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Abstract-The structures of a novel rearranged sesqmterpenold and a biogenetically-related chanugrene denvatlve 
have been determined by combined spectral and chemical methods These sesqutterpenolds were components of an 
undescribed Laurencta species, and each was toxic toward the damselfish Pomacentrus coeruleus 

INTRODUCTlON 

Over the past decade, red seaweeds of the genus Laurencta 
have become of considerable interest based upon their 
unprecedented synthesis of a wide dlverslty of halogen- 
ated sesqmterpenes, dlterpenes, acetogenms and aromatlc 
compounds [l, 23 In connection with our contmmng 
mvestlgatlons of the chemical adaptations of troplcal 
marme algae, we recently encountered an apparently 
undescrlbed species of the red seaweed Luurencra along 
the east coast of central Flonda We wish to report that 
this Laurencra species produced halogenated sesqulter- 
penoids mamly of the charmgrene class Described here, m 
detail, IS the lsolatlon and structure elucidation of two new 
sesqulterpenolds, 1 and 3 The alcohol 1 possesses a new 
rearranged carbon skeleton thus adding further blo- 
synthetic capacity to this interesting genus of marme 
algae Alcohol 3, a typlcal bromocharmgrene, possesses 
the structural features required to act as a biosynthetic 
precursor to 1 

Although considerable chermcal study has been dl- 
rected toward the halogenated metabohtes from 
Lmrewa species, few studies have provided evidence of 
the blologcal slgndicance of these molecules [3] We 
believe haloterpenold and haloacetogenm synthesis 
represents a defensive adaptation against the abundant 
herbivore populations m tropical habitats Although still 
under mvestlgatlon, we find the alcohols 1 and 3 to 
illustrate slgmficant lchthyotoxlclty toward reef fishes 

RESULTS AND DISCUSSION 

The sesqulterpenold alcohols 1 and 3 were isolated by 
conventlonal chromatographlc methods from the 
CHCl,-MeOH (2 1) extract of the alcohol preserved 
algae Alcohol 1, the major metabohte (5% orgamc 
extract) analysed for C1SH,20,BrCl by Its combmed 
HRMS and 13C NMR (Table 1) spectral features 
Absorption at 35OOcm-’ m the IR spectrum of 1 
mdlcated the compound was an alcohol Indeed, treat- 

ment of 1 under standard acetylatlon condmons yielded 
the monoacetate 2 

Consideration of the unsaturatlon inherent m 1, taken 
m combmatlon with “C NMR data, showed that the 
molecule was blcarbocychc The “C NMR spectrum 
showed the presence of an exomethylene functlonahty 
[154 8 (s), 104 1 @)],a tnsubstituted epoxlde [610 (s), 59 4 
(d)], a secondary, bromine-bearmg carbon [64 8 (d)], a 
quatemary chlorme-beanng carbon [70 1 (s)] and a 
secondary alcohol carbon [68 7 (d)] 

At 360 MHz the maJonty of the proton bands m 1 
could be inter-related by spm-decouphng (Table 1) In 
CsD, most resonances were even more resolved and 
complete assignments were made (Expenmental) Three 
separate spin systems, C-l-C-2, C-4-C-S and C-8-C-9-G 
10 were readily discerned The substituents, their couphng 
constants (charactenstlc of cyclohexane systems) and the 
presence of the splrocarbon at C-6 [13C 49 8 (s)] 
suggested that 1 possessed a splro 5 5 undecane skeleton 
characterized m Laurenma spews by the chamlgrene 
skeleton [l] Indeed, this was clearly consistent wrth the 
well-known 13C NMR features for the bn-equatonal 
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Table 1 ‘H and “C NMR assignments for sesquiterpenoids 1 and 3* 

