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ABSTRACT: Nownselective attacks at the carbon
bonded to a nitro group and carbon bonded to the
N(O) atom of the azoxy group were observed in the
reactions of 4,4'-dinitroazoxyfurazan with bases and
nucleophiles. A mechanism is presented to account for
both of the pathways to products. A series of new di-
furazanyl ether derivatives was synthesized. © 2000
John Wiley & Sons, Inc. Heteroatom Chem 11:48-
56, 2000

INTRODUCTION

Nitrofurazans are well known for their high energy
contents [1-10], and the methods of synthesis of
these useful heterocycles have been reviewed by
Boyer [11] and Sheremetev [12].

We have a long-standing interest in nucleophilic
aromatic substitution (SyAr) reactions of the 3-nitro-
4 R-furazans and have probed their reactivity toward
S- [13] and O-nucleophiles [8,14,15]. Furthermore,
to study their reactivity, we have found that base-
promoted transformation of the 3-nitro-4-R-fura-
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zans leads to derivatives of symmetrical difurazanyl
ethers [7,15-20]. The transformation of the nitro
group is made possible by the presence of another
electron-withdrawing function, R, and by the use of
solid anhydrous bases under dry conditions. This un-
usual reaction pathway to ether bond formation was
identified, and a mechanism was proposed [19]. We
have also investigated the role of water in the reac-
tion of the bases with nitrofurazans. It turns out that
the nitro group undergoes a regioselective displace-
ment by a hydroxyl group under treatment of nitro-
furazans with solid crystal hydrates of inorganic ba-
ses in dry CH,CN, quickly affording the
3-hydroxy-4-R-furazans in high yields [21]. In con-
trast, the inclusion of water in the CH,CN reaction
medium decreased both the reaction rate and the
yields of the hydroxyfurazans and gave a set of
byproducts.

In earlier communications, we disclosed our ini-
tial results on the discovery of S Ar reactions of 3-
(R-NNO-azoxy)-4-R’-furazans. We found that these
R-NNO-azoxy substituents might also function as
leaving groups [7,22].

As part of our studies in this area, we became
interested in replacement reactions of substituted
furazans with different activated leaving groups. In
this article, we describe the S Ar reactions of 4,4'-
dinitroazoxyfurazan (1) [23], which possesses three
potential leaving groups, (namely two different nitro
groups and the R-NNO-azoxy substituent).
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RESULTS AND DISCUSSION

Reaction of 4,4'-Dinitroazoxyfurazan (1) with
Bases

We have investigated the reactivity of 1 with bases
(such as alkali metal salts), anticipating nitro group
transformation products such as monoethers of type
2 and/or 9 (similarly to the reaction of 3,4-dinitro-
furazan [19]), oligomeric ethers of type 10 (similarly
to the reaction of 4,4’-dinitrobifurazan [17]), and
macrocyclic ethers of type 11 (similarly to the reac-
tion of 4,4’-dinitroazofurazan [18,20]), as illustrated
in Scheme 1.

However, the reaction between 1 and the bases
proceeds via nonselective attacks at the carbon
bonded to the nitro group and the carbon bonded to
the N(O) atom of the azoxy group to produce a mix-
ture of three difurazanyl ethers, namely 2, 3, and 4,
and four hydroxyfurazans, such as 5-8 (Scheme 1).
Attempts to improve the yield of one kind or another
of difurazanyl ethers by changing bases, concentra-
tion, and stoichiometry were all unsuccessful. The
results of our study of reaction conditions are sum-
marized in Table 1.

