAEXT o> 7 i34 0 365,
DR AR 206 A5 0 ) B A e BT BB  — Xt [+]
pa s (AL

(3) tussfarfarin A: R 4 5.997 min, 1F 5745
X NUES T3 &y miz 235 [M+H]', B2 1 51
H,O JEBASMEREF miz 217 [M+H—H,0]", it 2
CO IR AFHERE - m/z 189 [M+H—H,0—CO]", fiit
% CH, TR ERE A m/iz 175 [IM+H—H,0—CO—
CH,l", Fli 2 1 01 CHL0 JERAFMEE i m/z 133
[M-+H—H,0—CO—CH,—C,H,0]";s #4115 Tl
miz 235 Wit 22 1 431 CoH,0 A ERE A m/z 191 M+
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1 EBFEXTHRERLENRSH UPLC-ESI-Q-TOF-MS ¥ E 4
Table 1 Identification of chemical constituents from Farfarae Flos by UPLC-ESI-Q-TOF-MS in positive ion mode
43 =
B rmin }MEM e i BHER (nl2) AT Iy
1 3.626 336.180 55 336.18077  138,120,94 CigHysNOs  T-HE
2 3.821 366.191 11 366.19145 168, 150, 122 CioHyNOg 3 [G T LG HRE L [R] 4 g
3 4222 465.102 75 46510240 303 CyHyOp S4BT
4 4225 611.160 66 611.16053 303 CyH301 T
5 4305 366.191 11 366.19144 168, 150, 122 CioHyNOg 7o KT B pl L [F] 4 S 4k
6 4616 465.102 75 465.10316 303 CyHyOp ST
7 5.007 435.092 19 43509188 303 CyoHis0y Mt ZE-3-0-Fl A i+
8 5227 595.165 75 595.16542 287 CyH30p5s  IEM-3-0- 25T
9 5.602 449.107 84 44910786 287 CyHyOy I -3-0-HIA HE T
10 5.979 465.102 75 46510301 303 CyHyOp MR F-4-0-B-D-HI A HE 1T
11 5.997 235.132 87 23513300 217,191, 189, 145 C14H,505 tussfarfarin A
12 8.643 221.117 22 221.11774 203, 165, 161, 145, 123 C3H,05 4-F2 30 0- T HIHE-6- LT HE A I U S R
13 10.460 287.055 01 287.05531 231,153 C5H,006 i sy
14 11.012 219.101 57 219.10209 163,121, 107,77 Cy3H,404 2,2- T HE-6- LRI I S G
15 14.158 235.169 26 23516972 217,105,161,133,119  C;sHpO, (3RAR,68)-3,4- 314 Tt ¥ 25-7(14),10- - 4i-
2-fid
16 16.501 219.101 57 219.101 63 201, 177,165,161, 147,115 C3H,405 T 5 W
17 18.356 217.158 69 217.15898 189,175,161, 133,119,  C;sHyO 1,2- -0 7 PRI B ) 70 S )
105, 147, 91
18 19.198 217.15869  217.15911 189,175, 161,133,119,  C;sHyO 1,2- 5 50 75 P A g ) 20 g A
105, 147, 91
19 19.199 331.226 77 33122709 217,161,175, 189, 133, CyH;00;5 AL
147, 119
20 19.201 391.247 90 39124788  217,175,189,147,119  CyHs0s AT
21 19.311 44921699 44921687  439,247,229,201,211,  CpHO4 lo,50- — 2T 480 -8 24 I Ik 48 -3 B, 4p- 31
271,187 S -TH25-7(14),10- —4-2- i
22 21.679 507.295 25 507.294 68 249,231, 189, 203, 161 CysH4,04 HAELE N
23 21.797 331.190 39 331.19088 249,231, 189, 203, 161 CyoHy604 FrEhREEH B
24 22.174 345.206 04 34520622 231,203,189, 147,161,145 CyHys0, WAL N e
25 22512 431.279 20 43127899 317,233,215, 173, 145,97 CyeHs50s FE T -3, 14- L A i & & TR
26 22.523 491.300 33 491.29985  377,317,233,215,173,145 CygHsy04 AT Bk & &I
27 22.979 443.279 20 44327899 329,233,215, 173, 145,97 Cy;Hs0s lo,7B-— (4-F2E T H B BEA ) H A H 2

