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We have previously  [1] repor ted  the use of the polarographic waves of galanthamine and narwedine for the 
quantitative determinat ion of these alkaloids in plant mater ia l .  In the present  paper  we give the resul ts  of a 
fur ther  study of the e lec t rochemical  proper t ies  of nine alkaloids of Ungernia [2] in order  to determine the in- 
ter re la t ionship  between polarographic  behavior and s t ructure .  

Charac ter i s t ic  of all the alkaloids studied is the formation of catalytic hydrogen waves (see Table 1), the 
limiting cur ren t  of which is proport ional  to the concentration within cer ta in  l imits and can be used for analyti- 
cal purposes .  Thus, for galanthamine a l inear dependence of the cur rent  on the concentrat ion was found in the 
range f rom 4 - 1 0  -4 to 1 . 1 0  -~ M in 0.01 N (C2Hs)4NOH and f rom 1 .10  -4 to 1 . 1 0  -s M in 0.01 N (C2Hs)4NL The 
nature of the "cur ren t  versus  concentration" curve showed that the catalyst  was adsorbed on the m e r c u r y  drop. 
With a r i se  in the concentrat ion of the supporting electrolyte ,  a fall in the catalytic cur ren t  was observed which 
is probably due to the displacement  of the alkaloid f rom the surface of the electrode by the sur face-ac t ive  te t -  
raallcylammonium molecules  [3]. With a r i se  in the concentrat ion of the organic solvent (ethanol), the limiting 
catalyt ic  cur ren t  dec reases .  By varying the conditions of polarography we found the optimum conditions for the 
quantitative determinat ion of alkaloids f rom the catalytic cur ren t  [1]. We consider  this direct ion to be p r o m i s -  
ing, par t icu lar ly  for  those alkaloids the molecules of which contain no polarographical ly  active groups.  

In addition to catalyt ic  waves, some Ungernia alkaloids showed diffusion waves. 

Of the alkaloids of the galanthamine group we studied narwedine and galanthamine (see Table 1). The 
s imi lar i ty  of the chemical  proper t ies  of the alkaloids of this group to those of the morphine group [4] enabled 
us to compare  their  e lec t rochemica l  proper t ies .  Galanthamine, which has an isolated double bond that is readi-  
ly hydrogenated in the presence  of a platinum catalyst ,  like morphine and codeine [5], is not reduced at a drop- 
ping m e r c u r y  electrode.  'Synthetic dihydrogalanthamine, like galanthamine itself,  catalyzes the l iberat ion of hy- 
drogen at the cathode. Narwedine forms a dist inct  diffusion wave (see Table 1). By polarographic  micro-  
coulometry  [6] we found that the number  of e lectrons involved was two. Consequently, only the carbonyl group 
undergoes polarographic  reduction and the react ion product  is the corresponding carbinol.  The co r r ec tnes s  of 
this scheme was confirmed by a study of the UV spect rum of the product  of the e lec t ro lys is  of narwedine at a 
controlled potential: its spec t rum showed a maximum at 289 nm which is chai~acteristic for the UV spect ra  of 
galanthamine. The polarographic  reduction of an oxo group conjugated with a double bond, as in narwedine, is 
a lso charac te r i s t i c  of sinomenine [7], thebainone, and hydroxythebainone [5]. The fonr -e lec t ron  reduction (ear-  
bonyl group and double bond) observed for  codeinone and hydroxycodeinone is possible only if the oxo group is 
conjugated with a double bond and the oxygen bridge between rings A and C [5]. The absence of such conjuga- 
tion in narwedine is responsible for the reduction of the carbonyl group alone. 

Of the alkaloids of the lycorenine group, hippeastrine,  ungerine, and unsevine showed diffusion waves (see 
Table 1). By the microcoulomet r ic  and pilot-ion method [8] we found the numbers  of e lect rons  taking par t  in 
the react ion was found for hippeastr ine and ungerine and two for unsevine. In view of the chemical  proper t ies  
of these alkaloids [9], it was assumed that the reduction takes place to te t rahydro derivat ives and is accom- 
panied by the cleavage of the 5-1actone ring. In actual fact, the UV spect rum of the product  of e lec t ro lys is  of 
hippeastrine a t a  controlled potential showed, instead of the three maxima at 226, 268, and 306 rim, only one at 
280 nm. The mechanism of the electrode react ion was confirmed by compar ison with the spec t rum of synthetic 

te t rahydrohippeastr ine .  
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T A B L E  1. P o l a r o g r a p h i c  I n d i c e s  o f  U n g e r n i a  

A l k a l o i d s  and T h e i r  D e r i v a t i v e s  

Name 

C=0.01M in 0.1 N[C= 0.001M, 0.01N 
(C2Hs)aNOH; 80 % I(CzHshNOH; 10 qo 
CzH.~OH . [CzHsOH _ _  

diffusion wave ] catalytic wave 

Gala ntha mine 
Dihydrogala nthamine 
Lycorine 
D ihydrglyeorine 
Narwedine 
Pancratim 
Tazetrine 
Hordenine 
Hippeast~rine 
Ungerine 
Unsevin¢ 
l-Ie xahydroungerine 

--1,6 

--I ,4 
--1,4 
--i  ,4 

1,54 
1,50 
0,75 

--2,05 
--2,10 
--2,00 
--2,10 
--2,05 
--2,05 
-- 1,96 
--2,75 
--2,30 
--2,30 
--2,30 
--2,60 

18,83 
26,31 

1,31 
37,70 
18,85 

1,09 
1,74 

38,50 
1,60 
1,60 
1,60 

11,60 

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

The e x p e r i m e n t s  w e r e  p e r f o r m e d  on an  L P - 5 5 A  p o l a r o g r a p h .  The  c h a r a c t e r i s t i c s  of  the  c a p i l l a r y  a t  
br ig  50 c m  w e r e :  m 1.03 r a g .  s ec -1 ,  t = 4.0 s e c  i n l  NKC1. An e l e c t r o l y z e r  wi th  an  i n t e r n a l  anode  was  u s e d  and 
the t e m p e r a t u r e  of  the  d e t e r m i n a t i o n s  was  25 +0.5°C. The  s u p p o r t  was  (C2H5)4NI p u r i f i e d  a s  d e s c r i b e d  b y S u p i n  
[10], (C2Hs)4NOH, and B r i t t o n - R o b i n s o n  b u f f e r  s o l u t i o n s .  E l e c t r o l y s i s  a t  a c o n t r o l l e d  p o t e n t i a l  was  p e r f o r m e d  
by  L i n g a n e ' s  m e t h o d  [11]. 

S U M M A R Y  

In the  i n v e s t i g a t i o n  of the p o l a r o g r a p h i c  b e h a v i o r  of n ine  u n g e r i n e  a l k a l o i d s ,  i t  was  found tha t  the r e d u c -  
t ion  of n a r w e d i n e  f o r m s  the  c o r r e s p o n d i n g  c a r b i n o l ,  wh i l e  the  r e d u c t i o n  of h i p p e a s t r i n e ,  u n g e r I n e ,  and  u n s e v i n e  
f o r m s  the c o r r e s p o n d i n g  t e t r a h y d r o  d e r i v a t i v e s ,  The  c a t a l y t i c  h y d r o g e n  w a v e s  tha t  a l l  the u n g e r i n e  a l k a l o i d s  
f o r m  can  be  u s e d  fo r  a n a l y t i c a l  p u r p o s e s .  
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