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Abstract Efficient and green reactions of different aromatic aldehydes, 3-amino-
1-phenyl-1H-pyrazol-5(4H)-one, and substituted 3-aminopyrazoles for the syn-
thesis of pyrazolo[3,4-b:4',3'-e]pyridin-3(2H)-one derivatives have been reported
through deamination cyclization reactions. This is a new route for the generation
of pyrazolo[3,4-b:4',3"-e]pyridin-3(2H)-one compounds. According to the reported
literature, these kinds of compounds have important optical properties, and have
potential application prospects. Other advantages of this process are simple opera-
tion, easy separation, and a wide range of substrates. Best of all, this method pos-
sesses an environmentally benign procedure.

Keywords Pyrazolo[3,4-b:4',3"-e]pyridine - Green synthesis - Deamination
reaction - Aqueous medium - 3-Amino- 1-phenyl-1H-pyrazol-5(4H)-one

Introduction

As a non-toxic, low-cost, readily available and environmentally benign solvent,
water has been widely used in organic synthesis [1-6]. The results show that the
reactivity and selectivity of reactions in water are superior to those in organic
solvents. In addition, because most of the organic compounds are not soluble in
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water, this can easily separate them from aqueous phase. Of course, this phenom-
enon is very important in industrial scale-up processes to replace the use of haz-
ardous, explosive and flammable organic solvents.

Pyrazolo[3,4-b]pyridine and its derivatives are the important heterocyclic
compounds possessing a broad range of biological activities, such as antimicro-
bial [7], antiviral [8], anti-inflammatory [9], and other properties [10—13]. They
are also used as serotonin re-uptake inhibitors [14], CCK agonists [15] and vas-
odilators [16]. Importantly, their structural analogy to purine bases means that
these compounds are also important constituents of DNA and RNA nucleosides
[17]. Pyrazolo[3,4-b:4",3"-e]pyridine derivatives are fused pyrazolo[3,4-b]pyri-
dine compounds. Research has showed that these compounds often have optical
properties [18-21]. Other publications have reported that these compounds also
exhibit antibacterial [22] and moderate antifungal [23] activities. Some meth-
ods for the synthesis of fused pyrazolo[3.,4-b]pyridine derivatives have been
reported. For example, Green et al. [24] reported a multi-step reaction for the
synthesis of dipyrazolo[3,4-b:3',4'-d|pyridin-3-ones from arylhydrazine with low
yields. Fused pyrazolo[4',3":5,6]pyrido[2,3-d]pyrimidines could be prepared by
a solvent-free microwave-assisted reaction of heterocyclic o-aminonitriles and
cyanopyridines in the presence of ‘BuOK as catalyst [25]. Spiro[indoline-pyra-
zolo[4',3":5,6]pyrido[2,3-d]pyrimidine]trione derivatives were gained by a three-
component condensation reaction of barbituric acids, 1H-pyrazol-5-amines and
isatins in aqueous media [26]. Jiang and co-authors also reported domino reac-
tions of arylglyoxals and pyrazol-5-amines to synthesize the fused pyrazolo[3,4-
b]pyridine derivatives [27]. In view of the importance of these compounds, here
we report an efficient method for the synthesis of pyrazolo[3,4-b:4',3"-e]pyridine
derivatives in water via deamination cyclization reactions.

It can be found that aromatic aldehydes, aminopyrazole, and ketones with
active methylene are the key reagents for the synthesis of pyrazolo[3,4-b]pyri-
dine derivatives by dehydration cyclization reactions. For instance , Chen et al.
[28] reported a procedure for the synthesis of pyrazolo[3,4-b]pyridine deriva-
tives by one-pot three-component condensation of aminopyrazoles, aldehydes,
and cycloketones in water using carbonaceous material as a solid acid catalyst.
The one-pot three-component reaction between aldehyde, amino pyrazole, and
1,3-cyclohexanedione in polyethylene glycol (PEG)-400 medium was reported by
Karnakar and co-authors, and a variety of pyrazolo[3,4-b] pyridine derivatives
were obtained in excellent yields [29]. Zhang et al. [30] studied a multi-com-
ponent reaction of aldehyde, 5-amino-3-methyl-1-phenylpyrazole and Meldrum
acid or dimedone to give pyrazolo[3,4-b]pyridinone derivatives. The reaction
of isatin, aminopyrazole, and alkyl cyanoacetate can also synthesize these com-
pounds [31]. In 2011, the three-component reaction of aldehyde, acyl acetonitrile,
and electron-rich amino heterocycles (including aminopyrazole and aminoura-
cils) in ionic liquid was reported by Huang and co-authors [32]. In this research,
we reported a novel process for the preparation of fused pyrazolo[3,4-b]pyridine
derivatives from aromatic aldehydes, 3-amino-1-phenyl-2-pyrazolin-5-one, and
aminopyrazole through deamination cyclization reactions.
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Experimental

All reagents were purchased from the Merck and Sigma-Aldrich and used with-
out further purification. Melting points were determined on an XT-5 microscopic
melting-point apparatus and were uncorrected. IR spectra were recorded on a FT
Bruker Tensor 27 spectrometer. 'H NMR and '*C NMR spectra were obtained
from solutions in DMSO-d, with Me,Si as internal standard using a Bruker-400
spectrometer. HRMS spectra were obtained with a Bruker microTOF-Q 134
instrument.

General procedure for the synthesis of pyrazolo[3,4-b:4',3'-e]pyridine deriva-
tives

The mixture of aromatic aldehydes (1 mmol), 3-amino-1-phenyl-1H-pyrazol-5(4H)-
one (1 mmol), substituted 3-aminopyrazoles (1 mmol), H,O (6 mL), HOAc (2 mL)
was placed in a 50-mL reaction flask and stirred at 80 °C forabout 5-7 h (moni-
tored by TLC). After completion of the reactions, the mixture was cooled to room
temperature and the product was isolated from water. Then, compounds 4a—x were
recrystallized from DMF.

4-(4-Chlorophenyl)-2-phenyl-1,7-dihydrodipyrazolo[3,4-b:4',3"-e [pyri-
din-3(2H)-one (4a)

Yellow solid, yield, 95%, m.p. > 280°C; IR (KBr) (v, cm'l): 3440 (NH), 3170
(NH), 1699 (C=0), 1596, 1498, 1395, 1316, 1209, 1095, 1014, 956, 896, 832, 792,
752, 687, 692, 640, 596; '"H NMR (400 MHz, DMSO-d,) (6, ppm): 13.71 (s, 1H,
NH), 11.39 (s, 1H, NH), 8.13 (s, 1H, N=CH), 7.88-7.85 (m, 4H, ArH), 7.61 (d,
J = 8.4 Hz, 2H, ArH), 7.47 (t, J = 7.6 Hz, 2H, ArH), 7.24-7.20 (m, 1H, ArH); 1*C
NMR (100 MHz, DMSO-dg) (6, ppm): 159.4 (C=0), 158.6, 154.2, 144.1, 137.9,
135.2, 135.1, 132.7, 131.5, 129.4, 129.0, 128.6, 128.4, 125.3, 119.8, 117.9, 112.6,
103.5; HRMS (ESI-TOF) m/z calculated for C,oH;,CINsNaO: 384.0628, found
[M + Na]*: 384.0631.

