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Summary: Four new metabohtes 6, 7, 8 and 9 possessmg a polypropronate carbon skeleton, have been 
isolated from the marme gastropod mollusc S. grisea Theu structures and absolute configurattons have 
been deterrmned by spectroscoptcal and chemical methods. The absolute configuration of pectmatone 5, 
1s reassigned on the basrs of its chermcal degradatron and X-ray analysrs 

Siphonaria are gastropod molluscs found in the htgh mtertidal regron Recent research has led to the 

tsolatton of several secondary metabohtes wrth antrnncrobtal actlvtty whrch are believed to be employed 

m chemtcal defence agamst predators. These types of compounds are characterized by possessing er- 

ther a lmear or a cychc polyproptonate carbon skeleton wtth a pyrone, a furanone or a hermketal mor- 

ety Selected examples of these type of metabohtes l-4 are gtven m the Fig 1 t4 The biosynthetrc ongn 

of these compounds has recently been mvestigated on denttculatms 4 and the results of these expen- 

ments confirmed that these compounds anse from the condensatron of promonate derived umts s 
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The pulmonate Siphonaria grkea was collected at AJU~ (Fuerteventura, Canary Islands) The anmd 

were stored m acetone and the ethyl acetate solubles from the acetone extract were combmed and 

chromatographed on medmm pressure silica gel and Sephadex III-20 columns In aprelimmarv study, 
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1670 M NORTE et al 

we have Isolated two lmeal compounds, the srphonarrenedrone 7 and the srphonanenolone 8 6 Durmg 

thus work, the presence of other related metabohtes was detected, but their amounts prevented struc- 

tural elucrdatton From a new collection of S. grisea we have isolated, together wtth 7 and 8, another 

lmear compound 9 and two cychc compounds 5 and 6 havmg a pyrone and a furanone moiety respec- 

tively 

All these compounds showed m their mass spectra the presence of a major fragment ton at m/z 155 

caused by a-cleavage to of a double bond resultmg 111 the loss of a C,H, fragment In order to estab- 

ltsh the nature of thts alkanyl moiety, these compounds were sublected to oxrdattve degradatton Instead 

the ozonolysts, whtch is the normal method of degradatton prevrously performed on thts type of 

compounds, we used the treatment wtth HIOJRuCl, as was estabhshed by Sharpless due to the best 

yields and reproductbthty On the other hand, the major compound of this collectton was the one wtth a 

pyrone moiety 5 which showed physical and spectroscoptcal data rdenttcal wrth those pubhshed for the 
pectmatone 10, a metabohte prevtously isolated from S. pectinata* Tim compound was used as a 

model m order to establish the opumum experrmental condrtons for the oxrdatrve degradatton to be 

applied to the mmor compounds Thus, we first isolated 2,4,6 trtmethyl nonanotc acrd 11, which was 

methylated wtth an ethereal solutron of dtazomethane to its methyl esther 12, in accordance wrth Its 

qectroscoptcal data Surpnsmgly, the optical rotatton of l2 was +21!P which agrees wtth the value re- 

gorted by Odham9 m the methyl 2,4,6 tnmethylnonanoate senes by the 2s. 4s. 6s isomer instead the 

ZS, 4R, 6s as was reported for the pectmatone 10 Furthermore, when the other metabohtes 69 were 

treated m tdentrcal condrtrons, the reactrons ytelded the same ester establtshing the same alkanyl motety 

[or all of them 

In vrew of the contradtctory results for pectmatone, we 

11 R= II 
12 R= Me 

decrded to anaIyse compound 5 by X-ray 

ltffractron of a crystal obtamed from a dtchloromethane solutron of tlus compound 

I’he compound crystallizes m the orthorhombrc system, space group P2,2,2L a = 10 412(6), b = 

12 900(5), c = 15 806(4) & V = 2122 8(16) i3, Z = 4, Dc = 1059 g/cm3, p= 5 03 cm1 The mtensrty 

rf 2458 reflectrons ( mcludmg 118 Fnedel pairs ) was measured up B= 649 wrth a Stemens AED com- 

nrter controlled four circle diffractometer, usmg graphite monochromated CuKu ( X= 15418 A ) ra- 

hatlon wth w 19 scan and 2035 reflectlons were Judged as observed with I>30 (I) and corrected for 

