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As is well-known [1-5], solutions of sulfuric acid o r  mix tu re s  of glacial  acet ic  and sulfuric  acids  a re  
f requent ly  used fo r  cleaving alkoxylated coumar in  compounds and the i somer iza t ion  of the i r  epoxy de r iva -  
t ives .  This  usual ly f o r m s  a mix tu re  of a number  of subs tances ,  since the react ions  take place in s eve ra l  
d i rec t ions .  Thus, fo r  example ,  the t r ea tmen t  of natural  oxypeucedanin {I) with 2070 sulfur ic  acid in ethanol 
gives  five subs tances ,  of which four  compounds (II with mp 146-147°C, III with mp 135°C, IV with mp 136- 
138°C, and V) have been identified as,  respect ive ly ,  isooxypeucedanin,  oxypeucedanin hydrate,  gosferol ,  and 
bergapto l  by mixed melt ing points of the subs tances  obtained with authentic s amples  and by the s imi la r i ty  of 
the i r  IR spec t ra .  As can be seen, p r o c e s s e s  of i somer ica t ion ,  hydration, and the c leavage of an e the r  bond 
take place s imul taneously .  The p r o p e r t i e s  of the fifth substance (VI), with mp 93-94.5°C did not co r respond  
to any known coumar in  der iva t ive .  

In the IR spec t rum of (VI) there  a re  two bands in the region of the s t re tching v ibra t ions  of carbonyl  
groups  - at 1740 and 1710 cm -1. One of these bands (1740 cm -l)  is due to the v ibra t ions  of a C = O  group of 
an ~ -pyrone  ring, and the second appea r s  as a consequence of the split t ing of the carbonyl  band of the ~-  
pyrone,  since no spli t t ing of the bands is  observed  in chloroform,  where a single band r ema ins  at 1740 c m  -1, 
which excludes the possibi l i ty  of the p resence  of a second C = O group in it. The spec t rum also has a b s o r p -  
t ion bands at (cm -1) 3425 (hydroxy group), 1630, 1610, 1585, 1560 (aromatic  ring), and 1380, 1350 (gem-di -  
methyl  grouping). 

The acetyla t ion of (VI) with acet ic  anhydride in pyridine fo rmed  an acetyl  der iva t ive  (VII) with mp 103- 
104°C, the IR s p e c t r a m  of which lacked the absorp t ion  band of the hydroxy group. The ease  of acetyla t ion of 
{-V'I) shows the p r i m a r y  o r  secondary  nature  of the hydroxy group. 

The NMR spec t rum of (VI) (Fig. 1) has the following signals  in the region of al iphat ic  protons:  ethyl 
group at 6 1.10 ppm (triplet  with an intensi ty of three  proton units) and at  ~ 3.49 ppm (quartet  of two proton 
units),  the s ize of the chemica l  shift  (CS) of the methylene group cor responding  to the a t tachment  of the la t -  
t e r  to oxygen; methyl  groups  with 6 1.21 and 1.26 ppm (two singlets  of three  proton units  each); a methine 
proton in a - C H 2 - C H - g r o u p i n g  at 6 3.93 ppm (multiplet in [D]acetone; quar te t  in CD3OD , one proton unit); 
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Fig. 1. NMR s p e c t r a m  of substance  (VI) so l -  
vent [D]acetone; internal  s tandard TMS; JNM- 
4H-100 MHz. 
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Fig. 2. Mass spec t rum of substance (-V1). 

the protons of the - C H  2 group prove to be nonequivalent and appear  in the spectrum in the form of two quar-  
tets with 6 4.37 and 4.83 ppm (with intensities of one proton unit each). The s t ructure  of the signals is de ter -  
mined by the two vieinal constants, J1 = 3 Hz and J2 = 8 Hz, and also by the geminal constant J =10 Hz. A sig- 
nal at 6 6.40 ppm (at 13°C) relates  to the proton of a hydroxy group, and on heating to 70°C this signal shifts 
to 4.1 ppm. In the region of a romat ic  protons there are  doublets with chemical  shifts, 6, of 6.18, 8.29, 7.20, 
and 7.82 ppm due to the protons in positions 3 and 4 of the coumarin ring and the 4 ' ,5 '  protons of the furan 
ring, respectively.  A singlet at 6 7.10 ppm is due to a proton in position 8. It follows f rom this that (VI) has 
the s tructure of 5- (3"-e thoxy-2"-hydroxy-3"-methylbutoxy)furo-2 ' ,3 '  : 7 ,6-coumarin.  

