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Abstract

New ring-extended analogs of indomethacin weregihesi based on the structure of active bindingdditeoth
COX-1 and COX-2 isoenzymes and the interactionepatrequired for selective inhibition of COX-2 to
improve its selectivity against COX-2. The strateglopted for designing the new inhibitors involviding
extension of indomethacin to reduce the possibdftgnalogs to be accommodated into the narrowdpfubbic
tunnel of COX-1, ii) deletion of carboxylic acid teduce the possibility of inhibitor to form salidge with
Arg120 and eventually prevent COX-1 inhibition, aidintroduction of methylsulfonyl group to incase the
opportunity of the analogs to interact with thegradide pocket that's is crucial for inhibition pess of COX-2.
The three series of tetrahydrocarbazoles involvinég, 9, 10and 12 were synthesized in quantitative yields
adopting limited number of reaction steps, and @ppllaboratory friendly reaction conditions vitro andin
vivo assays for data profiling the new candidates ledethe significant improvement in the potency and
selectivity against COX-2 of 6-methoxytetrahydrdizole4 (ICso = 0.97 umol) to verify the effect of ring
extension in comparison to indomethacinsfl€ 2.63 umol), and 6-methylsulfonyltetrahydrocarbazdl@a
(ICso = 0.28 umol) to verify the effect of ring extension androduction of methylsulfonyl group. 9-(4-
chlorobenzoyl)-6-(methylsulfonyl)-1,2,3,9-tetrahgeitH-carbazol-4-onel2a showed the most potential and
selective activity against COX-2 (#6= 0.23 umol) to be with superior potency to Celecoxib (& 0.30
umol). Consistentlyl2awas the most active with all the other anti-inflaatory test descriptors and its activity
in diminishing the PGE2 with the other analogs acoméd the elaboration of new class of selective GDX
inhibitors beyond the diarylsulfonamides as a mesiy common class of selective COX-2 inhibitors.
Molecular docking study revealed the high bindiegre of compound2a (-30.78 kcal/mol), with less clash
contribution (7.2) that is close to indomethacinsd 12a showed low conformation entropy score (1.40).

Molecular dynamic (MD) simulation identified thewliprium of both potential and kinetic energies.
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hCOX-2 ICs, = 0.97 pmol hCOX-2 IC5 = 2.63 umol hCOX-2 IC5, = 0.23 ymol
hCOX-1 ICs, = 201 gmol hCOX-11IC5y = 0.26 pmol hCOX-1 IC5, =104 pmol
Selectivity Ratio COX-1/COX-2 = 207.2165 Selectivity Ratio COX-1/COX-2 = 0.098859 Selectivity Ratio COX-1/COX-2 = 452.1739

1. Introduction

Prostaglandins (PGs) and glucocorticoids are medidhat potentially implicated to the inflammatiprocess.
Non-steroidal anti-inflammatory drugs (NSAIDs) gretent inhibitors of prostaglandins production. NSAs
pharmacologically targeting cyclooxygenase (COX), RGH synthase, which catalyzes the first step of
arachidonic-acid metabolism[1, 2]. Two isoformstleé membrane COX proteins are identified[3, 4]: GOX
which is constitutively expressed in most tisstwesyhich the production of prostaglandins is atitéal to; and
COX-2, which is induced by cytokines, mitogens @ndotoxins in inflammatory cells[5], is implicatéal the
elevated levels of prostaglandins during the inftaation. The enzymatic activity of COX involves bis-
oxygenation of arachidonic acid to PGG2, which theduced to PGH2 in a peroxidase reaction by theesa
protein[6]. NSAIDs act at the cyclooxygenase actsie, and most inhibit both COX-1 and COX-2 with
minimal specificity[7], leading to serious complimas such as gastric ulcers and renal toxicityiSls worthy

to mention that both COX-1 and COX-2 isoenzymesadre60% sequence identity[7, 9]. Consistent witha t
high sequence identity, overall COX-1 and COX-2 ateicturally conserved (RMSD < 1.0 A for alC
atoms)[10] with high significance. The structuresists of three distinct domairs:terminal epidermal growth
factor (EGF) domain, a membrane-binding motif, #melC-terminal catalytic domain which involves the COX
and peroxidase active sites[11]. The COX active, sérmed as the lobby of hydrophobic pocket, imébatC-
terminal. The active site structures between hu@@X-1 (hCOX-1) and hCOX-2 are quite different; iOX-

1, it is long tunnel-like space, and in COX-2, déshan accessibly extra space due to presence ¢fisvballed
side pocket[12]. This is attributed to the amin@aesidue lle 522 (1le523 in Murine COX-1) in hC&Xwhich

is analogous to Val 509 (Val523 in Murine COX-2) i€OX-2[13, 14] but bulkier RKigure 1)[15] in the
hydrophobic space of COX-1[16]. In COX-2, the lddgadered Valine side chain and the conformational
changes at Tyr355 leaves the hydrophobic segmehegdolar side pocket widely opefigure 1).
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Fig. 1. Schematic comparison betweerO&-1 and COX-2 active binding sites.

The attempts for elaboration of selective COX-2hitbrs are continued hoping to discover new infoits with
less cardiovascular (CVS) side effects as a compnololem of the whole class[12, 17, 18] that madéeRuxib
be withdrawn from the market. Thus, we selectedmethacin for the present study to be the lead comgp

upon which the design of the new analogs with inaptbselectivity against COX-2 is based.

Indomethacin, a classic non-selective COX inhibitomds deeply into the COX active site. Moreover,
indomethacin penetrates furthest into the hydrohtmnel Figure 28)[19]. A 4-bromobenzyl analog, which
lacks the benzoyl oxygen, shows high selectivitf@X-2 compared to indomethacin[20], suggesting tha

benzoyl oxygen is important in enhancing the afffind COX-1.

On the other hand, SC-558igure 2b)[19], a diaryl heterocyclic inhibitor with a setegdty ratio > 375 for
COX-1 over COX-2, has central pyrazole ring subgtil by a sulfonamide substituent and attached#ood
the aryl rings. In COX-2, there is a channel brascloff at the Celecoxib binding site which leadsnir
membrane to the COX active site[10]. One branchoa cavity that contains the bromophenyl (tolytase of
celecoxib) ring of SC-558, whereas the other reprss a cavity not observed in COX-1 structure, and
accommodates the entire phenylsulfonamide moi€igute 2b). Beyond the hydrophobic pocket, the
sulfonamide group extends into the relatively paligie (selective) pocket near the surface of COigure

2b). The sulfonamide interacts with GIn178 (GIn192Marine COX-2), Leu338 (Leu352 in Murine COX-2)
and Ser339 (Ser353 in Murine COX-2) amino acidthefpolar side pocket via hydrogen bonding[16].

Reports recently recorded that the selectivity @Xz2 inhibitors is attributed to the phenyl sulfomde
moiety, which binds to the polar pocket that is aotessible in COX-1 but more accessible in COX+#]
remains vacant in complexes of COX-2 with non-galecinhibitors[15, 21-23]. In contrary, the carlytate
group that is a common group of various non-selecGOX-inhibitors, is responsible for the conforioaal
change of COX-1/2 via formation of salt bridge wiitie basic nitrogen of Arg12@igure 2a) and consequently

non-selective inhibition of the enzyme is resul[
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Fig.2. Schematic representation of SC-558 (COX-2Isetive inhibitor) binding to COX-2 (a) and indomethacin (non-selective
inhibitor) (b).

Interestingly, many potent diaryl-heterocyclic s¢iee COX-2 inhibitors carried methylsulfonyl grd@p,
26]instead of sulfonamide to confirm that the snéfaadical is the important fragment for interactigith the
hydrophilic side pocket[23] and the oxidation stafethe sulfur atom in sulfone form not sulfoxids waell.
Consistently, it was reported that replacement efhioxy group with sulfamate group to one of inddmaein

analogs at position 5 led to significant improvetrarthe selective COX-2 inhibition[27].

