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Constituents of the digestive gland of molluscs  of the genus Aplysia. 
II. Halogenated monoterpenes  from Aplysia limacina 

F. Imperato, L. Minale and R. Riccio I 

Laboratorio per la Chimica di Molecole di Interesse Biologico del C. N. R., via Toiano 2, Arco Felice, Napoli (Italy), 
and Istituto di Chimjca Organica, Universitd di Catania, Catania (ltaly), 8 March 1977 

Summary. The digest ive  g land of the  sea hare  Aplysia  l imacina,  collected in t he  bay  9f Naples,  conta ins  an a r ray  of 
po lyha logena ted  monote rpenes .  The 2 major  c o m p o n e n t s  are 3 ,4-erythro=7-dichloromethyl-3-methyl-3 ,4 ,8- t r ichloro-  
1,5 (E), 7 (Z)-octatr iene (1), p rev ious ly  isolated f rom pacific red  a!ga P tocamium car t i lagineum,  and  the  new 3,4-threo- 
7-dibromomethyl-3-methyl-3,4,8-trichloro-l,5 (E), 7 (E)-octa t r iene  (2), whose  s t ruc tu re  has  been  assigned on the  basis 
of ana logy and  of spect roscopic  data .  E x a m i n a t i o n  of ex t rac t s  of local red algae revealed t h a t  1 was p re sen t  in Plo- 
c a m i u m  coccineum. 

In  r ecen t  years  the  chemical  cons t i t uen t s  of the  digest ive 
g land of a n u m b e r  of op i s t hob ranch  molluscs,  especial ly 
be longing to  t he  genus Aplysia ,  have  been in tens ive ly  
inves t iga ted ,  leading to  the  d iscovery  of a va r i e ty  of novel  
t e rpenoid ic  molecules,  m o s t  of t h e m  conta in ing  b romine  
and  chlorine ~-*, which  are genera l ly  algal metabol i tes .  
C i rcumstan t ia l  evidence po in t ing  to  t he  exis tence and  
possible s torage of algal me tabo l i t e s  in the  digest ive gland,  
which  could, in turn ,  p rov ide  the  componen t s  of t he  
defens ive  secret ion,  have  been  repor ted  b y  Fau lkner  and  
his associates 5. 
We  also became  in te res ted  in Aplysia  and  have  examined  
the  more  c o m m o n  m e d i t e r r a n e a n  species. Recen t ly  we 
have  descr ibed a series of a closely re la ted  d i te rpenes  of a 
nove l  pe rhydroazu lene  class e,7 f rom A. depilans,  also 
found  in t he  b rown  alga D ic tyo t a  d i cho toma  7, s. 
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Gas chromatographic trace of the polyhalogenated monoterpenes 
mixture of Aplysia limaeina (column of 1.5 m of 3% SE-30 on 100- 
200 mesh Chromosorb W, temp. 130-270 ~ Molecular formulas 
estimated from GC-MS13: la, Cx0HlxC15; lb, Ca0HllCI4Br; 2a ,  
C10Hx~Cl4; 2b, CxoHlsC13Br; 2c, Cx0HtxC15; 2d, C10Hx3ClaBr2; 2e, 
C10HnCI3Br~; 2f, Ca0HlsClsBr v 

