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S0 3-substituted, 6-substituted and unsymmetricaldds@bstituted 4-alkylaminopyridazines were prepdred a
52 sequence of three chemo- and regioselective remctombining amination and palladium-catalyzed sros
54 coupling reactions, such as reductive dehalogematiod Suzuki-Miyaura reactions. Extension of the

56 methodology to Sonogashira reaction yielded a nolasis of 3-substituted pyrolopyridazines.

60 INTRODUCTION
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Pyridazines constitute a family of compounds thasents an increasing interest in modern drug desigl
discovery An important number of publications dealing witliolbgically active pyridazine derivatives
belonging to almost all therapeutic classes hawn ublished since 1970, which led to constanttyeasing
number of reports, especially in the last decadgalrticular, considerable attention has been @eMtat various
6-substituted 3-aminopyridazines because of thgithetic versatility and their response profiléyridazine
derivatives have provided some pre-clinical cangislaand several FDAjncluding the antidepressant drug
Minaprin€ and its metabolite Moxiraprine as an anti-Parkindoud (Figure 1). However, the displacement of
the amino group from position 3 to position 4 remsaiargely unexplored. Only a few examples of reddy
unsubstituted 4-aminopyridazine derivatives arateel in the literature (Figure i§.One of the reasons for
smaller representation of 4-aminopyridazines comgbdo 3-aminopyridazines in literature is the abseaf

high-yielding and reliable methods of their syntagd?

\”’/ (5

\ / N%\:> \ /N
N-N H
Minokine (Alzhelmer dementia) Minaprine (anti-depressant)
NH, Q o]

Meo{g

/
N—N
+ —

Amezinium methylsulfate (hypotensor) EGIS-11004 (anxiolytic)
Figure 1. Examples of pharmacologically relevant Zminopyridazines: Minokine (Alzheimer dementia), Mnaprine
(antidepressant). 4-aminopyridazine: Amezinium metilsulfate (antihypotensivej and 5-aminopyridazinone EGIS-11004
(anxiolytic).®
To our knowledge, the most straightforward procedteported for the preparation of aryl substituted
alkylamino pyridazines (R= R* = Ar, method A, Scheme 1) involves an inversetetecdemand Diels—Alder
reaction in the presence of 1,2,4,5-tetrazine déries1.’ Despite the many advantages of this reaction (high
atom economy, high level of regioselectivity), tlaigproach heavily relies on the availability of ttarting
material and consequently suffers from importamithtions in the substitution patterns’(R*= Ar).
Several other classical ways have been developetthdéopreparation of 4(3)-substituted pyridazinonesand
3. These derivatives may constitute precursors ofcehfor the synthesis of 4-alkylamino pyridazingisce the
activation of the amide function may open a rouwteatlditional substitutions on the pyridazine bacico

However, methods for preparation 2fand 3 intermediategmethods B-D) suffer from limitations such as the
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1
2
3 availability of the corresponding butenolidé§ (method B), 1,4-ketoacids (method D), or the need of drastic
4
5 conditions'* More recently, a palladium-catalyzed Suzuki-Miyawr@ss-coupling (SMCC) reaction of 6-
6
7 chloro-5N-substituted pyridazinonegshas been carried out leading to 5-piperidino-8-aiipenzyl-pyridazine-
8
9 3-ones7 (method C)? This synthetic route allowed the introduction dmical diversity at the C-6 position.
10
11 Unfortunately, it suffers from moderate yields whgiperidine was replaced by other secondary amames
12
13 scope of the reaction could not be extended togiralkylamines (R= H).
14
15
16 Scheme 1. Reported synthesis of 4-aminopyridazinasad their precursors 2 and 3
17 NR'R?
18 N=N
19 R4{\ />*R3 + )\N/
N-N
20 1 |
21
Method A
gg (Ref. 9) Ja
24 R ( R ) R
25 X X R2-N Method B N-R2 Method D N-R2?
26 _ b c — (Ref. 10) — (Ref. 11) — dce
27 Ramo — R 0 T~ R\ )R | <o R O <—— Ar—{ CO.H
28 [6) N*” N-N N*” 6]
29 4 3 R®=H,R*=Ar 2 5
30 R®=Ar,R*=H
31 | R®=R'=Ar J
32 Method C ]
etho !
gi (Ref. 12) A
1
35 cl R2 N'R1 RZ—N'R Reagents and conditions:
36 _ _ _ (a) DCM, rt (22-100%); (b) AICI5 (60%); (c) NHo-NHBn;
37 aﬂo _fe, cnﬂo _9, Rsﬂo (d) POCI5/PCls; (&) NHR'R? (60-79%): (f) TMG, BnBr,
38 N-N N-N N-N (98%); (g) RB(OH),, Pd,(dba)s / S-Phos (5 mol%), KF,
39 H g Bn , Bn dioxane, 135-140 °C, 30 min, pw (quant.)
40
41
42 ) ) ) ) o ) ) )
43 Elaboration of novel versatile approaches leading-aminopyridazines offering the largest strudtdreersity
44
45 and thus allowing efficient structural optimizati0R®, R* = H, aryl, alkyl, aralkyl, others), around pyridtae
46
47 core is therefore of importance for drug designe Bim of this work was to investigate a generategy
48
49 starting from easily available materials, such aghlly electrophilic trichloropyridazine8 and 9. Herein we
50
report the efficient synthesis of differently subged 4N-alkyl or 4NN,N-dialkylamino pyridazines by
51
52
53 regioselective palladium-catalyzed reactions.
54
o RESULTS AND DISCUSSION
S7 : - o o : o
58 We first checked the reactivity of the two diffetérichloropyridazines, 3,4,5-trichloropyridazin@sand 3,4,6-
59
trichloropyridazines9. Both could be prepared in a large scale as puslyjodescribed in the literature:
60 ichl idazines9. Both Id b di I I {yod ibed in the li Che

Hydrazinolysis of the commercially available mucloeit acid 10 and bromomaleic anhydride? yielded the

3
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4,5-dichloropyridazinond.1 and the 4-bromo-1,2-dihydropyridazine-3,6-diot8 respectively Activation of

the amide functions df1 and13 with POC} afforded8 and9 in nearly quantitative yield (Scheme 2).

Scheme 2. Reactivity of 8 and 9 towards aminatioreaction

NR'R* "R“RN
m m e m . m m
89% N— 93% N—
R'=H,R2=Bn 4
14:15 (1.1:1)
Yields
16 R R? %)?
NR'R2 2 H H 86
b H Me 88
- c Me Me 93
O 0 /) Cl d H Bn 90
93% 92% 7N 66 93°/ 7N e H (CHy)sPh 89
f H PMB 87
12 16a-h g H CH(Ph) 80
h Bn Bn 66

“reaction conditions: (@) M4.H,SO,, H20, 100 °C, 12 h; (b) POEI120 °C, 5 h; (¢) BnNK i-PrOH, 120 °C, 20 min, pw; (d) NHR?, see
experimental part.

The SWAr-type amination reactions performed with 3-chjoyndazines needs generally relatively drastic
experimental conditions, in particular heating ighhtemperatures and using acid as catalyst and large excess
of amine reagent’’® The presence of two vicinal nitrogens in the pazide ring is clearly associated in the
literature with its poor electrophilicity, when cpared with other related systems (pyrimidine, piyray’
However, compare to 3-chloropyridazines, 3,6-dichpgridazines presented an increased electrophilic
character, and thus better reactivity towargérSamination reaction®*" Interestingly, both the 3,4,5- and
3,4,6-trichloropyridazines8 and 9 possess an aryl chloride with different electrbphcharacter towards
amination reaction. Finally, whehand9 were submitted to benzylamine : i) 3,4,5-trichloyogazine8 yielded

a mixture of 3,5-dichloro-14) and 5,6-dichloro-15) 4-benzylaminopyridazines in equal amounts (sgefe

2). ii) no trace of reaction was observed onto 3keninochloride, even after changing the solvét.3,4,6-
trichloropyridazined gave a single isomer, the 3,6-dichloro-4-aminagazine 16d), as already described in the
literature?® iv) in both the cases the aryl chloride functioaswthe most reactive towardgA$ amination
reaction.

This amination reaction on pyridaziBavas extended to various primary and secondary amawillustrated in
Scheme 2. Reaction conditions were function of dh@ine reactivity and steric hindrance (see Supprti
data)™ The dichloropyridazind4-16appeared to be excellent platforms for palladiatalyzed cross-coupling

reactions (PCCRs), affording new 4-aminopyridazines
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Selectivity of the PCCR of heteroarenes bearingiplalidentical halogens is mainly determined bg thlative
ease of oxidative addition. Based on recent theadetalculations, the C—Cl bondto nitrogen of pyridazine
requires less energy to break suggesting thatriher of reactivity for 3,5- or 5,6-dichloropyridazis14 and15
is C3(6) > C5% In agreement with literature data we observed withloropyridazinel4 a chemoselective
mono-substitution occurring at position B7). Finally, by performing a second Suzuki-Miyaurass coupling
(SMCC) reaction on compourD with a different catalytic system (Pd(OAPhos¥®, we prepared in good
yield the 3,5-di-substituted 4-aminopyridazitfbearing two different aryl groups at positionsn@l & (Scheme
3). The other isomet5 behaved similarly, and gave the expected 3-arsiipgzine20 as the major isomer in a

ratio of 8:1. A second SMCC reaction afforded ttdiaryl 4-aminopyridazing1in good yield.

Scheme 3. SMCC reactions with 14 and 15

Cl. NHBn Cl. NHBn A2 NHBn At = /

BnHN BnHN, A" BnHN_ Gl BrHN AP
— a — = —
V2 iervraal NV Bt HAH
N-N b N-N N-N N-N
15 19 (1:8) 20 (1:8) 21

80%
reaction conditions: (a) Pd(Ph(5 mol%), 4-MeOPhB(OH)1.05 equiv), N&COs (2 equiv), toluene:EtOH: 4D (3:1:1), 100 °C, 3 h; (b)

Pd(OAc}) (2 mol%), XPhos (2.4 mol%), 4-MePhB(O#f).5 equiv), CsOH.kD (1.7 equiv)n-BuOH:H,0 (4:1), 50 °C, 1 h.