In view of the above findings, we have chosen tesigh of analogs to indomethacin prototype in wrtlod
acetic acid moiety is cyclized into cyclohexen-ayefohexene and in return the indole ring is exéshthto
tetrahydrocarbazoles as a strategy and consequeeldion of carboxylic acid moiety, for improvirthe
indomethacin selective COX-2 inhibition activityhd@ ring extension of indole ring of indomethacitraatted
our attention aiming at proper binding of the newalags into the wider hydrophobic[3][%][28][3] lobby of
COX-2 active binding site and reducing the oppatyuaf these analogs to bind into the narrower bigdsite
counterpart in COX-1. Furthermore, salt bridge fation with Arg120 will never be accessible into CQX
after the deletion of carboxylic acid. Thus, it habeen suggested to generate 9-(4-
chlorobenzoyl/benzyl/phenylsulfonyl)-6-methoxy-2inethyl-1,2,3,9-tetrahydroHcarbazol-4-ones[Figure

3 (Series )] Other derivatives of the analogs in which 6-m&thgroup is replaced by 6-methylsulfonyl group
affording 9-(4-chlorobenzoyl/benzyl/phenylsulforgimethylsulfonyl-2,3,4,9-tetrahydrd-tcarbazoles
[Figure 3 (Series II)] and 9-(4-chlorobenzoyl/benzyl/phenylsulfonyl)-6-tmdsulfonyl)-1,2,3,9-tetrahydro-
4H-carbazol-4-onefigure 3 (Series Il)]. This is to investigate the detrimental role ofthytsulfonyl group

in the conformational change of COX-2 in the intidn process coupled with the ring extension inrowng

the selectivity of inhibition.
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Fig. 3. Rational of the design of target selective COX-2 inhibitors (series I), (series IT) and (series IIT)

2. Results and discussion
2.1. Chemistry

The target COX-2 inhibitors 9-(4-chlorobenzoyl)-@&tmoxy-2,2-dimethyl-1,2,3,9-tetrahydréi4carbazol-4-
one 4, 9-(4-chlorobenzyl)-6-methoxy-2,2-dimethyl-1,2 3e9rahydro-#-carbazol-4-one 5a and 9-(4-
chlorophenyl)sulfonyl)-6-methoxy-2,2-dimethyl-1,093etrahydro-#-carbazol-4-one 5b were synthesized
according toscheme 1 The starting 6-methoxy-2,2-dimethyl-1,2,3,9-thydro-4H-carbazol-4-one3 was
previously synthesized by Weng et al adopting atirstép method to afford the tetrahydrocarbazoleain
guantitative yield after long reaction time (12 rguunder reflux[28]. For us, we adopted anothenpé and
which the 4-

Methoxyphenylhydrazine hydrochloridereacted with dimedon2 in glacial acetic acid at room temperature

one-step method starting with commercially avadéablstarting materials in
for 2 hours and the reaction mixture continued undeflux for further 2.5 hours. The resulting
tetrahydrocarbazol@ was in a convenient yield 22.5% that was enougbbtain the starting material in a short
time and submit it to the next step. The meltingnpof 3 was measured to record 2@5that was too close to

the reported melting point (220).

N-benzoyl derivativet of the prepared tetrahydrocarbaz8levas prepared by reactir@with 4-chlorobenzoyl
chloride using 4N,N-dimethylaminopyridine (DMAP) and trimethylamine EA) as mild base catalysts in
dichloromethane (DCM) to afford the target proddich a quantitative yield after stirring at room feenature

for 2 hours.



Tetrahydrocarbazole derivativésa,b were prepared by reacting the starting tetrahyahmzole3 with 4-
chlorobenzyl bromide and 4-chlorophenylsulfonyl afde in anhydrous dimethylformamide (DMF) using
sodium hydride as base catalyst to give the cooretipg N-benzyltetrahydrocarbazol®a and N-

phenylsulfonyltetrahydrocarbazd in a quantitative yield after stirring for 1 hoatrroom temperature.
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Scheme 1. Synthesis of target COX-2 inhibitors 4 and 5.

The starting 6-(Methylsulfonyl)-2,3,4,9-tetrahydtb-carbazole8 was reported previously by Mittapalli et
al[29] in 2012 without any published spectral dakemut the compound but it has been mentioned theas
prepared by one-step reaction of cyclohexanone wittiethylsulfonylphenyl hydrazine hydrochloride in
refluxing acetic acid overnight. It is worthy to nien that we adopted a different laboratory frignehethod
and kind of green chemistry as well; in which tletdane7 and phenyl hydrazine H@ were dissolved in hot
10% aqueous sulfuric acid and left under reflux daty 4 hours as shown ischeme 2to afford the target
tetrahydrocarbazol® as a heavy microcrystalline precipitate separateh the reaction mixture in 76% vyield.

The product was confirmed by IR4-NMR, *C-NMR, Mass spectrometry and microanalysis.

Tetrahydrocarbazol8 reacted with 4-chlorobenzoyl chloride in DCM irethresence of TEA and DMAP at
room temperature for 4 hours to afford the produat 53% vyield. The starting material was not cortglie
converted into the corresponding product but it wasy to purify the product by fractional crystadlion in

boiling methanol.

Reaction of tetrahydrocarbazd@ewith both 4-chlorobenzyl chloride and 4-chloropylenifonyl chloride went
efficiently and completely in anhydrous DMF in gkesence of NaH at room temperature and stirrirggroght
to afford the correspondiniy-benzyl derivativelOa and N-phenylsulfonyl derivativelOb in 68% and 81%

yields respectively.
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Scheme 2. Synthesis of target selective COX-2 inhibitors 9 and 10.

The target compounds2 were prepared as shownsoheme 3n which 6-(Methylsulfonyl)-2,3,4,9-tetrahydro-
1H-carbazole8 was exposed to 2 equivalents of DDQ in aqueouattgtirofuran (THF) that is an oxidizing
agent very specific for the type of oxidation wenad to achieve[30]. The reaction gave immediatéiyr dew
seconds of stirring at room temperature a whiteofib crystalline precipitate of 6-(Methylsulfonyl)2,3,9-
tetrahydro-#-carbazol-4-ond 1 and the reaction was continued stirring at roompierature for further 2 hours

to get it complete. The product was used for the seep without further crystallization.

Using NaH as a base catalyst in anhydrous DMF wexsen to prepare thi-benzoyl, N-benzyl andN-
phenylsulfonyl12a 12b and 12c derivatives respectively. Interestingli;benzoyl-tetrahydrocarbazole-4-one
11 couldn’t be obtained efficiently applying the prews reaction conditions that were used to pregard\t
benzoyl derivatived and9. This is attributed to the reaction that was rmnplete the same &sbut couldn’t

be purified by fractional crystallization and thd.d check showed a lower conversion of the starting

tetrahydrocarbazolgl into the target produdi2a

All the final products4, 9 and 12 were confirmed by IRM-NMR, *C-NMR, Mass spectrometry and

microanalysis.
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2.2. Biological activity:
2.2.1. Human COX-1 and COX-2 enzymatic assay

The tetrahydrocarbazolds 5, 9, 10and12 generated for exploring it as selective COX-2 liitoirs, were tested
against both hCOX-1 and hCOX-2 isoenzymes as aitro preliminary study to investigate the potentiatoé
compounds to inhibit selectively COX-2 using Indahzzin and Celecoxib as standard non-selective and

selective inhibitors respectively.

The results shown ifiTable 1) revealed the discovery of new analogs of indoneith&0a (Cs, = 0.28),10b
(ICs0 = 0.34) andL2a(ICso = 0.23) with potential COX-2 inhibition and comphte activities to Celecoxib (0.3
pmol). It is worthy to emphasize that 9-(4-chlombeyl)-6-(methylsulfonyl)-1,2,3,9-tetrahydrd44carbazol-4-
one 12aperformed 1.3 times more potency than Celecoxiinag&€OX-2 and 400 times less potencys(l€
104 pumol) than Indomethacin @&= 0.26 pmol) against COX-1 to infer a future caade with impressively
selective COX-2 inhibition activity. Moreover, ttsuperior selectivity ratio ol2a (452.1739) reflected the
outstanding selective COX-2 inhibition activity anthde the minimal gastric irritation side effect dreatly

expected.

Interestingly, the 6-methoxy derivatives of the geted tetrahydrocarbazolégICsq = 0.97 umol)5a (ICs =
0.91 pmol), and5b (ICs, = 0.88 umol) showed more potent inhibition acyiviagainst COX-2 than
indomethacin (IG = 2.63 umol) by 3.23, 3.03, and 2.93 times respelgt but less potent than Celecoxib
against the same enzyme. Thus, there might be emotechanism by which the new tetrahydrocarbazbles
inhibited COX-2 other than the interaction with thgdrophilic side pocket like what happens in ca$e
Celecoxib and the formation of salt bridge with A2 like what happens in case of indomethacin. lheze

the impressive decrease in the inhibition actiatyhe corresponding anal@gto indomethacin against COX-1
(ICso = 201 pmol) made us conclude that our hypothesimrding the design of ring-extended analogs of
indomethacin was successfully verified. Thus, @erobenzoyl)-6-methoxy-2,2-dimethyl-1,2,3,9-tétydro-



4H-carbazol-4-onel is expected to perform more anti-inflammatory attiwith much less gastric irritation

side effect than the original indomethacin protetyp

Table 1.1n Vitro hCOX-2 and hCOX-1 enzymes inhibitory activities oicompounds 4, 5, 9, 10, and 12.

Test compound COX-2 1GE (umol) | COX-1 1Ce (umol) Approximate selectivity ratio> COX-1/
COX-2

Indomethacin 2.63+0.0021 0.26+0.0043 0.098859
Celecoxib 0.3+0.0015 100£3.45 333.3333

4 0.97+0.0093 201+5.44 207.2165

5a 0.91+0.0082 178+4.55 195.6044

5b 0.88+0.0074 167+3.76 189.7727

9 0.81+0.0063 152+4.67 187.6543
10a 0.28+0.0043 118+3.93 421.4286

10b 0.34+0.0024 120+1.06 352.9412

12a 0.23+0.0034 104+4.54 452.1739

12b 0.58+0.0051 137+2.97 236.2069
12¢ 0.79+0.0072 145+3.88 183.5443

#Thein vitro test compound concentration required to produéé Bhibition of COX-1 or COX-2.
®Thein vitro COX-2 selectivity ratio (COX-1 16/COX-2 1Cs).

