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Substituted hydrazones 5 and 6 were synthesized by the reaction of the corresponding
furo[3,2-b]pyrrole-5-carboxyhydrazides 1 with 6-substituted 4-oxochromene-3-carbaldehydes
2 and methyl 2-formylfuro[3,2-b]pyrrole-5-carboxylates 3 under microwave irradiation as
well as by the classical method. The beneficial effect of the microwave irradiation on these
reactions was a shortening of the reaction time and an increase in the yields. The reactions
of 1 with 4-[(4-oxochromen-3-yl)methylidene]-2-phenyloxazol-5(4H)-one (4) were also stud-
ied. Compounds 7 or 8 were obtained, depending on the reaction temperature.
Keywords: 4-Oxochromene-3-carbaldehydes; Furo[3,2-b]pyrrole-5-carbohydrazides; Methyl
2-formylfuro[3,2-b]pyrrole-5-carboxylates; Hippuric acid; Fused heterocycles; Hydrazones;
Microwave irradiation.

N-Aroyl and N-heteroaroyl hydrazones have been described as useful build-
ing blocks for various heterocyclic rings1–3. A large number of hydrazones
have exhibited a wide variety of biological activities, e.g. antibacterial4, an-
algesic and anti-inflammatory5, antimycobacterial6 and the reduction of
the fatigue of skeletal muscles7. Synthesis and study of physical and chemi-
cal properties of heterocyclic compounds containing furan ring fused with
various heterocycles, including furo[3,2-b]pyrrole derivatives, attracted a
great interest during the recent decades8. The benzopyrane moiety is
known as the structural unit of many natural products and pharmaceutic-
als9–11, and has been widely used as a synthetic intermediate12–14.

In continuation of our program aimed at developing efficient syntheses
of fused oxygen-nitrogen containing heterocycles, we have reported the use
of substituted furo[3,2-b]pyrroles and their derivatives in synthesis15–19.
4-Oxochromene-3-carbaldehyde and its derivatives have also played an im-
portant role in our research20–23 because of their biological activity as well
as their synthetic potential.
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The use of microwave irradiation in organic synthesis has become highly
valued for its remarkable influence on the rate enhancement of a wide vari-
ety of reactions as well as on the purity and yields of products24–27.

The aim of this study was to synthesize some new hydrazones 5a–6b de-
rived from furo[3,2-b]pyrrole-5-carbohydrazides 1 by their reactions with
substituted 4-oxochromene-3-carbaldehydes 2 and methyl 2-formylfuro-
[3,2-b]pyrrole-5-carboxylates 3 (Scheme 1). Our goal was to obtain new
compounds with potential biological activity and to compare the classical
method with the effect of microwave irradiation, with a view to finding
conditions under which the yield or the rate of reaction would increase.

Another goal of this study was to investigate the reactions of 1 with
5-oxo-4,5-dihydrooxazole derivatives 4 which constitute an efficient
method of the synthesis of N-heterocycles (Scheme 2).

RESULTS AND DISCUSSION

N ′ -[(6-R3-4-Oxochromen-3-yl)methylidene]-2-R1-3-R2-4-R-furo[3,2-b]-
pyrrole-5-carbohydrazides 5a–5k and N′-{[(4-R3-5-methoxycarbonyl)furo-
[3,2-b]pyrrol-2-yl]methylidene}-2-R1-3-R2-4-R-furo[3,2-b]pyrrole-5-carbo-
hydrazides 6a, 6b were synthesized in high yields (72–83%) by the reaction
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of 1 with 2 and 3, respectively, in ethanol in the presence of 4-methyl-
benzene-1-sulfonic acid by heating at 50–60 °C over 1–4.5 h.

