
I N F L U E N C E  O F  L I G H T  ON C O U M A R I N S  

O F  T H E  K H E L L A C T O N E  G R O U P  

A.  M.  A m i n o v  a n d  G .  K .  N i k o n o v  UDC 547.992+547.587.51 

Recently,  there  have been many  r e p o r t s  of the in teract ion of light and coumar ins ,  and a lso  r e p o r t s  
on the s t ruc tu re  of the products  fo rmed  in this in terac t ion  - photodimers ,  de r iva t ives  of coumar ic  acid,  
etc. [1, 2]. 

The p r e s e n t  paper  gives  the r e s u l t s  of invest igat ions of the influence of light on some acylated di-  
hydropyranocoumar ins  of the khellactone group. 

In 1970, f ree  cis  and t rans  kheUactones were  i so la ted  f rom the he rb  Seseli t enuisec tum [3]. On 
studying the s a m e  species ,  we found that these  hydroxycoumar ins  a re  p re sen t  in the bound s ta te  in the 
fo rm of e s t e r s .  We isola ted  and identified the diangelic e s t e r  (anomalin) [4], 4 - a n g e l o y l o x y - 3 - i s o v a l e r y l -  
oxydihydrosese l in ,  and the 3 ' -  and 4 ' -monoange l a t e s  of khellactone [5]. 

The cons iderable  degree  of contradic t ion in the informat ion on the composi t ions  of the coumar ins  
that  we found and of those i so la ted  by other authors  could not be a consequence of ecological  or genetic 
f ac to r s ,  s ince in both ca se s  plants growing in one region and col lected in the same  vegetat ion per iod were  
invest igated.  This c i r cums tance  impel led  us to make  a m o r e  detai led study of the cause  of these d i v e r -  
gences .  

When ethanolic ex t r ac t s  obtained f rom the he rb  f resh ly  dr ied in the shade were  ch romatographed  on 
paper ,  i t  was found that  they contained components  with high R f  values  co r respond ing  to acyl  de r iva t ives  
of khellactone.  

After  the prolonged drying of the raw ma te r i a l  in the sun, we were  unable to find these  components  
in i ts  composi t ion  but we detected subs tances  remain ing  at  the s t a r t  on chromatography .  This d i f ference  
in the quali tat ive composi t ion of the coumar ins  forced us to turn our attention to the conditions of drying 
the raw m a t e r i a l  and, in pa r t i cu la r ,  to the action of UV radiat ion.  We i r r ad i a t ed  six individual coumar ins  
of the khellactone group and an ethanolic e x t r a c t  of the plant with UV rays  ( m e r c u r y  lamp and sunlight). 
The subs tances  were  i r r ad i a t ed  in a f i lm for  36 h, s amples  being taken eve ry  4 h which were  evaluated by 
th in - l ayer  chromatography .  In addition, the R f  values  of the individual spots were  de te rmined  and their  
in tens i t ies  were  e s t ima ted  roughly (Table 1). 

The f igures  in the table  show that the i r rad ia t ion  of the py ranocoumar ins  with UV light causes  de -  
s t ruc t ive  changes in them accompanied  by the format ion  of components  with lower  R f  values .  By eluting 
these  products  f rom c h r o m a t o g r a m s  and record ing  their  UV spec t ra ,  i t  was found that  the posi t ions of 
thei r  m a x i m a  had r ema ined  unchanged. Consequently,  the chromophor ic  groups  of the subs tances  studied, 
unlike those of the fu rocoumar ins  and s imple  coumar ins  [1], undergo no change under the given conditions,  
and degradat ion takes  place at  the expense of the subst i tuents  at  Cy and C 8. The py ranocoumar ins  con-  
s ide red  differ  in re la t ion  to thei r  s tabi l i ty  to the action of light, and the re fo re  the i r  s tabi l i ty  is  de te rmined  
by the nature  and posi t ions of the subst i tuents .  

In o rde r  to de te rmine  the s t ruc tu re  of the subs tances  fo rmed  and the nature  of the changes taking 
place,  we sepa ra ted  the products  of the photolysis  of anomalin by th in - l ayer  chromatography .  Elution with 
methanol  gave the components  with R f  0.60 and 0.02. The f i r s t  substance,  with M + 344, which was fo rmed  
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after irradiat ion for 4 h, proved to be ident ical ,  according  
to i ts  IR spectrum,  with khe l lactone  monoange la te ,  which 
we have prev ious ly  i so la ted  as  a natural product f rom 
Sese l i  t enuisec tum [4, 5]. In the m a s s  spec trum of the 
second  product,  f ormed  on m o r e  prolonged irradiat ion 

(16 h) there  w e r e  the peaks  of two m o l e c u l a r  ions with M + 
262 and 244, which showed the p r e s e n c e  in this  fract ion of  
two substances ,  which w e r e  then separated  by th in- layer  
chromatography  on s i l i ca  gel .  Two compounds  were  ob-  
tained with R f  0.2,  M + 262, and R f  0.05, M + 244. F r o m  
the nature of i ts  fragmentat ion in the m a s s  spec trum the 
f i r s t  compound corresponded  to khel lactone ,  the f r a g m e n -  
tation of which has been descr ibed  prev ious ly  [8], and the 
second  to 3 ' -hydroxyse se l in .  This m e a n s  that when an-  
omal in  is  irradiatedwith  UV light changes  take place a c -  
cording to the fol lowing scheme:  the splitting off  of the 
acyl  res idue  at C 4' and then the one at C 3' with the s u b s e -  
quent dehydration of the diol so  formed and the format ion 
of 3 ' -hydroxysese l in .  