2.2.2. Carrageenan-induced rat paw edema

The synthesized analogs, 6-methoxytetrahydrocalesadp5 and 6-methylsulfonyltetrahydrocarbazok40,

and12 were subjected tmn vivo testing implementing Carrageenan-induced rat pdama bioassay.

According to the data results expressed in %priotectisted in Table 2), 6-methylsulfonyltetrahydrocarbazole
12a(88.05668%) showed the best %protection against@eenan-induced paw edema in rats to be more than
that was shown by indomethacin (74.49%) and contpare that of Celecoxib (96.73%). Interestinglye t
results went aligned with what we got from ihevitro testing against hCOX-1 and hCOX-2 enzymatic assay
(Table 1) except for the Celecoxib that gave %protection mbes12a It is important to emphasize that the
extremely high %protection from the inflammatioongetimes, is not in the favor of the tested compoenbe

a future anti-inflammatory agent because it migltgnify the cardiovascular (CVS) side effects okstle
COX-2 inhibitors as a common class effect and wieesa. Thus, it is expected for compouh2ia to be
potentially selective COX-2 inhibitor with less CVf@roblems than that reported for Celecoxib. Other
indomethacin analogs exhibited higher %protec{ibable 2) than the indomethacin prototype, to prove the

significant improvement in the anti-inflammatoryteitial of the corresponding ring-extended new @iatds.

Table 2. Effects of the tested compounds 4,5,9,18nd 12 on Carrageenan-induced rat paw edema

(mL), percentage protection and activity relative 6 indomethacin.
Test compounds Increase in paw edema (mL) + SEM

0.988+0.0006 0
0.25+0.0005 74.49+4.44

% Protection

Control

Indomethacin




Celecoxib 0.291+0.00053 96.73+3.44
4 0.201+0.00024 79.65587+2.43
5a 0.194+0.00015 80.36437+3.54
5b 0.191+0.00026 80.66802+4.45
9 0.188+0.00037 80.97166+3.66
10a 0.123+0.00022 87.55061+2.35
10b 0.145+0.00034 85.32389+2.63
12a 0.118+0.00043 88.05668+4.34
12b 0.167+0.00015 83.09717+3.74
12c 0.179+0.00026 81.88259+4.55

2 SEM denoted the standard error of the mean.
b All data are significantly different from contrgi® < 0.001).

2.2.3. Estimation of plasma prostaglandin E2 (PGE2)

Measuring the percentage plasma levels of prosidgieE2 (PGE2) after treating the animals with @@X-2
inhibitors using Indomethacin and Celecoxib asdaath inhibitors is one of the important parameterassess
the anti-inflammatory potencies of the COX-2 inhilb$ in vivo. The results are shown (fiable 3), revealed
the highest anti-inflammatory potency with compol2@to record %inhibition of plasma PGE2 = 91.29 to be
of superior PGE2-diminishing activity to Celecoxif®inhibition = 77.25). All other inhibitors perfored
higher potential as PGE2 lowering agents than ©eibcbut quite lower than indomethacin (%inhibitien
98.29) especially for 6-methoxy congenérsa and5b (80.24%, 81.16% and 82.16% respectively).

Table 3. Anti-inflammatory potencies of indomethaan analogs 4,5,9, and
10, and 12 (%inhibition of plasma PGE2).

Test compound Inhibition of plasma PGE2 [%]+SEM'®
Indomethacin 98.29+7.5
Celecoxib 77.25%6.6
4 80.24+3.5
5a 81.16+4.4
5b 82.16+3.6
9 83.19+2.5
10a 89.43+3.8
10b 88.20+4.9
12a 91.29+4.7
12b 86.3915.8
12c 84.11+4.7

SEM denoted the standard error of the mean.
All data are significantly different from contr¢® < 0.001).

2.2.4. Human, Rat, and Dog Microsomal COX Assays
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The resulted indomethacin analogs5, 9, 10and 12 in this study were tested against human, dog and r
microsomal COXs to evaluate their nanomolar infohitactivities using Celecoxib as standard inhibitas
shown in(Table 4), compoundl2a (ICsp = 23 nM) was the most potential human COX inhibiémd it
performed lower potential activity (k= 34 nM, and 48 nM) against dog and rat microso@®@K respectively.
Additionally, CompoundL2a and all the other indomethacin analdgs, 9,and10 were significantly and in a
selective fashion in the favor of human microsor@®X to be more potent against human, dog and rat
microsomal COX than the standard inhibitor€ 89 nM, 112 nM and 132 nM) respectively.

Table 4. Effect of indomethacin analogs 4,5,9,10nd 12 on Human, Dog, and Rat Microsomal COX

Activities
Test compound 'CoonM
Human Dog Rat
Celecoxib 89+5.6 112+9.7 13248.5
4 50+3.6 80+5.5 141+9.6
5a 44+3.8 77+4.7 132+8.8
5b 41+2.7 61+8.6 128+9.7
9 38+1.9 56+4.4 116+7.8
10a 27+2.7 39+1.6 56+4.7
10b 28+1.6 40+2.5 79+3.6
12a 23+1.6 34+1.7 48+2.6
12b 33x2.7 45+3.4 9345.7
12c 34+1.8 53+3.3 104+6.9

Values were calculated from the mean values of ftata three separate experiments and presenteceas m
value + SEM.
All results are significantly different from contrealues at p< 0.005.

2.2.5. Cotton pellet-induced granuloma bioassay

New indomethacin analogk 5, 9, 10and 12 were subjected to Cotton pellet-induced rat gramald®ioassay
and the inhibition activites are listed in(Table 5) expressed in Ef3 Consistently, 6-
methylsulfonyltetrahydrcarbazole-4-oriRa (EDsq = 12.38 pumol) performed the highest anti-inflamongat
activity as it inhibited the Cotton pellet-inducest granuloma 0.75 times of indomethacin (EB 9.568 pmol)
and 6.95 times of Celecoxib (EP= 86.11 umol) though the comparable activityl@h to Celecoxib in the
enzymatic assafTable 1). This might be attributed to the metabolic enzymfsct on compound2athat led
to more active metabolite. Or, the bioavailability 12a might have played a significant role in suchvivo

bioassay results.

The other tetrahydrocarbazolds 5, 9, 10,and 12b,c gave significantly higher inhibition activities tha
Celecoxib (Table 5). Based on the Edgrecorded for the new analogs, we could concludé W& have
interesting compounds, combine between the poteatii-inflammatory(Table 5) and selective activities

(Table 1), excel the anti-inflammatory profile of both indethacin and Celecoxib.
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Talfe Anti-inflammatory potencies of indomethacin
ang#4,5,9,10, and 12 (inhibition of Cotton pellet-tuced
grdoma in EDs, pmol).

Test compounds ERp (umol)
Indomethacin 9.568+0.87
Celecoxib 86.11+1.23
4 28.27+1.90
5a 17.27+£1.56
5b 26.88+1.36
9 25.67£1.67
10a 14,56+0.99
10b 18.67+1.34
12a 12.38+0.89
12b 19.20+1.22
12c 22.33+1.34

2.2.6. Ulcerogenic effects

The percentage of ulcerogenic activity of indomeithanaloggt, 5, 9, 10and12 were calculated after exposure
of the experimental animals to the tested compouwrsilsg indomethacin and Celecoxib as standard drugs
According to the data recorded for each compoundTiable 6) compoundl2a exhibited the lowest
ulcerogenic activity (3.28%) to be 30.48 times safean indomethacin (100%) and 0.64 times as safe a
Celecoxib (2.11%). All the other analogs showednificant reduction in the ulcerogenic activity when
compared to indomethacin and the maximum percerthgleeration was for 6-methoxytetrahydrocarbaZdie
(20.12%). This indicates that the safety margithef new analogs became impressively wider thamtigénal
prototype to reflect the real existence of compauwith potential anti-inflammatory activitjfables 2, 3, 5)
and greatly lower ulcerogenic activity, specifigalthose are 6-methylsulfonylphenyltetrahydrocartezo

derivativeslOa,band12a,bthough it didn't excel the Celecoxib’s safety aggiulcerogenic activity.

Table 6. The percentage ulcerogenic activifyof
Indomettin analogs 4, 5, 9,10, and 12

Test compounds % Ulceration
Indomethacin 100+

Celecoxib 2.11+0.23

4 13.18+0.23

5a 11.20+0.12

5b 20.12+0.33

9 12.45+0.24
10a 4.48+0.54
10b 2.90+0.63
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12a 3.28+0.12
12b 5.40+0.52
12c 11.29+0.45

2All data (tested compounds, indomethacin and
Celecoxibreisignificantly different from control (P < 0.001)

2.3. Molecular docking studies:

Molecular docking was done in order to predicti@ecular orientation of the synthesized compountisthe
COX-2 binding site and to interpret the biologieativities results. In addition to the docking ssaome other
parameters such as; the lipophilic contributionrecaclash score and conformation entropy score were

computed to find out a suitable correlation toltf@ogical result{Table 7).

