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Abstract:

The main objective of our study is the modeling of the anti-proliferative activity (pIC50 values) against
breast cancer for a series of 30 quinoline-derived compounds using 2D-QSAR and multiple linear regression
(MLR) method, this study consists of three main steps: Data set selection, molecular descriptor generation,
construction and validation of predictive models for the studied activity. To build and validate our QSAR
model, the dataset was divided into two sets: 24 molecules constitute the training set and 6 molecules constitute
the test set. The division of the data set was done by random selection. The training set and the test set were
validated separately using internal and external tests, such as the y-randomization and Golbraikh and Trouphsa
model validation criteria. Model 3 was found to be the best with the following statistical parameters: r= 0.925 ;
r’= 0.888 ; F=21.288 ; de]: 0.815 ;; RMSE =0.127,

All compounds were found to fall within the applicability domain, indicating the reliability of the MLR -
QSAR model predictions and its ability to eftectively predict the chemical properties of the compounds within
the defined applicability domain.

Based on the physicochemical properties (descriptors involved in model 3) and the structure of compound
21 (used as a template; the most active molecule in the database), new compounds were designed that are

expected to have better activity (lower IC50).

Keywords: 2D-QSAR, Breast Cancer, Quinoline, y-randomization, external validation.
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QSAR Quantitative Structure Activity Relationship
QSPR Quantitative Structure Propriety Relationship
MoRSE | 3D Molecular representation of Structures based on Electron
WHIM Weighted Holistic Invariant Molecular
HOMO Highest Occupied Molecular Orbitals
LUMO Lowest Unoccupied Molecular Orbitals
RBN Number of Rotatable Bonds
MW Molecular Weight
HBV hepatitis B virus
DNA DeoxyriboNucleic Acid
PDT PhotoDynamic Therapy
SAG Surface Area Grid
MR Molar Refractivity
MLR R égression linéaire multiple
ANN artificial neural network
LogP Coefticient de partage
MDS Myelodysplastic Syndrome
DFT Density Functional Theory
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PM3 Parametric Method 3
RMSE Root Mean Square Error
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2933 15 20587 32 1301533 2.873 -60192.529 -2.458 -5.331 6 110.580 1 6 1239.251 721.163 469.942 49.288 138.434 4.55 -15.788 5.134 24
1860 14 13219 27 596506 4.091 -54021.428 -1.944 -6.035 3 73.920 1 4 1029.263 610.268 397.263 41.488 117.919 431 60.787 4.754 25
1860 14 13629 27 596506 3.694 -43021.571 -1.692 -5.386 3 99.940 2 4 1024.245 603.449 377.833 40.911 116.753 3.25 62.115 4.472 26
2933 15 20773 32 1301533 3.886 -50863.940 -1.801 -5.687 6 101.610 1 7 1208.751 698.686 452.897 46.976 132.327 3.78 -43.407 4.818 27
1860 14 13072 27 596506 3.897 -54561.746 -2.446 -6.343 3 67.870 1 4 1010.301 600.616 398.248 40.640 115.740 4.37 17.708 5.005 28
1860 14 13482 27 596506 3.392 -43561.923 -2.190 -5.582 3 93.890 2 4 1003.254 594.676 378.818 40.063 114.574 3.29 21.587 4.988 29
2933 15 20587 32 1301533 3.674 -51404.380 -2.281 -5.955 6 95.560 1 7 1189.193 692.608 453.882 46.128 130.148 3.78 -78.154 4.811 30

SN asgag (*)
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SAR iJwi—i BNl dutys —4- IV
Com (19 (Sl Whnws ¢ (Bq) 2wl 2 ol of auldll mils bl m
iy Bylie 3950 Ll ol san 19 Cl of s 1is Joy . —68956.711a. uel

Lol Jewsl 0 67 CSH s e J3g Liwg,all LS U

~

Total Energy (Hartree

Total Energy

-2,533.4
553351
25336-
-2,533.7
-2,533.8]
-2,533.9-
5534
2,534.1 R mosseeee) |

0 10 20 30 40 50 60 70
Optimization Step Number

19 CSall amd) Jotag S @3la)) g (1= TV) IS2

o b S e dxly Jse psSS dis alaidl) ads i) Bl (3 ped) HE 1S 6l a2 =
5] el Ll (3 LY it S
3 sl el Lz HEF (485,679 Kcal/mol) |5 sl el 13 CSl el (J gl Gy
HF (-92.156 Kcal/mol). |5 wl gsf
Byls Blall e ST B Cllany, 13 (S 65 0 e HE 1edh bl 3 sV s Jy
3 S Sy
e i Jalgm 2 e S5

