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m: The urine rolluak Aplyala doctylacla is the l ourw of two new 

bralmted l earluiterpenea, lankalapwl A and B (1. 2). Cberacterlntion 
Is baaed on the apec;yl da’f~lt~,‘b; acetay (3. A). The ebaolute 
l tereochalatry ecetate. (sR_) 
ecetoxy-(l~)br~(ql.~,l0~)eudcrr3-ena. Is beaed on X-ray amlysIa. 
The two lenkalepuola *re entipodal a-fused etxle-ea. 

(Rrceiwd in USA 21 March 1988) 

Sea hares are herbivorous gastropod mollusks, a- of which feed on red algee. LuurmcIa 

spp. Both blota. which have been studied extensively. have mny aeNmdwy wtaholIter in 

1.2 -n. predainantly hlcgerntted aeaqulterpenes and Cl5 acetogenlna. Aplysta dactylaaela 

from hrrali lna yielded several aeaqulterpaIea previously &scribed fra Luwencla app. 3 Two 

specimens of A. doctBIcncla fra Puttalu Lagcwx~. Sri W. ylelded two new cttfuaed 

eudeamne aeaquiterpenea. Iankalapuol A end B (1. 2).’ 

The crude organic extract (120 5) fra two anlrla ass repatedly chrtcgrqlxrd on 

aillca gel and eluted with petroleum ether/dIchlorcmetlmne (2:l). A rjor fraction (SO w) 

eluted as a 2:l mixture of two closely related -da. which could not be reaolved on HPlC 

(silica gel. petroleum ether/dIchlorcnethane. 2:l). and hence vu ecetylated. The acetate8 

were l eperated by HPW (silfa gel. petroleum ether/ethyl ecetate. 96:5). 

Lanhlapuol A ecetate (15 5) cryatelllxed fra aqueous etlmnol. m S3.5-S4’C.. Ita 

molecular formula, C17Hz$r02. ma established by high resolution EIB9. It Is UV-trenepmrenr. 

Ita ‘H WlIR spectrum diaploya five mthyl reao-ea. an ecetoxy methyl at 62.94. two mathy 

of an isopropyl at 60.78 and 0.89. coupled by J = 7Hz to a methine at 81.60. Two rminirg 

methyl8 are singlets. one allplmtic at 60.96. one vlnylic at 81.64. On. la field ‘H )IIR 

~1~1. a brad triplet at 66.21 la coupled to the vinyl athyl. Tlw mcetm methine triplet 

at M.90 (J = 10.5 Hx) war ur~&lguoualy aaalgrmd by carprriaon with the ‘H Bl6l spectrum of 

the alcohol mixture. which exhibits two triplet hydroxy athines (63.4. 3.5, both J = 9.9 Hz. 

2:1). The third low field ai~rml vu assigned to a br cmmthine (M.M. dd. J. = 6.9. 3.5 

Hx). These &to. toqsther with tvm olefinic al-la In tha 13C 1(IIR apectnm at 6134.7(s) cud 

122.2(d) delineate Iu~lakapuol A as a bicyclic aeequiterpene. 
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Part atructuro * tollm from 1 H I(#I docoupllrg experiumta. which mhor H-6 coupled to 

two non-aquivrlent mothilw8, H-6 (61.96. Ill, d. J = 10.7 Hz) mod H-7 (81.39. 1H. dt. J - 2.4. 

10.7 Hz). H-7 im else coupled to the Iwqropyl rthim md to overleppillq migrls in tin hich 

fleld rmglon of ths spectrum. Rrtirl structure b I# dorived fra decoupll% uui %-C%Y m 

experlmrmtm. which mhor tlmt two mn-mqulnlont rllyllc rthlnoa at C-2 (62.85. br d. J = 12.1 

Hz end 2.55. ultiplot) we coupled to the bromae thlne (H-l). llm gram structure of 

lmkaleguol A metate (3) oarbinos tlnae two put structuroo with a qutortmry rthyl (c) d 

tw rthylmm. 

