
An Efficient and Clean Synthesis of Indeno[1,2-b]pyrazolo[4,3-e]-
pyridin-5(1H)-one Derivatives under Microwave Irradiation

in Water

Shuliang Wang,a Ning Ma,a Ge Zhang,a Feng Shi,a Bo Jiang,a Han Lu,a

Yuan Gao,b and Shujiang Tua*

aSchool of Chemistry and Chemical Engineering, Xuzhou Normal University, Xuzhou, Jiangsu,

221116, People’s Republic of China
bSchool of Chemistry and Chemical Engineering, Shenzhen University, Shenzhen, Guangdong,

215006, People’s Republic of China

*E-mail: laotu2001@263.net

Received January 5, 2010

DOI 10.1002/jhet.468

Published online 20 August 2010 in Wiley Online Library (wileyonlinelibrary.com).

A series of new indeno[1,2-b]pyrazolo[4,3-e]pyridin-5(1H)-one derivatives were synthesized by three-

component reactions of 1,3-indandione, 3-methyl-1H-pyrazol-5-amine, and aldehyde in water under
microwave irradiation without any catalyst.
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INTRODUCTION

Many recent efforts were made to make organic syn-

thesis eco-friendlier. In this way, usual but hazardous vol-

atile organic solvents were replaced with water and/or

conventional heating was substituted by microwave irra-

diation (MW). Green chemistry is brewing which protects

the environment, not by cleaning it up, but by inventing

new chemistry and new chemical processes that prevent

pollution [1]. In essence, it prompts the chemical and

pharmaceutical manufacturer to consider how human life

is impacted after these chemicals are generated and intro-

duced into their society [2]. Thus, it has become clear

that the combined approach of microwave heating and

aqueous medium offers a nearly synergistic strategy in

the sense that the combination in itself offers greater

potential than the two parts in isolation [3].

Now, with growing concern over the environmental

impact of chemicals, cleaner green reaction conditions

in organic reaction have been advocated. Multicompo-

nent reactions, an important class of organic tandem

reactions, are one-pot processes with at least three com-

ponents to form a single product, which incorporates

most or even all of atoms of the starting materials [4].

Such reactions offer a wide range of possibilities for the

efficient construction of highly complex molecules in a

single procedural step, thus avoiding complicated purifi-

cation operations and allowing savings both of solvents

and of reagents.

Six-membered nitrogen-containing heterocycles, espe-

cially onychine derivatives (Fig. 1) are abundant in nature

and exhibit diverse and important biological properties

[5]. Indenopyridines [6], as a member of this family ex-

hibit cytotoxic [7], phosphodiesterase inhibitory [8], aden-

osine A2a receptor antagonistic [9], antiinflammatory/anti-

allergic [10], coronary dilating [11], and calcium modulat-

ing activities [12]. The synthesis of these molecules has

attracted considerable attention [13]. Shi et al. [14]

reported the reaction of 5-amino-3-methyl-1-phenylpyra-

zole with arylaldehyde and 1,3-indandione to give

indeno[2,1-e]pyrazolo derivatives in ionic liquid with the

disadvantage of long time and pollution to the environ-

ment. Considering the significance of this kind of organic

molecules, a more efficient and environmental friendly

approach would be established to synthesis the set of ony-

chine derivatives so as to provide candidate compounds

for bioassay and enrich compound libraries. As the contin-

uation of our research devoted to the development of

green organic chemistry by performing reactions under

using water conditions [15], we describe the synthesis of

indeno[1,2-b]pyrazolo[4,3-e]pyridin-5(1H)-ones in water

under microwave irradiation without catalyst (Scheme 1).

RESULTS AND DISCUSSION

Choosing an appropriate solvent is of crucial impor-

tance for successful microwave-promoted synthesis in
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view of a rapid rise of temperature in the reaction mix-

ture. To search for the optimal solvent, the reaction of

1,3-indandione 1, 3-methyl-1H-pyrazol-5-amine 2 and

p-chlorobenzaldehyde 3a were examined by using sol-

vents of ethanol, DMF, ethylene glycol, acetic acid, and

water, respectively. All the reactions were carried out at

120�C with the maximum power of 250 W and the

results are summarized in Table 1. As shown in Table

1, the reaction in water resulted in higher yields and

shorter reaction time than others. So water was chosen

as the appropriate solvent.

