


A&, &
jif"-LU"ﬂéi:
‘s.o.w PRV KY

4 3 (ot oyl (ol )l 4ol b
G085k (lgie ar cpdes y g o Oliie Sodlad- LSl oS bl | asdlas

HIV
100,55

Sy oy

Lol ) oliu]

SR 02 Sy jguaie ySO
:gbice Sl
P-J EVETRCLE

WA (yoge



R T AT

AL Ay a < ﬁ

) . eSS DHazmi u p e
Yoo led Camgn
M:AM‘J
W3 s 1095

ARV Lomtils o )lat & (g pibio v il [ gBT iyl (ol 15 el L
Ol @ (praies 1u 8 oy Ol Cudlad- LS Ly o8 bLI )| axdlas :plsie coxd
HIV gous)la3L

) S S b e ) i aeaS ey WWABINE

Wby E Gy 3 e e ()“; by i)l 39e

l\ el 0 29bse st

r

S oz e spale IO

)’h .\-;lull

53995 yoli 525

o3 lees iS5

ol A



)g{{)"::t:/
»
«é’:ﬂbdﬁﬁqj’&j»
{ (/'1‘////,:

{ (/’f’u}bt

{ (/f ﬁ,lfpuu}j

&)W}U./‘f,;g/ l(jL'ﬂ/'/.;w‘. )i.:),b&b/ S u;j!d J,éb/)’ﬁ'(ﬁ

atls Guire



oA

GY $ls)at 1 J//'u/g't/ ru/fﬂ//é/w ;// b (%&’d =
PR Ji/!U’/}Lu’/MU/UJ)//!,?Ud b(/u’ zr)L« ‘/ e w0 ;J/b
_/;/14}/ Ld/!;//() 23253 (’M S K’W e Z2% u‘)éu”
f.zu_.//ay (u/‘,,/uuw‘j,d, ; Uf//uwuww 17136 ,(;/
rb/./bd /ﬁd (/f/)hu Ol (Lb/;ut//ucf;u’/ﬁ/b ) / b J" L

f f .«f/f" /’)db ruvr/,w'/ V'/;Mu’/t/gfu/ /U’,(md /u!&;wt«
/,u,wd,wu..,m.z,j /; tas /,uﬂ TrsiiN st ,f;//muwd.&/;/;
M Tl (/y Uiy il ga /uud/,uw,,,@o 1///50 i
P uw/f S92l 2 U//Luu Sher ) ) dm) Ve / £ uL/L e /
;/K/»/ G4 /d /uiub,?d/‘” 7 r/fu’»./i‘ul (W/boﬁ/ﬂ/}’(ﬁu/

/
)u!/fu'd’/i u'./tuﬂ (/‘50’)})(%,«/“/»)0’/‘/zJ/!J,’/.a’}dJUI

u'd/m//";)ﬂ zd}/!d!/ﬂogd///),?,&}uU(/'}‘/d'}/ﬁ}ulxﬁ/}/u%y
.,vL/l/{)ulzﬁ/ub')//



ol ug

60,103l (ylgie Ay oy ju g oy Ol Caudlad— LSl 205 Loyl axdllan 4l LL onin g

s o e oy ez 1153 05lie 9 (AKI2 o 38 Hpuaie S5 laal, cos HIV

el 1855 ol g Como g el 0ot plol i) Lawgs asl BLL ol o Cliies

ol ool sliwl olainl 850 a o 4y S0 laae slptegh bl jleslaiul )o@

3kl b Sy g o by sl (5,500 38 b 095 bass 03355 4l bl o gyte s @
O PREE P [ AP

P ol L g SVlie 5 3L o 35,0L8 inio olSiils & Blate il (ol Syine s> 4l @
Sy J2lg> ol 4y « Shahrood University of Technology » | g « 55,0l sxis oKl

Ve o il oo 38,5 asl (Ll (Lol bt el cews @ j0 a5 ol @l plas (sgine oi> @
55,5 o aley 4l oLk 5l g s

oot oolitul (LT slezdl ) o) 3g29e 5 45 63,150 5o ¢ asl L cpl plol Jole alS 5 @
el oals culey (B Jgol g lailgs el

b adly s S8 caed Sledbl ojg 4 a5 (69 150 50 ol (Ll onl ploxil Jolpe alS o @
el oas Sule, Sles! DB Jgol 5 Lailgs ¢ 553, ol Canl ous ool

gl (gLl &b

eyl &by old aolip ¢ Clis ¢ z yimmo WY lEo) QT OY guazo 9 33l oyl gm0 Gohs anls @
bl ol Al oo 09,8l iz olKAG1S Ay Blaie ((Cawl ool adS b Ol jugxi g Lo 1380
c 0 pS3 ab gy po sade Olawlgl O adkdo gxi A4y Wl

