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Abstract—The supramolecular complexing ability vis-a-vis pK, estimation of a large series of 43 sulfonamides was made using a
series of molecular descriptors including topological indices. The set of topological indices chosen also contains Balaban (J) and
a variety of Balaban type indices: J, J,, Ju, Jy, J, and J,. The results have shown that the most discriminating Balaban index
(/) in multi-parametric regression analysis combined with indicator parameters yields excellent models and also establishes the supe-
riority of the J index over other Balaban type indices. The statistics is improved when one of the indicator parameters is replaced by
molar volume (MV). The results are discussed critically using a variety of statistics.

© 2005 Published by Elsevier Ltd.

1. Introduction

Although the story of sulfonamides started with the dis-
covery of their antimicrobial action, subsequent studies
established their usefulness as carbonic anhydrase inhib-
itors, diuretics, and anti-diabetics (insulin-releasers), and
more recently also as endothelia antagonists.'™ Studies
to find correlations between physicochemical properties
and biological activities of sulfonamides indicated the
dominating role played by their proton-releasing ability
constant, more commonly known as pK, of the sulfon-
amides.® 13

The complexing ability to form supramolecular
complexes is dependent on this pK, parameter. It was
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observed that the bacteriostatic activity of the sulfona-
mides was due to the presence of a larger proportion
of sulfonamide in an active (ionized) form. Bell and Ro-
blin,® in their extensive study on the relationship be-
tween pK, of a series of sulfonamides and their
in vitro antibacterial activity against Escherichia coli,
found that the relationship between log1/MIC and
pK, was parabolic in nature. Further, the higher points
of the curve were found to lie between pK, 6 and 7.4; the
maximal activity was thus observed in sulfonamides
whose pK, approximated the physiological pH.”-8

In a recent review by Hansch et al.'* as well as in our
earlier studies,’> ! we have shown that the metal
complexes of biological agents (in the present case
sulfonamides) generally exhibit enhancement of the
physiological activity of the ligands and that the binding
affinity vis-a-vis physiological activity of such complex
agents depends upon their pK,.

The argument made above indicates that the functional
relationship between the acid dissociation constant
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(pK,) and the biological activity of sulfonamides is well
established and could not be questioned. The pK, is
related to solubility, distribution and partition coeffi-
cients, permeability across membranes, protein binding,
tubular secretion, and re-absorption in the kidneys.
Consequently, modeling, monitoring, and estimation
of pK, of sulfonamides play a dominant role in explain-
ing all these factors.

Our earlier reports?®2° have indicated that distance-
based topological indices can be used very successfully
for modeling, monitoring, and estimating various phys-
icochemical parameters as well as physiological activities
of the organic compounds acting as drugs. Generally,
topological indices have proved more useful in these re-
gards. Our recent report® has indicated that Balaban in-
dex (J)?” is a very useful index for this purpose. Since
pK, is also an important physicochemical parameter,
we thought it worthy to investigate the usefulness of dis-
tance-based topological indices in general and the Bal-
aban index in particular for modeling the pK, of
sulfonamides. The relevant work done related to the
objective of the present study is described in our earlier
publications.?02¢

It is interesting to record that although Balaban index
(/) is a highly discriminating index, comparatively very
little work has been done on the use of Balaban index
(/) in developing quantitative structure—property—activ-
ity—toxicity relationships (QSPR/QSAR/QSTR). The
primary reason for this is that theoretical chemists have
been very slow to appreciate the overriding importance
of the Balaban index (J) in modeling their physico-
chemical and biological processes. Nevertheless, earlier,
we used this index successfully in developing some
QSPR/QSAR models.?® The main objective of the pres-
ent investigation is to investigate the relative potential
of Balaban index (J) compared to other Balaban type
indices: J, (Balaban type index from Z-weighted dis-
tance matrix); J, (Balaban type index from mass-
weighted distance matrix); J, (Balaban type index from
van der Waals weighted distance matrix), J. (Balaban
type index from electronegativity-weighted distance
matrix), and J, (Balaban type index from polarizabili-
ty-weighted distance matrix) (Table 3). The results, as
discussed below, established that the Balaban index
(J) is the best index for this purpose. In fulfilling our
objective, we have considered a set of 43 sulfonamides
(Fig. 1, Table 1) and adopted their earlier'* reported
pK, values. The present study will be useful to medic-
inal chemists interested in modeling physiological
activities of meta- or para-substituted benzene
sulfonamides.

