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Abstract. The rapid and environmental synthetic route to produce 
1H-indazolo[1,2-b] phthalazine-1,6,11-triones and 1H-pyrazolo[1,2-
b]phthalazine-5,10-diones derivatives have been developed via multi-
component and one-pot reactions of various aldehydes, cyclic or 
acyclic 1,3-diketones with: i) phthalhydrazide or ii) phthalic anhy-
dride-hydrazinium hydroxide using wet 2,4,6-trichlorotriazine (TCT) 
as catalyst under solvent-free conditions. Simple and mild reaction 
conditions, the use of a cheap catalyst and easy workup and isolation 
are notable features of this method.
Key words: 1H-Indazolo[1,2-b]phthalazine-1,6,11-triones, 1H-pyr-
azolo[1,2-b]phthalazine-5,10-diones, 2,4,6-trichlorotriazine, 1,3-dik-
etones, phthalhydrazide, aldehydes, solvent-free reactions.

Resumen. Se desarrolló una ruta sintética rápida para producir deriva-
dos de 1H-indazolo[1,2-b] ftalazina-1,6,11-trionas y 1H-pirazolo[1,2-
b]ftalazina-5,10-dionas a través de reacciones de multicomponentes, 
en un solo paso, de varios aldehídos, 1,3-dicetonas cíclicas o acíclicas 
con: i) ftalhidrazida o ii) anhídrido ftálico-hidróxido de hidrazinio 
empleando 2,4,6-trichlorotriazina (TCT) húmeda como catalizador en 
ausencia de disolvente. Las características notables de este método son 
condiciones de reacción simples y suaves, el empleo de un catalizador 
barato y facilidad de aislamiento de los productos.
Palabras clave: 1H-indazolo[1,2-b] ftalazina-1,6,11-trionas, 1H-pira-
zolo[1,2-b]ftalazina-5,10-dionas, 2,4,6-triclorotriazina, 1,3-dicetonas, 
ftalhidrazida, aldehídos, reacciones libres de disolvente.

Introduction

Multi-component reactions (MCRs) are major tools for the 
rapid and efficient synthesis of a wide variety of organic mol-
ecules. These reactions have been investigated widely in or-
ganic and diversely oriented synthesis, primarily due to their 
ability to produce complex molecular functionality from simple 
starting materials via one-pot reaction [1, 2]. In the past few 
decades, the synthesis of novel heterocyclic compounds has 
been received a great deal of attention, most notably for the 
construction of heterocycles [3]. Heterocyclic compounds oc-
cur very extensively in nature and are essential to life. Among 
a large variety of heterocyclic compounds, heterocycles con-
taining phthalazine moiety [4,5] are of importance because 
they show some pharmacological and biological activities [6]. 
Phthalazine derivatives were reported to possess anticonvulsant 
[7], cardiotonic [8], and vasorelaxant activities [9-13].

Recently, several well-designed multicomponent strategies 
for the synthesis of 1H-indazolo [1,2-b]phthalazine-1,6,11-tri-
ones and 1H-pyrazolo[1,2,b]phthalazine-5,10-diones [14-18] 
have been reported by one-pot reactions of various aldehydes, 
cyclic, and acyclic 1,3-diketones with: i) phthalhydrazide ii) 
phthalic anhydride, hydrazinium hydroxide utilizing different 
types of catalysts such as: p-TSA [19], ionic liquids [20], (S)-
CSA [21], dodecylphosphonic acid (DPA) [22], heteropoly 
acids [23], Ce(SO4)2.4H2O [24], solid acids [25], montmoril-
lonite K-10 [26], N-halosulfonamides [27], silica-sulfuric acid 
[28], phosphomolybdic acid-silica (PMA-SiO2) [29] and have 
been used for the inhibition of P38 MAP kinase [30], for selec-
tive binding of GABA receptor [31], as anti-anxiety drug [32], 
antitumor agent [33], and as high-affinity ligand to the subunit 
of calcium channel [34, 35]. These protocols have limitations, 

for instance the formation of by-products and the use of toxic 
organic solvents, high acidic conditions, large amounts of cata-
lyst, and tedious work-up procedures. According to the prin-
ciple of safe chemistry, synthetic methods should be designed 
to use substances that exhibit little or no toxicity to human 
health and the environment.

