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The Preparation of a Nitropyrido[3,4-~]furoxan : 7-Nitro[l,2,5]oxadiazolo- 
[ 3,4-c] pyrid ine 3- Oxide 
By A. S. Bailey," M. W. Heaton, and Miss J. 1. Murphy, Dyson Perrins Laboratory, South Parks Road, Oxford 

7-Nitro[1,2,5]oxadiazolo[3,4-c]pyridine 3-oxide has been obtained by decomposition of 4-azido-3,5-dinitro- 
pyridine. The compound formed charge-transfer complexes with aromatic hydrocarbons and added the elements 
of water to yield a crystalline hydrate. 

INTEREST has recently been shown in the structure of 
benzof~roxans,l-~ their complex-forming ability,4 and 
the reactions of 4,6-dinitrobenzofuroxan with alkali.696 
It was of interest to extend this work by preparation 
of pyridofuroxans. Boyer described the preparation 
of pyrido[2,3-c]furoxan (I) but was unable to prepare 
pyrido[3,4-c]furoxan (11; R = H) by heating solid 
4-azido-3-nitropyridine (I11 ; R = H) , high-melting 
amorphous material being obtained. We have ex- 
amined the decomposition of compound (111; R = H) 
in a variety of solvents and have failed to isolate the 
furoxan (11; R = H). The volume of nitrogen evolved 
was 0.98-1-0 moles in either ethyl benzoate or in 
2-azidonaphthalene solution a t  60-70". The activ- 
ation energy for this decomposition (30-1 & 1-3 kcal.) 8 

was higher that that of l-azido-2,4-dinitrobenzene 
(25.5 0.8 kcal.) 8 and lower than that of phenylazide 

R&NOi 

N 
rn;, 

N -0 

(39.0 k ~ a l . ) . ~  Failure to isolate the furoxan could be 
due to attack by the azene formed by loss of nitrogen 
from (111; R = H) on the pyridine nitrogen atom 
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rather than the oxygen atom of the nitro-group in the 
ortho position. Repetition of this process would give a 
polymer. It is known that the nitrogen atom of pyrid- 
ine is attacked by azenes.1° However, the value of the 
energy of activation for the decomposition of compound 
(111; R = H) suggests that the loss of nitrogen is 
assisted by the ortho-nitro group; l1 if an azene was 
produced from compound (111; R = H) it could react 
with the 2-azidonaphthalene used as solvent to give an 
unstable tetrazene, which would decompose with evolu- 
tion of a second molecule of nitrogen.12 We failed to 
quaternise compound (111; R = H) with methyl iodide 
to prevent attack on the nitrogen atom. 3-Azido- 
4-nitropyridine l-oxide and 4-azido-3-nitropyridine 
l-oxide were also prepared but only yielded amorphous 
high-melting solids on heating in solution. Compound 
(11; R = H) and its simple derivatives appear to be un- 
stable at room temperature. Smalley and his co- 
workers have recently reported on their failure to ob- 
tain compound (11; R = H).13 

The nitropyrid0[3,4-~]furoxan (11; R = NO,) was 
then prepared from the corresponding azide (111; R = 
NO,), which is readily prepared from 4-chloro-3,5-dinitro- 
pyridine. This chloro-compound was prepared via 
3,5-dinitro-4-hydroxypyridine,14 and from 3,5-dinitro- 
4-hydroxypyridine l-oxide.15 The last-named com- 
pound was observed to form highly crystalline salts with 
bases (including hydrazine) and transition metals (such 
as copper, cobalt, manganese, and nickel). It was also 
observed to form charge-transfer compounds with three 
hydrocarbons (naphthalene, 2,6-dimethylnaphthalene, 
and pyrene) . These complexes contained two molecules 
of the reagent per molecule of hydrocarbon, in contrast 
to the picric acid complexes of these hydrocarbons. 
Decomposition of the azide (111; R = NO,) under 
various conditions was examined. In dry benzene it 
decomposed smoothly giving the pyridofuroxan (I1 ; 
R = NO,), a bright yellow solid whose identification was 
supported by a molecular weight determination (benzene 
solution). The n.m.r. spectrum (CDC1,) showed two 
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sharp bands at T 0.54 (6-H) and 0-69 (4-H); the i.r. 
spectrum contained bands at  1610, 1532, 1465, and 
1336 cm.-l due to nitro- and furoxan g r o u p ~ . ~ ~ l ~  We 
failed to quaternise compound (11; R = NO,) but 
obtained crystalline derivatives with three hydrocarbons ; 
analysis of these derivatives confirmed the formula 
C,H,N,O, for (11; R =NO,). When the azide (111; 
R = NO,) was decomposed in acetic acid and the 
solution diluted with water, pale brown needles of a 
dihydrate of (11; R = NO,) were obtained. Drying at  
100" for 1 hr. ipz vacuo gave the monohydrate, which was 
stable to drying for 10 hr. ; however, sublimation at  140" 
gave the anhydrous furoxan (much of the material was 
decomposed at  this temperature). Crystallisation of the 
anhydrous material from aqueous acetic acid gave the 
dihydrate; hence the two forms are easily intercon- 
vertible. 

