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Abstract - In our search for cytotoxic compounds from marine animals we have 
isolated representatives from various classes of nitrogen-containing compounds, 
most of which show cytotoxic activity. Structure elucidation of these 
compounds is discussed. Included among the isolates are new acylated 
spermidines, polycyclic aromatic alkaloids related to amphimedine and 
2-bromoleptoclinidinone, and a representative of a novel sulfur containing 
3,5,8-isoquinolinetrione. 

A wide v a r i e t y  of nove l  a l k a l o i d s  have been r e p o r t e d  from mar ine  
organisms i n  r e c e n t  yea r s1  i n  c o n t r a s t  t o  t h e  p a u c i t y  of such  m e t a b o l i t e s  
d e s c r i b e d  i n  t h e  e a r l y  y e a r s  of marine n a t u r a l  p r o d u c t s  r e s e a r c h . 2  
new t y p e  of a l k a l o i d s  r e p o r t e d  i n  t h e  p a s t  few y e a r s  a r e  a s e r i e s  o f  

p o l y c y c l i c  a r o m a t i c  a l k a l o i d s  such  a s  amphimedine (1) , 3  2 -  
b r o m o l e p t o c l i n i d i n o n e  ( 2 )  , asc id idemim (= l e p t o c l i n i d i n o n e  , 3 ) ,  and 
shermi lamine  
a few y e a r s  ago when conven ien t  NMR expe r imen t s  f o r  de t e rmin ing  long  range  

H / C  c o r r e l a t i o n s  such  as t h e  one-dimensional s e l e c t i v e  i n e p t  ( I N A P T )  and t h e  
long  r ange  2 D  H / C  c o r r e l a t i o n *  became commonly a v a i l a b l e ,  unambiguous 
s t r u c t u r e  e l u c i d a t i o n  of t h e s e  rather s imple  look ing  compounds was q u i t e  
d i f f i c u l t  by s p e c t r o s c o p i c  methods.  Because of t h e  remoteness  of some of t h e  

q u a t e r n a r y  ca rbons  from any p r o t o n s ,  
a l s o  needed t o  h e l p  t r a c e  o u t  t h e  e n t i r e  s k e l e t o n .  The f a c t  t h a t  many of 
t h e s e  m e t a b o l i t e s  a r e  s p a r i n g l y  s o l u b l e  makes it d i f f i c u l t  t o  c a r r y  o u t  a l l  
t h e  d e s i r e d  NMR e x p e r i m e n t s .  

Among t h e  

( 4 ) 6  which have i n  common t h e  B,C,D,E-ring p o r t i o n  of 1. U n t i l  

2 D  13C-13C c o u p l i n g  expe r imen t s*  a r e  

We have r e c e n t l y  i s o l a t e d  a d d i t i o n a l  members of t h i s  c l a s s  of a r o m a t i c  
a l k a l o i d s  i n  t h e  c o u r s e  of ou r  c o n t i n u i n g  s e a r c h  f o r  p o t e n t i a l  a n t i t u m o r  
compounds. The source  of two of t h e  new a l k a l o i d s  i s  t h e  a s c i d i a n  Amphicarpa 
mer id i ana  which was c o l l e c t e d  a t  S tenhouse  Bay, South  A u s t r a l i a .  The 
chloroform-methanol e x t r a c t s  y i e l d e d  mer id ine ,  5, a s  a ye l low,  non- 
c r y s t a l l i n e  s o l i d  e i t h e r  v i a  conven t iona l  s u c c e s s i v e  chromatographies  on 
s i l i c a  g e l  o r  v i a  c e n t r i f u g a l  c o u n t e r c u r r e n t  chromatography ( C C C C )  u s i n g  a 
chloroform-methanol-5% aqueous H C 1  ( 5 : 5 : 3 )  s o l v e n t  sys tem.  Mer id ine ,  
C18HgN302 (HRMS), showed s i g n a l s  i n  t h e  1 H  NMR spec t rum f o r  one exchangeable  
p r o t o n  ( 1 5 . 2 6  ppm) and e i g h t  a romat i c  p r o t o n s  which were a r r a n g e d  a s  t h r e e  
i s o l a t e d  s p i n  sys tems as shown i n  r i n g s  A, D and E i n  formula  5 .  The NOE 

