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Diterpenoid alkaloids of the processed products of Aconiti Lateralis
Radix Praeparata based on UPLC-Q-TOF-MS/MS and GNPS
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Abstract: The processed product of Aconiti Lateralis Radix Praeparata (PAC) is a traditional Chinese
medicine with cardiac, anti-inflammatory, and rheumatoid arthritis activities. The diterpenoid alkaloids
are the main active ingredients of PAC. In order to comprehensively analyze the composition of diterpe-
noid alkaloids in PAC and explore its potential and new compounds, this study used ultra-high-perfor-
mance liquid chromatography combined with quadrupole time-of-flight mass spectrometry (UPLC-Q-TOF
-MS/MS) coupled with a GNPS (global natural products social molecular networking) strategy to quickly
characterize the compositions of PAC. And the GNPS excavated new molecular weight to discover the un-
known or trace natural products based on the characteristics of each cluster. A total of 123 compounds
were characterized, including 21 diester diterpenoid alkaloids (DDAs), 11 lipo alkaloids (Lipo-As) ,
43 monoester diterpenoid alkaloids (MDAs), 47 aminoalcohol-diterpenoid alkaloids (ADAs), 1 polyes-
ter diterpenoid alkaloid (PDAs). 34 of them were discovered for the first time. This study utilized a
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GNPS-based screening approach with a significant increase of efficiency for the discovery and identifica-

tion of trace novel natural products. The results have expanded our understanding of the chemical materi-

al of PAC.
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7 . GNPS (global natural products social molecu-
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Hi WUZE B i LC-MS/MS S 56 oA I 21 F) BT A 73
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Triple=TOFTM 5600° % = 5 UL AT & 47 A 7] Jii
ik (L E AB SCIEX &~ F) ) o 8 & B0 AH R 4
LC-30AD &0 AH (4354 . SIL-30AC H hEHE
( H A Shimadzu A ] ) 5 RUER ()N SCH A
FRAFD ; Milli-Q B2k &4t (3 Millipore 24
Al) s I DD-SM IR AL (R S AR
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(benzoylhypaconine, It RP170513) . 1% 3k J5 i
(aconine, £S5 RP170517). #HEKJEH (mesaco-
nine, 5 RP170320) . W5 k)5, (hypaconine,
fit 5 RP170518) . J& B Ak  (neoline, it 5
RP170423) . Z M & 3k #d (karacoline, 4t
RP161225) . KIER (songorine, L5 RP170402),
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2.1 BiERREEG

2.1.1 & %44 ACE C, %4 (150 mmx2. 1
mm, 3 pm, JOMIERTIRAAERARAR), &
L 0. 4 mL/min, PDA 43K A4, HiE 30 °C,
R 2 pLo PAOIERIBIAH A, ¢=0. 1% HRK
R s A B, BREEVEML: 0~5 min, 5% A; 5~65
min , 5%~25 % A; 65~95 min, 25%~65% A; 95~
100 min, 65%~95% A; 100~105 min, 95% A.
2.1.2 A CRAHBIE B (ESD,
IEBFHE#, B E mz 100~1 500, 52
SR MGHERVEARS IE W, SEATSERI AL IE . IE B T
AXEFmiZHE (ISVE): +5500 Vs 8% M8 55 i
J& (TEM): 550 C; “LAiUEJs (GUR): 35 psi;
ZIR (Gasl): 55 psi; WS (Gas2): 55 psi;
fi#fEHL AL (DP): 100 V; REREHAT (CES): 15
eV; B TRBUER (IRD): 67 V; B 7Bl v
(IRW) : 25 V — ¢ Jit i £} 85 49 4 ¥ Bl 100~
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1500 ; TDA 58 0 i {E 52 100 cps Y 8 4™ e oy I
AT BT, P ERER: 100~1 500,
2.2 AiEHIESH

2.2.1 RAMNBREERGER HTIAHZ—
KRG B HRHA3 TP X 420 1. 0 mg, FH o=
80% M I BER R, A ZE I mLAERMT, 25K
W 13 R B X B 45 0. 1 mL, 2 % 50 mL
R, T AR A R B 24 2R 0. 02 mg/mL (1) Fff
TFIRA X SR

2.2.2 MRS EkeEeE BUBKHA 2541 30.0 g,
FEEFRE, A1 LaigKIZ 30 min, K& 2 hifil
BUKFD, EIRANUZ2matig, 258 R
B G G IR IEW , &0 (4000 1t/
min, 15 min), IEIERMELE 229300 mL 50 3 1%
©=95% [\ L EEYLHE, T4 CUKAHERE 24 h, B
(4 000 r/min, 15min), FIFWTE S0 CHEMERYG 2
KBRS, AR TR T 050, IR .
BUR B @, H e=80% H Fist sk fic il i o i vk 24
50 me/mL I FE AW, BEST, FH0.22 pm L
DR, BIAR RS

