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Abstract-20-Hydroxyecdysone, 24(28)-dehydromakisterone A, makisterone C, polypodine B, ajugasterone C, 
together with the two new phytoecdysteroids carthamosterone and 5_deoxykaladasterone, were isolated from the roots 
of Leuzea carthamoides. The herb yielded 20-hydroxyecdysone, 24(28)-dehydromakisterone A, makisterone C and 
carthamosterone. 

INTRODUCTION 

The multiple physiological and ecological functions es- 
tablished or postulated for ecdysteroids in living or- 
ganisms [l, 23 make these compounds attractive targets 
for continued research. The constantly increasing number 
and structural diversity of known ecdysteroids, especially 
from plant sources [l] is steadily increasing due to efforts 
for new and/or more promising sources for such com- 
pounds. 

Leuzea carthamoides DC. (syn. Rhaponticum cartha- 
moides Willd./Iljin), an endemic species in Siberia is 
extensively being used in traditional and officinal medi- 
cine as a natural roborant and stimulant [3]. Earlier 
research has established that the plant contains 20- 
hydroxyecdysone (1) in substantial amounts and this 
compound has been considered to bear at least partially 
the physiological activities of the extracts. The presence of 
inokosterone (8), a related ecdysteroid has also been 
reported [4]. 

The plant was introduced into Hungary some 15 years 
ago and is being cultivated on a large scale. Analytical 
studies on concentrates using various chromatographic 
techniques revealed the presence of a series of ecdysteroid- 
type compounds both in the herb and in the radix. The 
present paper reports on the isolation and characteriz- 
ation of seven ecdysteroids; five of them are already 
known compounds, one is a new natural product (6) and 
the trivial name ‘carthamosterone’ is proposed for it. The 
last one (7) might represent an artifact arising from 
ajugasterone C (5) by dehydration during the purification 
process. 

RESULTS 

Ecdysteroids were isolated as described in the Exper- 
imental. Among the isolated compounds, several of them 
were already known ecdysteroids (20-hydroxyecdysone, 

- 
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polypodine B, makisterone C, ajugasterone C and 24(28)- 
dehydromakisterone A), and their identification are given 
in the Experimental. We report here the establishment of 
the structures of two new compounds, carthamosterone 
and 5-deoxykaladasterone. 

Identification of carthamosterone (6) 

This compound was obtained as an amorphous solid. 
Its UV spectrum showed two maxima, the larger one at 
ii,,, 210 nm, the second one at 242 nm. This was indica- 
tive of the presence of an additional absorbing functional 
group which is independent of the unsaturated ketone on 
ring B. The IR-FT spectrum gave an additional band 
(with regard to 20-hydroxyecdysone) in the carbonyl area 

at v,,, 1745 cm-’ which is in agreement with the carbonyl 
signal of an a$ ethylenic y-lactone [S]. The mass spect- 
rum (CI/D) gave a M, of 518 indicating the possible 
formula (C,,H,,Os). Fragments at m/z 363 and 345 were 
identical with those in the spectrum of 20-hydroxyecdys- 
one and indicate that the differences probably concern the 
side-chain. Fragments at m/z 393 and 375 might arise 
from cleavage between C-22 and C-23, but these frag- 
ments were not found in the EI mass spectrum. The 
‘H NMR spectrum showed no important difference with 
regard to 20-hydroxyecdysone concerning the signals of 
the ABCD rings, but strong modifications were noted for 
the signals of the side-chain. The 22-H signal was shifted 
downfield and coupled to the two strongly downfield 
shifted 23-H, b signals (6 2.57,23-H, and 2.28,23-H,); such 
chemical shifts are typical of allylic protons. These two 
protons were weakly coupled to a new ethylenic signal at 
65.92 and the 24-H,,, signals had disappeared. The 26- 
and 27-methyl signals were also shifted downfield (6 1.48), 
and this chemical shift data is in accordance with partial 
structure A. The IR spectrum is in agreement with an a,fi 
ethylenic y-lactone, and from all the above data the two 
structures B or C are possible for the side-chain. 

