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Ferula  diversivi t tata Rgl. et Schmat., family Umbelliferae,  is a perennial  herbaceous plant growing 
in Central  Asia [1]. 

F rom the roo t s  of the plant growing in Kazakhstan we have previously isolated the coumarin  diversin 
with the composition C19H2004, mp 97-98.5 ° C (I), which is the ether  of umbeltiferone and a monoterpene 
ketone, and we also put forward a hypothesis concerning the presence  in diversin of its i somer  (II) as an 
impurity [2]: 
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where Ar is coumar in-7-y l .  

We have investigated the roots  of this species  of Ferula growing in Turkmenia. By column ch roma-  
tography on KSK silica gcI we have isoIated two isomeric  coumar ins  with the composition CtsH2004; one 
with mp 97-98 ° C (from aqueous ethanol) (II) and the other  with mp 55-57 ° C (from ethanol) (III). On t r ea t -  
ment with a mixture of acetic and sulfuric acids, the substances underwent cleavage, forming umbelliferone, 
and, consequently, they are derivat ives  of 7-hydroxycoumarin  and monoterpene alcohols of the composition 

C10H1602. 

The catalytic hydrogenation of the f irst  coumarin  over  Pro  2 (Adams method) gave a te trahydro de-  
rivative with mp 37-38.50C (M + 316). F rom the composit ion and constants of the substance itself and those 
of its derivative,  the f i rs t  coumarin  corresponded to diversin.  At the same time, we directed our attention 
to the fact that the integral intensities of the signals of the protons in the NMR spectrum of the substance 
were not given in the Brief  Communication. This cas t  doubt on the co r r ec tnes s  of the s t ructure  suggested 
for diversin and impelled us to per form additional investigations. 

In the IR spectrum of diversin there are  absorption bands at 1720 cm -i (coumarin carbonyl),  1615 and 
1570 cm -1 (aromatic nucleus),and 1380 and 1390 cm -1 (gem-dimethyl groups), while absorption bands of 
hydroxy groups are absent. Considerable broadening of the bands at 1705-1720 cm -I and 1610-I635 cm -I 
and, in par t icular ,  inflections at 1710 and 1625 cm -1 gave grounds for  assuming the presence  in the diversin 
molecules of a dienone grouping --C = C--C--C--C--  [3]. The hypothesis of the presence of this chromophore  
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NMR s p e c t r a  of d i v e r s i n  (a) and d i v e r s i n i n  (b). 

w a s  c o n f i r m e d  by the e l e c t r o n i c  s p e c t r u m  in which,  in add i t ion  to the  l o n g - w a v e  m a x i m u m  at  ~'max 320 nm 
(log ~ 4.29) c h a r a c t e r i s t i c  of 7 - h y d r o x y c o u m a r i n  d e r i v a t i v e s ,  t h e r e  i s  a b s o r p t i o n  at  275 n m  (log ~ 4.43) and 
250 nm ( inf lect ion)  (log ~ 4.32).  

D i v e r s i n  d id  not  r e a c t  u n d e r  the u s u a l  c o n d i t i o n s  with 2 , 4 - d i n i t r o p h e n y l h y d r a z i n e ,  which i s  c h a r a c -  
t e r i s t i c  fo r  doubly  u n s a t u r a t e d  k e t o n e s ,  and on ox ida t i on  with p e r m a n g a n a t e  i t  f o r m e d  ace tone ,  which  w a s  
i den t i f i ed  by the f o r m a t i o n  of d i b e n z y l i d e n e a c e t o n e .  

Thus ,  d i v e r s i n  i s  an e t h e r  of u m b e l l i f e r o n e  and a m o n o t e r p e n e  h y d r o x y k e t o n e  with  the c o m p o s i t i o n  
C10HleO2 con ta in ing  the f r a g m e n t s  (CHa)2C~-~-C and - C = C - C O - C - - - - - C - .  

