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We have studied the total sesqui te rpene  lactones  obtained f rom a ch loroform ext rac t  of the r a c e m e s  of C_.: 
xanthifolia F r e sen .  (Iva xanthifolia Nutt .) ,  fami ly  Composi tae  and consis t ing of four substances .  

A ketolactone C15H2004 (I) was identified as coronopil in [1]. An opt ical ly  act ive  substance,  CisH2QO4, (II) with mp 
164-166 ° C has no max ima  in the UV spec t rum cha rac t e r i s t i c  for  conjugated double bonds. We have cal led it  
ivoxitnthin. Its IR spec t rum has absorption bands at 3490 cm -1 (hydroxyl group), 1660 and 820 em -1 (exocylie double 
bond) and 1745 cm -1 (7-1actone and cyclopentanone).  With 2 ,4-d in i t rophenylhydraz ine  it read i ly  fo rms  a hydrazone 
with mp 130-132 ° C, which conf i rms  the p resence  of a ketonic group in the molecule  of this compound. 

The IR spec t rum of the product of the dehydration of substance II with thionyl chlor ide ,  having mp 144-146 ° C, 
exhibits absorption bands at 1710 and 1585 cm -1 due to a carbonyl group in conjugation with a s y m m e t r i c a l l y  
disubsti tuted double bond. In the IR spec t ra  of ivoxanthin and the product of its dehydration,  the absorpt ion bared of 
this keto group is in the 1745-1710 cm -i  region,  which is cha rac t e r i s t i c  for f i v e - m e m b e r e d  ketones and not for s ix-  or  
s e v e n - m e m b e r e d  ketches .  

When the ketolactone II was oxidized with chromic  anhydride in aeetonic  solution or  was acetylated with acet ic  
anhydride in the p resence  of pyridine,  i t  underwent  dehydration,  forming  an unsaturated product Cl~HI80~ (III). We 
obtained a substance of the same composi t ion f rom the plant. Its IR spec t rum coincided with the IR spec t ra  of the 
product of the dehydration of ivoxanthin with mp 144-146 ° C and with that of the sesqui te rpene  lactone ambros in  [2, 3]. 
Mixtures  of t:he products  of the dehydration of ivoxanthin and of the native substance f rom the plant with an authentic 
sample  of ambros in  gave no depress ion  of the mel t ing  point. 

The hydrogenation of one double bond of substance III over  Pd /SrCO 3 gave a c rys ta l l ine  product,  V, with mp 
162-164 ° C, the IR spec t rum of which had absorpt ion bands at 1750 cm -i (y- lactone and cyclopentanone) and 1680 cm -1 
(double bond). The IR spec t ra  had max ima  c h a r a c t e r i s t i c  for a laetone carbonyl and a nonconjugated ketonic CO group: 
270 and 290 m ~  (logo 4.15 and 1.47, respec t ive ly) .  These  p roper t i es  of the hydrogenation product cor respond  to 
l i t e r a tu re  data for d ihydroambros in  [4]. 

The dehydrogenation of substance III af ter  i ts  p r e l im ina ry  saturat ion with hydrogen at 300-320 ° C in the 
p resence  of ,~elenium gave a mix ture  of products .  F r o m  them we isolated a r t emazu lene ,  obtained f rom ambros in  
prev ious ly  by other  worke r s  [4]. 

On the basis  of what has been stated above, it may be assumed that the hydroxyl group in the molecule  of 
ivoxanthin is located in a f i v e - m e m b e r e d  r ing in the /~ position with r e spec t  to a ketonic carbonyl group. 

A ketolactone Cl~Hl~O3 with [a]~ -60  ° (chloroform) which we isolated f rom the plant, was identical  according  to 
a mixed melt ing point and its IR spec t rum with the product of the dehydration of coronopil in (IV). Its IR spec t rum had 
bands at 1760 cm -1 (y-lactone group and cyclopentanone) and 1655 and 820 cm -I ( t r isubst i tuted double bond). The 
par t ia l  hydrogenation of IV over  platinum (Adams) in ethyl acetate  gave a sa tura ted  compound the IR spec t rum of 
which coincided with that of d ihydroambros in  and which exhibited no depress ion  of the mel t ing point in admixture  with 
a sample  of d ihydroambros in  obtained by the hydrogenation of III. 

The facts  presented  pe rmi t  the assumption that substance IV has the s t ruc tu re  of 1 ,2-anhydrocoronopi l in .  
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E X P E R I M E N T A L  

We s tud ied  the r a c e m e s  of C. xan th i fo l ia  F r e s e n . ,  c o l l e c t e d  in S e p t e m b e r  1967, in the  U k r a i n e  ( Z a p o r o z h ' e  
r eg ion ) .  The  IR s p e c t r a  w e r e  r e c o r d e d  on a UR-10  i n s t r u m e n t  in s a m p l e s  m o l d e d  with  K B r  and the  UV s p e c t r a  on an 
S F - 4  s p e c t r o p h o t o m e t e r  in e thanol .  

