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ABSTRACT: An unexpected CsF-assisted C−N bond cleavage was exploited to
synthesize highly functionalized and biologically important 1,4,5,6-tetrahydropyrida-
zine derivatives from α-halo N-acylhydrazones in excellent yields. The extrusion of
nitrogen and the [4 + 2] cycloaddition between in situ-generated azoalkenes is a key
reaction in the process. The identified methodology is suitable for synthesizing a wide
variety of analogues of tetrahydropyridazines, which are prevalent in many medicinally
important small molecules. The reaction conditions are mild, high-yielding, and
amenable for the gram scale.

1,4,5,6-Tetrahydropyridazines1 and pyridazines2 are important
six-membered aza-heterocycles widely present as core structures
in a large number of natural products (e.g., pyridazomycin3 and
azamerone4) as well as a structural subunit found in a variety of
bioactive molecules and pharmaceuticals5,6 such as the
antihypertensives hydralzine, dihydralzine, and endralazine and
the antidepressants pipofezine and minaprine7 (Figure 1).

Moreover, pyridazine derivatives are currently considered to be
one of the most developable heterocyclic skeletons for small-
molecule-based drug design.2,8 As a result, organic chemists are
trying to develop and expand new synthetic strategies to make
pyridazine and its derivatives.9 Several research groups have been
engaged in the development of protocols to synthesize these
privileged structures using various methods such as aza-Diels−
Alder reactions of 1,2-diaza-1,3-dienes with olefins,10 nucleo-
philic addition reactions,11 and rearrangement reactions.12

Conventional methods for tetrahydropyridazine synthesis are

based on the reaction of hydrazine or its derivatives with 1,4-
dicarbonyl compounds.6a,13,14 Recently, the research groups of
Luo15 and Du16 have developed an efficient method for the
synthesis of 1,4,5,6-tetrahydropyridazines. Later, Werz and co-
workers described an alternative method for the preparation of
functionalized tetrahydropyridazines using a Lewis acid via a [3 +
3] cycloaddition reaction.17

The few interesting methods known in the literature for the
synthesis of 1,4,5,6-tetrahydropyridazines15−17 suffer from many
disadvantages, such as limited substrate scope,10d,g−,i,k,18,19 the
requirement of a large excess of alkene as the dienophile
partner,15 and harsh reaction conditions.16,10m Therefore, the
development of more general strategies that allow rapid access to
these structurally diversified 1,4,5,6-tetrahydropyridazines from
readily accessible starting materials is still highly desirable and
challenging in synthetic organic chemistry. Herein we report a
simple, versatile, and novel route to highly functionalized 1,4,5,6-
tetrahydropyridazine derivatives from α-halo N-acylhydrazones
as the only starting material, which acts as both the diene and the
dienophile. Azoalkenes (1,2-diaza-1,3-dienes),20 which can be
easily generated in situ from α-halo hydrazones, have been
commonly introduced as a valuable synthetic intermediate for
the construction of various N-heterocycles. Recently, a broad
range of transformations has been established using azoalkenes as
a suitable chemical handle.
In this context, considering the high reactivity of azoalkenes

and as a part of our ongoing efforts to transform readily accessible
substrates into synthetically important N-heterocycles,21 we
envisioned that treatment of α-haloN-acylhydrazoneAwith base
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Figure 1. Biologically active tetrahydropyridazine derivatives and
natural products containing a pyridazine core.
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would afford azadiene B in situ, which upon treatment with aryne
precursor C would facilitate an intermolecular [4 + 2]
cycloaddition reaction to offer cinnoline derivative D (Scheme
1). In order to test our hypothesis, α-halo N-acylhydrazone 1i