Lmhlapuol B ecemto, (7~). 4 93.5-94’C. [a]R -93.. C17R27Br02. Is M I-r of 

lu?kalrpwl A ecetite. C4v1ous differences In the ‘ll m spectrum of B mo two rather than 

one olefinfc l igmls (64.77. 1H. br d. J I 2 Hz: 4.66, 1H. br d. J = 2 Hz) d only four 

methyl l igmlm. Pertirl structure 2 wm present In l~lmpuol B metite. u shorn by 

dmcoupllw ud UXY experimntm. l&ever, the bromomthlne N present in a different 

isolated apin system. prrt structure d. This rlloved usigment of the gross structure of 

lmlml~ol B uomte (4) u the A4’121somr of lmlalquol A uatrte (3). 

Relative atereochalstry us inferrd fra caupll~ amstmts mod m]E eaperI=ents. Ihe 

ontL relrtlonrhip bet- H-5 ud H-6, end betwnn H-6 erxl H-7 mm hend on c~pli~ U)Nt.mta 

of 10.5 Hz5 &on Irrrdirtion of H-6. a nuclar Ovwlnwer mlmuxment of H-l providd the 

uzmxpectd result that the ring fusion mst b fSR. This l4E elm eatrbllshem tht the 

brmomthlnd mst be axial. ti relative storaochemlstry. of both aubollte@. mst be lB*. 

5.B*. 6f. 7g*. 1on”. 
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Single crystal X-ray diffraction data { infn) couplbd with ‘H NXII data establlah 

that both lanlmlapwls are cta-eusdosmnor. apparently unique uong Lpurmcto - Aplysto 

mtabolitan. Wore rrrrkabla~ IS tha opposite awl nearly oq~~l optical rotation of the two 

laomers which necessitates that all five chiral oentars =st k enmntiomerfc and that 3 and 4 

poswss oppo8ite abaoluto configumtiun. Ibis ins baen prwfously emountemtd in different 

lourencta-AplUsia usquitorpwma. 0.S. hetarooladol fra I.. ftltforas forr hctct-ochda6 ani 

brasudol fra A. &usiLlo~.~ which are sirsilar in structure but possem ommitc absolute 

configuration. In tk lankslapuol case thr antipodes arise fra tha oaae orgsnisa. A. 

dactylassia. 

The ab8olute ster&lstry of lanbal~l A acetate -8 aStabli8hod by X-ray un~lysi~ 

of crystals grown fra ethanol/nter. Tha positions of the tw brains atow in the 

Ftric unit were deternimd uslrg HIlLTAM-IK).* Three cycles of full-mtrlx least-squares 

refincmt of two isotropic broPiw at- usi= SHELX-76’ iad to 81 = (XI%-fEJj)/Z& = 0.365. 

Then 32 additional non-hydrqa atorss woto found in a difference Fourier function. The 

Isotropic rsflmwn t of the broalne atow and of these 32 -hydrogen atans led to El 01 

0.251. The wbmquent anlsotropic reflnwnt of the two braino atars with the other 

non-hydrogens isotropic lad to 11 I 0.121. Tlw 6 rarinin( non-hydrogen atoa8 mre fotmd in 

an ansul~ difference Fourier function. After two cycles of fullwtrix least-squarw 

ani8otropic rsfinment 
10 

of 811 non-hydrown at-. R2 = [Z&L- I%/)2/Q&o ] 
2 l/2 f 0.9923. 

Rapsating tbesa rrfimmn ts xitb the invertad structure led to B, = 0.0949. Cm mre cycle of 

refinmnt of all anisotropic non-bydro(en atoms. with 24 calculated hydrwen poaltiom held 

fixed. led to 4 I 0.0925 for the inverted structure and 81 - 0.0979 for the origiml 

structure, which was thoreforo taken to be correot. A difference Fourier function with phues 

calculated wily 40 anisotropic non-hydrogen posltions mrled all hydrogmn positions. 