2.3 HESH

2.3.1 AFRFEE M M Peak View™ HAF
(FiA 1.2, AB Sciex) XA & 241k & Witk
ratE sl 1o, 8k ke 2 A 56 STk R 1h 2= 5L
P& 22 /W 3 (CNKI, Chemspider, Web of Science,
PubMeb, SciFinder%¥), #37 T —4J& THFHfk
HEYBHRIE, WIEAFR. TS SO,
SRIG, BB RS A B Peak View™ #1014 # XIC
Manager BEH 0T H AR A Py A T I S2 BORPE T . 42
B 28 B F . XIC intensity > 50 counts,
SIN > 10,
error < 10x10°, &t HIMEE, BRI SLEY
) S0 R 3 5 v B 0 B R AT DC S, K DU RC
FER T 75% H BT i 7 246 2k 72 G B0 45 - AE R
LR R rh e A S RS
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B 1 B T SRR AR, AR AR IE B R T M B
J R il TR A 6T R MR UPLC-Q-TOF-MS/MS
T SCE, 8 3t MS Convert B 55 g A
FileZilla FTP Client #2858 5 A GNPS V- 55 (http: //
gnps. ucsd. edu) , 351 GNPS W26, JEHIRG
Xof Bt R A b A B R AT VS 5 $RHE 3 AT A Cy-
toscape 3. 6. 1 A #E4T

isotope ratio% difference <20, mass
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2GR R AR L B A R, il
G ST T o= R I o 8 o Bl 4
FHAELFWWN . AT A SRR EEHT
SERMISERE AT, LL3 AR MRV TR 6 R o S
%, PEFE20. 30. 40 F150 eV YR AER (CE)
HEATORAL LRI B35 1 = B F, R i RE 40 eV
Ve Feft CE.

ARSI R T PR AT AT B R ER T (Q-
TOF-MS/MS) , JGitJ&: 7€ MS B MS/MS ## 3 F #4 H.
B e f1, 78528 UPLC-Q-TOF-MS/MS 43 Hr
i 32 B A O T 1 o 0 R it o et R
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TEEH X TR A PR B A R AN A Y BT
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BT 2 FIH Peak View™ 8 {; BL %) XIC Manager 15t
PR 22 55405 122 FE AR G W 1A 7 e 4 BBURITIE e 7 2
BORY O E AR EBRAE, % DT C B AAE I — e &Y
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FFEBIE LR MG s W, RS % T
AR SCHR (. &5 HRATBUS S 53 Hr) ™ B
Z VG R BEAE A B S DL . AR SZ B8 2 T mass
error < 10X 104 Ay Joit 1 0 1 v 4 & A B o, DCC
JE KT 75% V8 R M B R 09 5 1 20 B 04 0 25 A A
BEAL, AbA P M A3 e [ B G 2 o )
HETG E (mass error) /NT 10x107° F1 VC L & K T
5%, IH-T4E A Y RIE 900 R 5 745,
A RS LB
3.2 MMARRSEE

PR <2017 TT P Ak i a5 R B 4% 1
FE, 3815 UPLC-Q-TOF-MS/MS iF B T4 = 4 fff
RS AR A X B S R TIC T (DL 1) . R
“2.37 TT B S BT O I B A Ak L 1 S5
XTI R E R AT G R AR, RS T 1234
& (W1, £2), HP a5 0Es 5 AL Y 21
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A W)08 474, ZERR A6 14, Hdf13s 34
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Fig. 1 The total ion chromatograms of PAC and mixed reference solution by UPLC-Q-TOF-MS/MS

Fr YK RO — 3R M) T 17 R AL G2 A
B, A W R R AR D 2 S 2 IR
B, A WA CmEEE . RHIBERSE, M
%9’5(}0 H,0. CH,OH. AcOH. BzOH %t 44 43

o WEWTT. 94, 103 F1 109 38 12 Xof JR i T M 2
E’:J Y5 3] A aconitine
3—deoxyaconitine, A7 Bl 4 5 FIE SE H A AR 7R —
i AR, FRATE SEXT mesaconitine X 18 i (1 i

mesaconitine, hypaconitine il

R AR 2 AT e, AR IE B AR R, fe
4 ¥ 94  (mesaconitine) 4 H T B B B m4

632.305 4 [M+H] "Wy F B 1k, %R
(Kl 2A) AT ULEL RN BE B 2 m/z 582.269 1 [M+H-
CH,OH-H,0]".572.280 9[ M+H-AcOH | . 540. 256
2 [M+H-AcOH-CH,0H]".512. 261 9 [M+H-AcOH-
CH,0H-CO]".508. 231 8 [M+H-AcOH-2CH,0H]" .
480.236 9 [M+H-AcOH-2CH,0H-CO]*.480. 236 9
[M+H-AcOH-2CH,0H-CO]".390.228 0 [M+H -
AcOH - CH,OH-CO-BzOH] ", 354.169 0 [M+H -

