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ABSTRACT

We have analyzed the relationships between théretéc structure of a group of 8-hydroxy-quinolinaad the
decrease in BoNT/A LC enzymatic activity towardShNAPtide substrate. The electronic structure efrtiolecules
was obtained after full geometry optimization wiltensity Functional Theory at the 6-31G(d,p) levEhe

statistically significant relationship obtained éaims very well the variation of the inhibitory agty in this group.
The corresponding inhibitory pharmacophore wastbéilso we analyzed the docking of the R and Sdasomith a
model of the Clostridium Botulinum serotype A ligh&in. The analysis of the docking results witsimple model
of the space surrounding the binding site allowsdauselect two sets of molecules that could hagledffinity.

Keywords: Toxins, biological warfareBotulinum neurotoxin, Docking, QSAR, DFT, molecular intefans,
bioweapon, BoNT/A LC.

INTRODUCTION

Clostridium botulinumrmeurotoxin serotype A (BoNT/A) is the most powéthxin known and is a good candidate
to be used as a bioweapon in enclosed spacesangth &nd fast ventilation (like anthrax, sarin,)dtt-3]. In earlier
papers we studied the inhibition of the BONT/A liglkchain (BoNT/A LC) by some 1,7-bis-(amino
alkyl)diazachrysene derivatives and also the imatibn rate constant of the BoNT/A LC by some 1,4-
benzoquinone and 1,4-naphthoquinone derivative$]4Recently, the inhibitory activity of a largeogp of 8-
hydroxy-quinolines was tested in the SNAPtide agHaig assay allows the identification of BONT/A lighibitors,
[6-8]) [9]. In this paper we present the resultsaofuantum-chemical analysis of the relationshigsvben the
electronic structure and the above mentioned itdnipiactivity for a group of these molecules. Thisdy was
complemented with an analysis of the docking of hand S isomers to the BoNT/A LC. Besides thentifie
interest of this study, our results are permittiogouild a large set of information obtained witkaetly the same
methodology. This will allow in the future havingaugh data for comparison effects.

MATERIALS AND METHODS
The model
Given that the model-based method used here rgldtinlogical activity with electronic structure hdgen

described in detail elsewhere, we present here anthort summary. This model states that a givetogical
activity is a linear function of several local atemeactivity indices (LARIs) and has the followifgrm:

log(ICy,) =a+bM, + cIog[aDl /(ABC ’2]+Z[ eQ+ f8+ 5%+
j
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where M is the drug’s mass,its symmetry number and ABC the product of thegtrtmoments of inertia about the
three principal axes of rotatio; is the net charge of atom §E and 3“ are, respectively, the total atomic
electrophilic and nucleophilic superdelocalizalgbtof atom jF;, (Fjw) is the Fukui index (electron population) of
the occupied (vacant) MO m (m’) localized on atorﬁ'ﬁ(m) is the atomic electrophilic superdelocalizabibfyMO

m localized on atom j, etc. The total atomic eleghilic superdelocalizability of atom j corresporidghe sum over
occupied MOs of théﬁE(m)’s and the total atomic nucleophilic superdelocdiiity of atom j is the sum over

vacant MOs of thé‘:jN(m)’s. H; is the local atomic electronic chemical potentihtom j, 7 is the local atomic
hardness of atom jwl is the local atomic electrophilicity of atomcjj, is the local atomic softness of atom j, and

max
Qi is the maximal amount of electronic charge thatraf may accept from another site. HOM@efers to the
highest occupied molecular orbital localized onmajoand LUMQ* to the lowest empty MO localized on atom j.

They are called the local atomic frontier MOs. Tg’s are the orientational parameters of the sulestiti This

method has provided excellent relationships betwedectronic structure and biological activity foery different
cases (see for example [4, 5, 10-34] and referethegsin).

Selection of molecules and biological activity.
The selected molecules are shown in Fig. 1 andeThbl

s N

Ry HN OH

W
B
—
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Figure 1. General formula of 8-hydroxy-quinolines
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Table 1. Selected 8-hydroxy-quinolines

Mo [ R, [ R | R | Re Re Re Ry R _[A[B [ W] log(Co
I [Me| H| H| H H H H H | C| C[ N[ 056
2 [H|H[H] H H H Me H | N[ C[ N[ 113
3 [H|H[Me| NG| H H Me H [ C[ C| N[ o004
4 [ H|H|[ H|OMe[ H H Me H | Cc[ cl N o052
5 [ H| H|[Me| OMe| H H Me H| c[ ¢ N 030
6 [H|H[H] CI Ci H Me H | Cc[ c[ N[ o018
7 [H| H[Me| C Ci H Me H | c| c[ N 008
8 [ H| H[ H]| OMe| OMe H H H| c[ ¢ N 079
9 [ H| H[Me| OMe| OMe H H H| ¢ d N 048
10 [H][ H| H| H F H H H | Cc| c[ N o085
11 | H| H|Me| H F H H H | c[ cl N 045
2 |H[H|[H]| H Me H H H | C| c[ N[ 040
I3 H| H|[Me| H Me H H H | c[ cl N o032
4 | H[ H| H[ H | NMe) H Me H [C[ C| N| o054
15 | H| H | Me| H | NMe) H Me H [ C[ C| N| 040
16 | H | Me| Me| H | N(Me) H H H [C|C| N| 065
7 |H[ H|H| H| NG H Me H [C[C| N| 063
18 | H| H|Me| H | NQ H Me H [C[C| N[ 00
19 | H| H| H| H | OMe H H H | c[ c N 075
20 | H| H | Me| H | OMe H H H| c[ ¢ N 028
2L |[H|[ H| H]| H H H H CI| N[ c[ c[ o015
2 | H| H| H| H H H H CI| C[ N[ c[ o028

o

23 | H| H| H| H Ho | J;/.i H H [N|C|cCc| on
24 | H| H| H| H A H H [C|N|C| o046
25 | H| H| H| H H H | Ho[N[c|c| o8

[*]

26 | H| H| H| H H H R A nofeN|jc| os2
27 | H| H| H| H Ho| L H H | N c| o075
28 | H| H| H| H Ho| L H H [C|N|C| o048
29 | H|Me| H| H H H H | oMe[ N ¢ c[ o071
30 [H|[Me[ H| H H H H | OMe[ C| N C| 064
3L [H|[ H[ H]| H H Ci H Me | N| C| C| 072
32 [H|H[H]| H H H Me H | N Cc[ c| 12
33 [ H][H[ H] H H H Me H | cl N c| o056

The experimental data chosen for this study idrthiitory activity of these molecules determingdthe decrease
in BONT/A LC enzymatic activity toward the SNAPtidleiorogenic substrate expressed ag I uM) [9]. It is
very important to notice that all thed@ralues for the molecules of Table 1 were obtafioedhe raceme mixture.

Calculations.

The electronic structure of all the molecules wakwdated within DFT at the B3LYP/6-31g(d,p) leweith the
Gaussian program with full geometry optimizatiod][3=rom single point calculations all the numelriealues for
the local atomic reactivity indices of Eq. 1 wesdctlated with the D-Cent-QSAR software [29]. Négaklectron
populations coming from Mulliken Population Analysiere corrected as customary [36]. Consideringvtieshave
more variables than experimental results, we maedeofi linear multiple regression analysis (LMRAgHriques to
find the best solution of the system of equation¥He logarithm of the inhibitory activity value ke dependent
variable and the local atomic reactivity indicestloé atoms belonging to a common skeleton arerttiependent
variables. The Statistica software was employed.MRA [37]. The common skeleton numbering is shawiig.
2.
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14 21

25 22

24 23

Figure 2. Common skeleton numbering

Autodock Vina software was employed for the dockitgdy [38]. A 30x30x30 box was used for all doggnA
model of theClostridium BotulinuntSerotype A Light Chain (BoNT/A LC) was downloadedm the Protein Data
Bank and prepared for use with Autodock Vina (PRB4HEV). The first step was to dock molecule 2&he
binding site without allowing conformational freeddo the residues composing the site. All the ressdfalling
inside a 5A sphere around the docked molecule alewsen as flexible. They are Phe-163, Glu-164, 281 Cys-
165, Glu-224, Tyr-366, GIn-162, Phe-194, Phe-368|-K0 and lle-161. Fig. 3 shows 4HEV with the flaei
residues and the Zn atom [39].

Figure 3. 4HEV with the Zn atom and the flexible residues highlighted

Finally, a ligand-site docking was carried out &irthe R and S isomers permitting conformatiotetibility to the
abovementioned residues.

RESULTS

LRMA results.
The most statistically significant equation obtairis
log(IC,,) =-16.78+ 5.46F (LUMO)* 30.71F (LUMO)* 0.3@ (HOMO¥*
-0.18%, (HOMO-1)*-0.003% (LUMO+2)*+0.41F (LUR+2)*+0.0013, (LUMO+1)*
(2)

with n=30, R= 0.98, R?= 0.97, adj-R2= 0.93, F(7:22.31 (p<0.000001) and a standard error of estimh0.06.
No outliers were detected and no residuals faiidetthe +2 limits. Here, F, (LUMO)* is the Fukui index of the
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first vacant MO localized on atom &, (LUMO)* is the Fukui index of the first vacant MO locatizen atom 7,

$5 (HOMO)* is the electrophilic superdelocalizability of tiéghest occupied MO localized on atom 25,
SlE5 (HOMO-1)* is the electrophilic superdelocalizability of tlsecond highest MO localized on atom 15,
S’z\'g(LUMO+2)* is the nucleophilic superdelocalizability of thhirtl vacant MO localized on atom 23,

F, (LUMO+2)* is the Fukui index of the third vacant MO locatizen atom 4 andS), (LUMO+1)* is the

nucleophilic superdelocalizability of the secondasat MO localized on atom 23.

Table 2 displays the beta coefficients and theltesd the t-test for significance of coefficiera Eq. 2. Table 3
shows the squared correlation coefficients foréwables appearing in Eq. 2, showing that theeenar significant
internal correlations. Fig. 4 shows the plot of evedvs. calculated log(lg,) values. The associated statistical
parameters of Eq. 2 indicate that this equatiastasstically significant and that the variationtb&é numerical value

of a group of seven local atomic reactivity indiadfsatoms of the common skeleton explains about @3%e
variation of the inhibitory activity against thetabnum neurotoxin A light chain.

Table 2. Beta coefficients and-test for significance of the coefficients in Eq. 2

Beta [t(22) |p-level
K (LUMO)* 0.32 |5.93 | <0.000006

F (LUMO)* 0.62 |12.95|<0.000001
S5, (HOMO)*  |-0.56|-8.90 |<0.000001
S, (HOMO-1)* |-0.35|-7.87 |<0.000001
S, (LUMO+2)* |-0.24|-4.82 |<0.00008
F,(LUMO+2)* 0.24 551 |<0.00002
S}, (LUMO+1)* 0.14 [3.04 |<0.006

Table 3. Matrix of squared correlation coefficientsfor the variables appearing in Eq. 2

R, (LUMO)* |F,(LUMO)* | S5 (HOMO)* | S5 (HOMO-1)* | S, (LUMO+2)* | F, (LUMO+2)*

F, (LUMO)* 0.003 1.00

S, (HOMO)* 0.44 0.16 1.00

S, (HOMO-1)* 0.002 0.006 0.05 1.00

S}, (LUMO+2)* 0.08 0.06 0.05 0.11 1.00

F, (LUMO+2)* 0.008 0.04 0.04 0.04 0.0001 1.00
S (LUMO+1)* 0.001 0.02 0.01 0.002 0.10 0.08
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Observed log(IC 5,) Values

Figure 4. Observedversus calculated values (Eq. 2) of log (16). Dashed lines denote the 95% confidence interval
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Local Molecular Orbitals.
Tables 4 and 5 show the local molecular orbitaicttre of atoms 4, 7, 9, 15, 23 and 25.

0.4 0.6 0.8
Predicted log(IC gp) Values

1.0 1.2 14

Table 4. Local MO structure of atoms 4, 7 and 9

Mol

Atom 4 (C)

Atom 7 (C)

Atom 9 (C)

1 (90)

83089n90n-91n95n97n

83089m90r-91n92n95n

8m88n89n-91In92n97n

2 (90)

83089n90n-91n97n98n

81n83089n- 91n97n98n

8m88n89n-91n92n95n

3 (105)

981041105t-10711081112n

951104105t-10711 1311 14n

103110411051t-107t108t11 2t

4 (98)

91596m98r-99n11 041105t

95m96m98n-99n1041105t

95196n98n-99n 1001102t

5 (102)

106:101102t-10311041108t

95010011021-1031108t109t

9911001102t -1031104r106t

6 (106)

9809901051-107t110t1 12t

99%10411051-107t110t1 14t

103110411051-107t1081109

7 (110)

10210301091-111n114n118t

1031080109-111n1141n18n

107110811097-111n112n11 3t

8 (102)

100t10In102t-10311061109t

1001101m1021-10311061109t

99n100t101n-10311041106t

9 (106)

1041051106t-10711081113t

104110511067-1071110n113t

10311041105t-1071108116k

10 (90)

82n83089n-91n97n98n

83088n89n-91n97n98n

8m88n89n-91In92n95n

11 (94)

87093n94r- 951101n102r

87092n93n- 951101n102n

91n92n93n-95n96m99%n

12 (90)

83089n90n- 91In97n98n

88t89n90n- 919 7n98n

8889 90n- 9In92n97n

13 (94)

88093n94-95n96n101n

88093n94n-95n101n102n

9293 94m-95n96n98n

14 (102)

941001101n-10311061109t

9811001101r-10311061109

9811001101r-1031104n 107

15 (106)

98010411051-10711081113t

102110411051-107111311 14t

102110411051-107t108t111n

16 (106)

10410511061-107t1081113t

103110411051-107t1131114rt

101n1031104rn-107t108t11 In

17 (101)

9361001101-1031109t1 10

99n100t101n-10311061109

99n100t101n-10311041105t

18 (105)

981041105t-107t113t114n

95110411051-1071110t113n

103110411051-10711081109

19 (94)

870692n94n-95n101n102n

90r92n94n-95n98n101n

89909 2n-95n96m98n

20 (98)

9296rm98r-99n 1001105t

92096m98rm-99n1021105t

94n95n96m- 99n100n102r

21 (94)

85087093n-95198n99n

85m91n93n-95n98n101n

89n91n93n- 95n96n97n

22 (94)

85087093n-95n198n101n

85m91n93n-95n9 7n98n

90n91n93-95196n98n

23 (105)

941960104r-1061110t112n

950101n104r-1061110t112t

991101n104r-10611071 108t

24 (105)

941960104n-1061110t111n

9601001104r-1061110t112t

10011021104r1-10611071110n

25 (101)

90:9401001-10211061107r

91n98r100m-10211061107

95198n100t-10211031104n

26 (101)

90n930100m-10211061107t

90n9301001-10211061107

97n98r100t-10211031104n

27 (109)

981005108t-1101114n116t

99n10511081-1101114n116t

10311051108t-110n111n112n

28 (109)

98n10051081-110n116n11 7

1005104r108t-110n11611 17t

104110611081-110n11In114n

29 (98)

89%92096m-99n1021103t

89n95m96m-99n1021103t

94n95n96m-99n1001101n

30 (98)

89191096m-99n1031106t

88t89n96m-99n 1031106t

94n95n96m-99n 10011021t

31 (98)

88m90097m-99n 1021104

88m95m9 7m-99n 10211 04n

931959 7n-99n1001101n

32 (90)

84089n90n-91n96n97n

81n84089n-91n96n97n

86r87n89n-91In92n93n

33 (90)

81n83089n-91n95n96n

81n86n89n-91n95n98n

86n87n89n-91In92n94n
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Table 5. Local MO structure of atoms 15, 23 and 25

Mol Atom 15 (C) Atom 23 (C) Atom 25 (C or N)

1 (90) 88:89090r-941195r96m 8708990r-93n94195n 881p89190r-92193n94n

2 (90) | 880891900- 92193951 8808990r-94n196r 103t 88089n90r-94195r196m

3 (105) 10%10401050-10611091110t | 103510411051-110t111n112t | 1035104m1051-1091110t11 1
4 (98) 9609 7m98n-10211031104n 96rm97n98n-1011021103t 96rn97098n-1011021103t
5(102) | 1005101n102t-1061107t108t | 100t1101t102t-10511061107%t | 1001101m1027-10511067107t
6 (106) | 102110411051-108110911101 | 100110351067-1101111t113t | 10310401067-1101111n113t
7 (110) | 1071081109t-11211131114t | 106010701101-11411151117t | 107%1081110t-1141115111 70
8 (102) 10@101t1021-10611071108t | 100t101n102t-10511067107t | 1001101m102t-10411051106t
9 (106) | 104110511067-1101111n112t | 104110511067-1091110t11dn | 104110511067-109t110t11In
10 (90) | 8@&88r89n-92193n95n 84rt87090r-94n95r96m 87088r90r-941196r 1021

11 (94) | 9192r93r-96rn9 799 911193n9411-98r99 100t 91n92r194-98r1 10011061

12 (90) | 8&89m90n-94n95n96m 86r89n90n-93n94n96n 88n89n90r-93n94n96n

13 (94) | 92n93n94r-98rm99t100n 90093n94n-9 798100t 92n93n94n-97n98rn100r
14 (102) | 10@10111021-1061108t111t | 980100n101n-10511061107t | 1001101t1027-105110611 14t
15 (106) | 104110511067-11011121115t | 102t10411051-10911101111n | 104110511067-10911101118t
16 (106) | 104110511067-1081110t11dt | 104110511067-10911101111n | 104110511067-109t11 111 2¢
17 (101) | 98n99r1001-10211061107t 9911001101-1061107t108t 9911001101n-1051106110 7t
18 (105) | 10211031104r-10671101t111n | 103110411051-109t110t1 1t | 103t104n1051-108110911101
19 (94) | 9293194r1-98n99t 100t 92r93n94r-9 79899 92r193n194-9 79899

20 (98) | 96n97n98n-10211031104rt 96r97m98r-10111021103t 96m97n98r-101n1021103t

21 (94) | 9193n94n-96n97n98n 87m90n94n-9911001102r 8609 2194r-97m98n99n

22 (94) | 91n93n94r-96rn97n98n 90m91n94n-98m 99100 85092n94r-97m98n99n
23 (105)| 10810411051-107t1087109t | 1001102t1051-10911101111n | 101103t1051-10911101111n
24 (105) | 103110411051-107t1081110t | 10In10211051-10811091111n | 100110311051-109t110111 It
25(101) | 9921001101r-102t1031105t 96m97n101n-10411071108t 981991 101n-10311041 108t
26 (101) | 99n1001101r-103110511067 97m98n101n-10411081114n 981991 101n-10311041 108t
27 (109) | 10711081109t-1101111m112t | 104110611097-1131114nd 15t | 105t107t109t-113t114n115t
28 (109) | 107110811091-11 111121114 | 10511061109t-112111311151 | 104110711097-113111411 5t
29 (98) | 95m96r98r-1001101t102t 94197m98n-104110511 161 94197m98r-102110311041

30 (98) | 9m96m98r-1001101n102t 9519 7m98n-104t1051116t 95n197m98n-10211041 1051
31(98) | 95n97n98rn-99n1001t101n 92194n98n-10311051106t 92n96n98n-103110511061

32 (90) | 8&87n89n-92n93n94n 88189n90n-95r196n97n 82rt88r90r-941195n96m

33 (90) | 88n89n90n-92n93n94n 87188n90n-96r9 71051 83r188r90r-94195n96m

Docking results for the S isomers.

