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Abstract—Quantum-chemical parameters of molecules of 2-substituted 5-nitrofuran derivatives were calculated
using the GAMESS software package and their correlation with the antibacterial activity of the compounds was
analyzed. Regression analysis technique was employed to find linear relationships between the logarithm of the
average inhibiting concentration of 5-nitrofuran derivatives and the quantum-chemical parameters. The largest
correlation coefficient (0.932) was found for the dependence of the antibacterial activity on the amount of charge
on the nitrogen atom of the nitro group. The results obtained are in agreement with modern concepts about the
nature of the antibacterial activity of 2-substituted 5-nitrofuran derivatives.
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The comparatively fast habituation of microorganisms
to chemotherapeutic preparations stimulates a permanent
search for new effective antibacterial means. The still
used total screening practice requires a large expenditure
of resources and loss of time and is characterized by a low
probability of success. For prognosticating new effective
medicinal preparations, it seems promising to reveal a
relationship between the structure and biological activity
in local series of biologically active compounds having
the common basic chemical structure. In this context,
particular attention is being given to analysis of 5-nitro-
furan derivatives containing substituents in position 2 of
the heteroring. Some derivatives of this series possess
a broad spectrum of antibacterial activity and are effective
against antibiotic-resistant infectious agents.

As a rule, 5-nitrofuran derivatives containing
substituents in position 3 have no antibacterial properties.
It has also been noted that the antibacterial activity of
S-nitrofuran derivatives grows as the electron-acceptor
capacity of a substituent in position 2 increases [2, 3].

A rough correlation has been revealed between
the antibacterial activity of 2-substituted 5-nitrofuran
derivatives and the potential of polarographic reduction
of'the nitro group and the energy of the lowest unoccupied
orbital, calculated by the LCAO-MO method [4].

To find a more precise correlation between the
antibacterial activity of 5-nitrofuran derivatives containing
a substituent in position 2 and the electronic structure,
we analyzed the relationship between the antibacterial
activity, on the one hand, and the HOMO and LUMO
energies, partial charges on atoms of the furan ring,
hydrophilic—lipophilic balance, and interatomic distances
calculated using the GAMESS software package, on the
other.

We used the following numbering of atoms in 5-nitro-
furan derivatives:

9 10
H 3
4
7 2
i T3
8/N 570 R
O 1

The following parameters were calculated for
5-nitrofuran derivatives: Q1, Q2, Q3, Q4, Q5, Q6, Q7,
Q8, Q9, and Q10 are the partial charges on atoms 1, 2, 3,
4,5,6,7,8,9,and 10, respectively; R 5-6, R 7-8, and R
7-9, interatomic distances between atoms 5 and 6, 6 and
7,and 7 and 9, respectively; log P, hydrophilic—lipophilic
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Table 1. Quantum-chemical parameters of 2-substituted 5-nitrofuran derivatives
¢, pg ml™! Quantum-chemical parameters of a molecule
C?lglp' R (E. coli Hydr.
: 645) Q2 Q3 Q4 Q6 Q7 Q9 [ R5-6 | logP En. Polar
1 [NO, 1.5 | —-0.354 | -0.147 | -0.147 [ 1.366 | —0.587 [ 0.267 | 1.496 | —6.20 |-14.08 | 11.28
2 [COOH 50.0 | -0.050 [-0.0221|—-0.125|1.371 [—0.598 | 0.259 | 1.486 | -3.74 (-13.11 | 11.99
3 |COOC,H;s 50.0 | -0.048 [-0.231 [—0.125|1.372 —-0.601 | 0.258 | 1.486 | -3.36 | —8.46 | 15.66
4 |CH(OCOCH;), 6.5 | —-0.052 |1-0.237|-0.108 [ 1.375| -0.601 [ 0.255 | 1.481 | -3.82 | —9.16 | 20.06
5 |CH=N-NHCONH,[ 12.5 0.023 | -0.282 | -0.107 | 1.375 | —0.600 | 0.255 | 1.482 [ —3.04 |-17.04 | 16.83
6 |CH=NOH 6.5 0.049 |1 -0.295 | -0.101 [ 1.376 | —0.604 | 0.252 [ 1.479 | -3.49 |-20.45 | 12.84
7 |Br 2.5 | -0.102 [{-0.275 [ -0.096 | 1.377 [ -0.607 | 0.254 | 1.480 | —4.19 [ -8.15 | 12.10
8 [H 25.0 |-0.074 [-0.321(-0.092 | 1.378 [ -0.605 | 0.251 | 1.478 | -3.21 | -9.88 | 9.43
9 |1 12.5 | —0.146 | -0.285|-0.092 [ 1.378 | —0.607 | 0.251 | 1.478 | 4.19 | —8.28 | 14.45
10 [CH; 12.5 0.033 | -0.322 | —0.086 | 1.379 | —0.610 | 0.250 | 1.476 | -3.04 | —8.02 | 11.27
11 [NHCOOC,H;s 200.0 0.052 | -0.379 | —0.049 | 1.387 | —0.614 | 0.248 | 1.472 [ -2.12 | -9.16 | 17.01

