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PICROHELENIN, A NEW CYTOTOXIC AND BITTER PSEUDOGUAIANOLIDE 

FROM SENDAI HELENIUM PUTUE.wPLE L .  

Picrohelenin,  a  cy to tox ic  and i n t e n s e l y  b i t t e r  pseudoguaianolide 

from t h e  e p i g e a l  p a r t s  o f  Sendai Helenium autwnnate L. (Compositae) 

has  been e s t a b l i s h e d  t o  be the  s t r u c t u r e  I .  The t a s t e  t h r e s h o l d  

of p ic rohe len in  i n  man i s  1.92~10-'- 3.7x10-' M. P ic rohe len in  

proved t o  be i n h i b i t o r y  t o  t i s s u e  c u l t u r e  HeLa c e l l s  and i t s  IDso 

was 1 . 5  11g/ml. 

HeZenium autumnale L .  (Compositae) i s  a  b i t t e r  herb of North American 

o r i g i n .  Recently, s e v e r a l  of the  c o n s t i t u e n t s  o f  American H. autwnnaZe have 

been repor ted  t o  e x h i b i t  cy to tox ic  o r  ant i tumor a c t i v i t y 1 j 2 .  In t h i s  communi- 

c a t i o n  we wish t o  r e p o r t  an the  i s o l a t ~ o n  and s t r u c t u r a l  e l u c i d a t i o n  of a  

new c y t o t o x i c  and b i t t e r  pseudoguaianolide named p ic rohe len in  from Sendai H. 

a u t m a Z e .  

Picrohelenin ( I ) ,  mp 170°, Ci7H2~06,  was i s o l a t e d  from t h e  methanol 

e x t r a c t  of the  e p l g e a l  p a r t s  by p a r t i t i o n  and column chromatography. I  

d i sp lyed  IR bands a t  3500 (hydroxyl) ,  1700 (y- lac tone) ,  1725 ( a c e t y l )  and 

1655 cm-' (conjugated double bond) and a  p a i r  of law f i e l d  doublets  (5'2 Hz) 

i n  the  NMR spectrum a t  5.88 and 6 . 3 6  ppm, c h a r a c t e r i s t i c  of an a-methylene- 



Scheme 1 

y- lac tone  grouping. In a d d i t i o n ,  I e x h i b i t e d  each one secondary methyl,  t e r -  

t i a r y  methyl and a c e t y l  methyl s i g n a l s  a t  1.08 (double t ,  5.7 Hz), 1.10 and 

2.07 ppm, r e s p e c t i v e l y .  A doublet  o f  double t s  a t  3.74 ppm (lH, 51.4 Hz, 52" 

12 Hz) which co l lapsed  t o  a doublet  (5.12 Hz) when D20 was added, a t r i p l e t  a t  

4.37 ppm (lH, J=9 Hz), a m u l t i p l e t  (1H) a t  4 .74 ppm and a t r i p l e t  o f  double t s  

(lH, J1<2 Hz, Jz=Y Hz) a t  4.94 ppm were unequivocal ly assigned t o  t h e  p ro tons  

on Ch, Cu, C 8  and CZ by t h e  a d d i t i o n  of a s h i f t  r eagent  and/or  t h e  a i d  of 

double resonance technique.  

The presence of  two f r e e  hydroxyl groups on t h e  Ci, and Cg carbons was 

evidenced by t h e  formation of a c e t a t e  ( I I ) ,  mp 171°, C21Hz808, i n  which s i g n a l s  

a t t r i b u t e d  t o  methine protons on t h e  carbons bear ing  t h e  hydroxyls were s h i f t e d  

downfield, as expected.  

When I was t r e a t e d  with chromium t r i o x i d e  i n  p y r i d i n e ,  a monoketolactone 

(111). mp 173-174', C17H2205, was formed. 'The s t r u c t u r e  o f  111 was deduced 
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from i n s p e c t i o n  of i ts  UV maxima [241 nm (E 10000) and 316 nm (E 1000)] ,  IR 

