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Design, Synthesis, biological evaluation
and docking study of novel
I ndole-2-amide as anti-inflammatory
agentswith dual inhibition of COX and
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Yuanzheng Huang, Bin Zhang, Jiaming Li,
Huica Liu, Yanchun Zhang, Zhang Yang,
Wandong Liu

Abstract: A series of novel indole-2-amide
compounds were designed, synthesized and
the dual inhibitory activity of
COX/5-LOX were demonstrated.
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Abstract

In this work, a series of novel indole-2-amide cannpds were designed, synthesized,
characterized and the anti-inflammatory activityivo were evaluated. Compounds
8a, 10b, 12h, and 121 exhibited marked anti-inflammatory activity in
2,4-Dinitrofluorobenzenethe (DNFB) - induced miagriele edema model. Further,
compounds8a 10b and 12h exhibited potentialn vitro COX-2 inhibitory activity
(ICs0= 21.86, 23.3 and 23.21 nM, respectively), while teference drug celecoxib
was 11.20 nM. The most promising compoub@b was exhibited the highest
selectivity for COX-2 (selectivity index (COX-1/CQOX) = 17.45) and moderate
5-LOX inhibitory activity (IGo = 66 nM), which comparable to positive controlled
zileuton (IGp = 38.91 nM). In addition, the test results showedtpoundslOb and
12h no significant cytotoxic activity on normal cel{RAW264.7). Further, at the
active sites of the COX-1, COX-2 co-crystdlb,and4l showed higher binding forces
in the molecular docking study, which consistenthwthe results ofin vitro
experiments. These results demonstrated that t@ms@ounds had dual inhibitory
activity of COX/5-LOX, providing clues for furthesearching for safer and more
effective anti-inflammatory drugs.
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1. Introduction



As one of the most frequently used drugs in theldydraditional non-steroidal
anti-inflammatory drugs (NSAIDs) achieve antipyceti analgesic and
anti-inflammatory effects by inhibiting COX enzymassociated inflammatory
cytokines synthesis [1]. COX is one of the key eney in the arachidonic acid (AA)
metabolic pathway. It include two isoenzymes (COAAtl COX-2), which mediates
the production of prostaglandins and thromboxamesn farachidonic acid [2].
According to current research, COX-1 is an inténsnzyme, and mainly distributed
in the stomach, kidney and platelets, which canntam the gastric and renal
homeostasis; COX-2 is an inducible enzyme, aneé@xfmession is enhanced in the
case of tissue damage, inflammatiett, [3]. Therefore, long-term use of traditional
NSAIDs such as aspirin may cause serious gastsbiné side effects, which are
very unfavorable for the treatment of some chramil@mmation [4]. Compared with
traditional NSAIDs, selective COX-2 inhibitors sificantly reduce gastrointestinal
side effects, but at the same time increase thedilikod of cardiovascular disease
[5,6].

5-lipoxygenase (5-LOX) is one of the three majmzignes of liquid oxygen
(LOX), involved in the metabolic process of AA, atiere is a compensatory
mechanism with COX [7]. The Leukotrienes (LTs) midtely produced by the LOX
pathway are considered as important mediatorsflainnmatory and allergic diseases,
and are believed to be closely related to cancedr aardiovascular disease [7,8].
Therefore, it is possible to decrease the potem#biovascular disease risk of
NSAIDs by inhibiting 5-LOX and reducing the syntlgesf LTs. At the same time,
studies have shown that LTs are involved in thdrgedestinal reactions caused by
NSAIDs [9]. It is worth noting that although 5-LOKlays an important role in
various physiological processes such as inflammatite 5-LOX inhibitor - Zileuton
don’t show an obvious anti-inflammatory effect élated experiments [10].

Therefore, it is possible to cut down side effexttsh as gastrointestinal tract and
cardiovascular while maintaining the basic activafyNSAIDs through strategy of

COX/5-LOX co-inhibition, thereby obtaining safer dan more effective



anti-inflammatory drugs.

