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Abstract

Two synthetic routes to the versatile 3,5-dihydro-imidazo[4,5-d]pyridazin-4-ones 2 and 5 have been developed that allow the pro-
duction of multigram quantities without the need of any chromatographic purification. Broad and selective elaboration of the hetero-
aromatic scaffolds has also been accomplished.
� 2008 Elsevier Ltd. All rights reserved.
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Fig. 1.
During the course of a project aimed at developing
DPP-4 inhibitors for the treatment of type 2 diabetes, we
discovered that compounds based on the xanthine scaffold
are highly potent inhibitors.1 Starting our synthetic efforts
from the methyl derivatized xanthine 1, we succeeded in
developing the highly potent DPP-4 inhibitor BI 1356,
which is currently undergoing clinical phase III trials, by
consecutively varying the free positions on the xanthine
(Fig. 1). The xanthine core proved to be a particularly
suited framework for this venture allowing all sites to be
varied highly chemoselectively. Thus, we were able to gain
rapid insight into structure–activity relationship (SAR) and
optimize inhibitory activity. In addition to achieving the
optimal decoration around the xanthine core, we were also
interested in examining the core itself. Therefore, we
became attracted to alternative scaffolds, such as 3,5-di-
hydro-imidazo[4,5-d]pyridazin-4-one, that place the vari-
ous residues in roughly the same spatial locations as that
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achieved by xanthine. Analogous quick and efficient alter-
ation of this alternate scaffold to determine and compare
SAR strategically required compounds 2 and 3 as equiva-
lent starting points. While compound 2, due to its high
resemblance, should be eligible for the derivatization pro-
cess employed for analog 1, the hydrogen for methyl
replacement at C-7 leading to compound 3 may result in
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a shift of preference for the attachment of residues to N-3
versus N-1: easier accessiblility of N-1 over N-3 may com-
promise the selectivity for the latter derivatized regioiso-
mer.2,3 Hence, we decided to choose for such a scaffold a
more elaborated common intermediate that already
included the properly positioned substituent on the imida-
zole substructure as in 5. Unfortunately, neither compound
2 nor 5 has been described in the literature. Although a few
quite competent syntheses of the 3,5-dihydro-imidazo[4,5-d]-
pyridazin-4-one core have been reported,4–7 none that
would provide the desired scaffolds expediently and quickly
in larger quantities has been delineated. In this Letter, we
describe the convenient and efficient syntheses of the 3,5-
dihydro-imidazo[4,5-d]pyridazin-4-ones 2, 5 and analogs
of 5 and their chemoselective variation at all open sites.

The synthetic route we developed to access scaffold 2 is
outlined in Scheme 1.8 Starting out with the commercial
and inexpensive dicyanoimidazole 6, monoketone 8 was
acquired in 45% yield by the addition of three equivalents
of methylmagnesium halide to the imidazole dissolved in
tetrahydrofuran.9,10 Besides the desired product, diketone
7 was isolated in about 5–10% yield. We did not spend
much effort on optimizing the yield of this transformation
since the product was obtained in high purity after simple
precipitation from ethyl acetate and ether. Subsequently,
monoketone 8 was reacted with hydrazine hydrate in
ethanol at elevated temperature, which resulted in a clean
conversion to compound 9 in nearly quantitative yield.
Diazotization of 9 using sodium nitrite and sulfuric acid
in acetic acid and water followed by hydrolysis of the diazo
intermediate at reflux temperature furnished the 3,5-di-
hydro-imidazo[4,5-d]pyridazin-4-one core 10 in excellent
yield and purity after precipitation from water. Bromina-
tion of compound 10 was conducted in the presence of
potassium carbonate with bromine in acetonitrile. After
the aqueous work-up and precipitation from water, the
desired relay compound 2 was obtained in 70% yield.11

This route appeals by its conciseness and efficiency. All
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Scheme 1. Reagents and conditions: (a) MeMgCl (3 equiv, 3 mol/L in
Et2O), THF, 5–10 �C; (b) H2NNH2�H2O (4 equiv), EtOH, reflux; (c)
NaNO2 (4 equiv), H2SO4 (0.6 equiv), HOAc, H2O, 50 �C (0.5 h), then
95 �C; (d) Br2 (1.1 equiv), K2CO3 (1.2 equiv), MeCN, 60 �C.
reaction steps have been carried out on 5–20 g-scale with-
out the use of any chromatographic purification. In addi-
tion, the route may be employable for further C-7 carbon
derivatized 3,5-dihydro-imidazo[4,5-d]pyridazin-4-ones pro-
vided that the selective monoaddition to 6 of carbon
nucleophiles other than methyl is workable.

