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3-Aminopyrazolo[4,3-c]pyridine-4,6-dione as a precursor for 
novel pyrazolo[4,5,1-ij][1,6]naphthyridines and pyrido 
[4’,3’:3,4]pyrazolo[1,5-a]pyrimidines 
Nadia H. Metwally and Emad A. Deeb 

Department of Chemistry, Faculty of Science, Cairo University, Giza, Egypt  

ABSTRACT 
The versatile, 3-aminopyrazolo[4,3-c]pyridine-4,6-dione (2) was synthe-
sized and allowed to react with aldehydes, aryldiazonium chlorides, 
chalcones and enaminones to afford regioselectively the novel pyrazolo 
[4,3-c]pyridine derivatives 4a-c, pyrazolo[4,5,1-ij][1,6] naphthyridines 
9a-d and pyrido[4’,3':3,4]pyrazlo[1,5-a]pyrimidines 19a-i. The structure 
of all the newly synthesized compounds was assigned from elemental 
analysis and spectral data. Also, the mechanistic aspects for the 
formation of the newly synthesized compounds is discussed.  
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Introduction 

Fused heterocyclic compounds containing pyrazole moiety are considered as the most 
versatile bioactive compounds in pharmaceutical and medicinal chemistry. Pyrazolo[3, 
4-b]pyridines possess extensive spectrum of biological activities such as inhibitors of 
xanthine oxidases,[1] trypanocidal activity,[2] treatment of Alzheimer’s diseases, drug addic-
tion and infertility.[3] Additionally, it have reported that they act as potent and selective 
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inhibitors of A1 adenosine receptors,[4] anti-inflammatory and antiplatelet agents.[5] 

Moreover, pyrazolo[1,5-a]pyridines are found as part of the skeletal backbone of many 
therapeutic drugs[6] and other biological activities.[7–11] Also, pyrazolo[4,3-c]pyridine 
derivative represent one of the most important building block in organic synthesis due 
to possess a wide range of biological activity which act as potent inhibitors of mycobacter-
ium tuberculosis pantothenate synthetase (PS), c-Met inhibitors,[12,13] γ-secretase, an intra-
membrane protease[14] and used also to treatment of neuropathic pain.[15] In continuation 
of our interest in the synthesis of biologically, chemically valuable compounds,[16–25] and 
on the bases of the above findings, promoted us to design a series of novel pyrazolo[4, 
3-c]pyridine derivatives, pyrazolo[4,5,1-ij][1,6]naphthyridines and pyrido-[40,30:3,4]-
pyrazolo[1,5-a]pyrimidines starting from a key intermediate 3-aminopyrazolo[4,3-c]- 
pyridinedione derivative 2. 

Results and discussion 

The starting material, 3-aminopyrazolo[4,3-c]pyridine-4,6-dione (2) used in this study was 
synthesized by acid hydrolysis of 3-cyanomethyl-4-cyano-5-amino-1H-pyrazole (1). 
Condensation of compound 2 with aromatic aldehydes 3a–c in refluxing N,N- 
dimethylformamide (DMF) containing a few drops of piperidene gave the respective 
arylidene derivatives 4a–c (Scheme 1). The structure of 4a–c was assigned on the basis 
of analytical and spectral data. The 1H NMR spectrum of compound 4b taken as an 
example exhibited two singlet signals at δ ¼ 3.87 and 7.92 ppm assignable to the methoxy 
and vinylidene protons, respectively, in addition to three singlet signals at δ ¼ 6. 29, 10.61 

Scheme 1. Synthesis of 3-aminopyrazolo[4,3-c]pyridine derivatives 4a–c and 6a–e.  
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and 12.29 ppm due to NH2 and two NH protons, respectively. Its 13C NMR appeared the 
characteristic signals at 55.85 (OCH3), 146.14 (CH), 161.75 (CO) and 167.59 (CO) ppm. 
Elemental analyses with spectral data are in agreement with the suggested structure 4. 