As a dual inhibitor of COX/5-LOX, licofelone and ribafelone were first
designed and entered the clinic as an analgesiam@nthflammatory drug, but failed
to be marketed due to efficacy or toxicity. Therefdor the time being, the design
and research of dual inhibitors is still urgentlgeded in the market [11]. And in
recent years, researchers have also discovered exeefient compounds with dual
inhibitory potential. among which, Mostaétc designed and synthesized a compound
as COX/5-LOX double inhibition by using quinoline a backbone and a 2-amide
structure as a linker, Its §gvalues of COX-1 = 8.M, COX-2 = 1.13uM and
5-LOX = 7.61uM, both comparable to positive drugs [12]. In aiahf indole ring is
an important fragment with anti-inflammatory effgctnd indomethacin has been
used as a non-steroidal anti-inflammatory drug 4B, Palwinder and co-workers
combined three heterocyclic structures of indolesim-barbiturate to synthesize
compound? and exhibited extremely high double inhibitoryigity with ICso values
of COX-2 = 1 nM and 5-LOX = 1.5 nM, respectivelyetter than celecoxib and
zileuton [15]. And Reddy synthesized a series ohpounds by modifying the
structure ofN-benzyl indole, in which compoun8 showed good COX/LOX dual
inhibitory activity with 1G5 values of COX-2 = 3.9M and 5-LOX = 94uM [16].
(Fig- 1)

Encouraged by these findings, 5-chloroindole-2-caybc acid was used as the
fundamental structure to construct amide bond Hylamine, pyrrolidine and
piperazine, and simultaneously combined with thgptémine and ligustrazine
fragments which have a wide range of biologicalivéets, in order to obtain
compounds which have good anti-inflammatory activfFig. 2). The first six
compounds were synthesized and evaluated for fimevivo anti-inflammatory
activity, and the most active compouBid was selected for further modification to
confer different electronic and lipophilic propesito the molecules. Similarly, the
newly synthesized fourteen compounds were alsouated for theirin vivo

anti-inflammatory activity. Further, the most aeticompounds3a, 10b, 12h, 12|



were investigated for theim vitro COX/5-LOX inhibition. In addition, we also

conducted molecular docking studies on compoudtisand12h to explore feasible

combinations of compounds with the two enzymes.
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Fig. 2 Idea of newly designed indole-2-carboxamide

2. Result and discussion

2.1. Chemical synthesis



Schemes 1 - 4 describes the synthetic route for intermediated &nal
compounds.

The preparation of the carboxylic acid fragme3as are described iBcheme 1.
Since there were two active sites in the 5-Chlatole-2-carboxylic acid, the
carboxylic acid group was first protected by metlegterification. The obtained
methyl ester was reacted with 4-chlorobenzyl cdewor 4-fluorobenzyl chloride, and
NaH was added to increase the reactivity to olatb [17]. The two steps had good
yields of 91.5% and 86.4%, respectively. The stmed of the compounda-b were
confirmed by'H NMR and **C NMR spectroscopic analyses as well as MS
spectrometry, and the absence of indok¢ peak of the compoun2 and presence of
a peak of two protons integration due to benzylugrat 5.87 ppm ifH NMR
spectrum of3a-b confirmed the reaction. Finally, they were hydr@gzin a hot
alkaline solution to obtaiBa-b.

The preparation of amino fragmenisand 7 were described irfScheme 2.
Dichloromethane solution @ with an excess of anhydrous piperazine affordegh@am
5in 77% yield. On the other hand, compodndas subjected to substitution using 1 -
Boc - 3 - aminopyrrolidine in dichloromethane toeldi intermediate6. And
compounds was hydrolyzed to the amirfeusing trifluoroacetic acid (TFA) under an
alkaline environment [18].

The formation of compounds’ amide bond are desdribeSchemes 3 and 4.
The HOBT and EDCI were first combined with the @ayic acid fragment to form
an active lipid, which increaseed the reactivityd ahen added the above-mentioned
amine fragment to form an amide under an alkalingirenment [19]. All the
structures of indole-2-carboxamides were confirnigd*H NMR and *C NMR
spectroscopic analyses as well as MS spectromé#iking compound8a as an
exampleH NMR spectra showed the presence of a peak asstgn&rCH,N at 5.5
ppm and a peak assigned to Piperaziikg-@t 3.5 ppm. At the same time, the mass
spectrometry data further confirmed the structdr8ap which gave a molecular ion

m/z 521.17 (M+H).
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2.2. Biological evaluation
2.2.1. Anti-inflammatory activity

The anti-inflammatory activity of the synthesizemhtypounds was evaluated by
utilizing the mice auricle edema model using dexheEone as a positive drug [20].
The experimental results were showrTable 1 andTable 2 and expressed as means
+ standard deviation (SD). And one-way analysivariance was performed on the
control group and the test group using SPSS 2atsttal software. The difference
was significant ap < 0.05.

In the inflammatory model, the compounds were d@didnto two batches to

evaluate the activity of inhibition of mouse earefiimg. Each test compound was



administered by intragastric administration (pesitgroup was given dexamethasone
0.5 mg/kg, and compound group was given 5 mg/kspeetively). After 6 days of
adaptive feeding, DNFB was used to stimulate inffetion, and the mice were
sacrificed 24 hours later. The left ear and thbtresar were weighed and the swelling
degree and inhibition rate were calculated [20].

