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QSAR STUDY OF SOME 2-SUBSTITUTED NAPHTHOLS AS
5-LIPOXYGENASE INHIBITORS
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ABSTRACT

In the present study, a three-dimensional quantitative structure activity relationship study
on series of substituted naphthols as lipoxygenase inhibitors has been performed. Various
physicochemical parameters were calculated using Cerius2 molecular modeling software.
Quantitative structure activity relationship models were generated for lipoxygenase inhibitory
activity using stepwise multiple regression and genetic function approximation analysis.
Statistically significant models were obtained in the series, with 38 compounds, gave r® value as
0.857. The studies indicated that in series shape and electronic descriptors dominated the
influence on the activity. Cross validation was performed using the leave—on—out method. The
so obtained and validated models bring important structural insight to aid the design of novel
5-lipoxygenase inhibitors prior to their synthesis.
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INTRODUCTION

Non steroidal anti-inflammatory agents are of current interest' because there are no drugs
of choice for the treatment of most of the diseases like rheumatoid arthritis®, allergic rhinitis,
p.soriusis"' 4 ulcerative colitis and asthama 3. The two major approaches for design and
synthesis of anti-inflammatory agents are based on the inhibition of two enzymesﬁ,
cyclooxygenase and lipoxygenase, which are involved in the metabolism of arachidonic acid
(AA). Cyclooxygenase has been the common target for most of the anti-inflammatory drugs but
due to the association of some side effects such as ulceration and bleeding in gastrointestinal
tract with cyclooxygenase inhibitors’ and implication of leukotrienes in the above inflammatory
and allergic disorders™ ?, the attention is focused on the S-lipoxygenase enzyme inhibitors,
which restrict the synthesis of leukotrienes from AA via peroxidation of AA to 5-
hydroperoxysicoteranoic acid (S-HPETE) followed by dehydration to 5,6—epoxy leukotrience
A4(LTA,). No three-dimension quantitative structure activity relationship (3D QSAR) studies
have been attempted so far on series of substituted naphthols derivative, it appeared of interest
to perform 3D QSAR analysis employing Cerius2 software. The aim of this study was to find
3D QSAR models with good correlation between molecular structure and biological activity.
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Such an effort would facilitate the discovery and development of potent 5-lipoxygenase
inhibitors.

EXPERIMENTAL

The 5-lipoxygenase inhibitory data were taken from Batt et al'% All molecular modeling
and 3D- QSAR studies were performed on a Silicon Graphics Indigo2 XZ employing Cerius2
software'’ (Version 3.5). The ICs, values originally expressed in micromole have been
converted to kilomole and grammole for series for convenience of computation work.. The
molecular structure of all compounds (Table 1) were built using molecular sketching facilities
provided in modeling environment of Cerius2. The molecular structures were minimized using
the steepest descent (SD); conjugate gradiv:nt|2 (CG) in sequence followed by truncated
Newton—Raphson (N-R) optimization techniques under universal force field'*. The minimiza-
tion terminates at which the root mean square (RMS) force on the molecule was less than
0.0001 Kcal\mol A. The conformations were generated and its analysis for each compound was
performed using GRID method. To generate the conformation, the energy cut off was set to 5
Kcal/mol. The number of conformation generated for each substrate was limited to a maximum
of 150. The conformations produced by the random conformation search were fully optimized
and used immediately for further analysis. Among the so constituted conformation space, only
the conformers above the lowest energy minima have kept for their geometry reoptimization
with the semi—empirical MOPAC package version 6.0 using the Hamiltonian AMI. The lowest
energy conformation for each compound was found. The descriptors were calculated using the
lowest energy conformation.

OH

Ar

Fig.1 2-(Aryl methyl)-1-naphthols

For structures, “Rat Basophilic Leukemia (RBL~1) cell lysate 5-lipoxygenase inhibitions
measured by S-HETE productions, bICSO values were expressed in terms of grammoles,
PCalculated (-Log ICs) values using Equation 5.

The following descriptors were calculated for 3D-QSAR studies (values of only those
descriptor, which found place in the equation, are given in Table 2. The thermodynamic
descriptor such as, desolvation free energy for water (FH; 0)'*13 desolvation free energy for
octanol (FOCT')M‘]S.