Moreover, to further optimize the reaction tempera-

ture, the synthesis of 4a was performed in water at the

temperatures ranging from 100 to 140�C in the incre-

ment of 10�C each time at the maximum power of

250 W. As illustrated in Table 2, when the temperature

was increased from 100 to 130�C, the yield of 4a was

obviously improved from 50 to 83%. However, no sig-

nificant increase in the yield of 4a was observed as the

reaction temperature was further raised to 140�C. There-
fore, the temperature of 130�C was chosen for all fur-

ther microwave-assisted reactions.

Based on these optimized conditions [water, 130�C],
the reactions proceeded smoothly. A series of com-

pounds 4 were synthesized with this simple procedure.

The results were summarized in Table 3 and the results

indicated that aromatic aldehydes bearing either electron

withdrawing or electron donating functional groups,

such as chloro, nitro, bromo, or methyl are suitable for

the reaction.

A tentative mechanism for the formation of products

4 is outlined in Scheme 2, which proceeded via a reac-

tion sequence of condensation, addition, cyclization,

dehydration, and aromatization. First, the condensation

of 1,3-indandione 1 and aldehyde 3 gave the intermedi-

ate product 5. The addition of 2 to 5 then furnished the

intermediate product 7, which cylices to dihydropyrine 9

and subsequently dehydrogenated to afford the fully

aromatized compound 4.

All the products were characterized by IR, 1H NMR,

and HRMS (ESI).

In summary, we demonstrated an efficient and clean

route for the one-pot, three-component synthesis of

highly functionalized indeno[1,2-b]pyrazolo[4,3-e]pyri-
din-5(1H)-one derivatives in good yields. This method

has the obvious advantages on short reaction time, high

yield, operational simplicity, and environmental friendli-

ness. Besides, this method may provide a shortcut for

further investigations on the pharmacological activities

of this type of compounds as important and novel ony-

chine analogues.

EXPERIMENTAL

Microwave irradiation was carried out in a monomodal
EmrysTM Creator from Personal Chemistry, Uppsala, Sweden.
Melting points were determined in XT5 apparatus and are
uncorrected. IR spectra were recorded on a FTIR-Tensor 27
spectrometer. 1H NMR spectra were measured on a DPX 400

spectrometer operating at 400 MHz, using DMSO-d6 as sol-
vent and TMS as internal standard. HRMS (ESI) was deter-
mined by using micrOTOF-QII HRMS/MS instrument
(BRUKER).

General procedure for the synthesis of compounds 4

with microwave irradiation. Typically, a mixture of aromatic
1,3-indandione 1 (1.0 mmol), 3-methyl-1H-pyrazol-5-amine 2

(1.0 mmol), aldehyde 3 (1.0 mmol), and water (2.0 mL) was
added to the reaction vessel of the monomodal EmrysTM Crea-

tor microwave synthesizer and allowed to react under MW at
250 W power (initial power 100 W) and 130�C for several
minutes. Upon completion, monitored by TLC, the reaction
vessel was cooled to room temperature. The solid compound
was collected by filtration and recrystallized from EtOH (95%)

to give pure azapodophyllotoxin derivatives 4.

Figure 1. Structure of oychine.

Scheme 1

Table 1

Solvent optimization for the synthesis of 4a.

Entry Solvent Time (min) Yield (%)

1 EtOH 13 40

2 DMF 18 trace

3 Glycol 12 50

4 HOAc 10 70

5 Water 10 77

Table 2

Temperature optimization for the synthesis of 4a.

Entry T (�C) Time (min) Yield (%)

1 100 12 50

2 110 12 55

3 120 10 77

4 130 8 83

5 140 8 81
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4-(4-chlorophenyl)-3-methylindeno[1,2-b]pyrazolo[4,3-e]pyri-
din-5(1H)-one (4a). 1H NMR (400 MHz, DMSO-d6) (d, ppm):
13.78 (s, 1H, NH), 7.65 (d, 2H, J ¼ 6.8 Hz, ArH), 7.40 (t, 1H,
J ¼ 7.6 Hz, ArH), 7.34–7.28 (m, 3H, ArH), 7.23 (t, 2H, J ¼
8.4 Hz, ArH), 7.19 (d, 1H, J ¼ 6.8 Hz, ArH), 1.87 (s, 3H,

CH3). IR (KBr, m, cm�1): 3197, 3056, 2882, 1717, 1698, 1559,
1542, 1491, 1436, 1363, 1340, 1290, 1245, 1185, 1130, 1082,
989, 811, 777, 709. HRMS (ESI) m/z: calc. for C20H13ClN3O:
346.0742 [MþH]þ, found: 346.0793 [MþH]þ.

