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C h r o m a z o n a r o l  and I s o c h r o m a z o n a r o l ,  N e w  C h r o m a n o l s  f rom the B r o w n  Seaweed  
Dictyopteris  undulata  ( zonarioides ) 

Two species of b r o w n  seaweeds ( Phaeophy t a )  in  t he  
f ami ly  D ic tyo t aceae  are  r epo r t ed  to con t a i n  c o m p o u n d s  
fo rmal ly  der ived  f rom t e r p e n e - s u b s t i t u t e d  h y d r o q u i n o n e  
precursors .  Taonia atomaria, f rom t he  A t l a n t i c  Ocean, 
con ta ins  t he  d i t e r p e n e - s u b s t i t u t e d  c h r o m a n o l  t aond io l  x, 
an d  Dictyopteris undulata ( formerly  D. zonarioides), f rom 
the  Pacif ic  Ocean, con ta ins  a s e s qu i t e r pene - s ubs t i t u t ed  
h y d r o q u i n o n e  zonarol  2 (1). B o t h  s t r u c t u r e s  a p p e a r  to  
resu l t  f rom cyc l iza t ion  reac t ions  of ge rany lge rany l  
m e t h y l h y d r o q u i n o n e  and  fa rnesy l  hyd roqu inone ,  respec- 
t ively,  v ia  accep ted  b i o s y n t h e t i c  p a t h w a y s  3. I n t e r e s t -  
ingly, a series of r e l a t ed  poly isoprenologous  h y d r o q u i n o n e s  
w i t h  acyclic  a n d  cyclic s t r u c t u r e s  h a v e  also been  discover-  
ed in large  a m o u n t s ,  in  m a r i n e  sponges  of t he  o rder  
K e r a t o s a a - L  I n  add i t ion ,  t he  colonial  ascidian,  Apl id ium 
sp., con ta ins  large a m o u n t s  of ge rany l  h y d r o q u i n o n e  s. 
I n  a r ecen t  pub l i ca t ion ,  t he  M e d i t e r r a n e a n  sponge 
Disidea avara 9 was r epo r t ed  to con t a i n  t he  h y d r o q u i n o n e  
avaro],  wh ich  is i someric  w i t h  t h e  seaweed m e t a b o l i t e  
zonarol  a n d  wh ich  p r e s u m a b l y  is syn thes ized  v ia  a rear-  
r a n g e m e n t  of the  bas ic  d r i m a n e  skeleton.  These  obser-  
va t i ons  ind ica te  t h a t  s imi lar  b i o s y n t h e t i c  p a t h w a y s  exis t  
in b o t h  m a r i n e  algae and  i n v e r t e b r a t e  animals .  R e p o r t e d  
here  are t h e  s t r u c t u r e s  of two  new sesqu i t e rpeno id  chro-  
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356.2351) C23H3103, conf i rmed  t he  presence  of one hyd rox -  
yl g roup  and,  in  c o m b i n a t i o n  w i t h  t he  spec t ra l  b e h a v i o r  
of t h e  free phenol ,  i nd ica t ed  s t r u c t u r e  2 for th i s  chromanol .  
Conf i rma t ion  of t h i s  s t r u c t u r e  was ob t a ined  b y  an  acid- 
ca ta lyzed  cyc l iza t ion  of zonaro l  (1) to  ch romazonaro l .  
T r e a t m e n t  of 1 w i t h  p - to luenesu l fon ic  acid in benzene  
gave  a h igh  yield of s y n t h e t i c  2, Ea~ 5 --50 ~ (c, 0.44 in 
CHC13), wh ich  was iden t ica l  (NMR, IR)  to  t h e  n a t u r a l  
p r o d u c t  10. 