Among the first activity results8a (64.9%) and9b (52.5%) had significant
inhibitory activity compared with the control groujp < 0.01). There was no
significant difference betweea and the positive drug dexamethasatizh (43.1%)
and12l (40.5%) had significant inhibitory activity comgar with the model grougp(

< 0.01), whichl2h was equivalent to the positive drug.

Table1

The percentages of edema inhibition of compowdaels, 9a-b, 10a-b and dexamethasone

Dose levels left ear Right ear swelling degree inhibition
Compound

(mg/kg) (mg) (mg) (mg) (%)
Blank - 14.3£1.0 13.9+1.2 - -
Control - 13.5%1.2 30.9+3.5 17.4£3.6 -
Dexamethasone 0.5 13.8+1.0 20.1+4.8 6.3%4.7 63.8
8a 5 12.9+0.8 19.043.2 6.1+2°% 64.9
8b 5 12.5+1.1 21.5+£3.7 9.0+4.3 48.3

9a 5 12.5+0.9 22.5+3.7 10.0+3.1 42.5
9b 5 12.9+0.6 21.7£3.4 8.8+4.1 494
10a 5 13.8+0.9 23.5+3.2 9.7+4.1 44.3
10b 5 13.8£1.5 22.5+4.6 8.7+4%7 50.0

Ap < 0.05, * < 0.01 vs control

swelling degree (mg) = W W,
inhibition (%) = ((Wk - W,) control - (W, - W, ) treated) / (W{ - W,) control * 100%
Whr = Average weight of the right ear; W& Average weight of the left ear

Table2

The percentages of edema inhibition of compour@dsn and dexamethasone



Dose levels left ear Right ear swelling degree inhibition

Compound
(mg/kg) (mg) (mg) (mg) (%)
Blank - 11.8+0.7 12.2+0.7 - -
Control - 12.5+1.1 25.7x2.2 13.2+2.3 -
Dexamethasone 0.5 12.3+0.8 19.3+1.2 7.9 46.8
12a 5 11.3+1.0 21.3+3.2 10+3.7 24.0
12b 5 11.5+¢1.0 21+2.8 9.5+3.8 27.8
12c 5 12.3+x1.0 20.7+£3.4 8.318.2 36.7
12d 5 13.8£1.0 23.7£3.6 9.9+3.4 254
12e 5 12.1+0.7 21£2.7 8.8+2.3 32.9
12f 5 12+0.9 20.7+£3.8 8.7+3.9 34.2
12g 5 12.5+1.1 21+2.4 8.5+2.9 35.4
12h 5 11.7+0.8 19.2+#1.9 7.5+2%1 43.1
12i 5 13.9+1.2 22.9+3.1 9.0+£2.9 29.8
12j 5 12.5+£1.4 20.5%£3.0 8.0+2.8 39.2
12k 5 12.2+0.7 21.5+3.7 9.3+£3.6 29.1
121 5 12+0.9 19.8+2.1 7.8:7% 40.5
12m 5 12.2+0.7 2129 8.813.4 32.9
12n 5 12+0.9 21.243.2 9.2+2.4 30.4

Ap < 0.05, * < 0.01 vs control

swelling degree (mg) = W W,
inhibition (%) = (W& - W,) control - (W, - W, ) treated) / (W{ - W,) control * 100%
Whr = Average weight of the right ear; W& Average weight of the left ear

2.2.2.Invitro COX-1/COX-2 inhibition assay

Further, compounds with high anti-inflammatory waityi such as8a, 10b, 12h,
and 12| were evaluated for their COX inhibitory activityn vitro by
immunofluorescence analysis, and indomethacin afetoxib were used as positive
controls [21]. The mean fluorescence values werkulzed at an emission

wavelength of 587 nm and the potency of the testmgpounds was determined as



the concentration causing 50% enzyme inhibitionsd)ln addition, the selectivity
index (IS) of COX-2 was calculated.

As shown inTable 3, all compounds exhibited good inhibitory ability @OX-2
and selectivity to COX-2 (I§ = 31.91-21.86 nm) was higher than that of COX-1
(ICsp = 406.6-195.0 nm). The Sl ranges from 8.4 to 17Adbthe tested compounds
had higher COX inhibition than indomethacin bugktly less inhibition of COX-2
than celecoxib. These results indicated that comgewvith good anti-inflammatory
activity exhibited high inhibitory activity again€OX, and inhibition COX may be

one of the pathways by which these compounds exérinflammatory effects.

