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Experimental Section:
Materials

All chemical used were purchased from Fluka or ihir having> 98% purity. Melting points were
taken on Blichi apparatus in open capillary tubesveere uncorrected. The NMR spectra were acquired
using Bruker Avance 500/125 MHz NMR instrument. p&a for NMR characterization were dissolved
in DMSO-ds and spectra calibrated using residual solventassgfi DMSO-dg: *H: 2.50ppm *°C 39.70
ppnt). Mass spectra (LC HR/ESI-MS) were recorded onmehg Technologies 6210 TOF LC ESI-MS
instrument in positive or negative mode, using Me@Ha solvent. IR spectra were taken on Thermo-
Nicolet 6700 FT-IR spectrometer (ATR) Combustioralgges were done on Vario EL Ill, CHNS
Elemental Analyzer (Elementar). All reported compasi (-20) are confirming >98 % purity, based on

combustion analysis data.

Synthetic procedure

Synthesis and characterization1s¥, 13-19 was described previousty. The same samples were used
for antibacterial and cytotoxicity assays. Synthesi9-12, 20: For synthesis of2 and20, commercially
available acetophenones were used. For synthe8id hfthe commercially available alkylbenzenes (1,3-
di-i-Pr-benzene, 1,4-dHPr-benzene, 1,3,5-tri-Et-benzene and 1,3,5®i-benzene for 8-11,
respectively) were used. Acylation with AcCl in &b, using AICE as a catalyst, under cooling,
afforded corresponding acetophenones, which werrdigul by distillation under reduced pressure
(crystallization for 2,4,6-tri-Pr-acetophenone (PhH)) and characterized By and *C NMR
spectroscopy. Pure acetophenones were used foemrsetibn with diethyloxalate (1:1) in presence of 2
molar equivalents of NaOMe (obtained by dissolutddiNa in dry MeOH) during 16-18 h. The reaction
mixture was quenched by ice-cold acidified wate€lHH = 2-3) and stirred 4-5 h. Et-ester IiZ was
hydrolyzed using dioxane/1M NaOH (1:1) during 3lddhe crude product purified by crystallization.

Other crude products were extracted with-Bi ether, organic layer thoroughly washed withesadried



with anhydrous CaSQand concentrated under reduced pressure. Pureigtsoevere obtained by

crystallization. pk value of 8-10 were determined using the same procedures asliEs@reviously:?

8 4-(2,4-diisopropylphenyl)-2,4-dioxo-2-butenoic acid:

Light yellow crystals, @H»0Qs; ESI-MS HR (solvent MeOH, positive mode): 277.24M+H]"
(Calc. Mass 276.1362). Melting point 124-176 ((i-Pr,0). IR v (cni): 1713.4, 1622.5, 1608.4, 1397.1,
1276.5.*H NMR 500 MHz (DMSO#€s, 27 °C), d (ppn): ~ 14 p), 7.465 (1, 1H,J = 8.22 Hz), 7.351d
1H,J=1.19 Hz), 7.212dd, 1H,J; .= 1.71 Hz,J; 3= 7.90 Hz), 6.61¢ integral 0.13, correspond to 2H
from diketo tautomer), 2.43(1H,J = 7.07 Hz, merged with diketo heptet), 2.9871H,J = 7.15 Hz),
1.215 (¢, 6H,J = 2.93 Hz), 1.995d 6H, J = 2.44 Hz).*C NMR 125 MHz (DMSOds, 27°C) ,  (ppm):
196.17, 167.75, 163.36, 152.63, 148.15, 133.78,8428124.81, 123.90, 102.54, 33.77, 29.18, 24.19,

23.74.

9 4-(2,5-diisopropylphenyl)-2,4-dioxo-2-butenoic acid:

Light yellow semisolid, GH2004; ESI-MS HR (solvent MeOH, positive mode): 277.14A0+H]"
(Calc. Mass 276.1362); Melting point 124-126 ((i-Pr),0). IR v (cmi): 1721.2, 1631.9, 1617.9, 1588.3,
1439.5, 1263.0'H NMR 500 MHz (DMSOds, 27 °C), 6 (ppn): 6.563, (s, 1H), 4.482s(2H, intensity
0.16 in respect to enol H3 — diketo tautomer), G.&3 b, 1H), 2.923 ¢ 1H), 1.204 ¢, 2H), 1.187 4,
6H), 1*C NMR 125 MHz (DMSOds, 27 °C), 6 (ppm): 196.21, 168.21, 163.36, 146.19, 144.84, 136.21,

129.87, 126.89, 125.86, 102.65, 33.02, 28.09, 24£236.

