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Mooloolabenes A-E, Norsesterterpenes from the Australian Spongeyattella intestinalis
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Five new norsesterterpenes, mooloolabene&A1—5), and the new sesterterpene mooloolaldehyjerélated to the
scalarane family of compounds, were isolated from an acetone extract of the Australian blyatigéia intestinalis

Structural elucidation, including relative stereochemical assignment, was based on spectroscopic analysis. All compounds
tested showed cytotoxic activity against the P388 cell line.

Sponges of the order Dictyoceratida have proven to be a bountiful Table 1. *3C NMR Assignments for Compounds-6?
source of chemical variants based on the scalarane skététaith C 1b ob 3 4 b &
new examples being isolated nearly every year since the discovery

of scalarin from the methanol extract Gacospongia scalarign ; ?g'g ig'g ?g'z ‘1%'3 ig'g ig%
19724 The scalarane family of compounds shows wide-ranging 3 420 421 360 447 422 418
biological activities, with perhaps the most important being their 4 32.7 32.7 36.3 33.6 32.7 33.2
anti-inflammatory and cytotoxi€é-1* properties. Scalaranes can 5 49.6 49.7 50.7 52.4 49.7 56.0
show varied patterns of alkylation, giving rise tgs@nd G; homo- 6 23.7 23.7 234 67.8 23.7 19.2
and bishomo compounds in which methylation typically occurs at 7 1214 1208 1212 1191 1204 35.6

. 8 136.2 1365 1364 1425 1373 53.7
carbons 20 and 2¥:'> While these alkylated scalaranes are g 527 529 529 53.4 531 60.0
commonly encountered, there are relatively few reported instances 1 356 357 355 35.7 357 379
of norscalaranes. A study dflyrtios erectarevealed the first 11 19.7 20.2 19.9 20.6 20.3 16.5
example of a norsesterterpene scalarane hyif)#t that lacks the 12 38.2 36.6 38.2 38.7 39.0 40.1
C-19 aldehyde functionality commonly observed among the tetra- S ?1?1'2 %-g 431?1'2 ig-g ig-i gg-g
cyclic dialdehyde scalaranes such as scalaradigince then, 15 972 577 972 259 26.0 518

multiple examples of norscalaranes have been reported including 74 1531 1525 1529 1176 117.8 228

19-norscalarane$;'® 20-methyl-19-norscalaranés,and 20,22- 17 1379 137.3 1379 1349 1350 113.7
dimethyl-19-norscalarané®19%20 A single report describes the 18 57.7 56.0 57.8 56.7 56.7 63.4
isolation of scalarane sesterterpenes oxidatively modified at the C-24 19 2014 2021 2013 98.3 98.5 98.3
methyl position from a sponge named by these authokyasella 20 1934 1929 1934 704 705 1348
intestinalis® In this paper we report the isolation of mooloolabenes 21 335 335 27.3 33.1 33.6 33.3
A—E (1-5), the first examples of norscalarane metabolites lacking 22 223 223 66.8 245 223 213
 HTE ° et 5 23 15.0 15.0 16.2 17.3 15.0 15.3
a methyl substituent at C-8, together with the oxidatively modified 24 13.6 19.2 13.7 12.8 125  205.4
Cy,s scalaranes, which may be their biosynthetic precursor, and 25 16.0
describe the biological activities of these compounds. 6-0OCOCH; 170.6
6-OCCCH3 21.9
; ; 19-OCOCHs 170.3 170.5 170.0
Results and Discussion 19-0CQCH, 214 214 213
Sponge samples were collected from the Inner Gneering shoals 22-OCOCHs 171.3
off Mooloolaba, South-East Queensland, at a depth efiBm in 22-OCQCHs 21.0

