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SHORT  
COMMUNICATIONS 

1,3-Dipolar cycloaddition of diazoalkanes to acety-
lenes [1] or styrenes [2] activated by electron-with-
drawing substituents underlies a traditional procedure 
for the synthesis of pyrazoles. For example, 1-bromo-
1-nitro-2-phenylethene reacts with diazomethane in 
diethyl ether to give 5-bromo-5-nitro-4,5-dihydro-1H-
pyrazole, and treatment of the latter with hydrochloric 
acid or a solution of sodium hydrogen carbonate leads 
to the formation of 5-bromo- or 5-nitro-4-phenyl-1H-
pyrazole, respectively [3]. 

With a view to study competing effects of func-
tional groups in an analog of 1-nitro-2-phenylethene, 
benzylidenemalononitrile (I), we examined its reac-
tions with diazomethane (II) and diazoethane (III). 
The cycloaddition of diazoalkanes II and III to di-
polarophile I occurred under mild conditions (in di-
ethyl ether at –5 to 5°C), and the products were the 
corresponding 4-phenyl-1H-pyrazole-5-carbonitriles 
IV and V (Scheme 1). 

signal appeared in their 1H NMR spectra as a broad-
ened singlet at δ 10.8–10.9 ppm. The presence of  
a labile hydrogen atom on the nitrogen in molecules 
IV and V opens prospects in further functionalization 
of these compounds, e.g., via alkylation of the corre-
sponding potassium salts VI and VII. The latter were 
prepared in situ by treatment of 4-phenyl-1H-pyrazole-
5-carbonitriles IV and V with potassium ethoxide. The 
alkylation of potassium salts VI and VII with chloro-
methyloxirane, phenacyl bromide, and 4-toluenesul-
fonyl chloride resulted in the formation of previously 
unknown alkylation products VIII–XI and N-sulfonyl 
derivatives XII and XIII (Scheme 2) whose structure 
was confirmed by spectral data and elemental analyses. 
The IR spectra of X and XI contained an absorption 
band at 1705 cm–1 due to stretching vibrations of the 
carbonyl group, while compounds XII and XIII dis-
played absorption bands at 1150 and 1300 cm–1 be-
longing, respectively, to antisymmetric and symmetric 

II, IV, R = H; III, V, R = Me. 
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In the IR spectra of compounds IV and V we 
observed an absorption band at 3550 cm–1 due to 
stretching vibrations of the NH group, and the NH 

VI, VIII, X, XII, R = H; VII, IX, XI, XIII, R = Me; VIII, 
IX, R′ = oxiran-2-ylmethyl; X, XI, R′ = PhCOCH2; XII, 

XIII, R′ = 4-MeC6H4SO2; Hlg = Cl, Br. 
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stretching vibrations of the SO2 group. The 1H NMR 
spectra of VIII–XIII were consistent with the assumed 
structures, and they resembled those reported for struc-
turally related compounds [4, 5]. Protons in the oxirane 
ring of compounds VIII and IX resonated in the  
1H NMR spectra at δ 2.65–3.07 ppm. The 1H NMR 
spectra of phenacyl and sulfonyl derivatives X–XIII 
contained signals typical of methylene protons in the 
NCH2CO fragment (δ 6.44–6.45 ppm; compounds X, 
XI) or protons in the p-tolyl substituent (XII, XIII). 

Thus the described reactions open a synthetic route 
to functionally substituted pyrazoles having various 
pharmacophoric groups on the nitrogen atom, which 
are difficult to obtain by other methods. 

Diazomethane [6], diazomethane [7], and phenacyl 
bromide [8] were prepared according to known proce-
dures. 

Reaction of benzylidenemalononitrile (I) with 
diazoalkanes II and III (general procedure). A solu-
tion of diazoalkane II or III was added under stirring 
to a solution of 8 mmol of benzylidenemalononitrile 
(I) in 30 ml of anhydrous diethyl ether at –5 to 5°C 
until nitrogen no longer evolved. The mixture was then 
kept for 24 h at 25°C and evaporated under reduced 
pressure, and the oily residue was subjected to chroma-
tography in a 250 × 10-mm column charged with ac-
tivated silica gel (Silicagel 100–400 µm) using carbon 
tetrachloride as eluent. 

