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- Two antmeoplastic cyclic depsipeplides destgnated dolastatin 11 (I)  and dolastatm 12 

(2) were isolated from the Indian Ocean sea hare Dolahello nwiculonu. Dolastatins I I and I2 

inhibated growth of the PS leukemia wllh EDSO 2.7 x 10-3 and 7.5 x p9/mL respectively. 

Detailed structural studies employing 400 MHz lH,tH-COSY, 1H.'3C-COSY, NOE, and 

HMBC experiments (m addition to acid and base hydrolys~s, followed by GC-MS analysis) led 

to structure 1 for dolastat~n 11 and to structure 2 for dolastatin 12. 

Among the aplysmmorphs, the lndo-Paclfic Dolabella genus of sea hares contains the world's largest (to 2 kg) species. We 

have found another species in t h ~ s  genus, D. auncularia, to produce a series of novel antineoplastic peptides designated 

dola\t.mns 1 1 0  2 Of these, the rcmarkilhle pentapepude dolastatin 10a  appears to be the most potent (low dose) subsrance 

presently known against the U.S. National Cancer Inst~tute's (NCI) experimental (m vivo) melanomas. Among the many 

scienttfic challenges offered by the dolastatins is whether or not some (or all) are derived from dietary sources? or represent 

true hlosynrhetic products of this versatile mmne animal. We now w~sh to repon the isolation and structural elucidation of 

twu new cycllc drpsipepttdes, dolastatins 11 and 12, which exhibit cell growth inhibitory activity (EDSO 2.7 x 10-3 and 7.5 x 

IW2 irg/rnL respectively) against the murine P388 lymphocytx leukemia (PS system)4 and provide the first evidence for a 

blue~grern algae dietary 0n~in.5 

A combined ethanol-2-propanol enrract prepared from ca 1600 kg of wet D nuricularia (collected in 1982) was concentrated 

;and mh~cct~.d  to an initla1 arpilratmn by rolvenl panttionmg 6 The 2.75 kg methylrne chlondc acuve fractmn was separilted 

(PS htoassay guided) by an extenwe series of gradient column chromatographic (large scale HPLC on silica gel. sire 

exclusm and partitlon on Sephadex, small scale HPLC and adsorption on shca  gel) prmedures. Dolastatm 11 (I) was 

isolated as a colorless amorphous powder (43.6 mg, 3 x 9% yield) from hexane - methylene chloride: R, 0.57 in 

methylene chlonde - methanol - water 90 : 10 : 0.8; mp 134- 137' C; [al# -143.9' (c=0.33. CH2C12); uv (CH3OH) 

h,,, (log €1 : 223 (3.28). 277 (3.34). and 283 (3.28) nm ; ir (KBr) : v,,, 3334, 1740, 1681. 1644, 1514, 1497,1410, 

1249, 1179, and 1033 cm-I ; high resolullon FAB MS- 985.M)70 ([M+HIt forC~oH8oN80~2). 660. 549,535,469. 356. 



299. 160. 100, 86. Dolastatin 12 (2) was isolated as a colorless amorphous powder ( 10.6 mg, 6 x 10-7 % yield) from 

hexane - methylene chloride: Rf0.50 in the 90:10:0.8 solvenc mp 130 - 135' C; [a]# -98.0' ( ~ 4 . 0 1 ,  CH30H); uv 

(CH30H) a, (loge): 224 (3.82), 275 (shoulder) nm; ir (KBr): v,, 3340. 1740. 1680. 1652. 1636. 1530. 1470. 1408, 

1288. 1250. 1176. and 1090 cm-I; and FAB MS: 969 [M+HIf. 

Prcliminaq examination of the proton and carbon nmr specw indicated that dolastatin 11 was primarily a peptide. Using a 

combination of 'H,lH-COSY, 1H,13C-COSY, and 1H.IH-relayed COSY,' all of the spin sysams wen  derived. The 

presence of two glycine (Gly), two alanine (Ala), one N-methylleucine (MeLcu), one 0,Ndimethyltyrosine (0,NdiMcTyr). 

and one N-methylvaline (MeVal) units, was thus deduced. Glycine and alanine were also detected by amino acid analysisof 

the dolastatin I I acid hydrolysis (6 N HCI; 110 'C: 24 h) product. Three other smctural units wen  found: isobutyric acid 

(Ibu). 2-hydmxy-3-methylpentanoic acid (Hmp), and the &amino acid, 2-methyl-3-aminopentanoic acid (Map). The 

sequence of dolastatin I1 was first realized using nOe experiments and further established by the sensitivity enhanced 

hetemnuclear multiple bond correlation expcriment MMBC).8 

AS recorded i n  Table 1, the chemical shifts for three of the ten carbonyl groups were unresolvablc in the HMBC cxpcrimnt. 

