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Abstract

The chemical study of the Antarctic octocofahsystenella acanthinhas led to the isolation of the new polyoxygenated steroids
(24R,22E)-24-hydroxycholest-4,22-dien-3-ong) ( 23-acetoxy-24,25-epoxycholest-4-en-3-08g 123-acetoxycholest-4-en-3,24-dione
(3), 123-acetoxy-24,25-epoxycholest-4-en-3-04g (22E)-25-hydroxy-24-norcholest-4,22-dien-3-or®, (3a-acetoxy-25-hydroxycho-
lest-4-en-6-onef), and ,11a-diacetoxy-25-hydroxycholest-4-en-6-or@,(whose structures have been established by spectroscopic
analysis. The absolute stereochemistry at C-24 in compdumas been determined through thé NMR study of the corresponding
(R)- and ©-MPA esters. All the new compounds showed significant activities as growth inhibitors of several human tumor cell lines. In
addition, cytostatic and cytotoxic effects were also observed on selected tumor cell lines.
© 2004 Elsevier Inc. All rights reserved.
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1. Introduction have been limited to a series of sesquiterpenes isolated
from the specieddlcyonium paesslerj5,6] Ainigmaptilon
antarcticus [7], and Dasystenella acanthing8]. To the

Along the last decades marine organisms have shown to ,
best of our knowledge, the only report on steroids from

be a major source of new steroidal metabolites displaying . ; ) X :
unprecedented structures. In particular, the chemical studieg*Ntarctic octocorals describes the isolation and ecologi-
of marine octocorals have led to the discovery of a vast array @ roles of cholesterol and its 24-methylen-, 22-dehydro-
of new steroid derivatives possessing multiple oxygenated 2"d 22-dehydrof-hydroxy derivatives obtained from.
functions at the carbocyclic nucleus and/or the side chain. Paessleris]. _ _

Most of these studies have been focused on species from AS @ part of our project directed towards the search for

tropical and temperate waters where these organisms ardi0active metabolites from marine octocorals, we have ex-
widely distributed[1,2]. amined specimens of the gorgonian octoc@ahcanthina

In contrast with earlier proposals, in recent years it has (Wright and Studer, 1889) collected in the Eastern Wed-
been claimed that the extreme and often unique condi- dell Sea (Antarctica). This study has led to thellsolat|on
tions of the Antarctic marine environment, as well as the Of the new polyoxygenated steroids?7, together with the
uncommon trophic interactions among its communities, X"OWn compounds [10], which has been encountered for
could have led to organisms equipped with new bioac- the first time from natur_al sources, aténs-B-farnesene
tive metabolites[3,4]. However, also likely due to the (8)- From astructural point of view, the presence of an oxy-
difficult access to Antarctic organisms, the reported ac- 9€nated function at C-12 in compoun8sand4 is a fea-

counts on new natural products from Antarctic octocorals {Ure rarely 4found in natural steroids1-18} On the other
hand, theA“-3-acetoxy-6-keto moiety present in compounds

* Corresponding author. Tels34-956-016021; fax:-34-956-016193. ~ 6 and7 has only been described in synthetic derivatives
E-mail address:eva.zubia@uca.es (E. Ziab. [19-21]

0039-128X/$ — see front matter © 2004 Elsevier Inc. All rights reserved.
doi:10.1016/j.steroids.2004.02.005



292 G.G. Mellado et al./Steroids 69 (2004) 291-299

2. Experimental to ELO, then CHC4/MeOH (8:2), and finally MeOH. The
fraction eluted with hexane/ED (6:4) was subjected to
2.1. General methods normal phase HPLC with hexane/EtOAc (75:25) yielding

(24R,22E)-24-hydroxycholest-4,22-dien-3-on€l, (4.5 mg,

Optical rotations were measured on a Perkin-Elmer 241 0.004% dry wt.) and 23-acetoxy-24,25-epoxycholest-4-en-
polarimeter. UV spectra were obtained on a Philips PU 3-one @, 1.5mg, 0.001% dry wt.). The fraction of the gen-
8710 spectrophotometer and IR spectra were recorded oreral chromatography eluted with hexane(®t(1:1) was
a Genesis Series FT IR Mattson spectrophotomeétdr.  subjected to HPLC with hexane/EtOAc (75:25) yielding
and 13C NMR spectra were recorded on a Varian IN- 128-acetoxycholest-4-en-3,24-dion@ 34.3 mg, 0.030 dry
OVA 400 or on a Varian INOVA 600 spectrometer using wt.), 3a-acetoxy-25-hydroxycholest-4-en-6-ore (.0 mg,
CDClz as solvent. Proton chemical shifts were referenced 0.0008% dry wt.) and (&)-25-hydroxy-24-nor-cholest-4,
to the residual CHGI signal até 7.26, and'*C NMR  22.dien-3-one §, 7.5mg, 0.007% dry wt.). The fraction
spectra were referenced to the central peak of GDCI eluted with hexane/EO (3:7) was subjected to HPLC using
at 8 77.0. NOESY experiments'H-'H correlation spec-  hexane/EtOAc (7:3) and the more polar fraction obtained
troscopy (COSY), heteronuclear single quantum coher- was purified by reversed-phase HPLC using MeOyOH
ence (HSQC), and heteronuclear multiple bond correlation (85:15) to give 1P-acetoxy-24,25-epoxycholest-4-en-3-
(HMBC) were performed using standard VARIAN pulse one @, 1.0 mg, 0.0008% dry wt.) and 25-hydroxycholest-4-
sequences. Low resolution mass spectra were recorded on @n-3-one 8, 1.5mg, 0.001% dry wt.). Finally, the fraction
Finnigan Voyager GC80(% spectrometer. High resolution  ejuted with hexane/EO (1:9) was purified by HPLC with
mass spectra (HRMS) were obtained on a VG Autospec hexane/EtOAc (65:35) yieldingo31la-diacetoxy-25-hyd-
spectrometer. Column chromatography was carried out onroxycholest-4-en-6-one7( 2.67 mg, 0.002% dry wt.). Final
Merck Silica gel 60 (70-230mesh). HPLC separations purification of 7 was afforded by RP-18 cartridge eluted
were performed on a LaChrom-Hitachi apparatus equippedith MeOH.
with LiChrospher Si-60 (Merck) columns in normal phase
mode and LiChrosorb RP-18 (Merck) columns in reversed 2.3.1. (24R, 22E)-24-Hydroxycholest-4,22-dien-3-dije (
phase mode using a differential refractometer RI-71. Al White amorphous powdera]p?® = +47.6 ¢ = 0.2,
solvents were spectral grade or were distilled prior to CHCl3), UV (MeOH) 240 ¢ = 13,200). IR (film): 3468,

