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Abstract: The release of pro-inflammatory mediators, such pagstaglandines (PGs) and
leukotrienes (LTs), arising from the arachidonidg@A) cascade, play a crucial role in initiating,
maintaining, and regulating inflammatory processes.

New dual inhibitors of 5-lipoxygenase (5-LO) andcrmsomal prostaglandin ;Esynthase-1
(mPGES-1), that block, at the same time, the ftionaof PGE and LTs, are currently emerged as
a highly interesting drug candidates for betterpteotherapie of inflammation-related disorders.
Following our previous studies, we here performeddetailed structure-based design of
benzo[g]indol-3-carboxylate derivatives, disclosisgyeral new key factors that affect both enzyme
activity. Ethyl 2-(3,4-dichlorobenzyl)-5-hydroxy-1benzo[g]indole-3-carboxylat¢4b, RAF-01)
and ethyl 2-(3,4-dichlorophenyl)-5-hydroxy-1H-befglindole-3-carboxylate 71h, RAF-02)
emerged as the most active compounds of the sévektionally, together with selected structure
based analogues, both derivatives displayed sogmifin vivo anti-inflammatory properties.

In conclusion, modeling and experimental studieadldo the discovery of new candidate

compounds prone to further developments as mutjetanhibitors of the inflammatory pathway.
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Introduction

5-Lipoxygenase (5-LO) is defined as a re@meiron-containing dioxygenase involved in
the biosynthesis of leukotrienes (LTs) from araohid acid (AA) [1,2]. Upon cell stimulation, the
cytosolic PLA (cPLAy) releases AA that is converted by 5-LO with thiphad the 5-LO-activating
protein (FLAP) into an unstable intermediate LiT#at is further transformed, in enzymatic
reactions, to LTBor so-called cysteinyl (cys)-LTs.

LTB, acts as a potent pro-inflammatory agent by inducimgmotaxis and activation of leukocytes,
whereas the cys-LTs essentially act on smooth ress@Eusing vaso and bronchoconstriction [3,4].
In view of the significant pathophysiological rab¢ LTs, pharmacological intervention strategies
have been developed to either block the actionTaf dr to inhibit their biosynthesis, defining 5-LO
and/or FLAP as valid drug targets for pharmacotinecd inflammatory disorders [5,6].
Furthermore, recent studies have described ageidept increase in 5-LO expression and
oxidative stress rat retina [7-10], it is described that lightdainauma activate 5-LO, suggesting its
involvement also in the pathogenesis of retina@ases due to light damage [11,12].

Until now, in order to modulate cellular 5-LO prod synthesis, three concrete
pharmacological strategies can be basically pursugdbition of cPLA, inhibition of FLAP
activity and direct inhibition of 5-LO [13].

Even if 5-LO is a reasonable target for the discafeantinflammatory drugs, taking in mind the
multitude of pro-inflammatory and pro-resolving medrs produced from AA, the block of a
single branch by a selective drug may cause rddairgshunting and even amplification of
alternative pathwaysThe overcome of the “one-drug-hits-one-target” apph paved the way to
the discover of drugs with polypharmacological nodd action able to modulate also the
cyclooxygenase (COX) mediated formation of prosidsdl4,15]. Unfortunately, over the last
years, several clinical evidences indicated th&ctge COX-2 inhibitors may be involved in

serious cardiovascular accidents [16-19].



Deduced from previous studies, a novel pharmaccébgstrategy was suggested by targeting
MPGES-1 [20-22] having, this isoform, a considezabiplications in inflammation and a pivotal
role in the production of PGEhat mediates acute pain and fever during anrmfiatory response
[23-25]. Therefore, the rational development ofraiwl structures that contain fragments able to
inhibit 5-LO and mMPGES-1 is now day a highly instheg field of research with promise for better
pharmacotherapies also over dual 5-LO/COX-2 intwbitin terms of higher anti-inflammatory
efficacy and lower incidences of side effects.[26]

Our groups have been interested for a long timeersynthesis and biological evaluation
of anti-cancer and anti-inflammatory age¥-39]; in our drug discovery projects we have
considered lead structures chemical compoundsgereiftom medicinal plants [40, 41] or
synthesized drugs, [42-45] which display pharmagickl or biological activity likely to be
therapeutically useful, but that may still have guiimal structure modification to fit better to the
respective target(s).

For instance, novel series of ethyl 5-hydroxyine@learboxylate has led to the discovery and
development of two potent inhibitors of human 5-(fdg. 1). Among all tested compounds, ethyl
5-hydroxy-2-(mesitylthiomethyl)-1-methyl-1H-indo€carboxylate (Compound) was the most
potent derivative which blocks 5-LO activity in k&ke assays with an kg of 0.7 uM, and
suppressed 5-LO product synthesis in polymorph@aucleukocytes with an kg of 0.23 uM,
being equally potent to the well-recognized refeeeh-LO inhibitor Zileuton, used as antiasthmatic
drug in the clinics [46]. Furthermore, we have @onéd that the annelation of g]penzene ring to
the indole ring in the series led to more potehthitors, exemplified by compoundi and 61 with
ICs0 Of 0.17 and 0.2QM in cell-free and 0.19 and 0.3®™ in cell-based 5-LO activity assays,
respectively [47]. We also demonstrated that batvdtives directly inhibit mPGES-1 (1.38M
and 1.93uM) representing a novel class of dual 5-LO/mPGEBS8Hhibitors. The anti-inflammatory
property of the selected compour@isand6l was also confirmeah vivo evaluating their ability to

reduce carrageenan-induced paw edema in mice [47-49



In our ongoing efforts to further elucidate theustural requirements of this class of
compounds we focused our investigations on theet@used by:
() Introduction of one or more halogens and mesustituents on the phenyl ring;
(i) Presence of oxygen or nitrogen in the heteategcaffold;
(iif) Change of the distance between the substitpieenyl and the heterocycle rings.
In this study, we report the MW (MicroWaves) carag synthesis of this third generation of
benzo[g]indole derivatives together with their beflozan and naphthofuran bioisosters, and their
biological evaluation, leading to potentially novebwerful compounds as multi-target inhibitors of

the inflammatory pathway.



0]
OEt
HO
NMe S

First focusedlibrary

3 R
o !V
OEt
HO Me
NMe S Me
1
Me

IC O(5—LOX—PMNL): 0.70 uM
5

o) Ring Expansion

o}
NMe S@— Me NMe S
Me
6f

6l Cl

IC  (5-LOX-PMNL)= 0.37+0.07 uM IC 50(5-LOX-P MNL)= 0.19+0.09 pM

50
IC (MPGES-1)=1.93 +0.07 uM IC so(m-PGES-l): 1.33+0.10 uM
50

Fig.1



2. Results and discussion

2.1. Chemistry

Preparation of 2-substituted 5-hydroxybenzo[g]ied®lcarboxylic acid ethyl esters and
their naphthofuran bioisosters is a good examplediwkrsity-oriented synthesis (DOS) of
exploratory libraries of “drug-like” compounds. “Sthetic trees” lying behind the target
compounds are summarized in Schemes 1 and 2. é#firshem shows the synthesis of the
corresponding 2-benzyl-5-hydroxybenzo[g]indole caslic acids ethyl esters, starting from the
commercially available substituted arylacetic adida-d). The latter have been converted into the
corresponding arylacetylchlorides, which were pedfby distillationin vacuq yielding the pure
products in 86-99% vyield. These were used in tmh®sis of 4-aryl-3-oxobutyric acid ethyl esters
according to the Moody'’s variation of Oikawa andnémitsu synthesis. Namely, 2,2-dimethyl-1,3-
dioxan-4,6-dione (Meldrum’s acid) solution in a moise of anhydrous DCM and Hunig's base
(N,N-diisopropylN-ethylamine) was treated with one of the above meat arylacetylchlorides,
followed by subsequent work-up procedure and etlgarsoof the reaction product, yielding the
desired technical grade 3-oxoeste2sa{d). Purification of the intermedia has been achievied
flash-chromatography and/or fractional distillatiander diminished pressure. It is necessary to
mention, that synthesis of compourizls and 2c has been previously described in literature and
carried out by a different method. Neverthelesspvederred a Meldrum’s acid based strategy, as it
may widen the scope of the title compounds simplywérying the nature of the alcohol, used for
solvolysis of an acylated 2,2-dimethyl-1,3-dioxah6-dione. The thus obtained pure 3-oxoesters
undergone successive transformation into the qomoreting 3-amino-3-arylcrotonates upon
treatment with NEHOACc in PhMe in the presence of molecular sievesumngcrowave irradiation.
The resulting 3-aminocrotonates have been purifigccolumn chromatography and involved in
Nenitzescu indole synthesis with 1,4-naphthoquinameanhydrous DCM, catalyzed by Znl

according to the method of Velezheva and co-authors



A variety of ethyl 3-aryl-3-oxopropionates 5a&n), prepared according to the known
procedures, served as starting material in thehegig of the congeners of the above mentioned 2-
benzylbenzo[g]indoles, containing an aryl-substituat the C-2 position of the benzo[g]indole
nucleus. As well, their benzo and naphthofuransoisiers have been prepared. The total synthesis
has much in common with the protocol, describedvapbut with several important peculiarities.
As in the case of 4-aryl-3-oxobutyric acid ethyltegs, the corresponding ethyl 3-aryl-3-
oxopropanoates undergone transformation into tis&reste 3-amino-3-arylacrylic acid ethyl esters
upon treatment with NkDac in PhMe under microwave irradiation and in firesence of
molecular sieves. Their conversion into the tafgaizo[g]indoles was conducted according to the
method of Velezheva and co-authors, as well. Onother side, the Nenitzescu synthesis of the
target benzofurans and naphthofurans from ethylyB3aoxopropionates in the presence of Zinl
DCM, required microwave irradiation. After the eadtive work-up procedure the title compounds
were purifiedvia flash column chromatography. This modification tbé literature procedure,
allowed a significantly decreased reaction timegoagpanied by higher yields of the target
compounds (from about 60% to ~90%). In a numbeemfies, the same synthetic approach

appeared to benefit with the preparation of berirajgles, too.
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2.2 Evaluation of 5-LO and mPGES-1 activity and structure-activity relationships

Analysis of test compounds as 5-LO inhibitors wagtinely carried out in two different test
systems, a cell-free assay using isolated humammiginant 5-LO and a cell-based assay using
human neutrophils. The cell-free assay allows ifigny compounds that directly interfere with 5-
LO catalytic activity, whereas the cell-based watem considers cellular regulatory aspects of 5-
LO product synthesis, and as such offers severaitpof attack of a given compound (e.g.,
inhibition of FLAP, interference with 5-LO-activag lipid hydroperoxides, protein kinases ofCa
mobilization, and 5-LO translocation/membrane aisdimn). The reference 5-LO inhibitor N-[1-(1-
benzothien-2-yl)ethyl]-N-hydroxyureaZ{leuton) was used as reference drug. For analysis of
MPGES-1 inhibition, a well-established cell-freeasusing microsomes of ILB4stimulated A549

cells as enzyme source and 20 uM B@sisubstrate was used [20].

In direct comparison td6 and 19, the corresponding analogues with a methylenegbrid
(4d and4a) were less potent against 5-LO in intact cells aeli-free assays, respectively. The
strong impact of the thiomethylene moiety on theepoy was also evident in the case of mMPGES-1
evaluation. In contrast, variation of the halogerstituent chlorinevs fluorine (@c), leads to
compound which is more potent both in cell-free andell-based 5-LO activity assays 0.17
MM eachvs 0.78 pM and 1.15 pM). Moreover, repositioning loé tchlorine inmeta- and para-
positions of the C-2 phenyl ringdl{) caused a remarkable increase in the potency vd&us
yielding compounds with 1§ values in the range of 45 nM for intact cells &4dnM for cell-free
assays Table 1). Of note, botc and4b were most potent direct mPGES-1 inhibitors witlgolC
values of 4.2uM. Regarding the second series in which the phemoyéty is directly attached to the
benzoindoles core, the insertion of an activatingug (i.e., methoxy) irortho-position of the
phenyl ring Tk) does not significantly alter the efficiency agdi®-LO in intact cells and in the
cell-free assaysour previous leadd. Compounds carrying deactivating groups, suchaésgens -

F, -Cl or -Br inortho- and para-positions, are about equipotent#k in the cell-free assay, with



ICs0 values ranging from 0.13 to 0.16, respectivelycégt for 7f) in the cell-based 5-LO test

system, but markedly loose potency for mPGES-Ibitibn (Table 2).

In the case of polyhalogenated derivatives, thatipasof the substituents in an aromatic
ring of the C-2 side chain is fundamental for trodivety, especially in the cell-free assay for
MPGES-1. In fact, compound# (3,4-Cl) and7j (5-Br, 2-F) showed the best activity, withs{C
values of 0.48 and 2.18M, respectively. In the case of polymethylated moles 7I-n, all
derivatives were comparably active against 5-LOeunnckll-based conditions with dgof 0.42,
0.12 and 0.3@M, respectively; otherwise only compouiid was active against mPGES-1 in the

low micromolar range with an kgof 2.6 uM.

