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Highlights

A series of new (1,2,4)triazole[4,3-a]pyridine datives were synthesized.
8d suppressed NkB p65 translocation and expression of inflammatm@ges.
Preliminary mechanisms of anti-inflammatory actwere discovered.

8d could be a lead compound as AlH therapeutic agent.



Abstract

A series of (1,2,4)triazole[4,3-a]pyridine (TZP)idatives have been designed and synthesized.
Compound8d was identified as having the most potent inhilgitactivity on NO release in
response to lipopolysaccharide (LPS) stimulatiod arhibition of the migration induced by
MCP-1 protein on RAW264.7 macrophages. Based osdteening data, an immunofluorescence
assay and a real-time gPCR assay were conducteidatimg that compoun@®d suppressed
NF«B p65 translocation and expression of inflammatggnes by concanavalin A (Con
A)-induced RAW264.7 macrophages. More importan8g also exhibited potent efficacy,
alleviating Con A-induced hepatitis by downreguigtihe levels of plasma alanine transaminase
(ALT), aspartate transaminase (AST) and inflammatoffiftration in a mouse autoimmune
hepatitis (AIH) model. In addition, the flow cytoimg (FCM) data showed that compouBd
inhibited the accumulation of MDSCs in the liver@dn A-induced mice. These findings raise the

possibility that compounfld might serve as a potential agent for the treatrmAtH.

Keywords: triazole[4,3-a]pyridine anti-inflammatorAIH

1. Introduction

Inflammation is part of the complex biological resge of body tissues to infection and injury
and is a protective response involving the recreitmof immune systems and molecular
mediators to eliminate the initial cause of cejliig’. Prolonged activation of the immune system
is associated with activation of inducible NO sy#é (iNOS) and the release of pro-inflammatory
cytokines, such as nitric oxide (NO) and tumor peix factor-alpha (TNk), which play an
important role in inflammation cascades. The exeedsilammatory activation or deregulation of
mechanisms of the subsequent removal of inflammatoells from the inflammatory
microenvironment may underlie a vast variety okdies, including autoinflammatory diseases,
inflammatory bowel disea$€, rheumatoid arthritis and autoimmune hepatitis-Al.

AlH is a chronic autoimmune liver disease with arknown pathogenesis where the body's
immune system attacks liver cells, causing ther lieebe inflamed. It was first described by Jan
Waldenstrém and Henry Kunkel independently in tadyel9508. Although AIH by definition is
a chronic disease that may lead to cirrhosis, leepdular carcinoma (HCC), and/or death, it is
characterized by elevated transaminase levels aniked histological infiltrate of plasma cells
and lymphocytes. Sustained immunosuppressive thavip a high dose of prednisolone with or
without azathioprine is the standard thePafoy alleviating liver inflammation and fibrosis @rto

induce remission (a decrease in serum aminotrarssprand prevent liver decompensation



Long-term treatment with prednisolone may causenetis changes such as weight gain, acne,
moon face, and severe side effects including ostgapand malignanéy’. The most common
side effects of azathioprine are cytopenia, nauaehralgia, fever, and skin rash, and some
patients may even develop severe side effects @schcholestatic hepatitis, pancreatitis,
opportunistic infections and bone marrow suppregsfo Although some patients remain in
remission after drug treatment is withdrawn, mosguire long-term maintenance therapy.
Additionally, many patients are not responsivetémdard treatment or fail to achieve a remission,
and therefore, there is an urgent need for novelpamhaps a small molecules-based approach to
AIH. Con A-induced model is a typical animal modet investigating T-cell and macrophage
dependent hepatitis in mice, which closely mimies pathogenesis mechanisms and pathological
changes of patients, and provides a valuable tool répidly assessing novel therapeutic
approaches for Al

NO is a gaseous signaling molecule that plays gooitant role in various physiological
processed especially in inflammatior 2 Since the identification of NO as an
endothelium-derived endogenous messenger resperisibvascular smooth muscle relaxatibn
4 there has been a burst of research into thisnessenger. A large body of evidence supports
the direct role of NO in inflammatidhand tissue injury. In addition, the number of ezshers
who have delved into understanding how NO reguldtesor immunologif, allergy and
autoimmunity’ has increased in the past decade. NO modulatesctiption/translation indirectly
by affecting signaling pathways, such as mitogdivaited protein kinase, phosphatidylinositol-3
kinase, G-proteif and NF-kappa B.

Overproduction of NO by INOS generally destroys clional normal tissues during
inflammation. Alterations in NO synthesis by endagen systems can influence these
inflammatory process&sand macrophages are the most representative iNG®ssing innate
immune cell§". These findings suggest that evaluating the N€asshg level may be a promising
method for screening of anti-inflammation agent/poomds. In our continued concern about new
potential small molecules that can be used asirdtaimmation agents, screening of our small
molecule library was carried out, leading to thecdvery of compoundb (Figure 1), which is a
triazolopyridine derivative. The triazolopyridinésve been identified as one of the promising
scaffolds in medicinal chemistry, which possessdewange of biological activities, such as p38
inhibitor>%°, c-Met inhibitorg®, protein tyrosine kinase modulatttrand dipeptidyl peptidase IV
inhibitors™.



Figure 1. Structure of Compound 3b.

We focused our attention on the (1,2,4)triazolep]@/ridine (TZP) motif owing to the
(1,2,4)triazole core structure being able to sawea suitable hydrogen bonding acceptor, which is
thought to be essential for its pharmacologicaivagt In the current study, we designed and
prepared the derivatives of TZP depicted in Sch&nt@onsidering the potential toxicity of nitro
compounds, we reduced the nitro group at the &ipasof TZP for substitution with different
materials. Structure-activity relationship (SAR)tiopzation of substituents at the C-6 and C-8
positions of the TZP core resulted in the iderdificn of compound 8d as a potent inhibitoNg
release evoked by LPS and the expression of @NIFN-y, IL-6 and IL-10 cytokine mRNAs
induced by Con Ain RAW264.7 macrophages.
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Scheme 1. Synthesis of TZP Derivatives.

Reagents and conditions: (i), H,O, 1,4-dioxane, reflux, 1 h; (i) trimethyl orthagtate,
1,4-dioxane, reflux, 1 h; (iii) substituted boricidy, Pd(dppfiCl,, N&CO;, 1,4-dioxane/k,
90 °C, 4-6 h; (iv) Fe, NkCI, THF/EtOH/HO, 90 °C, 1 h; (v) substituted boric acid or borate
Pd(dppfiCl,, N&CQO;, 1,4-dioxane/HO, 90 °C, 4-6 h; (vi) acetyl chloride or cyclohegan
carboxylic acid chloride or cyclobutane carboxydicid chloride, KCO;, DCM, 0 °C-rt; (viii)
ethanesulfonyl chloride, B or pyridine, DCM, 0 °C-rt; and (viii) aromatic idcchloride,

pyridine, DCM, 0 °C-rt.



2. Results and discussion

2.1 Chemistry

The synthesis of TZP derivatives is depicted $theme 1 The key intermediate
6-bromo-3-methyl-[1,2,4]triazolo[4,3-a]pyridin-8-é&me @) for the preparation was synthesized
from 5-bromo-2-chloro-3-nitropyridine that was te with hydrazine hydrate in 1,4-dioxane.
Then, the crude produtwas heated to reflux in the presence of trimetingioacetate to produce
compound3, which was directly reduced by Fe/NH to the target compourdl Subsequently,
substituted boric acid or borate with bromopyridihender standard Suzuki-Miyaura coupling
conditions provided intermediaté in good yield. Amidation or sulfonylation gave gat
compoundsba—q, 7a—k and 8a—f in excellent yield. The characterization of indial target
compounds can be found in the Supporting Informmatiodividual compounds with a purity
of >95% were used for the subsequent experiments.
2.2 Biology evaluation
2.2.1 Measurement of NO production in murine RAW264 macrophages upon LPS
stimulation

Macrophages are important effector cells in thé&amfnatory response process and respond to
pathogenic agents by synthesizing NO from iNOS. NlReproduction inhibitory activities of the
TZP derivatives at a concentration of gPl were measured in RAW264.7 macrophages after
lipopolysaccharide (LPS) treatment. The abilitygtiee amount of NO compared to LPS %) of
the tested compounds to reduce NO release is supatian Tables 1-3 and Figure 2. As shown
in Table 1 and Figure 1, NO production in LPS-stexed RAWZ264.7 macrophages was
suppressed by compoun@ia—q after 24 h incubation. Among them, whefi i& methyl,6j with
2,5-disubstituted in the 'Rbenzene ring, exhibited remarkable inhibitory \dtti against
LPS-induced RAW264.7 macrophages NO production waithrelative amount of 27.05+0.34%.
The above results indicated that the introductibrb-ehloro in R increased its activity. In
addition, replacement of the 2-benzyloxy ih(Bj) with 2-alkoxy, including methoxysk), ethoxy
(6l), and propoxy @m), slightly decreased the inhibitory activity. Hovee, 6m shows a
comparable activity witlsj. Thus, we can make a statement that phenoxy &odyahre needed
for the inhibitory activity of the TZP derivativesf compounds6a—g With the introduction of
cyclohexyl in R, compoundssp—q showed less potency tha&b. In addition, comparing the
activities of compouno with 2-methoxypyridine in Rand6a—g the results shown in Table 1
indicate that the aromatic heterocyclic ring thifRcompatible with the activity.