use. 2944, 2868, 1678, 1240 cth. EIMS (70 eV):m/z(%): 398
(7.8), 355 (100.0), 271 (33.9), 147 (43.3). HRCIMSz
2.2. Biological material = 399.3249, calculated forggH430, (M + H)™ 399.3263.

IH NMR (400 MHz, CDC}) and 13C NMR (100 MHz,
Specimens oD. acanthina(Wright and Studer, 1889) CDCl3) data are listed ifables 1 and 2respectively.

were collected on th&/V Polarsterncruises ANT XVII/3
(EASIZ-Ill, Ecology of Antarctic Sea Ice Zone, March 2.3.2. 23-Acetoxy-24,25-epoxycholest-4-en-3-@e (
17-May 11, 2000) sponsored by the Alfred Wegener Insti-  White amorphous powdera]p?® = +51.4 ¢ = 0.12,
tut fiir Polar und Meeresforschung (Bremerhaven) under the CHCL), UV (MeOH) 239 ¢ = 10,500). IR (film): 2939,
auspices of the Scientific Committee for Antarctic Research 2859, 1738, 1673, 1237 cmh. EIMS (70eV): m/z (%):
(SCAR). All the material examined db. acanthinawas 457 (16.2), 398 (10.0), 271 (24.5), 147 (58.2), 124 (82.9).
collected using a bottom trawl off Kapp Norvegia (East- HRCIMS m/z = 457.3317, calculated for gH4504 (M
ern Weddell Sea, Antarctica) in April 2000. The colonies + H)* 457.3318.1H NMR (400 MHz, CDC§) and *3C
were sorted on board and washed in running sea water toNMR (100 MHz, CDC}) data are listed ifables 1 and 2
avoid external contamination from other organisms col- respectively.
lected in the same haul, and immediately frozer-a7°C.
Taxonomy: Phylum Cnidaria, Class Anthozoa, Subclass 2.3.3. 18-Acetoxycholest-4-en-3,24-dior8) (

Octocorallia, Order Alcyonacea, Family Primnoidae. White amorphous powderp]p?® = +68.7 ¢ = 0.1,
CHCl), UV (MeOH) 239 ¢ = 9380). IR (film): 2956,
2.3. Extraction and iso'ation 2874, 1737, 1676, 1240 CT}I EIMS (70eV) m/Z (%)

457 (10.5), 396 (23.0), 269 (67.0), 127 (90.3), 71 (100).

Frozen specimens oD. acanthina (112.0g) were  HRCIMS m/z = 457.3329, calculated for 6H4s04 (M
chopped and extracted with 5L of acetone/methanol (1:1) + H)* 457.3318.'H NMR (400 MHz, CDCh) and **C
at room temperature. After filtration of the solvent, the NMR (100 MHz, CDC§) data are listed iTables 1 and 2
solution was evaporated under reduced pressure to obtairféspectively.
an aqueous residue that was partitioned betwegd &hd
Et,O. The organic layer was taken to dryness to give an 2.3.4. 13-Acetoxy-24,25-epoxycholest-4-en-3-od (
orange oil (1.83g), that was chromatographed on &SiO  White amorphous powdera]p® = +71.8 ¢ = 0.03,
column using solvents of increasing polarities from hexane CHCl), UV (MeOH) 239 ¢ = 16,830). IR (film): 2940,



Table 1

1H NMR data for compound4—72

Carbon 1° 2b 3 4¢ gb 6° 70
atom
1 1.68 (my, 2.01 (MB  1.68 (mp, 2.00 (MB  1.70 (M, 1.97 (ddd,  1.70 (m}, 1.95 (ddd,  1.69 (m), 2.01 (mB  1.57 (), 1.66 (ddd,  1.48 (mp, 1.85 (mi

o0 wWN

8
9
10
11
12

13
14
15
16
17
18
19
20
21
22
23

24
25
26
27
OAc
OAc

2.36 (m), 2.42 (m)
572 (bs)

2.26 (ddd, 14.6, 4.1,
2.5k, 2.33 (Mp

1.00 (m}, 1.83 (mp

1.52 (m)
0.92 (m)

1.42 (mpB, 1.50 (mpx
1.18 (m, 2.01 (mB

1.02 (m)

1.08 (m), 1.58 (m)
1.26 (m), 1.68 (m)
1.12 (m)

0.73 (s)

1.18 (s)

2.11 (m)

1.03 (d, 6.7)

5.49 (ddd, 15.3, 8.3, 0.7) 1.06 (m), 1.82 (m)

5.38 (dd, 15.3, 6.9)

3.77 (ddd, 6.7, 6.1, 0.7)
1.68 (m)

0.91 (d, 6.8)

0.87 (d, 6.8)

2.36 (m), 2.40 (m)

5.72 (bs)

2.26 (ddd, 14.5, 3.8,
2.4y, 2.38 (Mp

1.02 (mj, 1.83 (Mp

1.48 (m)
0.92 (m)

138 (mB, 1.50 (Mi
1.18 (m)y, 2.00 (MB

1.02 (m)

1.14 (m),1.58 (m)
1.26 (m), 1.86 (m)
1.10 (m)

0.70 (s)

