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Three new marine polar steroids, the first chlorine-containing steroid sulfate (1), topsentiasterol sulfate F
(2) and the first natural iodinated steroid (3) have been isolated from the marine sponge Topsentia sp. The
structures of 1-3 were elucidated using NMR and HRESIMS as well as by chemical correlation of 1 with
previously known topsentiasterol sulfate D. Compound 1 proved to be an effective inhibitor of endo-1,3-

B-p-glucanase from the marine mollusc Spisula sachalinensis.
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Although halogen-containing secondary metabolites are well
known and are abundant in marine organisms, only a few iodin-
ated natural products'~> or chlorinated steroids®~!! are known at
the present time.

In continuation of our search for new physiologically active
marine natural products,’>'* we have studied topsentiasterol
sulfates isolated from a sponge belonging to the genus Topsentia
(family Halichondriidae, class Demospongiae) collected from
Vietnamese waters (depth 10-15 m, Vang Fong Bay 12°35,993N
109°18,596E, June 2007). As a result, a new chlorine-containing
steroid named as chlorotopsentiasterol sulfate D (1)!° along with
the earlier unknown topsentiasterol sulfate F (2)'® and a unique
iodinated steroid (3)!” were isolated and structurally elucidated.
Herein we report the structures of 1-3.

The ethanol extract of the frozen sponge (dry weight 67 g) was
concentrated and subjected to column chromatography on Poly-
chrome-1 (powdered Teflon) using H,0, followed by silica gel chro-
matography (CHCl3-EtOH-H,0, 100:125:25) to obtain a crude
mixture of topsentiasterol sulfates. This was further separated by
preparative HPLC (YMC-ODS-A column, 80:20:1% MeOH-H,0-1 M
CH3COONHy,) to give a fraction of halogenated topsentiasterol sul-
fates (38.8 mg) and 2 (0.3 mg, 0.0004% of dry weight) along with
previously known topsentiasterol sulfates D'® (23.3 mg, 0.03% of
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dry weight) and E'® (3.5 mg, 0.005% of dry weight). The fraction
containing halogenated topsentiasterol sulfates was twice
rechromatographed by HPLC (YMC-ODS-A column, 75:25:1%
MeOH-H,0-1 M CH3COONH,) affording 0.5 mg of the subfraction,
containing iodotopsentiasterol sulfate D (3), contaminated with
chlorotopsentiasterol D (1) and pure 1 itself (15.6 mg, 0.02% of
dry weight).
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NMR data of the isolated polar steroids (Table 1) showed that
these compounds belong to the 4B-hydroxy-14a-methyl steroid
trisulfates, discovered by Fusetani’s group from Topsentia sp. col-
lected at Ishigaki Island, Okinawa.'® Topsentiasterol sulfates
A-E,'® Sch 55867,'° and spheciosterol sulfates A-C2° are the only
previously reported members of the 4B-hydroxy-14o-methyl ste-
rol group isolated from sponges.?° Similar to the related ibisterol,?!
these unusual steroid polysulfates contain a A°D-unsaturated
steroid nucleus and sulfate groups at the 2, 3o, and 64 positions.
'H and '3C NMR spectra of 1 were similar to those of other topsen-
tiasterol sulfates,'® including the signals of three angular methyl
groups, a C-9(11)-double bond, and four oxygenated methines.
These NMR spectra differed from those of topsentiasterol sulfate
D mainly in the absence of a broad singlet, H-26, of a 3-substituted
furan moiety. Consequently, the structure 1 was suggested as an
analogue of topsentiasterol sulfate D with modification at C-26,
and subsequently confirmed by analysis of COSY, DEPT, HSQC,
and HMBC data (Fig. 1).

