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In 1938 l lanske reported (2) a 
neutral substance obtained from F u -  
mar ia  oficiizalis (Papaveraceae) that 
was eventually shown to be the mono- 
terpene loliolide isolated from the 
perennial ryegrass Lo1,'iLm peretiiie 
(Graminae) and nicely assigned struc- 
ture 1 by Hodges in 1964 (3). Sub- 
sequently loliolide has been identified 
in 14 other higher plant species repre- 
senting a total of 13 familiec (table 1. 

variety of related substances ( l i ) .  
Similarly, photolysic of the zeaxanthin 
diepoxide (violaxanthin) from yellon- 
pansies (V;oLa /r,'color) yields a mix- 
ture containing loliolide (18). Both 
zeasmthin and violaxanthin are ubi- 
quitous carotenoid pigments and may 
certainly account, in part, for loliolide 
formation in some plant species. Fur- 
thermore, even mild nickel (IT) oxide 
oxidation of flavoxanthin and chry- 

TABLE 1. Isolation of loliolide from terrestrial plants. 

Plant I Family ~ Reference 

Acnist i ts  nrborescexs .  . . . 

.-1 m i c a  mottinnu. . . . 
Cnxscora deciissata,  
Cocciiliis cnroliniis.  , . . 
Cypholopiiiis dec ip ie t i s . .  . 
Digitalis latiata . . . . . 
Digi tn l i s  pirrp i t rea .  . 
Fiii7iaria 0-ficimlis 
Lolizi~i p e r  e m  e 
Lytiirztiii salicnrin. 
JleTignnthes f r i fo l ia ta  
*\-icn )id m pii ?sa loides . 
Plai i fngo  lniiceolnta. .  . 
Plo.:ifngo m a j o r ,  , . . . 
Tripe ta le i0  p m i c u l n t a  . 
1-lidaria pii i i inti f idn.  . . . . 

, 
I 

I 

~ 

1 

(4 ) Solanaceae 
Compositae (5 
Gentianaceae 1 (6) 
Menispermaceae ( 7 )  
Urticaceae I (8) 
Scrophulariaceae 1 (3) 
Scrophulariaceae (3, 9) 
Papaveraceae ( 2 )  

Lythraceae (10) 
Menyanthaceae (11) 
Solanaceae (12) 
Plantaginaceae (13) 
Plant aginaceae (14) 
Ericzceae (15) 

(16) Laminariaceae 

-1 

Graminae 1 (3) 

1 

4-16), The occurrence of loliolide in 
higher plantc appear. on the way to 
besoming fairly common. Presuni- 
ablj- loliolide arisei: as an oxidation 
product of certain plant carotenoids 

The photochemical oxidation of 
zeaxanthin (2) ithe yelloiv pigment of 
corn, and the petals of Phyrallr) has 
been found to produce loliolide and a 

(6). 

'Contribution 69 in the series Antineo- 
plastic Agents. For part 68 refer t o  (1). 

santheniaxanthin from the flon er- 
heads of T a r a x a c u m  oficiiiale (Coni- 
positae) was found sufficient to afford 
Ioliolide in 2ayG yield (19). Such ex- 
perimeiits quggest that  loliolide might 
be foriiied by an oxidative reaction of 
such carotenoids during iqolation. 
Hoi: ever, there i. evidence (6) that  
loliolide ma? be a normal plant metab- 
olite. The roots of Canrcora decurrata 
(Gentianaceae) found to be free of 
carotenoid pigments still yielded Iolio- 

i 5 2  
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lide. As pointed out by Ghosal and 
colleagues ( G ) ,  loliolide may be a nor- 
mal metabolite of violasanthin, knoxn 
to occur in the flou-ers and fruit of this 
species, and may move to the roots 
during gron-th. 