Figures 5 to 13 show the S isomers docked to théifg site [39]. Table 6 displays the ligand-siteeractions for

the S isomers.

HIS227
-

HIS223
GLU164 g
s

ILE161 GLN162 501

GLU262

GLU262

7
T~ THIs223
\ r
J Gu2e

PHE194

" PHE194

L Z \\k VALL?/
P ~His227

GLU262

lE&‘l\

(6223

')\J GLU224

- His227

(/<|L5161

/
15227

» HIS223
GLU351

I
PHE194

Figure 5. Molecules 1 (upper left), 2 (upper right) 3 (lower left) and 4 (lower right) docked to thebinding site
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Figure 7. Molecules 9 (upper left), 10 (upper right 11 (lower left) and 12 (lower right) docked tote binding site
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Figure 8. Molecules 13 (upper left), 14 (upper rigt), 15 (lower left) and 16 (lower right) docked tahe binding site
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Figure 10. Molecules 21 (upper left), 22 (upper rigt), 23 (lower left) and 24 (lower right) docked tathe binding site
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Figure 11. Molecules 25 (upper left), 26 (upper rigt), 27 (lower left) and 28 (lower right) docked tahe binding site
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Figurel2. Molecules 29 (upper left), 30 (upper rigt), 31 (lower left) and 32 (lower right) docked tahe binding site
HIS223

HI15227

PHE184

Figure 13. Molecule 33 docked to the binding site
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Table 6. Summary of the ligand-site interactions ofhe S isomers

Mol.

Mol.

Interactions

- interaction of the methyl substituent of ring AthviPhe-194 (3.66A) and Phe-369 (3.47A); stacked interaction betwegn
ring A and Phe-369 (5.01A)-c interaction of ring A with Val-70 (3.96A)-alkyl interaction of ring A with lle-161 (5.16A)
amidern stacked interaction of ring A with the peptide tgaining lle-161 and GIn-162 (4.79A)-alkyl interaction of ring B
with Val-70 (5.30A), conventional H-bond between1eH and N25 (2.91A), conventional H-bond betweeri ®tland Tyr-366
(2.14R), m-anion interaction of ring D with Glu-164 (4.54ttractive charge interaction of N13 with Glu-1642QA) and
conventional H-bond between N13-H and GIn-162 (&)28

Alkyl interaction of the methyl substituent of riywith Leu-367 (5.09A)r-alkyl interaction between the methyl substitueit
ring D and Phe-369 (5.14A), conventional H-bondNaB-H with Tyr-366 (2.68A)n-it stacked interaction of ring A with Hig-
223 (4.55A)n-nt T-shaped interaction between ring A and Phe-19%{), -anion interaction of ring A with Glu-224 (4.33A
n-cation interaction of ring A with Zn-501 (4.87A);n stacked interaction of ring B with Phe-194 (4.2%AH Phe-369 (4.38A),
n-alkyl interaction of ring B with Val-70 (5.02A)-rt stacked interaction of ring C with Phe-194 (5.02A)1 Phe-369 (5.31A),
n-alkyl interaction of ring C with Val-70 (3.84A) drile-161 (4.73A).

o

12

Carbon H-bond interaction between C24-H and Glu-g2@6A), n-alkyl interaction of the methyl substituent of gil with
Phe-194 (5.46A)r-0 interaction between the methyl substituent of h@nd His-223 (3.65A)r-donor interaction between
ring B and Tyr-366 (3.92A)r-nt stacked interaction of ring D with His-223 (4.71&)n T-shaped interaction of ring D wit
Phe-194 (5.48A)r-cation interaction between ring D and Zn-501 (A)%3t-anion interaction of ring D with Glu-224 (4.25A),
attractive charge interaction of N13 with Glu-26220A), n-nt stacked interaction of ring A and Phe-369 (4.03&plkyl
interaction of ring A with Val-70 (5.10A) andn stacked interaction of ring B with Tyr-366 (5.52A)

=}

16

Carbon H-bond interaction between the methyl grofighe methoxy substituent of ring A with Glu-352.36A), n-donor
interaction between ring B and Tyr-366 (3.23A), wamtional H-bond between N13-H and GIn-162 (2.90#ventional H-
bond between 011-H and GIn-162 (2.42&)1 stacked interaction of ring B with Phe-369 (4.1&RAH Phe-194 (4.20Ax-alkyl

interaction of ring B and Val-70 (4.70A);-n stacked interaction of ring C with Phe-369 (5.58#&) Phe-194 (5.22A) and

alkyl interaction between ring C with Val-70 (3.79dnd lle-161 (4.53A).

17

Attractive charge interaction between N13 and Gld-24.95A), carbon H-bond of the methyl group af thethoxy substituenit
of ring A with Glu-351 (2.82A) and Thr-220 (2.83Ay-cation interaction of ring A with Arg-363 (3.73Aj-n stacked
interaction between ring A and Phe-194 (3.604), T-shaped interaction of ring A with Phe-369 (4.894alkyl interaction of
ring B with Val-70 (4.80A) anat-alkyl interaction between ring C with Val-70 (444

18

Carbon H-bond interaction between C24-H and Glu{2245A and 2.50A)n-alkyl interaction of the methyl substituent ofgi
D with His-223 (4.11A) and Phe-194 (5.24/A)n stacked interaction of ring D with His-223 (4.25A)r T-shaped interactio
of ring D with Phe-194 (5.40A)-cation interaction between ring D and Zn-501 (ABZonventional H-bond of N13-H witl
Tyr-366 (1.27A)n-donor interaction between ring A and Tyr-366 (A\¥5lkyl interaction between Cl and Leu-367 (4.81&

alkyl interaction between Cl and Phe-369 (4.86#&); stacked interaction between ring A and Tyr-366%8), n-n stacked
interaction of ring B with Phe-194 (4.59A) and FPB&9 (4.31A),m-alkyl interaction of ring B and Val-70 (4.98Ax-alkyl

interaction of ring C with Val-70 (3.84A) and ll&1 (4.82A) andr-n stacked interaction of ring C with Phe-194 (5.02&)
Phe-369 (5.22A).

19

Carbon H-bond interaction between C24-H and Glu-@284A and 2.70A)n-o interaction between the methyl substituent] of
ring D and His-223 (3.97A)r-alkyl interaction of the methyl substituent ofgi® with Phe-194 (5.31A)1-n stacked interactior
between ring D and His-223 (4.334)t T-shaped interaction of ring D with Phe-194 (5.30Acation interaction between ring
D and Zn-501 (4.65A), conventional H-bond of N13akth Tyr-366 (2.15A)n-donor interaction between ring B and Tyr-36
(3.61A), n-nt stacked interaction of ring A with Tyr-366 (5.48&jonventional H-bond of O11-H with GIn-162 (2.624)n
stacked interaction of ring B with Phe-369 (4.0&&) Phe-194 (4.49A)-alkyl interaction between ring B and Val-70 (5.994
n-it stacked interaction of ring C with Phe-369 (4.76A) Phe-194 (4.61A)-alkyl interaction of ring C with lle-161 (5.25A),
n-o interaction of ring C and Val-70 (3.98A) and alkyleraction of the methyl substituent of ring Giwi/al-373 (4.62A), Val-
70 (4.02A) and lle-161 (3.71A).

6

20

n-n T-shaped interaction between ring D and Phe-181/§, n-nt stacked interaction of ring D with His-223 (4.31A)cation
interaction between ring D and Zn-501 (4.73A), aamtional H-bond of N13-H with Tyr-366 (2.10A)-donor interaction
between ring B and Tyr-366 (3.37A), carbon H-bameriaction between the methyl group of the metrsxystituent of ring A
with Glu-257 (2.76A), unfavorable acceptor-accejeraction of 011 with GIn-162 (2.96A);n stacked interaction of ring B
with Phe-369 (4.14A)r-alkyl interaction of ring B and Val-70 (4.98A);n stacked interaction of ring C with Phe-369 (5.2114)
andm-alkyl interaction of ring C with lle-161 (4.86And Val-70 (3.87A).

21

n-anion interaction of ring D with Glu-262 (4.97Attractive charge interaction of N13 with Glu-2B446A), n-n T-shaped
interaction between ring A and Phe-369 (4.648&); stacked interaction of ring A with Phe-194 (3.77A)ation interaction
between ring A and Arg-363 (3.94A), carbon H-bonigiaction between the methyl group of the mettsystituent of ring A
and Thr-215 (2.02A), conventional H-bond of O11-khwTyr-366 (2.50A),m-alkyl interaction of ring B with Val-70 (4.74A
andn-alkyl interaction of ring C with Val-70 (5.004).

23

10

Halogen interaction of F substituent of ring A wittr-220 (3.17A) and Glu-224 (3.09A and 3.40A)cation interaction
between ring A and Zn-501 (4.96A);donor interaction between ring D and Tyr-366 (AR&-n stacked interaction of ring B
with Phe-194 (4.28A) and Phe-369 (4.16A¥lky! interaction of ring B with Val-70 (4.75A)-alkyl interaction of ring C with
lle-161 (4.51A) and Val-70 (3.84A) amdn stacked interaction between ring C with Phe-1925A) and Phe-369 (5.62A).

24

11

n-n T-shaped interaction of ring D with Phe-194 (5.R32An stacked interaction of ring D with His-223 (4.46)anion
interaction between ring D and Glu-224 (4.62A)cation interaction of ring D with Zn-501 (4.69A):donor interaction
between ring B and Tyr-366 (3.734);n stacked interaction of ring A with Phe-369 (3.88#&lkyl interaction of ring A and
Val-70 (4.95A) andi-n stacked interaction of ring B with Tyr-366 (5.31A)

25

12

n-n T-shaped interaction of ring D with Phe-194 (5.29%n stacked interaction of ring D with His-223 (4.41/)cation
interaction of ring D with Zn-501 (4.72A), attraati charge interaction of N13 with Glu-164 (5.21ApaGIu-262 (5.16A), alkyl
interaction of the methyl substituent of ring A lwival-70 (3.94A) and lle-161 (4.03Ay-alkyl interaction of the methy
substituent of ring A with Phe-194 (4.71A) and R¥68 (5.07A),m-alkyl interaction of ring A with Val-70 (4.77A)y-n T-
shaped interaction of ring A with Phe-194 (4.84&); stacked interaction of ring A with Phe-369 (3.94&)Yonor interaction

35
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between ring B and Tyr-366 (3.69A), unfavorable atettonor interaction of N13-H with O11-H (1.12A) can-n stacked
interaction of ring B with Tyr-366 (5.25A).

26

13

n-nt T-shaped interaction between ring D and Phe-19% &, n-n stacked interaction of ring D with His-223 (4.53A)cation

interaction of ring D with Zn-501 (4.75A)-donor interaction between ring B and Tyr-366 (B7alkyl interaction of the
methyl substituent of ring A with Val-70 (4.11A)adie-161 (3.92A)t-alkyl interaction of the methyl substituent ofgiA with

Phe-194 (4.54A) and Phe-369 (5.15&)alkyl interaction of ring A with Val-70 (4.75A)-n T-shaped interaction of ring 4
with Phe-194 (4.91A)n-n stacked interaction between ring A and Phe-3684(8), conventional H-bond of O11-H with GIU
164 (2.52A), conventional H-bond of 011 and N1378A), n-n stacked interaction of ring A with Tyr-366 (5.25And
attractive charge interaction of N13 with Glu-26226A) and Glu-164 (4.21A).

31

14

Carbon H-bond interaction between C24 and Glu-2247@ and 2.70A)r-alkyl interaction of the methyl substituent ofgib

with Phe-194 (5.18A) and His-223 (4.09A)-n T-shaped interaction of ring D with Phe-194 (5.39%n stacked interaction
between ring D and His-223 (4.37A)cation interaction between ring D and Zn-501 (ABZonventional H-bond of N13-H
with Tyr-366 (1.99A)n-donor interaction between ring B and Tyr-366 (¥ icarbon H-bond interaction between the met
group of the dimethylamino substituent of ring AwGIu-257 (2.99A)ni-t stacked interaction of ring A with Tyr-366 (5.16A
n-alkyl interaction between ring B and Val-70 (4.96A-n stacked interaction of ring B with Phe-369 (4.11A)alkyl
interaction of ring C with Val-70 (3.88A) and llé&1 (4.87A), -t stacked interaction of ring C with Phe-369 (5.1%kd
amidern stacked interaction of ring C with the peptide dwining lle-161 and GIn-162 (4.89A).

hyl

32

15

Alkyl interaction between the methyl substituentrioy D and Val-70 (4.02A)-alkyl interaction of the methyl substituent
ring D with Phe-194 (4.39A) and Phe-369 (4.27#xlkyl interaction of ring D with Val-70 (3.91A)-rt stacked interaction o
ring B with Tyr-366 (6.00A)st-donor interaction between ring B and Tyr-366 () 9t-donor interaction between ring A ar
Tyr-366 (3.36A),n-nt stacked interaction of ring B with His-223 (4.55A)cation interaction between ring C and Zn-5
(4.87§)m-c interaction of the methyl substituent of ring GwHis-223 (3.99A) and-alkyl interaction of ring C and Phe-19
(5.29A).

33

16

Alkyl interaction between the methyl substituentriofy D and Val-70 (4.03A)r-alkyl interaction of the methyl substituent
ring D with Phe-369 (4.12A) and Phe-194 (4.35&alkyl interaction of ring D with Val-70 (3.90A) acbon H-bond interactio
between the amide substituent of ring A with GIt-23.07A),r-nt T-shaped interaction between ring A and Tyr-36618), -

donor interaction between ring B and Tyr-366 (4.1,5&donor interaction between ring A and Tyr-366 (AR9-n stacked
interaction of ring B with Tyr-366 (5.93A)-cation interaction between ring C and Zn-501 (A)84tw-nt stacked interactio
between ring C and His-223 (4.57A);0 interaction of the methyl substituent of ring CttwHis-223 (3.92A) andr-alkyl

interaction of the methyl substituent of ring Cwithe-194 (5.32A).

34

17

Carbon H-bond between C24-H with Glu-224 (2.84A &7 A), n-alkyl interaction of the methyl substituent of giD with
Phe-194 (5.17A) and His-223 (4.06A)n stacked interaction of ring D with His-223 (4.41&)r T-shaped interaction of rin
D and Phe-194 (5.43Aj-cation interaction between ring D and Zn-501 (A%ai-donor interaction between ring A and Ty,
366 (3.42A), conventional H-bond of N13-H with T366 (1.93A)-t stacked interaction of ring A with Tyr-366 (5.154)n

stacked interaction of ring B with Phe-369 (4.13&\lkyl interaction of ring B and Val-70 (4.98Ay;n stacked interaction o
ring C with Phe-369 (5.21A) andalkyl interaction of ring C with Val-70 (3.894) drlle-161 (4.87A).

)

f

35

18

Alkyl interaction of the methyl substituent of rifiywith Val-70 (4.01A)r-alkyl interaction of the methyl substituent ofgi®

with Phe-369 (4.26A) and Phe-194 (4.394%lkyl interaction of ring D with Val-70 (3.91A)¢arbon H-bond interaction of th
nitro substituent of ring A with Val-258 (2.484);n T-shaped interaction between ring A and Tyr-36648), n-donor H-bond
interaction between ring B and Tyr-366 (4.13A)donor interaction between ring A and Tyr-366 (Ap8n-n stacked
interaction of ring B with Tyr-366 (5.97Ay-cation interaction between ring C and Zn-501 (A)78:-nt stacked interaction o
ring C with His-223 (4.54A)n-o interaction of the methyl substituent of ring QttwHis-223 (3.94A) anat-alkyl interaction
between the methyl substituent of ring C and Phe{EB1A).

