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We have previsouly [1] repor ted  a new sesquiterpene Iaetone, semopodin, from the fruit of Ferula  
oopoda (Boiss. et Buhse) Boiss.  In the present  paper  we give the resul ts  of a chemical  study of the liquid 
substance (I), C21H9607, isolated from this plant mater ia l .  The IR spect rum of (I) (Fig. 1) shows absorption 
bands at 1710 and 1230 em -1 of an a ~ - u n s a t u r a t e d  es te r  and at 1635, 1610, and 1515 cm -! of a benzene 
ring. The presence and nature of the es te r  group were determined by the saponification of the substance 
under investigation by alkalis. This gave an aromat ic  alcohol (II), CiiHltO 5, and tiglic acid, which was iden- 
tified by means of its IR spectrum [2]. The IR spectrum of (H) contained absorption bands at 3350 em -! 
(OH group) and 1630, 1610, and 1510 cm -1 (aromatic system).  The acetylation of (ll) formed an acetyl de- 
r ivative (Ill), C16H1807, the IR spect rum of which Lacked the band of an OH group. Maxima at 1740 and 1240 
cm -I were  due to the CO group of an es ter .  The peaks of the aromat ic  r ing remained unchanged (1635, 
1610, 1510 era-i).  

Important  information on the s t ructure  of the substance was obtained by the interpretat ion of NMR 
spectra .  The NMR spectrum of (I) (Fig. 2a) has the doublet of a methyl group at 1.18 ppm (J = 6 Hz, 3H, 
CHa-CH<).  Vinyl methyls of an e s t e r  group are found in the 1.90 ppm region. A well-defined singlet at 
3.92 ppm (3H) is due to a methoxy group in an aromat ic  ring. A multiplet signal with its center  at 5.42 
ppm (1H) and a doublet at 5.87 ppm (J = 7 Hz, 1H) apparently relate to the protons of es te r  groups. The 
olefinie proton of the tiglic acid appears in the form of a multiplet at 6.15 ppm. The areas  of the signal 
of this proton and of protons of the vinyl methyl groups of the side chain shows that the substance under 
investigation probably contains two es te r  groups.  The co r rec tness  of the hypothesis put forward is con- 
f i rmed by the NMR spec t ra  of (II) and (III). In the NMR spect rum of (IT) (see Fig. 2b) the signals of the 
protons of the e s t e r  groups are shifted upfield and are in the 3.5-4.3 ppm region (Table 1). The maxima 
due to the vinyl methyl groups and that of the olefinic proton of the es te r  group are absent f rom the spec-  
t rum of (II). 

As mentioned above, the saponification of (I) leads to substance (II) and tiglic acid. However, the 
chemical  shift (CS) of the olefinic proton of the es te r  group of substance (I) (6.15 ppm) gives grounds for 
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Fig. i. IR spectrum of the aromatic ester. 
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F i g .  2. NMR s p e c t r a  of  the  a r o m a t i c  e s t e r  (a) a n d  
the  s a p o n f f i e d  p r o d u c t  (b). 
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F i g .  3 .  NMR s p e c t r u m  of  t h e  d i a c e t a t e  of  (l-i) (a) a n d  

of  o x i d i z e d  (II) (b) .  
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concluding that it is the angelate of (II) [3]. 

The NM1R spec t rum of (HI) (Fig. 3a) shows two t h r e e - p r o t o n  s inglets  at 2.07 and 2.10 ppm c o r r e s p o n d -  
ing to the CH~ groups  of acetyl  r ad ica l s .  The s ignals  due to the protons  at the acetyl  groups are  p re sen t  
in the weak field at 5.28 (1H) and 5.72 ppm (1H), the nature  of the i r  spl i t t ing being the same as in (I). The 
NMR s p e c t r a  of all the compounds ment ioned above lack any signal that could be a sc r ibed  to an additional 
methine  proton.  At the s ame  t ime,  the s p e c t r a  of these subs tances  show that they contain a secondary  
methyl  group (CH3-CH<). This  c i r cums t ance ,  and also the mult ipl ic i ty  of the signal  at 5.42 ppm, shows 
the p r e s e n c e  in these  compounds of the s t ruc tu ra l  f r agment  A: 

I 
CH3--CH =C--C--O-CH--CH--O--C--C ~CH-- CH 3 

CH30 CH3 O 

The oxidation of (II) with ch romium tr ioxide in acetone solution led to the p rec ip i ta t ion  of a c r y s t a l -  
line der iva t ive  (IV) with the composi t ion  C9H804, mp 128-129"C (from pe t ro leum ether) .  The IR spec t rum 
of (IV) exhibi ted absorp t ion  bands with m a x i m a  at 1690 cm -I (carbonyl group) and at 1630, 1600, and 1515 
cm -1 (a romat ic  r ing).  

The band at 1600 cm -1 in the IR spec t rum of (IV) is m o r e  intense than the cor responding  bands in 
the IR s p e c t r a  of (I), (II), and (HI). Consequently,  the carbonyl  group fo rmed  is conjugated with the a r o -  
mat ic  r ing.  

The IR s p e c t r a  of (I)-(IV) p e r m i t  the assumpt ion  that the substance  contains a benzene ring. This  
a s sumpt ion  is conf i rmed  by the NMR s p e c t r a  of both (I) and i ts  der iva t ives .  The chemica l  shift  of the 
t h r e e - p r o t o n  singlet  of the methoxy group in the spec t r a  (see Table  1) shows that it is a t tached to the a r o -  
ma t i c  r ing.  In fo rmat ion  obtained by the pa r t i a l  in te rpre ta t ion  of the NMR s p e c t r a  shows the p r e sence  in 
the benzene r ing  of two subst i tut ing groups (OCH 3 and a side chain). The CS at 6.02 ppm is s i m i l a r  to the 
CS of the signal  of the methylenedioxy group found in the spec t r a  of the alkaloids ungminorine [4], ungerine 
[5], thalf lavine [6], corydaine  [7], delavaine [8], and o thers  [9]. 

