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We have p rev ious ly  repor ted  the use  of the polarographic  wave of tha ls imine  for  the quanti tat ive de t e r -  
minat ion  of this alkaloid in the epigeal  p a r t  of Tha l i c t rum s imp lex  [1]. In the p re sen t  p a p e r  we give the resu l t s  
of an invest igat ion of the e l ec t rochemica l  p r o p e r t i e s  of compounds re la ted to it in o r d e r  to de te rmine  the de-  
pendence between po la rographic  behav ior  and s t ruc tu re .  

We have studied the benzylisoquinoline alkaloids thalfine, thals imine,  tha ls imidine ,  hernandezine,  a r m e -  
pavine [2], and t e t r andr ine  [3], differing in the complexi ty  of the i r  s t r uc tu r e s  (Table 1). The po la rographic  
ac t iv i t ies  of these  a lkaloids  a r e  shown i n t h e  fo rmat ion  of diffusion and catalyt ic  hydrogen Waves in aqueous 
ethanolic med ia  in the p r e s e n c e  of t e t r ae thy lammonium hydroxide in Br i t ton-Robinson buffer  solutions [4]. 

Diffusion waves  were  shown only by compounds with C - N  and C - C  double bonds. By po la rographic  
m i c r o c o u l o m e t r y  [5] we have de te rmined  the number  of e lec t rons  par t ic ipat ing  in the react ion,  which is four  
for  thalfine, and two for  tha ls imine  and tha ls imidine .  The products  of the e lec t rode  reac t ions  a r e  the c o r r e -  
sponding t e t r ahydro  der iva t ives ,  as was conf i rmed by the absence  of diffusion waves  for  synthetic (dihydro- 
tha ls tmine)  and natura l  (hernandezine) de r iva t ives .  The exis tence of a d i rec t  propor t ional i ty  between the mag-  
nitude of the diffusion c u r r e n t  and the concentra t ions  of the alkaloids in the range f r o m  1" 10 -3 to 1 • 10 -4 M 
enables  these  waves  to be used fo r  analyt ical  pu rposes .  The polarographic  c h a r a c t e r i s t i c s  of the b imo lecu la r  
compounds (see Table  ~1) were  compared  with those  of monomolecu la r  compounds - papaver ine  and its de r iva -  
t ives  [6, 7]. The isoquinoline r ings of thalfine, papaver ine ,  and papavera ld ine  a re  reduced only against  a back-  
ground of (C2Hs)4NOH , and the dihydroisoquinoline der iva t ives  {thalsimine, thals imidine,  3 ,4-dihyropapaver ine ,  
and 3 ,4-dihydropapavera ld ine)  a r e  reduced both on a background of (C2Hs)4NOH and in B r i t t o n - R o b i n s o n  buffers .  

The cata lyt ic  cu r r en t s  fo r  equ imolar  concentra t ions  of the alkaloids differ  (see Table  1): in 0.1 N 
(C2Hs)4NOH (pH 12) the cu r r en t  is g r e a t e s t  for  tha ls imine  and there  is no c u r r e n t  fo r  thalfine and papaver ine .  
For  the la t t e r ,  ca ta ly t ic  hydrogen waves  were  observed  in buffer  solutions only at pH values < 8. The re  is 
informat ion  in the l i t e r a t u r e  [8] showing a connection between the ionization constants  of alkaloids and the s ize 

TABLE 1. Po la rograph ic  Indices of Benzylisoquinoline Alkaloids 
(c 1.0 re.M) 

0.1 N (CzHs)4NOH, 80% [ 0.I N (CzHs)4NOH, l 0.01 N (CzHs)4 NOH, 
Ethanol ] 40% Ethanol I 40% Ethanol 

Alkaloid * . . . . . . . .  [ 

D~. 10 6 E [ 
h 

ld,~tA" "~II2,V n . 1] t , [ /A l / 2V i, /.IA ] EI/2, V Icm~'sec" / 

Papaverine 
Thalfine 
Thalsimine 
Thalsimidine 
Tetrafldrine 

6.72 1,75 
6,56 1,70 
3,52 1,45 
3,60 1.45 

Hemandezine 
Armepavine 

4 4 2.08 ,-- -- 
2,58 
2,68 2]'08 2,20 
2,60 2,00 2,20 
-- 0.64 1,90 

0,45 1,85 
0,45 1,85 

3~,, 25 -- 2,25 
30,00[ 2,22 
2,05l 2,00 
1,92 i 1.90 
1,281 1,90 

*Isoquinole der iva t ives :  1) benzyl - ;  2) b isbenzyl - ;  3) bisbenzYldi- 
hydro- ;  4) b isbenzyld ihydro- ;  5) b i sbenzy l t e t r ahydro- ;  6) b i sbenzy l -  
t e t r ahydro - ;  7) benzy l t e t r ahydro - .  
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of the catalytic cur ren t :  the higher the pK a values the g rea te r  the catalytic cur rent .  Consequently, by a r rang-  
ing the alkaloids in o rde r  of increasing catalyt ic cu r ren t  we shall obtain information on the relative basiciti  es 
of this se r ies  of compounds. 

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

The polarographtc  measurements  were performed in an e lec t ro lyzer  with an internal anode on a LP-55A 
polarograph;  charac te r i s t i c s  of the cap i l l a ry  at hHg=45 era: m =  0.76 rag" sec -l ,  t = 3.5 sec in 1 N KC1. The 
tempera ture  of the determinations was 25 +0.5°C. 

S U M M A R Y  

1 .  The polarographic  behavior  of six benzoisoquinoline alkaloids has been investigated. In the reduction 
of thalfine, thalsimine, and thalsimidine the products of the electrode reactions are  the corresponding te t ra -  
hydro derivat ives.  

2. The size of the catalytic cur ren t  can be used for  a comparat ive evaluation of the basici t ies  of this 
ser ies  of alkaloids. 
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The alkaloid protopine [1] isolated f rom epigeal par t  of Fumaria  vaillantii Loisel.  (family Papaveraceae)  
is pharmacological ly  active [2, 3]. In the present  paper  we give the resul ts  of a polarographic investigation of 
protopine and propose  a method for its quantitative determination in plant raw mater ia l .  

Polarographic  waves have been obtained previously [4] for  protopine, but they were unsuitable for analyt- 
ical purposes .  We have detected distinct diffusion waves of this alkaloid with E1/2=-1 .80  t o - 1 . 8 5  V in 0.1 N 
(C2Hs)4NOH in 70% dioxane. A l inear  relationship was found between the cur rent  and the concentrat ion of 
protopine in the solution in the range f rom 2.9 • 10 -3 to 2.9 • 10 -4 M. 

In the range of working concentrat ions,  the polarographic  behaviors of the alkaloid and of its hydrochlo- 
ride are  s imi lar .  This c i rcumstance  has been used for  the quantitative determinat ion of protopine by the meth-  
od of standard solutions, with the introduction into the formula for  calculation of a cor rec t ion  fac tor  equal to 
the ratio of the molecular  weights of the alkaloid and its salt. In o rde r  to determine the mechanism of the 
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