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Condensation of diazoles with ~-dicarbonyl nitro compounds (nitromalondialdehyde 
and nitromalondiester) gives derivatives of azolo[5,l-c][l,2,4]triazine with a 
nitro group in the triazine ring. 

Cyc!ization of aliphatic nitro compounds is a basis for synthesis of nitrotriazines. It 
has previously been shown that construction of the 1,2,4-triazine ring (containing a nitro 
group) can be brought about by condensation of the ~-nitrocarbonyl compounds (nitroacetic 
ester [2] or nitroacetonitrile [3]) with diazoles. The reaction proceeds via formation of 
azolylhydrazones of nitroglyoxylic ester or nitrile. At the same time it is known that gly- 
oxal arylhydrazones and their derivatives may be readily obtained from B-dicarbonyl compounds 
by the Japp--Klingemann reaction [4, 5]. This stimulated us to examine the use of the more 
convenient and more stable B-dicarbonyl nitro products for the synthesis of azolo-annelated 
nitrotriazines rather than the monocarbonyl analogs. 

We have shown that the diazonium salts Ia-e (obtained from 3-carbethoxy-5-aminopyrazole 
or 3-R-5-amino-l,2,4-triazole) react with nitromalondialdehyde (II) in acid medium to form 
6-nitro-7-hydroxy-4,7-dihydroazolo[5,l-c][l,2,4]-triazines IIIa-e (see scheme). 
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In the IR spectra of IIIa-e there are observed bands corresponding to the symmetric 
(1330-1350 cm -x) and asymmetric (1540-1590 cm -~) absorption modes of the nitro groups together 
with a broad band (3100-3500 cm -~) which may be assigned to vibrations of the N--H and O--H 
bonds. The mass spectra of tne nitrotriazines show a molecular ion peak (M +) and decomposi- 
tion under electron impact conditions with ejection of OH' (ion F) and H=O (ion FI) (see Ex- 
perimental section) thus pointing to the presence of a hydroxy group in the molecule. The 
occurrence of nitro groups is confirmed by the characteristic processes [6] of sequential 
elimination of NO" and CO as well as nitro groups from ions F and Fx. For IIIa, loss of the 
nitro group occurs directly from ~~ Ions with m/z 68 and 67 point to the presence of a tri- 
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azole fragment in the molecule - the ion composition being supported by high resolution mass 
spectral data. For llla-e the general position is the same but, along with formation of F,, 
there are observed the fragments C2H4, 0C~H4, 0CaHj', and C00C2H4' fromM+andF~, which points 
to a carbethoxy group in the molecule. 

In their PMR spectra, compounds IIIa-e gave signals for the substituent protons in the 
azole ring as well as two doublets for 7-H (7.00-7.90 ppm) and the O-H (8.15-8.30 ppm) with 
a spln-spin coupling of 8 Hz. The inter-spln correlation of these protons was demonstrated 
by double resonance and by addition of DaO which caused the signal near 8 ppm to disappear 
and the doublet near 7 ppm to collapse to a slnglet. 

The 1,2,4-triazoles IZIb-e could be formed as the [5,1-c] or the [4,5-c] isomer. Exper- 
iments have shown [2, 3, 7] that the position of the triazole ring proton is an indication of 
the nature of the ring fusion and occurs at 8.55ppmin7=oxo-4,7-dihydro-l,2,4-triazolo[5~l-c] - 
[l,2j4]triazine, at 8.29 ppm in the 6-nitro derivative, and at 9.23 ppm in 7-oxo-4sT-dihydro- 
1,2~4-triazolo[4jb-c][l,2,4]triazine. The chemlcal shift of the triazole proton in IIIb 
(8.04 ppm) thus points to formation of the [5,1-c] isomer. The close similarity in the UV 
spectra of triazines IIIb-d suggests condensation at the triazole N, atom in the reactions 
of the substituted trlazoles Ic-e. 

Cycllzation to azolo[5,l-c][1,2,4]triazines when Ia-e were treated with nltromalondialde- 
hyde is difficult to envisage without the formation of the Japp--Klingemann nltroglyoxal hydra- 
zone but it was not possible to separate this intermediate even upon carrying out the reaction 
at-5~ Evidently, in the course of the reaction, the hydrazones IV very readily cyclize to 
derivatives of 6-nltroazolo[5sl-c][l,2,4]triazine V. The increased ~-deflciency of V leads 
to addition of water to form the sigma adducts, 6-nitro-7-hydroxy-4,7-dlhydroazolo[5,l-c] 
[l~2,4]triazines IIIa-e, which were separated from the reaction mixture. 

