
T.C. 

 

 

 

 

 

 

 

1,3,4-

 METOTLA 4D-QSAR 

KULLANILMASI 

 

 

 

 

 

AN 

 

 

 

 

 

 

 

 

 

 

OCAK 2019 

KAYSER  



T.C. 

 

 

 
 

 

 

 

 

1,3,4-

 METOTLA 4D-QSAR 

KULLANILMASI 

 

(Doktora Tezi) 

 

 

 

 

          
 

 

 

 

 

 

 

 

 

 

 

 

 

OCAK 2019 









 iv 

 

 

 

. 

 

 

 

Kayseri, Ocak 2019 



 v 

1,3,4-

TLA 4D QSAR 

DE  

 

 

 

 

Doktora Tezi, Ocak 2019 

 

 

aha 

-  
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farmakofor koruyucu-
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EL 

 

ABSTRACT 

In this thesis, we used the Klopman index, a new descriptor for the first time, to 

determine the local reactive regions of molecular systems involving both electrophilic 

and nucleophilic attacks. This descriptor index is at a higher level than the similarity to 

other local reactivity descriptors and is more realistic to discover new aspects of 

molecular structure. To maximize compatibility between the calculated activity and 

observed activity results, the parameters on the receptor side were determined by the 

Levenberg-Marquardt (LM) algorithm based on the nonlinear least squares (NLLS) 

method. Depending on the new Klopman index, not only the core structure of the 

pharmacophore but also positive (auxiliary group-AG) or negative (anti-pharmacophore 

shielding-APS) additives are also shown in the structural properties of the compounds. 

In this study, which is 4D-QSAR, nonparametric regression analysis was used to 

determine the adjustable constants. Using leave one out-cross validation (LOO_CV), 

the antibody activities of the compounds (pEC50-2M) were calculated, respectively         

, r2
loo-cv (q

2) = 0,979 for 27 training set and r2
pred (r

2) = 0,911 for 9 test set. In addition, 

the rm2 value indicating the proximity between the predicted and observed data was 

calculated as 0.957. Molecular Conformer Electron Topological (MCET) method was 

compared with q2
loo-cv and R2

pred values determined by CoMFA and CoMSIA methods 

and it was shown that more satisfactory results were obtained. 

Keywords: Descriptor, 4D-QSAR, Klopman index, Sulfone derivatives. 
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i. Antibakteriyel Aktiviteler 

oloji 

) 

 

antimikrobiyal ajanlar olarak 

-biyostatik 

ajanlar patojenlerin 

eri ), algisi ) veya fungusitler 

) gibi davranabilirler. 

Ralstonia solanacearum   muz, 

solgunluk  etmenidir. 

Pseudomonas solanacearum EF Smith olarak biliniyordu.  

atesin 

bakteriyel  

nedensel  [1-8]. 
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.1 Ralstonia solanacearum un bakteriyel etki  

 

Bu etmen daha sonra R. picketi ve R. eutroph RNA hololoji 

Ralstonia Bakteri gram negatif 

-0.7 1.5-2.5 mikron), hareketli, oksidase ve katalaze pozitif bir bakteriyel 

R. 

solanacearum . 

R. solanacearum

etkile -

 

 solgun bitkiler bir 
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Phytophthora capsici, 

 

 - Oksadiazol 

ile anti-bakteriyel aktiviteleri 

 (Rs) - 9,10]. Bunlar 

n01 ve n02 

 (Tablo 2.1 mol  ). Domates 

50 

 kullanarak n01, 

n02, 

50 50 

. 

 

ii.  

n aktiviteye ek 

 [11], 

  [12] -

(dapson), para-aminobenzoik asit [13] ile rekabet ederek dihidrofolik asit sentezini 

 [13]

hidrojen peroksit 

-Crafts-tipi 

 [14]. 
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iii.  T  

[15

karak  

[16, 17]. 

-

-

 

[18]. 

[19]. 

[20].  

a elde edilenler; a) atomlar  

izleri c) topolojik -MoRSE, WHIM, GETAWAY, kuantum-kimyasal, 

 

/

/

/ ui indeksi, polarizasyon gibi yerel reaktivite 



 5 

(HOMO/ .  

-Salem denkleminin iki teriminde atomik 

 isimdir [21].  

ive 

-

 

 

ve domates bakteriyel solgun

 farmakoforun (b-

(AG) veya indirgeyici (APS) grupl -R 
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1.  

 

1.1.    

-

Structure-Activity Relationship 3D- -QSAR modelleri 

-Comparative Molecular Field 

-) 

- nce teorik 

[22,23]. 3D-QSAR modelleri ile inhibe edici aktiviteleri ve 

-

 [24].   

-aktivite 

 (Bersuker, 1991) 

[25]

Pharmacophere, Pha), (2) 

leyen (Anti-

 [26].   

