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Abstract

Tetrafluoropyridazinel reacts with a range of oxygen-, nitrogen-, sulfand carbon-centred
nucleophiles to give, in general, produtarising from substitution of fluorinpara to ring nitrogen.
Subsequent reaction of the trifluoropyridazine \dives2 gave a range of 4,5-di- and tri-substituted
products3 and 6. Related reactions of tetrafluoropyridazithewith difunctional nucleophiles gave
[6,6]-, [5,6]- and [6,5,6]-polycyclic ring fused pglazine scaffoldg and9. Further functionalisation of
scaffolds4 by nucleophlic aromatic substitution processesliing displacement of fluorine atoms at
activated sitertho to ring nitrogen provide an indication of the dtic possibilities offered using
tetrafluoropyridazine as a starting material fag fireparation of polysubstituted pyridazine andehov

polyfunctional ring fused pyridazine systems wititemtial applications in the drug discovery arena.

Keywords: heterocyclic scaffold, perfluoroheterocycle, mtlimctional pyridazine, nucleophilic

aromatic substitution.

1. I ntroduction



New efficient synthetic approaches to polyfunctiopgridazine derivatives and rare heterocyclic

systems derived from tetrafluoropyridazine are dbed in this paper.

While the first identification of a pyridazine ringithin a natural product structure was reported
relatively recently, pyridazine heterocyclic sub-units have been inomfed into a number of
successful pharmaceutical products such as Sulfexgbyridazine and Nifurprazine (antibacterial
agents) and Minaprine (antidepressant) (Fid. @pnsequently, new methodology that allows thedrapi
synthesis of libraries of novel pyridazine deriva bearing multiple functionality for incorporatian

drug discovery campaigns continues to be an impbtéaget for medicinal chemists.
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Sulfamethoxypyridazine Nifurprazine Minaprine

Figure 1 Pharmaceuticals containing pyridazine sub-units

In general, pyridazine systems can be construciedither a variety of ring-forming processes or
reactions of an appropriately functionalised pyzida substratd. For example, construction of
pyridazine rings can be achieved by formation o€ timter-heteroatom bond involving the
intramolecular oxidative coupling of two amino gpsif, reactions of 1,4-dicarbonyl compounds with
hydraziné®® and Diels-Alder type [4+2] cycloaddition (Carbdridsey reaction) between 1,2,4,5-
tetrazine with either an alkene or alkyne substf4te/arious approaches to the preparation of
polysubstituted pyridazines from appropriate pyzida substrates have been reported, including
deprotonation of the parent heterocycle and sulesedrapping with an electrophile, such as reastion
with LiTMP®" or heteroaryl Grignard derivativés palladium-catalyzed coupling of appropriate
halogenated pyridazine derivatiféssuch as Negisfli or Suzuki cross coupling process8s, or
reaction of appropriate halogenated pyridazineS\#\r processed®® Of course, all these approaches

have their advantages and disadvantages and tiwe abfcsynthetic strategy depends on the nature of



the target pyridazine system, availability of agprate substrates, regioselectivity of functioretiisn,

functional group tolerance, cost, scalability amapplicability to parallel synthesis techniques.

Additionally, a lack of structural diversity in ptmaceutical company compound collections is often
suggested to hamper the development of new dragdaadidates and, consequently, new heterocyclic
scaffolds with novel, patentable molecular architees are of growing importance for further
exploration of chemical space in the search for neiwslogically active drug-like species.
Consequently, the synthesis of structurally novelygyclic ring-fused pyridazine systems, for
example, would provide access to new areas of @@ mpace suitable for the assessment of novel
biological activities. New synthetic approachesriag-fused pyridazine systems require efficient
access to polyheterocyclic cores which also beaalda functional groups that would allow further

transformation to libraries of novel ring-fuseddrecyclic derivatives.

Tetrafluoropyridazinel could be a highly versatile scaffold for the swsis of a range of both
polysubstituted pyridazine systems and polyfunetidn- and tri-cyclic fused ring systems because, i
principle, all four fluorine atoms could be repldcey reaction with a nucleophilic species through
sequential nucleophilic aromatic substitution peses.(Scheme 1) In this context, we demonstrated
that pentafluoropyridine can, for example, be tfamsed to a range of polysubstituted pyridine
derivatives by sequential reaction with a varietyrmno- and bi-dentate nucleophilic species which
has allowed the synthesis of various polysubstiuie and tri-cyclic ring fused systems such as
pyridopyrazin&**© and imidopyrazin® derivatives bearing functionality for further sttural
elaboration. Tetrafluoropyridazink was first prepared some time adout the chemistry of this
system has largely been limited to reactions inctvimethoxide and several amines have been reported
to provide products arising from substitution afdiine at the 4-positior! whereas polysubstitution
processes, generally involving perfluoroalkylcaibannucleophiled, have rarely been reported.
Consequently, we chose to study reactions of tatwdpyridazinel with a range of mono- and di-
functional nucleophiles which could, potentiallgatl to many novel multiply-substituted pyridazine
and ring-fused pyridazine systems that bear widgirg functionality following a general synthetic

strategy outlined in Scheme 1.
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Scheme 1. General strategy for the synthesis of highly stlted and ring fused pyridazine derivatives

from tetrafluoropyridazind.

In this paper, we describe the synthesis of a rarfigeolysubstituted, bi- and tri-cyclic ring fused
pyridazine systems from tetrafluoropyridazibiewhich allows access to some multiply-substituted
pyridazine derivatives and various very rare hetgrlic molecular frameworks by sequentialA8

methodology suitable for parallel synthesis techeg]



2. Results and discussion

A series of reactions of tetrafluoropyridazibhevith model monodentate oxygen-, nitrogen-, carbon-
and sulfur-centred nucleophiles were carried outxtend the range of systems available for further
functionalisation and are collated in Table 1. Ieneral, reactions of nucleophiles with
tetrafluoropyridazinel occurred at °C or room temperature in the presence of the sfroong-
nucleophilic organic base digpropylethyl amine (DIPEA) and using THF as the teacmedium.



Table 1. Reactions of tetrafluoropyridazine with monofuaetl nucleophiles.
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In all cases, productga-k, obtained in high yields, were those derived fraubstitution of fluorine
located at the 4-position as we would expect frdrsenvations reported previoust§.This site is the
most activated position towards nucleophilic attaskt ispara to the activating ring nitrogen and has
two ortho and onemetaactivating fluorine atoms, following principlesrfprocesses involving highly
reactive heterocycles® The structures of the produ@a-k followed from*°F NMR analysis in which
three resonances ed - 80,-90 and-135 ppm were observed, where resonances occuitricey 890
ppm are indicative of fluorine located at sitetho to ring nitrogen as is the case here.

Whilst all nitrogen- and oxygen-centred nucleophigave high yields of mono-substituted products, in
contrast, reaction of one equivalent of thiopheand tetrafluoropyridazind gave only the 4,5-
disubstituted produ@ with no monosubstituted product observed #yNMR analysis of the reaction
mixture. This reflects the strongrtho activating effect of the sulfur atom which makdse t
monosubstituted product more reactive towards wptides tharl itself'® Thus, a higher yield a2l
could be obtained upon reactionlofith two equivalents of thiophenol in similar réaa conditions.

In contrast, ethanethiol gave only mono-substitygestiuct2k consistent with the decreasing electron

withdrawing ability of the ethanethio substituentrgpared to the phenylthio case.

Reaction ofl with phenylmagnesium bromide gave a mixture of taanosubstituted producn and

2n in a 5:1 ratio by°F NMR analysis of the crude reaction mixture, agsirom substitution of the 4-
and 3-positions respectively, from which the mapoduct 2m could be purified by repeated
recrystallisation. In this reaction, some competsuipstitution occurs at the 3-position due to the
increased reactivity of the nucleophile which akosubstitution at the less activated sit#ho to ring
nitrogen. In the case of reactionloith methylmagnesium bromide, decomposition ocdiksly due

to the highly basic reaction mixture that causge@enation of the pyridazyllic protons presenairy
product formed leading to complex reaction mixtuess observed in similar reactions of highly

fluorinated pyridine derivatives.
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Scheme 2. Reaction ofl with phenyl magnesium bromide

Trifluoropyridazine derivative® are, of course, still very electrophilic in natuaad, in principle,
products arising from substitution of the remainnirgg fluorine atoms or the substituent itself are
possible upon reaction with subsequent nucleopsyiecies. Consequently, our next series of reaction
was aimed at exploring the behaviour of four selatepresentative trifluoropyridazine derivatives
2a,h,k,m with model nitrogen-, oxygen-, sulfur- and carli@ntred nucleophiles to determine how the
4-substituent affects further nucleophilic subsiito processes (Table 2). All reactions were pentxt

using similar conditions to those described above.



Table 2. Reactions of trifluoropyridazinéa,h,k,m with nucleophiles
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Reactions of model nucleophiles with trifluoropyaine derivativea,h,k,m gave products3a-h
arising from substitution at the 5-positigrgra to ring nitrogen. 4,5-Disubstitution was confirmiey
F NMR analysis which showed only resonances ocguairta. -85 ppm for each compourg-h,
consistent with the presence of fluorioeho- to ring nitrogen. Reactions were noticeably sloves

the trifluorinated pyridazine®a,k,I,m thanl as would be expected.

Having established thdt reacts, in the majority of cases, regioselectiwglth two equivalents of
nucleophile successively to give produ8dsh exclusively from sequential substitution of theashd 5-
positions, we carried out a series of experimeptsprepare ring-fused systends arising from
corresponding $Ar reactions ofl with difunctional nucleophiles. Initial nucleopieilattack onl at the
4-positon, followed bygubsequent intramolecular cyclisation by substitubtf fluorine attached to the
most activated 5-position would be expected to na€Consequentlyeactions of tetrafluoropyridazine
1 with a small range of representative difunctiomigdogen nucleophilewere performed (Table 3). In
all cases, the bi- or tri-cyclic ring fused systefagy derived from reaction at the most activated 4- and
5-positions were synthesized and isolated in gaeldl.y Symmetrical ring-fused producta,b,f were
readily identified by the observation of only onesonance in thé°F NMR spectra and similar
equivalencies in th&H and**C NMR spectra. Non-symmetric bicyclic and tricggtiroductsic,d,e,g
displayed two distinct'®F NMR resonances ata. -92.6 and -94.6 ppm which are, again, both
characteristic of fluorine locatedrtho to ring nitrogen. Interestingly, these results vghapposite
regioselectivity to a cyclisation reaction previuperformed between tetrafluoropyridazine and
catechol, which cyclized between C4 and'€3.
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Table 3. Synthesis of polycyclic systemdrom 1

F
F F
| N . ) Conditions
N. — + Dinucleophile Product 4
N OF
1
Nucleophile Conditions Product, Yield % Nucleophile Conditions Product, Yield %
A\
Me < /
N ~ Q
- /\/H NaHCO; P AN » MeCN hY
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MeCN HN— | MeCN /N
F N =
NH, reflux, 3 d; N N~ "NH, MW, 150 °C, 10 min N—\
2) DIPEA, MeCN, . _ F AN
MW, 180 °C, 15 N F I/
min ab, 46% NN E
4e, 40%
Q s
— MeCN | A SH MeCN Nl _
NN e, 16 NP e .2h NTUF
4c, 82% 4f, 65%
s~
J% NN
NaHCO
HNT s artes !
MeCN NP~
reflux, 16 h
4g, 62%

Reaction ofl with benzamidine in acetonitrile at reflux tempgara in the presence of four equivalents
of sodium bicarbonate yielded the uncyclised angdiarivative5. A range of bases were reacted with
5in an attempt to effect the desired cyclisatioh8uLi, LDA and LIHMDS gave complex product
mixtures. However, cyclisation could be achievethgiDIPEA and4b was obtained in good yield

after microwave irradiation at 18C for 15 minutes in an overall two step processaédation ofl by

11



cyclic amino-imine and 2-aminopyridine derivativiesl to the corresponding tricyclic systedse

respectively in high yields.

Whilst imidazo[4,5-d]pyridazinéd and thiazolo[4,5-d]pyridazin&sare relatively common, formed by
reaction of appropriate 4,5-diaminopyridazines wéttid chloride derivativéd and thiazole 4,5-
dicarboxaldehyde with hydrazine respectivélymany other polycyclic systems incorporating a
pyridazine ring subunit are very rarely reported either the academic or patent literature and
polyfunctional systems suitable as substrates riaiogue synthesis have not been described. Only a
very few examples of related pyridazino-tetrahygragazineX® dithiino-pyridazine€?® pyridazino-
thiazine and dioxino- pyridazihe derivatives and tricyclic systefishave been synthesised from
reaction of appropriate chlorinated pyridazines awihucleophiles or by reaction of appropriate

dinitriles with hydrazine.