By use of column chromatography, the mixture
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TABLE 1 Products for the Reaction of 1 with Bases in Ace-
tonitrile at 81°C

Products
Isolated Isolated

Yield Yield

(%) Ratio (%) Ratio
Entry  Base (2-4) (2:3:4) (5-8) (5:6:7:8)
1 Li,COz 64 42:47:11 31 12:7:68:13
2 Li,CO} 62 41:48:11 35 11:6:70:13
3 Na,COs3 43 31:53:16 51  10:9:56:25
4 Na,COs 42  30:53.5:16.5 53  10:8:58:24
5 KHCO3 68 41:45:14 26  13:4:67:16
6 KCNad 40 40:48:12 52 15:3:75:7
7 NaNO3 50 32:49:19 25 11:8:71:10

O,N ON,
8 — 69 23:59:18 e e
N N
o’

aThe reactions were carried out using 1 equiv. of 1 (10 mmol) and 1
equiv. of base (10 mmol) in 25 mL of solvent.

bThe reaction was carried out using 2 equiv. of base (20 mmol).
‘The reaction was carried out using 250 mL of the solvent.

9The reaction mixture did not involve any cyano derivatives.

eThe yields of hydroxyfurazans were not determined.
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was completely separated, and the structures of the
ethers and the hydroxyfurazans were determined
based on *C and “N NMR, IR, and mass spectros-
copy. Since 2 is symmetric, it displays four signals in
its 13C NMR spectrum at 6 157.3 (C1), 149.8 (C2),
152.9 (C3), and 156.5 (C4). Signals of the carbon at-
oms bonded to the nitro and azoxy groups were
broadened by *C-'“N coupling. In the “N NMR spec-
trum, there are the usual narrow signals due to the
N(O) atom of the azoxy group atd —65.8 ppm (Av,,
= 64 Hz) and the nitrogen atom of the nitro group
atd —36.9 ppm (Av,, = 19 Hz) indicating the nitro
group position as distal, not proximate to the N-ox-
ide of the azoxy group. The typical range for a nitro-
gen atom of the nitro group proximate to the N-oxide
of the azoxy group of nitroazoxyfurazans is 6 —43 to
—45 ppm [7]. In addition, identification of the N-
oxide position was made through selective *C-{'*N]}
double heteronuclear resonance and comparison
with the established data [7,8,14,15,19,20].

As we reported earlier, mass spectral investiga-
tion provides additional support for the assignment
of azoxyfurazan structures [8]. For 2, the EI-MS di-
agnostic fragments at m/z 468 (M*), 310 (M —
ONNFNO,)*, 158 (ONNFNO,)*, and 152 (FOF)*
were consistent with the distal to N-oxide position
of the nitro group (when F is the furazan ring).

Compounds 3[8],4[19],5[21],7[15,19,21,23a],
and 8 [8,15,24] were identical in all respects (13C and
N NMR, IR, MS, and m.p.) with those published in
the literature.

With regard to the yields (Table 1) of the reaction
products illustrated in Scheme 1, the following ob-
servation can be made. In general, the reaction pro-
duced a mixture of seven compounds, which obvi-
ously arose by the attacks at the carbon bonded to
the nitro group proximate to the N-oxide of the azoxy
group (attack A) as well as at the carbon bonded to
the N(O) atom of the azoxy group (attack B). In no
case could we isolate any of the oligomeric ethers of
type 10 or macrocyclic ethers of type 11. Only the
formation of the ether 2 proceeded in the expected
manner by attack A. The unexpected asymmetrical
ether 3 always predominated, and the product ratios
were little affected by the reaction conditions. In a
single case, that leading to the dihydroxy derivative
6, the attack at the carbon bonded to the nitro group
distal to the N-oxide of the azoxy group (attack D)
was observed. In this system, there is no evidence of
any ether, for example type 9, forming from the at-
tack on the dinitro compound 1 at the center D.

Mechanism

Our previous report on the mechanism of difura-
zanyl ether formation from nitrofurazans in the

presence of the solid anhydrous inorganic bases
(heterophase conditions) has postulated an initial in-
tramolecular nitro-nitrite rearrangement [19]. Sub-
sequent reaction of the nitrite ester with a molecule
of base-stimulated starting nitrofurazan produces
the difurazanyl ether with the elimination of N,0O,.
The synthesis of 2 followed the trend typically ob-
served (Scheme 2).