4-(3,4-Dichlorophenyl)-2-phenyl- 1,7-dihydrodipyrazolo[ 3,4-b:4",3"-e [pyri-
din-3(2H)-one (4b)

Yellow solid, yield: 93%, m.p. > 280°C; IR (KBr) (v, cm™1): 3412 (NH), 3219
(NH), 1666 (C=0), 1592, 1552, 1499, 1416, 1363, 1310, 1296, 1205, 1179, 1138,
1031, 962, 902, 832, 804, 756, 733, 682, 644, 544; 'H NMR (400 MHz, DMSO-
dg) (8, ppm): 13.74 (s, 1H, NH), 11.44 (s, 1H, NH), 8.15 (s, 1H, N=CH), 8.09
(s, 1H, ArH), 7.86 (s, 2H, ArH), 7.80 (s, 2H, ArH), 7.47 (s, 2H, ArH), 7.23 (s,
1H, ArH); '3C NMR (100 MHz, DMSO-d;) (8, ppm): 159.2 (C=0), 158.5, 154.2,
142.4,137.8, 134.9, 133.2, 133.0, 132.8, 131.3, 130.8, 130.8, 129.4, 125.4, 119.8,
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112.5, 103.6; HRMS (ESI-TOF) m/z calculated for C,oH;,Cl,NsNaO: 418.0238,
found [M + Na]*: 418.0250.

4-(3,4-Dimethylphenyl)-2-phenyl- 1,7-dihydrodipyrazolo[3,4-b:4',3"-e [pyri-
din-3(2H)-one (4c)

Yellow solid, yield: 92%, m.p. > 280°C; IR (KBr) (v, cm_l): 3335 (NH), 3158
(NH), 1648 (C=0), 1588, 1498, 1385, 1316, 1295, 1207, 1094, 1065, 957, 908,
804, 750, 718, 690, 655, 576; 'H NMR (400 MHz, DMSO-dy) (6, ppm): 13.66
(s, 1H, NH), 11.29 (s, 1H, NH), 8.10 (s, 1H, N=CH), 7.89 (d, J = 7.2 Hz, 2H,
ArH), 7.62 (s, 1H, ArH), 7.55 (d, J = 7.6 Hz, 1H, ArH), 7.46 (t, J = 7.6 Hz, 2H,
ArH), 7.28 (d, J = 7.6 Hz, 1H, ArH), 7.20 (t, J = 6.8 Hz, 1H, ArH), 2.30 (s,
6H, CH,); >*C NMR (100 MHz, DMSO-d,) (8, ppm): 159.6 (C=0), 158.9, 154.1,
146.1, 138.8, 138.1, 136.3, 135.4, 131.8, 130.4, 129.6, 129.3, 128.3, 125.1,
119.7,112.7, 103.4, 19.9 (CH,), 19.8 (CH;); HRMS (ESI-TOF) m/z calculated for
C,,H,;NNaO: 378.1331, found [M + Na]*: 378.1339.

4-(2-Methoxyphenyl)-2-phenyl- 1,7-dihydrodipyrazolo[ 3,4-b:4',3"-e [pyri-
din-3(2H)-one (4d)

Yellow solid, yield: 90%, m.p. 225-227°C; IR (KBr) (v, cm™Y): 3412 (NH), 3267
(NH), 1655 (C=0), 1593, 1497, 1460, 1386, 1317, 1301, 1255, 1206, 1047, 1025,
960, 894, 860, 807, 754, 692, 658; 'H NMR (400 MHz, DMSO-d,) (5, ppm):
13.60 (s, 1H, NH), 11.22 (s, 1H, NH), 7.90 (s, 1H, N=CH), 7.86 (d, J = 7.6 Hz,
2H, ArH), 7.53-7.45 (m, 4H, ArH), 7.21 (d, J = 8.4 Hz, 2H, ArH), 7.09 (t,
J = 7.6 Hz, 1H, ArH), 3.74 (s, 3H, OCH,); '*C NMR (100 MHz, DMSO-dy) (5,
ppm): 159.4 (C=0), 158.6, 157.2, 154.0, 142.4, 138.1, 135.5, 131.6, 131.4, 129.4,
125.1, 122.0, 120.5, 119.5, 113.4, 112.0, 105.1, 55.9 (OCH;); HRMS (ESI-TOF)
mlz calculated for C,,H,sNsNaO,: 380.1123, found [M + Na]*: 380.1127.

4-(4-Methoxyphenyl)-2-phenyl- 1,7-dihydrodipyrazolo[ 3,4-b:4',3"-e [pyri-
din-3(2H)-one (4e)

Yellow solid, yield: 94%, m.p. 256-257°C; IR (KBr) (v, cm™!): 3413 (NH), 3123
(NH), 1660 (C=0), 1594, 1514, 1496, 1401, 1310, 1259, 1171, 1024, 963, 833,
801, 762, 687, 650, 592; 'H NMR (400 MHz, DMSO-dy) (8, ppm): 13.63 (s, 1H,
NH), 11.27 (s, 1H, NH), 8.12 (s, 1H, N=CH), 7.86 (dd, J, = 12.4 Hz, J, = 8.0 Hz,
4H, ArH), 7.48 (t, J = 7.6 Hz, 2H, ArH), 7.22 (t, J = 7.6 Hz, 1H, ArH), 7.12
(d, J = 8.8 Hz, 2H, ArH), 3.87 (s, 3H, OCH;); '3C NMR (100 MHz, DMSO-d;)
(6, ppm): 159.7 (C=0), 159.0, 154.2, 145.7, 138.0, 135.4, 132.7, 129.4, 125.1,
125.0, 119.7, 114.0, 112.6, 103.1, 55.8 (OCH,); HRMS (ESI-TOF) m/z calculated
for C,yH,5sNsNaO,: 380.1123, found [M + Na]*: 380.1136.
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4-(2,5-Dimethoxyphenyl)-2-phenyl-1,7-dihydrodipyrazolo[3,4-b:4',3"-e [pyri-
din-3(2H)-one (4f)

