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logP ESTIMATION�MAGÁN ��



�tm "Theoretical Background"�Theoretical Background



Since the early 1960's lipophilicity and hydrophobicity (often considered synonymous terms, but denoting effects in organic and aqueous environment, respectively) have proven to be very important molecular descriptors often well-correlated with the bioactivity of chemical entities. Lipophilicity and hydrophobicity are measured by lipophilic and hydrophobic indices, such as the logarithm of a partition coefficient, �tm "log P"�log P, which reflects the equilibrium partitioning a molecule between an apolar and a polar (aqueous) phase. Since �tm "n-octanol"�n-octanol was shown to be an appropriate organic solvent simulant of biological membranes, the n-octanol/water system became the standard system for measuring partition coefficients.



Partition coefficients can be measured experimentally by several techniques, ranging from the simple "shake flask" technique to quite popular chromatographic methods. However, experimental determination of partition coefficients is time- and material-consuming, and in many cases only an estimation of the lipophilicity of the chemicals is required.  Chemists and biochemists often need the expected lipophilic properties of compounds which have not yet been synthesized in order to evaluate whether the proposed compound might be useful.  Accordingly, numerous theoretical methods have been devised allowing increasingly accurate prediction of log P values.



Basically, partition coefficients can be calculated in two ways. They can be built up from hydrophobic �tm "Fragments"�fragmental values, or derived from a knowledge of other physico chemical parameters and their relationship to log P. The most frequently applied methods are based on the first approach, making use of the additive-constitutive nature of log P. The term "additive" means that fragmental values can be summed up and "constitutive" refers to variations in fragmental effects due to different environments.



�tm "Hansch-Fujita system"�Hansch and Fujita1 defined a substituent constant p using a linear free energy relationship of Hammett-type, as
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where log PRX is the logarithm of the n-octanol/water partition coefficient of a derivative having a substituent X, and log PRH is that of the parent compound where X=H. The p-system can be used when the lipophilicity of the parent compound in a closely related series is accurately known by measurement. Substituent variations can be treated by the system. The following example illustrates the basics of the method:
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A number of corrective terms are also included in the system to obtain small deviations between experimental and calculated log P values.



One of the main objections against the Hansch-Fujita p-system is that the substituent constants are based on a limited number of compounds exhibiting insufficient chemical variation. This prompted �tm "Rekker's system"�Rekker and co-workers2,3 to use a statistical approach starting with some 500 different compounds to derive what they called hydrophobic �tm "Fragments"�fragmental constants (f values). This has been called the "reductionist" approach. In order to diminish anomalies observed between experimental and calculated log P's, Rekker also introduced numerous correction terms, which account for interactions between different fragments in the molecule. Using Rekker's fragmental method a partition coefficient is obtained from
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where ai is the incidence of fragment i and bj is the incidence of correction term j. It was a striking observation of Rekker that the correction term Fj could be expressed as a multiple of a constant term, which he called the "magic constant" (CM=0.289).



Later �tm "Leo-Hansch system"�Leo and Hansch4 developed  their  own  fragmental  system. Their philosophy was to measure very accurately the log P of a small set of simple compounds and to derive from this set the basic fragmental values. This approach has been called "constructionist". Basically the same equation is used as that by Rekker above. Again, log P is obtained from a sum of fragments and correction terms. A great number of correction factors are used by Leo and Hansch, making the system rather complex.



�tm "Broto's system"�Broto et al. proposed another approach for the prediction5. They criticized the fragmental approach because all the possible fragments cannot be included in a set of fragments. Instead of using fragments of multiple atoms, they introduced a system based on atomic contributions.
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where ni   is the number of atoms of type i and ai is the contribution for atom type i. They subdivided the following types of atoms: C, O, N S, Cl, Br, I, F into 221 types according to their neighbours, their bonds, and the bonds of their neighbours. H was not considered in the prediction. They used a correction value for the conjugation interaction. Their main purpose was to assess the contribution of each atom to the log P value.



�tm "Ghose's system"�Ghose et al. also introduced a system of atomic contribution6,7. The classification of the atoms was made to differentiate: (i) the electron distribution around the atom, and (ii) the approachability of the solvent to the atom. They didn't exclude H from the set.



For a deeper insight into the historical development of log P calculation, it is recommended to read the original papers of the referenced authors, as well as some additional overviews8,9,10.



��tm "Knowledge base"�About the Knowledge Base of PrologP



The log P values calculated by PrologP are determined from the data in the fragment databases. The content, organization, and importance of the fragment databases directly affect the program's final calculations. For these reasons a more in-depth explanation of these databases is warranted.



PrologP 5.1 now has three fragment databases allowing different methods to calculate log Poctanol. These are CDR, ATOMIC, and ATOMIC5. They use different fragmental systems approaches.



�MAGÁN ��The CDR Database�tj "The CDR Database"��tm "CDR database"�



This database is based on Rekker's collection of hydrophobic fragmental constants�JEGYZETHIV REKKER1000�3� derived from an extended set of about 1000 log P values in the n-octanol/water system. However, a number of modifications were introduced into this collection in order to make it more applicable. This "knowledge engineering" procedure leads to differences of the following types between the original data set and the one which forms the knowledge base:



-Some fragments are omitted, while new ones are defined in order to minimize the chances of decomposition failure and avoid the possibility of having more than one optimal decomposition.



-	Some fragmental values and correction factors are modified in order to maintain the accuracy of estimation in spite of changes to the fragment set.



