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Thermolysis of 4,5-dinitroveratrole la in the presence of sodium azide and dimethylsulfoxide gives the
new 5,6-dimethoxybenzofuroxan, 2a, whereas 3,4,5-trinitroveratrole led to the new 5(7),6-dimethoxy-4-nitro-
benzofuroxans 2e, 3e via a nucleophilic substitution of a nitro group by azide ion and pyrolytic ring closure.
This method provides a simpler route to the known 1,3-benzodioxano[5,6-c]furoxan, 2b and 1,4-benzodi-

oxano[6,7-clfuroxan 2¢, as well.
J. Heterocyclic Chem., 25, 803 (1988).

Introduction.

Benzofuroxans have interesting biological and pharma-
cological activity [1], e.g. furazanobenzofuroxan has been
considered as a possible vasodilator [2}. The chemistry of
benzofuroxans have been reviewed extensively [3,4]. The
antileukemic and immonsuppressive activity of 4-nitroben-
zofuroxans may be linked to their ability to form Meisen-
heimer complexes on reaction with cellular thiols and
amines [5]. To obtain a better understanding of the mech-
anism of their antileukemic activity, the formation of ben-
zofuroxan-methoxide adducts has been studied in detail
[6]. Benzofuroxans have been used for monitoring anion
transport in human red blood cells [7] and for studying
lateral diffusion of phospholipids in liposomes and
vesicles derived from membranes [8]. It is a convenient
chromophoric oxidising agent for thiol groups in enzymes
and other proteins [9). It has been shown recently that ben-
zofuroxan reacts with the catalytic site (SH group) of the
enzyme cathepsin B{10].

Benzofuroxans are commonly prepared by pyrolysis
[11], of o-nitrophenylazides, the latter being obtained from
either azide displacement of the corresponding o-nitroaryl
halides or from the o-nitroanilines by diazotisation and
azide displacement. However, when these two methods are
ineffective, benzofuroxans can then be prepared by alka-
line hypochlorite oxidation [12] of o-nitroanilines. We
have come across an earlier example, describing the syn-
thesis of a substituted benzofuroxan from an o-dinitro-
arene [11]. These synthesised 5-chloro-6-
nitrobenzofuroxan from 2,4,5-trinitrochlorobenzene by
displacement of a nitro group (rather than the chlorine
atom) with an azide ion, followed by pyrolysis in acetic
acid.

We describe below synthesis of two new and two other
known benzofuroxans based on the corresponding o-di-
nitroarenes.

workers

A Simple Route to Benzofuroxans.

During our studies on the preparation of new nitro-

phenylazides via preferential displacement of a nitro
group by the azide ion [13], we found that nitration of
m-hemipinic acid (4,5-dimethoxyphthalic acid) at 0° led to
electrophilic ipso-substitution of the carboxyls by the nitro
groups and resulted in the formation of 4,5-dinitrovera-
trole 1a, which was also prepared by direct nitration of
veratrole itself [14]). Thermolysis of la in sodium azide-
dimethylsulfoxide gave 5,6-dimethoxybenzofuroxan 2a in
good yield [15], via the intermediate 4-azido-5-nitrovera-
trole (Scheme I).
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Marquet et al. [16] recently suggested that 5,6-dimeth-
oxybenzofuroxan 2a may be an intermediate in the forma-
tion of 5,6-dimethoxybenzofurazan, by photoaromatic
substitution of 4,5-dinitroveratrole la in the presence of
n-butylamine. The authors state that the furazan could
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arise either by reduction of the furoxan or via the corre-
sponding o-nitrosohydroxylamine.

1,3-Benzodioxano[5,6-cjfuroxan 2b has now been
synthesised by us via thermolysis of 5,6-dinitro-1,3-benzo-
dioxane 1b in the presence of sodium azide-dimethylsul-
foxide. This furoxan 2b has been reported earlier [17], but
the author did not discuss its method of preparation.

1,4-Benzodioxano[6,7-c][furoxan 2¢ was prepared earlier
[18] from alkaline hypochlorite oxidation of 6-amino-7-
nitro-1,4-benzodioxane, which itself was obtained in six
steps. Along with this was reported the failure to prepare
this furoxan 2c¢ by pyrolysis of 6-azido-7-nitro-1,4-benzod;i-
oxane in various solvents and at different temperatures.
We have now successfully prepared the same furoxan 2c
from 6,7-dinitro-1,4-benzodioxane lc via azide displace-
ment and followed by pyrolysis of the crude intermediate
azide in toluene or chlorobenzene.

