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Novel pyridazine-3-carboxamide derivatives have been synthesized and biologically
evaluated. The results show that the compound 26 has a good agonist activity and high
selectivity for CB2. Docking simulations were performed to predict the receptor-agonist

interactions.
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ABSTRACT

Herein, we described the design and synthesissefrias of pyridazine-3-carboxamides
to be CB2-selective agonists via a combination cdffsld hopping and bioisosterism
strategies. The compounds were subjected to assessimtheir potential activities through
calcium mobilization assays. Among the tested dé¢iies, more than half of these
compounds exhibited moderate to potent CB2 agawistity. Six compounds showed &L
values below 35 nM, and several derivatives aldaubgbed significantly enhanced potency
and high selectivity at the CB2 receptor over tigl Geceptor. Specifically, compouritb
showed the highest CB2 agonist activity (G 3.665 + 0.553 nM) and remarkable
selectivity (Selectivity Index > 2729) against CBd.addition, logPs of some representative
compounds were measured to display significantlgrelesed values in comparison with
GW842166X. Furthermore, docking simulations weraduwted to explain the interaction

mode of this series.
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1. Introduction

The endocannabinoid system is composed of a grédipid-based mediators, relative
targets involved in a variety of synthesizing andétabolizing enzymes, and transporter
receptors [1]. There are two G-protein coupled pears (GPCRs), cannabinoid receptor 1
(CB1) [2] and cannabinoid receptor 2 (CB2) [8]the endocannabinoid system. These two
GPCRs share sequence homology of 44% identityeaptbtein level and 68% similarity in
the seven transmembrane domains [4]. CB1, expreasady in the central nervous system
(CNS) [5], has been reported to mitigate numeraathglogies [4, 6], and its ligands have
been proposed for therapeutic use [7]. Howeverclpsyopic side effects induced by the
CB1 ligands limit their pharmaceutical applicationsor example, CB1 antagonist
SR141716A1, Figure 1) was approved to be an anti-obesity ageB006, but withdrawn
from European market two years later for its sexipgychopathic side effects related to the
inhibition of CB1 in the brain. After that, otheBT antagonists, likMK-0364 (Taranabant)
and CP-945598 (Otenabant), were stopped in thecaliphase studies for the same reason
[8]. On the other hand, CB2 is found predominairilghe periphery [9], particularly in the
immune and skeletal systems [10, 11]. Pharmacabgitidies have demonstrated that CB2
ligands exhibit marvelously therapeutic potentialghe treatment of different pathologies,
including immune-related disorders [12], pain [1Biflammation [14], osteoporosis [15],
neuro-degeneration [16], and cancer [17]. Thus, €8&ctive ligands catch more attention in
the recent years since they avoid the CNS infludmgdaking effects in the peripheral

system.



Up to now, there were a large number of CB2 liganejsorted by pharmaceutical
companies or academic research laboratories [18&8]illustrated in Figure 1, some
representatives of CB2 agonists were developeddbasedraditional cannabinoids, such as
compound® (HU-308) [21],3 (GW405833) [22]4 (JWH-015) [23], and (AM1241) [24],
while the pyrazole derivativé (SR144528) is a prototypical CB2 antagonist. Beside
structurally diverse compounds were also discoverdie CB2 ligands, like the CB2 inverse
agonist7 (JTE-907) [25] displaying to be effective in suggsing itch-associated responses
in NC mice of atopic dermatitis without the adverstect on the losing weight and
exacerbation of dermatitis [26]. Encouragingly,réh&vere some CB2 ligands getting into
clinic trail studies [17]. For example, the CB2 agb 8 (GW842166X, Figure 1) [27] has
completed Phase II clinical trials for evaluating analgesic efficacy in the treatment of
osteoarthritic and dental pain [28]. Unfortunatatiimical trials of GW842166X failed to
achieve satisfactoryleects. In addition, CB2 agoniSt(S-777469, Figure 1) was studied to
exhibit moderate bioactivity and excellent selatgivfor the CB2 receptor [29].
Pharmacological studies suggested that S-77746% tsghificant antipruritic efficiency in
the pruritic animal model, and displayed standoetaiolism and pharmacokinetic properties
[30]. It has also been reported on completing ftage Il clinical trials for allergic contact
dermatitis [31]. However, there is no relevant CBfand approved for market. One of
reasons is probably their relatively high lipoptitly to induce inadequate drug-likeness.. The
high lipophilicity of CB2 ligands may be a key factfor CB2 ligands not showing optimal
pharmacokinetic profile, like high binding to plaamproteins, long half-life, low

bioavailability and off-target effects [32]. As weeasured, logP value of GW842166X was



4.27 [33]. The logP was recognized to be the ingmirtirug-likeness property for a bioactive
compound to be developed as therapeutic agent.dredlogP could be a strategy for CB2
ligands to have desired pharmacokinetic propef8ék

In the previous reports, GW842166X (Figure 1) wasidnstrated to possess high potency,
efficacy, and selectivity due to low molecular weignd polar surface araespite its low
agueous solubility [35]. The aforementioned facttivated us to investigate new aromatic
core with improved aqueous solubility. In this axit bioisosterism strategy was applied for
designing pyridazine-3-carboxamides as CB2 agomgtseplacing the central pyrimidine
core of GW842166X with a pyridazine nucleus, sitioe basic K, of pyridazine (2.33) is
higher than pyrimidine (1.3) and pyridazine showedasurable aqueous solubility, which
could be improved through salt formation [36]. Bas®n critical pharmacophore features
predicted by our docking-simulated interaction madeGW842166X binding to the CB2
receptor (Figure S1 in the Supporting Informatiomg, designed and synthesized a series of
pyridazine-3-carboxamiddgeneral structuré\, Figure 1). The structural pieces suggested
good alignment with pharmacophoric features of GRI&6X. The cell-based calcium
mobilization assays [37] were used to evaluateitro functional activities of synthesized
pyridazine-3-carboxamide derivatives. Structurevdgt relationships (SARs) studies were
mainly performed on the substituent;R®n the pyridazine nucleus, the C-3 amide groups
(R2), and the C-6 substituent groupszRThe bioactive tests indicated that the syntleskiz
compounds displayed good agonist activity towar@2 @nd high selectivity against CB1,
and some compounds showed much higher potencylativee to GW842166X. Finally,

molecular docking simulations were carried out wvitie aim of understanding the structural



requirements for new derivatives binding to the G8&ptor.
2. Chemistry

The synthetic route for the target pyridazine-33cammide derivative21-55 was depicted
in Scheme 1. The structures of pyridazine-3-carbosa derivatives were confirmed By
NMR, °C NMR spectrum, and mass spectrometry.

As shown in Scheme 1, the commercially availableene «-ketoglutaric acidlO was
converted into the 6-oxo0-1,4,5,6-tetrahydropyridazB-carboxylic acidll upon treatment
with hydrazine sulfate in the presence of sodiundrbyide in water. In the next step,
acid-catalyzed enol formation, bromination, and meiation of HBr, provided
6-0x0-1,6-dihydropyridazine-3-carboxylic acid2 [38]. Analogously to the reported
procedures [39, 40],2 was subsequently submitted to chlorination usingniyi chloride to
give the corresponding acid chlorid8, and then reacted with diverse primary amines to
afford the amide analogd4a-14c. Subsequent nucleophilic substitution of the key
intermediates 14a-14c with morpholine provided the final pyridazine-3dsaxamide
derivatives21-23.

On the other hand, treatment of the intermedidy refluxing in ethanol of hydrogen
chloride led to the ethyl 6-oxo-1,6-dihydropyridai3-carboxylatel5, and which was
subsequently reacted with phosphorus oxychloridgiétd the ethyl 6-chloropyridazine-
3-carboxylatel6 [41]. Successively, compourib was then subjected to Minisci Reaction
with homolytic alkylation by free isopropyl radi¢cajenerated by silver-catalyzed oxidative
decarboxylation of isobutyric acid, and led to axtemie (ca 1:10 regioisomeric ratio) of

regioisomersl7a and 17b that were separated by flash chromatography ocasgel column



[42]. The two regioisomers/a and17b were identified on the basis of the chemical sluofts
the aromatic protons (shown in the Supporting Imi@tion). Furthermore, it has been
reported that similar pyridazines with a carbolgtgroup instead of the ethyl ester function
reacted with pivalic acid under the same conditibmsobtained a 3:7 mixture of two
regioisomers, and the major component confirmedXbsay analysis, having the same
regiochemistry of our synthesized intermedibib [43]. Compoundsl7a and17b afforded
the corresponding carboxylic aciti®a and18b, respectively, through the alkaline hydrolysis
with lithium hydroxidein good overall yields. The key intermediagda-20f were obtained
according to the above procedures that were uliliae preparing the amide analoly$a-14c,
by refluxing the newly formed8a-18b with thionyl chloride, and then distilling off the
excess reageta afford the crude acid chloridd9a-19b. Afterwards, treatment df9a-19b
with the suitable primary amines in the presencaiethylamine eventually gave the amide
derivatives20a-20f in moderate to good yield. Finally, the targetethpounds24-53 were
produced via the reaction between the compow2ds20f and the aromatic amines in
acetonitrile heated to 160 °C [44] or the aliphatigines in 1,4-dioxane at reflux temperature

[39].

3. Resultsand discussion
3.1. Invitro biological evaluations

All the synthesized compounds were evaluateditro for their functional activities by
using our developed cell-based calcium mobilizatemsays [37]Both GW842166X and

JTE-907 were included in the experiments as thereete standards of CB2 agonist and



antagonist, respectively. Two commercially avagaligands, CP55940 and SR141716A
were used as positive controls for agonist mode artdgonist mode, respectively, in the
bioactive assays. At first, all compounds were esteel for their functional effects towards
CB1 and CB2 at 1uM concentration, respectively, using the methodcdesd in the
Supporting Information, and the results are sumzedriin Table S1. The initial screening
results indicated that most compounds demonstratéigiating bioactivity to CB2. Those
compounds displaying more than 50% activation dgtiwere further evaluated in
dose-response studies to determine theigoB&@lues. As summarized in Tables 1-3, more
than half of the tested compounds exhibited modei@tpotent CB2 full agonist activities.
Six compounds showed Egvalues below 35 nM for the CB2 receptor with hgglectivity
against CB1. Typically, compourgb demonstrates a full agonist activity with thesg@alue
of 3.665 + 0.553 nM, which is 94-fold and 8-fold reopotent than GW842166X and
CP55940, respectively. Besides, other four compe®d(ECso = 5.701 + 1.993 nM)38
(ECso = 4.955 + 0.633 nM)39 (ECsp = 18.08 + 2.89 nM), and2 (ECso = 17.13 + 1.59 nM)
display higher CB2 agonist activities and have mhigier selectivity over the CB1 receptor
than both GW842166X and CP55940. Moreover, it waticed that all these potent CB2
agonists havelogD values, calculated by using ACD/ADME Suite softevg45] less than 5
and exhibit remarkably improved solubility in comigan with GW842166X.

The lods for pyridazine-3-carboxamide derivativ@d-55 along with GW842166X and
CP55940 were calculated using ACD/ADME Suite sofevpd5] to predict their aqueous
solubility. As listed in Tables 1-3, the predicteelsults reveal that all our synthesized

compounds possess higher calculated&gg, (-1.95 ~ -4.95) compared with GW842166X



(clogSph7.4 = -5.65) and CP55940 (cl6gh74 = -5.27), suggesting that these newly
pyridazine-3-carboxamide derivatives displayed wartiglly improved aqueous solubility.
The logP is an important drug-likeness propertyd appropriate logP for a drug
candidate was proposed to be 1 ~ 3 [46]. In ordepdsition drug-like physicochemical
properties of the synthesized compounds, four sgmtative compounds, 38, 39, and42
were selected to measure their logP values usiagntbthods described in the previous
manuscript [33]. As results, these four compoundplay their logP values to be 2.41, 2.01,
3.40, and 3.16, respectively, decreasing signiflgan comparison with GW842166X with
the measured logP value of 4.27 [33]. By structopimization, we developed pyridazine-3-
carboxamides to be CB2-selective agonists, not shiywing high potency on CB2 and

selectivity against CB1 but also having appropriatg.

