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Abs t r ac t  - Sponges, t u n i c a t e s ,  and o t h e r  s p e c i e s  from sha l low and deep-sea 
h a b i t a t s  y i e l d  a n t i v i r a l ,  an t i t umor ,  a n t i m i c r o b i a l ,  and a n t i f o u l i n g  
compounds, as w e l l  a s  c y t o t o x i c  and immunomodulatory agen t s ;  our  s t r u c t u r e  
assignments and s y n t h e t i c  work are reviewed. Didemnin B ,  from a c o l o n i a l  
t u n i c a t e ,  is  i n  Phase I1 c l i n i c a l  t r i a l s  i n  t h e  United S t a t e s  and has  been 
syn thes i zed  a long  wi th  r e l a t e d  compounds, i nc lud ing  s t e reo i somers ,  whose 
b i o a c t i v i t y  is compared. 

The sea rch  f o r  b i o l o g i c a l l y  a c t i v e  marine n a t u r a l  p roducts  has  expanded h o r i z o n t a l l y  ( t o  new 
s i t e s )  and v e r t i c a l l y  ( t o  deeper  wa te r ) .  I n  c o l l a b o r a t i o n  w i t h  Harbor Branch Oceanographic 
I n s t i t u t i o n ,  Inc./SeaPharm P r o j e c t  w e  have r e c e n t l y  under taken  an  i n v e s t i g a t i o n  of a number 
of sponges c o l l e c t e d  a t  dep ths  of 30 t o  800 meters and demonstrated i n  t h e  f i e l d  t o  g i v e  
b i o l o g i c a l l y  a c t i v e  e x t r a c t s  ( r e f .  1). Some of t h e  compounds i s o l a t e d  from a few of t h e s e  
deep-water sponges are shown i n  Scheme 1. 
a s c r i b e d  t o  t h e  compounds have no t  been r epor t ed  p rev ious ly  and t h e  sou rces  of t h e  sponges 
a s  w e l l  a s  n e a r l y  a l l  t h e  sponge s p e c i e s  themselves are novel ,  t h e  compounds are g e n e r a l l y  
e i t h e r  known o r  of recognized  types .  An example i s  provided by compounds i s o l a t e d  from 
a new genus ( a  Goreau ie l l a  s p e c i e s )  c o l l e c t e d  a t  -698 m; t h e s e  proved t o  b e  o r o i d i n  and 
o d i l i n e ,  p rev ious ly  ob ta ined  from o t h e r  genera  of shallow-water sponges ( r e f s .  2-4 ) .  
S i m i l a r l y ,  t h e  new compounds t o p s e n t i n  and bromotopsent in ,  ob ta ined  from a sponge c o l l e c t e d  
i n  t h e  Caribbean a t  -174 t o  -360 m ,  were i s o l a t e d  s imul taneous ly  from a shallow-water 
l l ed i t e r r anean  sponge ( r e f s .  5 ,6 ) .  

While most of t h e  pharmacological a c t i v i t i e s  
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Scheme 2 
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Earlier University of Illinois expeditions (ref. 7) have also been bioassay-directed in the 
field and have provided a number of promising new drug candidates (Scheme 2). 
are the ecteinascidins (from the tunicate Ecteinascidia turbinata) (refs. 8-10), isolated by 
employing countercurrent chromatography (CCC, Ito coil) and by following separations with 
tissue culture bioautography. 
0.0004 pg/mL VS. L1210 leukemia cells and T/C 214 at 0.0338 mg/kg for P388 leukemia in mice. 
Among the most active antiviral agents are eudistomins C and E, isolated from the tunicate 
Eudistoma olivaceum, highly active at 25 ng/12.7-mm disk VS. Herpes simplex virus, type 2 
(refs. 11,lZ). A number of the other eudistomins have been synthesized (those indicated by 
arrows) but are less active. The didemnins (from another tunicate, Trididemnum solidum) are 
extremely potent antiviral and immunosuppressive agents and are currently in Phase I1 
clinical trials as anticancer agents (refs. 13-15). We recently synthesized three of the 
less polar didemnins, including didemnin B (ref. 16), and structure-activity relationship 
studies indicate strong dependence on substitution pattern and stereochemistry. 

The didemnins are accompanied by a blue-green pigment and the tunicate itself by a commensal 
cyanobacterium. We recently identified the blue-green pigment as tunichlorin (Scheme 3), 
the first nickel-containing chlorin reported from a living organism, and have synthesized 
the compound, starting from chlorophyll a (refs. 15,17). 

The sponges Agelas coniferin and A. cf. mauritiana both contain a number of putative dimers 
of oroidin analogues, including the previously reported sceptrin (ref. 18), its debromo, 
dibromo, and oxygenated analogues (not previously reported), and corresponding ageliferins 

Among these 

The most active of the six isolated ecteinascidins have ID50 
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Scheme 3 
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(Scheme 3)  r e s u l t i n g  from p u t a t i v e  4n + 2v (Diels-Alder) c y c l i z a t i o n ,  which c o n t r a s t s  w i th  
t h e  apparent  2~ + ZII c y c l i z a t i o n  involved  i n  s c e p t r i n  format ion  ( r e f s .  19-21). S t r u c t u r e  
s t u d i e s  of t h e s e  compounds involved  bo th  FABIIS/IIS and LC/FABIlS techniques  ( r e f .  2 2 ) .  The 
s c e p t r i n s  and a g e l i f e r i n s  a l l  show a n t i v i r a l  a c t i v i t y  and i n f l u e n c e  ba rnac le  s e t t l i n g .  

Considerably more p o t e n t  a n t i f o u l i n g  a c t i v i t y  has  been demonstrated f o r  t h e  r e n i l l a f o u l i n s  
from R e n i l l a  r en i fo rmis ,  a sea pansy (Scheme 4). Discovered a t  t h e  Duke Un ive r s i ty  Marine 
Labora tory ,  t h e s e  compounds were p u r i f i e d  and a s s igned  s t r u c t u r e s  i n  I l l i n o i s  ( r e f .  23). 

A compound wi th  po ten t  ( though non- therapeut ic )  b i o l o g i c a l  a c t i v i t y  r e c e n t l y  s t u d i e d  i n  our  
l a b o r a t o r y  i s  t h e  hepa to tox in  nodu la r in  (Scheme 4) from t h e  cyanobacterium Nodular ia  
spumigena. Th i s  s tudy  involved  c o l l a b o r a t i o n  wi th  t h e  Un ive r s i ty  of Canterbury ,  t h e  
Un ive r s i ty  of I l l i n o i s  Col lege  of Ve te r ina ry  Kedic ine ,  and Wright State  U n i v e r s i t y  ( r e f .  2 4 ) .  
The s t r u c t u r e  assignment r equ i r ed  e x t e n s i v e  use of HRFABElS and FABHS/!IS. The c h a r a c t e r i s t i c  
C z 0  amino a c i d  u n i t  Adda a l s o  occurs  i n  t h e  mic rocys t in s  (cyanoginos ins)  ( r e f s .  2 5 , 2 6 ) .  
I n  connec t ion  w i t h  ou r  s tudy  of nodu la r in  w e  a s s igned  t h e  a b s o l u t e  e t e reochemis t ry  of Adda 
as 22,32,82,92 ( r e f .  2 4 )  and syn thes i zed  t h e  pa ren t  molecule and p r o t e c t e d  d e r i v a t i v e s .  
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