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N e w  a r o m a t i c  e s t e r s  of the  l i v e r w o r t ,  Trichocolea t o m e n t e l l a  

Y. Asakawa ,  M. T o y o t a  a n d  T. T a k e m o t o  1 

Institute o/ Pharmacognosy, Tokushima-Bunri University, Yamashiro-cho, 770 Tohushima (Japan), 19 July 1977 

Summary. 4 new a r o m a t i c  es ters  c o n t a i n i n g  isoprene un i t s  h a v e  been  i so la ted  f rom the  l iverwor t ,  Trichocolea tomentella, 
a n d  the i r  s t r u c t u r e s  h a v e  been  e s t ab l i shed  to be  1, 2, 3 a n d  4. 

L ive rwor t s  o f t en  show in t e r e s t i ng  biological  ac t iv i t ies ,  
l ike a l lergenic  c o n t a c t  d e r m a t i t i s  ~ and  c y t o t o x i c i t y  3. W e  
h a v e  r ecen t ly  i so la ted  u n i q u e  sesqui-  and  d i t e rpene  
a l d e h y d e  respons ib le  for the  in tense  p u n g e n c y  a n d  p l a n t  
g r o w t h  i n h i b i t o r y  a c t i v i t y  4 of Porella vernicosa a n d  i ts  
species complex,  a n d  Trichocoleopsis sacculata. The i r  
s t r u c t u r e s  h a v e  been  elucidated~.  
Trichocolea tomentella (Trichocoleaceae) con ta ins  no 
p u n g e n t  subs tance ,  b u t  on ly  va r ious  a r o m a t i c  esters.  W e  
now wish to descr ibe  t he  i so la t ion  and  t he  s t r u c t u r e s  of 
4 new a r o m a t i c  esters,  n a m e d  t r ichocole in  (1), t o m e n -  
te l l in  (2), i so tomen te l l i n  (3) and  d e m e t h o x y t o m e n t e l l i n  (4). 
T. tomentella, growing  on  t he  rock, was  col lected in 
F e b r u a r y  1977. Co lumn a n d  p r e p a r a t i v e  TLC on silica 
gel of t he  e the r  e x t r a c t s  of the  a i r -dr ied  a n d  g round  
m a t e r i a l  (72 g) resu l ted  in the  isolat ion of the  a r o m a t i c  
esters,  I (12.2% t o t a l  we igh t  of the  ex t rac t ) ,  2 (5.3%), 
3 (9.6%) and  4 (5.3%), respect ively .  
Tr ichocole in  (1). C14HlsO 4 [M + 250, m/e  182 (base 
CoH100,) ]. The  IR-  a n d  U V - s p e c t r a  showed the  presence  
of a benzene  r ing (1600, 1513, 765 cm-1;  ;tmax 217 and  
259 nm)  and  an  a r o m a t i c  es te r  (1715, 1275 cm-1;  2max 
290 nm) .  The  N M R - s p e c t r u m  (figure) inc luded  t he  
signals  a t t r i b u t a b l e  to  a d i m e t h y l a l l y l  group,  2 m e t h o x y  
groups  and  3 p ro tons  on the  benzene  ring. H y d r o g e n a t i o n  
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of I in t he  p resence  of P d - C  in m e t h a n o l  gave  m e t h y l  
4 - h y d r o x y - 3 - m e t h o x y  b e n z o a t e  ( 6 5 % ) a n d  t he  d ihyd ro -  
d e r i v a t i v e  of I (35%) [d 1.00 (d, J = 7, 6H) ,  1.25 (m, 1H) ,  
1.82 (m, 2H) ,  4.15 p p m  (t, J = 6, 2 H ) ;  1715, 1275 cm 1], 
i nd i ca t i ng  1 to be an  al lyl  ester .  The  d ihyd rode r iva t i ve ,  
w h e n  h y d r o l y z e d  b y  5% K O H - M e O H ,  af forded 3,4- 
d i m e t h o x y  benzoic  acid a n d  i soamyl  alcohol.  On the  
basis  of the  above  spec t ra l  a n d  chemica l  evidence,  t he  
s t r u c t u r e  of t r i chocole in  was e s t ab l i shed  to  be l ,  
T o m e n t e l l i n  (2). Careful  c h r o m a t o g r a p h y  of the  es ter  
f rac t ions  a t fo rded  t o m e n t e l l i n  as a yel low oil, C19H2405 
(M + 332). The  I R -  (1690 cm -I) a n d  UV-  spec t ra  (257 nm,  
e, 4419) and  the  fo rma t ion  of a 2 , 4 - d i n i t r o p h e n y l h y d r a -  
zone (m.p. 119-121~ ;tmax 365 nm,  e, 7168) sugges ted  
t he  presence  of an  a, f l -unsa tu ra t ed  c a r b o n y l  group.  The  
I R - s p e c t r u m  also showed  t he  presence  of an  a r o m a t i c  