AcOH-CH,0H-CO-BzOH-2H,0 |*; 241 B tn
K3 . HABXUER B E Y (fb 5972, 81, 84
F1108) HAT ALY B 2L MLHE AR B 1 A 4l
S5 SCHRRIE M, 4y % i 17-dihydronapel-
line . 3* | 10-hydroxymesaconitine . chasmaconitine .
W58 & AL & W 74 F 4k & ¥ 94 (mesaconitine )
HAMIE /4 F 2 CLHNO, ., H A mesaconitine
e 4y e b A o K g B iE R B R m/z
572.280 9 [ M+H-AcOH ]* EEMJ# ¥, [ B
WL 4% 5 LR B B T m/z 540.258 0 [ M+H-AcOH-
CH,OH ]*.508.265 9 [ M+H-AcOH-2CH,0H ", {H
HARLZHM [M+H-H,0 "fl[M+H-CH,0H —-H,0 | %
52 HLOFHCRYRE 81, BEITH G A R Ak
B, RSk [12] ext, #ENL &9 74 HAT
it~ 10-OH-hypaconitine, 2&{RlHb, A g 7R —
A YA & Y, RIE B EE, 458 Uk
i K ClogP f ™ ", 79, 82, 91, 95. 96, 102
110~112Z—HEE (R 1),
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Table 1 ~ Characterization of known diterpenoid alkaloids of PAC by UPLC-Q-TOF-MS/MS
e R/
tfmin SR B e s Ref. 4y
(m/z [M+H] *) 107
374.2328, 356.2215, 344.2215, 338.2138, Hukbusine B or its
1 1.715 392.242°8 0.87  C,H,NO, [11] C,,-MDAs
o7 7 316.1905, 298.1796 isomer
376.247 8, 358.2384, 340.2267, 326.2117, )
2 2.740 394.258 5 -0.73  C,,H,NO, Chuanfumine [11] C,-ADAs
T 7 308.1992, 282.2187
Chuanfumine or its
4 3.615 394.258 9 0.17 C,H,NO; 376.2499, 358.2392, 322.2283, 268.2064 ) [11] C,-ADAs
1somer
406.2595, 392.2437, 388.2491, 374.2335, Senbusime A or its
6 4.130 424.269 2 -0.37  C,,H,NO, [11] C,-ADAs
o 356.2232, 344.2220, 312.1971 isomer
7 6.590 378.263 9 0.09 C,H,.NO, 360.2526, 342.2429, 324.2228 Aconicarchamine A [12]  C,~ADAs
338.2356, 310.1777, 296.1628, 268.1326, Isomer of songora-
8 7.170 356.2222 0.21  C,H,NO, [13]  C,-ADAs
- T 258.1484, 240.1063, 212.1442 mine h
406.2577, 388.2474, 370.2360, 356.2207, Senbusime A or its
9 7.301 424.2693 ~0.07  Cy,HyNO, [11] C,-ADAs
o 346.1990, 338.2111, 324.1930, 312.1957, isomer
468.2599, 454.2443, 436.2337, 422.2179,
12 9.021 486.269 7 —0.18  C,HyNO, Mesaconine [11] C,-ADAs
o 404.2077, 390.1917, 378.1919, 354.1700
454.248 2, 440.2230, 422.2203, 408.2029,
13 9.226 472.2540 ~0.29  Cy,HyNO, N-deethylaconine [14] C,-ADAs
o 390.190 3, 376.1723, 358.1682, 340.1551
340.2290, 322.2166, 314.2125, 294.1853,
14 10. 090 358.2379 0.31 C,H;NO, Isomer of Songorine [15] C,,—ADAs
T 7 280.1744, 242.1546
360.254 0, 342.2429, 328.2271, 310.2166,
15 10.591 378.2642 0.96  C,H,NO, Karakoline 2’ [12] C,-ADAs
- 300.231 4
390.2639, 372.2535, 358.2375, 340.2265,
17 10.997 408.274 6 0.31  CyH,NO, Tsotalatizidine [11] €,-ADAs
’ 326.21138
358.2369, 340.2275, 326.2117, 308.2010, Karakanine or its iso-
18 11.334 376.248 4 0.42  C,HNO, [13] C,-ADAs
i 294.188 6 mer
20 12.247 358.2379 0.57 C,H,NO, 340.2280, 322.2166, 214.1578, 200.1430 Songorine ? [15]  C,-ADAs
22 12. 831 360.2537 0.93 C,H;NO, 342.2432, 324.2319, 306.2193, 296.2009 12—epi—napelline [15] C,-ADAs
482.2749, 468.2596, 450.2491, 436.2334,
23 12.975 500. 2853 -0.30 C,H,NO, Aconine? [11] C,y;—DDAs
418.222 6, 404.2070, 392.2071, 368.1857
24 13. 067 468.259 2 0.06 C,,H;NO; 436.2337, 418.2227, 386.1965, 354.1711 1* [12] C,y;—-MDAs
312.196 1, 302.2111, 294.1865, 284.1994,
25 14. 147 330.2067 0.85 C,H,NO, Hetisine [11]  C,-ADAs
268.169 2, 266. 189 9
26 15.784 480.259 0 -0.40 C,;H, NO, 448.2313, 374.1977, 330.1766, 210.1510 2% [12]  C,-MDAs
438.248 4, 420.2376, 406.2228, 388.2121,
28 16. 987 470.274 7 -0.38  C,Hy,NO, Hypaconine 2 [16] C,y—ADAs
378.1913, 356.1862, 342.1604
29 17. 256 422.2537 0.00 C,HNO, 404.2427, 372.2188, 344.1882, 282.1850 Gadesine [12]  C,-ADAs
436.268 6, 418.2609, 404.2429, 386.2321,
31 18.410 454.2800 0.16 C,H,NO, Fuziline [11]  C,-ADAs
