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HETISANE-TYPE DITERPENOID ALKALOIDS
I. A. Bessonova and Sh. A. Saidkhodzhaeva UDC 547.944/945

Data in the literature up to 1998 on hetisane-type diterpenoid alkaloids isolated from plants of the genera
Aconitum, Consolida, Delphinium, Thalictrurand Spireaare reviewed and systematized. Data on the
chemistry and physicochemical methods of studying the structures and pharmacology of hetisane alkaloids
are generalized. An alphabetical list of 107 hetisane alkaloids with an indication of the plant source,
structure, characteristic derivatives, physicochemical data, and references to the original literature is
presented.
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A new group of natural compounds, hetisane-type alkaloids, has been clearly identifednhdecades in the
chemistry of diterpenoid alkaloids (DA). The first representatives of this group, panicukjna]( hetisine 82), and
kobusine 68) [2] were isolated in the 1930s and 1940s. However, their structures were elucidated much later, in the 1980s,
owing to the development of instrumental methods and the ability to perform x-ray structure £48K&is

Since the time when the structure of hetisine was established, many studies have been devotektiotha s
type of compounds from plants of the gen&rnitum Delphinium Thalictrum Consolida(Ranunculaceae), arghirea
(Rosaceae). The unwavering interest in hetisane alkaloids, like other DA, is due to their complicated structures, andresting
unique chemistry, valuable pharmacological properties, and widespread popularity of plants containing these compounds in the
folk medicine. At this time (1998), more than 100 hetisane-type representatives are known (Table 1). Hetisane itself (Fig. 1)
has not been isolated from plants or synthesized.

The latest progress in the chemistry and pharmacology of DA has been reviewed [3-9].

The chemical structures of hetisane alkaloids are similar to those of atisane diterp@8oisch contain the bicyclo-
[2,2,2]-octane system [3]. In 1955, Wenkert [83] hypothesized that the precuratismpé diterpenoids, like those of atisane-
caurane alkaloids, are tricyclic pymarane diterpend® Schemes have been proposed for the formation of the heterocyclic
rings of atisine alkaloid$10, from which a logical succession of forming the bridge bonds C14-132D4nd N-C6 {12
produces the hetisane carbon framewdd3) [84]. The formation of the N—C6 bond is based on the structures of the natural
alkaloids miyaconitine and miyaconitinone [84], which are analogs of the interm&iitate
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Aspects of the biogenesis of DA have been reviewed [85]. Alternate methods of forming the N—C6 bond, e.g., from
talasamine-type alkaloids, were proposed.
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TABLE 1. Physical Properties and Spectral Data of Hetisane Alkaloids*

1. Acoridine [10a]

2. Acorine (guan-fu base Y) [10b]

3. Acorientine

Aconitum orientalg11]

C,oH,NO4 329

[a¢]p +13.5° (CHCly)

IR: 3360, 2940, 2820, 1660, 1560, 1450, 1410, 1220, 1100, 1040, 1020, 910, 760
Mass 329 (M*, 23), 314 (7), 301 (7), 284 (5), 162 (100), 127 (50), 63 (75)

PMR: 1.42 (3H, s, 18-CKl ), 2.45 (1H, br. s, H-14), 3.86 (1H, s, H-20), 3.98 (1H, d, J = 5.0, H-13), 4.02 (1He}, T4
5.27 (1H each, br. s, H-17)

13C NMR:

c1 393 c-8 40.9 C-15 73.6
2 189 9 54.1 16 150.3
3 35.1 10 49.6 17 116.1
4 359 11 37.6 18 29.9
5  59.3 12 395 19 57.3
6  100.9 13 720 20 67.2
7 46.7 14 40.7

CH, 4 Acsinatine [10c]

™ CHy 5. Andersobine

OAc Delphinium andersoniGray [12]
C,,H,NO, 371
mp: 310° (CH;OH) (dimethylaminobenzoate, 204-2@)
IR: 3470, 1730, 1460, 1375, 1235, 1027, 960, 908, 870

*H and*C NMR spectra were recorded in CRCI with the exception of cases mentioned in thé pahie § Hz).
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Mass 371 (M', 1), 353 (100), 311 (8), 209 (22), 189 (10), 172 (10), 161 (20), 133 (18), 117 (18), 105 (25), 91 (30), 43 (70)
PMR (C5DgN): 1.08 (1H, td, J = 13.0, 3.0, 3.0, Hed31.42 (1H, m, H-f), 1.50 (1H, s, H-5), 1.64 (3H, s, 18-GH ), 1.68 (1H,

m, H-11B), 1.71 (1H, m, H-1B), 1.78 (1H, m, H-B), 1.82 (2H, m, H-&, H-9), 1.84 (1H, m, H), 1.91 (1H, m, H-1d), 2.08

(2H, m, H-B, H-14), 2.14 (1H, m, H-12), 2.16 (3H, s, OAC), 2.72 (1H, s, H-20), 3.83 (1H, dd, J = 11.4, 5.5, H-3), 3.86 (1H,
s, H-6), 4.89 (1H, s, H-19), 4.94 (1H, s, 19-OH), 5.00, 5.18 (1H each, t, J = 1.6, H-17), 5.67 (1H, t, J = &) 6HH8F1H,

d, J= 4.5, 3-OH)

¥%C NMR:

C-1 26.7 C-9 45.1 C-17 110.5
2 29.4 10 50.1 18 20.4
3 74.5 11 27.0 19 89.3
4 49.4 12 34.3 20 71.4
5 63.0 13 33.7 C=0 171.2
6 62.1 14 44.1 |
7 33.0 15 73.0 CH 21.2
8 44.7 16 152.8

AcO. 6. 13-Acetylvakhmatine
Y

Consolida ambigua&. P. W. Ball and V. H. Heywood [13]

Cy,HogNO5: 387

mp: amorph.

[a]p -20° (CHCLy)

IR: 3450, 1720, 1455, 1375, 1250, 1030, 960, 880

PMR: 1.00 (3H, s, 18-CHl ), 1.45 (1H, s, H-5), 1.55 (1H, dd, J = 7.8, 2.B)HtH6 (1H, m, H-B), 1.71 (1H, dd, J = 14.0,
2.7, H-%), 1.82 (1H, dd, J = 15.0, 4.0, H31 1.91 (1H, d, J = 9.0, H-9), 1.98 (1H, br. d, J = 7.8,0H1-2.03, 2.18 (2H, AB,

J=18.0, H-15), 2.22 (3H, s, OAc), 2.38 (1H, d, J = 9.0, H-14), 2.42 (1H, d, J = 2.5, H-12), 2.66 (1H, br. d, J =d5.8,28-1
(1H, s, H-20), 3.55 (1H, br. s,y =4.0, H-6), 4.18 (1H, br. W = 8.(%)H4223 (1H, d, J = 9.0, H-B}, 4.70 (1H, s, H-

17), 4.71 (1H, s, H-19), 4.86 (1H, s, H-17), 5.00 (1H, br. d, J = 9.0 p)-13

Ho~”

13C NMR:

c1 328 c-9 551  C-17  108.7
2 661 10 502 18 227
3 407 11 75.8 19 909
4 420 12 485 20 65.0
5 616 13 76.6 C=0 172.8
6 602 14 49.9 |
7 35.6 15 33.7 CH 21.1
8 44.2 16 144.8

7. 11-Acetylhetisine

Delphinium nuttallianunPritz [14]

CyyHogNO 42 371

mp: 264-266 C (acetone-hexane) [15]

IR: 3420, 3090, 1730, 1650, 1460, 143520, 1375, 1340, 1310, 1300, 1250, 1215, 1180,
1152, 1140, 1115, 1085, 1070, 1055, 1030, 990, 975, 960, 940, 910, 880, 850, 815 [15]
Mass 371 (M", 20), 354 (18), 328 (15), 294 (6), 282 (5), 43 (100) [15]

PMR: 1.00 (3H, s, 18-CHl ), 2.10 (3H, s, OAc), 3.82 (1H, br. s, H-20), 4.19 (1H, br. d, J = 8.6)Ht14L, 4.91 (1H each,

br. s, H-17), 5.13 (1H, d, J = 9.0, H)115]
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13C NMR [15]:

C-1 32.6 C-9 53.3 C-17 108.1
2 66.8 10 50.4 18 29.8
3 39.1 11 76.7 19 63.6
4 36.5 12 48.1 20 67.9
5 61.3 13 70.9 =0 1711
6 64.4 14 52.8 |
7 36.5 15 34.1 CH 21.6
8 43.9 16 146.1

8. 13-Acetylhetisine

Delphinium nuttallianunPritz [16]

C,,H,NO; 371

mp: 241-243C [15] (perchlorate 27%C) [16]

IR: 3410, 3070, 1730, 1650, 1460, 143520, 1375, 1360, 1340, 1300, 1250, 1215, 1180,
1155, 1140, 1115, 1085, 1070, 1055, 1030, 990, 980, 960, 940, 910, 880, 850, 820 [15]

Mass 371 (M", 10), 354 (3), 312 (18), 282 (5), 43 (100) [15]

PMR: 0.97 (3H, s, 18-CHl ), 2.17 (3H, s, OAc), 3.23 (1H, br. spH-8.49 (1H, s, H-20), 4.19 (1H, br. s, = 10.0, };2
4.24 (1H, br. d, J = 8.5, H-B), 4.72, 4.88 (1H each, br. s, H-17), 5.13 (1H, br. d, J = 9.0,6}{13]

13C NMR:

c-1 338  C9 552  C-17  108.7
2 66.7 10  50.6 18  29.7
3 40.3 11 756 19 632
4 36.6 12 485 20  68.6
5 61.5 13 745 c=0 1703
6 64.3 14  50.4 |
7 36.0 15 335 GH 212
8 43.6 16 144.8

9. 13-Acetylhetisinone

Delphinium cardiopetalurC. [15], D. gracileDC. [17],D. peregrinunvar.
elongatum Boiss [18]

13C NMR [19]:

c1 452  C-9 547  C-17  109.9
2 2130 10 555 18 287
3 50.2 11 744 19 647
4 42.8 12 484 20 707
5 60.9 13 736 C=0 1703
6 65.3 14 49.9 |
7 36.0 15 337 GH 211
8 a4.7 16 1445
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10. 13-Acetyl-14-hydroxy-2-propionylhetisine

Aconitum coreanurflLevl.) Rapaics [6]

CHy 11. 1-Acetylhypognavine

OAc
BzO. 4 ‘ OH Aconitum sanyoendgakai var. tonense Nakai [20]
#@ C,gH3NOg 491
4 mp: 127-128C (dec., acetone)
[a]p +116.7 (CHCL)
IR: 3450, 2950, 1730, 1272, 1239
Mass 491 (M*, 1), 432 (100)
PMR: 1.10 (3H, s, 18-Ckl ), 2.13 (3H, s, OAc), 2.72 (1H, s, H-5), 3.18 (1H, s, H-20), 3.47 (1H, br. s, H-6), 4.07 (1H, s, H-15),
5.02, 5.05 (1H each, s, H-17), 5.26 (1H, m, H-2), 5.44 (1H, d, J = 2.0, H-1), 7.44-8.00 (5H, H-Ar)
13C NMR:

C-1* 702 c9 79.8 C-17 109.9 4 1333
2* 70.3 10 544 18 29.2 BICO 169.6
3 335 11 393 19 635 |
4 357 12 348 20 72.2% ¢H 21.2
5 515 13 331 Ar-CO 165.0
6 64.7 14 422 Al 1297
7 289 15 72.6% 2,6 129.6
8 44.7 16 1545 35 128.7

***Assignments may be interchanged.

12. 13-Acetylglanduline

Consolida glandulosgBoiss. et Huet), Bornm. [21]

CygH3NOg 545

mp: 110-115C

[¢]p +15.2

IR: 3393, 2930, 1731, 1657, 1578, 1460, 1368, 1233, 1184, 1147, 1098, 1036, 1024, 975, 883

Mass 545 (M', 3), 528 (2), 503 (10), 5@25), 487 (30), 486 (100), 475 (5), 474 (6), 472 (12), 458 (5), 445 (9), 444 (33), 430
(5), 426 (5), 402 (21), 384 (1360 (15), 342 (21), 324 (31), 314 (10), 312 (7), 297 (10), 296 (7), 174 (10), 144 (12), 131 (9),
105 (11), 91 (10), 85 (11), 83 (10), 81 (10), 71 (11), 57 (69)

PMR (CDClL,—CD;0D, 9:1): 0.89 (3H, t, J = 7.4, H-24), 1.03 (3H, s, 18;CH ), 1.23 (3H, d, J = 7.0, H-25), 1.48, 1.68 (1H each,
ddg, J=14.6, 7.3, 7.3,-28), 1.70 (1H, dd, J = 13.4, 3.0, kj7 1.75 (1H, dd, J = 13.8, 2.2, H§)7 1.99 (1H, d, J = 18.0, H-

150), 1.99 (3H, s, OAc), 2.02 (3H, s, OAc), 2.04 (1H, d, J = 18.0, &}1509 (1H, dd, J = 16.6, 4.7, H)1 2.36 (1H, sext.,
J=7.0,H-22), 254 (1H, d, J = 12.5, H8)9 2.59 (1H, s, H-5), 2.65 (1H, d, J = 2.2, H-12), 3.10 (1H, br.,5, W =6.1, H-6),
3.13 (1H, dd, J = 16.6, 2.0, Hel 3.38 (1H, d, J = 12.5, H-&9, 3.62 (1H, s, H-20), 4.10 (1H, s, H®14.78 (1H, s, H-17),

4.90 (1H,d, J=4.7, HR, 4.96 (1H, d, J = 2.2, H-B3, 4.97 (1H, s, H-17), 5.50 (1H, m,\y =14.0, )2
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¥ NMR (CDCl,—CD;0D, 9:1):

C-1 28.8 C-9 80.9 C-17 109.5 C-25 17.1

2 68.1 10 47.3 18 25.7 aG=0 170.6

74.2 11 84.0 19 59.9 [
41.8 12 48.4 20 68.0 £H 20.7
55.7 13 80.4 21 175.9 aG=0O 169.8
61.8 14 77.3 22 41.3 [
26.4 15 27.9 23 26.1 £H 21.4
50.6 16 143.1 24 11.5

o N O~ W

13. 15-Acetyl-13-dehydrocardiopetamine

Aconitum napellu&. s. Str. A. anglicumStapf) [22]

C,oH,NOg 487

mp: 253-255C

[o]p -46°

IR: 1725, 1705, 1240, 1225, 1090, 1020, 710 [22]

Mass 487 (M", 24), 366 (12), 338 (7), 278 (6), 233 (8), 105 (100), 77 (35), 43 (35) [22]

PMR: 1.12 (3H, s, 18-Cil ), 1.87, 1.93 (1H each, dd, J = 10.0, 2.2, H-7), 2.08 (1H, s, H-5), 2.17 (3H, s, OAc), 2.21 (1H, d,
J=13.7, H-1p), 2.41 (1H, d, J = 14.0, HB), 2.56 (1H, d, J = 1.8, H-14), 2.71 (1H, d, J = 13.2, K)19.75 (1H, d, J = 14.0,

H-1c), 2.80 (1H, s, H-12), 2.91 (1H, dd, J = 8.5, 2.1, H-9), 3.16 (1H, s, H-20), 3.40 (1H, ks, W = 7.0, H-6), 5.34, 5.52 (1H
each, s, H-17), 5.50 (1H, s, H-15), 5.68 (1H, d, J = 8.4, H-11), 7.48-7.95 (5H, m, H-Ar) [22]

13C NMR [19]:

C-1 457 C-9 49.8 C-17 121.3  Arl 129.9
2 209.6 10 545 18 28.7 2,6 128.9
3  49.7 11 719 19 64.2 3,5 128.9
4 426 12 57.7 20 71.9 4 133.9
5 60.0 13 204.9 Ar-CO  166.2 CO 170.8
6 655 14 58.8 |
7 316 15 717 GH 21.3
8 48.2 16 138.7

14. 13-Acetyl-9-deoxyglanduline

Consolida glandulosgBoiss. et Huet) Bornm. [21]

CygH3NOg 529

mp: 154-156C

[a]p +46.6°

IR: 3406, 2919, 2840, 1736, 1636, 157349, 1512, 1436, 1369, 1236, 1179, 1142, 1092,
1062, 1029, 975, 925, 883

Mass 529 (M", 7), 5137), 498 (6), 486 (24), 471 (30), 470 (100), 456 (12), 446 (18), 444 (1), 440 (2), 428 (3), 410 (7), 386
(17), 368 (9), 342 (5), 326 (13), 308 (28), 298 (22), 174 (15), 144 (10), 105 (9), 91 (8), 85 (9), 69 (10), 57 (52), 55 (15)
PMR: 0.89 (3H, t, J = 7.4, H-24), 1.02 (3H, s, 18-CH ), 1.25 (3H, d, J = 7.0, H-25), 1.41 (1H, dd, J = 14.0,3),5..487
1.69 (1H each, ddq, J = 14.0, 7.0, 7.0, H-23), 1.79 (1H5, #.89 (1H, dd, J = 14.0, 3.4, HJ7 1.99 (3H, s, OAc), 2.01 (3H,

s, OAc), 2.02 (1H, m, H-19, 2.04 (1H, d, J = 8.9, H-9), 2.07 (1H, dd, J = 16.2, 4.4pHA.17 (1H, d, J = 17.9, H-&}, 2.35
(1H, sext., 3 =7.0, H-22), 2.50 (1H, d, J = 12.5, {#)192.64 (1H, d, J = 2.5, H-12), 3.07 (1H, dd, J = 16.2, 2.2¢ 1313
(IH, br.s, W, =6.4,H-6), 3.35 (1H, d, J = 12.5, H:)18.54 (1H, s, H-20), 4.28 (1H, d, J = 8.9, H3114.77, 4.97 (1H each,

s, H-17), 4.98 (1H, d, J = 4.4, B3 5.06 (1H, t, 3 = 2.2, H-B3, 5.50 (1H, m, W, =14.0, HB)
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3¢ NMR:

C-1 29.7 C-13 81.1 C-25 17.2
2 68.0 14 78.8 o®=0 170.3
3 74.1 15 30.7 |
4 42.2 16 143.3 GH 20.7
5 61.6 17 109.5 @B8=0 169.6
6 62.6 18 254 |
7 31.6 19 59.6 GH 21.4
8 447 20 69.5
9 53.2 21 175.7
10 45.9 22 41.4
11 74.7 23 26.1
12 49.7 24 11.6

HQ 15. 14-Acetyl-9-deoxyglanduline

Consolida glandulosgBoiss. et Huet) Bornm. [21]
CygH3NOg 529

mp: 145-148C

[a]p +20°

IR: 3409, 2951, 2929, 1735, 1652, 1567, 1457, 1237, 1183, 1148, 1091, 1061, 1040, 975, 896, 872

Mass 529 (M, 0.1)503 (1), 487 (18), 473 (9), 470 (10), 459 (10), 458 (7), 456 (5), 445 (6), 444 (8), 442 (10), 431 (8), 430
(9), 429 (29), 428 (100115 (11), 414 (42), 410 (8), 396 (3), 386 (6), 344 (9), 326 (9), 308 (4), 174 (5), 146 (2), 144 (2), 105
(2), 94 (2), 85 (2), 60 (8), 57 (14), 45 (8), 43 (11)

PMR: 0.94 (3H, t, J = 7.4, H-24), 1.12 (3H, s, 18:CH ), 1.21 (3H, d, J = 7.0, H-25), 1.49 (1H, m, J = 14.0, 7.0, 7.0, H-23), 1.50
(1H, br. d, J = 14.0, HBJ, 1.70 (1H, ddg, J = 14.0, 7.0, 7.028), 1.98 (1H, s, H5), 1.99 (3H, s, OAC), 2.00 (3H, s, OAC), 2.04
(1H, d, J = 17.7, H-19, 2.08 (1H, d, J = 8.7, H-9), 2.11 (1H, dd, J = 14.5, 5564215 (1H, d, J = 17.7, H-&5, 2.16 (1H,

dd, J = 14.0, 3.5, He®), 2.46 (1H, sext. J = 7.0, H-22), 2.56 (1H, s, H-12), 2.73 (1H, d, J = 12.5)H31G3 (1H, br. d,
J=155, H-&), 351 (1H, br. s, W, =6.3, H-6), 3.65 (1H, d, J = 12.5, b)18.14 (1H, s, H-1@), 4.21 (1H, s, H-20), 4.24

(1H, d, J = 8.8, H-13), 4.73, 4.93 (1H each, s, H-17), 4.95 (1H, d, J = 4.6B846 (1H, m, W, = 14.0, HR)

13C NMR:

C-1 31.1 C-9 533 C-17 1087 C-25 17.0
2 672 10 46.1 18 225 o@= 170.0
3 731 11 756 19 58.6 |
4 411 12 516 20 69.2 £H  20.7
5 604 13 80.8 21 175.6pC+0O 177.6
6 63.2 14 80.2 22 415 |
7 313 15 305 23 26.6 £H 206
8 440 16 143.0 24 115

16. 11-Acetylisohypognavine

Aconitum japonicunThunb [23]
CygH3NOg 475

mp: 187-188.5C (dec., acetone)

[¢]p +74.1° (CHCLy)

UV: 230, 274.5 (4.03, 2.84)

IR: 3420, 1735, 1720, 1280, 1250, 715
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Mass 475 (M, 21), 432 (8), 354 (100)
PMR: 1.02 (3H, s, 18-CKl ), 1.98 (3H, s, OAc), 3.94 (1H, d, J = 8.0, H-15), 5.06 (1H, d, J = 5.0, H-11), 5.00, 5.19 (1H each,
s, H-17), 5.50 (1H, m, H-2), 7.40-7.58 (3H, H-Ar), 7.98 (2H, dd, J = 6.0, 2.0, H-Ar)

17. 11-Acetylcardionine

Delphinium gracileDC [24]

C,eH3sNOg 457

mp: amorph.

