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Abstract Purpose. The recently defined molar-
refractivity-partition index was applied to a family of 
1,3,5- thiadiazin-2-thione derivatives in order to 
establish quantitative structure-antitumoral models. 
The goal of this effort is to establish the relationships 
between the structure and biological response of 
these compounds. Method. After the splitting of the 
sample in two sets, their indices were correlated 
against the measured biological activity. The 
combined use of our index with others had been able 
to describe not only the topologic but also the 
London dispersive forces of any fragment in relation 
to the biological response of the sets. Results. The 
obtained models showed correlation coefficients of 
0.87 and 0.81 respectively linking structural and 
biological features of the molecules. The mean 
relative error values were less than 7%. According to 
the models, the activity of the first sample is related 
mostly to molecular topology and dispersive forces. 
Sample two activity was associated to the size and 
branching of the substituents, and also to the London 
forces. Conclusion. The index was able to 
discriminate between pure topological features and 
those related to dispersive forces. 
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INTRODUCTION 

3,5-disubstituted-tetrahydro-2H-1,3,5-thiadiazin-2-
thione derivatives (I) have a wide spectrum of 
antimicrobial activity.[1] Several studies related to 
the antifungic, antiviral, antihelmintic, and 
tuberculostatic activity of these compounds have 
been extensively reported.[1-3] Previously, two 
series of 3,5-disubstituted thiadiazinthiones have 
been synthesized and assayed in vitro and in vivo in 
order to obtain new antiparasitic chemical substances 
for assessment as potential antiprotozoal agents.[2] 
In a recent work the antitumoral activity of these 
compounds have been reported against several 
tumoral cell lines and also some features of the 
degradation pathways of this heterocycle[3] were 
outlined. Up to now, experimental evidence strongly 
suggests that the thiadiazinthione ring acts as a 
prodrug. [1] In a protic medium, the heterocycle 
undergoes a ring opening to form different active 
metabolites, which are indeed responsible of the 
biological activity [1]. The use of topologic and 
topographical indexes is widely accepted for 
molecular modeling. Recently, we reported the 
hybrid molar-refractivity-partition index 
(pMRχ)[4,5], based on Randic algorithm [6] and 
Ghose and Crippen partitioned molecular refractivity 
[7], that have the capability to portray London 
dispersive forces from a different perspective than 
the molecular refractivity. Then, the aim of this work 
is to test the index capability to relate structural 
features of this compound family with their 
antitumoral activity.  

THEORETICAL DETAILS 

Molar Refractivity 
The molar refractivity is a constitutive-additive 
property calculated by the Lorenz-Lorentz formula: 
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where M is the molecular weight, n is the refraction 
index and ρ the density, and its value depends only 
of the wavelength of the light used to measure the 
refraction index. For a radiation of infinite 
wavelength, the molar refractivity represents the real 
volume of the molecules and its polarizability. Then, 
the molar refractivity is related, not only to the 
volume of the molecules but also to the London 
dispersive forces that act in the drug-receptor 
interaction.  
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Table 1. General formula and substituents of the thiadiazinthiones employed 

N N

S

R1
R2

S

2

4
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R1= -furfuryl 
       -cyclohexyl

I

 
Sample # 1 Sample # 2 

Compound R2 Compound R2 
M1A (CH2)5COOH M2-A (CH2)5COOH 
M1BS CH(COOH)-CH2-COOH M2BS CH(COOH)-CH2-COOH 
M1C CH2-COOH M2-C CH2-COOH 
M1DS CH(CH2Ph)-COOH M2-DS CH(CH2Ph)-COOH 
M1DRS CH(CH2Ph)-COOH M2DRS CH(CH2Ph)-COOH 
M1ES CH[CH(CH3)2]-COOH M2FS CH[(CH2)2COOH]-COOH 
M1FS CH[(CH2)2COOH]-COOH M2-GS CH(CH3)2-COOH 
M1GS CH(CH3)2-COOH M2-H CH2-CONH-CH2-COOH 
M1H CH2-CONH-CH2-COOH M2-JS CH(CH2CONH2)-COOH 
M1IS CH[(CH2)2SCH3]-COOH M2-M CH2-CH2-COOH 
M1JS CH(CH2CONH2)-COOH M2-NS C[CH2-CH(CH3)2]-COOH 
M1JR CH(CH2CONH2)-COOH   
M1K C[(CH3)2]-COOH   
M1M CH2-CH2-COOH   
M1NS C[CH2-CH(CH3)2]-COOH   
M1O Furfuryl   