4-(4-bromophenyl)-3-methylindeno[1,2-b]pyrazolo[4,3-e]pyri-
din-5(1H)-one (4b). 1H NMR (400 MHz, DMSO-d6) (d, ppm):
13.80 (s, 1H, NH), 7.91 (d, 1H, J ¼ 7.2 Hz, ArH), 7.73, (d,
4H, J ¼ 8.4 Hz, ArH), 7.61–7.54 (m, 3H, ArH), 7.49 (d, 3H,
J ¼ 8.0 Hz, ArH), 1.94 (s, 3H, CH3). IR (KBr, m, cm�1):

3198, 3056, 2994, 1712, 1684, 1594, 1536, 1491, 1432, 1338,
1302, 1256, 1208, 1183, 1115, 1071, 995, 811, 762, 730.
HRMS (ESI) m/z: calc. for C20H13BrN3O: 390.0237 [MþH]þ,
found: 390.0212 [MþH]þ.

3-methyl-4-p-tolylindeno[1,2-b]pyrazolo[4,3-e]pyridin-5(1H)-
one (4c). 1H NMR (400 MHz, DMSO-d6) (d, ppm): 13.74 (s,
1H, NH), 7.88 (d, 1H, J ¼ 7.2 Hz, ArH), 7.71, (t, 1H, J ¼ 7.2
Hz, ArH), 7.58–7.51 (m, 2H, ArH), 7.39 (d, 2H, J ¼ 8.0 Hz,
ArH), 7.33 (d, 2H, J ¼ 8.0 Hz, ArH), 2.44 (s, 3H, CH3), 1.92
(s, 3H, CH3). IR (KBr, m, cm�1): 3190, 3048, 2962, 1710,

1612,1562, 1511, 1475, 1449, 1338, 1300,1255, 1207, 1179,
1116, 1072, 987, 809, 786, 733. HRMS (ESI) m/z: calc. for
C21H16N3O: 326.1288 [MþH]þ, found: 326.1317 [MþH]þ.

4-(2-chlorophenyl)-3-methylindeno[1,2-b]pyrazolo[4,3-e]pyri-
din-5(1H)-one (4d). 1H NMR (400 MHz, DMSO-d6) (d, ppm):

13.87 (s, 1H, NH), 7.94 (d, 1H, J ¼ 7.6 Hz, ArH), 7.76, (t,
1H, J ¼ 7.6 Hz, ArH), 7.67 (d, 1H, J ¼ 7.6 Hz, ArH), 7.62–

7.57 (m, 3H, ArH), 1.86 (s, 3H, CH3). IR (KBr, m, cm�1):
3153, 3109, 2997, 1714, 1602, 1572, 1550, 1473, 1439, 1340,
1303, 1280, 1251, 1183, 1155, 1060, 991, 807, 752, 711.
HRMS (ESI) m/z: calc. for C20H13ClN3O: 346.0742 [MþH]þ,
found: 346.0744 [MþH]þ.

3-methyl-4-(3-nitrophenyl)indeno[1,2-b]pyrazolo[4,3-e]pyri-
din-5(1H)-one (4e). 1H NMR (400 MHz, DMSO-d6) (d, ppm):
13.87 (s, 1H, NH), 8.43 (d, 2H, J ¼ 9.2 Hz, ArH), 8.04
(d, 1H, J ¼ 7.6 Hz, ArH), 7.93 (d, 1H, J ¼ 7.2 Hz, ArH),

7.85 (t, 1H, J ¼ 7.6 Hz, ArH), 7.77–7.73 (m, 1H, ArH), 7.62–
7.55 (m, 2H, ArH), 1.94 (s, 3H, CH3). IR (KBr, m, cm�1):
3190, 3117, 2990, 1754, 1634, 1599, 1504, 1488, 1457, 1385,
1300, 1294, 1236, 1177, 1120, 1070, 985, 800, 765, 713.
HRMS (ESI) m/z: calc. for C20H13N4O3: 357.0979 [MþH]þ,
found: 357.1005 [MþH]þ.

