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Abstract- Investigation of the alkaloids of Delphinium delavayi Franch var,
pogonanthum {H-M) Wang has led to the isclaticn of nine known alkaloids and a new
pair of vregioisomeric alkaloids delavaine 4 (10A) and delavaine B
(108) whose structuras have been determined hased on spectroscopic evidence and two
syntheses from methyllycaconitine (3). The krown alkaloids that were isglated are
the Cjg-diterpenoid alkaloids: deltaline (1), deltamine (2}, methyllycaconitine
(3), anthranoylliycaccnitine (4), lycoctonine (5), delsemine {6), and the
Cop-diterpenoid alkaloids: hetisinone (7), hetisine (8), and ajaconine (9).
Delsemine (6) has been synthesized from imethyllycaconitine and chromatographically
separated into its component regioisomers 6A and 6B.

In continuation of cur earlier phytochemical studies on the diterpenoid alkaloids of Chinese Ranu-
nculaceae p]ants,l,2 we report here the chemical investigation of the roots of Delphiniuwn del-
avayi Franch var. pogonanthun (H,-M,} Mang, Nine known alkaloids have been isolated:
deltaline (1), deltamine (2), methyllycaconitine (3), anthranoyllycoctonine {4),
lycoctonine (5), delsemine {6), hetisinone (7), hetisine {8) and ajaconine [9),
in additicn tc a pair of new regioisomeric alkaloids named dJdelavaine 4 {l0A) and dela-
vaine B {10B). A fourth unknown crystalline alkaloid has been isolated in low yield.

The roots were extracted with 90% ethanol. Two approaches were followed to isolate the total crude
alkaloids. The first approach involved gradient pH extraction when two fractions were obtained at
pH 8 {E1) and pH 12 (Ep). From the Ey fraction six Cjg-diterpenoi¢ alkaloids were isolated by
extensive chromatographic separation involving v1c3, preparative tlc,, column chromatography and a
Chromatotron®: daltaline (1), deltamine (2), methyllycaconitine (3), anthranoyllycocto-
nine (4}, lycoctenine (5), and delavaine (10). Fraction Ep afforded after extensive
chromatographic separation, involving dccc, vlc and a Chromatotron, three (pg-diterpencid alka-
loids: hnetisinone (7}, hetisine (8) and ajaconine (9). The second approach (see exper-
imental) involved the isolation of the total crude atkaloids on a column of Dowex 50W-X8 cation
exchange resin. Further chromatographic separatfon of the total crude alkaloids led to the isola-
tion of the six Cjg-diterpenoid alkaloids isolated from fraction £y, and delsemine (6) {as a
mixture of regioisomers).

On leave from: tCollege of Pharmacy, Alexandria University, Alexandria, Egypt; tt3chool of Pharma-
cy, West China University of Medical Sciences, Chengdu, China; f¥tKunming Institute of Botany,
Academy of Sciences, Kunming, China,
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Delavaine (10) was obtained in an amorphous form, [a ]%f +36.2° {c, 1.7 CHC13); its molecular

formula CqgHgqaNp01; was derived from elemental analysis and mass spectrum. The mass spectrum
exhibited a base peak at m/z 683 resulting from a loss of a methoxyl group from the molecular ion.
Elemental analysis for nitrogen indicated the presence of only two nitregen atoms in the molecule.
The praton nmr spectrum exhibited the following signals: & 1.07 (34, t, J = 7.3 Hz, -N-CHs-CH3},
two overlapping doublets centered at 1.28 and 1.31 (each 3H, J = 6.5 Hz, -CH{CHy)-), 3.27, 3.35,
3.40 and 3.42 (each 3H, s, -0CH3), 3.68 and 3.71 {each 3H, s, -C0OCH3), four aromatic protons at
7.10 {lH, t, J = 7.3 Hz), 7.56 (1H, t, J = 7.3 Hz), 7.97 (1H, d, J = 7.8 tz) and B.72 (IH, d, J =
8.8 Hz) and 11.05 and 11.17 {each 1H, broad s, -NH-CO-).

= Ac Deltaline

1: R =

W

2:R=H Deltamine g
Methyllycaconitine

e

;4\’: R= C=0
NH,
Anthranoyllycoctonine
3_: R= H Lycoctonine

The proton nmr spectrum showed a very close relation to that of septentriodine (12)5, except
for the presence of twin signals at & 11.05 and 11.07 instead of one signal at & 11.10, represent-
ing the secondary amide proton of the anthranoyl side chain, It also differs in the presence of
twin singlets at & 3.68 and 3.71 instead of the presence of only one singlet at & 3.71 in septent-
riodine, which is attributed to the methyl group of the carboxymethyl ester function. In addition,
two overlapping doublets centered at & 1.28 and 1.31 (J = 6.5 Kz) appear in the proton nar specirum
of delavaine, These two signals do not exist in the proton nmr spectrun of septentriodine
(12).

