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Substituted pyridazine-3,6-diamines are attractive but poorly precedented scaffolds in medicinal
chemistry and are challenging targets in terms of synthetic tractability. In the following
communication we report the use of a Buchwald protocol for the facile synthesis of 4-aryl and
alkyl substituted, N°-alkylated pyridazine-3,6-diamines. This approach utilises the unreactive
nature of the pyridazine 3-amino group, negating the need for an additional protecting group in
the transformation. The relevant precursors were prepared by selective Suzuki or Negishi
transformations using commercially available 4-bromo-6-chloro-3-pyridazinamine.

2009 Elsevier Ltd. All rights reserved.

The pyridazine-3,6-diamine scaffold has been< explored in
multiple drug discovery programs, appearing as a key focus of
several projects’ and resulting in, for example, the marketed
antihypertensive agent, cadralazine.?> Pyridazine-3,6-diamines
have also served as a broad synthetic platform in many patents
and have been used as key intermediates leading to a variety of
other pharmaceutically important compounds.®

As part of an AstraZeneca ongoing interest in the medicinal
chemistry of pyridazine-3,6-diamines, we wished to investigate
the effect of either aryl or alkyl substituents (RY) directly
introduced onto the -heterocyclic core. Particularly desirable
targets for our studies were the 4-substituted, N°-alkylated,
analogues of pyridazine-3,6-diamines such as 1

Figure 1. Substituted pyridazine-3,6-diamine targets

However, synthetic entry to targets containing the pyridazine-
3,6-diamine motif is limited. Described methods rely on high
temperature nucleophilic displacement of a halogen atom (X)
from an aminohalopyridazine (Figure 2).* The poor reactivity of
X in these structures effectively limits the scope of this method to
cyclic secondary amines (where excess or neat amine is often
required and temperatures typically range from 100 to 200 °C).
Similarly, the few reported literature examples of displacements
involving primary amines have necessitated the use of forcing
conditions and resulted in poor yields.®

A search of the literature also revealed that, despite the large
number of publications focussed on pyridazine-3,6-diamines
(where R' = H), structures such as 1, carrying additional alkyl or

aryl substituents (R") were very poorly represented. Furthermore,
to the best of our knowledge no route to make these substituted
analogues had been reported.

In our previous publication,” we had already demonstrated that
transformation of the corresponding unsubstituted analogues
could be accomplished under mild conditions, by utilising a
copper catalysed, Ullmann-type methodology and the appropriate
iodo precursor 2a (Figure 2). Building on this report, we initially
hoped to extend the scope of our work by including suitable R*
substituted substrates to allow access to the corresponding
analogues exemplified by 1.
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Figure 2. Displacement routes to pyridazine-3,6-diamines

With this in mind, our initial strategy relied on the application
of commercially available 4-bromo-6-chloro-3-pyridazinamine 4
as a suitable starting material. In order to assess its reactivity
profile in a standard Suzuki coupling reaction, we performed a
tentative experiment with 4, phenylboronic acid, Pd(dppf)Cl,
catalyst and sodium carbonate as a base in refluxing 1,4-dioxane
to access 5 in good yield (71%). To test and further advance this
approach we then subjected the resulting substrate 5 to our
previously developed amination protocol. Using this strategy we
were able to synthesise pyridazine-3,6-diamine 7 in 65% yield by
sequential preparation of the corresponding iodo intermediate 6
followed by copper catalysed Ullmann-type coupling (Scheme
1).
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Scheme 1. Reaction conditions: (i) 1.03 equiv. PhB(OH),,

Pd(dppf)Cl,.CH,Cl, (10 mol%), Na,COs, ag. dioxane, reflux, 71% (ii) HI
(ag., 57 wt%), 127 °C, 94% (iii) 1.3 equiv. 2-ethoxyethanamine, Cul (10
mol%), L-hydroxyproline (20 mol%), 3 equiv. KsPO4, DMSO, 50 °C, 65%.

Although we had demonstrated the feasibility of the protocol on
the substrate derived from unsubstituted phenylboronic acid, we
were concerned with possible functional group compatibility,
where necessity of a halogen exchange step under the harsh
reaction conditions would preclude the presence of many
functional groups on the adjacent substituent R'. Therefore, in
order to allow a broad scope of substrates, an alternative, more
robust approach to 1 was needed.