The i n t e g r a l  i n t e n s i t i e s  of a l l  the s i g n a l s  in the NMI:t s p e c t r u m  of the  d i v e r s i n  that  we had i s o l a t e d  
(Fig .  1) have been  g iven  in the B r i e f  C o m m u n i c a t i o n .  The s p e c t r u m  showed the s i g n a l s  of  the p r o t o n s  of  a 
7 - m o n o s u b s t i t u t e d  c o u m a r i n  - d o u b l e t s  a t  7.62 and 6.08 ppm,  J = 10 Hz, and at  7.30 ppm,  J = 8.5 Hz; q u a r t e t  
a t  6.80 ppm,  J1 = 8.5 Hz, J2 = 2 Hz; and a double t  at  6.73 ppm,  J = 2.0 Hz (H-4,  H-3 ,  H-5 ,  H-6 ,  and  H-8) .  
In add i t ion ,  t h r e e - p r o t o n  s i n g l e t s  a r e  o b s e r v e d  at  2.10, 1.94, and 1.82 ppm,  showing  the p r e s e n c e  of t h r e e  
m e t h y l  g r o u p s  on double  bonds;  and at  4.15 and 3.05 ppm t h e r e  a r e  two t h r e e - p r o t o n  t r i p l e t s  with J = 7 Hz 
of  2H each  due to the p r o t o n s  of  a A r - O - C H 2 - C H a - C - - - - - g r o u p i n g .  I t  fo l lows  f r o m  these  f ac t s  that  the  m o l e -  
cu l e  of  the s u b s t a n c e  h a s  two double  bonds  l o c a t e d  at  the C 3, and C6v c a r b o n  a t o m s  to which  m e t h y l  g r o u p s  
a r e  a t t ached .  The double  bond of the f i r s t  i s o p r e n o i d  unit  is  l o c a t e d  be tween  Caw and C4w. In the 6.02 and 
6.10 ppm r e g i o n s  t h e r e  a r e  two b r o a d e n e d  s i n g l e t s  due to the o l e f in i c  p r o t o n s  in a C = C H  --  C - - C H = C  f r a g -  
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merit .  The b r o a d e n i n g  of  t he se  s i g n a l s  i s  due to the a l l y l  i n t e r a c t i o n  of the o le f in ic  p r o t o n s  wi th  the p r o -  
tons  of  the m e t h y l  and m e t h y l e n e  g r o u p s .  A s i m i l a r  c h e m i c a l  shif t  of  o le f in ie  proLons in the g r o u p i n g  m e n -  
t i oned  h a s  been o b s e r v e d  by Boh lmann  in the e a s e  of the l a c t o n e s  of  L a s e r p i t i u m  p r u t e n i c u m  [3]. On the 
b a s i s  of  the f ac t s  p r e s e n t e d ,  i t  fo l lows  that  d i v e r s i n  has  the s t r u c t u r e  (III). 

N. P.  K i r ' y a l o v  [2] h a s  p r e v i o u s l y  s u g g e s t e d  tha t  t h i s  p lan t  c o n t a i n s  a s u b s t a n c e  wi th  the s t r u c t u r e  
(II). Such a s t r u c t u r e  i s  c o n f i r m e d  by the r e s u l t s  of the f r a g m e n t a t i o n  of the s u b s t a n c e  u n d e r  the in f luence  
of e l e c t r o n  i m p a c t  a t  the p o s i t i o n s  denoLed by the b r o k e n  l i n e s .  The m a s s  s p e c t r u m  of  d i v e r s i n  shows  the 
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peak  of  the m o l e c u l a r  ion M + 312, and a l so  f r a g m e n t s  wi th  m / e  297 (M + - 15), 163 and 175 (p ro tona t ed  ion 
of  u m b e l l i f e r o n e  and f r a g m e n t  f o r m e d  by  the o~-cleavage of  the e t h e r  bond wi th  the t r a n s f e r  of  h y d r o g e n  
f r o m  the t e r p e n e  p a r t  of the  m o l e c u l e  to the c o u m a r i n  p a r t ) ,  151 and 136 ( t e r p e n o i d  r a d i c a l  a n d  s e c t i o n  a f t e r  
the d e t a c h m e n t  of a m e t h y l e n e  g roup  f r o m  it) ,  258, 230, 85, and 57 ( f r a g m e n t s  f o r m e d  by the c~,f l -cleavage 
of  the ke tone) .  

The second  c o u m a r i n ,  which  we c a l l e d  d i v e r s i n i n ,  is ,  a c c o r d i n g  to i t s  UV s p e c t r u m  [),max 320 nm 
(log e 4.32)] a l so  an e t h e r  of u m b e l l i f e r o n e ,  but i t s  t e r p e n o i d  cha in  does  not  con ta in  a d ienone  g roup ing  (the 
f e a t u r e s  of  the UV and IR s p e c t r a  o b s e r v e d  for  d i v e r s i n  a r e  absen t ) .  I t s  NMR s p e c t r u m  (Fig .  1, b) shows  
the s i g n a l s  c h a r a c t e r i s t i c  fo r  a 7 - h y d r o x y c o u m a r i n  nuc l eus :  d o u b l e t s  at  7.58 and 6.18 ppm,  J -- 10 Hz, and 
at  7.30 ppm,  J = 8 Hz, and q u a r t e t  a t  6.8 ppm,  J1 = 8 Hz,  J2 = 2 Hz, and a l so  a doub le t  a t  6.73 ppm,  J = 2 Hz 
due to the H-4 ,  H-3 ,  H-5 ,  H-6 ,  and  H-8 p r o t o n s ,  r e s p e c t i v e l y .  The s p e c t r u m  a l s o  c o n t a i n s  t h r e e  t h r e e -  
p r o t o n  s i n g l e t s  a t  2.10, 1.81, and 1.72 p p m  c a u s e d  by the p r o t o n s  of m e t h y l e n e  g r o u p s  on double  bonds .  
T h e i r  p r e s e n c e  shows  tha t  the s ide  cha in  of d i v e r s i n i n  h a s  two double  bonds  p r e s e n t  a t  C 2, and C6,. 

