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Abstract—Intramolecular heterocyclization of N-allyl(phenyl)thiosemicarbazide of N-morpholinylacetic acid 
in aqueous alkaline medium results in cyclic 5-(morpholinomethyl)-4-allyl(phenyl)-1,2,4-triazole-3-thiones. 

Thiosemicarbazides are widely used in organic 
chemistry as starting synthon for synthesis of many 
nitrogen-containing heterocyclic compounds [1]. In 
view of the antibacterial properties, 1,2,4-triazole-3-
thione derivatives are promising, many of them are 
used in pharmacology [1–3] and agriculture [3–5]. 

Cyclization of thiosemicarbazide derivatives I and 
II was carried out in aqueous alkaline medium by 
heating the reaction mixture at 80–85°C. In the presence 

of alkali N-allyl(phenyl)thiosemicarbazides of mor-
pholinylacetic acid I and II were transformed into 
thiolates, their subsequent acidification resulted in 5-
(morpholinomethyl)-4-allyl(phenyl)-1,2,4-triazole-3-
thiones III and IV. 

The reaction mechanism was as follows. In the 
alkaline medium, thiosemicarbazides were almost 
completely transformed into the thiolates [6], the elec-
tronic equilibrium was shifted, favoring the intramole-
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R = CH=CHCH2 (I, III), C6H5 (II, IV). 
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cular nucleophilic attack of the nitrogen atom at the 
electron-deficient carbon atom of the carbonyl group 
to form stable heterocyclic system. 

The synthesized compounds III and IV were white 
crystalline substances, soluble in many polar and 
nonpolar organic solvents. Composition and structure 
of III and IV were confirmed by elemental analysis, 
IR, and 1H NMR spectroscopy. 

The IR spectra of the synthesized compounds III 
and IV contained the absorption band of NH group in 
the range of 3300–3100 cm–1 and that of C=S group at 
1300 cm–1. 

In 1H NMR spectrum of 5-(morpholinomethyl)-4-
phenyl-1,2,4-triazole-3-thione IV, two triplet signals of 
methylene protons of morpholine moiety were ob-
served at 2.17 and 3.40 ppm. The protons of NCH2 frag-
ment were registered as narrow singlet at 3.31 ppm. 
Phenyl ring protons resonated in weak field (7.45–
7.54 ppm) resulting in complex multiplet. Thioamide 
proton of triazole ring appeared as narrow singlet at 
13.83 ppm. Ratio of the integral intensities correspon-
ded to the proposed structure of IV. 

The spatial structure of 5-(morpholinomethyl)-4-
allyl-1,2,4-triazole-3-thione III was confirmed by X-
ray diffraction analysis (see figure). 

The bond lengths and angles were close to the or-
dinary values in similar compounds (Tables 1 and 2) [7]. 

Morpholine ring in the molecule of III took the 
form of almost ideal chair conformation (ΔСS

12 1.2° 
and ΔС2

11,12 1.2°) (the intracyclic torsion angles are 
shown in Table 3). Thiadiazine ring was planar; the 
atoms N1, N2, C3, N4

, and C5 were coplanar within ± 
0.003 Å. The atoms S1, C6, and C9 were located close 
to the plane of the ring (the deviations were of 0.026, 
0.020, and 0.065 Å, respectively). The atom C9 was 
equatorially oriented with respect to the morpholine 
ring. 

In the crystal, the molecules were linked via the 
hydrogen bonding N2–H (x, y, z)···S1 (2 – x, –y, 1 – z) 
(N···S 3.28 Å, H···S 2.44 Å, ∠NHS 164°), to form 
dimer pairs. 

Thus, intramolecular heterocyclization of N-allyl
(phenyl)thiosemicarbazides of morpholinylacetic acid 
I and II in aqueous alkaline medium gave 5-(mor-
pholinomethyl)-4-allyl(phenyl)-1,2,4-triazole-3- thiones 
III and IV.  