Yellow solid, yield: 95%, m.p. 250-252°C; IR (KBr) (v, cm™!): 3350 (NH), 3112
(NH), 1652 (C=0), 1594, 1498, 1400, 1360, 1297, 1276, 1223, 1153, 1048, 956,
908, 805, 756, 731, 692, 651, 577; 'H NMR (400 MHz, DMSO-dy) (6, ppm): 13.66
(s, 1H, NH), 11.28 (s, 1H, NH), 7.97 (s, 1H, N=CH), 7.91 (d, J = 6.4 Hz, 2H, ArH),
7.47 (s, 2H, ArH), 7.20 (s, 1H, ArH), 7.12-7.05 (m, 3H, ArH), 3.75 (s, 3H, OCH,),
3.69 (s, 3H, OCH,); *C NMR (100 MHz, DMSO-d;) (8, ppm): 159.4 (C=0), 158.6,
154.0, 153.1, 151.2, 142.3, 138.1, 135.7, 129.4, 125.1, 122.7, 119.6, 117.3, 116.1,
113.5, 112.9, 105.1, 56.3 (OCHj;), 55.9 (OCHj;); HRMS (ESI-TOF) m/z calculated
for C,;H,;NsNaO;: 410.1229, found [M + Na]*: 410.1235.

4-(3,4-Dimethoxyphenyl)-2-phenyl-1,7-dihydrodipyrazolo[3,4-b:4',3"-e [pyri-
din-3(2H)-one (4g)

Yellow solid, yield: 96%, m.p. > 280°C; IR (KBr) (v, cm™Y): 3449 (NH), 3293
(NH), 1693 (C=0), 1590, 1517, 1399, 1309, 1264, 1194, 1139, 1029, 954, 901,
869, 790, 752, 694, 640, 596; 'H NMR (400 MHz, DMSO-d) (6, ppm): 13.63 (s,
1H, NH), 11.28 (s, 1H, NH), 8.20 (s, 1H, N=CH), 7.89 (d, J = 6.4 Hz, 2H, ArH),
7.52 (s, 1H, ArH), 7.47 (t, J = 8.8 Hz, 3H, ArH), 7.21 (t, J = 6.4 Hz, 1H, ArH),
7.14 (d, J = 8.4 Hz, 1H, ArH), 3.87 (s, 3H, OCH;), 3.85 (s, 3H, OCH;); 1*C NMR
(100 MHz, DMSO-d,) (8, ppm): 159.7 (C=0), 159.0, 154.2, 150.8, 148.4, 145.9,
138.1, 135.6, 129.4, 125.1, 124.0, 119.8, 115.0, 112.6, 111.6, 103.2, 56.1 (OCH,),
56.0 (OCH;); HRMS (ESI-TOF) m/z calculated for C,;H,,;NsNaO;: 410.1229, found
[M + Na]*: 410.1241.

4-(Benzo[d][1, 3]dioxol-5-yl)-2-phenyl-1,7-dihydrodipyrazolo[3,4-b:4'3"-¢]
pyridin-3(2H)-one (4h)

Yellow solid, yield: 95%, m.p. > 280°C; IR (KBr) (v, cm™Y): 3312 (NH), 3116
(NH), 1648 (C=0), 1584, 1500, 1438, 1395, 1289, 1247, 1207, 1103, 1031, 963,
931, 905, 800, 750, 692, 653, 581; '"H NMR (400 MHz, DMSO-d) (6, ppm): 13.64
(s, 1H, NH), 11.29 (s, 1H, NH), 8.12 (s, 1H, N=CH), 7.90 (d, J = 7.2 Hz, 2H,
ArH), 7.47-7.43 (m, 3H, ArH), 7.37 (d, J/ = 8.0 Hz, 1H, ArH), 7.19 (t, J/ = 6.8 Hz,
1H, ArH), 7.07 (d, J = 8.4 Hz, 1H, ArH), 6.13 (s, 2H, CH,); *C NMR (100 MHz,
DMSO-d,) (6, ppm): 159.6 (C=0), 158.9, 154.2, 149.2, 147.4, 145.5, 138.0, 135.4,
129.3, 126.4, 125.4, 125.1, 119.8, 112.7, 111.6, 108.5, 103.3, 102.0 (OCH,0);
HRMS (ESI-TOF) m/z calculated for C,oH;NsNaO5: 394.0916, found [M + Na]*:
394.0918.

4-(2-Fluorophenyl)-5-methyl-2-phenyl- 1,7-dihydrodipyrazolo[3,4-b:4",3'-e]
pyridin-3(2H)-one (4i)

Yellow solid, yield: 93%, m.p. 276-278°C; IR (KBr) (v, cm™!): 3448 (NH), 3205
(NH), 1701 (C=0), 1594, 1496, 1401, 1385, 1297, 1237, 1215, 1103, 994, 840,
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802, 755, 686, 605; 'H NMR (400 MHz, DMSO-d;) (5, ppm): 13.41 (s, 1H, NH),
11.37 (s, 1H, NH), 7.87 (d, J = 7.2 Hz, 2H, ArH), 7.63-7.57 (m, 2H, ArH), 7.46
(t, J = 7.6 Hz, 2H, ArH), 7.42-7.35 (m, 2H, ArH), 7.20 (t, J = 7.2 Hz, 1H, ArH),
2.02 (s, 3H, CH;); '*C NMR (100 MHz, DMSO-d;) (8, ppm): 159.3 (C=0), 158.2,
155.0, 143.2, 139.3, 137.9, 131.9 (t, Jop = 8.0 Hz), 129.4, 125.2, 124.4, 120.9 (d,
Jop = 162 Hz), 119.5, 115.7 (d, Jog = 21.2 Hz), 111.6, 105.0, 14.4 (CH;); HRMS
(ESI-TOF) m/z calculated for C, H,,FN;NaO: 382.1080, found [M + Na]*:
382.1097.

4-(5-Bromo-2-methoxyphenyl)-5-methyl-2-phenyl-1,7-dihydrodipyra-
zolo[3,4-b:4",3"-e pyridin-3(2H)-one (4j)

Yellow solid, yield: 94%, m.p. > 280°C; IR (KBr) (v, cm™!): 3389 (NH), 3131 (NH),
1668 (C=0), 1593, 1493, 1401, 1345, 1298, 1254, 1182, 1130, 1025, 938, 809, 757,
689, 619; 'TH NMR (400 MHz, DMSO-dy) (8, ppm): 13.26 (s, 1H, NH), 11.22 (s, 1H,
NH), 7.82 (d, J = 8.0 Hz, 2H, ArH), 7.67 (dd, J, = 9.2 Hz, J, = 2.8 Hz, 1H, ArH),
7.54 (d, J = 2.4 Hz, 1H, ArH), 7.46 (t, J = 7.6 Hz, 2H, ArH), 7.21 (t, J = 7.6 Hz,
1H, ArH), 7.16 (d, J = 8.8 Hz, 1H, ArH), 3.70 (s, 3H, OCH,), 1.96 (s, 3H, CHj);
13C NMR (100 MHz, DMSO-dy) (8, ppm): 159.4 (C=0), 158.2, 156.2, 154.9,
143.4, 141.3, 138.0, 133.4, 132.9, 129.4, 125.1, 124.4, 119.5, 113.7, 111.8, 104.9,
56.3 (OCH,;), 14.2 (CH;); HRMS (ESI-TOF) m/z calculated for C,H;,BrNs;NaO,:
472.0385, found [M + Na]*: 472.0373.

