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Abstract – One-pot chemoselective synthesis of different pyrano-pyrazole 

derivatives has been reported via two different conditions.

 

INTRODUCTION  

Chemoselective synthesis could be considered as a useful and practical tool for various applications in 

chemistry and biology. Consequently many reports have discussed chemoselectivity and practical choice 

of methods in synthetic organic chemistry.
1-4

 Multicomponent reactions (MCRs) have drawn high efforts 

in recent years owing to exceptional synthetic efficiency, intrinsic atom economy, high selectivity and 

procedural simplicity.
5
 These reactions constitute a valuable approach for creation of large libraries of 

structurally related, drug-like compounds, thereby enabling lead identification and lead optimization in 

drug discovery.
6
 Chemoselective multicomponent reactions (MCRs) can be powerful tools in the drug 

discovery process for producing diverse arrays of compounds in one step and high yield.  

Pyrano-pyrazole derivatives are known to possess a wide spectrum of important properties and great 

interest in them has been stimulated by some promising pharmacological applications. Besides, their utility 

in drug discovery has been extraordinary due to the remarkable therapeutic value of this class of 

heterocyclic compounds. They exhibit analgesic, anti-inflammatory activities and act as vasodilators, 

hypotensive and hypoglycemic agents.
7-9

 Heterocyclic compounds containing pyrano-pyrazole derivatives 

have fungicidal properties as well.
10

 Coumarine derivatives are widely distributed in nature and are 

reported to have biological activities such as anticoagulants, insecticidal, anthelminthincs, hypnotics, 

antifungal, phytoalexins and are known to be HIV protease inhibitors.
11
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The significance and importance of pyrano-pyrazole derivatives is the major driving force behind the 

scope of working on the synthesis of these heterocycles.  

   

RESULTS AND DISCUSSION 

In the context of our interest in designing new ways for synthesis of heterocyclic compounds,
12-15

 herein, 

we wish to report one-pot chemoselective synthesis of two different kinds of pyrano-pyrazole derivatives 

using aldehydes 1, 3-methyl-1H-pyrazol-5(4H)-one 2 and 4-hydroxy-2H-chromen-2-one 3 according to 

the procedure outlined in the Scheme 1.  
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Scheme 1. One-pot chemoselective synthesis of different pyrano-pyrazole derivatives  

 

This multicomponent reaction can attract the interest of the synthetic community because the formation of 

different condensation products can be expected depending on using microwave irradiation and heating 

under reflux condition.  

At first, a one-pot three-component model reaction was conducted. A mixture of 4-nitrobenzaldehyde (1 

mmol), 3-methyl-1H-pyrazol-5(4H)-one (1 mmol) and 4-hydroxy-2H-chromen-2-one (1 mmol) in 

acetonitrile (MeCN, 5 mL) was stirred. At room temperature and also under reflux condition neither 4a 

nor 5a obtained. When the model reaction was achieved in the presence of catalytic amount of sulfamic 

acid, 4a was formed as the sole product in a good yield (85%) after the indicated time (Table 1).   

Sulfamic acid (NH2SO3H, SA) is a dry, non-volatile, nonhygroscopic, odorless, white stable crystalline 

solid, commercially available and its efficiency in organic synthesis has been proved.
16

 SA was found to 

work well with uniformly high chemoselectivity for cyclocondensation of 4-nitrobenzaldehyde with 

3-methyl-1H-pyrazol-5(4H)-one and 4-hydroxy-2H-chromen-2-one. When different acidic and basic 

catalysts such as p-toluenesulfonic acid, HCl, Et3N and piperidine were examined, they were not effective 

and did not catalyze the model reaction efficiently. In addition, various conventional organic solvents 

(polar and non-polar) and H2O were investigated. As it can be seen in Table 2, the best results were 
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obtained by acetonitrile (Table 2). The starting materials did not fully react in ethanol, ethylene glycol 

and dichloromethane and no reaction happened in H2O. The optimized reaction conditions showed that 

the use of 0.031 mol% of sulfamic acid was sufficient to get the maximum yield of product and higher 

amount of SA did not lead to significant improvement in yield of products.  

 

 

Table 1. Synthesis of 4 via reaction of aromatic aldehydes, 3-methyl-1H-pyrazol-5(4H)-one and 

4-hydroxy-2H-chromen-2-one in the presence of SA (3 mol%) 

Entry Ar Product Time (h) Yield (%)
a
 

1 4-NO2-C6H4 4a 4 h 85 

2 4-MeO-C6H4 4b 5 h 65 

3 4-OH-C6H4 4c 4.5 h 80 

4 1-naphthyl 4d 5 h 80 

5 2-furyl 4e 5.5 h 75 

6 3-NO2-C6H4 4f 4.5  80 

7 4-F-C6H4 4g 4 85 

8 C6H5 4h 4.5 85 

a
 Isolated yields. 