B pldl ol I oo sl B5leesSl Jailg M 5SS Lo Boler (S (3 B0l 25Le Sl Ly i 65

Sl e HF J:g-&: bl &gnnn @f'ﬁi}!\

62



Sl adludl &) Jaadll

Spand) pe ol e B HF (Sas bl SNl () saadl olyd) L& st il v
M e ol S0 i Ol s oSl HE (S5 sl 055 b Sler et omm v
el ) Ol s DL asl
-3.785 eV) iei 21 CSUEgomo Bl Jel cdow dib (o) ol @bl dndl
Erumo 8l 5 cdonw 5 o2 oS U 0 58l du,& Jswe 21 LSl OF e s e o(
copd o ST JgiSIY dgen o b lia 5 (-3.353 €V) 1 19 (s7u
adels J OF Jodll S ane 90536 €V b 5 golb G 51 19 (sl of Ly ellis™
@3ty ol HOMO-LUMO 590 ST WIS e 1K .4V LS e 18T 250eS
[6]sst Jolss 2k
do ol K g (HOMO) eV Jgnedl o) i oF LS (2- TV) Sl ey
el e oW b ) e el 2 S3 am (] i 5 05l Al gl 3o ges
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19 L5 LUMO , HOMO 255041 ciild :(2- IV) Szl

(MR) b Sy (M) i s o IS 0 sl 83 5y b LS olst
Sl (Pol) aplaily (V) oty (SAG) 2Ll

B yomle g5 2yl esd 6231 ailadl 2ad ooslj ¢ jatladl ads (cd] dad ooy LS 2T gt
Ll (58,651 A°3) aglainV o3 Jel 21 LU sz o (OUSH o Beget ol 3
il 10, (165163 A7) U LSY , (846161 A7)  amkd
o8 o by d il wad o ole Ky .(1499.352 A73) 415 (595.996 amu)
A Oy P alsSdly 12p LSSV oles plasial Wle o s ¢ (MR) - Lsb LSS
coladl oda i bl B3 USE L Lise.[7] Lorentz—Lorenz wde abuly M
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Sl sl Ll 23Sy B Wi, (TPSA) 24 2Ll plho islos gy @

o3 sae STy (157.050A%) TPSA bt ilus ST gt 21 S 0F Loy UL
Al 3 blas SV denr Leoga (ailadl odd aSHe 0] Jsill WS U gy gl ansSs
BV aad) i 1S3 (o PICs0 aad ST aSDnaly

Ss Al ad 3 o Jole p3g s By plike i @) g ¢ Olgll Al Ll 31 9 o) SIS
8] 25550 e

aolanly sl OLgd bl Jo 1S 6 U 20+ s (Lipophilicity) osail oSl 2ols ®
05 OF gt ) (sadll (sl sl gy . Jgll ablias ) BLoYL cam by adlinly axjyiy
0<LogP <3 su2 Gl e (LogP) w5l Lilas

SSTdag & (1.365) LogP w4 Jelas 3l 4 U OF Loy (2= TV)Jgudl JYs s
.(4.55) LogP U aws el els bl 17 CSL wlae s (3 0L sdll 2,6 LS M

A gaall aolianal (] (638 L cOgall (3 8l wibgd b6 4 17 CSTll ais U it folas o
colall an S me olize St (sab) avolanel clIiSH) Osad) 3 elald) Obad BLG Sap ple [
Ol gadl laall SbsSe me Jelidl abos sLsjl fad SU3g

QSAR {Jd—iy 1S Bt dulys —=5- IV

el Bl i ) oYL S S slio) o gt QSAR £t s i
isget g pised) cld B0 Y0 a ol Begat 1 ese Ul CASH s G Ay )
i) B pa o L 200 %0 Ay L)

QS il QSAR #3605 Loy ¢ XLSTAT @by 32l MLR 23 b plasealy

1 GS}GJ‘
pICs) =1.169 E;ymo — 1.359 x 10°> MTIndex — 1.158 x10° Wiener Index — 0.141
NHD + 0.344 ClusterCount - 0.276 Topological Diameter

Nrrain=24 5 1-0.944 ; R-0.891; F-23.24 ;R,,;-0.853 ; RMSE-0.119
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02 C)}Q.J\
pICs)=1.849 — 0.382 E;ymo -1.361 x 10 x MTIndex -1.094 x 10" Wiener
Index -0.169 NHD+0.326 x ClusterCount - 0.297 x Topological Diameter

Nrpain=24 ; 1=0.942; R’-0.888; F=22.525 ;Ri\d]-=0.849 ; RMSE =0.116

) C:j.o.J\
pICs0 =3.965+4.352 x 10 x Log P+6.353 x 10> x Pol -0.301 x E; ymo
+0.185 x E,,,, - 0.234 x Topological Diameter

Nrrain=24 ; 1=0.925;1°-0.888; F=21.288; ledj= 0.815 ; RMSE =0.127

4 CJ}«J\
pICs =4.906 x 10 x HF - 6.24210 2 x MW+ 4.373 % xV -1.342x 10" x ET
+0.633 x Cluster Count -0.283 xTopologicalDiameter

