
C O U M A R I N S  O F  F r a x i n u s  m a n d s c h u r i c a  

A N D  F .  p o t a m o p h i l a  

M. V. A r t e m ' e v a ,  G .  K.  N i k o n o v ,  
a n d  M. O.  K a r r y e v  

UDC 547.587.53 

Plants  of the genus FraxLuus are  cha r ac t e r i z ed  by a high content of hydroxycoumarLus and glucosides 
which p o s s e s s  spasmoly t i c  ac t iv i ty  [1]. F r o m  29 spec ies  of ash, 11 coumar ins  have been isolated at the 
p r e sen t  t ime,  and f r o m  the two spec ies  mentioned in the tit le two coumarLus [2]. In a ch romatograph ic  eva l -  
uation of 10 spec ies  growing in the USSR, we found in them a complex mix ture  of these subs tances  with at 
l e a s t  13 components .  

We have invest igated the hydroxycoumar ins  p r e s e n t  in the l eaves  of FraxLuus mandschur ica  1Rupr., 
col lected in October ,  1970, and those p r e sen t  in the b a r k  of t h r e e - y e a r  shoots of F. potamophi la  Herd. ,  col-  
lec ted in March,  1971, in the Tashkent  region in the per iod  of the swelling of the buds. 

To isolate the coumar ins ,  the raw ma te r i a l  was t r ea ted  with methanol .  The ex t r ac t  obtained, a f t e r  it 
had been f reed  f r o m  pigments  and lipophilic subs tances ,  was ch romatographed  on columns of polyamide ,  
s i l ica  gel,  and acidic a lumina,  with elution by organic  solvents .  Three  coumarLus were  isolated.  

The f i r s t  coumar in  had the composi t ion  C9H604, mp 270-271°C, M + 178 (mass  spec t rome t r i ca l l y ) ,  1Rf 
0.82. UV s p e c t r u m ,  ~max :  230, 260, 303, 354 nm (log e 4.31, 3.79, 3.89, 4.23); its IR s p e c t r u m  exhibited 
the absorpt ion  bands c h a r a c t e r i s t i c  of hydroxycoumar ins .  In its composi t ion and phys icochemica l  p r o p e r -  
t ies  it co r r e sponded  to 6 ,7-d ihydroxycoumar in  (esculetin),  and this was conf i rmed  by its IR s p e c t r u m  and 
a mixed melt ing point. 

The second coumarLu, CiIHi0Os, mp 171-172°C, M + 222, R f  O.9, as shown by its UV spec t rum() ,ma  x 
234, 315, 345 nm; log e 3.99, 3.88, 3.82), is a der iva t ive  of 5 ,6 ,7- t r ihydroxycoumarLu.  According to its IR 
s p e c t r u m ,  it contains a f ree  hydroxyl (absorpt ion band at 3400-3200 cm-1).  In o r d e r  to de te rmine  its pos i -  
tion, we made use of informat ion [3] on the change in the nature  of the UV s p e c t r a  of the hydroxycoumarLus 
in the fo rmat ion  of sa l t s .  In the s p e c t r u m  of the lactone taken in the p r e s e n c e  of alkali  there  was a batho-  
ch romic  shift  of the m a x i m a  by 24, 12, and 99 nm,  r e spec t i ve ly  with a d e c r e a s e  in the intensi ty of the long- 
wave band (log ~ 4.14, 3.89, 3.68), which is c h a r a c t e r i s t i c  for  6-hydroxycoumarLus.  In its NMR s p e c t r u m  
there  a re  doublets at 7.81 and 6.11 ppm, J = 9 . 5  Hz (H-4 and H-3), t h r ee -p ro ton  sLuglets at  3.86 and 3.93 ppm 
(methoxy groups a t tached to an a roma t i c  nucleus),  and a s inglet  at  6.50 ppm (H-5 o r  H-8 proton).  According 
to the r e su l t s  of calculat ion and f r o m  the OH and OCH 3 inc remen t s  as a function of the i r  posi t ions  [4], this 
signal co r r e sponds  to the H-8 proton.  Thus,  the second coumarLu is 6-hydroxy-5 ,7-d imethoxycoumarLu and 
is t he re fo re  identical  with fraxLuol. 

