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eltidatioaofarxwbmwditeqene, bnnqwasphaq(l), 
frun the red alga Sphaerococcus c~rwwp~~~li~~ is described. A canplete 'H- and '-GWR 
assignment of 1 was accaplished nth ttw u.d cl‘ ZD-NMR experiments. 'Ihe biogenetic origin of 1 
isbrieflydiscussed. 

very recently 1.2 wz proposed a biogenetic patlway starting fmn geranyl-geranyl 

pyrophosphate, which EcolJnts for the cw in the mariIle red alga Sp&xcwxs 

corcnopifolius of a manber of bi-, tri-, and tetra-cyclic diteqernids based on four unique 

rearranged carton skeletons. In order to substantiate the biogenetic hypothesis, we are 

currently exBnining the minor ccmstitwnts of this organism. In the present cunmmication us 

EprrplifL upon our earlier wxk2 report- the isolation and the &vcture elucidation of 

bmtetrasphaerol (11, a diterpenoid possessing a ney rearranged skeleton, whose origin fully 

fits in the proposed bicgenetic scheme. 

Chloxwfonn extraction of the freeze-dried alga yielded a residue fmn which bx+ 

motetrasphaerol (1) was isolated by Sio, flash-chmwxgraphy follcwxi by rev- HpLc. 

A parent ion atm/z 384 in the nux spectnan of 1 was appropriate for a nnlecular 

formula $,H33 7gSr02, which is consistent with the 
13 
C-WR spectrun including signals for 20 

carti atans (Table 1). l%e presence of a secondary and of a tertiary -Gl functicm was 

established fmn IR (u _ 3500-3280 cm-'), ‘H-M (6 4.01, IH, dd, J= 2.0 and 4.5 Hz, I-H) 

and 13C-IWR ( 6 80.5, +i, Cl and 72.8, -+ , Cl21 qxtra, while a b mnnethinegxwpvas 

apparentfrunthepertinentsignalsinthe 'H-W? (6 3.95, IH, dd, J= 12.0 and 4.0 Hz, 9-H) 

and13C-NMR (6 68.9, -$H, Cg 1 spectra. These data were corroborated by electmn impact mass 

spectxwn of 1 which shcwed intense ions at m/z 366, 368 

and269 (M-2H20-Br)+ . 

(M - H20)+ , 287 (M - H20 - Br)+ 

Part sQuctures fxun C6 to C7 (A) and Cg 
to cl1 

(El), also present in other 

prwicuslyrepxtedditerpenes fmnS.coxwwpifolius, andpartstnqure C were developed by an 

accurate analysis of 'H-NMR spsctrun of 1, assisted by extensive decoupling and decoupling 

difference exper%nts (Table 2) vbich allowed the assigrxnant of ths chemical shifts and 

multiplicities of all the protons as reported in Table 1. Hetexnwlear correlation via - ‘J 
cmfixmfid these attributions and led to the assimt of ths chemical shifts to ths relwant 

carbcn atans (Table 1). 

Atwodimensicmal 
13 
C- 'H @? shift correlation e 'J and 3J all& the 

positioning of ,the thxe waternaty carbof~ atuns which ammct th13 segments A,i and c, thus 
leading to the ccnstncticn of a wlete and rational grwss struchrre for bmnotetr~l. 

In particular, the correlations CS/l7-H3, ,2 c /16-H3, c,3/16-H3 and C13/17-H3 all& the 
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A 

C 

ccmscticnof ths part stnxlm&BandCthxmghthe fullysubstitutedcarbmatansresmating 

at 6 72.8 (C,,) and 6 40.9 (C8). As a result of this MlR experwnt, it w clear that the last 

quatemary carbm atm (6 51.9, C5) nust be linked to C4, C6, C,4, and C,5 as cmfixmd by lmg 

rangecorrelations betveenC5 and14-H, 6-Ha and 6-H 
eq' 

Itistobe noted that in the ccntour 

plot a spot indicating a correlation between C5 and protcn(s) resmating at 6 1.86 L12Ls present. 

~,theoriginofthepertinentcrosspeakcouldnotbeascertainedsincethesigndlsof 

l&-H,15-Hbaml7-H 
eq' 

all possibly long range correlated with C 5' overlap in this ragim. 

