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Experimental Details

2-M ethyl-5-[4-(methylsulfonyl)phenyl]-1-phenyl-1H-pyrrole (14a). White needles (yield 80%);
Analytical data, mp, and NMR spectrum were consistent with those reported in the literature.*

2-M ethyl-1-(4-methylphenyl)-5-[4-(methylsulfonyl)phenyl]-1H-pyrrole (14b).
Y ellowish needles (yield 85%). Analytical data, mp, and NMR spectrum were consistent with those
reported in the literature.

2-M ethyl-5-[4-(methylsulfonyl)phenyl]-1-[4-(trifluor omethyl)phenyl]-1H-pyrrole (14c).
Y ellowish needles (yield 78%). Analytical data, mp, and NMR spectrum were consistent with those
reported in the literature.*

Ethyl 2-M ethyl-5-[4-(methylsulfonyl)phenyl]-1-phenyl-1H-pyrrole-3-glyoxylate (8a).
Mp 111 °C (yied 76%), NMR (CDCly) 7.61(m, 2H), 7.49 (m, 2H), 7.19-7.30 (m, 5H), 6.02 (s, 1H),
4.38(q,J=7.1, 2H), 3.0 (s, 3H), 2.32 (s, 3H), 1.42 (t, 3 = 7.0, 3H). Anal. (C,H2NOsS) C, H, N, S.

Ethyl 2-M ethyl-1-(4-methylphenyl)-5-[4-(methylsulfonyl)phenyl]-1H-pyrrole-3-glyoxylate (8b).

Mp 104 °C (yield 77%), 'H NMR (CDCls) 7.67 (m, 2H), 7.15-7.29 (m, 4H), 7.0-7.08 (m, 3H), 4.35
(9, 3 =7.0, 2H), 3.0 (s, 3H), 2.40 (m, 3H), 2.33 (s, 3H), 1.40 (t, J= 7.0, 3H). Anal. (C;3H»NOsS) C, H,
N, S.

Ethyl 2-M ethyl-5-[4-(methylsulfonyl)phenyl]-1-[4-(trifluor omethyl)phenyl]-1H-pyrrole-3-
glyoxylate (8c).

Mp 153-155 °C (yield 73%), *H NMR (CDCls) 7.73 (m, 4H), 7.29 (m, 2H), 7.18 (m, 2H), 7.09 (s,
1H), 4.41(q,J=7.2, 2H), 3.0 (s, 3H), 2.45 (s, 3H), 1.41 (t, J = 7.0, 3H). Anal. (C,3HFNOsS) C, H,
N, S.

Ethyl 2-Methyl-5-[4-(methylsulfonyl)phenyl]-1-phenyl-1H-pyrrole-3-acetate (9a).

Mp 144 °C (yidld 68%); 'H NMR (CDCls) 7.63 (m, 2H), 7.39 (m, 2H), 7.25-7.27 (m, 1H), 7.14-
7.16 (m, 4H), 6.53 (s, 1H), 4.18 (q, J = 7.1, 2H), 3.51 (s, 2H), 3.0 (s, 3H), 2.09 (s, 3H), 1.31 (t, J =
7.2, 3H). MS (ESI): m/z 398 (M + H*). Anal. (C»H»NO,S) C, H, N.

Ethyl 2-M ethyl-1-(4-methylphenyl)-5-[4-(methylsulfonyl)phenyl]-1H-pyrr ole-3-acetate (9b).

Mp 132 °C; (yield 72%); 'H NMR (CDCl;) 7.64 (m, 2H), 7.15-7.26 (m, 4H), 7.02 (m, 2H), 6.51 (s,
1H), 4.19 (g, J = 7.1, 2H), 3.50 (s, 2H), 3.00 (s, 3H), 2.40 (s, 3H), 2.05 (s, 3H), 1.28 (t, J= 7.0, 3H).
MS (ESI): m/z 412 (M + H)". Anal. (C;sHxsNO,S) C, H, N, S.

Ethyl 2-M ethyl-5-[4-(methylsulfonyl)phenyl]-1-[4-(trifluor omethyl)phenyl]-1H-pyrrole-3-
acetate (9c).

