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As reported previously [1-4], e s t e r s  of aromat ic  hydroxy acids and terpenoid alcohols are  found in 
plants of the genus Ferula.  Also found in the form of e s te r s  are some coumarins  (mogoltin [5-7]) and s e s -  
quiterpene lactones (badkhysin [8], oopodin and dehydrooopodin [13]), and there is also a considerable group 
of terpenoid alcohols present  in the free state (ugamdiol, chimgandiol, ovindiol, angrendiol, and others [9, 
10]) and numerous sesquiterpene hydroxy lactones. It is logical to assume that the lat ter  may be present  
in the plants in the form of unknown and more  complex compounds the sea rch  for and study of which are  of 
undoubted interest.  

We have investigated the roots of Ferula prangifolia (Boiss) Korov collected on the slopes of Mt. 
Bol 'shoi  Chimgan in the flowering period. According to the l i terature [11], the res in  of the roots of this 
species contains diols of the azulene ser ies  [12]. 

By th in- layer  chromatography we established the presence in the roots of two substances with 1Rf 0.15 
and 0.25 [hexane -benzene -me thano l  (5 : 4 : 1)] giving no reactions with diazotized sulfanilamide but re -  
vealed by a solution of vanillin in concentrated sulfuric acid. 

By column chromatography on silica gel we isolated two substances which proved to be es te rs ,  
C17H2203 with mp 158-159°C, [c~]}~ -60 .2  ° (c 1.0; ethanol)l~f 0.25 (I) and C19H2404 with mp 80-81°C,[c~]]~ + 
82.5 ° (c 1.0; ethanol) Rf 0.15 (II). 

The UV spect rum of the f i rs t  compound had a maximum iX max 260 nm (log e 3.80)] showing the p re s -  
ence of a benzene ring, and its IR spect rum had bands at 3400 cm d (phenolic hydroxyl), 1690, 1230, 1320, 
and 1115 cm -1 (ester of an unsaturated acid), 1170 and 1370 cm -~ (gem-dimethyl group), 1610, 1600, and 
1520 cm -1 (aromatic nucleus), and 825 cm -1 (1,4-disubstituted benzene ring). Its NMR spect rum showed 
the signals of three methyl groups located on quaternary  carbon atoms - singlets at 0.84 ppm (6H) and at 
0.91 ppm (3H) (in a previous paper [1], the lat ter  signal was e r roneous ly  described as a doublet). In addi- 
tion to this, there were the signals of a methine proton at 4.9 ppm, J = 12 Hz, present  in the geminal posi-  
tion to an e s t e r  group and the signals of axial and equatorial  protons - a multiplet in the 1.2-2.6-ppm re-  
gion (7H). 

The saponification of (I) with caustic alkali gave an aromat ic  hydroxy acid with mp 205-205.5°C and 
a sesquiterpene alcohol with mp 194-195°C which were identified on the basis of mixed melting points and 
IR spect ra  as, respectively,  p-hydroxybenzoic acid and /-borneol .  Thus, the s t ruc ture  of (I) corresponded 
to that of chimgin, an e s t e r  isolated previously f rom the roots  of Ferula tschimganica Lipsky [1]. 

The results  of a compar ison of their  IR spectra  and of a mixed melting point of (I) and chimgin 
showed that they are identical. At the same time, (I) differs f rom chimgin in its optical activity [for (I) 
[c~]]~ -60.2°C; for chimgin + 4.9°C] and it is therefore  its l i somer .  

The second substance, which we have called ferunginhas a UV spect rum identical with that of ch im-  
gin (}'max 260 nm, log e 3.85) and s imi la r  bands in the IR spect rum - 1690, 1615, 1590, 1520, and 825 cm ~ 
(Fig. 1) - corresponding to p-hydroxybenzoic acid. In addition, it has a maximum at 3500 cm -1 showing the 
presence of a free hydroxy group. The NMR spect rum of (II) showed the following signals:  two doublets at 
7.67 and 6.77 ppm, J = 9.5 Hz (2H each) (ortho protons of an aromat ic  nucleus), a multiplet in the 5.4-ppm 

Institute of the Chemis t ry  of Plant Substances, Academy of Sciences of the Uzbek SSR. Translated 
from Khimiya Prirodnykh Soedinenii, No. 6, pp. 718-721, November-December ,  1972. Original ar t icle  
submitted March 28, 1972. 