3.2. Structure-activity relationships

We started structure-activity relationships studigshe synthesis of a series of derivatives
with various substitutions on pyridazine-3-carboiderscaffold to investigate the impact of
this variable on their activities. Among three campds21-23 without a substituent @fRon
the C4- or C5-position21 and22 were detected to have no bioactivity on neitheldl GBr
CB2, while compoun@3 showed a low CB2 agonist activity (E§G 8425 + 4183 nM). By
comparing the bioactivities of compounds withowdudstituent Z1, 22, 23) and compounds
with a R 4-isopropyl g4, 25, 26) or 5-isopropyl 27, 28, 29), it was found that a substituent
at the C-4 or C-5 site of pyridazine-3-carboxamsdeaffold would be a desirable feature for

improving the CB2 agonist activity. In the meantjritevas noticed tha24-26 bearing a R



4-isopropyl group displayed higher bioactivitiesarth 5-isopropyl analog®7-29. These
results revealed the crucial role of B-isopropyl group for pyridazine-3-carboxamides to
interact with CB2. By comparing the binding modes our synthesized pyridazine-3-
carboxamides with GW842166X, it could be proposkdt the pyridazine core may be
embraced by hydrophobic residues V113, F117, RZR8, and V261 of the CB2 receptor.
In addition, structural alignments indicated thabet R1 4-isopropyl group of
pyridazine-3-carboxamides may superimpose with4tte:; of GW842166X. Therefore, a
proper hydrophobic substituent on the 4-positiopywidazine core would be benefit to have
hydrophobic interactions with the CB2 receptor. i¢gfly, 26 with R; 4-isopropyl, R
2-adamantyl, and morpholino ring displays the highest CB2 bioaty(ECso = 3.665 +
0.553 nM) and selectivity against CB1 among all tbk synthesized pyridazine-3-
carboxamides.

Moreover, it was predicted that the amide moietyGa¥/842166X might lie deeply in a
hydrophobic sub-pocket embraced by the residues F®4, F106, K109, and 1110 (Figure
S1 in the Supporting Information), so a modestist@ndrance adjacent to the amide would
be a preferred building block for the CB2 agonithsty of pyridazine-3-carboxamides. This
hypothesis was confirmed by the replacement oRheyclohexyl subunit with an adamantyl
group, which had a significant impact on the CB®rast activity. Either compoun@5/26
with a R 1-adamantyl group o28/29 with a R 2-adamantyl group possess higher CB2
agonist activity in comparison with the corresporgdicompound24 and 27 with a R
cyclohexyl group. Therefore, aaRdamantyl group was demonstrated to have moréiyeosi

impact on the CB2 agonist activity of pyridazinesgboxamides than a,Ryclohexyl.
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After preliminary identification of the preferender the R 4-isopropyl substitution,
4-isopropylpyridazine-3-carboxamide¥)-38 with diverse R groups were synthesized to
characterize the effect of,RL-adamantyl or 2-adamantyl on the CB2 bioactivitywas
observed that E£ values increased for 4-isopropylpyridazine-3-cadmide derivatives
with the corresponding Rsubunit in the order of cyclohexy8(®), 1-adamantyl 33), and
2-adamantyl 36). Similarity, this trend is also seen in otherfeliént R substituted
compounds, whose Eg values are decreased in the order of 2-adamaB#/lof 38),
l-adamantyl 34 or 35), and cyclohexyl 31 or 32), respectively. These results further
confirmed that the R 2-adamantyl group would be the best choice to
4-isopropylpyridazine-3-carboxamides as CB2 ageni&mong these compound3f or 38
shows the CB2 agonist activity similar 26. Actually, docking simulations discussed later
will suggest that R2-adamantyl o6 would have maximal hydrophobic space-filling i th
pocket surrounded by the key residues F91, F946,A4009, and 1110 (Figure 2A).

SAR studies were continued to explore the influen€eR; units on the CB2 agonist
activity of 4-isopropylpyridazine-3-carboxamidestiwa constant R2-adamantyl group. As
shown in Table 2, compour&® with a R piperidinyl group shows more than 4-fold lower
CB2 agonist activity tha26 with a R morpholino, and\-methylpiperazin derivativé0
results in complete loss of activity. By introdugia cyclohexylamino group in place of the
morpholino group o6, the obtained compourtl shows more than 108-fold drop in CB2
agonist activity. However, compoun86 with a cyclopentylamino group of2 with a
cyclopropylamino group maintains CB2 agonist atfigimilar as26. In addition, eithed3

with a cyclopropylmethylenamino group &7 with an n-butylamino group was also
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examined to be a CB2 agonist, showing 13-times ildweactivity than26. Moreover, it
would not be helpful to introduce a branched peamyho chain 44) at the R position.
Furthermore, replacement of thg Rbutylamino of37 with 2-hydroxyethylamino led to
analog38, which has the CB2 agonist activity similar 26. As discussed later, docking
simulations will indicate the flexible :R2-hydroxyethylamino o388 would have a similar
H-bond interaction with T114 like thesRnorpholino ring of26 (Figure 2D). On the other
hand, compound5 with a Rzaromaticmoiety do not show potency on neither CB1 nor CB2
receptors, suggesting the; Rromatic substitution unfavorable for CB2 agorastivity.
Herein, a modest steric hindrance or more flexglbstituent at the position would be
beneficial for improving CB2 agonist activity of fijazine-3- carboxamides. Furthermore,
by detecting the CB2 agonist activity of compouB8s(ECsp = 5.701 £ 1.993 nM) with a
hydrophobic R cyclopentylamino group 88 (ECso = 4.955 + 0.633 nM) with a hydrophilic
Rs 2-hydroxyethylamino group, it was found that bogftophobicity and hydrophilicity are
tolerated for R substituent.

Furthermore, SAR analyses were performed to ingaithe influence of SRsubstituent
of 5-isopropylpyridazine-3-carboxamides on the Gi2activity. As summarized in Table 3,
some 5-isopropylpyridazine-3-carboxamides alsolayspotent CB2 agonist activity, such as
48 (EGso = 34.42 + 2.97 NMEnmax = 114 + 4%) 51 (ECsp = 96.24 + 17.98 NMEmax = 93 +
6%), and52 (ECsp = 99.86 + 21.14 nMEnax = 127 £ 10%). As like 4-isopropylpyridazine-
3-carboxamides, replacement of the rRorpholino group with a piperidinyl resulted ineth
reduced EGp value by more than 8-times, as illustrated byabivity of 46 vs 29. Whereas,

both the R cyclohexylamino 47) and cyclopropylamino4@) substitutions may enhance the

12



CB2 agonist activity in comparison with thes Borpholino group 29). In particular,48
displays an improved bioactivity by more than 1@foompared with GW842166X. TheR
cyclopropylmethylenamino derivativ#9 shows a decrease in the CB2 agonist activity than
48. Moreover, the Rn-butylamino substituted analds displays 3-times lower bioactivity
than48. In addition, there is an apparent decrease in §&Bsttivity on compound9 and50
owing to their CB1 agonist activity. Compoubtl with a Ry branched pentylamino chain are
inactive on both CB1 and CB2. Furthermore, the pataydroxyethylamino compoursk
was found to have more than 4-fold higher CB2 agjomictivity than29. However,
compound55 with a Ry 3-chlorophenylamino group is deprived of the CBRvaty. Taken
together, our SAR results suggest thaggup with appropriate steric hindrance is reqglire
for pyridazine-3-carboxamides to be a potent CB@nagj. In the meantime, a substituent at
C-4 position was confirmed to be a preferred fa @B2 receptor bioactivity in comparison
with the C5-substitution by comparing the CB2 agobactivities 0f26 vs 29, 36 vs 48, or 38

vs 52, which could pave the way to develop high poteang selectivity ligands for CB2

receptor in the future.

3.3. Docking-predicted interaction modes of pyridazine-3-carboxamides binding to the
CB2 receptor
In an attempt to explain how our designed compountgsact with active site of the CB2
receptor and how this relates to their CB2 agoadivities, flexible docking simulations
were carried out to predict the receptor-liganérattions by using the FlexiDock module of

Sybyl-X1.3 [47]. As shown in Figure 2, Several eg@ntative compounds with different

13



CB2 agonist activities 26, 29, 37, and 38) were selected to investigate the different
interaction modes with the CB2 receptor on thesasiour previously generated homology
model [48].

Evidently, these four typical analogs display sanibinding poses but a little bit different
interaction patterns (Figure 2). In each of the diBand complexes, the carbonyl group of
the C-3 amide moiety conferred a critical H-bonteiiaction with the side chain hydroxyl
group of S285. Similarly, the corresponding H-banteraction was also observed in the
binding mode of GW842166X (Figure S1 in the Suppgrtinformation). As formerly
hypothesized, the nitrogen atoms of pyridazine euslengaged in three H-bonds with the
side chain of residue R177, suggesting that thielagine core would be a better choice than
pyrimidine template. S285 and R177 were also pregppa® play important roles in the
binding of CP55940 to the CB2 receptor accordinghto docking and molecular dynamics
simulations [49]. Docking of the most active liga2@ showed a slightly different binding
mode with other compounds (Figure 2A). In the sated structural model of complex
CB2-26, the polar morpholino group points to a hydroplkgbocket surrounded by the side
chains of W172, Y190, W194, and F197, which hadhhidentified as crucial residues for
ligand recognition in the CB2 receptor [50-52]. Medile, the oxygen atom of morpholino
may form an H-bond interaction with the side chlayaroxyl group of residue T114. The
bond length and angle are 2.34 A and 160.58°, otispdy. The R 2-adamantyl moiety may
fully occupy the hydrophobic sub-pocket composedhef side chains of the residues F91,
F94, F106, K109, and 1110, which indicating thahaderate bulky group is favorable at this

position. For comparison, analogd with a R cyclohexyl and25 with a R 1-adamantyl

14



group were selected to study the different bindimgdes of agonists with CB2 receptor. A
three-dimensional superposition of these threentigan the CB2 receptor binding cavity is
shown in Figure S2 in the Supporting Informatianwas noted that a smaller hydrophobic
cyclohexyl group o4 would be minimally space-filling in the binding gat. Whereas, the
introduced 1l-adamantyl group 26 squeezes into the hydrophobic region adjaceriteside
chains of residue F91, maki2§ undergo movements to fit the binding cavity, theducing
the interactions with R177. The tighter contact rbaythe major reason for the considerably
decreased activity &f5. These observations led us to think that the cmeoy of this region

is fundamental for a ligand.

As for docking-simulated structural model of CB2<complex (Figure 2B), because of the
restriction of the R 5-isopropyl group, compoun29 has its B morpholino group move
away to miss the H-bond interaction with the residil14. This is probably the reason for
4-isopropylpyridazine-3-carboxamides showing high@B2 agonist activities than
5-isopropylpyridazine-3-carboxamides. For the dogksimulated CBZ37 complex (Figure
2C), the R n-butyl chain tightly stretches into the hydropholsigh-pocket composed of
W172, Y190, W194, and F197. the cyclopentyl grotpg n-butyl group would be at a
disadvantage in van der Waals interaction with tilgdrophobic residues, inducing lower
bioactivity of 37 than36. In the simulated structural model of complex CE(Figure 2D),
38 with a polar 2-hydroxyethylamino as the; Rroup displays similar receptor-ligand
interaction as that of the complex CB@- The hydroxyl oxygen atom @8 may also serve
as an H-bond receptor for residue T114. As for diiody assays data, botB6 and 38

compounds showed potent CB2 agonist activities s€guaently, the H-bond interaction with

15



the side chain hydroxyl group of T114 would be biemd for the CB2 bioactivity of
pyridazine-3-carboxamides.

Furthermore, the core ring of these compounds ctaitaith the side chains of residues
V113, F117, W258, V261, and C288. In the dockingtsated model of CB2-GW842166X,
the aromatic side chains of residues F117 (3.36)dB58 (6.48) of CB2 may form a parallel
n-m interaction with a distance of 5.07 A. Previousidgés have revealed that the
F3.36/W6.48 interaction may be the rotamer togglieck for the protein activation [49, 53,
54]. In the docking-simulated structural modelsfair complexes, our docking results are
congruent with the predicted interaction mode betw€B2 and the GW842166X, which has
the W258’s side chain indole ring to maintain tlaegtiel n-n interactions with the side chain

aromatic ring of F117. Overall, these effects ameststent with their activity data.

4. Conclusion

In summary, we have described the synthesis andodidtal evaluation of
pyridazine-3-carboxamide derivatives as novel CBRdive agonists. Most of these
compounds exhibit moderate to potent CB2 agonistigcand high selectivity against the
CB1 receptor. Among these derivatives, six compsuneére confirmed as potent CB2
agonists with Egp values below 35 nM. Especially, compouztilshowed the highest CB2
agonist activity with an E£g value of 3.665 £ 0.553 nM and remarkable seldgtividex of
more than 2729 over the CBL1 receptor. The SAR apalyevealed that & Rroup at C-4
position, a hydrophobic Rmoiety with 2-adamantyl substituent, and @ d®ric moderate

aliphatic group would be favorable to the CB2 agbactivity of pyridazine-3-carboxamides.

16



In addition, molecular docking simulations wereriga out to predict their plausible binding
modes and corresponding interaction patterns wihkey residues around the active site of
the CB2 receptor. The docking results suggestetl pgadazine-3-carboxamides share
similar receptor-ligand interactions like that o"M842166X. Taken together, novel series of
pyridazine-3-carboxamide derivatives and molecudlacking simulations could provide a
viable starting point for the development of pot@®2 agonists and give a guideline for

further structural optimization.