For the SMCC reactions of 3,6-dichloro 4-aminopgrithes16 we envisioned to control regioselectivity of the
two nearly-identical iminochlorides. In addition ve®uld hypothesize that steric hindrance inducedthzy
substituted amino group may favour formation of @aryl 4-amino pyridazin®2, but this effect may be
counterbalance by the fact that the position gighy more electro-enriched by the electrodonffea of the
amino group. Interestingly, with the primary amiféa when using our conditions (Pd(RRh NaCGO;,
microwave irradiation, see entry 1 in Table 1) tleaction occurred regioselectively at the most &iad
position 3, leading to the mono-add@&a Only traces (<5%) of 3,6-diaddu24awas observed by HPLC. The
reaction was still efficient with other boronic dsibearing electron withdrawing (entry 2) or electdonating
groups (entries 3 and 4). The position of the sulesit on the boronic acid had no effect on théasajectivity,
as the 2-MeO-phenylboronic acid proceeded effityef@ntry 3). Structure 023d was assigned using the 2D
NMR spectroscopic tools. In particular, the positiaf the aryl group was characterized by the presef a
NOESY correlation between the NH proton and thetqm® in ortho-position of the 4-methoxyphenyl ring.

5
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Compound®3a—dwere obtained in similar yields (>78%). Moreovweraction under classical heat (3 h, 100 °C)

was also efficient, affording compoun28d—fin equivalent yields than microwave heating (estd—6).

Table 1. SMCC reaction conditions leading to 3-ary#i-aminopyridazines 23

NR'R2 [Fﬁ;]?f_?g';)rfd NR'R? NR'R? NR'R2
c—\ ,)—cl Na,C0s ArﬁCl 00— A+ A )Ar
N—N Methods 1 to 6 N—N N—N N—N
16 22 23 24
Yieldg® (%)
entry 16 R! R? Ar Catalytic system Method 22 23 24°  16°
N°
¥ a H H Ph Pd(PP) 1 a - 78 <5 -
2 a H H 4-Cl-Ph Pd(PPy 1 b - 85 <5 -
¥ a H H 2-MeO-Ph Pd(PRy 1 c - 84 <5 -
¢ a H H 4-MeO-Ph Pd(PRy 1 d - 86(855 <5 -
5 b H Me 4-MeO-Ph Pd(PRh 2 e - 76 <10 -
6° c Me Me 4-MeO-Ph Pd(PRR 2 f - 84 <10 -
7 e H (CH)sPh  4-MeO-Ph Pd(PRR 2 g <5 56 15 25
g e H (CH)sPh  4-MeO-Ph Pgdba).CHCE 3 g - - - 100
¥ e H (CH)sPh  4-MeO-Ph Pd(OAg)S-Phos 4 g - 35 15 39
100 e H (CH)sPh  4-MeO-Ph  Pd(CHN),Cl/BDPB 5 g 10 52 10 28
11 e H (CH)sPh  4-MeO-Ph Pd(PRR 6 g - 83 6 -
12 d H CHx-Ph 4-MeO-Ph Pd(PRR 6 h - 77 8 -
13 g H CH(Ph)  4-MeO-Ph Pd(PRJy 6 [ - 79 6 -
14 h  CHyPh CH-Ph 4-MeO-Ph Pd(PRR 6 i - 61 9 8

%vields refer to isolated, chromatographically, fied materials”Yield determined by NMR using GH as internal standartlynpublished

products23 were fully characterized by NMR 1D & 2D and HR-M&tat®Method 1: reaction conditions: Pd(RJH5 mol%), ArB(OH)

(1.1 equiv.), N&CGs (2 equiv.), DME:HO (3:1), 110 °C, 10 min, pviMethod 2: reaction conditions: Pd(RJI{5 mol%), ArB(OH) (1.1

equiv.), NaCQs (2 equiv.), DME:HO (3:1), conventional heat 100°C, 3'Method 3: reaction conditions: Rdba).CHCk (5 mol %),

ArB(OH), (1.1 equiv.), KCO; (2 equiv.), EtOH, 120 °C, 3 WMethod 4:reaction conditions: Pd(OAc) 2 mol %), S-Phos (4 mol %),

ArB(OH); (1 equiv.), KCO; (2 equiv.), MeCN:HO (3:1), 115 °C, 12 H'Method 5: reaction conditions : Pd(@EN),Cl, (2 mol %),1,2-

bis(diphenylphosphino)benzerngDPB, 4 mol%), ArB(OH) (1.1 equiv.), N&COs (2 equiv.), DME:HO (3:1), 120 °C , 5 HMethod 6:

reaction conditions: Pd(PBh(5 mol%), ArB(OH} (1.1 equiv.), N&COs (2 equiv.), DME:HO (3:1), reaction conditions : Pd(Pfh5

mol%), ArB(OH), (1.05 equiv.), N&CO; (2 equiv.), toluene:EtOH:#® (3:1:1), 100 °C, 3 Hreactions were performed in a mixture of

solvent:HO except for entry 8

However, when the 4-amino group was substituted byore sterically hindered phenylpropyl grodd, the

resulting steric hindrance led to a less reactixgtesn under our standard conditions (25% recovéstarting

material166€ and resulted in formation of significant amouhB¢6-disubstituted derivative4g (Table 1, entry

7). Following an optimization process, differentusmes of palladium catalysts and ligands were esheit
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different temperatures in various solvents (entie$1). When using Bgtba).CHCk ** no reaction occurred at
all (entry 8). With other catalytic systems (Pd(Q4A8Pho& or Pd(CHCN),/BDPB®) we still recovered a
significant amount of starting materiabe the 6-aryl regioisome22g and the di-substituted pyridazirgg
(entries 9-10). Finally, performing the Suzuki-Miya reaction in a 3:1:1 mixture of toluene, EtOH avater
gave the desired 3-aryl pyridazi#8gin good yield and regioselectively (entry 11).

These optimized experimental conditions were afpfr further preparation of various 3-aryl-6-cldet-
alkylaminopyridazine®23h—j (entries 12-14). The compounds were recovered odggoelds and excellent
regioselectivity, even for the bulky amino derivas 16g-h For all these examples, only small amounts of the
diaryl derivative24h—j (<10%) were observed.

Finally, iminochlorides23d—f were efficiently hydrogenated using Pearlman'salyat (Pd(OHYC) providing
access to valuable 3-aryl-4-alkylaminopyridazRfga—c intermediates (Scheme 4n addition, 23d,g,h were
also reacted in a second SMCC reaction affordireg dbrresponding 3,6-diaryl-aminopyridazin28a-g as

illustrated in Scheme 4.

Scheme 4. Access to 3-aryl-4-alkylamino pyridazing2sa—c and 3,6-bis-aryl-4-alkylaminopyridazines 26a?

NR'R?
_a _ /=
N\ / OMe
N—N
NR'R2 25a R'=R?=H 98%
— 25b R'=H,R?2=Me 98%
C—=\ OMe — 25c R'=R2=Me 82%
N-N
23d R'=R2=H NHR
23e R'=H,R?=Me b e
23f R'=R2=Me — R }\l '\{ OMe
23g R'=H, R?=(CHy)sPh
23h R'=H R2=Bn 26a R=H,R'= 4-F3CPh 50%

26b R = (CH,)sPh, R'= Ph 92%
26c R=Bn R =styryl  54%

®Reagents and conditions: (a) Pd/C or Pd@@E{)MeOH, rt, 60 psi, 6-12 h; (b) Pd(OA¢R mol%), XPhos (2.4 mol%), ArB(OHJ1.5

equiv), CsOH.HO (1.7 equiv)n-BuOH/HO (4:1), 50 °C, 1-12 h.

The regioselectivity of the Suzuki-Miyaura reactioright be associated with the presence of an electr
donating group (-NER?). In particular, the free doublet on the nitroggom might be able to coordinate the
vicinal palladium, and thus, promote a regioselectttack at the 3-iminochloride system. In oradewralidate
our working hypothesis, we further performed a EmBSuzuki-Miyaura reaction in the case of compoa6d

with N-Boc-pyridazine derivative7a-b(Table 2).

The introduction of theéert-butylcarbamate on intermediat&6b and 16f was easily achieved with (Bg€) in
presence of a catalytic amount of DMAP, aith-b were obtained in nearly quantitative yields. Whka

7

ACS Paragon Plus Environment



©CoO~NOUTA,WNPE

The Journal of Organic Chemistry Page 8 of 29

corresponding\-Boc derivatives27a-b were submitted to SMCC reaction using our optimieegerimental
conditions (toluene:EtOH:3®D), a partial deprotection of thé-Boc group was observed leading to a complex
mixture in HPLC. However, when the same reactios performed in a mixture of DMEZ®, we isolated the
corresponding 6-substituted 4-amino pyridazid®s and28b, as the major compounds (>60%). Unfortunately,
the presence of a significant amount of the di-atkl@0a and 30b (between 15 and 20% yield) was not

satisfying, even if results are in good agreematit aur mechanistic hypothesis.

Table 2. SMCC reactions starting from 4-NRBoc 27 ath4-alkoxy 31 pyridazine derivatives

R R R R R
— a,borc — dore — — —
Cl \ ,—C — CI \ ,—Cl — > Ar—\ ,—CI + CI N\ /A + Ar—\ ) Ar
N-N N-N Ar = 4-MeOPh N-N N-N N-N
16b R = NHMe 27a R=N(Me)Boc 97% 28a R=N(Me)Boc 29a R=N(Me)Boc 30a R = N(Me)Boc
16f R =NHPMB 27b R =N(PMB)Boc 98% 28b R=N(PMB)Boc 29b R = N(PMB)Boc 30b R = N(PMB)Boc
2 R=Cl 31a R=0OMe 94% 32a R=0Me 33a R=0Me 34a R =0OMe
31b R=0Bn 70% 32b R=0Bn 33b R=0Bn 34b R=0Bn

(a) BocO, TEA, DMAP, THF, rt, 2 h; (b) NaOMe, dry MeOH, & h; (c) BnOH, NaH, dry THF, 0 °C to rt, 2 h; (8lethod 2: reaction
conditions: Pd(PPB) (5 mol%), ArB(OH} (1.1 equiv.), NgCO; (2 equiv.), DME:HO (3:1), 110 °C, 3 h; (e)Method 6: reaction corisi:

Pd(PPH). (5 mol%), ArB(OH}), (1.05 equiv.), N&COs (2 equiv.), toluene:EtOH#® (3:1:1), 100 °C, 3 h.

