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Abstract - The efficient one-pot condensation of aldehyde, dimedone, and 

phthalhydrazide has been achieved in the presence of a catalytic amount of 

Fe(III)-based dicationic ionic liquid, [C4(mim)2](FeCl4)2, as a novel 

environmentally benign magnetic catalyst under solvent-free conditions. The 

catalyst was easily separated after completion of the reaction and was recycled 

four times without affecting the catalytic property.

INTRODUCTION 

Today, one of the major goals of synthetic organic chemistry lies in the research, discovery and 

exploitation of environmentally friendly methods. Recently, several techniques for the efficient use of 

solvent free reactions and multi-component reactions (MCRs) have been developed individually but when 

these two wings of green chemistry can be combined,an excellent green chemistry protocol is expected.1,2  

Room temperature ionic liquids (RTILs) are generally defined as salts that are liquid at or below room 

temperature. The combination of ammonium, pyridinium, phosphonium or imidazolium cations with 

various inorganic or organic anions led to a large amount of liquid salts with numerous possible 

applications e.g. in the field of organic synthesis, catalysis, biocatalysis, material science, chemical 
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engineering, electrochemistry or separation processes.3 The increasing interest in RTILs is related to their 

possible exploitation as environmentally friendly neoteric solvents because of their vanishing vapour 

pressure, thermal and chemical stability, air and moisture stability, wide liquids range, solvent capability, 

etc.4 However the large scale application of ionic liquids is still far from realization because of their high 

cost and difficult recovery. 

In comparison to the common monocationic ionic liquids, dicationic ionic liquids are an important class 

of organic salts having two positive charges on the same or different cations. They have been proved to 

have a better performance in terms of thermal stability, wide liquids range, and unusual dissolution 

properties.5   

Magnetic ILs not only have the excellent properties of IL but also exhibit an unexpectedly strong 

response to an additional magnet.6 These properties make magnetic ILs have more advantages and 

potential application prospects than conventional ILs in the fields of catalytic reactions, solvent effects 

and separation processes.7 Magnetic room temperature dicationic ionic liquid, MRTDIL, not only has the 

properties listed above, but also has higher magnetic strength than the monocationic paramagnetic ionic 

liquid e.g. 1-butyl-3-methylimidazolium tetrachloroferrate (ΙΙΙ), due to having two magnetic groups of 

FeCl4
-.   

Phthalazine derivatives are an important class of heterocyclic compounds due to their wide range of 

pharmaceutical and biological activities.8 Phthalazine derivatives was reported to possess anticonvulsant; 

antifungal, anticancer, and vasorelaxant activities.9-12 Therefore, considerable effort has been devoted 

toward finding an efficient synthesis of phthalazine derivatives. Several methods have been reported for 

synthesis 2H-indazolo[2,1-b]phthalazinetriones such as P-TSA, silica sulfuric acid, Mg (HSO4)2, I2/EtOH, 

TCT, HPA/IL, PPA/SiO2 and Me3SiCl13-20 as catalysts. However, most of these methods have limitations 

including use of expensive catalyst or solvent, strong acidic conditions and harsh reaction conditions. 

Thus, the development of an alternate milder and safe method is highly demanding for synthesis of 

phthalazine derivatives, which overcome those limitations.Herein, we wish to report a novel and green 

approach for the preparation of 2H-indazolo[2,1-b]phthalazinetriones catalyzed by magnetic room 

temperature dicationic ionic liquid, MRTDIL, under solvent free conditions. 

