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The synthesis and properties of twelve 2-substituted 3,5-dinitrofurans are described. These
derivatives include bromo-, iodo-, azido-, hydroxy-, amino-, 3,5-dinitro-2-furanyl-, 5-nitro-2-

furanyl-, acetamido-, and carbamate compounds.
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Introduction.

The nitration of furan and its derivatives is complicated
by the susceptibility of the furan nucleus to the oxidizing
and acidic properties of many nitrating agents. For the
preparation of mononitrofurans, acetyl nitrate is the usual
nitrating agent and often the furan starting materials con-
tain electronegative substituents which stabilize the furan
ring toward oxidizing and acidic reagents (1) (2). Although
the stabilizing effect of the nitro group on the nucleus of
mononitrofurans allows further nitration with stronger
nitrating agents (3), extremely few dinitrofurans have been
reported in the literature. Efforts at this laboratory have
produced a number of new dinitrofurans whose synthesis
and properties are described in this paper (4).

Results and Discussion.
A. Preparation of 2-Bromo-3,5-dinitrofuran.

Nitration of 2-bromo-5-nitrofuran gave 2-bromo-3,5-di-
nitrofuran, although in low yield, presumably due to ox-
idation of the furan nucleus by the nitrating medium
(large amounts of bromine were liberated during the
course of the reaction). The structure assignment for I,
with the entering nitro group adjacent to the bromine
atom, is based on literature assignments for products
resulting from electrophilic attack on 2,5-disubstituted
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furans containing one positive and one negative substi-
tuent. Many such products have been described, and in all
cases, the entering electrophilic group occupies the posi-
tion adjacent to the positive, o,p-directing substituent (5).
For example, the nitrations of 5-methyl-2-furoic acid and
S-methyl-2-nitrofuran gave the products with the nitro
group adjacent to the methyl substituent (6) (3).

B. 3,5-Dinitrofuran Derivatives Prepared from 2-Bromo-
3,5-dinitrofuran.

2-lodo-3,5-dinitrofuran (II) and 2-azido-3,5-dinitrofuran
(IIT) were prepared by treatment of I with potassium
iodide and sodium azide, respectively. Both I and II were
converted to 3,3',5,5-tetranitro-2,2’-bifuran (IV) via the
Ullmann reaction but the yields with II are considerably
better. Nitration of 5,5 -dinitro-2,2"-bifuran gave the tri-
nitro derivative, 3,5,5’-trinitro-2,2’-bifuran (V) (7), but
further nitration of V to IV could not be accomplished.

C. Reaction of 2-Bromo-3,5-dinitrofuran on Silica Gel.

The bromodinitrofuran I, when adsorbed on silica gel,
is slowly converted to a bright yellow product that can be
removed with acetone. The product is an acidic, water
soluble compound that is very sensitive to impact and ex-
plodes without melting in the vicinity of 140°. A freshly
prepared sample of the yellow product showed only one
spot by tlc analysis (benzene-ether-ethanol, 50/30/20) but
after standing for several hours (in the dark) it was no
longer totally soluble in acetone or methanol, and tlc of
the solution showed origin material in addition to the
main spot (8). The infrared spectrum of the yellow product
shows a strong carbonyl peak at 1745 cm™' along with a
medium to weak hydroxyl absorption at 3700-3400 cm™'.
The nmr spectrum (methanol-d,) consists of only a singlet
(7.70 ppm); presumably the acidic proton in the yellow pro-
duct would exchange with the water present in the nmr
solvent and not be observed separately.

It may be speculated that the yellow product formed
from I is the hydrolysis product, 2-hydroxy-3,5-dinitro-
furan (VI), or one of its tautomeric keto forms (VIa, VIb).
In general both 2- and 3-hydroxyfurans have a strong
tendency to exist in the keto form (9). However, this
tendency can be reversed if the enol form is stabilized by
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hydrogen bonding of the hydroxyl hydrogen to an adja-
cent group (10). Although stabilization by hydrogen bon-
ding appears possible for VI, the infrared spectrum of the
yellow product shows carbonyl absorption which would
suggest the presence of at least some keto form (VIa or

VIb).
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D. 3,5-Dinitro-2-furanamine. Its Precursors and Derivatives.

