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A convenient, scalable synthesis of 1,2-dihydropyridazines is presented, based on the Diels-Alder
cycloaddition of 1-acetoxy-1,3-butadiene with a variety of azo compounds, followed by a palladium-
catalysed elimination. The products are produced on multigram scale and the new method is particularly
efficient and atom-economical when compared with previous preparations of 1,2-dihydropyridazines.
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1,2-Dihydropyridazines 2 represent potentially interesting
molecular building blocks, but have only rarely been described in
the literature [1-6]. Indeed, preliminary studies have shown that
1,2-dihydropyridazines undergo electrocyclic reactions [1a,2-4,7],
(producing bicyclic diazetidines, 2-aminopyrroles and conjugated
imines) as well as Diels-Alder reactions with 4-phenyl-1,2,4-
triazole-3,5-dione (PTAD) [5,8]. In addition, substituted 1,2-dihy-
dropyridazines have been used as precursors to pyridazine deriva-
tives [9], and unusual photochemical reactions of several 1,2-
dihydropyridazines have been reported [10].

To enable a more comprehensive study of the synthetic poten-
tial of 1,2-dihydropyridazines 2, we required an efficient synthesis
suitable for multigram scale. Initially, we assessed previously
described routes to 1,2-dihydropyridazines 2, starting with an
approach first reported by Altman and co-workers [1], and later
employed by other authors [2-4], which involves the Diels-Alder
cycloaddition of 1,3-butadiene with dimethyl azodicarboxylate to
give tetrahydropyridazine 1, followed by allylic bromination then
dehydrobromination to generate 2 (Scheme 1). Whilst the initial
Diels-Alder cycloaddition proceeded as expected with a range of
azodicarboxylate reagents, the requirement for carbon tetrachlo-
ride (a toxic and ozone-depleting chemical) in the allylic bromina-
tion step is a major disadvantage. Unfortunately, our attempts to
identify more sustainable reaction conditions for the allylic bromi-
nation were unsuccessful, thus we turned our attention to a related
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approach [5,6], in which tetrahydropyridazine 1 is converted into
dihydropyridazine 2 through a two-step sequence involving
bromination then double dehydrobromination (Scheme 1). How-
ever, the process proved capricious, and only poor yields of impure
dihydropyridazines could be obtained. As the existing synthetic
routes to 2 were unsuitable for larger-scale work, we sought to
develop a new scalable approach to 2 by incorporating a suitable
leaving group (LG) into the diene 3, thereby allowing elimination
directly from the resulting cycloadduct 4, negating the need for
bromination procedures.

At the outset, the Diels-Alder cycloadditions of diisopropyl
azodicarboxylate (DIAD) with a range of substituted dienes 3
(LG = OAc, OBz, OPiv or OCO,Et) were studied, generating tetrahy-
dropyridazine intermediates bearing a leaving group (Scheme 1).
Of the dienes tested, 1-acetoxy-1,3-butadiene (3a; LG = OAc) gave
the most promising results in terms of the stability and the isolated
yield of the resulting cycloadduct 4, which was sufficiently stable
to purification by flash column chromatography (although some
degradation during purification was observed, pure samples of 4
were readily obtained). Next, attention turned to the elimination
of intermediates 4 to give 1,2-dihydropyridazine 2a. Initially, the
elimination was attempted under a range of mild acidic or basic
conditions, but in these cases the starting material was recovered
unchanged. When more forcing acidic or basic conditions were
employed, 2a was not obtained, and significant decomposition of
the starting material took place. Therefore, we wondered whether
the desired transformation could be carried out using palladium
catalysis. Whilst the palladium-catalysed elimination of allylic
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Scheme 1. Synthetic approaches to 1,2-dihydropyridazines (PG = protecting group,
LG = leaving group, NBS = N-bromosuccinimide).