_orentz and polarlzatlon The structure was solved by direct methods and Founer recyclmg methods 

lsmg the hkl part of the spectrum The H atoms were placed m calculated posltlons An appropriate 

welghtmg scheme to normalize < A*F > vs < F,, > and c an 0 / X > was camed out A final full- 

natrut least squares refinement wth amsotroplc thermal coefficients for hydrogens converged to a con- 
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Fig.2 view of the mokcu~ dlowLng 

the? atm-tabethzg Sch%m (only 

Eatanof the hgdmaq group in- 

&!&?dl 

ventlonal crystallographic residual of R = 0 069 ( Rw = 0 064 ) for the nght enantlomer 

Atormc scattermg factors were taken from International Tables for X -Ray Crystallography (1974), 

maximum shift / U= 0 15 The absolute configuration as 11(S), 14(S), 17(S) was determmed by com- 

panson of 19 BlJvoet pwrs wth F, > lOa which are m the ranges 5 < F,, c 50 and 0 08 c sm 0 / 

X < 0 45 The averaged BlJvoet differences are 0 158 for the nght enantlomer vs 0 326 for the wrong 

one The final atonuc coordmates and equivalent lsotroplc thermal parameters for the non-H atoms are 

given m Table I Bond distances and angles are hsted m Table II. The molecular structure 1s shown m 

Rg 2 

The ax-membered rmg 1s planar (r m s displacement of the su( atoms from the plane 1s 0 007 A) The 

02, ~3, 03, C6, C8 substltuents dentate from the nng plane by 0 004(3), 0.033(3), -0 K%(4), 0 009(2), - 

0 074(3) and -0 005(3) A respectively 
The molecular packing IS reahzed through O-H 0 contacts between the carbonylO2 at Cl and the 

hydroxyl group at C4 02 03 2 676 (3) A (x + l/2, -y + 3/2, -z + 2) The molecules are aligned mto 

chams runrung in the a dlrectlon (Fig 3) 

pig. : Mo~cu~~ packtng of 8tr'UctUlse 

2 mewed along c - 
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01 
02 
03 
Cl 
c2 
c3 
C4 
CS 
C6 
c7 
C8 
c9 
Cl0 
Cl1 
Cl2 
Cl3 
Cl4 
Cl5 
Cl6 
Cl7 
Cl8 
Cl9 
c20 
c21 

X/A 

7140(2) 
8022(2) 
3835(2) 
7070(3) 
5947(31 
5889(3) 
4960(3) 
5052(3) 
3955(3) 
6150(3) 
6512(3) 
7829(3) 
5724(3) 
5970(3) 
6449(4) 
4753(3) 
4223(4) 
5212(S) 
2982(4) 
1835(3) 
1398(S) 
745(4) 

-404(S) 
-14r)3(7) 

Y/B 

9605(l) 
8081(2) 
8791(2) 
8607(2) 
8292(2) 
7205(2) 
8992(2) 

10040(2) 
10776(2) 
10301(2) 
11311(2) 
11718(3) 
11771(23 
12770(2) 
12511(3) 
13432(2) 
13800(2) 
14439(4) 
14429(3) 
13901(3) 
12981(3) 
14683(3) 
14294(S) 
15103(6) 

Z/C 

9082(l) 
9236(2) 

10266(2) 
9383(2) 
9806(2) 

10150(3) 
9886(2) 
9566(21 
9723(2) 
9163(2) 
8777(2) 
9009(2) 
8235(2) 
7760(2) 
6861(2) 
7718(2) 
8570(2) 
9072(3) 
8459(2) 
8070(2) 
8603(4) 
7951(3) 
7470(4) 
7343(6) 

Ueq 

431( 6) 
666( 9) 
524( 7) 
443( 8) 
437( 8) 
649( 12) 
398( 8) 
385( 8) 
547( 10) 
370( 7) 
401( 8) 
617(11) 
439( 8) 
508( 10) 
693( 12) 
540( 10) 
552( 10) 
863( 16) 
584(11) 
581(11) 
877( 17) 
715(13) 

1018(21) 
1429(35) 

Table I.- Atom coo2dtmtes (A0 z 104) and equiwknt isotmpc tempemtum factors (i2 z 10'1 
of the non-8 atans with e.s.d. ‘8 in pmntheses. 