 

Table 2. Effect of varying solvent on the yield of product 4a 

Entry Solvent Yield (%)
a
 

1 EtOH 65 

2 MeCN 85 

3 CH2Cl2 5 

4 ethylene glycol 35 

5 H2O - 

a
 Isolated yields.  

 

In order to expand the scope of the present work, various aromatic aldehydes were examined and desired 

products were obtained. In all cases, aromatic aldehydes substituted with either electron-donating or 

electron-withdrawing groups underwent the reaction smoothly and gave the products in good yields. The 

results are summarized in Table 1.  
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In further study, the mentioned model reaction, mixture of 4-nitrobenzaldehyde (1 mmol), 

3-methyl-1H-pyrazol-5(4H)-one (1 mmol) and 4-hydroxy-2H-chromen-2-one (1 mmol) was subjected to 

microwave irradiation. Interestingly, different product, pyrano[2,3-c]pyrazol-6-one derivative (5a) was 

obtained and thus the pronounced chemoselectivity was achieved under different conditions. To search for 

the optimal MW conditions and enhance the chemical yield, it seemed that choosing an appropriate solvent, 

power and temperature is of crucial importance. DMF resulted in higher yields than other solvents such as 

HOAc, DMF/HOAc, H2O, ethylene glycol and EtOH. As it can be seen in Table 3, when the reaction was 

carried out in HOAc, ethylene glycol, EtOH and H2O, the yield of the expected product is poor and a 

combination of starting materials and product was obtained. So DMF was chosen as the appropriate solvent. 

The model reaction was achieved at different power inputs as well. It was found that any products were 

not detected when the reaction was conducted at power input less than 450 W. In the case of higher power 

inputs any significant improvement in yield of corresponding products was not observed. The effect of 

temperature on the model reaction at power input 450 W in DMF was studied. The best results were 

obtained at 100 °C. Based on these optimized conditions, the process was then extended to other aromatic 

aldehydes and a series of compounds 5 were synthesized with this simple procedure. Their corresponding 

data are listed in Table 4.     

It should be noted that the model reaction was carried out in the presence of catalytic amount of SA 

(0.031 mol%) under MW conditions. The same result in terms of yield and reaction time were obtained and 

SA did not play any role in the reaction.   

   

 

Table 3. Effect of varying solvent on the yield of product 5a 

Entry Solvent Yield (%)
a
 

1 - - 

2 EtOH 45 

3 ethylene glycol 55 

4 DMF 80 

5 DMF-HOAc (5:1) 45 

6 DMF-HOAc (5:2) 40 

7 DMF-HOAc (1:1) 50 

8 HOAc 30 

9 H2O - 

a
 Isolated yields. 
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Proposed mechanism for the synthesis of pyrano-pyrazole derivatives, 4 and 5, is presented in Scheme 2.   
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Scheme 2. Proposed mechanism for the synthesis of 4 and 5 

 

 

Table 4. Synthesis of 5 via reaction of aromatic aldehydes, 3-methyl-1H-pyrazol-5(4H)-one and 

4-hydroxy-2H-chromen-2-one under MW conditions 

Entry Ar Product Time (min) Yield (%)
a
 

1 4-NO2-C6H4 5a 4 min 80 

2 4-MeO-C6H4 5b 6 min 75 

3 4-OH-C6H4 5c 5 min 75 

4 1-naphthyl 5d 6 min 85 

5 2-furyl 5e 5 min 80 

6 3-NO2-C6H4 5f 5 min 80 

7 4-F-C6H4 5g 4 min 80 

8 C6H5 5h 5 min 85 

a
 Isolated yields. 

 

The first step may involve adduct formation by condensation of aromatic aldehyde 1 and 

3-methyl-1H-pyrazol-5(4H)-one 2, followed by attack of 4-hydroxy-2H-chromen-2-one 3 to give the 

intermediate 6. In the presence of sulfamic acid under reflux conditions, ketone carbonyl is prone to be 

attacked by nucleophilic oxygen to form product 4. Under microwave irradiation, the ester carbonyl is the 

reactive site in intermediate 6. It seems that in this competitive reaction the related transition state is more 

polar and large microwave effect can be observed.
17

 Consequently 5 is the desired product.        