Al ood jlme @2 e 353 o aoli bl j0 Sgz a0 @alis g WleMbl I colaiuwl @




ouS

oSz )
b JsSge SiSTs dya slboaiiS s 55 widd ooliter | Sl bus (g 5 le (glaoaiiS s

W gl il SaSTs 5l (005 1 8) uiSg 9 (LKD) GlS 5 o (S o2 p 4 do g

gl 5l e b awloee LS 5 LSl jlesla_wl b g bl w s oaiS e oy

@ a5 g ,S ) yerie QLG slayhgy (6,05, 4 b ossS oyl (o e odiiS ooyl
Wb Ol () cansS Ol Slee g lae o8 Blos cuiiS Lauiie by, g o8

sl Jos jleolaiw | LQSAR (sla Jow clu gl (695,9 Glaicds ooy Sl slaoaS cans o

90 b Joe Oy ol laJSoz 5 (bt o Joo plaieds (egiman (omas &S

S 3 i)l G 2isel G 4 osls (g omas D Jae (sl a8 S 18 ool |
99 4 odls sy (Bolai sla K Jow 6lp 0ol e e 5 VY g V) O ol (yge)]
4 iy Sy 0 (00 el oS5 VY 5 PV el el (6w g (90l 6 i
@l el ang Bolad Gl 5 (ae aSl slaJae slo el )l dee o Lo gl e
3390 09031 S St 5 Cellad it b (Bolad sl Sz 5 (sran oras 4l gla o
5 1AVYY Kod coyo e o oo b)) sl ool Cws 4 gl .85 1,8 anlllas
oSz 5 esian oras 4l laJae 503T (6 m DlaS 5 Clad iy ln |y < AAPA
4ot gladan (3051 G smitn lp s poo o]y HeSils (izes ol las Bolas

ol Cess s [P AFA 5 [+ 0AY o35 4y okl cla JSiz 5 egian mas

Solas oS



olghe G ywgs 99 50 4ol opl 3l Jol> s

1. “QSAR study of inhibitory activities (ECso) of azabenzenes derivatives using
Bayesian regularized artificial neural network (BR-ANN) and calculated

descriptors”
2. “Application of random forest regression and artificial neural network in the
modeling of the Anti-HIV activity of azabenzenes derivatives, as potent HIV-1

reverse transcriptase”
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7 0 p'pe”dg‘c')lzgg;‘fsahy')' A 2ODMEA | NH-4-CN-Ph | 0.058 0028 7.24
8 0 p'pe”d'”'Pl%mmhy')' 4 2’GéDN'f\£ﬁ'4' -NH-4-CN-Ph | 0.047 £0.011 7.33
9 NH p'pe”dg‘c')lzggg‘_’sahy')' 4 2'4’6;,1”'\"6' -NH-4-CN-Ph | 0.077 % 0.065 7.11

piperidin-1-yl)methyl)- 2,4,6-TriMe- 0.0049 +
10 NH Pyridin-4-yl Ph NH, 0.002 831
piperidin-1-yl)methyl)- 4- | 2,4,6-TriMe- 0.01155 +

o NH COOEt-Ph Ph i 0.0005 L

piperidin-1-yl)methyl)- 4- | 2,4,6-TriMe- 0.02043 £
12 NH CONH-Ph Ph NH, 0.019 7-69
piperidin-1-yl)methyl)- 4- | 2,4,6-TriMe- 0.00575 *