On the other hand, the formation of 3 and 4 cor-
respond to the formal attacks of an anion of 3-hy-
droxy-4-nitrofurazan at C-NO, and C-N(O)N bonds
with concomitant S Ar displacement. The anion, as
well as anions of the other hydroxyfurazans, are
present in the reaction mixture (See Scheme 1, Table
1). However, earlier we found that the 3-hydroxy-4-
nitrofurazan anion is not a nucleophile [8,19,25].
Furthermore, no compounds were formed in a con-
ceivable reaction with more nucleophilic hydroxy-
furazan anions such as, for example, the anion of
3,4-dihydroxyfurazan.

To understand the pathways to ethers 3 and 4 in
the reaction, the mechanistic speculation shown in
Scheme 2 may be considered. Thus, the initial step
in the reaction is the interaction of the nitro com-
pound with the surface of the solid base (where pre-
cisely the transformation occurs with dipole 1a), fol-
lowed by electron transfer within the F-N-O moiety
with the formation of a bipolar molecule that pro-
duces the oxazirine intermediate 1b. The diazo ether
1c is formed by the cleavage of the latter compound.
A reaction of the diazo ether 1c¢ with another mole-
cule of base-stimulated starting material 1a, via
complex lac, generates the difurazanyl ether 4 and
eliminates diazonium diazotate 12 that decomposes,
presumably to give uncharacterized small molecules
such as N,, N,O,, and CO,.

On the other hand, nitro-nitrite rearrangement
of 1, as we have described earlier [19], may produce
the nitrite ester 1f. On reaction of the ester 1f with
starting material that had undergone base-stimula-
tion on the azoxy moiety, 1a, the formation of the
initial complex laf occurred. The unsymmetrical
ether 3 yielded, by an electron-transfer process in-
volving the loss of nitronium diazotate, a completely
destroyed compound 13.

Reactions of 1 with Nucleophiles

Although our primary interest has been the explo-
ration of synthetic aspects of base-promoted trans-
formation of nitrofurazans, we intended to conduct
an additional study to clarify the reactivity of 1.
Earlier in the course of our investigations of hy-
droxyfurazan reactivity directed toward synthesis of
furazanyl ethers [8,15,19,24-27], we observed that
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the nature of the substitutient in the hydroxyfurazan
plays a critical role in controlling the efficiency of
ether formation.

At the outset of our study, a series of hydroxy-
furazan salts, namely 7, 14, and 15, were reacted
with 1. Reaction of the sodium salt of 3-hydroxy-4-
nitrofurazan 7 resulted in displacement of both nitro
and azoxy groups to give a mixture of ethers 2-4 (Ta-
ble 1, entry 8). Although, according to our concept,
7 (similarly to other salts from Table 1) is only a pro-
moter for transformation of 1 to ethers 2-4, an in-
crease of the ether 3 proportion in the obtained mix-
ture, with a slightly higher combined yield of the
ethers.

When a more violent nucleophile such as the so-
dium salt of 3-hydroxy-4-cyanofurazan 14 was al-
lowed to react with 1 in acetonitrile at reflux, a mix-
ture of the known ethers (29%), namely 2 (9%), 3
(17%), and 4 (3%), and new ethers (36%), such as 16
(21%) and 17 (15%), were formed (Scheme 3). These
ethers were then separated and purified by silica gel
chromatography.

To some extent, the more potent nucleophile, the
sodium salt of 3-hydroxy-4-methylfurazan 15, gave
only three products (Scheme 4) under similar con-
ditions, two of which were identified as new ethers
18 and 19 in yields of 26% and 21%, respectively. The
third and minor product, formed in a yield of 12%,
was identified as the ether 3.

