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Analysis of Chemical Constituents of Coumarins in Heraeleum millefolium by UPLC-Q-TOF-MS
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Abstract: Objective To establish a rapid qualitative analysis method for coumarin in Heraeleum millefolium by
using UPLC—-Q-TOF-MS. Methods The separation was performed on Waters Acquity UPLC BEH Cy (100 mm X
2.1 mm, 1.7 pm) column with gradient elution of 0.1% formic acid (A) —acetonitrile (B) , The flow rate was
0.25 mL min™', the column temperature was 40 “C, and the injection quantity was 2 wL. ESI positive ion mode was
used for acquisition and detection, and the MS and MS/MS data were collected by full scanning and information
dependent acquisition(IDA) mode, respectively. The coumarin compounds in H. millefolium were identified by using
PeakView software, combined with the fragmentation behaviors of standard compounds, related references, and the
fragment ions of each chromatographic peak. Results A total of 34 coumarin compounds in H. millefolium were
identified, among them, 29 coumarins were reported from this plant for the first time. Conclusion Different types of
coumarins in H. millefolium showed unique fragmentation patterns. The method of qualitative analysis of coumarins in
H. millefolium established in this study is accurate, reliable and efficient, which is suitable for rapid identification
of coumarins, and provides an experimental basis for the research on the ingredients of H. millefolium and the
subsequent elucidation of its medicinal material basis.
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Diels, #8252 A EARLG, 14 TrAis . #8404,
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Figure 1 TIC of alcohol extract of H. millefolium Diels and reference substances
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Table 1 Identification of coumarins in alcohol extract of H. millefolium Diels

W i BRSNS sl bt
1 564 32509179 32509125 17 CeHiOs 163M+H-Gle]', 145[M+H-Gle=H.0] , 135[M+H-Gle-COJ' , 107[M+H-2C0]" 5l

2 683 163.03897 163.03881 -1 GH60: 145[M+H-H.0,135]M+H-COJ', 117[M+H-CO-H,0]", 107[M+H-2C0] SRANE
300721 19304954 19304901 <27 CoHi0. 178[M+H-CH]', 150[M+H-CH,~COT', 133[M+H-CH:0H-CO] ", 122[M+H-CH,-2C0[' S-HE-T AR R
4736 1790339 1790332 -4 GHO.  I5IMH-CO]', 133[M+H-H0-CO] ", 123]M+H-2C0] ", 77[M+H-H,0-3C0] 6,7-"REFTE
5983 3551024 355017  -18  CyHeO, 193M+H-Gle]', 178M+H-Gle-CHi', 150[M+H-Gle-CH:~COJ', 133M+H-Gle-CH,0H-CO]* Ry

6 1282 1930495 1930490  -28  CoH0. 178M+H-CH,J', 150[M+H-CH,-COT, 133M+H-CH,0H-CO]", 122]M+H-CH:-2C0]* REENE
71644 4091493 4091484 <22 CuHuOu 247M+H-Gle]',229M+H-Gle-H.0] , 175{M+H-Gle-H,0-C.He]', 147M+H-Gle-H.0-C:Hi-COJ' SRR

§ 1782 2470965 2470962  -13  CuHu0: 229M+H-H.OT, 175]M+H-H0-CHy]', 147[M+H-H0-C.H~COT', 131[M+H-H0-CH~CH~2C0] —HlpE

9 1809 2030339 203.0334 <26  CuHO, 175[M+H-COJ, 159M+H-CO.J", 147]M+H-2C0]", 131[M+H-C0~CO]* HEm
101809 287.0914 2870912 -0.6  CiHiOs 269M+H-H.O], 203[M+H-CsHO] , 175[M+H-CsHO-COT , 131[M+H-CsH0-C0-C0,]* A
112144 2790227 27901220 <25 CeHyOs 243M+H-H.O]', 189M+H-CHy,0.] , 131[M+H-C.Hyi0.-CH:0-CO], 103[M+H-CyHy,0,-CH:0-2C0]' PR

12 2174 2030339 2030333 31 CyHO.  I8SM+H-H.O]', 175]M+H-COJ, 159M+H-CO,] ", 147[M+H-2C0]° piaic

13 2174 3051020 30500015  -17  CiHiOc 269M+H-HO]', 203[M+H-CeHo0.]', 175[M+H-CsH,i0:-CO], 159M+H-CH,y0,-CO; | KEEMHTE
14 2389 2470965 247.0959 2.5 CuHu0. 229M+H-H,0],213[M+H-H.0-CH.]', 175[M+H-H,0-C.H{]', 147[M+H-H,0-C.H~CO] SRR
15 2505 3171020 3170015 15 CpHiO 233M+H-CoH,OT, 218[M+H-CsH,0-CH,] ", 190[M+H-CoH,0-CH:=COT', 162 M+H-CsH,0-CH,-2€0]* ER{E