Table 7. Molecular docking results of the sythesized compounds using Leadit 2.1.2

Test compound Dolglé;r:/gms(;:lore Lipo score Clash score Rot Score
4 -18.98 -16.85 10.34 4.20
5a -15.60 -17.31 12.00 4.20
5b -21.85 -16.21 10.78 1.40
9 -23.92 -16.65 9.34 1.40
10a -23.36 -17.14 8.90 4.20
10b -23.40 -15.21 8.36 4.20
12a -30.78 -15.41 7.21 1.40
12b -23.05 -15.85 8.65 4.20
12c -23.95 -16.75 9.28 4.20
Indomethacin -31.23 -14.66 7.03 4.20
Celecoxib -35.41 -15.59 9.67 4.20

Docking score (Kcal/mol): free binding energy valukipo score: Lipophilic contribution score.
Clash score: Contribution of the clash penaltigot score: Ligand conformational entropy score

Computing of the docking score was able to compiagebinding free energies of the synthesized comgsu
and comparing them to both Indomethacin and Celbc@&xompoundl2a showed the best docking score (-
30.78 kcal/mol) which is very close to that of bdtldomethacin and Celecoxib (-31.23 and -35.41/kuall
respectively). The lipophilic contribution scorelues (Lipo score) listed ifTable 7) inferred its insignificant
effect. The clash penalty score should be a smalilliev to avoid the steric repulsion of the generated
conformations. It was observed that compo@d and Indomethacin shared the common feature ofclash
score 7.21 and 7.03 respectively. The Ligand comébional entropy score (Rot score) is implementeldeadit
software to compute the effect of the degree adioen of the flexible compounds that can affectrthatations
and orientations. It is much better to have a retgte or a small value for this score. From all tlezked
compounds, derivativeSb, 9, and 12a only showed the lowest value (1.40) for the Ligarmhformational

entropy score which confirmed their stability iretactive site. All compounds featured a commonntaigon
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mode in which the p-chlorobenzyl or p-chlorobenzmglieties were superimposed to that of Indomethadie

docking scores illustrated {Table 7) were proportional to the inhibitory §gvalues of COX-ZFigure 4).

Iur::zme' Celecoxib 12a 10a 10b 12b 12¢

ICS(I 263 0.3 0.23 0.28 0.34 0.58
—_— AG 31.23 35.41 30.78 23.36 23.4 23.05 23.95 -23.92 2185 15.6 18.98

AG Free Binding Energy (Kcal/mol)

9 5b 5a 4

o

ICs50 of COX-2 inhibitors

Fig. 4. Correlation between the dockingesres and the 1Gg of new COX-2 inhibitors.

Celecoxib is a selective COX-2 inhibitor which leasnique binding mode in a polar side pocket fonn@dOX-

2 isozyme. The reason is correlated to its-88, group that has the ability to form many interacsiovith
residues found in this side pocket such as Arg489339, Leu338, and GIn1{&igure 5A). The crystal
structure of the most active compouti?h in complex with COX-2 that was subjected to MD giations was
used to inspect the interactions of this compouitd these specified residues. Upon visualizatiothefformed
interactions we found that the methyl sulfonyl gro@H:-SO, of this compound has a hydrogen bond with
Arg499 and Ser33@igure 5B). It was clear that the impact of the —NiH SG-NH, side chain of Celecoxib is
higher than the CH group in SGCHs; in our compound and that may be a start pointaforoptimization

process in the future for our lead compound.
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Fig. 5. A) Best binding mode of Celecoxib to@X-2. B) Best binding pose of (12a) into COX-2 biridg site.
The binding site is represented &artoon in grey color. Celecoxib was built as stickorm (Yellow color). Compound (12a)

was built as ball and stick (Green color). Hydrogerbonds of ligand atoms with the amino acid residuesf binding site are
in light blue dotted lines.

The docking results of compounds5a and5b with the lowest IG, values in thén vitro COX-2 inhibitory
assay revealed that these compounds showed als@riedicted docking score; -18.98, -15.60, and £1.8
kcal/mol respectively. In addition, the clash cdmnition score of these compounds (10.34, 12.00, 15hd8
respectively) was higher than the most active campd2a(7.21).
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Fig. 6. The best pose resulted from the docking ) compound (4), B) compound (5a) and C) compoun¢bb) into COX-2 binding
site. The binding site is represented in cartoon (gy color), Indomethacin is in stick form (green ctor). The synthesized
derivatives are in ball and stick form (golden colg). Hydrogen bonds of ligand atoms with the amino eid residues of
binding site are in light blue dotted lines.

Compound4 showed the same orientation as indomethg@ein 6A), its CO of the cyclohexyl ring interacts via
hydrogen bond formation with Arg120 while its bepz&O showed hydrogen bond with Ala527. The same
interaction of the cyclohexane-CO was also obsenvdbth5a (Fig. 6B) and5b (Fig. 6C)

2.4. Generalized Born Poisson Boltzmann (MM/GBVI)

Molecular mechanics can be used to compute theboaded interactions. Generalized Born Poisson
Boltzmann (MM/GBVI) was used to calculate the biglistrengths of the non-bonded interactions in/kuall
(Table 8). It is used to estimate the relative binding rsfts via estimation of the change of enthalpy dake
place upon binding. It was clear that compouh@a 12b, 10b, 5b, showed -21.13 kcal/mol, -18.44 kcal/mol, -
15.78 kcal/mol, and -13.78 kcal/mol respectivelyh&N these values were compared to that of Celedexib
16.37 kcal/mol), it seemed that they were closedoh other in this kind of interactions. On theeothand,
compoundbb showed -26.90 kcal/mol and was the only compooniet close to Indomethacin’s value (-25.61
kcal/mol).
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Table 8Some calculated parameters for the synthesized commpnds

Test compound TPSA ClogP MK'\(/:IQC;E]X: Aﬁ;z:ty
4 48.30 5.14 -11.94 10.68
5a 31.23 5.77 -26.70 9.88
5b 48.30 5.14 -13.78 9.26
9 56.14 4.26 -11.11 9.46
10a 39.07 4.89 -21.13 9.00
10b 73.21 3.81 -15.78 9.56
12a 73.21 3.90 -12.36 10.67
12b 56.14 4.53 -18.44 10.16
12c 90.28 3.45 -15.75 10.46
Indomethacin 71.36 2.59 -25.61 10.21
Celecoxib 77.98 3.82 -16.37 11.47

TPSA: Topological Polar Surface AreaClogP: calculated logarithm of
compound partition coefficient MM/GBVI: Generalized Born Poisson
Boltzmann

All compounds had a ClogP value within the acceptede of the drug-like properties. The affinityi pllue
of Celecoxib was the highest (11.47). Compouhdsdl12ashowed the top two values of pki; 10.68 and 10.67

respectively.

2.5. Topological Polar Surface Area (TPSA)

The limited number of the synthesized compounds$y(8rcompounds) made it difficult to perform 3D QBA
study in order to find out the descriptors to whtble biological data may be correlated. Insteadttear 2D
descriptor can be used to measure the polar suafaee TPSA, was calculatéBable 8). It measures the polar
surface area that can be useful when predictinggamt’s bioavailability. Compounds with low valug®.,
<75) were identified to be associated with varieige effects. According to the results, Celecoxad h value

of 77.98 which confirmed its high polar surfacesassnd COX-2 selectivity toward binding to the patawity
found in COX-2. It was clear that Compoufiédc was the highest value (90.28). Compoui@b, and12a
showed the same TPSA (73.21). Compoufdand 12b had the same as well (56.14) and finally, both
compoundsg} and5b showed similar TPSA (48.30). The inhibitors’spalues for COX-2 were proportional to
TPSA valuegFigure 7).
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Fig. 7. Correlation between Iggof new COX-2 inhibitors and TPSA

2.6. Molecular Dynamic simulation.

Molecular dynamic relaxation was done to validdtte stability of the most active compouf#a within the
active site of COX-2. Time of the dynamics process computed over 10000 picoseconds (ps) peritichef

the potential energy of the atomic system in kcal/mand the kinetic energy of atoms in kcal/mol.eTh
simulations were done in two steps. First, NAMD wadbtained from university of lllinois
(www.ks.uiuc.edu/researc/namd.) The simulationsining started and after 10000 ps, the trajectib@ywas
imported and analyzed. Here, the potential enekgal{mol) showed a sharp increase with time theedine

in which the steady state was not obserffegdure 8A). Regarding the kinetic energy (Kcal/mol) of theraic
system, it did not give an ideal curve where tlaetstas low kinetic value and a steady state wasratas well
(Figure 8B). The ligand-COX-2 complex resulted from NAMD MD svaised in the second step that was
conducted by MOE molecular dynamic simulations.d;léne potential energy showed almost a typicalenufd
minimization where the energy increased with tinnéilla steady state was reach@dgure 9A). The kinetic
energy of thel2aCOX-2 complex started by a scattered mode of atfoiiewed by a steady state as well
(Figure 9B). The ligand-COX 2 complex now can be considerebetin a stable form where we can study the
effects of MD on the interactions of the most astsompound. The main difference between the patenti
energy profile and that of kinetic energy profilel2aCOX-2 complex can be observed in the figures where
the equilibrium was reached in case of potentiakrgynat 15 pgFigure 9A) while the oscillations in case of the

kinetic energy reached the equilibrium at 2qfgure 9B) which is a very small difference.
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Fig. 9. MD simulationepresents the points of oscillations of the comptg12a-COX-2) atoms showing: A)
Potential energy (Kcal/mol) and B) Kinetic energy iKcal/mol) profile resulted from MD simulation.
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3. Conclusion:

The present study introduced a new perspectivenawdl strategy that hasn’'t been discussed or evggested
before for the improvement of the selectivity oflémethacin against COX-2 isoenzyme. The new styateg
involved i) ring extension, ii) Deletion of carbdiyacid and iii) introduction of methylsulfonyl gup to reduce
the possibility of COX-1 inhibition by the new caddtes and increase the opportunity of COX-2 inttohias
well. The biological activity data profile of theegerated ring-extended analogs verified the sucotske
strategy provided, that confirmed the efficacy lod analogs as anti-inflammatory agents against QOiXa
potentially  selective  fashion exceling the sebldtgi ratio of Celecoxib  with  6-
methylsulfonypheyltetrahydrocarbazol&®a and 12a In addition, all the new analogs showed high tyafe
margin against gastric ulceration in comparisomttomethacin and the safety was so close to Ceileanixh
6-methylsulfonypheyltetrahydrocarbazole3ab and12ab to confirm the necessity of methylsulfonyl group in
improving the selectivity of new inhibitors agaif@©X-2. The COX-1 and COX-2 inhibition potencies6f
Methoxytetrahydrocarbazoldsand5 proved the significant effect of ring extensiordateletion of carboxylic
acid on increasing the selectivity ratio and COKtabition potency as well. The high PGE2 lowerpafential

of 12a with the other anti-inflammatory descriptors dptafile highlights this analog as a very potentad
selective COX-2 inhibitor. The docking scores oféal for the new candidates confirmed the potential
selectivity of12aby having the highest binding affinity. The molecutgmamic study indicated the stability of
12ainto the catalytic binding site. Conclusively, theidy provided the field with new class of potaltyi
selective COX-2 inhibitors is superior to Celecoxiased on thén vitro, in vivo biological data profiling
recorded. It is worthy to mention that the currewestigation paved the road for the researchelsding us to
elaborate in the near future other new classe-€ inhibitors beyond the diarylsulfonamides clagplying

the new strategy that is introduced by us.
4. Experimental:
3.1. Chemistry

Melting points were determined on digital Gallenrf@m MFB- 595 instrument using open capillary tubed a
are uncorrected. IR spectra were recorded as potassomide discs on Schimadzu FT-IR 440 spectremet
'H NMR spectra were recorded on Bruker spectrophetemat 300 MHz in DMS@k; values §) are given in
parts per million (ppm) downfield from tetramethildse (TMS) as internal referenceC NMR spectra were
recorded using the same spectrophotometer that foseecording'H NMR. Mass spectra were recorded on
Thermo Triple stage quadropole mass spectrometbe @&lemental analyses were performed at the
Microanalytical Center, Cairo University, Cairo, ypd. Reactions were followed up by thin layer
chromatography (TLC) using Merck Silica gel/TLC damwith fluorescent indicator UV254 using Hexanhyt
acetate (EtOAc) 1:1 as the eluting system and pwsswere visualized using Spectroline E seried dua

wavelength UV lamp at=254 nm.

Synthesis of 6-methoxy-2,2-dimethyl-1,2,3,9-tetraliyo-4H-carbazol-4-one (3)
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A mixture of 4-methoxypenylhydrazine HCI (3 mmol524 g) and dimedone (3 mmol, 0.42 g) were suspknde
in acetic acid glacial (15 mL) and left stirringrabm temperature for 2 hours. The temperaturb@fé¢action
mixture was raised to reflux for 2.5 hours. Theveat was evaporated under reduced pressure todgirke
brown sticky residue. The brown residue was subgetd column chromatography and eluted with Hexane:

EtOAc 1:1 to give beige powder of the title compduma pure form.

Yield: 22.5%, m.p.: 235C. IR (KBr) umad/cmi’: 3172 (NH), 1616 (COYH NMR (DMSO-ds,300 MHz):5 1.08
(s, 6H, 2,2-di-CH), 2.31 (s, 2H, 3-H), 2.82 (s, 2H, 1-H), 3.76 (s, £H,0) 6.80 (d, 1H, 7-H), 7.29 (d, 1H, 8-
H), 7.45 (s, 1H, 5-H), 11.65 (s, 1H, NH).

Synthesis of 9-(4-Chlorobenzoyl)-6-methoxy-2,2-dintleyl-1,2,3,9-tetrahydro-4H-carbazol-4-one (4)

4-Chlorobenzoyl chloride (43 mg, 0.247 mmol) wasledito a stirred suspension of tetrahydrocarbai&tle
mg, 0.205 mmol) in DCM (5 mL), DMAP (14.9 mg, 0.15imol) and TEA (0.15 mL) were then added. The
reaction mixture got dissolved into solution afemidition of the base catalysts, was left to stir@m
temperature until the reaction got complete afteod@rs according to TLC test. The solvent was resdawnder
reduced pressure and the resulting residue wasedastveral times with diethyl ether to give whieedle

crystals of the target compound with no need tth&rrpurification.

Yield: 40%, m.p.: 190-195C; IR (KBr) upna/cm™ 1696 (CO ketone), 1658 (CO amid&l NMR (DMSO-
d5,300 MHZ):6 7.78 (d,J=8.1 Hz, 2H, 2,6-H), 7.67 (d=8.2 Hz, 2H, 3,5-H,), 7.59 (s, 1-H, 5-H), 7.06 §&9.0

Hz, 1H, 8-H) 6.83 (dJ=9.0 Hz, 1H, 7-H), 3.79 (s, 3H, GA), 2.76 (s, 2H, 1-H), 2.42 (s, 2H, 3-H), 1.02q,
2,2-di-CHy). *C NMR (DMSO4,,75 MHz): & 27.86 (CH), 35.18 (C-2), 38.31 (C-1), 51.30 (C-3), 55.37
(CH;0), 103.12, 112.75, 114.97, 115.05, 125.99, 129189,73, 131.71, 132.55, 138.64, 151.09, and 156.58
(Ar-C), 167.78 (CO-N), 194.31 (CO).MS LRMS (ESl¥a(c) 381.11 (found) 382.15 (MH)+. Anal. Calcd for
CoH20CINO;: C,69.20; H, 5.28; N, 3.67. Found: C, 69.15; H45N, 3.46.

Synthesis of 9-(4-Chlorobenzyl)-6-methoxy-2,2-dimbyl-1,2,3,9-tetrahydro-4H-carbazol-4-one (5a)

Tetrahydrocarbazole (50 mg, 0.205 mmol) was digzblin dry DMF (1 mL) and the stirred solution was
treated with NaH in oil dispersion 60% (17.8 mg286% mmol). The reaction mixture was stirred at room
temperature for 10 min until the effervescence e&msed and then treated with 4-chlorobenzyl creof® mg,
0.246 mmol), the stirring was continued at roomgenrature for 2 hours and poured onto ice-cold wéatke
resulting precipitate was filtered off and recriistad from ethanol affording beige crystals of thide

compound.

Yield: 54%; m.p.: 163-165C. IR (KBr) uma/cm* 1640 (CO).*H NMR (DMSO-ds,300 MHz):8 7.52 (s, 1H, 5-
H), 7.38 (d,J=6.7 Hz, 3H, 8-H, 2,6-H), 7.08 (d=8.1 Hz, 2H, 3,5-H), 6.80 (d=8.8 Hz, 1H, 7-H) 5.46 (s, 2H,
4-Cl-CgH4-CHy), 3.77 (s, 3H, CED), 2.84 (s, 2H), 2.35 (s, 2H), 1.07 (s, 6H, 2,%#). *C NMR (DMSO-
ds, 75 MHz): 5 28.14 (CH), 34.93 (C-2), 35.23 (C-1), 45.57 (4-C¥&-CH,), 51.53 (C-3), 55.31 (CiD),
102.62, 110.53, 111.40, 111.74, 124.94, 128.25,682831.71, 131.99, 136.09, 151.40, and 155.71Q)Ar
192.14 (CO). MS LRMS (ESI): (calc) 367.13 (foun@®B3L0 (MH)+. Anal. Calcd for £H,,CINO,: C,71.83; H,
6.03; N, 3.81. Found: C, 71.91; H, 6.20; N, 3.62

21



Synthesis of 9-[(4-Chlorophenyl(sulfonyl)]-6-methoy-2,2-dimethyl-1,2,3,9-tetrahydro-4H-carbazol-4-one
(5b)

Tetrahydrocarbazole (50 mg, 0.205 mmol) was digzblin dry DMF (1 mL) and the stirred solution was
treated with NaH in oil dispersion 60% (17.8 mg286 mmol). The reaction mixture was stirred at room
temperature for 10 min until the effervescence weassed and then treated with the appropriate 4-
chlorophenylsulfonyl chloride (52 mg, 0.246 mmalje stirring was continued at room temperature2fapurs
and poured onto ice-cold water. The resulting mitaie was filtered off and recrystallized from abl

affording beige crystals of the title compound.