Table3
Invitro COX-1, COX-2 and 5-LOX enzymatic inhibition assaytled compound8a,10b,12h and12l.

ICsq™ (NM)
Compound
COX-1/COX-2
COX-1 COX-2 . 5-LOX
selectivity index(Sf

8a 312.4+28.75 21.86%1.37 14.29 339.0+£30.62

10b 406.6+35.65 23.3+1.39 17.45 66.14+6.26

12h 195.0+10.34 23.21+1.51 8.4 83.5416.28

12| 361.4421.35 31.91+1.78 11.33 209.549.57

Indomethacin 489.9+18.73 1466+86.59 0.33 ND

Celecoxib >500 11.20+0.97 >40 ND
Zileuton ND ND ND 38.914+2.16

a IG,: Represents the concentration of the test compthatds required for 50% inhibiticim vitro.
b SI: I1G,(COX-1) / 1G5, (COX-2)
ND: not determined
2.2.3Invitro 5-LOX inhibition assay
Similarly, the evaluation of 5-LOX inhibitory actty was performed o8a, 10b,

12h and12l, and the obtained data is listedTiable 3 [22]. Among them,compounds



10b and 12h had moderate inhibitory activities @& = 66.14 and 83.54 nM,
respectively) while the positive control zileutomsv38.91 nM. HoweveBa and12|

showed no significant inhibitory activity against ®X. By analyzing the structure of
the compounds, we had found that the electron-dangtoup of methoxy group may

increase the inhibitory activity of the compound 5LOX compared to the electron

withdrawing group.

2.2.4In vitro cytotoxic activity

Further, compoundi0b and12h were evaluated for their cytotoxicity on normal
macrophage cell line (RAW264.7). The results shotied compounds 10b and 12h
had no significant effect on the survival of RAWZb4ells below 5QM (including
50 uM). The cell survival rate of each concentratiorougr was not significant

difference from that of the blank groupig. 3).

10b 12h
120+ 1204

Survival rate (%)
Survival rate (%)

Fig. 3 Cell viability experiment was performed at 5450 concentration and there was no significantly tyta
of compound40b and12h at the concentration up to f®.

2.3 Molecular docking study

In order to investigate the possible binding comfations of compoundib and
12h with either COX-1 (PDB code 1PGF) [23] or COX-2D[® code 1CX2) [24]
receptors, molecular docking study was carried osing AUTODOCK 4.2.6
modeling software [25]. The docking results werecpssed with PYMOL to obtain

the molecular chimeric maps, and the positions hichv the compounds formed



hydrogen bonds and binding pockets were analyzgjd [2

To ensure the feasibility of the docking resultg, extracted the eutectic ligands
IMM and SC-558 from the 3D protein structure of C@Xand COX-21n Fig. 4, the
docking method of IMM A) and SC-558K) was compared with the eutectic ligand
to verify the accuracy of the docking study. Theneadocking parameters were used
in subsequent docking @bb and12h.

Fig. 5 (A) showed the combination d2h and COX-1.12h enter the active
pockets of HIS90, ARG120, SER530 and TYR385 [2A] aombined HIS90 with
hydrogen bonds. IRig. 5 (B), the combination o12h and IMM was similar, and the
docking scores fol2h and IMM were -11.74 and -10.62, respectively. Bécent
from lle523 in COX-1, COX-2 binding site was presam additional side pocket
because of the amino acid residue Val523, whicreases the active area of COX-2
by 20% [28]. The results of the docking simulati@n12h into COX-1 active site
showed that this compound was forced to adopt gitlatinal binding pattern due to
presence of 1le523, which closed the side pocket @mshed the compound to the
bottom of the active siteOn the contrary, ifrig. 6 (B andD), the orientation of the
5-chloroindole moieties ii0b and12h, respectively within the additional side pocket
of COX-2 was similar to fitting of sulfonamide moyeof SC-558 into the same side
pocket. Due to the different chemical nature ofgsbhonamides in the chlorine atom,
figure 5 illustrated that the compoundfb and12h have certain COX-2 selectivity,
and may also explain the difference in activityweetn the compounds and celecoxib
[29]. Simultaneouslyl2h forms a hydrogen bond with the important residiA 20,
which is the same as AA(g 6 (B)), while 10b forms a hydrogen bond with the
active pocket apical residue TYR385. These twodntsbited similar binding pattern

and interactions to that of the cocrystallized E8-bgand Fig 6 (D)) [30].



Fig 4 (A) Comparison between the docked pose of IMM ¢eJlas produced by docking experiment and the
co-crystallized ligand of this inhibitor within COX{gray, PDB code: 1PGF). (B) Comparison between the
docked pose of SC-558 (yellow) as produced by dackixperiment and the co-crystallized ligand of thhibitor
within COX-2 (gray, PDB code: 1CX2).