10 4-(2,4,6-triethylphenyl)-2,4-dioxo-2-butenoic acid:

Light yellow crystals, GH»004 ESI-MS HR (solvent MeOH, positive mode): 277.143M+H]",
(Calc. Mass 276.13616); 189.1266, 34.45 %). Melpoint 124-125°C (Hexane). IRy (cm™): 1711.7,
1624.2, 1603.5, 1584.7, 1399.0, 1274.NMR 500 MHz (DMSO€s, 27 °C), § (ppm): 6.99 &, 3H),
6.26 § b ~1H), 4.28 §, low intensity from diketo tautomer), 2.5, 01 = 7.63 Hz,J; == 15.26 Hz, 2H),

~ 2.59 ¢, overlapped with DMS@ signals), 1.19t(J = 7.63 Hz, 3H), 1.11t(J = 7.63 Hz, 6H)°C



NMR 125 MHz (DMSOds, 27 °C), 5 (ppn): 195.49, 168.89, 163.37, 145.16, 139.86, 134178,54,

113.84, 27.92, 25.74, 15.79, 15.24.

11 4-(2,4,6-triisopropylphenyl)-2,4-dioxo-2-butenoic acid:

Light yellow crystals, GH2004; ESI-MS HR (solvent MeOH, negative mode): 317.1jM@+H], (Calc.
Mass 318.1831). Melting point 76-78 (PhH). Unstable for full characterization.
(2,4,6-Triisopropylphenyl)-ethan-1-one. Colorlesystals (EtOH/HO). IR v (cm™): 1691.1, 1457.1,
1357.5, 1240.4*H NMR 200 MHz (DMSOdg, 25 °C), § (ppm): 7.049 6, 2H), 2.867 I, 1H,J = 6.74
Hz), 2.626 h, 2H, 6.73 Hz), 2.440s( 3H), 1.182 (m, 18 H)**C NMR 50 MHz (DMSO#€s, 25 °C), J

(ppm): 208.815, 149.184, 142.830, 138.569, 120.998333.33.760, 30.578, 24.278, 24.059.

12 4-biphenyl-4-yl-2,4-dioxo-2-butenoic acid:

White solid, GeH1:04; ESI-MS HR (solvent MeOH, positive mode): 269.0§M#H]"* (Calc. Mass
268.0736); Melting point 125-128C (ACOE). IRv (cmi?): 1711.0, 1630.0, 1591.0, 1406.0, 1274t0.
NMR 500 MHz (DMSO#és, 27 °C), 5 (ppm): 13.99 b), 8.13 ¢, 2H, J = 8.98 Hz), 7.85d, 2H, J = 8.23
Hz), 7.75 (d, 2H, J = 7.76 Hz), 7.50 2H,J = 7.94 Hz), 7.43 (I, 1H) = 7.68 Hz), 7.14 (s, 1H), 4.60 (s,
2H, intensity 0.16 in respect to enol H3 — diketatomer).’*C NMR 125 MHz (DMSOds, 27 °C), &

(ppm): 189.89, 170.45, 163.35, 145.51, 138.81, 133189,31, 128.79, 127.20, 98.05.

20 4-(1H-Indol-3-yl)-2,4-dioxo-2-butenoic acid:

Orange-yellow solid, GHgNO, ESI-MS HR (solvent MeOH, negative mode): 230.0f/45H] (Calc.
Mass 231.0532); Melting point 205-208 (AcOEt). IRv (cnmi?): 1613.1, 1576.2, 1525.1, 1440.0, 1258.4.
'H NMR 500 MHz (DMSO#s, 27 °C), 6 (ppm): 12.44 6, b, 1H), 8.75 ¢, J = 3.19 Hz, 1H), 8.28¢( J =
1.79 Hz, 1H), 7.57d, J = 6.83 Hz, 1H), 7.32 () = 7.25 Hz, 2H), 7.01s( 1H), 4.41 b), from diketo
tautomer.’*C NMR 125 MHz (DMSOds, 27 °C), 6 (ppm): 192.87, 189.68, 164.03, 137.32, 135.90,

125.38, 116.93, 116.03, 122.60, 121.75, 112.8258062.97 (from diketo tautomer).



Antibacterial assay.

