
T H E  S T R U C T U R E S  O F  T E N U F E R I N ,  

A N D  T E N U F E R I D I N  

A.  I .  S a i d k h o d z h a e v  

T E N U F E R I N I N ,  

UDC 547o913.5 : 668.5 : 547.587.52 

Continuing a study of the e s t e r s  of  the roo ts  of  Fe ru l a  t enu isec ta  Eug. Kor .  col lected in the Tashkent  
oblas t  (upper r e ac hes  of  the R. Angren),  we have isola ted th ree  e s t e r s  of phenolcarboxyl ic  acid (I-III) and a s e s -  
qui terpene alcohol.  Substance (I) has the composi t ion C23H3206 (M + 404); UV spec t rum,  kmax :263 ,  298 nm 
Clog e 4.07, 3.81). Substance (ii) has the composi t ion C23H3206 (M + 4047; UV spec t rum:  kmax :263 ,  298 nm 
Clog e 4.02, 3.697. Substance (III) has  the composi t ion C22H3005 (M + 3747; UV spec t rum,  Xmax : 263 nm (log 

4.15). 

The m a x i m a  obse rved  in the UV s pec t r a  of (I-IID, of which the long-wave m a x i m a  underwent batho- 
ch romic  shifts  when the s p e c t r a  were  taken with the addition of alkali ,  a re  due to the p r e s e n c e  of 3 ,4-d i -  
hydroxy-  and 4-monohydroxy-subs t i tu ted  benzoyl groups,  r e spec t ive ly .  

The IR s p e c t r a  of (I-III) contain, in addition to the absorpt ion bands of an a roma t i c  nucleus (1520, 1580, 
1620 cm-1), m a x i m a  at 1690-1710 cm -I  due to the carbonyl  of an e s t e r  group. 

A compar i son  of the phys icochemica l  constants  and s p e c t r a  (UV, II~, PMR) c h a r a c t e r i s t i c s  with those of 
known e s t e r s  showed that  all  th ree  subs tances  a re  new and for t hem we propose  the names  tenufer in  (I), t en -  
u f e r i n in  (II), and tenufer idin (III). 

When tenufer in ,  tenuferinin,  and tenufer idin were  hydrolyzed,  the neut ra l  f rac t ion  of the hydrolyzate  
yielded a sesqui te rpene  alcohol with the composi t ion C15H26Oz (IV), and the acid f rac t ion  in the case  of (D 
yielded isovanil l ic  acid (C8H804, mp 249-250°C) (V); (II) yielded vanil l ic  acid (C8H804, mp 205-206°C7 (VI); 
and (IIi) yielded p-hydroxybenzoic  acid (C7H~O3, mp 210-212°C7 (VIII). The phenolcarboxyl ic  acids were  iden- 
tified by compar ing  the i r  IR s pec t r a  and de te rmin ing  the mel t ing point s of mix tu res  with authentic samples ,  
which we obtained by the hydro lys i s  of ferutin,  ferut inin [1], and t e fe r in  [2]. 

Thus, (I-III) are  e s t e r s  of the acids mentioned and the same  sesqui te rpene  alcohol (IV). The study of 
the s t ruc tu res  of tenufer in ,  tenuferinin,  and tenuferidin reduced to de te rmin ing  the s t ruc tu re  of  (IV) and e s -  
tabl ishing the posit ion of the acyl r e s idues  in (I-III).  

The IR s p e c t r u m  of (IV) showed absorpt ion bands at (cm -l) 3200-3600 (hydroxy group} and 882, 1060, 
1280 (oxide ring).  [3]. 

