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Abstract—Three new hydroperoxysterols, 24-hydroperoxy-4a,14a-dimethylcholesta-8,25-dien-3$-ol, 25-hydroperoxy-
40, 14a-dimethylcholesta-8,23-dien-3-ol and 25-hydroperoxycycloart-23-en-3-ol, have been isolated from the aerial
parts of Xanthosoma robustum, besides 24-hydroperoxycycloart-25-en-3p-ol, 4o, 14a-dimethylcholesta-8,24-dien-3-
ol and cycloartenol. Additionally, the two new diols, 4e,14a-dimethylcholesta-8,25-dien-3,24-diol and 4o,140-
dimethylcholesta-8,23-dien-38,25-diol were obtained from the first two hydroperoxysterols, respectively, by reduction
with triphenylphosphine. The structures have been defined by chemical and spectroscopic studies. The four hy-
droperoxysterols exhibited antibacterial acitivities against Escherichia coli, Bacillus subtilis and Micrococcus luteus.

INTRODUCTION

Xanthosoma robustum Schott occurs in southern Mexico
and Central America. The roots are used medicinally
(external for wounds, skin diseases and culture bound
syndromes) by the Indians of Oaxaca in Mexico, and the
young leaves are cooked and eaten in Guatemala [1-3].
Chemically, the genus Xanthosoma is poorly known. In
our detailed survey of the aerial parts, three new hy-
droperoxysterols, 1-3 have been isolated as well as 24-
hydroperoxycycloart-25-en-38-o0l (4), 4a,14a-dimethyl-
cholesta-8,24-dien-38-o0l (5) and cycloartenol (6). Addi-
tionally, the two new diols, 7 and 8 were obtained from
1 and 2, respectively, by reduction with triphenylphos-
phine. In this paper, we report the isolation and structure
elucidation of these compounds as well as their antibac-
terial activities.

RESULTS AND DISCUSSSION

All compounds (1-6) were obtained from n-hexane ex-
tract of air-dried powdered aerial parts by a combination
of VLC and HPLC as described in the Experimental.
Identifications of 5 [4] and 6 [S5] were achieved by
comparison with previously reported spectroscopic data.

In the '3CNMR spectrum, compound 1 showed 29
carbon signals which were similar to those of compound
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5. Since the chemical shifts of C-1 to C-21, C-28 and C-29
agreed very well with those of compound 5, as shown in
Table 1, compound 1 was suggested as a 4o,14a-
dimethylicholesta-8-en-3f-ol derivative. The identifica-
tion of the side chain in 1 was performed by analysis of
the NMR spectra as follows. The methyl signal (H3-27) at
8y 1.73 and the two signals for protons (H,-26) at éy 5.01
and 5.03 of vinyl carbon C-26 (¢ 114.2) showed coupling
to each other (J = 1.2 and 2.2 Hz, respectively), indicat-
ing that the isopropenyl group must be located at C-23.
The carbon with a resonance at ¢ 90.4 (d) was confirmed
at C-24, because H-24 was observed as triplet-like signal
(J =6.2Hz) due to coupling with H-23 (see Experi-
mental). In addition, in the 'H-'H COSY spectrum, H-
24 showed a cross peak to H-26 due to its allyl coupling.
This evidence supported the structure of the side chain as
in 1. The attachment of a hydroperoxy group at C-24 (¢
90.4) was indicated by the molecular ion [M]" at m/z 444
in the EI-mass spectrum. However, the carbons of C-24
to C-26 showed doubling of the signals (Table 1). This
phenomenon is consistent with the presence of a mixture
of C-24 epimers in compound 1 [6, 7]. Additionally,
reduction of 1 with triphenylphosphine was attempted
and yielded diol 7 as expected. The EI-mass spectrum of
7 gave [M]* at m/z 428. The '*CNMR spectrum of
7 also showed signal doublings of C-23 to C-27. The
resonances at d¢ 31.5, 76.3, 147.5, 111.4 and 17.2(C-23 to
C-27) were attributed to the 24S form, and the other
resonances to the 24R form (Table 1) [8]. The signal of
C-24 at §¢ 76.8 (or 76.3) was shifted upfield compared
with that of 1 (¢ 90.4 or 90.3). Similarly, in the 'HNMR
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spectrum, H-24 (64 4.01) was shifted upfield in compari-
son with that of 1 (64 4.27). These findings prove that
compound 1 is a 245 and 24R mixture of 24-hydro-
peroxy-4a,14a-dimethylcholesta-8,25-dien-3-ol.