Result and Discussion

In recent years, 2,4,6-tricholorotriazine (TCT, cyanuric chlo-
ride) has been used in organic synthesis because it is secure, 
non-volatile, low-priced, easily available and an easy-to-handle 
reagent with low loading [36-43].

Organic reactions under solvent-free conditions have at-
tracted much attention from chemists, particularly from the 
viewpoint of green chemistry. Green chemistry approaches are 
most important due to the reduction in byproducts, a reduction 
in produced waste, and reduction of energy cost [44-49]. As 
part of our current studies on the development of multi-compo-
nent reactions [50-53], we decided to examine the possibility of 
synthesizing 1H-indazolo[1,2-b]phthalazine-1,6,11-trione and 
1H-pyrazolo[1,2-b]phthalazine-5,10-dione derivatives via the 
reaction of various aldehydes, cyclic and acyclic 1,3-diketones 
with: i) phthalhydrazide or ii) phthalic anhydride, hydrazinium 
hydroxide using wet TCT under solvent-free conditions at 110 
°C (Scheme 1).

Initially, in the presence of a catalytic amount of TCT 
under solvent-free conditions at 110 °C for several minutes 
was produced 2,3,4,13-tetrahydro-13-(4-methoxyphenyl)-3,3-
dimethyl-1H-indazolo[1,2-b]phthalazine-1,6,11-trione 6a in 
the three-component reaction of 4-methoxy benzaldehyde 1, 
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cyclic or acyclic 1,3-diketones 2 or 3 and phthalhydrazide 4 
(Table 1, entry 1). To develop optimum conditions, first, the 
effect of temperature on the rate of the reaction was studied 
for the preparation of 6a at 90-120 °C (Table 1, entries 2-4). A 
decrease in temperature leads to decreasing product yields and 
rate of the reaction. Only at 110 °C the reactions proceeded to 
completion very rapidly (Table 1, entry 1). It was observed that 
the reaction did not proceed at room temperature (Table 1, entry 
7). Next, the optimum amount of TCT was evaluated. A further 
increase or decrease in the amount of TCT did not have any 
significant effect on the product yield or reaction time (Table 
1, entries 5-6). The highest yield was obtained with (40 mol%) 
of the catalyst at 110 °C .

Using these optimized reaction conditions, the scope and 
efficiency of these procedures were explored for the synthesis 
of a wide variety of substituted 1H-indazolo[1,2-b]phthalazine-
1,6,11-trione derivatives 6. The results are summarized in Table 
2 (entries 1-15). As shown in Table 2, the direct multi-compo-

nent reactions worked well with a variety of aldehydes includ-
ing those bearing electron-withdrawing and electron-donating 
groups such as Me, OMe, Cl, F, Br or NO2, and the desired 
compounds were obtained in high to excellent yields.

After successfully synthesizing of a series 1H-indazolo[1,2-
b]phthalazine-1,6,11-trione derivatives 6 in good yields, we 
turned out attention toward the synthesis of 1H-pyrazolo[1,2-
b]phthalazine-5,10-dione derivatives 7. We replaced the cyclic 
1,3-diketones (5,5-dimethyl-1,3-cyclohexanedione or 1,3-cy-
clohexanedione) with the acyclic 1,3-diketone (acetylacetone) 
instead under same conditions (Table 2, entry 15-18). We next 
examined the reaction with various aldehydes. As expected, 
these substrates undergo smooth, one-pot conversion to give 
the corresponding 1H-pyrazolo[1,2-b]phthalazine-5,10-dione 
derivatives 7 in good yields.