5. Experimental section
5.1. Compound syntheses
5.1.1. Materials and instrumentation

All reactions involving air or moisture-sensitiveoropounds were performed under
nitrogen atmosphere and reaction progress was ameditby thin-layer chromatography
(TLC) on silica gel plates (GF254). Column chrongagphy was performed using silica gel
200-300 mesh. Melting points were measured withliehBMelting Point B-540 apparatus
(Buichi Labortechnik, FlawiSwitzerland).*H NMR and**C NMR spectra were recorded on
500 MHz and 125 MHz instruments (Bruker BioscierB#erica, MA, USA), respectively,
with TMS as an internal standard. The values ofrabal shifts §) were given in ppm and
coupling constantslf in Hz. The abbreviations used to characterizesitpeals are as follows:
s (singlet), d (doublet), t (triplet), g (quartet),(multiplet), dd (doublet of doublegtc. Mass
spectra (MS) were taken in ESI mode on Agilent 11G8MS (Agilent, Palo Alto, CA, USA).

Dichloromethane (DCM), 1,2-dichloroethane afdl-dimethylformamide (DMF) were dried
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by distillation from calcium hydride. Triethylaming&tN) was dried by distillation from
potassium hydroxide. All other solvents and reagjemere purchased from commercial
sources and used as received without further patién.

5.1.2. Preparation of 6-oxo-1,4,5,6-tetrahydropyridazine-3-carboxylic acid (11)

A well-stirred solution ofa-ketoglutaric acid (1.14 g, 7.81 mmol) in hot waf&r8 mL)
was added slowly, with stirring to a solution ofison hydroxide (0.69 g, 17.25 mmol) and
hydrazinium sulfate (1.02 g, 7.85 mmol) in hot wg®&5 mL). The mixture was heated to
moderate boiling overnight, and then refrigerateate bath for several hours. The precipitate
was collected by filtration and recrystallized wiziN HCI to providell as a colorless needle
crystal (691.1 mg, yield 62.3%). Mp: 195.4-195.9(Ref. melting point 195-196 °C [55]).
5.1.3. Preparation of 6-oxo-1,6-dihydropyridazine-3-carboxylic acid (12)

To a solution ofll (568 mg, 4.00 mmol) in glacial acetic acid (2.0)mtas vigorously
stirred at slight boiling temperature, then bromi280 uL, 4.50 mmol) was added via
dropping funnel. When all of the bromine had besmoduced, water (2.0 mL) was added
and the reaction mixture was heated under reflaxpegature overnight. After cooling to
room temperature, the precipitate was filtrated] #men dried to give crude produt?
without further purification. The average yield afid which precipitated was 334.1 mg
(60.0%). Mp: 258.4-258.6 °C (Ref. melting point 2&7[55]).

5.1.4. Preparation of 6-chloropyridazine-3-carbonyl chloride (13)

Dry DMF (18 uL), thionyl chloride (25QuL, 3.52 mmol), and dry 1,2-dichloroethane (2.5

mL) was added to 6-oxo-1,6-dihydropyridazine-3-casbic acid 12 (100 mg, 0.72 mmol),

and the mixture was heated at 68 °C overnight.rAftampletion, the excess solvent was
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concentratedn vacuo, and the crude produof acyl chloride1l3 was used immediately
without further purification.
5.1.5. General proceduresfor the preparation of amide analogues 14a-14c

Amine (1.08 mmol) and triethylamine (1.44 mmol) wexdded to dry DCM (5.4 mL) at
ice bath in another flask, and the newly synthesiaeyl chloridel3 was dissolved in dry
DCM (2.5 mL) and added dropwise via dropping funfidgle mixture was stirred at room
temperature overnight. The resultant was pourexldabled water, and the organic layer was
washed with 1 N HCI, saturated NaHgE@queous solution, and saturated NaCl aqueous
solution, dried over anhydrous Mgg@nd evaporateih vacuo. The residue was purified by
flash chromatography on silica gel (200-300 mesxahe: ethyl acetate = 8:1 to 5:1) to
obtain the compoundBia-14c.
5.1.5.1. 6-chloro-N-cyclohexylpyridazine-3-carboxamide (14a)

Yellow solid. Yield: 55.2%. Mp: 157.1-158.2 °84 NMR (CDCl, 500 MHz):6 8.29 (d,J
= 9 Hz, 1H), 7.94-7.96 (m, 1H), 7.68 @@= 8.5 Hz, 1H), 4.03-3.98 (m, 1H), 2.05-2.02 (m,
2H), 1.82-1.77 (m, 2H), 1.68-1.65 (m, 1H), 1.49@L(th, 2H), 1.39-1.31 (m, 2H), 1.30-1.24
(m, 1H). MS (ESI), m/z: 240.12 [M+H]
5.1.5.2. N-(adamantan-1-yl)-6-chloropyridazne-3-carboxamide (14b)

Yellow solid. Yield: 50.4%. Mp: 200.8-202.1 °44 NMR (CDCl, 500 MHz):6 8.25 (d,J
= 8.5 Hz, 1H), 7.86 (s, 1H), 7.66 (d= 8.5 Hz, 1H), 2.16 (s, 9H), 1.78-1.72 (m, 6H). MS
(ESI), m/z: 292.13 [M+H].
5.1.5.3. N-(adamantan-2-yl)-6-chloropyridazine-3-carboxamide (14c)

Yellow solid. Yield: 51.6%. Mp: 171.2-172.5 °84 NMR (CDCk, 500 MHz):5 8.46 (d,J
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= 5 Hz, 1H), 8.29 (dJ = 8.5 Hz, 1H), 7.69 (d] = 8.5 Hz, 1H), 4.30-4.28 (m, 1H), 2.08 (s,
2H), 1.97 (dJ = 13.5 Hz, 2H), 1.92 (s, 6H), 1.80 (s, 2H), 1.@2J(= 13 Hz, 2H). MS (ESI),
m/z: 292.13 [M+H].

5.1.6. Preparation of ethyl 6-oxo-1,6-dihydropyridazine-3-carboxylate (15)

A solution of12 (1.11 g, 7.92 mmol) in 8 mL of hydrogen chloriseeathanol (hydrogen
chloride gas generated by reacting sodium chlovidtd concentrated sulfuric acid was
passed into ethanol in an ice bath) was refluxLlfbh. After cooling to room temperature, the
precipitate was filtered off and dried to gi¥® as a white solid (1.17 g, yield 87.5%). Mp:
125.0-125.8 °C (Ref. melting point 127-128 °C [56])

5.1.7. Preparation of ethyl 6-chloropyridazine-3-carboxylate (16)

A solution 0f15 (1.17 g, 6.96 mmol) in phosphorus oxychloride 1fi2) was heated at 100
°C for 2 h. After cooling, the solution was concatedin vacuo to 3 mL, and the residue was
carefully poured into ice water, slowly neutralizedh 10% NaOH aqueous solution in ice
bath, and then extracted with ethyl acetate. Thyaroc layer was washed with saturated
NaCl aqueous solution, dried over anhydrous Mg2@d evaporateoh vacuo. The residue
was purified by flash chromatography on silica #0-300 mesh, hexane: ethyl acetate =
3:1) to obtain the compouri as a white solid (892 mg, yield 68.7%). Mp: 1454%.7 °C
(Ref. melting point 154-155 °C [56]).

5.1.8. General proceduresfor the preparation of intermediates 17a-17b

To a suspension of ethyl 6-chloropyridazine-3-caytette 16 (534 mg, 2.87 mmol) in

distilled water (9 mL), isobutyric acid (60, 0.65 mmol),conc. H,SO, (230uL, 4.31 mmol)

and AgNQ (48.75 mg, 0.29 mmol) were added at room tempegaithe mixture was heated
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at 65-75 °C and a solution of N5Og (982.40 mg, 4.31 mmol) in distilled water (5 mLasv
added dropwise in 10-15 minutes. The reaction ia®d for an additional 30 minutes at
70-75 °C, then poured over ice, then neutralizet wi30% aqueous solution of lNBH and
immediately extracted twice with dichloromethanéeTcollected organic layers were dried
over anhydrous MgS{) and evaporatedn vacuo. The residue was purified by flash
chromatography on silica gel (200-300 mesh, hexatieyl acetate = 5:1) to obtain the
regioisomerl7a (29.4 mg, yield 4.5%) and regioisoniatb (294.0 mg, 44.9%).
Ethyl 6-chloro-4-isopropylpyridazine-3-carboxylate (17a)

Yellow liquid. '"H NMR (CDCk, 500 MHz):5 7.51 (s, 1H), .4.54-4.49 (q, 2H), 3.47-3.41
(m, 1H), 1.46 (tJ = 7 Hz, 3H), 1.31 (s, 3H), 1.29 (s, 3H). MS (E®M)z: 229.11 [M+H].
Ethyl 6-chloro-5-isopropylpyridazine-3-carboxylate (17b)

Yellow liquid. *H NMR (CDCk, 500 MHz): 8.06 (s, 1H), 4.57-4.53 (g, 2H), 3.38-3.32 (m,
1H), 1.48 (tJ = 7 Hz, 3H), 1.35 (s, 3H), 1.33 (s, 3H). MS (ESi)z: 229.10 [M+H].
5.1.9. General proceduresfor the preparation of intermediates 18a-18b

To a solution of ethyl estei7 (1 equiv.) in a 4:1 mixture of THF/H20O (0.05 M sbbn)
LiOH hydrate (1.2 equiv.) was added at O °C. Aftiee hydrolysis is completed (TLC
monitoring), the solution was acidified carefullythva 1N HCI, heated to room temperature
and extracted with ethyl acetate. The collectechmig layers were dried over anhydrous
MgSQ,, filtrated and the solvent removed under reduceesgure leading to the free
carboxylic acidl8 that was used without further purification.
5.1.10. General proceduresfor the preparation of acyl chlorides 19a-19b

The similar procedures for the preparatiori®fwere used to prepare the compouhges
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-19b by replacing the reactah® with intermediate compourt8. The crude products of acyl
chlorides19a-19b were used for next step.
5.1.11. General proceduresfor the preparation of amide analogues 20a-20f

The similar procedures for the preparation of miediate compound4 were used to
prepare the compoun@6a-20f by replacing the reactah8 with intermediate compouri®.
6-chloro-N-cyclohexyl-4-isopropyl pyridazine-3-carboxamide (20a)

Yellow solid. Yield: 49.4%. Mp: 116.4-118.4 °84 NMR (CDCk, 500 MHz):6 7.80 (d,J
= 6.5 Hz, 1H), 7.54 (s, 1H), 4.33-4.27 (m, 1H), 83291 (m, 1H), 2.05-2.01 (m, 2H),
1.80-1.76 (m, 2H), 1.68-1.64 (m, 1H), 1.47-1.38 @hl), 1.36-1.31 (m, 2H), 1.29 (s, 3H),
1.28 (s, 3H). MS (ESI), m/z: 282.17 [M+H]

N-(adamantan-1-yl)-6-chloro-4-isopropyl pyridazine-3-car boxamide (20b)

Yellow solid. Yield: 32.2%. Mp: 148.5-149.5 °64 NMR (CDCk, 500 MHz):5 7.60 (s,
1H), 7.52 (s, 1H), 4.27-4.22 (m, 1H), 2.15 (s, 9HY6-1.70 (m, 6H), 1.29 (s, 3H), 1.27 (s,
3H). MS (ESI), m/z: 334.20 [M+H]

N-(adamantan-2-yl)-6-chloro-4-isopropyl pyridazine-3-car boxamide (20c)

Yellow solid. Yield: 28.2%. Mp: 118.5-120.0 °8&4 NMR (CDCk, 500 MHz):$ 8.31 (d,J
=7 Hz, 1H), 7.55 (s, 1H), 4.34-4.28 (m, 1H), 4233 (m, 1H), 2.07 (s, 2H), 1.94 @= 14
Hz, 2H), 1.91 (s, 6H), 1.78 (s, 2H), 1.70 Jd 12.5 Hz, 2H), 1.30 (s, 3H), 1.29 (s, 3H). MS
(ESI), m/z: 334.19 [M+H].
6-chloro-N-cyclohexyl-5-isopropyl pyridazine-3-carboxamide (20d)

White solid. Yield: 97.2%. Mp: 129.4-130.5 °&4 NMR (CDCk, 500 MHz):$ 8.20 (s,

1H), 7.97 (d,J = 7.5 Hz, 1H), 4.04-3.97 (m, 1H), 3.37-3.31 (M,)1B.04-2.01 (m, 2H),
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1.81-1.77 (m, 2H), 1.69-1.65 (m, 1H), 1.49-1.41 @hl), 1.39-1.36 (m, 2H), 1.34 (s, 3H),
1.33 (s, 3H), 1.29-1.24 (m, 1H). MS (ESI), m/z: 282[M+H]".
N-(adamantan-1-yl)-6-chloro-5-isopropyl pyridazine-3-car boxamide (20e)

White solid. Yield: 68.6%. Mp: 97.5-98.1 °&4 NMR (CDCk, 500 MHz):5 8.18 (s, 1H),
7.88 (s, 1H), 3.35-3.29 (m, 1H), 2.16 (s, 9H), 11769 (m, 6H), 1.32 (s, 3H), 1.31 (s, 3H).
MS (ESI), m/z: 334.19 [M+H]