shown on t h e  formula  p rov ided  ev idence  f o r  t h e  l o c a t i o n  of t h e  OH and 
comparison o f  p r o t o n  and carbon NMR d a t a  wi th  t h a t  of r e l a t e d  compounds 
sugges t ed  5 a s  a l i k e l y  s t r u c t u r e .  A f u l l y  coup led  carbon spec t rum and 
s e v e r a l  l ong  r ange  H / C  c o r r e l a t i o n s  l e d  t o  t h e  carbon a s s ignmen t s  shown a t  
t h e  lower r i g h t  hand c o r n e r  of t h e  s t r u c t u r e  page .  E v e n t u a l l y  c r y s t a l s  of a 
t r i f l u o r o a c e t a t e  s a l t  were o b t a i n e d  by slow e v a p o r a t i o n  a t  5 O  C of a s o l u t i o n  
of mer id ine  i n  CDC13 p l u s  a f e w  d rops  of CF3C02D. X-ray a n a l y s i s  conf i rmed 
s t r u c t u r e  5 w i t h  t h e  added p r o t o n  a t  t h e  n i t r o g e n  of ring-A. A s t r o n g  
hydrogen bond was e v i d e n t  between t h e  OH and t h e  ne ighbor ing  n i t r o g e n .  
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During s u c c e s s i v e  i s o l a t i o n s  of mer id ine  v i a  s i l i c a  g e l  chromatography, 
a second a l k a l o i d ,  i s o m e r i d i n e  ( h ) ,  was i s o l a t e d ,  a l s o  C18HgN302. However, 
a f t e r  i s o m e r i d i n e  had been s t o r e d  i n  CDC13 f o r  1-2  days ,  t h e  1 H  NMR spec t rum 
of t h e  sample was i n d i s t i n g u i s h a b l e  from t h a t  of mer id ine ,  i n d i c a t i n g  t h a t  
t h e  two a l k a l o i d s  were t a u t o m e r s .  Three  p o s s i b l e  t a u t o m e r i c  s t r u c t u r e s  were 
c o n s i d e r e d  i n  which r i n g  A w a s  a py r idone  and t h e  exchangeable  p r o t o n  was, 
r e s p e c t i v e l y ,  a t  each  of t h e  d i f f e r e n t  n i t r o g e n s .  D e t e c t i o n  o f  a NOE between 
t h e  exchangeable  p r o t o n  ( 1 2 . 5 1  ppm) and t h e  p r o t o n  r e s o n a t i n g  a t  7 . 4 4  ppm (H- 
1) i n  t h e  p r o t o n  NMR spec t rum of i s o m e r i d i n e  conf i rmed t h a t  6 was t h e  c o r r e c t  
s t r u c t u r e .  

I n  t h e  c o u r s e  of r e i s o l a t i n g  2 -b romolep toc l in id inone  ( 2 )  f o r  b i o l o g i c a l l y  
t e s t i n g  pu rposes  from a r e p e a t  c o l l e c t i o n  of an a s c i d i a n ,  L e p t o c l i n i d e s  
s p . , c o l l e c t e d  i n  Truk Lagoon, F e d e r a t e d  S t a t e s  of Mic rones i a ,  an a d d i t i o n a l  
a l k a l o i d ,  7, was o b t a i n e d  by c o n v e n t i o n a l  chromatographic  methods.  The 
formula C18HgN302 was conf i rmed by HRMS and t h e  I R  conf i rmed t h e  p re sence  of 

a hydrogen-bonded OH (3067 cm-l) .Comparison of t h e  p r o t o n  and carbon-13 d a t a  
of 3 and 7 r e v e a l e d  t h a t  t h e s e  two compounds had i d e n t i c a l  B,C,D,E-ring 
m o i e t i e s .  D i f f e r e n c e s  between t h e  compounds t h u s  a p p a r e n t l y  was conf ined  t o  
r i n g  A .  The chemica l  s h i f t s  and sma l l  coup l ing  c o n s t a n t s  of t h e  p a i r  of 
a romat i c  p r o t o n s  on t h i s  r i n g  were i n d i c a t i v e  of t h e  a , P - p r o t o n s  of a 
p y r i d i n e  r i n g ,  c f .  5. An INAPT exper iment  r e v e a l e d  t h a t  t h e  p r o t o n  s i g n a l  a t  
8 . 8 9  ppm was long-range  coupled  t o  t h e  hydroxyl  b e a r i n g  carbon and hence 
s t r u c t u r e s  7 and 7' were i n f e r r e d .  No NOE was observed  between t h e  
exchangeable  p r o t o n  and and any o t h e r  s i g n a l s ,  i n  c o n t r a s t  t o  t h e  c a s e  f o r  
mer id ine ,  s e e  above .  T h i s  p rov ided  f u r t h e r  ev idence  t h a t  t h e  OH i s  hydrogen 
bonded t o  t h e  ca rbony l  oxygen and n o t  t o  a n i t r o g e n  a s  would occur  i n  7'. In 
7 '  an NOE would be  expec ted  between t h e  OH and t h e  9 .25  ppm p r o t o n .  Hence 
s t r u c t u r e  7 i s  proposed  f o r  t h i s  a l k a l o i d .  Th i s  i s  a l s o  c o n s i s t e n t  w i th  t h e  
f a c t  t h a t  7 and 2 occur  i n  t h e  same organism.  

