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Bioactive Sterols from the Starfish Certonardoa semiregularis
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Thirteen new polyhydroxysterols (1—5, 7—12, 14, 15) and two known polyhydroxysterols (6, 13) were
isolated from the brine shrimp active fraction of the starfish Certonardoa semiregularis. The structures
were determined on the basis of spectral analysis and chemical derivatization. These compounds displayed
considerable cytotoxicity against a small panel of human solid tumor cell lines. These compounds were
also evaluated for antibacterial activity against 20 clinically isolated strains. Most of the compounds
showed weak antibacterial activity against Streptococcus pyogenes 308A, Pseudomonas aeruginosa 1771,

and Pseudomonas aeruginosa 1771M.

Starfish appear to be the richest source of polyhydroxy-
sterols. Although polyhydroxysterols have been isolated
from only a limited number of species in other marine
phyla, they are widespread in almost all species of starfish
(phylum Echinodermata) examined.*

In the course of the search for bioactive metabolites from
the starfish Certonardoa semiregularis, we have isolated
11 saponins.? In our continuing study on the same starfish,
13 new polyhydroxysterols (1-5, 7—12, 14, 15, Chart 1),
along with two known ones (6, 13), were isolated. Com-
pound 6 was previously isolated from the starfish Go-
mophia watsoni,® Dermasterias imbricata,* Culcita novae-
guineae,® and Nardoa tuberculata.® Compound 13 has been
isolated from two Antarctic starfish.”2 It is known that
most of the polyhydroxysterols so far isolated from starfish
possess the 8-hydroxy group,! but compounds 2, 4, 5, 7—9,
11, and 14 lack this distinctive feature. The side chains of
10 and 11 were first encountered in naturally occurring
sterols.

Results and Discussion

Certonardosterol A (1) was isolated as colorless needles.
The molecular formula of 1 was established as CogH4gOs¢
on the basis of the pseudomolecular ion peak at m/z
503.3362 [M + Na]* (calcd for C,gHssNaOg, 503.3349) and
the NMR data (Tables 1 and 4). Examination of its
1H and ¥C NMR spectra indicated the presence of the
35,45,60,8,155-pentahydroxy steroidal nucleus as observed
in certonardoside A.2 In the 'H NMR spectrum, the signals
at 6 1.05 and 0.94 (methyl doublets), 6 3.55 and 3.34
(oxymethylene), and 6 4.78 and 4.76 (olefinic methylene)
were observed, which indicate the presence of the 26-
hydroxy-24-methylcholest-24(24%)-ene side chain. The ster-
eochemistry at C-25 was determined by analysis of the
MTPA esters. It was reported that C-26 methylene protons
appear as a doublet at ¢ 4.16 for the (R)-MTPA esters of
(25S)-26-hydroxysteroids, while those of the 25R isomers
appear as two well-separated doublets of doublets at 6 4.24
and 4.08. The reversal of the pattern was observed in those

* To whom correspondence should be addressed. Tel: 82-51-510-2803.
Fax: 82-51-510-2803. E-mail: jhjung@pusan.ac.kr.

T Pusan National University.

* Shenyang Pharmaceutical University.

§ Korea Basic Science Institute.

U Korea Research Institute of Chemical Technology.

'Sahmyook University.

10.1021/np020507i CCC: $25.00

of the (S)-MTPA esters.® The 'H NMR spectrum of the (R)-
MTPA ester of 1 showed the H-26 methylene proton signal
as two close doublets of doublets at 6 4.33 and 4.20, while
that of the (S)-MTPA ester showed two well-separated
doublets of doublets at 6 4.38 and 4.15. Accordingly, the
25S configuration was proposed for compound 1. The
common 20R configuration was assumed on the basis of
the chemical shift of H-21 (ca. ¢ 0.95 in compounds with a
saturated side chain).® Thus, the structure of 1 was defined
as (25S)-24-methyl-50-cholest-24(241)-ene-34,4(3,6.,8,15(3,26-
hexol, which corresponds to the aglycone of certonardoside
A, although the stereochemistry at C-25 of certonardoside
A remains unassigned.?

Comparison of the *H NMR spectra of 2—5 with those of
1 revealed that they share the same (25S)-26-hydroxy-24-
methylcholest-24(241)-ene side chain. Certonardosterol B
(2) was isolated as colorless needles. The HRFABMS gave
a pseudomolecular ion peak at m/z 487.3397 [M + Na]*
(calcd for CogHygNaOs, 487.3399). It was an 8-deoxy deriva-
tive of 1, as determined by comparison of the 'H NMR data
with those of 1 (Table 1). The two coupled signals at 6 2.36
and 0.93, which were assigned to H-7, were coupled to the
H-6 oxymethine proton signal. The H-7 signal showed
additional coupling with the H-8 signal (6 1.89). The signals
of H-18 and -19 methyl protons, H-15 oxymethine proton,
Heq-11, and Ha-11 protons were shifted upfield by 0.31,
0.08, 0.25, 0.35, and 0.12 ppm, respectively, relative to
those of 1. The signals of C-6, C-11, and C-15 were shifted
by +1.8, +2.3, and —0.5 ppm, respectively, relative to those
of 1. These shifts agree with the elimination of the 1,3-
diaxial interaction between the angular methyl groups and
the 8-hydroxy group. The same pattern of shifts was
observed in amurensosides A and C*! and moniloside C.12
Thus, the structure of 2 was established as (25S)-24-
methyl-5a-cholest-24(24%1)-ene-343,43,6a.,15(,26-pentol.

Certonardosterol C (3) was isolated as colorless needles.
The HRFABMS gave a pseudomolecular ion peak at m/z
487.3389 [M + Na]* (calcd for CysHagNaOs, 487.3399). It
was postulated as a 4-deoxy derivative of 1. Comparison
of the IH NMR spectrum with that for 1 revealed the lack
of the broad signal at 6 4.25 assigned to H-4a in 1, and
upfield shifts of the signals of H-64 (6 4.16—3.70) and H-19
(6 1.15—0.99). The remaining signals were almost identical
to those of 1. Compound 3 corresponds to the aglycone of
certonardoside C, although the stereochemistry at C-25 of
certonardoside C remains unassigned.?

© 2003 American Chemical Society and American Society of Pharmacognosy

Published on Web 03/07/2003



Bioactive Sterols from the Starfish Certonardoa

Chart 1

Ro=H, 22,23-dehydro Y
Ry=OH, 22,23-dehydro OH
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Certonardosterol D (4) was isolated as colorless needles.
The HRFABMS gave a pseudomolecular ion peak at m/z
471.3448 [M + Na]* (calcd for CysHigNaO,4, 471.3450).
Comparison of the H and 3C NMR data with those of 3
indicated that 4 is the 8-deoxy derivative of 3 and corre-
sponds to the aglycone of certonardoside B, although the
stereochemistry at C-25 of certonardoside B remains un-
assigned.?

