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Alkaloids from whole plant of Delphinium delavayi
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Abstract: Objective To investigate the chemical constituents of Delphinium delavayi. Methods The chemical constituents were
separated and purified by column chromatography silica gel, ODS, aluminium oxide, and HPLC. Their structures were elucidated on
the basis of extensive spectroscopic analysis, including HR-ESI-MS, NMR experiments and comparison of their spectral data with
those described in the literature. Results Thirteen lycoctonine Cio-type diterpenoid alkaloids and one isoquinoline alkaloid were
isolated from the whole plant of D. delavayi, and the structures were identified as delphatine (1), deltatsine (2), delbonine (3), delbotine
(4), lycoctonine (5), delsoline (6), delavaine A (7), delavaine B (8), delsemine A (9), anthranoyllycoctonine (10), gyalanine A and B
(11), shawurensine (12), methyllycaconitine (13), and S-glaucine (14) respectively. Conclusion All compounds are isolated from the
plants of D. delavayi for the first time. Among them, compound 14 is isolated from the plants of genus Delphinium for the first time.
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B CAymBE-PIEE 30 @ 14+1% 280 BEULEY 10
(17 mg)- 11 A112 (26 mg). E4 LRERA:OE Cf1ih
fik-PI R 7 T 1 1% RO AR 2 A9 13 (2 mg)
14 (41 mg).

3 HMmkE

WED1: TETLETEM AR, 7T 3 CsHisNO7,
HR-ESI-MS m/z: 482.304 5 [M+H] . "H-NMR (400
MHz, CDCl;) 6: 1.02 3H, t, J = 7.2 Hz, NCH,CHj),
3.23,3.28,3.32, 3.39 F13.40 (% 3H, s, 5X OMe), 3.57
(1H, t, J = 42 Hz, H-14p); “C-NMR (100 MHz,
CDCl;) d: 84.0 (C-1), 26.2 (C-2), 32.4 (C-3), 38.2
(C-4), 43.3 (C-5), 90.6 (C-6), 88.4 (C-7), 77.5 (C-8),
49.8 (C-9), 38.1 (C-10), 48.9 (C-11), 28.8 (C-12), 46.1
(C-13), 84.3 (C-14), 33.5 (C-15), 82.7 (C-16), 64.7
(C-17), 78.1 (C-18), 52.8 (C-19), 51.1 (C-21), 14.1
(C-22), 55.7 (1-OMe), 57.4 (6-OMe), 57.8 (14-OMe),
56.2 (16-OMe), 59.0 (18-OMe). LA Ly itsiE 5
BRIk IE Y, WA ARERE,

&) 2: T TCE LM AR, 73 F 3 CsHaNO5.
HR-ESI-MS m/z: 468.288 5 [M+H] . "H-NMR (600
MHz, CDCls) 6: 1.09 (3H, t, J = 7.2 Hz, NCH,CH;),
2.64 (2H, ABq, J = 8.9 Hz, H-19), 3.14 (1H, ABq, J =
8.9 Hz, H-18a), 3.30 (1H, ABq, J = 8.9 Hz, H-18b),
3.36, 3.38, 3.39 f13.46 (% 3H, s, 4 X OMe), 3.65 (1H,
brs, H-1p), 3.82 (1H, s, H-6a), 3.98 (1H, brs, H-14p);
BC.NMR (150 MHz, CDCl;) d: 72.2 (C-1), 27.0
(C-2), 29.2 (C-3), 37.0 (C-4), 39.7 (C-5), 90.5 (C-6),
91.2 (C-7), 81.0 (C-8), 48.8 (C-9), 45.1 (C-10), 48.5
(C-11), 28.2 (C-12), 39.7 (C-13), 74.6 (C-14), 30.9
(C-15), 82.1 (C-16), 66.5 (C-17), 78.6 (C-18), 57.2
(C-19), 50.3 (C-21), 13.7 (C-22), 59.1 (6-OMe),
51.2 (8-OMe), 56.3 (16-OMe), 59.2 (18-OMe). LA
bR S SRR iE ), WSS 2

