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By chromatography on alumina of the total lactones obtained by the sodium carbonate  t rea tment  of the r e s in  
f rom the roots  of F e r u l a  oopoda (Boiss. et Buhse) Bo i s s . ,  we have isolated a substance with the composi t ion 
C20H2405, mp 189-190" C, which we have called "isobadkhysin." 

The IR spec t rum of the substance (Fig. 1) has absorption bands at (cm -1) 1760 (T-lactone ring), 1702 (c~, f l-  
unsaturated e s t e r  group), 1658 (conjugated ketone group of a f i v e - m e m b e r e d  ring), 1618 and 1635 (double bonds). The 
UV spec t rum.has  the maxima cha rac t e r i s t i c  for a conjugated sys tem (~max 340 and 252 n~u, log e 1.82 and 4.45, 
respec t ive ly) ,  These  facts show that the isolated compound belongs to the sesqui te rpene  lactone group. 
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Fig. 1. IR spec t rum of isobadkhysin. 

By compar ing  the IR and UV spec t r a  of isobadkhysin and badkhysin [1], ferul in  [2, 3], jacquinel in [4], and other 
substances  we may conclude that isobadkhysin is apparently a s t e r e o i s o m e r  of badkhysin, o r  differs  f rom the la t ter  
in the posi t ions of the functional groups and the double bonds. 

The NMR spec t rum of the substance (Fig. 2a) shows the p r e sence  of a guaiane carbon skeleton as the basis  of the 
lactone under  investigation.  A doublet with a center  at ~- 8.82 ppm (J = 7 Hz, 3H, CH3--CH~) and two th ree -pro ton  

I f 
s inglets  at ~- 7.85 ppm (CH3- -C~ ,  3H) and 7.52 ppm (CH3--C~---, 3H) de te rmine  the nature  of the methyl  groups in the 

isobadkhysin molecule .  A weakly reso lved  signal with ~- 8.10 ppm (J = 1.5 Hz, CH3--~--~ , 3H) and a doublet at ~- 7.98 
ppm (J = 7 Hz, CH3--CH----- , 3H) belong to an e s t e r  group. The chemical  shifts and the spin-spin  coupling constants 
of the protons of the side chain in the isolated compound and in badkhysin and semopodin [5] a re  ex t r eme ly  s i m i l a r  to 
one another. This conf i rms the fact  that the s t ruc tu res  of the e s t e r  groups are  identical.  The saponification of 
isobadkhysin, like that of badkhysin [6], gave angelic acid with mp 44-45  ° C. 

A broadened singlet  in the NMR spec t rum of is0badkhysin at ~- 3.82 ppm (2H) with a diffuse base  is the resu l t  of 
the superposi t ion of the s inglet  signal of the olefinic proton at C~ (1H) and the mult iplet  of - - C H ~  (1H) of the angeloyl 
group. The signals  of the protons adjacent  to the lactone oxygen atom and in the e s t e r  group are  also superposed on 
one another and a re  found in the 5.15-'r region (2H). 

Di rec t  compar i son  of the NMR spec t ra  of badkhysin and isobadkhysin (Table) shows that they a re  s t e r e o i s o m e r s .  

When the res in ,  obtained by a known method [7], was chromatographed on a column of alumina, we were  unable to 
i so la te  isobadkhysin. Thus, the la t te r  is mere ly  the product  of the i somer iza t ion  of badkhysin. In fact, b r ie f  
t r ea tmen t  of badkhysin with sodium carbonate leads to the format ion  of a substance with mp 189-190 ° C which gives no 
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Fig. 2. NMI1 spectra  of a) isobadkhysin 
mad b) badkhystm 

434 



depress ion  of the mel t ing  point in admixture  with isobadkhysin. The IR spec t r a  of the substances compared were  
also ident ical  while, as the NMR spec t rum showed, the re  was no change in the posi t ions of the substi tuents,  functional 
groups,  and double bonds. 

CH 3 -  
Substance at C l t  

Badkhysin { d 8.62 
J=7 Hz 

lsobad- [ d 8,82 
khysin ~ J : 7  Hz 

CH~ I --CH= CHa-C= 

ester g r o u p  

s 8,05 ]d 7.95 
J =  t ,5Hz J :  7 Hz 

s 8.10 d 7.98 
J = 1.5 Hz J ~ 7  Hz 

Table 

CH3-C= H at Ct9 
at C I and C4 

H at C8 H at C a 

s 7 , 7  [ d  6,3 [q 5.45 m 4.45 
(6H) J=10 Hz Jl~lO Hz[Jt= t0 Hz 

J~=7.SHz[J~:10 Hz 
. "[J3= 4 Hz 

s 7.85 (3H)[ 6.2 I ]5.15 (2H) 
87.62 (3H)I J < l  Hz[ I 

Note~ s) singlet, d) doublet, q) quartet,  and m)  multiplet .  