In conclusion, in this work we have demonstrated efficient and practical one-pot synthesis of 
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pyrano-pyrazole derivatives via reaction of 4-hydroxy-2H-chromen-2-one, 

3-methyl-1H-pyrazol-5(4H)-one and aromatic aldehydes in two different conditions (microwave 

irradiation and heating under reflux condition). The one-pot combination not only preserves the synthesis 

of pyrano-pyrazoles in good yields but also consistently produces high chemoselectivity. The results 

indicated that aromatic aldehydes bearing either electron-withdrawing or electron-donating functional 

groups are proper for the both reactions.    

EXPERIMENTAL 

Melting points were measured, using a capillary tube method with a Bamstead Electrothermal 9200 

apparatus. 
1
H and 

13
C NMR spectra were recorded on a Bruker AQS-AVANCE spectrometer at 500 and 

125 MHz, using TMS as an internal standard. FTIR spectra were recorded using, KBr disks on FT-IR 

Bruker Tensor 27 instrument. Mass spectra were documented on an Agilent Technology (HP) mass 

spectrometer operating at an ionization potential of 70 eV. The elemental analysis was performed with an 

Elemetar Analysensystem GmbH VarioEL CHNS mode.  

 

General procedure for the synthesis of compounds 4a-h 

A mixture of 4-hydroxy-2H-chromen-2-one (1 mmol), 3-methyl-1H-pyrazol-5(4H)-one (1 mmol), an 

appropriate aldehyde (1 mmol), sulfamic acid (0.031 mol%) and acetonitrile (5 mL) was heated at reflux 

for indicated time as required to complete the reaction (Table 1). Upon completion of the reaction, 

monitored by TLC, the mixture was cooled to room temperature. The precipitated product was separated 

by filtration, washed with water and recrystallized using EtOH and H2O. 

 

13-Methyl-11-(4-nitrophenyl)-8,17-dioxa-14,15-diazatetracyclo[8.7.0
2,7

.0
12,16

]heptadeca-1(10),2(7),3,5,-

12(16),13-hexaen-9-one (4a) 

Compound 4a was obtained as yellow powder. Mp 209-211 °C. FTIR (KBr, cm
-1

) νmax: 3223, 3069, 1704, 

1611, 1555, 1517, 1417, 1347. 
1
H NMR (500 MHz, DMSO-d6) δH: 2.37 (s, 3H, CH3), 5.18 (s, 1H, CH), 

7.33-8.23 (m, 8H, Ar), 12.99 (br, 1H, NH). 
13

C NMR (125 MHz DMSO-d6) δC: 10.9, 34.6, 104.7, 105.9, 

116.7, 120.5, 124.1, 124.2, 125.0, 129.4, 132.5, 145.0, 146.7, 153.2, 161.2, 162.2, 165.4, 167.8. MS m/z: 

43 (90), 195 (30), 239 (20), 376 (5) [M + H]
+
. Anal. Calcd for C20H13N3O5: C, 64.00; H, 3.49; N, 11.20. 

Found: C, 64.14; H, 3.33; N, 11.31.  

 

11-(4-Methoxyphenyl)-13-methyl-8,17-dioxa-14,15-diazatetracyclo[8.7.0
2,7

.0
12,16

]heptadeca-1(10),2(7),-

3,5,12(16),13-hexaen-9-one (4b) 

Compound 4b was obtained as yellow powder. Mp 188-189 °C. FTIR (KBr, cm
-1

) νmax: 3426, 3080, 1669, 
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1608, 1563, 1458. 
1
H NMR (500 MHz, DMSO-d6) δH: 2.36 (s, 3H, CH3), 3.77 (s, 3H, -OCH3), 6.32 (s, 

1H, CH), 7.09-7.95 (m, 8H, Ar), 12.94 (br, 1H, NH). 
13

C NMR (125 MHz, DMSO-d6) δC: 10.9, 36.2, 55.7, 

99.2, 104.6, 114.2, 115.3, 116.4, 123.8, 124.9, 128.5, 128.6, 131.8, 132.6, 134.5, 153.3, 157.7, 165.5, 

168.1. MS m/z: 99 (90), 313 (30), 329 (30), 360 (10) [M]
+
. Anal. Calcd for C21H16N2O4: C, 69.99; H, 

4.48; N, 7.77. Found: C, 70.10; H, 4.51; N, 7.87.   