By this means, the reactions were always accom-
panied by one or more competing reactions and pro-
duced mixtures involving compounds, which were
obtained both from base-promoted (such as hy-
droxyfurazan salts) transformation of 1 and with the
participation of hydroxyfurazan nucleophiles. The
formation of these ethers proceeds by the attack at
the carbon bonded to the nitro group proximate to
the N-oxide of the azoxy group (attack A) as well as
the carbon bonded to the N(O) atom of the azoxy
group (attack B).

This observation led us to examine the reaction
of hydroxyfurazan salts with an azoxyfurazan in-
volving no terminal leaving groups. When 4,4'-di-
cyanoazoxyfurazan 20 was utilized as the substrate,
the sodium salt of 3-hydroxy-4-cyanofurazan 14 re-
placed the cyanofurazanylazoxy moiety to give sym-
metrical ether 21 in 40% yield (Scheme 5). The same
ether 21 was formed in 5% yield on treatment of 20
with NaNO, in refluxing acetonitrile. However, all of
our attempts to generate ether 21 from the reaction
of 20 with Na,CO, failed because of hydrolysis.

When the sodium salt of 3-hydroxy-4-nitro-fur-
azan 7 was added to a solution of 20 in acetonitrile
at reflux, no trace of 16 was ever observed, even

though many fractions from this reaction mixture
were screened by mass spectrometry.

These experiments have demonstrated that the
formation of difurazanyl ether derivatives may occur
by the usual nucleophilic displacement in the case
of the more powerful nucleophiles.

As an extension of the aforementioned reactions,
we allowed 1 to react with ammonia under anhy-
drous conditions. On being stirred with an excess of
ammonia in CHCI; solution (homogeneous condi-
tions) at 20°C, 1 reacted completely in less than 1
hour, and the reaction proceeded also via nonselec-
tive attack at each of the carbons (Attack A and B)
to produce a mixture of five products (Scheme 6).
Compound 22 (59%) was the predominant product.
Amine 23 and azide 24 were isolated after column
chromatography, in yields of 17 and 3%, respectively.
Two water-soluble products 7 and 25 were also
formed in yields of 11 and 7%, respectively. No un-
reacted compound 1 was recovered.

When the experiment was repeated employing
only 10 equiv. of NH; under otherwise identical con-
ditions, 22, 23, 24, 25, and 7 were obtained in yields
of 39, 14, 5, 13, and 9%, respectively. Starting com-
pound 1 was also recovered in 18% yield.

The most interesting result of the reaction with
ammonia is the isolation of azide 24 and triazene 25.
The compound formation was accomplished by
trapping of the intermediate diazotate generated
from the leaving nitrofurazanazoxy moiety with am-
monia and the amine 23, respectively.

CONCLUSIONS

We reported here the reactivity of 4,4'-dinitro-
azoxyfurazan 1 with respect to bases and some nu-
cleophiles. The reactions produced a mixture of
compounds, which were formed by the attack at the
carbon bonded to the nitro group proximate to the
N-oxide of the azoxy group (attack A) as well as the
carbon bonded to the N(O) atom of the azoxy group
(attack B). The unexpected finding is that the reac-
tions of 1 usually do not result in substitution by the
attack at the carbon bonded to the nitro group distal
to the N-oxide of the azoxy group (attack D). In one
case, the products generated from the leaving nitro-
furazanazoxy moiety were identified.

EXPERIMENTAL

CAUTION! Nitrofurazans are high explosives and
may be sensitive to shock or heating and must be
handled with appropriate precautions.

