
UDC 577.15/17.582.89 / 

THE S T R U C T U R E  OF K A R A T A V I C  A C I D  

N. P. Kir 'yalov and V. Yu. Bagirov 

I<himiya Prirodnykh Soedinenii,  Vol. 4, No. 5, pp. 283-287,  3.968 

Karatavic acid was first obtained by V. P. Bersutskii [1]. It was later  studied by N. P. Kir 'yalov [2]. However, the 
structure of the acid was not determined.  

The acid,  C~tH2sOs, mp 89-90* C, forms methyl  and ethyl esters (CzsHs0Os with rnp 106-107* C and C2~Ha205 with 
mp 124-125" C, respectively).  Both the acid i tself  and its esters are readi ly  decomposed by the act ion of mineral  acids 
with the formation of nmbell iferone.  

The IR spectrum (Fig. 1) of the acid  confirms its coumarin nature. 
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Fig. l .  IR spectrum of karatavic acid in paraffin oil. 

Valuable  information for the determinat ion of the structure of kara tavic  acid was obtained by a study of the NMR 
spectra of the acid  and its esters and their hydrogenated derivatives.  
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Fig. 2. NMR spectrum of methyl  kara tavate  in carbon te t rachlor ide at 

. . . .  : i 20 ° C and a frequency of 60 MHz. 

Thus, the NMR spectrum of the methyl  ester of the acid under consideration (Fig. 2) was interpreted in the fol- 
lowing way: the singlet signal with r 9.0 (3H) corresponds to a ter t iary methyl  group. A v inylmethyl  group and three 
methy lene  groups apparent ly  absorb in ttle region r 7 .9 -8 .9  (9H). Three methylene  groups also absorb in the region r 
7.3--7.9 (6H). The signal at ~" 6.35 (3H) represents the protons of a methyl  group in an ester; r 5.86 (1H) the proton 
of  a methine  group on an ether bond; r 5.1 (2H) an exocycl ic  methylene  group, and r 4.45 (1H) a v inyl  proton. The 
protons of a cournarin nucleus resonate in the region r 2 .2 -3 .9 .  

An analysis of the NMR spectrum showed that in karatavic acid the umbell i ferone is l inked by an ether bond to a 
hydroxy acid with a monocycl ic  structure possibly having two nonconjugated double bonds, one of which is exocycl ic .  We 
were able to confirm the presence of the la t ter  by the fact that ozonizat ion of the ethyl karatavate  gave formaldehyde.  

The exhaustive hydrogenation of ethyl kara tavate  in solution in ace t ic  acid in the presence of pla t inum oxide fol- 
lowed by the chromatographic  separation of the hydrogenation products y ie lded a liquid ethyl ester of a hydroxy acid of 
the composit ion C17Hs2Oa, thesapon i f i ca t ionof  which furnished the hydroxy acid CIsHisO3 with mp 143-144" C, [a]  D 
--20.28 ° (c 3.16; ethanol),  its hydroxy group being secondary. However, this hydroxy acid proved to be unknown. 

In its mass spectrum (Fig. 3) there was no corresponding molecular  ion. This is due to the fact that the ionized 

molecu]e  loses a molecu le  of water and forms an ion with mass 238 m / e .  

In view of the results of  the interpretat ion of the NMR spectrum of methyl  kara tava te (and  no other N MR spectra of 
this series have so far been published) and the results obtained on the hydrogenation of the saturated hydroxy acid CtsHzaOs, 
we assumed that the nonumbel l i ferone moie ty  of the molecu le  of  karatavic acid possesses the. carbon skeleton of humulane 
or one s imilar  to it. One of  the two most probable structures is formulated as (I) or (II). 
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However, we have not yet succeeded in isolating humulane. To obtain the hydrocarbon we used the hydroxyethyl 
ester mentioned. After its reduction with l i thium aluminum hydride a diol was obtained in the  form of a viscous oi lwhich 
was oxidized with chromic anhydride. 
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Fig. 3. Mass spectrum of the hydroxy acid 

C15H2003. 

The product i so la ted--probably  a keto a ldehyde (1738 c r n - 1  broad band ) -was  reduced again by Clemmensen 's  

method and gave a hydrocarbon with the probable composit ion C14H2s or CtsH~0 the IR spectrum of which was ident ica l  
with no known hydrocarbon. 

CH 2 

I 

H3C C ~ C ~ C H 3  

II 

Experimental  

Isolation of kara tavic  acid.  Twenty grams of the resin was dissolved in 100 ml  of carbon tetrachloride,  and the 
solution was left  in the cold for 24 hr. Crystals deposited which were recrysta l l ized three t imes from carbon te t rachlo-  
ride; mp89-90°  C after sintering at 85-86 ° C; [C~]D - 1 0 5  ° (c 8; ethanol); UV spectrum: 324 mg (log s 3.97);  IR spectrum: 
3065, 1730, 1712, t618, 900, 840 cm - i .  

