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Summary Electrolytically generated superoxrde reacted with 5halo-1,2,3-tnazines 1 to afford 5 

hydroxy-1,2,3-tnazines 2 Reaction of 1 with hydroxide amon or potassium superoxrde resulted in 

complicated mrxture of products, therefore the reaction was specific for electrogenerated superoxide 

The reaction mechanism was mvestrgated wrth electrochemical methods, and rt was revealed that one 

electron transfer from superoxide to 1 mitralrred the reactron 

Monocyckc 4,6-disubstituted 1,2,3-tnazines 3’) have such high x-deficiency that they are easily 

attacked with nucleophrles The reactron site was mainly C-4,*) and succeeding ring opening occurred 

to form a$-unsaturated 6-ammoketone derivatives 3) Thus the direct mtroduchon of substituents by 

the nucleophrlic substdution4) was unsuccessful for 3 Moreover, general method for the synthesis of 

3 mvolved the oxrdatlon of corresponding l-aminopyrazoles,5) therefore it was impossible to 

Introduce prevrously the functional group whrch was labile under oxrdahve conditions In order to 

prepare 1,2,3-triazines having functional groups, we synthesized 5halo-1,2,3-tnazmes 1 ,6) and 

investigated the reactrvity of 1 As a result, 1 was allowed to react with electrolytrcally generated 

superoxide to give 5-hydroxy-1,2,3-triazne 2 ‘) In this paper, we report the detailed results of the 

reaction and the reactron mechanism using electrochemical methods 

Oxygen molecule IS known to be reduced electrolytically ( -0 87V vs saturated calomel electrode 

SCE) In aprotrc solvent to form superoxide amon radical 8) When the reduction was carried out n the 

presence of 1 in CH3CN, subshtutron reaction proceeded to form 2 ( scheme 1 and Table 1 ) 
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Table 1 Reaction of 5-Halo-1,2,3-tnaxrnes 1 with Electroiyticaiiy Generated Superoxrde 

substrate R’ 

la Me 

lb Me 

1c Et 

Id Me 

le Ph 

Fts 

Me 

Et 

Et 

Ph 

Ph 

X 

Br 

Br 

Br 

Br 

Cls) 

h/2(V) reacl time yleid of 2 (K) 

-1 46 1 0 hr 95 

-1 55 1 0 hr 97 

-1 56 1 0 hr 66 

-1 27 1 0 hr 74 

-1 26 40 hr 25 

First reduction potentrals of ail substrates 1 were consrderably less than the applred potenhal, thus 

only oxygen was supposed to be reduced electroiytrcaily in these condmons No eiectnc current was 

observed on the reductron at -0 67V In the absence of oxygen (under argon atmosphere), and the 

reduction at -1 4V under argon resulted in the formation of corresponding tnazine (scheme 2) 10) 

Br H 

Me 
CH&N-Et4NCt04-(Pt) 

N .N*N 
y&f 7Q%“’ 

-1 4QV vs SCE under Ar 

Id 
scheme 2 

34 

For the analysis of the reachon mechanism, the study using cyclic voitammetry was performed 

Table 2 shows the reductron potentials of 1 and corresponding 1,2,3-tnazmes 3 Halotnaxrne 1 had 

two ureversrbie reduction waves, and the value of the second one was almost as same as that of 3 The 

fact indicated that one electron reductron of 1 resulted in the formation of 3, whrch was performed by 

halide release followed by hydrogen abstractron 

Fig 1 shows the cyclic voitammogram of 5-bromo-4,6-dImethyl- ,2,3-tnazme 1 a under argon 

atmosphere it was observed that one electron reductron occurred rrreversrbiy, and the oxrdatton wave 

of bromide anion appeared on the reverse posmve-going sweep 12) Thus phenomenon also suggested 

that one electron reduction of la caused the elrmmatron of bromrde anion, even In the absence of 

superoxide or oxygen 
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Table 2 Redox Potentiais of Haiotriazines 1 and Tnazrnes 3 n CH3CNIEt4NCi04 

R’ R2 R3 El/2(V) SCE 

la Me 

3a Me 

lb Me 

3b Me 

1c Et 

3c Et 

Id Me 

3d Me 

le Ph 

38 Ph 

Me Br 

Me H 

Et 

Et 

Br 

H 

Et Br 

Et H 

Ph 

Ph 

Br 

H 

Ph 

Ph 

Cl -1 26 -1 66 

H -1 64 

-1 46 -1 93 

-1 95 

-1 55 -1 96 

-1 96 R3 

-1 56 -2 01 N .N*N 

-2 03 

1 or3 

-1 27 -1 60 

-1 62 

Fig 2 affords the cyckc voitammograms of oxygen n the absence or n the presence of la it was shown 

that the mcreasrng concentratkn of la caused the cathodrc peak current of 02 and the anodrc peak 

current of Br to increase, and also caused the anodrc peak current of superoxlde to decrease Thus it 

was revealed that the eiectrogenerated superoxrde reacted with la, and bromide amon was released In 

the same way as the one electron reduction of la Thus superoxide was suggested to act as one electron 

reductant 

The above results mdrcated us the reaction mechanism as shown in scheme 2 At first, haiotnazrne 