Sequential trisubstitution df is also possible when a sufficiently activatedudifopyridazine3f was
further reacted with an appropriate nucleophilesubstituted syster8f, was reacted with morpholine
upon microwave irradiation at 150 °C for 90 mint{&me 3) and°F NMR spectroscopy of the product
mixture showed only a single produé which could be isolated in 71% vyield by column
chromatography and its structure was confirmed byycrystallography (Figure 2). The thiophenoxy
group isortho- activating to some extent and the morpholino grsuslightly deactivating, explaining

the high regioselectivity of this process.
s e
N N N
s@ DIPEA FWSO
N. =
F THF N~ N
6, 71% bo

Scheme 3. Synthesis of trisubstituted derivatiGe

F

X
N. =
N

3f
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Figure2. Molecular structure of trisubstituted derivattve

Similarly, all the [5,6]- and [6,6]-ring fused séalfls synthesised by the processes outlined in€rabl

possess fluorine atoms attached to the pyriding which, in principle, are also susceptible towards
nucleophilic displacement. Consequently, we studesattions of representative polycyclic products
4b-d with a small range of model nucleophiles to ilfate the potential of these novel scaffolds for the

synthesis of polycyclic multi-functionalised derives (Scheme 4).
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Scheme 4. Reactions of ring fused systedis-d with nucleophiles

Ph Ph
HN— HN—(
F N MeCN N N
Y+ n-BuNH, © > BuT TN
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N"F  2equiv. MW, 150 °C, 20 min N>\ Bu
4b H
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® O
\
(N o MeCN . \ h¥
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N N\N/ N/\
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F N uc N
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“N” Nuc NTF
7
Nuc
NaOMe 7c, Nuc =OMe, 40% 7c:8c,76:24
EtNH, 7d, Nuc = NHEt, 65%  7d : 8d, 79 : 21
Et,NH 7e, Nuc = NEty, 70% 7e:8e,95:5

Reaction of [6,6]-fused systeda with nucleophiles was not successful even aftefopiged heating
with various reactive nucleophiles, reflecting theactivating influence of the two amino substitgent
attached to the pyridazine ring. However, reactibimidazopyridazinetb with n-butylamine yielded
the disubstituted systemma, arising from replacement of both remaining rimgofine atoms while

reaction of tricyclic scaffoldic with morpholine gav&b regioselectively (Scheme 3) and the structure

was confirmed by X-ray crystallography (Fig. 3).
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Figure 3. Molecular structure ofb

The regioselectivity of the reaction betwetnand morpholine can be explained by a consideration
the relative stabilities of the Meisenheimer intediates formed by reaction at either the C-1 or C-4
sites. Attack at C-1 allows delocalisation of thegative charge formed over the pyridazine and
imidazopyridazine ring system giving a more staiermediate whilst attack at C-4 only allows

delocalisation over the pyridazine ring (Scheme 5).
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Scheme 5. Regioselectivity of nucleophilic substitution fiaction ofdc

Attack at C-1
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F N"°F N~ F

Tricyclic systemdd reacted with nucleophiles under microwave irradiaiin acetonitrile (Scheme 4)
to give major products arising from substitutionflabrine at C-1. While small quantities of prodsict
arising from substitution of C-4 of the pyridazirieg were observed b}’F NMR analysis of the
reaction mixture, major products,d could be isolated by column chromatography orystetlisation

of the crude product mixture. X-ray crystallograptgnfirmed the structure of the 1-diethylamino
derivative 7e (Fig. 4) and NMR data obtained f@a,b were comparable to those obtained Ter In

this case, nucleophilic attack at C-1 leads toilstation of the Meisenheimer intermediate over the
entire aromatic system whilst attack at C-4 onlpwa$ charge to be delocalised over the pyridazine

ring and, consequently, reactions arising fromldisgment of fluorine at C-1 are preferred.

16



Figure 4. Molecular structure ofe

An alternative method for the synthesis of funciilimed pyridazine ring fused polycyclic derivatives
to carry out annelation reactions of monofuncticmeal trifluoropyridazines2 with appropriate

difunctional nucleophiles (Table 4).

17



Table 4. Reaction of trifluoropyridazineza,k with difunctional nucleophiles

R ) . R
F F Difunctional 1
= I nucleophile CNUCfW/F
X _N iti X N
SN Conditions Nuc? SN
2 9
2 Conditions Product, Yield % 2 Conditions Product, Yield %
(0] O L
() "
N \N/\/ ~ S A H S
N g N _~_F
P~ F I
I DIPEA, THF SN LY
N t, 5 d DIPEA, THF 0" "N
100 °C, microwave, 9e, 75%
2a 2k 5 min

9a, 84%

(J s )
Ao L,
r?“( DIPEA, THF @f\(

F”°N
2a rt, 16 h
9b, 68%
J H 3
S \N/\/N\
F V | F H =
x~ N DIPEA, THF SN
F~ N rt, 16 h
2k 9c, 77%

DIPEA, THF
rt, 16 h

@[ 3
2 G

2k

F- N DIPEA, THF Y
2k ; gor:,ﬁ microwave of, 63%

ﬁ Qﬁ

150 °C microwave

30 min 9g, 14%
SJ
F. = | F \/(j Q j\)\/
x N
F N DIPEA, THF SN
2k i, 7d
J 9h, 50%
S Q O 0 J
F F EtO S
7 )J\/U\OEt
SN DIPEA, THF Znd
2K 180 °C, microwave 0] \N’N
90 min .
9i, 28%
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Indeed, reaction di,N’-dimethylethylene diamine witBa gave the desired fused prod@etin good
yield after stirring in THF at room temperature asamilarly, reaction with 2-mercaptophenol gave
tricyclic product9b. 4-(Ethylthio)-3,5,6-trifluoropyridazin@k was also used for the synthesis of ring
fused systems and reaction WkN'-dimethylethylene diamine rapidly gave fused biwyproduct9c

in good yield. 2-Mercaptophenol gave the fused dicyproduct9d as the only product as observed by
19F NMR analysis of the crude reaction mixtarel crystals that were suitable for analysis bya¥X-r
crystallography allowed the confirmation of theusture (Fig. 5). It appears that the initial attask

performed by the sulfur atom giving initial substibn para to ring nitrogen, further activating the

He12
51y
| Wc11

intermediate to nucleophilic attack by the oxyg@maat the adjacent site.

N2

Figure5. Molecular structures &d, 9e andSh.

Reaction of2k with 2-aminophenol using microwave irradiation1@0 °C for five minutes gave the
tricyclic product9e, confirmed by X-ray crystallography (Fig. 5), whidemonstrated that the product
was formed via initial attack by nitrogen followds) cyclisation through oxygen. Similarly, 2-
aminobenzenethiol, 2-aminopyridine, 2-amino-3-piw®l and ethyl acetoacetate gave the desired
polycyclic products9f-i respectively after reaction with 4-(ethylthio)-&4&rifluoropyridazine 2k

under microwave irradiation.

3. Conclusions

Tetrafluoropyridazinel may be used as a very effective scaffold for yalesis of a range of 4,5-
disubstituted pyridazine systems bearing oxygetrpgeen, sulfur and carbon functionality. Further

substitution of the difluorinated systems gave omig$ of trisubstituted pyridazine systems, processe
19



which were particularly regioselective in the prese of anortho-activating sulfur substituent.
Consequently, we have further extended our gerstrailegy for using perfluorinated heteroaromatic
scaffolds for analogue synthesis to pyridazineesyst

Novel bi- and tri-cyclic heterocyclic systems hdeen synthesised by reaction of tetrafluoropyritezi
with bifunctional nitrogen centred nucleophiles \pding access to tetrahydropyrazino-pyridazine,
imidazopyridazine and tetraazafluorene scaffoldse presence of fluorine atoms attached to sites
activated towards nucleophilic attack allows fuoctlisation of these scaffolds and representative
examples of nucleophilic aromatic substitution gsses have been established. The developing use of
highly fluorinated heteroaromatic derivatives aartstg materials for heterocyclic synthesis hasnbee
further expanded to ring fused pyridazine systems.

The general strategy outlined in Scheme 1 has atlowhe synthesis of a wide range of
polyfunctionalised and ring-fused pyridazine detiles from tetrafluoropyridazine and the synthetic
methodology is summarised in Scheme 6, demongjr#itie diverse molecular structures that can be

accessed very readily after a few simple operations

Scheme 6. Synthesis of pyridazine based systems from tatradpyridazine
Ph

Bu HN—
N
0 oo
N.
N N NH




4. Experimental

General

Reactions were performed under an atmosphere ohaggs using dry solvents. Microwave reactions
were performed on a Biotage Initiator 60 EXP. Rieas were monitored b}’F NMR or TLC on
silica gel TLC plates. Column chromatography wasried out on silica gel (Merck no. 109385,
particle size 0.040 — 0.063nm) or using a Biotageizén or Isco Companion flash chromatography
system. Mass directed HPLC was performed on a I8udeCABZ++ column using MicroMass
MassLynx v4.0 software. Melting points were recardsing a Gallenkamp melting point apparatus at
atmospheric pressure and are uncorrected. NMR repeetre recorded in deuteriochloroform, unless
otherwise stated, using trichlorofluoromethane msngernal reference on a Varian Mercury 400 or
Bruker Avance 400 operating at 400MHE (NMR), 376MHz (°F NMR) and 100MHz'€C NMR), or

a Varian Inova 500 operating at 500MHE NMR), 470MHz ¢°F NMR) and 125MHz*€C NMR), or

a Varian VNMRS-700 operating at 700MHZH( NMR), 658MHz {°F NMR) and 175MHz fC
NMR). Chemical shifts are given in ppm and couploonstants are recorded in Hertz. Mass spectra
were recorded on a Thermoquest Trace GC-MS speeteonfin electron ionisation mode) or a
Micromass LCT LC-MS spectrometer (in electrospr&y Enode). Exact mass measurements were
performed on a Thermo-Finnigan LTQ-FT spectrome@as chromatography was carried out on a
Thermo TRACE GC. Analytical HPLC was performed an Analytical Varian LC (5ml/min).

Elemental analyses were obtained using an ExetalyAcal E-440 Elemental Analyser.
X-ray crystallography

The X-ray single crystal data have been collectecd @ruker SMART CCD 1K (compound® and
9¢e), a Bruker SMART CCD 6000 (compounds, 9d and 9h) and a Rigaku R-AXIS SPIDER IP
(compound6) diffractometers (graphite monochromatok#joKa, A =0.71073A) equipped with a
Cryostream (Oxford Cryosystems) open-flow nitrogaggostats at the temperatures 120(2) K. All
structures were solved by direct method and refimefiill-matrix least squares on F2 for all datangs

Olex2® and SHELXTI®® software. All non-disordered non-hydrogen atomsreweefined
21



anisotropically, hydrogen atoms were refined igutrally, the hydrogen atoms in the twinned struetur
9e were placed in the calculated positions andesdfiin riding mode. Crystallographic data for the
structures have been deposited with the Cambridgst&lographic Data Centre as supplementary
publications CCDC-1486844-1486849.

Reactions of Tetrafluoropyridazine 1 with nucleophiles
General procedure

A mixture of tetrafluoropyridazing, DIPEA, amine and THF (10 mL) was stirred for tequired time
under an atmosphere of nitrogen. The mixture wapeated to dryness vacuq partitioned between
ethyl acetate (20 mL) and water (20 mL), the phagese separated and the aqueous phase was
extracted further by ethyl acetate (3 x 20 mL). Tbenbined organic phases were dried (MgS&hd
evaporatedn vacuo Purification by column chromatography or HPLCsilica gel using cyclohexane

and ethyl acetate as eluent gave the pure product.
4-(3,5,6-Trifluoro-pyridazin-4-yl)morpholinga

Tetrafluoropyridazinel (781 mg, 5.14 mmol), DIPEA (1.35 mL, 7.73 mmol)pnpholine (0.45 mL,
5.17 mmol) and THF (10 mL) after stirring at 0 °@rf2 h gave 4-(3,5,6-trifluoro-4-
pyridazinyl)morpholine2a (908 mg, 81%) as white crystals; mp 34.5 — 36.1(FGund: [MHT,
220.06923. gHsFsN3O requires: [MH], 220.06922)ymafilm)/cm™ 2970, 2902, 2860 and 159%;
3.54 (4 H, br s, ChN), 3.80 - 3.86 (4 H, m, C}D); 5¢c 50.1 (t,*Jcr 4.4, CHN), 66.7 (s, CHO), 129.3
(ddd,?Jcr 24.8,2)cr 24.8,%Jcr 3.2, C-4), 139.7 (dddJcr 270.8,23cr 28.8,%Jcr 9.6, C-5), 156.8 (ddm,
YJer 240.5,3)cr 12.0, C-6), 158.0 (ddJcr 240.5,2Jcr 3.2, C-3):5¢ -143.8 — -143.4 (1F, m, F-5) -98.6
(1 F, dd,%J 31.0,%Jer 24.1, F-3) -80.8 (1 F, ddJr 28.7,°J 28.7, F-6):m/z (ES) 220 ([MH],
100%).