- 

bir serisi
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 B

-

-

 

Biyolojik aktivite ( veya ) 

     (1.1)

, 

 

1.2. QSAR metodolojisi 

- Quantitative Structure Activity Relationship, QSAR), 

modelleri 

n 

modelleri bir dizi tahmin  ile 

modelleri, rini cevap 

 

-

-

biyolojik aktivitesi olabi

 

-

[27, 28] kantitatif 
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- -

- -

-biyob  [29]. 

maddenin konsantrasyonu olarak nicel olarak ifade edilebilir. Ek olarak, fizikokimyasal 

-ak  [30-32]. Matemati

 kabul 

r [33]. 

1.2.1.  

 

 

 

 

 

sahip olmak gerekmektedir: 

(i)  

(ii)   

(iii)   

-

/toksisite/  

/
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1.2.2. QS   

1.2.2.1.  

(Tablo 1.1'de) 

 

Tablo 1.1  

Boyut  Ref 

0D-QSAR 
 

[34] 

1D-QSAR simplex representation of 
molecular structure-  temsiline 

 

[35] 

2D-QSAR 

 

[20] 

3D-QSAR  [36] 

4D-QSAR  [37] 

5D-QSAR 4D-
 

[38] 

6D-QSAR 5D-
 

[39] 

 

1.2.2.2.  

 

-LR)  

a) ultiple Linear Regression-MLR), 

 Square- /regresyon 

(Principal Companent Analysis/Regression-PCA/PCR)] 

 

-ANN), 

b) k- -( k-nearest neighbors Neural Networks-kNN) [40]. 
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1.2.3.   

dan 

 

  

1.2.3.1. Klasik QSAR modelleri.  

a. Hansch  

41  biyolojik 

42

nklem1.2'deki gibi 

ifade edildi. 

 

s        (1.2) 

 Burada, 

 

konsantrasyonu, 

/PH ile temsil 

edilmektedir. 

  

ES 43]. 

a,b,c = uygun sabitler 

nun nedeni,  

 [44].

(parabolik model) sundular(denklem 1.3). 

 log1/C= -k(log P)2+ k'logP+ k"                                                (1.3) 
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-k,k/,k//

 

b. Free-Wilson Model 

Free-   

tiviteye  

[45,46]. Denklem 1.4 ile temsil edilmektedir: 

      (1.4) 

Burada, BA = biyolojik aktivite, 

Xj =  j. Ikame edici atom yada atom grubu mevcutsa 1, yoksa 0 

 

 

 

[47]. 

- amalar 

 

c.  

48
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49

karakterize eder [50]. 

1.2.3.2 . QSAR analizinde kuantum kimyasal parametreler 

- -consistent 

51

kuantum-

52,53

kuantum kimyasal hesaplamalara ab 

karm fonksiyonun daha basit fonksiyonlara indirgenmesi gibi matematiksel 

 

 

54

deneysel y -Parr-Pople 

neglect of differential overlap-CNDO),  

modified neglect of diatomic overlap, 

 

HOMO, 

ELUMO, ELUMO-EHOMO

  

1.2.3.3.   

3D-QSAR metodolojisi 2D-QSAR'dan  bir 

yakla   
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mekaniklerden tayin edilmeli ve daha sonra enerjinin asgariye indirilmesi ile 

d [55,56]. 

o

alanl . 

 

 1.2.3.3.1.  

. 

1.2.3.3.1.1.   

Comparative Molecular Field Analysis-

CoMFA) [37

-atomu 

-

k kareler (partial least squares-PLS) regresyonunu kullanarak, 

 [57

 

I.  

II. 

 

III.  
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IV. 

 sterik ve 

-

 

V. erin biyolojik etkinlikleri 

 

VI. l bir 

 

VII. 

 

1.2.3.3.1.2.   

 [58

tipi fonks  

ayn

-

lar. 
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1.2.3.3.1.3.   

-organizing molecular field 

analysis-SOMFA) [59] tekni  benzerlik 

(hypothetical active site lattice- 60]. SOMFA'da 

 

1.2.3.3.1.4.   

[61

n 

 R2 vb.

garadaki 

 

 

1.2.3.3.1.5.   (GRID) 
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da 

potansiyeli hesaplayan program. Olup d

eklendi [62]. 

1.2.3.3.1.6. ) 

Rese

[63], 

potansiyeli ve hidr

 

 

1.2.3.3.1.7.   

61

konformasyonu rese
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1.2.3.3.1.8.   

64

lmayan) 

uygulanabilir. 

MQSM'd

 yani 

ortagonal olan normalize olmayan)  

1.2.3.3.2.   

Hizalamadan 

   

 (  ) 

 

1.2.3.3.2.1.   

65

merkezi ile ilgilidir. CoMMA leri, dipol 

 ve  

momentleri  
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1.2.3.3.2.2. 

