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We have r epor t ed  the isolat ion of two new sesqui terpene lactones ,  cal led "grandulin" and "grandicin" 
f r o m  the he rb  Inula grandis  $chrenk.  [1]. In this  pape r  we give the r e su l t s  of a study of one of the lactones  
f r o m  the roo ts  of this  plant.  

Two lactones with the composi t ions  CtsH2002, one of which was shown to be identical  with a lantolae-  
tone and the second with i soalantolac tone ,  have been p rev ious ly  isola ted f r o m  the essent ia l  oil of the roots  
of this spec ies  [2, 3]. Since on dist i l lat ion with s team,  and espec ia l ly  under p r e s s u r e ,  many lactones under -  
go degradat ion,  and a cons iderable  num ber  of them a re  not volat i le  at all under  these conditions,  it was of 
in te res t  to study the lactones  i so la ted  under  m i lde r  conditions by ext rac t ion  with pe t ro leum e ther .  

Using a known method [4], we isola ted  f r o m  the roo ts  4.67% of a lactone f rac t ion  consis t ing of an oily 
pa r t i a l ly  c rys ta l l iz ing  m a s s  containing, according to TLC, eight subs tances  with R f  0.9, 0.84, 0.76, 0.68, 
0.58, 0.52, 0.25, and 0.00. The f i r s t  two subs tances  were  p resen t  in p redomina t ing  amounts  and were  r e -  
vealed with vanil l in in sulfur ic  acid in the f o r m  of bright  c r imson  spots;  the o thers  were  p resen t  in t r a c e s  
and gave b r i c k - r e d  and violet  co lo r s .  

The lactone f rac t ion  was sepa ra ted  ch romatograph ica l ly  on a lumina.  On elution with pe t ro l eum 
e ther ,  the f i r s t  f rac t ions  yielded a mix ture  of subs tances  with R f  0.9, 0.84, and 0.76 f rom which, on s tand-  
ing, a component  with the composi t ion C15t-I2002 c rys ta l l i zed ;  it had mp 79-79.5°C, [~]~ +105 ° (c 1.38, ch lo ro-  
form) ,  R f  0.84, and was read i ly  soluble in methanol ,  e ther ,  and acetone and insoluble in water ;  i t  dist i l led 
in s t e am without change. The substance had the p r o p e r t i e s  of a lactone,  dissolving in aqueous solutions of 
caust ic  a lkal is  on heating and prec ip i ta t ing  in the initial s ta te  (IR spec t rum,  mp,  R f )  on subsequent acidi f i -  
cation. 

I t s  IR spe c t rum  had bands at (cm -1) 1770 (y - lac tone  carbonyl) ,  1660, 1410, and 1110 (exocyclic 
methylene group conjugated with a lactone carbonyl) ,  1640 ( p r i m a r y l t e r t i a r y  double bond), 909 ( R C H =  CH 2 

group),  and 892 (I~--C=CH2 group) [5, 6]. The p re sence  of an exocycl ic  methylene group at tached to a l ac -  
I 

R 

tone r i ngwas  conf i rmed by the p repa ra t ion  of a hydrochlor ide  having mp 105°C. In the IR spec t rum of this 
substance the absorpt ion bands at 1660, 1410, and 1110 cm - i  had d i sappeared .  

The reduct ion of the lactone with sodium borohydr ide  gave a diol with mp 83-85°C in whose IR spec -  
t r um the carbonyl  band at 1770 cm -t  had d i sappeared  and the broad absorpt ion band of a hydroxyl  group 
had appeared  in the 3200-3400 cm -1 region.  

F r o m  i ts  composi t ion and chemical  p r o p e r t i e s  the substance i so la ted  is a sesqui te rpene  lactone r e -  
sembl ing alantolactone in i ts  composi t ion and melt ing point. However ,  a compar i son  of the IR and NMR 
spec t ra  of the two subs tances ,  as well  as the depress ion  of the melt ing point (20°C) given by a mix tu re  of 
this lactone with an authentic sample  of alantolactone showed that they a r e  different .  At tempts  to obtain the 
we l l - c rys t a l l i z ing  te t rahydroalanto lac tone  by a known method [7] also failed to give a s a t i s f ac to ry  resu l t .  
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Fig.  1. IR s p e c t r u m  of igalan (in KBr).  
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Fig. 2. NMR spec t rum  of igalan (in 
CCI4). 