The carbon-13 nmr spectrum of delavaine (Table 1) showed 44 peaks of which 32 peaks correspond with
those of the basic skeleton of septentriodine. The twin peaks at 141.9 and 141.7, 114.8 and 114.7,
51.9 and 51.7, 41.4 and 39.0, and 17.9 and 17.1 ppm along with four downfield signals for four car-
bony! carbons indicate that delavaine is actually a mixture of two closely relaied bases which
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differ only in the side chain of the anthranilic acid moiety. The twin peaks at 51.9 and 51.7 ppm
in the 13C nmr spectrum, together with the twin singlets at & 3.68 and 3.71 in the proton amr spec-
trun indicate the presence of twe methyl ester groups, The presence of two cverlapping doublets
centered at & 1.31 and 1.28 (J = 6.5 Hz), attributed to two secondary methyl groups, indicate the
presence of a mixture of two -CH{CH3)- groupings in the side chains. This conclusion was supported
by the presence of two sets of peaks at 41.4 and 39.0 and 17.9 and 17.1 ppr for the methine and
methyl carbons, respectively, These findings, combined with the mass spectral and elemental analy-
sis, lead to structure 10 (A + B) for delavaine, a mixture of two isomers resulting
from opening at either one of the two carbonyl sites of the methylsuccinimide ring of methyllycaco-
nitine (3). The nmr and mass spectral data, as well as the tlc behavior, indicate that dela-
vaine is identical with alkaloid B8 from Delphinium tricorme.’

In order to confirm that delavaine contains a terminal methyl ester, its synthesis from methyllyc.
aconitine (3} was undertaken in the absence of ammonia. When methyllycaconitine (3} was
treated with sodium bicarbonate in methanol, it afforded after separation of the products on a
Chromatotron, twe products, The major camponent showed proton and carbon-13 (Table 1) nmr spectra,
tlc behavior and specific raotations fdentical with those of delavaine (10). The second compo-
nent isolated from the reaction was found to be the dimethyl ester (13). Its proton amr spec-
trum showed signals at & 11.0 and 11,22 (both for the -NH proton of the internal amide function of
the anthranilic acid moiety)} and four arcmatic protons at & 7.06, 7.53, 8.02 and 8.69. The methyl
group of the aronatic methyl ester gave a singlet at & 3.93. It also showed two singlets at & 3.68

6A: R = HN-COCH(CH;)-CH,-CONH,
6B8: R = HN-COCH,-CH(CH,)-CONH,

} Delsemine

R
10A: R = HN-COCH(CH,)-CH;COOCH,
} Delavaing
108: R = HN-COCH;CH(CH,;)-COQCH,
- {HN—COCHZ—CH(CHQ-COOC,HS
' HN-COCH(CH,)-CH;-COOC,H;
12 R = HN-COCH,CH;COOCH,  Septentriodine
COOCH,
R 3 A - {HN——COCH,—CH(CHS)—COOCHs

HN-COCH(CH,}-CH;-COOCH,
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and 3.71 (both for the -CODCH3 of the side chain methyl ester of the two isamers). The mass spec-
trum showed the molecular ion at m/z 279. These data, as well as the carbon-13 nmr data (see ex-
perimental), confirimed the proposed structure (13), When methyllycaconitine was refluxed with
nethanol for four days, it afforded delavaine (10) as the major conponent, as well as dimethyl
ester 13.

When methyllycaconitine (3) was treated with sodium acetate in ethanol, it afforded a mixture
of the ethyl esters (11). The proton nmr spectrum exhibited the the following signals: & 1.02
{3, t, J = 7.3 Hz, -N-CHp-CH3}, two overlapping doublets centered at 1.31 and 1.28 {each 3H, J =
6.5 Hz, -CH(CH3)-), 3.29, 3.38, 3.4} and 3.45 (each 3K, s, -OCH3), four aromatic protons at 7.14
(1H, t, J = 7.8 Hz), 7.69 (IH, t, J = 7.3 Hz), 8.02 (IH, d, J = 7.3 Hz) and 8.75 {IH, d, J = 7.8
Hz] and signals at & 11.1 and 11.2 {each 1H, broad s, -NH-CO-). The proton nmr spectrum of 11
is very similar te that of 10 except for the absence of the twin singlets at & 3.68 and 3.71
which are attributed to the methyl groups of the carboxymethyl ester function of delavaine
(10).

HO"CH ch

1: = = isi . .
an R = HEtISII"IOne .,%-\ Ajaconine
8 : R= a-0H Hetisine
These findings indicate without any doubt that delavaine has structure 10A + 10B. Because

of its facile synthesis from methyllycaconitine (3} and wmethanc]l under mild basic conditions,
it may be an artifact, formed from methyllycaconitine (3) and the methanel used in the separa-
tion procedures, However, under neutral conditions, conversion to substantial amounts of delavaine
required refluxing in methanol for several days.

