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ABSTRACT - Six novel 2(5Ei)-furanones, all related to the previously reported 
‘~~brolide~ 3-b~~~-~~~~u-s-~~~~~dibromomethylidinef-2~ have been 
isolated from the red marine alga D&sea degans (family Bonn~~son~~e). 
Three of the six compounds, charact&& by spectroscopic and single crystal X- 
ray structure analyses, contain until sly-b~minat~ ~y~lobu~e ~n~~uns* 

Red marine algae frum the family ~~nn~~~~~~n~u~~~~ have been shown to produce if wide range of 

halogcnatcd mctabolites,t including butcnoncs~ acetones, acrylic and acetic acidsV2*3*4 pyranones, 

octcnones,5 and from the genus Deiisca, halogenated 2(~~-f~nones. 

A series of 2(5ff)-furanones, named ~mbrolides, with the structures (1) through (4j6 were isoIated from 

the dichl~ometh~e soluble material of extracts of ~~~~~~u~~ , colkctai on the east coast of Australia, 

A similar study of ~.~~~~~u~u cot&ted from Antarctica described the isolation of 2(5fi)-furanones (la) 

- (la), (lr) and (lg)? ~g~~~~ with a series of act-f-en-s-ones (3Q - (5# 

fn both cases interest in the species was due to obviations of biolugic~l activity, Xn the first insole 

high in v&u antimicrobial activity was found,” while in the second, plants were observed to be 

rem~kably free of epibion~*~$s 

fn this present study six new rne~~lit~ were isolated from ~~~~~~~ elegy cokcted at Kaikoura, New 

ZZealand. The previously reported f’uranone (4) was identified as the major component of the mixtures, and 

six novel halogcn~tcd furanones, (6), (7), (9) - (12), aI1 related to (41, were found, 

~x~a~~on of air dried ~~~j~~~ ~~~~~~~, collected from Kaikuura in April 1981, afforded a 5% urg~i~ 

extract (extract A). Tnitial open-column chromato~phy on silica gel, and subsequent HPLC resulted in 

the isolation of ~om~unds (41, (7), (IQ), (II) and (12). Using similar presses the m~~lit~ (6) 

and (9) were obtained from an extract (extract B) of the alga collected from the same site in April 1983, 
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Comparison of the crude organic soluble extracts A and E3 by HPLC showed that they both contained all 

of the metabotites identified+ through in slightly Gregg amounts. 

E3r 

The feast polar compound in the extracts was hcpadecane, which was identified by EC and 13C-NMR 

comp~sons with authentic samples. 

The major ~om~nent of the extracts, ako among the least polar of the compounds, was the previously 

reported furanone (4). This compound was estimated to represent 80% of the organic sotuble mate&l in 

each of the extracts, 

A more polar compound (f)-lrctns.-4,IO,I1,11,f2,J2-httxabromo-3,Pwditrutyt-l ,7-rrJioxa- 

dispiroCb,0.4,2ldodeca-3,9-diene-2,8-di (7) was ob~ned from a silica gel column fraction of extract A 

by HPLC. The spectroscopic data indicated a strong structwai similarity to (4). The t3C-NMR 

spectrum of (7) contained nine resonances, an n-butyl group (Se 28.43,25.69,22.06, t3.59), a carbonyl 

group (& 165.56), two olcfinic carbon atoms (SC 140.09,136.66), and two further qua&nary resonances 

(5, 89.79,69.88). The only resonances in the ‘H-NMR spectrum were associated with the n-butyf 

group. The strong carbonyt Abelson (ISOQ cm-t) was eh~a~te~stic of the ~,~-un~tu~~ f~~one 

system in compounds (1) - (4), while the UV abso~tion maximum (249nm) suggested a singly 

conjugated enone system, Finally the obs~~ation of a single quintet @I$ observed in the low r~olu~o~ 

FAB mass spectrum at m/z ,615 ~~~*H~~~r~~~~ suggested a dimeric structure for compound (7), with a 

requirement for a high degree of symmetry, The ~umpound was eventually crystallized as colourless 

needles, and the structure solved using single crystal X-ray rn~~o~~ 

A mure polar eotumn fraction from extract A contained two major ~urn~en~* in addition to some minor 

contaminants. The minor components were removed by HPLC, and fractional recrystallisation from 

per&me yielded crystaIs of two distinct types, one with needle-like crystals, and the other with plate-like 



High thermal motion, or disorder, in the terminal n-butyi groups was indicated by the very large 

tem~ratur~ factors for these atoms, Many attempts were made, using disordered models, UI accuunt more 

satisfactorily for the geometry of the C7’, CS’ and C9’ moiety, None were better than that implicit in 

tabic 1, and the cxtrcme difficuftics invoivcd in obtaining more material precluded recollection of the X- 

ray data at low tem~rature. No us&i spectroscupic data could be obtained from the smail amount of 

matiriaf available. 