I s o c h r o m a z o n a r o l  (3), E~]55 + 1 1 0  ~ (c, 0.85 in  CHC13) 
M+/e 312, C21HlsO2, was  recognized as a dehyd ro  isomer  
in th i s  series b y  cons i s t en t  spec t ra l  b e h a v i o r  in  t he  
in f ra red  (vm,, 3345 cm 1) a n d  u v  (~t~,~ 214 n m  (7200), 
233 n m  (5300), 303 n m  (2100); b a t h o c h r o m i c  sh i f t  in  
base  to 214 n m  (9600) 240 n m  (5100), 316 n m  (1700). 
The  220 MHz N M R  of 3 was s imi la r  to  2, showing  th ree  
a r o m a t i c  p ro tons  cen te red  a t  ~ 6.55 a n d  one h y d r o x y l  
p r o t o n  (DiO exchangeab le )  a t  6 4.36, b u t  also showing  one 
b r o a d  olefin p r o t o n  a t  6 5.61 a n d  a benzyl ic  A B  pa i r  of 
doub le t s  (J = 16 Hz) a t  ~ 3.25 a n d  3.07, respect ively .  The  
m e t h y l  s ignals  were c lear ly  s e p a r a t e d  in to  two regions, 
w i t h  a n  olefin s u b s t i t u t e d  m e t h y l  a t  6 1.61 and  th ree  sin- 
glet  m e t h y l  peaks  closely spaced  a t  ~ 0.92, 0.91 and  0.90. 
Nine  r e m a i n i n g  r ing  p ro tons  were dispersed as mu l t i p l e t  
b a n d s  be tween  ~ 1.2 and  2.2. T r e a t m e n t  of 3 w i t h  Ac20 in 
pyr id ine  gave a m o n o a c e t a t e  (5), .CHC1 1760 cm -~, "~r~ax 3 

M+/e 354.2196, C23H3003 (calcd. 354.2195). A compar i son  
of t he  mass  spec t ra l  f r a g m e n t a t i o n  of 2 and  3 showed 
t h a t  each  c o m p o u n d  read i ly  loses i ts benzy l  h y d r o q u i n o n e  
func t ion  b y  benzy l  a n d  e the r  b o n d  cleavage,  M+ -- 123. 
These  c o m b i n e d  spec t ra l  f ea tu res  s t rong ly  s u p p o r t  t he  
a s s i g n m e n t  of s t r u c t u r e  3 for i sochromazonaro l .  Since no  
s te reochemica l  i n f o r m a t i o n  ha s  been  o b t a i n e d  for iso- 
chromazonaro l ,  a n d  on ly  t he  re la t ive  s t e r e o c h e m i s t r y h a s  
been  def ined in t h e  zona ro l - ch romazona ro l  series ~, we 
hope  to o b t a i n  X - r a y  s t r u c t u r e s  of these  metabo l i t e s .  

manols ,  c h r o m a z o n a r o l  (2) a n d  i soch romazona ro l  (3), wh ich  
are m i n o r  c o n s t i t u e n t s  of Dictyopteris undulata. I n  t he  
a c c o m p a n y i n g  c o m m u n i c a t i o n ,  enan t i om er i c  c h r o m a z o n a -  
rol ha s  also been  s h o w n  to  u n i q u e l y  occur  in t he  sponge 
Disidea pallescens. 

Silica gel co lumn  c h r o m a t o g r a p h y  of t he  ch lo roform 
e x t r a c t  of t h e  a i r -dr ied  alga gave  c h r o m a z o n a r o l  (2) 
and  i soch romazona ro l  (3), as non-c rys ta l l ine  g u m s  
(0.02% yield,  each,  d r y  wt.)  on  e lu t ion  w i t h  2 %  d ie thy l  
e the r  in benzene .  C h r o m a z o n a r o l  E~]~ ~ --50 ~ (c, 1 in  
CHC13), M+/e 314, was  isomeric  w i t h  zonarol  (C21H3002) 
and  c lear ly  showed a h y d r o x y l  b a n d  in i ts  I R - s p e c t r u m  