 

RESULTS AND DISCUSSION 

1-Butyl-3-methylimidazolium tetrachloroferrate ([bmim]FeCl4) with magnetism was synthesized and first 

reported by Hayashi et al. in 2004.21 Since then, the syntheses of magnetic ILs have been focused on 

expanding synthesis with different alkyl chain length of imidazole cations or different magnetic metal 

anions.22 To the best of our knowledge, there is no report for the preparation of Fe(III)-based dicationic 

ionic liquid as a magnetic room temperature dicationic ionic liquid (MRTDIL).  
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Scheme 1 illustrates the synthetic route for the preparation of MRTDIL synthesized and characterized in 

this study. As shown in Scheme1, the synthesis of 1,4'-(butane-1,4-diyl)bis(3-methylimidazolium)bis- 

[tetrachloroferrate(ΙΙΙ)](B), [C4(mim)2](FeCl4)2, involves two steps. First, 1,4-dichlorobutane was reacted 

with two equivalents of N-methylimidazole in methanol and under reflux conditions to afford dicationic 

RTIL in quantitative yield.23 In the second step, the anions of imidazolium based room temperature 

dicationic ionic liquid, Cl-, were easily changed with FeCl4
- anions by the simple mixing with FeCl3 under 

neat conditions. 
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Scheme 1. Synthesis of [C4(mim)2](FeCl4)2 as a magnetic room temperature dicationic ionic liuquid 
 

Due to the paramagnetic nature of the [C4(mim)2](FeCl4)2, nuclear magnetic resonance technique could 

not be used to confirm its structure. Instead, UV spectra was used to characterize the [C4(mim)2](FeCl4)2 

structure. The UV spectrum is shown in Figure 1. [C4(mim)2](FeCl4)2 spectra exhibited absorption bands 

in the visible region at 534, 620 and 680 nm which are characteristic for the FeCl4
- anion.24  

 

 

Figure 1. Visible absorption spectrum of MRTDIL 
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The magnetic properties of the MRTDIL and FeCl3 were measured by vibrating sample magnetometer, 

VSM, at the room temperature. The paramagnetic linear response of MRTDIL is similar to iron (ΙΙΙ) 

chloride. From M vs. H curves, the magnetization value for MRTDIL at the same field was found to be 

0.4 emu Oe g-1, lower than of FeCl3 (0.7 emu Oe g-1) at 8 kOe.  

In order to be able to carry out preparation of 2H-indazolo[2,1-b]phthalazinetrione derivatives in a more 

efficient way minimizing the time, temperature and amount of catalyst, the reaction of benzaldehyde, 

5,5-dimethylcyclohexane-1,3-dione (dimedone) and phthalhydrazide was selected as model system to the 

effects of the catalyst at different reaction temperatures (25, 60, 80, 100 and 120 °C and the different 

amount of catalyst (0, 10, 20, 30, and 40% mol) were investigated. The results are summarized in Table 1. 

As shown in Table 1, the reaction using 20% mol of MRTDIL at 100 °C proceeded in highest yield. 

Further increase in temperature to, 120 °C had little effect on the rate of reaction. Therefore, we kept the 

reaction temperature at 100 °C as optimal temperature. According to Table 1, this reaction was carried out 

without catalyst under solvent free conditions in order to establish the effectiveness of the catalyst. It was 

found that 2H-indazolo[2,1-b]phthalazinetrione was not made after 1h of heating. The best results were 

obtained with 1.2 : 1 : 1 ratio of benzaldehyde, dimedone, phthalhydrazide and 20% mol of MRTDIL after 

10 min at 100 °C.  

 

Table 1. Optimization of the amount MRTDIL and temperature for the synthesis of 
2H-indazolo[2,1-b]phthalazinetrione 4aa 

 
Temperature/°C MRTDIL 

 (mol %) 

Time 

 (min) 

Yield  

(%) 

25 20 60 0 

60 20 30 40 

80 20 30 66 

100 20 10 89 

120 20 10 89 

100 0 60 0 

100 10 30 40 

100 30 10 89 

100 40 10 90 

aReaction conditions: benzaldehyde (1.2 mmol), dimedone (1 mmol), phthalhydrazide  
(1 mmol), X% mol of MRTDIL, solvent free, different temperature 

 

Subsequently, with optimal conditions in hand, 1.2 : 1 : 1 molar ratios of benzaldehyde, dimedone and 
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phthalhydrazide and 20 mol% of MRTDIL at 100 °C under solvent-free conditions, the generality and 

synthetic scope of this coupling protocol were demonstrated by synthesizing a series of 2H-indazolo- 

