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It is known that natural  coumarins  and furocoumarins  a re  capable of changing in two direct ions under 
the action of light, undergoing ei ther  photodimerizat ion or  c i s - t r ans  i someriza t ion at the double bond of 
the pyrone r ing with the formation of analogs of coumar ic  acids .  The study of the s t ruc ture  of the com-  
pounds obtained in this way presents  undoubted interest ,  since the biological and, in par t icu lar ,  therapeutic 
activi ty of many coumarins  appears only when they have been i r radia ted with ul traviolet  light or  x rays 
( treatment of viti ligo, malignant neoplasms,  etc.). 

On considering the products  of the i r radia t ion of hern ia r in  (I) and other compounds, Wesseli  et al. 
[1-3] came to the conclusion that they are  b imolecular  compounds formed through the double bond of the o~- 
pyrone r ing with the appearance of a so-ca l led  cyclobutane s t ruc ture  (Ia). 

It was assumed at first  that coumarins  and furocoumarins  of the angular  type tended to undergo photo- 
dimerizat ion,  while furocoumarins  with a l inear linkage of the rings did not take par t  in this reaction.  
However,  a capaci ty  for photodimerizat ion was soon [4] noted in psoralen,  xanthotoxin, bergapten,  and a 
whole ser ies  of other furocoumarins  of the l inear se r i e s .  These compounds were  found not only to fo rm 
dimers  but also analogs of furocoumarinic  acid (II), A considerat ion of the UV spec t ra  of the furocoumar in  
d imers  obtained showed that the i r  s t ruc ture  differed f rom that of the d imers  of the s implest  coumar ins .  
All coumarin  derivat ives  have an absorption band in the 295-330 nm region due to the conjugation of the 7r 
electrons of the a romat ic  nucleus and of the double bond and the carbonyl  of the o~-pyrone. The absorption 
of the furan r ing in this region is insignificant. In the formation of d imers  through the double bond of the 
pyrone ring, the absorpt ion maximum in this region should disappear ,  which is not in fact observed.  On 
this bas is ,  Le rne r  (cited in [5, 6]) put forward the hypothesis that the formation of furocoumar in  d imers  in- 
volved the double bonds of the furan ring of one and of the lactone ring of the other  molecule.  Nothing at 
all was known about d imers  of compounds with a substituted furan nucleus. 

We have previous ly repor ted  that in the benzophenone-sensi t ized photodimerizat ion of the natural 
furocoumar in  peucedanin, a mixture of at least five substances is formed [7]. Using spec t ra l  methods,  we 
have continued a study of one of the main products  of the reaction, with the composit ion C21H2006 and mp 
234-235°C. (See Scheme on following page.) 
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Fig. 1. NMR spec t rom of the photo- 
d imer  of peucedanin. 

The mass  spec t rum of the substance has peaks with m/e  
488 and 472, corresponding to the fragments  a r i s ing  by the injec-  
tion of CO and CO 2 f rom the eoumar in  molecule.  Thus, although 
because of its instability the substance did not give a molecular  
peak, its molecular  weight must,  taking the nature of the f rag-  
mentation of coumarins  under the influence of e lec t ron  impact 
into account, be 516 proton units.  These resul ts  show that the 
lactone under  investigation is a d imer  of peucedanin and has the 
composit ion C30H2808. 

In its NMR spec t rum (solution of the substance in CDCI3), 
there  are  two doublets with 67.70 and 6.26 ppm, g = 9.5 Hz, due 
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to the two H-4 and H-3 in te rac t ing  p ro tons .  The i r  in tens i ty  of 1 H each shows the p r e s e n c e  in the m o l e -  
cule of the d i m e r  of one or, f l -unsa tura ted  lactone r ing .  Four  s ing le t s  at  7.58 and 6.91 and at 7.45 and 7.02 
ppm a r e  due to the p r e s e n c e  of four a r o m a t i c  pro tons  - H-5 and H-8 of one and H-5 '  and H-8 '  of the o ther  
benzene r ing .  Judging f rom the 6 va lues  of the co r r e spond ing  pro tons  of d i h y d r o o r e o s e l o l  (III), o r e o s e l o l  
(IV), and peucedanin  (V), it  may be a s s u m e d  that in subs tance  VI the f i r s t  two s ignals  a r e  due to the H-5 '  
and H-8 '  protons  of the benzodihydrofuran  nucleus and the  o ther  two to the H-5 and H-8 protons  of the ben-  
zofuran nucleus [8]. Singlets  at 3.93 and 3.09 ppm (3 H each) a r e  due to the p r e s e n c e  of two methoxy groups ,  
one of which (3.93 ppm) is in the C 4, pos i t ion of a furan r ing  and the o the r  at C 4, of a d ihydrofuran  r ing.  
Doublets at 4.05 ppm (par t i a l ly  supe rposed  on a s ingle t  at 3.99 ppm) and 3.29 ppm, J = 10 Hz, with an inten-  
s i ty  of 1 H each a r e  caused  by two in te rac t ing  pro tons  in a A r - - C H - - C H - - C O  grouping and a r e  a s s igned  