WA 3: TETCE A, 73 F 3N Co7HiNOg.
HR-ESI-MS m/z: 510.307 3 [M+H] . "H-NMR (400
MHz, CDCl;) 6: 1.06 (3H, t, J = 7.2 Hz, NCH,CHj3),
2.02 (3H, s, COCHj3), 2.81 fi12.88 (% 1H, dq, J =
14.0, 7.2 Hz, NCH,CHj3), 3.12 (1H, ABq, J = 8.8 Hz,
H-18b), 3.28 (3H, s, 8-OMe), 3.34 (3H, s, 16-OMe),
3.36 (3H, s, 6-OMe), 3.37 (3H, s, 8-OMe), 3.80 (1H,
s, H-60), 4.77 (1H, t, J = 4.2 Hz, H-14); "“C-NMR
(100 MHz, CDCl3) &: 72.2 (C-1), 29.3 (C-2), 27.0

(C-3), 37.1 (C-4), 48.6 (C-5), 90.8 (C-6), 91.0 (C-7),
81.7 (C-8), 38.2 (C-9), 44.5 (C-10), 49.1 (C-11), 29.3
(C-12), 36.7 (C-13), 75.3 (C-14), 30.3 (C-15), 82.3
(C-16), 66.2 (C-17), 78.6 (C-18), 57.3 (C-19), 50.3 (C-21),
137 (C-22), 592 (6-OMe), 50.6 (8-OMe), 56.1
(16-OMe), 59.3 (18-OMe), 170.5, 21.4 (14-OCOCH;). LA
RO S SRR E Y, WA 3 A
delbonine.

WEY 4: TETEH K, 731 CieHasNO7.
HR-ESI-MS m/z: 482.304 4 [M+H] . "H-NMR (600
MHz, CDCl;) 6: 1.09 (3H, t, J = 7.2 Hz, NCH,CHj3),
3.36,3.37,3.38, 3.38 113.39 (% 3H, s, 5X OMe), 3.46
(1H, t, J = 4.2 Hz, H-14p), 3.66 (1H, brs, H-1p), 3.81
(1H, s, H-6a); "“C-NMR (150 MHz, CDCLy) &: 72.3
(C-1), 27.0 (C-2), 29.6 (C-3), 37.1 (C-4), 49.0 (C-5),
91.1 (C-6), 91.1 (C-7), 82.0 (C-8), 36.7 (C-9), 44.8
(C-10), 49.1 (C-11), 29.3 (C-12), 39.0 (C-13), 84.1
(C-14), 30.1 (C-15), 83.1 (C-16), 66.1 (C-17), 78.8
(C-18), 57.4 (C-19), 50.3 (C-21), 13.7 (C-22), 59.4
(6-OMe), 50.7 (8-OMe), 57.6 (14-OMe), 56.4
(16-OMe), 59.4 (18-OMe). LA_Fil it % 5 iRk
3, %S 4 9 delbotine.

&Y 5: Tkt @ AR, 73728 CosHaNO7.
HR-ESI-MS m/z: 468.288 5 [M+H] . "H-NMR (600
MHz, CDCls) 6: 1.03 (3H, t, J = 7.2 Hz, NCH,CH3),
2.33 (1H, dd, J = 6.9, 4.8 Hz, H-13), 2.43 (1H, dd, J =
14.3, 4.8 Hz, H-12), 2.91 (1H, s, H-17), 2.93 (1H, m,
H-1), 3.06 (1H, t, J = 6.2 Hz, H-9), 3.21 (1H, t, J= 7.8
Hz, H-16), 3.24, 3.33, 3.41 1 344 (% 3H, s,
4XOMe), 3.59 (1H, t, J = 4.2 Hz, H-14p), 3.34 (%
1H, ABq, J = 7.2 Hz, H-18a), 3.63 (% 1H, ABq, J =
7.2 Hz, H-18b), 3.86 (1H, s, H-6), 4.06 (1H, s, 8-OH);
BC.NMR (150 MHz, CDCL) J: 84.3 (C-1), 26.1
(C-2), 31.6 (C-3), 38.5 (C-4), 49.6 (C-5), 90.6 (C-6),
88.5 (C-7), 77.5 (C-8), 43.3 (C-9), 46.1 (C-10), 48.9
(C-11), 28.7 (C-12), 38.1 (C-13), 83.9 (C-14), 33.6
(C-15), 82.6 (C-16), 64.8 (C-17), 67.8 (C-18), 52.6
(C-19), 51.1 (C-21), 14.1 (C-22), 55.8 (1-OMe), 57.9
(6-OMe), 57.8 (14-OMe), 56.3 (16-OMe). LA i
s 5 ks — 8, M A 5 A b