Microwave-assisted synthesis of 5a–6b was performed using an output of
90 W. The reaction times were only 4–9 min, while the yields were compa-
rable or slightly higher (73–94%) than those achieved under the classical
conditions (Table I). The 1H NMR spectra of compounds 5a–6b displayed
the signals of H-6 pyrrole protons in the 6.47–7.23 ppm range, and the sig-
nals of H-7 of the double bond in 8.10–8.70 ppm range. The resonance sig-
nals and their multiplicity confirmed the proposed structures.
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It is known that the reactions of aldehydes with hippuric acid lead to
oxazol-5(4H)-one derivatives28,29, which can serve as precursors of amino
acids30 or as convenient reagents for the synthesis of new heterocycles31.
Thus, Nálepa and co-workers32 described the synthesis of 1-(arylamino)-
substituted imidazol-5(4H)-ones by the treatment of substituted 4-aryliden-
2-phenyloxazol-5(4H)-ones with substituted phenylhydrazines. Therefore,
we investigated the reaction of 4-[(4-oxochromen-3-yl)methylidene]-
2-phenyloxazol-5(4H)-one (4) with 2,3,4-trimethylfuro[3,2-b]pyrrole-
5-carbohydrazide (1e) with the intention to obtain compound 9, as this
process would offer a convenient synthetic route to furo[3,2-b]pyrrole de-
rivatives, bearing the chromone as well as imidazolone moieties.
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TABLE I
Yields and reaction times of compounds 5a–8c in microwave method (MW) and classical
method (C)

Comp. R R1 R2 R3

Yield, %
Rection time
min h

MW C MW C

5a C6H5 H H H 86 80 8 4

5b C6H5 H H Cl 83 80 5 4

5c H H CH2C6H5 NO2 80 72 4 2

5d CH3 H H Cl 86 83 5 4

5e CH3 H CH2C6H5 H 85 74 7 2.5

5f CH3 CH3 CH2C6H5 NO2 79 73 4.5 1

5g H H H H 77 76 7 1.5

5h H H H NO2 81 72 5 1

5i H H H CH3 79 75 6.5 1.5

5j CH3 CH3 CH3 Cl 77 73 9 3

5k CH=CH–CH=CH H H 83 81 6.5 3

6a CH3 CH3 H H 94 81 8.5 3

6b CH=CH–CH=CH H CH3 79 77 6 1.5

7a CH3 CH3 CH3 – – 76 – 2

7b CH3 H CH2C6H5 – – 78 – 2

8a CH3 CH3 CH3 – 72 70 11 4

8b CH3 H C6H5 – – 75 – 5

8c – – – – 68 71 8 6



When 4-[(4-oxochromen-3-yl)methylidene]-2-phenyloxazol-5(4H)-one
(4) was treated with 2,3,4-trimethylfuro[3,2-b]pyrrol-5-carbohydrazide (1e)
in acetic acid in the presence of a catalytic amount of fused potassium ace-
tate either under reflux for 4 h or with microwave irradiation for 11 min,
unexpected pyranopyridone 8a was obtained in 72% yield (Scheme 2). On
the other hand, N′-{2-benzamido-[3-(oxochromen-3-yl)]propenoyl}-2,3,4-
trimethylfuro[3,2-b]pyrrole-5-carbohydrazide (7a) was obtained in 76%
yield, when the reaction mixture was heated at lower temperature (60 °C)
for 2 h. Subsequently, 7a was cyclized either under 2 h reflux in acetic
acid–potassium acetate medium or upon irradiation in a microwave oven
for 9 min to give 65% yield of 8a. The formation of 7a in the microwave
oven was not observed (Scheme 2). Similar results were obtained by the
classical reaction of 4-benzyl-2-methylfuro[3,2-b]pyrrole-5-carbohydrazide
(1f) with oxazolone 4 to give either 7b in 78% yield after heating at 60 °C
for 2 h or 8b in 75% yield after heating at 110 °C for 5 h. Compound 8c
was obtained by the reaction of 4 with benzohydrazide (10) in 71% yield
after irradiation in the microwave oven for 8 min, while classical heating
for 6 h led to 68% yield of 8c. The 1H NMR spectra of compounds 7a and
7b displayed the signals of three NH protons at 9.90–10.16 ppm, pyrrole
H-6 at 6.88 or 6.30 ppm, and the signals of H-9 on the double bond at
7.02 or 7.09 ppm. Protons H-2′ of the chromene ring showed a singlet at
8.64 ppm. The 1H NMR spectra confirmed structures of 8a–8c, based on
missing H-2′ signals and the resonances of two NH protons, which can
serve as a good indication of the addition reaction. The signals of the two
NH protons were at 9.82–9.88 and 11.11–11.79 ppm. The singlet signals of
H-10a′ protons appeared in the 7.41–7.44 ppm range, and the signals of H-6
protons in compounds 8a and 8b were at 6.36 and 6.95 ppm, respectively.
The formation of pyranopyridone ring system of 8a–8c could be explained
by an acid catalyzed 1,6-addition, with a possible mechanism outlined in
Scheme 3. To the best of our knowledge, chromone derivatives are usually
readily ring-opened via nucleophilic attack at C-2, but in the presence of
suitable groups, e.g. 3-(aryliminomethyl)33, the reactivity towards nucleo-
philes is altered and nucleophilic 1,4-addition rather than the ring cleavage
can be preferred. However, the reaction with hydrazine or its derivatives led
to the pyrane ring cleavage, and a number of pyrazole derivatives were ob-
tained34. In our case, a hitherto undescribed 1,6-addition took place.

