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Abstract

Polyfunctionalized pyrrole 6 is synthesized in the ring transformation of N-hydroxy-3,5-dinitro-
4-pyridone 4 with enolate 2 derived from diethyl 3-oxogulutarate. The present reaction proceeds
with C-N transfer from 4 to 2, which is hitherto unknown manner in similar reactions using
dinitropyridone series.
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Introduction

N-Arylated (or N-alkylated) 3,5-dinitro-4-pyridones 1 show dual reactivity to cause two kinds of
ring transformations. In the reaction of 1 with sodium enolate anion 2a, pyridone 1 behaves as
the synthetic equivalent of N-substituted diformylamine to give 3,5-difunctionalized 4-pyridones
3. Another ring transformation is the displacement of the ring nitrogen with nucleophiles suchas
acetoacetate’ and primary amines.>® When hydroxylamine is used as a nucleophile, the ring
nitrogen is similarly exchanged affording N-hydroxy-3,5-dinitro-4-pyridone 4. Furthermore,
pyridone 4 is converted to synthetically useful salt of nitroisoxazolone 5*° on treatment with
excess amounts of hydroxylamine.” In the present reaction, the C2-C3-C4 moiety of pyridone 4
is built into isoxazolone 5, which has not been observed in reactions of 1 with other nucleophiles.

This result prompts us to study the ring transformation of 4 with bidentate enolate 2a. As a
result, we found an unusual and new ring transformation leading to polyfunctionalized pyrrole 6.
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Scheme 1

Results and Discussion

In the reaction of pyridone 4 with sodium enolate 2a, a trace amount of crystalline product 6 is
isolated in addition to usual ring transformed product,® N-hydroxy-3,5-bis(ethoxycarbonyl)-4-
pyridone. The observation of two unequivalent ethoxy signals in the *H NMR of 6 suggests that
diester 2 acquires unsymmetrical framework. On the basis of spectral and analytical data, the
structure of 6 is determined as 2,4-bis(ethoxycarbonyl)-3-hydroxypyrrole, which is finally
confirmed by X-ray crystallography (Figure 1). Acetonitrile is found to be the suitable solvent,
and heating is also necessary (Table 3). Using triethylammonium enolate 2b is effective to
improve the yield of 6 up to 30 % with easier experimental manipulations.

Figure 1
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Table 1. Intramolecular bond angles involving the nonhydrogen atoms
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Table 2. Intramolecular bond length involving the nonhydrogen atoms
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Table 3. The effects of solvents and counter cations of enolate 2
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Pyridone 4 has an acidic hydroxy group enough forming ammonium salt 7 with amines, and
whole salt 7 is returned to 4 under acidic conditions without forming any by-products. On the
other hand, O-protected dinitropyridone 8 only affords complex mixture under the same
conditions used for the reaction of 4. Taking these experimental facts into consideration, we
suggest a plausible mechanism as illustrated in Scheme 2.

0] 0]
02N N02 02N NOZ
- ||
N N
| + |
O~ RNH3 OMe
7 8

Figure 2

The acidic N-hydroxy group is considered to play an important role for causing unusual ring
transformation. Initially formed salt 7’ undergoes ring opening reaction leading to nitroso
compound 9 prior to the attack of enolate 2 to 4 that is prevented by anionic property of the
pyridone ring. After addition of enolate 2 to 9, regenerated enolate 10 constructs a five
membered ring by intramolecular cyclization. The following aromatization of 11 furnishes
pyrrole 6. Detailed study on this reaction (determination of the mechanism and application to
other active methylene compounds) is in progress, and new results will be shown in due course.
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Scheme 2. A plausible mechanism.
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Experimental Section

General Procedures. Melting points (uncorrected) were determined on a Yanaco micro-
melting-points apparatus. *H NMR and *C NMR spectra were recorded on a Bruker DPX 400
spectrometer at 400 MHz and at 100 MHz with TMS as an internal standard. Coupling constants
are given in Hz and without sign. The IR spectra were recorded on a Horiba FT-200 IR
spectrometer. Elemental analyses were performed using a Yanaco MT-3 CHN corder.

Materials. All the reagents were commercially available and used as received. Solvents were
dried and distilled according to usual methods.