The compound which crystaliised as plate-like crystals was identified as f&J- ~a4~~~,~~,1~ ,12,X2- 

~~~u~~.3,~-~~~~~~~ ~7-~~~~~~~~~4.O.QZ]~~c~-3Q-diene~2,g-diorur (11) . The inft;;ued spectrum 

of the cQrnpound con&&d a strong catbony band (l~~~rn 
-1 

) characteristic of the Z(S~-fur~~ne 

function, while the %MMR spectrum on comparison with (4) indicated the p~ence of an n-butyt chain. 

The carbonyl (a= 165.57) and the oiefinic r~~~~ (& f42S7,136,37) were very simii~ to those of the 

cyciobutane dimer (71, indicating a closely related structure. Compmison of the two remaining singlet 

resonancks (SC 86,42, ~9.U8~ with those of the dimer (7) suggested that the structure was either the eis 

d~a~~r~rner (11) of (71, or the [4,IA.I] (8) sector isomer, A room ~rn~~t~e single crystaf X-ray 

structure analysis showed un~bigu~usly that the structure was the diastereomer (11). The only small 

single crystal sample was of very poor quality, and could not be improved with the k&.ed maWal 

available, The present regiment fevef of R=O.t f , (swing to disorder in the n-butyi chains) is not yet 

good enough to warrant publication of further detail in this paper, 
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~c~~a~vc KPLC of the most pofar silica gel cafumn f~tions, fmm extract A, yklded the 3~~~~~~~ 

~~~mo-s-hy~u~-~-~~~~~~~~~~~y~~~~~~~-~~~#~ (12). High ~~U~~~ miss ~~i~~ a 

mo~~u~~ formula of C$-$ +3r$I~ (m/z 404, Br$ which avows for three double bond equivaknts. The 

u~s~~~ loss of 18 AMU is ch~cte~st~c of an a~cohu~ func~on* while the ~u~t~g ion clustet at ntk 

387 (E$) suggests that the com~und was closely related to (4)_ TM presence of an alc~hul f~~un was 

condom by the infr~ed spectrum which shuwed a sharp Abelson band at 3525 cm”. A stmg 

carbony band at 1790 cm” was further evidence for the simil~ty of structure I-0 (4). The X.JV ab~tion 

m~imum ~23~nrn~ was consistent with a 3,4-unsatu~t~ 2-furanone. Gomp~son of the “H-NMR 

spectrum with that of (4) showed that nine of the eleven protons were associated with an n-butyl chain, 

The hydroxyl proton was observed as a broad singlet at S, 4.65. The remaining proton, a sharp singlet at 

aH 5.85, was assigned by corn~~i~n with costatone (13j9, 8~1 5.80, as b&onging to a dib~morne~y~ 

group. The t3C-N&IR mu~t~~iicit~es were consis~nt with the eleven proton integer. ~ornp~~n of ihie 

chcmicall shifts of the n-butyl and olefinic r~~n~c~ with those of (4) r&d out tie ~~~bi~ty of the 3 

or 4 position beiig subs~tu~ by either the hy~u~y~ or dibrumome~y~ groups. This togetkr with the 

other spectroscopic data indicated the presence of a 3-butyl-4-bromo_2(5jti)lfufanone moiety* This 

~signment of tht= substitution of the otefin irnp~~cd that both the hydroxyl and dibromome~y~ groups 
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WCTC pfaccd y to the carbony group, i.c. structure (12). ORD measurements shuwcd that the compwrnd 

was a raccmic mixture. 

CHBr2 

OH 

Furihcr proof of the identity of this ~~rn~und was obtaini=d by reaction of (a) with aqu~us ~~iurn 

hydroxide in tc~~y~~fur~. Analysis by HPLC of the rcactic~ mixture indicated a product with an 

identical retentions volume to (12). This reaction is ~aluguus to that that reprtcd by Pettus et ai ’ in . 
which 3~butyl~-b~mo-S~~r~mome~ylidine)-2(5~-fu~~ne (3a) or (3b) was reacted with methanolic 

potassium hydroxide to give the comsponding rn~~~xyl derivative (14). 



A number of structural and s~~i~rners 

of the ~~mpuunds described here are 

possible. Several Other compounds wcrc, 

isolati whose “3C-Nh41? sp~tra indicatd 

they were cfoscly related to the 

compounds dcscribcd hcrc, but tack of 

crystals and poor sp~~~~s~upi~ data 

prevented their stnztural elucidation. ‘I’he 

compounds isofatcd are shown in an 

HPLC chr~matugram of extract I3 

(figure I), 

Figure 2. Perspective Drawings sf curn~un~ (6), (7), (9) and (10). Note (7) lies on a c~s~~~~phi~ 

two-f&d axis. 

From a spectroscopic view point these compounds presented cansiderabXe problems, In spite of using 

FAB and FR ionisation techniques reliable mass spectra proved afmost impossible tu obtain. The o@y 

rn~l~u~~ ions observed were fur the ~~rn~unds (10) and (12). The highly su~~tuted nature of these 

structures meant the ‘I-I-NMR spectra ~~n~in~ fittie useful infu~a~~n, while the lclng relaxation 5 
times for many of the carbon atoms made it dif~~u~t to record adequate ‘3&?MR spectra with the ~irni~d 

quantities of compound avaifabfc. 