Yields (%)
entry R Method Starting material 6-adduct 3-adduct 3,6-di adduct

N° (%) N° (%) N° (%) N° (%)
1 NMeBoc 2 27a(-) 28a (63) 29a (-) 3Ca(19)
2 NPMBBoc 2 27b () 28b (67) 29b (-) 30b (15)
3 OMe 2 31a (30) 32a (45) 33a(15) 34a (10)
4 OMe 6 31a(-) 32a (60) 33a (20) 34a (14)
5 OBn 6 31b () 32b (50) 33b (11) 34b (15)

%yields refer to isolated, chromatographically, fiad materials;"Unpublished products were fully characterized by RINID & 2D and

HR-MS datayyields were determined by NMR using @has internal standard

We thus examined whether the regioselectivity waslarly modulated by an alkoxy group in place bet
amine moiety. The alkoxy group as an electron-dogagroup may mimic at least a part of electrorifects of
the amino function. The 4-OMe and 4-OBn pyridazileeivatives 81aand 31b respectively) were synthesized
following a previously reported meth68However, starting fronBla, the SMCC reaction appeared to be
favoured at position 6. Besides the 6-add@td, we observed a significant amount of the secondisgineric
pyridazine33aalong with 14% of the bis-arylated proddeta (entry 4). Even if the benzyloxy group was more
hindered 81b, entry 5), similar results were obtained. Thisady demonstrated that the observed
regioselectivity of the 4-alkylamino pyridazine oatives 16 is not linked toany steric or electron-donating

effects of the amino group and observed regioseigctan be explained with formation of a pallagiee, in
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1
2
3 which the Pd is complexed by the amino group (FEgix. This phenomenon of complexation of palladioyn
4
5 nitrogen has already been documented in the litez &t
6
7
8 NR'R? NR'R? NR'R?
9 Pd (0) N o
- - 3
10 CI4<_§~CI — \ P | = O\ R
11 N-N N-N ¢ N-N
12
13 . . . .
14 Figure 2: Suggested palladacycle for regioselective C-C boffiormation.
15
i? We investigated whether the amino group would ble &b direct a palladium-catalyzed dehalogenation a
ig position 3 prior to the introduction of an aryl rati at position 6 by an SMCC reaction (Scheme B}. tRis
3(1) purpose we used 3,6-dichloro pyridazine8h—d as substrates in halogen/metal exchange reactionke
5:2% presence of Pd(PBRh and HCQH as reducing agent (see Scheme 5). After evaporati the solvent, and
;4 without purification, the resulting mixture was elitly used in a prototypical SMCC reaction in preseof
5
26 Pd(OAc) and S-Phos. These conditions allowed access t@awlaéted 6-aryl 4-alkylaminopyridazing&ba—c
27
28 with a two steps cumulative yield ranging from 489651%.
29
32 Scheme 5. Regioselective palladium-catalyzed hydmgation: access to 6-arylpyridazin-4-amines 35a-c
32
33
34 NR'R? NR'R2
s D ey
36 C— ,)—C ——|c N\ /
N-N N-N
37 ] )
38 16b R' = H, R?= Me
39 16c R'=R?=Me b
0 16e R" = H, R? = (CH,)3Ph
41 NR'R?
jé 35a R'=H, R?>= Me 48% -
44 35b R'=H, R2= (CH,)sPh 51% NIV
45
46 reaction conditions: (a) Pd(Ph(4 mol%), HCQH (1 equiv), TEA (12 equiv), DMF, 100 °C, 45 minyu(b) Pd(OAc) (2 mol%), SPhos
j; (4 mol%), 4-MeOPhB(OHYL.5 equiv), KCO3(2.5 equiv), MeCN/HD (5:1), 115 °C, 12 h
49
50
51 We next paid attention to extend this regioselégtito the Sonogashira reaction in order to acpgselo[3,2-
52
53 c]pyridazine derivative37. The efficiency of the method is clearly demonsilaby the results reported in
54
55 Scheme 6. The cross coupling reaction with pheeyédene was successfully appliedit6a and16d to afford
56
57 the corresponding expected monosubstituted ad@6etand36b, respectively. Cyclisation @6aand36b was
58
59 carried out in the presence of Cul to give the dusgrrolo[3,2€]pyridazines37ain 85% and37bin 90% yield.
60
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Further SMCC on the iminochloride at position 6yided pyrrolo[3,2€]pyridazine38in 59% yield. These new

3-substituted bicyclic pyridazine scaffolds weré pieviously described in the literature.

Scheme 6. Access to pyrrolo[3,8lpyridazine derivatives 36 and 38

NHR NHR
— a — :
C|4<_§70| — (I \ /) —
N—-N N—-N
16a R=H 36a R=H 76%
16d R=Bn 36b R=Bn 68%

\
N—-N

38 37aR=H 85%
37b R=Bn 90%

reaction conditions: (a) Pd{PPh), (3 mol%), Cul (6 mol%), phenylacetylene (1.1 equiMEA (5 equiv), MeCN, 60 °C, 6 h; (b) Cul (2

mol%), DMF, 120 °C, 12 h; (c) Pd(Ph(5 mol%), 4-CEPhB(OH) (1.5 equiv), NaCOs (2 equiv), toluene:EtOH:#® (3:1:1), 100 °C, 3 h

CONCLUSION

In summary, we described here a general method minopyridazines starting from easily available
trichloropyridazines8 and 9. A first chemoselective amination reaction ledtlte corresponding dichloro 4-
aminopyridazines. Further regiocontrolled palladicatalyzed cross coupling reactions, i.e. Suzukyavra,
dehalogenation and Sonogashira reactions hightiglete nitrogen-assisted regioselective SMCC reaction
occurring at position 3. Finally a unique strategymbining amination and two PCCR (SMCC and/or
dehalogenation) allowed access to new 4-aminopginéa and pyrrolo[3,2}pyridazines. The SMCC reaction
was used here as a prototypical example, that ctaldextended to Sonogashira reaction with same
regioselectivity. Thus generalization of the stggtelescribed here allows a straightforward accessotvel
functionalized 4-aminopyridazines. Nitrogen-assistegioselective substitution of vicinal chlorir®y means of
PCCR opens an avenue to other functionalized 4-@pgiidazines, and thus to original scaffolds, assitated

with a first synthesis of novel functionalized do&ds (pyrrolo[3,2€]pyridazine38).

EXPERIMENTAL SECTION

10
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General Considerations.Chemical reagents and solvents were used withatiher purification. All cross-
coupling reactions were carried out under an amomosphere. Microwave irradiation was performechveit
Biotage Initiator EXP (external sensor type). Atiglyl TLC was performed using silica gel platesd qtates
were visualized by exposure to UV light at 254 866 nm. Column Chromatography was performed ovieasi
gel (particle size 0.040-0.063mm). Yields refer ismlated compounds, estimated to be > 97% pure as
determined byH NMR or HPLC. Melting points were uncorrectétl and**C NMR spectra were recorded at
300 MHz or 400 MHz and 101 MHz respectively, usitegiterated chloroform (CDg}) methanol (MeOHd,) or
dimethylsulfoxide (DMSQdg) as a solvent. Chemical shift§) (are reported in parts per million (ppm), and
coupling constant valueg))(are quoted in Hertz (Hz). Multiplicity is repreged as follows: s = singlet, d =
doublet, t = triplet, g = quartet, m = multiplet; b broad. Infrared analyses were performed by RT&nd
wavenumbers expressed in tniigh-resolution mass spectra (HRMS) were recoated QTOF mass analyzer

with electrospray ionization (ESI).

General Procedure for the preparation of trichloropyridazine derivatives.

Method A :(preparation of compoundsand9).

A suspension of the corresponding pyridazinonevdévies (1 equiv, 1 mmol, compoundi& or 12) in POC}
(2.5 mL) was heated at 110 °C for 5 h. After coglat room temperature, the yellow solution was evaied to
dryness. The crude residue was diluted with DCM amaghed twice with iced water. The organic layes wa
dried over NgSQ,, filtered and concentrated in vacuo. The crudedpcdo was purified by column

chromatography on silica gel using DCM/EtOAc 4:tee expected produc8and?.

General Procedures for the Preparation of 4-Alkylanmopyridazines.

Method B: General procedure for thgA8 reaction under microwave irradiation (prepanatad compoundd4,

15, 16d, 16e and16f).

A microwave vial was charged with a solution o€ltlbropyridazine derivatives (1 equiv, 1 mmol, caupd8
or9) ini-PrOH (3.5 mL). The corresponding amine was ad@eeljuiv, 3 mmol), then the reaction mixture was

capped properly and heated by microwave irradiatioh20 °C until complete conversion of startingterial.

11
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The reaction mixture was concentrated and the cmidure was purified by column chromatography dicas

gel using EtOAc/heptane 1:2 to afford expected petsil4, 15, 16d, 16eand16f.

Method C:General procedure for the/& reaction using hindered amines (preparationashgoundsl6g and
16h).

A microwave vial was charged with a solution oftbropyridazine derivatives (1 equiv, 1 mmol, campd9)

in i-PrOH (3.5 mL). The corresponding amine was add&eeédquiv, 3 mmol), then the reaction mixture was
capped properly and heated at 130 °C for 12 h.réhetion mixture was concentrated and the crudéungxvas
purified by column chromatography on silica gelngsEtOAc/heptane 1:1 to afford expected prodaéigand

16h.

General Procedures for Pd(0) catalyzed Suzuki-Miyaa reaction:

Method D: General Suzuki-Miyaura procedure usingPPdh), in DME:H,O (preparation of compoun@3a-f
and28a-b).?'

A microwave vial (oven-dried and under nitrogen)sweharged with 4-alkylaminopyridazine derivatids
equiv, 1 mmol, compoundsba-¢ 27a-bor 318), the corresponding boronic acid (1.1 equiv, 1rhatf), NgCOs

(2 equiv, 2 mmol) and Pd(PBh (5 mol%). The reaction mixture was degassed, Vialb by the addition of a
mixture of DME:HO 3:1 (6.5 mL). The vial was capped properly, mgo flushed and heated under
microwaves irradiation (110°C, 10 min) or conventibheating (110°C, 3 h). After cooling, the suspen was
concentrated and the crude residue extracted WIIAE twice. The organic layers were dried over,3@,
filtered and evaporated to dryness. The crude mtodias purified by chromatography on silica gelngsi

EtOAc/heptane 30:70 to 70:30 to afford expectedipets23a 23b, 23¢ 23d, 23¢ 23f, 28aand28b.

Method E: General Suzuki-Miyaura procedure usin(PPdt), in toluene:EtOH:HO (preparation of compounds
17, 19, 20, 23g-j)**

A microwave vial (oven-dried and under nitrogen)sveliarged with the corresponding 4-alkylaminopyida
derivatives (1 equiv, 1 mmol, compounti4 15, 16d-¢ 16g-h or 31a-b), 4-methoxyphenylboronic acid (1.05
equiv, 1.05 mmol), NELO; (2 equiv, 2 mmol) and Pd(Pgh (5 mol%). The reaction mixture was degassed,

followed by the addition of a mixture of toluenet:H,O 3:1:1 (12 mL). The vial was capped properly,

12
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nitrogen flushed and heated at 100 °C for 3 h. rAfmoling, the suspension was concentrated andrilnde
residue extracted with EtOAc twice. The organicelaywere dried over N80, filtered and evaporated to
dryness. The crude product was purified by chrogragghy on silica gel using EtOAc/heptane 30:7001380 to

afford expected products, 19, 20, 23g, 23h, 23i, 23j.

