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Abstract—The antimicrobial activity of the N-[5-(2-furanyl)-2-methyl-4-0x0-4 H-theino[2,3-d]pyrimidin-3-y1]-carboxamides and
3-substituted-5-(2-furanyl)-2-methyl-3 H-thieno[2,3-d|pyrimidin4-ones was correlated with different topological indices using Hansch
analysis. Good correlations were obtained through a simple regression equation with third order molecular connectivity index (*y).
The developed QSAR models were crossvalidated by leave-one-out technique.

© 2006 Elsevier Ltd. All rights reserved.

The importance of substituted thienopyrimidines and
thienopyrimidenes is well established. Literature reports
reveal their anti-inflammatory,!?> antimalarial,> and
antibacterial*® activities. Quantitative  structure—
activity relationship (QSAR) has been traditionally
perceived as a means of establishing correlation between
trends in chemical structure modifications and respec-
tive changes of biological activity.”

As part of our efforts to create QSAR models that show
substantial predictive promise for the design of new
compounds with improved biological activity, we have
previously reported the QSAR studies for antimicrobial
activity®!! and anti-inflammatory activity.!?> From the
results of our earlier studies we have noted that the dis-
tance based topological indices are effective in describing
antimicrobial activity and are widely used in QSAR
studies.
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In the present work, we correlated the antibacterial activ-
ity of substituted thienopyrimidones and thienopyrimidyl
carboxamides with topological indices.!323 Structures of
thienopyrimidyl carboxamide and thienopyrimidones
and their antibacterial potential in terms of —logMIC
values against Gram-positive Staphylococcus aureus,
Bacillus subtilis and Gram-negative Escherichia coli and
Salmonella typhi as well as against Mycobacterium tuber-
culosis and Mycobacterium avium reported by Chamb-
hare et al.,® are presented in Table 1.

In attempting QSAR, the antimicrobial data given in
terms of minimum inhibitory concentration (MIC in
uM) were converted into log[1/MIC], that is, —logMIC
and used as a dependent variable. The topological
indices (1ndeI])endent variables) molecular connectivity
indices  [1,'7z.%z.°x], valence order molecular
connectivity indices [’ 'x%.%¢%.%¢"], Kiers shape
indices [k, ko, K3, Koy, Ko, Ko3], Randic [R], Balban [J],
and Wiener [W] topological indices were calculated
by the molecular package TSAR 3D version for Win-
dows?* and the values are presented in Table 2. The
perusal of Table 3 of correlation matrix demonstrated
that out of the 15 topological indices used the zero,
second, and third order molecular connectivity indices,
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Table 1. Chemical structure and antibacterial activity of N-[5-(2-furanyl)-2-methyl-4-o0x0-4H-thieno[2,3-d|pyrimidin-3-yl]-carboxamide and
3-substituted-5-(2-furanyl)-2-methyl-3 H-thieno[2,3-d|pyrimidin-4-ones®