[e]p -5.71° (CHCly)

IR: 3540, 3380, 2895, 1710, 1230, 1140, 1050, 895

Mass 457 (M",79), 414 (24), 397 (29), 370 (12), 369 (19), 326 (22), 310 (35), 309 (27),
308 (21), 29814), 188 (12), 163 (38), 162 (41), 161 (28), 160 (36), 137 (20), 105 (18), 91 (27), 79 (18), 77 (15), 71 (16), 55
(18), 43 (100), 41 (46)

PMR: 1.20 (6H, d, J = 7.0, H-23, H-24), 1.33 (3H, s, 18;CH ), 1.56 (1H, s, H-5), 1.65 (1H, d, J = 2.0, H-9), 2.04 (3H, s, OAC),
2.32 (1H, br. d, J=10.8, W =7.5, H-14), 2.37 (1H, d, J = 12.2,); 2959 (1H, s, H-20), 2.63 (1H, J = 7.0, H-22), 3.08

(1H, d, J = 12.2, H-1®), 4.99 (1H, s, H-14), 5.01, 5.34 (1H each, d, J = 2.5, H-17), 5.68 (1H, t, J = 2.2 pif-15

1¥C NMR:

C-1 35.6 C-9 56.3 C-17 109.4 RC=O0 172.2

2 194 10 50.4 18 30.6 |

3 277 11 76.3 19 60.3 £H 21.4
4 382 12 731 20 734

5 613 13 36.2 21 1771

6 99.0 14 40.9 22 343

7 39.6 15 711 23 19.2

8 458 16 148.0 24 193

18. 15-Acetylcardiopetamine

Aconitum napelluk. s. Str., A. anglicumStapf) [22],Delphinium cardiopetalun®C [25]
CygH3NOg 489

mp: 236-237C [25]

[¢]p +12° (alcohol) [25], {aminoalcohol 306-30€ (dec.)} [25]

IR: 3425, 1735, 1710, 1650, 1285, 1230, 720 [25]

Mass 489 (M", 100), 430 (11), 385 (10), 384 (41), 369 (13), 368 (53), 340 (18), 308 (14), 105 (100), 77 (52), 43 (25) [22]
PMR: 1.10 (3H, s, 18-CHl ), 1.82 (2H, m, H-7), 2.02 (1H, s, H-5), 2.10 (3H, s, OAc), 2.22 (1H, d, J = 12), B-28 (1H,
d, J=13.3, Hfi), 2.29 (1H, d, J = 10.0, H-14), 2.58 (1H, d, J = 2.5, H-12), 2.71 (1H, d, J = 12.@&;)H21”1 (1H, d, J = 9.0,
H-9), 3.11 (1H, s, H-20), 3.37 (1H, br. s,V =8.0, H-6), 3.48 (1H, d, J = 13.2), 18 (1H, br.d, J=9.7, ) =6.0,
H-13), 5.15 (1H, s, H-15), 5.26, 5.34 (1H each, s, H-17), 5.57 (1H, d, J = 9.0, H-11), 7.42-8.08 (5H, m, H-Ar) [22]
13C NMR [19]:

C-1 441 C9 494* C-17 1165 4 1339
2 2120 10 55.0 18 286 Co 1710
3 500 11 751 19 646 |
4 426 12 478 20 701 gH 213
5 602 13 69.6 Ar-CO 166.6
6 652 14 49.6* A1 1298
7 329 15 720 26  129.8
8 481 16 1447 35 1287

*Assignments may be interchanged.
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N CHy 19. 2-Acetylseptentriosine

AcO, Aconitum septentrionali26]
Ho—*" mp: 182-184C (ether—hexane)

[¢]p +6.4° (alcohol)
{1,19-diAc, 210.5-212.5C (acetone), aminoalcohol (septentriosine) 259:26@nethanol)}
IR: 3560, 3470, 3440, 3320, 1730, 1705, 1650
Mass 387 (M", 3), 370 (3), 345 (1), 327 (6), 309 (5), 105 (7), 91 (2), 56 (16), 43 (100)
PMR: 1.08 (3H, s, 18-Ckl ), 2.07 (3H, s, OAc), 2.76 (1H, br. s, H-20), 3.60 (1H, br. s, H-6), 4.18 (1H, s, H-19), 4.52 (1H, s,
H-1), 4.59, 4.74 (1H each, d, J = 1.5, H-17), 5.00 (1H, t, J = 1.5, H-2)

13C NMR:
C-1 67.9 C-9 79.6 C-17 104.7

2 73.2 10 53.7 18 21.15
3 39.2 11 33.8 19 91.7
4 42.1 12 36.1 20 67.9
5 507 13 329 C=0  169.9
6 60.5 14 43.7 |
7 30.9 15 30.7 GH 22.5
8 42.1 16 150.4

XSA: [26]

20. 18-Benzoyldavisinol

Delphinium davisiMunz [27]

C,7H3NO 417

mp: amorph.

[a]p +42.3° (CHCI,)

IR: 1720, 1465, 1455, 1375, 1336, 1270

PMR: 1.02, 1.95 (1H each, m, H-13), 1.45 (1H, s, H-9), 1.51, 1.79 (1H each, m, H-2), 1.51, 1.92 (1H each, m, H-1), 1.61, 1.76
(1H each, m, H-7), 1.62 (2H, m, H-3), 1.88 (1H, m, H-5), 1.90 (1H, m, H-14), 2.20, 2.27 (1H each, m, H-15), 2.33 (1H, br. s,
W,,=9.0, H-12), 2.44, 2.72 (1H each, AB, J = 17.9, H-19), 2.51 (1H, s, H-20), 3.27 (1H, br. s, H-6), 4.06, 4.24 (1H each, AB,
J=12.8, 18-CK ), 4.07 (1H, d, J = 4.8, H-11), 4.89 (2H, br. s, H-17), 7.46 (2H, dd, J = 7.6, H-Ar), 7.58 (1H, dd, J =r)7.4, H-A
8.02 (2H, d, J = 7.5, H-Ar)

13C NMR:
C-1 26.4 C-9 59.6 C-17 110.7
2 18.8 10 49.5 18 70.8
3 28.9 11 67.5 19 58.4
4 42.3 12 41.9 20 75.9
5  56.3 13 295 A-CO  166.1
6 65.2 14 44.3 Ar-1 130.1
7 358 15 336 2,6 129.6
8 405 16 145.6 3,5 128.5
4 133.1
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21. 15-Benzoylpseudokobusine

Aconitum yesoens@r. macroyesoense (Nakai) Tamura [28]
C,,H3,NO,: 433

mp: amorph.

[a]p -6.9° (alcohol)

UV: 229 (3.87)

IR: 3550, 1715, 1580, 1265
Mass 433 (M', 100), 312

PMR: 1.33 (3H, s, 18-CHl ), 4.07 (1H, d, J = 4.6, H-11), 5.27, 5.48 (1H each, s, H-17), 5.82 (1H, s, H-15), 7.34-7.63 (3H, m,
H-Ar), 7.91-8.03 (2H, m, H-Ar)

22. Vakhmadine

Aconitum palmatundon. [29]

C,,H3NO, OH : 359

mp: 263-273C (alcohol)

[a]p -37.8” (methanol)

{2,3,13-tri-OAc-secovakhmadine 261-282 (acetone)}

IR: 3340, 3060, 1650, 1110, 1090, 1075, 1050, 1020, 990, 870

Mass 359 (M", 3.9), 342 (8), 44 (100)

PMR (D,0): 1.40 (3H, s, 18-Ckl ), 2.58 (3H, s, N-@H ), 2.97, 4.05 (1H each, d, J = 11.7, H-19), 3.33 (1H, d, J 4.3, H-3
3.93 (1H, d, J = 11.0, H-B3, 3.97 (1H, br. m, H{3), 4.22 (1H, s, H-20), 4.59, 4.73 (1H each, s, H-17)

¥ NMR (D,0):

C-1 30.0 C-8 41.5 C-15 31.8
2 69.3 9 45.3 16 148.1
3 73.5 10 45.2 17 107.2
4 40.6 11 21.4 18 25.3
5 58.9 12 415 19 66.7
6 105.0 13 67.8 20 73.2
7 40.1 14  48.1 N-CH 36.3

23. Vakhmatine

Aconitum palmatundon. [29],Consolida ambigu&.P.W. Ball and V. H. Heywood [13]
C,oH,7NO ,: 345

mp: 170.5-174.5C (methanol) [29]

[a]p +12.6° (methanol) [29]

IR: 3550, 3320, 3060, 1650, 1205, 1080, 1035, 950, 875 [29]

Mass 345 (M", 4.6),327 (7.4), 309 (14), 281 (13.8), 222 (7.5), 173 (13.6), 144 (14.2), 128 (18.4), 115 (17.4), 105 (27.3), 91
(47.1), 77 (30.6), 55 (45.2), 43 (67.5), 41 (100) [29]

PMR (CD;0D): 1.04 (3H, s, 18-CH ), 1.55 (1H, dd, J = 15.2, 4.8H-B.91 (1H, dd, J = 9.0, 2.1, H-9), 1.99, 2.25 (1H each,
br.d, J=17.7, H-15), 2.12 (1H, dd, J = 9.3, 1.8, H-14), 2.35 (1H, d, J = 2.6, H-12), 3.00 (1H, br. d, J = &5.3,3811H,

br. s, H-6), 4.02 (1H, br. m, H82, 4.11 (1H, dt, J=9.3, 2.3, H-iB 4.18 (1H, s, H-19), 4.22 (1H, d, J = 9.1, H3},14.67,
4.84 (1H each, br. s, H-17) [29]
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3¢ NMR (CD;0D) [29]:

cC-1 351 C-8 453 C-15 34.5
2 629 9 56.8 16 148.2
3 385 10 515 17 107.6
4 424 11  76.9 18 27.5
5 60.6 12 524 19 95.5
6 61.6 13 73.0 20 66.1
7 36.8 14 53.2

24. Venudelphine

Delphinium venulosurBoiss. [30]
[¢]p 0° (CHCL)

IR: 3070, 3020, 2970, 2930, 2880, 1737, 1730, 1650, 1450, 1430, 1365, 1240, 1020

Mass 455 (M', 10.2), 440 (8), 412 (60), 395 (100), 352 (27), 292 (5), 105 (18), 91 (10)

PMR: 1.05 (3H, s, 18-Ckl ), 1.98, 2.01, 2.09 (3H each, s, 3xOAc), 2.55, 2.82 (1H each, br. d, J = 14.0, H-19), 3.32 (1H, br.
s, H-6), 3.86 (1H, s, H-20), 4.82, 4.99 (1H each, br. s, H-17), 5.07 (1H, dt, J = 10.0, 1.5, 185, H313(1H, dd, J = 3.5, 5.0,

H-2B), 5.72 (1H, d, J = 3.5, Heq)

13C NMR:
C-1 73.1 C-9 63.2 C-17 110.6 CO 169.9
2 71.1 10 52.8 18 29.2 |
3 36.7 11 29.2 19 64.1 cH  21.2
4 37.4 12 494 20 60.3 CO 169.7
5 54.7 13 749 CO 170.8 |
6 67.1 14 51.6 | GH 215
7 35.7 15 34.1 GH 210
8 43.9 16 142.1
25. Venulol

Delphinium venulosurBoiss. [31]

CyoH,NO,: 313

[¢]p +19.7° (methanol)

IR: 3440, 3340, 3060, 2950, 1640, 1600, 1460, 1250, 1150, 1120, 1100, 965, 900, 820
Mass 313 (M", 100), 298 (15), 285 (52), 105 (36), 91 (54)

PMR: 1.37 (3H, s, 18-CHl ), 2.30 (1H, d, J = 4.5, H-9), 2.50 (1H, br. d, J = 4.5, H-12), 2.86, 3.28 (1H each, d, J = 12.5, H-19),
3.97 (1H, d, J = 4.5, H-B), 4.70, 4.77 (1H each, br. s, H-17)

13C NMR:
c1 302 C8 432 C15 361

2 196 9 429 16 146.3
3 386 10 57.9 17 109.8
4 423 11 72.6 18 292
5 594 12 42.8 19  59.8
6 1022 13 27.3 20  68.1
7 35.9 14 477
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26. Venuluson

Delphinium venulosurBoiss. [31]

C,oH,sNO4 327

[a]lp +27.3 (methanol)

IR: 3450, 3070, 2960, 2925, 1720, 1650, 1570, 1450, 1410, 1380, 1230, 1180, 1140,
1040, 1020, 940, 880, 820

Mass 327 (M', 5.8), 313 (72), 296 (100), 131 (1.5), 91 (7.8), 57 (3.2)

PMR: 1.02 (3H, s, 18-CHl ), 2.75 (1H, d, J = 9.0, H-14), 3.10 (1H, s, H-20), 4.05 (1H, br. &) H41® (1H, br. d, J = 9.0,
H-13), 4.71, 4.90 (1H each, br. s, H-17)

3C NMR:
C-1 31.5 C-8 44.2 C-15 75.4

2 212.5 9 45.1 16 155.3
3 41.5 10 60.7 17 109.3
4 42.7 11 27.8 18 28.7
5 599 12 421 19 607
6 637 13 701 20 70.2
7 35.7 14 49.6

27. 15-Veratroylpseudokobusine

Aconitum yesoens@r. macroyesoense (Nakai) Tamura [28]

CygH35NOg 493

mp: amorph.

[¢]p -6.7° (alcohol)

UV: 260, 290 (3.91, 3.62)

IR: 3550, 1710, 1605, 1270

Mass 493 (M"), 312, 165 (100)

PMR: 1.35 (3H, s, 18-CHl ), 3.92, 3.94 (3H each, s, 2xQCH ), 4.06 (1H, d, J = 4.6), 5.27, 5.45, 5.86 (1H each, s), 6.82 (1H,
d, J=8.3), 7.53 (1H, d, J = 2.0), 7.62 (1H, dd, J = 8.3, 2.0)

28. Hanamisine

Aconitum sanyoendgakai,A. sanyoensear. tonense Nakai [32]

CygH35NO5: 475

mp: 124-127C (acetone)

[¢]p +122.6° (methanol)

{iodomethylate 253-258C (ethylacetate—acetone)} [32]

Mass 475 (M")

PMR (CD30OD): 1.08 (3H, s, 18-CHl ), 2.10 (3H, s, OAc), 3.98 (1H, br. s, H-15), 4.96 (2H, m, H-17), 5.30 (2H, m, H-1, H-2)
[32]

13C NMR [20]:

C1l 698 C9 424 C-17 1088 Al  129.8
2 69.9 10 521 18 290 2,6 1296
3 337 11 26.8 19 635 35 1286
4 364 12 334 20 73.8 4 1332
5 56.9 13 332 Ar-CO 165.1 PiCO 169.8
6 65.1 14 439 |
7 327 15 714 GH 209
8 447 16 156.1

XSA {iodomethylate}: [32]
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29. Geyeridine

Delphinium geyer{33]

C,,H,NO:: 385

mp: tar

UV: 250, 289

IR: 3610, 3055, 2930, 1727, 1709, 1368, 1294, 1263, 1257, 1242, 1164, 1092, 1044, 863

Mass 385 (M", 35), 367 (7), 342 (17), 327 (23), 3260), 325 (22), 308 (14), 298 (15), 296 (18), 269 (16), 252 (9), 223 (10),
209 (8), 192 (9), 176 (16), 175 (25), 96 (35), 91 (21), 55 (24)

PMR: 1.48 (3H, s, 18-CHl ), 1.79 (1H, d, J = 13.0), 2.00 (1H, s), 2.04 (3H, s, OAc), 2.09 (1H, br. s), 2.17-2.28 (6H, m), 2.35-
2.43 (5H, m), 2.98 (1H, s, H-20), 3.20 (1H, d, J = 12.00H-3.34 (1H, dd, J = 13.0, 2.0, K&}l 4.17 (1H, ddd, J = 9.0, 3.0,

1.0, H-11), 4.79, 4.94 (1H each, br. s, H-17), 5.14 (1H, br. d, 3 = 9.0, 1.0, 1.0, H-13)

3¢ NMR:
C-1 432 C8 428 C-15 42.9
2 2099 9 522 16 143.2
3 514 10 55.7 17 109.9
4 459 11 69.8 18 30.1
5 59.2 12 486 19 59.9
6 100.2 13 75.3 20 68.4
7 329 14 497 co 170.6
I
CH 21.3
30. Geyerine

Delphinium geyer[33]

Cy5H3NO5 427

mp: amorph.

[a¢]p +9.6° (alcohol)

UV: 252, 297

IR: 3360, 2930, 1725, 1705, 755

Mass 427 (M', 16), 410 (5), 342 (10), 327 (22), 326 (100), 325 (20), 298 (25), 269 (7)

PMR: 0.96 (3H, dd, J = 7.0, 7.0, H-24), 1.20 (3H, d, J = 7.0, H-25), 1.49-1.53 (1H, m, J = 7.0, H-23), 1.55 (3H, $, 18-CH ),
1.70-1.78 (1H, m, J = 7.0, H-23), 1.96-2.14 (6H, m), 2.23-2.34 (4H, m), 2.43-2.48 (2H, m), 2.50 (1H, dd, J = 3.0, 1.0, H-12),
2.58 (1H, m, J = 7.0, H-22), 2.65 (1H, d, J = 14.0,3-2.88 (1H, s, H-20), 3.36 (1H, br. d, J = 12.0,d};3.54 (1H, dd,
J=15.0, 2.0, Hd), 4.36 (1H, ddd, J = 9.0, 1.0, 1.0;13), 4.80, 4.98 (1H each, br. s, H-17), 5.14 (1H, ddd, J = 10.0, 3.0, 1.0,

H-11)
13C NMR:
C-1 44.4 C-9 53.7 C-17 109.8
2 2112 10 56.1 18 303
3 51.5 11 74.0 19 61.2
4 458 12 481 20 69.2
5  60.3 13 721 21 176.0
6  99.2 14 484 22 40.9
7 331 15 438 23 265
8 42.9 16 143.6 24 11.7
25 16.7
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31. Geyerinine

Delphinium geyer{33]
C,7H3,NO,: 487

mp: tar

UV: 230, 257, 285

IR: 3595, 2910, 1727, 1360, 1225, 1065, 1040, 845

SIMS (NHy): 488 (MH', 48), 486 (16), 470 (12), 428 (5426 (33), 414 (42), 412 (25), 410 (22), 386 (84), 384 (78), 382 (30),
368 (22), 366 (16), 326 (100), 324 (61), 308 (37), 296 (19)

Mass 428 (9), 427 (8), 386 (20), 385 (10), 368 (11), 356 (9), 342 (8), 326323)28), 308 (17), 298 (16), 297 (20), 296 (30),

268 (9), 176 (14), 132 (13), 105 (24), 91 (22), 74 (46), 57 (100)

PMR: 0.95 (3H, 1), 1.21 (3H, d, J = 7.0), 1.32 (1H, s), 1.40 (3H, s, 18-CH ), 1.48-1.60 (2H, m), 1.73 (1H, m), 1.82-2.10 (6H,
m), 2.15 (3H, s), 2.20-2.50 (4H, m), 2.64 (1H, m), 3.02 (1H, d, J = 12.0, H-19), 3.12 (1H, dd, J = 15.0,¢3,B.8B81(1H,

d, J=12.0, H-19), 3.76 (1H, s, H-20), 4.13 (1H, MW = 12.0p#€32 (1H, br. d, J = 9.0, 1.0, 1.0, H-13), 4.78 (1H, br.

s, H-17), 4.86 (1H, d, J = 4.0, H-3), 4.94 (1H, br. s, H-17), 5.13 (1H, dd, J = 9.0, 3.0, 1.0, H-11)

13C NMR:

C-1 31.6 C-11 75.1 C-21 175.9
2 67.4 12 48.7 22 41.4
3 77.4 13 73.5 23 26.5
4 51.5 14 49.4 24 11.6
5 63.4 15 44.7 25 16.8
6 96.9 16 144.3 CO 170.2
7 33.6 17 109.2 |
8 44.9 18 26.8 GH 21.1
9 54.3 19 77.4
10 57.8 20 67.7