36

19

Carbon H-bond between the C24-H and Glu-224 (2.8842.86A)i-nt stacked interaction of ring D with His-223 (4.39A)n

T-shaped interaction of ring D with Phe-194 (5.40&xation interaction between ring D and Zn-501 (AZonventional H-
bond between N13-H and Tyr-366 (2.09A)donor interaction between ring B and Tyr-366 (&B5arbon H-bond betwee
the methyl group of the methoxy substituent of rhgvith Glu-257 (2.79A)-n stacked interaction between ring A and T
366 (5.11A), conventional H-bond of 011-H with GI62 (2.80A),n-nt stacked interaction of ring B with Phe-369 (4.13#)
alkyl interaction of ring B with Val-70 (4.69Ay-n stacked interaction of ring C with Phe-369 (5.18A}ir-alkyl interaction of
ring C with Val-70 (3.87A) and lle-161 (4.84A).

h

=

37

20

n-alkyl interaction of ring D with Val-70 (3.81A) dnlle-161 (5.45A)i-nt stacked interaction of ring D with Phe-369 (4.86
n-donor interaction between ring A and Tyr-366 (AR&arbon H-bond between the methyl group of thethoxy substituent o
ring A with Glu-257 (3.09A)ni-cation interaction of ring C with Zn-501 (5.00Adm-alkyl interaction of the methyl substitue
of ring C with Phe-194 (5.26A) and His-223 (4.15A).

nt

40

21

Alkyl interaction between Cl and Leu-367 (5.20A)alkyl interaction of Cl with Tyr-366 (4.50A) andh-369 (4.81A),
conventional H-bond between N13-H and Tyr-366 (&}7nfavorable acceptor-acceptor interaction oflQtith GIn-162
(2.82A), n-nt stacked interaction of ring A with His-223 (4.644)n T-shaped interaction of ring A with Phe-194 (5.12#&
cation interaction between ring A and Zn-501 (4.R0&n stacked interaction of ring B with Phe-194 (4.2%kd Phe-369
(4.35R), m-alkyl interaction between ring B and Val-70 (4.91A-n stacked interaction of ring C with Phe-369 (5.34A}l Phe-
194 (5.06A) andt-alkyl interaction of ring C with Val-70 (3.80A) drile-161 (4.71A).

41

22

n-alkyl interaction of Cl with Phe-194 (4.61A);cation interaction of ring D with Zn-501 (3.29/Aanion interaction of ring D
with Glu-164 (3.93A) and Glu-262 (4.83A), conveméd H-bond of N13-H with Tyr-366 (2.60A)-donor interaction betweel
ring A and Tyr-366 (3.31A)p-nt T-shaped interaction of ring D with His-223 (4.98A-n stacked interaction between ring
and Phe-369 (4.34Ay-alkyl interaction of ring B with Val-70 (4.96Ay-n stacked interaction of ring C with Phe-369 (5.11]
and r-alkyl interaction of ring C with Val-70 (3.86A) drile-161 (4.94A).

So°

42

23

n-nt stacked interaction of ring D with Tyr-366 (5.2QA&)cation interaction of ring A with Zn-501 (4.87 Ajpnventional H-bond
of 0O11-H with GIn-162 (2.60A), n-n stacked interaction of ring B with Phe-194 (4.368)d Phe-369 (4.24A)-alkyl
interaction of ring B with Val-70 (4.75A)-donor interaction between ring D and Tyr-366 (Aj6t-alkyl interaction of ring C
with Val-70 (3.78A) and lle-161 (4.61A) amen stacked interaction of ring C with Phe-369 (5.4@A)l Phe-194 (5.164A).

43

24

n-alkyl interaction of the last carbon atom of thieykgroup substituent of ring D with Tyr-366 (48 alky! interaction of the

last carbon atom of the ethyl group substituenting D with Val-258 (4.45A), conventional H-bond 6f11-H with Glu-164

36
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(2.85A), conventional H-bond of the O of the ethaxpup substituent of ring D with Tyr-366 (3.194)yt stacked interactio
of ring B with Phe-194 (4.24/);:nt T-shaped interaction between ring B and Phe-368%4), n-alkyl interaction of ring A with
Val-70 (3.68A) and lle-161 (4.82A)-n stacked interaction of ring A with Phe-369 (5.27kd Phe-194 (5.03A)-n stacked
interaction of ring C with Phe-194 (4.70A) and aartH-bond between C9-H and Glu-224 (2.48A).

44

25

Conventional H-bond of N13-H with Tyr-366 (2.45A).cation interaction of ring A with Zn-501 (4.87Ay;anion interaction
between ring A and Glu-224 (4.27A), conventionabéhd between 011-H and GIn-162 (2.06A)x T-shaped interaction of
ring A with Phe-194 (5.19A)-nt stacked interaction of ring B with Phe-194 (4.3Gk)d Phe-369 (4.30Ay-alkyl interaction
between ring B and Val-70 (4.87A);alkyl interaction of ring C with Val-70 (3.78A) dnlle-161 (4.79A) andw-n stacked
interaction of ring C with Phe-369 (5.27A) and Pt (4.99A).

45

26

Carbon H-bond between the methyl group of the mathsnibstituent of ring D and Glu-351 (2.894)alkyl interaction of the
methyl group of the methoxy substituent of ring BrwHis-223 (4.32A) and Phe-194 (5.07A), convendidd-bond between the
carbonyl substituent of ring D and Arg-363 (3.24#&)1 T-shaped interaction of ring D with ring A (4.274)donor interaction
between ring A and Tyr-366 (4.124);anion interaction between ring D and Glu-224 (AQ&arbon H-bond of C13-H wit
GIn-162 (2.61A)si-rt stacked interaction of ring B with Phe-194 (4.7%#) Phe-369 (4.89Ax-alkyl interaction of ring B with
Val-70 (4.25A) and lle-161 (5.38A)-n stacked interaction of ring C with Phe-194 (5.44kyr-alkyl interaction of ring C
with Val-70 (3.62A), Val-373 (5.17A) and lle-161.74A).

46

27

n-alkyl interaction between the last carbon atorthef propyl group substituent of ring D and Tyr-366L1A), n-o interaction
between the last carbon atom of the propyl grougstituent of ring D and ring D (3.86A)r-cation interaction of ring A with
Zn-501 (4.85A),n-donor interaction between ring D and Tyr-366 (AB4n-n stacked interaction of ring B with Phe-194
(4.30A) and Phe-369 (4.17/Ay;alkyl interaction between ring B and Val-70 (4.28A-alkyl interaction of ring C with Val-70
(3.78A) and lle-161 (4.72A) antn stacked interaction of ring C with Phe-369 (5.33A) Phe-194 (5.07A).

47

28

Carbon H-bond between C18-H and Glu-224 (2.8%3nion interaction of ring A with Glu-164 (4.81/Ajpnventional H-bond
of N13-H with GIn-162 (2.49A)n-donor interaction between ring D and Tyr-366 (AR&onventional H-bond of 011-H wit
GIn-162 (2.28A)-n stacked interaction of ring B with Phe-194 (4.32RAH Phe-369 (4.14Ay-alkyl interaction of ring B and
Val-70 (4.71A),n-nt stacked interaction of ring C with Phe-194 (5.14Ry Phe-369 (5.52A) andalkyl interaction of ring C
with Val-70 (3.79A) and lle-161 (4.59A).

48

29

Carbon H-bond of the methyl group of the methoxgssituent of ring D with GIn-162 (2.90A) and Glu®222.61A), -alkyl

interaction of the methyl of substituent of ringnth Phe-194 (5.44A)r-donor interaction between ring A and Tyr-366 (A9
n-¢ interaction between the methyl substituent of fihgnd His-223 (3.68A)r-n T-shaped interaction between ring D with
Phe-194 (5.49A), n-n stacked interaction of ring D with His-223 (4.58A)cation interaction between ring D and Zn-5p1
(4.59A), n-anion interaction of ring D with Glu-224 (4.23A)ynventional H-bond between N13-H and Tyr-366 (8)34 n-n

stacked interaction of ring A with Tyr-366 (5.26&)pnventional H-bond between O11-H and GIn-1620R)4n-n stacked
interaction of ring B with Phe-369 (3.96A);alkyl interaction of ring B and Val-70 (5.094);n stacked interaction of ring €
with Phe-369 (5.15A) and-alkyl interaction of ring C with Val-70 (3.99A) drile-161 (5.03A).

49

30

n-alkyl interaction of the methyl substituent ofgi® with His-223 (4.17A) and Phe-194 (5.07A), carbb-bond of the methy
group of the methoxy substituent of ring D with @lé2 (2.77A) and Glu-224 (2.78A)n T-shaped interaction of ring D an
Phe-194 (5.43A)r-donor interaction between ring A and Tyr-366 (F)9n-nt stacked interaction of ring D with His-22
(4.37A), n-cation interaction of ring D with Zn-501 (4.60Ax;onventional H-bond between C12-H and the O ofntiethoxy
substituent of ring D (1.78A), carbon H-bond of G6évith GIn-162 (2.85A)yi-nt stacked interaction between ring A and Tyr-
366 (5.27A)t-n stacked interaction between ring B and Phe-368B#), n-alkyl interaction of ring D with Val-70 (4.91A)-n
stacked interaction of ring C with Phe-369 (5.19A)ir-alkyl interaction of ring C with Val-70 (3.85A) drile-161 (4.87A).

w o

50

31

Alkyl interaction between the methyl substituentrioly D and Val-70 (4.74A)-alkyl interaction of the methyl substituent pf
ring D with Phe-369 (4.90A), conventional H-bondveeen O11-H and GIn-162 (2.45A), conventional Hdah N13-H with
Tyr-366 (2.90A)t-cation interaction of ring A with Zn-501 (4.904%;n T-shaped interaction of ring A and Phe-194 (5.144)
nt stacked interaction of ring B with Phe-194 (4.2&&H Phe-369 (4.39A)-alky! interaction of ring B with Val-70 (4.84Ay-

alkyl interaction of ring C with Val-70 (3.75A) arit#-161 (4.80A) andt-nt stacked interaction of ring C with Phe-369 (5.26A)
and Phe-194 (5.03A).

52

32

n-o interaction of the methyl substituent of ring DttwHis-223 (3.63A)ni-t stacked interaction between ring D with His-2p3
(4.57A), n-n T-shaped interaction of ring D with Phe-194 (5.35&donor interaction between ring A and Tyr-366 (RF9t-

cation interaction between ring D and Zn-501 (4)54A&n stacked interaction between ring A and Tyr-366278),

conventional H-bond of O11-H with GIn-162 (2.70A);n stacked interaction of ring B with Phe-369 (3.97A)alkyl

interaction of ring A with Val-70 (5.08A)-n stacked interaction of ring C with Phe-369 (5.16Ajin-alkyl interaction of ring
C with lle-161 (5.00A) and Val-70 (3.97A).

53

33

n-alkyl interaction of the methyl substituent ofgib with Phe-194 (5.31A)-0 interaction between the methyl substituent| of
ring D and His-223 (3.95A)1-cation interaction between ring D and Zn-501 (A)72r-nt T-shaped interaction between ring|D
and Phe-194 (5.32A)-nt stacked interaction of ring D with His-223 (4.43&pnventional H-bond of N13-H with Tyr-36p
(2.04A), n-donor interaction between ring A and Tyr-366 (Rj0n-n stacked interaction between ring A and Tyr-36828),
carbon H-bond of C16-H and GIn-162 (2.53A), coniaral H-bond between O11-H and GIn-162 (2.46&glkyl interaction
of ring B with Val-70 (4.99A),r-it stacked interaction of ring B with Phe-369 (4.21&glkyl interaction of ring C with Val-70
(3.86A) and lle-161 (4.94A) antn stacked interaction of ring C with Phe-369 (5.11A)

Docking results for the R isomers.
Figures 14 to 22 show the R isomers docked to itndiriy site. Table 7 displays the ligand-site iatgions for the

R isomers.
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\, HIS223

HIS223 HIS227

HIS227

\,iHEwS

GLU224 N

HIS223
HIs227

GLU262

vayro— E369

Figure 14. Molecules 1 (upper left), 2 (upper right 3 (lower left) and 4 (lower right) docked to thebinding site
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Figure 15. Molecules 5 (upper left), 6 (upper right 7 (lower left) and 8 (lower right) docked to thebinding site
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HIS223

1
PHE194
ILE161

GLU262

HIS223

Figure 16. Molecules 9 (upper left), 10 (upper rigt), 11 (lower left) and 12 (lower right) docked tahe binding site

/ HIS227
HIS227 HIS223 —

GLU224

GLU262

/
HIS223
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PHE194
ARG3§ HIS223

HIS223 HIS227
HIS227 g

GLU257

Figure 17. Molecules 13 (upper left), 14 (upper rigt), 15 (lower left) and 16 (lower right) docked tathe binding site
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A
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VAL70 GLN162

PHE194

Figure 18. Molecules 17 (upper left), 18 (upper rigt), 19 (lower left) and 20 (lower right) docked tathe binding site
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Figure 19. Molecules 21 (upper left), 22 (upper rigt), 23 (lower left) and 24 (lower right) docked tathe binding site
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Figure 20. Molecules 25 (upper left), 26 (upper rigt), 27 (lower left) and 28 (lower right) docked tahe binding site
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Figure 21. Molecules 29 (upper left), 30 (upper rigt), 31 (lower left) and 32 (lower right) docked tathe binding site

ILE161

Figure 22. Molecule 33 docked to the binding site
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Table 7. Summary of the ligand-site interactions oR isomers

Mol

Interaction

Conventional H-bond of N25 with O11-H (2.89A),neentional H-bond between O11-H and GIn-162 (2.02%&nventional H-bond

between N13-H and Tyr-366 (2.31A)alkyl interaction of the methyl substituent ofgil with Phe-194 (4.82A) and Phe-163 (4.524),

n-n stacked interaction between ring A and His-22%2A), n-n T-shaped interaction of ring A with Phe-194 (5.)3A-cation
interaction between ring A and Zn-501 (4.91A%lky! interaction of ring B with Val-70 (4.77Aj-n stacked interaction of ring B wit
Phe-369 (4.18A) and Phe-194 (4.28/)yt stacked interaction of ring C with Phe-369 (5.3%k)d Phe-194 (5.10A) and-alkyl
interaction of ring C with lle-161 (4.68A) and Va0 (3.75A).

n-alkyl interaction of the methyl substituent ofgi® with Phe-194 (5.26A)1-o interaction of the methyl substituent of ring DttwHis-
223 (3.99A), carbon H-bond of C24-H with Glu-2247@A and 2.66A)n-n stacked interaction between ring D and His-22314), n-

n T-shaped interaction of ring A with Phe-194 (5.35&cation interaction of ring D with Zn-501 (4.68A);donor interaction betwee
ring A and Tyr-366 (3.61A)n-n stacked interaction of ring A and Tyr-366 (5.31A)n stacked interaction of ring B with Phe-3(
(4.17A),m-alkyl interaction of ring B with Val-70 (4.85A)-n stacked interaction of ring C with Phe-369 (5.24A)in-alkyl interaction
of ring C with Val-70 (3.83A) and lle-161 (4.80A).

n-alkyl interaction of the methyl substituent ofgiD with Phe-194 (4.35A) and Phe-369 (4.21A), alkykraction between the meth
substituent of ring D and Val-70 (4.04/)donor interaction between ring B and Tyr-366 (AQ)3t-alkyl interaction of ring D with Val-
70 (3.93A) and lle-161 (5.49A)-nt T-shaped interaction of ring A with Tyr-366 (5.1)1A-cation interaction between ring C and Z
501 (4.78A),n-n stacked interaction of ring B and Tyr-369 (5.84#&)lkyl interaction of the methyl substituent ofgi€ with Phe-194|
(5.22A) and His-223 (4.10Ay-nt stacked interaction of ring C with His-223 (4.43A)donor H-bond interaction of ring A with Tyr-36|
(3.30A) and conventional H-bond of N13-H with GI621(2.55A).

