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In an invest igat ion of the coumar in  composi t ion of Prangos  lophoptera  Boiss . ,  together  with other  
compounds we isolated a substance  (I) with the composi t ion C15H~603, mp 85-86.5°C, which was shown to 
be identical  with the known coumar in  suberos in  [1, 2]. The la t t e r  has not p rev ious ly  been found in plants  
of the genus Prangos .  Subsequently, in work with this compound it was found that  when a ch lo ro form solu-  
t ion of (I) was allowed to stand in the light at room t e m p e r a t u r e  at leas t  three  subs tances  (II, III, and IV) 
were  formed,  the main  and final product  of the photoreact ion being compound (III). It appeared  of in teres t  
to de te rmine  the route fo r  the fo rmat ion  of these components  and to study the i r  s t ruc ture ,  s ince the authors  
who invest igated the s t ruc tu re  of (I) p rev ious ly  [1-4] did not observe  such a p r o c e s s .  

In o rde r  to obtain each of the compounds fo rmed in sufficient amount and to de te rmine  the i r  nature,  
a sample  of (I) was dissolved in ch lo ro fo rm and the solution was left in an i l luminated place at room t em-  
p e r a t u r e .  The course  of the photoreac t ion  was moni tored by chromatography  in a thin l aye r  of absorbent  
beginning f r o m  the moment  of dissolut ion of the (I) in the solvent and continuing until the reac t ion  ceased.  
During the f i r s t  3-5 h, the main  product  was ([I) with t r aces  of (III) and (IV). Af ter  6-10 h, the concen t ra -  
tion of (III) in the solution had increased  and that of (II) had decreased .  Finally,  a f t e r  a day and m o r e  only 
t r a c e s  of (II) and (IV) were  found in the solution, and the main  component of the photoreact ion had become 
(III). Thus,  as a resu l t  we obtained in the individual s tate  substances  (II) with the composi t ion C15H1604, 
nap 172-174°C, and (III) with the composi t ion  C15H1605, nap 184-185°C, M + 276. It has not yet been  poss ib le  
to obtain substance (IV) in the c rys ta l l ine  state,  since its amount in the reac t ion  mixture  is ve ry  smal l .  

The NIVIR s p e c t r u m  permi t t ed  the conclusion that  (II) has the s t ruc tu re  of 6 - ( 3 ' - h y d r o x y i s o p e n t - l ' -  
e n - l ' - y l ) - 7 - m e t h o x y c o u m a r i n ,  cor responding  to the known coumar in  suberenol  07) isolated prev ious ly  f rom 
the ba rk  of Xanthoxylum dominianum M e r r .  and P a r r y  (Rutaceae) [5]. The identity of (II) and N) was shown 
by the p r e p a r a t i o n  of 7 -me thoxycoumar in -6 -ca rboxy l i c  acid {VI), C ltH~O s, mp 261-262°C (from ethanol) 
when (II) was oxidized with ch romium tr ioxide in glacial  acet ic  acid, and a lso  by the s imi la r i ty  of the NMR 
s pec t r a  of (II) and natural  suberenol .  

The resu l t s  of an analys is  of the NMR and m a s s  spec t r a  of (III) showed that the l a t t e r  is 6 - (3 ' -hyd roxy-  
l ' , 2 ' - e p o x y i s o p e n t y l ) - 7 - m e t h o x y c o u m a r i n  (lophopterol), as was conf i rmed by the absence of a depress ion  
of the mel t ing  point of a mix ture  of (III) with natural  lophopterol .  

The facts  given above show that when a ch lo ro fo rm solution of (I) is allowed to stand at r oom t e m -  
p e r a t u r e  with the acce s s  of a tmospher i c  oxygen, oxidation of the double bond in the side chain and the m i -  
g ra t ion  of hydrogen f r o m  the methylene group attached to the a roma t i c  ring take place  with the fo rmat ion  
of a hydroxy group on the qua te rna ry  ca rbon  a tom (formation of t r ans - sube reno l ) .  A conjugated double 
bond is c rea ted  in the side chain which is a lso  oxidized, giving an epoxy group (formation of lophopterol)  
(see scheme  on next page).  