Table 1. NO release relative amount of compofads)



/<N R?
Compound & = relative amount of NO
compared to LPS %
6a Ph Me 44.71+1.19
6b o-Cl-phenyl Me 48.41+1.04
6c o-F-phenyl Me 83.0616.16
6d 0-CRz-phenyl Me 42.36+0.59
6e m-OMe-phenyl Me 55.30+£0.34
6f mM-NHSO,Et-phenyl Me 64.9614.09
69 mM-OCR-phenyl Me 49.52+3.52
6h 4-morpholinomethyl-phenyl Me 42.40+0.01
6i 1,1-biphenyl-2-yl Me 49.03+1.12
6] 2-benzyloxy-5-Cl-phenyl Me 27.05+0.34
6k 2-OMe-5-Me-phenyl Me 58.83%£3.15
6l 2-OEt-5-Me-phenyl Me 32.07£2.49
6m 5-Cl-2-propoxy-phenyl Me 49.05+2.37
6n 2-OEt-4-F-phenyl Me 65.85+3.74
60 2-methoxypyridine Me 54.04+3.91
6p 2-OEt-5-F-phenyl cyclohexyl 37.80x£1.44
6q 2-methoxypyridine cyclohexyl 49.99+1.61
3b - - 26.74+0.57
LPS - - 96.06+1.40

In consideration that sulfonamide is an importarttarmacophore having attractive
pharmacological properties, compountis-k were rapidly synthesized by using ethanesulfonyl
chloride reacting with intermediafe As shown in Table 2, most of the synthesized a#@&logues
showed inhibitory potency excefe Among them,7b and 7] showed significant inhibitory
activities of NO production, especialfy that showed better activity th&b. Compared witl6j
and 7j, this further indicated that 2,5-disubstitutedtti® R benzene ring is important for the
activity. However, when compared with the actigtief bulky group-substituted derivatives,

including compoundgf, and7g, the results suggested that a bulky group is naigimal group



for the development of an inhibitory activity on N€lease. Similarly, comparing compour&is

and 7a—d, the results indicated that an aromatic heteracyaig in R is compatible with the

activity.
Table 2. NO release relative amount of compoufadk
/é\l-N
Compound & = relative amount of NO
compared to LPS %
7a Ph Et 44.44+0.71
7b m-CFs-phenyl Et 27.18+1.22
7c mM-NHSO,Et-phenyl Et 41.19+1.23
7d 0-CFRz-phenyl Et 58.67+2.88
7e o-Cl-phenyl Et 152.42+4.59
7f 1,1'-biphenyl-2-yl Et 62.68+1.13
79 2-benzyloxy-phenyl Et 72.5746.33
7h 2-OMe-5-Me-phenyl Et 45.48+3.49
7i 2-OEt-4-F-phenyl Et 34.85+0.83
7j 2-benzyloxy-5-Cl-phenyl Et 26.01+0.62
7k 2-methoxypyridine Et 49.93+0.86
3b 26.74+0.57
LPS - - 102.81+1.90

On the basis of the above results, eight TZP anele8p—f were synthesized by replacing the
R? by benzene rings with different substitutions. &stent with the above SAR analysis,
2,5-substituted in Ris the optimal group for the activity as showable 3 8d—f). Among them,
compoundBd with a 5-F-2-OMe-phenyl group at thé-Rioiety andp-OEt group at the Rmoiety
exhibited better activity thaBb with relative amount of 28.01+0.29%. It is alsorthkomentioning
that p-substituted in R is advantageous for the inhibitory activity, suak 8d with p-OEt
substituted. In contrasb-substituted in Ris disadvantageous for the inhibitory activityclstas
8c with o-F substituted.

Table 3. NO release relative amount of compogas



R4

relative amount of

Compound R R4 NO compared to
LPS %
8a p-Cl-phenyl p-F 42.88+0.58
8b p-Cl-phenyl m-CF; 30.98+2.39
8c 5-Cl-2-propoxy-phenyl o-F 77.731£1.20
8d 5-F-2-OMe-phenyl p-OEt 28.01+0.29
8e 5-F-2-OMe-phenyl 2,6-diF 61.96+2.76
8f 5-F-2-OMe-phenyl 4-benzyloxy-2-Cl 32.06£1.37
3b - - 26.74+0.57
LPS - - 99.19+2.17
o 200+
é % 100+
=&

Figure 2. Inhibition of NO release by compounds 6ay; 7a—kand8a—f
RAW264.7 cells were pretreated with compoudsqfor 1 h, incubated with LPS (1 pg/mL) for
another 23 h, NO release was measured using Resgggent assay (*** p<0.001, ** p<0.01).

2.2.2 Measurement of inhibition of the migration ofRAW264.7 macrophages induced by
MCP-1 protein

Macrophage migration ability plays an essentiat lanhd is a prerequisite for their participation in
immune and inflammatory respon&edvlonocyte chemotactic protein-1 (MCP-1), also knoas
chemokine (C-C motif) ligand 2 (CCL2), appears ¢caln important component of the recruitment
of macrophages to inflammatory lesidhsDeregulated migration of macrophages has been
implicated in a variety of human disorders, suchchsonic inflammation, neurodegenerative

disease and tumor metastasisTo evaluate the inhibitory effects of TZP derives on



MCP-1-mediated chemotactic responses, we conductesimotactic migration assays to
investigate the effects of synthetic compounds hanrhigration of RAW264.7 cells. Given the
structures of the different series, we chose remtasive compounds that had striking inhibitory
activities on NO release relative amount, showifigure 3. AS605249, an established PI3K

inhibitor, was used as the reference agent andéms proven to ameliorate Con A-induced liver

injury in a murine modéf.
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Figure 3. Structures of representative TZP derivatres and AS605240.

As illustrated in Figure 4, the tested compoundswad different inhibitory effects on cell
migration at a concentration of 20. Interestingly, compoun@p, that only showed a mild NO
release inhibitory activity, has an excellent intwity rate against MCP-1 mediated chemotaxis. In
contrast to that, compourtd, which showedan outstanding NO release inhibitory activity, l@ad
much lower activity on RAW264.7 macrophages chewrista

Among these derivatives, compoudd showed the most potent and better activity than oh
AS605240, with inhibitory rate of 52.59+7.39% and@.36+6.05 (P<0.001), respectively.
Compound8d also exhibited an effective inhibition activity dhe LPS stimulated RAW264.7
macrophages NO release inhibitory activity. Duéhse resultsd is quite worthy of undergoing

further biological assays to identify if it coulé la potential agent for AIH treatment.
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Figure 4. Inhibitory effect of compounds on migraton of RAW264.7 macrophages induced
by MCP-1. The migration of RAW264.7 cells were analyzed ugsirdhemotactic migration assay.
A. Cells were photographed after compounds (20 piMatment for 3 h (n=3). B. The
guantification results for the chemotactic migratiassay. Five different areas of migrated cells

were counted for each well (n = 3; * P<0.05 versastrol group, *** P<0.001 versus control

group).

2.2.3 Compound 8d suppresses NkB p65 translocation

Transcription factor NkeB signaling is pivotal in the induction of inflamitoay responses and
the production of inflammatory cytokin€sWhen NF«B activation is induced by stimulus (Con
A or LPS), kB is phosphorylated and degraded, which leads d@or¢tease of the NkEB p65
subunit from the cytoplasm, followed by translogatito the nucleus, where it binds to target
promoters and turns on the transcription of inflatemagenes including TNEk-and IL-6.