S. aureusstrain ATCC 25923 was the generous gift of E. @dowait University, Kuwait).S. aureus
RN4220 containing plasmid pUL5054, which carrieg tjene encoding the MsrA macrolide efflux
protein, was provided by J. CoveStrains XU212 and 1S-58, which possesses the Tett@cycline
efflux protein, were provided by E. Ud&train CD1281 which possesses the TetK tetracyeaffiax
protein was provided by C. Dowson. SA-1199B, whoelerexpresses theorA gene encoding the NorA
MDR efflux protein was provided by G. Kaat&train EMRSA-15 was provided by P. Stapleton. All
Staphylococcus aurewsrains were cultured on nutrient agar and incdb&r 24 h at 37 °C prior to MIC
determination. Bacterial inocula equivalent to thh& McFarland turbidity standard were prepared in
normal saline and diluted to give a final inoculdensity of 5 x 1®9cfu/ml. The inoculum (125l) was
added to all wells, and the microtitre plate wasubmated at 37 °C for 18 h. The MIC was recordethas
lowest concentration at which no bacterial growtlswobserved as previously described@he
potentiating effect of these compounds was detexdhby dissolving in DMSO before diluting into MHB
for use in the MIC determinations. Norfloxacin, tanpmycin and tetracycline were purchased from

Sigma-Aldrich and used for antibacterial assaysout further purifications (purity >95%).

Cytotoxicity assays:
Preparation of drugs solution:

Stock solutions of the investigated compounds weaele in dimethylsulfoxide (Fluka Chemie AG
Buchs, Switzerland) at a concentration of 20 miMerfied through Millipore filter (0.22M), before use,
and afterwards diluted to various working concerars with RPMI-1640 nutrient medium (Sigma
Chemical Co. St Louis, MO) supplemented with 3 mindl-glutamine, 100ug/mL streptomycin, 100
IU/mL penicillin, 10% heat inactivated fetal boviserum (FBS - Sigma Chemical Co.), and 25 mM

Hepes, adjusted to pH 7.2 by bicarbonate solution.



Preparation of peripheral blood mononuclear cells (PBMC):

Three healthy volunteers donated human blood. PBW¥€ separated from whole heparinized blood
by Lymphoprep (Nycomed, Oslo, Norway) gradient dgardation. Interface cells, washed three times
with Haemaccel (aqueous solution supplemented WthmM N&, 5.1 mM K, 6.2 mM C4&’, 145 mM
CI” and 35 g/L gelatin polymers, pH 7.4), were couraed resuspended in RPMI-1640 nutrient medium

with 10% FBS.

Treatment of PBMC from normal healthy donors:

PBMC were seeded at the density of 150,000 ceflsvp# in a nutrient medium only (with 10% FBS),
or in a nutrient medium enriched withpg/mL of phytohaemaglutinin (PHA - Welcome Diagnosfi
England) in 96-well microtiter plates. Two hourtela investigated compounds were added to the wells
in triplicates, to five final concentrations (withthe range of 18.75-3Q€M), except to the control wells
where a nutrient medium only was added to the .ddliérient medium with corresponding concentrations
of compounds, but void of cells was used as bl&BMC’s were incubated for 72 hours at 37 °C in

humidified atmosphere with 5% GO

Determination of PBMC survival:

PBMC survival was determined by MTT test accordinghe method of Mosmafimnd modified by
Ohno and Abé,72 hours after the drug addition. Briefly, @0 of MTT solution (5 mg/mL in phosphate
buffered saline) was added to each well. PBMCs wiecabated for further four hours at 37 °C in
humidified atmosphere with 5% GOrhen, 10QuL of 10% SDS was added to the wells. Absorbance was
measured at 570 nm the next day. The cell sur¢5%) was measured/quantified using absorbance at
570 nm of a sample with cells grown in the presesfogarious concentrations of agent was dividedhwit
absorbance of control sample (the absorbance tf gedwn only in nutrient medium), implying that

absorbance of blank was always subtracted fromrahsoe of a corresponding sample with target cells.



