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ONE-POT SYNTHESIS OF 2-(2-ALKOXY-
5-AMINO-4-CYANO-2-METHYLFURAN-
3(2H)-YLIDENE)MALONONITRILES
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M. Yu. Belikov', and O. E. Nasakin'

A new preparative method was developed for the synthesis of 2-(2-alkoxy-5-amino-4-cyano-2-methyl-
3(2H)-ylidene)malononitriles in a single stage from readily obtainable reagents.
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At present multicomponent systems have begun to be used ever more widely for the synthesis of various
heterocyclic systems [1, 2]. Their advantages are a decrease in the amount of solvents used and an increase in
the yields of the targeted compounds on account of the reduction in the number of stages in the synthesis.
Moreover, the development of convenient methods of production has stimulated research into the reactivity of
previously not readily obtainable compounds. We have developed a single-stage method for the synthesis of
2-(2-alkoxy-5-amino-4-cyanofuran-3(2H)-ylidene)malononitriles [3]. On account of the laborious nature of their
production and the high cost of the reagents in the previously developed method of synthesis [3] their chemical
properties have remained practically uninvestigated. The presence of the enamino nitrile and ylidene-
malononitrile fragments in their structure makes it possible to use them as starting compounds in the synthesis of
complex heterocyclic structures. In addition, the appearance of biological activity is possible in these
compounds since representatives exhibiting anti-inflammatory and antimicrobial activity are known among
compounds of the dihydrofuran series [4-8].

The main point of the method that we developed is the reaction of methylglyoxal 1, malononitrile,
monobromomalononitrile, and an aliphatic alcohol 2, which also acts as solvent. In the course of the reaction
2-(2-alkoxy-5-amino-4-cyano-2-methylfuran-3-(2H)-ylidene)malononitriles 4a-h are formed in one
technological stage with yields of 53-69% (Table 1).

We established that the transformations take place through the formation of 3-acetylcyclopropane-
1,1,2,2-tetracarbonitrile (3) [9], which was isolated from the reaction mixture with small yields and identified on
the basis of data from IR spectroscopy and mass spectrometry.
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The formation of compound 3 at the intermediate stage is probably similar to the formation of
3-aroylcyclopropane-1,1,2,2-tetracarbonitrile, a method for the synthesis of which we developed earlier [10].
The reaction of the cyclopropane 3 isolated from the reaction mixture with the alcohols 2a-h also leads to the
formation of the dihydrofurans 4a-h with yields of 58-72% (Table 1).

on NH
RO OH 0
2a-h CN RO CN
3 —> Me | — e —> 4a-h
A B

The reaction mechanism may include attack by the alcohols on the carbonyl group of cyclopropane with
the formation of the hemiketal A. This is then followed by intramolecular heterocyclization with participation of
the sterically close hydroxyl and cyano groups and the formation of the furan ring of the intermediate B. The
final compound 4 is formed as a result of subsequent opening of the three-membered ring.

In the IR spectra of compounds 4 there are strong bands of stretching vibrations characteristic of the
conjugated cyano groups in the region of 2216-2218, for the C=C bond of the dicyanomethylene fragment in the
region of 1688-1695, and two broad bands in the regions of 3108-3150 and 3257-3288 cm™' characteristic of the
amino group. The structures of the synthesized compounds were supported by data from the IR, "H NMR (Table 2),
and mass spectra.

TABLE 1. Data from Elemental Analysis, Melting Points, and Yields of
Compounds 4a-h

0,
Com- Empirical l?ouln_d,ﬁ;o oC Yield, %
pound formula Calculated, % mp,
C H N A B
4a CoH2N,0, 59.12 4.87 22.79 184 67 72
1 4.95 22.94
4b C,H2N,0, 59.16 4.88 22.88 188 62 66
59.01 4.95 22.94
4c CisH12N4O, 65.63 4.09 19.05 237 53 58
65.75 4.14 19.17
C4d C11H0N40, 57.32 4.28 24.27 182 66 78
57.39 438 24.34
4e C3H1sN,0, 60.40 5.39 21.56 185 62 67
60.45 5.46 21.69
4f Cy3H14N,0, 60.41 5.42 21.62 190 69 65
60.45 5.46 21.69
4g C13H14N,0, 60.52 547 21.62 188 67 64
60.45 5.46 21.69
4h CoHsN,O, 55.51 3.68 25.95 240 69 83
55.55 3.73 25.91
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TABLE 2. Spectral Characteristics of Compounds 4a-h