Heating the adducts III in methanol or ethanol causes substitution of hydroxy by alkoxy 
graups with formation of Via-c, boiling of which with water regenerates the adducts (scheme). 
The spectral data for VIa-c (see Experimental section) is in full agreement with their pro- 
posed structures. In the IRe bands are produced corresponding to the nitro and the amino 
groups. Fragmentation of the alkoxy adducts VIb, c under electron impact occurs with elimin- 
ation of OC2Hs" (ion F) and HOCaHs (ion F,) and further decomposition analogous to IIIb, c. 
The PMR spectra show signals for the azole part of the molecule: a singlet for 7-H (6.80-7.11 
ppm) and signals for methoxy (Via) or ethoxy (VIb, c) groups. 

Other 8-dicarbonyl nitro compounds react analogously to nitromalondialdehyde, e.g., the 
nitromalondiester VII condenses with diazo-l,2,4-triazoles (Ib, c) in the presence of sodium 
carbonate to give the sodium salts of 6-nitro-7-oxo-4,7-dihydro-l,2,4-triazolo[5,l-c][l,2,4]- 
triazoles (Vlllb, c), identical to products obtained from diazo-l,2,4-triazoles Ib, c and ni- 
troacetate [2]. 

EXPERIMENTAL 

UV Spectra were recorded for aqueous solutions on a Specord UV-vis, IR spectra in paraf- 
fin oil on a UR-20, and mass spectra on a Varian MAT-311A under standard working conditions 
[3]. PMR spectra were measured on a Perkin-Elmer R-12B using DMSO-d6 solvent andwere refered 
to HMDS as internal standard. 

3-Carbethoxy-6-nitro-7-hydroxy-4,7-dihydropyrazolo[5~l-c][l~2~4]triazine (Ilia). A sol- 
ution of sodium nitrite (0.8 g, ii mmoles) in water (5 ml) was added over 15 minutes to a 
solution of 4-carbethoxy-5-aminopyrazole (1.55 g, I0 mmoles) in nitric acid (d 1.4, 1.6 ml) 
and water (i0 ml) which had been cooled to 0~ After holding at this temperature for i0 min 
and mixing with a solution of sodium nitromalondialdehyde monohydrate (1.57 g, i0 mmoles) in 
water (7 ml), the product was stirred at 20~ for 3 h and filtered. The precipitated solid 
(Ilia) was crystallized from water and dried zn uacuo at 100=C over P20s to give 2.3 g, 90%, 
with mp 204-205~ UV spectrum, %max, log e: 218 (3.49), 238 (3.51), 370 nm (3.43). IR 
spectrum: 1330, 1590~ (NO2), 1730 (C==O), 3100-3400 cm-* (NH, OH). Mass spectrum (ionization 
temperature 120~ m/z (%)*: 46 (i0) [NO2] +, 53 (23), 65 (32) [C3H,N2] +, 66 (I0) [C3H2N2] +, 
67 (20), 95 (21), 146 (56) [F~ -- OCzH5 -- NO~] +, 162 (56) [F, -- OC=H5 -- NO] + , 165 (74) [F~ -- 

*lons reported have intensities >i0% of the intensity of the maximum peak in the spectrum. 
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COOC2H~] +, 191 (ii) [F~ -- NO2] +, 192 (i00) [Fz -- OC2H5] +, 193 (66) [F~ -- OC2H~] +, 209 (58) 
[M-- NO2] +, 210 (18) [M-- OC2Hs] +, 237 (43) [M-- H20] + (F~), 255 (47) M +. PMR spectrum: 1.30 

(3H, t, CH3), 4.3 (2H, q, CH2), 6.90 (IH, s, 2-H), 7.98 (IH, d, 7-H), 8.10 (IH, d, OH), 12.7 
ppm (IH, s, NH). Found: C 38.0; H 3.6; N 27.2%. CsHgNs05. Calculated: C 37.7; H 3.5; N 
27.5%. 