0197¢  Consultants Bureau, a division of  Plenum Publishing Corporation, 227 I~'est 17th Street, Neu + York, \'. Y. IO011. 
No part of  this publication may be reproduced, stored in a retrieval system, or transmitted, in any form or b? an~" means, 
electronic, mechanical, photocopying, microfilming, recording or otherwise, without written permission of  the publisher, t 
copy of  this article is available from the publisher .for $1:~.00. 

702 



=- 
@ 

da $4 $2 In 25 /5 /4 /2 /0 $ 

Frequency, cm °1 × 100 

Fig. 1. IR spec t rum of ferungin (in KBr). 

region (olefinic proton), a tr iplet  at 5.1 ppm, J1 = 9 Hz with t races  of secondary splitting having J2 = 2 Hz 
(methine proton in the geminal position to an acyl residue), a three-proton  singlet at 1.75 ppm (methyl 
group of a double bond), th ree-pro ton  doublets at 0.95 and 0.85 ppm (methyl groups on a secondary carbon 
atom), and a singlet at 1.1 ppm (3H) (methyl group on a te r t ia ry  carbon atom). 

The saponification offerungin gave an alcohol with the composit ion C12I-I2002, mp 84-85°C, and an acid 
C7H603 with mp 212-213°C. The alcohol was identified by its IR spect rum and a mixed melting point with 
an authentic sample as ferutinol [2] and the acid as p-hydroxybenzoic.  

Thus, ferungin is a new, previously unknown, e s t e r  of ferutinol and p-hydroxybenzoic acid. 

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

The NMR spect rum was taken on a JNM-4H-100/100 MHz spec t romete r  (CC14, the chemical  shifts 
are given in the 6 scale f rom the signal of HMDS taken as 0), the IR spect rum on a UR-20 instrument 
(KBr), and the mass  spec t rum on anMKh-1303 instrument.  

Isolation of l -Chimgan.  The comminuted roots of Ferula  pragifolia (7 kg) were extracted with meth-  
anol (24, 20, and 30 l i ters) .  The ext rac ts  were combined, evaporated in vacuum to small  volumes (2.5 
l i ters) ,  mixed with water  (1:2),  and treated with e ther  (10 x 300 ml). The ethereal  solution was dr iedwith  
sodium sulfate and evaporated to an oily residue (620 g). 

The ext rac t  (25 g) was t r ans fe r red  to a column filled with si l ica gel (1 : 20) and elution was per formed 
f i rs t  with petroleum ether,  0 .5- l i te r  f ract ions being collected (fractions I-X) and then with petroleum 
e t h e r - e t h y l  acetate (99 : 1). Fract ions X-XV were combined, evaporated in vacuum to dryness ,  and dis-  
solved in benzene (2 ml), and petroleum ether  was added (18 ml). About 4 g (1.4~) of a co lor less  c ry s t a l -  
line substance with mp 158-159°C precipitated.  

Hydrolysis  of / -Chimgan.  A. z. Isolation of / -Borneol .  A mixture of 1.0 g of the substance and 50 ml 
of 10~c aqueous caust ic  soda was heated in the water  bath for 30 min, and was then cooled and extracted 
with e ther  (3 x 300 ml). The e thereal  solution was evaporated and the residue was sublimed in vacuum. 
This gave small  co lor less  c rys ta l s  with mp 194-195°C. 

B.__. Isolation of p-Hydroxybenzoic Acid. The alkaline solution after  the removal of the borneol was 
acidified with 10% sulfuric acid and extracted with ether.  The ethereal  ext rac t  was evaporated and the 
residue was recrys ta l l i zed  f rom water .  This gave 0.2 g of color less  ac icular  c rys ta l s  with mp 205- 
205.5°Co 

Isolation of Ferungin.  When the chromatographic  column was eluted with a mixture of pet roleum 
ether  and 5% of ethyl acetate and 0 .5- l i te r  f ract ions were collected, fractions XV-XX yielded a crysta l l ine  
substance with mp 80-81°C (from H20 ). 

The hydrolysis  of the ferunginand the isolation of the l=ydroxy acid and ferutinol were per formed by 
the method descr ibed above. The hydroxy acid obtained had mp 212-213°C (from H20), and the ferutinol 
mp 84-85°C (from H20). 

S U M M A R Y  

F r o m  the roots of Feru la  prangifolia (Boiss) Korov. two phenolic components have been isolated that 
are  e s t e r s  of p-hydroxybenzoic acid and sesquiterpene alcohols.  On the basis of their  physicoehemieal  
constants  and hydrolysis  products it has been shown that one of them is l - ch imgin  (borneol p-hydroxyben-  
zoate) and the second, which has been called ferungin, is ferutinol p-hydroxybenzoate.  
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