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The 1-(diphenylmethylene)-2-(thiazolo[4,5-b]pyridin-2-yl)hydrazine compound (IV) is syn-
thesized based on 3-amion-2-chloropyridine precursor and characterized by single crystal  
X-ray diffraction. The structural analysis reveals that compound IV belongs to the monoclinic 
system, space group P21/c, a = 11.869(5) Å, b = 13.155(6) Å, c = 10.970(5) Å, � = 102.431(5)�, 
V = 1672.6(12) Å3, Z = 4. In the crystal structure, the molecular species are linked by intermo-
lecular N—H�N hydrogen bonds into one-dimensional chains. 
 
K e y w o r d s: 1-(diphenylmethylene)-2-(thiazolo[4,5-b]pyridin-2-yl)hydrazine, synthesis, crys-
tal structure, N—H�N hydrogen bond. 

 
Hydrazones are an emerging class of materials, which have been demonstrated to possess a wide 

range of bioactivities such as antimicrobial [ 1 ], anticonvulsant [ 2 ], antifungal [ 3 ], anticancer [ 4 ], 
antitubercular [ 5 ], antiviral [ 6 ], and antibacterial [ 7 ]. Meanwhile, hydrazones have also interesting 
ligation properties because of the presence of several coordination sites, and thus their metal com-
plexes are important for their possible biological applications [ 8, 9 ]. In addition, hydrazone deriva-
tives containing heterorings such as pyridine [ 10 ], thiazole [ 11 ], and pyrazole [ 12 ] rings have re-
cently attracted special attention. For example, a series of benzothiazolyl hydrazones and their com-
plexes have been reported for their bioactivities [ 13—16 ]. However, in order to improve the water 
solubility and the coordination abilities with metal ions of benzothiazolyl hydrazones, we have at-
tempted to replace the benzene ring moieties in these compounds by nitrogen heterocycles such as 
pyridine, pyrimidine, pyridazine, and pyrazine. This paper presents the results of the synthesis and 
single crystal X-ray diffraction analysis of a novel hydrazone compound containing the pyrido-
thizaole ring: 1-(diphenylmethylene)-2-(thiazolo[4,5-b]pyridin-2-yl)hydrazine (IV). 

 

 
 

Scheme 1 
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Experimental. Compound IV was obtained from a 3-amion-2-chloropyridine precursor (Sche-
me 1), which is referred to the reported procedure [ 13 ]. Single crystals suitable for X-ray diffraction 
were obtained by crystallization of compound IV from methanol, and the results were as follows: 

Compound I: Yield: 45 %. Tm = 274—276 �C. Anal. Calcd. (%) for C6H4N2S2: C, 42.83; H, 2.40; 
N, 16.65. Found (%): C, 42.69; H, 2.33; N, 16.78. IR (KBr, cm–1): 3119 (NH), 1393 (C=S). 1H NMR 
(DMSO, 400 MHz) �: 13.93 (s, 1H, NH), 8.40 (d, 1H, ArH), 7.61 (d, 1H, ArH), 7.41 (t, 1H, ArH). 

Compound II: Yield: 92 %. Tm = 82—84 �C. Anal. Calcd. (%) for C7H6N2S2: C, 46.13; H, 3.32; 
N, 15.37. Found (%): C, 46.19; H, 3.25; N, 15.46. IR (KBr, cm–1): 2985 (CH3). 1H NMR (CDCl3, 
400 MHz) �: 8.44 (d, 1H, ArH), 8.05 (d, 1H, ArH), 7.34 (t, 1H, ArH), 2.80(s, 3H, CH3). 

Compound III: Yield: 85 %. Tm = 240—242 �C. Anal. Calcd. (%) for C6H6N4S: C, 43.36;  
H, 3.64; N, 33.71. Found (%): C, 43.50; H, 3.61; N, 33.83. IR (KBr, cm–1): 3325, 3302 (NH2), 3196 
(NH). 1H NMR (DMSO, 400 MHz) �: 9.34 (s, 1H, NH), 8.07 (d, 1H, ArH), 7.58 (d, 1H, ArH), 7.21  
(t, 1H, ArH), 5.14 (s, 2H, NH2). 