Finally, we replaced the indole by benzofurane. Taspective derivatives moderately
impaired potency against 5-LO in cell-free assayisdobstantial decrease 5-LO inhibitory activity
in PMNL, implying that nitrogen is actually an imp@nt requirement in the aromatic system that
may govern the 5-LO inhibitory potencyldble 3). Also, the annelation of benzene to the
benzofuran, yielding corresponding dibenzofuranvaérves were less active as compared to the

respective benzoindoles.



2.3 Docking studies and molecular dynamic (M D) simulationswith mPGES-1 and 5-LO

For rationalizing the inhibitory activities @b and7h by means of molecular docking and
MD simulations (10 ns) to 5-LO, we used the regergported apo form of the human 5-LO crystal
structure (PDB code: 308Y) [50]. We combined dogkistudies with four copies of MD
simulations to investigate the binding modes4bf and 7h taking into account ligand-induced
conformational changes of 5-LO. The rationalizatiminthe 5-LO binding mode was obtained
considering the fundamental amino acids in thevadite of the enzyme as described previously
[51-53]. As a result of docking/MD studies for batiolecules, we observe thét and7h perfectly
fits into the active siteRigure 4A and4B, respectively), and the ester carbonyl at 3-pasiand
hydroxyl at 5-positon of benzoindole nucleus maldsonding interactions to Asn425 and GIn363,
respectively, positioning the benzoindole nitrog@nH-bonding to Tyr181 in the upper part of the
main binding cleft, which is a gatekeeper amina atong with Phel77 at the active site entrance
of 5-LO [54]. Additionally, annealed benzene ringslin close proximity to His367 and His372,
which engages througleTtinteractions.

Luz et al recently published co-crystal structures of mP@HE® complex with four diverse
inhibitors provide important insights into inhibitbinding sites [55-56]. Based on the reported
interaction network of these known inhibitors andotovide further insights into the interaction of
4b and7h with mPGES-1, we performed docking studies in cioiatiion with four copies of MD
simulations (10 ns) using the mPGES-1 crystal sirec(PDB code: 4YL3) [56]. Since the
available mPGES-1 x-ray structure does not inclatksmbrane coordinates, we analyzed the
binding modes of MPGES4b and mPGES-T¥h complex by means of MD simulations including
membrane insertion (taken from OPM Database [37{pe simulation systems (Figu4€ and4D,
respectively). By inclusion of the membrane bilayrwas possible to observe its effect on
the binding in which the adopted techniques havenbwidely used for the analysis of other

membrane proteins [58].



Taking into account the considerations reportedtliese co-crystal structures, the binding
specificities of4b and 7h to mPGES-1 were conferred by specific polar irdiéoas at the
cytoplasmic part of the binding groove. For examphe C5-hydroxyl functionality oflb and7h
forms direct or water-mediated H-bonds with the B&gand His53 at the cytoplasmic entrance
orienting the rest of the molecule into the hydmiph binding cavity for additionate-1t contacts
and hydrophobic interactions, i.e., the 3,4-diabydrenyl group engagesTt contacts with Tyr130
while the ethyl carboxylate group at 3-positiortlod benzoindole lies in close proximity of Leu39
and Phe44 for hydrophobic interactions. Anotheblstdd-bonding interaction is also observed
between the side-chain of GIn36 and the NH of bemitde nucleus (FiguréC and4D).

As can be seen from the Figu#é, 4B, 4C and 4D, both molecules4b and 7h, show
similar interaction network for both enzymes, aitgb the inhibitory potency of the compousial
on mPGES-1 in comparison @ was about 9-fold less potent ¢§54.2 vs. 0.48 uM). Based on
these docking/MD simulations, it is still hard t@ke a conclusive explanation of this difference in
activity, this may be related to the entropic agsbn binding, which may arise by the presence of a
methylene bridge idb causing instability inside the active site, as banseen by the increased
standard deviation trend of mMPGESHi/complex’s RMSD values given at Figure S1 (see

supporting information).



Table 1 Inhibition of 5-LOX and inhibition of m-PGES-1 &gty of compound&ta-d, 11 and Zileuton in a cell-based assay (intact PMNig & a cell-free assay. Data are given

as mean + S.E.M., n = 3—4.

COOEt

N

Inhibition of 5LO activity
(ICsovalues [uM])

ol
7\R

Inhibition of m-PGES1
activity(ICsovalues [UM] )

Cpd R Intact Céll-free Céll-free

4a 2,6-Cl 1.158+0.051 0.782+0.08 Remaining activity: 78t123.7%
4b 3,4-Cl 0.045+0.018 0.054+0.025 42+14

4c 2,6-F 0.094+0.026 0.169+0.021 42+22

4d 2,4,6-CH3 0.130+0.142 0.298+0.029 58.8+49

11 2-Cl 0.301+0.029 0.317+0.052 0.96 + 0.09
Zileuton \ HO\N_(O 0.7 0.g4¢! i




Table 2 Inhibition of 5-LOX and inhibition of m-PGES-1 tadty of compounds/a-n in a cell-based assay (intact PMNL) and in a frelassay. Data are given as mean = S.E.M.,
n=3-4.

Inhibition of 5LOX activity
(ICsovalues [uUM])

Inhibition of M-PGES1 activity
(ICsovalues [uM])

Cpd R Intact Céll-free Céll-free
7a CH; 0.42+0.01 0.48+0.02 n.d.
7b 2-F 0.15+0.01 0.10+0.04 50.58 + 4,9%
7c 2-Br 0.20 £ 0.04 0.16 + 0.02 254+041
7d 2-Cl 0.24 +0.25 0.13 +0.07 No values
Te 3-Br 0.21 +0.06 0.13 +£0.02 1.19+0.1
7f 3-Cl 1.0740.26 2.12 £ 0.65 6.01+ 0.1
79 4-Cl 0.32+0.11 0.07 £0.02 3.4%
7h 3,4-Cl 0.13+0.03 0.13+0.01 0.48 +0.13
7i 4-Br,2-F 0.86 +0.11 0.27 £ 0.05 343+241
7] 5-Br, 2-F 0.23+0.06 0.11 £ 0.07 2.13+1.09
7k 2-OCH3; 0.21+0.12 0.19 + 0.05 8.6+0.21
7l 2-CH3; 042+0.1 0.11 +0.05 12.7+0.24
m 3-CH3 0.12 £ 0.02 0.14 £ 0.02 2.56 +0.31
n 3,5-CH3 0.3+0.03 0.12 £ 0.03 7.06 £ 0.53




Table 3 Inhibition of 5-LOX activity of compound8b-k vs 9b-k in a cell-based assay (intact PMNL) and in a frel-assay. Data are given as mean + S.E.M., n =
3-4.

Inhibition of 5LO activity
(ICsovalues [uM])

Inhibition of 5LO activity
(ICsovalues [uM])

COOEt COOEt

Cpd R Intact Céell-free Cpd I ntact Céll-free
8b 2-F 0.67 £0.17 0.37£0.12 9% 116.9+17.4 97.5+£7.6
8c 2-Br 0.79+0.46 0.16 + 0.04 9c 14+0.11 6.39+0.16
ad 2-Cl 1.86+0.14 0.37 £ 0.09 ad 0.78+0.14 59.5+55
8e 3-Br 1.64+£0.01 0.86 + 0.04 9e 3.3+0.04 2.76 £ 0.06
8f 3-Cl 3.92+0.11 0.46 £ 0.06 of 1.79+0.15 3.55+1.35
8g 4-Cl 3.74+0.75 0.13+0.01 9 2.49+£0.45 9.52+0.6
8h 3,4-Cl 1.24 £ 0.66 1.70 £0.09 %h 476 £0.22 54.3+6.0
8i 4-Br, 2-F 2.32+0.23 1.06 £0.24 9i 1.86 £ 024 449 +0.8
8 5-Br, 2-F 449 +1.49 2.03+0.07 9 2.19+0.05 3.79+£0.08
8k 2-OCH3 1.36+£0.31 0.22 +0.04 9k 4.71+0.79 8.36 +1.53




12% N
HIS372
HI5367

Figure 4. (A, B) Binding mode analysis efb and7h, depicted with interacting 5-LO (PDB code 308Y3ideies. (C,
D) Binding mode analysis @b and7h during interaction with the mPGES-1 (PDB code 4Yt8nsidering membrane
residues. Main interactions are represented scheatigtwith their occupancies calculated in thedimindow 0-10 ns.



2.3 Anti-inflammatory effectiveness of derivatives 4 b-c, 7c, 7e, 7 h-j, 7m in carrageenan-

induced paw oedema

In order to verify the anti-inflammatory efficacyye evaluated the most interesting
compounds of the current series against carrageedaned paw oedema, which represents a well-
established model of acute inflammation. [48] Iptaatar injection of carrageenan led to an
increase in hind paw volume, expressed as oedewwitared for a period of 6 h. The increase in
paw volume (vehicle, i.p. treatment) reached itximam at 4 h post-carrageenan applicatibig(
6-7). The vast majority of compounds (4 mg/kg, i.p.) #igantly reduced paw oedema, in
agreement with the results framvitro studies.

In details, among the benzo[g]indol-3-carboxylatested with C-2 benzylic branch (see
Table 1), 4b and 4c were the most effective, in tha vivo experiment both compounds also
significant reduced oedema formation by 73.0 an% 8fespectively, as compared with vehicle-
treated animals, and they maintained their potefigy 6 h of treatment(g. 6).

Regarding the second series, that is, the polyakitgd derivative3h, 7i and7j (4 mg/kg,
i.p., each) the peak of the response to carragesindr was reduced by 47.3, 69.35, and 73.95%,
respectively Fig. 7 A), while Zileuton (20 mg/kg, i.p.) used as refermnas previously reported by
us, caused only 38.2% inhibition (data not shown).

Finally, the ortho-brominated derivativegc and 7e demonstrated the lowest anti-inflammatory
effects with 47.0 and 18.1% inhibition, respectyvéf interest, compoundm was most effective,

with a reduction of the response to carrageendrhaty 75% FEig. 7 B).



O Vehicle O 4b4mg/kg SF 4c 4mg/kg

A paw volume
(ml)

time (h post-carrageenan)

Fig.6 Effect of compounds 4b and 4c (4 mg/kg, i.p.) omageenan-induced paw oedema 0-6 h after carrageena
injection. Data are expressed as mean + SEM (rfior €ach group). *** indicate significant (P < 0D0differences vs
carrageenan+ vehicle-treated animals.



A ‘O Vehicle  7idmg/kg
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Fig.7 Effect of compounds 7i, 7h and 7j (A) or 7m, 7c a&d(B) (4 mg/kg, i.p.) on carrageenan-induced padema
0-6 h after carrageenan injection. Data are expdess mean + SEM (n= 6 for each group). * or **ticate
significant (P < 0.05 or P < 0.001, respectivel§fiedences vs carrageenan + vehicle-treated animals



Conclusion

A series of new benzoindole, benzofuran and napintho derivatives were prepared and
evaluated for their ability to inhibit both 5-LO @m-PGES-1 activity. Considering the biological
data, we were able to perform a detailed structumsed design of a revisited version of
benzof]indol-3-carboxylic acid derivatives. Moreover, wesclosed new key factors that may govern

the 5-LO/m-PGES-1 inhibitory potency of the targetictures.

Our studies allowed us to complete SAR profile amdptimize chemical structures of the title
compounds of the series. In particular, accordmghe above mentioned results, it is possible to

conclude that:

the thiomethylene linker between the phenyl ringl &2 position of benzg]indole
heterocyclic system may be omitted, allowing theeati connection of 3,4-chlorophenyl-
substituent to heterocycle, leadingto with an increased inhibitory activitys previous
hits (16 and19) in the nanomolar range for both enzymes;
the presence of nitrogen of the indole or begloflole-3-carboxylic acid derivatives
remains an indispensable requirement for the aygtiwi fact, its substitution for benzofuran
or naphthofuran bioisoster reduces the inhibitatyay of the target compound3H vs 8h)
the substitution of the phenyl ring radical inflees the inhibitory activity. The
simultaneous presence of chlorinenieta-or para-positions of the C-2 benzylic aromatic
ring @b, and7h), as well as the introduction of methyl grou@s] (in meta position on
the phenyl ring), causes a marked increase of 5-la@X mMPGES-1 inhibitory activity in
cell-freeassay.

The antiffammatory properties of selected compownele confirmed byn vivo evaluation of their

ability to reduce carrageenan-induced paw oedempaiticular, methylated compouich and its

dichloro-substituted congendb exhibit antinflammatory activity in lower dosesathour previous

hit compounds.