Novel 2(5H)-furanones 1495 

Computer generated perspective drawings of (6), (7), (9) and (IO) are shown in figure 2. Only non- 

hydrogen atoms are shown. Table 1 shows the fractional atomic coordinates for these compounds. A 

crystallographically convcnicnt system of atom numbering has been used for these diagrams and table: and 

in the deposited material, 

Comparison of collection. 

A total of seven coltections of D. &gum were made, at times which spanned most of the observed 

growing season at Kaikoura (mid October to fate April). To check whether there was a geographical or 

seasonal variation in the types of compounds found, extracts of samples from each collection were made 

using a standard technique, and compared by HPLC, 

Dried, powdered sampfes of the alga were extracted with dichlorome~anc, and filtered through short 

“Florisil” columns in ether to remove pigments and other polar materials. The resulting oils were 

aualysed by HPLC on a cyanopropyl column. Examination of the chromatograms revealed variations of 

the relative concentrations of ~rn~un~, but no sig~~~t qualitative differences were found. 

Origin of the compowds. 

To cnsurc that the compounds described here were not artifacts, especially of photochemical origin, a 

collection of D. elegant was made in March 1982. *Ihe alga was placed in an opaque plastic bag before 

being brought to the surface. The subs~ucnt extraction and analysis procedures were performed in total 

darkness to prevent any possible photo-dimerisation. To eliminate the possibility of artifacts being caused 

by the extraction and column chromatographic methods the a1ga was simply homogenised with 

dichloromcthane, and the centrifuged extract immcdiatcly analysed by HPLC. Comparison of the 

chromatogram obtained by this method with those of extracts from other collections revealed no 

significant qualitative difference, supporting the view that the compounds described here are of natural 

origin. 

The biochemical origin of the compounds dcscribcd is unclear. The cyclobutane containing dimcrs (6), 

(7) and (11) could a11 be derived from (4) by I,2,+,2,] cycloaddition reactions. Compound (10) can be 

derived from a condensation between (4) and (12), whife the dimer (9) could have arisen from the 

appropriate viny1 radicals. Compound (12) may bc formed by the addition of water across the exocyclic 

double bond of (4) or alternatively (12) coutd the precursor of (4). 

Molecules which are formed by enzyme mediated reactions are almost invariably optically active? 

Examples of cyclobu~ne~on~ning dimers arc known. Optically active sceptrin (15’) is related to the 

achiral debromooroidin (oroidin (16) by a f,2,+,2,] cycloaddition reaction, Although this cycloaddition 

reaction is photochemically allowed attempts to dimerise oroidin failed and a biosynthetic origin was 

postulated. l I In contrast all of the compounds isolated here were either JWSO or racemic mixtures. This 

lack of stereospecificity in the biosynthesis of these compounds suggests they may be formed 

photochemically in s&t. 
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Br 

Br 

Table I. Fractional coordinates for atoms in c~m~unds (6). CI), (9f and (lU), The equivalent isotrupic 

~~a~rc factur in this tabk is dc~~ as one third of the trace of the ~~u~~~i~ U te~~scrr. 

Atom 1 Cl4 X/a IO4 Y/b IQ4 WC Atan lo4 X/a 104 Y/b 1042% ldv 

-943(2) 
4684(2) 
845(Z) 

4820(2) 
221 O(Z) 

-1724(2) 
4610(11) 
-546(ll) 

5893(12) 
-1179(11) 
4525122) 
2628(17) 
X573(1 8) 
2791(13) 

~~~~2) 7954(i) 
365~~) 7293(l) 
8662(2) 6681(l) 
8120(2) 6643(i) 
2819(2) 8604(l) 
f 36?(2) 7756(l) 

7172(10) ~982~4) 
3497(10) 6740(4) 
8705( 12) 9034(S) 
4895(li) 5~~~4) 
8~?1~1~) 8644P) 
8003(~4) 8714(6) 
7149fi4) 8 120(6) 
6598( 14) 7599(6) 

4X1) 
48(f) 
63(l) 
62(i) 
66(i) 
580) 
4X3) 
46(3) 
a(4) 
56(4) 
5it6) 
39(S) 
41(5) 
30(4) 

WO 
CC0 
C@) 
C(9) 
WO) 
CC) 
C(3’) 
C(b’) 
cm 
WV 
Cf7’) 
CW) 
CV) 
C(W) 

2421(15) 
~94~~2~) 
1688(17) 
3401(26) 
2870(20) 
-123(15) 
1963(14) 
2555( 14) 
871(13) 
SS6(19) 

2~64~20) 
21 ib(f7) 
3249(20) 
2644( 19) 

7088(14) 
8773(17) 
7553(19) 
6937(19) 
5563(19) 
4612fi4) 
52X5(14) 
4?17(13) 
3543(13) 
2716(14) 
4593 (14) 
2726(15) 
2089( 15) 

222(16) 

6860(6) 
9373(7) 
9855(T) 

10177(8) 
S 0625(g) 

63 l?(6) 
6492(6) 
7201(6) 
7290(6) 
7797(6) 
5856(6) 
5540(6) 
4997(T) 
4697(T) 

37(4) 
~8~6) 
5766) 
83(8) 
W6) 
36(4) 
3114) 
29t4) 
34(4) 
4W) 
49(S) 
W5) 
55i6) 
56(6) 

(fJ-tra~~,lO,lf,li,l2,12-Hexabrl-3~~~d~~~tyl-t,7-dio f7.L 

NW 1,184(2) -608(2) 7 126(Z) W2) C(4) 125(12) 2362(15) 6272(14) 42612) 
Br(22) -876(2) -172(2) 5678(2) 6612) C(6) 1027(H) 3853(17) 5826(17) 66(16) 

W4) -1024(l) 2603(2) 5109(2) 61(2) CC0 1319(20) 3400(21) 4978(20) 95(21) 

O(i) 1240(l) 1720flO) ?8~~9) f@(9) C(8) 14UO(22) 4294(23) 4253(22) 105(28) 

Q(2) 237~(~0) 2810(10) 7930(10) 72(12) C(9) 1675(34) 3898(32) 3359(28) iSl(S3) 

C(2) MOS(20) 253ofl8) 7435(20) 57(X5) cm 116(13) 225(15) ?006(15) Sl(l3) 

C(3) 876(10) 2901(20) 6450(H) Sl(14) C(3’) 279(12) 1544(14) 7161(13) 44(13) 