Hence, a complete sequence determination by this method was not possible. Nevertheless, the presence of the following 

three fragments were unambiguously derived : -0.N-diMeTyr-(Ala-lbu)-Ala-Map-0-Hmp- , -McLeuCly-MeVal- . 
and -Gly-. 

In turn, these segments were assembled to yield two possible sequences forming cyclic depsipcptides. Only one of the 

sequences was in agreement with the observed n W s  and smcture 1 was established for dolastatin 11. Analysis of the 

collision activated spectra9 of selected FAB produced ions fmm dolastatin I1 and fmm its saponification (0.1 N NaOH; 5.5 

h, n) product afforded the sam conclusion. Furthermore, the al l  Lpentapeptide hydrochloride GLy-Melcu-Gly-MeVal-03- 

diMeTyr-OMe ([aID25 +66.7' (c= 0.5, CHCI3), mp 182-184 'C dec) was synthesized and its nmrcharacteristics w a c  found 

quite comparable with that xgment of dolastatin 11. 

Spectral analyses of dolastatins 11 and 12 gave almost identical results. Inspection of the 2D spectra (IH and 13C) suggested 

differences in only two units: the N-8 amide proton of the dolastatin 12 Ala unit was found replaced by a methyl group, and 

the Tyr methoxyl p u p  by a hydrogen to e v e  the phenylalanine analog. ?hese minor smctural modifications were in accord 

with the observed mass of dolastalin 12 being 16 a.m.u. lower than that of dolastatin 11 (1) and led to smcture 2 for 

dolastarin 12. 

Interestingly, Moore and colleaguesS isolated, and nicely determined the structure of a cyclic depsipeptide named 

majusculamide C from a deep water (to 30 m) variety of the toxic blue-green algae Lyngbyo mjusculn (Enewetak Atoll. . . 
Marshall Islands) that only differs fmm dolastatin 11 in having lle in place of the C-23. ZA Leu unit. Now it seems likely that 

the Indian Ocean D.owicularin has a blue-pen algae source for at least dolastatins 11 and 12 or their immediate biosynlhedc 

precursors. The apparent close relationship of dolastatins 11 and 12 to majusculamide C suggests they may share the same 

chirality. Our synthesis of the all-L pentapeptide segment and the resultant spectral comparison also points in that direction. 
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1: R, = H Rz = CH30, Dolaslatin 11 
2: R, =CHI: Rz = H , Dolastatin 12 

Even mar importantly. except fo1 Ilc vs Leu the high field (403 MHz) lH- and 13 % nmr chemical shifts fw dolastatin I I and 

majusculamide C were nearly identical. In addition, these observations provide funha  smng  suppon for the majusculamidc 

C structural proposal.5 The Ala, Ilc, Tyr, and Val units of majusculamide were found to possess the usual L-configuration 

while the pcnlanoic acid unit cattied 2-S-hydroxyl and 3-S-methyl goups. The remaining asymmetry was not cstablishcd 

and will quire appmptiatc synthetic endeavors. 



'rrblc I .  Nmr nssigmmenls, selected nOe's, and HMBC correlations for dolasmlin 1 1  (I) m CDCI) soludon .* 
HMBC (1H to l3C no.) 

2.79 dq, 7.2, 2.6 
I 10 d ,  7 0, 3 H  

5.1 1 dd. 8.4, 6.6 
3.25 dd, 14 1, 6 6 
2.82 dd. 14 1 .  8 4 

IS, 18s.  18b, 18c. 19a 
18, 19a 

dd. 179 .  2 1  
<Id, 179 ,  7 4  
dd. 7 . 4 ,  2 1 

dd. 11 1 .  4.9 
ddd. 13.3, l l  I, 3.9 

dd, l 6 . 1 . 7 0  
dd, l h l , 4 7  
dd, 7.2, 4 6 

d, 3.3 
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Biological evaluatron and tordl synthetic approaches to dolastatins 11 and 12 are in progress. So far dolastatm 11 has 

provided a 25% hfe extension in the NCI PS leukemia at 300-6(Xl pgJkg. 
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