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Abstract

A series of substituted 1,5-diarylpyrrole-3-alkottyg ethers were previously synthesized and the
potential anti-inflammatory and antinociceptive atgs of these compounds were evaluatedivo.
The compounds displayed a very good activity agdnmh carrageenan-induced hyperalgesia and
oedema in the rat paw test. Therefore, in a vemslipmary test, compounds84,b) showed
antiproliferative activity in the HaCaT (aneuplaidmortal keratinocyte from adult human skin) cell
models. On these basis, our research continuedthetisynthesis of fluorinated derivativesz,, 9b-

d, and 10b-d) with the aim of improving the pharmacokinetic file of the previous active
compounds. Substitution of a hydrogen atom by ariihe atom may change the conformational
preferences of the molecules due to stereoelectedfects and also fluorine atom may be able tatexe
the metabolic obstruction reducing the “first-paffect”. Compound.Ob exhibited a prominent vivo
anti-inflammatory and antinociceptive activities, addition its antiproliferative power in an vitro

model of human skin cancer is herein described.

Keywords: COX-2 inhibitors, 1,5-diarylpyrrole derivativesptainflammatory agents, antinociceptive

agents, antiproliferative activity, molecular mduhe

1. Introduction

Prostaglandin G/H synthase enzymes (PGHS), commkmbyvn as cyclooxygenases (COX), are
responsible for the formation of important biolagimediators called prostanoids, which play aaalti
role in various biological processes [1]. Arachimoacid (AA) is a 20 carbon unsaturated fatty acid
distributed throughout the lipid bilayer of the Icelembranes. Phospholipase A2 (RLA&nzymes

cleave membrane bound arachidonate for the comversito bioactive precursors. AA can be



metabolized through COX pathway via a two-step @sscthe first step involves conversion of AA to
prostaglandin G2 (PG a 9,11-endoperoxide-15-hydroperoxide, and ingbeond step peroxidase
reduces PG&to prostaglandin H(PGH,). Specific PG synthases further metabolize P@&Hgive
structurally related bioactive lipids, including @Gk, PGD, PGFE,, prostacycline PGland

thromboxane A(TxA2) [2].

Non-Steroidal Anti-Inflammatory Drugs (NSAID), wiidnclude both traditional NSAIDSNSAIDS)
and selective inhibitors of COX-2 (COXib) (Figurg telieve pain and inflammation suppressing the
COX function of PGHS and the consequent formatib®G@E, and prostacyclin (PG, along with

other prostanoids [1].

Long-term therapy withtNSAIDs generates adverse gastrointestinal compitatranging from
stomach erosions and silent intestinal ulceratiimdife-threatening complications [3]. Selective
inhibitors of COX-2 depress prostacyclin (Bfzlan atheroprotective agent, but not COX-1-derived
thromboxane A (TXA)), a pro-aggregatory and vasoconstrictor mediatdtich might predispose
patients to heart attack and stroke [4]. In 200d{feBoxib, (4-[4-(methylsulfonyl)phenyl]-3-phenyl-
2(5H)-furanone), marketed as Vioxx was withdrawn frohe tmarket due to increased risk for

cardiovascular thrombotic events in a long termapg [5].

Moreover, the involvement of COX-2 in cancer depetent was previously evidenced by
pharmacological analysis of PGs in different huncancers. PGEspecifically exerts carcinogenic
effects in the human body. It was found that prégnaint lesions and established cancers produce
excessive quantities of PGENd this enhances tumor cell growth and incre@sesr invasiveness [1].
COX-2 is up-regulated in a number of epithelial @as, including those originating in the colon and
rectum, stomach, breast, prostate, and lung [6]thia context of cutaneous tissues, increased

expression of COX-2 and production of its primargquct PGE have been reported to increase cell



growth and decrease apoptosis. R@GEalso thought to be responsible for differenhstancers, such

as squamous cell and basal cell carcinoma [7].

During the last decade a large number of COX itbibi have been described. In particular, very
recently novel chemical entities have been idesdifvy different approaches such as: i) rationalgdes
providing novel scaffolds based on 4-phenylpyrimé&l(1H)-thiones [8] and, indole based
peptidomimetics [9], or ii) computational procedaiproviding novel and structurally unrelated COX-2

inhibitors [10].

Within a large programme devoted to the designsymthesis of new anti-inflammatory agents based
on a diaryl heterocyclic scaffold, we previouslyngyesized different series of 1,5-diarylpyrrole-3-
acetic ester3 [11] and 3-alkoxyethyl ethe®&a,b[12] as new selective COX-2 inhibitors, in whidtet
pyrroloacetic subunit, reminiscent of indomethacamel clopirac was conjugated with vicinal diaryl

moiety mimicking the main feature of COXib (Figutk
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Figure 1. Structures of reference compounds.

These compounds were shown to be potent and higlbctive COX-2 inhibitors inn vitro cell
culture assays [12-14]. The potential anti-inflanhomga and antinociceptive activities of these
compounds were also evaluatedvivo, demonstrating a very good activity against batrageenan
induced hyperalgesia and oedema in rat paw testhdfmore, compound8a,b showed, in a very
preliminary screening, a clear inhibition of cetbfiferation on HaCaT cells with non-toxic effects

the range between 10 and 104 [7].

Encouraged by these data, we focused our attentiothe preparation of two homologous series of
differently fluorinated 3-substituted-1,5-diarylpgte alkoxyethyl ethers8¢d; 9b-d and 10b-d)

(Figure 2) with the aim of investigating the biolcg) effects that can be elicited by the insertdra



fluorine atom on different portion of the previopsynthesized COX-2 inhibitors. Compout@b,
which displays the best biological profile in terofsaffinity and selectivity toward COX-2, as wels
percent inhibition of the enzyme (cell culture 33savas also investigated for ii& vivo anti-

inflammatory, analgesic and antiproliferative atyivdisplaying interesting results.
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Figure 2. Structure of fluorinated compounélsd, 9b-d and10b-d.