acetates is well known [11], to our knowledge there is no prece-
dent for palladium-catalysed elimination in heterocyclic systems
such as 4. Pleasingly, the application of a variety of palladium cat-
alysts resulted in conversion of 4a into 2a, although in some cases,
rearrangement of the starting material (to produce allylic acetate
5a) was observed in addition to the desired elimination (Table 1).
Interestingly, the palladium-catalysed elimination of allylic acetate
5a to 2a was extremely sluggish (incomplete conversion and sig-
nificant degradation were observed after 5a was subjected to any
of the conditions described in Table 1 for one week), hence it
was crucial to suppress the formation of 5a to allow efficient con-
version of 4a to 2a. Several different palladium catalysts were
tested, with Pd(OAc), proving optimal, although the choice of
ligand had a strong effect on the selectivity for 2a over 5a. Thus,
whilst the use of dppp gave approximately equal amounts of 2a
and 5a (Table 1, entry 4), Xantphos and triphenylphosphine led
selectively to 2a in 76% yield (Table 1, entry 5). However, when
using Xantphos, reducing the catalyst loading from 10 mol% to
1 mol% switched the selectivity to give 5a as the major product
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(Table 1, compare entries 5 and 6). In contrast, no such loss in
selectivity was observed when Pd(OAc),/triphenylphosphine was
employed at low catalyst loading, and the desired product 2a could
be selectively obtained in 83% yield using only 1 mol% Pd(OAc),
(Table 1, entry 7). In this case, the inclusion of two equivalents of
triethylamine led to more reproducible results. After further opti-
mization of the elimination conditions (see the Supporting Infor-
mation), Pd(OAc),, triphenylphosphine, triethylamine and 1,4-
dioxane emerged as the optimal catalyst, ligand, base and solvent
respectively.

Having identified optimized conditions for the elimination, the
two-step cycloaddition-elimination sequence was next applied to a
range of different azo compounds. Thus, in addition to DIAD, diene
3a also underwent successful cycloaddition with five other sym-
metrical azodicarboxylate reagents to generate the corresponding
acetoxytetrahydropyridazines 4, each bearing different carbamate
protecting groups (Table 2). Moreover, two non-symmetrical

Table 2
Preparation of 1,2-dihydropyridazines through Diels-Alder reaction/palladium-catal-
ysed elimination.

PG
OAc N OAc Pd(OAC)
C)2
S Nogg CN’PG PPhs, NEt, CN‘PG
x CH,Cl, N‘PG 1,4-dioxane Xy N\PG
3a 4 2
CN,COQiPr CN,COZEt C _CO,Me C y-CO2Bu
~ N_ . N.
COPr " COEt *CO,Me co 'Bu
2a
(82%) (90%) (69%) (74% - 1 g scale)
(75% -9 ¢ scale)
.CO,Bn .CO,Bu .CO,Bu
= = : Z z
i, . O C
x-NcoBn N"coMe X CO,Bn
2e
(75%) (46%)cd (55%)°4 (72%)

?Reaction conditions: 3a (1.5 equiv.), azo compound (1.0 equiv.; 4.0-7.0 mmol),
CH,CI; (2.5-5.0 M), rt or 40 °C, 1-40 h, then Pd(OAc); (1 mol%), PPhs (4 mol%), NEts
(2.0 equiv), 1,4-dioxane (0.5 M), reflux, 1 h.

P[solated yields over two steps after column chromatography.

As footnote a, but yield calculated over three steps also including synthesis of the
azo compound from the corresponding hydrazine.

dAs footnote a, but using 2 mol% Pd(OAc), and 8 mol% PPhs.

Table 1
Optimisation of the palladium-catalysed elimination of allylic acetate 4a.
i catalyst
Yy ; )
N~COZ Pr ligand, base -~ N,COZ'Pr = N,COZ'Pr
LA Nt '
N i NN ’ N. i
CO,Pr PhMevhreﬂ“X CO,Pr AcO CO,Pr
4a 2a 5a
Entry Catalyst Ligand Base Yield® 2a (%) Yield® 5a (%)
1 Pd(PPhs); (10 mol%) - - 73 15
2 Pd,(dba); (10 mol%) PPh; (40 mol%) - 48> -
3 Pd(OAc)z (10 mol%) PPh; (40 mol%) - 77 -
4 Pd(OAc), (10 mol%) dppp (20 mol%) - 42°¢ 39¢
5 Pd(OAc), (10 mol%) Xantphos (20 mol%) - 76 -
6 Pd(OAc), (1 mol%) Xantphos (2 mol%) - 17 47
7 Pd(OAc), (1 mol%) PPhs (4 mol%) NEt3 83 -