1.18 (s)

1.39 (m)

0.96 (d, 6.4)

13.3, 5.1, 3.3
2.33 (m), 2.41 (m)

5.72 (bs)

2.27 (ddd, 14.8, 4.1,
2.2, 2.37 (MpB

0.98 (m, 1.83 (Mp

1.48 (m)

1.08 (m)
1_.42 (mB, 1.75 (mjx
4.64 (dd, 11.1, 4.9)

1.05 (m)

1.24 (m), 1.67 (m)
1.52 (m), 1.75 (m)

1.42 (m)

0.85 (s)

1.17 (s)

1.55 (m)

0.85 (d, 6.8)

1.20 (m), 1.80 (m)

13.4, 5.0, 3.23
2.32 (m), 2.38 (m)

5.73 (bs)
2.28 (ddd, 15.0, 4.3,
2.4, 2.36 (Mp

1.00 (mj, 1.84 (MB

1.48 (m)
1.08 (m)

1_.42 (mB, 1.75 (mp
4.66 (dd, 11.0, 4.9)

1.05 (m)
1.25 (m), 1.68 (m)
1.51 (m), 1.78 (m)

1.42 (m)

0.84 (s)

1.17 (s)

1.62 (m)

0.89 (d, 6.7)

1.06 (m), 1.68 (m)

4.93 (ddd, 10.8, 8.4, 2.6) 2.37 (m), 2.47 (ddd, 1.40 (m), 1.58 (m)

2.78 (d, 8.4)
_1.32 (s)

1.35 (s)
2.09 (s)

16.9, 9.4, 5.3)

2.59 (h, 6.9)
1.08 (d, 7.2)
1.08 (d, 7.2)

2.02 (s)

2.68 (dd, 6.7, 5.8)

1.30 (s)
1.25 (s)
2.02 (s)

2.34 (m), 2.42 (m)

5.72 (bs)
2.25 (ddd, 14.2, 4.1,
2.3), 2.38 (ddd, 14.2,
14.2, 5.0
1.02 (mj, 1.83 (MB

1.52 (m)
0.92 (m)

144 (mB, 1.51 (Mi
1.18 @n2.02 (Mp

1.02 (m)
1.10 (m), 1.58 (m)
1.26 (m), 1.66 (m)
1.16 (m)
0.72 (s)
1.18 (s)
2.05 (m)
1.02 (d, 6.8)

5.43 (dd, 15.7, 8.4)

5.52 (d, 15.7)

1.29 (s)
1.29 (s)

13.4, 3.9, 3.3
1.84 (m)
5.27 (m)
6.22 (d, 4.6)

1.96 (dd,16.0, 12.4)
2.57 (dd, 16.0, 4.4
1.84 (m)
1.30 (m)
1.46 (B, 1.63 (M
1.22 (mp, 2.07 (ddd,
12.9, 3.6, 3.3
1.14 (m)
1.10 (m), 1.59 (m)
1.26 (m), 1.86 (m)
1.14 (m)
0.75 (s)
0.95 (s)
1.42 (m)
0.94 (d, 6.6)

1.06 (m), 1.37 (m)

1.22 (m), 1.37 (m)
1.46 (m), 1.37 (m)
1.22 (s)

1.22 (s)
2.05 (s)

1.82 (m)
5.22 (bt, 4.3)
6.32 (dd, 4.9, 1.3)

2.06 (M, 2.59 (dd,
15.7, 3.9p

1.91 (m)

1.73 (t, 10.5)

5.28 (ddd, 10.5, 10.5, 5.3)

1.25 (mj, 2.37 (dd,
12.2, 5.3p

1.25 (m)

1.60 (m), 1.10 (td, 12.0
1.30 (m), 1.88 (m)

1.18 (m)
0.78 (s)
1.07 (s)
1.38 (m)
0.92 (d, 6.8)

1.38 (m)

1.34 (m), 1.43 (m)

1.21 (s)
1.21 (s)
2.05 (s)
2.06 (s)

1.03 (m), 1.34 (m)

aSpectra recorded in CDEIJ inHz. Assignments aided by COSY, HSQC, HMBC, and NOESY experiments.
b Spectra recorded at 400 MHz.
¢ Spectra recorded at 600 MHz.
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Table 2
13C NMR data for compoundg—72
Carbon atom 1P 2o 30 4° 5P 6° 7
1 35.6 35.6 35.6 35.6 35.6 30.8 31.2
2 33.9 33.9 33.8 33.8 33.9 24.3 24.4
3 199.6 199.8 199.2 199.2 199.6 65.3 64.9
4 123.8 123.8 124.2 124.2 123.7 126.0 128.0
5 171.5 171.4 170.1 170.1 171.5 150.9 149.7
6 32.9 329 32.7 32.7 32.9 203.4 200.1
7 32.0 32.0 31.2 31.2 32.0 46.4 46.0
8 35.7 35.7 34.3 34.3 35.7 34.0 32.9
9 53.8 53.7 52.1 52.1 53.8 50.8 53.0
10 38.6 38.4 38.4 38.4 38.6 38.7 39.8
11 21.0 21.0 27.2 27.2 21.0 21.4 70.6
12 39.5 39.5 80.7 80.7 39.5 39.4 46.2
13 42.4 425 46.2 46.2 42.3 42.6 42.6
14 55.8 56.2 53.8 53.9 55.9 56.6 55.3
15 24.2 24.4 23.6 23.7 24.0 23.9 23.9
16 28.5 28.4 24.4 24.4 28.5 28.0 28.1
17 55.7 55.9 56.5 56.6 55.7 56.0 55.8
18 12.2 11.9 8.8 8.9 12.1 11.9 12.6
19 17.4 17.4 17.1 17.2 17.3 18.6 19.3
20 39.7 32.2 32.7 33.3 39.4 35.7 35.5
21 20.5 18.8 20.6 20.9 20.4 18.3 18.6
22 138.8 38.6 28.4 31.4 133.2 36.3 36.2
23 128.7 71.2 38.2 27.1 135.5 20.7 20.7
24 78.1 65.2 215.0 64.7 44.3 44.3
25 34.0 58.4 40.8 58.1 70.6 71.1 71.0
26 18.2d 24.7 18.2d 24.9 29.9d 29.4d 29.4d
27 18.1d 19.3 18.3d 18.7 29.8d 29.2d 29.2d
OCOCH3 21.1 21.5 21.6 21.1 21.9e
OCOCH3 170.5 170.5 170.5 170.3 170.2
OCOCH3 21.2e
OCOCH3 170.2

Values with the letters (d and e) in the same column are interchangeable.
aSpectra recorded in CDglAssignments aided by HSQC and HMBC experiments.

b Spectra recorded at 100 MHz.
¢ Spectra recorded at 150 MHz.

