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Abstract Three novel sterols 1 - 3 with an uncommon hydroxyl 
function at C-4 have been isolated from the weed E crasszpes. 
The stereostructures of the compounds have been defined on the 
basis of spectroscopic data. Phytotoxlcity test of the sterols 
revealed valuable biological activity against root seedling 
growth of radish. 

1 
In pursuing our search for allelochemlcals from aquatlc plants , we 

have reinvestigated Ezchhornza crasszpes Solms, (water hyacinth) a plant 

whose extracts have been reported to have effects as growth regulators 2 . 

From the ethyl acetate extract we have Isolated three novel sterols, 4a- 

methyl-5a-ergosta-8,14 24(28)-trlene-36,48-dlol (11, 4a-methyl-5a-ergo- 

sta-8,24(28)-diene-3B,4B-diol (2) and 4a-methyl-5a-ergosta-7,24(28)-die- 

ne-3p,46-dlol (3) with the unique 4-hydroxy function. 

HOW 
1 88.14 2 

The sterols, tested for their 

A8 3 A7 

allelochemlcal activity, showed ef- 

fects on the rOOt growth of Raphanus satzvus L. 
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Compound 1 showed a molecular Ion at m/z 426.3491 in the HRMS spec- 

trum and In the 'IC-NMR spectrum exhibited 29 carbons according to a mo- 

lecular formula C,,H,,O,. The presence of six olefinlc carbons Justified 

three degrees of unsaturation beside the perhydrophenanthrene skeleton 

A fragment at m/z 301.2173 [M - C,H,,]+ Ln the MS spectrum suggested a 

monounsaturated side chain whereas the fragment at m/z 342.2555 [M - 

C&a]+, due to the loss of the terminal part of the side chain, agreed 

on the presence of a methylene group at C-24 Accordingly, In the 'H-NMR 

spectrum the H-28 methylene as two slnglets at 6 4.676 and 4.728, the H- 

25 septet at 6 2.382 and the H-21, H-26 and H-27 methyl doublets at 6 

0 968, 1.031 and 1.036 were respectively identifiable These signals 

were correlated In the H-C COSY to the carbons at 6 105 9, 33 9, 18 8, 

21.8 and 21 9. The H-21 chemical shift, compared with the corresponding 

signals in (20R)- and (20S)-24-methylenelopheno13, suggested a R 

configuration at C-20 The remaining unsaturatlons were univocally loca- 

ted at the 8,14 positions of the steroid nucleus. In fact the UV spec- 

trum showed a strong band at 248 nm, characterlstlc of heteroannular co- 

nJugated dienes. while a DEPT sequence showed three tetrasubstituted 

carbons at 13 122.4, 141.6, 150.8 and a trlsubstituted carbon at 6 117.2 

belonglng to this moiety. The chemical shifts of the H-15 proton at 6 

5.382 and the H-18 methyl at 6 0 821 were In good agreement 
4 

with these 

structural features. 

The IR spectrum, beslde the absorptlons due to the already located 

unsaturatlons (1640, 1620 cm-') displayed bands of hydroxyl groups at 

3550 and 3380 cm-' and, accordingly, the MS spectrum showed fragments 

due to the loss of water at m/z 393.3150 [M - CH, - H,O]+ and 375 3059 

[M - CH, - 2H,O]+. One of the hydroxyl groups was located at C-3 on the 

basis of biogenetic considerations. The geminal proton at 6 3.298 appea- 

red as a part X of an ABX system and Its couplings were in agreement 

with a R-equatorial oriented hydroxyl group. This proton was correlated 

in the H-C COSY to the methane carbon at 6 75.2 whereas In a long range 

H-C COSY showed scalar lnteractlon with the carbon at 6 74 1 which, in 

turn, was correlated to the methyl singlet at 6 1.286. These data were 

indicative of the presence of gemlnal methyl and hydroxyl groups at C-4. 

The 4B orlentatlon of the hydroxyl function finally resulted from the 

chemical shift at 6 1.193 of the angular C-19 methyl. In fact, this sl- 

gnal was downfield shifted of about 0.2 ppm respect to the corresponding 

signals in the 4a methyl sterols series 
5 

owing to the 1,3 dlaxial inter- 
6 

action with the hydroxyl group _ 

The formation of the corresponding acetonlde by treatment with acetone 
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and CuSO, was a confirm of the molecular structure. 

Compound 2 had a molecular formula C,,-H,,O, according to the MS and 

"C-NMR data. 'H-NMR spectrum showed the H-21, H-26, H-27 methyl dou- 

blets at 6 0.964, 1.029, 1.036 and the H-28 methylene singlets at 6 

4.664 and 4.720 supporting the same side chain of 1 Accordingly the MS 

spectrum displayed fragments at m/z 303.2321 [M - C,H,,]+ and 344.2731 

[M - C,H,,]+ Beside the C-24 and C-28 carbons at 6 156.7 and 106.0, the 

“C-NMR spectrum showed two further tetrasubstituted olefinic carbons at 

6 127 6 and 135 0. The corresponding double bond was univocally located 

at the C-8 posltlon on the basis of the chemical shift at 6 0.621 of the 
7 

H-18 methyl . Finally the chemical shifts of H-3 , H-19 and H-30 at 6 

3.298, 1.177 and 1.282 confirmed the same structural moiety as 1. 