& 6: TETCEILA K, 731 CosHaNO7.
HR-ESI-MS m/z: 468.289 0 [M+H] . "H-NMR (600
MHz, CDCl;) 6: 1.09 (3H, t, J = 7.2 Hz, NCH,CHj3),
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1.87 (1H, m, H-12B), 3.29 (1H, t, J = 7.2 Hz, H-16),
3.33,3.35,3.36 f13.41 (% 3H, s, 4 X OMe), 3.00 (1H,
ABq, J = 9.0 Hz, H-18a), 3.38 (1H, ABq, J = 9.0 Hz,
H-18b), 3.62 (1H, t, J = 4.2 Hz, H-14B), 3.67 (1H, brs,
H-1pB), 3.99 (1H, s, H-6), 4.06 (1H, s, 7-OH);
BC-NMR (150 MHz, CDCly) d: 72.7 (C-1), 27.2
(C-2), 29.4 (C-3), 37.4 (C-4), 44.9 (C-5), 90.4 (C-6),
87.8 (C-7), 78.5 (C-8), 43.3 (C-9), 43.9 (C-10), 49.3
(C-11), 30.5 (C-12), 37.7 (C-13), 84.5 (C-14), 33.5
(C-15), 82.9 (C-16), 66.0 (C-17), 77.3 (C-18), 57.3
(C-19), 50.3 (C-21), 13.5 (C-22), 57.3 (6-OMe), 57.7
(14-OMe), 56.3 (16-OMe), 59.1 (18-OMe). LL F¥i
Ml 5 Scmk s 5, M A 6 NEAER.

WEW T1: TETLETEMA, 7753 CisHuN,Oyo
HR-ESI-MS m/z: 715.379 5 [M+H] . "H-NMR (600
MHz, CDCl;) 6: 1.07 (3H, t, J = 7.0 Hz, NCH,CHj),
1.28 3H, t, J = 7.0 Hz, 3"-CHCH,), 3.26, 3.34, 3.38
F13.41 (4% 3H, s, 4X0OMe), 3.68 (3H, s, COOCHj3),
7.10~8.71 (4H, m, Ar-H), 11.17 (1H, brs, NHCO);
BC-NMR (150 MHz, CDCl;) d: 83.9 (C-1), 26.1
(C-2), 32.2 (C-3), 37.6 (C-4), 43.2 (C-5), 90.9 (C-6),
88.5 (C-7), 77.5 (C-8), 51.0 (C-9), 38.1 (C-10), 49.1
(C-11), 28.7 (C-12), 46.1 (C-13), 83.9 (C-14), 33.7
(C-15), 82.5 (C-16), 64.5 (C-17), 69.8 (C-18), 52.3
(C-19), 50.3 (C-21), 14.1 (C-22), 55.8 (1-OMe), 57.8
(6-OMe), 58.1 (14-OMe), 56.3 (16-OMe), 114.7
(C-1'), 141.7 (C-2'), 120.7 (C-3"), 134.9 (C-4"), 122.5
(C-5"), 130.3 (C-6'), 168.0 (OCOAr), 172.0 (C-1"),
39.1 (C-2"), 39.0 (C-3"), 174.2 (C-4"), 51.0 (C-5"),
17.9 (C-6"). VA ¥ 5 cikdhoa A — 5, i
WSEAGE W T IR FLED A