 
 

Table 2. Atomic refractivity values reported by Ghose et. al. 
Atom type Atomic Refractivity Atom type Atomic Refractivity 
Csp3 2.8158 N (Ar) 2.7662 
Csp2 3.8278 NO2 3.5054 
Csp 3.8974 Ar-N=X 3.8095 
C (Ar) 3.5090 F 1.0632 
C=X 3.0887 Cl 5.6105 
H 0.9155 Br 8.6782 
-O- 1.6351 I 13.8741 
=O 1.7956 Ssp3 7.3190 
O=N 2.1407 Ssp2 9.1680 
Nsp3 3.0100 R-SO-R 6.0762 
Nsp2, Nsp 3.2009 R-SO2-R 5.3321 

 
 
The atomic contribution to molecular refractivity 
calculated by Ghose and Crippen method 
Ghose and Crippen defined 110 atom types, [7] 
representing most commonly occurring atomic states 
of carbon, hydrogen, oxygen, nitrogen, halogens, and 
sulphur in organic molecules to split the molar 
refractivity. They stated that this classification 
partially differentiates the polarizing effects of 
heteroatoms and the effect of overlapping with non-
hydrogen atoms, although they accepted that this 
classification might be weak in differentiating the 

conjugation effects. The authors stated that the 
classification may not completely cover all organic 
molecules, and that addition of atom types is always 
feasible. Further on, the 110 atom types were 
reduced to 22 (table 2). They assumed that the sum 
of the atomic values (ai) is the molecular value of the 
molar refractivity (eq. 2):  

∑= iicalc anMR .   (2) 
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Graph theory. The Randic-type graph theoretical 
invariant 
Graph theory is a branch of mathematics related to 
topology and combinatorial problems.[18] Different 
authors have reported a large number of topological 
and topographical indices as well as its broad and 
successful applicability in QSAR and QSPR studies. 
However, the principal problems of the use of this 
approach are related to the physical meaning and the 
information redundancy among indices of similar 
definition, commonly expressed by high correlation 
values. [19] In this sense, Randic postulated [20] that 
any novel molecular descriptor 1) need to be simple, 
2) add more insights to the problem, 3) or to solve a 
unexplained problem by alternative schemes, among 
others features. Randic molecular connectivity index 
for path of order p ( pχ) is defined as [6]:  

∑ −= 2/1)( ji
p υυχ   (3) 

 It was modified by Kier and Hall[21,22] by 
defining subgraphs Gj tree type in the G graph 
containing edges. To each vertex i of graph G is 
associated a term δi (for example δi = vi). After this, 
to each subgraph Gi with vertices j1,..., jh+1 is 
calculated the F magnitude (Eq. 4) 
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 The numbers F(δi1, δj(h+1)) are then added in all 
the subgraph Gi.. To include the multiple bonds and 
heteroatoms, Kier and Hall suggested the employ of 
δi as,  
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where Zi is the total number of electrons, Zv
i is the 

number of valence electrons and hi is the hydrogen 
atoms number bonded to atom i. The connectivity 
indices obtained by this formula are known as 
valence indices [22] and represented by pχv. A more 
detailed explanation of the graph theory and 
calculation procedures can be found elsewhere.[23]  

Molar refractivity partition index pMRχ 
Molar refractivity partition index[6,7] (pMRχ) use 
the Randic-type graph-theoretical invariant, and is 
defined as follow (Eq. 6),  

∑ ≠= − jiMR j
MR

i
MRp 2/1)()([ νδνδχ   (6) 

where the sum is all over adjacent vertices in the 
graph. δMR(vi) is the atomic refractivity value of the 
vi atom. 
 The atomic refractivity values of bonded 

hydrogen to heavy atoms are also added to this term, 
to take into account their contribution in the graph.  