32. Hetisine

Aconitum heterophyllundvall [23], A. palmatunDon. [29], Delphinium cardinaleHook
[34], D. davisiiMunz [27], D. delavayiFranch var. pogonanthum (H.-M.) Wang [3B],
elatumL. [23], D. fissumsubsp. anatolicum [36D. nudicauleTorr. and Gray [37]D.
nuttalianum[38], D. occidentaleS. Wats [39]D. tatsienensé&ranch [40]D. venulosum
Boiss. [31]

C,oH,NO4 329

mp: 256-259C (acetone) [35]

[a]p +10° (CHCl) [35]

IR: 3390, 3030, 1653, 1379, 900 [23]

Mass 329 (M*, 100), 312 (50), 300 (10), 283 (20) [15]

PMR (CDCl; + CD;0D): 0.99 (3H, s, 18-CH ), 3.80 (1H, br. s, H-20), 4.00-4.15 (3H, m, H-2, H-11, H-13), 4.65, 4.90 (1H
each, br. s, H-17) [15]

13C NMR [19]:

C-1 34.5 C-8 43.6 C-15 34.5
2 67.0 9 55.8 16 146.4
3 39.4 10 51.2 17 107.7
4 36.7 11 76.7 18 30.3
5 61.7 12 50.8 19 63.7
6 64.5 13 72.4 20 68.4
7 36.6 14 52.9

XSA: [41, 42]
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mp: 268-270C (acetone) [40]
[a]p +40° (CHCl) [35]

IR: 3570, 1710, 1650, 890 [23]

Mass 327 (M', 45) [35]

33. Hetisinone (2-dehydrohetisine)

Aconitum heterophyllutall [23], Delphinium cardinaleHook [34],D. cardiopetalum
DC. [15],D. davisiiMunz [27],D. delavayiFranch var. pogonanthum (H.-M.) Wang [35],
D. denudatunj43], D. fissumsubsp. anatolicum [36]. gracile DC. [17],D. nudicaule
Torr. and Gray [37]D. nuttalianumPritz [38].D. occidentaleS. Wats [39]D. tatsienense
Franch [40],D. venulosunBoiss. [31]

C,oH,5NO4 327

PMR: 1.17 (3H, s, 18-CHl ), 3.29 (2H, br. s, OH), 4.21 (2H, d, J = 8.6,d:141p), 4.70, 4.88 (1H each, s, H-17) [15]

13C NMR [19]:

Mass 313 (M, 50), 296 (100)

C-1 45.3 C-8 44.3 C-15 33.8
2 213.0 9 54.9 16 1452
3 49.7 10 55.4 17 108.2
4 42.3 11 75.8 18 28.8
5 60.4 12 50.7 19 64.3
6 65.2 13 71.6 20 70.4
7 36.1 14 52.4

34. 9-Hydroxynominine

Aconitum ibukiensélakai [44]
CyoH,NO,: 313

mp: 287-29T C (dec., acetone)
[a¢]p +68.5° (methanol)

IR: 3470

PMR: 1.02 (3H, s, 18-CHl ), 2.22, 2.44 (1H each, d, J = 17.0, H-19), 4.02 (1H, ®)H5180, 5.01 (1H each, s, H-17)

BC NMR:

[
) H
OH CH

BzO_ H a4 ;:

Vi

OH

C-1 28.9 C-8 45.1 C-15 73.2
2 19.6 9 79.2 16 154.6
3 33.4 10 52.8 17 109.9
4 37.3 11 38.5 18 29.0
5 54.6 12 35.1 19 62.4
6 64.8 13 33.4 20 72.3
7 24.5 14 41.5

35. Hypognavine

Aconitum sanyoendéakai (Sanyobushi) [45]
C,;H3,NO5: 449

mp: 239-241C [46]

[a]p +127.1° (methanol) [46]

{hypognavinol 307-308C, hypognavinol iodomethylate 309-31D[47], 1-acetyl-15-dehydrohypognavine 265[45]}
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13C NMR [48]:

C-1 68.1 C-8 44.3 C-15 72.4
2 73.2 9 80.3 16 1546
3 33.0 10 54.9 17 110.0
4 35.8 11 39.2 18 29.3
5 50.6 12 34.8 19 63.5
6 64.1 13 33.5 20 71.8
7 29.0 14 42.4

XSA {hypognavinol iodomethylate} [47], {1-acetyl-15-dehydrohypognavine} [45]

HO, 36. Glanduline

Consolida glandulos@Boiss. et Huet) Bornm. [21]

C,7H3:NOg4 503

mp: 134-137C

[a]p +24°

IR: 3351, 2938, 2924, 2853, 1736, 1720, 1657, 1461, 1373, 1258, 1231, 1176, 1139, 1113, 1088, 1075, 1031, 968
Mass 503 (M', 17), 487 (11486 (30), 475 (14), 474 (15), 472 (18), 470 (9), 459 (8), 458 (14), 445 (27), 444 (94), 430 (15),
428 (18), 426 (5), 418 (2), 414 (5), 402 (11), 386 (5), 360 ¥4D),(27), 324 (24), 296 (9), 174 (9), 144 (17), 105 (16), 95 (13),
94 (14), 91 (18), 85 (18), 71 (17), 69 (18), 57 (100), 55 (27)

PMR: 0.92 (3H, t, J = 7.4, H-24), 1.10 (3H, s, 18-CH ), 1.18 (3H, d, J = 7.0, H-25), 1.49 (1H, ddqg, J = 14.0, 7.0, 7.0, H-23),
1.70 (1H, ddqg, J = 14.0, 7.0, 7.0, H-23), 1.80 (1H, d, J = 18.@)HB5 (1H, d, J = 18.0, HBJ, 2.00 (1H, d, J = 16.0, H-%

2.01 (38H, s, OAc), 2.10 (1H, d, J = 16.0, Hx)52.15 (1H, dd, J = 16.0, 3.7, H)1 2.45 (1H, sext. J = 7.0, H-22), 2.51 (1H,
d,J=18, H-12), 2.70 (1H, d, J = 12.5, H312.72 (1H, br. s, H-5), 3.04 (1H, br. d, J = 16.0,d);B.34 (1H, br. s, W, =

6.4, H-6), 3.59 (1H, d, J = 12.5, Hd 4.06 (1H, s, H-20), 4.09 (1H, br. s, HR)34.12 (1H, s, H-1f), 4.74, 1H, s, H-17),

4.90 (1H,d, J=4.7, HR®, 4.91 (1H, s, H-17), 5.45 (1H, m, Wy = 14.0, B)2

13C NMR:

c-1 297 C11 853 c-21 175.9
2 679 12 51.0 22 41.6
3 735 13 79.7 23 26.6
4 412 14 785 24 11.6
5 550 15  28.0 25 17.0
6 626 16  143.6 B0  170.2
7 26.1 17 108.8 I
8 507 18 258 CH 207
9 810 19 59.4
10  46.7 20 677

37. Guan-fu base A

Aconitum bullatifoliumvar. homotorichum [49JA. coreanun{Levl.) Rapaics [49]
C,4H3NOg 429

mp: 198°C [50]

[a]p +49° (CHCLy) [50]

{nitrate 265 C (acetone), chl-hydr. 29C (acetone), br-hydr. 298 (methanal), perchlorate 272-213 (ag. alcohal),
iodomethylate 284.5-285:& (alcohol), di-OAc 154-158C (ether—petroleum ether), aminoalcohol 243224
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(acetone—ether) gy +30.7° (methanol)} [50]
PMR: 0.96 (3H, s, 18-CHl ), 2.00 (1H, H-12), 3.38 (1H, s, H-20), 4.20 (1H, d, J = 8.0B)-41L60 (1H, br. s, H-18), 4.79,
4.85 (1H each, br. s, H-17), 5.06 (1H, m, H-2) [51]

38. Guan-fu base F [10d]

39. Guan-fu base G

A. coreanuniLevl.) Rapaics [49, 51, 52]

Cy6H3NO 471

mp: 178°C

[¢]p +97.3° (CHCLy)

Mass 471 (M", 21), 454 (7), 429 (20), 428 (22), 412 (23), 385 (10), 370 (23), 369

(100), 352 (9), 342 (40), 43 (24) [52]

PMR (CCl,): 0.96 (3H, s, 18-CHl ), 1.87, 1.90, 1.93 (3H each, s, 30Ac), 3.30 (1H, s, H-20), 4.80 (1H, br. s, H-13), 4.88, 4.94
(1H each, br. s, H-17), 5.04 (2H, m, H-2, H-11) [51, 52]

XSA: [49]

40. Guan-fu base Z [10e]

41. Davisine (cossonidine [53])

OH
4 ‘ OH Delphinium cardiopetalun®dC., D. cossonianunBatt [53],D. davisiiMunz [27]

&‘ CyoH,/NO 4 313 [53]

# mp: 130-132C (acetone—hexane) [27]

[a¢]p +29.9° (CHCL) [27]

IR: 3650, 2950, 2900, 1650, 1450, 1380, 1150, 1080, 1050, 1010, 990 [53]
Mass 313 (M", 100), 297 (12), 296 (45), 286 (12), 285 (55), 284 (27), 270 (15), 242 (8), 202 (4), 162 (26), 146 (53), 91
(27) [53]
PMR: 1.01 (3H, s, 18-C}l ), 1.09 (1H, dd, J = 13.0, 2.5, k)13.25 (1H, m, H-8), 1.65 (1H, dd, J = 13.0, 3.0, He) 1.71
(1H, m, H-1PB), 1.76 (2H, m, H-2), 1.78 (1H, m, H3} 1.80 (1H, m, H-1B), 1.85 (1H, m, H-14), 1.86 (1H, s, H-5), 1.93 (1H,
dd, J=14.0, 4.0, H-1), 2.00 (1H, d, J = 12.0, H-9), 2.02 (1H, dd, J = 13.0, 2.5pHZ.21 (1H, br. d, W, =5.0, H-12), 2.37,
2.50 (1H each, dd, J = 12.8, H-19), 2.43 (1H, s, H-20), 3.33 (1H, br. s, H-6), 3.99 (1H, s, H-15), 4.20 (1H, &}, 4,944-1
4.97 (1H each, s, H-17) [27]
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3¢ NMR [27]:

~N~No ab~wNE

66.1
271
27.8
37.5
56.5
65.7
32.5

42. Davisinol

C-8

10
11
12
13
14

45.8
41.3
55.0
26.8
33.7
33.1
43.4

Delphinium davisiMunz [27]
C,oH,NO,: 313
mp: amorph.

[a]p +27.5° (CHCl,)
IR: 3345, 1100, 750, 725

C-15
16
17
18
19
20

71.3
156.2
108.8
28.4
62.8
75.6

PMR: 0.91, 1.90 (1H each, m, H-13), 1.38 (1H, s, H-9), 1.40-1.50, 1.70 (1H each, m, H-2), 1.40, 1.80 (1H each, m, H-1), 1.48
(2H, m, H-3), 1.57, 1.65 (1H each, d, H-7), 1.72 (1H, s, H-5), 1.78 (1H, m, H-14), 2.10 (2H, m, H-15), 2.23, 2.55 (1H each, dd,
J =125, H-19), 2.28 (1H, d, J = 4.8, H-12), 2.40 (1H, s, H-20), 3.14 (1H, br. s, H-6), 3.28, 3.48 (1H each, dd, J =8)0.8, H-1

4.01 (1H, d, J = 4.8, H-11), 4.83 (2H, d, J = 1.8, H-17)

BC NMR:
C_

~N~No abh whN ke

26.5
18.9
28.4
43.5
56.0
64.8
35.8

C-8
9
10
11
12
13
14

40.5
59.5
49.6
67.4
41.9
29.6
44.0

[¢]p +130.0° (methanol) [20]

IR: 3505, 1705, 1270 [20]

Mass 433 (M*, 21), 416 (100), 311 (62) [20]

PMR (C5DsN): 1.00 (3H, s, 18-CHl ), 2.68, 3.21 (1H each, d, J = 12.1, H-19), 3.45 (1H, s, H-20), 3.47 (1H, br. s, H-6), 4.32
(1H, s, H-15), 4.68 (1H, s, H-1), 5.01, 5.21 (1H each, d, J = 1.6, H-17), 5.88 (1H, m, H-2) [20]

13C NMR (C5DsN) [20]:
C-

o~NO U WNBRE
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66.7
75.3
33.9
36.9
57.2
65.6
33.7
45.2

C-9
10
11
12
13
14
15
16

43.4
54.0
27.6
34.8
34.1
44.8
71.2
157.7

C-15
16
17
18
19
20

C-17
18
19
20
Ar-CO
Ar-1
2,6
3,5
4

33.6
145.8
110.1
69.2
58.2
75.7

43. Deacetylhanamisine (hanamiyama base)

Aconitum sanyoendgakai var. tonense Nakai [20, 32]
mp: 243-244.5C (acetone—methanol) [20]

108.0
29.1
64.3
74.1

165.9

130.9

129.8

129.0

133.4



N 44. 11-Dehydrokobusine [10f]

mp: 283.5-285.8C [54]

HO 45, Delatisine

Delphinium elatuni. [55]

C,oH,5NO4 327

mp: 274.5-276.5C (acetone)

[a]p +8.6° (CHCL)

IR: 3460

Mass 327 (M")

PMR: 1.15 (3H, s, 18-CHl ), 1.57 (1H, d, J = 11.2, }}s3L.63 (2H, m, H-7), 1.64 (1H, dd, J = 11.2, 5.7,d3;3.70 (1H, d,
J=13.1, H-B), 1.74 (1H, s, H-5), 1.87 (1H, dd, J = 9.1, 2.1, H-14), 2.01, 2.16 (1H each, AB, J = 18.0, H-15), 2.18 (1H, dd,
J=8.6,2.1,H9),246 (1H, br. s, W =6.2, H-12), 2.52 (1H, dd, J = 13.1, 5af), B-24 (1H, br. s, W, = 7.6, H-6), 4.11

(1H, br. d, J = 8.6, H-11), 4.25 (1H, m, H-13), 4.26 (1H, §,W = 4.5, H-20), 4.50 (1H, br. t, J = 5.4, 5.7, H-2), 4.67 (2H, br.
s, H-17, H-19), 4.88 (1H, br. s, H-17)

13C NMR:
C1 343 C8 457 C-15 339

2 79.6 9 55.4 16 145.7
3 41.6 10 52.7 17 108.2
4 50.5 11 75.7 18 20.9
5 62.0 12 50.2 19 100.2
6 66.3 13 72.2 20 64.4
7 37.3 14 50.0

XSA: [55]

46. Delbidine

Delphinium occidental€S. Wats) S. Wat$). barbeyi(Huth) Huth [56]

C,oH,sNO: 343

mp: >360°C (methanol)

[a]p +22.3° (methanol)

IR: 3508, 3360, 1685, 1660, 1460, 1370, 1350, 1332, 1315, 1295, 1280, 1265, 1220, 1200, 1180, 1085, 1065, 1040, 1030,
1000, 960, 940, 910, 880, 860, 810

Mass 343 (M", 10), 326 (5), 287 (7), 269 (20), 176 (19), 91 (49), 55 (100)

PMR (DMSO-g;): 1.36 (3H, s, 18-CH ), 4.50, 4.70 (1H each, br. s, H-17)

% NMR (CD;SOCD; ):

C-1 44.2 C-8 45.2 C-15 44.0
2 212.9 9 51.3 16 148.1
3 515 10 55.6 17 106.1
4 42.3 11 69.9 18 30.2
5 60.9 12 53.7 19 62.7
6 97.9 13 73.3 20 68.9
7 33.3 14 511
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HO 47. Delgramine

Delphinium grandifloruni6]

AcO 48. Delnuttalline

Delphinium nuttallianunj14]

C,,H,,NO;: 385

mp: 269-271C

IR: 3409, 1740, 1710, 1237, 1043

Mass 385 (M", 53), 368 (78), 357 (9), 342 (9), 325 (23), 43 (100)

PMR (C5D5N): 1.68 (3H, s, 18-CHl ), 1.79 (1H, d, J = 14.5, 01190 (1H, d, J = 12.7, H-7), 1.92 (1H, d, J = 17.8, H-15),
2.27 (3H, s, OAc), 2.34 (1H, d, J = 13.9, b}32.38 (1H, d, J = 12.2, H-19), 2.41 (1H, br. s, H-12), 2.49 (1H, d, J = 13.9, H-
3p), 2.55 (1H, s, H-20), 2.58 (1H, d, J = 17.8, H-15), 2.60 (1H, d, J = 14.2¢H-462 (1H, d, J = 9.6, H-14), 2.68 (1H, d,
J=13.0, H-B), 2.77 (1H, d, I = 12.7, H-7), 2.87 (1H, d, J = 13.0,4-B.08 (1H, s, H-5), 3.55 (1H, d, J = 12.2, H-19), 4.70
(1H, br. s, H-17), 4.91 (1H, br. s, H-17), 5.09 (1H, br. d, J = 9.6,d)-13

% NMR (C5DgN):

C-1 41.6 C-8 46.2 C-15 30.9

2 212.2 9 78.4 16 147.9
3 52.8 10 57.5 17 108.1
4 43.5 11 34.4 18 30.8
5 56.0 12 41.6 19 63.9
6 99.1 13 73.2 20 67.5
7 40.7 14 48.5 CO 170.2

|

CH 209

49. Delnuttidine

Delphinium nuttallianunjl14]

CyoH,sNO5 327

Mass 327 (M', 90), 310 (13), 309 (14), 299 (31), 271 (23), 241 (89), 157 (30), 91 (41),
55 (61), 43 (100)

PMR (C5DgN): 1.49 (1H, dd, J = 8.7, 14.5, Hf)1 1.65 (3H, s, 18-CHl ), 1.91 (1H, d,
J=8.7,H-9),1.95 (1H, d, J = 17.4, H-15), 2.12 (1H, d, J = 14.5hi-2117 (1H, d, J = 17.4, H-15), 2.25 (1H, s, H-5), 2.27
(1H, d, J=13.7, H-7), 2.35 (1H, d, J = 13.7, H-1), 2.40, 252 (1H each, d, J = 14.5, H-3), 2.74 (1H, d, J = 13.7, HtH), 2.83 (
d, J=12.1, H-19), 3.29 (1H, d, J = 13.7, H-1), 3.37 (1H, d, J = 9.3, H-14), 3.85 (1H, d, J = 12.1, H-19), 3.90 (1H,42H4-20),
(1H, d, J = 9.3, H-18), 4.61, 4.80 (1H each, br. s, H-17)

% NMR (C5DgN):

C-1 41.7 C-8 43.8 C-15 33.0
2 209.5 9 49.1 16 148.1
3 51.8 10 53.1 17 107.3
4 42.8 11 22.6 18 29.7
5 58.0 12 42.9 19 50.1
6 101.9 13 69.1 20 68.9
7 42.5 14 49.5
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50. Delnuttine

Delphinium nuttallianunjl14]

CyoH,gNO: 371

IR: 3400, 1730, 1666, 1246

Mass 371 (M*, 57), 354 (8), 328 (42), 312 (19), 146 (87), 105 (12), 91 (23), 77 (15), 55
(21), 43 (100)

PMR (CDCl; + CD;0D): 0.93 (3H, s, 18-CH ), 1.20 (1H, m, H-1), 1.33-1.40 (4H, m, H-1, H-2, H-3BH-130 (1H, s, H-5),
1.50-1.55 (1H, m, H-2), 1.73 (1H, m, Hd)3 1.99 (3H, s, OAc), 2.07 (1H, br. d, J = 10.5, H-14), 2.17-2.26 (3H, m, H-3, H-9,
H-12), 2.39 (2H, s, H-19), 2.58 (1H, s, H-20), 3.20 (1H, br. s, H-6), 3.87 (1H, d, J = 23, #137 (1H, s, H-1&), 4.97, 5.02

(1H each, br. s, H-17), 5.18 (1H, d, J = 8.3, )11

*C NMR (CDCl; + CD;0D)

C-1 27.9 C-8 50.8 C-15 65.4
2 19.6 9 46.4 16 152.0
3 33.0 10 53.0 17 111.3
4 37.5 11 75.6 18 28.7
5 59.0 12 40.0 19 61.9
6 70.3 13 28.9 20 73.4
7 66.8 14 37.6 CcO 170.7
|
CH 212
51. Delfissinol

Delphinium fissunsubs. anatolicum [36]

C,oH,NO4 329

mp: amorph.

