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One-pot, three-component route to 2H-indazolo[2,1-b]phthalazine-triones
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Abstract
2H-Indazolo[2,1-b]phthalazine-1,6,11(13H)-trione derivatives were synthesized in a simple and efficient method from the three-component
condensation reaction of phthalhydrazide, dimedone, and aromatic aldehydes under solvent-free conditions in excellent yields and short reaction
times.
� 2008 Published by Elsevier Ltd.
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1. Introduction

The rapid assembly of molecular diversity utilizing multi-
component reaction (MCRs) has received a great deal of
attention, most notably for the construction of heterocyclic
‘drug-like’ libraries.1e3 These methodologies have great util-
ity, particularly, when they lead to the formation of privileged
medicinal heterocyclic compounds.

In the past few decades, the synthesis of new heterocyclic
compounds has been a subject of great interest due to their
wide applicability. Heterocyclic compounds occur very widely
in nature and are essential to life. Among a large variety of het-
erocyclic compounds, heterocycles containing phthalazine moi-
ety are of interest because they show some pharmacological and
biological activities (Fig. 1).4e6 Phthalazine derivatives were
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reported to possess anticonvulsant,7 cardiotonic,8 and vasorelax-
ant9 activities. Therefore, a number of methods have been
reported for the synthesis of phthalazine derivatives.7,10e16 De-
spite the available methods, the development of new synthetic
methods for the efficient preparation of heterocycles containing
phthalazine ring fragment is therefore an interesting challenge.

Multicomponent reactions of dimedone (5,5-dimethylcy-
clohexane-1,3-dione), an aldehyde, and N-nucleophilic hetero-
cycles have recently attracted the interest of the synthetic
community because the formation of different condensation
products can be expected depending on the specific conditions
and structure of the building blocks17e21 Phthalhydrazide (2,3-
dihydro-1,4-phthalazinedione) containing two NH-nucleo-
philic groups is a very interesting heterobicyclic compound.
In the present work, we took advantage of NH groups in
a three-component condensation reaction of dimedone 1,
phthalhydrazide 2, and aromatic aldehydes 3aeh in the prepara-
tion of 3,4-dihydro-3,3-dimethyl-13-aryl-2H-indazolo[2,1-b]-
phthalazine-1,6,11(13H)-trione derivatives 4aeh (Scheme 1).
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2. Results and discussion

Dimedone 1, phthalhydrazide 2, and aromatic aldehydes
3aeh in the presence of a catalytic amount of p-toluenesul-
fonic acid (p-TSA) undergo a fast 1:1:1 addition reaction at
Table 1
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80 �C under solvent-free conditions for several minutes to pro-
duce 2H-indazolo[2,1-b]phthalazine-1,6,11(13H)-triones 4aeh
(Table 1). The results were excellent in terms of yields and
product purity in the presence of p-TSA, while without it
for long period of time (4e5 h) the yields of products were
low (<30%).

The nature of these compounds as 1:1:1 adducts was appar-
ent from their mass spectra, which displayed, in each case, the
molecular ion peak at appropriate m/z values. Compounds 4aeh
are stable solids whose structures are fully supported by IR,
1H, and 13C NMR spectroscopies, mass spectrometry, and
elemental analysis. The structure of 4c was confirmed by a sin-
gle-crystal X-ray analysis22 (Fig. 2).

Under the same conditions, this reaction almost could not
be observed when the aliphatic aldehyde was used as a starting
material.

A possible mechanism for the formation of 4aeh is pro-
posed in Scheme 2. It is reasonable to assume that 4aeh
results from initial formation of a heterodiene 5 by standard
Knoevenagel condensation of the dimedone 1 and aldehyde
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3. Then, the subsequent Michael-type addition of the phthal-
hydrazide 2 to the heterodyne 5 followed by cyclization
affords the corresponding products 4 (Scheme 2).

In summary, we have described an efficient and one-pot
synthesis of 2H-indazolo[2,1-b]phthalazine-triones via a cyclo-
condensation reaction of dimedone, phthalhydrazide, and aro-
matic aldehydes under solvent-free conditions. To the best of
our knowledge, this new procedure provides the first example
of the efficient synthetic method for 2H-indazolo[2,1-b]phthal-
azine-1,6,11(13H)-trione by a three-component reaction.

