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Abstract

The synthesis of several fluorobenzofuroxans by oxidation of fluoroanilines and thermal cyclization of fluoroarylazides is presented. The
fluorobenzofuroxans prepared in this study presented tautomerism as evidenced by their NMR data. Benzofuroxans in general have biological
activity and are synthetic intermediates for the preparation of several compounds with important pharmaceutical applications.
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1. Introduction

Nitric oxide (NO) is generated in vivo and has a large
number of important physiological roles in biological sys-
tems as varied as the transmission of nerve impulses [1],
regulation of blood flow [2], and non-specific immune
response to bacterial infection [3]. In view of NO physio-
logical significance and transient physicochemical proper-
ties, much attention has been given to the preparation of
compounds that could serve as NO donors with well-con-
trolled releasing properties under physiological conditions
[4]. Furoxans and benzofuroxans represent a recently dis-
covered class of thiol-dependent NO donors [5]. The prop-
erty of these compounds to serve as an NO donor is highly
dependent on the nature, as well as the position of the
substituents at the ring. In general, electron-withdrawing
groups enhance the thiol-induced NO release [6].

A wide range of biological activity has been claimed for
benzofuroxan and derivatives [7-10]. Some are depressants of
the central nervous system, muscle-relaxants and anticonvul-
sants. Others present nematocidal, antimicrobial, fungicidal,
herbicidal and algicidal properties. Nitrobenzofuroxans, pyr-
idofuroxans and fused benzofuroxans have been found to
inhibit nucleic acid and protein synthesis in leukemia and
other forms of cancer cells.
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Benzofuroxans have been reported to serve as intermedi-
ates in the synthesis of a large number of commercially
available pharmaceuticals and veterinary medical products
such as benzimidazole-3-oxides [7]. They react very easily
with carbonyl compounds in basic media to give quinoxa-
line-1,4-dioxides with strong antibacterial activity [11-15].
The pyrimidine series of benzofuroxan have been prepared
and studied [16,17]. In another report, quinoxaline-1,4-
dioxides have been synthesized from benzofuroxans to
investigate their antibacterial potency [18].

2. Results and discussion

Scheme 1 illustrates the sequence of reactions followed.
In the first reaction, a commercially available fluoroaniline
(1a-1d) was reacted with acetic anhydride in hydrochloric
acid followed by a buffer solution of sodium acetate, to give
the corresponding fluoroacetanilide (2a-2d). In the second
reaction, the acetanilide (2a-2d) was converted to the
nitroaniline (3a-3d) using a mixture of glacial acetic acid
or hydrochloric acid and nitric acid. To induce the oxidation,
a nitroaniline was dissolved in a basic alcoholic solution,
cooled to 5 °C and reacted with sodium hypochlorite to
produce the corresponding fluorobenzofuroxan (4a—4d).
This oxidative cyclization is thought to occur through a
single nitrene intermediate [19].

For the preparation of an arylazide (5a—5d), a nitroaniline
was dissolved in a solution of trifluoroacetic acid and
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concentrated sulfuric acid (Scheme 1). The mixture was
cooled to 15 °C and an aqueous solution of sodium nitrite
was added dropwise maintaining the temperature to 15 °C to
give a benzenediazonium salt, the resulting mixture was
reacted with sodium azide to produce a fluorophenylazide.
To induce thermal cyclization, an azide was dissolved in
glacial acetic acid and refluxed by a period of 5-6 h. Cold
water was added to the reaction mixture to form a precipitate
corresponding to the fluorobenzofuroxan (4a-4d). This
thermal cyclization could occur through a single nitrene
mechanism and through an electrocyclic process, in which
nitrogen is extruded and the new heterocycle (6a) is partly
formed at the transition state (Scheme 2) [20,21]. This
mechanism requires substantial coplanarity of the aromatic
ring, the azido group and the ortho-nitro substituent. Sub-
stituents in the 3- and 6-positions of 2-nitro-arylazide slow
this reaction due to steric interference with the planar cyclic
transition state [22].