 

11-(4-Hydroxyphenyl)-13-methyl-8,17-dioxa-14,15-diazatetracyclo[8.7.0
2,7

.0
12,16

]heptadeca-1(10),2(7),-

3,5,12(16),13-hexaen-9-one (4c) 

Compound 4c was obtained as yellow powder. Mp 280-281 °C. FTIR (KBr, cm
-1

) νmax: 3450, 3072, 1661, 

1612, 1563, 1510. 
1
H NMR (500 MHz, DMSO-d6) δH: 2.30 (s, 3H, CH3), 5.71 (s, 1H, CH), 7.27-7.97 (m, 

8H, Ar), 10.54 (br, 2H, NH, OH). 
13

C NMR (125 MHz, DMSO-d6) δC: 11.4, 35.9, 94.8, 108.0, 116.2, 

117.0, 123.2, 124.6, 124.8, 131.5, 132.6, 143.5, 153.0, 158.6, 162.1, 163.3, 165.0, 166.0. MS m/z: 57 

(100), 235 (35), 299 (40), 346 (10) [M]
+
. Anal. Calcd for C20H14N2O4: C, 69.36; H, 4.07; N, 8.09. Found: 

C, 69.21; H, 4.26; N, 8.22. 

 

13-Methyl-11-(naphthalen-1-yl)-8,17-dioxa-14,15-diazatetracyclo[8.7.0
2,7

.0
12,16

]heptadeca-1(10),2(7),- 

3,5,12(16),13-hexaen-9-one (4d) 

Compound 4d was obtained as yellow powder. Mp 201-202 °C. FTIR (KBr, cm
-1

) νmax: 3374, 3051, 1660, 

1610, 1565, 1434. 
1
H NMR (500 MHz, DMSO-d6) δH: 2.33 (s, 3 H, CH3), 6.20 (s, 1H, CH), 7.36-8.04 

(m,11 H, Ar), 12.99 (br, 1H, NH). 
13

C NMR (125 MHz, DMSO-d6) δC: 11.0, 32.8, 105.7, 108.5, 116.4, 

116.6, 124.0, 124.3, 124.7, 125.0, 125.8, 126.0, 126.3, 127.7, 129.6, 129.9, 131.9, 132.0, 134.5, 137.6, 

144.3, 152.9, 153.1, 165.0. MS m/z: 235 (100), 299 (90), 380 (5) [M]
+
. Anal. Calcd for C24H16N2O3: C, 

75.78; H, 4.24; N, 7.36. Found: C, 75.86; H, 4.33; N, 7.30. 

 

11-(Furan-2-yl)-13-methyl-8,17-dioxa-14,15-diazatetracyclo[8.7.0
2,7

.0
12,16

]heptadeca-1(10),2(7),3,5,12-

(16),13-hexaen-9-one (4e) 

Compound 4e was obtained as brown powder. Mp 272-275 °C. FTIR (KBr, cm
-1

) νmax: 3370, 3118, 1668, 

1613, 1564, 1498. 
1
H NMR (500 MHz, DMSO-d6) δH: 2.36 (s, 3H, CH3), 5.69 (s, 1H, CH), 7.31-7.93 (m, 

7H, Ar), 11.85 (br, 1H, NH). 
13

C NMR (125 MHz, DMSO-d6) δC: 11.9, 38.2, 92.8, 101.2, 108.1, 116.5, 

121.2, 124.5, 124.8, 131.4, 136.2, 137.2, 141.1, 148.0, 158.1, 163.7, 165.1, 166.1. MS m/z: 41 (100), 105 

(20), 178 (20), 320 (5) [M]
+
. Anal. Calcd for C18H12N2O4: C, 67.50; H, 3.78; N, 8.75. Found: C, 67.39; H, 

3.48; N, 8.40. 

 

13-Methyl-11-(3-nitrophenyl)-8,17-dioxa-14,15-diazatetracyclo[8.7.0
2,7

.0
12,16

]heptadeca-1(10),2(7),3,5,-
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12(16),13-hexaen-9-one (4f) 

Compound 4f was obtained as white powder. Mp 198-201 °C. FTIR (KBr, cm
-1

) νmax: 3370, 3079, 1653, 

1610, 1556, 1553. 
1
H NMR (500 MHz, DMSO-d6) δH: 2.16 (s, 3H, CH3), 5.67 (s, 1H, CH), 7.41-8.70 (m, 

8H, Ar), 12.59 (br, 1H, NH). 
13

C NMR (125 MHz, DMSO-d6): δC: 11.9, 39.1, 91.9, 103.4, 116.6, 117.2, 

124.0, 124.5, 124.7, 128.2, 131.4, 133.3, 133.5, 136.2, 137.2, 148.7, 154.4, 162.7, 166.4, 166.5. MS m/z: 

97 (100), 195 (30), 240 (40), 375 (5) [M]
+
. Anal. Calcd for C20H13N3O5: C, 64.00; H, 3.49; N, 11.20. 

Found: C, 64.32; H, 3.71; N, 11.49. 