The third coumar in  has the composi t ion Ct0H8Os, mp 228-230°C, M + 208, 1Rjf 0.69, and f o r m s  yellowish 
ac icu la r  c ry s t a l s  soluble in acetone,  dimethyl  sulfoxide,  and ethanol,  and insoluble in pe t ro l eum ether ,  ben-  
zene, ch lo roform,  and e ther ;  it does not f luoresce  in UV light. F r o m  its phys icochemica l  p r o p e r t i e s  it is a 
new coumarLu, and we have cal led it isofraxetLu. Judging f r o m  its composi t ion,  it contains two hydroxy 
groups and one methoxy group. I ts  UV s p e c t r u m  [277,350 nm (log e 3.45, 3.80)] shows the p r e s e n c e  in it 
of the ch romophore  of a 5 ,6 ,7 - t r ihydroxycoumar in .  We a t tempted  to use UV spec t roscopy  to de te rmine  the 
posi t ions  of the subst i tuents .  It  is known [5] that the sa l t s  of ions of 4- ,  5- ,  and 7-monohydroxycoumarLus 
have the qulnoid type of s t ruc tu re  and those of the 6- and 8-hydroxy de r iva t ives  the coumar in  type. Conse-  
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Fig .  1. UV s p e c t r a  of i s o f r a x e t i n  (I) and of 6 , 7 - d t h y d r o x y c o u -  
m a r i n  (iI) in n e u t r a l  (a) and a l k a l i n e  (b) m e d i a .  

quent ly ,  when the UV s p e c t r a  a r e  t aken  in an a l k a l i n e  m e d i u m  the i n t e n s i t i e s  of the m a x i m a  of the f i r s t  
g r o u p  i n c r e a s e  and in the s e c o n d  g roup  they  undergo  b a t h o c h r o m i c  sh i f t s  wi th  a s i m u l t a n e o u s  fa l l  in log  
of the l o n g - w a v e  band.  This  c h a r a c t e r i s t i c  was  s t u d i e d  fo r  the c a s e  of s a l t s  of m o n o h y d r o x y c o u m a r i n s ,  
whi le  i s o f r a x e t i n  is  a d i h y d r o x y  d e r i v a t i v e .  When the h y d r o x y  g roups  a r e  l o c a t e d  in the  5,6 o r  6,7 p o s i t i o n s ,  
the c o r r e s p o n d i n g  tons m a y  have e i t h e r  the quinoid  o r  the c o u m a r i n  s t r u c t u r e ,  which  e x p l a i n s  the change  
in the UV s p e c t r u m  in an a l k a l i n e  m e d i u m .  We have s t u d i e d  the s p e c t r u m  of a mode l  compound  - 6 , 7 - d i -  
h y d r o x y c o u m a r i n  - under  the cond i t ions  m e n t i o n e d  (Fig.  1). I t  was  found that  the  s p e c t r u m  of th i s  s u b s t a n c e  
changes  l i ke  the s p e c t r u m  of 6 - h y d r o x y c o u m a r i n .  Consequen t ly ,  the ions of o r t h o - d i h y d r o x y  d e r i v a t i v e s  of 
th is  type p o s s e s s  the c o u m a r i n  s t r u c t u r e .  The  s p e c t r u m  of i s o f r a x e t i n  changes  in a s i m i l a r  m a n n e r  to the 
s p e c t r u m  of the 6 - h y d r o x y c o u m a r i n s  and,  t h e r e f o r e ,  the h y d r o x y  g roups  in i ts  m o l e c u l e  a r e  p r e s e n t  in the 
v i c ina l  p o s i t i o n  and it is  5 , 6 - d i h y d r o x y - 7 - m e t h o x y c o u m a r i n .  

