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PHOSPHORYLATION OF FURFURAL 

BY SECONDARY PHOSPHINE OXIDES 
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Nucleophilic addition of secondary phosphine oxides to furfural takes place under mild conditions and 
gives quantitative yields of 2-(diorganylphosphorylhydroxymethyl)furans, which are polyfunctional 
building blocks for organic synthesis and prospective amphiphilic ligands for the design of metal 
complex catalysts. 
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 Information on the use of furfural in organophosphorus synthesis for the formation of a C–P bond is 
apparently limited to its reaction with phosphine [1, 2]. This reaction takes place in the presence of acids or the 
salts of transition metals and leads to tris(1-hydroxy-1-furylmethyl)phosphine, which is a valuable synthon and a 
promising ligand. Furylphosphines have been used successfully for the production of catalysts for many 
important organic reactions [3], and the development of new convenient approaches to the synthesis of 
phosphines and phosphine oxides with furan rings is therefore an urgent task. 
 For this purpose in the present work we studied for the first time the reaction of furfural with readily 
obtainable secondary phosphine oxides 1, which can be easily prepared from elemental phosphorus [4-6]. 
 It was found that furfural reacts with the phosphine oxides 1a-d at room temperature or with gentle 
heating (50-65°C) in THF, forming 2-(diorganylphosphorylhydroxymethyl)furans 2a-d with almost quantitative 
yields. 
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1, 2 a R = n-Bu; b R = n-C6H13; c R = Ph(CH2)2; d R = 4-Py(CH2)2

 
 The reaction was monitored by 31P NMR from the disappearance of the signal for the initial secondary 
phosphine oxides 1a-d in the region of 30-32 ppm and from the appearance of signals in the region of 
47-50 ppm, belonging to the tertiary phosphine oxides. 
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TABLE 1. The 1H, 13C, and 31P NMR Spectra of Compounds 2a-d 
 

Chemical shifts (СDCl3), δ, ppm. (coupling constants, J, Hz) Com- 
pound Formula 1H 13C 31P 
 
2a 

 

O
CH(CH3CH2CH2CH2)2P

O OH

2

34

567891011

 

 
0.87 (6Н, t, 11-H); 1.32 (4Н, m, 10-H); 
1.50 (4Н, m, 9-H); 1.57-1.88 (4Н, m, 8-H); 
5.05 (1Н, d, 2JPH = 7.8, 6-H); 
6.35 (1Н, t, 4-H); 6.42 (1Н, t, 3-H); 
6.52 (1Н, br. s, 6-ОH); 7.37 (1Н, s, 2-Н) 

 
12.84, 12.89 С(11), 22.53 С(10), 23.65, 23.81 
С(9), 23.94 (d, С(8), 1JPC = 59.0), 
24.14 (d, С(8), 1JPC = 61.7), 65.48 
(d, С(6), 1JPC = 80.1), 107.93 
(d, С(4), 3JPC = 6.1), 110.01 С(3), 141.62 С(2), 
150.69 С(5) 

 
48.81 

2b 
1213

O
CH(CH3CH2CH2CH2CH2CH2)2P

O OH

2

34

567891011

 

0.86 (6Н, t, 13-H); 1.25 (4Н, m, 12-Н); 
1.33 (4Н, m, 11-Н); 1.56 (4Н, m, 8-Н); 
1.67 (4Н, m, 9-H); 1.83 (4Н, m, 10-Н); 
5.06 (1Н, d, 2JPH = 7.48, 6-H); 
5.95 (1Н, br. s, 6-ОH); 6.35 (1Н, t, 4-H); 
6.42 (1Н, t, 3-H); 7.24 (1Н, s, 2-H) 

13.98 C(13), 21.22 C(12), 22.42 C(11), 
24.66 (d, C(8), 1JPC = 62.1), 25.56 (d, 
C(8),1JPC = 60.8), 30.85 (d, C(9),2JPC = 13.7), 
30.88 (d, C(9), 2JPC = 13.8), 31.24 (d, C(10), 
3JPC = 5.1), 66.49 (d, C(6),1JPC = 77.9), 
108.68 (d, C(4), 2JPC = 5.6), 110.78 C(3), 
142. 31 C(2), 151.08 C(5) 

48.92 

2c 

O
CH(PhCH2CH2)2P

O OH

2

34

56789

 