Finally, we have developed this synthetic method for 
four-component and one-pot synthesis of 1H-indazolo-
[1,2-b]phthalazine-1,6,11-triones and 1H-pyrazolo[1,2-
b]phthalazine-5,10-diones derivatives by condensation of al-
dehydes with phthalic anhydride and hydrazinium hydroxide.

Synthetically, chemo selectivity in chemistry is regarded as 
one of the most important aspects of organic reactions. In this 
regard, preparation of 6a by condensation of the 4-methoxy-
benzaldehyde, phthalhydrazide with 5,5-dimethyl-1,3-cyclo-
hexanedione in the presence of wet TCT as catalyst only gives 
the desired product [50-51] (Scheme 2).

We also compared the results of the present work with 
other catalysts reported in literature. The Table 3 clearly dem-
onstrates that TCT is an effective catalyst in terms of reaction 
time and yield of obtained product relative to other reported 
catalysts.

The formation of 1H-Indazolo[1,2-b]phthalazine-triones 
6 and 1H-pyrazolo[1,2-b]phthalazine-5,10-diones 7 could be 
explained by a proposed tentative mechanism (Scheme 3). Our 
proposed mechanism for the one-pot three/four components 

Scheme 1. Synthesis of 1H-indazolo[1,2-b]phthalazine-1,6,11-trione and 1H-pyraz
olo[1,2,b]phthalazine-5,10-dione derivatives catalyzed by TCT.

Table 1. Effect of temperature and amount of catalyst on the synthesis 
of 2,3,4,13-Tetrahydro-13-(4-methoxyphenyl)-3,3-dimethyl-1H-inda-
zolo[1,2-b]phthalazine-1,6,11-trione (6a).

Entry Amount of TCT
(mol%)

Temperature
( °C)

Time 
(min)

Yield a

(%)
1 40 110 15 98
2 40 120 20 77
3 40 100 17 89
4 40 90 40 80
5 60 110 20 83
6 20 110 20 83
7 40 rt 600 —
8 — 110 600 —

a Isolated yields.
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Table 2. Synthesis of 1H-indazolo[1,2-b]phthalazine-1,6,11-triones 6 and 1H-pyrazolo[1,2-b]phthalazine-5,10-diones 7 derivatives using TCT 
as catalyst.

Entry Products (6 or 7) Time (min) I-IIb Yielda (%) I-II Mp (0C)
Found Reported

1

O

N

N

O

O

OCH3

CH3

CH3

6a

15 (15) 98 (95) 207-209 207-20929,24

2

O

N

N

O

O

NO2

CH3

CH3

6b

15 (20) 94 (92) 224-225 224-22519,18b

3
O

N

N

O

O

CH3

CH3

6c

15 (17) 93 (90) 206-208 206-20821

4

O

N

N

O

O

F

CH3

CH3

6d

20 (25) 91 (82) 217-219 217-21926,21

5

O

N

N

O

O

Cl

CH3

CH3

6e

15 (20) 92 (90) 260-262 260-26220,21

6

O

N

N

O

O

Cl

CH3

CH3

6f

20 (30) 85 (80) 205-207 205-20722,21

7

O

N

N

O

O

Br

CH3

CH3

6g

15 (25) 92 (89) 265-267 265-26728,21

8

O

N

N

O

O

Cl

CH3

CH3

6h

Cl
20 (30) 92 (90) 274-276 274-27624,21
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Entry Products (6 or 7) Time (min) I-IIb Yielda (%) I-II Mp (0C)
Found Reported