-	New fragments have been defined to increase the number of compounds the program can calculate (e.g. fragments containing phosphorous).



�MAGÁN ��The ATOMIC Database�tj "The ATOMIC Database"��tm "ATOMIC database"�



In this system log P is calculated using atomic fragments. The "body" of these fragments is only one atom. The fragment is then described by what it is adjacent to. The atom types used in this system are described in the paper of Broto et al.�JEGYZETHIV BROTO�5, 6�. In many cases this calculation doesn't lead to predicted log P due to missing atom types.



�MAGÁN ��The ATOMIC5 Database�tj "The ATOMIC5 Database"��tm "ATOMIC5 database"�



This system uses atomic fragments, too. It is based on the work of Ghose et al.�JEGYZETHIV GHOSE�7�. However, like in the case of the CDR database, some modifications were made on the set in order to make the predictions more accurate:



-	New atom types were introduced.



-	Interactions were added to handle some kinds of delocalizations, and, in the case of ortho substituted carboxilic acids, hydrogen bonding. 



-	The contributions were recalculated using linear regression analysis.





�MAGÁN ��Composition of a Personal Knowledge Base�tj "Composition of a Personal Knowledge Base"�



In industry, many compounds are synthesized having some basic skeleton and a number of variations in the substituent pattern. In such cases it might be considered useful to derive personal fragments using adequate statistical methods such as, for example, those described by Rekker�JEGYZETHIV REKKER1000�3�. Such an approach may produce new fragmental values for fragments for which no values have been reported so far in the literature, in particular for complex fragments. On the other hand, existing f values should be fine-tuned to give a higher predictability within the series under investigation.



PrologP provides you with the means not only to easily customize either of the two supplied fragment databases, but also to build up new ones. By specifying an as yet non-existent database for use when you open a log P fragment database, the program creates an empty database that can then be filled up using the appropriate buttons of the Fragment Database window.



We advise you to modify the CDR database instead of the others. When you change an atomic database the whole set should be recalculated, that is rather time consuming.



Another possibility is that, you send the structures and the experimental values to CompuDrug, that will provide you a knowledge base with recalculated contributions. For further details on this issue please contact your distributor.



Basics of the �tm "Algorithm of log P estimation"�Algorithm of log P Estimation



�MAGÁN ��Steps of the Prediction Process�tj "Steps of the Prediction Process"�



The fragment databases that have �tm "Weights"�weights other than 0 are processed one by one in the prediction.



The log P calculation involves five major steps, as follows:



1.	The structure of the molecule is decomposed into �tm "Fragments"�fragments from the current fragment database. In this procedure fragments are checked, one by one, for their presence in the molecule. A fragment is taken to be in the molecule if its fragment �tm "Body"�body matches a part of the molecule and, at the same time (i.e. with the matching body fixed), any of the substructures given as �tm "Positive conditions"�positive conditions also match, while none of those given as �tm "Negative conditions"�negative conditions match. Since the molecule should obviously be decomposed into non-overlapping fragments, the above search is always carried out over the part of the molecule not yet "covered" by previously found fragments. 



	The program performs this decomposition in all possible ways, producing all possible combinations in which the input molecule can be assembled from the fragments of the fragment database in use. In some cases, however, decomposition fails over the given fragment set: there is no way to "cover" the entire structure with the elements of the set.



2.	If more than one possible decomposition of the input molecule is found, the chemically most reasonable one is selected for further evaluation. According to the basic principles of the fragmental methods of log P calculation, this is postulated to be the decomposition invoking the fewest fragments.



3.	The program explores all possible �tm "Interactions"�interactions between different parts of the molecule. Since interaction types other than proximity effects are handled as "extended fragments", they are checked in a manner similar to that in which matching fragments are sought. An important difference, however, is that these "extended fragments" may overlap, i.e. interactions of one group with several others in the molecule may be considered. 



	In the case of Rekker's method (CDR fragment database), the proximity effects of polar fragments are determined by locating all polar fragments at appropriate distances from each other. The following cases are distinguished (polar groups are denoted by letter P, bonds may be non-aromatic):



		P1-P2

		P1-C-P2

		P1-C-C-P2

	

	The correction used for these cases is defined in the information table of the given fragment database. As Rekker�JEGYZETHIV REKKER1000�3� proposed, when more than two fragments are in polar interaction they are handled two by two, and each pair treated is then combined with other pairs or singles.



4.	The log P of the molecule is calculated as the sum of the contributions of the fragments and the interactions (equations �SORSZÁM Equation SUMF�(5)� or �SORSZÁM Equation ATOMICLOGP�(6)�).



5.	Finally the combined log P value (log Pcombined) is predicted as the weighted average of the values we obtained according the following equation:

	�BEÁGYAZÁS Equation.2���	�SORSZÁM Equation  \* ARAB�7�

	where wi  is the �tm "Weights"�weight of database i, and log Pi is the  log P value predicted using database i.
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�Hardware and �tm "Software requirements"�Software Requirements



The following are the minimum requirements for using the Frame module of PALLAS:



-	You need a computer capable of running MS-Windows in 386 enhanced mode (80386 or later). The computer must have at least 4MB of RAM and a graphics display and adapter (Hercules, EGA, VGA, or better). A mouse or other pointing device is also required.



-	Windows 3.1 or later must be installed on your computer.



-	You need at least 3.5 MB of free disk space for the Frame module, and up to 1 MB for every prediction module.
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