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We have previously  [1, 2] repor ted  new sesquiterpene laetones f rom the roots  of Fe ru la  oopoda (Boiss. 
et  Buhse) Boiss. ,  which were  called oopodin (C20H2604, mp 127-128°C) and dehydro-oopodin (C20H2404, mp 113- 
114°C). The resu l t s  of a chemical  investigation and of ]:R and UV spectroscopy,  and also a par t ia l  in te rpre ta -  
tion of the NMR spec t ra  permi t ted  probable s t ruc tu res  to be proposed fo r  them based on the pseudoguaiane 
carbon skeleton. 

However,  in an analysis  of the NMR spec t ra  of saponified oopodin and dehydro-oopodin taken on a spec-  
t r o m e t e r  with a resolving capacity of 100 MHz with integrat ion of the a r eas  of the signals, it was found that 
the proposed s t ruc tu res  a re  not ve ry  accura te .  

It must  be mentioned that the NMR spec t rum of oopodin recorded  on an ins t rument  with a working f r e -  
quency of 60 MHz did not pe rmi t  the a rea  and the nature of the splitting of the individual protons to be de te r -  
mined because of the superposi t ion of signals.  

According to the s t ruc ture  proposed previously,  the total  a rea  of the olefinic protons  in the spec t rum 
of the oopodin molecule is equivalent to 4 H: 1 H in a side chain, two belonging to an exocycl ic  methylene 
group, and the las t  H to a ring olefinic proton. Consequently, the a rea  of the olefinic protons  in the mole-  
cule of saponified oopodin should cor respond to three  protons.  

However,  the NMR spec t rum of the saponified product  (Fig. la) shows, in addition to the signals of the 
exocycl ic  methylene group, two o ther  signals, the a rea  of each of which cor responds  to 1 H. Consequently, 
it may be assumed that the ring double bond is  s e c o n d a r y - s e c o n d a r y ,  and not s e c o n d a r y - t e r t i a r y .  

The signals at 5.16 ppm (1 H) and 5.40 ppm (1 H) observed  in the NMR spec t rum of saponified oopodin 
co r respond  to the protons of an exocycl ic  methylene group at C I. The maximum at 233 nm (log e 4.35) in 
the UV spec t rum shows the p resence  in it of a conjugated sys tem of double bonds. The doublet with a cen te r  
at 6.22 ppm (i H, J2, 3 = 10 Hz) and the quartet  at 5.80 ppm (1 H, J3, 2 = 10 Hz, J3, 4 = 6 Hz) in the NMR spect rum 
of saponified oopodin a re  due to the protons of a double bond conjugated with a methylene double bond. Inthe 

I 
region of methyl  groups,  the NIVIR spec t rum has the singlet of an angular  methyl group (0.74 ppm, CH3--C--) 

l 
and the doublet of a secondary methyl  group (1.22 ppm, J = 6  Hz, CH3--CH <). The presence  of a doublet and 

I 
quar te t  (6.22 and 5.80 ppm) of vinyl protons together  with the singlet of a CH3--C-- group conf i rm that 

I 
oopodin belongs to the group of sesqui terpene lactones of the eudesmane se r ies .  The s p i n - s p i n  coupling 
constants  of the quartet  (10 and 6 Hz) pe rmi t  the assumption that H-3 in te rac t s  with two neighboring protons.  
In addition, the NMR spec t rum of oopodin [1] shows a signal with a cen t e r  at 4.85 ppm and with an a rea  of 
two proton units (result  of the superposi t ion of the H-4 and H-8 signals). This signal is  completed by a dou- 
blet  with a s p i n - s p i n  coupling constant of 6 Hz. In the NMR spec t rum of saponified oopodin, the signal of a 
proton at the OH group (H-4) is  observed  at 3.50 ppm (J= 6 Hz). The nature of the splitting and the value of 
J fo r  this proton show that it  in te rac ts  with H-3 and makes  it possible to ass ign posit ion 4 to the e s t e r  group. 
A quartet  with a cen t e r  at 4.71 ppm (Js, 10 =10 Hz, J8, 7 =7.5 Hz) is due to the laetone proton (H-8) in teract ing 
with the two neighboring protons (H-10 and H-7). This  position of the lactone ring is also confi rmed by a 
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Fig. 1. NMR spec t ra  of saponified 
oopodin (a) and dehydro-oopodin (b). 

signal at 2.40 ppm (H-10). Because  of i t s  in teract ion wi thane igh -  
bor ing proton (H-8), this signal is bas ica l ly  split into a doublet 
with a s p i n - s p i n  coupling constant of 10 Hz. At the same time, 
each component of this doublet is  addit ionally spli t  into a t r ip le t  
because  of allyl  in terac t ion  with the exocycl ic  methylene group 
at C 1. 

As we have obse rved  prev ious ly  [1], the Ii~ spec t r a  of 
oopodin and of the saponified product  show no bands c h a r a c t e r i s -  
tic f o r  a s e c o n d a r y - s e c o n d a r y  double bond. Bands at  850, 845, 
805, and 760 cm - i  in the spec t rum of oopodin and at 813 and 795 
c m  - i  in the spec t rum of saponified oopodin a re  cha r ac t e r i s t i c  of 
a s e c o n d a r y - t e r t i a r y  double bond. In this  case,  apparent ly,  the 
phenomenon c h a r a c t e r i s t i c  of the Ii~ spec t rum of t au remis in  (vul- 
garin) [3] is observed.  

