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Unlike the isomeric 1,2,3-, 1,2,5-, and 1,3,4-selenadiazoles, there are few examples of 1,2,4-selena-
diazoles in the literature (for reviews of selenadiazole chemistry, see [1-4]). The main method for preparing
derivatives of this heterocyclic system is the oxidative dimerization of primary selenoamides. Only the simplest
3,5-dialkyl(aryl)-1,2,4-selenadiazoles have been synthesized by this method. lodine [5, 6], N-bromosuccinimide
[7], phenyliodosodiacetate, poly[styrene(iodosodiacetate)] [8], and the O,—Na,PdCl, system [9] have been used
as the oxidants. Formation of 1,2,4-selenadiazoles by treatment of selenoamides with a-arylsulfonyl-a-bromo-
acetophenones [10] and tosyl chloride [11] have also been reported. The need for chromatographic purification
and overall contamination of the selenadiazoles by side products have been noted as drawbacks of these
methods [4].

In our work, we have proposed for the first time a method of preparing functionally substituted
1,2,4-selenadiazoles, namely, (2E,2'F)-2,2'-(1,2,4-selenadiazole-3,5-diyl)bis(3-arylacrylonitriles) 1a-c¢ by mild
oxidation of the available [12, 13] cyanoselenoacetamides 2a-c using the system DMSO-HCl-acetone.
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The advantages of this oxidative method include the simplicity of the procedure, fast reaction, and
purity of the obtained selenadiazoles la-c. The side products are Me,S and elemental selenium, which are
readily removed by filtration. It should also be noted that the use of the available and cheap oxidant DMSO-HX
(X = Cl, Br) is currently limited to a few examples, e.g., the oxidation of acetophenones to arylglyoxals [14],
halogenation of aromatic compounds [15], and oxidative dimerization of primary thioamides and thioureas to
1,2,4-thiadiazoles [16, 17]. The structures of compounds 1a-¢ were confirmed from IR and 'H NMR spectral
data, HPLC-MS, and elemental analysis.
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In conclusion, we would note that, with the presence of acrylonitrile fragments, the obtained (2E.,2'E)-
2,2'-(1,2,4-selenadiazole-3,5-diyl)bis(3-arylacrylonitriles) can undergo further functionalization in order to
prepare novel derivatives of the rare 1,2,4-selenadiazole heterocyclic system.

IR spectra were recorded in nujol on an IKS-29 spectrophotometer. 'H NMR spectra were acquired on
Bruker DPX-400 (400 MHz) and DRX-500 (500 MHz) instruments using DMSO-d¢ with TMS as internal
standard. HPLC-MS analysis was carried out on an Agilent 1100 chromatograph with UV diode array (215,
254, and 265 nm) and Agilent LS/MSD SL detectors with ES-API ionization. Elemental analysis was performed
on a Carlo-Erba 1106 Elemental Analyzer apparatus. Melting points were measured on a Kofler hot stage
apparatus and were not corrected. Purity of the prepared compounds was monitored by TLC on Silufol UV-254
plates using 1:1 acetone—hexane as eluent and iodine vapor or UV visualization. The selenoamide 2¢ [12, 13]
was obtained by a known method. Selenoamides 2a,b were prepared by a similar method, but contained up to
20% of arylidenemalononitrile and dimer impurities. This prevented the determination of melting point or
performing an elemental analysis (purification was unsuccessful due to the instability of these compounds).
Since the indicated impurities did not hinder the synthesis of selenadiazoles 1a-¢, the compounds 2a-c¢ were
oxidized without additional purification.

(E)-2-Cyano-3-(4-hydroxyphenyl)prop-2-eneselenoamide (2a). Freshly prepared cyanoselenoacet-
amide [18] (300 mg, 2.03 mmol) and 4-hydroxybenzaldehyde (250 mg, 2.05 mmol) were added to distilled
water (15 ml), that had been prepared by boiling under an argon stream and cooling to 20°C. The suspension
obtained was heated under an argon stream at about 50°C until homogenisation, and Et;N (1 drop) was added.
The product was stirred at this temperature for 1 min, and the precipitated selenium was removed by filtration
under argon. The filtrate was left in a closed flask for 24 h at 20°C. The red-brown precipitate was filtered off
and washed with water and diethyl ether. Yield 460 mg (90%). "H NMR spectrum (400 MHz), 8, ppm (J, Hz):
6.92 (2H, d, °J = 8.4, H Ar); 7.90 (2H, d, °J = 8.4, H Ar); 8.06 (1H, s, Ar—-CH=); 10.10 (1H, br. s) and 10.79
(1H, br. s, NH,); 10.67 (1H, br. s, OH).