July 2005 and again in January 2006. The sponge acetone extract 2Chemical shifts (ppm) referenced to CRGc 77.0).°At 500 MHz.
was subjected to flash column chromatography to afford fractions °At 750 MHz.
that were purified by Si HPLC, giving compounds-6. ) ) ) )
Mooloolabene A {) was isolated as a white, amorphous solid deacetoxyscalaradia8)'* thg main observable difference being
and was revealed to have the molecular formulgHg,0, from the _absence of one methyl in exchange for a second double bond.
the HRESIMS sodiated ion at/z 377.245113C NMR and HSQC Assignment of_ the new double bond to C-7/C-8 was based on
data showed the presence of four methyls, seven methylenes, eighfiMBC correlations from H-7 to C-5, C-6, C-9, and C-1%@9.6,
methines, and five quaternary carbons. Characteristiand 13C 23.7,52.7, and 44.6) and fromy48 (64 1.93 m) to C-8 {c 136.2),
NMR signals (Tables 1 and 2) indicating the presence of.gh Whll_e COSY correlations fro_m K6 to H-7 further confirmed this
unsaturated aldehydé,] 9.49 (1H, s, H-20), 7.12 (1H, m, H-16); assignment. HMBC correlations fromgt24 (0y 0.70 s) to C.-.12,
dc 193.4 (C-20), 153.1 (C-16), and 137.9 (C-17)] were supported &-13, C-14, and C-180% 38.2, 36.5, 44.6, and 57.7) positioned
by HMBC correlations from H-20 to C-16 and C-17. A second this methyl group at the C/D ring junction, while correlations from
aldehyde §u 9.51 (1H, d,J = 4.3 Hz, H-19);0c 201.4 (C-19)] ~ Methyls H-21 and H-22 (o4 0.87 and 0.91) to C-40¢ 32.7)
was also present together with an isolated double bopds[47 established the presence of geminal methyl substitution at C-4.
(1H, dddd, H-7)dc 121.4 (C-7) and 136.2 (C-8)]. These structural -Ong-range correlation of £23 (0 0.81) to C-1 and C-100¢
features were strongly reminiscent of the scalarane dialdehyde 12-39-8 and 35.6) placed the final methyl signal at the A/B ring
junction. The upfield shifts of k23, H-24, and their associated
N . . - carbons are consistent with the loss of-aethyl substituent, as
E_m;ﬁ”fnsfgg?gg;%t’;hg&'ufﬁ 61-7-3365-3605. Fax:61-7-3365 4273. reported by Crews and Bescansa in a stereochemical study on
T The University of Queensland. scalarane® Dialdehydes of the scalaradial and égi-scalaradial
* Queensland Museum. series can be distinguished by the downfield shifts of H-18 and

10.1021/np060244i CCC: $33.50 © 2006 American Chemical Society and American Society of Pharmacognosy
Published on Web 11/08/2006



1588 Journal of Natural Products, 2006, Vol. 69, No. 11

Table 2. TH NMR Assignments for Compoundis-3?

C 1b 2b 3*
la 0.98, m 0.97, m 1.04, m
1b 1.81, ddd (13.0, 1.80, ddd (12.9, 1.87, dddd (12.9,
5.2,2.8) 3.0,3.0,3.0) 3.0, 3.0, 3.0)
2 1.44, m 1.47, m 1.46, m
3a 1.15, m 1.16, m 0.99, m
3b 1.42, m 1.42, m 1.79, m
4
5 1.07,dd (4.4,12.1) 1.08,dd (4.5,12.1) 1.27,m
6a 1.93, m 1.93,dm (13.4) 1.95'm
6b 2.10,m
7 5.47, dddd (6.0, 5.46, dddd (6.0, 5.48, dddd (6.0,
2.0,2.0,2.0) 2.0,2.0,2.0) 2.0,2.0,2.0)
8
9 1.70, m 1.66, m 1.75, m
10
1lla 1.28, m 1.42, m 1.54, m
11b 1.52,m 1.61, m 1.64, m
12a 1.43, m 154, m 1.44, m
12b 1.96, m 1.85, m 1.98, m
13
14 1.94,m 222, m 1.94, m
15a 2.30,m 2.24, m 2.31,
15b 2.55, m 2.64, m 2.55,
16 7.12, m 7.10, m 7.13,m
17
18 2.90, sept (2.0) 3.38, brs 2.90, sept (1.9)
19 9.51,d (4.3) 9.85,d (2.7) 9.51,d (4.3)
20 9.49, s 9.43,s 9.49, s
21 0.87,s 0.86, s 0.96,s
22a 0.91,s 0.91,s 3.98, brd (10.9)
22b 4.33,d (10.9)
23 0.81,s 0.82,s 0.83,s
24 0.70, s 0.74,s 0.71, s
22-OAc 2.05,s

aChemical shifts (ppm) referenced to CHGbBy 7.25).°At 500

MHz. °At 750 MHz.

