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octoco&havebeeasbown,durhythelastdrsulr.to 
~~~t~of~~~~~It~ 
tobL?strwaIthatuatilnowtksecbemictlihavebeen 
reportad &lY from aw=e? tU!dAkyoarer,tWO 
oolyof_the Bve or&YJ thllt colmtmlte the subclass Octo- 

Iking a ~~~ smwy of the marine invert& 
mtes of Laing Island (Papua-New Guinea), great 
collcaltrations of the stobnifer c9avda?ia in)btcl 
Sch&1S%,wefenoticcdatdqptbsbetwwl5and 
35rn*~~OU~~S~~~~.~~ 
~~~~l~a~~~~c~k~ 
presence of terpenoids in the order Stolonif~ thak iike 
theGofgomla?aaodtheAkyonace&doeaalaocontaio 
symbidc zooxanthek.’ Moreover the bed occurrence 
of abuadnak rather homo@wons popdtions cobnizillg 
dwdhemwypkcordsuffacessq@?stedthepreseece 
ofallomortes. 

Ibe dichkwomethane extract of sundried c7ilmt/ario 
&@&I was d&ted to repetitive silica gel cohunn 
chromato@aphy, yidding three cxmlpou~, I.2 aDd 3, 
amotmtingtomorethan1%ofthedlyweightoftbe 
aoimd. 

The NMR spectrum of compound 1 (Cdf~&) shows 
four sin&et8 of 3H each at 0.9&0.94,1.14 and 1.67 ppm, 
aadutai respectively to two twiafy Me @oupB, one 
Megroupvicinaltoan0atamand0nevinylMc.A~ 
ahwption at 3400 cm-’ in tbc IR 8petrmn of 1, in 
conjunction with a multipkt of IW at 3.20 ppm (shifted 
to 4.47 ppm in the spectnim of the moIloQcctite 4) 
ideates the pwemx of a Kcollsuy OH fuoctbn, 
fmthuproivedbyoxiddonof1intotheLetoneS(v~at 
16!8cm-‘).TheIRspectraofthcmoaoocetlte4aadthe 
~5~~~t~~~~~ 
thattkeecondOatomofl~tortatiuyako&l. 
Otherspectmlchuact&ticsofl(2Hbmad~at 
4.68 ppm and IR band0 et 1640 and tUltl cm-‘), iodiate 
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T&k 1. Aloati~ CCNI&MIU (X 103 and tbamrl pamnem lx IO A*) db e.ad.'s in pUcntbmr 
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Fk. 1. 2dtk ~onf~rmotion w of compound 1 (the bottom 
values concern molecuk B). 

The NMR spectrum of compound 2 (C&I& voH 
3360 cm-‘, vc< 1645 cm-‘. aCn, 885 cm-‘) shows the 
presence of two tertkry Me poups, one vinyl Me and 
four vinylhkne doubk bond protons. A doubk doubkt 
at 3.22ppm (shiied to 4.7ppm in the spectrum of the 
monoacetate 7) huh&es the presence of a secondary 
alcohol. Oxidation of 2 affords the unconjugated 
monoketone 8. Comparison of the spectral proper&s of 
compound 2 and 1 and their derivatives, suggests that the 
methykarbinol group of 1 is replaced by an exotuethy- 
lene double bond in 2. This was conthmed by treatment 
of 4 with POCl, to ykld compound 7. Compound 2 is 
thus 4B-hydroxyckvukra-I( 15),17dkne. 

The NMR spectrum of ketone 6 calls for some com- 
ment. Indeed, a 4H “singkt” appears at 253 ppm, an 
unexpected feature for such a structwe. This was tenta- 
tively attributed to an accidental overlap of the four 
protons at C-2 aad C-3, and later confirmed by base- 
catalyxed deutuiation, kading to a 33dideuterioderiva- 
tive (M’ 282). whose NMR spectrum showed a dramatic 
decrease in the intensity of the peak at 2.53 ppm. 

The spectra) properties of compound 3 (C&H& 
suggest a close simikrity with compound 2, both tatiary 
Me groups, the isopropenyl and the exomethykue doubk 
bond beii still present. A IH doubkt at 299ppm (J 
9Hx) and a Hi multipkt at 3.40ppm sm the 
presence of two secondary alcohols, in agreement with 
the formation of a diacetate (9). 