& 8. KB LERM A, 41
CisHs4N,O11. HR-ESI-MS m/z: 715379 2 [M+H] .
'H-NMR (600 MHz, CDCl;) d: 1.07 (3H, t, J = 7.0
Hz, NCH,CH3), 1.33 (3H, t, J = 7.0 Hz, 2"-CHCHj),
3.26,3.34,3.38 f13.41 (% 3H, s, 4X OMe), 3.68 (3H,
s, COOCHj3), 7.10~8.71 (4H, m, Ar-H), 11.05 (1H,
brs, NHCO): "“C-NMR (150 MHz, CDCl;) J: 83.9
(C-1), 26.1 (C-2), 32.2 (C-3), 37.6 (C-4), 43.2 (C-5),
90.9 (C-6), 88.5 (C-7), 77.5 (C-8), 51.0 (C-9), 38.1
(C-10), 49.1 (C-11), 28.7 (C-12), 46.1 (C-13), 83.9
(C-14), 33.7 (C-15), 82.5 (C-16), 64.5 (C-17), 69.8
(C-18), 52.3 (C-19), 50.3 (C-21), 14.1 (C-22), 55.8

(1-OMe), 57.8 (6-OMe), 58.1 (14-OMe), 56.3
(16-OMe), 114.7 (C-1'), 141.9 (C-2"), 120.7 (C-3"),
1349 (C-4"), 122.5 (C-5"), 1303 (C-6"), 168.0
(OCOAr), 170.0 (C-1"), 41.5 (C-2"), 36.0 (C-3"),
175.9 (C-4"), 51.0 (C-5"), 17.1 (C-6"). PA_E#¥i 53¢
Rk RO S A — 3, M LA 8 MR TLED B.

a9 Lt bE®H KR, 1R
C37Hs53N30,9. HR-ESI-MS m/z: 700.373 7 [M+H]".
'H-NMR (600 MHz, CDCl;) &: 1.06 (3H, t, J = 7.2
Hz, NCH,CH3), 1.25 (3H, t, J = 7.0 Hz, 2"-CHCHj,),
3.26,3.34,3.38 F13.41 (% 3H, s, 4 X OMe), 3.61 (1H,
t, J = 4.2 Hz, H-14B), 5.42 (2H, brs, CONH,), 7.10~
8.70 (4H, m, Ar-H), 11.08 (1H, brs, NHCO);
BC-NMR (150 MHz, CDCl;) d: 83.9 (C-1), 26.1
(C-2), 32.2 (C-3), 37.6 (C-4), 43.2 (C-5), 90.9 (C-6),
88.5 (C-7), 77.5 (C-8), 50.5 (C-9), 46.1 (C-10), 49.0
(C-11), 28.7 (C-12), 38.1 (C-13), 83.9 (C-14), 33.7
(C-15), 82.5 (C-16), 64.5 (C-17), 69.8 (C-18), 52.3
(C-19), 51.0 (C-21), 14.1 (C-22), 55.8 (1-OMe), 57.8
(6-OMe), 58.0 (14-OMe), 56.3 (16-OMe), 114.9
(C-1"), 141.7 (C-2'), 120.7 (C-3"), 134.8 (C-4'), 122.6
(C-5"), 130.3 (C-6'), 167.9 (OCOAr), 173.4 (C-1"),
39.4 (C-2"),39.2 (C-3"), 174.6 (C-4"), 18.2 (C-5"). LA
RO S Sk E S, Wt A 9 N
TR BB

