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a b s t r a c t

Microwave assisted palladium-catalyzed efficient synthesis of phthalazinones and pyridopyridazinones
from O-bromoarylaldehydes, Mo(CO)6, and arylhydrazines is described. This methodology avoids the
use of toxic CO gas and can be carried out even on a small scale.
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Scheme 1. Reagents and conditions: Mo(CO)6, Pd(OAc)2, di-1-adamantyl-n-butyl-
phosphine Cs2CO3, dioxane, 140 �C, 16 h, 58% yield or microwave, 140 �C, 1 h, 60%
yield.

Table 1
Optimization of reaction conditions in microwave

Entry Ligand Base Solvent Yielda (%)

1 BuPAd2 Cs2CO3 THF 38
2 BuPAd2 Cs2CO3 DMF 32
3 BuPAd2 Cs2CO3 DME 34
4 BuPAd2 K2CO3 Dioxane —
5 BuPAd2 Na2CO3 Dioxane —
6 dppf Cs2CO3 Dioxane 26
7 X-phos Cs2CO3 Dioxane 38
8 Xantphos Cs2CO3 Dioxane 41
9 BINAP Cs2CO3 Dioxane 45
10 PPh3 Cs2CO3 Dioxane 22
The significance and widespread use of the phthalazinone1 and
pyridopyridazinones2 framework in many drugs of natural and
synthetic origin, have led to interest in their synthesis. There is a
continuing interest in the development of new synthetic method-
ologies for the preparation of phthalazinones3 and pyridopyridaz-
inones.4 These methods are encouraging; however, there is still a
need for an original methodology that avoids the use of highly
toxic CO gas and allows for an efficient assembly of the phthalazi-
none and pyridopyridazinone cores from readily available materi-
als in high yields.

Inspired by the emergence of molybdenum hexacarbonyl5 as an
alternate source of toxic CO gas under palladium catalyzed
carbonylation, we designed a straightforward method to prepare
phthalazinones and pyridopyridazinones by condensation of
O-bromoarylaldehydes with arylhydrazines and subsequent
carbonylation reaction. We herein describe a general and efficient
palladium-catalyzed synthesis of phthalazinones and pyridopyrid-
azinones from commercially available O-bromoarylaldehydes,
Mo(CO)6, and arylhydrazines.

The carbonylation of 2-bromobenzaldehyde with phenylhydr-
azine, Mo(CO)6, and Cs2CO3 in dioxane at 140 �C under thermal
heating was investigated as a model reaction in the presence of
Pd(OAc)2 and di-1-adamantyl-n-butylphosphine (BuPAd2) which
has been proved to be a useful catalyst system for various carbon-
ylation reactions. Under this reaction condition, we observed the
formation of product 33k in good yield (58%). With the successful
result of this reaction, we studied the scope of this reaction under
ll rights reserved.
microwave irradiation (Biotage� Initiator) at 140 �C for 1 h and
obtained similar results (Scheme 1).7

The smooth conversion of 2-bromobenzaldehyde 2 to 2-phen-
ylphthalazin-1(2H)-one 3 under thermal and microwave condi-
tions encouraged us to investigate this reaction under similar
a Isolated yields obtained using 1.0 mmol of 2-bromobenzaldehyde, 0.9–
1.0 mmol of phenylhydrazine, 3.0 mmol of base, 2.50 mmol of Mo(CO)6, 0.1 mmol
of Pd(OAc)2 and 0.2 mmol of ligand at 140 �C for 1 h under microwave irradiation.
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Table 2
Microwave assisted synthesis of substituted phthalazinones (3a–3h)

Entry Substrate 1 Substrate 2 Product 3 Isolated yielda (%)
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a Isolated yields obtained using 1.0 mmol of aldehyde, 0.9–1.0 mmol of hydrazine, 3.0 mmol of Cs2CO3, 2.50 mmol of Mo(CO)6, 0.1 mmol of
Pd(OAc)2 and 0.2 mmol of BuPAd2 in dioxane at 140 �C for 1 h under microwave irradiation.

b Ref. 3k.

Table 3
Microwave assisted synthesis of substituted pyridopyridazinones (5a–5e)

Entry Substrate 4 Substrate 2 Product 5 Isolated yielda (%)

1 N Br
4

O

2b

H
N

H2N N
N

O

N

5a

40

2

N

Br
4a

O

2a

H
N

H2N

Cl

N

N

O

N

5b
Cl

67

3

N

Br
4a

O

2

H
N

H2N
N

N

O

N

5c

65

(continued on next page)

K. P. Rao et al. / Tetrahedron Letters 54 (2013) 3694–3696 3695



2

N Br N
N

O
4

O
N

N
H
NH2+

5

Scheme 2. Reagents and conditions: Mo(CO)6, Pd(OAc)2, di-1-adamantyl-n-butyl-
phosphine, Cs2CO3, dioxane, microwave, 140 �C, 1 h, 71% yield.

Table 3 (continued)

Entry Substrate 4 Substrate 2 Product 5 Isolated yielda (%)
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a Isolated yields obtained using 1.0 mmol of aldehyde, 0.9–1.0 mmol of hydrazine, 3.0 mmol of Cs2CO3, 2.50 mmol of Mo(CO)6, 0.1 mmol of
Pd(OAc)2 and 0.2 mmol of BuPAd2 in dioxane at 140 �C for 1 h under microwave irradiation.
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conditions on substrate 1 and 2 as shown in Table 1 and observed
better yield with the original condition (Cs2CO3 as base, BuPAd2 as
ligand in dioxane at 140 �C for 1 h under microwave irradiation).

With the successful results of these investigations we studied
the scope of this reaction on various substrates (Table 2). As shown
in Table 2, diverse phthalazinones were isolated in moderate to
good yields (62–75%).

To expand the scope of this methodology, we investigated the
synthesis of pyridopyridazinones. Under this reaction condition,
2-bromopyridine-3-aldehyde (4) and phenylhydrazine (2) led to
the smooth formation of product 56 in 71% yield (Scheme 2).

The extent of this reaction was further examined with
O-bromopyridine aldehydes and various arylhydrazines for the
synthesis of substituted pyridopyridazinones. As shown in Table
3, various pyridopyridazinones were isolated in moderate to good
yields (40–67%).

In conclusion, phthalazinones and pyridopyridazinones have
been successfully synthesized from O-bromoarylaldehydes and
arylhydrazines using Mo(CO)6 as an alternative to the toxic CO
gas. This methodology is simple, efficient, and environmentally
friendly which can be carried out even on a small scale under ther-
mal and/or microwave irradiation.
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