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The roots  of Ferula  lapidosa Eug. Korov. have yielded lapiferinin, C26H36Os, mp 157-158°C, [~]~ +63 ° 
(c 1.3; chloroform) - a  d ies te r  of a new carotane alcohol, [apiferinol, with ve ra t r i c  and acetic acids. On the 
basis of chemical  t ransformat ions  and spectra l  charac te r i s t i cs ,  the s t ruc ture  of 2 a - a c e t o x y - 6 ~ - v e r a t r o y l o x y -  
8 ~ , 9 a - e p o x y - t r a n s - c a r o t a n - 4 f l - o l  is proposed for it. 

Continuing a study of the e s t e r s  of Ferula  lapidosa Eug. Korov. [ 1 ], f rom the total neutral  components 
we have isolated a new compound with the composit ion C26H3608, M ÷ 476, which we have called lapiferinin (I). 

Maxima in the UV spec t rum of (I) with • C2HsOH, cm -~, 211 (log e 4.34), 264 Clog e 4.0), and 295 Clog e 
3.87) a re  due to the presence  of substituted aro~a~tic nucleus. The IR spec t rum shows strong absorption bands 
with v KBr, cm -1, 3550 (OH); 1730 (C = O of an es ter )  ; 1710 (C ---- C - C  -- O of an es ter )  ; and 1600 and 1520 (aro-  
matic ~uc~eus ). 

In the PMR spec t rum of (I) (CDCI3, 5 scale,  0 -- HMDS) appear the signals of the protons of an isopropyl 
grouping (d, 0.8 and 0.92 ppm, J = 7 Hz),  of an angular methyl group is, 1.32 ppm),  of a methyl group on a c a r -  
bon atom linked to oxygen (s, 1.46 ppm),  of two gem-acy l  protons (d, 4.81 ppm, J = 5 Hz, and sx, 5.39, J =  10, 
10, and 3 Hz), and of an epoxide proton (t, 2.71, J =  7 and 7 Hz). In addition there are  the signals of the pro-  
tons of an acetyl  group (s, 1, 1.98 ppm, 3 H) and of a residue of 3,4-dimethoxybenzoic (veratr ic)  acid (s, 3.83 
and 3.86; d, 6.78, J =  8 Hz; d, 7.39, J =  2 Hz; q, 7.52. J = 8 and 2 Hz). 

The mass  spect rum of lapiferinin show the peaks of ions with m / z  433 (M - C3H7) +, 416 (M - CH3COOH) ÷, 
373 ( M -  C3H 7 -CH3COOH) ÷, ( 3 7 3 -  H20) +, 234 ( M -  C9H1004 - CH~COOH) +, 217 ( 2 3 4 -  17)+,which confirm the 
presence  in the molecule of (I) of isopropyl and hydroxy groups and of residues of acet ic  and ve ra t r i c  acids. 

On comparing the facts given above with l i te ra ture  information [1-6] ,  it may be concluded that lapifer-  
inin is an es te r  of the carotane ser ies ,  and this was confirmed by the formation of daucalene when (I) was de- 
hydrogenated with palladium. 

The alkaline hydrolysis  of lapiferinin gave vera t r i c  acid and the sesquiterpene alcohol lapiferinol, 
C15H2604 (II). The PMR spec t rum of (II) (pyridine-ds) lacked the signals of the protons of the two acyl  r e s i -  
dues. The sextet and doublet signals of the hemiacyl  protons had shifted diamagnetical ly to 4.41 and 3.88 ppm, 
simultaneously undergoing additional splitting f rom interact ion with the protons of the geminal hydroxy groups. 
The la t ter  appeared in the form of doublets at 5.67 ppm (J= 3 Hz) and 5.72 ppm (J= 6 Hz). A singlet super-  
posed on the signal of the gem-hydroxyl ic  proton at 3.88 ppm is due to the proton of a t e r t i a ry  group. When 
the PMR spect rum of (II) was taken with deuter ium exchange, the signals of all three hydroxy groups disap- 
peared.  

These facts,  together with the e lementary  composition, permi t  the conclusion that lapiferinol is a bicyclic 
carotane alcohol containing an epoxide ring and two secondary  and one t e r t i a ry  hydroxy groups, and lapiferinin 
is its d ies ter  with acetic and ve ra t r i c  acids. 

The positions of the functional groups in lapiferinol and lapiferinin were determined in the following way. 