3. Experimental

3.1. Typical procedure for the preparation of 3,4-dihydro-
3,3-dimethyl-13-phenyl-2H-indazolo[2,1-b]phthalazine-
1,6,11(13H)-trione (4a)

A mixture of dimedone (0.14 g, 1 mmol), phthalhydrazide
(0.16 g, 1 mmol), benzaldehyde (0.13 g, 1.2 mmol), and
p-TSA (0.3 mmol) was heated at 80 �C for 10 min (TLC). After
cooling, the reaction mixture was washed with water (15 mL)
and the residue recrystallized from ethyl acetate/n-hexane
(1:3) to afford the pure product 4a (0.32 g, 86%) as a yellow
powder. Mp 204e206 �C; IR (KBr) (nmax, cm�1): 2958, 1661,
1575; dH (300 MHz, CDCl3) 1.23 (6H, s, 2Me), 2.35 (2H, s,
CH2CO), 3.26 and 3.44 (2H, AB system, J 18.6 Hz, CHaHbCO),
6.47 (1H, s, CHN), 7.33e8.37 (9H, m, Ph); dC (75 MHz, CDCl3)
28.5, 28.7, 34.7, 38.1, 50.9, 64.9, 118.6, 127.1, 127.7, 127.9,
128.7, 128.9, 129.1, 133.6, 134.5, 136.4, 150.9, 154.3, 156.1,
192.2; MS, m/z (%): 372 (Mþ, 15), 295 (100), 104 (84), 76
(67). Anal. Calcd for C23H20N2O3: C, 74.18; H, 5.41; N,
7.52%. Found: C, 74.25; H, 5.36; N, 7.45%.

3.2. 3,4-Dihydro-3,3-dimethyl-13-(4-chlorophenyl)-2H-
indazolo[2,1-b]phthalazine-1,6,11(13H)-trione (4b)

White powder (93%); mp 262e264 �C; IR (KBr) (nmax, cm�1):
2957, 1656, 1623; dH (300 MHz, CDCl3) 1.22 (3H, s, Me),
1.23 (3H, s, Me), 2.35 (2H, s, CH2CO), 3.25 and 3.43 (2H,
AB system, J 19.1 Hz, CHaHbCO), 6.43 (1H, s, CHN),
7.31e8.39 (8H, m, Ph); dC (75 MHz, CDCl3) 28.5, 28.7,
34.7, 38.0, 50.9, 64.3, 118.1, 127.7, 128.1, 128.5, 128.8,
128.9, 129.0, 133.7, 134.5, 134.6, 134.9, 151.1, 154.3,
156.0, 192.2; MS, m/z (%): 406 (Mþ, 5), 295 (100), 104
(43), 76 (46). Anal. Calcd for C23H19ClN2O3: C, 67.90; H,
4.71; N, 6.89%. Found: C, 67.81; H, 4.66; N, 6.81%.

3.3. 3,4-Dihydro-3,3-dimethyl-13-(4-bromophenyl)-2H-
indazolo[2,1-b]phthalazine-1,6,11(13H)-trione (4c)

White powder (90%); mp 265e267 �C; IR (KBr) (nmax, cm�1):
2957, 1656, 1623; dH (300 MHz, CDCl3) 1.21 (3H, s, Me),
1.22 (3H, s, Me), 2.35 (2H, s, CH2CO), 3.24 and 3.41 (2H,
AB system, J 19.2 Hz, CHaHbCO), 6.41 (1H, s, CHN),
7.29e8.38 (8H, m, Ph); dC (75 MHz, CDCl3) 28.5, 28.7,
34.7, 38.0, 50.9, 64.4, 118.0, 122.8, 127.8, 128.1, 128.8,
128.9, 129.0, 131.9, 133.7, 134.7, 135.5, 151.1, 154.4,
156.0, 192.1; MS, m/z (%): 451 (Mþ, 7), 295 (100), 104
(28), 76 (34). Anal. Calcd for C23H19BrN2O3: C, 61.21; H,
4.24; N, 6.21%. Found: C, 61.14; H, 4.17; N, 6.30%.

3.4. 3,4-Dihydro-3,3-dimethyl-13-(4-fluorophenyl)-2H-
indazolo[2,1-b]phthalazine-1,6,11(13H)-trione (4d)

Yellow powder (80%); mp 217e219 �C; IR (KBr) (nmax,
cm�1): 2958, 1664, 1655, 1626; dH (300 MHz, CDCl3) 1.21
(6H, s, 2 Me), 2.34 (2H, s, CH2CO), 3.23 and 3.41 (2H, AB
system, J 19.0 Hz, CHaHbCO), 6.43 (1H, s, CHN), 6.99e
8.35 (8H, m, Ph); dC (75 MHz, CDCl3) 28.5, 28.7, 34.7,
38.0, 50.9, 64.3, 115.5, 115.9, 118.2, 127.7, 128.0, 128.9,
129.1, 132.2, 133.7, 134.6, 151.1, 154.4, 156.0, 192.2; MS,
m/z (%): 390 (Mþ, 9), 295 (100), 104 (52). Anal. Calcd for
C23H19FN2O3: C, 70.76; H, 4.91; N, 7.18%. Found: C,
70.69; H, 4.96; N, 7.10%.