In summary, we have shown that the conversion of the starting hydra-
zones 1 into substituted compounds 5 and 6 can be substantially improved
upon using microwave irradiation, which led to the reduction of the reac-
tion times from hours to seconds and, in a number of cases, to an increase
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of the yields as well. We have also demonstrated that the reaction of hydra-
zones 1e and 1f with oxazolone 4 gave rise, depending on the conditions,
either to the cleavage of the oxazolone moiety and the formation of substi-
tuted hydrazones 7a and 7b or to a tandem sequence, in which the above
oxazolone ring fragmentation was followed by an unexpected, formal 1,6-
addition to yield pyranopyridones of type 8.

EXPERIMENTAL

Melting points were determined on a Kofler hot plate and are uncorrected. 1H NMR spectra
were recorded on a 300 MHz spectrometer Varian Gemini 200 in DMSO-d6 or CDCl3 with
TMS as internal standard. Chemical shifts are given in ppm, coupling constants (J) in Hz.
The course of the reaction was monitored by TLC in ethyl acetate–hexane. All microwave
experiments were performed in a Whirlpool M401 home microwave oven in an apparatus,
adapted for laboratory applications; hexane was used as a cooling medium for the con-
denser. Elemental analyses were determined using a Carlo Erba CHNS-OEA 1108-Elemental
Analyser.

Furo[3,2-b]pyrrole-5-carbohydrazides 1 were prepared according to ref.37, 4-oxochromene-
3-carbaldehydes 2 according to ref.36, methyl 2-formylfuro[3,2-bpyrrole-5-carboxylates 3
according to ref.35 and 4-[(4-oxochromen-3-yl)methylidene]-2-phenyloxazol-5(4H)-one (4)
was prepared according to ref.29 Benzohydrazide 10 was prepared by the reaction of benzoyl
chloride with sodium methanolate and subsequent heating of methyl benzoate with hydra-
zine hydrate under reflux for 12 h.

N′-[(6-R3-Oxochromen-3-yl)methylidene]-2-R-3-R1-4-R2-furo[3,2-b]pyrrole-
5-carbohydrazides (5a–5k) and N′-[(4-R3-5-carboxymethylfuro[3,2-b]pyrrole-2-yl)-
methylidene]-2-R1-3-R2-4-R-furo[3,2-b]pyrrole-5-carbohydrazides (6a, 6b)

Classical Method

A mixture of furo[3,2-b]pyrrole-5-carbohydrazide 1 (1 mmol) and 4-oxochromene-
3-carbaldehyde 2 or methyl 2-formylfuro[3,2-b]pyrrole-5-carboxylate 3 (1 mmol) was heated
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for 1–4 h at 50–60 °C in ethanol (3 ml) in the presence of 4-methylbenzene-1-sulfonic acid.
The solid products were filtered off, dried and crystallized from ethanol.

Microwave Method

The mixture of the same composition as above was irradiated in the microwave oven at 90 W
output over the period, given in Table I. The products were isolated and purified in the
same manner as above.

