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Abstract

The synthesis of novel 7-aryl-7,8-dihydropyrido]Byridazin-5(@4)-ones is described
including a one-step Mannich-type reaction followg intramolecular ring closure of ethyl
3-methylpyridazine-4-carboxylate and aldiminesabeted by the Lewis acid Cu(OZfunder
microwave heating. This synthesis opens up pogghsilto access this unexplored scaffold for
medicinal chemistry.
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Introduction

In the search for new biologically active compouadsl drugs, extensive research is based on
the synthesis of natural-like or small moleculesthis regard, the theory of privileged scaffolds,
structures which can interact with high affinity # broad range of (unrelated) receptors,
provides new insights and hope for the synthesisesf active compoundsThey are typically
rigid and polycyclic heteroatomic systems, ableoteent numerous substituents in the three-
dimensional space surrounding these scaffol@gcause these privileged structures furnish
activities towards different receptors, they aresidered excellent lead compounds, especially
when only little is known about the structure oé tieceptors. Because the amount of new drugs
is declining, despite the large amount of sourcebsrasearch that are invested in this research,
new scaffolds need to be explored. Therefore, asing the chemical diversity in the field of
heterocyclic chemistry is of great interest for p@rmaceutical industry.
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In the course of our research towards innovatigerocyclic scaffolds, our interests and
efforts were guided towards the synthesis of 7-&@tdihydropyrido[4,3:]pyridazin-5(6H)-
ones. Dihydroisoquinolinones and dihydronaphthyodies (the benzo- and pyrido-analogues
respectively) are widely reported and investigaiitlydroisoquinolinoned for example can be
used for the treatment of various disease conditiorediated by the regulation of o7
hydroxylase/G; »slyase® whereas dihydronaphthyridinonés interact as mGIuR5 allosteric
modulators. 7,8-Dihydropyrido[4,3e]pyridazin-5(6H)-ones 3 however, are only scarcely
reported in scientific literature. The only refetea (which came up of a Scifinder search)
disclose the scaffold with one or more extra arigndngs annelated to the scaffaift’ The
amide-reduced analogues 5,6,7,8-tetrahydropyri@afypyridazines are only reported in two
referenced?® The 7,8-dihydropyrido[4,8]pyridazin-5(6H)-one scaffold as such is still unknown
in the scientific literature, leaving an opportyniowards the synthesis of a new possible
privileged scaffold.
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The synthesis of this new scaffold extends oueaesh towards innovative bio-active
heterocyclic scaffolds, in which small and natuiled- molecules were discovered as anti-cancer
chalcone derivative®, insect-repellant/antifeedant methanoproline anstslf* or epibatidine-
like nicotinic acetylcholine receptors inhibitdfs:* Further, the synthesis of new previously
unreported scaffolds, 4-(trifluoromethyl)-7,8-dilmgquinolin-5(64)-ones and
4-(trifluoromethyl)-5,7,8,9-tetrahydrok6pyrido[3,2-b]azepin-6-oned> and 5,8-disubstituted
5,6,8,9-tetrahydro#4,7H-2,5,6a,8,9a-pentaazaphenalene-1,3-diones were  oveisr'®
broadening the chemical diversity of possible peiyed scaffolds.

In this paper, the synthesis of 7-aryl-7,8-dihynnado[4,3c]pyridazin-5(61)-ones is
reported, synthetized by a one-step Mannich-ty@etien followed by ring closure of ethyl
3-methylpyridazine-4-carboxylagnd aldimines. The reactions were performed undg€©Tf),
catalysis and microwave heating.

Results and Discussion

The synthesis started with the synthesis of ethyleBhylpyridazine-4-carboxylaté(Scheme 1).
Two routes were explored, one starting from etlodt@acetatd, the other starting fromathyl
2-chloroacetoacetat®. In a first entry, ethyl acetoacetate was mongakd with 1.2
equivalents of allyl iodide and 1.1 equivalentssoflium hydride in dry THF for 1 hour 30

Page 140 ®ARKAT-USA, Inc.



minutes at room temperature, leading to ethyl Padktoacetat® by column chromatography
in 79% yield!” Allylation with allyl bromide and sodium hydride a palladium catalyzed Trost-
allylation with allyl bromide resulted in eitheradliylation or a mixture of mono- and diallylated
product.

1. O, Sudan IlI
10:1 CH,Cl,:MeOH
°C. 1h -78°C, 30min
o o 2 ;2 eq allyl iodide o o 2. 1 eq polymer-bound PPhg

o o
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Ot ary THF OEt Ot
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o
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0
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Scheme 1Synthesis of ethyl 3-methylpyridazine-4-carboxgl&h.

