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AbrtrrcTIwo noniwprcnoid scaquitcqwne ahAols, bnsilend and cp-I, have been isolated. along with 
brasileaol acetate, from fhe d+tive glands of the maline op-h Aplytiu bmru&nu. Tbc StNctufeS of 
these unusual sesquitupenoids were detamintd by extcnaive spectral and cbcmical analysis and by their mutual 
convenicm to tbc wrrcspondiug a,@-awaturated ketone, brasikaonc. The brasiknols are likely to have a dietary . 
or& since tbcac compouoda have also been observed as natural pmdltcta of tbc fed seaweed LQllnnciu obruscr. 

Chemical studies of the amriae molluscs known as sea 
hares (Gpistbobraachia, Aplysidae) have reveakd that 
the 8nia1al.s concentrate, ia their di8estive &nds and to a 
lesser extent in tbe outer tissues, the secondary metabol- 
ites produced by various seaweeds which comprise their 
diets.’ Feed& studies aad field observations have 
further shown that the sea hares have distinct and 
speci6c preferences for the seaweeds Lurncio, Pfo- 
comium, LXctyota aad Lyngbya, inter alia,2 which 
produce lar8e amounts of these metabolites ia the form 
of terpeaes, halo8en+~ataiaia8 compouads, aad 
products derived from acetate me-m. These 
compounds, which appear to provide some selective 
advantage as feed& iahiiitors for the seaweeds, are 
theasequesteredbytheseahare,andithasbeeaproposed 
thattbeyfunctioafortheanimalinasia&rfashioa.’ 

The Gulf of Mexico sea hare Aplysio bmsifiana (Rang) 
is a prime exampk of this group for which there appear 
to be few predators.’ Extracts of the digestive glands of 
A. b&ho were recognized by UC to contain several 
interesting secondary metabolites, aad when a small 
amount of this extract was painted on the shell of a 
juvenile crab, Collincctu sapidus, this preferred prey 
became quite repulsive to an octopus, octopus uulgon’s. 
For these reasons, an exteasive study of the dige&ve 
8kad components was undertaken, and we wish to 
report here the isolation aad structure elucidation of 
several new aoa-halogenated aad aoaisopreaoid sesqui- 
terpeae alcohols. Evidence has also beea gathered that 
these metabolites or&ate in the red al8ae hunciu. 

names brasileaol, brasilenol acetate and epibrasileaol aad 
propose structures l-3. 

A. bradiuna specimens colkcted along the Texas 
coast were immediately dissected, and the digestive 
8laads were extracted with ethanol. After typical work- 
up, the ether-solubk portion was chroaMographed on 
silica gel to yield numerous fractions, some of which 
were further purilkd by cc-porasil HPLC. Several typical 
Luumrcia acetykaes were subsequently puritkd amoag 
them the previously descrii ether, dactylyae,’ two 
new &HloOBrCl ethers aad a new &H&Cl ether, the 
structures of which will be reported elsewhere. From 
several fractions we obtained three new sesquiterpeaoids 
of unusual structures, for which we suggest the trivial 
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Brasikaol(1) was isolated as a volatile solid, mp 5%“, 
with a mild methol-like odor. Hi8h resolution mass spec- 
trometry established a molecular composition of 
C,JIasO, which requires three uasatmatioa equivalents. 
IB absorption at 36SOcm-’ established the alcohol 
functionality aad the lack of CO absorptioas coalhmed 
that the uasaturatioa ia brasikaol was from olefia aad 
carbon riag components. The off-resonance “C NMB 
spectrum of brasileaol displayed two low field singlets at 
142.1 and 138.7ppm, which illustrated that 1 contains a 
single tetrasubstituted okfin. These combined data 
require that brasileaol possess a bicyclic carbon skeleton. 

