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ABSTRACT

Clionastatin B

Two new steroidal derivatives, named clionastatins A and B, have been isolated from the burrowing sponge Cliona nigricans. These molecules
are tri-and tetrachlorinated androstane derivatives, respectively, and they represent the first polyhalogenated steroids found in a natural
organism, either marine or terrestrial, and the first examples of halogenated androstanes in nature. Both clionastatins proved to be potently
cytotoxic.

Steroids are among the most represented secondary metabdnclude physalolactones from the Solanaceae préwysalis
lites in living organisms; they are practically ubiquitous in peruviana? blattellastanosides from the German cockroach
all eukaryotic cells and many of them play essential and Blattella germanic# and kiheisterones from the sponge
specific roles. The incredible diversity found in their  Strongylacidonsp® Remarkably, all of these compounds
structures is the outcome of highly efficient biosynthetic possess a single chlorine atom, and almost invariably it is
modifications that result in the introduction of multiple part of a chlorohydrin group, thus suggesting their origin
oxygenated functionalities or, sometimes, in extensive deg- from the corresponding epoxide. Interestingly, in many cases,
radation of the basic tetracyclic structure (e.g., secosterdids). the putative epoxide precursor co-occurs with the chlorinated
Among the thousands of naturally occurring steroidal deriva- derivative’
tives, the halogenated ones are extremely faakthough In our ongoing search for biologically active compounds
halogen-containing secondary metabolites are well-known from marine organisms, we had the chance to analyze the
and abundant in nature, particularly in marine organisms. burrowing spong&liona nigricans, for which there was no
The few natural halogenated steroids contain chlorine and previous report of chemical investigation. Burrowing sponges
are known to occur in tropical to temperate coastal waters
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and to live within various kinds of calcareous substrates, ||| GTGcTcTcTNGEGEGEGEGEEEEEEEEEE
excavatl_ng them by mephamca] and Qhemlcal téot.}s a Table 1. NMR Data for Clionastatin AX) Recorded in CDGI
result of its spread and high etching activity, the geBlisna at 500 MHz for!H and 125 MHz fort3C

has been recognized as an important negative factor in the

balance of biodeposited carbonates. Previous chemical_¢2r°" Or, mult, J in Hz Oc, mult
investigations onCliona species yielded linear peptidgs, 1 4.20,d,9.0 67.5,CH
pyrrole alkaloids'® and simple sterolst 2 4.71,dd,9.0,2.0 61.3, CH
3 6.06, dd, 10.0, 2.0 132.8, CH
4 6.46, d, 10.0 128.6, CH
5 149.3,C
1 R=H 6 6.53, s 130.1, CH
CL. 2 R=Cl 7 181.6, C
8 138.5,C
9 154.9,C
10 52.3,C
The organic extract obtained from a massive specimen of l1a 2.69,ddd, 17.1,3.3, 2.0 273, CHz
C. nigricans, collected along the coasts of Gallinara Island 11b 2.08,dad, 17.1,15.2, 3.3
9 * led along the all 12a 1.92, ddd, 15.2, 3.3, 2.0 35.0, CH,
(Italy), showed activity in preliminary cytotoxicity assays. 120 1.48 ddd, 15.2, 15.2, 3.3
Bioassay guided fractionation of the organic material afforded 13 455, C
two new steroidal derivatives named clionastatinsLA1(.0 14 3.99,s 50.1, CH
mg) and B 2, 1.3 mg), isolated as the main components 15 205.9,C
responsible for the cytotoxic activity. Clionastatins A and B 16 6.31,d,6.5 134.0,CH
are tri-and tetrachlorinated androstane derivatives, respec- 17 7.40,d, 6.5 170.5, CH
tively, and their structures appear exceptional in many 18 1828 27.0, CHs
. . ; 19a 3.76,d, 11.3 43.6, CH,
respects. First of all, to date, no steroidal nucleus possessing 424.d 11.3

