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Acetylenes with acceptor groups are known to be We found that aminoethynylphosphonates readily
highly active in the Michael addition reaction of com-  react with malononitrile in the presence of potassium
pounds with active methylene group. This property  carbonate. The reaction proceeds as nucleophilic addi-
has been widely used as a route to formation of a new  tion at the triple bond to form (2-amino-3,3-dicyano-
carbon—carbon bond [1]. Thus, the reaction of (ethyne-  prop-2-enyl)phosphonates Ia-Id. The reactions were
1,2-diyl)diphosphonates with malononitrile in the performed in absolute acetonitrile by heating equi-
presence of equimolar amount of potassium carbonate = molar quantities of aminoethynylphosphonate and
in anhydrous acetonitrile afforded 2-cyano-2-potassio-  CH acid for 1-1.5 h. A catalytic quantity of potassium
3,4-bis(dialkoxyphosphinoyl)but-3-enoates whose  carbonate (~5 mol %) was found enough for the reac-
protonation gave corresponding CH derivatives [2].  tion to occur.

CN CN
/ /
(P)C=CNR, + CHy(CN), _KC0s C=CCH  |—> (P)CHC=C__
NR, NR;
Ia-Id
H5C
CoHs CH(CH;), 3
/ / /—\
@ = P(0)(OCH);; NRp=N__ (@) N_ b3 N 0 (e; N (d).
C,Hs CH(CH3), —/
H;C
The reaction progress was monitored by means of In the 'C NMR spectra of the reaction mixtures

'H, B¢, *'P NMR, and two-dimensional 'H-{?'P}  we observed appearance of a doublet signal of the
NMR spectroscopy. As the reaction occurred, a signal ~ carbon atom directly connectled to phosphorus at 5¢
of methylene protons of the resulting adduct appeared ~ 3125 ppm with a large 'Jep coupling constant

in the '"H NMR 5 3.1 (137 Hz) and signals of the carbon atoms at the
and grew in-the spectrum (6 3.16 PP, 3 e hond shifted downfield to 8. 160-163 ppm

‘doublet, 2!HP 21.6 Hz). In the 3.1P NMR spectra of the  (qoublet, 2/ 5.9 Hz) and 56-57 ppm. Furthermore,
reaction mixtures, the signal with 8, ~0 ppm (starting  there were two signals of nonequivalent CN groups at
aminoethynylphosphonate) attenuated and disappeared 8c 116 and 117 ppm.

completely; simultaneously, a signal of the product
appeared downfield (6p 21.0 ppm) and grew. After the reaction had been complete, acetonitrile
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was removed in a water-jet-pump vacuum. The yield
of the crude product achieved 80%. Pure individual
products were isolated by liquid chromatography on
MN Kieselgel (60/0.025-0.004 mm), eluents
carbon tetrachloride—acetone, 2:1 (Ia, Ib), and me-
thylene chloride—acetone, 2:1 (Ic). Purified products
were isolated in 30% yield. Compounds Ia—Ic are
colored very viscous liquids which crystallized with
time to give badly formed crystals. Compound Id
precipitated from the reaction mixture as colorless
plate crystals which were filtered off and purified ad-
ditionally by recrystallization from benzene.

The starting aminoethynylphosphonates were pre-
pared from dimethyl chloroethynylphosphonate and
corresponding secondary amines [3]. All syntheses
were carried out in carefully dried chemical glassware
with dry reagents and absolute solvents to avoid
formation of undesirable phosphorylated acetamides.

Dimethyl [3,3-dicyano-2-(diethylamino)prop-2-
enyl]phosphonate (Ia). Light brown amorphous
crystals. '"H NMR spectrum, 8, ppm (CDCly): 1.21 ¢
(6H, CH;CH,N), 3.10 d (2H, *Jyp 21.6 Hz, CH,P),
3.63 br.q (4H, CH,N), 3.75 d (6H, *Jyp 12.0 Hz,
CH;0). >C NMR spectrum, 8¢, ppm (CDCl,): 13.06
(CH,CH,N), 31.12 d (CH,P, 'Jpc 136.4 Hz), 47.02
(CH;CH,N), 50.53 [C(CN),], 53.20 d (CH;OP, %Jp
5.8 Hz), 116.34, 117,87 (CN), 160.19 d [C=C(CN),,
2Jep 5.9 Hz]. *'P NMR, &, ppm (CDCl,): 20.52.