HIS-90

&«
Fig 5 (A) Docking and binding pattern of compoui2h (orange) into COX-1 active site (PDB code: 1PGB); (
The superimposition of the docked pdgh (yellow) and the co-crystallized IMM (magenta) it active site of
COX-1. Dashed lines represent hydrogen bonds. Tepiobic area of active site was represented égrgrand

the hydrophilic area was indicated by yellow.




ARG-513

Fig 6 (A) Docking and binding pattern of compouiizh (orange) into COX-2 active site (PDB code: 1CX2). (B)
The superimposition of the docked pd@h (yellow) and the co-crystallized SC-558 (magemtdhin active site
of COX-2. (C) Docking and binding pattern of compoud®d (orange) into COX-2 active site (PDB code: 1CX2).
(D) The superimposition of the docked pd€b (yellow) and the co-crystallized SC-558 (magentdhin active
site of COX-2. Dashed lines represent hydrogen hofids hydrophobic area of active site was represehy
green; and the hydrophilic area was indicated lipwe

3 Conclusion

In the present study, a series of 2-indole-amid=svative was synthesized as
anti-inflammatory agents. Compounda, 10b, 12h and 12| exhibited good
anti-inflammatory activity in the mice auricle ed@model.There was no significant
cytotoxic activity on RAW264.7urther, the experiments conducted in-depth stualies
the anti-inflammatory mechanisms of there compounds the enzyme
immunosuppression experiment, the compounds weredfto have a good inhibitory
activity against the COX/5-LOX enzyme. Among thelli had the best inhibitory
activity against COX-1 (16 = 195 nM);9a, 11b, 13i had potent inhibitory activities
against COX-2, which were 21.86 nM, 23.3 nM and223M, respectively; while
11b and 13i exhibited 5-LOX inhibitory activity (I = 66.14 nM, 83.54 nM,
respectively). Therefore, were it was confirmedtthlae compounds exert its
anti-inflammatory activity by inhibiting the COX/BOX pathway. According to Guo
Zongru's strategy of moderate inhibitithh due to the mutual restriction of COX-1
and COX-2 in the body, excessive inhibition of CQXuvill break this kind of balance,
which will lead to some side effects that are ngieeted [31]. Compoundb and

12h exhibited moderate inhibition of the COX/5-LOX ateimperate selectivity for



COX-2, which may be more safer than celecoxib.dditon, docking studies have
explained and supported the resultsiofvitro enzyme activity experiments. By
analyzing the binding pattern of the compoundsht dctive site of the enzyme, it
was find that the 5-chloroindole structure in tleenpoundslOb and12h entered the
COX-2 side pocket, which was similar to the sulioimde group in SC-558. In
conclusion, combined with the results of the miceice edema and the enzyme
immunosuppression experiments, this study led wcodery of two promising
compounds with high potency against COX and 5-L@dviding clues for further

discovery of safe and effective anti-inflammatorygs.

4. Experimental

4.1. Chemistry

The reagents and solvents for reaction were puech&f®m common commercial suppliers. If
necessary, purification processes were carried qarfor to their use. Melting points are
determined on melting point apparatus (RDCSY-I) areluncorrected. 1H NMR and 13C NMR
spectra were recorded on 400 MHz and 100 MHz insnis (Bruker, Fallanden, Switzerland),
respectively, with tetramethylsilane (TMS) as in@rstandard. MS spectra were measured with a

Hewlett-Packard 1100 LC/MSD spectrometer (Agil&aldbronn, Germany).

4.1.1. methyl 5-chloroH-indole-2-carboxylate?)

To a solution of 5-Chloroindole-2-carboxylic acky( 25.6 mmol, 1 eq) in 30 mL of MeOH
was added SOgI(3.7g, 30.8mmol, 1.2 eq) dropwise within 30 minOatl. Subsequently, the
reaction mixture was stirred at 35 for 2 h. Then, the solvent was evaporated undewaed
pressure, and the residue was purified by colunmonsatography using ethylacetate/petroleum,
giving intermediate? as a yellow solid, yield 93%. m.p. 212.2-214/7'H NMR (400 MHz,
CDCl;) 6 8.95 (s, 1H, M), 7.67 (s, 1H, Ad), 7.35 (d,J = 8.7 Hz, 1H, AH), 7.31-7.25 (m, 2H,
ArH, ArCH), 3.95 (s, 3H, 083); *C NMR (100 MHz, CDG)) & 162.1, 135.1, 128.4, 126.6,

126.0, 121.8, 112.98, 112.93, 108.1, 52.2.