In our hands nitration of m-hemipinic acid at room tem-
perature gave 3,4,5-trinitroveratrole le. Reaction of le
with sodium azide-dimethylsulfoxide gave the crude
mono-azide which on thermolysis in chlorobenzene yield-
ed the new isomeric 5(7),6-dimethoxy-4-nitrobenzofur-
oxans 2e, 3e (Scheme II), from which pure 6,7-dimethoxy-
4-nitrobenzofuroxan 3e could be isolated by preparative
thin layer chromatography.
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Discussion of Spectra.

The ir spectra of the intermediates in the above reac-
tions exhibited an intense band at 2100 cm™ for the azide
group, whereas the benzofuroxans showed characteristic
bands in the region 1580-1620 cm™* for the benzofuroxans.
The uv spectrum of 2a, 2b and 2¢ showed four maxima
between 315-370 nm while the new nitrobenzofuroxans 2e,
3e showed three maxima between 300-480 nm.
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The proton magnetic resonance spectrum of 5,6-dimeth-
oxybenzofuroxan 2a in deuterated chloroform at room
temperature showed a sharp signal at & 3.97 for the
methoxy groups. In addition two broad signals, one at §
6.68 (due to H-4) and the other at 6§ 6.46 (due to H-7, adja-
cent to the N-oxide group), each for one aromatic proton
were also seen. These coalesced at 41° into a new broad
signal which now appeared, centred at 6 6.52. Based on
the above variable temperature pmr studies of 2a, the acti-
vation energy (AG*) for this rapid degenerate equilibrium
was calculated [19] to be 15.5 Kcal/mole.

The pmr spectrum of furoxan 2b in deuterated chloro-
form exhibited a two proton signal for the methylene
group at & 6.08 and signals due to the aromatic protons at
6 6.74 and 6 6.52, the higher field signal being attributed
to the aromatic proton adjacent to the N-oxide group.
Variable temperature pmr studies in deuteriochloroform
gave a coalescence temperature of 61° with a new signal
appearing at 6 6.58 for the aromatic protons (AG* = 16.6
Kcal/mole). The pmr spectrum of 2¢ showed a signal at &
6.8 for two aromatic protons and a signal at § 4.36 for the
methylene protons, as has been described earlier [18]. The
AG* was reported to be 13.1 Kcal/mole.

The pmr spectrum of the isomeric 5(7),6-dimethoxy-4-
nitrobenzofuroxans 2e, 3e in deuteriochloroform at 30°
showed two signals at & 8.26 and & 6.67 for the aromatic
protons and peaks at § 4.24, 4.13 and 4.01 for the methoxy
groups. The signal at & 6.67 could be assigned to the
aromatic proton at 7-position of 2e which is shielded by
the adjacent N-oxide group of the furoxan ring, whereas
the peak at 6 8.26 could be assigned to the aromatic
hydrogen at 5-position of isomer 3e. This proton appears
downfield due to the deshielding influence of the adjacent
nitro group at 4-position. The observed ratio of the inten-
sities for the two peaks at 6 6.67 and & 8.26 was found to be
56:43. Hence the 5-methoxy isomer 2e slightly predomin-
ated. Further, the signal at 6 4.01 was common for both
the isomers 2e and 3e. This could be, therefore, easily
assigned for the methoxy group at 6-position. The peaks at
0 4.24 and & 4.13 could be assigned respectively to the
methoxy at 7-position in 3e, and the 5-methoxy group in
2e as the former is adjacent to the nitro group while the
latter is adjacent to the N-oxide group. The ratio of inten-
sities of the signals at 6 4.13 and & 4.24 again indicated
that the isomer 2e slightly predominated. These pmr as-
signments for 2e, 3e were further confirmed by the isola-
tion of one of the isomers 3e, by preparative thin-layer
chromatography. The pmr spectrum of 3e in deuterated
chloroform showed a signal for the aromatic proton at &
8.26 and a signal at 6 4.01 for the 6-methoxy group and at
6 4.24 for the 7-methoxy group. Thus both the signals at §
4.13 (due to the 5-methoxy) and & 6.67 (due to the aromatic
proton) of isomer 2e, seen earlier in the spectrum of 2e,
3e, were no longer observed in the spectrum of
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3e. Variable temperature pmr studies in deuterated di-
methylsulfoxide of both 5(7),6-dimethoxy-4-nitrobenzofur-
oxans 2e, 3e and 6,7-dimethoxy-4-nitrobenzofuroxan 3e
did not show any change up to 110° and decomposition oc-
cured only above 120°. Thus isomeric 2e, 3e do not rear-
range into one another on heating. Dry heating of isomer
3e at 130° for 10 minutes did not result in any Boulton-
Katritzky type of rearrangement [20] into the other isomer
2e.

