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QSAR STUDIES ON NOVEL 1, 4-DIHYDROPYRIDINE DERIVATIVES
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ABSTRACT: QSAR studies on N°  N>-diphenyl-1, 4-
dihydropyridine-3, 5-dicarbohydrazides [2A-2D’] and 2, 6-dimethyl-
1,4-dihydro-pyridine-3, 5-yl-bis[carbonyl-2-(phenyl)]pyrazolidine-3,

5-diones] [3A -3D’] were carried out. 3D chemical structures were
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given as input and desired molecular attributes and molecular indices
were selected. Various molecular descriptors were studied using
TSAR (Tools for Structure Activity Relationship) Accelrys Discovery
studio software. All the properties were calculated based on the
chemical structure. Hansch equations were developed for all the above
mentioned compounds against respective microorganisms and for anti-
inflammatory activities, using some of the calculated descriptors. A
correlation matrix was developed, which gives the inter correlation
between the calculated descriptors.
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INTRODUCTION: 1, 4-Dihydropyridines and
their analogues are well known for their diverse
activities like antibacterial, antifungal, anti-
hypertensive, anticonvulsant, anti-inflammatory,
anticancer etc '°. The structural formula of an
organic compound basically encodes within it all
the information that predetermines the chemical,

The biological activity of a molecule differs
accordingly, with changes in the substituents. An
extensive study on any class of molecules is
required to develop a quantitative structure and
activity relationship. This has provided us with a
direction to the research.

The rationale behind this project was to carry out

Piological and physical properties of that compound

The characteristic of various biological activities
exhibited by the same basic nucleus owes to the
presence of a number of varying substituents.
Biological activity of a molecule is profoundly
influenced by various substituents present. So, there
exists a relationship between molecular structure
and biological response ®.
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QSAR  study of N N°-diphenyl-1,4-
dihydropyridine-3, 5-dicarbo hydrazides [2A-2D’]

and 2, 6-dimethyl-1,4-dihydropyridine-3,5-yl-
bis[carbonyl-2-(phenyl)] pyrazolidine-3, 5-diones]
[3A-3D°] '© derivatives. Hansch equations for
antimicrobial as well as anti-inflammatory
activities were developed using Accelrys TSAR
Software. Correlation matrix was also developed
with the aid of this software by using the calculated
molecular descriptors.

MATERIALS AND METHODS " *: Tsar is an
integrated analysis package for interactive
investigation of Quantitative Structure-Activity
Relationships (QSARS). It is intended to provide all
the functions required to carry out any QSAR
investigation.
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TSAR uses an integrated approach to provide all
components together. It uses a chemically aware
spreadsheet to store and manipulate different types
of data. The main application of this software is to
develop Hansch equation for a given training set
compounds and this equation can be used for the
future generation compounds to obtain biological
activity data without being synthesized. This
rational approach will allow us to synthesize
compounds with good biological activity.
Regression analysis module of statistical analysis
tool TSAR was used to build the QSAR models.

Regression analysis was performed using zone of
inhibition as independent variable and calculated
descriptors as dependent variables. QSAR models
were derived after ensuring reasonable correlation
of zone of inhibition with individual descriptor and
minimum inter-correlation among the descriptors
used in the derived models. The use of more than
one variable in multivariate equation was justified
by autocorrelation study. In the present study
various statistical measures were used such as n =
number of compounds; r = coefficient of
correlation; s = standard error; f = test for quality to
fit.

TABLE 1: SET OF COMPOUNDS FOR TSAR STUDY

E-ISSN: 0975-8232; P-ISSN: 2320-5148

All the properties are calculated based on the
chemical structure and a Hansch equation is
developed using some of the calculated descriptors.
The following structures are first drawn using DS
Viewer Pro Suite software and their smiles strings
are appended into TSAR software. Substitutions for
the derivatives are given in Table 1.

R
RZ
0

) | R H | R1

R NH—NH ] NH——NH
H3C N CHj,
H
2A-2D°

2
R

1
R

Compound R R? R
2A H H H
2B NO, NO, H
2C H Cl H
2D H NO, H
2A° H H CeH.OH
2B’ NO? NO, CsH4OH
2C° H Cl CeH.OH
2D’ H NO, CeH.OH
3A H H H
3B NO, NO, H
3C H Cl H
3D H NO, H
3A H H CeH,OH
3B’ NO? NO, CeH,OH
3¢ H cl CeH,OH
3D H NO, CeH,OH