N,N-Diethyl-3,5,6-trifluoro-4-pyridazinamirizb

Tetrafluoropyridazind (774 mg, 5.09 mmol), DIPEA (1.33 mL, 7.64 mmoljgtdylamine (0.53 mL,
5.09 mmol) and THF (10 mL) after stirring at O °Gr f19 h gaveN,N-diethyl-3,5,6-trifluoro-4-
pyridazinamine2b (852 mg, 82%) as a yellow oil; (Found: [MHR06.08973. gHgFsN3O requires:

206.08996) vmax(film)/cm™ 2983, 2940 and 1583 1.28 (6 H, t3Jun 7.1, CH), 3.47 (4 H, qt3Juy
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7.1,°J4e 1.5, CH); 8¢ 13.9 (s, CH), 46.8 (t,"Jcr 5.2, CH), 129.2 (dt2Jce 25.6,%Jcr 4.8, C-4), 137.9
(ddd, “Jcr 266.8,2Jcr 28.8,%)cr 11.2, C-5), 157.0 (ddJer 238.1,3)ck 2.4, C-3), 157.1 (dd)cr 238.9,
2Jce 4.0, C-6):8¢ -146.8 (1 F, dd®Jer 27.5,%Je 25.2, F-5), -100.7 (1 F, d&Jer 28.7,°J¢ 24.1, F-3), -
81.4 (1 F, dd3Je 28.7,° 3 28.7 F-6)m/z(ES) 206 ([MH]", 100%).

N-Allyl-3,5,6-trifluoro-N-methylpyridazin-4-amirze

Tetrafluoropyridazinel (785 mg, 5.16 mmol), DIPEA (1.35 mL, 7.73 mmdi;methylallylamine
(0.50 mL, 5.16 mmol) and THF (10 mL) after stirriag0 °C for 3.5 h gavB-allyl-3,5,6-trifluoro-N-
methylpyridazin-4-amin&c (861 mg, 82%) as a pale yellow oil; (Found: [M}04.07433. gHgF3N3O
requires: [M], 204.07431)ymaxfilm)/cm™ 2908, 1644 and 1598;; 3.14 (3 H, t°Jur 3.2, CH), 3.97
(2 H, d,%344 5.9, CH), 5.29 (1 H, dd>Jqn 16.9,%J4y 1.2, HCH), 5.32 (1 H, ddJ4y 10.3,%04y 1.2,
HCH), 5.82 - 5.94 (1 H, m, CHYc 39.6 (t,%Jcr 5.6, CH), 57.3 (t,*Jcr 4.8, CH), 119.1 (s, =Ch),
130.1 (dt,2Jcr 25. 6,%Jcr 4.8, C-4), 132.2 (s, CH), 138.4 (dddcr 267.6,%Jcr 28.0,%Ick 9.6, C-5),
157.0 (dd,%Jcr 239.7,3)cr 12.8, C-3), 157.2 (ddJcr 238.9,%Jcr 4.8, C-6):8r -145.6 (1 F, dd>Jee
27.5,%Jk¢ 27.5, F-5) -100.0 (1 F, d&Jrr 28.7,%J¢ 25.2, F-3) -80.9 (1 F, ddJer 28.7,°J 28.7, F-6);
m/z(ES") 204 ([M]", 100%).

N-[(4-bromophenyl)methyl]-3,5,6-trifluoro-N-methgtpyridazinamined

Tetrafluoropyridazinel (786 mg, 5.17 mmol), DIPEA (1.3 mL, 7.46 mmol){4tbromophenyl)-N-
methylmethanamine (1.05 mL, 5.26 mmol) and THF ifilQ after stirring at rt for 3 h gavle-[(4-
bromophenyl)methyl]-3,5,6-trifluoro-N-methyl-4-pyazinamine2d (1.122 g, 65%) as white crystals,
mp 77.1 — 78.5 °C (Found: C, 43.4; H, 2.70; N, 1ZT4&HBrF;N3 requires: C, 43.4; H, 2.7; N,
12.6%); vmaxfilm)/cm™ 2940, 1601, 1573 and 1568 3.09 (3 H, dd>Jur 3.8,°J4 2.7, CH) 4.53 (2
H, s, CH) 7.15 (2 H, dJuy 8.5, HC-C-CH) 7.49 (2 H, d3Juy 8.5 Hz, Br-C-®); 8¢ 40.0 (t,*Jcr 5.2,
CHs), 57.6 (tJcr 4.8, CH), 121.9 (br s, C-Br), 129.0 (s,6-C-CH), 130.2 (ddd2Jcr 24.8,%Jcr 4.8,
3Jcr 3.2, C-4), 132.0 (s, Br-CH), 134.9 (br s, KHC-C), 139.0 (dddJcr 270.8,2)cr 29.6,%)cF 10.4, C-
5), 156.9 (ddJcr 240.5,%3c 11.9, C-6), 157.4 (ddJcr 239.7,%Jcr 3.9, C-3);8r -144.3 (1 F, t33e¢
26.4, F-5) -99.4 (1 F, ddJer 27.5,%3¢ 25.2, F-3) -80.6 (1 F, ddJer 29.8,°J¢ 29.8, F-6);m/z (ES)
334.1 ([MHT, 100%).

Methyl N-methyl-N-(3,5,6-trifluoro-4-pyridazinyl)glinate2e
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Tetrafluoropyridazind (801 mg, 5.27 mmol), DIPEA (2.29 mL, 13.17 mmaBycosine methyl ester
hydrochloride (735 mg, 5.27 mmol) and THF (10 mdfjer stirring at rt for 3 d gavaethyl N-methyl-
N-(3,5,6-trifluoro-4-pyridazinyl)glycinat@e (616 mg, 50%) as a pale yellow oil; (Found: C,54®,
3.3; N, 17.7. @HgFsN3O requires: C, 40.9; H, 3.4; N, 17.9%)(film)/cm™ 2958, 1747 and 1593,
3.27 (3 H, dd>Jue 3.4,°J4r 2.7, NCH), 3.81 (3 H, s, OCH), 4.14 (2 H, s, Ch); 6c 42.1 (t,"Jcr 5.6,
NCHs), 52.5 (s, OCH), 55.3 (dd*Jce 6.4,%Jcr 4.8, CH), 129.62 (ddd?Jce 25.6,2)ck 4.8,3)cr 3.2, C-
4), 138.77 (dddJcr 269.2,2)cr 28.8,3)ck 9.6, C-5), 156.9 (d-Jcr 240.0, C-3), 157.0 (ddJcr 238.9,
2Jce 3.9, C-6), 169.3 (s, C=0; -144.6 (1 F, t33er 26.4, F-5), -99.3 (1 F, dd@Jr 28.7,°Jx 24.09, F-
3), -81.0 (1 F, 83+ 28.7, F-6)m/z(ES) 236.1 ([MH], 100%).

3,5,6-Trifluoro-N-phenylpyridazin-4-amiré

Tetrafluoropyridazinel (776 mg, 5.10 mmol), DIPEA (1.35 mL, 7.73 mmol) aaline (0.46 mL,
5.10 mmol) in THF (10 mL), after stirring at 0 °@rf4 h and purification by column chromatography
on silica gel using ethyl acetate:hexane as elugaue 3,5,6-trifluoro-N-phenylpyridazin-4-amin2f
(895 mg, 78%) as a white solid, mp 123.2 — 124.Q(PQund: C, 53.6; H, 2.8; N, 18.71¢EsF3N3
requires: C, 53.3; H, 2.7; N, 18.79%); 6.47 (1 H, br. s, NH), 7.15 - 7.40 (5 H, m, Arl};122.7 (d,
®Jcr 2.6, C-27), 124.2 — 124.3 (m, C-4), 126.5 (s, §-429.4 (s, C-3'), 136.5 (dddJcr 272.3,%Jcr
29.9,%Jcr 6.9, C-5), 137.1 (s, C-1'), 156.8 (dder 238.2,2Jcr 3.3, C-6), 156.9 (dJcr 237.7, C-3)5e
-141.5 (1 F, dd?Jer 25.4,% 3¢ 24.5, F-5), -98.9 (1 F, ddJer 29.5,%3k 24.5, F-6), -89.0 (1 F, ddJr
29.5 33k 25.4, F-3)m/z(ES) 224.9 ([MH], 100%).

3,4,6-Trifluoro-5-(2-propen-1-yloxy)pyridazirdg

Tetrafluoropyridazine (780 mg, 5.13 mmol), DIPEA3InL, 7.46 mmol), allyl alcohol (0.36 mL, 5.26
mmol) and THF (10 mL) after stirring at reflux fd4 h gave3,4,6-trifluoro-5-(2-propen-1-
yloxy)pyridazine2g (716 mg, 73%) as a colourless oil; (Found: [MH]191.04277. @HsFN,O
requires: [MHT, 191.04267)yma/cm™ 2898, 1648 and 1618} 5.03 (2 H, dd3Jy 6.0,°J4¢ 0.9, O-
CHy), 5.44 (1 H, dd®J4 10.5,%344 1.0, CHH), 5.51 (1 H, dd®Juy 16.9,%34 0.97, GHH), 5.96 - 6.09
(1H, m, CH);8¢ 74.6 (dd,*Jcr 5.6,%)ce 1.6, O-CH), 121.4 (s, Ch), 130.5 (s, CH), 136.0 - 136.4 (m,
C-5), 140.1 (dddJce 277.2 23ck 28.8,3Jcr 7.9, C-4), 156.7 (dddJcr 242.0,%3ck 11.2,%3c¢ 1.6, C-6),
158.7 (d,"Jcr 242.9, C-3)8¢ -146.6 (1 F, ddJee 25.2,°3¢ 25.2, F-4), -95.8 (1 F, ddJer 29.8,°Jee
26.4, F-6), -87.6 (1 F, ddJer 27.5,°Je¢ 27.5, F-3)m/z(ES) 191.0 ([MH], 100%).
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3,4,6-Trifluoro-5-[(1-methylethyl)oxy]pyridaziri#h

Tetrafluoropyridazinel (780 mg, 5.13 mmol), DIPEA (1.3 mL, 7.46 mmagopropanol (0.41 mL,
5.26 mmol) and THF (10 mL) after stirring at reflubor 24 h gave 3,4,6-trifluoro-5-[(1-
methylethyl)oxy]pyridazineh (713 mg, 72%) as a colourless oil; (Found: [MH]L93.05830.
C;H;FsN,O requires: [MH], 193.05832)yma/cmi* 2990, 2941 and 1608 1.47 (6 H, dd>J.y 6.1,
®J4r 0.8, CH), 5.02 - 5.14 (1 H, m, CHJ}ic 22.5 (s, CH), 78.8 (d,"Jcr 4.0, CH), 136.0 - 136.2 (m, C-
5), 140.0 (ddd’Jcr 275.8,%Jcr 28.6,%)cr 7.8, C-4), 156.7 (dddJcr 239.7,3Jcr 11.2,%Jcr 1.6, C-6),
159.1 (ddd Jcr 246.123ck 8.8,%Jcr 2.4, C-3);5r -147.0 (1 F, dd®Jsr 25.2,%3k 25.2, F-4) -96.1 (1 F,
dd, “Jer 28.7,%3eF 26.4, F-6) -87.9 (1 F, ddJer 28.7,° 3¢ 28.7, F-3)m/z(ES) 193.2 ([MH], 100%).

4-(Cyclohexyloxy)-3,5,6-trifluoropyridaziri

Tetrafluoropyridazinél (777 mg, 5.11 mmol), DIPEA (1.3 mL, 7.46 mmol)ciohexanol (0.55 mL,
5.29 mmol) and THF (10 mL) after stirring at rt f@ d gave 4-(cyclohexyloxy)-3,5,6-
trifluoropyridazine 2i (752 mg, 63%) as a colourless oil; (Found: C, 51H7; 4.5; N, 11.8.
Ci0H11FsN20 requires: C, 51.7; H, 4.8, N, 12.1%)(film)/cm™ 2940, 2863 and 1603 1.02 - 2.37
(10 H, m, CH), 4.80 (1 H, br s, CH)5c 23.0 (s, C-3'), 24.9 (s, C-4’), 32.0 (s, C-2'),.8%d,"Jcr 3.4,
C-1'), 135.8 - 136.0 (m, C-4), 140.2 (dddee 275.6,2)ck 27.9,%Jcr 7.9, C-5), 156.7 (ddd,)cr 242.0,
33cr 11.1,%3cr 1.6, C-3), 159.3 (ddJcr 244.4,2)cr 2.4, C-6):8¢ -146.3 (1 F, dd®Jer 26.4,* 3 26.4, F-
5), -95.8 (1 F, dd*Jer 29.8,°Jr 26.4, F-3), -87.5 (1 F, ddJr 28.7,°J 28.7, F-6)m/z(ES) 233.2
(IMH] *, 100%).