4-(3-Methoxyphenyl)-5-methyl-2-phenyl-1,7-dihydrodipyrazolo[3,4-b:4",3"-e]
pyridin-3(2H)-one (4k)

Yellow solid, yield: 91%, m.p. 255-256°C; IR (KBr) (v, cm™!): 3419 (NH), 3113
(NH), 1698 (C=0), 1593, 1496, 1428, 1385, 1348, 1298, 1262, 1215, 1181, 1098,
1036, 993, 856, 809, 755, 701, 687, 669; '"H NMR (400 MHz, DMSO-d;) (6, ppm):
13.29 (s, 1H, NH), 11.23 (s, 1H, NH), 7.83 (d, J/ = 7.6 Hz, 2H, ArH), 7.47-7.40 (m,
3H, ArH), 7.19 (t, J = 7.2 Hz, 1H, ArH), 7.12 (s, 1H, ArH), 7.08 (dd, J;, = 8.0 Hz,
J, = 3.6 Hz, 2H, ArH), 3.80 (s, 3H, OCH};), 1.99 (s, 3H, CH;); '*C NMR (100 MHz,
DMSO-d,) (6, ppm): 159.5 (C=0), 158.8, 158.3, 155.0, 146.5, 143.5, 138.1, 134.3,
129.3, 129.1, 125.0, 122.1, 119.5, 1154, 114.9, 111.5, 104.2, 55.7 (OCH,;), 15.3
(CH;); HRMS (ESI-TOF) m/z calculated for C,H;;NsNaO,: 394.1280, found
[M + Na]*: 394.1291.

4-(3,4-Dimethoxyphenyl)-5-methyl-2-phenyl-1,7-dihydrodipyrazolo[3,4-b:4",3"-e]
pyridin-3(2H)-one (41)

Yellow solid, yield: 93%, m.p. 237-239°C; IR (KBr) (v, cm™Y): 3350 (NH), 3133
(NH), 1681 (C=0), 1601, 1492, 1401, 1317, 1301, 1260, 1237, 1185, 1140, 1022,
856, 799, 756, 689, 618, 511; '"H NMR (400 MHz, DMSO-d) (6, ppm): 13.23 (s,
1H, NH), 11.16 (s, 1H, NH), 7.82 (d, J = 7.2 Hz, 2H, ArH), 7.46 (s, 2H, ArH),
7.20-7.18 (m, 2H, ArH), 7.08 (s, 2H, ArH), 3.86 (s, 3H, OCHj;), 3.78 (s, 3H,
OCH,), 2.06 (s, 3H, CHj;); 13C NMR (100 MHz, DMSO-dg) (6, ppm): 159.7 (C=0),
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155.1, 149.9, 148.1, 143.6, 138.2, 129.4, 124.9, 123.0, 119.5, 114.2, 111.6, 111.1,
104.1, 56.1 (OCHj), 56.0 (OCH,), 15.7 (CH,); HRMS (ESI-TOF) m/z calculated for
C,,H,oNsNaO;;: 424.1386, found [M + Na]*: 424.1388.

4-(2-Fluorophenyl)-5-methyl-2,7-diphenyl- 1,7-dihydrodipyrazolo[3,4-b:4",3"-e]
pyridin-3(2H)-one (4m)

Yellow solid, yield: 92%, m.p. > 280°C; IR (KBr) (v, cm_l): 3438 (NH), 1659
(C=0), 1592, 1497, 1425, 1377, 1349, 1299, 1226, 1087, 1029, 860, 800, 758,
690, 640; '"H NMR (400 MHz, DMSO-dy) (6, ppm): 11.78 (s, 1H, NH), 8.23 (d,
J =28.0 Hz, 2H, ArH), 7.85 (d, J = 8.0 Hz, 2H, ArH), 7.66-7.63 (m, 2H, ArH), 7.57
(t, J = 8.0 Hz, 2H, ArH), 7.45 (dd, J; = 16.0 Hz, J, = 8.0 Hz, 3H, ArH), 7.40 (t,
J=17.2Hz, 1H, ArH), 7.33 (t, J = 7.2 Hz, 1H, ArH), 7.22 (t, / = 7.2 Hz, 1H, ArH),
2.06 (s, 3H, CH;); '*C NMR (100 MHz, DMSO-d;) (8, ppm): 160.7 (C=0), 158.7,
158.2, 157.5, 152.5, 144.8, 140.1, 139.1, 137.6, 132.1 (d, Jor = 8.2 Hz), 132.0 (d,
Jop = 2.1 Hz), 129.6, 1294, 126.3, 125.4, 124.4 (d, Jor = 3.2 Hz), 121.2, 120.3
(d, Jog = 16.1 Hz), 119.59, 115.8 (d, Jog = 21.0 Hz), 113.4, 105.7, 14.4 (CHy);
HRMS (ESI-TOF) m/z calculated for C,cH,sFNsNaO: 458.1393, found [M + Na]*:
458.1399.

4-(3-Fluorophenyl)-5-methyl-2,7-diphenyl- 1,7-dihydrodipyrazolo[3,4-b:4",3"-e]
pyridin-3(2H)-one (4n)

Yellow solid, yield: 93%, m.p. > 280°C; IR (KBr) (v, cm_l): 3443 (NH), 1657
(C=0), 1593, 1498, 1437, 1377, 1349, 1300, 1211, 1089, 1011, 978, 810, 787,
755, 723, 686, 648, 570; '"H NMR (400 MHz, DMSO-dg) (6, ppm): 11.69 (s,
1H, NH), 8.20 (d, J = 8.0 Hz, 2H, ArH), 7.82 (d, J = 8.0 Hz, 2H, ArH), 7.59-
7.51 (m, 3H, ArH), 7.47-7.38 (m, 5H, ArH), 7.29 (t, J = 7.6 Hz, 1H, ArH), 7.20
(t, J = 7.6 Hz, 1H, ArH), 1.99 (s, 3H, CH;); '*C NMR (100 MHz, DMSO-d;) (5,
ppm): 163.0 (C=0), 160.6, 158.7, 157.6, 152.4, 145.5, 144.8, 139.1, 137.6, 134.6
(d, Jog = 8.4 Hz), 130.1 (d, Jog = 8.4 Hz), 129.5, 129.3, 126.1, 120.9, 119.5, 125.3,
117.0 (d, Jog = 21.0 Hz), 116.3 (d, Jor = 20.7 Hz), 113.1, 104.9, 15.2 (CHjy);
HRMS (ESI-TOF) m/z calculated for C,cH,sFNsNaO: 458.1393, found [M + Na]*:
458.1388.