Also, compound 2 coupled with aryldiazonium chlorides 5a–e in N,N-dimethylforma-
mide containing sodium acetate under stirring at 0–5 °C to produce the arylhydrazo 
derivatives 6a–e (Scheme 1). The spectral data of the isolated products was in complete 
agreement with structure 6. Thus IR spectrum of compound 6b showed the absorption 
bands at νmax 3419, 3338, 3211, 3195 and 1691 cm−1 due to the NH2, three NH and CO 
functions, respectively. Its 1H NMR revealed four singlet signals exchangeable D2O at 
δ ¼ 6.57, 10.63, 12.10 and 12.58 ppm attributable to NH2 and three NH protons. Also, mass 
spectrum showed a corrected molecular ion peak at m/z ¼ 284 (Mþ, 88.3%) beside some 
other abundant fragments, that established the molecular formula C13H12N6O2. Elemental 
analysis with mass spectrum are in agreement with the proposed structure 6. 

It is interesting in this connection that the condensation of 2 with α,β-unsatutated 
carbonyl compounds 7a–d in refluxing N,N-dimethylformamide in the presence of a few 
drops of piperedine as a catalyst does not afforded the pyrazolo[1,5-a]pyrimidine deriva-
tives, as could have been expected in analogy to the formation of 8. Actually, the products 
of this reaction were identified on the basis of their spectral data as 2-amino-6-phenyl-8- 
aryl-3H-pyrazolo[4,5-1-ij][1,6]naphthryidine-3,5(4H)-3,5-diones 9a–d (Scheme 2). The IR 

Scheme 2. 6-Phenyl-8-aryl-3H-pyrazolo[4,5,1-ij][1,6]naphthyridinediones 9a–d.  
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spectrum of compound 9d taken as an typical example of the prepared series showed the 
absorption bands at νmax 3413, 3117 and 1681 cm−1 corresponding to NH2, NH and CO, 
respectively. The 1H NMR spectrum of 9d supported its structure, as it revealed a singlet 
signal at δ ¼ 6.26 ppm assigned to methylene protons and two singlet signals exchangeable 
with D2O at δ ¼ 6.64 and 10.93 ppm characteristic to NH2 and NH protons, beside the 
other expected signals for aromatic protons. Its 13C NMR exhibited a characteristic signals 
at 101.75 (CH2), 124.15 (CH=C), 147.64 (C-NH2), 160.27 (CO) and 162.77 (CO). Also, 
mass spectrum of 9d showed the molecular ion peak at m/z 398 (Mþ, 2.8%) which was 
consistent with the molecular formula C22H14N4O2. Elemental analyses with mass spec-
trum are agreement with the proposed structure 9. The above collective data with the 
elemental analysis are in agreement with the suggested structure 9. The formation of 9 
from the reaction of 2 with 7 is believed to proceed via a Michael addition reaction to give 
non-isolable adducts, which in turn undergo cyclodehydration to give the non-isolable 
dihydropyrazolonaphthyridine followed by spontaneous oxidation to 9. 

On the other hand, the reaction of arylhydrazo derivatives 6a-d with α,β-unsaturated 
carbonyl compounds 7a–d under the same reaction conditions afforded the isolated pro-
ducts 10a–p (Scheme 3). The spectral and microanalytical data of compounds 10a–p were 
consistent with their structures. For example, the IR spectrum of compound 10c displayed 
absorption bands at νmax 3378, 3148 and 1689 cm−1 corresponding to NH and CO 
functions. Its 1H NMR spectrum exhibited two singlet signals exchangeable with D2O at 
δ ¼ 11.13 and 12.42 ppm due to NH protons. Also, mass spectrum of 10c showed a cor-
rected molecular ion peaks at m/z ¼ 492 (Mþ, 30.2%) and m/z ¼ 494 (Mþ þ 2, 11.7%) 
which consistent the formula C27H17ClN6O2. Elemental analysis with mass spectrum are 
in agreement with the structure 10c. 

The behavior of the enaminones towards some N-nucleophiles to attain fused ring 
systems such as pyrazolo[1,5-a]pyrimidines of potential pharmaceutical interest, has been 

