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UNUSUAL ACID-CATALYZED TRANSFORMATION
OF 2-|DI2-FURYL)METHYL|BENZHYDROLS

A. V. Butin'*, A. V. Fin'ko', E. V. Sudarkin', and F. A. Tsiunchik’

Keywords: 4,9-dihydronaphtho[2,3-b]furans, 2-(difurylmethyl)benzhydrols, furans, acid catalysis, mig-
ration.

In previous work [1, 2], we showed that 2-[di(2-furyl)methyl]benzoic acids may be converted in the
presence of an acid catalyst into various compounds of different structures. Thus, the treatment of these acids
by ethanolic hydrogen chloride leads to recyclization of one of the furan rings to give isocoumarins [1]. In this
case, the carboxylic acid group reacts as an O-nucleophile. 2-[Di(2-furyl)methyl]benzoic acids in a mixture of
acetic acid and acetic anhydride in the presence of anhydrous zinc chloride are converted into 9-furyl-
naphtho[2,3-b]furans [2]. This reaction proceeds through electrophilic cyclization, while the carboxylic acid
function acts as a C-electrophile.

On one hand, derivatives of 2-[di(2-furyl)methyl]benzyl alcohol in ethanolic hydrogen chloride are
known to convert to isochromenes [3]. The hydroxymethyl group in this reaction displays properties of an
O-nucleophile. On the other hand, under acid conditions, benzyl alcohols may undergo protonation to give the
corresponding carbocations, which are C-electrophiles. Thus, we set out to find the conditions for this reaction,
under which derivatives of 2-[di(2-furyl)methyl]benzyl alcohol would convert to 4,9-dihydronaphtho[2,3-b]fu-
rans. However, all our attempts to carry out this reaction were unsuccessful, apparently due to the instability of
the benzyl cation formed.

In order to increase the stability of the carbocation formed in this reaction, we synthesized benzhydrol 2
by the reaction of aldehyde 1 [2] with p-tolylmagnesium bromide. However, treating aryldifurylmethane 2 with
stannic chloride led to dihydronaphthofuran 4 instead of the expected chloride 3. Furan 4 was obtained as a 2:1
mixture of diastereomers. The structure of these diastereomers was supported by two-dimensional NMR
spectroscopy (‘H, “C-HSQC, 'H, "C-HMBC, 'H, '"H-NOESY) but the available data do not permit assignment
of their relative configuration.
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We assume that the reaction starts with formation of carbocation A, which isomerizes to cation B as the
result of electrophilic attack of the cationic site at the a-position of one of the furan rings with subsequent
migration of this ring [4, 5]. Further electrophilic cyclization leads to the formation of furan 4.

The 'H and >C NMR spectra were taken on a Bruker DPX 300 spectrometer at 300 and 75 MHz, re-
spectively. The two-dimensional spectra were taken on a Bruker Avance 600 spectrometer in CDCl; with signals
of the residual solvent protons as the standard (7.25 ppm for CDCI; for the "H NMR spectrum and 77.0 ppm for
the *C NMR spectrum). The electron impact mass spectra were taken on a Kratos MS-30 spectrometer. The
ionizing voltage was 70 eV. The ionization chamber temperature was 200°C. The reaction mixtures were
purified using KSK silica gel (5-40 um fraction) from Sorbpolimer.

[S-Chloro-2-di(5-methyl-2-furyl)methylphenyl](4-methylphenyl)methanol (2). A solution of com-
pound 1 (4.7 g, 15 mmol) in absolute ether (50 ml) was added dropwise with stirring to tolylmagnesium bromide
prepared from magnesium (0.8 g, 33 mmol) and 4-bromotoluene (4.3 g, 25 mmol) in absolute ether (500 ml)
with the prevention of vigorous reflux. The reaction mixture was then stirred at reflux for an additional 2 h. At
the end of the reaction (monitored by thin-layer chromatography), the reaction mixture was carefully poured into
500 ml cold water with stirring and left overnight. The reaction mixture was then filtered. The organic layer was
separated and the aqueous layer was extracted with three 100 ml ethyl acetate portions. The combined organic
fractions were dried over anhydrous sodium sulfate, purified with activated carbon, and evaporated to dryness in
vacuum to give 4.63 g (76%) compound 2 as a light-yellow oil, which was used without further purification.

7-Chloro-2-methyl-4-(5-methyl-2-furyl)-9-(4-methylphenyl)-4,9-dihydronaphtho[2,3-b]furan  (4).
SnCly; (3 ml) was added dropwise with vigorous stirring to a solution of compound 2 (4.1 g, 10 mmol) in
absolute benzene (100 ml). The reaction mixture was stirred for 5-10 min at room temperature. At the end of the
reaction (monitored by thin-layer chromatography), the reaction mixture was poured into 250 ml water and
brought to pH 7 by the addition of sodium bicarbonate. The organic layer was separated and the aqueous layer
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was extracted with four 50-ml ethyl acetate portions. The combined organic phases were dried over anhydrous
sodium sulfate and evaporated to dryness in vacuum. The residue was initially purified by passing through a
silica gel column using 1:10 methylene chloride—petroleum ether as the eluent. The yellow oily residue was
separated by chromatography on a silica gel column (5/40 u fraction) using petroleum ether as the eluent.