The i.r. spectrum of the dihydrate (KBr disc) con- 
tained very broad bands at  3500 and 3240 cm.-l; the 
spectrum of the hydrate contained a broad band at 
3240 cm.-l. 2,4-Dinitrophenylhydroxylamine shows 
bands at 3440 and 3300 cm.-l; thus the monohydrate was 
not the hydroxylamine (IV) . 4,6-Dinitrobenzofuroxan 
reacts with alkali to form the anion (V) 596 and the 
hydration of nitrogen-containing heterocycles is well 
known ; l7 for example 6,7-&chloropteridine forms the 
hydrate (VI) l8 and tetrazolo[l,5-a]pyrimidine forms 
the hydrate (VII) .19 

The n.m.r. spectrum of the hydrate (VIII) in [2H,]- 
dimethyl sulphoxide contained four bands of equal 
intensity; a broad singlet 7 -0.30 (NH), a sharp singlet 
at T 1.32 (Ha), a broad doublet at 7 2-40 ( J  ca. 9 Hz, 
OH), and a broad doublet a t  'C 3.68 ( J  ca. 9 Hz, Hb). 
In the spectrum of a concentrated solution the broad 
doublets were replaced by broad singlets and on addi- 
tion of deuterium oxide the signals at -0.30 and 2.4 
disappeared, leaving two sharp singlets at T 1.32 and 
3.68. The spectrum6 of the ion (V) shows signals a t  

Since all attempts to prepare pyrido[3,4-~]furoxan by 
decomposition of compound (111; R = H) failed, we 
examined the reactions of this azide with an olefin, 
3a,4,7,7-tetrahydr0-4,7-methanoindene,~O and with tri- 
phenylphosphine,21 to discover if the azide group in 
(I11 ; R = H) showed other anomalous reactions. With 
both reagents the azide reacted smoothly and the 
expected products were obtained. 

T 1.27 (Ha), 4.06 (Hb), and 3.74 (OH). 

EXPERIMENTAL 

1.r. spectra were measured for Nujol mulls unless other- 
wise stated, and n.m.r. spectra were measured with a 
Perkin-Elmer R10 spectrometer (60 MHz). 4-Chloro- 
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3-nitropyridine 22 was converted into 4-azido-3-ni tropyrid- 
ine, pale yellow rods, m.p. 86-88' (from methanol) (lit.,7 
89"). 4-Azido-3-nitropyridine (1 g.) was dissolved in di- 
methyl sulphoxide (7 ml.) and added to a solution of 
3a,4,7,7a-tetrahydro-4,7-methanoindene (0.9 ml.) in ethanol 
(2 ml.). The resulting solution was left in the dark for 7 
days. Gas was steadily evolved. The aziridine which 
separated was recrystallised from light petroleum (b.p. 
SO-SO0) and then from methanol, to give yellow rods, m.p. 
191-193' (Found: C, 66.7; H, 5.9; N, 15.1; 0, 12.3. 
C,,H,,N,O, requires C,  66.9; H, 5.6; N, 15.6; 0, 11.9%). 
Equimolar quantities of the azide and triphenylphosphine 
were mixed in dioxan. Nitrogen was evolved immediately. 
Next day the solid which had separated was collected 
and recrystallised from ethanol. 3-Nitro-4-triplzeuzyZphos- 
fdzoranylideneaminopyvidine formed yellow plates, m.p. 
200-201" (Found: C, 69.1; H, 4.3; N, 10.5. C,,H18N,0,P 
requires C, 69-1; H, 4.5; N, 10.5%). 

4-Azido-3-nitropyricline was heated separately in twelve 
different solvents; in each case a dark black solid was ob- 
tained which could not be crystallised. A sample of the 
azide was heated in a test-tube to just above its n1.p. 
Immediate decomposition was observed and the tube was 
cooled rapidly. The residue was extracted with ether and 
the ethereal solution was evaporated a t  room temperature. 
A pale yellow solid was obtained which melted on warming 
to 25" and rapidly darkened. 