Having the alkene in hand, an ozonolysis was pexd to obtain the free aldehyde ethyl
2-acetyl-4-oxobutanoaté This was performed by bubbling ozone through latem of ethyl
2-allylacetoacetat® in dichloromethane and methanol (ratio 10:1) at&/&r 30 minutes, to
which a trace amount of Sudan lll was added as ralicator. An equimolar amount of
polymer-bound PPhwas added for the reductive work-up of the intetiae ozonides and after
1 hour of slow stirring at room temperature, thactin mixture was filtered and evaporat@d.
Analysis of the reaction mixture bYH-NMR demonstrated a 52% conversion of the alkene
towards the aldehyde. Because no full conversidhasfd no pure aldehydiecould be obtained,
the crude mixture ob and 6 was used as such in the next step for the systhasethyl
3-methylpyridazine-4-carboxylaie
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The synthesis of ethyl 3-methylpyridazine-4-cajdate 7 was performed by the reaction of
crude6 with hydrazine’® A solution of the reaction mixture in ethanol wslswly treated with
0.7 equivalents of hydrazine monohydrate at 0° fdaction mixture was allowed to warm to
room temperature and was stirred for 2 hours 3Qutes Thereafter, 1.5 equivalents of sodium
nitrite, dissolved in water, and acetic acid wedeetl and the mixture was again stirred for 1
hour at room temperature. After column chromatolgyaphe end product was obtained in 39%
yield (two steps) as yellow-brownish crystals. Trakieis low (overall) yield, the small scale and
the troublesome synthesis of pyridaziheto account, this pathway was abandoned and a new
pathway starting from ethyl 2-chloroacetoacetats ingestigated.

The new synthesis pathway towards ethyl 3-methmdpyine-4-carboxylat& started with
the formation of ethyl 2-chloroacetoacetafe-methoxycarbonylhydrazonel0.® Ethyl
2-chloroacetoacetate was dissolved in dry diethyl ether and 1 equivalef methyl
hydrazinocarboxylat® was added. After stirring for 24 hours at room penature, the
precipitate was filtered off and washed with peduoh ether, resulting in pure ethyl
2-chloroacetoacetatd-methoxycarbonylhydrazori) asa white powder in 94% yield.

The hydrazond0 was subsequently converted into 4-ethyl 1-methgthxy-3-methyl-5,6-
dihydropyridazine-1,4(d)-dicarboxylate 12 via treatment with sodium bicarbonate and a
subsequent inverse electron demand hetero DielerAddctiorf’

HydrazonelO was dissolved in a 2:1 diisopropyl ether:watertom& and 1.06 equivalents of
sodium bicarbonate were added. The reaction mixdiseoloured immediately and release of
gas was noticed and the 1,2-diaza-1,3-diehevas formed. After 2 hours of stirring at room
temperature, the aqueous phase was discarded andedhorganic phase was dried over
magnesium sulfate. Because the isomeric mixturélofof which theE-isomer is the major
component) polymerises at room temperature ane@xyssive properties upon heating, thereby
prohibiting purification by distillation, 11 was used as an unpurified mixture of isomers in
diisopropyl ether in the next stép.

For the inverse electron demand hetero Diels-Atdaction, 2.3 equivalents of ethyl vinyl
ether were added to the dried solutionlafin diisopropyl ether. The mixture was brought to
reflux temperature and heated overnight. The reaatnixture was evaporated, resulting in a
yellow oil of 4-ethyl 1-methyl 6-ethoxy-3-methylé&dihydropyridazine-1,4(4)-dicarboxylate
12in 91% vyield over two steps. This Diels-Alder praotli2 was obtained as@s-trans mixture.
Sincel2 had to be converted to ethyl 3-methylpyridazineadboxylate7 in the next step, no
purification nor separation of the isomers was ssagy andl2 was used as such in the next
step.

The last step in the synthesis of ethyl 3-methytfazine-4-carboxylat@ is the oxidation of
12 with bromine in acetic acitP. The crudel2 was dissolved in acetic acid and 1.2 equivalents
of bromine were slowly added. This resulted in finenation of a brown reaction mixture and
the production of gas. After stirring for 24 howatroom temperature, diisopropyl ether was
added, resulting in the formation of a precipitatéch was filtered and washed with diisopropyl
ether. Toluene was added and evaporated to remesidual acetic acid in an azeotropic
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distillation.  The residue was dissolved in wated @arace amounts of small impurities were
filtered off. The filtrate was neutralized by sodlitbicarbonate and sodium chloride was added.
The mixture was extracted with diisopropyl ether ahe organic phase was dried over
magnesium sulfate and evaporated, resulting irbredmn crystals of7. According to'H-NMR

and LC-MS analysis, these crystals consisted of very high purity. Recrystallization from
diethyl ether did not improve the purity. After goln chromatography and subsequent
recrystallization from diethyl ether, colorless stals of7 were obtained in 72% yield, having
the saméH-NMR and LC-MS purity as the red-brown crystals.

The latter synthesis for ethyl 3-methylpyridazhearboxylate was used starting from ethyl
2-chloroacetoacetat® because the first synthesis route, starting fronyledcetoacetat8, did
not offer satisfactory results. This second roweanly comprised a more practical synthesis, it
could also be executed on gram scale and in higgrédd) yields.

For the synthesis of the pyrido[4cRyridazines, ethyl 3-methylpyridazine-4-carboxglat
was reacted with aldimines. Different aldimines evgynthetized via a straightforward procedure
(Scheme 2%° The appropriate aldehydd3 was dissolved in dichloromethane and 1.05
equivalents of the corresponding aminiewas added. After stirring at reflux temperature 30
hours in the presence of 1.5 equivalents of magnesulfate, the precipitate was filtered and
the aldimine15 was obtained in almost always quantitative yieldthout the need for
purification. Also, theN-benzylidenep-toluenesulfonamidd.6 was synthetized by refluxing 1
equivalent of p-toluenesulfonamide and 1 equivalent of benzaldehyuhder Dean-Stark
conditions, resulting in 87% df6 after recrystallization from diethyl eth&.