EXPERIMENTAL 

IR spectra were recorded with Nicolet AVATAR-
320 spectrometer in KBr pellets. 1H NMR spectra were 
registered with Bruker DRX500 spectrometer at                 
500 MHz in DMSO-d6 solution, relative to internal 
standard TMS. Melting points were determined with 
Boetius instrument. TLC analysis was performed on 
Sorbfil plates, detecting with iodine vapor. 

General view of the molecule of thione III. 
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X-Ray diffraction analysis of III. Cell parameters 
and the intensity of 2195 independent reflections were 
measured with Xcalibur diffractometer (CuKα, graphite 
monochromator, θ/2θ-scanning, 2θ ≤ 134°). The 
crystals were monoclinic; cell parameters: a 9.138(1), 
b 8.773(1), c 16.176(2)Å, β 104.89(2)°, V 1253.3(3) 
Å3, Z 4 (C10H16N4OS), space group P21/c, dcalc 1.274 g/
cm3. The structure was solved by direct method. 
Positions of non-hydrogen atoms were refined by the 
full-matrix least square method in anisotropic approxi-
mation. The hydrogen atoms were placed into the 
geometrically calculated positions and refined in a 
rider model. 1710 reflections with I ≥ 2σ(I) were used 
in the calculations. The final divergence factors were: 
R1 0.0473 and wR2 0.1521. The structure was solved 
and refined using the SHELXS-97 [8] and SHELXL-
97 [9] software packages. The coordinates of the atoms 
of III have been deposited to the Cambridge 
Crystallographic Data Centre (CCDC 886408). 

5-(Morpholinomethyl)-4-allyl-1,2,4-triazole-3-
thione (III). 2.58 g (0.01 mol) of N-allylthiosemi-
carbazide of morpholinylacetic acid I was added to 
solution of 0.40 g (0.01 mol) of NaOH in 30 mL of 
distilled water. The reaction mixture was heated at 85°C 
during 2 h, then cooled and neutralized with hydro-
chloric acid to pH 6–7. The precipitate was filtered off 
and recrystallized from 2-propanol. Yield 50%, mp 
156–158°C. 

For X-ray analysis, the crystals of III were obtained 
by evaporation of a saturated solution in ethanol. 1H 
NMR spectrum, δ, ppm (J, Hz): 2.38 t [4H, N(CH2)2,           

J 4.25], 3.51 s (2H, NCH2), 3.55 t [4H, O(CH2)2,                    
J 4.5], 4.69 d (1Н, CН2CH=), 5.9 m (1Н, CН2CH=), 
5.09–5.21 d.d (1Н, CН=CH2). Found, %: С 49.98; Н 
6.71; N 23.31. C10H16N4OS. Calculated, %: С 50.28; Н 
6.93; N 23.49. 

5-(Morpholinomethyl)-4-phenyl-1,2,4-triazole-3-
thione (IV) was synthesized similarly from 0.40 g 
(0.01 mol) of NaOH and 2.94 g (0.01 mol) of N-phenyl-
thiosemicarbazide of morpholinylacetic acid II. Yield 
1.73 g (62.6%), white crystals, mp 186–189°C 
(benzene). 1H NMR spectrum, δ, ppm (J, Hz): 2.17 t 
[4H, N(CH2)2, J 3.9], 3.31 s (2H, NCH2), 3.4 t [4H, O
(CH2)2, J 4.2], 13.83 br.s (1Н, NNH), 7.45–7.54 m 
(5Н, C6Н5). Found, %: С 56.50; Н 5.84; N 20.27. 
C13H16N4OS. Calculated, %: С 56.87; Н 6.11; N 20.49. 

