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Abstract—New synthetic pathways have been elaborated to 1-methyl-1H-pyridazino[3,4-b]indoles starting from halopyridazin-3(2H)-ones.
Suzuki cross-coupling reaction of chloro, iodo, dichloro, and dibromo substituted pyridazin-3(2H)-ones with 2-pivaloylaminophenylboronic
acid followed by hydrolysis of the amide and subsequent ring closure via condensation gave fused indoles. Some of these compounds showed
biological activity as antitrypanosomal agents.
q 2005 Elsevier Ltd. All rights reserved.

1. Introduction

As a continuation of our earlier investigations, novel
efficient pathways were developed for substituted
1-methyl-1H-pyridazino[3,4-b]indoles starting from halo-
pyridazin-3(2H)-ones.1 The area of these methylated
pyridazino-fused indoles seemed particularly interesting as
we have noticed some structural similarity between
neocryptolepine (A) and the 1-methyl-1H-pyridazino[3,4-
b]indole (B) ring system (Fig. 1).

Naturally occurring tetracyclic indolo[3,2-b]quinoline alka-
loid cryptolepine as well as its [2,3-b] fused isomer
neocryptolepine, isolated from a decoction of the root of
Cryptolepis sanguinolenta,2a,b showed antitrypanosomal
and antiplasmodial activity and have been used as lead
compounds for new therapeutic agents.2c Introduction of
halogen or nitro substituents has resulted in more active
and/or more selective antiplasmodial agents.3 Importantly,
the ‘debenzo’ derivative of cryptolepine, that is, 1-methyl-
d-carboline, showed a much better selectivity index
(cytotoxicity/antiplasmodial activity) than cryptolepine

itself.4 This finding prompted us to make efforts to
synthetize substituted 1-methyl-1H-pyridazino[3,4-
b]indoles and to investigate their antiplasmodial and
antitrypanosomal activity.

2. Discussion

Earlier we found that 2-substituted 4,5-dichloropyridazin-
3(2H)-ones undergo non-selective Suzuki cross-coupling
reaction with arylboronic acids under classical Suzuki
conditions resulting in a mixture of mono- and diaryl-
substituted pyridazin-3(2H)-ones.5 Recently, on 4,5-
dichloro-2-methylpyridazin-3(2H)-one (1) a C-5 selectivity
was observed in the coupling reaction with phenylboronic
acid using Pd(PEt3)2Cl2 as precatalyst and 1 M Na2CO3 as
base in DMF.6 Unfortunately, the general applicability of
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Figure 1. The structural similarity of neocryptolepine (A) and 1-methyl-
1H-pyridazino[3,4-b]indole (B) ring systems.
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these optimized reaction conditions remain unknown.
Alternatively, in order to achieve selective arylation we
earlier introduced the strategy of ‘provisionally masked
functionalities’ (PMFs).1 For this purpose 1 was converted
into chloro-methoxy substituted pyridazin-3(2H)-ones (2,
3)7 by nucleophilic substitution and into 5-iodo-2-methyl-
pyridazin-3(2H)-one (4)8 by halogen exchange followed by
hydrodeiodination (Scheme 1).

In this paper our efforts towards the synthesis of substituted
1-methyl-1H-pyridazino[3,4-b]indoles starting from (sub-
stituted) mono- and dihalopyridazin-3(2H)-ones are sum-
marized. To the best of our knowledge, only very limited
literature data are available for derivatives of the 1H-
pyridazino[3,4-b]indole ring system.9

First, we attempted the synthesis of the unsubstituted
1-methyl-1H-pyridazino[3,4-b]indole (9) starting from
4-chloro-2-methylpyridazine-3(2H)-one (6). Compound
610a was synthesized from 1 via reaction with hydrazine

followed by hydrodehydrazination of 4-chloro-5-hydrazino-
2-methyl-pyridazin-3(2H)-one with CuSO4, a procedure
that has successfully been applied for the analogous
demethyl derivative.10b This compound reacted with
2-pivaloylaminophenylboronic acid under the Gronowitz
reaction conditions,11 that is, in a mixture of dimethoxy-
ethane and 10% aqueous sodium carbonate solution using
tetrakis(triphenylphosphine)palladium as catalyst. The
cross-coupling reaction afforded the pivaloyl protected
compound 712 in high yield (91%). Compound 7 was
hydrolyzed to the aminophenyl derivative 8 under reaction
conditions previously reported by us.13 This compound—
due to the proximity of the amino and oxo functions—
underwent smooth condensation reaction in boiling phos-
phoryl chloride yielding the desired 1-methyl-1H-pyrida-
zino[3,4-b]indole (9) as red crystals (Scheme 2).13

4,5-Dichloro-2-methylnitropyridazin-3(2H)-one (10) was
synthesized from 1 by a nitration reaction.14 Also on this
substrate we observed that cross-coupling reaction with
phenylboronic acid gave some diphenyl-substituted pyr-
idazin-3(2H)-one (11) indicating the non-selective nature of
the reaction. In order to realize the desired C-4 selective
phenylation we used 4-iodo-2-methyl-6-nitropyridazin-
3(2H)-one (12) which can be simply prepared from 4,5-
dichloro-2-methyl-6-nitropyridazin-3(2H)-one (10) by
reaction with sodium iodide in refluxing DMF.8b

When 12 was subjected to cross-coupling with 2-pivaloy-
laminophenylboronic acid and 5-chloro-2-pivaloylamino-
phenylboronic acid, 2-methyl-4-(2-pivaloylaminophenyl)-
6-nitropyridazin-3(2H)-one (13a) and 2-methyl-4-(5-
chloro-2-pivaloylaminophenyl)-6-nitropyridazin-3(2H)-one
(13b), respectively, were obtained in good yield (Scheme 3).
After hydrolytic removal of the pivaloyl protecting group
the corresponding anilino compounds (14a,b) were
obtained. These compounds were cyclized by the procedure
described above for the synthesis of derivative 9 to yield
1-methyl-3-nitro-1H-pyridazino[3,4-b]indole (15a) and
6-chloro-1-methyl-3-nitro-1H-pyridazino[3,4-b]indole (15b).

Interestingly, 2-methyl-2,5-dihydro-1H-pyridazino[4,5-
b]indol-1-ones (17a,b) could also be prepared starting
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