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Our preceding paper! reported that the nitration of 4-oxo-7-chloro-4,5-dihydrofuro-
(2,3-d]pyridazine (IIla) with mixed acid gave three products, 2-nitro-4-oxo-7-chloro-
4,5-dihydrofuro[2,3-d]pyridazine (IV), frans-2-nitro-3-hydroxy-4-oxo-7-chloro-2,3,4,5-tetra-
hydrofuro[2,3-d]pyridazine (Va) and its cés-isomer (Vb). However, the nitration of 4,7-dich-
lorofuro(2,3-d]pyridazine (Ia) with mixed acid resulted in the recovery of unchanged starting
material. The present paper describes the nitration of Ia with acetyl nitrate.
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Fig. 1. Mass Spectra of ITa and IV

When Ia was allowed to react with acetyl nitrate, colorless prisms (IIa) of mp 113°
(decomp.) were obtained in 589, yield. Both Ila and IV gave the same mass spectral peak
at m/e 215 (molecular ion) but fragmentation of ITa was different from that of IV, asillustrated
in Fig. 1. The nuclear magnetic resonance (NMR) spectrum (ppm in DMSO-dg) of Ila
showed the signals at 8.45 (1H, doublet, /=2 cps, ring proton 2 pos.) and 7.48 (1H, doublet,
J=2 cps, ring proton 3 pos.). The infrared (IR) spectrum of IIa showed absorption bands at
1260 cm~! attributed to a nitramino group and 1730 cm™! attributed to a carbonyl group.
From these spectral data and elemental analysis it seems reasonable to assume that IIa is
4-0x0-5-nitro-7-chloro-4,5-dihydrofuro[2,3-d]pyridazine. The mechanism of its formation is
assumed to be as shown in Chart 1.
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The nitration of 2-methyl-4,7-dichlorofuro[2,3-d]pyridazine? (Ib) by the same procedure
gave 2-methyl-4-oxo-5-nitro-7-chloro-4,5-dihydrofuro[2,3-d]pyridazine (IIb). It was further
found that the nitration of IITa and 2-methyl-4-oxo-7-chloro-4,5-dihydrofuro[2,3-d]pyrida-
zine? (IIIb) with acetyl nitrate also gave IIa and IIb, respectively. When Ila was allowed
to react with mixed acid at room temperature Va was obtainead instead of the expected 2,5-
dinitro-4-oxo-7-chloro-4,5-dihydrofuro[2,3-d]pyridazine (VII). Va was proved to be identical
with the product obtained by the nitration of IITa with mixed acid. On the other hand, the
reaction of IV with acetyl nitrate afforded the 2,5-dinitro compound (VII).

When Va was allowed to react with acetyl nitrate, colorless prisms (VIa) of mp 115°
(decomp.) were obtained in 869, yield. The NMR spectrum (ppm in CD;COCD;) of VIa
showed the signals at 7.43 (1H, doublet, J=1.5 cps, ring proton 2 pos.) and 7.27 (1H, doublet,
J=1.5 cps, ring proton 8 pos.). The signal of hydroxy proton in Va disappeared in the spect-
rum of VIa. A similar reaction of Vb obtainable from IITa with mixed acid gave colorless
prisms (VIb) of mp 133° (decomp.). The NMR spectrum (ppm in CD,COCD,) of VIb showed
the signals at 7.62 (1H, doublet, J=7.5 cps, ring proton 2 pos.) and 7.38 (1H, doublet, J=17.5
cps, ring proton 3 pos.), and the signal of hydroxy proton in Vb was not noticed. From
these NMR spectra and elemental analysis (see Experimental) it is reasonable to assume
that VIa and VIb would be 2,5-dinitro-4-oxo-7-chloro-2,3,4,5-tetrahydrofuro[2,3-d]pyridazinyl
3-nitrate. They are considered to be stereoisomers. The difference between the coupling
constants, J,s of H,, for VIa and VIb can be explained by the Karplus rule, 7.c., the value
(Jas=1.5 cps) for VIa suggests that the dihedral angle of H,—~C—C-Hj is about 100°, and that
(Jas=1.5 cps) for VIb suggests that the dihedral angle is nearly 0°. Based on above spectral
data, the configuration of NO, group and ONO, group on the furan ring is assigned as trans
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to VIa and cis to VIb. VIa and VIb were respectively converted smoothly into Va and Vb
on treatment with 709, sulfuric acid.