2. Results and Discussion
2.1. Chemistry

The synthetic procedure used to obtain final comgds@8c,d, 9b-d and10b-d is depicted in Schemel.
Briefly, the suitable alcoholdl1c-d were treated with propyl iodide in NaOH 50% (w/gglution,
following the previously reported procedure [18] obtain final compound8c,d Using the same
procedure, derivativesllb-d were treated with the proper hydroxyalkyl bromide its
tetrahydropyranyl protected form [15] (see Suppletaey Material) to yield compound2b-d and
13b-d that were successively deprotected to give hydalyy ethers14b-d and 15b-d. These
derivatives were then activated by tosylation aedted with BuN'F to afford fluorinated compounds
9b-d and 10b-d in satisfactory yield. Purity of compouné&g,d, 9b-d, 10b-d was assessed by RP-

HPLC and was found to be higher than 95% (see 8upgitary Material for further details).
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Scheme 1.Synthesis of compoundi,d, 9b-d, and10b-d. Reagents and conditions:(i) Propyl iodide,

(BusNHBr, Sodium hydroxide, 50% (w/w) aqueous solution, €0 72 h; (ii) Br(CH),OTHP,

(BusN)Br’, Sodium hydroxide, 50% (w/w) aqueous solution °60Q 72 h (iii) PPTS, MeOH, 55 °C,

20 h; (iv) DMAP, DIPEA, TsCl, DCM, r.t., 4 h; (vBUN*)Fin THF, 1 M; dry THF, 80 °C, 3 h.

2.2. Structure-activity relationship, molecular modeling studies and biological evaluation

In this limited series of compounds the presencaroadditional fluorine atom in the 3-alkoxyalkyl

side-chain with respect to compourttts b would allow us to assess if the contemporary preserf



fluorine atoms in two different portions of the molile could influence the interaction of these new
inhibitors with the COX-2 active site. In particula&compounds3c,d were synthesized in order to
evaluate if the number and the different positibfiiro substituent in the pendant N1 aromatigrin
could lead to biological results comparable witbsth previously reported for compourts and8b

[12].

The effects of a fluorine atom as a substituenpbysical and chemical properties, as lipophilicity,
electronic properties, hydrogen bonding, and méimabstability are well known [16, 17]. The

difference in electronegativity between carbon #odrine generates a large dipole moment in this
bond that, when combined with the electrostatitrithigtion of a specific molecule, may contribute to

the molecule’s ability to establish intermolecutaeractions.

By means ofn vitro cell culture (J774 murine macrophage) assay,itleecompounds were evaluated
for their inhibitory potency and selectivity on hdaEOX-isoforms and the results are resumed in Table

1.

Table 1.In vitro inhibition (J774 murine macrophage essay) of COaxd COX-2 by compounda-

d, 9b-d, and10b-d.

Cpd X Y n COX-1 ICsp (UM)? COX-2 ICso (UM)?  COX-1/COX-2 (SI)°
8d° H F - >100 0.018 >5555
8! F F - >100 0.030 >3333

8¢ H F - >100 0.013 >7692

8d F F - >10C 0.01¢ >555¢



9b F H 2 >100 0.013 >7692

9c H F 2 >100 0.140 >714
9d F F 2 >10( 0.02¢ >344¢
10b F H 3 >100 0.007 >14285
10c H F 3 >100 0.135 >2857
10d F F 3 >100 0.019 >5263
Celecoxid® 5.1 0.079 65

®Results are expressed as the mn = 3) of the % inhibition of PG, production by the test compour
with respect to control sample and;d@alues were calculated by GraphPad Instat program.
PICs0 (COX-1)/IGs, (COX-2). See ref. [12]%See ref.[13].

Results showed that in compourtsd, the presence of a fluoro substituentriataandin meta/para
position of the pendant N1 ring did not alter tihibitory potency and selectivity with respect to
previously reported analogu8a,b. In compounds sharing general structi@esd10, the replacement
of a hydrogen atom with fluorine in the side chaoupled with the presence of mono- or difluoro-
substitution on the N1 pendant ring led to coningséffects on the inhibitory activity of the resng
compounds. Accordingly, fometasubstituted compounddc and 10¢ a considerable decrease of
COX-2 inhibition was observed whereas thara-fluoro derivative 10b, showed a significantly
improved inhibitory activity (IG = 0.007 pM) when compared with that of 1,5-diayyiple-3-
propoxyethyl-, 3-fluoroethoxyethyl-, and 3-fluoropoxyethyl ethers8a-d, 9c,d and 10c,d
respectively, the 163 of which ranges from 0.018 to 0.030 uM. Tihevitro potency and selectivity
showed by compountlOb appears more striking when compared to that afooelib 6) the 1G, of

which being 0.079 uM (11-fold less potent and mondre less selective tha®b).



Next, the new fluorinated derivatives were analylsganeans of molecular docking calculations using
Glide software (Glide version 5.7, Schrodinger, LLBew York, NY, 2011), with the aim of
investigating the potential binding modes of sunhibitors within the COX-2 binding site. The
selected compoundb and10b differing for one carbon atom in the fluorinated,tshowed a similar
binding mode to those found for a previously repdr€OX-2 inhibitors [18]. In particular, compound
9b strongly interacts with the COX-2 active site bygeries of polar contacts with the backbone of
Phe518 and with the side-chain of Argl20. Moreowere 7-7 stacking was established between
Tyr355 and9b (Figure 3). The fluorophenyl moiety interacts walseries of hydrophobic residues as
depicted in Figure 3B. These interaction®bfinto COX-2 binding site result in docking XPscafe-

8.47 kcal/mol and in estimated free binding en€rg$yindg) of -97.74 kcal/mol.

Figure 3. (A) Best docked pose for compou8d (green sticks) into COX-2 (orange cartoon PDB ID:

6COX) binding site. The key residues in the actpite were represented by lines. H-bonds were
represented by black dotted lines. The hydrogens wmitted for the sake of clarity. The picture was
generated by means of PyMOL (The PyMOL Moleculaaghbics System, v1.6-alpha; Schrodinger,
LLC, New York, 2013). (B) Ligand interaction diagngMaestro version 9.3, Schrodinger, LLC, New

York, NY, 2012



As depicted in Figure 4, compoud@b showed a similar binding mode with respect to thand for

9b. In fact, 10b established the same hydrophobic/polar contaatsiqusly described. Also, the
docking score and the estimated free binding eneggylted comparable to those calculated%or
(XPscore -9.27 kcal/mohGping -100.97 kcal/mol). Remarkably, all the newly sygtzed compounds
reported in Table 1 showed a comparable bindingenazdwell as the docking score and the estimated

AGying (data not shown), confirming the strong affinifytiois kind of scaffold for COX-2 enzyme.
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Figure 4. (A) Best docked pose for compouh@b (grey sticks) into COX-2 (orange cartoon PDB ID:
6COX) binding site. The key residues in the actite were represented by lines. H-bonds were
represented by black dotted lines. The hydrogen® wenitted for the sake of clarity. (B) Ligand

interaction diagram.