E x a m i n a t i o n  of the  ex t r ac t s  f rom the  diges t ive  gland of 
A. l imacina has  now led to a complex  mix tu re  of poly-  
ha logena ted  mono te rpenes ;  and  in th is  paper  we wish to  
describe the  2 major  componen t s ,  hav ing  a 3, 7-d imethyl -  
1, 5, 7-octa t r iene skeleton.  Po lyha logena ted  mono te rpenes  
were f irs t  i solated by  Fau lkne r  e t  al. f rom the  digest ive 
gland of Aplys ia  californica 3 and  also f rom red  algae 
P locamium sp. ~  and Chondrococcus  h o r n e m a n n i  1~. 
Materials and methods~ The digest ive gland f rom 5 adu l t  
animals  collected in t he  b a y  of Naples  were excised and 
ex t r ac t ed  w i t h  acetone.  E t h e r - w a t e r  pa r t i t i on  of t he  
residue and  c h r o m a t o g r a p h y  on silica gel in ch loroform of 
the  e ther  e x t r a c t  (5.2 g) yie lded in the  f i rs t  f ract ions  a 
complex  mi x t u r e  of ha logena ted  mono te rpenes  (1.6 g) as 
shown in t he  gas ch roma tograph ic  t race  (figure). Chro- 
m a t o g r a p h y  on p repa ra t ive  SiO 2 TLC in n -hexane  at  5 ~ 
(3 stages) gave 2 pr incipal  f ract ions  (visible unde r  UV-  
light).  R e c h r o m a t o g r a p h y  of t he  major  less polar  f rac t ion 
(containing l - l b )  on p repa ra t ive  a lumina  TLC in n- 
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hexane  gave pure  1 while the  more  polar  f rac t ion  (con- 
ta in ing  2 - 2 f )  was  sub jec ted  to p repa ra t ive  gas-l iquid 
c h r o m a t o g r a p h y  z4 to  give pure  sample  of t he  t r ichloro-  
d i b r o m o m o n o t e r p e n e  2. 
Results and discussion. Compound  1, which  accounts  for 
ca. 80% of t he  t o t a l  ha logena ted  mono te rpenes  in 
A. l imacina  [~]D + 4.8~ (Lit + 5.1~ 11, ~ma~ 242 n m  
(e, 14, 550 in cyclohexane) ,  (Lit. 243 nm) 11, had  a MS wi th  
M + 306, 308, 310, 312 and  314 cor responding  to  Cz0HazC115 
and  major  peaks  a t  m/e  217, 219, 221, 223 (CnHsC14 +) and  
89.91 (base peak,  CaH6CI+ ). The II-I-NMR of th is  mate r ia l  
also fully conforms  w i t h  t h a t  of 3, 4-erythro-7-dichloro-  
methy l -3 -methy l -3 ,  4, 8-trichloro-1, 5(E), 7-octatr iene (1) 
prev ious ly  isolated f rom the  pacific red alga P locamium 
car t i l ag ineum z~. 

Table 1.13C-NMR chemical shifts for 1 and 2 ~' 

1 2 

C-1 116.4 116.5 
C-2 b 139.3 139.5 
C-3 71.7 71.7 
C-4 ~ 68.7 69.4 
C-5 a 119.0 123.2 
C-6 a 126.6 124.1 
C-7 137.6 137.0 
C-8 a 130.3 132.3 
CHX2 ~ 65.5 36.8 
CH 3 25,1 25.1 

Spectra were determined in [2H] chloroform at 25.20 MHz with a 
Varian XL-100 Fourier Transform spectrometer operating at both 
proton-noise decoupling and off-resonance modes; chemical shifts 
are given in ppm with respect to internal Me4Si. bAssigmnent based 
on selective decoupling. ~ 2 carbons were differentiated by se- 
lective decoupling, aAssignments may be reversed. 

Table 2.100 MHz 1H-NMR (CC14) data for 2 

(5 (ppm)/J (Hz) 
CH 3 HA HB HC H-4 H-5 H-6 CHX 2 H-8 

1.78 (s) 5 .37  5 .24 6.02 4.48 6 .54 6.58 6.76 (s) 6.30 (s) 
JAC = 16.5 J4,5 ---- 8 ~ 
JBC = 10.5 J5,6 = 16, 

�9 Coupling constants as measured from the spectrum run in enD6, in 
which the AMX system formed by H-4, H-5 and H-6 was susceptible 
to first order analysis with signals at 4.14 (H-4), 6.02 (H-6) and 
6.16 (H-5) ppm. 