The acetylat ion of (IV) with acet ic  anhydride in pyridine led to a monoaceta te  of (IV), (VIII), the IR s p e c -  
t r u m  of which included, together  with the absorpt ion band of an e s t e r  group (1250, 1735 cm-1), the absorpt ion  
band of a hydroxy group (3400-3600 cm-1).  In the PMR s p e c t r u m  of (VIII) the signal  of the proton attached to 
the carbon a tom bear ing the acetyl  group had shifted downfield by 1.15 ppm as compared  with the initial  sub-  
s tance (IV) and a t h r e e - p r o t o n  singlet  of  an acetyl  group had appeared  at 1.98 ppm. The p r e sence  in the PMB 
spec t rum of (IV) of the signal  of a hemihydroxyl ic  proton and the detect ion in the IR s p e c t r u m  of the aceta te  
of (IV), (VIID, of  the absorpt ion band of a h:~droxy group showed that  of the three  oxygen a toms in the molecule  
of the sesqui te rpene  alcohol, two are  p resen t  in the f o r m o f  hydroxy groups having secondary  and t e r t i a r y  
na tu res ,  r e spec t ive ly .  

The PM13 s p e c t r u m  of the diol (IV) shows, in addition to other  s ignals ,  a t r ip le t  at 2.6 ppm (1 H, J1 -- 
J2 =6.5 Hz), which is p robably  due to a proton attached to an oxide r ing.  To conf i rm this hypothesis  we t r ea t ed  
tenufer idin  with oxalic acid. A substance  was obtained with the composi t ion C22Hz206 (IX), the PMR s p e c t r u m  
of which showed the d i sappearance  of the signal  of the epoxide proton - t r ip le t  at 2.85 ppm - and the appearance  
of the signal  of  a hemihydroxyl ic  proton at 3.79 ppm (broadened signal,  1/2~= 9 Hz). The acetylat ion of (IX) 
with acet ic  anhydride in pyridine led to the d iaceta te  of  (IX) with the composi t ion C26H3sO 8 (XTo The PMR s p e c -  
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Fig.  1,~ PMI1 s p e c t r u m  of tenufer in .  

t r u m  of the l a t t e r  contained the s ignals  of the protons of the two acetyl  groups at 2.0 and 2.26 ppm and those of 
two hemiacy l  protons  (4.85 and 5.72 ppm).  

With the composi t ion  Ci5tt2603, the absence f r o m  the PM1R s p e c t r u m  of the s ignals  of olefinic and vinyl-  
methyl  protons ,  and the p r e s e n c e  of an epoxide r ing,  the diol (IV) probably  has  a b icycl tc  carbon skeleton.  In 
actual  fact ,  when the diol (VI) was dehydrogenated with se len ium we obtained a blue oil the p iora te  of which 
mel ted  at 110-112°C, which co r r e sponds  to the p i c r a t e  of guaiazulene (XI) [4]. 

In the PM1R s p e c t r u m  of the diol, the protons  of the methyl  groups gave s ignals  at 0.73 and 0.88 ppm (d, 
3 H each,  J = 5  Hz) and 1.08 and 1.33 ppm (s, 3 H each).  In view of the fo rmat ion  of guiazulene (XI) on dehydro-  
genation and the mul t ip l ic i ty  and chemica l  shifts  of the s ignals  of the methyl  groups in the PMIR spec t ru m of 
(IV), the following developed fo rmula  may  be p roposed  for the la t ter :  

20H 
--0-- 

The posi t ions  of the functional groups were  shown on the bas i s  of the following facts .  

In the PMR s p e c t r a  of  tenufer in ,  tenuferinin,  and tenuferidin,  the hemiacy l  proton appears  in the fo rm of 
a sexte t  (J1 =J2 = 10 Hz, J 3 = 2.5 Hz). A s i m i l a r  spli t t ing has  been obse rved  in the PMR spec t r a  of ferutin,  f e r -  
utinin [1], t e f e r in  [2], ferut idin [5], and te fe r id in  [6]. This shows that  in each  of compounds (I-III) the hemiacy l  
proton f o r m s  a fou r - sp in  sys t em,  i .e. ,  it in te rac t s  with th ree  neighboring pro tons .  Such a phenomenon can exis t  
only when the seconda ry  hydroxy group is p r e sen t  at C 2 or  C8. To choose between these  posi t ions,  we oxidized 
(IV) with c h r o m i u m  tr ioxide;  this gave a ketone Ci5H2403 (XII) the IR s p e c t r u m  of which had an adsorpt ion band 
at 1700 cm -1, which is cha r ac t e r i s t i c  for a carbonyl  group in a s e v e n - m e m b e r e d  r ing  [3]. Thus,  the secondary  
hydroxy group is located at C 8. 