was treated with K2CO3 (1.0 equiv) in the presence of freshly
generated benzyne in CH3CN at room temperature. After 24 h, a
single product 2i (65% yield) was observed, which was confirmed
unambiguously as 4,4′-(1-acetyl-1,4,5,6-tetrahydropyridazine-
3,6-diyl)dibenzonitrile by single-crystal XRD analysis.22 1,2-
Diaza-1,3-dienes bearing no substituents at C4 show a tendency
to self-condense, giving cyclic dimers in the presence of base
when unsuitable or inefficient partners for the cycloaddition
reaction are present.23 Although the desired cinnoline derivative
was not obtained, we were surprised to observe an unexpected
C−Nbond cleavage in the presence of fluoride leading to 1,4,5,6-
tetrahydropyridazine derivatives in quite good yields under very
mild reaction conditions. This result inspired us to examine the
scope and generality of the present methodology.
We started our investigation by taking 1a as a model substrate

to determine the optimal reaction conditions for the cyclo-
dimerization reaction to form 2a. Several experiments were
performed to investigate the effect of solvent, base, and fluoride
source on the reaction (see the Supporting Information for a
detailed optimization table), and we were pleased to find that the
cyclodimerization reaction proceeded very well in the presence
of K2CO3 (2.0 equiv) and CsF (2.0 equiv) in CH3CN as the
solvent, resulting in a 91% yield of 2a (Scheme 2). Attempts to
decrease the amounts of both the fluoride source and the base
resulted in much lower yields of the desired product 2a.

With these optimized reaction conditions in hand, the
substrate scope of this unique transformation and limitations
of the homocyclodimerization reaction were studied by
evaluating a variety of α-halo N-acylhydrazones in order to
investigate the generality of this reaction. As illustrated in
Scheme 3, the reaction proceeded effectively with several

substrates and was not found to be much dependent on the
electronic nature of the substituents, affording a wide range of
1,4,5,6-tetrahydropyridazines (2a−o) in good to excellent yields.
In most of the cases, 1,4,5,6-tetrahydropyridazines could be
isolated in greater than 90% yield after column chromatography
on silica gel.The flexibility of the process allows the strategic
placement of functional groups. For instance, 2d, 2e, 2g, 2h, and
2l, which contain chlorine and bromine atoms, were easily
prepared and could be additionally derivatized, thereby providing
a convenient alternative for the generation of a broad range of
analogues.
To our delight, not much electronic effect of R2 on the

aromatic ring was observed. Electron-donating, -withdrawing,
and -neutral groups gave almost similar yields of 1,4,5,6-
tetrahydropyridazines (Scheme 3). Meta-substituted derivatives
also worked well, providing comparatively better yields than their
para-substituted counterparts (2d vs 2e and 2h vs 2g). Notably,
2-furoic hydrazones could undergo homocyclodimerization,
giving good yields of the desired products (2c, 2j, and 2k).
Variations of the R1 group were also tested. As can be seen from
Scheme 3, electron-donating and -withdrawing groups could be
equally applied in this reaction, giving good yields of products.
The formation of products 2a−o was confirmed by NMR and
HRMS analysis.
The success in the homocyclodimerization prompted us to

investigate the cross-cyclodimerization reaction. Competition
experiments between an α-haloN-acylhydrazone with another α-
halo N-acylhydrazone in excess resulted in the formation of the
heterocyclodimerization products in good yields (e.g., 5a−o in
Scheme 4). As presented in Scheme 4, both electron-donating
and -withdrawing groups on the aromatic ring of the α-halo N-
acylhydrazone were compatible with this cross-cyclodimerization
reaction, yielding the desired products in 85−98% yield. This
indicates the broad substrate scope and importance of the
present reaction. Alkyl-substituted hydrazones, α-substituted aryl
hydrazones, other electron-deficient olefins, and alkynes failed to
give the desired products. To show the synthetic potential of our
present methodology, we carried out the reaction of (Z)-N′-(2-
bromo-1-phenylethylidene)-N-4-nitrobenzoyl hydrazide (1p)
under our optimized reaction conditions, which afforded 2p,