Log of partition coefficient (AlogP) and molecular reactivity (MR)'>16. Spatial
descriptor such as, number of rotable bonds (ROTBONDS) >, molecular surface area

14,15
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(AREA)”, radius of gyration (ROG), density (DENSITY)”, molecular weight (MW)”,
molecular volume (VM)!7, principle moment of inertia (PMD)'¥, principle moment of inertia—X
component (PMI-X)'®, principle moment of inertia-Y component (PMI-Y)'®, principle
moment of inertia-Z component (PMI—Z)'H: Electronic descriptors such as, sum of atomic
polarizabilities (APOL)", dipole moment (dipole-mag)w'zu, dipole moment—-X component
(Dipole—X)w‘w. dipole moment-Y component (Dipole»—Y)w‘z(} dipole moment—Z component
(Dipole—Z)m'm. energy of highest occupied molecular orbital (HOMO)?', energy of lowest
unoccupied molecular orbital (LUMO)ZI, superdelocalizability (Sr) and partial atomic
churges22 were calculated.

Molecular shape descriptors, common overlap steric volume (COSV), difference volume
(DIFFV), common overlap volume ratio (Fo), non—common overlap steric volume (NCOSV),
RMS to shape reference (Shape RMS), volume of shape reference (sr.vol.), Vander waal’s
surface (vdws). were calculated to compare the common properties of the molecule and to
measure molecular shape commonality. The conformers were used for computational
calculation of different physiochemical properties including atomic charges, electron density,
HOMO, LUMO and dipole moments based on atomic contribution using MOPAC 6.0 (MNDO
method). Partial charges were calculated using charge (Qeq) equilibrium method?”. Quantum
mechanical descriptor such as, lowest unoccupied molecular orbital energy (LUMO_MOPAC),
dipole  moment (Dipole_MOPAC), highest occupied molecular orbital energy
(HOMO_MOPAC), heat formations HF_MOPAC were calculated using MOPAC module.
Connoly surface descriptor was derived with the probe radius at 1.40 A, dot density at 8.0A%and
VDW scale factor at 1.

To generate 3D-QSAR equations, stepwise multiple regression analysis and genetic
function approximation analysis (GFA) method were used. GFA was used since 1t generates a
population of equations for correlation between biological activity and physiochemical
properties. GFA developed by Rogers involve combination of Friedman’s multiple adaptive
regression splines (MARS) algorithm with Holland’s genetic algorithm to evolve a population
of equation that best fit the data. A distinctive feature of GFA that instead of generating single
model, as do most other statical methods, it produces population of models. The range of
variation in this population gives added information on the quality of fit and importance of
dcscriptm‘s] ' The cross validation was performed using the leave—one—out method procedure.
The following statistical measures were used: the number of sample in regression (n), squared
correlation coefficient (rz). F—test for statistical significance (F), Friedman’s lack of Fitness
(LOF), Cross validated squared correlation coefficient (cvr?). boot strapped squared correlation
coefficient (bsr?).
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Table 1. Structure of compounds

71

Comp Ar X f BA (~LoglCs0) Calculated
No *RBL-1, ICSOuM (—LoglCsg)
1 CgHs H 0.019 7.721 7.133
2 4-CH3CeH4 H 0.024 7.619 7.161
3 2-CH3CeH4 H 0.120 6.920 7.154
4 4-CH30Cs Hy H 0.075 7.124 7.048
5 3-CH30CgH4 H 0.110 6.958 7.110
6 4-C2HsOCsHy H 0.062 7.207 7.099
7} 3,4-(CH30)2CsH3 H 0.051 7.292 7.09
8 3-CeHsOCsH4 H 0.083 7.080 6.78
9 4-CeH5CH20CeHy H 0.072 7.142 7.30
10 4-CH3SCgHy H 0.048 7.318 113
11 4-(CH3)2NCgH4 H 0.014 6.853 1.22
12 4-FCqHy H 0,130 6.8806 .27
13 4-CICgH4 H 0.039 7.408 7.84
14 3-ClCsH4 H 0.052 7.283 7.25
15 3,4-Cl2CeH3 H 0.270 6.744 7.00
16 3-CFiCgsHa4 H 0.048 6.568 6.36
17 4—(CH3 SO2)CsH4 H 0.240 6.619 6.78
18 4-NO2CeHy H 0.048 7.318 7.24
19 2-naphthyl H 0.058 7.236 i k.
20 2—thienyl H 0.060 7.221 6.94
21 2-furyl H 0.037 7.431 6.71
22 N-CH3-2-pyrryl H 0.140 6.853 7.06
23 2-pyridyl H 0.390 6.408 6.77
24 3-pyridyl H 0.230 6.638 6.73
25 4-pyridyl H 0.140 6.852 7.00
26 CeHs 5-CH30 0.100 7.000 7.36
27 CgHs 5,7(CHa)2 0.062 7.207 7.380
28 CeHs 5.8(CHa)2 0.120 6.920 7.383
29 CgHs 4-CHs 0.020 7.698 7.297
30 CeHs 4-CgHs 0.056 7.251 7.466
3l CeHs 4-OCH;j 0.031 7.508 7.499
32 CeHs 4-COCH3 0.510 6.292 6.408
33 CeHs 4-COCgHy 0.054 7.267 6.905
34 CeHs 4-COOH 5.800 5.236 3215
35 CeHs 4-SOCH» 0.160 6.795 6.468
36 CsHs 4-80,CH3 40.00 4.397 4.962
37 CeHs 4-SO2NH2 9.400 5.026 4.668
3K CoHs 4-NO> 48.00 4318 4.560
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Table 2. Calculated descriptor values