01 - Cl 1.375(3) 
01 - c7 1.373(3) 

C8 - Cl0 1.325(4) 
Cl0 - Cl1 1.513(4) 
Cl1 - Cl2 1.544(5) 
Cl1 - Cl3 1.529(S) 
Cl3 - Cl4 1.530(S) 
Cl4 - Cl5 1.539(6) 
cl4 - Cl6 1.536(S) 
Cl6 - Cl7 1.506(S) 

02 - Cl 1.223(4) 
03 - c4 1.342(4) 
Cl - c2 1.407(4) 
c2 - c3 1.505(4) 
c2 - c4 1.374(O) 
c4 - c5 1.446(4) 
CS - C6 1.505(4) 
c5 - c7 1.351(4) 
c7 - C8 1.488(4) 
C8 - c9 1.513(5) 

Cl - 01 - c7 122.7 
01 - Cl - 02 114.3 
01 - Cl - c2 118.6 
02 - Cl - c2 127.1 
Cl - c2 - c3 
Cl - c2 - c4 
03 - c4 - c2 
c2 - c4 - cs 
03 - c4 - c5 
c4 - C5 - C6 
c4 - c5 - c7 
C6 - C5 - C7 
01 - c7 - cs 
c5 - c7 - C8 
01 - C7 - C8 

(2) 
(3) 
(31 
(3) 

118.3(3) 
123.3(3) 
124.5(3) 
122.2(3) 
113.3(3) 
118.8(3) 
117.0(31 
124.2(3) 
121.1(2) 
128.8(3) 
110.1(2) 

C17 - Cl8 1.525(6) 
Cl7 - Cl9 1.530(6) 
Cl9 - c20 1.504(7) 
c20 - c21 1.487(g) 

c7 - C8 - c9 115.7(3) 
c7 - C8 - Cl0 120.0(3) 
c9 - C8 - Cl0 
C8 - Cl0 - Cl1 
Cl0 - Cl1 - Cl2 
Cl2 - Cl1 - Cl3 
Cl1 - Cl3 - Cl4 
Cl3 - Cl4 - Cl5 
cl3 - Cl4 - Cl6 
cl5 - Cl4 - Cl6 
Cl4 - Cl6 - Cl7 
Cl6 - Cl7 - Cl8 
Cl6 - Cl7 - Cl9 
Cl8 - Cl7 - Cl9 
Cl7 - Cl9 - c20 
Cl9 - c20 - c21 

124.2(3) 
126 7(3) 
109.1(3) 
110.4(3) 
115.7(3) 
112.2(3) 
111.5(3) 
109.7(3) 
118.3(3) 
111.3(3) 
109.9(33 
111.1(3) 
115.7(4) 
113.0(S) 

Table II.- Bond dtstances (1) and angles (-01 for non-8 atans mth e.s.d.'e zn pmnthesee _ 
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The X-ray analysts agrees wtth the conclusron obtained from the chemical degradatton of compound 5 

and, consequently, they estabhsh the nature and absolute configuratton of the alkanyl motety not only 

for compound 5 but also for the other metabohtes isolated 6-9 The nature of the non-alkanyl parts of 

Table III.- NM? chemicat shtfts from the fumnone mcnety of 6 and the mizfame of 13 and 14 

13c-IWN lH-RMN 

carbon 6 13-14 6 13-14 

22.3 22.3 1.53 1.54 
101.78/101.84 101.3 ---- -e-e 
204.2 203.6 ---- _--- 
106.2 106.2 _--- --me 

7.6 7.7 1.80 1.82 

182 l/182.5 181.8/182.0 ---- ---- 
126.0 125.8 ---- m-w- 

13.4 13.4 1.97 1.96 
147.6 147 7 6.10 6.10 

-++l : f f s f _ 5 : s 0 SW : 0 0 

m 

6 13 14 

these metabohtes was estabhshed as follows 

The second cyclrc compound, the srphonartenfuranone 6, was a mrxture of tsomers Thu mtxture could 

not be separated by different chromatographtes, although the presence of two Isomers was indicated by 

the NMR spectral data of the mtxture Thus, the ‘H-NMR spectrum showed two olefimc signals at 6 

607 (d, 05 H, 102 Hz) and at 6 613 (d, 05 H, 102 Hz) and methyl srgnals at 6 153, 180, 197 and 