A s inglet  at 6.65 ppm in the NMR spec t rum of (I) is p robably  the r e su l t  of the superpos i t ion  of the 
s ignals  of two pro tons  of the benzene r ing.  

The IR s p e c t r a  of (I-IV) (Table 2) also give grounds for  a s suming  that the molecule  of the compound 
under  invest igat ion contains a methylenedioxy group [101. 

The NMR spec t rum of the oxidized product  (see Fig.  3b) lacks the doublet of the secondary  methyl  
group. F u r t h e r m o r e ,  in con t ras t  to the s p e c t r a  a, b, and c, this spec t rum shows a one -p ro ton  singlet  at 
9.69 ppm, indicating the p r e s e n c e  of an aldehyde group in the substance.  This  fact  once again shows that 
the molecule  of the compound under invest igat ion (I) contains the s t ruc tu ra l  f r agmen t  A. The spec t rum 
also contains the s ignals  of a methoxy group (singlet  at 3.92 ppm, 3H) and of a methylenedioxy group (s in-  
glet  at 6.03 ppm, 2H). 

One-pro ton  doublets at 6.96 ppm (J = 1.5 Hz) and 7.04 ppm (J = 1.5 Hz) belong to two protons of a 
benzene r ing.  While in the s p e c t r a  of (I-Ill) these pro tons  appear  in the fo rm of a supe rposed  signal ,  in 
the s p e c t r u m  of (IV) they a re  shown in the fo rm of two doublets,  both being shif ted r e l a t ive ly  downfield. 
This  is p robab ly  due to the fact  that there  is an aldehyde group adjacent  to these  p ro tons .  

The r e su l t s  of a c o m p a r i s o n  of the phys icochemica l  p r o p e r t i e s  (the r e su l t s  that  we have obtained of 
IR and NMR spec t roscopy ,  composi t ion,  etc.) of the oxidized product  with those of myr i s t i ca ldehyde  [11] 
showed that  they a re  identical .  

On the bas i s  of the facts  p resen ted ,  it may be concluded that the compound under  cons idera t ion  has 
the s t ruc tu re  (I) dsee  r eac t ion  scheme) .  

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

Iso la t ion  of the Aromat ic  E s t e r  (I). The ex t rac t ion  of the frui t  and the ch roma tog raphy  of the r e s in  
so obtained were  p e r f o r m e d  as desc r ibed  p rev ious ly  [1]. The f rac t ions  p reced ing  the semopodin  were  
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combined and reohromatographed.  This gave a liquid substance, C21H260 ~, with [n]~ 1.52. 

Saponification of I .  A solution of 0.2 g of the substance in 10 ml of ethanol was t reated with 10 ml of 
5% aqueous KOH solution. The mixture was boiled on the water  bath for i h. Then it was cooled and acid-  
ified with dilute sulfuric acid. It was extracted with diethyl ether,  and the etheral  extract  was shaken 
with a 0.5% solution of Na2CO3. The organic layer  was separated off, washed with water ,  and dried over  
Na2SO 4. After fil tration, the solvent was distilled off. The residue consis ted of a viscous oil (If), CIIHI405. 
The sodium carbonate solution was acidified and t rea ted  by the method descr ibed above. This gave a sub- 
limable acid, identified by its IR spectrum as tiglie acid. 

Aeetylation of (If). A solution of 0.1 g of the substance in 3 ml of acetic acid was t reated with 0.15 g 
of f reshly  fused CH3COONa. The mixture was boiled on the sand bath for 45 rain, and then 40 ml of cooled 
water  was added. The mixture was extracted twice with chloroform and the combined ext rac ts  were  washed 
four t imes with water  and dried. The usual working-up procedure  yielded the diacetate of the saponified 
product  (HI), C15H180 ~. Chromatography in a thin layer  of alumina [activity grade III-IV, solvent petroleum 
e t h e r - d i e t h y l  ether  (I : i)]  gave a single spot with R f  0.66. 

Oxidation of (]I). A solution of 0.1 g of (H) in 5 ml of acetone was t reated with a solution of 0.15 g of 
CrO a in aqueous acetone. The mixture was left for 30 rain. Then it was diluted with water  and was twice 
ext rac ted  with diethyl ether.  The ethereal  ext rac ts  were  combined, washed with water  three t imes,  and 
dried over  Na2SO 4. After  filtration, the ether  was distilled off. The residue consis ted of a crys ta l l ine  sub- 
stance (IV), which, af ter  reerys ta l l iza t ion  f rom petroleum ether,  had mp 128-129°C. 

Found %: C 60.15; 60.24; H 4.67; 4.59. C~H804. Calculated %: C 60.00; H 4.44. 

The IR spec t ra  of (I-I~) were taken on a UR-20 spec t romete r  in the form of thin f i lms and that of 
(IV) in paraff in oil; the NM_R spec t ra  of (I) and(HI) were  taken on a JNM-4H-100/100 MHz instrument  and 
those of (]I) and (IV) on a Varian HA-100D spec t romete r  - (I-III) in CDCI a solution and (IV) in a mixture of 
CCI 4 and deuterated pyridine.  Tetramethyls i lane  was used as internal standard.  The CS values are  given 
on the 6 scale.  The e lementary  composi t ion of (I-III) were  calculated from the composit ion of (IV). 

SUMMARY 

The fruit of Ferula oopoda (Boiss. et Buhse) Boiss. has yielded a new aromatic ester with the struc- 
ture (I). 
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