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Synthesis of isoquinoline- and indole-alkaloids is undoubtedly one of the most interesting 

subjects in organic synthesis,' and has been studied extensively, while methods of formation of 

a heteroring by annelation are not necessarily established in alkaloid systems. 
3 

We wish to describe herein a novel annelation forming a heteroring by electroreductive 

addition of alk,yl halides to imnonium salts.4 
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General reaction procedure is as follows: A solution of an imnonium salt (30 mnol) in 

dimethylformamide (70 ml) was electrareduced at -1.8 V vs. SCE in a divided cell equipped with 

platinum electrodes and a plate of lead metal which may behave as a scavenger of halogen. 

After 3 F/mol of electricity was passed, the solvent was evaporated, and the residue was poured 

into aqueous potassium hydroxide (50 ml) followed by the extraction with three portions of 

ether (50 ml). The combined organic layer was dried over magnesium sulfate, and was evaporated. 

The residue was subjected to column chromatography(alumina, THF/hexane) to yield the cyclized 

product.5 

Some results leading to the synthesis of indole- and isoquinoline-alkaloids are shown 

in the following schemes. 
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The first product 6 obtained by the electroreduction of the isoquinolinium salt 5 

reduced by sodium borohydride7 without its isolation, since the product6 was unstable 

was 

because 

of its enamine structure. 
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This electroreductive annelation was not limited to the heteroring possessing one 

heteroatom, but was successfully applicable to heterocycles with two heteroatoms such as 

the salt 10. Synthesis of the compounds like 11 would not be facile by the conventional 

chemical methods. 
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18aR=H 110, 30 % 
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The intermolecular reductive addition of alkyl halides to immonium 

reaction conditions as the annelation also gave good results leading to 

salts under similar 

synthesis of alkaloids 
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such as Laudanosine (13~1, in good yields. 
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12 

The voltammetric reduction peak potentials of the immonium salt 12 and benzyl bromide are 

shown in Figure 1, and the relationship between yields and cathode potentials is sumnarized in 
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lb, RX=C6H5CH2Br 65 % 

b, RX=4-CH30-C6H4CH2Br 73 % 

c, RX=3,4-di-CH30-C6H3CH2Br 85 

d, RX=CH31 35 % 

% 

Table 1. The fact that the reduction peak of immonium salt12 was observed at more positive 

potential than that of benzyl bromide and the best yield was obtained when the cathode potential 

was between the reduction peak potentials of the imnonium salt 12 and benzyl bromide suggests 

that the reaction was initiated by reduction of the immonium salt 12 to an anionic species 

as shown below. 
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Figure 1. 
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The cyclic voltamnogram of 
V us. SCE 

the immonium salt 12 (solid line) and benzyl 
bromide (dashed line) in DMF, 0.1 M Tetraethyl 
ammonium p-toluenesulfonate at 100 mV/sec. 
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Table 1. The relationship between isolated 
yields and cathodic potentials 

Reaction Potential (V OS. SCE) Yield (%) 

-2.0 45 

-1.8 65 

-1.6 35 

-1.4 -0 

Yields were determined at the time when 3 F/mol of 
electricity was passed. 

Although the yields are still not satisfactory in certain cases, this new reaction may be 

remarkable in its mild reaction conditions, simplicity, and potentiality to yield heterocycles 

prepared difficultly by other multistage methods. 
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