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Abstract

ew 23,24-bishomoscalarane sesterterpene (2) was isolated from the northern Adriatic sponge Cacospongia
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scalaris. The structure was proposed on the basis of spectral data. The absolute stereochemlstry ‘was determined
u%lné, the modified Moshers method Compound 2 is the first alkylated scalarane sesterterpenoid with
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methylation at C-23, to have been identified in nature. ® 1998 Eisevier Science Ltd. All rights reserved.
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Introduction

Marine organisms and in particular sponges have provided a large number of
sesterterpenoids, most of which incorporate the scalarane skeleton [1]. Metabolite of this class
are confined in a small number of related genera of the order Dictyoceratida [2] and the
scalarane remenmd< fmmd in nud1brdnchq are of dietary origin [3-5], in fact these molluscs
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be divided into four known skeletal types [11].
C-24, while methylations at C-20 and C-24 are typical in blshomoscalaranes [12, 13] The
numbering system which has been used throughout this paper is that proposed by Kazlauskas
et al. [14].

Continuing our search for marine natural compounds, we have previously isolated 12-
eacetoxyscalaradial (1) [15], the first scalarane sesterterpenoid without a substituent at C-12,
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from Cacospongia mollior, collected in the Tyrrhenian Sea. We now report the isolation and
the structural elucidation of a new scalarane derivatives from C. scalaris, collected in the
northern Adriatic. From C. scalaris collected in the gulf of Naples was isolated scalarin, the
first compound possessing a scalarane skeleton to be described [16].

Results and Discussion

gel to give compound 2 (0.02

Compound 2, which did not give crystals suitable for X-ray analysis, had [o]p +60.4° (c=
0.5, CHCI3) and the molecular formula C27H4403 from HRMS of the parent ion. The IR
spectrum showed the presence of carbonyl (1715 cm-1) and hydroxyl (3390 cm-1) groups.
This latter could be acetylated by treatment with pyridine and acetic anhydride, leading to the
monoacetyl derivative 3. The H-NMR spectrum of 2 showed the presence of an aldehyde
group (8 9.61, 1H, s), a methyl ketone residue (8 2.60, 3H, s), four tertiary methyl groups (&

]

0.93, 0.84, 0.71 and 0.61, each 3H, s), an ethyl gro oup (3051,3H,t,J=7.7 Hz), and an o-
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methine of secondary hydroxyl function (3 3.48, 1H, ddd, J = 11.0, 10.3, 5.5 Hz). The 13C-
NIAAD) cemnnbemzinn nmmbaiios thhn avinantad V7T cignale and AiAd wnt ol o433 Oon al o3 ona nle A
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arbon atoms, apar‘t the cxpe ted a}deuyde (6 201.9,d

s on the functionalities that are present in the
molecule indicated a tetracyclic skeleton, and the NMR data suggested that compound 2 has a
bishomoscalarane skeleton.
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3 R=Ac
4 R =R-MTPA
5 R =S-MTPA

The presence of characteristic fragment ions at m/z 205 and 191, in the mass spectrum of
2, due to fragmentation across the C ring, which are usually found in the scalarane
derivatives [15,16] suggested the absence of substituents on A and B rings. Comparison of 13C
NMR spectra with those of reported for scalaranes [15-17] fully confirms this hypothesis. The

latter was coupled with a non-equivalen

methylene at 8
hich in turn, was coupled with a methine at & 0.68 ’

H-14). From the COSY-45 data it
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presence of HMBC correlation between the methyl at & 2.60 (H-26) and the carbon at 8 52.5
(d), which was correlated (HETCOR) with the proton at & 2.77. These data also suggested the
location of the hydroxy and the aldehyde groups at C-16 and C-18, respectively. HMBC
correlations observed between the H-27 methyl protons (8 0.51) and the carbons observed at
8 41.4 (C-13), 21.4 (C-23), and the H-18 methine proton (8 2.38) and the carbons at & 211.5
(C-24), 201.9 (C-25), 74.8 (C-16), 57.8 (C-14), 41.4 (C-13), and 21.4 (C-23) defined the

location of the ethyl group at C-13, Other HMBC correlations reported in Table 1, allowed us
to propose the structure 2, without stereochemical implications.