Certonardosterol E (5) was isolated as colorless needles.
The HRFABMS gave a pseudomolecular ion peak at m/z
471.3449 [M + Na]* (calcd for CysHaigNaO,, 471.3450). It
was a diastereomer of 4 with opposite stereochemistry at
C-6 and 15. The H-6 proton was observed as a quartet at
0 3.75 (J = 2.5 Hz), which was typical for an equatorial
proton coupled with three other equatorial or axial protons.
The coupling constant between H-14 and -15 (9.3 Hz) was
close to that of a 150-hydroxy steroid (10 Hz) and distinct
from that of a 154-hydroxy steroid (5 Hz).1! In the 13C NMR
spectrum, due to the alteration of the 1,3-diaxial interaction
with the corresponding hydroxy group, the signals of C-18
and -19 were shifted by —1.5 and +2.5 ppm, respectively,
relative to those of 4. The 34,64,15a-trihydroxy steroidal
nucleus has been encountered in granulatoside B,13 sola-
steroside S;,4 and the synthesized compound.®®

Compound 6 was isolated as light yellow needles. The
HRFABMS showed a pseudomolecular ion peak at m/z
475.3408 [M + Na]* (calcd for Co,;HssNaOs, 475.3399). The
structure was identified by comparison of the NMR data
with those reported.® The stereochemical assignment at
C-24 was now confirmed by analysis of the 'H NMR data
for its (R)-MTPA ester. The isopropyl methyl proton signals
were observed at ¢ 0.82 and 0.85, which matched well with
those of the (R)-MTPA ester of the 24S model compound

15

(6 0.84 and 0.86), while those of the (R)-MTPA ester of the
24R isomer would appear downfield shifted to 6 0.92 (6H,
d).16

Certonardosterol F (7) was isolated as colorless needles.
The HRFABMS gave a pseudomolecular ion peak at m/z
459.3438 [M + Na]* (calcd for C,7;HssNaO,, 459.3450). The
NMR data showed that 7 shares the same steroidal nucleus
as that of 4 and shares the same side chain as that of 6.
Thus, the structure of 7 was defined as (24S)-5a-choles-
tane-34,6a,15p3,24-tetrol.

Certonardosterol G (8) was isolated as colorless needles.
The HRFABMS gave a pseudomolecular ion peak at m/z
457.3303 [M + Na]" (calcd for Cy7HssNaO,, 457.3294).
Comparison of its NMR data with those for 7 indicated that
they share the same steroidal nucleus. The 'H NMR
spectrum of 8 showed two doublets of doublets at ¢ 5.46
and 5.38, which could be assigned to the A%?F protons (J =
15 Hz). The 22E configuration was also supported by the
chemical shift of C-20 at ¢ 41.1, while that of the 22Z
isomer would be upfield shifted to about ¢ 35.8 The coupling
of the oxymethine signals (6 3.69) to the olefinic signal at
0 5.38 suggested the 24-hydroxycholest-22-ene side chain.
The configuration of C-24 was proposed on the basis of the
analysis of the *H NMR data of the MTPA esters. It was
known that the isopropyl methyl signals appear at ¢ 0.87—
0.90 for the (R)-MTPA ester of the (22E, 24R) model
compounds, while they are shifted to 6 0.95—0.98 for that
of the (22E, 24S) isomer.” The isopropyl methyl signals
were shifted upfield to 6 0.84 and 0.83 in the spectrum of
the (R)-MTPA ester of 8 and shifted downfield to 6 0.94
and 0.92 in that of the (S)-MTPA ester. Thus, compound 8
can be defined as (E)-(24R)-5a-cholest-22-ene-3p3,6c,154,24-
tetrol.
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Table 1. 'H NMR Data of Compounds 1—5 (CD3OD, 600 MHz)?2
position 1b 2 3 4 5
1 1.70 (dt, 13.0, 3.8) 1.69 (dt, 13.2, 3.3) 1.72 (m) 1.72 (dt, 13.2, 3.2) 1.65 (dt, 13.0, 3.3)
0.99 (m) 1.03 (m) 0.98 (m) 1.03 (m) 0.98 (m)
2 1.82 (m) 1.82 (m) 1.73 (m) 1.77 (m) 1.75 (m)
1.56 (M) 1.57 (m) 1.49 (m) 1.43 (m) 1.43 (m)
3 3.43 (ddd, 12.5, 4.8, 3.5) 3.43 (ddd, 11.9, 4.5, 3.5) 3.49 (m) 3.48 (m) 3.53 (m)
4 4.25 (brs) 4.22 (brs) 2.19 (dt, 12.4,2.1) 2.19 (dt, 12.5,2.2) 1.75 (m)
1.22 (m) 1.18 (m) 1.55 (m)
5 0.93 (m) 0.91 (m) 1.03 (m) 1.02 (m) 1.14 (m)
6 4.16 (td, 11.0, 4.3) 3.91 (td, 10.9, 4.6) 3.70 (td, 10.8, 4.2) 3.39 (td, 10.8, 4.4) 3.75 (g, 2.5)
7 2.44 (dd, 12.3, 4.3) 2.36 (dt, 11.8, 4.1) 2.38 (m) 2.27 (m) 2.13 (dt, 13.5, 3.1)
1.30 (dd, 12.3, 11.0) 0.93 (m) 1.28 (m) 0.92 (m) 1.31 (td, 13.5, 3.2)
8 1.89 (m) 1.88 (m) 1.95 (m)
9 0.81 (dd, 12.3, 2.8) 0.68 (td, 11.5, 3.5) 0.84 (dd, 12.7, 2.9) 0.73 (td, 11.5, 3.4) 0.72 (td, 10.7, 4.3)
11 1.79 (m) 1.44 (m) 1.83 (m) 1.53 (m) 1.54 (m)
1.44 (m) 1.32 (m) 1.49 (m) 1.33 (m) 1.41 (m)
12 1.98 (dt, 13.0, 3.3) 1.96 (M) 2.00 (dt, 12.6, 3.4) 1.96 (dt, 12.2, 3.6) 1.97 (m)
1.17 (m) 1.11 (m) 1.18 (m) 1.13 (m) 1.24 (m)
14 1.01 (m) 0.90 (m) 1.02 (m) 0.92 (m) 1.08 (d, 9.3)
15 4.42 (td, 6.5, 1.8) 4.17 (td, 6.6, 1.9) 4.42 (td, 6.6, 2.0) 4.17 (td, 6.5, 2.1) 3.88 (td, 9.3, 3.2)
16 2.36 (dt, 15.0, 7.0) 2.41 (dt, 14.8,8.2) 2.37 (m) 2.41 (dt, 14.6, 8.2) 1.90 (m)
1.39 (m) 1.35 (m) 1.39 (m) 1.35 (m) 1.73 (m)
17 1.03 (m) 1.09 (m) 1.01 (m) 1.11 (m) 1.43 (m)
18 1.25 (s) 0.94 (s) 1.27 (s) 0.95 (s) 0.75 (s)
19 1.15 (s) 1.07 (s) 0.99 (s) 0.87 (s) 1.04 (s)
20 1.57 (m) 1.57 (m) 1.57 (m) 1.57 (m) 1.42 (m)
21 0.94 (d, 6.0) 0.97 (d, 6.5) 0.95 (d, 6.5) 0.97 (d, 6.5) 0.96 (d, 5.8)
22 1.57 (m) 1.58 (m) 1.57 (m) 1.59 (m) 1.56 (m)
1.18 (m) 1.19 (m) 1.18 (m) 1.20 (m) 1.17 (m)
23 2.10 (m) 2.10 (m) 2.11 (m) 2.12 (m) 2.11 (m)
1.95 (m) 1.95 (m) 1.95 (m) 1.95 (m) 1.95 (m)
25 2.26 (sextet, 6.7) 2.27 (sextet, 6.7) 2.27 (sextet, 6.8) 2.26 (m) 2.26 (sextet, 6.7)
26 3.55 (dd, 11.0, 6.0) 3.57 (dd, 10.7, 5.8) 3.56 (dd, 10.7,5.8)  3.57 (dd, 10.7,5.8)  3.56 (dd, 10.7, 5.8)
3.34 (dd, 11.0, 7.5) 3.35(dd, 10.7, 7.5) 3.35(dd, 10.7, 7.5) 3.34 (dd, 10.7, 7.5) 3.35(dd, 10.7, 7.6)
27 1.05 (d, 7.0) 1.07 (d, 6.6) 1.06 (d, 6.9) 1.07 (d, 6.5) 1.06 (d, 6.9)
241 4.78 (br s) 4.79 (br s) 4.79 (br s) 4.80 (br s) 4.79 (br s)
4.76 (br s) 4.76 (br s) 4.77 (brs) 4.77 (br s) 4.77 (brs)