~~~-S~~-~~,2-~ b i romo-I~2-~ihonediytid~ne)irisl4-~~u~-3-~~~l-2~~tu-furanontf 19) 

Ml) 9108(2) 824(l) 73321(i) 53(i) C(6) 1339(15) 2013(11) 9729(7) 61(4) 

Brf3) 3280(l) 2173( 1) 67OO( 1) 50(i) Cct) 2257(18) 32700 1) 9394(8) 73w 

Ml’) 7492(2) 295(i) 5026(l) 570) C(8) 2353(22) 4123(14) 10195(10) 102(7) 

WT) ~404~2) 3035( 1) 8073(I) 54(l) C(9) 3962(14) -482fiO) 90?6(6) 46(4) 

D(2) ~6U6~9) -667(6) 8523(4) 48(2) W) 7428(12) t 1896) 613166) 380) 
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Atam IO” x/a 104 Y/b 104 z/c 1dI.J 104 Y/b 1druc l&J 

o(9) 3606( 10) -1140(8) 9838(S) 67(3) CV) 7603(13) 2492(10) 6055(6) 42(3) 
WI 7796(9) 3216(6) 5128(4) 53(3) CW 7567( 12) 3478(9) 6729(6) 40(3) 
WI 8007(12) 5389(8) 4529(6) 81(4) CW 7651(14) 4710(W) 6264(7) S2(41 
C(l) 7139(13) 3W8) 7046(6) 37(3) Cm 7601(M) 608I.(lO) 6592(9) 7qSI 
C(2) 5663(13) 218(9) 7674(6) 40(3) Ct6’) 5778(20) 6745(11) 6635(M) 84(6) 
C(3) 398q13) 926(9) 7690(6) 4q31 Cm 4445(22) 6115(14) 7404(10) 96(7) 

C(4) 2976( 13) 589( 10) 8536(6) 44(3) CW 2656(18) 6838(14) 7463(10) 90(6) 
C(5) 1223(13) 1102(11) 8953(7) 51(4) CW 7819(15) 4567(10) 5232(8) 57(4) 

~-4,11,12,f3-Tetrabromoi-3,/0-diburyl-.l .4.2ftrideca-3,f0,12-trienc-2,9-dior (IO). 

W3) 6112(l) 8579( 1) 697(2) 75(l) Cm 6604(8) 10927(9) 1314(22) 91(tS) 

Br(4) 7838(l) 7466( 1) -998(2) 9ql) C(4’) 7099(7) 10334(8) 1544(16) 67(10) 

Bd4’) 7581(l) 9996( 1) 3514(2) 84(l) Ce? 6250(10) 11528(12) 2497(24) 132(18) 
Br(4”) 9395( 1) 8941(l) 1738(2) 670) Cfr) 5357( 14) f 043( 15) 3 175(33) 178(29) 

WI 8064(S) 9944(5) -493(11) 68(6) CW) !5134(20) 11637(15) 3635(46) 404(87) 

o(l*) 6758(6) 10285(6) -1187(12) 90(8) CW) SZOS(l2) 11194(13) 4383(27) lS2(20) 

W0 5922(7) 11358(7) -1175(16) 136(2) Cc-? 9210(9) 9062(9) -3248(17) 76(11) 

O(l? 8437(S) 921 S(S) -2840(9) 74(7) w-1 9703(8) 8934(7) - 1733( 14) W9) 
(x2-1 9428(6) 9031(7) -4633(13) 103(10) C(4”1 9198(8) 9023(7) -518(15) 66(10) 

C(2) 7263(7) 9869(7) -20(16) 65(9) (X6-1 10563(7) 8749(8) -1736(16) 72(M) 

C(3) 7090(7) 8976(9) -28(16) 67(10) CT) 10725 (7) 7834(g) -1814(15) 72(10) 

C(4) 7697(8) 8576(8) -639( 15) 66(8) C(8*) 11618(9) 7636(9) -1761(18) 89(11) 

C(5) 8336(7) 9182(8) -1075(13) 63(9) C(9”) 11780(10) 6742(10) -1771(19) 11 l(16) 

