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A fea ture  of the s t ruc tu re  of the e s t e r s  of the alkaloids ge rmine  and pro tover ine  that have been i so-  
la ted f r o m  plants  of the genus V e r a t r u m  is the definite a r r a n g e m e n t  of the acyl groups:  all the aeyl r e s i -  
dues found in them are  located in the C a posit ion, only acetyl  (Ac) in the C 6 and C 7 posi t ions,  and only (l)- 
2-methylbutyry l  (MB) in the C15 posi t ion [1]. Apparent  except ions a re  g e r m e r i n e  (I) and ge rmi t r i ne  (II), 
which are  said to have (d ) -2 -hydroxy-2-methy lbu tyry l  (HMB) at C15 and MB at C 3. But in view of the fact  
that  the bulk of the alkaloids contain MB in the C15 posit ion, it would be logical  to cons ider  this fact a bio-  
genetic fea ture  of them and to check once m o r e  the c o r r e c t n e s s  of l i t e r a t u r e  informat ion  on the posi t ions 
of the acyl groups in alkaloids (I) and (II). 

An acquaintanceship with the appropr ia te  l i t e ra tu re  showed us that the p rocedure  for  determining the 
posi t ions  of the acyl groups in (I) and (II) differed f r o m  that used in the invest igat ion of the other  alkaloids 
ge rmine  and p ro tover ine  [1]. The main  difference cons is t s  in the fact  that the se lec t ive  spli t t ing off of one 
of the acyl groups  f r o m  (I) was p e r f o r m e d  by the prolonged keeping of the alkaloids in b a r i u m  hydroxide 
solution. The reac t ion  product  fo rmed  (protoveratr idine)  differed f r o m  the 15- ( / ) -2 ' -me thy lbu ty ry lge rmine  
(IV) obtained by t rea t ing  the other  e s t e r  alkaloids of ge rmine  with a solution of sodium te t rahydrobora te .  
In view of this,  we have p e r f o r m e d  the reac t ion  of (I) with sodium te t r ahydrobora te  in para l le l  with that of 
germidine  (III). Sodium t e t r ahydrobora t e  se lec t ive ly  spli ts  off the acyl rad ica l s  at C3, and the re fo re  if 
g e r m e r i n e  actual ly p o s s e s s e s  the s t ruc tu re  desc r ibed , iden t i ca l  reac t ion  products  could not be obtained and, 
converse ly ,  if the s t ruc tu re  is as we have assumed ,  identical  compounds should be obtained. 

Germitrine (ZT) (]HaOH Germerin¢ (I) 

_ U ' ~ f  

. .  . OH OH 

OH" OH 

The re su l t s  of our invest igat ions have shown that when (I) and (III) a re  t r ea ted  with a methanol ic  solu-  
tion of sodium te t rahydrobora te ,bo th  alkaloids give substance {IV). The l a t t e r  is conver ted  by oxidation 
with po ta s s ium per iodate  in acet ic  acid into an a ldehydo-7-1actone which can be obtained only if there  is a 
f ree  OH group in the C a posit ion (a-glycol grouping). Consequently, g e r m e r i n e  is not 15- (d ) -2 ' -hydroxy-  
2 ' - m e t h y l b u t y r y l - 3 -  (l)- 2 ' -me thy lbu ty ry lge rmine  [ 1] but 3- (d)- 2 ' -hydroxy-2  ' - rne thylbutyry l -  15- (l)- 2 ' - m e t h -  
y lbu ty ry lge rmine .  This s t ruc tu re  is not contradicated by the NMR s p e c t r u m  (CHC13) , e i ther .  The chemi -  
cal shift of the s ignals  of the protons  of the methyl  group of the HMB res idue of g e r m e r i n e  (1.40 ppm) is 
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very  c lose  to that of the s ignals  of the protons in p ro tovera t r ine  A (1.37 ppm) and deace ty lp ro tovera t r ine  A 
(1.38 ppm), which shows the s i m i l a r  posi t ions of this acyl group in all the alkaloids mentioned (in the las t  
two, HMB is located at C3). 