IR spectrum, Mass
Com- | v.cm’ 'H NMR spectrum, 8, ppm (J, H spectrum
pound | (N-H, C=N, spectrum, 3, ppm (J/, Hz) ”2/2 [M]+7
C=0)
4a 3272, 3136, 10.18 (1H, s, NHy); 10.12 (1H, s, NH,); 244

2216,1690 | 3.37 2H, m, OCH,CH,CHs); 1.78 (3H, s, CHs);
1.56 (2H, m, OCH,CH,CH);

0.9 3H, t, J = 7.3, OCH,CH,CHj)

4b 3274,3137, | 10.20 (1H, s, NH); 10.13 (1H, s, NHy); 244
2216,1688 | 3.85 (1H, m, OCH(CHs),); 1.78 (3H, s, CHa);

120 (3H,d, J=6.1, CHs), 1.14 (3H, d, J= 6.1, CHj)

4c 3276,3131, | 1027 (1H, s, NHy); 10.23 (1H, s, NH,); 7.37 (SH, m, CsHs); 292
2215,1693 | 4.50 (2H, m, OCH,C Hs); 1.84 (3H, s, CHs)
4d 3258,3112, | 10.20 (1H, s, NH,); 10.15 (1H, s, NH)); 230

2217, 1693 3.46 (2H, m, OCH,CH3); 1.77 (3H, s, CH3);
1.17 3H, t,J=6.7, OCH,CH3)

4e 3283, 3143, 10.18 (1H, s, NHy); 10.12 (1H, s, NH»); 258
2216,1688 | 3.18 (2H, m, OCH,CH(CHs),); 1.80 (3H, s, CH:);

1.80 (1H, m, OCH,CH(CHs),); 0.9 3H, d, J= 6.7, CHs);
0.89 (3H, d, J=6.7, CH;)

af 3283,3153, | 10.19 (1H, s, NH,); 10.12 (1H, s, NHa); 258
2216, 1689 3.7 (1H, m, OCH(CH;)CH,CHzs); 1.80 (3H, s, CH3);
1.51 (2H, m, CH,CH;); 1.12 3H, d, J = 6.1, CHs);
0.85 (3H, t,J= 6.4, CH,CHs)

4g 3282, 3136, 10.18 (1H, s, NHy); 10.12 (1H, s, NH»); 258
2216, 1689 3.40 (2H, m, OCH,CH,CH,CH3); 1.77 (3H, s, CH3);
1.52 (2H, m, OCHzcﬂzCH2CH3);

1.36 (2H, m, OCH,CH,CH,CH3);

0.88 (3H, t, J= 7.4, OCH,CH,CH,CH3)

4h 3263, 3109, 10.19 (2H, s, NHy); 3.32 (3H, s, OCHz3); 1.77 (3H, s, CH3) 216
2221, 1695

Thus, we have developed a new preparative method for the synthesis of 2-(2-alkoxy-5-amino-4-cyano-
2-methylfuran-3(2H)-ylidene)malononitriles 4a-h and have proposed a possible mechanism for the reaction.

EXPERIMENTAL

The reactions and the purity of the synthesized substances were monitored by TLC on Silufol UV-254
plates (development in UV light, with iodine vapor, and by thermal decomposition). The IR spectra were
recorded in vaseline oil on an FSM-1202 Fourier spectrometer. The 'H NMR spectra were obtained on a Bruker
DRX-500 spectrometer (500 MHz) in DMSO-d¢ with TMS as internal standard. The mass spectra were obtained
on a Shimadzu GCMS-QP 2010S DI instrument (EI 70 eV).