Nprain=24 5 1= 0.925; 1= 0.864; F-21.88 ; R ;- 0.826; RMSE = 0.123

:5 c'éj.oﬂ\
pICs, =5.047+4.385 x 107 x SAG - 1.37 3x 10 x ET - 0.263 x Topological

Diameter

Nprain=24 5 1=0.904 ; 1>-0.817 ; F=28.257 ; R,;-0.788 ; RMSE - 0.128

5 (Bl Jelee) T 0T G ¢ 3l 5 s M WYL s oS aflasY) o bl = ol L=
T e 3 e I (Jeall sl Julee) R2%ad] GUiS™ g (4ol Jins) 12

Gyl il oda g QSAR 31 easd) 28.257 ~21.288 ¢ comgls F lalall o3 0F Ll
G gedl B)lin Z3gadl pnd sta e Jo U (2 gll) Fisher Jous 3 2l o8 0 5T
.(Intercept) col s L st

s Lt iy 2dadll o) G Lanste s (Lo 0 Jawsze d) RMISE Balecld 2l U

Ll Z3sad) 1ol OIS ) oadd) LIS
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: (Y-randomization) Jisgiall laplsed! jlas-) -6-1V

slee U alizdl oladl bls ¢ e ¢ QSAR W et 23501 e jlas Y s ol L
30 50 PICs0 rslsnd) blaall gy i) ol wo =35
e st adleial malad) ol e anat sk (R Q7) oW1 zasad ot 05713 O
(b masadl adsten 5558 Ll il Mg Badene bls Sl s
R2 > 0.5 L&)l g3 o Y 2liS ©
o 2STRZ QP) 18 il byl ap cdid s gl 58 3 300l OF by (I ity
& Mg plally a2z S L eslal OF (o (R3 =0.755 40 5 pead 2515l Z3bedl

3 oy Slsiall Ldsd) jlas) @ils o8 :(3- IV) o

Tisedl g R R? Q’LOO Tisedl g R R? Q’LOO
Original 0.925 | 0.855 0.783 Original 0.925 0.855 0.783
Random 1 0.564 | 0.318 -0.172 Random 26 | 0.273 0.074 -0.743
Random 2 0.421 | 0.177 -0.445 Random 27 | 0.443 0.196 -0.505
Random 3 0.588 | 0.345 -0.114 Random 28 | 0.225 0.051 -1.020
Random 4 0.572 | 0.327 -0.254 Random 29 | 0.405 0.164 -0.345
Random 5 0.405 | 0.164 -0.497 Random 30 | 0.362 0.131 -0.653
Random 6 0.832 | 0.692 0.471 Random 31 | 0.578 0.334 -0.181
Random 7 0.369 | 0.136 -0.543 Random 32 | 0.490 0.240 -0.421
Random 8 0.323 | 0.104 -0.694 Random 33 | 0.276 0.076 -0.898
Random 9 0.435 | 0.189 -0.279 Random 34 | 0.310 0.096 -0.646
Random 10 | 0.248 | 0.061 -0.646 Random 35 | 0.625 0.390 -0.036
Random 11 | 0.392 | 0.153 -0.355 Random 36 | 0.259 0.067 -0.559
Random 12 | 0.422 | 0.178 -0.571 Random 37 | 0.360 0.130 -0.600
Random 13 | 0.467 | 0.218 -0.335 Random 38 | 0.516 0.266 -0.409
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Random 14 | 0.412 | 0.170 -0.603 Random 39 | 0.516 | 0.266 -0.281
Random 15 | 0.435 | 0.189 -0.461 Random 40 | 0.534 | 0.286 -0.207
Random 16 | 0.379 | 0.144 -0.354 Random 41 | 0.566 | 0.320 -0.093
Random 17 | 0.244 | 0.060 -0.775 Random 42 | 0.565 | 0.319 -0.232
Random 18 | 0.482 | 0.232 -0.363 Random 43 | 0.407 | 0.166 -0.370
Random 19 | 0.437 | 0.191 -0.516 Random 44 | 0.569 | 0.324 -0.200
Random 20 | 0.347 | 0.120 -0.655 Random 45 | 0.428 | 0.183 -0.365
Random 21 | 0.271 | 0.073 -0.539 Random 46 | 0.529 | 0.280 -0.314
Random 22 | 0.447 | 0.200 -0.643 Random 47 | 0.319 | 0.102 -0.745
Random 23 | 0.478 | 0.228 -0.479 Random 48 | 0376 | 0.141 -0.419
Random 24 | 0.360 | 0.130 -0.537 Random 49 | 0.613 | 0.376 -0.181
Random 25 | 0.471 | 0.222 -0.411 Random 50 | 0.421 | 0.178 -0.464
R buge 0.216
2
QY (LOO) ks ~0.409
cRp? 0.755
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3 pigedl o oy Gl —7-IV
wlee plasanl o o wpdl iy QSAR £348 58 Ol (5,0 ] B i)

