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[7+2]- AND [11+2]-CYCLOADDITION REACTIONS OF DIAZO-AZOLES 

WITH ISOCYANATES TO AZOL0[5,1-d][1,2,3,5]TETRAZINE-4-ONES ') 

Giinter Ege and Karlheinz Gilbert 

Organisch-Chemlsches Institut der Unlversitat 

Im Neuenheimer Feld 270, D-6900 Heidelberg 1 

Diazo-asoles react as 1,1- or l,ll-dipoles with isocyanates to form the hitherto unknown 

pyrazolo[S,l-d][1,2,3,5]tetrazine-l-ones, [1,2,3,5]tetrazino[5,4-blindazole-l-ones and 

[1,2,3]triazolo[5,l-d][l,2,3,5]tetrazine-4-ones in a 17+21- or [11+21-cycloaddition reaction. 

Recently we reported cycloreactions of diaso-asoles 

nium-, sulfonium-, pyridinium- or sulfene-type with 

triasoles'). 

with ylides of the diazoalkane-, phospho- 

the formation of 3H-asolo[S,l-clC1,2,41- 

In attempts to use phosphanimines 2 as ylides in the reaction with the diaso-pyrasole Ai we = 

did not obtain the expected 3H-pyrazolo[l,S-dltetrazoles i, but instead we isolated the car- 

bonyl-containing species 2; with a strong infrared carbonyl absorption at 1750 cm -' (scheme 1, 

cf table 1). 

Scheme 1 

b 
I 

a ’ b-Ck&O-GH( 
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Suggesting how these compounds could have been formed, a reasonable reaction sequence seems 

to involve isocyanates resulting from reaction of phosphanimines 2 with carbon dioxide from = 

the air3). In fact, we obtained the same products & and 1% from the diazo-pyrazole ifi with --- 

the isocyanates 

combinations of 

diaso-pyrazoles 

22 and 22, respectively. In order to show the scope of this reaction various 

diazo-asoles with isocyanates have been investigated. Thus a solution of the 

A; - ig in dichloromethane was added dropwise to an ice-cold solution of the 
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mono-isocyanates 5a - == z& or of the di-isocyanates i& - 2% also in dichloromethane. Usually 

after 12 h at room temperature no diazo-pyrazole could be detected by attempted coupling with 

2-naphthol. After removal of the solvent and addition of ether the pyrazolo[5,1-d][l,2,3,5]- 

tetrazine-l-ones 3Aa - === 3AA, & - 3&, :Es, $?&A - @J are obtained in good yields and nearly --- --- --- --- 

pure (scheme 2 and table I). 

Scheme 2 

R1,@,R3,X see table 1 

This reaction can be understood as a [7+2]cycloaddition of the diazo-pyrazole to the electron 

deficient hetero-double bond of the isocyanate 4,s) . Alternatives to the concerted [7+2]cyclo- 

addition are two step mechanisms consisting of (i) a ring nitrogen acylation to a 1,9-dipole 

followed by intramolecular coupling or (ii.) a [3+2]cycloaddition of the diazo-pyrazole to the 

isocyanate with subsequent [1,5]acylshift. 

Surprisingly the diazo-indazole IE (RI-E2: CH=CB-CH=CH) did react as a l,ll-dipole 

mono-isocyanates 2~ - 2: and with the di-isocyanate 22 in a [11+2]cycloaddition to 

[1,2,3,5]tetrazlno[5,4-blindazole-4-ones 3Eg - SEd and @?!JJ (scheme 2 and table I), --- --- --- 

with the 

the 

although 

the stability of Ag against electron deficient multiple bonds has been stated 
5c) . But the 

reaction time for IF == with minimal 24 h was markedly longer than in the case of the diazo- 

pyrasoles 1; - Lg. 

Even more slowly was 

nates 5c - 22 to the == 

table I). 

the reaction rate of 4-diazo-5-phenyl-[1,2,3]triazole 2 wrth the isocya- 

[l,2,3]triazolo[5,l-d][l,2,3,5]tetrazine-4-ones $30 - 8: (scheme 3 and 
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Scheme 3 

d- NC0 

5pg ) 

15d 

1 e 
R2,R3 see table 1 

Table 1 : Data of the azolo[S,l-d][1,2,3,5]tetrazine-4-ones 2, p and g [al. 

R1 R2 R3/X 
yield m.p. V(CO) 

[%I EOCI 
-1 

[cm 1 

1@! --- 

& 
3Ac =z= 

3Ad == 

3ne 

3Af === 

22 

3Ah === 

3Ai 
w= 

g?? 

2% 

3BC 
=== 

3cc 
=== 

3Dc === 

3Ec ___ 

;!zz 

3Fc 
=== 

3Fd 
== 

6Al 
I_ 

6Am 
=== 

6Fm ___ 

EC 
x 

Ed 
== 

CH 
3 'sH5 

CH 
3 'sH5 

CH3 'gH5 

CH3 
CH 
65 

CH 
3 'sH5 

CH 
3 'gH5 

CH 
3 'gH5 

CH 
3 'gH5 

CH3 'gH5 
CH 

3 'gH5 
CH 

3 'gH5 

'gHSCH2 'gH!3 
H 

'gH5 

'sH5 
H 

H 
C00C2H5 

H 
'OOCZH5 

CH=CH-CH=CH 

CH=CH-CH=CH 

CH 
3 'gH5 

CH 
3 'sH5 

CH-CH-CH=CH 

'gH5 

'gH5 

4-CH30-C6H4 

4-CH3-C6H4 

'gH5 
4-NO=-C6H4 

4-Cl-C6H4 

2,4,6-(CH3)3C6H2 

CH 
3 

C1CH2CH2 

(CH3)2CH 

CH3-(CH2)3 

(CH3)3C 

'gH5 

'sH5 

'sH5 

'gH5 
CH 

3 

'SH5 
4-N02C6H4 

-(CH2j6- 

'sH5 
4-N02C6H4 

86 182-184 1750 

97 171-172 1750 

79 143-144 1775 

98 190-192 1755 

62 178-182 1755 

96 176-178 1760 

84 134 1750 

68 95-96 1745 

62 83-84 1765 

86 oil 1775 

37 153-154 1775 

88 120-121 1755 

95 185-186 1760 

80 198-200 1755 

88 145-148 1770, 1720 

30 137-138 1765, 1715 

82 160-162 1745 

85 166-168 1750 

95 174-176 1750 

97 216-220 1765 

70 

41 

70 

172-173 1760 

140-142 

147-148 

1775 

1790 

[a] The analytical data (microanalyses and DV, IR, 'H-NMR, l3 C-NMR) of all products are in 

accordance with the assigned structures. 
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The azolo[5rl-d1[l,2,3r51tetrazine-4-ones 1, 5 and i are colourless to yellow compounds 

showing strong fluorescence in the solid state or in dichlorcnnethane solution in the long 

wavelength W region. At their melting points they decompose partially with gas evolution. 

The bicyclic and tricyclic compounds 3 =, $ and 0 contain the [1,2,3,5ltetrazine ringsystem 

that has been regarded as unstable 6) and which has been synthesized just recently 7) , whilst 

condensed [1,2,3,5]tetrazines were hitherto unknown. 

The azolo[l,2,3,5]tetrazine-4-ones are heteroanalogous to benzo[l,2,3]triazine-l-ones that 

have widespread use, for instance as diuretics, sedatives, tranquilizers and inflammation 

8) inhibitors . 

At present, we are investigating cycloaddition reactions of diaso-asoles with other hetero- 

cumulenes and fragmentation reactions of the cycloadducts continuing earlier studies 9) . 
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