Table 1
NMR data for chlorotopsentiasterol sulfate D (1) and topsentiasterol sulfate F (2) in
CD5;0D

Position 1 2
Sy COSY 5 oy CoSY
(mult, J in Hz)? (mult, J in Hz)

la 1.82 dd H1b, H2 380 1.86m H1b, H2
(3.7; 14.6)

1b 240 brd Hla 2.28 brd Hla
(14.6) (13.9)

2 495 m H1a, H1b, H3 763 494 m Hla

3 4.74 dt H2, H4, H1b 76.6 477 m
(2.6; 1.0)

4 4.48 dt H3, H5, H6 69.2 445 m H5
(2.8;1.2)

5 1.51 dd H4, H6 486 146 m H4, H6
(2.9; 11.4)

6 481 dd H5, H7a, H7b 771 481 m H7a, H7b
(4.5; 11.3)

7a 1.56 m H6, H7b, H8 36.0 1.56m H6, H7b, H8

7b 2.21 dt H6, H7a, H8 2.22 dt H6, H7a, H8
(5.1; 11.7) (43; 12.4)

8 248 m H7a, H7b 42.0 249 m H7a, H7b

9 - 1470 —

10 — 40.1 —

11 534 m H12a, H12b 1182 535 m H12a

12a 211brd H12b 389 2.12brd H12b
(17.2) (17.2)

12b 1.97 m H11, H12a 1.96 m H11, H12a

13 — 46.2 —

14 - 48.4° —

15a 1.36 H15b 354 128 m

15b 142 m H15a 1.28 m

16a 1.25m H16b, H17 294 140 m

16b 1.85 m H15a, H15b, H16a 1.90 m

17 1.63 m H16a, H16b 528 1.65m

18 0.67 s 156 0.70 s

19 143 s 26.0 142s

20 136 m H17, H21 379 136m H21

21 0.89 d (6.5) H20 19.6 090 m H20

22a 1.03 m H22b 358 0.87m

22b 137 m H21, H22a 132 m

23a 1.36 m H22a, H23b 355 1.14m

23b 1.60 m H23a 1.45 m

24 2.56 m H23a, H28 322 2.05m H28

25 — 1335 —

26 — H27 1264 4.66 s H27

27 6.39 d (2.0) H26 1124 1.65brs H26

28 1.14 d (7.0) H24 217 1.00d(69) H24

29 7.36 d (2.0) 1435 —

30 0.80 s H18 194 0.81s

¢ Recorded at 500 MHz.
b Recorded at 125 MHz.
¢ Assignment made by HMBC.
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Figure 1. Partial structure of the side chain in topsentiasterol sulfate D and 1 with
selected HMBC correlations.

The molecular formula C3pH45014S5Cl of 1 was obtained from
HRESIMS measurement of the ion peaks [MsyH] (m/z 759.1575;
A 0.8 ppm) and [Msy—H-S05]? (m/z 339.0999; A 5.1 ppm). This
steroid showed MS isotopic patterns characteristic of monochlori-
nated compounds ([Msy—H] :[(Msy—H)+2] =3:1). All other
structural features of 1 were supported by COSY, DEPT, HSQC,
and HMBC data. To confirm that 1 is a derivative of topsentiasterol
sulfate D, the chemical correlation of 1 with topsentiasterol sulfate
D was carried out. Both 1 and topsentiasterol sulfate D were hydro-
genated over Adams’ catalyst to give the same tetrahydrofuran
derivative 4 identified by NMR and HRESIMS data.??

It is of special interest that chlorotopsentiasterol sulfate D (1)
contains a chlorofuran fragment. This structural feature had never
been found previously in natural products.?®

Another new steroid, named topsentiasterol sulfate F (2) had
the molecular formula of C;9gH43013S3 as determined by HRESIMS
measurement of the ion peak [Msy—H] (m/z 699.2169; 4
1.4 ppm.). Interpretation of the 'H NMR and COSY spectra indi-
cated that the steroid nucleus of 2 is identical to that of topsentias-
terol sulfates. The remaining signals corresponded well with those
reported for the 24-methyl-25(26)-ene side chains of codisterol
from the marine alga Codium fragila®* and halistanol sulfate H from
the marine sponge Pseudoaxinissa digitata.?> On the basis of all the
above-discussed data, the structure of topsentiasterol sulfate F was
established as 2.