3,4,6-Trifluoro-5-[(4-methylphenyl)oxy]pyridaziiag

Tetrafluoropyridazinel (768 mg, 5.05 mmol), DIPEA (1.3 mL, 7.46 mmag#cresol (0.53 mL, 5.07
mmol) and THF (10 mL) after stirring at rt for 26 Igave 3,4,6-trifluoro-5-[(4-
methylphenyl)oxy]pyridazing (740 mg, 60%) as a colourless oil (Found: C, 5#92.9; N, 11.4.
Cu1H7F3NL0 requires: C, 55.0; H, 2.9; N, 11.7%)(film)/cm™ 2928, 1614, 1606 and 1574 2.38
(3 H, s, CH), 6.97 (2 H, d3Juy 8.7, O-C-®), 7.21 (2 H, dd3Juy 8.7,*Jun 0.7, HC-C-CH); 8¢ 20.7
(s, CH), 116.9 (s, O-GzH), 130.5 (s, HC-C-CH), 134.5 - 134.7 (m, C-5), 135.7 (s3&C), 141.8
(ddd, *Jcr 282.8,%0cr 27.9,3)cr 7.1, C-4), 153.0 (s, @), 156.7 (ddd ek 243.6,2)ck 9.9, *Jck 2.3, C-
3), 159.2 (dJcr 246.8, C-6)pr -140.4 (1 F, dd®Jrr 24.1,%3¢ 24.1, F-4), -94.0 (1 F, dlJer 31.0,°J¢

24.1, F-6), -85.5 (1 F, ddJrr 29.8,%3e¢ 24.1, F-3)m/z(ES') 241.2 ([MH], 100%).
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4-(Ethylthio)-3,5,6-trifluoropyridazin@k

Tetrafluoropyridazind (780 mg, 5.13 mmol), DIPEA (1.35 mL, 7.73 mmothanethiol (0.30 mL, 4.1
mmol) and THF (10 mL) after stirring at 0 °C forhlgave4-(ethylthio)-3,5,6-trifluoropyridazin@k
(514 mg, 65%) as a colourless dilj 3.27 (2 H, qt>Jun 7.4,°Jur 1.1, CH), 1.40 (3 H, t3Juy 7.4,
CHs); 8¢ -74.6 (1F, dd3Jr 30.2,%3¢ 21.0, F-5), -99.4 (1 F, ddJer 30.2,°J 26.4, F-6), -124.8 (1 F,
dd, °Jer 26.4,%J:¢ 21.0, F-3)m/z(AP") 195.0210 (@HgN,FsS requires 195.0204).

3,6-Difluoro-4,5-bis(phenylthio)pyridaziriz

Tetrafluoropyridazinel (780 mg, 5.13 mmol), DIPEA (2.6 mL, 14.8 mmol)iotthenol (1 mL, 9.7
mmol) and THF (10 mL) after stirring at rt overnigiave3,6-difluoro-4,5-bis(phenylthio)pyridazine
21 (1314 mg, 77%) as yellow crystals; mp 99.1 — 100C3 (Found: C, 57.7; H, 3.0; N, 8.3.
Ci6H10F2N2S; requires: C, 57.8; H, 3.0; N, 8.4%)./cmi* 1578, 1500 and 1378;; 7.34 - 7.47 (10 H,
m, CH); 8¢ 129.3 (s, C-4’), 129.6 (s, C-3'), 130.2 (s, C-1'R2.2 (s, C-2"), 133.6 (ddJcr 17.5,%Icr
15.9, C-4), 162.6 (dd)cr 249.2,%)c¢ 6.3, C-3);3¢ -75.8 (br s)m/z(ES) 333.2 ([MH], 100%).

3,4,6-Trifluoro-5-phenylpyridazingm

Tetrafluoropyridazine (780 mg, 5.13 mmol), phenygmasium bromide (1M solution in THF, 5.13
mL, 5.13 mmol) and THF (10 mL) under nitrogen aB -7C and warmed to rt for 16 h and
recrystallisation from cyclohexane ga®d,6-trifluoro-5-phenylpyridazinm (501 mg, 47%) as white
crystals; m.p. 82.7 — 83.4 °C (Found: C, 57.1; M, R, 13.2. GoHsF:3N> requires: C, 57.1; H, 2.4; N,
13.3%); vma/cmit 1580, 1558, 1458 and 144%; 7.56 - 7.62 (5 H, m, CHYc 121.2 (ddd?Jcr 31.9,
2Jcr 8.7,%3cr 4.0, C-5), 123.6 (br s, C-4’), 129.0 (s, C-2')912 (br s, C-3'), 131.1 (s, C-1'), 147.8
(ddd, Y3 281.2,23ck 27.1,33c 7.9, C-4), 156.5 (dddJcr 243.6,2)cr 12.7,%3ce 2.4, C-6), 162.30 (d,
Yk 245.2, C-3)5r -129.3 (1 F, doder 26.4,%Je 21.8, F-4), -97.6 (1 F, ddJer 31.0,% 3¢ 26.4, F-3), -
79.6 (1 F, dd2Jer 31.0,%Je 21.8, F-6)m/z(ES) 211.2 ([MH], 100%).

Reactions of Trifluoropyridazine derivatives

General procedure
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A mixture consisting of DIPEA, nucleophile, trifltaphenylpyridazine and THF was heated and
stirred as approprite. The mixture was concentrateccuq partitioned between EtOAc (20 mL) and
water (20 mL) and the aqueous phase was furtheactegt with EtOAc (2 x 20 mL). The combined
organic phases were concentrairedbacuoand dried (MgSg). Column chromatography on silica gel

gave the difunctional difluoropyridazine product.

4-(3,6-Difluoro-5-phenyl-4-pyridazinyl)morpholirga

DIPEA (0.18 mL, 1.03 mmol), morpholine (0.06 mL68.mmol), 3,4,6-trifluoro-5-phenylpyridazine
2m (143 mg, 0.680 mmol) and THF (10 mL) after stigriaut rt for 4 d and column chromatography on
silica gel using a 5-25% THF in cyclohexane gradias eluent gave-(3,6-difluoro-5-phenyl-4-
pyridazinyl)morpholineBa (61 mg, 32 %) as white crystals; mp 180.6 — 18Z.qFound: C, 60.5; H,
4.7: N, 15.0. @HsFsN, requires: C, 60.6; H, 4.7; N, 15.1%);.,/cmi* 2977, 2857 and 1543;; 3.04
(4 H, td,33 4.7,%34r 1.6, NCH), 3.61 (4 H, ddJyy 4.8,3J44 4.6, OCH), 7.31 - 7.38 (2 H, m, CH),
7.42 - 7.57 (3 H, m, CHJc 50.5 (d,*Jcr 4.8, NCH), 66.5 (s, OCH), 120.2 (dd2Jcr 31.2,%)cr 6.4, C-
5), 128.9 (s, C-2"), 129.4 (s, C-3"), 129.5 (bCs4’), 129.6 (t2Jcr 2.4, C-17), 139.2 (ddJcr 22.4,%Icr
6.4, C-4), 159.3 (d'Jcr 240.5, C-3), 163.3 (dJcr 239.7, C-6)5r -86.9 (1 F, d’Je 31.6, F-3), -84.0
(1 F, d,°Jer 31.6, F-6)m/z(ES) 278.2 ([MH], 100%).

4-{3,6-Difluoro-5-[(1-methylethyl)oxy]-4-pyridazifjynorpholine 3b

Method A: DIPEA (0.20 mL, 1.15 mmol), morpholine.@@ mL, 0.80 mmol), 3,4,6-trifluoro-5-[(1-
methylethyl)oxy]pyridazine?l (153 mg, 0.80 mmol) and THF (10 mL) after stirriagrt for 4 d and
column chromatography on silica gel using a 5-25%Tn cyclohexane gradient as eluent gdve
{3,6-difluoro-5-[(1-methylethyl)oxy]-4-pyridazinytjorpholine3b (163 mg, 79 %) as white crystals;
mp 73.9 — 75.4 °C (Found: [MH]260.12041. GH1sF:N3O, requires: [MH], 260.12051)yma/cm™*
2980, 2861, 156654 1.33 (6 H, d3Juy 6.2, CH), 3.39 (4 H, dd®Jy 4.4,%34 3.3, NCH), 3.76 (4 H,
t, Jun 4.4, OCH), 4.63 - 4.76 (1 H, mJuy 6.2,°Ju4e 1.4, CH): 8¢ 22.3 (s, CH), 50.4 (d,*Jcr 4.8,
NCH,), 66.9 (s, OCH), 77.1 (d,"Jcr 5.6, CH), 133.2 (dd'Jcr 23.2,%)cr 8.0, C-4), 137.0 (ddJcr 24.8,
3Jce 8.8, C-5), 159.5 (dtJcr 239.7, C-3), 160.4 (dJcr 240.5, C-6)¢ -93.2 (1 F, d>Jer 29.8, F-6), -
86.2 (1 F, d°Jer 29.8, F-3)m/z(ES) 260.3 ([MH], 100%).
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Method B: Lithium isopropoxide (2 M in THF, 0.45 mLl0.90 mmol), 4-(3,5,6-trifluoro-4-
pyridazinyl)morpholine2a (195 mg, 0.89 mmol) and THF (10 mL) at -78 °Cyrstg for 16 h at rt
overnight and column chromatography on silica gghg a 2-13% EtOAc in toluene gradient as eluent
gave 4-{3,6-difluoro-5-[(1-methylethyl)oxy]-4-pyridazitjynorpholine 3b (94 mg, 41%) as white

crystals; physical and spectroscopic data as above.

4-(5-(Ethylthio)-3,6-difluoropyridazin-4-yl)morphiak 3c

DIPEA (0.27 mL, 1.5 mmol), morpholine (0.09 mL, 3.0mmol), 4-(ethylthio)-3,5,6-
trifluoropyridazine2k (200 mg, 1.03 mmol) and THF (10 mL) after stirriaigrt for 16 h and column
chromatography on silica gel using hexane as elgent 4-(5-(ethylthio)-3,6-difluoropyridazin-4-
yl)morpholine3c (197 mg, 73%) as a yellow oil; (Found: C, 45.6;541; N, 16.2. GH13FN3z0S
requires: C, 45.9; H, 5.0; N, 16.1%);a/cm* 2965, 2853, 1638 and 154%; 1.29 (3 H, tdJuy 7.4,
®Jue 0.5, CHy), 3.09 (2 H, qdJun 7.4,°34r 1.6, SCH), 3.41 (4 H, td3J 4.7,%34 2.3, NCH), 3.84 (4
H, t, *Jun 4.7, OCH); 6¢ 14.9 (d,%Jce 0.9, CH), 28.5 (d,*Jcr 8.9, SCH), 51.0 (d,"Jcr 4.6, NCH),
67.1 (d,°Jcr 1.5, OCH), 121.3 (dd?Jcr 32.6,%Jcr 6.8, C-4), 140.9 (ddJcr 23.4,%)cr 7.1, C-5), 159.5
(dd, ek 243.2,°3cr 1.5, C-6), 164.7 (d'Jcr 237.9, C-3)5¢ -88.4 (1 F, d?Jer 31.2, F-3), -78.5 (1 F, d,
SJre 31.2, F-6)m/z(ES) 260.9 (IM], 100%).