The chemical shift of the ethylenic proton (65.92, H-28 
was only in agreement with a proton in an a position of a 
a&unsaturated carbonyl system [6] and this allows us to 
eliminate the structure C where the H-28 is in a /I position. 
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IdentijTcation of Sdeoxykaladasterone (7) 

Compound (7) was identified as 25-deoxy-9(11)- 
dehydro-20-hydroxyecdysone based on the following 
points. Its UV spectrum in EtOH showed a strong 
maximum at i.,,, 298 nm, (and a minor one at 235 nm); 
such a maximum value is characteristic of a conjugated 
dienone and was previously found for kaladasterone [7, 
81. The mass spectrum (CI/D) gave a M, of 462. The 
presence of fragments at m/-_ 361, 343 (361-18) and 325 
(345-l 8) is characteristic of an ecdysteroid bearing a 20,22 
diol and no 25-OH and an extra double-bond somewhere 
on the steroid nucleus (ponasterone A, 25-deoxy-20- 
hydroxyecdysone, has a M, of 464 and gives nuclear 
fragments at m/z 363, 345 and 327). ‘HNMR spectro- 
metry (1D and 2D-COSY experiments) allowed us to 
assign the 25-deoxy structure based on the chemical shifts 
and the doublet pattern of 26-Me and 27-Me. The A9(“) 
structure was established from the disappearance of the 9- 
H signal and the appearance of a new ethylenic proton 
signal at (S6.3 coupled with three signals 2.72 (5=2 Hz), 
2.42 (J =6.5 Hz) and 7-H signal by a small long-range 
coupling (‘5 i 2 Hz, observed with a ZD-COSY exper- 
iment). The two signals at 62.72 (hr d) and 2.42 (br dd) 
presented a gem coupling constant of-18 Hz and can be 
assigned to 12-H,, and 12-H,, respectively. Small long- 
range couplings for these two protons with the 7-H signal 
and one for the 12-H,, with the l&Me [6] were observed 
with the 2D-COSY experiment. The observed downfield 
shifts of the 19-Me, I-H,,, l-H,, and the small upfield 
shifts of 2-H (1~, 
A’(’ ‘) structure. 

3-H,., and 7-H are in accordance with a 

DISCUSSION 

The family Asteraceae was already known to contain 
ecdysteroids [ 11. Besides 20-hydroxyecdysone, which is 
the major component [9-l 11, several other ecdysteroids 
had previously been isolated: 24(28)-dehydromakisterone 
A (2) [12], integristerones A and B [ 11, 13, 141, sogdyster- 
one [15] and viticosterone E [ 163. A previous report [4] 
from the same species as used in the present paper gave 
evidence for 20-hydroxyecdysone (1) and inokosterone 
(8). However the latter compound was not found in the 
present study. Instead of it, we have isolated compound 2 
and several other ecdysteroids, not previously reported to 
occur in Asteraceae. Two of them, 6 and 7, are new 
compounds. 

Carthamosterone (6) represents an unusual ecdyster- 
oid. While the presence of a saturated (or an unsaturated) 
lactone on the side chain occurs in several ecdysteroids, it 
always involves the formation of a carboxylic function at 
C-26 (or 27) [ 1, 21. In the present case, there is an acidic 
function at C-29. Such a structure was found for the fungal 
hormone antheridiol [17], a compound which shares 
some resemblance with ecdysteroids and would be formed 
from isofucosterol (a C-29 sterol bearing a 24(28)-ene). 

5-Deoxykaladasterone (7) is also a liew compound. Its 
co-occurrence with ajugasterone C (5) raises the question: 
is compound (7) really present in the plant or does it result 
from dehydration of 5 during processing’! A similar 
question was previously raised concerning the com- 
pounds muristerone Aikaladasterone [S] which only 
differ from the present compounds by the presence of an 
additional 58-OH group, and in that case the authors 
opted for the natural presence of kaladasterone. This 
problem is still being investigated in the case of Leuzec: 
extracts (Szendrei, K.. unpublished work). 

Finally, we wish to mention here how powerful are two- 
dimensional proton NMR techniques for structure eluci- 
dation of ecdysteroids isolated in small amounts [l&22]. 
Such techniques are becoming widely used in the field of 
natural product chemistry. 

EXPERIMENTAL 

General procedurrs. Sample processing included methanolic 
extraction and several chromatographic steps comprising CC 
and prep. TLC. 