The d i f f e r e n c e  be tween  the NMR s p e c t r a  of  d i v e r s i n  and d i v e r s i n i n  c o n s i s t  in the fac t  that  in the s e c -  
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ond s u b s t a n c e  t h e r e  a r e  no t r i p l e t s  due to the m e t h y l e n e  p r o t o n s  in a A r - O C H 2 - - C H ~ C : ~  g roup ing .  A p a r t  
f r o m  the se ,  the s p e c t r u m  of  d i v e r s i n i n  shows  a doub le t  a t  4.61 ppm,  J = 7 Hz (2H) and a t r i p l e t  a t  5.51 ppm,  
J = 7 Hz, d e m o n s t r a t i n g  the p r e s e n c e  of  the A r - O C H  2 - C H = C  group ing .  Consequen t ly ,  one of  the double  
bonds  in d i v e r s i n i n  is  l o c a t e d  be tween  c a r b o n  a t o m s  2' and 3 ' .  In add i t ion  to th is ,  in the s p e c t r u m  u n d e r  
c o n s i d e r a t i o n  t h e r e  a r e  a b r o a d e n e d  s i n g l e t  a t  6.05 ppm (1H) c o r r e s p o n d i n g  to the o le f in ic  p ro ton  in a 
C = : C H - C - = O  f r a g m e n t  and a t w o - p r o t o n  s i ng l e t  a t  3.09 ppm due to the m e t h y l e n e  p r o t o n s  in a O = C - C H  2 -  
C-----C g roup ing .  On the b a s i s  of  t h e s e  f ac t s ,  it  m a y  be c o n c l u d e d  that  d i v e r s i n i n  i s  a p o s i t i o n  i s o m e r  of d i -  
v e r s i n  with the s t r u c t u r e  of  7 - ( 3 ' , 7 ' - d i m e t h y l - 5 ' - o x o o c t a - 2 ' , 6 ' - d i e n y l o x y ) c o u m a r i n  (III). I t s  ox ida t ion  by 
p o t a s s i u m  p e r m a n g a n a t e  gave  ace tone ,  which w a s  i den t i f i ed  a s  d i b e n z y l i d e n e a c e t o n e  with mp 92-95 ° C. 

Th i s  s t r u c t u r e  i s  a l s o  we l l  d e s c r i b e d  by the n a t u r e  of the f r a g m e n t a t i o n  of the  s u b s t a n c e  u n d e r  the 
in f luence  of  e l e c t r o n  impac t .  

T o g e t h e r  wi th  the c o u m a r i n  men t ioned ,  f r o m  the r o o t s  of the p l a n t  we i s o l a t e d  u m b e l l i f e r o n e  and fl-  
s i t o s t e r o l ,  which  w e r e  i den t i f i ed  by t h e i r  IR s p e c t r a  and m i x e d  m e l t i n g  poin ts .  

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

The NiVIR spectra were taken on a Jeol-60 MHz instrument (in solutions of the substances in CDC13, 
5 scale from the signal of HMDS taken as 0); the IR spectra on a UR-10 spectrometer (KBr); the UV spectra 
on a Hitachi spectrophotometer (solutions of the substances ethanol); and the mass spectra on an MKh-1303 
spectrometer. For thin-layer chromatography (TLC) we used type KSK silica gel containing 5 ~c of gypsum 
in the hexane-benzene-methanol (5 : 4 : 1) and petroleum ether-ethyl acetate (3 : 1) systems. The reveal- 
ing agent was diazotized sulfanilic acid after the chromatograms had been sprayed with a 10 ~ solution of 
caustic soda in methanol and 1 ~c vanillin/sulfuric acid. 

The results of elementary analysis corresponded to the calculated figures. 