The posi t ions  of the t e r t i a r y  hydroxy group and of the epoxide r ing follow f r o m  the posi t ions  and nature  
of  the s ignals  of the methy l  groups and of the epoxide pro tons  in the PM1R s p e c t r a  of (I-IV) and (XII). As m e n -  
t ioned above,  in the PMR s p e c t r u m o f  (IV) the s ignals  f r o m  the t e r t i a r y  methyl  groups a re  located at 1.08 and 
1.33 ppm, which is c h a r a c t e r i s t i c  for methyls  on a carbon a tom connected with an oxygen function [7]. Conse-  
quently, the t e r t i a r y  hyroxy  group is located at C 4 or  Ci0 and the oxide r ing at C 3 - C  4 or  Cg-Ci0.  Since in the 
PM1R s p e c t r a  of  tenufer in  (I), tenufer inin  (II), tenufer id in  (III), the diol (IV), and the ketone (XII), the epoxide 
pro ton  appea r s  in the f o r m  of a t r ip le t ,  the t e r t i a r y  hydroxy group is located at Cl0 mid the oxide r ing  at C 3 -  
C 4. On the bas i s  of  what has  been said above the s t ruc tu re  of 8 ,10-dihydroxy-3 ,4-epoxyguaiane  (IV) is p roposed  
for  the diol.  Consequently,  tenufer in ,  tenuferinin,  and tenufer id in  have s t ruc tu r e s  (I-III),  r e spec t ive ly .  
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The t r an s fo rm a t i ons  mentioned above can be represented  in the fol lowing form: 

x ~  0 ' I.OH ,., [OH n 

O- O.-C O-~ 

O oO 0 . 

EXPERIMENTAL 

The UV spectra were taken on a Hitachi EPS-3T spectrophotometer (in ethanol), the IB spectra on a UR- 
10 instrument (tablets with KBr), the mass spectra on an MKh-1303 mass spectrometer, and the PMR spectra 
on a JNM-4H-100 MHz spectrometer in CDC13 solution. The 13f values were obtained on "Silufol-R ~ plates in 
the chloroform-ethyl acetate (4 : 1) system with a 1% solution of vanillin in concentrated sulfuric acid as the 
chromogenie agent. 

Isolation of Tenuferin, Tenuferinin, and Tenuferidin. The combined esters from the finely cut roots of 
F. tenuisecta that remained after the isolation offerutin, ferutinin, and teferin [1, 2, 4] (15 g) were transferred 
to a column (3 × 90 cm) of KSK silica gel and were eluted with chloroform, 50-ml fractions being collected. 
Fractions XX-XX~VlI were combined and the substance that they contained was crystallized from ether. This 
gave tenuferin, with the composition C23H3206, mp 176-178°C, [~]D +134.6°C (c 0.49; methanol). Fractions 
XXIX-XXXIV yielded tenuferinin, C23H~Os, mp 102-103°C, from ether [o~] D +106.8 (c, 0.6; methanol). When the 
column was eluted with chloroform-ethyl acetate (30 : i) fractions XXXIX-XLVI yielded tenuferidin, with the 
composition C22H3005, mp 164-165°C (from ether), ion] D + 75.0 ° (c, 1.2; chloroform). 

Saponification of Tenuferin, Tenuferinin, and Tenuferidin. A solution of 0.1 g of tenuferin in 30 ml of 
5% aqueous methanolic caustic potash was heated on the water bath for 2 h. Then the reaction mixture was 
diluted with water and the neutral fraction was extracted with ether. The ethereal extract was washed with 
water and dried over sodium sulfate, and the solvent was distilled off. A substance with the composition 
CisH2~O 3 (IV), mp 113-114°C, [~]D +42.1° (c, 1.2; CHC13) , Rf 0.19, was isolated.  The aqueous methanol ic  so lu-  
tion af ter  the isolation of the diol was acidified with 5% sulfur ic  acid and t rea ted  with e ther .  When the solvent  
was dr iven off, c ry s t a l s  deposited with the composi t ion CsHsO4, mp 249-250°C, identified as isovani l l ic  acid. 