OAc ÙAc OH OH 

Thus, tb.e nature of the changes taking place on the 
irradiation of the pyranocoumarins reealls their fragmen- 
tation under the inf luence of e l ec tron  impact  in m a s s  s p e c -  
t rometry ,  in part icular the splitt ing off  of the acid r e s i -  
dues f rom the C 4' posi t ion.  

The resu l t s  of chromatographic  ana lys i s  showed that 
s imi lar  changes  are observed  on the UV irradiat ion of 
other pyranocoumarins .  Some di f ference  i s  observed  only 
in the rates  of the reac t ions  taking place.  Among  the m o n -  
o e s t e r s  of khe l lac tone ,  the 4 ' -monoange la t e  is  c l eaved  
fas ter  than its  3' i s o m e r .  Among the d i e s t e r s ,  pteryxin 
and anomal in ,  which are  c h a r a c t e r i z e d  by the p r e s e n c e  of 
a vo luminous  substituent at C4' , are  the m o s t  sens i t ive ,  and 
dihydrosamidin,  containing an acetyl  group at C4' , i s  the 
m o s t  stable.  An i n c r e a s e  in the length of the chain of c a r -  
bon atoms  in the acyl  res idue  at C 4' of  khel lactone  p o s -  
s ibly  d e c r e a s e s  the stabil i ty of  these  substances  to UV 
light. 

When plant extracts  and raw mater ia l  are  irradiated 
the same  changes  take place as  in the pure subs tances .  
The presence  of chlorophyl l  somewhat  re tards  this pro -  
c e s s ,  and in natural so lar  radiat ion a greater  e f fect  is  
shown than on irradiat ion with a quartz m e r c u r y  lamp.  

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

The UV spectra  w e r e  taken on a Hitachi ins trument  
(in ethanol) ,  the IR spec tra  on a UR-20 spec trophotometer  
(KBr), and the m a s s  spec tra  on an MKh-1303 m a s s  s p e c -  
t r o m e t e r .  The source  of UV light was  a "Medieor Q-250 n 
quartz m e r c u r y  lamp with a power  of 500 W and sunlight 
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(June, July). The ma te r i a l s  studied were  six kheUactone der ivat ives ,  including th ree  isolated f rom the 
plant mentioned. 

About 0.1 g of the coumarin  under invesUgation was dissolved in 5 ml  of methanol and the solution 
was evaporated in the open air  in a Pe t r i  dish (d=9 cm). The dishes with the fi lms of substances formed 
were  a r ranged  40 cm f rom the lamp (perpendicular  luminous flux) or in natural  daylight. Every  4 h, s am-  
ples of the substances were  chromatographed on "Silufol w plates in the e t h e r - p e t r o l e u m  ether  (3 : 1) sys -  
tem and on paper  impregnated with a 10% solution of formalin in methanol in the h e x a n e - b e n z e n e - m e t h -  
anol (5 : 4 : 1) sys tem.  

The spots were  revea led  by the t reamaent  of the chromatograms  with a 10% solution of caustic soda 
in methanol followed by heating to 105°C for 1 rain and spraying with a solution of  diazotized sulfanilamide 
[7]. For  the prepara t ive  isolation of the substances we used chromatography in a thin nonfixed layer  of 
KSK si l ica gel with benzene -me thano l  (8 : 2) as the s ta t ionary phase, the spots being detected by their  flu- 
o rescence  in UV light. The separa ted  adsorbent  with the appropriate  substance was t r a n s f e r r e d  to a flask 
and covered  with methanol;  the mixture  was heated in the water  bath for 5 rain. The eluate was f i l te red  
and the f i l t ra te  was evaporated to dryness .  The chromatographical ly  homogeneous res idue  was inves t i -  
gated by UV, IR, and mass  spec t ra .  

SUMMARY 

The resu l t s  of exper iments  on the UV i r radia t ion  of six coumarins  and the study of the products  
formed have shown that acylated der iva t ives  of khellactone undergo photolysis with the success ive  splitting 
out of acyl res idues  at C4', and then at Cs' , followed by the dehydration of the resul t ing diol and the fo r -  
mation of 3 ' -hydroxysese l in .  The hypothesis  has been put forward that d ihydrocoumar ins  containing a 
m or e  voluminous substi tuent in the 4 '  position a re  the most  sensi t ive to light. 
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