Extensive offorts to resolve the two components of delavaine {(10) on tlc plates of aluminum
oxide or silica gel using a variety of solvent systems were unsuccessful. However, when delavaine
was chromatographed on an aluminum oxide rotor (Chromatotron) with hexene-chloroform (2:1) as an
eluent, the earlier fractions consisted of honogenous delavaine A (10A), amorphous, [« ]%9
+39.4° (CHCl3}. The proton nmr spectrum showed a single signal for a methyl ester at & 3.68 ppm
and alsc a signal at & 11.07 ppm for the secondary amide proton of the anthronyl side chain. In
contrast to the twin signals at & 17.1, 17.9 and 51.7, 51.9 ppm in the 13C nmr spectrum of the
delavaine mixture, the 13¢ nmr spectrum of delavaine A, exhibited only one signal each at 17.9 and
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51.7 ppm for the methyl groups of the N-ethyl and carbomethoxyl functions, respectively, In
addition to the downfield signal at & 168.1 ppm for benzoyl carbonyl in delavaine A, its L3 nme
spectrun showed only two downfield signals at & 172.5 and 174.1 ppm, for the two amide carbonyls of
one anthrony! side chain (A),

The second compound eluted was delavaine B {10B), amerphous, [u]%? 31.7° {c, 0.8, CHC13). The
proton nmr spectrum showed only one signal at & 3.71 for the methyl ester group and one signal at
§ 11,05 for the secondary amide proton of the secand anthronyl side chain (B). The 3¢ mme spec-
trun of delavaine B exhibited signals at 17.1 and 51.9 ppm for the methyl groups of the ¥
ethyl and the carbomethoxyl functions, respectively. In addition te the benzoyl carbonyl signal at
168.1 ppm, there were two downfield signals at 170.0 and 175.9 ppm for the two anide carbonyls of
the anthronyl side chain (B).

The alkaloid delsemine {6) was obtained in an amorphous form [q]%} +33.9 {c, 0.75 EtOH), with
the following signals in the proten nmr spectrum: & 1.07 {3H, t, J = 7.8 Hz, -N-CH2-CH3), two over-
Tapping doublets (J = 6.5 Hz) centered at 1.28 and 1.31 {each 3H, -CH(CH3)-), 3.26, 3.35, 3.38 and
3.41 {each 3H, s, -0CH3), 5.44 and 5.85 (each 2H, broad m, -CO-NHp), four aromatic protons of the
anthranilic acid meiety at 7.10 (1K, t, J = 7.8 Hz), 7.56 (1H, t, J = 7.3 Kz}, 7.97 (1K, d, 3= 7.8
Hz) and 8.68 {1H, d, J = 8.3 Hz), 11.06 and 11.17 (each IH, broad 5, -NH-CO-).

The carbon-13 nmr spectrun of delsemine (6) (Table 1) showed 42 peaks of which 32 peaks corre-
spond with the basic skeleton of delavaine and septentriodine. The twin peaks at 141.8 and 141.6,
115.1 and 114.9, 42.0 and 39,4, and 18.1 and 17.8 ppm, along with four downfield signals for four
carbonyl carbons, indicate that delsemine, as with delavaine, is a mixture of two closely related
bases which differ only in the side chain of the anthranilic acid moiety. The proton nmr spectrun
is very similar to that of delavaine {10) except for the absence of the twin signals at & 3.68
and 3.71 which are attributed to the methyl groups of the carboxymethyl ester functions of the
anthranoyl side chains. Instead, the proton nmr spectrum of delsemine showed two broad signals at
55,44 and 5.85 that are exchangeable with Do0 and are attributed to the protons of twe primary
amide groups in the anthranoyl side chains. As with delavaine, the presence of the -CH{CH3)-
grouping in the anthranoyl side chains of delsanine was indicated by the presence of two overlap-
ping doublets (J = 6.5 Hz) centered at & 1.31 and 1.28 attributed to two secondary methyl groups.
It is also indicated by the presence of two sets of peaks at 42.0 and 39.4 and 18.1 and 17.8 ppm
for the methine and methyl carbons, respectively, in the 13¢ omre spectrun of delsemine. The 13¢
nmr spectrum of delsanine (6) did not show the twin peaks at 51.9 and 51.7 ppm (for the methyl
groups of the carboxymethyl functions in the anthranoyl side chains) which appear in the 13¢ nmr
spectrum of delavaine. These findings suppart structure & for the isolated imaterial. Confir-
mation of identity was provided by synthesis from methyllycaconitine (3) in ether with agueous
ammonium hydroxide following the procedure developed by Kuzovkov.10 Isolation of the product on a
Chronatotron afforded a product that showed proton and carbon-13 nmr spectra, tlc behavior and
specific rotation identical with those of delsemine isolated naturally. Delsemine (6) was also
obtained when methyllycaconitine (3) was subjected to the vapor of ammonium hydroxide for a
prolonged time at room tenperature.

As with delavaine (10), efforts to resolve the two conponents of delsemine (6) ¢n tlc
plates of alumina or silica gel using a variety of solvent systems were unsuccessful, The del-
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semine mixture was preparatively separated on an alumina rotor (Chromatotron), using 1% MeQH in
hexane-chloroform {1:1) as an eluent, The first eluted compound was delsemine B (6B),11 amor-
phous, [u]%g +28.2 (CHC13). In addition to the downfield signal at 168.0 ppm, attributed to the
benzoyl carbenyl carbon, the 13¢ nmr spectrun of deisemine B exhibited two downfield signals at
170.6 and 177.8 ppm due to two amide carbonyl carbons of one anthronyl side chain.

The second eluted compound was deisemine A (6A), amorphous, [a]%? +36.8 (CHC13). The carbon-13
nmr spectrum showed two downfield signals at 173.6 and 174.7 ppm for the two amide carbonyl carbons
of one anthronyl side chain.

