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Abstract: Five phytoecdystetoids not previously reported in Polypodium vulgare have been 
isolated from methanol extracts of in vitro cultum of prothalli of this species. Among them, 
illokosnX% lWo&mae and ahutastemne had already heea identitied in other plants, whereas 
24-hydmxyecdysone and S-hydruxy- am described for the fti time. The sbucture of 

these compolmds wss infd from the lzWRq&ng lH aId ‘3c NMR and thermospray-HPLC- 
MS spectral data. The complete description of the st~ctures includes the stereochemical 
assignment at C-24, which was 24S for all compounds. This assignation was carried out by 13C 
NMR spectrosqic studies of 22~~benzylidene xetat dcaivatives. 

Ecdysteroids are a family of polyhydroxylated steroids structurally related to ecdysone (l), the biosynthetic 

precursor of the insect moulting hormone 20-hydroxyecdysone (2). Over 100 different ecdysteroids have been 

Rl R2 R3 Rq Rs 

1: Ecdysone H H OH H 
2: 20-Hvdroxvecdvsone :: OH H OH H 
3: PolypodineB * OH OH H OH H 
4: Inokosterone 

:: 
OHH H OH 

5: Pterostemne OHOHH H 
6: ZCHydroxyecdysone H OH OH H 
7: Abutasterone :H OH OH H 
8: S-Hydroxyabutasterone !H OH OH OH H 

Figure 1. Ecdysteroids isolated from Polypodium w&are, 
including those reported in this paper. 

isolated so far from plants. Apparently, these 

compounds seem to provide some degree of 

protection against phytophagous insects. In 

addition to this postulated activity, it has been 

shown that ecdysteroids exhibit interesting 

pharmacological effects on mammals, including 

the stimulation of protein synthesis and the 

reduction of blood glucose and cholesterol 

levels 1. 

In general, concentrations of ecdysteroids 

vary depending on the plant part, the season and 

the habitat. For this reason, in vitro cultures 

constitute a valuable technique in plant research, 

since they permit the mass production of 

secondary metabolites without seasonal or 

individual variations. In this context, ill vitro 

cultures of small foliaceous siructtnes (prothalli) 

produced from spores of the fern Polypodium 

vuigare showed the presence of three main 

7247 



7248 J. COLL et al. 

ecdysteroids [ecdysone (l), 20-hydroxyecdysone (2) and polypodine B (3). Figure l] in a total amount of 0.8% 

dry weight 2. In the present paper we report on the stmctmal elucidation of five other minor ecdysteroids isolated 

from these in vitro cultures. Structures 4-8 have been inferred mainly from mass spectral data and by 

comparison of their NMR spectra with those published for related phytoecdysteroids 3. 

A constant probkm that emerges in the structural elucidation of natural products is the correct assignment of 

the configuration of chiral carbon atoms. Owing to the small amount of compound that usually can be isolated, 

crystallization and further X Ray di&action studies ate difficult to carry out. Phytoecdysteroids do not constitute 

an exception to that problem, specially as regards to the absolute configuration at C-24. In this respect, although 

the structure of abutasterone (7) has been mported 4, its stereochemistry at C-24 remained hitherto unknown. In 

this paper we also establish this con@uration for 7 and related compounds 6 and 8. 

Results and Discussion 

During the course of our research on secondary metabolites of P. v&m?, we decided to identify the minor 

ecdysteroids in this species to clarify some aspects of the biosynthesis of these compounds. Although all 

ecdysteroids reported in thii paper were also found in the wild plant 5, for the reasons mentioned above in vitro 

micropropagated prothalli were used as starting material for the present study. The extraction and isolation of 

phytoecdysteroids from lyophilixed ground prothaili was carried out as described in the experimental part Final 

purification of minor compounds carried out by preparative TLC or semipmparative HPLC led to the isolation of 

three known ecdysteroids (4,s and 7), and two new structures that were identified as 24-hydroxyecdysone (6) 

and 5-hydroxyabutasterone (8) as described below. 

*H and l3C NMR data for inokosterone (4). pterosterone (5) and abutasterone (7). summan ‘zed in Tables 1 

and 2, are consistent with those previously published 3. It is important to remark that only one of the 

stereoisomers at C-25 of inokosterone is obtained in our case, in contrast to the epimeric mixture described by 

Hikino et al. 6; however, we have not assigned the absolute configuration for this epimer. 

Table 1. Selected 1H NMR spectral data of inokosterone (4). pterosterone (5), 24-hydroxyecdysone (6) 
abutasterone (7) and 5-hydroxyabutasterone (8). Chemical shifts are given in ppm referred to TMS (CSDsN). 