The photochemical conversion of 
zeaxanthin to  loliolide allon-ed assign- 
ment of the absolute configuration 
(17). aiid a circular dichroism study 
substantiated the configurational ori- 
entation (20). X varietp of total spn- 
theses of (*)-loliolide (21. 2 2 ,  23: 24) 
and a recent synthesis of (-)-loliolide 
!23) have ampl!- confirmed the skeletal 

-- 
LOLIOLIDE a3 

Loliol ide 1 

Initially D .  ecaudata was collected in 
the Kestern Indian Ocean in 19i2; 
the recollection used in the present 
-tudy 11 a- obtained in the fall of 1976. 
-Ai1 ambient temperature ethyl alcohol 
extract n a s  *eparated by a seriea of 
.olvent partititon steps to provide a 
chloroform -oluble fraction. Careful 
chromatograpl~ic separation of this 
mixture n ith d i c a  gel provided both 
dolatriol? (3), nhich n e  previously iso- 
lated from Dolabella aiirL'cidarta ( X ) ,  
and a fraction containing (-)-loliolide. 
Further .eparation of the latter frac- 
tion by partition chromatography on 

OH 

OH 

Dola t r io l  3 

HO 

Z e a x a n t h i n  2 

and configurational relationships as- 
signed this substance. Furthermore, 
some of the more recent references per- 
taining to loliolide contain spectral 
data (infrared to 1"-nmr) leading to 
the same general conclusions. In 
short,, loliolide is R lye11 c!iaracterized 
higher plant constituent that seems to 
hare  escaped previous biological eval- 
u a t ion. 

-1s part of our detailed inr-estigation 
~ 26. 27) of opisthobranch inoll~.;..c,~ a , ~  
new soiirce.5 of potentiallj- useii:,! can- 
cer cheiiiot1:erapPutic drugs. a stud>- of 
the Indian Ocean Dolabella ecaiidclta 
11-as undertaken. One of the cyto- 
toxic cousti~uents of thi? green sea 
hare n-as found to  be (-)-loliolide. 

Sephadex LH-20 provided crystalline 
( - )-loliolide. Originally some 10 niilli- 
granis of this substance n-as obtained 
and the structure n-as ascertained by a 
combination of mass spectral, infrared. 
and proton (and carbon-13) nuclear 
magnetic resonance measureme:its. 
Comparison with an authentic speci- 
inent of ( -)-loliolide3 confirmed the 
structural assignment . The isolaiion 
of (-)-loliolide from Dolabella ecairdatu 
represents. to our knoxledge, t!ie first 
discovery of this cLtbstance in  aliima! 
ti-... -.>Lie. Perhaps (-)-loliolicle i.s not :I 

2.i series of other nem diterpenes have been 
isolated from Dolnbclla cal2j'or)iicn (28, 29). 

3 i le  mish t o  thank Professor I?. Hndges 
for generously providing this sample. 
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natural constituent of Dolabella ecau- 
data but, rather, a carotenoid artifact 
produced during isolation or a dietary 
(algal) by-product. A definitive an- 
m e r  to this queqtion will have to  
a n i t  results of experiments specifically 
designed to assess the matter. 

An evaluation of (-)-loliolide 
againyt cell lines from the Xational 
Cancer Institute's human nasopharynx 
carcinoma (KB) and murine lympho- 
cytic leukemia (P388) (30) gave cell 
growth inhibition values (EDjo) of 
10 ,ug:ml and 3.5-22 ,ug,'nd, respec- 
tively. Hov-evei, at doses of 2.5-  
10 mg,/kg against the P388 l ~ z  Z ; T O  

system (31) (-)-loliolide proved to  be 
inactive. 

AsIxtL COLLECTIOK .-The Western Indian 
Ocean (Mauritius) green sea hare Do/abeila 
ecazideta was initially collected and examined 
in October 1972. The present study was 
completed with a recollection (summer 1976) 
of D. ecazidnta preserved in ethyl alcohol. 
The total volume of sea hare preserved with 
ethyl alcohol amounted to approximately 
44 liters. 