Yield: 62%; m.p.: 178C. IR (KBr) vpa/cm™ 1656 (CO).*H NMR (DMSO-ds,300 MHz)§ 8.01 (t,J=8.4 Hz,
3H), 7.70 (dJ=8.3 Hz, 2H), 7.54 (s,1H), 7.00 (@9.3 Hz, 1H), 3.78 (s, 3H, GB), 3.24 (s, 2H), 2.43 (s, 2H),
1.07 (s, 6H, 2,2-di-Ch). **C NMR (DMSO4,,75 MHz): 8 27.75 (CH), 34.81 (C-2), 37.35 (C-1), 51.02 (C-3),
55.37 (CHO), 103.80, 113.80, 114.74, 126.31, 128.52, 129.30,29, 135.82, 140.27, 150.55, and 157.19 (Ar-
C), 194.21 (CO). MS LRMS (ESI): (calc) 417.08 (fdyr18.12 (MH)+. Anal. Calcd for £H,,CINO;,: C,
60.36; H, 4.82; N, 3.35. Found: C, 60.24; H, 41§73.52

Synthesis of 6-(Methylsulfonyl)-2,3,4,9-tetrahydratH-carbazole (8)

A mixture of 4-methylsulfonylphenylhydrazine HCI.{1 g, 5 mmol) and cyclohexanone (5 mmol, 0.50 mL)
were heated at 8 for 5 min, 10% aq.k80, (20 mL) was added to the solid mixture followed \igorous
stirring until complete dissolution. The temperatwas raised to reflux; greenish-light brown sdaligistalline
product was separated out from the solution afthrof the reaction time, and the reflux continuedtthours.
The reaction mixture was left to cool, diluted w2 mL HO for more precipitation of the solid product, the
solid product was filtered off, washed with,® (10 mL) and left to dry under vacuum. No further

crystallization for purification was required aretproduct submitted directly to the next step.

Yield: 76%, m.p.: 169C, IR (KBr) vpa/cmi* 3321 (NH), 1287 (CEBQ,). 'H NMR (DMSOd,300 MHz) &
11.28 (s, 1H, NH), 7.91 (s, 1H, 5-H), 7.51 {¢8.60 Hz, 1H, 7-H), 7.43 (dl=8.4 Hz, 1H, 8-H), 3.12 (s, 1H,
CH5SQ,), 2.70 (m, 4H, 1,4-H), 1.83 (m, 4H, 2,3-H5C NMR (DMSO4ds, 75 MHz): 20.30 (C-4), 22.57 (C-2,3),
22.68 (C-1), 44.68 (C}$0,), 109.79, 110.90, 117.15, 118.45, 130,34 and 137.87.78 (Ar-C). MS LRMS
(ESI): (calc) 249.08 (found) 250.03 (MH)+. Anal.l&&hfor C,H,14N-0O,S: C,62.63; H, 6.06; N, 5.62. Found: C,
62.47; H, 6.23; N, 5.79.

Synthesis of 9-(4-Chlorobenzoyl)-6-methylsulfonyl-3,4,9-tetrahydro-1H-carbazole (9)

4-Chlorobenzoyl chloride (0.26 mL, 2.0 mmol) wasled to a stirred suspension of tetrahydrocarba@:1e
mg, 1.0 mmol) in DCM (10 mL), DMAP (80 mg, 0.67 mih@and TEA (0.75 mL) were then added. The
reaction mixture got dissolved into solution aftddition of the base catalysts, was left stirririgr@om
temperature overnight. The solvent was removed urethiced pressure and the resulting residue wabkega
several times with diethyl ether. The solid resideerystallized from ethanol to give off white nocrystalline

product of the target compound.
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Yield: 53%, m.p.: 207C, IR (KBr) upa/cm* 1685 (CO), 1314 (CE80y). 'H NMR (DMSOd,,300 MHz) &
8.04 (s, 1H, 5-H), 7.70 (dd=23.3, 8.5 Hz, 5H, 2,6-H, 3,5-H, 7-H), 7.49 (&8.8 Hz, 1H, 8-H), 3.21 (s, 3H,
CH3S0,), 2.72 (t, 2H, 4-H), 2.47 (t, 2H, 1-H), 1.76 (nH 42,3-H).**C NMR (DMSO+s,75 MHz): 20.31 (C-4),
21.48 (C-3), 22.71 (C-2), 25.09 (C-1), 44.03 (SBy), 114.69, 117.15, 117.43, 121.71, 129.05, 129.39,26,
133.45, 135.06, 137.90, 138.17 (Ar-C), and 16766-N). MS LRMS (ESI): (calc) 381.11 (found) 382.15
(MH)+. Anal. Calcd for GH;4N>0O,S: C,61.93; H, 4.68; N, 3.61. Found: C, 62.11; I814N, 3.45.

Synthesis of 9-(4-Chlorobenzyl)-6-methylsulfonyl-3,4,9-tetrahydro-1H-carbazole (10a)

Tetrahydrocarbazole (249 mg, 1.0 mmol) was dissbiwedry DMF (3 mL) and the stirred solution wasated
with NaH in oil dispersion 60% (52 mg, 1.3 mmolhéelreaction mixture was stirred at room temperaford
hour and then treated with 4-chlorobenzyl chlorfd®3 mg, 1.2 mmol), the stirring was continued @im
temperature overnight and then poured onto ice-a@ltbr to give solid product. The solid produdefied off,
dried under vacuum and suspended in ether withreigoshaking then filtered off to give white powaérthe

correspondindN-benzyltetrahydrocarbazole in a pure form.

Yield: 68%, m.p.: 153C, IR (KBr) upa/cmi* 1302 (CHSQ,). 'H NMR (DMS0-ds,300 MHz)5 8.00 (s, 1H, 5-
H), 7.62 (d,J=8.60 Hz, 1H, 7-H), 7.59 (d=8.60 Hz, 1H, 8-H), 7.36 (dd=8.1 Hz, 2H, 2,6-H), 7.03 (dd=8.1
Hz, 2H, 3,5-H), 5.43 (s, 2H, 4-Clg8,-CH,), 3.15 (s, 3H, CEBOy), 2.72 (m, 4H, 1,4-H), 1.81 (m, 4H, 2,3-H).
13C NMR (DMSO4ds, 75 MHz): 20.35 (C-4), 21.57 (C-2,3), 22.40 (C-4%.49 (CHSO,), 45.11 (4-Cl-GH4-
CH,), 109.85, 110.76,117.52, 118.88, 126.30, 128.28,65, 131.04, 131.82, 136.91, 138.09, and 138369 (
C). MS LRMS (ESI): (calc) 387.07 (found) 388.12 (MH Anal. Calcd for GH14N,0,S: C,64.25; H, 5.39; N,
3.75. Found: C, 64.42; H, 5.26; N, 3.57

Synthesis of 9-[(4-Clorophenyl)sulfonyl)]-6-methylslfonyl-2,3,4,9-tetrahydro-1H-carbazole (10b)

Tetrahydrocarbazole (249 mg, 1 mmol) was dissolmedry DMF (3 mL) and the stirred solution was texh
with NaH in oil dispersion 60% (21 mg, 0.521 mmdihe reaction mixture was stirred at room tempeeator
1 hour and then treated with 4-chlorophenylsulfaechbride (274 mg, 0.522 mmol), the stirring wastooued
at room temperature overnight and then poured @m®&eaold water to give solid product. The solid guot
filtered off, dried under vacuum and suspendedtlmrewith vigorous shaking then filtered off to giwhite

powder of the correspondimdgtphenylsulfonyltetrahydrocarbazole.

Yield: 81%, m.p.: 22£C, IR (KBr) vga/cm™* 1302 (CH-SO,). '"H NMR (DMS0-ds,300 MHz)5 8.25 (d,J=8.8
Hz, 1H), 8.01 (s, 1H), 7.93 (d=8.4 Hz, 2H), 7.84 (dJ=8.8 Hz, 1H), 7.66 (dJ=8.5 Hz, 2H), 3.21 (s, 3H,
CH5SQ,), 2.99 (t,J=6.3 Hz 2H, 1-H), 2.63 (t)=5.5 Hz, 2H, 4-H), 1.85 (m, 2H, 3-H), 1.75 (m, 2&4H). *C
NMR (DMSO-ds, 75 MHz): 20.32 (C-4), 21.21 (C-3), 22.51 (C-2),.G% (C-1), 43.90 (C§S0;), 114.25,
117.99, 118.75, 122.57, 128.35, 129.74, 130.24,1036.36.13, 137.35, 137.63 and 138.13, 139.860AMS
LRMS (ESI): (calc) 423.04 (found) 424.03 (MH)+. An&alcd for G,H4N,O,S: C, 53.83; H, 4.28; N, 3.30.
Found: C, 53.66; H, 4.47; N, 3.49

6-(Methylsulfonyl)-1,2,3,9-tetrahydro-4H-carbazol-4-one (11)
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Tetrahydrocarbazole (249 mg, 1.0 mmol) was dissblire 5 mL THF:HO (9:1). While the solution of
tetrahydrocarbazole was cooled in ice bath, DD (A, 2.0 mmol) dissolved in THF (3 mL) was added
dropwise with stirring. The temperature of the teacmixture raised to room temperature, whitedsglioduct
precipitated out from the solution after 10 mirtleé stirring and the reaction continued stirring Zchours until
completion. The precipitate was filtered off andstvad with methanol (1 mL) to give fibrous white stjs of

the title compound in a pure form with no needftother crystallization.

