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A new method for  the separate  isolation of the alkaloids of A. aphylla based on the ext rac t  of the 
high-boiling fract ion (HBF) of the bases with chloroform f rom anabasine sulfate and also on the separation 
of a mixture of anabasine and lupinine by nitrosation, has been developed previously [1]. 

In the ex t rac t  of the high-boiling bases  with chloroform,  a small amount (10-15%) of anabasine also 
passes  into the solvent, which makes an additional separation of this mixture by vacuum distillation nec-  
essary .  

By using various conditions of extract ion,  we have attempted to achieve the complete isolation of the 
high-boiling bases free f rom anabasine. 

Before extract ion,  the anabasine sulfate was diluted with water  and was also additionally acidified to 
a definite pH of the medium. When the HBF of the alkaloids was extracted without dilution, the extraction 
time amounted to 3.5-4 h, and ~ 10% of anabasine passed into the chloroform extrac t  in addition to the high- 
boiling alkaloids. When the anabasine sulfate was diluted with water  (4 : 3), the time of extraction fell to 1 
h, and the amount of anabasine in the chloroform extrac t  fell correspondingly - to 2% (Table 1). We mea-  
sured the pH values of the solutions of the individual alkaloids under the same conditions with the aid of a 
pH-mete r  (pH 340) (Table 2). 

Knowing that the alkaloids studied differ considerably in basicity, we attempted to extract  them at 
various pH values of the medium. When a dilute solution (4 : 3) of anabasine sulfate was acidified to pH 4, 
the anabasine and the lupinine did not pass into the solvent, and it was mainly the , eakest bases - aphylline 
and anabasamine - that were extracted (Table 3). The optimum pH of the medium for the extraction of the 
high-boiling alkaloids is 5. 

We have developed a method for  converting the high-boiling alkaloids (aphylline, aphyllidine) into 
pachycarpine by catalytic hydrogenation [2]. The presence  of low-boiling alkaloids among the high-boiling 

TABLE 1. Extraction of Anabasine Sulfate with 
Chloroform as a Function of the Dilution 

Expt. 
NO. 

Anabasin¢ 
sulfate 
taken, g 

2OO0 

2000 
200O 
2O00 

Dilution 
with water 

Without 
dilution 

4:1 
4 ;2  
4,3" 

chloroform. 
extract, ml 

4215 
4195 
4100 
4100 

Amount of HBF 
a-""ai~dist illa tion 
• -of the chloroform 

:otal amount~amount of 
of HBF, g • [anabasine in 

~the HBF___.~, ~o 
/ 

136,30 / 10,40 
132,47 | 7,53 
125,35 / 3,33 
124,30 / 1,83 

* On 1 : 1 dilution, the time of extraction increases .  

V. I. Lenin Tashkent State University.  Dzerzhinskii  Chimkent Pharmaceut ical  Chemicals  Factory .  
Translated f rom Khimiya Pr i rodnykh Soedinenii, No. 4, pp. 468-472, July-August ,  1974. Original ar t ic le  
submitted Feb rua ry  23, 1973. 

©19 76 Plenum Publishing Corporation, 227 West 1 7th Street, New York, N. Y. 10011. No part o f  this publication may be reproduced, 
stored in a retrieval system, or transmitted, in any form or by any means, electronic, mechanical, photocopying, microfilming, 
recording or otherwise, without written permission o f  the publisher. A copy o f  this article is available from the publisher for $15.00. 

474 



TABLE 2. ptI Values  of the 
Alkaloids of A. aphylla  (H20-  
CH3OH , 1:17 

Concen- !Temper- 
Alkaloid txation, Mlatute, C pH 

Anabasine 0,01 
Lupinine 0,01 
Ap.hylline 0,01 
AphyUidine O, 01 
Anabasamine 0,01 

28 

10,26 
10,83 
9,76 
9,56 
9,12 

bases  cons iderably  compl ica tes  the isolat ion of the pachycarpine .  
In the p r e s e n t  pape r  we a lso  desc r ibe  a method for  e l iminat ing con-  
taminat ing anabasine and lupinine f rom the HBF. The method is  
based on the fo rmat ion  of the carbona tes  of the s t rong bases  - in 
our  case ,  anabasine and lupinine. The res idual  weak bases  (aphyl-  
line, aphyllidine,  etc.) can be s epa ra t ed  in the f ree  s tate  by e x t r a c t -  
ing with xylene or  e the r  the aqueous solution sa tu ra ted  with carbon 
monoxide (Table 45. 