Figure 1. General structure of sulfonamides used in the present study.

Table 1. Substituents, observed pK,, and indicator parameters® for
sulfonamides used in the present study

Compound No. X Y pK, (Obs.) Ix Iy IN
1 H H 9.10 0o 0 0
2 H 4-OMe  9.42 0 1 0
3 H 4-Me 9.35 0 1 0
4 H 4-F 8.90 0o 0 0
5 H 4-Cl 8.47 0o 0 0
6 H 4-Br 8.50 0o 0 0
7 H 3-Br 8.25 0o 0 0
8 H 3-NO, 7.50 o 0 0
9 3-NO, H 7.93 0o 0 0

10 3-NO, 4-OMe 8.44 0 1 0

11 3-NO, 4-Me 8.27 0 1 0

12 3-NO, 4-F 7.85 0o 0 0

13 3-NO, 4-Cl 7.51 0o 0 0

14 3-NO, 4-Br 7.42 0o 0 0

15 4-Cl H 8.75 0o 0 0

16 4-Cl 4-OMe  9.19 0 1 0

17 4-Cl 4-Me 9.02 0 1 0

18 4-Cl 4-F 8.61 0o 0 0

19 4-Cl1 4-Cl1 8.30 o 0 0

20 4-Cl 4-Br 8.24 0o 0 0

21 4-Cl 3-NO, 7.19 0o 0 0

22 4-F H 8.85 0o 0 0

23 4-F 4-OMe  9.32 0 1 0

24 4-F 4-Me 9.20 0 1 0

25 4-F 4-F 8.73 0o 0 0

26 4-F 4-Cl 8.41 0o 0 0

27 4-F 4-Br 8.38 0o 0 0

28 4-F 3-NO, 7.27 0o 0 0

29 4-Me 4-OMe  9.80 1 1 0

30 4-Me 4-Me 9.65 1 1 0

31 4-Me H 9.34 1 0 0

32 4-Me 4-F 9.23 1 0 0

33 4-Me 4-Cl 8.78 1 0 0

34 4-Me 3-NO, 7.80 1 0 0

35 4-NH, H 10.29 0 0 1

36 4-NH, 4-Me 10.53 0 1 1

37 4-NH, 3-Me 10.44 0 1 1

38 4-NH, 4-Cl 9.76 0 0 1

39 H 4-NO, 6.66 0o 0 0

40 3-NO, 4-NO, 5.51 0o 0 0

41 4-Cl1 4-NO, 6.24 0o 0 0

42 4-F 4-NO, 6.45 0o 0 0

43 4-Me 4-NO, 6.78 1 0 0

# Ix = accounting for alkyl substitution at X, Iy = accounting for alkyl
substitution at Y, Iy = accounting for X = 4-NH, substitution.

2. Results and discussion

The set of 43 sulfonamides and their adopted pK, values
are presented in Table 1. Table 1 also includes the values
of indicator parameters. The details regarding indicator
parameters used are given in Sections 4.2-4.8. The cal-
culated values of distance-based topological indices are
recorded in Tables 2 and 3, whereas their interrelation
and correlation with pK, are presented in Tables 4 and
5. The details of the topological indices used are given
in Sections 4. The correlation matrix (Table 5) indicated
that in no case are mono-parametric regressions to be
obtained for modeling pK, of the benzene sulfonamides
used. Consequently, we have to undergo multiple regres-
sion analysis. We have, therefore, adopted maximum
R*-method?® for this purpose. The stepwise regression
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Table 2. Topological indices and molecular parameters® related to the
sulfonamides used in the present study

Table 3. Balaban index and various Balaban type indices® calculated
for the sulfonamides used in the present study

