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Z o n a r o i c  A c i d  f r o m  t h e  B r o w n  SeaweedDictyopteris u n d u l a t a  ( =  z o n a r i o i d e s )  

The  b r o w n  seaweed Dictyopteris  undulata  ( = zonarioides) 
was p rev ious ly  shown  to  c o n t a i n  a sesqu i te rpene-sub-  
s t i t u t e d  h y d r o q u i n o n e  zonarol  (1) 1 a ccom pan i ed  b y  m i n o r  
a m o u n t s  of t he  der ived  c h r o m a z o n a r o l  (2) a n d  isochro- 
m a z o n a r o l  (3) 2. In t e re s t ing ly ,  t he  enan t i om er i c  chro-  
m a z o n a r o l  (4) has  also been  shown to occur  in  t he  sponge 
Disidea pallescens 3. 

W e  now repor t  t he  occur rence  in Dictyopteris undulata  
of a f u r t h e r  sesqu i te rpeno id  componen t ,  zonaroic  acid (5), 
in  wh ich  t he  bicycl ic  i soprenoid  m o i e t y  is a t t a c h e d  to  a 
4 -hyd roxybenzo ic  acid. D u r i n g  t he  s t r u c t u r a l  work,  we 
h a v e  also o b t a i n e d  ev idence  wh ich  def ined t h e  abso lu te  
s t e r eochemis t ry  in  zonaro l -zonaro ic  ac id -ch romazona ro l  
series (10 a-series;  5R, 91R, 10S) a n d  accord ing ly  in ent- 
c h r o m a z o n a r o l  series (10 fl-series; 5S, 9S, 10R). 

Silica gel c o l u m n  c h r o m a t o g r a p h y  of t h e  ch loroform 
e x t r a c t  of t h e  a i r -dr ied  alga gave  zonaroie  acid (5) on  
e lu t ion  w i t h  30% d i e t hy l  e t h e r  in  benzene .  F u r t h e r  
c h r o m a t o g r a p h y  b y  g raded  e lu t ion  f rom silica gel c o l u m n  
(benzene-20% d ie thy l  e t h e r  in benzene)  gave  t he  acid as a 
g u m  (0.1% yield, d r y  wt.) .  A t t e m p s  to crystal l ize  th i s  
ma te r i a l  on ly  gave  a m o r p h o u s  powder  w i t h  m.p.  81-85 ~ 
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(from cyclohexane) ,  {a}D--5.4 ~ (C, 4 in  CHC13), M+/e 342. 
I t  gave  a c rys ta l l ine  m e t h y l  es ter  (6), m.p.  182-182 ~ (from 
l igh t  p e t r o l e u m - e t h y l  e ther) ,  M+/e 356, 6 0 C H  3 3.85, Vmax 
1720 cm -1, on  t r e a t m e n t  w i t h  e the rea l  d i a z o m e t h a n e  
a t  r . t .  for 1 min.  T he  free acid showed  UV-(~ma xMeOH 

MeOH - OH- 257 rim, loge 4.00; ~'max 288 nm) a n d  I R -  @max 
3400, 1670 a n d  1600 cm -~) spec t ra  c lear ly  ind ica t ing  
t h e  presence  of a 4 -hyd roxybenzo ic  acid ch romophore .  
Th i s  was  s u p p o r t e d  b y  N M R  (CDCla) wh ich  also es tab-  
l ished t h e  loca t ion  of t h e  i soprenoid  m o i e t y  a t  C-3 ; in t he  
a r o m a t i c  region signals  f rom 3 p r o t ons  were observed,  2 of 
wh ich  occur red  a t  r e l a t i ve  low field (6 7.84, m) and  are 
the re fore  ass igned to  t he  deshie lded  p ro tons  ortho to  t he  