the same oxidation pattern found in clionastatins [3,5,8(9),-
16-tetraen-7,15-dione] has been described yet, among either
natural or synthetic compounds. Furthermore, both the up four double bonds; and (iii) nine carbon atoms in the sp
number and the arrangement of halogen atoms attached taegion of the spectrum. Thus, to complete its unsaturation
the androstane nucleus of clionastatins are unique. Indeedrequirementl must possess four rings. HMQC experiment
these molecules represent the first polyhalogenated steroidestablished all the €H connectivities and revealed that the
found in a natural organism, either marine or terrestrial and, 17 hydrogen atoms of clionastatin AL)( are actually
moreover, can be regarded as the first examples of haloge-distributed in one methyl, three methylene, and eight methine
nated androstanes in nature. groups. Additionally, five sp(two of which are the carbon-
EIMS of clionastatin A (1) exhibited a molecular ion  yls) and two sp carbon atoms are unprotonated.
cluster at m/z 382/384/386 (in a ratio ca. 1/1/0.3) in Inspection of theH—'H COSY spectrum indicated that
accordance with the presence of three chlorine atoms. High-the molecule contains few spin systems, all being restricted
resolution measurement on the peak at lower mass estabto few resonances, and therefore providing scarce information
lished for1 the molecular formula ¢H17Cl;0,, requiring about the carbon framework @f However, key correlations
10 sites of unsaturation. The relatively few resonances appearing in the gradient-selected HMBC spectrum allowed
appearing in théH NMR spectrum ofl (Table 1) were us to extend some of these spin systems, leading to five quite
spread over the whole spectrum without signal overlapping: informative partial structures (Figure 1). Fragméntis a
four multiplets and a methyl singlet betweéri.3 and 2.7,

four doublets and a methine singlet in the midfield region || GGG

(60 3.2—4.8), and four doublets and a methine singlet in the

Sp¥ region, betweem 6.0 and 7.4. Thé3C NMR spectrum 260 02059 AN s
of 1 (Table 1) showed the following resonances: (i) two %/\1/“1; SHr e o 14‘?\/@86
carbonyl groups (4181.6 and 205.9), accounting for both A l4s 010, %% 4B % ess T c
the oxygen atoms of the molecular formula; (ii) eight Clo 276424
additional sp carbons (betweef 128.0 and 171.0), building 6-46/:6?\6'7.5 36

4 iy CH,CI

61.3 -
D ¢ E

(8) Rutzler, K.; Rieger, GMar. Biol. 1973,21, 144—62.
(9) Stonard, R. J.; Andersen, R.Jl.Org. Chem.1980, 45, 3687—91 ; ; _
(10) Palermo, J. A Rodriguez Brasco, M. F.: Seldes ATkrahedron Figure 1. Partial structures deduced by COSY and g-HMBC.
1996,52, 2727—34.
(11) Notaro, G.; Piccialli, V.; Sica, DJ. Nat. Prod.1992,55, 1588—
94. i i ki
(12) Clionastatin A (1): amorphous solid; g% +66 (c0.02, CHCY); Z!mple spin system made Ep of tW]? metgylenes_, both_lmkmg
UV (CH3CN) Amax (€) 214 (14500), 265 (12500), 303 (6000) nm; CD (EH lastereotopic protons, whereas fragmBntontains acis-
(E:Il;\l% SAE;EO —Vl)O, /A€(241 Jg_4l;_l$ (K!?rg grézx/égj%sgi(oﬁ,ulo5§)l,3%318793%/351 double bondJ = 6.5 Hz) conjugated with a ketone carbonyl
eV)m/z(relative intensity, .9), -
[M* — CI] (1.2/1/0.2), 333/335/337 [M— CH,CI] (1.2/1/0.2): HR-Eims ~ @lso flanked by an uncoupled methine grodp KIMBC

m/z382.0299, calcd for GH1735Cl;0, 382.0294. correlations: oy 7.40/&: 205.9;6y 6.31/&: 50.1.2J HMBC
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correlations:dy 6.31/¢: 205.9;04 3.99/&: 205.9). A second
conjugated ketone carbonyl was unveiled in fragn@rut

absolute configuration reported fbis that invariably found
for androstane derivatives.

in this case the double bond is trisubstituted and the single Analysis of the MS data of clionastatin B)(revealed

s proton (¢ = 6.53) showedJ HMBC correlations with
the two singlet carbon signals @t 149.3 and 181.6.
FragmentD contains the third double bond (alsts, J =
10.0 Hz) and two vicinal methine groups whose proton and
carbon chemical shiftsi( 4.20,6c 67.5;0n 4.71,6c 61.3)
are both indicative of linkage with chlorine atoms. The third
chlorine atom was confidently linked to the isolated meth-
ylene group constituting fragmerE. The existence of
fragmentE was also strongly indicated by the presence of
an intense peak ah/z 333/335/337 [M — CH,CI] (in a
ratio 1.2/1/0.2) in the EI mass spectrumlof