We have partly separated compound 3 from the fraction
contaminated with 1. This compound was identified as an ana-
logue of topsentiasterol sulfate D with iodination at C-26 by 'H
NMR and MS. Compound 3 had the molecular formula
C30H45014S31 as determined by HRESIMS measurement of the ion
peaks [Msy—H]~ (m/z 851.0970; 4 3.0 ppm.) and [Msy—H-SO5]?
(m/z 385.0668; 4 3.9 ppm). Its NMR spectra were closely related
to those of 1 differing mainly in chemical shifts in the furan moiety.
To the best of our knowledge, iodotopsentiasterol sulfate (3) is the
first example of a natural iodine-containing steroid.

It may be that topsentiasterol sulfates with unusual side chains
such as in 1, 3, and topsentiasterol sulfate D are biosynthesized
from a sterol (or sterol polysulfate) precursor having side chains
of the codisterol type, for example 2. This biosynthesis would be
realized through an additional alkylation followed by oxidation
and, in the case of 1 and 3, halogenations (Scheme 1).

Steroids related to topsentiasterol sulfates demonstrate diverse
biological activities, including anti-HIV, antibacterial and anti-
fungal properties. For example, early findings on the biological
properties of topsentiasterol sulfates included antibacterial activity
against Pseudomonas aeruginosa and Escherichia coli,'® and anti-
fungal activity (steroid Sch 575867 from a marine sponge of the
family Astroscleridae).’® Spheciosterol sulfates A-C from Sphecio-
spongia sp. inhibited PKCZ.2°

We have studied the effects of 1, 2, and topsentiasterol sulfates
D and E as possible inhibitors of 1,3-B-glucanases.?® All the sub-
stances studied did not influence the activity of exo-1,3-p-p-glu-
canase from the marine filamentous fungus Chaetomium
indicum,?® but appeared to be inhibitors of endo-1,3-p-b-glucanase
from the marine mollusc Spisula sachalinensis.3° The efficiency of
endo-1,3-B-p-glucanase inhibition was found to depend on the
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Scheme 1. Hypothetical pathways for the biosynthesis of the side chains in furan-containing topsentiasterol sulfates.

structural peculiarities of the compounds tested. Compounds 1, 2,
and topsentiasterol sulfates D and E inhibited endo-1,3-B-p-glucan-
ase from S. sachalinensis with ICsg values of 5.4, 49.6, 12.4, and
7.4 UM/L, respectively.

Thus, topsentiasterol sulfates represent a new structural group
of endo-1,3-B-p-glucanase inhibitors. Earlier, other polyhydroxys-
teroidal inhibitors of these enzymes were found.?'*? Future
studies will show whether the molecular actions of these two
inhibitory groups are similar.

Acknowledgments

The research described in this publication was supported by
Grant NSS 2813.2008.4 from the President of RF and the Program
of Presidium of RAS «Molecular and Cell Biology». The authors
thank their Vietnamese colleagues from the Institute of Oceano-
graphy, Nha Trang, Vietnam very much for their kind help in the
collection of the sponges.

Supplementary data

Supplementary data associated with this article can be found, in
the online version, at doi:10.1016/j.tetlet.2008.10.007.

References and notes

1. Margiastuti, P.; Ogi, T.; Taira, J.; Suenaga, K.; Ueda, K. Chem. Lett. 2008, 37, 448-
449.

2. Borrelli, F.; Campagnuolo, C.; Capasso, R.; Fattorusso, E.; Taglialatela-Scafati, O.
Eur. J. Org. Chem. 2004, 3227-3232.