I so la t ion  of  the  s e s q u i l a c t o n e s .  The  a i r - d r y  r a c e m e s  (12 kg) w e r e  e x t r a c t e d  wi th  c h l o r o f o r m  (60 l) .  The  e x t r a c t  
was  e v a p o r a t e d  to a v o l u m e  of 5 l and d r i e d  with  sod ium su l fa t e  and the  so lven t  was  d i s t i l l e d  off.  80 g of the  e x t r a c t  
was  t r e a t e d  with  500 ml  of 50% aqueous  a c e t o n e .  The  r e s i d u e  was  f i l t e r e d  off and the  f i l t r a t e  was  e v a p o r a t e d ;  50 g of 
the  c o m b i n e d  l a c t o n e s  (0.41%) was  d i s s o l v e d  in 250 ml  of benzene  and the  solut ion was  t r e a t e d  with 250 ml  of e t h e r .  
T h i s  gave  38 g of a c r y s t a l l i n e  s u b s t a n c e  i den t i ca l  with the s e s q u i t e r p e n e  l ac tone  eo ronop i l i n .  

The  m o t h e r  l i quo r  f r o m  which  the  eo ronop i l i n  was  i so l a t ed  was  e v a p o r a t e d .  The  r e s i d u e  was  d i s s o l v e d  in 70 ml  
of me thano l  and the  so lu t ion  was  poured  into 0.5 l of p e t r o l e u m  e t h e r .  The  c r y s t a l s  that  p r e c i p i t a t e d  w e r e  pur i f i ed  by 
c r y s t a l l i z a t i o n  f r o m  b e n z e n e .  Th i s  gave  3.5 g of ivoxanth in  wi th  mp  164-166  ° C (vacuum sub l ima t ion ) ,  [~]~  +47.7 ° (o 
6.5;  c h l o r o f o r m ) .  IR s p e c t r u m ,  e m - t :  3490 (--OH),  1745 (~/-lactone and eye lopen tanone) ,  1660 and 820 ( > ~ C H 2 ) .  

Found,  %: C 68.13, 68.14;  H 7.74, 7.62;  m o l .  wt.  264 (mass  s p e c t r o m e t r y ) .  C a l c u l a t e d  for  CI~H2004, %: C 68.16; 
H 7.63.  Mol.  wt.  264. 

Mel t ing  point  of the  2 , 4 - d i n i t r o p h e n y l h y d r a z o n e  130-132  ° C {from ethanol) .  

The  m i x t u r e  of p e t r o l e u m  e t h e r  and me thano l  a f t e r  the s e p a r a t i o n  of s u b s t a n c e  II was  e v a p o r a t e d  and the  
r e s i d u e  was  c h r o m a t o g r a p h e d  on 250 g of a l um ina  (ac t iv i ty  g r ade  III) in the  p e t r o l e u m  e t h e r - c h l o r o f o r m  (7 : 3) 
s y s t e m .  The  e v a p o r a t e d  e lua t e s  gave  a c r y s t a l l i n e  s u b s t a n c e  III. A f t e r  two r e c r y s t a l I i z a t i o n s  f r o m  b e n z e n e - e t h e r  
(1 : 1), mp  1 4 4 - 1 4 6  ° C (no d e p r e s s i o n  of the m e l t i n g  point  was  found in a m i x t u r e  wi th  au then t ic  a m b r o s i n ) ,  [~ ]~  
- 1 2 2  ° (e 8.8; c h l o r o f o r m ) .  IR s p e c t r u m ,  cm-~:  1770 ( v - l a c t o n e ) ,  1710 (~ ,  f l - unsa tu r a t ed  ke tone  in a f i v e - m e m b e r e d  
r ing) ,  1660 and 820 (> ~ C H z ) ,  and 1585 ( c o n j u g a t e d - - H ~ C - -  in a f i v e - m e m b e r e d  r ing) .  UV s p e c t r u m :  219, 320 mtz 
( loge  4.18,  1.70, r e s p e c t i v e l y ) .  I 

Then  the co lumn  was  e lu ted  in the  p e t r o l e u m  e t h e r - b e n z e n e  (1 : 1) s y s t e m .  E v a p o r a t i o n  of the e lua te  y i e lded  a 
c r y s t a l l i n e  s u b s t a n c e ,  IV, wi th  mp  85-87°°C.  Af t e r  t h r e e  r e c r y s t a l l i z a t i o n s  f r o m  e t h e r ,  mp 120-122  ° C, [ ~ ] ~  - 6 0  ° 
(c 7.5;  c h l o r o f o r m ) .  IR s p e c t r u m :  1760, 1655, 820 c m  -1. 

Found,  %: 72.95,  73.10;  H 7 . 4 1 ,  7.28. Ca lcu la t ed  f o r ,  CI~HtaO~,%: C 7 3 . 1 5 ;  H 7.37. 