4.1.2. 1-benzyl-5-chloroH-indole-2-carboxylic acid3a-b)

To a stirred suspension of NaH (60 percent disperisimineral oil; 0.7 g, 17.3 mmol, 1.2 eq)
in DMF (10 mL) was added dropwise solutionlgf3g, 14.4 mmol, 1 eq) in DMF (30 mL) atQ
and the mixture was stirred at room temperature8@min. To the mixture was added dropwise
4-Chlorobenzyl chloride or 4-Fluorobenzyl chlorid@4.4 mmol, 1 eq), and the resulting
mixturewas stirred at room temperature for 30 riine reaction was quenched with water and
acidified with acetic acid. The formed precipitatas filtered, washed with water, and dried under
vacuum to obtain the gray solid.

To a solution of the above compounds (7.8 mmolg)Lie ethanol (30 ml), 10 % NaOH
solution (15 ml) was added with stirring for 15 naih750]. The residue after removal of ethanol
under reduced pressure was then taken into watklaeidified with concentrated hydrochloric
acid. The formed precipitate was filtered, wash&t water, and dried under vacuum to gdzeb

as white solid.

4.1.2.1. 5-chloro-1-(4-chlorobenzylHiindole-2-carboxylic acid3a)

Compound3a was synthesized according to the synthetic praeediven above as white
solid in yield of 85%H-NMR (400 MHz, DMSO#€) 5 7.80 (d,J = 2.0 Hz, 1H, AH), 7.61 (d,J
= 8.9 Hz, 1H, AH), 7.37 — 7.29 (m, 4H, At, ArCH=), 7.05 — 7.01 (m, 2H, At), 5.87 (s, 2H,

NCHAr), COOH (none); ESI-Mass for,gH1:CoNO,: m/z (M+H)" 317.7

4.1.2.1. 5-chloro-1-(4-fluorobenzyl}-tindole-2-carboxylic acid3p)

Compound3b was synthesized according to the synthetic praeediven above in yield of
86%, m.p. 202.8-205.2H-NMR (400 MHz, DMSOd) 8: 7.79 (d,J = 2.1 Hz, 1H, AH), 7.62 (d,
J = 8.7 Hz, 1H, AH), 7.30 (s, 1H, Ar€l=), 7.29 (ddJ = 2.0, 8.7 Hz, 1H, Ad), 7.01 - 7.09 (m,

4H, ArH), 5.87 (s, 2H, NE,Ar), COOH (none); ESI-Mass for,@4:.CIFNO,: m/z (M+H)" 301.8

4.1.3. 2,3,5-trimethyl-6-(piperazin-1-ylmethyl)pyrae 6)
Anhydrous piperazine (3.0 g, 34.9 mmol, 6 eq) wiasalved in dichloromethane (60 mL).
2-(chloromethyl)-3,5,6-trimethylpyrazine (0.99g85mmol, 1 eq) in dichloromethane (30 mL)

was added dropwise to the solution at room tempegat The reaction mixture was stirred for



about 4 h. Then, the mixture was washed with sedri,CO; solution (30 mL x 3) and water
(30 mL x 3). The organic layer was dried over ambyd NaSO,. The filirate was evaporated

under reduced pressure and desired produdS|-Mass for GH1,CIFNO,: m/z (M+H)" 221.11.

4.1.4. tert-butyl3-(((3,5,6-trimethylpyrazin-2-ylathyl)amino)pyrrolidine-1-carboxylat@&)
1-Boc-3-aminopyrrolidine (1.08 g, 5.8 mmol, 1 egsadissolved in THF (60 mL).
2-(chloromethyl)-3,5,6-trimethylpyrazine (1g, 5.8mwl, 1 eq) in THF (30 mL) was added
dropwise to the solution at room temperature . fEagtion mixture was stirred at reflux for 4
hours. Then, the mixture was evaporated under estpessure after filtered. Obtaining ®flor

the next reaction

4.1.5. N-((3,5,6-trimethylpyrazin-2-yl)methyl) pytidin-3-amine {)

To a stirred solution of 6 (1g, 3.1 mmol, 1 eq)dichloromethane (20 mL) was added
dropwise trifluoroacetic acid (3.5 g, 31 mmol, 1§),eand the mixture was stirred at room
temperature for 12 h. The progress of the reaatias monitored by TLC. After concentration at
reduced pressure, the residue was purified by flasblumn chromatography

(methanol/dichloromethane = 1:20 - 1:10) affordesltitle compound 7.