On the basis of its very encouragimgvitro COX-2 inhibitory activity, compoundOb was evaluated
in a rat model of acute inflammatory pain. As shawifable 2, inflammatory pain was induced by the

intraplantar administration of carrageenan.



Table 2. Effect of 10b on carrageenan-induced acute inflammatory pairtsgmsitivity (paw-pressure

test) and paw edema.

PAW-PRESSURE (g) PAW VOLUME
(mL)
PRE- TREATMENT DOSE Before
TREATMENT per os mg kg® Treatment After treatment
Intraplantar
30 min 60 min 90 min 120 min 60 min
VEHICLE VEHICLE 57.6+£2.2 63.8+2.9 59.4+3.3 62.7+2.8 64.6 +3.2 45% 0.08
CARRAGEENAN VEHICLE 33.9+3.1 34.1+23 35.4+3.6 37.2+34 345+4.4 732 0.07
CARRAGEENAN 10b 3 305+2.6 | 452+4.6% 49.2+3.7* 448+30 62+33 2.38+0.06*
CARRAGEENAN 10b 10 31.8+£2.7 | 51.7+41* 535x3.9% 47.2+44* 38129 2.15 + 0.08**
CARRAGEENAN 10b 20 305+£2.0| 53.9+37** 56.3+4.6* 44.9+3%* 355+26 2.06 + 0.05**

Carrageenan (Car, 1%, 1QQ) was injected in the left posterior sole 2 h befpainevaluation by the pa
pressure test. Molecule or vehicle (1% carboxymledilulose) was administered intraplantarly at tithanc
measures were performed at time 30, 60, 90 andri20The volume of the paw edema was measurethe
60 min. Values are the mean * s.e.m. of 6 animBls: 0.05 and **P < 0.0¥¢sthe carrageenan + vehicle group.

The anti-inflammatory effect of the new compoundsesged also by the measurement of the paw
edema volume, it was significantly decreasedlBig (3-20 mg kg) (Table 2). To evaluate the pain
reliever profile of the active compourddb, its antinociceptive efficacy and potency was sssé in
the model of visceral pain induced by the intrapeeal (i.p.) injection of a 0.6% acetic acid swot
(Writhing test). The abdominal contractions indubgdhe acid solution (about 30 writhing in vehicle
treated animals, Table 3), were dose-dependendlyepted by the administration p.o. I®b. The
measurement performed 30 min after 20 mg k@b treatment showed a number of writhing reduced

to 10.7 + 2.5 (Table 3).



Table 3. Effect of10bin the mouse abdominal contraction test (aceid @6%).

TREATMENT per os DOSE mgkg-1  Number of writhes30 min  Number of writhes 60 min

VEHICLE 305+1" 3252
3 21 .8 +25% 246+£2.7*
10b 10 11.4 + 3.1* 17.7 £ 3.1*
20 10.7 + 2.5** 16.9 + 2.7*

10bwas administered 30 or 60 min before the experin®6% acetic acid was administered intraperitbyp&a
min before the observation. Each value represdmartean of 12 miceer group. *P< 0.05 and **P <0.01
versus vehicle-treated mice.

The efficacy of compoundiOb was also evaluated in the rat osteoarthritis moukiced by the intra-
articular injection of monoiodoacetate (MIA) (Talflg The injection of MIA in the knee joint induces
necrosis of chondrocytes with decrease of cartildgekness and osteolysis [19]. Kobayashial
showed that MIA is able to disorganize chondrocyied to promote cartilage erosion [20]. These
alterations are comparable with joint damages lpof humans affected by osteoarthritis [21-23].
Briefly, on day 14 after MIA injection the pain #ghold on the ipsilateral paw was decreased t089.2
3.2 g in comparison to 62.9 + 2.3 g of control rassevaluated by Paw pressure test. Compound
administered p.o. was able to reduce articular ptrting from the dosage of 3 mgkgrwenty mg
kg' of 10b were effective up to 60 min after treatment reagtihe threshold of 54.5 + 3.5 g (60 min,
Table 4). The repeated treatment wifb significantly prevented MIA dependent hyperalgébiefore
treatment). A further compound administration (atreatment, 30 min) did not induce an additive
acute antihyperalgesic effect, suggesting thatpaated treatment with the present anti-inflammatory

compounds could be able to prevent the joint danaage consequently, pain [21-24].



In addition to the canonical anti-inflammatory aadti-nociceptive activities, many studies highleght
the potential of COX-2 inhibitors in the preventiohseveral cancer types such as colon, breagt, lun
and prostate cancers [25-28] most likely by modugathe cell proliferation pathways. So, title
compounds were evaluated to assess their effectglbtoxicity by means of LDH release assay and
potential antiproliferative activity using HaCaTeaploid immortal keratinocyte cell line from adult

human skin [7].

Table 4. Effect of 10b on monoiodoacetate-induced osteoarthritis hypsigeity in the rat paw-

pressure test.

PAW-PRESSURE (g)

PRE-TREATMENT TREATMENT DOSE Before
After treatment

I ntraplantar per os mg kg-1  treatment
30 min 60 min 90 min 120 min
VEHICLE VEHICLE 62.9+£23 605+24 583+4.066.3+4.1 61.5+3.2
MIA VEHICLE 39.2+32 378+33 36.1+35 3AB.1 39.2+4.0
3 365+25 479x42*%454+3.8* 424+35 39.0+3.1
MIA 10b 10 38.8+28 50.3+44%51.8+3.7* 44.3+3.8 40.6+35

20 37.8+22 51.3+33"545+35" 43.8+3.1 37.1+29

Effect of 10b on monoiodoacetate (MIA)-induced unilateral ostdwoitis. MIA (2 mg/25 pL) was injected in
the left posterior tibiotarsal articulation 14 dayafore pain evaluation by the paw pressure testetliles or

vehicle were administered intraperitoneally at titnend measures were performed at time 30, 60n80La0

min. Values are the mean * s.e.m. of 6 rats. *Px@d **P< 0.01 in comparison with MIA + vehicleated

rats.



2.3. Effect of compounds 8c,d, 9b-d, and 10b-d on cell toxicity

Cytotoxicity of compounds was evaluated in HaCallsadter treatment with doses ranging from 1 to
50 uM by means of LDH release. As shown in Figure 5,h24dfter treatment no cytotoxicity was

detected.
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Figure 5. Cytotoxicity of compounds$c,d, 9b-d, and10b-d ranging from 1 to 5QM after 24 h was
evaluated in HaCaT cell line by LDH release asBata are expressed as percentage of Triton X-100

(100%) (averages of three different experimentss tp05).