3,6-Difluoro-4-phenyl-5-(phenylthio)pyridazir3el

DIPEA (0.19 mL, 1.1 mmol), thiophenol (0.07 mL, 8.&mol), 3,4,6-trifluoro-5-phenylpyridazirfaim
(150 mg, 0.714 mmol) and THF (10 mL) after stirraigO °C for 1 hour and column chromatography
on silica gel using 1-7% THF in cyclohexane gratias eluent gave3,6-difluoro-4-phenyl-5-
(phenylthio)pyridazin®&d (188 mg, 88%) as off-white crystals; mp 78.9 — S@O(Found: C, 64.0; H,
3.4: N, 9.3. GeH10FoN»S; requires: C, 64.0; H, 3.4; N, 9.3%);./cm* 1523, 1443 and 1386y 7.20 -
7.31 (5 H, m, ArH), 7.33 - 7.40 (2 H, m, ArH), 7.442.55 (3 H, m, ArH)5c 128.6 (s, C-2’), 128.8 (d,
3Jce 2.4, C-1'), 128.9 (s, C-4"), 129.3 (s, C-3"), 92 (s, C-3"), 130.1 (s, C-4"), 130.3 (thcr 2.4, C-
1"), 132.0 (s, C-2"), 132.4 (ddfJcr 29.6,3)c 4.0, C-4), 134.5 (dd)cr 31.2,%Jcr 3.2, C-5), 162.1 (d,
LJcr 245.3, C-6), 163.3 (dJcr 244.5, C-3)5r -83.3 (1 F, d?J¢ 31.0, F-3), -75.3 (1 F, dJ== 31.0, F-
6); m/z(ES) 301.2 ([MH], 100%).
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3,6-Difluoro-4-[(1-methylethyl)oxy]-5-(phenylthiojpdazine3e

DIPEA (0.22 mL, 1.3 mmol), thiophenol (0.08 mL, B.7mmol), 3,4,6-trifluoro-5-[(1-
methylethyl)oxy]pyridaziné?l (160 mg, 0.833 mmol) and THF (10 mL) after stirriagO °C for 1 h
and column chromatography on silica gel using 1949% in cyclohexane gradient as eluent gay&
difluoro-4-[(1-methylethyl)oxy]-5-(phenylthio)pyadine3e (77 mg, 33%) as pale yellow crystals; mp
45.1 — 46.9 °C (Found: [MH] 283.07113. @H1,FN,0OS requires: [MH], 283.07112);vma/cmi*
2985, 1581 and 1544} 1.26 (6 H, dd3Juy 6.1,%34r 0.9, CH), 4.97 - 5.08 (1 H, m, CH), 7.29 - 7.43
(5 H, m, ArH);8¢ 22.4 (s, CH), 78.4 (d°Jcr 8.0, CH), 121.1 (ddfJcr 32.0,%)c¢ 7.2, C-5), 128.6 (s, C-
4'), 129.3 (s, C-3'), 130.6 (s, C-1'), 131.8 (520; 147.0 (dd2Jce 24.0,%)ck 6.4, C-4), 157.8 (d-Jer
241.3, C-6), 163.8 (dJcr 240.5, C-3)5r -92.1 (1 F, d>Je 31.6, F-3), -76.5 (1 F, dJer 31.6, F-6):
m/z(ES’) 283.2 ([MHT, 76%).

4-[3,6-Difluoro-5-(phenylthio)-4-pyridazinyllmorplioe 3f

DIPEA (0.15 mL, 0.88 mmol), thiophenol (0.06 mL, 58. mmol), 4-(3,5,6-trifluoro-4-
pyridazinyl)morpholine2a (129 mg, 0.589 mmol) and THF (10 mL) after stirreag0 °C for 1 h and
column chromatography on silica gel using 5-25% AtGn cyclohexane gradient as eluent gdve
[3,6-difluoro-5-(phenylthio)-4-pyridazinyllmorphaie 3f (146 mg, 80%) as pale yellow crystals; mp
109.7 — 111.2 °C (Found: C, 54.1; H, 4.2; N, 18£6H13F:N30S requires: C, 54.4; H, 4.2; N, 13.6%);
Vmadcmt 2982, 1581 and 1543y 3.40 (4 H, td> Juy 4.7,%34e 2.1, NCH), 3.70 (4 H, dd3J.y 4.7,
3Jun 4.5, OCH), 7.21 - 7.25 (2 H, m, ArH), 7.30 - 7.37 (3 H, ArH); ¢ 50.4 (d,*Jce 4.8, NCH),
66.8 (s, OCH), 116.3 (dd?Jcr 32.0,%)c¢ 5.6, C-4), 128.0 (s), 129.0 (s), 129.5 (s), 134)9141.4 (dd,
2Jc 23.2,%)ce 4.8, C-5), 159.0 (d'Jcr 243.7, C-6), 164.9 (d)ce 239.7, C-3):5¢ -86.2 (1 F, d>Je¢
31.0, F-3), -76.0 (1 F, dJgr 31.0, F-6)m/z(ES’) 310.2 ([MHT, 100%).

4-(Ethylthio)-3,6-difluoro-5-isopropoxypyridazirsg

Lithium isopropoxide (2 M in THF, 0.58 mL, 1.16 mio4-(ethylthio)-3,5,6-trifluoropyridazin@k
(227 mg, 1.17 mmol) and THF (10 mL) at -78 °C, va#lewed to stir for 16 h at rt and after column
chromatography on silica gel using hexane:EtOA4)(%&s eluent gavé-(ethylthio)-3,6-difluoro-5-
isopropoxypyridazine3g (213 mg, 78 %) as a colourless oil; (Found: C, 4644 5.3; N, 11.8.
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CoH12FN,0S requires: C, 46.1; H, 5.2; N, 12.09%);1.31 (3 H, t3Ju4 7.4, CHCHs), 1.42 (6 H, d,
33un 5.9, CHMH3), 3.16 (2 H, qd3Jun 7.4,°34r 1.3, CH), 4.99 (1 H, hept FJun 5.9,°Jue 1.3, CH);5¢
15.1 (s, CHCH3), 22.8 (s, CKCHs), 27.3 (d,*Jce 7.1, CH), 78.7 (d.*Jce 7.2, CH), 123.3 (ddJcr 32.8,
3Jck 6.6, C-4), 146.8 (ddJcr 24.4,%cr 7.8, C-5), 158.2 (ddJcr 242.4,%)cr 2.1, C-3), 164.0 (d-Jcr
238.4, C-6):8F -93.8 (1 F, d>Jsr 31.1, F-6), -78.7 (1 F, dJr 31.1, F-3);m/z(ES") 235.1 ([MHT,
100%).

3,6-Difluoro-4-isopropoxy-5-phenylpyridazida

Lithium isopropoxide (2 M in THF, 0.40 mL, 0.80 mh@®,4,6-trifluoro-5-phenylpyridazingm (169
mg, 0.804 mmol) and THF (10 mL) at -78 °C, waswaéd to stir for 16 h at rt and after column
chromatography on silica gel using 5-13% EtOAcyal@ehexane gradient as eluent g&vé-difluoro-
4-isopropoxy-5-phenylpyridazirg (138 mg, 69%) as a colourless 6il; 1.22 (6 H, dd3Juy 6.1,834¢
0.6, CH), 4.65 - 4.77 (1 H, m, CH), 7.49 - 7.52 (5 H, miHX 8¢ -92.3 (1 F, d®Jee 32.1, F-3), -83.0 (1
F, d,°Jer 32.1, F-6)m/z(ES) 251.2 ([MH], 92%).

Reactions of tetrafluor opyridazine with difunctional nucleophiles

5,8-Difluoro-1,2,3,4-tetrahydro-1,4-dimethylpyraa#®,3-d]pyridazineda

A mixture of tetrafluoropyridazing (0.60 g, 3.96 mmol)N,N’-dimethylethylene diamine (0.47 ml, 4.4
mmol), sodium hydrogen carbonate (1.33 g, 15.8 rharadl acetonitrile (100 mL) was stirred at rt for
4 h. Water (50 mL) was added and the mixture waisaeted with ethyl acetate (3 x 30 mL). The
combined organic extracts were dried (Mgg@iltered and evaporated. Column chromatography o
silica gel using ethyl acetate : hexane (1:1) aserdl gave5,8-difluoro-1,2,3,4-tetrahydro-1,4-
dimethylpyrazino-[2,3-d]pyridazinda (0.62 g, 92 %) as white crystals; mp 169 — 2Z1(Found: C,
47.9; H, 5.0; N, 27.8. §10N4F, requires: C, 48.0; H, 5.0; N, 28.0%)ax/ cmi* 1092, 1159, 1251,
1343, 1410, 1557, 2900 (b®;; 3.05 (6H, br s, Ckj), 3.20 (4H, br s, Ch); dc 42.2 (s, CH), 48.4 (s,
CHy), 125.8 (dd2Jcr 16.7,%)cr 16.7, C-4a), 156.2 (ddJcr 235.2,*Jcr 3.8, C-5):8 -92.1 (s);m/z
(EI") 200 ([MT’, 100%), 185 (42), 156 (20), 42 (76).

N-(3,5,6-Trifluoropyridazin-4-yl)benzamidirte
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A mixture of tetrafluoropyridazinel (0.60 g, 3.96 mmol), benzamidine hydrochloride680.g,
4.35mmol), sodium hydrogen carbonate (1.32 g, t®l) and acetonitrile (100 mL) was heated at
reflux for 16 h. After this period, the solventsvavaporated and the residue dissolved in ethyhtce
(50 mL). Water (25 mL) was added and the aqueaysr lextracted with ethyl acetate (2 x 25 mL).
The combined organic extracts were dried (MgS@ltered, evaporated, recrystallised from ethyl
acetate and hexane (1:1) to giMe(3,5,6-trifluoropyridazin-4-yl)benzamidiné (0.76 g, 75%) as a
yellow solid; mp 139 — 143C (Found: [MHT, 253.06956. GH-FsN,4 requires: [MH], 253.06956)dy
(DMSO-ds) 7.6 — 7.9 (5H, m, Ar-H), 8.08 (1H, br s, NH); (DMSO-ds) 127.6 (s, C-2), 128.4 (s, C-
3"), 131.4 (dd2Jcr 31.4,%)cr 10.4, C-4), 131.6 (s, C-4'), 133.4 (s, C-1'), Bddd, Jcr 269.1,%Jcr
26.8,%Jcr 9.3, C-5), 156.2 (ddJcr 235.8,2Jcr 11.4, C-6), 159.5 (s, C=N), 160.6 {dcr 239.4, C-3);

5= (DMSO-ds) -86.9 (1F, t2Jrr 27.6, F-3), -101.0 (1F, $):-27.6, F-6), -140.0 (1F, 8Jer 27.6, F-5);
m/z(EI") 252 ([M], 32), 104 (61), 77 (100).

4,7-Difluoro-2-phenyl-1H-imidazo[4,5-d] pyridaziriy

A mixture of N-(3,5,6-trifluoropyridazin-4-yl)benzamidine 5 (0.25 g, 0.99 mmol),
diisopropylethylamine (0.17 mL, 1.0 mmol) and acerile (2.5 mL) was subjected to microwave
irradiation at 150°C for 60 min. Water (25 mL) was added and the wmixtwas extracted with
dichloromethane (3 x 25 mL). The combined orgaextracts were dried (MgS{) filtered,
evaporated and recrystallised from toluene to dgivedifluoro-2-phenyl-1H-imidazo[4,5-d]pyridazine
4b (0.19 g, 62%) as a yellow solid; mp 220 (decomp.) (Found: [MH] 233.06326. GHsF2N4
requires: [MHJ, 233.06333);04 (DMSO-dgs) 7.5 — 7.7 (3H, m, ArH), 8.1 — 8.3 (2H, m, ArH)
(DMSO-dg) 127.5 (s, C-2'), 129.0 (s, C-3'), 129.7 (s, C;4B1.0 (s, C-1), 154.8 (dJr 19.8, C-3a),
155.9 (dd,"Jor 243.4,%3: 8.7, C-4), 159.0 (s, C=NJjr (DMSO-ds) -89.3 (s);m/z(ES") 233 ([MHJ",
100%).

1,4-Difluoro-5,6,7,8-tetrahydro-2,3,4b,9-tetraazadrene4c

A mixture of tetrafluoropyridazind (0.50 g, 3.28 mmol), 2-iminopiperidine (0.98 g2Z.mmol),
sodium hydrogen carbonate (1.10 g, 13.1 mmol) aetbaitrile (100 mL) was stirred at rt for 3 d. The
solvent was evaporated and the crude mixture menditl between ethyl acetate (25 mL) and water (50
mL). The aqueous layer was separated and acidiigd dil. HCI (10%), then extracted with ethyl

acetate (2 x 25 mL) and dichloromethane (3 x 25.mLhe combined organic extracts were dried
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(MgS(Qy), filtered and evaporated. Column chromatograpimy sidica gel with ethyl acetate :
dichloromethane (2:1) as eluent ga¥gl-difluoro-5,6,7,8-tetrahydro-2,3,4b,9-tetraazaekene 4c
(0.57 g, 82%) as a yellow solid; mp 152 — £84(Found: C, 51.0; H, 3.9; N, 26.7¢KsN4F> requires:
C,51.4; H, 3.8; N, 26.4%, 2.0 — 2.1 (2H, m, C§), 2.1 — 2.2 (2H, m, C}}, 3.1 — 3.2 (2H, m, H-8),
4.3 — 4.4 (2H, m, H-5)3c 19.7 (s, CH), 22.2 (s, CH), 25.6 (s, CH), 45.9 (s, C-5), 125.1 (ddJcr
28.0,%Jcr 11.7, C-4a), 133.5 (ddJcr 32.9,%Jcr 6.5, C-9a), 153.4 (dJcr 237.6, C-4), 157.6 (dJcr
244.4, C-1), 157.7 (s, C-8a; -92.6 (1F, d>Jer 32.9), -94.6 (1F, I+ 32.9): m/z(EI) 210 ([M],
100%), 209 ([M-HJ, 36), 182 (32), 181 (14).

