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Abstract: The regioselective arylation at position 4 of 4-bromo-6-
chloro-3-phenylpyridazine has been performed using a Suzuki
cross-coupling reaction. This route allows access to a wide-ranging
series of pharmacologically useful pyridazine derivatives and con-
firms the usefulness of chloropyridazines as a masking group for the
carbonyl moiety in cross-coupling reactions involving 5-bromo-
3(2H)-pyridazinones.
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The pyridazine nucleus, which can be considered a bioi-
sostere of benzene and other heterocycles, has proved to
be a versatile system in Medicinal Chemistry. Among the
pyridazine derivatives developed in recent years as drugs
and pharmacological tools, 3(2H)-pyridazinones, ami-
nopyridazines and hydrazinopyridazines are well recogn-
ised pharmacophores that show a wide range of biological
activities (Figure 1).2 Despite the useful nature of py-
ridazines, there are only a limited number of synthetic ap-
proaches to achieve substitution on these electron-
deficient rings and, therefore, functionalisation of the py-
ridazine nucleus continues to be of synthetic interest. A
number of methods have recently been described in the
literature and, of these, reactions involving organometal-
lics have proved to be a powerful tool for the preparation
of the desired compounds. Several publications have dealt
with the use of bromo- and iodopyridazines in Pd-cataly-
sed reactions.3–8

Palladium chemistry involving heterocycles has unique
characteristics stemming from the inherently different
structural and electronic properties of heterocycles in
comparison to the corresponding carbocyclic aryl com-
pounds.9 As a consequence of � and � activation of het-
eroaryl halides, Pd-catalysed chemistry may occur
regioselectively at the activated positions, a phenomenon
rarely seen in carbocyclic aryl halides.10–12 Very recently,
Lemière13 and Wermuth14 described excellent preparative
methods based on the oxidative insertion of palladium
into the C-Cl bond on a pyridazine ring using tet-
rakis(triphenylphosphine)palladium(0) as a catalyst.
These studies highlighted the activation of 3- and 6-chlo-
ropyridazines toward such reactions. However, to the best
of our knowledge, there is only a report in the literature15

describing the regioselectivity in palladium-catalysed
cross-coupling reactions involving dihalopyridazines and
their synthetic utilisation have not been sufficiently ex-
ploited.

While several previous reports have described palladium-
catalysed reactions involving pyridazines or pyridazino-
nes, our goal was the development of a general and highly
flexible route based on the different reactivities of the ha-
lides (Br/Cl at the 4- and 6-positions of the heterocycle,
respectively) toward oxidative addition in palladium
chemistry. In this paper we describe a convenient and
highly versatile palladium-assisted approach to the prepa-
ration of chemical libraries of 4-aryl-6-chloropyridazines
3, 3(2H)-pyridazinones 4, 6-aminopyridazines 5, 6-hy-

Figure 1 Several pharmacologically useful pyridazine derivatives
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drazinopyridazines 6 and pyridazines 7. The conventional
synthesis of such compounds is possible in five steps
(Scheme 1), but this is a somewhat lengthy process16 and
such approaches do not allow rapid access to a variety of
structural analogues. We therefore focused on direct
methods of preparation involving palladium-catalysed
carbon-carbon bond formation with organoboranes,
which permit a rapid pharmacomodulation of this series of
compounds.

In this area we recently described the palladium-assisted
alkenylation,17 alkynylation17 and arylation18 of 5-bromo-
6-phenyl-3(2H)-pyridazinone 1. During the course of
these studies we observed that the NH group of the lactam
function completely inhibits palladium-catalysed reac-
tions. Indeed, prior to submitting the 3(2H)-pyridazinone
to the catalytic cycle it is essential to protect the NH group
in these compounds. Oxidative insertion of palladium into
the C-Cl bond requires a higher energy than the case of a
C-Br bond and, in addition, 3(2H)-pyridazinones are not
particularly reactive - it is usually necessary to transform
them into a suitable derivative, such as a 2-alkylpyridazi-
none, prior to reaction. For these reasons, we decided to
explore the utility of 6-chloropyridazine as a protecting
group for the enolizable lactam (C=O) moiety in com-
pound 1. The reverse hydrolysis process has seldom been
used, probably because of the fact that most 6-chloropy-
ridazines are prepared from the corresponding 3(2H)-py-
ridazinones, and so their utility to mask the carbonyl
group in troublesome reactions has not been exploited in
terms of synthetic procedures. This alternative approach
has significant advantages in the synthesis of pyridazine
derivatives 4-7.

