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Abstract. A study of the alkaloids present in the seeds of Delphinium 
eJatum L. has led to the isolation of three new C19-diterpenoid 
alkaloids: elasine (l), lsodelpheline (3) and eladine (5), besides seven 
known alkaloids: delpheline (7). deltaline (E), methyllycaconitine (lo), 
nudicauline (ll), 14-deacetylnudicauline (12), lycoctonine and elatine 
(13). The structures of these alkaloids were determined by spectral 
data and correlation with alkaloids of established structures. Thus 
methylation of elasine (1) and eladine (5) yielded deltaline (9) and 
delpheline (7), respectively. 

Previous work on Delphinium elatum L. (Ranunculaceae) demonstrated the presence of five 

diterpenoid alkaloids: delpheline (7)l, deltaline (9)2-4, methyllycaconitine (lO)l, elatlne 

(13)*t5 and delelatine (9).6 In this paper, we report the isolation and elucidation of the 

structures of three new alkaloids from the seeds of D. elatum: elasine (l), isodelphellne (3) 

and eladine (5). Also isolated were the known alkaloids nudicauline (ll), 14-de- 

acetylnudlcauline (12) and lycoctonine, as well as the previously mentioned alkaloids: delphe- 

line (7), deltaline (8), methyllycaconitlne (10) and elatine (13). 

The seeds of D. elatum were extracted with a mixture of 95% ethanol, water and hexane 

(16:4:5), and the crude alkaloid mixture was obtained as indicated in the Experimental. Exten- 

sive chromatographic separation, involving VLC7, preparative TLC and centrifugally 

1 R = H ELASINE 3 R1 = CH3; R2 = H ISODELPHELINE 

2 R=Ac 4 R1 =CH3; R2=Ac 

8 R = CH3 DELTALINE 9 R1 = R2 = H DELELATINE 

+Oneave from the Department of Pharmacognosy, Faculty of Pharmacy, Assiut University, Egypt. 
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accelerated, radial, thin-layer chromatography (Chromatotron)8*g afforded ten alkaloids, of 

which three have not been reported previously. 

Elasine (1) was obtained as an amorphous compound; C2&gN08: M+ m/z 493; IR (nujol) 3430 

(OH) and 1740 (CO) cm- '; IH NMR (CDC13): 6 0.82 (3H, s, tert-methyl), 1.01 (3H, t, J = 7.0 Hz, 

N-CH2C(L3), 2.03 (3H, T, OCOCH3); 3.21 and 3.45 (3H each, r, OCH3), 4.28 (lH, t, J = 4.5 HZ, 

C(14)-j-H), 4.86 and 4.91 (1H each, 2, -0-CH2-0-) and 5.43 (lH, &, C(6)-a-H). The presence 

of two methoxyls, an acetate, an #-ethyl and a methylenedioxy group in the molecule suggests 

that elasine is a new Cl9-diterpenoid alkaloid. The data for the proton noise-decoupled 13C 

NMR spectrum appear in the Table. The 13C NMR spectrum of elasine exhibited 6 singlets at 

169.7, 92.7, 83.0, 80.1, 55.0 and 33.9 ppm, which can be readily assigned to the carbonyl 

group of the C(16)-acetate and to C(7), C(8), C(lO), C(ll) and C(4), respectively. The 

presence of a methylenedioxy grouping at C(7), C(8) was evident from the above data and a 

methylene carbon signal at 93.6 ppm. The presence of a hydroxyl group in elasine was 

established by treatment with Ac20 and pyridine to afford 2; mp 219.5-221.5oC; C26H41NOg: M+ 

m/z 535. 

As elasine is a lycoctonine-type alkaloid, the usual oxygen functions at C(l), C(6), 

C(14) and C(16) can be tentatively assumed to be present. On the basis of these data and 

comparison of the l3 C NMR spectral assignments of related compoundslo, elasine probably 

possesses the partial structure of deltaline (8). Location of a methoxyl group at C(1) was 

deduced from the mass-spectrum, which showed facile loss of 31 mass units from molecular 

ion.ll The presence of a one-proton triplet (J = 4.5 Hz) at 6 4.28 and a one-proton broad 

singlet at 6 5.43 indicates that the second methoxyl group is attached to C(14) and the 

acetate to C(6). 

