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Continuing a s y s t e m a t i c  study of  the te rpenoid  coumar ins  of  the genus Feru la ,  f rom the roots  of  Ferula 
kopetdagensis  Eug. Kor.  [1] we have i so la ted  two c rys ta l l ine  subs tances .  

Substance (i} with the composi t ion  C24H3205, M + 400, mp  211"213°C, [~]~ +30 ° (c 1.0; ethanol} was iden-  
t iffed by its IR and PMR spec t rum and f rom the absence  of a depress ion  of the mel t ing  point with ferukr in  [2, 3]. 

Substance (II} with the composi t ion  C~0H3406, M + 442, mp 145-147°C, [c~]~ +20°C (c 1.0; ethanol) i s ,  a c -  
cording to its UV spec t rum [~max 2 1 8 , 2 4 2 , 2 5 3 , 3 2 5  nm (log c 4.08, 3.52, 3.34, 4.11, respect ively)]  and umbel l i -  
fe rone  de r iva t ive .  R~ne Ii~ spec t r a  contains absorpt ion  bands a t  3550 cm -~ (OH group}, 1732 and 1718 cm -I  ( ~-  
pyrone  and e s t e r  C = O groups) ,  and 1618, 1565, and 1417 cm -1 (aromatic  nucleus).  

The PMI~ spec t rum of the subs tance  r e s e m b l e s  that  of  fe rukr in  but d i f fers  f rom it by the p re sence  of the 
signal  of an acetyl  r es idue  at 2.00 ppm (s, 3 H) and by a pa ramagne t i c  shift  of  the signal of the hemihydroxyl ic  
proton (A~ 1.25 ppm). F u r t h e r m o r e ,  a smal l  shift  in the s ignals  of the methyl  groups is shown. These facts  
give grounds for  a s suming  that the coumar in  invest igated is na tura l  fe rukr in  monoace ta te .  In actual  fact ,  when 
the subs tance  was saponified with caus t ic  potash,  a deace ta te  C24H3205 was obtained that  was identical  in its 
phys icochemica l  cons tan t s ,  spec t r a l  c h a r a c t e r i s t i c s ,  and behavior  in a mixed mel t ing  point with ferukr in .  

Since one and the s a m e  s t ruc tu re  and configurat ion (IID has  been proposed prev ious ly  for  fe rukr in  and 
nevskin [4] on the bas i s  of the r e su l t s  of  a study of PMR spec t ra  with additions of  pa ramagne t i c  shif t  reagents  
[Eu(DI~M} 3, Eu(FOD)3], it was n e c e s s a r y  to make  an additional chemical  study of (D. 
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The dehydrat ion,  of fe rukr in  with sulfur ic  acid in acetone led to a mix tu re  of two anhydro de r iva t ives .  By 
separa t ion  on a column of s i l ica gel ,  subs tance  (IV), C24Iq3004, mp  154-155°C and subs tance  (V), C24H3004, mp  
160-162"C w e r e  isola ted.  

A compar i son  of t he i r  II~ and PMI~ s p e c t r a ,  and also a d i r ec t  mixed mel t ing  point with an authentic s ample  
showed that the anhydro de r iva t ive  (IV) was identical  with f a rnes i f e ro l  A [5-7]. 

The IR spec t r a  of the anhydro der iva t ive  (V) showed absorpt ion  bands at 3530 cm -1 (OH group}, 1707 cm -1 
(~-pyrone  C = O ) ,  and 1613, 1508, and 1470 cm -~ (aromatic  nucleus).  
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The PMR spect rum of (V), unlike that of (IV), contained no signals f rom the protons of an exocyclic methy-  
lene group. In place of them were  the signals f rom a vinylmethyl group (at 1.71 ppm, s, 3 H) and from an o l e :  
finic proton (5.48 ppm, unresolved signal, Wl/2 = 10 Hz). This shows that (V) is a double-bond i somer  of f a r -  
nes i ferol  A (IV). 