f I 
to a subs t i tu te  d ihydropyrone  r ing  (d ihydrocoumar in) .  F u r t h e r m o r e ,  the NMR s p e c t r u m  has two mul t ip le t s  
(1 H each),  one of which, supe rposed  on the doublet  at 3.29 ppm, c o r r e s p o n d s  to the methine pro ton  of an 
i sopropy l  grouping at C 5, of a furan r ing  and the o ther ,  at 1.90-2.20 ppm to the analogous pro ton  at C 5, of a 
d ihydrofuran  r ing .  The d iamagnet ic  shift  of the second s ignal  is appa ren t ly  due to the an i so t rop ic  influence 
of the carbonyl  of the d ihydropyran  r ing .  Two s ing le t s  at 1.29 and 1.35 ppm and a l so  doublets  at 1.06 and 
0.95 ppm, J = 6.5 Hz (3 H each) a r e  due to the protons  of (CH3)2C groups at C 5, of a furan and a d ihydrofuran  
r ing  [8]. Consequently,  the subs tance  under  inves t iga t ion  is a d i m e r  of peucedanin  formed at  the expense 
of the double bonds of c~-pyrone and furan r ings  in the "head to t a i l "  manner  and has one of the most  p r o b -  
able s t r u c t u r e s  VII and VIII. The s t r u c t u r e  p roposed  ful ly expla ins  the phys i c oc he m i c a l  p r o p e r t i e s  of the 
d i m e r .  I ts  IR s p e c t r u m  has two carbonyl  absorp t ion  bands ,  one of which, at 1733 cm -1, co r r e sponds  to an 
~ , f l ,T ,5-unsatura ted  lactone r ing  and the second,  at 1758 cm -1, to a ~/, 5 -unsa tu ra t ed  lactone r ing.  The 
p r e s e n c e  of the l a t t e r  i m p a r t s  to the compound the p r o p e r t i e s  c h a r a c t e r i s t i c  for d ihydrocoumar ins  - e a s e  
of opening of the lactone r ing on boi l ing with wa te r  and under  the act ion of weak a lka l i s  with the fo rmat ion  
of a hydroxy  acid,  the product ion  of e t h e r - e s t e r s  on a lkyla t ion ,  e tc .  

G. O. Schenk [9] and Hammond et a l .  [10], s tudying the pho tod imer i za t ion  of coumar in ,  found that  the 
o r d e r  of addi t ion of the molecu les  to the d i m e r  and the conf igurat ion at the a s y m m e t r i c  cen te r s  depend on 
the condit ions of p e r f o r m i n g  the r eac t ion .  Thus,  in the  nonsens i t i zed  d i m e r i z a t i o n  of the subs tance  in e than-  
olic solut ion or  of a suspens ion  in w a t e r  a cis  i s o m e r  of the "head to head" type is  fo rmed .  I r r a d i a t i n g  
benzene solut ions in the p r e s e n c e  of benzophenone or  f l -ca ro tene  as  s e n s i t i z e r  leads to the appea rance  of 
two t r ans  i s o m e r s  of the "head to head"  and "head to t a i l "  types .  The quest ion of the o r d e r  of coupling of 
the molecules  in the peucedanin  d i m e r  r equ i r e s  fu r the r  s tudy.  In view of the above-ment ioned  d iamagnet ic  
shif t  of the s ignal  of the methine proton,  s t r u c t u r e  VII must  be cons ide red  the most  l ike ly .  
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The NMR spec t r a  of the d i m e r  and of d ihydrooreose lo l  
we re  taken on a JNM-4H-100/100 MHz s p e c t r o m e t e r  in deu te ro -  
ch lo ro fo rm,  and the 6 values  of the o ther  subs tances  were  taken 
f r o m  the l i t e ra tu re  [8]. 

S U M M A R Y  

On the bas i s  of the NMR spec t rum,  a mos t  p robable  s t r u c -  
tu re  has  been proposed  for  the product  of the sens i t ized  photo-  
d imer i za t ion  of the natura l  fu rocoumar in  peucedanin.  It has  
been  shown that the la t te r  is fo rmed  at the expense of the double 
bonds of the ~ - p y r o n e  r ing of one and of the furan r ing o f  the 
second molecule  in the "head to ta i l"  manner .  
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