2866, 1752, 1685, 1240 cth. EIMS (70 eV):m/z(%): 457
(15.3), 398 (25.0), 378 (29.8), 338 (30.3), 269 (59.0), 147
(43.8). HRCIMSm/z= 457.3324, calculated for H4504

(M + H)* 457.33181H NMR (600 MHz, CDC}) and*3C
NMR (150 MHz, CDC}) data are listed ifables 1 and 2
respectively.

2.3.5. (22E)-25-Hydroxy-24-norcholest-4,22-dien-3-one
©)

White amorphous powderp]p?® = +45.9 ¢ = 0.07,
CHClz), UV (MeOH) 240 ¢ = 14,900). IR (film): 3445,
2943, 2867, 1673, 1230cmh. EIMS (70eV): m/z (%):
385 (31.4), 369 (35.7), 315 (100.0), 271 (56.6), 147 (75.3).
HRCIMS m/z = 385.3117, calculated for £gH4102 (M
+ H)T 385.3107'H NMR (400 MHz, CDC}) and 13C
NMR (100 MHz, CDC}) data are listed ifables 1 and 2
respectively.

2.3.6. -Acetoxy-25-hydroxycholest-4-en-6-06¢ (
White amorphous powderp]p?® = +76.5 ¢ = 0.06,

CHCl), UV (MeOH) 232 ¢ = 6740). IR (film): 3480,

2939, 2867, 1740, 1696, 1237 ch EIMS (70eV): m/z

(%): 459 (6.4), 417 (100), 399 (9.2), 384 (10.5), 121 (59.8).
HRCIMS m/z = 458.3395, calculated for &gH4604 (M)™
458.3396.1H NMR (600 MHz, CDCk) and 3C NMR
(150 MHz, CDC4) data are listed iffables 1 and 2respec-
tively.

2.3.7. 3,1la-Diacetoxy-25-hydroxycholest-4-en-6-omg (

White amorphous powderp]p?® = +62.4 ¢ = 0.14,
CHCIlz), UV (MeOH) 233 ¢ = 7170). IR (film): 3466,
2950, 2867, 1737, 1676, 1244 ch EIMS (70 eV):m/z(%):
517 (6.1), 475 (100), 399 (13.7), 121 (64.7). HRCIvt&
= 516.3445, calculated for gH450s (M)* 516.3451.1H
NMR (400 MHz, CDCk) and'3C NMR (100 MHz, CDC})
data are listed iTables 1 and 2respectively.

2.4. Absolute configuration

2.4.1. Synthesis of the (R)-MPA ester of compalind
Compound1 (1.4mg, 35 x 10-3mmol) was treated
with CHzCl, solutions of N,N’-dicyclohexylcarbodiimide
(7.5mg, 0.036 mmolin 0.5 mLN,N-dimethylaminopyridine
(1 mg, 82x 103 mmol in 0.5 mL) and R)-a-methoxyphen-
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ylacetic acid (2 mg, 0.012 mmol in 0.5 mL) and the mixture five signals att = 1.18 (s, 3H), 1.03 (d, 3H/ = 6.7 Hz),
was stirred at room temperature for 3 h. Evaporation of the 0.91 (d, 3H,J = 6.8Hz), 0.87 (d, 3H,J = 6.8Hz), and
solvent under reduced pressure yielded a residue that wa®.73 (s, 3H) attributable to the methyl groups at C-19, C-21,
purified by HPLC (Hexane/EtOAc 85:15) to obtain 0.4 mg C-26/C-27, and C-18, respectively, of a steroidal metabolite.
(7.3 x 100*mmol) of the R)-MPA esterla: 'H NMR These data, together with a general inspection ofld@
(600 MHz, CDC}): (selected data, assignments aided by NMR spectrumTable 9 which accounted for the 27 carbons
a COSY experimenty 5.73 (bs, 1H, H-4), 5.21 (dd, 1H, of the molecular formula, were consistent with a cholestane
J =153, 9.0, H-22), 5.07 (dd, 1H] = 153, 7.5, H-23), carbon frameworK22]. Furthermore, thé3C NMR signal
4.98 (dd, 1HJ = 7.5, 6.6, H-24), 1.89 (m, 1H, H-20), 1.82 até = 1996 (s) was attributable to the carbonyl group of
(m, 1H, H-25), 1.17 (s, 3H, H-19), 0.86 (d, 3H,= 7.2, an a,B-unsaturated ketone, while the signaldat= 78.1
H-26), 0.86 (d, 3HJ = 7.2, H-27), 0.85 (d, 3H/J = 6.6, (d) together with the IR absorption band at 3468¢nn-

H-21) and 0.63 (s, 3H, H-18). dicated the presence of a secondary hydroxyl group in the
molecule. The remaining functional groups of compoudnd

2.4.2. Synthesis of the (S)-MPA ester of compdund were identified as two carbon-carbon double bonds, one of

Treatment of compound. (1.6mg, 39 x 10-3mmol) them conjugated with the ketone function, that gave rise to

with CH,Cl, solutions of N,N'-dicyclohexylcarbodiimide  the 13C NMR signals a$ = 1715 (s), 138.8 (d), 128.7 (d)
(7.5mg, 0.036 mmolin 0.5 mLN,N-dimethylaminopyridine ~ and 123.8 (d). The location of all these functionalities on the