Thus, the passage to farnesiferol  A shows that ferukrin has the s t ruc ture  and configuration (I). The axial 
orientation of the t e r t i a ry  hydroxy group in (I) was assigned on the basis of  the production of the anhydro de r iv -  
ative (V) having an endocyclic double bond [8] with a high yield (64%7. This is also confirmed by the resul ts  of 
a study of  the PMB spectra  of ferukrin and the presence  of the paramagnetic  shift reagent  Eu{DPM)a [2]. 

When ferukrin was oxidized with chromium tr ioxide,  a kcto derivat ive {VI), C24Ha005, mp 210-212°C, was 
obtained the subsequent reduction of which with sodium te t rahydrobora te  gave compound (VII), C24H3205, mp 134- 
136°C, identical according to its PM1R spectrum with deacetylkel ler in (VIII) [2, 3, 9]. The monoacetate  of  (VII) 
was identical with kellerin.  

On the basis of the facts given above, it may  be concluded that ferukrin and deacetylkel ler in a re  epimer ic  
compounds at C6'. 

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

The UV spect ra  were taken on a Hitachi speetrophotometer  ~n ethanol), the IB spectra  on a UB-20 ins t ru-  
ment  (tablets with KBr), the mass  spect ra  on a MKh-1303 instrument,  and the PMB spectra  on a JNM-4H-100/  
100 MI-]z spec t rometer  in CDCI a solution with 0 -HMDS.  

The puri ty of the substances and the course  of the react ions were checked by the TLC method on Silufol 
(ethyl a c e t a t e - c h l o r o f o r m  (2 : I )  system).  

Isolation of the Coumarins.  The comminuted a i r - d r y  roots of Ferula kopetdagensis (6 kg) were extracted 
three t imes with ethanol (40, 35, and 30 l i ters) .  The extraet  was evaporated to three  l i t e r s ,  dilutes with water  
(1 • 2), and extracted with ether (5 × 800 ml). The ethereal  extract  was t reated with 5% sodium carbonate solution, 
washed with water ,  and dried,  andthe solvent was distilled off. This gave 310 g of total coumarins .  Of this total ,  
135 g was mixed with an equal amount of silica gel and placed on a column of the same adsorbent  (5.5 × 150 era; 
1250 g) , and was eluted with hexane--ethyl acetate with increas ing concentrat ions of the la t te r :  fract ions 1-28 
(3 : i ) ,  29-43 (2" 1), 44-51 (1 : I). 

Ferukrin Acetate (iI). When fract ions 18-26 of the eluate were concentrated,  0.66 g (0.025% of the d ry  
plant) of a substance C26H3406, M ÷ 442, mp 145-147°C (hexane-ethyl  acetate),  [~]D 22 +20 ° (c 1.0; ethanol), Bf 
0.64, was isolated. 

PMB spec t rum:  

I 
0.86, s, 6H; 1.26, s, 3H (CHa--C--); 1.33, s, 3H 

I 

(CH a --C--OH); 2.00, s, 3H (CHACO(.)); 4.03, m, 2H (R--O--CH~ --CH); 
I I 

4.36, rn~ 1H, W 1 = 16 Hz (H-C--OCGCHa) ; 6.17, d, 1H, Ja.4= 9.5 Hz (Ha); 

7.60, d, 1H, J~,a = 9 .  5 Hz (HD; 6.71 rn, 2H (H,~and Hs); 7.33, d, 1H, Ja,,: = 
= 9.0 Hz (Hs). 

Ferukrin (1). Fractions 40-48 yielded 0.68 g (0.026%) of a crystalline compound C241-13205, M + 400, mp 211- 
213°C (ethyl aeetate--diethyl ether), [ce]~ +30 ° (c 1.0; ethanol), iRf 0.39. 

Saponification of Ferukrin Acetate (II). A solution of 0.i g of (i) in 15 rnl of 5% aqueous ethanolie caustic 
potash was boiled in the water bath for 2 h. From the hydrolysis product a substance was obtained with mp 211- 
213°C which was identified by a mixed melt ing point as ferukrin.  Acetic acid was identified f r o m i t s  PMR spec-  
t rum and its Bf value of 0.13 in butanol saturated with 1.5 N ammonia.  

