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Echimidine N-oxide has  been obtained prev ious ly  f rom Symphytum caucas icum,  and the p re sence  of 
l a s ioca rp ine ,  eehinatinine,  and a spe rumine  has been shown chromatograph ica l ly  [1]. We have invest igated 
the roots  of this plant col lected on October  15, 1971, in the Tashkent  botanical  garden.  The mix tu re  of a l -  
kaloids was sepa ra t ed  on a column of a lumina,  and the individual base  (I) so obtained was cha rac t e r i zed  by 
its c rys ta l l ine  p ic ra te .  UV spec t rum:  Xmax 222 nm (log ~ 3.9). The IR spec t rum has  absorp t ion  bands 
(cm -1) 1708, 1730 ( e s t e r  groups),  1645 (double bonds), and 2800-3500 (active hydrogen).  The m a s s  spec -  
t r um of (I) has the weak peak of the mo lecu l a r  ion with m / e  397 and s t rong peaks with m / e  136, 120, 119, 
93, and 80, which a r e  cha r ac t e r i s t i c  for  d i e s t e r s  of pyrrol iz id ine  alkaloids [2]. 

The p i c ra t e s  of the base (I) and of a spe rumine  [3], and a lso  the N-oxides of these  bases ,  gave no de-  
p re s s ions  in mixed-me l t ing  point tes t s .  Consequently,  (I) and a spe rumine  a r e  identical .  However ,  the 
l a rge  d i f ference  in the i r  mo lecu l a r  weights and IR spec t ra  has  induced us to r econs ide r  the s t rue tu re  of 
a spe rumine .  

Two i s o m e r i c  pyrro l iz id ine  alkaloids with tool. wt. 397 a re  known: heliosupine (II) [4] and eehimidine 
(III) [5]. The resu l t s  of a d i r ec t  compar i son  of the N-oxides  of a spe rumine  and of (IH), and a lso  the p ic-  
r a t e s  of (I) and (II), showed that a spe rumine  dif fers  f r o m  these two i s o m e r s .  

In the products  of the hydro lys i s  of a spe rumine ,  in addition to the hel iotr idine and angelic acid i s o -  
la ted  p rev ious ly  [3], we detected acetone.  The same substances  a r e  obtained in the hydro lys i s  of he l lo-  
supine [4]. 

The NMR spec t rum of (I) shows a t h r ee -p ro ton  singlet  at  1.77 ppm, a t h r ee -p ro ton  doublet a t  1.92 
ppm (J = 7 Hz), and a one-pro ton  mul t ip le t  a t  6.02 ppm, which a r e  cha r ac t e r i s t i c  for  angel ic  acid e s t e r s  

I 
[6], and a n ine-proton mul t ip le t  in the 1 -1 .5 -ppm region for  three  OH--C--CH3- groups.  On the basis  of 

I 

the hydro lys i s  products  i so la ted  and the m o l e c u l a r  weight and NMR spec t rum of a spe rumine ,  the l a t t e r  
m u s t  be i s o m e r i c  with eehimidine and heliosupine.  

Thus,  one es te r i fy ing  acid in a spe rumine  is angelic,  and the other  mus t  be 2 ,3 ,4 - t r i hydroxy-2 -  
methylpe  n t ane -3 -ca rboxy l i c  (C?H1405). 

The di f ference  between (I) and (II) may  be which acid es te r i f i e s  the p r i m a r y  and which the secondary  
alcohol group, o r  it m a y  be the s t e r e o i s o m e r i s m  of the C?H1405 acid. In the m a s s  spec t rum of a spe rumine  
the s t ronges t  peak is that of the ion with m / e  220 fo rmed  by the de tachment  of the C?-acid r e s idue .  The 
s ame  ion is the s t ronges t  in the m a s s  spec t r a  of (ID and (III) [2]. 

Consequently,  the difference between (I) and (II) is due only to the s t e r e o i s o m e r i s m  of the 2,3,4-  
t r ihydroxy-  2-methylpentan e -3 -ca rboxy l i  c acid. 

The hydrogenolys is  of aspertmaine gave a spe rumin ic  acid, which m u s t  be s t e r e o i s o m e r i c  with echi -  
midinic  acid [5]. The resu l t s  of a compar i son  of the p rope r t i e s  of these acids a r e  given below. 
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Acid laiD, deg mp ofche brucine - mpof the qui- 
(c 12.5, ethanol) salt, nine salt, *C 

Asperuminic 14. S 202--°_0 ~ 1 $8 
g chimidinic 16.4 209-- 211 -- 

17,5 

On the bas i s  of the facts  p resen ted ,  a spe rumine  has  the following s t ruc ture :  

HaO~GO0 I G H2 00GC (0 H)O(OH)(OH3)z 

E X P E R I M E N T A L  

Isolat ion of the Total Alkaloids.  The finely comminuted d ry  roots  (10 kg) were  ex t rac ted  with 2% 
H2SO4, the acid was concent ra ted  to 4%, and zinc dust  was added. Af ter  12 h, the acid solution was f i l tered,  
made  alkaline,  and t r ea t ed  with ch loroform.  The solvent  was evapora ted  off to smal l  volume,  and the a l -  
kaloids were  ex t rac ted  with 10% H2SO 4 and then, a f t e r  the acid ex t rac t  had been made alkaline,  with m e t h -  
ylene chloride and chloroform.  These  yielded, respec t ive ly ,  60 g and 3.04 g of mixed bases ,  amounting to 
0.63%. 