(1 mg, 82x 10~3mmol in 0.5 mL) and §)-a-methoxyphen- cholestane framework was determined through the analysis
ylacetic acid (2mg, 0.012mmol in 0.5mL) as described of the COSY, HSQC and HMBC spectra.
above (rt 3h) yielded 2.1mg @ x 10-3mmol) of the Thus, the olefinic carbon signals &&= 1388 and 128.7

(9-MPA esterlb: 'H NMR (600 MHz, CDC}): (selected were correlated in the HSQC spectrum with two proton sig-
data, assignments aided by a COSY experimébty?2 (bs, nals at§ = 5.49 (ddd, 1H,J = 15.3, 8.3, and 0.7 Hz) and

1H, H-4), 5.50 (dd, 1HJ = 15.6, 9.0, H-22), 5.25 (dd, 1H, = 5.38 (dd, 1H,/ = 15.3 and 6.9 Hz), respectively, assigned
J = 156, 7.8, H-23), 4.95 (dd, 1H/ = 7.8, 6.6, H-24), to two trans-coupled olefinic protons. On the cholestane
2.03 (m, 1H, H-20), 1.72 (m, 1H, H-25), 1.18 (s, 3H, H-19), skeleton, drans-disubstituted double bond had to be located
0.98 (d, 3H,J = 6.6, H-21), 0.70 (d, 3H/J = 7.2, H-26), in the side chain. In fact, it was determined that the dou-

0.70 (d, 3H,J = 7.2, H-27) and 0.69 (s, 3H, H-18). ble bond was located at C-22,C-23 upon observation in the
COSY spectrum of a cross peak between the olefinic proton
2.5. Cytotoxic activity signal at§ = 5.49 and a methyne proton signalé&t 2.11

(m, 1H) which, in turn, was correlated with the Me-21 dou-
All the compounds isolated fronD. acanthinawere blet at§ = 1.03. On the other hand, the carbon signal at
tested against the following human tumor cell lines: DU-145 8 = 78.1 was correlated in the HSQC spectrum with a pro-
(prostate carcinomay), LN-caP (prostate carcinoma), IGROV ton signal at = 3.77 (ddd, 1H, 6.7, 6.1, and 0.7 Hz) which
(ovarian adenocarcinoma), SK-BR3 (breast adenocarci-in the COSY spectrum was coupled with the olefinic proton
noma), SK-MEL-28 (melanoma), A549 (lung adenocarci- signal até = 5.38 (H-23). These data defined the location
noma), K-562 (chronic myelogenous leukemia), PANC1 of the secondary hydroxyl group at C-24.
(pancreas carcinoma), HT29 (colon adenocarcinoma), The two remaining olefinic carbon signals above men-
LOVO (colon adenocarcinoma), LOVO-DOX (colon ade- tioned ats = 1715 (s) and 128.7 (d) in th€C NMR spec-
nocarcinoma resistant to doxorubicin), and HELA (cervix trum, together with the proton signalé&t= 5.72 (bs, 1H) in
epithelial adenocarcinoma). thelH NMR spectrum, were therefore due to a trisubstituted
double bond conjugated with the ketone group. Taking into
account the usual presence of an oxygenated function at C-3
3. Results and discussion in steroidal metabolites, it was proposed that the carbonyl
group was located at C-3, and therefore the trisubstituted
Frozen specimens db. acanthinawere extracted with  double bond at C-4,C-5. This proposal was confirmed from
acetone—methanol (1:1). After evaporation of the solvent un- the correlations observed in the HMBC spectrum. In fact,
der reduced pressure, the agueous residue was extracted witthe signals = 1715, assigned to the carbon Biposition
Et,0O and the organic extract subjected to column chromatog- with respect to the carbonyl, showed a cross peak with the
raphy eluted with He/RO mixtures, then CHGIMeOH Me-19 proton signal at = 1.18 (s), while the carbonyl sig-
(8:2), and finally MeOH. The more polar fractions showed nal até = 1996 showed three-bonds correlations with the
cytotoxic activity against the human tumor cell lines HT29, proton signals of a methylene &&= 2.01 (m, 1H, H-1) and
A549, and LOVO-DOX and were further separated on HPLC 1.68 (m, 1H, H-1), which in turn were correlated with the
to yield compound4-8. Me-19 carbon signal at= 17.4 (q).
Compoundl was isolated as an amorphous solid whose  All these data, together with a careful analysis of the
molecular formula, €/H420,, was determined by HRMS. COSY, HSQC and HMBC spectra that allowed us to fully
TheH NMR spectrum of compountl (Table ) exhibited assign the'H and13C NMR data of compound, were in
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agreement with the structure @224-hydroxycholest-4,22-
dien-3-one.
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ing the same enone moiety. This structural assignment
was further confirmed through the analysis of the COSY,

The analysis of the NOESY spectrum confirmed that HSQC and HMBC spectra, that also led to establish
compoundl possessed the usual stereochemistry of the the structure of the side chain of compou@idas fol-

hydrocarbon framework of the cholestari@8]. With re-

spect to the chiral center at C-24, its configuration was

lows.
The presence of three methyl groups at C-21, C-26 and

established through chemical derivatization of compound C-27 was deduced from tH&l NMR signals a$ = 0.96 (d,

1 with (R)- and @-a-methoxyphenylacetic acids (MPA)

3H,J = 6.4Hz), 1.32 (s, 3H), and 1.35 (s, 3H), respectively,

and subsequent analysis of the resulting diastereomericwith these two latter signals suggesting the presence of an

estersla and 1b by 'H NMR. Negative As(sg — 8s) val-
ues were found for H-20, H-21, H-22 and H-23, while
positive A§ values were obtained for H-25, Me-26 and
Me-27 (Fig. 1). Following the MPA ruleq24], these data
indicated anR configuration for C-24. Therefore it was
proposed the structure (R422E)-24-hydroxycholest-4,22-
dien-3-one for compound.