RESULTS AND DISCUSSION: Various
Molecular attributes calculated and biological
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activities for the set of compounds 2A-2D’ and 3A-
3D’ are given in the following figures 1-10.
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A B c D E r G H I J
Lipole Lipole Lipole
Row D Whole Molect Subst 1 Subsi 2 Subst 3 Subst 4 Subst S wComponemt | ¥ Componemt | Z Component
fdhnks Molarilal | Adhnle Moleesdet | Ahnla kol et
1 CHEVRAAS-2A 0013929 09534 0012674
2 CHSVRAAS-IB 0261 -0 50802 00054804
3 | CHSVRAAS-IC 00066525 -1 5584 001941
4 | CHSVRAAS-ID 0,163 20521 2D DCS0Es
£ | CHEVRAAS-IA 043373 25076 016116
& | CHSVRAAS-2B" 023638 2554 0019154
7T | CHEVRAAS-IC* -0.45455 10588 DAX35
& | CHEVRAAS-ID" 037188 28055 003452

FIGURE 1: MOLECULAR ATTRIBUTES FOR THE SET 2A-2D’

1 13 6512 B
557 .49 45358 35502 08144 0853 | 1431 S5 & |
44637 41289 7 2036 1689 12342 TEITE & |
467 49 401 .41 0616 09072 20588 12846 7 S35 & |
465855 457 M I 22633 26588 14015 7T 7
E45.55 fp ] 414 52 20777 25595 16945 10435 7 [
53047 0478 m‘EM 32933 1164 14976 SESM 7
55955 M09 IET B4 21705 28307 1548 G084 7

FIGURE 2: MOLECULAR ATTRIBUTES FOR THE SET 2A-2D’

A s | < [ o [ e | ¢ | o[ v | + | v

Lipole Lipola Lipole
Roves 1D Whole Molecule Subst 1 Subsl 2 Subst 3 Subst 4 Subsl 5w Compor ¥ Compor Z Compor|
Addhnie e ATl e Addhnle bl

1 CHEVRAAS- 38 DS | 10HS 016463

2 CHEVRAAS-TB -000ed ] GBS 13562 OU0ST 44

3 CHEVRAAS-FC -0 3504 14956 -0 4952

4 CHESVRAAS- D DIFFF | 11459 010469

E] CHEVRARS-TA EXETE | 15609 040569

& CHEVRAAS-IB" -0 16 954 -2 1383

T CHEVRAMS.FC" -D 87855 | 19983 067589

L] CHEVRARS-3O" 00Fia43 | 15765 0.TE571

AEE | j
FIGURE 3: MOLECULAR ATTRIBUTES FOR THE SET 3A-3D’
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1355 45e 02
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BO3 55 50336
EO5 65 SIz07
TESES 819.58
E7453 S48 89
ER5ES SEE

33158

4ATET2

41942

4G

F G H [ J

0 <

g R o
0063802 | 10821 13591 66108 |4
D0E 13.562 1652 21608 |4
11258 14 969 14552 TABME |4 ]
OOMOMZ | 11 462 15056 Tazes |4
13571 15835 16225 TB463 |5
14718 17,001 191 85 10401 |8 |
2300 19215 171 86 a3 |8
12643 15.768 1769 s183 |5

FIGURE 4: MOLECULAR ATTRIBUTES FOR THE SET 3A-3D’

£ B c /] E & H I J K L M
Row D Whiole Molecule Subst 1 Subst 2 Subst 3 Subst 4 Subst S SAureus B.Subliis ECoN  PVulgaris  AMiger CAlbicans
1 | CHEVRAAS-ZA 1" 10 7 12 12 12
7 | CHEVRAAS-ZR 14 1 14 14 17 7
3 | CHEVRAAS-ZC 13 13 16 15 1 13
4 | CHEVRAAS-ZD L] ] 1 16 14 14
5 | CHEVRAAS-ZA 10 14 11 17 9 ]
& | CHEVRAAS. IR " 13 15 14 10 10
7 | CHSVRAAS-2C 15 12 14 13 8 ]
& | CHEWRAAS-FD! i2 14 ] 15 11 i

FIGURE 5: OBSERVED BIOLOGICAL ACTIVITY FOR THE SET 2A-2D’
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Y B [~ (n] B F G H 1 | K L M
Feow 1D Whole Mg Subst 1 Subst 2 | Subst 3 Subst 4 Subsl 5 | BSubbilis P.M EColi  SAueus CAlbicans AMNiger
1 | CHEVRAAS- 24 98654 13479 99038 10,455 14773 14.504
| CHEVRAAS- 2B 10577 13469 11,862 11.935 13577 13458
3 | CHEVRAAS-2C 11344 14157 1083 11334 12428 12051
4 | CHEVRAAS-ZD 10.962 14542 9903 2374 13393 13349
1