-3(14)Z,8(10)- —4-2- il

F2 ABFEATHEHLFHRSE UPLC-ESI-Q-TOF-MS L E4 R

Table 2 Identification of chemical constituents from Farfarae Flos by UPLC-ESI-Q-TOF-MS in negative ion mode

W5 ifmin UREERIEE FHERH (mi2) AT feam
PR TVIE SEIIMEL

1 2748  353.08781  353.08805 191,179 CigH1300  5-O-WMHEEEZE 712

2 3.428 353.08781 353.08840 191,179, 161 CigH1300  3-O-WMMESEZE 7 /2

3 3.611 353.08781 353.08837 191,179,173 CigH1300  4-O-WMHEEEZE 7 12

4 6.600 515.11950  515.12009 353,335,191, 179, 173,161,135 CysHpOyr  4,5- —-O-WMHEEE 2 T 1R

5 6.835 515.11950 515.12003 353,191, 179, 135 CysHyyO1p  3,5--O-WNHERL 2 7 /R

6 7.433  515.11950 515.12003 353,191, 179, 173, 135 CysHyyO1p  3,4-—-O-WNMERLZE T /R

7 8.880  529.13515 529.13542 367,353, 191, 179, 173, 161 CoHosO1p  3,4-—-O-WMERZS 1% H g
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H—C,H,0]", M2 CO JERUFFEREF m/z 163 [M+
H—C,H,0—CO]", it2 1 597 HyO JE RS AERE
m/z 145 [M+H—C,H,0—CO—H,0]", fii2: CH, &
BEFERE A m/z 131 [M+H—C,H,0—CO—H,0—
CH,]", T4 CH, JE RS AEWEF miz 117 [M+H—
C,H,0—CO—H,0—2CH,]", LI 2-4, M54l
BT, MG AN CraHigOs, AHXS 435
EERAE 235.132 87, SEMIME 235.133 00, RZEN
0.6 X107, ik 2 &L A71E tussfarfarin
A, HAX TR & 234, HEMZAL G 0] gk
tussfarfarin A,
(4)4-F55E-2,2- — HIHk-6- Z B LR I DY Stk i -
iR A 8.643 min, IE& TR NES T B TR m/z
221 [M+H]", 2352 1437 HyO Fl C4Hg JE ks
HEWER m/z 203 [M+H—H,0] #l 165 [M+H—
C4Hg]"s m/z 203 [RIRFHERE B 22 CoHLO JE RS 1L 1
J m/z 161  M+H—H,0—C,H,0]", FlliZ: O Bk
FEAERE FT miz 145 [M+H—H,0—C,H,0—O0]", m/z
165 HIRFERE i 2: CoHL0 TEURFIERE i m/iz 123
[M-+H—C4Hg—C,H,01", WK 2-5. #4054k
T, EEY AN CisHi0s, AHXT 4> 1
FRAA N 221.117 22, SEMIE 221.117 74, ®ZEN
2.4X10°%, $ECERIRIEC R A AL AEAE 4-F80E-2,2-
TR HE-6- AR DU AR, FLARN T
220, #EMZAL GV REA 4-F2HE-2,2- T HIEL-6-4

P 2 2R DY 2 e o

(5) 2,2-HE-6- L WEIE R IF AL : e
4 11.012 min, EE AT HEDS T3 TR miz
219 [M+H]", TP M 2 CoHg T BUFERE S m/z
163 [M+H—C4Hs]", P2 CH0 TR IERE
m/z 121 [M+H—C4Hs—C,H,0]", m/z 219 [AHES T
B2 CoHL0 Al CyHO TE RS IERE A m/z 107
[M+H—C,H,0—C4HsO]", Ffii 2: CH;0 A1k
R miz 77 [M+H—C,H,0—C,HO—CH;0]", .
Bl 2-6. MRETCEABAHT, U EWH TN
Ci3H 1405, HIGH o> F R BR(H 219.101 57, S
4 219.102 09, 75 2.4X10°°, o CFRIRIE &AL
AP 2,2- I 5E-6- CBEIE R I S, JLAH
Yoy 218, HENNZAEYIATREA 2,2-—H
He-6- L BRI A R T,