The terminal amide and carbomethoxyl carbonyl carbons are assigned to the signals at 174.7 and
174.1 ppm, respectively, in delsemine A {BA) and delavaine A {10A), paralleling the assign-
ment of a signal at 173.3 ppm to the terminal carbonyl carbon in septentriodine and septentrionine
(5). Delsemine A, delavaine A, septentriodine, and septentrionine all possess the terminal moiety
-CHaCO-. It follews that in delsemine B (6B} and delavaine B (10B) the terminal carbonyl
carbons must be assigned to the signals at 177.8 and 175.9 ppm, respectively,

The assignment of the upperfield signals at 35.9 and 36.4 ppm to the methine carbons of the an-
thronyl side chain in the carbon-13 nmr spectra of delavaine B and delsemine B, respectively, was
deduced fron a study of a dept (distortionless enhancement by polarization transfer) carbon-13 rmr
experiment, determined for a sample of delsemine B {6B) where the methine carbon signal ap-
peared at 36.7 ppm. In this sample the methylene carbon of the anthronyl side chain appeared at
41.9 ppm. Consequently the Tower fieid signals at 41.5 and 42.0 ppm in delavaine B and delsamine
B, respectively, were assigned to the methylene carbans of the anthronyl side chain. In the car-
bon-13 nar spectrum of delavaine A, the methine and wethylene carbons of the anthronyl side chain
resonated at the sawme position: 39.1 ppm. In delsemine A, there were two signals at 29.2 and 39.5
for the methine and methylere carbons of the anthronyl side chain,

Table 1. Carbon-13 nmr data of Delsemine (6, B6A, 6B), Delavaine (10, 10A, 10B) and Septen-
triodina (12}

Carbon 6 6A 6B 10 10A 108 12
C-1 83.9 831.9 83.9 83.9 83.9 83.9 24.0
C-2 26.1 26.1 26.1 26.1 26.2 26.2 26.1
c-3 3z2.2 32.2 32.2 32.3 32.2 3z2.2 31.6
c-4 37.6 37.6 37.6 37.7 37.7 37.7 37.6
C-5 43.3 43.3 43.3 43.4 43.4 43.4 43.3
C-6 91.0 91.0 91.0 91.1 91.1 91.1 91.1
c-7 88.6 88.5 88.6 88.6 88.6 88.6 88.7
c-8 77.6 77.8 77.6 7.5 /7.6 /7.6 77.6
C-v 50.7 50.7 50.5 50.7 50.6 50.7 50.4
C-10 38.1 38.1 38.1 38.2 38.3 38.2 38.1
£-11 49.1 49,2 49,1 49.1 49.2 49,1 49.1
C-12 28.8 28.7 28.7 28.8 28.8 28.8 28.7
C-13 46.2 46.1 46.1 46.2 46.2 45,2 46.1
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Table 1 continued

Carbon 6 6A 68 10 10A 10B 12
c-14 83.9 83.9 83.9 84.0 84.0 84.0 84.0
¢-15 33.9 33.7 33.7 33.9 33.9 33.9 33.7
C-18 82.6 82.6 82.6 82.6 82.6 82.6 82.7
c-17 64.5 64.5 64.5 64,55 64.5 64.5 64.6
c-18 69.9 69.8 69.8 69.9 69.8 69.8 69.9
C-19 52.5 52.4 52.4 52.6 52.6 52.6 52.4
N—?HE 50.9 51.0 51.0 50.9 51.0 5l.¢ 51.0

CHy 14.0 14.1 14.1 14.0 14.0 14.0 14.1
c-1' 55.7 55.9 55.8 55,7 55.8 55.7 k5.9
C-6* 57.8 57.9 57.9 57.8 57.9 57.8 57.9
c-14! 58.2 58.2 58.2 58.1 58.1 58.1 58.1
c-18' 56.3 56.4 h6.4 56.3 56.3 56.3 54.4

C=0 168.0 168.0 168.0 168.1 168.1 168.1 168.3
1 R 1 114.9, 115.1 114.8 114.9 114.7, 114.8 114.8 114.7 114.7
6 3 2 141.5, 141.8 141.7 141.5 141.7, 141.9 14z.0 141.7 141.9
5 3 3 120.7 120.7 120.7 120.8 120.8 120.8 120.8
4 4 134.8 134.9 134.8 134.9 134.9 134.9 135.2
5 1227 122.8 122.8 122.6 122.6 122.6 122.8
5 130.3 130.4  130.4 130.3 130.3 130.3 130.5
HN-?=0 173.7 173.6 172.4 172.5
?H-CH3 39.4, 18.1 39.5, 18.2 39.1, 17.9  39.1, 17.9
?Hz 39.2 39.2 39.1 39.1
C=0 174.7 174.7 1741 174.1
Y Y = NHp 51,7 Y¥=0CH3 51.7
HN-$:0 170.6 170.6 169.9 170.0
?Hz 4z2.0 42.0 41.5 41.5
?H—CH3 36.5, 17.8 36.4, 17.8 35.9, 17.1 35,9, 17.1
?=0 177.9 177.8 175.9 175.9
Y Y = NHp 51.9 ¥ = OCH3 51.9
HN—?=0 170.6
CHy 28.9
CHa 32.7
$=0 173.3
0OCH3 51.9

Chemical shifts in ppm downfield from TMS, determined in CDC13.
Values given for primed carbons refer to chemical shifts for methoxyls.

