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Abstract:

Ten new isoprenoids have been isolated from two marine sponges Ptilocaulis spiculifer and Axinella weltneri. P. spiculifer afforded
three triterpenes, dihydroyardenone (1), abudinoi B (2), muzitone (3) and two C; and C,; metabolites of abudinoi, nakorone (4) and
durgamone (5). 4. welmeri gave five new sodwanones, N-R (6 — 10). The structures of all new compounds were elucidated by
spectroscopic analyses, mam]y NMR data, and by chemical transformatlons to known compounds and degradations. The absolute
configuration of several compounds was determined by optical measurements and comparison of the CD-curves with those of several

raspacionins. Several sodwanones were found to be cviotoxic. © 1000 Elsevier Crianca Ted A wigly |
aspacionins. >Cverai seawanor ré Touna ¢ 0e CYoIoXIK. © 1599 Elsevier Science Lid. All IIEIILD Feservea.
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Axinellidae famﬂy the extracts gf whlch qhowed cytotoxu;ity — a property that was tr aced to several mtgfpggcs_

tnterpence., isolated from sponges and algae, are squalene-derived polyethers which, in almost all cases, consist
of two separate ring systems. The first reported sponge triterpenes were the sipholanes isolated from the Red
‘sea qponge btpnonochatma siphonelia (order uaplosclerldae Iamlly nancnomdae) {2]. More recent ones were
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[71. all of the Axinellidae f'nmi]v collected from the Indo Pacific, Mediterranean and
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weltneri we have, thus far, 1solated twelve compounds, namely sodwanones A-I and K-M. Representanons
showing the various carbon skeleta are shown in Figure 1 [8]. From the Red Sea P. spiculifer, we have isolated
several triterpenes, i.e. sodwanones A-D, yardenone and abudinol (see Figure 1) [7].

Common to the above triterpenes are the condensed oxepane-cycloalkane systems. Within each class,
addmonal ox1dat10m result m alcohol nd ketone functlonahtles which then form ethereal ketal and lactol
i ‘ el alill dlLu UL e V’ IUUD
carbocyclic and ethereal rings, the groups also differ as to whether they keep the squalene skeleton or possess
skeleta in which one or two of the central squalene methyl groups migrated by a 1,2-shift. Changes also are
observed for the stereochemistry of C-10 and 11 as seen e.g. in the cases of sodwanones A-C (and E) and
sodwanone L (and F), (the structures of A, E and F were secured by X-ray crystallography). Outstanding is
abudinol (hgure 1) in which one of the center methyl groups changed into a methylene becoming part of a
cyciohexane ring.
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Figure 1. Examples for Axinellidae metaboilites of different skeleta
The present report describes the isolation and structure elucidation of ten new isoprenoids from new
collections of P. spiculifer and A. weltneri and discusses the absolute configuration of several of the
sodwanones, abudinol and muzitone by comparison of their Cotton-effect with the CD-curves of other

triterpenes.
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the isolation of six triterpenoids — four sodwanones (A-D), yardenone and abudinol (Figure 1), belonging to
four groups of triterpenes with different carbon-skeleta [7]. The compounds isolated from a second collection of
the sponge (February, 1998) are reported herewith. Remarkable changes in the composition of sodwanones
have already been reported for A. weltneri [3-5]. The second present specimen of P. spiculifer was found to
contain six sodwanones, sodwanones A-D (as in the first collection) and also sodwanones F and I, and an
additional five new compounds Which were isolated in minute amounts (Figure 2). Two of the latter
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to be related to abudinol. Two other co p nds, 4 and 5 were Cy7 and C,; isoprenoids, vide infra.

Compound 1, the first of the new compounds, isolated from P. spiculifer, analyzed for C3pHs¢Os from the
HREIMS, m/z 490.3642 [M’] and NMR data, with six degrees of unsaturation. As the only unsaturated
functionality was a carbony! (8¢ 218.0 s ppm) 1 had to be pentacyclic. A comparison of the NMR data of 1 with
the data of the earlier reported triterpenes [2- 7] suggested a close relationship to yardenone, obtained from the
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yardenone) and the appearance of a methinoxy group (8¢ 80.5 d, &y 3.51 d, /=7.2 Hz) suggestcd the
replacement of the carbonyl by an OH-group. Indeed, Jones oxidation of 1 (aq.Na;Cr,0O7 / acetone) afforded
yardenone (Figure 1), confirming the 22-dihydroyardenone structure of 1. The stereochemistry of the 22-OH-
group, being on the same side of the ring as H-18 was concluded from the chemical shift and multiplicity of H-
22 (d, J= 7.2 Hz) which was very similar to H-3 of abudinol and similar protons in other sodwanones.

Compound 2 showed a molecular ion at m/z 474 in the EIMS, which indicates a formula of C3gH;5004 W
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and 125.6 s ppm), was a tetrasubstituted double bond; therefore 2 had to be pentacycl :lic. Comparison of the
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carbon resonances of 2 (Experimental) with those of the earlier reported triterpenes from this sponge suggested

that 2 is a close isomer of abudinol and it was therefore named abudinol B (and the former abudinol A(11)).
Most characteristic for the structure elucidation of ring E of 2 was the A8¢ value between the two methyls of

the gem-dimethyl group. In abudinol A, the two methyls of the hydroxyisopropyl substituent (Me’s 25, 26)

resonate almost in the same chemical shift (8 26.2 and 26.7) whereas the oxepane geminal pair (Me’s 27, 25)
resonate at 21.9 anu AIS.IS ppm. A s1muar AOC value of /ppm was dlS(.) m\mu in ydrucnum: and ULIIBI”
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Figure 2. New metabolites of P.spiculifer
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determined that ring E of abudinol B (2) is also an oxepane, rather than THP as in abudinol A(11). The latter
conclusion was confirmed by micro-acetylation of 2 (Ac,O/pyridine, r.t., overnight) affording a diacetate (8y
2.15 s, 2.11 s) whereas abudinol A, possessing one secondary and one tertiary hydroxyl gave only a mono
acetate (dy 2.15 s).