5 R1 = R* = H ELADINE 

6 R1 q R* = AC 

7 R1 = H; R* = CH3 12 R1 q H,H; R* = H 

13 R1 q CH2; R* = CH3 

The chemical shifts of C(14)- and C(lC)-methoxyls occur at 57.7 and 56.2 ppm in deltaline 

(S)'O, respectively. Therefore in elasine the signal at 57.9 ppm is attributed to the C(14)- 

0CH3. Thus, the only possibility for the remaining OH group in elasine is at C(16) and 

elasine may be assigned structure 1. The alternative location of the acyl unit at C(6)-O- can 

be excluded because methylation of elasine (1) afforded deltaline (8). 



New Delphinium elatum L. 1889 

Isodelpheline (3), C25H39N06 (MS), showed hydroxyl absorption at 3500 cm-l (IR). The lH 

NMR spectrum revealed the presence of a quaternary methyl (6 0.89, 2), an N-ethyl (6 1.00, fL, 

J = 7.0 Hz), a methylenedioxy (6 5.16 and 5.06, each 2) and three methoxyl (6 3.32 (6H) and 

3.20 (3H), each s) groups. The 13C NMR spectrum showed resonances for 25 carbons in accord 

with the molecular composition deduced by the mass spectrum. That the compound was a C(18)- 

deoxymethylene analog of delbruline (14)12 was evident from the chemical shifts observed for 

C(3), C(4) and C(5). When compared with delbruline, C(3) and C(5) showed downfield shifts of 

4.9 and 4.8 ppm, respectively, and C(4) showed an upfield shift of 4.2 ppm. These chemical 

shift changes parallel those of the pair browniine (15)13 and nudicaulidinine (16).14 The 

presence of a hydroxyl group at C(14) was confirmed by acetylation to give a monoacetate (4), 

mp 116-118°C, which showed in its 'H NMR spectrum a triplet signal at 4.81 ppm (J - 4.5 Hz) 

characteristic of a H-148. The 13C NMR spectrum (Table) also produced the expected spectral 

changes for an acetate function introduced at C(14). Isodelpheline (3) is therefore a delphe- 

line isomer with the groups at C(6) and C(14) exchanged. 

14 R1 = OCH3; R* = CM2 

15 R1 q 0CH3; R* q H,H 

16 R1 = H; R* = H,H 

Eladlne (5) was obtained as amorphous compound; C24H37NO6: Fit m/z 435; 'H NMR (CDC13): 6 

0.94 (3H, 3, tert-methyl), 1.05 (3H, L, J = 7.0 Hz, N-CH2-CH3), 3.25 and 3.48 (3H each, &, 

OCH3), 4.22 (lH, 2, C(6)-Q-H), 5.07 and 5.17 (1H each, 2, -O-C/Q-O-). The 13C NMR spectrum 

showed 24 lines for 24 carbon atoms. Four singlets appearing at 93.0, 82.3, 49.8 and 34.2 ppm 

can be attributed to C(7), C(8), C(11) and C(4), respectively. The presence of a 

methylenedioxy grouping at C(7), C(8) was evident from the above data and a methylene carbon 

signal at 93.8 ppm. Acetylation of eladine with Ac20 and pyridine afforded 6; C28H41NO8: Mt 

m/z 519, thus proving the presence of two hydroxyl groups. The presence of two methoxyls, two 

hydroxyls, an N-ethyl and a methylenedioxy group in the molecule suggests that eladine is a 

new C Ig-diterpenoid alkaloid of the lycoctonine type. Comparison of the above spectral data 

with those of delelatine (9)6, an alkaloid recently isolated by us from the same plant, 

suggests that eladine and delelatine possess similar structures. Delelatine (9) and eladine 

(5) both possess a C(l)-OCH3 group since both show facile loss of 31 mass units from the 

molecular ion (M+-OCH3).11 Likewise both have a C(6)-j3OH group as indicated by a peak at 6 

4.22, 1 H, f, characteristic of C(6)-a-H with a b-OH on C(6). The only difference is in the 

substitution at C(14) and C(16). Delelatine (9) has a C(14)-OH and C(lB)-0CH3 substitution 

pattern. Because methylation of eladine afforded delpheline (7), eladine must possess an 

alternate arrangement of these functional groups, and therefore has structure 5. 
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13C MR chrie41 shifts and utignnents for elwlae (l), 16-•tylelrsine (Z), isodelghellne 
(3). ll-4cetyllrod~lphalina (4). al4dlne (6) and 6,16-diacetyleladlne (6) 
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1 