Compound No. w ly Sz MV n Compound No. J J, Im Jy Je Jo
1 447 7.68347 681 178.5 1.635 1 1.84162 3.106 3.106 1.926 2414 2.127
2 646 8.61532 976 202.5 1.610 2 1.80081 3.000 3.000 1.482 2.400 1.978
3 538 8.07732 820 194.8 1.621 3 1.82718 3.045 3.045 1.952 2.402 2.148
4 538 8.07732 820 182.7 1.618 4 1.82718 3.080 3.080 1.892 2.423 2.043
5 538 8.07732 820 190.5 1.641 5 1.82718 3.115 3.115 1.952 2416 2.159
6 538 8.07732 820 194.7 1.657 6 1.82718 3.136 3.136 1.964 2412 2.171
7 528 8.07732 800 194.7 1.657 7 1.86027 3.188 3.188 1.984 2.440 2.196
8 726 8.98800 1074 190.3 1.656 8 1.87293 3.092 3.092 1.883 2.487 1.988
9 720 8.98800 1068 190.3 1.656 9 1.89551 3.012 3.012 1.831 2459 1.916
10 986 9.91985 1460 214.3 1.630 10 1.85781 2.961 2961 1.787 2.442 1.852
11 843 9.38185 1254 206.6 1.641 11 1.88173 2983 2983 1.856 2.447 1.947
12 843 9.38185 1254 194.6 1.639 12 1.88173 3.008 3.008 1.815 2.462 1.882
13 843 9.38185 1254 202.3 1.661 13 1.88173 3.032 3.032 1.856 2.457 1.953
14 843 9.38185 1254 206.5 1.675 14 1.88173 3.047 3.047 1.864 2.454 1.961
15 536 8.07732 818 190.5 1.641 15 1.83724 3.076 3.076 1.924 2.403 2.116
16 758 9.00917 1148 214.5 1.617 16 1.80106 2.990 2.990 1.847 2.392 1.983
17 638 8.47116 974 206.7 1.627 17 1.82474 3.027 3.027 1.946 2393 2.135
18 638 8.47116 974 194.7 1.625 18 1.82474 3.058 3.058 1.892 2412 2.042
19 638 8.47116 974 202.4 1.647 19 1.82474 3.089 3.080 1.946 2.406 2.145
20 638 8.47116 974 206.6 1.661 20 1.82474 3.107 3.107 1.957 2.402 2.156
21 847 9.38185 1258 202.3 1.661 21 1.86872 3.078 3.078 1.886 2.473 1.994
22 536 8.07732 818 182.7 1.618 22 1.83724 3.042 3.042 1.866 2.410 2.007
23 758 9.00917 1148 206.7 1.596 23 1.80106 2.964 2964 1.804 2397 1.903
24 638 8.47116 974 199.0 1.606 24 1.82474 2997 2997 1.893 2399 2.035
25 638 8.47116 974 186.9 1.602 25 1.82474 3.028 3.028 1.842 2.418 1.949
26 638 8.47116 974 194.7 1.625 26 1.82474 3.058 3.058 1.893 2412 2.044
27 638 8.47116 974 198.9 1.640 27 1.82474 3.076 3.076 1.904 2.408 2.054
28 847 9.38185 1258 194.6 1.639 28 1.86872 3.054 3.054 1.845 2479 1.921
29 758 9.00917 1148 218.8 1.600 29 1.80106 2.937 2937 1.847 2381 1.976
30 638 8.47116 974 211.1 1.609 30 1.82474 2.967 2967 1946 2.381 2.127
31 536 8.07732 818 194.8 1.621 31 1.83724 3.008 3.008 1.924 2390 2.106
32 638 8.47116 974 199.0 1.606 32 1.82474 2998 2998 1.892 2399 2.034
33 638 8.47116 974 206.7 1.627 33 1.82474 3.027 3.027 1.194 2393 2.136
34 847 9.38185 1258 206.6 1.641 34 1.86872 3.028 3.028 1.886 2.463 1.988
35 536 8.07732 818 180.8 1.669 35 1.83724 3.023 3.023 1.906 2.399 2.077
36 638 8.47116 974 197.1 1.653 36 1.82474 2.980 2980 1.930 2.389 2.100
37 627 8.47116 952 197.1 1.653 37 1.85516 3.020 3.020 1.947 2415 2.120
38 638 8.47116 974 192.7 1.674 38 1.82474 3.041 3.041 1.930 2.401 2.109
39 756 8.98800 1134 190.3 1.656 39 1.79994 2990 2990 1.847 2.421 1.948
40 756 8.98800 1134 202.2 1.675 40 1.79994 2962 2962 1.797 2.456 1.845
41 880 9.38185 1324 202.3 1.661 41 1.80014 2.984 2984 1.852 2412 1.957
42 880 9.38185 1324 194.6 1.639 42 1.80014 2.960 2.960 1.812 2.417 1.886
43 880 9.38185 1324 206.6 1.641 43 1.80014 2.936 2936 1.852 2.402 1.951