a Multiplicities and coupling constants are in parentheses. ? Spectrum of 1 was recorded at 500 MHz.

Certonardosterol H (9) was isolated as light yellow
needles. The HRFABMS showed a pseudomolecular ion
peak at m/z 443.3134 [M + Na]* (calcd for CysHssNaQy,
443.3137). Comparison of its NMR data with those for 8
revealed the presence of a 33,6a,154-trihydroxylation pat-
tern. In addition to the signals attributable to the steroidal
nucleus, the 13C NMR spectrum showed seven more
signals, including two olefinic carbons, one oxymethylene,
and two methyl carbons. In the HMBC experiment, the
olefinic carbon at 6 131.6 showed correlations with methyl
protons (6 0.97) and oxymethylene protons (6 3.42 and
3.30), and the cross-peak between the other olefinic carbon
(6 137.9) and methyl protons (6 1.01) was observed. Thus,
the structure of 9 was established as (E)-26,27-dinor-24&-
methyl-5a-cholest-22-ene-33,6a,1503,25-tetrol. Similar oxi-
dized and shortened side chains have been found in
polyhydroxysterols from the starfish Hacelia attenuata,
Myxoderma platyacanthum, and Acodontaster conspicuus.8
Compound 9 may be of a dietary origin since it has been
suggested that the marine Cy sterols (i.e., 26,27-dinor-24-
methylcholestane) originate from phytoplankton.t’

Certonardosterol | (10) was isolated as light yellow
needles and showed a pseudomolecular ion peak at m/z
501.3545 [M + Na]* (calcd for Co9HsoNaOs, 501.3556) in
the HRFABMS spectrum. Compound 10 possessed the
same steroidal nucleus as that of 6 as implied by the NMR
data (Tables 2 and 4). The NMR data of the side chain were
characterized by a trisubstituted olefin, four methyl groups,
and an oxymethylene group. The long-range coupling of the
olefinic proton at 6 4.91 with the methyl protons at ¢ 1.59
established the location of the latter at C-23.1 The H-21
and H-24! methyl protons were assigned on the basis of

the HMBC data, which showed cross-peaks between C-22
(6 132.9) and H-21 (6 0.94) and between C-23 (6 136.2) and
H-241 (6 0.95). The doublet at 6 0.88 was attributed to H-27
methyl protons. The geometry of the double bond was
assumed to be E by analogy with similar NMR data of
dinosterol,® acerosterol,’® and other related compounds
from starfish.2? The NMR data of H-26 (6 3.49, 3.15), H-27
(6 0.88), and H-241 (6 0.95) were indicative of the threo
configuration at C-24 and -25, while the erythro analogue
would show the corresponding signals at 6 3.53, 3.34, 0.87,
and 1.02, respectively.?! Because of the structural similar-
ity between the 26-hydroxy-23,24-dimethylcholest-22-ene
side chain and the 26-hydroxy-24-methylcholest-22-ene side
chain, the configuration at C-24 and -25 in 10 could be
assigned on the basis of the H NMR analysis of the MTPA
esters in the same manner as that for the 26-hydroxy-24-
methylcholest-22-ene side chain.?! It was reported that the
IH NMR spectrum of the (R)-MTPA ester of the 25S isomer
displays a smaller Ad of the H-26 geminal proton signals
than that of the 25R isomer. Such behavior is reversed in
the (S)-MTPA ester; the H-26 signal of the 25R isomer
displays a smaller Ad.2t The 'H NMR spectrum of the (R)-
MTPA ester of 10 showed the H-26 methylene proton
signals as two well-separated doublets of doublets at 6 4.32
and 3.97, while that of the (S)-MTPA ester showed two
close doublets of doublets at 6 4.20 and 4.06. Thus, the
(24S,25R) configuration was assigned and the structure of
10 was defined as (E)-(24S,25R)-23,24-dimethyl-5a-cholest-
22-ene-34,60,8,153,26-pentol.

