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Three  i somer i c  coumarins  - samarcandtn  (I), i sosamarcandin  (II), and nevskin (III) [1-3] - differing 
in the orientat ion of the substi tuents at C 3 and C 9 of the decalin nucleus have previously  been isolated f rom 
plants of the genus Feru la .  

In a study of the coumarins  of the roots  of Fe ru la  mogoltavica col lected in 1972 in the village of 
Chashma (Leninabad oblast ,  Tadzhik SSR) we have isolated gummosin (V), mogoltavicin (VI), and a fourth 
i somer i c  coumarin with the composit ion C24H3205 (M + 400), mp 159-161°C, [c~]~-16 ° (c 1.1; ethanol) which 
we have called mogoltavidin (IV). The UV spect rum of (IV) has maxima at 218 ,245 ,254 ,  and 327 nm (log 

4.11, 3.60, 3.50, and 4.17), showing the p resence  in i t  of the chromophore  of 7-hydroxycoumarln ,  and in 
the IR spec t rum (Fig. 1) there  a re  absorpt ion bands at (cm -l) 3400-3600 (hydroxy group), 1720 (laetone 
carbonyl),  1670, 1620, and 1560 (aromatic  nucleus).  The mass spec t rum of (IV) has the peaks of ions with 
m / e  400 (M+), 382 (M-I-I20) +, 221 (M-RD-I-I~O) +, 220 ( M - R O H - H 2 0 )  +, 203 ( M - R O - 2 H 2 0 )  + with re la t ive  
intensi t ies  of 1, 7, 14, 3, and 100%, respect ive ly .  

In the NMR spect rum of (IV), the protons of the coumarin  nucleus appear  at 6.08 and 7.48 ppm (J = 
10.5 Hz, d, 1 H each, C3-HandC4-H) ,6 .75  ppm (s, 1 H, C8-H),6 .65 ppm (q, 1 H, Jt = 6 Hz, J2 = 2 Hz; Cs -H)  , 
and 7.25 ppm (d, 1 H, J = 7 Hz, Cs-H)o Singlets at 0.9 and at 0.78 and 0.9 ppm (3 H each) re la te  to the 
methyl group at Cl0 and those at C4, respect ively ,  and a singlet  at 1.16 ppm cor responds  to a methyl group 
in the geminal position to a t e r t i a ry  hydroxy group (C8-CH3) , A broadened singlet  at 2.17 ppm (2 H) is due 
to the protons of a hydroxy group, and two quar te ts  at 4.00 ppm and 4.05 ppm with a total intensi ty of two 
proton units (Jl = 10.5 Hz; J2 = 4 Hz; Jl = 10.5 Hz, J2 = 4 Hz) a re  due to an ArOCI-L~- grouping. 

The presence  of the signal of a methine proton geminal to a hydroxy group at 3.28 ppm that undergoes 
a paramagnet ic  shift  of 70 Hz in the spect rum of the acetate  and i ts  multiplicity (t, 1/2 ~ 5 Hz) shows that 
the o ther  hydroxy group is  secondary  and is  located at Ct o r  C 3. The choice between these a l ternat ive  
s t ruc tu res  was made on the basis  of the chemical  shifts (CSs) of the methyl groups in the NMR spec t rum of 
samareandin  and mogoltavidin, the i r  aceta tes ,  and thei r  dehydrogenation products .  In the spec t ra  of s a m a r -  
candin and mogoltavidin, the signals of the angular  methyl groups a re  located at 0.78 and 0.90 ppm, and in 
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Fig. 1. IR spec t rum (KBr) of mogoltavidin.  
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TABLE 1. CS Values (~ scale)  
t 

Substance C.o-CH,. 3H I C~-2CH~ 6H 

Samarcandin (I) 

Samarcandin acetate (la) 

Mogoltavidin (IV) 

Mogoltavidin acetate (IVa) 

0,80 0,78 ~ 0,89 
f 0,80 

O, 8O L O, 86 
f 0,78 

0,90 [ 0,9 

0,91 { 0,86°'8° 

Cs-CH,, 3H 

1,18 

1,18 

1,26 

1,18 

the i r  ace ta tes  they a re  at 0.80 and 0.91 ppm, respec t ive ly  (Table 1). The dif ference of 0.12 ppm is  due to 
the position of the substi tuent at C 9 in the axial o r  the equatorial  position [1, 4, 5]. The dehydrogenation of 
(IV) with se lenium gave 1 ,2 ,5 ,6- te t ramethylnaphthalene which could be formed only if there  was a hy- 
d roxy  group at C 3. Consequently, a hydroxy group is  located at C 3. 