Acetylatioa of brasilenol (Aclo/py/2Y) 8ave brasilenol 
acetate (2), which was identical to an,acetate isolated by 
HPLC from several original chromtography fractions. 
Comparisons of the ‘H NMB spectra of 1 and 2 showed 
that a one-proton baad observed at 8 4.01 (dddd, J = 
1,3,3,3) in 1 had moved to 8 5.36 (dddd, J = 1,3,3,3) in the 
acetate. These data coa8nned that brasileaol was a 
secondary alcohol aad, based on the chemical shift of the 
alcohol methiae proton, suggested that the OH was al- 
lylic. 

Perhaps the most strikiag feature of the ‘HNMB 
spectrma of brasileaol was the existence of five high field 
Me sigaals, composed of two sia8lets at 8 0.82 and 1.02 
aad three doubkts (J=7Hz each) at 8 0.67, 0.87 aad 
1.10, rather thaa the more coaunoa four Me group 
composition of most sesquiterpeaoids. The two Me 
singlets could be assigned to a gem&ethyl constel- 
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lation, based upon the characteristic doublet JR absorp- 
tions at 1385 cm-’ and the existence in the off-resonance 
protondecoupled “C NMR spectrum of a single high 
field tetrasubstituted C atom at 35.6 ppm. 

Jones’ oxidation of brasilenol gave the corresponding 
ketone, brasilenone (4) in only modest yield. The ketone 
showed CO and olefin absorptioos at 1667 and 1626 cm-’ 
in the JR spectrum and UV absorption at 242~1 (c = 
lO,OtM), both in good agreement with values for a 6- 
membered a&unsaturated homoannuhu ketone.6 The 
maSs spectrum of 4, as well as those obtained from 1 ad 
2, showed strong M+-GH, fragments, which suggested 

that two of the three high field doublets observed in the 
‘HNMR spectrum arose from an isopropyl group. 
Further, irradiation of one side of a complex two-proton 
muhiplet (- 8 2.14) caused the two doublets at 6 O.!M 
and 0.74 (J = 6.7 Hz each) to collapse to singlets. From 
these and subsequent lanthanide shift experiments, the 
existence of an i-Pr group was securely established 
(Table 1). 

The oxidation of 1 to 4 produced no new deshielded 
protons in the ‘H NMR spectrum of 4 at lower field than 
g 1.6, as would be expected for a methylene or methine 

‘group alpha to a cyclohexyl ketone. Hence, the alpha 

Table 1. 220 MHz ‘H NMR data for bra&ml and bmiknonc 
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4.01 

0.62 

1.02 
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'2.2. 

-2.2. 

1.41 

2.0. 

2.76 

1.10 

-2.1. 

0.87 

0.67 

mlt. (Hz) 

dddd (3, 3. 3. 1) 

s 

s 

dd (11. 3) 

dd (11, 11) 

dddd (11, 3.5, 3, 3) 

dddd (1s. 7, 2.6, 3) 

dddd (15, 6.5, 6.5, 3) 

dddd (10.5, 6.5, 2.6, 2.6) 

dddd (10.5, 7, 6.5, 6.5) 

qddd (6.8. 6.5. 2.6, 1) 

d (6.8) 

qqd (6.7. 6.7, 3) 

d (6.7) 

d (6.7) 

3alb 1.05 s 
. 

36th 1.12 l 

40 1.64 dd (J = 11, 3.51 

46 1.64 dd (J = 11. 11) 

50 2.5. &ld (J - 11, 3.5, 3) 

7a 2.5. ddd (J - 15, 7, 2.6) 

76 2.5. &Id (J = 15. 6.5, 6.51 

9a 1.50 dddd (J = 10.5, 6.5, 2.6, 2.6) 

96 2.1' dddd (J I 10.5, 7.0, 6.5, 6.5) 

90 3.05 qdd (J . 6.8, 6.5. 2.9) 

9Br(e 1.01 d (J - 6.9) 

10 2.1' qqd (J = 6.7. 6.7, 3) 

10 we 0.74 d (J = 6.7) 

10 we 0.98 d (J = 6.7) 

l estimted dmdul shifts byextrqmhtioa forthe non-shifted spectrum. 

