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Continuing a study of the plants  mentioned,  by chromatographing  a methanol ic  ex t rac t  on columns of 
polyamide and s i l ica  gel with elution of the f o r m e r  with w a t e r  and with ethanol and of the la t te r  with o r -  
ganic solvents  we have i so la ted  f rom this ex t rac t  t h ree  subs tances  of a glycosidic  nature  ( I -m) .  

Glycoside I, C15H1009, mp 214-215°C (from methanol),  [0~]~-95 ° (c 0.61; dioxane), R f  0.47, mol.  wt. 
340. UV spec t rum of (I): ~ m a x  228, 292, 348 nm (log c 4.1, 3.77, 3.85) - the ch romophore  of a 6 ,7-dihy-  
d roxycoumar in .  IR spec t rum,  A max  (cm-1): 1700-1710 (coumarin carbonyl) ,  1630, 1570, 1520 (aromat ic  
nucleus), 3200-3550 (broad band of hydroxy groups) .  Bands at 880 and 835 cm -1 and a lso  at 1040, 1055, 1080, 
900, and 770 cm -1 show the p r e s e n c e  in (I) of a f i -glycosidic bond and the pyranose  fo rm of the sugar  r e s i -  
due. This  was conf i rmed by i ts  enzymat ic  c leavage and by the calculat ion of the value of [M] D • K1 a a cco rd -  
ing to Klyne [1]. 

In the NMR spec t r a  of the glycoside there  a r e  the s ignals  of the pro tons  of a totally substi tuted cou- 
m a r i n  nucleus: doublets at 6.10 and 7.53 ppm, J = 9 . 7  I-Iz ~ - 3 ,  H-4), a singlet  at 7.05 ppm (2H) - (H-5 and 
H-8), and a l so  s ingle ts  at 4.1 and 4.05 ppm (3H each) (methoxy groups  at tached to an a roma t i c  nucleus), a 
mul t ip le t in  the 3.9-4.3 ppm region (6It) (the protons  of a hexose), a doublet at 5.50 ppm, J = 7 H z  (1H) ~ -  
anomer ic  proton of a sugar  residue) ,  and a mul t ip le t  at 6.3-6.7 ppm (5H) (the hydroxy groups  of a sugar  
and the phenolic hydrexy group of a coumarin) .  

The acid hydro lys i s  of subs tance  (I) in solution yielded D-glucose ,  detected by pape r  chromatography,  
and an aglycone C9H604 with a yield of 49%, m p  270-271°C, R f  0.82, M + 178. 

The UV s p e c t r u m  of the aglycone taken in an alkaline med ium showed a shift cf the long-wave m a x i -  
m u m  by 80 nm and a slight inc rease  in extinction (A log ~ 0.04), which is c h a r a c t e r i s t i c  for  6 ,7-d ihydroxy-  
coumar ins  [2]. On the ba s i s  of i ts  composit ion,  mel t ing point, and IR spec t rum,  the aglycone was identified 
as  6 ,7-d ihydroxycoumar in  (esculetin). Consequently, the initial  coumar in  glycoside is 7 -O-f i -D-g lucopy-  
ranosy lescu le t in  (cychortin) .  This is the f i r s t  t ime  that  the s ize of the oxide r ing and the configurat ion of the 
sugar  res idue  have been de te rmined .  

Glycoside (II), C16H18010 , m p  203°C (from methanol) ,  [a ]}~-85 .5  ° (c 0.9; methanol);  R f  0.44, mol .  wt. 
370. UV spec t rum:  k m a x  350 nm (log e 3.95). The IR spec t rum shows the absorpt ion  bands c h a r a c t e r i s -  
t ic of the coumar in  nucleus,  and a lso  bands at 1050, 1070, 1090 cm -1 and 830, 850, and 860 cm -1 showing 
the pyranose  f o r m  of the suga r  res idue  and a f l -glycosidic  bond. The l a t t e r  conclusion was  conf i rmed by 
the r e su l t s  of enzymat ic  c leavage and by the calculat ion of the value [M]D. K1 a according  to Klyne. 