As shown in Figure 6, the treatment with compoudcisl, 9b-d, and10b-d for 24 h, had a clear dose-
dependent effect on cellular proliferation as meaduby 5-bromo-2'-deoxyuridine (BrdU)
incorporation. Indeed, while @M did modify cellular proliferation, the treatmentith higher albeit not
toxic doses (10 and 5(M) evidenced a drastic and significant cellularvgito inhibition for8d, 9b, 9¢
9d, 10b and10d compared to the control cells (DMSO 0.1%). Calésaated with8c and 10c did not
show any significant changes in BrdU incorporatiblowever, further investigation is required to

confirm the antiproliferative activity showed byepiously reported compoun@s,b[7].
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Figure 6. The effect on cell proliferation of compounfls,d 9b-d, and10b-d on HaCaT cells was
evaluated by means of BrdU incorporation after 23 treatment. Data are expressed as percentage of

control (averages of three different experimenps<?0.05).

3. Conclusions

In this work, we have designed, synthesized artedes new series of fluorinated 1,5-diarylpyrrole-3
alkoxyethyl ether derivatives as COX-2 selectivaibitors. In vitro biological results are in full
agreement with all the previously published datamdnstrating the high affinity of the 1,5-
diarylpyrrole scaffold for COX-2 active site. Théfimity was also confirmed by molecular docking
calculations, proving that replacement of a hydnogeom by fluorine in the alkyl side chain didn’t
modify steric and electronic properties of the newbnceived chemical entities. Compouh@b
demonstrated efficacy in the model of rat acuttammatory pain and in the rat osteoarthritis model;
thus, highlighting its favourable potential to tumo a novel anti-inflammatory and antinociceptive
agents. Furthermore, the anti-proliferative buttoaic effect of the most promising compounds ie th

presented series on HaCaT cell suggests a posgiplieation in the therapy of human skin disorders.



4. Methods
4.1. Biological evaluation
4.1.1. In Vitro Inhibition of COX-1 and COX-2 enzymes

Thein vitro COX-1 and COX-2 inhibition of compoun@s-d, 9b-d, and10b-d was evaluated through
cell-based assay employing murine monocyte/macggmla74 cell lines. The cell line was grown in
DMEM supplemented with 2 mM glutamine, 25 mM HEPHESBQ units/mL penicillin, 100 pg/mL
streptomycin, 10% fetal bovine serum (FBS), an@dsbdium pyruvate. Cells were plated in 24-well
culture plates at a density of 2.5 x°Hells/mL and allowed to adhere at 37 °C in 5%,3® 2 h.
Immediately before the experiments, culture medwas replaced with fresh medium and cells were
stimulated as described previously [12]. The evanaof COX-1 inhibitory activity was achieved pre-
treating cells with test compounds (100 uM) formii and then incubating them at 37 °C for 30 min
with 15 pM arachidonic acid to activate the consitte COX. At the end of the incubation, the
supernatants were collected for the measuremeRGE levels by a radioimmunoassay (RIA). To
evaluate COX-2 activity, cells were stimulated 2drh withEscherichia collipopolysaccharide (LPS,
10 pg/mL) to induce COX-2, in the absence or presenf test compounds (0.001-10 uM). The
supernatants were collected for the measuremdPG&?2 by means of RIA. Celecoxib was utilized as
a reference compound for the selectivity indexplicate wells were used for the various conditiohs
the treatment in the cell culture assay througtioeiexperiments. Results are expressed as the ahean
three experiments, of the % inhibition of PGkoduction by test compounds with respect to abntr
samples. Data fit was obtained using the sigmaldak-response equation (variable slope) (GraphPad

software). The 16 values were calculated by the GraphPad InstatanogGraphPad software).



41.2. Animals

For all the experiments described below, male Cbina mice (23-25 g) or male Sprague—Dawley
rats (Harlan, Varese, Italy) weighing approximat280-250 g at the beginning of the experimental
procedure, were used. Animals were housed in Ce@#&ntro Stabulazione Animali da Laboratorio,
University of Florence) and used at least one wadede their arrival. Four rats were housed per cage
(size 26 x 41 cm); animals were fed a standardrébry diet and tap wated libitum and kept at 23

+ 1 °C with a 12 h light/dark cycle, light at 7 a.All animal manipulations were carried out accogdi

to the European Community guidelines for animalecédL 116/92, application of the European
Communities Council Directive of 24 November 1988%/609/EEC). The ethical policy of the
University of Florence complies with the Guide fbe Care and Use of Laboratory Animals of the US
National Institutes of Health (NIH Publication N85-23, revised 1996; University of Florence
assurance number: A5278-01). Formal approval taecinthe experiments described was obtained
from the Italian Ministry of Health (N°54/2014-Bhd from the Animal Subjects Review Board of the
University of Florence. Experiments involving animdave been reported according to ARRIVE
guideline. All efforts were made to minimize aninsaiffering and to reduce the number of animals

used.

4.1.3. Carrageenan-induced acute inflammatory pain

One hundred pL of carrageenan solution (Sigma-2ltgri% in saline) was injected intraplantarly into
the rat left hind paw. Two h after carrageen in@ttcompounds were per os (p.o.) administered and
their anti-hypersensitive effect was measured tiveg by the paw pressure test. Control rats redeive

100 pL of vehicle (saline) solution intraplantaaiyd saline i.p..



4.1.4. Abdominal contraction pain

At predetermined time intervals (30 and 60) afteugd administration, mice were injected
intraperitoneally with a 0.6 % (w/w) solution ofedic acid (10 mL k), to induce pain sensation
evident from typical abdominal contractions of aaimnnamed ‘writhing'. The number of induced

writhings was counted for 10 min, starting 5 miteafcetic acid injection [29].
4.1.5. Monoiodoacetate-induced osteoarthritis

Unilateral osteoarthritis was also induced by iti@c of monoiodoacetate (MIA, Sigma-Aldrich) into
the rat tibio-tarsal joint [30]. On day O, rats weslightly anesthetized by 2% isoflurane, the left
skin was sterilized with 75% ethyl alcohol and taeeral malleolus located by palpation; then, a 28-
gauge needle was inserted vertically to penettageskin and turned distally for insertion into the
articular cavity at the gap between the tibiofilbwad tarsal bone until a distinct loss of resistawas
felt. 2 mg MIA in 25uL saline were delivered into the left articular itgvThe paw pressure was
performed at day 14. The tested compounds wereagministered. Control rats received 25 pL of

saline solution (day 0) in the tibiotarsal joindasaline i.p. at day 14.
4.1.6. Paw pressure test

The pain threshold in the rat was determined withaaalgesimeter (Ugo Basile, Varese, ltaly) as
described.[31] Briefly, a constantly increasinggsure was applied to a small area of the dorstdir

of the paw using a blunt conical probe. Pressure wereased until a vocalization or a withdrawal
reflex occurred. The withdrawal threshold was egpee in grams, the test was repeated twice and the

mean was considered as the value for each paw.