(6) 34-IRE A 2-7(14),10- - J-2-F: x Ny
14.158 min, IE& 7RI N ES TR T8N m/z 235
[IM-+H]", B 1901 HO AR IERE - m/z 217
[M+H—H,01", m/z 217 HIFFAERE 23 I 2 CsHa
M C4Hg B RIS HERE T m/z 105 [M+H—H,0—
CsHp,] A1 161 [M+H—H,0—C,Hg]", m/z 161 [¥1E5
TERE I 2: CO TE R AERE F m/z 133 [M+H—
H,0—C4Hg—CO]", Filiit 22 CH, JEBAFAERE - mi/z
119 [M+H—H,0—C,Hs—CO—CH,]", W& 2-7.
MR TCR AT, AT T XK CisHpO,,

168.102 1 366.192 4
366.180 3 366.1920
1 2 3
150.091 5
168.102 3
120.081 1 150.09 1 122.060 4
138.090 8 122.060 5
| ] | | N WU B U A . .
100 200 300 400 100 200 300 400 100 200 300 400
miz miz miz
163.040 2
175.112 1 165.055 1
4 5 6
189.1300 535131 1
1310869 L63-1103 217.122 8
\]45.101
117,069 6 145.064 7 107.051°0
123.0447 203.107 1 2211179
‘ ll “ ‘ | I161.0[62 7704130210292 5191021
bl 1| | | , I | ] L
110 150 190 230 140 180 220 80 160 240
miz miz miz
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219,102 3
161.096 9 105.0712
133.101 9 119.086 2
L0801 ’ 161.059 7 ; ’
105.070 8 . 91,0560
177.091 4 133.1015
91.|0561 s0ses 1610965 217:1590
217.159 5235168 8 ' 147.043 9 201.090 9 ‘ ‘ 175.1119
Ll I O A N 1 | L L
30 120 160 180 240 100 140 180 220 60 100 140 180 220
miz miz miz
105.070 9 97.066 0
97.066 0
10 11 12
119.086 4 217.1578
91.0557 217.1578
e 147.1173 147.1173
147.1179 217.160 2 )
1}3.100
1}3.100
1161.098 1 119085 4 112265 110k
| 175 1135 189.163 8 : 1910854 1 129 163 331.226 8
| L] sy i | 1]
90 130 210 0 220 300 90 130 170 210 250 290 300
miz miz miz
229.122'5 97.065 5
0510 §3.05] 2 145.1017
‘ 187.111 9 13 14 15
otk 3 147.081 1
/
550570 507.294 9 55.057 4119.086 8/ 203. 14213141
’ 159.080 6 231.1387 31138
247.132 6 2031429 o151 2
61.095 5
| 271.1302 H 331.190 5
180 260 160 320 480 100 180 340
miz miz miz
97.066 7 97.066 3 233.153 8
16 17 215.143 3 18
145.101 1 317.2120
1465.101 7 147 0812 173'0|95 :
203, 143 L1 14 145,100 41215. 182 4 o
| I f 3452059 I 3172104 4312786 71 3772344 491299 85
, ol : — ! L
200 280 360 150 250 350 450 150 250 350 450
miz miz miz
97.064 5
19
173.093 0
215 139
1P 093 2 3292099 443.2628
60 140 220 300 380 460
miz
2 FEBEFHEATE 19 MRS ZREILEE

Fig.2 Mass spectra of 19 species composition in positive ion mode
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ATy 7 TR PR A 235.169 26, S 235.169 72,
AN 2X107°, Yo SCHRIRIE SR AL A7 e 3,4-FR48
FINAL25-7(14),10- )2~ , TR 437 i &k 234,
HEMZAL G YT RE N 3,4- IR AN 25-7(14),10-
4:%_2_%[7-8]0

(7) THYCIHE: K 16.501 min, 1214
R ESY T I8N m/z 219 [M+H]', i 197
H,0 AR AERE A miz 201 [M+H—H,0]1", m/z 219
)51 B2 CoHO JE SRR ERE - miz 177
[IM+H—C,H,01", /it 2 O U ERE T miz 161
IM+H—C,H,0—O0]", m/z 219 {1512 1k af it
% C4He B HERE i m/z 165 [M+H—C4Hql", i
21 51 HO R IERE T m/z 147 [M+H—
C4Hs—H,01", T2 CHy A1 1 431 HyO JE A1k
WA m/z 115 [M+H—C4Hg—2 H,O—CH,]", WH
2-8, MWW EMB T, xtEWH N8
C13H 1403, A2 F RS Eh 219.101 57, SME
219.101 63, %K 0.3 X 10°°, 4 SCikiRia &t
FAAET- I, HAHXE 7 sl 218, HEMNX
WPl e T Bk,