EXPERIMENTAL

Melting points are corrected and were determined on a Thomas-Kofler hot stage equipped with a mi-
croscope and a pelarizer. Optical rotations were measured on a Perkin-Elmer Model 141 polarimeter.
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Infrared spectra were recorded on a Perkin-Elmer model 1420 spectrophotometer. 1y pmr spectra were

recorded on Varian EM-390, and JECL model FX-90Q spectrometers. 13¢ nmr spectra were recorded on
JEOL FT models FX-60 and FX-90Q spectrometers. Mass spectra were recorded on a Finnegan Quadrupole
4023 mass spectrometer. Droplet countercurrent chronatography was performed in an assending mode
on a Buchi-67 DCC chromagograph. For chromatographic separations on a Chro;natotron,4 rotors were
coated with 1 mm thick Tayer of either alumina (A1,03 60 GF254 neutral, type E, EM reagents, Art.
No. 1092) or silica gel {silica gel 80 PF254 for preparative-layer chromatography containing gyp-
sum, Art. No., 7149),

Extraction and separation —-  Powdered roots of 0. delavayl (14.65 kg) were extracted with

90% ethanol. The solvent was evaporated in vacuo to give 1.36 kg of extract. Part of the
extract (700.5 g) was dissclved in 1.4 1 of CHCly and then extracted with 2% aqueous sulfuric acid
(5 x 400 m1). The acidic layer was basified to pH 8 with solid sodiwn bicarbonate and extracted
with CHC13 (9 x 300 m!} to afford a crude alkaloid fraction (El, 55.66 g). The agueous layer was
made alkaline to pH 12 with 20% aqueous sodium hydroxide solution, and then extracted with CRCl3 (5
% 300 m1) to give a crude alkaleid fraction {(Ep, 2.89 g). Another part of the extract (25 g} was
chromatographed on a colunn of Dowex 50W-X8 cation exchange resin to give 575 mg of a total crude
alkaloidal residue. It was dissolved in 3 ml CACl3 and filtered to give a CHCI3-scluble fraction
{F3, 250 mg} and a CHC13-insoluble fraction {E4, 325 mg).

Isolation of hetisinone {7), hetisine (8), and ajaconine {9) -—— Fraction Ez {(2.27 g)
was chromatographed an the Droplet Countercurrent Chromatograph (DCCC) in an ascending mode using a

mixture of toluene-CHCl3-MeQH-water (2:5:5:2). The lower organic layer was used as the mobile
phase and the upper aquecus layer was used as the stationary phase. Fractions of 12 ml each were
callected at a flow rate of 12 ml/h., Fractions 26-35 (226 mg) in 1.5 m1 CHC13 was treated with ex-
cess ether when a heavy precipitate was formed. The Tatter was collected (40 mg) and the filtrate
gave after evaporating the solvent 186 mg of yellow, 0ily residue that was subjected to preparative
tlc, using 3, 20 x 20 cm 1 mm thick basic alumina plates. The main band was extracted with 10%
methanol in chloroform to afford 40 mg of a yellowish white solid residue., Crystallization from
acetone gave 28 mg of colorless needles of hetisincne (7), mp 268-270°C; [u]%; +40.0° (c, 0.9,
CHC13); MS: m/fz (327, MY, 45%); mmp was undepressed, and the ir, 14 and 13¢ nmr spectra were iden-
tical with those of an authentic sample.l2,13 The methanol wash from the DCCC experiment was chro-
matographed by vacuum 1iquid charonatography (v]c)3 using a column of basic alumina (40 g). Elu-
tion was started with chloroform, then with increasing concentrations of methanol (1-50%). Frac-
tions 1-5 (310 mg) were rechromatographed on a Chromatotren using a 1 mm thick alumina rotor.
Elution was carried out as mentioned earlier, Fractions 4-5 {108 mg) were rechronatographed on a
Chromatotron using a 1 mm thick alumina rotor. Elution was started with chloroform, then with
increasing concentrations of methanol (2-60%). Fractions 3-6 {75 mg) were rechromatographed on a
Chromatotron using the same alumina rotor used above and elution was started with chloroform, then
with increasing concentrations of methanol (4-30%). Fractions 3-5 {58 mg) crystallized from ace-
tone to give 40 mg of ajaconine (9); mp 170-172°C; [u]%z -135.0° (¢, 0.8, EtOH); MS; m/z 359
(M*, 10%); mmp was undepressed; ir, Iy and 13¢ nur spectra were identical with those of an authen-
tic samp1e.14,15 Fractions B8-10 (64 mg) crystallized from acetone to give 47 mg of hetisine
(8) as fine needles; mp 254-256°C; [u}%z +10.0° (c, 0.4, CHC13); MS: m/z 329 (MY, 50%), mmp was
undepressed, Tlc behavior and ir, 1H and 13¢ nmr spectra were identical with those of an authentic
sample.lZ
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Isolation of deltaline (1), anthranoyllycaconitine (4), delavaine (10), deltamine
{2), methyllycaconitine (3], lycoctonine [(5) and delsemine (&) — Fraction E3
(250 mg} was chromatographed on a Chromatotron? using a 1 mm thick alumina rotor. Elution was car-
ried out as in the following sequence: ether-hexane (1:1), 50 ml1; ether, 100 ml; ether-CHC13 (4:1},
50 mi; ether-CHC13 (3:2), 50 m1; ether-CHCl3z (1:1), 50 ml; then with increasing concentrations of
wethanol (1-30%) in ether-CHC13 (1:1), 30% MeODH in CHCT3, 50 m1, and finally with 50% MeOH in chlo-
roform, 50 ml.