Monobromomalononitrile. To a solution of malononitrile (6.6 g. 0.1 mol) in a mixture of water (20 ml)
and 2-propanol (20 ml) with vigorous stirring we added in small portions bromine (16 g, 0.1 mol). The
temperature of the reaction mixture was kept in the range of 20-25°C, the mixture was stirred for a further
15 min, and it was then left at 0°C for 10 h. The precipitate that separated was filtered off and washed with cold
water.

2-(2-Alkoxy-5-amino-4-cyano-2-methylfuran-3(2H)-ylidene)malononitrile 4a-h (General Method). A.
To a solution of methylglyoxal 1 (0.72 g, 0.01 mol) in aliphatic alcohol (20 ml) with stirring we added in one
portion malononitrile (0.66 g, 0.01 mol) and after it had completely dissolved monobromomalononitrile (1.45 g,
0.01 mol). After some time a precipitate separated, and it gradually dissolved. The mixture was left covered
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until the cyclopropane had completely disappeared. It was then evaporated, and 10 ml of water was added. The
precipitate was filtered off and washed with water. The product was purified by reprecipitation from the
respective alcohol with water.

B. A mixture 3-acetylcyclopropane-1,1,2,2-tetracarbonitrile (1.88 g, 0.01 mol) and aliphatic alcohol
2a-h (20 ml) was boiled for 3 h. It was then evaporated to dryness, water (10 ml) was added, and the precipitate
was filtered off and washed with water.

3-Acetylcyclopropane-1,1,2,2-tetracarbonitrile (3). To a solution of methylglyoxal 1 (0.72 g,
0.01 mol) in aliphatic alcohol (20 ml) with stirring we added in one portion malononitrile (0.66 g, 0.01 mol) and
after it had completely dissolved monobromomalononitrile (1.45 g, 0.01 mol). The precipitate that separated
after a short time was filtered off and washed with alcohol and with water, and compound 3 was obtained; mp
184°C. IR spectrum, v, cm 3059, 2265, 1730. Mass spectrum, m/z: 184 M]".

REFERENCES

1. L. F. Tietze, Chem. Rev., 96, 115 (1996).

2. T. Hudlicky, Chem. Rev., 96, 3 (1996).

3. 0. V. Yashkanova, O. E. Nasakin, Yu. G. Urman, V. N. Khrustalev, V. N. Nesterov, M. Yu. Antipin,
P. M. Lukin, and E. V. Vershinin, ZA. Org. Khim., 33, 542 (1997).

4, Y. Takeuchi, T. Choshi, H. Tomozane, H. Yoshida, and M. Yamato, Chem. Pharm. Bull., 38, 2265

(1990).

J. Chakrabarti, R. Eggleton, P. Gallagher, and J. Harvey, J. Med. Chem., 30, 1663 (1987).

O. Piccolo, I. Filipinni, L. Tihucci, and E. Valofi, J. Chem. Res. Synop., 8, 258 (1985).

S. Kadin, J. Med. Chem., 15, 551 (1972).

S. P. P. Smati, O. Frandre, and P. Fulerand, Eur. J. Med. Chem., 19, 551 (1984).

V. P. Sheverdov, O. V. Ershov, O. E. Nasakin, E. V. Selyunina, I. G. Tikhonova, A. N. Chernushkin,

and V. N. Khrustalev, Zh. Obshch. Khim., 70, 1334 (2000).

10. I. N. Bardasov, O. V. Kayukova, Y. S. Kayukov, O. V. Ershov, and O. E. Nasakin, ZA. Org. Khim., 43,

1252 (2007).

0O 0N

1038



	Chemistry of Heterocyclic Compounds, Vol. 45, No. 9, 2009
	I. N. Bardasov1*, O. V. Kayukova1, Ya. S. Kayukov1, O. V. Er
	M. Yu. Belikov1, and O. E. Nasakin1




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /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
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /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 false
  /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 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 /False

  /Description <<
    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