4. Experimental section
4.1 Chemistry

All reagents were analytical grade and purchaseun frSigma-Aldrich (Milano-Italy). All
microwave irradiation experiments were carried oot a Biotage® Initiator+ Microwave
synthesizer (Biotage, Sweden AB, Uppsala, Swedére.reactions were carried out in 10 mL glass
tubes, sealed with aluminium/Teflon crimp tops, ethican be exposed to 300 °C and 30 bar
internal pressure. After the irradiation periode tleaction vessel was cooled rapidly(60-120s) to
ambient temperature by gas jet cooling. Flash chtography was performed on Carlo Erba silica
gel 60 (230-400 mesh; CarloErba, Milan, Italy). Tis@s carried out using plates coated with silica
gel 60 F254 nm purchased from Merck (Darmstadtjr@er). Melting points were determined in
open capillary tubes on Stuart®SMP30 Melting Pd\pparatus and are uncorrected. Reaction
yields refer to chromatographically and spectrosmily pure products'H and**C NMR spectra
were registered on a Bruker AC 300. Chemical shdte reported in ppm relative to
tetramethylsilane The abbreviations used are falasy singlet; d, doublet; dd double doublet; bs,
broad signal. MS spectrometry analysis ESI-MS vaasied out on a Finnigan LCQ Deca ion trap
instrument. Microanalyses were carried out on ddJarba 1106 elemental analyzer.

The following specific procedures illustrate thengel methods for the preparation of key
intermediates and title compounds ethyl 4-aryl-8fmxanoates

4.2 General procedurefor the synthesis of Ethyl 4-aryl-3-oxobutanoates (2a-d)

Step-1

A mixture of 10 g (48.7 mmol) of 2-substituted pileacetic acid, 40 ml of anhydrous PhMe was
treated with 11.2 g (53.8 mmol) RG@t ambient temperature under protection of maastafter the
effervescence ceased, the resulting clear yelldutisn was heated at reflux for 2 hours, only in

the case of 2-(2,4,6-trimethylphenyl)acetyl chleridhe reaction was conducted at room



temperature overnight. Due to their hydrolytic lapi all intermedia were not analyzed, but used
directly in the next step.

Step-2

A stirred solution of 7.7 g (53.5 mmol) 2,2-dimetiy3-dioxane-4,6-dione (Meldrum’s acid) in
150 ml of anhydrous Ci€l, was chilled in an ice chest and treated with 25(+118.6 g, 143.5
mmol) i-PNEt (Hunig’s base). The resulting mixture was cddie@ — 8°C in an ice-salt bath with
stirring, followed by dropwise addition of dichloan@thane solution of 2-substituted phenyl acetyl
chloride (50.9 mmol). During the addition of theykating agent, the inner temperature was kept
below 0°C. After the addition of chloroanhydride was con@)ehe whole reaction mixture was
stirred for 2 hours more at the above mentioneg&ature and then left overnight. The next day it
was poured into a mixture of 150 ml of 1M aqueoyS® and crushed ice. The two layers formed
were vigorously shaken, and the lower organic layais separated. The aqueous layer was
discarded, while the organic layer was washed ssogely with ice-cold dilute k50O, and water,
and dried over anhydrous p&O,. After filtration, the solution was stripped dovirom the solvent

at ordinary, and then — slightly reduced pressuatkthe residue was diluted with 150 ml of absolute
EtOH. This was refluxed under the protection of @épheric moisture until the evolution of €0
has ceased and treated with 1 g of activated cadua resulting mixture was reflux for one more
hour, filtered and evaporated under the diminispexbsure, leaving the title product of technical
grade as a straw-colored oil. The latter was retlisgl in 200 ml ot-BuOMe, washed successively
with saturated NaHC@solution, water and dried over anhydrous®@,. The latter was removed
by filtration through a TLC-grade silica-gel paddagvaporated. The thus obtained 3-oxoester was
subjected to vacuum distillation collecting a frantin a wide range, which was redistilled with a
short Vigreux column, to remove the undesired mdpcts.

An analytically pure substance was prepared byigration silica gel column chromatography

of this products, using Hexan-EtOAc (9:1, v/v) nibd as a mobile phase.



4.2.1 Ethyl 4-(2,6-dichlorophenyl)-3-oxobutanoée)

'H NMR (CDCk, 300MHz)8 (ppm) = 1.25 (t, 3HJ)=7.40Hz); 3.47 (s, 2H); 3.79 (s, 2H); 4.16 (q,
2H, J=7.42Hz); 7.00 (d, 1H)=8.23Hz); 7.27 (s, 1H); 7.35 (d, 1B7.78Hz). Yield: 75%.

4.2.2 Ethyl 4-(3,4-dichlorophenyl)-3-oxobutanoéb)

'H NMR (CDCk, 300MHz)$ (ppm) = 1.30 (t, 3HJ=7.13Hz); 3.26 (s, 2H); 3.58 (s, 2H); 4.23 (q,
2H, J=7.29Hz); 7.19 (t, 1H)=8.85Hz); 7.33 (d, 2H)=7.70Hz). Yield: 69%.

4.2.3 Ethyl 4-(2,6-difluorophenyl)-3-oxobutanoée)

'H NMR (CDCk, 300MHz)8 (ppm) = 1.27 (t, 3HJ)=7.37Hz); 3.54 (s, 2H); 3.92 (s, 2H); 4.19 (q,
2H, J=7.51Hz); 6.88 (t, 2H)=8.24Hz); 7.27 (m, 1H). Yield: 88%.

4.2.4 Ethyl 3-ox0-4-(2,4,6-trimethylphenyl)butareo@d)

'H NMR (CDCk, 300MHz)5 (ppm) = 1.92 (t, 3HJ=6.90Hz); 2.28 (s, 6H); 2.31 (s, 3H); 3.47 (s,
2H); 3.51 (s, 2H); 4.21 (g, 2H=7.06Hz); 6.90 (s, 2H). Yield: 57%.

4.3 General procedurefor the synthesis of Ethyl 3-amino-4-arylcrotonates (3a-d)

A 10 ml glass vial, equipped with a magnetic stgrbar and an aluminium-Teflon crimp top, was
charged with ethyl 4-(2,6-difluorophenyl)-3-oxobrate, NHOAc, PhMe, a catalytic amount of
glacial AcOH and appropriate molecular sieves. figaetion mixture was stirred at 140 under
60 W microwave irradiation for 20 minutes, cooledb0°C and partitioned betwedrBuOMe and
saturated NaHC@aqueous solution. The resulting mixture was vigsly stirred, filtered on a
Schott funnel to break the resulting emulsion ane tipper organic layer was separated. An
agueous layer was extracted witBuOMe and the combined organic phases were wasitad
water (until the neutral pH), dried over anhydroNsSO, and filtered. The resulting filtrate was
stripped down from the solvent under reduced pressyielding a crude product, which was
purified by flash chromatography on silica gel eoly using Exan-EtOAc (4:1, V/V) mixture as a

mobile phase. The yield of pure ethyl 3-amino-&{@ifluorophenyl) crotonate was 88%.



4.3.1 Ethyl 3-amino-4-(2,6-dichlorophenyl)but-2-atex3a)

Compound3a was synthesized from Ethyl 4-(2,6-dichloropher8A)xobutanoat®a (1.0equiv.),
Ammonium acetate (3.0 equiv.) and acetic acid ¢5.dtlash chromatography with hexan/EtOAc
(80:20) afforded analytically pure product. Yie@8%.

'H NMR (CDCk, 300MHz) & (ppm) =1.26 (t, 3H,J=7.19Hz); 3.87 (s, 2H); 4.11 (g, 2H,
J=7.19Hz); 4.48 (s, 1H); 7.22 (t, 1858.71Hz); 7.39 (d, 2H])=7.79Hz).

4.3.2 Ethyl 3-amino-4-(3,4-dichlorophenyl)but-2-atex3b)

Compound3b was synthesized from Ethyl 4-(3,5-dichloropher8Ayxobutanoat@b (1.0equiv.),
Ammonium acetate (3.5 equiv.) and acetic acid {4.dtlash chromatography with hexan/EtOAc
(80:20) afforded analytically pure product. Yie@¥.%.

'H NMR (CDCk, 300MHz) & (ppm) =1.15 (t, 3H,J=7.11Hz); 3.40 (s, 2H); 4.05 (g, 2H,
J=7.26Hz); 4.58 (s, 1H); 7.03 (d, 1B58.27Hz); 7.24 (s, 1H); 7.31 (d, 1B58.34Hz).

4.3.3 Ethyl 3-amino-4-(2,6-difluorophenyl)but-2-ate(3c)

Compound3c was synthesized from Ethyl 4-(2,6-difluoropher8dpxobutanoate&c (1.0equiv.),
Ammonium acetate (3.3 equiv.) and acetic acid {4.dtlash chromatography with hexan/EtOAc
(80:20) afforded analytically pure product. Yie@2%.

'H NMR (CDCk, 300MHz) & (ppm) =1.24 (t, 3H,J=7.36Hz); 3.51 (s, 2H); 4.09 (g, 2H,
J=7.21Hz); 4.60 (s, 1H); 6.91 (t, 28=7.46Hz); 7.33(m, 1H).

4.3.4 Ethyl 3-amino-4-mesitylbut-2-enoéBe)

Compound3d was synthesized from Ethyl 4-mesityl-3-oxobutaedat (1.0equiv.), Ammonium
acetate (3.0 equiv.) and acetic acid (5 gtt.). lFlakromatography with hexan/EtOAc (80:20)
afforded analytically pure product. Yield: 89%.

H NMR (CDCk, 300MHz) 5 (ppm) =1.37(t, 3H,)=6.68Hz); 2.31 (s, 6H); 2.37 (s, 3H); 3.62(s,

2H): 4.11 (g, 2H,)=7.07Hz); 4.47 (s, 1H); 6.89 (s, 1H); 6.91 (s, 1H).



4.4 General procedurefor the synthesis of 5-Hydroxy-1H-benzo[g]indole-3-carboxylate (4a-d)

To a solution of 1,4-naphthoquinone (1.0 equiv.pmL CHCl,, Znl, (0.1equiv.) was added and
the resulting mixture was heated to boiling tempega A solution ofp-enaminoestersa-d,
respectively (1.0 equiv.), in 2 mL of GBI, was added drop by drop under stirring for 5-10.min
After refluxing for additional 30 min, the mixtumas cooled to 0-5 °C over night. The precipitated
crystals were filtered off and washed with £CH.

4.4.1 Ethyl 2-(2,6-dichlorobenzyl)-5-hydroxy-1H-befg]indole-3-carboxylat¢4a)

Yield: 79%.'"H NMR (Acetoned6) & (ppm) =1.46 (t, 3H, J =7.23Hz ); 3.53 (s, 2H);24(4, 2H, J
=7.59Hz); 5.02 (s, 1H, OH); 7.37 (t, 1H, J =6.21H2)B9 (d, 2H,J=7.79Hz); 7.42-7.49 (m, 2H);
7.77 (s, 1H); 8.01 (dd, 2H, J = 1.5, 8.20Hz); 11(€3LH, NH). 13C NMR (Acetondé) & (ppm) =
14.8; 17.3; 60.5; 101.7; 104.8; 113.1; 115.9; 126X%7.9; 128.1; 128.6; 130.3; 136.7; 139.4; 140.5;
144.3; 149.2; 168.0 MS-ESI (m/z): 413.06 TMAnal. Calcd. For gH;/Cl,NOs C, 63.78; H, 4.14;
Cl, 17.12; N, 3.38; O, 11.59 found C, 63.88; H54.Cl, 17.18; N, 3.65; O, 11.74

4.4.2 Ethyl 2-(3,4-dichlorobenzyl)-5-hydroxy-1H-befg]indole-3-carboxylaté4b)

Yield: 65%.'H NMR (Acetoned6) & (ppm) =1.44(t, 3H, J =7.19); 4.22 (s, 2H); 4.35 2, J
=7.22); 5.15 (s, 1H, OH); 7.25 (d, 1H J =7.24);11B 1H, J =7.24); 7.40 (s, 1H); 7.50-7.58 (m,
2H); 7.75 (s, 1H); 7.90 (dd, 2H, J =1.39; 8.15 Hx);39 (s, 1H, NH). 13C NMR (Acetort$) &
(ppm) = 18.2; 35.5; 61.8; 99.4; 105.2; 112.4; 1143 .9; 128.3; 128.7; 130.1; 130.3; 131.0; 132.2;
132.5; 135.4; 137.4; 138.1; 144.1; 147.0; 168.0 B4S-(m/z): 413.06[M. Anal. Calcd. For
CooH17/CIoNOs C, 63.78; H, 4.14; Cl, 17.12; N, 3.38; O, 11.50rfd C, 64.01; H, 4.24; Cl, 17.12; N,
3.55; 0, 11.68

4.4.3 Ethyl 2-(2,6-difluorobenzyl)-5-hydroxy-1H-kefg]indole-3-carboxylat€¢4c)

Yield: 68%."H NMR (Acetoned6) § (ppm) = 1.39 (t, 3H, J = 7.28); 3.71 (s, 2H); 4(442H, J =
7.15); 7.01 (t, 2H, J =7.89); 7.34-7.49 (m, 3Hp227.69 (m, 2H), 7.74 (s, 1H), 7.90 (dd, 2H, J
=2.22; 9.03Hz), 11.30 (s, 1H, NH). 13C NMR (Acetat® & (ppm) = 17.0; 19.5; 72.1; 100.9;

111.4; 112.3; 112.6; 113.1; 113.8; 114.1; 128.9.42129.8; 130.7; 130.9; 131.0; 138.2; 144.8;



149.7;,165.4; 165.9; 170.1 MS-ESI (m/z): 381.13[Mnal. Calcd. For &H17;F:NO5; C, 69.29; H,
4.49; F, 9.96; N, 3.67; O, 12.59 found C, 69.324H8; F, 10.15; N, 3.68; O, 12.59

4.4.4 Ethyl 2-(2,4,6 trimethylbenzyl)-5-hydroxy-belRzo[g]indole-3-carboxylatéld)

Yield: 77%."H NMR (Acetoned) & (ppm) =1.48 (t, 3H, J=7.11); 2.45 (s, 6H); 2.493H); 4.47
(s, 2H); 4.41 (g, 2H, J =7.12); 5.50 (s, 1H, OHYW(s, 2H); 7.36-7.40 (m, 2H); 7.77 (s, 1H); 8.07-
8.14 (m, 2H); 10.57(s, 1H, NH}*C NMR (Acetoned6) 5 (ppm) = 20.1; 24.2; 25.4; 26.7; 27.0;
70.0; 99.4; 103.0; 111.3; 115.4; 125.6; 125.9; 82127.9, 128.9; 130.8; 136.8; 137.0; 138.4;
144.0; 149.3; 166.1 MS-ESI (m/z): 387.18[MAnal. Calcd. For gH2sNOs; C, 77.49; H, 6.50; N,
3.61; O, 12.39 found C, 77.51; H, 6.45; N, 3.811040.