Holistic Invariant Molecular-WHIM) 

  ( Weighted Holistic Invariant 

Molecular-WHIM) [66 67  

 - 

ans, oranlar ve simetri 

elektronegatiflik, atom polarizasyonu, Kier ve Hall elektrotopolojisi indeksi ve 

 desteklendirilir. 

1.2.3.3.3.  -boyutlu QSAR 

-

 

1.2.3.3.3.1.   

3D- -

68]. Ligandlar fragmanlara 

 ve 

/fr
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1.2.3.3.3.2.  Analizi (CoRIA) 

-

69 /PLS) genetik versiyonunu 

fizyokimya . 

1.2.3.3.3.3.  Kenetlenme (Docking) 

kenetlenme 

[70]. liyeti, biyolojik 

/

esinde 

kenetlenme 

 

kenetlenme 

 

 i. protein- kenetlenmesi 

 ii. protein- kenetlenmesi ve 

iii. protein-protein kenetlenmesi. 

Protein- /ligand kenetlenme

-protein 

kenetlenme 

Kenetlenme
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Kenetlenmenin 

- Ampirik serbest enerji puanlama 

Kenetlenme 

 

70]. 

1.2.3.3.3.4.   3-Boyutlu Farmakofor Haritalama 

71]. Farmakofor, ilgili bir 

eya 

72 dizi 

l

al 

 bir 
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[73] 

74

 

1.2.3.4.  Hologram QSAR (HQSAR) 

Hologram QSAR (HQSAR) [75], 

-

 

 

Ai  
 Xil  
 C = sabit, 
 Cil  
  

1.2.3.5.   4D-QSAR 

4-Boyutlu QSAR metodolojisi [37], -

r [76]. 



 22 

aksine, minimum enerji 

ama sorunu 

 a benzer 

[77]. 

1.2.3.6.   5D-QSAR 

4D-  

[38]. 

1.2.3.7.   6D-QSAR 

QSAR kavr -

ak elde edilebilir [39]. 

1.2.4.    

eji 

 

etmey 78, 79 -

 

1.2.4.1.     
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asal 

  

 

1.2.4.2.   

yeterli s

 

1.2.4.3 .  

80, 81]. 

 

1.2.4.4 .  Model kurma 

n sonra, QSAR modelinin 

(haritalama) 
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italama fonksiyon aileleri, en iyi modelin 

81]. 

1.2.4.5 .   

: 

1.2.4.5.1.   

-one-out-LOO) veya birden 

-several-out-

 

-

82]. 

1.2.4.5.2.   



 25 

 

 

[83

1.2.4.5.4.  len modelin uygulanabilirlik  

 tahmin . 

[84]. 

1.2.4.5.5.  

ya

nin 

 

1.2.4.6.  

saslar 

85]. 
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86

87

 

i. 

 

ii. k 

 

iii. 

biyoakt  

iv. 

 

v.  

88]. 

 

 

89]
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OECD 

 

 
 

  

 
 

 ren parametrelerin 
 

OECD 
 

 
 

 
 

: Kesin bir 

 

 Test seti: 

 

 
 

OECD 
 

 -  
Q2>0.5, rm

2
(LOO)>0.5, cRp

2>0.5 
 

  
R2

pred>0.5, rm
2
(test)>0.5, rm

2 >0.5 
 

 
 

 

 

 
OECD 

 

 
 

-

 

 
 

OECD 
 

 Yorum: 

belirlemek i  

 
 

  

 

 

il 1.2 mi



 28 

2.  

 

2.1.  

t setine 

inmeye 

/4D-

 

 

CoMFA [22] ve CoMSIA [65
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e b  

90

-31 G*ile Hartre-Fock 

 

 

.1. 6-31 G * ile Hartree-  

-

konformerleri 2 kcal/mol'den daha az bir nisbi enerjiye 

MolFiles olarak *.txt 

 

SPARTAN '08 Quantum Mechanics Program: (PC/x86)         Release 132v4 

 WARNING: Parallel not implemented with this method  

Job type: Geometry optimization. 

Method: RHF 

Basis set: 6-31G(D) 

Number of shells: 77 

Number of basis functions: 245 

Multiplicity: 1 
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SCF model: 

A restricted Hartree-Fock SCF calculation will be 

 Performed using Pulay DIIS + Geometric Direct Minimization 

1   -1082.262330159            5.71E-002  

2   -1075.973527594            6.90E-003  

========================================= 

Solvation: water [SM8] 

1   -1076.338902263            4.24E-004  

2   -1076.336952993            2.13E-004  

=================================================== 

Optimization: 

Step      Energy          Max Grad.      Max Dist.  

1   -1076.641583346            3.10E-003  

2   -1076.350626937            5.00E-004  

========================================= 

Job type: Frequency calculation. 

