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At the presen t  time, spectra[  methods are of great  importance in the s t ruc tura l  investigations of 
many c lasses  of natural compounds, including coumarins .  

We have studied the NMR spec t ra  of the coumestans,  compounds s t ructura l ly  close to the eoumarins ,  
in o rder  to determine the dependence between the s t ruc tures  of these substances and their  spectral  cha r -  
ac te r i s t i cs .  

Coumestans  consist  of a closed benzofurocoumarin  sys tem with the following general ly  accepted 
sequence of numbering of the basic skeleton: 

The spec t ra  were  obtained on an HA-100D NMR spec t romete r .  In view of the exceptionally low sol -  
ubility of the conmestans  in the major i ty  of suitable solvents,  the spec t ra  were measured  of their  solutions 
in t r i f luoroaeet ie  acid with te t ramethyls i lane as internal standard,  its signal being taken as 0. Fo r  com-  
par ison of the spect ra l  resul ts ,  the spect rum of 7-methoxycoumarin  was recorded  under the same condi- 
tions (Table 1). The ass ignment  of the signals was per formed on the basis  of their  multiplicity,  the results  
of the success ive  considerat ion of the spec t ra  of compounds of s imi la r  s t ructure ,  and ideas on the d is t r i -  
bution of the 7r-electron density in the molecule of a protonated coumarin.  

The f igures in Table 1 show that in the protonated coumestans the chemical  shifts of the protons o f  
the benzene r ing of the eoumar in  par t  of the molecule are in the same rat ios  as in the spec t ra  of the neu- 
tral  molecules  of conmar in  derivatives [1]. In actual fact, the signals of the protons at C 5 and C 7 are  in a 
weaker  field than those of the protons at C 6 and C s. This is in complete harmony with the distr ibution of 
the effective 7r-electronic charges  on the secondary  carbon atoms in protonated coumarin  showa below [2]. 
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At the same time, in the coumestans  the signal of the proton at C 5 is located approximately 0.35-0.40 
ppm downfield in compar ison  with the corresponding eoumarins .  This is due to the influence of the oxygen 
atom at C 4. An analogous influence on C4-H is observed [3, 4] in coumarins  with alkoxy groups in po-  
sition 5. 

The ass ignment  of the signals of the protons of r ing D is conveniently pe r fo rmed  by using, 7 ,12-di-  
acetoxycoumestan as example, since the absence of a substituent in position 11 enables their  multiplicity 
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to be used  for  this purpose .  A doublet at 8.14 ppm with a s p i n - s p i n  coupling constant  of 8.5 Hz is due to 
the p ro ton  in posi t ion 10, and a doublet at 7.59 ppm with a me ta  constant  of 2.2 Hz is due to C I3 -H .  In 
a g r e e m e n t  with this ,  in compounds with subst i tuents  in posi t ions 11 and 12 the signal in the weake r  field 
is a ss igned  to C10-H and that in the s t ronge r  field to C l s - H .  

SUMMARY 

The NMR s p e c t r a  of 12 coumes tans  in t r i f luoroace t ic  acid have been studied. The s ame  fea tu res  of 
the chemica l  shif ts  of the r ing protons  a re  found in the spec t r a  of the coumes tans  as in the spec t r a  of the 
coumar ins .  
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