Based on the several literature examples describing the
formation of the desired pyridazine-3,6-diamine targets via
metal-catalysed C-N bond formation reactions using palladium
and the corresponding chloro precursors,” we were encouraged to
investigate that approach. However, the major drawbacks of the
existing methods were poor yields, limited scope and poor
compatibility with aliphatic amines. Notably however, these
reactions used catalysts and ligands found early-on in the
development of cross-coupling methodologies and had not been
evaluated using a more modern catalytic approach. We were
determined therefore, to investigate the possibility of introducing
a range of primary amines to the electron-rich, substituted
pyridazine core by utilising catalytic systems recently published
by Buchwald and co-workers.? Tentative experiments revealed
that a method based on the ‘first generation’ Brettphos
precatalyst” was a favourable means to functionalise
chloropyridazines such as' 5 to give the desired structures
represented by 1.

In order to account for the potentially competitive side reactions
arising from the ‘free’ NH, group in 5 we had initially prepared
its formamidine derivative 8. This was felt to be a necessary
precaution, based on numerous literature examples for palladium
catalysed couplings involving aminopyridazines.® With the
suitably elaborated substrate 8 we proceeded to the coupling step
using the favoured reaction conditions; 5 mol% BrettPhos ligand,
5 mol% BrettPhos precatalyst, 1.5 equiv. primary amine and 2.4
equiv. of 1.0 M LHMDS in THF, which was then heated to 60
°C. This method afforded the desired product 9, which after final
deprotection delivered 7 in very good 75% overall yield (Scheme
2).

However, it seemed reasonable to hypothesise that the reactivity
of the NH, group in structures such as 5 could be moderated due
to factors such as sterics and electronics from the neighbouring
aryl ring. Crucially, following further investigations, we found
that “‘unprotected” chloropyridazine 5 could be directly converted
to target 7 in a single step (step iv in Scheme 2) using the same
BrettPhos precatalyst system and conditions employed for the
protected derivative 8. The direct conversion of 5 to 7 was
achieved in excellent yield (83%) with no side-products arising
from reaction of the unprotected NH, functionality.
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Scheme 2. Reaction conditions: (i) DMF dimethyl acetal, toluene, reflux,
99% (ii) 1.5 equiv. 2-ethoxyethanamine, BrettPhos (5 mol%), BrettPhos
precatalyst (5 mol%), 2.4 equiv. LHMDS, 60 °C (iii) ag. HCI, MeOH, room
temp (75% 2 steps). (iv) 1.5 equiv. 2-ethoxyethanamine, BrettPhos (5 mol%),
BrettPhos precatalyst (5 mol%), 2.4 equiv. LHMDS, 60 °C, 83%.

Encouraged by this  result, we decided to proceed with an
investigation of the scope of this transformation and employed a
selection of primary amines with chloropyridazine 5, under the
same palladium catalysed conditions. Results with isolated yields
are summarised in Table 1. Functional groups such as ether
(entry 1, 83%), nitrile (entry 2, 70%) and alcohol (entry 3, 73%)
were well tolerated, as was 4-methylbenzylamine (entry 4, 85%)
and a tertiary amine (entry 5, 83%). No desired product was
observed for the BOC protected primary amine (entry 6) but
moderate yields were obtained for a similarly protected
secondary amine (entry 7, 63%) and the hindered 2-
methylbutylamine (entry 8, 60%).

Table 1
Assessment of scope for primary amines
. Yield
Entry Amine Product (%)
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Conditions: 1.5 equiv. amine, BrettPhos (5 mol%), BrettPhos precatalyst (5
mol%), 2.4 equiv. LHMDS. ? 3.4 equiv. LHMDS

To further assess the functional group tolerance of this method, a
range of substituents on the aryl ring were then introduced via
use of the appropriate boronic acid in the initial Suzuki step. This
resulted in good vyields of the chloropyridazine precursors
(Scheme 3).