Method: RHF 

Basis set: 6-31G(D) 

1   -1076.350041569            5.55E-004  

2   -1076.353704926            2.19E-004  

10   -1076.354179933            1.74E-007  

Solvation: water [SM8] 

1   -1076.354179890            4.23E-004  

2   -1076.352303782            2.07E-004  

3   -1076.351575293            1.08E-004  
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10   -1076.350063005            1.64E-007  

Free Energy of Solvation :       -69.1595619 kJ/mol 

 Reason for exit: Successful completion  

 Quantum Calculation CPU Time :   3:47:59.65 

 Quantum Calculation Wall Time:   5:12:09.76 

SPARTAN '08 Properties Program:  (PC/x86)                        Release  132   

 Use of molecular symmetry enabled 

 Cartesian Coordinates (Angstroms) 

       Atom               X                    Y                   Z      

1 C  C7           0.7308894     0.5942936     0.0000000 

2 N  N1           0.2412941     1.7764580     0.0000000 

3 N  N2          -1.1310040     1.6371662     0.0000000 

4 O  O1          -0.2414027    -0.3413239     0.0000000 

5 C  C8          -1.3518975     0.3924203     0.0000000 

6 S  S1          -2.9192526    -0.4494101     0.0000000 

7 O  O2          -2.9937731    -1.1712816    -1.2412624 

8 O  O3          -2.9937731    -1.1712816     1.2412624 

Point Group = CS  Order =  1 Nsymop =  2 

Geometry information 

     Bond Lengths 
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   I    J    R      I    J    R      I    J    R      I    J    R   

1)     1-   2 1.2795    1-   4 1.3493    1-   9 1.4602    2-   3 1.3793 

5)     3-   5 1.2642    4-   5 1.3310    5-   6 1.7791    6-   7 1.4378 

9)     6-   8 1.4378    6-  20 1.7633    9-  10 1.3932    9-  17 1.3908 

13)    10-  11 1.0727   10-  12 1.3802   12-  13 1.0737   12-  14 1.3880 

17)    14-  15 1.0742   14-  16 1.3850   16-  17 1.3833   16-  19 1.0736 

21)    17-  18 1.0730   20-  21 1.0786   20-  22 1.0822   20-  23 1.0786 

Molecular descriptors: 

Molecular volume:          197.62 (Ang**3) 

Surface area:                     223.53 (Ang**2) 

Ovality:                             1.362 

Atomic weight:                 224.238 g 

E(HOMO):                           -0.3407 

E(LUMO):                             0.0707 

Electronegativity:              0.14 

Hardness:                           0.21 

Est. polarizability:             54.770 

LogP (Ghose-Crippen):     1.57 

 Closed-Shell Molecular Orbital Coefficients 

      MO:                1                  2               3                4               5 

Eigenvalues: -92.22533   -20.70327   -20.57961  -20.57959   -15.64992 

      (ev)     -2509.57988   -563.36486   -559.99997 -559.99944 -425.85619 
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                                    A'                A'             A"           A'               A'      

1 C7    S        -0.00001    0.00000    0.00000   -0.00000    0.00000 

2 C7    S        -0.00003    0.00039    0.00000    0.00000   -0.00014 

3 C7    PX        0.00004   -0.00027    0.00000    0.00002    0.00004 

4 C7    PY        0.00001   -0.00025    0.00000    0.00000   -0.00008 

5 C7    PZ        0.00000    0.00000   -0.00001    0.00000    0.00000 

6 C7    S        -0.00007   -0.00020    0.00000   -0.00003   -0.00118 

7 C7    PX       -0.00073   -0.00025    0.00000   -0.00046   -0.00062 

   48 O1    PX        0.00000   -0.00021    0.00000   -0.00001    0.00005 

   49 O1    PY       -0.00002    0.00139    0.00000    0.00000   -0.00004 

   50 O1    PZ        0.00000    0.00000   -0.00001    0.00000    0.00000 

   51 O1    S         0.00022    0.00402    0.00000    0.00002   -0.00009 

   52 O1    PX        0.00004    0.00009    0.00000    0.00003   -0.00016 

   53 O1    PY        0.00016   -0.00084    0.00000   -0.00000   -0.00014 

   54 O1    PZ        0.00000    0.00000    0.00005    0.00000    0.00000 

   55 O1    DXX   -0.00005   -0.00416    0.00000    0.00000    0.00004 

   56 O1    DYY     0.00000   -0.00408    0.00000    0.00000    0.00002 

   57 O1    DZZ     -0.00004   -0.00401    0.00000   -0.00000   -0.00010 

   58 O1    DXY    -0.00002   -0.00003    0.00000    0.00000   -0.00003 

   59 O1    DXZ      0.00000    0.00000   -0.00001    0.00000    0.00000 

   60 O1    DYZ      0.00000    0.00000    0.00001    0.00000    0.00000  
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nek n01) 

ku 25, 91]. ETM, 

bir konformerin dijital (matris) formuna sahip reaktivite ve topolojidir. Anti-bakteriyel 

-QSAR modelleri elde 

 

. 
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2.2.  