&% 10: L LERH K, 1R
C3HueN,Og. HR-ESI-MS m/z: 587.326 2 [M+H]" .
'H-NMR (600 MHz, CDCl3) &: 1.06 3H, t, J = 7.2
Hz, NCH,CH3), 3.25, 3.33, 3.37 M1 3.41 (% 3H, s,
4X OMe), 3.60 (1H, t, J = 4.2 Hz, H-14p), 5.74 (2H,
brs, CONH,), 6.64~7.80 (4H, m, Ar-H); "“C-NMR
(150 MHz, CDCls) d: 83.9 (C-1), 26.2 (C-2), 32.2
(C-3), 37.6 (C-4), 43.2 (C-5), 91.0 (C-6), 88.5 (C-7),
77.5 (C-8), 50.3 (C-9), 46.1 (C-10), 49.1 (C-11), 28.7
(C-12), 38.2 (C-13), 84.0 (C-14), 33.6 (C-15), 82.6
(C-16), 64.5 (C-17), 68.6 (C-18), 52.5 (C-19), 51.0
(C-21), 14.1 (C-22), 55.8 (1-OMe), 58.0 (6-OMe),
57.8 (14-OMe), 56.3 (16-OMe), 110.3 (C-1'), 150.7
(C-2"), 116.8 (C-3'), 134.3 (C-4"), 116.3 (C-5'), 130.7
(C-6'), 167.8 (OCOAr). LA b3t 4 5 SOk kiE —
M, Wt A 10 R B B

twE&Ew 1. TELEEHK, 71K
C30HsgN,O; ;. HR-ESI-MS m/z: 729.389 9 [M+H] .
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'H-NMR (600 MHz, CDCl;) 6: 1.07/1.06 3H, t, J =
7.2 Hz, NCH,CH3), 1.28/1.35 (3H, d, J = 7.2 Hz,
2"/3"CHCH3), 3.26, 3.34, 3.38 #il 3.41 (% 3H, s,
4X0OMe), 3.61 (1H, t, J = 4.2 Hz, H-14B), 4.15/4.17
(2H, dd, J = 2.0, 7.2 Hz, OCH,CHj3), 7.10~8.71 (4H,
m, Ar-H), 11.18/11.05 (1H, brs, NHCO); "“C-NMR
(150 MHz, CDCly) &: 82.7 (C-1), 26.3 (C-2), 32.4
(C-3), 37.3 (C-4), 43.4 (C-5), 91.1 (C-6), 88.7 (C-7),
77.7 (C-8), 50.6 (C-9), 38.3 (C-10), 49.1 (C-11), 28.2
(C-12), 46.3 (C-13), 84.1 (C-14), 33.9 (C-15), 82.3
(C-16), 64.7 (C-17), 70.0 (C-18), 52.5 (C-19), 50.6
(C-21), 14.0 (C-22), 56.0 (1-OMe), 58.0 (6-OMe),
58.2 (14-OMe), 56.5 (16-OMe), 114.8/114.9 (C-1"),
142.0/141.8 (C-2'), 120.8 (C-3'), 135.1 (C-4"), 122.7
(C-5"), 130.4 (C-6"), 168.2 (OCOAr), 172.6/170.1
(C-17), 39.2/41.6 (C-2"), 39.7/36.0 (C-3"),
174.2/176.1 (C-4"), 59.5/59.4 (C-5"), 14.2 (C-6"),
18.1/17.3 (C-7") LA %t 5 scmka i — 2™,
WS BB 11 10 XK, BL2R58 A FI B