Certonardosterol J (11) was isolated as colorless needles.
In the HRFABMS spectrum, it showed a pseudomolecular
ion peak at m/z 485.3603 [M + Na]* (calcd for CygHsoNaOQy,
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Table 2. 'H NMR Data of Compounds 6—10 (CDs0D, 500 MHz)2
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position 6 7 8b 9 10
1 1.71 (m) 1.71 (dt, 13.0, 3.5) 1.72 (dt, 13.1, 3.4) 1.71 (dt, 13.0, 3.5) 1.72 (dt, 13.0, 3.5)
0.98 (m) 1.03 (m) 1.04 (m) 1.02 (m) 0.98 (m)
2 1.73 (m) 1.76 (m) 1.77 (m) 1.75 (m) 1.74 (m)
1.48 (m) 1.43 (m) 1.43 (m) 1.42 (m) 1.49 (m)
3 3.48 (m) 3.47 (m) 3.48 (m) 3.47 (m) 3.47 (m)
4 2.18 (dt, 12.5, 2.0) 2.18 (dt, 12.5, 2.3) 2.19 (m) 2.18 (m) 2.19 (m)
1.19 (t, 12.5) 1.16 (m) 1.18 (m) 1.17 (m) 1.19 (t, 11.8)
5 1.03 (m) 1.02 (m) 1.02 (m) 1.02 (m) 1.03 (m)
6 3.69 (td, 10.8, 4.5) 3.38 (td, 10.8, 4.5) 3.39 (td, 10.7, 4.4) 3.37 (td, 10.8, 4.5) 3.69 (td, 10.5, 4.0)
7 2.37 (m) 2.27 (dt, 12.0,4.0)  2.28 (m) 2.26 (dt, 11.5, 4.3) 2.36 (dd, 12.5, 4.5) 1.27 (m)
1.27 (m) 0.92 (m) 0.92 (m) 0.90 (m)
8 1.88 (m) 1.88 (qd, 11.3, 2.9) 1.87 (m)
9 0.83 (dd, 13.0, 3.0) 0.71 (td, 11.5, 3.3) 0.73 (td, 11.6, 3.4) 0.71 (td, 11.8, 4.0) 0.84 (dd, 12.5, 2.5)
11 1.80 (qd, 13.0, 3.0) 1.52 (m) 1.53 (m) 1.53 (m) 1.81 (qd, 13.0, 3.0)
1.49 (m) 1.33 (m) 1.34 (m) 1.33 (m) 1.50 (m)
12 1.99 (dt, 13.0, 3.3) 1.95 (dt, 12.0, 3.0) 1.94 (dt, 12.5, 3.2) 1.92 (dt, 12.0, 3.0) 1.97 (dt, 13.0, 3.3)
1.16 (m) 1.10 (m) 1.15 (m) 1.13 (m) 1.18 (m)
14 1.01 (m) 0.91 (m) 0.92 (m) 0.91 (m) 1.01 (d, 5.5)
15 4.41 (td, 6.8, 2.8) 4.16 (td, 6.8, 2.3) 4.14 (td, 6.6, 2.1) 4.12 (td, 6.5, 2.0) 4.36 (td, 6.5, 2.0)
16 2.36 (m) 2.39 (dt, 15.0, 8.0) 2.28 (m) 2.21 (m) 2.18 (m)

1.39 (m) 1.36 (m) 1.36 (m) 1.33 (m) 1.27 (m)
17 0.99 (m) 1.07 (m) 1.13 (m) 1.09 (m) 1.03 (m)
18 1.26 (s) 0.94 (s) 0.97 (s) 0.94 (s) 1.31 (s)
19 0.98 (s) 0.86 (s) 0.88 (s) 0.86 (s) 0.98 (s)
20 1.53 (m) 1.51 (m) 2.22 (m) 2.14 (m) 2.52 (m)
21 0.93 (d, 6.5) 0.95 (d, 6.5) 1.05 (d, 6.6) 1.01 (d, 6.5) 0.94 (d, 6.5)
22 1.62 (m) 1.59 (m) 5.46 (dd, 15.4, 8.5) 5.29 (dd, 15.0, 8.0)° 4.91 (d, 9.5)

0.98 (m) 1.00 (m)
23 1.54 (m) 1.54 (m) 5.38 (dd, 15.4, 6.8) 5.26 (dd, 15.0, 7.0)¢

1.23 (m) 1.23 (m)
24 3.20 (m) 3.21 (m) 3.69 (t, 6.3) 2.22 (m) 1.92 (m)
25 1.61 (m) 1.61 (m) 1.65 (sextet, 6.6) 3.42 (dd, 10.8, 6.3) 1.64 (m)

3.30 (m)d
26 0.90 (d, 7.0) 0.91 (d, 7.0) 0.92 (d, 6.8) 3.49 (dd, 10.5, 5.0)
3.15 (dd, 10.5, 7.8)

27 0.88 (d, 7.0) 0.89 (d, 7.0) 0.87 (d, 6.8) 0.87 (d, 6.8) 0.88 (d, 6.5)
23t 1.59 (d, 1.0)
241 0.97 (d, 7.0) 0.95 (d, 7.0)

a Multiplicities and coupling constants are in parentheses. ? Spectrum of 8 was recorded at 600 MHz. ¢ The 6 and J values were analyzed

by spectrum simulation. 4 Overlapped with the solvent signal.

485.3607). The NMR data indicated that it shares the same
sterol nucleus with 9 and shares the same side chain with
10 (Tables 2, 3, and 4). Thus, the structure of 11 was
defined as (E)-(24S,25R)-23,24-dimethyl-5a-cholest-22-ene-
3p,60,153,26-tetrol. To the best of our knowledge, com-
pounds 10 and 11 are the first example of sterols of natural
origin with the 26-hydroxy-23,24-dimethylcholest-22-ene
side chain. Two sterols with further hydroxylation of the
same side chain had been isolated from the starfish
Styracaster caroli.?° The 23,24-dimethylcholest-22-ene side
chain is typical of dinosterol, which was reported from
dinoflagellates and diatoms.2223 Since dinoflagellates along
with diatoms constitute the very basis of the marine food
chain, the occurrence of 10, 11, and the above-mentioned
sterols from starfish may be of some interest as an
indication of the capability of starfish to oxidize dietary
sterols.

Certonardosterol K (12) was obtained as an inseparable
mixture with the known compound 13, previously isolated
from two Antarctic starfish.”® The NMR data implied that
the two compounds shared the same steroidal nucleus with
1. In addition, the *H NMR spectrum showed two isolated
olefinic proton signals in an integral ratio of 3:1. The
olefinic proton signal of the major component was observed
as a complex multiplet at ¢ 5.18 (6c134.6 and 136.7). In
the HMBC experiment, the cross-peaks between the signals
at 0c134.6 and 6 0.97 and between the signals at 0c136.7
and ¢ 0.98 were observed, and the oxymethylene protons
(6 3.55) showed correlations with signals at 6 34.7 and 40.9.
These suggested the presence of a 27-nor-26-hydroxy-24-

methylcholest-22-ene side chain for the major compound
12. The olefinic proton signal of the minor component was
observed as two doublets of doublets at ¢ 5.43 and 5.36,
and the latter was coupled with a triplet at 6 3.68, which
is ascribable to an oxymethine proton. Thus, the 24-
hydroxycholest-22-ene side chain was assigned to the minor
compound 13. The 24R configuration was proposed for 13
by analogy with co-occurring sterol 8.

