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Abstract

The synthesis of 3,6-disubstituted-2-phenylimidazo[1,2-b]pyridazine derivatives by palladium cross-coupling and SNAr reactions is
described. Sonogashira and Stille cross-coupling reactions were investigated to introduce alkynyl, alkenyl, and aryl at the 3-position
of imidazo[1,2-b]pyridazines. Then, at the 6-position, palladium-catalyzed N-arylation and direct SNAr were used to introduce amines
and alcohols.
� 2008 Elsevier Ltd. All rights reserved.
N
N

N

Cl
I

N
N

N

Cl

           1                                                                                     2

NIS, MeCN

Scheme 1. Preparation of 6-chloro-3-iodo-2-phenylimidazo[1,2-b]pyrid-
azine 2.
1. Introduction

Imidazo[1,2-b]pyridazines are useful compounds in bio-
logical and therapeutic areas.1–12 Despite these significant
and interesting potentials, their reactivity toward palla-
dium-mediated cross-coupling was poorly investigated.
Whereas, preliminary studies on the functionalization of
imidazo[1,2-b]pyridazines by Suzuki coupling are avail-
able,13 Sonogashira, Stille and Buchwald reactions have
never been described for this heterocyclic system.

As part of our ongoing interest in the development of
heterocycles with a bridgehead nitrogen atom,14,15 herein
we report a regioselective functionalization of imidazo-
[1,2-b]pyridazines using Sonogashira and Stille cross-
coupling reactions. Afterwards, the 6-position was also
functionalized by nucleophilic aromatic substitution and
palladium-catalyzed N-arylation (Scheme 1).
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To reduce the number of halogenation/coupling steps,
we first decided to explore the regioselective coupling by
Sonogashira, and Stille reactions at the 3-position of 6-
chloro-3-iodo-2-phenylimidazo[1,2-b]pyridazine 2. Then,
the displacement of the chloro group at the 6-position
would permit the access to a large number of derivatives
using either N-arylation by palladium cross-coupling or
SNAr (Scheme 1).

We started by the preparation of 6-chloro-3-iodo-2-
phenylimidazo[1,2-b]pyridazine 1, which was obtained in
89% yield by condensation between 3-amino-6-chloro-
pyridazine and 2-bromoacetophenone in refluxing
ethanol.8 Then, in analogy to the procedure described on
imidazo[1,2-a]pyridines,16 6-chloro-2-phenylimidazo[1,2-b]-
pyridazine 1 was iodinated at the 3-position using
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N-iodosuccinimide in acetonitrile to give 3-iododerivative 2

in 92% yield (Scheme 1).

2. Sonogashira cross-coupling

The Sonogashira cross-coupling has been used exten-
sively in organic synthesis.17 To explore the potential of
the regioselective Sonogashira reaction, 6-chloro-3-iodo-
2-phenylimidazo[1,2-b]pyridazine 2 was first treated under
standard conditions with 3-methoxypropyne (1.5 equiv) in
the presence of PdCl2(PPh3)2 (0.5 equiv) and CuI
(0.05 equiv) in a mixture of DMF/Et3N at 50 �C for
48 h.14c Unfortunately, these conditions gave the expected
compound 3 in a modest yield of 33%, 20% of starting
material 1 was recovered (Table 1, entry 1). When 2 equiv
of 3-methoxypropyne were used, under the same reaction
conditions, compound 3 was isolated in only 36% yield
(Table 1, entry 2).
Table 1
Optimization of Sonogashira cross-coupling on 6-chloro-3-iodoimidazo[1,2-b]p

N

N

N
Cl

I

N

N

N
Cl

OMe

OMe

Pd (0), CuI, DMF/Et3N
              50 °C

2                                                                                               3                          

Entry Pd(0) CuI (equiv) Alk

1 PdCl2(PPh3)2 (0.1 equiv) 0.05 1.5
2 PdCl2(PPh3)2 (0.1 equiv) 0.05 2
3 PdCl2(PPh3)2 (0.1 equiv) 0.1 2
4 PdCl2(PPh3)2 (0.1 equiv) 0.2 2.2
5 Pd(OAc)2 (0.1 equiv)/PPh3 (0.2 equiv) 0.2 2.2
6 Pd2(dba)3 (0.1 equiv)/Ph3As (0.2 equiv) 0.2 2.2