X
0 /©/ 1.05eq HZN/\©R1
\\S =

i\
N o 1 eq p-toluenesulfonamide i 14 N/\©R1
O)‘\H - R2=H r2l A H 1.5eqMgS0, - R X H =
dry toluene, A, 24h NS CH,Cl, A, 3h N
16 Dean-Stark 13 ; ) 15
Y=87% R REY

a 4-OMe H quant.
b H H quant.
C 4-OMe 4-OMe quant.
d 4-Me 4-Me quant
e 4-F 4-F quant.
f 4-Cl 4-Cl  95%
g 2-Cl 2-Cl quant.

Scheme 2.Synthesis of aldimine$5-16.
The synthetized ethyl 3-methylpyridazine-4-cardatey 7 and N-benzylidene-

p-toluenesulfonamid&6 were used in a Mannich-type reaction to furnighdddition produci8
(Scheme 3, Table 1).Ethyl 3-methylpyridazine-4-carboxylate/ and N-benzylidene-
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p-toluenesulfonamid&6 were dissolved in dry THF in a pressure vial underinert argon
atmosphere and were heated at 120°C. Copper(H}&i{9.4 mol%) was added, together with an
equal amount of 1,10-phenanthroline as a ligandotabilize the copper catalyst. This copper
salt does not only activate imirl& by acting as a Lewis acid, but also shifts the ldzjuum
between7 and 7a towards the enamine by the formation of a metahsde specie$7.?* In a
first entry, an excess afwas used and the reaction was stirred for 1 houniites, resulting
in a conversion of 9% of to 18. When 5 mol% of catalyst was added and the reactias
performed for 24 hours, the conversion increase80f (entry 2). However, the isolated yield
of 18 was very low, due to a very difficult purificatidsy column chromatography. Increasing
the equivalents of6 did lead to an increase in yield after 20 hourgr{e3), while an extensive
reaction time of 89 hours only offered a moderateiproved yield (entry 4). Adding 1.5
equivalents of DIPEA to trap the expelled protontiie 5) did not improve the reaction outcome
as well.

/Tos See Table 1
Cu(OTf),
(ﬁ\ H 1,10-phenanthroline | N OFEt
dry THF, 120°C, Ar ~ N<\#@
pressure vial
NHTos
B ~ 18
O
Q N okt
M N.
— | T 7

N M.
H Tos™ N
7a

Scheme 3Synthesis ofi8.

Table 1. Conditions for the synthesis &8

Eq Cu(OT Conversion Yield

Entry  Eq16 Eq 1,1g-ph<(anarf1)ihroline (%0)? (%)
1 0.4 0.094 1h40 9 -
2 0.4 0.05 24h 30 2
3 0.95 0.05 20h - 33
4 0.95 0.05 89h - 50
5 0.95 0.05; 1.5 eq DIPEA 70h 21 -

2Based on NMR.
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Nevertheless, having the Mannich-type additiordpod18in hand, the ring closure towards
7-phenyl-6-tosyl-7,8-dihydropyrido[4,8pyridazin-5(64)-one 19 could be attempted (Scheme
4). In a first attemptl8 was dissolved in DMSO and this solution was addeal solution of 2.5
equivalents of sodium hydride in DMSO and was etirat 80°C, but no cyclized product could
be recovered® When the solvent was changed to dioxane, no fiosuce to19 proceeded, but
instead the saponification to 3-(R-{osyl)-amino-2-phenylethyl)pyridazine-4-carboxy#cid 20
occurred. The last attempt comprised stirriil®in a 10:1 dichloromethane:glacial acetic acid
mixture overnight at room temperature. Also untieise acidic reaction conditiori) could not
be obtained.

O O
| A OH | A OEt
N\N/ 2.5 eq NaH N\N/ 2.5 eq NaH R
dioxane, A, 2h30 DMSO, 80°C, 18h
NHTos Y=quant. NHTos
20 18

Scheme 4.Attempted synthesis dfo.

The desired ring closure most probably did notuocdue to the (too) strong electron
withdrawing potency of thé\-tosyl group. Therefore, alternative aldimines wased in the
pursuit of 7,8-dihydropyrido[4,8}pyridazin-5(64)-ones.

The copper(ll) triflate-catalyzed Mannich-type cttan was repeated witN-benzylidene-
benzylaminel5b (Scheme 5, Table 2). Ethyl 3-methylpyridazine-dboaylate 7, 0.95
equivalents of N-benzylidene-benzylaminksb, 5mol%  copper(IDtriflate and
1,10-phenanthroline were dissolved in dry THF irprassure vial under an inert nitrogen
atmosphere. After 127 hours, the reaction mixtuas filtered over a plug of silica involving
washing with a large amount of ethyl acetate toawsnthe copper salts and the filtrate was
evaporated. Purification by column chromatographyeldgd 6-benzyl-7-phenyl-7,8-
dihydropyrido[4,3€]pyridazin-5(64)-one 22b in 8% yield (entry 1). Interestingly, the Mannich-
type addition and the direct ring closure occursedultaneously, without the isolation of the
Mannich-type addu@1b, which could not be observed in the reaction niextu