Tahle 1 NMR Snoctral Data of 2 in O-D. Salutinnd
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N.C 13¢ 1H HMBC (Jc.H =10 Hz)

i 398t 158 m, 0.72 m -

2 183 1 145m, 125 m -

3 4231 145m, 1.20 m 0.93 (H-19), 0.84 (H-20)

4 335 - 0.93 (H-19), 0.84 (H-20)

5 562 d 0.72m 1.48 (H-7), 1.20 (H-3), 0.84 (H-20), 0.71 (H-22)
6 18.8 t 120 m -

7 41.71 1.48 m, 0.55 m 0.61 (H-21)

R 377 s - 0.68 (H-14), 0.61 (H—Zl)

9 60.5d 0.50 m 1.97 (H-12), 1.48 (H-7), 0.71 (H-22), 0.61 (H-21)
10 3735 - 0.71 (H-22)

11 17.01t 135m, 1,18 m -

12 3571t 1.97 ddd (10.1, 10.1, 3.3), 0.90m 1.35-1.18 (H-11), 1.30 (H-23)

13 414 - 2.38 (H-18), 1.40-1.05 (H-15), 0.51 (H-27)

14 5784 0.68 dd (13.2,2.6) 2.38 (H-18), 1.40-1.05 (H-15), 0.61 (H-21)

15 296t 1.40 m, 1.05 ddd (13.2, 13.2, 11.0) 0.68 (H-14)

16 748 d 3.48 ddd (10.3, 11.0, 5.5) 2.77 (H-17), 2.38 (H-18), 1.40-1.05 (H-15), 0.68 (H-14)
17 525d 2.77dd (1.]_4‘ 1{]3) Q.61 {H ’7(\ 748 [H lﬁ\ 2 RI)( ’76\ 1,40-1.08 (l—[ 15)
18 659d 2.38d (11.4) 9.61 (H-25), 2.77 (H-17), 1.30 (H-23)

19 3334 093 s 0.84 (H-20)

20 2124 0.84 s 0.93 (H-19), 1.45-1.20 (H-3)

21 17.74q 061 s 1.48-0.55 (H-7)

22 16.1q 071s -

23 214t 1.30 m 2.38 (H-18), 1.97-0.90 (H-12), 0.51 (H-27)

24 2115 s - 3.48 (H-16), 2.77 (H-17), 2.38 (H-18)

25 201.9d 9.61 brs 2.77 (H-17), 2.38 (H-18)

26 337q 2.60s -

27 934 0.51t(7.7) 1.30 (H-23)

a Chcmlcal shifts are referred to TMS and were assigned by COSY and HETCOR NMR spectra Multnphcmcs are indicated by usual
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SY spectrum of 2 exhi
group (H-25, & 9.61), the H-12¢q (6 1.97) and the ethyl group (
same side (B) of the molecule, while H-18,x (6 2.38) and H-14 (
orientation (o) as the oxymethine (H-16, & 3.48). The axial position of H-18 (J/ = 11.4 Hz), H-
17 (/ = 11.4 and 10.3 Hz), and H-16 (/ = 11.0, 10.3 and 5.5 Hz) was deduced from the

magnitude of their coupling constants in the !H-NMR spectra of 2.
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The absolute stereochemistry of compound 2 was determined by application of modified
Mosher's method [18,19]. Treatment of 2 with S-(-)- and R-(+)-o-methoxy-o-