M e O H  (Vm~x 3345 cm-1). I t s  U V - s p e c t r u m  showed 2m~, 219 
n m  (7300), 228 n m  (6100) a n d  298 n m  (3900) wh ich  
sh i f t ed  to  214 n m  (9300), 231 n m  (7300) a n d  308 n m  
(5300) u p o n  base  add i t ion .  T he  220 MHz N M R - s p e c t r u m  
of :2 (CDC13) showed  th ree  a r o m a t i c  p ro tons  cen te red  a t  
6 6.55, one h y d r o x y l  p r o t o n  (D20 exchangeab le )  a t  

4.55, two  benzyl ic  p r o t ons  as a doub le t  (J = 8 Hz) a t  
2.55, a n d  1 t e r t i a r y  p r o t o n  as mul t ip le  b a n d s  a t  6 2.05. 

The  m e t h y l  s u b s t i t u e n t s  were c lear ly  d iv ided  in to  two 
groups,  t h r ee  of w h i c h  appea red  as s inglets  a t  ~ 0.86, 
0.89 a n d  0.91, a n d  one deshie lded s ingle t  wh ich  appea red  
a t  6 1.16. C h r o m a z o n a r o l  gave  a c rys ta l l ine  m o n o a c e t a t e  
4, m.p.  116-118 ~ (pe t ro leum ether) ,  on  t r e a t m e n t  w i t h  
Ac20 in pyr id ine :  The  cha rac te r i s t i c s  of t he  ace ta te ,  
[~j~)5 _ 3 4  ~ (c, 1.3 in  CHC13) M+/e = 356.2354 (calcd. 
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Summary. T h e  c h l o r o f o r m  e x t r a c t  o f  Dictyopteris 
undulata c o n t a i n s  m i n o r  a m o u n t s  of  t w o  n e w  c h r o m a n o l s ,  
c h r o m a z o n a r o l s  (2) a n d  i s o c h r o m a z o n a r o l  (3). T h e  
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Copper Ion Binding and Enzyme Inhibitory Properties of the Antithyroid Drug Methimazole 

M e t h i m a z o l e  ( 1 - m e t h y l - 2 - t h i o l i m i d a z o l e )  h a s  b e e n  a 
d r u g  of  cho ice  in  t h e  t r e a t m e n t  of  h y p e r t h y r o i d i s m  for  
o v e r  a d e c a d e .  A l t h o u g h  i t  h a s  b e e n  e x t e n s i v e l y  u s e d  t h e  
m e c h a n i s m  b y  w h i c h  i t  e x e r t s  i t s  p h a r m a c o l o g i c a l  a c t i o n  
is n o t  c o m p l e t e l y  u n d e r s t o o d .  A c c o r d i n g  t o  BROCK a n d  
HEAD 1 m e t h i m a z o l e  c o m p e t e s  w i t h  t y r o s i n e  for  e l e m e n t a l  
iod ine .  VAN PILSUM e t  al. 2 f o u n d  t h a t  m e t h i m a z o l e  a l so  
i n t e r f e r e s  w i t h  t h e  e x t r a t h y r o i d a l  u t i l i z a t i o n  of  e x o g e n o u s  
t h r o x i n e .  I n  v i e w  of  t h e  u s e  of  m e t h i m a z o l e  as  a t h e r a -  
p e u t i c  a g e n t  we  feel  t h a t  c e r t a i n  p r o p e r t i e s  of  t h e  d r u g ,  
as  y e t  u n a p p r e c i a t e d ,  s h o u l d  be  b r o u g h t  to  a t t e n t i o n .  
S p e c i f i c a l l y  t h i s  r e p o r t  d e s c r i b e s  t h e  i n t e r a c t i o n  of m e t h i -  
m a z o l e  w i t h  c u p r i c  i on  a n d  i t s  e f fec t  on  s e l e c t e d  c o p p e r  
d e p e n d e n t  m e t a l l o e n z y m e s .  