Since compound (II) is conver ted on methanolys is  into g e r m e r i n e  [2], this must  also be considered 
to be not 7 - ace ty l -  15- (d) 2 ' - h y d r o x y - 2 ' - m e t h y l b u t y r y l - 3 -  ( l ) -2 ' -methy lbu tyry lgermine  but 7 - ace ty l -3 -  (d)- 
2 ' -hydroxy-  2 ' -me thy lbu ty ry l -  15- (l)- 2 ' -methylbuty  rylge rmine .  

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

The NMR s pec t r a  were  taken on a High R-20 A ins t rument  with TMS as internal  s tandard (6 scale);  
the IR spec t r a  on a UR-10 s p e c t r o m e t e r  (potassium bromide);  and the UV spec t r a  onanSF-4A spec t ropho-  
t o m e t e r  (c 0.4 mg in 10 ml of sulfuric acid, sp. gr .  1.830). The substances  were  analyzed ch romatograph-  
ical ly on "M" ["slow"] pape r  of the Volodarski i  Leningrad pape r  mill  in the following solvent sys t ems :  1) 
ch lo ro fo rm sa tura ted  with fo rmamide ,  and 2) b u t a n - l - o l - a c e t i c  a c i d - w a t e r  (4 : 1 : 5). Fo r  s y s t e m  1,, the 
paper  was impregna ted  with a solution of fo rmamide  in ethanol (1: 2). The g e r m e r i n e  and g e r m i d i n e w e r e  
isolated f r o m  the combined alkaloids obtained by the t r ea tmen t  of the roots  with rh izomes  of V e r a t r u m  
lobel ianum Bernh. [3] with e the r  by chromatography  on a column of cel lulose [4]. 

Germer ine ,  C37H59OllN , mp 202-204°C (benzene), [ a ] ~ - 7  ° (c 0.91; pyridine),  R f  0.49 (1). IR spec-  
t rum,  cm- t :  3360 (OH), 2940, 1465, 1'385 ( -CH 3 and-CH2)  , 1738, 1250 (es ter  C =O). In the NMR sp ec t ru m 
there  is a t h r e e - p r o t o n  signal of the a - m e t h y l  group of HMB (1.39 ppm) and no signal f romanOCOCH3grou  p. 
The UV s p e c t r u m  of a sulfur ic  acid solution of the alkaloid taken 24 h a f te r  dissolution (kma x 246, 315, 406, 
528 nm) did not coincide with the spec t rum taken a f t e r  1.5 h, which shows the p resence  of the amino alcohol 
germine  in the substance [5]. The chromatographic  analysis  of the products  of alkaline hydrolys is  in sy s -  
t em 2 conf i rmed the p resence  of ge rmine  in them. The e the r  t r ea tmen t  of the acidified hydrolyzate  yielded 
two organic  acids which were  identified by the i r  R f  values in the b u t a n - l - o l -  1.5 N ammonia  (1 : 1) s y s t e m  
as ( / ) -a -methylbutyr ic  and (d ) -a -hydroxy-a -me thy lbu ty r i c  acids,  which have been obtained in the hydrolys is  
of p ro tove ra t r ine  A and deace ty lp ro tovera t r ine  A. 

Germidine,  C3aH53010N, mp 200-202°C (ethanol), [~]i~°-ll ° (c 0.8; pyridine),  R f  0.6 (1) [3]. The NMR 
spectr-u-m- o-f t--~ "alkaloid has the t h ree -p ro ton  singlet  ofanOCOCH 3 group (2.06 ppm) and lacks  the signal 
of the a -me thy l  group of HMB. Chromatographic  analysis  of the products  of alkaline hydrolys is  of the a lka-  
loid showed that it contained acet ic  and a - m e t h y l b u t y r i c  acids,  and also the amino alcohol ge rmine .  The 
p resence  of the l a t t e r  is a lso conf i rmed by the nature of the spec t r a  of sulfuric acid solutions of the a lka-  
loids [5]. Thus,  the analyt ical  r e su l t s  co r respond  to those for  (I) and (III). 