2,4-Bis(ethoxycarbonyl)-3-hydroxypyrrole (6). The sodium enolate 2a was prepared from
diethyl 3-oxoglutarate (1.09 mL, 6.0 mmol) and NaOEt (6.0 mmol) in EtOH (20 mL). After
removal of EtOH, the resultant enolate was dissolved in pyridine (20 mL). A half amount of the
solution (10 mL) was added to a solution of pyridone 4 (402 mg, 2.0 mmol) in pyridine (40 mL)
on an ice bath, and the mixture was heated at 50 °C for 5 hours. The reaction mixture was
quenched with 1 M HCI (3 mL, 3.0 mmol), and concentrated under reduced pressure. The
residual reddish oil was treated with column chromatography on silica gel to afford pyrrole 6 as
yellow solid eluted with CHClIs. Further purification was performed with recrystallization from a
mixed solvent of PhH and hexane (1 / 1) to give pyrrole 6 as yellow plates, yield 46 mg (10 %),
mp 129-130 °C; IR (Nujol) v 3345, 3234, 1684, 1655 cm™; 'H NMR (CDCls) & 1.36 (t, J = 7.1,
3H), 1.46 (t, J = 7.1, 3H), 4.39 (q, J = 7.1, 2H), 4.41 (q, J = 7.1, 2H), 7.23 (d, J = 4.0, 1H), 8.4-
8.6 (br, 1H), 8.9-9.1 (br, 1H); *C NMR (CDCls) & 14.1 (q), 14.4 (q), 60.7 (t), 60.8 (t), 104.1 (s),
106.7 (s), 124.4,(d) 151.6 (s), 161.4 (s), 165.9 (s). Anal. Calcd. for C10H13NOs: C, 52.86; H,
5.77; N, 6.16. Found: C, 52.96; H, 5.88; N, 6.28.

Crystal data for pyrrole 6. CioH13sNOs, M = 227.22, monoclinic, space group C2/c, a
24.264(3) A, b = 7.313(4) A, ¢ = 14.636(3) A, B = 122.779(8) °, V = 2183(1) A% D
1.382 g/cm®, Z = 8, F(000) = 960.00, = 1.12 cm™. A dark yellow crystal of dimensions 0.30 x
0.30 x 0.30 mm was sealed in a glass capillary and used for measurement at 293 K on a Rigaku
AFCT7R four-circle diffractometer employing graphite monochromated MoKa radiation (A =
0.71069 A) using the /20 scan technique. The 2519 unique reflections were corrected for
Lorentz and polarization effects. The structure was solved by direct methods (SIR 88). The final
full-matrix least squares refinement, based on F using 1396 reflections (I > 3.00c (1)) and 197
parameters, converged with R = 0.041 and Rw = 0.037.

Reaction using triethylammonium enolate 2b. To a solution of pyridone 4 (402 mg, 2.0 mmol)
in MeCN (40 mL), were added diethyl 3-oxoglutarate (0.54 mL, 3.0 mmol) and NEt; (0.42 mL,
3.0 mmol) at room temperature. After heating of the mixture at 50 °C for 5 hours, solvent was
removed under reduced pressure. The residual oil was treated with column chromatography on
silica gel to give crude pyrrole 6 as yellow solid eluted with chloroform. Recrystallization from a
mixed solvent of PhH and hexane (1 / 1) afforded pure pyrrole 6 as yellow plates, yield 138 mg
(30 %).
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1-Methoxy-3,5-dinitro-4-pyridone (8). To a solution of KOH (112 mg, 2.0 mmol) in MeOH
(10 mL), were added 1-hydroxypyridone 4 (402 mg, 2.0 mmol) and Mel (0.31 mL, 5.0 mmol),
and the mixture was heated under reflux for 1 day. After removal of solvent, the residue was
extracted with EtOAc (30 mL x 3), dried over MgSQO, and the organic layer was evaporated.
Recrystallization of the residual solid gave O-methylated pyridone 8 as dark yellow plates, yield
73 mg (16 %), mp 196-198 °C; IR (Nujol) v 1668, 1510, 1349, 1295 cm™; *H NMR (DMSO-ds)
§ 4.24 (s, 3H), 9.62 (s, 2H); *C NMR (DMSO-ds) & 68.2 (q), 140.3 (s), 140.5 (d), 158.7 (s).
Anal. Calcd. for CgHsN3Og: C, 33.50; H, 2.34; N, 19.53. Found: C, 33.79; H, 2.34; N, 19.50.
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