On the basis  of these resu l t s ,  mogoltavidin has the s t ruc tu re  (IV). A compar ison  of the CS ' so f the  
methyl  and methine protons of (i) and (IV) enables us to establ ish that mogoltavidin is  a fourth geomet r ic  
i s o m e r  of samarcandin  (the configurations of samarcandin  and nevskin have been established previously  
[2], and the configuration of i sosamarcand in  is proposed by us). This is  conf i rmed by the mass  spec t ra  
of mngoltavidin, samarcandin ,  and nevskin. Thus, fo r  example,  the re la t ive  intensi t ies  of the peaks with 
m / e  4 0 0 , 3 8 2 , 2 2 1 , 2 2 0 ,  and 203 in the spec t rum of samarcandin  a re  5, 3, 30, 36, and 49%; in nevskin they 
a re  16, 1, 6, 4, and 18%; and in mogoltavidin 1, 7, 14, 3, and 100%, respec t ive ly .  The change in the re la t ive  
in tens i t ies  of the main f ragments  in the mass  spec t rome t ry  of (I), (III), and (IV) shows that they a re  i so -  
me r i c  compounds [7]. 
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The resu l t s  of a compar ison  o f t heCS ' s  of the angular  methyl groups in the NMR spec t ra  of (I) and 
(IV) and the i r  aceta tes  (Ia, IVa) show that the axial or ientat ion of the substi tuent at C~ (-CH2OAr),  Le . ,  its 
t rans  posit ion with r e spec t  to the angular  methyl group at C10 is  responsible  fo r  the position of the signal 
of this group in the weaker  field at 0.9 ppm. 

When the same substi tuent is  p resen t  in the equatorial  orientat ion,  i .e . ,  in the cis  position, the s c r een -  
ing effect  i s  enhanced, and the signal is  observed in the s t ronger  field at 0.78-0.8 ppm. On this bas is ,  in 
(I) the substi tuent at C~ has  the equatorial  or ienta t ion and in (IV), the axial or ientat ion.  

The hydroxy group at C3, r ega rd less  of i ts  orientat ion,  also has an influence on the methyl group at 
Cl0 , but a v e r y  slight one (0.03 ppm) [4, 5]. The configuration of the hydroxy group at C 3 in (IV) was e s -  
tablished on the basis  of the CSs and the half-widths of the signal of the methine protons in the NMR spec t ra  
of (IV) and (IVa). In the spec t rum of (IV), the signal of the methlne proton is  found at 3.28 ppm (t/2 ~ = 5 Hz) 
and in (IVa) at 4.42 ppm (1/2 ~ = 5 Hz). The value of the half-widths shows that the methine proton at  (IV) 
is  p resen t  in the equatorial  position and in te rac t s  with the a~a l  and equatorial  protons at C z. Hence, the 
hydroxy group at C 3 has the axial or ientat ion.  



Consequently,  mogoltavidin has the s t ruc tu re  and configuration (IV). The c o r r e c t n e s s  of the proposed 
s t ruc tu re  was conf i rmed by passage  f rom mogoltavidin to nevskin.  

The oxidation of (IV) with ch romium tr ioxide in acetone gave  a ketone C24H3005. The reduction of 
mogoltavidone with sodium te t rahydrobora te  led to nevskin,  C24H3205, mp 189-190°C, in the NMR spec t rum 
of which the half-width of the signal of the proton geminal  to the hydroxy group at C 3 was 16 Hz, which shows 
the equatorial  or ientat ion of the hydroxy group.  

Gummosin  - substance  (V) with the composi t ion C24H3005, mp 177-178°C, [ ~ ] ~ - 3 9  ° (c 1.2; ethanol). 
I ts  IR spec t rum had absorpt ion bands at (cm -1) 3500-3600 (hydroxy group),  1720 (lactone~" carbonyl) ,  and 
1660, 1620, and 1580 (aromat ic  nucleus).  F r o m  i ts  IR spec t rum,  specif ic  rotat ion,  and melt ing point of a 
mix tu re  with an authentic sample  of g u m m o s i n  which we isola ted  f rom Feru la  s amarcand ica ,  substance  
(V) is  identical  with gummosin .  

M o g o l t a v i c i n -  subs tance  (VI) with the composi t ion C~H~,O~, mn 151-152°C. [~]23-12 ° (c i 2: ethanol~ 
I ts  IB spec t rum shows absorpt ion bands at ( e m - )  3400-3500 (hydroxy group),  1735 (e~'ter C = O), and 1720 
(Iactone C = O). The hydro lys i s  of (VI) with 5% alkali  gave mogoltavidin (IV) and acet ic  acid which were  
identified,  respec t ive ly ,  by a mixed mel t ing point and by p a p e r  chromatography .  