1 3 

CNo sm J VW wt sm J W “Ct 

1 441 dd 
2 292m 

262dd 
3 - 
4 471 dd 

5 
295m 
1 54 m 

6 - 
7 - 
8 295 m 
9 1 54 m 

122 m 
10 235m 
11 - 
12 500s 

489s 
13 103 s 
14 1 69 s 
15 177 s 

126, 56 68 7 d 

112,56 
358 t 

701 s 
135,42 6481 

463t 

49 8 s 
610 s 

5941 

430t 

271 d 
1548 s 

1041t 

184q 

25 5 4$ 
27 1 4* 

440dd 
270m 
246dd 

- 
487 dd 
270m 
212dd 

- 
- 

292m 
254m 
2 54 m 
496dd 

118s 

116s 

1 58 s 
1 75 s 

13,6 1 

134,61 

132, 55 

139,133 

94,88 

68 2 d 

405t 

703 s 
640d 

494t 

506s 
624s 
610d 

391 t 

619 d 
441s 

198q 

256qS 
28 3 q$ 
29 1 4s 

*‘H assignments were made by spmdecouphng and 13C assignments were made 
by comparison of the data with srutable charmgrene models ‘H spectra were 
recorded m CDC& solution at 360 MHz with internal TMS as standard, 13C 
spectra were recorded III bz-ds solution at 50 MHz with TMS as internal standard, 
abbreviations m = mulhplet, s = singlet, d = doublet, t = triplet, q = quartet 

tMult]phclties determined by single frequency off-resonance decoupling 
techniques 

#Values may be interchanged 

d&&de constellation commonly encountered m 
brencaa chamlgrenes [4] However, decoupling analysis 
clearly showed that the usual C-10 bromine component of 
halochamlgrenes was absent Instead, it could clearly be 
seen, m CsD, solution, that an axial proton was present, 
coupled to a methylene pair at C-9 (J = 13 9, 1 5 Hz) but 
also to an equatorial methyl group (J = 6 6 Hz) This 
same proton sharpened when the exomethylene proton at 
64 56 was irradiated, thus placing the exomethylene 
component at C-l 1 

The relative stereochemistries of the substltuents, C-l, 
C-3, C-4 and C-7, C-8 were asslgned based upon coupling 
constant analyses for 6-membered rings and upon NOE 
measurements The alcohol at C-i and the bromine at C-4 
were clearly equatonal since the corresponding protons 
showed large axial-axial couplmgs Fortuitously, a NOE 
experiment successfully related the epoxlde stereochem- 
istry to the overall configuration of the vlcmal dihahde- 
bearmg ring Irradiation of the epoxlde methyl group at 
6 1 69 resulted m the expected enhancement of the epoxlde 
proton at 6 2 95, but also enhanced the axial proton on the 
adjacent rmg at C-4 This latter enhancement can only 
occur if the C-7 epoxlde methyl (C-14) and the C-5-C-4 
substltuent at C-6 are both ‘down’ as arranged m 
structure 1 This expenment was fortuitous m that It 
successfully related the relative stereochemlstnes of the 
two carbon rings 

The structure of alcohol 1 was thus asslgned as the 

rearranged chamlgrene resulting, blogenetlcally, from an 
apparent methyl migration from C-11 to C-10 
Rearrangements of this nature, fostered by solvolysls of 
the bromme atom at C-10, have been lmphcated m the 
biosynthesis of numerous rearranged carbon skeletons 
isolated from Laurencta species [S] Alcohol 1, however, 
represents the first example of this rearrangement within 
the chamlgrene class of sesqulterpenolds 

The unrearranged chamlgrene alcohol 3 was also 
isolated from this extract but as a more minor component 
(2% organic extract) Alcohol 3 analysed for 
C,,H2,02Br2Cl by HRMS and 13C NMR The spectral 
features of 3 were similar to 1 and highly analogous to 
several closely related Laurencra chamlgrenes [6] As m 1, 
acetylatlon yielded the monoacetate 4, and complete 
proton spin-decoupling analyses led to the complete 
assignments hsted m the Table The complete structure 
assignment of alcohol 3 was thus based upon the complete 
analogy of the spectral data of 3 with several closely 
related chamlgrenes [6] No efforts were made to de- 
termme the absolute stereochemistries of these 
metabohtes 

In nutral experiments designed to predict the blologlcal 
functions of Laurencza metabohtes the lchthyotoxlcltles 
of alcohols 1 and 3 were measured using methods already 
described [7] At concentrations of 15 j&ml alcohols 1 
and 3 were lethal to the damselfish Pomacentrus coeruleus 
wlthm a 1 hr period 
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EXPERIMENTAL 

