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ABSTRACT

Two dimensional quantitative structure activity atgbnship (2D-QSAR) and three dimensional quarntitat
structure activity relationship (3D-QSAR) studies lheans of Multiple Linear Regression (MLR), Partiaast

Square (PLS) and Principal Component RegressiorR)P&ere performed on a series of 4-AlkoxycarbonyB-1
diaryl-1, 2, 3-triazole analogues for the treatmefitdrug abuse disorder using software MDS 4.2 ivargVLife

Science). This study was performed with 13 comm(Rdta set) using random as well as manual datectien

methods for the division of the data into trainiagd test set. MLR methodology with stepwise (SVWafd-

backward variable selection method was used foldimg the QSAR models. Statistically significantA@Smodels
were generated. Among them most significant modsl dguared correlation coefficient’\r= 0.9895, cross
validated correlation coefficient = 0.9747 and predictive correlation coefficieriréd_r) = 0.9826 for the
treatment of drug abuse disorders. The core ideth@fpresent study is the search for novel 4-Algastyonyl-1, 5-
diaryl-1, 2, 3-triazole analogues that would showrise to be useful in the treatment of drug aldiserders.

Keywords. CB1 cannabinoid receptor, 4-Alkoxycarbonyl-1,%gl-1,2,3-triazoles , 2D QSAR, 3D kKNN-MFA,
VLife MDS

INTRODUCTION

The wide range of pharmacological effects of camml and endogenous cannabinoid ligands, are rreztliay
two subtypes of transmembrane G-protein couplegptecs: CB1 and CB2 [1-4]. CB1 receptors are highsdy in
the cerebellum, hippocampus and striatum. [5] GB2ptors are very low concentration in the CNST}& role of
CBL1 receptors in these disease states and dispttiersrature of the receptors active sites, andmbkecular
interactions between the receptors and ligandsnatdully understood and are under intensive ingesibn[7-
8].CB1 receptor antagonists or inverse agonist lthe ability to attenuate the elevation of doparievels that
occurs with psycho-stimulant use, suggesting thefential applications in the treatment of drugssbdisorders 10-
12 [9-11].The pyrazole derivative SR14171H (vas the first compound reported to be a potewt selective
antagonist for the CB1 receptor.[12] Charactermatdf SR1411716 has shown it to possess an inagseist
pharmacological profile.[13] This prototypical CB&ceptor antagonist/inverse agonist has been stuakea
potential therapeutic for the treatment of obestpoking cessation and a variety of other CB1 recepediated
pathological conditions.[14] Sensitivity, decreas$edd intake and body weight, disruption of operaahavior and
potential nausea in humans.[15-19] Rimonabant 43R16) strongly disfavors its development as a dringse
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medication.[20] Based upon the structure of 1,%yiiigrazole core template in SR141716),( bioisosteric
replacement has been an important approach towtiseew lead compounds of potent CB1 ligands amdrizty

have been synthesized and identified as potenhdiga[14,21] In reviewing the literature, the alenf 1,2,3-
triazole analogues were significant.The purposethaf present study is to investigate the Physiconited

parameters responsible for the protective effeet-afkoxycarbonyl-1,5-diaryl-1,2,3-triazoles detivas as a drug
abuse medication, explore the correlation betwdwmmtand to obtain more information for designingreto
substituted 4-alkoxycarbonyl-1,5-diaryl-1,2,3-tioéezs derivatives with potent protective activity&ries of 4-
alkoxycarbonyl-1,5-diaryl-1,2,3-triazoles analogwdsch were reported[21] are chosen for QSAR studyrder to
establish quantitative relationship between physeogical properties and biological activities of tt@mpounds
using MDS software (VlifeScience)[22].

MATERIALSAND METHODS
All molecular modeling studies (2D and 3D) were fpened using the Molecular Design Suite (VLife MDS

software package, version 3.5; from VLife Sciend¢ase, India), on a HP computer with a Pentium focpssor
and a Windows 7 operating system. Structures wiegtclsed using the 2D draw application and conveirve8D

structures (Fig.1, Table 1).