Found, %: C 72,58, 72.61; H 7.16, 7.14. Calcula ted  for Cz4H~05, %: C 72.7; H 7.12. 

On heating in methanol  acidif ied with 2 - 3  drops of sulfuric acid,  karatavic acid forms a methyl  ester C~Ha005 
with mp 106- i07"  C; M +, m / e  410. Under the same conditions with ethanol i t  forms an ethyl ester C26H3205 with mp 
i 2 4 - 1 2 5 ° C ;  M +, m / e  424. 

Hydrogenation. In solution in 40 ml of g l ac ia l  ace t ic  acid,  5 g of ethyl karatavate  was hydrogenated in the pres- 
ence of i g of p la t inum oxide. It absorbed 1390 ml of hydrogen. A chloroform extract  was washed with a sodium hydro- 
gen carbonate solution and with water and was dried with ca lc ium chloride,  and the chloroform was dist i l led off. The 
residue was chl:omatographed on a column of a lumina  (3 × 100 cm,  ac t iv i ty  grade III). t t  was eluted with chloroform to 
yield a liquid hydroxyethyl  ester, R] 0.26 (AlzO3, ac t iv i ty  grade III, solvent chloroform), n~ 1.4815; IR spectrum: 
3450 (OH), 1735 am - i  (CO of an ester). 

Found, %: C 71.55, 7 i ,77;  H 11.10, i1 .10.  Calcula ted  for C17H~O8, %: C 71.83; H 11o27. 

Saponif icat ion of the hydroxyethyl  ester gave a crystal l ine hydroxy acid with mp 143-144" C [from a mixture of  
pe t ro leum and diethyl  ethers (1 : 3)], [ a ] D - - 2 0 . 2 5 ° ( c  3. 16; ethanol);  IR spectrum: 3300, 2600, 1700 cm -1. 

241 



Found, %: C 70.27, 70.27; H 10.96, 11.04. Calculated for C15H2803, %: C 70.35; H 10.93. 

Clemmensen reduction of the keto aldehyde.  A mixture of 10 parts of concentrated hydrochloric acid and i0  parts 
of ace t ic  acid,  followed by 1.2 g of the keto aldehyde in 40 ml  of acet ic  acid, was added to amalgamated  zinc. 

The mixture was left  at room temperature for 48 hr. Then it was heated in the water bath for 2 hr+ A petroleum 
ether extract  was washed with sodium hydrogen carbonate solution and with water, was dried over sodium sulfate, and 
the solvent was dist i l led off. The residue was chromatographed through a column(1 x 20 cm, A1203, act iv i ty  grade II). 
Elution was carried out with petroleum ether. A liquid hydrocarbon was obtained with n2I~ 1. 4780; IR spectrum: 1460, 
1375, 1300, 1250, 1170, 1140, i035, 890, 885, 740, 720 cm -I. 

Found, %: C 86.10; H 13.70. Calculated for CI$H30 (C14H2s), %: C 85.71; H 14,28. 

Ozonizat ion.  At --15 ° C, ozone was passed through a solution of 3 g of ethyl  ka ra tava te in  20 m l o f  freshly dist i l led 
dry chloroform until an intense colorat ion was imparted to a 10% aqueous solution of potassium iodide. 

The chloroform was dis t i l led off under vacuum. The residue--a viscous yellowish oi l - -was heated in the boil ing 
water bath with 100 ml  of dis t i l led water for 2 hr, 20 ml of the liquid Was dist i l led off, and 6 ml of an aqueous solution 
of  2, 4-dini t rophenylhydrazine  acidif ied with hydrochloric acid was added to it. A precipi ta te  deposited with mp 164" C 
(from ethanol);  this was ident if ied as formaldehyde 2, 4-dini t rophenylhydrazone.  

The microanalyses  were performed by E. A. Sokolova. The IR spectra were recorded by T. V. Bukreeva on a UR- 
10 instrument. The NMR spectra were recorded and interpreted by V. I. Sheiehenko and A. I. I<ol'tsov. The mass spec- 
tra were taken by V. N. Bochkarev. 

The roots o f  Ferula kara tavica  were obtained in  the region of Chengel 'dy,  Kazakh SSR. 

Conclusions 

Karatavic acid  has been isolated from the resin of the roots of Ferula kara tav ica  Rgl. et Schmalh; this is an ether 
of  umbel l i ferone and a hydroxy acid  C15H240~ probably having the humulane type of hydrocarbon skeleton. Two possible 
structural fo rmulas - ( I )  and ( I I ) - h a v e  been proposed for karatavic acid. 
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