Fast reaction with NaIO, indicates the a-glycd nature 
of these two OH groups. The reaction yields an unstable 
compound1Othatwasnotisolatedbutcouldckarlybe 
detected by UC. On attempted puriRc&n by silica gel 
cohunn chromatogmphy, compouud 10 was quantita- 
tively marran@ into an hydroxyktal monoaldehyde 
(ll), whose structure will be discussed later on. 

Direct NaBH, reduction of the unstabk compound 19 
affordsdiol12whoseNMRspectrumindicatesthatboth 
OH functions are primary, thus establishing the dialde- 
hyde nature of 10. Furthcmore. the -CHflH protons of 
l2 appear respectively as an AI3 system and a triplet, 
indkating that one of the hydroxymethyl groups has no 
neighbouting protons, while the other has two. 

Hydrogen&n of compound 3 affords a tetrahydro 
derivative (l3). whose treatment with Na201 yields a 
stabk dialdehyde (14). Its spectral chara&rSs (IH s 
at9.landlHmat9.4ppm)con5rmtbedeductionsbased 
on compound l2. On the clavukrane skeleton 21, only a 
23- or a 3,4diot can meet tJmse requirements. The 
23diol solution was considered very unlikely in vkw of 
the observed chemical shifts which are not compatii 
with the presence of an aJlylic akohol. 

These couchtsions were further substantiated by 
chemical intercormktkn of compounds 2 and 3. Sekc- 

tive tosyktion of 3 yields a monotosykte (25) whose 
NMR spectrum (IH dd at 3.27 and IH m at 4.40 ppm) 
imlicates that tosyktka occurs at position C-3. LAH 
rcductioa of 25 in refhtxiy THF yields two isomeric 
akohols,theksspolarbeinghknticalinallrespws 
OR, NMR, Ms. uc, [al, tic) with compound 2. This 
establi&s the structure of compoutui 3 except for the 
sterwchemistry at C-3. 

The spectra) properties of the more pokr alcohol (2H 
m at 2.35 and IH m at 4.00 ppm) obtaiucd by reduction 
of the monotosylate 25 indicate that it ~rossesses struc- 
ture 16. Formation of this compound is best expkinal by 
assumittgthatthereductionproc&sthroughtheepox- 
idc17lldlichcantheabcfurtherred~to2md1~. 
Indeed. qoxitk 17 could be iudepernkntly prepared by 
basetreatmcntofthetosylatelSatulwasalsoshownto 
be present in the mixture obtaiucd by LAH taduction of 
compound 15 u&r milder conditions. Moreover, LAH 
reductionoftheepoxide17ykhkdthesamemixtureof 
isomeric alcohols 2 aud 16 nwuioued hereabove. 

SinceithasbeenestabWkdthatepoxideformatkn 
from a-hydroxytosyktes implies a tmru relationship 
betweentherwtinggroupsinthestartingproduct~the 
OH pup at C-3 in 3 must wcwarily be equatorial, in 
full agreement with the observed couplhtg constants 
between H-C-4 and H-C-3 (J = 9 Hz). 

The HC4 proton unexpectedly appears as a doubk 
Bwbktat3ppmintheNMRspectnunofcompound1S. 
ThishasbeenattriitedtoanadditknalcoupIingbe 
tween HC4 and the OH proton, the latter being involved 
inastrongintramokcukrHbondwiththetosylate 
group.Thisinterpretationwassuppormdbytheobser- 
vationthatmtbepresenceof40thedoubkdoubkt 
colkpsed into the expected doubkt (J = 9 Hz)? 

lllestructureofthereanan&product11cannowbe 
discussedintermsoftheestablishedsuucture3.Tbe 
kbik di$khy& 10, which is the expected product of 
metrpenodrte ckavage of 3, possesses at C-2 a strongly 
activated methykne, located between an ahkhydc and a 
do&k bond. This feature expkins the ease of in- 
tramokcukr cyclixation’ to obtain compoutul 11 wlmc 
spectral charactcria~s (see exgerimental) iudkate the 
presence of partial strwture 18. 
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mtluxi~ 9449m8) durin9 24hr in 4ml of D@-dioxane 1:I in 
prasence of 200 mg of KsCO,. 

