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Previously  [1], one of us reported the isolat ion of two substances  from the roots  of Angelica u r s ina  Rupr. et 
Schmalh., an oxocarboxylic acid with the composit ion C~5H1605, anda substance with lactone proper t ies ,  C~6I-I2007, 
which we called, respect ively ,  "ursinoic acid" and "urs in in ."  Continuing our study of these substances ,  we have 
directed our attention to the s imi la r i ty  of their  UV spectra .  The presence  of an aromat ic  nucleus and a earbonyl 
group, and strong max ima  in the 274- and 355-1~ region (log e 4.27, 3.74) and at 280 and 335 (inflection) r ~  (log e 
4.15 and 3.48), respect ively,  showed that these substances belonged to a single group of compounds based on a 
chromophore of the type A l k - - O - - A r - - C O .  In this  paper  we give the r e su l t s  of a spectra l  study of these  compounds. 

In the TR spect rum (Fig. 1) of u rs ino ic  acid CtsHI605 (I) there a re  absorption bands at (cm-t )  3200, 2600-2400, 
and 1740 (carboxyl group), 1675 (carbonyl group), 1630, 1590, and 1485 (aromatic nucleus),  1355 and 1380 (gem- 
dimethyl group), 900 (dimethylchromene ring),  and 825 and 840 (1, 2, 3, 4 - te t rasubs t i tu ted  benzene nucleus).  The 
p resence  of a carbonyl group was confirmed by the prepara t ion  of a 2, 4-dini t rophenylhydrazone with mp 234-235 ° C 
and the presence  of a carboxyl group by the format ion of a s i lver  salt  with mp 176-178 ° C (decomp). 
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Fig. 1. IR spect ra  of a) u r s ino ic  acid and b) u r s in in .  

In the NMR spec t rum (Fig. 2) the s ignals  of a dimethylchromene r i n g  condensed with a benzene nucleus  are 
observed:  the singlet  g at 1.41 ppm (6 H), the doublets a and b at 5.93 and 7.07 ppm, J = 12 Hz, due, respect ively ,  to 
a gem-dimethyl  group and to olefinic protons,  and also two doublets c and d at 6.48 and 7.91 ppm, J = 8.5 I-Iz, due to 
two aromat ic  protons,  one of which (c) is  subject to the e lect ron-donat ing influence of a OCH 3 group while the second 
(d) undergoes the magnet ica l ly  anisotropic and e lec t ron-accept ing  influence of a C = O  group. In addition to this ,  the 
section includes the s ignals  of methylene protons in _ ~ n  CH2nCOOI- I [singlet fl  2.66 ppm (2H)] and of a methoxyl 

O 
group on an aromat ic  nucleus  [singlet e, 3.88 ppm (3I-I)]. In the weak-field region there is a broad signal at 9.16 ppm 
due to the proton of a carboxyl group. 

On the bas i s  of what has been said, and also f rom biogenetic considerat ions ,  u r s ino ic  acid may be ascr ibed  
s t ruc ture  I or II. 

The signal d in the spectrum of T (see Fig. 2a) is shifted downfield (6 7.91 ppm) compared with the signal of 
unsubst i tuted benzene, obviously because  of the e lec t ron-accept ing  and anisotropic influence of the carbonyl  group of 
the side chain. This favors  s t ruc ture  T. 

Urs inin  (IV) has mol wt 306 (mass spectrometry)  which, in agreement  with previous resul ts ,  shows the 
p resence  of I mole of water of crys ta l l iza t ion,  C16I-IlaO 6 • H20. 
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Fig.  2. NMR s p e c t r a  of a) u r s ino ic  acid and b) u rs in in .  
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When the substance was subjected to prolonged drying over  phosphorous pentoxide in vaeuo, the anhydrous fo rm 
was obtained with 159-161 ° C. In the IR spec t rum of the dr ied  substance the band at 3500 cm -I disappeared,  the 
absorption at 1720 and 1650 cm -! dec reased  considerably,  and a s t rong broad band appeared at 1700 cm -t .  Absorpt ion 

maxima at 870, 840, and 820 cm -t show that the substance includes a 1, 2, 3, 4, 5-pentasubst i tuted benzene nucleus,  
that at 900 c m - l s h o w s  ad ime thy l ch romene  ring,  those at 1360 and 1385 cm -t  show a gem-dimethy l  group, and those 
at 1260 and 1348 cm -1 show ary l  methoxyl groups.  