3.5. 3,4-Dihydro-3,3-dimethyl-13-(4-nitrophenyl)-2H-
indazolo[2,1-b]phthalazine-1,6,11(13H)-trione (4e)

Yellow powder (91%); mp 223e225 �C; IR (KBr) (nmax,
cm�1): 2924, 1695, 1659, 1615; dH (300 MHz, CDCl3) 1.21
(3H, s, Me), 1.23 (3H, s, Me), 2.33 and 2.38 (2H, AB system,
J 16.5 Hz, CHaHbCO), 3.26 and 3.43 (2H, AB system, J
19.2 Hz, CHaHbCO), 6.52 (1H, s, CHN), 7.61e8.41 (8H, m,
Ph); dC (75 MHz, CDCl3) 28.4, 28.7, 34.7, 38.0, 50.8, 64.2,
117.3, 124.1, 127.8, 128.1, 128.3, 128.6, 128.9, 133.9,
134.9, 143.4, 147.9, 151.7, 154.6, 155.9, 192.1; MS, m/z
(%): 417 (Mþ, 5), 295 (100), 104 (48), 76 (75). Anal. Calcd
for C23H19N3O5: C, 66.18; H, 4.59; N, 10.07%. Found: C,
66.24; H, 4.65; N, 9.98%.

3.6. 3,4-Dihydro-3,3-dimethyl-13-(2-chlorophenyl)-2H-
indazolo[2,1-b]phthalazine-1,6,11(13H)-trione (4f)

Yellow powder (88%); mp 264e266 �C; IR (KBr) (nmax,
cm�1): 2956, 1663, 1625; dH (300 MHz, CDCl3) 1.22 (3H,
s, Me), 1.23 (3H, s, Me), 2.33 (2H, s, CH2CO), 3.24 and
3.42 (2H, AB system, J 19.1 Hz, CHaHbCO), 6.69 (1H, s,
CHN), 7.25e8.40 (8H, m, Ph); dC (75 MHz, CDCl3) 28.4,
28.8, 34.6, 38.0, 50.9, 64.0, 116.7, 127.2, 127.6, 128.0,
128.7, 129.0, 129.9, 130.5, 132.6, 133.0, 133.6, 134.5,
151.9, 154.2, 156.2, 192.1; MS, m/z (%): 406 (Mþ, 8), 295
(100), 104 (43), 76 (46). Anal. Calcd for C23H19ClN2O3: C,
67.90; H, 4.71; N, 6.89%. Found: C, 67.83; H, 4.79; N, 6.80%.

3.7. 3,4-Dihydro-3,3-dimethyl-13-(3-nitrophenyl)-2H-
indazolo[2,1-b]phthalazine-1,6,11(13H)-trione (4g)

Yellow powder (86%); mp 270e272 �C; IR (KBr) (nmax,
cm�1): 2926, 1660, 1625; dH (300 MHz, DMSO-d6) 1.12
(6H, s, 2Me), 2.27 (2H, s, CH2CO), 3.23 (2H, br s, CH2CO),
6.46 (1H, s, CHN), 7.60e8.37 (8H, m, Ph); dH (300 MHz,
DMSO-d6) 28.3, 28.9, 34.6, 38.2, 51.5, 64.2, 116.9, 127.3,
127.3, 128.4, 128.7, 129.2, 129.8, 131.5, 132.7, 133.1,
133.6, 134.5, 135.5, 151.8, 154.4, 156.4, 192.2; MS, m/z



2378 M. Sayyafi et al. / Tetrahedron 64 (2008) 2375e2378
(%): 417 (Mþ, 10), 295 (100), 104 (48), 76 (75). Anal. Calcd
for C23H19N3O5: C, 66.18; H, 4.59; N, 10.07%. Found: C,
66.11; H, 4.52; N, 10.15%.

3.8. 3,4-Dihydro-3,3-dimethyl-13-(4-methylphenyl)-2H-
indazolo[2,1-b]phthalazine-1,6,11(13H)-trione (4h)

Yellow powder (83%); mp 227e229 �C; IR (KBr) (nmax,
cm�1): 2956, 1663, 1621; dH (300 MHz, CDCl3) 1.23 (6H,
s, 2Me), 2.30 (3H, s, CH3), 2.35 (2H, s, CH2CO), 3.24 and
3.43 (2H, AB system, J 18.5 Hz, CHaHbCO), 6.43 (1H, s,
CHN), 7.12e8.38 (8H, m, Ph); dC (75 MHz, CDCl3) 21.3,
28.5, 28.8, 34.7, 38.1, 50.9, 64.9, 118.7, 127.1, 127.7, 127.9,
128.9, 129.2, 129.5, 133.4, 133.5, 134.5, 138.5, 150.8,
154.2, 156.1, 192.2; MS, m/z (%): 386 (Mþ, 10), 295 (100),
104 (45), 76 (46). Anal. Calcd for C23H22N2O3: C, 74.59; H,
5.74; N, 7.25%. Found: C, 74.53; H, 5.69; N, 7.36%.
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