4.1.6. (1-benzyl-5-chloroH-indol-2-yl)(4-((3,5,6-trimethylpyrazin-2-yl)methydiperazin-1-yl)
methanone§a-b)

To a stirred solution dda-b (1.65 mmol,1 eq.) in DMF (25 ml ), HOBT (3.3 mnibkqg.) and
EDCI (4.12 mmol 2.5 eq.) was added at'25After 15 min,6 (0.36 g 1.65 mmol,1 eq.) dissolved
in DMF (10 mL) was added. The reaction mixture wastinued to keep at 25 with stirring for
4 h. A saturated solution of citric acid was slowalyded with stirring for an additional 30 min
followed by addition of HO and EtOAc. The organic layer was washed witheyriried over
anhydrous Ng50, and evaporated under reduced pressure. The residsiepurified by flash
column chromatography (PE/EA = 5:1 - 2:1 ) affordeel title compounds36-b).

Compounds 8a-b were synthesized according to ththeljc procedure given above (See

details in Supplemental Data).



4.1.7. (1-benzyl-5-chloroH-indol-2-y)(3-(((3,5,6-trimethylpyrazin-2-yl)meti)ami-no)
pyrrolidin-1-yl)ymethanone9a-b)

To a stirred solution dda-b (1.65 mmol,1 eq.) in DMF (25 ml ), HOBT (3.3 mnibkqg.) and
EDCI (4.12 mmol, 2.5 eq.) was added at 25After 15 min,8 (0.36 g, 1.65 mmol, 1 eq) dissolved
in DMF (10 mL) was added. The reaction mixture wastinued to keep at 25 with stirring for
4 h. A saturated solution of citric acid was slowalyded with stirring for an additional 30 min
followed by addition of HO and EtOAc. The organic layer was washed witheyriried over
anhydrous Ng50, and evaporated under reduced pressure. The residsiepurified by flash
column chromatography (PE/EA= 5:1 - 2:1) affordeel titte compound9é-b).

Compounds 9a-b were synthesized according to th#heljc procedure given above (See

details in Supplemental Data).

4.1.8. 1-benzyl-5-chloro-N-(2-(5-methoxydiindol-3-yl)ethyl)-1H-indole-2-carboxa-midel@a-
b)

To a stirred solution a8a-b (1.65 mmol,1 eq) in DMF (25 ml), HOBT (3.3 mmogg) and
EDCI ( 4.12 mmol, 2.5 eq ) was added at' 25After 15 min, 5-Methoxytryptamine (0.31 g, 1.65
mmol, 1 eq) dissolved in DMF (10 mL) was added. fiéaction mixture was continued to keep at
25 [0 with stirring for 4 h. A saturated solution ofr@tacid was slowly added with stirring for an
additional 30 min followed by addition of ;@ and EtOAc. The organic layer was washed with
brine, dried over anhydrous p&O, and evaporated under reduced pressure. The regidsie
purified by flash column chromatography (PE/EA £-3:1) afforded the title compouniiOg-b).

Compounds 10a-b were synthesized according toyththetic procedure given above (See

details in Supplemental Data).

4.1.9. (1-benzyl-5-chloroH-indol-2-yl)(4-benzylpiperazin-1-yl)methanont-n)

To a stirred solution o8a-b ( 1.65mmol,1 eq ) in DMF (25 ml ), HOBT ( 3.3 mnibkq )
and EDCI (4.12 mmol 2.5 eq) was added at [25After 15 min, monosubstituted benzyl
piperazine {1a-n) (1.65 mmol,1 eq) dissolved in DMF (10 mL) was eddThe reaction mixture
was continued to keep at 2bwith stirring for 4 h. A saturated solution ofratacid was slowly

added with stirring for an additional 30 min folled/ by addition of KO and EtOAc. The organic



layer was washed with brine, dried over anhydrowsSR)y and evaporated under reduced
pressure. The residue was purified by flash coleimomatography (PE/EA = 5:1-2:1) afforded
the title compoundi@a-n).

Compounds 12a-n were synthesized according toyththetic procedure given above (See

details in Supplemental Data).

4.2. Biological activity
4.2.1. DNFB-induced mice auricle edema bioassay

Materials: male ICR mice weighing (18 - 22 g); 19IEB solution (composed by 0.1 mL
DNFB solution, 8 mL acetone and 2 mL olive oil); Xaenethasone; sodium
carboxymethylcellulose solution (CMC-NA) were prded by Hefei Yigong Medicine Co., Ltd.