Materials and methods. M e t h i m a z o l e  w a s  o b t a i n e d  f r o m  
S i g m a  C h e m i c a l  Co. a n d  w a s  r e c r y s t a l l i z e d  f r o m  w a r m  
E T O H - H 2 0  b e f o r e  u s e  Im.p .  = 1 4 1 - 1 4 2  (corr.)] .  O t h e r  
c h e m i c a l s  u s e d  in t h e s e  e x p e r i m e n t s  were  of r e a g e n t  g r a d e  
o r  b e t t e r .  S o l u t i o n s  we re  p r e p a r e d  w i t h  d i s t i l l ed  w a t e r  

Table I. "['itration data for inethimazolc and Cu ~1 in 40% I)MSO. 
Concentration of Ligand is 10 lnM~ 

pi t  Moles H i n pA log/( I IogK 2 

Mole Cu + ~ 

Ligand : Cu++ ratio 2:1 

3.485 0.088 0.155 10.84 
3.602 0.268 0.318 10.76 
3.658 0.356 0.401 10.73 
3.705 0.446 0.486 10.71 
3.759 0.534 0.570 10.68 
3.875 0.712 0.74 10.63 
3.942 0.800 0.825 10.59 
4.219 1.068 ] .081 10.43 
4.525 1.246 1.252 10.22 
5.852 1.424 1.424 9.08 
5.935 1,602 1.602 9.00 
7,749 1.690 1.691 7.39 

Ligand : Cu ++ ratio 4 : 1 

3.654 0.176 0.267 10.66 
3.773 0.356 0.424 10.56 
3.914 0.536 0.583 10.44 
4.078 0.712 0.746 10.30 
4.553 1.068 1.080 9.88 
4.908 1.248 1.251 9.55 
5.419 1.424 1.426 9.07 
6.409 1.600 1.602 8.11 
7.552 1.780 1.780 7.01 

10.60 

10.58 

8.95 

8.94 

Experimental conditions are given in Materials aud inethods. 

p a s s e d  t h r o u g h  a m i x e d  b e d  ion  e x c h a n g e  r e s i n  c a r t r i d g e  
to  r e m o v e  p o s s i b l e  c o n t a m i n a t i n g  m e t a l  ions .  

T h e  i n t e r a c t i o n  of m e t h i m a z o l e  w i t h  Cu  ++ w a s  m e a s u r e d  
b y  a p H  t i t r a t i o n  m e t h o d  p r e v i o u s l y  e m p l o y e d  b y  HAN- 
LON 3. F o r m a t i o n  c o n s t a n t s  we re  c o m p u t e d  f r o m  v a l u e s  
of  t h e  f ree  l i g a n d  c o n c e n t r a t i o n ,  [A], a n d  t h e  a v e r a g e  
n u m b e r  of  l i g a n d s  b o u n d  p e r  m o l e  of  m e t a l  ion,  g, a s  
d e s c r i b e d  in  t h e  HANLON re fe rence .  D u e  t o  t h e  i n s o l u b i l i t y  
of  t h e  c o p p e r  c o m p l e x e s  of m e t h i m a z o l e  in  w a t e r  t i t r a -  
t i o n s  w e r e  p e r f o r m e d  in  4 0 %  a q u e o u s  d i m e t h y l s u l f o x i d e  
( D M S O ) .  