Scheme 3. Synthesis of 7-arylhydrazopyrido[40,30:3,4]pyrazolo[1,5-a]pyrimidine-8,10(7H,9H)-dione 
derivatives 10a–p.  
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investigated.[26–28] Thus the key intermediate 2 reacted with enaminones 11a–e in refluxing 
N,N-dimethylformamide containing piperidene to produce one single product in each case 
13a–e (Scheme 4). The structure of the adducts 13a–e was determined by elemental analy-
sis and spectral data. The IR spectrum of compound 13c was characterized by the presence 
of absorption bands at νmax 3,466, 3,208, and 1,701 cm−1 due to the NH2, NH and CO 
groups, respectively. Also, its 1H NMR spectrum revealed the presence of a singlet signal 
at δ ¼ 2.42 due to methyl protons with another two singlet signals exchangeable with 
D2O in the region 6.66 and 10.89 ppm assigned to NH2 and NH protons. Also, mass spec-
trum showed a molecular ion peak at m/z ¼ 292 (Mþ, 28.7%), which confirmed the mol-
ecular formula C16H12N4O2. The formation of cycloadducts 13a-e indicates that the 
reaction mechanism proceeds through a Michael type addition of NH in pyrazole ring 
to the activated double in enaminoes 11 to form the non-isolable intermediate which read-
ily undergo cyclization by loss of dimethylamine and water molecules via active methylene 
in pyridine ring to furnish the 2-amino-6-aryl-3H-pyrazolo[4,5,1-ij][1,6]naphthyridine-3,5 
(4H)diones rather than the expected pyrazolo[1,5-a]pyrimidines as a sole products from 
the reaction of aminopyrazoles with enaminones. Also, the structure of the isolated pro-
ducts 13a–e can be confirmed chemically by acetylation reaction. Thus the treatment of 
compounds 13a,b with acetic anhydride furnished the acetyl derivatives 14a,b. The structure 
of the acetyl derivatives was assigned from their elemental analyses and spectral data (Scheme 
5 and exp.). Moreover, treatment of compound 13a with dimethylformamide-dimethylacetal 
(DMF-DMA) in dry dioxane produced the enamine derivative 15 (Scheme 5). 

Scheme 4. Synthesis of 2-amino-6-aryl-3H-pyrazolo[4,5,1-ij][1,6]naphthyridine-3,5(4H)-diones 13a–e.  
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The structure of the enamine derivative 15 was supported by its elemental analysis and spec-
tral data. Its IR spectrum displayed the absorptions bands for NH and CO functions at νmax 
3,194 and 1,695 cm−1. Also, its 1H NMR spectrum revealed the two singlet signals at δ ¼ 3.02 
and 3.12 ppm due to the two methyl protons and another a singlet signal at δ ¼ 9.12 ppm 
assigned to an iminic proton, in addition to the other expected signals for aromatic protons. 
The microanalytical with spectral data are in agreement with suggested structure 15. The 
reaction of enamine derivative 15 with hydroxylamine hydrochloride furnished the isolated 
product 17 (Scheme 6). The structure of 17 was confirmed on its elemental analysis and spec-
tral data. Its` IR spectrum exhibited the absorption bands at νmax 3,411, 3,270, and 1,694 cm 
−1 assignable to OH, NH and CO groups. Its 1H NMR spectrum confirmed the proposed 
structure which revealed the presence of two characteristic singlet signals exchangeable with 
D2O at δ ¼ 10.61 and 11.24 ppm corresponding to NH and OH protons, respectively. In 
addition to the other expected signals for aromatic, NH and olefinic protons. The elemental 

Scheme 5. Synthesis of pyrazolo[4,5,1-ij][1,6]naphthyridine-3,5(4H)-dione derivatives 14a,b and 15.  

Scheme 6. Synthesis of N0-(3,5-dioxo-6-phenyl-4,5-dihydro-3H-pyrazolo[4,5,1-ij][1,6]-naphthyridin-2yl)- 
N-hydroxyformaimidamide 16.  
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analyses together with spectral data are in agreement the proposed structure 17 rather than 
the tetracyclic compound 16. 

On the other hand, cyclocondensation of compounds 4a–c with enaminones 11a–c in 
refluxing N,N-dimethylformamide containing a few drops of piperidene afforded the iso-
lated products 19a–i which confirmed from their elemental analyses and spectral data 
(Scheme 7). The IR spectrum of compound 19c was characterized by the presence of 
absorption bands at νmax 3245 and 1697 cm−1 assignable to both NH and CO groups. Also, 
the 1H NMR spectrum of 19c confirmed the proposed structure revealed the presence of a 
characteristic singlet signal at δ ¼ 11.0 ppm corresponding to NH proton and a doublet of 
doublet signals due to the vinylic protons and another singlet signals at δ ¼ 8.11 and 
8.28 ppm attributable to diene protons. Elemental analyses together with spectral data 
are confirmed the suggested structure 19. The formation of compounds 19 denotes that 
the reaction mechanism proceeds via an initial Michael addition of the exocyclic amino 
group in the compound 4 to the α,β-unsaturated moiety in the enaminone 11 yielded 
the corresponding acyclic non-isolable intermediates which undergo dehydrative cycliza-
tion and aromatization gave the final product 19 rather than the isomeric structure 18 
(Scheme 7). 