The purity ofeach isolated fraction was assessed by semi-prep. 

NP-HPLC and analytical RP-HPLC (Table I) using a Waters 
system 123, 241. 

Pure ecdysteroids were analysed for UV absorbance and for 

MS (direct inlet probe in the EI mode or the CI!D mode with 

NH, as the reagent gas) [ZS]. IR-FT spectrometry was per- 

formed with a Nicolet 5DX apparatus. 

For obtaining ‘HNMR spectra (with a Bruker WM250 

apparatus), compounds were first lyophilired in D,O (99.95%) 

before being disso!ved in CD,OD. reference TSPd, [sodium 3- 
(trimethylsilyl)-l-propionau= * Q3.3 d,]. The ‘HNMR spectra 

were recorded using standard Fourier transform techniques at 

20”. Analyses of spectra was as previously described [22] by 

homonuclear 2D correlation spectroscopy (ZD-COSY) [?hJ and 

with its relayed version [27, 281. 
Isolation <!f the ecdysteroids, The plant material originated 

from a large-scale cultivation at the University of Horticulture 

Budapest. Herb and root were collected at various develop- 

mental stages during the year for qualitative chromatographic 

analysis. The large samples were collected in May (herb) and in 

September (roots). 
Roots. The dried pulverized plant material (5.5 kg) was ex- 

tracted at room temp with 70 1 MeOH. The so111 was evapd under 

red. pres. and the residue was dissolved in 50% aq. MeOH. The 

filtered soln was extracted with C,H, (12 x 11). The aq. phase was 

diluted with 1 vol. Me,CO and the ppt. was filtered off. The 
remaining soln was coned in tucuo and the residue (111 g) was 
purified on an Al,O, column (5OOg Alumina Brockman II; 
elution with CH,CI,-MeOH 9: I; 300 ml fractions). The frac- 

tions containing ecdysterolds (monitoring by TLC) were com- 

bined and the mixture (12.4Sg) was fractionated on a silica 

column (3OOg silica Merck: elution with a CHZC12-EtOH 
gradient; 100 ml fractions). 
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Fractions eluted with CH,CI,-EtOH (96:4 and 90: 10) con- 
tained three ecdysteroids. They were separated by prep. alumina 
TLC in EtOAc-MeOH-NH, (85: 10:s). Elution of the three 
bands with MeOH yielded 1.8 mg 24 (28)-dehydromakisterone A 
(2), 4.2 mg makisterone C (3) and 1 mg carthamosterone (6). 
Fractions eluted with CH,CI,-EtOH (90: lo), which contained 
some material formed in the previous fractions, together with 
some 20-hydroxyecdysone, yielded two further polar ecdyster- 
oids. The residue of these combined fractions (1.48 g) was 
separated on a polyamide column (45 g Polyamid Woelm; 
elution with H,O; IO ml fractions). The compound eluted first 
was crystallized from EtOAc-EtOH-H,O giving 5.4 mg polypo- 
dine B (4). Later fractions yielded after separation on alumina 
prep. TLC as above 9.5 mg ajugasterone C (5) and 5 mg of a new 
compound, 5-deoxykaladasterone (7). Fractions eluted with 
CH,Cl,-EtOH (85: 15) were combined, the solvent was evapora- 
ted and the residue (5.6 g) was further purified on a polyamide 
column (150 g Polyamid Woelm; elution with H,O), the fractions 
containing one ecdysteroid were evapd and the material was 
crystallized from EtOAc-MeOH giving 0.76 g of 20-hydroxyec- 
dysone (1). 

Herb. Plant material (1.8 kg) was extracted with 401 70% 
MeOH. The extract was treated with Me&O (see above) and the 
residue (147 g) was first purified on a polyamide column (400 g 

4 

OH 

OH 

7 

Table I. Chromatographic properties of the various ecdysteroids 

Compound 
TLC R,* HPLC R, (min)? 