The third compound, designated muzitone (3), analyzed for C30Hs004 from the HREIMS m/z 506.3586 and
l3C NMR data (Table 1) with six degrees of unsaturation. Two losses of 18 a.m.u. in the mass spectrum (m/z
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suooected two ketones. Accordinolv and in the absence of double bonds. muzitone has to be tetracvclic. The
S 0 Xetones. Accordingiy, and 1n tne absence o1 ¢oudic DO 1tong nas (o be letracyciic. 1nhe

1D NMR data (Table 1), together with the COSY, HMQC and HMBC experiments (Figure 3) suggested two
similar hymoXMmethyl oxepane systems — a common heterocyclic system in the marine sxpholanes,
raspacionins and sodwanones {2-7].

The two- and three-bond CH-correlations, between the angular methyl groups and their adjacent C-atoms,
were most helpful in the structure elucidation of the above mentioned triterpenes. This can aiso be seen in the

Table 1. NMR data of muzitone (3)*

# 8¢ 8y (J in Hz)® HMBC # 8¢ 8y (J in Hz) HMBC
(C to H) (Cto H)
2 7705 7,26,27 17 357t 090m, 176 m 15b, 19, 30
3 76.1d 3.37d(6.7) 26,27 18 21.2t 1.38 m, 1.45m
4 255¢ 138m, 1.52m 3 19 76.5d 3.28d(7.2) 31,32
5 335t 1.12 m, 1.58 m 3, 28 20 76.0s 22, 34,32
6 413s 28 22 73.0d 3.88dd(11.3,53) | 15ab,30
7 76.9d 3.56dd (11.5,5.0) | 28 23 302t 1.66 m, 1.74m
8 2891t 1.58 m, 1.65 m 24 389t 2.10m,2.12m
9 306t 1.65m,1.74m 29 25 218.0s 23ab, 24ab, 29
10 | 48.0s 29 26 219q 1.14s 27
11 |s54.1d 1.08m 28,29 27 28.8q 1.02s 26
12 }18.1t 1.33m, 1.44m 28 138q 0.90s 7
13 253t 1.76 m, 1.95 m 29 15.7q 0.80s
14 |2070s 13a,b 15ab | 30 17.3 q 0.95s 15ab
15 |353.2t i.95m,2.i2m 30 31 2169 i.i3s 32
16 {4125 15b, 30 32 27.64q 1.05s 19, 31

“ Due to many overlapping proton resonances, especially of the methylene groups, the NMR experiments were performed in
CDCl; and CgDg. The better overall results in C¢Ds are given in Table 1. On the other hand, a better resolution of the six protons o to
the two carbonrls was obtained in CDC]; in which a 1D-TOCSY experiment was performed for confirmation of the various spin-
systems. ® All 'Jcy connectivities were established by an HMQC experiment.
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HMBC experiment of 3 (Table 1 and Figure 3). The latter correlations, together with assignment of three spin
systems (H-3-5, H-7-9 & H-17-19), established from COSY and TOCSY experiments, confirmed the
suggested two oxepanes (rings A and D) and expanded ring A by an additional cyclohexane ring (B, C-6-11).
Rings AB could further be extended by a CH,CH,CO moiety, according to the COSY experiment, attached to

Y PR

the identified H-11 (aﬁacneu to the nrmglng C-atom between Me’s 28 and 29). The iow-fieid chemical shifis
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ilarly, by the same argument, ring D
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be determmed (CH2-15) HMBC comelatlons from the latter protons to C-14, 16, 17 and 30 established the
linkage between rings B and D (C-11 to C-16). CH correlations from Me-29 to carbonyl-25 on one hand and
the vicinity of the latter CO group to CH,-24 (6y 2.30 & 2.20 in CDCl;) vide supra, on the other hand, closed
the fourth, a cycloundecanedione ring (C) completing the gross structure of muzitone (3). The 207.0 and 218.0
ppm chemical shifts of C-14 and C-25 respectively, are in full agreement with the adjacent non-substituted C-
13 and C-15, in the a-positions to the former carbonyl and the tertiary C-10 adjacent to C-25.

e . £ tha NAD 43 £ +h - 1 s 3
Comparison of the NMR data of the oxepane rings (A and D) of muzitone with the correspond

abudinol A, sipholenol A (Figure 6) and 4-episipholenol A, for which the structure with its stereochemistry was

secured by an X-ray dlffxacnon analysxs suggested the same stereochemistry for the three chiral centers in each

of these rings. The latter rings (A and D) of 3 possess, on the basis of NOE’s between one of the methyls, of

each geminal pair, Me-27 and -31, and H-7 and H-22 respectively, a chair conformation as in sodwanone A

(Figures 3 & 7, vide inf'ra) The stereochemistry, of 3, at C-10 and -11 1s suggested to be the same as in
PR, PR L. WIAT 1 _

abudinol B on the basis of the suggesrea DlOgeanlb wae m]ra (DbIlCmC 1 ), dﬂu the NOE’s shown in rlgurc 3.
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Figure 3 NOE's and HMBC correlations of 3

Previously, a biogenesis, starting from di-or trioxidosqualene or mono- or dioxidohydroxylated squalene
derivatives, was suggested for the sodwanones. A similar biogenesis can be suggested for the abudinois
(Scheme 1). That is, 2,3,22,23-tetrahydroxysqualene can undergo a cyclisation after the functionalisation of

Me-28 or, alfemah\mlu two """]!S-?.LOI‘.S, one of each half of the molecule nfmh!dlng at a certain ctpn activation

of Me-28, most likely by its oxidation to an alcohol as a precursor for a good leaving group. The latter change
in Me-28 explains the disappearance of the 8™ methyl group in the abudinols and muzitone. Routes a and b
(Scheme 1) are two alternatives for the formation of either a THP or an oxepane ring, leading to abudinols A
and B respectively. It is further suggested that abudinol B (2) [or an intermediate spiro compound (s)] is the
precursor of muzitone (3) in a three step way (Scheme 1).