es ter  (1712, 1275 cm-1),  a t r i s u b s t i t u t e d  double  b o n d  
(1620, 830 cm -1) and  a benzene  r ing (1600, 1512, 768cm-1),  
The  N M R -  and  N M D R - s p e c t r a  c o n t a i n e d  the  s ignals  for 
3 v iny l  methy ls ,  2 olefinic me th ines ,  one of which  was 
l inked  to  the  c a r b o n y l  group,  an  allylic m e t h y l e n e  bea r ing  
an  es ter  oxygen,  a m e t h y l e n e  loca ted  be tween  a c a r b o n y l  
g roup  and  a double  bond ,  2 m e t h o x y  g roups  and  3 p r o t o n s  
on a benzene  ring. The  NMR-s igna l  p a t t e r n  be tween  
3.99 and  7.85 ppm,  excep t  the  presence  of one olefinic 
p r o t o n  (6.18 ppm) ,  was iden t ica l  to  t h a t  of 1, sugges t ing  
2 to be  an  al lyl  es ter  of 3, 4 - d i m e t h o x y  benzoic  acid. This  
is p roved  b y  hydrogeno lys i s  of 2 by  p re r educed  P t O  2 
to af ford  m e t h y l  4 - h y d r o x y - 3 - m e t h o x y  benzoa t e  and  
t e t r a h y d r o t o m e n t e l l i n  [1710, 1272 cm 1; 0.90 (d, J = 8, 
6H) ,  0.95 (d, J = 8, 3H) ,  0.95-1.25 (m, over lapped ,  2H) ,  
1.83 (m, 2H),  2.30 (bd, J = 8, 4H) ,  4.10 (t, J = 7, 2H)] .  
The  above  spec t ra l  ev idence  coupled  w i t h  the  chemica l  
r eac t ion  showed t h a t  the  c o m p o u n d  2 possessed a f u r t h e r  
i soprene un i t  h a v i n g  an  enone  s y s t e m  l inked to one of t he  
v iny l  m e t h y l  groups  of 1. The  loca t ion  of the  c a r b o n y l  
g roup  a t  C-5 was conf i rmed  b y  the  b a t h o c h r o m i c  sh i f t  
(36 nm,  the  f o r m a t i o n  of eno la te  anion)  of the  UV-  
a b s o r p t i o n  b a n d  a t  257 n m  a f t e r  add i t i on  of 0.1 N NaOH% 
In  t he  I R - s p e c t r u m ,  the  a b s o r p t i o n  of the  double  b o n d  
(1620 cm -1) was  more  in tense  t h a n  t h a t  of c a r b o n y l  group,  
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showing  2 to  be  p r e s en t  in s-cis fo rm (C-5/C-6) ~. All these  
da ta ,  t o g e t h e r  w i t h  b iogene t ic  cons idera t ions ,  show t h a t  
t o m e n t e l l i n  is m o s t  f a v o r a b l y  r ep resen ted  b y  t he  for- 
m u l a  2. 
I s o t o m e n t e l l i n  (3). M.p. 79-80~  (fine needles).  The  
UV-  a n d  I R - s p e c t r a  are qu i t e  s imi lar  to  those  of t o m e n -  
te l l in  2. The  N M R -  a n d  N M D R - s p e c t r a  showed  t he  
presence  of a 3, 4 - d i m e t h o x y  benzoa t e  group,  2 m e t h y l e n e s  
loca ted  be tween  es ter  oxygen  a n d  double  bond ,  2 olefinic 
m e t h i n e s  bea r i ng  a c a r b o n y l  g roup  a n d  3 v iny l  me thy l s .  
T r e a t m e n t  of 3 wi th  p r e r e d u c e d  PtO~ af forded on ly  a 
t e t r a h y d r o d e r i v a t i v e ,  whose  spec t ra l  d a t a  were com- 
p le t e ly  iden t i ca l  to  those  of t e t r a h y d r o t o m e n t e l l i n .  The  
a b o v e  spec t ra l  a n d  chemica l  d a t a  ind ica t ed  t h a t  3 was 
t he  C-3/C-4 doub le  b o n d  i somer  of 2. T he  cor rec tness  of 
th i s  conclus ion  was also conf i rmed  b y  t he  absence  of 
b a t h o c h r o m i c  sh i f t  of the  a b s o r p t i o n  b a n d  (262 nm)  in 
the  U V - s p e c t r u m  co r re spond ing  to  t he  c o n j u g a t e d  
c a r b o n y l  g roup  a f t e r  a d d i t i o n  of 0.1 N NaOH.  Thus ,  t he  
s t r u c t u r e  of i so - tomente l l in  was  d e t e r m i n e d  to be 3. 
D e m e t h o x y t o m e n t e l l i n  (4). T he  spec t ra l  d a t a  (UV, I R  
a n d  NMR)  of t he  mos t  po la r  a r o m a t i c  es ter  were qu i t e  
s imi lar  to  those  of t o m e n t e l l i n  (2), excep t  for t he  presence  