100 as duphcate srgnals Bands at 1690 and 3650 cm 1 in the I R spectrum and absorptrons at 305 and 

240 run m the U V spectrum together wrth the “C-NMR spectral data, evrdenced the presence of a 2- 

hydroxy-2,3 dthydro-2,4 dtmethylfuran-3-one system in the molecule Comparison of the NMR chermcal 

shafts of the furanone motety of 6 wtth those pubhshed for the E,Z mrxture of furanones 13 and 14, 

prevrously Isolated from S. lessoni, lo showed good correlations between them (Table III) and we had to 

conclude that we had the same kmd of rmxture Consequently we must have two different chemrcal 

shafts m the 13C-NMR spectrum for the methyl group, Me-8, at around 6 13 for the E isomer and at 6 

20 for the Z Isomer However the COSY (HETCOR) ‘HJ3C expenment (Ftg4),showed only the corre- 

latron between the methyl srgnal at 6 196 (Me-Q m the ‘H-NMR spectrum and the carbon stgnal at 6 

13 4 m the “C-NMR spectrum, which precluded the presence of a mrxture of geometrrcal isomers 

On the other hand, the srphonartenfuranone 6, slowly rsomenzed on standmg to another compound, 

and the ‘H-NMR spectrum of the resultant tmxture showed, m addmon to the signals from 6, new sag- 

nals at 6 5 4, 2 35 and 164 which were also duphcates Moreover, the COSY (HETCOR) (‘H-%) map 
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I b) 

15 5’ 

ptg. 1H-13C heteronuclear COSY one-bond corrstatzme of the mttturs of 6 and 15 (ai and 

of 6 (bl 

(Fig 4), showed the correlation between the methyl signal at 6 196 and the *C-NMR signals at 6 13.4 

and 204, which agrees wth the presence of geometrical isomers This rmxture was chromatographed 

and the Z isomer, 15, was isolated and fully identified on the basis of its spectroscoplcal data. Accord- 

mgly, the only satisfactory explanation of all the shght differences m spectral data 1s a nuxture of epl- 

mers at the carbon C-2 

Slphonarlenedlone 7, (a,,) = +32 5*, has a molecular formula of C&I-&O, obtamed from its hrgh reso- 

lution mass spectrum M+ at m/z 308 2709 (C,H,O,, talc 308 2715) Bands at 1655 and 1720 cm 1 111 

the I R spectrum together wth the maximum at 335 nm (L= 12 781) in the U V spectrum showed the 

presence of saturated and unsaturated carbonyl groups The ions formed by simple fragmentations of 

the molecular Ion m the EIMS are as follows m/z 308 --m/z 279 loss of an ethyl radical; m/z 308-- 

m/z 251 loss of an propyonyl radical, m/z 308 -~223 loss of a 2 methyl3-keto pentanoyl radical. The 

IH-NMR spectrum showed, m addition to the signals from the alkanyl moiety, the presence of three 

methyl groups at 6 100, 131 and 180 together Hrlth three proton signals at 6 2 42, 4 26 and 6 41 These 

,pectroscoplcal data suggested the presence of a B-dlketone moiety m the molecule, which was con- 

Grmed by usmg 2D-NMR techmques. The proton signals which were found to be connected m the 

ZOSY (‘HJH) spectrum of 7, are lmked by underline in the followmg sequence 6.41(H-9) - 2.73fH- 

19, &41(H-9) - 1 80(Me-8\, 2.42(H-2) - l.OO(Me-11, 4.26(H-4) - 1.31(Me-5), and no further couplrngs of 

hese signals, except those at 6 2 73, were observed The DEPT and HETCOR (‘HJ’C) expenments led 

o carbon as well as proton assignments that had already been made (Table IV) The long-range ‘HW 

*orrelatlons (Fig 5) between the carbon signals at 6 2075 (C-3) and 199 (C-6) and the proton signals 
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/- 

I3 Fig.5. lx_ C heteronuclear CO.9 long-mnge Id= lOHal (al and one-bond (bl correlatzone of 

of stphonamenedzone 7. 