N′-[(Oxochromen-3-yl)methylidene]-2-phenylfuro[3,2-b]pyrrole-5-carbohydrazide (5a). Yield 86%
(MW), 80% (C), time 8 min (MW), 4 h (C), m.p. 260–263 °C (ethanol). 1H NMR (DMSO-d6):
6.92 s, 1 H (H-3); 7.17 s, 1 H (H-6); 7.28–7.59 m, 5 H (C6H5); 7.74–7.91 m, 4 H (H-5′, H-6′,
H-7′, H-8′); 8.18 s, 1 H (H-7); 8.87 s, 1 H (H-2′); 11.65 bs, 1 H (NH); 11.76 br, 1 H (NH). For
C23H15N3O4 (397.4) calculated: 69.52% C, 3.80% H, 10.57% N; found: 69.73% C, 3.80% H,
10.52% N.

N′-[(6-Chloroxochromen-3-yl)methylidene]-2-phenylfuro[3,2-b]pyrrole-5-carbohydrazide (5b).
Yield 83% (MW), 80% (C), time 5 min (MW), 4 h (C), m.p. 239–242 °C (ethanol). 1H NMR
(DMSO-d6): 6.93 s, 1 H (H-3); 7.10 s, 1 H (H-6); 7.18–7.50 m, 5 H (C6H5); 7.80–7.92 m, 3 H
(H-5′, H-7′, H-8′); 8.11 s, 1 H (H-7); 8.89 s, 1 H (H-2′); 11.66 br, 1 H (NH); 11.85 br, 1 H
(NH). For C23H14ClN3O4 (431.8) calculated: 63.97% C, 3.27% H, 8.21% Cl, 9.73% N; found:
63.91% C, 3.23% H, 8.17% Cl, 9.55% N.

N′-[(6-Nitrooxochromen-3-yl)methylidene]-4-benzylfuro[3,2-b]pyrrole-5-carbohydrazide (5c).
Yield 80% (MW), 72% (C), time 4 min (MW), 2 h (C), m.p. 181–185 °C (ethanol). 1H NMR
(CDCl3): 5.73 s, 2 H (CH2); 6.18 s, 1 H (H-3); 6.73 s, 1 H (H-6); 7.15–7.31 m, 6 H (H-2,
C6H5); 7.59–7.84 m, 3 H (H-5′, H-7′, H-8′); 8.25 s, 1 H (H-7); 8.96 s, 1 H (H-2′); 11.32 br, 1 H
(NH). For C24H16N4O6 (456.4) calculated: 63.16% C, 3.53% H, 12.28% N; found: 63.71% C,
3.65% H, 12.10% N.

N′-[(6-Chlorooxochromen-3-yl)methylidene]-2-methylfuro[3,2-b]pyrrole-5-carbohydrazide (5d).
Yield 86% (MW), 83% (C), time 5 min (MW), 4 h (C), m.p. 232–235 °C (ethanol). 1H NMR
(DMSO-d6): 2.39 s, 3 H (CH3); 6.20 s, 1 H (H-3); 7.00 s, 1 H (H-6); 7.79–7.93 m, 3 H (H-5′,
H-7′, H-8′); 8.10 s, 1 H (H-7); 8.86 s, 1 H (H-2′); 11.48 bs, 1 H (NH); 11.56 bs, 1 H (NH). For
C28H12ClN3O4 (369.9) calculated: 58.47% C, 3.27% H, 9.59% Cl, 11.36% N; found: 58.36% C,
3.28% H, 9.57% Cl, 11.29% N.

N′-[(Oxochromen-3-yl)methylidene]-4-benzyl-2-methylfuro[3,2-b]pyrrole-5-carbohydrazide (5e).
Yield 85% (MW), 74% (C), time 7 min (MW), 2.5 h (C), m.p. 238–240 °C (ethanol). 1H NMR
(DMSO-d6): 2.35 s, 3 H (CH3); 5.66 s, 2 H (CH2); 6.23 s, 1 H (H-3); 7.02 s, 1 H (H-6);
7.17–7.29 m, 5 H (C6H5); 7.51–7.56 m, 1 H (H-6′); 7.66, 7.69 d, 1 H, J(7′,8′) = 8.1 (H-8′);
7.81–7.83 m, 1 H (H-7′); 8.12, 8.15 d, 1 H, J(5′, 6′) = 8.1 (H-5′); 8.49 s, 1 H (H-7); 8.71 s, 1 H
(H-2′); 11.34 bs, 1 H (NH). For C25H19N3O4 (425.5) calculated: 70.58% C, 4.50% H, 9.88% N;
found: 70.74% C, 4.73% H, 10.14% N.