Full-mtrix least-squares ritb anisotropic therm1 paramters for all non-hydrogen atom and 

isotropic ones for all hydrogen atoms converged rith Bl = 0.M. & = 0.0628. and 

“goodnes~-of -f I t” I C~(Eo-tE,~12/(m-dJ1n = 2.88. The nrskr of observations used in 

least-5qmrcs rafinmnt is 2 (1667), and 2 (577) f 8 th total numbor of prrsnwers. The 

ovsrdetwn&mtion ratio (B/2) is therefore 2.7. In praotice. n#n-hydroSsn and hydrogen atoam 

were refinad in elternat* cyclrs (361 and 217 paraaoten. rwpoccively). 

The mxigu shift-to-error ratios In the fiml cycle of laast squares are 0.20 for 

non-hydrogena and 1.31 for hydrogens. In the fiml difference Fourier function (s.m.d. = 

0.093 ._/A3). the tm largeat peaks (0.34-0.46 e-/A3) were all at chalcally l@auaiblo 

posf tions. 

Tba molecular structure of lankalapuol A acr)tate is presented Figurer I, 2. snd 3. Tw 

independent rsoleculos are present in the unit cell. Figures 1 and 2 illustrate the 

differences in their structuxs and in their thrml ellipsoids. The two aoleculas, of course, 

have the sane absolute configuration. The A rlly is a half-chir fora: the C(4) atom 1s 

0.642 it out of the least-squares plane of this ring. C(7)-C(8) by Its length Is a double 

bond. Ring B exists as a boat fons. Tha abwlute stereoa irtry. then, of lanlalapuol A 

acetate is lg. 5JjiB. 68, 78. IO& 



Figure I. Molecule I in the crystal etructure of IenkaIapuol A acetate (a). Elli’peoids of 5X 

probability *re used.ll The view 1s perpendicular to the Br(1). C(6), C(12). and C(15) plane. 

f 023 bp ’ a22 

c35 
%-- 

C36 -bQ, c37 

Figure 2. Nolecule II In the crymtel structure of lankalepuol A acetate (a). Ellipeoids of 

5% probability are used.11 The view is perpendicular to the Br(21). C(26). C(32). and C(35) 

plane. 
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Ffgurt 3. Stersoviexll of stolecules I and II in the crystal structure of lanltalapuol A 

Ellfpaofdr of 5% probability are used. I’be views are along tha - dfractfoas 

as in Figures l and 2. 

Reltlug points were obtained on a Ffaher-Johns apfkratua anf are uneorrscted. Optical 

rotatfons wem recorded on a Rudolph 16QO polarfoster. IR spectra *dre recordad on a Nicolet 

XX-S FTIR or a Perkln Elmer 467 instmmnt. W spectra wara recorded on a Bewlett-Packard 

m-7 tropbotomster. EI sass spactra were recordad on a BEAT 311 spectroater. A Wfeolet 

RR 300 spactromstar was used to record XXI RIIs 1H and 75 RBz l3 C spactra with residual pret 

of the solvent uaad as internal stmdards. 

Isolation of I.enklapuol A UK! B Acetates. Two l peclmsns of A. dactblaclo were obtatoed 

from fishcraen at Putt&ax Lagoon, Sri k&a, in April. 1983. The anlmls were frozen sad 

takeu to the laboratory &era the whole anfsala were extracted rrth dfchloromethsne/methaaol. 

The crude organic extract (120 vg) was repeatedly chromtograpbad oa a silfca gel coltma 

eiuted ritb patrolewe ather~dl~lor~t~ (2:l). A nrjor fraction (SO s& a&ted ae a 

aixture of tvo closely related wapounds. Since the cosponents of this aixturs could not be 

resolved on HPLC (silica gel, patrolsum ethef/dtchloroaethane. 2: 1). tbe alxture was subjected 

to acetylatfon. Purification of the acetates was achieved by BPLC (aillca gel. petroleum 

ather/athyl acetate, Q6:6), yielding 15 tq of lankalapuol A acetate and 7 w of lsnkalapuol B 

acstate. 

