
No.12 4821

[
Chem.Ph3rm.Bu11

36(12)4821-4824(1988 ]

Comparison of Novel Descriptors as.andƒÊ2/ƒ¿ with Topological

Indices in Quantitative Structure-Activity

Relationships Analyses

HIDEKO KAWAKI*'a and YOSHIO SASAKI b

Faculty of Pharmacy,Kinki University,"Kowakae3-4-1,Higashi-Osaka577,
Japan and Faculty of Pharmaceutical Sciences,Osaka University,b

Yamadaoka1-6,Suita565,Japan

(Received April14,1988)

The shape index"K(n=1,2,3)proposed by Kier,as one of the topological indices,as well as

the branching index(B.I.)and molecular connectivity x,have been used as effective descriptors in

quantitative structure-activity relationships(QSAR)analyses.These three descriptors are non-

energetic and belong to the category of the entropy of information,but not that of thermody-

namics.They are linearly related with.S•‹198(g),rather thanƒÐs•‹,,indicating the contributions of both

dispersion and repulsive forces.

The results of regression analyses of the binding of substituted phenyl glycosides to

concanavalin A using the novel QSAR descriptorsƒÐs•‹andƒÊ2/ƒ¿ suggest that they are superior to K.

Keywords-QSAR; shape index l‚‹;branching index B.I.;molecular connectivity x;sub-
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Topological indices,such as branching index(B.I.),1)molecular connectivity X2)and

shape index K,3)have been utilized for many analyses of quantitative structure-activity

relationships(QSAR).4)In our previous communication ,5)it was shown that B.I.and x are

correlated satisfactorily with the absolute entropy S•‹298(g),6)and it was suggested that they are

originally"non-energetic."The B.I.proposed in the first place by Randic for C2-C8alkanes

are based on the counts of C-Cbonds.Next,x's were applied to compounds carrying a

functional group(e.g.alcohols,amines,etc.),but they were originally confined to C
sp,,and

the same value as for a C atom is provided for a heteroatom(e.g.1x=1 .000for CH3CH3,

CH3OH,CH3NH2,etc.).Now,the new descriptor"K(n=1,2,3),having a correction for

heteroatoms based on the covalent radius at the valence state,is considered to be more

suitable for heteroatoms than x.The topological index depends originally on the structure of a

molecule,and these three topological indices-B.I.,1x and 1K-hould be correlated with one

another in aliphatic and aromatic hydrocarbons.

In this work,the relation betweenƒÐs•‹and nic(n=1,2,3)has been examined from QSAR

examples.

Experimental

Absolute Entropy S•‹298(g)6)and Substituent Entropy Constant ƒÐs•‹7)-The values of S•‹298(g)were taken from

the literature,6)and the substituent entropy constant ƒÐs•‹is defined by Eq.1;

(1)

where A means methane or benzene,and B means substituted molecules.

Dipole Moment-The values of dipole moments ƒÊ[debye] were taken from a data book .8)

Polarizability-The value of polarizability ƒ¿[x 10-24cm]is given by the Clausius-Mossotti equation as

Eq.2;
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x=[3(n2－1)/(n2+2) xM/d]/4πN[10-24cm3] (2)

where n=refractive index given by  Na,line at 20•Ž,M=molecular weight,d= density at 20•Ž,and N=Avogadro's

number.

Substituent Constant-The data are cited from reference9.

Molecular Connectivity 1X2)-Kier's report should be referred to for the definition of the descriptor lx.

Numerical Treatment-QSAR analyses were carried out on an NEC PC-9801personal computer utilizing

multiregression analysis program MR compiled in the multivariate analysis program package MVA.10)The standard

deviation(S.D.)is given by S.D.= Sse/(n-k-1)1,1/2where n and k denote the numbers of observations and

variables,and Ssedenotes the sum of squares of the residuals.The values in parentheses in the regression equations

denote the95%confidence levels.