at 6 131 (Me-S) and at 6 6 41 (H-9), 180 (Me-8) and 131 (Me-S) respectwely, together wtth the other 

correlations showed m the Fig 5 established unambtgously the presence of a 4.6 drmethtl hept-6-en-3,5- 

dione fragment m the molecule and, consequently, the structure of the compound 7 

Stphonartenolone 8, oil, (a,,) = + 19 6*, showed m the I R spectrum bands at 3600 and 1700 cm ’ ac- 

cording with the presence of a carbonyl and hydroxyl groups The HMRS led to an M+ at m/z 310 2888 

(C,,H,O,, talc 3102872) The srmrlartty between thts compound and the stphonarienedrone 7 was obvt- 

ous from the ‘H and “C-NMR spectral data (Table IV) These data indicated the presence of a B-hy- 

droxy ketone moiety m 8, instead of the B-dtketone present m 7, the secondary hydroxyl group bemg at 

the carbon C-6 The analysts of the ‘H-NMR and the COSY (‘HJH) spectra of 8, mdtcated the connec- 

trvtties between the proton stgnals from thus moiety centered at 6 0 99 -2 77-4 10, the couphng con- 

stants being identical wrth those reported for the esther 16, prevrously isolated from the molhtsc S. aus- 

trabs Obvtously, both compounds 8 and 16 have the same relative configuratrons at the carbons C-4 

and C-6 On the other hand, stphonanenolone 8 was oxtdtzed wtth PCC to obtam stphonartenedtone 

7, whtch confirmed the structure proposed for 8. 

8 9 16 

Srphonartenone 9, 011, (a,) = + 13 39, was shown to be an a-g unsaturated ketone (I R 1650 cm 1 and 

U V 229 MI) The %NMR(DEPT) and the HMRS spectra established a molecular formula of 
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Table IV.- NMR Spectral data 

13r 

of 6,7,8 and 9 

lH 

C 6a 7’ ab 9= Cd Id ad 9d 

1 22 3 

2 101 7a/101 a4 

3 204 2 

4 106 2 

5 7 6 

6 182 l/l82 5 

7 126 0 

a 13 4 

9 147 6 

10 30 a 

11 20 9 

12 45 7 

13 29 7 

14 20 4 

15 44 6 

16 28 3 

11 20 1 

18 39 3 

19 19 9 

20 14 4 

7 7 7 7 

33 4 36 5 

207 5 216 0 

54 3 48 6 

13 a 14 3 

199 0 a0 9 

135 2 133 7 

11 6 10 a 

150 5 136 7 

31 5 29 a 29 a 2 73 m 2 73 m 

20 5 20 4 20 9 1 00 d, 6 6 0 99 d, 6 5 

45 5 46 44 6 1 07 m 1 10 R 

29 5 29 a 28 5 1 54 n 1 54 m 

20 4 20 3 20 2 0 a0 d, 6 5 0 a0 d, 6 4 

44 4 45 1 39 5 1 40 m 1 40 m 

28 3 28 3 20 1 1 52 m 1 53 m 

20 2 21 a 14 5 0 a4 d, 7 0 0 a3 d, 7 0 

39 1 39 4 1 31 m 1 30 m 

19 9 20 0 1 30 111 1 30 q 

14 3 14 3, 0 a5 t, 6 9 0 79 t, 6 3 

9 2 1 53 .5 1 00 t. 7 2 

30 5 --- 2 42 m 

200 0 --- ___ 

134 0 --- 4 26 q, 7 o 

11 7 i a0 s 1 31 d, 7 0 
148 4 -- -_- 

31 4 --- -_- 

20 6 1 96 s 1 a0 s 

45 7 6 07 d,+H,lO 2 6 41 d, 9 a 
6 13 d,J,H,lO 2 

1 03 t, 1 3 

2 54 111 
--_ 

2 77 dq, 10 1, 

0 90 t, 7 2 

4 10 d, 10 1 
___ 

1 63 s 

513d9 8 

2 52 m 

0 92 d, 6 3 

1 10 m 

1 54 m 

0 79 d. 6 5 

i 38 m 

1 53 

0 a5 d. 6 3 

i 28 111 

1 30 m 

0 90 t, 7 2 

1 09 t, 7 3 

2 66 m 
-__ 

7 2 --- 

i a0 s 

6 30 d. 9 a 

2 67 m 

1 01 d, 6 7 

1 10 n 

1 54 m 

0 80 d. 6 3 

1 40 m 

1 53 m 

0 a5 d. 6 5 

i 28 s 

1 30 m 

0 a5 t, 6 3 

a) Asstpnenta made by lH-13C heteronuclear COSY. b) Asszpmente made by comparzson wtth 6,7 

and 16 cl Asezgnments made by compameon Lnth 7. dl AS8tg?UWntS made by homonuclear COSY 