On the bas i s  of i ts  phys icochemica l  p : o p e r t i e s  we may  con-  
clude that the substance that we have i so la ted  is a new s e s -  
qui terpene lactone,  and we have cal led it " igalan."  

The NMR spec t rum of igalan contains the s ignals  of 
methyl  groups  [one on the double bond giving a singlet  at 1.65 
ppm (3I-D and one at tached to a qua te rna ry  ca rbon  a tom giving 
a singlet  at 0.98 ppm (3H) ], an exocycl ic  methylene group con-  
jugated with a lactone carbonyl  giving doublets at 6.14 and 
5.48 ppm (J = 4.5 Hz), and two methylene groups  giving s ing-  
l e t s  at 4.92, 4.82, 4.75, and 4.65 ppm (1H each).  In addition, 
there  a r e  the s ignals  of an olefinic proton (in the 5.5-5.85 ppm 
region,  J = 10 Hz) and of a lactone proton (superposed on the 
s ignals  at 4.62-4.75 ppm),  and a lso  that of a vicinal  proton in 
a lactone r ing (multiplet  at 3.2-3.4 ppm,  lI-l). 

Catalyt ic  hydrogenat ion in the p r e sence  of Raney nickel 
gave a dihydro der iva t ive  in whose NMR s p e c t r u m  the signals  
of the conjugated exocycl ic  methylene group d i sappeared  
while a doublet appeared  at 0.83 ppm,  J = 5 Hz (3H) c o r r e s p o n d -  
ing to a methyl  group on a lactone r ing.  The o ther  s ignals  had 
not changed the i r  posi t ions .  

Catalyt ic  hydrogenat ion ove r  plat inum (according to 
Adams) in acet ic  acid in the p r e sence  of pe rch lo r i c  acid gave 

a mix ture  which, according to m a s s  s p e c t r o m e t r y ,  consis ted of a hexahydro der iva t ive  with a smal l  amount 
of t e t r ahydro  der iva t ive  which was  imposs ib le  to s epa ra t e .  In the NMR spec t rum of the produc t  the s ignals  
of the exocycl ic  and the two t e rmina l  methylene groups  d i sappeared  and a s t rong doublet appeared  in the 
0.65-0.85 ppm region.  The lactone pro ton  appeared  in the f o r m  of a complex  signal of five bands in the 
4.35-4.65 ppm region,  J = 5.5 Hz, which shows the l inea r  l inkage of the r ings  and the cis  configurat ion of 
the lactone r ing [6]. 

To conf i rm the l inear  l inkage we studied the UV spec t r a  of igalan and some other  lac tones  in con- 
cent ra ted  sulfur ic  acid.  It  is known that  many  subs tances  that do not abso rb  in the UV region are  conver ted  
into products  with c h a r a c t e r i s t i c  absorp t ion  m a x i m a  on dissolut ion in concent ra ted  sulfur ic  acid because  of 
dehydrat ion and dehydrogenat ion [8-11]. The UV spec t r a  of the resul t ing  compounds a re  e x t r e m e l y  spe -  
cific and give valuable informat ion  on the s t ruc tu re  of the initial subs tances .  Such studies have not been 
p e r f o r m e d  for  this  group of sesqui te rpene  lac tones ,  and we the re fo re  studied the UV spec t r a  in sulfur ic  
acid of santonin, t a u r e m i s i n  (angular  linkage), and alantolactone (l inear linkage) 3 and 24 h a f t e r  dissolut ion 
(Table 1). We see f r o m  the table that only 3 h a f t e r  the lac tones  had been dissolved in sulfur ic  acid two ab-  
sorpt ion m a x i m a  appeared:  I in the 224-269 nm region (log ~ 3.65-3.85) and II at 245-340 nm (log ~ 3.58- 
5.04). Af ter  24 h changes had occur red  in the posi t ions  of the max ima:  in the lac tones  of the angular  type 
m a x i m u m  I had undergone a hypsochromic  shift and II a ba thochromic  shift .  In alantolactone,  with the 
l inear  l inkage,  the posi t ion of m a x i m u m  I had not changed while II had shifted slightly in the shor t -wave  
direct ion.  In igalan the changes that took place were  s i m i l a r  to those for  a lantolactone,  which indirect ly  
shows the l inea r  l inkage of the lactone r ing.  

