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Investigations have appeared in the l i tera ture  on the e lec t rochemical  isolation of alkaloids from nux- 
vomica  seeds,  ipecacuanha root, thermopsis  foliage, and cinchona bark  [1]. "Electroopium" has been ex- 
t rac ted  by e lec t rophores is  from poppy heads, and also narcot ine and morphine from opium [2]. The e lec-  
t ro lys i s  of aqueous alcoholic extracts  has yielded vera t r ine  from sabadilla seeds [3] and water-soluble  
alkaloids f rom the roots of valerian,  mountain tobacco, and white mist letoe [4]. Seneciphylline has been 
obtained from mixed alkaloids, and tomatine from plant raw mate r ia l  [5, 6]. 

We have investigated the possibili ty of isolating alkaloids of the tropane group f rom aqueous and 
acid extracts  of the leaves of Atropa belladonna (Z.), Datura s t ramonium (Z.), and Scopolia .carniolica 
(obreru). 

The amount of alkaloids in the extract  and in the catholyte was determined by KhandsurenTs method 
[7] by their  extract ion with dichloroethane from an alkaline medium and the subsequent convers ion of the 
bases  obtained into the hydrochlor ides ,  which were back- t i t ra ted  in the form of the free bases with hydro-  
chloric  acid using Methyl Red as indicator.  In addition, the amounts of alkaloids in the catholyte were 
moni tored spect rophotometr ica l ly  [8] at hmax 257 nm, the concentrat ions being found from a cal ibrat ion 
curve.  

The e lec t ro lys is  of extracts  f rom the leaves of belladonna and datura and from the roots of scopolia 
led to the separat ion in the catholyte of the tropane alkaloids, to the alkalization of the cathode space, and 
to a sharp change in the pH of the catholyte f rom 6 to I I  (Fig. I). This pH change of the alkaloids may be 
considered an indirect  indication of the passage of the alkaloids into the catholyte, as was confirmed by 
qualitative react ions for  alkaloids. 

The change of the pH of the catholyte in the alkaline direction opposes the accumulation of the alka- 
loids in the catholyte,  and therefore  to extract  the alkaloids we used acidified solutions. No passage of the 
alkaloids into the catholyte without the use of e lectr ic  cur rent  (dialysis) was observed,  the reaction for  
alkaloids being negative. 

The amount of alkaloids in the catholyte depends on the t ime of e lec t ro lys is  and the cur rent  density. 
Exper iments  to investigate the influence of the current  density on the degree of extract ion of the alkaloids 
were  per formed in severa l  ser ies ,  solutions of sulfuric acid of various concentrat ions being used as the 
catholyte and the anolyte. Thus, the influence of the cur rent  density on the degree of isolation in the e lec-  
t ro lys i s  of a belladonna extract  (catholyte 2% H2SO4, t empera tu re  20°C, graphite electrodes) was as follows: 

Current density Amt. of alkaloids , Deg. of extraction 
D c = A/m~ in extract. % of alkaloids into 

catholyte, % 
10 0.12 86 
30 0,12 75 

100 0.12 60 

The experimental  resul ts  show that with an increase  in the cur ren t  density the amount of alkaloids 
in the catholyte decreases .  At high current  densities the alkaloids a re  found to accumulate  not only in the 
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Dependence of the pH of the catholyte on the t ime  of e l e c -  
t r o ly s i s  at D C = 10 A/m2: 1) belladonna extract ;  2) datura  extract ;  
3) scopol ia  ext rac t .  

Fig. 2. S k e t c h  of the e lec t rodia lyzer :  1) cell;  2) e lec t rodes ;  3) 
s e m i p e r m e a b l e  m e m b r a n e s .  

catholyte but also in the anolyte during e l ec t ro lys i s .  In the plants,  the alkaloids a re  p resen t  main ly  not in 
the fo rm of the bases  (in the f ree  state) but in the form of sa l t s  with var ious  organic  acids .  The sa l t s  of 
the alkaloids,  which a r e  monoacid bases ,  d i ssoc ia te  e lec t ro ly t ica l ly  as binary e lec t ro ly tes .  This explains 
the cons iderable  ra te  of separa t ion  of the alkaloids into the catholyte under  the action of a d i rec t  e lec t r ic  
cur ren t .  However,  in the e lec t ro lys i s  of aqueous solutions of var ious  sa l t s  and alkaloids the cathode l ayer  
is enr iched in hydroxyl  ions, which m a y  cause  a r e v e r s a l  of the charge  of the alkaloid cation to fo rm an 
alkaloid anion, which apparent ly  explains the migra t ion  of the alkaloid to the anode. 

Consequently,  the ext rac t ion of alkaloids takes  place at low cur ren t  densi t ies  of f rom 10 to 30 A / m  2 
with the s imul taneous  acidif icat ion of the cathode space.  

With an i nc rea se  in the t ime  of e lec t ro lys i s ,  the amount of alkaloids in the catholyte inc reases ;  thus, 
the amount of alkaloids ex t rac ted  at a cu r ren t  densi ty of 30 A / m  2 during each success ive  hour f rom the 
beginning of the exper iment  was 40.5, 68, and 86%. A s i m i l a r  re la t ionship was obtained in the isolation of 
the alkaloids f rom the datura  and scopolia  ex t rac t s .  

The alkaloids of the t ropane group isolated into the catholyte at high cur ren t  densi t ies  do not undergo 
chemica l  changes.  Control  exper imen t s  were  p e r f o r m e d  on the e l ec t ro lys i s  of pure solutions of a t ropine 
sulfate and scopolamine  hydrobromide  under  the conditions of a t h r e e - c h a m b e r  cell  with var ious  cu r ren t  
densi t ies .  The resu l t s  of paper  ch romatography  showed the p r e sence  of a single spot, the chromatograph ic  
behavior  of which (Rf 0.69 and coloration) was identical  with that of a t ropine sulfate and scopolamine  hy- 
d robromide .  

EXPERIMENTAL 

Electrolysis was performed in a 300-cm 3 three-chamber cell with separation of the cathode and anode 
spaces (Fig. 2). The extract under investigation was placed in the Central part of the cell, the cathode and 
anode spaces being separated from it by a parchment semipermeable membrane and being filled with solu- 
tions of sulfuric acid (from 0.5 to 4%) or distilled water. The electrodes were lead and graphite plates 
with a surface of 100 em 3. The source of direct current was a type VSA-5A selenium rectifier. The pH 
values were measured by a type LPM-60 pH-meter. The experiments were performed at a current density 
of from 10 to 100 A/m 2, a voltage of 10-35 V, and a temperature of 20°C. 

The presence of alkaloids in the catholyte was determined by the usual alkaloid reagents (the Wagner 
and Dragendorff reagents, and a 2% solution of tungstosilicic acid). The qualitative composition of the 
alkaloids was studied by paper chromatography with the butan-l-ol-acetic acid-water (4:1 : 2) system as 
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the mobile phase. The descending method was used on Filtrak No. 1 paper at 20°C. The chromogenic 
reagent was modified Dragendorff's reagent. Aqueous solutions of atropine sulfate and scopolamine hydro- 
bromide were used as nmarkers.n 

SUMMARY 

I. Alkaloids of the tropane group have been isolated from Atropa belladonna , Datura stramonium, 
and Scopolia carniolica by the electrochemical method. 

2. The amount of alklaloids passing into the catholyte depends on the pH of the catholyte, the current  
density, and the time of electrolysis .  
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