’ 372.2170, 354.2051, 328.1895, 304.1700
420.274 7, 402.264 1, 388.2486, 370.2379,
33 19. 186 438.2854 0.85 C,H,)NO¢ Neoline [12]  C,-ADAs
’ 356.2222, 338.2115, 324.1961
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(m/z [M+H] *) 107
402.2639, 384.2541, 370.2376, 360.2520,
35 20. 833 420.2747 0.51  C,,H;NO; N-ethylhokbusine B [11] C,-ADAs
T 342.2428, 324.2335, 310.2189, 292.2073
420.276 5, 406.259 4 388.2495, 370.2388,
36 21. 080 438.2853 0.63 C,H,,NOg Foresticine [11] C,,-ADAs
’ 356.2233, 338.2126, 324.1971, 306.1850
432.2759, 414.2647, 400.2483, 386.2341,
37 21.408 450.285 4 0.94  C,HyNOg Ignavined [12]  C,=MDAs
o 372.2553, 354.2442, 340.2310, 322.2169 )
1-Dehydroneoline or
39 23.895 436.269 3 -0.19 C,H, NO, 404.2436, 372.2194, 275.1350, 228.1357 [12]  C,-ADAs
) its isomer
390.264 1, 372.2535, 358.2377, 340.2270,
40 24.419 422.290 4 0.70  C,,H,,NO; 26,2107 Talatisamine [11] C,-ADAs
420.274 4, 402.2620, 388.248 1, 370.2362,
46 28.784 452.300 8 0.22  C,H,NOg¢ Chasmanine [15] C,-ADAs
’ 356.2224, 338.2118, 324.1941, 306.1872
492.296 8, 478.280 1, 460.2679, 446.2624,
47 30.975 510. 306 2 0.18 C,H,;NO, 14-0-acetylneoline [11] C,,-MDAs
’ 428.249 3, 404.243 3, 396.2062
48 32.295 356.2223 0.65 C,H,NO, 314.2095, 296.1998, 278.1895 Songoramine [13] C,-ADAs
432.274 1, 414.2646, 400.2473, 382.2381, Monoacetyltalatiza-
53 34.390 464.300 8 0.35  C,H, NO, [11] C,,-MDAs
B 372.2528, 354.2446, 340.2259 mine
14-Benzoyl-10-OH- i
54 35.043 606. 290 5 -0.59 C;H,;NO,, 574.2647, 556.2545, 524.2272, 506.2174 [12] C,,-MDAs
o mesaconine
432.2202, 328.1915, 310.1812, 300.1984, )
56 40. 427 450.2279 0.82  C,H, NO, Codelphine [11] C,,-MDAs
T 7 292.1798, 282.1871, 264.1754
602.2937, 588.2787, 570.269 1, 556.2552, Isomer of 14-Benzo-
57 40.852 620.306 6 0.15 Cy,HLNO,, [12]  C,-MDAs
T 538.2417, 520.2292, 506.2127, 480.1986 yl=10-OH~-aconine
572.2877, 554.2775, 522.2511, 490.2242,
62 43.780 604.314 3 4.46 C,,H NO,, 464.2079, 458.1989, 414.1732, 368.1866, Hukbusine A [12]  C,-MDAs
336. 159 4
510.2851, 492.2726, 478.2643, 460.2464, 6—demethoxy—benzo- )
65 46.490 528.2958 0.44  CyH,NO, [17]  C,-MDAs
: 388.2464, 324.1917 ylneoline
572.286 5, 558.2708, 540.2599, 526.2451, Benzoylmesaconi-
67  46.794 590.296 4 0.77 Cy,H,NO,, [11]  C,-MDAs
o 508.234 6, 494.2184, 476.2084, 414.1724 tine?
526.279 1, 508.2689, 480.2480, 463.2386, Isodelphinine or its
69 48. 050 558.306 6 0.94 C,H,NO, [11] C,,~-MDAs
o 386.233 1 isomer
526.2827, 508.2721, 494.2579, 444.2186, Isodelphinine or its
71 50. 470 558.306 6 0.89  C,H,NO, [11] C,,-MDAs
o 404.2474, 386.2365, 354.2076 isomer
522.2853, 504.2752, 486.2542, 462.2652,
72 50. 739 540.296 0 0.81 C,H,NO, 17-dihydronapelline [18] C,,~DDAs
i 444.2518, 418.2582, 400.2458, 340.2266
586.3008, 572.2856, 554.2752, 540.2593,
73 51.011 604.3120 0.60 C;,HNO,, 522.2489, 508.2336, 496.2328, 478.2228, Benzoylaconine ? [12]  C,-MDAs
428.186 6, 368.1873
600.276 8, 572.2809, 540.2583, 508.2310, 10-OH~hypaconitine
74 53.193 632.3067 0.29 C,H,NO, [12] C,-DDAs
i 490.2159, 476.208 9 or its isomer
542.2732, 524.2636, 510.2476, 492.2366,
75 54.544 574.301 4 0.51 C;H,;NO, Benzoylhypaconine?  [11] € ,~MDAs
o 478.2212, 460.2113, 388.2104
616.3070, 602.2947, 584.2845, 552.2659,
76 55.516 634.3219 -0.44 C;H,,NO, 8-0-Me-beiwutinine  [11] € ,~MDAs
N 538.2393
614.299 6, 586.3010, 554.2759, 522.2505,
71 56.977 646.3225 0.46 C,H,NO, Aconitine ? [12] C,-DDAs
472.2147, 368.1784,
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L min TEL s YRR 5 Ref. &t
(m/z [M+H] *) 10°¢