balance of the compounds; Hydr.En, hydration energy of
molecules of the compounds; and Polar, polarizability of
a compound.

The data on the antibacterial activity of 5-nitrofuran
derivatives, listed in Table 1, were taken from [2].
Because the activities of the S-nitrofuran derivatives
toward various bacteria are rather well correlated, the
dependence of the antibacterial activity on quantum-

Table 2. Constants A and B in the correlation equations log ¢ =
A + BX of the relationship between the logarithm of the average
inhibiting concentration, log ¢, of 5-nitrofuran derivatives
against bacteria of E. coli 645 species and quantum-chemical
parameters X of molecules

Linear correlation
Y 4 B coefficient K for

log ¢ as a function
of X
Q3 -1.2 -8.009 0.895
Q4 3.106 20.943 0.930
Q6 —134.864 98.728 0.932
Q7 —35.787 —60.943 0.815
Q9 21.785 -81.620 0.784
R 5-6 106.508 71.236 0.820
log P 2.659 0.431 0.855
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chemical parameters was only considered for the example
of E. coli 645 bacteria.

We used as the antibacterial characteristic of 5-nitro-
furan derivatives the average values of the concentration
¢ inhibiting the bacterial growth. The approximated
dependence was expressed as a linear equation

logc=4-BX(1)

where log c is the logarithm of the average inhibiting
concentration of 5-nitrofuran derivatives, and X, quantum-
chemical characteristic of molecules of the derivatives.

Our analysis revealed the existence of a comparatively
good correlation between the antibacterial activity of
S-nitrofuran derivatives and the following quantum-
chemical parameters: Q3, Q4, Q6, Q7, Q9, Q10, R 5-6,
and log P.

The largest correlation coefficient is observed in the
dependence of log ¢ on the charge Q6 on the nitrogen
atom of the nitro group (Table 2).

The antibacterial activity of 5-nitrofuran derivatives
substituted in position 2 can be prognosticated using the
regression equation log ¢ =—160 + 117Q6, derived upon
a correlation analysis of the antibacterial activity of 5-
nitrofuran derivatives against nine species of bacteria
(E. coli 645, B. typhi abd., B. paratyphi B., B. Clysenth
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fexner 1294, Protens vulgaris, KI. pneumoniac, Staph
aurens Zhaov, Strept. haemoliticus).

Among the 5-nitrofuran derivatives considered,
a significant deviation from the correlation dependence
is observed for S-nitrofuran-2-carboxylic acid and its
ethyl ester, which can be attributed to full dissociation
of the acid and to rapid hydrolysis of the ester within
microorganism cells.

The data obtained are in agreement with modern
concepts, according to which the antibacterial activity
of 5-nitrofuran derivatives is due to their intracellular
reduction [3].

GAFAROV, NUGMANOV

REFERENCES

1. Mashkovskii, M.A., Lekarstvennye sredstva (Medicinal
Preparations), Moscow: Mir, 1993, part 2, pp. 358-366.

2. Novikov, S.S., Solov’ev, V.M., Ovcharov, K.E., et al., Nitro
Compound, Usbanski, T., Ed., London: Pergamon Press,
1964, p. 519.

3. Venulet, Zh. and Van-Etten, R., Khimiya nitro- i nitrozogruppy
(Chemistry of Nitro and NItroso Group), Foer, G., Ed.,
Moscow: Mir, 1973, pp. 156-220.

4. Hirano, K., Yoshina, S., Okamura, K., and Suzuka, J., Bull.
Chem. Soc. Japan, 1967, vol. 40, p. 2229.

RUSSIAN JOURNAL OF APPLIED CHEMISTRY Vol. 82 No. 10 2009




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /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 false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


