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The values of substituent entropy constant ƒÐs•‹of sym-disubstituted benzene derivatives have

been determined by inter-or extrapolation of the linear relation between five observed values and

those of monosubstituted benzene derivatives.

Analysis of the quantitative structure-activity relationships(QSAR)by means of a,thus

estimated,together with the additional descriptor ƒÊ2/ƒ¿,is shown to be more effective than

approaches hitherto used for the evaluation of actinidin-catalyzed hydrolysis of substituted phenyl

hippurates,and the reaction between thiamine and substituted aniline derivatives with thiaminase.
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In the previous report,1)the authors have discussed the origin of the two kinds of novel

quantitative structure-activity relationships(QSAR)descriptors ƒÐs and ƒÊ2/ƒ¿.The former is

an effective descriptor representing the energies of both dispersion Edis and repulsion Erep

forces from the evaluation of the force constants ƒÃ/k and ƒÐ determined empirically by applying

the Lennard-Jones 12,6 potential.The latter covers both induction Eind and orientation Eori

forces.

These two kinds of novel descriptors proved to be effective for QSAR analyses of

biological responses,including the inhibition of enzyme activity,etc.For practical purposes,

the descriptor ƒÐs•‹,called the substituent entropy constant,2)is determined from the absolute

entropy S•‹298(g)of the pure material by the use of Eq.1;

(1)

where(A)and(B)denote the reference benzene and substituted benzenes,respectively.The

data on S•‹298(g)compiled in the literature 3)generally do not extend to polysubstituted benzene

derivatives.Thus we tried to estimated the unknown o-s,values of sym-disubstituted benzene

derivatives,and in addition,the descriptor ƒÊ2/ƒ¿ was also estimated empirically.In this work,

the validities of these descriptors have been examined in the QSAR analyses of actinidin-

catalyzed hydrolysis of substituted phenyl hippurates and of the reaction of thiamine and

substituted aniline derivatives with thiaminase.

Experimental

Numerical Treatment-QSAR analyses were carried out by using an NEC PC-9801 type personal computer
utilizing the multiregression analysis program MR compiled in the multivariate analysis program package MVA.4)
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The standard deviation(S.D.)is given by S.D.=[Sse/(n-k-1)]1/2,where n and k denote the number of
observations and variables,and Sse denotes the sum of squares of the residuals.The values into parentheses in the
regression equations denote the 95% confidence levels.

Results and Discussion

Substituent Entropy Constant ƒÐs•‹of Monosubstituted Benzene and Methane Derivatives

In this work,the values of ƒÐs•‹determined by Eq.1 are compared using two kinds of linear

relations between monosubstituted methanes and benzenes as shown in Fig.1;the results are

summarized in Table I.

Alkanes and alkylbenzene derivativesafforded a linear relation and the values of ƒÐs•‹ are

Rln N(e.u.)higher than those of halide,cyanide,etc.with lower symmetry number.These

results also support the view thatas estimated for monosubstituted benzene derivatives

reliably represent both dispersion and repulsive interaction energies.

TABLE I.•@ Typical Substituent Entropy Constants ƒÐs•‹„

Fig.1.•@ Correlation between the Increment of

Absolute Entropy ƒ¢S•‹298(g)of Benzene(PhR)

and Methane(MeR)Derivatives
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Estimation of ƒÐs•‹of sym-Disubstituted Benzene Derivatives

For sym-disubstituted benzene derivatives,the observed five absolute entropies S•‹298(g)

afforded linear relations with those of monosubstituted benzenes as given by Eqs.2,3,and 4;

n=5(R=F,Cl,Br,Me,Et).3c)

S•‹298(g),(1,2)=1.96(0.15)S•‹298(g)mono-65.39(0.18)

r=0.999, F=1767, S.D.=0.49

(2)

S•‹298(g),(1,3)= 2.05(0.10)S•‹298(g)mono -71.84(0.11)

r=1.000, F=3976, S.D.=0.34

(3)

S•‹298(g),(1,4)= 2.05(0.06)S•‹98(g)mono -73.20(0.07)

r=1.000, F=10724, S.D.=0.21

(4)

The unknown values of S•‹298(g)of sym-disubstituted benzene derivatives could be

estimated from Eqs.2,3 and 4 by inter- or extrapolations, and transformed to ƒÐs•‹ by Eq.1.