Relatively little work has been reported concerning nitration of the nitrogen in N-hetero-
aromatics.® The synthesis and properties of 1-nitropyrazole and some substituted N-nitro-
pyrazoles have been reported by Hiittel and Biichele.® They also described the rearrangement
of N-nitropyrazoles into 4-nitro derivatives in sulfuric acid solution. We have found that
the nitro group in I1a can be undergo rearrangement into the adjoining furan ring. Treatment
of ITa with concentrated sulfuric acid at 100° for 8 hours gave two products, rearrangement
product (IV) and Illa, in 189, and 409, yield, respectively.

Experimental”

4-0x0-5-nitro-7-chloro-4,5-dihydrofuro[2,3-d]pyridazine (IIa) To a suspension of Ia or IIIa (2.0 g)
in 20 ml of Ac,0, a mixture of Ac,O and fuming HNO, (1:1) (4 ml) was added with stirring at 15°. After:
the addition, the mixture was stirred for an additional 2 hr at room temperature, poured into ice water, and
stirred. The precipitate formed was collected by filtration, washed with some water, and dried over CaCl,
in vacuo. The crude product was recrystallized from CHCI; to Ila as colorless needles, mp 113°. Yield:
58% (from Ia), 91% (from IIla). Awual. Calcd. for CgH,O,N,Cl: C, 33.43; H, 0.94; N, 19.49. Found: C,
33.29; H, 0.77; N, 19.06.

2-Methyl-4-0x0-5-nitro-7-chloro-4,5-dihydrofuro[2,3-d]pyridazine (IIb) This compound was prepared
from Ib or IIIb as described above for ITa. The yield of IIb, mp 115° (decomp.), was 629, (from Ib) or
75% (from IIIb). mfe 229 (M*). Anal. Caled. for C;H,0,N,Cl: C, 36.62; H, 1.76; N, 18.30. Found: C,
36.38; H, 1.79; N, 18.01. NMR ppm: 7.62 (1H, quartet, ring proton 3 pos.), 2.63 (3H, doublet, -CH,).

2,5-Dinitro-4-o0xo0-7-chloro-4,5-dihydrofuro[2,3-d ]pyridazine (VII) This compound was prepared
from IV as described above for Ila. The yield of VII, mp 137° (decomp.), was 88%,. mfe 260 (M*). Anal.
Calcd. for CGHOgN,CI: C, 27.66; H, 0.39; N, 21.50. Found: C, 27.63; H, 0.54; N, 20.95. NMR ppm: 8.37
(1H, singlet, ring proton 3 pos.).

trans-2,5-Dinitro-4-oxo-7-chloro-2,3,4,5-tetrahydrofuro[2,3-d Jpyridazinyl 3-Nitrate (VIa) This com-
pound was prepared from Va as described above for ITa. The yield of VIa, mp 115° (decomp.), was 86%.
Anal. Calcd. for CgH,0,NCl: C, 22.27; H, 0.62; N, 21.64. Found: C, 22.28; H, 0.52; N, 21.33.

cig-2,5- Dinitro-4- oxo-7-chloro-2,3,4,5- tetrahydrofuro[2,3-d Jpyridazinyl 3-Nitrate (VIb)——This com-
pound was prepared from Vb as described above for ITa. The yield of VIb, mp 133° (decomp.), was 80%.
Anal. Calcd. for C;H,0,N,Cl: C, 22.27; H, 0.62; N, 21.64. Found: C, 22.15; H, 0.73; N, 21.16.

Conversion of VIa and VIb into Va and Vb——A mixture of 0.5 g of VIa or VIb and 5 ml of 709, H,SO,
was heated at 80° for 1 hr, poured into ice water, the precipitate formed was collected by filtration and
recrystallized from MeOH to give 0.3 g of Va or Vb. Their identity was confirmed by comparing IR
spectra and by a mixed melting point.

Treatment of IIa with Concentrated Sulfuric Acid A mixture of ITa (0.5 g) added to conc. H,SO,
was heated at 100° for 8 hr, poured into ice water, and the precipitate formed was collected by filtration.
The product was separated by fractional recrystallization from MeOH, and IV and IIIa were obtained in 189,
and 409 yield. Their identity was confirmed by comparing IR spectra and by a mixed melting point.
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6) R. Hiittel and F. Biichele, Chem. Ber., 88, 1586 (1955).

7) All melting points were not corrected. Mass spectra were obtained with a Hitachi RMU-6 mass spectro-
meter using the direct introduction probe and ionizing voltage of 70 eV. The NMR-data were measured
by a Varian A-60-A in CD;COCD, and used Me,Si as internal standard.



