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Introduction

Hydroxymethyl group is present in many useful 
and biologically potent substances like sugars, 
kojic acid (Bajpai, 1982), ronicol (3-hydroxymethyl-
pyridine) (Moncol, 2006; Broghammer, 1967) or 
hydroxymethylphenol — intermediate for bakelite 
(Baekeland, 1909).
On the other hand, 4-quinolones are a group of 
antibacterials with various biological activities if 
substituted in position 3- and they are anti-CNS and 
similar diseases agents  if substituted in position 2- 
(kynurenic acid derivatives) (Turski, 2013; Szalardy, 
2012; Fulop, 2009). Considering this, we were 
interested in the synthesis of 3-hydroxymethyl-1,4-
dihydro-4-oxoquinoline.
4-Quinolones are a well-known group of chemo-
therapeutics with a broad spectrum of activities 
(Andriole, 2000; Milata, 2000) based on inhibition 
of the enzyme of bacterial topoisomerase II (DNA 
gyrase) and topoisomerase IV in Gram-positive spe-
cies, thus inhibiting tertiary negative supercoiling 
of bacterial DNA (Gellert, 1976; Wang, 1985; Gootz, 
1996) mostly bound to oxygen atoms in positions 
3- and 4- of the fused pyrid-4-one-3-carboxylic acid 
moiety (Andriole, 2000). Therefore, it should be in-
teresting to prepare and evaluate the corresponding 
structural motif, namely 3-hydroxymethylquinol-
4-one.
Substructural search in database SciFinder® pro-
vided only various applications of formaldehyde 
with 4-quinolones or their precursors (Goldswor-
thy, 1982) but no true synthesis has been reported. 
Therefore, this compound with promising binding 
and complexing activity has been prepared.

Materials and Methods

Spectrometer INOVA 300 (300 MHz, Varian Inc., 
Palo Alto, CA, USA) was used to measure 1H NMR 
spectra, at their RT frequencies. Chemical shifts 
in ()—[ppm] (parts per million) were referenced 
to the residual signal of the solvent. Coupling 

constants (J) are given in [Hz] with multiplicity: 
s (singlet), d (doublet), dd (doublet of the doublet), 
t (triplet), q (quartet), q (quintet) and m (multiplet). 
Tetramethylsilane was used for the calculation of 1H 
chemical shift scales and correctly referenced using 
the (residual) solvent signals (2.50 and 39.52 ppm 
for DMSO).
All reagents and solvents were purchased from Sig-
ma-Aldrich® (Darmstadt, Germany), Alfa-Aesar® 
(Ward Hill, MA, USA), Fluka® (Buchs, Switzerland) 
and Mikrochem® (Pezinok, Slovakia). Solvents were 
purifi ed and/or dried using standard laboratory 
methods and stored over molecular sieves (4  Å). 
Column chromatography was performed using silica 
gel Nomasil—40—63 m (VWR®, Randor, PA, USA) 
and a suitable eluent according to TLC. Reaction 
progress was monitored by thin layer chromatogra-
phy on Silufol or Alufol plates (Merck®, Darmstadt, 
Germany) with a UV indicator for  = 254 nm.
Melting points (m. p.) of the prepared compounds 
were determined on a Boetius micro hot stage using 
digital thermometer TD 121  (VWR®, Randor, PA, 
USA) and are uncorrected.

Experimental

3-Hydroxymethyl-4-oxo-1,4-dihydroquinoline 7
A sample of 0,5 g (2,3 mmol) of ethyl 1,4-dihydro-
4-oxoquinoline-3-carboxylate (4) was added to 
a 100  mL fl ask and solved in dry THF (20  mL) 
equipped with a CaCl2 drying stopper under argon 
at LT. To this solution, small portions of powdered 
LiAlH4  (0.5  g) were added and the mixture was 
stirred at LT for 24 hours. Then, it was poured into 
a water solution of NH4Cl (50 mL, 10 %) which was 
after wards fi ltered and the fi lter was washed with 
ethyl acetate. The fi ltrate was also extracted with ethyl 
acetate. Both parts were collected and evaporated to 
dryness. Yield 0.3  g (74,4  %) of 3-hydroxymethyl-
4-oxo-1,4-dihydroquinoline, almost pure raw pro-
duct. M. p. 183—184 °C.
Elemental analysis (calc./found): %C: 68,57/68,69, 
%H: 5,14/4,96 and %N: 8,00/7,69.
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1H NMR (DMSO-d6): 4.42  d (CH2, 2H, 4,8  Hz), 
4.94 t (OH, 1H, 4,8 Hz), 7.30 t (H-8, 1H, 7,8 Hz), 
7.53 d (H-6, 1H, 7,8 Hz), 7,63 t (H-7, 1H, 7,8 Hz), 
7,88 bs (H-2, 1H), 8.11 d (H-5, 1H, 7,8 Hz).