Comp.No “vdws "Dipole-Z ‘ROG ~ “PMI-Y °“HOMO  'Fo  ENCOSV "HOMO_ 'Dipole-X ’Dipole_

L MOPAC MOPAC

[ 13 2.43 3.68 361 -103 092 1909 -819 -046 116
2 18 2.54 3.97 45  -103 084 3923  -8I17  -053 135
3 1a 2.66 3.78 407 -104 08I 4640  -8.18  -044 124
4 123 1.67 4.15 544 -103 009 48106  -BI8  -127 174
s 123 3.45 3.99 97 -104 047 1331 -822  -021 1.36
6 131 1.63 4.48 656  -103 076 6350  -817 —l14 174
7 131 1.76 4.30 62  -104 073 7501  -821 1.41 214
8 146 -002 499 1096 -104 049 1548  -837 097 1.92
Y 152 141 5.33 1313 -103 062 1212 -819 =099 150
10 129 2.56 418 626 ' -104 078 5171 -B2f -153 1.67
¥ 128 1.99 435 616  -103 075 6824 -814 -029 173
12 18 6.99 3.69 454 104 049 1167  -827 334 1.56
13 13 7.95 3.69 542 -105 048 1245 -828 449 1.48
14 122 5.62 3.69 458 105 053 fizg <838 am 1.50
IS 133 3.33 371 614  -105 079 5170  -833  -268  22i
16 129 -228 38l 544 -105 078 5632 -830  -391 254
17 133 1.90 434 70 -105 072 7678  -839  -271 657
18 127 8.90 3.87 597 -10.6 0.40 133.6 -8.52 5.08 6.18
19 130 2.37 4.23 628 -103 076 6440  -820 -050 114
21 12 341 3.53 7 -103 053 0L -820 -369  LI7
21 106 2.57 349 308 -10.3 0.53 95.92 -8.23 -345 1.01
22 12 2.21 375 380 - 10.3 0.71 6491 -8.14 - 0.80 3.27
23 13 2.20 1.66 I8 104 0S5l 1084  -821  -325 219
24 112 0.96 364 362 - 103 (.83 3822 -8.28 - 1.35 1.89
25 11 3 359 362 - 104 0.90 22 86 -8.31 -0.62 1.91
26 121 131 4.09 497 1001 081 4769 797 005 0.41
21 124 2.28 4.06 459 100 079 5494 -804 -053 09
2% 120 1.69 391 26  -100 078 5645  -800  -03I 113
29 19 2.24 37 377 -101 084 3832 -809 -052  LI2
30 140 303 420 547 -101 068 9349  -BI3  -045  LI3
3l 123 1.72 3.83 389 100 081 4726 -793 -144 223
2 126 . ~092 _ 388 422 -99 078 5821  -838  -246 321
13 147 0.92 435 623 -10.3 0.64 1131 - 8.36 -3.21 3.19
34 124 -533 379 27 -102 049 1361 -868 093 443
34 139 0.22 437 579  -106 070 8569  -847 065 113
36 135 -484 403 495 105 073 7480 -895 148 698
Ly B33 - Se60B 397 501 ~107 074 6927  -B0Q . -142 &8
38 125 -685 376 419  -110 08l 4664 -899 063 624

“Vander waals surface, hDipolc: moment-Z component, “Radius of gyration, 4 Principle moment of
inertia- Y component, “Energy of highest occupied molecular orbital, 'Common overlap volume ratio.
gNun—comm_on overlap steric volume, "Highest occupied molecular orbital energy, 'Dipole moment-X
component, 'Dipole moment
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RESULTS AND DISCUSSION

The following 3D-QSAR equations | to 4 were generated by stepwise multiple regression
analysis for series (2—(aryl methyl)—1-naphthols).