Calculation protocols:

Structures of1-20 were sketched using ISIS Draw 2.8nd imported in VegazZZ 2.2.Imolecular
modeling package. Based on the NMR spectra of comgsy recorded in solvents having different
polarity and HBA/HBD abilities (CDG) D,O, and DMSOds)? the prevailing, enolic forms of aryldiketo
acids in both neutral and ionised forms were casidl during modelling. Initial structures (lowest
energy conformations) @f1-24 were obtained by Omega 2.2 from SMILES notation using MMFF94
force field* Structures ofl-20, 24 were optimized by semiempirical molecular orbR&l6 methodto
root mean square (RMS) gradient below 0.01 kcal/rbgl MOPAC200%® using implicit solvation
(COSMO, setting dielectric constant of the solvémt78.4 - water). A constraint was imposed in
compound®1-23 on the heavy atoms of the piperazine ring conueittgoosition 7 and C7 of quinolone
moiety, and calculations were done under the samditton as forl-20. Optimized structures were used
as input for ALMOND suite of progrant$.GRID 22&° was used for calculation of MG+2 probe
molecular interaction fields with, 8 - 10, 12, 15, 17, 19, 21-24, using grid resolution of 0.5 A. MOVE
directive was kept at default value of 0, so thed movement of flexible parts of molecules was not
allowed. The GLUE procedure of the same program used for calculations of interaction energies
betweer21 and1-20. Conformers ofl-20 monoanions, anél-24 zwitteranions are built by Omega 2.2.1,
using MMFF948' force field, and ROCS 2.3%1 was used for superimposition of molecules and
similarity analysis. For calculation the ‘shape yondlirective was set to ‘false’. The Accerlys DS
Visualizer 2.0 was used for graphical representatid obtained results of similarity analysis. All
calculations were done on AMD dual core x64 prooe$s GHz) in Windows or Linux environments.

pKa Prediction ofl2 was obtained by MoKa 1.0.9, using prediction lipra. 4.3.3""

Building ALMOND models:
Two models were built. First model was obtainechg$, 8 - 10, 12, 15, 17, 19 and commercial

antibiotics 1-24) in their neutral forms-model I; while the secanddel was built using same molecules



in their ionization states under physiological pH36) - model Il. Initial models were built usingLNO,
DRY and TIP probes (HBD, HBA, hydrophobic and sh@pebe, respectively). For both models, the
correlograms of the O probe in PLS plots appeassg similar to corresponding ones of N1 probe. For
clarity, after first runs, O probe was excluded.r@@es were extracted and %weight of field is a3
(Model 1) and 60 (Model 1) for final models (settj of relative weight of field at 50% accounts dqua
importance of distance and energy product of nool@ssettings gives more weight to the energy pcbdu
in respect to node distance). TIP cut-off is sed.® A to avoid close proximity between TIP noded a
nodes of other probes. This resulted with morerpmétable final models. Initially, first model (egéd to
molecular forms of compounds) relied on the N1-Ndss-block that distinguish commercial antibiotics
(21-24) from the rest. Because of that, this block wadwded and new model was built. For the second
model (related to ionized species), the weightgaesl to the atomic electrostatic contribution was
lowered, setting ALMD directive to 0.6. Models wdrailt by means of partial least square (PLS) u8ing
latent variables (LV) for first runs. Final modelere derived by 2 LV. Validation of models was ddye
cross validation using three groups of approxinyatdme size in which the objects were assigned
randomly. For the final models “leave two out” afidave one out” cross validation data were also
reported. As all obtained node-node interactionsewmt relevant for model derivation, the ALMOND
built-in fractional factorial design (FFD) was ustxt variable selections, keeping in models underta

variables. Final models comprise lower number ofades and should have better predictivity.



Supporting Results and Discussion

Cytotoxicity results

Table 1S. Cytotoxicity, expressed as d£and 1Go (concentration that inhibit 50% and 90% growth,
respectively), of selected compounds toward heditihman cells PBMC (peripheral blood mononuclear
cells) non-stimulated and stimulated for prolifesatwith phytohaemaglutinin (PHA).

Compound ICs0 1Co0

No. PBMC (M) PBMC+PHA (M) PBMC M) PBMC+PHA (M)
8 121.4 (+ 6) 122.1 (+ 1) 265.0 (+2) 273.0 (£6)
10 137.4 (+10) 107.1 (+ 2) 265.0 (+5) 257.0 (£5)
12 153.5 (8) 147.3 (£ 11) >300 296.0 (29)
15 >300 >300 >300 >300

17 264.4 (+10)  247.1 (+ 10) >300 >300

20 >300 >300 >300 >300

10



Almond Model

Two models were selected for discussion: modell In@lecules were in their neutral form) and mogel
(molecules were in a protonation states that wbelddopted at the physiological pH (7.35)).

Table 2S. Statistics of PLS model for neutral forms 5f 8 - 10, 12, 15, 17, 19, 21-24 minimum
inhibitory concentrations (MIC) against SA-1199B.