3. Williams, P. G.; Yoshida, W. Y.; Moore, R. E.; Paul, V. ]. Org. Lett. 2003, 5, 4167-
4170.

4. Shen, Y. C.; Cheng, Y. B.; Lin, Y. C.; Guh, ]. H.; Teng, C. M.; Ko, C. L. J. Nat. Prod.
2004, 67, 542-546.

5. De Nys, R.; Wright, A. D.; Konig, G. M.; Sticher, O. Tetrahedron 1993, 49, 11213-
11220.

6. Dorta, E.; Diaz-Marrero, A. R.; Cueto, M.; D’Croz, L.; Mate, J. L.; San-Martin, A.;
Darias, J. Tetahedron Lett. 2004, 45, 915-918.

7. Fattorusso, E.; Taglialatela-Scafati, O.; Petrucci, F.; Bavestrello, G.; Calcinai, B.;
Cerrano, C.; Meglio, P. D.; lanaro, A. Org. Lett. 2004, 6, 1633-1635.

8. Teruya, T.; Nakagawa, S.; Koyama, T.; Arimoto, H.; Kita, M.; Uemura, D.
Tetrahedron 2004, 60, 6989-6993.

9. Iwashima, M.; Nara, K.; Nakamichi, Y.; Iguchi, K. Steroids 2001, 66, 25-32.

. Kobayashi, M.; Chen, Y. J.; Higuchi, K.; Aoki, S.; Kitagawa, I. Chem. Pharm. Bull.

1996, 44, 1840-1842.

11. Carney, J. R;; Scheuer, P. ].; Kelly-Borges, M. J. Org. Chem. 1993, 58, 3460-
3462.
12. Makarieva, T. N.; Dmitrenok, P. S.; Zakharenko, A. M.; Denisenko, V. A.; Guzii, A.

G.; Li, R.; Skepper, C. K.; Molinski, T. F.; Stonik, V. A. J. Nat. Prod. 2007, 70, 1991-
1998.

24.
. Bifulco, G.; Bruno, I.; Minale, L.; Riccio, R. J. Nat. Prod. 1994, 57, 164-167.
26.

. Shubina, L. K;

. Elyakova, L.

. Makarieva, T. N.; Guzii, A. G.; Dmitrenok, A. S.; Dmitrenok, P. S.; Krasokhin, V.

B.; Stonik, V. A. Nat. Prod. Commun. 2006, 1, 711-714.

Makarieva, T. N.; Denisenko, V. A.; Dmitrenok, A. S
Guzii, A. G.; Dmitrenok, P. S.; Stonik, V. A. Nat. Prod. Res. 2006, 20,
1183-1186.

. Chlorotopsentiasterol sulfate D (1): white solid; [a(]ZDU +46 (c 0.09, MeOH); 'H,

13C NMR data, Table 1; HRESIMS mjz 759.1575 [Msy—H]™ (calcd for
C30H44014S5C1 759.1582).

. Topsentiasterol sulfate F (2): white solid; {[¢J2’ +40 (c 0.03, MeOH); 'H NMR

data, Table 1;
699.21788).

HRESIMS m/z 699.2169 [MsyH] (caled for CapoHu7013S3

. lodotopsentiasterol sulfate D (3): selected '"H NMR data (500 MHz, CD50D):

0.68 (3H, s, H-18); 0.81 (3H, s, H-30), 0.89 (3H, d, J= 6.4, H-21), 1.13 (3H, d,
J=7.0, H-28), 1.43 (3H, s, H-19), 1.85 (1H, m, H-1a), 2.22 (1H, m, H-7b), 2.32
(1H, br d, J = 14.4, H-1b), 2.48 (1H, m, H-8), 5.34 (1H, m, H-11), 6.32 (0.8H, d,
J=2.0,H-27, for 3), 6.39 (0.2H, d, ] = 2.0, H-27, for 1), 7.60 (0.8H, d, ] = 2.0, H-29
for 3), 7.36 (0.2H, d, J=2.0, H-29 for 1); HRESIMS m/z 851.0970 [Msy—H]~
(caled for C30H44014S31 851.0943).