Alkyl interaction between the methyl substituentrioig D and Leu-367 (4.97A)-alkyl interaction between the methyl substitueht
ring D and Phe-369 (5.03A)-donor H-bond interaction of ring D with Tyr-366.43A), n-n T-shaped interaction of ring D and Tyr-36
(5.45A), n-cation interaction between ring A and Zn-501 (AR6conventional H-bond of N13-H with GIn-162 (24 unfavorable
donor-donor interaction between N13-H and O11-H5A), conventional H-bond of O11-H and GIn-162 % n-n stacked
interaction of ring B with Phe-194 (4.27A) and B&9 (4.11A),m-alkyl interaction between ring B and Val-70 (4.75A-n stacked
interaAction of ring C with GIn-162 (5.10A) and PB&9 (5.42A) andt-alkyl interaction of ring C with Val-71 (3.78A) dnlle-161
(4.67A).

n-alkyl interaction between the methyl substituehntimg D and Phe-194 (5.43A):o interaction between the methyl substituent of r
D and His-223 (3.78A)r-donor H-bond interaction of ring B with Tyr-366.88A), n-n T-shaped interaction of ring D and Phe-1
(5.37A), m-cation interaction between ring D and Zn-501 (A&onventional H-bond of N13-H with Tyr-366 (24 conventional H-
bond N13-H and O11-H (1.94A)-n stacked interaction of ring D with His-223 (4.52A)alky! interaction between ring A and Val-7
(5.16A) andn-nt stacked interaction of ring B with Tyr-366 (5.35A)

Carbon H-bond interaction between C24-H and Glu-@2287A and 2.68A)r-alkyl interaction of the methyl substituent ofgi® with
His-223 (4.03A) and Phe-194 (5.26A% stacked interaction of ring D with His-223 (4.35&)n T-shaped interaction of ring D wit
Phe-194 (5.37A)n-cation interaction between ring D and Zn-501 (A)6&onventional H-bond of N13-H with Tyr-366 (2A8 n-
donor interaction between ring A and Tyr-366 (3.55An stacked interaction between ring A and Tyr-36@88), conventional H-
bond of O11-H and GIn-162 (2.36A);n stacked interaction of ring B with Phe-194 (4.75&)H Phe-369 (4.22A)-alkyl interaction of
ring B and Val-70 (5.02A)x-alkyl interaction of ring C with Val-70 (3.87A) dnile-161 (4.92A) andi-nt stacked interaction of ring
with Phe-194 (5.004) and Phe-369 (5.13A).

n

ng
94

N

Carbon H-bond interaction between C24-H and Glu-@289A), n-alkyl interaction of the methyl substituent of gi® with Phe-194
(5.06A) and His-223 (4.13A), conventional H-bond\bP5 and O11-H (2.61A)-cation interaction between ring D and Zn-501 (AR5,
conventional H-bond of 011-H with Tyr-366 (3.03A)aGlu-164 (2.61A)n-nt stacked interaction of ring A with Phe-369 (5.24kd
Phe-194 (5.30A)r-alkyl interaction between ring A and Val-70 (4.98#nd lle-161 (5.39A)r-alkyl interaction of the Cl substituent
ring A with Phe-194 (4.48A) and Phe-369 (4.08A) afklyl interaction of the Cl substituent of ringwith Val-373 (4.55A), Val-70
(4.08A and 3.88A) and lle-161 (3.95A).

=Y

n-n stacked interaction between ring D and His-5.2334), m-anion interaction between ring D and Glu-224 (AB2Zonventional H-
bond of N13-H with Glu-164 (1.94A), conventionalldénd of N25 with Tyr-366 (3.31A);-donor H-bond interaction between ring
and Tyr-366 (3.43A)r-donor H-bond interaction between ring C and Ty8-88.59A), carbon H-bond of C12-H with GIn-162 (243,

conventional H-bond of O11- H with Glu-164 (2.30d)d GIn-162 (2.61A)x-nt stacked interaction of ring A with Phe-369 (4.64kd
Phe-194 (5.20A)r-alkyl interaction of ring A and Val-70 (4.50A) arig-162 (5.22A)-nt T-shaped interaction of ring B with Tyr-36
(5.26A) andr-nt T-shaped interaction of ring C with Tyr-366 (5.20A

n-alkyl interaction between the methyl substitudtimg C with Phe-194 (5.42A)-o interaction of the methyl substituent of ring Gtwi
His-223 (3.88 A)ji-cation interaction between ring C and Zn-501 (A)8Barbon H-bond of the methyl group of the methexbstituent
of ring A with Glu-262 (2.61A)i-donor H-bond interaction between ring A and Ty638.36A), t-n T-shaped interaction of ring 4
with Tyr-366 ,8(\5'30'&)’“-“ stacked interaction of ring D with Phe-369 (4.84k)r-alkyl interaction of ring D with Val-70 (3.74A) dn
lle-161 (5.48A).

10

Halogen interaction of the F substituent of ringvith Thr-220 (3.30A) and Glu-224 (3.63A);n stacked interaction between ring A a
His-223 (4.77A)-n T-shaped interaction between ring A and Phe-192), n-n stacked interaction of ring B with Phe-194 (4.36
and Phe-369 (4.25Ay-alkyl interaction of ring B with Val-70 (4.83A)-alkyl interaction of ring C with lle-161 (4.70And Val-70
(3.78A), n-nt stacked interaction between ring C with Phe-1941(8) and Phe-369 (5.35A) and conventional H-boativeen O11-H
and GIn-162 (2.57A).

nd
A)

11

n-nt T-shaped interaction of ring D with Phe-369 (5.9#An stacked interaction of ring A with Phe-369 (5.10&)t stacked interactio

of ring B with Phe-194 (4.91A)-alkyl interaction of ring A and Val-70 (3.76A) arie-161 (5.16A)t-n stacked interaction of ring B

with Phe-194 (4.81A), conventional H-bond of N13akith GIn-162 (2.03A) andt-alkyl interaction of the methyl substituent of @i
with His-223 (4.17A) and Phe-194 (5.47A).

12

n-n T-shaped interaction of ring D with Phe-194 (5.30&n stacked interaction of ring D with His-223 (4.27A&)cation interaction of
ring D with Zn-501 (4.73A), alkyl interaction of éhmethyl substituent of ring A with Val-70 (3.86And lle-161 (4.43A)r-alkyl
interaction of the methyl substituent of ring A WiPhe-194 (4.68A) and Phe-369 (4.77AJalkyl interaction of ring A with Val-70,
(4.79A), n-nt stacked interaction of ring A with Phe-369 (4.12A)onor H-bond interaction between ring B and Ty6-38.39A), rt-nt
stacked interaction of ring B with Tyr-366 (5.09&pnventional H-bond of N25 with Arg-363 (2.56A)daconventional H-bond betwee
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011-H and Glu-164 (2.44A).

13

n-n T-shaped interaction between ring D and Phe-19289, n-n stacked interaction of ring D with His-223 (4.33/)-cation
interaction of ring D with Zn-501 (4.74A)-donor H-bond interaction between ring B and Ty6-38.38A), alkyl interaction of the
methyl substituent of ring A with Val-70 (3.86A) difle-161 (4.48A)i-alkyl interaction of the methyl substituent ofgii with Phe-
194 (4.66A) and Phe-369 (4.77/Ayalkyl interaction of ring A with Val-70 (4.77A)-n stacked interaction between ring A and Phe-369
(4.08%), conventional H-bond of O11-H with Glu-162.70A) and unfavorable acceptor-acceptor intesactf 011 and GIn-162
(2.75A).

14

Carbon H-bond interaction between C24 and Glu-22894), n-alkyl interaction of the methyl substituent of giflD with Phe-194
(5.46A) and His-223 (3.72A)n-nt T-shaped interaction of ring D with Phe-194 (5.%7#n stacked interaction between ring D and His-
223 (4.47R) n-cation interaction between ring D and Zn-501 (AZonventional H-bond of 011-H with GIn-162 (244 n-donor H-
bond interaction between ring A and Tyr-366 (3.73#&)t stacked interaction of ring A with Tyr-366 (5.30A)-alkyl interaction
between ring B and Val-70 (5.07A);n stacked interaction of ring B with Phe-369 (3.96#&glkyl interaction of ring C with Val-70
(3.95A) and lle-161 (4.89A) andn stacked interaction of ring C with Phe-369 (5.14A)

15

n-alkyl interaction of the methyl substituent ofgi with His-223 (4.27A),n-rt stacked interaction of ring B with Phe-194 (4.934)
cation interaction between ring B and Arg-363 (AR9-nt T-shaped interaction of ring A with Phe-369 (4.31darbon H-bond of C12
H with Tyr-366 (2.23A), conventional H-bond betweeh3-H and GIn-162 (1.98A), conventional H-bonddi#1 and Tyr-366 (2.92A)
n-nt T-shaped interaction between ring C and His-2238), n-nt stacked interaction of ring C with Phe-194 (4.324k)d r-cation
interaction between ring C and Arg-363 (3.42A).

16

Alkyl interaction between the methyl substituentiofy D and Val-70 (4.25A)x-0 interaction of the methyl substituent of ring Dttwi
Phe-369 (3.94A)r-alkyl interaction of the methyl substituent ofgi® with Phe-194 (4.13A)-alkyl interaction of ring D with Val-70
(4.12A), carbon H-bond interaction between the ylegioup of the amide substituent of ring A withu&57 (2.85A),n-n T-shaped
interaction between ring A and Tyr-366 (5.52A)donor H-bond interaction between ring A and Ty638.23A), n-cation interaction
between ring B and Zn-501 (4.974)n stacked interaction of ring C with His-223 (4.52A)cation interaction between ring C and Zn-
501 (4.64A),n-n T-shaped interaction between ring C and Phe-194.4, n-o interaction of the methyl substituent of ring GtwHis-
223 (3.83A) andr-alkyl interaction of the methyl substituent ofgi€ with Phe-194 (5.43A).

17

Carbon H-bond between C24-H with Glu-224 (2.55A ar&PA), n-alkyl interaction of the methyl substituent ofgi® with Phe-194
(5.24A) and His-223 (4.10A)-n stacked interaction of ring D with His-223 (4.31&)n T-shaped interaction of ring D and Phe-194
(5.34A), n-cation interaction between ring D and Zn-501 (AB9t-donor H-bond interaction between ring B and Ty6-38.404),
conventional H-bond of O11-H with Glu-164 (2.60/&)r stacked interaction of ring A with Phe-369 (4.07#&)t stacked interaction o
ring B with Tyr-366 (5.08A) ana-alky! interaction of ring A and Val-70 (4.68A).

18

Alkyl interaction of the methyl substituent of rimywith Val-70 (4.08A)t-alkyl interaction of the methyl substituent ofgi® with Phe-
369 (4.12A) and Phe-194 (4.31A)alkyl interaction of ring D with Val-70 (3.92A)carbon H-bond interaction of the O of the nitro
substituent of ring A with Val-258 (3.47A)-n T-shaped interaction between ring A and Tyr-36@48), n-donor H-bond interactio
between ring A and Tyr-366 (3.26A);cation interaction between ring C and Zn-501 (A)7%-n stacked interaction of ring C with Hig-
223 (4.61A) -0 interaction of the methyl substituent of ring GwHis-223 (3.87A)r-alkyl interaction between the methyl substitugnt
of ring C (jl&nd Phe-194 (5.37A), conventional H-boh@®11 with Tyr-366 (3.12A) and-nt T-shaped interaction between ring C and Phe-
194 (5.30A).

19

n-donor H-bond interaction of ring D with Tyr-366.98A), n-n T-shaped interaction of ring A with Phe-194 (5.92darbon H-bond of
the methyl group of the methoxy substituent of rilagnvith Glu-351 (2.85A),n-n stacked interaction between ring D and His-223
(5.03A), n-nt stacked interaction of ring B with Phe-369 (5.2&#) Phe-194 (5.45A)-alkyl interaction of ring B with Val-70 (4.62A)
n-n stacked i;;teraction of ring C with Phe-369 (5.2%&f Phe-194 (5.11A) andalkyl interaction of ring C with Val-70 (3.72A) dn
lle-161 (4.78A).

20

n-alkyl interaction of ring A with Val-70 (4.76A)1-n stacked interaction of ring A with Phe-369 (4.02A&)onor interaction between
ring B and Tyr-366 (3.43A), carbon H-bond betwe@® & with Glu-257 (2.87A and 2.79A);cation interaction of ring D with Zn-501
(4.69A), conventional H-bond of 011-H with Glu-16484A) and GIn-162 (1.76Ay-nt stacked interaction between ring D and His-223
(4.36A),m-nt T-shaped interaction of ring D with Phe-194 (5.34Adn-n stacked interaction between ring A and Tyr-36648).

21

n-alkyl interaction between Cl and Phe-194 (4.7189nventional H-bond between N13-H and Tyr-366 (B)55t-n T-shaped
interaction of ring D with His-223 (4.90Ay-cation interaction between ring D and Zn-501 (AR-n stacked interaction of ring B
with Phe-369 (4.34A)r-alkyl interaction between ring B and Val-70 (4.97A-n stacked interaction of ring C with Phe-369 (5.1,14)
alkyl interaction of ring C with Val-70 (3.85A) arlte-161 (4.94A)-donor H-bond interaction of ring A with Tyr-366.83A) andn-
anion interaction of ring D with Glu-262 (4.73A)c&lu-164 (3.93A).

22

n-alkyl interaction of Cl with Phe-194 (4.61A) andhé?163 (4.83A)-cation interaction of ring D with Zn-501 (3.29A%-anion
interaction of ring D with Glu-164 (3.93A) and G2 (4.83A), conventional H-bond of N13-H with T386 (2.60A)n-donor H-bond
interaction between ring A and Tyr-366 (3.45A&)n stacked interaction between ring A and Tyr-36@%8), n-nt T-shaped interactior
of ring D with His-223 (4.88A)r-nt stacked interaction between ring B and Ph3-36344), n-alkyl interaction of ring B with Val-70
(4.96%), n-n stacked interaction of ring C with Phe-369 (5.18KRd n-alkyl interaction of ring C with Val-70 (3.86A) dnlle-161
(4.94A).

23

n-n stacked interaction of ring D with Tyr-366 (5.224)cation interaction of ring A with Zn-501 (4.91A)-nt stacked interaction o
ring B with Phe-194 (4.38A) and Phe-369 (4.24&glkyl interaction of ring B with Val-70 (4.75A)-donor interaction between ring
and Tyr-366 (3.58A)r-alkyl interaction of ring C with Val-70 (3.76A) drlle-161 (4.67A);t-nt stacked interaction of ring C with Phe
369 (5.39A) and Phe-194 (5.13/&)alkyl interaction between the last carbon atorthefethyl group of the ethoxy substituent of ring D
and Tyr-366 (5.28A), alkyl interaction of the lasirbon atom of the ethyl group of the ethoxy stibstit of ring D with Val-258 (4.52A)
n-anion interaction of ring A with Glu-224 (4.97 Aydin-nt T-shaped interaction between ring D and Phe-198£).

)

24

n-alkyl interaction of the last carbon atom of thbye group substituent of ring D with Tyr-366 (4A)8 alkyl interaction of the las
carbon atom of the ethyl group substituent of fihgvith Val-258 (4.45A), conventional H-bond of OHLwith Glu-164 (2.85A) -

donor H-bond interaction between ring D and Tyr-§868A), conventional H-bond of the O of the ethgroup substituent of ring [0
with Tyr-366 (3.19A),n-n stacked interaction of ring B with Phe-194 (4.24%) T-shaped interaction between ring B and Phe-B69
(4.25A), n-alkyl interaction of ring A with Val-70 (3.68A) anlle-161 (4.82A)n-n stacked interaction of ring A with Phe-369 (5.27/3)
and Phe-194 (5.03A)-nt stacked interaction of ring C with Phe-194 (4.7@A)l carbon H-bond between C9-H and Glu-224 (2.48A)

25

n-nt stacked interaction of ring A with Phe-194 (5.14#)t stacked interaction of ring B with Phe-194 (4.184) T-shaped interactiol
of ring B with Phe-369 (5.11A)-alkyl interaction between ring A and Val-70 (3.704&nd lle-161 (4.71A)r-nt stacked interaction of
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ring C with Phe-194 (4.68A)y-n T-shaped interaction between ring C and His-2290@), carbon H-bond of C9-H with Glu-2244
(2.49A) and alkyl interaction between the methylugr of the methoxy substituent of ring D with Le6i735.224).

26 Carbon H-bond between the methyl group of the mattsaibstituent of ring D and Glu-351 (2.894)alkyl interaction of the methy|
group of the methoxy substituent of ring D with 1223 (4.32A) and Phe-194 (5.07A), conventional Hdbdetween the carbony
substituent of ring D and Arg-363 (3.24A)n T-shaped interaction of ring D with ring A (4.27/&pnventional H-bond of N13-H an|
Tyr-366 (2.36A),m-anion interaction between ring D and Glu-224 (AQ&arbon H-bond of C13-H with GIn-162 (2.61A)n stacked
interaction of ring B with Phe-194 (4.75A) and F&9 (4.89A) n-alkyl interaction of ring B with Val-70 (4.25A) dnlle-161 (5.38A),
T stack('e&d interaction of ring C with Phe-194 (5.44Rpn-alkyl interaction of ring C with Val-70 (3.62A),ar-373 (5.17A) and lle-
161 (4.744).

O =

27 n-alkyl interaction between the last carbon atonthef propyl group substituent of ring D and Tyr-3@®7A), alkyl interaction of the
last carbon atom of the propyl group substituerriraf D with Leu-367 (5.15A) and Val-258 (4.62ARrbon H-bond of the first carbop
atom of the propyl group substituent of ring D witr-366 (2.74A), n-nt stacked interaction of ring B with Phe-194 (4.09%)t T-

shaped interaction of ring B with Phe-369 (5.25&)lkyl interaction of ring A with Val-70 (3.70A) anlle-161 (4.69A)1-n stacked
interaction of ring C with Phe-194 (4.68%%n T-shaped interaction of ring C with His-223 (4.988arbon H-bond of C9-H with Glu
224 (2.49A) andi-nt stacked interaction of ring A with Phe-194 (5.144)

28 Carbon H-bond between C18-H and Glu-224 (2.8m8nion interaction of ring A with Glu-164 (4.81A)nventional H-bond of N13
H with GIn-162 (2.49A)n-donor H-bond interaction between ring D and Ty6-38.614), conventional H-bond of O11-H with GIn21¢
(2.28A), n-nt stacked interaction of ring B with Phe-194 (4.32Aky Phe-369 (4.14Ax-alkyl interaction of ring B and Val-70 (4.71A),
n-n stacked iAnteraction of ring C with Phe-194 (5.14kH Phe-369 (5.52A) andalkyl interaction of ring C with Val-70 (3.79A) dn
lle-161 (4.59A).