N-(adamantan-2-yl)-6-chlor o-5-isopropyl pyridazi ne-3-car boxamide (20f)

White solid. Yield: 75.0%. Mp: 132.6-134 °84 NMR (CDCk, 500 MHz):$ 8.48 (d,J =
7.5 Hz, 1H), 8.21 (s, 1H), 4.29-4.27 (m, 1H), 3832 (m, 1H), 2.07 (s, 2H), 1.97 @=
13.5 Hz, 2H), 1.92 (s, 6H), 1.79 (s, 2H), 1.70d; 12.5 Hz, 2H), 1.34 (s, 3H), 1.33 (s, 3H).
MS (ESI), m/z: 334.20 [M+H]

5.1.12. General procedures for the preparation of pyridazine-3-carboxamide derivatives
21-44 and 46-52

Aliphatic amine (0.18 mmol) and,N-diisopropylethylamine (61iL) were added into a
solution of intermediate compouri@ or 20 (0.12 mmol) in 1,4-dioxane (2 mL), and the
reaction was heated under reflux overnight. Afteolimg to room temperature, the mixture
was poured into water and extracted with ethylaeetThe organic layer was washed with
saturated NaCl aqueous solution, dried over anlwadktégSQ, and evaporateich vacuo. The
residue was purified by flash chromatography oitaigel (200-300 mesh, hexane: ethyl
acetate = 5:1 to 1:1) to obtain the compou2iid4 and46-52.
N-cyclohexyl-6-morpholinopyridazine-3-carboxamide (21)

White solid. Yield: 89.7%. Mp: 146.4-147.0 °& NMR (CDCk, 500 MHz):§ 8.04 (d,J
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= 9.5 Hz, 1H), 7.85 (d] = 7.5 Hz, 1H), 6.96 (d] = 9.5 Hz, 1H), 4.00-3.94 (m, 1H), 3.86.t,
= 4.5 Hz, 4H), 3.72 (t) = 5.0 Hz, 4H), 2.02-1.99 (m, 2H), 1.79-1.75 (m,)2H65-1.62 (m,
1H), 1.47-1.39 (m, 2H), 1.34-1.22 (m, 3HJC NMR (CDCE, 125 MHz):$ 162.16, 160.37,
145.37, 126.94, 112.10, 66.44, 48.16, 45.01, 3328%K5, 24.79. MS (ESI), m/z: 291.18
[M+H] ™.
N-(adamantan-1-yl)-6-morpholinopyridazine-3-carboxamide (22)

White solid. Yield: 92.5%. Mp: 191.6-192.0 o NMR (CDCk, 500 MHz):6 8.02 (d,J
= 9.5 Hz, 1H), 7.77 (s, 1H), 6.96 @= 9.5 Hz, 1H), 3.86 () = 4.5 Hz, 4H), 3.72 ( = 5.0
Hz, 4H), 2.14 (s, 9H), 1.76-1.70 (m, 6HJC NMR (CDCE, 125 MHz):$ 162.00, 160.33,
146.01, 126.60, 112.22, 66.43, 51.82, 45.08, 4136539, 29.49. MS (ESI), m/z: 343.23
[M+H] ™.
N-(adamantan-2-yl)-6-mor pholinopyridazine-3-carboxamide (23)

White solid. Yield: 85.2%. Mp: 219.4-219.8 o NMR (CDCk, 500 MHz):6 8.34 (d,J
= 8.0 Hz, 1H), 8.05 (d) = 9.5 Hz, 1H), 6.97 (d] = 9.5 Hz, 1H), 4.27-4.25 (nd,= 8.5 Hz,
1H), 3.86 (tJ = 4.5 Hz, 4H), 3.73 (t) = 5.0 Hz, 4H), 2.05 (s, 2H), 1.99 @@= 13.0 Hz, 2H),
1.90-1.88 (m, 6H), 1.77 (s, 2H), 1.67 (d= 13.0 Hz, 2H)*C NMR (CDCE, 125 MHz):8
162.20, 160.42, 145.62, 126.95, 112.13, 66.44,(6344.09, 37.59, 37.19, 32.16, 31.90,
27.28, 27.21. MS (ESI), m/z: 343.24 [M+H]
N-cyclohexyl-4-isopropyl-6-mor pholinopyridazine-3-carboxamide (24)

White solid. Yield: 35.4%. Mp: 109.4-110.3 ot NMR (CDCl, 500 MHz):6 7.89 (d,J
= 8.0 Hz, 1H), 6.80 (s, 1H), 4.34-4.29 (m, 1H),8390 (m, 1H), 3.86 (§ = 4.5 Hz, 4H),

3.70 (t,J = 5.0 Hz, 4H), 2.02-1.99 (m, 2H), 1.78-1.71 (m)2H66-1.62 (M, 1H), 1.45-1.37
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(m, 3H), 1.31-1.28 (m, 2H), 1.26 (s, 3H), 1.24 38i). 3C NMR (CDCE, 125 MHz):§
163.95, 160.61, 151.34, 144.01, 108.92, 66.49,1484%.03, 33.09, 27.77, 25.61, 24.95,
22.86. MS (ESI), m/z: 333.23 [M+H]

N-(adamantan-1-yl)-4-isopr opyl-6-mor pholinopyridaz ne-3-carboxamide (25)

White solid. Yield: 26.0%. Mp: 156.6-158.0 °&4 NMR (CDCk, 500 MHz):$ 7.74 (s,
1H), 6.79 (s, 1H), 4.31-4.25 ( m, 1H), 3.86 Jt= 5 Hz, 4H), 3.69 (tJ = 5.0 Hz, 4H),
2.14-2.11 (m, 9H), 1.75-1.69 (m, 6H), 1.25 (s, 3HR3 (s, 3H).X*C NMR (CDCk, 125
MHz): & 164.09, 160.59, 151.14, 144.87, 109.07, 66.484145.10, 41.58, 36.46, 29.53,
27.72, 22.86. MS (ESI), m/z: 385.27 [M+H]

N-(adamantan-2-yl)-4-isopr opyl-6-mor pholinopyridaz ne-3-carboxamide (26)

White solid. Yield: 29.7%. Mp: 180.6-181.7 o NMR (CDCk, 500 MHz):6 8.36 (d,J
= 8.0 Hz, 1H), 6.81 (s, 1H), 4.34-4.29 (m, 1H), 24221 (m, 1H), 3.87 (§ = 4.5 Hz, 4H),
3.71 (t,J = 5.0 Hz, 4H), 2.05 (s, 2H), 1.98 @@= 13.0 Hz, 2H), 1.89-1.86 (m, 6H), 1.77 (s,
2H), 1.66 (d,J = 13.0 Hz, 2H), 1.26 (s, 3H), 1.25 (s, 3fIC NMR (CDCh, 125 MHz):5
164.06, 160.69, 151.35, 144.31, 108.96, 66.50,4534%6.10, 37.62, 37.25, 32.08, 32.00,
27.81, 27.31, 27.28, 22.88. MS (ESI), m/z: 385/26]".

N-cyclohexyl-5-isopropyl-6-mor pholinopyridazine-3-carboxamide (27)

White solid. Yield: 44.1%. Mp: 186.3-186.7 °&4 NMR (CDCk, 500 MHz):$ 8.09 (s,
1H), 8.00 (d,J = 8.0 Hz, 1H), 4.02-3.96 (m, 1H), 3.91Jt= 4.5 Hz, 4H), 3.35 () = 4.5 Hz,
4H), 3.18-3.13 (m, 1H), 2.02-1.99 (m, 2H), 1.795L(ih, 2H), 1.67-1.63 (m, 1H), 1.49-1.40
(m, 3H), 1.35-1.32 (m, 1H), 1.30 (s, 3H), 1.293H), 1.27-1.23 (m, 1H):3C NMR (CDCE,

125 MHz): 8 163.75, 162.01, 149.45, 142.94, 124.60, 66.8043%148.23, 33.01, 27.52,
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25.53, 24.74, 23.12. MS (ESI), m/z: 333.23 [M+H]
N-(adamantan-1-yl)-5-isopropyl-6-mor pholinopyridaz ne-3-carboxamide (28)

White solid. Yield: 47.4%. Mp: 149.7-150.0 °84 NMR (CDCk, 500 MHz):$ 8.08 (s,
1H), 7.91 (s, 1H), 3.91 (8,= 4.5 Hz, 4H), 3.34 (] = 4.5 Hz, 4H), 3.17-3.12 (m, 1H), 2.15 (s,
9H), 1.77-1.71 (m, 6H), 1.29 (s, 3H), 1.28 (s, 3HE NMR (CDCE, 125 MHz):5 163.66,
161.86, 150.02, 142.95, 124.26, 66.80, 51.96, 544565, 36.36, 29.45, 27.49, 23.08. MS
(ESI), m/z: 385.25 [M+H].

N-(adamantan-2-yl)-5-isopropyl-6-mor pholinopyridaz ne-3-carboxamide (29)

White solid. Yield: 58.2%. Mp: 232.2-232.6 o NMR (CDCl, 500 MHz):6 8.49 (d,J
= 8.5 Hz, 1H), 8.11 (s, 1H), 4.29-4.27 (m, 1H),3(8 J = 4.5 Hz, 4H), 3.35 (J = 5.0 Hz,
4H), 3.19-3.14 (m, 1H), 2.05 (s, 2H), 2.00 Jd= 13.5 Hz, 2H), 1.91-1.88 (m, 6H), 1.78 (s,
2H), 1.68 (d,J = 12.0 Hz, 2H), 1.31 (s, 3H), 1.29 (s, 31IC NMR (CDCk, 125 MHz):5
163.83, 162.07, 149.74, 142.97, 124.60, 66.82,$%3H3.50, 37.58, 37.18, 32.15, 31.89,
27.54, 27.28, 27.20, 23.07. MS (ESI), m/z: 385/261]".
N-cyclohexyl-6-(cyclopentylamino)-4-isopropyl pyridazine-3-car boxamide (30)

White solid. Yield: 10.0%. Mp: 172.1-173.1 o NMR (CDCk, 500 MHz):6 7.89 (d,J
= 8.0 Hz, 1H), 6.55 (s, 1H), 4.89 (s, 1H), 4.3034(th, 2H), 3.94-3.86 (m, 1H), 2.17-2.10 (m,
2H), 2.01-1.98 (m, 2H), 1.79-1.74 (m, 4H), 1.707L(6, 1H), 1.65-1.62 (m, 2H), 1.56-1.49
(m, 2H), 1.45-1.34 (m, 3H), 1.30-1.26 (m, 2H), 12BH), 1.22 (s, 3H)*C NMR (CDCE,
125 MHz):6 164.20, 159.79, 151.21, 143.77, 110.00, 53.33,74&3.40, 33.13, 27.54, 25.65,
24.99, 23.81, 22.78. MS (ESI), m/z: 331.27 [M+H]

6-(butylamino)-N-cyclohexyl-4-isopropyl pyridazine-3-carboxamide (31)
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Yellow solid. Yield: 16.2%. Mp: 109.5-110.7 °84 NMR (CDCk, 500 MHz):$ 7.89 (d,J
= 8.0 Hz, 1H), 6.54 (s, 1H), 4.81 (s, 1H), 4.3054(&, 1H), 3.94-3.86 (M, 1H), 3.48-3.44 (q,
2H), 2.01-1.98 (m, 2H), 1.78-1.74 (m, 2H), 1.704L(, 2H), 1.63-1.61 (m, 1H), 1.49-1.45
(m, 2H), 1.43-1.33 (m, 3H), 1.31-1.26 (m, 2H), {2BH), 1.22 (s, 3H), 0.98 @,= 7.5 Hz,
3H). 3¢ NMR (CDCE, 125 MHz):6 164.18, 160.05, 151.28, 143.87, 109.81, 48.16/041.
33.12, 31.50, 27.57, 25.64, 24.98, 22.80, 20.1B11MS (ESI), m/z: 319.25 [M+H]
N-cyclohexyl-6-((2-hydroxyethyl)amino)-4-isopropyl pyridazine-3-carboxamide (32)

White solid. Yield: 11.6%. Mp: 169.2-171.2 °& NMR (CDCk, 500 MHz):5 7.78 (d,J
= 7.5 Hz, 1H), 6.63 (s, 1H), 5.46 (s, 1H), 4.2604(, 1H), 3.92 (tJ = 5.0 Hz, 2H),
3.94-3.87 (m, 1H), 3.71-3.68 (g, 2H), 2.02-1.98 @hl), 1.78-1.74 (m, 2H), 1.65-1.61 (m,
1H), 1.48-1.36 (m, 3H), 1.31-1.26 (m, 2H), 1.233H), 1.21 (s, 3H)**C NMR (CDCk, 125
MHz): & 164.00, 160.00, 151.48, 144.57, 111.26, 62.12384.48, 33.07, 27.60, 25.63,
24.94, 27.75. MS (ESI), m/z: 307.23 [M+H]
N-(adamantan-1-yl)-6-(cyclopentylamino)-4-isopropyl pyridazine-3-carboxamide (33)

White solid. Yield: 12.4%. Mp: 229.6-230.6 °&4 NMR (CDCk, 500 MHz):$ 7.73 (s,
1H), 6.54 (s, 1H), 4.87 (s, 1H), 4.27-4.21 (m, 2#{)5-2.11 (m, 11H), 1.78-1.68 (m, 10H),
1.55-1.50 (m, 2H), 1.22 (s, 3H), 1.21 (s, 3K NMR (CDCE, 125 MHz):5 164.33, 159.69,
151.04, 144.50, 110.23, 53.31, 51.73, 41.58, 3@38340, 29.53, 27.51, 23.80, 22.81. MS
(ESI), m/z: 383.30 [M+H].