(8) 1.2-Jl & -o-F . r 270 18.356 Al
19.198 min, 1E&FATHESS T 5 FIEEN m/z
217 [M+H]", 252 CO F CsHg TS AEfE A
miz 189 [M+H—CO] #I 175 [M+H—C;3H¢]", m/z
175 RFIERE i 2 CH, TEURHERE - miz 161 [M+
H—C;H¢—CH,]", a2 CO, C4Hg Ml CH, B
WRFERE A m/z 133 [M+H—C3Hg—CH,—CO]’,
m/z 105 [M+H—C3Hg—CH,—C4Hg] #l m/z 147 [M+
H—C3Hs—2CH,]", m/z 105 IRFAERE F F 2 CH,
JE 15 AW - m/z 91 [M+H— C3Hg — 2CH, —
C4Hg]"s miz 147 (FFAERE R PR S 1 31 CO TE R
FRAERE A m/z 119 [M+H—C3Hg—2CH,—CO]", X
2 MALE YR B R A B ol L 249,
2-10, FRAEICEAL T, ZXAEY D T8
C5H00, X437 s BRI 217.158 69, SZMIME
I3k 217.158 98 A1 217.159 11, #-ZE43 5k 1.3 X
1070 A1 1.9X107°°, 4 SCHkREP &AL R 72 AE 1,2
W -o- A B, AR 7R 216, B, #fE
MZXS A A YT BE A 1,2- it 2o 75 BRI £ — %o [+) 43
SR

(9) FRAEALH: tx My 19.199 min, 1F & AR
NHE T TN miz 331 IM+H]T, 2 CeH 00,
TE AR AERE T miz 217 [M+H—CgH 00,175 54351

Jli2: C4Hgy C3He M1 1 431 CO T BURFAEWE v m/z
161 [M+H—C¢H,g0,—C4Hs]~ m/z 175 [M+H—
CeH100,—C3Hg] 1 189 [M+H—CgH;00,—CO]">
m/z 189 [RIHFAERE i 25 CyHg T EFIERE T m/z 133
[M+H—C¢H,00,—CO—C,Hg]", W u]fii 2 CsHg
R AERE A omiz 147 [M+H— CeH,00, — CO —
CsHel"s T2 CoHy TERUAFAERE - m/z 119 [M+H—
CeH100,—CO—C3Hs—CoHy] s m/z 97 II4FHERE F
h B A B CoHoO . WL 2-11, A4 T
FHRHT, EED XN CuH300s, FHXT 53
TR FSAE 331.226 77, SEIMHE 331.227 09, %2
91X 1070, A SCRRIRE M IR A A A7 AR R AL
LA 437t 330, 4EMNZAL AT e ik &

(10D FKAM: tr 2 19.201 min, 1F& FEF
Wy T BT miz 391 [M+H]", Fii2: C,H,0, B
HCRRAERE T omiz 331 [M+H— CH40,]", i 2
CeH 00, T AFIERE A m/z 217 [M+H—C,H,0,—
CeH1005]", H2r 525 C3He Al CO B R AERE
m/z 175 [M~+H—C,H40,—CeH,00,—C3Hg] F1 189
[M+H—C,H,0,—C¢H,00,—CO]", miz 175 FFHLHE
FRHRZE 1731 CO TEHURFERE  m/z 147 [M+H—
C,H40,—C¢H00,—C3Hs—CO]", m/z 189 IR LT
F % CsHyo JEAFIER T m/z 119 [M+H—
C,H40,—C¢H,00,—CO—CsHo]"s m/z 97 HIFFALE
A BT RLTE ) CeHoO 1 Fr s WL 2-12, 45
TR NAINT, ZAEY T30k CpsH340s, AN
Iy F R A 391.247 90, SZMME K 391.247 88,
WEEH—0.1X107°, i CukE > R A S
KA, FLARX 7 A 390, AHFDIRE A4
KA B S R R R — 2, R Wik &
WA AT