Method F:General Suzuki-Miyaura procedure using Pd(QA¢Phos as the catalytic system (preparation of
compoundd 8, 21 and26a-9.

A microwave vial (oven-dried and under nitrogen)sveharged with the corresponding 4-alkylaminopyzida
3(6)-aryl derivatives (1 equiv, 1 mmol, compoudds20, 23d, 23gor 23h), the corresponding boronic acid (1.5
equiv, 1.5 mmol), X-Phos (2.4 mol%) and Pd(OA@ mol%). The reaction mixture was degassed, figdhb by
the addition oh-BuOH (4 mL) and a solution of CSOH,@ (1.7 equiv, 1.7 mmol) in 0 (1 mL). The vial was
capped properly, nitrogen flushed and heated &C50ntil complete conversion of the starting materAfter
cooling, the reaction mixture was concentrated thedcrude residue was purified by chromatographgilica

gel using EtOAc/heptane 50/50 to afford expectedipetsl8, 21 and26a-c

General Procedure for catalytic hydrogenation of ahlorinated compound.

Method G: Pd-catalyzed reductive dehalogenaticdhérpresence of Hpreparation of compoun@ba-g.

A paar flask was charged with a solution of coroegping 4-alkylaminopyridazine 3-aryl derivative fjuiv, 1
mmol, compound@3d-f) in MeOH (24 mL). The solution was degassed, fe#id by the addition of Pd(OKHL
or Pd/C (10 mol%). The reaction mixture was hydraged to the Paar at pressure P = 60 psi for Ihé.
medium was then filtered over celite and the fitravas evaporated to dryness to afford expectedugte25a-

C.

Method H: Pd-catalyzed reductive dehalogenatioh WICOOH (preparation of compou8a-b)

To a solution of corresponding 4-alkylaminopyridezderivative (1 equiv, 1 mmol, compourftBb or 166 in
dry DMF (7 mL), was added TEA (12 equiv, 12 mmaifd&Pd(PP}), (4 mol%). The vial was capped properly,
degassed and stirred at room temperature for 10 Thi@n a solution of formic acid (1 equiv, 1 mmioi)dry
DMF (0.4 mL) was added and the reaction mixture heasted by microwaves irradiation at 100 °C fomdis.

After cooling, the reaction mixture was concentiadéed the crude residue was submitted to a Suziyaiva

13
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reaction : A microwave vial (oven-dried and undetragen) was charged with the corresponding 4-
alkylaminopyridazine 3-H derivatives (1 equiv, 1 oijn 4-methoxyphenylboronic acid (1.5 equiv, 1.5 aim
K,CGO; (2.5 equiv, 2.5 mmol), S-Phos (4 mol%) and Pd(QA2)mol%). The reaction mixture was flushed with
nitrogen, followed by the addition of a mixture GH;CN:H,O 5:1 (3.8 mL). The vial was capped properly,
nitrogen flushed and heated at 115 °C for 12 herAfboling, the reaction mixture was concentrated the
crude residue was purified by chromatography oieasigel using EtOAc/MeOH 80/20 to afford expected

products35aand35b.

General Procedure for the protection of amines withert-butyloxycarbonyl (Boc) group.

Method I: (preparation of compoun@gaand27b).

To a solution of corresponding 4-alkylaminopyrideziderivative (1 equiv, 1 mmol, compouri8b or 16f) in

dry THF (3.5 mL), was added TEA (1.3 equiv, 1.3 fim®he reaction mixture was stirred for 5 min abm
temperature, then, a solution oftdit-butyldicarbonate (2.1 equi, 2.1 mmol) in dry TH¥F iL) was added
dropwise. After additional 15 min of stirring, DMAR mol%) was added and the reaction mixture wiazdtl

h at room temperature. The solvent was evaporatedryiness, the crude residue was diluted in water a
extracted with EtOAc twice. The organic layers wered over NgSQ,, filtered and evaporated to dryness. The
crude product was purified by chromatography oitaigel using EtOAc/heptane 30:70 to afford expicte

products27aand27b.

General Procedures for Pd(0) catalyzed Sonogashiraaction:

Method J: General Sonogashira procedure using,fRIEH),/Cul (preparation of compoun@3aand37b)

A microwave vial (oven-dried and under nitrogen)sveharged with the corresponding 4-alkylaminopyzida
derivatives (1 equiv, 1 mmol, compounti®a or 16d), TEA (5 equiv, 5 mmol), PdgPPh), (3 mol%) and Cul
(6 mol%). After adding CECN (6.3 mL), the vial was capped properly and thaction mixture degassed.
Phenylacetylene (1.05 equiv, 1.05 mmol) was added 40 min stirring at room temperature. The rigarct
mixture was heated at 60 °C for 5 h. After coolititgg suspension was concentrated and the cruddueesi

extracted with EtOAc twice. The organic layers wered over NgSQ,, filtered and evaporated to dryness. The

14
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crude product was purified by chromatography oitaigel using EtOAc/heptane 30:70 to afford expicte

products37a-h.

3,4,5-Trichloropyridazine 8. Following general method A and starting from 4,8httbro-2,3-dihydropyridazin-
3-one (1 g, 6.06 mmolR was obtained as a white solid (984 mg, 5.36 mB&$#): mp 56-58 °C; IR (neat ¢t
3063, 1519, 1266, 1028, 828 NMR (300 MHz, CDC}) J (ppm) 9.09 (s, 1H)**C NMR (101 MHz, CDGCJ) ¢

(ppm) 155.8, 150.6, 137.7, 136.0.

3,4,6-Trichloropyridazine 9. Following general method A and starting from 4-boein2-dihydropyridazine-
3,6-dionel3 (2 g, 10.47 mmol)9 was obtained as a white solid (1.8 g, 9.64 mm2%)p *H NMR (400 MHz,
DMSO-ds) 6 (ppm) 8.58 (s, 1H)**C NMR (101 MHz, DMSOds) 6 (ppm) 155.1, 154.3, 138.6, 130.9. See (12)

for other physical characteristics.

4-Bromo-1,2-dihydropyridazine-3,6-dione 13Hydrazine sulfate (3.7 g, 28.26 mmol) was added smlution
of bromomaleic anhydride (5 g, 28.26 mmol) in wg@% mL). The reaction mixture was heated to 10GciC
12 h then cooled at room temperature. The resuftiegipitate was filtered off and washed with wgf® mL)
to afford 13 as a white solid (4.9 g, 26.16 mmol, 93%): mp 278-°C; IR (neat cif) 1633;'H NMR (400
MHz, DMSOdg) ¢ (ppm) 12.33 (br s, 1H), 11.14 (br s, 1H), 7.601(); HRMS (ESI-TOF)m/z calcd for

C4H,BIN,O, [M + H'] 190.9450, found 190.9449.

N-Benzyl-3,5-dichloropyridazin-4-amine 14. Following general method B and starting from 3,4,5-
trichloropyridazine8 (900 mg, 4.91 mmol) and benzylamine (1.6 mL, 14mighol) under microwaves
irradiation (20 min);14 was obtained as a white solid (603 mg, 2.37 mn&#p}¥ mp 71-73 °C; IR (neat ¢
3236, 3030, 2946, 15534 NMR (400 MHz, CDCJ) § (ppm) 8.49 (s, 1H), 7.30-7.19 (m, 5H), 5.34 (bl i),
4.84 (d,J = 6.0 Hz, 2H);®*C NMR (101 MHz, CDGCJ) ¢ (ppm) 151.4, 145.5, 140.1, 137.8, 129.1, 128.2,3,2

117.9, 49.4; HRMS (ESI-TOR/zcalcd for GiH1oClN3 [M + H'] 254.0246, found 254.0248.

N-Benzyl-5,6-dichloropyridazin-4-amine 15. Following general method B and starting from 3,4,5-
trichloropyridazine8 (900 mg, 4.91 mmol) and benzylamine (1.6 mL, 14mithol) under microwaves

irradiation (20 min),L5was obtained as a light white solid (563 mg, 2.2fiai 45%): mp 160-162 °C; IR (neat
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cm?) 3242, 3025, 2915, 15784 NMR (400 MHz, DMSOds) J (ppm) 8.61 (s, 1H), 7.91 (@, = 6.3 Hz, 1H),
7.38-7.25 (m, 5H), 4.62 (d,J, = 6.5 Hz, 2H);"*C NMR (101 MHz, DMSQds) § (ppm) 152.7, 143.9, 138.2,
138.0, 129.1, 127.7, 127.4, 115.4, 45.6; HRMS (ESF) m/zcalcd for G,H,oCl,N;[M + H*] 254.0246, found

254.0247.

3,6-Dichloropyridazin-4-amine 16a. A mixture of 3,4,6-trichloropyridazin® (600 mg, 3.27 mmol) and
ammonia 30% water (27 equiv, 11.6 mL) in dioxar® ifiL) was heated at 90 °C for 12 h. The reactioxtume
was concentrated and extracted twice with EtOAce Ebmbined organic layers were dried oven9@,
filtered and concentrated in vacuo to give the etgukproductibaas a white solid (460 mg, 2.80 mmol, 86%):
mp 185-187 °C; IR (neat ch 3042, 1638, 1567H NMR (300 MHz, DMSOdg) 6 (ppm) 7.15 (br s, 1H), 6.82
(s, 1H);*C NMR (101 MHz, DMSOd) § (ppm) 154.1, 145.8, 111.3, 108.0; HRMS (ESI-T@# calcd for

C4H,ClN3[M + H'] 163.9776, found 163.9774.

3,6-Dichloro-N-methylpyridazin-4-amine 16b.A mixture of 3,4,6-trichloropyridazin® (200 mg, 1.09 mmol)
and methylamine solution 40% water (36 equiv, 314 m dioxane (3 mL) was stirred at rt for 10 mifhe
reaction mixture was concentrated and extractedetwiith EtOAc. The combined organic layers weredlri
over NaSQ,, filtered and concentrated in vacuo to give thpeexed product6b as a white solid (170 mg, 0.95
mmol, 88%): mp 153-155 °C; IR (neat ¢jr8297, 2926, 1581*H NMR (300 MHz, CDCJ) § (ppm) 6.52 (s,
1H), 5.23 (br s, 1H), 2.97 (d,= 5.1 Hz, 3H);*C NMR (101 MHz, CDGJ) J (ppm) 155.7, 144.7, 144.1, 104.8,

29.2; HRMS (ESI-TOF/z calcd for GHgCILN3[M + H] 177.9933, found 177.9932.