2 Isolated yield after chromatography.
b Difficulties encountered in separating 2a from dibenzylideneacetone.
¢ Reaction time of 2 h.
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Fig. 1. Solid-state molecular structure of 2a with thermal ellipsoids drawn at 50%
probability.

azodicarboxylate reagents were also investigated, yielding tetrahy-
dropyridazine products 4f and 4g, each bearing two orthogonal
protecting groups. The acetoxytetrahydropyridazine intermediates
4 required only a rapid purification through a short plug of silica
(to remove excess diene 3a) before being subjected to elimination
to give the desired 1,2-dihydropyridazines 2 (Table 2).

The cycloaddition-elimination sequence allows the preparation
of the corresponding 1,2-dihydropyridazines 2 on gram-scale in
generally high yields (Table 2). Product yields are calculated over
two steps (the Diels-Alder cycloaddition and the subsequent elim-
ination), when using commercially available azodicarboxylate
reagents (i.e. for 2b, 2¢, 2d and 2e), whereas for 1,2-dihydropyri-
dazines 2a, 2f, 2g and 2h, the yields are calculated over three steps,
including the in-situ preparation of the azodicarboxylate reagent
from the corresponding hydrazine through oxidation with
iodobenzene diacetate. In the case of 2f and 2g, lower yields were
obtained than those for the other 1,2-dihydropyridazines, due to
the competing formation of rearrangement products 5f and 5g
respectively. Doubling the catalyst loading resulted in improved
yields of 2f/2g compared withthose obtained under the standard
conditions (46% yield compared with 22% yield for 2f; 55% yield
compared with 43% yield for 2g), but in these cases the rearrange-
ment pathway could not be completely suppressed. It should also
be noted that in general, the presence of water tends to promote
the formation of rearrangement products 5, therefore the cycload-
ducts 4 were generally dried in a vacuum desiccator prior to the
elimination step. Overall, the two-step reaction sequence is easy
to perform and is scalable, as demonstrated by the four-fold
scale-up of the synthesis of 1,2-dihydropyridazine 2d, which
produced nine grams of 2d in comparable yield to that obtained
on gram-scale.

The 'H and '>C NMR spectra of 1,2-dihydropyridazines 2a-g are
complex, and deserve some comment. At room temperature, broad
signals are generally observed, and at least two species are appar-
ent that are in the immediate exchange regime on the NMR time-
scale. At 75°C, (partial) coalescence of the peaks occurs, thus
simplifying the spectra considerably (see the Supporting Informa-
tion for variable-temperature NMR studies on 1,2-dihydropyri-
dazine 2b), whilst upon heating to over 100 °C, degradation
occurs. These observations match a previous report on diethyl
3,6-diphenyl-1,2-pyridazinedicarboxylate, for which a dynamic
ring-twisting process was proposed [12], similar to those reported
for 1,3-cyclohexadiene [13]. This conclusion was further supported
by a crystal structure of 2¢, which is similar to that reported by

Kaftory and co-workers [14], and the twisted conformation is
apparent in the solid-state structure of 2¢ due to the large
C—N—N—C torsion angle of 44.74(11)° as well as the (=C—C=C
torsion of 17.87(14)° (Fig. 1). In contrast, dihydropyridazine 2h
does not exhibit this dynamic behaviour (a single set of resonances
is observed by 'H and '3C NMR spectroscopy), presumably due to
the lack of conformational freedom afforded by its fused bicyclic
structure. It should be noted that several detailed spectroscopic
analyses on tetrahydropyridazines have been reported [15], which
display similar dynamic behaviour to dihydropyridazines 2a-g.

In conclusion, we have developed a new method for the prepa-
ration of 1,2-dihydropyridazines based on a novel Diels-Alder/pal-
ladium-catalysed elimination sequence, which is particularly
efficient and easy to perform when compared with the previously
published synthetic routes. The two-step sequence is readily scal-
able, producing multigram quantities of 1,2-dihydropyridazines,
and this convenient synthetic approach will enable detailed stud-
ies into the synthetic potential of these interesting heterocycles.
Indeed, further work towards this goal is already underway, and
will be reported in due course.
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