Where  neces sa ry ,  anabasamine  can eas i ly  be obtained f rom a 
mix ture  of the th ree  components by hydro lys i s  with 25% sul fur ic  
acid.  The lac tam-conta in ing  alkaloids - aphylline and aphyllidine - 

a r e  conver ted  into the cor responding  amino acids ,  and the anabasamine ,  a f t e r  the mix tu re  has  been made 
alkaline and ex t rac ted  with ch loroform,  is i so la ted  in the individual s ta te .  

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

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  II). The 
solvent  s y s t e m  for  anabasine and lupinine was a c e t o n e - w a t e r  (100 : 8) and that for  aphylline,  aphyllidine, 
and anabasamine  was c h l o r o f o r m - e t h e r  (35:50}. 

The amounts  of the individual alkaloids in the f rac t ions  were  de te rmined  by th in - l aye r  ch romatog-  
raphy  and (a f te r  the spots had been revea led  in iodine vapor} the elution of the spots with 0.1 N hydro-  
chlor ic  acid followed by t i t ra t ion with 0.01 M of s i l icotungst ic  acid. F o r  paper  ch romatography  we used 
type ~M" [~slow"] pape r  f rom the Volodarski i  Leningrad Mill. 

Ext rac t ion  of the Alkaloids of the HBF. The high-boi l ing fract ion was ex t rac ted  under  var ious  con- 
ditions of the pH of the medium and dilution with water .  Consequently,  we give only typical  exper iments .  

A. Technical  anabasine  sulfate containing 31.5% of anabasine (1000 g} was ex t rac ted  with ch lo ro-  
fo rm (5-7 t imes)  until the aphylline and aphyllidine had been ex t rac ted  comple te ly  (according to th in - l ayer  
chromatography5.  The consumption of ch lo ro form was 3100 ml.  After  drying (Na2SO 4) and dist i l lat ion of 
the solvent ,  the res idue  (58.10 g) contained 7.8% of anabasine,  53.2% of aphylline,  21.6% of aphyllidine, 
12.80% of anabasamine ,  and a ve ry  smal l  amount  of lupinine. 

B. To 2000 g of anabasine sulfate was added 1500 ml  of water ,  and the mix tu re  was s t i r r e d  until i t  
was  homogeneous.  Then it  was ex t rac ted  with ch loroform (6 × 700 ml).  After  drying (Na2SO45 and d is t i l -  
lation of the solvent,  the res idue (124.2 g) contained 1.83% of anabasine.  

C. A total  of  9000 g of anabasine sulfate with pH 5.8 was sepa ra t ed  into nine 1000-g samples ,  each 
was brought  to a volume of 1750 ml  (dilution with wa te r  in a ra t io  of 4 : 35, the pH values were  adjusted to 
p r e d e t e r m i n e d  levels  (see Table 3) by the addition of sulfur ic  acid, and each was ex t rac ted  sepa ra t e ly  with 
ch lo ro fo rm until I-IBF was absent  (according to chromatography) .  The ch loroform was dis t i l led  off and the 
amounts  of the individual components  were  de te rmined  chromatographical ly*  (see Table 3). 

Separat ion of the Mixture  of Alkaloids with the Aid of Carbon Dioxide. Typical  exper iment .  With 
heat ing (70-80°C), 124.2 g of the mix tu re  of a lkaloids  was diluted with 250 ml  of wa te r  and, a f t e r  cooling, 
63 g of solid carbon dioxide (dry ice) was added, and the mix ture  was shaken for  15 rain. Then i t  was ex-  
t r ac t ed  with m-xy l ene  until a lkaloids  were  absent  ( test  with Dragendor f f ' s  reagent) ,  which requ i red  six 
t r e a t m e n t s  with 200 ml  of solvent each. Af ter  drying (Na2SO 4) and the dist i l lat ion of the solvent,  the r e s -  
idue (97.8 g) consis ted  of a mix ture  of aphylline (64.35%), aphyll idiae (20.10%), and anabasamine  (8.36%}. 
The aqueous solution was m a d e s t r o n g l y  alkaline and ex t rac ted  with m-xy lene  until a lkaloids were  absent  
(5 × 150 ml).  After  dist i l lat ion of the solvent,  the res idue (18.6 g) contained 1.80% of anabasine  and t r a c e s  
of lupinine (according to th in - l ayer  chromatography) .  