(0]
I\ .NH-CO-R
T LN
s~ N CH,
1-13
Compound R —logMICgp —logMICgg —logMICgc —logMICgr —logMICyt —logMICya
1 —@ 1.30 1.26 1.27 1.38 1.30 1.32
2 —Qm 2.00 2.05 2.00 1.92 2.05 2.10
Cl
3 ;:: 2.30 2.40 2.22 2.22 2.30 2.40
Cl
4 —Q F 2.05 2.05 2.05 1.96 2.05 2.05
F
5 ;:: 2.40 2.30 2.40 2.30 2.40 2.40
F
6 —QCHZOH 2.00 2.05 2.00 1.92 2.05 2.10
7 —QNOZ 222 2.30 2.15 2.22 2.22 2.22
8 OCHC* 1.52 1.34 1.26 1.32 1.39 1.40
9 CH; 1.26 1.19 1.15 1.01 1.11 1.07
10 *ﬂ 1.25 1.24 1.22 0.97 1.06 1.05
11 —<:> 1.23 1.22 1.18 1.01 0.98 1.06
12 /H 1.30 1.25 1.19 1.11 1.39 1.40
O
13 /@ 1.29 1.26 1.22 1.13 1.34 1.35
S
14 —@ 1.26 1.23 1.19 1.18 1.30 1.32
15 —QCl 2.00 2.05 2.05 2.10 2.05 2.00
Cl
16 ;:: 2.40 2.40 2.22 2.30 2.40 2.40
Cl
17 —QF 2.00 2.05 2.05 2.10 2.05 2.00
F
18 ;:: 2.30 2.40 2.30 2.22 2.40 2.40
F
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Table 1 (continued)
Compound R —logMICga —logMICgg —logMICgc —logMICqgt —logMICypt —logMICya
19 —QCHZOH 1.96 1.96 1.92 1.92 1.85 1.85
20 —QNOZ 2.40 2.30 2.15 2.15 222 2.22
21 —QCHB 1.24 1.25 1.23 1.19 1.28 1.25
22 CH; 1.19 1.16 1.13 1.12 1.22 1.24
23 *ﬂ 1.19 1.18 1.15 1.15 1.18 1.23
24 —<:> 1.19 1.14 1.11 1.12 1.19 1.24
25 /ﬂ 1.24 1.23 1.21 1.19 1.28 1.21
o
26 /@ 1.24 1.25 1.16 1.19 1.30 1.28
S
Table 2. Calculated topological indices for thieno compounds used in the present study
Compound % Oy 1y 2y 3 3 K1 Ko K3 Ko Ko, ko3 R w Te
1 17.39  14.11 12,15 1097 1.55 0.67 1837 794 370 1630 6.61 296 12.15 1470.00 —4255.77
2 1826 1522 1254 11.59 1.84 0.87 1932 816 394 17.52 7.02 328 1254 1664.00 —4615.84
3 19.13  16.34 1295 12.13 2.04 1.03 20.28 839 4.02 1875 743 347 1295 182400 —4975.79
4 1826 1441 1254 11.59 1.84 0.74 1932 816 394 17.18 681 3.16 1254 1664.00 —4727.15
5 19.13 1471 1295 12.13 2.04 0.78 20.28 839 4.02 18.06 7.01 323 1295 1824.00 —5198.39
6 1897 1544 13.08 11.76 1.75 0.74 2028 879 4.16 18.16 742 338 13.08 1884.00 —4731.64
7 19.84 1529 1345 1249 2.05 0.79 2124 9.01 440 18.73 742 347 1345 2106.00 —5086.60
8 1826 15.03 1254 11.59 1.84 0.84 1932 816 394 1724 685 3.18 1254 1664.00 —4411.63
9 1428 11.72 9.58 899 1.55 0.64 1492 6.01 285 1358 518 237 9.58 757.00  —3588.83
10 1527  12.71  10.65 991 1.55 074 1552 6.14 271 1421 535 229 10.65 100400 —3871.29
11 17.39 1483 12.15 1097 1.55 074 1837 794 370 17.04 7.08 3.22 12.15 1470.00 —4340.27
12 16.68 13.62 11.65 1062 1.55 0.65 1742 732 336 1581 631 280 11.65 1298.00 —4319.90
13 16.68 14.50 11.65 10.62 1.55 078 1742 732 336 16.17 654 292 11.65 1298.00 —4194.38
14 1581 13.15 11.24 10.10 135 0.61 1647 7.09 325 1495 6.12 272 11.24 1148.00 —3792.30
15 16.68 1426 11.63 10.72 1.64 081 1742 732 349 16.16 653 3.03 11.63 131400 —4152.42
16 17.55 1538 12.04 1125 1.84 097 1837 7.55 358 17.39 694 322 12.04 1450.00 —4512.47
17 16.68 1345 11.63 1072 1.64 0.67 1742 732 349 1582 632 291 11.63 131400 —4263.74
18 17.55 13.75 12.04 1125 1.84 0.72 1837 7.55 358 1670 6.52 299 12.04 1450.00 —4735.10
19 17.39 1448 12.17 1089 1.55 0.68 18.37 794 370 16.80 693 3.13 12.17 1504.00 —4268.22
20 1826 1433 1254 11.62 1.85 0.72 1932 816 394 17.37 693 322 1254 1696.00 —4623.21
21 16.68 14.07 11.63 1072 1.64 077 1742 732 349 1589 636 294 11.63 131400 —3948.19
22 1341 11.34 9.22 8.15 1.14 053 1396 578 249 13.04 520 2.18 9.22 654.00 —3268.15
23 14.40 12.33  10.24 938 1.35 0.70 1458 589 259 13.69 535 230 10.24 895.00  —3550.63
24 16.52 1445 11.74 1044 135 0.70 1742 7.71 362 16.51 7.11 328 11.74 1348.00 —4019.60
25 1581 1298 11.24 1009 135 0.60 1647 7.09 325 1503 6.17 2.74 11.24 1181.00 —3970.73
26 1581 13.86 11.24 1009 135 0.75 1647 7.09 325 1540 640 2.87 11.24 1181.00 —3845.67