R= H 72%
N2 o e R p-OMe 64%
N ! [N p-CF3 80%
N N o-Me 43%
p-CONMe, 76%
cl cl m-NMe, 64%
4 p-CN 68%
m-OH 65%
Scheme 3. Reaction conditions: (i) 1.03 equiv. ArB(OH),,

Pd(dppf)Cl,.CH,Cl, (10 mol%), 2 equiv. Na,COg, ag. dioxane; reflux. (1H-
indol-5-yl)boronic acid gave a yield of 74%

2-Ethoxyethanamine was selected as the model system amine
which was used to generate a series of functionalised pyridazine-
3,6-diamines (Table 2). Yields for these various, aryl-ring
substituted analogues ranged from 42% to 93% with functional
groups such as arylether (entry 2,,80%), phenol (entry 3, 93%)
and trifluoromethyl (entry 4, 88%) all being very well tolerated.
Similarly, the hindered o-tolyl example gave a pleasing 81%
yield (entry 5) and respectable yields were also obtained for
nitrile (entry 6, 65%) and an N,N-dimethylaniline (entry 7, 61%).
However, the recovery from an amide was low (entry 8, 42%),
which was found to be due to a competing ‘transamination’
reaction at the amide carbonyl centre. Finally, we investigated the
use of an indole as shown in entry 9 and were pleased to obtain a
75% vyield for this heterocycle.

Table 2
Assessment of scope for aryl functionality

Entry Product Yield (%)
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N
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Conditions: 1.5 equiv. 2-ethoxyethanamine, BrettPhos (5 mol%), BrettPhos
precatalyst (5 mol%), 2.4 equiv. LHMDS, 60 °C. ? 3.4 equiv. LHMDS

In order to extend the scope for substituent R* we then turned
our attention to the analogous alkyl substituted structures. We
found that it was possible to treat 4-bromo-6-chloro-3-
pyridazinamine 4 under Negishi conditions with the appropriate
alkylzinc halide in order to selectively introduce various alkyl
groups in good yields (Scheme 4).*

NH, NH, R'= n-propyl 71%
1 i o
N Br i NTX R i-butyl 67%
r\\‘\ - = l\‘l‘ c-propyl 78%
Z = c-hexyl 75%
Cl Cl benzyl 69%

Scheme 4. Reaction conditions: (i) 3 equiv. R'ZnBr, Pd(PPhs),Cl, (10
mol%), THF, room temp.

The resultant intermediates were carried through using the same
BrettPhos catalytic system as previously described (Table 3). All
alkyl examples worked well, apart from the benzyl substrate
(entry 6) which gave a low yield of 14%.

Table 3
Assessment of scope for alkyl substituents

Entry Product Yield (%)
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Conditions: 1.5 equiv. 2-ethoxyethanamine, BrettPhos (5 mol%), BrettPhos
precatalyst (5 mol%), 2.4 equiv. LHMDS, 60 °C.

Of particular note was the 81% vyield for the analogue
containing the methyl group (Entry 1, Table 3), the smallest of
the R' substituents investigated. The transformations shown in
Scheme 2 and discussed earlier, had led us to speculate that the
unreactive nature of the pyradizine ‘NH,’ in these reactions could
be due to steric hindrance from R* (thus negating the need for the
formamidine protecting group shown in Scheme 2)..However, the
high yield obtained for the methyl substituent in Table 3
suggested that steric hindrance was not a significant factor.
Accordingly, we found that we were also able to extend this
chemistry to the corresponding unsubstituted (R* = H) analogues.
6-Chloro-3-pyridazinamine 10, for example, gave a respectable
68% vyield with 2-ethoxyethanamine under the same conditions
(Scheme 5).

NH, NH,

NN —'> NS

N~ 68% N#
cl HN g
10

Scheme 5. Reaction conditions: (i) 1.5 equiv. 2-ethoxyethanamine,
BrettPhos (5 mol%), BrettPhos precatalyst (5 mol%), 2.4 equiv. LHMDS, 60
°C

In summary, we have reported a convenient and facile synthetic
approach for accessing a desirable medicinal chemistry scaffold
based on 4-aryl and alkyl substituted, N°-alkylated pyridazine-
3,6-diamines. This methodology makes use of selective Suzuki
and Negishi transformations using a low-cost, commercially
available starting material. Introduction of the desired primary
amines was achieved via a Buchwald protocol with BrettPhos
precatalyst on challenging and previously unexplored pyridazine
structures. Moreover, no additional protecting group strategy was
required to aid the desired selectivity.
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