4.5 General procedure for the microwave irradiated synthesis of f-enaminoesters derivatives

(6a-n)

B-keto esters5 a-n (1.0 equiv.), Ammonium acetate (3.0 equiv.) and t&ceacid (gtt.) were
dissolved in dry Toluol (6mL) in a 10mL reactiorag$ vial containing a tiny stirring magnet and
molecular sieves The vial was sealed tightly with an aluminiumi#®a® crimp top and the
mixture was irradiated for 20 min at a pre-seledtedperature of 140°C, with an irradiation power
of 60W. After the reaction, the vial was cooledb@C by gas jet cooling. The crude mixture was
portioned between ethyl acetate and saturatedisolat Sodium bicarbonate (15mL of each) and
the aqueous layer was extracted with ethyl ac¢Bate 15mL). The combined organic layer were
dried on Sodium sulfate anhydrous, filtered and gbkvent was removed under reduce pressure.
Then, final crude compounds were purified by flaslomatography over silica gel.

4.5.1 Ethyl 3-aminobut-2-enoaféa)

Compound6a was synthesized from Ethyl 3-(2-fluorophenyl)-3propanoateba(l.0equiv.),
Ammonium acetate (4.0equiv.) and acetic acid (7.glash chromatography with hexan/EtOAc
(80:20 to 70:30) afforded analytically pure prodast89 %.

'H NMR (CDCk , 300MHz) § (ppm) =1.24 (t, 3H,J=7.36Hz), 3.51 (s, 3H), 4.09 (g, 2H,

J=7.28Hz), 4.60 (s, 1H).



4.5.2 Ethyl 3-amino-3-(2-fluorophenyl)acrylab)

Compound6b was synthesized from Ethyl 3-(2-fluorophenyl)-3spropanoatesb (1.0equiv.),
Ammonium acetate (3.0equiv.) and acetic acid (5.dgd#ash chromatography with hexan/EtOAc
(80:20 to 70:30) afforded analytically pure prodast72%.

'H NMR (CDCk, 300MHz)3 (ppm) = 1.36 (t, 3H, J = 7.1Hz); 4.38 (g, 2H, 3.£Hz); 4.98 (s, 1H);
7.12 (dd, 1H, J = 5.4, 11.5Hz); 7.20 (t, 1H, J4HF&); 7.42-7.51 (m, 1H); 7.50 (t, 1H, J = 2.1Hz).
4.5.3Ethyl 3-amino-3-(2-bromophenyl)acryldée)

Compound6c was synthesized from Ethyl 3-(2-bromophenyl)-3qmopanoate5c (1.0equiv.),
Ammonium acetate (3.5equiv.) and acetic acid (§.dg8ash chromatography with hexan/EtOAc
(80:20 to 70:30) afforded analytically pure prodast63%.

'H NMR (CDCk, 300MHz) 8 (ppm) = 1.42 (t, 3H, J = 7.3Hz); 1.80 (s, NH4.23 (q, 2H, J =
7.3Hz); 4.74 (s, 1H); 7.29(t, 1H, J = 3.5Hz); 7885 (m, 2H); 7.65 (d, 1H, J = 4.8Hz).

4.5.4Ethyl 3-amino-3-(2-chlorophenyl)acrylgts)

Compound6d was synthesized from Ethyl 3-(2-chlorophenyl)-3propanoatesd (1.0equiv.),
Ammonium acetate (3.5equiv.) and acetic acid (5.dgd8lash chromatography with hexan/EtOAc
(80:20 to 70:30) afforded analytically pure prodast53%.

'H NMR (CDCk, 300MHz)3 (ppm) = 1.38 (t, 3H, J = 7.1Hz); 4.42 (q, 2H, 3.£Hz); 4.84 (s, 1H);
7.38-7.48 (m, 2H); 7.49-7.50 (m, 2H).

4.5.5Ethyl 3-amino-3-(3-bromophenyl)acryldée)

Compound6e was synthesized from Ethyl 3-(3-bromophenyl)-3qmopanoateSe (1.0equiv.),
Ammonium acetate (3.0equiv.) and acetic acid (§.dg8ash chromatography with hexan/EtOAc
(90:10 to 60:40) afforded analytically pure prodast58%.

'H NMR (CDCk, 300MHz)3 (ppm) = 1.37 (t, 3H, J = 6.8Hz); 4.25 (g, 2H, 8.8Hz); 5.00 (s, 1H);

7.45 (t, 1H, J = 2.5Hz); 7.54 (d, 1H, J = 5.3HzBZ/(d, 1H, J = 5.3Hz); 7.74 (s, 1H).



4.5.6 Ethyl 3-amino-3-(3-chlorophenyl)acryld&f)

Compound6f was synthesized from Ethyl 3-(3-chlorophenyl)-3propanoate5f (1.0equiv.),
Ammonium acetate (3.5equiv.) and acetic acid (4.dgd#lash chromatography with hexan/EtOAc
(90:10 to 8:20) afforded analytically pure prodast59%.

'H NMR (CDCk, 300MHz)3 (ppm) = 1.28 (t, 3H, J = 7.1Hz); 3.89 (q, 2H, 3.£Hz); 4.87 (s, 1H);
7.48-7.54 (m, 3H); 7.65 (s, 1H).

4.5.7 Ethyl 3-amino-3-(4-chlorophenyl)acryldy)

Compound6g was synthesized from Ethyl 3-(4chlorophenyl)-3{mapanoateSg (1.0equiv.),
Ammonium acetate (3.0equiv.) and acetic acid (§.dgd8ash chromatography with hexan/EtOAc
(90:10 to 70:30) afforded analytically pure prodastc8%.

'H NMR (CDCk, 300MHz) 8 (ppm) = 1.47 (t, 3H, J = 6.5Hz); 2.00 (s, NH4.44 (q, 2H, J =
6.5Hz); 5.12 (s, 1H), 7.35 (d, 2H, J = 5.4Hz); 7(d22H, J = 5.8Hz).

4.5.8 Ethyl 3-amino-3-(3,4-dichlorophenyl)acryld6)

Compoundoh was synthesized from Ethyl 3-(3,4-dichloropher8Apxopropanoatéh (1.0equiv.),
Ammonium acetate (3.5equiv.) and acetic acid (J).dgd8lash chromatography with hexan/EtOAc
(90:10 to 70:30) afforded analytically pure prodast71%.

'H NMR (CDCk, 300MHz)$ (ppm) = 1.30 (t, 3H, J = 6.8Hz), 4.26 (q, 2H, 8.8Hz); 5.00 (s, 1H);
7.39(d, 1H, J = 3.5Hz); 7.51 (d, 1H, J = 3.7Hz.J1Ts, 1H).

4.5.9 Ethyl 3-amino-3-(4-bromo-2-fluorophenyl)aetg (6i)

Compound 61 was synthesized from Ethyl 3-(4-bromo-2-fluoropyi®l-oxopropanoate5i
(1.0equiv.), Ammonium acetate (3.0equiv.) and acatid (5 gtt.). It was necessary two mw-
irradiation cycles to obtain the compound. Flasinomatography with hexan/EtOAc (80:20)
afforded analytically pure product as 47%.

'H NMR (CDCk, 300MHz)8 (ppm) = 1.45 (t, 3H, J = 7.5Hz); 4.33(q, 2H, J.5Hz); 4.87 (s, 1H);

7.46(s, 1H); 7.54-7.60 (m, 2H).



4.5.10 Ethyl 3-amino-3-(5-bromo-2-fluorophenyl)datg (6])

Compound 6 was synthesized from Ethyl 3-(5-bromo-2-fluoropylgl-oxopropanoate5;
(1.0equiv.), Ammonium acetate (3.0 equiv.) and iacatid (5 gtt.). It was necessary two mw-
irradiation cycles to obtain the compound. Flasinomatography with hexan/EtOAc (80:20)
afforded analytically pure product as 54%.

'H NMR (CDCk, 300MHz)8 (ppm) = 1.42 (t, 3H, J = 6.9Hz); 4.54 (q, 2H, 8.8Hz); 4.71 (s, 1H);
7.31 (t, 1H, J=2.1Hz); 7.47-7.51 (m, 2H).

4.5.11Ethyl 3-amino-3-(2-methoxyphenyl)acryliggie)

Compound 6k was synthesized from Ethyl 3-(5-bromo-2-fluoropyll-oxopropanoate5k
(1.0equiv.), Ammonium acetate (3.0equiv.) and acatiid (6 gtt.). Flash chromatography with
hexan/EtOAc (90:10) afforded analytically pure prodas 67%.

'H NMR (CDCL, 300MHz)8 (ppm) = 1.28 (t, 3H, J = 7.1Hz); 1.69 (s, NH3.95 (s, 3H); 4.29 (q,
2H, J = 7.1Hz); 4.82 (s, 1H); 6.98-7.09-(m, 2HX427.50 (m, 2H).

4.5.12Ethyl 3-amino-3-o-tolylacryla(él)

Compound6l was synthesized from Ethyl 3-oxo0-3-o-tolylpropateod (1.0equiv.), Ammonium
acetate (3.8equiv.) and acetic acid (7 gtt.). Flesfomatography with hexan/EtOAc (90:10 to
80:20) afforded analytically pure product as 49%.

'H NMR (CDCk, 300MHz)8 (ppm) = 1.31 (t, 3H, J =6.4Hz); 2.45 (s, 3H); 4(852H, J = 6.4Hz);
4.68 (s, 1H); 7.10-7.25(m, 3H); 7.39 (d, 1H, J 2+& ).

4.5.13Ethyl 3-amino-3-m-tolylacrylatém)

Compoundém was synthesized from Ethyl 3-ox0-3-m-tolylpropaedan (1.0equiv.), Ammonium
acetate (3.0equiv.) and acetic acid (5gtt.). Flabhomatography with hexan/EtOAc (80:20)
afforded analytically pure product as 64%.

'H NMR (CDCk, 300MHz)8 (ppm) = 1.44 (t, 3H, J =6.8Hz); 2.51 (s, 3H); 4(402H, J = 6.9Hz);

5.71 (s, 1H); 7.38(d, 1H, J = 2.8Hz); 7.41 (t, IH; 3.2Hz ); 7.62(d, 1H, J = 3.3Hz); 7.71 (s, 1H).



4.5.14 Ethyl 3-amino-3-(3,5-dimethylphenyl)acrylée)

Compounden was synthesized from Ethyl 3-(3,5-dimethylpher8Ayxopropanoatén (1.0equiv.),
Ammonium acetate (3.5equiv.) and acetic acid ()/dttwas necessary two mw-irradiation cycles
to obtain the compound. Flash chromatography wékah/EtOAc (80:20) afforded analytically
pure product as 44%H NMR (CDCk, 300MHz)8 (ppm) = 1.31 (t, 3H, J =7.2Hz); 1.64 (s, NH
2.44 (s, 6H); 4.22 (q, 2H, J = 7.2Hz); 4.98 (s, 1H)7 (s, 2H); 7.37 (s, 1H).

4.6 General procedure for synthesis of 5-Hydroxy-1H-benzo[g]indole-3-carboxylate (7a-n)

To a solution of 1,4-naphthoquinone (1.0equiv.} imL of CH.CI,, Znl, (0.1equiv.) was added and
the resulting mixture was heated to boiling tempgga A solution off-enaminoesters a&n,
respectively (1.0 equiv.), in 2 mL of GBI, was added drop by drop under stirring for 5-10.min
After refluxing for additional 30 min, the mixtuneas cooled to 0-5 °C over night. The crude
mixture was portioned between methylenchloride satdrated solution of Sodium chloride (10mL
of each) and the aqueous layer was extracted viiCG (3 x 10mL). The combined organic layer
were dried on Sodium sulfate anhydrous, filtered #ime solvent was removed under reduce
pressure. Then, the pure product was obtainedysyatlization of the crude product in a mixture of
Hexane-Chloroform 90:10.