4-

[92

er 

50 

s

bile Tablo 2.1 r. 

2.3.  impoze  

-

benimsenen bir tekniktir. L-

 

hesaplanabilir [93].





38 
 

Tablo 2.1.  
aretlendi. 

Comp. 

 No 

R1 R2 Exp. Values 

pEC50  

Pred. 

Values 

n01 H -CH3 4.050 4.050 

n02* 4-F -CH3 3.780 3.933 

n03 4-Cl -CH3 3.450 3.470 

n04 4-Cl -CH2CH3 3.290 3.291 

n05 4-Br -CH3 3.290 3.310 

n06* 4-Br -CH2CH3 3.140 3.150 

n07 3-F -CH3 3.920 3.911 

n08* 3-Cl -CH3 3.660 3.656 

n09 3-Cl -CH2CH3 3.370 3.471 

n10 3-Br -CH2CH3 3.310 3.327 

n11 2-F -CH2CH3 3.670 3.590 

n12 2-Cl -CH3 3.720 3.685 

n13 2-Cl -CH2CH3 3.360 3.326 

n14 2-Br -CH2CH3 3.470 3.477 

n15 4-OCH3 -CH3 3.350 3.361 

n16 4-OCH3 -CH2CH3 3.220 3.200 

n17 3-OCH3 -CH3 3.490 3.442 

n18* 3-OCH3 -CH2CH3 3.260 3.053 

n19 2-OCH3 -CH2CH3 3.510 3.515 

n20 2,4-di-Cl -CH2CH3 2.920 2.938 

n21 2,3-di-Cl -CH3 3.100 3.121 

n22* 2,3-di-Cl -CH2CH3 2.780 2.859 

n23 3,4 -di-Cl -CH3 3.320 3.230 

n24 3,4 -di-Cl -CH2CH3 3.090 3.125 

n25 H -CH2CH3 3.880 3.837 

n26 4-F -CH2CH3 3.770 3.684 

n27* 3-F -CH2CH3 3.640 3.540 

n28 3-Br -CH3 3.570 3.557 

n29 2-4-di-F -CH3 3.810 3.772 

n30 2-4-di-F -CH2CH3 3.480 3.579 

n31 3,4-di-OCH3 -CH3 3.050 3.082 

n32 3,4-di-OCH3 -CH2CH3 2.750 2.798 

n33* 2-F -CH3 3.880 3.832 

n34 2-Br -CH3 3.660 3.703 

n35 2-OCH3 -CH3 3.730 3.752 

n36 2,4-di-Cl -CH3 3.810 3.776 
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/4D-

 

-Fa" 

94]. 

[95]. 

forma 

[94]. 

 

bulunur. 

 

[96]  

d [22, 97, 98]. 
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2.4. Kartezyen Koordinatlarda Atomik Konumun Belirlenmesi 

[99, 100]. 

ilgili far

koordinat sistemidir. 

rtezyen koordinat sistemi 

98, 100], 

 

-

konformer [101-103

-

-

melenir ve stereoizomerik 

onformasyonunun 

(1.0- nda . 

 ise;  

belirlenir
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/10'un

 

2.5.  

2.5.1.  

farmakoforl

hassas  

(1) 

-

- -

26]. 

 

104]. 

Aday b-

-

-

/
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-Pha olamaz. 

-nokta b- -

105]. 

 

 

 

rekli olan 

lo  sahiptir.  

 

d) Farmakofor b- - 

bulunmaz. Bu nedenle, b-

taraftan, b- itede rol oynayan AG veya APS 

 

 tif 

 

 

temel-  

 

106]. 

  

 i) Aktif bir konformasyon, 
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 u 

nokt , 

[93]. 

2.5.2.  MCET de lgoritma 

 
 

 

 

  

 

 

 

 

        E 

 

 

 

    

aktivitelerinin  

  

n=1, N 

i=1, I 

Her bir konformerin ETM'ini ve koordinat 
 

A

D 

. 

B 

E

i. konf. E<5 J/mol 

A,B,C,D ve E  
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.  

 

-  

k=1, K 

k-

i-konformerin atomic kombinasyon 

 

atomunu kartezyen 

koordinat merkezinde 

i-conformer 

sahip mi? 

konformerlerin en iyi 

ya 

koyun. 

B.

farmakofor element

C 
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lik 

 

pozisyonundan kaynaklanan J-  

C M-

 

D 
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2.6. ile(NLLS) en iyi duruma 

 

NLLS, bilinmeyen parametrelerde (m> n) lineer o

n elastik 

potansiyele sahiptir [107

-Resept

[108, 109

110]. 

L-

ilecek verileri 

-

mo

fitnes

111

bilinen bu algoritma a  

111-114
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olmayan regresyo

veya gereksiz cevap 

 

ola -

f, vb. 