Compounds 4a–c reacted with acetylacetone in refluxing N,N-dimethylformamide in 
the presence of a few drops of piperidene to yield the cycloadducts 21a–c which established 
by elemental analyses and spectral data (Scheme 8). The IR spectrum of compound 21b 
was exhibited the presence of absorption bands at νmax 3474, 3279, 1720 and 1680 cm−1 

assignable to NH2, NH and CO groups. The 1H NMR spectrum of compound 21b con-
firmed the suggested structures which revealed the presence of a characteristic two singlet 

Scheme 7. Synthesis of pyrido[40,30:3,4]pyrazolo[1,5-a]pyrimidenes 19a–i.  
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Scheme 8. Synthesis of 2-acetyl-3H-pyrazolo[4,5,1-ij][1,6]naphthyridine-3,5(4H)-diones 21a–c.  

Scheme 9. Synthesis of the designed pyrido[40,30:3,4]pyrazolo[1,5-a]pyrimidines 22a–i.  
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signals at δ ¼ 1.85, 2.61 and 3.82 ppm corresponding to the two methyl and methoxy pro-
tons, respectively with another two singlet signals exchangeable with D2O at δ ¼ 6.80 and 
10.71 assigned to NH2 and NH, respectively. The elemental analyses together with spectral 
data are in agreement the suggested structure 21. The formation of 21 from the reaction of 
4 with acetylacetone is proceeds via a Michael addition reaction to give non-isolable inter-
mediates, which in turn undergo dehydrative cyclization to give the non-isolable pyrazolo 
[4,5,1-ij][1,6]-naphthyridine-3,5(4H)-diones followed by spontaneous oxidation to 
afford 21. 

Additionally, the reaction of arylhydrazo derivatives 6a–c with enaminones 11a–c in 
refluxing N,N-dimethylformamide containing piperidene as catalyst yielded the cyclo-
adducts 22a–i (Scheme 9). The structure of the isolated products was determined from 
their elemental analyses and spectral data (Scheme 9 and exp.). 

Conclusion 

In conclusion, we have described an efficient synthesis of some novel pyrazolo[4,3-c]-
pyridine-4,6-dione derives and their fused derivatives such as pyrazolo[4,5,1-ij][1,6] 
naphthyridine-3,5(4H)-dione derivatives via the reaction of readily accessible starting 
material, 3-aminopyrazolo[4,3-c]pyridine-4,6-dione with some chemical reagents. 

Experimental 

Melting points were determined on an Electrothermal Gallenkamp apparatus and are 
uncorrected. The IR spectra were recorded in KBr pellets using a Pye Unicam SP-1000 
spectrophotometer. 1H-NMR spectra (300 MHz) and 13C-NMR spectra (75 MHz) were 
obtained on a Varian EM-300 MHz spectrometer using DMSO-d6 as solvent with TMS 
as internal standard and the results are expected as δ value. Mass spectra were taken on 
a Shimadzu GCMS-QP 1000 Ex mass spectrometer at 70 eV. Elemental analyses were 
carried out by the Microanalytical Center of Cairo University, Giza, Egypt. Compounds 
1 and 2 were prepared according to literature.[29,30] 

Synthesis of 3-amino-1,7-dihydro-4H-pyrazolo[4,3-c]pyridine-4,6(5H)-dione (2) 

A mixture of 3-cyanomethyl-4-cyano-5-aminopyrazole 1 (0.01 mol) and 5 ml of concen-
trated hydrochloric acid was refluxed for 15 minutes. The solid so formed was filtered 
off and washed with water and recrystallized from N,N-dimethylformamide to afford white 
crystals, yield 70%, m.p > 360 °C [Lit., > 360 °C],[30] νmax/cm−1 (KBr) 3402 (NH2), 3336 
(NH), 3173 (NH), 1686 (CO); 1H NMR (DMSO) δ ¼ 3.68 (s, 2H, CH2), 5.96 (s, 2H, 
NH2), 10.38 (s, 1H, NH), 11.81 (s, 1H, NH); m/z 166 ¼ (Mþ, 40%), 143 (4.9%), 131 
(7.0%), 123 (42.2%), 113 (28.3%), 101 (18.6%), 87 (22.8%), 73 (8.4%), 59 (100%); Anal. 
Calcd for C6H6N4O2: C, 43.38; H, 3.64; N, 33.72. Found: C, 43.52; H, 3.47; N, 33.49%. 