Compound 3 had the same molecular formula C,,H,,O,. Besides the 

methyl doublets H-21, H-26, H-27 at 6 0.961, 1.031, 1 037 and the H-28 

singlets at 6 4 664 and 4.723, the ‘H-NMR spectrum showed the H-18, H-19 

and H-30 methyls at 6 0.541, 1.025 and 1.249, the H-3 double doublet at 

6 3.305 and an olefinlc proton at 6 5.256 The chemical shifts of the H- 

18 and H-19 methyls were in agreement with an unsaturation at C-7. 

The phytotoxic activity of sterols has been compared with that of 

coumarin, one of the most potent natural inhibitor of germination and 

seedling growth. As reported In table 1 sterols 1 and 2 inhibited 40% 

and 30% of radish root elongation although germination was not affected. 

TABLE 1. Effects of Sterols and Coumarln upon Germination and seedling 
Growth of Radish after four days from soaking. 

Control 100 26 

Coumacin 6.0 20 13 

1 60 100 16 

2 60 100 18 

3 6.0 100 24 

Dose (pmol) germination (%I root length (mm) 

According to previous reports 
8 

the three 4-hydroxysterols may be 

included in the same biosynthetic pathway a NADPH dependent hydrogenase 

could convert 1 Into 2 which, in turn, could give rise to 3 by isomera- 

se The hydroxyl group at C-4 might be formed during the 4a-demethyla- 

tion process 
9 

of the corresponding 4.4 dlmethyl sterols by an oxidative 
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decarbonylatlon 
10 

of the formyl lntermedlates or, alternatively, through 

a stereospecific hydroxylatlon of the resulting 4a-methyl sterols by 
11 

oxygenase . 

EXPERIYRNTAL 

UV spectra were obtalned on a Perkin-Elmer LAMBDA 7 spectrophotome- 

ter. IR spectra were recorded on a Perkin-Elmer mod. 1740 spectrometer. 

EIMS spectra were performed on a Kratos MS 80 apparatus. 'H- and "C-NMR 

spectra were recorded on a Bruker AM 400 spectrometer equipped with a 

dual probe (H/C 400.135/100.61 MHz) In CDCl, solutions. One bond and 

long range H-C COSY experiments were performed with the XHCORR 

mlcroprogramme. 

Isotatzon of sterots 1 - 3. 

The plants of E. crassipes (dry weight 9 Kg) were treated with 

ethyl acetate to give a crude extract (40 g) which was separated Into a 

neutral and an acid fraction. The neutral material (27 g) was fractlona- 

ted on S1 gel column by step gradient fram light petroleum to diethyl 

ether. The most polar fraction (7.3 g) was further chromatographed on Sl 

gel elutlng with light petroleum-ethyl acetate (4 1) to give a mixture 

of 1 - 3 (150 mg). Preparative argentatlon tic (benzene-ethyl acetate 

4 1, 2 runs) give pure sterols 1 (50 mg), 2 (15 mg) and 3 (60 mg). 

4a-MethyZ-Sa-ergosta-8,14,24(28)-trzene-36,46-dzol (1). 

MS. m/z 426.3491, 411.3264, 393.3150, 375.3059, 342.2555, 327.2333, 

301.2173. 299.2024. UV ~~~~ (EtOH) 249 nm (E 21,000). IR vmax (CHCl,) 

3550, 3380, 1640, 1620 cm-l. 'H-NMR 6 0.821 (s), 0.968 (d, 6.8 Hz), 

1.031 (d, 6.9 Hz), 1.036 (d, 6.9‘Hz), 1.193 (s), 1.286 (8). 3.298 (dd, 

JAX 
+ JBx 18.7 Hz), 4.676 and 4.728 (ss), 5.382 (brs). "C-NMR 6 36.9 

(C-l), 30.8 (C-2). 75.2 (C-31, 74.1 (C-4), 

(C-7), 122.4 

44.9 (C-131, 1 

(C-18), 17.4 ( 

156.7 (C-24) 

(C-30). 

C-8). 141.6 (C-9), 34.5 (C-10 ) 

50.8 (C-141, 117.2 (C-15). 35 

c-191, 33.7 (C-20). 18.8 (C-2 1 

33.9 (C-251, 21.8 (C-26), 21 

48.5 (C-5). 27.0 (C-61, 27.3 

, 21.3 (C-11). 37.2 (C-121, 

8 (C-16). 56.9 (C-17), 15.5 

1, 35.1 (C-22). 29.6 (C-23), 

9 (C-27). 105.9 (C-28), 25.2 

Acetonzde of 1 

Pure 1 (10 mg), dissolved In dry aceton (2 ml), was added of cuso, 

(5 mg) and refluxed 4 hr. After filtration, the solution was evaporated 
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zn ~a~7.40 and the residue was chromatographed on preparative Si gel tic 

(benzene- ethyl acetate 9 1) to give the corresponding acetonlde. 'H- 

NMR 6 0.838 (s, H-18), 0.965 (d, 6.8 Hz. H-21), 1.033 (d. 6.8 Hz, H- 

26), 1 039 (d. 6.8. H-27 Hz ), 1.188 (s, H-19), 1.390 (8. H-30), 3 895 

(dd, H-3), 4 672 and 4.730 (ss, H-28), 5.386 (brs, H-15), 1.449 and 

1.524 (ss, Me2C). 