N-(adamantan-1-yl)-6-(butylamino)-4-isopropyl pyridazine-3-carboxamide (34)
White solid. Yield: 11.2%. Mp: 77.2-73.0 °&4 NMR (CDCk, 500 MHz):5 7.74 (s, 1H),

6.53 (s, 1H), 4.79 (s, 1H), 4.27-4.21 (m, 1H), 33443 (q, 2H), 2.13-2.11 (m, 9H), 1.75-1.69

27



(m, 6H), 1.68-1.63 (m, 2H), 1.49-1.41 (m, 2H), 1(823H), 1.21 (s, 3H), 0.97 = 7.5 Hz,
3H). 3¢ NMR (CDCE, 125 MHz):6 164.32, 159.99, 151.09, 144.72, 109.91, 51.7Z 4 1.
41.60, 36.49, 31.53, 29.55, 27.50, 22.79, 20.1F7L3MS (ESI), m/z: 371.29 [M+H]
N-(adamantan-1-yl)-6-((2-hydroxyethyl)amino)-4-isopropyl pyridazine-3-car boxamide (35)

Yellow solid. Yield: 12.6%. Mp82.4-83.2 °C*H NMR (CDCk, 500 MHz):5 7.58 (s, 1H),
6.61 (s, 1H), 5.48 (s, 1H), 4.22-4.17 (m, 1H), 33990 (t,J = 5.0 Hz, 2H), 3.70-3.67 (m, 2H),
2.13-2.11 (m, 9H), 1.75-1.68 (m, 6H), 1.22 (s, 3HR1 (s, 3H).X*C NMR (CDCk, 125
MHz): 6 164.17, 160.11, 151.31, 145.31, 111.14, 61.9488144.59, 41.54, 36.45, 29.52,
27.59, 27.73. MS (ESI), m/z: 359.27 [M+H]
N-(adamantan-2-yl)-6-(cyclopentylamino)-4-isopropyl pyridazine-3-carboxamide (36)

Yellow solid. Yield: 10.2%. Mp: 138.8-139.2 °84 NMR (CDCl, 500 MHz):6 8.36 (d,J
= 8.0 Hz, 1H), 6.55 (s, 1H), 4.81 @@= 6.0 Hz, 1H), 4.31-4.24 (m, 2H), 4.21-4.19 (m)1H
2.17-2.11 (m, 2H), 2.04 (s, 2H), 1.98 (= 13.0 Hz, 2H), 1.89-1.86 (m, 6H), 1.79-1.76 (m,
4H), 1.70-1.68 (m, 2H), 1.65 (d,= 13.0 Hz, 2H), 1.54-1.50 (m, 2H), 1.23 (s, 3HR2L(s,
3H). 3¢ NMR (CDCh, 125 MHz):6 164.28, 159.76, 151.25, 143.88, 110.23, 53.38243.
37.66, 37.26, 33.38, 32.11, 32.00, 27.60, 27.32%723.81, 22.80. MS (ESI), m/z: 383.28
[M+H] ™.
N-(adamantan-2-yl)-6-(butylamino)-4-isopropyl pyridazne-3-carboxamide (37)

White solid. Yield: 40.5%. Mp: 116.2-117.7 %€ NMR (CDCk, 500 MHz):5 8.38 (d,J =
8.0 Hz, 1H), 6.56 (s, 1H), 4.89 (s, 1H), 4.30-4@¥% 1H), 4.20 (dJ = 8.5 Hz, 1H), 3.50-3.46
(m, 2H), 2.03 (s, 2H), 1.97 (d,= 13.0 Hz, 2H), 1.88-1.86 (m, 6H), 1.76 (s, 2H}(t1.63

(m, 4H), 1.49-1.42 (m, 2H), 1.23 (s, 3H), 1.2238l), 0.97 (t,J = 7.5 Hz, 3H).*C NMR

28



(CDCl3, 125 MHz):6 164.27, 160.06, 151.30, 144.10, 109.91, 53.35/14137.64, 37.27,
32.10, 31.98, 31.51, 27.61, 27.32, 27.28, 22.824£013.81. MS (ESI), m/z: 371.30 [M+H]
N-(adamantan-2-yl)-6-((2-hydroxyethyl)amino)-4-isopropyl pyridazine-3-car boxamide (38)
White solid. Yield: 28.5%. Mp: 79.4-82.0 °&4 NMR (CDCk, 500 MHz):8 8.19 (s, 1H),
6.64 (s, 1H), 5.90 (s, 1H), 4.23-4.19 (m, 2H), 33931 (m, 2H), 3.67-3.65 (m, 2H), 2.03 (s,
2H), 1.97(d,J = 13.0 Hz, 2H), 1.88-1.86 (m, 6H), 1.76 (s, 2HB6L(d,J = 13.0 Hz, 2H),
1.23 (s, 3H), 1.21 (s, 3H}’C NMR (CDCE, 125 MHz):5 164.14, 160.18, 151.52, 144.61,
111.12, 61.88, 53.46, 44.54, 37.60, 37.24, 32.0863 27.69, 27.29, 27.25, 22.78. MS (ESI),
m/z: 359.28 [M+H].
N-(adamantan-2-yl)-4-isopropyl-6-(piperidin-1-yl ) pyridaz ne-3-carboxamide (39)
White solid. Yield: 55.7%. Mp: 175.4-176.9 o NMR (CDCk, 500 MHz):6 8.39 (d,J
= 8.0 Hz, 1H), 6.80 (s, 1H), 4.32-4.27 (m, 1H), 24220 (m, 1H), 3.72 (§ = 5.5 Hz, 4H),
2.04 (s, 2H), 1.99 (d] = 13.0 Hz, 2H), 1.89-1.85 (m, 6H), 1.76 (s, 2H}2t1.66 (m, 8H),
1.25 (s, 3H), 1.24 (s, 3HY’C NMR (CDCE, 125 MHz):5 164.33, 160.47, 150.96, 143.01,
108.77, 53.34, 46.01, 37.65, 37.27, 32.10, 31.997(72 27.31, 27.29, 25.46, 24.55, 22.91.
MS (ESI), m/z: 383.28 [M+H]
N-(adamantan-2-yl)-4-isopr opyl -6-(4-methyl pi per azin-1-yl)pyridazine-3-car boxamide (40)
Yellow solid. Yield: 28.9%. Mp: 154.8-155.8 °84 NMR (CDCl, 500 MHz):6 8.38 (d,J
= 8.0 Hz, 1H), 6.82 (s, 1H), 4.33-4.28 (m, 1H), 24220 (m, 1H), 3.77 (§ = 5.0 Hz, 4H),
2.57 (t,d = 5.0 Hz, 4H), 2.37 (s, 3H), 2.04 (s, 2H), 1.98J& 12.5 Hz, 2H), 1.89-1.86 (m,
6H), 1.76 (s, 2H), 1.65 (d,= 12.5 Hz, 2H), 1.26 (s, 3H), 1.24 (s, 3C NMR (CDC}, 125

MHz): 6 164.15, 160.52, 151.19, 143.79, 108.99, 54.588&%316.15, 44.70, 37.62, 37.25,
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32.08, 31.98, 27.80, 27.30, 27.27, 22.89. MS (B84}, 398.31 [M+H].
N-(adamantan-2-yl)-6-(cyclohexylamino)-4-isopropyl pyridazine-3-carboxamide (41)

White solid. Yield: 62.8%. Mp: 189.4-190.7 o NMR (CDCk, 500 MHz):6 8.33 (d,J
= 8.0 Hz, 1H), 6.52 (s, 1H), 4.81-4.80 (m, 1H), 4®22 (m, 1H), 4.20-4.18 (m, 1H),
3.93-3.92 (m, 1H), 2.11-2.08 (m, 2H), 2.02 (s, 2H¥7 (d,J = 13.0 Hz, 2H), 1.87-1.84 (m,
6H), 1.79-1.76 (m, 2H), 1.75 (s, 2H), 1.68-1.67 (iH), 1.64 (d,J = 13.0 Hz, 2H), 1.48-1.39
(m, 2H), 1.29-1.24 (m, 3H), 1.21 (s, 3H), 1.20 38i). 3C NMR (CDCE, 125 MHz):§
164.33, 159.31, 151.14, 143.98, 110.39, 53.39,%49%9.64, 37.27, 33.20, 32.09, 31.98,
27.56, 27.32, 27.30, 25.65, 24.79, 22.79. MS (B84}, 397.30 [M+H].
N-(adamantan-2-yl)-6-(cyclopr opylamino)-4-isopropyl pyridazine-3-carboxamide (42)

White solid. Yield: 81.6%. Mp: 224.5-225.9 o NMR (CDCk, 500 MHz):6 8.39 (d,J
= 8.0 Hz, 1H), 6.89 (s, 1H), 6.00-5.96 (M, 1H), %828 (m, 1H), 4.20 (d] = 8.0 Hz, 1H),
2.66-2.62 (m, 1H), 2.04 (s, 2H), 1.97 (= 13.0 Hz, 2H), 1.90-1.86 (m, 6H), 1.76 (s, 2H),
1.65 (d,J = 12.5 Hz, 2H), 1.26 (s, 3H), 1.25 (s, 3H), 0.9870(m, 2H), 0.66-0.63 (m, 2H).
¥C NMR (CDCB, 125 MHz):6 164.27, 161.87, 151.77, 144.51, 108.76, 53.3B33R7.27,
32.12, 32.01, 27.70, 27.34, 27.30, 23.76, 22.80.MS (ESI), m/z: 355.27 [M+H]
N-(adamantan-2-y1)-6-((cyclopropyl methyl)amino)-4-isopropyl pyridazine-3-carboxamide
(43)

White solid. Yield: 31.3%. Mp: 138.3-139.5 o NMR (CDCk, 500 MHz):6 8.38 (d,J
= 8.0 Hz, 1H), 8.59 (s, 1H), 4.97 (s, 1H), 4.3054(, 1H), 4.20 (dJ = 8.5 Hz, 1H),
3.36-3.34 (m, 2H), 2.03 (s, 2H), 1.98 (d= 13.0 Hz, 2H), 1.90-1.86 (m, 6H), 1.76 (s, 2H),

1.65 (d,J = 12.5 Hz, 2H), 1.24 (s, 3H), 1.22 (s, 3H), 1.182L(m, 1H), 0.62-0.58 (m, 2H),
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0.32-0.29 (m, 2H).13C NMR (CDCk, 125 MHz):6 164.24, 159.82, 151.32, 144.19, 110.21,
53.34, 46.96, 37.64, 37.26, 32.10, 31.99, 27.61312727.28, 22.83, 10.73, 3.59. MS (ESI),
m/z: 369.29 [M+H].
N-(adamantan-2-yl)-4-isopr opyl -6-((3-methyl butan-2-yl)Jamino)pyridazne-3-car boxamide
(44)

White solid. Yield: 33.0%. Mp: 167.2-168.7 o NMR (CDCk, 500 MHz):6 8.36 (d,J
= 8.0 Hz, 1H), 6.54 (s, 1H), 4.72 (s, 1H), 4.2944(, 1H), 4.20 (dJ = 8.5 Hz, 1H),
4.04-4.01 (m, 1H), 2.03 (s, 2H), 1.98 (= 13.5 Hz, 2H), 1.90-1.86 (m, 7H), 1.76 (s, 2H),
1.65 (d,J = 12.5 Hz, 2H), 1.24-1.21 (m, 9H), 1.01 (d= 7.0 Hz, 3H), 0.97 (d] = 7.0 Hz,
3H). 3¢ NMR (CDCh, 125 MHz):6 164.26, 159.72, 151.31, 143.95, 110.25, 53.3@152.
37.65, 37.27, 32.93, 32.10, 31.99, 27.61, 27.383®22.83, 22.80, 18.85, 18.13, 17.23. MS
(ESI), m/z: 385.30 [M+H].
N-(adamantan-2-yl)-5-isopropyl-6-(piperidin-1-yl ) pyridaz ne-3-carboxamide (46)