General procedure of synthesis of compounds 4a–c 

A solution of compound 2 (0.01 mol) in N,N-dimethylformamide (10 ml) containing a few 
drops of piperidine was added to the appropriate aldehyde 3a–c (0.01 mol). The mixture 
was heated under reflux for 5 h. The solid product that precipitated by cooling was filtered 
off and recrystallized from N,N-dimethylformamide to give the respective products 4a–c. 
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3-Amino-7-benzylidene-1,7-dihydro-4H-pyrazolo[4,3-c]pyridine-4, 
6(5H)-dione (4a) 

Yellow crystals, yield 66%, m.p. 240 °C, νmax/cm−1 (KBr) 3402 (NH2), 3200 (NH), 1692 
(CO); 1H NMR (DMSO) δ ¼ 6.04 (s, 2H, NH2), 6.95–7.49 (m, 5H, Ar), 8.03 (s, 1H, 
CH), 10.43 (s, 1H, NH), 12.09 (s, 1H, NH); m/z 254 ¼ (Mþ, 100%), 238 (22.9%), 210 
(22.9%), 166 (24.2%), 127 (29.3%), 91 (64.0%), 77 (48.1%), 66 (20.8%), 51 (16.0%); Anal. 
Calcd for C13H10N4O2: C, 61.41; H, 3.96; N, 22.04. Found: C, 61.59; H, 3.82; N, 22.31%. 

General procedure of synthesis of compounds 6a–e 

A solution of compound 2 (0.01 mol) and sodium acetate (0.01 mol) in N,N- 
dimethylformamide (10 ml) was cooled in an ice bath at (0–5 °C) while being stirred. To 
the resulting cold solution was added portionwise a cold solution of the appropriate 
diazonium salt 5a–e prepared as usual by diazotizing the corresponding aromatic amine 
(0.01 mol) in concentrated hydrochloric acid (3 ml) with sodium nitrite (0.01 mol) in water 
(3 ml). After all the diazonium salt solution was added, the mixture was stirred for further 
one hour. while cooling in an ice-bath. The solid that precipitated was filtered off, 
washed with water, dried and finally crystallized from N,N-dimethylformamide to give 
products 6a–e. 

3-Amino-7-(2-(p-tolyl)hydrazono)-1,7-dihydro-4H-pyrazolo[4,3-c]pyridine-4,6 
(5H)-dione (6b) 

Orange crystals, yield 74%, m.p. 315 °C, νmax/cm−1 (KBr) 3419 (NH2), 3338, 3211, 3195 
(3NH), 1691 (CO); 1H NMR (DMSO) δ ¼ 2.28 (s, 3H, CH3), 6.57 (s, 2H, NH2), 7.18 
(d, 2H, J ¼ 8.7 Hz, CH), 7.22 (d, 2H, J ¼ 9 Hz, CH), 10.63 (s, 1H, NH), 12.10 (s, 1H, 
NH), 12.58 (s, 1H, NH); m/z 284 ¼ (Mþ, 88.3%), 239 (9.0%), 213 (1.7%), 166 (5.6%), 
135 (31.5%), 106 (92.0%), 91 (100%), 77 (69.6%), 65 (59.1%), 52 (42.6%); Anal. Calcd 
for C13H12N6O2: C, 54.93; H, 4.25; N, 29.56. Found: C, 54.81; H, 4.43; N, 29.79%. 

General procedure of synthesis of compounds 9a–d 

A mixture of compound 2 (0.01 mol) and α,β-unsaturated ketones 7a–d (0.01 mol) in N, 
N-dimethylformamide (10 ml) containing a few drops of piperidine was heated under 
reflux for 6 hours and the reaction mixture was followed by TLC. The solid so formed 
was filtered off and recrystallized from N,N-dimethylformamide to give the respective 
products 9a–d. 