1R;= Ry= H, Ry= B-CHO
2 Ry= Ry= H, Ry= a-CHO
3 Ry= OAc, Ry= H, R3= B-CHO
7 Ry= Ry= H, Ry= B-OAc

6 R=CHO

H-19 in the 18epi metaboliteg® For mooloolabene A, the
orientation of H-18 was axial on the basis of 1D NOEs from H-18

9 R;= CHg, Ry= a-OAc
10 Ry= CH,0AC, Ry= R-OH
11Ry= CHz, Ry=H

Somerille et al.

to H-12axand H-14 ¢y 1.43 and 1.94), with the evidence for this
stereochemistry also strengthened by the obsedwalue of 4.3
Hz for H-1917.23

Mooloolabene B %) crystallized as white needles and had an
HRESIMS parent ion of 354.2556, giving a molecular formula of
Co4H340,. The 1D and 2D NMR data fa2 were nearly identical
to those for compound; however the appearance of the H-19
aldehyde ¢y 9.85,J = 2.7 Hz) in2 compared to this signal ifh
suggested that the C-19 aldehyde group was axially disposed.
Furthermore H-18 resonated downfielddat3.38 compared tdy
2.90 in 1. Irradiation of H-19 gave 1D NOEs onto H-12ax and
H-14. Hence2 was the C-18 epimer of.23 Other major NMR
differences observed fd2 were a 6 ppm downfield shift of the
methyl C-24 signal dc 19.2) with a 4 ppm upfield shift of C-14
(0c 40.2). These carbon chemical shift changes fit the model by
Crews and Bescansa, for a change in stereochemistry of the
substituent at C-18 from beta to alp¥a.

Mooloolabene CJ) was obtained as a white, amorphous solid
with an HRESIMS sodiated ion at/z 435.2511, corresponding to
a molecular formula of &H3s04, suggestive of an acetoxy-
substituted @, structure. The proton data f@rdiffered from the
previous two compounds in containing only three methyl signals,
while an acetoxymethyl singlet appearedat2.05 together with
an AB system avy 3.98 and 4.33. Thé3C data confirmed the
presence of an oxygenated carbod@66.8 and an ester carbonyl
(6c 171.3). Positioning of the acetoxy-substituted methyl at the
quarternary carbon C-#¢ 36.3) relied on HMBC correlations from
both H-22a and H-22bdg 3.98 and 4.33) to C-3/¢ 36.0), C-4
(6c 36.3), and C-5d4¢ 50.7), and these protons also correlated to
C-21 (¢ 27.3). Further HMBC evidence for this arrangement was
the presence of correlations from-81 to C-22 athc 66.8.1H and
13C data again showed two double bonds, one adjacent to the C-20
aldehyde and the other placed at C-7/C-8 by HMBC and DQF-
COSY. The aldehyde at C-18 was equatorially orientated since H-19
presented as a doublet wifh= 4.3 Hz atoy 9.5123 Assignment
of the C-22 acetoxymethyl group as axial was based on‘de
chemical shift value obc 27.3 for the C-21 methy*