3,6-Dichloro-N,N-dimethylpyridazin-4-amine 16c. A mixture of 3,4,6-trichloropyridazin® (200 mg, 1.09
mmol) and dimethylamine solution 40% water (36 eg4di9 mL) in dioxane (1 mL) was stirred at 0 °C i®
min. The reaction mixture was concentrated andaeted twice with EtOAc. The combined organic laysese
dried over NgSQ,, filtered and concentrated in vacuo to give theeeted product6cas a white solid (194 mg,
1.01 mmol, 93%): mp 70-72 °C; IR (neat {2873, 1557'H NMR (300 MHz, CDCY)) 6 (ppm) 6.71 (s, 1H),
3.10 (s, 6H);*®*C NMR (101 MHz, CDG)) ¢ (ppm) 155.2, 149.1, 146.5, 112.7, 41.9; HRMS (ESF) m/z

calcd for GHgCLL.N3[M + H] 192.0089, found 192.0088.
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N-Benzyl-3,6-dichloropyridazin-4-amine 16d. Following general method B and starting from 3,4,6-
trichloropyridazined (150 mg, 0.82 mmol) and benzylamine (268 uL, 2bol) under microwaves irradiation
(40 min), 16d was obtained as a white solid (188 mg, 0.74 mm@¥%)® mp 84-86 °C: IR (neat ch 3231,
2925, 1571H NMR (300 MHz, CDC}) 6 (ppm) 7.42-7.30 (m, 5H), 6.50 (s, 1H), 5.87 (billd), 4.45 (dJ =
5.6 Hz, 2H);**C NMR (101 MHz, CDGJ) ¢ (ppm) 155.6, 144.2, 143.7, 135.1, 129.3, 128.5,3,2105.7, 46.8;

HRMS (ESI-TOF)m/zcalcd for GiH1CloNs[M + H'] 254.0246, found 254.0263.

3,6-dichloro-N-(3-phenylpropyl)pyridazin-4-amine 16e.Following general method B and starting from 3,4,6-
trichloropyridazine9 (80 mg, 0.44 mmol) and 3-phenylpropan-1l-amine (186 1.31 mmol) microwaves
irradiation (20 min);16ewas obtained as a white solid (109 mg, 0.39 mn@#)B mp 96-98 °C; IR (neat ch
3278, 2935, 1577H NMR (400 MHz, CDC}) 6 (ppm) 7.34-7.18 (m, 5H), 6.40 (s, 1H), 5.06 (btK), 3.20 (q,
J=7.0 Hz, 2H), 2.76 () = 7.3 Hz, 2H), 2.05 (g] = 7.3 Hz, 2H);"*C NMR (101 MHz, CDCJ) ¢ (ppm) 155.6,
144.1, 143.6, 140.1, 128.8, 128.3, 126.6, 104.9,432.9, 29.6; HRMS (ESI-TORy/zcalcd for GsH14CIoN3

[M + H'] 282.0559, found 282.0562.

3,6-dichloro-N-(4-methoxybenzyl)pyridazin-4-amine 16f.Following general method B and starting from
3,4,6-trichloropyridazined (200 mg, 1.09 mmol) and 4-methoxybenzylamine (427 3.27 mmol) under
microwaves irradiation (40 min),6f was obtained as a white solid (268 mg, 0.94 mmd¥pB8 mp 110-112 °C;
IR (neat cnif) 3241, 2921, 2834, 1577, 1513, 1253, 1036, 8AAIMR (300 MHz, CDC}) § (ppm) 7.25 (dJ) =
8.7 Hz, 2H), 6.94 (dJ = 8.7 Hz, 2H), 6.55 (s, 1H), 5.41 (br s, 1H), 4(85J = 5.3 Hz, 2H), 3.84 (s, 3H}*C
NMR (101 MHz, CDC}) ¢ (ppm) 159.7, 155.6, 143.5, 128.8, 128.7, 126.9..7,1105.6, 55.4, 46.4; HRMS

(ESI-TOF)m/zcalcd for G,H1,CLN3O [M + H] 284.0351, found 284.0358.

N-benzhydryl-3,6-dichloropyridazin-4-amine 16g. Following general method C and starting from 3,4,6-
trichloropyridazine9 (70 mg, 0.38 mmol) and benzhydrylamine (198 pll41mmol) 16g was obtained as a
colorless oil (100 mg, 0.30 mmol, 80%): IR (neat’yr8408, 3029, 2923, 1585, 1494 NMR (400 MHz,
CDCl) § (ppm) 7.33-7.24 (m, 5H), 7.21-7.17 (m, 5H), 6.851H), 5.54-5.49 (m, 2H}°C NMR (101 MHz,
CDCl) § (ppm) 155.5, 144.3, 142.8, 139.1, 129.4, 128.6,2,2106.9, 61.7; HRMS (ESI-TOR)/zcalcd for

Cl7H14C|2N3 [M + H+] 330.0559, found 330.0571.
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N,N-dibenzyl-3,6-dichloropyridazin-4-amine 16h. Following general method C and starting from 3,4,6-
trichloropyridazine9 (110 mg, 0.60 mmol) and dibenzylamine (348 uL,01m8mol), 16h was obtained as a
colorless oil (136 mg, 0.39 mmol, 66%): IR (neat®¥rh552;*H NMR (300 MHz, CDC)) 6 (ppm) 7.39-7.22
(m, 10H), 6.76 (s, 1H), 4.57 (s, 4HFC NMR (101 MHz, CDGJ) § (ppm) 155.4, 148.5, 148.4, 135.2, 128.9,

128.1, 127.6, 116.7, 54.6; HRMS (ESI-TQRJzcalcd for GgH16CloN3 [M + H'] 344.0715, found 344.0739.

N-benzyl-5-chloro-3-(4-methoxyphenyl)pyridazin-4-amie 17.Following general method E and starting from
14 (400 mg, 1.57 mmol) and 4-methoxyphenylboronic 2Bl mg, 1.65 mmol}l 7 was obtained as a colorless
oil (441 mg, 1.35 mmol, 86%): IR (neat 2925, 1556, 1513, 1254, 1023, 848;NMR (400 MHz, CDCJ) &
(ppm) 8.74 (s, 1H), 7.56 (d,= 8.7 Hz, 2H), 7.29-7.27 (m, 3H), 7.06 (dds 7.9 Hz,J = 2.1 Hz, 2H), 6.99 (d]
= 8.8 Hz, 2H), 4.87 (t) = 5.6 Hz, 1H), 4.20 (d] = 6.0 Hz, 2H), 3.86 (s, 3H}°C NMR (101 MHz, CDG)) 6
(ppm) 160.5, 151.6, 149.2, 141.3, 138.1, 130.2,8,2828.4, 127.9, 127.3, 121.3, 114.3, 55.4, 4BRMS

(ESI-TOF)m/zcalcd for GgH17CIN3O [M + H'] 326.1054, found 326.1062.

N-benzyl-3-(4-methoxyphenyl)-546-tolyl)pyridazin-4-amine 18. Following general method F and starting
from 17 (100 mg, 0.31 mmol) angktolylboronic acid (62.6 mg, 0.46 mmol) for 118 was obtained as a white
solid (87 mg, 0.225 mmol, 75%): mp 119-121 °C; Hedt le) 3383, 3027, 2930, 2836, 1609, 1509, 1249,
1176, 1031, 834, 731H NMR (400 MHz, CDCJ) 5 (ppm) 8.59 (s, 1H), 7.60 (d,= 8.8 Hz, 2H), 7.31-7.24 (m,
4H), 7.19-7.17 (m, 3H), 7.01 (d,= 8.7 Hz, 2H), 6.84-6.82 (m, 2H), 4.71 Jt= 6.0 Hz, 1H), 3.86 (s, 3H), 3.81
(d,J = 6.3 Hz, 2H), 2.41 (s, 3H}*C NMR (101 MHz, CDGJ) ¢ (ppm) 160.3, 152.4, 150.9, 142.0, 138.6, 138.2,
132.5, 130.3, 129.6, 128.8, 128.3, 127.6, 127.3,92114.5, 55.4, 50.2, 21.3; HRMS (ESI-TORlz calcd for

CosH24N3O [M + H'] 382.1914, found 382.1915.

N-benzyl-6-chloro-5-(4-methoxyphenyl)pyridazin-4-amie 19.Following general method E and starting from
15 (400 mg, 1.57 mmol) and 4-methoxyphenylboronic g2ll mg, 1.65 mmol)19 was obtained as a white
solid (53 mg, 0.16 mmol, 10%): mp 186-188 °C; IRgncnt) 3029, 2960, 2835, 1573, 1515, 1251, 1021, 841;
'H NMR (400 MHz, CDCJ) 6 (ppm) 8.63 (s, 1H), 7.39-7.32 (m, 3H), 7.29-7.84 @H), 7.09 (d,) = 8.7 Hz,
2H), 4.78 (br s, 1H), 4.46 (d,= 5.8 Hz, 2H), 3.89 (s, 3H}’C NMR (101 MHz, CDGJ) ¢ (ppm) 160.3, 154.8,
144.6, 137.2, 136.5, 130.6, 129.1, 128.1, 126.9,8,221.3, 115.3, 55.4, 47.0; HRMS (ESI-TO#/calcd for

ClgH17C|N30 [M + H+] 326.1054, found 326.1061.
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N-benzyl-5-chloro-6-(4-methoxyphenyl)pyridazin-4-amie 20.Following general method E and starting from
15 (400 mg, 1.57 mmol) and 4-methoxyphenylboronic g2ll mg, 1.65 mmol)20 was obtained as a white
solid (382 mg, 1.17 mmol, 74%): mp 149-151 °C; Hedt le) 3029, 2960, 2835, 1573, 1515, 1251, 1021,
841;'H NMR (400 MHz, CDCJ) 6 (ppm) 8.59 (s, 1H), 7.71 (d,= 8.8 Hz, 2H), 7.43-7.35 (m, 5H), 7.01 (k=

8.8 Hz, 2H), 5.44 (br s, 1H), 4.59 @@= 4.5 Hz, 2H), 3.87 (s, 3H}*C NMR (101 MHz, CDGJ) § (ppm) 160.5,
157.1, 141.8, 136.4, 135.6, 131.0, 129.2, 128.8,112127.3, 118.0, 113.6, 55.4, 47.1; HRMS (ESI-J Oz

calcd for GgH17CIN;O [M + H'] 326.1054, found 326.1061.