Mp 90-92 °C; (yield 70 %); *H NMR (CDCl,): 7.68 (m, 4H), 7.27(m, 2H), 7.13 (m, 2H), 6.53 (s,
1H), 4.19 (g, J = 7.1, 2H), 3.50 (s, 2H), 3.0 (s, 3H), 2.09 (s, 3H), 1.29 (t, J = 7.2, 3H). MS (ESI): m/z
466 (M + H)+ Anal. (ngH22F3N04S) C,H, N.

2-M ethyl-5-[4-(methylsulfonyl)-phenyl]-1-phenyl-1H-pyrrole-3-acetic Acid (10a).



Mp 156-158 °C; (yield 71 %); *H NMR (CDCly): 7.60 (m, 2H), 7.37 (m, 2H), 7.14-7.25 (m, 5H),
5.51 (s, 1H), 3.53 (s, 2H), 2.96 (s, 3H), 2.02 (s, 3H). MS (ESI): m/z 368 (M - H)". Anal. (CxH1oNO,S)
C, H, N.

2-M ethyl-1-(4-methylphenyl)-5-[4-(methylsulfonyl)-phenyl]-1H-pyrrole-3-acetic Acid (10b).

Mp 161-163 °C; (yield 72 %); 'H NMR (CDCly): 7.64 (m, 2H), 7.16-7.21 (m, 4H), 7.02 (m, 2H),
6.52 (s, 1H) 3.56 (s, 2H), 3.0 (s, 3H), 2.40 (s, 3H), 2.07 (s, 3H). MS (ESI): m/z 382 (M - H)". Anal.
(C51H21INO,S) C, H, N.

2-M ethyl-5-[4-(methylsulfonyl)phenyl]-1-[4-(trifluor omethyl)phenyl]-1H-pyrrole-3-acetic Acid
(10c).

Mp 213-216 °C; (Yield 66 %); *H NMR (CDCly): 7.97 (m, 2H), 7.31-7.42 (m, 4H), 7.07 (m, 2H),
6.48 (s, 1H) 3.56 (s, 2H), 3.10 (s, 3H), 2.11 (s, 3H). MS (ESI): m/z 436 (M - H)". Anal.
(C21H18F3NO4S) C, H, N

Computational Details

The COX-2 atomic coordinates used in the modeling studies were derived from the structure of the
complex between COX-2 and SC-558 (3a), refined at a3 A resolution (Brookhaven Protein Data Bank
entry: 6¢cox). To set the initial coordinates for the docking studies, the residues belonging to chain B
and three N-acetyl-D-glucosamine residues present in chain A of the crystal structure of COX-2 were
removed and excluded from all calculations.

Autodock calculations. The crystallographic complex between COX-2 and 3a was used to check
the ability of the program Autodock to investigate the binding mode of diaryl five-membered
compounds into the binding site of the enzyme. For this purpose, the complex was manipulated to
extract the inhibitor, which was in turn computationally re-docked by means of Autodock within the
binding site. A grid point spacing of 0.28 A and 87 x 81 x 97 points were used. The grid was centered
on the mass center of the crystallographic inhibitor. Ten different Autodock parameter files were set to
choose the optimal values of docking parameters. They were tested via the simulation of the
recognition process of 3a by COX-2 and the comparison of the modeled complexes with the available
three-dimensional structure derived by X-ray crystallography. By using these settings, the program
successfully reproduced the X-ray coordinates of the inhibitor’s binding conformation with a very
good rmsd (0.27 A) measured on the heavy atoms. The same set of parameters was aso used to
perform docking simulations of all the remaining inhibitors. Parameters for docking runs were set as
follows (imported from a docking parameter file):

outlev 1 diagnostic output level

rmstol 0.5 cluster_tolerance/A

extnrg 1000.0 external grid energy

e0max 0.0 10000 max initial ernergy; max number of retries
ga _pop_size 50 number of individualsin population
ga_num_evals 250000 maximum number of energy evaluations
ga_num_generations 27000 maximum number of generations
ga €ditism1 number of top individuals to survive to next generation
ga_mutation_rate 0.02 rate of gene mutation