Table 2
Sonogashira cross-coupling reaction

N

N

N
Cl

I

Ph

NCl

R

2                                                                3, 

10% Pd2(dba)3, 20% AsPh3

20% CuI

1.2 eq

DMF/Et3N, 50 °C

Entry R Time (h) Pr

1 –CH2OMe 12 323

2 –(CH3)2OH 12 5

3 12 6

4 –CH2OH 24 7

5
N

24 8
To optimize the reaction conditions, we decided to
investigate the reactivity of 2 by increasing the amount of
CuI and/or 3-methoxypropyne. Thus, when 2.2 equiv of
3-methoxypropyne and 0.2 equiv of CuI were used, the
desired monocoupled compound 3 and byproduct 4 were
isolated in 74% and 17% yield, respectively (Table 1, entry
3). To reduce the formation of the dicoupled compound 4,
other catalyst systems were tested. The replacement of
PdCl2(PPh3)2 with Pd(OAc)2/PPh3 afforded compound 3

and byproduct 4 in 72% and 15% yield, respectively (Table
1, entry 5). Finally, the best results were obtained when
Pd2(dba)3 and Ph3As were used as catalytic system (Table
1, entry 5).

Under these conditions, compound 323 was obtained in
84% yield, whereas only 6% of 4 was isolated. All reactions
were conducted in DMF at 50 �C.

To study the scope and limitation of the reaction, we
decided to apply the optimized reaction conditions to
yridazine

N

N

N
ClN

N

N

OMe

OMe

++

                                        4                                                                    1

yne (equiv) Time (h) Conversion (%) Yield (%)

3 4 1

48 60 33 — 20
48 75 36 — 15
24 85 64 — 10
12 100 74 17 —
12 100 72 15 —
12 100 84 6 —

N

N
Ph

R

N

N

N
Ph

R

R

+

5-8         

+ 1

dicoupled

oduct % Yield

3, 5–8 Dicoupled 1

84 6 0
89 0 9

90 0 0

60 0 20

50 0 25



Table 4
Nucleophilic aromatic substitution with primary alcohols

N

N

N
Cl

R

Ph

N

N

N

R

R 1O

PhNaOR1/R1OH, reflux, 12 h

                                                                                       14-18
1, R = H
3, R = -CCCH2OCH3

9, R = Ph

Entry R R1 Product Yield (%)

1 H Me 14 98

2 CH2OCH3 Me 15 96

3 CH2OCH3 Et 16 95

4 CH2OCH3 Isopropyl 17 90

5 Me 18 92
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6-chloro-3-iodo-2-phenylimidazo[1,2-b]pyridazine 2 and
various alkynes (Table 2). In most cases, the expected prod-
ucts were obtained in good yields (Table 2). We noticed
that the coupling between 2 and propargyl alcohol or
pyridine acetylene (Table 2, entries 4 and 5) afforded the
desired compounds in moderate yields only and significant
amounts of starting material were recovered.

3. Stille cross-coupling

We then decided to test the regioselectivity of the Stille
cross-coupling. Thus, under the reaction conditions previ-
ously reported,14a,b 6-chloro-3-iodo-2-phenylimidazo [1,2-b]-
pyridazine 2 was treated with various stannanes in the
presence of triphenylarsine and tris(dibenzylidenacetone)
dipalladium(0) in dioxane at 50 �C (Table 3, method
A),18 to give the expected products 9–11 in 85–95% yield
(Table 3, entries 1–3). Compound 12 was obtained in
85% using method B. Finally, we noticed that conditions
A gave compound 13 in only 45%, this yield was increased
to 85% using an excess of reagent (Table 3, entry 5,
method C).

It is important to note that, the Sonogashira cross-
coupling reaction seemed to be less regioselective than the
Stille reaction on 6-chloro-3-iodoimidazo[1,2-b]pyridazine.
Moreover, the identification of palladium-catalyzed cross-
coupling reactions that tolerate a chloro substituent at
the 6-position is important for biological activity19,20 or
the possibility to carry out supplementary transformations.
Table 3
Stille cross-coupling reaction