Isolation of deltaline (1} — Fraction 3 (30 mg) crystallized from ether to give 24 mg of
deltaline (1), mp 189-191°C; [c:]EDg +31.4° {(c, 1.1, MeOH); mmp undepressed; tlc, ir, H and 13C
nmr spectra were identical with those of an authentic sample.l6,17  another preparation of this
isolate showed MS: w/z 507 (M*, 1%).

Isoiation of anthranoyllycoctonine (4) — Fraction 7 (7 mg) occurred as an amorphous product,
homogeneous by tlc and IH nmr; [u]%? +48.8° (c, 0.9, EtOH); 1K and 13¢C amr were identical with
those of an authentic sample.B8.18  another preparation of this isolate showed MS: m/z 586 (MF,
7%).

Isolation of delavaine (10) — Fraction 4-8 (50 mg) was rechromatographed on a Chromatotron.

A1l mm thick alunina rotor was used and elution was performed as in the following sequence: ather,
50 ml; ether-CHCl3 (4:1}, 50 ml; ether-CHC13 (1:1), 50 ml; ether-CHC13-MeOH (1:1:1%), 50 m) and
ether-CHC13-MeOH (1:1:2%), 50 ml. Fraction 2 gave 31 mg of delavaine as an amorphous product;
[G]%? +36.2" (c, 1.7, CHC13); MS: msz 714 (MY, EI} and 715 [(M+H)*, CI], EI: 683(100%), 682(12%),
651{28%), 248(10%) 216(98%), 188(54.5%), 146(45%), 129(87%), 120(33%), 115(27%), 101(37%), 85(12%),
75({22.5%), 71(30%), 69(72.8%) and 59(70%); ir (nujol) 3460, 3310, 1735, 1690, 1605, 1590 and 1757
em-1; 13C nmr (Table 1).

[solation_of deltamine (2) — Fraction 8-9 (15 mg) was crystallized fron ether to give 13 mg
of deltamine (2), mp 232-234°C: mmp was undepressed; tlc, ir 4 ang 13¢ nmr spectra wera iden-

tical with those of an authentic sample.l7,19  Anather preparation of this isolate showed fu}%? -
20.7° (c, 0.8, EtDKH); MS: m/z 465.

Isolation of methyllycaconitine (3) -— Fractions 11-12 {9 mg) gave methyllycaconitine as a
norogeneous anorphous product; E:}%g +41.4° (c, 0.9, EtOH); MS: m/z 667 (M*, -CH3, 1%); tlc, 1y and
13¢ nmr spectra were identical with those of an autheatic sample, 8,16

Isclation of lycoctonine (5) —  Fractions 15-17 (33 mg) were crystallized from acetone to
afford 29 mg of lycoctonine (5); mp 96-98°C; [a]%? +51.2° (c, 0.8, EtOH); MS: m/z 487 (M*, 3%).
TiC, ir, 14 and 13¢ nar spectra were identical with those of an authentic samp]e.3920=21

Isolation of delsemine (6) — Fractions 19-20 (35 mg) were combined and chromatographed on

a Chromatotron using a 1 mm thick silica gel rotor. Elution was started with chloroform, then in-
creasing concentrations of methanol (2-20%) were used. Fraction 5 (22 mg) gave delsemine as an
amorphous product. Fraction E4 (325 mg) was chromatographed on a Chromatotron using a 1 mm thick
alumina rotor, and elution was performed as in the following sequence: ehter, ether-CHC13 (1:1),
CHCY3, then increasing concentrations of methanol in chloroform. Fractions 8-10 (44 mg} were re-
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chromatographed on a Chromatotron using a 1 mm thick silica gel rotor. Elution was carried out
using chloroform and then increasing concentrations of methanol (2-20%). Fractions 5-6 (40 mg)
gave delsemine as an amorphoys product, [u]%} +33.9° (c, 0.75, EtOH), MS: m/z 699 (MT}, ir {nujol)
3440, 3320, 1680, 1605, 1590 and 1255 cm-1l; 13C nmr was identical with that of a synthetic sample
{see below).