4.1.7. Edema volume measurement

Rat paw volumes were measured using a plethysmon$xty min after the injection of carrageenan,
the paw volume of the ipsilateral hind paw was mea$ and compared with carrageenan + vehicle-

treated controls. The results are reported as pdwne expressed in mL.

4.1.8. Statistical analysis of behavioral measurements

Results were expressed as means = s.e.m. and &hgsiarnof variance was performed by one way
ANOVA. A Bonferroni's significant difference prooa@ was used as post-hoc comparison. P values
of less than 0.05 or 0.01 were considered sigmficBata were analyzed by means of the “Origin 9”

software (OriginLab, Northampton, USA).

4.1.9. Cdll culture and treatments.

HaCaT cells, (a cell line gift from Dr. F. Virgiliwwere grown in Dulbecco’s modified Eagle’s medium
High Glucose (Lonza, Milan, ltaly), supplementedhnvi0% FBS, 100 U/ml penicillin, 100 Ig/ ml
streptomycin and 2 mM L-glutamine as previouslycdéed.[32] Cell suspension containing 10 or 1
105 viable cells/ml were used. Cells were incubate87 C for 24 h in 95% air/5% Ga@ntil 80%
confluency. HaCaT cells were treated with differdases of title compounds at different time points
(30 min, 1, 3 and 24 h). After treatment, cellsmedium were collected for the several assays
described below. Compounds were dissolved in DM$@ a&oncentration of 10 mM as a stock
solution. The stock was diluted to the required cemrtrations directly in the medium. The final

concentration of DMSO in culture medium during campds treatment did not exceed 0.1% (v/v).



4.2. Computational details

All calculations performed in this work were cadieut on Cooler Master Centurion 5 (Intel Core-i5
Quad CPU Q6600 @ 2.40 GHz) with Ubuntu 10.04 LDBdterm support) operating system running
Maestro 9.2 and Maestro 9.3 (Schrodinger, LLC, Néovk, NY, 2011 and Maestro version 9.3,

Schrodinger, LLC, New York, NY, 2012, respectively)

4.2.1. Molecular Docking studies

4.2.1.1. Molecules preparation

Three-dimensional structures of compounds weret tmyilmeans of Maestro (Maestro version 9.2,
Schrodinger, LLC, New York, NY, 2011). Molecularezgy minimizations were performed by means
of MacroModel using the Optimized Potentials foquid Simulations-all atom (OPLS-AA) force field
2005 [33, 34]. The solvent effects are simulateithgishe analytical Generalized-Born/Surface-Area
(GB/SA) model [35], and no cutoff for nonbondedenaictions was selected. Polak-Ribiere conjugate
gradient (PRCG) method with 1000 maximum iteratiand 0.001 gradient convergence threshold was
employed. The compounds were treated by LigPrepicapipn (LigPrep version 9.2, Schrodinger,
LLC, New York, NY, 2011), implemented in Maestroiteu2011, generating the most probable

ionization state of any possible enantiomers antbtaers at cellular pH value (7 £ 0.5).

4.2.1.2. Protein Preparation

The three-dimensional structures of the COX-2 waken from PDB (PDB ID: 6COX) and imported
into Schroédinger Maestro molecular modeling enviment. The structures were submitted to protein
preparation wizard implemented in Maestro suitel2(Protein Preparation Wizard workflow 2011) as
previously reported [36, 37]. This protocol throumbkeries of computational steps, allowed us taiobt

a reasonable starting structure of the proteinsnfiotecular docking calculations by a series of



computational steps. In particular, we performededie steps to (1) add missing residues or side-
chains, (2) add hydrogens, (3) optimize the ortgmtaof hydroxyl groups, Asn, and GIn, and the
protonation state of His, and (4) perform a comsée refinement with the impref utility, settingeth
max RMSD of 0.30. The impref utility consists ofycles of energy minimization based on the impact

molecular mechanics engine and on the OPLS_20@8 fald [33, 34].
4.2.1.3. Molecular Docking

Docking studies were carried out by Glide (Grid-8hd.igand Docking with Energetics) using the
ligands and the protein prepared as above-mentj@pgadying Glide extra precision (XP) method.[38,
39] Energy grid was prepared using default valuprofein atom scaling factor (1.0 A) within a cubic
box centered on the crystallized inhibitor. Aftetidggeneration, the ligands and the crystallized
inhibitor were docked into the enzymes with defgpdrameters (no constraints were added). The
number of poses entered to post-docking minimipatias set to 50. Glide XP score was evaluated.
The XP method correctly accommodated the crys&allimhibitors into the binding site (data not

shown).
4.2.1.4. Estimated free binding energy

The Prime/MM-GBSA method implemented in Prime saftev(Prime version 3.0, Schrodinger, LLC,

New York, NY, 2011) consists in computing the chabgtween the free and the complex state of both
the ligand and the protein after energy minimizatidhe technique was used on the docking
complexes of the selected compounds presentedsistiidy. The software was employed to calculate

the free-binding energWGying) as previously reported by some of us [40-42].
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Experimental Section

Chemistry. All chemicals used were of reagent grade. Yiekfer to purified products and are not
optimized. Melting points were determined in opeapitaries on a Gallenkamp apparatus and are
uncorrected. Merck silica gel 60 (230-400 mesh) wsed for column chromatography. Merck TLC
plates and silica gel 60x4z were used for TLC*H-NMR spectra were recorded with a Bruker AC 400
spectrometer in the indicated solvent (TMS as nakstandard). The values of the chemical shifs ar
expressed in ppm, and the coupling constaitareé expressed in Hz. Mass spectra were recond@d o
VG 70-250S (El, 70 eV), a Varian Saturn 3, or arife Finnigan LCQdeca spectrometer. Purity of
compounds3c,d, 9b-d, 10b-d was assessed by RP-HPLC and was found to be hilghrro5%. A
VWR_Hitachi L-2130 pump system equipped with a V\WRachi L-2400. Merck LiChroCART
125-4 C18 column was used in the HPLC analysis :wiMlethod A: acetonitrile-water-methanol
(50:20:30) or Method B: methanol-acetonitrile (2):8s the mobile phase at a flow rate of 0.7
mL/min. UV detection was achieved at 210 nm.