The network of g-HMBC correlations depicted in Figure

that in its structure a fourth chlorine atom replaces one of
the hydrogens of clionastatin A (1). Indeed, EIMS of
clionastatin B (2) exhibited molecular ionsrafz416/418/
420 in a ratio ca. 1.5/2/1, a pattern of isotopic peaks
consistent with the presence of four chlorine atoms. HR
measurement on the peak at lower mass indicated the
molecular formula @H1¢Cl40; for 2. Both*H and**C NMR
spectra of clionastatin B2 showed a very strong resem-
blance to parallel data assigned fby except for'H/3C
resonances of ring D atoms. Routine inspection of these
spectra, assisted by 2D NMR experiments, indicated that
substitution of hydrogen with chlorine must occur at position

2 was instrumental to establish the correct assembly of the16. Indeed!H NMR spectrum of2 is lacking in the signal

Figure 2. Key g-HMBC correlations observed for clionastatin A.

above structural subunits, thus building up the tetracyclic
carbon framework of clionastatin A, which turned out to

attributed to H-16, and H-17 (position secured by HMBC
coupling with C-12, C-13, and C-14) resonates as a singlet
atoy 7.32. Additionally, the chemical shift of C-17 is shifted
upfield by 7 ppm compared with the same carbori i@c
163.5 in 2, 0c 170.5 in1). This is consistent with the
proposed structure; indeed, substitution of a proton with
chlorine in an alkene is known to cause an upfield shift of
about 6 ppm of the adjacent alkene carbéhClionastatin
B (2) showed the same pattern of coupling constants and of
ROESY correlations above-reported for clionastatinl (
thus, the two molecules must share the same stereochemistry.
The exceptionality of the structures of the two clionastatins
raised the doubt that they could be artifacts. To check this

be a highly unsaturated androstane nucleus bearing thregossibility, a second specimen @. nigricanswas then
chlorine atoms, all located on ring A. This skeleton comprises collected in a different location of the Gulf of Genoa (ltaly).

ana,a’-dienone (thé3C NMR resonance aic 181.6 of the

Extraction and partitioning, carried out following the same

ketone group at C-7 is well explained by the presence of a procedure used before, afford&@nd?2 in almost the same

cross-conjugated enone) and arS-unsaturated ketone

yield, thus pointing to clionastatins as genuine secondary

carbonyl placed in a five-membered ring (perfectly consistent metabolites. However, to understand the origin of these

with the relatively high*C NMR value for C-15 dc
205.9¥9). The large proton—proton coupling constant be-
tween H-1 and H-2J4-11-2 = 9.0 Hz) indicated that the
involved protons must be itrans-diaxial relationship. On

unigue molecules, the symbiotic population Gfiona
nigricansshould be taken into account. Indeed, this organism
is characterized by a strong and stable association with
zooxanthellaé# and therefore it cannot be excluded that

the other hand, correlations in a ROESY (Figure 3) spectrum and 2 are actually produced by the microalga or by a

Figure 3. Key ROESY correlations detected for clionastatin A.

from H-2 (0 4.71) to H-19a § 3.76), from both H-19b{
4.24) and H-18 (6 1.32) to H-11a ¢ 2.69), and from both
H-11b © 2.08) and H-14¢ 3.99) to H-12b ¢ 1.48) defined
the relative stereochemistry for clionastatin A).( The

(13) Pretsch, E.; Clerc, T.; Seibl, J.; Simon, \Spectral Data for
Structure Determination of Organic Compoundand ed.; Springer-
Verlag: New York, 1989; pp C175 and C90.
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cooperative biosynthesis.

Clionastatins A (1) and B2) were isolated as the main
components responsible for the cytotoxic activity of the
organic extract and, therefore, were evaluated for cytotoxicity
against three different tumor cell lines: WEHI 164 (murine
fiborosarcoma), RAW 264-7 (murine macrophage), and
THP-1 (human monocytes). Both of them proved to be
potently active against all the tested cell lines, withslC
values ranging from 0.8 to 24g/mL (Supporting Informa-
tion).
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