Benzofuroxan tautomerism has been reported in several
articles [23]. This isomerization process occurs through an
ortho-dinitrosobenzene intermediate [24-26]. In a recent
study, this process was studied by multinuclear NMR meth-
ods [27]. The several fluorobenzofuroxans prepared in this
study presented tautomerism. The 'H NMR for 6-fluoro-
benzofuroxan gives three signals (7.47, 7.15 and 7.08 ppm)
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indicating the presence of three different kind of aromatic
hydrogens. These signals are broad due to rapid interconver-
sion of two tautomeric structures (4a, 4a’). In agreement
with these results, two broad signals (—105.52 and
—102.52 ppm) are observed for the two fluorine atoms
present in the two tautomers.
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The 'H NMR for 5,6-difluorobenzofuroxan gives two
signals located at 6.67 and 6.43 ppm for the aromatic
hydrogens. In this case, these signals are also broad due
to rapid interconversion between 4b and 4b’. As expected
for two tautomeric structures, two broad signals (—119.86
and —116.58 ppm) are observed in the '°F NMR due to the
symmetry of the structures.

4b 4’

The '"H NMR of 4,6-difluorobenzofuroxan is more com-
plex with four signals for the two aromatic protons. In this
case, the signals are sharp and coupled to neighboring
fluoro-atoms, indicating the equilibrium between the two
tautomers (4c, 4¢’) to be a slower process. The proton
located between two fluoro-atoms gives two signals at
7.96 ppm (m) and 7.87 ppm (m). The proton next to one
fluoro-atom gives two signals at 7.56 ppm (dd) and
7.47 ppm (dd). In addition, the '°F NMR gives four sharp

signals located at —117.86, —117.43, —104.97 and
—104.53 ppm.
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In the case of 4,5,6-trifluorobenzofuroxan, the two tauto-
meric structures (4d, 4d’) are also in slow equilibrium
allowing for the two hydrogens to be detected. The 'H
NMR for this compound gives one signal at 7.93 ppm (dd)
and another signal at 7.90 ppm (dd). The '°F NMR gives six
sharp signals located at —156.38 (m), —156.05 (m), —137.59
(d), —135.09 (d), —129.68 (dd) and —128.82 ppm (dd).
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3. Conclusions

In general, aniline oxidation (98-70%) gave better benzo-
furoxan yields than arylazide thermal cyclization (80-40%).
Thermolysis of 4-fluoro-2-nitroarylazide to benzofuroxan
gave 80% yield indicating that electron-withdrawing substi-
tuents in the 4-position favor this process. Increasing the
amount of fluorine atoms in the nitroarylazide reduced the
benzofuroxan yields considerably and some tar was formed.
This is probably due to a rapid polymerization of the singlet
arylnitrene produced under photolysis or thermolysis con-
ditions [28]. In the case of 4,6-difluoro-2-nitrophenylazide
and 4,5,6-trifluoro-2-nitrophenylazide, the presence of a
fluorine atom in the 6-position on the aromatic ring, ortho
to azide, do not inhibit the benzofuroxan formation. How-
ever, our experimental results suggest the presence of this
fluoro-atom to slow down the equilibrium between the two
fluoro-substituted benzofuroxan tautomers.

4. Experimental
4.1. General methods

All the melting points were measured with a Fisher Johns
apparatus. IR spectra were recorded on a Nicolet 205 FT-IR.
UV-Vis spectra were determined on a Shimadzu UV-2401
PC. NMR spectra were recorded on a Bruker 400 MHz ARX
with a QNP probe. "H NMR spectra were recorded in ppm
from tetramethylsilane and '°’F NMR spectra were recorded
in ppm from 1% Freon 113 in deuterated benzene as an
external reference. Mass spectra and exact masses were
obtained on a VG 70-2505 MS instrument.

4.1.1. Preparation of fluoronitroanilines

The fluoroaniline 1a-1d (17.99-13.59 mmol) was added
to 34 ml of water and 1.1 ml of concentrated hydrochloric
acid. After the mixture was heated at 90 °C for 10 min,
acetic anhydride (4 ml, 42.39 mmol) was added. Then, a
buffer solution of sodium acetate (24.38 mmol in 6 ml of
distillated water) was added, yielding the corresponding
fluoroacetanilide 2a-2d. This compound (14.80 mmol)
was dissolved in 10 ml of glacial acetic acid and cooled
in an ice bath, and nitric acid (7 ml) was added dropwise.
After the addition of the acid, the reaction mixture was
heated at 90 °C for 4 h, and was extracted with ethyl acetate.
The organic phase was washed with water and concentrated
to give a product. It was purified through a silica gel column
using hexane as solvent to yield the corresponding aromatic
amine 3a-3d.

4.1.2. Preparation of benzofuroxans by oxidation

The fluoronitroaniline 3a-3d (0.93 mmol) was dissolved
in 10 ml of methanol combined with 1.5 ml of sodium
hydroxide at 50%. Then, the mixture was cooled to 5 °C
and a solution of sodium hypochlorite (6 ml, 4%) was added

dropwise with vigorous stirring to give the corresponding
fluorobenzofuroxan 4a—4d as a solid. This solid was recrys-
tallized from benzene.