. Q

CI

@ @

Cl

Fig. 1: Common Chemical structure of 4-alkoxycarbonyl-1,5-diaryl-1,2,3-triazoles derivative

Table 1: Inhibition of [*H] SR141716A at CB1 receptors

Comp. No. | Code Activity
ClogP (nM)

1. HS69 5.33 590+ 170
2. HS53-2 4.46 6900 + 130D
3. HS57-2 5.11 1420 + 266
4, HS53-1 4.68 4400 + 760
5. HS57-1 5.32 66 +7.0
6. HS60 4.69 54%
7. HS57-3 5.68 180 + 27
8. HS57-4 6.21 4.6 +0.012
9. HS57-5 6.70 NA
10. HS57-6 7.62 NA
11. HS57-8 6.83 11+3.4
12. HS57-9 6.85 97 £ 55
13. HS57-7 7.23 240 + 79

2 All compounds were tested as the freeBaSee Reference 25.
¢ All values are the mean + SEM of three experimpatformed in triplicaté. Percent inhibition at 100u§INA, not available.
The values of 1§ along with the structure of the compounds in #wies are listed in Table 1.

MOLECULAR MODELING FOR 2D QSAR:

In 2D QSAR analysis, significant methods Multipleelar regression, principal component regressiah rtial
least square were applied to generate the 2D-QSA&mThe 2D structures were converted to 3D strest by
sending them to MDS software. The optimal test tathing data set were generated using the marsueledl as
random data selection method. Sphere exclusionadettas also adopted for division of training arst s=t.
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Table 2a: Multiplelinear regression analysis (using Random selection method)

Model No.

Parameters | I I v
Test set 1,2,5,13 10,4,7,8] 11,1339 | 13,348

N 9 9 9 9

DOF 5 6 6 7
r? 0.9917 0.9995 | 0.9871 | 0.9670
g 0.9696 0.9988 | 0.9558 | 0.9459
F-test 199.7050| 6160.0070 230.300 | 204.86
r’se 0.1214 0.027 0.1398 0.2128
q’se 0.2328 0.0429 | 02591 | 0.2723
pred r? 0.9976 0.9608 | 0.9942 | 0.9261
pred_r’se 0.0628 0.2475 | 01011 | 0.3146

THREE DIMENSIONAL (3-D) QSAR STUDIES:
In the kKNN-MFA method three models were generatedtie selected members of training and test seid,the
corresponding best two models are reported herein.

Molecular alignment:
Molecular alignment was used to visualize the $tmat diversity in the given set of molecules.

Fig. 2: 3D view of aligned molecules by Atom based type of method of alignment

Table 3: Best resultsthree dimensional (3D) QSAR results obtained by kKNN-MFA method

Model No.
Parameters X111 X1V XV
kNN-MFA . ! . . .
method Stepwise Forwar d Backward (SWFB) | Simulated Annealing (SA) | Genetic Algorithm (GA)
Test set 11,13,3,9 13,3,4,8 11,12,6,7
KNN 2 2 3
N 9 9 9
DOF 7 4 5
g 0.7063 0.6349 0.1414
g’ 0.5788 0.6618 1.0508
pred r? -1.4133 -0.9634 -2.6121
pred r’se 2.0629 1.6212 2.0034
Descriptors E 592 Es—lllfgiEE—lgg 9 S_910,S_323, E_528

Development and validation of QSAR models: The cross-validation analysis was performed udirgléave-one-

out method. The following statistical parametersraveonsidered to compare the generated QSAR models:
correlation coefficient (r), squared correlatioreffizient (F), predicted 7 (pred_f), and Fischer’s value (Ef. To
validate the generated QSAR models, the leave-ahdtd0O) method was used, indicated as the valug2of
(cross-validated explained variance), which is aasoee of the internal predictive ability of the rebdThe
robustness of the QSAR models for experimentahitmgi sets was examined by comparing these modetsote
derived for random data sets.
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RESULTSAND DISCUSSION