4-(3-Chlorophenyl)-5-methyl-2,7-diphenyl-1,7-dihydrodipyrazolo[3,4-b:4'3"-¢]
pyridin-3(2H)-one (40)

Yellow solid, yield: 93%, m.p. > 280°C; IR (KBr) (v, cm_l): 3425 (NH), 1660
(C=0), 1591, 1497, 1401, 1298, 1220, 1087, 955, 786, 755, 720, 685, 646, 610, 556;
"H NMR (400 MHz, DMSO-dj) (6, ppm): 11.68 (s, 1H, NH), 8.19 (d, J = 8.0 Hz,
2H, ArH), 7.82 (d, J = 8.0 Hz, 2H, ArH), 7.66 (s, 1H, ArH), 7.62 (d, J = 7.2 Hz, 1H,
ArH), 7.56-7.49 (m, 4H, ArH), 7.44 (t, J = 8.0 Hz, 2H, ArH), 7.29 (t, J = 7.2 Hz,
1H, ArH), 7.20 (t, J = 7.2 Hz, 1H, ArH), 1.97 (s, 3H, CH;); '3C NMR (100 MHz,
DMSO-d) (5, ppm): 158.8 (C=0), 157.6, 152.5, 145.3, 144.8, 139.2, 137.7, 134.5,
132.9, 130.0, 129.8, 129.5, 129.4, 128.7, 126.2, 125.4, 120.9, 119.6, 119.5, 113.2,
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105.0, 15.4 (CH,); HRMS (ESI-TOF) m/z calculated for C,¢H,(CIN;NaO: 474.1098,
found [M + Nal*: 474.1113.

4-(2,4-Dichlorophenyl)-5-methyl-2,7-diphenyl-1,7-dihydrodipyrazolo[3,4-b:4' 3"-e]
pyridin-3(2H)-one (4p)

Yellow solid, yield: 92%, m.p. > 280°C; IR (KBr) (v, cm™'): 3443 (NH), 1672
(C=0), 1592, 1496, 1373, 1347, 1290, 1220, 1104, 857, 801, 720, 618; 'H NMR
(400 MHz, DMSO-dy) (6, ppm): 11.86 (s, 1H, NH), 8.23 (d, J = 8.0 Hz, 2H, ArH),
7.87-7.83 (m, 3H, ArH), 7.65-7.60 (m, 2H, ArH), 7.57 (t, J = 7.6 Hz, 2H, ArH),
7.46 (t,J =7.6 Hz, 2H, ArH), 7.33 (t, J = 7.6 Hz, 1H, ArH), 7.22 (t, / = 7.6 Hz, 1H,
ArH), 2.01 (s, 3H, CH;); 13C NMR (100 MHz, DMSO-dy) (6, ppm): 158.5 (C=0),
157.5, 152.6, 144.7, 142.0, 139.1, 137.5, 135.2, 133.3, 132.4, 131.1, 129.6, 129.5,
129.2, 127.6, 126.4, 125.5, 121.1, 119.5, 113.1, 105.6, 14.2 (CH;); HRMS (ESI-
TOF) ml/z calculated for C,¢H,,C1,NsNaO: 508.0708, found [M + Na]*: 508.0725.

4-(3-Bromophenyl)-5-methyl-2,7-diphenyl-1,7-dihydrodipyrazolo[3,4-b:4",3"-¢]
pyridin-3(2H)-one (4q)

Yellow solid, yield: 93%, m.p. > 280°C; IR (KBr) (v, cm™!): 3447 (NH), 1663
(C=0), 1590, 1497, 1422, 1377, 1346, 1296, 1220, 1167, 1071, 1031, 948, 862,
806, 784, 754, 706, 685, 645, 609; 'H NMR (400 MHz, DMSO-dy) (6, ppm):
11.68 (s, 1H, NH), 8.19 (d, J = 8.0 Hz, 2H, ArH), 7.83-7.80 (m, 3H, ArH), 7.75
(d, J = 8.0 Hz, 1H, ArH), 7.57 (d, J = 7.6 Hz, 1H, ArH), 7.53-7.42 (m, 5H, ArH),
7.27 (t, J = 7.2 Hz, 1H, ArH), 7.20 (t, J = 7.2 Hz, 1H, ArH), 1.97 (s, 3H, CH,);
13C NMR (100 MHz, DMSO-dy) (8, ppm): 158.7 (C=0), 157.6, 152.4, 145.2,
144.8, 139.1, 137.6, 134.6, 132.4, 132.3, 130.1, 129.4, 129.4, 129.0, 126.1, 125.3,
121.3, 120.8, 119.6, 113.1, 104.9, 15.4 (CH5); HRMS (ESI-TOF) m/z calculated for
C,H sBrN:NaO: 518.0592, found [M + Na]*: 518.0598.

5-Methyl-2,7-diphenyl-4-(4-(trifluoromethyl)phenyl)- 1,7-dihydrodipyrazolo[3,4-b:4’
,3"-epyridin-3(2H)-one (4r)

Yellow solid, yield: 95%, m.p. 252-254°C; IR (KBr) (v, cm™Y): 3424 (NH), 1667
(C=0), 1590, 1499, 1402, 1347, 1323, 1224, 1166, 1129, 1066, 1020, 805, 756,
687, 610; '"H NMR (400 MHz, DMSO-dy) (6, ppm): 11.79 (s, 1H, NH), 8.23 (d,
J = 7.6 Hz, 2H, ArH), 7.92 (d, J = 8.0 Hz, 2H, ArH), 7.83 (dd, J, = 11.2 Hz,
J, = 8.8 Hz, 4H, ArH), 7.58 (t, / = 7.6 Hz, 2H, ArH), 7.46 (t, /] = 7.2 Hz, 2H, ArH),
7.36 (t,J = 7.2 Hz, 1H, ArH), 7.22 (t, J = 7.6 Hz, 1H, ArH), 2.02 (s, 3H, CH;); 1*C
NMR (100 MHz, DMSO-d,) (6, ppm): 158.8 (C=0), 157.6, 152.6, 145.5, 144.9,
139.1, 137.6, 136.8, 130.8, 130.1, 129.8, 129.6, 129.4, 126.4, 126.1, 125.4, 125.0,
124.9, 123.4, 121.2, 119.6, 113.1, 104.9, 15.4 (CH;); HRMS (ESI-TOF) m/z calcu-
lated for C,,H,4F5NsNaO: 508.1361, found [M + Na]*: 508.1373.
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4-(4-Hydroxyphenyl)-5-methyl-2,7-diphenyl- 1,7-dihydrodipyrazolo[ 3,4-b:4",3"-e]
pyridin-3(2H)-one (4s)