Herein, the effect of compour@ti on NF«xB p65 subunit nuclear translocation was determined
by an immunofluorescence assay. As shown in Figuréhe NF«B subunit p65 was almost
exclusively observed in the cytoplasm in the umstated RAW264.7 macrophages. After
stimulation with Con A (0.M) or LPS (1pg/mL) for 2 h, most cytoplasmic p65 translocated

into the nucleus (green dots in the blue nucldnsompound3d (concentration were indicated



on Figure 5 A and C) treated cells, nuclear loadilin of p65 was significantly reduced on a
dose-dependent manner, suggesting that comp@adnéhhibited p65 translocation from the
cytoplasm to nuclei. In all, these results suggfest the anti-inflammatory activity of compound

8d may be closely associated with its inhibitory eféeon NF«B pathways.
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Figure 5. Compound 8d exhibited potent inhibitory effects omuclear translocation of p65
in Con A-stimulated RAW264.7 macrophagesCells were treated with Con A for 2 h followed
by compoundd (1 uM) for another 22 h. The subcellular localizatidrpé5 was determined by
immunofluorescence. A. C. Photographs were takergusilaser-scanning confocal microscope.
B. D. The quantification of nuclear translocatidnp65 (=5 foci) presented in each group was
compared (** P<0.01).
2.2.4 Effect of compound 8d on the expression offlammatory genes in Con A-induced
RAW?264.7 macrophages

The inflammatory signaling of Con A-induction resuih the production of a variety of
cytokines, chemokines, and inflammation mediatossevialuate whether the inhibitory effect on
inflammatory response caused by compo@ddoccurs at the transcriptional level, the mRNA
expression of inflammatory genes (various cytoKirmsh as IFNy IL-6, 1L-10 and TNFe in
RAW264.7 macrophages were measured with real-tinamtifative PCR. As shown in Figure 6,
upregulated cytokine gene expression triggered by @ was blocked by compoun8d.
Furthermore, the mRNA expression levels in macrgphaf TNFe, IFN-y, IL-6, and IL-10 were

decreased by compoud at 1uM.
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Figure 6. Compound 8d regulates mRNA expression of various tgkines, including TNF-a,
IFN-v, IL-6 and IL-10. RAW 264.7 macrophages were pretreated with Coor 2 th followed by
compounddd (1 uM) for another 22 h. The results are normalizethtoreference gene GAPDH,
and the values shown are mean £ SD (n=5, *p < G’@& 0.01).

2.2.5 Cytotoxicity Assay

The cytotoxicity of all synthesized compounds wealgated in LQ cells by MTT assay after 24
h of treatment. As observed from Figure 7, all compmtsu (20 pM) showed no obvious
cytotoxicity on LQ cells.
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Figure 7. Effect of compounds on the viability of the human ormal liver cell line LO,. The
effect of all synthesized compounds on cell vigpivasestimated by MTT assay.
2.2.6 Effect of compound 8d on a Con A-induced Alkhouse modein vivo

The anti-inflammatory activity of compourgl was determined in a Con A-induced AIH
mouse mod&®* As shown in Figure 8, compared with the normaitam mice, the mice injected
with Con A (20 mg/kg) developed AIH as charactatiz®y elevated levels of serum alanine
transaminase (ALT) and aspartate transaminase (ASfigr intraperitoneal administration of
compoundd (100 mg/kg), the serum levels of ALT and AST weignificantly decreased at 12 h
after Con A injection. Compour8tl significantly reduced the activity levels of ALRGAST by
65.3% and 52.526, respectively, compared with the model group (@.81). The results

indicated that treatment with compougdlameliorated the severity of AIH caused by Con A.
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Figure 8. The levels of liver transaminase after Con A admirgtration. Alanine
aminotransferase (ALT), aspartate transaminase JA&ilues are mean + SD. (n=8, p < 0.01).
2.2.7 Histological Examination of the Liver

Histological features have prominent roles in tiegdosis and treatment of AfF*¢ Thus, a
liver biopsy and HE staining assay is necessarynfastigating whether compoud impaired
recruitment of macrophages to the liver tissuesAewn in Figure 9, dramatic inflammatory cell
infiltration around the central vein areas, masgiepatocytes necrosis, and disordered hepatic
sinusoid structures were observed in Con A-treatsde. Furthermore, administration of
compound8d decreased the necrosis of hepatocytes. The effdctsompound8d on the
infiltration of CD4" T cells, F4/80 macrophages and CDT1tells in the livers were determined.
Figure 8 shows that the numbers of CO4cells, F4/80 macrophages and CDT1¢tells increased
significantly in the livers after Con A injectiobut could be returned to basal levels by compound
8d treatment. We inferred from these results 8thhad significant hepatoprotective effects in the

Con A-induced AIH model.
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Figure 9. Hematoxylin and eosin (H&E) staining andexpression profiling of CD4, F4/80
and CD11b' cells in livers.
2.2.8 The influence of compound 8d on the MDSCs polation frequency/flow cytometry
Myeloid-derived suppressor cells (MDSCs) play a kalg in immune responses during AlH.
Therefore, we assessed the MDSCs in the liver &fter A treatment with or without compound
8d. We used the Gr-1 and CD11b antibodies to ideMifySCs. As illustrated in Figure 10 A,
after intravenous injection (i.v.) of Con A, themas a significant accumulation of
myeloid-derived suppressor cells (MDSCs) in theerdiin Con A treatment mice compared to
normal control mice (Figure 10 A). In more detMIDSCs in the saline group were 4.46% while
MDSCs in the Con A group reached 11.31%, and tfierdhce was statistically significant (p <
0.05).
Moreover, further analysis indicated that the adsfiation of compoundd at 100 mg/kg
decreased the percentage of MDSCs to 8.39% (Fibu) and thus inhibited the accumulation
of MDSCs in the liver.
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Figure 10. Compound 8d inhibited the accumulation bmacrophages in the liver of mice

stimulated by Con A Bars show the mean + SD (n=5, * p < 0.05, *** 90.001).

3. Conclusion

In summary, with the aim of finding compounds wifficient anti-inflammatory activity,
forty-one TZP derivatives were synthesized. Thelte®f the initial evaluation showed that some
compounds exhibited effective NO release inhibitorgactivity. ~Among them,
4-ethoxy-N-(6-(5-fluoro-2-methoxyphenyl)-3-methyll;R,4]triazolo[4,3-a]pyridin-8-yl)benzamid
e (compound8d) showed the most potent inhibitory activity on thrgration of RAW264.7
macrophages and the NO release inhibitory activithe preliminary mechanism of its
anti-inflammatory action indicated that the compdwould significantly suppress the expression
of TNF-a, IFN-y, IL-6 and IL-10 and the production of NO throudfeeting the NF<B signaling
pathway. In addition, compourt ameliorated the severity of AlH in a Con A-induaeduse

model.

4. Experimental section

4.1 Chemistry
4.1.1. General

Chemical reagents of analytical grade were purchdéisen Shanghai Bidepharmatech Ltd.,
Shanghai, PRC. The reactions were monitored byldyier chromatography (TLC) on precoated
silica GF254 plates under UV light at 254 and 365 fH NMR spectra were recorded on a
Brucker AM-400AVANCE" (400 MHz) spectrometer with CDEAnd DMSOds as the solvent.
MS spectra were recorded on a Waters Q-TOF (E&l)vidual compounds with a purity of >95%
(Dionex UltiMate 3000) were used for subsequeneexments.
4.1.2. General Procedure for the Synthesis of Interediate 4

To a suspension of 5-bromo-2-chloro-3-nitropyridjgempoundl, 42 mmol) in 1,4-dioxane
(50 mL) at room temperature was added hydrazinealyd(98% in water) (84 mmol). The
reaction mixture was stirred at 110 °C for 1 h. bmmmpletion (judged by TLC), the reaction
mixture was allowed to cool at room temperature thedsolvent was evaporated. After that, water
(100 mL) was added and the reaction mixture wasetdd with ethyl acetate (100 mL x 3). The
combined organic phase was washed with brine (1@, whried over sodium sulfate and

evaporated under reduced pressure. The crude pradscused for the next step without further

purificatior?’.



To a solution of compoun@ (10 mmol) in 1,4-dioxane (50 mL) was added tringeth
orthoacetate (100 mmol) at room temperature. Taetien mixture was heated to reflux for about
1 hour, at which time TLC indicated near complettnsumption of the starting material
compound. The solvent was removed by rotary evaporatior rEsidue was diluted with DCM
and water. The aqueous layer was extracted twitte BCM. The combined organic layers were
dried over NgSO, and concentrated by rotary evaporation. The crobéure was subjected to
column chromatography (PE:EtOAc = 6:1~1:1) to affthhe product compound as a yellow
solid (82% yield, two step®)

To a solution of compoun8l (5 mmol) in EtOH (5 mL) and THF (5 mL) containiagimonium
chloride (10 mmol) and ¥ (2 mL) was added Fe powder (10 mmol) in portioithwapid
stirring at 50 °C. The temperature of the reacti@as then raised to 100 °C. After 1 hour, the
reaction was filtered, and the residual iron washea with EtOAc. The organic layers were then
washed with water and brine, dried over8l@,, and concentrated in vacuo to provide the aniline
product compound (86% yield) that was sufficiently pure to carrytorthe next step.

