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Abstract

The antispasmodic activities of the 2-(X-benzyloxy)-4,6-dimethoxyacetophenones (X=H, 4%-F, 4%-NO2, 4%-CH3, 4%-Cl, 3%,4%-
(CH3)2, 4%-OCH3, 4%-Br, 4%-C(CH3)3, 4%-OCH2C6H5) against acetylcholine-induced contraction of the guinea pig ileum were
correlated with different topological indices. Good correlations were obtained through a simple regression equation with
electrotopological state indices (Si) for the carbon atoms S(C1) and S(C6). Using multiple linear regression with two variables the
best correlations were obtained with carbons in the 6- and 1-positions with s. Such results indicate that the corresponding carbon
atoms play an important role in the biological activity. The equation of Hansch showed that the activity of these compounds
increases when the ring substituent in the benzyloxy group are more highly electron-releasing and hydrophobic. © 1999 Elsevier
Science S.A. All rights reserved.
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1. Introduction

A number of graph-based topological indices and
electrotopological indices (with electronic attributes)
have been proposed in an attempt to quantify the
structural and electronic attributes of molecules for use
in quantitative structure–activity relationship (QSAR)
studies [1–21].

In previous works [22–24], we have compared the
experimentally-determined order of potency of the anti-
spasmodic activity of 2-(X-benzyloxy)-4,6-dimethoxy-
acetophenones (X=H, 4%-F, 4%-NO2, 4%-CH3, 4%-Cl,
3%,4%-(CH3)2, 4%-OCH3) with the order corresponding to
parameters suggested by the manual method of Topliss
[25]. It was shown that the parameters p−2s and
p−3s correlated in a better way with the activity of
the compounds, indicating that both the electronic and
the hydrophobic effects of the substituents participate
in the activity, the electronic effects (s) being predomi-

nantly responsible for the activity’s determination. In
accordance with these Topliss parameters, other sub-
stituent electron donors which increase the hydropho-
bicity in general were introduced into the molecules.

In this work, the activity of ten 2-(X-benzyloxy)-4,6-
dimethoxyacetophenones were correlated with molecu-
lar connectivity indices, k values and electrotopological
indices, etc., in order to obtain more information about
the structural factors of these molecules which deter-
mine their antispasmodic activities. Moreover, the
equation of Hansch was applied in order to observe
whether the parameters of the molecules that gave good
correlation with the activity were the same as those
indicated by the manual method of Topliss.

2. Experimental

2.1. Methods and calculation

The isolation of xanthoxyline, the methods of synthe-
sis and identification of their derivatives and also the* Corresponding author.

0014-827X/99/$ - see front matter © 1999 Elsevier Science S.A. All rights reserved.

PII: S 0 0 1 4 -827X(99 )00003 -8



V.E.F. Heinzen et al. / Il Farmaco 54 (1999) 125–129126

pharmacological experiments have been described al-
ready [22–24].

The topological indices taken into consideration were
calculated using the computational program MOLCONN-

X, developed by Kier and Hall [27].
In order to test the quality of the regression equation,

the following statistical parameters were used: correla-
tion coefficient (r), determination coefficient (r2) and
test of the null hypothesis (F-test). All the single and
multiple linear regression analysis calculations were car-
ried out using the ORIGIN computer program.

3. Results and discussion

The molecular skeleton with different substituents
studied is illustrated below:

X=H; 3%,4%-(CH3)2; 4%-CH3; 4%-OCH3; 4%-Cl; 4%-F; 4%-
NO2; 4%-Br; 4%-OCH2C6H5; 4%-C (CH3)3.

3.1. Correlation using topological indices

The values of biological activity of different 2-(X-ben-
zyloxy)-4,6-dimethoxyacetophenones and calculated to-
pological indices such as molecular connectivity, Wiener
and k indices related with the topology of the molecules
are given in Table 1.

It is known that the molecular connectivity indices of
valence give information about unsaturation, the pres-
ence of heteroatoms, the branching, the cyclicity and the
size of the chain. The simple linear correlation between
the biological activity (log 1/C) and the connectivity

indices (1X, 2X, 3Xp, 4Xp,…) do not give significant
correlations, showing that these parameters give no
information about the biological activity studied. The
same case occurs with Wiener and k indices.

