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Osthole,  i so impera to r in ,  oxypeucedanin,  oxypeucedanin hydra te ,  m a r m e z i n ,  and a new furocoumar in  
(I), C~7H1806, with mp 125-127°C, which we have cal led alatol ,  have been isolated f rom a ch lo ro form ex t rac t  
of the roots of Prangos  a la ta  Gros sh .  (Prangos b iebers te in i i  Kar jag) .  The p resen t  paper  gives the resu l t s  
of a study of the s t r u c t u r e  of (I). 

The IR s p e c t r u m  of (I) (Fig. la)  shows cha rac t e r i s t i c  absorpt ion bands at (cm -1) 3370 (OH), 1710 
(C = O  of an ~ - p y r o n e  ring),  1615, 1600, 1570, and 1540 (aromatic  nucleus),  and 1350 (gem-dimethyl  
grouping).  F r o m  the nature  of the spli t t ing of the absorpt ion bands in the 1550-1630 cm -1, the IR s p e c t r u m  
of (I) is ve ry  s i m i l a r  to the s p e c t r a  of 5-monosubst i tu ted fu rocoumar ins ,  espec ia l ly  gosfero l ,  p ranfero l ,  
and oxypeucedanin hydrate ,  which shows that (I) belongs to this group of compounds.  

The p re sence  of a hydroxy group in the molecule  of (I) was conf i rmed by the p repara t ion  of a mono-  
acetyl  der iva t ive  (II), C19H2007, mp 109-110°C, the IR s p e c t r u m  of which lacked the absorpt ion band of an 
OH group.  

The oxidation of (I) with ch romium tr ioxide in glacia l  acetic acid fo rmed  a ketone (III), C17HlsO6, mp 
154-156°C, which shows the p r e sence  in the molecule  of (I) of a secondary  hydroxy group, and a compound 
(IV), CIsHsO6, mp 265-266°C, identified as oxypeucedaninic acid, which shows the p r e sence  in (I) of a side 
chain attached to the a romat i c  nucleus through a - O - C H  2-  group in position 5. Substance (IV) was also 
fo rmed  by the oxidation of (II) under s i m i l a r  conditions.  

In the NMR spec t rum of (I) (Fig. 2a) , in the s t ronges t  field there  is a s ignal  f rom two methyl  groups 
at 5 1 23 ppm with an intensi ty of s ix proton units .  This s ignal  mus t  be asc r ibed  to the protons in a g e m -  
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Fig.  1. IR s p e c t r a  of na tura l  (a) and syn-  
thetic (b) alatol .  

dimethyl  grouping.  A broadened s ingle t  at 5 2.85 ppm 
with an intensi ty of one proton unit may be asc r ibed  to the 
proton of the hydroxy grouping.  A signal  at 5 3.28 ppm 
with an intensi ty of th ree  proton units is due to the protons 
of the methoxy group.  A mult iplet  in the 5 4.20-4.70 ppm 
region with an intensi ty of three  proton units r e la tes  to the 
protons of a - C H - C H 2 - O - A r  group.  In a weaker  field 

I 
are  found doublets with chemica l  shif ts  of 5 6.32, 8.35 ppm 
(J = 10 Hz) and 7.08, 7.65 ppm (J = 2 Hz) due to the 3,4- 
protons of the coumar in  r ing and the 4' ,5 ' -p ro tons  of the 
furan r ing,  r e spec t ive ly .  A s ingle t  at 5 7.20 ppm is due to 
the proton in position 8. 

The NMR s p e c t r u m  of (II) (Fig. 2b) shows an addi- 
tional s ingle t  at 5 2.05 ppm (3H) due to the protons of the 
methyl  group of an acetyl  rad ica l .  As was to be expected,  
the s ignal  f rom the methine proton adjacent  to the me thy l -  
ene group has undergone a pa ramagne t i c  shif t  and appears  
in the fo rm of a mult iplet  at 5 5.40 ppm. 
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Fig .  2. 
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NMR s p e c t r a  of na tura l  alatol  (a) of the aceta te  of na tura l  alatol  0a), 
and of the ace ta te  of synthetic  alatol  (c). 
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Fig.  3. Mass s p e c t r a  of alatol  (a) and of the aceta te  of na tura l  a la tol  (b). 

F r o m  what has been sa id  it  follows that  compound (I) has the s t r u c t u r e  of 5 - ( 2 " - h y d r o x y - 3 " - m e t h o x y -  
3 " - m e t h y l b u t o x y ) - f u r o - 2 ' , 3 ' : 7 , 6 - c o u m a r i n .  

The s t r u c t u r e  of (I) was conf i rmed  by par t i a l  synthes is  and by mass  s p e c t r a .  When natura l  oxy-  
peucedanin (V), Ct6Ht4Os, was t r ea t ed  with 20% sul fur ic  acid in methanol ,  in addition to isooxypeucedanin 
(VI), C16H1405, mp 145-146°C, and oxypeucedanin hydra te  {VII), Ci6Ht606, mp 133°C, the reac t ion  mix ture  
yielded a subs tance  (VIII), Ci7Hi806, mp 126.5-128.5°C, identical  with (I) according to mixed mel t ing points 
with authentic s amp le s  and IR and PMR s p e c t r a  (Fig. lb :  Fig.  2c, r espec t ive ly ) .  It has been r epor t ed  p r e -  
v iously  [2] that  under these  conditions the alkoxylation of the t e r t i a r y  hydroxy group in the s ide chain of 
{VII) fo rmed  by the hydra t ion  of {V) takes place,  which also leads to (VIII). 