ga crossover_rate 0.8 rate of crossover

ga window_size 10

ga_cauchy apha0.0 Alpha parameter of Cauchy distribution



ga _cauchy beta 1.0 Beta parameter Cauchy distribution

set ga set the above parameters for GA or LGA
sw_max_its 300 iterations of Solis & Wetslocal search
Sw_max_succ 4 consecutive successes before changing rho
sw_max_fail 4 consecutive failures before changing rho

sw_rho 1.0 size of local search space to sample

sw_|b rho 0.01 lower bound on rho

Is search freg 0.06 probability of performing local search on individual
set_pswl set the above pseudo-Solis & Wets parameters

ga run 100 do this many hybrid GA-LS runs

analysis perform aranked cluster analysis

Optimization of the COX-2-inhibitor complexes. A molecular mechanics/energy minimization
(MM/EM) approach was applied to refine the Autodock output. Such a structural optimization of the
complexes obtained was necessary because the docking software Autodock does not perform any
structural optimization of the complexes found. The computational protocol applied consisted in the
application of 10,000 steps of the Steepest Descent algorithm or until the derivative convergence was
0.01 kcal/A-mol. Moreover, because of the large number of atoms in the model, to correctly optimize
the COX-2-inhibitor complexes obtained by the flexible docking, the following additional constraints
had to be imposed:

i. a subset, comprising only the inhibitor and a shell of residues possessing at least one atom at a
distance of 5 A from any of the inhibitor atoms, was created and subjected to energy minimization.
The inhibitor and all the amino acid side chains of the shell were unconstrained during energy
minimization to alow for re-orientation and proper hydrogen bonding geometries and van der Waals
contacts;

ii. al the atoms not included in the above defined subset were fixed, but their non-bond interactions
with all the relaxing atoms were calculated.

Further details on this computational protocol have been reported elsewhere.?

The choice of the force field was a crucial step for complex minimization. In fact, both OPLS-AA
and cvff force fields, athough reported as well parameterized and used to treat coxib-like
compounds,®* were discarded owing to the lack of some bending and torsional parameters on the
diaryl system and on the methylsulfone group, respectively. All the calculations reported here were
performed with an implemented version of AMBER94 kindly provided by Soliva R. and coworkers.”

GRID calculations. The probes used were OH2 (water), C3 (methyl), O (sp® carbonyl), OS
(sulphone/sulphoxide), F (organic fluorine atom), Br (organic bromine atom), F3 (fluorine atom in
trihalo groups). A value of 0 was used for the GRID keyword MOVE, thus allowing lone pairs and
tautomeric hydrogen atoms to move in response to the probe. The geometrical properties of the
compounds studied (i.e., celecoxib (3) and its bromo derivative 3a, and the new pyrroles) were able to
fully justify Grid results obtained by means of the various probes. In fact, Grid maps for OS (sulphone
oxygen), Br (a bromine substituent), F (a fluorine substituent), C3 (a methyl group), and CF3 (a
trifluorinated substituent) showed profitable interactions with all the vertices of a equilateral triangle,
thus allowing, in principle, for different orientations of the inhibitors within the active site of COX-2.
In agreement with such findings, three distances proved to be very similar in the structure of the above
coxib derivatives. In particular, taken 3a as the reference structure, distances between 1) the bromine
on the 5-phenyl ring and the sulphur atom on the 1-phenyl ring; 2) the bromine and the trifluoromethyl
carbon atom at the position 3; 3) the sulphur atom and the trifluoromethyl carbon atom were al found
to range between 9.2 and 9.4 A. In other words, the bromine, the trifluoromethyl carbon, and the
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sulphur atom were located at the vertices of an equilateral triangle, thus at the same distance between
one another. However, it is noteworthy that the best orientations of the inhibitors were calculated by
means of the Autodock program, that evaluated, at the same time, the interaction properties of various
atom probes with the macromolecule. In particular, following a grid-based approach, Autodock
calculated the interactions of appropriate probes (representative of the compounds under study) with
the macromolecule binding site. Next, based on a scoring function evaluating such interactionsin their
whole, the program also provided a ranked list of possible orientations of the inhibitor within the
binding site of the macromolecule, allowing the user to choose the best orientations.