29 Carbon H-bond of the methyl group of the methoxyssituent of ring D with GIn-162 (2.68A) and Glu2#2.79A),r-alky! interaction
of the methyl of substituent of ring D with Phe-1@418A), n-donor interaction between ring A and Tyr-366 (RAf6t-o interaction
between the methyl substituent of ring D and Hi8-22.99A), n-n T-shaped interaction between ring D with Phe-1941A), mn-r
stacked interaction of ring D with His-223 (4.53&)¢cation interaction between ring D and Zn-501 (AB5t-nt stacked interaction o
ring A with Tyr-366 (5.37A)-n stacked interaction of ring B with Phe-369 (4.16&plkyl interaction of ring B and Val-70 (4.82A);
n stacked interaction of ring C with Phe-369 (5.2@Ayir-alkyl interaction of ring C with Val-70 (3.82A) drile-161 (4.84A).

30 n-alkyl interaction of the methyl substituent ofgi® with His-223 (4.17A) and Phe-194 (5.07A), cars¢-bond of the methyl group df
the methoxy substituent of ring D with GIn-162 @AJ and Glu-224 (2.78A)x-nt T-shaped interaction of ring D and Phe-194 (5.43A)
n-donor H-bond interaction between ring A and Ty63@.53A), -t stacked interaction of ring D with His-223 (4.37A)cation
interaction of ring D with Zn-501 (4.60A), conviortal H-bond between C12-H and the O of the mettsmystituent of ring D (1.78A)
carbon H-bond of C16-H with GIn-162 (2.85A)n stacked interaction between ring A and Tyr-36@78), n-rt stacked interactio
between ring B and Phe-369 (4.13&)alkyl interaction of ring D with Val-70 (4.91A)-n stacked interaction of ring C with Phe-369
(5.19A) andr-alkyl interaction of ring C with Val-70 (3.85A) drile-161 (4.87A).

31 -0 interaction of the methyl substituent of ring DttwiPhe-369 (3.56A) and Phe-194 (3.82A), conveatibhbond between O11-H and
GIn-162 (2.45A), conventional H-bond of N10 withri366 (3.31A),n-cation interaction of ring A with Zn-501 (4.84A);n T-shaped
interaction of ring A and Phe-194 (5.194)5t stacked interaction of ring A with His-223 (4.65A&)alkyl interaction of ring D with Val-
70 (4.32A) and lle-161 (5.49A)-n stacked interaction of ring D with Phe-369 (4.8@RA) Phe-194 (4.84Ax-donor H-bond interaction]
of ring B and GIn-162 (3.43A)1-anion interaction of ring C with Glu-262 (3.84A)dalkyl interaction of the Cl substituent of rify
with Val-373 (4.53A), lle-161 (4.34A) and Val-70.93A).

32 -0 interaction of the methyl substituent of ring DlwHis-223 (3.98A)r-nt stacked interaction between ring D with His-223144), rt-

n T-shaped interaction of ring D with Phe-194 (5.31&donor H-bond interaction between ring A and Ty638.61A), n-cation
interaction between ring D and Zn-501 (4.74A)x stacked interaction between ring A and Tyr-36@%8), conventional H-bond o
0O11-H with GIn-162 (2.39A)r-rt stacked interaction of ring B with Phe-369 (4.18#&plkyl interaction of ring B with Val-70 (4.89A)
n-n stacked interaction of ring C with Phe-369 (5.22&xlkyl interaction of ring C with lle-161 (4.83And Val-70 (3.84A) -alkyl

interaction of the methyl substituent of ring Diwi?he-194 (5.28A) and conventional H-bond of N1@&ith Tyr-366 (2.09A).

33 n-alkyl interaction of the methyl substituent ofgi® with Phe-194 (5.31A)1-0 interaction between the methyl substituent of ingnd
His-223 (3.95A)t-cation interaction between ring D and Zn-501 (AyZ-n T-shaped interaction between ring D and Phe-182/%,
n-n stacked interaction of ring D with His-223 (4.43&pnventional H-bond of N13-H with Tyr-366 (2.04&pnventional H-bond o
N13-H with Tyr-366 (2.42A), n-n stacked interaction between ring A and Tyr-36@28), carbon H-bond of C16-H and GIn-162
(2.53A), conventional H-bond between 011-H and ©88- (2.46A),m-alkyl interaction of ring B with Val-70 (4.99A)-n stacked
interaction of ring B with Phe-369 (4.21Ay;alkyl interaction of ring C with Val-70 (3.86A) dnlle-161 (4.94A) andw-n stacked
interaction of ring C with Phe-369 (5.11A).

DISCUSSION

LRMA results.

The first interesting fact is that, for the firghe, we obtained a statistically significant eqoatrelating biological
activity with electronic structure for a racemicxtoire. This could be an indication that only onelaf isomers is
active in the SNAPtide or that the difference itivaty of both isomers is so great that the conttibn of one of
them is negligible. This hypothesis is supported Fig. 4 showing a very good relationship betweea th
experimental and calculated values. The use ofmacmixtures to carry out a qualitative structuctiaty analysis

is not correct at all. Therefore, the SAR discusgicesented in Ref. [9] should be regarded witheewé caution.
The analysis of Eq. 2 indicates that a high inbilyitactivity is associated with low values o§(IFUMO)*,
FALUMO)*, F4(LUMO+2)* S,s5(HOMO)* and Ss(HOMO-1)*. Regarding (LUMO+2)*a good inhibitory
activity is associated with a low value of the esponding eigenvalue. The case of (LUMG#1will not be
discussed because of the value oftthest (Table 2). (LUMQ) and (LUMO)* are both ofr nature. Low values
for F(LUMO)* and F(LUMO)*, suggest that atoms 9 and 7 are interactiith electron-acceptor centers through
(HOMO)g* and (HOMO)*. (LUMO+2)4* is an MO in all molecules (Table 4). (LUMO+&)and (LUMO),* are
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also ofr nature. A low value for JLUMO+2)* suggest an unfavorable interaction widcant MOs localized on a
moiety of the binding site. We suggest then thatrat} is interacting with an electron-rich centewotigh its first
two vacant MOs. (HOMQ)* is an MO (Table 5). A low value for §(HOMO)* suggests that this atom is
interacting with an electron-rich moiety of the diimg site. (HOMO-1)* and (HOMO)s* are ofx nature in almost
all molecules (Table 5). A low value for,§HOMO-1)* may be interpreted by suggesting thatmatt5 is
interacting with an electron-deficient center ottyough its (HOMO)s* and that (HOMO-1)* engages in an
unfavorable interaction with occupied MOs of thahter. (LUMO+2)3*, (LUMO+1),3* and (LUMO),z* are all of

n nature. Considering that a good inhibitory acyivé associated with a low value of the (LUMO#2)kigenvalue,
we propose that atom 23 is interacting with antedeecrich center through its three lowest vacantdMiike a COO
moiety). All these ideas are presented in the timeedsional (2D) pharmacophore of Fig. 23.

ELECTRON-

ACCEPTOR
CENTER

J(save?)

Z ELECTRON-
N ACCEPTOR
CENTER

ELECTRON-

RICH
ELECTRON- CENTER
RICH
(SAME? ) —e=

Figure 23. Proposed 2D pharmacophore for the vari&n of the inhibitory activity

ELECTRON-
RICH
CENTER

Docking of the S isomers.

Employing Table 6 we have classified the ligané-§iit-S) interactions in four groups: weak (W, L4iStadnce equal
or greater than 5.0A), weak/medium (W/M, L-S dist@greater than 4.0A and shorter than 5.0A), medMrrL-S
distance greater than 3.0A and shorter than 4.0M) sirong (S, L-S distance shorter than 3.0A). Nb# this
division is based only on the ligand-site distandefavorable interactions (U) are placed in a safgafable. Table
8 displays the weak interactions.
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Table 8. Summary of the ligand-site weak interactios of the S isomers @5.0A)

Mol. Interactions

1 n-r stacked interaction between ring A and Phe-3691(5), m-alkyl interaction of ring A with lle-161 (5.16A)-alkyl interaction of
ring B with Val-70 (5.30A).

2 Alkyl interaction of the methyl substituent of rifywith Leu-367 (5.09A)r-alkyl interaction between the methyl substitueinting D
and Phe-369 (5.14A)y-n T-shaped interaction between ring A and Phe-19%465), n-alkyl interaction of ring B with Val-70 (5.024)
n-nt stacked interactions of ring C with Phe-194 (5.paAd Phe-369 (5.31A).

3 n-alkyl interaction of the methyl substituent ofgi® with Phe-194 (5.46A)-n T-shaped interaction of ring D with Phe-194 (5.48A
attractive charge interaction of N13 with Glu-2&20A), n-alkyl interaction of ring A with Val-70 (5.10A) am-n stacked interactio
of ring B with Tyr-366 (5.52A).

4 | n-m stacked interactions of ring C with Phe-369 (5.58Ad Phe-194 (5.224).

5 None.

6 n-alkyl interaction of the methyl substituent ofgi® with Phe-194 (5.24A)-nt T-shaped interaction of ring D with Phe-194 (5.%04&
donor interaction between ring A and Tyr-366 (5AXB4n-nt stacked interaction between ring A and Tyr-366%8), n-n stacked
interactions of ring C with Phe-194 (5.03A) and 366 (5.22A).

7 n-alkyl interaction of the methyl substituent ofgi® with Phe-194 (5.31A)-n T-shaped interaction of ring D with Phe-194 (5.%0&
n stacked interaction of ring A with Tyr-366 (5.484}alkyl interaction between ring B and Val-70 (5.99A

8 n-nt T-shaped interaction between ring D and Phe-1®19, n-n stacked interaction of ring C with Phe-369 (5.21A)

9 Attractive charge interaction of N13 with Glu-25146A), n-alkyl interaction of ring C with Val-70 (5.00A).

10 | n-n stacked interactions between ring C with Phe-5925Q) and Phe-369 (5.62A).

11 | n-n T-shaped interaction of ring D with Phe-194 (5.32%n stacked interaction of ring B with Tyr-366 (5.31A)

12 | n-n T-shaped interaction of ring D with Phe-194 (5.294ttractive charge interactions of N13 with GB41(5.21A) and Glu-262
(5.16?),n—alkyl interaction of the methyl substituent ofgir\ with Phe-369 (5.07A)r-nt stacked interaction of ring B with Tyr-366
(5.25A).

13 | n-n T-shaped interaction between ring D and Phe-1927£§, n-alkyl interaction of the methyl substituent of gi®\ with Phe-369
(5.15A), n-nt stacked interaction of ring A with Tyr-366 (5.25&)d attractive charge interaction of N13 with GBR2 (5.25A).

14 | m-alkyl interaction of the methyl substituent ofgi® with Phe-194 (5.18A)n-n T-shaped interaction of ring D with Phe-194 (5.39A
n-nt stacked interaction of ring A with Tyr-366 (5.164&)n stacked interaction of ring C with Phe-369 (5.19A)

15 | n-n stacked interaction of ring B with Tyr-366 (6.00A)alkyl interaction of ring C and Phe-194 (5.29A).

16 | n-m T-shaped interaction between ring A and Tyr-366L18), n-n stacked interaction of ring B with Tyr-366 (5.93/)-alkyl
interaction of the methyl substituent of ring CwRhe-194 (5.32A).

17 | n-alkyl interaction of the methyl substituent ofgi® with Phe-194 (5.17A)-n T-shaped interaction of ring D and Phe-194 (5.43A)
n stacked interaction of ring A with Tyr-366 (5.154A)n stacked interaction of ring C with Phe-369 (5.21A)

18 | m-m T-shaped interaction between ring A and Tyr-36848), n-n stacked interaction of ring B with Tyr-366 (5.974)-alkyl
interaction between the methyl substituent of hand Phe-194 (5.31A).

19 | n-n T-shaped interaction of ring D with Phe-194 (5.30&n stacked interaction between ring A and Tyr-36@18), -t stacked
interaction of ring C with Phe-369 (5.18A).

20 | m-alkyl interactions of ring D with Val-70 (3.81And lle-161 (5.45A)-cation interaction of ring C with Zn-501 (5.00A)d-alkyl
interaction of the methyl substituent of ring Ciwithe-194 (5.26A).

21 | n-n T-shaped interaction of ring A with Phe-194 (5.)2&n stacked interactions of ring C with Phe-369 (5.84Ad Phe-194 (5.06A).

22 | n-n stacked interaction of ring C with Phe-369 (5.11A)

23 | n-n stacked interaction of ring D with Tyr-366 (5.20&)n stacked interactions of ring C with Phe-369 (5.36Ad Phe-194 (5.16A).

24 | n-n stacked interactions of ring A with Phe-369 (5.22Ad Phe-194 (5.03A).

25 | n-n T-shaped interaction of ring A with Phe-194 (5.19&n stacked interaction of ring C with Phe-369 (5.27A)

26 | m-alkyl interaction of the methyl group of the metlicubstituent of ring D with Phe-194 (5.07A}alkyl interaction of ring B with lle-
161 (5.38A) - stacked interaction of ring C with Phe-194 (5.44A}n-alkyl interaction of ring C with Val-373 (5.17A).

27 | m-alkyl interaction between the last carbon atorthefpropyl group substituent of ring D and Tyr-366L1A), n-nt stacked interactions
of ring C with Phe-369 (5.31A) and Phe-194 (5.07A).

28 | n-n stacked interactions of ring C with Phe-194 (5.l4Ad Phe-369 (5.52A).

29 | n-alkyl interaction of the methyl of substituentrafg D with Phe-194 (5.44A)-n T-shaped interaction between ring D with Phe-194
(5.49A), n-nt stacked interaction of ring A with Tyr-366 (5.26/3-alkyl interaction of ring B and Val-70 (5.09Ay-n stacked
interaction of ring C with Phe-369 (5.15A) andlkyl interaction of ring C with lle-161 (5.03A).

30 | m-alkyl interaction of the methyl substituent ofgi® with Phe-194 (5.07A)1-n T-shaped interaction of ring D and Phe-194 (5.43A)
n stacked interaction between ring A and Tyr-36&78,), n-r stacked interaction of ring C with Phe-369 (5.194)

31 | n-n T-shaped interaction of ring A and Phe-194 (5.14#%) stacked interactions of ring C with Phe-369 (5.28Ad Phe-194 (5.03A).

32 | n-n T-shaped interaction of ring D with Phe-194 (5.45An stacked interaction between ring A and Tyr-36878), n-alkyl
interaction of ring A with Val-70 (5.08A)1-n stacked interaction of ring C with Phe-369 (5.1&Ayin-alkyl interaction of ring C with
lle-161 (5.00A).

33 | m-alkyl interaction of the methyl substituent of gilD with Phe-194 (5.31A)r-n T-shaped interaction between ring D and Phe-[194

(5.32A), n-n stacked interaction between ring A and Tyr-36824), n-rt stacked interaction of ring C with Phe-369 (5.11A)

We can see that the weak interactions areostackedr-alkyl, alkyl, n-r T-shaped, attractive chargedonor and
n-cation kinds. Note that molecule 5 has not weadracttions (as defined in this paper).
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Table 9. Summary of the ligand-site weak/medium imractions of the S isomers (4.0A>d<5.0A)

Mol.

Interactions

Amide-t stacked interaction of ring A with the peptide Bqnining lle-161 and GIn-162 (4.79A)-anion interaction of ring D with
Glu-164 (4.54A), attractive charge interaction df\with Glu-164 (4.22A).

n-nt stacked interaction of ring A with His-223 (4.55&}anion interaction of ring A with Glu-224 (4.33A);cation interaction of ring
A with Zn-501 (4.87A)t-n stacked interactions of ring B with Phe-194 (4.25Ad Phe-369 (4.38A)-alkyl interaction of ring C with
lle-161 (4.73A).

n-m stacked interaction of ring D with His-223 (4.71A)cation interaction between ring D and Zn-501 (A)B3t-anion interaction of
ring D with Glu-224 (4.25A)n-nt stacked interaction of ring A and Phe-369 (4.03A).

n-nt stacked interaction of ring B with Phe-369 (4.16&kd Phe-194 (4.20Ay-alkyl interaction of ring B and Val-70 (4.70Ay;alkyl
interaction between ring C with lle-161 (4.53A).

Attractive charge interaction between N13 and Gl4-24.95A),m-n T-shaped interaction of ring A with Phe-369 (4.39A-alkyl
interaction of ring B with Val-70 (4.80A) andalkyl interaction between ring C with Val-70 (444

n-alkyl interaction of the methyl substituent ofgi® with His-223 (4.11A)n-n stacked interaction of ring D with His-223 (4.25A)

cation interaction between ring D and Zn-501 (4.55yl interaction between Cl and Leu-367 (4.81&)lkyl interaction between C
and Phe-369 (4.86Ay-n stacked interactions of ring B with Phe-194 (4.59Ad Phe-369 (4.31Ay-alkyl interaction of ring B and
Val-70 (4.98A) n-alkyl interaction of ring C with lle-161 (4.82A).

n-nt stacked interaction between ring D and His-2233A), n-cation interaction between ring D and Zn-501 (A)65t-n stacked
interaction of ring B with Phe-369 (4.07A) and Pt (4.49A),n-nt stacked interactions of ring C with Phe-369 (4.y8Ad Phe-194
(4.61A), alkyl interactions of the methyl substitef ring C with Val-373 (4.62A) and Val-70 (4.0pA

n-nt stacked interaction of ring D with His-223 (4.31A)cation interaction between ring D and Zn-501 (A)73t-nt stacked interactior
of ring B with Phe-369 (4.14A)-alkyl interaction of ring B and Val-70 (4.98A3;alkyl interaction of ring C with lle-161 (4.86A).

n-anion interaction of ring D with Glu-262 (4.97A)n T-shaped interaction between ring A and Phe-36169), n-alkyl interaction of
ring B with VVal-70 (4.74A).