The analysis with two-variable regression equations
that give a more complete information of the molecules,
using the molecular connectivity indice, is not sufficient
to give a good correlation. This led us to test the
correlation with the electrotopological state indices (E-
state values) of the different atoms that encode informa-
tion about the topological and electronical factors of a
molecule [14].

The values of the electrotopological indices for the
more important carbon atoms in the molecules are
shown in Table 2. Some of them gave good simple linear
correlation with the activity of the compounds. The best
simple linear correlations were obtained with S(C3%) (the
E-state value for the 3%-position carbon atom, r=
0.8988—see the molecular skeleton above), with S(C6)
(6-position carbon atom, r=0.8778), and with S(C1)
(r=0.8700), for the ten compounds studied. These
results indicate that the electronic and topological states
of these carbon atoms give important information about
the biological activity of these compounds.

It is clear that the E-state index gives some informa-
tion about the inductive effects on the atom. The
colinearity between the E-state index S(C6) and s is not
high (r=0.689) showing that information of the induc-
tive effect is not completely encoded in the E-state
index.

Thus, applying a multiple linear regression equation
of two variables, using the E-state indices S(C6) and
S(C1) with s, the correlation is significantly better as
can be observed in Eqs. (1) and (2):

Log (1/C)=9.9063S(C6)−1.1234s+1.0489 (1)

r2=0.9252 r=0.9619 n=10

FS(C6)=12.16 (prob\F=0.0102) SD=2.8406

Fs=14.47 (prob\F=0.0067) SD=0.2952

Table 1
Biological activity (log 1/C) and topological indices (X, molecular connectivity indices; W, Wiener indices; k, kappa indices) of different
substituted 2-(X-benzyloxy)-4,6-dimethoxyacetophenones [X=H, 4%-F, 4%-NO2, 4%-CH3, 4%-Cl, 3%,4%-(CH3)2, etc…]

Compounds Log 1/C 1Xv 2Xv 3Xp
vObs. 4Xp

v W5Xp
v 3Xc

v 4Xpc
v 1k 3k2k

0.75701.57642.35993.81285.46637.41805.553%,4%-(CH3)21 8.909119.32641230 4.98871.5127
3.36215.03337.00135.484%-CH3 4.99672 8.740918.340310941.10340.63501.49712.1509

2.1884 1.4385 0.5363 1.0575 12643 19.32644%-OCH3 9.4761 5.23505.23 7.1137 4.8957 3.4006
5.1106 3.4068 2.1732 1.5258 0.6573 1.1291 1094 18.3403 8.7409 4.99674.994 7.06824%-Cl
4.5333 3.0843 2.0408 1.3268 0.4683 0.9109 946 17.3554 8.5850 4.73344.945 6.5906H

4.99678.740918.340310940.98370.53131.36406 2.04723.15484.67416.69034.634%-F
7 2.18054%-NO2 1.4397 0.5801 1.1009 1436 20.3136 9.6298 5.49703.15 7.0900 4.9712 3.3887

4%-Br 5.20 7.4833 5.5898 3.6834 2.31168 1.7035 0.7956 1.2889 1094 18.3403 8.7409 4.9967
7.00012.142823.658726561.22180.65421.93762.88944%-OCH2C6H5 4.41329 6.46599.25835.58

4%-C(CH3)3 5.34 8.2513 6.9946 4.0615 2.5676 1.6401 1.8016 2.123210 1610 21.3018 9.2739 5.7363
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Table 2
Biological activity (log 1/C) and electrotopological-state indices, S(Ci) of different substituted 2-(X-benzyloxy)-4,6-dimethoxyacetophenones
[X=4%-H, 4%-F, 4%-NO2, 4%-CH3, 4%-Cl, 3%,4%-(CH3)2, etc…]