-Pha, AG ve APS, 3D konumdaki atomlardan 

-Pha i

-

 

2.7.  Ye  

-Salem denkleminden elde edilen 

Regio/stereo selektivite reaksiy

115, 116 -

reaksiyonun regio/ -

 117, 118]. 

                       (2.1) 
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 2.

  temsil eder. Qnuc ve Qelec

/elektrofilin 

rbitalindeki EHOMO/ELUMO enerjisi. 

toplam atom 

 2.

LUMO (elec) nuc, cnuc EHOMO (nuc), 

ELUMO (elec) 

ELUMO (elec) LUMO (elec) 

2.2

LUMO (elec)  

-c) resep

2.3 ve 2.4 ile ifade edilir.  

         elec                            (2.3) 

        elec
2 (2.4) 

 2.1, hesaplanacak ayarlanabilir sab 'e 
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 2.5'deki j- -

n etkilenen L-

-Pha'ya sahip olabilir. 

-Pha'ya sahip 

lanabilir sabitler 

hesaplanabilir. -

 2.5'de hem 

n pozitif veya negatif  

   Lidand ile 

 

-negatif veya pozitif-pozitif ise, e

takdirde, negatif- pozitif veya pozitif- negatif ise AG etkisi artar. 

- E

 E ) olarak 

 E  (2.6  

E -       (2.6)  

 

ihmal edilir ve L-  

gibi olur. 

E      (2.7) 

- G Gibbs 

 

 

a sonucu toplam 
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S Ssolv Sr/t       (2.8) 

/

entro

bulunur.

-li

ka / 119, 120] 

121]. 

 2.8'de 

/

 

G -      (2.9 

G E                                            (2.10) 

nerjisiyle dengedeki denge 

 

-R. 

 2.11

 

                                      (2.11) 

11 n - n = A0, bir 

sabittir.  2.5'te her bir j-

2.11
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n

11  

  ,  2.12'e  

                                 (2.12) 

 2.13,  2.11'in  2.12  

                                (2.13) 

 2.13,  2.14 n) referans (Al) 

 

                          (2.14) 

An l ise l-
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BULGULAR 

3.1.   

 

 

1a.  

1b. Her bir konformere ait kuantum kim  

 

 

2b. Aktiviteleri hesaplama

 

2b1.. 

 

2b2.. 

 

2b3.. 

 

2b4.. atistik 
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3.2.   

Deneysel aktivitesi bilinen 1,3,4-   36 adet 

24]. Tablo 2.1 

ir.  

En aktif, en basit ve konformasyon  2.l'den referans n01 

r. 

 

.a b- model-1 (a) ve model-
Tablolar 3.1 ve 3.2, a, b, c vb. 

 

.b b- model-1 (a) ve model-
Tablolar 3.1 ve 3.2, a, b, c vb. 



55 
 

-

fazla ve en az akti

pozisyonl - -Pha (Tablo 3.1

- -

Pha (Tablo 3.2

/

atomlar, aktivitede 

 

B-

ge

2 

olarak maksimum r2 

[122]. Bu tekn

-

2
'd 122, 123]. 

 
 

 

Comp. 

 

Atom 

x, y, z Cartesian Coor.  

1P 

 

q2 

 

2Contr.

 

Kappa-

 

Xi-  x y z 

n01 O1 0 0 0 a - - 27.348 242.485 

n01 O2 3.131 0 0 b - - -18.202 77.483 

n01 C8 0.782 1.077 0 c -0.604 - 8.815 -15.907 

n32 N1 0.595 1.957 0.720 d -0.498 0.067 -1.728 -251.61 

n32 S1 2.433 0.700 -0.896 e -0.297 0.127 10.424 148.102 

n32 C3 -2.150 -0.297 1.062 f -0.020 0.175 -1.698 -35.662 

n32 C1 -4.278 -0.525 2.156 g 0.361 0.241 -0.691 -117.13 

n32 C6 -4.453 -1.783 1.554 h 0.450 0.056 -1.232 2.721 

n20 C6 -4.312 -2.270 0.944 i 0.567 0.074 0.547 -0.267 

n20 C4 -2.364 -1.457 -0.144 j 0.625 0.037 -0.561 14.372 

n20 Cl2 -5.640 -3.388 1.025 k 0.720 0.060 -1.525 18.384 
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n31 O4 -5.565 -0.527 2.357 l 0.860 0.088 -1.005 99.962 

n32 C7 -0.955 0.495 0.811 m 0.906 0.029 -5.331 -153.67 

n32 N2 -0.639 1.654 1.254 n 0.941 0.022 12.423 111.840 

n32 C4 -2.319 -1.536 0.472 o 0.978 0.023 0.297 -6.562 

1  

2Her bir pozisyonun eklenmesi ile Q2  

 
 

 
Comp. No 

 
Atom 

No 

x, y, z Cartesian Coor.  