Melting points were determined on a Kofler hot-
stage microscope and are uncorrected. IR spectra
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SCHEME 5 (4) was obtained as colorless crystals, m.p. 63-64°C,

were recorded using a Perkin-Elmer 577 spectrom-
eter as thin films on KBr disks. Mass spectra were
obtained on a Varian MAT-311A instrument. 'H, 13C,
and “N NMR spectra were recorded on a Bruker
AM-300 instrument at 300.13, 75.47,and 21.68 MHz,
respectively. The 'H and *C chemical-shift values are
expressed in ¢ values relative to the chemical shift of
the solvent-d. The “N chemical shift values were
measured relative to external nitromethane. Analyt-
ical thin-layer chromatography (TLC) was con-
ducted on precoated silica gel plates (Silufol F,s,).
The plates were visualized under UV irradiation, and
the slides were then sprayed with DPA reagent (5%
diphenylamine in hexane).

Reaction of 4,4'-Dinitroazoxyfurazan (1) with
Base

To a solution of 1 (2.72 g, 10 mmol) in CH,CN (25
mL) was added base (10 mmol) under a dry atmo-

(m.p. 63-64°C [19]). The second fraction was ob-
tained as a colorless liquid of 4-nitro-4'-(4’-nitrofur-
azanyl-NNO-azoxy)-difurazanyl ether (3) that crys-
tallized on standing, m.p. 40-41°C, (in [8], m.p. 41—
42°C). The third fraction was obtained as colorless
crystals of bis-3,3’-(4-nitrofurazanyl-NNO-azoxy)-di-
furazanyl ether (2), m.p. 109-110°C. MS n/z 468
(M+),452 (M+ — 0),422 (M*+ — NO,), 339, 322, 310
(M+ — ONNFNO,), 292, 262, 226, 210, 162, 158
(ONNFNO,)* 152 (FOF)*+ 122, 111. TR: v = 1580
cm~-" 1520, 1350, 1225, 1180, 1015, 940, 840.
C:N,,0,, (468.18): calcd: C, 20.52; N, 41.88. Found:
C, 20.65; N, 40.98.

The aqueous phase was strongly acidified with
H,SO, and extracted with Et,0 (4 X 20 mL). The
combined extracts were dried (MgSO,) and filtered.
The solvent was removed by rotary evaporation, and
the residue was separated by silica gel column chro-
matography using CH,Cl, - CH,0H as eluent.

The first fraction, 3-hydroxy-4-nitrofurazan (7)
was obtained as a yellow oil (m.p. 20-21°C
[15,19,23a]). On the basis of spectroscopy and TLC,
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the substance corresponded in all respects to the
compound described earlier [15]. The second frac-
tion, 3-hydroxy-4-(4-nitrofurazanyl-NNO-azoxy)
furazan (5), m.p. 107-108°C, (m.p. 107-108°C [21]).
The third fraction was obtained as colorless crystals
of 3,4-dihydroxyfurazan (8), m.p. 189-190°C (m.p.
189-190°C [15,24]). The fourth fraction was ob-
tained as colorless crystals of 4,4'-dihydroxyazoxy-
furazan (6), m.p. 171-172°C. MS m/z: 214 (M*), 198
(M* — 0O).IRv =3590cm~" 3110, 1610, 1490, 1450,
1340, 1265, 1190, 1040, 940, 880. C,H,N,O, (214.10):
Calcd: C, 22.44; H, 0.94; N, 39.25. Found: C, 21.99;
H, 0.99; N, 38.80. Compound 6 is strongly acidic and
gives stable mono- and disalts, for example: mono-
potassium salt, m.p. 210°C (dec.); dipotassium salt,
m.p. 180°C (dec.); monoammonium salt, m.p. 208-
210°C (dec); diammonium salt, m.p. 213-215°C; di-
hydrazinium salt, m.p. 113-115°C (dec).