White solid. Yield: 92.6%. Mp: 227.7-228.5 o NMR (CDCl, 500 MHz):6 8.50 (d,J
= 8.0 Hz, 1H), 8.04 (s, 1H), 4.27-4.25 (m, 1H),8(2 J = 5.0 Hz, 4H), 3.16-3.11 (m, 1H),
2.03 (s, 2H), 1.99 (d] = 13.5 Hz, 2H), 1.93-1.87 (m, 6H), 1.76-1.74 (rH))61.68-1.65 (m,
4H), 1.28 (s, 3H), 1.27 (s, 3H*C NMR (CDCE, 125 MHz):§ 164.92, 162.34, 149.10,
142.98, 124.14, 53.42, 52.41, 37.60, 37.19, 3817, 27.66, 27.29, 27.22, 26.02, 24.28,
23.06. MS (ESI), m/z: 383.29 [M+H]
N-(adamantan-2-yl)-6-(cyclohexylamino)-5-isopropyl pyridazine-3-carboxamide (47)

White solid. Yield: 34.2%. Mp: 184.7-185.9 o NMR (CDCk, 500 MHz):6 8.35 (d,J

= 8.0 Hz, 1H), 7.85 (s, 1H), 4.49 @ = 7.5 Hz, 1H), 4.34-4.28 (m, 1H), 4.25-4.23 (m)1H
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2.70-2.64 (m, 1H), 2.18-2.15 (m, 2H), 2.03 (s, 2MP0 (d,J = 13.0 Hz, 2H), 1.92-1.86 (m,
6H), 1.79-1.78 (m, 2H), 1.76 (s, 2H), 1.70-1.67 (H), 1.64 (dJ = 12.5 Hz, 2H), 1.53-1.45
(m, 2H), 1.29 (s, 3H), 1.28 (s, 3H), 1.30-1.24 @H). 3C NMR (CDCE, 125 MHz):§
163.02, 156.92, 145.56, 132.85, 121.48, 53.38,24%9.62, 37.21, 33.34, 32.13, 31.86,
27.29, 27.24, 26.97, 25.79, 24.94, 20.70. MS (B84}, 397.31 [M+H].
N-(adamantan-2-yl)-6-(cyclopentylamino)-5-isopropyl pyridazine-3-carboxamide (48)

White solid. Yield: 53.9%. Mp: 186.1-186.9 o NMR (CDCk, 500 MHz):6 8.38 (d,J
= 8.0 Hz, 1H), 7.85 (s, 1H), 4.66-4.62 (m, 1H),14%658 (m, 1H), 4.25-4.24 (d,= 8.0 Hz,
1H), 2.70-2.64 (m, 1H), 2.25-2.19 (m, 2H), 2.032), 1.99 (d,] = 13.0 Hz, 2H), 1.92-1.86
(m, 6H), 1.78-1.69 (m, 6H), 1.64 (d= 12.5 Hz, 2H), 1.55-1.48 (m, 2H), 1.29 (s, 3HR71
(s, 3H).13C NMR (CDCB, 125 MHz):6 163.00, 157.29, 145.62, 133.03, 121.34, 53.4Q4%3.
37.63, 37.21, 33.56, 32.15, 31.86, 27.29, 27.2802&3.81, 20.73. MS (ESI), m/z: 383.28
[M+H] ™.

N-(adamantan-2-yl)-6-((cyclopropyl methyl)amino)-5-isopropyl pyridazine-3-carboxamide
(49)

White solid. Yield: 27.4%. Mp: 202.5-203 °84 NMR (CDCk, 500 MHz):$ 8.41 (d,J =
8.0 Hz, 1H), 7.88 (s, 1H), 4.78-4.76 (m, 1H), 4(85J = 8.5 Hz, 1H), 3.53-3.51 (m, 2H),
2.78-2.73 (m, 1H), 2.04 (s, 2H), 2.00 (= 13.0 Hz, 2H), 1.93-1.87 (m, 6H), 1.77 (s, 2H),
1.65 (d,J = 14.0 Hz, 2H), 1.33 (s, 3H), 1.31 (s, 3H), 1.2481(m, 1H), 0.63-0.59 (m, 2H),
0.34-0.31 (m, 2H).13C NMR (CDCk, 125 MHz):6 162.92, 157.53, 145.92, 133.12, 121.40,
53.33, 47.37, 37.65, 37.23, 32.19, 31.89, 27.32&727.04, 20.77, 10.76, 3.56. MS (ESI),

m/z: 369.27 [M+H].
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N-(adamantan-2-yl)-6-(butylamino)-5-isopropyl pyridazne-3-carboxamide (50)

White solid. Yield: 45.8%. Mp: 78.6-79.9 °¢H NMR (CDCk, 500 MHz):5 8.39 (d,J =
8.5 Hz, 1H), 7.86 (s, 1H), 4.66-4.64 (m, 1H), 4(84J = 8.5 Hz, 1H), 3.70-3.66 (m, 2H),
2.72-2.66 (m, 1H), 2.03 (s, 2H), 1.99 (= 13.5 Hz, 2H), 1.92-1.86 (m, 6H), 1.76 (s, 2H),
1.74-1.68 (m, 2H), 1.64 (d,= 12.5 Hz, 2H), 1.50-1.42 (m, 2H), 1.30 (s, 3HRAL(s, 3H).
¥C NMR (CDCB, 125 MHz):6 162.95, 157.55, 145.71, 133.10, 121.34, 53.3@A A7.61,
37.19, 32.15, 31.86, 31.53, 27.28, 27.22, 27.01772®0.33, 13.89. MS (ESI), m/z: 371.28
[M+H] ™.

N-(adamantan-2-yl)-5-isopropyl -6-(pentan-3-ylamino)pyridazine-3-carboxamide (51)

Yellow oil. Yield: 18.7%.*H NMR (CDCk, 500 MHz):$ 8.37 (d,J = 8.0 Hz, 1H), 7.86 (s,
1H), 4.46-4.42 (m, 1H), 4.35 (d,= 8.5 Hz, 1H), 4.25 (d] = 8.0 Hz, 1H), 2.72-2.66 (m, 1H),
2.03 (s, 2H), 2.00 (d] = 13.0 Hz, 2H), 1.93-1.86 (m, 6H), 1.78-1.73 (rh)41.65 (d,J =
13.0 Hz, 2H), 1.62-1.56 (m, 2H), 1.32 (s, 3H), 1(803H), 0.97 (tJ = 7.5 Hz, 6H).2°C
NMR (CDCl, 125 MHz):6 163.00, 157.69, 145.51, 132.70, 121.46, 53.4336,337.64,
37.23, 32.17, 31.88, 27.30, 27.26, 27.05, 26.94,500.13. MS (ESI), m/z: 385.30 [M+H]
N-(adamantan-2-yl)-6-((2-hydroxyethyl)amino)-5-isopropyl pyridazine-3-carboxamide (52)

White solid. Yield: 93.9%. Mp: 73.1-75.1 °¢H NMR (CDCk, 500 MHz):5 8.35 (d,J =
8.0 Hz, 1H), 7.88 (s, 1H), 5.27-5.25 (m, 1H), 4(83J = 8.0 Hz, 1H), 3.95 () = 4.5 Hz,
2H), 3.87-3.84 (q, 2H), 2.78-2.72 (m, 1H), 2.032H), 1.98 (dJ = 13.0 Hz, 2H), 1.90-1.87
(m, 6H), 1.76 (s, 2H), 1.66 (d,= 12.5 Hz, 2H), 1.30 (s, 3H), 1.28 (s, 3L} NMR (CDCE,
125 MHz): 8 162.78, 157.97, 146.12, 133.99, 121.71, 62.2338%344.74, 37.58, 37.18,

32.13, 31.88, 27.26, 27.19, 27.08, 20.78. MS (E8M); 359.27 [M+H].
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5.1.13. General procedures for the preparation of pyridazine-3-carboxamide derivatives 45
and 53

Aromatic amines (0.18 mmol) aridN-diisopropylethylamine (61.L) were added into a
solution of intermediate compourfic or 20f (0.12 mmol) in acetonitrile (2 mL), and the
reaction was heated under reflux overnight. Thenntiixture was heated at 160 °C until the
reaction was completed (TLC monitoring). After daglto room temperature, the reaction
mixture was poured into water and extracted withyleticetate. The organic layer was
washed with saturated NaCl aqueous solution, driedst anhydrous MgSf)and evaporated
in vacuo. The residue was purified by flash chromatographysilica gel (200-300 mesh,
hexane: ethyl acetate = 5:1 to 4:1) to obtain traoundst5 and53.
N-(adamantan-2-yl)-6-((3-chlorophenyl)amino)-4-isopropyl pyridazine-3-carboxamide (45)

White solid. Yield: 19.2%. Mp: 178.2-179.0 o NMR (CDCk, 500 MHz):6 8.33 (d,J
= 8.0 Hz, 1H), 7.92 (s, 1H), 7.52-7.51 (m, 1H),6¢834 (m, 1H), 7.30 (1 = 7.5 Hz, 1H),
7.11 (d,J = 8.0 Hz, 1H), 7.08 (s, 1H), 4.33-4.28 (m, 1HR%44.23 (m, 1H), 2.07 (s, 2H),
1.96 (d,J = 13.5 Hz, 2H), 1.90 (s, 6H), 1.78 (s, 2H), 1.88)= 12.5 Hz, 2H), 1.25 (s, 3H),
1.23 (s, 3H).13C NMR (CDC, 125 MHz):6 163.80, 158.40, 152.09, 146.05, 140.28, 135.15,
130.47, 123.95, 120.67, 118.67, 111.49, 53.57,B73.23, 32.06, 32.04, 27.83, 27.30,
27.24, 22.78. MS (ESI), m/z: 425.21 [M+H]
N-(adamantan-2-yl)-6-((3-chlorophenyl)amino)-5-isopropyl pyridazine-3-carboxamide (53)

White solid. Yield: 11.1%. Mp: 219.1-220.0 °& NMR (CDCk, 500 MHz):5 8.41 (d,J
= 8.0 Hz, 1H), 8.05 (s, 1H), 7.75-7.74 (m, 1H),5¢553 (m, 1H), 7.32 (1 = 8.0 Hz, 1H),

7.11 (d,J = 8.0 Hz, 1H), 6.53 (s, 1H), 4.28-4.26 (m, 1HPR2.89 (m, 1H), 2.06 (s, 2H),
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2.00 (d,J = 13.0 Hz, 2H), 1.91-1.89 (m, 6H), 1.78 (s, 2HF7L(d,J = 13.0 Hz, 2H), 1.40 (s,
3H), 1.38(s, 3H)'3C NMR (CDCE, 125 MHz):8 162.37, 155.95, 147.97, 140.30, 134.78,
134.63, 130.10, 123.81, 122.60, 121.13, 119.1%FHHB7.61, 37.21, 32.11, 31.91, 27.37,

27.29, 27.24, 21.07. MS (ESI), m/z: 425.20 [MiH]

5.2. Biological assays

Chinese hamster ovarian (CHO) cells stably expngs&nl6 with either CB1 or CB2
receptor were seeded onto 96-well plates and irtedbfar 24 h. Cells were loaded with 2
uM fluo-4 AM in Hanks balanced salt solution (HBS&ntaining 5.4 mM KCI, 0.3 mM
N&HPQO,, 0.4 mM KHPO,, 4.2 mM NaHCQ, 1.3 mM CaC, 0.5 mM MgC}, 0.6 mM
MgSQOy, 137.0 mM NacCl, 5.6 mM D-glucose and 2@ sulfinpyrazone, pH 7.4) at 37 °C
for 45 min. In the agonist mode, pQ HBSS was added to the dye-load cells, angi25f
the test compounds with variable concentrationgirgnfrom 10 pM to 10uM, CP55940
(positive control) or DMSO (negative control) wexeded with FlexStation. Meanwhile, the
intracellular calcium change was recorded at aritai@n wavelength of 485 nm and an
emission wavelength of 525 nm. In the antagonisdenthe excess dye was removed and 50
uL HBSS containing test compounds, SR141716A (pasitontrol) or DMSO (negative
control) was added. After 10 min incubation at rotemperature, 2L CP55940 was
dispensed into the wells using a FlexStation miatepreader, and intracellular calcium
change was recorded at an excitation wavelengd86fnm and an emission wavelength of
525 nm. All experiments were performed in tripleeaEGo and 1G, values were analyzed

with sigmoidal dose-response curve fitting usingPad Prism.
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5.3. Docking simulations

The 3D structures of all studied ligands are cames¢d using the SKETCH molecule of
Sybyl-X1.3 software [47]. The geometry optimizatioh all compounds is carried out by
using the Tripos force field with the Gasteiger-Keic atomic charge, and repeated
minimization is performed using Powell conjugatechdient algorithm method with a
convergence criterion of 0.001 kcal/(nf9l. The binding site of CB2 receptor homology
model was determined on the basis of our previaudighed data [53]. Flexible docking
simulations were performed to predict the possiiieling conformations of each ligand in
the active pocket of CB2 receptor using the Flexibmethod of Sybyl-X1.3 [47]. Prior to
docking simulations, a binding pocket was elucidasking into account the area around 5 A
of the ligand in the initial receptor-ligand compl®uring the docking process, all the single
bonds of the ligand as well as the side chaingesiiues within the potential binding pocket
were regarded as rotatable bonds, and the ligasdhll@aved to move freely. The H-bonding
sites were marked for the suitable atoms of bo¢hGB2 receptor and ligand, and the top 20
scored receptor-ligand complexes were kept forh@rrtanalysis. For each system, the
obtained 20 best scoring complex models have vienyas 3D structures with little different
energies. Therefore, only one best CB2-ligand cemplvas selected to analyze the

interaction modes of our synthesized ligand witl2G8ceptor.
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Appendix A. Supplementary data

Supplementary data related to this article candumd at_http://www.sciencedirect.com.
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References

[1] J.C. Ashton, J.L. Wright, J.M. McPartland, J.D. Tyndall, Cannabinoid CB1 and CB2 receptor ligand specificity
and the development of CB2-selective agonists, Curr. Med. Chem., 15 (2008) 1428-1443.