EXPERIMENTAL PART 

Table 1 shows the compound sets. Reported 
antitumoral activity [3] is shown in tables 3 and 5. 
Biological activity is given as log IC50 against HeLa 
cells (logA). All structures were optimized to 0.01 
convergence by the semiempirical method PM3 
[9,10] implemented in MOPAC 6.0 program.[11-13]  
In all the indexes employed the superscript p and c 
indicates path and cluster order, respectively. Randić 
(pχ) and valence (pχc

V), based on the vertices 
connectivity matrix and pε Estrada indices, in the 
edge connectivity matrix [14] were used as 
topological descriptors. As topographic descriptors, 
the pΩ, pΩq, pΩq

C and pερ Estrada indices [14] were 
employed. The Ω indices are based in the matrix of 
the vertices, weighted by the bond orders, the charge 
density and the charge density with spatial correction 
respectively. In the case of pερ, the connectivity 
matrix of the edges is weighted with the bond orders. 
The χ, χV, Ω, Ωq, Ωq

C, ε and ερ were calculated with 
the MODEST  program [15].  Both the bond orders 
and the charge density were taken from the output of 
the semiempirical calculations. 
 pMRχ index was included to portray the 
importance of the London dispersive forces. Paths of 
order 1 to 6, clusters of order 3 and 4, and 
combinations of cluster 3 with path order 1 to 3 were 
calculated, using a program developed in the authors 
laboratory [16] The log P and MR values were 
calculated by the Ghose and Crippen methodology.  
 The 27 compounds in the sample were divided in 
two, according the nature of R1 substituent. Forward 
stepwise multiple regression analysis was employed 
to establish the quantitative regression models, using 
the STATISTICA package. [17] A statistical outlier 
was defined as any compound that failed in three of 
the several criteria included in the program. In such 
case it was excluded from the sample and the 
analysis was restarted. Both models were cross-
validated, reporting the Q2 value.  

RESULTS AND DISCUSSION 

The mechanism of the antitumoral action of these 
compounds is not well established. It has been 
previously described that, in biological environment, 
the thiadiazinthione ring breaks to generate active 
metabolites.  
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 Since only two different substituents in position 
1 are represented in the series, it is possible to use an 
indicator (dummy) variable (taking values 1 or 0 for 
the presence or not of a given substituent) to 
described the whole set. However, we had preferred 
to treat the sample separately. Therefore the sample 
was divided in two: Sample #1 with R1=furfuryl and 
Sample #2 with R1=cyclohexyl.  

Analysis of the sample set #1 
This sample set includes sixteen N1-furfuryl 
derivatives. After the exclusion of the compound 
M1JS as a statistical outlier (predicted value error > 
55 %) the regression analysis affords the equation 7:  
 

648.015096.0

00031.0294.15807.0898.0
)50.0(60.1)09.0(49.0)22.1(73.7)28.0(80.1log

2

)11,3(
2

3236

===

<===

±−±−±+±=

Qns

pFRR
MRMRA χχχ   (7) 

 
 The prediction results are shown in table 3. 
According to Kubinyi,[18] the analysis for the 
exclusion of statistical outliers must be an arbitrary 
process. As the exclusion of compound M1DRS 
(error = 16.67%) as a statistical outlier does not 
improve the quality of the model it was maintained 
in the sample. Although the Q2 value of the cross 
validation is higher than 0.5 (suggesting that the 
equation has predictive capability), it is decreased by 
more than 10% with respect to the R2 value of the 
regression model. For this reason, we consider the 
predictive capability of the equation as low, although 
Golbraigkh and Tropsha [19] accept Q2 values higher 
than 0.5. The mean contribution to the activity of 
each variable is 3.149, -3.314 and –0.666 for 6MRχ, 
3χ and 2MR3χ respectively. The analysis of these 
values suggests that the inclusion of long fragments 
in the structure decreases the antitumoral activity. 
This could be due to an increase in the possibility to 
form instantaneous dipoles, taking into account the 
presence of heteroatoms as S and O. Then, an 
increased macromolecular union described by this 
variable could explain the role of the London forces 
described by 6MRχ.  
 The most important features that determine the 
antitumoral activity are the presence of fragments of 
three atoms and path-clusters combinations as 
described by variables 3χ and 2MR3χ respectively. 
Although it is risky to say that equation 7 is 
predictive, it was useful to evaluate which structural 
features are involved in the biological response of 
this compounds set in the HeLa assay.  
 