10

n-cation interaction between ring A and Zn-501 (AR6t-n stacked interactions of ring B with Phe-194 (4.28Ad Phe-369 (4.16A),
r-alkyl interaction of ring B with Val-70 (4.75A)-alkyl interaction of ring C with lle-161 (4.51A).

11

n-it stacked interaction of ring D with His-223 (4.46A)anion interaction between ring D and Glu-224 24 n-cation interaction of
ring D with Zn-501 (4.69A)r-alkyl interaction of ring A and Val-70 (4.95A).

12

n-m stacked interaction of ring D with His-223 (4.41/)cation interaction of ring D with Zn-501 (4.7223|kyl interaction of the|
methyl substituent of ring A with lle-161 (4.03A)alkyl interaction of the methyl substituent ofgid with Phe-194 (4.71Ay-alkyl
interaction of ring A with Val-70 (4.77Ay-n T-shaped interaction of ring A with Phe-194 (4.84A

13

n-nt stacked interaction of ring D with His-223 (4.53A)kyl interaction of the methyl substituent afgiA with Val-70 (4.11A)s-alkyl
interaction of the methyl substituent of ring A wiPhe-194 (4.54A)r-alkyl interaction of ring A with Val-70 (4.75A)-n T-shaped
interaction of ring A with Phe-194 (4.91A), attrizetcharge interaction of N13 with Glu-164 (4.21A).

14

n-alkyl interaction of the methyl substituent of gifD with His-223 (4.09A), -t stacked interaction between ring D and His-223
(4.37A), n-cation interaction between ring D and Zn-501 (A%5t-alkyl interaction between ring B and Val-70 (4.96A-n stacked
interaction of ring B with Phe-369 (4.11A)alkyl interaction of ring C with lle-161 (4.87Aymiden stacked interaction of ring C with
the peptide bond joining lle-161 and GIn-162 (4.39A

15

Alkyl interaction between the methyl substituentriofy D and Val-70 (4.02A)z-alkyl interactions of the methyl substituent afgiD
with Phe-194 (4.39A) and Phe-369 (4.27A)donor interaction between ring B and Tyr-366 @A), n-rt stacked interaction of ring B
with His-223 (4.55A)n-cation interaction between ring C and Zn-501 (A)37

16

Alkyl interaction between the methyl substituentrioy D and Val-70 (4.03A)-alkyl interactions of the methyl substituent afgiD
with Phe-369 (4.12A) and Phe-194 (4.35A)lonor interaction between ring B and Tyr-366 (A)5t-cation interaction between ring
C and Zn-501 (4.84A)-n stacked interaction between ring C and His-2237#).

17

n-alkyl interaction of the methyl substituent ofgi® with His-223 (4.06A)n-n stacked interaction of ring D with His-223 (4.414&)
cation interaction between ring D and Zn-501 (4524 stacked interaction of ring B with Phe-369 (4.13&xlkyl interaction of ring
B and Val-70 (4.98A)r-alkyl interaction of ring C with lle-161 (4.87A).

18

Alkyl interaction of the methyl substituent of riigy with Val-70 (4.01A)r-alkyl interaction of the methyl substituent ofgil with
Phe-369 (4.26A) and Phe-194 (4.39A)donor H-bond interaction between ring B and Ty6-38.13A), n-cation interaction between
ring C and Zn-501 (4.78A)-nt stacked interaction of ring C with His-223 (4.54A)

19

n-nt stacked interaction of ring D with His-223 (4.39&)cation interaction between ring D and Zn-501 (A)5%i-nt stacked interactior
of ring B with Phe-369 (4.13A)-alkyl interaction of ring B with Val-70 (4.69Ay-alkyl interaction of ring C with lle-161 (4.84A).

20

n-nt stacked interaction of ring D with Phe-369 (4.86&lky! interaction of the methyl substituent ofgif® with His-223 (4.15A).

21

n-alkyl interaction of Cl with Tyr-366 (4.50A) anchB-369 (4.81A)n-n stacked interaction of ring A with His-223 (4.644)cation
interaction between ring A and Zn-501 (4.90A)x stacked interactions of ring B with Phe-194 (4.29Ad Phe-369 (4.35Aj-alky!
interaction between ring B and Val-70 (4.91A%lkyl interaction of ring C with lle-161 (4.71A).

22

n-alkyl interaction of Cl with Phe-194 (4.61Ay;anion interaction of ring D with Glu-262 (4.83A);n T-shaped interaction of ring D
with His-223 (4.88A) -t stacked interaction between ring B and Phe-36##), n-alky! interaction of ring B with Val-70 (4.96A)-
alkyl interaction of ring C with lle-161 (4.94A).

23

n-cation interaction of ring A with Zn-501 (4.87A);nt stacked interaction of ring B with Phe-194 (4.36A) Phe-369 (4.24Ax-alkyl
interaction of ring B with Val-70 (4.75A)-alkyl interaction of ring C with lle-161 (4.61A).

24

n-alkyl interaction of the last carbon atom of thbye group substituent of ring D with Tyr-366 (448 alkyl interaction of the las
carbon atom of the ethyl group substituent of imgith Val-258 (4.45A)-n stacked interaction of ring B with Phe-194 (4.24#)

T-shaped interaction between ring B and Phe-3654), n-alkyl interaction of ring A with lle-161 (4.82A)-n stacked interaction o
ring C with Phe-194 (4.70A).

25

n-cation interaction of ring A with Zn-501 (4.87Ay;anion interaction between ring A and Glu-224 (AR7-n stacked interaction of
ring B with Phe-194 (4.30A) and Phe-369 (4.30&glkyl interaction between ring B and Val-70 (4.97A-alkyl interaction of ring C
with lle-161 (4.79A) andi-rt stacked interaction of ring C with Phe-194 (4.99A)

26

n-alkyl interaction of the methyl group of the metlicsubstituent of ring D with His-223 (4.32A);n T-shaped interaction of ring ID
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with ring A (4.27A),n-donor interaction between ring A and Tyr-366 (A),2t-anion interaction between ring D and Glu-224 (A6
n-r stacked interaction of ring B with Phe-194 (4.7%&kd Phe-369 (4.89A}-alkyl interaction of ring B with Val-70 (4.25A)-alkyl
interaction of ring C with lle-161 (4.74A).

27 | m-cation interaction of ring A with Zn-501 (4.85A);nt stacked interactions of ring B with Phe-194 (4.3@Ad Phe-369 (4.17A)-
alkyl interaction between ring B and Val-70 (4.28&alkyl interaction of ring C with lle-161 (4.72A).

28 | m-anion interaction of ring A with Glu-164 (4.81A);n stacked interactions of ring B with Phe-194 (4.33Ad Phe-369 (4.14A)-
alkyl interaction of ring B and Val-70 (4.71A);alkyl interaction of ring C with lle-161 (4.59A).

29 | m-rt stacked interaction of ring D with His-223 (4.58&)cation interaction between ring D and Zn-501 (ABSt-anion interaction of
ring D with Glu-224 (4.23A).

30 | m-alkyl interaction of the methyl substituent ofgi with His-223 (4.17A)n-n stacked interaction of ring D with His-223 (4.374&)
cation interaction of ring D with Zn-501 (4.60/A)n stacked interaction between ring B and Phe-3684), n-alkyl interaction of ring
D with Val-70 (4.91A) n-alkyl interaction of ring C with lle-161 (4.87A).

31 | Alkyl interaction between the methyl substituentrioly D and Val-70 (4.74A)r-alkyl interaction of the methyl substituent of gilD
with Phe-369 (4.90A)r-cation interaction of ring A with Zn-501 (4.90A);nt stacked interactions of ring B with Phe-194 (4.26Ad
Phe-369 (4.39A)r-alkyl interaction of ring B with Val-70 (4.84Ax-alkyl interaction of ring C with lle-161 (4.80A).

32 | n-n stacked interaction between ring D with His-225 4, n-cation interaction between ring D and Zn-501 (Ap4

33 | m-cation interaction between ring D and Zn-501 (A)72w-n stacked interaction of ring D with His-223 (4.43A&)alkyl interaction of
ring B with Val-70 (4.99A),n-n stacked interaction of ring B with Phe-369 (4.21dxlkyl interaction of ring C with lle-161 (4.94A).

We can see that-cation interactions with Zn-501 appear in the afise range of 4.60-5.00A (see Table
ANTERIOR XX for the case of molecule 29), and inm®kings A, C or D. The interactions of this Tahte of the
amidesn stackeds-anion, attractive charge;n stackedsz-cation,n-alkyl, n-n T-shaped, alkyl and-donor kinds.
Most of them appear in the preceding Table.

Table 10. Summary of the ligand-site medium interaions of the S isomers (3.0A>d<4.0A)

Mol. Interactions

1 n-o in};eractions of the methyl substituent of ring AhwPhe-194 (3.66A) and Phe-369 (3.47A)s interaction of ring A with Val-70
(3.96A).

2 n-alkyl interaction of ring C with Val-70 (3.84A).

3 Carbon H-bond interaction between C24-H and Glu-@@6A), n-o interaction between the methyl substituent of ihgnd His-223
(3.65A), n-donor interaction between ring B and Tyr-366 (A92

4 n-donor interaction between ring B and Tyr-366 (AR3t-alkyl interaction between ring C with Val-70 (349

5 n-cation interaction of ring A with Arg-363 (3.73A);n stacked interaction between ring A and Phe-19%60{8).

6 n-alkyl interaction of ring C with Val-70 (3.84A).

7 - interaction between the methyl substituent of ingnd His-223 (3.97A)-donor interaction between ring B and Tyr-366 (351
-0 interaction of ring C and Val-70 (3.98A) and alkyleraction of the methyl substituent of ring Giwile-161 (3.71A).

8 n-donor interaction between ring B and Tyr-366 (AB#-alkyl interaction of ring C with Val-70 (3.87A).

9 n-nt stacked interaction of ring A with Phe-194 (3.77#Xation interaction between ring A and Arg-363 AR

10 | Halogen interactions of the F substituent of ringvith Thr-220 (3.17A) and Glu-224 (3.09A and 3.4pA)onor interaction between
ring D and Tyr-366 (3.29A)-alkyl interaction of ring C with Val-70 (3.84A).

11 | n-donor interaction between ring B and Tyr-366 (&) 3t-nt stacked interaction of ring A with Phe-369 (3.88A)

12 | Alkyl interaction of the methyl substituent of rifgwith Val-70 (3.94A),n-nt stacked interaction of ring A with Phe-369 (3.9474)
donor interaction between ring B and Tyr-366 (3.59A

13 | n-donor interaction between ring B and Tyr-366 (A)B7lkyl interaction of the methyl substituentririg A with lle-161 (3.92A)t-n
stacked interaction between ring A and Phe-36%68.9

14 | n-donor interaction between ring B and Tyr-366 (A} d-alkyl interaction of ring C with Val-70 (3.88A).

15 | n-alkyl interaction of ring D with Val-70 (3.91Ay-donor interaction between ring A and Tyr-366 (RB6t-o interaction of the methy
substituent of ring C with His-223 (3.99A).

16 | m-alkyl interaction of ring D with Val-70 (3.90A),acbon H-bond interaction between the amide sulestitof ring A with Glu-257
(8.07A), n-donor interaction between ring A and Tyr-366 (AR9r-o interaction of the methyl substituent of ring CttwHis-223
(3.92A).

17 | n-donor interaction between ring A and Tyr-366 (A}ar-alkyl interaction of ring C with Val-70 (3.89A).

18 | m-alkyl interaction of ring D with Val-70 (3.91A)-donor interaction between ring A and Tyr-366 (AR8r-o interaction of the
methyl substituent of ring C with His-223 (3.94A).

19 | n-donor interaction between ring B and Tyr-366 (A5

20 | m-alkyl interaction of ring D with Val-70 (3.81Ay-donor interaction between ring A and Tyr-366 (AR6&arbon H-bond between the
methyl group of the methoxy substituent of ring AhGIu-257 (3.094).

21 | m-alkyl interaction of ring C with Val-70 (3.80A).

22 | m-cation interaction of ring D with Zn-501 (3.294)anion interaction of ring D with Glu-164 (3.93/A)donor interaction between ring
A and Tyr-366 (3.31A),n-alkyl interaction of ring C with Val-70 (3.86A).

23 | n-donor interaction between ring D and Tyr-366 (AR6t-alkyl interaction of ring C with Val-70 (3.78A).

24 | Conventional H-bond of the O of the ethoxy groupstituent of ring D with Tyr-366 (3.19A)-alkyl interaction of ring A with Val-70
(3.68A).

25 | m-alkyl interaction of ring C with Val-70 (3.78A).

26 | Conventional H-bond between the carbonyl substitaéring D and Arg-363 (3.24A)-alkyl interaction of ring C with Val-70 (3.62A)

27 | n-o interaction of the last carbon atom of the pragrglup substituent of ring D with ring D (3.86Ay-donor interaction between ring D
and Tyr-366 (3.84A)r-alkyl interaction of ring C with Val-70 (3.78A).

28 | n-donor interaction between ring D and Tyr-366 (AR8t-alkyl interaction of ring C with Val-70 (3.79A).
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29 | m-donor interaction between ring A and Tyr-366 (AY,9t-c interaction between the methyl substituent of fingnd His-223 (3.68A)
n-rt stacked interaction of ring B with Phe-369 (3.96&glkyl interaction of ring C with Val-70 (3.99A).

30 | m-donor interaction between ring A and Tyr-366 (A}9

31 n-alkyl interaction of ring C with Val-70 (3.75A).

32 | n-o interaction of the methyl substituent of ring DttwHis-223 (3.63A)-donor interaction between ring A and Tyr-366 (RB%t-n
stacked interaction of ring B with Phe-369 (3.97&)lkyl interaction of ring C with Val-70 (3.97A).

33 | n-o interaction between the methyl substituent of hgnd His-223 (3.95A)-donor interaction between ring A and Tyr-366 (AB0
n-alkyl interaction of ring C with Val-70 (3.86A).

We can see that the medium-range interactions fatbeon-c, n-alkyl, carbon H-bondg-donor, n-cation, n-n
stacked, alkyl, halogem;anion, conventional H-bond kinds.

Table 11. Summary of the ligand-site strong interaions of the S isomers (d<3.0A)

Mol. Interactions

1 Conventional H-bond between O11-H and N25 (2.9t8yventional H-bond between 011-H
and Tyr-366 (2.14A), conventional H-bond betweer8M and GIn-162 (2.28A).
2 Conventional H-bond of N13-H with Tyr-366 (2.68A)
3 None.
4 Carbon H-bond interaction between the methyl grafuthe methoxy substituent of ring
A with Glu-351 (2.36A), conventional H-bond betweld13-H and GIn-162 (2.90A),
conventional H-bond between O11-H and GIn-162 (®)42
5 Carbon H-bond of the methyl group of the methsxlystituent of ring A with Glu-351
(2.82A) and Thr-220 (2.83A).
6 Carbon H-bond interaction between C24-H and Gi{2.45A and 2.50A), conventional
H-bond of N13-H with Tyr-366 (1.27A).
7 Carbon H-bond interaction between C24-H and Gi{2.64A and 2.70A), conventional
H-bond of N13-H with Tyr-366 (2.15A), conventiortadbond of O11-H with GIn-162 (2.624).
8 Conventional H-bond of N13-H with Tyr-366 (2.1Q&arbon H-bond interaction between
the methyl group of the methoxy substituent of lawith Glu-257 (2.76A), unfavorable
acceptor-acceptor interaction of 011 with GIn-1B®6A).
9 Carbon H-bond interaction between the methyl grafuthe methoxy substituent of ring
A and Thr-215 (2.024), conventional H-bond of Odwith Tyr-366 (2.50A).

10 None.
11 None.
12 None.

13 Conventional H-bond of O11-H with Glu-164 (2.528onventional H-bond of 011

and N13-H (1.78A).

14 Carbon H-bond interaction between C24 and GHi{2Z77A and 2.70A), conventional
H-bond of N13-H with Tyr-366 (1.99A), carbon H-libimteraction between the methyl
group of the dimethylamino substituent of ring AmGIu-257 (2.99A).

15 None.

16 None.

17 | Carbon H-bond between C24-H with Glu-224 (2.84d 2.77A), conventional H-bond of
N13-H with Tyr-366 (1.93A).

18 Carbon H-bond interaction of the nitro substitusf ring A with Val-258 (2.48A).

19 | Carbon H-bond between the C24-H and Glu-228f&&hd 2.86A), conventional

H-bond between N13-H and Tyr-366 (2.09A), carbehdfd between the methyl group
of the methoxy substituent of ring A with Glu-28779A), conventional H-bond of 011-H
with GIn-162 (2.80A).

20 None.

21 Conventional H-bond between N13-H and Tyr-36878), unfavorable acceptor-acceptor
interaction of 011 with GIn-162 (2.82A).

22 Conventional H-bond of N13-H with Tyr-366 (2.60A

23 Conventional H-bond of O11-H with GIn-162 (2.§0A

24 Conventional H-bond of O11-H with Glu-164 (2.958arbon H-bond between

C9-H and Glu-224 (2.48A).

25 Conventional H-bond of N13-H with Tyr-366 (2.45&o0nventional H-bond

between 011-H and GIn-162 (2.06A).

26 Carbon H-bond between the methyl group of théhaxy substituent of ring D

and Glu-351 (2.89A), carbon H-bond of C13-H witn&62 (2.61A).

27 None.

28 Carbon H-bond between C18-H and Glu-224 (2.86d)yventional H-bond of N13-H
with GIn-162 (2.49A), conventional H-bond of O11with GIn-162 (2.28A).