N

N

N
Cl

I

Ph
N

N

N

R
Cl

Ph

N

N

N
Cl

Ph+

2                                                         9-13                                          1

conditions

Entry R Conditions Product % Yield

9–13 1

1 A 9 95 0

2
S

A 10 89 0

3
OEt

A 11 90 0

4
OCH3

B 12 85 0

5
N

A 13 45 30
C 85 8

Reaction conditions:
A: RSnBu3 (1.2 equiv), Pd2(dba)3 (0.1 equiv)/Ph3As (0.2 equiv) in dioxane
at 50 �C 12 h.
B: RSnBu3 (1.2 equiv), Pd2(dba)3 (0.1 equiv)/Ph3As (0.2 equiv) in dioxane
at 50 �C, then acid hydrolysis, HCl 10%.
C: RSnBu3 (2.4 equiv), Pd2(dba)3 (0.1 equiv)/Ph3As (0.2 equiv) in dioxane
at 50 �C.
4. Functionalization of imidazo[1,2-b] pyridazines at the 6-

position with SNAr and palladium-catalyzed N-arylation

For additional decoration around the imidazo[1,2-b]-
pyridazines, we next focused our effort on SNAr and N-ary-
lation methods. Thus, 6-alkoxy-2-phenylimidazo[1,2-b]-
pyridazines 14–18 were successfully synthesized by the dis-
placement of the chloro group at the 6-position with vari-
ous primary alcoholates. This method afforded the desired
compounds in excellent yields (90–98%). The results are
summarized in Table 4.

Then, we became interested in the preparation of other
derivatives by generating the C–N bond by nucleophilic
displacement of the 6-chloro leaving group of different
imidazo[1,2-b]pyridazines. For this reason, compound 9
Table 5
Results of the amination reaction at the 6-position

N

N

N
Cl

R

N

N

N

R
N

H

R 1

R1NH2

Conditions

                                                                                            19-221, R = H
3, R = -CCCH2OCH3

9, R = Ph

Entry R R1 Time (h) Product Yield (%)

1

OMe

OMe

24 19 0 (A)
4 86 (B)

2 H OMe 3 20 87 (B)

3 CH2OCH3 OMe 3 2124 88 (B)

4 CH2OCH3 NO2
12 22 70 (B)

Conditions A: R1NH2 reflux in THF.
Conditions B: R1NH2, XANTPHOS (0.2 equiv), Pd(OAc)2 (0.1 equiv),
K2CO3 (20 equiv), reflux in dioxane.
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was treated with an excess of amine in refluxing THF
(Table 5, entry 1). Unfortunately, no reaction was
observed. We then turned our attention to palladium-
catalyzed amination recently developed in our laboratory21

using XANTPHOS22 (0.2 equiv), Pd(OAc)2 (0.1 equiv),
and K2CO3 (20 equiv) in the presence of 1.2 equiv of
various amines in refluxing dioxane. This method gave
the desired product in good yields (70–86%, Table 5).

In conclusion, we have applied short, efficient, and ver-
satile palladium-assisted synthetic approaches (Stille and
Sonogashira cross-coupling) to achieve structural diversifi-
cation at the 3-position of the imidazo[1,2-b]pyridazine
system. Then, 6-substituted analogs were prepared in good
yield using either nucleophilic aromatic substitution with
primary alcohols or palladium-mediated N-arylation.
References and notes

1. (a) Sacchi, A.; Laneri, S.; Arena, F.; Abignente, E.; Gallitelli, M.;
D’Amico, M.; Filippelli, W.; Rossi, F. Eur. J. Med. Chem. 1999, 34,
1003–1008; (b) Hamdouchi, C.; Sanchez-Martinez, C.; Gruber, J.; del
Prado, M.; Lopez, J.; Rubio, A.; Heinz, B.-A. J. Med. Chem. 2003, 46,
4333.

2. Moreau, S.; Coudert, P.; Rubat, C.; Gardette, D.; Valle-Goyet, D.;
Couquelet, J.; Bastide, P.; Tronche, P. J. Med. Chem. 1994, 37,
2153.

3. Moreau, S.; Coudert, P.; Rubat, C.; Valle-Goyet, D.; Gardette, D.;
Gramain, J.-C.; Couquelet, J. J. Bioorg. Med. Chem. 1998, 6, 983.

4. Barlin, G. B.; Davies, L. P.; Glenn, B.; Harrison, P. W.; Ireland, S. J.
Aust. J. Chem. 1994, 47, 609.

5. Almansa, C.; De Arriba, A. F.; Cavalcanti, F. L.; Gòmez, L. A.;
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