C(2’) 6373(9) 10922( 11) -452(21) 90( 14) 

EXPERIMENTAL 

Gene& kZxpcrimen~a2. Prcpamtivc and analytical high pressure liquid chromatography (HPLC) was 

conducted using a Varian 5020 Liquid Chromatograph, a Varian UV-50 UV/Visible detector, and an 

Hewlett Packard 3390A Integrating Recorder. All chromatog~ms were obtained using Du Pont Zorbax 

bonded phase micro-particle columns. The solvents used were either Waters chromatographic quality, or 

carefully purified’2 and dried prior to use. Pet. ether refers to light petroleum (boiling range SO-7o”C), 

and ether to dicthyl ether. A Varian 3770 Gas Chromatograph with an FID and an Hewlett Packard 

3390A intcgmting recorder were used for the gas chromatography. Redistilled and dried solvents were used 

for column chromatography. Thin layer chromatograms were obtained using deactivated silica gel G 

(Stahl), 0.5mm thick on glass plates. The plates were visual&i by either spraying with iodine solution 

(1% w/v, methanol), or by baking at lO@’ after spraying with phosphomoly~ic acid solution (10% w/v, 

ethanol), or 2,4dini~phenylhydr~ine solution (0.1s 2,4-DNP, 1OOml ethanol, lml HCl). Fast atom 

bombardment mass spectroscopy (FAB) was performed on an MS-80 mass spectrometer using xenon as 

the ionisation gas, and glycerol as the dispersion matrix. Field desorption spectra (FD) were obtained 

using a V&an MAT 720 mass spectrometer. The high resolution EX spectrum of (X2) was obtained with 

a VG 707OF spectrometer. Carbon-13 nuclear magnetic resonance (13C-NMR) spectra, and proton nuclear 

magnetic resonance (lH-NMR) spectra were obtained with a Varian CFT-20 instrument. The 

multiplicities of 13C-NMR spectra were estabfished using either single frequency offset resonance 

decoupling (SFORD) or ‘attached proton test’ (Afro) techniques.13 Infrared spectra were recorded using 
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either a Pye Unicam SP3-300 Infrared S~~ophotometer, or a Shimadzu l[R27G spectrophotometer. 

Samples were run as carbon tetrachloride solutions in a 1Umm sodium chloride cell, Ultraviolet spectra 

were recorded on a Varian Super Scan 3 Ul~aviolet-visible spectrophotometer. Melting points were 

obtained using a Reichiert ‘Koflcr’ hot stage microscope and are uncorrected. Optical rotatory dispersion 
(ORD) spectra were recorded on a JaSCo Model ORD/UV-5 s~~opho~rnc~r. 

Isolation of ~etub~lites from Extruct A e Delisea elegant was collected sublittorally (-15m) from St 

Kifda Rocks, Kaikoura, 16Okm north of Christchurch on the 2nd of April 1981. The alga was frozen and 

subsequently air dried, ground and extracted with dichIorome~~e in a Soxhlet apparatus. The extraction 

yielded a dark green-brown odiferous oil (3.8g; 4.6% of 82g dry weight). 

An analysis by HPLC 4.5 x 2SOmm; hcptane/propan-2-ol WV, 2 1Onm) resolved more than 

eleven components. 

The organic soluble oil (2Sg) was chromatography on “Florisil” (Sigma 100-200 mesh) (12Og; 25 x 

5OOmm column). Fifty fractions of 2Sml were collected with increasing solvent polarity (fractions 1 to 

4, pentane; 5 to 6, pet. ether; 7 to 10, 0.25% dichlo~rne~~~~t.e~er; 11 to 15, 1.0%; 16 to 17, 

2%; 10 to 20, 5%; 21 to 25, 10.0%; 26 to 31, 20%; 32 to 39, 50%; 40 to 45, 100%; 46 to 50, 

ether). 

mh fraction was analysed by TLC and fractions with similar composition were combined as foflows: 1 

to 4 (2lmg), 5 to 6 (15mg), 7 to 10 (23mg), 11 to 17 (6OOmg), 18 to 29 (358mg), 30 to 35 (S’tmg), 36 

to 37 (13mg), 38 to 42 (95mg), 43 to 45 Wmg), 46 to 47 (468mg), 48 to 50 (24mg). 

~~ul~ti~~ of 3-butyl-4-broma-5-(dibrom~methylidine)-2-~S~-furanone (4). Fractions ’ 11” to n 17” 

(585mg) aff showed one major component by TLC (Rr = 0.65; pet. ether/ether 10%). This component 

(2OOmg) was subjected to preparative HPLC (cyanopropyl 9.5 x 25Omm; heptanelpropan-‘t-01 (1%); 

220nm), which yielded a very pale yellow, sweet smelting oil (16Omg; > 98% pure) which was identified 

as (4).14 (4): IR (CHCl,) 1790 cm”; ElMS m/z 385 (CgHgBr,O,); *II-NMR (CDCI,) 6,2.4 

(tJ=7Hz,2H), 1.1 to 1.7 (m,4H), 0.92 (tJ=7Hz,3H); t3C-NMR 8, 164.78 (s), 144.71 (s), 138.07 (s), 