13 NH SOzNHo-Ph Ph il 0.002 8.24
piperidin-1-yl)methyl)- 4- | 2,4,6-TriMe- 0.00555 +

14 NH SO2Me-Ph Ph NH, 0.001 8.26
piperidin-1-yl)methyl)- 2,4,6-TriMe- 0.01025 +

&9 ila Phenyl Ph bl 0.0009 iR
piperidin-1-yl)methyl)- 4- | 2,4,6-TriMe- 0.00787

16 NH NO2-Ph Ph NH, 0.001 8.10

Y




No. X Ry R, R; ECso(uM) PECs50(M)
piperidin-1-yl)methyl)- 4- | 2,4,6-TriMe- 0.00566 +
17 | N N | N|NH it on NH, 0.003 8.25
piperidin-1-yl)methyl)- 2,4,6-TriMe- 0.00725
18 | N N | N| NH byridin-4y] oh NHMe 0.001 8.14
piperidin-1-yl)methyl)- 4- | 2,4,6-TriMe- 0.01666
19 | N N | N|NH COOELPh on NHMe 0.007 7.78
piperidin-1-yl)methyl)- 4- | 2,4,6-TriMe- 0.00461 £
20 | N N | N| NH el oh NHMe 0,001 8.34
piperidin-1-yl)methyl)- 4- | 2,4,6-TriMe- 0.00699 =
21 | N N | N|NH ORI o NHMe 0.001 8.16
piperidin-1-yl)methyl)- 4- | 2,4,6-TriMe- 0.00606
22 | N N | N| NH El o NHMe 0.006 8.22
piperidin-1-yl)methyl)- 2,4,6-TriMe- 0.01332 £
28 |N | NI NJNH Pyridin-4-yl Ph OMe 0.002 788
piperidin-1-yl)methyl)- 4- | 2,4,6-TriMe- 0.01471
24 | N N | N| NH COOELPh oh OMe 0.007 7.83
piperidin-1-yl)methyl)- 4- | 2,4,6-TriMe- 0.00864 +
25 | N N | N|NH CONHAPh on OMe 0.001 8.06
piperidin-1-yl)methyl)- 4- | 2,4,6-TriMe- 0.01062 +
26 |N) N INJNH SOzNH;-Ph Ph OMe 0.002 797
piperidin-1-yl)methyl)- 4- | 2,4,6-TriMe- 0.0119 =
27 | N N | N|NH SOMaPh o OMe 0.004 7.92
28 | C|-CNO2 |[C | O 4-CN-Ph 2,6-DiMe-Ph H 0.58 6.24
29 |c|lcNo:|C| O 4-CN-Ph 246 TriMe- H 0.056 7.25
2,6-DiMe-4-
30 [ C|-CNO; [C| O 4-CN-Ph CNLPh H 0.11 6.96
31 | C | -CNO:|C| O 4-CN-Ph 26-Died: H 0.27 6.57
32 | C CNO:|C| O 4-CN-Ph 26 et H 0.16 6.80
33 | C|-CNO,|C| O 4-CN-Ph 2,6-DLOMe- H 4.8 5.37
3 [C|-CNO;, | C| O 4-CN-Ph 2,6-DiCI-Ph H 0.62 6.21
3% | C|-CNO, | C| O 4-CN-Ph 2,4,6-TriCI-Ph H 0.17 6.77
2,6-DiCl-4-
3 | C|-CNO, |[C| O 4-CN-Ph e H 16.8 4.77
37 |c|cNo2|C| O 4-CN-Ph 2’4'6;%”8“ H 0.11 6.96
2,6-DiBr-4-
38 | C|-CNO; [C| O 4-CN-Ph e.Ph H 0.034 7.47
39 -C-NO2 0 4-CN-Ph 2,4,6-TriF-Ph 0.72 6.14
40 -C-NO; NH 4-CN-Ph 24,0 frie: H 30.17 452
2,6-DiBr-4-
41 | Cc | -C-NO; | C | NH 4-CN-Ph P H 3.85 5.41
42 | C | CNO2 | C | NH 4-CHs-Ph 2A4-DBre-E H 3.05 5.52
2,6-DiMe-4-
43 | c|-cNos|C| O 4-NO,-Ph CALPL H 0.72 6.14
44 ' c| ca [N| O p-Cl-Ph 2'4'6'F,Th”Me' ; 0.139 + 0.050 6.86
45 | c| ccl [N| O p-Me-Ph 2’4'6;3Th”'v'e' - 0.201 + 0.043 6.70
46 cCl [N O p-CN-Ph 2’4'6;,Th”Me' - 0.079 +0.015 7.10
47 | c| cc [N O p-CN-Ph 2,4,6-TriCl-Ph - 0.155 +0.042 6.81