Compound2 was isolated as an amorphous solid of
molecular formula @H4404, as established by HRMS.

oxygenated function at C-25. A signal &t= 2.78 (1H,

d, J = 8.4 Hz) that was correlated in the HSQC spectrum
with a carbon signal at = 65.2 (d), was attributable to an
oxymethyne proton of an epoxide ring. Furthermore, in the
HMBC spectrum the proton singlets of the methyl groups at
C-26 and C-27 showed cross peaks with the epoxide carbon
signal at§ = 65.2 consequently assigned to C-24, as well
as with a singlet a8 = 584, that had to be due to C-25.
Taking into account the presence in the molecule of four

The presence of an acetoxyl group was readily inferred oxygen atoms and seven unsaturations deduced from the

from the NMR signals aty = 2.09 (s, 3H) andé¢c =

molecular formula, all these data were in agreement with

1705 (s) and 21.1 (q). The remaining 27 signals of the the presence of an epoxy function between C-24 and C-25.
13C NMR spectrum were attributable to a cholestane Finally, a signal in théH NMR spectrum as = 4.93 (ddd,

skeleton. Furthermore, a comparison with &€ NMR
data of compoundl indicated that both compoundg,

and 2, shared an identical tetracyclic nucleus contain-

4,
1aR=H Ri= "X
OMPA(S)

1b R=H Rf'”M

mA R "
OAc
0o

“,,

3R=0Ac R;="

1H, J = 1038, 8.4 and 2.6 Hz), that was correlated in the
HSQC spectrum with the carbon signaldat= 71.2, was
assigned to a proton geminal to the acetoxyl group. This

o
m,,
o0 4R=OAC Rj= M

5R=H

_0113,/,' -0.29
,

OMPA

R 0.16
DMW
wWww

0.16

Fig. 1. Chemical shifts differences\§ = §g — Js, in ppm) between the MPA estets and 1b.
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proton was readily identified as H-23 upon observation in (s) attributable to the carbon atoms of an epoxide group as
the COSY spectrum of a cross peak with the signal at that possessed by compouhdn fact, the signal at = 64.7

2.78 previously assigned to the proton H-24 on the oxirane was correlated in the HSQC spectrum with a proton signal
ring. at 2.68 (dd, 1HJ = 6.7 and 5.8 Hz), while in the HMBC

Based on all this spectroscopic evidences it was proposedspectrum showed cross peaks with the signals at 1.30 (s, 3H)
the structure 23-acetoxy-24,25-epoxycholest-4-en-3-one forand 1.25 (3H, s) due to the methyl groups at C-26 and C-27.
compound?. Although the cholestan2 contains two addi-  All these data confirmed the presence of an epoxide ring
tional chiral centers at C-23 and C-24, their absolute config- at C-24,C-25, and therefore it was proposed the structure
uration could not be investigated since the small amount of 24,25-epoxy-1g-acetoxycholest-4-en-3-one for compound
compound available prevented any chemical transformation. 4.

The'3C NMR spectrum of compour@ldisplayed 29 sig- The IH NMR spectrum of compoun8 displayed four
nals, 2 of themd = 1705 (s) and 21.5 (g)] corresponding signals attributable to the methyl groups of a cholestane
to an acetoxyl group and the remaining 27 attributable to a at§ = 1.29 (s, 6H, H-26/H-27), 1.18 (s, 3H, H-19), 1.02
cholestane framework, whose presence was further ascer{d, 3H, J = 6.8 Hz, H-21) and 0.72 (s, 3H, H-18). How-
tained by the!H NMR signals ats = 1.17 (s, 3H), 1.08 (d, ever, taking into account the molecular formulgsB4002,
6H, J = 7.2) and 0.85 (s, 3H) due to the methyl groups at established by HRMS, it was concluded that compo&nd
C-19, C-26/C-27, and C-18, respectively. The NMR spectra was a nor-cholestane derivative. A comparison of the NMR
of compound3 showed, as those of compountisand 2, data of compoun with those of compound$—4 revealed
the characteristic signals of the enone moiety of ring A: that compoundb also possessed the previously described
one olefinic proton signal &y = 5.72 (bs, 1H) and three  C-19 tetracyclic nucleus containing anB-unsaturated ke-
carbon signals al¢c = 1992 (CO), 124.2 (C-4) and 170.1 tone in ring A. Therefore, the side chain had to be formed
(C-5). A signal ats = 2150 (s) in thel3C NMR spectrum by seven carbons, three of them corresponding to the methyl
indicated the presence of an additional carbonyl group. This groups that gave rise to théd NMR signals above men-
function was located at C-24 upon observation in the HMBC tioned at 1.02 (d, 3HJ = 6.8 Hz, H-21) and 1.29 (s, 6H,
spectrum of a cross peak between this carbonyl signal andH-26/H-27). Furthermore, this latter signal together with the
the proton signal a8 = 1.08 due to the methyl groups at 3C NMR singlet ats = 70.6 ppm were consistent with the
C-26 and C-27. On the other hand, it was deduced that thepresence at C-25 of a hydroxyl group whose IR absorption
acetoxyl group was linked to a methyne group upon obser- was observed at 3445 crh Finally, the'H NMR spectrum
vation in thelH NMR spectrum of a signal at = 4.64 showed two olefinic proton signals &t= 5.52 (d, 1H,J =
(dd, 1H,J = 11.1, 4.9 Hz) that was correlated in the HSQC 15.7) 5.43 (dd, 1H,/ = 15.7 and 8.4 Hz) that were as-
spectrum with a carbon signal at 80.7 (d). The analysis signed to the protons of @ans-disubstituted double bond.
of the COSY, HSQC and HMBC spectra of compoudid  Since in the COSY spectrum the doublet due to the Me-21
allowed to fully assign the NMR signals and to determine group atd = 1.02 showed a cross peak with a proton sig-
that the acetoxyl group was attached to C-12. Thus, in thenal at§ = 2.05 (m, 1H, H-20) which in turn was corre-
HMBC spectrum the signal due to the proton geminal to lated with the olefinic proton signal &= 5.43, it was de-
the acetoxyl groupéy = 4.64) was correlated with three  termined the localization of the double bond at C-22,C-23.
carbon signals a8 = 56.5 (d), 27.2 (t) and 8.8ppm (q), All these data led to propose for compoubithe structure
corresponding to C-17, C-11 and C-18, respectively, while (22E)-25-hydroxy-24-nor-cholest-4,22-dien-3-one.
the signal due to the carbon bearing the acetoxyl group Compounds was isolated as a solid whose molecular for-
(6c = 80.7) was correlated with the proton signal of Me-18 mula, GgH404, deduced from the HRMS measurement,
ats = 0.85 and with the signals assigned to H-11 protons at together with a general inspection of the and13C NMR
1.75 (m, 1H) and 1.42 (m, 1H). Finally, the vicinal coupling spectra indicated that it was an acetylated cholestane deriva-
constants of H-12 with the protons H-13/{1ax12 = 11.1 tive.
and 3J11eq12 = 4.9Hz) indicated an axial orientation of In addition to those corresponding to the acetoxyl group,
H-12 and therefore an equatorial frorientation of the the most distinctive signals of th&C NMR spectrum
acetoxyl group. All these data led to propose the struc- were a carbonyl signal a8 = 2034 (s), assigned to a
ture 13-acetoxycholest-4-en-3,24-dione for compound ketone conjugated with a trisubstituted double bond that