2.03 (4Н, m, 8-H); 2.90 (4Н, m, 9-H); 
5.16 (1Н, d, 2JPH = 8.0, 6-H); 
6.38 (1Н, t, 4-H); 6.48 (1Н, t, 3-H); 
6.63 (1Н, br. s, 6-ОH); 7.23 (10Н, m, Ph); 
7.40 (1Н, s, 2-Н) 

26.50 (d, C(8), 1JPC = 58.7), 27.80 (d, C(8), 
1JPC = 59.1), 26.96 (d, C(9), 2JPC = 3.8), 
66.67 (d, C(6), 1JPC = 75.4), 108.73 (d, C(4), 
3JPC = 6.0), 110.60 C(3), 125.95, 126.05 C-p, 
127.66 С-o, 128.18, 128.24 С-m, 136.67 C(2),
142.31 (d, С-ipso, 3JPC = 2.1), 149. 86 C(5)

 

49.84 

2d 

10

1112

14 15
O

CHCH2CH2   P

O OH

2

34

56789
N

 2

2.03 (4Н, m, 8-H); 2.86 (4Н, m, 9-H); 
5.18 (1Н, d, 2JPH = 8.8, 6-H); 
6.40 (1Н, t, 4-H); 6.47 (1Н, t, 3-H); 
6.93 (1Н, br. s, 6-ОH); 7.11, (4Н, d. d, 
12-, 14-Н); 7.42 (1Н, s, 2-Н); 
8.45 (4H, t, 11-, 15-Н) 

25.59 (d, C(8), 1JPC = 60.8), 26.13 (d, C(8), 
1JPC = 59.1), 26.29 (d, C(9), 2JPC = 4.0), 
65.87 (d, C(6), 1JPC = 81.0), 108.76 (d, C(4), 
3JPC = 7.0), 110.69 C(3), 123.06, 123.14 C(11),
C(15), 142.53 C(2), 149.05, 149.17 C(12), C(14), 
149.75, 149.89 C(10), 150.15 C(5) 

47.58 
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  For the case of the dibutyl- and bis(2-phenylethyl)phosphine oxides 1a,c it was shown that the 
secondary phosphine oxides react with furfural even at 25-26°C (THF); here their degree of conversion after 
24 h amounted to 80-86%. Subsequent heating of the reaction mixtures (50°C) for 2-3 h led to quantitative 
conversion of the phosphine oxides 1a,c into the corresponding phosphorylfurans 2a,c. 
 The reaction of furfural with dihexyl- and bis[2-(4-pyridyl)ethyl]phosphine oxides 1b,d was conducted 
at ~50-65°C; quantitative conversion of these phosphine oxides to phosphorylfurans 2b,d was observed after 
20-24 h. 
 The most characteristic in the 1H and 13C NMR spectra of compounds 2a-d are the signals of the CH 
group of the OCHP=O fragment: A doublet at 5.05-5.18 ppm with a geminal 31P–1H spin–spin coupling constant 
of 7.45-8.80 Hz (1H NMR) and a doublet in the region of 65.48-66.67 ppm (1JPC ~75-81 Hz; 13C NMR). The 
anisochronism of the two chemically equivalent substituents at the phosphorus atom in the 1H and 13C NMR 
spectra is due to their diastereotopy. The same nonequivalence was observed in the 1H and 13C NMR spectra of 
2-(diorganylphosphorylhydroxymethyl)-1-organylimidazoles [7]. 
 In the IR spectra of 2a-d the band for the stretching vibrations of the hydroxyl group appears in the 
region of 3118-3146 cm-1, which is evidently due to the presence of an intramolecular hydrogen bond involving 
the phosphoryl fragment. A similar long-wave shift of the band for the stretching vibrations of the hydroxyl 
group was also observed for the analogous products from addition of secondary phosphine oxides to 
3-(trialkylsilyl)- and 3-(trialkylgermyl)-2-propynals [8]. 
 Thus, the reaction of furfural with secondary phosphine oxides is a convenient and effective method for 
the synthesis of new polyfunctional 2-(organylphosphorylhydroxymethyl)furans, which are highly reactive 
building blocks and prospective polydentate lipophilic ligands. 
 