4.1.3. Preparation of fluoronitroarylazides

The fluoronitrophenylazides Sa-5d were prepared from
the corresponding fluoroanilines 3a-3d following the pro-
cedure described by Smith and Brown [29] with only minor
modifications as previously described [30].

4.1.4. Preparation of benzofuroxans by thermal
decomposition

The fluorophenylazide (1.65 mmol) was dissolved in
10 ml of glacial acetic acid and the solution was refluxed
for 6 h. Then, the reaction mixture was poured in 100 ml of
cold water and the precipitated formed was filtered under
vacuum and dried to give the corresponding fluorobenzo-
furoxan 4a—4d as a solid. This solid was recrystallized from
benzene. Only the 4-fluoro-benzofuroxan (4a) was obtained
with 80% yield, the other fluoro-substituted benzofuroxans
(4b—4d) were obtained with 40% yield.

4.1.5. 4-Fluoro-2-nitroaniline 3a

Red solid; yield 54%; mp 90-92 °C; IR (KBr, cmfl):
3550-3250 (N-H), 3200 (N-H overtone), 1550-1450 (N=0);
'"H NMR (CDCl3) 6 ppm: 7.83 (1H, dd, Jurerme = 9.03 Hz,
JHHmera = 2.91 Hz, aromatic H), 7.18 (1H, m, aromatic H),
6.18 (IH, dd, Junorme = 9.13 Hz, JHEmera = 4.59 Hz, aromatic
H),5.80 (2H, br,amino H); ’"FNMR (CDCl;) § ppm: —126.48
(1F, s, aromatic F).

4.1.6. 6-Fluorobenzofuroxan 4a prepared by oxidation

Green solid; yield 98%; mp 4042 °C; IR (KBr, cmfl):
1637 (C=N1-07), 1550-1465 (doublet due to O-N"-0"),
1315 (N-0), 1020 and 865-760 (furoxan ring); '"H NMR
(CDCl3) 6 ppm: 7.47 (1H, br, aromatic H), 7.15 (1H, br,
aromatic H), 7.08 (IH, br, aromatic H); '°F NMR (CDCl5) &
ppm: —105.52 (1F, s, aromatic F), —102.52 (1F, s, aromatic F);
EIMS (70 eV) m/z: 154 (100%) [M*], 138 (6%) [M1-0],
124 (5%) [MT-NO], 96 (19%) [MT—CNO,], 94 (24%)
[Mt=N,0,]; exact mass for CqH;FN,O, 154.0179, observed:
154.0181.

4.1.7. 4,5-Difluoro-2-nitroaniline 3b

Yellow solid; yield 24%; mp 128 °C; IR (KBr, cm™Y):
3500-3250 (N-H), 3200 (N-H overtone), 1550-1450
(N=0); 'H NMR (CDCl;) § ppm: 8.00 (1H, dd,
JHForo = 10.50 Hz, Jyugmers = 8.20 Hz, aromatic H), 6.60
(1H, dd, Jurorhe = 11.19 Hz, Jyugmers = 6.67 Hz, aromatic
H), 6.10 (2H, br, amino H); 'F NMR (CDCls) § ppm:
—148.94 (1F, d, Jgr = 11.29 Hz, aromatic F), —124.31 (1F,
d, Jrgg = 11.29 Hz, aromatic F).

4.1.8. 5,6-Difluorobenzofuroxan 4b prepared by oxidation
Yellow solid; yield 81%; mp 140-147 °C; IR (KBr,
cmfl): 1637 (C=N"T-07), 1550-1465 (doublet due to
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O-N*-0"), 1342 (N-0), 954 and 865-760 (furoxan ring);
'H NMR (CDCl3) 6 ppm: 6.67 (1H, br, aromatic H), 6.43
(1H, br, aromatic H); '°F NMR (CDCl;) § ppm: —119.86
(1F, s, aromatic F), —116.58 (1F, s, aromatic F); EIMS
(70 eV) m/z: 172 (8%) [M™'], 136 (57%) [M"-HOF], 121
(17%) [M1T-N,O,F + C,H,4], 113 (20%) [MT-N,O, + H],
93 (34%) [MT-N,0,F], 92 (5%) [MT-HN,O,F]; exact mass
for CcH,F,N,0, 172.0084, observed: 172.0109.