1P 
 

q2 
 

2 .
%

 
Kappa-

 

Xi-  const. 
x y z 

n01 O1 0 0 0 a - - 13.240 15.151 

n01 C1 2.424 0 0 b - - 0.792 -23.445 

n01 C9 -3.503 1.996 0 c -0.459 - -0.300 39.154 

n32 O3 -2.781 -0.415 0.952 d -0.319 0.098 -11.047 12.144 

n32 N1 -0.453 2.035 -0.597 e -0.128 0.133 0.445 -51.271 

n32 O2 -2.949 -0.130 -1.51 f -0.045 0.058 -23.890 91.065 

n32 N2 0.917 1.890 -0.551 g 0.045 0.063 -2.689 -6.838 

n32 O5 6.083 -1.799 0.548 h 0.512 0.326 -1.511 -21.538 

n32 O4 5.979 0.779 -0.195 i 0.558 0.032 -0.660 11.457 

n32 C1 4.818 0.073 -0.026 j 0.679 0.084 -0.657 -37.664 

n32 C6 4.864 -1.271 0.385 k 0.943 0.184 -0.619 4.350 

n36 Cl2 6.487 -1.960 -0.349 l 0.963 0.014 0.164 17.680 

n32 C8 -0.934 0.913 -0.265 m 0.974 0.008 14.164 19.554 

 
 

 

 

2

 

 

Denklem 2.
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modele  Bireysel 

kolayca bulunabilir. Modelin L-

124]. 

Denklem (q2
i + 1-q2

i)/(q
2

max-q
2

min)> 0,01in q2

 

2  

Her bir lig 3.l'deki (a ve b) 

 

 

 

2 

tik v   

2 

125]. 

Farmakofor modeli-

-

126-128

2'ye benzer r2 2
pred 
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-

 

q2, q2 = 1- (PRESSr)/SDr
PRESS

r (The Predicted  Residual Error Sum 

of Square-

 veriler

; 

 

ve SDr (Standart Deviation-

-

  

 

 

Elde edilen 4D-  

test setinin aktivitesi tahmin edildi  

(  ve  ). 

dirilen 

model-  

model- 2  

n rm
2 [129] rm

2 parametresi 

 rm
2 (genel) 

eder, b rm
2 

 Tablo 3.3 ve 
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Tablo 3.4'te -

sonra, bu po

L-

/ /

-

 

Comp. 

No 
Exp. 

Values 
MCET 

Pred 
CoMFAPred CoMSIAPred 

1 

Entalpisi 
2Positions 

n01 4.050 4.050 4.01 4.09 -2825957.09 abcdefghijmno 

n02* 3.780 3.933 3.92 3.87 -3085490.17 abcdefghijkmno 

n03 3.450 3.470 3.42 3.52 -4030795.26 abcdefghijkmno 

n04 3.290 3.291 3.19 3.29 -4133287.46 abcdefghijkmno 

n05 3.290 3.310 3.36 3.27 -9577483.45 abcdefghijkmno 

n06* 3.140 3.150 3.13 3.04 -9679975.67 abcdefghijkmno 

n07 3.920 3.911 3.90 3.88 -3085484.68 abcdefghijlmno 

n08* 3.660 3.656 3.65 3.68 -4030791.99 abcdefghijlmno 

n09 3.370 3.471 3.42 3.44 -4133284.20 abcdefghijlmno 

n10 3.310 3.327 3.33 3.28 -9679972.87 abcdefghijlmno 

n11 3.670 3.590 3.65 3.59 -3187964.17 abcdefghijmno 

n12 3.720 3.685 3.67 3.71 -4030766.31 abcdefhimn 

n13 3.360 3.326 3.44 3.48 -4133256.35 abcdefhimno 

n14 3.470 3.477 3.44 3.44 -9679942.65 abcdefhimn 

n15 3.350 3.361 3.45 3.56 -3124953.97 abcdefghijkmno 

n16 3.220 3.200 3.21 3.33 -3227445.83 abcdefghijkmno 

n17 3.490 3.442 3.66 3.49 -3124949.33 abcdefghijlmno 

n18* 3.260 3.053 3.43 3.26 -3227440.83 abcdefghijmno 
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n19 3.510 3.515 3.57 3.52 -3227427.05 abcdefhimno 