2 

3 

4 

5 

6 

7 

6 

9 

10 

11 

12 

13 

14 

15 

16 

17 

la 

19 

N-CH2 

CH3 

1’ 

6’ 

14’ 

16’ 

-OCH20- 

R.9 79.1 

26.2 26.9 

37.9 38.5 

33.9 s 33.8 I 

50.2 50 5 

71.1 17.1 

92.7 5 91.9 I 

a3 0 s a3 4 I 

47.6 50.5 

80.1 5 al.1 5 

55.0 I 55.9 5 

36.4 36.5 

40.0 38.5 

82.5 al.1 

37.1 34.0 

71.7 13.7 

64 0 63.6 

25 4 25.6 

56.8 56.9 
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55.4 55.2 

51.9 57.8 

93.6 94 0 
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21.4 
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CH3 - 
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21.7 
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83.6 82.8 

26.2 26.9 

36.8 36.8 

34.2 s 34.0 s 

55.1 55.8 
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93.0 s 92 2 5 
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47.9 41.9 
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49.8 s 50.2 s 

27.1 21.4 

38.9 38.7 

a3.a a2 2 

36.1 33.1 

71.9 14.3 

63.5 64.0 

25.3 25.5 

51.6 56.9 

50.4 50.2 

13.9 13.8 

56.1 55.3 

58.2 57.6 

93.8 93.5 

170.0” 5 

21.4b 

170.6’ I 
219 

4 md b The ~sslgnmentr nay bu Interchanged in my vertical column. 

EXPERIMENTAL 

Melting points are corrected and were taken on a Thomas-Kofler hot stage equipped with a 
microscope and a polarizer. Infrared spectra were taken on Perkin-Elmer model 142fHs[pe;trgC 
photometer and rotations were determined on Perkin-Elmer polarimeter model 141. 
NMR spectra were recorded on JEOL FT models FX-60 and FX-90 Q spectrometers in COC13. Mass 
spectra were determined on a Finnegan Quadrupole 4023 instrument. The high resolution mass 
spectra were run on a VG-ZAB-2F instrument, solid probe 8~g160aC, 70 ev, 200 ma, resolution 
10,000. For chromatographic separations on a Chromatotron rotors were coated with either a 
1 or 2 mm thick layer of silica gel 60 PF 254 t 365 (EM Art. 7741) or 1 mm thick layer of 
alumina 60 GF-254 
chromatography (VLC) 

$EM Art. 1092) or 60 PF 254 t 365 (EM Art. 1104), for vacuum liquid 
, silica gel HR (EM Art. 7744), and for PTLC, silica gel PF-254 (EM Art 

7747) or alumina 60 HF-254 (EM Art. 1094). 

Extraction of slant material. Seeds of Delphinium elatum (450 g) from Harris Moran Seeds were 
ground, suspended in a mixture of 95% ethanol (1.7 l), H20 (0.42 1) and hexane (0.52 l), 
heated under reflux for 2 hours and then vigorously stirred at room temperature for 48 hours. 
The mixture was filtered and the filtrate allowed to stand till the layers separated. 
Evaporation of the hexane extract gave an oil (73.1 g). 
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The aqueous ethanolic extract was evaporated to give a yellow solid which was partitioned 
between CH2C12 (2 x 2.1 1) and 1.5 N H2S04 (2.1 1). 
neutral fraction (4.6 g, fraction 1). Basification of the acidic layer 
extraction with ether (3 x 2 1) gave a crude alkaloidal 

Isolation of isodeloheline (3). deloheline (71, methvllvcaconitine f101. lvcoctonine and 
elatine (131. About 9.1 g of fraction 2 was chromatographed (VLC) on silica. Elution was 
performed with hexane, then hexane-ethanol in order of increasing polarity . Fractions eluted 
with hexane-ethanol (96:4) were combined (1.11 g) and on repeated crystallization from ethanol- 
hexane gave 683 mg of delpheline (7), m.p. 217.5-219.5%. The mother liquors w$[e purified on 
an alumina rotor of a Chrom+atotron to give 98 mg +"f isodeL;Feline (3); [a] -1.2 (c, 1, 
F~~atXsE~,",":,,":':,I%) 4$lr fIy , C&t$~td&j, 2), 418 (M -OCH3, 