9
O

N

N

O

O

NO2

CH3

CH3

6i

15 (30) 90 (89) 213-215 210-21227,21

10

O

N

N

O

O

OCH3

CH3

CH3

6j

OCH3 15 (30) 89 (86) 185-186 185-18621

11

O

N

N

O

O

Cl

6k

Cl

20 (40) 90 (84) 274-276 274-27621

12

O

N

N

O

O

NO2

6l

20 (30) 94(85) 263-265 263-26520,21

13

O

N

N

O

O

6m

25 (20) 94 (90) 248-250 248-25021

14

O

N

N

O

O

6n

OH 25 (30) 92 (85) 265-268 265-26821

15

Me

Me

O

N

N

O

O

CH3

7o

15(15) 40(30) 230-232 232-23429

16

Me

Me

O

N

N

O

O

NO2

7p

15(15) 92 (90) 263-265 263-26529

Table 2. Continue.
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synthesis in the presence of TCT consist of three steps in-
volving the nucleophilic addition of hydrazinium hydroxide to 
phthalic anhydride to produce phthalhydrazide, Knoevenagel 
condensation between cyclic or acyclic 1,3-dicarbonyl com-
pounds and aldehydes compounds and Michael-type addition 
of the phthalhydrazide to these condensation products. TCT 
facilitates all reaction routes.

Conclusion

In summary, an efficient protocol for the one-pot synthesis 
of 1H-indazolo-[1,2-b] phthalazine-1,6,11-triones and 1H-
pyrazolo[1,2-b]phthalazine-5,10-diones derivatives have been 
described under thermal solvent-free conditions using inexpen-
sive starting materials. This protocol describes a very fast, user 

friendly, green and low-cost procedure for synthesis of these 
products. Furthermore, TCT is a catalyst that produces cyanuric 
acid as by-product that is removable by washing with water. To 
the best of our knowledge, this new procedure represents the 
first example of an efficient synthetic method for these deriva-
tives via a multi-component reaction.

Experimental

General

Chemicals were obtained from Merck and Fluka. IR spectra 
were recorded on a Shimadzu 435-U-04 spectrophotometer 
(KBr pellets). 1H NMR spectra were obtained using a Jeol 
FT NMR spectrometer in CDCl3 using TMS as an internal 

Entry Products (6 or 7) Time (min) I-IIb Yielda (%) I-II Mp (0C)
Found Reported

17

Me

Me

O

N

N

O

O

7q

40(40) 82 (80) semisolid semisolid29

18

Me

Me

O

N

N

O

O

7r

25(35) 84 (80) semisolid semisolid29

aIsolated yields, bReaction conditions: I (various aldehydes, cyclic/acyclic 1,3-diketones and phthalhydrazide). II (various aldehydes, cyclic/
acyclic 1,3-diketones, phthalic anhydride and hydrazinium hydroxide).

Table 2. Continue.

Scheme 2. Synthesis of desired products.
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reference. Melting points were determined in open capillary 
tubes in a Stuart BI Branstead Electrothermal apparatus and 
are uncorrected.

General Procedure for the Preparation of 1H-
Indazolo[1,2-b]phthalazine-1,6,11-triones 6 and 1H-
pyrazolo[1,2-b]phthalazine-5,10-diones 7.