128.35 (s), 81.44 (s), 28.80 (t), 25.82 (t)* 22.46 (t), 13.71 (q); W kmu cyclohexane (E) 308nm (16ooo). 

k&ion of ff)- t~-4,lOJ f ,I1 ,f2,f2-~~~bromo-3,9-dibutyl-l,7-dioxadispiro~4.0.4~~dadecu-3 ,9-&me- 

2,8-dime (7). High pressure liquid chromatog~phy (cy~opropyl4.5 x 250mm; heptane/propan-2-01 

(2%); 220nm) of the combincd fractions ” 18” to “29” (358mg) revealed five major components. These 

five components were separated from the mixture (190mg) using preparative HPLC (cyanopropyl9.5 x 

250mm; heptanelpropan-2-ol (l%); 270nm). Colourless crystals (44mg) were obtained from the second 

fraction elutcd. (7) ; m.p. 102-104OC; IR 18OOcm“; ’ H-NMR (CDCl,) SH 2.42 (t,J=7Hz,4H), 1.1 to 

1.7 (m,8H), 0.93 (t,f=7Hz,6H); ‘3C-NMR (CDCI,) 6, 165.56 (s), 140.09 (s), 136.66 (s), 89.79(s), 

69.88 (s), 28.43 (t); 25.69 (t)* 22.06 (t), 13.59 (4); WV hIIX cyclohexane (E) 249nm (15400). 

Preparative High Liquid C~~o~~t~g~~phy of Combined Fractions “38” lo “42”. This fraction contained 

two major components of similar HPLC retention volumes, contaminated with several minor 

components. Initial purification was by HPLC (cyanopropyl4.5 x 250mm; hexanelpropan-2-ol (5%), 
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22Onm)~ and fractional r~s~~~~on from pentane yielded two compounds, one with needle~haped 

crystats (lo), and the other with plate-like crystals (II). 

~~~-~~,~~~~~ ,I f J2,I2-~~~bromo~3~-~~~~~~-1~7-~~~~f4.~~4~~~~~~~39_diencr-2,~~~~ 

(ll), The compound with @ate-like crystals was identified as the furanone dimer (11): m.p. 153-154°C; 

JR 1800 cm”; t H-NMR (CDC13) at, 2.0 (tJ=7Hz,4H), 1.1 to 1.8 (m,8H), 0.95 (t,J=?Hz,6H); *?I- 

NMR li, X65.57 (s), 142.57 fs), 136,37 (s), 86A2 (s), 59.08 (s), 28.65 (t), 26.41 (t)i 22.35 (t)$ 13.7 (9); 

W h,= cyctohcxane (E) 246nm (8750). 

3-3uryl-4-brzrm~~u~~~~~~y~~~~~~~~~~m2v~5~-~~~~~ (12)1 Column fractions “46” to “50” were 

shown to contain one major component by TLC (silica; pet, ether/ether 30%) and analytical )fpLC 

(cyanopropy! 4Smm x 25Omm; hcp~n~/propan-2-ok (20%)~ 220nm). Preparative HPLC (cyanoprupyl 

9.5 x 25Omm; hep~ne/prup~-2-o~; 22Onm) of the combined fractions ~18Omg) gave the hydroxy- 

furanone (12) as a viscous pale brown-yellow oil (102mg). (12): XR 3525, 1790 cm-l; the ORD 

spectrum indicated no optical activity; ‘H-NMR (CDCX,) IjH 5.85 fs,lH), 4.65 (bs,lH), 2,38 

~t~=7H~~2~)~ Ll tu 1,7 (m,4H), 0,93 (t, J=?Hz,3H); ‘3C-NMR & 168.03(s), 139,277 (s), 137.41 (s), 

X02.59 (s), 44.44 (d), 28.57 (t), 24,81 (t), 22.32 (t)., 13.63 (q); HREIMS m/z 405,82202 

(~~~~~~~79~r~~Br) requires 405.8257; W Lax cyclohexane (E) 235nm (1~). 

To 1Smg of (4)$ dissolved in te~hydrof~~, three drops of concentrated aqueous potassium hydroxide 

were added, The ration mixture was neutral&d with HCf, and extracted with ~~h~o~rn~ (3x?ml), 

The ~o~en~at~ extract was compared with the original crude extract by HPLC (Gy~op~pyl.~u~urnn 4.5 

x 250mm; hexanc/propan-2-015%; 220nm;). The reaction showed one major component whose retention 

volume corresponded to the hy~oxy-flood (12), and scveraf other minor corn~n~n~~ 

~~~~~~~u~ of Cu~~u~~ from Extract B, A second subs~nt~ colfoction of ~e~~~~ &R&M was made 

from St Kilda Rocks, in April 1983, and stored by freezing. The frozen alga (4kg) was air dried in 

darkness (300g dry weight), ground and extracted with ether, for 24 hours, in a Soxhlet apparatus. The 

green brown odiferous ait (log) was ~hroma~~ph~ on a silica gc?l filtration column (5Omm deep, 

15Omm dia,, 350g Grace 923 silica gel), duting with solvent mixtures aging from pet. ether ~ou~ to 

ether: pet. ether 1.51: OS%, S%, 10%,20%, 50%, 100% ether, 1.01 each, 

The three initial fractions ~39rng)~ were shown to be h~p~d~ane~ ~den~~cation was by *3C-NlMR, ?li, 

32.04, 29.78, 22,70, 14.02;15 HREXNS m/z 240.2819 (~+I& rcquircs 240.2817, The identification 

was confirmed by capitol GC ~omp~son with standard n-afkanes, using a semitog plot of cannon 

time against chain length; column, DB-1 AJAX); C,,, 3.69 min: Czs 6.13 min; CIp 8.26 min; CzO 

11.40 min; Czz 22.77 min; unknown 4.67 min. A calculated retention time for C17H36 was 4.69 min. 

