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REACTION OF 5HALO-1,2,3-TRIAZINES WITH SUPEROXIDE; 
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Summary: 5Halo-1,2,3-triazines were allowed to react with electrolytically produced superoxide to 
give 5-hydroxy-1,2,3triazines. Reaction with hydroxide anion gave ring opening products, therefore 
this substitution was specific for superoxide. 

Among six membered heteroaromatic compounds, monocyclic 1,2,3-triazinesl ) are highly n-deficient 

because of three nitrogen atoms in the ring. Their aromaticity was suggested by 1 H-NMR2) and X-ray 

crystallographic analysis.3) but the ring system is moderately unstable4) and the nucleophilic reaction 

occurred at 4-position to cause the ring opening along with‘evolution of nitrogen.5) Hence, the general 

method for the substitution of x-deficient six membered heteroaromatics6) (nucleophilic attack followed 

by oxidation) is not available for the substitution of 1,2,3-triazine. In order to prepare 1,2.3-triazines 

which have functional groups at their 5-positions, we synthesized 5-halo-1,2,3-triazines 1 7, and 

attempted the nucleophilic reactions to them. In this paper we report the synthesis of 5-hydroxy-1,2,3- 

triazines 2 by a nucleophilic reaction which is feasible only with electrogenerated superoxide. 

Hydroxyazines such as 2 are of general interest from the viewpoint of aromaticity and tautomerism.6) 
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Introduction of the leaving group at 5-position could not change the reaction site of 1 with hydroxide 

anion. For example, treatment of 1 b with sodium hydroxide in CH3CN-H20 for 5hr gave the many 

products, part of which were arising from the attack of 4-position and succeeding ring opening(3 and 4), 

and 5-hydroxytriazine 2b was obtained only in a poor yield (scheme 2). 
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However when 1 were electrolyzed in an atmosphere of oxygen, the reaction proceeded at the 

reduction potential of 02 and gave 2 (scheme 1 and Tabfe). In the typical experiment, la was dissolved In 

O.lM tetraethylammonium perchlorate solution of acetonitrile and a stream of oxygen was bubbled into the 

solution through a gas dispersion tube which was Inserted into the cathode chamber of a H cell containing 
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platinum electrode. The potential was set and maintained at -0.87 V vs. SCE until the starting material was 

entirely consumed(30 min for la). The solvent was evaporated and the residue was dissolved in ether to 

remove insoluble supporting electrolyte. After that the solution was evaporated to leave the residue which 

was chromatographed on silica gel to give 2~. The reaction proceeded at the potential of one electron 

reduction of oxygen, which suggests the participation of superoxide anion. However, the reaction with 

potassium superoxlde resulted In low yields of 2, because the trace amount of hydroxide anions) in 

reaction medium caused the ring opening of 1 much faster than the substitution with KO2. 

Although superoxide has redox, anionic, and radical nature,lO) and is biologically one of the most 

important radical species,’ ‘1 the reactivity in itself is relatively low for synthetic use.12) There are 

few reports that presented the aromatic nucleophilic substitution with superoxide,l 3114) and their 

substrates were limited to the ones that reacted also with hydroxide anion to afford the same results. 

Frimer et al. proposed that one electron transfer from superoxide followed by addition of molecular 

oxygen proceeded rather than direct nucleophilic attack in the case of halonitrobenzenes as substrates.14) 

The similar mechanism might be conceivable in our cases because 1 is highly n-deficient as same as 

halonitrobenzenes. The reaction mechanism is now under investigation. 

Table Reaction of 5-halo-1,2,3-triazines with electrolytically produced superoxide 

substrate R’ X El/*(V) yield of 2 (%) 

la Me Me Br -1.48 95 

lb Me Ef Br -1.52 97 

lc Ef Ef E?r -1.48 66 

Id Me ph Br -1.27 74 

le Ftl F4l u -1.26 25’5) 
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