29 Carbon H-bond of the methyl group of the methaxystituent of ring D with GIn-162
(2.90A) and Glu-224 (2.61A), conventional H-boretvbeen N13-H and Tyr-366 (2.34A),
conventional H-bond between O11-H and GIn-1620R)4

30 Carbon H-bond of the methyl group of the methaxiystituent of ring D with GIn-162
(2.77R) and Glu-224 (2.78A), conventional H-boretvkbeen C12-H and the O of the
methoxy substituent of ring D (1.78A), carbon Halmf C16-H with GIn-162 (2.85A).
31 Conventional H-bond between O11-H and GIn-1625Q), conventional H-bond

of N13-H with Tyr-366 (2.90A).
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32 Conventional H-bond of O11-H with GIn-162 (2.70A
33 Conventional H-bond of N13-H with Tyr-366 (2.04&arbon H-bond of C16-H
and GIn-162 (2.53A), conventional H-bond betwedrd ®l and GIn-162 (2.46A).

We can see that eight molecules do not engageoingsinteractions with the binding site.

Table 12. Unfavorable ligand-site interactions oftie S isomers

Mol. Interactions
12 Unfavorable donor-donor interaction of N13-Hm@11-H (1.12A).
21 Unfavorable acceptor-acceptor interaction of @ith GIn-162 (2.82A).

Docking of the R isomers.
Like in the case of the S isomers, and employingld&, we have classified the ligand-site (L-Skfattions in
four groups: weak, weak/medium, medium and strdiadple 13 displays the weak interactions

Table 13. Summary of the ligand-site weak interaotins of the R isomers (&5.0A)

Mol. | Interactions.

1 n-nt T-shaped interaction of ring A with Phe-194 (5.1.38n stacked interaction of ring C with Phe-369 (5.38A)l Phe-194 (5.10A).

2 n-alkyl interaction of the methyl substituent ofgiB with Phe-194 (5.26A)-nt T-shaped interaction of ring A with Phe-194 (5.35&

n stacked interaction of ring A and Tyr-366 (5.31#&)x stacked interaction of ring C with Phe-369 (5.24A)

3 n-alkyl interaction of ring D with lle-161 (5.49A)-n T-shaped interaction of ring A with Tyr-366 (5.11A-n stacked interaction of
ring B and Tyr-369 (5.84A).

4 n-alkyl interaction between the methyl substituehtriog D and Phe-369 (5.03A)-n T-shaped interaction of ring D and Tyr-366
(5.45A), n-n stacked interaction of ring C with GIn-162 (5.10G)d Phe-369 (5.424A).

5 n-alkyl interaction between the methyl substituefiting D and Phe-194 (5.43Ay-n T-shaped interaction of ring D and Phe-194
(5.37A), m-alkyl interaction between ring A and Val-70 (5.06#dn-n stacked interaction of ring B with Tyr-366 (5.35A)

6 n-alkyl interaction of the methyl substituent ofgi® with Phe-194 (5.26A)-n T-shaped interaction of ring D with Phe-194 (5.37&

n stacked interaction between ring A and Tyr-36@88,), n-alkyl interaction of ring B and Val-70 (5.02/;n stacked interaction of
ring C with Phe-194 (5.00A) and Phe-369 (5.13A).

7 n-nt stacked interaction of ring A with Phe-369 (5.24/)d Phe-194 (5.30A)-alky! interaction between ring A and lle-161 (5839

8 n-nt stacked interaction between ring D and His-5.2338), n-nt stacked interaction of ring A with Phe-194 (5.20#plky! interaction
of ring A e'x&nd lle-162 (5.22A)-t T-shaped interaction of ring B with Tyr-366 (5.26#dn-n T-shaped interaction of ring C with Tyf-
366 (5.20A).

9 n-alkyl interaction between the methyl substituehting C with Phe-194 (5.42A)y-n T-shaped interaction of ring A with Tyr-366
(5.30A), m-alkyl interaction of ring D with lle-161 (5.48A).

10 T-TC T—shalged interaction between ring A and Phe-19282¢), n-rt stacked interaction between ring C with Phe-1941(&) and Phe-
369 (5.35A).

11 n-n T-shaped interaction of ring D with Phe-369 (5.97&n stacked interaction of ring A with Phe-369 (5.10/&alkyl interaction of
ring A and lle-161 (5.16A)z-alkyl interaction of the methyl substituent ofgi with Phe-194 (5.47A).

12 n-nt T-shaped interaction of ring D with Phe-194 (5.30An stacked interaction of ring B with Tyr-366 (5.09A)

13 n-nt T-shaped interaction between ring D and Phe-128/9.

14 n-alkyl interaction of the methyl substituent ofgi® with Phe-194 (5.46A)i-n T-shaped interaction of ring D with Phe-194 (5.%7A
n-nt stacked interaction of ring A with Tyr-366 (5.3Q4)alkyl interaction between ring B and Val-70 (5.Q7A-n stacked interactior
of ring C with Phe-369 (5.14A).

15 n-nt T-shaped interaction between ring C and His-22283().

16 n-n T-shaped interaction between ring A and Tyr-36628), n-n T-shaped interaction between ring C and Phe-194145, m-alkyl
interaction of the methyl substituent of ring CwRRhe-194 (5.43A).

17 n-alkyl interaction of the methyl substituent ofgi® with Phe-194 (5.24A)-nt T-shaped interaction of ring D and Phe-194 (5.34A)
n stacked interaction of ring B with Tyr-366 (5.08A)

18 n-nt T-shaped interaction between ring A and Tyr-36898), n-alkyl interaction between the methyl substitueiing C and Phe-194
(5.37A), n-nt T-shaped interaction between ring C and Phe-12045.

19 n-n T-shaped interaction of ring A with Phe-194 (5.02An stacked interaction between ring D and His-22838), n-n stacked
interalgtion of ring B with Phe-369 (5.28A) and P&t (5.45A),n-nt stacked interaction of ring C with Phe-369 (5.2%#&) Phe-194
(5.11A).

20 n-nt T-shaped interaction of ring D with Phe-194 (5.34Adn-n stacked interaction between ring A and Tyr-36648).

21 n-nt stacked interaction of ring C with Phe-369 (5.11A)

22 n-nt stacked interaction between ring A and Tyr-36@%8), n-nt stacked interaction of ring C with Phe-369 (5.11A)

23 n-nt stacked interaction of ring D with Tyr-366 (5.22/&)n stacked interaction of ring C with Phe-369 (5.3@A)l Phe-194 (5.13A)-
alkyl interaction between the last carbon atormheféthyl group of the ethoxy substituent of ringuidl Tyr-366 (5.28A)n-n T-shaped
interaction between ring D and Phe-194 (5.13A).

24 n-nt stacked interaction of ring A with Phe-369 (5.22Rd Phe-194 (5.03A).

25 n- stacked interaction of ring A with Phe-194 (5.14An T-shaped interaction of ring B with Phe-369 (5.)1,1Alkyl interaction
between the methyl group of the methoxy substitoéning D with Leu-367 (5.224).

26 n-alkyl interaction of the methyl group of the methisubstituent of ring D with Phe-194 (5.07&)alkyl interaction of ring B with lle-
161 (5.38A) -t stacked interaction of ring C with Phe-194 (5.44A}in-alkyl interaction of ring C with Val-373 (5.17A).

27 Alkyl interaction of the last carbon atom of the@pyl group substituent of ring D with Leu-367 (58)5t-nt T-shaped interaction of ring

B with Phe-369 (5.25A)1-nt stacked interaction of ring A with Phe-194 (5.14A)
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28 n-nt stacked interaction of ring C with Phe-194 (5.14A)l Phe-369 (5.52A).

29 n-alkyl interaction of the methyl of substituentriig D with Phe-194 (5.18A)-nt T-shaped interaction between ring D with Phe-194
(5.41A), n-n stacked interaction of ring A with Tyr-366 (5.374)n stacked interaction of ring C with Phe-369 (5.20A)

30 n-alkyl interaction of the methyl substituent ofgi® with Phe-194 (5.07A)-nt T-shaped interaction of ring D and Phe-194 (5.43A)
n stacked interaction between ring A and Tyr-36@78,), n-r stacked interaction of ring C with Phe-369 (5.194)

31 n-nt T-shaped interaction of ring A and Phe-194 (5.194alkyl interaction of ring D with lle-161 (5.49A).

32 n-n T-shaped interaction of ring D with Phe-194 (5.31#n stacked interaction between ring A and Tyr-36@%4), n-n stacked
interaction of ring C with Phe-369 (5.22A)alkyl interaction of the methyl substituent ofgi® with Phe-194 (5.28A).

33 n-alkyl interaction of the methyl substituent ofgifd with Phe-194 (5.31A-n T-shaped interaction between ring D and Phe-[194
(5.32A),n-n stacked interaction between ring A and Tyr-36824), n-rt stacked interaction of ring C with Phe-369 (5.11A)

Table 14. Summary of the ligand-site weak/medium teractions of the R isomers (4.0A>d<5.0A)

Mol. | Interactions.

1 n-alkyl interaction of the methyl substituent ofgi with Phe-194 (4.82A) and Phe-163 (4.524)t stacked interaction between ring
A and His-223 (4.62A)n-cation interaction between ring A and Zn-501 (AR1n-alkyl interaction of ring B with Val-70 (4.77Ay-n
stacked interaction of ring B with Phe-369 (4.1&&)l Phe-194 (4.28Ay-alkyl interaction of ring C with lle-161 (4.68A).

2 it stacked interaction between ring D and His-2281(&), n-cation interaction of ring D with Zn-501 (4.684)n stacked interactiol
of ring B with Phe-369 (4.17A)-alkyl interaction of ring B with Val-70 (4.85A)lé-161 (4.80A).

3 n-alkyl interaction of the methyl substituent ofgil® with Phe-194 (4.35A) and Phe-369 (4.21A), alkyraction between the methyl
substituent of ring D and Val-70 (4.04A%donor interaction between ring B and Tyr-366 (AQ)3t-cation interaction between ring C
and Zn-501 (4.78A)z-alkyl interaction of the methyl substituent ofgi with His-223 (4.10A)n-n stacked interaction of ring C with
His-223 (4.43A).

4 Alkyl interaction between the methyl substituentriasfg D and Leu-367 (4.97A)-cation interaction between ring A and Zn-5p1
(4.96A), n-rt stacked interaction of ring B with Phe-194 (4.2&Rd Phe-369 (4.11A)-alkyl interaction between ring B and Val-10
(4.75R), m-alkyl interaction of ring C with lle-161 (4.67A).

5 n-cation interaction between ring D and Zn-501 (A%8:-n stacked interaction of ring D with His-223 (4.52A)

6 n-alkyl interaction of the methyl substituent ofgi® with His-223 (4.03A)r-rt stacked interaction of ring D with His-223 (4.354)
cation interaction between ring D and Zn-501 (458&n stacked interaction of ring B with Phe-194 (4.78Rd Phe-369 (4.22A)-
alkyl interaction of ring C with lle-161 (4.92A).

7 n-alkyl interaction of the methyl substituent ofgi® with His-223 (4.13A)r-cation interaction between ring D and Zn-501 (AQ5-
alkyl interaction between ring A and Val-70 (4.18&)alkyl interaction of the Cl substituent of ringwith Phe-194 (4.48A) and Phe-
369 (4.08A) and alkyl interaction of the Cl suhsgitt of ring A with Val-373 (4.554), Val-70 (4.08A)

8 n-anion interaction between ring D and Glu-224 (AB&-n stacked interaction of ring A with Phe-369 (4.64A)

9 n-cation interaction between ring C and Zn-501 (A)3%-n stacked interaction of ring D with Phe-369 (4.84A)

10 n-mt stacked interaction between ring A and His-2237A), - stacked interaction of ring B with Phe-194 (4.368)d Phe-369
(4.25A), m-alkyl interaction of ring B with Val-70 (4.83A)-alkyl interaction of ring C with lle-161 (4.704).

11 n-nt stacked interaction of ring B with Phe-194 (4.91#) stacked interaction of ring B with Phe-194 (4.81&plkyl interaction of the
methyl substituent of ring C with His-223 (4.17A).

12 n-nt stacked interaction of ring D with His-223 (4.27A)cation interaction of ring D with Zn-501 (4.73A3lkyl interaction of the
methyl substituent of ring A with lle-161 (4.43/)alkyl interaction of the methyl substituent ofgiA with Phe-194 (4.68A) and Phe-
369 (4.77A) m-alkyl interaction of ring A with Val-70 (4.79A)-n stacked interaction of ring A with Phe-369 (4.12A)

13 n-nt stacked interaction of ring D with His-223 (4.33&)cation interaction of ring D with Zn-501 (4.74A3;alkyl interaction of the
methyl substituent of ring A with Phe-194 (4.66/A)daPhe-369 (4.77A)-alkyl interaction of ring A with Val-70 (4.77A)-n stacked
interaction between ring A and Phe-369 (4.08A).

14 n-nt stacked interaction between ring D and His-2287A), n-cation interaction between ring D and Zn-501 (A6 2-alkyl interaction
of ring C with lle-161 (4.89A).

15 n-alkyl interaction of the methyl substituent ofgi with His-223 (4.27A),n-nt stacked interaction of ring B with Phe-194 (4.93#)
cation interaction between ring B and Arg-363 (AR%t-n T-shaped interaction of ring A with Phe-369 (4.81#n stacked interaction
of ring C with Phe-194 (4.32A).

16 Alkyl interaction between the methyl substituentrioly D and Val-70 (4.25A)r-alkyl interaction of the methyl substituent of gilD
with Phe-194 (4.13A)r-alkyl interaction of ring D with Val-70 (4.12A)-cation interaction between ring B and Zn-501 (AR #-n
stacked interaction of ring C with His-223 (4.52A)cation interaction between ring C and Zn-501 (A)64

17 n-alkyl interaction of the methyl substituent ofgi® with His-223 (4.10A)n-n stacked interaction of ring D with His-223 (4.314)
cation interaction between ring D and Zn-501 (4.594n stacked interaction of ring A with Phe-369 (4.07#lky! interaction of ring
A and Val-70 (4.68A).

18 Alkyl interaction of the methyl substituent of riiywith Val-70 (4.08A),n-alkyl interaction of the methyl substituent ofgilD with
Phe-369 (4.12A) and Phe-194 (4.31A)cation interaction between ring C and Zn-501 (A)75-nt stacked interaction of ring C with
His-223 (4.61A).

19 n-alkyl interaction of ring B with Val-70 (4.62A)-alkyl interaction of ring C with lle-161 (4.78A).

20 n-alkyl interaction of ring A with Val-70 (4.76A)-rt stacked interaction of ring A with Phe-369 (4.02&xation interaction of ring D
with Zn-501 (4.69A)5-rt stacked interaction between ring D and His-223GA).

21 n-alkyl interaction between Cl and Phe-194 (4.7}, T-shaped interaction of ring D with His-223 (4.90A-rt stacked interaction of
ring B with Phe-369 (4.34A)r-alkyl interaction between ring B and Val-70 (4.97A-alkyl interaction of ring C with lle-161 (4.94A),
-anion interaction of ring D with Glu-262 (4.73A).

22 n-alkyl interaction of Cl with Phe-194 (4.61A) antid?163 (4.83A)r-anion interaction of ring D with Glu-262 (4.834);n T-shaped
interaction of ring D with His-223 (4.88A)-n stacked interaction between ring B and Ph3-3694@), n-alkyl interaction of ring B
with Val-70 (4.96A) -alkyl interaction of ring C with lle-161 (4.94A).

23 n-cation interaction of ring A with Zn-501 (4.91A)1-rt stacked interaction of ring B with Phe-194 (4.38&kd Phe-369 (4.24A)-

alkyl interaction of ring B with Val-70 (4.75A)-alkyl interaction of ring C with lle-161 (4.67A3lkyl interaction of the last carbo

51
Available online at www.scholarsresearchlibrary.com



Juan S. Gémez-Jerieet al J. Comput. Methods Moal. Des., 2015, 5 (2): 25-56

atom of the ethyl group of the ethoxy substitudmirg D with Val-258 (4.52A)r-anion interaction of ring A with Glu-224 (4.97A).

24 n-alkyl interaction of the last carbon atom of thikye group substituent of ring D with Tyr-366 (448 alkyl interaction of the las
carbon atom of the ethyl group substituent of ingith Val-258 (4.45A)t-n stacked interaction of ring B with Phe-194 (4.24d)t
T-shaped interaction between ring B and Phe-368%4), n-alkyl interaction of ring A with lle-161 (4.82A)-r stacked interaction of
ring C with Phe-194 (4.70A).

25 n-nt stacked interaction of ring B with Phe-194 (4.10&xlkyl interaction between ring A and lle-161 (4&J1n-n stacked interaction
of ring C with Phe-194 (4.68A)-n T-shaped interaction between ring C and His-2230@).

26 n-alkyl interaction of the methyl group of the methisubstituent of ring D with His-223 (4.32A);n T-shaped interaction of ring D
with ring A (4.27A),n-anion interaction between ring D and Glu-224 (A6w-n stacked interaction of ring B with Phe-194 (4.75A)
and Phe-369 (4.89A)-alkyl interaction of ring B with Val-70 (4.25Ay-alkyl interaction of ring C with lle-161 (4.74A).

27 n-alkyl interaction between the last carbon atorthef propyl group substituent of ring D and Tyr-38@7A), alkyl interaction of the
last carbon atom of the propyl group substituerntraf D with Val-258 (4.62A)n-n stacked interaction of ring B with Phe-194 (4.094)
n-alkyl interaction of ring A with lle-161 (4.69A)-rt stacked interaction of ring C with Phe-194 (4.68A&)t T-shaped interaction of
ring C with His-223 (4.88A).