C N da a see the Table. 
. Hrms: 449.276389. Cpji3gNO6 

Fractions eluted with hexane:ethanol (94.6) were combined (0.34 g) and purified twice 81 
;3s:iica rotor of a Chromatotron to give.28 mg of elatine.(l3); m.p. 222.5-224.15Hr_CHnp13C 

NM/I spectra. 
(c, U#,,I&HC13). Elatine was identified by TLC behavior, m.p. m.m.p., IR, 

Fractions eluted with hexane:ethanol (85:15 and 75:25) were combined (4.814 g) and 
separated by VLC (4.814 g) on silica gel, eluting with hexane and increasing amounts (1-15X) 
of ethanol in hexane. Purification on silica rotors of a Chromatotron (2 mm) af&orded 

identified by TLC behavior, and IR, mass, proton and C NMR 

The fraction eluted with hexane:ethanol (50:50) was purified on a2$ilica rotor of a 
Chromatotron to give 31 mg of lycoctonine; m.p. 94-97OC (acetone), [a] 

was identified by TLC behavior, m.p., m.m.p., IR, +?;*;,$3;*;$ 

Isolation of elasine (1). eladine (5). deltaline (81. nudicauline (11) and 14_deacetvlnudicau- 
line (121. All the mother liquors and impure fractions left after the separation of the 
above mentioned alkaloids were combined (3.4 g) and chromatographed (VLC) on silica. 
Elution was performed with hexane, then hexane:ether in order of increasing polarities. 
Fractions eluted with hexane:ether (75:25 and 50:50) were combined (200 mg) and when 
crystallized from ethanol: hexane gave 68 mg of delpheline (7), m.p. 217.5-219.5oC. 

Purification of the fraction eluted with hexane:ether (25:75) (0.36 g) on a silica rotor 
of a Chromatotron and subsequent separation on a preparative TLC plate (alumina) afforded 
isodelpheline (3; 15 mg), eladine (5 
(ether). Eladine (5); amorphous;+[a] 

2342 mg) and deltaline (8, 15 mg), m.p. 184-186;C 
-57.5O (c, 0.89, CHCl ); EIMS: m/z (%) 435 (M , 

3), 1$05(25), 404 (M -0CH , 100); Hrms: 435.263079. 
m.p., m.m.p., I;; lH_C aN,HdRl~~~ai(N~e~p~~~r~~~~,,2Beltaline was identified y TL behavior, &"?&i. F 

C,H37N0, requ!res 

The fraction eluted with ether (0.45 g) was purified twice on alumina rotors to give 
deltaline (8; 18 mg, m.p. 
Nudicauline was id% ified 

184-186OC), nudicauline (11;1H1_0~n~g13and elasine (f4 
by TLC behavior and IR, mass, C-NMR spectra. 

5fia;;;e 

(1); amorphous; [a] 

(M -0CH 
-55.7O (c, 0.51, CHCl ); EIMS: m/z(%) 493 (M+, C H NO 

25), 43(100); Hrms: 493.267557. c3 
see the able. 13' 

26H3gN08 requires 493.2675766 3!or813!*!h'd:6t~ 

Fractions eluted with ether:chloroform (75:25) and chloroform (0.4 g) were purified 
twice on an alumina 
methyllycaconltine 

rotor of a Chromatotron to give nudicauline (11; 28 mg), 
(10; 144 mg) and 143desacetylnudiy#line (12; 120 mg). Nudicauline (11) 

was identified by IR, mass, proton and C NMR spectra. 

14-Deacetylnudicauline (12); amorphous, [a121 

(N+> C36H4jjN20~8, 0.4), 653(g), 637 
t40.7O (g, 0.9, CHCl ); EIMS: m/z(%) 668 

was identi led y TLC behavior and IR, 
(lH_-;$313 90), 216(73), 44(97), 41(100). This coyound 

C NMR spectra as 14-desacetylandersoline. 