(E)-2-Cyano-3-(3,4-Dimethoxyphenyl)prop-2-eneselenoamide (2b) was prepared from the cyano-
selenoacetamide and veratral by the general method [12, 13]. Yield 91%. Brown powder. '"H NMR spectrum
(400 MHz), 5, ppm (J, Hz): 3.79 (3H, s, OCH;); 3.85 (3H, s, OCHs); 7.15 (1H, d, >J = 8.1, H Ar); 7.59 (1H, d,
3J=8.1,H Ar); 7.70 (1H, s, H Ar); 8.08 (1H, s, Ar—CH=); 10.16 (1H, br. s) and 10.86 (1H, br. s, NH,).

(2E,2'E)-2,2'-(1,2,4-Selenadiazole-3,5-diyl)bis(3-arylacrylonitriles) (1a-c) (General Method). The
unsaturated selenoamide 2a-c¢ (0.7 mmol) and DMSO (0.2 ml, 3.0 mmol) were introduced into a 25-ml beaker,
followed by acetone (7-10 ml), and the mixture was heated to full dissolution. A 30% solution of HCI (0.2 ml,
1.9 mmol) was added dropwise with stirring, the solution cleared instantly and elemental selenium precipitated,
along with evolution of Me,S. The mixture was brought to reflux, rapidly filtered through a filter paper to
remove the elemental selenium, and the precipitate was washed with boiling acetone (2 ml). Cooling the
combined filtrates resulted in crystallization of the product. The suspension was maintained in an open beaker
for 48 h at 25°C. The precipitate was then filtered off, then washed with EtOH and Et,0. In the case of the
selenoamide 2a, evaporation of the acetone left an oily residue, which was recrystallized from EtOH.
Analytically pure selenadiazoles 1a-¢ were thus obtained.

(2E,2'E)-2,2'-(1,2,4-Selenadiazole-3,5-diyl)bis[3-(4-hydroxyphenyl)acrylonitrile] (1a). Yield 40 mg
(27%). Yellow-green crystals; mp >250°C (EtOH). Ry 0.41. IR spectrum, v, cm™: 2220 (C=N). 'H NMR
spectrum (400 MHz), 5, ppm (J, Hz): 6.96 (2H, d, 3J=85,H Ar); 6.99 (2H, d, 3J=8.1,H Ar); 7.96 (2H, d,
J=8.5, H Ar); 8.06 (2H, d, °J = 8.1, H Ar); 8.45 (1H, s, Ar-CH=); 8.48 (1H, s, Ar-CH=); 10.57 (1H, br. s,
OH); 10.88 (1H, br. s, OH). Mass spectrum, m/z: 421.0 [M+H]", 419.0 [M-H]". Found %: C 57.36; H2.98; N
13.49. C,0H;,N4O4Se. Calculated, %: C 57.29; H 2.88; N 13.36.

(2E,2'E)-2,2'-(1,2,4-Selenadiazole-3,5-diyl)bis[3-(3,4-dimethoxyphenyl)acrylonitrile] (1b). Yield
117 mg (66%). Bright-yellow crystals; mp >250°C. R; 0.54. IR spectrum, v, cm™: 2220 (C=N). 'H NMR
spectrum (500 MHz), 8, ppm (J, Hz): 3.84 (6H, br. s, 20CHs); 3.88 (6H, br. s, 20CH3); 7.18 (1H, d, °J = 8.3,
H Ar); 7.22 (1H, d, 3= 8.2, H Ar); 7.60-7.64 (2H, m, H Ar); 7.79-7.81 (2H, m, H Ar); 8.49 (1H, s, Ar—CH=);
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8.53 (1H, s, Ar—CH=). Mass spectrum, m/z : 509.2 [M+H]", 507.0 [M-H]". Found, %: C 57.11; H 4.09; N 11.29.
C,4HoN,4O4Se. Calculated, %: C 56.81; H 3.97; N 11.04.

