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The molecular properties of the active substance
have an impact on their pharmacokinetics and
bioavailability (1). To simplify proof of bioequiva-
lence of generics with reference to medicinal products
various exemption procedures and rules were imple-
mented. One of them is substitution of in vivo bioe-
quivalence study by in vitro dissolution similarity
determination. This makes a base for so called
Biopharmaceutical Classification System (BCS) (2-4).
The main two properties are considered: solubility and
permeability. Experimental determination of these
parameters is cumbersome and frequently impossible.
Therefore, in our laboratory we suggested use of the-
oretically derived determinants as a tool for fast chem-
ical substance classification within BCS (5, 6) and it
appeared that they are promising tool for fast chemical
substance classification within BCS. The water solu-
bility determination can be efficiently made based on
free enthalpy of solvation (∆G), while permeability
can be described by the hydrophobic properties in the
first approximation. The hydrophobic properties can
be established based on solvation energy in solvents

with different polarity. In this study we focused on the
important from therapeutic view-point antimycotic
medicinal products containing the imidazole ring, i.e.
for azole antifungal agents, the largest class of syn-
thetic antimycotics. They are frequently used both sys-
temically and topically in the treatment of systemic
Candida infections and mycosis (7, 8) and this use is
dependent on the properties of particular agent. 

RESULTS AND DISCUSSION

At the first stage of calculations, for each mol-
ecule the conformational space was searched for the
lowest energy state using Monte Carlo approach.
The lowest energy conformers were used as an input
for further structure optimization with ab initio HF
methods at the 6-31G level. In such energy mini-
mum for each structure (Figures 1-4) the ∆G values
of solvation were computed both in chloroform and
in water medium. 

The choice of chloroform medium was selected
instead of octanol due to a lack of parametrization for
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Figure 1. The lowest energy structure of Tioconazole. Figure 2. The lowest energy structure of Tioconazole ñ OH.
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octanol within Gaussian package. An additional argu-
ment for, was to simulate solvation with the dielectric
constant close to that of octanol (4.9 vs. 5.12). 

In octanol, however, the hydrogen bonding can
contribute to the solvent-solute interaction but in
solvation models implemented in Gaussian package
the other than electrostatic interactions are not con-
sidered. Therefore, the hydrogen bonding properties
do not discriminate chloroform and octanol.

The ∆G of solvation by water and chloroform
molecules was calculated at the Hartree-Fock 6-
31G* level using SCI-PCM model (9, 10). For tio-
conazole and -OH, -CH2OH ring derivatives and
hydrochloride the values of ∆G of solvation by water
molecules appeared discriminative. The -OH and -
CH2OH substituents were selected to separate nega-
tive and positive charge of the molecule as a possible
source of better interaction with polar medium.

The values are as follows: tioconazole ∆G = -0.51
kcal/mol, -OH in 4 position of imidazole ring ∆G = -3.25
kcal/mol, -CH2OH in 4 position of imidazole ring ∆G =
-1.58 kcal/mol, hydrochloride ∆G = -44.17 kcal/mol. In
chloroform, the solvent with dielectric constant similar to
octanol, the respective values of ∆G are: -5.25 kcal/mol -
2.72 kcal/mol, -3.32 kcal/mol and -27.17 kcal/mol. The
analyzed structural changes give hints to synthesis of
compounds with better pharmacokinetic properties of
antimycotic agents, the -OH substituent appears to be a
promising way of parent structure modification. 
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Figure 4. The lowest energy structure of Tioconazole HCl.Figure 3. The lowest energy structure of Tioconazole ñ CH2OH.



<<
  /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
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts 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
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -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
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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 ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>







    /HEB (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