Dehydra t i on  of co ronop i l i n .  A so lu t ion  of 1 g of co ronop i l i n  in 5 m l  of d r y  py r id ine  was  coo led  to 0 ° C,  and 1.5 
m l  of th ionyl  c h l o r i d e  was  added d r o p w i s e .  A f t e r  15 m i n ,  i ce  w a t e r  was  added to the  m i x t u r e  and i t  was  t r e a t e d  wi th  
c h l o r o f o r m .  The  c h l o r o f o r m  e x t r a c t  was  washed  with  5% HC1 and then wi th  w a t e r  and was  d r i e d  with  s o d i u m  su l f a t e .  
A f t e r  the s o lven t  had been  d i s t i l l e d  off ,  the  r e s i d u e  was  c r y s t a l l i z e d  f r o m  e t h e r ,  which  gave  0.7 g of 
a n h y d r o c o r o n o p i l i n  wi th  mp  120 -122  ° C, [ ~ ] ~ - 5 8  ° (c 7; c h l o r o f o r m ) .  The  IR s p e c t r u m  of th is  compound  was  
i den t i ca l  wi th  that  of compound  IV f r o m  the plant ;  a m i x t u r e  gave  no d e p r e s s i o n  of the  m e l t i n g  point .  

T r e a t m e n t  of  ivoxanth in  wi th  a c e t i c  anhydr ide .  To a solut ion of 1 .5  g of s u b s t a n c e  II in 5 ml  of p y r i d i n e  was  
added 5 ml  of a c e t i c  anhydr ide .  The  m i x t u r e  was  l e f t  at  20 ° C for  15 h r .  Af t e r  the  usua l  work ing  up,  c r y s t a l l i z a t i o n  
f r o m  b e n z e n e - p e t r o l e u m  e t h e r  (1 : 1) gave  1.2 g of subs t ance  III wi th  mp 144-146  ° C,  [c~]~ - 1 2 8  ° (c 6.7; c h l o r o f o r m ) .  
I ts  IR and UV s p e c t r a  co inc ided  with  those  of a m b r o s i n ,  and a m i x t u r e  with a m b r o s i n  gave  no d e p r e s s i o n  of the 

m e l t i n g  point .  
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Products  with the same composi t ions  were  obtained by the oxidation of II with chromic  anhydride in acetone and 

by the dehydrat ion of II with SOC12 in pyridine.  

Hydrogenation of substance III. The hydrogenation of 123 mg of the ketolaetone III was c a r r i e d  out in 5 ml of 
ethyl acetate  in the p resence  of 20 mg of 5% Pd/SrCO~. At 25 ° C and 755 ram, 15 ml of hydrogen was absorbed,  which 
cor responds  to one double bond. After  the usual working up, c rys ta l l i za t ion  f rom e ther  y ie lded 100 mg of substance V. 
By purif icat ion on 8 g of s i l i ca  gel with a mix tu re  of benzene and acetone (9 : 1) the mel t ing point was r a i sed  to 
162-164 ° C. IR spec t rum,  cm -1 : 1750 (unsaturated 7-1actone and cyclopentanone) and 1680 (> ~ C  <). UV spec t rum:  
~max 270, 290 my (loge 4.15, 1.47). L i t e ra tu re  data for d ihydroambros in :  mp 165 ° C. The UV and IR spec t ra  
coincided [4]. 

Hydrogenation of the ketolaotone (IV). The hydrogenation of 116 mg of substance IV was ca r r i ed  out in 5 ml of 
ethyl acetate  over  23 mg of platinum oxide (Adams). At 24 ° C and 755 mm,  20 ml of hydrogen was absorbed,  which 
cor responds  to 1.2 equivalent .  Af ter  the usual working up, the hydrogenation product was purified on 8 g of s i l i ca  gel 
in the benzene -ace tone  (9 : 1) sys tem.  Evaporat ion of the eluates  yielded 98 mg of d ihydroambrosin  with mp 163-164 ° 
C (from ether) .  A mixture  with the d ihydroambrosin  desc r ibed  above gave no depress ion  of the mel t ing  point, and 
the i r  IR spec t ra  coincided.  

Dehydrogenation of substance III. The lactone III (0.5 g) was saturated with hydrogen as desc r ibed  above. The 
hydrogenation product was heated with 1 g of selenium at 300-320 ° C for 10 rain. The reac t ion  mixture  was ex t rac ted  
with pe t ro leum ether  and chromatographed on alumina (activity grade II). Evaporat ion of an eluate  of the middle zone 
gave a blue oil forming a t r in i t robenzene  der iva t ive  with mp 187-189 ° C (from ethanol), which cor responds  to the 
t r in i t robenzene  de r iva t ive  of a r t emazu lene .  L i t e ra tu re  data: mp of the t r in i t robenzene  de r iva t ive  of a r t emazu lene  
188-189 ° C [41. 

CONCLUSIONS 

The r a c e m e s  of Cyclachaena xanthifolia F r e sen .  have yielded four sesqui te rpene  lactones ,  two of which are  new, 
not having been desc r ibed  in the l i t e r a tu re  previously ,  and these  have been cal led ivoxanthin and 1,2-anhydrocoronopilin. 
S t ruc tures  II and IV have been proposed for these .  

The plant also contains the sesqui te rpene  lactones eoronopil in and ambros in .  
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