
3. 
4. 
5. 
6. 

7. 

L. S. Golodova, T r .  In - t a  Organicheskogo Kata l iza  i Elekt rokhimii ,  Alma-Ata ,  1,  115 (1971). 
L.  S. Golodova and D. V. Sokol 'ski i ,  Izv.  Vuzov, P i shchevaya  Technologiya,  No. 2, 35 (1971). 
L. S. Golodova and D. V. Sokol 'ski i ,  Mas lozhi r ,  P r o m . ,  No. 7, 6 (1971). 
R. S. Gutter and B. V. Ovchinskii,  E lements  of Numer ica l  Analys is  and the Mathemat ica l  T r e a t m e n t  
of Exper imenta l  Resul ts  [in Russian],  Moscow, (1970). 
A. I. Glushenkova and A. L. Markman,  Khim. P r i rodn .  Soedin, 671 (1970). 

T H E  S T R U C T U R E  O F  K A R A T A V I C  A C I D  

V .  Y u .  B a g i r o v  a n d  V .  I .  S h e i c h e n k o  UDC 547.9:582.89 

Continuing an investigation of the s t ruc tu re  of kara tav ic  acid [1], we have made a detailed study of  the 
NMR spec t r a  of the methyl  e s t e r  of this acid and also of the products  of the alkaline hydrolys is  of its ethyl 
e s t e r .  The r e su l t s  obtained show that the s t ruc tu re  proposed  prev ious ly  for  kara tav ic  acid requ i res  r econ-  
s idera t ion.  

In the NMR s p e c t r u m  of the methyl  e s t e r  of this acid (Fig. 1, curve 1), there  a re  the s ignals  of a t e r -  
t i a ry  methyl  group (0.87 ppm), of two methyl  groups on double bonds (1.65 and 1.76 ppm), and of an e s t e r  
methyl  group (3.52 ppm).  In the 3,57-4.20 ppm region there  a re  the s ignals  cha rac t e r i s t i c  for  the A r - O -  
CH 2- CH < grouping in terpenoid coumar ins  [2-13]. 

The signals  of the pro tons  of the methyl  group at 1.76 ppm and of the olefinic protons (4.73 and 4.81 
ppm) re l a t e  to an isopropenyl  grouping [14], as was showaby double resonance  (Fig. 1, curve 2). On i r radia t ion  
(strong field H 2) of the signal of the methyl  group (1.76 ppm), the signals at 4.73 and 4.81 ppm contrac ted  and 
were  conver ted  into two doublets (2j = 1.9 Hz). The signal of the olefinic proton of a H - C  = C - C H  3 f ragment  
also contracted,  also contracted,  which shows the close posi t ions of the double bonds.  
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Fig. 1. NMR spec t rum of methyl  ka ra tava te  (1), double resonance  
(2), INDOR (3) (CDC13, 100 MHz, 0, 6, ppm, HMDS). 
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Fig. 2. NMR spec t rum of the a roma t i c  acid (CDCI3, 100MHz, 0, 5, 
ppm,  HMDS). 

If there  a re  two double bonds in the s e s q u i t e r p e n e p a r t  of the kara tav ic  acid, only a monocycl ic  s t ruc ture  
is poss ib le  for  this compound. The format ion  of f l - (3- i sopropyl -2 ,5 ,6- t r imethylpheayl )propionic  acid, with 
the composi t ion C15H2202 (M +, m / e  182, 20%) on the acid hydrolys is  of ethyl ka ra tava te  conf i rms  that the single 
r ing is a s i x - m e m b e r e d  (cyclohexene) r ing.  

The s ignals  of the subst i tuents  appear  c l ea r ly  in the NMR spec t rum (Fig. 2) of this a roma t i c  acid: 3CH3, 
2.12 and 2.24 ppm; 2CH 2 and CH, 2.30-3.20 ppm; (CH3)2CH, 1.18 ppm; C3H , 6.88 ppm; COOH, 10.27 ppm.  
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In the aromatic acid there are five substituents, while in the cyclohexene r ing of karatavic acid of the 
five substituents only two (a te r t i a ry  methyl group and the propionic acid residue) are present on the same 
carbon atom.  Thus,  the c leavage of the e ther  bond in the acid hydrolysis  of kara tavic  acid leads to a r e a r -  
rangement  of the sesqui te rpene  moie ty  of this acid accompanied  by a migra t ion of its t e r t i a ry  methyl  group 
f rom the C 6, posit ion to the C 5, posi t ion and also by the migrat ion of the double bond f rom the isopropenyl  
f r agmen t  into the cyclohexene r ing (C 4, - C  5, position) with the format ion  of a benzene r ing.  

An analys is  of the s t ruc tu re  of the INDOR signals (see Fig. 1, curve  3) obtained on the l ines of the signals 
of the methylene group at the e ther  bond shows that there  a re  no protons of a methylene group in the vicinal 
posit ion to the methine proton of the A r -  O -  CH 2-  CH < f ragment ,  which indicates the p re sence  of the t e r t i a ry  
methyl  group and of the propionic acid res idue at C6,. Consequently, the sesqui te rpene  moie ty  of kara tavic  

acid contains the grouping 
A t - -  0 - -CH 2 

H00C_ H2C _ H2C-~" ~ "-- CH3 

On the bas i s  of the facts  given above, for  kara tavic  acid we propose  the s t ruc tu re  of 7 - [6 ' - (~ - ca rboxy -  
e thy l ) -4 ' - i sop ropeny l -2 ' , 6 ' - d ime thy lcyc lohex -2 -eny lme thoxy]coumar in :  (See scheme on next page.) 

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

Prepa ra t i on  of the Aromat ic  Acid.  Ethyl ka ra tava te  (10 g) was hydrolyzed with 80~ sulfur ic  acid. The 
hydrolys is  products  were  ex t rac ted  with ch loroform,  and the ex t rac t  was washed repeatedly  with water  and 
dried ove r  ca lc ium chloride,  and the ch lo ro form was dist i l led off. The res idue  (a v iscous  resin} was t r ea ted  
with 300 ml  of dist i l led water ,  the f lask  was connected to a ref lux condenser ,  and the s t eam-vo la t i l e  corn- 
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p o n e n t s - t h e  sesqui te rpene  moie ty  of ethyl k a r a t a v a t e -  were  obtained by Ginzburg'  s method and were  saponified 
in an ethanolic solution of alkali .  The alcohol was dis t i l led off, the res idue  was dissolved in dist i l led water ,  
and the solution was acidified. The a roma t i c  acid was ex t rac ted  with cMoroform,  the ex t r ac t  was dr ied over  
ca lc ium chloride,  and the ch lo ro form was dis t i l led off. The res idue  was dissolved in aqueous ethanol.  On 
standing, c ry s t a l s  with mp 141-142 ¢C deposi ted.  

S U M M A R Y  

The s t ruc tu re  of 7 - [6 ' - ( f l - ca rboxye thy l ) -4 ' - i sop ropeny l -2 '  ,6 ' -d imethy lcye lohex-2-eny lmethy loxy]coumar in  
has been proposed  for  kara tav ic  acid.  
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