P r e p a r a t i o n  of Asperumine .  The methylene chloride f ract ion (3 g) was separa ted  on a column con- 
taining 200 g of AI~O 3. Elution was p e r f o r m e d  with ch loroform and with c h l o r o f o r m - m e t h a n o l .  The f r a c -  
tions showing a single spot on a plate [nonfixed alumina,  b e n z e n e - e t h e r - m e t h a n o l  (10 : 5 : 2)] were  com-  
bined. Af ter  e l iminat ion of the solvents ,  the a spe rumine  remained  in the fo rm of a viscous  l ight-yel low oil. 

Asperumine  p ic ra te  was obtained by mixing ethanolic solutions of the base and the acid, evaporat ing 
the solvent,  and r ec rys t a l l i z i ng  the res idue  f rom a mix tu re  of wa te r  and ethanol; mp 130-131°C. 

Asperumine  N-Oxide.  A mix tu re  of 1.27 g of the base  and 10 ml  of 6% hydrogen peroxide solution 
was  al lowed to stand for  three  days,  and then the wa te r  was el iminated,  the res idue  was dissolved in me th -  
anol, and the N-oxide fo rmed  was prec ip i ta ted  with acetone.  Yield 1.1 g, m p  152-153°C (decomp.),  [aiD 
±0°C; p i c r a t e  m p  144-145°C (water).  

Reduction of the N-oxide with zinc dust  in hydrochlor ic  acid yielded aperumine .  

H y d r o l y s i s  of  Asperumine~ A mix tu re  of 0.7 g of the base and 10 ml  of 2 N aqueous alkali  was heated 
for  2 h. The acetone vapor  evolved was t rapped in an ethanolic solution of 2 ,4-dini t rophenylhydrazine .  
The c ry s t a l s  with mp  115-118°C that  deposi ted gave no depress ion  in admixture  with acetone 2 ,4-d in i t ro-  
phenylhydrazone.  

Af ter  acidif icat ion with 10% H2SO4, the reac t ion  mix tu re  was t r ea ted  with benzene.  The res idue  
f r o m  the e l iminat ion of the solvent  (0.05 g) was c rys ta l l i zed  f rom water ,  mp  40-40.5°C, which co r responds  
to angelic acid.  The aqueous acid solution was evapora ted  in vacuum to 8 ml,  2 g of NaOH was added, and 
the hydro lys i s  product  was ex t rac ted  with ch loroform.  The res idue  consis ted of 0.13 g of an oil giving a 
p ic ra te  with mp 117.5-118°C which showed no depress ion  of the mel t ing  point with hel iotr idine p ic ra te .  

Hydrogenolys is  of Asperumine .  A mix tu re  of 2.26 g of the substance  and 30 ml  of 3.7% hydrochlor ic  
acid was shaken in an a t m o s p h e r e  of hydrogen with 0.354 g of plat inum oxide for  6 h. Af ter  the plat inum 
had been f i l te red  off, the acid solution was made  alkaline,  and the reac t ion  product  was ex t rac ted  with 
ch loroform.  An oily mix tu re  of four substances  was i so la ted  which we were  unable to s epa ra t e .  

The res idual  aqueous alkaline solution was acidif ied and evapora ted  to d ryness ,  and the res idue was 
repea ted ly  t r ea t ed  with hot ch loroform.  This gave 0.5 g of a spe rumin ic  acid in the f o r m  of a co lo r less  
v i t reous  m a s s ,  [a]D + 14.8° (ethanol), brucine sa l t  mp  202-203°C (ethanol), quinine sa l t  mp  188°C (acetone). 

S U M M A R Y  

1. Asperumine  has been iso la ted  f rom the combined alkaloids of Symphytum caucas icum.  

2. The hydro lys i s  and hydrogenolys is  of a spe rumine  has  given hel iotr idine,  acetone,  and angelic and 
a spe rumin i c  acids .  

3. The s t ruc tu re  of a spe rumine  has been ref ined on the bas i s  of the products  of hydro lys i s  and hy-  
drogenolys is  and a lso  of f ea tu res  of the m a s s  and NMR spec t ra .  

484 



4. It has been established that asperumine is an isomer of hell.supine in the 2,3,4-trihydroxy-2- 
methylpentane-3-carboxylic acid moiety. 
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