[2,1-b]phthalazinetriones (Table 2, Scheme 2). Gratifyingly, a wide range of aromatic aldehydes 
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Scheme 2. Synthesis of 2H-indazolo[2,1-b]phthalazinetriones 

 

Table 2. Synthesis of 2H-indazolo[2,1-b]phthalazinetrione derivativesa 

Product R  Time (min) Yield 
(%)b 

Melting point (°C) 
Found 

 
ReportedRef 

4a H  10 89 205-207 204-20625  

4b 4-OMe  15 90 220-222 218-22019  

4c 4-Me  10 90 228-230 226-23125  

4d 2-Cl  15 91 264-266 266-26925 

4e 4-Cl  15 87 262-265 262-26425 

4f 3-NO2  10 89 268-270 269-27125  

4g 2,4-Cl2  15 88 220-222 218-22025 

4h 4-Br  15 86 262-264 265-26719  

4i 4-F  15 89 221-224 220-22425 

4j 2-Me  10 91 242-244 243-24519 

4k 4-NO2  15 88 218-220 216-21825 

4l 3-CF3  10 89 211-213 213-21526 

      aReaction conditions: (1mmol); benzaldehyde (1.2 mmol); 5,5-dimethylcyclohexane-1,3-dione (1 mmol);  
phthalhydrazide (1 mmol); MRTDIL (20% mol), solvent free, 100 °C. 

       bIsolated yield 

 

(carrying both electron releasing and electron withdrawing substituents in the ortho, meta, and para 
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positions) were well tolerated under the optimized reaction conditions. The time taken for complete 

conversion (monitored by TLC) and the isolated yields are recorded in Table 2. The desired pure products 

were characterized by comparison of their physical data (melting points, IR, 1H and 13C NMR) with those 

of known compounds. 

The success of the above reactions prompted us to investigate the recyclability of catalyst. We carried out 

our study by using the reaction benzaldehyde with dimedone and phthalhydrazide under optimal 

conditions as a model study. Hayashi and hamaguchi showed that the shape of two layers containing 

[bmim]FeCl4 and water was highly distorted with 0.55T NdFeB permanent magnet.21 However, it was 

observed in our experiment that at least 1.5T is needed to see the magnetic behavior of pure 

[C4(mim)2](FeCl4)2. The 20% (V/V) of [C4(mim)2](FeCl4)2 was fully miscible with water after vigorous 

shaking and 50% mixture of [C4(mim)2](FeCl4)2 and water formed two phase; then the surface of the 

mixture was attracted and moved towared the electromagnet and the surface of the mixture changed to be 

concave upward. It means that the mixture of [C4(mim)2](FeCl4)2 and water forming 2-phase can be 

successfully separated by a strong magnetic field of 1.5T.  

With preliminary experimental, after completion of the reaction (the progress of the reaction was 

monitored by TLC), the mixture was cooled to room temperature and the precipitated product was 

separated by filtration; then washed with water and dried. The aqueous phase was concentrated; the 

catalyst was separated using an external magnetic field 1.5T. The residue catalyst was washed with 

diethyl ether dried in a vacuum oven at 60 °C for overnight and reused in the next run. The catalyst could 

be reused for fourth times without significant decrease in catalytic activity (Table 3). 

 
Table 3. The reusability of the catalyst 

 

 

 

 
The suggested mechanism of MRTDIL catalyzed transformations is shown in Scheme 3. The first step is 

believed to be the C4(mim)2
2+ catalyzed Knoevenagel condensation between the aldehyde and dimedone 

to generate adduct C, which acts as Michael acceptor. The phthalhydrazide attacks to in adduct C in a 

Michael-type fashion to produce an open chain intermediate D. Intermediate D undergoes intra- 

molecular cyclization by the reaction of nucleophilic amino function to carbonyl group followed by 

dehydration to form 2H-indazolo[2,1-b]phthalazinetriones.  