4-(3,4-dimethoxyphenyl)-3-methylindeno[1,2-b]pyrazolo[4,3-
e]pyridin-5(1H)-one (4f). 1H NMR (400 MHz, DMSO-d6) (d,
ppm): 13.73 (s, 1H, NH), 7.90 (d, 1H, J ¼ 7.2 Hz, ArH), 7.72,
(t, 1H, J ¼ 7.2 Hz, ArH), 7.61 (d, 1H, J ¼ 7.2 Hz, ArH), 7.55

(t, 1H, J ¼ 7.6 Hz, ArH), 7.15 (d, 1H, J ¼ 1.2 Hz, ArH),
7.10–7.04 (m, 2H, ArH), 3.86 (s, 3H, CH3), 3.77 (s, 3H, CH3),
2.01 (s, 3H, CH3). IR (KBr, m, cm�1): 3054, 3001, 2934, 1699,
1608, 1559, 1542, 1490, 1437, 1338, 1309, 1285, 1263, 1169,

1139, 1086, 1025, 801, 766, 726. HRMS (ESI) m/z: calc. for
C22H18N3O3: 372.1343 [MþH]þ, found: 372.1333 [MþH]þ.

3-methyl-4-phenylindeno[1,2-b]pyrazolo[4,3-e]pyridin-5(1H)-
one (4g). 1H NMR (400 MHz, DMSO-d6) (d, ppm): 13.77 (s,
1H, NH), 7.91 (d, 1H, J ¼ 7.2 Hz, ArH), 7.73 (t, 1H, J ¼ 7.2,

ArH), 7.61–7.48 (m, 8H, ArH), 1.90 (s, 3H, CH3). IR (KBr, m,
cm�1): 3102, 2994, 1708, 1671, 1592, 1562, 1541, 1498, 1446,
1339, 1305, 1256, 1240, 1189, 1140, 1094, 978, 805, 760,
705. HRMS (ESI) m/z: calc. for C20H14N3O: 312.1132
[MþH]þ, found: 313.1148 [MþH]þ.

3-methyl-4-(3,4,5-trimethoxyphenyl)indeno[1,2-b]pyrazolo[4,3-
e]pyridin-5(1H)-one (4h). 1H NMR (400 MHz, DMSO-d6) (d,
ppm): 13.76 (s, 1H, NH), 7.91 (d, 1H, J ¼ 7.2 Hz, ArH), 7.73, (t,
1H, J ¼ 7.6 Hz, ArH), 7.62 (d, 1H, J ¼ 6.8 Hz, ArH), 7.56 (t, 1H,
J ¼ 7.2 Hz, ArH), 6.83 (s, 2H, ArH), 3.78 (d, 9H, J ¼ 3.2 Hz,

CH3), 1.86 (s, 3H, CH3). IR (KBr, m, cm�1): 3193, 3107, 2967,
1709, 1583, 1562, 1504, 1464, 1433, 1344, 1318, 1296, 1250,
1163, 1126, 1005, 967, 809, 777, 729. HRMS (ESI) m/z: calc. for
C23H20N3O4: 402.1444 [MþH]þ, found: 402.1434 [MþH]þ.

3-methyl-4-(thiophen-2-yl)indeno[1,2-b]pyrazolo[4,3-e]pyridin-
5(1H)-one (4i). 1H NMR (400 MHz, DMSO-d6) (d, ppm):

Table 3

Synthesis of products 4.

Entry 4 Ar Time (min) Yield (%) Mp (�C)

1 4a 4-ClC6H4 8 83 >300

2 4b 4-BrC6H4 10 80 >300

3 4c 4-CH3C6H4 8 77 >300

4 4d 2-ClC6H4 10 79 209–210

5 4e 3-NO2C6H4 7 80 243–244

6 4f 3,4-(CH3O)2C6H3 8 77 245–246

7 4g C6H5 10 78 258–259

8 4h 3,4,5-(CH3O)3C6H2 10 76 240–242

9 4i Thien-2-yl 13 77 263–264

Scheme 2
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13.81 (s, 1H, NH), 7.91–7.86 (m, 2H, ArH), 7.73 (t, 1H, J ¼
7.6 Hz, ArH), 7.62 (d, 1H, J ¼ 7.2 Hz, ArH), 7.56 (t, 1H, J ¼
7.2 Hz, ArH), 7.36 (d, 1H, J ¼ 3.6 Hz, ArH), 7.28–7.25 (m,
1H, ArH), 2.04 (s, 3H, CH3). IR (KBr, m, cm�1): 3096, 3053,
2983, 1707, 1684, 1590, 1559, 1473, 1435, 1334, 1302, 1252,

1225, 1178, 1130, 1078, 972, 808, 771, 730. HRMS (ESI) m/z:
calc. for C18H12N3OS: 318.0696 [MþH]þ, found: 318.0696
[MþH]þ.
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