In the NMR spec t rum of (VI) there  i s  a one-pro ton  broadened singlet  at 4.45 ppm (1/2 ~ = 5 Hz) r e l a t -  
ing to a proton geminal  to an e s t e r  grouping.  This shows that mogoltavidin is  es te r i f i ed  by acet ic  acid at 
the secondary  hydroxy group (on C 3). 

On this bas i s ,  i t  has been es tabl ished that substance (VI) is  a na tura l  ace ta te  of mogoltavidin;  the 
s t ruc tu re  and configuration (iVa) a r e  proposed fo r  it .  

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

The conditions fo r  record ing  the spec t r a  have been descr ibed  prev ious ly  [8]• The resu l t s  of the e l e -  
men t a ry  ana lyses  cor responded  to calculated f igures .  

Isola t ion of Mogoltavidin (IV) and Gummosin  (V). A methanolic  ex t rac t  of the roots  of Fe ru la  mogol ta -  
v ica  (20 g) was separa ted  on a column (h = 30 cm,  d = 6 cm) filled with type KSK si l ica  gel (size 0.25 ram). 

On elution with pe t ro leum e t h e r - e t h y l  aceta te  (1 : 3), f rac t ions  10-16 yielded gummosin  with rap 
177-178°C, and f rac t ious  24-31 yielded mogoltavidin with mp 160-162°C. 

Mogoltavidin Acetate  (IVa). A solution of 0•07 g of mogoltavidin in 3 ml of pyr idine was t reated with 
2 ml of acet ic  anhydride and the mix tu re  was heated at 80°C fo r  4 h. Mogoltavidin aceta te  was obtained in 
the usual way. Mp 151-152°C. 

The Ketone f r o m  Mogoltavidin. A solution of 0.1 g of ch romium tr ioxide in 5 ml of wa t e r  was added 
to 0.2 g of mogoltavidin in 15 ml  of acetone.  Af te r  2 h, the mix tu re  was diluted with wa te r  and the ketone 
fo rmed - mogoltavidone - was ex t rac ted  with e ther .  Mp 226-227°C (from ether) .  

Reduction of Mogoltavidone with Sodium Te t rahydrobora te .  A solution of 0.12 g of the ketone in 30 ml 
of 85% aqueous methanol was t rea ted  with 0.2 g of sodium te t r ahydrebora te .  Af ter  6 h, the react ion product  
was isola ted in the usual way. Mp 189-190°C (from ether) .  

Samarcandone.  A solution of 0.2 g of ch romium tr ioxide in 6 ml of  80% acet ic  acid was added to 0.2 g 
of samarcandin ,  which we had i so la ted  f rom F. s amarcand i ca  in 5 ml  of g lac ia l  ace t ic  acid,  and the mix ture  
was left  at room t e m p e r a t u r e  fo r  2 h. Af te r  dilution with wa te r  (1 : 2), the samarcandone  was ex t rac ted  with 
ether• Mp 212-213°C (from ethanol). 

The Ilq spec t rum lacked the absorpt ion band of a carbonyl  group.  

I s o s a m a r c a n d i n  Aceta te  (IIa). Obtained by the method given fo r  (IVa). Mp 210-212°C. 

Isolat ion of Mogoltavicin (VI). A methanolic  ex t r ac t  of the roots  (10 g) was separa ted  on a column of 
s i l ica  gel (h = 30, d = 6 cm).  On elution with benzene,  f rac t ions  6-9 yielded substance (VI)withmp151-152°C.  

Saponification of Substance (V'I). A solution of 0.1 g of the subs tance  in 15 ml of  5% aqueous cau s t i c  
potash  was heated for  2 h. F r o m  the hydro lys i s  products  mogoltavidin was obtained with mp 159-161°C. 
Acet ic  acid was identified by the usual method,  Rf  0.13 (solvent sys t em:  butanol sa tura ted  with 1.5 N 
ammonia) .  
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C O N C L U S I O N S  

From the roots of Ferula mo~oltavica, two new terpenoid coumarlns have been isolated - mogoltavidin 
and mogoltavicin - and also one known one - gummosin. 

On the basis of a comparison of the spectra of mogoltavidin and those of known isomers it has been 
establi shed that (IV) i s the ether of umbeUiferone and trans -3,8 dihydroxy-4 ,4 ,8 ,10- tetramethYldecalin-9-yl 
carbinol with the axial arrangement of the hydroxy groups. 

Mogoltavicin is the natural acetyl derivative of mogoltavidin at the secondary hydroxy group. 
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