N-benzyl-6-(4-methoxyphenyl)-546-tolyl)pyridazin-4-amine 21. Following general method F and starting
from 20 (60 mg, 0.18 mmol) anp-tolylboronic acid (37.6 mg, 0.28 mmol) for 121 was obtained as a white
solid (56 mg, 0.146 mmol, 80%): mp 176-178 °C; tR4dt cri) 3225, 2918, 1555, 1515, 1246, 1174, 1028,
834, 813;'H NMR (400 MHz, CDC}) 6 (ppm) 8.66 (s, 1H), 7.37-7.25 (m, 7H), 7.19J¢; 7.9 Hz, 2H), 7.05 (d,
J=8.0 Hz, 2H), 6.73 (d] = 8.8 Hz, 2H), 4.80 (1 = 5.4 Hz, 1H), 4.45 (d] = 5.5 Hz, 2H), 3.76 (s, 3H), 2.35 (s,
3H); **C NMR (101 MHz, CDG)) 6 (ppm) 159.5, 157.1, 143.0, 138.4, 137.1, 136.2,3,3130.4, 129.7, 129.6,
129.0, 127.8, 126.9, 121.1, 113.2, 55.2, 46.9, ;2BMS (ESI-TOF)m/z calcd for GsH,NsO [M + H]

382.1914, found 382.1917.

6-chloro-3-phenylpyridazin-4-amine 23a.Following general method D and starting frdda (60 mg, 0.36
mmol) and phenylboronic acid (49 mg, 0.40 mmol) @emhicrowaves irradiatiorB3awas obtained as a yellow
oil (58 mg, 0.28 mmol, 78%): IR (neat Hn3060, 2918, 1641, 1563, 752 NMR (400 MHz, DMSOdg) &
(ppm) 7.60-7.50 (m, 5H), 6.85 (s, 1H), 6.49 (b2id); °C NMR (101 MHz, DMSOds) 6 (ppm) 153.6, 149.2,
146.3, 134.6, 129.0, 128.8, 128.4, 107.7; HRMS {ESF) m/zcalcd for GgHsCIN; [M + H'] 206.0479, found

206.0471.

6-chloro-3-(4-chlorophenyl)pyridazin-4-amine 23b.Following general method D and starting frda (50
mg, 0.30 mmol) and 4-chlorophenylboronic acid (5h@ 0.33 mmol)23bwas obtained as an orange solid (61
mg, 0.25 mmol, 85%): mp 246-248 °C; IR (neat§n3465, 1496, 1090, 1016, 83 NMR (400 MHz,
DMSO-dg) § (ppm) 7.63-7.58 (M, 4H), 6.85 (s, 1H), 6.59 (b2M); *C NMR (101 MHz, DMSOdg) & (ppm)

153.7, 148.2, 146.4, 133.7, 133.5, 130.3, 128.8,4HRMS (ESI-TOF)M/zcalcd for GoHgClLN; [M + H']
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240.0089, found 240.0099

6-chloro-3-(2-methoxyphenyl)pyridazin-4-amine 23cFollowing general method D and starting fra@a (50
mg, 0.30 mmol) and 2-methoxyphenylboronic acid §58g, 0.33 mmol) under microwaves irradiatidBcwas
obtained as a yellow solid (60 mg, 0.25 mmol, 84ft): 194-196 °C; IR (neat cth 3069, 2834, 1240, 755
NMR (400 MHz, DMSOsg) 6 (ppm) 7.49 (tdJ = 8.7 HzJ = 1.8 Hz, 1H), 7.25 (ddJ = 7.4 HzJ = 1.6 Hz, 1H),
7.15 (d,J = 8.3 Hz, 1H), 7.08 (1] = 7,4 Hz, 1H), 6.76 (s, 1H), 6.24 (br s, 2H), 3(873H);**C NMR (101 MHz,
DMSO-dg) 6 (ppm) 156.9, 153.7, 148.6, 147.0, 130.9, 130.3,4,2120.6, 111.7, 106.6, 55.3; HRMS (ESI-TOF)

m/zcalcd for G;H;,CIN;O [M + H'] 236.0585, found 236.0589.

6-chloro-3-(4-methoxyphenyl)pyridazin-4-amine 23dFollowing general method D and starting fra&a (60
mg, 0.36 mmol) and 4-methoxyphenylboronic acid if&g, 0.40 mmol) under microwaves irradiati@3d was
obtained as a yellow solid (74 mg, 0.31 mmol, 8684): 204-206 °C; IR (neat ¢th 3042, 1507, 1244, 1036,
841;*H NMR (300 MHz, DMSOsds) & (ppm) 7.55-7.52 (m, 2H), 7.09-7.06 (m, 2H), 6.81 1H), 6.45 (br s,
2H), 3.83 (s, 3H)**C NMR (101 MHz, DMSQds) & (ppm) 159.8, 153.2, 149.0, 146.3, 129.7, 126.9,.2,1

107.5, 55.2; HRMS (ESI-TOR/zcalcd for GiH1:CINZO [M + H'] 236.0585, found 236.0591.

6-chloro-3-(4-methoxyphenyl)N-methylpyridazin-4-amine 23e. Following general method D and starting
from 16b (80 mg, 0.45 mmol) and 4-methoxyphenylboronic a@8 mg, 0.49 mmol) under conventional
heating,23ewas obtained as a white solid (85 mg, 0.34 mmd})7énp 153-155 °C; IR (neat ¢th3361, 1512,
1247, 1030, 836H NMR (300 MHz, CDCJ) & (ppm) 7.47-7.44 (m, 2H), 6.98-6.95 (m, 2H), 6.491H), 4.99
(br s, 1H), 3.82 (s, 3H), 2.81 (d,= 5.0 Hz, 3H);**C NMR (101 MHz, CDG)) 6 (ppm) 160.6, 155.1, 150.1,
146.1, 130.0, 126.1, 114.7, 103.9, 55.4, 29.7; HRESI-TOF)m/zcalcd for G,H15CIN;O [M + H'] 250.0741,

found 250.0748.

6-chloro-3-(4-methoxyphenyl)N,N-dimethylpyridazin-4-amine 23f. Following general method D and starting
from 16¢c (80 mg, 0.42 mmol) and 4-methoxyphenylboronic a@@ mg, 0.46 mmol) under conventional
heating,23f was obtained as a white solid (92 mg, 0.35 mmad}pB4np 99-101 °C; IR (neat ¢ 2936, 2841,
1519, 1258, 1031, 8324 NMR (300 MHz, CDCJ) § (ppm) 7.63 (dJ) = 8.7 Hz, 2H), 6.98 (d] = 8.7 Hz, 2H),

6.77 (s, 1H), 3.86 (s, 3H), 2.71 (s, 6IC NMR (101 MHz, CDGJ) 6 (ppm) 160.2, 154.2, 151.9, 149.9, 130.2,
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129.5, 114.1, 110.9, 55.3, 41.6; HRMS (ESI-TOR calcd for GaH::CIN:O [M + H'] 264.0898, found

264.0895.

6-chloro-3-(4-methoxyphenyl)N-(3-phenylpropyl)pyridazin-4-amine 23g. Following general method E and
starting from16e (400 mg, 1.42 mmol) and 4-methoxyphenylboronic a@d6 mg, 1.49 mmol)23g was
obtained as a yellow oil (417 mg, 1.18 mmol, 83fR)(neat crif) 3280, 2928, 1565, 1249, 1033, 839;NMR
(400 MHz, CDC}) 6 (ppm) 7.47 (dJ = 8.7 Hz, 2H), 7.28 (] = 7.2 Hz, 2H), 7.20 (d] = 7.3 Hz, 1H), 7.13 (d]
=7.2 Hz, 2H), 7.02 (d] = 8.8 Hz, 2H), 6.45 (s, 1H), 4.75 (br s, 1H), 3(863H), 3.11 (q) = 7.2 Hz, 2H), 2.68
(t, J = 7.4 Hz, 2H), 1.93 (q] = 7.3 Hz, 2H);"*C NMR (101 MHz, CDGJ) J (ppm) 160.7, 155.1, 150.1, 144.9,
140.4, 129.9, 128.7, 128.3, 126.4, 126.1, 114.8,21(65.4, 41.8, 33.1, 29.8; HRMS (ESI-TQR)z calcd for

CodH21CIN;O [M + H'] 354.1367, found 354.1377.

N-benzyl-6-chloro-3-(4-methoxyphenyl)pyridazin-4-amme 23h. Following general method E and starting
from 16d (40 mg, 0.16 mmol) and 4-methoxyphenylboronic @8 mg, 0.17 mmol)23h was obtained as a
colorless oil (39.5 mg, 0.12 mmol, 77%): IR (neat’y 3031, 2929, 2837, 1561, 1246, 1062, 8BRNMR (400
MHz, CDCk) 6 (ppm) 7.56 (d,) = 8.5 Hz, 2H), 7.40-7.28 (m, 5H), 7.03 (5 8.7 Hz, 2H), 6.54 (s, 1H), 5.25 (t,
J = 5.1 Hz, 1H), 4.36 (d) = 5.5 Hz, 2H), 3.86 (s, 3H}*C NMR (101 MHz, CDGJ) 6 (ppm) 160.7, 155.1,
150.2, 144.9, 136.0, 130.0, 129.2, 128.1, 127.6,11214.9, 104.9, 55.4, 46.8; HRMS (ESI-TO#/gcalcd for

ClgH17C|N30 [M + H+] 326.1054, found 326.1059.

N-benzhydryl-6-chloro-3-(4-methoxyphenyl)pyridazin-4amine 23i.Following general method E and starting
from 169 (80 mg, 0.24 mmol) and 4-methoxyphenylboronic g8@.6 mg, 0.25 mmol)23i was obtained as a
white solid (77 mg, 0.19 mmol, 79%): mp 151-153 tR;(neat crif) 2921, 2840, 1512, 1247, 1026, 841;
NMR (400 MHz, CDC})) ¢ (ppm) 7.61 (dJ = 8.8 Hz, 2H), 7.37-7.28 (m, 6H), 7.25-7.22 (m,)4AH02 (d,J =

8.8 Hz, 2H), 6.38 (s, 1H), 5.51 (d,= 5.0 Hz, 1H), 5.35 (br d] = 5.0 Hz, 1H), 3.84 (s, 3H}*C NMR (101
MHz, CDCk) ¢ (ppm) 160.7, 154.9, 150.2, 143.9, 139.9, 129.9,3,2P28.3, 127.0, 126.0, 114.9, 106.1, 61.8,

55.4; HRMS (ESI-TOF)n/zcalcd for G;H2,CIN3O [M + H'] 402.1367, found 402.1372.

N,N-dibenzyl-6-chloro-3-(4-methoxyphenyl)pyridazin-4-anine 23;. Following general method E and starting

from 16h (80 mg, 0.23 mmol) and 4-methoxyphenylboronic d&d mg, 0.24 mmol)23j was obtained as a
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white solid (59 mg, 0.14 mmol, 61%): mp 146-148 FR(neat crit) 3026, 2956, 2847, 1539, 1251, 1031, 831;
H NMR (400 MHz, CDCJ)) § (ppm) 7.78 (d,J = 8.8 Hz, 2H), 7.34-7.28 (m, 6H), 7.04-7.00 (m,)6B.79 (s,
1H), 4.12 (s, 4H), 3.85 (s, 3HYC NMR (101 MHz, CDCJ) 6 (ppm) 160.5, 154.5, 153.4, 149.3, 135.7, 129.8,
129.6, 128.8, 128.1, 127.9, 115.0, 114.4, 55.43;534RMS (ESI-TOF)m/z calcd for GsHpsCIN;O [M + H]

416.1524, found 416.1527.