Results and Discussion

3-Hydroxymethyl derivative 7  represents an in-
teresting tautomeric system (Scheme 1).
4-Oxoform B, compared to tautomer A, includes 
an intramolecular hydrogen bond between oxygen 
of the carbonyl group of the 4-pyridone system 
and hydrogen of the hydroxyl group. Another 
possible tautomer is aromatic 4-hydroxyquinoline 
with intramolecular hydrogen bond between 
hydrogen of the hydroxy group of 4-hydroxyqui-
noline and oxygen of the hydroxymethyl group 
(C) (Scheme 1).
Our fi rst attempt was focused on the exploitation 
of formaldehyde as a hydroxymethylation agent 
considering that unsubstituted 4-quinolone (6, 
prepared from 4 via 5, Scheme 2) reacts under the 
conditions of electrophilic substitution to position 
3-, which has the highest electron density in the 
enaminone system, in agreement with previous 
results (Zubkov, 2003). Variation of reaction condi-
tions (time, temperature, solvent) resulted in un-

satisfactory yields, reactions produced mixtures of 
deeply colored and hardly separable by-products.
The second strategy was based on the reduction of 
corresponding 3-ethoxycarbonylderivative, easily 
accessible through the Gould-Jacobs reaction 
(Nicolson 1989). Heating of the starting equimolar 
mixture of aniline and diethyl ethoxymethylene 
malonate (EMME) to 120—130  °C for three hours 
(instead of 2 h at 130 °C) gave only an 83 % yield 
after cooling to LT (Nicolson, 1989: 96  % after 
cooling to  –78  °C). Thermal cyclisation of diethyl 
anilinomethylene malonate (3) in diphenyl ether to 
refl ux, including cooling of the reaction mixture, 
fi ltering off of the separated raw solid (4) and 
washing with chloroform to remove traces of 3 
yielded 60 % of ethyl 4-oxo-1,4-dihydroquinoline-
3-carboxylate (4) (Nicolson, 1989: after cyclisation 
in Dowtherm, an eutectic mixture of biphenyl 
and diphenyl ether offered a 73  % yield after 
recrystallisation from acetic acid). Dilution of 3 in 
solvent was 2,63  g/20  ml while Nicolson (1989) 
used the dilution of 10 g/50 ml both for 30 min.
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Scheme 1. Tautomerism of 3-hydroxymethyl-1,4-dihydro-4-oxoquinoline 7.

Scheme 2: Preparation of 3-hydroxymethyl-1,4-dihydro-4-oxoquinoline 7.



184

References

Andriole VT (2000) The Quinolones. 3rd ed., Academic 
Press, San Diego, 2000, 518 pp.

Baekeland LH (1909) Method of making insoluble 
products of phenol and formaldehyde, US patent 
942699, issued December 7, 1909.

Bajpai P, Agrawal PK, Vishwanathan L (1982) J. Sci. Ind. 
Res. 41(3): 185—194.

Broghammer H (1967) Mediz. Welt 17: 1091—1097.
Fulop F, Vamos E, Zadori D, Toldi J, Vecsei L (2009) 

Curr. Med. Chem. 16(36): 4828—4842.
Gellert M, Mizuuchi K, O’Dea MH, Nash HA (1976) 

Proc. Natl. Acad. Sci. U.S.A. 73, 3872—3876.
Goldworthy J, Ross WJ, Verge JP (1982) Eur. Pat. Appl., 

55068 (30 Jun 1982), Chem. Abstr. 97: 162848, 1982.
Gootz TD, Brighty KE (1996) Med. Res. Rev. 16: 433—486.

Milata V, Claramunt RM, Elguero J, Zálupský P (2000) 
Targets in Heterocyclic Systems 4: 167—203.

Moncol J, Segla P, Miklos D, Mazur M, Melnik M, 
Glowiak T, Valko M, Koman M (2006) Polyhedron 25: 
1561—1566.

Nicholson JR, Singh G (1989) Tetrahedron 45(3): 
889—908.

Szalardy L, Zadori D, Toldi J, Fulop F, Klivenyi P, Vecsei 
L (2012) Curr. Topics Med. Chem. 12(16): 1797—1806.

Turski MP, Turska M, Paluszkiewicz P, Parada-Turska J, 
Oxenkrug GF (2013) Int. J. Tryptophan Res. 6: 47—55.

Wang JC (1985) Annu. Rev. Biochem. 54: 665—697.
Zubkov VO, Benzugly PO, Taran KA, Kamenetskaya OL, 

Silayeva LF (2003) Visnik Farmatsii 4: 3—6.

Milata V et al., 3-Hydroxymethyl-1,4-dihydro-4-oxoquinoline like compound…



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (Adobe RGB \0501998\051)
  /CalCMYKProfile (Coated FOGRA27 \050ISO 12647-2:2004\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends false
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /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 false
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /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 false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 2.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU ([Based on 'PATRIA_PDFX1a\(1\)'] [Based on 'PATRIA_PDFX1a\(1\)'] Use these settings to report on PDF/X-1a compliance and produce PDF documents only if compliant. PDF/X is an ISO standard for graphic content exchange. For more information on creating PDF/X-1a compliant PDF documents, please refer to the Acrobat User Guide. The PDF documents can be opened with Acrobat and Reader 4.0 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
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo true
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName (U.S. Web Coated \(SWOP\) v2)
      /DestinationProfileSelector /WorkingCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 8.503940
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed true
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