Results from GRID calculations on compound 9c. The carbonyl Grid map was in agreement with
the result from Autodock, showing that the Arg120 side chain is surrounded by regions of profitable
interactions with a carbonyl group (-7 kcal/mol), also including the position occupied by the carbonyl
ester group of 9c. Moreover, it is important to note that, although in the region where the ester ethyl
chain lay, additional space was available for longer alkyl groups, the C3 grid seemed to suggest that
the two-carbon atom group was the optimal substituent to be inserted into the ester chain. In fact, a
region of profitable interactions between a methyl group and the protein was found in correspondence
of the terminal methyl group of the ester chain of the inhibitor. Finally, according to the orientation of
the 2-methyl substituent of 9c between the side chains of both Val349 and Ala527, inspection of the
grid generated with the methyl probe showed (at -3.0 kcal/mol) positive interactions with the 2-methyl
group, also in agreement with what found previously by other researchers suggesting that such a
substituent at this position yields the optimal potency.’ Analysis of the C3 grid showed additional
stabilizing interactions involving the two para substituents of the 1,5-diaryl system of the inhibitor.
This result was in agreement with the presence of a methyl group at the para position of the 5-phenyl
ring of inhibitors such as 9b and 3. The Grid map generated for a trifluoromethyl group also gave
interesting results. In detail, the best interaction with COX-2 (-4 kcal/mol) was found in the region
where the trifluoromethyl group of SC-558 was located in the crystallographic structure. An additional
interaction, dlightly less profitable (-3.8 kcal/mol) corresponded to the CF; group of 9c in its best
orientation generated by docking simulations. Changing the CF3 probe into a fluorine probe similar
results were obtained, with three major interaction sites represented by the vertices of an equilateral
triangle and corresponding to three structural elements of the inhibitors studied (see above). However,
one of the three interaction regions was worthy of further consideration. In fact, the fluorine map
suggested that a fluorine substituent at the para positions of the 1-phenyl ring (smilarly to the bromine
of 3a) and, additionally, at the meta position of the same ring could improve the interaction with
COX-2, involving Trp387, Tyr348, and Tyr385 of the hydrophaobic cavity.

Complexes between COX-2 and compounds 9a and 9b. The replacement of the trifluoromethyl
group of 9c with the methyl substituent of 9b led to an 8-fold decrease in affinity. However, the
structural similarity with 3 (bearing a very similar diaryl system on a heteroaromatic five-membered
ring) and the inspection of the methyl Grid map (allowing profitable interactions with the protein when
the CF; group of 9c in its best orientation is changed with a CH3 substituent) made such a decreased
affinity unexpected. On the other hand, according to the experimental data, the first-ranked orientation
found by Autodock for 9b (characterized by an interaction pattern very similar to that of 9c) was
predicted to have a decreased affinity (about 4-times lower than the best conformation of 9c), also
accounted by MM/EM calculations. Alternatively, the eighth ranked cluster of orientations (among a
total number of 56 clusters) showed that 9c underwent a rotation altering the position of all the
substituents of the pyrrole ring and a trandlation superimposing the pyrrole to the 1-phenyl ring of the
crystallized inhibitor. The ester carbonyl oxygen replaced the sulfone oxygen in the hydrogen bond
(2.8 A) with the NH backbone group of Phe518 (selectivity site), while the methyl group of the sulfone
moiety pointed toward a hydrophobic region (hydrophobic pocket) defined by Leu 384, Tyr385, and
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Trp387. Similarly, the p-methyl group at the 1-phenyl ring was embedded within a hydrophaobic cage
constituted by the side chains of Val349, Leu359, and Leu531 (a peripherical region of the carboxylate
site). This orientation was predicted by Autodock as dightly less profitable, in agreement with the
carbonyl grid showing, for example, no map corresponding to the region of space where the ester
carbonyl group was accommodated, contrary to the results found for the first orientation.

It was impossible to rationalize the activity of compound 9a on the basis of docking and Grid
calculations. In fact, docking simulations found the best orientation (belonging to the first of 50
conformation clusters) perfectly superimposed to the best orientation of the corresponding methyl and
trifluoromethyl derivatives. As a consegquence of this orientation and owing to the lack of substituents
at the para position of the 1-phenyl ring, the usual hydrophobic contacts with the hydrophobic pocket
(in particular, with Tyr385 and Trp387 side chains) were not found. On this basis, the complex
between COX-2 and 9a, in both the non-minimized (from Autodock) and the minimized forms,
showed less profitable interactions with respect to the complexes between COX-2 and the
corresponding para-substituted derivatives of 9a. Also in this case, aternative orientations were found
with the side chains disposed as described for compound 9b.