Coupling constants and u,Qmemts are derived from the shifted s&mct~ 

mddeamplinge~rimatr. 
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carbon must be disubstituted and the site for the gem- 
dimethyl substitution. 

The aforementioned spectral features fixed brasilenol 
as a bicyclic sesquiterpenc allylic alcohol with gem- 
dimethyl, secondary Me and i-Pr sub&rents. These 
substituents require six C atoms, hence nine remain for 
the construction of the bicyclic skeleton. Since 
brasilenone was shown to possess a cyclobexenone 
functionality and the single ole6nic bond is tetrn- 
substituted, these sesjuiterpenoids must possess unusual 
bicyclo[4.3.0)nona-A’ cne skeletons. Any other bridged 
arrangement of atoms would render the okfin trisub 
stituted as well as violate Bredt’s Rule. The locations of 
the secondary Me and i-Pr groups were not derivable 
from these data. 

The final structure assignment for brasilenol was ac- 
complished by extensive ‘H NMR experiments involving 
double-resonance techniques and the use of lanthanidc 
shift reagent. With brasilenol, an apparent first-order 
spectrum with nine resolved one-proton bands and five 
three-proton Me groups was obtained at a concentration 
of 31.3 mg Eu(fodh to 6.8 mg of 1 in CD& Sequential 
irradiation of each band allowed all signals to be inter- 
related. A one-proton multiplet, appearing under these 
conditions at 6 3.55, when irradiated coIlapsed two dou- 
bkt Me’s at 6 1.75 and 2.05, thus rigorously confhming 
the previously proposed i-Pr functionality. With 
brasilenol the accurate measurement of several coupling 
constants was difficult due to numerous small homoally- 
lit couplings involving the C-2, C-5, C-7 and C-9 protons. 
Therefore, an analogous study was completed with 

brasilenone (4), which, by virtue of the C-2 CO 
functionality, provided for a more simplified spectrum. 
At concentrations of 11.4 mg Eu(fodh to 3.3 mg of 4, a 
completely resolved spectrum was obtained (Fu. 1). 
Sequential irradiation of each band allowed their q utuaJ 
correlation and assigment. Tbe double bond at the ring 
juncture separated brasilenone into two easily analyxed 
groups of protons. In the j-membered ring, a single Me 
group was coupled to a methine proton, both of which 
were placed at C-9, since these groups were heavily 
shifted by the Eu(fod), reagent and hence quite close to 
the CO group. The C-9 methine was coupled to an 
adjacent methykne pair (8~. 88)’ which was itself cou- 
pled to another methylene pair (7~,7/3). In the 6- 
membered rin& only two carbons arc available as sites 
for the i-Er sub&rent. This was substantiated by 
decoupling experiments, but, based on these data, the 
subs&treat could be placed at either C-4 or C-5. In the 
non-shifted spectrum of brazilenone only four protons 
were found in the allylic region, which suggested that C-5 
bears i-Pr, rather than be& unsubstituted. This assign- 
ment was conlirmed after conversion of brasilenone to 
dihydrobrasilenone Q by Li in ammonia reduction at 

-7V. Extensive decoupling experiments with 5 illus- 
trated that the isopropyl Me’s were coupled (J = 6.7 Hz) 
to a C-10 methine, which was itself coupled to the C-5 
methine (J = 3.5 Hz). The C-5 proton was further coupled 
to a C-6 methinc (J = 10 Hz), which was coupled to the 

COMPLETELY SHIFTED SPECTlWM 
DF BFtASILENDNE 
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a-to-CO proton (C-l) observed at 6 2.82 (J = 1OHz). 
Hence, via intalating the protons at C-l, Cd and C-S. 
the i-Pr substitution at C-5 was lbmly established. 

Chromatogaphic separation of the crude extract also 
yielded the C-2 epimer of brasilenol, epibrasikool(3), as 
a mobile oil, Its epimeric relationship to 1 was illustrated, 
since 3 also &eve bra&none on Jones’ oxidation. Epi- 
brasilenol was also highly comparable spectmlly, 
possessing all tbe ‘H and “CNMR characteristics of 
brasilenol. 