The acetyla t ion of {VIII) with acet ic  anhydride in pyridine gave a monoacetyl  der iva t ive  (IX), Ci9H2007, 
mp 108-110°C, ident ical  with (II). 
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The resu l t s  of a study of the mass  s p e c t r a  of (I) and (II) (Fig. 3a,b, respect ive ly)  show that the main 
direct ion of f ragmenta t ion  of these  compounds is the format ion of the ion a with m / e  202, which is con-  
nected with the migra t ion  of the hydrogen atom to the charged  oxygen [2, 3]. The ion with m / e  73, forming 
the m a x i m u m  peak in the s p e c t r u m ,  evidently co r responds  to the s t ruc tu re  b. 
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The f ragmenta t ion  of (II) is bas ica l ly  s i m i l a r  to that  of (I). The p r e sence  of an acetyl  group in (II) 
leads to the format ion  of an ion c with m / e  43. The peaks of ions with m / e  99, 127, and 159 a re  also due 
to the acetyl  group [3]. 
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E X P E R I M E N T A L  

The NMR s p e c t r a  were  taken on a JNM-C-60HL s p e c t r o m e t e r  (deuterated ch loroform,  internal  
s tandard  HMDS), the mass  s p e c t r a  on an MKh-1303 ins t rument ,  and the IR s p e c t r a  on a UR-20 s p e c t r o m -  
e te r  (paraffin oil). The melt ing points were  de te rmined  on a Kofler  block.  Th in - l aye r  ch romatography  
was p e r f o r m e d  on a nonfixed l aye r  of a lumina (activity grade  IV) using ethyl a c e t a t e - b e n z e n e  (1 : 4) as the 
mobile phase .  The analyses  of all  the compounds cor responded  to the calcula ted f igures .  

Isolat ion of Alatol (I). The a i r - d r y  roots  (500.0 g) were  ex t rac ted  with ch lo ro fo rm (3 × 2 l i te rs ) .  
The ch lo ro fo rm was dist i l led off under vacuum, and the resul t ing  res idue  (45.0 g) was ch romatographed  
on a column of alumina (300.0 g; act ivi ty  grade  III) using as solvents  benzene,  b e n z e n e - c h l o r o f o r m  (1 : 2 
and 1 : 1), and ch lo ro fo rm.  After  the el iminat ion of the solvent  by disti l lation, the ch lo ro fo rm fract ions  
yielded a c rys ta l l ine  subs tance  (I), C17Ht806, mp 125-127°C (from benzene),  R f  0.41. Yield 0.75 g. 
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Acetylation of (I}. A mixture  of 0.050 g of (I) with 2 ml of acet ic  anhydride and 0.5 ml of pyridine 
was heated for  5 h. Then it  was diluted with water  and worked up in the usual way, to give 0.035 g of the 
acetyl  der ivat ive  (I1), C1~H2007, mp 109-111°C (ether),  Rf 0.64. 

Oxidation of (I). A solution of 0.0504 g of (I) in 1 ml  of glacial  acetic acid was t r ea ted  with 0.2 g of 
ch romium tr ioxide in 5 ml of 50% acetic acid, and the mixture  was left  at room tempera tu re  for  a day. Two 
substances were  isolated f rom the react ion products:  "(HI}, C17H1606, mp 154-156°C (ether}, t t f  0.69, and 
(IV}, C13H806, mp 265-266°C (ethanol}, identical  with oxypeucedaninic acid. The main product-of the r e a c -  
tion was (III) (yield 0.03 g}. 

Oxidation of ( i l l  The oxidation of 0.1 g of (II) was pe r fo rmed  under  the conditions descr ibed  above. 
This gave only oxypeucedaninic acid (IV} with mp 264-266°C (ethanol}. Yield about 0.062 g. 

Pa r t i a l  Synthesis of (I}. A solution of 1.0 g of natural  oxypeucedanin (V} in 25 ml of methanol was 
t r ea t ed  with 30 ml of 20% H2SO 4 and the mixture  was heated in the water  bath for 5 h. F rom the react ion 
p roduc t s ,  in addition to isooxypeucedanin (VI), C16H1405, mp 145-146°C (ethanol}, Rf  0.77, and oxypeucedanin~ 
hydra te  (VII}, C16H1606, mp 133°C (benzene}, Rf 0.06, was isolated 0.47 g of substance (VIII}, C1~H1806, mp 
126.5-12 8.5°C (benzene}, identical  with alatel  (I). 

Acetylat ion of (VIII}. Compound (VIII} (0.075 g} was acetylated by the usual method (see [1]). This 
gave 0.087 g of the monoacetyl  der ivat ive  {IX}, C19H2007, mp 108-110°C (ether}, identical  with (II}. 

SUMMARY 

From the roots of Prangos alata Grossh (Pran~os biebersteinii Kar]ag) a new furocoumarin (1), 
C17H1806, mp 125-127°C (from benzene), which has been called alatol, has been isolated. 

On the basis of the results of IR and NMR spectra and chemical properties, the structure of 5-(2"- 
bydroxy-3"-methoxy-3"-methylbutoxy)-furo-2',3':7,6-coumarin has been proposed for (I). This structure 
has been confirmed by the partial synthesis and by the mass spectra of alatol and of its acetate. 
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