It is known that the reduction of dehydro-oopodin with so-  
dium te t rahydrobora te  f o r m s  oopodin, in par t  [2]. In actual  fact, 
the NMR spec t rum of dehydro-oopodin (Fig. lb) lacks  the doublet 
of a secondary  methyl  group but shows two doublets with cen te r s  
at  6.26 ppm (1 H, J = 3 . 5  Hz) and 5.49 ppm (1 H, J - -3 .5  Hz) due to 
an exocycl ic  methylene group at tached to a lactone ring (at Cll). 
In the region of olefinic protons,  the spec t rum has a doublet (at 
6.28 ppm, 1 H, J2,3=10 Hz) and a quar te t  (with a cen te r  at 5.78 
ppm, 1 H, J3, 2 =10, J3, 4 = 6 Hz) showing the p resence  of two ring 

\ / 
olefinic protons  in dehydro-oopodin ( C--C ) and a lso  

H /  \ H  
the mult iplet  of a vinyl proton of an e s t e r  group (6.04 ppm, 1 H) and the s ignals  of an exocycl ie  methylene 
group at C l (5.46 and 5.21 ppm, 1 H each). 

I 
The spec t rum a lso  shows the signals  of an angula r  methyl  group (CH3--C--; 0.85 ppm) and of v inyl -  

I 

I 
methyl  groups  cor responding  to the e s t e r  group (triplet at 1.80 ppm, CH3--C = and a doublet, each compo-  
nent of which is  addit ionally spli t  into a t r ip le t  at 1.90 ppm, J =  7 Hz, CH3-CH--) .  A doublet in the spec t rum 
(each component of which is  a l so  split  into a t r ip le t  because  of allyl  coupling with the exocyclic methylene 
group at C 1) with a cen te r  at  2.35 ppm (J10, 8 = 10 Hz) is  caused by H-10 in terac t ing  with the single neighbor-  
ing proton on the lactone r ing {at C8). The mult iplet  at 3.28 ppm (1 H) in the spec t rum of dehydro-oopodin 
re la te  s to H-  7. 

It mus t  be obse rved  that in the NMR spec t ra  both of oopodin [1] and of dehydro-oopodin the signals  of 
the proton of the lactone ring and of that in the gem posit ion to the e s t e r  group a r e  par t i a l ly  superposed  and 
appea r  at  4.85 ppm (2 H). In spite of this, it is poss ib le  to detect  a doublet nature (4.80 ppm, J= 6 Hz) of the 
proton at the e s t e r  group, which is  conf i rmed by the NMR spec t rum of saponified dehydro-oopodin,  in which 
the signal of the proton at the e s t e r  group shifts upfield, as we expected, while there  is also a doublet at 3.51 
ppm (J=6  Hz). Now the lactone proton appea r s  in the f o r m  of a quartet  at 4,92 ppm (Js, 10=10 Hz, Js, 7 = 7 . 5  

Hz). By compar ing  the nature of the spli t t ing (quartet) and the s p i n - s p i n  coupling constants  (J3, 2 = 10 Hz, 
J3, 4 = 6 Hz) of H-3 with those fo r  H-4 (doublet, J4, 3 = 6 Hz), it is  poss ib le  to show that in the dehydro-oopodin 
molecule  the e s t e r  group is located at  C 4. 

The resu l t s  of a compar i son  of the s p i n - s p i n  coupling constants  of the protons  at Cy, C8, and C10 (Js, 7 = 
7.5, J8, s0 = 10 Hz) of saponified oopodin and dehydro-oopodin show that they have the t r ans  a r r angemen t  
re la t ive  to one another .  

Consequently, the s t e r e o c h e m i s t r i e s  of badkhysinin [4], of oopodin (I), and of dehydro-oopodin (II) a re  
the same fo r  the given carbon a toms,  at leas t .  
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E X P E R I M E N T A L  

The NMR spec t ra  of saponified oopodin and of dehydro-oopodin were  taken on a Varian HA-100D spec-  
t r o m e t e r  in ch lo roform solution, and those of the saponified product  of dehydro-oopodin on a JNM C-60 in- 
s t rument  in deuterated ch loroform solution. Tet ramethyls i lane  was used as  internal  standard, and the chem- 
ical  shifts a r e  given on the 5 scale.  

S U M M A R Y  

The s t ruc tu res  of oopodin and dehydre-oopodin have been co r r ec t ed  on the basis  of s p e e t ~ l  studies.  
These  substances belong to the group of sesqui terpene laetones of the eudesmane s e r i e s  and have s t ruc tu res  
(1) and (II), respect ively .  

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

i .  S . V .  Serkerov,  Khim. Pr i rodn .  Soedin., 5_, 378 (1969). 
2. S . V .  Serkerov,  Khim. Pr i rodn .  Soedin., 5, 490 (1969). 
3. J .  Brand and G. Eglinton, Applications of Spectroscopy to Organic Chemistry ,  Oldbourne P r e s s ,  Lon- 

don (1965). 
4. S . V .  Serkerov,  Khim. Pr i rodn .  Soedin., 7, 590 (1971). 

59 