Certonardosterol L (14) was isolated as colorless needles.
In the HRFABMS spectrum, it gave a pseudomolecular ion
peak at m/z 473.3242 [M + Na]* (calcd for Cy;H4eNaOs,
473.3243). The NMR data (Tables 3 and 4) showed that it
is the 8-deoxy derivative of 12. The sterol with the 27-nor-
26-hydroxy-24-methylcholest-22-ene side chain of natural
origin was not described before, while the steroid saponins
with this side chain have been found in the starfish
Coscinasterias tenuispina,?* Sphaerodiscus placenta,?® and
Henricia downeyae.26

Certonardosterol M (15) was isolated as colorless needles.
The HRFABMS gave a pseudomolecular ion peak at m/z
505.3497 [M + Na]* (calcd for CosHsoNaOg, 505.3505). The
NMR data indicated that it shares the same steroidal
nucleus with 1. In the methyl region of the *H NMR
spectrum, three doublets were observed. The doublet at 6
0.92 was assigned to H-21. The other two doublets at ¢ 0.80
and 0.77 showed correlations with the carbon signals at ¢
41.0 and 34.8, respectively, and the former showed cor-
relation with the oxymethine carbon at 6 66.9. These
implied the presence of the 26-hydroxy-24-methylcholes-
tane side chain. The threo configuration at C-24 and -25
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Table 3. 'H NMR Data of Compounds 11—15 (CD3zOD, 500 MHz)?2
position 11b 12 13 14 15
1 1.72 (m) 1.71 (dt, 13.5 3.5) 1.71 (dt, 13.5 3.5) 1.68 (dt, 13.5, 3.5) 1.71 (dt, 13.0, 3.5)
1.02 (m) 0.98 (m) 0.98 (m) 1.04 (m) 0.99 (m)
2 1.76 (m) 1.82 (m) 1.82 (m) 1.80 (m) 1.83 (m)
1.43 (m) 1.55 (m) 1.55 (m) 1.56 (m) 1.56 (m)
3 3.48 (m) 3.43 (ddd, 12.0, 5.0, 3.5) 3.43 (ddd, 12.0, 5.0, 3.5) 3.42 (m) 3.43 (m)
4 2.19 (dt, 12,5, 2.1) 4.25 (brs) 4.25 (brs) 4.21 (brs) 4.25 (brs)
1.16 (m)
5 1.01 (m) 0.94 (m) 0.94 (m) 0.91 (m) 0.93 (m)

6 3.39 (td, 10.7,4.4)  4.15 (td, 11.0, 4.2) 4.15 (td, 11.0, 4.2) 3.89 (td, 11.5, 5.0) 4.16 (td, 11.0, 4.4)
7 2.27 (dt, 12.0,4.0)  2.43(dd, 12.5, 4.3) 2.43 (dd, 12.5, 4.3) 2.34 (dt, 11.5, 4.3) 2.44 (dd, 12.5, 4.3)
0.91 (m) 1.29 (m) 1.29 (m) 0.92 (m) 1.29 (m)

8 1.88 (m) 1.88 (m)

9 0.73 (td, 11.5, 3.4) 0.82 (dd, 12.5, 3.0) 0.82 (dd, 12.5, 3.0) 0.67 (td, 11.5, 3.7) 0.82 (m)

11 1.54 (m) 1.78 (m) 1.78 (m) 1.43 (m) 1.75 (m)
1.33 (m) 1.44 (m) 1.44 (m) 1.30 (m) 1.43 (m)

12 1.93 (m) 1.96 (dt, 12.5, 3.3) 1.96 (dt, 12.5, 3.3) 1.91 (dt, 12.5, 2.5) 1.98 (dt, 13.0, 3.3)
1.12 (m) 1.17 (m) 1.17 (m) 1.11 (m) 1.15 (m)

14 0.91 (m) 1.00 (d, 5.5) 1.00 (d, 5.5) 0.88 (m) 1.00 (d, 5.5)

15 4.12 (td, 6.6, 2.0) 4.38 (td, 6.5, 2.3) 4.38 (td, 6.5, 2.3) 4.13 (td, 6.5, 2.0) 4.41 (td, 6.5, 2.3)
16 2.23 (dt, 15.1, 8.6) 2.20 (m) 2.20 (m) 2.21 (m) 2.35 (dt, 14.5, 8.0)
1.26 (m) 1.36 (m) 1.36 (m) 1.32 (m) 1.38 (m)

17 1.03 (m) 1.02 (m) 1.02 (m) 1.09 (m) 0.98 (m)
18 0.98 (s) 1.27 (s) 1.28 (s) 0.94 (s) 1.25 (s)
19 0.88 (s) 1.15 (s) 1.15 (s) 1.06 (s) 1.15 (s)
20 2.52 (m) 2.11 (m) 2.21 (m) 2.12 (m) 1.53 (m)
21 0.96 (d, 6.5) 0.98 (d, 7.0) 1.02 (d, 6.5) 1.00 (d, 7.0) 0.92 (d, 6.5)
22 4.94 (d, 9.8) 5.19 (dd, 15.0, 8.0)° 5.43 (dd, 15.5, 8.0) 5.19 (dd, 15.0, 8.0)° 1.39 (m)
1.08 (m)
23 5.16 (dd, 15.0, 7.0)¢ 5.36 (dd, 15.5, 7.0) 5.16 (dd, 15.0, 7.0)¢ 1.23 (m)
24 1.92 (m) 2.18 (m) 3.68 (t, 6.3) 2.18 (m) 1.55 (m)
25 1.64 (m) 1.47 (m) 1.64 (sextet, 6.6) 1.47 (m) 1.60 (m)
26 3.51(dd, 10.7, 4.7) 3.55 (m) 0.90 (d, 7.0) 3.56 (m) 3.46 (dd, 11.0, 6.5)
3.17 (dd, 10.7, 8.0) 3.17 (dd, 10.7, 8.0) 3.34 (dd, 11.0, 7.3)
27 0.89 (d, 6.7) 0.89 (d, 6.7) 0.86 (d, 6.5) 0.86 (d, 6.5) 0.80 (d, 7.0)
23t 1.60 (d, 1.1) 1.60 (d, 1.1)
241 0.97 (d, 7.0) 0.97 (d, 7.0) 0.97 (d, 6.5) 0.77 (d, 6.5)

a Multiplicities and coupling constants are in parentheses. ® Spectrum of 11 was recorded at 600 MHz. ¢ The 6 and J values were
analyzed by spectrum simulation.

Table 4. 13C NMR Data of Compounds 1—15 (CD30D, 50 MHz)