(trifluoromethyl)phenylacetyl chloride (MTPA-Cl) yielded the corresponding R- and S-
MTPA esters (4 and 5, respectively). The 'H-NMR chemical shifts of both diastereomers 4
and 5 were carefully assigned by analysis of their COSY spectra. The proton chemical shift
differences (A8=8S-MTPA ester - OR-MTPA ester) observed for H-21 and H-27 were -22.18 and
-25.12 Hz, respectively, while those observed for H-17, H-18 and H-26 were +5.51, +6.60
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respectively, showed clearly that the absolute configuration at C-16 is S. According to the
relative configuration, the absolute configuration of asymmetric centres C-17 and C-18 were
assigned both as S. The absolute stereochemistry of C-5, C-8, C-9, C-10, C-13 and C-14 as
shown is compatible with the known absolute stereochemistry of common steroids and
terpenoids.

The finding of 2 from C. scalaris is the first report of a bishomoscalarane with methylatio

at C-23. In general scalaranes without a substituent at C-12 are uncommon natural metabolites
and up to now only one product (1) isolated from two sponges, C. mollior {15] and C.
scalaris [17] collected in the gulf of Naples, Italy, and Southern Coast of Spain, respectively,
have been reported. The fact that Cacospongia genus is a source of scalaranes without
substituent at C-12 may have some taxonomic significance.

Experimental
General experimental procedures.

Melting points were measured on a Kofler apparatus and are uncorrected. Ir spectra were
recorded on a Bio-Rad FTS-7 FT-IR spectrometer. Optical rotations were measured on a
Jasco DIP 370 polarimeter, using a 10-cm microcell. EIMS spectra were recorded on a TRIO
VG 2000 spectrometer; HREIMS was recorded on a VG Autospec spectrometer with peak
matching technique, using PFK as calibrant. 1H-NMR and 13C-NMR spectra were recorded at

Aii{keoazaia (AL 31534 A I ) L2y L

500 and 125 MHz, respectively, with TMS as internal standard on a Bruker AM 500
SRR DI V19 . '
instrumen X32 The 2D nmr spectra were obtained using Bruker's

and Merck K.leselgel 60 powder.
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Cacospongia scalaris (order Dictyoceratida; family Thorectidae) was collected by dredging
(-20 m) at Rovinj (Croatia), and frozen at -20° until extracted and was identified by prof.
Roberto Pronzato, Istituto di Zoologia dell'Universita di Genova. A voucher specimen is
maintained in the Arco Felice institute collection (voucher No. S12R/96).

Extraction and isolation.

aliminati a enlvant 1»n varun tha anmiannc racidna wae avtrarntad wit Ft-)
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was applied on a coiumn of Si gel. The column was eluted with a soivent gradient system
from petroleum ether (40-70°) to Et;O. From fractions eluted with petroleum ether-Et;0
(7:3) was recovered compound 2 (10 mg, 0.02% dry weight) that crystallized from n-hexane.

Compound 2: mp 123-125°C; [a]p +60.4° (c= 0.5, CHCI3); IR vinax (CHCI3) 3390 (br),
1715 cm-1; EIMS m/z (%) [M]+ 416.3293 (C27H4403 requires 416.3290) (4), [M-H20]+ 398
(R), 387 (12), %70 (20), 273 (20), 205 (35), 191 (100); NMR data see Table 1. Cross peaks

nals: 8 9.61-0.51 (H- ?ﬁ Ha-

o
o
18), 3.48-0.68 (H-16, H-14), 2.77-2.60
(H-17, H3-27), 1.05-0.61 (H-15ax, H3-
I h omy Cross peaKs not SCﬂSl[lVC io

1’)--\ 348-2.38 (H-16. H-

. s 1 X A“C"l U \1aT iy 1
(H-17, H3-26), 2.77-1.05 (H-17, H-15ax), 2.77-
21). The *H NOESY specirum was recorded at
strong filtering are reported.

Acetylation of compound 2.