To compare the advantage of the use of MRTDIL over the reported catalysts, the model reaction of, 

dimedone, phthalhydrazide and benzaldehyde was considered as a representative example (Table 4). The 

yield of product in the presence of [C4(mim)2](FeCl4)2 is comparable with these catalysts. However, the 

Cycle Fresh First Second Third Fourth 

Yield (%) 89 86 84 80 76 

564 HETEROCYCLES, Vol. 87, No. 3, 2013



 

 
 

reported procedures required longer reaction times (entries 4, 6), strong acidic conditions (entries 1, 4), 

high catalyst loading (entries 1, 6), and expensive catalyst or toxic organic solvents (entries 3, 4, 6). These 

results demonstrate that MRTDIL is an equally or more efficient catalyst for this three-component 

reaction. 
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Scheme 3. A plausible reaction mechanism 

 

Table 4. Comparison of MRTDIL with reported catalysts in the reaction of dimedone, phthalhydrazide 
and benzaldehyde 

Entry Reagent and conditions Time (min) Yield (%) Ref. 
1 p-toluenesulfonic acid, solvent-free, 80 °C, 30 mol% 10 93 13 

2 polyphosphoric acid-SiO2, solvent-free, 100 °C, 5 mol% 6 93 19 

3 Mg(HSO4)2, solvent-free, 100 °C, 10 mol% 4 88 15 

4 H2SO4, [bmim][BF4], 80 °C, 15 mol% 30 94 25 

5 silica sulfuric acid, solvent-free, 100 °C, 6.5 mol% 7 91 14 

6 TMSCl, MeCN/DMF (8:2), 80 °C 30 90 20 

7 [C4(mim)2](FeCl4)2, solvent-free, 100 °C, 20 mol% 10 89 this work

HETEROCYCLES, Vol. 87, No. 3, 2013 565



 

 
 

CONCLUSION 

In conclusion, we have successfully developed a simple and green catalytic procedure for the efficient 

synthesis of 2H-indazolo[2,1-b]phthalazinetrione using MRTDIL and under solvent free conditions. 

MRTDIL can replace the ILs and other homogeneous catalysts with reasonable recovery and reusability 

and therefore ideal for industrial applications. 

 

EXPERIMENTAL 

Melting points were measured on an Electrothermal 9100 apparatus and are uncorrected. 1H NMR spectra 

were recorded on 300 MHz and 400 MHz. 13C NMR spectra were recorded on 75 and 100 MHz. 

Chemical shifts are expressed in δ units relative totetramethylsilane (TMS) signal as internal reference in 

CDCl3/D2O. Aldehydes, dimedone and phthalhydrazide were purchased from Merck Company. Products 

were characterized by comparison of their physical and spectroscopic data with those of known samples. 

The purity of products and reaction monitoring was accomplished by TLC on silica gel Poly Gram 

SILG/UV 254 plates. 

Procedure for the preparation of [C4(mim)2]Cl2 (A). 1,4-Dicholorobutane (1 mmol) was reacted with 

1-methylimidazole (2 mmol), respectively, stirred in MeOH, refluxed for 24 h, and then precipitated from 

EtOAc to obtain the required product (white solid, yield 94%). [C4(mim)2]Cl2 (A). 1H NMR (300 MHz, 

D2O): δ 1.90 (4H, quint., J = 3.6 Hz), 3.90 (6H, s), 4.25 (4H, t, J = 6.7 Hz), 7.55 (2H, t, J = 1.7 Hz), 7.64 

(2H, t, J = 1.7 Hz), 9.01 (2H, s). 13C NMR (75 MHz, D2O): δ 27.8, 36.5, 50.0, 123.6, 125, 138. 

Procedure for the preparation of [C4(mim)2](FeCl4)2 as a magnetic dicationic ionic liquid (B). 

[C4(mim)2](FeCl4)2, MRTDIL, was prepared by mixing crystal powder of [C4(mim)2]Cl2 (1 mmol) with 

anhydrous FeCl3 (2 mmol) at room temperature for 3 h, a dark brown liquid was obtained. The obtained 

MRTDIL was extracted with small amount of EtOAc. The solvent was evaporated and resulting clear 

brown liquid was dried in vacuum oven at 60 °C for 24 h. [C4(mim)2](FeCl4)2 (B); mp 50-55 °C.  