Extraction and lsolatlon procedures Luurencra s-es, 
Smithsoman herbarmm No JN-11540, was collected August 19, 
1982 at bo Mar near Vero Beach, Florida. The Flotlda plants 
resemble L &gel&ra as reported from Brazd However, J N 
considers this may represent an undescr&d species until further 
anatonucal studies can be done comparmg Flor&t and Brazd 
specnnens The algae were unmedlately preserved in EtOH 
solutlon, and next thoroughly extracted with CHCl,-MeOH 
(2 1) to yield 2 5 g crude condensed extract The extract was 
chromatographed over sihca gel using conventional methods and 
several fractions were combined (eluted with 20% EtOAc m 
isooctane) and further purttied by sdtca preparative HPLC (same 
solvent) These procedures resulted m the isolation of alcohols 1 
(125 mg, 5 % ext ) and 3 (50 mg, 2 % ext ) as light mobile 011s 

Rearranged chanugrene 1 and acetate 2 The rearranged 
chamlgrene alcohol 1 showed [aIt, + 67” (c 0 5, CHCI,) and 
analyzed for C15H2201BrCl by HRMS, for [M-OH]’ talc 
3310462, obsd 3310451, for [M - HCI]’ talc 312 0724, obsd 
312 0699 The alcohol showed the following spectral features not 
reported m the text Table 1 IR (CHCl,) 3500,2950,1620,1450, 
1375,1100,1040cm- I, ‘H NMR (360 MHz, C,D,) 6 3 98, lH, 
dd, J = 13 0,5 7 (C-l), 2 89 lH, t, J = 13 0 (C-2), 2 37, lH, dd, J 
= 130,57(C_2’),49l,lH,dd,J = 135,42Hz(C_4),25l,lH,bs 
(C-8),184,lH,m(C-9),lOO,lH,ddd,J=139,139,15Hz(C- 
9’), 206, lH, ddd, J = 13 9, 66, 15 Hz (C-lo), 4 56, H-I, d, J 
= 1 1 Hz (C-12), 4 54, lH, s (C-12’), 0 73,3H, d, J = 6 6 Hz (C- 
13), 1 52,3H, s (C-14), 1 56,3H, s (C-l 5) Acetate 2 Acetylatlon of 
1 (5 mg) was performed wtth a 20% molar excess of acetic an- 
hydride m pyndme at room temp for 24hr Ether extrachon of the 
reaction rmxture followed by water, acid and NaHCOs wash of 
the combined ether extracts and reduction m uacuo ylelded the 
monoacetate 2 which was not further pm&d Acetate 2 showed 
the followmg spectral features [a]:: +61” (c 06, CHCIS), 
HRMS for [M -CHO]+ talc 3610568, obsd 3610536, IR 
(CHCI,) 2960, 1730, 1450, 1360, 126Ocm-’ ‘HNMR 
(360 MHz, CDC&) 6 5 50 (lH, dd, J = 10 7,7 2 Hz), 4 72 (lH, s), 
471(1H,s),306(1H,dd,J=141,41Hz),298(1H,s),276(2H, 
mult), 2 30 (lH, mult), 2 23 (lH, mult), 2 05 (3H. s), 1 81 (3H, s), 
167 (3H, s), 160 (2H, mult), 141 (lH, t,J = 13 Hz), 100 (3H, d, J 
=66Hz) 

Ctigrene akohol3 and ucetate 4 The chanugrene aIcohol3 
showed [a],, +8 8” (c 1 5, CHCI,) and analyzed for 
C,,H2s0,Br,CI by HRMS talc for [M-Br]+ 349 0570 obsd 

3490573 Alcohol 3 showed the followmg IR absorpttons 
(CHCl& 3500,2960,1450,1390, and 121Ocm-’ Acetate 4 The 
alcohol 3 (5 mg) was acetylated ma fashon tde.ntlcal as wth 1 to 
yield the monoacetate 4 whtch was not puniied further The 
acetate showed the followmg spectral features IR (CHCl,)c 2950, 
1730,145O. 1360,1260cm-‘,‘HNMR (CDQ) 6547 (lH,dd, 
J=l21, 6lHz), 483 (lH, dd, J=132, 54Hz), 414 (lH, 
dd,J=l08,77Hz),294(lH,d,J=46Hz),269(2H,mult), 
2 54 (3H, mult), 2 11 (3H, s), 1 79 (3H, s), 160 (3H, s), 1 18 (3H, s), 
115(3H,s) 
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