Mass spectral fragmentation pattern of benzofuroxans
and nitrobenzofuroxans have been discussed recently [21].
The mass spectra of all our benzofuroxans showed an in-
tense molecular ion peak, as well as the (M-16)* and in-
tense (M-60)* peaks characteristic of the furoxan ring. The
isomeric 2e, 3e and the isomer 3e showed in addition a
weak (M-90)* peak due to loss of N,0, and NO groups,
characteristic of nitrobenzofuroxans. The mass spectrum
of 2¢ has been reported earlier [18].

EXPERIMENTAL

All melting points are uncorrected. The ir spectra were recorded on a
Shimadzu IR-435. The pmr spectra were recorded on Jeol JNM-FX 200
FT NMR (199.5 MHz). The uv spectra were recorded on a Shimadzu
UV-260. The C,H,N analyses were recorded on Heraus CHN-RAPID.

4,5-Dinitroveratrole (1a).

A cold mixture of fuming nitric and concentrated sulphuric acid (1:1,
10 ml) was added dropwise over 15 minutes with stirring to m-hemipinic
acid, 1 g (4.4 mmoles) kept in an ice-acetone bath. The reaction mixture
was allowed to stand for 15 minutes, poured into ice water and filtered.
The yellow solid obtained was purified by column chromatography using
silica gel. Elution with benzene-petroleum ether (60:40) gave a solid
which was crystallized from methanol to give 1a, 0.35 g (35%) as yellow
needles, mp 129° (lit [16] mp 128-130°). The same compound was later
also obtained by direct nitration of veratrole.

5,6-Dimethoxybenzofuroxan (2a).

To a solution of 1a, 7 g (0.03 mole) in dimethylsulfoxide, 110 g (1.41
moles) was added, followed by sodium azide 7.0 g (0.107 mole). The mix-
ture was heated in a water bath at 80-90° for four hours. The reaction
mixture was poured into ice-water and the solid collected by filtration.
Crystallization from ethyl acetate afforded pale yellow needles of 2a,
3.75 g (62%) mp 212° dec; ir (potassium bromide): 1628 cm™!, 1582,
1518, 1500, 1440, 1338, 1260, 1220; uv (chloroform): X max 241.8 nm (e
4081), 315 (5250), 329.4 (5515), 352.8 (5395), 367.8 (4313); 'H-nmr (deu-
teriochloroform): & 6.68 (br, aromatic, 1H), 6.46 (br, aromatic, 1H), 3.97
(s, ~-OCH,, 6H); ms: m/z (relative intensity) 197 M +1, 10.2), 196 (M*,
100), 180 (M-16, 3.8), 136 (M-60, 84.1), 121 (20.4), 93 (36.6), 82 (22.3), 50
(17.5).

Anal. Caled. for C;H,N,0,: C, 48.97; H, 4.08; N, 14.28. Found: C, 49.0;
H, 4.2; N, 14.1.

4,5-Dinitropyrocatechol (1d).

Compound 1d was prepared as described [22] mp 166° (lit mp
166.5-167.5°); ir (potassium bromide): 3300 em™, 1595, 1500, 1435, 1325,
1290, 1205, 1025; uv (methanol): A max 336 nm (e 2111), 272 (5582), 245.2
(4932), 205 (9708); 'H-nmr (acetone-de): & 10.24 (br, OH, 2H). 7.54 (s,
aromatic, 2H).

Anal. Caled. for C;H,N,O: C, 36.0: H, 2.0; N, 14.0. Found: C, 36.0; H,
2.3; N, 13.8.