Semiquantitative analysis of the lanthanide-induced 
proton shift NMR data for brasilenol and epibrasilenol 
cordirmed the placement of substituents and provided 
convincing evidence to assign the relative stercochemis- 
tries of these alcohols (Tabk 2). The simpli6ed relation- 
ship hb = -K/P, which negkcts an& considerations, 
was used to relate the magnitude of shift with the inter- 
atomic distances as measured using Drieding models.’ Ab 
values were calculated by least squares treatment of the 
linear portion of the plot of S vs the [Eu(fod),]l/[terpeneI 
ratio. For brasilenol the 4a proton was used to back- 
calculate K, which is a collection of constants which, 

inter olia, locates the position of the europium atom 
relative to the OH oxygen. With all protons, except the 
3a Me group? a close fit was obtained between cal- 
culated and observed interatomic distances. An alter- 
native Wucture with the i-Pr group fl and the C-9 Me (I 
substituted was considered and eliminated since errors of 
between 10 and 24% were obtained with each affected 
proton or Me group. For epibrasilenol an equivalent good 
fit was obtained, except that in this case the 3/J Me pup 
is tiected by the proximity of the europium atom. 

A comparison of the relative shifti of the C-9 B-Me 
group and the C-10 isopropyl Me’s ckarly established the 
alcohol stereochemistries in 1 and 3. For brazilenol the 
C-2 OH eclipses the C-9 Me inducing a large shift with a 
A8 value of 4.56. Since the OH is tmns to the i-Pr 
substitueot, the C-10 Me’s experience only slight shifts 
of 1.14 and 1.23. For epibrasilenol, the C-9 Me is no 
longer eclipsed and shows a lesser A8 value of 3.44. The 
i-Pr, now cis oriented to the OH group, shows C-10 Me 
shifts of 2.15 and 3.17. ‘IIe C-9 a proton shows inverted 
behavior witb a Aa value of 7.18 in the eclipsed epi- 
brasileool and only 5.21 in brasiknol. 

Table 2. Seakgmtitive lanthankle shift data analysis for brasilenol nad cp~hasilend 

Pnxon(r) 

90 

SBlb 

3am 

9sm 

59 

la 

76 

4e 

7a 

10 

96 

90 

10 m 

10 Me 

induced shift (Ad) 

5.21 

6.90 

6.50 

4.56 

2.69 

3.49 

2.29 

2.63 

1.90 

1.62 

1.64 

1.62 

1.23 

1.14 

t(mmr)A* t(ca1c)A. 

6.0 6.4 

6.0 5.9 

5.2 s.9 

6.5 6.6 

9.0 9.0 

7.3 . 

a.5 a.4 

7.6 8.0 

9.3 9.1 

9.0 9.5 

6.6 9.4 

9.0 9.4 

10.1 10.3 

10.3 10.6 

terror 

6.2 

3.4 

11.9 

1.5 

0 

1.2 

5.0 

2.2 

3.2 

8.5 

4.3 

1.9 

2.8 

Epibrasilenol 

h-(5) Induced Shift (A61 t(mu)A' r[ulc)A* brmr 

lot48 11.4 4.6 4.6 0 

40 11.0 4.7 4.6 2.2 

90 7.19 5.4 5.3 1.9 

46 5.23 5.9 . 

sews 4.90 6.0 6.1 11.4 

96k 3.44 7.2 6.9 5.9 

10 m 1.17 7.3 7.0 4.3 

10 um 2.15 7.5 7.9 5.1 

l protau umdto calculate I in the mlHlonsbip Ad - -Vr'. 
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At the bc&ting of this work, the potential dietary 
sources for the brasilenols were unknown since non- 
balogenated sesquiterpenoids of this type had not been 
isolated from marine algae. We have, however, 
subsequently isolated both 1 and 3, of identical absolute 
stereochemistry, from the Mediterranean alga Launncia 
obtuse. While not totally conclusive, this strongly 
suggests that the brasilenols isolated here are produced 
by one of several Texas coast Loutencia species. 