In the El-mass spectrum, compound 2 gave the same
[M]" at m/z 444 as 1. In the '*C NMR spectrum, 2 also
showed 29 carbon signals which were in agreement with
those of 1 except for the signals for C-22 to C-27. These
data suggest 2 to be isomer of 1. The 'H NMR spectrum
of 2 showed two equivalent methyl groups as a singlet
(6H) at 64 1.34 indicating H;-26 and 27. The doublet
(J24-23 = 16.0 Hz) and the doublet of doublet of doub-
lets (J23_24 = 160, JZ3-223 = 8.0 and J23..22|, =6.0 HZ)
due to one proton each at 6y 5.52 and 5.69 were at-
tributed to H-24 and H-23, respectively (Experimental).
The carbon signal at dc 82.3 (s) was assigned to C-25 with
a hydroperoxyl substitution. As expected, reduction of
2 with triphenylphosphine gave the corresponding diol
8 showing [M]" at m/z 428 in the El-mass spectrum. In
the *C NMR spectrum of 8, the signal of C-25 (5¢ 70.7)
was shifted upfield compared with that of 2 (5. 82.3), and
the other carbon signals agreed very well with those of
2 except for the signals of two methyl groups (C-26 and
C-27) bonding to C-25 and olefinic carbons (C-23 and

C-24). The structure of 2 was thus deduced as 25-hy-
droperoxy-4a,14a-dimethylcholesta-8,23-dien-3g-ol.

Compound 3 gave [M]}* at m/z 458 in the EI-mass
spectrum and 30 carbon signals in the **C NMR spec-
trum. The carbon signals of C-1 to C-21 and C-28 to
C-30 agreed with those of 6, while those of C-22 to C-27
for the side chain were in good agreement with those of
2 (Table 1). In the 'H NMR spectrum of 3, two doublets
(J = 4.0 Hz) at 6 0.33 and 0.55 were assigned to geminal
methylene protons of a cyclopropane ring as in 6. The
olefinic proton signals (dy 5.69 and 5.52) and a singlet (dy
1.34, 6H) were very similar to those for H-23, H-24, H-26
and H-27 of 2 (Experimental). The structure of com-
pound 3 was therefore established as 25-hydroperoxycyc-
loart-23-en-38-ol.

Compound 4 also exhibited [M]* at m/z 458 in the
El-mass spectrum. In the 'HNMR spectrum of 4, the
geminal methylene protons of a cyclopropane ring were
shown as two doublets (J = 4.0 Hz) at 6, 0.33 and 0.55.
A triplet (6 4.27), signals for two olefinic protons (6 5.01
and 5.03) and methyl group (dy 1.73) were very similar to
those for H-24, H-26 and H-27 of 1 (Experimental). In the
13CNMR data, C-1 to C-21 and C-28 to C-30 of 30
carbon signals in 4 agreed with those of 3, and C-22 to
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Table 1. '*C NMR spectral data of

compounds 1-8* (4, 75 MHz, CDCl3)