The values of ƒÐs•‹,thus obtained are summarized in Table II and their validity was also

confirmed by the gas liquid chromatographic(GLC)method.4)

Estimation of Descriptor ƒÊ2/ƒ¿ of sym-Disubstituted Benzene Derivatives

For the estimation of thenovel QSAR descriptor ƒÊ2/ƒ¿,the values of dipole moment ƒÊ

(debye)and polarizability ƒ¿(•~10-24cm3)are necessary.The former are usually available in

the literature 5)or could be determined as the vector sum of those of monosubstituted benzene

derivatives.In addition, the polarizability could also be estimated as the simple sum ƒ°ƒ¢ƒ¿mono

of the excess polarizability ƒ¢ƒ¿monn of monosubstituted benzene derivatives,where ƒ¢ƒ¿=

ƒ¿ PhR-ƒ¿(PhH (cf.Table IIIa).The ƒ¢ƒ¿ of disubstituted benzene derivatives are given by Eqs.5, 6

and 7(cf.Table IIIb);
1,2-series:

ƒ¢ƒ¿(1,2)=0.989(0.008)ƒ°
ƒ¢ƒ¿ -0 .013(4.466)

n=43, r=1.000, F=57371, S.D.=0.071

(5)

TABLE II.•@ Observed and Estimated Values of ƒÐs•‹ on the sym-Disubstituted

Benzene Derivatives
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TABLE IIIa.•@ Polarizability ƒ¿[10-24cm3]of Monosubstituted Benzene Derivatives

1,3-series;

ƒ¢ƒ¿(1,3)= 1.003(0.0008)ƒ°ƒ¢ƒ¿-0.023(2.518)

n=31, r=1.000, F=62276, S.D.=0.065

(6)

1,4-series;

ƒ¢ a(1,4) =1.011(0.009)ƒ°ƒ¢ƒ¿- 0.055(1.271)

n=35, r=1.000, F=56311, S.D.=0.068

(7)

The values of descriptor ƒÊ2/ƒ¿ are summarized in Table IV.

In a weak interaction such as a bioreaction,the biological response,BR,could be given by

Eq.8;

BR=Erep+Edis +ECT EES+EPL

BR=ƒ¿ƒÐs+ bƒÐƒÎ+c(ƒÊ2/ƒ¿)+d (8)

where EcT,EES and EpL are the energies of charge transfer,electrostatic and polarization 

interactions,respectively.The descriptors ƒÐs•‹,ƒÐƒÎ and ƒÊ2/ƒ¿ correspond to Erep+Erep,ECT and

EEs+EpL,respectively;the quantum chemical approach given by Aida and Nagata,7)as well

as the statistical thermodynamical treatment given by Sasaki et al.2)support these cor-

respondences.

Examples of QSAR Analyses

Actinidin-Catalyzed Hydrolysis of Substituted Phenyl Hippurates at 25•Ž and pH6.08)

(cf.Table V).

3-substituted series;

log(1/Kin)=4.274ƒÐs•‹

(1.308)

+5.124ƒÐs•‹(x).

(1.520)

+2.870

(0.062)

n=16, r=0.936, F=45.75, S.D.=0.132

(9)

where the subscript x means halogen and the relation of ƒÐs•‹ and ƒÐs•‹(x)is r=-0.124.

3- and 4-substituted series;
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TABLE IIIb.•@ Polarizability ƒ¿[10-24cm3]of Disubstituted Benzenes

n=23, r=0.945, F=52.63, S.D.=0.137

(10)

where the subscripts(3)and(4)denote meta and para substituted positions,and the

correlation of ƒÐs•‹ and ƒÊ2/ƒ¿ is ƒÁ=-0.227.

Equation 10 suggests that ƒÐs•‹ is effective separately for halogen and nonhalogen series in

all meta congeners,whereas the ƒÊ2/ƒ¿ term operates for the para series only.

The result of Carroti et al.8)is given by Eq.13;
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TABLE IV. The Values of Polarizability ƒ¿[10-24cm3]and the Descriptor ƒÊ2/ƒ¿[10-12erg]

TABLE V. log(1/Km)Values of Actinidin-Catalyzed Hydrolysis
of Substituted Phenyl Hippurates

log(1/Km)=0.718σ+0.439π'(3)+3.005

(0.224)(0.174)(0.048)

r=0.862, F=28.98, S.D.=0.206

(11)
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TABLE VI.•@ log k Values of the Reaction between Thiamine and Substituted

Aniline Derivatives with Thiaminase

When we compare Eq.10 with Eq.11,the chemical meaning of the former is more explicit.
Rate of the Reaction between Thiamine and Substituted Anilines with Thiaminase9)(cf.

Table VI)

n=11, r=0.986, F=83.6, S.D.=0.180

(12)

logk=-7.920ƒÐs•‹-2.114ƒÊ2/ƒ¿(4)-0.529

(5.294)(0.575)(0.900)

n=11, r=0.963, F=50.6, S.D.=0.276

(13)

where the relation of ƒÐs•‹ and ƒÊ2/ƒ¿ is ƒÁ=0.217.

Fujita9)presented Eq.14 for the same number of congeners.

n=11, r=0.906, F=18.3, S.D.=0.433

(14)

When Eq.13 is compared with Eq.14,the former is superior in terms of the number of

descriptors,and the correlationcoefficient is higher.

In a weak interaction without hydrogen bonding,the two novel descriptors ƒÐs•‹ and ƒÊ2/ƒ¿

are veryeffective.The energy of hydrogen bonding is much larger than Edis andEon,and

should be treated by using a dummy variable.
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