S(C3%)Log 1/C S(C6)Obs. S(C1)Substituents

2.06160.42791 3%,4%-(CH3)2 5.55 0.4647
2.02450.42630.46235.482 4%-CH3

0.4347 0.40443 4%-OCH3 5.23 1.8579
0.4293 0.40024 4%-Cl 4.99 1.7900

0.42520.4607 1.94124.945 H
1.35790.35226 4%-F 4.63 0.3685

0.3196 1.39957 4%-NO2 3.15 0.3306
0.4506 0.41708 4%-Br 5.20 1.9412
0.4288 0.3992 1.90245.589 4%-OCH2C6H5

0.4256 2.107910 4%-C(CH3)3 5.34 0.4617
1.80230.40160.4310–11 4%-NH2

0.3769 1.580112 4%-OH – 0.3998
0.4056 1.899513 4%-OCH(CH3)2 – 0.4363

0.4541 0.419614 4%-N(CH3)2 – 2.0245
0.4597 2.08700.4241–15 4%-N(C2H5)2

0.4268 1.978216 3%-CH3 – 0.4632
0.4332 2.131317 4%-(CH2)3CH3 – 0.4711

0.4416 0.410018 4%-O(CH2)3CH3 – 1.9230
0.4673 0.4301 2.1299–19 4%-CH(CH3)CH2CH3

0.4303 2.121820 4%-CH2CH(CH3)2 – 0.4676
2.06160.41590.4498–21 4%-C6H5

a

0.3904 1.864322 4%-N�NC6H5 – 0.4181
0.3957 1.878723 4%-OC6H5 – 0.4244

0.4815 0.441824 4%-C6H11 – 2.2150
0.4503 0.4163 2.0708–25 4%-C6H4(CH3)p

– 0.4321 0.4015 1.951126 4%-C�C–C6H5

2.03790.41270.4461–27 4%-CH�CH–C6H5

0.4600 0.423928 4%-CH2CH2–C6H5 – 2.1247
0.4438 0.410629 4%-C6H4(C6H5)p – 2.0776

2.06620.40210.4333–30 4%-N(C6H5)2

a Cyclohexyl.

Log (1/C)=7.8728S(C1)−1.1345s+1.6301 (2)

r2=0.9234 r=0. 9609 n=10
FS(C1)=69.83 (prob\F=0.0001) SD=2.3008
Fs=14.53 (prob\F=0.0066) SD=0.2976

Considering all the information encoded in the two
variables of Eqs. (1) and (2), the importance of the
inductive effect of substituents on the activity of these
compounds is evident.

The colinearity between the E-state index (S(C6) and
S(C1)) and the hydrophobic parameter p is low (r=
0.4671 and r=0.4693). The multiple linear regression
equation between the activity and E-state indices S(C6)
and S(C1) together with the parameter p give a less
significant correlation:

Log (1/C)=12.2231S(C1)+0.2226p−0.3744 (3)

r2=0.8046 r=0.8970 n=10 SD=0.3599

Log (1/C)=15.2920S(C6)+0.2224p−1.2413 (4)

r2=0.8108 r=0.9005 n=10 SD=0.3541

Kier and Hall [3], using the E-state values of the ring
atoms of barbiturates, have explored the possibility of a
specific atom involvement in the stability constants of
their complex with cyclodextrins. The results indicate
that the electrotopological state of the carbonyl oxygen
atom gives the information that they are highly influen-
tial in the binding of barbiturates with b-cyclodextrin.
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In the same way, Hall et al. [21] have computed the
E-state values of the nine skeletal atoms in the benzim-
idazole ring system, showing that the two nitrogen atoms
and the carbon atom of the 2-position play an important
role in the biological activity against the flu virus. In our
case, it is possible to observe that the E-state value for
the carbon atom of the 1- and 6-positions gives good
correlations in single-variable and also in the two-vari-
able equations together with the s parameter. Thus, it is
possible to conclude that the electronic and topological
states of the carbon atoms in the 1- and 6-positions, near
the carbonyl group, give important information about
the activity of these compounds. This ability to focus on
atoms or regions in a molecule as principal areas related
to the activity is a major advantage in approaching drug
design in a quantitative way.

3.2. Correlation using Hansch equation

The values of activity of different 2-(X-benzyloxy)-4,6-
dimethoxyacetophenones were correlated using the

equation of Hansch of two variables s and p [26], thus
obtaining a good correlation coefficient (r=0.9055)
according to Eq. (5):

Log (1/C)=0.1784p−1.6466s+4.8989 (5)

r=0.9055 r2=0.8199 n=10 SD=0.3455

The coefficients of this equation indicate that the most
important contribution is made by s values, and the
negativity of the s values is proportional to the increase
in activity. The contribution of p is secondary, showing
that when the value of p increases the activity will
increase too.