ca rboxy l  group,  a n d  the  3rd s ignal  appea red  as a doub le t  
a t  d 6.74 (Jo = 8 Hz).  Th i s  a r o m a t i c  N M R  p a t t e r n  is 
iden t ica l  w i t h  t h a t  of 4 -hyd roxy -3 - t e t r ap r eny lbenz o i c  
acid 4. Two h y d r o x y l  p ro tons  (D~O exchangeab le )  are seen 
a t  ~ 5.4 a n d  8.3 ppm.  The  res t  of t h e  s p e c t r u m  showed 
signals  co r re spond ing  to  those  ass igned in t he  s p e c t r u m  of 
zonarol  (1) 1 to  3 t e r t -methy l  groups  (over lapping  sha rp  
s inglets  cen t r ed  a t  6 0.85), a n  exocyclic  doub le  b o n d  
(b s inglets  a t  6 4.60 and  4.75 ppm)  and  a benzyl ic  me-  
t hy l ene  group  (d 2.7, In). The  close r e l a t ionsh ip  be tween  
zonaroic  acid and  zonarol  was f u r t h e r  ev idenced  b y  mass  
s p e c t r o m e t r y :  b o t h  spec t ra  are d o m i n a t e d  b y  f r a g m e n t s  
resu l t ing  f rom the  c leavage  of C9-C n b o n d :  m/e 191 (100) 
and  123 (90) in  t he  s p e c t r u m  of 1 a n d  191 (100) and  151 
(60) in  t h e  s p e c t r u m  of 5. 

The  s t r u c t u r e  5 for zonaroic  acid was conf i rmed  b y  
chemica l  i n t e r r e l a t i on  w i t h  zonarol ,  us ing  a m e t h o d  
ana logous  to  t h a t  employed  b y  some of us in  s t ruc tu ra l  
proof  of zonarol  i tself  1. The  est:er 6 was h y d r o g e n a t e d  in 
d i e thy l  e the r  ove r  10% P t -C  a t  r.t .  a n d  2.5 a tm.  to  t he  
d i h y d r o d e r i v a t i v e  7, m.p.  178 179 ~ (from l igh t  pe t ro l eum-  
e thy l  e ther) ,  M+/e 358, ~max 261 (loge 4.00) mm,  wh ich  
was t h e n  oxidized w i t h  a lka l ine  IKMnO 4 to  t he  acid 8 
(10% yield), single epimer,  m.p.  128 ~ (from acetoni t r i le) ,  
[alp--11.4 ~ (C, 2.8 in CHCla) , d CDC]3 0.68 (s), 0.77 (s), Me 
0.84 (S) a n d  0.93 (d; J 7 Hz) ppm.  A sample  of th i s  acid 
was c o n v e r t e d  to i ts  m e t h y l  es ter  a n d  gave a single peak  
in GLC (3% SE-30 a t  190 ~ a n d  1% OV-1 a t  160~ The  
acid 8 was iden t ica l  (m.p., [alia, N M R  and  GLC of i ts 
m e t h y l  ester) w i t h  d i h y d r o t a u r a n i c  acid der ived  in 40% 
yield f rom the  d e g r a d a t i o n  of zonarol  ~. The  d ihydro-  
t a u r a n i c  acid (9) o b t a i n e d  f rom a m b r e i n  and  manool6,  7 
h a d  m.p.  128 ~ b u t  r o t a t i o n  of + 1 0 . 8  ~ Since t h e  abso lu te  
conf igu ra t ion  of a m b r e i n  and  m a n o o l  is e s tab l i shed  6,s,9 
(10 fl-series ; 5 S, 9 S, 10 R),  t he  algal  me tabo l i t e s  zonarol,  
c h r o m a z o n a r o l  a n d  zonaroic  acid m u s t  der ive  f rom the  
a n t i p o d a l  10 a-series (5R, 9R, 10S). Accordingly,  t he  
sponge-der ived  enan t i omer i c  c h r o m a z o n a r o l  m u s t  h a v e  
t h e  abso lu te  conf igura t ion  shown  in 4. 