[o]p -39.1° (methanol)

IR: 3350, 2960, 2860, 1650, 1570, 1360, 1330, 1215, 1110, 1090, 1042, 950, 880, 750

Mass 329 (M", 22), 311 (12), 298 (52), 283 (15), 239 (8), 176 (10), 129 (10), 83 (18), 71 (27), 57 (40)

PMR: 2.72, 3.07 (1H each, d, J =12.5, H-19), 4.16 (1H, br.d, J =7.0, H-11), 4.26 (1H, br. d, J = 8.6, H-13), 4.48 (1H, t,
J=5.0, H-7), 4.68, 4.86 (1H each, br. s, H-17)

13C NMR:

c1 34.4 c-8 443  C15 354
2 19.2 9 50.5 16 145.2
3 32.3 10 51.5 17 108.2
4 38.7 11 75.8 18 29.9
5 56.7 12 50.8 19  62.0
6 65.6 13 73.2 20 70.1
7 70.1 14 52.0

52. 11,13-Diacetylhetisine

Delphinium nuttallianunPritz [38]

C,,H3;NO5: 413

mp: 225-227C [15]

[a]p +26.1° (CHCL) [15]

IR: 3250, 1735, 1660, 1460, 1430, 1360, 1340, 1312, 1281, 1225, 1165, 1140, 1130, 1110, 1090, 1060, 1030, 1000, 980,
970, 948, 930, 900, 890, 860, 850 [15]
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Mass 413 (M", 19), 396 (13), 370 (6), 354 (7), 310 (3), 294 (8), 276 (3), 43 (100) [15]

PMR: 1.00 (3H, s, 18-CHl ), 2.12, 2.23 (3H each, s, OAc), 3.62 (1H, s, H-20), 4.20 (1H, brp),4482, 5.00 (1H each, br.
s, H-17) [15]

13C NMR [15]:

C-1 32.0 C-10 50.6 C-19 63.6

2 66.5 11 75.9 20 68.5
3 40.6 12 45.1 CO 1798
4 36.8 13 73.0 |

5 61.4 14 50.2 GH 21.5
6 64.3 15 34.0 CO 170.5
7 36.1 16 144.0 |

8 43.9 17 109.6 GH 21.2
9 53.1 18 29.8

53. 1,15-Diacetylhypognavine

b CHa
OA;C_ ‘ Aconitum sanyoendgakai var. tonense Nakai [20]
BzO. .~ OAc  CyHaNO;: 533
mp: amorph.
# [a]p +83.0° (CHCl,)

{picr. 233-239 C (dec.)}
IR: 3575, 1735, 1720, 1272, 1232
Mass 474 (30), 473 (23), 414 (100)
PMR: 1.09 (3H, s, 18-CH ), 2.13 (6H, s, 2xOAC), 2.37 (1H, s, H-5), 2.58, 2.93 (1H each, d, J = 12.4, H-19), 3.21 (1H, s, H-20),
3.41 (1H, br. s, H-6), 4.98, 5.10 (1H each, s, H-17), 5.24 (1H, m, H-2), 5.46 (1H, d, J = 2.0, H-1), 5.56 (1H, s, H-18)) 7.44-8
(5H, H-Ar)
13C NMR [20]:

C-1 69.5 C-9 79.1 C-17 1117 Ar-1 129.5

2 70.2 10 544 18 29.1 2,6 129.4
3 334 11 397 19 63.1 3,5 128.7
4 356 12 34.9 20 718 4 133.3
5 513 13 325 Ar-CO 164.9 BiICO 169.6
6 643 14 424 |
7 283 15 731 GH 21.1
8 444 16 1494 PsCO 170.3

I

CH 211

54. 11,13-Diacetyl-9-deoxyglanduline

Consolida glandulosgBoiss. et Huet) Bornm. [21]

C3,H4NOg 571

mp: 195-198C

[a]p +36°

IR: 3205, 3089, 2925, 2845, 1737, 1652, 1459, 1369, 1229, 1145, 1045, 951, 884, 847
Mass 571 (M", 4), 556 (1528 (10), 513 (20), 512 (59), 498 (3), 486 (2), 470 (2), 468 (2), 452 (3), 428 (4), 410 (3), 368 (5),
340 (3), 326 (4), 324 (3), 308 (7), 280 (5), 174 (4), 144 (24), 105 (29), 92 (24), 85 (31), 57 (100)
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PMR: 0.92 (3H, t, J = 7.4, H-24), 1.02 (3H, s, 18-CH ), 1.24 (3H, d, J = 7.0, H-25), 1.44 (1H, dd, J = 14.0,[,0,.567
1.70 (1H each, ddg, J = 14.8, 7.4, 7.423), 1.80 (1H, s, H-5), 1.83 (1H, dd, J = 15.3, 4.5-1.91 (1H, dd, J = 14.0, 3.3,
H-7a), 1.99 (3H, s, OAC), 2.00 (3H, s, OAC), 2.02 (3H, s, OAC), 2.12 (1H, d, J = 14.Q3)H2L80 (1H, d, J = 14.0, H-&3,
2.23 (1H, d, J = 9.0, H-9), 2.38 (1H, sext, J = 7.4, H-22), 2.50 (1H, d, J = 12.5)H2188B (1H, d, J = 2.4, H-12), 2.85 (1H,
dd, J=15.3, 1.8, Hed), 3.14 (1H, br. s, W, = 6.2, H-6), 3.34 (1H, d, J = 12.5, k)18.57 (1H, s, H-20), 4.83 (1H, br. s, H-
17), 4.92 (1H, d, J = 4.7, 8} 5.02 (1H, br. s, H-17), 5.02 (1H, br. s, H3},3.11 (1H, d, J = 9.0, H-B), 5.47 (1H, m,
W,, = 14.0, H-B)

13C NMR:

C1 299 C11 751 C=21 1757 dGO 169.3
2 67.9 12 46.1 22 41.4 |

3 73.9 13 80.5 23 26.2 £H 21.4
4 42.2 14 78.6 24 11.6

5 61.1 15 30.6 25 17.1

6 62.5 16 141.8 o®0 170.2

7 31.3 17 110.6 [

8 44.9 18 25.4 GH 20.7

9 513 19 59.6 HCO 170.4

10 456 20 69.3 |

CH 21.2

55. Diacetylisohypognavine

Aconitum japonicunThunb [23]
C31H3sNOg 517

mp: 181-183C (ether—hexane)
[¢]p +55.3" (CHCL)

UV: 231, 274.5 (4.11, 2.96)

IR: 1735, 1725, 1710

Mass 517 (M", 100), 474 (18), 396 (69)

PMR: 1.98, 2.06 (3H each, s, 2xOAc), 5.00, 5.17 (1H each, s, H-17), 5.03 (1H, d, J = 5.0, H-11), 5.45 (1H, s, H-15), 5.54 (1H,
m, H-2)

56. Zeravschanizine [10g]

57. Zeraconine [10h]
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58. Ignavine

Aconitum carmichaelbebeaux [23]A. ibukienseNakai [44],A. japonicumThnb [57],

A. sanyoensf23], A. tasiromontanuniNakai [46, 58]

C,,H3,NO5: 449

mp: 216.5-218C (acetone) [44]

[a]p +47° (methanol) [23]

{ignavine iodomethylate 300-30€ (dec.) [57], aminoalcohol (anhydroignavinol) 302-304anhydroignavinol
iodomethylate 285-28T (methanol) [58]}

IR: 3350, 1725, 1260 [23]

Mass 449 (M') [23]

PMR: 1.17 (3H, s, 18-CKl ), 4.99 (2H, br. s, H-17) 5.39 (1H, br. s, H-3), 7.54 (3H, m), 7.99 (2H, dd, J = 8.0, 2.0) [23]
¥C NMR: 166.8, 155.6, 134.4, 130.4, 130.2, 129.8, 110.2, 80.1, 75.8, 74.7, 73.0, 71.3, 65.7, 62.4, 52.1, 51.5, 45.4, 43.2, 42.2,
39.7, 36.3, 34.3, 30.0, 25.7, 25.7 [23]

XSA: {iodomethylate} [57] {anhdyroignavinol iodomethylate} [58]

59. Yesodine

Aconitum yesoens@r. macroyesoense (Nakai) Tamura [59]
Cy5H35NO . 413

mp: amorph.

[¢]p -9.4° (CHCL,)

IR: 3548, 1729, 1216
Mass 413 (M'), 328, 312, 310

PMR: 0.91 (3H, t, J = 7.3), 1.16 (3H, d, J = 6.9), 1.34 (3H, s), 4.00 (1H, d, J = 4.6), 5.23, 5.33 (1H each, s), 5.59 (1H, s)

13C NMR: 175.8, 144.2, 118.7, 100.0, 72.3, 70.3, 67.3, 60.0, 58.4, 55.4, 49.9, 44.8, 41.3, 41.1, 40.4, 39.5, 37.7, 35.3, 30.0,
28.0, 27.1, 26.8, 19.1, 16.6, 11.6

60. Isohypognavine

Aconitum japonicunThunb [23],A. majimaiNakai [60]

C,;H3,NO,: 433

mp: 189-191.5C (dec., methanol) [23]

IR: 3400, 1710, 1640 [23]

Mass 433 (M", 100), 312 (98) [23]

PMR: 1.04 (3H, s, 18-CHl ), 3.30, 3.46 (1H each, 2xOH), 3.89 (1H, s, H-15), 4.00 (1H, d, J = 5.0, H-11), 5.00, 5.14 (1H each,
s, H-17), 5.48 (1H, br. s, Y4 = 8.0, H-2), 7.42-7.58 (3H, H-Ar), 7.98 (2H, dd, J = 6.0, 2.0) [23]

61. Cardiodine

Delphinium cardiopetalun®C. [61]

CygHusNO, 4 691

mp: amorph.

[o]p -26°

IR: 3400, 2900, 1745, 1740, 1730, 1725, 1650, 1370, 1270, 1240, 1140, 1040, 910
Mass 691 (M', 3), 632 (96), 590 (6), 586 (6), 5(8), 570 (8), 560 (12), 548 (12), 530 (6), 510 (11), 498 (6), 488 (8), 470 (6),
366 (22), 324 (18), 306 (13), 280 (4), 105 (100), 77 (18), 57 (44)

PMR: 0.57 (3H, t, J = 7.4, H-24), 0.88 (3H, d, J = 7.4, H-25), 1.05 (3H, s, £8-CH ), 1.20 (2H, m, H-23), 1.30 (1H, m, H-22),
1.49 (1H, dd, 3 =13.9, 2.2, i) 1.87 (3H, s, 8-OAc), 1.90 (3H, s, 1d-OAc), 2.00 (1H, m, H-@), 2.09 (3H, s, fi-OAc),
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2.18, 2.30 (1H each, dt, J = 18, 2, H-15), 2.23 (1H, s, H-5), 2.40 (1H, d, J = 9.4, H-9), 2.41 (1H, d, J = 1}) 52 47101 H,
=6, H-6), 3.23 (1H, d, J = 12.50H1-B3%68 (1H, s, H-20), 4.87, 5.01 (1H each, br. s,
H-17), 5.12 (1H, d, J= 4.9, H38 5.40 (1H, d, J = 9.4, H-B}, 5.55 (1H, t, J = 2.4, H-B3, 5.70 (1H, dd, J = 5.0, 3.1, HBR
6.08 (1H, d, J = 3.2, Hed), 7.45 (2H, t, J = 7.6, H-Ar), 7.56 (1H, t, J = 7.6, H-Ar), 8.11 (2H, dd, J = 7.6, 1.6, H-Ar)

d, J =28, H-12), 3.21 (1H, br. s,/

3¢ NMR:

C1 724 C-11 749 C21 1745 4CO 171.0
2 658 12 479 22 39.6 I
3 709 13 80.4 23 24.9 CH 21.4
4 425 14 78.6 24 10.7 Ar-CO 165.6
5 58.0 15  30.7 25 15.8 Ar-l 130.0
6 625 16 1415 pCO 1700 26 129.6
7 313 17 110.6 | 35 128.7
8 449 18 25.3 GH 21.2 133.5
9 497 19 591 &0 169.9
10 495 20 67.0 |

CH 206

62. Cardionine

Delphinium cardiopetalundC. [24]

C,4HaNOg: 415

mp: 235°C (dec., ethylacetate)

[a]p -4.68° (alcohol)

IR: 3340, 2900, 1720, 1260, 1195, 1160, 910, 860

Mass 415 (M", 100), 344 (13829 (13), 328 (55), 327 (21), 298 (13), 162 (18), 160 (10), 137 (22), 91 (10), 60 (15), 45 (20),
43 (39), 41 (18)

PMR (CDCl + CD;0D): 1.22 (6H, d, J = 7.0, H-23, H-24), 1.39 (3H, s, 1&CH ), 1.62 (1H, s, H-5), 1.66 (1H, d, J = 1.7, H-9),
2.36 (1H, br.d, J=10.7, ) =7.5, H-14), 2.51 (1H, d, J = 11.8,d); 963 (1H, J = 7.0, H-22), 2.73 (1H, s, H-20), 3.18
(1H, d, J = 11.8, H-1®), 3.86 (1H, s, H-14), 5.07, 5.36 (1H each, d, J = 2.0, H-17), 5.73 (1H, t, J = 2.0 p{-15

% NMR (CDCl; + CD,OD):

C-1 35.7 C-9 58.2 C-17 110.3
2 19.6 10 - 18 30.4
3 27.7 11 71.9 19 59.5
4 38.3 12 74.6 20 72.8
5 60.9 13 35.8 21 177.9
6 99.0 14 41.1 22 34.7
7 38.8 15 711 23 19.5
8 45.8 16 148.6 24 19.5

63. Cardiopetamine

Aconitum napellug. s. str., A. anglicumStapf) [22],Delphinium cardiopetalundC.
[25], D. gracile DC. [17]

C,;H,NO5: 447

mp: 302-305C (dec.) [25]

[¢]p +65° (alcohol) [25]

{aminoalcohol 306-308C, 15-ketoderiv. 275-27&, 13-ketoderiv. 252-25%} [25]

443



UV: 299 [25]

IR: 3440, 1710, 1700, 1650, 1285, 870, 720 [25]

Mass 447 (M*, 100), 419 (4), 342 (33), 326 (46), 298 (15), 296 (12), 105 (72), 77 (31) [22]

PMR: 1.13 (3H, s, 18-CH1 ), 2.04 (1H, s, H-5), 2.31 (1H, d, J = 13.03)}H2L62 (1H, d, J = 2.5, H-12), 2.70 (1H, d, J = 13.0,
H-198), 2.75 (1H, dd, J = 8.3, 2.0, H-9), 3.07 (1H, s, H-20), 3.37 (1H, br,5, W = 7.0, H-6), 3.50 (1H, d, J = 13,8.84L

(1H, s, H-15), 4.15 (1H, br. d, J = 10.8,W = 6.5, H-13), 5.18 (2H, s, H-17), 5.61 (1H, d, J = 8.5, H-11), 7.42-8.08 (5H, m,
H-Ar) [22]

13C NMR [19]:

C-1 44.0 C-9 48.7* C-17 112.1
2 212.1 10 54.5 18 28.3
3 49.6 11 75.1 19 65.0
4 42.1 12 47.7 20 69.8
5 59.7 13 69.0 Ar-CO 165.8
6 64.9 14 48.9* Ar-1 130.1
7 33.1 15 69.8 2,6 129.6
8 49.3 16 150.5 3,5 128.9
4 133.5
*Assigments may be interchanged
XSA: [25]
BzO_ 64. Cardiopidine
ACO I _CHp - :
HO OAc Delphinium cardiopetalurC. [61]
25 0N ¢ CyH,NOg 633
B mp: amorph.
%O' s [a]p -22.5°
5 IR: 3371, 2935, 1729, 1653, 1451, 1371, 1272, 1240, 1090, 710

Mass 633 (M', 3),574 (45), 532 (100), 490 (10), 472 (15), 410 (13), 308 (32), 280 (11), 278 (11), 105 (70), 77 (16), 71 (15)
PMR: 0.87 (3H, t, J = 7.4, H-24), 0.99 (3H, s, 18-CH ), 1.12 (3H, d, J = 6.9, H-25), 1.25 (2H, m, H-23), 1.70 (1H, dd, J = 13.6,
2.2, H-P), 1.89 (1H, dd, J = 13.6, 3.1, K 1.97 (3H, s, 1d-OAC), 2.02 (3H, s, f-OAC), 2.15 (1H, br. d, J = 18.0, H-dp

2.20 (1H, s, H-5), 2.30 (1H, dd, J = 9.6, 2.2, H-9), 2.40 (1H, br. d, J = 18.Q3)H2150 (1H, d, J = 12.6, H-BY, 2.50 (1H,

dd, J=9.0, 2.1, H-14), 2.53 (1H, d, J = 2.5, H-12), 2.65 (1H, m, H-22), 3.27 (1H, bf,s, W = 6.5, H-6), 3.39 (1H, d, J = 12.6
H-19x), 3.91 (1H, s, H-20), 4.28 (1H, dd, J = 4.6, 3.4,#)-2.85 (1H, br. s, H-17), 4.94 (1H, d, J = 4.8, §}:5.01 (1H, br.

s, H-17), 5.36 (1H, dt, J = 9.5, 2.0, H8);35.41 (1H, d, J = 9.2, H-B}, 6.05 (1H, d, J = 3.2, Hed, 7.50 (2H, t, J = 7.5, H-Ar),

7.56 (1H, t, J = 7.5, H-Ar), 8.23 (2H, d, J = 8.0, H-Ar)

13C NMR:

cC1 741 C11 752 C-21 1757 d4@O 171.0
2 671 12 46.0 22 41.2 |
3 733 13 73.9 23 26.6 £H 214
4 418 14 50.2 24 11.6 Ar-CO  165.7
5 595 15 337 25 16.7 Ar-1 130.1
6 63.6 16 142.7 BCO 170.4 2,6 130.0
7 357 17 1104 | 3,5 128.5
8 436 18 25.6 CH 213 4 133.2
9 515 19 60.0
10 537 20 66.1
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65. Cardiopimine

Delphinium cardiopetalurC. [61]
oHos CysH,NOg 619
2%0” mp: amorph.
[0]p-81.3

4 IR: 3367, 3029, 1729, 1657, 1272, 1239, 1151, 1110, 776
Mass 619 (M*, 2), 560 (69), 532 (76), 490 (15), 472 (12), 396 (12), 308 (30), 280 (11), 105 (100), 77 (25)
PMR: 1.01 (3H, s, 18-CKl ), 1.12 (3H, d, J = 6.8, H-23), 1.15 (3H, d, J = 6.8, H-24), 1.67 (1H, dd, J = 13.8,3,4,.81.7
(1H, dd, J = 13.8, 3.3, HeJ, 1.97 (3H, s, 14-OAc), 2.02 (3H, s, fi-OAc), 2.15 (1H, br. d, J = 17.5, H-4p 2.21 (1H, s, H-5),
2.30 (1H, br. d, J=9.6, 2.2 H-9), 2.39 (1H, br. d, J = 17.5, ;1541 (1H, d, J = 12.6, H-BY, 2.55 (3H, m, H-12, H-14, H-
22),3.33 (1H, br. s, \W, =6.3, H-6), 3.43 (1H, d, J = 12.6, &}18.95 (1H, s, H-20), 4.28 (1H, dd, J = 4.7, 3.2,[}H;2.85
(1H, br. s, H-17), 4.91 (1H, d, J = 4.7, 8)35.01 (1H, br. s, H-17), 5.33 (1H, dt, J = 9.6, 3.0, #)18.41 (1H, d, J = 9.6, H-
11PB), 6.04 (1H, d, J = 3.2, Hed, 7.50 (2H, t, J = 7.2, H-Ar), 7.57 (1H, t, J = 7.0, H-Ar), 8.23 (2H, dd, J = 8.0, 1.0, H-Ar)
13C NMR:

C-1 742 C-11 752 Cc-21 176.3 aCco 171.0
2 67.0 12 46.0 22 34.1 |
3 733 13 737 23 18.8 £H 214
4 418 14 50.2 24 19.2 Ar-CO 165.8
5 596 15 3387 s16{0) 170.4 Ar-1 130.1
6 63.7 16 142.7 | 2,6 129.9
7 357 17 110.4 CH 21.3 3,5 128.5
8 436 18 255 4 133.2
9 516 19 60.0
10 58.9 20 66.1

66. Cardiopine

Delphinium cardiopetalundC. [61]

C35H4gNOg 633

mp: 194-197C

[0]p -26.3

IR: 3367, 3026, 2931, 1733, 1693, 1601, 1451, 1361, 1292, 1245, 1141, 1107, 1034,
979, 712

Mass 633 (M", 1),574 (100), 560 (4), 532 (2), 490 (14), 472 (8), 452 (3), 430 (2), 410 (2), 308 (5), 105 (28), 77 (5), 57 (7),
43 (3)