2-Amino-8-(benzo[d][1,3]dioxol-5-yl)-6-phenyl-3H-pyrazolo[4,5,1-ij][1,6] 
naphthyridine-3,5(4H)-dione (9d) 

Brown crystals, yield 81%, m.p 285 °C, νmax/cm−1 (KBr) 3413 (NH2), 3117 (NH), 1681 
(CO); 1H NMR (DMSO) δ ¼ 6.26 (s, 2H, CH2), 6.64 (s, 2H, NH2), 7.18 (s, 1H, Ar), 7.27 
(d, 2H, J ¼ 8.4 Hz, Ar), 7.57–7.69 (m, 3H, Ar), 7.84–8.41 (m, 3H, Ar), 10.93 (s, 1H, 
NH). 13C NMR (DMSO) δ ¼ 89.32, 101.75, 108.05, 110.10, 110.89, 117.75, 124.15, 
128.97, 130.09, 130.77, 131.27, 131.61, 142.29, 145.04, 146.05, 147.64, 149.87, 160.27, 
162.77; m/z 398 ¼ (Mþ, 2.8%), 386 (1.7%), 363 (0.4%), 343 (0.1%), 326 (0.1%), 317 
(0.5%), 305 (1.4%), 281 (0.2%), 268 (0.8%), 247 (1.8%), 229 (0.9%), 213 (0.9%), 201 
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(1.6%), 189 (2.7%), 175 (2.0%), 159 (2.3%), 148 (4.4%), 131 (3.3%), 117 (17.0%), 105 
(100%); Anal. Calcd for C22H14N4O4: C, 66.33; H, 3.54; N, 14.06. Found: C, 66.53; H, 
3.65; N, 14.28%. 

General procedure of synthesis of compounds 10a–p 

A mixture of compounds 6a–d (0.01 mol) and α,β-unsaturated ketones 7a–d (0.01 mol) in 
N,N-dimethylformamide (10 ml) containing a few drops of piperidine was heated under 
reflux for 6 hours and the reaction mixture was followed by TLC. The solid so formed 
was filtered off and recrystallized from N,N-dimethylformamide to give the respective 
products 10a–p. 

7-(2-(4-Chlorophenyl)hydrazono)-2,4-diphenylpyrido[4’,3':3,4]pyrazolo[1,5-a] 
pyrimidine-8,10(7h,9h)-dione (10c) 

Brown crystals, yield 72%, m.p. 335 °C, νmax/cm−1 (KBr) 3378 (NH), 3148 (NH), 1689 
(CO); 1H NMR (DMSO) δ ¼ 7.18 (d, 2H, J ¼ 8.4 Hz, Ar), 7.41 (d, 2H, J ¼ 8.7 Hz, Ar), 
7.59–7.85 (m, 6H, Ar), 8.13 (s, 1H, CH), 8.27–8.45 (m, 4H, Ar), 11.13 (s, 1H, NH), 
12.42 (s, 1H, NH); m/z 492 ¼ (Mþ, 30.2%), 494 (Mþ þ 2, 11.7%), 452 (1.8%), 423 
(1.3%), 396 (2.0%), 367 (3.6%), 346 (17.6%), 323 (24.6%), 304 (28.7%), 282 (17.0%), 231 
(16.5%), 204 (21.5%), 165 (22.8%), 129 (55.3%), 111 (97.9%), 99 (48.5%), 77 (100%); Anal. 
Calcd for C27H17ClN6O2: C, 65.79; H, 3.48; Cl, 7.19; N, 17.05. Found: C, 65.62; H, 3.32; Cl, 
7.41; N, 17.28%. 

General procedure of synthesis of compounds 13a–e 

A mixture of compound 2 (0.01 mol) and enaminones 11a–e (0.01 mol) in 
N,N-dimethylformamide (20 ml) containing a few drops of piperidine was heated under 
reflux for 5 h. The solid so formed was filtered off and recrystallized from 
N,N-dimethylformamide. 