(1) - Log ICs0 = 22.1385 + 0.104179*Dipole — Z + 1.865*HOMO
n =38, r”> = 0.841,F = 43.573, press = 5.50, cvr> = 0.772, bst’ = 0.841

(2) - Log ICs0 = 5.37107 - 0.0779649*Dipole — X + 0.178269*Dipole-Z + 0.387054*ROG —
0.174287*Dipole_MOPAC
n=38,r’=0.841,F =43.573, press = 5.50, cvr> = 0.772, bst’ = 0.841

(3) —Log IC50=21.4715 + 0.0106872*vdws + 0.108456*Dipole—
Z+1.94776*HOMO_MOPAC

n =38, r> = 0.849, F = 63.534, press = 4.653, cvi® = 0.807,bsr> = 0.848
(4) - LogICs0 = 15.8315 + 0.137275*Dipole~Z + 0.000607239*PMI-Y + 0.888898*HOMO—
0.14235*Dipole_MOPAC
n =38, r>=0.832, F = 40.989, press = 5.76, cvr> = 0.761 bsr* = 0.832
The following 3D-QSAR Equation 5 was obtained by genetic functional approximation
analysis,
(5) — LogICs0 = 17.5829 + 0.124249*Dipole- Z + 0.013485*NCOSV
+1.75508*HOMO_MOPAC + 3.67723*Fo

n=38,r%=0.857, F=49.754, LOF = 0.145, press = 4.81, cvr® = 0.801,bsr> = 0.858

Equation 4 obtained has good correlation (r* = 0.832) between the parameter and biological
activity. QIatistiC'll parameters were obtained for equation (1), viz., r* =0.841, F = 43.573, cvi?
= 0.772, bsr® = 0.841. It shows better statistical significance > 99.9% w1th F 2 35y = 85.25
against the value for 99.9% significance (F(3 35 ¢ 0.001) = 8-41). The R? accounts for 84%
variance in the activity values. In equation 1, both parameters such as, Dipole-Z and HOMO
contributed positively for activity. By evaluation of this model, we can conclude that electronic
parameters play an important role in the activity.

In addition to the above equations, some statistically improved equations (equations 2-4)
were also obtained. Equation 4 has good statistical significance > 99.9% with the F-values
F4, 33)=40.989, against the value of 99.9% significance (F(4 33 o 0.001)=3.11). The F-value
obtained for equation 3 is significant at 99.9% level (F(3 34 o 0.001)=6.79). The R? accounts for
84.1%, 84.1% and 83.2% variance in activity values for equations (1), (2) and (4), respeétively.
Among three equations, equation (3) was found better and indicated that Vander Waals surface
(vdws), Dipole-Z and HOMO_MOPAC played an important role for activity.
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Among all the 3D-QSAR equations, equation (5) was statistically significant. This model
has good predictive power according to the statistical result (r2 =0.857, cvr® = 0.801 and bsr® =
0.858). The goodness of the structure activity correlation was estimated by r? (r* = 0.857). The
lack of fitness value is very less (0.145). The F-value has a high statistical significance 99.9%
with F(3 33)=49.75, against the value for 99.9% significance (Fi4 35 o 0.001) = 5-88).The R?
accounts for 85.7% variance in the biological activity values. The cross validated (cvr®=0.801)
values reflect predictive power of equation. The boot strap r? (bsr® = 0.858) results reflect
accuracy of the model. The Dipole-Z, NCOSV, HOMO_MOPAC and Fo contributed
positively for activity in the order of 0.03 : 0.003 : 0.47 : 1. From the above analysis, it may be
inferred that equation 5 can be used for the theoretical prediction of 5-lipoxygenase inhibitory
activities of the new molecules.
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