Dimethyl [3,3-dicyano-2-(diisopropylamino)-
prop-2-enyl]phosphonate (Ib). Red amorphous crys-
tals. '"H NMR spectrum, 6, ppm (CDCl5): 1.36 t (6H,
CH,;CH,N), 3.26 d (2H, %Jy;p 22.0 Hz, CH,P), 3.72 q
(4H, CH,N), 3.79 d (6H, *Jygp 11.2 Hz, CH;0). °C
NMR spectrum, 5., ppm (CDCl;): 22.28 (CH;CH,N),
33.19 d (CH,P, 'Jpc 132.8 Hz), 57.79 [CH(CH,),],

5322 d (CH;0P, 2JCP 5.4 Hz), 56.03 [C(CN),],
116.03, 117.47 (CN), 163.76 d (=CN, 2JCP 7.1 Hz).
3P NMR spectrum, dp, ppm (CDCly): 21.94.

Dimethyl [3,3-dicyano-2-(morpholin-4-yl)prop-
2-enyl]phosphonate (Ic). Yellow amorphous crystals.
"H NMR spectrum, 8, ppm (CDCl3): 3.16 d (2H, “Jyp

21.0 Hz, CH,P), 374 m [4H, (CH,),N and 4H,
(CH,),0], 3.76 d (6H, *Jyp 10.8 Hz, CH;0). °C
NMR spectrum, 6., ppm (CDCl): 31.25 d (CH,P,
YJpe 137.2 Hz), 50.99 [(CH,),N], 53.43 d (CH,OP,
2Jop 6.8 Hz), 57.60 [C(CN),], 65.98 [(CH,),0l,
11559, 116.77 (CN), 162.70 d [C=C(CN),, *Jcp
5.8 Hz]. *'P NMR spectrum, 8p, ppm (CDCl5): 21.16.

Dimethyl [3,3-dicyano-2-(2,6-dimethylpiperi-
din-1-yl)prop-2-enyl]phosphonate (Id). Colorless
plates. "H NMR spectrum, &, ppm (CDCly): 1.36 d
(6H, Jyy 7.6 Hz, CH;), 1.43-1.87 m (6H, B.B',y-CH,,
piper.), 3.31 d (2H, *Jyp 21.8 Hz, CH,P), 4.47—
477 m (2H, a,o’-CH, piper.), 3.86 d (6H, *Jip
104 Hz, CH;0). BC NMR spectrum, dc, ppm
(CDCly): 12.54 (CHjy), 21.53 (y-CH,, piper.), 29.95
(B-CH,, piper.), 31.40 d (CH,P, 'Jp 146.2 Hz), 32.55
(a-CH, piper.), 52.72 [C(CN),], 53.40 d (CH;OP,
2Jop 5.6 Hz), 115.86, 11823 (CN), 16045 d
[C=C(CN),, *Jop 6.0 Hz]. *'P NMR spectrum, §p,
ppm (CDCly): 20.82.

Organic solvents and reagents were purified and
dried by conventional procedures. The lH, 13C, and

3'p NMR spectra were recorded on Bruker C-400 (IH)
and Bruker C-200 ('3C and *'P) spectrometers opera-
ted at 400, 50.328, and 81.014 MHz, respectively, in

CDCl; against internal TMS (IH, 13C) and external
85% phosphoric acid (*'P). The routine 'H and 'H—
(*'P} NMR spectra were recorded on a Tesla BS-497
instrument operated at 100/40 MHz.

REFERENCES

1. Acetylenes, Viehe, H.G., Ed., New York: Dekker,
1969.

2. Shekhade, A., Didkovskii, N.G., Dogadina, A.V., and
Ionin, B.I., Zh. Obshch. Khim., 2005, vol. 75, no. 1,
p- 11.

3. Garibina, V.A., Dogadina, A.V., Ionin, B.I., and Pet-
rov, A.A., Zh. Obshch. Khim., 1979, vol. 49, no. 10,
p- 2385.

RUSSIAN JOURNAL OF GENERAL CHEMISTRY Vol. 77 No.5 2007




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /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 /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 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 0.76
    /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 /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /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 0.76
    /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 600
  /MonoImageMinResolutionPolicy /Warning
  /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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /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 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /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 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for journal articles and eBooks for online presentation. Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