+ . .
In the first "tcp, an electrophile, E’, attacks the center double bond of abudinol B to form a tertiary
carbocation at C-15, which triggers a 1,2-shift of the 13,14-bond, and brings about the formation of a spiro

intermediate m wnth the newly formed 13,15-bond. The second step implies the rearrangement of m to n in
two stages: (1) formation of the 14,16-bond with the simultancous formation of a 15-carbocation and (2) the
exit of the electrophile, E', to afford a tetrasubstituted double bond. In the last step, oxidative cleavage of the
latter double bond, of m, occurs resulting in the two carbonyls of 3, aitemativeiy s may be the precursor of m.

In addition to the above described triterpenes, P. spiculifer, also afforded two smaller compounds,
designated nakorone (4) and durgamone (5) after the Nakora and Durgam islands in the Dahlak archipelago
where the sponge was collected (Figure 2). Nakorone and durgamone analyzed for Cy7H303 and Cy3H2:03

from the HREIMS m/z 280 and 226 and NMR data, respectxvely From the BC NMR, it became evident that
each of the two compounds contains a carbonyl as the only unsaturated bond (5 216.0 s and 210.5 s for 4 and 5,



respectively). Therefore, 4, with four degrees of unsaturation, has to be tricyclic and 5 bicyclic. According to

the IR absorptions, 4 possesses a cyclopentanone (v 1734 cm™) and 5 a cyclohexanone (v 1707 cm™).
Assignment of the NMR data of 4 and 5 (Experimental) with the assistance of COSY, HMQC and HMBC
experiments together with the other spectral data, suggested that 4 and 5 are two halves of abudinol A obtained
by oxidative cleavage of the 14,15-double bond to form the corresponding carbonyls (Scheme 1). Clear proof
for tha lattar cniggagtinn cama femma 3

Amnmalucie nfahodioal A shios do ool o001 1 3 e
for the latter suggestion came from ozonolysis of abudinol A that, indeed, afforded nakorone and durgamone.
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Extraction and repeated chromatographies (Experimental) of a new collection (May, 1996) of the second

investigated sponge 4. welineri resulted in the earlier reporied sodwanones A-D, F, I, H and in five new
andwannnac dacionatad endwwrannn : 41
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Figure 4. Sodwanone L and N- R from A. weitneri
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Sodwanone N (6) analyzed for C3Hs,O¢ by HREIMS, giving a peak at m/z 508.3752 and by NMR spectral
methods indicating five degrees of unsaturation. The '3C-NMR and DEPT spectra (Table 2) are consistent with
eight methyls (six smglets and two doublets), ten methylenes, five methines and seven non—protonated carbon
atoms. Furthermore, the *C-NMR data suggested a ketone (8¢ 213.5 ppm) and six sp’-oxygen bearing C-
atoms, of which one, resonating at § 95.4 s, has to carry two oxygen atoms. Moreover, companson of the latter

value with values of earlier reported sodwanones suggested a lactol as in sodwanone L (Figure 4). As
mentioned above, most important for the structure elucidation were the two and three bond CH-correlations
from the various methyl groups to establish their neighbor groups. The key HMBC correlations of sodwanone
N are shown in Figure s,

24 ,
/\‘ fl 20 20
1(%3{25)%9(” 5/@_ '/’\H/‘>w
HBL: - O A‘.-.ﬂ‘l‘m N ‘3.28 /\ TS
H o e L~ 0—520H

L3

Key NOE's of SODWANONE N
Key HMBG correlations of

SODWANONE N {(6) o S
Figure 5 Key HMBC and NOE'S of 6

Sodwanone N (6), as per the earlier reported sodwanones (e.g. see Figure 1), consists of two separate ring

systems. One half, as established from two spin systems (Me-28, H-15-H;-17 and H,-20,21) seen in the COSY
experiment and mainly from the HMBC correlations (Figure 5), is a dioxabicyclo[2,2,2]octane system fused to

a cvclohexane as in sodwanone L. The second half however. is new. Essentiallv ite oross structure is similar

S YRAUAVASLY GO 112 ST QLT ARV SUVULING LAGaL, U OV VA, A5 AUV . AUSOVIIMGIL Yy 10 £1USS SWUWLVLWALY 10 SLi1IGL

to the dimethyl-(2-methyl-2,3- dxhydroxypentyl)cyc]ohexanone, which is the precursor of the “left” ketal half of
sodwanone E. However, possibly due to changes in stereochemistry in 6, there is no closure to a ketal. That
one OH group was tertiary and the other secondary was deduced from a micro-acetylation under the usual
conditions with AcyO-pyridine whereupon a shift of H-3 from 8 3.20 to & 4.50 was observed. The suggested
stereochemistry of 6 is based on coupling constants, whenever measurable, (Table 2) and mainly measured
NOE’s (Figure 5). The starting point for the tricyclic part was the doubie doublet at 6 4.38 of H-18 which,

1 F’c hat tha latt et A
according to its J-values, 12.3 and 4.0 Hz, has to be axial. Two key NOE’s between the latter proton and

methyls 27 and 30, confirmed the bicyclo[2,2,2]octane system. Only in such a system, with cyclohexanes in a
boat conformation, an NOE between groups in the 1,4-position becomes possible. The latter NOE’s also
determined the relative configuration of C-14, 18 and 19. As for the stereochemistry of C-15, a broad non-
resolved resonance peak of H-15 made a decision difficult, however, a AW value of ~30 Hz (with one axial-
axial coupling) agreed better with an equatorial Me-28 configuration.
The stereochetmstry determination of the cyclohexanone begun with the readily observable axial H-8, a to
1

the third
asymmetrlc center of the cyclohexanone (C-1 1) was determmcd from the NOE berwee h lal Me-26 and H-
12, which requires CH;-12 to be in the B position. Additional NOE’s (Figure 5) which agreed with the
suggested structure, were measurable between H-12 and Me-28 and between H-10 and H-11.