Convers ion of G e r m e r i n e  and Germidine into 15- ( / ) -2-Methylbutyry lgermine .  A solution of sodium 
te t r ahydrobora te  (72 mg in 5.6 ml of methanol) was added to a solution of 72 mg of (I) in 2 ml of methanol 
[6]. After  15 h, the solution was acidified with glacial  acet ic  acid and evapora ted  under reduced p r e s s u r e  
at 20°C. The residue was dissolved in wa te r  and the solution was cooled to 0°C, t r ea ted  with cold 5~0 am-  
monia solution, and ex t rac ted  with ch loroform.  The ch lo ro form ex t rac t  was washed with water ,  dried with 
anhydrous sodium sulfate,  and evapora ted  under  reduced p r e s s u r e .  The residue,  which consis ted of a mix-  
ture of two subs tances  (by pape r  ch romatography  in s y s t e m  1) was separa ted  on a column of cel lulose [4]. 
Eight hours af ter  the charging of the chromatograph ,  the column of cel lulose was divided into sect ions with 
a size of 1-1.5 cm.  Those sect ions of the column that contained alkaloids were  eluted with 5~0 acetic  acid. 
The acet ic  acid solutions were  cooled to 0°C, brought to the pH 9.0 with 10~0 aqueous ammonia ,  and ex t rac ted  
with ch loroform.  

The f rac t ions  including a substance with R f  0.07 (1) were  combined, washed with water ,  dried with 
anhydrous sodium sulfate, evapora ted  to smal l  volume, and mixed with an equal amount of diethyl e ther .  
The crys ta l l ine  prec ip i ta te  that fo rmed  (14 rag) had mp 222-225°C (the melt ing point of p ro tovera t r id ine  ob- 
tained by t rea t ing  g e r m e r i n e  with a solution of ba r i um hydroxide is 266-267°C) [7]; IR spec t rum,  cm- l :  
1740, 1250 (es ter  C =O). The melt ing point of a mixture  with compound (IV) obtained s imi l a r ly  f rom g e r -  
midine gave no depress ion  of the melt ing point. On compara t ive  chromatography  in s y s t e m  1 (the chro-  
m a t o g r a m  being run for  18 h at 20°C), the R f  values  of both samples  were  0.31. 

By the same t r ea tment ,  the f rac t ions  containing a substance with R f  0.0 (1) yielded a c rys ta l l ine  p r e -  
cipitate with mp 219-221°C (methanol), R f  0.51 (2), which coincides with the R f  value of a sample  o f g e r m i n e  
obtained by the methanolys is  of germidine  by the method of Fr ied et al. [8]. A mixture  showed no d ep re s -  
sion of the melt ing point. 
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Oxidation of 15- ( / ) -2 ' -Methy lbu tyry lgermine  with Po ta s s ium Per iodate  [6]. A mixture  of a solution 
of 10 mg of (IV) in 1 ml of 5?o acet ic  acid and 3 ml of a 0.257o solution of po tass ium per iodate  was left  at 
21°C for  24 h. Then its  pH was brought  to 9.0 by the addition of 10?o ammonia  solution and it was t rea ted  
with ch lo ro fo rm.  The ch lo ro form solution was evapora ted  to d ryness  and the residue was dried over  an- 
hydrous ca lc ium chlor ide.  I ts  IR s p e c t r u m  showed absorpt ion bands at 2712, 1779, and 1724 cm -1 showing 
the a ldehydo-7-1actone  s t ruc tu re  of ring A. 

S U M M A R Y  

The posi t ions  of the acyl res idues  at C 3 and C15 in g e r m e r i n e  and ge rmi t r ine  have been cor rec ted ,  
showing that g e r m e r i n e  is 3 - (d ) -2 '~hydroxy-2 ' -me thy lbu ty ry l -15 - ( l  ) - 2 ' -me thy lbu ty ry lge rmine  and g e r -  
mi t r ine  i s 7 - ace ty l -  3- (d)- 2 ' - hyd roxy-  2 ' -methylbuty  ry l -  15- (l)- 2 ' -methylbutyry lge  rmine .  
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