All the calculated descriptors were considerechdgpendent variable and biological activity as delgat variable.
In 2D QSAR analysis, significant methods like Mplé linear regression analysis, Partial Least Sg(@RLS) and
Principal Component Regression (PCR) were apptiegenerate the model having goddagd pred Fvalues, one
of which was selected having good internal andreglepredictivity. This result shows that the tessinterpolative
i.e., derived from the min-max range of training. Sehe mean and standard deviation of the traising test set
provides insight to the relative difference of meand point density distribution of the two sets TP®AR models
developed by KNN-MFA include both the electrostatiteric descriptors along with their range to dadé their
importance for interaction in molecular field. Mdsl®, 6 and 7 are with 3D QSAR studies. QSAR irigesibns of
the substituted 4-alkoxycarbonyl-1,5-diaryl-1,2i@#oles derivatives series resulted in several R®fuations.
Some statistically significant 2D and 3D QSAR madekre chosen for discussion

2D-QSAR modd:
Model 111:By Random data selection method;

s0= 1.1144(+0.0582) XlogP + 0.1834(+0.0541) SsEHhdex — 0.5761n = 9, Degree of freedom =%6zr
0.9871, 4= 0.9558, F test = 230.306,9e = 0.1398, Tse = 0.2591, pred® # 0.9942, pred *rse = 0.1011

Among all the significant models the above is thsthmodel generated for anti drug abuse disordées.equation
explains 98.71% {r= 0.9871) of the total variance in the training @etl has an internal {gand external (pred?)r
predictive ability of ~95.58% and ~99.42% respeddiiv
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Fig. 3a: Contribution plot of 2D-QSAR Mode 111
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Fig. 3b: Graph of actual activity versuspredicted activity Model |1

Model VIII:By Manual data selection method;so = 1.1627(£0.0506) XlogP + 0.3031(+0.0908) Ss€itint —
0.8332

n = 9, Degree of freedom = &, 0.9895, §= 0.9747, F test = 281.570%,9e = 0.1345, {yse = 0.2082, pred® £
0.9826, pred rse = 0.1390

Among all the significant models the above are blest models generated for anti drug abuse disordérms
equation explains 98.95%& 0.9895) of the total variance in the training aetl has an internal {gand external
(pred_f) predictive ability of ~97% and ~98% respectively.
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Fig. 4a: Contribution plot of 2D-QSAR Model VII1
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Fig. 4b: Graph of actual activity versuspredicted activity Model V111

Model X1:By partial least square method,;
s0= 1.1847 XlogP — 0.7883n = 9, Degree of freedom # Z 0.9700, §= 0.9382, F test = 226.0004,se = 0.2107,

o’ se = 0.3014, pred® ¢ 0.9388, pred ’rse = 0.2607

Among all the significant models the above are blest models generated for anti drug abuse disordérms
equation explains 97%?(= 0.9700) of the total variance in the training aetl has an internal Ygand external
(pred_f) predictive ability of ~93.82% and ~93.88% respagijiv The F-test = 226.0004 which is far greatentha

the F-tabulated value = 3.2850.
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Fig. 5a: Contribution plot of 2D QSAR Model XI
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Fig. 5b: Graph of actual activity versuspredicted activity Model XI
Model XI11:By principal component regression method;

s0= 1.1739 SlogP — 0.4720 = 9, Degree of freedom = 7 * 0.9670, § = 0.9459, F test = 204.86 se =
0.2128, 4se = 0.27, pred®F 0.9261, pred *rse = 0.3146