6-Nitro-7-hydroxy-4,7-dihydro-l,2,4-triazolo[5,l-c][l,2,4]triazine (IIIb) was obtained 
analogously to IIIa in 90% yield with mp ~300~ UV spectrum, ~max (log e): 202 (3.5), 340 
nm (3.84). IR spectrum: 1344, 1543 (NO2), 3150-3500 cm -~ (NH, OH). Mass spectrum (ioniza- 
tion temperature i40~ m/z (%): 46.(15) IN02] +, 53 (90) [F3 -- HCN] +, 67 (i0) [C2H~N3] +, ]+ 
68 (29) [C2H2N2] +, 80 (18) [F2 -- N2H]* (F3), 109 (22) [F -- NO -- CO] + (F2), 120 (60) [F~ -- NO~ 
137 (I0) IF -- NO] + , 166 (i00) [M -- H20] + (F~), 167 (31) [M--OH] + (F), 184 (30) M +. PMR spec- 
trum: 7.00 (IH, d, 7-H), 8.04 (IH, s, 2-H), 8.15 (IH, d, OH), 12.62 ppm (IH, s, NH). Found: 
C 25.8; H 2.7; N 45.0%. C~H4N603. Calculated: C 26.]; H 2.2; N 45.2%. 

2-Methyl-6-nitro-7-hydroxy-4,7-dihydro-l,2,4-triazolo[5,l-c][l,2,4]triazine (IIIc)ob- 
tained as for IIIa in 80% yield with mp 280-282~ UV spectrum, ~max (log ~): 203 (3.34), 
341 nm (3.90. IR spectrum: 1350, 1543 (NO2), 3050-3400 cm -~ (NH, OH). Mass spectrum (ioni- 
zation temperature 130~ m/z (,~): 46 (i0) [NO=J + , 67 (91) [F3 -- HCN]+, [C2H~N3] +, 68 (14) 
[C2H2N3] +, 94 (i~ [F2 -- NH] + (F3), 123 (ii) IF -- NO -- CO] + (F2), 134 (24) [Fx -- NO=] +, 150 
(I0) IF-- NO] +, 180 (i00) [M-- HzO] + (F~), 181 (19) [M-- OH] + (F), 198 (20) M +. PMR Spectrum: 
2.30 (3H, s, CH~), 7.10 (IH, d, 7-H), 8.30 (IH, d, OH), 12.60 ppm (iH, s, NH). Found: C 
30.0; H 2.8; N 42.2%. CsH6NeO3. Calculated: C 30.3; H 3.0; N 42.4%. 

2-Phenyl-6-nitro-7-hydroxy-4,7-dihydro-l,2,4-triazolo[5,l-c][l,2,4]triazine (IIId) was 
obtained as for IiIa in 75% yield with mp 199-200~ UV spectrum, Ama x (log s): 204 (3.50), 
256 (3.00), 340 nm (3.92). IR spectrum: 1340, 1540 (NO=), 3100-3400 cm-: (NH, Ok). PMR 
spectrum: 7.10 (IH, d, 7-h), 7.50-8.00 (SH, m, C6H5), 8.20 (IH, d, OH), 12.65 ppm (IH, s, NH) 

.3~. CIoHsN603. Calculated: C 46.1; H 3.1%. Found: C 45.7; H 3 

2-Carbeth~xy-6-nitr~-7-hydr~xy-4,7-dihydr~-~2,4-triaz~[5,~-c][~,2,4]triazine(~IIe) was 
obtained analogously to IIla in 80% yield with mp >300~ IR spectrum: 1350, 1560 (NO2), 
1730 (C=O), 3100-3400 cm -I (NH, OH). Mass spectrum (ionization temperature 120~ m/z (%): 
46 (ii) [NOz] +, 53 (60), 67 (36) [CzH~N3] +, 68 (29) [C2H2N3] +, 120 (I0), 165 (12) [F~ -- 
COOC2H4 -- H20] +, 167 (52) [M -- C2H~ -- OH] + , 180 (2~ [M -- CH2H~ -- NO -- H20] +, 184 (26) [M -- 
COOC2H~] +, 193 (i00)[F~ -- OC~H5~ +, 198 (18) [M-- C=H~ -- NO] + , 211 (17) [M-- OC=Hs] +, 228 (i0) 
[M -- CzH4] +, 238 (I0) [M -- H=O] (F~), 256 (i0) M +. PMR spectrum: 1.30 (3H, t, CHs), 4.25 
(2H, q, CHz), 7.05 (IH, d, 7-H), 8.30 (1H, d, OH), 12.65 ppm (IH, s, NH). Found: C 33.1; 
H 3.2; N 32.5%. CTHoN~O~. Calculated: C 32.8; H 3.1; N 32.8%. 

3-Carbeth0xY-@-nitro-7-methoxy-4,7qdihydropyrazolo[5~l,c][l,2,4]triazine (Vla). The hy- 
droxy~hdduct IIia (1.27 g, 5 mmoles) in methanol (20 ml) was refluxed for 5 min and evaporated 
to dryness ~; ~,~u~ to give Via in quantitative yield, mp 155-156~C. IR spectrum: 1340,.1550 
(NOz), 1680 (C~O), 3265 cm -~ (N--H). PMR spectrum: 1.30 (3H, t, CHs), 3.48 (3H, s, OCH~), 
4.30 (2H, q, CH=), 6.80 (IH, s, 7-H), 8.05 (IH, s, 2-H), 12.95 ppm (IH, hr. s, NH). Found: C 
39.8; H 4.3%. C~H~NsH~. Calculated: C 40.1; H 4.1%. 