[2] L.A. Matsuda, S.J. Lolait, M.J. Brownstein, A.C. Young, T.l. Bonner, Structure of a cannabinoid receptor and
functional expression of the cloned cDNA, Nature, 346 (1990) 561-564.

[3] S. Munro, K.L. Thomas, M. Abu-Shaar, Molecular characterization of a peripheral receptor for cannabinoids,
Nature, 365 (1993) 61-65.

[4] P. Pacher, S. Batkai, G. Kunos, The endocannabinoid system as an emerging target of pharmacotherapy,
Pharmacol. Rev., 58 (2006) 389-462.

[5] M.R. Elphick, M. Egertova, The neurobiology and evolution of cannabinoid signalling, Philos. Trans. R. Soc.
Lond. B Biol. Sci., 356 (2001) 381-408.

[6] R.P. Picone, D.A. Kendall, Minireview: from the bench, toward the clinic: therapeutic opportunities for
cannabinoid receptor modulation, Mol. Endocrinol., 29 (2015) 801-813.

[7] G.A. Thakur, S.P. Nikas, A. Makriyannis, CB1 cannabinoid receptor ligands, Mini-Rev. Med. Chem., 5 (2005)
631-640.

[8] D. Jones, End of the line for cannabinoid receptor 1 as an anti-obesity target?, Nat. Rev. Drug Discov., 7
(2008) 961-962.

[9] I. Svizenskd, P. Dubovy, A. Sulcova, Cannabinoid receptors 1 and 2 (CB1 and CB2), their distribution, ligands
and functional involvement in nervous system structures-a short review, Pharmacol. Biochem. Be., 90 (2008)
501-511.

[10] R. Feng, C.A. Milcarek, X.-Q. Xie, Antagonism of cannabinoid receptor 2 pathway suppresses IL-6-induced
immunoglobulin IgM secretion, BMC Pharmacol. Toxicol., 15 (2014) 30.

[11] P. Massi, A. Vaccani, D. Parolaro, Cannabinoids, immune system and cytokine network, Curr. Pharm. Des.,
12 (2006) 3135-3146.

[12] G.A. Cabral, L. Griffin-Thomas, Emerging role of the cannabinoid receptor CB 2 in immune regulation:

37



therapeutic prospects for neuroinflammation, Expert Rev. Mol. Med., 11 (2009) e3.

[13] M. Beltramo, Cannabinoid type 2 receptor as a target for chronic-pain, Mini-Rev. Med. Chem., 9 (2009)
11-25.

[14] J. Guindon, A. Hohmann, Cannabinoid CB2 receptors: a therapeutic target for the treatment of
inflammatory and neuropathic pain, Br. J. Pharmacol., 153 (2008) 319-334.

[15] M. Karsak, M. Cohen-Solal, J. Freudenberg, A. Ostertag, C. Morieux, U. Kornak, J. Essig, E. Erxlebe, I. Bab, C.
Kubisch, Cannabinoid receptor type 2 gene is associated with human osteoporosis, Hum. Mol. Genet., 14 (2005)
3389-3396.

[16] N.E. Campillo, J. Paez, Cannabinoid system in neurodegeneration: new perspectives in Alzheimer's disease,
Mini-Rev. Med. Chem., 9 (2009) 539-559.

[17] M.A. Tabrizi, P.G. Baraldi, P.A. Borea, K. Varani, Medicinal chemistry, pharmacology, and potential
therapeutic benefits of cannabinoid CB2 receptor agonists, Chem. Rev., 116 (2016) 519-560.

[18] S. Han, J.-J. Chen, J.-Z. Chen, Latest progress in the identification of novel synthetic ligands for the
cannabinoid CB2 receptor, Mini-Rev. Med. Chem., 14 (2014) 426-443.

[19] S. Han, J. Thatte, D.J. Buzard, R.M. Jones, Therapeutic utility of cannabinoid receptor type 2 (CB2) selective
agonists, J. Med. Chem., 56 (2013) 8224-8256.

[20] D. Riether, Selective cannabinoid receptor 2 modulators: a patent review 2009-present, Expert Opin. Ther.
Pat., 22 (2012) 495-510.

[21] R.G. Pertwee, A. Howlett, M.E. Abood, S. Alexander, V. Di Marzo, M. Elphick, P. Greasley, H.S. Hansen, G.
Kunos, K. Mackie, International Union of Basic and Clinical Pharmacology. LXXIX. Cannabinoid receptors and
their ligands: beyond CB1 and CB2,, Pharmacol. Rev., 62 (2010) 588-631.

[22] K.J. Valenzano, L. Tafesse, G. Lee, J.E. Harrison, J.M. Boulet, S.L. Gottshall, L. Mark, M.S. Pearson, W. Miller,
S. Shan, L. Rabadi, Pharmacological and pharmacokinetic characterization of the cannabinoid receptor 2
agonist, GW405833, utilizing rodent models of acute and chronic pain, anxiety, ataxia and catalepsy,
Neuropharmacology, 48 (2005) 658-672.

[23] C. Lombard, M. Nagarkatti, P. Nagarkatti, CB2 cannabinoid receptor agonist, JWH-015, triggers apoptosis in
immune cells: potential role for CB2-selective ligands as immunosuppressive agents, Clin. Immunol., 122 (2007)
259-270.

[24] M.M. Ibrahim, H. Deng, A. Zvonok, D.A. Cockayne, J. Kwan, H.P. Mata, TW. Vanderah, J. Lai, F. Porreca, A.
Makriyannis, Activation of CB2 cannabinoid receptors by AM1241 inhibits experimental neuropathic pain: pain
inhibition by receptors not present in the CNS, Proc. Natl. Acad. Sci. USA, 100 (2003) 10529-10533.

[25] H. lwamura, H. Suzuki, Y. Ueda, T. Kaya, T. Inaba, In vitro and in vivo pharmacological characterization of
JTE-907, a novel selective ligand for cannabinoid CB2 receptor, J. Pharmacol. Exp. Ther., 296 (2001) 420-425.
[26] T. Maekawa, H. Nojima, Y. Kuraishi, K. Aisaka, The cannabinoid CB2 receptor inverse agonist JTE-907
suppresses spontaneous itch-associated responses of NC mice, a model of atopic dermatitis, Eur. J. Pharmacol.,
542 (2006) 179-183.

[27] G.M. Giblin, CT. O'Shaughnessy, A. Naylor, W.L. Mitchell, A.J. Eatherton, B.P. Slingsby, D.A. Rawlings, P.
Goldsmith, A.J. Brown, C.P. Haslam, Discovery of 2-[(2,4-dichlorophenyl)amino]-N-[(tetrahydro-2H-pyran-4-
yl)methyl]-4-(trifluoromethyl)-5-pyrimidinecarboxamide, a selective CB2 receptor agonist for the treatment of
inflammatory pain, J. Med. Chem., 50 (2007) 2597-2600.

[28] GlaxoSmithKline, Dental pain 3rd molar tooth extraction GW842166,
https://clinicaltrials.gov/ct2/show/NCT00444769eidifier: NCT00444769.

[29] M. Odan, N. Ishizuka, Y. Hiramatsu, M. Inagaki, H. Hashizume, Y. Fujii, S. Mitsumori, Y. Morioka, M. Soga, M.
Deguchi, Discovery of S-777469: an orally available CB2 agonist as an antipruritic agent, Bioorg. Med. Chem.

38



Lett., 22 (2012) 2803-2806.

[30] T. Haruna, M. Soga, Y. Morioka, I. Hikita, K. Imura, Y. Furue, M. Yamamoto, C. Imura, M. lkeda, A. Yamauchi,
S-777469, a Novel Cannabinoid Type 2 Receptor Agonist, Suppresses ltch-Associated Scratching Behavior in
Rodents through Inhibition of Itch Signal Transmission,, Pharmacology, 95 (2015) 95-103.

[31] Shionogi Inc. A randomized, double-blind study to evaluate the safety and efficacy of 2 doses of $-777469
in patients with atopic dermatitis., https://clinicaltrials.gov/ct2/show/NCT00703573eidifier: NCT00703573.
[32] C. Mugnaini, A. Brizzi, A. Ligresti, M. Allara, S. Lamponi, F. Vacondio, C. Silva, M. Mor, V. Di Marzo, F. Corelli,
Investigations on the 4Fquinolone-3-carboxylic acid motif. 7. Synthesis and pharmacological evaluation of
4Rlquinolone-3-carboxamides and 4Bhydroxy-2-quinolone-3-carboxamides as high affinity cannabinoid
receptor 2 (CB2R) Ligands with Improved Aqueous Solubility J. Med. Chem., 59 (2016) 1052-1067.

[33] H.-Y. Qian, Z.-L. Wang, Y.-L. Pan, L.-L. Chen, X. Xie, J.-Z. Chen, Development of quinazoline/
pyrimidine-2,4(1H,3H)diones as agonists of cannabinoid receptor type 2, ACS Med. Chem. Lett., (2017) DOI:
10.1021/acsmedchemlett.7b00007.

[34] B.A. Ellsworth, P.M. Sher, X. Wu, G. Wu, R.B. Sulsky, Z. Gu, N. Murugesan, Y. Zhu, G. Yu, D.F. Sitkoff, K.E.
Carlson, L. Kang, Y. Yang, N. Lee, R.A. Baska, W.J. Keim, M.J. Cullen, AV. Azzara, E. Zuvich, M.A. Thomas, K.W.
Rohrbach, J.J. Devenny, H.E. Godonis, S.J. Harvey, B.J. Murphy, G.G. Everlof, P.I. Stetsko, O. Gudmundsson, S.
Johnghar, A. Ranasinghe, K. Behnia, M.A. Pelleymounter, W.R. Ewing, Reductions in log P improved protein
binding and clearance predictions enabling the prospective design of cannabinoid receptor (CB1) antagonists
with desired pharmacokinetic properties, J. Med. Chem., 56 (2013) 9586-9600.

[35] W.L. Mitchell, G.M. Giblin, A. Naylor, A.J. Eatherton, B.P. Slingsby, A.D. Rawlings, K.S. Jandu, C.P. Haslam, A.J.
Brown, P. Goldsmith, Pyridine-3-carboxamides as novel CB2 agonists for analgesia, Bioorg. Med. Chem. Lett., 19
(2009) 259-263.

[36] R.J. Gleave, P.J. Beswick, A.J. Brown, G.M. Giblin, P. Goldsmith, C.P. Haslam, W.L. Mitchell, N.H. Nicholson,
L.W. Page, S. Patel, Synthesis and evaluation of 3-amino-6-aryl-pyridazines as selective CB 2 agonists for the
treatment of inflammatory pain, Bioorg. Med. Chem. Lett., 20 (2010) 465-468.

[37]1 T. Zhu, L.-Y. Fang, X. Xie, Development of a universal highthroughput calcium assay for G-protein-coupled
receptors with promiscuous G-protein Ga15/16, Acta Pharmacol. Sin., 29 (2008) 507-516.

[38] S. Hussain, A. Khan, S. Gul, M. Resmini, C.S. Verma, EW. Thomas, K. Brocklehurst, Identification of
interactions involved in the generation of nucleophilic reactivity and of catalytic competence in the catalytic
site Cys/His ion pair of papain, Biochemistry, 50 (2011) 10732-10742.

[39] S. Konno, M. Sagi, F. Siga, H. Yamanaka, Synthesis of 6-alkylamino-3-pyridazinecarboxylic acid derivatives
from methyl 6-chloro-3-pyridazine-carboxylate, Heterocycles, 34 (1992) 225-228.

[40] V. Uto, Y. Kiyotsuka, Y. Ueno, Y. Miyazawa, H. Kurata, T. Ogata, T. Deguchi, M. Yamada, N. Watanabe, M.
Konishi, Novel spiropiperidine-based stearoyl-CoA desaturase-1 inhibitors: Identification of 1'-{6-[5-(pyridin-3-
ylmethyl)-1,3,4-oxadiazol-2-yl]pyridazin-3-yl}-5-(trifluoromethyl)-3,4-dihydrospiro-[chromene-2,4'-piperidine],
Bioorg. Med. Chem. Lett., 20 (2010) 746-754.