 

11-(4-Fluorophenyl)-13-methyl-8,17-dioxa-14,15-diazatetracyclo[8.7.0
2,7

.0
12,16

]heptadeca-1(10),2(7),3,-

5,12(16),13-hexaen-9-one (4g) 

Compound 4g was obtained as yellow powder. Mp 272-275 °C. FTIR (KBr, cm
-1

) νmax: 3418, 1663, 1610, 

1566. 
1
H NMR (500 MHz, DMSO-d6): δH: 2.35 (s, 3H, CH3), 5.66 (s, 1H, CH), 7.06-8.21 (m, 8H, Ar), 

12.99 (br, 1H, NH). 
13

C NMR (125 MHz, DMSO-d6): δC: 10.9, 36.4, 104.4, 115.6, 116.6, 120.5, 124.9, 

125.0, 129.2, 131.9, 137.7, 145.0, 153.1, 153.3, 162.7, 165.4, 167.0, 168.2. MS m/z: 233 (100), 384 (5) 

[M]
+
. Anal. Calcd for C20H13FN2O3: C, 68.96; H, 3.76; N, 8.04. Found: C, 69.05; H, 3.83; N, 8.14. 

 

13-Methyl-11-phenyl-8,17-dioxa-14,15-diazatetracyclo[8.7.0
2,7

.0
12,16

]heptadeca-1(10),2(7),3,5,12(16),- 

13-hexaen-9-one (4h) 

Compound 4h was obtained as yellow powder. Mp 193-194 °C. FTIR (KBr, cm
-1

) νmax: 3420, 3059, 1662, 

1614, 1566. 
1
H NMR (500 MHz, DMSO-d6) δH: 2.36 (s, 3H, CH3), 5.68 (s, 1H, CH), 7.21-7.88 (m, 9H, 

Ar), 13.00 (br, 1H, NH). 
13

C NMR (125 MHz, DMSO-d6): δC: 11.0, 36.9, 104.5, 105.5, 116.5, 116.6, 

120.3, 124.3, 124.9, 125.9, 126.5, 129.4, 141.7, 144.5, 153.3, 162.7, 165.5, 166.9. MS m/z: 57 (100), 253 

(80), 330 (10) [M]
+
. Anal. Calcd for C20H14N2O3: C, 72.72; H, 4.27; N, 8.48. Found: C, 72.60; H, 4.56; N, 

8.33.  

 

General procedure for the synthesis of compounds 5a-h 

A mixture of 4-hydroxy-2H-chromen-2-one (1 mmol), 3-methyl-1H-pyrazol-5(4H)-one (1 mmol), 

appropriate aldehyde (1 mmol) and DMF (4 mL) was irradiated in microwave oven at power input 450 W 

for specified time monitored by TLC, Table 4. After cooling, the reaction mixture was poured into ice 

water (10 mL). The precipitate was collected by filtration, washed with water and recrystallized using 

EtOH and H2O. 

 

5-[(2-Hydroxyphenyl)carbonyl]-3-methyl-4-(4-nitrophenyl)-1H,4H,5H,6H-pyrno[2,3-c]pyrazol-6-one 

(5a) 
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Compound 5a was obtained as yellow powder. Mp 239-240 °C. FTIR (KBr, cm
-1

) νmax: 3370, 3050, 1657, 

1612, 1563, 1491, 1449, 1391. 
1
H NMR (500 MHz, DMSO-d6) δH : 2.15 (s, 3H, CH3), 6.22 (s, 1H, CH), 

6.42 (s, 1H, CH), 6.82-8.13 (m, 8H, Ar), 13.00 (br, 2H, NH, OH). 
13

C NMR (125 MHz, DMSO-d6) δC: 

12.5, 38.9, 58.1, 105.1, 119.1, 119.4, 121.9, 128.8, 129.9, 130.5, 133.7, 139.5, 148.0, 148.1, 153.3, 165.0, 

165.2, 195.0. MS m/z: 120 (100), 162 (60), 394 (5) [M + H]
+
. Anal. Calcd for C20H15N3O6: C, 61.07; H, 

3.84; N, 10.68. Found: C, 61.27; H, 3.92; N, 10.55. 

 

5-[(2-Hydroxyphenyl)carbonyl]-4-4(methoxyphenyl)-3-methyl-1H,4H,5H,6H-pyrno[2,3-c]pyrazol-6- 

one (5b) 

Compound 5b was obtained as yellow powder. Mp 195-196 °C. FTIR (KBr, cm
-1

) νmax: 3350, 3117, 1670, 

1624, 1599, 1533.
1
H NMR (500 MHz, DMSO-d6) δH: 2.15 (s, 3H, CH3), 3.70 (s, 3H, -OCH3), 6.22 (s, 1H, 

CH), 6.38 (s, 1H, CH), 7.00-7.94 (m, 8 H, Ar), 13.00 (br, 2H, NH, OH). 
13

C NMR (125 MHz, DMSO-d6): 

11.9, 38.7, 53.9, 59.9, 105.3, 112.1, 118.1, 119.0, 128.4, 130.0, 133.8, 134.9, 139.4, 140.5, 155.5, 161.0, 

165.0, 166.0, 195.0. MS m/z: 120 (100), 379 [M + H]
+
. Anal. Calcd for C21H18N2O5: C, 66.66; H, 4.79; N. 