Ct 1 2 3 4 5 6 7 8
1 350 35.0 320 320 350 320 350 350
2 310 31.0 304 30.4 311 304 31.1 310
3 76.6 76.6 78.8 78.8 76.6 78.8 76.6 76.6
4 39.2 39.2 40.5 40.5 39.2 40.5 392 392
5 47.1 47.1 47.1 47.1 47.1 47.1 47.1 47.1
6 20.7 20.7 21.1 211 20.7 211 20.7 20.7
7 28.1 28.1 26.0 260 28.2 260 282 28.1
8 134.6 134.7 48.0 48.0 134.7 480 1346 134.6
9 133.6 133.6 20.0 20.0 133.6 200 1336 133.7
10 36.3 36.3 26.1 26.1 36.3 26.1 36.3 36.3
11 21.7 217 264 26.4 21.8 26.5 21.8 217
12 255 25.6 328 329 255 329 25.5 25.6
13 445 44.5 453 453 445 453 4.5 44.5
14 499 49.9 48.8 48.8 499 48.8 499 499
15 312 31.2 35.6 35.5 31.2 35.6 31.2 31.2
16 30.8 30.8 28.1 28.1 30.8 28.1 30.8 30.8
17 50.3 50.2 521 521 52.08§ 50.4 52.3 50.3 50.2
18 15.7 15.8 18.1 180 15.7 18.0 15.7 15.8
19 18.2 18.2 29.9 299 18.2 299 18.7 18.2
20 36.2 36.6 36.3 360 35.8§ 36.3 359 36.3 36.7
21 18.6 18.7 184 18.2 18.1§ 18.6 18.2 18.2 18.7
22 272 394 394 27.6 27.3§ 36.4 36.4 319 391
23 320 130.7 1308 320 249 249 31.7 31.5§ 125.6
24 90.4 90.3§ 1345 1344 90.4 90.2§ 1253 1253 76.8 76.3§ 1394
25 143.9 143.6§ 823 823 1439 143.6§ 1309 1309 1478 147.5§ 70.7
26 1142 114.7§ 2441 2441 1142 114.7§ 17.6 176 1109 111.4 299t
27 169 243%  243% 169 172§ 257 25.7 176 17.2§ 30.0%
28 150 151 254 254 15.0 254 15.1 15.1
29 244 244 14.0 14.0 244 14.0 244 24.4
30 19.3 19.3 19.3

*Multiplicities determined by DEPT sequences.

tNumbering according to the IUPAC-IUB (1989) recommendations.
tAssignments in any vertical column may be interchanged.

§Signals for C-24 epimer.

C-27 for side chain were in good agreement with those of
1. However, the 13C NMR spectrum of 4 also showed
doubling of certain carbons, i.e. C-17, C-20 to C-22 and
C-24 to C-27 (Table 1). Based on this evidence, com-
pound 4 was determined to be a 24-epimeric mixture of
24-hydroperoxycycloart-25-en-38-ol. This compound
(without assigning a precise stereochemistry at C-24) was
isolated recently from Euphorbia cyparissias by Oksiiz et
al. [9). For compound 4 complete NMR data are re-
ported in Table 1 and in the Experimental, as they were
found to be either incompletely reported or incorrectly
assigned in some cases [9].

Compounds 1-4 showed significant antibacterial ac-
tivities against Escherichia coli, Bacillus subtilis and
Micrococcus luteus in contrast to 5-8. Minimum growth
inhibition concentrations on TLC are given in Table 2.
These results suggest that the activities of 1-4 may be due
to the hydroperoxy group.

EXPERIMENTAL

General. All mps are uncorr. Optical rotations were
obtained on a Perkin-Elmer model 141 polarimeter. EI-

Table 2. Antibacterial activities of 1-8 in comparison to

chloramphenicol*
Compound E. coli M. luteus B. subtilis
1 2 1 1
2 1 0.5 0.5
3 2 2 1
4 1 1 5
5 > 20 > 20 > 40
6 >20 > 20 > 40
7 > 20 >20 >20
8 > 20 > 20 > 20
Chloramphenicol 0.04 0.04 0.04

*Minimum growth inhibitory amount in ug on TLC-plates.