The  co-occurrence  of zonaroic  acid and  t he  hyd roqu i -  
none  zonarol  in Dictyopteris  undula ta  s t rong ly  suggests  
t h a t  4 -hyd roxybenzo ic  acid is t he  r ing  p recursor  as in  
u b i q u i n o n e  biogenesis  10. An  ana logous  pa i r  of b iogenet i -  
ca l ly  r e l a t ed  compounds ,  i.e. 4 - h y d r o x y - 3 - t e t r a p r e n y l -  
benzoic  a c i d - 2 - t e t r a p r e n y l - l , 4 - d i h y d r o x y b e n z e n e ,  has  
also been  shown  to  occur  in  t he  sponge  I rc in ia  muscarum ~ 
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a n d  t h i s  f u r t h e r  i n d i c a t e s  t h a t  s i m i l a r  b i o s y n t h e t i c  
p o t e n t i a l s  e x i s t  in  b o t h  m a r i n e  a l g a e  a n d  i n v e r t e b r a t e  
a n i m a l s .  

Summary. A s e s q u i t e r p e n e - s u b s t i t u t e d  4 - h y d r o x y -  
b e n z o i c  ac id ,  z o n a r o i c  a c i d  (5), is d e s c r i b e d  f r o m  t h e  b r o w n  
s e a w e e d  Dictyopteris undulata (= zonarioides). T h e  
a b s o l u t e  s t e r e o c h e m i s t r y  in  t h e  z o n a r o l  ( 1 ) - c h r o m a z o n a r o l  
(2) a n d  z o n a r o i c  a c i d  (5) se r i e s  h a s  a l so  b e e n  d e f i n e d .  T h e  
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o c c u r r e n c e  of  5 a l o n g  w i t h  z o n a r o l  (1), t h e  c o r r e s p o n d i n g  
s e s q u i 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 ,  s u g g e s t s  t h a t  
4 - h y d r o x y b e n z o i c  ac id  is t h e  r i n g  p r e c u r s o r  as  in  u b i q u i -  
n o n e  b i o g e n e s i s .  
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Trigi l le t imine:  A N e w  Bisbenzylisoquinoline Alkaloid  f r o m  Triclisia Species  ~ 

I n  a p r e v i o u s  c o m m u n i c a t i o n  2 t h e  i s o l a t i o n  of  a n  
u n i d e n t i f i e d  b a s e  r e f e r r e d  to  as  T G S - 1  f r o m  a n  ac id i c  
e x t r a c t  of  t h e  s t e m s  a n d  r o o t s  of  Triclisia gilletii (De 
Wi ld . )  S ta r t e r  a n d  T. patens Oliv .  w a s  r e p o r t e d ,  a l o n g  
w i t h  o t h e r  bisbenzylisoquinoline a l ka l o i d s .  T h i s  p a p e r  is 
t o  r e p o r t  t h e  s t r u c t u r e  a n d  s t e r e o c h e m i s t r y  of  t h i s  b a s e  
w h i c h  h a s  b e e n  n a m e d  t r i g i l l e t i m i n e .  

T r i g i l l e t i m i n e  (1), c r y s t a l l i z e d  f r o m  e t h a n o l  as  w h i t e  
need l e s ,  m p  284 ~ (dec);  [~)5  285.7 ~ (c 0.7, CH2CI2); 
2ma,MeOH 210 n m  (log e 4.72),  232 (sh) (4.67), 273 (sh) (4.21), 

311 (sh) (3.46) a n d  351 (3.05) w i t h  a b a t h o c h r o m i c  s h i f t  
,~CDCI~ 

in  ac id i c  m e t h a n o l ;  %o MHz 2.40 (s) (3H) (NCHa)  , 3.92 (s) 
(3H) (OCHa),  3.99 (s) (3H) (OCHa) , 5 . 8 6 - 7 . 2 9  (m) (1OH)  
(ArH) ,  7 .39 (d) (1H,  J .... 6Hz)  ant i  8.34 (d) (1H,  J - 6 Hz) :  

OCH3 0 

~ 0 ~  
OCH~ 

I 

OCH 3 

2 R 1 = H, R 2 = CHa; A = R , B  = S 
3 R 1 = R 2 = CHa; A -- R, B = S 
4 R 1 - -  H, R e = CHa; A = B -- S 
5 R 1 : CHa, R 2 = H; A -- B -- R 
6 R 1 = R 2 ~ CHa;A = S, B : R 
7 R 1 CHs, R 2 -- H; A -- R , B :  S 
8 R t  : CHa, R 2 = H; A = S, B : R 

M ~ m/e 558 (89%)  ( m e a s u r e d  558 .2131 a n d  c a l c u l a t e d  
558 .2154  for  CasHaoN~O~), 557 (100), 543 (32), 279 (36), 
211 (8), 210.5 (10) a n d  189 (6). T h e  b a s e  g a v e  a p o s i t i v e  
d i b e n z o d i o x i n  t e s t  w i t h  a m i x t u r e  of  n i t r i c  a n d  s u l f u r i c  
a c i d s  a. 