The chemical  p r o p e r t i e s  and spec t r a l  c h a r a c t e r i s t i c s  given pe rmi t  the conclusion that igalan is a 
lactone of the e lemane  type and that it p robab ly  has the following s t ruc tu re :  

n x 
II--0 

Lactones  of a s i m i l a r  type have been isola ted f r o m  seve ra l  r e p r e s e n t a t i v e s  of the fami ly  Composi tae  [6]. 
On the bas i s  of biogenetic data Rangavan et al.  suggested the p r e c u r s o r  of alantolactone and of i so -  and di-  
hydroalanto lac tones  is  the ge rmae rano l ide  inunolide which is  p resen t  in the Inula r a c e m o s a  root  [12] to -  
ge the r  with the lac tones  mentioned.  By analogy with dihydrocostunolide [5], fo rmed  by the py ro lys i s  of 
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TABLE 1. UV Spectra of Some Lactones in Concentrated 
Sulfuric Acid 

Lactones 

Tauremisin 
Sanmnin 
Alantolaetone 
Igalan 

After 3 h 

Xrnax I E 

240; 34.5 3,65; 5.04 
269; 320 3,87; 3.' 9 
237; 327 3,58; 3,58 
224; 310 3,89; 4,01 

After 24 h 

k max log 

P37; 344 3,71; 4.04 
247; 398 3,89; 3,8' 
237; 325 3,80; 3.75 
224; 305 3,87; 4,38 

saussurea  lactone, inunolide gave a low yield of a product to which the authors ascr ibed a s t ructure  of the 
elemane type analogous to that of igalan. The isolation of igalan f rom Inula grandis  Schrenk. under mild 
conditions shows that elemanolides may be not only products  of the t ransformat ion of germacranol ides  but 
also true natural substances.  The laetones contained in plants of the genus Inula are  ext remely  diverse.  
These plants have been found to contain derivat ives of eudesmane [7], ge rmacrane  [12], guaiane [13], sp i ro-  
lactones [14], and a lactone of the elemane type now isolated by us for the f i rs t  t ime. 

E X P E R I M E N T A L  

The NMR spect ra  were taken on a JNM-4H-100/100 Mttz instrument,  the IR spectra  on a UR-20 spec-  
t romete r ,  and the UV spect ra  on a Hitachi spectrophotometer .  The fract ions were analyzed chromato-  
graphical ly  in a thin fixed layer  of alumina in a b e n z e n e - m e t h a n o l - e t h y l  acetate (94 :3 :3 )  system.  The 
spots were revealed by spraying the ch romatogram success ively  with a 1~ solution of vanillin in conc 
H2SO 4 and with methanol. 

Isolation of Igalan. A 6.4-kg sample of the dried and comminuted roots collected in Apri l -May 1969, 
in the Chimgan Distr ict  (Tashkent Region) was t reated with pet ro leum ether  (4 x 20 l i ters) .  The extracts  
were evaporated in vacuo to a volume of 500 ml (460 g). The concentrate (200 g) was dissolved in 1.2 l i ter  
of pet roleum ether  and extracted with 1.5 l i te r  of 60% acetone and then with 1.5 l i ter  of 90% ethanol. The 
ethanolic extract  was concentrated to small volume and t reated with chloroform (5 × 200 ml). Distillation 
of the chloroform extract  gave 130.2 g of lactone .fraction (4.67%), which was t r ans fe r red  to a chromato-  
graphic column (8 cm in d iameter  and 20 cm high) filled with neutral  alumina (activity grade II1). The 
column was eluted with petroleum ether,  petroleum ether containing 2-20% benzene, benzene, a b e n z e n e -  
methanol mixture (99 : 1 to 95 : 5), and methanol,  300-ml fract ions being collected. The concentrat ions of 
f ract ions 1-6 yielded 84.64 g of an oily, part ial ly crys ta l l iz ing liquid. The precipitate (about 20 g) was 
fi l tered offwith  suction and recrys ta l l i zed  repeatedly f rom 50% methanol. This gave a color less  c ry s t a l -  
line substance with mp 79-79.5°C, [oz]~ + 105 ° (c 1.38, chloroform),  R f  0.84. UV spectrum: ~tma x 202 nm 
(log e 3.99). Found ~:  C 77.20, 77.10; H 9.32, 9.13. Mol. wt. 232 (by mass  spect rometry) .  C15H2002. 
Calculated %: C 77.58; H 8.66. Mol. wt. 232. 