[°2.%x,%7], and Kiers shape indices [r, ko] are best for
modeling against all the organisms.

The data presented in Table 4 show that the topological
parameters are significantly correlated with the antibac-
terial activity against S. aureus. The mono-parametric

model based on *y (Eq. 1) was found to be best for
explaining antibacterial activity of title compounds.
The *y being a topological parameter of molecular con-
nectivity has the ability to emphasize different aspects of
atom connectivity within a molecule viz. the amount of
branching and flexibility of the molecules.
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- QSAR model for antibacterial activity against S. aureus
(=]
© =
= - —logMICgp = 1.644°y — 1.011
g n=26, r=0.832, ¢> =0.647,
= -9 F=5393, 5s=027 (1)
288 The positive coefficient of *y in mono-parametric model
« —<c represented by Eq. 1 indicates that the antibacterial
activity of thieno compounds against S. aureus is direct-
S oo ly proportional to the magnitude of *y, that is, the in-
E2&8 ; i 3,0
2522 crease in the magnitude of ~“y increases the
= ! ! antibacterial activity. The compounds 3, 5, and 7 having
o o the maximum %y values of 2.04, 2.04 and 2.05 (Table 2),
. SRTRF respectively, are found to be most effective ones than
g —eT°eS any other compounds included in the present study.
Similarl;/, the least active compound is 22 because of
S852483 its low °y value (Cy = 1.14, —logMICgx = 1.13).
Ky sl G g g g
[ [ oo .
) Further it is important to note that the substituted elec-
sSgeegey tron-poor aromatic residues (compounds 2-7 and
5 2222222 15-20, Table 1) are the most active ones having high
= b 3y values in the range of 1.84-2.04 and 1.64-1.85 (Table
e © oo oo 2) in case of thienopyrimidyl carboxamides (1-13) and
S 5 ?o»r 5 § E i % thienopyrimidones (14-26), respectively. While, the
< [ [ alkyl- and non-substituted, electron-rich aromatic
e o w - residues (compounds 9—134 and 22-26, Table 1) are less
~ o0 o0 . . .
STV E 25 S active due to their low “y values in the range of 1.55
o I and 1.14-1.35 (Table 2).
g 2RY88TIBTER The only exception is the para-benzylalcohol rqsidue
3| - e g S I e P = e I (compounds 6 and 19, Table 1), an alkyl-substituted
2| = : : compound having better activity. In this case, the hydroxy
g o Fm MM e S ;o group present might interact specifically with the target
§ i % °g° i § E °g° g E § E i which may be responsible for its better activity even
5| [ [ though it contains alkyl substitution on aromatic ring.
S o e o e S ot This is evidenced by its *y value of 1.75 and 1.55 which
z SE2RRIERRE DS is closer to the range of 1.84 and 1.64 in case of thienopy-
AP I St rimidyl carboxamides and thienopyrimidones, respective-
o ly. The other exception is the toluene residue (compounds
g S80S0 22222R 8 and 21), which showed a marginal increase3 in the
° AR Bt Et et Nt it St N : : b : N
2| w e = = = g e = == antibacterial activity even though it had a better “y value
gl ' ' of 1.84 and 1.64 which is equal to the range of most active
° ST MASD AN D QO compounds. This may be due to the fact that the electron-
5 EERLESIIFI RS rich nature of toluene residue may be responsible for its
2| « — oSS oo oSS oSS —~0SS S . . .
el ' ! poor interaction with the target.
o}
2 SO =WV AT VLA OV A
= SRR II=S g g The QSAR model expressed by Eq. 1 was crossvalidated
2| = Teeseseseseseeeeegeg by its crossvalidated correlation coefficient value
= (¢> = 0.600) obtained by ‘leave one out’ method, where
8 STRIRIIEINIESREITRS a model is built with N — 1 compounds and the Nth
2 R R R e R R A R A . : h
S|l x| —SSSSsSsssssSSSesSS compound is predicted. Each compound is left out of
g7 the model derivation and predicted in turn. The value
5| g of ¢* is the basic rec%uirement for declaring a model to
B be a valid one is ¢~ > 0.5.% The predictive ability of
g = § @ 5 g § 2302888 3 o :é’ g the QSAR model (Eq. 1) has been proved by the plot
= Lf —SSSScSsSSosSSSSSSSS of observed —logMICga and calculated —logMICgp
2 (Fig. 1).
e <
38 < When bacterial inhibition data (Table 1) were correlated
- %0 with electrotopological parameters, the statistical
2 %ON;X_NNNMN:N coocfffaary parameters showed the following significant QSAR
= models from Egs. 2-6.