Opportunely, relay compound 2 could be selectively
derivatized at N-3 and N-5 by reacting with an alkyl elec-
trophile and at C-2 by displacing the bromine with a nitro-
gen nucleophile using the conditions applied in the
variation of xanthine 1 (Scheme 2). Reaction of 2 with
one equivalent of an alkyl halide in the presence of a weak
amine base, such as triethylamine or ethyldiisopropyl-
amine, in dimethylformamide gave the monoalkylated
product selectively derivatized at N-3 in high yield; neither
the competing N-1 nor the N-5 alkylated product was
detected. Alkylation of N-5 was then carried out using
the stronger base potassium carbonate in dimethylformam-
ide affording product 13 in good yield; O-alkylation at C-4
instead of N-alkylation was not observed. Replacement of
the bromine at C-2 for 3-tert-butoxycarbonylaminopiperi-
dine (?14) was accomplished in high yield using sodium
carbonate in dimethylsulfoxide at elevated temperature;
however, dimethylformamide or N-methylpyrrolidinone
could be employed with similar success. The order of intro-
duction of the last two substituents could be reversed
allowing specific variations at either site at a very late stage
of the reaction sequence. However, initial introduction of
the residue at C-2 required longer reaction times for the
nucleophilic displacement to be complete due most likely
to the abstraction of the proton at N-5 by the base that ren-
ders the scaffold less electrophilic. Additionally, it was also
feasible to carry out the last two steps in one pot to stream-
line the reaction sequence. Accordingly, compound 11 was
reacted first with the alkyl halide in the presence of potas-
sium carbonate in dimethylformamide. After complete
consumption of the starting material, determined by HPLC
or TLC, the nucleophile was added and the temperature
increased to 80 �C to deliver the product within 8–10 h in
yields comparable to those obtained for the step-by-step
procedure. In a first trial, we also succeeded in attaching
all three substituents successively to 2 in one pot using
dimethylformamide as the solvent and ethyldiisopropyl-
amine followed by potassium carbonate as the bases
achieving a yield of 56% for the purified product bearing
2-butynyl at N-3, methyl at N-5, and 3-tert-butoxycarbonyl-
aminopiperidinyl at C-2.

The syntheses of scaffold 5 and analogs were accom-
plished in four steps from the commercial imidazole 15

(Scheme 3).12 The sequence started with the bromination
of 15 furnishing 16 in excellent yield using either bromine
in combination with potassium carbonate in a solvent mix-
ture of dichloromethane and acetonitrile or N-bromosuc-
cinimide in acetonitrile.13 At this stage, the residue at N-3
of the eventual scaffold 50 was attached via alkylation of
one imidazole nitrogen. Allyl, propargyl, and benzyl resi-
dues were introduced via their corresponding halides by
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then HOAc (4 equiv), 80 �C.
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the treatment of 16 with potassium carbonate in dimethyl-
formamide or ethyldiisopropylamine in tetrahydrofuran.
The respectively derivatized products were isolated in
reasonable to superb yield and high purity after crystalliza-
tion. Installing the carbonyl function of the final bicyclic
structure (50) next to the alkyl residue at N-3 required
chemoselective reduction of the 4-carboxy ester function
to the carbaldehyde. Using 1.5 equiv of DIBAl-H in tetra-
hydrofuran and toluene at �70 �C afforded the desired
aldehyde 18 in high yield with complete regioselectivity;14

no reduction of the 5-carboxy function was observed and
only small amounts of the alcohol derived from the 4-
carbaldehyde could be detected. Pure 18 was yielded after
crystallization from methylcyclohexane and little toluene.
Reaction of imidazole 18 with hydrazine concluded the
preparation of 50. Accordingly, 18 was treated with hydra-
zine in ethanol for 15 min to give the hydrazone inter-
mediate that was cyclized to pyridazone 50 at elevated
temperature after the addition of acetic acid. Separation
and purification of 50 was conveniently conducted by pre-
cipitation from the reaction mixture by cooling in an ice
bath and washing the precipitate with ethanol. The entire
reaction sequence to compound 515 could be repeated on
a multigram-scale using only extraction and crystallization
procedures to isolate the products in high purity; the di-
ethylester analog of compound 15 has also been submitted
to the reaction sequence furnishing similar yields and
selectivities.

Since scaffold 50 already bears a substituent at N-3, no
selectivity issues had to be considered in subsequent alkyl-
ation reactions. In analogy to our previously established
procedure for xanthine 1 and scaffold 2, different alkyl res-
idues were attached to N-5 and amino nucleophiles to C-2
of compound 5 (Scheme 4). Either way around the two res-
idues could be introduced delivering compounds 21 in com-
parable and decent yield. Attachment of both residues in
one pot as described for the methyl derivative 11 proved
to be feasible as well.

In summary, we have developed two expedient synthetic
routes to the versatile 3,5-dihydro-imidazo[4,5-d]pyridazin-
4-ones 2 and 5. The compounds have been prepared in
multigram quantities with routes that require no chromato-
graphic purification and thus qualify for large scale
preparations. In addition, we have shown that the substit-
uents on the scaffolds can be varied selectively, broadly,
and with high efficiency allowing quick access to a series
of analogous compounds. Hence, we consider frameworks
2 and 5 as useful platforms for combinatorial chemistry
and SAR-based approaches.
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