1,4-Difluoro-8-methyl-2,3,4b,9-tetraaza-fluorese

A mixture of tetrafluoropyridaziné (0.50 g, 3.28 mmol), 2-amino-3-picoline (0.83 n&22 mmol)
and acetonitrile (1 mL) was subjected to microwavadiation at 158C for 60 min. Water (25 mL)
was added and the mixture was extracted with diohtethane (3 x 25 mL). The combined organic
extracts were dried (MgSQ filtered and evaporated and recrystallised. @ol.chromatography on
silica gel with dichloromethane as eluent gavd-difluoro-8-methyl-2,3,4b,9-tetraaza-fluoredd
(0.42 g, 58%) as a white solid; mp 213 — 205 (Found: [MH], 221.06339. @H¢N4F, requires:
[MH]*, 221.06333)ymax/ cmi* 1580, 1433, 1379, 1309, 1281, 1256, 1228, 1168211024, 9763
2.79 (3H, s, Ch), 7.21 (1H, t33u 7.2, H-6), 7.59 (1H, FIun 7.2, H-7), 8.63 (1H, Iy 7.2, H-5);
5c 17.7 (s, CH), 115.6 (s, C-6), 119.0 (dfllcr 26.9,%Jcr 11.6, C-4a), 125.6 (dJcr 4.9, C-5), 130.1 (s,
C-8), 131.8 (s, C-7), 135.3 (dtllce 35.1,%Jcr 6.2, C-9a), 151.9 (s, C-8a), 154.0 (Ui 238.6,*Jcr
2.4, C-4), 158.2 (dd-Jcr 246.9,%Jc 3.5, C-1);8: -89.7 (1F, d°Je¢ 34.6, F-1), -91.6 (1F, dJ 34.6,
F-4); m/z(EI") 220 ([M]", 100%).

6-Bromo-1,4-difluoro-8-methyl-2,3,4b,9-tetraazastienede

A mixture of tetrafluoropyridaziné (0.50 g, 3.28 mmol), 2-amino-5-bromo-3-methylpyrel (1.68 g,
8.20 mmol) and acetonitrile (10 mL) was subjectednicrowave irradiation at 158 for 60 min.
Water (25 mL) was added and the mixture was exdaetith dichloromethane (3 x 25 mL). The
combined organic extracts were dried (MggQiltered and evaporated and recrystallised. @wolu
chromatography on silica gel with dichlorometharse eduent gaves-bromo-1,4-difluoro-8-methyl-
2,3,4b,9-tetraaza-fluorenele (0.36 g, 40%) as a cream solid; mp 215 — Z&qFound: C, 40.2; H,

2.0; N, 18.5. GoHgN4F, requires: C, 40.2; H, 1.7; N, 18.7%)ay/ ci* 996, 1028, 1106, 1159, 1247,
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1279, 1310, 1326, 1413, 1433, 1470, 15%82.78 (3H, s, Ch), 7.66 (1H, s, H-7), 8.73 (1H, s, H-5);
5c17.5 (s, CH), 110.2 (s, C-6), 118.6 (d8llcr 26.9,%)cr 11.9, C-4a), 125.4 (dJcr 4.6, C5), 131.0 (s,
C-8), 135.1 (dd?Jce 36.4,%J¢ 6.9, C-9a), 135.3 (s, C-7), 150.1 (s, C-8a), 1585 “Jcr 236.8,*Jcr
2.8, C-4), 158.2 (dd-Jcr 246.8,%Jcr 3.4, C-1);8: -89.0 (1F, d°Jer 34.8, F-4), -90.9 (1F, dJ 34.8,
F-1); m/z (EI") 300 (IM]", 100%), 298 ([M], 93), 219 (62), 154 (26), 102 (40), 90 (30), 74)(%63
(57), 51 (60), 39 (34).

5,8-difluoro-2,3-dihydro-[1,4]dithiino[2,3-d]pyridaine 4f

Tetrafluoropyridazinel (0.25 g, 1.64 mmol) was dissolved in dry acetdait(20 mL) and 1,2-
ethanedithiol (0.15 mL, 1.81 mmol) and sodium hgdmo carbonate (0.28 g, 3.29 mmol) were added.
The mixture was allowed to stir at rt for 2 h befohe solvent was evaporated, and the crude reactio
mixture partitioned between dichloromethane (20 rahyl water (20 mL). The aqueous layer was
separated before extraction with further portiofgdichloromethane (3 x 20 mL). The combined
organic extracts were then dried (Mg$Jiltered and evaporated o provide a crude yelioaterial
which after recrystallisation from acetonitrile gav58-difluoro-2,3-dihydro-[1,4]dithiino[2,3-
d]pyridazine4f (0.29g, 85%) as a white solid; mp 123 — 42 3.41 (4H, s, Ch); 8¢ 25.5 (s, C-2),
126.0 (dd2Jcr 20.0, C-4a), 160.0 (ddJcr 242.2,%Jcr 5.1, C-5):5¢ -84.8 (s):m/z(EI") 206 (88%, M),

191 (100), 178 (19, [M-N*), 132 (19), 87 (29).

4,7-difluoro-2-methylthiazolo[4,5-d] pyridazirty

Tetrafluoropyridazind (1.00 g, 6.58 mmol) was mixed with thioacetamid®4 g, 7.23 mmol) and
sodium hydrogen carbonate (2.21 g, 26 mmol) incaetle (50 mL) under argon. The mixture was
stirred at reflux for 16 h, after which the solverdas evaporated, and the crude mixture dissolved in
ethyl acetate (25 mL) and water (25 mL). The agsdayer was separated and acidified with HCI
(10%), then extracted with ethyl acetate (2 x 25 ard dichloromethane (3 x 25 mL). The combined
organic extracts were dried (Mg@Qfiltered and evaporated to yield a crude browodpct. Column
chromatography on silica gel using ethyl acetatelaent and recrystallisation from acetonitrilgga
4,7-difluoro-2-methylthiazolo[4,5-d]pyridazindg (0.76g, 62%) as a yellow solid; mp > 2%D; &y
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(DMSO-d) 3.00 (3H, s, Ch); 8¢ 20.7 (s, CH)), 129.4 (dd?Jc£38.8,3Jcr16.8, C-3a), 161.0 (ddJcr
243.0,*Jc¢ 6.0, C-4), 178.9 (s, C-29 (658MHz, DMSO-g) -81.4 (s)m/z(EI*) 187 (M', 30%), 117
(24), 87 (100), 70 (92), 31 (97).

Reaction of 4-[3,6-difluor o-5-(phenylthio)-4-pyridazinyl]mor pholine 3f

4,4'-(6-Fluoro-4-(phenylthio)pyridazine-3,5-diylydorpholine6

A mixture consisting of morpholine (56 mg, 0.626 ol DIPEA (84 mg, 1.20 mmol), 4-[3,6-
difluoro-5-(phenylthio)-4-pyridazinyljmorpholin&f (204 mg, 0.626 mmol) and THF (4 mL) was
irradiated at 150 °C (microwave) for 80 min. Thextare was concentrated, partitioned between
EtOAc (10 mL) and water (10 mL), and extracted viwtlo further portions of EtOAc (2 x10 mL). The
combined organic phases were dried (MgS@nd evaporated and the residue after column
chromatography on silica gel using a hexane:etbgtade gradient as eluent ga#g'-(6-fluoro-4-
(phenylthio)pyridazine-3,5-diyl)dimorpholirg(168 mg, 71%) as white crystals; mp 159.3 — 16Q.0 °
(Found: [MHT, 377.1436. GH.»1FN4O,S requires: [MH], 377.1448)py 3.15 - 3.19 (4H, m, CHNC-

5), 3.31 (4H, t234 4.7, CH), 3.61 (4H, t3Ju 4.7, CH), 3.64 (4H, t3Jy 4.7, CH), 7.06 - 7.09 (2H,

m, ArH), 7.22 - 7.29 (3H, m, ArH)}c 50.5 (s, CH)), 50.6 (d,"Jcr 4.2, CH), 66.6 (s, CH), 66.9 (s,
CH,), 121.4 (d3Jcr 6.9, C-4), 127.6 (s, C-4"), 128.4 (s, C-3'), 12652C-2"), 133.8 (s, C-1"), 140.2 (d,
2Jcr 23.4, C-5), 158.7 (d'Jcr 241.2, C-6), 163.9 (s, C-3¥¢ -92.57 (s):m/z (ES) 377.1 ([MHT,
100%).Crystal data for6: Ci1gH21N4O2FS, M = 376.45, monoclinic, space groupP&= 6.58813(2),

b = 13.5706(4), ¢ = 10.4143(4) B,= 107.70(2)°, U = 886.07(5)*AF(000) = 396, Z = 2, D= 1.416
mg m?3, u = 0.214 mnt. 16499 reflections were collected yielding 5013que data (Rerg = 0.0534).
Final wR(F?) = 0.0885 for all data (319 refined parametersyventional R(F) = 0.0364 for 4793
reflections with £20(1), GOF = 1.053, Flack parameter -0.01(5). CCD@4a844.

Reactions of scaffolds 4b-d with nucleophiles

N4,N7-dibutyl-2-phenyl-1H-imidazo[4,5-d] pyridazide?-diaminer/a
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4,7-Difluoro-2-phenyl-H-imidazo[4,5d]pyridazine 4b (0.10g, 0.43mmol) was dissolved in
acetonitrile (1mL) in a 0.5 - 2 mL microwave viatputylamine (0.085 ml, 0.86 mmol) was added and
the vial sealed. The mixture was heated by micvewiradiation at 15T for 20 min before
dichloromethane (10 mL) and water (10 mL) were ddaled the layers separated. The aqueous layer
was then washed with further portions of dichlortmee (3 x 10 mL) and the organic extracts
combined, dried (MgS§), filtered and evaporated to yield a crude yellovaterial. Column
chromatography on silica gel using ethyl acetate ehsent gave N4,N7-dibutyl-2-phenyl-1H-
imidazo[4,5-d]pyridazine-4,7-diamin@a (51 mg, 35 %) as yellow crystals; mp 173 —47%y 0.8 —
0.9 (6H, m, CH), 1.33 (4H, sextetJuy 7.4, (H,CHs), 1.61 (4H, pent’Jyy 7.4, H,CH,CHs), 3.36
(4H, t, %3y 7.4, NCH), 7.3 — 7.5 (3H, m, ArH), 8.1 — 8.3 (1H, m, ArH: 13.9 (s, CH), 20.3 (s,
CH,CH,), 31.3 (s,CH,CH,CHs), 41.7 (s, NHCH), 116.2 (s), 118.9 (s), 127.3 (s), 129.0 (s), 129),
132.7 (s), 147.1 (sjn/z(ES") 339 ([MH]", 100%).