6-Nitro-7-ethoxy-4,77dihydro-l~2,4ntriazolo-[5,l-c][l~2~4]triazine (VIb). Refluxing of 
IIIb (0.9 g, 5 mmoles) in ethanol (i0 ml) for 5min, cooling, and filtration gave VIb (0.75 g, 
70,%) with mp 164-165~ IR spectrum: 1344, 1540 (NOz), 3122 cm -~ (NH). Mass spectrum (ion- 
ization temperature 60~ 46 (i~ [NOz] +, 53 (80) [F~ -- HCN] +, 67 (IO)[CzHzNs] +, 68 (40) 
[CzHzN~] +, 71 (64), 80 (29) IF -- NO -- CO -- HzO] + (Fs), 120 (33) [F~ -- NO=] +, 121 (71) [F -- 
NOz] +, 166 (88) [M -- HOC=H] + (F~), 167 (i00) [M -- OC=H~] + (F), 212 (13) M +. PMR spectrum: 
1.10 (3H, t, CHs), 3.85 (2H, q, CH=), 6.95 (IH, s, 7-H), 8.04 (IH, s, 2-H), 12.60 ppm (IH, s, 
NH). ~ound: C 34.0; H 4.0%. C~H~N~O~. Calculated: C 34.0; H 3.8%. 

2-Methyl-6-nitro-7-ethoxy-4,7-dihydro-l,2,4-triazolo[5,l-c][l,2,4]triazine (VIc) was ob- 
tained analogously toVIb in 75% yieldmp 230~ IRspectrum: 1344, 1556 (NOz), 3110cm -~ (NH). 
Mass spectrum (ionization temperature 60~ 46 (15)[NO~]*, 67 (70) [F~ -- HCN]+,[C~H~N~] +, 
68 (30) [C~H~;~] +, 94 (26) [F -- NO -- CO -- NH~] + (F~), 134 (i0) [F~--NO~] +, 135r (73) [F -- NO~] + 

180 (86) [M -- HOC~H~] + (F~), 181 (I00) [M -- OC~H~] + (F), 226 (15) M +. spectrum: 1.08 (3H, 
t, CH~), 2.3i (3H, s, CH~), 3.55 (2H, q, CH=), 7.11 (IH, s, 7-H), 12.60 ppm (IH, s, NH). 
Found: C 36.9; H 4.5; N 37.7%. C~HzoN~O~. Calculated: C 37.2; H 4.5; N 37.2%. 
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6-Nitro-7-oxo-4,7-dihydrg-l,2,4-triazoloIb,l-c][l,2,4]triazine , Sodium Salt <Vlllb). A 
solution of the diazonium salt of 5-amino-l,2,4-trlazole (1,7 g, 20mmoles), nitromalonicdi- 
ester (4.4 g, 20 mmoles) and NaaCO, (3.2 g) was mixed in ethanol (50%, 20 ml). Stirring for 
1 h at 0~ and 2 h at 20~ and filtration gave triazine VIIIb (1,25 g, 60%) with mp >300~ 
(from [2], mp >300~ 

2-Methyl-6-nitro-7-oxo-4,7-dihydro-l,2,4-triazolo-[5,l-c][1,2,4]triazine, sodium salt 
(VllIc) was obtained by the method described above in 55% yield with mp 282-284~ (from [2], 
mp 282-284~ 
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It is shown that when 3,4-diaminofuranzan reacts with formic acid under various condi- 
tions there is, along with the mono- and diformylation, an intermolecular re- 
action leading to a polymeric compound. The diamine under consideration forms 
a monoazomethine with salicylaldehyde but a bis(azomethine) complex with the 
salicylaldehydate of divalent nickel. 

It is known that as a consequence of the extremely low basicity of the NH2 groups in 
aminofurazans [i, 2], the latter have substantial difficulty in reacting with carbonyl- 
containing compounds [i]. 

In the present paper, we report on an attempt to obtain imidazo[d,c]furazan (II) and 
azomethines from 3,4-diaminofurazan (I) with salicylaldehyde (III). These products are of 
interest as potentially biologically active substances [i] and as ligands for complex form- 
ation [4]. 
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