The sextet  nature of the one-proton signal at  4.41 ppm in the PMR spect rum of (II) (5.39 ppm in the 
spec t rum of (I)) shows that one hydroxy group (acyl group (I)) must  be equatorial ly located at C 6 of the ca ro -  
tane skeleton of lapiferinol (lapiferinin).  The same fact show that the C 5 and C 7 positions are  free f rom sub- 
stituents, by analogy with the previously descr ibed derivat ives  of lapidol, lapiferol,  jaschkeanadiol (ferutinol),  
l asero l ,  and i so lasero l  [1-6]. 
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In the PMR spect ra  of (I) and (II), t r iplets  at 2.7 and 2.78 ppm (J = 7, 7 IIz) correspond to the epoxide 
proton and, consequently, the epoxide proton interacts  with the two protons of a methylene grouping. The mul- 
tiplicities of these signals and the magnitude of the vicinal coupling constant also indicate that the epoxide ring 
is attached to the seven-membered  ring (the signal of an analogous epoxide proton present  in a f ive-membered  
ring appears  in the form of a broadened singlet [7]). Consequently, the only possible position of at tachment of 
the epoxide ring is at the C 8-  C 9 atoms.  

Thus, the two remaining hydroxy groups can be present  only in the f ive -membered  ring, and, of them, 
the te r t ia ry  group must  be at  C 4, i.e., geminally to the isopropyl radical .  This was confirmed by the presence  
in the mass  spec t ra  of (I) and (II) of s t rong peaks with m / z  (M - 43) ÷ due to the detachment of the isopropyl 
group under the action of e lec t ron impact  [2, 3]. 

For  the other  hydroxy group, the positions at C2 and C 3 a re  equiprobable. However, the stability of lapi- 
ferinol to oxidation by periodic acid shows the absence of an ~ -d io l  sys tem in its molecule, which permits  an 
unambiguous choice in favor  of C 2. 

It follows f rom what has been said above that in lapiferinol these three hydroxy groups are  present  at C 2, 
C 4, and C 6 of the carotane skeleton and the epoxide ring involves the C 8 and C s atoms.  

The positions of the acid res idues  in lapiferinin were determined on the basis  of the following facts. The 
mild hydrolysis  of (I) with an aqueous ethanolic solution of sodium carbonate formed a monoes te r  of lapifer i -  
n01 (III), C17H2805, in the IR spec t rum of which the band with Vma x 1710 cm -1 had disappeared.  Veratr ic  acid 
was isolated f rom the acid par t  of the hydrolysate .  

The PMR spec t rum of (III) {CDC13) had retained the signal of the protons of the acetyl group (s, 1.97 
ppm, H), while the sextet  of the gem-aey l  proton at C 6 had shifted upfield to 4.06 ppm (J= 10, 10, 3 Hz). It 
follows f rom this that in lapiferinin the ve ra t r i c  acid had ester if ied the hydroxy group at C 6 and the acetic acid 
residue was located at C 2. 

Thus,, the s t ruc ture  of lapiferinin is expressed by s t ruc tura l  formula (I). 

An analysis  of spectra l  charac te r i s t i c s  and a compar ison of the la t te r  with l i te ra ture  information has en- 
abled the orientat ions of the functional groups and the linkage of the cyclopentane and cycloheptane rings in 
lapiferinol and its der ivat ives  to be established. 

As mentioned above, the signal of the proton at C 6 in the PMR spect ra  of (I-Ill) is a sextet with con- 
stants of vicinal coupling of 10, 10, and 3 IIz. The values of the constants unambiguously show the t rans  link- 
age of the cyclopentane ring with the cycloheptane ring and the ~ -equa to r i a l  orientation of the hydroxy group 
in (II) and (IF[) and of the acyl  group in (I), as in the case  o f  the known compounds mentioned previously [1-6].  

In the PMR spec t rum of lapiferinin, the methyl groups of the isopropyl residue are  represented in the 
form of doublets at  0.8 and 0.92 ppm, i.e., the difference in the chemical  shifts amounts to 12 Hz. Such a dif- 
ference is observed in es te r s  of earotane alcohols and a romat ic  acids when the orientations of the aromat ic  
acid residue at C 6 and of the isopropyl group at C 4 are  the same and is due to the anisotropic influence of the 
a romat ic  ring on the isopropyl group spatially adjacent to it [8]. When there is a hydroxy group at C o the dif- 
ference in the chemical  shifts of these groups amounts to 3-4 Hz, as in the spec t rum of the monoes ter  (III) 

It follows f rom this that the isopropyl  group in lapiferin01 and its der ivat ives  has the c~ orientation, like 
the hydroxyl (or acyloxy) at  C~. 