Mooloolabene D 4) was isolated as a white, amorphous solid,
the molecular formula of which was established to bgHZOs
from the sodiated HRESIMS parent ion of 479.276€ and!H
data revealed that the major difference betwé@md compounds
1-3 was the absence of aldehyde signals. Insteadi*@elata in
combination with DEPT-135 information revealed a diacetoxy-
substituted norscalarane with four methyl groups, four double-bond
carbons, two oxygenated carbons 67.8 and 70.4), and one acetal
carbon 0c 98.3). Key features from thtH spectrum (Table 3) of
4 included an oxymethine protoy{ 5.54, m), an acetal proton
(6 6.14, d,J = 4.3 Hz), two olefinic methine protongy 5.58, m
and 5.60, brs), an AB system{(4.26, d,J = 11 Hz; 4.45, brd)
= 11 Hz), and four methyl singlets. The NMR signals for C-1 to
C-5 for compound4 matched those observed for mooloolabenes
A—C, with confirmation of these assignments from HMBC and
COSY data. The oxymethine proton&t5.54, m, assigned to H-6,
correlated with C-5 abtc 52.4, C-7 atdoc 119.1, and an ester
carbonyl ¢c 170.6), thus positioning an acetoxyl substituent
adjacent to the ring B double bond. The remaining signals seen for
4 corresponded closely to that seen for the pentacyclic scalaranes
such as deoxoscalari®)(?12> Assignment of the D and E ring
carbons was based on correlations from protog24(©y 0.69, s)
to C-13, C-14, and C-18)¢ 34.4, 45.0, and 56.7), from H-18y
2.51, brs) to C-17 and C-19¢ 134.9 and 98.3), and from 20
(0w 4.26, d,J = 11 Hz and 4.45, bd) = 11 Hz) to C-16, C-17,
C-18, and C-19dc 117.6, 134.9, 56.7, and 98.3). The relative
stereochemistry at C-6 was established using NOESY data, which
showed dipolar coupling from H-6 to the axially oriented H-5 and
Hs-21, indicating that H-6 was equatorially oriented on the lower
face of the molecule. H-18 was axially oriented since it showed a
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Table 3. TH NMR Assignments for Compoundb-62

C 4b 5¢ 6P
la 1.05, m 0.97, m 0.85, m
1b 1.85,dd (1.5, 1.82, ddd (3.0, 1.72,d (12.7)
12.9) 5.1, 12.7)
2a 1.45, m 1.41, m 1.45 m
2b 1.62, m 1.50, m 1.57, m
3a 1.20, m 1.16, m 1.12, m
3b 1.39,m 1.42, m 1.37, m
4
5 1.27, m 1.09,dd (4.4,11.9) 0.83,m
6a 5.54, m 1.92, m 1.08, m
6b 1.51, m
7a 5.58, m 541, m 0.75, m
7b 2.67,dt(3.3,12.7)
8
9 1.70, dd 1.70, m 1.23, m
(11.9,4.3)
10
1lla 1.46, m 1.33,m 1.80, m
11b 1.61, m 1.57, m 1.34, m
12a 1.32, m 1.29,m 1.94, m
12b 1.74,td (3.3, 1.71, m
12.8)
13
14 1.95, m 1.93, m 1.27, m
15a 1.95, m 1.93,m 0.95, m
15b 2.20, brd 219, m 1.80, m
16a 5.60, brs 5.60, brd (1.4) 1.91, m
16b 2.44,ddd (1.4,
5.1, 13.9)
17
18 2.51, brs 2.49, brs 2.31, brs
19 6.14,d (4.3) 6.13,d (4.4) 6.30, d (2.0)
20a 4.26,d (11.0) 4.25, brd (11.0) 6.02,t(2.0)
20b 4.45,brd (11.0) 4.46, m
21 0.97,s 0.86, s 0.82,s
22 1.11,s 091, s 0.74, s
23 1.09, s 0.82,s 0.78, s
24 0.69, s 0.64,s 10.14, brd (1.3)
25 0.71, s
6-OAcC 2.03,s
19-OAc  2.08,s 2.07,s 2.07,s

aChemical shifts (ppm) referenced to CHGby 7.25).PAt 750
MHz. At 500 MHz.

NOESY coupling to H-14. The relative stereochemistry of the

acetoxyl at C-19 was established@based on thd value of 4.3

Hz between H-18 and H-19, indicatingteans relationship?1:26

together with the observation of an NOE from H-19 tg-242!
Mooloolabene E&) was isolated as a white, amorphous solid

and exhibited a HRESIMS of 421.2728, representing a molecular

formula of GgH3zg05. Again, the pattern of signals seen fbr

matched that seen for the pentacyclic scalaranes such as deoxo-

scalarin 0),2125except for the presence of only four methyl groups

and a second double bond. Assignment of the D and E ring carbon

was based on correlations from protons24 (0 0.64, s) to C-13,
C-14, and C-18dc 34.2, 45.1, and 56.7), from H-18( 2.49,
brs) to C-17 and C-195¢ 135.0 and 98.5), and from 20 (On
4.25,d,J= 11 Hz and 4.46, d, m) to C-16, C-17, C-18, and C-19