When the UV s p e c t r u m  was taken in an alkaline medium,  a ba thochromic  shift  of the long-wave m a x i -  
m u m  (A)~ m a x  50 nm) and an i nc rea se  in its intensi ty (A log E 0.36) were  observed,  which shows the p r e s -  
ence of a f r ee  hydroxyl  in posi t ion 7 of the compound. In the NMR spec t rum of (II) there  a re  doublets at 
7.45 and 6.05 ppm, J - -9 .5  Hz (H-4 and It-3),  a singlet  at 3.61 ppm (6H) (protons of a hexose), a doublet at 
5.52 ppm with J =  7 Hz (the f i -anomer ic  proton of glucose),  and a mult iplet  in the 6.6-6.8 ppm region (6H) 
(the pro tons  of hydroxy groups  and of H-5 or  H-8). The hydro lys i s  of the glycoside (II) with acid yielded 
D-g lucose  and an aglycone C10H805 with mp  226-227°C, M + 208. The above facts  pe rmi t  the conclusion that  
the substance  obtained is a monoside  of a hydroxymethoxycoumar in  with a f r ee  phenolic hydroxyl  at C 7. 
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Fig. 1. IR spectrum of fraxinoglucoside. 

The UV spec t rum of (II) d i f fe rs  f rom the spec t r a  of 
der iva t ives  of 5,6, 7 - t r ihydroxycoumar in ,  and the NMR spec-  
t rum shows the absence of long-range  s p i n - s p i n  coupling 
between H-4 and H-8. Consequently, it may be concluded 
that the substance isolated belongs to the group of 6,7,8- 
t r i subs t i tu ted  hydroxycoumar ins  and the signal in the 6.7 
ppm region r e l a t e s  to the H-5 proton. 

The value of its chemic~tl shift  is in c lose agreement  
with the calculated value fo r  8 -g lucosy loxy-7-hydroxy-6-  
methoxycoumarin .  The composit ion and constants of the 
substance cor respond  to the known eoumarin  fraxin.  

Glycoside (lII), C17H20010, mp 134-136°C (from pyridind), [o~]~-35 ° (c 0.4; methanol), Rf 0.63, tool. 
wt. 384, is, judging from its composition and physicochemical properties, a new coumarin glycoside, and 
we have called it fraxinoside. It dissolves in acetone, ethyl acetate, formamide, dimethylformamide, diox- 
ane, pyridine, butanol, ethanol, and water and is insoluble in petroleum ether, carbon tetrachloride, and 
benzene. 

UV spectrum of (ill): ~. max 330 um (log ~ 3.98). Its IR spectrum shows absorption bands at (cm -I) 
1615, 1560, 1490 (aromatic nucleus), 1750 (c~-pyrone carbonyl), 3550-3200 (hydroxy groups), and 2900-2970 
(methoxy groups). 

The absorption at 830, 1030, 1080, and 1095 cm -i (Fig. 1) shows the presence in the glycoside (Ill) 
of a fl-glycosidic bond of a sugar residue present in the pyranose form. When the UV spectrum of (Ill) was 
recorded in an alkaline medium, no bathochromic shift of the long-wave maximum was observed. Conse- 
quently, there is no free phenolic hydroxyl in (III). 

The NMR spectrum of (III) has doublets at 7.67 and 6.10 ppm, J=9.7 Hz (H-4, H-3), singlets at 3.97 
and 3.58 ppm (3H each) (two methoxy groups), multiplets at 3.9 and 4.25 ppm (6H) (glucose protons), a doub- 
let at 5.60 ppm, J=6 Hz (the fi-enomeric protonofglucose) and a rise in the 5.3-7.5 ppm region (4H) (the 
protons of the hydroxy groups of a sugar residue). These facts show that the substance is a monoglycoside, 
and the position of the H-8 singlet (6.50 ppm) agrees well with its calculated value for 6-glucosyloxy-5,7- 
dimethoxycoumarin (6.56 ppm). 

The acid treatment of fraxinoside gave a hydrolyzate in which paper chromatography showed the pres- 
ence of D-glucose and an aglyeone CliHi0Os with mp 171-172°C, Rf 0.90, M + 222 (the yield of the latter 
amounted to 56% of the glycoside). 

The UV spectrum of the aglycone showed sharp absorption maxima at 233, 315, and 340 nm (log 
4.17, 4.24, and 3.96), which are characteristic for derivatives of 5,6,7-trihydroxycournarin, and in an alka- 
line medium a bathochromic shift of the long-wave maximum by 64 nm was found, which shows the presence 
of a free hydroxy group in position 6. 

From its melting point, a mixed melting point, and its IR spectrum_, the aglycone was identified as 6- 
hydroxy-5,7-dimethoxycoumarin (fraxinol). Consequently, the glucoside has the structure of 6-O-~-D--gluco- 
pyranosyloxy-5, 7-dimethoxycoumarin. 