 The figures 1 and 2 show the plot of Predicted 
vs. Observed values and Residuals vs. Deleted 
Residuals from equation 7.  
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Figure 1. Predicted vs. observed values for sample 1 with 
equation 7 
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Figure 2. Deleted vs. deleted residuals from equation 7 
 
Summarizing, these results suggests that topological 
features and the dispersive forces described by the 
hybrid index pMRχ affect the antitumoral activity of 
the compounds of sample 1, which can be associated 
to the presence of long fragments (up to six carbon 
atoms). These fragment types are also topologically 
described by the Randic index. The branching 
(2MR3χ) and the size (6MRχ, 3χ) of the molecules in 
this sample may be the principal structural features 
that modulate the activity of these compounds.   
 The correlation matrix (table 4) demonstrates 
that correlation between variables in eq. 7 is less than 
0.88, which is a good performance taking into 
account the nature of the variables employed in the 
analysis. [7] 
 If this equation is used only for classification as 
active or inactive, and the threshold of the error is 
accepted as 10 %, it can be concluded that 80% of 
the sample was correctly predicted. 
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Table 3. Results, sample 1 with R1= furfuryl 

Compound R2 Exp. Pred. Res. % Error 
M1A (CH2)5COOH 0.60 0.59 0.01 1.67 
M1BS CH(COOH)-CH2-COOH 0.96 0.97 -0.01 1.04 
M1C CH2-COOH 0.99 1.05 -0.06 6.06 
M1DS CH(CH2Ph)-COOH 1.06 0.98 0.09 8.49 
M1DRS CH(CH2Ph)-COOH 0.84 0.98 -0.14 16.67 
M1ES CH[CH(CH3)2]-COOH 0.90 0.90 0.00 0.00 
M1FS CH[(CH2)2COOH]-COOH 1.47 1.43 0.04 2.72 
M1GS CH(CH3)2-COOH 0.97 0.88 0.09 9.28 
M1H CH2-CONH-CH2-COOH 0.79 0.77 0.01 1.27 
M1IS CH[(CH2)2SCH3]-COOH 0.88 0.96 -0.08 9.09 
M1JS CH(CH2CONH2)-COOH     0.53      OUTLIER 
M1JR CH(CH2CONH2)-COOH 0.88 0.96 -0.08 9.09 
M1K C[(CH3)2]-COOH 0.92 1.02 -0.10 10.87 
M1M CH2-CH2-COOH 0.85 0.90 -0.06 7.06 
M1NS C[CH2-CH(CH3)2]-COOH 1.09 0.93 0.15 13.76 
M1O Furfuryl 1.13 1.02 0.11 9.73 
Mean     7.12 
 

 

Table 4. Correlation matrix of variables in eq. 7. 

 Log A 3χ  6MRχ  2MR3χ  
Log A 1.000    
3χ -0.237 1.000   
6MRχ -0.361 0.865 1.000  
2MR3χ -0.321 0.668 0.875 1.000 
 

Analysis of the sample set  #2 
This sample set includes the 11 derivatives where R1 
= cyclohexyl. The regression analysis allows us to 
obtain the equation 8, which includes 1χv

3 and 3MR3χ 
indices. Both of them describe the role of molecular 
branching, but with different sign and fragments.  
The mean contribution values of each variable to the 
activity are -2.779 and 0.682 respectively. 

 This result suggests that in this compound set 
topological features given by variable 1χv

3 are more 
important than dispersive forces. 

804.010080.0
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MRA V χχ   (8) 

Activity prediction for sample 2 is shown in table 5.  

 

Table 5. Results, sample 2 with R1= cyclohexyl 

Compound R2 Exp. Pred. Res. % Error 
M2-A (CH2)5COOH 1.48 1.42 0.06 4.05 
M2BS CH(COOH)-CH2-COOH 1.66 1.64 0.01 0.60 
M2-C CH2-COOH 1.46 1.55 -0.08 5.48 
M2-DS CH(CH2Ph)-COOH 1.14 1.29 -0.16 14.04 
M2DRS CH(CH2Ph)-COOH 1.37 1.29 0.08 5.84 
M2FS CH[(CH2)2COOH]-COOH 1.46 1.42 0.04 2.74 
M2-GS CH(CH3)2-COOH 1.14 1.14 0.00 0.00 
M2-H CH2-CONH-CH2-COOH 1.66 1.64 0.02 1.20 
M2-JS CH(CH2CONH2)-COOH 1.18 Outlier 
M2-M CH2-CH2-COOH 1.54 1.54 0.00 0.00 
M2-NS C[CH2-CH(CH3)2]-COOH 1.18 1.16 0.02 1.69 
Mean     3.24 
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Figure 3. Predicted vs. observed values calculated with 

equation 8 for sample 2. 
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Figure 4. Residuals vs. deleted residuals obtained from 

equation 8. 