3 = Wiener index, 'y = first-order connectivity index, Sz = Szeged
index, MV = molar volume, 1 = index of refraction.

analysis indicated that even no bi-parametric regressions
gave statistically significant models. However, suddenly
out of the several tri-parametric models attempted, one
containing J, 'y, and Iy gave encouraging statistics. This
model is found as below:

pK, = 8.3096(-:3.8828)J — 1.4330(£0.1954)'
+ 1.5314(£0.22711) Iy + 5.2562,
n =43, SE =0.6571, R =0.8331, R% = 0.6619,
F =21.554, Q0 = 1.26. (1)

Here and thereafter n is the sample size (number of com-
pounds used), SE is the standard error of estimation, Ry
is the adjusted R?, R is the multiple regression

#J = Balaban index, J, = Balaban type index from Z-weighted distance
matrix, J,, = Balaban type index from mass-weighted distance
matrix, J, = Balaban type index from Van der Waals weighted
distance matrix, J. = Balaban type index from electronegativity-
weighted distance matrix, and J;, = Balaban type index from polar-
izability-weighted distance matrix.

coefficient, F is the Fisher statistics, and Q?>3° is the
quality factor defined as the ratio of correlation coeffi-
cient and standard error of estimation, Q = R/SE.

In Eq. 1, the coefficients of J and Iy (indicator parame-
ter responsible for alkyl substitution at Y) terms are po-
sitive and that of 'y is negative. Also, the coefficient of
the J term is the largest. This means that compared to
other two parameters J has dominating effect on the
modeling of pK,. The Balaban index J is a variant of
connectivity index and represents extended connectivity.
It is a good descriptor for the shape of molecules. The
positive coefficient of J in Eq. 1 indicates that all these
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pK, w by J Sz MV n Ik Iy IN
pKa 1.000
w —0.5847 1.000
Y —0.5738 0.9956 1.000
J —0.0765 0.1880 0.2447 1.000
Sz —0.5755 0.9991 0.9918 0.1553 1.000
MV —0.0646 0.5690 0.5603 —0.1404 0.5844 1.000
n —0.4305 0.1703 0.1796 0.3527 0.1545 —0.1653 1.000
Ix 0.1232 0.0566 0.0392 —0.1468 0.0664 0.3874 —0.3497 1.000
Iy 0.5177 0.0823 0.0901 —0.1804 0.0927 0.5149 —0.4588 0.0065 1.000
In 0.5157 —0.1976 —0.2012 0.0069 —0.1922 —0.2237 0.3622 —0.1412 0.1577 1.000
Table 5. Correlation matrix of Balaban and various Balaban type indices with pK,
pKu J JZ Jm Jv ']e Jp
pKa 1.00000
J —0.7650 1.00000
J, 0.02976 0.32008 1.00000
I 0.02976 0.32008 1.00000 1.00000
Jy 0.08401 0.13598 0.29452 0.29452 1.00000
Je —0.60742 0.73228 0.22008 0.22008 0.02953 1.00000
J, 0.53777 —0.09347 0.61823 0.61823 0.26271 —0.48846 1.00000

o

points are favorable for the modeling of pK,. The posi-
tive coefficient of Iy also means that alkyl substitution at
Y helps in the modeling of pK,. We have used Iy as an
indicator parameter for presence (=1)/absence (=0) of
substitution at Y. The 'y index conveys more informa-
tion about the number of atoms in the molecule, and
thus its negative coefficient in Eq. 1 indicates unfavor-
able effect of the number of atoms on the pK, of the sul-
fonamide moieties used.