4-Phenyl-1H-pyrazole-5-carbonitrile (IV). Yield 
44%, mp 154–156°C. IR spectrum, ν, cm–1: 3550 
(NH), 2230 (CN). 1H NMR spectrum, δ, ppm: 7.35 m 
(Harom), 7.58 s (CH), 10.9 br.s (NH). Found, %:  
C 70.74; H 4.03; N 24.58. C10H7N3. Calculated, %:  
C 71.01; H 4.14; N 24.85. 

 3-Methyl-4-phenyl-1H-pyrazole-5-carbonitrile 
(V). Yield 46%, mp 162–164°C. IR spectrum, ν, cm–1: 
3550 (NH), 2230 (CN). 1H NMR spectrum, δ, ppm: 
2.35 s (CH3), 7.34 m (Harom), 10.8 br.s (NH). Found, 
%: C 7.95; H 4.78; N 22.74. C11H9N3. Calculated, %: 
C 72.13; H 4.92; N 22.95. 

1-Substituted 4-phenyl-1H-pyrazole-5-carboni-
triles VIII–XIII (general procedure). A solution of  
6 mmol of compound IV or V in 20 ml of ethanol was 
cooled to 0 ± 5°C, 6 mmol of potassium ethoxide was 
added, the mixture was kept for 0.5 h at 5°C, and the 
precipitate was filtered off, washed with cold ethanol, 
and dried. Pyrazole potassium salt VI or VII thus ob-
tained was dispersed in 100 ml of acetone, 6 mmol of 
chloromethyloxirane or phenacyl bromide or a solution 

of 6 mmol of p-toluenesulfonyl chloride in ethanol was 
added, and the mixture was heated for 2 h under reflux. 
The mixture was then kept for 3 days at 25°C and 
evaporated under reduced pressure, the residue was 
treated with diethyl ether (3 × 10 ml), the extract was 
evaporated, and the residue was subjected to chroma-
tography in a 500 × 10-mm column charged with ac-
tivated silica gel (Silicagel, 100–400 μm) using ben-
zene (compounds VIII, IX) or chloroform (X–XIII) as 
eluent. 

1-(Oxiran-2-ylmethyl)-4-phenyl-1H-pyrazole- 
5-carbonitrile (VIII). Yield 62 %, mp 105–108°C.  
1H NMR spectrum, δ, ppm: 2.65 d (CH2), 3.06 m (CH), 
4.23 d (CH2), 7.38 m (Harom), 7.59 s (CH). Found, %:  
C 69.10; H 4.68; N 18.51. C13H11N3O. Calculated, %: 
C 69.33; H 4.89; N 18.67. 

3-Methyl-1-(oxiran-2-ylmethyl)-4-phenyl-1H-
pyrazole-5-carbonitrile (IX). Yield 64%, mp 118–
120°C. 1H NMR spectrum, δ, ppm: 2.35 s (CH3),  
2.64 d (CH2), 3.05 m (CH), 4.21 d (CH2), 7.35 m 
(Harom) .  Found,  %: C 70.05;  H 5 .27;  N 17.38. 
C14H13N3O. Calculated, %: C 70.29; H 5.44; N 17.57. 

1-(2-Oxo-2-phenylethyl)-4-phenyl-1H-pyrazole-
5-carbonitrile (X). Yield 72%, mp 141–143°C. IR 
spectrum, ν, cm–1: 2230 (CN). 1705 (C=O). 1H NMR 
spectrum, δ, ppm: 6.44 s (CH2), 7.33–7.45 m (Harom), 
7.58 s (CH). Found, %: C 75.05; H 4.34; N 14.42. 
C18H13N3O. Calculated, %: C 75.26; H 4.53; N 14.63.  