 

General procedure for the preparation of 2H-indazolo[2,1-b]phthalazinetrione. A mixture of 

dimedone (1 mmol), aldehyde (1.2 mmol), phthalhydrazide (1 mmol) and MRTDIL (20 mol%) was 

heated at 100 °C for an appropriate time (Table 3). After completion of the reaction (TLC), the mixture 

was cooled to room temperature and washed with water. The solid product was purified by crystallization 

from aqueous EtOH to afford products 4a-l (Scheme 2). The aqueous phase was concentrated; the catalyst 

was separated using an external magnetic field 1.5T. The residue catalyst was washed with a mixed of 

Et2O and deionized water and dried in a vacuum oven at 60 °C for overnight. The catalyst could be reused 

for fourth times without significant decrease in catalytic activity. 
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3,4-Dihydro-3,3-dimethyl-13-phenyl-2H-indazolo[2,1-b]phthalazine-1,6,11(13H)-trione (4a). Yellow 

powder; IR (KBr, cm-1) 2958, 1664, 1576; 1H NMR (400 MHz, CDCl3): δ (ppm) 1.24 (s, 6H), 2.45 (s, 2H), 

3.23 and 3.45 (d, AB system, J = 18.0 Hz, 2H), 6.45 (s, 1H), 7.32-8.35 (m, 9H, Ph); 13C NMR (100 MHz, 

CDCl3): δ (ppm) 28.4, 28.6, 34.7, 38.2, 50.9, 64.8, 118.2, 127.1, 127.6, 127.8, 128.7, 128.9, 129.1, 133.6, 

134.5, 136.4, 150.9, 154.3, 156.2, 192.3. 

3,4-Dihydro-3,3-dimethyl-13-(4-methoxyphenyl)-2H-indazolo[2,1-b]phthalazine-1,6,11(13H)-trione 

(4b). Yellow powder; IR (KBr, cm-1): 2957, 1666, 1623; 1H NMR (400 MHz, CDCl3): δ (ppm) 1.23 and 

1.29 (s, 6H), 2.35 (s, 2H), 3.24 and 3.43 (d, AB system, J = 18.6 Hz, 2H), 3.77 (s, 3H) 6.43 (s, 1H), 

6.86-8.36 (m, 8H, Ph); 13C NMR (100 MHz, CDCl3): δ (ppm) 28.5, 28.7, 34.5, 51.38, 55.2, 64.4, 114, 118.3, 

127.8, 127.9, 128.2, 128.4, 128.8, 129, 133, 134.3, 150.3, 154.3, 156, 158.3, 192.1. Anal. Calcd for 

C24H22N2O4: C 71.63, H 5.51, N 6.96. Found: C 71.59, H 5.62, N 7.02. 

3,4-Dihydro-3,3-dimethyl-13-(4-methylphenyl)-2H-indazolo[2,1-b]phthalazine-1,6,11(13H)-trione 

(4c). Yellow powder; IR (KBr, cm-1): 2958, 1663, 1621; 1H NMR (400 MHz, CDCl3): δ (ppm) 1.24 (s, 6H), 

2.32 (s, 3H), 2.35 (s, 2H), 3.25 and 3.44 (d, AB system, J = 18.5 Hz, 2H), 6.45 (s, 1H), 7.13-8.39 (m, 8H, 

Ph); 13C NMR (100 MHz, CDCl3): δ (ppm) 21.4, 28.3, 28.7, 34.7, 38.1, 50.9, 64.9, 118.7, 127.2, 127.7, 

127.8, 128.7, 129.1, 129.5, 133.4, 133.6, 134.5, 138.3, 150.4, 154.2, 156.0, 192.1. 