Among all the significant models the above are blest models generated for anti drug abuse disordérs
equation explains 96.70%’& 0.9670) of the total variance in the training aetl has an internal {gand external
(pred_f) predictive ability of ~94.59% and ~92.61% respesijv
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Fig. 6a: Contribution plot of 2D QSAR Model Xl
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Fig. 6b: Graph of actual activity ver sus predicted activity Model XI1

3D-QSAR model:Mode XII1:By stepwise forward backward method;sq = E_592 (-0.1075, -0.0342)N= 9,
Degree of freedom = 72 0.7063, fse = 0.5788, pred” £-1.4133, and pred” se = 2.062%alues of it prove the
equation statistically to be significant. It aldwows the predictive power of the model as 70.63%hdbwed steric
and electrostatic field energy of interactions kestw probe (CH) and compounds at their corresporgpagal grid
points of 592. Numbers nearest neighbor's k of Zewebserved with this model i.e. two values arevedo
statistically significant. It is observed from th€ig6 that the negative coefficient of E 592 sugeesthat
electronegative substituent may be favorable omptsition of triazole ring for better activity.

Fig. 7a: Contribution plot of 3D-QSAR Model X111
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Fig. 7b: Graph of actual activity versuspredicted activity Model X111
Model XIV:By simulated annealing method;so= E_1100 (0.0243, 0.1525) + E_1179 (0.3555, 0.8597%_1157
(30.0000, 30.0000) — E_892 (-0.0378, 0.0799) NB&ygree of freedom = 47 0.6349, (fse = 0.6618, pred® k-

0.9634, and pred’rse = 1.6212 Values of it prove the equation stesiy to be significant. It also shows the
predictive power of the model as 63.49%. It showttic and electrostatic field energy of interatsidbetween
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probe (CH) and compounds at their correspondingiadpgrid points of 1100, 1179, 1157, and 892. Nensb
nearest neighbor's k of 2 were observed with thedeh i.e. two values are proved statistically digant. It is
observed from the Fig.6 that the positive coeffitief E_1100 and E_1179 suggested that electropesit
substituent may be favorable on the position @&ztrle ring for better activity. Even the stericttacS_1157 is
positive which indicates the favorability of bulkyoups on the triazole ring to increase the agtivihe negative

coefficient of E_892 indicates the addition of #lenegative atom also at the position is respoaditl the increase
in biological activity.

Fig. 8b: Graph of actual activity ver sus predicted activity Model XIV

Model XV:By genetic algorithm method;

=-S5 910 (-0.1861, -0.0416) — S_323 (-0.0298,087) + E_528 (0.1386, 2.0222) N= 9, Degree ofdoze = 5,
o’ = 0.1414, dse = 1.0508, pred” F-2.6121 and pred” se = 2.003

Values of it prove the equation statistically to $ignificant. It also shows the predictive powertloé model as
14.14%. It showed steric and electrostatic fieldrgg of interactions between probe (CH) and comgsuat their

corresponding spatial grid points of 910, 323 a28.5While the positive coefficient of E_528 indieatthe
electropositive substitution is necessary for bdiielogical activity.

Fig. 9a: Contribution plot of 3D-QSAR Model XV
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Fig. 9b: Graph of actual activity ver suspredicted activity Model XV

CONCLUSION

In the present investigation, all proposed QSAR edvere statistically significant, thus, from abo@SAR
investigations it could be concluded that 2D/3Datligpsors properties of substituted 4-Alkoxycarboetyl5-diaryl-
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1, 2, 3-triazoles derivatives are mainly involvadrieatment of drug abuse disorders. The good letior between
experimental and predicted biological activity fmmpounds in the test set further highlights tHebdity of the

constructed QSAR model. The requirements for theenpotent biological activity are explored with 2BD and
group based QSAR studies.

The descriptor values obtained in this study heipeglantification of the structural features chlkoxycarbonyl-1,
5-diaryl-1, 2, 3-triazole derivative. | have destdd7 compounds among which 11 compounds are sgdvigimer
activity than the reported analogues.
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