3-Methyl-1-(2-oxo-2-phenylethyl)-4-phenyl-1H-
pyrazole-5-carbonitrile (XI). Yield 74%, mp 152–
153°C. IR spectrum, ν, cm–1: 2230 (CN), 1705 (C=O). 
1H NMR spectrum, δ, ppm: 2.34 s (CH3), 6.45 s (CH2), 
7.36–7.44 m (Harom). Found, %: C 75.56; H 4.77;  
N 13.74. C19H15N3O. Calculated, %: C 75.75; H 4.98; 
N 13.95. 

1-(4-Methylphenylsulfonyl)-4-phenyl-1H-pyra-
zole-5-carbonitrile (XII). Yield 71%, mp 172–174°C. 
IR spectrum, ν, cm–1: 2230 (CN); 1300, 1150 (SO2).  
1H NMR spectrum, δ, ppm: 2.32 s (CH3), 7.11–7.52 m 
(Harom), 7.57 s (CH). Found, %: C 62.94; H 3.86;  
N 12.83. C17H13N3O2S. Calculated, %: C 63.16;  
H 4.02; N 13.00. 

3-Methyl-1-(4-methylphenylsulfonyl)-4-phenyl-
1H-pyrazole-5-carbonitrile (XIII). Yield 75%,  
mp 180–183°C. IR spectrum, ν, cm–1: 2230 (CN); 
1300, 1150 (SO2). 1H NMR spectrum, δ, ppm: 2.32 s 
(CH3), 2.35 s (CH3), 7.12–7.54 m (Harom). Found, %:  
C 63.86; H 4.27; N 12.31. C18H15N3O2S. Calculated, 
%: C 64.09; H 4.45; N 12.46. 



RUSSIAN  JOURNAL  OF  ORGANIC  CHEMISTRY   Vol.  45   No.  3   2009 

SYNTHESIS  OF  NEW  PYRAZOLE  DERIVATIVES 465 

The IR spectra were recorded on an IKS-29 spec-
trometer from solutions in chloroform with a concen-
tration of 40 mg/ml (cell path length l = 0.1 mm). The 
1H NMR spectra were measured from solutions in 
acetone-d6 on a Tesla BS-487C spectrometer (80 MHz) 
relative to hexamethyldisiloxane as internal reference. 
The progress of reactions and the purity of products 
were monitored by ascending TLC on Silufol UV-254 
plates using acetone–hexane (2 : 3) as eluent; spots 
were visualized by treatment with iodine vapor. 

REFERENCES 

1. Ivanskii, V.I., Khimiya geterotsiklicheskikh soedinenii 
 (Chemistry of Heterocyclic Compounds), Moscow: 
 Vysshaya Shkola, 1978, p. 164. 
2. Baran’ski, A. and Kelarev, V.I., Khim. Geterotsikl. 
 Soedin., 1990, p. 435. 

3. Parham, W.E. and Bleasdale, J.L., J. Am. Chem. Soc., 
 1951, vol. 73, p. 4664. 
4. Structure Determination of Organic Compounds: Tables 
 of Spectral Data, Pretsch, E., Bühlmann, P., and Af- 
 folter, C., Eds., Berlin: Springer, 2000, 3rd ed. Translated 
 under the title Opredelenie stroeniya organicheskikh soe-
 dinenii, Moscow: Mir, 2006, p. 192. 
5. Gordon, A.J. and Ford, R.A., The Chemist’s Companion, 
 New York: Wiley, 1972. Translated under the title 
 Sputnik khimika, Moscow: Mir, 1976, p. 291. 
6. Organikum. Organisch-chemisches Grundpraktikum, 
 Berlin: Wissenschaften, 1976, 15th edn. Translated under 
 the title Organikum, Moscow: Mir, 1979, vol. 2, p. 247.  
7. James, A., Marshally, I., and Patridge, I., J. Org. Chem., 
 1968, vol. 33, p. 4090. 
8. Becker, H.G.O., Organikum. Organisch-chemisches 
 Grundpraktikum, Berlin: Wissenschaften, 1964, 3rd ed. 
 Translated under the title Obshchii praktikum po orga-
 nicheskoi khimii, Moscow: Mir, 1965, p. 467. 



<<
  /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 /Warning
  /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 <>
    /RUS ()
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