EXTR~CTION A N D  SOL\ EST P~RTITIOS PRO- 
CED L-REs.-The ambient temperature e thy1 
alcohol extract from 44 liters of D .  ecaiidaia 
w-as concentrated to a dark oil (1.64 kg) 
The total ethanol extract n-as partitioned 
between chloroform (6 x 1 liter) and n-ater 
(1.5 liters); the chloroform extract was con- 

4All solvents employed for chromatog- 
graphy were redistilled. Sephadex LH-20 
(25-100 p )  was obtained from Pharmacia 
Fine Chemicals and silica gel (0.054.2 mm) 
from E. Merck (Darmstadt). Precoated 
.4naltech Uniplates designated silica gel 
GHLF, were used for tlc and were developed 
with an anisaldehyde-acetic acid-sulfuric 
acid spray (34). All melting points are 
uncorrected and were obtained using a 
Koefler melting point apparatus. Dr.  J. 
Witschel, Jr. provided both the 'H-nmr 
spectra (deuteriochloroform, TRIS internal 
standard) using a Tarian XL-100 spectrom- 
eter, and the infrared (KBr) spectra using 
a Beckman model 12 instrument. The 13C- 
nmr data was obtained with a Bruker WH- 
90 nmr spectrometer (at 22.6 RlHz in ppm 
downfield from TLIS). ?\lass spectra were 
determined with RIAT CH-4B and SRI-1B 
instruments. Optical rotations were mea- 
sured using a Perkin-Elmer model 241 
polarimeter. 

centrated in VUCZLO t o  a dark green oil (10.88 
g ) .  -4 solution of the chloroform fraction 
in 9:l methanol-water (200 ml) when ex- 
tracted n i th  hexane (9 x 100 ml) provided 
3.19 g of hexane extract (32). The aqueous 
methanol solution was diluted to 4:l  meth- 
anol-m-ater and extracted (9 x 100 ml) with 
carbon tetrachloride. Removal of the sol- 
vent from the carbon tetrachloride extract 
yielded a 3.26 g fraction. Final dilution of 
the aqueous methanol solution to 3:2 meth- 
anol-n-ater and extraction n-ith chloroform 
(7 x 100 ml) led to 3.33 g of chloroform 
extract. 

ISOL.ATIOS OF DOL'ATRIOL (3) .-Yearly all 
(3.26 g) of the chloroform fraction was pre- 
absorbed (33) on silica gel (15 g),  and the 
dry mixture-silica gel was added to a dry 
column of silica gel (225 g, 4 x 32 em). 
Gradient elution chromatography, beginning 
a i t h  hexane and proceeding through hexane- 
ethyl acetate, ethyl acetate, ethyl acetate- 
methanol and methanol solvent systems and 
collecting 6 ml fractions, afforded in frac- 
tions 607-650 the diterpene dolatriol (3j pre- 
viously isolated from Dolabella aitricularia 
(26). The fractions containing dolatriol 
corresponded to 7:3 hexane-ethyl acetate. 
Recrystallization of dolatriol (3,60 mg) from 
methylene chloride-heptane gave a pure 
specimen n-eighing 4.7 mg tha t  n-as identical 
(infrared spectral comparison and mixture 
melting point determination) with an au- 
t hen tic specimen. 

ISOL.ATIOK OF (-)-LOLIOLIDE (1) .-Con- 
tinued gradient elution of the silica gel 
chromatographic column described in the 
preceding experiment and collection of frac- 
tions 741-875 eluted by ethyl acetate (1.5 
liters) and 99:l ethyl acetate-methanol (500 
ml) and combination of these fractions pro- 
vided 0.265 g of a mixture containing (-)- 
!oliolide (1). The total fraction (0.265 g) 
in 1 O : l O : l  hexane-methylene chloride-2- 
propanol was carefully layered on to a 
column of Sephadex LH-20 (2.5 x 90 em 
column) equilibrated with the same solvent 
mixture. Fractions of 2.5 ml each were col- 
lected, and those corresponding to  253-266 
yielded 10 mg (0.00067c) of crystalline (-)- 
loliolide (1).  Recrystallization from ace- 
tone-heptane afforded fine colorless needles 
melting a t  153-154" (lit. ref. 12; mp 146149" 
to 152-152.5" are generally found): [ C X ] ~ ~ D  

The (-)-loliolide isolated from Dolabella 
ecazidata was found to be identical with an 
authentic sample3 by infrared, and I3C-nmr 
spectral comparisons and by thin layer 
chromatography. 
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