The 'H-NMR pattern of protons 10 and 11, which could further support the stereochemistry assignments, is
not well defined — most likely due to the relatively easy ring-flip of the cyclohexanone ring (which possesses
two axial and two equatorial substituents).

0
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Table 2. NMR data of sodwanones N, O and P*
Sodwanone N Sodwanone O Sodwanone P
# 135 8; (JinHz) HMBC 3¢ 3y (Jin Hz)? HMBC 8¢ 3y (JinHz)> | HMBC
(CtoH) (CtoH) (CtoH)
1. [23.0q | 1l6s 24
2. | 7255 | - 1,24 82.6s | - 4b,7,24,25 7865 | - 32425
3 [ 787d |320ddd 1,42.4b24 | 218.0s | - 813d | 3.95d 42,4b,5h,
(105, 4.5,2.0) (5.5) 24,25
4. | 260t |1.32,110 - 357t | 3251220 235t | 1.881.55 5a
(12.0)
5. [ 305t | 1.99, 174 25 37.8t | 1.98 1.41 17.1t | 1.921.51 3.4a,4b
6. |528s | - 8, 8b,25 | 423s | - 26 420d | 1.58 26
7. | 21355 | - 82, 8b,9a, | 79.9d | 3.08dt 109.2s | - 3,5b,9b
9b, 25 (11.0,4.9)
8 |382t |235225 . 269t | 1.721.62 281t | 155145
9. | 354t | 158 1.09 26 31.8t | 2151.95 27 262t | 1.031.03 8a,27
10. [ 333d | 198 26 126.7s | - 82,8b,92,9b,27 | 35.0d | 1.45 9b,26,27
11. | 565d | 0.80 25,26 137.0s | - 8a,8b,92.9b. | 403s | - 26,27
26,27
12. | 2481 | 1.88,1.20 - 231t | 215182 26 303t | 1.251.15 26
13| 3861 | 155 1.17 27 346t | 155123 29 37.4t | 1.741.74
14. | 4245 | - 27,28 4245 | - 28,29 416s | - 28,29
15. | 38.2d | 1.64 27,28 3754 | 161 27,28 36.6d | 165 28,29
16. | 265t | 1.68,1.12 18,28 264t | 1.821.38 28 264t | 178128
17. | 27.0t | 178, 1.52 - 27.1t | 1.80 1.60 269t | 1.751.55
18. | 782d | 4384dd - 785d | 4.35dd 78.5d | 4.38ddd
(123, 4.0) (11.9,5.1) (12.5.4.5,1.5)
19. ] 752s | - 1821a,27 | 75.0s | - 18,29 752s | - 29
20. | 252t | 1.92,1.92 . 25.0t | 2.102.05 18 248 | 2.002.00 18
21. | 287¢ | 205,167 . 284t | 212175 285 |2101.72
22 | 954s | - 20a21a, | 956s |- 202,216,30,31 | 957 | - 20a,200,30,
21b,29,30 31,0H
23| 190s | - 29,30 78,65 | - 21b,30,31 784 | - 30,31
24.1263q | 1385 1 2079 | 1.33 25 214 | 1.38s 25
25. | 21.4q | 0.99s - 236q | 1.28 24 201 | 1.26s 24
26. 1 202q | 0.92d(6.5) - 176q | 1.17s 183 | 0.88s
27. | 184q | 0.98s - 19.9q | 1.60s 15.7 | 0.82d(6.5)
28| 164q | 091d(6.9) - 17.0q | 0.98d (6.5) 169 | 091d(6.5)
26.1238q | 146s 30 21.09 | 1.10s 216 | 0.55s
30.{263q | 149s 29 26.1q | 1.28 3 238 | 128s 31
3L 26.4q | 1.24 30 262 | 1255 30

? CDCls, Bruker ARX 500 instrument, proton chemical shifts refer to TMS (84 = 0) and carbons to CDCl; (8¢ = 77.0)

® Assignments aided by HMQC, HMBC and COSY experiments.
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The relative stereochemistry of the two halves of 6, which due to conformational mobility around the 12,13-
bond cannot be determined directly by NOE’s, is suggested, with the same reservations, to be the same as that
of sodwanone L with the “left” part as in sodwanone F. Whereas in sodwanone F, the two central methyl
groups of the squalene precursor shifted to their neighboring C-atom, in 6 only one, Me-27, shifted.

A second compound, isolated from A. weltneri in small amounts (1.5 mg., 0.003% dry wt) was sodwanone O

(N, CiogHicOe m/z 488, r‘nmnaﬁnnn of the NMR data of 7 (Table 2) with those of the earlier reported
7 ) 300148875, m/iZ 56 1ipras 11 [RULVINS A SR SN Joyiaviv 4L wiul u.luau O1 W canier vpuinal

sodwanones, suggested that one half of the molecule (C-14—C-23) had the same tricyclic structure as the “right”
half of sodwanone N (6) and L. From the NMR data (Table 2_), it became evident that the “left” half of 7
embodies the same substituted oxepanone ring as sodwanones A-D. In addition, this part incorporates a tetra-
substituted double bond, most likely, between C-10 (carrying Me-27, 8y 1.60 s ppm) and C-11. To fulfill the
molecule’s seven degrees of unsaturation and account for the remaining atoms, the oxepanone has to be
condensed with a C‘y‘moncxcnc ring. Clear proof for the suggested 10(11)-double bond came from an HMBC
experiment (Table 2), i.e. correlations (C to H) have been seen between: 11/9a,b,12a,b, 26 & 27 and 10/9a,b,
12a,b & 27.