Yellow solid, yield: 96%, m.p. > 280°C; IR (KBr) (v, cm™Y): 3416 (NH), 3120
(-OH), 1650 (C=0), 1591, 1516, 1495, 1399, 1344, 1308, 1269, 1231, 1169, 911,
807, 760, 715, 692, 602; '"H NMR (400 MHz, DMSO-d,) (6, ppm): 11.53 (s, 1H,
NH), 9.86 (s, 1H, OH), 8.21 (d, J = 7.6 Hz, 2H, ArH), 7.83 (d, J = 8.0 Hz, 2H,
ArH), 7.53 (t, J = 7.6 Hz, 2H, ArH), 7.47-7.40 (m, 4H, ArH), 7.29 (t, J = 7.2 Hz,
1H, ArH), 7.20 (t, J = 7.2 Hz, 1H, ArH), 6.92 (d, J = 8.8 Hz, 2H, ArH), 2.08 (s,
3H, CHy); 13C NMR (100 MHz, DMSO-d,) (6, ppm): 159.2 (C=0), 159.0, 158.0,
152.6, 148.3, 145.2, 139.3, 137.9, 132.0, 129.4, 129.3, 126.0, 125.1, 122.5, 120.9,
119.6, 114.8, 113.4, 104.7, 15.8 (CH;); HRMS (ESI-TOF) m/z calculated for
C,¢H,gNsNaO,: 456.1436, found [M + Na]*: 456.1451.

4-(2-Methoxyphenyl)-5-methyl-2,7-diphenyl-1,7-dihydrodipyrazolo[3,4-b:4",3"-e]
pyridin-3(2H)-one (4t)

Yellow solid, yield: 90%, m.p. 263-265°C; IR (KBr) (v, cm_l): 3447 (NH), 1659
(C=0), 1592, 1497, 1377, 1225, 1114, 1026, 906, 854, 807, 752, 689, 651, 609; 'H
NMR (400 MHz, DMSO-d) (6, ppm): 11.62 (s, 1H, NH), 8.25 (d, J = 8.0 Hz, 2H,
ArH), 7.86 (d, J = 8.4 Hz, 2H, ArH), 7.58-7.51 (m, 3H, ArH), 7.46 (t, J = 7.6 Hz,
2H, ArH), 7.38 (d, J = 7.6 Hz, 1H, ArH), 7.32 (t, J = 7.6 Hz, 1H, ArH), 7.23-7.19
(m, 2H, ArH), 7.10 (t, J = 7.6 Hz, 1H, ArH), 3.72 (s, 3H, OCH,), 2.00 (s, 3H, CHy);
13C NMR (100 MHz, DMSO-dy) (6, ppm): 159.0 (C=0), 158.0, 156.8, 152.4, 145.3,
144.4, 139.3, 137.8, 131.2, 130.8, 129.5, 129.4, 126.2, 125.2, 121.6, 121.0, 120.4,
119.5, 113.9, 111.5, 105.8, 55.9 (OCH,), 14.2 (CH,); HRMS (ESI-TOF) m/z calcu-
lated for C,,H,,NsNaO,: 470.1593, found [M + Na]*: 470.1580.

4-(5-Bromo-2-methoxyphenyl)-5-methyl-2,7-diphenyl-1,7-dihy-
drodipyrazolo[3,4-b:4',3"-e [pyridin-3(2H)-one (4u)

Yellow solid, yield: 93%, m.p. > 280°C; IR (KBr) (v, cm_l): 3439 (NH), 1661
(C=0), 1593, 1498, 1375, 1293, 1242, 1220, 1187, 1125, 1087, 1026, 866, 807,
756, 691, 619, 557; 'H NMR (400 MHz, DMSO-d,) (6, ppm): 11.67 (s, 1H, NH),
8.24 (d, J = 8.0 Hz, 2H, ArH), 7.87 (d, J = 2.0 Hz, 2H, ArH), 7.70 (dd, J, = 8.8 Hz,
J,=2.4Hz, 1H, ArH), 7.61 (d, J = 2.0 Hz, 1H, ArH), 7.54 (t, J/ = 7.6 Hz, 2H, ArH),
7.47 (t,J =7.6 Hz, 2H, ArH), 7.30 (t, / = 7.6 Hz, 1H, ArH), 7.22 (t, / = 7.6 Hz, 1H,
ArH), 7.17 (d, J = 9.2 Hz, 1H, ArH), 3.72 (s, 3H, OCHj,), 2.04 (s, 3H, CH;); 1*C
NMR (100 MHz, DMSO-d,) (6, ppm): 158.8 (C=0), 157.8, 156.2, 152.4, 145.1,
142.2, 139.2, 137.7, 133.7, 133.0, 129.5, 129.4, 126.2, 125.3, 123.8, 121.0, 119.6,
113.8, 113.7, 111.9, 105.8, 56.4 (OCH,), 14.2 (CH,); HRMS (ESI-TOF) m/z calcu-
lated for C,,H,,BrNsNaO,: 548.0698, found [M + Na]*: 548.0715.
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4-(3-Methoxyphenyl)-5-methyl-2,7-diphenyl-1,7-dihydrodipyrazolo[3,4-b:4",3"-e]
pyridin-3(2H)-one (4v)

Yellow solid, yield: 94%, m.p. 233-234°C; IR (KBr) (v, cm_l): 3424 (NH), 1662
(C=0), 1593, 1498, 1401, 1378, 1347, 1301, 1214, 1157, 1047, 812, 787, 754,
729, 690, 649; 'H NMR (400 MHz, DMSO-d) (6, ppm): 11.66 (s, 1H, NH), 8.23
(d, J = 8.0 Hz, 2H, ArH), 7.83 (d, J = 8.0 Hz, 2H, ArH), 7.57 (t, J = 7.6 Hz,
2H, ArH), 7.48-7.43 (m, 3H, ArH), 7.34 (t, J = 7.6 Hz, 1H, ArH), 7.21 (t,
J =17.6 Hz, 1H, ArH), 7.16 (s, 1H, ArH), 7.12 (d, J = 6.8 Hz, 2H, ArH), 3.82 (s,
3H, OCH;), 2.04 (s, 3H, CH;); '3C NMR (100 MHz, DMSO-d;) (6, ppm): 158.9
(C=0), 157.8, 152.5, 147.3, 145.2, 139.2, 137.8, 133.8, 129.6, 129.4, 129.2,
126.3, 125.3, 122.1, 121.1, 119.6, 115.4, 115.2, 113.3, 105.0, 55.7 (OCH3), 15.3
(CH;); HRMS (ESI-TOF) m/z calculated for C,;H, NsNaO,: 470.1593, found
[M + Na]*: 470.1595.