(11) lo,50- — RS -8- 24 U1 ik 4 6 -3,4B-
IR -ET A 2-7(14),10- —45-2-Bd: x4 19.311 min,
IE B PR S 128 U miz 449 [MA+H], Bt
22 CsHgO2, HyO F1 2 A~ CoH,0 JE IR - miz 247
[M+H—CsHs0,—H,0—2C,H,071", it 22 1 4% 7 H,0
JE A AERE A miz 229 [M+H—CsHgO,—2H,0—
2C,H,0]", FH4rHIfi s 1 407 CO Rl 1 431 H,0 B
B AERE T m/z 201 [M+H— CsHgO, — 2H,0 —
2C,H,0—COJ #l 211 [M+H—CsHs0, —3H,0 —
2C,H,0]", m/z 449 UESY T8 7t m i 2 CsHqO,
CsHs A1 1 731 CO JEAF LR v m/z 271 [M+H—
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CsHO—CsHg—CO]", 2 2 4~ CH0 e tE
J m/z 187 [M + H — CsH¢O — CsHg — CO —
2C,H,01", Bt 25 1 707 HoO JE R ERE T miz 159
[M+H—CsHsO—CsHg—CO—2C,H,0—H,0]", m/z
83 MIRFAERE v ok e W 2B B CsHAO 14 v, miz
55 WIRFAERE b B s W 2B B CaHy 188 1,
DL 2-13, fRAECEAND T, Z DTN
CoyH3,05, AN T ERE A 449.216 99, Sl
{8 449.216 87, W72 K—0.3X 10, Hf CHkRIE %%
AL 1a,50-— STk AAAE-8- 24 IH BE AR JE-3B,4B-FF
- R 25-7(14),10- - 45-2-1, AR 7 ek
448, HENZALEYIATRE N 1a,50-— LA SE-8-24 1
TE4E -3 B,4B- R4 - A 24-7(14),10- —s-2-Fi ¥,

(12) KA FENEE: 4 21.679 min, FET
R N UED T3 T8 m/z 507 [M+H]T, 4L 22
CsH,00,. CoH,0, Fll CeHgO JE AFAEWE Fr m/z 249
[M+H—CsH,00,—C,H;0,—C¢HO]", it s 1 47
H,O JE AR ERE T miz 231 [M+H—CsH;00,—
C,H40,—C¢HsO—H,01", FF43 Mt & CsHg A1 1 43
T CO JEHFIER T m/z 189 [M+H—CsH;¢0,—
C,H40, — C¢HsO — H,0 — C3He] #1203 [M+H—
CsH,0,— C,H40,— C¢HgO—H,0—CO]", m/z 203
(R AR v W 25 CsHe JE BUFRAERE 7 m/z 161 [M+
H — CsH,00, — C,H40, — C¢HsO — H,0 — CO —
C3Hgl"s miz 97 [RIRFAERE Fr ok T BT 24 1 ¥ C6HGO
R, DL 2-14. ARAETCEA BT, ZEW
TN CosHanOs, AR5 it B {H 507.295 25,
SEIE 507.294 68, 72 H—1.1X107%, 45 SCHkIKR
BRI AR A A E AN, AN TR
506, HEMZAL ST e A AR AALFE N TG .
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TR UES T TN miz 331 [M+H], M
CsHsO, HAFAERE - m/z 231 [M+H—CsH;0,]",
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CsHst_HzO]+: Wi 2 CeHg A ERE T m/z 133
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H—CsHsO,—H,0—C4He]", PRt Z: CH, JERURFE
e H m/z 145 [M+ H — CsHsO, —H,0 — C4Hg —
CH,]'s m/z 231 A HERE AT i 22 1 431 CO J&