~,4~-~cUo~fam~am-l( i5),17-&m (9). Treatmant of 
iW~of3~5~of~rn~x~p~Ac~2:l~~rn 
temp. for 24hr ykhkd, after pu&ation by silica lpcl column 
c-by (chmnt : he xaneacaonc 95:J). %m# of 9. Gil; 
IR (Blm): vc,,o 1750 cm-‘; d =CHs 899 cm-‘; UV: end ab- 
sorption; NMR: 0.88 and 0.98 t3H s, ‘CHr and gCHs), 1.67 (3H 
bs. ‘?!H& 2.00 snd 2.05 (3H s, ZxGCGCH,), 4.8 (6H m. 
‘CH t ‘CH t “CHx t ‘sCHI); MS: 388 (2, M’). 373 (2). 354 (1). 
345 (3). 328 (351,315 (4), 2% (28). 269 (88). 253 (38). 243 (13). 225 
czs),... 84 (IO@. 

CIcomrge of 3 by sudkm ptriodrtt. To 59m6 of 3 ln suspcn- 
sion in 30 ml of the mixturn MeGH/HxG 9: 1 is addud 70 m9 of 
NaIOI dissolved in #)ml of the same solvent. Tbc mixtum is 
stirred at room temp. during 46 min. After usual work up, 53 m8 
of an unstabk compound (10). homogeneous by UC. is obtained. 
On attempted purilkation of 19 by silica pl column chromato- 
graphy (ekeat : be- tone 8:2) 21 mp of tbc npmnsad 
product 11 is isokted. IR (KBr): row 3540 cm-‘. pea 1660 cm-‘. 
d = CHs 890 cm-‘; UV (C&OH): Au. 237.5 (ll.696): NHR: 0.93 
(6H s. ‘AH, and ‘OCH,). 1.67 (3H bs, “CH,), 2.97 (3H bs, ‘sCH,). 
3.68 (IH bs, disappcmi’ql on treatment with I.&G), 4.53 (1H m, 
‘CH). 4.69 (2H bs, ‘xCH& IO.02 OH s, CHO); MS: 302 (68, M’). 
287 (14). 284 (IS). 273 (S), 269 (20). 2% (19). 241 (14) ,... 135 
(100). 

Monoac&te of 11; oil; IR (CHCI,): ucd 1730 and 1670 cm-‘, 
d = CHx 8% cm-’ NMR: 0.93 (6H s, ‘~CHs and ‘DCHr), 1.65 (3H 
bs, “CHJ. 2.97 (3H bs. “CH>), 2.10 (3H s, GCGCH,). 4.67 @I 
bs, “CH& 5.80 (IH m. ‘CH), 9.60 (1H s. CHO): MS: 344 (14. 
M’), 302 (35), 301 (56). 287 (16). 284 (39). 273 (5). 269 (21). . . .43 
WI). 

RthcGon of l@ into l2. When 45 mg of crtuk 10 dissolved in 
8 ml of McOH art lrtattd with I50 mg of NaBH+ at room temp. 
for 39 min., 22 m9 of the dill2 are obtained. IR (KBr): uon 3320 
cm-‘, d = CHs 890 cm-‘; NMR: 0.97 (6H s. “CHr and -HI). 
1.68 (3H bs, ??CHs), AB system centered at 3.30 ppm (dA = 3.41. 
a, = 3.19. JAa = 11 Hz), 3.77 (2H t, J = 7, ‘CHr). 4.70 and 4.93 (bs. 
2H e-a&, ‘sCHt and “CHr); MS: 3% (1, M’), 288 (2). 276 (17). 
255 (IO), 227 (7). . . .93 (106). 

Catalytic hydrogenation of 3. Catalytic hydrogenation 
(@tGH/Pt&) of 49 mp of 3, at mom temp and 760 mmM;o duri% 
45 min. yichkd after extraction and puriBcation by silica 8~1 
cdumn crazy (el~nt :~x~eto~ 8:2) 42 m8 of 
U. IR (KBr): vou 3310 cm-‘: NMR (pyridine): 0.82 (6H tr. J = 7. 
“CH, and ‘OH,). 0.93 and 1.20 (s. 3H each. “CCB and yH3. 
1.01 (3H d, J = 7. ‘rCH& 3.22 (IH d, I = 9. ‘CH), 4.06 GH m. 
‘CH): MS: 398 (3. hi’). 299 (II). 275 (31,272 (4). 259 (31,247 (3). 
234 (if), 233 (13). 265 (5). * * .84 (100). 