;W) (4= IV) Joadt 3 Ls” Tropsha y Golbraikh

(Tropshay Golbraik) sules st~y slall 4)le :(4= IV) Jyan

gy & gunst) Aol daal)
Ryrea 0.903 > 0.5
R} 0.898 > 0.6
R'? 0.867 > 0.6
|R5 —R{ 0.0306 <0.3
(R? —R3) 0.0059 <0.1
RZ
(R? — RY 0.0398 <0.1
RZ
K 1.0605 0.85<k<1.15
K’ 0.9427 0.85 <K' <1.15

Dlaig we il 5lan] gles dhuly aold wn @l I QSAR #3560 Jsill (S aney
i QSAR a2dé Jlg 3 s OGjee plas 2y« Tropsha, Golbraikh ez, g 5554
e ISy Jeny Blia] (58 el OF ) s
UIS5 PICs) rglsed) BLall 3 2300l Aadsdll g &y ndl o) oz (5= IV) Jgor 40
G55 LY Olege o3 OF U eiatd GLas V) g oyl zogat o IS0 Legay 340
3 PICs0(exp) Bonndl ool (8 385 Sl Ll 5 ool desazt o8 e 35y IS
(3-1V) JKel Iols o el 5 sl Ll LS Lo 5o 5 PICs0preq) 285
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PICs0 s LLadl 3 2350l aadgdll 5 B ndl o) (5= IV) Jgur

S ) PIC50preq)  PIC50ex A
1 4.602 4.492 ~0.110
2 4.472 4.428 ~0.044
3 4.699 4.773 0.074
4 4.460 4.475 0.015
6 4591 4.600 0.009
8 4374 4342 ~0.032
9 4.647 4.769 0.122
10 4.896 4.998 0.103
11 4.817 4.866 0.049
12 5.024 4.857 -0.167
"g; 13 4.825 4.798 -0.027
,% 17 4.979 5.037 0.058
- 18 5.194 5.190 ~0.004
j? 19 5.349 5.349 0.000
,') 20 5.293 5.304 0.011
21 5.361 5.376 0.015
23 4.826 4.614 -0.212
24 5.048 5.134 0.086
25 4.847 4.754 -0.093
26 4.615 4.472 -0.143
27 4.857 4.818 ~0.039
28 4911 5.005 0.094
29 4.657 4.988 0.332
30 4.908 4.811 ~0.097
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5 4.357 4.688 0.331
ﬂg; 7 4.508 4.643 0.135
% 14 4.597 4.863 0.267
3
Val 15 4.832 5.044 0.212
§~ 16 4991 5.346 0.355
I\
22 4.859 5.256 0.397
5.4
® K g
»
L]
5.2 o
L]
[
5 o °
K
& o . o
3 a3 o
¢ .
o
4.6 ° *®
) %
4.4 ¢
[ ]
4.2
4.2 4.4 4.6 4.8 5 5.2 5.4
pIC50yy,)
e Training o Test

gl ol AV sl DLl 2l (3 o Loy gl et (3-1V) el
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S ) o) AV ALl LAY O o 3l S S s lly(4-1V) JSCadl I3l e 00
Koy Jam QSAR 356 0F Jo Tage jiall o ot (S 2Ll LAY 5 pom
5 et oy Jlsie (PICS0) g oilly s Tl ) o G 61 0y L [9]or

Residual

4.4 4.6 4.8 5 5.2 5.4
PICS50(exp)

) ) AV (Blald L) 2kl ) o oy e e 2(4- TV) Sl
(Applicability Domain) s,k Ji2 —8-1V
i) Bgige la QSAR 356 0b ot KoV (23sall omyHly Jslll gl o] day 3>
fope U5 pasrd Bale. ailes 36 g Wi & 13 Y] ) LSl
fagd o3l LS 3said) e Se IS 56 s D Lage, - (Leverage) asdiJi ied —1-8-1IV
PadU) Bl S ST nd g el e o5 ol Sl anil )
h; = X(XTX)"1xT
et Skl Loyl Bgiae o2 X, (descriptor matrix) Cio gies X i e
AR RSWEIFL PR L RN R NN EY
h*=3(P + 1)/n

s e ol A sag S ey masedl 3 livlsll sas 1 5 P e
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Alald LU Gl e ) &l jalhy Lk 80 (Williams Plot) el Ll —2-8-1V
SASU o gt Bl Akt dnly ($35ae Loty OLBI Olos sud (Labsdi Vs ¢ ¢ (h) ) L
Al Al dad e ol i) 1By (g)lme BLET iy 3 e ST R las LG o8 e (552 3