4.6.1 Ethyl 5-hydroxy-2-methyl-1H-benzo[g]indole&boxylate(7a)

Yield: 58%.'H NMR (Acetoneds) & (ppm) =1.42 (t, 3H,) =7.2Hz); 2.70 (s, 3H); 4.39 (q, 2H,
=7.3Hz), 4.90 (s, 1H, OH); 7.34-7.48 (m, 2H); 7(801H); 7.94 (dd, 2HJ =1.9, 8.8Hz); 11.00 (s,
1H, NH). **C NMR (Acetonedgs) & (ppm) = 11.9; 20.0; 64.3.; 100.7; 11.4; 113.9;.51427.3;
128.4; 129.6; 130.8; 131.8; 143.2; 148.1; 167.0 B&-(m/z): 269,11[M. Anal. Calcd. For
Ci6H15sNO3 C, 71.36; H, 5.61; N, 5.20; O, 17.82 found C, 8188, 5.72; N, 5.20; O, 17.88.

4.6.2 Ethyl 2-(2-fluorophenyl)-5-hydroxy-1H-benZajdole-3-carboxylatg7b)

Yield: 79%."H NMR (Acetoneds) & (ppm) = 1.34 (t, 3H, J=7.1Hz); 4.31 (g, 2H, J £ Az); 7.19
(dd, 1H, J = 8.4, 10.5Hz); 7.31 (t, 2H, J = 8.1HZP2 (d, 1H, J = 8.1Hz); 7.64-7.71 (m, 2H); 7.80

(s, 1H); 8.2(dd, 2H J = 6.9, 12.2Hz); 10.39 (s, N#). *C NMR (Acetoness) & (ppm) = 14.6;



61.4; 100.1; 102.8; 111.4; 112.8; 117.1; 123.5;.22425.2; 126.7; 126.8; 129.4; 129.8; 131.2;
143.0; 147.5; 158.8; 168.2. MS-ESI (m/z): 349,11][Ahal. Calcd. for GiH1FNO; C, 72.20; H,
4.62; F,5.44; N, 4.01; O, 13.74 found C, 73.204H8; F, 5.64; N, 4.42; O, 14.02.

4.6.3 Ethyl 2-(2-bromophenyl)-5-hydroxy-1H-benzojdple-3-carboxylat€7c)

Yield: 68%."H NMR (Acetoneds) & (ppm) = 1.48 (t, 3H, J=7.5Hz); 4.22 (q, 2H, J 5Hz); 5.09
(s,1H,0H) 7.21 (dd, 1H, J = 8.4, 10.5Hz); 7.3%, J = 8.1Hz); 7.44 (d, 1H, J = 8.1Hz); 7.66-
7.70 (m, 2H); 7.8 (s, 1H); 8.4(dd, 2H J = 6.9, HzpP, 11.02 (s, 1H, NH)**C NMR (Acetonesds) &
(ppm) = 15.1; 60.8; 99.7; 101.8; 110.4; 115.3; 42022.7; 126.0; 126.4; 128.7; 128.9; 130.1;
132.5; 133.9; 140.1; 142.9; 148.8; 167.2. MS-ESkjm109.03[M] Anal. Calcd. for G;H16BrNO3

C, 61.48; H, 3.93; Br, 19.48; N, 3.41; O, 11.70rfd.C, 62.58; H, 3.91; Br, 19.68; N, 4.21; O,
12.30.

4.6.4 Ethyl 2-(2-chlorophenyl)-5-hydroxy-1H-benZojdole-3-carboxylate7d)

Yield: 81%."H NMR (Acetoneds) & (ppm) = 1.25 (t, 3H, J= 7.2Hz); 4.13 (q, 2H, J.2Hz); 4.50
(s,1H,0H); 7.40-7.51 (m, 2H); 7.55 (t, 2H, J = 83H7.44 (d, 2H, J = 6.23Hz); 7.70 (s, 1H);
8.4(dd, 2H J = 7.2, 10.2Hz); 10.31 (s, 1H, NHC NMR (Acetoneds) & (ppm) = 14.8; 60.9; 98.8;
102.2; 111.4; 112.0; 124.2; 127.0; 127.4; 128.8.42129.8; 130.5; 130.9; 133.3; 142.8; 148.7,
166.5 MS-ESI (m/z): 365,08 [WAnal. Calcd. for GiH:1¢CINO; C, 68.95; H, 4.41; Cl, 9.69; N,

3.83; O, 13.12 found C, 68.31; H, 4.44; CI, 9.723M92; O, 13.16.

4.6.5 Ethyl 2-(3-bromophenyl)-5-hydroxy-1H-benzajdple-3-carboxylat€7e)

Yield: 79%."H NMR (Acetoneds) § (ppm) = 1.34 (t, 3H, J= 7.5Hz); 4.20 (q, 2H, J.5Hz); 5.00
(s,1H,0H); 7.30 (t, 1H, J = 6.4Hz); 7.40 (t, 2H= ¥.2Hz ); 7.54-7.61(m, 2H); 7.68 (s,1H); 7.80
(dd, 2H J = 7.2, 9.2Hz); 11.41 (s, 1H, NHC NMR (Acetoneds) 5 (ppm) = 13.9; 61.2; 99.4;
102.8; 115.2; 117.4; 128.6; 128.8; 129.7; 129.9.33131.9; 132.4; 133.8; 134.1; 134.9; 142.8;
148.1; 167.2 MS-ESI (m/z): 409,03[MAnal. Calcd. for G;H16BrNOs; C, 61.48; H, 3.93; Br, 19.48;

N, 3.41; O, 11.70 found C, 61.58; H, 3.89; Br, I® R, 3.45; O, 11.80.



4.6.6 Ethyl 2-(3-chlorophenyl)-5-hydroxy-1H-benZojdole-3-carboxylatg7f)

Yield: 81%."H NMR and**C NMR data are in agreement with those reportdiderature [48]

4.6.7 Ethyl 2-(4-chlorophenyl)-5-hydroxy-1H-benjojdole-3-carboxylatg7g)

Yield: 64%."H NMR and**C NMR data are in agreement with those reportdiderature [48]

4.6.8 Ethyl 2-(3,4-dichlorophenyl)-5-hydroxy-1H-kefg]indole-3-carboxylat€7h)

Yield: 64%.H NMR (Acetoneds) & (ppm) = 1.33 (t, 3H, J= 7.5Hz); 4.29 (q, 2H, J 5Hz);
7.51(t, 1H, J= 6.8Hz); 7.60(t, 1H, J= 7.2Hz); 7(621H, J=5.4Hz); 7.68 (d, 1H, J=6.3Hz); 7.72 (s,
1H); 8.0 (s, 1H); 8.30-8.41(m, 2H); 9.22 (s, 1H, NHC NMR (Acetoneds) & (ppm) = 14.8; 61.4;
99.3; 103.2; 110.4; 115.4; 124.8; 127.4; 126.842829.5; 130.7; 133.9; 135.5; 135.9; 143.3;
148.4; 166.0 MS-ESI (m/z): 399,04 [MAnal. Calcd. for G;H1sCI,NOs C, 63.02; H, 3.78; Cl,
17.72; N, 3.50; O, 11.99 found C, 62.92; H, 3.84;12.82; N, 3.51; O, 11.91.

4.6.9Ethyl 2-(4-bromo-2-fluorophenyl)-5-hydroxy-bdnzo[g]indole-3-carboxylatéri)

Yield: 72%.'H NMR (Acetoneds) & (ppm) = 1.34 (t, 3H, J=7.1Hz); 4.31 (g, 2H, J % Az); 4.82
(s,1H,0H); 7.42 (s, 1H); 7.48-7.61 (m, 4H); 7.70Xs); 7.79 (dd, 1H, J = 2.2, 10.5Hz); 7.82 (dd,
1H, J = 2.4, 9.9Hz) 9.40 (s, 1H, NHJC NMR (Acetoneds) 5 (ppm) = 14.3; 60.7;100.1; 102.4;
110.0; 112.7; 122.4; 123.4; 124.7; 125.2; 126.3.92128.8; 133.3; 134.9; 143.1; 148.9; 161.1,
167.4 MS-ESI (m/z): 427,02 [WAnal. Calcd. for G;H;sBrFNOs C, 58.90; H, 3.53; Br, 18.66; F,
4.44; N, 3.27; O, 11.21 found C, 58.88; H, 3.56;1.74; F, 4.84; N, 3.38; O, 11.51.

4.6.10Ethyl 2-(5-bromo-2-fluorophenyl)-5-hydroxy-benzo[g]indole-3-carboxylatér))

Yield: 90%.'H NMR (Acetoneds) & (ppm) = 1.33 (t, 3H, J=7.5Hz); 4.47 (q, 2H, J 5 FAz); 4.98
(s,1H,0H); 7.02 (t, 1H, 8.5Hz ); 7.32-7.37 (m, 3AB5 (s, 1H); 7.73 (s, 1H); 8.00 (dd, 1H, J = 1.8,
9.5Hz); 8.10 (dd, 1H, J = 1.9, 8.4Hz) 10.40 (s, N#)). **C NMR (Acetoneds) 5 (ppm) = 14.8;
61.2; 99.4; 103.3; 110.7; 115.0; 119.1; 119.9; 22426.6; 126.9; 127.9; 134.6; 135.5; 144.8;
149.4; 157.7; 166.8 MS-ESI (m/z): 427,02 TMnal. Calcd. for G;H1sBrFNO; C, 58.90; H, 3.53;

Br, 18.66; F, 4.44; N, 3.27; O, 11.21 found C, 8819, 3.66; Br, 18.64; F, 4.54; N, 3.27; O, 11.31.



4.6.11 Ethyl 5-hydroxy-2-(2-methoxyphenyl)-1H-béyjaadole-3-carboxylate(7k)

Yield: 86%.H NMR (Acetoneds) & (ppm) = 1.30 (t, 3H, J=7.8Hz); 3.38 (s,3H); 4.51 2ZH, J =
7.5 Hz); 5.01 (s,1H,0H); 6.83-6.88 (m, 2H); 7.121¢t, 8.5Hz ); 7.65 -7.73 (m, 3H); 7.78 (s, 1H);
7.82 (dd, 1H, J = 2.8, 8.8Hz); 7.90 (dd, 1H, J5; 8.1Hz); 10.01 (s, 1H, NH}*C NMR (Acetone-
ds) 6 (ppm) = 15.1; 57.3; 60.8; 100.1; 102.7; 114.9;.71%20.0; 122.6; 124.4; 126.0; 127.3; 128.1,
129.5; 130.2; 144.8; 147.6; 158.1; 168.3 MS-ESEjm361,13[M] Anal. Calcd. for GoH1gNO4 C,
73.12; H, 5.30; N, 3.88; O, 17.71 found C, 73.225K9; N, 3.95; O, 18.01.

4.6.12 Ethyl 5-hydroxy-2-o-tolyl-1H-benzo[g]ind@ecarboxylate(71)

Yield: 70%.*H NMR (Acetoneds) & (ppm) = 1.41 (t, 3H, J=7.4Hz); 2.25 (s,3H); 4.462H, J =
7.4 Hz); 5.01 (s,1H,0H); 7.10-7.12 (m, 3H); 7.4297(m, 3H); 7.61 (s, 1H); 8.31 (dd, 1H, J = 1.9,
7.7Hz); 8.39(dd, 1H, J = 1.5, 7.9Hz) 9.91 (s, 1H)N*C NMR (Acetoneds) § (ppm) = 14.3; 17.9;
61.8; 98.8; 103.2; 111.1; 114.4; 123.7; 127.0; 427128.5; 129.4; 130.8; 131.9; 142.4; 149.1,
155.4; 168.0 MS-ESI (m/z): 345,14 [MAnal. Calcd. for GoH1gNO3 C, 76.50; H, 5.54; N, 4.06; O,
13.90 found C, 76.55; H, 5.60; N, 4.12; O, 13.89.

4.6.13 Ethyl 5-hydroxy-2-m-tolyl-1H-benzo[g]ind@ezarboxylate7m)

Yield: 94%.'H NMR (Acetoneds) & (ppm) = 1.30 (t, 3H, J=6.9Hz); 2.44 (s,3H); 4.232H, J =
6.9 Hz); 4.89 (s,1H,0H); 7.34 (d, 1H, J = 7.9Hz®0/(s,1H); 7.43-7.55(m, 4H); 7.61 (s, 1H); 8.31
(dd, 1H, J = 2.1, 7.9Hz); 8.39(dd, 1H, J = 1.6 HZP11.01 (s, 1H, NH)}*C NMR (Acetoneds) &
(ppm) = 15.8; 24.4; 61.8; 102.2; 104.8; 112.0; 11425.1; 126.5; 128.1; 128.7; 130.3; 131.1;
131.7; 133.2; 139.5; 144.9; 148.3; 171.1 MS-ESkJjn845,14 [M] Anal. Calcd. for GoH1dNO3 C,
76.50; H, 5.54; N, 4.06; O, 13.90 found C, 76.505195; N, 4.08; O, 13.94.