N′ -[(6-Nitrooxochromen-3-yl)methylidene]-4-benzyl-2,3-dimethylfuro[3,2-b]pyrrole-5-carbo-
hydrazide (5f). Yield 79% (MW), 73% (C), time 4.5 min (MW), 1 h (C), m.p. 240–243 °C
(ethanol). 1H NMR (DMSO-d6): 2.08 s, 3 H (CH3); 2.27 s, 3 H (CH3); 5.79 s, 2 H (CH2); 7.02 s,
1 H (H-6); 7.26–7.28 m, 5 H (C6H5); 7.93–8.26 m, 3 H (H-5′, H-7′, H-8′); 8.46 s, 1 H (H-7);
8.81 s, 1 H (H-2′); 11.43 bs, 1 H (NH). For C26H20N4O6 (484.5) calculated: 64.40% C, 4.13% H,
11.56% N; found: 64.27% C, 4.25% H, 11.59% N.

N′-[(Oxochromen-3-yl)methylidene]furo[3,2-b]pyrrole-5-carbohydrazide (5g). Yield 77% (MW),
76% (C), time 7 min (MW), 1.5 h (C), m.p. 249–252 °C (ethanol). 1H NMR (DMSO-d6): 6.58,
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6.59 d, 1 H, J(3,2) = 2 (H-3); 7.03 s, 1 H (H-6); 7.55, 7.57 d, 1 H, J(2,3) = 2.1 (H-2); 7.68–7.71 m,
2 H (H-6′, H-8′); 7.81–7.85 m, 1 H (H-7′); 8.16, 8.19 d, 1 H, J(5′, 6′) = 9.3 (H-5′); 8.38 s, 1 H
(H-7); 8.78 s, 1 H (H-2′); 11.37 bs, 1 H (NH); 11.46 bs, 1 H (NH). For C17H11N3O4 (321.3)
calculated: 63.55% C, 3.45% H, 13.08% N; found: 63.52% C, 3.59% H, 13.06% N.

N′-[(6-Nitrooxochromen-3-yl)methylidene]furo[3,2-b]pyrrole-5-carbohydrazide (5h). Yield 81%
(MW), 72% (C), time 5 min (MW), 1 h (C), m.p. 261–263 °C (ethanol). 1H NMR (DMSO-d6):
6.59, 6.60 d, 1 H, J(3,2) = 2.2 (H-3); 7.05 s, 1 H (H-6); 7.70, 7.71 d, 1 H, J(2,3) = 2.2 (H-2);
7.95, 7.98 d, 1 H, J(8′,7′) = 9 (H-8′); 8.38 s, 1 H (H-7); 8.56–8.60 m, 1 H (H-7′); 8.84–8.87 m,
2 H (H-2′, H-5′); 11.33 bs, 1 H (NH); 11.44 bs, 1 H (NH). For C17H10N4O6 (366.3) calculated:
55.74% C, 2.75% H, 15.30% N; found: 55.54% C, 3.01% H, 15.16% N.

N′-[(6-Methyloxochromen-3-yl)methylidene]furo[3,2-b]pyrrole-5-carbohydrazide (5i). Yield 79%
(MW), 75% (C), time 6.5 min (MW), 1.5 h (C), m.p. 232–235 °C (ethanol). 1H NMR (CDCl3):
2.35 s, 3 H (CH3); 6.57, 6.59 d, 1 H, J(3,2) = 2.2 (H-3); 7.04 s, 1 H (H-6); 7.71–7.72 d, 1 H,
J(2,3) = 2.2 (H-2); 7.76–7.87 m, 2 H (H-7′, H-8′); 8.32 s, 1 H (H-7); 8.59–8.61 m, 1 H (H-5′);
8.77 s, 1 H (H-2′); 11.35 bs, 1 H (NH); 11.42 bs, 1 H (NH). For C18H13N3O4 (335.3) calcu-
lated: 60.48% C, 3.91% H, 12.53% N; found: 60.55% C, 4.16% H, 12.22% N.