2-Amino-6-(4-methoxyphenyl)-3h-pyrazolo[4,5,1-ij][1,6]naphthyridine-3,5(4H)- 
dione (13d) 

Brown crystals, yield 70%, m.p 320 °C, νmax/cm−1 (KBr) 3441 (NH2), 3198 (NH), 1691 
(CO); 1H NMR (DMSO) δ ¼ 3.85 (s, 3H, OCH3), 6.65 (s, 2H, NH2), 7.09 (d, 2H, J ¼ 9 Hz, 
Ar), 7.28 (d, 1H, J ¼ 7.8 Hz, CH), 7.99 (d, 1H, J ¼ 7.8 Hz, CH), 8.10 (d, 2H, J ¼ 8.7 Hz, Ar), 
10.86 (s, 1H, NH); 13C NMR (DMSO) δ ¼ 55.42, 88.02, 113.02, 113.49, 113.90, 122.99, 
128.27, 131.16, 142.68, 144.17, 158.05, 159.81, 161.17, 163.03; m/z 308 ¼ (Mþ, 100%), 
289 (7.7%), 265 (4.6%), 237 (5.8%), 210 (9.2%), 194 (5.4%), 178 (2.0%), 166 (3.5%), 139 
(4.8%), 117 (2.4%), 104 (3.6%), 89 (6.6%), 76 (10.0%), 63 (4.5%), 51 (2.1%); Anal. Calcd 
for C16H12N4O3: C, 62.33; H, 3.92; N, 18.17. Found: C, 62.47; H, 3.75; N, 18.43%. 

General procedure of synthesis of compounds 14a–c 

A mixture of compounds 13a,d (0.01 mol) and acetic anhydride (5 ml) was refluxed 
for two hours. The solid so formed was filtered off and recrystallized from 
N,N-dimethylformamide. 
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N-(3,5-dioxo-6-phenyl-4,5-dihydro-3h-pyrazolo[4,5,1-ij][1,6]naphthyridin-2-yl) 
acetamide (14a) 

Brown crystals, yield 60%, m.p 200 °C, νmax/cm−1 (KBr) 3217 (NH), 3165 (NH), 1716 (CO), 
1689 (CO); 1H NMR (DMSO) δ ¼ 2.20 (s, 3H, CH3), 7.40–7.50 (m, 3H, Ar), 7.61-8.01 (m, 
3H, Ar), 10.30 (s, 1H, NH), 13.60 (s, 1H, NH); m/z 320 ¼ (Mþ, 22.0%), 305 (8.1%), 278 
(100%), 259 (10.2%), 235 (12.0%), 208 (32.2%), 193 (20.5%), 180 (17.6%), 178 (16.5%), 
152 (15.4%), 122 (14.3%), 105 (58.7%), 102 (21.1), 77 (72.5%), 45 (20.1%), 40 (7.5%); Anal. 
Calcd for C17H12N4O3: C, 63.75; H, 3.78; N, 17.49. Found: C, 63.63; H, 3.62; N, 17.72%. 

Synthesis of N,N-dimethyl-N’-(4-oxo-5-phenyl-2a,2a1,4,5-tetrahydro-3H-pyrazolo 
[4,5,1-ij]-[1,7]naphthyridin-2-yl)formimidamide (15) 

A mixture of compound 13a (0.01 mol) and dimethylformamide dimethylacetal (0.01 mol) 
in dry dioxane (20 ml) was heated under reflux for 5 hours. The solid so formed was 
filtered off and recrystallized from N,N-dimethylformamide to give brown crystals, yield 
70%, m.p 350 °C, νmax/cm−1 (KBr) 3194 (NH), 1695 (CO); 1H NMR (DMSO) δ ¼ 3.02 
(s, 3H, CH3), 3.12 (s, 3H, CH3), 7.40 (d, 1H, J ¼ 7.5 Hz, Ar), 7.59–7.62 (m, 3H, Ar), 
8.07-8.12 (m, 3H, Ar), 9.12 (s, 1H, CH), 10.99 (s, 1H, NH); Anal. Calcd for 
C18H15N5O2: C, 64.86; H, 4.54; N, 21.01. Found: C, 64.69; H, 4.41; N, 21.23%. 

Synthesis of N’-(3,5-dioxo-6-phenyl-4,5-dihydro-3H-pyrazolo[4,5,1-ij][1,6] 
naphthyridin-2-yl)-N-hydroxyformimidamide (17) 

A mixture of compound 15 (0.01 mol), hydroxylamine hydrochloride (0.01 mol) and 
anhydrous sodium acetate (0.01 mol) in N,N-dimethylformamide (20 ml) was heated under 
reflux for 7 hours. The solid so formed was filtered off and recrystallized from 
N,N-dimethylformamide. 