The synthesis and physical properties of 3,5-dinitro-2-
furanamine (VII) have not been reported in the literature
although physiological properties of this compound have
been described (11). We had hoped to prepare VII from
ethyl (3,5-dinitro-2-furanyl)carbamate (V1II), a compound
described in the literature (12), but attempts to hydrolyze
VIII to VII were unsuccessful. However, the analogous
t-butyl derivative, t-butyl (3,5-dinitro-2-furanyl)carbamate
(IX), is readily hydrolyzed to give VII. The carbamate (IX)
was prepared by nitration of t-butyl (5-nitro-2-furanyljcar-
bamate, which was obtained from thermolysis of 5-nitro-2-
furoyl azide in t-butyl alcohol. Compound IX sinters at
130-140° and then melts at 154°, the same melting point
as for crude VII. Tlc analysis of a sample of IX which had
been heated at 130-140° showed it was converted to VII,
apparently by loss of carbon dioxide and isobutylene.

In company with other known furanamines, VII did not
undergo many of the normal reactions of aromatic amines
(13); 2,3,5-trinitrofuran could not be prepared from VII by
the usual diazotization or oxidation methods. With acetic
anhydride (pyridine as catalyst), VII readily forms the
diacetyl derivative (X) along with the expected mono
acetyl compound (XI). Similarly, the ethyl carbamate
(VIII) under the same conditions forms the acetyl
derivative XII.

EXPERIMENTAL

Elemental analyses were performed by Galbraith Laboratories, Knox-
ville, TN. The nmr spectra were determined on a Varian HA 100 spec-
trometer and the chemical shifts are relative to tetramethylsilane. The
melting points are uncorrected.

2-Bromo-3,5-dinitrofuran (I). .

The procedure of Nazarova and Novikov (14) was used for the prepara-
tion of 2-bromo-5-nitrofuran from 5-bromofuroic acid (100 g.). The reac-
tion mixture was poured onto ice and the 2-bromo-5-nitrofuran was ex-
tracted with 3 x 200 ml. of methylene chloride. The combined methylene
chloride extracts were washed with water (400 ml.) and then stirred with
500 ml. of water while 60 g. of sodium bicarbonate was added in portions.
The methylene chloride layer was dried over magnesium sulfate, filtered,
and cooled in ice. The ice cold solution was added with good stirring over
a 20 minute period to a mixture of 150 ml. of 90% nitric acid and 150 ml.
of concentrated sulfuric acid cooled at -10°. The mixture was stirred at -8
to -5° for 1 hour and then poured onto ice. The dark red brown
methylene chloride layer was dried over magnesium sulfate, filtered, and

Vol. 16

placed in the hood to allow the solvent to evaporate (15). The liquid
residue (62 g.) was stirred vigorously with 200 ml. of distilled water while
cooling in ice. An exothermic reaction (with evolution of brown fumes)
slowly began which raised the temperature to 20° (16). When the
temperature began to fall (after ca. 15 minutes), the ice bath was remov-
ed and the mixture was stirred rapidly at 20-22° for 3.5 hours. The in-
soluble semisolid material was removed and stirred with 20 ml. of
methanol at ambient temperature for 10 minutes. Dilute hydrochloric
acid (40 ml.) was slowly added and the insoluble material was removed
from the cooled mixture and washed with cold water to give 12.4 g. of
product, m.p. 55-60°. The product was dissolved in 700 ml. of boiling
hexane, the hot solution was decanted from a small amount of insoluble
material and cooled to give 8.6 g. of cream colored crystals, m.p. 78-80°
(14% yield from 2-bromo-5-nitrofuran) (17). Recrystallization from hex-
ane raised the melting point to 81-82°; nmr (benzene): & 6.38 (s)
ms: 238, 236 (M *, bromine isotopes).

Anal. Caled. for C,HBrN,O;: C, 20.27, H, 0.42; N, 11.82; Br, 33.72.
Found: C, 20.30; H, 0.47; N, 11.71; Br, 33.61.

2-lodo-3,5-dinitrofuran (II).

2-Bromo-3,5-dinitrofuran (3.0 g.) in 20 ml. of acetic acid was stirred
with 3 g. of potassium iodide at 65-70° for 10 minutes. To the cooled mix-
ture was added 100 ml. of ice cold water with stirring. The precipitated
material was washed with cold water to give 3.4 g. (94%) of cream col-
ored solid, m.p. 109-111°. Crystallization from benzene-hexane raised
the melting point to 111-112°; nmr (benzene): § 6.41 (s); ms: 284 (M +).

Anal. Caled. for C,HIN,O,: C, 16.92; H, 0.35; N, 9.87; I, 44.69.
Found: C, 17.06; H, 0.42; N, 10.02; 1, 44.89.

2-Azido-3,5-dinitrofuran (I1I).

Caution! The azido compound (I1]) is very sensitive to impact!