40-f.fath~~-5a-ergosta-8,241281-dzene-3B,4%-d~o~ (2). 

MS m/z 428.3662, 410.3553, 395.3326, 377.3218, 344 2731, 303.2331, 

301.2181 IR vmax 3635, 3540, 1644 cm-'. 'H-NMR 6 0.621 (s), 0.964 (d, 

6.6 Hz), 1.029 (d, 6.8 Hz), 1.036 (d, 6.8 Hz), 1.177 (S), 1.282 (s). 

3.298 (dd, JAX +JBX 18.4 Hz). 4.664 and 4.723 (ss). "C-NMR 6 35.6 (C- 

l), 31.4 (c-2). 76.0 (C-3). 73.9 (C-U), 48.6 (C-5). 22.6 (C-6). 27 8 (C- 

7), 127.6 (C-8), 135.0 (C-9), 34.0 (C-10). 22.7 (C-11). 36.8 (C-12), 

42.3 (C-13), 51.4 (C-14), 23.3 (C-15). 28.7 (C-16). 55.0 (C-17), 11.3 

(C-18), 17.1 (C-19), 36.0 (C-20), 18.4 (C-21). 34.2 (C-22). 29.8 (C-23), 

156.7 (C-24), 33.4 (C-25). 21.8 (C-26), 21.9 (C-27). 106.0 (C-28). 25.3 

(C-30). 

Acetonzde of 2. 

Acetonide of 2 was prepared as described for 1. 'H-NMR 6 0.635 

(s), 0.966 (d, 6.6 Hz), 1.032 (d, 6.7 Hz), 1.038 (d. 6.7 Hz), 1.171 (S)P 

1.285 (s), 3.892 (dd), 1.446 and 1.552 (ss, Me2C). 

4a-Methyt-5a-ergosta-7,24o-dzene-38,4%-d~o7, (3). 

MS m/z 428.3651, 410.3542, 395.3301, 377.3199, 344.2719. 326.2856. 

303.2342, 301.2160, 283.2069. IR vmax 3620, 3530, 1642. 'H-NMR 6 0.541 

(s), 0.961 (d, 6.8 Hz), 1.025 (s), 1.031 (d, 6.9 Hz), 1.037 (d, 6.9 Hz), 

1.249 (6). 3.305 (dd, 
JAX + JBX 

18.4 Hz), 4.664 and 4.723 (ss), 5.256 

(m). "C-NMR. 6 37.0 (C-l), 31.0 (C-2), 75.9 (C-3), 73.5 (C-4). 48.3 (C- 

5)s 26.8 (C-6) 117.7 (C-7). 138.9 (C-8). 50.9 (C-9). 36.0 (C-lo), 20.9 

(C-11), 39.4 (c-12), 43.4 (C-13). 54.9 (C-14). 22.9 (C-15). 27.9 (C-16), 

55.9 (C-17), 11.8 (C-18), 14.3 (C-19), 36.2 (C-20), 18.8 (C-21), 34.6 

(C-22). 29.7 (C-23), 156.8 (C-24). 33.8 (C-25), 22.0 (C-26). 22.1 (C- 

27). 105.9 (C-28). 25.5 (C-30). 

Acetonzde of 3. 

Acetonide of 3 was prepared as described above for 1. 'H-NMR. 6 

0.557 (s), 0.964 (d, 6.8 Hz), 1.033 (d, 6.9 Hz), 1.039 (d, 6.9 Ha), 

1.020 (s), 1.352 (s), 1.449 and 1.524 (8s. Me,C). 3.895 (dd). 5.281 

(brs). 



7134 
M. DELLA GRECA et al 

Bzoassay. 

R. sativus L. seeds were germinated on 30 ml layers of Bacto Agar 

gel (10 g/l H,O) in covered 9 cm diameter petri dishes previously steri- 

llzed and kept at 25 OC with a continuous lrradiances of 250 PE rn-' 
--I 

set . Experiments with pure coumarin and sterols were carried out by 

dissolving the substances zn acetone (1 mg/20 1) and adsorbing them se- 

parately on Whatman filter paper disks (0.6 cm diameter) which were then 

inserted In the middle of petri dishes after the solvent evaporation. A 

control contalnlng a filter treated with acetone was Included in each 

determznation 25 seeds were Inserted In each petri dish after three 

days In order to allow uniform dlstrlbutlon of sterols and coumarln In 

agar. Seeds were consrdered germinated when the protrusion of the em- 

bryonic root became evident. Effects on root elongation were determlned 

by measuring to the nearest millimeter the length of the primary root of 

each seedling four days after soaking. 
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