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The alkaloids of plants of the genus H__ap__lophyllum, family  Rutaceae, form wel l -def ined  waves on polarography in 
e t h a n o l - w a t e r  solutions of (C~Hs)4NI or (C2Hs)4NOH. We have made use of this property to determine these compounds 
quant i ta t ively  in medic ina l  preparations and in plant  raw mate r ia l  [1,2] .  

The object  of the present work was to e lucidate  the mechanism of the reduction of alkaloids of Haplophyllum at a 
dropping mercury cathode,  and for this purpose we have determined the number of electrons participa~-ng in the reduc-  
tion, have studied the UV and IR spectra of the substances before and after electrolysis at a control led potent ia l ,  and 
have compared their  polarographic behavior with the behavior of synthetic substances of s imilar  structure. 

We have described the apparatus and procedure for the determinations previously [1 ,2] .  The number of electrons 
was determined by polarographic microcoulometry  [3]. The reduction of  substances at a controlled potent ia l  was carried 
out by Lingane's method [4]. 

The UV and IR spectra of the substances were taken on SF-4 and UR-10 instruments, respect ively.  The UV spectra 
were recorded in cel ls  (t = 0. 006 and 0. 0011 cm,  background 0.1 N (C~Hs)4NOH in 80% ethanol).  For recording the IR 
spectra, the synthetic products were compressed with KBr. The products of cathodic reduction were not isolated prepara-  
t ive ly ,  since very small  amounts of mate r ia l  ( 3 -6  rag) were subjected to electrolysis.  Consequently, a mixture of each 
of them with the background 0.1 N solution of (C~Hs)~NOH in 800 ethanol,  after neutral izat ion with sulfuric acid and 
the e l imina t ion  of moisture, was p laced  in the form of a thin layer  of paste between KBr plates.  The absorption of the 
background was al lowed for by comparing the spectrum of the paste with the spectrum of  the pure background. 
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Fig.  1. Polarograms. 1) Skimmianine;  2) te t rahydroskim- 

mianine;  3) a mixture of them; 4) background of 0.1 N 
(C~Hs)~NOH in 800 ethanol.  

We synthesized 4, 7 , 8 - t r ime thoxy-3 -e thy l -2 -qu ino lone  ( tetrahydroskimmianine) ,  carbostyryl,  and dihydrocarbo- 
styryl by published methods [5 -7 ] .  

The polar izat ion curves of  y- fagar ine ,  skimmiantne,  and haploperine were recorded in an e t h a n o l - w a t e r  medium 
containing te t rae thy lammonium iodide or hydroxide, and in buffer solutions with the composit ion (C2Hs)4NOH + CHsCOOH 
(or HsPO4) in the  pH range from 6.5 to 12.0 .  For the substances mentioned,  the number of  electrons par t ic ipat ing in the 
react ion (de termined by the microcoulometr ic  method and ca lcu la ted  by the Ilkovi~ equation) was four. The value  of 
the diffusion coeff ic ient ,  which is necessary for this ca lcula t ion,  was determined by means of the  Stokes-Einstein equa- 

t ion [8]. 

In view of the fact  that  in ca ta ly t i c  hydrogenation in the presence of an Adams pla t inum catalyst  the furanoquino- 
lines undergo hydrogenolysis and form derivatives of  3 -a lky l -2 -qu ino lone  [5,9]  we assume that the products of the e l ec -  
t rochemica l  react ion are also tetrahydro derivatives.  
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However, synthetic tetrahydroskimmianine proved to be polarographically active. Consequently, at some more 
negative potential the further hydrogenation of its molecule may take place (Fig. 1). 
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Fig. 2. IR spectra, a) Skimmianine; b) synthetic tetrahydroskim- 
mianine; c) product of the reduction of skimmlanine at - 1 . 9  V; 
d) product of the reduction of skimmianine at - 2 . 5  V; e) back- 

ground; f) carbostyryl; g) dihydrocarbostyryl. 

We carded out the electrolysis of skimmianine at controlled potentials o f - 1 . 9 0  and - 2 . 5 0  V and obtained two 
different products. The IR spectra of both products lacked bands characteristic for a furanoquinoline skeleton (3145, 
3115, 1622 cm -I)  [10]; instead, a band at 1680 cm -z appeared (Fig. 2a-2d) showing the hydrogenolysis of the base and 
the formation of a - -NH--C=O grouping. The results of a comparison of the IR spectra of the reduction product obtained 
at - 1 . 9  V with synthetic tetrahydroskimmianine showed that they were identical. In the IR spectrum of the product ob- 
tained by reduction at - 2 . 5  V, the carbonyl band was displaced to the high-frequency region (1710 cm '1 ) ,  which may 
be the consequence of a shortening of the chain of conjugation in which the carbonyl group participates [11]. 