Preparation of delavaine {10) and methyl ester (13) from the reaction of methyllycaconitine

(3) with sodium bicarbonate in methansl —  Methyllycaconitine {3, 75 mg) in 2 ml of meth-

anol was treated with sodium bicarbonate {20 mg). The mixture was kept at room temperature with
occasicnal shaking fer 20 h and then was filtered through a cotton plug and applied to a Chromato-
tron. A 1 mm thick alumina rotor was used and elution was carried out as in the following se-
quence: CHCiz-Ether (1:1), 50 m1; CHC13, 50 ml; and CHCl3-ether-MeQH (1:1:2%), 50 ml. Fraction 1
{60 mg) was rechromatographed on the same alumina rotor and eluted with CHC13-EtOAc (4:1). Frac-
tion 1 gave 20 mg of methyl ester 13 as an oil, MS: m/z 279 (M*, 14%); ir (nujol} 1745, 1692,
1605, 1590 and 1260 cm™l; [a]d? -10.6 (c, 0.6, CHC13); 14 omr {CDC13): & 11.10, 11.22 (-NK), 8.89
(1H, d, J = 8.3 Hz), 8.02 (1M, d, J = 8.3 Hz}, 7.53 {lH, t, J = 6.8 Hz), 7.06 (1H, t, J = 6.8 Hz),
3.93 (3H, s, COOCH3), 3.71 and 3.68 ppm (COOCH3, two isomers); 13¢ ome (coclz): & 17.1, 17.9, 35.9,
37.7, 39.1, 41,5, 51.7, 51.9, 52.3, 114.5, 114.6, 130.8, 134.6, 141.6, 141.8, 168.0, 170.0, 172.5,
174.1, and 176.0 ppm. Fractions 2-3 gave 35 mg of delavaine (10), as an amorphous product:
[u]2D9 +37.2° (¢, 1.6, CHCl3). HRMS, m/z: $83.354358, M'-0CH3 requires: 683.35436. Ir {(nujol)
3460, 3310, 1735, 1690, 1605, 1590 and 1257 cm-l; 13¢ nmr was identical with that of natural dela-
vaine (see above).

Preparation of delavaine (10) by refluxing methyllycaconitine (3) in methanol —  Methyl-

lycaconitine (3, 20 mg) in methanol {20 ml1) was heated under reflux for 4 days. The solvent
was evaporated under reduced pressure to give 21 mg of a yellow gummy residue. It was chromato-
graphed on the Chramatotron using a 1 mm thick alumina rotor and eluted with chloroform-ethylace-
tate {4:1, 100 m1), Fraction 1 gave 4 mg of 13 (tic and 14 nmr spectrum). Fraction 2 afforded
8 mg of a homogeneous amorphous product (10). Fraction 3 (6 mg) was rechromatographed as above
to give 2 mg of 10. The fractions were combined. Tlc behavicr and lH and 13¢ nmr spectra were
identical with those of authentic delavaine (10).

Preparation and Separation of delavaine A (I0A) and 8 (10B): -— A sclution of methyilycaco-

nitine (3, 58 mg) in methanol {50 ml1) was treated with sodium acetate (30 mg) and the reaction
mixture was heated under reflux for four days. The solvent was evaporated under reduced pressure
and the residue was extracted with 3 x 50 ml of chloroform. The solvent was dried over anhydrous
sodium sulfate and was evaporated under reduced pressure to give 55 mg of residue. The latter was
chromatographed on a Chromatotron using a 2 mm thick alumina rotor and eluted with hexane-chloro-
form {2:1). Fractions 2-3 gave 16 mg of delavaine A [10A), as an amorpnous product: [a]%?
+39.4 (c, 0.8, CHCI3); IH nmr {COC13): & 1.07 (3H, t, J = 7.0 Hz, -NCHpCH3), 1.28 (3H, 4, J =7.0
Hz, -CR{CH3)-), 3.27, 3.35, 3.40 and 3.42 {each 3H, s, OCH3), 3.68 (3H, s, -COOCH3), four aromatic
protons 7.10 (14, t, J = 7.3 Hz}, 7.56 (1H, t, 1= 7.3 rz), 7.9/ (1H, d, J = 7.8 Kz}, 8.72 (iH, d,
J = 8.3 Hz) and 11.17 (1M, broad s, -NH-CO-); 13C nmr {table 1}.

Fractions 11-14 gave 16 mg of delavaine 8 {10B), as an amorphous solid, [a]%? +31.7° (c, 0.8,
CHCT3); 1M nmr (COCI3): 6 1.07 (3H, t, J = 7.0 Hz, -NCHpCHa}, 1.3 (3H, d, J = 7.0 Hz, -CH{CH3)-),
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3.27, 3.35, 3.40 and 3.42 (each 3H, s, -OCHz), 3.71 (3H, s, -COOCH3), four aromatic protons 7.10
(1H, 1, J =173 Hz), 7.56 [lH, t.d=17.3 Hz}, 7.97 (1lH, E, J = 7.8 Hz), 8.72 (lH,_g, J = 8.8 Hz)
and 11.05 (1H, broad s, =NH-CO-); L3¢ nor (Table 1).

Fractions 4-10 gave 17 mg of amorphous mixture of celavaine A and delavaine B {1H and 13¢ nmr).
Preparation of (11} by treatment of methyllycaconitine [(3) with sodium acetate in ethanol—

Methyllycaconitine (3, 10 mg} in ethanol (10 ml} was treated with sodium acetate (10 mg). The
mixture was kept at room temperature with occasional shaking for 2 weeks. The mixture was filtered

through a cotton plug and the solvent was removed under reduced pressure. The residue was chro-
mategraphed on a ptlc plate of neutral alumira (ptlc), using acetone-chloroform {1:0 as an eluent.
The major zone was extracted IH nmr: & 1.02 (3H, t, 4 =7.5Hz, -NCHgQﬂ3}, two overlapping doublets
at 1.31 and 1.28 {each 3H, J = 6.5 Hz), four aromatic protons at 7.14 (IH, t, J = 7.8 Hz), 7.69
{lH, t, J = 7.3 Hz), 8.02 (1H, d, J = 7.3 Hz) and 8.75 (1lH, d, J = 7.8 Hz} and 11.1 and 11.2
(each 14, broad 5. ~NHCC-). On another sample, HRMS, m/z: 728.39758. (3gHggN2011 requires
728.39748.