4.6.14 Ethyl 5-hydroxy-2-(3,5-dimethylphenyl)-1Hrb&{g]indole-3-carboxylaté7n)

Yield: 81%.'H NMR (Acetoneds) & (ppm) = 1.31 (t, 3H, J=7.3Hz); 2.40 (s,6H); 4.87 ZH, J =
7.3 Hz); 5.54 (s,1H,0H); 7.10 (s, 1H); 7.30 (s, 2A¥1(t, 2H, J=8.4 Hz); 7.70 (s, 1H); 7.91 (dd,
1H, J = 1.2, 7.7Hz); 8.04(dd, 1H, J = 1.8, 7.4H81Ys, 1H, NH)}*C NMR (Acetoneds) & (ppm)

=14.4; 25.5;: 25.9;: 64.4; 99.8; 101.3; 109.9; 11333.2; 127.9; 128.2; 129.5; 129.9; 131.5; 132.0;



133.9; 139.6; 139.9; 144.0; 148.1; 166.0 MS-ESk|n859,15 [M] Anal. Calcd. for GsH21NO3 C,
76.86; H, 5.89; N, 3.90; O, 13.35 found C, 77.505195; N, 3.88; O, 14.04.

4.7 General procedure for the microwave irradiated synthesis of Ethyl 5-hydroxynaphtho[1,2-
b]furan-3-carboxylate (8a-n)

1,4-naphthoquinone (1.5equiv.) 2r0.7equiv.) ang-keto ester® a-n (1.0 equiv.) were dissolved
in dry CHCIy(6mL) in a 10mL reaction glass vial containing mytstirring magnet The vial was
sealed tightly with an aluminium-Teflon® crimp tapd the mixture was irradiated for 30 min at a
pre-selected temperature of 110°C, with an irraaliapower of 60W. After the reaction, the vial
was cooled to 50°C by gas jet cooling. The crudetuneé was portioned between gE, and
saturated solution of sodium chloride (6mL) and #ogieous layer was extracted with methylen
chloride (3 x 6mL). The combined organic layer wdreed on Sodium sulfate anhydrous, filtered
and the solvent was removed under reduce presBoee, final crude compounds were purified by
flash chromatography over silica gel.

4.7.1 Ethyl 5-hydroxy-2-methylnaphtho[1,2-b]furaic@boxylate(8a)

Flash chromatography with hexan/EtOAc (90:10) aféal analytically pure product as 54%.

'H NMR (DMSO-dg) & (ppm) = 1.14 (t, 3H, J=7.1Hz); 2.21(s, 3H); 4.412ZH, J = 7.1 Hz); 5.42(s,
1H, OH); 6.88 (s, 1H); 7.34-7.38 (m, 2H); 7.49 (@&, J =6.4, 10.2Hz)*C NMR (DMSO«ds) &
(ppm) = 8.4; 14.7; 62.4; 102.4; 111.4; 125.2; 12828.9; 130.9; 131.3; 145.7; 149.4; 149.9; 159.5
MS-ESI (m/z): 270,09 [M Anal. Calcd. for GeH1404 C, 71.10; H, 5.22; O, 23.68 found C, 71.48;
H, 5.88; O, 24.0.

4.7.2 Ethyl 2-(2-fluorophenyl)-5-hydroxynaphthofbRuran-3-carboxylatg8b)

Flash chromatography with hexan/EtOAc (90:10) aféal analytically pure product as 55%.

'H NMR (DMSO-<dg) & (ppm) = 1.39 (t, 3H, J=7.4Hz); 4.54 (g, 2H, J 4 FAz); 5.30(s, 1H, OH);
6.75 (s, 1H); 7.31-7.44 (m, 2H); 7.51 (t, 1H, J56z); 7.66-7.70 (m, 2H); 7.72 (t, 1H, J =6.9Hz);
7.89 (dd, 2H, J =5.5, 8.4HZ)°C NMR (DMSO4s) & (ppm) = 15.2; 63.3; 102.4; 109.6; 117.6;

121.1; 124.9; 125.3; 126.8; 127.9; 128.8; 130.00.33132.4; 142.9; 150.4; 159.9; 160.0; 169.2



MS-ESI (m/z): 350,1[M Anal. Calcd. for GiHsFO, C, 71.99; H, 4.32; F, 5.42; O, 18.27 found C,
72.02; H, 4.33; F, 5.68; O, 18.84.

4.7.3 Ethyl 2-(2-bromophenyl)-5-hydroxynaphtho[h]firan-3-carboxylatg8c)

Column chromatography [elution with hexan/EtOAc:@&Y)] afforded analytically pure product as
39%.

'H NMR (DMSO-<dg) & (ppm) = 1.24 (t, 3H, J=6.5Hz); 4.54 (g, 2H, J 8 Blz); 5.61(s, 1H, OH);
7.11 (s, 1H); 7.32 (t, 1H, J=2.4Hz); 7.55-7.69 4H); 7.74 (dd, 1H, J =1.5, 7.4Hz); 7.78 (dd, 2H, J
=4.5, 8.8Hz)*C NMR (DMSO4dg) & (ppm) = 14.9; 61.7; 102.2; 108.0; 122.5; 12326.8; 128.5;
130.5; 130.7; 131.4;131.8; 132.2; 133.3; 133.9;.834058.7; 169.7 MS-ESI (m/z): 410,02 ™M
Anal. Calcd. for GH1sBrO, C, 61.33; H, 3.68; Br, 19.43; O, 15.56 found C,461 H, 4.08; Br,
19.44; O, 15.75.

4.7.4 Ethyl 2-(2-chlorophenyl)-5-hydroxynaphthofbj2uran-3-carboxylatg8d)

Flash chromatography with hexan/EtOAc (80:20)] aféal analytically pure product as 78%.

'H NMR (DMSO-<dg) & (ppm) = 1.14 (t, 3H, J=6.5Hz); 4.19 (g, 2H, J 8 Blz); 5.88(s, 1H, OH);
7.48(s, 1H); 7.52-7.60 (m, 2H); 7.65-7.71 (m, 2FA)4 (dd, 1H, J =1.2, 4.5Hz); 8.01 (dd, 2H, J
=3.2, 8.2Hz):*C NMR (DMSO4g) 5 (ppm) = 15.5; 66.8 101.7; 107.8; 120.5; 124.6;.82728.8;
129.5; 130.1; 130.6;131.2; 131.2; 134.3; 136.9;.844248.7; 159.7; 170.1 MS-ESI (m/z): 366,07
[M7] Anl. Calcd. for G;H1sClO,4 C, 68.76; H, 4.12; Cl, 9.67; O, 17.45 found C0&H, 4.12; Cl,
9.87; O, 17.55.

4.7.5 Ethyl 2-(3-bromophenyl)-5-hydroxynaphtho[h]firan-3-carboxylatg8e)

Flash chromatography with hexan/EtOAc (70:30) aféal analytically pure product as 44%.

'H NMR (DMSO-<dg) & (ppm) = 1.47 (t, 3H, J=7.2Hz); 4.45 (g, 2H, J 2Hz); 5.64 (s, 1H, OH);
7.61(s, 1H); 7.52-7.60 (m, 2H); 7.65-7.71 (m, 2AY4 (s, 1H); 8.01 (dd, 2H, J =3.2, 8.2HZC
NMR (DMSO-ds) & (ppm) = 16.3; 62.0, 102.5; 110.4; 122.7; 125.46.02127.3; 127.9; 128.5;

129.9; 132.7; 133.0; 135.2; 136.9; 145.5; 150.2).0:6168.8 MS-ESI (m/z): 410,02 [M Anal.



Calcd. for GiH1sBrO, C, 61.33; H, 3.68; Br, 19.43; O, 15.56 found C861H, 3.70; Br, 19.54; O,
15.62

4.7.6 Ethyl 2-(3-chlorophenyl)-5-hydroxynaphthofbjJ2uran-3-carboxylate8f)

Flash chromatography with hexan/EtOAc (90:10) aféal analytically pure product as 90%.

'H NMR (DMSO-<dg) & (ppm) = 1.38 (t, 3H, J=6.9Hz); 4.37 (g, 2H, J £Hz); 4.83 (s, 1H, OH);
7.59(s, 1H); 7.64 (dd, 1H, J =1.4, 3.2Hz); 7.7857(m, 4H); 7.90 (s, 1H); 8.32(dd, 2H, J =3.5,
7.2Hz); '°C NMR (DMSO4dg) & (ppm) = 15.7; 60.8, 105.4; 109.9; 120.8; 125.67.82128.5;
129.4; 130.3; 130.8; 131.1; 132.4; 133.8; 137.14.24149.9; 160.7; 169.8 MS-ESI (m/z): 366,07
[M7] Anal. Calcd. for GiH15CIO4 C, 68.76; H, 4.12; Cl, 9.67; O, 17.45 found C,788H, 4.89; Cl,
9.84; O, 17.45.

4.7.7 Ethyl 2-(4-chlorophenyl)-5-hydroxynaphthofbj2uran-3-carboxylatg8g)

Flash chromatography with hexan/EtOAc (80:20) aféal analytically pure product as 61%.

'H NMR (DMSO-<dg) & (ppm) = 1.44 (t, 3H, J=7.8Hz); 4.62 (g, 2H, J 8Hz); 5.11 (s, 1H, OH);
7.50(s, 1H); 7.61-7.72 (m, 4H); 8.01(d, 2H, J #¥%); 8.11 (dd, 1H, J =4.4, 6.2Hz)°C NMR
(DMSO-dg) & (ppm) = 17.0; 61.1, 102.3; 110.1; 120.7; 124.18.82129.4; 129.8; 130.2; 130.8;
131.2; 131.4; 133.8; 136.7; 144.5; 149.7; 160.0, 1 MS-ESI (m/z): 366,07 [\ Anal. Calcd. for
C,1H15ClO,4 C, 68.76; H, 4.12; Cl, 9.67; O, 17.45found C, 6919, 4.11; Cl, 9.67; O, 17.55.

4.7.8 Ethyl 2-(3,4-dichlorophenyl)-5-hydroxynaphth@-b]furan-3-carboxylat€8h)

Flash chromatography with hexan/EtOAc (95:05) aféal analytically pure product as 47%.

'H NMR (DMSO-<dg) & (ppm) = 1.39 (t, 3H, J=6.7Hz); 4.40 (g, 2H, J 8H&z); 5.04 (s, 1H, OH);
7.51(s, 1H); 7.66-7.91(m, 4H); 7.98 (s, 1H); 8.88,(1H, J =2.9, 7.2Hz)°C NMR (DMSO4d) &
(ppm) = 15.4; 72.9, 104.3; 109.5; 120.8; 125.1;.227.8; 128.8; 129.1; 129.4; 130.2; 131.4;
135.7; 135.8; 136.0; 145.9; 149.3; 158.0; 169.4 BESS-(m/z): 400,03 [M Anal. Calcd. for
C21H14Cl04 C, 62.86; H, 3.52; Cl, 17.67; O, 15.95 found C882H, 4.02; ClI, 17.88; O, 15.96.
4.7.9 Ethyl 2-(4-bromo-2-fluorophenyl)-5-hydroxyh#m][1,2-b]furan-3-carboxylaté3i)

Flash chromatography with hexan/EtOAc (80:20) aléal analytically pure product as 39%.



H NMR (DMSO-dg) & (ppm) = 1.32 (t, 3H, J=7.9Hz); 4.49(q, 2H, J =Hz} 7.65(s, 1H); 7.69 (s,
1H); 7.84 (d, 1H, J=5.4Hz ); 7.88-7.93(m, 3H); 8(ddl, 1H, J =3.5, 9.4Hz}°C NMR (DMSO-ds)

d (ppm) = 13.2; 65.0, 101.8; 108.1; 120.4; 122.43.62125.8; 126.0; 128.5; 129.4; 130.7; 131.3;
135.7; 136.6; 144.7; 150.9; 159.3; 168.0; 169.4 BES-(m/z): 428,01 [M Anal. Calcd. for
Co1H14BrFO, C, 58.76; H, 3.29; Br, 18.62; F, 4.43; O, 14.90rd C, 58.82; H, 3.30; Br, 18.65; F,
4.49; O, 14.95

4.7.10 Ethyl 2-(5-bromo-2-fluorophenyl)-5-hydroxph¢ho[1,2-b]furan-3-carboxylatés))

Flash chromatography with hexan/EtOAc (70:30) aféal analytically pure product as 51%.

