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Recently we reported [1-3] the isolat ion from the roots of Fe ru la  oopoda (Boiss. et Buhse) Boiss. of two 
sesqui terpene  lactones,  badkhysin and ferul in,  which have a guaiane carbon skeleton. A third guaianolide, isolated from 
this plant  species,  we have called "ferul idin."  

The e lementa ry  formula  of ferul idin,  C15 H1804, was calculated on the bas is  of its IR, UV, and NMR spectra;  
its mp is 170-172 ° C. The TR spec t rum of the substance (Fig. 1) has bands at (cm -1) 3400 (OH group), 1762 (T-lactone), 
1672 (conjugated ketone group of a f ive -membered  ring), and 1630 and 1615 (double bonds); it  does not contain an es te r  
group. The solubil i ty of the lactone on heating in alkaline solutions also shows the p resence  of a lactone ring. The 
UV spec t rum conf i rms the p resence  of a conjugated sys tem ~ m a x  334 and 254 n~u, log e 1.81 and 4.02). 
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1. TR spectrum of ferul idin.  

Important  informat ion concerning the s t ruc tu re  of ferul idin was obtained f rom its NMR spec t rum (Fig. 2). The 
doublet with a center  at 8.77 ~- (J = 7 Hz, 3H) observed in the s t rong field is du e to a methyl group at Cll. The s ix-  
proton singlet  at • 7.70 shows the p resence  of two vinyl methyl groups in the investigated compound. 
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Fig. 2. NMR spect rum of ferul idin.  

Thus, of the three methyl groups in the  guaianehydrocarbon skeleton two are located on double bonds. Since the 
spec t rum has only one singlet  charac te r i s t i c  for an olefinic proton (~" 3.88, - - C H = ) ,  whose a rea  is equal to one 

.proton, the ketone group of the f ive -membered  r ing  may confidently be ascr ibed to the C 3 posit ion, and the conjugated 
double bonds to C1--C 2 and C 4 -  C 9. 

Comparing some informat ion obtained f rom the in terpre ta t ion  of the IR, UV, and NMR spec t ra  of ferul id in  with 
the corresponding information for badkhysin [1] (table) we may conclude that ferul idin is formed f rom the badkysin 
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during the t r ea tment  of the plant mater ia l .  If this were  co r rec t ,  then, by analogy, the lactone r ing in the molecule  of 
ferul idin would be located at C~--C 8 and the OH group at Cs. 

Compound 

Badkhysin 

Ferulidin 

Table 
CO _g3"oup, cm -~ 

lactoae I ketone 

1768 I 1678 
1762 1672 

Double 
bonds, 

cm-t 

1640 
1610 
1630 
1615 

UV spectrum, k, m# 

334, log e 1 ,74  
254,1og e4 ,12  
334,1og el,81 
254,1og e 4 ,02  

NMR spectrum, 
" I / 

~H s - C  =a~ - C H =  
C1 a n d C  4[ a t e  2 

I 
s 7,7 I s 3,82 
(6H) 
s 7,7 s 3,88 
(6H) 

However,  an analysis  of the signals due to the protons adjacent to the lactone oxygen atom and to the hydroxyl 
group explain the hypothesis put forward in a different  manner.  

In the NMR spec t rum of ferul idin there  is a mult iplet  at T 5.05 with an a rea  of one proton. The value of its 
chemical  shift cor responds  to the proton of a lactone ring. The nature of the spli t t ing shows interact ion with three  
neighboring protons and it is s im i l a r  to the signal caused by the proton in the es te r  group of badkhysin [1]. 
Consequently, the C~--C 7 posi t ion is proposed for  the laetone ring. Thus, the OH group may be p resen t  at e i ther  
C 5 or  C 8. In the f i r s t  ca se  the proton in the OH group would show a doublet, and in the second ease  a quar te t  
or  at l eas t  a t r iplet .  In actual fact, the spec t rum shows a quar te t  at T 6.05 (J1 = 10 Hz, J2 = 5 Hz, 1H). This shows 
that the OH group is located at C 8. If attention is d i rec ted  to the spin-spin spli t t ing constants of the quar te t  (He) it  
becomes  c lea r  that the proton of the hydroxyl group occupies the trans posit ion (J = 10 Hz) with r e spec t  to one of the 
neighboring protons (Hy) or  (H10) and the cis  posi t ion (J = 5 Hz) with r e spec t  to the other. 

On the bas is  of the resu l t s  obtained we may assume that ferulidin has the s t ruc tu re  8-hydroxy-3-oxoguia- l (2) ,  
4(9)-dien-6,  12-olide (I). 

The proposed s t ruc tu re  (I) is a lso conf i rmed by the resu l t s  obtained on acetylation. F r o m  the reac t ion  mix ture  
a substance with mp 175-176 ° C was isolated,  and its IR and UV spec t ra  agreed complete ly  with the spec t ra  of ferul in  
[2, 3]. A mixture  of these compounds gave no depress ion  of the melt ing point. 

EXPERIMENTAL 

The IR spec t r a  were  taken on a UR-20 spec t rophotometer  (paraffin oil), the UV spec t ra  on an SF-4a  ins t rument  
(96% ethanol), and the NMR spec t rum on a JNM-4H-100 spec t rom e te r  (solution in deuterated chloroform).  
Te t ramethy l s i l ane  was used as the internal  standard. 

Isolat ion of ferulidtn.  The roots  of F e r u l a  oopoda (0.5 kg) were  boiled with an excess  of 96% ethanol in a water  
bath (twice, 2 hr each time).  The ethanol was f i l te red  off. Then extract ion was ca r r i ed  out with water  under s im i l a r  
conditions and the f i l te red  ex t rac t s  were  evaporated to dryness  on a water  bath. The res idue  was repeatedly  ext rac ted  
with chloroform.  The ch loroform ext rac ts  were  combined, dried over  Na2SO4, f i l tered,  and dist i l led.  The dark-brown 
viscous  r e s in  was dissolved in 5 ml of ch loroform and chromatographed on alumina (column 10 c m  high and 2 cm in 
d iameter ,  activity grade II). Elution was ca r r i ed  out with ch loroform (50 ml) and ch lo ro fo rm -e thano l  (5: 1). The 
fract ions eluted with the c h l o r o f o r m - e t h a n o l  yielded 0.025 g of a substance with mp 170-172 ° C (from c h l o r o f o r m -  
pe t ro leum ether).  

Acetyla t ion of ferultdin.  A solution of 0.02 g of ferul idin in 2 mI of acet ic  anhydride was t rea ted  with 0.1 g of 
f reshly  fused sodium acetate.  The mix ture  was boiled for 30 min, cooled, t rea ted  with 100 ml of water,  and 
ext rac ted  with ch loroform (2 x 50 ml). The combined ch lo ro fo rm ext rac ts  were  washed with water ,  dried over  Na2SO4, 
and evaporated.  The res idue  was dissolved in ch lo ro fo rm and f i l te red  through a 5 -em layer  of alumina (diameter  
1.5 cm, act ivi ty  grade  II). This gave a c rys t a l l i ne  substance with mp 175-176 ° C (from aqueous ethanol). A mixture  
with ferul in  gave no depress ion  of the melt ing point. 

C O N C L U S I O N S  

1. F r o m  the roots  of Fe ru l a  oopoda (Boiss. et Buhse) Boiss.  a new sesqu i te rpene  lactone C15H1804 with rap 
170-172 ° C has been isolated; i t  has been called "ferul idin ."  
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2. We have shown that fe ru l id in  has the s t r u c t u r e  I. 
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