B. Narasimhan et al. | Bioorg. Med. Chem. Lett. 16 (2006) 4951-4958 4955
Table 4. Correlation of different parameters with biological activity
Molecular descriptor —logMICga —logMICgg —logMICgc —logMICgt —logMICypr —logMICyia
O 0.733 0.720 0.713 0.712 0.712 0.732
Oy 0.594 0.593 0.568 0.582 0.580 0.611
1;( 0.669 0.660 0.654 0.661 0.656 0.676
2y 0.736 0.725 0.718 0.716 0.716 0.733
3 0.832 0.814 0.805 0.778 0.793 0.801
30 0.549 0.555 0.514 0.516 0.527 0.552
K1 0.725 0.711 0.704 0.705 0.703 0.724
K> 0.631 0.619 0.613 0.627 0.617 0.638
K3 0.669 0.655 0.649 0.664 0.652 0.669
oKy 0.729 0.720 0.705 0.710 0.709 0.734
oKy 0.602 0.599 0.582 0.603 0.593 0.621
o3 0.644 0.639 0.622 0.643 0.632 0.655
R 0.669 0.660 0.654 0.661 0.656 0.676
B —0.341 —0.348 —0.347 —0.381 —0.354 —0.362
w 0.706 0.695 0.688 0.693 0.687 0.708
Te —0.812 —0.801 —0.802 —0.778 —0.796 —0.812
—log MICyy = 1.622°y — 0.990
2.4
Xk x n=26, r=0.792, ¢ =0.575,
221 F =40.54, s =0.31 (5)
2.0 x x x x ¥ QSAR model for antibacterial activity against M. avium
< X
8 18 —logMICypa = 1.645%y — 1.019
= x x
216 n=26, r=0.801, ¢* =0.588,
= F =42.86, s =0.30 (6)
T 1.
1 . As in case of S. aureus, the positive value of the correla-
' tion coefficient of *y in mono-parametric models demon-
104 strated that the antibacterial activity of thieno
. . corglpounds is directly proportional to the magnitude
0 12 14 16 18 20 22 24 26 of “y. The plot of linear regression predicted —logMIC
values against the observed —logMIC values (Figs.
Obs -logMICSA

Figure 1. Plot of predicted —logMIC activity values against the
experimental —logMIC values for the QSAR model by Eq. 1 for
Staphylococcus aureus.