System I System 2 System 3 System 4 

1 
2 
3 
4 
5 
6 
7 
Ecdysone 
20-Hydroxy- 
ecdysone 

0.34 0.18 53.2 1.3 
0.44 0.34 22.0 12.0 
0.49 0.46 17.2 16.9 
0.32 0.27 29.3 7.5 
0.35 0.21 33.3 15.0 
0.39 0.47 20.4 II.3 
0.56 0.67 10.4 20.0 

30.8 13.1 

53.2 7.3 

*TLC on silica plates; System I = EtOAc-MeOH-NH, 
(85: 15:5); System 2 = CH,CI,-EtOH (85: 15). 

t System 3 = Silica column (Zorbax@-SIL, 250 mm long, 
9.2 mm i.d.), isocratic solvent CH,Cl,-iso-PrOH-H,O 
(125: 25: 2); flow-rate 4 ml/min. System 4 = Reverse-phase col- 
umn (Spherisorb@-ODS 250 mm long, 4.6 mm i.d.), solvent: 
linear gradient from 20% to 50% CH,CN in 0.1% trifluoroace- 
tic acid (TFA) in water in 40 min. flow-rate I ml/min. 
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Polyamid Woelm;elution with H,O then with MeOH). The H,O 

fractions containing the ecdysteroids (108 g) were fractionated 
on an Al,O, column with a CH,CI,-EtOH gradient. 20- 

Hydroxyecdysone (1.1 g), 24(28)-dehydromakisterone A (3 mg). 

makisterone C (8 mg) and carthamosterone (1.3 mg) were ob- 

tained in a similar manner as for the roots. 

Identification of the isolated ecdysteroids. 20-Hydroxyecdysone 

(1). The identity of the isolated compound with 20-hydroxyecdys- 
one is based on HPLC, MS and NMR data (see Tables 1 and 2). 

24(28)-Dehydromakisterone A (2) [ 121. Isolated as white needles 

from EtOAc-MeOH, mp. 245-247’. UV ,I::” nm: 242 MS gave 

a M, of 492 (makisterone A = 494). The presence of ions at m/z 363 

and 345 was indicative of a steroid nucleus identical with that of 

20-hydroxyecdysone. ‘H NMR spectrometry (1D and 2D COSY 

experiments) showed no difference with 20-hydroxyecdysone 

concerning the steroid nucleus. Two new signals appeared in the 

ethylenic area (64.95 and 5.13) which were coupled to two new 
signals (62.18 and 2.42) with a small coupling constant. as 

Table 2. The ‘H NMR spectra of compounds 1-7 in CD,OD 

1 2 3 4 5 6 7 

I-Ha 1.43 1.43 1.43 1.68 
l-He 1.78 1.79 1.79 1.7x 

2-Ha 3.83 

(m, w,:, =22) 
3.94 

(m, W,,, = 8) 
1.65 
1 .I5 

2.38 

(dd, 12, 5) 
5.85 

(d. 2.5) 
3.14 

(m, W,:,=22) 
1.65 

3.84* 3.83* 3.94 

3-He 3.9.5* 3.94* 3.99 

4-Ha 
4-He 

5-H 

1.65 1.65 

1.75 1.75 

2.38 2.37 

1.75 

2.08 

7-H 5.81* 5.80* 5.85* 5.80s 

9-Ha 3.16* 3.16* 3.19* 

1 l-Ha 1.66 1.66 1.7 

1 l-He 

12-Ha 

1.78 

2.13 

(ddd, 13, 13, 5) 
1.85 
2.00 
1.55 
1.95 
1.75 

2.39 (m) 
3.33 

1.79 1.79 1.8 

2.13 2.13 2.13 

12-He 

15-Ha 
15-Hb 
l&Ha 

16Hb 

17-H 

22-Hb 

1.87 1.87 1.88 2.16 

1.98 2.00 2.00 1.95 

1.62 1.55 1.60 1.58 
2.0 2.0 2.0 I .98 

1.82 1.77 1.75 1.74 

2.39 2.39 2.39+ 2.41* 

3.60 3.42 3.33* 3.32* 

23-Ha 

idd, 11, 2) 

1.30 

(dd. 10.4, 1.8) 

2.18 

(m) 
2.42 

(nr) 

1.43 1.28 I .22 

23-Hb 1.65 1.55 1.66 

24-Ha 

24-Hb 

25-H 

18-Me 

19-Me 
21-Me 

26-Me 

1.75 

1.45 

1.45 1.75-1.X 

1.45 

0.89(s) 0.90* 0.89* 0.89* 
0.96 (s) 0.97* 0.96* 0.92* 
I. 18 (s) 1.24* I .20* 1.20* 
1.19 fs) 1.32 1.10* 1.19* 