28 n-anion interaction of ring A with Glu-164 (4.81/A;n stacked interaction of ring B with Phe-194 (4.324A)Y Phe-369 (4.14Ax-alkyl
interaction of ring B and Val-70 (4.71Ay;alkyl interaction of ring C with lle-161 (4.59A).

29 n-rt stacked interaction of ring D with His-223 (4.53A)cation interaction between ring D and Zn-501 (AB5t-nt stacked interactio
of ring B with Phe-369 (4.16A)-alkyl interaction of ring B and Val-70 (4.82A3;alkyl interaction of ring C with lle-161 (4.84A).

30 n-alkyl interaction of the methyl substituent ofgi® with His-223 (4.17A)n-n stacked interaction of ring D with His-223 (4.374)
cation interaction of ring D with Zn-501 (4.60A)-n stacked interaction between ring B and Phe-36E84), n-alkyl interaction of
ring D with Val-70 (4.91A)ri-alkyl interaction of ring C with lle-161 (4.87A).

31 n-cation interaction of ring A with Zn-501 (4.8449;n stacked interaction of ring A with His-223 (4.654)alkyl interaction of ring D
with Val-70 (4.32A),n-rt stacked interaction of ring D with Phe-369 (4.8@RH Phe-194 (4.84A), alkyl interaction of the @bstituent
of ring D with Val-373 (4.53A) and lle-161 (4.34A).

32 n-nt stacked interaction between ring D with His-223444%), n-cation interaction between ring D and Zn-501 (Aj74t-n stacked
interalgtion of ring B with Phe-369 (4.18A);alkyl interaction of ring B with Val-70 (4.89A)-alkyl interaction of ring C with lle-161
(4.83A).

33 n-cation interaction between ring D and Zn-501 (A)72i-it stacked interaction of ring D with His-223 (4.43R)alkyl interaction of
ring B with Val-70 (4.99A), n-rt stacked interaction of ring B with Phe-369 (4.21dglkyl interaction of ring C with lle-161 (4.94A).

Table 15. Summary of the ligand-site medium interaions of the R isomers (3.0A>d<4.0A)

Mol. | Interactions.

1 n-alkyl interaction of ring C with Val-70 (3.75A).

2 - interaction of the methyl substituent of ring DtlwHis-223 (3.99A)si-donor interaction between ring A and Tyr-366 (Rf1n-
alkyl interaction of ring C with Val-70 (3.83A).

3 n-alkyl interaction of ring D with Val-70 (3.93Ay-donor H-bond interaction of ring A with Tyr-366.88A).

4 n-donor H-bond interaction of ring D with Tyr-366.43A), n-alkyl interaction of ring C with Val-71 (3.78A).

5 n-o ir}{eraction between the methyl substituent of Mgnd His-223 (3.78A)r-donor H-bond interaction of ring B with Tyr-366
(3.80A).

6 n-donor interaction between ring A and Tyr-366 (AF5t-alkyl interaction of ring C with Val-70 (3.87A).

7 Conv;ntional H-bond of O11-H with Tyr-366 (3.03A)kyl interaction of the Cl substituent of ring Atiw Val-70 (3.88A) and lle-161
(3.95A).

8 Conventional H-bond of N25 with Tyr-366 (3.31A)donor H-bond interaction between ring B and Ty6-38.43A),n-donor H-bond
interaction between ring C and Tyr-366 (3.59A).

9 n-¢ interaction of the methyl substituent of ring CtlwHis-223 (3.88 A)si-donor H-bond interaction between ring A and Ty636
(3.36A), m-alkyl interaction of ring D with Val-70 (3.74A).

10 Halogf&en interaction of the F substituent of ringvith Thr-220 (3.30A) and Glu-224 (3.63Ay;alkyl interaction of ring C with Val-70
(3.78A).

11 n-alkyl interaction of ring A and Val-70 (3.76A).

12 Alkyl }i&nteraction of the methyl substituent of rinly with Val-70 (3.86A),n-donor H-bond interaction between ring B and Ty6-36
(3.39A).

13 n—donlg)r H-bond interaction between ring B and Ty6-38.38A), alkyl interaction of the methyl substitu of ring A with Val-70
(3.86A).

14 n-alkyl interaction of the methyl substituent ofgil with His-223 (3.72A)n-donor H-bond interaction between ring A and Ty636
(3.73A), n-n stacked interaction of ring B with Phe-369 (3.96&Rlkyl interaction of ring C with Val-70 (3.95A).

15 n-cation interaction between ring C and Arg-363 ZA)

16 n-c interaction of the methyl substituent of ring DtlwiPhe-369 (3.94A)r-donor H-bond interaction between ring A and Ty636
(3.23A), -0 interaction of the methyl substituent of ring GtwiHis-223 (3.83A).

17 n-donor H-bond interaction between ring B and Ty6-38.40A).

18 n-alkyl interaction of ring D with Val-70 (3.92A)carbon H-bond interaction of the O of the nitro stithent of ring A with Val-258
(3.47A), n-donor H-bond interaction between ring A and Ty638.26A),nt-o interaction of the methyl substituent of ring GtiwHis-
223 (3.87A), conventional H-bond of 011 with Tyr&3@.12A).

19 n-donor H-bond interaction of ring D with Tyr-366.98A), m-alkyl interaction of ring C with Val-70 (3.72A).

20 ni-donor interaction between ring B and Tyr-366 (A}3

21 n-cation interaction between ring D and Zn-501 (ART-alkyl interaction of ring C with Val-70 (3.85A)-donor H-bond interaction
of ring A with Tyr-366 (3.33A) and-anion interaction of ring D with Glu-164 (3.93A).

22 n-cation interaction of ring D with Zn-501 (3.29Ay;anion interaction of ring D with Glu-164 (3.934}donor H-bond interactio
between ring A and Tyr-366 (3.45A3;alkyl interaction of ring C with Val-70 (3.86A).

23 n-donor interaction between ring D and Tyr-366 (AR8t-alkyl interaction of ring C with Val-70 (3.76A).
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!

24 n-donor H-bond interaction between ring D and Ty6-38.58A), conventional H-bond of the O of thecth group substituent of rin
D with Tyr-366 (3.19A)t-alkyl interaction of ring A with Val-70 (3.68A).

25 n-alkyl interaction between ring A and Val-70 (3.70A

26 Conv}(zntional H-bond between the carbonyl substitudrring D and Arg-363 (3.24A)r-alkyl interaction of ring C with Val-70
(3.62A).

27 n-alkyl interaction of ring A with Val-70 (3.70A).

28 n-donor H-bond interaction between ring D and Ty6-88.61A),r-alky! interaction of ring C with Val-70 (3.79A).

29 n-donor interaction between ring A and Tyr-366 (f6t-c interaction between the methyl substituent of fingnd His-223 (3.99A)
n-alkyl interaction of ring C with Val-70 (3.82A).

30 n-alkyl interaction of ring C with Val-70 (3.85A).

31 - interaction of the methyl substituent of ring DttwPhe-369 (3.56A) and Phe-194 (3.82A), conveaiidtibond of N10 with Tyr-
366 (3.31A),n-donor H-bond interaction of ring B and GIn-1624@A), n-anion interaction of ring C with Glu-262 (3.84A)dhalkyl
interaction of the Cl substituent of ring D with NZD (3.93A).

32 n-c interaction of the methyl substituent of ring DttwHis-223 (3.98A)t-donor H-bond interaction between ring A and Ty63
(3.61A), m-alkyl interaction of ring C with Val-70 (3.84A).

33 -0 interaction between the methyl substituent of fnand His-223 (3.95A)-alkyl interaction of ring C with Val-70 (3.86A).

Table 16. Summary of the ligand-site strong interaions of the R isomers (d<3.0A)

Mol. Interactions

1 Conventional H-bond of N25 with O11-H (2.89A), cemtional H-bond between O11-H and GIn-162 (2.02&)ventional H-bond
between N13-H and Tyr-366 (2.31A).

2 None.

3 Conventional H-bond of N13-H with GIn-162 (2.55A).

4 Conventional H-bond of N13-H with GIn-162 (2.44&pnventional H-bond of O11-H and GIn-162 (2.44A).

5 Conventional H-bond of N13-H with Tyr-366 (2.64&pnventional H-bond N13-H and O11-H (1.94A).

6 Carbon H-bond interaction between C24-H and Glu-g287A and 2.68A), conventional H-bond of N13-Hiwilyr-366 (2.18A),
conventional H-bond of O11-H and GIn-162 (2.36A).

7 Carbon H-bond interaction between C24-H and Glu-@289A), conventional H-bond of N-25 and O11-H6@4), conventional H-
bond of O11-H with Glu-164 (2.61A).

8 Conventional H-bond of N13-H with Glu-164 (1.94&arbon H-bond of C12-H with GIn-162 (2.37A), contienal H-bond of O11- H
with Glu-164 (2.30A) and GIn-162 (2.61A).

9 Carbon H-bond of the methyl group of the methoxyssituent of ring A with Glu-262 (2.61A).

10 Conventional H-bond between 011-H and GIn-162 (&)57

11 Conventional H-bond of N13-H with GIn-162 (2.03A).

12 Conventional H-bond of N25 with Arg-363 (2.56A) acmhventional H-bond between O11-H and Glu-1644R)4

13 None.

14 Carbon H-bond interaction between C24 and Glu-2289Q), conventional H-bond of O11-H with GIn-16274A).

15 Carbon H-bond of C12-H with Tyr-366 (2.23A), contienal H-bond between N13-H and GIn-162 (1.98A)nantional H-bond of
011 and Tyr-366 (2.92A).

16 Carbon H-bond interaction between the methyl groiughe amide substituent of ring A with Glu-257884).

17 Carbon H-bond between C24-H with Glu-224 (2.55A ar&pA).

18 None.

19 Carbon H-bond of the methyl group of the methoxyssituent of ring A with Glu-351 (2.85A).

20 Carb(l)&n H-bond between C24-H with Glu-257 (2.87A &tbA), conventional H-bond of 011-H with Glu-16284A) and GIn-162
(1.76A).

21 Conventional H-bond between N13-H and Tyr-366 (8)55

22 Conventional H-bond of N13-H with Tyr-366 (2.60A).

23 None.

24 Conventional H-bond of 011-H with Glu-164 (2.85Axrbon H-bond between C9-H and Glu-224 (2.48A).

25 Carbon H-bond of C9-H with Glu-224 (2.49A).

26 Carbon H-bond between the methyl group of the metisabstituent of ring D and Glu-351 (2.89A), contienal H-bond of N13-H and
Tyr-366 (2.36A), carbon H-bond of C13-H with GIn21@.61A).

27 Carbon H-bond of the first carbon atom of the ptappup substituent of ring D with Tyr-366 (2.74/rbon H-bond of C9-H with
Glu-224 (2.49A).

28 Carbon H-bond between C18-H and Glu-224 (2.85Ahveational H-bond of N13-H with GIn-162 (2.49A),m@ntional H-bond of]
011-H with GIn-162 (2.28A).

29 Carbon H-bond of the methyl group of the methoxXyssituent of ring D with GIn-162 (2.68A) and Glu2®22.794).

30 Carbon H-bond of the methyl group of the methoxgssituent of ring D with GIn-162 (2.77A) and Glu22.78A),n-donor H-bond
interaction between ring A and Tyr-366 (2.53A), wentional H-bond between C12-H and the O of thehmet substituent of ring D
(1.78A), carbon H-bond of C16-H with GIn-162 (2.85A

31 Conventional H-bond between 011-H and GIn-162 (®)45

32 Conventional H-bond of 011-H with GIn-162 (2.39Axnventional H-bond of N13-H with Tyr-366 (2.09A).

33 Conventional H-bond of N13-H with Tyr-366 (2.04&pnventional H-bond of N13-H with Tyr-366 (2.42&grbon H-bond of C16-H

and GIn-162 (2.53A), conventional H-bond betweer ®lland GIn-162 (2.46A).

Table 17. Unfavorable ligand-site interactions oftie R isomers

Mol. Interactions
4 Unfavorable donor-donor interaction between N13aH @11-H (1.25A).
13 Unfavorable acceptor-acceptor interaction of O1d Gin-162 (2.75A).
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We can see that there is an unfavorable interaatioong two hydrogen atoms in molecule 4 that iy géort. This
can be explained because the number of attradtiged-site interactions is strong enough to allavBut another
explanation that cannot be discarded is that tbhkusion of more flexible ligands will eliminate thinteraction.
Table 18 shows a summary of the number of ligatelisteractions for the S and R isomers.

Table 18. Number of ligand-site interactions for Sand R isomers

S isomer R isomer
Mol. | W | MW | M |S| U Mol. | W| WM| M| S| U
1 3 3 3| 3] 0 1 3 8 1 3
2 6 6 1 1| O 2 4 5 3 q
3 5 4 3] 0] O 3 3 7 2 1 ¢
4 2 4 2 3] 0 4 4 6 2 2 ]
5 0 4 2 2 O 5 4 2 2 2 q
6 6 9 1| 3| 0 6 6 6 2 4
7 4 8 4| 41 O 7 3 7 3 3 q
8 2 5 2| 3| 0 8 5 2 3 4 (
9 2 3 2 2 0 9 3 2 3 ] q
10 2 5 5/ 0] O 10 3 5 3 L 0
11 2 4 2| 0] O 11 4 3 1] L 0
12 5 6 3 0| 1 12 2 7 2 p D
13 4 6 3| 2] 0 13 1 6 2 D 1
14 4 7 2| 4| O 14 5 3 4 p D
15 2 6 3| 0] O 15 1 5 1 )
16 3 6 4| 0| O 16 3 6 3 L D
17 4 6 2 3] O 17 3 5 1 p D
18 3 6 3| 1] 0 18 3 5 g D 0
19 3 5 1 5 0 19 6 2 2 L D
20 4 2 3| 0] O 20 2 4 1 )
21 3 8 1 2| 0 21 1 6 4 L D
22 1 6 4 1] 1 22 2 7 4 L D
23 3 5 21 1] 0 23 5 7 2 D 0
24 2 6 2 2| O 24 2 6 3 p D
25 2 7 11 2| 0 25 3 4 1] L 0
26 3 8 1 2| 0 26 4 7 2 B D
27 1 6 41 1] 1 27 3 6 1 P 0
28 3 5 21 1] 0 28 2 5 2 )
29 2 6 2 2| O 29 4 5 3 p D
30 3 8 11 2| 0 30 4 6 1] 5 0
31 1 6 4 1] 1 31 2 7 S| L D
32 3 5 21 1] 0 32 4 5 3 P 0
33 2 6 2 2| 0 33 4 5 2 1 D

We can see that R and S isomers seem to dock tdittteng site in very different forms. Thereforenya
experimental study of any biological activity ob#e compounds cannot be done with the racemic raixiMe can
only make some qualitative comments about the tesuksented in the above Table. First, we shalbider a
simple model of the space around the binding $iteve in Fig. 24 [40, 41].

WEAK/MEDIUM
MEDIUM

STRONG

L-S DISTANCE
SHORTER THAN 3.0A

L-S-DISTANCE BETWEEN
3 AND 4A
L-S DISTANCE= 4-5A

L-S DISTANCE
GREATER THAN 5.0 A

Figure 24. Simplified model of the space around thkinding site. The terms weak, weak/medium, mediurand strong correspond to the
classification of interactions defined above. BS ithe binding site and TA is the thermal agitation
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The continuous thermal agitation (TA) will dire¢tet R or S isomers (and other molecules) to the zdneeak
interactions (W). Inside this volume, TA may pukh tolecule outside of this zone or to the zoneedk/medium
(W/M) interactions. In the zone of weak interactdhe orientation and guiding processes start. hezanay guess
that those molecules having a large number of viigakd-site interactions are more prone to pagheozone of
W/M interactions. If this hypothesis is true, thmolecules 2-S, 3-S, 6-S, 12-S, 6-R, 8-R, 14-R, 1#nR 23-R are
privileged and are the only ones to be analyzedvhein the W/M zone TA is still active. Now, amotigese eight
molecules those having a large number of W/M ligaite interactions will resist the better the actiof TA
pushing them again toward the W zone. This is #se ©f molecules 2-S, 6-S, 12-S, 6-R and 23-R. ypethesize
that, when entering the zone of medium (M) intécanst these molecules are possibly not more affelaye@A and
can engage in the final interaction with the ditetigh strong interactions. Now, the number ofrggrinteractions
could be related to the time the molecule remaiteracting with the site that can be taken as eesgmtation of the
affinity for the site. Therefore, and on the basfishis simple model, we predict that molecules 68 6-R would
have more affinity for the binding site. We can asether variation of this analysis and considat the sum of the
weak and weak/medium interactions is enough toamree the action of TA. If this is the case, therauoles 2-S,
6-S, 7-S, 12-S, 14-S, 21-S, 26-S, 30-S, 1-R, 63RR2nd 26-R could be considered good inhibitomyNapplying
a similar reasoning for the sum of medium and gtrimteractions we obtain that molecules 7-S, 146 &R can
be good inhibitors. Only molecule 6-R is commorbtth analyses. The only way to discern between testhlts is
by waiting experimental results that can validateat these suggestions.

In conclusion, we have obtained a statisticallygigant relationship between the electronic stuuetof a group of
8-hydroxy-quinolines and the decrease in BONT/A &@zymatic activity toward the SNAPtide substratbe T
corresponding pharmacophore was built. Also thekishgcof the R and S isomers was carried out withaalel of
the Clostridium Botulinumserotype A light chain. The analysis of the dogkiasults with a simple model of the
space surrounding the binding site allowed us lkecséwvo sets of molecules that could have highgf.
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