The fourth and fifth fractions (3.4g) were mixtures of 3~buty~~-bromo-5~~dibr~o~~y~~d~ne)~2(5~~ 

* furanone (4) and more poIar compounds. The two fractions were chromatog~ph~ by HPLC 



(cyanopropyl; 0.1% propan-2au~cxane~ to yiefd pure (4) (~~rn~~ and a mixture of more polar 

compounds (85mg). Furlhcr KPLC of the mixture of polar compounds, under similar cwiitians, tiorded 

two pure ~~s~l~ne ~om~unds (?~rng~ ISmg) . C~s~ll~~un was achieved by halving the material 

in pet. ether/ether and allowing the s&vents tu evaporate slowly at 4O C. The structures of both 

compounds were determined by X-ray c~s~lo~phy* 

3$‘,7’,1’,-Tefru~~oma~l”,4-dibu~yl-4’-(dib~~mame~hylene) spiro[furan-2(5~,6”-[3loxabicycIo- 

13.2.Of~epranef-2’5-dione @): m,p. 10!5.S-lU6” C; IR (CCld) 1830, 18Oa cm’L;i3C-NMR S, 165.46, 

138.62, 137.59, 131-32, 81.33, 63.79, 61.70, 60,48, 37.55, 28.54, 26.28, 25.85, 22&U, I3.68. A 

number of resonances were not observed due to the small quantity of material available. UV kmrx 

aeetonitrile @)23&m ~14~~~~ 

f&&S,.5 *-(I ,2-LXbrmw-l Z=eihanediytii~n~)bi~~4gbr~~u~3~b~~~-21SW_fwancmel (9): IR (CC$) SEXI 

cm”; ‘3C-NMR (eDCl,) 6,164.8!5, 148,U6, 138-29, 127.58, 102,16,28.93,25.!56,22.39, 13.66; UV 

hmpx acetonitrilc (&) 292nm (26000). 

The data for ~orn~un~ (6) and (9) were collected with a Nicolct XRD P3 single crystal fuur circle 

diffractometer, using MO Kcz (h 0.71069 A) radiation from a crystal monochromator~ while those for 

compounds (71, (10) and (If) were collected with a Hilger and Watts four circle diffmctometer using 

hi-alters Cu Kcr (A 1.5418 A) radiation. Data were polluted at 298 K, except for (6) and (9) which 

were collected at 173 K, The space group was, in each case, determined unambiguously as a result of the 

structure analyses reported below, but initially indicated by systematic absences of the appropriate 

rG~~~ons~ The cell parameters were determined by a list-squab re~mement of the setting angles of I2 

or 25 accurately centred high angIc rcflections for the Hilger and Picker diftitomcters vtively, 

The structures were solved by Patterson and difference Fourier s~~~s~~~pt for (6) and (9) which wem 

solved by direct methods and difference Fourier syntheses. Blocked cascade least-squares (SHELXYIL) and 

full-rna~~ (S~LX76~~6 re~nern~~ were empluy~, the reflection weights being I/lo?fp)+g($)]. The 

function minimize was Ilw (fF,l - iF,I) 
2 

l Anomalous dispersion locutions were from Cramer and 

LibermanY Hydrogen atoms were incfuded as rigid groups pivoting about their carbon atoms, and all 

non.hy~ogen atoms were assigned ~iso~pic thermal parameters. Numetieal absorption corrections were 

applied in each ease. The final electron density maps showa no si~~~nt reside electron density, and 

there were no abnormal discrepancies between observed and calculated structure factors? 

Crystd Data. 

3 $ ‘,7’, 7’,-Trrtrabromo-1 ‘,d-dibtctyl-4’-ldibromomeitsylerte) spirclffurang2f5N),6’-f3folxrrbicyctog 

13.2.Of~~ptane]-2’~-dione (6) - Ct8H$3r&+ M 778, triclinic, space group Pi, a 7.510(l), b 8.134(l), 

c I!MU8(I) A, a 99.12(l), Q 9&45(t), y 97.38(1j” , U 1 X55.59 A3, D, 2.24 g cm*‘, 2 2, p (Mu Ka) 

103.47 cm-! The crystal was of approximate dimensions 0.58 x 0.20 x 0,18mm; number of inde~nd~nt 

reflections measured 2679, number with I > 3a;(I) 2091; an unique data set was collected using 20-o 

scans to 28 83O; F(ooO) 736; g ~.~I I; R 0.046; ratio of ~ansmission factors I.9&t. 
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fztJ-t~-d,lO,l I, f I ,.l2,12-Hcxabrr~~-3,9-dibuiyf-l,7dhadispiru [4.0.4.2] dudeca-3&&n.e~2,8~ne 