The doublet s t ruc ture  of the signal of the proton at C 2 in the PMR spect ra  of lapiferinol, lapiferinin, and 
lapiferinol  monoacetate  (J = 5 Hz) shows the ~-pseudoaxia l  orientation of the hydroxyl (acyl) group geminal to 
this proton [9, 10]. If the hydroxyl had the fl orientation, the signal of the proton mentioned would have the 
form of a quartet  [11]. 

In each of the spect ra  of (I-III) ,  the epoxy proton appears  in the form of a tr iplet  (at 2.71, 2.78, and 12.73 
ppm, respect ively)  with J = 7 Hz. A considerat ion of the s t ruc tura l  formulas  of the compounds on molecular  
models has shown that this value of the coupling constant  of the epoxy proton with the vieinal protons at Cl0 cor -  
responds to the ~ configuration of the epoxy ring, as in the lapiferinol derivat ives studied previously [2]. Hav- 
ing analyzed the resul ts  obtained, for lapiferinin we propose the s t ruc ture  of 2c~-acetoxy-6~-vera t royloxy-8~,  
9 ~ - e p o x y - t r a n s - e a r o t a n - 4 ~ - o l  (I). 
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Z.R =-C--CH3; R~=-C--~OC~,.. 
o g 

rr. R~--- R~=H 

OR 2 nz-Rt= -C-OH3; R~=H 
I! 
0 

EXPERIMENTAL 

The conditions of recording the spectra and the isolation of the fractions of neutral components from an 
ethanolic extract of the roots have been described previously [ I]. The esters were separated by column 
chromatography on silica gel with the aid of the hexane-ethyl acetate system with a rising gradient of the lat- 
ter. 

Isolation of Lapiferinin (1). Fractions 43-48 (hexane-ethyl acetate (2: 1)) were combined, the solvent 
was dis tilled off, and the res idue  was c rys ta l l i zed  f rom ether .  This gave a c rys ta l l ine  substance (1 g, yield 
0.26%) withthe composition C26H3608, mp 157-158°C, [G]~ + 63 o (c 1.3; ch lo ro fo rm) .  

The dehydrogenat ion of lapi fer in in  was c a r r i e d  out by heating i t  with 10% Pd/CaCO 3 a t  240-250°C for  3 
h [1]. This gave  daucalene,  the p i c r a t e  of which mel ted  a t  89-90°C. 

Hydro lys i s  of Lapifer inin.  The substance  (400 mg) was hydrolyzed with 2% aqueous alcoholic caust ic  
potash solution (50 ml)  with heating on the wa te r  bath for  30 rain. The reac t ion  mix tu re  was diluted with wa te r  
and t rea ted  with ethyl acetate .  The ethyl ace ta te  ex t r ac t s  were  washed and dr ied  and the solvent  was dissolved 
off. This  gave 125 mg of lapi fer inol ,  CtsH2604, mp t94-195°C ( f rom ethyl ace ta te )  [~]~  +69.3 ° (c 1.5; ethanol).  

F r o m  the aqueous mothe r  l iquor  a f t e r  the ex t rac t ion  of the lapifer inol ,  we isolated an a r o m a t i c  acid, 
C9H1004, mp 180-181°C, ident ical  with v e r a t r i c  acid. 

Mild Hydrolys is  of Lapifer inin .  A solution of 110 mg of the subs tance  in 7 ml  of ethanol was t r ea ted  with 
3 ml  of  a 5% aqueous solution of Na2CO 3. The reac t ion  mix tu re  was heated on the wa te r  bath for  5 h and was 
then diiuted with water .  The reac t ion  produc t  was ex t rac ted  with ethyl ace ta te .  The res idue  obtained a f t e r  the 
e l iminat ion of the solvent  was ch romatographed  on a column of s i l ica  gel (40 x 1), the subs tances  being eluted 
with the c h l o r o f o r m - e t h y l  ace ta te  (8: 1) sys t em.  This gave 30 mg of lapifer inol  monoaceta te  (III) with the 
composition C17H2805, mp 115-116°C ( f rom h e x a n e - e t h e r ) ,  [ ~ ] ~ - 8 . 2  ° (c 0.9; ch lo ro fo rm) .  Vera t r i c  acid was 
isola ted f r o m  the acid f rac t ion  of the hydrolysa te .  

S U M M A R Y  

A new e s t e r  of the caro tane  s e r i e s  - l a p i f e r i n i n  - has been isolated f rom the roots  of  Feru la  lapidosa 
Eug. Korov.  A s t ruc tu re  and re la t ive  configurat ion have been proposed for  it  on the bas i s  of spec t r a l  cha r ac -  
t e r i s t i c s  and chemica l  t r ans fo rma t ions .  
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