3-Azido-4-nitropyridine l-Oxide.-3-Bromo-4-nitropyrid- 
ine 1-oxide 23 was converted into 3-hydrazino-4-nitro- 
pyridine 1-0xide.~~ This hydrazine (0-3 g.) was dissolved 
in hydrochloric acid ( 2 N ;  5 ml.) and sodium nitrite (10% 
solution; 1-2 ml.) was added dropwise. After 30 min. the 
solution was neutralised (sodium carbonate) and extracted 
with chloroform, and the dried (MgSO,) extract was evap- 
orated. The azide was recrystallised from water (1n.p. 
95") (Found: C, 33.1; H, 1.7. C,H,N,O, requires C, 33.1; 
H, 1*7y0), vmX. 2130 c.m.-l (azide). Decomposition of this 
azide gave amorphous' high-melting material. 

4-Azido-S-nitropyria!ine l-Oxide.-4-Hydrox~--3-nitro- 
pyridine I-oxide was prepared by the method of den 
H e r t ~ g . ~ ~  We were unable to repeat (twelve attempts) the 
preparation described by Hayashi.15 4-Chloro-3-nitro- 
pyridine l-oxide l5 (n-1.p. 145-147"; 1.8 g . )  was dissolved 
in acetone (15-0 ml.) atnd a solution of sodium azide (1.5 g.) 
in water (18 ml.) was added with stirring. After 15 min. 
the solid was collected (1.5 g . ) .  Crystallisation from benz- 
ene gave orange-yellow plates, m.p. 137" (exploded) (Found : 
C, 33.2; H, 1.8. C,'H,N,O, requires C, 33.2; H, 1.7%), 
v,, 2110 cm.-l (azide). All attempts to decompose this 
azide gave amorphous material. 

4-Azid0-3,Ei-dinitrofiyridine .- 3,5-Dinitro-4-hydroxypyr- 
idine 1-oxide was prepared by Hayashi's method.15 Equal 
weights of the compound and copper acetate were dissolved 
in boiling water and the two solutions were mixed; the 
copfler salt separated as dark red prisms (Found: C, 22.1; 
H, 2.5; N, 15.4. Cl,'H4CuN,0,2,4H20 requires C, 22.4; H, 

2o A. S. Bailey and J. J. Wedgwood, J .  Chern. SOC. ( C ) ,  1968, 

21 P. A. S. Smith, ' Open-chain Nitrogen Compounds,' vol. 11, 

22 S. Kruger and F. (2. Mann, J .  Chern. Soc., 1955, 2755. 
23 H. J. den Hertog and J. Overhoff, Bec. Trav. chiin., 1950, 

24 T. Talik, R o c m i k i  Chem., 1962, 36, 1465. 
25 H. J. den Hertog, Rec. Trav. chim., 1955, 74, 59. 
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Org. 
2.2; K, 15.7%). The nickel salt formed purple-brown 
prisms (Found: C, 22.7; H, 2-5;  N, 15.8. C,,H,N,NiO,,,- 
4H,O requires C, 22.6; H, 2.3; N, 15.8y0) ; the manganese salt 
formed green-black prisms (Found: C, 23-1; H, 2.2; N, 
16.0. C,,H,MnN,0,,,4H20 requires C, 22-8; H, 2.3; N, 
15.8y0) ; the cobalt salt formed dark red prisms (Found: C, 
23.1; H, 2.5. Cl,~4CON60,2,4H20 requires C, 22.6; H, 
2.3%). Addition of hydrazine hydrate (1 equiv.) to an 
alcoholic solution of the hydroxypyridine gave red needles 
of the hydrazine salt, m.p. 79-80" (Found: C, 25.7; H, 
3.3; N, 30.5. C5H,N506 requires C, 25.7; H, 3.0; N, 
3 0 - 0 ~ 0 ) .  Pyrene was added to a boiling solution of 3,5-di- 
nitro-4-hydroxypyridine 1-oxide in acetic acid ; the COW- 

Plex separated as purple-brown needles, m.p. 192-200" 
(decomp.) (Found: C, 51.4; 51-6; H, 2.7, 2.9. c&t10,- 
2C5H3N306 requires C, 51.6; H, 2-7) ; naphthalene complex, 
yellow needles, m.p. 186-190" (decomp.) (Found: N, 
16.5. C1,Hs,2C5H,N30, requires N, 15.9%) ; the 2,6-di- 
methylnaphthalene complex formed yellow needles, m.p. 
168-170" (decomp.) (Found : N, 14.8. C1,H12,2C5H,N,06 
requires N, 15.1 %) . 