V:;;ebr:tes é(x:)/lzrrll?att)ilsn Accur:: ulation SDEC r°
1 23.369 23.369 0.328 0.905
2 15.923 40.292 0.190 0.968
Latent SDEP SDEV ?(RG)  FLTO)  ¢?(LOO)
Variables
1 0.590 0.136 0.692 0.741 0.759
2 0.528 0.138 0.754 0.797 0.812

The statisticsr* andq” values, standard deviation of error calculatioBPEE) and prediction (SDEP) refer to PLS model
obtained after two run of FFD variable selectioingsthe following settings: Max. dim.: 2; 3 randaymoups; 20 SDEP;
recalculated weights; retain uncertain variablé&®s2dummies; Comb/Var ratio = 2.5. The same valiathethod is used to
calculateq’ (q° (RG) - Random groupsf (LTO) — Leave two outy’ (LOO) — Leave one out) and SDEP.

Table 3S. Statistics of PLS model for ionised forms ®f8 - 10, 12, 15, 17, 19, 21-24 minimum
inhibitory concentrations (MIC) against SA-1199B.

V:Z;;et;:;s é(x:)/lzrrll?att)ilsn Accur:: ulation SDEC r°
1 26.197 26.197 0.288 0.927
2 10.674 36.872 0.120 0.987
Latent SDEP SDEV ?(RG)  F(LTO)  F(LOO)
Variables
1 0.691 0.113 0.579 0.632 0.651
2 0.639 0.113 0.640 0.696 0.723

The statisticsr* andq” values, standard deviation of error calculatioBPEE) and prediction (SDEP) refer to PLS model
obtained after two run of FFD variable selectiomngsthe following settings: Max.dim.: 2; 3 randomogps; 20 SDEP;
recalculated weights; retain uncertain variablé€ps2lummies; Comb/Var ratio = 2.5. The same valifatnethod is used to
calculateg” (g° (RG) - Random groupsf (LTO) — Leave two outy’ (LOO) — Leave one out) and SDEP.

11



Table 4S.Variables having high impact on the first modeétet! to neutral forms &, 8 -10, 12, 15, 17,

19, and21 - 24.

Variable

Probe block NC

Distance

(A)

Impact

Region$

DRY-DRY 27

8.64

Region of phenyl ringnd
region of keto-enol double bond
for aryldiketo derivatives.
Region of C7 substituent alkyl
moietyand C2-C3 double bond

of 21-24.

TIP-TIP 21

6.72

Carboxyl HBD-HBA for all
compounds.

TIP-TIP 29

9.28

Region of carboxyl groupnd
ortho-alkyl substituent for
aryldiketo acids or 1-alkyl

substituent foR1-24.

TIP-TIP 56, 57

17.92-18.24

Region of carboxyl groupnd

terminal part of C7 substituent

of 22-24 or para position of12
4'-phenyl.

DRY-N1 24

7.68

N1 lobe associated with aroyl
carbonylanddistal DRY lobe
associated with phenyl ring for
aryldiketo acids. Fo21-24, to
DRY probe area contribute
nodes of ketopyridone moiety
and alkyl substituent in position
1; N1 positioned on distal or
proximal N of C7 substituent
(carboxyl carbonyl foR1).

DRY-N1 37

11.84

DRY on phenyl ring for
aryldiketo acids, or alkyl moiety
of C7 substituent fo21-24. N1

associated with carboxyl

carbonyl.

N1-TIP 58

18.88

+

N1 associated with carboxyl
carbonyl, TIP associated with
most distant part of molecule.

2 Described as regions of molecules associated wétliitstandthe second probe.

12



Table 5S.Variables having high impact on the model for i@iiZorms of5, 8 -10, 12, 15, 17, 19 and21

- 24,

Probe block

Variable
NQ

Distance

(A)

Impact

Region$

DRY-DRY

24, 25

7.68-8.00

Region of ring C connected to
aroyl ketoandregion of C
connected to 4 or 5 subsistuent
for aryldiketo derivatives.
Region of C7 subsituent alkyl
moietyand C4'-C10' bond of
21-24,

TIP-TIP

17

5.44

Mainly carboxylate O-O.

TIP-TIP

31

9.92

Region of carboxylate O (or
enolate O for dianiongnd
alkyl substituent (4 or 5 for
dianions) for aryldiketo acids or
1-alkyl substituent fo21-24.

TIP-TIP

50

16.00

Region of carboxylatand4-
substituent of phenydr terminal
part of C7 substituent @&2-24.