A solution of compound 2 (2 mg) in pyridine (0.5 mL) and acetic anhydride (0.2 mL) was
kept at room temperature over night. The excess reagents were removed in vacuo, and the
residue was subjected to preparative TLC on Si gel plate (petroleum ether-Et20; 4:1) to give

arsatats 3
Aratato T armarmhane enalide TR o (COLICTAY 1748 1720 192N ~vn-1- RIMS sa /5 (0L TN+
ACEIALE O, alUTPIUUS SULIU, 1IN VINAaX \(WE3v1)) LIT0, 174U, 140U UilL —y LAIVAD i e \ 70 ) [1V1]
ACO /A IAA TTA A1 200 71N\ 12077 70\ 271N /AN AINE /AN 101 71NN 11T RTRAD /Mo S .
430 (£), [IVI-MIAC|Y 3Y8 (1), 3067 \0), 2iU (4U), £LUD {(FU), 171 (1UU); “II-INIVIN (LLJCI3j O 0
9.80 (lH, s, H-25), 4.64 (1H, ddd, J = 11.0, 10.3, 5.5 Hz, H-16), 3.07 (1H, dd, J = 11.4, 10.3
Hz, H-17), 2.48 (1H, d, J = 11.4 Hz, H-18), 2.37 (3H, s, H-26), 2.07 (3H, s, COCH3), 0.86
(3H, s, H-21), 0.84 (3H, s, H-19), 0.81 (3H, s, H-22), 0.80 (3H, s, H-20), 0.72 3H, t, J = 7.6
Hz, H-27).
Preparation of R- and S-MTPA esters of compound 2.
S-(-)>-MTPA chloride (Aldrich) (20 ul) was added to a solution of compound 2 (1.5 mg)
S-(-)-MTPA chloride (Aldrich) (20 uL) w to a solution of compound 2 (1.5 mg)
in dry pyridine (0.5 mL) and the resulting mixture was kept at room temperature for 2 h.
Afier the removal of the solvent, in vacuo, the residue was subjecied to preparative TLC on



compound 2 (1 mg). The
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obtained in the same manner, starting from R-(+)-MTPA chioride.
R-MTPA ester 4: [a]D +76.5° (c= 0.1, CHClI3); 1H-NMR (CgDg) 8 : 9.46 (1H, s, H-25), 7.7-
7.0 (SH, m, Ph), 5.21 (1H, ddd, J = 11.0, 10.3, 5.5 Hz, H-16), 3.47 (3H, s, OCH3), 3.00 (1H,
dd,J =114, 10.3 Hz, H-17), 2.34 (1H, d, J = 11.4 Hz, H-18), 1.99 (3H, s, H-26), 0.95 (3H, s,
H-19), 0.83 (3H, s, H-20), 0.68 (3H, s, H-22), 0.58 (3H, s, H-21), 0.44 (3H, d, J = 7.7 Hz, H-
27).

S-MTPA ester 5: [o]p +7.5° (c= 0.1, CHCI3); lH-NMR (CgDsg) 6 : 9.47 (1H, s, H-25), 7.6-
7.0 (SH, m, Ph), 5.20 (1H, ddd, J = 11.0, 10.3, 5.5 Hz, H-16), 3.38 (3H, s, OCH3), 3.01 (1H
s 13k, ARt AN 3 MAREy My ~y o ’ J3 eI \Rdy Uy WRLRAD )y VA Ak,
dd, J = 11.4, 10.3 Hz, H-17), 2.40 (3H, s, H-26), 2.36(1H, d, J = 11.4 Hz, H-18), 0.95 (3H, s,
TY 100N N ON 79T Y TT AN\ N 71 /Y7 —~ TTY AAN N &M /21 Y . YY M1 N 20O /917 1 1 4 ~ 7YY Ty
-19), 0.82 (3H, s, H-20), 0.67 (5H, s, H-22), U.52 (3H, s, H-21), 0.38 (3H, d, J = 7.7 Hz, H-
27).
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