1 was reduced by superoxide to form anion radical 4 The release of hakde amon from 4 was occurred 

spontaneously to afford a radical 5, whrch was supposed to abstract hydrogen atom from the soivent to 

produce tnazine 3 in the absence of oxygen The presence of oxygen caused the formatron of a peroxy 

radical 6, which led to hydroxytnazme 2 There are few reports that presented the aromatic 

substitution with superoxide ‘3~‘~) Fnmer et al proposed that one electron transfer from superoxide 

followed by addition of molecular oxygen took place In the case of haionitrobenzenes as substrates 13) 

The reaction mechanism shown in scheme 2 IS similar to the case, except that the nucleophric addition 

of oxygen occurred after halide elimination ‘5) 

A specrfrc feature of our reachon system was that potassrum superoxrde was not available for the 

substitution Reactions with KOqll 6-crown-61 6, instead of electrogenerated superoxide resulted In 

the complicated mixture of products, part of which were derived from ring-openmg reactron, and the 
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Fig. 1 Cyclic voltammogram for la under argon atmosphere In acetonltrrle 
(0 1 M tetraethylammonium perchlorate ) at mercury electrode 

+1 

El/2 (V) vs. SCE 

Fig. 2 Cychc voltammogram for molecular oxygen m the absence and presence 
of la In acetonltdle( 0 1 M tetraethylammonum pet-chlorate ) at mercury electrode 

Concentrabon of 5-bromo-4,6-dimethyltnazlne la 
(a) - 0 mM (b) ---- 2 5 mM (c) - - - 75 mM 
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reactron rate was much slower The resutt was almost the same as in the case of KOH as a reagent, which 

means that KO2 was not an effective reductant for 1 The slight solublity and iow reduction abBtyt7) 

of potassium superoxide might cause the slow reaction rate, and the trace amount of hydroxide 

anronl6) in the reaction medium would attack C-4 position of tnazine to bnng about the ring 

opening 19) 

-14OV under Ar 
OH 

R’ 

* 

R2 

N .N*N 
2 

H 
R’ R2 

N .N*N 

1 .H “fiR2 9 ~ “AR2 

under Ar .N*N under Q N .N’N 

3 5 

scheme 3 

6 

in this paper we described the novel aromatic substnutlon wrth eiectrogenerated superoxrde The 

method may be useful for the substitution of the compounds which are labile under basic condition. 

Hydroxytriazmes thus obtained are of interest from the viewpomt of aromascity and tautomensm 20) 

The physical properties of them are the subjects of contmuing studies 

EXPERIMENTAL 

All melting points were taken on a Yanaco micro melting point apparatus and are uncorrected The 

mass spectra were measured with a JEOL JMSD300 instrument The nuclear magnetk resonance 

spectra were taken on JEOL JNM-FXlOO and GX400 spectrometers using tetramethylsiiane as an 

internal standard 

General Procedure for the Preparation of S-Halo-1 ,i,ttriazines Compounds 1 a, 1 d , 

and le were already reported 6b) The other substrates 1 b and 1 c were synthesrzed by the oxidation of 

correspondrng 1-amlnopyraxoles with Kbromosuccmrmrde ( NBS ) 1-Ammopyrazoies were obtained 

from the A!-aminahon of corresponding pyrazoles with hydroxytamrne 0suifonfc acrd in EtOH at 65°C 

A methytene chlonde soiutron of 1-amnopyrazoie was treated with a solutron of NBS ( 2 molar q wrth 

respect to the aminopyraxoie ) at 0°C After Phrs’ reaction, the reaction mixture was filtrated to 
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remove insoluble substance, and the filtrate was evaporated to leave the residue, which was 

chromatographed on alumina ( hexaneCHpCl2 ) to give 5bromo-1,2,3-triaxine 

1-Amino-3-ethyl-5-mothyfpyrazole: Yellow 011, Mixture with 1-amino-5-ethyl-3-methyl- 

pyrazole. 1 H-NMR (CDCl3) of the mapr one, 6: 1 20 (3H. t, J=7Hz), 2 24 (3H. s). 2.65 (2H, q, 

J.=irHz), 5 66 (lH, s) 1 H-NMR (CDCl3) of the mmor one, 6 1 24 (3H. 1, J=7Hr). 2 16 (3H. s), 