Successive regressions resulted in several tetra-paramet-
ric regressions, of which one containing J, ly Iy, and Iy
gave better results than the tri-parametric regression dis-
cussed above. This model is found as:

pK, = 7.0112(£3.3571)J — 1.2754(+0.1731)'y
+ 1.3806(£0.1992)y + 1.1750(40.3064)Ix

+6.1992,
n =43, SE = 0.5395, R = 0.8822,
R3=0.7549, F = 33.337, O = 1.64. 2)

Like Eq. 1, here also, coefficients of J and Iy terms are
positive, while that of 'y is negative. Therefore, the
physical significances of these parameters in Eq. 2 are
the same as discussed under Eq. 1. The added param-
eter Iy (indicator parameter responsible for para-amino
substitution) has positive sign indicating that the pres-
ence of modeling group is favorable for the para-amino
of pK,. The comparison of the statistics related to Eqs.
1 and 2 indicates that with the addition of Iy to Eq. 1,
the statistics is improved significantly; and this
improvement is provided by Iy, i.e., due to amide
substitution.

Further regression analysis has shown that when a
parameter known as index of refraction # is added to

the above Eq. 2, there is significant improvement in
the statistics and the resulting regression expression con-
taining J, 'y, Iy, In, and 7 yielded the following
expression:

pK, = 10.9771(£2.3387)J — 0.9651(£0.1253)'
+0.6959(+£0.1678) Iy + 2.1750(+0.2535)1x
— 26.8775(3.9361)n + 40.2672,
n =43, SE = 0.3775, R = 0.9496, R% = 0.8884,
F =67.802, 0 =2.52. (3)

The physical significance of J, ! 1, Iy, and Iy is the same
as discussed under Eq. 2. In addition, the coefficient of 5
term in Eq. 3 is negative indicating its unfavorable con-
tribution for the modeling of pK,. When we were
attempting regression replacing one of the indicator
parameters with molecular volume (MV), we observed
further improvement in the statistics according to the
following expression:

pK, = 14.3950(£1.9047)J — 1.3058(40.1170)'y
+ 0.0472(£0.0066)MV + 2.7078(40.1750)1x
— 32.7892(42.5299)n + 37.5052,
n =43, SE =0.2961, R = 0.9693, R; = 0.9313,
F=114.939, 0 =3.27. (4)

The comparison of Egs. 3 and 4 indicates that like Iy,
the replaced MV term also has a positive coeflicient.
This means that the MV has favorable contribution
for the modeling of pK, of the benzene-sulfonamides
used. It is worth to mention that no other higher para-
metric models yielded better results than Eq. 4. So we
have to concentrate on Eq. 4 and discuss its significance
in greater detail, especially in view of Hansch’s result
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that pharmacological efficiency is the result of electron-
ic, steric, and hydrophobic interactions between the
drug and the receptor site. We have to provide such
an explanation on the basis of parameters involved in
regression equations 2-4 and use the same for the fol-
lowing Egs. 5-9. Fortunately, we can do so using 5
and MV parameters. The refractive index 7 is frequently
employed for characterizing organic compounds. It
bears a significant relationship to other properties: opti-
cal, electrical, and magnetic properties, particularly the
polarizability. In the form of molar refraction (MR), it
contains electric contribution. As MR, it accounts for
polarizability rather than steric effect. As MR (5) along
with MV accounts for dispersion forces aiding the bind-
ing of a ligand to the receptor site. In such cases, MR
should have positive coefficient. It (3 as MR) measures
ligand ability to distort the conformation of the receptor
in such a way as to preclude union with the proper sub-
strate. Since the conformational change is detrimental, a
negative coefficient should result for the MR term in this
case. In our case, this is consistent with the negative
coefficient of 77 in Egs. 3 and 4 as well as in the following
Eqgs. 5-9.

To compare the relative potential of J, J,, J,,, Jy, Jo, and
J), indices, we have used this model (Eq. 4) where J is re-
placed by other Balaban type indices in succession so
that exact comparisons could be made. The resulting
models are found as below:
pK. = 5.9591(41.8458).J, — 0.6349(4+0.2032)y
+0.0372(£0.0090)MV + 3.0883(£0.2904)/x
—36.5252(+4.3535)n + 48.0876,
n =43, SE=0.4172, R =0.9380, R} = 0.8637,
F =54.225 Q=2.25. (5)

