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SYNTHESIS AND METHYLATION PRODUCTS 

OF 4(5)-(2-FURYL)IMIDAZOLE 

 
 E. V. Vlasova1, V. M. Stoyanov1, M. M. El'chaninov1, and B. S. Lukyanov2* 

 
Bromination of 2-acetylfuran with copper(II) bromide in a mixture of ethyl acetate and chloroform leads 
selectively to furacyl bromide, the nucleophilic substitution of bromine in which by OAc and subsequent 
use of the Weidenhagen reaction enabled the synthesis of 4(5)-(2-furyl)imidazole. On N-methylation of 
this imidazole in KOH–acetone 2 isomers are formed, the 1-methyl-4- and 1-methyl-5-(2-
furyl)imidazoles. It was established that, unlike alkylation of 4(5)-phenylimidazole, the main product of 
the reaction is 1-methyl-5-(2-furyl)imidazole. 
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methylation. 

  
 There is very little information in the literature on 4(5)-furyl-substituted imidazoles, which is caused, in 
our opinion, by the difficult availability of furacyl bromide and the negative result of condensing it with 
formamide. We have developed a preparative method of obtaining furacyl bromide 2 selectively as a result of 
the reaction of 2-acetylfuran (1) with copper(II) bromide. This enabled the synthesis of 4(5)-(2-furyl)imidazole 4 
by the Weidenhagen [1] method by the following scheme. 
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 On methylating compound 4 with methyl iodide in KOH–acetone [2], in difference to the previously 
studied alkylation of 2-(2-furyl)imidazole [3], the formation of isomers is possible as a result of the asymmetry 
of the imidazole anion. 
_______ 
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 As was expected a spectroscopic 1H NMR investigation of the reaction product clearly detected the 
presence of the two structural isomers 5 and 6, which was expressed in the sharp increase in the multiplicity of 
the proton signals in the aromatic region and the appearance of two singlets at high field for the protons of 
methyl groups. Regretably the indicated isomers were not successfully separated due to their identical 
chromatographic mobility. However their identification in the 1H NMR spectrum was not difficult due to the 
presence of specific features inherent to each of them. The ratio of isomers in the obtained mixture was 
established by comparing the integral intensity of the signals of the methyl group protons. In difference to the 
previously described methylation of 4(5)-phenylimidazole [4], where mainly 1-methyl-4-phenylimidazole is 
formed, 4-(2-furyl)-1-methylimidazole 5 is the minor isomer in the reaction mixture. The main product of 
methylation is compound 6, and the ratio of isomers is 2:1 in favor of the latter. Assignment of the signal of 
methyl group protons to one or other isomer was carried out on the basis of chemical shift values. Of the two 
signals at 3.75 and 3.67 ppm the latter was assigned to 5-(2-furyl)-1-methylimidazole since in this isomer the 
methyl group is shielded additionally by the furan ring, which leads to its displacement towards high field. 
 The anomalous behavior of 4(5)-(2-furyl)imidazole in the methylation reaction clearly reflects the 
influence of the heteroatom, oxygen, which prevails over the steric effects of the bulky substituent. In reality, 
unlike the benzene ring, the furan has a hetero atom, which in its turn possesses an unshared electron pair 
capable of coordinating metals [5]. Evidently the imidazole anion formed under the action of potassium 
hydroxide has preferentially a chelate structure, which also determines the direction of the methylation reaction. 
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 The previously undescribed 5-(2-furyl)-1-methyl-imidazole (6) was isolated in a spectrally pure state by 
fractional crystallization. 
 