(3550, 1755, 1740(sh) ,  1720(sh) and 1670 cm-'1, NMR (disappearance of t h e  

double t  of doublets  a t  3.74 ppm and synchronous appearance of  a s i n g l e t  methyl 

s i g n a l  a t  2.18 ppm) and mass (m/e 322) s p e c t r a  (Scheme 1 ) .  Conversion of  I 

t o  I11 d e f i n i t e l y  i n d i c a t e s  t h a t  one of t h e  hydroxyl groups i s  s i t u a t e d  a t  C g  

i n  t h e  pseudoguaianolide nucleus.  In t h e  NMR spectrum of  I11 a doublet  of 

sharp  double t s  at 4.45 ppm with coupling cons tan ts  o f  8.5 Hz and 11.5 Hz, which 

is t h e  t y p i c a l  X p o r t i o n  of  an ABX p a t t e r n ,  was ass ignable  t o  t h e  proton a t  

Ct, bear ing  t h e  hydroxyl group. A doublet  of doublets  (Ji.5 Hz, J2.9 Hz) a t  

4.90 ppm was a t t r i b u t a b l e  t o  t h e  proton a t  C2 bear ing  t h e  ace toxyl  group. 

The CD spectrum of  I showed a nega t ive  Cotton e f f e c t  a t  259 nm ( [ E l  -4076) 

3 
due t o  t h e  n m *  t r a n s i t i o n  o f  a c i s - f u s e d  a-methylene-y-lactone chromophore , 

which is  i n  f a i r  agreement with small  a l l y l i c  coupling of  t h e  Cln-proton 

(J'Z ~ 2 ) ~ " .  

The conf igura t ion  of  I.was determined on t h e  b a s i s  o f  t h e  observa t ion  of  

t h e  n u c l e a r  Overhauser e f f e c t s  (NOE) and t h e  coupling cons tan ts  between t h e  

r e s p e c t i v e  pro tons .  When t h e  s i n g l e t  methyl s i g n a l  was s a t u r a t e d  (added 

equimolar of Eu(fod)% i n  CDC13 s o l u t i o n ) ,  24% of  t h e  NOE a t  t h e  Clo-methine 

proton b u t  t h e  lack of an observable NOE a t  t h e  Ck-methine proton were found. 

These f a c t s  l ead  us t o  conclude t h a t  p ic rohe len in  has t h e  s t r u c t u r e  I with 

abso lu te  conf igura t ion  as shown. 

Picrohelenin i s  respons ib le  f o r  t h e  i n t e n s e l y  b i t t e r  t a s t e  and c y t o t o x i c i t y  

o f  Sendai X. a u t m a Z e .  O f  chemotaxonomical i n t e r e s t  t h e  Sendai speciments 

con ta in  no d e t e c t a b l e  amount of h e l e n a l i n  which i s  an usua l  c o n s t i t u e n t  of 

6 
American H .  autumnaze . Sensory eva lua t ion  of t h e  b i t t e r n e s s  a r e  given i n  

Table I. The t a s t e  t h r e s h o l d  of ~ i c r o h e l e n i n  i n  man i s  doses of 1.92~10-'- 

7 
3 . 7 ~ 1 0 - '  M which a r e  below t h e  t h r e s h o l d  of qu in ine  s u l f a t e  (3x10 .~  M) . 



Table I Concentrat ions o f  I s o b i t t e r  S o l u t i o n s  o f  P ic rohe len in  

and Caf fe ine  

Molari t y  Re la t ive  

B i t t e r n e s s  

The a-methylene-y-lactone moiety i s  a l lowable f o r  r e t e n t i o n  of t h e  b i t t e r  

t a s t e 8 ,  because methylenat ion of  I t o  a-cyclopropyl  y - lac tone  ( I V ) ,  mp 255-258", 

C18H2606, having an analogous chromophore, abol ished i t s  b i t t e r n e s s  (Scheme 1 ) .  

Severa l  a-methylene-y-lactone d e r i v a t i v e s  have r e c e n t l y  gained a t t e n t i o n  

9 
as p o t e n t i a l  experimental  tumor i n h i b i t o r s  . These compounds have been known 

t o  d i s p l a y  c y t o t o x i c i t y ,  which was asc r ibed  t o  t h e i r  c y s t e i n e  scavenging 

p r o p e r t i e s .  P ic rohe len in  showed growth i n h i b i t o r y  a c t i v i t y  a g a i n s t  HeLa cells 

i n  c u l t u r e .  The IDso was 1.5 u g / m l l 0  which was approximately as twice cyto- 

t o x i c  as bleomycin A 2 .  

Picrohelenin 

Caffeine 
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