=
#r
Qo

Demethoxy—3-deoxy—
526.2820, 494.2567, 462.2298, 430.2034,
78 56. 980 558.306 4 0.39 C;H,;NO; 14-benzoylaconine [12] C,-MDAs
o 404.246 5, 372.2201, 340.1926, 322.1815

or its isomer

584.2857, 566.2744, 534.2487, 502.2198, Isomer of hypaconi-
79 58.320 616.3119 0.42 C,H,NO, [11] C,-DDAs
’ 459.178 6, 436.2370, 386.1976, 342.169 1 tine
556.2908, 538.2835, 524.2635, 506.2520, 14-benzoyldeoxyaco-
80  59.018 588.3172 0.91 C,H,NO, [11] C,-MDAs
e 492.2360, 478.2210, 464.2105, 4022254 nine

532.2325, 490.2248, 428.2073, 384.1994,
81  59.157 550.244 1 0.92  C,H,NO, 3% [17] C,-PDAs
e 368.1865, 350.1827, 326.1767, 308.1663

584.288 6, 566.2752, 552.2580, 534.2552, 15-deoxymesaconi-
82 59.350 616.3119 0.40 C;H,NO, [11] C,-DDAs
o 540.264 2 tine or its isomer
540.296 4, 526.2819, 508.2699, 494.2572, Isodelphinine or its
83 59. 878 558.306 6 0.84 C;H,;NO, [11] C,—MDAs
o 476.243 0, 466.2257, 448.2104, 404.2456 isomer
630.2907, 616.2696, 598.2645, 588.2809, 10-Hydroxymesacon-
84 60. 049 648.301 9 0.64 C;;H,NO,, [15] C,,~DDAs
o 556.2456, 538.2433, 506.2145 itine
510.288 4, 492.2775, 474.2661, 460.2516, Isomer of 14-benzoyl-
85 60. 460 542.3115 0.53 C;H;NO, [17] C,—MDAs
o 428.224 72, 388.2519, 370.2389, 338.2146 neoline

540.298 8, 522.2534, 508.2720, 490.2621,
14-0O-anisoylneoline
86 60. 570 572.3222 0.77 C,HNO; 476.2472, 444.2191, 418.2613, 400.2613, [13] C,-MDAs
or its isomer
386.2354

524.303 1, 506.2391, 492.2763, 474.2667,
87 61.450 542.3113 0.10 C;H,;NO, 14-benzoylneoline [12]  C,,-MDAs
o 460.2512, 428.2252, 370.2395, 338.2122

598.2662, 570.2577, 538.2410, 510.2484,
88 61.857 630.292 9 3.15 C,H,NO,, Falaconitine [11] C,,-MDAs
o 506.2125, 388.2107, 356.1803

13-Deoxyhypaconi-
90 65. 704 600.316 8 0.22  CjHNO, 568.2925, 536.2600, 518.2525 [12] C,—MDAs

tine or its isomer

630.2959, 602.297 6, 584.3055, 570.2657,
91 65.720 662.3175 0.53 C,H,NO, Beiwutinine [14] C,-DDAs
’ 542.2789, 524.2703, 510.2529, 434.2152

Dehydrated benzoyl-
93 66. 557 556.2910 0.83 C,H,NO; 524.2651, 492.2380, 460.2112, 105.0343 [12] C,,-MDAs
: hypaconine
600.282 4, 582.2706, 572.2855, 540.2609,
94 66. 741 632.306 1 -1.74 C,H,NO, 512.2654, 508.2340, 490.2232, 462.2272, Mesaconitine > [11] C,-DDAs

390.227 4, 354.1701

628.289 1, 596.2933, 586.3036, 568.2848, 10-OH-deoxyaconi-
95 67.030 646.3213 -1.32 C,H,NO,, [13] C,-DDAs
’ 554.2751, 536.2688, 522.2492, 504.2425 tine
96  67.678 662.317 4 0.48 C,H,NO, 602.2950, 570.2117, 552.2540, 542.2753 Isomer of beiwutinine ~ [14]  C,,—~DDAs

566.3103, 552.2955, 534.2854, 502.2531, i
98 69. 480 584.3220 0.37  CyHNO; Patentine or its isomer [ 12] C,~MDAs
N 484.248 5, 418.2660, 386.2351, 358.2015

568.3251, 536.2975, 518.2925, 490.2474,

99 70.090 586.3370 -0.81 C,H,NO, 4% [17]  €,,~MDAs
h 358.202 8
536.3026, 518.2910, 486.2634, 454.2338, Isomer of 8-0—cin- )
100 70.160 568.3273 0.67 Cy,H,NO, [19] C,,~MDAs
b 404.2458, 388.2507, 356.2195, 338.2103 namoylneoline
540.2956, 522.2849, 508.2706, 476.2441, Tsomer of 14-0—an-
101 70.209 572.3222 0.73  C,H,NO, [18] C,,-MDAs

462.2277, 448.2095, 386.2324 isoylneoline

614.3014, 586.3060, 554.2772, 526.2822,
102 70.480 646.322'5 -0.04 C,H,NO,, 5% [11] C,-DDAs
522.2456, 494.2626, 432.2357, 414.2320

584.2857, 556.297 1, 524.2649, 496.269 4,
103 70.885 616.3119 0.40 C,H,NO,, Hypaconitine 2 [11] C,-DDAs
: 492.2400, 464.2445, 432.2185, 338.1750
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ME(E W/
WS 1/min 71k PR E2 0N Ref.  &ifenl
(m/z [M+H] *) 107
570.304 0, 538.2817, 506.2541, 474.2350, 14-0—veratroylneo-
104 71.200 602.3324 0.14  C,H,NO, [19] C,,~MDAs
’ 449.199 3, 384.2203, 352.1955 line