4.1.3. General Procedure for the Preparation of 3b

A mixture of compound3 (4 mmol), (3-(ethylsulfonamido)phenyl)boronic aqid.8 mmol),
[1,1'-Bis(diphenylphosphino)ferrocene]dichloropdllan(ll) (5 mol %), and sodium carbonate
(12 mmol) in 1,4-dioxane (10 mL) and water (5 mlgsaheated under nitrogen conditions (90 ° C,
6 h). After cooling to ambient temperature, thectieam mixture was filtered and concentrated. The
residue was partitioned between water and dichletbame. The organic layer was separated and
purified by flash chromatography to get compoGhd78%).
3b: Light yellow powder, 78% yieldtH NMR (400 MHz, Chlorofornd, 5 ppm) 9.01 (dJ = 1.7

Hz, 1H), 8.72 (dJ = 1.7 Hz, 1H), 7.57 — 7.50 (m, 2H), 7.44 — 7.39 {iH), 7.35 — 7.30 (m, 1H),
6.94 (s, 1H), 3.22 (q) = 7.4 Hz, 2H), 2.74 (s, 3H), 1.43 (t,= 7.4 Hz, 3H). ESI-HRMS m/z:
362.0923, [M+1], calcd for GsH1sNsO4S: 361.0845.

4.1.4. General Procedure for the Preparation of 6at

A mixture of compound 4 (2 mmol), boric acids or borates (2.4 mmol),
[1,1'-bis(diphenylphosphino)ferrocene]dichloropditam(ll) (5 mol %), and sodium carbonate (6
mmol) in 1,4-dioxane (8 mL) and water (4 mL) wastieel under nitrogen conditions (90 °C, 6 h).
After cooling to ambient temperature, the reactmixture was filtered and concentrated. The
residue was partitioned between water and dichletbame. The aqueous layer was extracted with

dichloromethane three additional times. The combimganic layers were washed with saturated



aqueous sodium chloride, dried over anhydrous sodiulfate, filtered, and concentrated. The
residue was purified by flash chromatography tovjol® compound$a—qg

We added acetyl chloride or cyclohexanecarboxytitd achloride or cyclobutanecarbonyl
chloride (1.5 mmol) dropwise to a solution of eaddividual compound5a—q (1 mmol),
anhydrous dichloromethane (5 mL) and potassiumoreate (1.5 mmol) at 0 °C under stirring.
The mixture was stirred at room temperature foruhtil TLC showed the reaction was complete.
The reaction mixture was diluted with dichlorometbaand washed with water. The organic
extract was dried, concentrated and purified byurmol chromatography using silica gel to
produce the compounés—tas off white solid¥.
6a White powder, 87% yieldH NMR (400 MHz, Chlorofornd, § ppm) 8.74 (d, J = 1.6 Hz, 1H),
8.39 (d, J = 1.6 Hz, 1H), 8.32 (s, 1H), 7.64 — {672H), 7.48 (t, J = 7.4 Hz, 2H), 7.44 — 7.39 (m,
1H), 2.62 (s, 3H), 2.32 (s, 3H).
¥C NMR (101 MHz, Chloroforndg,  ppm) 170.19, 162.43, 160.10, 143.68, 137.79, B30.1
129.02, 126.00, 119.76, 119.59, 116.95, 24.14,11£3I-HRMS m/z: 267.1246, [M+1] calcd
for C1sH14N4O: 266.1168.
6b: Off-white powder, 69% yieldH NMR (400 MHz, Chlorofornd, § ppm) 8.57 (s, 1H), 8.56 (d,
J=1.5Hz, 1H), 8.29 (dl = 1.5 Hz, 1H), 7.50 (m, 1H), 7.38 (m, 3H), 2.613H), 2.30 (s, 3H).
¥C NMR (101 MHz, Chlorofornd, 5 ppm) 169.26, 162.92, 143.94, 135.68, 133.04, 131.5
130.23, 129.71, 127.16, 126.38, 125.53, 122.0897124.61, 14.30. ESI-HRMS m/z: 301.0864,
[M+1] *, caled for GsH1sCIN,O: 300.0778.
6¢: Off-white powder, 76% yieldH NMR (400 MHz, Chlorofornd, § ppm) 8.67 (s, 1H), 8.45 (s,
1H), 8.44 (tJ = 1.4 Hz, 1H), 7.51 (m, 1H), 7.39 (m, 1H), 7.27, @A), 7.19 (m, 1H), 2.62 (s, 3H),
2.31 (s, 3H).
%C NMR (101 MHz, Chlorofornd, 8 ppm) 169.24, 162.99, 159.74 (d, J = 249.8 Hz),.983
130.65 (d, J = 2.9 Hz), 130.10 (d, J = 8.3 Hz),.925124.77 (d, J = 3.9 Hz), 122.70, 121.93 (d, J
= 5.5 Hz), 116.96, 116.49, 116.27, 24.65, 14.32-HFSMS m/z: 285.1155, [M+1], calcd for
Ci1sH13FN4O: 284.1073.
6d: Yellow powder, 72% vyield*H NMR (400 MHz, Chlorofornd, 8 ppm) 8.53 (s, 1H), 8.47 (s,
1H), 8.18 (s, 1H), 7.79 (d, J = 7.6 Hz, 1H), 7.60X = 7.4 Hz, 1H), 7.56 (d, J = 7.9 Hz, 1H), 7.41
(d, J=7.4 Hz, 1H), 2.62 (s, 3H), 2.29 (s, 3H).
¥C NMR (101 MHz, Chlorofornd, § ppm) 169.24, 162.94, 143.97, 137.57, 135.97, B32.4
131.74, 128.60, 127.68 (q, J = 265.7 Hz), 126.£8.42, 125.38, 121.40, 117.50, 24.61, 14.32.
ESI-HRMS m/z: 335.1121, [M+1] calcd for GgH1aFsN4O: 334.1041.



6e White powder, 79% yieldH NMR (400 MHz, Chlorofornd, 5 ppm) 8.78 (d,J = 1.4 Hz, 1H),
8.39 (d,J = 1.4 Hz, 1H), 7.39 (t) = 7.9 Hz, 1H), 7.32 (m, 1H), 7.18 (m, 1H), 7.12)(& 2.2 Hz,
1H), 6.96 (m, 1H), 3.88 (s, 3H), 2.60 (s, 3H), 2(813H).

¥Cc NMR (101 MHz, Chlorofornd, 6 ppm) 170.19, 162.43, 160.10, 143.68, 137.79, B30.1
129.02, 126.00, 119.76, 119.59, 116.95, 113.79,88155.32, 24.04, 14.06. ESI-HRMS m/z:
297.1353, [M+1], calcd for GeH1N4O: 296.1273.

6f: White powder, 82% yieldH NMR (400 MHz, Chlorofornd, & ppm) 8.75 (d,) = 1.6 Hz, 1H),
8.71 (s, 1H), 8.41 (dl = 1.6 Hz, 1H), 7.72 (ddd,= 7.9, 1.8, 1.1 Hz, 1H), 7.61 (t= 7.8 Hz, 1H),
7.52 (t,J = 1.9 Hz, 1H), 7.37 (ddd,= 8.0, 2.2, 1.1 Hz, 1H), 3.76 (= 7.4 Hz, 2H), 2.62 (s, 3H),
2.33 (s, 3H), 1.51 (f] = 7.4 Hz, 3H).

¥C NMR (101 MHz, Chlorofornd, 5 ppm) 171.21, 169.70, 163.11, 144.00, 138.84, 1736.9
130.74, 129.69, 128.82, 128.49, 127.07, 126.48,0220.15.61, 49.43, 25.12, 24.62, 14.25, 8.21.
ESI-HRMS m/z: 374.1302, [M+1] calcd for G/H:dNs05S: 373.1209.

60 Brown powder, 72% yieldH NMR (400 MHz, Chloroforrd, 8 ppm) 8.74 (dJ = 1.6 Hz, 1H),
8.56 (s, 1H), 8.39 (dl = 1.6 Hz, 1H), 7.51 (m, 2H), 7.44 (m, 1H), 7.29 (thl), 2.61 (s, 3H), 2.33
(s, 3H).

%C NMR (101 MHz, DMSQdg, 5 ppm) 170.68, 163.01, 149.45, 144.79, 139.16, T31LB7.03,
126.48, 125.58, 121.35, 120.83, 120.57)(g,257.4 Hz), 119.94, 116.18, 24.37, 14.48.
ESI-HRMS m/z: 351.1067, [M+1] calcd for GgH1aFaN,O,: 350. 0991.

6h: White powder, 65% yieldH NMR (400 MHz, Chlorofornd, & ppm) 8.73 (dJ = 1.6 Hz, 1H),
8.42 (s, 1H), 8.38 (dl = 1.6 Hz, 1H), 7.57 (m, 2H), 7.45 (@7 8.1 Hz, 2H), 3.74 (m, 4H), 3.57 (s,
2H), 2.61 (s, 3H), 2.49 (8,= 4.6 Hz, 4H), 2.31 (s, 3H).

%C NMR (101 MHz, DMSQdg, 5 ppm) 170.62, 162.72, 144.54, 138.39, 135.44, 730.27.17,
127.14, 126.92, 120.49, 116.44, 66.67, 62.44, 524681, 14.49. ESI-HRMS m/z: 366.1927,
[M+1] *, caled for GoH2aNs0,: 365.1852.