[10-11] s51s 5 (h¥)

S (3 alall L 5 Sl gl e ) plasznlb QSARC 2300 gkl Jlg 2 3ls o0
(5-1V)

35 h*=0.75

2.5 °

0.5

05 e

Standardized Residual
[ )

45 e
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-3.5 T T T r
0 02 04 06 0.8

Leverage

QSAR 35a @il 2)lall Wi moy ally Lok (5-1V) (Kl
Aol ALl Aed Ol @y ¢ aylall L 3.0% oy Do e s gebdl 2 wad 4
SASU IS0l slal) bl 8 bxeS” DL sleiul 4 o sl b S Lo gy ¢ (h*=0.75)
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B DS enenai —9-IV

Ol L 85lian 2lad Sl ster USe ool 38 QSAR #2356 clas) o ol Sl
@ Slad) Slivll) Ll jaslad) Jf 15taal Sy ¢ aldd) Sl e ST PICs) vk gt
LS (DU 34l & Lats g &) QIS walasand ¢ ) 21 (sl Jaslas (3 34
(2-1V) JSa Jgadkl & ese 52

3 gl Wslas I35 n il o

pICs) =3.965+4.352 x 1072 x Log P+6.353 x 102 x Pol -0.301 x
Eiumo + 0.185 x Egap — 0.234 x Topological Diameter

3L Al @38 s olazal Oeaddt adll Bl OF e Ju (Bz3sal) Log P ol Lalaly
B ICs0 &l sl blad

Joo ik 8 Slesanc (—NOZ 355 5 =OCH3 Sl ki) wlesast) dldaol ps U
(....H ¢« —=C,Hg « —CH3)

o Y S e Wy il 2l U O i S il denas o 5% (6-1V) S
Ecar Erumo Pol Log P) aledl clivld o3 g = 0 pICs) ol
PICs0 o3 <315, (Bz35l) ¢ (Topological Diameter

15l

pIC50=5.51

74



Sl adludl &) Jaadll

2 sh

pIC50-5.35

3 sh

pIC50-5.25

4 _sh

pIC50-5.50

5 s

pIC50-5.591

75



S izt e g : (6-1V) UK

6 _sh

pIC50-5.661

&P Jadl

76



mw.\j c:\:.J\ e\)\ J..a.ﬂ\

&

1. Mosmann, T. (1983). Rapid colorimetric assay for cellular growth and
survival: application to proliferation and cytotoxicity assays. Journal of
1mmunological methods, 65(1-2), 55-63.

2. Denizot, F., & Lang, R. (1986). Rapid colorimetric assay for cell growth
and survival: modifications to the tetrazolium dye procedure giving
improved  sensitivity and  relability. Journal of immunological
methods, §92), 271-277.

3. Thabrew, M. L., Hughes, R. D., & McFarlane, I. G. (1997). Screening of
hepatoprotective plant components using a HepG2 cell cytotoxicity
assay._Journal of pharmacy and pharmacology, 4411), 1132-1135.

4. Hagras, M., El Deeb, M. A., Elzahabi, H. S., Elkaeed, E. B., Mechany, A.
B., & Eissa, I. H. (2021). Discovery of new quinolines as potent colchicine
binding site inhibitors: Design, synthesis, docking studies, and anti-
proliferative evaluation. Journal of enzyme inhibition and medicinal
chemistry, 3¢(1), 640-658.

5. Rudrapal, M., & Chetia, D. (2016). QSAR study of trioxane derivatives as
antimalarial agents. Curr Trends Pharm Res, 1), 1-17.

6. Islama, M. J., Kumerb, A., Sarkera, N., Paulc, S., & Zannatb, A. (2019).
The prediction and theoretical study for chemical reactivity, thermophysical
and biological activity of morpholinium nitrate and nitrite ionic liquid
crystals: A DFT study. interactions, 20, 21.

7. Zhokhova, N. 1., Baskin, [. I, Palyulin, V. A., Zefirov, A. N., & Zefirov,
N. S. (2003). Fragmental descriptors in QSPR: application to molecular
polarizability calculations. Russian chemical bulletin, 52, 1061-1065.

8. Khanna, V., & Ranganat\[han, S. (2009, December). Physicochemical
property space distribution among human metabolites, drugs and toxins.

In BMC bioinformatics (Vol. 10, pp. 1-18). BioMed Central.

77



mw.\j cﬁ\.’d\ e\)\ M\

9. Adeniji, S. E., Uba, S., Uzairu, A., & Arthur, D. E. (2019). A derived
QSAR model for predicting some compounds as potent antagonist against
mycobacterium tuberculosis: a theoretical approach. Advances in
preventive medicine, 2019.