2 62 (2H, q, J=7Hz), 5 60 (lH, s) Exact MS m/z (M+), Calcd for C6Hll N3: 125 095 Found 

125 095 

1-Amino-3,5-diethylpyrazola: Yellow 011. ’ H-NMR (CDCl3) 6 1 16 (6H, 1, J-7Hr). 2 52 

(2H, q, J=7Hz), 2 62 (2H, q, J=7Hz), 4 71 (2H. bs), 5 66 (lH, s). ‘3C-NMR (CDCl3) 8 12 9, 

136, 165, 21 5, 1000, 1449, 1506 Exact MS m/z (W), Calcd for C7Hl3N3 139.111. Found 

139 113 

5-Bromo-4-ethyl-6-methyl-l,2,3-triazine (1 b): Colorless 011 1 H-NMR (CDC13) 6 1 39 

(3H, 1, J=7Hr), 2 76 (3H, s), 3 06 (2H, q, J=7Hz) 13C-NMR (CDCl3) 6 11 6, 22.6, 26 9, 126 4, 

160 1, 163 3 Exact MS m/z (M+), Catcd for C6HsN3Br 200 990. Found 200 992 

5-Bromo-4,6-diethyl-1,2,3-trlazine (1~): Colorless 011 1 H-NMR (CDCl3) 6 1 40 (6H. 1, 

J=7Hz), 3 09 (4H, q, J=7Hz) ‘3C-NMR (CDCl3) 6 11 5, 30 0, 125 9, 1634. Exact MS m/z 

(M+), Calcd for C7HlON3Br 214 999 Found 215 002 

General Procedure for the Reaction of I-Halotriaziner with Electrolytically Produced 

Superoxlde 5-Halotnazine ( lmmol ) was drssolved in 40 ml of 0 1 M tetraethylammonium 

perchlorate solution of acetonitnle 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 contarning platmum electrode. 

The electrolysis was carried out with Yanaco VE-9 potentio/galvanostatic electrolyzer and Nikko 

Kersoku potentrogafvanostat NPGS-2501 The potential was set and maintamed at -0 67 V vs SCE until 

the starting material was entirely consumed In the case of 18, the substrate was detected even after 

4hr, though the other substrates were reacted within 1 hr After the electrolysis. the solvent was 

evaporated and the residue was drssolved in ether to remove insoluble supporting electrolyte The 

residual solutron was evaporated, and the residue was chromatographed on sikca gel to give 5-hydroxy- 

1,2,3-triazine 2 

5-Hydroxy-4,6-dimethyl-1,2,3-triazine (la): Yield 95 % Colorless needles from hexane- 

AcOEt, mp 206°C Elemental analysis was unsuccessful because of 2a’s hrgh subkmmabfeness lH- 

NMR (CDCl3) 6 1 90 (IH, bs), 2 28 (6H, s) 13C-NMR (CDC13) 6 15 6, 152 7, 165 6 Exact MS 

m/z (M+), Cakxl for C5H7N30 125 059 Found 125 059 

4-Ethyl-5-hydroxy-6-methyl-1,2,3-triazfne (2b)- Yield 97 % Colorless granules from 

CH30H, mp 181°C Anal Calcd for C6HgN30 C, 51 78, H, 6 52, N, 30 20 Found C, 52 09. H, 6 59, 

N. 30 00 ’ H-NMR (CDCl3) 6 1 20 (3H, 1, J-7Hz). 2 24 (lH, bs), 2 29 (3H, 8). 2 76 (2H, q, 

J=7Hz) 13C-NMR (CDCl3) 6 10 1, 158, 224, 1533, 1566, 165 2 
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4,6-Diethyl-s-hydroxy-1,2,3-triazine (PC): Yield 66 %. Colorless granules from CH30 H ; 

mp 172°C Anal Cakd for C7HllN30, C, 54.66, H, 7.24, N, 2743 Found C, 55 06, H, 7.35: N, 

27 24 ‘H-NMR (CDCl3) 6 1 19 (6H. 1, J=7Hz). 2 16 (lH, bs). 2 79 (4H, q, J=7Hz). ‘3C-NMR 

(CDC13) 6 10 17. 22.41, 1569, 1649 

6-Hydroxy-4-methyl-6-phenyl-1,2,3-trlazlne (2d): Yteld 74 % Colorless granules from 

CH30H, mp 182°C Anal Cakd for C10HgN30 C, 64.16, H, 4 85, N, 22 45 Found C, 64 31, H, 4 84. 