4-(2,5-Dimethoxyphenyl)-5-methyl-2,7-diphenyl-1,7-dihydrodipyrazo-
lo[3,4-b:4",3"-e [pyridin-3(2H)-one (4w)

Yellow solid, yield: 95%, m.p. > 280°C; IR (KBr) (v, cm_l): 3438 (NH), 1659
(C=0), 1498, 1460, 1413, 1376, 1349, 1296, 1226, 1042, 810, 755, 690, 649; 'H
NMR (400 MHz, DMSO-d¢) (6, ppm): 11.62 (s, 1H, NH), 8.23 (d, J = 8.0 Hz,
2H, ArH), 7.84 (d, J = 8.0 Hz, 2H, ArH), 7.59 (t, J = 7.6 Hz, 2H, ArH), 7.47 (t,
J=17.6 Hz, 2H, ArH), 7.35 (t, J = 7.6 Hz, 1H, ArH), 7.22 (t, / = 7.6 Hz, 1H, ArH),
7.13 (d, J =9.2 Hz, 1H, ArH), 7.09 (dd, J, = 9.2 Hz, J, = 2.8 Hz, 1H, ArH), 7.00 (d,
J = 2.8 Hz, 1H, ArH), 3.75 (s, 3H, OCHj;), 3.66 (s, 3H, OCHj;), 2.04 (s, 3H, CH,);
13C NMR (100 MHz, DMSO-dy) (6, ppm): 158.9 (C=0), 158.0, 153.1, 152.4, 150.8,
1454, 144.2, 139.2, 137.8, 129.6, 129.4, 126.3, 125.3, 122.3, 121.1, 119.5, 116.5,
115.8, 113.9, 112.6, 105.8, 56.4 (OCH,), 56.0 (OCH,), 14.1 (CH;); HRMS (ESI-
TOF) m/z calculated for C,gH,3NsNaO5: 500.1699, found [M + Na]™: 500.1683.

4-(3,4-Dimethoxyphenyl)-5-methyl-2,7-diphenyl-1,7-dihydrodipyrazo-
lo[3,4-b:4",3"-e Jpyridin-3(2H)-one (4x)

Yellow solid, yield: 92%, m.p. 253-254°C; IR (KBr) (v, cm™'): 3439 (NH), 1685
(C=0), 1593, 1499, 1442, 1345, 1253, 1233, 1142, 1017, 867, 795, 760, 690, 669;
"H NMR (400 MHz, DMSO-dj) (6, ppm): 11.58 (s, 1H, NH), 8.23 (d, J = 8.0 Hz,
2H, ArH), 7.83 (d, J = 8.0 Hz, 2H, ArH), 7.56 (t, J = 7.6 Hz, 2H, ArH), 7.46 (t,
J=17.6 Hz, 2H, ArH), 7.32 (t, / = 7.6 Hz, 1H, ArH), 7.23-7.19 (m, 2H, ArH), 7.12-
7.07 (m, 2H, ArH), 3.86 (s, 3H, OCHj,), 3.79 (s, 3H, OCH3,), 2.10 (s, 3H, CH,); 1*C
NMR (100 MHz, DMSO-d,) (6, ppm): 159.0 (C=0), 158.0, 152.6, 150.1, 148.2,
147.8, 145.2, 139.2, 137.8, 129.5, 129.4, 126.2, 125.2, 124.4, 123.0, 121.1, 119.6,
114.2, 1134, 111.1, 104.9, 56.1 (OCH,;), 56.0 (OCH,), 15.7 (CH;); HRMS (ESI-
TOF) m/z calculated for C,gH,3NsNaO5: 500.1699, found [M + Na]*: 500.1709.
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Results and discussion

In our reported work, we have found that 3-amino- 1-phenyl-1H-pyrazol-5(4H)-one
was an important reagent for the synthesis of pyrazolo[3,4-b]pyridine derivatives
[33]. In this research, we hoped it could also be used to synthesize pyrazolo[3,4-
b]pyridine derivatives. Therefore, the reaction of 4-chlorobenzaldehyde, 3-amino-
1-phenyl-1H-pyrazol-5(4H)-one, and 3-aminopyrazole was operated in MeCN using
PTSAeH,O0 as catalyst, and, to our delight, a new compound was obtained with 56%
yield. With the help of IR, NMR, and HRMS, we can confirm that it was the fused
pyrazolo[3,4-b]pyridine, i.e. pyrazolo[3,4-b:4’,3'-e]pyridine derivative, because it
achieved the product by removing a molecule of ammonia from the starting rea-
gents. This is a new process for the synthesis of pyrazolo[3,4-b]pyridine derivatives.

Encouraged by this discovery, we undertook the synthesis of more pyrazolo[3,4-
b:4'3'-e]pyridine derivatives. So, 4-chlorobenzaldehyde 1a, 3-amino-1-phenyl-
1H-pyrazol-5(4H)-one 2, and 3-aminopyrazole 3 were again chosen to screen the
reaction conditions (Scheme 1). First, we commenced the optimization studies using
PTSAeH,0O as the catalyst, employing different solvents (MeCN, MeOH, EtOH,
THF, CH,Cl,, toluene, and H,O) as reaction media (Table 1, entries 1-7). Unfor-
tunately, the results of the reactions were not satisfactory. Considering our reported
reaction [34], we decided to test a model reaction in the mixed solvents (H,O and
HOAC). Gratifyingly, the model reaction readily occurred to afford pyrazolo[3,4-
b:4'3'-e]pyridine with different yields under the different ratios of mixed solvents
(H,O:HOAC) (Table 1, entries 8—11). An excellent yield was obtained when the vol-
ume ratio of H,0 and HOAc was 3:1 (Table 1, entry 10). Further study found that
the best results could be gained at 80 °C for 6 h (Table 1, entry 12). We also found
that the reaction temperature had a great influence on the yield, and that lower tem-
peratures were unfavorable to the reaction (Table 1, entries 13—16). The reaction did
not occur in pure water, while 77% yield was gained in acetic acid medium (Table 1,
entries 17—18). The results are listed in Table 1.