Shape Indices"K(n=1,2,3)-Kier's original report should be referred to for the definition of these descriptors.

Results and Discussion

For the21congeners in Table I,the following two regression equations were obtained;

1κ=2
.052(0.111)B.1. +0.138(2.870)

n=17(a1kanes),r=0.995, F=1564,S.D.=0.241

(3)

1κ=2
.053(0.091)1X +0.134(2.349)

n=21,r=0.996, F=2215,S.D.=0.215

(4)

These three kinds of descriptors belong to the category of the entropy of information,but

not to the thermodynamic entropy.

Correlations of S•‹98(g)or as.and 1ic in Alkanes and Alkylbenzenes

For alkanes and alkylbenzenes,the correlations of S•‹298(g)or us,and K are expressed by

Eqs.5a,b;

TABLE I.Values of ,.S•‹298(g)[e.u.],Shape Index 1ƒÈ,Molecular Connectivity1ƒÔ

and Branching Index(B.I)of Alkanes and Alkylbenzenes
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S°298(g)=9.491(0.800)1κ +32.584(0.176)

n=21,r=0.985, F=616.9,S.D.=3,891

(5a)

σs=0.046(0.004)1κ +0.017(1761)

n=21,r=0,982, F=5245,S.D.=0.020

(5b

In our previous report,5) B.I.and 1x were correlated better to S•‹298(g)than to ƒÐs•‹.,as given

by Eqs.6a,b and7a,b;

S°298(g)=18.502(0.670)B.1, +38.020(0.006)

n=39,r=0.994, F=3232.9,S.D.=1468

(6a)

σs=0.094(0.005)B.I。 +0.033(0.458)

n=39,r=0.989, F=1591.8,S.D.=0.011

(6b)

For alkanes,alkylbenzenes,aliphatic alcohols,amines,ethers,ketones,etc.;

S°298(g)=18.540(1028)1Z +38.772(0.084)

n=77,r=0.972, F=12905,S.D.=0.032

(7a)

σs°=0.071(0.005)1 X十0.097(0.171)

n=77,r=0.953, F=733.8,S.D.=0.032

(7b)

As shown in the previous  report,11)Edis,afforded a linear relation with as., but a slight

curve with S•‹298(g). Equations 5a,b,6a,b and 7a,b suggest that the correlations are attributed

to the structure of the free molecule,and the above three kinds of topological indices do not

directly reflect molecular interaction.

Binding of p-Phenyl Glycosides to Concanavalin A3c)

The data summarized in Table II afforded Eq.8a,b;

1ogmM50=-1.91σs°-0.27σ+π +0.20σ-π-2.23

(0.33)(0.16) (0.19)(0.02)

r=0.956,F=53,1, SD.=0.04

(8a)

TABLE II.Binding of p-Phenyl Glycosides and Concanavalin A
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1ogM150=-186(0.36)σs°- 0.19(0.16)σ+π-2.22(0.02)

r=0.942,F=62.6, S.D.=0.04

(8b)

where the two kinds of descriptors ƒÐs•‹ and ƒÐƒÎare orthogonal(r=-0.018).

After regression analysis using the descriptor 2Kƒ¿the19data in Table II,where the

congeners of unknown a are omitted,afforded Eq.9;

logMf50=0.05(2κ α)2- 0.182κ-2.00

(0.03)(0.06)(0.06)

r=0.877,F=26.6, S.D.=0.06

(9)

where the subscript a means the correction due to the heteroatom.Thus,the regression

analyses using the descriptor a afforded an excellent result, where the contribution from the

dispersion and repulsion forces is dominant, and charge transfer interaction is minor.

In the analysis of the biological response, regarded as the reflection of the free energy

change,the descriptor o is revealed to be a better choice than the shape index, since the

former represents the dispersion and repulsion terms, whereas the shape index 2ƒÈƒ¿,

from the molecular construction, and lacks energetic character.
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