6i: White powder, 67% yieldH NMR (400 MHz, Chlorofornd, 8 ppm) 8.32 (s, 1H), 7.89 (d,=
0.84 Hz, 1H), 7.47 (m, 4H), 7.25 (m, 1H), 7.22 @Hl), 7.18 (m, 2H), 2.54 (s, 3H), 2.29 (s, 3H).
¥C NMR (101 MHz, Chlorofornd, & ppm) 168.90, 162.59, 149.83, 143.44, 141.15, 340.5
135.50, 130.85, 130.72, 129.68, 125.26, 128.61.582828.30, 127.79, 126.99, 125.30, 122.09,
118.42, 24.57, 14.29. ESI-HRMS m/z: 343.1563, [M%thlcd for G;H1gN4O: 342.4020.

6j: White powder, 87% yieldH NMR (400 MHz, Chlorofornd, 5 ppm) 8.66 (dJ = 1.5 Hz, 1H),
8.38 (d,J = 1.5 Hz, 1H), 8.34 (s, 1H), 7.36 (= 2.7 Hz, 1H), 7.33 (m, 4H), 7.28 (m, 2H), 6.95
(d,J=8.8 Hz, 1H), 5.11 (s, 2H), 2.60 (s, 3H), 2.303(3).



%C NMR (101 MHz, Chloroforn®, 5 ppm) 169.12, 162.76, 154.31, 144.73, 136.18, 130.5
129.27, 128.60, 128.00, 127.84, 127.14, 126.35482824.25, 122.15, 117.86, 114.49, 100.00,
70.99, 24.61, 14.31. ESI-HRMS m/z: 407.1273, [M% Balcd for G,H1oCIN,O,: 406.1197.

6k: White powder, 85% yieldH NMR (400 MHz, Chlorofornd, § ppm) 8.69 (dJ = 1.6 Hz, 1H),
8.53 (s, 1H), 8.45 (dl = 1.5 Hz, 1H), 7.20 (d] = 2.3 Hz, 1H), 7.14 (ddl = 8.5, 2.2 Hz, 1H), 6.89
(d,J=8.3 Hz, 1H), 4.07 (4} = 6.9 Hz, 2H), 2.60 (s, 3H), 2.34 (s, 3H), 2.303(¢), 1.37 (tJ =

7.0 Hz, 3H).

%C NMR (101 MHz, Chlorofornd, 5 ppm) 169.20, 162.45, 153.80, 131.31, 130.28, 1729.9
125.61, 125.38, 125.15, 122.20, 118.71, 112.525%24.61, 20.48, 14.77, 14.27. ESI-HRMS
m/z: 325.1658, [M+1], calcd for G/H1CIN4O,:324.1586.

6l: White powder, 88% yieldH NMR (400 MHz, Chlorofornd, 8 ppm) 8.69 (dJ = 1.5 Hz, 1H),
8.53 (s, 1H), 8.45 (d = 1.5 Hz, 1H), 7.19 (d] = 2.2 Hz, 1H), 7.14 (ddl = 7.9, 2.1 Hz, 1H), 6.89
(d,J=8.3 Hz, 1H), 4.06 (g} = 7.0 Hz, 2H), 2.60 (s, 3H), 2.34 (s, 3H), 2.303d), 1.37 (tJ =

7.0 Hz, 3H).

%C NMR (101 MHz, Chlorofornd, 5 ppm) 169.22, 162.44, 153.79, 143.65, 131.31, B30.2
129.97, 125.61, 125.37, 125.15, 122.20, 118.76,5B1%4.25, 24.60, 20.48, 14.77, 14.26.
ESI-HRMS m/z: 325.1658, [M+1] calcd for GgHagN4O,: 324.1586.

6m: White powder, 82% yieldH NMR (400 MHz, Chlorofornd, § ppm) 8.69 (dJ = 1.6 Hz,
1H), 8.53 (s, 1H), 8.45 (d,= 1.5 Hz, 1H), 7.20 (dl = 2.3 Hz, 1H), 7.14 (dd| = 8.5, 2.2 Hz, 1H),
6.89 (d,J = 8.3 Hz, 1H), 4.07 (g1 = 6.9 Hz, 2H), 2.60 (s, 3H), 2.34 (s, 3H), 2.303(d), 1.37 (tJ
= 7.0 Hz, 3H).

%C NMR (101 MHz, Chloroforn®, 5 ppm) 169.01, 162.82, 154.74, 141.03, 130.35, 129.2
127.27,125.76, 125.31, 124.25, 122.20, 117.8255130.50, 24.66, 22.39, 14.35, 10.58.
ESI-HRMS m/z: 359.1278, [M+1] calcd for GgH1oCIN,O,: 358.1197.

6n: White powder, 77% yieldH NMR (400 MHz, Chlorofornd, 8 ppm) 8.64 (dJ = 1.5 Hz, 1H),
8.38 (d,J = 1.5 Hz, 1H), 8.35 (s, 1H), 7.33 (dbs 8.4, 6.6 Hz, 1H), 6.74 (m, 2H), 4.08 (o5 7.0
Hz, 2H), 2.61 (s, 3H), 2.30 (s, 3H), 1.41)t 7.0 Hz, 3H).

%C NMR (101 MHz, Chloroforn®,  ppm) 169.09, 162.63(d,= 254.5 Hz), 157.16, 157.06,
143.72, 131.56, 131.46, 125.21, 124.79, 121.95321807.43 (dJ = 21.5 Hz), 100.44, 64.48,
24.66, 14.50, 14.32. ESI-HRMS m/z: 329.1411, [M%Halcd for G:H1/FN,O,: 328.1336.

60 Off-white powder, 77% yieldH NMR (400 MHz, Chlorofornd, § ppm) 8.75 (s, 1H), 8.69 (d,
J=1.5Hz, 1H), 8.56 (dl = 1.5 Hz, 1H), 8.21 (ddl = 4.9, 1.8 Hz, 1H), 7.73 (dd= 7.4, 1.8 Hz,
1H), 7.02 (dd,) = 7.4, 4.9 Hz, 1H), 4.01 (s, 3H), 2.61 (s, 3HB @&, 3H).



3¢ NMR (101 MHz, Chlorofornd, & ppm) 169.55, 162.76, 160.72, 146.75, 143.77, B38.6
125.72, 123.54, 122.39, 119.75, 117.66, 117.294529.69, 14.19. ESI-HRMS m/z: 298.1301,
[M+1] *, caled for GsH1sNsO,: 297.1226.

6p: White powder, 65% yieldH NMR (400 MHz, Chlorofornd, § ppm) 8.67 (dJ = 1.4 Hz, 1H),
8.39 (d,J = 1.4 Hz, 1H), 8.26 (s, 1H), 7.35 (dbs 8.3, 6.7 Hz, 1H), 6.72 (ddd= 10.2, 7.6, 4.0
Hz, 2H), 4.07 (q) = 7.0 Hz, 2H), 2.61 (s, 3H), 2.40 (= 11.7, 4.1 Hz, 1H), 2.01 (d,= 12.9 Hz,
2H), 1.86 (d,J = 11.8 Hz, 2H), 1.73 (d} = 10.0 Hz, 2H), 1.56 (d} = 11.7 Hz, 2H), 1.40 (] =

7.0 Hz, 3H), 1.29 (m, 2H).

%C NMR (101 MHz, Chlorofornd, 5 ppm) 175.93, 162.67, 159.94 (tk 247.4 Hz), 157.01,
143.96, 131.91, 124.60, 121.75, 118.02, 117.82570000.29, 99.98, 64.49, 46.44, 29.58 (2C),
25.62, 25.58 (2C), 14.52, 14.36. ESI-HRMS m/z: 3042, [M+1]", calcd for GoH,sFsN4O»:
396.1962.

60: White powder, 69% yieldH NMR (400 MHz, Chlorofornd, § ppm) 8.72 (dJ = 1.6 Hz, 1H),
8.58 (d,J = 1.6 Hz, 1H), 8.49 (s, 1H), 8.20 (dbi= 4.9, 1.9 Hz, 1H), 7.75 (dd,= 7.4, 1.9 Hz, 1H),
7.00 (ddJ = 7.3, 5.0 Hz, 1H), 4.01 (s, 3H), 2.61 (s, 3H#4L(m, 1H), 2.01 (m, 3H), 1.86 (m, 2H),
1.72 (m, 1H), 1.60 (m, 2H), 1.37 (m, 2H).

%C NMR (101 MHz, Chlorofornd, 5 ppm) 175.67, 162.84, 160.68, 146.66, 143.95, B38.6
125.88, 123.36, 122.27, 119.79, 117.25, 53.75,2483.56 (2C), 25.58 (2C), 14.28. ESI-HRMS
m/z: 366.1926, [M+1], calcd for GHsF3sN4Oy: 365.1852.