With the optimal conditions in hand, the reactions of different aromatic
aldehydes 1, 3-amino-1-phenyl-1H-pyrazol-5(4H)-one 2, and 3-aminopyra-
zole 3 were conducted in mixed solvents to test the validity of the screen-
ing conditions (Scheme 2); as expected, the corresponding compounds

CHO O]
N\ Screening condition
+Ph—N + /E\,N —RH
N"SNp, N H Ph—N
[
1a 2 3

Scheme 1 Synthesis of 1,7-dihydrodipyrazolo[3,4-b:4',3'-e]pyridin-3(2H)-one
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Table 1 Screening reaction conditions

Entry Solvents Catalyst Temperature Time (h) Yields (%)*
°C

1 MeCN PTSA-H,0 (0.3 mol) 80 5 56

2 MeOH PTSA-H,0 (0.3 mol) 80 5 40

3 EtOH PTSA-H,0 (0.3 mol) 80 5 45

4 THF PTSA-H,0 (0.3 mol) 80 5 28

5 CH,Cl, PTSA-H,0 (0.3 mol) 60 5 0

6 Toluene PTSA-H,0 (0.3 mol) 90 5 0

7 H,O PTSA-H,0 (0.3 mol) 90 5 26

8 H,0:HOAc (1:1) 80 5 94

9 H,0:HOAc (2:1) 80 5 95

10 H,0:HOAc (3:1) 80 5 93

11 H,0:HOACc (4:1) 80 5 75

12 H,0:HOAc (3:1) 80 6 95

13 H,0:HOAc (3:1) 80 7 94

14 H,0:HOAc (3:1) 70 5 80

15 H,0:HOAc (3:1) 60 5 71

16 H,0:HOAc (3:1) 50 5 36

17 H,0 (8 mL) 80 5 Trace

18 HOACc (8 mL) 80 5 71

Conditions: 4-chlorobenzaldehyde 1a (1 mmol), 3-amino-1-phenyl-1H-pyrazol-5(4H)-one 2 (I mmol),

and 3-aminopyrazole 3 (1 mmol), solvent (8 mL)

“Isolated yields
CHO ol R?
\
| X, Ph—N + | °N
N N
R1 R
1 2 3

Scheme 2 Synthesis of compounds 4

H,O:HOAc=3:1

80°C

4-aryl-2-phenyl-1,7-dihydrodipyrazolo[3,4-b:4',3'-¢]pyridin-3(2H)-one  derivatives
were obtained with high yields (4a—4h). Next, 5-methyl-3-aminopyrazole was used
in this process, and pyrazolo[3,4-b:4',3"-e]pyridin-3(2H)-one derivatives (4i—4l)
were gained smoothly. In order to gain more pyrazolo[3,4-b:4',3"-e]pyridin-3(2H)-
one derivatives, 3-methyl-1-phenyl-1H-pyrazol-5-amine was also used in this pro-
cess, and the products 4m—4x were successfully produced with excellent yields. The
aromatic aldehydes bearing either electron-withdrawing groups (F—, Cl-, Br-), or
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Table 2 The reaction results of Entry R! R2 R3 Products Yields (%)?
compounds 4
1 4-Cl1 H H 4a 95
2 3,4-Cl, H H 4b 93
3 3,4-(CHy), H H 4c 92
4 2-CH;0 H H 4d 90
5 4-CH;0 H H 4e 94
6 2,5-(CH;0), H H 4f 95
7 3,4-(CH;0), H H 4g 96
8 -OCH,0- H H 4h 95
9 2-F CH; H 4i 93
10 2-CH;0-5-Br CH; H 4j 94
11 3-CH;0 CH; H 4k 91
12 3,4-(CH;0), CH; H 41 93
13 2-F CH; Ph 4m 92
14 3-F CH; Ph 4n 93
15 3-C1 CH; Ph 4o 93
16 2,4-Cl, CH; Ph 4p 92
17 3-Br CH; Ph 4q 93
18 4-CF; CH; Ph 4r 95
19 4-OH CH; Ph 4s 96
20 2-CH;0 CH; Ph 4t 90
21 2-CH;0-5-Br CH; Ph 4u 93
22 3-CH;0 CH; Ph 4v 94
23 2,5-(CH;0), CH; Ph 4w 95
24 3,4-(CH;0), CH; Ph 4x 92

Conditions: aromatic aldehyde 1 (1 mmol), 3-amino-1-phenyl-
1H-pyrazol-5(4H)-one 2 (1 mmol), and 3-aminopyrazole 3
(1 mmol), solvent: 8 mL, (H,0:6 mL, HOAc: 2 mL), temperature
(80 °C), time, 6 h (monitored by TLC)

Isolated yields

electron-donating groups (OH—, Me—, MeO-) have no obvious effect on the yields.
The results are summarized in Table 2.

All the products were confirmed by IR, NMR, and HRMS spectra. 4d was cho-
sen as an example to analyze the structures. In 4d 'H NMR, its spectrum recorded
a singlet signal at 6 = 13.60 (s, 1H) and 11.22 (s, 1H) ppm due to two NH protons.
The chemical shift at 7.90 (s, 1H) ppm is a hydrogen (CH) on the pyrazole ring. A
singlet signal at 3.74 ppm (s, 3H) is the CH;O group. The chemical shifts of the
aromatic hydrogen (ArH) appear between 7.09 and 7.86 ppm. In its '*C NMR, the
chemical shifts of the carbon atoms are at 159.4, 158.6, 157.2, 154.0, 142.4, 138.1,
135.5, 131.6, 131.4, 129.4, 125.1, 122.0, 120.5, 119.5, 113.4, 112.0, 105.1, and
55.9, respectively.

According to the obtained products, a possible mechanism is provided in Fig. 1.
Firstly, the aromatic aldehyde reacted with 3-amino- 1-phenyl-1H-pyrazol-5(4H)-one
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Fig. 1 The possible reaction mechanism of product 4

to give Knoevenagel product A. The addition reaction took place from A and the
substituted 3-aminopyrazoles and intermediate B was obtained. The intermediate C
was produced from the tautomerism of B. And then the cyclization reaction took
place releasing a molecule of ammonia and the critical intermediate D was obtained.
Finally, the tautomerism and oxidizing reaction operated and the products 4 were
successfully formed.

Conclusions

In conclusion, we have reported efficient and green reactions of different aromatic
aldehydes, 3-amino-1-phenyl-1H-pyrazol-5(4H)-one, and substituted 3-aminopyra-
zoles for the synthesis of pyrazolo[3,4-b:4",3"-e]pyridin-3(2H)-one derivatives with
high yields. Differing from the reported methods, this is a new route for the gen-
eration of pyrazolo[3,4-b:4',3"-e]pyridin-3(2H)-one derivatives. According to the
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reported literature, these kinds of compounds have important optical properties, and
have potential application prospects. Other advantages of this process are simple
operation, easy separation, and a wide range of substrates. Best of all, this method
possesses an environmentally benign procedure.
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