A mixture of various aldehydes (1.2 mol), cyclic/acyclic 1,3-
diketones (1.0 mmol) with phthalhydrazide (1 mmol) or phthal-
ic anhydride(1 mmol)/hydrazinium hydroxide (1.2 mmol) and 
TCT (0.04 mmol and 2 drops of water) was stirred magneti-
cally under solvent-free conditions at 110 °C for an appropriate 
time as mentioned in Table 2. After completion of the reaction 
(monitored by TLC) the reaction mixture was diluted with 
EtOH (96%, 3 ml) and stirred for 5 min. The resulting crude 
product was poured into crushed ice and the solid product was 
filtered and recrystallized from ethanol to get pure 1H-indazo-
lo[1,2-b] phthalazine-1,6,11-triones 6a-n or 1H-pyrazolo[1,2-
b]phthalazine-5,10-diones 7o-r.
Spectral data for selected products: 2,3,4,13-Tetrahy-
dro-13-(4-methoxyphenyl)-3,3-dimethyl-1H-indazolo[1,2-
b]phthalazine-1,6,11-trione (6a). Rf value = 0.58 (hexane/
ethyl acetate 3:1); Yield 98%; yellow powder; mp 207-209 °C. 
1H NMR (CDCl3, 400 MHz): δ 8.37-8.34 (m, 1H), 8.27-8.24 
(m, 1H), 7.87-7.84 (m, 2H), 7.30 (d, J = 8.8 Hz, 2H), 6.86 (d, 
J = 8.4 Hz, 2H), 6.42 (s, 1H), 3.78 (s, 3H), 3.40 and 3.24 (AB 
system, J = 19.1 Hz, 2H), 2.35 (s, 2H), 1.22 (s, 6H). 13C NMR 
(CDCl3, 100 MHz) δ 192.2, 159.9, 156.0, 154.6, 150.1, 134.4, 
133.3, 129.1, 128.8, 128.5, 128.3, 127.9, 127.7, 118.5, 114.1, 
60.5, 55.2, 51.0, 38.5, 34.0, 28.7, 28.1.
2,3,4,13-Tetrahydro-13-(4-nitrophenyl)-3,3-dimethyl-1H-

indazolo[1,2-b]phthalazine-1,6,11-trione (6b). Rf value = 
0.56 (hexane/ethyl acetate 3:1); Yield 94%; yellow powder; mp 
224-225 °C. IR (KBr): ν = 2956, 2865, 1660, 1357, 1312 cm−1. 
1H NMR (CDCl3, 400 MHz): δ 8.36-8.34 (m, 1H), 8.21-8.19 
(m, 1H), 7.89-7.87 (m, 2H), 7.44 (t, J = 7.3 Hz, 1H), 7.31-7.26 
(q, 1H), 7.14 (t, J = 7.6 Hz, 1H), 7.01 (t, J = 10.2 Hz, 1H), 6.54 
(s, 1H), 3.41 and 3.22 (AB system, J = 19.1 Hz, 2H), 2.31 (s, 
2H), 1.22 (s, 3H), 1.18 (s, 3H). 13C NMR (CDCl3, 100 MHz,): 
δ 191.1, 159.1, 155.0, 153.4, 150.8, 133.7, 132.8, 129.5, 129.4, 
128.2, 127.9, 127.2, 126.5, 123.5, 115.9, 114.9, 59.7, 50.0, 
37.1, 33.8, 28.0, 27.2.
2,3,4,13-Tetrahydro-13-(4-fluorophenyl)-3,3-dimethyl-1H-
indazolo[1,2-b]phthalazine-1,6,11(13H)-trione (6d). Rf value 
= 0.70 (hexane/ethyl acetate 3:1); Yield 98%; yellow powder; 
mp 217-219 °C. IR (KBr): ν = 2971, 2850, 1659, 1350, 1312 
cm−1. 1H NMR (CDCl3, 400 MHz) δ 8.31-8.29 (m, 1H), 8.25-
8.23 (m, 1H), 7.87-7.84 (m, 2H), 7.42-7.39 (m, 2H), 7.03 (t, 
J = 8.8 Hz, 2H), 6.43 (s, 1H), 3.42 and 3.25 (AB system, J = 
19.1 Hz, 2H), 2.35 (s, 2H), 1.24 (s, 6H). 13C NMR (CDCl3, 
100 MHz) δ 191.8, 156.4, 154.4, 151.5, 134.6, 133.3, 131.9, 
129.2, 128.7, 128.0, 127.6, 117.8, 115.5, 115.0, 60.2, 51.9, 
38.2, 34.3, 28.7, 28.4.
2,3,4,13-Tetrahydro-13-(4-bromophenyl)-3,3-dimethyl-1H-
indazolo[1,2-b]phthalazine-1,6,11(13H)-trione (6g). Rf value 
= 0.56 (hexane/ethyl acetate 3:1); Yield 92%; yellow powder; 
mp 265-267 °C. IR (KBr): ν = 2956, 2882, 1652, 1349, 1289 
cm−1. 1H NMR (CDCl3, 400 MHz): δ 8.37-8.34 (m, 1H), 8.26-
8.23 (m, 1H),7.87-7.85 (m, 2H), 7.38 (t, J = 8.0 Hz, 1H), 7.29 
(d, J = 8.4 Hz, 1H), 7.18(dd, J = 11.7, 1.4 Hz, 1H), 6.48 (s, 1H), 
3.40 and 3.21 (AB system, J = 19.0 Hz, 2H), 2.32 (s, 2H), 1.21 
(s, 3H), 1.18 (s, 3H). 13C NMR (CDCl3, 100 MHz): δ 192.0, 
156.0, 154.4, 151.9, 134.5, 133.6, 131.3, 129.2, 128.6, 128.0, 