The major diastereomer of compound 4 was obtained as a white powder; mp 169-170°C (petroleum
ether). The yield was 1.39 g (36%). 'H NMR spectrum, &, ppm (J, Hz): 2.19 (3H, s, CH;); 2.24 (3H, s, CH;");
2.32 (3H, s, CH3"); 5.18 (1H, d, J=4.2, H-9); 5.26 (1H, d, J=4.2, H-4); 5.87 (1H, d, J= 3.0, H-4"); 5.88 (1H, s,
H-3); 5.94 (1H, d, /= 3.0, H-3"); 7.02 (2H, m, AA'BB' system, H-2', H-6"); 7.08 (1H, d, /= 2.3, H-8); 7.11 (2H,
m, AA'BB' system, H-3', H-5'); 7.12 (1H, dd, J=2.3, J=8.4, H-6); 7.29 (1H, d, J=8.4, H-5). "C NMR
spectrum, J, ppm: 13.6 (CH;"); 13.7 (CH;); 21.1 (CH3'); 38.1 (C-4); 44.2 (C-9); 105.4 (C-3); 106.0 (C-4"); 107.2
(C-3"); 117.2 (C-3a); 126.7 (C-6); 128.4 (C-2', C-6"); 129.5 (C-3', C-5"); 130.0 (C-8); 130.7 (C-5); 132.4 (C-7);
133.6 (C-4a); 136.5 (C-4"); 139.5 (C-8a); 140.1 (C-1"); 147.9 (C-9a); 151.5 (C-5"); 151.9 (C-2); 154.9 (C-2").
Mass spectrum, m/z (I, %): 390/388 [M]" (23/62), 347/345 (21/60), 308/306 (35/100), 296 (34), 253 (16), 219
(15), 101 (15), 59 (45), 43 (53). Found, %: C 77.35; H 5.49. C,5H,,CIO,. Calculated, %: C 77.21; H 5.44.

The minor diastereomer of compound 4 was obtained as a white powder; mp 146—147°C (petroleum
ether). The yield was 0.74 g (19%). "H NMR spectrum, &, ppm (J, Hz): 2.22 (3H, s, CH;); 2.27 (3H, s, CH;");
2.32 (3H, s, CH3"); 5.11 (1H, d, J=4.0, H-9); 5.16 (1H, d, J= 3.0, H-4); 5.87 (1H, d, J= 3.0, H-4"); 5.90 (1H, d,
J=13.0, H-3"); 5.95 (1H, s, H-3); 7.10 (2H, m, AA'BB' system, H-3', H-5"); 7.14 (1H, d, J= 2.3, H-8); 7.16 (1H,
dd, /=23, J=8.3, H-6); 7.17 (2H, m, AA'BB' system, H-2, H-6'); 7.40 (1H, d, J=8.3, H-5). "C NMR
spectrum, J, ppm: 13.6 (CH3"); 13.7 (CH3); 21.0 (CH3"); 38.3 (C-4); 44.4 (C-9); 105.5 (C-3); 106.0 (C-4"); 106.6
(C-3"); 116.7 (C-3a); 126.7 (C-6); 128.5 (C-2', C-6"); 129.3 (C-3', C-5"); 130.0 (C-8); 131.2 (C-5); 132.4 (C-7);
133.4 (C-4a); 136.4 (C-4"); 139.5 (C-8a); 140.2 (C-1"); 148.2 (C-9a); 151.4 (C-5"); 152.0 (C-2); 155.3 (C-2").
Mass spectrum, m/z (I, %): 390/388 [M]" (36/100), 347/345 (28/83), 308 (44), 253 (37), 218 (23), 119 (15), 59
(27), 43 (72). Found, %: C 77.13; H 5.47. CysH,,ClO,. Calculated, %: C 77.21; H 5.44.

This work was carried out in the framework of the Federal Program for Scientific and Science Teaching
Personnel for Innovation in Russia for 2009-2013 (endeavor 1.3.1, State Contract No. P2347) with the support
of the Council for Grants of the Russian Federation President (Grant MK-4902.2010.3).

REFERENCES

1. V. T. Abaev, A. S. Dmitriev, A. V. Gutnov, S. A. Podelyakin, and A. V. Butin, J. Heterocyclic Chem.,
43, 1195 (2006).

2. A. V. Butin, V. V. Mel'chin, V. T. Abaev, W. Bender, A. S. Pilipenko, and G. D. Krapivin, Tetrahedron,
62, 8045 (2006).

3. A. V. Butin, V. T. Abaev, V. V. Mel'chin, A. S. Dmitriev, A. S. Pilipenko, and A. S. Shashkov,
Synthesis, 1798 (2008).

4, C. S. Schneider and K. H. Pook, J. Chem. Soc., Perkin Trans. 1, 877 (1986).

5. V. T. Abaev, F. A. Tsiunchik, A. V. Gutnov, and A. B. Butin, J. Heterocyclic Chem., 45, 475 (2008).

646



	Keywords
	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