An increase of the amounts of copper(ll) triflated 1,10-phenanthroline to 20 mol% and an
increase in reaction temperature to 140°C resulbed conversion of 44% (entry 2). The
conversion could be enhanced by the use of 2 elguitgaof15b, resulting in a conversion of
74% and a vyield of 54% (entry 3). Because of they\&tow reaction rate resulting in an
extremely long reaction time, even at 120-140°@,itfiluence of microwave (MW) heating was
evaluated in the next entries (entries 4-6). Wh&rowave heating was applied at 165°C for 25
minutes, no reaction product could be isolatedryef)t. These conditions were too harsh for the
microwave vial septum, resulting in the loss of teaction mixture. When a temperature of
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135°C was maintained for 9 hours, a conversionbéb &nd the corresponding yield of 55% was
obtained (entry 5). The reaction time could be ceduto 3 hours when 3 equivalents of imine
15bwere added (entry 6).

N

See Table 2 B 7
o} /\© CuOTh, O
Ny Ok ©)LH 1,10-phenanthroline | "\ “OEt
+
N.\? dry THF, N, N7
7 1
5b N
H
1b —

— 2

Scheme 5.Synthesis oR2b.

Table 2. Conditions for the synthesis 22b

Entry Eql5b Eq Cu(OTf Conditions Conversion Yield
Eq 1,10-phenanthroline (%)? (%)
1 0.95 0.05 120°C, 127h - 8
pressure vial
2 0.95 0.2 120°C, 72h, 44 -
140°C, 144h
pressure vial
3 2 0.2 120°C, 48h 74 54
140°C, 144h
pressure vial
4 2 0.2 165°C, 25min, - -
MW
5 2 0.2 135°C, 9h, MW 85 55
6 3 0.2 135°C, 3h, MW 82 48

Based on NMR.

In an analogous reactiomMN-benzylidene-(4-methoxybenzyl)amirkba was used as the
aldimine. After purification, not only the desire®-(4-methoxybenzyl)-7-phenyl-7,8-
dihydropyrido[4,3¢€]pyridazin-5(64)-one 22aa was obtained, but also 6-benzyl-7-(4-
methoxyphenyl)-7,8-dihydropyrido[4 §pyridazin-5(61)-one 22ab as an inseparable mixture
(3:222aa22aborvice versa) in 53% total yield.
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N
OMe
H OMe
3eq

15a
0.2 eq Cu(OTH),
A OEt 0.2 eq 1,10-phenanthroline

N\ dry THF, N,
7 MW, 135°C, 5h
Y=53% OMe

Scheme 6.Synthesis oP2a.

These two isomer22ad22ab were formed due to isomerization df5a to N-(4-
methoxybenzylidene)-benzylamine via a [1,3]-protshift under the prevailing reaction
conditions. Therefore, only aldiminésb-gin which both aromatic moieties are substitutedhwit
the same R-group could be used in further reactionbese cases, isomerization of the aldimine
does not lead to a mixture of 7,8-dihydropyridofd]@yridazin-5(6H)-one isomers.

To broaden the scope of the reaction towards yhthesis of 7-aryl-7,8-dihydropyrido[4,3-
c]pyridazin-5(61)-ones 22b-g, different aldiminesl5b-g have been used. The reaction was
performed overnight (15 hours) in order to obthi@ highest possible yields 22b-g.

| LR 0.2 eq Cu(OTf),
N ToEt . rel X OH NF 0.2 eq 1,10-phenanthroline
N\N/ O dry THF, N,
7 15 (3 eq) MW, 135°C, 15h
R'=R? Y (%)
b H 55
¢ 4-OMe 61
d4-Me 63
e 4-F 59
f 4-Cl 30
g2Cl 36

Scheme 7.Synthesis 0P2b-g.

After filtration of the reaction mixture over sii, pure compounds were only obtained after
several consecutive purifications via column chrtogeaphy, due to the very similar retention
factors of22b-g and the unreacted ethyl 3-methylpyridazine-4-caytaig 7. An alternative
work-up procedure comprised stirring of the fileaesidue in a 1:2 2M aq. NaOH:THF solution
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for 45 minutes. In this way, the unreacted ethyin&hylpyridazine-4-carboxylat& was
hydrolyzedinto the corresponding 3-methylpyridazine-4-carbate; When the organic phase
was evaporated22b-g could be extracted with dichloromethane, togethéh \the excess of
aldimine 15b-g. The pure compound®22b-g were now easily obtained via column
chromatography in moderate to good yields as yeNescous oils. The chloro derivatives
resulted in somewhat lower yields, probably duthtinteraction of the chlorine atoms with the
copper catalyst.