10.Lemaoui, T., Darwish, A. S., Attoui, A., Hatab, F. A., Hammoudi, N. E.
H., Benguerba, Y., ... & Alnashef, I. M. (2020). Predicting the density and
viscosity of hydrophobic eutectic solvents: Towards the development of
sustainable solvents. Green Chemuistry, 2223), 8511-8530.

11.Derki, N. E. H., Kerassa, A., Belaidi, S., Derki, M., Yamari, I., Samadi, A.,
& Chtita, S. (2024). Computer-Aided Strategy on 5-(Substituted
benzylidene) Thiazolidine-2, 4-Diones to Develop New and Potent
PTP1B Inhibitors: QSAR Modeling, Molecular Docking, Molecular
Dynamics, PASS Predictions, and DFT Investigations. Molecules, 294),
822,

78



OH




dela)l Ao

Lo
Bge) olalall 5 (3 L iga) e el mieas (3 anly Bl e xS i pisand
olonS” S wlinad alils LIS aul,ll sl &gl W8y (LN lslaey LS @ilsliasg
S o Lizie 30 Je 2D-QSAR 5V 351l elo] & dib st Olb o 3 22dle
o Aoyt et B @ Lt L (MCFE-T) ol 0 W5 315w gy bl vl
Ly ...SwissADME (Hyperchem g, Jlael abes— il aapdl olivly)
I e 3y illall g SV Al Slivldl sany Gaussian 09 gzl Lt
. (DFT/B3LYP/6-31G (d,p) :aJu saclall alauls 5 aadsl allall b alusee
san b ) Caead G ¢ Al g B L Wb ¢yl ods e Lo Al U 8
Ladorgg. . gsabl (obatal) g oaigiond! clisdl oo c(syedll (el 3ol (e BleaS = gyl jailad
10
B119 (5l 0587 (i)l L3S dgne Jo Ju & c HOMO wlb> Jel J 21 (S @
el s B3l il eb 19 (Sl sy (g5l g iSOY s e J 2« LUMOwL
S Bkl S wladss paf Ejomo s Erumo «blks .0.536 €V - 0 cdlly 6l 3
LS odd
L ot 3 et Dok e oS IS 35 Bl 35LeS Rols Opall oSl Beols add GiST @
09> Aol oda Caals ¢ Sl bladly 1LYl iy wysodlly olaeVly OLsdll anliG ells 3
107 by sl Jolan 58 I3 (pag 293 (sl (g5 ) pad 3 L)
b W3 0Ll 1l oLSU ST ales &« (LogP = 1.365)a52 Lules ol llzg 4 CSN
sLiall 090 By Ll (3 OLgl) Bl 4mhl s Cand (303 (S50 3l LM 1A 056 O o
Obslll 2L LS T alet e« (LOgP = 4.55) %54 Joles Jol e 17 CSU 5 Lo szd)
Ol 3 0L s AW ahl s A 503 (S35 M I 06G Of I s L 0pall 3
(o) aolian) Aygury
o3 sae STy (157.050A%) TPSA bt it 15T ez 21 CSU 0f Ll LY, @
ol) At (3 blas STV aan Lo g aslad) odd aSHel O Joill LiSlg LU . gy gl 20ie
Bk ke pin @ g cOlgll b Lty 9 o SISy (Y1 had) e S 6 PICs5) aas
ST

80 |



dela)l Ao

QSAR T35 sk T CQSAR 2l a 2SI a3l dnl)y Laid (i) al> M (3 L
phisial 5 WT ST malpd) danly Wbt s gl livlydl e and PICs0 2k gl L6
QSAR 34 5 sy ¢ XLSTAT maby 3 2 RML 220

G ¢ Bty B2 U OV e w5 Blam Y SMalaed) ok Ogians 23U o] O o
—21.288 o ol F b o3 el el 5 1 n 2y eed R%adj cllis 3 12 51 2ol
izisie RMSE 3 4 cllis; Fisher Jyas @ 2l o o 55T 2508 8 ods 5 28.257
Blell 3Ll Jasdl elsY) sk L s

e 3l e el Bl e o] e M ¢ s i) 3 AN M (S
PICs0 sl bLacld g i) i) o 358 Wslan [T 2lizl) Sl ks & e ¢ QSAR U
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e STRZ QP o3 il byt 4 wiid sl gl 50 3 2350d) O Bty (I 2y
s ja2 oS esla) of 6f (RP=0.755 4l 5 ek alsinll 230

il oo 885 51 4T Y] (30l S Gl a il (3 S ) 36 e 02 )1 e
Tropsha, Golbraikh e Gl ¢ e %020 JLas ) degas pisany @l o))
o SRy Jamy Glax) 68 3rdgedl O by (QSAR a-dé i ¢ s Crme lae 2