(7) - Ct~Hr8Br&4r M 778, monoclinic, space group C2&, a 15.983(l), b 12.065(2), c 13.774(l) 

A, p ll!LO?O(l)o , U 2410,74 A3, D, 2.13 g cm” (measured by flotation in ZnI2 solution), DC 2.14 

g cm**, 2 4, p (Cu Ka) 116.98 cm’l. The crystal was of approximate dimensions 0.38 x 0.10 x 

0.13mm. Number of independent reflections measured 1162, number with I > 3s(I) %9; a unique data 

set was measured to 20 106* with 20-0 scans; F(OO0) 1472, g 0,0038, R 0.0792; ratio of transmission 

factors 1.970. 

fZ;,Q_5,S-~f &Dibrum.d ~-ethartedritUdene)bi~[4-br~~g3-bu~l-2~~~~-~~ne] (9)~ C, & sBr&4, M 

618, triclinic, space group Pi, a 7.728(l), b 10.030(l), c l4.W8(2) A, a 82.52(l), p 81.45(l), 

y 86.75(1)o, U 1066.82 A3, D&93 g cmW3, 2 2, ~1 (Mo Ka) 74.92 cm’t. The crystal was of 

approximate dimensions 0.16 x 0.52 x O.~mrn. Number of independent reflections measured 2795, 

number with I > 3a(I) 2276; an unique data set was eolIected using o scans to 20 900; F(000) 5%; 

g 0.0013; R 0.059; ratio of transmission factors 1.827. 

&-4,l.l,12,I3-Tetrubrumo-3,I0-dibutyl-l ,6,8-trioxadis~ir~[4,~.4.21tridectr-3,10,12-triene~2~-~~~ (10) 

- CtsH1805Br4, M 634, monoclinic, space group P2&, a 16.682(2), b 16.297(l), c &133(l) A, 
p 90.60(1)O , U 2210.97 A3, D, 1.91 g cme3, 2 4, p (Cu Ka) 85.71cm-! The crystal was of 

approximate dimensions 0.45 x 0.75 x 05mm. Number of independent reflections measured 2041, 

number with I > 30(I) 1224; a unique data set was measured to 28 100° with 20-o scans; F (OW) 1224, 

g 0.0038,‘R 0.052; ratio of transmission factors 2.808. 

fdj-&4,fO,ll, f f ,12,12-~~~rorno-3,9-~b~l-~ ,7-dioxadispiro[4.0.4.2Jdodeca-39-diene-Z,&dillne (11) 

- ClgH1804Br6, M 778, triclinic, space group Pi, a 11,16(l), b 12.65(l), c 9.11(l) A, a 109.6(l), 

p 87.0(l), y 100.5(l)” , U 1191.5 A3, D, 2.17g cm*3, 2 2, p (Cu Ka) 125.78cm-‘, The crystal was 

of approximate dimensions 0.25 x 0.23 x O.OSmm. Number of independent refIections measured 1307, 

number with I > 3~3 (I) 972; an unique data set was collected using 20-o scans to 20 80”; F(OO0) 736, 

g 0.004; R 0.1186. 

Verification of the biul~~i~~l origin of the corn~~~n~ in D. elegans. D. elegant was collected on 19th 

March 1982 at St Kilda Rocks, Kaikoura, from a depth of fifteen metres, and placed in a black polythene 

bag before being brought to the surface. It was stored in seawater at O°C until the following day when it 

was homogenized with ~~hlorome~ne. The green ~~~o~rne~c Iayer was separated from the red-grey 

aqueous emulsion by cen~fugation,.~en filtered (Milliporc 0.7~) and analysed by HPLC (cyanopopyl 

column 4.5 x 250mm; hexanefpropan-ZoL 5%; 22Onm; flow program O-2.5 mins at 0.7 mI/min, 2.5 - 

5.0 mins linear increase from 0.7 to 2.5 mf/min, 5-10 mins at 2.5 ml/min). The entire process was 

performed in darkness to prevent the possibility of photodimeri~tion. No significant quaIitative 

differences between this and other extracts were observed. 

Comparison of Collecliuns. Samples of D. elegans were collected on 3rd December 1980, 25th 

February 1981,2nd April 1981, 14th January 1982, 19th March 1982 and April 1983, from St Kilda 

Rocks, Kaikoura, and on the 27th November 1981 from South Bay, Kaiioura. 
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In each case tie samples were frozen fur storage, and ~~b~~u~~~~y air tied, milled, and extracted with 

dichloromcthane in a Soxhict apparatus. The erudc extracts were filtered through short columns of 

“Florisil” (20 x 30mm), in ten column volumes of ether. The oils obtained were dissolved in 

hex~~~ro~an-2~~ (4%), filtered ~i~l~~re 0.7~) and analysed by KPLC ~cy~o~~py~ cofumn 4.5 x 

250mm; h~xane/p~pan-2~01 5%; 22Onm). No qualitative differences were observed between the 

~h~a~~~s- 
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