Attempts to further improve the yields were penfed by a) the portion wise addition of the
catalysts and aldimines, b) prolonging the reactiore up to 35 hours or c¢) using a dilute
reaction mixture to increase the solubility of #tarting ethyl 3-methylpyridazine-4-carboxylate
7. Unfortunately, these attempts were not successful

The conformational structure and spectroscopia dathe compound®2b-g did offer some
intriguing results. Due to the steric interactiohtiee aryl groups positioned on the; ldnd
C;-position, the Garyl group is forced into the pseudo-axial positidigure 1¥° Also, the
geometrical conformation led to a differencei-NMR shift of around 2 ppm for the two
diastereotopic geminal protong &hd H, in an AB-system from the amide-methylene groug du
to the neighbouring amide carbonyl anisotrépBy the use of a NOES¥H-NMR-experiment,
proton H, was assigned as the proton which is most closedjtipned at Ky (6 =~ 3.60 ppm).
Because of the anisotropy of the carbonyl grouptgor H, has a much higher chemical shifftx

5.60 ppm).
N>/ \ R4O HaH
"%LN-(‘)
Heq,d R
0.4%

Hax g Heq,c
22
R=4-F-C6H4

3%

NOESY

Figure 1. Conformational structure @2b-g.
This conformational structure was confirmed by eay diffraction analysis of 6-(4-

fluorobenzyl)-7-(4-fluorophenyl)-7,8-dihydropyridbB-c]pyridazin-5(64)-one 22e of which the
asymmetric unit and crystal unit cell are depidte#ligure 2 and Figure 3.
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Figure 2. Asymmetric unit of the Figure 3. Crystal unit cell
crystal structure of 22¢ showing of 22e showing the not-
thermal displacement ellipsoids at thecentrosymmetrical

50% probability level and atom spacegroup2:2:2;
labeling scheme of the non-hydrogen

atoms.

Despite the difficult synthesis of the 7,8-dihydyddo[4,3<]pyridazin-5(64)-ones 22,
requiring rather harsh conditions by microwave imgatwe did succeed in the synthesis of this
new scaffold.

Conclusions

In conclusion, a novel approach towards 7-aryldil8«dropyrido[4,3€]pyridazin-5(64)-ones
22b-g is presented. The key step is a one-step Mangmh-treaction of ethyl
3-methylpyridazine-4-carboxylaté and aldiminesl5b-g followed by an intramolecular ring
closure, catalysed by the Lewis acid Cu(QTdnder microwave heating. This ring closure
occurred concomitantly with the Mannich-type reactand the intermediate addition product
could not be isolated nor observed. This new slthffipens up new opportunities in the
chemical space and in the field of heterocyclionaiséry for the pharmaceutical industry.

Experimental Section

General. High resolution NMR spectra were run on a Brukemadce Ill Nanobay 400 MHz
spectrometerH-NMR (400 MHz), *C-NMR (100 MHz) and'®F-NMR (376.5 MHz).Peak
assignments were obtained with the aid of DEPT, HERC, 2D-COSY spectra. The
compounds were dissolved in deuterated solventstlamdised solvent is indicated for each
compound. Low resolution mass spectra were recomeé@n Agilent 1100 Series VS (ES,
4000V) mass spectrometer. HRMS analysis was peedrasing an Agilent 1100 series HPLC
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coupled to an Agilent 6210 TOF-Mass Spectrometguipped with ESI/APCI-multimode
source. IR-spectra were obtained from a Perkin EBpectrum One infrared spectrometer. The
purification of reaction mixtures was performedflash chromatography using a glass column
with silica gel (Acros, particle size 0.035-0.070nmPore diameter ca. 6 nm). All microwave
reactions were performed in a CEM Discover Benckemath a continuous power output from O
to 300 watt and a self-adjusting, single mode MWitga The reactions were performed in 10
mL thick-walled Pyrex reaction vessels, closed vdtlsnap-on’ septa cap and equipped with a
small stirring bar. A ramp time of maximum five rates was used whereby the temperature was
increased from room temperature to the desired Tme.temperature was maintained during the
course of the reaction for the indicated time. Témaperature control system used a non-contact
infrared sensor to measure the temperature on dktenb of the vessel and was used in a
feedback loop with the on-board computer to reguthe temperature from 25 to 250 °C by
adjusting the power output (1 Watt increments).@Iff, and 1,10-phenanthroline were dried at
60-80°C at 2-3 mbar for at least one hour befoeryeuse in the reactions. X-ray intensity data
were collected on a Agilent Supernova Dual Soutedt zero) diffractometer equipped with an
Atlas CCD detector using CuKradiation §£ = 1.54178 A) ando scans. The images were
interpreted and integrated with the program CrysiAio (Agilent Technologies). Using Olex2,
the structure was solved by direct methods usirgShelXS structure solution program and
refined by full-matrix least-squares ofi &sing the ShelXL program package. Non-hydrogen
atoms were anisotropically refined and the hydrogams in the riding mode and isotropic
temperature factors fixed at 1.2 times U(eq) ofgheent atoms. The amide and amine hydrogen
atoms were located from a difference electron densiap and were unrestrained refined.
CCDC-1020668 contains the supplementary crystalugc data for this paper and can be
obtained free of charge via www.ccdc.cam.ac.uk&oetrieving.html (or from the Cambridge
Crystallographic Data Centre, 12, Union Road, Caagler CB2 1EZ, UK; fax: +44-1223-
336033; odeposit@ccdc.cam.ac )k

Synthesis of ethyl 3-methylpyridazine-4-carboxylate (7) starting from ethyl 2-
chloroacetoacetate (8)

Synthesis of ethyl 2-chloroacetoacetateN-methoxycarbonylhydrazone (10)° Ethyl
2-chloroacetoacetat®)(16.21 g, 1eq) and hydrazinocarboxy(8g8.90 g, 1eq) was dissolved
in 100 ml of dry ethyl ether in a 250 ml round-lootied flask. After stirring for 24 hours at room
temperature, the precipitate was filtered off arasked with 2 times 50 ml petroleum ether,
resulting in pure ethyl 2-chloroacetoacetstenethoxycarbonylhydrazont0 asa white powder

in 94% vyield (22.24 g).