Oxidation by a tmosphe r i c  oxygen in ch lo ro fo rm solutions at room t e m p e r a t u r e  has a l s o b e e n o b s e r v e d  
in work with m a m m e i n  {VII) [6] and colupenol {VIII) [7]. No such oxidation takes  place  with an i s o m e r  of 
(I) - 8 - ( i s o p e n t - 2 ' - e n - l ' - y l ) - 7 - m e t h o x y c o u m a r i n  (osthole) (IX), as has been es tab l i shed  exper imenta l ly  
under  s i m i l a r  conditions.  
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Since we isolated (II) and (lid f r o m  ch lo ro fo rm ex t r ac t s  of the f rui t  and s t e m s  of Prangos  lophoptera  
Boiss . ,  in which (I) is a lso  p resen t ,  the quest ion a ro se  as  to whether  these compounds a re  metabol i tes  of 
(I) fo rmed  during the standing of the ex t rac t  at room t e m p e r a t u r e .  This  quest ion was answered  unambig-  
uously by the resu l t s  of a study of f r e sh  ch lo ro fo rm ex t r ac t s  f r o m  the roots ,  fruit ,  and s t e m s  by th in - l aye r  
ch romatography  using authentic s amples  of (II) and g i l l  It was es tab l i shed  that  of the substances  men-  
tioned the roots  contain only (I), in addition to o ther  coumar in  der iva t ives ,  while the frui t  and s t e m s  con- 
ta in  all  th ree  compounds (I, II, and IH). This  shows that (II) and (lid a re  natural  components  of the frui t  
and s t e m s  of Prangos  lophoptera  that  a r e  fo rmed  by b iosynthes is  in the plant o rgan i sm:  
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Substance ~ )  and the re la ted  subs tances  (XI) and (XII) have not yet  been found in P. lophoptera .  However,  
we have found analogs of them in other  spec ies  of the genus invest igated:  Merancin  (XlII) and meranc in  
hydrate  (XIV) have been  found in t h e  roots  of Pran~os  f e ru l acea  (L.), and ulopterol  (XI) has been  isolated 
f r o m  the roots  and f rui t  of Prangos  u lop te ra  DC. [8-11]. Consequently,  it is not excluded that these  c o m -  
ponents  a lso  exis t  in the plant studied, which contains the i r  p r e c u r s o r s  {I) and {IX), but the amounts  of these  
compounds a re  so smal l  that it has not been  poss ib le  to isolate  sufficient of them for  a m o r e  detailed in- 
vest igat ion.  

EXPERIMENTAL METHOD 

The NMR s p e c t r a  were  taken on a Var ian  HA-100D s p e c t r o m e t e r  in CDC13; 0 - HMDS; and the m a s s  
spec t r a  were  taken on a LKB-9000 ins t rument .  The mel t ing  points were  de te rmined  on a Kofler  block.  
T h i n - l a y e r  ch romatography  {TLC) was c a r r i e d  out on a nonfixed l a y e r  of a lumina (activity grade IV) in the 
ethyl a c e t a t e - b e n z e n e  (1 : 4) and ch lo ro fo rm s y s t e m s .  The amounts of subs tances  fo rmed  in the reac t ion  
mix ture  were  e s t ima ted  f r o m  the a r e a s  of the spots  on c h r o m a t o g r a m s .  

P r e p a r a t i o n  of (II). A solution of 0.75 g of (I) in 30 ml  of ch lo ro fo rm was left  in an i l luminated place 
at r o o m  t e m p e r a t u r e .  Af ter  4 h, the solvent was evapora ted  off and the res idue was separa ted  by p r epa ra t i ve  
TLC.  This  gave 0.22 g of (II), C15H1604, mp 172-174°C ffrom pe t ro l eum ether) ,  which was shown to be iden- 
t ica l  with natura l  suberenol  f r o m  the absence  of a mel t ing point of a mixture  with the authentic ma te r i a l  
and f r o m  the s imi l a r i t y  of the i r  NMR spec t r a .  

Oxidation of (II). A solution of 0.4 g of ch romium tr ioxide in 10 ml  of 50% glacial  acet ic  acid was 
added to a solution of 0.2 g of gI) in 10 ml  of glacia l  acet ic  acid, and the mix ture  was left  at room t e m p e r a -  
tu re .  Af ter  a day, it was diluted with wa t e r  and ex t rac ted  with e ther .  The usual working up gave about 0.11 
g of c rys ta l l ine  substance  (VI), C11H805, mp 261-262°C ffrom ethanol), cor responding  by its mel t ing point to 
7 -me thoxycoumar in -  6-carboxyl ic  acid. 

P r e p a r a t i o n  of (III). The res idue  f r o m  the reac t ion  mix ture  (0.5 g) a f t e r  the isolat ion of (II) was d is -  
solved in 20 ml  of ch lo ro fo rm and was left  under  the same  conditions fo r  24 h. Then the solvent was evapo-  
ra ted off on the wa te r  bath, and the res idue  was sepa ra ted  by p r e p a r a t i v e  TLC.  This  gave {III), C15H1605, 
nap 184-185°C [ f rom c h l o r o f o r m - p e t r o l e u m  e the r  (1 : 2)]. A mix ture  of {III) with a sample  of natural  
lophopterol  showed no dep res s ion  of the mel t ing  point.  

At tempted Oxidation of (IX). A solution of 1.0 g of fiX) in 50 ml  of ch lo ro fo rm was left  at room t e m p e r a t u r e .  
The course  of the reac t ion  was moni tored  by the TLC method.  Over  a month no changes wha tever  took 
place  in the {IX). Then the solvent was evapora ted .  The initial substance with mp 82-83°C, identical  with 
osthole (IX) was r ecove red .  
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SUMMARY 

When suberosin is allowed to stand in chloroform at room temperature with access of atmospheric 
oxygen, photooxidation takes place with the formation of at least three substances: (II), C15H1604, mp 172- 
174~C; (Ill), C15Hi605, mp 184-185°C; and (IV). 

It has been established by NMR and mass spectroscopy and also by their chemical properties, that 
(If) is 6-(3'-hydroxyisopent-2'-en-l'-yl)-7-methoxycoumarin (trans-suberenol) and (Ill) is 6-(l',2'-epoxy- 
3'-hydroxyisopentyl)-7-methoxycoumarin (Iophopterol). The nature of (IV) has not yet been determined. 

It has been shown experimentally that no such oxidation takes place with an isomer of (1) - osthole 
(IX). A scheme for the biogenesis of coumarins in the organism of the plant investigated has been put for- 
ward. 
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