of a h y d r o x y l  g roup  (3550 cm -1) a n d  t h e  absence  of one 
m e t h o x y  group.  The  N M R - s i g n a l  p a t t e r n  in  t h e  a r o m a t i c  
region was iden t ica l  to  t h a t  of t he  4 - h y d r o x y - 3 - m e t h o x y  
b e n z o a t e  sys tem,  i nd i ca t i ng  4 to be  t he  d e m e t h o x y  
c o m p o u n d  of 2. Alkal ine  hydro lys i s  of 4 gave  whi t e  
c rys ta l ,  whose  m.p.  a n d  t he  spec t ra l  d a t a  were comple t e ly  
iden t i ca l  to  vani l ic  acid. M e t h y l a t i o n  of 4 w i t h  diazo- 
m e t h a n e  af forded tomen te l l i n .  Thus ,  d e m e t h o x y t o m e n -  
te l l in  was  e s t ab l i shed  to h a v e  s t r u c t u r e  4. 
I n  r ecen t  10 years ,  va r ious  mono- ,  sesqui-  and  d i t e rpenes  
h a v e  been  i so la ted  f rom m a n y  l ive rwor t s ;  on t h e  o the r  
h a n d ,  occur rence  of t he  a r o m a t i c  es ters  is ra re  a n d  one 
example  on ly  h a s  been  k n o w n  in Isotachis japonica 8. As 
far  as we are aware,  t he  p r e s e n t  resu l t s  are t h e  f irst  
r epo r t s  of a r o m a t i c  es ters  c o n t a i n i n g  isoprene un i t s  in 
B r y o p h y t e s .  
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Summary. F a r n e s y l a c e t o n e  epoxide(3)  a n d  the  isomeric  d ike tone  (4) h a v e  been  i so la ted  f rom the  b r o w n  alga Cystophora 
monili[ormis. 

A recen t  r e p o r t  ha s  descr ibed  the  i so la t ion  of fa rnesy l -  
ace tone  (1) a n d  t h e  h e x a h y d r o - d e r i v a t i v e  (2) f rom the  
and rogen ic  g lands  of ma le  spec imens  of t h e  crab ,  Carcinus 
maenas 2. I a n d  2 showed  2 of t he  3 p rev ious ly  d o c u m e n t e d  
biological  ac t iv i t i e s  s h o w n  b y  the  c rude  g land  ex t rac t .  
S ign i f i can t  juven i le  h o r m o n e  a c t i v i t y  was also shown  
b y  1 a n d  2 in t h e  Galleria w ax  t e s t  b u t  n e i t h e r  c o m p o u n d  
showed as h i g h  a n  a c t i v i t y  as t h a t  d e m o n s t r a t e d  b y  t he  
c rude  e x t r a c t  8. The  i so la t ion  of 2 f rom m a r i n e  s ed imen t s  
ha s  also been  p u b l i s h e d  4. 
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W e  now r e p o r t  t he  i so la t ion  of t he  f a rnesy lace tone  
epoxide  (3) a n d  t he  r e l a t ed  d ione  (4) f rom the  b r o w n  alga 
Cystophora moniliformis in  s ign i f ican t  yield.  E x t r a c t i o n  
of t he  freeze dr ied  alga w i t h  d i c h l o r o m e t h a n e  yielded 
a 1% e x t r a c t  f r om which  3 a n d  4 were isola ted in 60% 
a n d  5 %  yield r e spec t ive ly  b y  c h r o m a t o g r a p h y  on  silica 
gel. 
The  fo rmula  C18H3002 of 3, i so la ted  as a n  oil [~]D -3.2~ 
(c = 1%, CHC13) , was  o b t a i n e d  b y  h i g h  reso lu t ion  MS. 
The  presence  of a m e t h y l  ke tone  was e s t ab l i shed  b y  I R  
(Vmax 1710 cm-1),  1H-NMRS (6 2.00, 3H, s) and  laC-NMR5 
(6 208.0, s ) a n d  a t r i s u b s t i t u t e d  epoxide  g roup ing  was 
in fe r red  f rom t h e  13C-NMR s p e c t r u m  (6 63.9, d ;  58.0, s ) e .  
The  r e m a i n d e r  of t he  1 H - N M R  s p e c t r u m  of 3 cons is ted  
of 2 m e t h y l  s ingle ts  (6 1.18 a n d  1. 21), a 6 p r o t o n  s ingle t  
(6 1.58) and  v i n y l  p ro tons  cen t r ed  a t  6 4.96 a n d  5.04 
(each 1H, bt )  w i t h  o t h e r  s ignals  a t  2.48 (1H, dd,  J 5.5, 
5.5 Hz) ,  2.4-1.9 ( t 0H ,  m) a n d  1.50 (2H, m).  These  d a t a  
were ful ly  cons i s t en t  w i t h  s t r u c t u r e  3. F u r t h e r  conf i rma-  
t i on  came  f rom the  hydro lys i s  of 3 to  the  diol 5 w i th  
aqueous  HC104 in glyme.  The  1 H - N M R  s p e c t r u m  of 5 
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