Synthesis of 4-ethyl 1-methyl 6-ethoxy-3-methyl-5;8ihydropyridazine-1,4(4H)-

dicarboxylate 12%° Ethyl 2-chloroacetoacetaté-methoxycarbonylhydrazond @) (5 g, 1 eq)
was dissolved in a 2:1 diisopropyl ether:water om&t (35 ml:15 ml) and 1.06 equivalents (1.88
g) of sodium bicarbonate were added. The reactiotune discoloured immediately and release
of gas was noticed and methyl 2-(-4-ethoxy-4-oxeaben-2-yl)diazene-1-carboxylatel was
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formed. After 2 hours of stirring at room temperafuhe aqueous phase was discarded and the
red organic phase was dried over magnesium sulfate.

For the inverse electron demand hetero Diels-Atdaction, 2.3 equivalents (4.69 ml) of ethyl
vinyl ether were added to the dried solutioriLdfin diisopropyl ether. The mixture was brought
to reflux temperature and heated overnight. Theti@a mixture was evaporated, resulting in
5.23 g of a yellow oil of 4-ethyl 1-methyl 6-ethe8ymethyl-5,6-dihydropyridazine-1,4€8-
dicarboxylatel2in 91% vyield over two steps, without purification.

Synthesis of ethyl 3-methylpyridazine-4-carboxylate(7)?° 4-Ethyl 1-methyl 6-ethoxy-3-
methyl-5,6-dihydropyridazine-1,4k¥)-dicarboxylate 12) (18.48 g, leqgyvas dissolved in 250 ml
of acetic acid in a 500 ml round-bottomed flask ar2l equivalents (4.05 ml) of bromine were
slowly added. This resulted in the formation ofravin reaction mixture and the production of
gas. After stirring for 24 hours at room temperefl250 ml of diisopropyl ether was added,
resulting in the formation of a precipitate whiclasiiltered and washed with 2 times 50 ml of
diisopropy! ether. 100 ml of toluene was added ewvaporated to remove residual acetic acid in
an azeotropic distillation. The residue was dissdlin 75 ml of water and trace amounts of
small impurities were filtered off. The filtrate waneutralized by 7.3 g of sodium bicarbonate
and 12 g of sodium chloride was added. The mixtwes extracted with 3 times 75 ml
diisopropy! ether and the organic phase was dned magnesium sulfate and evaporated. After
column chromatography with ethyl acetate=R38) and subsequent recrystallization from
diethyl ether, 8.03 g of colorless crystals/afiere obtained in 72% vyield.

General procedure for the synthesis of 7-aryl-7,8ilydropyrido[4,3-c]pyridazin-5(6H)-
ones (22b-g).The synthesis of 6-benzyl-7-phenyl-7,8-dihydropgfi3-c]pyridazin-5(64)-one
22b is representative. 1 Equivalent (0.2 g) of ethyin&thylpyridazine-4-carboxylat&, 0.2
equivalent (0.043 g) of 1,10-phenanthroline ande@j@ivalent (0.087 g) of Cu(OTgfare added

to a flame-dried microwave vial with stirring bdio this mixture, 3 ml of dry THF were added.
3 equivalents (0.705 g) &-benzylidene-benzylaminksb is dissolved in 2 ml of dry THF and
added to the mixture. The aldimine vial is rinseithwt ml of dry THF. The microwave vial is
stirred at room temperature for 1 minute while fiing the headspace with a nitrogen flow,
before closing the microwave vial with a septume Trhixture is heated during 15 hours at
135°C by the use of microwave irradiation.

After reaction, the mixture was filtered over a #rplug of silica with the use of 50 ml of ethyl
acetate and the filtrate was evaporated. The reswas dissolved in 20 ml: 40 ml 2M
NaOH:THF solution and stirred for 45 minutes atmotemperature. The organic phase was
evaporated and the water phase extracted with &sti®® ml dichloromethane. The combined
organic phases were dried over magnesium sulphiatated and evaporated. The residue was
coated on silica and purified by silica gel coluoimomatography using a solvent gradient from
1:1 Hexane:EtOAc to EtOAc.