The 13C-NMR-data of 1, collected in table  1, well s u p po r t  
th is  ass ignment .  The second major  ha logena ted  mono-  
terpene,  2, la in  - - 9 . 7 ~  (c, 0.4 in CHC13), ~max 252 
(e, 0.040 in cyclohexane)  did no t  show a molecular  ion, 
bu t  t he  presence  of f r agmen t s  a t  m/e  305, 307, 309 and  
311 (C6HsBr2C12 +) and  m/e  89, 91 (base peak) (C4HeCI+) 
sugges ted  the  molecular  formula  C10HnC13Br2 f rom anal-  
ogy w i t h  the  f r ag men t a t i o n  of the  re la ted  co mp o u n d  1. 
The ZH-NMR (table 2), also showed a s t r ik ing resemblance  
to those  of 1 and  al lowed only  2 gross s t ructures ,  2 or t he  
a l t e rna t ive  one hav ing  a b romoch lo rome thy l  group in- 
s tead  of the  d i b r o m o m e t h y l  group and  the  b romine  
ins tead  of the  chlorine a t  C-8, to  be assigned to the  new 
monote rpene .  Specific locat ion for the  halogen a toms  
followed f rom 13C-NMR-spectrum (table 1), which  was 
very  similar  to  t h a t  of 1 w i th  t he  only  notab le  excep t ion  
t h a t  t he  chemical  sh i f t  of the  d iha lome thy l  carbon is up-  
field shi f ted  b y  28.7 ppm.  This  is only cons is ten t  w i t h  a 
d i b r o m o m e t h y l  ca rbon  z5 and in addi t ion  r ep lacemen t  of 
the chlorine b y  a b romine  a t  C-8 should produce  a marked  
upfield shif t  (ca. 11-12 ppm) a t  the  a-carbon and  a down-  
field shif t  (4-5 ppm) a t  the  fl-carbon 15. The s te reochem-  
i s t ry  of 2 was  t e n t a t i v e l y  assigned by  using the  1H-NMR 
empir ical  rules developed by  Mynderse  and Fau lkne r  n 
for the  ass ignments  of s t e reochemis t ry  for P l o c a m i u m  
car t i lag ineum metabol i tes .  The chemical  shif t  of t he  
m e t h y l  signal sugges ted  the  th reo  conf igurat ion a t  car-  
bons  3 and  4 and the  chemical  shif t  of p ro t o n  H-6 
(d 6.58) ind ica ted  t h a t  the  7,8 double  bond  has  the  E 
geomet ry .  
An examina t i on  of the  gut  con ten t s  of A. l imacina  re- 
vealed t h a t  it  had  been  ea t ing  main ly  the red alga 
Gracilaria verrucosa.  E x a m i n a t i o n  of hexane  ex t rac t s  of 
sun-dr ied  Gracilaria ver rucosa  and  G. compressa  did no t  
reveal  the  presence  of ha logena ted  monoterpenes ,  b u t  1 
accompained  by  1 a has  been  de tec ted  by  GC-MS in 2 dif- 
fe rent  spec imens  of P l o c a m i u m  coccineum collected f rom 
di f ferent  h a b i t a t s  (Naples and  Catania).  This  m a y  indica te  
t h a t  the  an imals  have  s tored  in the  digest ive g land the  
metabo l i t e s  f rom Plocamium,  p robab ly  an occasional  
c o m p o n e n t  of the  sea hare ' s  diet,  and conf i rms the  
endear ing  abi l i ty  of the  sea hares  to  concen t ra te  t he  more  
in te res t ing  compounds  f rom the i r  d ie t  16. The algal source 
of t he  minor  ha logena ted  mono te rpenes  remain  to  be 
discovered,  a l though  the  failure to  locate  t h e m  in 2 
P locamium specimens  migh t  indicate  t r ans fo rma t ions  
wi th in  t he  digest ive gland.  
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Summary. 4 types  of r ibof lavine an tagon i s t s  have  b ro ad - s p ec t ru m ac t iv i ty  in pou l t ry  coccidiosis. 5-Deazar iboflavine 
is mos t  effect ive.  10-Benzyl analogs of r ibof lavine  cont ro l  in tes t ina l  species of coccidia. 

Many  B-complex  v i t a m i n  an tagon i s t s  are effect ive for t he  th is  purpose .  Likewise,  ant icoccidial  ac t ion  has  been  ob-  
p r even t ion  of coccidiosis in pou l t ry  and  o t h e r  species, se rved  w i t h  an tagon i s t s  of nicot inic  acid ~, choline 5 and  
Sulfa-ant i fol  combina t ions  1, a non-sulfa  P A B A  an tago-  py r idox ine  6. 
n is t  2 and  an t i - t h i amines  s are used as feed addi t ives  for 