A l k a l o i d s  1, 2, 3,  5 and 7 a l l  e x h i b i t  c y t o t o x i c i t y  t o  c u l t u r e s  o f  
murine leukemia ce l l s  (P388) a t  0 .3 -0 .4  mg/mL. Compounds 3 and 5 i n h i b i t  
topoisomerase  I1 a t  30 and 1 5  pM c o n c e n t r a t i o n s ,  r e s p e c t i v e l y .  

Ascididemin and mer id ine  embody t h e  key f e a t u r e s  o f  t h e  s e t  of f o u r  
a l t e r n a t i v e  s t r u c t u r e s  I - I V  proposed  f o r  n e o c a l l i a c t i n e  a c e t a t e .  
N e o c a l l i a c t i n e  a c e t a t e  i s  a d e r i v a t i v e  p repa red  from c a l l i a c t i n e ,  a pigment 
i s o l a t e d  from t h e  s e a  anemone C a l l i a c t i s  p a r a s i t i c a .  No d e f i n i t i v e  s t r u c t u r e  
has  been de termined  f o r  c a l l i a c t i n e .  P o s s i b l e  n e o c a l l i a c t i n e  a c e t a t e  
s t r u c t u r e s  I and I1 have t h e  o v e r a l l  s k e l e t a l  o u t l i n e  o f  a sc id idemin ,  whi le  
111 and I V  have t h e  mer id ine  r i n g  a r r a y  and w i t h i n  each  of t h e s e  p a i r s  t h e  
d i f f e r e n c e  l i e s  i n  t h e  o r i e n t a t i o n  of t h e  l e f t -mos t  p y r i d i n e  r i n g .  Hence it 

appeared  t h a t  t h e  conf i rmed I 3 C  NMR d a t a  f o r  mer id ine  and a sc id idemin  cou ld  
be used  t o  deduce an unambiguous s t r u c t u r e  ass ignment  f o r  n e o c a l l i a c t i n e  
a c e t a t e  and, by i n f e r e n c e ,  t h a t  of i t s  p r e c u r s o r ,  c a l l i a c t i n e .  

Comparison o f  t h e  i3C NMR s h i f t s  of i l -hydroxyasc id idemin  (7) wi th  t h o s e  
of a sc id idemin  ( 3 )  conf i rmed t h a t  t h e  hydroxyl  group has  v e r y  l i t t l e  e f f e c t  
on t h e  s h i f t s  o f  ca rbons  meta t o  t h e  h y d r o x y l - s u b s t i t u t e d  p o s i t i o n  a s  might 
have been expec ted  from d a t a  f o r  s imple  s u b s t i t u t e d  p y r i d i n e s . 1 °  Hence t h e  
s h i f t s  of t h e  ca rbons  a d j a c e n t  t o  t h e  ca rbony l  group i n  mer id ine  shou ld  be 
e x c e l l e n t  models f o r  any deoxy ana logs  t h e r e o f  such  a s  I and I V .  
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Scheme I shows t h e  key I 3 C  NMR chemica l  s h i f t s  f o r  a sc id idemin ,  
mer id ine ,  and I - I V .  S h i f t s  a round s t r u c t u r e  I ( t h e  " s l i g h t l y  p r e f e r r e d "  
s t r u c t u r e )  a r e  t h o s e  a s s i g n e d  i n  t h e  l i t e r a t u r e  ( t h e  1 4 9  and 152 ppm 
ass ignmen t s  may be  r e v e r s e d ) .  Only one s i g n a l ,  145 ppm, i s  r e p o r t e d  t o  be  a 
s i n g l e t .  S h i f t s  s p e c i f i e d  on s t r u c t u r e s  1 1 - I V  a r e  t r a n s p o s i t i o n s  of t h e  
a s s i g n e d  s h i f t s  f o r  I t o  l i k e  ca rbons .  The d a t a  a l low I11 and I V  t o  be r u l e d  
ou t  u n e q u i v o c a l l y .  I n  I V  t h e  s i g n a l s  a s s i g n a b l e  t o  t h e  q u a t e r n a r y  carbons  
f l a n k i n g  t h e  ca rbony l  group a l l  occu r  a t  q u i t e  d i f f e r e n t  chemica l  s h i f t s  and 
t h i s  i s  incompa t ib l e  wi th  t h e  mer id ine  model.  Also, t h e  145 ppm s i g n a l  shou ld  
be a d o u b l e t .  