JAFIERE A m/z 203 [M+H—CsHgO,—CO]", it 2
CH, FE S AERE A m/z 189 [M+H—CsHgO,—CO—
CH,]", Flli2: CoHe TEIRAFIERE T miz 147 [M+H—
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TR ERE A m/z 147 [M+H—C¢H,00, —CO—
C,Hg]"H1 161 [M+H—CeH,00,—CO—C;3H¢]", m/z
161 HIRFERE i 2 O TR SURFIERE - m/z 145 [M+
H—CgH;00,—CO—C3Hg—O]", m/z 97 [FHEEREFT
B T B CeHoO 2, WL 2-16. R4 T
RHRHT, ZED XN CoHasO4r FHXT 53
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(16) AL T WEKA#NE: (N 22.523 min, IF
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T UES PR TN miz 443 [M+H], il
CeH 00, TE A AERE A m/z 329 [M+H—C¢H,00,]",
Wb Wi 2 CeHsO TERURFIERE v m/z 233 [M+H—
CeH100,—CsHO1"» i 2 1 701 HoO JE R fERE
m/z 215 [M+H—CgH,¢0,—CsHsO—H,0]", it 22
CsHe AR IEHE T m/z 173 [M+H—CeH;00,—
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322 &M () ESI-MS JRis 2R

(1) FPHEREZE TR ikl 1. 2. 3 5K
5-O-WMHEREZE 1R« 3-O-WHEREZE TR A1 4-0-1iHE
W25 TR, te 20 K 2.748. 3.428 F1 3.611 mint">"¥,
B TN R T IEY 0 miz 353 [M—H]
FE BT A R A R 2 E IR I 4 R AR A
T m/z 191 [M—H—CoHgOs] MK 25T B H /3 1)
FRAERE A BT m/z 179 [M—H—CH,00s] = M4k,
MS® BRI L T miz 375 IORE A 25 1, HEIE: M+
Na—2H] &7, @ik 1 Al 3 dfrfEit— k2%
CO, WIFFAERE BT miz 135 [M—H—C7H;00s—
CO,] H1 201 [M—C5H,00s+Na—2H] I 21,
oI 1 35 SOk 5-O- MM ERE 4 - 1 X TR
FEAEAE v By — 2, FIRES m/z 191 [M—H—
CoHgO3] > m/z 179 [M—H—C;H,0Os] AL |5 5k
() 80%; (AilgE 2 IAFLE m/iz 161 [M—H—
C7H00s—H O] THHFIERE Fy s LEAH IR 45 1F T 5
X R AR R 3, HIRIE m/z 191 [M—H—
CoHgO5] > mi/z 179 [M—H—C;H;(Os] b5 by Kl
1 5%; (O3 3 IBAFEAE miz 173 [M—H—CoHqO3—
H,O] IRFIERE By, 305 S0k 4-O-MinmEk 22 7 1R
X R R IE R By Lot 3, IR, m/z 173 [M—
H—CoHgO;—H,01 "™, 735l W& 3-1. 3-2 1 3-3,
WA TC R A, WED T X3k CigHis00,
A o1 B BRAS AL 34 2 353.087 81, SEE 43731
"M 353.088 05, 353.088 40 Fl1 353.088 37, %z
9 0.7X107°, 1.7 X 107 F1 1.6 X 1076, i Sl 42"
HRAEAETAEAE 5-O-WNMEREZE T8 . 3-O-WnmERE 2 T
TR 4-O-WHEREZE T8, FAHXT 4 s E 35 0 354,
DR SR €2 33508 1, 24 3 23 A 5-O-WHEREZE TR
3-O-WMHEREZE T BR AN 4-O-WnHEm;: 28 71 -

(2) ZWMMEREZE R (kg 4. 5. 6 0 alh
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3,4-0- UMM 2 T2, 1r 73000 6.600. 6.835 FiI
7.433 min!">"%22 0 4 g R ES T TR
Hmiz 515 [M—H], FEW RS K1
AW E RIS (PRI RE RS m/z 353 [M—H—
CoHeO5] » LA A FRLIMME R4 7 R R R FE A 1 28 1 'z
191 [M—H—2CoHc03]"~ 179 [M—H—CoHsO3—
C7H;¢0s] #1135 [M—H—CoHq03—C7H;00s—CO,]
i 4 F1 6 IAEAE m/z 173 [M—H—2CoHqO3—
HyO [PEFIERE R 2515 BEAb, (i 4 3847 4F m/z 335
[M—H—CoHgO3—H,0] #1161 [M—H—CoHsO3—
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Fig. 3 Mass spectra of seven constituents in negative ion mode
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