The relative stereochemistry of C8 , C 
9 
, C12, C 

13 and c 14 
,whichwarethesaneas 

in the anal- bmmditerpenes fmnS.coronopifolius,vas deducedas follows. l%e J values of 

9-H with the adjacent mthylene protm and of 13-H vith 14-H. indicated that these three 

pmtms must be axial. mthemre, anDeenMmemntof10-H~amlof6-H,xobservedm 

irradiation at 17-H3 frequemy was indicative of their cis-relatimship. The equatorial nature - 

of16-H3vas deduced fmntbelackof any significant nOe effect on 10-Hax , 17-H3 and 14-H by 

irradiation at 6 1.47 (l&H31 which, on the contrary, caused the signal of 1-H to be e&axed. 

~klootherhand,thelastprotcnwas~sos~tobeinthenOeprmdmityvith2-H,15Wand 

13-H thus establishing the stexwchemistry at C,, C2 and C5 to be as reported in fomula 1. 

Finally, the ccnfiguratim of C4 was ascertaimd observing the nOe effects betwen both 19-H3 

and20-H3with14-H. 

Obsematicnof themlezularmdelof bmmtetrasplmeml accounts for the very smll 

values of thecmplingconstants observed in the 'H-MS? spectnnn of 1 for 2-H with the pmtms 

of the adjacentmthylene groups and for thelcq range~ccuplitq betwenl4-H and15-Ha (W 

stzm&ure). 

Brrmptetrasphzml could biogenetically derive fmn bmspbaeml (2), a major 

metalmlite of Sxorcmcpifolius by a nucleophilic attack of the dcuble bad to the 

bmmmzthylem carbcm atan; fmn the carbcm ion B, 1 is originated by addition of a H20 

mlecule (see scheme). ‘l%e rmclassical cation A my alternatively evolve to the ion C, which 

vepropwedtobetbeimnediateprecuxxo r of corcmopifoliol (3). a recently isolated 
2 

bmmditerpenefIwnthesanesource. 

IR spe~tmnwa~ nb?asmdon aPerkinElmer399spectmml%rinCHC1 solutim. 
&LSSSpSCtMl~.~ maAEIms9o2insmmnt.Aeura~mas~ -tcrras 

perfmnedbyaKratos~3Ospectrameter. 
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Table 1. Nuclear &xJnetic ResoMnce Data for 1 (in axl3) 

Assigrmnt 6 C, 6 H, Jv nz 

1 80.5 
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2 41.7 

3a 
28.2 

3b 
4 52.4 
5 51.9 
6ax 

27.2 

6eq 
7= 

38.7 
7eq 
8 40.9 
9 68.9 
loaX 

30.6 

loeS 
llax 

44.3 

Ileq 
12 X.8 
13 54.8 
14 41.6 
1% 

42.6 
15b 
16 30.9 
17 16.1 
18 29.5 
19 23.6 
20 23.9 

4.01 (dd) 
2.03 (m) l-2: 2.0; 1-14: 4.5: 2-3a,2-3b,2-15a and 2-15b: 

very sms,~; 3a-q: 7.0; 3b-4: 7.0; 4-18: 0.0; 
6ax-6eq: 14.0; 6ax-7ax: 14.0; 6ax-7eq: 4.0; 
6aq-7ax: 3.5; 7ax-7eq: 14.0; 9-1&q: 4.0; 
g-1Oax: 12.0; lOeq-loax: 14.0; 
loeq-11ax: 4.0; l&q-11eq: 3.5;1Oax-11ax: 14.0; 
llax-11eq: 14.0; 13-14: 11.5; 14-15a: 3.0; 
15a-l5b: 10.0; 18-19: 7.0; 18-20: 7.0 

1.64 (b d) 

1.27 (ddd) 

1.98 (ddd) 

1.29 (ddd) 
1.12 (d&l) 

1.85 (d&l) 

3.95 (dd) 
2.47 (dddd 

2.01 (dddd 

1.60 (m) 

1.19 (d) 
1.78 (ddd) 
1.03 (b d) 

1.87 (b d) 
1.47 (s) 
1.11 (s) 
1.87 (m) 
1.07 (d) 
0.99 (d) 

All the ‘H-MR spectral data Of,3 werezquired~aBruke.rht45COsspectmmzter 
operating at 500.13 Miz in CZCl solution. C-M? spectra, NOEDS and 20-M experiments wqja 
obtained on a E&uker UM 250 ihrunent omating at 259.19 and 62.96 Miz for H and 
observations, respectively, in QXl solution usiq a 5-mn H/ 3C dual tuned probe. 