3,4-Dihydro-3,3-dimethyl-13-(2-chlorophenyl)-2H-indazolo[1,2-b]phthalazine-1,6,11(13H)-trione 

(4d). Yellow powder; IR (KBr, cm-1): 3058, 2957, 2894, and 1662. 1H NMR (300 MHz, CDCl3): δ (ppm) 

1.21 (s, 3H), 1.23 (s, 3H), 2.34 (s, 2H), 3.26 and 3.45 (d, AB system, J = 19.1 Hz, 2H), 6.66 (s, 1H), 

7.24-8.41 (m, 8H, Ph); 13C NMR (100 MHz, CDCl3): δ (ppm) 28.3, 28.7, 34.5, 37.9, 50.8, 63.9, 116.6, 

127.1, 127.5, 127.9, 128.6, 129.0, 129.8, 130.4, 132.5, 133.0, 133.5, 134.4, 151.8, 154.1, 156.1, 192.0. 

3,4-Dihydro-3,3-dimethyl-13-(4-chlorophenyl)-2H-indazolo[2,1-b]phthalazine-1,6,11(13H)-trione 

(4e). Yellow powder; IR (KBr, cm-1): 2957, 1656, 1623; 1H NMR (400 MHz, CDCl3): δ (ppm) 1.22 (s, 3H), 

1.24 (s, 3H), 2.36 (s, 2H), 3.24 and 3.45 (d, AB system, J = 19.0 Hz, 2H), 6.44 (s, 1H), 7.32-8.39 (m, 8H, 

ph); 13C NMR (100 MHz, CDCl3): δ (ppm) 28.3, 28.7, 34.7, 38.0, 50.6, 64.4, 118.0, 127.6, 128.2, 128.4, 

128.7, 128.9, 129.0, 133.7, 134.5, 134.6, 134.9, 151.1, 154.3, 156.0, 192.2 

3,4-Dihydro-3,3-dimethyl-13-(3-nitrophenyl)-2H-indazolo[1,2-b]phthalazine-1,6,11(13H)-trione (4f). 

Yellow powder; IR (KBr, cm-1): 3075, 2956, 1671; 1H NMR (400 MHz, CDCl3): δ (ppm) 1.17(s, 6H), 2.28 

(s, 2H), 3.29 and 3.44 (d, AB system, J = 19.6 Hz, 2H), 6.46 (s, 1H), 7.56-8.34 (m, 8H, Ph); 13C NMR (100 

MHz, CDCl3): δ (ppm) 28.5, 28.8, 34.6, 38.3, 51.2, 64.2, 116.89, 127.4, 127.4, 128.3, 128.8, 129.1, 129.9, 

131.2, 132.4, 133.0, 132.5, 133.4, 135.1, 151.7, 153.3, 156.5, 192.2.  
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3,4-Dihydro-13-(2,4-dichlorophenyl)-3,3-dimethyl-2H-indazolo[1,2-b]phthalazine-1,6,11(13H)-trione 

(4g). Yellow powder; IR (KBr, cm-1): 2964, 1660, 1628; 1H NMR (400 MHz, CDCl3): δ (ppm) 1.20 (s, 3H), 

1.23 (s, 3H), 2.33 (s, 2H), 3.26 and 3.44 (d, AB system, J = 19.1 Hz, 2H), 6.63 (s, 1H), 7.22-7.84 (m, 5H, 

Ph), 8.23 (dd, J = 3.2, 5.4 Hz, 1H), 8.38 (dd, J = 3.3, 5.6 Hz, 1H); 13C NMR (100 MHz, CDCl3): δ (ppm) 

28.3, 28.7, 34.5, 38.0, 50.6, 63.1, 127.5, 127.6, 128.2, 128.7, 129.0, 130.3, 131.8, 133.3, 133.6, 134.6, 135.1, 

152.1, 154.2, 156.1, 192.1. 