C’kuwga of 13 by NPIO,. Treatment of 13 with NaIO, using 
tlm procedure described above, ykkkd compound 14. Gil: IR 
(Mm): vc.o 1730 cm-’ vcHo 2720 cm-‘; NMR: 0.82 (6H tr, J = 7. 
“CHs and “CH,), 0.92 and I.12 (s. 3H each. ‘LCH, and ‘OCHs). 
0.97 (3H d, J = 8, “CHs). 9.1 (IX s, TH). 9.4 OH m, ‘CH); MS: 
306 (1. M’), 291 (1). 288 (1). 277 (5). 259 (101. 245 (2). 234 
(4). . . .64 (loo). 

~-H~~~-3a-fosyloxyclav~m-l(l5~,I7-dirnt (l5). To 
247 mg of 3 in IO ml of anbyd. pyridinc was added at (Pa solution 
of 3.29 of p~d~~ulfonykhl~& in 5 ml of anhyd pyridine, 
and the mixture was stirred at room temp. duriaf 26hr. After 
usual work-up, 345m8 of crude mixture were obtained which 
were purifkd by silii yl column chromato8raphy 
(ehmnt:CHCl~& 7:3) to yield 239 mg of oily monotosykte 
15. IR (film): van 3580 cm-‘, vex 1645 and 1609 cm-‘, vso, 1369 
and 1186 cm-‘: NMR: 0.75 and 0.95 (s, 3H each. “CHs and 
=CH,), 1.65 (3H s. lvCH3), 2.45 (3X s. CHrAr), 3.27 (IH dd. 
J = 9 and 3. collapsing into a doubkt. J = 9 Hz on D&l treatmeat, 
‘CH), 4.49 (IH m. ‘CH). 4.75 (4H m. lJC!Hr and “CHs). 7.57 (4H 

m, aromatic CH); MS: 458 (3.5, M’). 143 (1.51.4lS (2.5),402 (2). 
286(1),...81 (1l.D). 

~ndvrrionofUintotondl6.80~ofUinlOmlof 
anhyd. THF were treated with 15Omg of LAH at r&x duriiy) 
4 hr. Usual worh-up alfords 72 mg of a mixture (essentially 2 
compounds by UC) which was mpamted on a silica gel column 
(elmmt:hexano-AcOEt 8:2) aUordk9 49 mg of 2 (kknti6cd by 
bc,~NMRMS,dF~[aDud15mlof16..IRBr):row 
3456 cm-‘. ucK 1645 cm-‘, d - CHs 885 cm-‘; NMR: O.% and 
1.06 ppm (3H each. s, “CH, and VH,). 1.63 (3H bs. “CHs), 2.35 
(2Ii m. ‘CH3,4.W OH m. ‘CH), 4.77 (4H m, ‘sCHn and ‘sCHs); 
MS: 288 (7.5. M’). 273 (6). 270 (I), 257 (2). 245 (U).. . .8l (IW). 

3~4~-Oxidoclavulom-l(i5),I’I-diar (17). 63m8 of IS wuc 
tnatedd~O.S~withl3mlofo~urottdmctbrndictolu- 
tion of KsCO, Usual work-up and silica ~1 column chmnmtrr 
tpaphy alTord 34 m9 of epoxidc 17. IR (film) DO rou; uce I650 
cm-‘, &us 890 cm-‘: NMR: 0.91 and 0.96 (s, 3H each. ‘@CH3 
and ‘DcHsl, 1.67 (3H bs, “CHr), 2.7 (3H m. ‘CH and ‘CH& 3.23 
fm, ‘CH). 4.7 (3H bs) and 4.91 (IH bs. lsCHt and lsCHsl; MS: 286 
(3.5, M’). 271 (21,243 (3.51.. . .91 (IW). 

MiJd LAJf mfucfh of 15 hro 2.16 and 17.70 mtt of 15 in IO ml 
of anhyd. THF were treated durig 12 hr under stirring with 
15Ou)mg LAH aKordinp. after usual work-up, a mixture of 4 
corn~~n~. They were identifkd to l7.2.14 and 3 by comparison 
of their Rf in tk with those of auUmntic spc&nens. 

WI nduction of 17 into 2 and 16. Epoxkk 17 treated with 
LAH under rellux in anhyd. THF aRords the mixture of 
monoalcohols 2 and 16, already obtainul from IS by the sank 
reaction (uidt tupm). 
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