PMR: 0.57 (3H, t, J = 7.5, H-24), 0.85 (3H, d, J = 6.5, H-25), 1.08 (2H, m, H-23), 1.10 (1H, m, H-22), 1.14 (3H, §, 18-CH ),
1.66 (1H, dd, J = 13.6, 2.6, H); 1.88 (1H, dd, J = 13.6, 3.6, Hg) 2.00 (3H, s, 14-OAc), 2.06 (3H, s, i-OAc), 2.15 (1H,

s, H-5), 2.18 (1H, dt, 3 =17.8, 2.1, H}52.33 (1H, dd, J = 9.6, 2.1, H-9), 2.37 (1H, d, J = 12.8, p);1238 (1H, d, J = 2.7,
H-12), 2.39 (1H, dt, J=17.8, 2.1, Hf)5 2.53 (1H, dd, J = 9.9, 1.9, H-14), 3.10 (1H, d, J = 12.8,d};1R30 (1H, br. s,

W, = 6.0, H-6), 3.67 (1H, s, H-20), 3.87 (1H, d, J = 5.0,3}-3.87, 4.97 (1H each, br. s, H-17), 5.42 (1H, d, J = 9.5,();11

5.51 (1H, dt, J=9.7, 2.6, HfiB 5.60 (1H, dd, J =5.2, 2.9, H#R 6.09 (1H, d, J = 2.9, Hed, 7.47 (2H, t, I = 7.0, H-Ar), 7.57

(1H, t, 3 = 7.4, H-Ar), 8.14 (2H, d, J = 7.2, H-Ar)
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3¢ NMR:

C-1 73.2 C-11 754 c-21 1772 4C€O 1715
2 68.9 12 46.6 22 39.6 |
3 70.8 13 738 23 25.0 £H 215
4 42.7 14 50.4 24 108 Ar-CO 165.9
5 59.5 15 33.9 25 157 Ar-1 130.1
6 63.9 16 1427 BCO 171.0 2,6 129.9
7 35.9 17 1103 | 3,5 128.7
8 44.2 18 25.7 GH 21.2 4 133.4
9 51.7 19 595
10 53.9 20 66.2

67. Cardiopinine
BZO\ o _
AcO N\ Delphinium cardiopetalun®C. [61]
2 0Ac® @ 2 H,NOg 619
24)\%0\ 4 mp: 218-220C
o) &‘ [¢]p -26.6°
HO 4 IR: 3411, 3025, 2980, 1734, 1719, 16545Q, 1370, 1272, 1237, 1149, 1109, 1069, 1034,
980, 901, 713
Mass 619 (M", 2), 560 (100), 532 (5), 490 (17), 472 (5), 438 (6), 396 (6), 368 (4), 326 (6), 308 (16), 296 (4), 280 (10), 250
(3), 208 (3), 196 (3), 121 (3), 105 (71), 77 (15)
PMR: 0.59 (3H, d, J = 7.0, H-23), 0.90 (3H, d, J = 7.0, H-24), 1.14 (3H, s, §8-CH ), 1.25 (1H, J = 6.6, H-22), 1.69 (1H, dd, J
=13.4, 2.4, H-§), 1.90 (1H, dd, J = 13.4, 3.2, K)7 1.99 (3H, s, 14-OAc), 2.05 (3H, s, B-OAc), 2.16 (1H, s, H-5), 2.19 (1H,
br.d, J=17.5, H-1%), 2.30 (1H, dd, J = 9.6, 2.0, H-9), 2.35 (1H, d, J = 12.8, }1R39 (1H, br. d, J = 17.5, Hfih 2.40
(1H,d,J=2.6, H-12), 2.54 (1H, dd, J = 9.9, 2.0, H-14), 3.10 (1H, d, J = 12.8)H3182 (1H, br. s, W, = 6.4, H-6), 3.67
(1H, s, H-20), 3.85 (1H, d, J = 5.1, )34.84, 4.97 (1H each, br. s, H-17), 5.43 (1H, d, J = 10.4,HI-5148 (1H, dt, J = 10.0,
2.0, H-13), 5.59 (1H, dd, J = 5.1, 2.8, HBR 6.08 (1H, d, J = 2.9, Hed, 7.47 (2H, t, J = 7.6, H-Ar), 7.55 (1H, t, 3 = 8.0, H-
Ar), 8.15 (2H, dd, J = 8.0, 1.0, H-Ar)

3¢ NMR:

c1 731 C-11 753 C-21 1777 4&CO 1710

2 689 12 46.2 22 331 |

3 706 13 737 23 179 CH 21.4
4 427 14 50.4 24  19.3 Ar-CO 165.8
5 503 15 337 @CO 1702 Arl 130.0

6 63.8 16 142.8 | 2,6 129.8

7 357 17 110.3 GH 212 35 128.7
8 441 18 257 4 133.4
9 517 19 59.3

10 53.9 20 66.1

68. Kobusine [10i]

Aconitum japonicunvar. montanum Nakai [62]. kamtscaticun®all (fischeri) [60] A.
lucidusculurmNakai [60],A. sachalininsd=r. Schmid [60]A. yesoensgar. macroyesoense
(Nakai) Tamura [28]

[¢]p +104.4 (methanol) [23]

{11-0OBz 214-2185C, 15-OBz 125-134C, 11-deoxykobusine (nominine) 251-28&4 iodomethylate 294-29T
(methanol—acetone)} [54, 63]
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PMR: 0.89 (1H, m, H-1pB), 0.94 (3H, s, 18-C§l ), 1.25 (1H, td, J = 2.5, 14.0,@%-3.40 (1H, dt, J = 3.0, 14.0, H:} 1.45
(1H, m, H-B), 1.47 (1H, m, H-R), 1.49 (1H, s, H-5), 1.62 (1H, m, &P 1.63 (1H, dd, J = 13.6, 2.6, H&)f 1.67 (1H, dd, H-
9), 1.76 (1H, m, H-&), 1.77 (1H, dd, J = 9.7, 2.4, Hd8 1.79 (1H, m, H-14), 2.10 (1H, dd, J = 13.6, 2.3,{)-2.32 (1H,
AB, J = 12.4, H-18), 2.43 (1H, m, H-12), 2.44 (1H, s, H-20), 2.47 (1H, AB, J = 12.4, B};1®20 (1H, br. s, W, = 2.3, H-6),
3.85 (1H, s, H-18), 4.00 (1H, d, J = 4.7, H-&), 5.05 (1H, s, H-1&), 5.15 (1H, s, H-1f) [27]

13C NMR [27]:

C-1 26.9 C-8 45.9 C-15 70.9
2 19.5 9 54.9 16 150.7
3 33.8 10 491 17 1143
4 37.8 11 675 18 28.8
5 61.0 12 414 19 62.4
6 65.1 13 30.3 20 75.0
7 32.4 14 41.6

XSA: {iodomethylate} [63].

69. Cossonine

Delphinium cossonianurBatt. [64]

C;,H3sNO,: 533

mp: amorph.

[a]p +45° (CHCy)

IR: 3432, 2935, 1735, 1720, 1659, 1632, 1606, 1583, 1450, 1384, 1375, 1280, 1236, 1117, 1069, 1042, 716

Mass 533 (M', 7), 474 (100472 (8), 454 (7), 432 (7), 414 (8), 386 (4), 372 (3), 370 (2), 368 (3), 367 (2), 352 (13), 331 (6),
325 (5), 310 (19), 292 (9), 280 (8), 105 (58), 77 (13)

PMR: 1.01 (3H, s, 18-CHl ), 1.57 (1H, dd, J = 13.4, 2.4,f-1.77 (1H, dd, J = 13.4, 3.1, K7 1.81 (1H, dd, J = 14.6, 11.6,
H-1pB), 1.84 (1H, s, H-5), 1.86 (3H, s, OAc), 1.96 (1H, dd, J =9.3, 2.1, H-9), 2.01 (1H, d, J = 164),2-18 (1H, d, J = 16.0,
H-158), 2.20 (3H, s, OAc), 2.31 (1H, dd, J = 9.6, 2.0, H-14), 2.39 (1H, d, J = 2.3, H-12), 2.51, 2.82 (1H each, d, J = 13.3, H-19),
3.01 (1H, s, H-20), 3.14 (1H, br. s, H-6), 3.24 (1H, dd, J = 14.6, 5.&)H4122 (1H, d, J = 9.3, H-B), 4.68, 4.86 (1H each,

br. s, H-17), 5.10 (2H, m, He2 H-133), 5.21 (1H, d, J = 10.1, HB3, 7.41, 7.53, 7.96 (5H, m, H-Ar)

13C NMR:

c1 319 C11 748  A-CO 165.8
2 723 12 483 Ar-1 129.9
3 772 13 736 2,6 129.6
4 436 14 49.9 35 128.4
5 622 15 336 4 130.0
6 641 16 1442 €O 170.8
7 358 17 109.3 |
8  44.0 18 24.9 GH 20.8
9 543 19 612 1O 170.8
10 51.9 20  69.2 |

ChH 21.1
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70. Crassicauline B

Aconitum crassicaul{g5, 66]
C,,H3,NO 433 [65]

mp: 311-315C (dec.) [65]
{di-OAc 119-121°C (hexane)} [66]

UV: 228, 273, 280 [65]

IR: 3333, 1715, 1660, 1471, 1280, 877, 714 [65]

Mass 433 (M, 65), 416 (100), 312 (12) [66]

PMR: 1.10 (3H, s, 18-CKl ), 3.58 (1H, d, J = 3.0, CHOH), 4.27 (1H, m, CHOH), 4.65, 4.76 (1H each, s, H-17), 5.34 (1H, m,
H-13), 7.55, 7.67, 8.06 (5H, m, H-Ar) [66]

71. Nominine [10j]

Aconitum sanyoenddakai [54]
CyoH,NO: 297
{15-dehydronominine 136-13&} [67]

72. Guan-fu base F N-oxide [10k]

73. Guan-fu base Z N-oxide [10I]

74. Zeraconine-N-oxide [10m]

» 75. Orgetine [10n]
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76. Orientinine

Acontium orientalg11]

C,oH,5NOg 357

[a]p +42° (CHCL)

IR: 3400, 2930, 2850, 1725, 1717, 16587Q, 1460, 1400, 1380, 1170, 1100, 1070, 1050,
1030, 890, 760

Mass 357 (M', 47), 340 (62), 321 (25), 314 (30), 3a8), 284 (25), 274 (45), 256 (30), 213 (17), 185 (15), 115 (37), 97 (55),

83 (60)

PMR: 1.02 (3H, s, 18-CKl ), 1.53, 2.03 (1H each, H-1), 1.60, 1.75 (1H each, H-3), 2.00 (1H, d, J = 9.0, H-9), 2.03 (1H, H-5),
2.30 (2H, H-15), 2.31, 2.62 (1H each, d, J = 11.0, H-19), 2.90 (1H, br. s, H-12), 3.47 (1H, br. s, H-6), 3.64 (1H, H&®), 4.24

br. d, J=9.0, H-13), 4.50 (1H, t, J = 2.0, HBJ, 4.86, 4.98 (1H each, br. s, H-17)

13C NMR:
C1 460 C-7 698 C14 791
2 214.1 8 442 15 37.0
3 51.5 9 54.9 16 146.1
4 403 10 482 17 108.2
5  60.0 11 70.0 18 24.2
6 653 12 495 19 627

13 2114 20 68.6

77. Palmadine

Aconitum palmatundon. [68]

C;,H35NO4 501

mp: 269-27T C (acetone)

[a]p +11.2° (CHCLy)

PMR: 0.99 (3H, s, 18-Ckl ), 2.02 (3H, s, OAc), 2.20 (1H, d, J = 8.6, H-9), 2.42 (1H, d, J
=9.7, H-14), 3.27 (1H, br. s, H-6), 3.84 (1H, s, H-20), 4.24 (1H, br. ;3, W = 10.B),H4-32, 5.00 (1H each, s, H-17), 6.61,
7.86 (1H each, d, J = 16.1, €8H), 7.39 (3H, m, H-Ar), 7.53 (2H, m, H-Ar)

13C NMR:

C-1 32.0% C-11 75.9 Ar-1 134.7
2 67.2 12 45.0 2,6 128.9%*
3 40.3 13 73.4 3,5 128.0%*
4 36.6 14 50.1 4 130.2
5 61.1 15 33.9¢ co 1706
6 64.3 16 143.6 |
7 35.9 17 109.9 GH 21.5
8 43.9 18 29.7 =CH 1187
9 53.2 19 63.4 =CH 144.7
10 50.6 20 68.5 0-C=0 166.1

***Assignments may be interchanged
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78. Palmasine

Aconitum palmaturon. [68]
mp: 252-254C (acetone)

PMR: 0.98 (3H, s, 18-C1 ), 3.38 (1H, br. s, H-6), 3.82 (1H, s, H-20), 4.24 (1H, br.,m, W = 1085, #32 (1H, d, J = 8.4,
H-11p), 4.70, 4.91 (1H each, s, H-17), 5.21 (1H, d, J = 9.3, &}:1857 (1H, d, J = 16.0, GKCH), 7.39 (3H, m, H-Ar), 7.49
(2H, m, H-Ar), 7.79 (1H, d, J = 16.0, €&H)

3C NMR (CDCl, + CD; OD):

C-1 33.4*% c-11 75.2 Ar-1 134.6

2 66.5 12 46.9 2,6 128.7**
3 39.9 13 74.4 3,5 128.0**
4 36.4 14 50.0 4 130.1

5 61.2 15 33.7* =CH 118.3
6 64.3 16 144.9 =CH 145.1
7 35.8 17  108.6 0-C=0 166.5
8 43.7 18 29.5

9 55.2 19 62.9

10 50.8 20 68.4

***Assignments may be interchanged

79. Panicudine

Aconitum paniculaturbam. [69]

C,oH,5NO4 327

mp: 249-250C (alcohol—CHC} —hexane)

UV: 205, 300

IR: 3405, 2931, 1718, 1650, 1423, 1342, 1278, 1219, 1171, 1143, 1066, 1037, 1015, 965, 947, 902, 867, 822

Mass 327 (M', 100), 310 (32299 (14), 282 (6), 254 (12), 240 (7), 224 (7), 191 (15), 190 (13), 178 (15), 176 (16), 160 (60),
148 (10), 128 (12), 118 (32), 105 (18), 91 (30), 84 (11), 77 (18), 55 (18)

PMR (CD;0D): 1.29 (3H, s, 18-CHl ), 2.20 (1H, s, = 5.0, H-14), 2.22, 2.52 (1H each, dt, J = 18.0, 1.5, H-15), 2.74 (1H,
br. d, J = 4.0, H-12), 2.95, 3.12 (1H each, d, J = 11.5, H-19), 3.49 (1H, s, H-20), 4.02 (1, m, W = P),0L.F524.87

(1H each, s, W, =4.0, H-17)

% NMR (C5DgN):

C-1 34.9*% C-8 44.2 C-15 34.0*
2 66.1 9 49.7 16 144.9
3 43.3 10 49.7 17 110.3
4 37.7 11 23.4 18 32.0
5 62.5** 12 54.0 19 61.9
6 99.7 13 210.8 20 70.2
7 44.4 14 61.9**

***Assignments may be interchanged
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80. Paniculadine

Aconitum paniculaturham. [70]

C,oH,5NO4 325

mp: 276-278C (acetone)

UV: 301 (5.11)

IR: 3194, 2952, 2941, 2923, 2907, 2877, 1717, 1708, 1888, 1421, 1352, 1339, 1293, 1268, 1218, 1164, 1032, 1010, 915,
862

Mass 325 (M", 100), 310 (5808 (4), 297 (26), 282 (5), 270 (13), 269 (28), 254 (10), 242 (14), 240 (11), 224 (25), 192 (10),
191 (17), 190 (10), 176 (25), 175 (10)

PMR (C5DgN): 1.50 (3H, s, 18-CHl ), 1.59 (2H, m), 1.88 (2H, s), 1.97 (1H, s), 2.00 (2H, s), 2.05 (1H, s), 2.17 (2H, ), 2.20 (3H,
s), 2.25-2.45 (3H, m), 2.63 (1H, s), 2.85 (1H, t, J = 4.0, H-12), 3.32 (1H, d, J = 12.8) H+B2, 4.79 (1H each, s, H-17)

% NMR (C5DgN):

C-1 43.7 C-8 44.7 C-15 33.2
2 210.1* 9 48.6 16 143.7
3 52.4 10 54.8 17 110.6
4 43.9 11 23.2 18 30.4
5 61.0* 12 53.2 19 63.2
6 99.0 13 210.0* 20 71.8
7 441 14 61.1**

***Assignments may be interchanged

81. Paniculatine

Aconitum paniculaturham. [1, 71]

C;,H3sNO,: 533

mp: 263°C [23]

UV: 230, 270 (4.02, 2.98) [71]

IR: 3150, 1730, 1720, 1650, 1600 [71]

Mass 533 (M"), 490, 474 (100), 444, 430, 414, 368, 352, 310, 292, 282, 264, 252, 207, 181, 141, 122, 105 [71]

PMR: 1.03 (3H, s, 18-CKl ), 1.63 (1H, br. s, OH-13), 1.63-1.70, 1.77-1.83 (1H each, m, H-7), 1.78-1.84, 1.88-1.97 (1H each,
m, H-3), 2.03 (6H, s, 2xOAc), 2.05 (1H, s, H-5), 2.08 (1H, d, J = 20.0, H-15), 2.27 (1H, H-14), 2.29 (1H, H-12), 2.32 (1H, H-9)
2.35 (1H, d, J = 20.0, H-15), 2.51, 2.88 (1H each, d, J = 15.0, H-19), 3.29 (1H,ym, W = 7.0, H-6), 4.19 (14, m, W =16.0,
H-13), 4.30 (1H, s, H-20), 4.77, 4.90 (1H each, s, H-17), 5.37 (1H, m, H-11), 5.55 (1H,m, W = 9.0, H-2), 5.84 (1H, d,
J = 3.0, H-1), 7.46 (2H, t, H-Ar), 7.58 (1H, t, H-Ar), 8.13 (2H, d, H-Ar) [1, 23, 71]

13C NMR [71]:

c-1 716  C11 687 Ar-CO 165.8
2 70.9 12 518 Ar-1 130.3
3 34.1 13 753 2,6 129.9
4 36.9 14  50.0 3,5 128.6
5 51.7 15  36.3 4 133.0
6 65.6 16 144.3 co 170.1
7 33.1 17 109.0 |
8 44.0 18 294 GH 21.3
9 64.2 19  64.0 co 171.4
10 546 20 581 |

Chy 21.8
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82. Pseudokobusine [100]

Aconitum lucidusculurilakai [2],

A. yesoensear. macroyesoense (Nakai) Tamura [2, 28]
C,oH,NO4 329

mp: 273-274C (dec.) [28]

[e]p +50° (CHCL) [2]
{6-OBz 238-239C, 6,11-di-OBz 211-21C, 6,15-di-OBz 249-251C, br-hydr. 300 (dec.)o] +23°, perchlorate 26(C,
iodomethylate 287C} [2, 23, 28]

83. Ryosenamine

Aconitum ibukiens®lakai [48]

C,,H3,NO,: 433

mp: 213-215C (acetone)

[0]p +96.8” (methanol)

{mono-Ac 184-185C (acetone), 15-dehydroryosenamine 275:Z7@&lec.)}

UV: 230, 273.5, 281

IR: 3450, 1710

Mass 433 (M", 20), 416 (100), 312 (21)

PMR: 1.06 (3H, s, 18-CHl ), 2.62, 3.04 (1H each, d, J = 13.0, H-19), 3.31 (1H, br. s, H-20), 3.33 (1H, br. s, H-6), 4.12 (1H, s,
H-15¢), 4.97, 5.00 (1H each, s, H-17), 5.54 (1H, m,[#)-2.43-8.03 (5H, H-Ar)

13C NMR:

C-1 29.2* C-11 37.2 Ar-CO 166.0
2 70.8 12 35.0 Ar-1 130.4
3 38.8 13 33.6 2,6 129.4
4 35.9 14 42.0 35 128.6
5 54.3 15 72.5 4 133.0
6 64.1 16 155.2
7 29.1* 17 109.6
8 44.1 18 29.5
9 79.3 19 637
10 505 20 742

*Assigments may be interchanged
84. Ryosenaminol

Aconitum ibukiens®lakai [44, 48]
C,oH,NO4 329

mp: 287-290C (dec., methanol) [48]
[a]p +66.8° (methanol) [48]

{2,15-di-OAc 195-198C} [44]
IR: 3420 [48]
XSA: [48]

452



85. Sadosine

Aconitum japonicunThunb [72]

C,,H3,NOg 465

mp: 222-224C (acetone)

[¢]p +53.1° (methanol)

{iodomethylate 279-281C (acetone)}

Mass 465 (M")

PMR (CD;0D): 1.19 (3H, s, 18-CH ), 3.67 (1H, d, J = 3.0, H-3), 4.44 (1H, d, J = 4.0, H-7), 4.52 (1H, br. s, H-15), 5.00 (2H,
br. s, H-17), 5.40 (1H, m, H-2)

¥ NMR (CD;0D): 166.5, 155.4, 134.231.0, 130.1, 129.5, 110.1, 80.6, 75.6, 74.6, 71.3, 71.1, 67.7, 65.0, 62.3, 51.4, 50.0,
48.3, 41.7, 39.9, 37.6, 36.1, 34.0, 25.7, 25.6