7.40. Found: C, 66.44; H, 4.85; N, 7.51. 

 

4-(4-Hydroxyophenyl)-5-[(2-hydroxyphenyl)carbonyl]-3-methyl-1H,4H,5H,6H-pyrno[2,3-c]pyrazol-6- 

one (5c) 

Compound 5c was obtained as yellow powder. Mp 230-232 °C. FTIR (KBr, cm
-1

) νmax: 3185, 1675, 1611, 

1566, 1510, 1440. 
1
H NMR (500 MHz, DMSO-d6) δH: 2.15 (s, 3 H, CH3), 6.22 (s, 1H, CH), 6.39 (s, 1H, 

CH), 7.11-8.10 (m, 8H, Ar), 13.00 (br, 3H, NH, OH). 
13

C NMR (125 MHz, DMSO-d6) δC: 12.3, 38.0, 

59.8, 105.6, 115.0, 118.3, 119.1, 125.0, 128.1, 130.5, 132.0, 133.9, 139.0, 152.1, 158.9, 163.1, 164.1, 

195.1. MS m/z: 202 (100), 265 (30), 364 (5) [M]
+
. Anal. Calcd for C20H16N2O5: C, 65.93; H, 4.43; N, 7.69. 

Found: C, 65.83; H, 4.25; N, 7.38.   

   

5-[(2-Hydroxyphenyl)carbonyl]-3-methyl-4-(naphthalen-1-yl)-1H,4H,5H,6H-pyrno[2,3-c]pyrazol-6- 

one (5d) 

Compound 5d was obtained as yellow powder. Mp 210-212 °C. FTIR (KBr, cm
-1

) νmax: 3400, 3079, 1662. 

1
H NMR (500 MHz, DMSO-d6) δH: 2.39 (s, 3H, CH3), 6.20 (s, 1H, CH), 6.56 (s, 1H, CH), 7.26-8.25 (m, 

11H, Ar), 13.00 (br, 2H, NH, OH). 
13

C NMR (125 MHz, DMSO-d6) δC: 11.3, 35.3, 60.8, 105.1, 108.6, 

116.3, 120.6, 123.8, 124.2, 124.3, 124.9, 125.8, 126.8, 126.9, 127.7, 129.6, 132.1, 134.5, 137.7, 144.2, 

152.9, 165.0, 165.1, 195.5. MS m/z: 120 (100), 258 (35), 398 (10) [M]
+
. Anal. Calcd for C24H18N2O4: C, 

72.35; H, 4.55; N, 7.03. Found: C, 72.66; H, 4.50; N, 7.31.     
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4-(Furan-2-yl)-5-[(2-hydroxyphenyl)carbonyl]-3-methyl-1H,4H,5H,6H-pyrno[2,3-c]pyrazol-6-one (5e) 

Compound 5e was obtained as light brown powder. Mp 213-215 °C. FTIR (KBr, cm
-1

) νmax: 3401, 3146, 

1666, 1613, 1563, 1502. 
1
H NMR (500 MHz,DMSO-d6) δH: 2.10 (s, 3H, CH3), 6.20 (s, 1H, CH), 6.30 (s, 

1H, CH), 7.00-7.58 (m, 7H, Ar), 13.00 (br, 2H, NH, OH). 
13

C NMR (125 MHz, DMSO-d6) δC: 11.2, 35.0, 

57.0, 104.3, 117.9, 118.8, 119.1, 122.9, 125.9, 130.4, 134.5, 137.7, 139.0, 150.7, 158.1, 163.9, 168.1, 

195.9. MS m/z: 120 (100), 176 (55), 162 (70), 337 (5) [M-H]
+
. Anal. Calcd for C18H14N2O5: C, 63.90; H, 

4.17; N, 8.28. Found: C, 64.00; H, 4.24; N, 8.35. 