N′-[(6-Chloroxochromen-3-yl)methylidene]-2,3,4-trimethylfuro[3,2-b]pyrrole-5-carbohydrazide
(5j). Yield 77% (MW), 73% (C), time 9 min (MW), 3 h (C), m.p. 215–219 °C (ethanol).
1H NMR (CDCl3): 2.19 s, 3 H (CH3); 2.32 s, 3 H (CH3); 4.08 s, 3 H (CH3); 6.55 s, 1 H (H-6);
7.45, 7.48 d, 1 H, J(8′,7′) = 9 (H-8′); 7.63, 7.66 d, 1 H, J(7′,8′) = 9 (H-7′); 8.21, 8.22 d, 1 H,
J(5′ ,7′) = 2.4 (H-5′); 8.70 s, 1 H (H-7); 8.91 s, 1 H (H-2′); 10.97 bs, 1 H (NH). For
C20H16ClN3O4 (397.8) calculated: 60.38% C, 4.05% H, 8.91% Cl, 10.56% N; found: 60.41% C,
4.08% H, 8.88% Cl, 10.51% N.

N′-[(Oxochromen-3-yl)methylidene]benzo[4,5]furo[3,2-b]pyrrole-5-carbohydrazide (5k). Yield 83%
(MW), 81% (C), time 6.5 min (MW), 3 h (C), m.p. 251–255 °C (ethanol). 1H NMR
(DMSO-d6): 7.13 s, 1 H (H-6); 7.32–7.35 m, 4 H (H-5′, H-6′, H-7′, H-8′); 7.71–8.16 m, 4 H
(Hbenzo); 8.54 s, 1 H (H-7); 8.81 s, 1 H (H-2′); 11.71 bs, 2 H (NH). For C21H13N3O4 (371.4)
calculated: 67.92% C, 3.53% H, 11.32% N; found: 67.89% C, 3.51% H, 11.27% N.

N′ -{[5-(Methoxycarbonyl)furo[3,2-b]pyrrol-2-yl]methylidene}-2,3-dimethylfuro[3,2-b]pyrrole-
5-carbohydrazide (6a). Yield 94% (MW), 81% (C), time 8.5 min (MW), 3 h (C), m.p. 302–305 °C
(ethanol). 1H NMR (DMSO-d6): 2.06 s, 3 H (CH3); 2.30 s, 3 H (CH3); 3.82 s, 3 H (CH3); 6.81 s,
1 H (H-3); 7.00 s, 2 H (H-6, H-6′); 11.48 bs, 2 H (NH); 11.91 s, 1 H (NH). For C18H16N4O5
(368.3) calculated: 58.69% C, 4.38% H, 15.21% N; found: 58.64% C, 4.33% H, 15.19% N.

N′-{[5-(Methoxycarbonyl)-4-methylfuro[3,2-b]pyrrol-2-yl]methylidene}benzo[4,5]furo[3,2-b]pyrrole-
5-carbohydrazide (6b). Yield 79% (MW), 77% (C), time 6 min (MW), 1.5 h (C), m.p. 282–286 °C
(ethanol). 1H NMR (DMSO-d6): 3.95 s, 3 H (CH3); 4.24 s, 3 H (CH3); 6.85 s, 1 H (H-3′); 7.07 s,
1 H (H-6′); 7.23 s, 1 H (H-6); 7.33–7.96 m, 4 H (Hbenzo); 8.26 s, 1 H (H-7); 11.67 bs, 2 H
(NH). For C21H16N4O5 (404.4) calculated: 62.37% C, 3.99% H, 13.86% N; found: 62.31% C,
3.94% H, 13.82% N.