4.1.5. General Procedure for the Preparation of 7d

A mixture of compound 4 (2 mmol), boric acids or borates (2.4 mmol),
[1,1'-bis(diphenylphosphino)ferrocene]dichloropditam(ll) (5 mol %), and sodium carbonate (6
mmol) in 1,4-dioxane (8 mL) and water (4 mL) wastieel under nitrogen conditions (90 °C, 6 h).
After cooling to ambient temperature, the reactmixture was filtered and concentrated. The
residue was partitioned between the water and atichlethane. The agueous layer was extracted
with dichloromethane three additional times. Thenbmed organic layers were washed with
saturated aqueous sodium chloride, dried over avohgd sodium sulfate, filtered, and
concentrated. The residue was purified by flaslmlatography to provide compourss—k

To a cold (0 °C) stirred solution of each indivilumpound5a—k (1 mmol) in dry
dichloromethane (5 mL) was added pyridine (1.5 mrfalowed by ethanesulfonyl chloride (1.5
mmol). The reaction mixture was stirred at room gerature. Upon completion (TLC), the
reaction mixture was evaporated to dryness undmrura. The residue was diluted with® (20

mL) and dichloromethane (20 mL). The organic layas washed with 0 and brine, and the



combined extracts were dried over,8@), filtered and concentrated under reduced presthes,
purified by flash chromatography on silica gel teegthe desired compourits

7a Light yellow powder, 68% yieldH NMR (400 MHz, Chlorofornd, 5 ppm) 8.44 (dJ = 1.5
Hz, 1H), 7.87 (dJ = 1.5 Hz, 1H), 7.57 (m, 2H), 7.50 (m, 2H), 7.44, (tH), 3.24 (qJ = 7.4 Hz,
2H), 2.61 (s, 3H), 1.43 (8,= 7.4 Hz, 3H).

%C NMR (101 MHz, DMSQdg, 5 ppm) 163.24, 146.23, 136.21, 129.66 (2C), 128120,41
(2C), 127.10, 126.20, 122.32, 119.80, 47.62, 1868,. ESI-HRMS m/z: 317.1073, [M+1]
calcd for GsH16F3N4O,S: 316.0994.

7b: White powder, 54% yieldH NMR (400 MHz, Chlorofornd, § ppm) 8.39 (dJ = 1.5 Hz, 1H),
7.79 (d,J= 1.5 Hz, 1H), 7.44 (d] = 6.6 Hz, 2H), 7.32 (s, 1H), 7.21 (m, 1H), 3.18J& 7.4 Hz,
2H), 2.52 (s, 3H), 1.35 (§,= 7.4 Hz, 3H).

%C NMR (101 MHz, DMSQds, 5 ppm) 163.50, 149.46, 146.46, 138.65, 131.61, 226.86.27,
125.44, 123.08, 120.96, 120.58 Ja; 257.3 Hz), 120.16, 119.67, 47.67, 14.63, 8.9 HRMS
m/z: 385.0944, [M+1], calcd for GgH1sFsN4O,S: 384.0868.

7c: White powder, 59% yieldH NMR (400 MHz, Chloroforrd, & ppm) 8.46 (dJ = 1.5 Hz, 1H),
7.84 (d,J = 1.5 Hz, 1H), 7.45 (m, 2H), 7.34 @z 8.0 Hz, 2H), 7.31 (s, 1H), 3.24 (m, 4H), 2.60 (s
3H), 1.43 (9J = 7.5 Hz, 6H).

%C NMR (101 MHz, Chlorofornd, 5 ppm) 163.67, 144.52, 138.10, 137.78, 130.64, 127.6
125.65, 123.55, 120.87, 119.87, 118.69, 115.534446.43, 29.70, 14.31, 8.27. ESI-HRMS m/z:
424.1116, [M+1], calcd for GsH1/NsO3S: 423.1035.

7d: Yellow powder, 61% yield"H NMR (400 MHz, Chlorofornd,  ppm) 8.22 (s, 1H), 7.81 (d,
= 7.8 Hz, 1H), 7.60 (td] = 15.1, 13.5, 7.4 Hz, 3H), 7.41 @= 7.5 Hz, 1H), 3.23 (g] = 7.4 Hz,
2H), 2.62 (s, 3H), 1.41 (8,= 7.3 Hz, 3H).

%C NMR (101 MHz, DMSQds, 5 ppm)§163.38, 145.96, 135.83, 133.27, 133.09, 129.61,7926
126.74, 125.84, 125.59, 125.43, 124.38)(9,258.9 Hz), 123.69, 123.67, 123.01, 120.61, 120.4
120.46, 47.40, 14.56, 8.53. ESI-HRMS m/z: 385.09¢4-1] *, calcd for GgH1sFsN4O,S:
384.0868.

7e White powder, 74% yieldH NMR (400 MHz, Chlorofornd, 8 ppm) 8.25 (dJ = 1.5 Hz, 1H),
7.64 (d,J = 1.4 Hz, 1H), 7.45 (ddt] = 7.1, 5.0, 3.5 Hz, 1H), 7.31 (m, 3H), 3.19 J&; 7.4 Hz,
2H), 2.54 (s, 3H), 1.36 (8,= 7.4 Hz, 3H).

%C NMR (101 MHz, Chloroforn®, 5 ppm) 162.50, 143.21, 134.12, 131.98, 130.34, 529.3
129.00, 126.36, 125.17, 123.97, 121.64, 116.187428.68, 13.24. ESI-HRMS m/z: 351.0712,
[M+1] *, caled for GsH1sCIN,O,S: 350.0621.



7f: Light yellow powder, 52% yieldH NMR (400 MHz, Chlorofornd, & ppm) 8.24 (s, 1H), 7.54
(m, 5H), 7.25 (m, 6H), 3.40 (m, 2H), 2.58 (s, 3H)L9 (t,J = 7.3 Hz, 3H).

%C NMR (101 MHz, DMSQds, 5 ppm) 162.98, 144.99, 140.81, 140.72, 135.49, B31.31.17,
129.95 (2C), 129.23, 128.85 (2C), 128.42, 127.27,47, 125.33, 123.39, 120.02, 46.36, 14.50,
8.40. ESI-HRMS m/z: 393.1383, [M+1]calcd for GiH»N4O,S: 392.1307.

79 White powder, 46% yieldH NMR (400 MHz, Chlorofornd, § ppm) 8.40 (dJ = 1.4 Hz, 1H),
7.85 (d,J = 1.4 Hz, 1H), 7.34 (m, 7H), 7.09 (m, 2H), 5.1138!), 2.98 (q,) = 7.4 Hz, 2H), 2.59 (s,
3H), 1.26 (tJ = 7.4 Hz, 4H).

3C NMR (101 MHz, Chlorofornd, 5 ppm) 163.21, 155.83, 144.15, 136.44, 130.78, B30.0
128.65 (2C), 128.08, 127.55 (2C), 125.63, 122.24,83, 117.78, 112.92, 70.66, 46.13, 14.30,
8.36. ESI-HRMS m/z: 423.1492, [M+1]calcd for G,H»N,05S: 422.1413.

7h: White powder, 56% yieldH NMR (400 MHz, Chlorofornd, § ppm) 8.45 (dJ = 1.5 Hz, 1H),
7.83 (d,J = 1.4 Hz, 1H), 7.18 (m, 2H), 6.91 (@= 8.3 Hz, 1H), 3.82 (s, 3H), 3.23 @@= 7.4 Hz,
2H), 2.60 (s, 3H), 2.35 (s, 3H), 1.42Jt 7.4 Hz, 3H).

%C NMR (101 MHz, Chlorofornd, 5 ppm) 163.23, 154.40, 144.22, 131.10, 130.55, 230.3
125.16, 124.69, 124.43, 123.01, 118.28, 111.47(6%6.60, 20.47, 14.31, 8.35. ESI-HRMS m/z:
361.1331, [M+1], calcd for G/H,gN4O5S: 360.1256.

7i: White powder, 62% yieldH NMR (400 MHz, Chlorofornd, § ppm) 8.31 (dJ = 1.5 Hz, 1H),
7.76 (d,J = 1.5 Hz, 1H), 7.23 (dd] = 8.4, 6.6 Hz, 1H), 6.73 — 6.63 (m, 2H), 4.00Jg; 7.0 Hz,
2H), 3.16 (qJ = 7.4 Hz, 2H), 2.53 (s, 3H), 1.35 (til= 7.2, 3.2 Hz, 6H).

%C NMR (101 MHz, Chlorofornd, 5 ppm) 163.79 (dJ = 249.1 Hz), 163.32, 157.14 (#= 10.0
Hz), 144.28, 131.35 (d,= 10.1 Hz), 124.74, 124.41, 122.67, 121.04)d,3.4 Hz), 118.22,
107.54 (d,) = 21.6 Hz), 100.45 (dl = 25.8 Hz), 64.44, 46.64, 14.50, 14.30, 8.33. HRMS m/z:
379.1241, [M+1], caled for G/H1gFN,OsS: 378.1162.