. Fusetani, N.; Takahashi, M.; Matsunaga, S. Tetrahedron Lett. 1994, 26, 7765-

7770.

. Yang, S. W.; Chan, T. M.; Pomponi, S. A.; Chen, G. D.; Loebenberg, D.; Wright, A.;

Patel, M.; Pramanik, B. J. Antibiot. 2003, 56, 186-189.

. Whitson, E. L.; Bugni, T. S.; Chockalingam, P. S.; Concepcion, G. P.; Harper, M. K.;

He, M.; Hooper, J. N. A.; Mangalindan, G. C.; Ritacco, F.; Ireland, C. M. J. Nat.
Prod. 2008, 71, 1213-1217.

. McKee, T. C.; Cardellina, J. H., II; Tischler, M.; Snader, K. M.; Boyd, M. R.

Tetrahedron Lett. 1993, 34, 389-392.

. Compound 4. PtO, was added to a solution of 1 (2.0 mg) or topsentiasterol

sulfate D (3.0 mg) in MeOH (2 ml) and stirred under H, at 25°C for 12 h.
Removal of the catalyst by filtration and evaporation of the solvent gave 4
(2.0 mg) from 1 and 3.0 mg from topsentiasterol sulfate D. Selected '*C NMR
(125 MHz, CDs0D) 15.6 (C18), 18.9/18.7 (€28), 19.4 (C30), 26.0 (C19), 35.4
(€22), 36.0 (C7), 37.9 (C20), 38.1 (C1), 38.9(C12), 40.0 (C10), 42.0 (C8), 46.2
(C13), 47.7/47.6 (C25), 48.6 (C5), 52.9 (C17), 69.2 (C4), 70.0/69.9 (C29), 73.8/
73.6 (€26), 76.5 (C2), 76.6 (C3), 77.2 (C6), 118.3 (C11), 147.0 (C9); HRESIMS:
m/z 729.2292 [Msy—H] ™ (caled for C39H49014S3 729.2295).

. Blunt, J. W.; Copp, B. R.; Hu, W. P.; Northcote, P. T.; Prinsep, M. R. Nat. Prod. Rep.

2008, 25, 35-94. and early reviews in this series.
Rubinstein, I.; Goad, L. J. Phytochemistry 1974, 13, 481-484.

Determination of inhibiting activity. The standard reaction mixture, containing
20 pl of enzyme (1 x 10~2 units) and 20 ul of inhibitor solutions (1-20 ug of
substance in water) was incubated at 25 °C for 10 min. After adding 480 pl of a
substrate?’ (Laminaran, 1 mg/ml), the mixture was incubated again at 37 °C for
15 min. Residual activity of the enzyme was estimated by the measurement of
reducing sugars using the method of Nelson.®
A.; Zvyagintseva, T. N. Carbohydr. Res.

1974, 34,

241-248.

. Nelson, N. J. Biol. Chem. 1944, 153, 375-381.
. Burtseva, Yu. V.; Verigina, N. S.; Sova, V. V.; Pivkin, M. V.; Zvyagintseva, T. N.

Mar. Biotechnol. 2003, 5, 349-359.

. Sova, V. V.; Elyakova, L. A.; Vaskovsky, V. E. Biochim. Biophys. Acta 1970, 32,

111-115.

. Bacunina, L. Yu.; Sova, V. V.; Elyakova, L. A.; Makarieva, T. N.; Stonik, V. A.;

Permyakov, E. A.; Emelyanenko, V. I. Biokhimya 1991, 56, 1397-1405 (in
Russian).

. Zvyagintseva, T. N.; Makarieva, T. N.; Stonik, V. A.; Elyakova, L. A. Khim. Prirodn.

Soedin 1986, 71-77 (in Russian).


http://dx.doi.org/10.1016/j.tetlet.2008.10.007

	Topsentiasterol sulfates with novel iodinated and chlorinated side chains from the marine sponge Topsentia spsp.
	AcknowledgementsAcknowledgments
	Supplementary data
	References and notes