The UV spect rum taken in the p resence  of caust ic  alkali  shows no bathochromic  shift of the maximum,  which 
indicates  the absence of a f ree  phenolic group. These fac ts  lead to the conclusion that urs inin  is an oxocarboxylic  
acid. This is confi rmed,  in par t icu lar ,  by the format ion of a 2, 4-dini t rophenylhydrazone with mp 208-209 ° C and a 
s i l ve r  salt  with mp 260 ° C (decomp). 

The NMR spec t rum of urs inin  (Fig. 2), like that of urs inoic  acid, has the signals of the protons of a 
dimethylated chromene r ing [two doublets a and b at 5.94 and 6.70 ppm, J = 12 I-Iz (1H each), and a singlet  g at 1.34 
ppm (6H), due, r e spec t ive ly ,  to olefinic protons and a gem-dimethy l  group] and also the signal of the methylene 
protons in the - - C - - C H  2 -  COOH group [the singlet  f at 2.55 ppm (21-I)]. In the weak-f ie ld  region the re  is  a broad 

II 
O 

signal at 8.25 ppm (in the hydrate) and 10.48 ppm (in the anhydrous substance) re la t ing  to the proton of the .earboxyl 
group. In addition to this,  there  are  the s ignals  of two methoxy groups attached to an a romat ic  nucleus,  [singlets c 
and d, 3.78 and 3.85 ppm (3H each)] and that of a single a romat ic  proton [the singlet  e, 5.97 ppm (lit)]. 

Thus, urs inin  d i f fers  f rom urs inoic  acid by the fact that one of the aromat ic  protons is rep laced  by a methoxyl 
group. On the bas is  of the facts  given, urs in in  may be ascr ibed  s t ruc ture  III or IV. 

We see f rom a compar i son  of the spec t ra  I, III, and IV that the s ignals  c (e) of an aromat ic  proton and b of 
an olefinic proton in III and IV undergo a d iamagnet ic  shift of 0.51 and 0.37 ppm, respec t ive ly ,  compared  With the 
analogous signals in I (see Figs .  2a and 2b). This is apparently due to the redis t r ibut ion  of the e lec t ron  density over  
the carbon atoms in the ortho and para  posi t ions in the C---~C--Ar sys tem as a resul t  of the additional e lec t ron-donat ing  
influence of the second OCH 3 group, which conf i rms the c o r r e c t n e s s  of the choice of s t ruc tu res  III and IV and excludes  
other var iants .  

In view of the s imultaneous p resence  in one plant of two s im i l a r  substances and the probable common nature  of 
the mechan i sms  of the i r  b iosynthesis ,  it is logical  to assume that urs inin  is a methoxy der iva t ive  of urs inoic  acid and 
has the s t ruc ture  IV. 

The IR spect ra  were  taken on a UR-10 spec t rome te r  (KBr), and the NMR spect ra  on a JNM-4-H-100/100 MHz 
s p e c t r o m e t e r  (with HMDS as internal  standard). The 2, 4-dini t rophenylhydrazones  were  obtained by a known method 
and the s i lve r  sal ts  by the method descr ibed  previous ly  for  urs inoic  acid. 

C O N C L U S I O N S  

On the bas i s  of UV, IR, and NMR spectroscopy,  and the prepara t ion  of de r iva t ives ,  the most  probable s t ruc tu res  
of urs inoic  acid and ursinin,  a romat ic  oxo acids isolated previous ly  f rom the roots  of Angel ica u rs ina  Rupr. et 
Schmalh. ,  have been es tabl ished.  It has been shown that the f o r m e r  has the s t ruc tu re  2', 2 ' -d ime thy lpyrano-5 ' ,  6': 5, 6- 
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(2, 4 -d imethoxy)benzoylace t ic  acid while the second is 2 ' ,  2 ' - d ime thy lpy rano -5  T, 6T: 5, 6 - (2-methoxy)benzoylace t ic  acid.  
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