DRY-N1

22

7.68

N1 lobe on aroyl carbongnd
distal DRY lobe of phenyl ring
for 5, 8-12. For21-24, to DRY
probe area contributes nodes of
ketopyridone moiety and alkyl
substituent in position 1; N1
associated with qunolidine 3-
keto group (or distal N of C7
substituent foR4).

DRY-N1

43

13.76

DRY on phenyl ring for
aryldiketo acids. N1 associated
with carboxylate.

N1-TIP

54, 58

17.26 -18.88

+

N1 associated with carboxyl,
TIP associated with most distant
part of molecule.

2 Described as regions of molecules associated wétlitstandthe second probe.

13



Table 6S.Presence of variables associated with compoundiseimodel for neutral forms &f 8 - 10,
12,15, 17, 1%nd21- 24.

Compou

nd N°

DRY-
DRY 27

TIP-TIP

21

TIP-TIP

28

TIP-TIP

58

DRY-N1

DRY-N1

25

DRY-N1

37

DRY-

TIP 41

N1-TIP

58

10
11
12
15
17
19
21
22
23
24

+ + +

+

+ 4+ 4+ 4+ +++ oy
o T o T

+

++ + + +

+

+ + + +

+ + +

+ 4+ + ++t + + + 4

+ ++ + 4+ + ++++ + + 4

++ + 4+ + 4+ +++ 4+ + 4

+ + + + + + 4
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a (DRY-DRY 21) for this compound.
b (TIP-TIP 20) for those compounds.
¢ (TIP-TIP 32) for this compound.

Table 7S.Presence of variables associated with compoundiseimodel for ionized forms &, 8 - 10,
12,15, 17, 1%nd21- 24.

Compound N
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DRY
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2
N1-N1
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TIP-TIP
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TIP-TIP

31
TIP-TIP
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DRY-N1
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N1-TIP

47, 48

N1-TIP

54
N1-TIP
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17
19
21
22
23
24

+ + + +

+ + 4+ + 4+ + + + ++

+

+ + 4+ + + + +

+ + + +

+

|+ +

+ + + +

+ + 4+ + ++ ++ + 4+ + 4+

+ 4+ 4+ 4+ + +++++F

+ + + +
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Table 8S.0bservedss. Calculated log (1/MIC) against SA-1199B 18 - 10, 12, 15,17, 19, 21 - 24in

their neutral and ionized forms. MIC is in mol/L.

Compounc  MIC Observed  Calculated Calculated
No. (M) Log(1/MIC) Log(1/MIC)® Log(1/MIC)
5 1.03«10°  2.987 2.809 3.162
8 2.32+10° 3.635 3.729 3.736
9 2.32+10° 3.635 3.779 3.605
10 1.16+10° 3.936 4.051 3.805
12 4.77+100 3.321 3.223 3.185
15  2.46+10° 2.609 2.719 2.579
17 2.16+10° 2.666 2.636 2.745
19 2.26+10° 2.646 2.434 2.631
21 110-10" 3974 4.190 4.148
22 24210  4.616 4.820 4.387
23 553.10° 5.257 5.336 5.227
24  6.23+10  6.206 5.761 6.279

&Calculated for the neutral forms.
b Calculated for the ionized forms.
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Table 9S.GRID MG+2 probe minima for compoun8s8 - 10, 12, 15, 17, 19, 21 - 24 in their ionization
states under the physiological pH (7.35).

Compound o GRID MG+2 probe minima
lonization State
No. (kcal/mol)
5 HA™ -14.100
8 A% —48.089
9 AZ —46.658
10 A% —49.620
12 AZ —~31.503
15 HA™ -10.028
17 Hé‘ —-9.420
19 A -30.384
21 Zwitterion -11.609
22 Zwitterion -11.943
23 Zwitterion -14.990
24 Zwitterion -20.170

Table 10S.Interaction energies between ADKs and norfloxaeilculated by GLUE without (w/0) and
with (w) electrostatic contribution using proceddiscribed previousi?