+ 2 e - + 2 H z O ~ ~ ~  I +2OH' 
0 . O (I) 

We could not effect the catalytic hydrogenation of  tetrahydroskimmianine, which agrees with Cavallito and 
Haske11's results [7]. Consequently, to elucidate the mechanism of the reduction of this substance at a dropping mer-  
cury electrode we studied the polarographic behavior of a number of synthetic products: 2-quinolone (carbostyryl), and 
its derivatives 4-methoxy-2-quinolone,  tetrahydroskimmianine, tetrahydrohaploperine, the product of the reduction of 
dubinidinal [12], tetrahydroperforine [13], tetrahydrohaplophyllidine [14], 4 ,8-dimethoxy-N-methyl-2-quinolone,  
4, 7-dimethoxy-N-methyl-2-quinolone [15], and the alkaloid foliosidine. 

These compounds behave similarly at the dropping mercury cathode. They are not reduced in Britton-Robinson 
buffer solutions; in 0.1 N (C~Hs)4NI and (C2Hs)41qOH in 80% ethanol two-step chromatograms with well-defined first 
waves and diffuse second waves are formed. The sum of the heights of the waves corresponds to a two-electron process. 
In the buffers (C~Hs),C4OH + CH3COOH (or H3PO4), a wave appears between pH 6.5 and 12.0. For the carbostyryls we 
propose a mechanism of the electrode process which is confirmed by a comparison of  the UV spectra of synthetic 
dihydrocarbostyryl and the reduction product of carbostyryl and a controlled potential (Fig. 3, and scheme 1). 

The results of a comparison of the IR spectra of  synthetic carbostyryl and synthetic dihydrocarbostyryl (Fig. 2f and 
2g) show that in the spectrum of the latter the frequency Vma x for the carbonyl group is displaced to the high-frequency 
region (1690 c m ' l ) .  We have observed the same shift in the spectrum of  the electrolysis product of skimmianine at 
- 2 . 5  V (Fig. 2d). Consequently, tetrahydroskimmianine, being a stable intermedi~tte product of  the reduction of  
skimmianine, is reduced at a suitable potential by scheme 1 to hexahydroskimmianine. Thus, for skimmianine the 
total electrode process can be expressed in the following way: 

OCH~ ocH 3 OCH3 

+4e'+ 4H20. ~ ; ~  S ÷ 2e ,F2H:~O - [ ~ ~  C,H,, (2) 
c - " o 

CCH3 CH30 H I CH30 H 
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The difference between the frequencies for Vma x of the carbonyl group in spectra g and d can be explained by the 
capacity of dyhydrocarbostyryl for forming intermolecular hydrogen bonds, the presence of which lowers the carbonyl 
frequency u. The presence in hexahydroskimmianine of an 
intramolecular hydrogen bond between the hydrogen of the 
NH group and the oxygen of the methoxy group excludes the 
possibility of the formation of intermolecular bonds. 

Skimmianine, haploperine, 7-fagarine, and their 
tetrahydroderivatives exhibit similar polarographic behavior 
and therefore in all these cases the electrode process can 
be represented by scheme 2. 

Summary 

1. The furanoquinoline alkaloids skimmianine, 
haploperine, and 7-fagarine are reduced at a dropping 
mercury electrode in 0.1 N (C2Hs)4NI and (C~Hs)4NOH 
in 8 0% ethanol forming tetrahydro or hexahydro deriva- 
tives according to the potential of the electrode. 

2. Carbostyryl and N-methylcarbostyryl are re- 
duced under the same conditions to the corresponding 
dihydro derivatives. 

3. The proposed mechanism for the electrode 
processes is confirmed by a comparison of the UV and 
IR spectra of the substances before and after their elec- 
trolysis at a controlled potential with the spectra of 
synthetic compounds. 
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Fig. 3. UV spectra. 1)Carbostyryl; 
2) dihydrocarbostyryl; 3) product of 
the electrolysis of carbostyryl at a 

controlled potential. 
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