MS were recorded on Hitachi-Perkin-Elmer-RMUGM
mass spectrometer at 70eV. All NMR spectra were
measured with a Bruker AMX-300 spectrometer (300.13
MHz for 'H and 75.47 MHz for '3C) in CDCl;. The
residual CHCI; resonances at dy 7.26 and d¢ 77.0 were
used as internal references. VLC was performed on Si gel
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(type 60, Merck, 40-63 mm). HPLC separations were
carried out on a LiChrosorb Si 60 column with a
Waters model 590 pump and a Knauer differential refrac-
tometer.

Plant material. The plant material was collected near
St. Domingo Petapa, Oaxaca, Mexico, in February 1993
and September 1994. Voucher specimens have been de-
posited at the following herbaria: MEXU (UNAM,
Mexico D.F.), ZT (ETH Zurich, Switzerland) and FB
{Inst. Pharm. Biol., University of Freiburg, BRD).

Antibacterial activity. The pure compounds were as-
sayed for antibacterial activity against B. subtilis (ATCC
6633), E. coli (ATCC 25922) and M. luteus (ATCC 9341),
using a bioautographic method [10, 11].

Extraction and isolation. Air-dried and powdered plant
material (1 kg) was extracted with n-hexane by percola-
tion at room temp. to afford a crude extract (35 g), after
solvent removal in vacuo. This material was subjected to
VLC with hexane containing increasing portions of
EtOAc to afford frs 1-10. Frs 1-3 (18.8 g) formed an oily
mass containing lipids. Fr. 5 (1.9 g) gave f-sitosterol (ca.
150 mg) as white precipitate from CH,Cl,-MeOH. Frs
6-10 (8.7 g) formed a dark green mass containing chloro-
phylls. Fr. 4 (4.1 g) was fractionated by repeated VLC
( x 4) with hexane-EtOAc to give the following four frs of
sterols, A (54 mg), B (36 mg), C (120 mg) and D (130 mg).
The final purifications of these frs were carried out by
HPLC. Frs A and B gave 1 (11 mg) and 2 (14 mg) with
hexane-EtOAc (73:27) and 3 (8 mg) and 4 (13 mg) with
hexane-EtOAc (4:1), respectively. Compounds 5 (37 mg)
and 6 (21 mg) were obtained from frs C and D, respective-
ly, with hexane-EtOAc (83:17).

24-Hydroperoxy-4a,14a-dimethylcholesta-8, 25-dien-
3B-ol (1). Amorphous powder. [«]3° + 54° (CHCl;;
¢ 0.2). EI-MS m/z: 444 [M]*. 'HNMR: 60.70 (3H, s,
H-18), 0.87 (3H, s, H-29), 0.90 (3H, d, J = 6.2 Hz, H-21),
0.96 (3H, s, H-19), 0.99 (3H, d, J = 6.8 Hz, H-28), 1.73
(3H, dd, J =22, 1.2 Hz, H-27), 3.10 (1H, ddd, J = 9.8,
5.2 Hz, H-3), 4.27 (1H, ¢, J = 6.2 Hz, H-24), 5.01 (1H, q,
J = 1.2 Hz, H-26a), 5.03 (1H, g, J = 2.2 Hz, H-26b), 7.74
(1H, s, OOH). }3C NMR (Table 1).

25-Hydroperoxy-4a,14a-dimethylcholesta-8,23-dien-
3B-ol (2). Amorphous powder. [«]3% + 54° (CHClj;
¢ 0.2). EI-MS m/z: 444 [M]*. 'HNMR: § 0.72 (3H, s,
H-18),0.87 3H, s, H-29),090 (3H, d, J = 6.2 Hz, H-21),
0.97 (3H, s, H-19), 0.99 (3H, d, J = 6.4 Hz, H-28), 1.34
(6H, s, H-26 and H-27), 3.10 (1H, ddd, J = 9.8, 5.2 Hz,
H-3), 5.52 (1H, d, J;4-23 = 16.0 Hz, H-24), 5.69 (1H, ddd,
J23-24 = 160,J33_22, = 8.0and J,3- 35, = 6.0 Hz, H-23),
7.24 (1H, s, OOH). '*C NMR (Table 1).