Yield: 68%, m.p.: 327C, IR (KBr) uma/cmi* 3139 (NH), 1634 (CO), 1291 (GHBO,). '"H NMR (DMSO-ds,300
MHz) & 12.37 (s, 1H, NH), 8.47 (s, 1H, 5-H), 7.71 Jd8.6 Hz, 1H, 7-H), 7.63 (dI=8.5 Hz, 1H, 8-H), 3.17 (s,
3H, CHS0), 3.02 (t,J=5.9 Hz, 2H, 1-H), 2.48 (m, 2H, 3-H), 2.15 (m, 2PH). *C NMR (DMSO4,,75
MHz): 22.70 (C-2), 23.19 (C-1) (, 37.62 (C-3), 42.4CH,SO,), 112.36, 119.67, 121.13, 123.90, 133.91,
138.25, and 154.94 (Ar-C), 193.13 (CO). MS LRMS ljE&alc) 263.06 (found) 264.02 (MH)+.Anal. Calcd
for CioH1N,0,S: C, 59.30; H, 4.98; N, 5.32. Found: C, 59.445H0; N, 5.20

Synthesis of 9-(4-chlorobenzoyl)-6-(methylsulfony],2,3,9-tetrahydro-H-carbazol-4-one (12a)

Tetrahydrocarbazole (100 mg, 0.38 mmol) was digzblin dry DMF (1 mL) and the stirred solution was
treated with NaH in oil dispersion 60% (19.7 mg®. mmol). The reaction mixture was stirred at room
temperature for 1 hour and then treated with 4+ofidenzoyl chloride (0.6 mL, 0.456 mmol), the stigiwas
continued at room temperature overnight and themgmbonto ice-cold water to give solid product. Hodd
product filtered off, dried under vacuum and susieehin ether with vigorous shaking then filtereéitofgive

white powder of the targ@&t-benzoyltetrahydrocarbazole.

Yield: 41%, m.p.: 230C, IR (KBr) uya/cm* 1707 (CO ketone), 1661 (CO amide), 1303 £4&4,). ‘H NMR
(DMSO-ds,300 MHz) & 8.62 (s, 1H, 5-H), 7.83 (8=8.9 Hz, 3H, 7-H, 2,6-H), 7.70 (d=8.1 Hz, 2H, 3,5-H),
7.56 (d,J=8.7 Hz, 1H, 8-H), 3.23 (s, 3H, GBO,), 2.80 (t,J=5.8 Hz, 2H, 1-H), 2.55 (tJ)=6.0 Hz, 2H, 3-H),
2.10 (quintetJ=5.8 Hz, 2H, 2-H)**C NMR (DMSOds, 75 MHz): 23.27 (C-2), 25.17 (C-1), 37.33 (C-3),08}
(CHsSO), 115.18, 115.65, 119.81, 123.02, 125.04, 129133,03, 136.59, 138.31, 139.13 and 154.76 (Ar-C),
167.71 (CO-N), 194.69 (CO).MS LRMS (ESI): (calc) 74® (found) 438.07 (MH)+. Anal. Calcd for
CiH1N,0O,S: C, 59.78; H, 4.01; N, 3.49. Found: C, 59.613189; N, 3.68.

Synthesis of 9-(4-chlorobenzyl)-6-(methylsulfonyl}-,2,3,9-tetrahydro-4H-carbazol-4-one (12b)

Tetrahydrocarbazole (249 mg, 1 mmol) was dissolwedry DMF (4 mL) and the stirred solution was texh
with NaH in oil dispersion 60% (52 g, 0.61 mmolheTreaction mixture was stirred at room temperafurd
hour and then treated with 4-chlorobenzyl chlorfd&5 mg, 1.4 mmol), the stirring was continued @im
temperature overnight and then poured onto ice-e@ter to give oily product. Methanol was addedhe
resulting oily product dropwise until complete dikgion of the oil in MeOH/HO and left standing overnight at
room temperature to give off light brown crystditered off and washed with ether (5 mL) afforditige

correspondingN-benzyltetrahydrocarbazole.

Yield: 69%, m.p.: 205-207C, IR (KBr) vya/cmi* 1647 (CO), 1300 (CHSO,). '"H NMR (DMS0-d5,300 MHz)
8 8.55 (s, 1H, 5-H), 7.81 (d=8.6 Hz, 1H, 7-H), 7.75 (d]=8.6 Hz, 1H, 8-H) 7.40 (ddl=8.0 Hz, 2H, 2,6-H),
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7.16 (dd,J=8.0 Hz, 2H, 3,5-H), 5.60 (s, 2H, 4-CHé,-CH,), 3.19 (s, 3H, CEBO,), 3.02 (t,J=5.5 Hz, 2H, 3-H),
2.16 (m, 2H, 2-H)}*C NMR (DMSO4s75 MHz): 21.75 (C-2), 22.77 (C-1), 37.33 (C-3),.3R (CHSO,),
45.99 (Ar-CH), 111.52, 112.48, 119.85, 121.41, 123.75, 1281%8,83, 132.28, 134.64, 135.46, 138.87 and
155.34 (Ar-C), 193.18 (CO). MS LRMS (ESI): (calcB07 (found) 387.99 (MH)+. Anal. Calcd for
C1H1N,0,S: C, 61.93; H, 4.68; N, 3.61. Found: C, 61.77417; N, 3.79.

Synthesis of 9-[(4-chlorophenyl)sulfonyl)-6-(methyulfonyl)]-1,2,3,9-tetrahydro-4H-carbazol-4-one (12c)

Tetrahydrocarbazole (249 mg, 1 mmol) was dissolmedry DMF (4 mL) and the stirred solution was texh
with NaH in oil dispersion 60% (52 mg, 1.3 mmolhéelreaction mixture was stirred at room temperaford
hour and then treated with 4-chlorophenylsulforiylocide (274 mg, 1.3 mmol), the stirring was coonéd at
room temperature overnight and then poured ontadde water to give oily product. Methanol was adide
the resulting oily product dropwise until compledessolution of the oil in MeOH/FD and left standing
overnight at room temperature to give off whiterdibes crystals, filtered off and washed with ethernfL)

affording the corresponding-phenylsulfonyltetrahydrocarbazole.

Yield: 58%, m.p.: 253C, IR (KBr) vma/cm* 1659 (CO), 1301 (CHSO,). 'H NMR (DMS0-d5,300 MHz) &
8.58 (s, 1H, 5-H), 8.32 (d=8.9 Hz, 1H, 7-H), 8.14 (ddl=8.3 Hz, 2H, 2,6-H), 7.94 (dI=8.8 Hz, 1H, 8-H),
7.74 (dd,J=8.3 Hz, 2H, 3,5-H), 3.41 (=6.0 Hz, 2H, 3-H), 3.23 (s, 3H, GHO)), 2.56 (1,J=6.0 Hz, 2H, 1-H),
2.22 (quintetJ=6.0 Hz, 2H, 2-H)*C NMR (DMSO+;,75 MHz): 22.48 (C-2), 23.89(C-1), 37.06 (C-3),98.
(CHsS0O), 114.59, 116.67, 120.18, 124.02, 125.28, 12988,52, 135.37, 137.08, 137.51, 140.78 and 153.96
(Ar-C), 194.50 (CO). MS LRMS (ESI): (calc) 437.0@ynd) 438.05 (MH)+. Anal. Calcd for;gH.,N,0,S: C,
52.11; H, 3.68; N, 3.20. Found: C, 52.29; H, 3M63.18.

3.2. Biological activity:

Experimental animals were obtained from Theodohd@i#t Research Institute (TBRI), Egypt and apprmfal
the institutional animal ethical committee for tlaimals’ studies was obtained from the Office of
Environmental Health and Radiation Safety, ACUCt&eol 1096-5. The animals were maintained accorting

accepted standards of animal care.