C 

nK s2rmple used for n& IlEas-ts w.s p+Jvifnlsly degassed by tubbling argon 
thrmgh the soluticcl for 40 min. Q?e bond and long range C- H-shift correlated 2D-W? spectra 
were carried cut with a Bruker micmpmg&m, adjusting delays to give mm&nun polariZatiOn 
transfer for J 

8 

=135 and 7.25 Hz, mq+zively. 
ical rotation was masured w a R&in Elmer 191 polarin&e$ with a 10 cm 

micrccell . 
I&at&m of 1. - S .ammq*f@i& (4 kg) yas collected in the Bay af Naples near 

IG.ssalubr&se ( Spr&g 1904) and the frw2e;dried nnt&ial uas exhaustively mtrsted Qith (x1 
at mm teqmat&e, the extract was filtered, cawntrated in. mam and the residue (15.0 gJ 
chrmatographed _ cm a SiO (130 g ) colurm w&r a slight pressure of N2 ush eluent of 
increasing polarity fx-un &Cl to CEl -Et 0 (1:l). 

The fractians el&d vith3CXC? -&t 0 (65:35) yielded SO rag of cnx3e 1, vhich vas 
finally purified by IiPLC on a VARIAN & i&tnrment using a RF-l8 (lx25 on, llerck) colmm 

- 5.9 (c=O.5 in CK13); HRW :fosnd 384.1650; 
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Table 2. ‘H-WR Decoupli.rq Experiment Data for 1 (in axI3) 

Irradiated signa.l Wxtified signal{ s 1 
(nultiplicity,assigrment ) (nultiplicity befonz in&.-milt. after irrad.,assigmwnt) 

1.87 (m, 18-H) 1.07 
1.27 (ddd, 4-H) 1.87 

(d-s, 19-H 1, 0.99 (d-s, 2O-H3), 1.27 (dckl-dd, 4-H) 

1*64(bd, %H2) 1.27 
(m-a,l8-H)?1.64 (W-bs,3-H2) 
(&M-d, 9311.2.03 (m-a) 

2.03 (m.2-H) 1.64 (W-d.3-H ),1.87 (W-rd,lSb),l.03 (W-c,l5a),4.01 (dd-d.1-H) 
4.01 (h&l-Hi) 2.03 (m-a, 2-$,1.78 (ddd-dd,lrHI) 
1.78 (ddd, 14-H) 4.01 (dded,l+i.),?.03 (W-c,l5a),l.19 (dds,lH) 

1.98 (ddd&-Hax) 1.29 
1.85 (ddd, 7-1 1.98 
1.29 (ddd&Heq) 1.98 
1.12 (ckkl, 7-Hax) 1.98 

3.95 (dd.9-H) 2.47 ( 

ddd-M.6-Heq1.1.12 (d&l-dd,7-Hax),l.85 (ddd-dd, 7-Heq) 
c!dd-dd,6-Hax),l.29 (ddd-dd,6+eq),l.l2 (ddd-dd,7+ax) 
ddd-dd,6+iax),l.85 (dddAd,‘l-Heq),l.l2 (dddAd,7+tax) 
ddd-dd,6-%=~~),1.85 (ddd-dd.7_Heq),1.29 (ddd-dd,6-tieq) 

dddd-ddd,1O-Hax),2.01 (d&M-ddd,l&Heq) 
2.47 (ddd,lO-?Lax) 
2.01 (&kki,lO-lieq) 
1.60 (m,11-ii2) 

3.95 (&A-d,+H),P.O1 (dddd-ddd,lO-Mq),1.60 (m-a,ll-H ) 
3.95 (dd-d,+H),2.47 (cMd-ddd,lO-Hax),l A0 cm--a,ll-<) 
2.47 (d&d-dd,lO-Hax),2.01 (dd&+dd,lO-Heq) 

a. The initial titiplet vas smlified. c. The initial signal was sharpened. 
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