Table 3. Comparison of methods for the synthesis of 1H-indazolo[1,2-b] phthalazine-triones and 1H-pyrazolo[1,2,b]phthalazine-5,10-diones.
Entry Product Conditions Time (min) Yield (%)a

1

O

N

N

O

O

OCH3

CH3

CH3

6a

PMA-SiO2/ solvent-free/80 °C29 40 85

S-(CSA)/Sonochemical21 25 80

[bmim]BF4/H2O-EtOH/reflux17 35 88

1-Butyl-3-methylimidazolium bromide/ultrasound18b 15 90

TCT/solvent-free/110 °C 15 98

2

O

N

N

O

O

NO2

CH3

CH3

6b

S-(CSA)/Sonochemical21 20 92

[bmim]BF4/H2O-EtOH/reflux17 30 92

Silica-SO3H/solvent-free/125 °C28 7 85

Sulfuric acid-modified/solvent-free/80 °C18b 15 90

TCT/solvent-free/110 °C 15 94

4

Me

Me

O

N

N

O

O

7r

PMA-SiO2/ solvent-free/80 °C29 40 82

S-(CSA)/sonochemical21 70 50

TCT/solvent-free/110 °C 25 84

aIsolated yields.
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127.8, 123.2, 122.8, 120.1, 119.7, 116.1, 60.8, 50.2, 37.9, 34.6, 
28.8, 28.0.
2,3,4,13-Tetrahydro-13-(3,4-dimethoxyphenyl)-3,3-dimeth-
yl-1H-indazolo[1,2-b]phthalazine-1,6,11(13H)-trione (6j). 
Yield 89%; White powder; mp 185-186 °C. IR (KBr): ν = 2959, 
1662, 1630, 1361, 1313, 1267, 699 cm−1. 1H NMR (CDCl3, 
400 MHz): δ 8.26-8.36 (m, 2H), 7.83-7.88 (m, 2H), 6.79-7.00 
(m, 3H), 6.41 (s, 1H), 3.87 (s, 3H), 3.82 (s, 3H), 3.22 and 3.44 
(2H, AB system, J = 19.2 Hz), 2.35 (s, 2H), 1.22 (s, 6H). 13C 
NMR (CDCl3, 100 MHz): δ 192.24, 156.12, 154.41, 150.76, 
149.30, 134.53, 133.52, 129.16, 128.97, 128.79, 127.96, 
127.74, 119.31, 118.52, 111.17, 111.05, 64.77, 55.98, 55.82, 
50.99, 38.09, 34.64, 28.84, 28.32.
2,3,4,13-Tetrahydro-13-Cyclohexyl-1H-indazolo[1,2-