n20 2.920 2.938 2.86 2.91 -5338091.73 abcdefhijkmn 

n21 3.100 3.121 3.09 3.11 -5235584.09 abcdefhjmno 

n22* 2.780 2.859 2.85 2.88 -5338076.19 abcdefhjmno 

n23 3.320 3.230 3.30 3.29 -5235614.10 abcdefghijklmno 

n24 3.090 3.125 3.07 3.06 -5338106.48 abcdefghijklmno 

n25 3.880 3.837 3.77 3.85 -2928449.00 abcdefghijmno 

n26 3.770 3.684 3.68 3.63 -3187982.24 abcdefghijkmno 

n27* 3.640 3.540 3.67 3.65 -3187976.88 abcdefghijlmno 

n28 3.570 3.557 3.57 3.52 -9577480.62 abcdefghijlmno 

n29 3.810 3.772 3.81 3.60 -3345083.64 abcdefghijkmno 

n30 3.480 3.579 3.56 3.37 -3447496.45 abcdefghijkmno 

n31 3.050 3.082 3.02 3.01 -3423927.94 abcdefghijklmno 

n32 2.750 2.798 2.78 2.78 -3526418.45 abcdefghklmno 

n33* 3.880 3.832 3.90 3.82 -3085472.31 abcdefghijmno 

n34 3.660 3.703 3.69 3.67 -9577452.93 abcdefhjmno 

n35 3.730 3.752 3.81 3.75 -3124935.37 abcdefghijmno 

n36 3.810 3.776 3.79 3.84 -5235601.33 abcdefhjmno 

 

B-  Kalan atom 

 

 

Comp. 

No 
Exp. 

Values 
MCET 

Pred 

1  2Positions 

n01 4.050 4.050 -2825957.090 abcdefgjkm 

n02* 3.780 3.870 -3085490.170 abcdefghjklm 

n03 3.450 3.458 -4030795.260 abcdefghjklm 

n04 3.290 3.195 -4133287.460 abcdefghjklm 

n05 3.290 3.418 -9577483.450 abcdefghjklm 

n06* 3.140 3.225 -9679975.670 abcdefghjklm 

n07 3.920 3.845 -3085484.680 abcdefgijkm 

n08* 3.660 3.647 -4030791.990 abcdefgijkm 

n09 3.370 3.361 -4133284.200 abcdefgijkm 

n10 3.310 3.256 -9679972.870 abcdefgijkm 

n11 3.670 3.668 -3187964.170 abcdefgjkm 

n12 3.720 3.808 -4030766.310 abcdefgkm 
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n13 3.360 3.374 -4133256.350 abcdfgjkm 

n14 3.470 3.456 -9679942.650 abcdfgjkm 

n15 3.350 3.356 -3124953.970 abcdefghjklm 

n16 3.220 3.216 -3227445.830 abcdefghjklm 

n17 3.490 3.468 -3124949.330 abcdefgijkm 

n18* 3.260 3.325 -3227440.830 abcdefgjkm 

n19 3.510 3.544 -3227427.050 abcdefgjkm 

n20 2.920 2.878 -5338091.730 abcdefghjkm 

n21 3.100 3.062 -5235584.090 abcdefgkm 

n22* 2.780 2.820 -5338076.190 abcdefgkm 

n23 3.320 3.341 -5235614.100 abcdefghijklm 

n24 3.090 3.046 -5338106.480 abcdefghijklm 

n25 3.880 3.882 -2928449.000 abcdefgjkm 

n26 3.770 3.698 -3187982.240 abcdefghjklm 

n27* 3.640 3.739 -3187976.880 abcdefgijkm 

n28 3.570 3.584 -9577480.620 abcdefgijkm 

n29 3.810 3.824 -3345083.550 abcdefghjklm 

n30 3.480 3.469 -3447496.450 abcdefghjklm 

n31 3.050 3.055 -3423927.940 abcdefghijklm 

n32 2.750 2.750 -3526418.450 abcdefghijkm 

n33* 3.880 3.903 -3085472.310 abcdefgjkm 

n34 3.660 3.668 -9577452.930 abcdefgkm 

n35 3.730 3.688 -3124935.370 abcdefgjkm 

n36 3.810 3.738 -5235601.330 abcdefgklm 
 

 

3.2.a. Model-1 
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3.2.b. Model-2 

 

/

/pozitif veya negatif/

ligand AP

benzer yorumlar 

a (HOMO/LUMO) veya 

 Bununla birlikte, Klopman indeks 

Tablo 3.3-3.4'te 

-1 ve model-

konumda et  

- harici bir test setinde 

(Tablo 2.1'de  

Model-1 ve model-2 

korelasyonlar 3.2'de  
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4.  

 ER 

4.1.  

(q2
loo-cv) ve - 2

non-cv), 0.979 ve 0.960, 

inde bulunan 0,937 ve 0,969 ve 0,909 ve 0,971 

ha tatmin edici niteliktedir [92].

edilen 4D-QSAR model-2, Q2 olarak iyi AG ve APS olarak 

e edilen konu

analiz edildi -Pha ile 

iklerinin .  

-oksadiazol-grubunu 

 MCET metodu ile 4D-QSAR anal -

-

-

 

arak 

aktivite . Klopman indeksi ile ilk kez, Klopman 

 . 

oryantasyon i bir indeks olarak 
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. Ek olarak, 4D-QSAR 

 

-  

far ni incelendi le 

-2'yi 

4D-QSAR analizinde test edilebildi. 

4.2.   

 

poz  ve Tablo 3.2'de, q2 ve Q2'deki 

-QSAR 

  

 

 ve 

i. 
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