To a solution of 120 mg. of 18-crown-6 in 10 ml. of methylene chloride
was added 237 mg. of 2-bromo-3,5-dinitrofuran and 195 mg. of sodium
azide. The mixture was stirred in a stoppered flask for 3 hours, an addi-
tional 100 mg. of 18-crown-6 was added, and stirring was continued for 2
more hours. The deep red reaction mixture was filtered through a silica
gel pad to give a light yellow filtrate. The solvent was allowed to
evaporate in the hood to give a cream colored crystalline residue (98 mg.)
which was crystallized from benzene-hexane to give 65 mg. of crystals,
m.p. 105-106°; nmr (benzene): § 6.64 (s); ir (potassium bromide): 2160
(N;) cm™'. Because of its extreme sensitivity to impact, the azido com-
pound was not submitted for elemental analysis.

3,37,5,5' -Tetranitro-2,2’-bifuran (I'V).

A vigorously stirred mixture of 10 g. of 2-iodo-3,5-dinitrofuran and 0.8 g.
of copper (Venus Natural Copper Fine No. 44, American Bronze Powder
Co., Flemington, N.J.) in 8 ml. of dry nitrobenzene was heated at
135-140° for 7 minutes. The hot mixture was filtered through a glass
fiber filter pad and the insoluble material was washed with 10 ml. of hot
benzene. Additional benzene (15 ml) was added to the filtrate to
precipitate 260 mg. of crystals, m.p. 274-276°. An additional 220 mg. of
crystals m.p. 274-276°, was obtained by extracting the nitrobenzene in-
soluble material with 100 ml. of boiling acetone. The total yield (480 mg.)
is 86.8% of the theoretical. Recrystallization from acetone-benzene gave
the analytical sample, m.p. 275-276°; nmr (DMSO): & 8.70 (s); ms: 314
M),

Anal. Caled. for C,;H,N,0,,: C, 30.59; H, 0.64; N, 17.84. Found: C,
30.63; H, 0.67; N, 17.73.
3,5,5-Trinitro-2,2-bifuran (V).

To 30 ml. of 90% nitric acid stirred at 5-10° was added 3.0 g. of
5,5’ -dinitro-2,2-bifuran (18) in portions over a 15 minute period. The
solution was stirred at 22-23° for 30 minutes and then poured into ice-
water to precipitate 1.6 g. of product, m.p. 155-170°. Two crystallizations
from acetone gave 1.25 g. of crystals, m.p. 211-212°; nmr (acetone): 6
8.25 (s, 1H), 8.00 (d, 1H), 7.76 (d, 1H); ms: 269 (M +).

Anal. Caled. for C;H,N,O,: C, 35.70; H, 1.12; N, 15.61. Found: C,
35.77; H, 1.17; N, 15.53.
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t-Butyl (5-Nitro-2-furanyl)carbamate.

5-Nitro-2-furoic acid (125.6 g.; 0.8 mole) was converted to the acid
chloride by refluxing in 120 ml. of thionyl chloride (2 ml of
dimethylformamide as catalyst) for 3.5 hours. The thionyl chloride was
removed under reduced pressure and the residue was dissolved in 800
ml. of ether and added in 100 ml. portions to a solution of 104 g. of
sodium azide in 400 ml. of water cooled at 20°. After 25 minutes, the
ether layer was washed with water, dried over sodium sulfate and filtered.
The ether filtrate was cooled in a dryice-acetone bath to give 132.6 g. of
S-nitro-2-furoyl azide, m.p. 65-67°; lit. m.p. 66.5-67.5° (19). (Caution!
the acyl azide is impact sensitive). The acyl azide was refluxed with
700 ml. of ¢t-butyl alcohol for 6.5 hours. The hot solution was filtered to
remove some dark insoluble material and the solvent was removed from
the filtrate. The residue was dissolved in 300 ml. of hot benzene and the
solution was decanted from insoluble tar, treated with charcoal and
filtered. The filtrate was cooled to give 86.6 g. of yellow crystals, m.p.
114-118°. Two additional crystallizations raised the melting point to
120-122°; nmr (acetone): & 7.52 (d, 1H), 6.38 (d, 1H), 1.49 (s, 9H), NH not
observed.

Anal. Caled. for C,H ;)N,O,: C, 47.36; H, 5.30; N, 12.28. Found: C,
47.54; H, 5.43; N, 12.32.

3,5-Dinitro-2-furanamine (VII).