3-(4-methoxyphenyl)pyridazin-4-amine 25aFollowing general method G and starting fr@8d (30 mg, 0.13
mmol) and Pd(OHJC (10 %w),25awas obtained as a white solid (25 mg, 0.12 mmad¥pP8np 232-234 °C;
IR (neat crit) 3307, 3075, 2838, 1608, 1515, 1253, 1020, &8IMR (300 MHz, MeODd,) ¢ (ppm) 8.60 (d,
J = 6.9 Hz, 1H), 7.60 (dJ = 8.9 Hz, 2H), 7.19 (dJ = 7.0 Hz, 1H), 7.12 (dJ = 8.7 Hz, 2H), 3.88 (s, 3H}’C
NMR (101 MHz, MeODd,) ¢ (ppm) 161.7, 151.2, 149.7, 142.2, 129.7, 123.4,9,1109.4, 54.6; HRMS (ESI-

TOF) m/zcalcd for GH1,N50 [M + H] 202.0975, found 202.0971.

3-(4-methoxyphenyl)N-methylpyridazin-4-amine 25b.Following general method G and starting fr@ge(40
mg, 0.16 mmol) and Pd(OHE (10 %w),25b was obtained as a yellow solid (33 mg, 0.15 mm8&%3® mp
106-108 °C; IR (neat ctf) 2929, 2709, 1599, 1509, 1248, 1029, 8H.NMR (300 MHz, MeODd,) & (ppm)
7.68 (d,J = 7.0 Hz, 1H), 7.57 (d] = 8.7 Hz, 2H), 7.14-7.09 (m, 3H), 3.88 (s, 3HRP(s, 3H);**C NMR (101
MHz, MeOD-d,) J (ppm) 163.1, 151.9, 151.3, 144.3, 131.3, 125.2,9,186.5, 56.1, 30.2; HRMS (ESI-TOF)

m/zcalcd for Go-H14N3O [M + H'] 216.1131, found 216.1134.

3-(4-methoxyphenyl)N,N-dimethylpyridazin-4-amine 25c.Following general method G and starting fr@8f
(19 mg, 0.07 mmol) and Pd/C (10 %\&hcwas obtained as a yellow solid (13 mg, 0.06 mm2¥%R mp 260-
262 °C; IR (neat cff) 3055, 2991, 2632, 1556, 1506, 1243, 1023, 84INMR (300 MHz, MeODd,) 6 (ppm)
8.66 (d,J=7.2 Hz, 1H), 7.54 (d] = 8.7 Hz, 2H), 7.34 (d] = 7.2 Hz, 1H), 7.10 (d] = 8.7 Hz, 2H), 3.88 (s, 3H),
3.01 (s, 6H):**C NMR (101 MHz, MeODd,) ¢ (ppm) 161.2, 151.6, 149.9, 140.4, 129.4, 128.3,01,1409.8,

54.6, 41.9; HRMS (ESI-TORy/zcalcd for GaHigN2O [M + H'] 230.1288, found 230.1284.

3-(4-methoxyphenyl)-6-(4-(trifluoromethyl)phenyl)pyridazin-4-amine 26a.Following general method F and

starting from23d (110 mg, 0.47 mmol) and 4-trifluoromethylphenylboimacid (133 mg, 0.70 mmol) for 2 h,
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26awas obtained as a light yellow solid (81 mg, 0.28ah 50%): mp 324-326 °C; IR (neat ¢jr3015, 2924,
2845, 1643, 1582, 1505, 1320, 1249, 1108, 1069, ‘Bt NMR (400 MHz, DMSOds) J (ppm) 8.21 (d,J = 8.2
Hz, 2H), 7.91 (d,) = 8.3 Hz, 2H), 7.65 (d] = 8.7 Hz, 2H), 7.30 (s, 1H), 7.11 @= 8.8 Hz, 2H), 6.26 (br s, 2H),
3.85 (s, 3H);*C NMR (101 MHz, DMSOdq) d (ppm) 160.1, 155.1, 148.7, 145.2, 141.6, 130.2,3,2R27.7,
126.3, 126.2, 114.7, 106.8, 55.7; HRMS (ESI-T@®Y calcd for GgHisFsN:O [M + H'] 346.1162, found

346.1160.

3-(4-methoxyphenyl)-6-phenylN-(3-phenylpropyl)pyridazin-4-amine 26b. Following general method F and
starting from23g (150 mg, 0.42 mmol) and phenylboronic acid (77.5 t§3 mmol) for 1 h26b was obtained

as a colorless oil (154 mg, 0.39 mmol, 92%); IRafrem®) 3419, 3059, 2929, 2855, 1580, 1513, 1247, 1028,
836, 697;"H NMR (400 MHz, CDCJ) ¢ (ppm) 8.03-8.01 (m, 2H), 7.61 (d= 8.8 Hz, 2H), 7.52-7.44 (m, 3H),
7.29 (t,J = 7.5 Hz, 2H), 7.21 (td] = 7.3 Hz, 1H), 7.16 (d] = 6.9 Hz, 2H), 7.08 (d] = 8.8 Hz, 2H), 6.79 (s, 1H),
4.74 (t,J = 5.3 Hz, 1H), 3.88 (s, 3H), 3.22 @= 7.3 Hz, 2H), 2.71 (t] = 7.4 Hz, 2H), 1.97 (q] = 7.3 Hz, 2H);

¥C NMR (101 MHz, CDG)) 6 (ppm) 160.4, 157.7, 149.1, 143.8, 140.7, 137.6,1,3029.4, 128.7, 128.6,
128.3, 127.3, 127.2, 126.3, 114.6, 101.7, 55.47,433.2, 30.0; HRMS (ESI-TOR)/zcalcd for GgH26NzO [M

+ H'] 396.2070, found 396.2082.

(E)-N-benzyl-3-(4-methoxyphenyl)-6-styrylpyridazin-4-amire 26c¢.Following general method F and starting
from 23h (80 mg, 0.24 mmol) an(E)-styrylboronic acid (72.7 mg, 0.49 mmol) for 1226c was obtained as a

light yellow solid (52 mg, 0.13 mmol, 54%): mp 203205 °C; IR (neat cf) 3030, 2929, 2836, 1578, 1512,
1247, 1175, 835, 731H NMR (400 MHz, CDCJ) & (ppm) 7.65 (dJ = 8.8 Hz, 2H), 7.60-7.56 (m, 3H), 7.41-
7.36 (m, 4H), 7.34-7.29 (m, 4H), 7.23 M= 16.4 Hz, 1H), 7.04 (d] = 8.8 Hz, 2H), 6.68 (s, 1H), 5.14 (br s,
1H), 4.43 (d,J = 5.4 Hz, 2H), 3.86 (s, 3H}’C NMR (101 MHz, CDGJ) ¢ (ppm) 160.4, 149.1, 143.5, 136.8,
136.4, 133.8, 130.1, 129.1, 128.7, 128.6, 127.9,22127.1, 114.7, 102.4, 55.4, 46.8; HRMS (ESI-T 0z

calcd for GgH»4N3O [M + H'] 394.1914, found 394.1910.

tert-butyl-(3,6-dichloropyridazin-4-yl)methylcarbamate 27a. Following general method | and starting from
16b (70 mg, 0.30 mmol)27awas obtained as a white solid (109 mg, 0.39 mm@¥%P mp 108-110 °C; IR

(neat crif) 1717, 1557, 1386, 1364, 112H NMR (300 MHz, DMSOs) 6 (ppm) 8.25 (s, 1H), 3.17 (s, 3H),
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1.37 (s, 9H);®C NMR (101 MHz, DMSOdq) J (ppm) 155.7, 154.8, 151.8, 143.7, 128.1, 81.8, ,38705;

HRMS (ESI-TOF)m/zcalcd for GgH14CloN;O,[M + H™] 278.0457, found 278.0459.

tert-butyl-(3,6-dichloropyridazin-4-yl)-(4-methoxybenzylcarbamate 27b.Following general method | and
starting from16f (265 mg, 0.93 mmolR7b was obtained as a colorless oil (351 mg, 0.91 ma&¥): IR (neat
cm') 2979, 2934, 1717, 1560, 1513, 1395, 1369, 1248711070, 847*H NMR (400 MHz, CDC}) § (ppm)
7.10 (d,J = 8.5 Hz, 2H), 7.06 (s, 1H), 6.83 (@ = 8.7 Hz, 2H), 4.73 (br s, 2H), 3.79 (s, 3H), 1(849H);*°C
NMR (101 MHz, CDC}) 6 (ppm) 159.5, 155.8, 155.6, 142.1, 129.7, 128.3,8,214.3, 83.2, 55.3, 51.9, 28.0;

HRMS (ESI-TOF)m/zcalcd for G7H,¢CloN;O5[M + H™] 384.0876, found 384.0895

tert-butyl-(3-chloro-6-(4-methoxyphenyl)pyridazin-4-yl)methylcarbamate 28a Following general method D
and starting from27a (80 mg, 0.29 mmol) and 4-methoxyphenylboronic a@if.1 mg, 0.32 mmol) under
conventional heatin@8awas obtained as a white solid (63 mg, 0.18 mmdkpB3np 160-162 °C; IR (neat ¢m
1) 2974, 2930, 1716, 1576, 1519, 1343, 1250, 11@8]1838:H NMR (400 MHz, CDCJ) J (ppm) 8.02 (dJ =
8.9 Hz, 2H), 7.67 (s, 1H), 7.04 @3z 8.9 Hz, 2H), 3.89 (s, 3H), 3.25 (s, 3H), 1.449d); **C NMR (101 MHz,
CDCl) 6 (ppm) 161.8, 159.6, 153.4, 142.2, 128.6, 127.2,1,2B14.6, 82.3, 55.5, 36.5, 28.1; HRMS (ESI-TOF)

m/zcalcd for G/H»,CIN;O3[M + H'] 350.1266, found 350.1269.