 
Figures 3 and 4 show the plots of the predicted vs. 
observed values with equation 8, and the graph of 
residuals vs. deleted residuals.  
 This last graph (fig. 4) suggests that this 
regression model is more stable than that given with 
equation 7 for the first compounds set. This can be 
explained from the definition of deleted residuals. 
They are the residuals that one would obtain if the 
respective case would be excluded from the 
estimation of the multiple regression (i.e., the 
computation of the regression coefficients).  
 Thus, if there are large discrepancies between the 
deleted residuals and the regular standardized 
residuals, then it can be concluded that the regression 
coefficients are not very stable, that is, they are 
greatly affected by the exclusion of single cases. If 
these results are analyzed in the same manner as for 
sample 1, it may be concluded that, qualitatively 
speaking, 90% of the sample was correctly predicted.  
 

CONCLUSION 

As a general remark, when the substituent in R1 is 
furfuryl, an increased activity is obtained except 
when R is CH[(CH2)2COOH]-COOH. Equations 7 
and 8 suggest that the presence of path-cluster 
fragments type (2MR3

χ and 3MR3
χ respectively) in 

both series also increases the activity. These two 
features suggest that this pattern of substitution 
affords leads compounds in both series. On the other 
hand, it was determined that the pMRχ index is useful 
to describe the antitumoral activity of the 
thiadiazinthiones set studied in this work. The index 
was able to discriminate between pure topological 
features and those related to dispersive forces.  

ACKNOWLEDGEMENTS 

This work has been partially supported by Ministry 
of Public Health of Cuba grants. The authors wish to 
thanks the referees and the editorial board for their 
useful comments and kindly patient.  

REFERENCES  

[1] Ertan, M.; Bilgil, A.A.; Palaska, E. and Yulug, N.; 
Synthesis and Antifungal Activities of some 3-(2-
Phenylethyl)-5-substituted-tetrahydro-2-1,3,5-
thiadiazine-2-thione, Arzneimitttel Forschung-Drug 
Research, 42:160-171, 1992. 

[2] a) Ochoa, C.; Pérez, E.; Pérez, R.; Suárez, M.; 
Ochoa, E.; Rodríguez, H.; Barrio, A.G.; Muelas, S.; 
Nogal, J.J. and Martínez, R.A.; Synthesis and 
Antiprotozoan Properties of New 3,5-
Disubstituted-Tetrahydro-2H-1,3,5-Thiadiazin-2-
Thione Derivatives. Arzneimitttel Forschung-Drug 
Research, 49:(II), 464-469, 1999. b) Muelas, S.; 
Suárez, M.; Pérez, R.; Rodríguez, H.; Ochoa, C.; 
Escario, J.A. and  Gómez-Barrio, A.; In Vitro and 
In Vivo Assays of 3,5-Disubstituted Tetrahydro-
2H-1,3,5-thiadiazin-2-thione Derivatives Against 
Trypanosoma cruzi. Mem. Inst. Oswaldo Cruz, Río 
de Janeiro, 97:(2), 269-272, 2002. 

[3] Pérez, R.; Rodríguez, H.; Pérez, E.; Suárez, M.; 
Reyes, O.; González, L.J.; López de Cerain, A.; 
Ezpeleta, O.; Pérez, C. and Ochoa. C.; Study on the 
Decomposition Products of Thiadiazinthione and 
their Anti-Cancer Properties. Arzneim. Forsch. -
Drug Res.; 50(II): 854-857, 2000.  

[4] Padrón, J.A.; Carrasco, R. and Pellón, R.; 
Definition of New Descriptor Based on Molar 
Refractivity Partition Using Randic Type Graph-
Theoretical Invariant.; Revista Cubana de 
Farmacia, 34 Special Supp. Especial June 2000 pp. 
328-2.  



J Pharm Pharmaceut Sci (www.cspsCanada.org) 8(3):586-592, 2005 

 

 

 
 

592 

[5] Padrón, J. A.; Carrasco, R. and Pellón, R.F.; 
Molecular Descriptor Based on a Molar 
Refractivity Partition using Randic-type Graph-
theoretical Invariant, J.Pharm.Pharmaceut. 
Sci.(www.ualberta.ca/~csps) 5(3):234-231, 2002.   

[6] Randic, M.; On Characterization of Molecular 
Branching, J. Am. Chem. Soc., 97:6609-6615, 
1975.   