Reaction of 4,4'-Dinitroazoxyfurazan (1) with
the N,-Sodium Salt of 3-Hydroxy-4-
cyanofurazan (14)

To a suspension of 14 (0.53 g, 4 mmol) in CH,CN (10
mL) was added a solution of 1 (1.08 g, 4 mmol) in
CH,CN (15 mL) under a dry atmosphere at 25°C. The
resulting suspension was stirred for 0.5 to 1 hours
(TLC monitoring) under reflux. The reaction mixture
was cooled. After addition of CH,CI, (150 mL), the
resulting mixture was washed (H,0), dried (MgSO,),
filtered, and evaporated. The residue was a mixture
of the ethers. The products, 2 (the fifth fraction), 3
(the third fraction), 4 (the second fraction), 16 (the
first fraction), and 17 (the fourth fraction) were sepa-
rated by silica gel flash chromatography using ben-
zene/CCl, (1:2) as eluent.
3-Cyano-3'-nitrodifurazanyl ether (16) was ob-
tained as colorless crystals, m.p. 49-50°C. MS »/z:
224 (M+), 178 (M*+ — NO,). IR: v = 1595 cm~" 1570,
1500, 1490, 1400, 1350, 1230, 1195, 1035. *C NMR
([D,]Jacetone): 6 = 106.4 (C5), 128.9 (C4), 153.8 (C1),
156.1 (C2), 162.2 (C3). “N NMR ([D,]acetone) 6 =
~38.6 (Av,, = 10.2 Hz, NO,). C.N,O; (224.09):
Calcd: C, 26.80; N, 37.50. Found: C, 26.47; N, 37.56.
3-Cyano-3'-(4-nitrofurazanyl-NNO-azoxy)-difur-

azanyl ether (17) was obtained as a colorless oil. MS
m/z: 336 (M*), 320 (M+ — O),290 (M* — NO,), 244,
214, 178 (NCFOF)*. IR: v = 1590 cm~" 1520, 1350,
1240, 1210, 1170, 1030, 930. *N NMR ([D]acetone)
0 = —37.3 (Av,, = 12.5 Hz, NO,), —68.2 (Av,, = 55
Hz, N - O). C,N,,0, (336.14): Calcd: C, 25.01; N,
41.67. Found: C, 25.17; N, 41.46.

Reaction of 4,4'-Dinitroazoxyfurazan (1) with
the Sodium Salt of 3-Hydroxy-4-methylfurazan
(15)

To a suspension of 15 (0.53 g, 4 mmol) in CH,CN (10
mL), a solution of 1 (1.08 g, 4 mmol) in CH,CN (10
mL) was added under a dry atmosphere at 55°C. The
resulting suspension was stirred for 0.5 to 1 hours
under reflux. The reaction mixture was cooled. After
addition of CH,CI, (150 mL), the resulting mixture
was washed (H,0), dried (MgSO0,), filtered, and evap-
orated. The residue was a mixture of the ethers. The
products, 3 (the third fraction), 18 (the first frac-
tion), and 19 (the second fraction) were separated by
silica gel flash chromatography using benzene/CCl,
(1:2) as eluent.

3-Methyl-3'-nitrodifurazanyl ether (18) was ob-
tained as colorless thin needles, m.p. 40-41°C. MS
m/z: 213 (M*), 167 (M* — NO,), 137 (M* — NO, —
NO). IR: v = 2990-2930 cm~" 1630, 1603, 1525,
1465, 1375, 1245, 1200, 1050. ©3C NMR
([Dglacetone): 6 = 7.5 (C5), 146.6 (C4), 153.9 (C1),
157.1 (C2), 162.1 (C3). “N NMR ([D,Jacetone) 6 =
—37.8 (Av,, = 20 Hz, NO,). C.H,N.O. (213.11):
Calcd: C, 28.18; H, 1.42; N, 32.86. Found: C, 28.52;
H, 1.36; N, 33.05.