XSA: [72]

86. Sanyonamine

Aconitum sanyoendgakai,A. sanyoensear. tonense Nakai [67]

C,oH,7NO,: 313

mp: 276-278C

[o]p +62.9

{15-dehydrosanyonamine 296-30C}

IR: 3350, 3305

Mass 313 (M", 100), 296 (50)

PMR: 1.06 (3H, s, 18-C{l ), 2.77, 3.50 (1H each, d, J =12.0, H-19), 3.63 (1H, br. s, H-6), 3.67 (1H, s, H-20), 4.07 (1H, s,
H-15), 4.31 (1H, br. s, H-2), 4.96, 4.98 (1H each, s, H-17)

XSA: [67]

87. Septenine [10p]

88. Septentriosine [10q]

HO. @ {1,2,19-tri-OAc 210.5-212.5C} [26]

89. Spiradine A [10r]

Spiraea japonicd.. fil. [75], Thalictrum sessilélayata [73, 74]

C,oH,sNO,: 311

mp: 281-282C [75]

[a]p +51.7° (CHCly) [73]

{OAc 215-216'C, NAc 173-175C, dihydroderiv. 291-29Z, iodomethylate >33@ (dec.), N-methyldiketone 16,
11-dihydroderiv. (spiradine B) 259-260} [75]

UV: 205, 300 (3.71, 2.27) [23]
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IR: 3100, 1710, 1655 [75]

Mass 311 (M*, 100), 296 (7), 283 (75), 268 (9), 161 (20) [23]
PMR: 1.41 (3H, s, 18-CHl ), 4.86, 5.00 (1H each, s, H-17)
13C NMR [23]:

C-1 35.6 C-8 44.5 C-15 29.2
2 19.2 9 65.2 16 143.5
3 33.8 10 51.8 17 110.9
4 37.7 11 211.0 18 30.6
5 61.9 12 53.3 19 60.8
6 98.7 13 27.6 20 74.6
7 45.2 14 43.9

XSA {iodomethylate}: [75]
90. Spiradine B

Spiraea japonicd.. fil. [75]

C,oH,7NO,: 313

mp: 259-260C

{dehydroderiv. (spiradine A) 281-28¢}

IR: 3250, 1655
Mass 313 (M")

91. Spiradine C

Spiraea japonicd.. fil. [75]

C,,H,gNO4: 355

mp: 248-249C

{11-deacetylderiv. (spiradine B) 259-260}

IR: 3200, 1730, 1655, 1240
Mass 355 (M")

92. Spirasine IV

Spiraea japonicd.. fil. var. fortunei (Planchon) Rehd [23]
C,oH,5NO: 295

[e]p -95.7°C (CHCL)

UV: 212, 300 (2.81, 2.09)

IR: 1720, 1650, 890
Mass 295 (M, 100), 280 (6), 267 (9), 175 (15), 146 (47)

PMR: 1.04 (3H, s, 18-CKl ), 2.46, 2.72 (1H each, d, J = 11.5, H-19), 3.40 (1H, br. s, H-6), 4.84, 4.96 (1H each, br. s, H-17)
13 .
C NMR:

C-1 34.9 C-8 43.0 C-15 26.0
2 19.3 9 48.9 16 142.7
3 33.7 10 49.8 17 110.4
4 38.0 11 22.7 18 28.8
5 61.2 12 53.3 19 62.7
6 65.4 13 213.0 20 70.0
7 33.9 14 60.9
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93. Spirasine IX

Spiraea japonicd.. fil. var. fortunei (Planchon) Rehd [23]
C,oH,eNO: 295

mp: 157-158C

[¢]p +135.5 (CHCl)

UV: 210, 300 (3.27, 1.95)
IR: 3100, 1720, 1651, 898
Mass 295 (M, 68), 283 (3), 267 (100), 252 (7), 146 (12)

PMR: 1.08 (3H, s, 18-Ckl ), 2.72, 2.89 (1H each, d, J = 11.5, H-19), 3.72 (1H, br. s, H-6), 4.82, 4.94 (1H each, br. s, H-17)
13 .
C NMR:

C-1 35.2 C-8 44.2 C-15 28.4
2 19.3 9 65.3 16 144.1
3 33.9 10 51.0 17 110.1
4 38.0 11 211.2 18 28.8
5 61.0 12 53.4 19 63.1
6 65.6 13 28.3 20 75.7
7 35.2 14 45.0
Ho\\ 94. Spirasine X

Spiraea japonicd.. fil. var. fortunei (Pl.) Rehd [76]
C,oH,sNO,: 311

mp: 224-22FC (acetone)

[e]p +51° (CHCly)

IR: 3584, 1714, 1640, 891
Mass 311 (M, 100), 266 (79)
PMR: 1.01 (3H, s, 18-CKi ), 1.68, 1.87 (1H each, dd, H-7), 2.04 (1H, d, H-20), 2.26, 2.32 (1H each, br. d, H-15), 2.41 (1H, q,

H-14), 2.47, 2.58 (1H each, d, H-19), 2.94 (1H, d, H-12), 3.25 (1H, s, H-9), 3.30 (1H, br. s, H-6), 4.24 (1Hp},4853
5.02 (1H each, br. s, H-17)

13C NMR:
c-1 335 c-8 449  C15 337

2 19.2 9 67.2 16 140.5
3 25.7 10 50.3 17 112.4
4 37.9 11 211.0 18 28.8
5 60.1 12 62.5 19 62.5
6 65.1 13 67.7 20 65.1
7 34.8 14 51.6

95. Spirasine Xl

Spiraea japonicd.. fil. var. fortunei (Planchon) Rehd [23]

C,oH,NO: 297

[a]p -23.8" (CHCL)

IR: 3350, 1650, 885

Mass 297 (M", 100), 272 (3), 270 (4), 269 (8), 254 (3), 226 (12), 146 (29)

PMR: 1.13 (3H, s, 18-Ckl ), 2.86, 3.06 (1H each, d, J = 11.5, H-19), 4.13 (1H, q, J = 9.4, 3f3), 448 4.85 (1H each, br.
s, H-17)
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3¢ NMR:

C-1 34.6 C-8 42.2 C-15 24.0
2 19.1 9 49.1 16 147.2
3 33.6 10 50.1 17 107.0
4 37.1 11 21.8 18 28.5
5 58.1 12 49.8 19 59.8
6 65.7 13 67.7 20 69.1
7 33.3 14 41.9

96. Spirasine Xl

Spiraea japonicd.. var. fortunei (Pl.) Rehd [77]
C,oH,5NO4 327

mp: 226-228C (CH, Chb—methanol)

[a]p +17.9° (CHCL,)

UV: 305 (2.1)

IR: 3380, 1720

Mass 327 (M', 100), 299 (90), 282 (89), 161 (33)

PMR: 1.32 (3H, s, 18-CHl ), 1.89 (2H, d, J = 1.5), 2.02 (1H, d, J = 2.0), 2.28 (1H, d, J = 2.0), 2.40 (1H, g, J = 2.0, 10.0, H-14),
2.42 (1H,d, J = 11.5), 2.83 (1H, d, J = 3.5, H-12), 3.08 (1H, d, J = 11.5), 4.12 (1H, g, J = 3.5, 1B)0,4B634.96 (1H each,

br. s, H-17)

13C NMR (C5DsN):

C-1 36.4 C-8 46.6 C-15 33.9
2 19.8 9 65.7 16 142.8
3 27.3 10 51.2 17 111.3
4 38.4 11 210.8 18 31.2
5 62.3 12 64.3 19 61.9
6 98.5 13 67.3 20 68.9
7 44.3 14 51.7

97. Spirasine XiIlI

Spiraea japonicd.. var. fortunei (Pl.) Rehd [77]
C,oH,5NO4 327

mp: 188-189C (CH,Cl,)

[a]p +25.7° (CHCl,)

UV: 305 (2.27)

IR: 3420, 1710, 1650
Mass 327 (M, 100), 299 (95), 282 (35), 161 (26)
PMR: 1.38 (3H, s, 18-CKi ), 1.87, 1.92 (1H each, H-7), 1.95 (1H, s, H-9), 2.38, 2.48 (1H each, br. d, H-15), 2.39, 3.11 (1H

each, d, J =12.0, H-19), 2.94 (1H, s), 3.05 (1H, d, J = 4.0, H-12), 3.65 (1H, d, J = 4d), ¥AB(OH, s), 4.97, 5.02 (1H
each, br. s, H-17)
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3¢ NMR:

C-1 35.3 C-8 45.1 C-15 32.8
2 19.0 9 73.9 16 137.6
3 28.6 10 52.3 17 114.9
4 37.6 11 209.2 18 30.5
5 60.7 12 61.9 19 61.1
6 98.9 13 67.4 20 72.0
7 43.3 14 56.0

98. Spirasine XIV

Spiraea japonicd.. var. fortunei (Pl.) Rehd [77]
C,oH,NO,: 313

mp: 244-246C (CH,ClL,—ethylacetate)

[a]p -18.8° (alcohol)

IR: 3350, 1660, 890
Mass 313 (M", 100)

PMR: 1.36 (3H, s, 18-CHl ), 2.08, 2.30 (1H each, d, J = 12.6, H-19), 3.96 (1H, br. d, J = 108), W83, 4.77 (1H each, br.
s, H-17)

13C NMR:
c-1 35.4 c-8 431  C15  33.0

2 18.6 9 48.8 16 147.1
3 24.2 10  49.4 17 106.6
4 37.2 11 216 18 29.6
5 59.1 12 482 19 580
6 99.5 13 65.9 20 69.0
7 42.5 14 41.6

99. Spirasine XV

Spiraea japonicd.. var. fortunei (Pl.) Rehd [77]
CyoH,NO,: 313

mp: 156-158 C (CH, Cl,—ethylacetate)

[e]p O° (alcohol)

IR: 3450-3200, 1665

Mass 313 (M', 100)

PMR: 1.49 (3H, s, 18-CKl ), 4.85 (2H, br. s, H-17)
% NMR (CDCL, + CD, OD):

C-1 35.1 C-8 41.2 C-15 32.3
2 18.3 9 47.5 16 143.1
3 26.1 10 49.4 17 109.4
4 37.3 11 23.3 18 29.4
5 58.2 12 53.7 19 56.7
6 101.5 13 69.3 20 71.0
7 41.2 14 41.1
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100. Tadzhaconine [10s] (anthoroidine) [78]

101. Talatizine [10t]

102. Tangutisine

Aconitum coreanur(lLevl.) Rapaics [52]A. tanguticum(Maxim) Stapf,

W. T. Wang [79]

C,oH,NO,: 345

{chl-hydr. 310-315C (dec., B O)} [79]

IR: 3380, 3300, 3260, 3220, 1657 [79]

Mass 345 (M*, 34), 330 (60), 328 (100), 316 (34), 300 (65) [79]

PMR: 1.16 (3H, s, 18-Ckl ), 1.62 (1H, dd, J = 15.4, 4.3,-3.76 (1H, dd, J = 15.4, 4.1, ¥)1 1.77 (1H, br. d, J = 15.3,
H-7B), 1.92 (1H, br. d, J=15.4, 1.7, 2.1, k}32.06 (1H, AB, J = 18.1, H-1§, 2.10 (1H, dd, J = 15.3, 3.4, K 2.19 (1H,
s, W, =4.0, H-5), 2.26 (1H, AB, J = 18.1, HE)52.31 (1H, d, J = 8.8, H-9), 2.55 (1H, d, J = XD.0, H-12), 2.97 (1H, br.
d,J=15.4,1.7,1.7, He), 3.01, 3.74 (1H each, d, J = 11.6, H-19), 4.05 (2H, br.,5, W = 6.8, H-6p)}14.21 (1H, br. s,
W,,, =10.4, H-B), 4.33 (1H, d, J=8.8, 1.81.0, H-1B), 4.50 (1H,s, W, =3.9, H-20), 4.78, 4.99 (1H each, br.s,
W, = 7.0, H-17) [79]

13C NMR [79]:

C-1 33.2 C-8 44.9 C-15 30.4
2 66.7 9 53.7 16 145.2
3 38.1 10 46.9 17 109.6
4 36.4 11 74.6 18 29.2
5 57.4 12 51.7 19 60.6
6 66.0 13 81.8 20 70.3
7 30.3 14 81.4

103. Tatsirine

Delphinium tatsienenséranch [80]

C,oH,NO4 329

mp: 260-263C

{isotatsirine,X H andsC NMR}

Mass 329 (M', 75), 312 (29), 301 (34), 294 (19), 242 (37), 193 (9), 178 (34), 160 (49), 119 (17), 84 (100)

PMR (C5DsN): 1.55 (3H, s, 18-CHl ), 4.72, 4.85 (1H each, br. s, H-17)

B¢ NMR (CDCl; + CD;0D): 149.1 (C-16), 106(€-17), 97.9 (C-6), 70.6, 67.4, 66.7, 60.9 (2C), 51.8, 49.4, 48.5, 44.8, 42.9,
42.3,41.6, 36.8, 33.9, 32.4, 31.2,22.4
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Isotatsirine:

PMR (CD;0D): 1.10 (1H, br. t, J = 11.6, Hfi)l 1.40 (3H, s, 18-CHl ), 1.46 (1H, H-9), 1.50 (1H, H-14), 1.52 (1H, mp}-1

1.56 (1H, m, H-B), 1.66 (1H, s, H-5), 1.70 (1H, m, H-d), 1.83 (2H, s, H-17), 1.86 (1H, m, HB 1.96 (1H, br. d, J = 14.2,

H-1«), 2.22, 2.35 (1H each, d, J = 13.7, H-7), 2.42 (1H, br. s, H-12), 3.20, 3.48 (1H each, d, J = 11.4, H-19), 3.53 (1H, br. s,
W,,, = 8.2, H-1%), 3.83 (1H, s, H-20), 4.14 (1H, br. s, = 13.0, }};:5.54 (2H, br. s, H-15)

3C NMR (CD;0D):

C-1 35.0 C-8 - C-15 1241
2 66.9 9 49.8 16 1441
3 42.4 10 45.9 17 21.8
4 37.6 11 26.3 18 31.1
5 61.0 12 44.0 19 60.3
6 100.7 13 75.4 20 70.8
7 41.8 14 50.1

104. Ternatine [10u]

IR: 3500, 1710, 1100 [81]
Mass 415 (M', 37), 397 (25387 (75), 327 (44), 309 (100), 300 (47), 291 (31), 280 (44),
264 (25) [81]

105. Torokonine (Toroko-base I)

Aconitum subcuneatuidakai [82]

C,,H3,NO5: 449

mp: 198.5-199C (acetone)

[a]p +71.7° (methanol)

{15-dehydroderiv. 248-250C (methanol)}

IR: 3400, 1720

Mass 449 (M")

PMR (CD;0D): 1.11 (3H, s, 18-CH ), 2.96 (1H, s, H-20), 2.60, 3.11 (1H each, d, J = 12.5, H-19), 3.41 (1H, br. s, H-6), 4.42
(1H, d, J = 2.6, H-7), 4.53 (1H, br. s, H-15), 5.00, 5.03 (1H each, t, J = 1.3, H-17), 5.52 (1H, m, H-2), 7.47-8.02 (5H, H-Ar)
¥C NMR:

C-1 28.9 C-9 79.6 C-17 110.5
2 70.2 10 49.8 18 29.3
3 39.2 11 36.9 19 62.2
4 35.4 12 34.6 20 73.3
5 51.5 13 32.7 Ar-CO  165.9
6 69.7 14 36.0 Ar-1 130.1
7 64.3 15 66.6 2,6 129.4
8 48.9 16 153.6 3,5 128.8
4 133.3
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106. Fissumine

Delphinium fissunsubsp. anatolicum [36]

C,,H,,NO,: 369

mp: amorph.

[a]p -33.8" (CHCl)

IR: 3450, 2960, 2850, 1730, 1715, 1640, 1600, 1450, 1240, 1150, 1100, 1080, 925, 860

Mass 369 (M", 5), 327 (100), 310 (37), 281 (86), 253 (40), 242 (16), 204 (12), 176 (30), 115 (27), 91 (42), 55 (48)

PMR: 2.05 (3H, s, OAc), 2.52 (1H, d, J = 9.0, H-14), 2.75 (1H, s, H-20), 2.75, 3.04 (1H each, d, J = 13.0, H-19), 4.24 (1H, d,
J=9.0, H-1B), 4.69, 4.88 (1H each, br. s, H-17)

13C NMR:

c-1 44.4 c-8 437  C-16 1438
2 2106 9 75.1 17 1085
3 48.9 10 544 18 29.4
4 41.2 11 283 19 616
5 58.3 12 503 20 69.3
6 64.7 13 708 cCO 1769
7 28.3 14 551 |

15 345 CH 226

107. 3-Epiignavinol

Aconitum japonicunvar. montanum Nakai [62]
CyoH,NO,: 345

mp: 292-293.5C (dec.)

[a]p +49.1° (methanol)

IR: 3520, 3350, 3280

PMR: 1.14 (3H, s, 18-Ckl ), 3.37 (1H, d, J = 4.6, H-3), 3.98 (1H, br. s,d); 4508 (1H, m, H-2), 4.99 (2H, d, J = 1.7, H-17)
¥ NMR (CD;0D):

C-1 31.6 C-8 45.1 C-15 73.8
2 70.5 9 80.5 16 156.1
3 75.3 10 51.9 17 110.1
4 43.0 11 39.9 18 26.8
5 56.7 12 36.6 19 60.7
6 64.9 13 34.1 20 73.2
7 30.1 14 43.2

XSA: [62]

Thus, the rigid ring system of the hetisane framework forms from atisine by forming C14-C20 and N—C6 bridges. This
results in the formation of three new five-membered rings. According to XSA, the six-membered cyclohexaké3ing32,
C3, C4, C5, C10) and (C5, C6, C7, C8, C9, C10) have the chair canftion; piperidine ring- (C4, C5, C10, C20, N, C19),
the boat conformation. Ring3(C8, C9, C11, C12, C13, C14),(C8, C9, C11, C12, C16, C15), aBdC8, C14, C13, C12,
C16, C15) form the bicyclo-[2,2,2]-octane system, which is fixed in the boat form. The five-membe@dCihgC5, C6, N,
C19) adopts the twist-forntd (C5, C6, N, C20, C10), the envelope; an{@€8, C9, C10, C20, C14), an equal mixture of the
twist and envelope conformations [55]. The fusion of rilfB€ is identical for all hetisane alkaloid&/B, trans B/C, cis
(Fig. 1).
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Fig. 1. Carbon framework of hetisane.

Substituents have pracity no effect on the conformation of ringsandB. A small distortion of ring8, C, andD
is observed with substituents (OH, OBz, OAc) in @1d and C13 positions and with the presence of OH...O H-jB6eR9].

The term "hetisane" alkaloids (sometimes hetisine) is considered comroogbted. It is derived from the alkaloid
hetisine. The determination of the structure of these alkaloids by chemical methods was very complicated owing to their
tendency to rearrange. Therefore, the structures of many alkaloids and their transformation products were elut8fated by

The presence of carbonyls, hydroxyls, and esters gives rise to a variety of hetisane alkaloids. Hydroxyls are frequently
esterified with acetic, benzoic, and isobutyric acids and less frequently with propionic, 2-methylbutyric, cinnamic, and veratr
acids. Almost all alkaloids contain the 18-methyl and 17-exomethylene groups. The exceptions are zeb@ranichég N-
oxide (74) [90], which contain a CE5C16 double bond andmhydroxy{f-aminophenethyl moiety on C17, and davisirs)(
and 18-benzoyldavisinoR() [27], which have hydroxymethyl and benzoyloxymethyl, respectively, instead of methyl on C4.
Delatisine 45) [55] is known to contain a furan ring and represents a new furanohetisane-type DA. The O atom in delatisine
is bonded to C2 and C19.

These alkaloids can be subdivided according to the number of functional groups into mono-, di-, tri-, tetra-, penta-,
and hexasubstituted hetisanes. The quaternarpBd6] and quaternary forms as the N-oxid@s74 [86, 90, 91] have been
isolated from plants in addition to tertiary bases. A small group of N/C19 secocompounds is also known [68, 92-94].

CHEMICAL PROPERTIES

Dehydration was previously widely used to elucidate the type of C framework in DA. It was performed with heating
and catalysts such as Se or Pd. This produces a complex mixture, from which phenanthrene and itsadigk deene
isolated [2, 46, 60]. It is impossible to distinguish hetisane alkaloids of different structures among the dehydratian product
because the reaction produces identical products. Dehydration has currently lost its initial attraction.

Chemical methods of elucidating alkaloid structures enable the determination of the nature and number of functional
groups. Thus, one peculiarity of the hetisane alkaloids is the exomethylene group, which is observed by the production of
formaldehyde upon ozonolysis and the dihydroderivative upon catalytic hydrogenation [60, 75].