 

5-[(2-Hydroxyphenyl)carbonyl]-3-methyl-4-(3-nitrophenyl)-1H,4H,5H,6H-pyrno[2,3-c]pyrazol-6-one 

(5f) 

Compound 5f was obtained as white powder. Mp 230-231 °C. FTIR (KBr, cm
-1

) νmax: 3450, 3058, 1659, 

1613, 1565, 1493, 1448, 1390. 
1
H NMR (500 MHz, DMSO-d6) δH: 2.15 (s, 3H, CH3), 6.22 (s, 1H, CH), 

6.42 (s, 1H, CH), 7.50-8.33 (m, 8H, Ar), 13.00 (br, 2H, NH, OH). 
13

C NMR (125 MHz, DMSO-d6) δC: 

11.8, 39.2, 59.3, 105.3, 117.8, 119.0, 119.1, 122.0, 125.1, 125.3, 130.3, 131.1, 133.3, 138.4, 141.9, 145.7, 

155.3, 165.0, 167.6, 195.9. MS m/z: 120 (100), 162 (60), 393 (5) [M]
+
. Anal. Calcd for C20H15N3O6: C, 

61.07; H, 3.48; N, 10.68. Found: C, 61.22; H, 3.33; N, 10.86. 

 

4-(4-Fluorophenyl)-5-[(2-hydroxyphenyl)carbonyl]-3-methyl-1H,4H,5H,6H-pyrno[2,3-c]pyrazol-6-one 

(5g) 

Compound 5g was obtained as pale yellow powder. Mp 195-198 °C. FTIR (KBr, cm
-1

) νmax: 3450, 3067, 

1661, 1611, 1565, 1504. 
1
H NMR (500 MHz, DMSO-d6) δH: 2.15 (s, 3H, CH3), 6.22 (s, 1H, CH), 6.52 (s, 

1H, CH), 7.00-7.83 (m, 8H, Ar), 13.00 (br, 2H, NH, OH). 
13

C NMR (125 MHz, DMSO-d6) δC: 11.9, 38.8, 

59.8, 105.8, 113.3, 118.4, 119.1, 127.9, 128.1, 130.5, 134.0, 136.6, 138.9, 154.4, 159.7, 165.0, 166.7, 

168.5, 196.0. MS m/z: 120 (100), 366 (10) [M]
+
. Anal. Calcd for C20H15FN2O4: C, 65.57; H, 4.13; N, 7.65. 

Found: C, 35.44; H, 4.24; N, 7.34. 

 

5-[(2-Hydroxyphenyl)carbonyl]-3-methyl-4-phenyl-1H,4H,5H,6H-pyrno[2,3-c]pyrazol-6-one (5h) 

Compound 5h was obtained as yellow powder. Mp 211-213 °C. FTIR (KBr, cm
-1

) νmax: 3410, 3059, 1659, 

1613, 1565, 1493. 
1
H NMR (500 MHz, DMSO-d6) δH: 2.15 (s, 3H, CH3), 6.20 (s, 1H, CH), 6.35 (s, 1H, 

CH), 7.00-8.19 (m, 9H, Ar), 13.00 (br, 2H, NH, OH). 
13

C NMR (125 MHz, DMSO-d6) δC: 12.1, 39.7, 

60.1, 107.3, 118.1, 119.0, 119.1, 122.0, 125.0, 127.0, 131.5, 133.9, 140.0, 141.9, 153.5, 166.0, 167.1, 

196.0. MS m/z: 120 (100), 271 (30), 348 (10) [M]
+
. Anal. Calcd for C20H16N2O4: C, 68.96; H, 4.63; N, 

8.04. Found: C, 68.75; H, 4.71; N, 7.95. 

 

544 HETEROCYCLES, Vol. 83, No. 3, 2011



 

ACKNOWLEDGEMENTS 

We gratefully acknowledge the partial financial support from Alzahra University Research Council.  

REFERENCES 

1. E. Saxon, J. I. Armstrong, and C. R. Bertozzi, Org. Lett., 2000, 2, 2141. 

2. N. M. Okeley, Y. Zhu, and W. A. V. Donk, Org. Lett., 2000, 2, 3603.  

3. S. Tu, C. Li, F. Shi, D. Zhou, Q. Shao, L. Cao, and B. Jiang, Synthesis, 2008, 369. 

4. L. A. Shastri, M. V. Kulkarni, V. Gupta, and N. Sharma, Synth. Commun., 2008, 38, 1407. 

5. J. Zhu and H. Bienaymé, Multicomponent Reactions, Wiley-VCH: Weinheim, 2005; A. Dömling, 

Chem. Rev., 2006, 106, 17; D. J. Ramón and M. Yus, Angew. Chem. Int. Ed., 2005, 44, 1602; C. Simon, 

T. Constantieux, and J. Rodriguez, Eur. J. Org. Chem., 2004, 4957; R. V. A. Orru and M. de Greef, 

Synthesis, 2003, 1471; H. Bienaymé, C. Hulme, G. Oddon, and P. Schmitt, Chem. Eur. J., 2000, 6, 

3321; A. Ulaczyk-Lesanko and D. G. Hall, Curr. Opin. Chem. Biol., 2005, 9, 266.  