Experimentation: animals were randomly divided iBtgroups according to weights, 6 in
each group. They were were normal group, modelgrpositive group and other 6 compound
groups. The normal group and the model group warenghe same dose of the normal saline.
The positive group was given dexamethasone 0.5gngid the compound groups were given
compound 5 mg/kg, respectively. All drugs were adistered by intragastric administration. The
drug was administered once a day for 6 days. Aftdays of adaptive feeding, the normal group
did not do any treatment. In the other groupsyitjiet ear of the mice were uniformly coated with
10 uL of 1 % DNFB solution, and the left ear wasted with the same amount of solution of
acetone and olive oil for comparison. After 24 luhe animals were sacrificed, and round ear
slices were cut off from the same sites of left aghit ears by 8 mm hole puncher, and weighed to
calculate the swelling degree and inhibition raZalculation was carried out according to the
following equations.

swelling degree (mg) = VR - VL

Inhibitory rate of ear swelling (%) = ((VR - VL) atrol - (VR - VL) treated) / (VR - VL)
control * 100%

VR = Average weight of the right ear; VL = Averageight of the left ear

4.2.2.Invitro COX-1/COX-2 inhibition assay

The inhibitory COX activity of the tested compouralsd the reference was assayed using



COX-1 Inhibitor Screening Kit (Fluorometric) (BioMon, Inc., Mountain View, CA, USA)
COX-2 Inhibitor Screening Kit (Beyotime Biotech Coltd, China) according to the
manufacturer s instructions. COX-1/COX-2 Assay Buffer (3@B), COX-1 Cofactor (L) and
Arachidonic acid solution were placed in a 96-wmlte. The test compounds were added to
above solution. The plate incubated for 5 min at'@and fluorescence was measured. The
excitation wavelength was 535 nm and the emissiavelength was 587 nm.

The recording groups were divided into RFU (Rekatikluorescence Unit) blank control,
RFU 100% enzyme activity control, RFU positive dragntrol, and RFU test compound.
Calculation of the inhibition rate was carried aatording to the following equations

Inhibition rate (%) = (RFU (enzyme) - RFU (test qmound / positive)) / (RFU (enzyme) -
RFU (blank) * 100%

RFU (enzyme) = RFU 100% enzyme activity control;LRfest compound) = RFU test
compound; RFU (blank) = RFU blank control; RFU (jfee) = RFU positive drug control.

The assays were performed in triplicate and thg Malues were calculated from the

concentration curves.

4.2.3.Invitro 5-LOX inhibition assay

The inhibitory activity of the test compounds agaisoya bean 5-LOX was evaluated by
using Abnova lipoxygenase assay kit (catalog No1B29, Cayman Chemicals). 4 values of
the tested compounds were carried out accordingdoedures and instructions given with the

assay kit and in accordance to previously repartethods

4.2.4.Invitro cytotoxicity

RAW264.7 cell line was purchased from the Ameridassue Culture Collection (ATCC,
Manassas, VA, USA).

Suspensions of tested cell lines (ca. 1.0 x 106/0d) were placed in 96-well microtiter
plates and incubated with serum-free medium for & B7C and 5% CO2. Subsequently, the
supernatant was discarded and incubate with RPMO 1énedium containing different
concentrations of compounds (concentratiopM) 5 uM, 10 uM, 20 uM, 30 uM, 40 uM, 50 uM)

for 24 h. Four hours before the end of incubatamd 20uL of MTT solution (5 mg/mL) to each



well. After the incubation, the 96-well plate wasntrifuged at 1500 rpm for 3 minutes, the
supernatant of each well was discarded, ib@f DMSO was added to each well, and the cell
shaker was shaken for 10 min. After the crystalsewsufficiently dissolved, the OD570 was

measured by a microplate reader.

4.2.5. Docking studies

The molecular docking simulation was performed gigsiNTODOCK 4.2.6 imbedded into
AutoDockTools - 1.5.6. The active sites were generated from the coallid ligands (IMM
and SC-558§* 4! within COX-1 and COX-2 protein structures (PDB esd1PGF and 1CX2),
respectively. Polar hydrogens were added to alnkitp and proteins with th&utoDock Tools
(ADT) program prior to docking witutodock 4.2.6 progran?s]. A grid box 40 A in size was
centered on the active site of protein. This dogkapproach was validated by successful
pose-retrieval of the co-crystallized ligands of XG@ crystal structures. All graphical

representations iRigs. 4 - 6 were rendered usirgyM OL ?®!.
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e A seriesof novel indole-2-amide compounds were designed, synthesized.

e Construct amide bond by ethylamine, pyrrolidine and piperazine.

e 33, 10b, 12h, and 12| showed most potent in vivo anti-inflammatory activity.
e 10b and 12h showed significant suppressive activity for COX/5-LOX.

e Conducted molecular docking studies on compounds 10b and 12h.