Olefinic 
proton 
at C 2 
and 

ester 
group 

3,82 
(2H) 

3.82 
(2H) 

We used the spin-spin  coupling constants to elucidate  the s t e r eochemica l  fea tures  of badkhysin and isobadkhysin. 

On cons ider ing  the NMR spec t rum of badkhysin (Fig. 2b) the following conclusion can be  drawn with r e s pec t  
to its s t e r eochemis t ry .  The coupling constants between the H 8 and H10 (10 Hz), H 8 and Hy (7.5 Hz), and H 7 and H e 
(10 Hz) protons a re  compara t ive ly  large.  This  shows that the dihedral  angles between these  protons approximate  to 
180 °. Consequently,  the protons mentioned, taken in pa i r s ,  have the trans posi t ion with r e spec t  to one another. The 
coupling constant between the H 8 and Hi0 protons in isobadkhysin is less  than 1 Hz. F u r t h e r m o r e ,  the sum of the 
coupling constants of the lactone proton and the hydrogen atom at C~ is considerably  diminished.  In addition to the 
change in the coupling constants,  there  a re  cons iderable  changes in the chemical  shifts of the protons at C~ (A 0.7 ppm) 
and of the methyl  groups at C t (A 0.15 ppm) and Cit (A 0.2 ppm). The changes in the spec t rum of isobadkhysin compared 
with the spec t rum of badkhysin that have been pointed out show that i somer iza t ion  of both the lactone r ing at the C 8 
cen ter  and the substi tuent at C e has taken place.  

The resu l t s  obtained p e r m i t  badkhysin and isobadkhysin to be formulated as I and II. 
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II ;I 
0 0 

I II 

R = - O - C  - C  = CH-CH 3 
II I 
0 CH 3 

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

The IR spec t r a  were  taken on a UR-20 ins t rument  (paraffin oil), the UV spec t r a  on an SF-4a  spec t rophotometer  
(96% ethanol), and the NMR spec t r a  on a JNM-4H-100 spec t rophotomete r  (with deutera ted ch lo ro fo rm as solvent).  The 
internal  s tandard was te t ramethyls i lane .  

I s o l a t i o n  of isobadkhysin. A solution of 50 g of the res in  (after the el iminat ion of the bulk of the badkhysin) in 
50 ml of ethanol was t rea ted  with 100 ml of 5?0 aqueous sodium carbonate  solution and the mix ture  was heated in a 
water  bath for 5 min, diluted with water ,  cooled, and extracted with ether  (3 × 100 ml). The aqueous layer  was 
acidified with dilute H2SO 4 and ext rac ted  with ether  (3 × 100 ml). The e therea l  ex t rac t  was washed with water ,  dr ied 
over  Na2SO4, and f i l tered.  The res idue ,  af ter  dis t i l la t ion of the ether ,  was chromatographed on a column of alumina 
(activity grade II, height 20 cm, d i ame te r  ~ cm). 

The substances were  eluted f rom the column with a pe t ro l eum e t h e r - e t h e r  mix ture  (2 : 1 and 1 : 1), with ether,  
and with an e t h e r - c h l o r o f o r m  mix ture  (2 : 1). The volume of each f rac t ion was 200 ml. The f ract ions  obtained by 
elution with the e t h e r - c h l o r o f o r m  mix ture  (2 : 1) yielded isobadkhysin with the composi t ion C20H2405, mp 189-190 ° C 
(from aqueous ethanol). 
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Saponification of isobadkhysin. A solution of 0.1 g of isobadkhysin in 10 ml of ethanol was boiled in a water bath 
with 5 ml of 5% aqueous KOH for 30 min. Then it  was diluted with water, the ethanol was evaporated off, and the 
res idue was cooled and acidified with dilute H2SO 4. The amorphous precipi ta te  was f i l tered off and the f i l t ra te  was 
dist i l led with steam. The organic acid was extracted with ether, and the extract  was dried over Na2SO4, fi l tered, and 
evaporated. The res idue  consisted of an oil which crys ta l l ized on standing with mp 44-45  ° C. 

I somer iza t ion  of badkhysin. A solution of 0.2 g of badkhysin in 10 ml of ethanol was shaken with 10 ml of 5% 
sodium carbonate  solution for 3 min. On t rea tment  by the method descr ibed above, isobadkhysin with mp 189-190 ° C 
(from ethanol) was obtained. 

CONCLUSIONS 

1. By chromatography of the total lactones obtained from the sodium carbonate t rea tment  of the r e s i n  of the roots 
of Fe ru l a  oopoda (Boiss. et Buhse) Boiss. we isolated a previously  unstudied sesqui terpene  lactone C20H240 s , mp 
189-190 ° C, which we called isobadkhysin. 

2. It has been shown that isobadkhysin is a s t e reo i somer  of badkhysin and is formed during the t rea tment  of the 
r e s in  with sodium carbonate.  

3. The s te reochemical  charac te r i s t i cs  of badkhysin and isobadkhysin have been established on the basis  of their  
NMR spectra.  
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