3. gave rise to the carbon signalséat 1509 (s) and 126.0
Compound4 was isolated as an amorphous solid whose (d), and two sighals a6 = 711 (s) and 65.3 (d) as-
molecular formula GgH4404, determined by HRMS, indi-  signed to two carbons bearing oxygenated functions. One
cated that it was an isomer of compouriand 3. Further- of these had to be the acetoxyl group, while the other one

more, the NMR spectra of the three compounds were closelywas identified as a hydroxyl group that gave rise to the
related. The main difference between #i€ NMR spectra IR absorption at 3480cmt. The location of these func-

of compound$8 and4 was the absence in the latter spectrum tional groups on the cholestane skeleton was performed
of the signals due to a carbonyl at C-24 and a methyne atthrough the interpretation of the COSY, HSQC and HMBC

C-25, appearing in turn two signalséat 64.7 (d) and 58.1 spectra.
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Table 3

Growth inhibition on human tumor cell lines shown by compoufé8 (Glsg values inug/mL)

Compound A B c D E F G H [ J K L

1 2.0 32 4.2 1.1 3.9 3.3 3.6 4.0 45

2 17 5.0 22 3.1 1.2 3.1 26 2.9 3.1 3.4

3 4.2 1.6 4.4 35 36 4.9 1.6 33 43 2.0 15 3.4

4 41 15 5.2 3.4 3.4 4.4 1.3 2.9 35 2.2 1.9 3.6

5 1.4 33 4.9 0.9 3.7 5.0 35 4.4

6 2.6 1.6 21 3.0 15 3.8 1.4 21 22 2.1 2.9 2.6

7 2.3 2.3 2.2 3.2 2.0 4.2 1.5 2.4 2.9 2.0 1.7 2.9

8 3.0 18

A: DU-145; B: LN-caP; C: IGROV; D: SK-BR3; E: SK-MEL-28; F: A549; G: K-562; H: PANC1,; I: HT29; J: LOVO; K: LOVO-DOX; and L: HELA.
Thus, the carbon signal at= 1260, that was correlated The NMR spectra of compound were closely simi-

in the HSQC spectrum with a signaléat 6.22 (d, 1H,J = lar to those of compound above described, except by

4.6 Hz), was assigned to the olefinic methyneBiposition the presence of the signals corresponding to an additional

with respect to the carbonyl group. The signad at 1509, acetoxyl group. In fact, a detailed comparison with the

due to the olefinic carboa to the carbonyl group, showed NMR data of compound led to determine that com-
in the HMBC spectrum three-bonds correlations with the pound 7 was a cholestane which possessed the same
proton signal ats = 0.95 (s, 3H), corresponding to the +y-acetoxye,B-unsaturated ketone moiety in rings A/B and
methyl group at C-19, and with a proton sigdak= 2.57 side chain that compoun@l Therefore, the additional ace-
(dd, 1H,J = 16.0, 4.4 Hz) that, together with a signal at toxyl group had to be located in the tetracyclic nucleus
8§ = 1.96 (dd, 1H,J = 16.0, and 12.4 Hz), were assigned and linked to a methyne whose signals were observed at
to a methylene adjacent to the carbonyl group. Taking into 4y = 5.28 (ddd, 1H,J = 10.5, 10.5, and 5.3Hz) and
account the cholestane framework, this correlations weredc = 70.6 (d). In the COSY spectrum the signal of the
consistent with the location of the trisubstituted double bond proton geminal to the acetoxyl groufy(= 5.28) was cor-
at C-4,C-5, in ring A, and the ketone carbonyl at C-6, in related with a methyne proton signal &t= 1.73 (t, 1H,
ring B. On the other hand, in the HSQC spectrum the carbon J = 10.5Hz, H-9) and with the signal of a methylene at
signal at§ = 65.3 (d) showed a cross peak with a proton § = 2.37 (dd, 1H,J = 122, 5.3Hz, H-12) and 1.25ppm
signal at§ = 5.27 (m, 1H), that was assigned to a proton (m, 1H, H-12). On the other hand, in the HMBC spectrum,
geminal to the acetoxyl group. In the COSY spectrum, this the proton signal a8 = 5.28 showed a cross peak with a
proton signal was correlated with the H-4 olefinic proton quaternary carbon signal &= 39.8 (s, C-10) which in
signal ats = 6.22, thus defining the location of the acetoxyl turn was correlated with the proton signalsat 1.07 (s,
group at C-3. At this point, the tertiary hydroxyl group had 3H) due to the methyl at C-19. These correlations indicated
to be located at C-25¢ = 71.1 (s)] in agreement with  that the acetoxyl group was located at C-11. Furthermore,
the signal of the!H NMR spectrum at = 1.22 (s, 6H), an axial orientation for H-11 was deduced from the cou-
corresponding to the methyl groups at C-26 and C-27. pling constants’Jg 11ax = 10.5Hz, 3J11ax12ax = 10.5Hz,
Finally, the correlations observed in the NOESY spec- and 3111ax12eq = 5.3Hz. Based on these spectroscopic
trum were consistent with the usual stereochemistry of evidences it was proposed for compoundhe structure
the hydrocarbon framework of cholestanes, while the 3a,llx-diacetoxy-25-hydroxycholest-4-en-6-one.
multiplicity displayed by the signal of H-3 at = 5.27 All the steroids isolated fronD. acanthinawere tested
(m, Wy» =11.8Hz), typical of an equatorial proton in bioassays directed to detect in vitro activity against a
[25], indicated an axial o orientation of the acetoxyl panel of 12 human tumor cell lines (s&ection 2. The
group. All the data were in agreement with the structure measured parameters weresgs{concentration that causes
3a-acetoxy-25-hydroxycholest-4-en-6-one for compoénd  50% growth inhibition), TCI (concentration that causes total