Prepara t ion  of Igalan Hydrochloride.  A solution of 0.3 g of the substance in 20 ml of ethanol was 
placed in ice and saturated with gaseous HC1, after  which it was evaporated in vacuo to one-half  of the 
original volume. On cooling the liquid deposited acicular  c rys ta l s  with mp 103-119°C which, af ter  repeated 
crysta l l izat ion f rom 90~ ethanol and drying in vacuo over  P205, had nap 105°C. 

Reduction of Igalan with Sodium Borohydride.  A solution of 0.3 g of the substance in 20 ml of 90% 
ethanol was t reated with 0.9 g of sodium borohydride.  The solution was left at room tempera ture  for  18 h 
and was then diluted with water.  The react ion product was extracted with hexaneo This gave 0.15 g of 
acicular  c rys ta l s  with mp 83-85°C, R f  0.18. 

Hydrogenation of Igalan over  Raney Nickel. A 0.1 g sample of the substance in 15 ml of ethanol was 
hydrogenated over  0.05 g of f reshly prepared  catalyst  at room tempera ture .  Reduction ceased after  the ab- 
sorption of 1 mole of hydrogen (about 10 ml of H2). The solution was fi l tered,  evaporated,  diluted with 
water ,  and extracted with ether.  This gave an oily substance with R f  0.40, M + 234. 

Hydrogenation of Igalan over  Platinum. A 1-ml quantity of 57% HC104 and 0.2 g of PtO2 (according to 
Adams) was added to 0.3 g of the substance in 10 ml of glacial acetic acid, and hydrogenation was car r ied  
out at room tempera ture ,  107 ml of hydrogen being absorbed.  The solution was fi l tered,  diluted with water ,  
and extracted with ether.  Elimination of the solvent yielded an oily liquid with M + 236 and 238 +. IR spec-  
t rum,  cm- l :  1770 and 1690. There  was no absorption band at 1660, 1640, 910, 896, or  820 cm -l .  
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C O N C L U S I O N S  

A new sesquiterpene lactone C15H2002 with mp 79-79.5°C, [~]}~ + 105 ° (chloroform) has been isolated 
from the roots of Inula grandis Schrenk., and we have called it ~igalan." On the basis of chemical and 
spectral characteristics,  it has been established that its most probable structure is eleman-8,11-olide. 

L I T E R A T U R E  C I T E D  

1. L . P .  Nikonova and G. K. Nikonov, KhPS [Chemistry of Natural Compounds], 133 (1970). 
2. E .A.  Yudovich, Tr. Tashkentskogo farminstituta, 1 ,  147 (1957). 
3. E .S .  Zabolotnaya and L. N. Safronich, Tr. VILAR, XI, 152 (1959). 
4. V. Herout, M. Suchy, and F. Sorm,Coll., 26, No. 10, 2612 (1961). 
5. R .A.  Somasekar, A. Paul, Sadgopal, and S. C. Bhattacharyya, Tetrah., 13.._.., 319 (1961). 
6. K.S.  Rybalko, A. I. Ban'kovskii, and V. I. Sheichenko, Tr. VILAR, XV, 168 (1969). 
7. J. Kashman, D. Lavie, and E. Glotter, Israel J. Chem., 5 ,  23 (1967). 

o. Bernstein and R. H. Lenhard, J. Org. Chem., 18___, 1146 (1953). 
9. S. Bernstein and R. H. Lenhard, J. Org. Chem., 19__, 1269 (1954). 

10. S. Bernstein and R. H. Lenhard, J. Org. Chem., 25___, 1405 (1960). 
11. 
12. 

13. 

14. 

S. D. Nikonovich and N. K. Abubakirov, ZhOKh, 33___, 3920 (1963). 
R. Rangavan, K. R. Ravindranath, G. K. Trivedi, S. K. Paknikar, and S. C. Bhattacharyya, Indian J. 
Chem., 7 ,310  (1969). 
E. Ya. Kiseleva, V. I. Sheichenko, K. S. Rybalko, A. I. Shreter, and D. A. Pakaln, KhPS [Chemistry 
of Natural Compounds], 444 (1969). 
R. Rangavan, K. R. Ravindranath, S. K. Parnikar,and S. C. Bhattacharyya, Second Indo-Soviet 
Symposium on the Chemistry of Natural Products Including Pharmacology, New Delhi (1970), p. 105. 

531 