 
EXPERIMENTAL 
 
 The 1H NMR spectra were obtained on a Varian Unity-300 (300 MHz) instrument in CDCl3, assignment 
of signals was carried out relative to the signal of the residual protons of the solvent (δ 7.26 ppm). A check on 
the progress of reactions and the homogeneity of the synthesized compounds was effected by TLC on Al2O3 
plates of Brockman activity grade II (visualization with iodine vapor) in CH2Cl2. 
 Furacyl Bromide (2). A solution of 2-acetylfuran (11 g, 0.1 mol) in CHCl3 (100 ml) was added with 
boiling and stirring to a suspension of CuBr2 (24.6 g, 0.11 mol) in EtOAc (100 ml). Boiling was continued for 
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6 h, CuBr was filtered off, the mixture of solvents was distilled off, and the residue was distilled in vacuum, bp 
115-120oC (14 mm Hg) (decomp.). Yield 8.5 g (45%). Further use was possible without additional purification. 
 4(5)-(2-Furyl)imidazole (4). Furacyl bromide 2 (9.45 g, 0.05 mol) was poured into a solution of AcOK 
(6.86 g, 0.07 mol) in MeOH (100 ml) and the mixture was boiled with stirring for 2 h. The KBr was filtered off, 
and the filtrate added to a solution of (AcO)2Cu·H2O (100 g, 0.5 mol) in 25% NH4OH (1200 ml) and 37% 
formalin (60 ml), the mixture was boiled for 1 h 30 min, the copper salt was separated, suspended in water (100 
ml), and decomposed with a stream of hydrogen sulfide for 30 min. The solution obtained was acidified with 
conc. HCl and the CuS separated. On making the filtrate alkaline with 25% NH4OH solution white solid 
compound 4 separated, which was removed and air-dried. Yield 4.3 g (32%); mp 117-118oC (water). 1H NMR 
spectrum, δ, ppm (J, Hz): 6.44 (1H, m, H-4'); 6.59 (1H, d, J = 3.2, H-3'); 7.30 (1H, s, H-4(5)); 7.39 (1H, d, 
J = 0.9, H-5'); 7.68 (1H, s, H-2). Found, %: C 62.35; H 4.80; N 21.12. C7H6N2O. Calculated, %: C 62.68; 
H 4.51; N 20.88. 
 4-(2-Furyl)-1-methylimidazole (5) and 5-(2-Furyl)-1-methylimidazole (6). Methyl iodide (8.52 g, 
0.060 mol) was added dropwise to a vigorously stirred mixture of compound 4 (7.5 g, 0.056 mol), powdered 
KOH (4.2 g, 0.075 mol), and acetone (56 ml) at 3-5oC. At the expiry of 1 h 30 min the acetone was evaporated, 
the residue extracted with CHCl3, the extract dried for 10 min with anhydrous Na2SO4, and chromatographed on 
a column (30×2 cm) of Al2O3, eluting with CHCl3. Fractions contained a mixture of the 1-methyl derivatives of 
compounds 5 and 6. Yield 6.71 g (81%). The ratio of isomers 5 and 6 in the mixture, according to 1H NMR 
spectral data, was 1:2, isomer mixture mp 35-38oC. Compound 6 was isolated from the isomer mixture by 
fractional crystallization from petroleum ether. Yield 3.15 g (47%); mp 94-96oC (petroleum ether). 1H NMR 
spectrum, δ, ppm (J, Hz): 3.67 (3H, s, NCH3); 6.42-6.44 (1H, m, H-4'); 6.60 (1H, d, J = 3.3, H-3'); 7.10 (1H, s, 
H-5); 7.36 (1H, d, J = 1.8, H-5'); 7.42 (1H, s, H-2). Found, %: C 65.05; H 5.54; N 18.77. C8H8N2O. Calculated, 
%: C 64.85; H 5.44; N 18.91. 
 
 The work was carried out with the financial support of the Russian Fund for Fundamental Investigations 
(grant 04-03-32485). 
 
 
REFERENCES 
 
1. R. Weidenhagen and R. Hermann, Ber., 68, 1953 (1935). 
2. Y. Kirugawa, Synthesis, 124 (1981). 
3. V. M. Stoyanov, M. M. El'chaninov, A. M. Simonov, and A. F. Pozharskii, Khim. Geterotsikl. Soedin., 

1396 (1989). [Chem. Heterocycl. Comp., 25, 1168 (1989)]. 
4. R. A. Olofson and R. V. Kendall, J. Org. Chem., 35, 2246 (1970). 
5. M. Chastrette and F. Chastrette, J. Chem. Soc., Chem. Commun., 534 (1973). 
 
 
 
 
 
 
 
 
 
 
 
 

683 


	Keywords: 2-acetylfuran, copper diacetate, methyl iodide, furacyl bromide, 4(5)-(2-furyl)imidazole, methylation.
	EXPERIMENTAL
	REFERENCES


<<
  /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 /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /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 /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /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 1200
  /MonoImageMinResolutionPolicy /OK
  /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 <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>



    /HUN <>
    /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 6.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /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 6.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>


    /SKY <>

    /SUO <>
    /SVE <>
    /TUR <>

    /ENU <FEFF004a006f0062006f007000740069006f006e007300200066006f00720020004100630072006f006200610074002000440069007300740069006c006c0065007200200039002000280039002e0033002e00310029002e000d00500072006f006400750063006500730020005000440046002000660069006c0065007300200077006800690063006800200061007200650020007500730065006400200066006f00720020006f006e006c0069006e0065002e000d0028006300290020003200300031003000200053007000720069006e006700650072002d005600650072006c0061006700200047006d006200480020>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