N′-{2-Benzamido-[3-(oxochromen-3-yl)]propenoyl}-2-R-3-R1-4-R2-furo[3,2-b]pyrrole-
5-carbohydrazides (7a, 7b)

A mixture of furo[3,2-b]pyrrole-5-carbohydrazide 1e or 1f (1 mmol) and 4-[(4-oxochromen-
3-yl)methylidene]-2-phenyloxazol-5(4H)-one (4; 1 mmol) was heated in acetic acid (5 ml) in
the presence of freshly fused potassium acetate at 60 °C for 2 h. The solid product was fil-
tered off, dried and crystallized from ethanol.
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N′-{2-Benzamido-[3-(oxochromen-3-yl)]propenoyl}-2,3,4-trimethylfuro[3,2-b]pyrrole-5-carbohydrazide
(7a). Yield 76%, m.p. 237–241 °C (ethanol). 1H NMR (DMSO-d6): 2.17 s, 3 H (CH3); 2.29 s,
3 H (CH3); 3.97 s, 3 H (CH3); 6.88 s, 1 H (H-6); 7.09 s, 1 H (H-9); 7.49–7.62 m, 5 H (C6H5);
7.82–8.17 m, 4 H (H-5′, H-6′, H-7′, H-8′); 8.64 s, 1 H (H-2′); 9.90 s, 1 H (NH); 10.12, 10.15 d,
2 H, J(7,8) = 9 (NH). For C29H24N4O6 (524.5) calculated: 66.40% C, 4.61% H, 10.68% N;
found: 66.28% C, 4.58% H, 10.71% N.

N′-{2-Benzamido-[3-(oxochromen-3-yl)]propenoyl}-4-benzyl-2-methylfuro[3,2-b]pyrrole-5-carbohydrazide
(7b). Yield 78%, m.p. 220–221 °C (ethanol). 1H NMR (DMSO-d6): 2.34 s, 3 H (CH3); 5.65 s,
2 H (CH2); 6.30 s, 1 H (H-6); 7.02 s, 1 H (H-3); 7.09 s, 1 H (H-9); 7.16–7.33 m, 5 H (C6H5);
7.48–7.62 m, 4 H (H-6′, H-3′′ , H-4′′ , H-5′′ ); 7.64, 7.65 d, 1 H, J(8′,7′) = 7.9 (H-8′); 7.81,
7.84 tt, 1 H, J(7′,8′) = 8.5, J(7′,5′) = 1.6 (H-7′); 7.77, 8.09 dd, 2 H, J(2′′ ,6′′ ) = 7.1, (H-2′′ , H-6′′ );
8.14, 8.19 d, 1 H, J(5′,6′) = 7.9 (H-5′); 8.64 s, 1 H (H-2′); 10.01 s, 1 H (NH); 10.13, 10.16 d, 2 H,
J(7,8) = 9 (NH). For C34H26N4O6 (586.6) calculated: 69.62% C, 4.47% H, 9.55% N; found:
69.89% C, 4.54% H, 9.68% N.

3-Benzamido-1-(2-R-3-R1-4-R2-furo[3,2-b]pyrrole-5-carboxamido)-
2,5-dioxo-3,10a-dihydro-2H-chromeno[2,3-b]pyridines (8a, 8b) and
1,3-Dibenzamido-2,5-dioxo-3,10a-dihydro-2H-chromeno[2,3-b]pyridine (8c)

Classical Method

Method A: A mixture of a furo[3,2-b]pyrrole-5-carbohydrazide (1e, 1f) or benzohydrazide
(10; 1 mmol) and 4-[(4-oxochromen-3-yl)methylidene]-2-phenyloxazol-5(4H)-one (4;
1 mmol) was heated at reflux in acetic acid (5 ml) in the presence of freshly fused potassium
acetate for 4–6 h. The yellow solid products 8a–8c were filtered off, dried and crystallized
from ethanol.

Method B: Carbohydrazide 7a (1 mmol) was heated at reflux in acetic acid (5 ml) in the
presence of freshly fused potassium acetate for 2 h. The isolation and purification of the
product 8a was the same as described above.

Microwave Method

Method A: A mixture of 2,3,4-trimethylfuro[3,2-b]pyrrole-5-carbohydrazide (1e) or benzo-
hydrazide (10; 1 mmol) and 4-[(4-oxochromen-3-yl)methyl]-2-phenyloxazol-5(4H)-one (4;
1 mmol) in acetic acid (5 ml) was irradiated in microwave oven at 90 W output in the pres-
ence of freshly fused potassium acetate for 8–11 min (see Table I). Compounds 8a or 8c
were isolated and purified in the same manner as in the classical method.

Method B: Carbohydrazide 7a (1mmol), acetic acid (5 ml) and a catalytic amount of
freshly fused potassium acetate were irradiated in the microwave oven for 9 min. Work-up
was the same as in the classical method.