2-Ha 
3-He 
5-H 
7-H 
9-Ha 
17-H 
22-H 
24-H 
18-Me 

4 
4.18 
4.23 
3.02(dd 15,4.5) 
6.26(d 2.0) 
3.66(d 6.3) 
2.96(t 9.0) 
3.86(d 9.6) 

1.22 

5 6 7 8 
4.15 4.13 4.20 4.26 
4.23 4.20 4.22 4.17 
3.05(dd 13.5,4.3) 3.01 (dd 15,3.8) 

6.22 (d 2.4) 6.26 (d, 2.4) 
Zd 2*3) 3.54 (m w 

;$(d 2.2) 
3.61 (d 9.6) 

&(t 9.1) 
/2 24.38) 

3:o 2.98 (t 8.4) 

3:95 

f;; (t 8.4f 

1.22 
;:;; (d 8.4) 

4.25 4.25 (d 10.5) 
4.09 (d 9.3) 

N-Me 1.05 1.06 1:os 
zYd 9.1) 
1:07 

1.19 
1.15 

21-Me 1.57 1.60 1.26 (d 6.6) 1.61 1.61 
26- 3.62(m),3.76(m) l.Ol(d 6.9) 1.498 1.475 1.477 
27-Me l.O3(d 6.9) l.Ol(d 6.9) 1.43& 1.520 1.521 

Assignments marked with L, 0 or 7 can be exchanged. 

Likewise, two new compounds identified as 24-hydroxyecdysone (6) and 5-hydroxyabutasterone (8). were 

isolated from P. vulgure . These structures were inferred from mass spectral data, which indicated the presence 
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of six and eight hydroxyl groups, respectively. as shown by the corresponding peaks at m/z: 481 [M + l]+ and 

513 [M + l]+. The location of these hydroxyl groups in the cholest-7-en-6-one skeleton was assigned by 

comparison of the 13C NMR spectra of 6 and 8 with those of related ecdysteroids [ecdysone (l), 20- 

hydroxyecdysone (2), polypadine B (3). pterostemne (5) and abutasterone (7)]. In the case of 6, it appeared 

clearly that six signals attributable to hydroxyl substituted carbon atoms were present, as it occurs in 20- 

hydroxyecdysone and two of them corresponded to quatemary carbon atoms. As shown in Table 2 the main part 

of the signals from the ring framework were very close to those shown by ecdysone. which indicated a similar 

structure for both compounds (c$ chemical shifts of carbons C-5,C-16.C-17,C-18 and C-19). Therefore, the 

difference (with respect to ecdysone and 20-hydroxyecdysone) should arise from the side chain hydroxyl 

substitutions. The comparative analysis of the *3C chemical shift changes at C-22,C-23,C-24,C-25,C-26 and C- 

27 among the pair of products 20-hydroxyecdysone (2) vs. abutasterone (7) led us to assign one hydroxy 

substitution at C-24 and consequently the structure of the new compound as 24-hydroxyecdysone (6). The 

corresponding *H-NMR spectrum reinforced the above assignation (Table 1). 

Table 2.W NMR spectraI data of ecdysone (l), 20-hydroxyecdysone (2). polypodine B (3), inokosterone 
(4), pterosterone (5). 24-hydroxyecdysone (6). abutasterone (7) and 5-hydroxyabutasterone (8). Chemical 
shifts anz given in ppm referred to TMS (C5D5N). 

- 
68:lo 68133 

-T&i- 
67:89 

68.10 68.23 69.81 

w 
68:06 67:99 
67.95 69.90 

4 5 6 
38.02 38.02 37.97 
68.11 68.17 68.14 

C-l 
c-2* 
c-3* 
c-4 
c-5 

68.19 68.10 68.08 
32.52 32.51 32.50 
51.47 51.45 51.44 
203.61 203.57 203.69 

32.45 32.53 35.90 
51.41 51.48 79.83 

32.41 
51.38 
203.45 

35.99 
79.93 
201.01 
119.92 
166.85 
38.29 
44.77 
22.01 
32.02 
48.12 
83.96 
31.65 
21.44 
49.92 
17.91 
17.23 
76.74 

C-6 
c-7 

203.36 203.56 
121.61 121.79 
165.53 166.11 
34.63 34.67 
38.76 38.80 
21.20 21.29 
31.49 32.19 
47.70 48.27 
83.97 84.42 
32.03 31.88 

200.89 
119.86 
166.74 
38.20 
44.69 
22.02 
31.97 
48.06 
83.92 

121.72 121.73 121.61 121.60 
166.24 166.16 165.7 166.08 

34.41 
38.60 
21.08 
31.65 

34.47 34.46 34.48 
38.74 38.72 38.73 
21.15 21.14 21.09 
32.10 32.03 31.36 
48.15 48.11 47.56 
84.22 84.16 83.77 
31.83 31.83 31.95 
21.53 21.53 26.64 
50.10 50.05 48.17 
17.97 17.95 15.81 
24.52 24.51 24.52 
76.82 76.97 42.54 
21.72 21.70 13.80 
77.30 77.66 74.93 
30.29 35.86 30.67 
32.10 76.72 80.85 
36.82 34.01 72.31 
67.35 17.005 26.74& 
17.92 19.64s 25.448 