4.1.9. 4,6-Difluoro-2-nitroaniline 3¢

Yellow solid; yield 14%; mp 57-60 °C; IR (KBr, cm™):
3500-3300 (N-H), 1534-1438 (N=0); '"H NMR (CDCl5) §
ppm: 7.70 (1H, br, aromatic H), 7.11 (1H, br, aromatic H),
6.00 (2H, br, amino H); '’F NMR (CDCls) § ppm: —128.48
(1F, s, aromatic F), —125.38 (1F, s, aromatic F).

4.1.10. 4,6-Difluorobenzofuroxan 4c prepared
by oxidation

Yellow solid; yield 80%; mp 140-142 °C; IR (KBr,
cm): 1648 (C=NT-0"), 1550-1465 (doublet due to O—
NT-0"), 1342 (N-0), 995 and 865-760 (furoxan ring); 'H
NMR (CD;COCDs3) 6 ppm: 7.96 (1H, m, aromatic H), 7.87
(1H, m, aromatic H), 7.56 (1H, dd, aromatic H), 7.47 (1H,
dd, aromatic H); '°’F NMR (CD5COCD3) § ppm: —117.86
(1F, s, aromatic F), —117.43 (1F, s, aromatic F), —104.97
(1F, s, aromatic F), —104.53 (1F, s, aromatic F); EIMS
(70 eV) m/z: 172 (8%) [M 11, 171 (43%) [MT-H], 170 (54%)
[MT=H,], 156 (13%) [M"-0], 154 (75%) [M"=F + H], 153
(13%) [M1-F], 152 (11%) [M*-HF], [M*-HF], 151 (17%)
[IMT-H,F], 142 (100%) [M'-NO]; exact mass for
C6H2F2N202 1720084, observed: 172.0110.

4.1.11. 4,5,6-Trifluoro-2-nitroaniline 3d

Yellow solid; yield 10%; mp 44-47 °C; IR (KBr, cm_l):
3525-3250 (N-H), 3200 (N-H overtone), 1534-1398
(N=0); 'H NMR (CDCl5) ¢ ppm: 7.86 (1H, m, aromatic
H), 6.12 (2H, br, amino H); '°F NMR (CDCl;) § ppm:
—153.04 (1F, d, Jgg = 9.41 Hz, aromatic F), —148.67
(1F, d, Jgg = 11.29 Hz, aromatic F), —147.71 (1F, dd,
Jre = 11.29 Hz, Jgg = 9.41 Hz, aromatic F).

4.1.12. 4,5,6-Trifluorobenzofuroxan 4d prepared
by oxidation

Yellow solid; yield 70%; mp 61-63 °C; IR (KBr, cmfl):
1637 (C=N1-07), 1550-1465 (doublet due to O-N1-0"),
1018 and 865-760 (furoxan ring); 'H NMR (CDCl3) 6 ppm:
7.93 (1H, dd, aromatic H), 7.90 (1H, dd, aromatic H); '°F
NMR (CDCl3) 6 ppm: —156.38 (1F, m, aromatic F),
—156.05 (1F, t, aromatic F), —137.59 (1F, d, aromatic F),
—135.09 (1F, d, aromatic F), —129.68 (1F, dd, aromatic F),
—128.82 (1F, dd, aromatic F); EIMS (70 eV) m/z: 190 (3%)
[M*], 191 (16%) [M* + H], 174 (5%) [M1-0], 171 (27%)
[M*=F], 170 (7%) [MT=HF], 160 (68%) [M*t-NO], 159
(95%) [MT—HNO]; exact mass for C¢H;FN,0, 189.9901,
observed: 190.0109.

4.1.13. 4-Fluoro-2-nitrophenylazide 5a
Red solid; yield 85%; mp 30-31 °C; IR (KBr, cmfl):
2125 (azide group), 1540 and 1275 (N=0).

4.1.14. 4,5-Difluoro-2-nitrophenylazide 5b
Red solid; yield 58%; mp 25-28 °C; IR (KBr, cmfl):
2125 (azide group), 1540 and 1275 (N=0).

4.1.15. 4,6-Difluoro-2-nitrophenylazide 5¢
Red oil; yield 40%; IR (KBr, cmfl): 2125 (azide group),
1540 and 1275 (N=0).

4.1.16. 4,5,6-Trifluoro-2-nitrophenylazide 5d
Yellow oil, yield 60%; IR (KBr, Cmfl): 2125 (azide
group).
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