3-Benzamido-1-(2,3,4-trimethylfuro[3,2-b]pyrrole-5-carboxamido)-2,5-dioxo-3,10a-dihydro-2H-
chromeno[2,3-b]pyridine (8a). Method A: Yield 72% (MW), 70% (C), time 11 min (MW), 4 h
(C). Method B: Yield 65% (MW), 65% (C), time 9 min (MW), 2 h (C), m.p. 293–295 °C.
1H NMR (DMSO-d6): 2.15 s, 3 H (CH3); 2.30 s, 3 H (CH3); 3.85 s, 3 H (CH3); 6.95 s, 1 H
(H-6); 7.41 s, 1 H (H-10a′); 7.53–7.65 m, 5 H (H-3′, H-4′, H-7′, H-3′′ , H-5′′ ); 7.75, 7.77 d, 1 H,
J(9′,8′) = 7.9 (H-9′); 7.87–7.93 m, 1 H (H-8′); 8.12, 8.15 dd, 3 H, J(2′′ ,3′′ ) = 8.5 (H-2′′ , H-4′′ ,
H-6′′ ); 8.18, 8.22 d, 1 H, J(6′,7′) = 7.9 (H-6′); 9.82 s, 1 H (NH); 11.11 s, 1 H (NH). For
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C29H24N4O6 (524.5) calculated: 66.40% C, 4.61% H, 10.68% N; found: 66.68% C, 4.60% H,
10.41% N.

3-Benzamido-1-(4-benzyl-2-methylfuro[3,2-b]pyrrole-5-carboxamido)-2,5-dioxo-3,10a-dihydro-
2H-chromeno[2,3-b]pyridine (8b). Method A: Yield 71% (C), time 5 h (C), m.p. 279–280 °C.
1H NMR (DMSO-d6): 2.36 s, 3 H (CH3); 5.49–5.60 q, 2 H, J = 15 (CH2); 6.36 s, 1 H (H-6);
6.99–7.10 m, 3 H (H-3, H-3′, H-4′); 7.18–7.23 m, 3 H (H-8, H-9, H-10); 7.44 s, 1 H (H-10a′);
7.50–7.60 m, 5 H (H-3′′ , H-4′′ , H-5′′ , H-7, H-11); 7.64–7.66 dd, 1 H, J(7′,6′) = 7.9 (H-7′); 7.78 d,
1 H, J(9′,8′) = 8.2 (H-9′); 7.90, 7.92 tt, 1 H, J(8′,9′) = 8.5, J(8′,6′) = 1.4 (H-8′); 8.07, 8.14 dd,
2 H, J(2′′ ,6′′ ) = 7.5, (H-2′′ , H-6′′ ); 8.18, 8.20 d, 1 H, J(6′,7′) = 7.9 (H-6′); 9.88 s, 1 H (NH);
11.31 s, 1 H (NH). For C34H26N4O6 (586.6) calculated: 69.62% C, 4.47% H, 9.55% N; found:
69.91% C, 4.24% H, 9.61% N.

1,3-Dibenzamido-2,5-dioxo-3,10a-dihydro-2H-chromeno[2,3-b]pyridine (8c). Method A: Yield
71% (MW), 68% (C), time 8 min (MW), 6 h (C), m.p. 276–279 °C. 1H NMR (DMSO-d6):
7.43 s, 1 H (H-10a′); 7.55–7.69 m, 8 H (H-3′, H-4′, H-7′, C6H5); 7.74, 7.77 d, 1 H, J(9′,8′) =
8.4 (H-9′); 7.83–7.98 m, 4 H (H-8′, H-3′′ , H-4′′ , H-5′′ ); 8.12, 8.14 d, 2 H, J(2′′ ,3′′ ) = J(6′′ ,5′′ ) =
7.25 (H-2′′ , H-6′′ ); 8.15, 8.20 d, 1 H (H-6′); 9.83 s, 1 H (NH); 11.79 s, 1 H (NH). For
C26H19N3O5 (453.5) calculated: 68.87% C, 4.22% H, 9.27% N; found: 69.17% C, 4.23% H,
9.46% N.
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