Isola t ion of Anabasamine .  To 97.8 g of the HBF was added 225 ml  of 25% sulfur ic  acid, and the m i x -  
ture  was heated on the wa te r  bath at  95-100°C for  12 h. The solution was made alkaline and was ex t rac ted  
with ch lo ro fo rm.  Af ter  drying (Na2SO 4) and the dist i l lat ion of the solvent,  the res idue  (7.9 g5 was r e c r y s -  
ta l l ized f rom pe t ro leum ether ,  giving anabasamine  with mp  67-68°C. 

* The mix tu re  contains neut ra l  bases  which do not appea r  on chromatography  and a re  not considered in 
de termining the amounts  of alkaloids.  
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TABLE 3. Ex t rac t ion  of  the High-Boi l ing  Alkalo ids  a t  Va r ious  pH 
Values  f r o m  Techn ica l  Anabas ine  Sulfate 

[Anabasine lpH °fthe}Chloro_ 
Expt. Isulfate. I.anaba, s- Iform 
No. Idiluted4: 3,l 1he suz- lextract, 

Itaken ~ ]fate ]ml 
I ' ¢' [ talcen I 

Total 
amount, 
g 

Amounts of alkaloids. % (after 
distillation of the chloroform 

anabas- laphyl ~ anabas- 
ine laphylline~idinet amine 

1750 
1750 
1750 
1750 
1750 
1750 
1750 
1750 
1750 

3,00 
3,40 
3,80 
4,20 
4.60 
5,00 
5,40 
5,60 
5,80 

2100 

207O 
2050 

22,10 
28,70 
36,10 
46,20 
48,18 
51,16 
56,30 
56.80 
58,10 

1~2 
1,62 
2o10 
5,50 
6,80 
7,80 

153 
20,15 
35.40 
43.10 
49.65 
50,25 
53,70 
53,20 

55,10] 35.00 
48,30 42,00[ 31.50 28.70 
36,20 i 20,10 
31.10[ 17.60 
26.80[ 16,40 
25,201 15.10 
22.50/ 13.20 
21,60] 12.80 

TABLE 4. Separa t ion  of  a Mixture  of  Alkaloids  by 
m e a n s  of  Carbon  Dioxide 

Expt. 
No. 

25 
3O 
5O 

100 
124,2~ 

Amount of alkaloids after separation (on the HBF), % 

aqueous fraction 

lupinine laphylline 

Traces 
2,50 
2,16 
2,20 
3,36 
3,30 

Traces 

60,35 
56,0 
5~,50 
58,70 
50,50 
51,10 
64,35 

x),lene fraction 

.a~hyl - 
ll~]ihe 

anab~- 
ine 

6.12 
10.60 
9.50 
9.56 

ll.'JO 
11,36 
1,80 

T5,20 
15,10 
15,30 
15.28 
20,40 
22,0 
20.10 

anabas- 
amine 

6,10 
7,15 
7,25 
7,36 
6,60 
6,2{} 
8,36 

* Star t ing  m a t e r i a l s  f r o m  va r ious  batches .  
Obtained by 4 : 3 dilution (see Table 1). 

F r o m  the aqueous  solution a f t e r  neu t ra l i za t ion  (pH 6-7) and cyc l i za t ion  in an au toc lave  a t  210-220°C 
f o r  5 h, a m i x t u r e  of  aphyl l ine  and aphyl l idine (56.8 g) was  i sola ted .  

S U M M A R Y  

1. The op t imum condi t ions  fo r  the ex t rac t ion  of  the h igh-bo i l ing  a lka lo ids  f r o m  technica l  anabas ine  
sulfate  by di lut ion with w a t e r  and a t  v a r i o u s  pH values  of the m e d i u m  have been es tab l i shed .  

2. A me thod  fo r  r e m o v i n g  anabas ine  and lupinine f r o m  a mix tu re  of the h igh-bo i l ing  a lka lo ids  of 
Anabas i s  aphyl la  has  been developed which  is ba sed  on the f o r m a t i o n  of  the c a r b o n a t e s  of  the s t rong  bases .  

1. 

2. 

L I T E R A T U R E  C I T E D  

Kh. A. As lanov ,  A. I. I shbaev ,  K. Inoyatova ,  Sh. Yu. Yusupov,  A. S. Sadykov, and V. P .  Zakharov ,  
Khim.  P r i r o d n .  Soedin.,  324 (1972). 
Kh. A. Aslanov,  A. S. Sadykov, A. I. I shbaev,  and N. D. Abdullaev,  nThe c h e m i s t r y  of plant  subs t an ces , '  
in: Scient i f ic  P a p e r s  f r o m  Tashken t  State Un ive r s i ty  [in Russ ian] ,  No. 2 (1966), p. 67. 

476 