b]phthalazine-1,6,11-trione (6m). Yield 94%; yellow powder; 
mp 248-250 °C. IR (KBr): ν = 2962, 1667, 1365, 1294, 1243 
cm−1 1H NMR (CDCl3, 400 MHz): δ 8.36-8.30 (m, 2H), 7.91-
7.81 (m, 2H), 5.58 (s, 1H), 3.35-3.50 and 3.18-3.09 (m, 2H), 
2.63-2.20 (m, 5H), 2.04-1.92 (m, 1H), 1.74-1.58 (m, 6H), 1.21-
1.10 (m, 3H). 13C NMR (CDCl3, 100 MHz): δ 192.5, 155.2, 
154.4, 153.0, 133.8, 132.7, 131.6, 128.2, 128.0, 127.1, 126.7, 
124.8, 117.3, 65.6, 40.4, 36.2, 27.5, 25.6, 25.4, 23.7, 21.3.
2-Acetyl-3-methyl-1-(4-nitrophenyl)-1H-pyrazolo[1,2-
b]phthalazine-5,10-dione (7p). Yield 92%; yellow powder; 
mp 263-265 °C. IR (KBr): ν = 2924, 1662, 1616, 1521, 1351, 
1310 cm−1. 1H NMR (CDCl3, 400 MHz): δ 8.38-8.35 (m, 1H), 
8.21 (d, J = 8.7 Hz, 3H), 7.86-7.83 (m, 2H), 7.65 (d, J = 8.7 
Hz, 2H), 6.55(s, 1H), 3.09 (s, 3H), 2.23 (s, 3H). 13C NMR 

Scheme 3. Proposed mechanism.
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(CDCl3, 100 MHz): δ 192.0, 156.0, 153.9, 147.6, 146.0, 143.7, 
134.2, 133.6, 129.1, 128.8, 128.0, 127.9, 127.0, 123.7, 119.1, 
65.0, 30.5, 14.6.
2 - A c e t y l - 3 - m e t h y l - 1 - p h e n y l - 1 H - p y r a z o l o [ 1 , 2 -
b]phthalazine-5,10-dione (7q). Yield 82%; brown semisolid; 
IR (KBr): ν = 2925, 2854, 1689, 1655, 1601, 1490, 1464, 
1415, 1353, 13119, 1279, 1204, 1134, 1107, 1075, 1028, 960, 
929, 832, 755, 698, 637, 589, 539 cm−1. 1H NMR (CDCl3, 400 
MHz): δ 2.06 (s, 3H), 3.09 (s, 3H), 6.47 (s, 1H), 7.30-8.34 (m, 
9H). 13C NMR (CDCl3, 100 MHz): δ 14.4, 30.5, 66.1, 118.8, 
127.3, 127.9, 128.2, 128.5, 128.7, 128.8, 129.1, 133.4, 134.1, 
136.3, 146.1, 154.1, 156.2, 192.8.
2 - A c e t y l - 3 - m e t h y l - 1 - p r o p y l - 1 H - p y r a z o l o [ 1 , 2 -
b]phthalazine-5,10-dione (7r). Yield 84%; brown semisolid; 
IR (KBr): ν = 2963, 2931, 2873, 1851, 1774, 1687, 1652, 
1465, 1421, 1340, 1292, 1204, 1199, 1125, 1088, 1022, 968, 
898, 791, 756, 699, 663, 631, 525 cm−1. 1H NMR (CDCl3, 400 
MHz): δ 0.88 (t, J = 7.6, 3H), 1.09-1.31 (m, 2H), 1.71-1.88 (m, 
1H), 2.15-2.36 (m, 1H), 2.39 (s, 3H), 2.90 (s, 3 H), 5.72 (s, 1H), 
7.77-7.92 (m, 2H), 8.27-8.38 (m, 2H). 13C NMR (CDCl3, 100 
MHz,): δ 13.6, 14.6, 16.3, 30.3, 32.6, 63.1, 119.6, 127.1, 127.9, 
128.6, 129.4, 133.3, 134.2, 146.3, 154.2, 156.3, 193.3.
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