position 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
1 39.7 38.8 39.4 38.6 399 394 386 38.6 38.6 39.4 38.6 39.7 39.7 38.8 39.7
2 26.2 26.3 315 32.0 322 315 320 32.0 32.0 315 32.0 26.2 26.2 26.3 26.2
3 73.7 73.7 72.2 72.0 724 722 720 72.0 72.0 72.2 72.0 73.7 73.7 73.7 73.7
4 69.1 69.1 32.4 33.0 36.3 323 33.0 33.0 33.0 32.4 33.0 69.1 69.1 69.1 69.1
5 57.3 56.6 53.9 53.1 48.9 53.9 531 53.1 53.1 53.9 53.1 57.3 57.3 56.6 57.3
6 64.8 66.6 67.7 70.0 725 67.7 70.0 70.0 70.0 67.6 70.0 64.7 64.7 66.6 64.8
7 49.7 41.9 49.4 41.8 40.8 49.6 418 41.8 41.8 495 41.8 49.6 49.6 419 4938
8 77.4 315 77.5 31.6 314 775 31.62 31.6 31.6 77.5 31.6 77.4 77.4 315 774
9 58.4 56.5 57.4 55.7 55.8 574 557 55.7 55.7 57.4 55.8 58.4 58.4 56.6 58.4
10 38.1 37.5 38.0 37.5 36.6 380 375 375 37.5 38.0 37.5 38.2 38.2 375 381
11 19.2 21.5 19.7 22.2 221 197 222 22.2 22.2 19.7 22.2 19.2 19.2 217 19.2
12 43.3 42.6 43.4 42.6 41.6 434 427 42.5 42.8 43.3 42.6 43.2 43.2 425 433
13 44.4 435 44.4 435 45.0 444 434 43.4 43.3 44.2 43.3 442 44.2 43.3 444
14 62.7 62.3 62.6 62.1 63.8 626 62.2 62.2 62.2 62.7 62.2 62.9 62.9 624 62.7
15 711 70.6 71.1 70.6 742 711 70.6 70.6 70.6 71.2 70.7 71.1 71.1 70.6 711
16 42.5 42.2 42.5 42.3 41.8 425 423 42.8 42.5 42.8 42.3 43.4 43.4 43.0 425
17 57.8 57.7 57.9 57.7 549 58.0 578 57.5 57.5 58.5 58.4 57.6 57.6 575 579
18 16.5 15.1 16.5 15.2 13.7 165 152 15.3 15.3 16.8 155 16.6 16.6 153 16.5
19 17.0 16.1 141 13.8 16.3 14.1 1338 13.8 13.8 14.1 13.8 17.0 17.0 16.1 17.0
20 36.0 36.6 36.0 36.6 36.3 365 37.1 411 41.3 353 35.8 41.08 40.6 41.4 36.3
21 18.9 19.2 18.9 19.2 19.0 195 194 21.2 21.3 20.7 21.0 21.1 20.8 214 190
22 35.5 35.7 35.5 35.7 357 333 335 139.2 1379 1329 1329 136.7 139.1 136.8 34.72
23 32.7 32.7 32.7 32.7 326 317 3172 1301 131.6 136.2 136.2 134.6 130.1 1346 324
24 153.8 153.7 153.8 153.7 153.7 78.1 781 78.9 40.5 45.9 45.9 34.7 78.9 347 34.82
25 43.3 43.3 43.3 43.3 433 345 345 35.3 68.4 39.2 39.2 40.92 35.3 41.0 41.0
26 67.5 67.5 67.5 67.5 675 19.0 195 18.8 67.2 67.2 61.3 18.8 61.3 66.9
27 17.2 17.2 17.2 17.2 172 175 175 18.7 143 143 18.7 11.9
23t 14.0 14.0
241 109.4 109.4 109.4 1094 109.4 17.3 16.4 16.4 21.7 215 146

a Assignments with the same superscript in the same column may be interchanged.

was assigned by comparison of the H and 3C NMR data
with those for model compounds.?t In particular, the

chemical shifts of H-27, -241 and C-27, -24! (Tables 3 and
4) were very close to those of the threo model compounds
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Table 5. Selected 'H NMR Data of the MTPA Esters of 1, 6, 8,
10, and 15 (CD30OD, 500 MHz)2

MTPA ester H-26 H-26, H-27
(S)-MTPA ester of 1 4.38 (dd, 10.8, 6.5)
4.15 (dd, 10.8, 6.5)
(R)-MTPA ester of 1 4.33(dd, 11.3, 6.8)
4.20 (dd, 11.3, 6.8)

(R)-MTPA ester of 6 0.85 (d, 6.5)

0.82 (d, 7.0)

(S)-MTPA ester of 8 0.94 (d, 7.0)

0.92 (d, 6.5)

(R)-MTPA ester of 8 0.84 (d, 7.0)

0.83(d, 7.0)

(S)-MTPA ester of 10 4.20 (dd, 10.5, 3.8)
4.06 (dd, 10.5, 5.5)
4.32 (dd, 11.0, 4.0)
3.97 (dd, 11.0, 6.3)

(R)-MTPA ester of 15 4.24 (br d)

a Multiplicities and coupling constants are in parentheses.

(R)-MTPA ester of 10

Table 6. Cytotoxicity Data of Compounds 1-11, 14, and 15
against Human Solid Tumor Cells?

SK-OV-3 SK-MEL-2 XF498 HCT15

compound A549

3.1 7.3 4.1 4.4 45
2 3.6 6.9 49 4.7 6.4
3 14.1 20.2 15.1 13.3 23.9
4 5.3 8.5 5.5 4.8 9.6
5 3.9 4.9 4.1 4.1 4.2
6 11.3 15.6 12.4 114 19.4
7 3.8 4.4 3.8 4.3 5.5
8 3.6 3.6 3.4 3.7 4.0
9 7.1 9.4 6.4 8.6 10.6
10 5.1 8.8 5.3 7.3 6.3
11 8.0 10.3 7.1 114 125
14 4.3 6.0 4.3 45 4.2
15 >30 >30 >30 >30 >30
doxorubicin 0.02 0.17 0.02 0.06 0.03

a Data as expressed in EDsg values (ug/mL). A549, human lung
cancer; SK-OV-3, human ovarian cancer; SK-MEL-2, human skin
cancer; XF498, human CNS cancer; HCT 15, human colon cancer.

[(24R,25S) and (24S,25R)] and quite distinct from those of
the erythro model compounds (24R,25R isomer: ¢ 0.91, 0.91
and oc 17.4, 14.1; 24S,25S isomer: ¢ 0.93, 0.92 and o¢ 17.6,
14.4).21 In the *H NMR spectrum of the (R)-MTPA ester of
15, the H-26 signal appeared as a broad doublet at 6 4.24,
which is very close to that of the 24R,25S isomer (6 4.23,
br d) and distinct from that of the 24S,25R isomer (6 4.34,
dd and 4.14, dd). Thus, the 24R,25S configuration was
assigned, and the structure was established as (24R,25S)-
24-methyl-5a-cholestane-33,4,6a,8,15/3,26-hexol.

The isolated compounds have been tested for cytotoxicity
against a small panel of human solid tumor cell lines (Table
6), and most of them showed moderate to significant
cytotoxicity. In general, the cytotoxicity is related to both
the hydroxylation pattern of the steroidal nucleus and the
functionalization of the side chain. Among the sterols with
26-hydroxy-24-methylcholest-24(24%)-ene side chains or 24-
hydroxylated side chains, compounds 3 and 6, with the
3/,60,8,154-tetrahydroxylation pattern, displayed less po-
tent cytotoxicity than the others. Compound 15 was in-
active, although it shares the same steroidal nucleus with
the active compound 1.