N, 22 26 ‘H-NMR (CDC13) 6 2 17 (lH, bs), 2 41 (3H. s), 7 31-7 41 (3H,s). 6 12-6 25 (2H, s) 

13C-NMR (CDCl3) 6 15 5, 1277, 1279, 129 5, 132 3, 1477, 156 4, 164 1 

5-Hydroxy-4,6-dlphenyl-1,2,3-triazlne (2e): Yield 25 % Colorless granules from CH30 H , 

mp 19PC Anal Calcd for Cl5HllN30 C, 72 27, H, 4 45, N, 16 66 Found: C. 71 96, H, 4 25, N, 

16 26 1 H-NMR (CDCl3) 6 1 26 (1 H, bs), 7 32-7 40 (6H, m), 6 10-6 20 (4H, m) ‘3C-NMR 

(CDC13) 6 1276, 1262, 1297, 1324. 151 6. 163 1 Exact MS m/z (M+), Cafcd for Cl5HllN30 

249 090 Found 249 091 

Cyclic voltammogram The substrate ( 0 1 mmol ) was dtssolved in 10 ml of 0 1 M 

tetraethylammontum perchlorate solution of CH3CN The redox potential and cyckc volfammogram were 

measured with a Yanaco P-1100 polarographic analyzer For the measurement of redox potential, 3b 

and 3c were newly synthesized according to the previously reported method la) 

4-Ethyl-6-methyl-1,2,3-trlazlne (3b): Colorless oil 1 H-NMR (CDCl3) 6 1 38 (3H, 1, 

J=irHz), 2 67 (3H, s), 2 95 (2H, q, J=7Hz), 7 07 (lH, s) ‘3CNfvlR (CDCl3) 6 12 4, 21 7, 28 6, 

116 5, 159 4, 163 7 Exact MS m/z (M+), Calcd for C6HgN3 123 080 Found 123 080 

4,6-Diethyl-1,2,3-triazlne (3~) Colorless oil ’ H-NMR (CDCl3) 6 1 38 (6H, 1, J=7Hz), 

2 85 (4H, q, J=7Hz), 7 04 (lH, s) l3C-NMR (CDCl3) 6 124, 287, 1153. 1839 Exact MS m/z 

(M+), Calcd for C7Hll N3 137 095 Found 137 097 
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5-Bromo-4,6-drphenyltriaxme was not obtained by the oxldatron of corresponding aminopyrazole 

wnh NBS. Bromine atom was supposed to be stencally too large to substitute between two phenyl 

groups. The reasons for low yield of 2e is thought to be the stem: hindrance of phenyl groups 

and the relatively bw reactivity of chloro group toward substitution 

When Id was electrolytically reduced at -1 6OV, no products were obtained in spite of the 

complete consumption of Id The electrogenerated base 21) IS probably responsrble for thus 

result, because 1,2.3-tnazne IS unstable under basic condition 

The reaction was carried out under the same condittons except that argon gas was bubbled instead of 

oxygen, and the potentral was set at -1 40V The yield was based on the conversDn of Id The 

conversron was bw (30%) because of the decay of the electrtc current during the reactron 

Oxrdatron potential of released bromrde anion agreed with that obtamed from tetraethylammonrum 

bromrde Die&R, Forno,A E J , Larcombe,B E , Peover,M E J Chem Sot. (B), 1970, 816 

Levonovrch,P. F , Tannenbaum,H P , Dougherty,R C J Chem Sot , Chem Commun ,1975,597 

Fnmer,A , Rosenthal,1 Tetrahedron Lett , 1978, 2809 

When the cyckc voltammogram of 2,4-drnrtrobromobenzene was measured under argon 

atmosphere,the release of bromide anion was not observed on the reverse posrtive-gomg sweep 

Therefore, the nucleophrkc attack of oxygen was occurred before the bromide eliminatron, which 

was drfferent from our case 

In the reaction, Id (1 0 mmol), KO2 (3 0 mmol), and 18-crown-6 (1 0 mmol) were reacted in 

abs CH3CN (5 ml) under 02 atmosphere It took 3 days for Id to be entirely consumed, and 2d 

(10%),4-amino-3-bromo-4-phenyl-3-buten-2-one(~lO%), 4-amino-4-phenyl-3-buten- 

P-one (x5%), and other unrdentrfred minor products were obtained 

In the reaction of some quaternary heterocycles, 22) K02 and electrogenerated superoxtde exhibited 

quite different redox reactrvities The results will be shown in the following papers 

KO2 reacts readily with H20 to give hydroxide anion 

Nucleophrltc attack to 1,2,3-tnaxnes occurrs quite easily For example, parent 1,2,3-tnazine 

was decomposed by only dissolving in methanol 

Prelrmrnary results of the X-ray crystallography of 2e showed the considerably short C5-0 bond 

length (1 23A), whrch rndrcated the keto form was predominant n the solid state The detailed 

results will be reported elsewhere 
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