Scheme 2

As shown in Scheme 2, the readily obtainable 5-bromo-6-
phenyl-3(2H)-pyridazinone 117 was converted into 4-bro-
mo-6-chloro-3-phenylpyridazine 2 in high yield by direct
chlorination using phosphorus oxychloride.19 We then
proceeded to study the arylation of 2 using various substi-
tuted arylboronic acids. After some optimisation of the
experimental conditions we found the cross-coupling re-
action of 2 under classical Suzuki conditions20 [5% tet-

rakis(triphenylphosphine)palladium(0) as catalyst, 2 M
aqueous sodium carbonate as base, 1 equivalent of the ap-
propriate boronic acid, toluene as solvent] to work
smoothly. The transformation proceeded almost exclu-
sively at position 5 of the heterocyclic nucleus to give the
4-arylated-6-chloropyridazines 3 in moderate to excellent
yields (70-95%).21

The use of 1,2-dimethoxyethane (DME) as solvent togeth-
er with aqueous Na2CO3 is regarded as a very convenient
system for troublesome Suzuki couplings22 and we there-
fore decided to study the cross-coupling reaction of 2 un-
der these conditions. These experiments (Table) allowed
us to obtain 4-aryl-6-chloro-3-phenylpyridazines 3 in
similar yields and with shorter reaction times. The use of
other bases [K3PO4, NaOH, Ba(OH)2], solvents (DMF, di-
oxane, toluene/ethanol) or catalysts (Pd2dba3/P-tBu3) was
also explored (using 2 and the phenyl and 4-methylphe-
nylboronic acids) but yields were no higher than those ob-
tained under the conventional conditions.

It is worth mentioning here that, although the two proce-
dures described above take place under aqueous condi-
tions, we did not detect any by-products due to the
hydrolytic degradation of the 6-chloropyridazines 2 or 3.
In accordance with previous studies9,20 we obtained the
best yields in the Suzuki coupling when either toluene or
DME was used as solvent in reactions with boronic acids
bearing electron-donating substituents (OCH3, CH3).
Long reaction times arising from the use of less reactive
boronic acids (4-Cl-Ph and 4-CHO-Ph) led to decreases in
the yields of the coupling products, probably due to hy-
drolytic deboronation or slow transmetalation. For exam-
ple, the use of 4-chlorophenylboronic acid led to mixtures
of products from which only a moderate yield (70%) of 3c
was obtained. The heteroarylboronic acids show compa-
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Table Synthesis of 4-Aryl-6-chloro-3-phenylpyridazines 3.27

Compound R Mp °C (solvent) Yield (%)

3a Ph 111–112 (iso-PrOH) 90

3b 4-CH3-Ph 126–127 (iso-PrOH ) 95

3c 4-Cl-Ph 139–141 (iso-PrOH ) 70

3d 4-OCH3-Ph 150–152 (iso-PrOH ) 96

3e 2-Furan 129–130 (EtOH) 83

3f 2-Thiophene 141–143 (EtOH) 85

3g 4-CHO-Ph 116-118 (MeOH) 73

Scheme 1 Traditional retrosynthetic approach to compounds 3-7
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rable reactivity. In order to assess the scope of our new ap-
proach, we performed several experiments using a
variable excess of the boronic acid (1.1-1.3 equivalent), a
process that gave the 4-arylated-6-chloropyridazines 3 in
moderate yields (70-85%). The use of a large excess of the
organoboron compound leads to reaction mixtures arising
from the formation of mono- as well as diarylpyridazines,
as evidenced by TLC, 1H NMR spectroscopy and mass
spectrometry.

The total regioselectivity obtained in the biaryl cross-cou-
pling reaction on 2 is not wholly expected considering the
high reactivity previously shown by the C-Cl bond at po-
sition 6 of the pyridazine nucleus in the Pd-insertion pro-
cess.13,14 We can explain this selectivity by considering
the fact that, although oxidative addition into the C-Cl
bond occurs easily, the energy involved in this transfor-
mation is even higher than in the case of a similar process
involving the C-Br bond. It is this major energy difference
that allows the use the 6-chloropyridazines as a masking
group for the carbonyl moiety in palladium-assisted cross-
coupling reactions of 5-bromo-3(2H)-pyridazinones. The
selective arylation at the 4-position of 4-bromo-6-chloro-
3-phenylpyridazine is considered to be synthetically use-
ful because the chloro-substituent at position 6 of the py-
ridazine ring can be easily converted to give a wide range
of functionalities.

Once the coupling conditions had been optimised we suc-
cessfully completed the transformation of 6-chloropy-
ridazines 321 into 3(2H)-pyridazinones 4,23 6-
aminopyridazines 5,24 6-hydrazynopyridazines 625 or py-
ridazines 726 following the previously described proce-
dures (Scheme 3).16 The application of this procedure to
other dihalopyridazines is currently under investigation.
We are also applying this methodology to the preparation
of chemical libraries of compounds 3-7 using combinato-
rial techniques.

Scheme 3

In summary, we have developed a practical, efficient and
regioselective palladium-assisted procedure based on the
different reactivity of halides toward oxidative addition of
palladium species’. The chemoselectivity observed dem-
onstrates the synthetic usefulness of the 6-chloropy-
ridazine moiety as a convenient masking group for the

carbonyl function in Suzuki arylations. This procedure is
superior to existing processes and has allowed us to ac-
cess, in a clearly shorter synthetic sequence, several phar-
macologically useful pyridazine derivatives.
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