Ssisn Mo QSAR #2356 0L pbt (S 3pdpedl r)libly A1) il o)) dar 3~
B e w5 SUSU ST 01 il gl L adulas L6 12 dad & 13 V) sl SLSH e
D155 E3gise e J U aud) dall al)) el (S 6T e gtall o g i dese ol oy Vs
Gebd) 2 s Sl 1S asladl Wbk 3 e 6,8, MLR-QSAR 34
N

Bzisd & Sl livly) gl jatlad) d] Blawly dwlll sda 3 pl 2l )
LS ooz Led (DL 3B (3 Lot c(gpr ST) IS bzl ¢ ) 21 (S aslasy
Al oS e ST PICs) o fuasl s Wb 500

81



OH




WS Oliad 3D it 101 gl

(E) =3—(2-Chloro—6-methoxyquinolin—3—yl)
—1—(4—chlorophenyl)prop—2-en—1-one (1).

3—(4—Aminophenyl) -5—(2—chloro-6—
methoxyquinolin-3—yl) — 4,5—dihydro—1H-
pyrazole—1-carboxamide (14).

A
»

(E) —1—(4-Aminophenyl) —3—(2-chloro-6—
methoxyquinolin—3— yl)prop—2-en—1—one

(2).

5—(2—Chloro—6—methoxyquinolin—3—-yl) —3—
(3,4,5—trimethoxyphenyl) —4,5—dihydro—
1H—pyrazole—1—carboxamide (15).

. (E) =3—(2-Chloro—6-methoxyquinolin—3—yl)
—1-(3,4,5—trimethoxyphenyl)prop—2-en-1-
one (3).

2—Chloro—3- [3—(4-chlorophenyl) —1—
phenyl-4,5—dihydro—1Hpyrazol-5-yl] —6—
methoxyquinoline (16)
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2—Chloro—3-[3—(4-chlorophenyl) —4,5—
dihydro—1H—-pyrazol-5-yl] —-6—
methoxyquinoline (4).

. 4— [5—(2—Chloro—6—methoxyquinolin—3—
yl) =1-phenyl-4,5—dihydro—1H-pyrazol-3—
yl]aniline (17).

2

¢

4— [5—(2—Chloro—6—methoxyquinolin—-3-yl)
—4,5—-dihydro—1H—pyrazol-3—yl]aniline (5).

2—Chloro—6-methoxy—3— [1-phenyl-3—
(3,4,5—-trimethoxyphenyl) —4,5—dihydro-
1H—pyrazol-5—yl]quinoline (18).

2—Chloro—6—methoxy—-3—- [3—(3,4,5—
trimethoxyphenyl) —4,5— dihydro—1H—-
pyrazol-5—yl]quinoline (6).

2—Chloro—3- [3—(4—chlorophenyl) —-1-(2,4—
dinitrophenyl) —4,5— dihydro—1H—pyrazol-
5—yl] —6—methoxyquinoline (19).

5—(2—Chloro—6—methoxyquinolin—3—yl) —3—
(4—chlorophenyl) — 4,5—-dihydroisoxazole
(7).

4— [5—(2—Chloro—6—methoxyquinolin—3—yl)
—1—(2,4—dinitrophenyl) —4,5—dihydro—1H—
pyrazol-3—yllaniline (20)
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4— [5—(2—Chloro—6—methoxyquinolin—3—yl)
—4,5—dihydroisoxazol-3—yl]aniline (8)

2—Chloro—3— [1—(2,4—dinitrophenyl) —3—
(3,4,5—trimethoxyphenyl) —4,5—dihydro—
1H—-pyrazol-5—yl] -6—methoxyquinoline (21)

5—(2—Chloro—6—methoxyquinolin—3—yl) —3—
(3,4,5~trimethoxyphenyl) —4,5—
dihydroisoxazole(9)

6—(2—Chloro—6—methoxyquinolin—3—yl) —4—
(4—chlorophenyl) —pyrimidine—2(1H) —
thione (22).

5—(2—Chloro—6—methoxyquinolin—3—-yl) —3—
(4—chlorophenyl) — 4,5—-dihydro—1H—
pyrazole—1—carbothioamide (10).

4—(4—-Aminophenyl) —-6—(2—chloro—6—
methoxyquinolin—3— yl)pyrimidine—2(1H) —
thione (23).
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3—(4-Aminophenyl) -5—(2-chloro—6—
methoxyquinolin—3—yl) — 4,5—-dihydro—1H—
pyrazole—1—carbothioamide (11)

6—(2—Chloro—6—methoxyquinolin—3—yl) —4—
(3,4,5—trimethoxyphenyl)pyrimidine—2(1H)
—thione (24).

5—(2—Chloro—6-methoxyquinolin—3-yl) —3—
(3,4,5-trimethoxyphenyl) —4,5—dihydro—
1H—pyrazole—1—carbothioamide (12)

4—(2—Chloro—6—methoxyquinolin—3—yl) —6—
(4—chlorophenyl) —pyrimidin—2—amine (25).