QSAR model for antibacterial activity against B. subtilis
—log MICgg = 1.692°y — 1.098
n=26, r=0814, ¢> = 0.616,
F=4724, s=0.30 (2)
QSAR model for antibacterial activity against E. coli

—log MICgc = 1.611°7 — 1.018
n =26, r=0.805 ¢*=0.600,
F=4428, s=0.29 (3)
QSAR model for antibacterial activity against S. typhi

—logMICs = 1.621%% — 1.064
n=26, r=0.777, ¢* = 0.554,
F =36.75, s = 0.37 (4)

QSAR model for antibacterial activity against M.
tuberculosis

2-6) favors the QSAR models expressed by Egs. 2-6.
The high ¢ value obtained also supports the models
expressed by Eqgs. 2-6. The other statistically significant
models developed are presented in Table 5. It is note-
worthy that all these equations were derived using the
entire data set of compounds (n = 26) since no outliers
were identified.

2.4

2.2

2.0 x

1.8 4

1.6 1

1.4+

Calc -logMICBS

1.2 X x

1.0

.8 x
1.0 1.2 1.4 1.6 1.8 2.0 2.2 2.4 2.6

Obs -logMICBS

Figure 2. Plot of predicted —logMIC activity values against the
experimental —logMIC values for the QSAR model by Eq. 2 for
Bacillus subtilis.
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Calc -logMICEC

1.0

.8 x
1.0 1.2 1.4 1.6 1.8 2.0 2.2 2.4 2.6

Obs -logMICEC

Figure 3. Plot of predicted —logMIC activity values against the
experimental —logMIC values for the QSAR model by Eq. 3 for
Escherichia coli.

2.4

2.2 4

Calc -logMICST

1.0

.8 1.'0 1.'2 1.'4 1.'6 1.'8 2.'0 2.'2 2.4
Obs -logMICST
Figure 4. Plot of predicted —logMIC activity values against the

experimental —logMIC values for the QSAR model by Eq. 4 for
Salmonella typhi.

24

Calc -logMICMT

8 10 12 14 16 18 20 22 24 26
Obs -logMICMT
Figure 5. Plot of predicted —logMIC activity values against the

experimental —logMIC values for the QSAR model by Eq. 5 for
Mycobacterium tuberculosis.

2.4

2.2 4

2.0 1

Calc -logMICMA

1.0 1.'2 1.'4 1.'6 1.'8 2.'0 2.'2 2.'4 2.6
Obs -logMICMA

Figure 6. Plot of predicted —logMIC activity values against the
experimental —logMIC values for the QSAR model by Eq. 6 for
Mpycobacterium avium.

Even the ‘rule of thumb’ allowed us to go for a
multi-parametric models the high inter-relationship
among the molecular descriptors made us to stick
to a mono-parametric model. The ‘rule of thumb’
gives information about the number of parameters
to be selected for regression analysis in QSAR based
on the number of compounds. According to this rule
for a QSAR model development one should select
one parameter for a five compound data set. As
the number of compounds in the present study (26)
allowed us to go up to a maximum of penta-para-
metric models, the high inter-relationship (auto-corre-
lation) between the parameters restricted us to a
single-parametric model. Because, the auto-correlation
of molecular descriptors prevents the significant
improvement in the statistical parameters of the
QSAR models in multiple linear regression (MLR)
analysis.

The multicolinearity (auto-correlation) between the
parameters®® is indicated by the change in signs of the
coefficients, a change in the values of previous coeffi-
cient, change of significant variable into insignificant
one or an increase in standard error of the estimate on
addition of an additional parameter to the model.

