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PHOSPHORYLATION OF N-tert-BUTYLPYRROLE
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N-Methyl(aryl)pyrroles are regioselectively phosphorylated at the 2 position of the heterocycle by
phosphorus(Ill) bromides [1, 2], but formylation and trifluoroacetylation (50:1) of N-tert-butylpyrrole occurs
preferentially at the 3 position of the heterocycle. We have found that phosphorylation of N-tert-butylpyrrole by
phosphorus tribromide or by the less active phosphorus trichloride occurs regioselectively at the 3 position of the
heterocycle, with formation of the corresponding dihalophosphines 1, 2. The isomeric dihalophosphines are not
observed according to *'P NMR spectra. From dibromophosphine 1, we obtain phosphonate 3 and
thiophosphonate 4 in good yields.
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In the *'P NMR spectra of dihalophosphines 1 and 2, there are signals at 157 ppm and 145 ppm
respectively. As we showed earlier [1, 2], this suggests that the PBr, group is at the 3 position of the pyrrole
ring. In the *C NMR spectrum of phosphonate 3, a typical feature is a C(3) doublet at 107 ppm (Jep = 178 Hz),
suggesting the presence of a phosphorus atom at the 3 position of the ring.

The 'H and °C NMR spectra were taken on a Varian VXP-300 (300 MHz and 75 MHz respectively) in
DMSO-d, internal standard TMS, *'P NMR spectra (122 MHz), external standard 85% H;PO.,.

1-tert-Butyl-3-(dibromophosphino)-1H-pyrrole (1). PBr; (11 mmol) was added to a solution of
tert-butylpyrrole (10 mmol) and triethylamine (15 mmol) in benzene (100 ml). The reaction mixture was held for
12 h at ~20°C, filtered, and evaporated under vacuum. The residue was treated with hexane. Yield 83%; mp 48-
50°C. *'P NMR spectrum (CDCl3), 8, ppm: 145. '"H NMR spectrum (CDCls), 3, ppm: 1.57 (9H, s, Bu); 6.67 (1H,
br. s, H-4); 7.03 (1H, br. s, H-5); 7.43 (1H, br. s, H-2). Found, %: Br 51.42; P 9.72. CgH,Br,NP. Calculated, %:
Br51.12; P 9.90.
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1-tert-Butyl-3-(dichlorophosphino)-1H-pyrrole (2). PCl; (11 mmol) was added to a solution of
tert-butylpyrrole (10 mmol) in pyridine (30 ml). The reaction mixture was held for 24 h at 20°C. Hexane (10 ml)
was added to the reaction mixture, which then was filtered and evaporated under vacuum. The product (a clear
oil) was extracted from the residue with hot hexane. Yield 65%. *'P NMR spectrum (CDCI3), 8, ppm: 157.
"H NMR spectrum (CDCl;), 8, ppm: 1.49 (9H, s, Bu); 6.60 (1H, br. s, H-4); 6.97 (1H, br. s, H-5); 7.29 (1H, br. s,
H-2). Found, %: CI 31.45; P 13.72. CgH,CILNP. Calculated, %: C1 31.70; P 13.84.

1-tert-Butyl-3-bis(morpholino)phosphoryl-1H-pyrrole (3). A solution of morpholine (20 mmol) and
triethylamine (25 mmol) in benzene (30 ml) was added with stirring and cooling to a solution of
dibromophosphine 1 (10 mmol) in benzene (70 ml). The reaction mixture was held for 12 h at ~20°C. When it
was cooled down to 0°C, 50% hydrogen peroxide (12 ml) was added, and then water (50 ml) was added after
1 h. The organic layer was removed, dried over Na,SO,, and evaporated under vacuum. The product (a clear oil)
was extracted from the residue with diethyl ether. Yield 65%. *'P NMR spectrum (CDCL3), 8, ppm: 24. "H NMR
spectrum (CDCly), o, ppm: 1.44 (9H, s, Bu); 3.01 (8H, m, NCH,); 3.54 (8H, m, OCH,); 6.06 (1H, m, H-4); 6.78
(1H, m, H-5); 7.26 (1H, m, H-2). >C NMR spectrum (CDCl;), 8, ppm (J, Hz): 30.41 (s, CHs); 44.17 (s, CH,0);
55.46 (s, C(1)); 66.95 (s, CH,N); 106.49 (d, Jae = 178, C(3)); 110.13 (d, Jave = 11, C(4)); 119.65 (d, Jaye = 13,
C(5)); 125.99 (d, Javg = 20, C(2)). Found, %: C 56.18; P 9.16. C,sH23N305P. Calculated, %: C 55.30; P 9.09.

1-tert-Butyl-3-bis(morpholino)thiophosphoryl-1H-pyrrole (4). A solution of morpholine (20 mmol)
and triethylamine (25 mmol) in benzene (30 ml) was added with stirring and cooling to a solution of
dibromophosphine 1 (10 mmol) in benzene (70 ml). The reaction mixture was held for 12 h at 20°C. Sulfur
(10 mmol) was added and the mixture was held at ~20°C for 2 h, boiled for 5 min, and on cooling was filtered
and evaporated under vacuum. The product (a clear oil) was extracted from the residue with diethyl ether.
Yield 67%. *'P NMR spectrum (CDCl;), 8, ppm: 69. "H NMR spectrum (CDCls), 8, ppm: 1.55 (9H, s, Bu); 2.94
(4H, m, NCH,); 3.55 (4H, m, OCH,); 6.19 (1H, m, H-4); 6.98 (1H, m, H-5); 7.21 (1H, m, H-2). Found, %:
N 11.68; P 8.61. C;cH»3N3PS. Calculated, %: N 11.76; P 8.68.

REFERENCES

1. S. P. Ivonin, T. E. Terikovska, A. A. Chaikovskaya, A. P. Marchenko, G. N. Koydan, A. M. Pinchuk,
and A. A. Tolmachev, Heteroatom. Chem., 10, 213 (1999).

2. S. P. Ivonin, A. A. Tolmachev, and A. M. Pinchuk, Heteroatom. Chem., 13, 223 (2002).

3. C. F. Candy, R. A. Jones, and P. H. Wright, J. Chem. Soc., Sect. C, 2563 (1970).

4, D. J. Chadwick, G. D. Meakins, and C. A. Phodes, J. Chem. Res. (S), 42 (1980).

935




<<
  /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 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /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 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /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 600
  /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