Certain sterols of structure similar to compounds 1-11
were reported to show antimicrobial activity.82” Therefore,
compounds 1—11 were assayed for antibacterial activity
against 20 clinically isolated strains. Most of the com-
pounds displayed only weak antibacterial activity against
Streptococcus pyogenes 308A, Pseudomonas aeruginosa
1771, and Pseudomonas aeruginosa 1771M.
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Experimental Section

General Experimental Procedures. Optical rotations
were recorded with a JASCO DIP-370 digital polarimeter. IR
spectra were measured by a JASCO FT/IR-410 spectropho-
tometer. 'H and 3C NMR spectra were recorded on Bruker
AC200, DMX600, and Varian Inova 500 instruments. Chemical
shifts were reported with reference to the respective residual
solvent peaks (6 3.30 and dc 49.0 for CD;OD). FABMS data
were obtained on a JEOL JMS-700 double focusing (B/E
configuration) instrument. HPLC was performed with a YMC-
Pack ODS column (250 x 10 mmi.d., 5 um, 120 A), a C18-5E
Shodex packed column (250 x 10 mm i.d., 5 um, 100 A), and
a Vydac column (250 x 10 mm i.d., 5 zm, 90 A) using a Shodex
RI1-71 detector.

Animal Material. The starfish was collected in July 2000,
off the coast of Komun Island, Korea.? The specimen was
identified by Prof. Sook Shin, Sahmyook University, Seoul,
Korea. The voucher specimen (JOOK-4) of the starfish was
deposited at the Marine Natural Product Laboratory, Pusan
National University, Busan, Korea.

Extraction and Isolation. The frozen starfish (9 kg) was
extracted with MeOH at room temperature. Guided by the
brine shrimp lethality assay, the MeOH extract was parti-
tioned between H,O and CH,Cl,. The CH.CI, layer was further
partitioned between aqueous MeOH and n-hexane to afford
an aqueous MeOH-soluble fraction (14 g) and an n-hexane-
soluble fraction (39 g). The aqueous MeOH fraction was
subjected to reversed-phase flash column chromatography
(YMC Gel ODS-A, 60 A, 500/400 mesh), eluting with a step
gradient solvent system of 33 to 0% H,O/MeOH to afford 13
fractions (1—13). Fraction 6 (0.84 g) was very active in the
brine shrimp assay (LDso 38 ppm) and was further separated
by normal-phase MPLC (Silica gel 60, 400/230 mesh), eluting
with a solvent system of 20 t0100% MeOH/CHCIs, to afford
20 fractions. Compounds 1 (6.9 mg) and 2 (7.0 mg) were
obtained by separation of subfraction 6-9 on a reversed-phase
HPLC (Vydac, 250 x 10 mm i.d., 5 um, 90 A) column eluting
with 80% MeOH, followed by purification on the same column
eluting with 75% MeOH. Compounds 3—11 (3, 1.9 mg; 4, 2.6
mg; 5, 2.2 mg; 6, 3.5 mg; 7, 9.4 mg; 8, 10.8 mg; 9, 3.1 mg; 10,
3.3 mg; 11, 1.4 mg) were obtained by separation of subfraction
6-8 on a reversed-phase HPLC (YMC-Pack ODS, 250 x 10 mm
i.d., 5 um, 120 A) column eluting with 80% MeOH, followed
by purification on a C18-5E Shodex packed column (250 x 10
mm i.d., 5 um, 100 A) eluting with the same mobile phase.
Compounds 12 and 13 were obtained as a mixture (6.8 mg)
by separation of subfraction 6-11 on a reversed-phase HPLC
(Vydac, 250 x 10 mm i.d., 5 um, 90 A) column eluting with
80% MeOH, followed by purification on a C18-5E Shodex
packed column (250 x 10 mm i.d., 5 um, 100 A) eluting with
the same mobile phase. Compounds 14 (1.1 mg) and 15 (2.2
mg) were obtained by separation of subfraction 6-10 on a
reversed-phase HPLC (YMC-Pack ODS, 250 x 10 mm i.d., 5
um, 120 A) column eluting with 80% MeOH, followed by
purification on the same column eluting with the same mobile
phase.

Preparation of MTPA Esters. Compounds 1 (4 umol), 8
(3 umol), and 10 (3 umol) were treated with (R)-(—)- and (S)-
(+)-a-methoxy-o-(trifluoromethyl)phenylacetyl chloride (12
umol) in dry pyridine (25 uL) for 24 h at room temperature to
afford (S)-MTPA ester and (R)-MTPA ester, respectively. The
reaction was monitored by TLC (ODS, MeOH) and stopped
when the original spot had disappeared. After removal of
solvent, the product was purified by reversed-phase HPLC on
a YMC-Pack ODS column (250 x 10 mm i.d., 5 um, 120 A)
and analyzed by *H NMR. Compounds 6 (3 umol) and 15 (3
umol) were treated with only (S)-(+)-o-methoxy-a-(trifluoro-
methyl)phenylacetyl chloride (12 umol) in dry pyridine (25 uL)
for 24 h at room temperature, respectively. The following
procedure was the same as that for compound 1.

Certonardosterol A (1): colorless needles; [o]?'p +16° (¢
0.23, MeOH); IR (KBr disk) vmax 3367, 2943, 1639, 1434, 1161,
1044, 1023, 964 cm™%; 'H NMR data, see Table 1; 13C NMR
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data, see Table 4; FABMS (+ve) m/z 503 [M + Na]* (9.0), 473
(1.0), 445 (6.0); HRFABMS (+ve) m/z 503.3362 (calcd for
C23H43Na06, 5033349)

(S)-MTPA ester of certonardosterol A: *H NMR (CDs-
OD), ¢ 4.38 (1H, dd, 10.8, 6.5, H-26), 4.15 (1H, dd, 10.8, 6.5,
H-26), 1.27 (3H, s, H-19), 1.25 (3H, s, H-18), 1.05 (3H, d, 7.0,
H-27), 0.92 (3H, d, 6.5, H-21).

(R)-MTPA ester of certonardosterol A: *H NMR (CDs-
OD), ¢ 4.33 (1H, dd, 11.3, 6.8, H-26), 4.20 (1H, dd, 11.3, 6.8,
H-26), 1.28 (3H, s, H-19), 1.26 (3H, s, H-18), 1.05 (3H, d, 7.0,
H-27), 0.92 (3H, d, 6.5, H-21).

Certonardosterol B (2): colorless needles; [a]?*p —9.1° (c
0.15, MeOH); *H NMR data, see Table 1; 13C NMR data, see
Table 4; FABMS (+ve) m/z 487 [M + Na]* (31.5), 457 (2.6),
429 (14.0); HRFABMS (+ve) m/z 487.3397 (calcd for CagHag-
NaOs, 487.3399).

Certonardosterol C (3): colorless needles; 'H NMR data,
see Table 1; 13C NMR data, see Table 4; FABMS (+ve) m/z
487 [M + Na]* (6.2), 457 (2.4), 429 (2.0), 403 (5.5), 349 (16.0);
HRFABMS (+ve) m/z 487.3389 (calcd for CzsHasNaOs,
487.3399).