Brown crystals, yield 70%, m.p > 350 °C, νmax/cm−1 (KBr) 3411 (OH), 3270 (NH), 1694 
(CO); 1H NMR (DMSO) δ ¼ 7.53 (d, 1H, J ¼ 7.5 Hz, Ar), 7.62-7.65 (m, 5H, Ar and CH), 
8.09–8.22 (m, 4H, Ar and NH), 10.61 (s, 1H, NH), 11.24 (s, 1H, OH); Anal. Calcd for 
C16H11N5O3: C, 59.81; H, 3.45; N, 21.80. Found: C, 59.64; H, 3.26; N, 21.56%. 

General procedure of synthesis of compounds 19a–i 

A mixture of compounds 4a–c (0.01 mol) and enaminones 11a–c (0.01 mol) in 
N,N-dimethylformamide (20 ml) containing a few drops of piperidine was heated under 
reflux for 6 hours. The solid so formed was filtered off and recrystallized from 
N,N-dimethylformamide. 

7-Benzylidene-4-phenylpyrido[4’,3':3,4]pyrazolo[1,5-a]pyrimidine-8,10(7H,9H)- 
dione (19a) 

Yellow crystals, yield 54%, m.p 281 °C, νmax/cm−1 (KBr) 3189 (NH), 1693 (CO); 1H NMR 
(DMSO) δ ¼ 6.96-7.05 (m, 4H, Ar), 7.40–7.60 (m, 6H, Ar), 7.79 (s, 1H, CH), 8.03 (d, 1H, 
J ¼ 7.5 Hz, CH), 8.18 (d, 1H, J ¼ 8.4 Hz, CH), 11.21 (s, 1H, NH); Anal. Calcd for 
C22H14N4O2: C, 72.12; H, 3.85; N, 15.29. Found: C, 72.26; H, 3.74; N, 15.55%. 
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General procedure of synthesis of compounds 21a–c 

A mixture of compounds 4a–c (0.01 mol) and acetylacetone (0.01 mol) in N,N-dimethyl-
formamide (20 ml) containing a few drops of piperidine was heated under reflux for 5 
hours. The solid so formed was filtered off and recrystallized from N,N- 
dimethylformamide. 

7-Acetyl-2-amino-8-methyl-6-phenyl-3h-pyrazolo[4,5,1-ij][1,6]naphthyridine-3,5 
(4H)-dione (21a) 

Yellow crystals, yield 61%, m.p. 334 °C, νmax/cm−1 (KBr) 3417 (NH), 3284 (NH2), 1722 
(CO), 1689 (CO); 1H NMR (DMSO) δ ¼ 1.84 (s, 3H, CH3), 2.62 (s, 3H, CH3), 6.86 
(s, 2H, NH2), 7.25-7.43 (m, 5H, Ar), 10.69 (s, 1H, NH); Anal. Calcd for C18H14N4O3: C, 
64.67; H, 4.22; N, 16.76. Found: C, 64.59; H, 4.34; N, 16.51%. 

General procedure of synthesis of compounds 22a–i 

A mixture of arylhydrazo derivatives 6a–c (0.01 mol) and enaminones 11a–c (0.01 mol) in 
N,N-dimethylformamide (20 ml) containing a few drops of piperidine was heated 
under reflux for 6 hours. The solid so formed was filtered off and recrystallized from 
N,N-dimethylformamide 

4-Phenyl-7-(2-phenylhydrazono)pyrido[4’,3':3,4]pyrazolo[1,5-a]pyrimidine-8,10 
(7H,9H)-dione (22a) 

Yellow crystals, yield 61%, m.p. 291 °C, νmax/cm−1 (KBr) 3309 (NH), 1699 (CO); 1H NMR 
(DMSO) δ ¼ 6.87–6.97 (m, 5H, Ar), 7.22-7.51 (m, 5H, Ar), 7.65 (d, 1H, J ¼ 8.1 Hz, CH), 
7.76 (d, 1H, J ¼ 8.4 Hz, CH), 11.0 (s, 1H, NH), 12.20 (s, 1H, NH); Anal. Calcd for 
C21H14N6O2: C, 65.96; H, 3.69; N, 21.98. Found: C, 65.84; H, 3.50; N, 21.74%. 
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