6,7-Dinitro-1,4-benzodioxane (lc).
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According to the method described [23] a mixture of 1d, 2 g (10
mmoles), N,N-dimethylformamide 30 ml, ethylene bromide, 17.4 g (93.7
mmoles), potassium carbonate, 6.0 g (43.4 mmoles) and cupric oxide 0.2 g
was stirred and refluxed for 8 hours. It was allowed to stand overnight at
room temperature and then poured into ice-water. The orange solid was
collected by filtration and washed with water followed by 5% aqueous
hydrochloric acid and finally with water. It was dried and crystallised
from ethyl alcohol to give e, 1.2 g (53 %) as orange needles, mp 133° (lit
{24] mp 132-133°); ir (potassium bromide): 1580 cm™', 1480, 1320, 1260
1190, 1050; uv (chloroform): A max 304.2 nm (e 5332), 245.2 (13512);
*H.nmr (deuteriochloroform): & 7.45 (s, aromatic, 2H) 4.43 (s, OCH,, 4H).

Anal. Caled. for C,H,N,O0,: C, 4247; H, 2.65; N, 12.38. Found: C,
42.72; H, 2.63; N, 12.37.

1,4-Benzodioxano[6,7-c]furoxan (2c).

To a solution of lc, 0.5 g (2.2 mmoles) in dimethylsulfoxide 11.0 g
(141.0 mmoles) was added sodium azide 1.0 g (15.3 mmoles). The mixture
was warmed at 60-70° for 30 minutes. It was then poured into ice-water.
The yellow solid obtained was filtered and dried. It was crystallised from
carbon tetrachloride to give the yellow crude azide, 0.4 g (81%Xir, 2100
em-Y). The crude azide (0.3 g) on thermolysis in toluene, 15 ml (100-110°,
4 hours) gave a crude product, which was purified by column chromatog-
raphy (silica gel) using benzene as eluent and finally crystallised from
benzene to give 2c, 0.13 g (40%) as yellow needles, mp 203° dec (lit [18]
mp 203-204° dec).

5,6-Dinitro-1,3-benzodioxane (1b).

Reaction of 1d with methylene iodide, and potassium carbonate using
the procedure described above for lc gave compound 1b, mp 101° (lit
[25,26] mp 101°); ir (potassium bromide): 1495 cm™, 1420, 1325, 1260,
1165, 1020; uv (chloroform): A max 331.2 nm (e 4142), 244.6 (14310);
"H-nmr (deuteriochloroform): & 7.30 (s, aromatic, 2H), 6.26 (s, OCH,, 2H).

Anal. Calcd. for C,H,N,0,: C, 39.62; H, 1.88; N, 13.2. Found: C, 39.5;
H, 2.1; N, 12.9.

1,3-Benzodioxano[5,6-c]furoxan (2b).

To a solution of 1b, 0.3 g (1.6 mmoles) in dimethylsulfoxide 6.6 g (84.6
mmoles) was added sodium azide, 0.9 g (13.8 mmoles). The mixture was
heated in a water bath at 80-90° for six hours. It was then poured into
ice-water and the dark yellow solid obtained was filtered and crystallised
from benzene and petroleum ether to give 2b, 0.08 g (31 %) as yellow
leaflets, mp 171° dec; ir (nujol mull); 1610 em™, 1570, 1195, 1175; uv
(chloroform): A max 240.6 nm (¢ 3730), 300 (5958), 315.8 (7355), 331.8
(7417), 351.6 (7380), 369.8 (6014); 'H-nmr (deuteriochloroform): 6 6.74 (s,
aromatic, 1H), 6.52 (s, aromatic, 1H), 6.08 (s, OCH;, 2H); ms: m/z (relative
intensity) 181 (M +1, 6.5) 180 (M*, 100), 164 (M-16, 68.1), 120 (M-60,
83.8), 76 (8.6), 62 (23.6), 55 (15.7).

Anal. Caled. for C,H,N,0,: C, 46.66; H, 2.22; N, 15.55. Found: C, 46.9;
H, 2.5; N, 15.6.

3,4,5-Trinitroveratrole (le).