484.2718, 456.2769, 424.2507, 400.2137,
105 71.360 572.3224 0.99  C,H,NO, 14-O-anisoylneoline  [18]  C,,~MDAs
’ 382.2039, 340.1922, 322.1818, 294.1865

550.316 4, 518.2889, 492.2763, 486.2628, 8-O-cinnamoylneo-
106 71.877 568.327 2 0.53  CyH,NO, [19] C,-MDAs
¥ 458.231'5, 454.2374, 370.2379, 352.2284 line

) 570.304 0, 524.2668, 492.2374, 460.2138, i
107 73.385 602.3325 0.27 C,H,,NO, Neojiangyouaconitine  [17]  C,,~MDAs
- 416.2428, 370.2054, 338.1762, 318.1762

596.3196, 554.3050, 526.2848, 508.2695,
108 73.870 614.3328 0.77  Cy,H,,NO, 476,240 1 Chasmaconitine [17] C,-DDAs

598.3039, 570.3063, 538.2791, 510.2872,
109 74.204 630. 3277 0.65 C;H,NO, 3—-deoxyaconitine > [11] C,-DDAs
‘ 506.254 4, 478.2615, 474.2308, 388.2480

110 76. 300 628.347 8 -0.28 C;H,NO, 610.3319, 526.2840, 508.2745 Bulleyaconitine A [19] C,-DDAs

111 77.769 628.348 4 0.64 C,H,NO, 596.3217, 564.2962, 540.2969, 508.2701 Foresaconitine [19] C,-DDAs

570.268 0, 528.2370, 510.3249, 478.2200,
112 79.771 630.2915 0.97 C;;H;NO,, 3-deoxyaconitine [11] C,-DDAs
o 446.1976, 416.2105

808.5404, 556.2921, 524.2667, 492.2379, 8-str—benzoylhypaco-
113 91. 020 840. 568 4 7.59 C,H,NO,, [12]  C,-Lipo-As
464.2454, 402.2208, 342.2078, 338.1762 nine

802.4909, 770.4639, 556.2903, 524.2642, 8-linolen—benzoyl-
114 99.832 834.5179 3.36 C,H,NO,, [18]  C,-Lipo-As
496.2690, 492.2387, 464.2432, 370.201 4 hypaconine

8-linolen—benzoylde-
115 100.119 848.5319 140 C,H,NO, 570.3075, 538.2784, 510.297 1 [18]  Cy-Lipo-As

oxyaconine

8-lino—benzoylme-
116  100. 255 852.5260 0.41 C,H,,NO, 572.2874, 444.8573, 354.1758, 318.9011 [18] C,-Lipo-As

saconine

8-lino—benzoylaco-
117 100. 533 866.541 0 -0.34 C,H,NO, 586.3015, 526.2817, 368.1900 [12]  C,-Lipo-As

nine

804.5063, 556.2907, 524.2655, 496.2693, 8-lino—benzoylhyp-
118  100. 676 836.5320 1.52 C,H,;NO,, [12]  C,-Lipo-As
! 338.176 6 aconine

8-lino—benzoyldeoxy-
119 100. 948 850.546 9 0.67 CyH,,NO,, 818.5182, 570.3067, 538.2812, 510.2839 [12]  C,-Lipo-As

aconine

8-lino—benzoyl-3,
120  101. 431 834.5517 0.29  C,H,NO, 554.3176, 522.2868, 334.0712 [18] Cy~Lipo—As
: 13-deoxyaconine

8-ole~benzoylhyp-
121 102. 005 838.546 8 0.48 C,H,NO, 806.5147, 556.2915, 524.2660, 338.1787 [12]  C,-Lipo-As

aconine

8—pal-benzoylhyp-
122 102.052 812.5312 0.60 C,H,NO,, 556.2892, 524.2626, 496.2695, 338.1725 [12]  C,-Lipo-As

aconine

8—pal-benzoyldeoxy-
123 102. 464 826.546 8 0.56 C,H,,NO,, 570.3083, 538.2819, 478.2572, 352.1927 [12]  C,-Lipo-As