3,4-Dihydro-3,3-dimethyl-13-(4-bromophenyl)-2H-indazolo[1,2-b]phthalazine-1,6,11(13H)-trione 

(4h). Yellow powder; IR (KBr, cm-1): 2959, 1654, 1623, 1H NMR (400 MHz, CDCl3): δ (ppm) 1.21 (s, 3H), 

1.22 (s, 3H), 2.31 (s, 2H), 3.24 and 3.44 (d, AB system, J = 19.1 Hz, 2H), 6.54 (s, 1H), 7.30-8.45 (m, 8H, 

Ph); 13C NMR (100 MHz, CDCl3): δ (ppm) 28.3, 28.7, 34.6, 38.1, 50.8, 64.5, 118.1, 122.8, 127.8, 128.2, 

128.8, 128.9, 129.1, 131.8, 133.6, 134.8, 135.5, 151.2, 154.4, 156.1, 192.2. 

3,4-Dihydro-3,3-dimethyl-13-(4-fluorophenyl)-2H-indazolo[2,1-b]phthalazine-1,6,11(13H)-trione 

(4i). 1H NMR (400 MHz, CDCl3): δ (ppm) 8.37-8.26 (m, 2H), 7.88-7.85 (m, 2H), 7.43-7.39 (m, 2H), 7.03 (t, 

2H, J = 8.8 Hz), 6.44 (s, 1H), 3.42 (d, J = 18.8 Hz, 1H), 3.25 (dd, J = 2.4, 18.8 Hz, 1H), 2.35 (s, 2H), 

1.27-1.22 (s, 6H); 13C NMR(100 MHz, CDCl3): δ (ppm) 192.1, 163.9, 161.5, 156.0, 154.4,151.0, 134.6, 

133.6, 132.2, 129.0, 128.9, 128.0, 127.7,118.2, 115.8, 115.6, 64.3, 50.9, 38.0, 34.6, 28.7, 28.4. Anal. Calcd 

for C23H19FN2O3; C 70.76, H 4.91, N 7.18. Found: C 70.82, H 4.88, N 7.26.  

3,4-Dihydro-3,3-dimethyl-13-(4-nitrophenyl)-2H-indazolo[2,1-b]phthalazine-1,6,11(13H)-trione (4k). 

Yellow powder; IR (KBr, cm-1) 2922, 1693, 1659, 1615; 1H NMR (400 MHz, CDCl3): δ (ppm) 1.22 (s, 3H), 

1.23 (s, 3H), 2.32 and 2.37 (AB system, J = 16.0 Hz, 2H), 3.26 and 3.45 (d,AB system, J = 19.0 Hz, 2H), 

6.53 (s, 1H), 7.62-8.42 (m, 8H, Ph); 13C NMR (100 MHz, CDCl3): δ (ppm) 28.3, 28.7, 34.7, 38.0, 50.6, 64.0, 

117.1, 124.0, 127.6, 128.2, 128.2, 128.5, 128.8, 133.8, 134.8, 143.3, 147.8, 151.6, 154.5, 155.8, 192.2. Anal. 

Calcd for C23H19ClN2O3: C 67.90, H 4.71, N 6.89. Found: C67.95, H 4.82, N 6.79.  

3,4-Dihydro-3,3-dimethyl-13-(3-trifluoromethylphenyl)-2H-indazolo[2,1-b]phthalazine-1,6,11(13H)- 

trione (4l). Yellow powder; IR (KBr, cm-1) 2968, 1635, 1616; 1H NMR (400 MHz, CDCl3): δ (ppm) 1.23 (s, 

3H), 1.24 (s, 3H), 2.34 (s, 2H), 3.25 and 3.43 (d, AB system, J = 18.0 Hz, 2H), 6.46 (s, 1H), 7.47 (t, J = 7.0 

Hz, 1H), 7.54 (d, J = 7.0 Hz, 1H), 7.58 (s, 1H), 7.67 (d, J = 7.0 Hz, 1H), 7.84–7.88 (m, 2H), 8.24–8.27 (m, 

1H), 8.35–8.38 (m, 1H); 13C NMR (100 MHz, CDCl3): δ (ppm) 28.3, 28.7, 34.6, 38.1, 50.9, 64.3, 118.1, 

123.5, 123.6, 125.6, 126.4, 127.7, 128.1, 128.9, 129.0, 129.3, 131.1, 131.3, 133.7, 134.7, 137.3, 151.4, 

154.5, 156.1, 192.2. 
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