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

The NMR spec t ra  we re  r eco rded  on a Jeol  4H-100/100 ins t rument  at 60 MHz in pyr id ine-d  (0-14 ppm 
region, chemica l  shifts given on the 6 scale  f rom the signal of HMDS taken as  0), the UV spec t ra  on a H i t -  
achi spec t rophotometer ,  the IR spec t r a  on a UR-10 ins t rument  (KBr), and the mass  spec t r aonanMKh-1303  
spec t rome te r .  

The glycosides  were  chromatographed on type ~iVI" ["slow"] paper  in the BAW (4 : 1 : 5) sys tem,  (the 
spots being revealed  with diazotized sulfanilic acid a f te r  the ch roma tog rams  had been sprayed with a 10% 
solution of sodium carbonate) ,  and the sugars  in the p y r i d i n e - a c e t i c  a c i d - w a t e r  (6 : 3 : 1) sys t em (the spots 
being revealed  with o- toluidine and aniline phthalate).  

Cychoriin.  The p repara t ion  of the ex t rac t s  f rom the leaves of F.  mandschur iea  and the bark  of F. 
potamophila and of the i r  f rac t ions  has been desc r ibed  in a preceding paper  [2]. 
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Frac t ion  (IV) (leaves o f F .  mandschurica)  was deposited on a column of polyamide sorbent  (h=100, 
d=4 .5  cm). Elution with wa te r  yielded 0.15 g of a crys ta l l ine  substance, Cl~HisOg, with mp 214-215°C (from 
methanol),  [ ( ~ ] ~ 9 5  ° (c 0.5; dio_xane). 

Fraxin .  Frac t ion  (H) (from the bark  of F. potamophila) (100 g) was passed  through a column of acidic 
alumina Ca= 25, d= 10 cm) and the glycosides were  eluted with a 40% solution of methanol  in chloroform (by 
volume), the eluates being evaporated.  This  gave 15 g of a viscous res idue,  which was deposited on a col-  
umn of KSK sil ica gel (h=lS0, d= 2.9 cm). The column was t rea ted  with ch loroform containing increas ing 
concentrat ions of methanol.  A 7% solution of methanol in chloroform (volume of the eluate 90 ml) gave 0.133 
g of a substance Cl~HtsOi0 with mp 203°C, [o~]}~- 85.5 ° (c 0.9; methanol).  

Fraxinos ide .  Washing the column with a 10% solution of methanol in ch loroform gave an eluate which 
was evaporated to dryness ,  and the res idue  was rechromatographed on the same adsorbent  01= 150, d=2.1  
cm). Elution was per fo rmed  with chloroform containing 7% of met]mnol. When the eluate was concentrated,  
a crys ta l l ine  substance deposited: C17H20Oll , mp 134-136°C (from pyridine),  [ ~ ] ~ - 3 5  ° (c 0.4; methanol).  

Acid Hydrolys is  of the Glycosides.  Each of the substances (0.050 g) was dissolved in 3 ml of me th -  
anol, 10 ml of 15% sulfuric acid solution was added, and the mixture  was heated in the boiling wate r  bath 
for  2 h. When the hydrolyzates  were  concentrated,  c rys ta l s  of the aglycones deposited, and these were  f i l -  
te red  off, washed, and r ec rys t a l l i zed  f rom aqueous methanol.  The f i l t r a tes  were  neutra l ized with a sus-  
pension of ba r ium carbonate.  The sugars  were  identified chromatographical ly  in the p re sence  of ~marker"  
sugars .  The enzymatic  hydrolys is  of the substances was per formed with ~-glucosidase  (ratio 1 : 1) at 37°C 
for  24 h. 

SUMMARY 

F r o m  the leaves of Frax inus  mandschur ica  Rupr. and the roots  of F.__: potamophila Herd we have iso- 
lated and identified cychoriin,  f raxin,  and a new coumarin  glucoside, C17H20014, mp 134-136°C (from pyr i -  
dine), [~]~ - 3 5  ° (c 0.4; methanol),  tool.  wt. 384, which we have called f raxinoside.  On the bas i s  of UV, IR, 
and NMR spect roscopy it has  been establ ished that f raxinoside is 6-O-f l -D-glucopyranosylc~y-5 ,7-dimeth-  
oxycoumarin.  
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