Acatylrtiar of tb 1s: Th4 mixture of alcohols (30 ) was dissolved in 

pyridins (2 mL). To the st$rrsd aixturs, 1 Of freshly disttlled Ac20 was added and tbs 

solution mm stlrrrd at rool txmp4r4ture Or4 $Olrsltt R4.4 FmV4d & m ud tb 
raeidue purified by BPIC on rfilce Sel (petroleum ether/ethyl aoatata, Q5:5, yiefding 15 q~ of 

1 lapuol A acetate (3) and 7 m of Iankalepuol B acetate (4). 

LrnhLplol A metate (3). Whit4 crystal4 (othanol/rrtsr): ap 83.~S4.O’C; [aJB= +@I’ (Q 

0.477, RCOH): IR (fila): urux 3100. 3Oa3. 2930, 1700. 1m. 1300, Umca-l; w (czfC13). end 

(X) 3.ew3.H (0.3). 2S2/2S4 (29). 239/24l (422). 20312a5 (331, 

159/161 (38). 43 (loo); IRS on fg#‘I 2& (R” - X&c) 282. (I *lculrttd for C15B23B”. 

CBC13): d 5.21 (lH, R-3, br s). 4.90 (lH. H-6. dd. J = 10.6. 10.5 

Bz), 4.56 (IH, H-I. dd. J = 6.9, 3.5 Hz). 2.89 (1% H-Z&. br d. J = 18.1 Hz). 2.56 (If?. H-2b. 

a)* 2.13 (Hi. H-Qa, dd. J = 10.5.3 Hz). 2.04 (3B. I$-OAc. s). 1.95 (1H. IF-B.d.d-10.7 Bz. a). 

1.64 (3H. H3-12. bra). l.tW(lH, H-13. m). 1.49 OH, If-&. m), 1.39 (IH. H-7. dt. J = 2.4. 10.7 

Hz), 1.19 (W. H-9b. -8b, a). 0.s (3ii. g-11. s), 0.89 (3B. H3-14. d. J = 6.9 Bx). 0.78 (3% 

H3-15, d, J = 6.9 Hz: 13c RRR (76 RHZ. cm3): 6 170.2, 134.7. 122.2. 77.2, 55.0. 53.6. 49.1. 

39.6, 37.1. 36.2, 26.0. 24.6. 21.8, 21.4, 21.2. 17.6, 16.1. 
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I-II B _tmta (4). Bhit0 _atals (ethaaol/rrtw); 4 93.6-94.5-C: [a], - 93’ (E 

- 1.0. Rar); IR (film): ” _.3600. 2930. 1730. 1370. 12uJ. 1630. 890; uv (cm3). and 

absorption only; EIIB (70 -oV), B/R (X) M2/344 (Ok). m (38). 239/241 (38). 203 (Se). 

159 (39). 43 (100); HRExm on &R a62 (If’ - m&c). 262.0985. calculated for cl&p* 

282.CQ64: ‘H )oIR (300 WT. CBC13): 6 5.66 (1H. H-6, dd.‘J = 10.7. 10.7 Hz). 4.77 (IH. H-l*, 

br d. J = 2 Hz). 4.66 (1H. H-K&, br d. J = 2 Hz). 4.49 (1H. H-l. dd. J = 4.8. 12.1 Hz). 2.66 

(1H. H-h, br dt). 2.24 (1H. H-2b. br dd) 2.13 (1H H-S. d. J = 10.7 Hz). 2.06 (u(. H-3a. -3b. 

-a. -9a. I). 1.96 (3H. H3-<u”. s), 1.74 (1H. H-13. dsw. J I 1.5. 7 Ha). 1.49 (1H. H-7 br 

ddt). 1.26 (1H. H-9b. I). 1.1 (la. H-8b. m). 1.0 (3H..H3-11. 8). 0.90 (3H. H3-‘4. d. J = 7.0 

Hz). 0.81 (3H. H3-16. d. J I 7.0 Hz): % w)(R (75 m. CllC13): b 170.3. 144.0. 133.7. 70-.8. 