Another sodwanone containing the “right” tricyclic half of sodwanones N (6) and O (7) was sodwanone P
(8), C30Hs¢Os, m/z 490. Comparison of the NMR data of 8 (Table 2) with those of earlier reported sodwanones
suggested that the “right” part of 8 is comparable with sodwanones L, N and P and the “left” part with

sodwanone M. Interestingly, the lactol and ketal rings of 8 are highly stable. Treatment of 8 with methanolic-

IXMT A1 3?4 Lnmee v ¢hn loddae Siremnbs nennlidcan MThaot ot lanad dla AiawnaFD D DV mndmenn merodminn mammaaad Ao oL
IV L UlAdl L KRCCD UpPll UIC e u T niunciionaiiics. llld.l., at lcﬂbl, Uic UlUI\dLL.L.LJUUL(‘ulU dYSICIL UPCIICU JUIlIlE tic
nantinn haroma rlanr nm tha enhetitntinn Af tha Y. hvudravyl hy a methavuyl ornnn (R.. 2278 ¢ A nncescoing
VAL LIV, UVAVGITEW VIVGE LIULLL Ulv SUUDUILULIULL Ul UIU L4=1L LUVAYL Uy @ IUICUIVAYL VW \UH J.4U 9, JI11, SOLIIRTIE

The last two sodwanoneq that were 1solated from A weltnerz were sodwanones Q (9) and R (10), which
analyzed for C30H4s03, m/z 456 and C3oH4s04, m/z 470, respectively. Characteristic for 9 (Experimental) was a
diene (3 = 144.5s, 124.8 8, 125.7d & 130.4 d and 6 5.80 dd (/= 9.3, 3.2 Hz) and 5.58 dd (/= 9.3, 2.7 Hz)) and
for 10 (Experimental) were three carbonyls (3 218.5 s, 216.0 s and 198.6 s — two saturated with a-substitutions
and one unsaturated, respectively). Comparison of the NMR data of 9 and 10 with those of earlier reported
sodwanones, suggested for 9 the 22-reduced sodwanone C and for 10 the 22-oxo sodwanone H structures. The

macitian af tha alaahal at (7 27 AFQ wae actahlichad firam o CHonarralatian fram the olluylhias H 1Q /8722124 T=
PUDlllUll Ul LIIU GIVULIVL at Lo o VL 7, Wao Colauvliniivu 11Vl a LllTvulivialivll 1iuiis uas mlyll\z 11=10 \U L. dJ Uy o

2 Hz) to C-22 (§~ 74 9 nn & 3.45 brs)  Ag the 22-nroton doesn’t nossess a laroe axial-axial counling it hag
2 HZ)10 C-22 (o8¢ /4.9 ppm, O 2.40 DIS). AS e Zz-profon goesn T pOssess a large axial-axial couplhmng it has
to be equatorial and hence the OH-group is a-axial. The structures of both sodwanones, Q (9) and R (10), were

confirmed by chemical transformations. That is, 9 on oxidation with Jones reagent afforded sodwanone C and
similar oxidation of sodwanone H afforded compound 10.

The last subject addressed in this study was the absolute configuration of several sodwanones (D, E, K, M, H
and B), abudinol A (ii) and muzitone (3) The relative stereochemistry of the chirai centers of the latter
compounds was earlier \‘L‘xggeslcu on the basis of nuD-EXpEi‘ii‘ﬁEmb, in some cases also from biogenetic
considerations and for sodwanones A, G, E and F, the assignments were secured by X-ray diffraction analysis
[4]. Earlier, we reported the determination of the absolute configuration of sipholenol A by the modified
Mosher method [9], which was also used by Cimino to determine the absolute configuration of raspacionin [6].

Using this method for sodwanone A by reducing its 3-CO group failed, as it resulted in the undesired
epimer, and, moreover, during the MTPA-esterification, the conformation of the oxepane changed. Thercfore,
comparison of the CD-curves [10] of several sodwanones with the Cotton effect of the raspacionins [6], with

QH
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’/ OH -
\]/j et ' l

atve 2% i
L YA

"o , OAc  Raspacionin
Sipholenol A (Raspacionin B, 4,21-dioxo )
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established absolute configuration, was undertaken. Raspacionin, as seen in Figure 6, is composed of two
condensed oxepane-cyclohexane halves carrying on C-4 and 21 (3 and 22 accordmg to the sodwanone
numbering) an OH and an OAc group, respectively. Together with raspacionin, the 4-oxo and 21-oxo
derivatives and the 4,21-dioxo derivative, raspacionin B, were also isolated. All three exhibit positive Cotton
the CD-curves while the effect of the latter is more than twice that of the mono oxo compounds
S 1 Hic dail anUlUtC buuugmauvu l €. \/'

n the fnrmer comnounds aorees well with

g The posi otton effect former compounds agrees well with
nd C-4 to 7 are in the same plane — as seen in the X-ray analysis and deduced
from the CH5-24 to CH3-26 NOE (and not the chair conformation with O-1 and C-2, 5 and —6 in one plane or
the twisted conformer). On the basis of the positive Cotton effects measured for sodwanones K, E and M (8296
+2500, B290 +2400 and 0303 +2800, respectively), it can be suggested that they possess the same absolute
configuration of the “right” oxepane haif as the sipholenoies and raspacionins. (The absolute configurations are
shown in Figures 1 and 6.)

Sodwanone D, possessing two cgrb n

alynic Lostaollly
r

ion. The nositive Cotton effec

pou_nds. If the two chrom ph res were of

it

opposnte absolute conﬁguratxon the expected optlcal actmt would be almost zero. Being enhanced,
establishes the same absolute configuration of the two halves as in the case of the raspacionins.