6-Benzyl-7-phenyl-7,8-dihydropyrido[4,3€]pyridazin-5(6H)-one (22b). *H-NMR (400MHz,
CDCly): 6 3.61 (1H, dd,) 16.6, 2.3Hz, CHCEH,,), 3.73 (1H, d,) 16.6Hz, CHCHHy); 3.74 (1H,
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d, Jas 14.8Hz, NCHHy); 4.96 (1H, dd,J 6.8, 2.3Hz, NCHCH), 5.77 (1H, d,Jas 4.8Hz,
NCHaHp), 7.00-7.05 (2H, m, 2 x C{n), 7.25-7.39 (8H, m, 8 x Ch), 8.11 (1H, dJ 5.1Hz,
NCHCH), 9.33 (1H, ddJ 5.1, 0.6Hz, NCHCH)*C-NMR (100MHz, CDC}): & 36.4 (CHCH),
49.0 (NCH), 57.5 (NCHCH), 123.5 (NCHCH), 126.0 (2 x GHnm, 126.7 (CQOGg), 128.1
(CHarom), 128.2 (2 x Clom), 128.3 (CHiom), 129.0 (2 X CHon), 129.2 (2 x Clon), 136.4
(NCH.C,), 138.2 (NCHG), 152.0 (NCHCH), 155.8 (CO), 162.2 (NCH,). IR (ATR, cni®):
vmax 3030, 1654. HRMS (ES, pos. modeyz (%) calc: 316.1444, exp: 316.1459 (100) [M¥H
Chromatography: Hex/EtOAc 1/1 - EtOA¢M®R50 (EtOAC). Yield: 55%.
6-(4-Methoxybenzyl)-7-(4-methoxyphenyl)-7,8-dihydrpyrido[4,3-c]pyridazin-5(6 H)-one
(229). 'H-NMR (400MHz, CDC}):  3.56 (1H, ddJ 16.5, 2.4Hz, CHCEH,), 3.66 (1H, dd,]
16.5, 6.7Hz, CHCEHy); 3.80 (1H, d,Jas 14.6Hz, NCHHy); 3.75 (3H, s, OMe), 3.82 (3H, s,
OMe), 4.90 (1H, ddJ 6.7, 2.4Hz, NCHCH), 5.68 (1H, dJag 14.6Hz, NCHHy), 6.78 (2H, dJ
8.7Hz, 2 x CHQO), 6.88 (2H, dJ 8.7Hz, 2 x CHQO), 6.93 (2H, dJ 8.7Hz, 2 x CHECH),
7.21 (2H, d,J 8.7Hz, 2 x CHC,CH), 8.10 (1H, dJ 5.0Hz, NCHCH), 9.32 (1H, dj 5.0Hz,
NCHCH). *C-NMR (100MHz, CDCJ): & 36.6 (CHCH), 48.2 (NCH), 55.31 (OCH), 55.33
(OCHp), 56.7 (NCHCH), 114.3 (2 x_CHEO), 114.5 (2 x_CHD), 123.5 (NCHCH), 126.8
(COG), 127.2 (2 x CHECH), 128.4 (NCHC,), 129.7 (2 x CHC4CH), 130.1 (NCHG), 151.9
(NCHCH), 155.9 (CO), 159.4 (OCHs), 159.5 (GOCHs), 162.0 (NGCH,). IR (ATR, cm):
Vmax 2930, 1654, 1510, 1244. HRMS (ES, pos. mod#}: (%) calc: 376.1656, exp: 376.1653
(100) [M+H']. Chromatography: Hex/EtOAc 1/1 - EtOA¢ ®43 (EtOAC). Yield: 61%.
6-(4-Methylbenzyl)-7-(4-methylphenyl)-7,8-dihydropyido[4,3-c]pyridazin-5(6 H)-one (22d).
'"H-NMR (400MHz, CDC}): § 2.28 (3H, s, Ch), 2.36 (3H, s, CH), 3.57 (1H, dd,) 16.6, 2.2Hz,
CHCH.Hy), 3.66 (1H, dJas 14.7Hz, NCHH;), 3.68 (1H, ddJ 16.6, 6.8Hz, CHCHHy), 4.91
(1H, dd,J 6.8, 2.2Hz, NCHCH), 5.74 (1H, dJag=14.7Hz, NCHHy), 6.90 (2H, dJ 8.1Hz, 2 x
CHC,CH), 7.06 (2H, dJ 7.9Hz, 2 x CHQCHCH), 7.17 (4H, br. s, 2 x GB,CHCH), 8.10 (1H,
d, J 5.0Hz, NCHCH), 9.31 (1H, dd 5.0, 0.6Hz, NCHCH)*C-NMR (100MHz, CDC}): 5 21.1
(CHj3), 21.2 (CH), 36.5 (CHCH), 48.6 (NCH), 57.0 (NCHCH), 123.5 (NCHCH), 125.9 (2 x
CHC,CH), 126.8 (CQOg), 128.2 (2 x CHC,CH), 129.6 (2 x CHECHCH), 129.8 (2 x
CH,C,CHCH), 133.4 (CHC,CH), 135.1 (CH@CH), 137.8 (CHCgy), 138.1 (CHC), 151.9
(NCHCH), 155.9 (CO), 162.0 (NCH,). IR (ATR, cm): vmax 2921, 1655. HRMS (ES, pos.
mode):m/z (%) calc: 344.1757, exp: 344.1764 (100) [M}IHChromatography: Hex/EtOAc 1/1
- EtOAc R 0.47 (EtOAC). Yield: 63%.
6-(4-Fluorobenzyl)-7-(4-fluorophenyl)-7,8-dihydropyido[4,3-c]pyridazin-5(6 H)-one (226.