When tenuferinin and tenuferidin were  hydrolyzed,  the neut ra l  f rac t ions  of the hydrolyzate  yielded (IV) 
and the acid f rac t ions  yielded vanill ic acid (C8H804, mp 205-206°C) (VI) and p-hydroxybenzoic  acid (CTH6Os, 
mp 210-212°C) (VII), r e spec t ive ly .  

Acetylat ion of the Diol. A solution of 0.1 g of (IV) in 3 ml of pyridine was t r ea ted  with 2 ml  of acet ic  
anhydride and the mixture  was heated at 80°C for 4 h. The acetyl  der iva t ive  was isolated by the usual  method. 
C17H2804 (VIII), mp 127-128°C (from ether) ,  l~f 0.28. 

IR spec t rum,  Vmax , cm- l :  1735, 3300-3600. 
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Qpening of the Epoxide Ring of {III). A solution of 0.3 g of tenufer idin  in 2 ml  of ethanol was t r ea t ed  with 
20 ml  of  a I% aqueous solution of oxalic  acid. The mix ture  was heated at 80°C for 2 h. Then it was diluted with 
wa t e r  and was t r e a t ed  with e ther .  The e the rea l  ex t r ac t  was washed with 5% sodium carbonate  solution and with 
wate r .  

After  e l iminat ion of the solvent ,  0.285 g of a mix ture  of subs tances  with Rf 0.1, 0.2, and 0.3 ( c h l o r o f o r m -  
ethyl aceta te  (1 : 1) sys tem)  was obtained.  The reac t ion  prdduct  was deposi ted on a column (1 × 30 cm) of KSK 
s i l ica  gel and was eluted with c h l o r o f o r m - e t h y l  aceta te  (1 : 1), 15 -ml  f rac t ions  being collected.  F rac t ions  22- 
29 yielded a substance  with the composi t ion  C22H3206 {IX), Rf  0.1 (same sys tem) .  

PMR spec t rum:  broadened singlet  at 3.79 ppm. 

Acetylat ion of Substance {IX). Substance (IX) (0.1 g) was acetylated with acet ic  anhydride in pyr idine at 
80°C. The acetyl  der iva t ive  was isolated in the usual  way. C2sH~608 (X), Rf 0.22. 

PMR spec t rum:  s inglets  at 2.0 and 2.26 ppm (3 H each).  

Dehydrogenat ion of (IV). A mix tu re  of 0.25 g o f t h e d t o l  and 0.3 g of se len ium was heated at 180-220°C for  
30 rain. The hydroca rbon  formed was passed  through a column of alumina,  with elution by hexane.  After  the 
solvent  had been dr iven  off, the p ic ra t e  of  a hydrocarbon  with mp 110-112°C was obtained, which co r r e sponds  
to the p i t ,  ate of guaiazulene (XI). 

Oxidation of (IV). A solution of 0.1 g of the diol in 15 ml  of acetone was t r ea t ed  with a solution of 0.1 g 
of c h r o m i u m  t r ioxide  in 80% aqueous acetone.  The mix tu re  was left  overnight  and was then diluted with wa te r  
and t r ea t ed  with e ther .  The e the rea l  ex t r ac t  was washed with water  and the solvent was dis t i l led off. C15H2403 
(XII) (M + 252). 

IR s p e c t r u m ,  Vmax, cm- l :  1700, 3200-3600. 

Acetylatton of Tenufer idin.  Tenufer id in  (0.1 g) was acetylated with acet ic  anhydride in pyr idine.  This 
gave (XIII) with the composi t ion C24H3206, mp 188-190°C. 

PMR spec t rum:  singlet  at 2.2 ppm (CH3COO-).  

SUMMARY 

Three new substances - tenuferin, tenuferinin, and tenuferidin - have been isolated from the roots of 

Ferula tenuisecta Eug. Kor. It has been shown that they are esters of an undescribed sesquiterpene alcohol - 

8,10-dihydroxy-3,4-epoxyguaiane - and isovanillic, vanillic, and p-hydroxybenzoic acids, respectively. 
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