
156 Specialia EXPERIENTIA 34/2 

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 .  

7 R. Hirschman, S. C. Snaddy, Jr, C. F. Hiskey and N. L. Wendler, 
.1. Am. chem. Soc. 76, 4013 (1954). O. Wintersteiner and M. 
Moore, J. Am. chem. Soc. 78, 6193 (1956). 

8 A. Matsuo, M. Nakayama and S. Hayashi, Z. Naturforseh. 26b, 
1023 (1971). 
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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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showed the  secondary  ) C H - O H  p r o t o n  a t  ~ 3.30 (J = 12, 
4Hz) and  2 sharp  m e t h y l  s inglets  a t  d 1.16 and  1.19. The 
absolu te  conf igura t ion  of 5 was es tabl ished by  the  m e t h o d  
of Nakanish i  7. The CD m a x i m a  af ter  add i t ion  of Eu  (Fod) 3 
were no t  well def ined a t  room t empera tu r e .  However  
the re  was a large increase in in t ens i ty  upon  cooling. The 
longes t  wave leng th  m a x i m u m  a t  313.8 n m  was s t rongly  
negat ive ,  Ae -60.5 (0.74 g/l, -90~ which  es tab l i shed  the  
conf igura t ion  of 5 a t  C13 as R. The side chain  of 24(R), 
25-dihydroxycholes terol ,  an analogous s i tuat ion,  showed 
Ae -11 a t  308 nms .  Thus  the  absolu te  conf igura t ion  of 
3 was  R. 
A racemic  syn the t i c  sample  of 3 had  s l ight  JI-I ac t iv i ty  ~. 
A minor  cons t i tuen t ,  6, 10, 14- t r imethylpen tadeca-5 ,  
%diene-2, 13-dione (4), was isolated as a ch roma tog raph i -  
cal ly homogenous  oil and  the  formula  C~sHs002 es tab-  
l ished by  high resolut ion MS wi th  majoI  ~ f r a g m e n t  ions 
a t m / e  260 (M+-HsO) ,  192, 125, 97, 71 ((CHs)a-CH-C-=O. +, 
and  43 (CHa-C_=O. +, base peak).  

The presence  of 2 ke tone  groups  and  2 double  bonds  w a s  
es tabl i shed  b y  lsC-NMR which  showed low field resonances  
a t  ~ 214.3 (s), 208.6 (s), 136.1 (s), 133.8 (s), 124.5 (d) 
and  122.7 (d). The 1H-NMR showed the  presence  of a 
m e t h y l  ke tone  (~ 2.08) and  an i sopropyl  ke tone  [~ 1.02 
(6H, d, J = 7Hz), 2.44 (1H, hep te t ,  J = 7Hz] t o g e the r  
w i th  o the r  resonances  a t  d 5.02 (2H, m), 2.5-1.9 (12H, m) 
and  1.56 (6H, bs) which was ent i re ly  cons i s t en t  w i th  
the  p roposed  s t ruc tu re  4. W h e n  3 was t r ea t ed  in benzene  
wi th  s t rong  minera l  acids or boron  t r i f louride e t h e r a t e  
a complex  mi x t u r e  of cyclic alcohols was fo rmed  bu t  no 
4 could be de t ec t ed  in th is  m i x t u r e  b y  TLC. I t  is the re fore  
unl ikely t h a t  4 is an a r t e f ac t  b y  acid ca ta lysed  rear range-  
m e n t  of 3. 
The presence  of such biologically act ive c o m p o u n d s  in 
the  b rown alga Cystophora moniliformis is pe rhaps  a 
chemical  defence agains t  p reda t ion  and is p r o b a b l y  
analogous  to  the  occurrence of m a n y  insect  J H  and 
moul t ing  h o rmo n e  act ive c o m p o u n d s  in vascular  p lants .  
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Summary. The ma jo r  cons t i tuen t s  of propol is  collected in Wes te rn  Aust ra l ia  have  been isolated and ident i f ied  as 
p te ros t i lbene  (5), xan thor rhoeo l  (6), s akurane t in  (2) and p inos t rob in  (1). 

In  recent  years  there  has been renewed in te res t  in the  
compos i t ion  of propolis,  the  resinous subs tance  collected 
by  bees f rom various p lan t  sources. Bees use propol is  for 
coat ing  hive pa r t s  and the  cell inter iors  of the  h o n e y c o m b  
and  also to seal cracks and  crevices in the  hive. Propolis  
has  been used for a long t ime in folk medic ine  par t icu lar ly  
for the  cure of resp i ra tory  disorders  2, t r e a t m e n t  of 
de rma toses  and burns  a and as a local anaes the t i c  4. 
Despi te  numerous  repor t s  5 of the  a p p a r e n t  p h a r m a -  
cological ac t iv i ty  of ex t rac t s  of propolis,  a l imited a m o u n t  
of work  has been done on the  isolation of the  cons t i tuen ts .  
F r o m  samples  of Eu ropean  propol is  a n u m b e r  of s imple 
a romat ic  compounds ,  f lavones,  f lavonols  and f lavanones  
have  been isolated 6 s. We have  inves t iga ted  the  chemical  

cons t i tuen t s  of Wes te rn  Aus t ra l ian  propolis  and the  
isolation and ident i f ica t ion  of the  major  c o m p o n e n t s  is 
the  subjec t  of th is  report .  
Propol is  9 (300 g) was ex t r ac t ed  wi th  700/0 aqueous  e thanol  
and the  f rac t ion  ob ta ined  was dissolved in e ther  and 
pa r t i t i oned  into 5% HC1, sa tu ra t ed  NaHCOa, 10% 
Na2CO a and  5% NaOH solutions.  The major  p a r t  (90%) 
of the  mate r ia l  ex t r ac t ed  (40 g) was in the  N a O H  fract ion 
and the  r emainder  was d iv ided a lmos t  equally be tween  
the  o ther  4 fract ions.  Apar t  f rom the  neut ra l  f ract ion,  
which appeared  to conta in  mos t ly  fats  and sterols,  and the  
NaHCO a fract ion,  mos t ly  flavones,  all the o the r  f rac t ions  
were ex ami n ed  in detail .  For  the  isolat ion and pur i f ica t ion  
of the  cons t i t uen t s  of each fract ion column,  analy t ica l  and 
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