An a n a l y s i s  of the NMR s p e c t r a  can  c o n f i r m  tha t  i s o f r a x e t l n  is  a 5 , 6 , 7 - s u b s t i t u t e d  c o u m a r i n .  Doub-  
l e t s  a t  6.12 and 7.52 ppm,  J = 9 . 7  Hz, c o r r e s p o n d  to the H-3 and H-4  p r o t o n s ,  a s i n g l e t  at  3.68 p p m  (3 H) is 
due to a me thoxy  g roup  a t t a c h e d  to an a r o m a t i c  r i n g ,  a b r o a d e n e d  s igna l  a t  11.22 p p m  (2 H) to pheno l i c  hy-  
d r o x y l s ,  and a s i n g l e t  a t  6.52 p p m  to the H-8  p ro ton .  The a s s i g n m e n t  of  the  l a t t e r  s i gna l  is  e x p l a i n e d  by  
the e x i s t e n c e  of l o n g - r a n g e  s p i n - s p i n  coupl ing  of  the H-8 and H-4  p r o t o n s  as  a r e s u l t  of which  the p e a k  in -  
t e n s i t y  of the H-4  s i gna l  in the  NMR s p e c t r u m  is  l o w e r  than  tha t  of H-3.  A n u m b e r  of  c o n s i d e r a t i o n s  p e r -  
mi t  a d e c i s i o n  in f a v o r  of the p o s i t i o n  of  the  me thoxy  g roup  at  C-7 .  Thus ,  if it  w e r e  p r e s e n t  in p o s i t i o n  5, 
the  H-4 s i g n a l  would  sh i f t  downf ie ld  by  a n a l o g y  wi th  the  s i gna l  in c o u m a r i n ,  m e x o t i c i n ,  k lozen in ,  and o t h e r s  
[6-8] which  is not  o b s e r v e d  in fact .  F u r t h e r m o r e ,  the va lue  of the c h e m i c a l  sh i f t  of H-8  is c l o s e r  to the  
f i g u r e  c a l c u l a t e d  u s i n g  the  me thod  of  i n c r e m e n t s  [4] fo r  5 , 6 - d i h y d r o x y - 7 - m e t h o x y c o u m a r i n .  The  m e t h y l a -  
t ion of  i s o f r a x e t i n  wi th  d i a z o m e t h a n e  gave  a t r i m e t h o x y  d e r i v a t i v e  with R /  0.95 c o r r e s p o n d i n g  to a s a m p l e  
of  5 , 6 , 7 - t r i m e t h o x y c o u m a r i n  (i t  does  not f l u o r e s c e  in UV l igh t ,  in c o n t r a s t  to 6 , 7 , 8 - t r i m e t h o x y c o u m a r i n ,  
which  has  a b lue  f l u o r e s c e n c e ) .  

E : ' : P  E R I M E  N T A L  

The UV s p e c t r a  w e r e  taken  on a Hi tachi  s p e c t r o p h o t o m e t e r ,  the IR s p e c t r a  on a U1R-10 i n s t r u m e n t  
(KBr) ,  the m a s s  s p e c t r a  on an MKh-1303 i n s t r u m e n t ,  and the NMR s p e c t r a  on a JEOL i n s t r u m e n t  at  60 MHz 
in CDC13 (I, II) and in d e u t e r o p y r i d i n e  (iII) ( reg ion  f r o m  1 to 9 ppm) ,  the c h e m i c a l  sh i f t s  be ing  g iven  in the  
6 s c a l e  f r o m  the HMDS s i g n a l  t aken  as  0. 