C-8 
c-9 
c-10 
c-11 
c-12 
c-13 
c-14 
c-15 
C-16 
c-17 
C-18 
c-19 
c-20 
c-21 
c-22 
C-23 

48.03 
84.02 

31.62 
21.34 
59.90 

j1.91 
21.46 
49.98 
17.85 
24.45 
76.66 
21.70 
78.18 
32.83 
80.22 
72.13 
26.878 
25.190 

26.74 21.61 
48.28 50.28 
15.89 17.99 
24.55 24.55 
43.04 77.09 
13.74 21.77 
74.07 77.75 
25.69 27.59 
42.55 42.64 
69.80 69.86 
30.09# 30.10% 
30.01# 30.15x 

17.82 
17.13 
76.73 
21.64 
77.48 

21.79 
78.33 
32.95 27.43 

42.61 
69.46 
29.951 
30.101 

C-24 
C-25 

8O.n 
72.27 
27.01 
25.278 

C-26 
C-27 

Assignments marked with *, #. So. 1, $, &. B or 1 can be exchanged. 

Similarly, the analysis of the 13C NMR spectral data for the other compound led us to assign its structure as 

8. In this case, the DEPT spectrum showed two new hydroxylated carbons when compared to that of 20- 

hydroxyecdysone, one of them at a quaternary carbon and the other at a tertiary together with the corresponding 
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of CHg CH moieties the aliphatic The comparison chemical shifts those of 

Thus. compound 8 should have a ring system identical to polypodine B and, on the other 

hand, the 1% signals cormsponding to the side chain tesembled to those of abutasterone (7). These facts led to 

assign the structum of 8 as 5-hydroxyabutastwne. The corresponding lH-NMR spectrum fully supported this 

assignation. 

As we have mentioned above the configuration at C-24 of abutasterone (7) was not defmed by previous 

authors 4. In our case, compounds 6 and 8 have a hydroxyl group at C-24, and from carbon and proton NMR 

data it was not possible to establish that configuration. To solve this problem we applied the methodology 

described by Blunt et al. These authors established the 24s con@uration for ponasterone C by %!- NMR 

studies of its 22,24benxylidene derivative. The same configuration was inferred for pterosterone (5) by 

comparison of the 13C-NMR of both underivatixed ecdysteroids 7. 

Table 3. t3C NMR selected si of 
benxylidene derivatives 9 and P O*. 

c-25 
C-2 AcetaJ 

-7&-e- 
as:1 68:2 
51.3 
203.2 
166.0 
41.6 
83.8 
47.5 
39.7 
79.7 
84.2 
71.1 
101.1 

51.4 
203.2 
167.0 
47.8 
84.0 
48.9 
74.4 
81.5 
85.1 
12.4 
102.0 

*Chemicalshiftsategiveninppm 
referted to TMS (C&N). 
# Assignments can be exchanged. 

Preparation of the 22,24-benxylidene acetals of 6 and 7 by using the procedure nported by Blunt et al. led to 

derivatives 9 and 10, respectively. The 13C NMR spectra of these compounds showed chemical shifts 

characteristic of a six membered ring benxylidene acetal (Table 3). The formation of this acetal at C-22 and C- 

24, and not at C-20 was deduced from comparison of the respective chemical shifts with those of the 

cotresponding underivatixed compounds. Thus, a downfield shift was observed for the C-22 and C-24 signals, 

whereas the absorption at C-20 exhibited a slight upfield change. On the other hand, it has been established that a 

phenyl group at C-2 in a 1.3dioxane ring prefers an equatorial conformation 8. The *%I chemical shift of this 

carbon depends on the substitution at C-4 and C-6 positions of the 1.3~dioxane ring. One axial substituent at 

these positions induces an upfield shift of approximately 7 ppm with nspect to the all-equatorial substituted 

derivative, appearing the C-2 signal in a range from 100 to 104 ppm 7.9. In our case, from the observed 

absorptions at 101.1 and 102.0 ppm for this carbon in compounds 9 and 10, respectively, and the absence of 

signals in the 99-90 ppm region, it can be inferred that all substituents in the 1,3dioxane ring are equatorial. 