Sodwanone H also showed a positive Cotton effect (0295 +4300), as did sodwanone D and the raspacionins,
with an increased effect due to the two chromophores. However, here the two differ. One is a saturated and
the other an af-unsaturated carbonyl [10]. As the conformation of the transoid enone in the ring is quite labile,
it is difficult to predict the contribution of this group; one half-chair and the half-boat conformers are expected
to give a positive Cotton effect while the second possible half-chair is expected to give a negative effect. In any
case, according to the positive Cotton effect, the absolute configuration of the “left” half has to be identical to
those of the above-discussed compounds. The situation with sodwanones A and B is even more complex than
with sodwanone H. Sodwanones A and B possess three chromophores (two saturated CO groups and one
cross-conjugated carbonyl). Moreover, one of the double bonds of the cross-conjugated dienone is also By-
conjugated to an unknown extent, to one of the ketones. The CD-curves of A and B, being double humped

S PR \ A WS AAdl

[0275 +3050 and U";]g -1 /UU), INEereIore Serve m my for identification and companson purposes.
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Octant projection of durgamone (5)

Octant projection of the oxepanone
Figure 7. vicinity of abudinol and sodwanones

The absolute configuration of the abudinols was also determined from CD measurements. For this purpose,

we measured the optical activities of nakorone (4) (8260 +3400) and of durgamone (5) (6 + 1800). The CD of 4
was compared with androstan-17-one possessing the same hydrindanone system [11]. Nakorone, as mentioned
above, was obtained from ozonolysis of the abudinols and also as a natural compound. A positive Cotton effect
obtained for 4 established the identity of its chirality to that of rings CD in the steroid. Furthermore, the
positive Cotton effect of 5 determined its 55, 7R, 10S configuration (Figure 7) in agreement with the 188, 195,
23R configuration of 11 suggested from the CD of nakorone. Thus the chirality of abudinol is the same as that

found for the sodwanones, as discussed above.



5564 A. Rudi et al. / Tetrahedron 55 (1999) 5

———d N
\ / 25-CO 14-CO
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Figure 8 Octant projection of the 14 and 25 carbonyls vicinity
of muzitone (3 )in the prefered conformation according

to the measured NOEs

The last optical measurement was of muzitone (3) which, according to the suggested biogenesis, has to be of
same absolute conugurauon as the abudinols and the sodwanones. Mu’ntone carries two carbonyls at C-14

AL anA 14 xxran cddnion Lt DY n—:n \
C-25 and it was found to have a pumuv&. Cotton effect (U293 TY/UU). llnougn both carnonyxs are noi in a

rigid ring, but on the eleven membered one, both are expected, according to the biogenetic consideration and

It — bt ~2 ]
applymg the octant rule for these configurations, to give a positive effect (see Fig. 8). For both chromophores,
the major perturbation of the n—n* transition comes from the neighbor rings which are, clearly, in positive
octants. The two sponges were identified by Prof. R'W.M. van Soest, Universsity of Amsterdam, the
Netherlands.

21

€
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Experimental Section

General Experimental Procedures. IR spectra were recorded on a Nicolet 205 FT-IR spectrophotometer.
LRMS and HRMS were recorded on a Fisons, Autospec Q instrument. 'H- and >C-NMR spectra were
recorded on Bruker AMX-360 and ARX-500 spectrometers. All chemical shifts are reported with respect to

TAAQ 7S — f\\ PR | f‘hﬂl Fé~ —_ I NN 11 1 mamam m o d A e o d i PR < A S,
IMS (64 = 0) and CDCl; (6¢ = 77.0). All Jcu connectivities were established by an HMQC experiment.
Optical rotations were measured on a Perkin-Elmer Model 141 polarimeter using a 1-cm microcell and circular

1 s

i py Wi
dichroism by using a Jasco 500C spectropolarimeter in methanol solutions. For details on the biological tests,
see Ref. 4.

Extraction and Isolation of compounds 1 - 5. Ptilocaulis spiculifer (class Demospongiae, order
Halichondria, family Axinellidae) (# ET-344) was collected at Dahiak archipciago the Red Sea, Eritrea by
SCUBA ata depth of 10m d during February 1998. A voucher sample is uEpGSiwu at Tel-Aviv umvcmuy The
freeze-dried sponge (50g) was homogenized and extracted with EtOAc to give a brown gum (2.3g) after
evaporation.

This gum was chromatographed first on a Sephadex LH-20 column, eluting with MeOH-CHCl;-Hexane
(1:1:2) and then several times on Si gel columns eluting with hexane/EtOAc mixtures to afford 1 (0.004%), 2
(0.004%), 3 (0.005%), 4 (0.002%) and 5 (0.001%) and the known compounds sodwanones A-D 0.6%, 0.1%,
0.2% and 0.05% respectively, sodwanone F 0.002%, sodwanone I 0.002%, yardenone 0.1% and abudinol

N 1850/
U.1J /0.

22-Dihydroyardenone (1): oil; IR vy, (neat) 3410, 2950, 1715, 1466 cm’ f(ﬂn + 3.3 (¢ 0.1, MeOH); 'H-
NMR (C¢Dg) 6y 4.61 t (J=9.0 Hz, H-18), 3.90 dd (/= 9.1 and 5.0 Hz, H-14), 3.66 dd (/= 11.5 and 5.3 Hz, H-
7),3.51d (J=7.2 Hz, H-22), 3.07 ddd (/= 2.3, 10.7 and 13.7 Hz, H-4a), 1.58 s (Me-24), 1.35 s (Me-30), 1.23 s
(Me-25), 1.20 s (Me-31), 1.05 s (Me-29), 1.03 s (Me-26), 0.93 d (J = 6.5 Hz, Me-27), 0.70 s (Me-28). Be.
NMR: all 3¢ values are identical with those of yardenone except for 80.5 d (C 22), 76.5 5 (C-23), 30.2 t (C-21).

MD(EI) m/z: 43U UVI DU), 43L (1)) HRMS U‘.‘.l) iVl [ounu 47U, 3044 L/g()HS()US rcqun'cs 4YU.0040.

Oxidation of 22-dihydroyardenone to yardenone: 22-Dihvdroyardenone (1) (2 mg, 0.004 mmol) was

dissolved in cold acetone (1 mL) and one drop of Jones reagent was added[lZ]. After 1hr at 10° two drops of
MeOH were added, the acetone evaporated and the residue taken into CHCl; (5 mL). The organic phase was
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washed with aq. NaHCO; and water, dried and evaporated. The residue was filtered through a small silica gel
column to give yardenone (1 mg, 50%) identical in all respects with an authentic sample.