Certonardosterol D (4): colorless needles; '"H NMR data,
see Table 1; 13C NMR data, see Table 4; FABMS (+ve) m/z
471 [M + NaJ* (8.5), 441 (2.0), 413 (11.0), 329 (16.0); HR-
FABMS (+ve) m/z 471.3448 (calcd for CosHagNaO4, 471.3450).

Certonardosterol E (5): colorless needles; *"H NMR data,
see Table 1; *3C NMR data, see Table 4; FABMS (+ve) m/z
471 [M + Na]* (15.5), 449 [M + H]* (2.2), 413 (17.5), 329 (18.0);
HRFABMS (+ve) m/z 471.3449 (calcd for CzgHssNaO,,
471.3450).

Compound 6: light yellow needles; 'H NMR data, see Table
2; 13C NMR data, see Table 4; FABMS (+ve) m/z 475 [M +
Na]* (12.5), 435 (8.0), 417 (12.0), 399 (15.5); HRFABMS (+ve)
m/z 475.3408 (calcd for C,;H4sNaOs, 475.3399).

(R)-MTPA ester of compound 6: *H NMR (CDs;0D), 6 1.27
(3H, s, H-18), 1.08 (3H, s, H-19), 0.93 (3H, d, 6.0, H-21), 0.85
(3H, d, 6.5, H-26 or H-27), 0.82 (3H, d, 7.0, H-26 or H-27).

Certonardosterol F (7): colorless needles; 'H NMR data,
see Table 2; 13C NMR data, see Table 4; FABMS (+ve) m/z
459 [M + Na]* (17.0), 419 (15.0), 401 (16.5), 383 (20.0);
HRFABMS (+ve) m/z 459.3438 (calcd for Cy;HssNaO,,
459.3450).

Certonardosterol G (8): colorless needles; IR (KBr disk)
vmax 3364, 2930, 1666, 1591, 1451, 1042, 959 cm~%; 'H NMR
data, see Table 2; 3C NMR data, see Table 4; FABMS (+ve)
m/z 457 [M + Na]* (26.5), 417 (10.0), 399 (28.0), 381 (19.0),
329 (16.0); HRFABMS (+ve) m/z 457.3303 (calcd for Cu7H46-
NaO,, 457.3294).

(S)-MTPA ester of certonardosterol G: 'H NMR (CDs-
OD), 6 1.00 (3H, d, 6.0, H-21), 0.97 (3H, s, H-18), 0.95 (3H, s,
H-19), 0.94 (3H, d, 7.0, H-26 or H-27), 0.92 (3H, d, 6.5, H-26
or H-27).

(R)-MTPA ester of certonardosterol G: *H NMR (CDs-
OD), 6 1.05 (3H, d, 6.5, H-21), 0.97 (3H, s, H-18), 0.96 (3H, s,
H-19), 0.84 (3H, d, 7.0, H-26 or H-27), 0.83 (3H, d, 7.0, H-26
or H-27).

Certonardosterol H (9): light yellow needles; [0]?'p —7.5°
(c 0.11, MeOH); *H NMR data, see Table 2; 3C NMR data,
see Table 4; FABMS (+ve) m/z 443 [M + Na]* (31.0), 413
(13.6), 385 (10.3), 360 (9.5), 329 (26.5); HRFABMS (+ve) m/z
443.3134 (calcd for CysHs4NaO,, 443.3137).

Certonardosterol | (10): light yellow needles; *H NMR
data, see Table 2; 3C NMR data, see Table 4; FABMS (+ve)
m/z 501 [M + Na]* (25.0), 441 (2.0), 413 (4.5), 360 (4.0), 349
(14.0); HRFABMS (+ve) m/z 501.3545 (calcd for CagHsoNaOs,
501.3556).

(S)-MTPA ester of certonardosterol I: 'H NMR (CDs-
OD), ¢ 4.20 (1H, dd, 10.5, 3.8, H-26), 4.06 (1H, dd, 10.5, 5.5,
H-26), 1.55 (3H, d, 1.0, H-23%), 1.31 (3H, s, H-18), 1.10 (3H, s,
H-19), 0.97 (3H, d, 7.0, H-24%), 0.93 (3H, d, 6.5, H-21), 0.91
(3H, d, 6.5, H-27).

(R)-MTPA ester of certonardosterol I: *H NMR (CDs-
OD), ¢ 4.32 (1H, dd, 11.0, 4.0, H-26), 3.97 (1H, dd, 11.0, 6.3,
H-26), 1.57 (3H, d, 1.0, H-23%), 1.31 (3H, s, H-18), 1.09 (3H, s,
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H-19), 0.97 (3H, d, 6.5, H-24%), 0.93 (3H, d, 6.5, H-21), 0.88
(3H, d, 6.5, H-27).

Certonardosterol J (11): colorless needles; *H NMR data,
see Table 3; 13C NMR data, see Table 4; FABMS (+ve) m/z
485 [M + Na]t (12.5), 427 (4.0), 345 (2.0), 329 (19.5); HR-
FABMS (+ve) m/z 485.3603 (calcd for Co9HsoNaO,, 485.3607).

Certonardosterol K (12) and compound 13: white
needles; *H NMR data, see Table 3; **C NMR data, see Table
4; FABMS (+ve) m/z 489 [M + Na]*; FABMS (—ve) m/z 465
[M — H]; HRFABMS (+ve) m/z 489.3191 (calcd for Cy7Ha6-
NaOs, 489.3192).

Certonardosterol L (14): colorless needles; *H NMR data,
see Table 3; 1°3C NMR data, see Table 4; FABMS (+ve) m/z
473 [M + Na]*; FABMS (—ve) m/z 449 [M — H]~ (100), 429
(19); HRFABMS (+ve) m/z 473.3242 (calcd for Ca7HisNaOs,
473.3243).

Certonardosterol M (15): colorless needles; '*H NMR data,
see Table 3; *C NMR data, see Table 4; FABMS (+ve) m/z
505 [M + Na]*; FABMS (—ve) m/z 481 [M — H]~ (100), 463
(6), 443 (4.5); HRFABMS (+ve) m/z 505.3497 (calcd for CgHso-
NaOs, 505.3505).

(R)-MTPA ester of certonardosterol M: 'H NMR (CDs-
OD), ¢ 4.24 (2H, br d, H-26), 1.28 (3H, s, H-19), 1.25 (3H, s,
H-18), 0.88 (3H, d, 7.0, H-21), 0.84 (3H, d, 7.0, H-27), 0.79 (3H,
d, 7.0, H-24%).

Evaluation of Antibacterial Activity. The compounds
were tested for their antibacterial activity against 20 clinically
isolated bacterial strains. The Mueller Hinton agar plates were
impregnated with 17 serial dilutions of the sample and
standard (Meropenem), which make the final concentration
of 25—0.002 ug/mL. The strains were inoculated into Fleisch
extract broth (containing 10% horse serum depending on
strains) and incubated for 18 h at 37 °C. The cultured strains
were inoculated into the Muller Hinton agar plates with 104
CFU per spot population by automatic inoculator (Dynatech).
The MIC was measured after 18 h of incubation.
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