5 | CHEVRAAS-2A 4 12579 15598 11471 11082 100524 100354
& | CHEVRAAS- 2B 1385 15626 1318 12.781 9353 9.2246
T CHEVRAAS- 2C° 12687 1586 1382 1534 10034 DAZG4
8 | CHEVRAAS-2D" 13441 15749 12202 11685 9758y .56

FIGURE 6: PREDICTED BIOLOGICAL ACTIVITY FOR THE SET 2A-2D’
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A B c p | e | F G | ] K | ¢ M
Row 1D Whole Molecule | Subst!1  Subst 2 Subst 3 Subst 4 Subst 5 SAureus BSublilis EColi  PMulgars ARiger C.llﬂirt?
1 | CHEVRAAS-3A ] -11 1 13 -11 12
I | CHSVRAAS-3B 10 14 13 10 12 14
3 | CHEVRAAS-3C 12 13 12 14 13 15
4 | CHSVRAAS-3D 11 8 10 15 12 13
5§ | CHSVRAAS-ZA" 12 10 15 1 15 12
& | CHSVRAAS-3H' 11 1 12 12 15 15
7| CHSVRAAS-3C 14 15 14 i 1 18
& | CHSVRAAS-3DF ; ] S 12 13 7 14 14
FIGURE 7: OBSERVED BIOLOGICAL ACTIVITY FOR THE SET 3A-3D’
A 8 C 0 E F G H I J K L M
RowID Vénole Mo Subst 1  Subst 2 Subst 3 Subst4  Subst 5 M P.M, EColl  Saureus CAlbicans ANiger

1 OHSVRMB-QA a5 13562 (11252 10084 | 12478 11312

2 | CHSVRAAS-38 14087 [12187 (11575  |97997 13335 12555

3 | CHSVRAAS-3C 12599 12257 (12867 11902 13557 12325

4 | CHSVRAAS-3D 90354 12796 11121 96417 12921 12077

5§ | CHSVRAAS-3A' 11,959 11342 13041 11828 1415 13199

6 | CHSVRAAS-38' 10583 |98737  |1279 10953 [15018 14598

7 | CHSVRAAS-3C 14764  |10245 14545 [1352 1508 14028

8 | CHSVRAAS-3D' 11431 10759 (12807 (1127 14462 13806

FIGURE 8: PREDICTED BIOLOGICAL ACTIVITY FOR THE SET 3A-3D’
A | = I <¢ | o | E | F | = | H | i
Row ID Whole Mo Subst 1 Subst 2 Subst 3 Subst 4 Subst 5 % inhibition Fredicted

1 CHEVRAAS-2A 2097 2054
2 CHEVRAAS- 2B 42 95 40,778
3 | CHSVRAAS-ZC 226 16.307
4 CHEVRAAS-2D 2225 25411
5 CHEVRAAS- 28 1947 18623
[ CHEVRAAS-2B" 40 51 I8 145
[ CHEVRAAS-2C" .38 22876
] CHEVRAAS-2D" - 2364 274976

FIGURE 9: OBSERVED AND PREDICTED % INHIBITION OF ALBUMIN DENATURATION FOR THE SET 2A-

2D’
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Iy | B | C | [ | E | F | o | H | I
Row 1D Whole Mo Subst 1  Subst 2 Subst 3 Subst 4 Subst 5 S inhibition £ Teeee

1 CHEVRAAS-2A i F2Bs5q
2 CHEVRAAS-2B 43 G5 40,778
3 | cHsvRAAS-20 226 16 307
e CHESVRAAS-2D 22 38 25 411
s | cHevRaas-za IRCER 19.47 18 623
& | CHESVRAAS-2B" 40 51 145
7 CHSVRAALD-2C* 1 .38 22 876
8 | cHevRAAS-2D" e e 2364 7 aTE

FIGURE 10: OBSERVED AND PREDICTED % INHIBITION OF ALBUMIN DENATURATION FOR THE SET 3A-

3D’

Totally 14 Hansch equations were developed based
on the above molecular descriptors, observed and

predicted biological activities which are given in
the following tables 2 and 3.