S,
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isolated compounds indicated a pentacyclic skeleton. Unlike
mooloolabenes D and E, the double bond6irwas positioned
between C-17 and C-20, analogous to heteronéfemident from

the HMBC correlations from protons 6, H-18, and H-19d4

1.91 and 2.44, 2.31, brs, and 6.30Jds 2 Hz) to C-20 §c 134.8)

and from H-18 to C-17, C-19, and C-204113.7, 98.3, and 134.8).
The configuration of the E ring was established from NOESY data,
which showed dipolar couplings from H-19 ta435 (0 0.71, S)

and from H-14 §y 1.27, m) to H-18, corroborated by?avalue of

2 Hz between H-18 and H-18.HMBC correlations from the
aldehyde protondy 10.14, brd,J = 1.3 Hz) to C-7 and C-8d¢

35.6 and 53.7) together with the NOESY interactions between the
aldehyde proton and axial methyl groups28 and H-25 (0 0.78,

s; 0.71, s) placed this moiety at C-24. The axial proton at C-7 shows
aWi nteraction with the aldehyde proton, while H«fis deshielded

by the adjacent carbonyl group.

Aldehyde6 is only the second example of C-24 substitution seen
in the scalarane family of metabolites, the first being 24-acetoxy-
12-deacetyl-12pi-deoxoscalarin 10) isolated from a Northern
Australian specimen dfl. intestinalisby Karuso et af! Scalaranes
oxidized at C-24 are plausible biosynthetic intermediates to the suite
of mooloolabene metabolites isolated from the same sponge
samples. Metabolited—6 also lack the hydroxyl or acetoxyl
functionality at C-12 typically seen among the scalarane and
scalarane-like compounds. The first example of a scalarane lacking
such functionality at C-12 was 12-deacetoxyscalaradial isolated
from Cacospongia mollia#!

The absolute stereochemistry ef)¢t12-deacetoxydeoxoscalarin
(11) has been established by total synthé%ishe negative ¢]p
value exhibited by mooloolabenes® and by aldehydé could
suggest the absolute stereochemistry shown.

Previous studies have reported significant biological activity
associated with the scalarane skeleton, with various members of
the series displaying significant anti-inflammatés? cytotoxicé-14
or antifeedari activity, as well as inhibition of platelet aggrega-
tion.3%31 When screened, none of the metabolitess displayed
useful antimicrobial activity; however metabolit8s-6 were all
cytotoxic toward the P388 mouse leukemia cell line, witholC
values in the range-310 ug/mL. Mooloolabenes A and B were
the most potent, showing kg values of 0.8 and 1.2«g/mL,
respectively, comparable to the level of activity shown by the
norscalaral$® The potent biological effects of sesterterpene dial-
dehydes such as scalaradial andep8scalaradial are well docu-
mented, with the scalaradial (3Bseries reported as showing more
potent anti-inflammatory activity than the Hpi series?® Members
of both the 181°and 1@''12dialdehyde series both show cytotoxic
activity, while scalaradial and 12-deacetylscalaradial are both
ichthyotoxic to the mosquito fistambusia affinis?

In conclusion, this study describes the isolation and characteriza-
tion of six new bioactive terpenoids and extends the range of
scalarane-like frameworks found in marine sponges.

Experimental Section

General Experimental ProceduresOptical rotations were obtained

(6c 117.8, 135.0, 56.7, and 98.5). The relative stereochemistry at Using @ JASCO-P1010 polarimeter. One- and two-dimensional NMR

C-18 and C-19 was the same as4ron the basis of the near
identical proton, carbon, arivalues for the two compounds, shown
in Tables 1 and 3.