Preparation of delsemine (6} from the reactfon of methyllycaconitine (3) with aquecus ammo-
nium _hydroxide — Methyllycaconitine (3, 95 mg) in ether (40 ml) was treated with aqueous
ammornium hydroxide {1 ml, 10%} and the reaction mixture was kept at room temperature with continu-

ous stirring for 89 h. The solvent was evaporated under reduced pressure to give 1 ml of aqueous
suspension that was extracted with chloroform (three-10 ml porticns). The residue after evaporat-
ing the solvent was chromatographed on a Chromatotron using a 1 mm thick alumira rotor. Elution
was performed as in the folowing sequence: ether-CHC13 (1:1), 50 ml then ether-CHC13-MeOH (20:20:
5}, 45 ml. Fraction 4 gave 63 mg of delsemine {yield B6%) as a homogenecus amerphous product;
[G]%} +33.5" {c, 3.0, CHC13); MS: m/z 699 (M*); ir (nujol) 3440, 3320, 1680, 1605, 1590 and 1255
cni; 13C amr (Table 1)

Preparation of delsemine (6) by treatment of methyllycaconitine with ammonia vaper — Methyl-

Tycaconitine {3, 9 mg} in chloroform (10 m1) was kept in a desiccator containing 20 m1 of conc.
ammonium hydraxide. After 2 weeks, the solvent was removed under reduced pressure and the residue
was Chromatographed on a ptlc plate of alumina using 4% MeOH in acetone-chloroform (1:1), as an
eluent. The major zone was cut and extracted to give 4 mg of amorphous product, identical (1H
proton nmr and tlc) with delsemine (6) prepared as in A.

Treatment of methyliycaconitine with ammonium hydroxide in methanol: -— Methyllycaconitine (3,

60 mg) in methanol (10 m1) was treated with agueous ammonium hydroxide (10 m}, 5%) and the reaction
mixture was kept at room temperature with continuous stirring for 5 h, The solvent was evaporated
under reduced pressure to give 1 m) of aqueocus suspension that was extracted with chloroform {three
- 15 ml portions). The residue after evaporating the solvent was chromatographed on three plates
of neutral alumina (ptlc), using MeOH-EtOAc-CHC1y (1:1:8) as eluent. The major zone was cut and
extracted to give 45 mg of lycoctonine (characterized by tlc and 14 and 13C nmr).

Preparation and Separation of delsemine A (6A) and delsemine B (6B): — Methyllycaconitine

(98 mg) was dissolved in ether (80 m1). Ammonium hydroxide {2 ml} was added and the reaction mix-
ture was kept at room temperature with continuous stirring for 92 hours. The solvent was evapo-
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rated under reduced pressure and the residue was chromatographed on a Chromatotron, using a 1 mm

thick alumina rotor. Elution was performed using 1% MeOH in hexane-chleroform (1:1). Fractions
10-13 gave 15 mg of delsemine B (6B), as an amorphcus solid, fu]%? +28.2° {c, 0.6, CHCI3); 1y
nmr (COC14): & 1.07 (3H, t, J = 7.0 Hz, -NCHyCH3), 1.26 (3H, d, J = 7.0 Hz, -CH(CH3)-), 3.26, 3.34,
3.38 and 3.41 (each 3H, s, -0CH3), four arematic protons 7,10 (1K, t, J = 7.8 Hz), 7.56 (H, t, J =
7.3 Hz), 7.97 (1, d, J = 7.8 Hz}, 8.68 (lH, d, J = 8.3 Hz) and 11.07 (1H, broad s, -NH-C0-); 13¢
nmr {Table 1), On another sample, HRMS, m/z: 651.35127, (M*-H»0) requires 651.35133,

Fractions 19-20 gave 15 mg of delsemine A (6A), as an amorphous solid, [u]%? +36.8° (c, 0.7,
CHC13); W nmr (CDCY3): & 1.07 (3K, t, J = 7.0 Hz), -NCHpCH3), 1.30 (3H, d, J = 7.0 Hz, -CK(CH3}-),
3.26, 3.34, 3.38 and 3.41 (each 3H, s, OCH3), four aromatic protons 7,10 (1H, 1, J = 7.8 Hz), 7.56
{1H, 1. d=17.3 Hz), 7.97 {1H, g, J = 7.8 Hz), 8.68 (1iH, 4, J = 8.3 Hz} and 11.17 (1H, broad S, -
NHCO-); 13C nmr (Table 1). Or another sample, MS, m/z: 699 (M%), 681 (M*-Hp0}, 668 (M"-OCH3), 651
(MT~0CH3z-0H).

Fractions 14-18 gave 30 mg of amorphcus sclid of a mixture of delsemine A and delsemine B (14 and
13¢ nmry,
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