 
EXPERIMENTAL 
 
 The IR spectra were obtained on a Specord IR-75 spectrometer in microlayers and in tablets with 
potassium bromide. The 1H, 13C, and 31P NMR spectra were recorded on a Bruker DPX-400 spectrometer at 400, 
100, and 161 MHz respectively in deuterochloroform with HMDS as internal standard and 85% phosphoric acid 
as external standard. 
 General Procedure. A mixture of furfural (11 mmol) and the diorganylphosphine oxide (10 mmol) in 
THF (10 ml) was stirred at 50-55°C for 20-24 h while the reaction was monitored by 31P NMR spectrometry. 
The solvent was removed at reduced pressure, and the residue was reprecipitated from chloroform with pentane 
(for compounds 2a,b,d) or recrystallized from hexane (compound 2c). Compounds 2a-d were obtained after 
evaporation of the solvent. 
 2-(Dibutylphosphorylhydroxymethyl)furan (2a). The product was a viscous nondistilling liquid. Yield 
2.5 g (97%). IR spectrum (microlayer), ν, cm-1: 1145 (P=O), 3136 bs (OH). Found %: C 60.45; H 8.97; P 11.99. 
C13H23O3P. Calculated %: C 60.22; H 8.91; P 11.90. 
 2-(Dihexylphosphorylhydroxymethyl)furan (2b). The product was a viscous nondistilling liquid. 
Yield 3.1 g (97%). IR spectrum (microlayer), ν, cm-1: 1146 (P=O), 3146 bs (OH). Found %: C 64.53; H 10.19; 
P 9.63. C17H31O3P. Calculated %: C 64.94; H 9.84; P 9.82. 
 2-[Bis(2-phenylethyl)phosphorylhydroxymethyl]furan (2c). Yield 3.5 g (98%); mp 82-84°C (hexane). 
IR spectrum (potassium bromide), ν, cm-1: 1144 (P=O), 3123 bs (OH). Found %: C 71.17; H 6.54; P 8.74. 
C21H23O3P. Calculated %: C 71.14; H 6.88; P 8.90. 
 2-{Bis[2-(4-pyridyl)ethyl]phosphorylhydroxymethyl}furan (2d). The product was a viscous 
nondistilling liquid. Yield 3.4 g (95%). IR spectrum (microlayer), ν, cm-1: 1156 (P=O), 3118 bs (OH). Found %: 
C 63.97; H 5.89; N 7.72; P 8.43. C19H21N2O3P. Calculated %: C 64.04; H 5.94; N 7.86; P 8.69. 
 The 1H, 13C, and 31P NMR spectra for compounds 2a-d are given in Table 1. 

 
428 



REFERENCES 
 
1. M. Reuter and L. Orthner, Ger. Patent 1075610; Ref. Zh. Khim., L83 (1961). 
2. B. A. Trofimov, N. K. Gusarova, and S. N. Arbuzova, Usp. Khim., 68, 240 (1999). 
3. N. G. Andersen and B. A. Keay, Chem. Rev., 101, 997 (2001). 
4. B. A. Trofimov, N. K. Gusarova, and L. Brandsma, Main Group Chem. News, 4, 18 (1996). 
5. N. K. Gusarova, S. F. Malysheva, S. N. Arbuzova, and B. A. Trofimov, Izv. Akad. Nauk. Ser. Khim., 
 1695 (1998). 
6. N. K. Gusarova, L. Brandsma, S. N. Arbuzova, S. F. Malysheva, and B. A. Trofimov, Zh. Org. Khim., 
 32, 269 (1996). 
7. N. K. Gusarova, S. N. Arbuzova, A. M. Reutskaya, I. I. Ivanova, L. V. Baikalova, L. M. Sinegovskaya, 
 N. N. Chipanina, A. V. Afonin, and I. A. Zyryanova, Khim. Geterotsikl. Soedin., 72 (2002). 
8. N. K. Gusarova, A. M. Reutskaya, N. I. Ivanova, A. S. Medvedeva, M. M. Demina, P. S. Novopashin, 
 A. V. Afonin, A. I. Albanov, and V. A. Trofimov, J. Organomet. Chem., 659, 172 (2002). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
429 


	Chemistry of Heterocyclic Compounds, Vol. 40, No. 4, 2004
	PHOSPHORYLATION OF FURFURAL
	BY SECONDARY PHOSPHINE OXIDES
	N. I. Ivanova, N. K. Gusarova, E. A. Nikitina, S. A. Medvede
	and B. A. Trofimov




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /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
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 72
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