aconine

1) 1*: 1, 7, 8-Trihydroxy—20— (hydroxymethyl) —16—methoxy—4— (methoxymethyl) aconitan—14-yl acelate or ils isomer;
2%. (1R, 2S, 3S, 4S, 5S, 6S, 8R, 12R, 13R, 16R, 19S, 20R, 21S) -14-Ethyl-2, 4-dihydroxy—-6, 19-dimethoxy-9,
11-dioxa—14~-azaheptacyclo [10.7.2.12, 5.01, 13.03, 8.08, 12.016, 20] docos—21-yl acetate or its isomer; 3*: (+) —
(13R, 19S) -1B8, 1la-diacetoxy—2a—benzoyloxy—13, 19-dihydroxyhetisan); 4%: (=) - (A-b) —l14a-benzoyloxy—8B—eth-
oxy—N —ethyl-6ac, 15a- dihydroxy—la, 168, 18—trimethoxyaconitane; 5%: (-) — (A-b) —8B-acetoxy—14a— benzoyloxy — N—
ethyl-3a, 108, 13B-trihydroxy—la, 6a, 168, 18-tetramethoxyaco—nitane; 2) Xl %
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Table 2 Characterization of new diterpenoid alkaloids of PAC by Molecular Networking
L/ I 5E (8 w2 . - .
2 1 TR Ky TG A
min  (m/z [M+H] *) 107
470.2375, 466.243 1, 434.2177, 420.2011,
3 3,611 5022644  —0.62 C,HNO, PAC-1* I C,-ADAs
o 402.1910, 388.1753, 326.1388
378.2545, 360.2442, 342.2347, 324.2236,
5 3.620  396.2363  -4.47 C,H,NO, PAC-2* I C,-ADAs
268.203 9
10 8301  516.2801  —-0.35 CyH,NO,, 470.2375, 452.2276, 420.2011, 402.1910  PAC-3" I C,-ADAs
346.2376, 328.2269, 318.2067, 318.2067,
11 8. 801 364.248 5 0.76  C,H;;NO, PAC-4* I C,o—ADAs
’ 310.214 8
452.2279, 434.2172, 402.1916, 370.164 8,
16 10.886  484.2541  -0.03 C,H,NO, PAC-5" I C,-ADAs
’ 352.153 1
19 11620  350.2327  0.31 CyuH,NO, 332.2213, 314.2110, 300.1964, 282.1854  PAC-6" I C.-ADAs
21 12.750  348.2534  0.31 C,H,NO, 330.2424, 312.2332, 302.2120 PAC-7* I C,-ADAs
388.2470, 370.2401, 328.2276, 310.2163,
27 16.255  406.2587  -0.15 C,H,NO, PAC-8* I C,-ADAs
T 282.2227
30 18.354 390. 264 0 0.35 C,HNO, 372.2520, 358.2373, 340.2245, 326.2103 PAC-9* 1 C,—ADAs
32 18.551 498.269 7 -0.06 C,H,)NO, 466.2445, 448.3227, 416.2082, 384.1795 PAC-10* 11 C,y—ADAs
388.2474, 356.2233, 338.2155, 324.1952,  Isomer of
34 20.559  406.259 1 0.77  CpH,NO, I C,-ADAs
o 310.176 1, 234.1498, 202.078 6 PAC-8*
38 22.530 446.254 0 0.59 C,HNOg 358.201 1, 330.2058, 312.1941, 254.1540 PAC-11* v Cy—ADAs
Isomer of
41 25.114 390. 264 1 0.57 C,HNO, 358.2378, 340.2272, 326.2115 PAC_9* 1 C,o—ADAs
42 26.237 466. 280 2 0.55 C,HNO, 434.2536, 402.2272, 374.1963, 370.2013 PAC-12* I C,y—~MDAs
372.2538, 354.2418, 344.2232, 312.2318,  Isomer of
43 27.051  390.264 1 0.56  C,H,NO, I C,-ADAs
c 294.2215 PAC-9*
44 28.149  432.2382 0.39 C,H,NO, 414.2264, 344.1864, 326.1749, 308.1648  PAC-13* IV  C,-MDAs
402.2267, 374.1998, 370.2005, 360.1520,
45 28.387  420.2383 0.51  C,H,NO, PAC-14* 1l  C,-MDAs
c 342.1702, 338.1739
558.2703, 544.2563, 512.2291, 494.2183,
49 32.470  576.2802  -0.14 CyH,NO,, PAC-15* 1l C,-ADAs
i 476.209 0, 468.2026, 464.2191
402.2553, 384.2495, 342.2432, 324.2332,
50 33.481 434.290 5 0.88  C,H,NO, PAC-16* 1 C,y;—MDAs
7T 292,204 6
558.2702, 544.2475, 526.2447, 508.2336,  Isomer of
51 33.605  576.2805 0.39  CyuH,NO,, I C,-ADAs
494.2215, 482.2220, 468.2007, 452.1957 PAC-15"
480.2749, 462.2626, 444.2528, 434.2680,
52 34.054 4982854 0.68 C,H,NO, PAC-17* 1  C,-ADAs
358.2375, 340.2274, 322.2175
428.2422, 344.1814, 326.1741, 308.1675, Isomer of
55 37.301  446.2538 0.14  C,H,NO, IV C,-ADAs
- 262. 1592 PAC-11*
426.263 4, 398.2690, 342.2059, 324.1955,
58 41.065  444.2743 0.76  C,H,NO, PAC-18* IV C,-DDAs
7T 296.2007
540.2555, 526.2451, 508.2353, 482.2125,  Isomer of
50 42,011  576.2802  —0.26 CyH,NO,, I C,-ADAs
444.1920 PAC-15*
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min  (m/z [M+H] *) 10
558.2632, 544.2562, 526.2435, 512.2287, Isomer of
60 43.016  576.2803  —0.12 C,H,NO,, I C,-ADAs
) 494.218 7, 468.1991, 448.1724 PAC-15*
61 43.078  442.2592 0.80 C,HNO; 358.2062, 340.1918, 312.1936 PAC-19* IV C,-DDAs
482.253 4, 464.2472, 436.2102, 360.2185,
63 45.366  514.2795 -0.74  CyH,NO, PAC-20" I C,-MDAs
- 310.174 4
512.2650, 494.2545, 462.2289, 390.2316,
64 45.751  544.2904 -0.15  CyH,NO, PAC-21" IV C,~MDAs
340. 1884, 312.1993
558.2675, 526.2421, 494.2163, 476.2019, Isomer of
66 46.674  576.2807 0.73  CyH,NO,, I C,—ADAs
444.2019, 358.1592 PAC-15*
68 47.166 426.264 0 0.24 C,H,;;NO, 342.2159, 324.1965, 306.1845 PAC-22* v C,i—MDAs
494.2539, 476.2436, 416.2258, 354.2062,
70 48.388  512.2642  -0.22  C,,H,NO, PAC-23" I C,-MDAs
: 294.183 9
600.277 3, 558.2712, 508.2334, 476.2032,
89 63.676  618.2912 0.56 Cy,H,NO, PAC-24" Il C,-DDAs
i 444,179 2, 354.168 3
568.3904, 554.2757, 536.2643, 504.2379,
92 65.762  586.3015 0.73  C,H,NO, PAC-25* I C,-DDAs
- 490.2238, 370.169 0
426.2620, 398.2698, 342.2177, 324.1952,
97 68.411  514.3168 0.91  C,,H,NO, PAC-26" IV C,-MDAs
296.199 3
1) “#™CEAREBAE L a9 .
2)  KAEIRRL S Yh . 3)  FAREAY SR YE .