16 2539 1870390 187.0386 <21  CyHO: I59M+H-COJ, 143M+H-COJ', 131[M+H-2C0] ", 115]M+H-C0.~CO]’ Wiez"
172651 1870390 187.0385 =27 CyH0s 159M+H-COJ', 143[M+H-CO,]", 131[M+H-2C0], 115]M+H-C0.-CO]* FAMeE

18 2726 2170495 2170492  -16  CoHO. 202M+H-CH,', 174M+H-CHi~COT , 161[M+H-2C0] ", 146]M+H-CH,-20]" TehEE"

19 2958 2170495 217.0490  -23  CoHO, 202M+H-CH,J', 174M+H-CH,~COJ', 161[M+H-2CO0]", 146[M+H-CH:-2C0]* T ES
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(k1)

B uhn BREE OME DL R i Teamas
20 2966 287.0914 2870010  -14  CeHu0s 203M+H-CHOT, I85M+H-CHO-H,O0], 175M+H-C:H,0-COJ', 159 M+H-CsHi0-CO,J* R

2 2993 2470601 2470597 <15 CuHuOo 232[M+H-CH,|",217]M+H-2CH,", 189[M+H-2CH,~COJ', 161[M+H-2CH,-2€0]" SN

22 3112 2611121 2611118 -13  CyHyOs 243[M+H-H,0], 189 M+H-C,H,0] , 131[M+H-C.H0-CH:0-CO]', 103[M+H-C,H;0-CH,0-2CO] Suberenol

23 3LI8 2170495 2170489 28 CuHO, 202[M+H-CH.J', 174]M+H-CH,-COT , 161[M+H-2C0]", 146]M+H-CH,-2C0]" SHFHINE

24 3199 287.0914 2870912 08  CiHuOs 203[M+H-CsH O], 185]M+H-CsHsO-H,0] , 175[M+H-CsH0-COJ", 159M+H-CsH0-COy SRR
25 3299 287.0914 2870909  -19  CiHuO: 203M+H-CHOJ, 185M+H-CsHO-H,0]', 175[M+H-CsH0-CO] , 159M+H-CHi0-COLf Alkimz

26 3458 2311016 2311010 =23 CuHuO: 175]M+H-CiHJ', 147M+H-CHe-COT, 131[M+H-C.H~COLJ, 119M+H-C.H,=2C0] GIE
2357 2710965 2710962 -1 CiHuO: 203M+H-CHJ', 185M+H-C:He-H.0] , 175]M+H-CsH=CO] , 159[M+H-CHi-CO, WA
283892 30L1071 3011067  -12  CoHiOs 233[M+H-CHyJ', 218]M+H-CsH~CH,] , 162[M+H-CsHi~CH=2COT, 134M+H-CsHi-CHi-3C0)* Wz

29 3903 2451172 2451170 -1 CeHiO: 189M+H-CLHJ', 159M+H-C.Hy-CHO]", 131[M+H-C.He~CH,0-COT', 103[M+H-C.H~CH,0-2C0]* WRTZ

30 3943 2710965 2710961  -15  CeHuOs 203M+H-CsHyf', 175[M+H-CsH=COT, 159 M+H-CsHs=CO,, 147[M+H-CsHi=2CO[ BIERHTE
31 411 3200384 3291379 -13  CuHyOs 229[M+H-CH0.]', 214 M+H-CsH0,~CH]', 175[M+H-CiH,0,-C.H]', I31M+H-CH0-CH~CH-2C0]"  Z R s 2 TR g
32 4111 2290859 2290857 09 CuHuO: 214M+H-CH.J',213M+H-CH.J', 175[M+H-CHyJ', 131[M+H-CH~C.H,-2€0] NIz
34218 2710965 2710961 -4 CiHuO: 203[M+H-CoH]', 175[M+H-CeHi=COT, 159 M+H-CsHi=COLJ', 147M+H-CHi=2C0] SEHTTE

34 4761 3300501 3390588 -1 CuHy0, 203[M+H-2CsH(]', 175[M+H-2CsH-CO]', 159M+H-2CsH-CO,, 147M+H-2C:H-2COT liEaiiE
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Figure 2 Fragmentation pathways of scopoletin
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Figure 6 Fragmentation pathways of imperatorin
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Figure 7 Fragmentation pathways of oxypeucedanin
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