7j: White powder, 55% yieldH NMR (400 MHz, Chlorofornd, § ppm) 8.36 (d,J = 1.4 Hz, 1H),
7.77 (dJ = 1.4 Hz, 1H), 7.33 (m, 7H), 7.00 @@= 9.5 Hz, 1H), 5.08 (s, 2H), 2.97 @= 7.4 Hz,
2H), 2.60 (s, 3H), 1.27 (8,= 7.2 Hz, 3H).

¥C NMR (101 MHz, Chlorofornd, 8 ppm) 163.41, 154.43, 135.95, 130.40, 129.63, 128.7
128.26, 127.55, 127.20, 126.41, 124.62, 124.32452216.96, 114.25, 71.07, 46.23, 14.33, 8.35.
ESI-HRMS m/z: 457.1099, [M+1] calcd for G,;H»CIN,O5S: 456.1023.

7k: White powder, 59% yieldH NMR (400 MHz, Chlorofornd, § ppm) 8.58 (dJ = 1.5 Hz, 1H),
8.23 (ddJ = 5.0, 1.9 Hz, 1H), 7.88 (d,= 1.5 Hz, 1H), 7.70 (dd] = 7.4, 1.9 Hz, 1H), 7.03 (dd,
=7.4,5.0 Hz, 1H), 4.01 (s, 3H), 3.24 {5 7.4 Hz, 2H), 2.61 (s, 3H), 1.42 Jt= 7.4 Hz, 3H).



%C NMR (101 MHz, Chlorofornd, 5 ppm) 163.30, 160.65, 147.11, 144.20, 138.49, 125.1
123.53, 123.11, 119.20, 117.75, 117.41, 53.80,748.8.10, 8.32. ESI-HRMS m/z: 348.1146,
[M+1] ¥, caled for GsH17/N505S: 347.1052.

4.1.6. General Procedure for the Preparation of 8d—

A mixture of compound 4 (2 mmol), boric acids or borates (2.4 mmol),
[1,1'-bis(diphenylphosphino)ferrocene]dichloropditan(ll) (5 mol %), and sodium carbonate (6
mmol) in 1,4-dioxane (8 mL) and water (4 mL) wastieel under nitrogen conditions (90 °C, 6 h).
After cooling to ambient temperature, the reactimixture was filtered and concentrated. The
residue was partitioned between water and dichletbame. The aqueous layer was extracted with
dichloromethane three additional times. The conmbimiganic layers were washed with saturated
agueous sodium chloride, dried over anhydrous sodiulfate, filtered, and concentrated. The
residue was purified by flash chromatography tosjol® compound$a—.

We added aromatic acid chloride (1.5 mmol) dropwisa solution of each individual compound
5a—f (1 mmol), anhydrous dichloromethane (5 mL) andagsitim carbonate (1.5 mmol) at 0 °C
under stirring. We stirred the mixture at room temgbure for 1 h until TLC showed the reaction
was complete. The reaction mixture was diluted widitthloromethane and washed with water.
The organic extract was dried, concentrated andigaiby column chromatography using silica
gel to give the compound®—fas off-white solid®.

8a: White powder, 82% yieldH NMR (400 MHz, Chlorofornd, 5 ppm) 9.00 (s, 1H), 8.86 (d,

= 1.7 Hz, 1H), 8.41 (d] = 1.6 Hz, 1H), 8.05 (m, 2H), 7.58 (m, 2H), 7.48 @hl), 7.23 (tJ = 8.6
Hz, 2H), 2.63 (s, 3H).

%C NMR (101 MHz, Chlorofornd, 5 ppm) 129.91, 129.82, 129.42, 128.48, 119.80, #16.2
116.02, 115.60, 14.39. ESI-HRMS m/z: 381.0927, [M+talcd for GoH14CIFN,O: 380.0840.

8b: White powder, 84% yieldH NMR (400 MHz, Chlorofornd, & ppm) 9.15 (s, 1H), 8.87 (d,

= 1.7 Hz, 1H), 8.43 (d] = 1.6 Hz, 1H), 8.31 (s, 1H), 8.20 (@ 7.8 Hz, 1H), 7.87 (d] = 7.8 Hz,
1H), 7.69 (tJ = 7.9 Hz, 1H), 7.60 — 7.54 (m, 2H), 7.47 J&; 8.5 Hz, 2H), 2.63 (s, 3H).

%C NMR (101 MHz, Chloroforn®, 5 ppm) 164.84, 163.27, 144.26, 135.00, 134.69, ¥34.5
131.82,131.49, 130.39, 129.57, 129.45, 129.09 £d3.6 Hz), 128.45, 126.83, 126.01, 125.98 (q,
J=253.1 Hz), 124.70, 124.66, 120.12, 116.14, 1£3-HRMS m/z: 431.0883, [M+1] calcd

for Cy;H14CIF3N4O: 430.0808.

8c: White powder, 76% yieldH NMR (400 MHz, Chlorofornd, 5 ppm) 9.55 (d,) = 14.6 Hz,
1H), 8.80 (dJ = 1.5 Hz, 1H), 8.47 (d] = 1.5 Hz, 1H), 8.16 (td] = 7.9, 1.9 Hz, 1H), 7.58 (d,=



6.9, 6.2 Hz, 1H), 7.41 (d, = 2.6 Hz, 1H), 7.34 (m, 2H), 6.93 (@= 8.8 Hz, 1H), 3.97 ( = 6.5
Hz, 2H), 2.64 (s, 3H), 1.79 (4,= 7.0 Hz, 2H), 0.96 (1] = 7.4 Hz, 3H).

%C NMR (101 MHz, Chlorofornd, 5 ppm) 172.39, 169.24, 156.72 (tk 260.1 Hz), 149.30,
137.40, 135.57, 130.23, 129.14, 128.25, 125.64912322.59, 121.73, 118.23, 114.62, 108.92,
99.98, 50.22, 24.26, 22.34, 10.53.. ESI-HRMS m28.4342, [M+1], calcd for GsHaoCIFN,O.:
438.1259.

8d: White powder, 74% yieldH NMR (400 MHz, Chlorofornd, & ppm) 8.88 (s, 1H), 8.77 (d,
= 1.5 Hz, 1H), 8.47 (d] = 1.5 Hz, 1H), 7.97 (m, 2H), 7.18 (db= 8.9, 3.1 Hz, 1H), 7.07 (m, 1H),
7.01 (t,J = 3.0, 2.0 Hz, 1H), 6.99 @,= 2.0, 3.0 Hz, 1H), 6.95 (dd,= 9.1, 4.5 Hz, 1H), 4.13 (4,
=7.0 Hz, 2H), 3.84 (s, 3H), 2.63 (s, 3H), 1.4T&, 7.0 Hz, 3H).

%C NMR (101 MHz, Chlorofornd, 5 ppm) 165.58, 163.00, 163.33 (i 253.9 Hz), 158.29,
152.81 (d,J = 2.1 Hz), 144.30, 129.31, 125.86, 125.80, 124123,27, 117.58, 117.48, 117.34,
115.60, 115.38, 114.57, 112.48, 112.40, 63.82,656.2.69, 14.40. ESI-HRMS m/z: 421.1675,
[M+1] *, caled for GaH,1FN,O3: 420.1598.

8e White powder, 57% yieldH NMR (400 MHz, Chlorofornd, 8 ppm) 8.87 (s, 1H), 8.80 (s,
1H), 8.52 (s, 1H), 7.47 (m, 1H), 7.19 (dd 8.8, 3.1 Hz, 1H), 7.06 (m, 3H), 6.96 (dd; 9.0, 4.5
Hz, 1H), 3.85 (s, 3H), 2.61 (s, 3H).

%C NMR (101 MHz, Chlorofornd, 5 ppm) 165.46, 161.86 (d,= 243.2 Hz), 161.36, 159.086,
152.80, 137.54, 137.12, 132.82, 132.72, 132.62583,J = 5.1 Hz), 131.31, 125.05, 124.13,
123.10, 118.45, 117.56, 117.32, 115.78, 115.55481@1,J = 7.8 Hz), 112.19, 99.99, 56.25,
14.34. ESI-HRMS m/z: 413.1222, [M+1]calcd for GiH1sFaN4O,: 412.1147.

8f: White powder, 71% yieldH NMR (400 MHz, Chlorofornd, & ppm) 8.99 (s, 1H), 8.77 (d,
= 1.5 Hz, 1H), 8.48 (d] = 1.5 Hz, 1H), 8.09 (d] = 8.0 Hz, 2H), 8.04 (d] = 8.0 Hz, 1H), 7.98 (d,
J=8.0 Hz, 2H), 7.36 (d] = 8.0 Hz, 2H), 7.18 (dd] = 8.8, 3.1 Hz, 1H), 7.03 (d,= 4.0 Hz, 2H),
6.95 (ddJ = 9.1, 4.5 Hz, 1H), 5.16 (s, 2H), 3.84 (s, 3HREZ(s, 3H).