Conversion of elasine (1) to 16-acetvlelasine (21. A mixture of 8 mg of 1, 1 ml of pyridine 
and 1 ml of Ac,O was kept for 2 davs at room temoerature. Usual workuo save 8.3 ma of a 
residue whigh of crystallization from ether:hexane afforded 6 mg of 16-acetylelasine (2j; m.p. 
219.5-271.5 , EIMS: m/z (%) 535 (M', C28H4 NOg, 0.3), 504 (Mt -0CH 
(100); H NMR (COC13): 6 5.48 (lH, br2, C(6)-Q-H), 4.96 and 4.88 (1% 

29), 476 (H+ -59, 3), 43 
each, 2, -0-W -0-), 4.16 

(IH, t, J = 4.5 Hz, C(14)-8-H), 3.49 and 3.26 (3H each, 2, OCH3), 2.08 ay$C2.NOM5R d($ae;;i,t;i 
Lllii:3), 1.07 (3H, t, J = 7 HZ, N-CH2-C3), 0.89 (3H, 6, CH3-18); for 

Conversion of isodeloheline (3) to 14-acetvlisodeloheline (41, A mixture of 40.5 mg of 3, 1 
ml of pyridine and 1 ml of AC 0 was kept for 2 days at room temperature. Usual workup and 
purification on aa alumina ro t or of a Chrom 
(4); m.P. 116-118 C (petroleum ether); [a] 

I&otron $elded 40 mg of 14-acetylisodelphelinf 

(C=O); EIMS: m/z (%) 491 (M+, C 7H IN07, 2), 460 (M+ -OCH3, 8) 431 (M+ -59 1). 
t13.5 (g, 0.17, CHCl ); IR(KBr): 173fHc;MR 

(CDC13): 6 5.05 (2H, r, -0-W2-O-5, I.81 (lH, 1, J = 4.5 Hz, C(14j-B-H), 3.30, j.27 Hnd 3.24 
(3H each, 2, OCH3), 2.85 (3H, 2, OCOW3), 1.03 (3H, 1, J = 7 Hz, N-CH2-CH3), 0.93 (3H, 2, CH3- 
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18); for 13C NMR data see the Table. 

Conversion of eladine (4) to 6.16-diacetvleladine f61. A mixture of 10 mg of eladine (5), I 
ml of Ac20 and 1 ml of pyridine was kept for 2 days at ro:m temperature. Usual workup gave 
IO.5 mg of 6,116-diacetyleladine (6); EIMS: m/z (X) 519 (M , C2 H lNOB, 0.6), 488 (Mt -0CH , 
36), 43(100); H NMR (COC13): 6 0.84 (3H, 8, tert-methyl), 
2.04 and 2.06 (3H each, G, 0COCH3), 3.24 a# 3.45 (3H, 5, 

1.04 f3i, &, J = 7 HZ, N-CH2-CH3!, 
OCH3), 4.86 and 4.92 (1H each, s, -O- 

CH2-0-), and 4.53 (lH, brs, C(6)-cd); for C NMR see the Table. 

Methvlation of elasine (1). To 10 mg of elasine (1) in 4 ml of CH2Cl2 was added 10 mg of 
proton sponoe 11,8-bis-(dimethylamino)naphthalene] and 16 mg of trlmethyloxoniumtetra- 
fluoroborate-and the mixture was stirred at room temperature for 2 days. Ice water (15 ml) 
was added and the reaction mixture was rendered alkaline with NaHC03. The mixture was 
extracted with 3 x 20 ml of CHC13. 
evaporated in vacua. 

The combined extracts were dried over anhydrous Na2S04 and 
The residue was purified by PTLC (alumina) to give 8.3 g of white foam 

which on crystallization from ether gave 4.3 mg of deltaline (B), m.p. 184-186 C. 1&hf7n@ra1 
and synthetic deltaline were identical by TLC behavior, m.p., m.m.p. and IR spectra. ’ ’ 

Methvlation of eladine (4). To 6 mg of eladine (4) in 4 ml of CH2C12 was added 6 mg of Proton 
sponge and 8 mg of trimethyloxonium tetrafluoroborate and the mixture was stirred at room 
temperature for 24 hours. The reaction mixture was worked up as above to give 5 mg residue 
which was crystallized from ethanol:hexane mixture to give 3.5 mg of delpheline (7), m.p. 
217.5-219.5 C. The 

?? 
ural and synthetic delpheline were identical by TLC behavior, m.p., 

m.m.p. and IR spectra. 
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