Isolation of Diversin. The dried and comminuted roots (5 kg) were exhaustively treated with ethanol 
(5 × 5 liters) and the extract was evaporated to a viscous residue (1.5 kg). This was diluted with a twofold 
amount of water and extracted with ether. Distillation of the extract yielded 650 g of substance, 100 g of 
which was deposited on a chromatographic column containing silica gel (h =32, d =9 cm) and was eluted with 
petroleum ether-benzene (9 : i), 100-ml fractions being collected. Fractions 6-19 yielded 1.2 g of a light 
ye l low c r y s t a l l i n e  s u b s t a n c e  CIgH2004 with  m p  98 ° C ( f rom aqueous  e thano l ) ,  R f  0.43, r e a d i l y  so lub le  in 
c h l o r o f o r m ,  benzene ,  m e t h a n o l ,  and ace tone ,  l e s s  r e a d i l y  in e t h e r ,  and in so lub le  in p e t r o l e u m  e t h e r  and 
w a t e r .  

Ac id  C l e a v a g e  of  D i v e r s i n .  A so lu t ion  of  0.2 g of d i v e r s i n  in 3 ml  of CH3COOH and 1 ml  of H2SO 4 was  
lef t  to s t and  for  12 h. Then the l iqu id  was  d i lu t ed  with  w a t e r  and made  a l k a l i n e .  An in t ense  blue f l u o r e s -  
cence  a p p e a r e d .  When the l iqu id  w a s  a c i d i f i e d  and e x t r a c t e d  with  e t h e r ,  c r y s t a l s  w e r e  ob t a ined  with mp 
288 ° C which showed no d e p r e s s i o n  of  the m e l t i n g  po in t  in a d m i x t u r e  with u m b e l l i f e r o n e .  

H y d r o g e n a t i o n  of  D i v e r s i n .  The h y d r o g e n a t i o n  of 0.2 g of  d i v e r s i n  was  p e r f o r m e d  in e thano l  in the 
p r e s e n c e  of 70 m g  of  P r o  2 (Adams) .  About  30 ml  of  h y d r o g e n  was  a b s o r b e d ,  c o r r e s p o n d i n g  to two double  
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bonds. The react ion products,  obtained in the usual way, contained severa l  substances,  and these were 
separated on a column (H =25 cm, d = l . 5  cm) containing KSK silica gel with elution by petroleum e t h e r -  
diethyl e ther  (1 : 1). This yielded 50 mg of te t rahydrodivers in  with mp 37-39" C and umbell iferone with mp 
228 ° C. 

Oxidation of Diversin. A solution of 0.1 g of diversin in 8 ml of dioxane was treated with 1 ml of 5 % 
KMnO 4 and the mixture was left to stand for 12 h. Then 1 ml of the liquid was distilled off and to it were 
added four drops of benzaldehyde and two drops of 10 % NaOH, and the mixture was left to stand for 12 h. 
This gave yellowish c rys ta l s  with mp 92-95 ° C showing no depresmon of the melting point in admixture with 
a sample of dibenzylideneacetone. 

Isolation of Diversinin. Elution of the column with a mixture of petroleum ether  and benzene (7 : 1) 
yielded 2 g of a crys ta l l ine  substance, C18H2004, mp 55-57 ° C (from ethanol), Rf  0.36, readily soluble in 
chloroform,  benzene, methanol, and acetone, less  readily in ether,  and insoluble in pet roleum ether  and 
water.  

Oxidation of Diversinin. A solution of 0.1 g of diversinin in 8 ml of dioxane was t reated with 1 ml of 
5 ~ KMnO 4 and the mixture was left for 12 h. Then 1 ml of the liquid was distilled off, and to it were added 
four drops of benzaldehyde and two drops of 10 % NaOH. On standing, a precipitate of dibenzylideneacetone 
precipitated.  

Isolation of Umbelliferone and fl-Sitosterol.  Elution of the column with b e n z e n e - c h l o r o f o r m  (1 : 1) 
yielded 1.5 g of umbelliferone.  Frac t ions  3-5 of a petroleum ether  eluate yielded f l-s i tosterol .  

SUMMARY 

From the roots of the Ferula diversivittata Rgl. et Schmalh growing in Turkmenia we have isolated a 
new coumarin, C19H2004, mp 55-57 ° C, which we have called diversinin, and also coumarins known previously 
- diversin and umbelliferone - and ~-sitosterol. 

On the basis of spectral characteristics it has been established that diversin has the structure of 7- 
(3',7'-dimethyl-5'-oxoocta-3',6'-dienyloxy)coumarin, and diversinin is its A 2' position isomer. 

1. 
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