4-Fluoro-1-morpholin-4-yl-5,6,7,8-tetrahydro-2,3,8ktetraaza-fluoren&b

A mixture of 1,4-difluoro-5,6,7,8-tetrahydro-2,8,9-tetraaza-fluorenedc (0.10 g, 0.48 mmol),
morpholine (0.083 mL, 0.95 mmol) and acetonitrilenfL) was heated at 15C (microwave) for 20
min. Water (25 mL) was added and the mixture wasaeted with dichloromethane (3 x 25 mL). The
combined organic extracts were dried (Mgg@iltered and evaporated. Column chromatography o
silica gel with ethyl acetate and hexane (2:1) hserg gave4-fluoro-1-morpholin-4-yl-5,6,7,8-
tetrahydro-2,3,4b,9-tetraaza-fluorer (95 mg, 72%) as a yellow solid; mp 179 — 11 (Found:
[MH] ", 278.14106. @H1eNsFO requires: [MH] 278.14117)®y 2.00 - 2.10 (2H, m, Cj), 2.12 - 2.18
(2H, m, CH), 3.09 (2H, t3Ju 6.4, CH), 3.87 (4H, t3344 4.8, OCH), 4.03 (4H, t3Ju 4.8, NCH),
4.33 (2H, t334n 6.0, NCH); 8¢ 20.2 (s, CH)), 22.6 (s, CH), 25.5 (s, CH)), 45.3 (d*Jcr 2.7, C-5), 47.3
(s, C-2"), 67.2 (s, C-3), 121.5 (A)cr 27.6, C-4a), 136.1 (d)cr 5.8, C-9a), 151.5 (dJcr 231.6, C-4),
152.6 (d,*Jcr 2.1, C-8a), 153.9 (dJcr2.1, C-1);8¢ -101.9 (s)m/z(ES") 278 ([IMH]", 100%).Crystal
data for 7b: Ci3HieNsFO, M = 277.31, orthorhombic, space group P bcrs 46.7598(9), b =
7.3062(4), ¢ = 20.4845(11) A, U = 2508.3(2), £(000) = 1168, Z = 8, D= 1.469 mg rii, pu = 0.109
mm*. 19847 reflections were collected yielding 3035que data (Rerg = 0.0807). Final WRF?) =
0.1179 for all data (245 refined parameters), catiwaal R(F) = 0.0472 for 2114 reflections with
1>20(1), GOF = 1.025. CCDC-1486846.
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4-Fluoro-1-methoxy-8-methyl-2,3,4b,9-tetraaza-flerue7c

A mixture of 1,4-difluoro-8-methyl-2,3,4b,9-tetraafluorene 4d (0.50 g, 2.27 mmol), sodium
methoxide (0.31 g, 5.68 mmol) and methanol (3 mhsweated at 15T (microwave) for 20 min.
Water (25 mL) was added and the mixture was exdaetith dichloromethane (3 x 25 mL). The
combined organic extracts were dried (Mgg@iltered and evaporated. Column chromatography o
silica gel using hexane : ethyl acetate (2:1) aserdl gave4-fluoro-1-methoxy-8-methyl-2,3,4b,9-
tetraaza-fluorend&c (0.21 g, 40%) as a white solid; mp 229 — 281(Found: C, 56.6; H, 3.9; N, 23.9.
CuHoFN,O requires: C, 56.9; H, 3.9; N, 24.1%).«/ cmi* 964, 980, 1030, 1102, 1132, 1168, 1236,
1286, 1320, 1372, 1424, 1466, 158Q;2.76 (3H, s, Ch), 4.38 (3H, s, OCH), 7.08 (1H, t3J4y 6.8,
H-6), 7.48 (1H, dt3Juy 6.8, “Jun 1.0, H-7), 8.80 (1H, dJuy 6.8, H-5):3¢ 17.6 (s, CH), 55.6 (s,
OCHg), 114.3 (s, C-6), 120.5 (dJcr 11.4, C-9a), 126.0 (s, C-5), 129.1 (s, C-8), 136,4C-7), 133.1
(d, e 36.4, C-4a), 150.7 (s, C-8a), 154.9 {dkr 2.0, C-1), 156.8 (d'Jcr 247.6, C-4):3¢ -94.5 (s);
m/z(EI") 232 ([M]", 58%), 231 (39), 217 (8), 183 (100).

Ethyl-(4-fluoro-8-methyl-2,3,4b,9-tetraaza-fluorényl)-amine7d

A mixture of 1,4-difluoro-8-methyl-2,3,4b,9-tetraafluorene 4d (0.50 g, 2.27 mmol) and
ethylamine(2.83 mL, 2.0 M in THF, 5.68 mmol) wastezl at 156C (microwave) for 20 min. Water
(25 mL) was added and the mixture was extracted dithloromethane (3 x 25 mL). The combined
organic extracts were dried (Mg@Qfiltered, evaporated and recrystallised fronuéole to givesthyl-
(4-fluoro-8-methyl-2,3,4b,9-tetraaza-fluoren-1-ginine7d (0.36g, 65%) as a yellow solid; mp 127 —
129 °C (Found: [MHJ, 246.11492. @H1.FNs requires: [MH], 246.11495)vmax / cmi*t 1340, 1401,
1435, 1480, 1583, 1616, 3351 (bB); 1.40 (3H, t,3Juy 6.6, CHCHs), 2.71 (3H, s, Ch), 3.77 (2H,
quin, *Jun 6.6, NCH), 5.53 (1H, br s, NH), 7.03 (1H, %) 6.7, H-6), 7.40 (1H, dtJ. 6.7,%3u4 0.9,
H-7), 8.51 (1H, d3Juy 6.7, H-5):8¢c 14.9 (s, CHCHs), 17.5 (s, CH), 36.5 (s, NHCH), 114.2 (s, C-6),
114.5 (d,2Jcr 29.5, C-4a), 125.5 (dcr 4.2, C-9a), 128.9 (s, C-5), 129.5 (s, C-7), 136,3-8), 149.6
(s, C-8a), 150.2 (dJcr230.6, C-4), 153.1 (d'Jcr 2.0, C-1);3¢ -99.4 (s);m/z (EI*) 245 (IM]", 17%),
230 (29), 183 (67), 92 (58).

Diethyl-(4-fluoro-8-methyl-2,3,4b,9-tetraaza-fluaré-yl)-aminere
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A mixture of 1,4-difluoro-8-methyl-2,339-tetraaza-fluorendd (0.30 g, 1.36 mmol), diethylamine
(0.35 mL, 3.41 mmol) and acetonitrile (3 mL) wasteel at 156C (microwave) for 20 min. Water (25
mL) was added and the mixture was extracted witthldromethane (3 x 25 mL). The combined
organic extracts were dried (MgQQ filtered, evaporated and recrystallised from drex /
dichloromethane (4:1) to givealiethyl-(4-fluoro-8-methyl-2,3,4b,9-tetraaza-fluaré-yl)-amine 7e
(0.26 g, 70%) as yellow crystals; mp 111 — PC3(Found: C, 61.7; H, 5.9; N, 25.4.,816NsF
requires C, 61.5; H, 5.9; N, 25.6%);.x/ cmi* 1217, 1237, 1295, 1352, 1429, 1485, 1575, 16383:29
34 1.31 (6H, t3J4y 7.1, CHCHs), 2.66 (3H, s, Ch), 4.09 (4H, gJun 7.1, NCH), 6.95 (1H, t3Juy
7.0, H-6), 7.31 (1H, d®Jy 7.0, H-7), 8.46 (1H, Jqy 7.0, H-5):5¢ 13.8 (s, CHCHs), 17.3 (s, CH),
44.0 (s, NCH), 113.9 (s, C-6), 114.4 (d)cr 28.0, C-4a), 125.1 (s, C-8), 128.7 (s, C-5), 128,L-7),
136.6 (d,*Jcr4.6, C-8a), 148.3 (s, C-9a), 150.5 Ydh-228.4, C-4), 153.3 (dJcr 1.9, C-1);5: -102.7
(s); m/z(EI") 273 ([M]’, 24%), 244 (100), 230 (74), 201 (12), 183 (56),(3@). Crystal data for7e:
Ci14H16FNs, M = 273.32, monoclinic, space group C2/c, a 9165(4), b = 12.4896(3), ¢ = 14.4663(3)
A, B =114.06(1)°, U = 2635.8(1)°AF(000) = 1152, Z = 8, D= 1.378 mg i, p = 0.097 mnt. 19731
reflections were collected yielding 3504 uniquead@®erq = 0.0284). Final WRF?) = 0.1117 for all
data (245 refined parameters), conventiongdFR= 0.0394 for 2913 reflections witk2o(l), GOF =
1.052. CCDC-1486848.

3-Fluoro-5,8-dimethyl-4-morpholin-4-yl-5,6,7,8-talrydro-pyrazino[2,3-c]pyridazin8a

DIPEA (0.25 mL, 1.5 mmol) ani,N'-dimethyl-ethane-1,2-diamine (0.05 mL, 0.5 mmo8revadded

to a stirred solution of 4-(3,5,6-trifluoro-pyridaz4-yl)-morpholine2a (100 mg, 0.46 mmol) in THF (4
mL), and the mixture was stirred at rt for 5 d. Thigture was concentrated, partitioned between DCM
(10 mL) and water (10 mL), the phases were sephiatd the aqueous phase further extracted with
DCM (2 x 10 mL). The organic phases were combinei@d and concentrated. Purification by column
chromatography on silica gel using toluene:THF X1&3 eluent gave3-fluoro-5,8-dimethyl-4-
morpholin-4-yl-5,6,7,8-tetrahydro-pyrazino[2,3-cjpgazine 9a (103 mg, 84%) as white crystals; mp
144.2 — 147.3 °C (Found: [MH]268.1574. GH1gFNsO requires [MH], 268.1574)5y 3.08 (4H, td,
33um 4.7,°34F 1.8, NCH), 3.14 (3H, s, Ch), 3.30 — 3.33 (2H, m, C#\l), 3.31 (3H, s, CH), 3.38 — 3.40
(2H, m, CH), 3.76 (4H, t3Jun 4.7, CHO); 8¢ 38.3 (s, CN-8), 41.4 (s, CN-5), 46.5 (s, C-7)45@,
*Jcr 4.3,CNC-4), 51.0 (s, C-6), 67.0 (&Jcr 0.5, CO), 119.5 (FJcr 29.1, C-4), 134.9 (FJcr 8.9, C-

4a), 151.8 (s, C-8a), 161.2 (dcr 236.6, C-3)r -94.5 (s)m/z(AP") 267 ([M]", 100%).
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3-Fluoro-4-morpholin-4-yl-9-oxa-10-thia-1,2-diazathracenedb

DIPEA (1.2 mL, 6.9 mmol) and 2-mercaptophenol (0rg8, 2.3 mmol) were added to a stirred
solution of 4-(3,5,6-trifluoro-pyridazin-4-yl)-mohpline 2a (504 mg, 2.3 mmol) in THF (4 mL), and
the mixture was stirred at rt for 16 h. The mixtwas concentrated, partitioned between DCM (10 mL)
and water (10 mL), the phases were separated anmaineous phase further extracted with DCM (2 x
10 mL). The organic phases were combined, dried emwcentrated. Purification by column
chromatography on silica gel using hexane:ethyltateel-25% as gradient elution, followed by
recrystallisation from ethanol gaw&fluoro-4-morpholin-4-yl-9-oxa-10-thia-1,2-diazadhraceneb
(476 mg, 68%) as pale yellow crystals; mp 167.59.1 °C (Found: [MH], 306.0707. @H1,FNs0,S
requires [MH] , 306.0713)5y 3.24 (4H, td Jun 4.7,°J4e 2.1, CHN), 3.85 (4H, t3J4y 4.7, CHO),
7.07 — 7.10 (2H, m, H-6, H-8), 7.13 — 7.15 (1H,H7), 7.20 — 7.22 (1H, m, H-53¢ 49.9 (d,"Jcr 3.9,
CH:N), 67.2 (d,°Jcr 1.3, CHO), 114.5 (s, C-10a), 118.9 (s, C-8), 123.5%0g; 8.0, C-4a), 125.7 (s, C-
6), 126.3 (s, C-7), 129.3 (s, C-5), 134.1 %t 26.3, C-4), 149.9 (dJcr 1.0, C-9a), 159.3 (s, C-8a),
160.3 (d,"Jcr 243.0, C-3)5F -90.0 (s);m/z(AP") 305 ([M]", 100%).

4-Ethylsulfanyl-3-fluoro-5,8-dimethyl-5,6,7,8-tetsadro-pyrazino[2,3-c] pyridazin8c

A mixture consisting of DIPEA (0.7 mL, 4 mmol\,N'-dimethyl-ethane-1,2-diamine (0.16 mL, 1.6
mmol), 4-ethylsulfanyl-3,5,6-trifluoro-pyridazirizk (200 mg, 1.0 mmol) and THF (4 mL) was stirred
at rt for 16 h. The mixture was concentrated, parted between DCM (10 mL) and water (10 mL), the
phases were separated and the aqueous phase fxtramted with DCM (2 x 10 mL). The organic
phases were combined, dried (Mg$@nd concentrated. Purification by column chrorgeaphy on
silica gel using hexane:ethyl acetate (1:9) asnelgave4-ethylsulfanyl-3-fluoro-5,8-dimethyl-5,6,7,8-
tetrahydro-pyrazino[2,3-c]pyridazin@c (191 mg, 77%) as a white solid; mp 78.1 — 80.0PQuQd: C,
49.4: H, 6.2; N, 23.0. GH1sFN,S requires: C, 49.6; H, 6.2; N, 23.19%); 1.19 (3H, t,°Jun 7.4,
CH3CH,S), 2.78 (2H, q2Jun 7.4, CHS), 3.11 (3H, s, Ch), 3.31 (38H, s, Ch), 3.30 — 3.32 (2H, m,
CH.N), 3.46 — 3.49 (2H, m, Ci); 8¢ 14.4 (S,CH3CH,S), 29.1 (d;Jcr 4.4, CHS), 37.8 (s, ChN),
43.1 (s, CHN), 46.7 (s, CHN), 51.8 (s, CHN), 101.9 (d,2Jcr 36.1, C-4), 141.6 (fJcr 5.2, C-4a),
150.8 (s, C-8a), 162.3 (tcr 227.0, C-3)pr -87.0 (s)m/z(EI") 242 (IM]", 100%).