C,,HH,O The maJor differences between the WNMR spectra of 7 and 9 can be ascribed to the loss of 

the termmal proplonyl group [ 6 207 5 (s), 33.4 (t) and 7.7 (q) ] and the replacement of a methme at 6 

54 3 by a methylene at 6 30 53. Thus was confirmed by the COSY correlations between the proton slg 

nal at 6 2 67 and the methyl signal at 6 1.09 wrlthout further couphng for these protons. 

All these compounds showed antinucroblal activity agamst gram (+) bacteria, S. UWZKS, iU. Z&W, B. 

sub&s, pectmatone 5 and slphonanenefuranone 6 bemg 

also active agamst yeast C albuxms and S. pombe 

the most potent. Compounds 5 and 6 were 

EXPERIMENTAL PART. 

I R and U V spectra were recorded on a Perkm-Elmer Mod 257 and Mod 402 spectrophotometers 

respectively Optlcal rotation were determmed for solution m CHCl, urlth a Perkm-Elmer Mod. 241 

polaruneter NMR spectra were recorded on a Bruker Mod. WP-200 SY (200 MHz), chenucal stufts are 

reported relative to Me,8 (60) and couplmg constants are gwen m hertz. The ZD-NMR spectra were 

obtained using Bruker’s nucroprograms. Low and high resoluhon mass spectra were obtamed froma VG 

nucromass ZAB-2F spectrotometer Slhca gel chromatography was performed on sd~ca gel 60 G, TLC 

and PLC obtamed from Merck prducts. The tic plates were developped by spraymg mth 6N sulphunc 

acid and heating Sephadex LH-20 obtamed from Pharmacla was used for gel filtration chromatography 

All solvents were punfied by standard techmques Anhydrous sodmm sulfate was used for drymg solu- 

tion. 
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Collection, extraction and chromatographic separation. 

Specimens (200) of Siphonaria grisea were collected at AJUI (Fuerteventura, Canary Islands) m Sep- 

tember 1986. The ammals were stored m acetone. The acetone solution was filtered, the shells d& 

carded and the extraaon wth acetone repeated on a Soxhlet apparatus The acetone extracts were 

combined , the resultant solution concentrated , diluted with H,O and extracted with ethyl acetate (3 x 

250 ml) The ethyl acetate extracts were combmed and evaporated to yteld an od (18 gr) which WAS 

chromatographed on SiO, usmg mixtures of n-hexane/ethyl acetate of mcreasmg polanty as eluent, and 

50 fractions of 500 ml each, were collected 

The fracuons eluted w-~th n-hexane:ethyl acetate (95.5) and (7030) containing slphonanenone 9 and the 

muture of slphonarienfuranone 6 and pectmatotone 5, respetively, were rechromatographed on 

Sephadex LH-20 column wth CHCl, MeOH:n-Hex. (1-l 2) to afford pure 9 (11 mg), 6 (150 mg) and 5 

(250 mg). The fraction contalmng the nuxture of stphonanenedlone 7 and slphonanenolone 8 was re- 

chromatographed on SlO, (flash chromatography), yleldmg pure wphonanenedlone 7 (200 mg) and sl- 

phonanenolone 8 (21 mg) 

Pectinatone 5 * (a,) = + 64Q (c, 0 11, CHCl,), m p . 131Q C The spectral data of this compound were 

Identical with those pubhshed for pectmatone 10 ’ 

Slphonarienfuranone 6 (a,) = + 101.5 Q (c, 0 14, CHCL,). UV X_(EtOH)*305 nm (O = 10.717), 

240 mn (c = 5201) I R “_=-I 3560, 2950, 1690, 1570, 1450, 1370, 1055 M S m/z 322 2509 (C,KO, 

reqmres 322 2507), 304, 279, 223, 195, 167, 155, 125, 109 NMR spectral data: see Table II 

Siphonarienedione 7 011, (a,) = +32 SQ (c, 052, CHCl,) UV X_(EtOH)- 234 run (c = 12781) IR 

v nn1 3020, 2950, 1720, 1655, 1450, 1370 MS: m/z 308 2709 (C,KO, requves 308 2715); 279, 251, 