Interaction
Compound (Egi;?r:ﬁf) Potentiatiof
w/0 w
1 -10.5 -15.4 /
2 -11.7 -14.0 /
3 -11.2 -14.7 /
4 -11.6 -14.2 /
5 -9.6 -13.4 /
6 -11.4 -15.1 /
7 -11.5 -15.6 2
8 -10.5 -16.0 /
8 -12.1 -15.4 /
9 -12.6 -14.5 /
10 -11.9 -14.7 /
11 -12.5 -12.3 /
12 -12.3 -15.9 2
13 -12.9 -16.1 /
14 7.7 -12.9 2
15 -8.0 -12.3 2
16 -8.2 -13.6 /
17 -8.9 -17.2 2
18 —6.0 -7.8 /
19 -8.4 -12.4 /
20 -11.7 -12.9 2

& Potentiation was calculated as a ratio betweeMti@of 21 in the absence and presence of a compound. Theatord was
added in the amount of one quarter of its MIC (maxin of 100«g/ml); / - no change of norfloxacin MIC in preserafeADK.
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Comparative analysis of ALMOND models related to neutral and ionized forms of molecules

Briefly, program ALMOND uses alignment independeméscriptors derived from GRID
molecular interaction fields (MIF). More negativalve of GRID MIF for any used probe corresponds to
more favorable interaction between a proleeg (hydrogen bond donor, hydrogen bond acceptor,
hydrophobic) and a molecule for which GRID MIF aaulated. By calculating MIFs for different GRID
probes around a molecule and extracting most reteregions one can obtain a fingerprint of a rezept
to which small molecule could fit well. These reggoshow favorable energy of interaction and reprtese
positions where groups of a potential receptor wonteract favorably with a ligand. Such MIF patter
can be described as the virtual receptor site (VEERh GRIND descriptor consists of two nodes
extracted from MIFs and encodes their energy prodand spatial distance. GRIND variables represent
geometrical relationships between relevant pharptam@ points around studied molecules, which are
entirely invariable to position of molecule(s) ipage and alignment of molecules. Derivation of KR
descriptors includes next steps: (i) computing tac$eMIF around studied molecules, (ii) filteringet
MIF, to extract the most relevant regions thatmethe VRS, and (iii) encoding the VRS into the SBI
variables. GRIND variables can be used for compar&f molecules and their classification withinsset
of structurally diverse entities, and ALMOND prograise principal component analysis (PCA) for this
type of analysis.

An independent variable (such is biological acyiwt a certain type) can be correlated to GRIND
descriptors (as dependent variables) obtainedsat af molecules by partial least square analyAisSy.
Most intensive bars in the PLS plots (Panels | Bkntave the highest impact on a model. Bars having
positive values on y scale represent variablestipeli correlated with activity, while those having
negative values on y scale are negatively cormlaféh activity. Within the each block (auto- ooss-
correlograms, that correspond to pairs of nodes sdme or a different probe, respectively) varmbie
arranged from left to right on the x scale of that pccording to ascending distance between tlaes.

In addition to the spatial arrangement of molecaled nodes encoded in GRIND variables, each node of
each variable exert specific energy of interactwith a target molecule. Therefore, the strength of
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interaction between respective GRID probe in paldicnodes and molecules are accounted in addiion
spatial positions of VRS regions. More detail im@ation on the method can be found in original

references?

S

21 Norfloxacin 22 Ciprofloxacin 23 Levofloxacin
(CAS 70458-96-7) (CAS 85721-33-1) (CAS100986-85-4)
(0] (0]
3 OH

24 Moxifloxacin (CAS 151096-09-2)
Scheme 1SStructural formulae d1-24

Two ALMOND models were built, first related to moldes in their neutral forms, and the second
related to molecules in their ionized forms, atgbblpgical pH. Conformations of molecules usedathb
models were obtained by geometry minimization cemiempirical level of calculation using an imgilici
solvent model, and should represent prevalent cord#ons in solution.

Despite the fact that ionized forms had signifigandifferent conformations from their
corresponding neutral forms and the ALMOND probedildted different interactions (mainly in
intensities and not positions), the majority ofightes having high impact in both models were very
comparable. Both models readily detected structsirailarity between moieties of studied aryldiketo
acids b, 8-10, 12, 15, 17, 19) and fluoroquinolone antibiotic21-24) by both positions of nodes around
molecules and their interaction energies (IE).shtilar regions were positively correlated with grudy.

Graphical presentation of PLS coefficient plots aadables associated with compounds, are given in
Panels | and Il for models that correspond to iediand neutral form of compounds, respectively. For

illustration, important variables associated witinpounds are also given in the Panels | and II.
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Subsequent analysis emphasizes only similarity éetvstudied aryldiketo acids, @-10, 12, 15, 17, 19)

and fluoroquinolone antibiotic2{-24) and does not offer full interpretation of the ratsd

Panel I: Model for ionized forms of compounds.