General Procedurefor the Preparation of 1,5-Diaryl-3-(2-propoxyethyl)pyrroles Derivates

Alcohol 11c or 11d [1, 2] (2.7 mmol) and tetrabutyl ammonium bromide36 mmol), cooled to 0 °C,
were treated with a solution of 50% NaOH (100 mlwand propyl iodide (10.84 mmol). After
stirring under a nitrogen atmosphere at 60 °C fbh7the mixture was treated with brine (5 mL) and
water (20 mL), EtOAc was then added and the orgexiacts were washed to neutrality with water
and brine, dried over anhydrousJS&y, filtered and concentrated vacuo The crude residue, purified
by flash-chromatography, gave the expected compound

1-(3-Fluor ophenyl)-2-methyl-5-(4-(methylsulfonyl)phenyl)-3-(2-pr opoxyethyl)1H-pyrrole 8c

Yellow-orange oil (yield 39%)*H-NMR (CDCk) & ppm: 0.93 (t, 3H,) = 7.4 Hz), 1.53-1.71 (m, 2H),
2.06 (s, 3H), 2.75 (t, 2Hl = 7.4), 2.99 (s, 3H), 3.44 (t, 2Kd,= 6.8 Hz), 3.61 (t, 2H) = 7.3 Hz), 6.44

(s, 1H), 6.84-7.41 (m, 6H), 7.65 (m, 2HJC-NMR (CDCk) & ppm: 10.5, 10.8, 22.8, 26.7, 44.3, 71.1,
72.5, 112.6, 114.8, 115.0, 115.6, 115.8, 118.5,112W4.2, 127.0, 127.1, 130.3, 103.4, 130.7, 130.0
136.5, 138.1, 140.4, 140.5, 161.3, 163.8. MS-E8r416 (M+H").

1-(3,4-Difluor ophenyl)-2-methyl-5-(4-(methylsulfonyl)phenyl)-3-(2-pr opoxyethyl) 1H-pyrrole 8d

Orange oil (yield 43%)*H-NMR (CDCk) & ppm: 0.93 (t, 3HJ = 7.4 Hz), 1.52-1.70 (m, 2H), 2.05 (s,
3H), 2.74 (t, 2HJ = 7.2 Hz), 3.00 (s, 3H), 3.43 (t, 2B~ 6.7 Hz), 3.60 (t, 2HJ = 7.3 Hz), 6.43 (s,
1H), 6.87-7.25 (m, 5H), 7.68 (m, 2HYC-NMR (CDCk) & ppm: 10.5, 10.7, 22.8, 26.7, 44.3, 71.1,
72.5,112.7, 117.6, 117.7, 118.7, 124.5, 124.6,12127.2, 130.8, 130.9, 135.3, 136.7, 138.0, 148.7
151.2. MS-ESIm/z434 (M+H).



General Procedure for the Preparation of 1,5-Diaryl-2-methyl-3-(2-((tetrahydro-2H-2-
yloxy)alkoxy)ethyl)-1H-pyrrole Derivatives (12b-d) and (13b-d)

Compoundsl2b-d and 13b,c were re-synthesized starting from the suitabletat11b-d and their
spectroscopic and analytical data were consistetiit those we previously reported.[2] The same
procedure was used for the preparation of novelpoamdsl3d.

1-(3,4-Fluor ophenyl)-2-methyl-5-(4-(methylsulfonyl)phenyl)-3-(2-((tetr ahydr o-2H-pyr an-2-
yloxy)propoxy)ethyl)-1H-pyrrole (13d)

Yellowish oil (yield 30%)H-NMR (CDCk) & (ppm): 1.35-1.88 (m, 8H), 2.01 (s, 3H), 2.69 {4, =
7.0 Hz), 2.96 (s, 3H), 3.42-3.86 (m, 8H), 4.51-4(68 1H), 6.39 (s, 1H), 6.86-6.88 (m, 1H), 6.91%.9
(m, 1H), 7.11- 7.17 (m, 3H), 7.61-7.66 (m, 2H).

General Procedure for the Preparation of (2-(1,5-Diaryl-2-methyl-1H-pyrrol-3-
yl)alkoxy)alcohols (14b-d) and (15b-d)

Compounds14b-d and 15b,c were re-synthesized starting from the suitableoradt and their
spectroscopic and analytical data were consisteétit those we previously reported.[2] The same
procedure was used for the preparation of novelpoamdslsd.

3-(2-(1-(3,4-Fluor ophenyl)-2-methyl-5-(4-(methylsulfonyl)phenyl)-1H-pyrr ol -3-yl)ethoxy) pr opan-
1-ol (15d)

Orange oil (yield 30%):H-NMR (CDCk) & ppm: 1.80-1.85 (m, 2H), 2.01 (s, 3H), 2.73 (t, 1 7.0
Hz), 2.98 (s, 3H) 3.60-3.67 (m, 4H), 3.74 (t, 2+ 5.6 Hz), 6.40 (s, 1H), 6.89-6.94 (m, 1H), 6.985/.
(m, 1H), 7.14-7.20 (m, 3H), 7.63-7.68 (m, 2H).

General Procedurefor the Synthesis of Tosylated Derivatives 16b-d and 17b-d

To a solution of the suitable alcohdd4b-d or 15b-d) (0.3 mmol) dissolved in Ci&€l, (10 mL), 4-
(dimethylamino)pyridine (DMAP) (0.03 mmol) ard,N-diisopropylethylamingDIPEA) (0.5 mmol)
were added in sequence. The solution was cooldéd°&, and tosyl chloride (0.6 mmol) was then
added. After stirring for 3 h at room temperatule mixture was treated with water and the organic
layers washed to neutrality with saturated aquétaldCQ; and water, dried over anhydrous,S@y,
filtered and evaporateith vacuoto give the expected tosyl- derivative almost pame used without
further purification.



2-(2-(1-(4-Fluor ophenyl)-2-methyl-5-(4-(methylsulfonyl)phenyl)-1H-pyrrol-3-yl)ethoxy)ethyl  4-
methylbenzenesulfonate (16b)

Orange oil (yield > 80%)*H-NMR (CDs;OD) & (ppm): 1.97 (s, 3H), 2.36 (s, 3H), 2.63 (t, 2HN®B(s,
3H), 3.51-3.63 (m, 4H), 4.09-4.14 (m, 2H), 6.4518l), 7.12-7.20 (m, 6H), 7.33-7.37 (m, 2H), 7.60-
7.75 (m, 4H). MS-ESIm/z594 (M+Na&).