KAENR A a5 2 E Yk (Lipo—As) J& [+
R 0 — R AW, BB 2R
T LR R AR SR S 2 C-8 A R I Y K B i T TR
(=lipo) J, -5 HAFXT I i U 78— il 25 A= )
[M+H-AcOH | "By 40 — g ik 2 i A 2 — 34
s R R AR AL, DR A — e B
TUAKEERR AR, B, a9 122191
Oy F B Tl m/z 812,531 2 [M+H]*, 4> T K
CyHNO o ZHFE EI N & 2 B A WAL B R B
m/z 556.289 2 [M+H-lipo]".524. 262 6 [ M+H-lipo—
CH,0H]",496.269 5 [M+H-lipo— CH,OH-CO]" .
338. 172 5 [M+H-lipo-3CH,0H-BzOH |*, H %4 J%
1% Fl benzoylhypaconine 2% i —2, Hit, #%fk
G VB HE) 8 258 N benzoylhypaconine, HACHE
Ne W2 04 5 125k €, H,0,, HEI K B8 iS5 7R 41 25
bl palmitic acid (pal) o R HL R O 4 A Sk
aE ", Ak AW 122 % 52 Hy 8—pal-benzoylhypaco-

nine. MEAL, HABKCHENR AL iS4 M mi i & Pl
AT DL SRR ML, AR A0 B M 2 Sk A

i AP 113~117, 119~123 B — i 45 %
it (1),

FAFRI AW (MDAs) JEMBFFrh 3
TR EE TG PRy, 5 ST Y LC-MS Jr ¥ 1R
B R 0 7K RO v — R S 5] T 34 b A B i 2 AR
Yok, R HLE N4 By 2 AcOH. CH,OH
H,0. COREHEI T W67, 73 F175 38 i X
& 5% JC Ml 22 79 % 51 4 benzoylmesaconitine, benzo-
ylaconine 1 benzoylhypaconine, A% % FlIE S H ¥
PAPRAR T WESISAE YR, B ST XT benzoylaconine X HE
i B R R Ik 2 AT 0 e, AR IR B A R
T, &% 73 (benzoylaconine) 25 H T B i i) m/z
604.312 0 [M+H "/ 40 F 5 F 0, 9 ik &l
([E12C) Al MEE SN R 7 1 m/z 586. 300 8 [M+H-
H,0]".572.285 6 [M+H-CH,0H " .554. 275 2 [M+H
-H,0 - CH,0H] ", 540.259 3 [M+H -2CH,0H] " |
522.248 9 [M+H-2CH,0H -H,0]".508.233 6 [M+
H -3CH,0H]".490.222 4 [M+H-3CH,0H-H,0]",
428. 186 6 [M+H-BzOH-3H,0]"; tb4bh, Hfth #fig
TR S AR WA A AR B o AR AL, AR Al
T T BCHE 45 SCHR AR E e, G, 24,
26. 37. 47. 53, 54, 56, 57. 65. 76, 80. 88.
90. 93, 98 M99 % — /3 MM RE . fEIE B T
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Fig. 2 The MS’ spectra of mesaconitine(A), 8—pal-benzoylhypaconine(B),
benzoylaconine(C), neoline(D), PAC-2*(E) and PAC-16" (F)

T, A 62 B m/z 604. 312 2 [M+H ] (9S> T
B, BRI EE 5 benzoylaconine A2
L, =2 0% R RE AU %% #) m/z 572,287 7.
554.277 5F1522. 251 1 %@ A& T, X2 FHs
Y1 628 B A m/z 458. 198 9 [M+H-4CH,0H-H,0 |",
336. 159 4 [M+H-4CH,0H-BzOH~-H,0 |* £#1iF it 4
F T, W H H benzoylaconine 2 — > -0CH,,
R 4 57 % 45 4k 25 SCmk A EE L I A5 N
hukbusine A, At PSR — ik 25 4 Wy w Ak & 9 2
B ALY T 2 A R, AR RS AR 45 S S
R 438 M ClogP fH ™ 7, 6597 69.71.78.83,
85~87.100.101 F11104~107 3 — ¥ % & (£ 1)

4) TR HEAEYIL . JCERA G A
PIik (ADAs) 2 Jf B 32 B2 A0 TG 25 36 1k B 47
i3 HE ST LC-MS 7k, TEM B R /K BT —
FLUE 0 T 25 FhTCHR T s R AW, fhE Y12,
15. 20, 23. 28 F1 33 iz X B b oA 2 1 2 51 0
mesaconine . karakoline, songorine. aconine. hyp-
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