Consequently, the configurations of these derivatives and those corresponding to their respective parent 
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compounds 24-hydroxyecdysone (6) and abutasterone (7) should he 24S. Finally, from the analogies observed 

for the t* NMR spectra of compounds 7 and 8 it can be also concluded that 5-hydroxyabutasterone (8) has the 

0 configuration at C-24. As we have mentioned above, these configurational assignments agree with those 

previously established for related phytoccdysteroids, such as pmmsmmne (5) and ponastuone C 7. 

Experimental 

. . 
Extraction Lyophilixe-d and ground prothalli derived from spores of P. 

w&are collected in Ahrensburg (Germany) or Montseny (Spain) lo were extracted with MeOH (l/4 w/v, 

fourfold) in an ultrasonic bath (45 min). The combined extracts were concentrated to 250 ml+ diluted with water 

to a 7:3 (MeOH:HzO) ratio and treated as described by Camps et al. 2. Final purification of minor ecdysteroids 

was carried out by preparative TLC (silica gel, 0.5 mm, 44:9:1, CHC13:MeOH:H20) or semipreparative HPLC 

(ODS2,5 pm; 15 x 1 cm; CH3CN:H20 9:40 at 3 m&in). The purification procedure was monitored by TLC 

(eluting with 41, CHC13:MeOH) and by HPLC (ODS2.5 pm; 15 x 0.46 cm; maintained at 55 Oc and eluted 

with CH3CN:iPrOH:H20 34~53 at 1.2 ml/nun). Under these HPLC conditions the retention times (rnin) for the 

ecdysteroids present in P. vulgar-e were: 7.02 (5_hydroxyabutasterone, 8) 7.78 (abutasterone, 7). 9.84 

(polypodine B, 3). 10.98 (20_hydroxyecdysone, 2) 13.58 (inokosterone, 4) 21.4 (24-hydroxyecdysone, 6), 

26.78 (pterosterone, 5) and 30.72 (ecdysone, 1). 

2~,3~,14a,20R,22R,26-Hexahydroxy-5P_eholest-7-en-6-one (4, inokosterone). Starting 

from 12 g of lyophilixed prothalli, 10 mg of this compound was obtained MS (TSP) m/z: 498 [M+NH4]+, 481 

[M+l]+, 463 w+l-H20]+, 445 [M+l-2H20]+, and 427 [M+l-3H20]+. 
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28,3B,l4a,20R,22R,24S-Hexabydroxy-5B-cBolest-7-en-6-one (5, pterosterone). Starting 

from 12 g of lyophilized prothalli, 5 mg of this compound was obmined. MS (TSP) m/z: 498 [M+NIQ]+, 48 1 

[M+l]+. 463 Eki+l-H20]+, 445 [M+l-2H20]+, and 427 w+1-3H20]+. 

28,38,14a,22R,245,25-Hexakydroxy-5~-cbolest-7-en-6-one (6, 24hydroxyecdgsone). 

Stzrting from 12 g of lyophilized prothalli. 6 mg of this compound was obtained. MS (TSP) m/z: 498 

[M+NH4]+, 481 [M+l]+. 463 [M+l-H20]+. 445 [M+l-2H20]+. and 427 [M+l-3H20]+. 

2B,3B,14a,20R,22R,24S,25-Heptahydroxy-5~-cholest-7-en-6-one (7, abutasterone). 

Stzrting from 12 g of lyophilized prothalli. 5 mg of this compound was obtained. MS (TSP) m/z: 514 

[M+NH4]+, 497 [M+l]+. 479 [M+l-H2G]+, 461 [M+l-2H20]+, and 443 [M+l-3H20]+. 

2~,3~,5~,14a,20R,22R,24S,25-Octahydroxy-5~-cboiest-7-en-6-one (8, 5. 

bydroxyabutastemne). Smting fmm 100 g of lyophilized pmthalli. 2 mg of this compound was obtained. 

MS (TSP) m/z: 530 [M+NI-I4]+, 513 w+l]+, 495 [M+I-H20)+, 477 [M+l-2H20]+, 459 [M+l-3H20]+ and 

379 [M-side chain cleavage CXl-C22]+. 

24-Hydroxyecdysoae-22,24-benzylldcee l cetal (9) and abutasterone-22,24-benzylidene 

wetal (10). Following the general procedure described by Blunt et al.‘, a solution of anhydrous zinc chloride 

(3 mg) in bennaldehyde (0.2 mL) was added to a suspension of 5 mg of the corresponding ccdysteroid in 0.3 

mL of benzaldehyde. The mixture was stirred at room temperature for 10 mitt and then benzaldehyde was 

evaporated under vacuum. The residue obtained was redissolved in chloroform and loaded onto a silica gel 

column. The benzyhdene acetal derivatives (at the 2224 position as major compound) were elutui with 3 ml of 

4: 1 CHC13: EtGH solvent mixtum. 
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