C h r o m a t o g r a p h y  was  p e r f o r m e d  on type  "M" [" s low"  ] p a p e r  in the b u t a n -  1 -o l  - a c e t i c  a c i d -  w a t e r  
(4 : 1 : 5) s y s t e m ;  the s p o t s  w e r e  r e v e a l e d  wi th  d i a z o t i z e d  su l f anHic  ac id  a f t e r  the c h r o m a t o g r a m s  had been  
s p r a y e d  wi th  10% s o d i u m  c a r b o n a t e  so lu t ion .  

I s o l a t i o n  of E s c u l e t i n .  The c o m m i n u t e d  d r i e d  l e a v e s  of F.  m a n d s c h u r i c a  (2 kg) w e r e  e x h a u s t i v e l y  
e x t r a c t e d  wi th  me thano l .  The e x t r a c t  was  c o n c e n t r a t e d  to 500 ml ,  d i l u t ed  wi th  w a t e r  (1 : 2), and t r e a t e d  s u c -  
c e s s i v e l y  wi th  p e t r o l e u m  e t h e r  (p igmen t s ) ,  c h l o r o f o r m ,  and n - b u t a n o l .  A f t e r  the s o l v e n t s  had  been  d i s t i l l e d  
off, 100 g of p e t r o l e u m  f r a c t i o n  (I), 10 g of c h l o r o f o r m  f r a c t i o n  (iI), and  49 g of  bu tano l  f r a c t i o n  (iII) w e r e  
ob ta ined .  The r e s i d u a l  aqueous  m e t h a n o l i c  e x t r a c t  was  c a l l e d  f r a c t i o n  (IV). 
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Frac t ion  II was deposited on a chromatographic  column filled with polyamide (h = 20, d = 10 cm) and 
was eluted with b e n z e n e - c h l o r o f o r m  by the d iscre te  method, and then with pure ch lo roform and with mix-  
tures  of ch loroform and acetone with gradual ly  increas ing acetone contents. 

Elution with a 30~ solution of acetone in ch lo roform gave 0.050 gof  a crys ta l l ine  substance C9H604 
with mp 270-271°C (from methanol). 

Isolation of Fraxinol.  The dried and comminuted ba rk  of F. potamophila (1 kg) was exhaustively ex- 
t racted with methanol, the ex t rac t  was evaporated to a viscous residue,  and this was diluted with water  
(1 : 2) and success ive ly  extracted with pet ro leum ether  (fraction I), ch loroform (fraction II), and n-butanol 
(fraction III). 

Frac t ion  II was evaporated,  giving 790 g of a brown mass  of which 100 g was deposited on a ch romat -  
ographic column containing acidic alumina of activity grade III (h=40, d=10 cm), and elution was p e r -  
formed with pure ch loroform and then with a c e t o n e - c h l o r o f o r m  (9 : 1), the total volume of the fract ions 
amounting to 2.7 l i ters .  

On concentrat ion,  the a c e t o n e - c h l o r o f o r m  eluate gave 0.035 g of a crys ta l l ine  substance CliHl005 
with mp 171-172~C (from methanol). 

Isolation of Isofraxetin.  Another 10 g of fract ion II was deposited on a column of KSK si l ica gel (h = 
75, d =4 cm), which was eluted with a mixture of acetone and ch loroform (3 : 7). Distil lation of the solvent 
yielded 0.0816 g of a substance CIoH805 with mp 228-230°C (from methanol). 

Methylation of Isofraxetin.  To 0.0300 g of the substance was added 30 ml of a solution of diazomethane 
in diethyl ether,  and the mixture was left for 12 h (on methylation the substance dissolved in the ether). The 
solvent was distilled off to give a yellowish substance with Rf  0.95. 

S U M M A R Y  

The leaves of Fraxinus mandschur ica  Rupr. and the bark  of F.  potamophlla Herd. have yielded e s -  
culetin, fraxinol,  and a new coumarin  C10H80~, mp 228-230°C which we have called isofraxetin. On thebas is  
of NMR and UV spec t roscopy  it has been establ ished that isofraxetin is 5 ,7-dihydroxy-7-methoxycoumarin .  
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