'H NMR (DMSO-<dg) & (ppm) = 1.34 (t, 3H, J=7.4Hz); 4.37 (g, 2H, J 4Hz); 5.21 (s, 1H, OH);
7.48 (s, 1H); 7.58 (t, 1H, J=7.1Hz); 7.65-7.72 @Hl); 7.79(s, 1H); 7.94 (dd, 1H, J =1.8, 9.2Hz)
13C NMR (DMSO4s) 5 (ppm) = 19.6; 65.4, 100.7; 108.5; 116.0; 117.1.12123.5; 125.4; 126.1;
126.4; 127.2; 130.4; 134.8; 144.9; 150.0; 157.9.35168.1 MS-ESI (m/z): 428,01 [M Anal.
Calcd. for GiH14BrFO, C, 58.76; H, 3.29; Br, 18.62; F, 4.43; O, 14.8arfd C, 58.78; H, 3.29; Br,
18.80; F, 4.42 O, 14.93

4.7.11 Ethyl 5-hydroxy-2-(2-methoxyphenyl)naphttiaid]furan-3-carboxylat€8k)

Flash chromatography with hexan/EtOAc (90:10 ta280; afforded analytically pure product as
55%.H NMR (DMSO-ds) 5 (ppm) = 1.26 (t, 3H, J=7.6Hz); 3.85 (s, 3H); 4(852H, J = 7.7Hz);
6.00(s, 1H, OH); 6.90 (s, 1H); 7.05 (d, 1H, J=5%5H7.10 (t, 1H, J=5.8Hz); 7.55-7.70 (m, 3H);
8.12 (dd, 2H, J =2.1, 9.8HZ)’C NMR (DMSO4s) 5 (ppm) = 14.4; 55.5; 60.8; 103.6; 108.9; 115.5;
115.9; 121.7; 125.8; 126.3; 128.1; 129.0;131.4;,24848.9; 157.7; 161.0; 172.7, MS-ESI (m/z):
362,12 [M] Anal. Calcd. for GH1505 C, 72.92; H, 5.01; O, 22.08 found C, 72.94; H,55.0,
22.14

4.7.12 Ethyl 5-hydroxy-2-o-tolylnaphtho[1,2-b]fur@acarboxylate(8)

Flash chromatography with hexan/EtOAc (90:10) aféar analytically pure product as 47%l
NMR (DMSO-dg) & (ppm) = 1.39 (t, 3H, J=6.9Hz); 2.28(s, 3H); 4.48 2H, J = 7.2Hz); 5.02 (s,

1H, OH); 7.02 (s, 1H): 7.21- 7.28 (m, 3H); 7.4@5 (m, 3H); 7.72 (dd, 2H, J =3.5, 10.1HZC



NMR (DMSO-ds) 6 (ppm) = 14.4;19.0; 61.2;108.5; 122.6; 125.4; 92A28.2; 128.7; 128.9; 129.9;
130.7; 131.1; 131.5; 133.8; 136.9; 146.0; 149.(.35169.3 MS-ESI (m/z): 346,12 [MAnal.
Calcd. for GoH1504 C, 76.29; H, 5.24; O, 18.48 found C, 76.33; H85@, 18.58.

4.7.13 Ethyl 5-hydroxy-2-m-tolylnaphtho[1,2-b]fur8rcarboxylatg8m)

Flash chromatography with hexan/EtOAc (90:10) aféar analytically pure product as 66%il
NMR (DMSO-<dg) & (ppm) = 1.29 (t, 3H, J=7.2Hz); 2.40 (s, 3H); 4(§52H, J = 7.2Hz); 5.49 (s,
1H, OH); 7.00 (s, 1H); 7.12(d, 1H, J=5.5Hz); 7.391H, J=6.1Hz); 7.45- 7.57(m, 4H); 7.81 (dd,
2H, J =1.9, 8.8Hz)**C NMR (DMSO+4g) 5 (ppm) = 15.5; 29.3; 67.4; 102.7; 108.5; 121.2;.425
125.6; 127.5; 127.9; 130.1; 130.3; 130.9; 131.2.23139.4; 144.4; 149.7; 155.5; 172.1 MS-ESI
(m/z): 346,12 [M] Anal. Calcd. for G;H1g04 C, 76.29; H, 5.24; O, 18.48 found C, 76.30; H55.2
O, 18.49.

4.7.14 Ethyl 5-hydroxy-2-(3,5-dimethylphenyl)najpiith2-b]furan-3-carboxylat€8n)

Flash chromatography with hexan/EtOAc (80:20) aféar analytically pure product as 519l
NMR (DMSO-dg) & (ppm) = 1.38 (t, 3H, J= 6.8Hz); 2.21 (s, 3H); 2(88 3H); 4.49 (q, 2H, J =
7.1Hz); 6.88 (s,1H); 7.03 (s, 1H); 7.28(s, 2H);67-37.40(m, 2H); 7.68 (dd, 2H, J =2.5, 9.1HZAC
NMR (DMSO-dg) & (ppm) = 14.4; 25.8; 26.2; 121.8; 125.9; 126.7;.42828.6; 129.3; 129.5;
130.2; 130.7; 140.2; 141.0; 149.5; 160.4; 170.4 BB3-(m/z): 360,14 [M Anal. Calcd. for

Co3H2004 C, 76.65; H, 5.59; O, 17.76 found C, 76.68; H160, 17.87.



4.8 Biological evaluation and assay systems

4.8.1. Materials

Zileuton was purchased from Sequoia Research Pod@xford, UK), zymosan from Sigma
(Milan, Italy) and LTG enzyme immunoassay (EIA) from Cayman Chemicalal¢m Milan,
Italy).

4.8.2. Cells and isolation

Neutrophils were freshly isolated from leukocytencentrates obtained from the Institute of
Transfusion Medicine, University Hospital Jena asdaidibed [47]. Briefly, human peripheral blood
was collected in heparinized tubes (16 I.E. hepaulinblood) by venipuncture from fasted (12 h)
adult healthy volunteers, with consent, and leukeopncentrates were prepared by centrifugation
(400@yxmg, 20 min, 20 °C). The subjects had no apparg@@mmatory conditions and had not
taken anti-inflammatory drugs for at least ten day®r to blood collection. Neutrophils were
immediately isolated by dextran sedimentation aedtrdfugation on Nycoprep cushions (PAA
Laboratories, Linz, Austria) and hypotonic lysisearithrocytes was performed as described [47].
Neutrophils were finally resuspended in PBS pHcadtaining 1 mg/Ml glucose and 1 mM CaCl
(PGC buffer) (purity > 96-97%).

4.8.3. Animals

Male ICR mice 8 weeks old (Envigo), were housedbgage under controlled illumination (12:12
h light:dark cycle; light on 06.00 h) and standan¥ironmental conditions (room temperature 22 +
1 C, humidity 60 + 10%) for at least 1 week befexperimental use. Mouse chow and tap water
were available ad libitum. The experimental proceduwere approved by the Animal Ethics
Committee of the University of Campania, Naplesindad care was in compliance with the IASP
and European Community (E.C. L358/1 18/12/86) duids on the use and protection of animals
in experimental research. All efforts were madarmioimize animal suffering and to reduce the
number of animals used.

4.8.4. Mouse paw oedema



Oedema was induced by carrageenan injection (2(pamt,/2% w/v in saline) into the plantar
surface of the right hind paw. The paw volume waasared using a hydroplethysmometer (Ugo
Basile, Varese, Italy) before treatment and at@Htfollowing carrageenan. Mice (n =6 per group)
were treated with 4b and 4c or 7i, 7h, 7j or 7Tmaidd 7e (4 mg/kg, i.p.), or vehicle (DMSO), 30
min before the carrageenan injection.

4.8.5. 5-LO activity assays

For analysis of 5-LO products in intact cells, mephils (5 x 16) were resuspended in 1 mL PGC
buffer, preincubated for 15 min at 37 °C with tesmpounds or vehicle (0.1% DMSO) and*Ga
ionophore A23187 (2.5 uM) plus 20 mM arachidonidlagas added. After 10 min at 37 °C the
reaction was stopped on ice by addition of 1 mimethanol. 30 ml 1 N HCI and 500 pl PBS, and
200 ng prostaglandin (PG)B1 were added and the lsamere subjected to solid phase extraction
on C18-columns (100 mg, UCT, Bristol, PA, USA). &Ilproducts (LTB and its trans-isomers,
and 5-H(P)ETE) were analyzed by RP-HPLC and quasttalculated on the basis of the internal
standard PGB Cys-LTs G, D, and & were not detected (amounts were below detectioit))iand
oxidation products of LTBwere not determined.

For analysis of 5-LO activity in cell-free assals,coli BL21 cells were transformed with pT3-5-
LO plasmid (provided by Dr. Olof Radmark, Karolimsknstitute, Stockholm, Sweden), human
recombinant 5-LO protein was expressed and puriiedan ATP-agarose column as described
previously [28]. Aliquots of semi-purified 5-LO @pug) were diluted with ice-cold PBS containing
1 mM EDTA, and 1 mM ATP was added (final volume wasiL). Samples were preincubated
with the test compounds or vehicle (0.1% DMSO)rabdated. After 15 min at 4 °C, samples were
pre-warmed for 30 s at 37 °C, and 2 mM Ga&lis 20 uM arachidonic acid were added to initiate
5-LO product formation. After 10 min at 37 °C, tleaction was stopped by addition of 1 mL ice-
cold methanol, and the formed metabolites wereyapdl by RP-HPLC as described [48]. 5-LO

products include the all-trans isomers of LTB4 &Ad(P)ETE.



References

1. O. Werz, D. Steinhilber, Therapeutic options fdipg@xygenase inhibitors, Pharmacol. Ther.
112 (2006) 701-718.

2. M. Peters-Golden, W.R. Jr. Henderson, LeukotrieNesngl. J. Med. 357 (2007) 1841-
1854.

3. O. Radmark, O. Werz, D. Steinhilber, B. Samuelss®ibipoxygenase: regulation of
expression and enzyme activity, Trends Biochem.&c{(2007) 332-341.

4. S.E. Dahlén Treatment of asthma with antileukotrienes: Fimse lor last resort therapy?,
Eur. J. of Pharm. 533 (2006) 40-56.

5. O. Radmark, B. Samuelsson Microsomal prostaglaidisynthase-1 and 5-lipoxygenase:
potential drug targets in cancer, J. Intern. M&8 2010) 5-14.

6. B. Hofmann, C.B. Rodl, A.S. Kahnt, T.J. Maier, A.Michel, M. Hoffmann, O. Rau, K.
Awwad, M. Pellowska, M.Wurglics, M. Wacker, A. Zioki¢, I. Fleming, M. Schubert-
Zsilavecz, H. Stark, G. Schneider, and D. Steimnilolecular pharmacological profile of a
novel thiazolinone-based direct and selective &xygenase inhibitor, Br. J. Pharm. 165
(2012) 2304-2313.

7. S. Beatty, H. Koh, M. Phil, D. Henson, M. Boultohhe role of oxidative stress in the
pathogenesis of age-related macular degeneration,phthalmal 45 (2000) 115-134.

8. T. Uz, C. Pesold, P. Longone, H. Manev, Aging-asded upregulation of neuronal 5-
lipoxygenase expression: putative role in neuradtherability, FASEB J. 12 (1998) 439-
449,

9. C.M. Chinnici, Y. Yao, D. Pratico, The 5-lipoxygesgaenzymatic pathway in the mouse
brain: young versus old, Neurobiol. Aging. 28 (2PD0457-1462.

10.S. Khandhadia, A. Lotery Oxidation and age-relateacular degeneration: insights from

molecular biology, Exp. Rev. Mol. Med. 12 (2010) 34



11.J.J. Reinboth, K. Gautschi, M. Clausen, C.E. Retapjd mediators in the rat retina: light
exposure and trauma elicit leukotriene B4 releaseitro, Curr. Eye Res. 14 (1995) 1001-
1008.

12.U.S. patent application no. 13/098,200, filed azo42011.

13.B. Hofmann, D. Steinhilber, 5-Lipoxygenase inhibstoa review of recent patents, Expert
Opin. Ther. Pat7 (2013) 895-909.

14.F. Celotti, Laufer S. Anti-inflammatory drugs: newltitarget compounds to face an old
problem. The dual inhibition conceftharmacol. Res. 43 (2001) 429-36.

15.Logigal Therapeutics INC. Compositions includingietriene antagonists and nsaids and
methods of using the same. 2009, WO/2009/012425

16.M. Wang, A.M. Zukas, Y. Hui, E. Ricciotti, E. Puré&.A. Fitzgerald, Deletion of
microsomal prostaglandin E synthase-1 augmentstgmgdin and retards atherogenesis,
Proc. Natl. Acad. Sci. USA 103 (2006) 14507-14512.

17.C. Bombardier, L. Laine, A. Reicimt al., Comparison of upper gastrointestinal toxicity of
rofecoxib and naproxen in patients with rheumatmithritis, N. Engl. J. Med. 343 (2000)
1520-1528.

18.N.A. Nussmeier, A.A. Whelton, M.T. Browmt al, Complications of the COX-2 inhibitors
parecoxib and valdecoxib after cardiac surgeryEngl. J. Med. 352 (2009)081-1091.

19.D. Mukherjee, S.E. Nissen, E.J. Topol, Risk of @ardscular events associated with
selective COX-2 inhibitors, JAMA 286 (2001) 954-959

20.A. Koeberle, H. Zettl, C. Greineet al., Pirinixic acid derivatives as novel dual inhibgaf
microsomal prostaglandin E2 synthase-1 and 5-ligergse, J. Med. Chem. 51 (2008) 8068-
76.