The nature of the functional groups containing O is determined via acylation, oxidation, saponification, etc. Thus,
acetylation of hetisined@) in CHCL, by acetic anhydride in pyridine at @for 53 h forms the 11,13-diacetaled 4), the 13-
acetate 115, and the 11-acetatéX6) of hetisine. The yields after purification by chromatography are 5, 10.6, and 14.3%,
respectively. Acetylation of hetisine by acetic anhydride in GHCI with heating for 15 h produces the 2,11,13-trdadgtate (
the 11,13-diacetatd {4), the 2,11-acetatd {8), the 2-acetatel(9), the 11-acetatel {6), and the 13-acetat&X5) in yields
of 5.6, 44, 6, 3.4, 9, and 14%, respectively, after chromatographic purification [15].

CHo

114.R=H, R=Ry=Ac 117.R=R;=Ry=Ac
115.R=R;=H, Ry=Ac 118.R=R;=Ac, R=H
116.R=Ry=H, R;=Ac 119.R=Ac, R=Ry=H

Acetylation of tangutisinelQ2) by acetic anhydride in the presence-bluenesulfonic acid produces tangutisine
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tetraacetatelQ) [52, 79].

102 120

The hydroxyls have different reactivities. Their different positions and stereochemical environments enable the
necessary derivatives to be prepared by selecting the reagents. Thus, hetisane alkaloids containing a C6 hydroxyl, which are
carbinolamines, can react in two tautomeric forms, the carbinolamine and the aminoketone. For example, acetylation of
spiradine A 89) and pseudokobusingd) produces both the O-acet§il and122) and N-acetyl123and124) derivatives [60,

75].

121.R=0, R=H 123.R=0, R=H
122.R=R=-OH 124.R=Ry=B-OH
Alkaloids 89 and82 react with methyl iodide in methanol to give the iodomethyla®&sand126, which are converted
by aqueous ammonia or silver oxide in 50% aqueous methanol to the N-methylsecodefi@@tare$l 28 Heatingl27 with
methyl iodide at 100C in a sealed ampul gives the iodomethylt8, subsequent Hofmann degradation of which ghz3a
[75].

125.R=0, R=H 127.R=0, R=H 129
126.R=R;=B-OH 128.R=R,=B-OH

N-Methylsecopseudokobusint2g) can be converted back into pseudokobusine iodomethy2@etfy HI. Reduction
by sodium in methanol occurs selectively at the C6 hydroxyl, converting dihydropseudokob86jriet¢ dihydrokobusine
(131).

130.R=0OH 132
131.R=H

Under these conditions kobusir@8) and pseudokobusing3), in which the C15 hydroxyl is allylic, give the same
product132[60].

The conversion of pseudokobusine into kobusine in six steps has been reported [95]. The Schotten—Baumann reaction
was used first to prepare ketocarbami8 which is formed fron82 and the trichloroethyl ester of chloroformic acid in
CH,Cl, under alkaline conditions. Acetylation 183 gives the diacetatk34, the reaction of which with thionylchloride in
CH,Cl, in the presence of pyridine gives the cyclic sulfinyl derivetB®(14%) and kobusine diacetat86, 37%).
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133.R=H 136

134.R=Ac

Elimination of SQ formd.36in 80% yield upon sublimation @B85at 180-191C (2 mm Hg). Hydrolysis af36 gives
kobusine. The method used to prepare the cyclic sulfinyl derivative and to eliminate subsequently SO is a new reaction that
can be used to form the N—C6 bond.

A shorter route to the conversion of pseudokobusine into kobusine was developed later [96] via the thioib@dazole
which is prepared by shaki@® with N,N’-thiocarbonyldiimidazole in CH Gl at room temperature for 21 h with subsequent
treatment ofL37 with tri-n-butyltinhydride.

Alkaloids with a C15 hydroxyl react owing to its allylic position relative to the exomethylene.

It was mentioned above that kobusine and pseudokobusine are reduced by sodium in propanol to the 15-
dehydroxycompouni32 Catalytic hydrogenation 68 over Pd-black in acidic medium causes isomerization to methylketones
138that are epimeric at C16. Oxidation of kobusine by pyridinium diohte or active Mn® gives the conjugated enbd@

The analogous methylketon®40 and enond41 are obtained from isohypognavirG) [60].

138.R=H 139.R=H
140.R=0Bz 141.R=0Bz

Heating kobusine with dilute HCI produces the isom&& 142 and143[60].

The correlation between isohypognavin€Q0)( and kobusine 68) was inferred by oxidation of 15-
ketodihydroisohypognavinel40 by chromic anhydride in acetic acid to 11,15-diketodihydroisohypognat#® {ith
subsequent hydrolysis of the benzoylhydroxy group, mesylation of the resulting dléghahd hydrogenation of the mesylate
146to 11,15-diketodihydrokobusin&47) [60].

144.R=0Bz
145.R=OH
146.R=0SGQCH;z
147.R=H

Whereas benzoylation of kobusine gives a mixture of three products (11-benzoyl-, 15-benzoyl-, and 11,15-
dibenzoylkobusine), silylation in the presence of pyridine at -(42&6pccurs stereospecifically to form 11-
trimethylsilylkobusine 148) in 60% yield. Subsequent benzoylation and removal of the silyl group produces 15-benzoylkobusine
(149 in quantitative yield. Oxidation df49 by pyridinium chlorochromate in GH €l in the presence of sodium acetate gives
11-dehydro-15-benzoylkobusing50) in 80% vyield. Wolff—Kishner reduction d50using the literature method [97] gives
nominine 1) (22%) and the cyclopropane derivatiVgl (46%), the structure of which was found by XSA [54].
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148 149 150

It was suggested that the unusual prodLsf)that is isomeric with nominine may be formed under Wolff—Kishner
conditions using hydzine hydrate and hydrazine hydrochloride via the intermediate carld&floThe reduction products
71and151were not obtained upon Wolff—Kishner reduction in the absence of hydrazine hydrochloride. This is a rare instance

of the formation of a C—C bond during Wolff—Kishner reduction.
H-O-H

15-Benzoylpseudokobusin2lj [28] can be synthesized by benzoylation of pseudokobusine. The following derivatives
of pseudokobusine were isolated by chromatographic purification on silica gel: 6-benzoate, 11-benzoate, 15-benzoate, 6,11-
dibenzoate, and 6,15-dibenzoate in the ratio 21:3:1:49:19, i.e., benzolyation is most facile at the C6 hydroxyl andurttost diffic
at C15. 15-Benzoylpseudokobusine was synthesized using selective protection of the C6 hydroxyl via reagtion with
nitrobenzoylchloride in pyridine at room temperature for 5 min with subsequent benzoylat®e® da€ompoundl54 was
obtained in 30% vyield from the benzoylation products. Removal of the protecting grbbsplyf 28% aqueous ammonia in
CH3;OH—CDCl; gave 15-benzoylpseudokobusifg)(

Esterification of andersobine)( with 4-dimethylaminobenzoylchloride in dry pyridine in the presence of 4-
dimethylaminopyridine at room temperature for four days acylates selectively the C19 hydroxyllfesjiva).

155 156 157

Oxidation of cardiopetaminé®) by Cornforth reagent at 28 givese,[-unsaturated ketonks6in 48% yield and
B,v-unsaturated ketors57in 36% yield [25].

Sarett oxidation of hetisin@2) in CH,Cl, at -5C and chromatographic purification on,Al;O give 11-dehydrohetisine
(158) in 36% vyield and 2,11-didehydrohetisiris9) in 21% yield.
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158 159 160
Oxidation of 11,13-diacetylhetisin&14) by this same reagent gives the 2-dehydroderiva®@ alkaline hydrolysis
of which gives hetisinone88). Reduction ofl58 by NaBH, produces 11-epihetisinks() [15].
Wolff-Kishner reduction of33 gives 2-dehydroxyhetisinel§2), selective Sarett oxidation of which produces 2-
dehydroxy-11-ketohetisind §3) [98].

161 162.R=0-OH 164.R=0
163.R=0 165.R=0OAc

Sarett oxidation of 11-acetylhetisirel§) and 2,11-diacetylhetisind18) gives 11-acetyl-2,13-didehydrohetisirié{)
and 13-dehydro-2,11-diacetylhetisirie ), respectively [15].
Hetisine and its derivative®3, 158 159 161, 163 164, and165were then used to study rearrangements [3].

REARRANGEMENTS OF HETISINE AND ITS DERIVATIVES

Studies of the structure of hetisir32)were hindered by extensive changes in the C framework that often occur during
its chemical conversions. Thus, as long ago as 19591[66}yith the same formula as hetisine was obtained during treatment
of hetisine with aqueous,H SO . However, only in 1981 [100] it was demonstrated using X8A tblt an unusual
rearrangement of the dihydroxybicyclo-[2,2,2]-octane into an adamantane-type framework occurs. Brief heating of hetisine (10
min) with aqueous acid (10% HCl or 5% H SO ) gives adamantane-type rearrangement i@@iactil67 in yields of 95
and 5%, respectively. The structurel6f7 was elucidated by comparative analysis of spectral data with thb&6. of

Facile cleavage of the C11-C12 bond leads to the main rearrangement p6&duactss favorable cleavage of the
C12-C13 bond gives the minor prod@ét.

32 168 169 166

The following mechanism for the transformation of hetisine into the rearrangement dré@uets proposed [100].
Protonation of the exocyclic double bond and retroaldol reaction involving the 11-OH group give ald&hy@gclization
of hemiacetal 69 which forms from the aldehyde and 13-OH, gives addiél It was suggested that intermedia6® cannot
be a dihydroxyaldehyde formed by hydratiori68at C16, on one hand, owing to the ease of forri#jand, on the other,
because hydration @68to the dihydroxyaldehyde would not occur stereospecifically to give the single isomer that would then
cyclize into166.
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The proposed mechanism of hetisine rearrangement agrees with results obtained bgesttnt0% DCI in D, O
under ay atmosphere. The main prodéé&contained D atoms on C12, C15, and C17. It was proposed [100] that the minor
rearrangement produt67forms from hetisine by a mechanism analogous to thdit®wia the less preferred cleavage of the
C12-C13 bond and intermediate&g and171

Heating 11-epihetisine 1) in 5% aqueous $51 SO for 10 min gives the same prodis&and167 but in a 1:3 ratio.
This indicates that cleavage of the C11-C12 bond becomes less preferred upon changing thaticonfitilme C11 hydroxyl
from ¢ to p [101].

172.R=0-OH
173.R=3-OH

If the acid-catalyzed rearrangement of hetisine is carried out for longer time, isomerization frogacid173form
in 20% yield in a 1:1 ratio in addition %6 and167 (overall yield 70%). Compound¥2andl73are epimers at C13. The
mixture of epimers could not be separated. Their structures were established by spectral means and XSA. The electron-densit
map showed the co-existence of both epimers in the crystal [101]. It was proposed that the epimeric products of hetisine
isomerization, which have the safireonfiguration for the C-11 hydroxyl, may be formed from intermediate aldet6gieia
the carbocatiod74 The configuration of the C13 hydroxyl may be eithar  because a water molecule can add to the stable
allylic carbocationl74from both sides. The formation mechanismi@® and173from 174 includes reaction$74« 175«
176 - 177, which are reversible in acidic medium. The fact that rearrangement pra@8asd167 are formed in small
amounts upon heating a mixturelaf2and173in 5% aqueous 5 SO for 6 h is consistent with the above reactions being
reversible [101].

The unique rearrangement produt®3 and179 are obtained upon heating 11-dehydrohetisits3)(and 2,11-
didehydrohetisinel69 with 45% H, SQ for 1.5 h. The structurelaf8 was elucidated by XSA; df79, by spectral methods
and oxidation ofL78 by pyridinium chlorochromate tb79. The proposed mechanism of this rearrangement [102] includes
hydration ofi158and159at C16 to give the intermediat80 Subsequent dehydration and enolizatioh8ifproduces 82,
Michael cycloaddition of which gives rearrangement prodiég&and179. XSA showed that the carbonyls on C11 and C16
in the eight-membered ring 78 are situated almost parallel.
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Reaction of 11-acetyl-2,13-didehydrohetisine64 and 2,11-diacetyl-13-dehydrohetisin@6%) with aqueous
methanolic K CQ gives the new rearrangement prodi&tsind184, which contain a lactone ring. The structurd &8 was
found by XSA, of184 by oxidation with chromic anhydride in pyridineX83 If the reaction o165with agueous methanolic
K,CO4 s carried out at room temperature, 2-acetyl-11-epi-13-dehydrohefi§§egrms. The 11-OH group i85 epimerizes
through hydrolysis of the C11-acetatelibbto givel86 Subsequent retroaldol reactionl@6 to aldehydel87 and aldol
condensation give the fi4OH epimerl85(3].

The following mechanism for tH64~ 183and165~ 184rearrangements was proposed [103]. The first step includes
saponification of the acetyl group by the mechanism described above to fotdr@té epimerl85 Cannizzaro intramolecular
reaction, including attack of hydroxide ion at the formyl C atom and transfer of a hydfi88 from the aldehyde to the
carbonyl, occurs under more forcing conditions with heating. The carboxyl and alcohol anion that are fa88edrimert
via proton exchange into the more stable acid ah@thcyclization of which leads to rearrangement prod&&or 184.

184.R=0-OH
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2-Dehydroxy-11-dehydrohetisind&3 was obtained from hetisine in an attempt to correlate it to kobusine [98].
Mesylation of163 and reduction of mesylai®1 by LiAIH 4 give instead of the expected kobusine the unusual rearrangement
product192, which contains a cyclopropane ring. The structurE9@fwas solved by XSA. It was proposed thép forms
via intermediatd 93 in which Al as the oxide or hydride coordinates to one of the O atoms of the mesylate, producing partial
ionization. Hydride attack at C17 ®®3 produces cyclopropyl derivativi®©2

192

This was the first example of such framework rearrangements of DA. However, similar rearrangements are known
for other systems [104-106]. Rearrangements of DA have been reviewed [3].

The data presented above indicate that hetisine and itafiles/that contain functional groups on C11 and C13 in
the bicyclo-[2,2,2]-octane portion are capable, depending on the conditions, of rearranging into unique compounds with new
C frameworks. Certain of these compounds are found in plants. For exa6tléth the adamantane framework was isolated
from Aconitum heterophyllurfl00]. The hetisane alkaloids zeraconi&@é) @nd zeraconine N-oxid&€4), which have been
isolated fromA. zeravschanicurf®0], have a C15C16 double bond like the isomeric compoutddg and173

PHYSICAL METHODS

Physical methods have been applied to the determination of DA structures for the last three decades. This reduced the
required volume of studies by chemical methods, accelerated structuratimcidnd sharply decreased the amount of a
substance needed for its analysis.

IR and UV Spectroscopy. Whereas the IR spectra of hetisane-type DA typically contain absorptions in the ranges
1640-1665, 3100-3020, and 900—870%(@16=C17 double bond) [23], their UV spectra in the visible region are transparent.
Only alkaloids withp,y-unsaturated carbonyls absorb in the ranges 205-212 and 300-305 nm [1, 23, 54, 69-71].

Circular Dichroism. Chiroptical methods have been applied to hetisane-type DA mainly to determine the position
of ap,y-unsaturated carbonyl group and the absolute configuration by comparing circular dichroism (CD) spectra with those
of an alkaloid for which the absolute configuration has been establishé&siftby

A relation between the position offay-unsaturated carbonyl and the sign of the Cotton effect (CE) in the range 304-
305 nm has been found in the CD spectra of hetisane alkaloids.

The CD spectra &4 [76], 96 and97 [77], which have a C11 carbonyl, and 11-ketoderivatives, ¥58.15], exhibit
a positive CE. If th@,y-unsaturated carbonyl is located on C13, then the CE is negative, for example, in the CD spectra of 13-
dehydro-2,11-diacetylhetisin@g5) [15] and 13-ketoderivativé94 that is obtained from spirasine X198) and spirasine XV
(99), which are epimeric at C13 [77].

A positive CE is also observed in the CD spectrum bf-2lidehydrohetisinel69) at 304 nm. The CD spectrum of
2-dehydrohetisine3@) does not exhibit a CE for the C2 carbonyl in this region but does have a weak negative CE at 220 nm,
which is also observed in the spectrumi®®[15].

This principle was used to correct the structl®Bthat was proposed earlier for paniculatine [1]. Comparison of the
CD spectrum of dehydropaniculatin#9g), which exhibits a negative CE at 303.5 nm, with those of the 11- and 13-
ketoderivatives showed that paniculatine has stru&uend, therefore, the hydroxyl is located on C13 and the benzoyl is on
C11, and not the reverse, asl®b[71].
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The CD spectra of 15-ketoderivatives of nominit@/, sanyonaminel©8), ryosenaminel(99), 1-acetylhypognavine
(200, and torokonineZ01), which were prepared by oxidation of the corresponding alkaloids by freshly prepargd MnO or
pyridinium dichromate, were also studied.

CHz 197 Ri=R,=Rs=Ry=H [67]
198.R1=Rs=R4=H, R=0OH [67]
O 199. R=R4=H, R=0Bz, R=OH [44, 48]
200.R;=OAc, R=0Bz, Ry=OH,
R=H [44, 48, 67]
201.R;=H, R=0Bz, R=R4=OH [82]

The UV spectra of,p-unsaturated ketones exhibit strong absorption maxima in the range 220-260 nm and weak
absorptions abov800 nm. Therefore, they give more complicated CD spectra. Thus, the speetfauokaturated
ketoderivativesl 97, 198 and200 contain positive CEs at 235, 260, 330 (sh), 337 (sh), 353, 368, and 388 (sh) nm [67].
Analogous curves with positive CEs are obtainedLfi® and201 [44, 82]. The structures and absolute configurations of
ryosenamine 8§3) and hypognavine3b) were established by XSA [44, 45]. The absolute configurations of nominine,
sanyonamine, and torokonine were established based on the very close similarity of the CD si#¢ti@®&fand200to those
of 199and201 The space structure of kobusif8)(was established by correlation with the CD curves of 11-dehydrokobusine
(44) and spiradine A89), the absolute configurations of which were elucidate ¥ [54].

Mass spectrometryis not as effective as NMR spectroscopy in the structural analysis of hetisane alkaloids. The mass
numbers and elemental compositions of the molecular ions [32, 55, 72, 75, 77, 82] are given in publications on hetisane
alkaloids. Sometimes fragment ions are indicated without noting the relative inf2B8sifit, 88]. Most studies report the mass
numbers and relative intensities of the maximum and principal ion peaks. The first attempt to study in detail mass spectra of
this type of alkaloids [107] involved an analysis of literature data on the mass spectra of >20 compounds and detailed
investigations of the mass spectra of nominifi, (hetisine 82), and talatizine01).

The molecular ions of 15-acetylcardiopetamih®) (diacetylhypognavinesg), isohypognavinegQ), cardiopetamine
(63), nominine {1), and sanyonamind&®) are the base peaks in their mass spectra despite the presence in some of these of
esters on C2 and C11. The stability of the molecular ions decreases significantly if an OR group is present on C1, C6, and C9.
The fragmentation patterns are variable and depend on the position of the O-containing substituent. If the OR is on C1 [1-
acetyl-15-ketohypognavin@@0 and crassicauline-B] and C9 (ryosenamine), formation of [M “*OR] ions with maximum
intensity becomes characteristic. If C6 has a hydroxyl, the role of competing decomposition—elimination of acyloxy radicals
from C11 (geyerine, geyerinine) or C13 (geyeridine) increases.

The mass spectra of nomining&l), hetisine 82), and talatizineX01) indicate that the M peaks have the maximum
intensity. The decomposition features of these alkaloids were found using high-resolution mass spectra (HRMS) and metastable
defocusing spectra (MD). The hydroxyl is preferentially lost from C13 after cleavage of the C14—C203#ddring the
generation of the [M - OH] (39%) ion. The formation of stable [M - OH] suppresses other decomposition pathways, which
are represented in the spectrum by medium or low intensity peaks (from 12 to 2%).

The spectra of nominine and talatizine are consistent with several common decomposition pathways that begin with
cleavage of the bridge C14—C20 bond. Subsequent decibimpad ring B gives ions withm/z 146, 148, and 160 (nominine)
and 162, 164, and 176 (talatizine). Deconitpms of ringsB andC forms ions withm/z 174 and 176 (nominine) and 206 and
208 (talatizine) (Fig. 2).
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Fig. 2. Fragmentation patterns of nominii#)(@nd talatizineX01).