Dehydration of Ferukrin g). A solution of 0.28 g of (I) in 25 ml of acetone containing 1 ml o f  sulfuric acid 
was heated for 20 rain and was then cooled and t reated with ether. The ethereal  extract  Was washed with water  
and dried with sodium sulfate, and the solvent was distilled off. The oily residue 0.25 g) was chromatographed 
on a column of silica gel (1 × 70 cm), being eluted with chloroform.  

Fractions 4-13  deposited 0.16 g (64%) of c rys ta ls  of a substance C24Ha004, M + 382, mp 160-162°C {hexane- 
ethyl acetate),  lqf 0.70 (V). 
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PMB spectrum : 

I 
0.83,0 .92 ,  0.97, s inglets ,  3 I-t each (CH.~--C--); 1.7l, 

I 
I 

3H (CH.~--C:C); 3.16, m, 1H (t-_I--C~OH); 3.89, m, 2H ( R - - O C H ~ - -  
I 

1 
--CH--); 5,48, v.~., 1H, W l : 10 Hz ( I - t - - C ~ - C ) ;  6,17, d, IH, J~,~:9.5 

Hz (Ha); 7,56, d, 1H, J~,~:9,5 Hz (H~]; 6,75, m, 21t (H~andHs): 7,32, d 
lH, J~,6----9,0 Hm (H~). 

The last  f rac t ions ,  f ract ions 18-26, yielded 0.033 g (13.2%) of a crysta l l ine  substance C24I-I3004, M + 382, 
m p  154-155°C (hexane-ethyl  acetate) ,  Bf 0.65. 

From a compar i son  of IB and PMB spectra  and also from the results  of a mixed melt ing point, the sub- 
stance was identified as farnes i ferol  A. 

Oxidation of Ferukrin.  A solution of 0.3 g of chromium trioxide in 3 ml of water  was added dropwise to 
a solution of 0.3 g of {I) in 30 ml of acetone. After 20 rain, the mixture was diluted with water  and t reated with 
ether.  The ethereal  solution was washed with water  and dried with sodium sulfate,  and the solvent was distilled 
off. The ketone derivat ive of ferukrin (VI), C24I]3005, M + 398, mp 210-2120C (diethyl ether) ,  l~f 0.44, was i so-  
lated. 

Beduction of (VD with Sodium Tetrahydroborate .  A solution of 0.25 g of (VI) in 30 ml of 85% aqueous meth-  
anol was t reated with 0.35 g of sodium te t rahydroborate .  After 45 min,  the mixture  was acidified with a 5% 
solution of sulfuric acid and was extracted with ether.  The ethereal  solution was washed with water  and dr ied,  
and the solvent was distil led off. The res idue was chromatographed on a column (1 × 60 cm) of silica gel and 
was eluted with ch loroform.  

Fractions 6-13 deposited c rys ta l s  of a substance with the composit ion C24E3~O5, M + 400, mp 134-136°C, 
[~]~ +52°C (c 0.1; ethanol); Bf 0.52, which was identical,  according to its PMB spect rum,  with deacetylkel-  
ler in (VII). 

The las t  f ract ions ,  f ract ions  17-26, deposited crys ta ls  of ferukrin with mp 211-213°C, l~f 0.39. 

Acetylation of (VII). A solution of  0.04 g of (VII) in 2 ml of anhydrous pyridine was t reated with 2 ml of 
acetic anhydride,  and the react ion mixture  was left for a day. After the usual working up, a compound C26I-]3406, 
M + 442, mp 75-77°C, Bf 0.62, was obtained, the PMB spectrum of which was identical with that of kellerin. 

S U M M A R Y  

Ferukrin and the new natural  compound acetylferukrin C2~340 6 have been isolated from the roots of Feru-  
la kopetdagensis.  

The absolute configuration of ferukrin has been established on the basis of the resul ts  of a study of chem-  
ical and s p e c t r a l  cha rac te r i s t i c s  and also by means  of a passage to farnesiferol  A. 

It has been shown that it is an epimer  of deacetylkel ler in at CG,. 
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