T h e  i n h i b i t o r y  e f f ec t  of  m e t h i m a z o l e  o n  4 c o p p e r  
c o n t a i n i n g  o x i d a s e s  w a s  s u r v e y e d  u s i n g  d r u g  c o n c e n t r a -  
t i o n s  u p  to  1.0 m M  in  t h e  a s s a y  m e d i u m .  In  s o m e  e x p e r -  
i m e n t s  t h e  e n z y m e s  we re  p r e i n c u b a t e d  w i t h  1.0 m M  
m e t h i m a z o l e  for  1 h p r i o r  to  a s s a y .  T h e  p r e i n c u b a t i o n  
m i x t u r e  c o n t a i n e d  a s s a y  s o l u t i o n  m i n u s  s u b s t r a t e  for  t h e  
s u p p o r t i n g  m e d i u m .  M o n o a m i n e  o x i d a s e  a c t i v i t y  of  h u -  
m a n  s e r u m  w a s  d e t e r m i n e d  fo l l owing  t h e  m e t h o d  of  
M c E w A N  4. C e r u l o p l a s m i n  w a s  a p u r i f i e d  p r e p a r a t i o n  
( T y p e  IV,  h u m a n )  o b t a i n e d  f r o m  S i g m a l  C h e m i c a l  Co. 
I t s  o x i d a s e  a c t i v i t y  w a s  m e a s u r e d  u s i n g  t h e  m e t h o d  of  
CURSON a n d  REILLY. S t o c k  s o l u t i o n s  of e n z y m e  a n d  
a s s a y  s o l u t i o n s  c o n t a i n e d  10 a M e t h y l e n e d i a m i n e t e t r a -  
ade t i c  ac id  to  e l i m i n a t e  a n o m a l o u s  r e s u l t s  d u e  to  t h e  
p o s s i b l e  p r e s e n c e  of t r a c e s  of  Fe++.  A s c o r b i c  ac id  o x i d a s e ,  
u r i c a s e  a n d  m u s h r o o m  t y r o s i n a s e  ( S i g m a ,  G r a d e  I I I )  
we re  a s s a y e d  as  p r e v i o u s l y  d e s c r i b e d ,  a 

Results and discussion. M e t h i m a z o l e  is a w e a k l y  ac id ic ,  
m o n o p r o t i c  l i g a n d  w i t h  a pK~ of  11.38. I n  4 0 %  D M S O  
t h e  pK~ is s h i f t e d  to  12.28. T h i s  c h a n g e  c o r r e l a t e s  w i t h  
a c h a n g e  in  t h e  a m p h o t e r i c  p r o p e r t i e s  o f  t h e  m i x e d  
s o l v e n t  r e l a t i v e  to  w a t e r  a n d  d o e s  n o t  i n d i c a t e  a d e c r e a s e d  
i o n i z a t i o n  p o t e n t i a l  p e r  se. F o r  l i g a n d  to  m e t a l  ion  r a t i o s  
of  2 :1  a n d  4: I t h e  c o m p l e t e l y  f o r m e d  c o m p l e x e s  c o n t a i n e d  
a m a x i m u m  of 2 m o l e s  of  l i g a n d  p e r  m o l e  of  Cu++ (Ta b l e  
I). M e t h i m a z o l e  i n t e r a c t s  s t r o n g l y  w i t h  s o l v a t e d  Cu++ as  
i n d i c a t e d  b y  t h e  d i m e n s i o n  of t h e  f o r m a t i o n  c o n s t a n t s  for  
t h e  1 : 1 a n d  2 : 1 c o m p l e x e s  ( s h o w n  as  log  K 1 a n d  log K 2 
in  T a b l e  I). T h e  c o n s t a n t  for  t h e  f u l l y  f o r m e d  c o m p l e x  
( log K 1 + log  K 2 = 19) r i v a l s  t h o s e  o b s e r v e d  for  p o w e r f u l  
Cu  ++ c h e l a t i n g  a g e n t s  s u c h  as  8 - h y d r o x y q u i n o l i n e - 5 -  
s u l f o n i c  ac id  [log K 1 13.3, log  K~ - -  11.7 (in 5 0 %  
E T O H ) ]  a n d  E D T A  (log K 1 - -  18) 5 

S ince  m e t h i m a z o l e  is a p o w e r f u l  c h e l a t o r  of  s o l v a t e d  
Cu+ ~ i t  m i g h t  b e  e x p e c t e d  t o  h a v e  s o m e  e f f ec t  on  c o p p e r  
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