A mixture of carbon tetrachloride (77 ml.) and acetic anhydride (30
ml.) was stirred at -5° during the dropwise addition of 52 ml. of 90%
nitric acid. The mixture was kept at -5° for 15 minutes before 40 g. of
t-butyl (5-nitro-2-furanyl)carbamate was added in small portions over a 20
minute period with cooling at -15 to -10°. After 15 minutes at -10°, the
mixture was poured into ice-water and the yellow insoluble product was
removed and washed with cold water. Tlc analysis of the product (18.3 g.)
showed approximately equal amounts of the dinitrocarbamate (IX) and
the dinitrofuranamine (VII). The product was stirred with 200 ml. of con-
centrated hydrochloric acid at ambient temperature for 70 minutes, then

- 100 ml. of ice-water was added. The insoluble material was removed and
washed with cold water to give 8.3 g. (27%) of yellow solid, m.p. 155° dec.
Crystallization from methanol or dilute hydrochloric acid raised the
melting point to 158° dec.; nmr (acetone): & 8.75 (broad s, NH;), 7.86 (s,
furan H); ir (potassium bromide): 3510, 3340 (NH;) cm™*; ms: 173 (M ).

Anal. Caled. for CH,N,O,: C, 27.76; H, 1.75; N, 24.28. Found: C,
27.77; H, 1.74; N, 24.13.

t-Butyl (3,5-Dinitro-2-furanyl)carbamate (IX).

A 22.4 g. sample of t-butyl (5-nitro-2-furanyl)carbamate was nitrated
according to the procedure described for 3,5-dinitro-2-furanamine (VII).
The product (6.1 g.) by tlc analysis (silica gel 60, benzene-ethyl acetate
80/20) contained ca. equal amounts of VII and IX. The product was stir-
red for 16 hours with 60 ml. of benzene at ambient temperature and the
insoluble material (5 g.) was removed by filtration. The filtrate was con-
centrated and cooled to give 350 mg. of yellow-orange crystals, m.p. 154°
dec. with sintering at 130-140° (IX is converted to VII by heating, see
text); nmr (acetone): & 8.02 (s, 1H), 1.53 (s, 9H), the N-H was not observ-
ed; ir (potassium bromide): 3380 (NH), 1770 (C=0) cm-".

Anal. Caled. for C,H N,O,: C, 39.56; H, 4.06; N, 15.38. Found: C,
39.62; H, 4.08; N, 15.25.

2-Acetamido-3,5-dinitrofuran (XI) and N,N-Diacetyl-3,5-dinitro-2-furan-
amine (X).

A solution of 590 mg. of 3,5-dinitro-2-furanamine in 12 ml. of acetic
anhydride was stirred at 25° during the dropwise addition of 0.3 ml. of
pyridine. After 40 minutes, 75 ml. of ice cold water was added and the
mixture was stirred until the red brown oil turned to a gray solid. The
solid (637 mg.), which contained ca. equal amounts of XI and X by tlc
analysis was dissolved in 20 ml. of boiling benzene. The benzene solution
was treated with charcoal, filtered, and the filtrate cooled to give 330 mg.
of yellow crystals (XI), m.p. 146-148°. Recrystallization from methanol
did not raise the melting point and the crystals showed only one spot by
tle analysis (20); nmr (acetone):. & 8.02 (s, 1H, furan H), 2.37 (s, 3H, CH,),
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2.83 (broad, 1H, NH); ir (potassium bromide): 3400 (NH), 1755 (C=0)
cm™,

Anal. Caled. for CH,N,0O,: C, 33.50; H, 2.34; N, 19.53. Found: C,
33.40; H, 2.40; N, 19.49.

Addition of hexane to the benzene mother liquor precipitated a small
additional amount of XI. The solvent was removed yielding a residue
which was crystallized from methanol to give 160 mg. of white crystals
(X), m.p. 122-123°; nmr (acetone):  8.16 (s, 1H, furan H), 2.44 (s, 6H,
CH,); ir (potassium bromide): no NH peak, 1755 with shoulder at 1740
(C=0)cm™.

Anal. Caled. C,;H,N,0,: C, 37.36; H, 2.74; N, 16.34. Found: 37.50; H,
2.75; N, 16.42.

N-Carbethoxy-N-acetyl-3,5-dinitro-2-furanamine (XII).

To a stirred solution of 456 mg. of ethyl (3,5-dinitro-2-furanyl)car-
bamate in 5 ml. of acetic anhydride was added 0.3 ml. of pyridine drop-
wise. After 20 minutes the reaction mixture was poured into ice water
with stirring to give a dark insoluble oil which was extracted into 15 ml.
of benzene. The benzene solution was treated with magnesium sulfate
and charcoal, then concentrated and hexane was added to give 94 mg. of
white crystals, m.p. 69-70°; nmr (chloroform): & 7.73 (s, 1H, furan H),
4.28 (q, 2H, CH,) 2.67 (s, 3H, CH,), 1.21 (t, 3H, CH,); ir (potassium
bromide): no NH peak, 1775 and 1745 (C=0) cm™".

Anal. Caled. for C;HN,O,: C, 37.64; H, 3.16; N, 14.63. Found: C,
37.71; H, 3.23; N, 14.64.
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