(2E,2'E)-2,2'-(1,2,4-Selenadiazole-3,5-diyl)bis[3-(2-furyl)acrylonitrile] (1c). Yield 84 mg (65%).

Bright-yellow crystals; mp 253-255°C. Ry 0.58. IR spectrum, v, cm’: 2229 (C=N). 'H NMR spectrum
(500 MHz), 8, ppm (J, Hz): 6.84-6.85 (1H, m, H-4 Fur); 6.90-6.91 (1H, m, H-4 Fur); 7.45 (1H, d, >J = 3.2, H-3
Fur); 7.50 (1H, d, >J = 3.2, H-3 Fur); 8.15-8.16 (1H, m, H-5 Fur); 8.28-8.29 (1H, m, H-5 Fur); 8.30 (1H, s, Fur—
CH=); 8.48 (1H, s, Fur—CH=). Mass spectrum, m/z: 369.0 [M+H]", 366.0 [M-H]". Found, %: C 52.41; H2.32; N
15.37. C1cHsN4O,Se. Calculated, %: C 52.33; H 2.20; N 15.26.

This work was carried out with the financial support by the President of the Ukraine (grant F47/032).

REFERENCES
1. E. Bulka, Wiss. Z. — Karl Marx Univ. Leipzig, Math. —Naturwiss. Reihe, 32, 375 (1983).
2 D. H. Reid, in: A. R. Katritzky, C. W. Rees, and E. F. V. Scriven (editors), Comprehensive Heterocyclic
Chemistry 11, Vol. 4, Elsevier, Amsterdam (1996), p. 744.
3. S. Yamazaki, in: A. R. Katritzky (editor), Comprehensive Heterocyclic Chemistry III, Vol. 6, Elsevier,
Amsterdam (2008), p. 518.
4. Z. V. Todres, Chalcogenadiazoles: Chemistry and Applications, CRC Press Taylor & Francis Group
LLC (2012), p. 231.
5. W. Becker and J. Meyer, Chem. Ber., 37, 2553 (1904).
6. V. L. Cohen, Synthesis, 768 (1978).
7. K. Shimada, Y. Matsuda, S. Hikage, Y. Takeishi, and Y. Takikawa, Bull. Chem. Soc. Jpn., 64, 1037
(1991).
8. X. Huang and J. Chen, Synth. Commun., 33, 2823 (2003).
9. A.Z. Al-Rubaie, L. Z. Yousif, and A. J. H. Al-Hamad, J. Organometal. Chem., 656, 274 (2002).
10. A. Shafiee, M. A. Ebrahimzadeh, and A. Maleki, J. Heterocycl. Chem., 36, 901 (1999).
11. H. R. Zhao and Q. S. Yu, Chinese Chem. Lett., 13, 729 (2002).
12. V. P. Litvinov and V. D. Dyachenko, ZA. Org. Khim., 35, 1406 (1999).
13. V. P. Litvinov and V. D. Dyachenko, Dokl. Akad. Nauk, 352, 636 (1997).
14. M. B. Floyd, M. T. Du, P. F. Fabio, L. A. Jacob, and B. D. Johnson, J. Org. Chem., 50, 5022 (1985).
15. G. Majetich, R. Hicks, and S. Reister, J. Org. Chem., 62, 4321 (1997).
16. Y. Takikawa, K. Shimada, K. Sato, S. Sato, and S. Takizawa, Bull. Chem. Soc. Jpn., 58, 995 (1985).
17. L. Forlani, A. Lugli, C. Boga, A. B. Corradi, and P. Sgarabotto, J. Heterocycl. Chem., 37, 63 (2000).
18. V. P. Litvinov, V. Yu. Mortikov, Yu. A. Sharanin, and A. M. Shestopalov, Synthesis, 98 (1985).

355



	Keywords: 3-aryl-2-cyanoprop-2-eneselenoamides, cyanoselenoacetamide, DMSO-HCl, 1,2,4-selena-diazoles, oxidative dimerization.
	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 [594.000 792.000]
>> setpagedevice