27-Me 1.20 (s) 1.38 1.21 

28 

29 

=CH, 

5.13 (W,., =2) 
4.95 ( W,;, 2.8) 

-CH,m 

1.14 

1.53 
--Me 

1.01 (t. 6.5) 

1.19* 

_~ 

1.39 

2.59 

(dd, 13. 4.2) 

4.01 

3.96 

1.72 

1.89 
2.35 

3.15 
(dd. 8.8, 2.8) 

4.07 

(m, U’, ,1 = 28) 

2.22 

1.55 

0.88* 

1 .O6* 
1.20* 

0.92 

(d, 6.4) 

0.93 

(d. 6.4) 

1.43 1.7 
1.78 2.1 

3.82 3.72 

3.94 3.84 

1.65 1.6 

1.75 1.78 

2.4 2.40 

5.81’ 5.75 

(hr.5 W, 1=4) 
3.15* 

1.67 6.3 

(ddd. 6.5. 2, 2) 
1.80 

2.13 

1.85 

2.72 

(hr d 18) 

2.42 

2.05 2.05 
1.75 1.75 

2.38 2.45 

3.70 3.33” 

(dd. 10.5. 2) 

2.57 

(ddd, 17.52. 2) 
2.28 

0.91* 

1.27* 

1.35 

1.55 

1.55 

0.89* 
1.1* 

1.18* 
0.91 

(d. 6.5) 

0.94 

(d. 6.5) 

*Same value as in column I. 
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observed in 2D COSY. The latter signals were coupled together 

by a gem constant and were also coupled to the downfield-shifted 
22-H signal: they were therefore assigned to 23-H signals. The 26- 

and 27-methyl signals were shifted downfield. All the preceding 

points were in agreement with the presence of a 24-methylene 

substituent in the C-24 position. 

Makisterone C (3) [29, 301. Isolated as white needles from 

EtOAc-MeOH, mp 266-270”. UV A:$” nm: 242. MS gave a M, 

of 508 (480 + 28); the spectrum gave the same fragments at m/z 

363 and 345 as for 20-hydroxyecdysone, resulting from C20-C22 

cleavage; EI-MS gave prominent ions at m/z 189, 171, 145, 127, 

which are consistent with a side-chain substituted at C-24 with an 

ethyl group [31]. ‘HNMR spectrometry showed no difference 

with respect to 20-hydroxyecdysone in the chemical shifts of 
protons of the ABCD rings. The 22-H signal was coupled to two 

23-H and the 26- and 27-methyl groups appeared as singlets, as is 

the case when ecdysteroids bear a 25-OH; the 26-methyl was 

shifted upfield (6 1.10). A new triplet signal at 6 1.01, was assigned 

to the methyl group of a 24-ethyl substituent in the C-24 position. 

This substitution is in agreement with the pr&ious points and 

was confirmed by ZD-COSY experiment. 

Pofypodine B (4) [32]. The isolated compound (white micro- 

crystals, mp 253-256”) comigrated both on NP and RP-HPLC 

with an authentic sample (a gift of Dr D. Guedin, Strasbourg). 

UV AZ:” nm: 241. Its MS was identical with that of an authentic 

reference sample and gave a M, of 496, with characteristic ions at 

m/z 379 and 361 consistent with a 20,22 diol and an additional - 

OH group on the steroid nucleus with respect to 20-hydroxyec- 

dysone. From 1D and 2D COSY ‘H NMR spectroscopy it was 
obvious that the major differences with 20-hydroxyecdysone 

concerned only the signals from ring A. The disappearance of the 

5-H signal, the large downfield shifts of the l-H,,(b) and 4-H,,(b) 
and small effects on 2-H,,, 3-H,, 4-H,,, 7-H, 9-H and 19-Me were 

in agreement with the presence of a 5p-OH. 

Ajugasterone C (5) [33]. Identified by comparison with an 

authentic sample from Dr Kubo (Berkeley, U.S.A.) using HPLC, 

MS and ‘H NMR (Table 2). 
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