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Diphenyl oxide derivatives containing various func-
tional groups have been used as drugs showing a wide 
range of physiological activity. 

A promising direction in the chemistry of diphenyl 
oxide compounds is synthesis of dicarbonyl com-
pounds, namely, 1,3-diketones. This class of diphenyl 
oxide derivatives has been scarcely studied so far. 
Aromatic β-diketones have attracted increased atten-
tion because of the valuable pharmacological proper-
ties. For instance, some of them are active blood 
anticoagulants and are used to treat thrombosis and 
myocardial infarction. They also possess pronounced 
antiviral activity against herpes simplex virus types 1 
and 2 as well as DNA and RNA viruses [1, 2]. 

In this work we developed a convenient and 
efficient method of 3-phenoxyphenyl-containing 1,3-

diketones synthesis. Esters of 3-phenoxybenzoic acid 
and ketones containing α-hydrogen atom were used as 
starting compounds. 

Synthesis of alkyl 3-phenoxybenzoates VI and VII 
was performed via two pathways starting from 3-
phenoxybenzaldehyde I. In the first scheme, 3-phen-
oxybenzaldehyde I reacted sequentially with hydroxyl-
amine and acetic anhydride to give 3-phenoxy-
benzonitrile III [3], its interaction with alcohols in the 
presence of catalytic amounts of concentrated sulfuric 
acid at heating leading to formation of the 
corresponding alkyl 3-phenoxybenzoates VI and VII 
[4] with yields of 52–55% (Scheme 1). 

The second approach involved acylation of alcohols 
with a corresponding acid chloride. Acid chloride V 
was prepared by reacting 3-phenoxybenzoic acid IV 
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R = CH3 (VI), C2H5 (VII). 
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with phosphorus(V) chloride. The method enabled to 
improve the yield of 3-alkyl phenoxybenzoates VI and 
VII to reach 94% (Scheme 2). 

Synthesis of 3-phenoxyphenyl-substituted 1,3-di-
ketones VIII–X was performed via the Claisen reac-
tion between alkyl 3-phenoxybenzoates and ketones 
(acetone, butan-2-one, or acetophenone) at the molar 
ratio of 2.0:1 in anhydrous cyclohexane in the presence 
of catalytic amounts of sodium hydride under reflux 
during 2.5–3 h. Yields of 3-phenoxyphenyl derived 
1,3-diketones were as high as 50–74% (Scheme 3). 

1,3-Diketones comprising diphenyloxide moiety 
could undergo the cyclocondensation reaction. In par-
ticular, 1-(3-phenoxyphenyl)butane-1,3-dione reacted 
with hydroxylamine to form 5-methyl-3-(3-phenoxy-
phenyl)isoxazole XI with yield of 62%. 

Structures of the prepared compounds were 
established from IR and NMR spectroscopy data. 

Ethyl 3-phenoxybenzoate (VII). A mixture of                 
10 g (50.0 mmol) of 3-phenoxybenzonitrile, 9.8 g 
(212.0 mmol) of anhydrous ethanol, and 11.7 g                       
(119.5 mmol) of conc. sulfuric acid was refluxed 
during 8 h. The reaction mixture was cooled and 

poured into 50 mL of distilled water. The organic layer 
was separated, diluted with 20–30 mL of diethyl ether, 
washed with saturated aqueous sodium bicarbonate 
solution until carbon dioxide evolution ceased, then 
washed with water until neutral reaction, and dried 
with anhydrous sodium sulfate. After removal of the 
solvent, the residue was distilled under vacuum. Yield 
6.6 g (55%), bp 195–197°C (4 mmHg), nD

20 1.5578. IR 
spectrum, ν, cm–1: 1745, 1696 (C=O), 2975–3545 (C–H), 
1294 (С–С, CH2). 1Н NMR spectrum, δ, ppm: 1.80–
2.25 m (3Н, СН3), 4.2 m (2Н, СН2), 6.0 s (Н, =СН), 
6.94–7.76 m (9Н, С6Н5ОС6Н4). 

Methyl 3-phenoxybenzoate (VI) was prepared 
similarly. Yield 74%, bp 187–189°C (4 mmHg). IR 
spectrum, ν, cm–1: 1750 (С=О), 1250 (С–О). 1Н NMR 
spectrum, δ, ppm: 1.7 s (3Н, СН3), 6.32–7.46 m (9Н, 
С6Н5ОС6Н4). 