[7] a) Ghose, A.K. and Crippen, G.M.; Atomic 
Physicochemical Parameters for Three-dimensional 
Structure-Directed Quantitative Structure-Activity 
Relationships. I. Partition Coefficients as a Measure 
of Hydrophobicity.  J.Comput. Chem., 7:(4), 565-
577, 1986; b) Ghose, A.K. and Crippen, G.M.; 
Atomic Physicochemical Parameters for Three-
Dimensional Structure-Directed Quantitative 
Structure-Activity Relationships. 2. Modeling 
Dispersive and Hydrophobic Interactions; J. 
Comput. Chem.; 27(1):21-35, 1987.  

[8] HyperChem, (1993) Hypercube, Inc. and Autodesk, 
Inc. Release 3 for Windows.  

[9] Stewart, J.J.P.; Optimization of Parameters for 
Semi-empirical Methods I-Method; J.Comp.Chem., 
10:209-220, 1989.  

[10] Stewart, J.J.P.; Optimization of Parameters for 
Semi-empirical Methods II-Applications; 
J.Am.Chem.Soc. 10:221-264, 1989.  

[11] Stewart, J. J. P.; MOPAC 6.0. Indiana University, 
Bloomington, IN, Manual QCPE # 581.  

[12] Stewart, J. J. P.; Mopac: A Semiempirical 
Molecular Orbital Program, J. Comp. Aid. Mol. 
Design, 4(1): 1-103, 1990.  

[13] MOPAC v.6 for 3/486/Pentium PC’s. Release 1.02; 
March 1997; Windows 95 and NT environments. 
Universidad de La Habana, Cuba, 1994-97.  

[14] a) Estrada, E. and Montero, L.A.; Bond Order 
Weighted Graphs in Molecules as Structure-
property Indices. Mol. Eng., 2:363-373, 1993. b) 
Estrada, E. and Ramírez, A.; Edge Adjacency 
Relationships and Molecular Topographic 
Descriptors. Definition and QSAR Applications. J. 
Chem. Inf. Comput. Sci., 37:837-843, 1997; c) 
Estrada, E. Three-dimensional Molecular 
Descriptors Based on Electron Charge Density 
Weighted Graphs. J. Chem. Inf. Comput. Sci. 
35:708-713, 1995; d) Estrada, E.; Edge Adjacency 
Relationships and a Novel Topological Index 
Related to Molecular Volume. J. Chem. Inf. 
Comput. Sci., 35:31-33, 1995; e) Estrada, E. and 
Molina, E.; 3D Connectivity Indices in 
QSPR/QSAR Studies. J. Chem. Inf. Comput. Sci. 
41:791-797, 2001.  

[15] Rodríguez, L.; Estrada, E.; Muñoz, I. and  Gutiérrez 
Y.; MODEST (Molecular DESign  Tools) 2.0. 
Universidad Central de Las Villas: Santa Clara, 
1994.  

[16] Padrón, J.A. and Carrasco, R.; La Habana, Program 

for the calculation of pMRχ Index. Pharmaceutical 
Chemistry Center, 2002.  

[17] STATISTICA for WINDOWS, version 4.0, 
Statsoft, Inc. 1993. 

[18] Harary, F.; Graph Theory, Addison-Wesley, 
Reading MA, 1969. 

[19] Basak, S.C.; Magnuson, V.R.; Niemi, G.J.; Regal, 
R.R. and Veith, G.D.; Topological Indices: Their 
Nature, Mutual Relatedness, and Applications, 
Math. Model, 8:300-305, 1987.   

[20] Kubinyi, H., QSAR: Hansch Analysis and Related 
Approaches, pp. 59-60. In: Methods and Principles 
in Medicinal Chemistry, R. Mannhold, P. 
Krogsgaard-Larsen y H. Timmerman, Eds. 1993,  

[19] Golbraikh, A. and Tropsha, A. J. Mol. Graph. 
Model., 20, 269-276(2002). 

[20] Randic, M.; Hansen, P.J. and Jurs, P.C.; Search for 
Useful Graph Theoretical Invariants of Molecular 
Structure, J. Chem. Inf. Comput.Sci., 28:60-68, 
1988.  

[21] Kier, L.B. and Hall, L.H.; Molecular Connectivity 
in Chemistry and Drugs Research, Academic Press, 
New York, 1976.  

[22] Kier, L.B. and Hall, L.H.; Molecular Connectivity 
in Structure-Activity Analysis; Research Studies 
Press Ltd., Hertfordshire, England and John Wiley 
and Sons, New York 1986. 

[23] Molconn-Z 3.50 Manual; 
http://www.eslc.vabiotech.com/molconn/manuals/3
50/   



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