2-(2-(1-(3-Fluor ophenyl)-2-methyl-5-(4-(methylsulfonyl)phenyl)-1H-pyrrol-3-yl)ethoxy)ethyl  4-
methylbenzenesulfonate (16c)

Brown oil, (yield > 80%)!H-NMR (CDCLk) & (ppm): 1.98 (s, 3H), 2.42 (s, 3H), 2.72 (t, 2HPA(s,
3H), 3.53-3.66 (m, 4H), 4.11 (t, 2H), 6.41 (s, 1B.)80-6.89 (m, 2H), 7.09-7.11 (m, 2H), 7.24-7.36 (m
3H), 7.70-7.72 (m, 2H), 7.83-7.89 (m, 3H). MS-E®Iz594 (M+Na).

2-(2-(1-(3,4-Difluor ophenyl)-2-methyl-5-(4-(methylsulfonyl)phenyl)-1H-pyrrol-3-yl)ethoxy)ethyl
4-methylbenzenesulfonate (16d)

Brown oil, (yield > 80%)."H-NMR (CDCk) & (ppm): 1.96 (s, 3H), 2.33 (s, 3H), 2.62 (t, 2HP2(s,
3H), 3.52-3.61 (m, 4H), 4.09 (t, 2H), 6.36 (s, 1B)84-6.95 (m, 2H), 7.09-7.17 (m, 3H), 7.23-7.25 (m
2H), 7.61-7.63 (m, 2H), 7.69-7.71 (m, 2H). MS-E®Iz612 (M+N&).

3-(2-(1-(4-Fluor ophenyl)-2-methyl-5-(4-(methylsulfonyl)phenyl)-1H-pyrrol-3-yl)ethoxy)pr opyl 4-
methylbenzenesulfonate (17b)

Brown oil, (yield > 80%).H-NMR (CDs;OD) & (ppm): 1.81-1.87 (m, 2H), 1.99 (s, 3H), 2.38 (d),3
2.63 (t, 2H), 3.02 (s, 3H), 3.41-3.53 (m, 4H), 4(@12H), 6.45 (s, 1H), 7.15-7.22 (m, 6H), 7.359.3
(m, 2H), 7.62-7.74 (m, 4H). MS-ESh/z608 (M+N4).

3-(2-(1-(3-Fluor ophenyl)-2-methyl-5-(4-(methyl sulfonyl)phenyl)-1H-pyrrol-3-yl)ethoxy)pr opyl 4-
methylbenzenesulfonate (17¢)

Brown oil, (yield > 80%).*H-NMR (CDCLk) & (ppm): 1.80-1.90 (m, 2H), 2.01 (s, 3H), 2.38 (8),3
2.65 (t, 2H), 2.96 (s, 3H), 3.46-3.54 (m, 4H), 4(L22H), 6.39 (s, 1H), 6.84-6.93 (m, 1H), 7.04&.0
(m, 1H), 7.12-7.14 (m, 2H), 7.28-7.33 (m, 1H), 7684 (m, 2H), 7.72-7.74 (m, 2H). MS-ESh/z
608 (M+N&).



3-(2-(1-(3,4-Difluor ophenyl)-2-methyl-5-(4-(methylsulfonyl)phenyl)-1H-pyr r ol -3-yl)ethoxy) pr opyl
4-methylbenzenesulfonate (17d)

Brown oil, (yield > 80%).*H-NMR (CDCk) & (ppm): 1.79-1.89 (m, 2H), 1.99 (s, 3H), 2.38 (&),3
2.63 (t, 2H), 2.96 (s, 3H),3.45-3.58 (m, 4H), 4(1,12H), 6.38 (s, 1H), 6.86-6.97 (m, 1H), 7.11-7.17
(m, 3H), 7.26-7.29 (m, 2H), 7.63-7.66 (m, 2H), Z7ZI3 (m, 2H). MS-ESIm/z602 (M-H").

General Procedurefor the Synthesis of Fluoro-alkyl Derivatives 9a-c and 10a-c

A solution of the opportune tosylate derivatiMgb-d or 17b-d (0.50 mmol) in acetonitrile (8 mL), was
treated with a solution of potassium fluoride (2.0Mmol) and Kriptofix 2.2.2. (1.00 mmol) in
acetonitrile[3] or a solution of tetrabutyl ammomidluoride in THF (1 M).[4] The mixture was stirred
at 80 °C for 3 h (monitoring TLC), and the solveoncentrated to give a residue which was treated
with EtOAc. The organic layer, washed with wated &mine, was then dried over anhydrous$(@;,
filtered and the solvent evaporatedvacuo The residue was purified by flash-chromatogragploying
with the suitable eluent.

The use of a solution of tetrabutyl ammonium flderin THF (1 M), cheap and easily available,
allows obtaining final compounds in a good vyield.

3-(2-(2-Fluor oethoxy)ethyl)-1-(4-fluor ophenyl)-2-methyl-5-(4-(methylsulfonyl)phenyl)-1H-
pyrrole (9b)

Yellowish needles (MeOH) (yield 52%). Mp127-129 *6-NMR (MeOH-d) & (ppm): 2.01 (s, 3H),
2.73 (t, 2HJ = 7.1 Hz), 3.00 (s, 3H), 3.61-3.67 (m, 2H), 3.7813(m, 2H), 4.40 (t, 1H] = 4.2 Hz),

4.64 (t, 1HJ = 4.2 Hz), 6.46 (s, 1H), 7.11- 7-19 (m, 6H), 7664 (m, 2H)*C-NMR (CDCk) & ppm:

10.7, 26.6, 44.2, 44.3, 69.7, 69.8, 69.9, 71.91,883.8, 112.1, 116.1, 116.3, 117.9, 127.1, 121988,5,

134.9, 136.5, 138.2. MS-ESh/z442 (M+Na&).

3-(2-(2-Fluor oethoxy)ethyl)-1-(3-fluor ophenyl)-2-methyl-5-(4-(methylsulfonyl)phenyl)-1H-
pyrrole (9c)

Yellowish oil (yield 60%)."H-NMR (CDCLk) & (ppm): 2.04 (s, 3H), 2.74-2.78 (m, 2H), 2.97 (d),3
3.61-3.66 (m, 2H), 3.66-3.72 (m, 2H), 3.75-3.77 ), 4.49 (t, 1H), 4.61 (t, 1H), 6.43 (s, 1H), 4.8
6.87 (m, 1H), 6.90-6.93 (m, 1H), 7.04-7.09 (m, 1A} 2-7.19 (m, 2H), 7.31-7.37 (m, 1H), 7.63-7.65
(m, 2H). *C-NMR (CDCk) & ppm: 10.8, 26.5, 42.8, 45.1, 69.7, 69.9, 71.81,823.8, 112.5, 114.8,
115.1, 115.6, 115.8, 118.2, 124.2, 127.0, 130.8,413.30.8, 136.6, 138.1, 140.3, 140.4, 161.3,8.63.
MS-ESI:m/z442 (M+Na&).