& 12: Kt LERE K, TR
C37H52N,011. HR-ESI-MS m/z: 701.359 9 [M+H]".
'H-NMR (600 MHz, CDCl;) &: 1.08 (3H, t, J = 7.2
Hz, NCH,CHs), 1.32 (3H, d, J = 7.2 Hz, 2"-CHCHj),
3.26.3.33.3.36 1 3.40 (% 3H, s, 4X OMe), 3.61 (1H,
t, J = 4.8 Hz, H-14p), 3.93 (1H, s, H-6a), 7.09~8.70
(4H, m, Ar-H), 11.10 (1H, brs, NHCO); "“C-NMR
(150 MHz, CDCly) 6: 83.4 (C-1), 25.2 (C-2), 31.8
(C-3), 37.5 (C-4), 43.2 (C-5), 90.6 (C-6), 88.0 (C-7),
77.8 (C-8), 49.2 (C-9), 38.0 (C-10), 49.5 (C-11), 28.7
(C-12), 45.7 (C-13), 83.8 (C-14), 33.6 (C-15), 82.5
(C-16), 64.2 (C-17), 69.5 (C-18), 53.1 (C-19), 51.1
(C-21), 13.5 (C-22), 55.8 (1-OMe), 57.8 (6-OMe),
58.1 (14-OMe), 56.3 (16-OMe), 167.9 (OCOAr),
114.9 (C-1"), 141.6 (C-2'), 120.8 (C-3'), 134.8 (C-4"),
122.6 (C-5"), 130.2 (C-6"), 174.5 (C-1"), 39.0 (C-2"),
38.0 (C-3"), 175.3 (C-4"), 17.8 (C-5"). LA by it %
HocmiiE s, WS Ehkam 12 oK
shawurensine.

& 13: EELEEEMA, 41K
C37HsoN,O19o HR-ESI-MS m/z: 683.347 7 [M+H]".
'H-NMR (600 MHz, CDCl;) &: 1.06 (3H, t, J = 7.2
Hz, NCH,CHj3), 3.25, 3.34, 3.35 f1 3.41 (4% 3H, s,
4X OMe), 3.60 (1H, t, J = 4.2 Hz, H-14p), 7.27~8.05

(4H, m, Ar-H); “C-NMR (150 MHz, CDCl;) : 83.9
(C-1), 26.1 (C-2), 32.1 (C-3), 37.5 (C-4), 43.2 (C-5),
90.8 (C-6), 88.5 (C-7), 77.5 (C-8), 50.1 (C-9), 38.3
(C-10), 49.1 (C-11), 28.7 (C-12), 46.1 (C-13), 84.0
(C-14), 33.6 (C-15), 82.6 (C-16), 64.5 (C-17), 69.8
(C-18), 52.3 (C-19), 50.9 (C-21), 14.1 (C-22), 55.8
(1-OMe), 57.8 (6-OMe), 58.1 (14-OMe), 56.3
(16-OMe), 127.9 (C-1"), 133.6 (C-2'), 129.3 (C-3"),
133.6 (C-4), 1312 (C-5'), 130.0 (C-6), 1643
(OCOAr), 179.8 (C-1"), 37.0 (C-2"), 35.3 (C-3"),
175.0 (C-4"), 16.3 (C-5")o LAl iEHHE 5 SC k4R
— g, WS RS 13 9 R R

wEW 14: A LEEER A, o TR
C»1H,sNO4. HR-ESI-MS m/z: 356.177 2 [M+H]".
'H-NMR (600 MHz, CDCls) d: 8.09 (1H, s, H-11),
6.78 (1H, s, H-8), 6.59 (1H, s, H-3), 3.93, 3.90, 3.89
(% 3H, s, 2, 9, 10-OMe), 3.65 (3H, s, 1-OMe), 2.50~
3.25 (7H, m, H-4, 5, 6a, 7), 2.57 (3H, s, NCH3);
BC-NMR (150 MHz, CDCly) J: 144.3 (C-1), 151.9
(C-2), 110.3 (C-3), 29.3 (C-4), 53.3 (C-5), 62.6 (C-6a),
34.6 (C-7), 110.8 (C-8), 148.0 (C-9), 147.5 (C-10),
111.6 (C-11), 124.5 (C-11a), 127.0 (C-11b), 126.9
(C-11c¢), 60.2 (1-OMe), 55.8 (2-OMe), 55.8 (9-OMe),
55.9 (10-OMe). LA b3 % 5 cimkaios — 8",
W B AW 14 4 S-glaucine.
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