Abudinol B (2): oil; IR vy (neat) 3484, 2950, 1446, 1023 cm™; [a]p - 5.0 (¢ 0.05, MeOH); 'H-NMR
(CDCl;) 6y 3.75 dd (J = 10.5 and 5.1 Hz, H-7), 3.66 dd (J = 11.9 and 4.6 Hz, H-18), 3.36 d (J = 6.8 Hz, H-3),
3.36 d (J= 6.8 Hz, H-23), 1.19 s (Me-27), 1.18 s (Me-25), 1.08 s (Me-26), 1.06 s (Me-28), 1.05 s (Me-31), 1.01
s (Me-29), 1.00 s (Me-30). “C-NMR (C¢Dg) 8¢ 13.9 q (Me-29), 18.4 q (Me-31), 20.1 q (Me-30), 21.2 q (Me-
25), 21.3 q (Me-27), 28.9 q (Me-28), 29.2 q (Me-26); eims m/z 474 (M', 20), 415 (100). HMBC C to H
correlations C-2/27, 28; C-6/29; C-7/29; C-9/30; C-10/30; C-11/29,30; C-14/30; C-18/31; C-19/31; C-20/30; C-

’)1/'21 (" 72/7< '76 f‘ 7A/")< ")K (" ’)Q/")K (" ’7’7/’)9 l"‘ ’7Q/’)7_ HP\I\{S (EI) 1\‘4 fG\ nA 474 3792 C30115004 lU\luqu
474 3696

Acetylation of abudinel B (2): Abudinol B (1 mg) in a 1:1 mixture of Ac,O/pyridine was left at r.t.
overnight. Evaporation of the solution afforded the diacetate derivative of 2 (1 mg): oil; IR vpax (neat) 2970,
1730 cm™; "H-NMR (CDCls) 8,3 5.72 d (/= 6.8 Hz), 5.58 d (/= 6.8 Hz), 2.15 s (3H), 2.10 s (3H).

1

1 13~

M;mtﬁ“e (3) Uu IR Vmax \ucal. 3410, 2950, 1715, 1450 C'ﬁ‘l- ]_(I.JD -14.2 (C 0. '1, ?vicO" F T H ana -
ta, see Table 1. eims m/z 506 (M', 10), 488 (15), 470 (10), 427 (20); HRMS (EI) M" found 506.3586.
O requires 506.3594 .

NM
C_) 50
Nakorone (4): oil; IR vy (neat) 2950, 2853, 1737, 1085, 1054 cm™ [a]p ~ 210.0 (¢ 0.2, MeOH); 'H-NMR
(CsDg) 64 3.47 dd (/= 11.3 and 5.0 Hz, H-7), 3.28 d (/=4 Hz, H-3), 2.04 dd (/= 18.9 and 8.9 Hz, H-13), 1.82
t (Jw 14.0 Hz, H-12), 1.75 dd (J = 18.9 and 17.8 Hz, H-13), 1.07 s (Me-15), 1.00 s (Me-16), 0.85 s (Me-17),
(Me-18); >C-NMR (C¢Dg) &¢ 216.0 s (C-14), 79.5s(C- z), 76.8 d (C-7), 76.3 d (C-3), 54.3 d (C-11), 49.5

072 s

s (C-10), 42.0 s {C-6), 36.2 1 (C-9), 33.8 t (C-5), 31.2 t (C-13), 29.5 g (C-16), 27.2 t (C-8), 25.2 1 (C-12),21.5 g
. +

(C-15),18.2t(C-4),15.0¢ (C-IS), 13.3 q (C-17); MS(ED) m/z 280 (M", 8@), 265 (25), 222 (90), 207 (60), 194

(50), 178 (100). HRMS (EI) M" found 280.2036. C;7H,50; requires 280.203

Durgamone (5): oil; IR Vs (neat) 2972, 2342, 1707 cm™ [alp - 28.5 (¢ 0.1, MeOH); 'H-NMR (C¢Ds) 8y
3.74 dd (/= 11.5 and 4.5 Hz, H-7), 3.27 t (/ = 5.5 Hz, H-5), 1.13 s (Me-13), 0.90 s (Me-12), 0.77 s (Mel4).
3C-NMR (CeDs) 8¢ 210.5 s (C-2), 78.6 d (C-7), 74.9 s (C-11), 73.9 d (C-5), 53.4 t (C-1), 39.3 t (C-3), 35.7 s
(C-10), 35.1 t (C-8), 27.3  (C-4), 26.9 q (C- 13) 19.3 t (C-9), 184q(C 14). eims m/z 226 (M", 15), 168 (80),
125 (100), HRMS (EI) M" found 226.1558. C3H2,05 requires 226.1563

A AANAVA AJ AVE ANG vkt Ve AT l_j AN\ 3 AvULLVWD L.
Ozonolysis of abudinol A (11) to compounds 4 and 5 : Through a solution of abudinol A (10 mg, 0.02
mmol ) in CH,Cl; (20 mL) at —70° was bubbled ozone for 10 min. Dimethyl sulfide (0.1 mL) was added and
the solution kept at r.t. overnight. The residue after evaporation was chromatographed on silica gel to afford
nakorone (4, 2 mg) and durgamone (5, 2 mg, 40%), identical in ail respects with the naturai compounds.

Extraction and Isolation of compounds 6 — 10. Axinella weltneri (Von Lendenfeld) (class Demospongia,

10N ang 18 R2 L2 SRRt (S8 gy W el i LR 2wl B4 Lvl L0

order Halichondria, family Axinellidac) (# TASA 396) was collected in Sodwana Bay, South Africa by
SCUBA during May, 1996. A voucher sample is deposited at Tel-Aviv University. the freeze dried sponge
(8g) was treated in the same way as described above for ET 344 to afford 6 (0.08%), 7 (0.03%), 8 (0.03%), 9
(0.02%), 10 (0.02%).