pK, = 5.9591(£1.8458)J,, — 0.6349(£0.2032)'
+0.0372(£0.0090)MV + 3.0883(=£0.2904) 1y
— 36.5252(+4.3535)n + 48.0876,
n =43, SE = 04172, R =0.9380, R% = 0.8637,
F=54225 Q = 2.25. (6)

pK, = 0.3768(=0.5861)J, — 1.0265(=0.1809)'
+0.0341(£0.0101)MV + 2.5832(£0.2766)Ix
— 28.4378(+3.9560)n + 56.2534,
n =43, SE = 0.4697, R = 0.9208, R% = 0.8272,
F =41.223, 0 = 1.960. (7)

pK, = 11.4858(-:4.2230)J, — 1.4668(+0.2254)'y
+0.0521(£0.0115)MV + 2.9460(=£0.2859)
—5.0512(+4.1097)7,
n =43, SE = 04312, R =0.9337, R} = 0.8544,
F =50.293, O = 2.165. (8)

pK, = 3.0863(£1.6951)J, — 0.4232(+0.3830)'y
+0.0183(£0.0129)MV + 2.5679(=£0.2666)
— 32.1517(+4.3976)n + 54.6784,
n =43, SE = 04527, R =0.9267, R% = 0.8396,
F =44.979, 0 = 2.05. 9)

The results (Egs. 5-9), therefore, show that Balaban in-
dex (J) is superior to other Balaban type indices viz J,,
Jms Jy, Je, and J,. In view of this, we have concentrated
on the results given by Eq. 4. The results (Egs. 5-9) show
that among Balaban and Balaban type indices, Balaban
index (J) gives the best results. In case of other Balaban
type indices, we observed that similar results are ob-
tained when J,, J;,,, and J,, are used as correlating param-

Table 6. Experimental and calculated pK, values using the models
expressed by Eq. 4

Compound No. pK, (Obs.) pK.* Residual
1 9.10 8.79 0.31
2 9.42 8.94 0.48
3 9.35 9.30 0.05
4 8.90 8.83 0.07
5 8.47 8.44 0.03
6 8.50 8.11 0.38
7 8.25 8.59 —0.34
8 7.50 7.41 0.09
9 7.93 7.73 0.20

10 8.44 7.96 0.48

11 8.27 8.28 —0.01

12 7.85 7.78 0.07

13 7.51 7.42 0.09

14 7.42 7.16 0.26

15 8.75 8.58 0.16

16 9.19 8.77 0.42

17 9.02 9.11 —0.09

18 8.61 8.61 0.00

19 8.30 8.26 0.04

20 8.24 7.99 0.24

21 7.19 7.24 —0.05

22 8.85 8.97 —0.12

23 9.32 9.09 0.23

24 9.20 9.44 —0.24

25 8.73 9.00 —0.27

26 8.41 8.61 —0.20

27 8.38 8.32 0.06

28 7.27 7.59 —0.32

29 9.80 9.53 0.27

30 9.65 9.91 —0.26

31 9.34 9.44 —0.10

32 9.23 9.44 —0.21

33 8.78 9.11 —0.33

34 7.80 8.09 —0.29

35 10.29 9.92 0.37

36 10.53 10.52 0.01

37 10.44 10.95 —0.51

38 9.76 9.62 0.14

39 6.66 6.36 0.30

40 5.51 6.30 —0.79

41 6.24 6.25 —0.01

42 6.45 6.61 —0.16

43 6.78 7.11 —0.33

% Calculated from Eq. 4.
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Figure 2. Showing relationship between observed pK, and calculated
pK. values from Eq. 4.

eters. The remaining two Balaban type indices, that is, J,
and J,, also yield similar results and the former set of Bal-
aban type indices is found better than the latter.