tert-butyl-(3-chloro-6-(4-methoxyphenyl)pyridazin-4-yl){4-methoxybenzyl)carbamate  28b. Following
general method D and starting fr@&¥b (80 mg, 0.21 mmol) and 4-methoxyphenylboronic 484.8 mg, 0.23
mmol) under conventional heatir@gb was obtained as a colorless oil (64 mg, 0.14 mBi#): IR (neat ci)
2927, 2838, 1710, 1608, 1513, 1366, 1247, 11572,1835;*"H NMR (400 MHz, CDCJ) & (ppm) 7.83 (d,) =
8.9 Hz, 2H), 7.23 (br s, 1H), 7.14 @z 8.7 Hz, 2H), 6.98 (d] = 8.9 Hz, 2H), 6.83 (d] = 8.7 Hz, 2H), 4.75 (br
s, 2H), 3.86 (s, 3H), 3.78 (s, 3H), 1.44 (s, 9% NMR (101 MHz, CDGJ) J (ppm) 161.7, 159.5, 159.2, 154.2,
153.0, 140.4, 130.0, 128.7, 128.5, 127.2, 124.25114.2, 82.4, 55.5, 55.3, 51.9, 28.1; HRMS {ESF) m/z

calcd for GsH,7CIN;O4[M + H™] 456.1685, found 456.1675

3,6-dichloro-4-methoxypyridazine 31aSodium methanolate (170 mg, 3.15 mmol) was addeddolution of
3,4,6-trichloropyridazin® (650 mg, 3.54 mmol) in dry methanol (20 mL). Thaaton mixture was stirred at

room temperature for 1 h, then, evaporated to ciyni€he crude residue was diluted in water anchebed with
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EtOAc twice. The organic layer was dried over,8@;,, filtered and evaporated to dryness to affdid as a
white solid (596 mg, 3.33 mmol, 94%): mp 109-111 FR (neat crit) 1556, 1123, 861*H NMR (300 MHz,
CDCly) 6 (ppm) 6.93 (s, 1H), 4.01 (s, 3HY'C NMR (101 MHz, CDGCJ) ¢ (ppm) 156.1, 155.7, 148.1, 109.5,

56.7; HRMS (ESI-TOF)n/zcalcd for GHsCI,N,O [M + H] 178.9773, found 178.9765.

4-(benzyloxy)-3,6-dichloropyridazine 31bln a flamed-dried two-neck round bottom flask camitey NaSQO;,
was dissolved benzylic alcohol (60 uL, 0.60 mmol¥ry THF (5 mL). When the solution reach 0 °C, Ndig
mg, 0.65 mmol) was added by portion and the reagtiexture was stirred for 15 min. 3,4,6-trichlorojghazine

9 (100 mg, 0.55 mmol) was added and the reactiortumixwas stirred at room temperature for 2 h. After
evaporation to dryness, the crude residue wasedilut water and extracted with EtOAc twice. Theamig layer
was dried over N&O,, filtered and evaporated to dryness to aff8idb as a white solid (98 mg, 0.38 mmol,
70%): mp 144-146 °C; IR (neat ¢Nn3062, 1552, 1363, 11244 NMR (300 MHz, CDCJ) § (ppm) 7.26-7.21
(m, 5H), 6.83 (s, 1H), 5.01 (s, 2HYC NMR (101 MHz, CDG)) § (ppm) 155.9, 154.7, 148.4, 133.3, 129.2,

129.1, 127.4, 110.6, 71.6; HRMS (ESI-TORjzcalcd for GiHeCIN,O [M + H'] 255.0092, found 255.0084.

6-(4-methoxyphenyl)N-methylpyridazin-4-amine 35a. Following general method H and starting frdrb
(200 mg, 1.12 mmolB35awas obtained as a yellow solid (116 mg, 0.54 m@#®¥%): mp 168-170 °C; IR (neat
cm?) 3232, 3051, 2924, 1601, 1519, 1245, 1031, 83NIMR (400 MHz, CDCJ) é (ppm) 8.57 (d,J = 2.8 Hz,
1H), 7.95 (dJ = 8.9 Hz, 2H), 7.00 (d] = 8.7 Hz, 2H), 6.75 (d] = 2.8 Hz, 1H), 5.01 (br d, = 4.0 Hz, 1H), 3.86
(s, 3H), 2.94 (dJ = 5.0 Hz, 3H);"*C NMR (101 MHz, CDG)) § (ppm) 161.0, 157.9, 146.9, 139.6, 128.6, 114.2,

101.7, 55.4, 28.9; HRMS (ESI-TOR)/zcalcd for GoH1,N;O[M + H'] 216.1131, found 216.1127

6-(4-methoxyphenyl)N-(3-phenylpropyl)pyridazin-4-amine 35b. Following general method H and starting
from 16e(150 mg, 0.53 mmolB35bwas obtained as a yellow oil (86 mg, 0.27 mmol, 1% (neat crit) 3229,
2946, 1595, 1245, 1027, 838§ NMR (400 MHz, DMSO#€s) J (ppm) 8.52 (d,) = 2.6 Hz, 1H), 7.98 (d] = 8.9
Hz, 2H), 7.32-7.18 (m, 5H), 7.15 (brk= 5.3 Hz, 1H), 7.05 (d] = 8.9 Hz, 2H), 6.90 (d] = 2.6 Hz, 1H), 3.83
(s, 3H), 3.22 (qJ = 6.8 Hz, 2H), 2.70 () = 7.3 Hz, 2H), 1.88 (g] = 7.4 Hz, 2H);*C NMR (101 MHz, DMSO-
ds) 6 (ppm) 160.9, 156.9, 146.8, 142.0, 129.9, 128.8,8,2R26.3, 114.5, 55.7, 41.2, 32.9, 30.4; HRMS {ESI

TOF) m/zcalcd for GgH,,N3O[M + H] 320.1757, found 320.1766
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6-chloro-3-(phenylethynyl)pyridazin-4-amine 36a.Following general method J and starting fraga (100
mg, 0.61 mmol)36awas obtained as a light white solid (106 mg, 0.46ah 76%): mp 202-204 °C; IR (neat
cm') 3456, 3054, 2924, 2216, 1633, 1557, 1271, 1183, "H NMR (400 MHz, DMSOd,) ¢ (ppm) 7.78-7.75
(m, 2H), 7.50-7.48 (m, 3H), 6.85 (s, 1HJC NMR (101 MHz, DMSOds) J (ppm) 149.2, 135.6, 132.5, 130.2,
129.2, 126.5, 117.7, 107.1, 82.7; HRMS (ESI-TO®} calcd for G,H.CIN3 [M + H] 230.0479, found

230.0480

N-benzyl-6-chloro-3-(phenylethynyl)pyridazin-4-amine 36b. Following general method J and starting from
16d (80 mg, 0.31 mmol)36bwas obtained as colorless oil (68 mg, 0.21 mmdkB8R (neat crit) 3239, 3062,
2207, 1565, 1490, 1275, 1132, 688; NMR (400 MHz, DMSOds) § (ppm) 7.80-7.74 (m, 3H), 7.51-7.50 (m,
3H), 7.37-7.36 (m, 4H), 7.29-7.25 (m, 1H), 6.811(d), 4.58 (d.J = 6.3 Hz, 2H)}*C NMR (101 MHz, DMSO-
de) J (ppm) 154.0, 148.0, 137.9, 136.3, 132.6, 130.4,2,2829.1, 127.6, 127.3, 121.5, 104.5, 98.4, 8855];

HRMS (ESI-TOF)m/zcalcd for GgH1sCIN3[M + H*] 320.0942, found 320.0945

3-chloro-6-phenyl-HH-pyrrolo[3,2-c]pyridazine 37a.To a solution of36a (20 mg, 0.09 mmol) in dry DMF (1
mL) was added Cul (20 mol%). The reaction mixtur@swheated at 130 °C 12 h. After cooling, the reacti
mixture was diluted in water-iced and filtered undsduce pressure to affoB¥aas a brown solid (17 mg, 0.07
mmol, 85%): mp 295-297 °C; IR (neat 6)1‘8076, 2928, 1622, 1416, 1141, 748;NMR (400 MHz, DMSO-
de) 6 (ppm) 12.49 (s, 1H), 8.03 (d,= 7.5 Hz, 2H), 7.72 (s, 1H), 7.59-7.45 (m, 4KC NMR (101 MHz,
DMSO-ds) ¢ (ppm) 130.3, 129.7, 126.8, 108.2, 98.1; HRMS (ESFJ m/z calcd for G-HgCIN3 [M + H]

230.0479, found 230.0485

5-benzyl-3-chloro-6-phenyl-#-pyrrolo[3,2-c]pyridazine 37b. To a solution of36b (150 mg, 0.65 mmol) in
dry DMF (6 mL) was added Cul (20 mol%). The reattimixture was heated at 130 °C 12 h. After coolihg,
reaction mixture was diluted in water-iced andefd#td under reduce pressure to aff8ib as an orange solid

(135 mg, 0.59 mmol, 90%): mp 167-169 °C; IR (neat't 3060, 2924, 1600, 1421, 934, 698; NMR (400
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MHz, DMSO-ds) & (ppm) 8.11 (d,J = 1.0 Hz, 1H), 7.60-7.58 (m, 2H), 7.53-7.51 (m,)3#.25-7.19 (m, 3H),
7.16 (d,J = 0.9 Hz, 1H), 6.84 (dd] = 7.9 Hz,J = 2.1 Hz, 2H)3C NMR (101 MHz, DMSOds) 6 (ppm) 151.2,
149.5, 147.9, 137.0, 133.8, 130.5, 130.2, 129.8,4,2129.2, 128.0, 126.6, 108.3, 102.2, 47.4; HRMESI-

TOF) m/zcalcd for GgH1sCIN3[M + H'] 320.0949, found 320.0950

5-benzyl-6-phenyl-3-(4-(trifluoromethyl)phenyl)-5H-pyrrolo[3,2- c]pyridazine 38. Following general method
E and starting fron87b (32 mg, 0.10 mmol) and 4-trifluoromethylphenylbomacid (1.5 equiv., 283.5 mg,
0.15 mmol),38 was obtained as an orange oil (25 mg, 0.06 mmek)5&R (neat crit) 2925, 2854, 1617, 1323,
1121, 1068, 729, 697H NMR (500 MHz, CDCJ) 6 (ppm) 8.15 (d,) = 8.2 Hz, 2H), 7.72 (d] = 8.4 Hz, 2H),
7.53 (s, 1H), 7.49-7.47 (m, 5H), 7.33-7.27 (m, 3HL3 (s, 1H), 7.00 (d} = 8.1 Hz, 2H), 5.43 (s, 2H}*C NMR
(101 MHz, CDC}) J (ppm) 151.2, 150.6, 148.8, 141.7, 136.1, 132.4,8,3029.7, 129.3, 129.2, 129.0, 128.1,
127.5, 125.9, 125.7, 123.1, 104.2, 102.6, 47.8; I9RESI-TOF)m/zcalcd for GgHigFsN3 [M + H] 430.1526,

found 430.1531.
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