6. L. Weber, Curr. Med. Chem., 2002, 9, 2085; C. Hulme and V. Gore, Curr. Med. Chem., 2003, 10, 51. 

7. T. Ueda, H. Mase, N. Oda, and I. Ito, Chem. Pharm. Bull., 1981, 29, 3522. 

8. S. C. Kuo, L. J. Huang, and H. Nakamura, J. Med. Chem., 1984, 27, 539. 

9. L. J. Huang, M. J. Hour, C. M. Teng, and S. C. Kuo, Chem. Pharm. Bull., 1992, 40, 2547. 

10. H. Stegelmeier and W. Brandes, US 4515801, 1985. 

11. G. Feuer, “In Progress in Medicinal Chemistry’’, North-Holland: New York, 1974; A. A. Deana, J. Med. 

Chem., 1983, 26, 580; E. Wenkert and B. L. Buckwalter, J. Am. Chem. Soc., 1972, 94, 4367.  

12. M. Saeedi, M. M. Heravi, Y. S. Beheshtiha, and H. A. Oskooie, Tetrahedron, 2010, 66, 5345. 

13. M. M. Heravi, B. Baghernejad, and H. A. Oskooie, Tetrahedron Lett., 2009, 50, 767. 

14. M. M. Heravi, B. Baghernejad, and H. A. Oskooie, Mol. Divers., 2009, 13, 395. 

15. M. M. Heravi, S. Sadjadi, N. M. Haj, H. A. Oskooie, R. H. Shoar, and F. F. Bamoharram, Tetrahedron 

Lett., 2009, 50, 943. 

16. B. Wang, Y. Gu, W. Gong, Y. Kang, L. Yang, and J. Suo, Tetrahedron Lett., 2004, 45, 6599; H. Luo, Y. 

Kang, Q. Li, and L. Yang, Heteroatom Chem., 2008, 19, 144; A. Kamal, B. R. Prasad, A. M. Reddy, and 

M. N. A. Khan, Catal. Commun., 2007, 8, 1876; L. Wu, S. Ma, F. Yan, and C. Yang, Monatsh. Chem., 

2010, 141, 565; M. M. Heravi, H. Alinejhad, K. Bakhtiari, and H. A. Oskooie, Mol. Divers., 2010, 14, 

621; M. M. Heravi, M. Saeedi, Y. S. Beheshtiha, and H. A. Oskooie, Mol. Divers., 2010. in press. 

17. L. Perreux and A. Loupy, Tetrahedron, 2001, 57, 9199. 

HETEROCYCLES, Vol. 83, No. 3, 2011 545

http://dx.doi.org/10.1021/ol006054v
http://dx.doi.org/10.1021/ol006485d
http://dx.doi.org/10.1055/s-2008-1032031
http://dx.doi.org/10.1080/00397910801914251
http://dx.doi.org/10.1002/3527605118
http://dx.doi.org/10.1021/cr0505728
http://dx.doi.org/10.1002/anie.200460548
http://dx.doi.org/10.1002/ejoc.200400511
http://dx.doi.org/10.1055/s-2003-40507
http://dx.doi.org/10.1002/1521-3765(20000915)6:18&lt;3321::AID-CHEM3321&gt;3.0.CO;2-A
http://dx.doi.org/10.1002/1521-3765(20000915)6:18&lt;3321::AID-CHEM3321&gt;3.0.CO;2-A
http://dx.doi.org/10.1016/j.cbpa.2005.04.003
http://dx.doi.org/10.2174/0929867033368600
http://dx.doi.org/10.1021/jm00370a020
http://dx.doi.org/10.1021/jm00358a023
http://dx.doi.org/10.1021/jm00358a023
http://dx.doi.org/10.1021/ja00767a070
http://dx.doi.org/10.1016/j.tet.2010.05.067
http://dx.doi.org/10.1016/j.tetlet.2008.11.123
http://dx.doi.org/10.1007/s11030-009-9126-z
http://dx.doi.org/10.1016/j.tetlet.2008.12.044
http://dx.doi.org/10.1016/j.tetlet.2008.12.044
http://dx.doi.org/10.1016/j.tetlet.2004.07.024
http://dx.doi.org/10.1002/hc.20389
http://dx.doi.org/10.1016/j.catcom.2007.02.029
http://dx.doi.org/10.1007/s00706-010-0282-8
http://dx.doi.org/10.1007/s00706-010-0282-8
http://dx.doi.org/10.1007/s11030-009-9196-y
http://dx.doi.org/10.1007/s11030-009-9196-y
http://dx.doi.org/10.1016/S0040-4020(01)00905-X