IR eptcea were ncorded on Perk&Elmer models I37 of 521 
spcctrophotometers, and UV spectra on a Perk&Elmer Cok- 
man model 124 spectrophotometer. Mass spectra were obtained 
using a Hewlett Packard modet 593OA mass spectrometer or 
were obtained throu8h the Department of Chemistry at UCLA. 
Proton NMR spectra a~! IT duwplina experiments were 
compkted usiug a Vlrian HR-220 spectrometer incafaced with a 
Nicoict computer. Carbon NMR spectra were obtained with a 
Varian ClT-20 spectrometer. MCI&g points were o@ined usiq 
a Fisher-Johns apparams and are uIIcomc1cd. 

Exrmcriorr and pwnjkat&n. Approximately 20 specimens of 
Aplysia bmsihnu were collected near the southern tip of .Padre 
Island in Southern Texax, 197s. The d&rive 8iands (6200) were 
homogenized in wium EtOH and the concentrated EtOH extract 
was partitioned between water and dkthyl ethei. The ether phase 
was dried over Mg.90, and concentrated in wcyo to yield 25.5 g 
of a mobik oil. A portion of tbc oil (20 s) was chromatographed 
on a column (1508) of BiosiJ A (lW-#W)mesh), clut@ with 
various proportions of CHCI, in petroleum ether. 

Bm~ilnrol (1). The fractions from Biosil A chromatogmphy 
eluted witb 5096 CHCI, in petrokum ether (2.79 g) were recbroma- 
@rapbed on Davison grade 62 silica gel, cluting with M 
portions of CHA2 in petroleum ether. Fractions ehM with 
2O%CHXL were combined and the major component was 
further purified by HPLC on 2 ft p-porasil elutiug with CH&. 
After several colkctioua of the second peak eluted, the solvent 
was removed to yield crystals of brasiknol (0.4g); m.p. SW’; 
[o]‘d=33.@ (c 1.58, CHCI,); IR (Ccl,): 36Xl, l&5&-‘, MS: 
M+ measured 222.1981. calculated for C&L.0 222.1984. m/c 207 
(M+CH,), 204 Of+-&), 1-F) (M+G.H,), 166 (tii&,); 
“C NMR (CDCb): 142.1 (s), 138.7 (s), 77.7 (d), 40.5 (d), 39.3 (d), 
36.3 (t), 35.6 (s), 33.4 (t), 30.8 (1). 28.8 (d), 28.0 (q), 21.3 (q), 20.2 
(qL 18.8 (q), 16.4 (0); ‘H NhfR (Cd&): d 3.86 (IH, dddd, J = 
1,3,3.3 Hz), 2.79 (1 H, m), 2.13 - 1.88 (5 H, m). 1.47 (1 H, m), 
1.24 (3 H, d, J = 6.8), 1.2 (2 H, m), 0.97 (3 H, s), 0.88 (3 H, s), 0.84 
(3 H, d, J = 6.7 Hz), 0.68 (3 H, d, J = 6.7 Hz). 

Brvuilmd Acdatt (2). The fractions from Biosil A chromate- 
graphy eluted with 1096 CHCla in petrokum ether (4.52n) were 
rechromatogqhed on a I&son grade 62 silica gel column 
(2 x 100 cm) elutiag with CH#& in petroleum ether. The fraction 
obtained with 3O%CH$& in petroleum ether was furtbu 
purifkd by reverse-phnse HPLC using a 2ft r-borxkpak Cl‘ 
column with acetonitrik. The majur corn-t, bras-1 
acetate (2), was obtained as a mobik oil; IR (CC&): 173Ocm-‘; 
‘H NMR (CDCI,): IS.36 (1 H. dddd, J = 1,3,3,3 Hz), 2.57 (1 H, 
m), 2.3- 1.9 (JH. m), 2.08 (3H, s), 1.44 (1 H, q ), 1.33 (2H, m), 
0.95 (3 H, d. J = 6.8 Hz). 0.91 (3 H, s), 0.88 (3 H. d, J = 6.8). 0.87 
(3H, I), 0.68 (3H, d, J=6.8). Brasikoo: acetate, identical in all 
respectstotbenaturalpruduct,wasobtainediohighykldupon 
treatment of bra&no1 (12 me) with AcCp (1.5 ml) sod pyridine 
(2.0 ml) for 1s hr at 400. 