5—(2—Chloro—6—methoxyquinolin—3—yl) —3—
(4—chlorophenyl) — 4,5—-dihydro—1H—
pyrazole—1—carboxamide (13).

4—(4—Aminophenyl) —-6—(2—chloro—6—
methoxyquinolin—3—- yl)pyrimidin—2—amine
(26).
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4—(2—Chloro—6—methoxyquinolin—3—-yl) —6—
(3,4,5—trimethoxyphenyl)pyrimidin—2—
amine (27).

6—(2—Chloro—6—methoxyquinolin—3—yl) —4—
(4—chlorophenyl) — pyrimidin—2(1H)-one
(28).

4—(4—-Aminophenyl) -6—(2—chloro—6—
methoxyquinolin—3— yl)pyrimidin—2(1H) —
one (29).

6—(2—Chloro—6—methoxyquinolin—3—yl) —4—
(3,4,5—trimethoxyphenyl)pyrimidin—2(1H) —
one (30)
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nl : degrés de liberté du numérateur

n? : degrés de liberté du dénominateur

[ r 23 [a[s [ 7[5 [9o [10|[n[nz[n|[u][i5][6]|7]
[ 1 [161.45[199.50 [215.71 [224.58 [230.16 [233.99 [236.77 [238.88 [240.54 [241 88 [242.98 [243 90 [244.60 [245 36 [245.95 [246.47 [246.92 |
[ 2 [18.51 [19.00 [19.16 [19.25 [19.30 [19.33 [19.35 [19.37 [19.38 [19.40 [19.40 [19.41 [19.42 [19.42 [19.43 [19.43 [19.44 |
[ 3 [1013 [955 [928 [912 [9.01 [894 [s80 [s85 [881 [879 [876 [ 874 [873 [871 [870 [ 860 [s68 |
[4 [771 [694 [659 [639 [626 [616 [6.09 [ 604 [600 [596 [594 [591 [580 [587 [586 [584 [ 583 |
= [5 [661 [579 [541 [519 [505 [495 [488 [482 [477 [474 [470 [ 468 [466 [464 [462 [460 [ 459 |
: [6 [599 [514 [476 [453 [430 [428 [421 [415 [410 [406 [403 [400 [398 [306 [394 [302 [301 |
A [ 7 [550 [474 [435 [412 [397 [387 [370 [373 [368 [364 [360 [357 [355 [353 [351 [340 [348 |
< [ 8 [532 [446 [407 [384 [360 [358 [350 [344 [339 [335 [331 [328 [326 [324 [322 [320 [3.19 |
b. [0 [512 [426 [386 [363 [348 [337 [329 [323 [318 [314 [310 [307 [305 [303 [301 [299 [297 |
N [10 [496 [410 [371 [348 [333 [322 [314 [307 [302 [298 [204 [201 [289 [286 [285 [283 281 |
..\\u [11 [4384 [398 [359 [336 [320 [300 [301 [205 [200 [285 [282 [279 [276 [274 [272 [270 [ 269 |
.uw. [12 [475 [389 [349 [326 [311 [300 [291 [285 [280 [275 [272 [ 269 [266 [264 [262 [260 [ 258 |
) [13 [467 [381 [341 [318 [3.03 [292 [283 [277 [271 [267 [263 [ 260 [258 [255 [253 [251 [ 250 |
3 [124 [460 [374 [334 [311 [296 [285 [276 [270 [265 [260 [257 [ 253 [251 [248 [246 [244 [ 243 |
[15 [ 454 [368 [329 [3.06 [290 [279 [271 [ 264 [250 [2354 [2.51 [ 248 [245 [242 [240 [238 [237 |
[16 [ 449 [363 [324 [301 [285 [274 [266 [259 [254 [240 [246 [ 242 [240 [237 [235 [233 [232 |
[17 [445 [359 [320 [296 [281 [270 [261 [255 [249 [245 [241 [238 [235 [233 [231 [220 [227 |
[18 [ 441 [355 [316 [293 [277 [266 [258 [251 [246 [241 [237 [234 [231 [229 [227 [225 [223 |
[19 [438 [352 [3.13 [290 [274 [263 [254 [248 [242 [238 [234 [231 [228 [226 [223 [221 [220 |
[20 [435 [340 [310 [287 [271 [260 [251 [245 [230 [235 [231 [228 [225 [222 [220 [218 [ 217 |
[21 [432 [347 [307 [284 [268 [257 [249 [242 [237 [232 [228 [225 [222 [220 [218 [216 [ 214 |
[22 [430 [344 [305 [282 [266 [255 [246 [ 240 [234 [230 [226 [223 [220 [217 [215 [213 [ 211 |
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