1-(3,4-Difluor ophenyl)-3-(2-(2-fluor oethoxy)ethyl)-2-methyl-5-(4-(methylsulfonyl)phenyl)-1H-
pyrrole (9d)

Yellowish needles (MeOH).(yield 55%). Mp 142-143 %6I-NMR (CDCk) & (ppm): 2.03 (s, 3H),
2.75 (m, 2H), 2.97 (s, 3H), 3.65-3.69 (m, 2H), 33726 (m, 2H), 4.48 (t, 1H), 4.60 (t, 1H), 6.42 (s,
1H), 6.87-6.89 (m, 1H), 6.95-7.00 (m, 1H), 7.1267(th, 3H), 7.65-7.67 (m, 2H}*C-NMR (CDCk) &
ppm: 10.7, 26.6, 44.2, 45.1, 69.7, 69.9, 71.9, 88318, 112.6, 117.6, 117.7, 118.3, 124.6, 127.1,
130.8, 130.9, 135.2, 136.8, 137.9, 138.0, 148.8,5,4148.7, 150.8, 151.0, 151.2. MS-EBWz 442
(M+Na").

1-(4-Fluor ophenyl)-3-(2-(3-fluor opr opoxy)ethyl)-2-methyl-5-(4-(methyl sulfonyl)phenyl)-1H-
pyrrole (10b)

White needles (MeOH) (yield 37%) Mp103-104 *6-NMR (MeOH-d;) & (ppm): 1.82-1.95 (m, 2H),
2.01 (s, 3H), 2.72 (t, 2Hl = 7.1 Hz), 3.02 (s, 3H), 3.54-3.65 (m, 4H), 4.86lH,J = 5.9 Hz), 4.62 (t,
1H,J = 5.9 Hz), 6.47 (s, 1H), 7.15-7.23 (m, 6H), 7.6877(m, 2H).**C-NMR (MeOH-d)) § ppm: 9.4,
26.2, 30.3, 30.5, 42.8, 65.9, 71.2, 79.7, 81.3,1,1P15.5, 115.6, 118.1, 126.7, 130.0, 130.1, 130.7
130.8, 135.3, 136.5, 138.4, 160.6, 163.1. MS-B&r456 (M+N4d).

1-(3-Fluor ophenyl)-3-(2-(3-fluor opr opoxy)ethyl)-2-methyl-5-(4-(methyl sulfonyl)phenyl)-1H-
pyrrole (10c)

Yellowish oil (yield 37%)H-NMR (CDCk) & (ppm): 1.89-2.02 (m, 2H), 2.09 (s, 3H), 2.74 f#, 2 =
7.2 Hz), 2.99 (s, 3H), 3.57-3.64 (m, 4H), 4.471{4, J = 5.8 Hz), 4.58 (t, 1H] = 5.8 Hz), 6.41 (s, 1H),
6.84-6.87 (m, 1H), 6.90-6.93 (m, 1H), 7.06-7.091(H), 7.10-7.18 (m, 2H), 7.32-7.37 (m, 1H), 7.60-
7.69 (m, 2H)*C-NMR (CDCk) & ppm: 10.7, 26.6, 30.6, 30.8, 44.3, 66.2, 66.34,740.2, 81.9, 112.5,
114.8, 115.1, 115.6, 115.8, 118.4, 124.1, 127.9,112.30.3, 130.4, 130.7, 130.8, 136.6, 138.1,4140.
140.5, 161.3, 163.8. MS-ESh/z456 (M+N4).

1-(3,4-Difluor ophenyl)-3-(2-(3-fluor opr opoxy)ethyl)-2-methyl-5-(4-(methylsulfonyl) phenyl)-1H-
pyrrole (10d)

White needles (MeOH) (yield 39%). Mp117-118 ¥4GNMR (MeOH-d;) & (ppm): 1.90-1.94 (m, 2H),
1.97-2.00 (m, 2H), 2.04 (s, 3H), 2.73 (t, 2H; 7.1 Hz), 2.99 (s, 3H), 3.57-3.63 (m, 4H), 4.48.d,J

= 5.7 Hz), 4.59 (t, 1H) = 5.7 Hz), 6.41 (s, 1H), 6.88-6.90 (m, 1H), 6.981 (m, 1H), 7.10-7.22 (m,
3H), 7.67-7.69 (m, 2H)-*C-NMR (MeOH-d) 5 ppm: 9.3, 26.1, 30.2, 30.4, 42.7, 65.9, 71.3, 78173,
112.4,117.3, 117.4, 117.5, 117.6, 118.4, 125.5,212126.8, 127.6, 130.7, 130.9, 136.8, 138.2,4140.
141.2, 148.3, 148.4, 148.5, 150.7, 150.8, 150.9:-B88 m/z473.8 (M+N4).



X-Ray Crystallography

A single crystal oBb,d and10b,d was submitted to X-ray data collection by meana &iemens P4
four-circle diffractometer at 293K equipped withgeaaphite monochromated MoeKradiation £=
0.71069 A). The structure was solved by direct méshimplemented in the SHELXS-97 program.[5]
The refinements were carried out by full-matrixsaniopic least-squares oA for all reflections for
non-H atoms by means of the SHELXL-97 program.[6]

Crystallographic data (excluding structure factaf)hese crystal structures have been depositéd wi
the Cambridge Crystallographic Data Centre as smp@htary publication numbers CCDC 805673.
Copies of the data can be obtained, free of chaogeapplication to CCDC, 12 Union Road,
Cambridge CB2 1EZ, UK [fax: 144-(0)1223-336033 anail: deposit@ccdc.cam.ac.uk].

Crystal structure of compoun@b,d and10b,d. Ellipsoid enclose 50% probability

9b CCDC 1416642
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'"H-NMR spectra
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ACCEPTED MANUSCRIPT

1H-NMR compound 9b
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1H-NMR compound 9d
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ACCEPTED MANUSCRIPT

1H-NMR compound 10c
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3C-NMR spectra
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13C-NMR compound 9b
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13C-NMR compound 9d
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13C-NMR compound 10c
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