C a t a l y t i c  r e d u c t i o n  of  t r i g i l l e t i m i n e  in  e t h a n o l  o v e r  
5 %  P d - C  for  12 h a f f o r d e d  t e t r a h y d r o t r i g i l l e t i m i n e  (2), 
m p  s t a r t s  d e c o m p ,  a t  187~ [~]~v _ 1 6 0  ~ (c 1.0, C H a O H ) ;  
2CH~OHmax 211 n m  (log e 4.15),  238 (sh) (4.05), 280 (3.23), 

aCD~OD 2.88 (S) (3H) (NCHa) ,  3.89 (s) 307 (sh) (3.05);  ~60 MHz 
(6H) ( 2 0 C H a ) ,  6 .04  7.17 ( IOH) ( A r H ) ;  M+m/e 562 (57% )  
for  CasHa4N2Oa, 561 (41), 547 (5), 363 (6), 349 (16), 
336 (27), 335 (100), 321 (28) a n d  168 (16). 

T r e a t m e n t  of  2 w i t h  C H 2 0  a n d  N a B H  4 g a v e  N - m e t h y i -  
t e t r a h y d r o t r i g i l l e t i m i n e  (3) m p  178 182 ~ dec ;  I~Jb ~ 

CH~OH (log e 4.10),  235 (sh) ---209~ (c 0.45,  CHCla) ;  ~tma ~ 2 1 0 n m  

(4.01), 275 (sh) (3.54), 288 (sh) (3.49), 345 (sh) (3.00);  
(~CDCl~ 
60Mhz 2.50 (s) (3H) (NCHa)  , 2 .56 (s) (3H) (NCHa)  , 3 .89 

(s) (3H} (OCHa),  3.93 (s) (3H) (OCHa) , a n d  6 . 0 0 - 7 . 5 0  
(10H)  ( A r H ) ;  M + m/e 576 (56%)  for  Ca,Ha~N~Os, 350 
(37), 349 (100), 335 (59) a n d  175 (84). 

T h e  N M R - s p e c t r u m  of t r i g i l l e t i m i n e  s h o w e d  a p a i r  of  
d o u b l e t s  c h a r a c t e r i s t i c  of  ortho a r o m a t i c  p r o t o n s  a t  
,5 8.34 (1H,  J = 6 Hz)  a n d  7.39 (1H,  J - 6 Hz ) ,  e a c h  of  
w h i c h  c o l l a p s e d  to  a s i n g l e t  u p o n  i r r a d i a t i o n  of  t h e  o t h e r .  
T h e  s a m e  b e h a v i o r  is e x h i b i t e d  b y  t h e  C-3 (6 8.33 [d, 
1H,  J = Hz j )  a n d  C-4 (6 7 .36 [d, 1H,  J - 6 Hz~) p r o t o n s  
of  p a p a v e r i n e .  T h e  m o l e c u l a r  i on  a p p e a r e d  a t  m/e 558 
w h i c h  is 4 m a s s  u n i t s  less  t h a n  t h a t  of  s o m e  s e c o n d a r y  
a m i n o  a l k a l o i d s  o f  t h i s  g r o u p  s u c h  as  t r i l o b i n e  4 (4) a n d  
O - m e t h y l m i c r a n t h i n e  a (5). T h e  l a rge  M, M-1 a n d  M-15  
i ons  were  s u g g e s t i v e  of a n  i s o q u i n o l i n e  s y s t e m  s i m i l a r  t o  
p a p a v e r i n e  6. Al l  of  t h e s e  d a t a ,  a l o n g  w i t h  t h e  b a t h o c h r o -  
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