In accordance with these observations, using electroto-
pological indices of carbon atoms in the 6- and 1-posi-
tions and the parameters s and p, it is possible to
predict the substituents which should be tested in order
to obtain a better activity, as may be observed in Table
3. They are fundamentally substituent electron-donors
which increase the hydrophobicity of the molecule.

Table 3
Experimental (log 1/C) and calculated (Eqs. (1), (2) and (5)) biological activity of different 2-(X-benzyloxy)-4,6-dimethoxyacetophenones [X=H,
4%-F, 4%-NO2, 4%-CH3, 4%-Cl, 3%,4%-(CH3)2, etc.] substituted and residual values (RV= log 1/C−Calc. Eq.)

Substituents RVCalc.bRVCalc.bRVCalc.bObs. Exp.a

(Eq. (5))(Eq. (1)) (Eq. (2))

0.01 5.39 0.161 3%,4%-(CH3)2 5.55 5.56 0.01 5.56
0.02 5.28 0.202 4%-CH3 5.48 5.46 0.02 5.46

0.115.340.135.360.133 5.365.234%-OCH3

0.14 4.65 0.344 4%-Cl 4.99 4.76 0.23 4.75
4%-H 4.94 5.26 0.325 5.26 0.32 4.90 0.04

0.194.820.174.460.166 4.474.634%-F
4%-NO2 3.15 3.34 0.197 3.35 0.20 3.56 0.41

0.28 4.67 0.538 4%-Br 5.20 4.92 0.28 4.92
4%-OCH2C6H5 5.58 5.48 0.109 5.48 0.10 5.89 0.31
4%-C(CH3)3 5.34 5.49 0.1510 5.49 0.15 5.58 0.24
4%-NH2 – 5.21 –11 5.21 – 4.94 –

–4.58–4.64–12 4.65–4%-OH
5.58–5.57–4%-OCH(CH3)213 –5.70–

6.1414 – –6.30–6.15–4%-N(CH3)2

4%-N(C2H5)215 6.06 –– 6.07 – 6.29 –
– 5.1116 –3%-CH3 – 5.36 – 5.36

17 –5.54–5.52–5.52–4%-(CH2)3CH3

5.75–5.47– –5.47–4%-O(CH2)3CH318
5.44 – –5.465.44–4%-CH(CH3)CH2CH319 –

20 –5.45–4%-CH2CH(CH3)2 5.45 – 5.40 –
21 5.184%-C6H5

c – –5.26–5.18–
4%-N�NC6H522 4.48 –4.56–4.48– –

–5.01–5.00 5.32–4%-OC6H523 –
5.594%-C6H11 – 5.64 –– 5.59 –24
5.214%-C6H4(CH3)p – 5.43 –– 5.21 –25

–5.11–4.85–26 4.85–4%-C�C–C6H5

– 5.49 –27 4%-CH�CH–C6H5 – 5.22 – 5.22
4%-CH2CH2–C6H5 – 5.38 –28 5.39 – 5.57 –

29 5.09– –5.60–5.104%-C6H4(C6H5)p –
4%-N(C6H5)230 5.28 – 5.29 – 5.91 ––

a Experimental values for activity (log 1/C).
b Values computed for activity from Eqs. (1), (2) and (5).
c Cyclohexyl.
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Some substituents that could be able to increase the
activity in accordance with these equations are: 4%-
OCH(CH3)2, 4%-N(CH3)2, 4%-N(C2H5)2, 4%-(CH2)3CH3,
4%-O(CH2)3CH3, 4%-CH(CH3)CH2CH3, 4%-CH2CH-
(CH3)2 and 4%-C6H11 (cyclohexyl).

4. Conclusion

The correlation between the activity of 2-(X-benzyl-
oxy)-4,6-dimethoxyacetophenones and the electrotopo-
logical state indices indicate that the carbon atoms in
the 1- and 6-positions of the molecules give important
information about the biological activity of these
compounds.

The application of the Hansch equation shows that
the most electron-releasing and hydrophobic sub-
stituents in the benzyloxy ring increase the activity of
these compounds in accordance with the results ob-
tained from the application of the simple manual To-
pliss method.
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