In conclusion, the QSAR study throws some light for
the first time on correlation of antibacterial activity of
N-[5-(2-furanyl)-2-methyl-4-ox0-4 H-thieno[2,3-d]pyrim-
idin-3-yl]-carboxamide and 3-substituted-5-(2-furanyl)-
2-methyl-3 H-thienopyrimidin-4-ones>2® with physico-
chemical parameters. The QSAR study indicated the
importance of topological parameters especially third
order molecular connectivity index in describing the
antibacterial activity of thieno compounds. Further,
the importance of topological parameters in describing
in antibacterial activity is similar to the results
observed in our earlier studies.®!! The QSAR models
developed in this work show substantial promise in
the prediction of the antibacterial activity of novel
thieno analogs, as we search for more potent
compounds.
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Table 5. Best QSAR models for antibacterial activity of thieno compounds
S. no. QSAR Models n r 7 F(p<0.01) S
S. aureus
1 —logMICg = 0.220%y — 2.069 26 0.732 0.476 27.86 0.33
2 —logMICg = 0.350%; — 2.119 26 0.736 0.456 28.42 0.33
3 —logMICg = 1.644%y — 1.011 26 0.831 0.647 53.93 0.27
4 —logMICg = 0.187x; — 1.665 26 0.725 0.469 26.57 0.34
5 —logMICg = 0.227ko; — 2.020 26 0.728 0.473 27.15 0.33
B. subtilis
6 —logMICp = 0.227% — 2.201 26 0.720 0.458 25.85 0.36
7 —logMICg = 0.364%; — 2.260 26 0.724 0.440 26.54 0.35
8 —logMICp = 1.692 — 1.098 26 0.814 0.616 47.24 0.30
9 —logMICg = 0.193k; — 1.780 26 0.711 0.449 24.55 0.36
10 —logMICg = 0.236K0; — 2.175 26 0.720 0.462 25.89 0.36
E. coli
11 —logMICg = 0.217% — 2.074 26 0.713 0.446 24.88 0.35
12 —logMICg, = 0.347%y — 2.136 26 0.717 0.429 25.52 0.35
13 —logMICg = 1.611°7 — 1.018 26 0.805 0.600 44.28 0.29
14 —logMICg = 0.184k; — 1.671 26 0.704 0.436 23.62 0.35
15 —log MICg = 0.223k0; — 2.007 26 0.705 0.439 23.75 0.35
S. typhi
16 —logMICgr = 0.226"y — 2.251 26 0.712 0.444 24.70 0.36
17 —logMICgr= 0.360%y — 2.305 26 0.715 0.423 25.19 0.36
18 —logMICgr = 1.621%y — 1.064 26 0.777 0.554 36.75 0.32
19 —logMICgt = 0.192K; — 1.843 26 0.705 0.437 23.75 0.37
20 —logMICgt = 0.233k0; — 2.211 26 0.709 0.444 24.34 0.36
M. tuberculosis
21 —logMICyr = 0.221% — 2.106 26 0.711 0.442 24.64 0.36
22 —logMICyr= 0.354%y — 2.164 26 0.716 0.420 25.28 0.35
23 —logMICyr = 1.6223; — 0.990 26 0.792 0.575 40.54 0.31
24 —logMICy1 = 0.1881; — 1.698 26 0.703 0.434 23.51 0.36
25 —log MICyt = 0.229k0; — 2.065 26 0.709 0.442 24.26 0.36
M. avium
26 —logMICpa = 0.229% — 2.217 26 0.731 0.469 27.65 0.35
27 —logMICya = 0.364%; — 2.259 26 0.733 0.439 27.88 0.35
28 —logMICp4 = 1.645% — 1.019 26 0.801 0.588 42.86 0.30
29 —log MICy4 = 0.195x; — 1.800 26 0.724 0.462 26.41 0.35
30 —logMICya = 0.238k0y — 2.204 26 0.734 0.479 28.09 0.35

Antibacterial activity. The antibacterial activity of some
N-[5-(2-furanyl)-2-methyl-4-ox0-4 H-thieno[2,3-d]pyrim-
idin-3-yl]-carboxamide and 3-substituted-5-(2-furanyl)-
2-methyl-3 H-thieno[2,3-d]pyrimidin-4-ones reported
earlier® was used after converting it into negative log units.

Topological indices and regression analyses. The details
of the calculation of topological indices used in the pres-
ent study are available in the literature!3>23 and there-
fore they are not discussed in detail over here. All the
topological indices were calculated by using the molecu-
lar package TSAR 3D version for Windows. The regres-
sion analyses were also performed by the same package.
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