&ibmsW (3). The same cohunn chromotognpby fractions 
which yielded brasiknd also gave a minor peak on r-porasil 
HPU: (CHFL) which ykkkd epiiikwl, 210 nt& as a mobik 
oil, [a]:: = %’ (c l.OS, CHCI,); IR (CCL): X60,1390. I375 cm-‘; 
MS: M+ = 222; ‘v NMR (CD&): 141.8 (s), 140.6 (s). 70.8 (d), 
39.7,39.4, 34.4 (s), 31.8,31.7,29.2,28.7.27.0,24.1,M.l, 20.4.18.9, 
16.6; ‘H NMR (CDW: d 3.47 (1 H, s), 2.86 (1 H, m), 2.28-1.97 
(5 H), 1-l - 1.0 (4 H). 1.04 (3 H, s). 0.97 (3 H. d, J - 68 Hz), 0.93 
(3 H, d, J = 6.7 Hz). 0.76 (3 H, s), 0.70 (3 H. d, J = 6.7 Hz). 

Bmsilaone (4). Brasiknol (118 me) in acetone at (P was 
heated with Jo& reagent (CrO&SOJHP) by dropw& ad- 
dition until an orange sohr persisted. A few drops MeOH were 
addedtode8troyexceasreagcntaodtbemixturewa9pa&ioned 
between e&r and water. The ether phase war washed with 
water, satd NaHCO, pad 5naUy drkd over &!ZO,. Removal 
of solvent in wcyo gave an inpure oil (91 q g) which was further 
purifiedbyPU:ona20x20xO.lScmsilicagelplatc(Analttch 
GF prewated), developins witb CH& Removal and extraction 
of the ooe major band at R/ 05 gave pure brasiioone (4, W mg) 
as a mobii oil: [a]&’ = 40.P (c 0.95. CHCI,); IR (6bn): 1667. 
1626cm+; UV (J&O): U2um (c = IOJW). In a sqarate reac- 
tion, epibrasiknol was treated under similar condition8 to give 
bra&none, however, the yield with this epimer was very low 
(- 10%). RpibtPsiknol, however, when treated with pyridi&m 
chlorochromatc in NaOAc b&red CH&ll gave brasikoooe in 
5096 yield. Brasiknooe, from 3, &owed [IX]: =30.5” (c 0.5, 

2SmlNH,j. After Ihr, solid-NH&I was cautkusly & and 
thesolnwasa0owedtowmetoroomtemp.Theumtei~oftht 
llask were partitiooed between ether and water and the ether 
phssew~dritd(MpSO,)oadcoacm~eBllcPo10yiCldan 
impure product HPL.C on rqorasil (CH&) gave tbe desired 
compound, S as a light oil (56mg): IR (CC&): 171Ocm-‘; MS: 
M+ = 2u; “C NMR (CD&): 220.3, 52.9, 45.3, 44.2, 43.8, 39.7, 
37.0, 32.4, 31.4. 29.6, 27.9, 24.2, 21.1, 16.9. 16.2; ‘H NMR 
(CDCQ): 6282 (I H, dd, J = 10, 6Hz), 2.26 (2H, m). 1.91 (1 H, 
m), 1.7s (lH, qd, J=6.7, 3.SHz), Id-l.3 (SH. m), 1.16 (lH, 
ddd, J = IO, S. 3.5 Hz). 1.09 (3 H. s). 1.01 (3 H, s). 1.00 (3H. d, 
J = 6.8 Hz). 0.92 (3 H, d, J = 6.7 Hz). 0.81 (3 H, d, J = 6.7 Hz). 
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