1-(3-Phenoxyphenyl)butane-1,3-dione (VIII). A 
suspension of 0.2 g (7.07 mmol) of sodium hydride in 
50 mL of anhydrous cyclohexane was added upon 
stirring and cooling to a solution of 3 g (12.3 mmol) of 
ethyl 3-phenoxybenzoate VII in 10 mL of cyclo-
hexane. Then a mixture of 0.3567 g (6.15 mmol) of an-
hydrous acetone and 10 mL of anhydrous cyclohexane 

R1 = CH3 (VI), C2H5 (VII); R2 = CH3 (VIII), C2H5 (IX), C6H5 (X). 
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was slowly added. The reaction started spontaneously 
at room temperature and was accompanied by 
hydrogen evolution and slight heating of the reaction 
mixture. When the gas evolution ceased (2.5 h), the 
mixture was cooled to room temperature and incubated 
overnight. The reaction mixture was acidified with 
10% acetic acid and diluted with 50 mL of icy water. 
The precipitate was filtered off, washed with cyclo-
hexane and dried. The organic layer was separated, and 
the aqueous layer was extracted with diethyl ether 
(2Ч50 mL). The combined organic extracts were 
washed with 200 mL of distilled water until neutral 
reaction, dried over anhydrous sodium sulfate, and 
evaporated. The resulting crystals were filtered off, 
washed with cyclohexane, dried in air, and recrystal-
lized from methanol. Yield 1.16 g (74%), mp 125–
130°C. IR spectrum, ν, cm–1: 2740–2890 (OH), 2900–
3300 (C–H), 1780, 1696 (C=O), 1546 (C=C), 1294 
(CH3). 1Н NMR spectrum, δ, ppm: 0.80–2.25 m (3Н, 
СН3), 16.0 s (Н, ОН), 4.2 m (2Н,СН2), 6.03 s (Н, 
=СН), 6.94–7.76 m (9Н, С6Н5ОС6Н4). 

1-(3-Phenoxyphenyl)pentane-1,3-dione (IX) was 
prepared similarly. Yield 1.34 g (69%), mp 142–145°C. 
IR spectrum, ν, cm–1: 2758–2890 (OH), 2920–3300 
(C–H), 1786, 1654 (C=O), 1546 (C=C). 1Н NMR spec-
trum, δ, ppm: 1.047–1.3 m (3Н, СН3), 8.780 s (Н, ОН), 
2.98 m (Н, =СН), 4.2 s (2Н, СН2), 6.94–7.76 m (9Н, 
С6Н5ОС6Н4). 

1-(3-Phenoxyphenyl)-3-phenylpropane-1,3-dione 
(X) was prepared similarly. Yield 1.15 g (52%), mp 
152–157°C. IR spectrum, ν, cm–1: 2740–2896 (OH), 
2900–3300 (C–H), 1786, 1654 (C=O), 1546 (C=C). 1Н 
NMR spectrum, δ, ppm: 7.978 s (Н, ОН), 3.81 s (2Н, 
СН2), 6.07 s (Н, =СН), 6.92–7.73 m (14Н, 
С6Н5ОС6Н4, С6Н5). 

5-Methyl-3-(3-phenoxyphenyl)isoxazole (XI). A 
solution of 1.6 g (23.6 mmol) of hydroxylammonium 
hydrochloride in 4 mL of water containing a drop of 

40% aqueous sodium hydroxide solution was added to 
a solution of 3 g (11.8 mmol) of 1-(3-phenoxyphenyl)-
butane-1,3-dione VIII in 30 mL of ethanol. The 
mixture was refluxed during 8 h. After cooling to room 
temperature, the resulting crystals were filtered off and 
recrystallized from ethanol. Yield 1.84 g (62%), mp 
245°C. 1Н NMR spectrum, δ, ppm: 2.24 s (3Н, СН3), 
6.02 s (=СН), 6.82–7.45 m (9Н, С6Н5ОС6Н4). Mass 
spectrum, m/z (Irel): 251 (100), 252 (17.8), 253 (2). 

IR spectra were recorded with a SPECORD-M-82 
(Perkin-Elmer) spectrometer at 400–5000 cm–1. The 
spectra of liquid samples were registered in thin film, 
and the solid samples were examined in the form of 
suspension in paraffin oil. 1H NMR spectra of the 
solutions in CDCl3 were registered with a Varian 
Mercury 300BB instrument relative to HMDS. Mass 
spectra were obtained using a Variant MAT-11 
spectrometer with ionizing voltage of 70 eV.  

ACKNOWLEDGMENTS 

This work was financially supported by Ministry of 
Education and Science of the Russian Federation in the 
frame of the basic part of the governmental task                
no. 2014/16 (project no. 28-79). 

REFERENCES 

 1.  Diana, G.D., Carabateas, Ph.M., and Johnson, R.E.,        
 J. Med. Chem., 1977, vol. 20, no. 6, p. 757. DOI: 
 10.1021/jm00216a004. 
 2.  Diana, G.D., Salvador, U.J., and Zalay, E.S., J. Med. 
 Chem., 1978, vol. 21, no. 9, p. 889. DOI: 10.1021/
 jm00207a010. 
 3.  Smirnova, M.V., Cand. Sci. (Chem.) Dissertation, 
 Volgograd, 2008,. 
 4. Furniss, B.S., Hannaford, A.J., Smith, P.W.G., and 
 Tatchell, A.R., Vogel’s Text-Book of Practical Organic 
 Chemistry, London: Longman, 1989, p. 1514. 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /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 1.6
  /CompressObjects /Off
  /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 false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /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 false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /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 true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /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 true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /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 (None)
  /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 <>
    /RUS (Pfeps)
    /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 [14400.000 14400.000]
>> setpagedevice