[41] A. Volonterio, L. Moisan, J. Rebek, Synthesis of pyridazine-based scaffolds as a-helix mimetics, Org. Lett., 9
(2007) 3733-3736.

[42] R.E. Hackler, W.R. Arnold, W.C. Dow, G.W. Johnson, S.V. Kaster, Structure-activity relationships in (haloalkyl)
pyridazines: a new class of systemic fungicides, J. Agric. Food Chem., 38 (1990) 508-514.

[43] C. Lunniss, C. Eldred, N. Aston, A. Craven, K. Gohil, B. Judkins, S. Keeling, L. Ranshaw, E. Robinson, T. Shipley,
Addressing species specific metabolism and solubility issues in a quinoline series of oral PDE4 inhibitors, Bioorg.
Med. Chem. Lett., 20 (2010) 137-140.

[44] B.B. Yao, G.C. Hsieh, J.M. Frost, Y. Fan, T.R. Garrison, AV. Daza, G.K. Grayson, C.Z. Zhu, M. Pai, P. Chandran,

39



A.K. Salyers, E.J. Wensink, P. Honore, J.P. Sullivan, M.J. Dart, M.D. Meyer, In vitro and in vivo characterization of
A-796260: a selective cannabinoid CB2 receptor agonist exhibiting analgesic activity in rodent pain models, Br. J.
Pharmacol., 153 (2008) 390-401.

[45] ACD/ADME Suite, version 5, Advanced Chemistry Development, Inc., in, 110 Yonge Street, Toronto, Ontario
M5C 1T4, Canada.

[46] T. Bohnert, C. Prakash, ADME Profiling in Drug Discovery and Development: An Overview, in: A.V. Lyubimov
(Ed.) Encyclopedia of Drug Metabolism and Interactions, 6-Volume Set, John Wiley & Sons, Inc, 2012.

[47] Sybyl Molecular Modeling Software Packages, version X1.3, Tripos Associates, St. Louis, MO63144, 2011.
[48] S. Han, F.-F. Zhang, X. Xie, J.-Z. Chen, Design, synthesis, biological evaluation, and comparative docking
study of 1, 2, 4-triazolones as CB1 receptor selective antagonists, Eur. J. Med. Chem., 74 (2014) 73-84.

[49] Z. Feng, M.H. Algarni, P. Yang, Q. Tong, A. Chowdhury, L. Wang, X.-Q. Xie, Modeling, molecular dynamics
simulation, and mutation validation for structure of cannabinoid receptor 2 based on known crystal structures
of GPCRs, J. Chem. Inf. Model., 54 (2014) 2483-2499.

[50] E. Cichero, A. Ligresti, M. Allara, V. di Marzo, Z. Lazzati, P. D'Ursi, A. Marabotti, L. Milanesi, A. Spallarossa, A.
Ranise, Homology modeling in tandem with 3D-QSAR analyses: a computational approach to depict the agonist
binding site of the human CB2 receptor, Eur. J. Med. Chem., 46 (2011) 4489-4505.

[51] M.H. Rhee, I. Nevo, M.L. Bayewitch, O. Zagoory, Z. Vogel, Functional role of tryptophan residues in the
fourth transmembrane domainof the CB2 cannabinoid receptor, J. Neurochem., 75 (2000) 2485-2491.

[52] O.M. Salo, K.H. Raitio, J.R. Savinainen, T. Nevalainen, M. Lahtela-Kakkonen, J.T. Laitinen, T. Jarvinen, A. Poso,
Virtual screening of novel CB2 ligands using a comparative model of the human cannabinoid CB2 receptor, J.
Med. Chem., 48 (2005) 7166-7171.

[53] S. Han, F.-F. Zhang, H.-Y. Qian, L.-L. Chen, J.-B. Pu, X. Xie, J.-Z. Chen, Development of quinoline-2,4(1H,3H)-
diones as potent and selective ligands of the cannabinoid type 2 receptor, J. Med. Chem., 58 (2015) 5751-5769.
[54] V. Lucchesi, D.P. Hurst, D.M. Shore, S. Bertini, B.M. Ehrmann, M. Allara, L. Lawrence, A. Ligresti, F. Minutolo,
G. Saccomanni, H. Sharir, M. Macchia, V. Di Marzo, M.E. Abood, P.H. Reggio, C. Manera, CB2-selective
cannabinoid receptor ligands: synthesis, pharmacological evaluation, and molecular modeling investigation of
1,8-naphthyridin-2(1H)- one-3-carboxamides, J. Med. Chem., 57 (2014) 8777-8791.

[55] R.C. Evans, FY. Wiselogle, Studies in the pyridazine series. The absorption spectrum of pyridazine, J. Am.
Chem. Soc., 67 (1945) 60-62.

[56] J.A. King, F.H. McMillan, The Preparation of Some Pyridazonyl Acids, J. Am. Chem. Soc., 74 (1952)
3222-3224.

40



Figure captions:

Figure 1. Chemical structures of some representative canoats and the scaffold of our
synthesized pyridazine-3-carboxamides.

Figure 2. Docking results of CB2-agonig6 (A), CB2-agonis29 (B), CB2-agonisB7 (C),
and CB2-agonisB8 (D) complexes. The carbon atoms of F117/W258 marif shown in

purple, and the H-bonds are illustrated by greeshed lines.
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Scheme 1. Reagents and conditions: (a) pNH,-H,SQ,, NaOH, HO, 105 °C, overnight; (b)
AcOH, Br, H,O, reflux, overnight; (c) SOg| DMF, CH.CICH,CI, 68 °C, overnight; (d)
RoNH,, EtN, DCM, rt, overnight; (e) aliphatic amines, DIPEA,4-dioxane, reflux,
overnight; (f) EtOH, HCI, reflux, 14 h; (g) PO£I100 °C, 2 h; (h) RCOOH, (NH,;)>S,Os,
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Table 1. Agonist activities of compounddl-38 in CHO cells expressing CB1 or CB2 receptor deiechby calcium mobilization assays.

R4 o
l‘\ﬁ\s)ku Ry
Rs N{’Nz
CB1 EGy CB2 EGy CB2 Epmay’
No. R R, Rs clogD®  clogS SE
(nM) (95% CI, nM) (% of control)
A
21 H cyclohexyl Q) 167 238  >10000 >10000 i ;
A
22 H 1-adamantyl Q) 272 315  >10000 >10000 i ;
A
23 H 2-adamantyl @ 2.86 -2.60 >10000 8425 + 4183 79+5 >1
. ;\N
24 4-isopropyl cyclohexyl (}) 2.70 -2.79 >10000 594.0£72.2 91+1 >17
. ;\N
25 4-isopropyl  1-adamantyl (}) 3.65 -3.45 >10000 396.2£81.9 934 >25
. ;\N
26 4-isopropyl  2-adamantyl (}) 3.84 -2.88 >10000 3.665 £ 0.553 91+10 >2729
. ;\N
27 5-isopropyl cyclohexyl (}) 2.98 -2.88 >10000 969.7 £ 148.3 99+3 >10
. ;\N
28 5-isopropyl  1l-adamantyl (}) 3.76 -3.90 >10000 349.0 £ 34.2 125+ 2 >29
. ;\N
29 5-isopropyl  2-adamantyl (}) 3.74 -3.22 >10000 403.3+13.4 105+4 >25
30 4-isopropyl cyclohexyl S /O 4.10 -3.16 >10000 338.2 £53.3 78+4 >30

Iz
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31 4-isopropyl
32 4-isopropyl!
33 4-isopropyl
34 4-isopropyl
35 4-isopropyl!
36 4-isopropyl
37 4-isopropyl
38 4-isopropyl
GW842166X
CP55940

cyclohexyl & \H/\/\

cyclohexyl g’\”/\/OH

1-adamanty! ;\N/O
H
1-adamantyl & \H/\/\

1-adamantyl & \H/\/ OH

2-adamantyl ;\N/O
H
2-adamantyl & \H/\/\

2-adamantyl & \H/\/ OH

4.01

2.10

5.03

4.75

3.16

4.87

4.71

3.26

4.66

6.24

-3.25

-2.08

-4.18

-4.02

-2.86

-3.32

-3.51

-2.41

-5.65

-5.27

>10000

>10000

>10000

10000

>10000

>10000

>10000

>10000

>10000

>10000

841.9 +224.3

301.0 +104.7

159.4 +37.9

42.64 + 2.66

5.701 +1.993

49.35 +8.98

4,955 +0.633

342.8 +46.4

30.02 +8.40 28.62 +6.42

8l1+4

80+8

76 +5

114+ 2

107 £5

108+ 4

94+9

97 +2

100+ 8

>12

>33

>63

>235

>1754

>203

>2018

>29

1.6

4clogD: Calculated at PH = 7.4 using ADME Suite 5.0 (AC&ls).

IDcIogS Calculated in buffer at PH = 7.4 using ADME Siité (ACD/Labs).

‘Data represent mean valueSEM of eight-point experiments each performediplitate. Cl, confidence interval.

dEmaxdisplayed as mean values = SEM are relative (%W)donaximal effect o€P55940.
°Sl: selectivity index for the CB2 receptor, SI =f(CB1)/EGy(CB2).
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Table 2. Agonist activities of compound89-45 in CHO cells expressing CB1 or CB2

receptor determined by calcium mobilization assays.

CB1 EG, CB2 EG CB2E ]

No. R clogD®  clog®’ Se
(nM) (95% CI, nM) (% of control)
S
39 O 4.65 -3.58 >10000 18.08 £2.89 140 £ 0.5 >553
AN
40 /\N 3.08 -1.95 >10000 >10000 - -
~N
41 5\N/© 5.22 -3.53 >10000 398.2 +164.9 811 >25
H
42 ;\NA 4.42 -3.66 >10000 17.13 £1.59 117+ 3 >584
H
SO
43 N 4.66 -3.89 >10000 47.68 £6.63 135+7 >210
HW
44 ;\NJW/ 5.04 -3.79 >10000 2940 £ 1123 77+4 >3
H
45 ;"\N/Q\CI 571 -4.73 >10000 6699 * 2838 775 >1

H

4clogD: Calculated at PH = 7.4 using ADME Suite 5.0 (AC&ls).

IDcIogS Calculated in buffer at PH = 7.4 using ADME Siité (ACD/Labs).

“ECsp values were obtained from one experiment withettieplicates. Cl, confidence interval.
E . displayed as mean values SEM are relative (%) to the maximal effect@®55940.

°Sl: selectivity index for the CB2 receptor, SI =fCB1)/EGy(CB2).
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Table 3. Agonist activities of compoundd46-55 in CHO cells expressing CB1 or CB2

receptor determined by calcium mobilization assays.

CB1 EGy CB2 EGy CB2Ema
No. R clogD®  clogS Se
(nM) (95% CI, nM) (% of control)
S
46 "O 4.69 -3.95 >10000 3453 + 203 106 £ 1 >3
47 ANO 5.27 -3.70 >10000 198.8 £ 25.4 91+4 >50
H
48 f\N/Q 4.87 -3.46 >10000 34.42 +2.97 114+ 4 >291
H
S
49 N 4.66 -4.18 6047 + 2338 167.0+£104 109+ 7 36
HW
50 ;\INI/\/\ 4.73 -3.92 2605 + 567 96.24 +17.98 93+6 27
51 f\NJ/v 5.35 -4.18 >10000 >10000 - -
H
52 5\H/\/OH 3.17 -2.61 >10000 99.86 +21.14 127 £ 10 >100
53 ,ﬁ\N/@\CI 5.63 -4.95 >10000 >10000 - -

H

4clogD: Calculated at PH = 7.4 using ADME Suite 5.0 (AC&ls).

IDcIogS Calculated in buffer at PH = 7.4 using ADME Sibté (ACD/Labs).

“ECsp values were obtained from one experiment withettieplicates. Cl, confidence interval.
E axdisplayed as mean values SEM are relative (%) to the maximal effect@®55940.

°Sl: selectivity index for the CB2 receptor, SI =f(CB1)/EGy(CB2).
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Figure 1. Some representative cannabinoids and the scaftdldour synthesized

pyridazine-3-carboxamides.
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Figure 2. Docking results of CB2-agonig6 (A), CB2-agonist29 (B), CB2-agonisB7 (C),

and CB2-agonisB8 (D) complexes. The carbon atoms of F117/W258 menif shown in

purple, and the H-bonds are illustrated by greeshea lines.
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Novel pyridazine-3-carboxamides were designed and synthesized to be CB2 agonists.
Drug-likenesses of compounds demonstrated to be improved by measuring logP
Dockings were performed to predict interaction modes of compounds binding to CB2.

SARs were studied to imply pharmacophore features for pyridazine-3-carboxamides.