Dry 3,5-dinitro-Chydroxypyridine 1-oxide (4 g.), phos- 
phoryl chloride (20 ml.), phosphorus trichloride (10 ml.), 
and dimethylaniline ( 1.5 ml.) were boiled together (oil-bath 
at  120-130") for 1.5 hr., and volatile material was removed 
in vacua on a water-bath. The residue was treated with 
ether (150 ml.) and ice-water (150 ml.), and the mixture 
was made alkaline with sodium hydrogen carbonate 
and then filtered. After separation of the organic layer, 
the aqueous layer was extracted with ether (2 x 100 ml.); 
the extracts were dried (MgSO,) and evaporated. Re- 
crystallisation of the residue from light petroleum (b.p. 
40-60') gave 4-chloro-3,5-dinitropyridine, m.p. 68- 
70" (lit.,I5 68") (yields were erratic: 35-60%). The 
chloro-compound was also prepared via 3,5-dinitro-4-hydr- 
0~ypyridine.l~ 4-Chloro-3,5-dinitropyridine (9.7 g.) was 
dissolved in acetone (12 ml.) and a solution of sodium azide 
(7.5 g.) in water (40 ml.) and ethanol (40 ml.) was added 
during 5 min. with stirring. After a further 5 min. the 
mixture was poured into water. The solid was collected 
and recrystallised from water-methanol (1 : 9) to give pale 
brown needles, m.p. 37-39' (7.1 g.) (Found: C, 28.9; H, 
1.0; N, 40.0. C5H,N604 requires C, 28.6; H, 1.0; N, 40.0%), 
v,,, 2140 cm.-l (azide). The azide (0.5 g.) was dissolved 
in ethyl acetate (2 ml.) and a solution of 3a,4,7,7a-tetra- 
hydro-4,7-methanoindene (0.35 ml.) in ethyl acetate (2 ml.) 
was added. The temperature of the solution rose to 40°, 

1213 
gas was evolved, and a solid separated. The aziridine 
formed fine yellow needles from ethanol, m.p. 170-172" 
(Found: C, 57.4; H, 4.5; N, 17.7. Cl,H1,N40, requires 
C, 57.3; H, 4-5; N, 17.8%). 

7-Nitro[l,2,5]oxadiaxolo[3,4-c]pyridine 3-Oxide (I1 ; R = 
NO,) .-After dissolving of azido-3,5-dinitropyridine (3 g.) 
in benzene (45 ml. ; sodium-dry), the solution w-as boiled for 
1 hr. It was then poured into light petroleum (b.p. 40- 
60') (100 ml.; sodium-dry). The resultant solid was 
collected and dissolved in benzene; the solution was filtered 
from insoluble material, and dry light petroleum (b.p. 4 0 -  
60") was added until the f w o x a n  separated, pale yellow 
plates, m.p. 134" (decomp. ; softening at  120") (Found: C, 
33.2; H, 1.3; N, 30.6. C5H,N,04 requires C, 33.0; H, 1.1; 
N, 30-8%), M (Mechrolab Vapour Pressure Osmometer ; 
benzene) 184 (required 182). Yields varied between 45 and 
70%. The compound decomposed slowly and was stored 
at -40". Charge-transfer complexes of the furoxan were 
prepared by dissolving it in the minimum of dry benzene 
and adding a slight excess of the hydrocarbon. The mix- 
ture was then warmed to dissolve the hydrocarbon and 
allowed to cool slowly. The naphthalene complex formed 
orange-brown needles, m.p. 108-110" (Found: C, 58.1 ; H, 
3.6; N, 18.1. C,,H,,C5H2N,0, requires Ci, 58.1; H, 3.3; N, 
18.1%) ; the fiyrene complex formed brown-purple needles, 
m.p. 179-180° (Found: C, 65.5; H, 3.3; N, 14.2. C16H10,- 
C,H,N,O, requires C, 65.6; H, 3.1 ; N, 14.6%) ; the hexa- 
methylbenzene complex formed bright red needles, m.p. 168" 
(softening at 150") (Found: N, 16.3. C12H,,,C5H2N40, re- 
quires N, 16.3%). 

A solution of the azide (3 g.) in acetic acid (45 ml.) was 
heated (water-bath) for 0-5 hr. and then poured into water. 
The solid was collected and crystallised from water con- 
taining 5% acetic acid (charcoal). The dihydrate formed 
pale brown needles, m.p. 175" (decomp.) (1.8 g . )  [Found: 

requires C, 27.5; H, 2.8; N, 25.7. Found (after drying at 
100" for 1 hr.) : C, 30.1; H, 2.0; N, 27-8. C,H,N,O,,H,O 
requires C, 30.0; H, 2.0; N, 27.8% [Found (10 hr. drying) : 
C, 30.2; H, 2.2; N, 28.2%], M (in methyl ethyl ketone) 
204 (calc. 200). 

A sample of the anhydrous compound (11; R = NO,) was 
recrystallised from 5% acetic acid, yielding the dihydrate. 
When a sample of the dihydrate was sublimed at 140'/ 
0.1 mm. a bright yellow sublimate (20%) of compound 
(111; R = NO,) formed. 

[0/1953 Received, November 16tk, 19701 

C, 27.5, 27.5; H, 2.8, 3.0; N, 25.7, 25-8. C5H2hT40,,2H2O 
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