A mixture of fuming nitric acid and concentrated sulphuric acid (1:1,
10 ml) was added slowly over 10 minutes with stirring to m-hemipinic
acid (1 g, 4.4 mmoles) at room temperature and then poured into ice-
water. The yellow solid was collected by filtration, dried and crystallised
from methanol to give 0.45 g (37%) of compound le, as pale yellow
needles (The same compound was also obtained by the direct nitration of
veratrole) mp 142° (lit {22) mp 144.5°-145.5°); ir (potassium bromide):
1525 cm™!, 1330, 1290, 1235, 1185, 1070, 1015; uv (chloroform): A max
245.6 nm (¢ 12140), 293.6 (5948), 320 (5395); ‘H-nmr
{deuteriochloroform): & 7.64 (s, aromatic, 1H), 4.11 (s, -OCH,;, 3H), 4.10
(s, -OCH,, 3H); ms: m/z (relative intensity) 274 (M +1, 7.0) 273 (M*, 100),
243 (2.2), 181 (20.4), 166 (7.0), 138 (20.4), 123 (15.3), 110 (27.0), 93 (51.9),
77 (56.0), 75 (71.1), 58 (22.3), 53 (18.7).

Anal. Caled. for C,H,N,O,: C, 35.16; H, 2.56; N, 15.38. Found: G, 35.3;
H, 2.8; N, 15.2.

5(7),6-Dimethoxy-4-nitrobenzofuroxans (2e, 3e).
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To a solution of 3,4,5-trinitroveratrole le, 3.0 g (10.9 mmoles) in di-
methylsulfoxide (55 g, 705.1 mmoles) was added sodium azide (3.0 g, 46.1
mmoles). The mixture was allowed to stand for five and a half hours at
room temperature. It was then poured into ice-water. The yellow solid ob-
tained was filtered and dried to give the crude azide, 1.9 g (ir 2100 cm™).
The crude azide (1.9 g) was dissolved in chlorobenzene (15 ml) and reflux-
ed at 130° for 10 minutes. Most of the solvent was distilled under reduc-
ed pressure and the resultant dark brown mixture was purified by col-
umn chromatography over silica gel using benzene as eluent. The orange
band was separated and finally the compound was crystallised from
benzene-petroleum ether to give 0.5 g (19% based on le) of 2e, 3e as
orange red needles mp 108°; ir (Nujol mull): 1625 em™, 1580, 1500, 1400,
1340, 1308, 1265, 1190, 1145, 1100, 1005; uv Chloroform): A max 222.6
nm (¢ 19647), 317.4 (2730), 401.8 (4029), 460 (1154); 'H-nmr (deuterio-
chloroform): & 8.26 (s, aromatic, 1H), 6.67 (s, aromatic, 1H), 4.24 (s, OCH,

at C-7), 4.13 (s, OCH; at C-5), 4.01 (s, OCH, at C-6); ms: m/z (relative in-
tensity) 242 (M +1, 7.7), 241 (M*, 76.5), 225 (M-16, 7.9), 207 (1.3), 196
(4.0),, 181 (M-60, 31.5), 166 (11.7), 165 (8.0), 151, (M-90, 6.1), 136 (11.0),
123 (14.1), 108 (12.0), 93 (37.5), 77 (48.3), 75 (100), 69 (18.1), 63 (13.0), 53
(14.1), 51 (26.1).

Anal. Caled. for C,;H,N,0,: C, 39.8; H, 2.90; N, 17.42. Found: C, 39.9;
H, 3.2; N, 17.2.

6,7-Dimethoxy-4-nitrobenzofuroxan (3e).

The isomeric compounds 2e, 3e, (60 mg, 0.24 mmoles) were dissolved
in chloroform and subjected to the preparative silica gel thin layer
chromatography using toluene-ethyl acetate (8:2) as a solvent. The lower
band on elution and crystallisation from ethyl acetate-petroleum ether
gave 15 mg (25%) of 3e as red needles mp 142°; ir (Nujol mull): 1625
cm™, 1575, 1500, 1400, 1340, 1300, 1260, 1140, 1095; uv (chloroform):
max 253.8 nm (e 3965), 303.6 (2445), 440.8 (3828), 484.6 (3673); 'H-nmr
(deuteriochloroform): & 8.26 (s, aromatic, 1H), 4.24 (s, OCH,, 3H), 4.01 (s,
OCH;, 3H); ms: m/z (relative intensity) 242 (M + 1, 8.5), 241 (M*, 50), 225
(M-16, 5.2), 196 (1.3) 181 (M-60, 26.4), 166 (5.2), 151 (M-90, 2.3), 136
(7.2), 123 (13.8), 108 (10.5), 93 (28.9), 75 (44.1), 77 (20.3), 69 (2.6), 63 (3.2),
51 (1.8).

Anal. Caled. for C,;H,N,0,: C, 39.8, H, 2.90; N, 17.42. Found: C, 39.8;
H, 3.4; N, 17.0.
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