Complexes involving acidic compounds. Acidic compounds were docked in both their protonated
and unprotonated forms, but no substantial difference was found either in their orientation or in their
predicted binding affinity. In fact, as an example, the best orientations of both forms of 10c filled the
binding site of COX-2 similarly to the corresponding ester derivative. As far as the interaction pathway
was concerned, both forms of the optimized complexes were able to form a network of three hydrogen
bonds with the guanidino group of Argl20 (carboxylate site), while one of the sulfone oxygens
interacted by a hydrogen bond with the NH backbone group of Phe518 within the selectivity site (like
the ester derivative).

Compounds 10b and 10a showed the same binding mode, with the latter predicted to have the lower
affinity for COX-2, in agreement with the experimental data.

Based on both Autodock and Grid calculations, the activity trend showed by acidic derivatives was
better rationalized with respect to that of the corresponding esters. In fact, while in the case of esters,
we were unable to understand the reason(s) why 9a, lacking the pharmacophoric element at the 1-
phenyl ring, was found to have such an interesting activity, 10a showed reduced activity with respect
to the methyl and CF; analogues, probably owing to the lack of hydrophobic interactions between such
substituents and the hydrophobic pocket of COX-2.

Complexes with keto-ester derivatives. The conformational rigidity introduced into keto-ester
derivatives significantly influenced the binding mode of such compounds within the COX-2 binding
site. In fact, the best orientation of 8b, taken as the reference compound of the whole subclass, showed
an interaction pattern characterized by the methylsulfone group located at the site of the 3a bromine
atom (hydrophobic pocket), while the methyl group lay in the same pocket accommodating the CF;
group of 3a (carboxylate site). In such an orientation, although the ester carbonyl group of the inhibitor
was able to make the usual hydrogen bond with the NH backbone group of Phe518 (selectivity site),
additional interactions, important for a profitable binding within the active site (i.e., the hydrogen
bond between the ester chain and Argl20 and the hydrophobic interactions with the hydrophobic
pocket), were lost. The program accounted for this unfavorable behavior predicting for 8b the lowest
calculated affinity. On the basis of their lower affinity with respect to the corresponding ester and
acidic derivatives (and consequent lower selectivity between the two forms of the enzyme), probably
due to the different structural properties introduced into the side chain at the position 3 on the pyrrole
nucleus, keto-esters were considered not much attractive compounds and were not investigated further.

S6



Being aware that in the field of COX-2 inhibitors, empirical rules formulated for a given class of
compounds can be useless when applied to different classes, agreement between Autodock and Grid
results, that in turn allowed the rationalization of the major structure-activity relationships of the new
compounds, led us to consider the computational protocol as a reliable tool for finding the binding
mode of 1,5-diaryl-2-methyl-3-substituted pyrrole derivatives within the COX-2 binding site. To
further support this theoretical results, structural modifications suggested by computer simulations
have been planned to synthesize a second generation of compounds (possibly) endowed with an
improved biological profile.
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Analytical Data

C H N
compd formula Cacd% Cacd% Calccd %
Found % Found % Found %
8a CHNOsS 64.22 5.14 3.40
64.41 5.28 3.23
8b Cu3H23NOsS 64.92 5.45 3.29
65.19 5.57 3.17
8c Ca3Hz0FsNOsS 57.61 4.20 2.92
57.80 4.34 2.78
%9a CH23NO,4S 66.48 5.83 3.52
66.32 5.68 3.70
9b Cu3H2sNO,S 67.13 6.12 3.40
67.34 6.32 3.25
9c CxHxFNO,S 59.35 4.76 3.01
59.52 4.98 2.89
10a CooH19NO4S 65.02 5.18 3.79
65.25 5.30 351
10b C,1H21NO,S 65.78 5.52 3.65
65.62 5.38 3.84
10c Co1H1gFNO,S 57.66 4.15 3.20
57.90 4.32 3.02