The final compound, mooloolaldehydé)( was isolated as a
white, amorphous solid and exhibited a [MNa]" ion of 451.2835,
corresponding to a molecular formula 0§A84004. The presence
of 27 carbons implicated an acetoxy-substituted scalarke.
DEPT-135, andH NMR data for6 revealed one aldehyde group
[0 10.14 (1H, bdJ = 1.3 Hz, H-24);0c 205.4 (C-24)], one acetal
carbon 0c 98.3), an alkene group)j; 6.02 (1H, t,J = 2 Hz); 6¢
113.7 (C-17) and 134.8 (C-20)], and four methyl groups@.71,

spectra were acquired using Bruker AMX-400, Bruker DRX-500, or
Bruker DMX-750 instruments. NMR spectra were obtained in deu-
terochloroform at room temperature. Samples were internally referenced
to either CHC} at oy 7.25 or CDC} at oc 77.0. High- and low-
resolution mass measurements were obtained from a Finnigan MAT
900 XL-Trap electrospray (ESI) mass spectrometer with a Finnigan
API Ill electrospray source.

Animal Material. Specimens oflyattella intestinalisvere collected
from the Inner Gneerings, a group of shoals off Mooloolaba (Australia),
using scuba at a depth of @5 m on July 31, 2005 and on January
16, 2006. Samples were taken back to the laboratory, where they were
stored at—20 °C until extraction. The sponge was globular and

0.74, 0.78, and 0.82, all s), while comparison to the previously approximately 2-3 cm thick. The sponge was dark gray on the upper
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surface with buff coloring on the underside and interior. A voucher References and Notes

specimen (QM G327440) is lodged at the Queensland Museum.
Photographs of the sponge material are available in the Supporting
Information.

Extraction and Isolation. Two specimens ofH. intestinalis
(combined wet weight 105 g) were cut into small pieces and extracted
exhaustively with a minimum of acetone. The extract was removed,

filtered through cotton, then evaporated under reduced pressure to give

an aqueous residue, which was partitioned witt©EThe organic layer
was removed, dried with anhydrous 4884, and concentrated under
reduced pressure to give 450 mg of a brown, oily product, which was
analyzed by TLC andH NMR. The extract was subjected to gradient
elution Si flash chromatography (hexareshloroform— ethyl acetate
— MeOH). The fractions that eluted in hexanes/CHC:9) were
combined and analyzed by TLC afid NMR. This fraction was then
divided into two samples based on solubility in EtOAc/hexanes (3:7).
The soluble fraction was purified using semipreparative NP-HPLC
(Waters 515; Gilson 132 series RI detector; Waters gPorasil 7.8
x 300 mm column; flow rate 3 mL/min) with EtOAc/hexanes (1:10)
as solvent to afford, 6, and5, while the insoluble fraction was purified
using EtOAc/hexanes (4:6), givirly 1, and3. A second sample dl.
intestinalis(wet weight 61 g) was extracted and purified following the
same methods as described for the purpose of obtaining more of
compound22, 3, and>5 for further 2D NMR and HRMS analysis.
Mooloolabene A (1):(2.3 mg) white amorphous solidg]p —81.4
(c 0.23, CHCY); H and*3C NMR (CDCk, 500 MHz), see Tables 1
and 2; HRESIMSWz 377.2451, calcd for §H3.O.Na 377.2457.
Mooloolabene B (2): (2.0 mg) needles: of]o —193.9 ¢ 0.098,
CHCl); *H and *3C NMR (CDCk, 500 MHz), see Table 1 and 2;
HRESIMS m/z 354.2556, calcd for &Hz40, 354.2559.
Mooloolabene C (3):(1.8 mg) white, amorphous solido]p —90.4
(c 0.088, CHCY); *H and**C NMR (CDCk, 750 MHz), see Tables 1
and 2; HRESIMSmz 435.2511, calcd for g&H3sOsNa 435.2511.
Mooloolabene D (4):(0.3 mg) white, amorphous solido]p —86.0
(c 0.015, CHCY); *H and*3C NMR (CDCk, 750 MHz), see Tables 1
and 3; HRESIMSMz 479.2769, calcd for §H4OsNa 479.2773.
Mooloolabene E (5): (1.0 mg) white, amorphous solid: sample
decomposed before an]p value could be measurett and**C NMR
(CDCls, 500 MHz), see Tables 1 and 3; HRESIM#2 421.2728, calcd
for CoeHzgO3Na 421.2719.
Mooloolaldehyde (6):(1.3 mg) white, amorphous solido]p —39.2
(c 0.052, CHCY); *H and*3C NMR (CDCk, 750 MHz), see Tables 1
and 3; HRESIMSm/z 451.2835, calcd for §HadOsNa 451.2824.
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