Scheme 1. Initial Reaction Design and an Unexpected C−N
Bond Cleavage

Scheme 2. 1,4,5,6-Tetrahydropyridazine Synthesis

Scheme 3. Scope of the Homocyclodimerization Reactiona,b

aThe reactions were carried out with 1 (0.5 mmol), K2CO3 (1.0
mmol), CsF (1.0 mmol), and CH3CN (dry, 3 mL) at rt for 24 h.
bIsolated yields after column chromatographic purification are shown.
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an analogue of a nonsteroidal progesterone receptor regulator,
on a gram scale (1.25 g, 90% yield; Scheme 5).15

Furthermore, to demonstrate the utility of the reaction,
product 2n was subjected to hydrogenation reaction conditions
using Pd/C as the catalyst to give hexahydropyridazine 7a in 80%
yield, which could be further converted to a pharmaceutically
important 1,4-diamine adduct (Scheme 6).24

In order to gain insight into the mechanistic details of the
reaction, we conducted the following experiments (Scheme 7):
(a) When α-bromoN-acylhydrazone 1p was treated with K2CO3
in the absence of CsF, we did not observe the formation of the
desired product 2p; instead we got [4 + 4] cycloaddition product
E (structure confirmed by 1H, 13C, and 2D NMR and HRMS
analyses) in 60% yield, which proves the significant role of
cesium fluoride to get 2p. (b) Next, we subjected compound E to
our optimized reaction conditions, but unfortunately, the starting
material remained intact and was not converted into the expected
product 2p. This control experiment suggests that the reaction
does not go through compound E as an intermediate. (c)
Additionally, when 1p was subjected to our optimized reaction
conditions in the presence of excess methyl iodide (>5.0 equiv),
interestingly, the methylated product 7b (85% yield) was
obtained, confirming the generation of the carbanion at the

benzylic position during the course of the cyclodimerization
reaction. This experiment also suggests that compound G is
undoubtedly the key intermediate in the reaction (Scheme 8).

On the basis of the above control experiments and literature
precedents,25 a probable mechanism is proposed in Scheme 8.
Treatment of the α-halo hydrazone with base generates
azoalkene F (1,2-diaza-1,3-diene), which then undergoes
cyclodimerization (regioselective intermolecular [4 + 2] cyclo-
addition of the transient azoene) to give pyridazine G. Since
fluoride is the only active nucleophilic species under rigorously
anhydrous conditions, the most likely mechanism for the C−N
bond cleavage is regioselective nucleophilic attack of fluoride
anion at one of the acyl carbonyl groups of G followed by
nitrogen elimination and breaking of the C−N bond, resulting in
unstable carbanion intermediate H, which undergoes proto-
nation to afford the desired 1,4,5,6-tetrahydropyridazine.
Notably, the fluoride anion attack is highly regioselective.
Nitrogen elimination may be the driving force for this high
regioselectivity.
In summary, we have demonstrated a simple and facile

transformation of α-halo N-acylhydrazones into highly function-
alized 1,4,5,6-tetrahydropyridazines in excellent yields using CsF
and K2CO3 under very mild reaction conditions via fluoride-
assisted unexpected C−N bond cleavage. Mild reaction
conditions, readily accessible starting materials, high yields, and
broad functional group tolerance are some of the notable features
of the present methodology. Mechanistically, this reaction
involves cyclodimerization (regioselective intermolecular [4 +

Scheme 4. Scope of the Cross-Cyclodimerization Reactiona,b

aThe reactions were carried out with 3 (0.5 mmol), 4 (0.25 mmol),
K2CO3 (1.0 mmol), CsF (1.0 mmol), and CH3CN (dry, 3 mL) at rt
for 24 h. bIsolated yields after column chromatographic purification
are shown.

Scheme 5. Gram-Scale Synthesis of 2p, an Analogue of a
Nonsteroidal Progesterone Receptor Regulator

Scheme 6. Transformation of Product 2n into 7a

Scheme 7. Control Experiments

Scheme 8. Proposed Mechanism
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2] cycloaddition of the transient azoene followed by
regioselective deacylation) and the extrusion of nitrogen using
cesium fluoride as the nucleophile. The asymmetric version of
the present methodology and biological studies of the products
are currently in progress in our laboratory.
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