“m
Variable DRY-DRY 25 fo9 (left) and22 (right) Variable TIP-TIP 31 folO (left) and22 (right)
modf.dm
8 N1-TIP 54, 58
DRY-DRY 24, 25

§_ N1-N1 38 TIP-TIP 80

0 DRY-N122

i TIP-TIP 31
€ g
: g
8

g
0w Tl
o

il

5

TIP-TIP 17 N1-TIP 47, 48
8
DRY-N143
‘5?,10 |?4.2U I| 130 li 4840 Ilﬁ.io I222.60 ﬁm IZSE\.BO Imgo I.‘s?l oo

varicble  sequentid  number
PLS coefficient plot (2 LV)

Variable DRY-N1 22 forl0
(up) and22 (down)
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Panel II: Model for neutral forms of compounds.

f'e

Variable DRY-DRY 27 fo8 (left) and21 (right)

Variable TIP-TIP 31 fotO (left) and22 (right)

PLS coefficients (PC 2)

010 015 020 025 030

005

=020 =015 010 -005 000

B N1-TIP 58
| DRY-DRY 27
B TIP-TIP 29 TIP-TIP 56, 57 DRY-TIP 41
DRY-N1 24
- TIP-TIP 21
DRY-N1 37
1 I | 1 1 | 1 1 | 1
3650 7300 10850 14600 18250 21900 25550 29200 32850 36500

varidble sequentid number

PLS coefficient plot (2 LV)

Variable DRY-N1 24 forlO (up) an
21 (down)
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Similarity between 4-phenyl-4-ox0-2-butenoic moietgyd quinolone core a21-24 was observed by
variable DRY-DRY 27 of the first model, relatedrteutral form of the studied compounds, and vargble
DRY-DRY 24 and 25 of the model related to ionizesmpounds. One node of these variables was
always positioned proximal to phenyl rings of aigdo acid or of the quinolone core, while otherswa
positioned in the proximity to 4-oxo-2-butenoic metyi or the pyridone C=C double bonds.

The spatial arrangement between the carboxyl gengp theortho-alkyl substituent of aryldiketo
acids 8-10) was compared to the spatial arrangement of tbarBexyl group of the quinolone core and
alkyl substituent in its position 1, as given byiahle TIP-TIP 29 (31 for the model related to wad
form of molecules).

Variables TIP-TIP 56 or 57 (50 for the model retat® ionized form of molecules), roughly
corresponded to the "length" of molecules, since nade of a variable was associated with carboxyl
moieties and the second node was associated vatmdst distal part of a molecule. It should be dote
that this variable only had non zero value for coomu12 in the first model, while the same variable had
significant intensity for the majority of the mgsbtent aryldiketo acids in the model related tozed
form of molecules (Tables S6 and S7). This empldsthat all studied molecules were mutually more
similar in physiological (di)anion form, than ingiih corresponding neutral form.

Additional similarity between potential pharmacopbo points of aryldiketo acids and
fluoroquinolone molecules was given by the varidbRY-N1 24 (22 for the model related to ionized
form of molecules). For aryldiketo acids, N1 nodesvassociated with the aroyl keto group and the DRY
node was associated with the interaction regiothefprobe with the phenyl ring. For fluoroquinolone
molecules, the N1 node was associated with the gedap in position 3 (proximal tertiary N of C7
substituent for24) and the DRY node was situated within area ofar@matic quinolone core and the
alkyl substituent in its position 1.

The distinction between the more potent fluorogldne molecules21-24) and the aryldiketo acids

was given by variable N1-TIP 58 which had high msi&y only for fluoroquinolone molecules.
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Considering fluoroguinolone antibiotics pharmacaghpattern, it could be concluded that the
most potent aryldiketo acid8-10) from the studied set matched well with the quamel core and the
substituents in their R1, R3, and R4 positionswal as the length of molecules for bulkier compdun
(12). Along with the quinolone C7 substituent, these the most important moieties of fluoroquinolone
responsible for antibacterial activity.

Figure 1S.MG+2 GRID probe isocountour levels 8y9, 12, 22 and23, in their ionized forms on
physiological pH (7.35).

GRID MG+2 probe isocontour
level on —15.4 kcal/mol for A
form of 12

GRID MG+2 probe isocontour level on GRID MG+2 probe isocontour level
—22.2 kcal/mol for A form of 8 on —25 kcal/mol for A form of9

GRID MG+2 probe isocontour level on GRID MG+2 probe isocontour level on
—4.3 kcal/mol for zwitteranion form &2 —4.4 kcal/mol for zwitteranion form &3
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