Table 4

Cytostatic effect on human tumor cell lines shown by compouhds(TGI values inpg/mL)

Compound A B C D E F G H | J K L

1 4.1 2.8

2 3.8 6.8 2.9 8.5 9.6

3 3.7 3.8 9.0 5.0

4 4.0 3.7 8.1 7.4

5 3.3 3.2

6 8.9 5.3 4.9 9.5 3.4 4.3 6.2 4.4 6.1 8.0 6.9
7 4.1 4.7 4.2 8.6 4.0 9.9 3.7 4.8 59 45 4.8 7.4
8 7.0 4.1

A: DU-145; B: LN-caP; C: IGROV; D: SK-BR3; E: SK-MEL-28; F: A549; G: K-562; H: PANC1; I: HT29; J: LOVO; K: LOVO-DOX; and L: HELA.
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Table 5
Cytotoxic effect on human tumor cell lines shown by compouté®
(LCsp values inpg/mL)

Compound A B C E G H | J

1 8.5 6.8

2 8.1 7.2

3 8.5 9.0

5 7.8

6 7.3 9.0

7 7.3 9.3 8.0 7.8 9.1 9.6 9.9
8 9.5

A: DU-145; B: LN-caP; C: IGROV; E: SK-MEL-28; G: K-562; H:
PANC1; I: HT29; and J: LOVO.

growth inhibition: cytostatic effect) and Lgg (concentration
that causes 50% cell killing: cytotoxic effect).

The most significant Gb values &5png/mL) are pre-
sented inTable 3 In general, all compounds showed ac-
tivity as growth inhibitors of a number of cell lines. The

higher levels of activity were observed against the cell lines

LN-caP and K-562, with most of the compounds display-
ing Glsp values lower than gg/mL. In addition, the tested
steroids showed the cytostatic effects showmahble 4 with

299

[3] McClintock JB, Baker BJ. A review of the chemical ecology of
Antarctic marine invertebrates. Am Zool 1997;37:329-42.

[4] Amsler CD, McClintock JB, Baker BJ. Secondary metabolites as
mediators of trophic interactions among Antarctic marine organisms.
Am Zool 2001;41:17-26.

[5] Palermo JA, Rodguez Brasco MF, Spagnuolo C, Seldes AM.
llludalane sesquiterpenoids from the soft cokddyonium paessleri
the first natural nitrate esters. J Org Chem 2000;65:4482-6.

[6] Rodriguez Brasco MF, Seldes AM, Palermo JA. Paesslerins A and
B: novel tricyclic sesquiterpenoids from the soft cordtyonium
paessleri Org Lett 2001;3:1415-7.

[7] Ike KB, Baker BJ. Ainigmaptilones, sesquiterpenes from the
Antarctic gorgonian coralAinigmaptilon antarcticus J Nat Prod
2003;66:888-90.

[8] Gavagnin M, Mollo E, Castelluccio F, Crispino A, Cimino G.
Sesquiterpene metabolites of the Antarctic gorgoridasystenella
acanthina J Nat Prod 2003;66:1517-9.

[9] Slattery M, Hamann MT, McClintock JB, Perry TL, Puglisi MP,
Yoshida WY. Ecological roles for water-borne metabolites from
Antarctic soft corals. Mar Ecol Prog Ser 1997;16:133-44.

[10] Righi G, Bovicelli P, Sperandio A. An easy deoxygenation of
conjugated epoxydes. Tetrahedron 2000;56:1733-7.

[11] Maldowan JM, Tan WL, Dijerassi C. Z&Methylcholestane-
3B,5x,68,128,25-pentol-25-monoacetate, a novel polyoxygenated
marine sterol. Steroids 1975;26:107-28.

[12] Kingston JF. Steroids from the sea raspber@ersemia
rubiformis 24-Norcholesta-1,4,22-trien-@2ol-3-one and its acetate.
Tetrahedron Lett 1980;21:4295-6.

all the compounds being active against the cell lines LN-caP [13] Tanaka J, Higa T, Tachibana K, Iwashita T. Gorgost-5-ene-

and K-562. Compound$and7 presented the broader range
of activity with significant cytostatic effects on most of the

cell lines. Finally, cytotoxic effects were observed on a re-

duced number of cell lines, as shown Table 5 All the

compounds resulted cytotoxic against one or two cell lines

excepting compound that was active against seven of the
assayed cell lines.
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