21.A. Hamza,M. Tong, M.D. Abdulhameedet al., Understanding microscopic binding of

human microsomal prostaglandin E synthase-1 (mPGE8#mer with substrate and



cofactor GSH: insights from PGH2 computational alanscanning and site-directed
mutagenesis, J. Phys. Chem. B. 114 (2010) 5605:5616

22.L. Xing, R.G. Kurumbail, R.B. Fraziewrt al., Homo-timeric structural model of human
microsomal prostaglandin E synthase-1 and charaatiem of its substrate/inhibitor binding
interactions, J. Comput. Aided. Mol. Des. 23 (2003)24.

23.C.E. Trebino, J.L. Stock, C.P. Gibbomrs,al, Impaired inflammatory and pain responses in
mice lacking an inducible prostaglandin E synth&sec. Natl. Acad. Sci. 100 (2003) 9044-
9049.

24.D. Kamei, M. Murakami, Y. Nakatani, Y. Ishikawa, &hii, . Kudo, Potential role of
microsomalprostaglandin E synthase-1 in tumorigends Biol. Chem. 278 (2003) 19396-
19405.

25.D. Kamei, K. Yamakawa, Y. Takegoshet al, Reduced pain hypersensitivity and
inflammation in mice lacking microsomal prostaglemé synthase-1, J. Biol. Chem. 279
(2004) 33684-95.

26.A. Koeberle, O. Werz, Inhibitors of the MicrosomBlostaglandin E(2) Synthase-1 as
Alternative to Non Steroidal Anti-inflammatory DreigNSAIDs) - A Critical Review, Curr.
Med. Chem. 32 (2009) 4274-96.

27.R. Filosa, A. Peduto, S.D. Micco, P. de CapraMs,Festa, A. Petrella, G. Capranico, G.
Bifulco, Molecular modelling studies, synthesis dndlogical activity of a series of novel
bisnaphthalimides and their development as new Ddpbisomerase Il inhibitors, Bioorg.
Med. Chem. 17 (2009) 13-24.

28.C. Petronzi, A.Massa, V. Esposito, A. Virgilio, F. Paduano, F. passo, F. Fiorito, S.
Florio, C. Giancola, A. Galeone, R. Filosa, Desigygnthesis, biophysical and biological
studies of trisubstituted naphthalimides as G-qualéx ligands, Bioorg. Med. Chem. 19

(2011) 6419-6429.



29.A. Peduto, V. More, P. de Caprariis, M. Festa, Ap&sso, S. Piacente, L. de Martino, V. de
Feo, R. Filosa, Synthesis and cytotoxic activitynefn b-carboline derivatives, Mini-Rev.
Med. Chem. 11 (2011) 486-49.

30.C. Petronzi, R. Filosa, A. Peduto, M.C. Monti, LaMarucci, A. Massa, S.F. Ercolino, V.
Bizzarro, L. Parente, R. Riccio, P. de Caprariilu@ure-based design, synthesis and
preliminary anti-inflammatory activity of bolinaquane analogues, Eur. J. Med. Chem. 46
(2011) 488-496.

31.R. Filosa, A. Peduto, P. Aparoy, A.M. Schaible,L8derer, V. Krauth, C. Petronzi, A.
Massa, M. de Rosa, P. Reddanna, O. Werz, Discaretpiological evaluation of novel 1,4-
benzoquinone and related resorcinol derivatives$ itiabit 5-lipoxygenase, Eur. J. Med.
Chem. 67 (2013) 269-279.

32.C. Petronzi, M. Festa, A. Peduto, M. CastellandMarinello, A. Massa, A. Capasso, G.
Capranico, A. La Gatta, M. De Rosa, M. CaragliaFiasa, Cyclohexa-2,5-diene-1,4-dione-
based antiproliferative agents: design, synthemigl cytotoxic evaluation, J. Exp. Clin.
Cancer Res. 32 (2013) 24.

33.A.M. Schaible, R. Filosa, H. Traber, V. Temml, SINbha, A. Peduto, C. Weinigel, D. Barz,
D. Schuster, O. Werz, Potent inhibition of humaripbxygenase and microsomal
prostaglandin E2 synthase-1 by the anti-carcinagand anti-inflammatory agent embelin,
Biochem. Pharmacol. 86 (2013) 476-486.

34.A.M. Schaible, R. Filosa, V. Temml, V. Krauth, M.ateis, A. Peduto, F. Bruno, S. Luderer,
F. Roviezzo, A. Di Mola, M. de Rosa, B. D'Agostiri, Weinigel, D. Barz, A. Koeberle, C.
Pergola, D. Schuster, O. Werz, Elucidation of th@emular mechanism and the efficacy in
vivo of a novel 1,4-benzoquinone that inhibits fiekygenase, Br. J. Pharmacol. 171 (2014)
2399-2412.

35.R. Filosa, A. Peduto, A.M. Schaible, V. Krauth,\@einigel, D. Barz, C. Petronzi, F. Bruno,

F. Roviezzo, G. Spaziano, B. D'Agostino, M. De Ro€a Werz, Novel series of



benzoquinones with high potency against 5-lipoxygenin human polymorphonuclear
leukocytes, Eur. J. Med. Chem. 24 (2015) 132-139.

36.A.M. Schaible, R. Filosa, V. Krauth, V. Temml, Sade, U. Garscha, S. Liening, C.
Weinigel, S. Rummler, S. Schieferdecker, M. Nett,P®duto, S. Collarile, M. Scuotto, F.
Roviezzo, G. Spaziano, M. de Rosa, H. Stuppne&dbuster, B. D'Agostino, O. Werz, The
5-lipoxygenase inhibitor RF-22c potently suppredse&otriene biosynthesis in cellulo and
blocks bronchoconstriction and inflammation in vivBiochem. Pharmacol. 16 (2016)
30073-30079.

37.B. Pagano, M. Caterino, R. Filosa, C. Giancola Bigdf Harmine Derivatives to DNA: A
Spectroscopic Investigation, Molecules 22 (20183111838.

38.A. Peduto, M. Scuotto, V. Krauth, F. Roviezzo, AosRi, V. Temml, V. Esposito, H.
Stuppner, D. Schuster, B. D'Agostino, C. SchiraMi, de Rosa, O. Werz, R. Filosa,
Optimization of benzoquinone and hydroquinone @gives as potent inhibitors of human 5-
lipoxygenase, Eur. J. Med. Chem. 127 (2017) 715-726

39.F. Bruno, G. Spaziano, A. Liparulo, F. RoviezzoMiSNabavi, A. Sureda, R. Filosa, B.
D'Agostino, Recent advances in the search for né&vkboxygenase inhibitors for the
treatment of asthma, Eur. J Med Chem. 17 (2018134 .

40.R. Pellicciari, R. Filosagt al. Synthesis and Preliminary Biological Evaluation 2
Substituted 2-(3Carboxybicyclo[1.1.1]pentyl)glycine Derivatives &Sroup | Selective
Metabotropic Glutamate Receptor Ligands, Chem.Medn@1 (2006) 358-65.

41.R. Filosa, M. Marinozzi, G. Costantino, M.B. Hermt. Thomsen, R.Pellicciari Synthesis
and biological evaluation of (2S)- and (2R)-2-(Bbpphonobicyclo[1.1.1]pentyl)glycines as
novel group Il selective metabotropic glutamateeqdor ligands, Bioorg. Med. Chem. 14

(2006) 3811-7.



42.A. Di Mola, A. Peduto, A. La Gatta, L. Delang, Bag®orino, J. Neyts, P. Leyssen, M. de
Rosa, R. Filosa, Structure-activity relationshipdst of arbidol derivatives as inhibitors of
chikungunya virus replication, Bioorg. Med. Che?f.(2014) 6014-25.

43.V. Brancato, A. Peduto, S. Wharton, S. Martin, Vorl A. Di Mola, A. Massa, B. Perfetto,
G. Donnarumma, C. Schiraldi, M.A. Tufano, M. de RoR. Filosa, A. Hay, Design of
inhibitors of influenza virus membrane fusion: $yagis, structure-activity relationship and
in vitro antiviral activity of a novel indole sedgAntiviral. Res. 99 (2013) 125-35.

44.B. Perfetto, R. Filosagt al. In vitro antiviral and immunomodulatory activity arbidol and
structurally related derivatives in herpes simplaxis type l-infected human keratinocytes
(HaCat), J. Med. Microbiol. 63 (2014) 1474-83.

45.M. Scuotto, R. Abdelnabi, S. Collarile, C. Schirald. Delang, A. Massa, S. Ferla, A.
Brancale, P. Leyssen, J. Neyts, R. Filosa, Disgowrnovel multi-target indole-based
derivatives as potent and selective inhibitorstokengunya virus replication, Bioorg. Med.
Chem. 25 (2017) 327-337.

46.A. Peduto, F. Bruno, F. Dehm, V. Krauth, P. de @dj®, C. Weinigel, D. Barz, A. Massa,
M. De Rosa, O. Werz, R. Filosa, Further studiesethyl 5-hydroxyindole-3-carboxylate
scaffold: design, synthesis and evaluation of 2aphkiomethyl-indole derivatives as
efficient inhibitors of human 5-lipoxygenase, ElirMed. Chem. 81 (2014) 492-498.

47.A. Peduto, V. Krauth, S. Collarile, F. Dehm, M. Arabsi, C. Belardo, F. Guida, A. Massa,
V. Esposito, S. Maione, M. de Rosa, O. Werz, Roda| Exploring the role of chloro and
methyl substitutions in 2-phenylthiomethyl-benzalel derivatives for 5-LOX enzyme
inhibition, Eur. J. Med. Chem. 27 (2016) 466-475.

48.E.M. Karg, S. Luderer, C. Pergola, U. Buhring, AosRi, H. Northoff, L. Sautebin, R.
Troschutz, O. Werz, Structural optimization andldgacal evaluation of 2-substituted 5-
hydroxyindole-3-carboxylates as potent inhibitofhhoman 5-lipoxygenase, J. Med. Chem.

52 (2009) 3474-3483.



49.A. Koeberle, E.M. Haberl, A. Rossi, C. Pergola,Cfehm, H. Northoff, R. Troschuetz, L.
Sautebin, O. Werz, Discovery of benzo[g]indol-3bmatylates as potent inhibitors of
microsomal prostaglandin E(2) synthase-1, BioorgiMehem. 23 (2009) 7924-7932.

50.N. C. Gilbert, S. G. Bartlett, M. T. Waight, D. Bleau, W. E. Boeglin, A. R. Brash, M. E.
Newcomer, The structure of human 5-lipoxygenasenge 331 (2011) 217-219.

51.E. Banoglu, E. Celikoglu, S. Volker, A. Olgac, r&meier, U. Garscha, B. Caliskan, U. S.
Schubert, A. Carotti, A. Macchiarulo, O. Werz, farylisoxazol-3-carboxylic acids: A
new class of leukotriene biosynthesis inhibitorsteptally targeting 5-lipoxygenase-
activating protein (FLAP), Eur. J. Med. Chem. 128%6) 1-10.

52.M. G. Chini, R. De Simone, I. Bruno, R. Riccio,behm, C. Weinigel, D. Barz, O. Werz, G.
Bifulco, Design and synthesis of a second seridsia#ole-based compounds as potent dual
MPGES-1 and 5-lipoxygenase inhibitors, Eur. J. Matem. 54 (2012) 311-323.

53.G. Eren, A. Macchiarulo, E. Banoglu, From MoleculBocking to 3D-Quantitative
Structure-Activity Relationships (3D-QSAR): Insightinto the Binding Mode of 5-
Lipoxygenase Inhibitors, Molecular Informatics 2D{2) 123-134.

54.C. Charlier, J. P. Henichart, F. Durant, J. Woute&guctural insights into human 5-
lipoxygenase inhibition: combined ligand-based #anget-based approach, J. Med. Chem.
49 (2006) 186-195.

55.A. Koeberle, S. A. Laufer, O. Werz, Design and Depment of Microsomal Prostaglandin
E2 Synthase-1 Inhibitors: Challenges and Futureddions, J. Med. Chem. 59 (2016) 5970-
5986.

56. J. G. Luz, S. Antonysamy, S. L. Kuklish, B. Condbdh R. Lee, D. Allison, X. P. Yu, S.
Chandrasekhar, R. Backer, A. Zhang, M. Rusself.&hang, A. Harvey, A.V. Sloan, M. J.
Fisher, Crystal Structures of mMPGES-1 Inhibitor @tewres Form a Basis for the Rational
Design of Potent Analgesic and Anti-Inflammatoryefdpeutics, J. Med.Chem. 58 (2015)

4727-4737.



57.M. A. Lomize, A. L. Lomize, I. D. Pogozheva, H.Mosberg, OPM: orientations of proteins
in membranes database, Bioinformatics 22 (2006)6253
58.C. Kandt, W. L. Ash, D. P. Tieleman, Setting updamunning molecular dynamics

simulations of membrane proteins, Methods 41 (2@05-488.



Highlights

Molecular modification and synthetic optimitation process aiming to improve 5-LO and m-PGES-1

inhibition.
Further developments of multi-target inhibitors of the inflammatory pathway

Docking studies and molecular dynamic (MD) simulations with mPGES-1 and 5-LO of selective

active compounds

in vivo anti-inflammatory evaluation