TABLE 2: HANSCH EQUATIONS FOR ANTIMICROBIAL AND ANTI-INFLAMMATORY ACTIVITIES FOR THE

SET OF COMPOUNDS 2A-2D’

Equation

Organism

BA =0.0086299218*X1+1.2655897*X2-1.5737636*X3+0.02968015*X4+4.1891551
BA = 0.006181885*X1+0.54577816*X2+0.54216611*X3+0.020884452*X4+4.1868463
BA = 0.0077026109*X1+0.77354515*X2-0.62876654*X3+0.033232186*X4+3.1347725

BA=0.0011946505*X1+0.034694269*X2+1.1057063*X3+0.0057437047*X4+11.016533
BA=-0.0072026318*X1-1.3829733*X2-0.64852422*X3-0.021038659*X4+21.532642
BA=-0.0073520811*X1-1.1386263*X2-0.77155095*X3-0.023709919*X4+22.011187

BA=0.050122123*X1-2.6390998*X2-0.72661674*X3+0.23514506*X4-23.568424

Staphylococcus aureus
Bacillus subtillus
E. Coli
Proteus vulgaris
Aspergillus niger
Candida albicans
Anti-inflammatory

(BA=Biological activity, X1= Molecular surface area, X2=LogP, X3=Total Lipole, X4=molar refractivity)

TABLE 3: HANSCH EQUATIONS FOR ANTIMICROBIAL AND ANTI-INFLAMMATORY ACTIVITIES FOR THE

SET OF COMPOUNDS 3A-3D’

Equation

Organism

BA=0.0031962923*X1+0.53791922*X2+0.152889*X3+0.0076855812*X4+5.429121
BA =0.00090397045*X1+0.46999887*X2+0.17540462*X3+0.01102224*X4+6.448936
BA =0.003513477*X1+0.40956402*X2+0.13441697*X3+0.012577558*X4+6.2336264
BA = -0.006993338*X1-0.29975083*X2-0.12470307*X3-0.025773037*X4+21.625942
BA =0.00897035*X1+0.1751522*X2+0.085003294*X3+0.021848412*X4+3.2972562
BA =0.0044008382*X1+0.31588811*X2+0.11829211*X3+0.013429222*X4+7.327291

BA=0.030168224*X1-2.571876*X2-0.35131389*X3+0.086893067*X4+6.0124087

Staphylococcus aureus
Bacillus subtillus
E. Coli
Proteus vulgaris
Aspergillus niger
Candida albicans
Anti-inflammatory

(BA=Biological activity, X1= Molecular surface area, X2=LogP, X3=Total Lipole, X4=molar refractivity)

For all the above equations given in tables 2 and 3,
the positive values of the descriptors X1, X2, X3,
X4 implies that they contribute positively to the
antimicrobial  activity against corresponding
microorganism or anti-inflammatory  activity
against % inhibition of aloumin denaturation. The
Negative values of the descriptors X1, X2, X3, X4
implies that they contribute negatively to the

International Journal of Pharmaceutical Sciences and Research

antimicrobial  activity against  corresponding
microorganism or anti-inflammatory  activity
against % inhibition of albumin denaturation. By
selecting various molecular attributes, correlation
matrix is obtained which gives the inter correlation
between the chosen calculated descriptors.
Correlation matrix for the set of compounds 2A-
2D’ and 3A-3D’ are shown in figures 11 and 12.

3062



Samaunnisa et al., IJPSR, 2013; Vol. 4(8): 3057-3064.

E-ISSN: 0975-8232; P-ISSN: 2320-5148

LR

osrara | oremn

Pyl Dy Py 5 TmiRCE Arss el
Flaciky 054128 DETIAT
OOE B B
] A0 0 ST ETRE [ls P
AT L
LT DRI o aRiAR
i b
‘Banfacs Afes TATIAT oBEgTe O DRl 43
Hckncubnr
i O E2404
- ._._.P. oo || OO o FEE [iE - LiE 200y O3TE40
— e —
Lol DETE2S 0BT ET DUEICER R DB5IT4
K Commgri D EDS <44 20T LR ~0DEEATE 0.1 Joa
e
= o S L ERRE] [ullcee oy Lrlga 0 Gl
Lk
I ot s ] SIS 061 404 i) I T <0 GRS S
Hcinc Lt
Rairsctiviy O 7rays

FIGURE 12: CORRELATION MATRIX FOR THE SET 3A-3D’

CONCLUSION: Various molecular attributes
were calculated for the 16 above mentioned
derivatives. Using which, Correlation matrix was
obtained. Observed Biological activities were given
as input and then using TSAR software predicted
biological activities were calculated. Using these
results Hansch (QSAR) equations were developed.
From the equations it can be concluded that almost
all of the equations shows positive contribution
towards the selected microorganism  for
antibacterial activity and % inhibition of albumin
denaturation for anti-inflammatory activity.

By using regression analysis of zone of inhibition
as independent variable, QSAR equations were
developed for the activity against each of the
microorganism studied as well as for the %
inhibition of albumin denaturation. Using this data
promising leads can be obtained and the biological
activity data for which can be calculated without
the compound being synthesized.

International Journal of Pharmaceutical Sciences and Research

FIGUIiE 11: CORRELATION MATRIX FOR THE SET 2A-2D’
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