'H-NMR (400MHz, CDCH): & 3.58 (1H, ddJ 16.5, 2.4Hz, CHCHHp), 3.72 (1H, ddJ 16.5,
6.7Hz, CHCHHy), 3.70 (1H, dJas 14.7Hz, NCHHy), 4.93 (1H, ddJ 6.7, 2.4Hz, NCHCH),
5.55 (1H, d,Jag 14.7Hz, NCHHp), 6.92-7.07 (6H, m, 4 x RCH, 2 x FGCHCH), 7.23-7.29
(2H, m, 2 x FGCHCH), 8.10 (1H, dJ 5.1Hz, NCHCH), 9.34 (1H, ddl 5.1, 0.6Hz, NCHCH).
3C-NMR (100MHz, CDCJ): & 36.5 (CHCH), 48.4 (NCH), 57.1 (NCHCH), 115.9 (d,J
21.7Hz, 2 x FECH), 116.2 (d,J 21.9Hz, 2 x FECH), 123.5 (NCHCH), 126.5 (CQf; 127.7 (d,
J 8.3Hz, 2 x FGCHCH), 130.0 (dJ 8.1Hz, 2 x FGCHCH), 132.0 (dJ 3.4Hz, FGCHCHG,)),
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133.8 (d,J 3.1Hz, FGCHCHG;), 152.1 (NCHCH), 155.5 (CO), 162.0 (MCH,), 162.50 (dJ
248.5Hz, FQ), 162.53 (d,) 247.0Hz, FQ). **F-NMR (376.5MHz, CDGJ): § -113.8 to -113.7 (F,
m), -113.3 to -113.2 (F, m). IR (ATR, &M vmax 2924, 1662, 1507, 1221, 1158. HRMS (ES,
pos. mode)m/z (%) calc: 352.1256, exp: 352.1253 (100) [M}HChromatography: Hex/EtOAc
1/1 - EtOAc R0.50 (EtOAc). CDCC: 1020668.Yield: 59%.
6-(4-Chlorobenzyl)-7-(4-chlorophenyl)-7,8-dihydropyido[4,3-c]pyridazin-5(6 H)-one (22f).
'"H-NMR (400MHz, CDC}): & 3.59 (1H, dd, 16.6, 2.3Hz, CHCHHp), 3.72 (1H, dJ 16.6Hz,
CHCH.Hy), 3.75 (1H, dJag 15.0Hz, NCHHp), 4.91 (1H, ddJ 6.7, 2.3Hz, NCHCH), 5.65 (1H,
d, Jag 15.0Hz, NCHHp), 6.96 (2H, dJ 8.4Hz, 2 x CHon), 7.22 (2H, dJ 9.0Hz, 2 x CHon),
7.24 (2H, d,J 9.0Hz, 2 x CHom), 7.33 (2H, d,J 8.4Hz, 2xCHm), 8.10 (1H, d,J 5.0Hz,
NCHCH), 9.34 (1H, dJ 5.0, NCHCH).”*C-NMR (100MHz, CDCJ): & 36.3 (CHCH), 48.5
(NCHy), 57.2 (NCHCH), 123.6 (NCHCH), 126.4 (CQf; 127.3 (2 x Chon), 129.2 (2 x
CHarom), 129.4 (2 x Clony), 129.6 (2 %X Cllon), 134.1 (CIG), 134.4 (CIG), 134.7 (NCHC,),
136.5 (NCHG) 152.1 (NCHCH), 155.3 (CO), 162.1 (NCH,). IR (ATR, cmi'): vimay 2922,
2853, 1659, 1091. HRMS (ES, pos. modeyz (%) calc: 384.0665, exp: 384.0672 (100)
[M+H™]. Chromatography: Hex/EtOAc 1/1 - EtOAg ®42 (EtOAc). Yield: 30%.
6-(2-Chlorobenzyl)-7-(2-chlorophenyl)-7,8-dihydropyido[4,3-c]pyridazin-5(6 H)-one (229).
'H-NMR (400MHz, CDCH): 6 3.78 (2H, m, CHCh), 4.12 (1H, dJag 15.0Hz, NCHHy), 5.40-
5.43 (1H, m, NCHCH), 5.53 (1H, dJas 15.0Hz, NCHHy), 6.75-6.78 (1H, m, Ckbn), 7.03-
7.08 (1H, m, Chony, 7.17-7.22 (1H, m, Clbn), 7.24-7.32 (2H, m, Ckbn), 7.36-7.42 (3H, m,
CHarom), 8.13 (1H, d,J 5.0Hz, NCHCH), 9.34 (1H, dJ 5.1, NCHCH).**C-NMR (100MHz,
CDCl): 6 33.8 (CHCH), 47.3 (NCH), 55.6 (NCHCH), 123.5 (NCHCH), 126.2 (Ckbn), 126.4
(CO&), 127.2 (CHrom), 127.3 (CHrom), 129.55 (CHron), 129.63 (CHyony), 129.9 (CHion), 130.6
(CHarom), 130.8 (CHiom), 132.8 (Garom, 133.4 (Garom, 134.1 (Garom, 135.1 (Garon, 152.0
(NCHCH), 162.6 (CO), 162.6 (NCHy). IR (ATR, cmi'): vmax 2924, 1663, 1038. HRMS (ES,
pos. mode)m/z (%) calc: 384.0665, exp: 384.0672 (100) [M}HChromatography: Hex/EtOAc
1/1 - EtOAc R0.49 (EtOAC). Yield: 36%.
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