The formation of fragments that do not contain N is an interesting and unusual feature of the mass spectra of hetisane
alkaloids. Nominine has one ion in this series ([My- € H N] ) with 240. The spectrum of talatizine exhibits several peaks
for fragments without N wittz 253 ([M - G H;NO,T ) and 226 (M - & K N9 ).
Mass spectra of zeraconirt& and its N-oxide {4) have also been measured. The spectrusi bhis a rather strong
peak for the molecular ion and a base peak mittb8, which is consistent with the presence of a dimethylaminoethyl group.
The mass spectra of 2-acetyl-14-hydroxyhetisB)ea(d 2-isobutyryl-14-hydroxyhetisind@ and their fragmentation
patterns have been reported [51]. It was proposed that [M - 28] ions form by loss of CH N or ethylene fBonHimgver,
HRMS and a comparison of V/E coupled scanning and MD spectra [108] showed that [M - 28] ions form by Igss of CO from
3 and40 under the mass-spectrometry conditions. Mass spectrometry of 14-hydroxyh&f@rend its acyl derivatives,
3, 38, and40 showed that adding a C14-OH decreases sharply the stability ofthe M ion. This OH astivedesge of the
C14-C20 bond, after which the molecular ion isomerizes info M afd M , which are the sources of the principal fragments
in the spectra df, 3, 38, 40, aﬂglOZ [108].

The spectra df, 3, 40, and102have intense [M - 15] peaks, which are practically absent in the spectrum of hetisine.
These ions further decompose via loss of ROH. The peaks of the corresponding ionsM 483][Nh- 75]* in 3, [M - 89]*
in 1, and [M - 103} in38 and40 with m/z 312 are rather strong (from 11 to 35%).

Another fragmentation pathway for alkaloids with a C13—C14 diol is loss of hydroxyl. Peaks of [M - OH] ions
(intensities from 84 t400%) are precursors of the strong fragments [M * 45] . The composition of the lost fragmept, CHO ,
corresponds to loss of OH and CO. Loss of two CO fragments gives a [M - 56] peak, which is formed from the C13-C14 diol.
This is consistent with the absence of this peak in the spectrd@ dhe spectra df, 3, and40 have strong [M - OR] peaks.
However, loss of an acyloxy radical is possible onlyafand40, [M - 59]* and [M - 87 , respectively. For acoridirig,(

[M - 73]" is formed by loss of a propionyl radical and loss of two CO fragments and OH.

The spectrum a88 exhibits distinct selectivity. It contains [M - 43] (100%) and [M -*59] (46%) peaks that are
formed via loss of acetyl and acetoxy radicals from the 13-OAc.

Thus, the principal fragmentation pathwayd 08, 38, 40, and102 are determined by the presence of OH on C14.

In contrast with other hetisane alkaloids, loss of elements from AingsandC and formation of fragments without N are not
characteristic.

Mass spectra of N-oxid&2-74 contain a strong triplet of peaks witliz [M - 16]*, [M - 17]", and [M - 18} , which
are characteristic of such compounds [86, 91, 107]. Their molecular ions are weak.

Thus, mass spectrometry is used to determine the elemental composition of alkaloids and to elucidate their structures.
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In several instances the position of individual fragments, edlyeacyl residues, can be determined and the proposed structures

can be verified.
NMR Spectroscopy. Proton and C magnetic resonantce ( H&hd C NMR) in most instances enables the structure of

hetisane alkaloids to be determined.
Two broad 1H singlets, more rarely triplets or a doublet of doublets (J = 1.2-2 Hz), at 4.48-5.52 ppm are characteristic

in thel H NMR spectra of these alkaloids for the protons of the exocyclic methylene. Signals for protons of the methoxyl and
N-methyl groups are absent. The position and nature of the substituents have a significant effect on the chemical shifts (CS)
of the methylidene protons. Without substituents on C11, C13, and C15, the signals for these protons appear at 4.48-4.74 ppn
[26, 109]. However, they are more often observed at 4.70-5.00 ppm because most hetisane alkaloidsituamssubat least

one of these positions. These protons resonate at weaker fied@-&.52 ppm in the spectra of compounds with hydroxyl and

acyl substituents on C15 [11, 12] and other substituents in the other positions [22, 24, 25, 59].

Protons of the tertiary 4-CH resonate at 0.86-1.20 ppm. A distinguishing feature of alkaloids with a C6 OH is the
absence in their spectra of the characteristically broadened H-6 singlet at 3.07-4.05 ppm and a weak-field shift gf the 4-CH
singlet to 1.29-1.68 ppm [14, 69]. An analogous shift of this signal is observed in the spectrum of andersobine, which has 3
and 1$-OH groups [12].

Protons of the C19 methylene resonate as two 1H doublets at 2.21-3.02 and 2.61-3.85 ppm (J = 11.5-14 Hz) [14, 21,
22, 30]. The gem-hydroxy proton appears as a singlet at 4.08-4.89 ppm if C19 contains OH [12, 112].

The spectra of all hetisane alkaloids, with the exception of orgetine that have a C20 OH, contain the signal for H-20
as a broad singlet at 2.04-4.30 ppm. The spectra also have a characteristic 1H signal for H-12, which is observed at 2.14-2.94
ppm as a broad singlet, a doublet, or doublet of doublets with J = 1-4.8 Hz [12, 13, 76].

The overwhelming majority of hetisane alkaloids contain hydroxy or acyloxy groups on C2, C11, C13, and C15.
Valuable information about their orientation can be obtained from H NMR spectra. Thus, the gem-hydroxy pfoton H-2
resonates at 4.02-4.31 ppm as a broad singlet or multiplet with a half-width of 8-12 Hz if C2 contains an OH, which as a rule
has thex-orientation [13, 67, 69]. In acyl derivatives, OCO&R#hd OCOAr-2, the signal for H-R shifts to 4.95-5.17 [109,

113] and 5.40-5.54 ppm, respectivi2g, 44, 82]. The signals for Hx2of paniculatine and cossonine, which contdin 2
acetoxy and [2-benzoyloxy, respectively, are observed at 5.55 [1, 71] and 5.10 ppm [64]. However, paniculatine has [an OAc-1

substituent; cossonine, OAe=3 These affect the CS of the Hd-8ignals.
The orientation of the C11 OH can be determined from the CS andlittingponstant [3]. The signal of H-&lin

spectra of alkaloids containing a (&DH appears as a doublet at 3.92-4.07 pgy(J = 4.6-5 Hz) [23, 27, 59]. In those with
«-OH, H-118 is observed at 4.15-4.46 ppm as a broad doublet with a large splitting constant (J = 8-10 Hz) [11, 13, 15, 29,
64, 79]. In 11-O-acyl derivatives, H-¢Jand H-1P are observed at weaker field at 4.99-5.06 (d, J = 5 Hz) [23] and 5.04-5.26
ppm (d, J = 8.3-10 Hz) [15, 21, 33], respectively. In O-benzoyl derivativesptidears at 5.57-5.68 ppm (d, J = 8.4-9 Hz)
[22].

The signal for a proton geminal to C13 OH is observedd®-8.36 ppm as a broad doublet with SSE( J =8.6-11
or 4.5-5 Hz [11, 14, 29, 31, 33, 36, 77, 110].

The use of the andp designations for the stereochemistry of C13 tsulemts is not consistent in the literature. Some
authors [14] designate the farther substituents on C13 in the hetisine wr{g ast-5 Hz, H-1B) and the closer onds(J =
8-10 Hz, H-18&), as was accepted earlj@b, 16, 46]. Others [12, 27, 29, 55, 80] define the orientation of C13 substituents
based on studies of the H NMR spectra and Dreiding models, starting with the twist—boat conformatiorCféormmed by
C8, C9, C11, C12, C13, and C14. The protons on C13 oriented pskeligame designated; pseudoequatoriall@ [12, 80].
Using the dihedral angles between the vicinal protons H-13 and H-14 that are determined from Dreiding models to determine
the theoretical coupling constants and comparing them with those obtained experimentally makes it possible to determine the
stereochemistry of the substituent on C-13 from the coupling constant of the 13-geminal hydroxy pretqn. If J = 8-10 Hz,
then the substituent has theorientation [13, 30, 31, 61]; ifd,, = 4.5-5 Hz, then it hasfiferientation [11, 76, 80].
Therefore, the stereochemistry of the C13 substituent in hetisine and its derivatives is chan@e &d8) 12, 55]. For
alkaloids in which C11, C13, and C14 have O-containing groups pHifiears as a broad singlet. Therientation of the
substituent on C13 is determined from the W-coupling betweerfHdd H-13 [21, 79]. Thus, substituents on C13 in guan-
fu bases A, Y (acorine) [51], Z [110], F, G [52, 111], and the N-oxides of bases Z and F [86, 91] kagedhsot the-
orientation.*

*We did not correct the stereochemistry of C-13 in the formulae of these alkaloids with the exception of hetisine.
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With the exception of cardionine and 15-acetylcardionine, the O-containing substituents on C15 of all hetisane
alkaloids have th-orientation. The signal of a geminal hydroxy proton H-ibobserved as a broad singlet or triplet (J =
1-2 Hz) at 3.82-4.07 ppm; of a geminal acyloxy proton, 5.20-5.67 ppm. The signal of the geminal hydroxy preton H-15
the presence of hydroxyls on C7 and C9 appears at 4.37-4.53 ppm [14, 72, 82]. The spectra of cardionine and 11-
acetylcardionine, in which the isobutyryloxy on Cl&isriented, exhibit H-16 at 5.73 (t, J = 2.0 Hz) and 5.68 ppm (t, J =
2.2 Hz), respectively [24].

The C7 hydroxyl group in all alkaloids, as a rule, hastbeentation. The signal for HB7is observed as a doublet
(multiplet) at 3.87-4.50 ppm (J = 2.6-4.1 Hz) [11, 14, 72, 82].

The spectra of 3-epiignavinol and sadosine, which kaemndp-oriented hydroxyls, respectively, on C3, exhibit a
signal for H-$ at 3.37 ppm (d, J = 4.6 Hz) [62]; Ht3at 3.67 ppm (d, J = 3.0 Hz) [72].

The®C NMR spectra of hetisane DA exhibit signals for 20 C atoms of the hetisane framework. Their assignments,
which were made previously based on the multiplicity of the signals, consideration of substituent effects, and comparison with
model compounds, were confirmed later, with a rare exception, by modern NMR methods.

The hetisane framework contains four C atoms without protons, C4, C10, C8, and C16. If neighboring C atoms lack
O-containing suliguents, the signals for C4 and C10 are observed at 35.9-38.7 [36, 48] and 46.0-52.0 ppm [81, 110],
respectively.

A hydroxyl (O-acyl) on C3, C18, and C19 causes a weak-field shift of the signal f@reiédt) to 41.2-51.2 [21, 33],
42.3-43.5 [27], and 39.7-53.2 ppm [81, 112], respectively. An analogous shift to 52.8-55.0 and 50.4-54.4 ppm is observed for
the signal for C10 as a result of fiveffect of the OH (acyl) group on C1[27] and C9 [36, 113]. A carbonyl group on C2 causes
a weak-field shift of the signals for C4 and C10 to 40.3-45.9 [11, 33] and 54.8-60.7 ppm [31, 70], respectively.

A singlet for C8 appears at 40.5-44.2 ppm without O-containing substituents on C7, C9, C14, and C15 [13, 27]. A
hydroxyl and carbonyl on C15 have the greatest influence on its signal. In this instance, the signal for C8 is obsé@ed at 45.
48.9 [62, 82] and 55.8-56.1 ppm [19]. A carbonyl on C11 causes an insignificant weak-field shift to 45.1-46.6 ppm [19, 77].
This signal shifts to 48.9 [82], 50.8 [14], and 50.6 ppm [21] with OH groups on C7, C9, and C15; C7 and C15; and C9 and C14,
respectively.

A singlet for C16 is observed at 138.0-147.0 ppm [77]. A hydroxyl on C15, which shifts the si$B@l36156.8 ppm,
has the greatest effect on this signal [11, 44].

The hetisane framework contains six methine C atoms: C5, C6, C9, C12, C14, and C20.

The signal for C5 is usually observed at 58.0-62.3 ppm [21, 77]. It shifts to weak field at 50.6-55.7 ppm if C1 [48,
109], C9 [21, 44], or C7 [82] has an Ofidffects).

In most alkaloids, a doublet for C6 appears at 60.2-65.5 ppm. The C7 OH causes a weak-field shift of this signal to
65.6-70.3 ppm [14, 36]. The signal for the carbinolamine C6 in 6-OH substituted alkaloids is observed at 96.8-102.2 ppm [31,
33].

The C9 doublet, in the absence of substituents on neighboring C atoms, is obsen&d2a194dpm [31, 77]. A C13
carbonyl shifts this signal to weak field at 48.6-48.9 ppm [23, 70]. The simultaneous presence of C11- and C13- [13, 19] or
C11- and C12-substituents [24] causes a larger weak-field shift to 55.0-58.2 ppm. The greatest weak-field shift of the signal
for C9 to 65.2-65.3 ppm is observed with a carbonyl on C11 [23]. With a carbonyl on C11 and a hydroxyl on C13, the signal
for C9 is abserved at 65.7-67.2 ppm if the OH ia [/®, 77]; at 73.9 ppm, if I3[77]. The signal shifts to 78.8-81.0 ppot (
effect) with a C9 OH [21, 113].

A doublet for C12 is observed at 36.1-36.9 ppm [26, 109, 112, 113]; WitR&OH, at 73.1-74.6 ppm [24]. Hydroxyls
on C11 or C13 shift the signal to 39.5-42.9 ppm [11, 14]. If they are both present, it shifts to 50.8-53&fiecis] [19,

56]. The signal for C12 is observed in approximately this same region if C11 or C13 has a carbonyl (53.2-54.0 ppm) [23, 69,
70]. A hydroxyl on C15 causes a strong-field shift by ~2 pm 48, 82]. An acetyl on C11 and CIRdffects) has the same
effect.

A doublet for C14 is usually observed at 40.9-44.4 ppm [24, 81]; with a C14 OH, at 78.6-81.4 ppm [21, 79]. In N-
oxides, this signal is observed at 85.5 ppm owing t@tbfect of the N-oxide [91]. A C13 OH causes a weak-field shift of
the signal for C14 to 49.6-56.0 ppféffect) [31, 77]; a carbonyl, 58.8-61.9 ppm [19, 69]. The signal for C14 undergoes a
strong-field shift to 36.0 [82] and 37.6 ppm [14] owingyteffects of OH groups on C7, C9, and C15 or C7 and C15,
respectively.

The doublet for C20 in spectra of all hetisane alkaloids resonate®&t%b.ppm, with the exception of alkaloids with
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a C1 hydroxyl (acetoxy) (58.1-60.5 ppm) [30, 71, 112]. An N-oxide shifts this signal to 82.2mdfact) [91]. A hydroxyl
on C14 has an insignificafiteffect (1.3-2.2 ppm) on the signal for C20 [15, 21, 79].

A triplet for C2, which resonates in the narrow range 18.3-19.8 ppm, is a diagnostic sign thatoimgins no
substituents. The signals for C1 and C3 appear in the broad rangi@®Z5and 24.2-38.6 ppm [11, 23, 27, 31]. As arule,
the signal for C1 is observed at stronger field (28.9-31.8 ppm) if C9 has a OH [21, 44, 113]. Hydroxyls on C18 and C19 have
an analogousg-effect on C3, which appears in these instances at 20.6-28.4 ppm [27, 81]. A hydroxyl on Gieffastan
the signal for C2 (27.1 ppm) and-affect on the signal for C3 (27.8 ppm) [27].

If a doublet is present at 66.1-67.2 ppm [68, 69] or 69.5-70.8 ppm [48, 110] instead of the triplet at 18.3-19.8 ppm,
then C2 contains OH or acyloxy groups, respectively. The signal for C3 shifts to 36.5-43.3 ppm whereas the CS for C1 changes
insignificantly A = 0.5-1 ppm) §-effects).

A carbonyl on C2 causes a weak-field shift of the signals for C1 and C3, which appear at 41.6-46.0 and 41.5-52.8 ppm,
respectively [11, 14, 31].

When all three C atoms have acyl substituents, the signal for C1 is observed at 72.4; C2, 65.8; and C3[&1].9 ppm

A triplet for C7 appears at 33.3-36.6 ppm [19, 23]; with a OH group on it, at 70.1 ppm [36]. A hydroxyl on C6 causes
a weak-field shift of the signal for C7 to 42.5-46.7 pfirefect) [11, 14]. A strong-field shift to 27.0-32.1 [44, 114], 64.3-69.8
[11, 82], and 38.8-40.7 ppm [14, 24] is noted for all signals mentioned aboveGfigé9and C15, respectively, have hydroxyls.

A triplet for C11 without suliguents on C9, C12, and C13 appears at 26.8-27.1 ppm [23, 27, 44]; a doublet at 67.3-
67.5 ppm, with a C1B-OH [27, 59]; and at 72.6-74.0 ppm [31, 81], with a G10DH.

The signal for C11 undergoes a weak-field shift to-39.2 ppm B-effect) [109, 112] with a hydroxyl on C9; to 21.6-

23.3 ppm ¢-effect) [14, 77], on C13.

A triplet for C13 without substituents on C11, C12, and C14 appears at 32.7-34.3 ppm [82, 109]. A doublet appears
at 65.9-72.0 ppm with a OH on C13 [11, 77]. A hydroxylGi1 causes a strong-field shift to 27.3-30.3 ppm [27, 31]. If C11
has a OH (acyloxy)y-effect) and C12 has a OIfi-gffect), the signal for C13 is observed at 35.8-36.2 ppm [24].

The signal for C13 is observed at 27.6-28.3 ppm if C11 contains a carbonyl [2B-€ffglc(). A carbonyl on C13
causes an analogous strong-field shift of the signal for C11 (22.7-23.4 ppm) [23, 69]. Therefore, the posflign of a
unsaturated carbonyl can be determined from the CS of the triplet [70].

If C11 and C13 caain OH groups, then the C11 doublets are observed at 75.6-76.9; C13, at 71.5-73.2 ppm [19, 29,
36]. The signal for C13 shifts to weak-figl9.8-81.8 ppm) if C14 has a OH [21, 51, 79]. A C9 OH shifts the signal for C11
to weak field (84.0-85.3 ppmp-effect) [21]. If C11 and C13 contain O-acyls, the signal for C11 is observed at 75.2-76.1; for
C13, at 73.0-73.9 ppm [15, 19, 61].

A triplet for C15 appears at 32.3-36.1 pfi, 77]. It appears as a doublet at 70.3-75.4 ppm with a OH (acyloxy) on
C15[31, 59]. Hydroxyls on CR21, 113] and C14 [21, 110] cause a strong-field shift of the signal for C15 to 30.4-31.8 ppm.
Hydroxyls on both C9 and C14 shift the signal to 27.9-28.0 ppeifécts) [21].

The triplet for C17 in all hetisane alkaloids is observed at 104.3-114.4 ppm. An O-acyl on C15 causes a weak-field
shift to 116.5-121.3 ppm [19, 59].

A triplet for C19 in most hetisane alkaloids appears at-63.0 ppm or at 90.9-95.2 if C19 contains a OH [13, 112].

An N-oxide shifts the signal for C19 to 76.2 ppmgffect) [91]. Hydroxyls (acyloxys) on C3 [21, 61, 62] and C18 [27] shift
the signal to strong field at 58.2-60.7 ppm.

A quartet for C18 is observed in most alkaloids at 28.5-32.0 ppm. The signal shifts to strong field at 22.5-26.8 [21,
62] and 21.5-23.5 ppm [26, 81] with O-containing substituents on C3 and C19, respectively; to 20.4 ppm, with these groups
on C3 and C18 [12].

Currently, Hand® C NMR data that are interpreted using 2M*H— H (homondcleat H— H COSMtam)eand
"4 CS correlations (heteronucléar B2~ ©OSY or HMQC corrfation) and distant H-® C couplings (HMBC) and
NOE measurements with a rotating coordinate system (ROESY) have made it possible to determine the structures of very
complicated polyfunctional hetisane alkaloids without invoking XSA.

Pharmacology. Studies of the pharmacological properties and structure—activity relationships of DA revealed [115]
that hetisane alkaloids frof. zeravschanicumpossess antiarhythmic (AA) properties. Their AA activity is greater than that
of a mixture of alkaloids from this plant and its main component, heteratisine. Tadzhaconine has the highest AA activity,
followed by zeravschanizine and hetisine. Nominine has the weakest activity. Increasing toxicity is observed in the order
nominine < zeravschanizine < hetisine < tadzhaconine.
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Hetisine exceeds songorine in itsligpto block spontaneous release ofta from sarcoplasmatic reticulum during
Ca transfer. However, it is inferior to dihydroatisine, benzoylnapelline, and benzoylheteratisine [116].

The alkaloids acsinatine, septenine, septentriosine, and tangutisine and its acyl derivatives (guan-fu base Z, acorine,
acoridine) have been reported to have moderate AA activity. The toxicity decreases in the order acorine > guan-fu base F >
guan-fu base Z > acoridine. The least toxic are the N-oxides of guan-fu bases F and Z. The N-oxide of guan#8)base Z (
exhibits slight hypotensive and H-choline-blocking effects [101].

The total alkaloids fronD. geyeriiand one of the components, geyerine, have been reported [33] to be toxic to insect
larvae and act as insecticides for locust.
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