59.0. fYf.6, 47.8, 41.3. 37.2. 34.1. 32.1. 26.8. 23.3, 20.9. 20.8. 18.0. 16.4. 

ckyatalIqrqblc aaa1ysia: Cleat colorloaa cryarals of lankalapuol A acetate wre gram 

frcm etlmnol/Tater l olutlon. Their density as determined by flotation in BH4Br solution la 

-3 
1.2gca , so thorofore z = 4. lho crystal wed for intetuity -r-m _ cylindrical 

with dlmnmlonm 0.4 X 0.4 X 0.2 1. Prelimimry experimnts l hoTul thim rtorial to be 

mnocllnic Tlth the folloT1w cnll constanta: B = 10.275(5). k = 9.5861(29). R = 20.446(12) 

A. p= 117.81(4)‘. y = 1781.3(14) 
3 

A , Z = 4. E(OO0) - 720. wlecular TeiRht I 343.286 _. 

lIm sywa group _ b l it)mr pZl or P21h on tlm buim of my8trrtic aboonwa. k odd for 

(W). lIm structure _ aolvod in P21; tb #pau group for N& a chiral mtU?d prOdUOt 

uut be tmn-cantric. 

All diffraction intermitlea Tara ohorvad on a Syntu Ei autmtd dlffractaater u8iw 

Ro k radiation [bl. w.70830 A: &x2, A-O.71368 a] and a graphite -hmtor. Ilm all 

cotmtanta and their standard dewiatiotm Tare determined by a l_t-qre* traa_t of the 

wlar cootdilutes of 15 lndqmmknt roflectlona Tith 28 < 21.75’. llm 6-29 scan Dal* _ 

used Tlth a constant scan rate (u) in m of 2. rin -1 
. nm background tia to 8can tia ratio 

UWKI _ 1.0. llm wan rarge variad fra 1’ (26) belor the pl pak to 1’ above that of 4. 

ho standard reflectionm. maasurod after each 97 reflections during the cow80 of data 

collection. &wed a regular decrease of about 23x in intetmity due to the deteriorrtlon of 

the crystal; the appropriate correction _ mde. 

Standard deviationa Tere aamigrmd to the intsnaltles accordin to the fo_la: 

dX) = cm + 8, + Ip2 + (ti)211n 
There CT 1s the total lnte6rated count, Bl and B2 are the background counta. and the intensity 

l~~=o(Cr-& -4). A value of 0.62 _ assl~vmd to the aplrical paramter R to account 

for physical and ltmtnnrntal imccurw~ler. 
12 

7Im Teights R wed in lut-rquuor retinaant 

of tha structural puuetow Tore tb reciprocal aqtmrw of o(L,). of the 3291 unique 

rsfloctlwm -red. thomo for Thich 2B < M.O”. 1667 Imd intensities grater tlmn three 

tlar their sundrrd deviatlanr: only those Tore u8od in wbeaquont calculat~ona. llm 

lntensltlea auurad Tare corrected for Lorentz and polarlzatlcm effects. 
13 but not for 

absorption (p = 22.8 &‘). l4 The wnochrutor crymtal _ usund to be hlf perfect ud 

lmlf aric in chracter in the polarlr.ation correction. 7710 atomic mcattsri~ factor* for 

Bra. 0’. Co (bonded). and Ho (bonded) Tere used: 
14 all but the lut Tore corrected for the 

effects of anomlous dispersion. 
14 

Ac)~~I~T- We thank Prof. E. A. Ray for identification of Aplysio doctulaula _ 

the Natural Resources. Enerw and Science Authority of Sri Lanka for grant RWEW24 (to EDds 

and Unrr) for flnanclal -port. 
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&ta m Tables of l taic and therm1 prramterm with l .m.d. *8. 

bond distances and a&em. deviationa of atma frm least-qmrea pluvr. mxi animotroplc 

the-1 garuatera with e.s.d.‘s for non-hydrogen atoru. See Notice to Authora. Tetrahedrm 

r) (2). ii(19B4). 
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