2;, 155, 153, 125, 109, 69 NMR spectral data. see Table II 

Siphonarienolone 8 : 011, (a,) = + 19 6Q (c, 0 11, CHCl,). uv: A_(EtOH) : 203 run (e= 7218) IR 

u cm1 3600, 3450, 2980, 1700, 1450, 1370,100,970 MS m/z 310 2888 (CAO, reqmres 310 2870); 293, 

2;, 207, 155, 153, 151, 140, 129, 123, 69 NMR spectral data. see Table II 

Slphonarienone 9 od, (a,) = + 13 3Q (c, 0 7, CHCl,) UV . A_(EtOH). 229 nm (c= 5288) IR. v,” 

I= 2960, 2940, 1700, 1650, 1450, 1360 MS* m/z 2522451 (C,,H,O requtres 2522453), 223, 166, 155, 

139, 123 NMR spectral data see Table II. 

Degradative oxidation of compounds 5-9. Although the method is only described for stphonarienefur- 

anone 6, was used as a general procedure. To a solution of stphonanenefuranone 6 (24 mg, 0 075 

mmol) m 175 ml of a nuxture Ccl, CH,CN.$O (1.1.15) at r.t. were added Hrlth sttmng 139 mg (8.2 

mmol) of peryodlc actd and a catalytic amount of RuCI,3H,O The rmxture was stirred for 3hr, concen- 

trated and extracted wth dlethyl ether After chromatography on SIO,, the reaction yield 10.3 mg of 

pure 2,4,6 tnmethyl nonanolc acid 11 

Methylation of 11 with CH,N, To a solution of 11 (10 mg) in dlethyl ether (5 ml) was added an ex- 

cess of an ethereal solution of dlazomethane and stirred for 1 hr The solvent was evaporated m vacua 

and the residue was flash chromatographed on slllca gel to yield 9 mg of pure methyl 2,4,6 tnmethyl 

nonanoate 12 

(2S,4S,6S) Trimethyl nonanolc acid 11. 011 (a,) = + 15 3Q (c, 0 6,CHCl,) ‘H-NMR d, 0 83 (t, 3H, J= 

6 5 Hz), 0 85 (d, 3H, J= 6 5 Hz), 0 88 (d, 3H, J= 6 5 Hz), 1.18 (d, 3H, J= 7 Hz), 2 57 (m, 1H). MS. 

m/z 200, 157, 127, 87 
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Methyl (2S,4S,6S) trimethyl nonanoate 12 011 (a,) = + 21 9“ (c, 0 7, CHCl,) ‘H-NMR 6,O 84 (t, 3H, 

J= 65 Hz), 0.85 (d, 6H, J= 6.5 Hz), 116 (d, 3H, J= 7 Hz), 255 (m, lH), 367 (s, 3H). MS m/z 214, 

183, 171, 101, 88. 

Compound 15. ‘H-NMR 6, 5 43 (H-9, d, J= 10 6 Hz); 2.35 (H-10, m); 1.96 (Me-s, s), 1 64 (Me-5, 

s), 154 (Me-l, s); 0.98 (Me-11, d, J= 6 5 Hz); 086 (Me-20, d, J= 6 9 Hz), 0 79 (Me-17, d, J= 6 5 

Hz), 072 (Me-14 d, J= 6 5 Hz) UC-NMR 6, 6 7 (C-5), 14.5 (C-20), 20 1 (C-19); 20.4 (C-8); 21 o (C- 

l?), 215 (C-14); 22 2 (C-l), 22 2 (C-11), 28 (C-16); 29.7 (C-13), 32.4 (C-lo), 39 5 (C-18); 44.8 (C-15), 

45.7 (C-12); 1019 (C-2), 108 2 (C-4); 124 7 (C-7), 143 2 (C-9); 183 5 (C-6). 203 0 (C-3). MS m/z- 322, 

304, 279, 223, 167, 155 

Oxidation of 8. To a solution of 9 2 mg of 8 m 5 ml of dry dlchloromethane at Op C, was added an 

excess of PCC (20 mg) and the nuxture was stlrred for 2 hr After usual work-up the reactlon yielded 8 

mg of pure slphonanenedlone 7 
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