A




No. [R| VY X R, R, R ECso(uM) | PECso(M)
48 | c| ccl |[N| O p-CN-Ph 2'4'6;,1"8“ - 0.18 £ 0.06 6.74
2.6-DiBr-4-
49 c| -ccl (N| O p-CN-Ph ek - 0.034 +0.012 7.47
50 |c| -ccl [N| O p-CN-Ph 2’6;3'?_'5;'4' - 0.40 +0.15 6.40
51 |c| cCl [N| O p-CN-Ph 2,6-DiCI-Ph - 0.22 +0.051 6.66
4-CN-2,6-
52 | c| -ccl [N| O p-CN-Ph S - 0.144 + 0.029 6.84
53 |c| -cCl [N| O p-CN-Ph 2,6-DiMe-Ph - 0.54+0.21 6.27
54 |c| c=0 |N| O p-CI-Ph 2’4'6;,Th”'v'e' H 0.78 +0.17 6.11
55 |C| c=0 |N| O p-Me-Ph 2'4’6;,Th”Me' H 155 +0.32 5.81
56 |C | -C=0 |N| O p-NO,-Ph 2'4'6},Th”'v'e' H 5.08 + 1.00 5.29
57 |c| -cco [N| O p-OMe-Ph 246 FriMe: H 159 +0.21 5.80
58 |C| -c=0 |N| O p-CN-Ph 2'4'6'F,Th”Me' H 0.26 + 0.04 6.59
59 [c| c=0 |N| O p-CN-Ph 2'4’6;?"3" H 0.63+0.2 6.20
: 2.6-DiBr-4-
60 |c| -cco |[N| O p-CN-Ph o H 0.21+0.03 6.68
61 |C| C=0 |N| O p-CN-Ph Z'G'BDr'_';,"rf"" H 1.19+0.24 5.92
62 | C | -c=0 0 p-CN-Ph 24,6 TriMe- 14.4+421 4.84
83 | C | -c=0 0 p-CN-Ph 2,6-DiMe-Ph 1.90 +0.31 5.72
B 4-CN-2,6-
64 |c| -cco |[N| O p-CN-Ph S 283+054 5.55
65 |c| -cco [N| O p-CN-Ph 246 FriMe: Me 1.16+0.25 5.94
66 | C| -c=0 |[N| O p-CN-Ph 2'4'6]3Th”'v'e' Me 3.36 +0.99 5.47
6 [C| C |c| o 2,4,6-TriMe-Ph 4-CN-Ph -OMe 0.84+0.43 6.08
6  C| C |C| O 2,6-DiMe-4-CN 4-CN-Ph -OMe 0.70 + 0.50 6.15
8 [C| C |c| o 2,4,6-TriMe-Ph 4-NO,-Ph = 14003 5.85
0/c|l Cc |c|o 2,4,6-TriMe-Ph 4-Me-Ph -0 140+0.4 5.85
77]c| ¢ |c| o 2,4,6-TriMe-Ph 4-CN-Ph -0 0.37+0.10 6.43
72/c| c |c|o 2.6-DiMe-4-CN-Ph 4-CN-Ph -0 0.15 + 0.06 6.82
73[c| C |c| o 2,6-DiMe-Ph 4-CN-Ph -0 140 +0.17 5.85
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Atom Properties

\

PROPERTY VALUE -
Name N7 /
I 7827
Color O 142142255 e
Parent DJZ562 \
XYE 50.4310 63.2040 13.7160 \
Element Hitrogen 74 X
Hybridization Sp3 .
PartialCharge 0161 < — \/
FormalCharge
Chirality
Isotropic Displacement 53.39 \ \

4
oK | Close | Apply I \

3MBQ (1uigp yo WK ol 5l o] Cavsts Jlad ool Slatsee (Y=Y ) S

Atom Properties S
|l|’
PROPERTY VALUE
Name C13 N \
D 7816 \ N
Color O 144 144 144 \_~ .
Parent 658561 \
XYZ 11.5260 14.1680 16.1090 // ¥
Element Carbon |
Hybridization Sp3 K [
PartialCharge 0.205 //\ /’ \
FormalCharge _/ \
Chirality h— \ /——
Isotropic Displacement 4179 \ /
\
il | Cloze | Apply |
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2 Center box
3 Autogrid

(A



7% Grid Options

File Center View Help

Current Total Grid Pts per map: 226981
number of points in x-dimension:

1160 [[[T

number of points in y-dimension:

||]I||||60 ||I]]]]|

number of points in z-dimension:

[ 60 ||I]]]]|

Spacing (angstrom): IO 0-375 110
Center Grid Box: <offset>

y center [14168 ML rr
z center [16.109 AR AT
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! Lamarckian Genetic Algorithm(LGA)
2 Genetic Algorithm(GA)

3 Local Search

4 Evaluate energy(EPDB)

5 Number of genetic algorithm runs
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! Short

2 Medium

3 Long

4 Number of GA runs
5 Translation

¢ Quaternion

7 Torsion
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Abstract

For model construction, two kinds of descriptors namely molecular docking
descriptors and calculated structural descriptors were used. The new molecular docking
descriptors were derived from molecular docking by considering the interaction between
compounds (as ligands) and protein (as receptor). The structural descriptors were
calculated from structure of compounds. After generation of descriptos, the most
important descriptors were selected by applying stepwise regression (SR) and least
absolute shrinlage and selector operator (LASSO) as variable selection methods. The
selected descriptors were used as inputs for construction QSAR models using Atrtificial
Neural Network (ANN) and Random Forest (RF) as a non-linear and linear methods. For
ANN model, the data set was divided into training set, valid set and test set containing
51, 11 and 11 compounds, respectively. The data set was divided into training set and test
set including 62 and 11 compounds, respectively for RF modeling. All effective
parameters of ANN and RF models were optimized. The validation study of the ANN and
RF models was performed by prediction of the activities of the test set compounds. The
obtained results from models validation showed correlation coefficient of 0.9274 and
0.8968 for prediction the activity of test set by ANN and RF models, respectively. The
mean square error of 0.0597 and 0.0849 were also found for prediction of test set activity

by ANN and RF models, respectively.

Keyword: QSAR, Anti -HIV, Artificial neural network, Random forest, Molecular
Docking, LASSO
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