4-Ethylsulfanyl-3-fluoro-9-oxa-10-thia-1,2-diazataracenedd
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A mixture consisting of DIPEA (0.40 mL, 2.3 mmoB;mercaptophenol (0.08 mL, 0.8 mmol), 4-
ethylsulfanyl-3,5,6-trifluoro-pyridazin@k (150 mg, 0.77 mmol) and THF (4 mL) was stirredtdbr

16 h. The mixture was then concentrated, partitionetween DCM (10 mL) and water (10 mL), the
phases were separated and the aqueous phase fxtramted with DCM (2 x 10 mL). The organic
phases were combined, dried and concentrated.idatioh by column chromatography on silica gel
using toluene:ethyl acetate (19:1) as eluent géaethylsulfanyl-3-fluoro-9-oxa-10-thia-1,2-diaza-
anthracene9d (161 mg, 74%) as yellow crystals; mp 121.4 — 12Z0(Found: [MHT, 281.0220.
C12HoFNLOS, requires [MH], 281.0219)3y 1.34 (3H, t°Juy 7.4, CH), 3.14 (2H, qd>Jun 7.4, %I
1.0, CH), 7.07 - 7.09 (2H, m, H-6, H-8), 7.12 — 7.14 (1K,H-7), 7.19 — 7.23 (1H, m, H-5¢ 15.3
(s, CH), 28.8 (d,"Jcr 6.9, CH), 114.4 (s, C-10a), 118.8 (s, C-8), 124.0°0ds 36.3, C-4), 125.8 (s, C-
6), 126.4 (s, C-7), 129.4 (s, C-5), 133.2 4+ 4.9, C-4a), 149.4 (s, C-8a), 157.6 {dr 1.9, C-9a),
162.9 (d, YJcr 238.2, C-3);8¢ -82.2 (s); m/z (APY) 280 ([M]', 100%). Crystal data for 9d:
C12HoN2OFS, M = 280.33, monoclinic, space group:/#2 a = 10.6924(5), b = 9.8670(4), ¢ =
11.0623(5) Ap = 92.44(1)°, U = 1166.03(9)°AF(000) = 576, Z = 4, D= 1.597 mg i, u = 0.457
mm™*. 10747 reflections were collected yielding 324%9que data (Rerg = 0.0657). Final wWRF) =
0.1129 for all data (199 refined parameters), cativeal R(F) = 0.0429 for 2369 reflections with
1>20(1), GOF = 1.008. CCDC-1486847.

4-Ethylsulfanyl-3-fluoro-10H-9-oxa-1,2,10-triazathracenede

A mixture consisting of DIPEA (0.40 mL, 2.3 mmoR;-aminophenol (84 mg, 0.77 mmol), 4-
ethylsulfanyl-3,5,6-trifluoro-pyridazingk (150 mg, 0.77 mmol) and THF (4 mL) was heatedoét ’C
(microwave) for 5 min. The mixture was concentrateartitioned between DCM (10 mL) and water
(10 mL), the phases were separated and the aqéase further extracted with DCM (2 x10 mL).
The organic phases were combined, dried (MgSénhd concentrated. Purification by column
chromatography on silica gel using hexane:ethytadedEdCM (5:2:3) as eluent gaveethylsulfanyl-3-
fluoro-10H-9-oxa-1,2,10-triaza-anthracere (153 mg, 75%) as a yellow solid; mp 260 °C (with
decomposition) (Found: [MH] 264.0597. ©H10FNsOS requires [MH], 264.0607);5y 1.31 (3H, t,
3Jun 7.4, CH), 1.62 (1H, br. s, NH), 2.90 (2H, Yun 7.4, CH), 6.63 — 6.65 (1H, m, H-5), 6.87 — 6.94
(3H, m, ArH); 8¢ 15.2 (s, CH)), 28.9 (d,*Jcr 3.1, CH), 102.2 (d Jcr 40.1, C-4), 114.6 (s, C-5), 117.1
(s, C-8), 124.7 (s, C-7), 125.0 (s, C-6), 125.8Qsl0a), 137.6 (d®Jcr 7.1, C-4a), 142.8 (s, C-8a),
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153.4 (d,"Jcr 0.9, C-9a), 164.4 (dJcr 235.1, C-3)3r -81.0 (s);m/z(AP") 263 ([M]", 100%).Crystal
data for 9e: C;oHi10N3SFO, M = 263.29, orthorhombic, space group Pica2= 12.566(9), b =
5.2062(4), ¢ = 35.081(3) A, U = 2295.0(17}, &(000) = 1088, Z = 8, D= 1.524 mg i, p = 0.286
mm*. 13348 reflections were collected yielding 4103que data (Rerg = 0.0642). Final WRF?) =
0.1088 for all data (336 refined parameters), catiwaal R(F) = 0.0490 for 2874 reflections with
1>20(1), GOF = 1.014. CCDC-1486849.

4-Ethylsulfanyl-3-fluoro-10H-9-thia-1,2,10-triazaxthhracenedf

A mixture consisting of DIPEA (1.4 mL, 7.9 mmol);ainophenol (0.28 mL, 1.9 mmol), 4-
ethylsulfanyl-3,5,6-trifluoro-pyridazingk (397 mg, 2.0 mmol) and THF (4 mL) was heated & D
(microwave) for 30 min. The mixture was concentlaggartitioned between DCM (10 mL) and water
(10 mL), the phases were separated and the agpdase further extracted with DCM (2 x 10 mL).
The organic phases were combined, dried (Mg®@d evaporated. Recrystallisation from chloroform
gave 4-ethylsulfanyl-3-fluoro-10H-9-thia-1,2,10-triazarhracene 9f (333 mg, 63%) as yellow
crystals; mp 249.2 — 251.8 °C (Found: [MH280.0378. &H1oFNsS, requires [MH], 280.0378)54
1.35 (3H, t,°Juy 7.4, CH), 2.48 (1H, br. s, NH), 3.11 (2H, qtlluy 7.4,J4r 0.8, CH), 6.83 — 6.88
(3H, m, ArH), 7.05 — 7.07 (1H, m, H-8)¢ 15.3 (s, CH), 28.8 (d,"Jcr 6.9, CH), 113.8 (s, C-8a),
117.0 (s, C-5), 122.7 (d)cr 38.4, C-4), 124.3 (s, C-7), 126.1 (s, C-8), 128,2C-6), 135.4 (d*Jcr
4.6, C-4a), 135.8 (s, C-10a), 151.7 (s, C-9a), &€0, Jcr 237.5, C-3);3r -85.6 (s);m/z (AP") 279
(IM]*, 100%).

4-Ethylsulfanyl-3-fluoro-1,2,4b,9-tetraaza-fluorede
A mixture consisting of DIPEA (0.70 mL, 4.0 mmopyridin-2-ylamine (143 mg, 1.5 mmol), 4-
ethylsulfanyl-3,5,6-trifluoro-pyridazingk (199 mg, 1.03 mmol) and THF (4 mL) was heatedsét ’C
(microwave) for 30 min. The mixture was concentlaggartitioned between DCM (10 mL) and water
(10 mL), the phases were separated and the agypdase further extracted with DCM (2 x 10 mL).
The organic phases were combined, dried (MgSénd concentrated. Purification by column
chromatography on silica gel using hexane:ethytadeg(1:9) as eluent followed by recrystallisation
from ethanol gavet-ethylsulfanyl-3-fluoro-1,2,4b,9-tetraaza-fluore®g (35 mg, 14%) as orange
crystals; mp 197.8 — 199.5 °C (Found: [MHP49.0601. GHoFN4S requires [MH], 249.0610):54
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1.38 (3H, t3Jun 7.4, CH), 3.32 (2H, qd33un 7.4,°34 0.7, CH), 6.97 (1H, td3Juy 7.2,33un 6.8, I
1.1, H-6), 7.64 (1H, dddJun 9.4,%34n 6.8,%3un 1.3, H-7), 7.79 (1H, dfJun 9.4,°un 1.2,%044 1.1, H-
8), 9.44 (1H, dt3Jun 7.2,%Jun 1.3,°34n 1.2, H-5);8¢ 15.4 (s, CH), 26.9 (d,*Jcr 7.5, CH), 111.1 (d,
2Jcr 38.5, C-4), 112.0 (s, C-8), 119.1 (s, C-6), 126.£4J)cr 8.0, C-4a), 129.5 (s, C-7), 133.7 (s, C-5),
153.3 (d,"Jcr 0.9, C-9a), 158.8 (s, C-8a), 160.7 {der 229.2, C-3);5¢ -89.4 (s);m/z (ES) 249
(IMH] *, 100%).

4-Ethylsulfanyl-3-fluoro-8-methyl-1,2,4b,9-tetraathaorenedh

A mixture consisting of DIPEA (0.70 mL, 4.0 mmopyridin-2-ylamine (0.15 mL, 1.29 mmol), 4-
ethylsulfanyl-3,5,6-trifluoro-pyridazingk (200 mg, 1.03 mmol) and THF (4 mL) was stirredtdor 7

d. The mixture was concentrated, partitioned betwB€M (10 mL) and water (10 mL), the phases
were separated and the aqueous phase further tegtnath DCM (2 x 10 mL). The organic phases
were combined, dried (MgSPand concentrated. Purification by column chromgedphy on silica gel
using hexane:ethyl acetate (1:9) as eluent geethylsulfanyl-3-fluoro-8-methyl-1,2,4b,9-tetraaza
fluorene 9h (134 mg, 50%) as orange crystals; mp 160.2 — 16C.1(Found: [MH], 263.0760.
C1H11FN,S requires [MH], 263.0767)8y 1.37 (3H, t,°Juy 7.3, GHsCH,S), 2.72 (3H, s, Ch), 3.30
(2H, qd,3Jun 7.3,%J4 0.9, CH), 6.89 (1H, dd3Juy 7.0,3J4n 6.9, H-6), 7.42 (1H, d®Juy 6.9, H-7),
9.31 (1H, d3Jun 7.0, H-5):8¢ 15.3 (S,CH3CH,S), 17.6 (s, Ch), 29.5 (d,*Jcr 7.2, CH), 110.8 (d2Jcr
39.4, C-4), 112.1 (s, C-7), 126.9 (s, C-5), 126,91cr 7.9, C-4a), 129.3 (s, C-8), 131.5 (s, C-6), 154.1
(d, “Jcr 1.0, C-9a), 158.7 (s, C-8a), 160.7 (@ 228.9, C-3)3r -89.6 (s);m/z(EI") 262 ([M]", 100%).
Crystal data for9h: CioH1iN4SF, M = 262.31, monoclinic, space group/B2a = 3.9174(1), b =
16.8084(2), ¢ = 17.1269(2) B, = 92.58(1)°, U = 1126.58(3)%AF(000) = 544, Z = 4, P= 1.547 mg
m®, u = 0.286 mrit. 15223 reflections were collected yielding 3149que data (Rerg = 0.0487).
Final wR(F?) = 0.1154 for all data (207 refined parametersjventional R(F) = 0.0340 for 2828
reflections with £20(l), GOF = 1.069. CCDC-1486845.

4-Ethylsulfanyl-3-fluoro-6-methyl-furo[2,3-c]pyridane-5-carboxylic acid ethyl estér

A mixture consisting of DIPEA (0.82 mL, 4.7 mmoB;oxo-butyric acid ethyl ester (0.17 mL, 1.3

mmol), 4-ethylsulfanyl-3,5,6-trifluoro-pyridazirgk (234 mg, 1.21 mmol) and THF (4 mL) was heated

at 180 °C (microwave) for 90 min. The mixture wasicentrated, partitioned between DCM (10 mL)
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and water (10 mL), the phases were separated anmalineous phase further extracted with DCM (2 x
10 mL). The organic phases were combined, driedS®lyand concentrated. Purification by column
chromatography on silica gel using hexane:ethylade€2:1) as eluent gaveethylsulfanyl-3-fluoro-6-
methyl-furo[2,3-c]pyridazine-5-carboxylic acid ethgster9i (95 mg, 28%) as a colourless oil; (Found:
[MH]*, 285.0711. GH13FN205S requires [MH], 285.0709)5 1.29 (3H, t3Juy 7.4, SCHCHs), 1.43
(3H, t, 33y 7.2, OCHCH3), 2.77 (3H, s, CH), 3.18 (2H, qd3Jun 7.4,%J4e 2.3, SCH), 4.43 (2H, q,
33un 7.2, OCH); 8¢ 14.3 (s, CH), 14.9 (d,°Jcr 1.9, SCHCH3), 15.0 (s, OChCHa3), 28.6 (d,*Jcr 11.5,
SCHp), 61.8 (s, OCH), 111.0 (d2Jcr 4.7, C-4a), 122.8 (dJcr 34.8, C-4), 126.6 (d'Jcr 6.6, C-7a),
161.7 (s, C-5), 162.1 (s, C-6), 162.9 Y@ 232.4, C-3), 168.3 (s, C=Q; -84.97 (s);m/z(ES) 285
(IMH]*, 100%).
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