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Continuing chemical studies of Ferula oopoda (Boiss. et Buhse) Boiss. [1-8], by chromatographing the resin 

from the roots on a column of alumina we have isolated a sesquiterpene lactone with the composition C2~H2404, mp 

113-114 ° C (from aqueous ethanol). The IR spectrum of the substance (Fig. I) has bands at 1765 cm -I and 1670 cm -I 

(~, fi-unsaturated T-lactone), 1705 and 1650 cm -I (~, ~-unsaturated ester), and 1650 and 1603 em -I (conjugated double 

bonds). The UV spectrum also shows the presence of these ehromophores: ~max 232 and 224 m# (log e 4°32, 4.33). 

F r e q u e n c y ,  crn -1 

Fig.  1. IR spec t rum of 11 ,13-dehydro-oopodin .  

The p re sence  of a lactone r ing and of an e s t e r  group is conf i rmed by the saponification of the substance with 
alkal i ,  which yielded an acid with mp 44-45 ° C, giving no depress ion  of the mel t ing point in admixture  with angelic 
acid, and a hydroxylactone with the composi t ion CI~H1803, rap 152-153 ° C. The IR spec t rum of the saponified product 
had bands at 3300 cm -t (OH group), 1760 and 1660 cm -t (c~, 0-unsatura ted 7-1actone ring) and 1640 and 1605 cm - l  
(conjugated double bonds. 

The NMR spectrum* of the lactone with mp 113-114 ° C (Fig. 2) shows two doublets in the weak field with centers 

at r 3.60 (J = 3 Hz, 1 H) and 4.40 (J = 3 Hz, 1 H), which are characteristic for an exocyclic methylene group in a 

[actone ring and permits the partial structure A to be ascribed to it. 
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Fig.  2. NMR spec t rum of 11,13-dehydro-oopodin .  

I 
The singlet  at 1- 9.13 (3 H) observed  in the spec t rum shows the p resence  of an angular methyl  group (CH3--C--). 

t 
The singlet  at T 8.18 (3 H, C H ~ - - ~ )  and the doublet with a cen te r  at v 8.05 (3 H, J = 7 Hz; CH~--CH-~) belong to the 
vinyl methyls  of the angeloyl group. The olefinic proton of the es te r  group appears  in the form of a mult iptet  in the 
3.98 T region.  

*The t r ip le t  with T 8.80 (CH3--), the quar te t  with a center  at ~" 6.48 (--CH2--), and the s ingle t  at 1- 3.71 (--OH) a re  
due to the protons of ethanol. 
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As the spec t ra l  fea tures  show, the substance apparent ly has four double bonds which conf i rm the r e su l t s  o f  
hydrogenation.  On exhaust ive hydrogenation with Pd /C ,  the laetone adds 4 moles  of hydrogen. One of the double bonds, 
p resen t  on the lactone r ing,  is methylenic ,  and a second double bond, located in the angeloyl group, is t r i subs t i tu ted .  
The remain ing  two double bonds a re  conjugated with one another (~max 232 mtt, logs  4.32) ; one of them is l ikewise  

H 

methylenic .  The signals  with r 4.45 (1 H) and 4.70 (1 H) show that the ~ C = C ~  group is located at Ca. 
/ 

The fourth 

H 
double bond must  be e i ther  disubst i tuted or t r i subs t i tu ted  (more l ikely  a t r i subs t i tu ted  double bond). The p re sence  of 
bands at 798 and 823 cm -1 in the IR spec t rum of the saponified product agrees  well with the hypothesis put forward.  

/ 
In the NMR spec t rum of the substance under invest igation the re  is a t r ip le t  with a center  at r 3.67 J = 3 Hz, --C% , 

c <  
due to an olefinie proton at C a, the area  of the signal being one proton unit. On the bas is  of these facts ,  we may 
propose the par t ia l  s t ruc ture  B for the substance under invest igat ion 

c~ 

c~ B 

The sig-nals f rom the protons adjacent to the lactone oxygen atom and in the e s t e r  group a re  superposed and a re  

found at r 5.08. In the NMR spec t rum of the saponified product the re  is the s inglet  of a CH3--C-- group at r 9.24 (3 H), 
I 

H 
\ / 

doublets of a / C ~ C  \ group attached to the laetone r ing with cen te r s  at r 3.66 (1 H, J = 3 Hz) and 4.39 (1 H, J = 3 

H 
H 

Hz), two s inglets  of a ~ C = C <  group at C4, r 4.58 (1 H) and 4.78 (1 H), and signals  due to an olefinic proton at Ca 

H 
(in the 3 .67-3.82 T region).  The signal  of a proton in the e s t e r  group has undergone a d iamagnet ic  shift in the spec t rum 
of the saponified product.  The doublet with a center  at r 6.47 (1 H, J = 6 Hz) pe rmi t s  this proton to occupy the C~ 
posit ion.  The t r ip le t  with a cen te r  at r 5.08 (1 H, J = 9 Hz) is due to the proton adjacent  to the laetone oxygen atom at 
C6. 