In  s t r u c t u r e  I11 t h e  145 ppm s i n g l e t  s i g n a l  must be  a s s i g n e d  t o  t h e  
p o s i t i o n  "pa ra"  t o  t h e  ca rbony l  group t o  a v o i d  3-bond c o u p l i n g s .  T h i s  s h i f t  
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i s  i n c o n s i s t e n t  w i th  e i t h e r  t h e  a sc id idemin  o r  t h e  mer id ine  models .  Also ,  t h e  
1 1 7  and 1 5 0  pprn s i g n a l s  o f  n e o c a l l i a c t i n e  a c e t a t e  f i t  w e l l  f o r  r i n g  D of 
a sc id idemin ,  b u t  n o t  t h e  ana logous  r i n g  C of m e r i d i n e .  

For b o t h  I and I1 t h e  carbon-13 NMR s h i f t s  o f  r i n g s  A and B f i t  t h e i r  
r e s p e c t i v e  models w e l l  and hence no d i f f e r e n t i a t i o n  can be made from t h i s  
d a t a .  The m u l t i p l i c i t i e s  of carbon s i g n a l s  1 4 9  and 152 ppm ( d ,  1 0 . 8  Hz;  
m u l t . ,  r e s p e c t i v e l y )  a r e  i n  acco rd  wi th  e x p e c t a t i o n s  f o r  s t r u c t u r e  I1 whereas 
i n  I t h e  1 4 9  pprn s i g n a l  would be  expec ted  t o  be dd ( o r  m ) .  The coup l ing  t o  
t h e  ca rbony l  carbon s i g n a l  ( 3 . 5  Hz) i s  a p p r o p r i a t e  f o r  t h e  a n t i c i p a t e d  3-bond 

coup l ing  i n  11, b u t  n o t  i n  I a s  a l r e a d y  n o t e d  i n  t h e  l i t e r a t u r e . '  
Converse ly ,  I ,  b u t  n o t  11, i s  compa t ib l e  wi th  a NOE obse rved9  between t h e  
s i g n a l s  a s s i g n e d  a s  H - 6  and H-8 ( i n  I ) .  Although t h e s e  d a t a  s t i l l  do n o t  
a l low an e q u i v o c a l  c h o i c e  t o  be  made between I and 11, w e  s l i g h t l y  p r e f e r  11, 
p l a c i n g  g r e a t e r  weight on t h e  carbon c o u p l i n g  d a t a  t h a n  on t h e  NOE r e s u l t .  

From t h e  methanol and chloroform-methanol e x t r a c t s  of a bryozoan, 
Membranipora p e r f r a g i l i s  c o l l e c t e d  a t  S tenhouse  Bay, South  A u s t r a l i a ,  a low 
molecu la r  weight c y t o t o x i c  m e t a b o l i t e  d e s i g n a t e d  p e r f r a g i l i n ,  8 ,  was i s o l a t e d  
i n  trace q u a n t i t i e s .  I t s  s t r u c t u r e  was de te rmined  by x-ray a n a l y s i s .  
P e r f r a g i l l i n  b e a r s  a resemblance  t o  mirnosamycin which i s  produced by 
s t r ep tomyces  l a v e n d u l a e ,  b u t  which has  a l s o  been i s o l a t e d  from a sponge .  
This  r a i s e s  t h e  p o s s i b i l i t y  t h a t  p e r f r a g i l l i n  i s  a l s o  produced  by a 
microorganism.  

A c y t o t o x i c  a c y l a t e d  spermidine  d e r i v a t i v e  (ED50 = 0 .04  pg/mL vs  P388), 
9, was i s o l a t e d  from a S i n u l a r i a  s p e c i e s  of s o f t  c o r a l  c o l l e c t e d  a t  t h e  
i s l a n d  of Nauru. Mass s p e c t r a l  a n a l y s i s  and NMR d a t a  conf i rmed t h e  s t r u c t u r e .  
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