At this stage, it is worth commenting on adjustable-R?,
that is, R values. We observed that as we pass from the
tri-parametric to tetra-parametric regression analysis
there is consistent increase in R}, increasing from
0.6619 to 0.9313 as we pass from Eq. 1 to Eq. 9. Such
an increase in Ry values indicates that the added vari-
able has a fair share in proposing the respective model.
The value of R will decrease if the added variable does
not reduce the unexplained variation in the dependent
variables enough to off set the loss of degree of free-
dom . 31-34.23

To confirm our results, we have estimated pK, values of
the sulfonamides under the present study using Eq. 4
and compared them with their observed pK,. Such a
comparison is shown in Table 6, which shows that esti-
mated pK, values using Eq. 4 are closest to their ob-
served values. Further, support in our favor is
obtained by calculating predictive correlation coeffi-
cients R2 ., as obtained by correlating observed and cal-
culated pK,s (Fig. 2). The R}, = 0.9395 indicates that
the model based on Eq. 4 is statistically excellent and
also has excellent predictive power. The predictive
power of the model can also be judged by estimating
the quality factor Q (=R/SE); the highest value of Q
obtained for Eq. 4 further supports its predictive
power. It is worthy to mention that Q value goes on
increasing from Eqs. 1-4 and acquires the highest value
for Eq. 4.

3. Conclusions

The results and discussion above indicate that none of
the molecular descriptors used singly (independently)
is capable of yielding any significant mono-parametric
regression model for modeling pK, of the sulfonamides
used. Also, the Balaban index (J) in combination with

other indicator parameters gave a model with excellent
statistics. Furthermore, replacement of one of the indi-
cator parameters Iy by MV was useful for modeling,
monitoring, and estimating pK,. Finally, Balaban index
J is better index than the other Balaban type indices: J,,
Jm, Iy, Je, and J,. We note that the R? values are 0.97 for
Hansch’s correlation (Table 61 of Ref 14 in terms of two
Hammett ¢ parameters, omiting two outliers) and 0.94
for our Eq. 4 with five parameters but without any
outliers.

4. Experimental
4.1. Protonation constant (pK,)

The proton-ligand formation constant expressed as pK,
was taken from the literature.”!*

4.2. Topological indices

All the topological indices used are calculated from the
hydrogen suppressed molecular graphs. Though their
calculations are extensively discussed in the litera-
ture, >3 we give the expressions used for their calcula-
tions below.

4.3. Wiener index (W)

Wiener index W= W(G) of G is defined*® as the half-
sum of the elements of the distance matrix:

w=WwG)= %Zizlzjzl(l))if’ (10)

where (D); is the ijth element of the distance matrix,
which denotes the shortest graph—theoretical distance
between sites i and j of G.

4.4. The connectivity index @)

The connectivity index 'y = 'y(G) of G is defined*! by
Randic as:

="2G) = Y @ v, (11)

Bonds

where V; is the vertex degree of vertex i.
4.5. Balaban index (J)

The Balaban index J = J(G) of G is defined?’ as:
J=M/(u+1)> (d;i-d)*?, (12)

Bonds

where M is the number of bonds in G, u is the cyclo-
matic number of G, and & (i=1, 2, 3, ... N; N is
the number of vertices in G) is the distance sum. The
cyclomatic number p = u(G) of a cyclic graph G is
equal to the minimum number of edges necessary to
be erased from G in order to transform it into the
related acyclic graph. In the case of monocyclic graphs
w =1, it is generally calculated by means of the follow-
ing expression:

p=M-N+1. (13)
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4.6. Szeged index (Sz)

The Szeged index, Sz = Sz(G), is calculated*>** accord-
ing to the following expression:

Sz=1S8z(G) = ZEdgesnu - Ry,

where n, is the number of vertices lying closer to one end
of the edge e = uv; the meaning of n, is analogous. Edges
equidistant from both the ends of an edge ¢ = uv are not
taken into account.

(14)

4.7. Balaban type indices

The Balaban type indices: J,, Ji, Jy, Je, and J, were cal-
culated using Dragon Software.4%47

4.8. Molecular descriptors

In the present study, molar volume (MV) and index of
refraction () (Table 2) were calculated from computer
software ACD labs.*

4.9. Indicator parameters

In the present study, three different indicator parameters
are used for understanding the significance of substitu-
ents in their activity/property.

Indicator parameter I accounting for alkyl substitution
at X, Iy accounting for alkyl substitution at Y position,
and Iy accounting for para-amino substitution.

4.10. Regression analysis

All the regressions were carried out using maximum R*
method.?®

4.11. Software

The calculation of topological indices and regression
analysis were performed using software developed by
Prof. Istvan Lukovits, Hungarian Academy of Sciences,
Budapest, Hungary. In addition, we have used ACD
labs, Hyperchem, and Dragon programs for making
other calculations.
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