The proposed s t ructure  of (VI) agrees  well with the mass  spect rum (Fig. 2) in which the molecular  
ion M + 332 m/e  c lear ly  appears .  As for  the decomposition of gosferol  and its acetate, the charac te r i s t ic  
direction of the fragmentation of (VI) is the formation of s t ructure  a with the migrat ion of a hydrogen atom 
to the charged oxygen atom (first direction). 

+OH 

~ O  o, m/e 202 

OHI ~ CHa 
CH2=C----C 

\ 
O--CH~-- CH3 

M +' , 
332 m/e 

The second direction of decomposition is the formation of a stable e lec t ron-sa tura ted  fragment b, and 
therefore  this p rocess  is energetical ly more favorable than the p rocess  corresponding to the appearance of 
s t ructure  a. The peak of the fragment b with m / e  87 is the maximum peak in the spectrum. 
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The s t ructure  of f ragment  b is also shown by a fur ther  decomposition, confirmed by a metastable peak. 
The peak of fragment c with m / e  59 is also one of the maximum peaks in the spectrum. 
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Thus, in the t r ea tmen t  of (I) with 20% sulfuric  acid in ethanol, in addition to the reac t ions  descr ibed  
above [1-5], the ethoxylation of the t e r t i a r y  hydroxy group in the side chain takes  place,  leading to com-  
pound (VI). 

F r o m  the biogenetic point of view the fo rmat ion  of substance (IV) (gosferol) under  these  conditions is 
in te res t ing  since it is  the second fu rocoumar in  that we have recent ly  isolated f r o m  the roots  of P rangos  
fenLlacea containing only one hydroxy group in the side chain. In addition to other  fu rocoumar ins  (I, III), 
gos fe ro l  (IV) and p ranfe ro l  (VIII) were  isolated f r o m  the roots  of one and the same  plant, and the re fo re  it 
may  be a s s u m e d  that (IV) is  a p r e c u r s o r  of (VIII) in the plant o rgan i sm.  In i t s  turn, (IV) is  apparent ly  fo rmed  
f r o m  (HI) by dehydration.  In actual  fact,  when (III) was t rea ted  under  the same  conditions as  (I) ~e  obtained 
(II, IV, V, and VI), which were  identified by mixed mel t ing points with authentic s amp le s  and by the s i m i l a r -  
ity of t he i r  IR spec t ra ,  which is  in ha rmony  with our  hypothesis .  

Thus,  on the bas i s  of the fac t s  p resen ted  and the c loseness  of the s t ruc tu r e s  of the fu rocoumar ins  i so-  
la ted it may  be a s sumed  that t he i r  fo rmat ion  in the roots  of P rangos  fe ru lacea  takes  place by re la ted  bio-  
synthetic mechan i sms .  

Since the plant studied contains a fu rocoumar in  f r o m  the isopentyl  group - i so impe ra to r i n  (IX) - ap-  
pa ren t ly  forraed by the alkylation of bergapto l  (V),* it is na tura l  to a s s u m e  that this group r e p r e s e n t s  the 
init ial  s tage in the fo rmat ion  of the side chain of the fu rocoumar ins  a f t e r  which follow epoxidation, hydroxyla-  
tion, dehydration,  and hydrogenation.  
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S U M M A R Y  

It has been es tab l i shed  that the t r ea tmen t  of oxypeucedanin and oxypeucedanin hydrate with 20% sul-  
fur ic  acid in ethanol fo rms ,  in addition to known substances ,  a new eoumar in  der iva t ive  (VI), C18H2006, with 
mp 93-94.5°C, fo r  which the s t ruc tu re  of 5 - (3" -e thoxy-2" -hydroxy~"methy lbu toxy) fu ro -2 ' , 3 '  : 7 ,6 -coumar in  
has been proposed .  On the bas i s  of the invest igat ion p e r f o r m e d  and the s imi l a r i t y  of the s t ruc tu r e s  of the 
compounds isolated,  a hypothetical  scheme of the b iogenes is  of fu rocoumar ins  in Prangos  fe ru lacea  (L.) 
Lindl. has been put forward .  

* We did not i sola te  bergaptol ,  but the p re sence  of this compound in an ex t rac t  was  detected ch romatograph-  
ically.  
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