CH~ 

% 

= - O - C - C  = C H - - C H  a 
II I 
0 OH 3 
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Thus, the substance inves t iga ted  is a new sesqui te rpene  lactone not previous ly  descr ibed  in the l i t e r a tu re  and has 
the s t ruc tu re  of 11 ,13-dehydro-oopodin .  

The reduct ion of 11,13-dehydro-oopodin with sodium borohydride in methanol  solution leads to a mix ture  of 
subs tances  f rom which the 11,13-dihydro de r iva t ive  C20H2604 with mp 127-128 ° C (from aqueous ethanol) was i so la ted;  
i ts IR spec t rum (u 1760,1710,1643, and 1600 cm -1) agreed  comple te ly  with the spec t rum of oopodin. A mix ture  of the 
two substances  gave no depress ion  of the mel t ing  point. 

The IR spec t ra  were  r e c o r d e d  on an UR-10 ins t rument  [n paraffin oil ,  the UV spec t r a  on an SF-4  
spec t ropho tomete r  in 96% ethanol,  the NMR spec t ra  of 11,13-dehydro-oopodin on a JNM-4H-100-MC s p e c t r o m e t e r  
{solution in deutera ted  ch lo ro fo rm containing ethanol), and the NMR spec t ra  of the saponified product on a J N M - C -  
60M-C ins t rument  (CDC13 solution with t e t r amethy l s i l ane  as standard).  

The mic roana ly se s  were  pe r fo rmed  by E. A. Sokolova in the l abora to ry  of the Chemis t ry  of Plant Substances of 
the Komarov  Botanical  Insti tute,  AS USSR. 

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

Isolat ion of 11, 13-dehydro-oopodin.  The chromatography of the res in  on a column of alumina was c a r r i e d  out by 
the method descr ibed  prev ious ly  [8]. After  the isolat ion of the oopodin, the subsequent f rac t ions  yielded a c rys ta l l ine  
substance with mp 113-114 ° C (from aqueous ethanol). 

Found, %: C 73.31; H 7.23. Calculated for  QoH2404, %: C 73.17; H 7.32. 

Saponification of 11, 13-dehydro-oopodin.  A solution of 0.1 g of the substance in 5 ml  of ethanol was t rea ted  with 
0.2 g of KOH in 5 mt of wa te r .  The mix ture  was heated in the water  bath for 30 rain, cooled, diluted with water ,  
acidif ied with dil H2SO4, and worked up by a published method [4]. This gave angelic acid with mp 44-45  ° C and a 
hydroxylaetone C1~H180~ with mp 152-153 ° C (from a mix ture  of pe t ro leum ether  and ether) .  

Found, %: C 73.51, 73.53; H 7.33, 7.38. Calculated for CI~HI~O~, %: C 73.17; H 7.31. 

Hydrogenation of 11 ,13-dehydro-oopodin .  A solution of 0.1 g of the substance in 10 ml  of ethanol was exhaust ively 
hydrogenated with 0.1 g of Pd/C.  The hydrogenation consumed 28.5 ml of H 2, while the amount r equ i r ed  for  four 
double bonds is 27.2 ml.  The ethanolic solution was f i l t e red  and dis t i l led.  The res idue  consis ted of a noncrys ta l l iz ing  
oil .  This substance was not studied. 

Reduction of 11, 13-dehydro-oopodin with sodium borohydride .  A solution of 0.1 g of the substance in 10 ml of 
ethanol was t r ea ted  with 0.4 g of NaBH~ in port ions.  Then it was left at room t e m p e r a t u r e  for 30 min,  acidif ied with 
dil H2SO4, and ext rac ted  with e ther .  The e therea l  ext rac t  was washed with water  th ree  t imes ,  dr ied  over  Na2SO4, 
f i l t e red ,  and dis t i l led.  The res idue  was a v iscous  oil which par t ia l ly  c rys t a l l i zed  f rom a mix ture  of e ther  and 
pe t ro leum ether  on standing. The c rys t a l s  w e r e  separa ted  off and r e c r y s t a l l i z e d  f rom aqueous ethanol.  Mp 127-128 ° C. 

CONCLUSIONS 

The roots  of Fe ru l a  oopoda (Boiss.  et Buhse) Boiss .  have yielded a new sesqui te rpene  lactone having the 

s t ruc tu re  of 11 ,13-dehydro-oopodin  (I). 
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