3.2.1. Human COX-1 and COX-2 enzymatic assay

Human COX-1 and COX-2 activities were determinedi@scribed by Wakitani et al[31]. Human COX-1 (0.3
mg protein/assay) or COX-2 (1 mg protein/assay) suspended in 0.2 ml of 100 mmol trise HCI buffat @)
containing the cofactors, 2 mmol of hematin and Bah of tryptophan. With each compound under
investigation individually, the reaction mixture svgre-incubated for 5 min at Z& 30 mmol of [14C]-
arachidonic acid (100.00 dpm) was added to theurexand then incubated for 2 min with COX-1 andvib
with COX-2 at 24C. 400 pl solution of EO/MeOH/1 M citric acid (30:4:1, v/v/v) was added stop the
reaction. The mixture was centrifuged at 1700Xfg5anin at 4C, then 50 pl of the upper phase was applied to
a plate of thin layer chromatography (TLC). TLC veagosed at%C to a solvent system of £/MeOH/AcOH
(90:2:0.1, v/viv). Radiometric photographic systems used to determine the percent conversion ohatanic
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acid to PGH2 and its decomposition products, areheally from which the enzyme activity was calteth

The concentration of the compound causing 50% itibib(1Cso) was calculated.
3.2.2. Carrageenan-induced rat paw edema

Male albino rats weighing 120-150 g were kept inaaimal house under standard conditions regardgig, |
temperature and free access to food and water.pSrofisix rats each were subjected to inductiompaf/
edema by subplantar injection of 50 ml of 2% caggaan solution in saline (0.9%). Indomethacin drel t
compounds under investigation were dissolved in @MBen injected subcutaneously in a dose of 10 {kaol
body weight, 1 h earlier than the carrageenan figec Control group was injected with DMSO only.
Plethysmometer were used immediately after carreye@jection and 4h later to measure the volumpasf
edema. The increase in paw volume from 0 to 4 hmeasured[32]. The %protection against inflammatias

calculated as follows:

Vc —VdX100/Vcwhere Vc is the increase in paw volume in the atseri test compound (control) and Vd is
the increase in paw volume after injection of thettcompound. Data were expressed as the mean = SEM
Student’s t-test and P values was used to deterthesignificance in difference between the conamodl the
groups injected with the test compound. The difieesin results was considered significant when ®0901.
Taking indomethacin as reference standard compothra, relative anti-inflammatory activity of the tes

compounds was also calculated.
3.2.3. Estimation of plasma prostaglandin E2 (PGE2)

8 Heparinized blood samples were collected from aaid centrifuged to separate the plasma at 12)Go0 2

min at 46C, then immediately frozen, and stored at 20°d us#. The estimation procedure was designed to be
competitive immune assay to determine PGE2 quénttg in the biological fluids using EIA PGE2 kit
(Aldrich, Steinheim, Germany). A monoclonal antigo PGE2 is used by kit to bind competitively tet
PGE?2 in the sample after a simultaneous incubatignom temperature. The substrate was addedvedigring

the excess reagents away. After a short incubitio®, a yellow color generated and got read onaapiate
reader DYNATech, MR 5000 at 405 nm (Dynatech Indestinc., McLean, VA, USA) after stopping the
enzyme reaction. The intensity of the bound yeltmlor is inversely proportional to the concentrataf PGE2

in either standard or samples.
3.2.4. Human, Rat, and Dog Microsomal COX Assays

In 50 mM potassium phosphate buffer, pH 7.1, coimgi 0.1 M NaCl, 2 mM EDTA, and 1 mM
phenylmethylsulfonyl fluoride (homogenization bujfel-10 g of tissue obtained from the whole kidmeare
suspended. A hand-held tissue homogenizer (BioBpeducts, Inc., Bartlesville, OK) at maximum sejtinas
used to homogenize the samples for 2 min on i@ the homogenized products were sonicated forukding

a micro-ultrasonic cell disrupter (Kontes, VinelandJ). Tissue homogenates were then exposed to
centrifugation at 100,000g for 1h at 4°C. The 100g0microsomal pellet was re-suspended in homogenizati
buffer and was sonicated (2 3 10 s) on ice. Mianmcsuspensions of human, rat, and dog kidney igged to
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protein concentrations of approximately 6, 10, &8dng/ml, respectively. Aliquots of microsomal paegtions

were stored at 280°C and thawed on ice immedidielyre assays.

The microsomal preparation from rat, dog, or hurkemmeys was pre-incubated with the reference stahda
drug, Celecoxib at room temperature for 5 or 15.niihe pre-incubation buffer was composed of protein
concentration of 0.12 mg/ml, 0.1 M Trise HCI, pH4,710 mM EDTA, 0.5mM phenol, 1 mM reduced
glutathione, and 1 mM hematin. The final concemratadjusted at 2 mM, then arachidonic acid and the
samples were incubated at room temperature forid0The reaction was stopped by the addition ofit®f 1

N HCI with mixing after the incubation period. Ramihmunoassay was used to analyze the amount of PGE2

after neutralization of the samples with 25 ml ¢l NaOH.

Assays were repeated two or three times. Ethanslusead as a vehicle for the control reaction medunstead

of arachidonic acid. In the control reaction miguthe levels of PGE2 in samples from human, dad, rat
kidney microsomes were approximately 1.5 ng/mg gmpt0.1 ng/mg protein, and 6.7 ng/mg protein,
respectively. In the presence of arachidonic adélels of PGE2 in these preparations increased to
approximately 4.2 ng/mg protein, 1.2 ng/mg prot@ingd 22 ng/mg protein, respectively. COX activitythe
absence of test compounds is defined as the differdbetween PGE2 levels in samples incubated in the

presence of arachidonic acid or ethanol vehicle.
3.2.5. Cotton pellet-induced granuloma bioassay

120-140 g of adult male Spraguee Dawley rats weodimated one week earlier before use and allowed t
unlimited access to standard rat chow and wateforBestarting the experiment, the animals were oaniy
grouped into six animals for each. Cotton pelléd 81 mg) cut from dental rolls were wet with 0.2 m
(containing 0.01 mmol) of a solution of the compdumder the test in chloroform and the solvent alisved

to evaporate. Each cotton pellet was subsequemtgted with 0.2 ml of an aqueous solution of datibs (1

mg penicillin G and 1.3 mg dihydrostreptomycin/niivo pellets, one in each axilla of the rat werglanted
under mild general anesthesia, subcutaneously. @oep of animals received the standard reference
indomethacin and the antibiotics at the same cdration. Control rats were similarly implanted withe
pellets containing only the antibiotics. The anisnakre sacrificed after 7 days and the two cot&llets, with
adhering granulomas, were removed, dried for 4B80&C and weighed. The difference between the initial a
final weight was taken as a measure of granulon®EM for each group. The percentage reduction in dry
weight of granuloma from control value was alsaukited. The dose-response curves were set usngpges

4, 7,10 and 15 pmol of each compound. Dose-regpamunye was used to determine thes|Ealues.
3.2.6. Ulcerogenic effects

Indomethacin was used as reference standard ttheesicerogenic potential[33] of all target compds. 100-
120 g of Male albino rats were fasted for 12 h befadministration of the compounds. Water was giaeén
libitum. The animals were randomly grouped into sits for each. 1% gum acacia were given orallyhe
control group. Indomethacin or test compounds vgéren orally to the test groups in two equal doste8 and
12 h for three successive days at a dose of 30 /ugndlody weight per day. After six hours from the

administration of the last dose, animals were fiaed by diethyl ether and the stomach was removed.
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opening was made at the greater curvature, andttimach was washed with cold saline to be inspduyeal

3_magnifying lens for any signs of hyperemia, hatmage, definite hemorrhagic erosion or ulcer.

The ulcer index was calculated using an arbitraalesto measure the severity of stomach lesions[Bi3é
%ulceration for each group was calculated as falto¥% Ulceration =Number of animals bearing ulcerin

groupX100/Total number of animals in the same group
3.3. Molecular docking studies:

All compounds were built and saved as Mol2. Thegstal structure of COX-2 enzyme in complex with
indomethacin was downloaded from Protein Data B&iB code entry; 4COX). The protein was loaded into
Leadit 2.1.2[34] and the receptor components wedected. The binding site was defined by selecting
indomethacin as a reference ligand to which alrdinates were computed. Amino acids within radius A’
were selected at the binding site. All chemicabmuities associated with the residues were leftlafsult.
Ligand binding was driven by enthalpy (classic rigle matching). For scoring, all default settingsre
restored. Intra-ligand clashes were computed Iyguslash factor of 0.6. The maximum number of 8ohs

per iteration was 200. The maximum value of solupier fragmentation was 200. The base placemetitothe

was used as a docking strategy.
3.4. Molecular Dynamics

The best conformation from each docking processach compound was kept inside the active site.qUiadity
of the temperature-related factors, protein gedestrand electron density was tested. All hydrogesse
added and energy minimization was computed. Theeablmolecules that were in the system were deleted
before solvation; salt atoms were added to ensareplete neutralization of the biomolecular systdrhe
solvent atoms were added to surround the biomaeylstem (protein-ligand complex) in a spheridepe.
Amber 10:EHT was selected as a force field in thieptial setup step. All Van der Waals forces, tetestatics,
and restraints were enabled. The heat was adjusteder to increase the temperature of the syétem 0-300
K which was followed by equilibration and productifor 300 ps; cooling was then initiated until td&Ovas

reached.
3.5. MM/GBVI and TPSA calculation

These were calculated after molecular docking WIBE[35]. Placement method was used as Alpha Tr&ngl
timeout (seconds) = 300, minimum iterations = 8@0@ max iterations = 500000. Rescoring was done by
affinity dG, hydrogen bonds = -0.65, hydrophobiatasts = -0.01235, ionic contact =1, Metal ligatiahy and
hydrophobic —polar = 0.02497. The refinement wdecsed as Grid Mn, in which elec. Cutoff =5.5, VDW
cutoff = 4, and VDW potential was enabled. Afteattthe best pose was kept inside the active sitdigands

other that the best conformation were kept. TPSH#iniy pki, were then computed.
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Research highlights:

New ring-extended indomethacin analogs were designed on structural basis.
Ring extension, deletion of COOH and introduction of CH3SO, gave selective
COX-2 inhibitors.

New inhibitors showed observed diminishing to PGE2 plasma levels.

The docking scores of the new inhibitors were highly correlated to its 1Cso values.
The new perspective of molecular design facilitates elaboration of more selective

inhibitors.