25-Hydroperoxycycloart-23-en-3B-ol (3). Needles: mp
138-139°. [«]3® + 30° (CHCl3; ¢ 0.3). EI-MS m/z: 458
[M]*. 'THNMR: §0.33 (1H, d, J = 4.0 Hz, 19-Ha), 0.55
(1H,d, J = 4.0 Hz, 19-Hb), 0.81 (3H, s, H-29), 0.87 (3H, d,
J = 6.2 Hz, H-21), 0.88 (3H, s, H-30), 0.965 (3H, 5, H-28)*,
0.970 (3H, s, H-18)*, 1.34 (6H, s, H-26 and H-27), 3.28
(1H, m, W,,, = 13.0 Hz, H-3), 5.52 (1H, d, J = 16.0 Hz,
H-24), 5.69 (1H, ddd, J = 16.0, 8.0, 6.0 Hz, H-23), 7.23
(1H, s, OOH), *assignments may be exchangeable.
13CNMR (Table 1).
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24-Hydroperoxycycloart-25-en-3B-ol (4). Needles: mp
128-129°. [a]3° + 46° (CHCls; ¢ 0.4). EI-MS m/z: 444
[M]*. '"H NMR: § 0.33 (1H, 4, J = 4.0 Hz, 19-Ha), 0.55
(1H, d, J = 4.0 Hz, 19-Hb), 0.81 (3H, 5, H-29), 0.87 (3H, 4,
J = 7.8 Hz, H-21), 0.89 (3H, s, H-30), 0.96 (3H, s, H-28)*,
0.97 (3H, s, H-18)*, 1.73 (3H, dd, J = 2.2,1.2 Hz, H-27),
328 (1H, m, Wy;; = 150Hz, H-3), 427 (1H, ¢,
J = 6.2 Hz, H-24), 501 (1H, br s, H-26a), 5.03 (1H, m,
W 1,2 = 5.0 Hz, H-26b), 7.73 (1H, s, OOH), *assignments
may be exchangeable. 1*C NMR (Table 1).

Reduction of hydroperoxysterols. The soln (2 ml) of
1 (5 mg) in CH,Cl, was treated with triphenylphosphine
(excess) at room temp. for 1 hr. After removal of the
excess triphenylphosphine and triphenylphosphine oxide
by CC, the purification of the reduction product by
HPLC with hexane-EtOAc (4:1) yielded diol 7 (3.6 mg).
Using the same conditions 2 gave the corresponding
diol 8.

4o, 140-Dimethylcholesta-8, 25-dien-3p, 24-diol (7). Need-
les: mp 175-176°. EI-MS m/z: 428 [M] . 'THNMR: 6 0.71
(3H, s, H-18),0.87 (3H, 5, H-29),091 3H,d.J = 6.2 Hz,
H-21),0.97 (3H, s, H-19),099 (3H, d, J = 6.8 Hz, H-28),
1.72(3H, br 5,H-27),3.10(1H, ddd,J = 9.8,5.2 Hz, H-3),
401 (1H, m, Wy;; = 100Hz, H-24), 483 (1H, g,
J = 1.8 Hz, H-26a), 493 (1H, m, W;; = 52Hz, H-
26b). 13C NMR (Table 1).

4a,14a-Dimethylcholesta-8, 23-dien-3f3, 25-diol (8). Need-
les: mp 222-223°. EI-MS m/z: 428 [M]*. 'THNMR: 4 0.71
(3H, 5, H-18), 0.87 (3H, s, H-29),0.89 3H, d,J = 6.2 Hz,
H-21),0.97 (3H, s, H-19),099 (3H, d, ] = 6.4 Hz, H-28),
132 (6H, s, H-26 and H-27), 310 (1H, m,
W, = 150Hz H-3), 559 2H, m, W, = 40Hz
H-23 and H-24). 13CNMR (Table 1).
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