3-Methyl-3'-(4-nitrofurazanyl-NNO-azoxy)-di-
furazanyl ether (19) was obtained as a colorless oil.
MS m/z: 325 (M+), 309 (M+ — 0), 295 (M* — NO),
264 (HM*+ — NO,), 233 (HM* — O — NO — NO,),
210, 197, 167 (MeFOF)+ 158 (ON,FNO,)* 142.IR: v
= 1590 cm~" 2930, 1590, 1520, 1460, 1350, 1240,
1210, 1160, 1045, 935. *“N NMR ([D.]acetone) 6 =
—37.5 (Av,, = 11.0 Hz, NO,), —67.3 (Av,, = 62 Hz,
N - 0). C,H,;N,O, (325.16): Calcd: C, 25.86; H, 0.93;
N, 38.77. Found: C, 26.07; H, 1.00; N, 38.55.



Reaction of 4,4'-Dicyanoazoxyfurazan (20) with
the Sodium Salt of 3-Hydroxy-4-cyanofurazan
(14)

To a suspension of 14 (1.33 g, 10 mmol) in CH,CN
(20 mL) was added a solution of 20 (2.32 g, 10 mmol)
in CH,CN (20 mL) under a dry atmosphere at 25°C.
The resulting suspension was stirred for 2.5 to 3.5
hours under reflux. After cooling and addition of
CH,CI, (150 mL), the resulting mixture was washed
(H,0), dried (MgSO0,), filtered, and evaporated. Crys-
tallization of the crude product from CCl, gave ether
21 as a colorless, crystalline solid. The yield was
40%, m.p. 68-69°C (m.p. 68-69°C [17]).

Reaction of 4,4'-Dicyanoazoxyfurazan (20) with
NaNO,

To a solution of 20 (2.32 g, 10 mmol) in CH,CN (25
mL) was added sodium nitrite (1.4 g, 20 mmol) un-
der a dry atmosphere. The resulting suspension was
stirred for 3.5 to 4 hours under reflux. The reaction
mixture was cooled and diluted with CH,CI, (150
mL). The resulting mixture was washed (H,0), dried
(MgS0,), filtered and evaporated. Crystallization of
the crude product from CCl, gave ether 21 as a col-
orless, crystalline solid. Yield was 5%, m.p. 68-69°C
(m.p. 68-69°C [17]).

Reaction of 4,4'-Dinitroazoxyfurazan (1) with
Amumonia

To a concentrated solution of ammonia in CHCI,
(500 mL) was added a solution of 1 (2.72 g, 10 mmol)
in CH,Cl, (20 mL) under a dry atmosphere. The mix-
ture was stirred for 0.5 hours at 20°C. The solvents
were evaporated to half volume, yielding a suspen-
sion that was treated with HCI gas up to pH 2-1 and
evaporated. Chromatography was performed on the
residue on silica gel. Elution with pentane — CH,CI,
- MeOH yielded five fractions.

The first fraction, 3-azido-4-nitrofurazan (24)
was obtained as a colorless oil. Based on results from
spectroscopy and TLC, the substance corresponded
in all respects to the compound described earlier
[28]. The second fraction, 3-amino-4-nitrofurazan
(23) was obtained as yellow crystals, m.p. 123-
124°C, (m.p. 125°C [23a], 122.5°C [29], 120°C [10]).
The third fraction, 3-amino-4-(4-nitrofurazanyl-
NNO-azoxy)furazan (22) was obtained as yellow
crystals, m.p. 130-131°C, (m.p. 131°C [22a]). The
fourth fraction, 3-hydroxy-4-nitrofurazan (7) was
obtained as a yellow oil (m.p. 20-21°C[15]). The fifth
fraction was bis-1,3-(3-nitrofurazanyl)triazene (25),
m.p. 95-96°C. MS m/z 275 (M~), 225 (M+* — NO,),
179 (M* — 2NO,), 151 (M* — 2NO, — N,), 142, 87,
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68, 54,46.IR: v = 3300 cm~" 1625, 1590, 1545, 1490,
1450, 1425, 1400, 1365, 1340, 1235, 1190, 1160,
1065, 1045, 965, 935. C,H,N,0, (271.11): Calcd: C,
17.72; H, 0.37; N, 46.50. Found: C, 17.53; H, 0.47; N,
46.30.
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