Sodwanone N (6): 0il; IR vmax (neat) 3510, 3400, 2970, 1707, 680 cm™; MS(EI) m/z 508 (M", 15), 432 (15),
181 (100); HRMS (EI) M" found 508.3752. C i 8.37

a0 -
;;;;;; 20 OVS. T4 301852

Sodwanone O (7): oil; IR v, (neat) 3510, 3400, 2970, 1700, 980 cm’ [alp + 18.0 (¢ 0.15, MeOH);
MS(ED) m/z 488 (M", 50), 471 (100), 415 (60); HRMS (EI) M" found 488.3492. C30H.305 requires 488.3489.
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Sodwanone P (8): oil; IR v (neat) 3485, 2970, 1446, 1023 cm™ [a]p + 54.6 (¢ 0.70, MeOH); MS(EI)
m/z 450 (M", 15). HRMS (EI) M" found 490.3649. C3gHs00s requires 490.3645

Methanolysis of sodwanone P (8) to its 22-methoxy derivative : Sodwanone P (1 mg, 0.002) was left
overnight at r.t. in a solution of HCIl in MeOH (1%, 2 mL). Evaporation of the solvent afforded the 22-methoxy
derivative (0.8 mg, 80%); oil; "H-NMR (C¢Ds) 811 4.44 dd (J = 11.9 and 4.0), 3.68 d (J = 4.1), 3.26 (3H), 1.56 s
(3H), 1.30 s (3H), 1.24 s (3H), 1.19 s (3H), 1.09 s (3H), 1.05 s (3H), 0.81 d (3H), 0.78 d (3H). MS (E]) M m/z
504.

Cndwannna Al TD u frnant) 2410 208N 171X nm'l el 9020 AN 18 ARANTITNY lU_\nJD K. € QN
LJUU"“IIUI.IC Y \ U 1, LEN ax ivaiy oy, L272JU, 1710 Uil Ll&_“_) ke I \ V.17, LV.lDUA.l}, LATINIVIIN UH 0.0V
dd (J=9.3 and 3.2 H7 H-17), 5.58 dd (J = 9.3 and 2.7 Hz, H-16), 3.45 bs (H-22), 3.10 t (= 12.5 Hz, H-4a),

285dd(J— 11.6 and 4.3 Hz, H-7), 1.68 s (Me- 28) 1.30 s (Me-24), 1.24 s (Me-25), 1.01 s (Me-31), IOOs(Me—
26), 0.98 s (Me-30), 0.97 d (J = 6.5 Hz, Me-27), 0.81 s (Me-29); >C-NMR 8¢ 218.0 s (C-3), 144.5 s (C-14),
130.4 d (C-17), 125.7 d (C-16), 124.8 s (C-15), 82.3 d (C-7), 82.2 s (C-2), 74.9 d (C-22), 51.3 d (C-11),46.5 d
(C-18), 41.3 s(C 6) 405t(C S) 39OS(C 19) 37.3 s(C -23), 353t(C-4) 32.3t(C-9), 28.7d (C-10),279 ¢
(C-20), 27.1 t(C-8), 27.0 q (C-31), 26.5 q (C-25), 26.4 1 (C-12), 25.9 1 (C-13), 25.7 t (C- u), 23.3 q (C-30),
20.5 q (C-24), 17.6 q (C- 28) 15.1 q (C-29), 14.5 q (C-27), 13.5 q (C-26); MS(EI) m/z 456 (M", 30), 423 (35),
187 (100); HRMS (EI) M" found 456.3587. C3H4305 requires 456.3591.

Oxidation of sodwanone Q (9) to sodwanone C: Oxidation of sodwanone Q (9, 1 mg, 0.002 mmol) as
described for compound 1, vida supra, gave sodwanone C (0.5 mg, 50%) identical (NMR and MS data) with an
authentic sample..

PE W13y 1 M £ AN Ya YA 1™~ 1 rAr F hl lnf\ rd ~ R E_SNTYTY h Y b o}
Sodwanone R (1V): O1l; 1K Vvmax (R€Al) 2ZYOU, 1/1), 10450 cm  [O]p - 18.U (¢ U.LD, MeUI), -INIVIIK Oy
174 ¢ (NMa_2Q l 2N e IMa 24 1 24 ¢ (Ma 28)Y 1 77 ¢ (Ma 20 l 11 ¢ MAa_INY 1 n(] MAa_T1Y NAR ¢ MNa DA
1.74 5 (vl 1.0], IV S i€-245), 1.259 S (Va€-23), 1.245 5§ {18-L7 .11 8 (VIC-3U), 1.UY (Vi€-51 ), U.FS 5 (IVIE au;,

0.94 d (J = 6.5 Hz, Me-27); *C-NMR &¢ 218.5 s (C-3), 216.1 s (C-22), 198.6 s (C-16), 165.9 s (C-14), 130.8 s
(C-15), 82.4 s (C-2), 81.9.d (C-7), 51.5 d (C-11), 49.5 d (C-18), 47.0 s (C-23), 41.4 5 (C-19), 40.5 d (C-5), 40 2
s (C-6), 35.7 t (C-7), 35.3 t (C-21), 35.1 t (C-20), 34.3 £ (C-17), 31.1 t (C-8), 29.1 t (C-9), 28.3 d (C-10), 26.4 g
(C-25), 26.2 t (C-13), 25.8 t (C-12), 25.4 q (C-31), 21.2 q (C-30), 20.5 q (C-24), 17.6 q (C-29), 14.6 q (C-27),
13.5 q (C-26), 11.5 q (C-28); MS(EI) m/z 471 (MH", 100). HRMS (EI) M" found 470.3389. C3oH4604 requires
470.3384.

Nvidatinn af cndwannana 1T $ta cndwannana R 1Y - Ovidatian of endwannna H (8 mao 001 mmal) acg
WVAIUAQLIUIET Ul JUUWAGIIVIIL 11l LU JUUYYARLULIT AN \LU} . ALIUALIULL ULl SUUWwWalluiiv 11 \J 1115’ V.Ul 1lHiuuvly as
described above for compound 1 gave sodwanone R (3 mg, 60%), identical (NMR and MS data) with the

natural compound..
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