%C NMR (101 MHz, Chlorofornd, 5 ppm) 165.65, 163.71, 161.78 (tk 244.9 Hz), 162.94,
162.16 (d,J = 10.2 Hz), 136.18, 135.92, 132.85, 132.27, 129128.75 (2C), 128.72, 128.70,
128.35, 128.26, 128.24, 127.50 (2C), 125.82, 122.37.50, 117.93, 114.98, 114.56, 70.30, 56.25,
14.33. ESI-HRMS m/z: 517.1445, [M+1]calcd for GgH,,CIFN,O5: 516.1364.

4.2 Biology experiments
4.2.1. Reagents

Compound 8d was dissolved in dimethyl sulfoxide (DMSO) and retb at —-20 °C.
3-(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl-2H-tetr@mim bromide (MTT), PEG400, Con A and



LPS were purchased from Sigma-Aldrich (St. LouisQMJSA). 4',6-diamidino-2-phenylindole
(DAPI) was purchased from Beyotime (Shanghai, Ohirche primary antibody P65 was
purchased from Proteintech (Wuhan, China). PE-CDdrid FITC-Gr-1 conjugated antibodies
were obtained from BD Biosciences (San Diego, CAAY Rabbit polyclonal anti-CD4, rabbit
polyclonal anti-CD11b and rabbit polyclonal antif8@ were purchased from Merck Millipore.
For thein vivo experiments, compour8d was prepared in 40% (v/v) PEG 400 and 60% (v/v)
saline.
4.2.2. Cell lines and cell cultivation

RAW264.7 cells and human liver cells pL@ere purchased from the American Type Culture
Collection (ATCC, Rockville, MD, USA). Both of themvere cultured in DMEM media
supplemented with 10% fetal bovine serum and 1%biatits (penicillin and streptomycin). Cells
were cultivated in a humidified environment with 8@, at 37 °C.
4.2.3. Cell viability assay
The effect of all synthesized compounds on celbilitg wasestimated by an MTT assay. In brief,
LO, cells (1.5-5 x 1}) were seeded in 96-well plates and incubated ayetrnAfter that,
compounds were used to treat the cells for 24 BnTBOuL MTT (5 mg/mL) solution was added
to each well and incubated with the cells for 2—at 87 °C. All of the medium was removed and
150 uL of DMSO was added for 10 min. The absorbancemeasured at 570 nm using a Spectra
MAX M5 microplate spectrophotometer (Molecular Deeg, CA, USA). Each experiment was
replicated three times.
4.2.4. Measurement of NO release

RAW264.7 cells (1 x 10mL) were seeded in 96-well plates and incubateztraght. Then, the
cells were treated with the tested compounds foarNext, 1ug/mL LPS was added for another 23
h. Briefly, the culture supernatants were harvestedneasurement of NO production using the
Griess reagent (Beyotime, Shanghai, China) at #oadlensity of 540 nm.
4.2.5. Chemotaxis assay

RAW?264.7 cells were starved for 3 h in serum-freedimm. Transwell cell chambers
containing a polycarbonate filter were used in #ssay. In the upper chamber, 2000f medium
that included RAW264.7 cells with 0.5% BSA and @@ compounds or DMSO were added.
Then, 600uL DMEM medium with 200 ng/mL MCP-1 (R&D, USA) wagided to the lower
chamber. After incubation at 37 °C for 3 h, nonmaigry cells were discarded from the upper
surface of the filter using a cotton swab. Theke, fitiers were washed in PBS three times. The
migrated cells were fixed with 4% paraformaldehjael h and stained with a 0.5% crystal violet

solution (Beyotime, Shanghai, China) for 15 min. Mdomly selected visual fields and counted



and photographed the migrating cells under a ligitroscope. The standard deviation of the
average was calculated by three replicated chambers
Inhibitory rates = 1 N/ (N;+N,)
N; = the number of migratory cellsl, = the number of nonmigratory cells; Eight differameas
of migrated cells were counted for each well (n)=a’d the inhibitory rates were expressed as the
meanSD (p < 0.05).
4.2.6. Immunofluorescence assay

The concentration of Con A used in this study wasaccordance with that previously
described. RAW264.7 macrophages (2X10ell) were seeded in 24-well plates and incubated
overnight. Cells were pretreated with Con A or L#862 h. Then, the cells were treated with
different concentration of compour@tl for another 22 h. Subsequently, the cells werehas
three times in PBS and fixed in 4% paraformaldehgdel0 min and washed three times in PBS.
Then, the cells were penetrated with PBS solutmmtaining 0.5% Triton X-100 for 10 min and
washed three times. After incubation with PBST aarihg 5% BSA and 0.05% Triton X-100
(blocking solution) for 30 min, the cells were ibated with primary antibody overnight at 4 °C.
Goat anti-rabbit secondary antibodies conjugatddl T€ were used. Cell nuclei were stained with
DAPI. Photographs were taken using a laser-scargunépcal microscopy (Nikon).
4.2.7. Preparation of RNA and real-time PCR

The total RNA from liver tissues and RAW264.7 cellere isolated using Trizol reagent
(Thermo Fisher Scientific, Inc.). Total RNA (&) was reverse transcribed to cDNA by using an
M5 First Strand cDNA Synthesis Kit (Mei5 Biotechagl, Beijing, China) according to the
manufacturer’ s protocol. Real-time PCRs were perénl using SYBR Premix Ex Tad (Takara,
Kusatsu, Japan), and the conditions of this assag werformed as follows: 95 °C for 30 s, the
following 40 cycles including 95 °C for 5 s and 8D for 20 s. All PCR assays were performed in
triplicate. Expression of mRNA was normalized to I3+ expression. The following primers
were used:

GAPDH: MF TTGCGACTTCAACAGCAACTC; MR GGTCTGGGATGGAARTGTG,

TNF-0: MF GGCAGGTCTACTTTGGAGTCAT; MR CAGAGTAAAGGGGTCAGAGGG,

IFN-y: MF CAGCAACAGCAAGGCGAAA; MR CTGGACCTGTGGGTTGTTGAC,

IL-6: MF AACCACGGCCTTCCCTACTT; MR TTGGGAGTGGTATCCTOGTGA,

IL-10: MF GATGCCCCAGGCAGAGAA; MR CACCCAGGGAATTCAAAGC
4.2.8. Flow cytometry

Single-cell suspensions of livers were made by meickal and enzymatic dispersion as

described previousf§, Briefly, red blood cells were lysed and washeitéwusing PBS. The



single-cell suspensions of the liver were acquibsgd mechanical disruption and 1 mg/mL
collagenase | digestion. Then, 1R¥eshly prepared cells were suspended in}ll06f PBS and
stained with different combinations of fluorochroemupled antibodies for CD11b and Gr-1. The
cells were collected by FCM, and the data wereyaedl by FlowJo software.
4.2.9. Animals

All animal experiments complied with the Nationaktitutes of Health guide for the care and
use of laboratory animals (NIH Publications No. 80Pevised 1978). Six to eight weeks old
female BALB/c mice (HFK bioscience CO., LTD, BeginChina) were used in this study. The
mice were housed in an SPF environment. The expatsnwere approved and conducted in
accordance with the Animal Care and Use Commitfe8ichuan University. This model was
established as previously describethe mice were randomly divided into three grougtrol
(pathogen-free saline), Con A (20 mg/kg) and comdd@d (100 mg/kg. The control group mice
were administered pathogen-free saline by intrawemgjection and the Con A group were given
Con A 20 mg/kg followed by the administered solvgt% (v/v) PEG 400 and 60% (v/v) saline)
by intraperitoneal injection. The compou8d group mice were given Con A 20 mg/kg followed
by the administere@d (100 mg/kg. After 12 h, the mice were sacrificed and serurd Ewver
tissue were collected for subsequent experiments.
4.2.10. Liver function assessment

Blood samples were centrifuged at 3000 rpm for 1@ tm collect the plasma. Levels of ALT
and AST were measured on an automatic analyzesidhlifuto Analyzer 7170, Japan).
4.2.11. Histopathology and immunohistochemistry

Liver sections were fixed in 4% formalin, embeddegaraffin, dehydrated with 70% ethanol,
and cut into 4-5um slices. The slices were stained with hematoxgiid eosin (H&E) and
examined under a light microscope to analyze hegpatinges. In addition the liver tissue sections
were stained with primary antibodies (CD4, CD11kl &#/80). Images were taken using a
fluorescence microscope (Olympus, Tokyo, Japan).
4.2.12. Statistical analysis

Results are expressed as the mean values and rstasheldation (SD) and were analyzed
statistically with analysis of variance (ANOVA), ddifferences between groups were assessed
with Tukey's method. A value of p < 0.05 was coesid statistically significant.
Notes
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Highlights

A series of new (1,2,4)triazol €] 4,3-a] pyridine derivatives were synthesi zed.

8d suppressed NF-xB p65 translocation and expression of inflammatory genes.
Preliminary mechanisms of anti-inflammatory action were discovered.

8d could be alead compound as AlIH therapeutic agent.