Bond d, Å Bond d, Å 

S1–C3                      1.687(3) C7–C8                      1.292(6) 

N1–C5                      1.293(4) C9–N10                     1.457(4) 

N1–N2                      1.373(3) N10–C11                    1.460(3) 

N2–C3                      1.329(4) N10–C15                    1.461(4) 

C3–N4                      1.373(3) C11–C12                    1.504(5) 

N4–C5                      1.374(3) C12–O13                    1.419(4) 

N4–C6                      1.476(3) O13–C14                    1.416(4) 

C5–C9                      1.493(4) C14–C15                    1.505(4) 

C6–C7                      1.483(5)   

Angle ω, deg Angle ω, deg 

C5N1N2               103.8(2) N4C6C7               112.8(2) 

C3N2N1               113.5(2) C8C7C6               124.5(4) 

N2C3N4               103.8(2) N10C9C5              112.7(2) 

N2C3S1               128.8(2) C9N10C11             109.9(2) 

N4C3S1               127.4(2) C9N10C15             112.4(2) 

C3N4C5               107.3(2) C11N10C15            108.7(2) 

C3N4C6               124.1(2) N10C11C12            109.6(3) 

C5N4C6               128.6(2) O13C12C11            111.8(3) 

N1C5N4               111.5(2) C14O13C12            109.9(3) 

N1C5C9               123.1(2) O13C14C15            112.2(3) 

N4C5C9               125.3(2) N10C15C14            108.6(3) 

Table 1. Bond lengths in the structure of III Table 2. Bond angles in the structure of III 

Angle τ, deg Angle τ, deg 

Triazole ring  

C5N1N2C3                                    0.2(3) N2N1C5N4                                    0.3(3) 

N1N2C3N4                                   –0.6(3) C3N4C5N1                                   –0.7(3) 

N2C3N4C5                                    0.8(3)   

C15N10C11C12                              –58.9(3) C12O13C14C15                               57.7(4) 

N10C11C12O13                               58.1(4) C11N10C15C14                               59.1(3) 

C11C12O13C14                              –56.5(4) O13C14C15N10                              –59.6(4) 

Triazole ring  

Table 3. Intracyclic torsion angles in the structure of III 



RUSSIAN  JOURNAL  OF  GENERAL  CHEMISTRY   Vol.  83   No.  11   2013 

NURKENOV et al. 2074 

REFERENCES 

1. Selezneva, E.S., Belousova, Z.P., Ivanchina, A.I., and 
 Ten’gaev, E.I., Pharm. Chem. J., 2006, vol. 40, no. 3,     
 p. 145. 

2. Ivanskii, V.I., Khimiya geterotsiklicheskikh soedinenii 
 (Chemistry of Heterocyclic Compounds), Moscow: 
 Vysshaya Shkola, 1978, 559 p. 

3. Berim, N.G., Khimicheskaya zashchita rastenii (Che-
 mical Protection of Plants), Leningrad: Kolos, 1972. 

4. Golyshin, N.M., Zh. Vseross. Khim. Obshch. im. D.I. 
 Mendeleeva, 1984, vol. 29, no. 1, p. 74. 

5. Van Gestel, J., Heeres, J., Janssen, M., and Van Reet, G., 
 Pestic. Sci., 1980, vol. 11, no. 1, p. 95. 
6. Alimbaeva, A.S., Nurkenov, O.A., Zhakina, A.Kh., 
 Kulakov, I.V., Turdybekov, D.M., and Turdybekov, K.M., 
 Russ. J. Gen. Chem., 2009, vol. 79, no. 7, p. 1532. 
7. Allen, F.H., Kennard, O., Watson, D.G., Brammer, L., 
 Orpen, A.G., and Taylor, R., J. Chem. Soc., Perkin 
 Trans. 2, 1987, p. S1. 
8. Sheldrick, G.M., SHELX97, Programs for Crystal 
 Structure Analysis, Göttingen University, Göttingen, 
 Germany, 1997. 
9. Sheldrick, G.M., Acta Crystallogr. (A), 2008, vol. 64,   
 p. 112. 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /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 1.6
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /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
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /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
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /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 <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /RUS (Pfeps)
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [14400.000 14400.000]
>> setpagedevice