Compound IV: Yield: 30 %. Tm = 178—180 �C. Anal. Calcd. (%) for C19H14N4S: C, 69.07; H, 
4.27; N, 16.96. Found (%): C, 68.92; H, 4.22; N, 16.83. IR (KBr, cm–1): 3331 (NH), 1597 (C=N). 1H 
NMR (DMSO, 400 MHz) �: 11.84 (s, 1H, NH), 8.15 (s, 1H, ArH), 7.42 (m, 5H, Ar—H), 7.26 (m, 7H, 
Ar—H). 

The X-ray diffraction analysis of compound IV was performed on a Bruker SMART APEX II 
CCD diffractometer with a graphite monochromated MoK� radiation source (� = 0.71073 Å). The in-
tensity data were collected at room temperature using the �-2� scan technique. The data were cor-
rected for the Lorentz polarization factor and absorption. The structures were solved by direct methods 
with SHELXS-97 and expanded using Fourier techniques [ 17 ]. All H atoms were refined in the iso-
tropic approximation with Uiso equal to 1.2Ueq of the adjacent C or N atoms respectively. A summary 
of the crystal structure parameters, data collection, structure determination and refinement is provided 
in Table 1. CIF files containing complete information on the structure of IV was deposited with the 
Cambridge Crystallographic Data Center (no. 883380); the file is freely available upon request from 
the following web site: http://www.ccdc.cam.ac.uk/data_request/cif. 
 

T a b l e  1  

Crystallographic data and refinement details for compound IV 

Empirical formula C19H14N4S 
Molecular weight 330.40 
Crystal system Monoclinic 
Space group P2(1)/c 
a, b, c, Å 11.869(5), 13.155(6), 10.970(5) 
�, deg. 102.431(5) 
V, Å3 1672.6(12) 
Z 4 
dcalc, g/cm3 1.312 
	, mm–1 0.200 
Crystal size, mm 0.41
0.32
0.25 
�, deg. 2.34—25.50 
Reflections collected / unique 10588 / 3105  [R(int) = 0.0694 ] 
GOOF on F 2 1.040 
R factors (I > 2�(I )) R1 = 0.0572,  wR2 = 0.1218 
R factors (all data) R1 = 0.1071,  wR2 = 0.1432 
Residual extrema, e/Å–3 0.284 / –0.388 
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Fig. 1. Molecular structure of compound IV 
 

Results and discussion. The molecular structure of compound IV is shown in Fig. 1. The inde-
pendent part of the unit cell contains one molecule of compound IV, which is constructed by the pyri-
dine-thiazole moiety, the hydrazone linker, and the biaryl moiety. The bond lengths and bond angles in 
the structure of IV are typical of the compounds of this class [ 14 ]. The C(1)—N(1), C(5)—N(1), 
C(2)—N(2), and C(6)—N(2) bond lengths are 1.334(3) Å, 1.336(4) Å, 1.376(3) Å, and 1.298(3) Å re-
spectively, which are typical of azocompounds. The C(6)—N(3), N(3)—N(4), and C(7)—N(4) bond 
length are 1.369(3) Å, 1.373(3) Å, and 1.297(3) Å respectively, which is observed in similar compounds 
[ 18 ]. The C(1)—S(1) and C(6)—S(1) bond lengths of 1.746(3) Å and 1.747(3) Å are intermediate be-
tween the double (�1.56 Å) and single (�1.82 Å) bonds. The shortening of the C—S bonds shows the 
partial double-bond character of the C—S bonds, which agrees with the literature data [ 14 ]. The 
C(1)—S(1)—C(6) angle is 87.11(13)�, which is smaller than that in simple thiazoles. The pyridine-
thiazole heterocyclic ring (P1) is nearly parallel to one benzene ring C8—C13 (P2), but perpendicular 
to another benzene ring C14—C19 (P3). The P1/P2, P1/P3, and P2/P3 dihedral angles are 12.17(8)�, 
80.36(6)�, and 77.16(9)� respectively. The N3, N4, C7, C8, and C14 atoms lie in the same plane that is 
almost coplanar with P1 and P2. 

In the crystal, the adjacent molecules form one-dimensional chains along the c axis by means of 
intermolecular H-bonds: N(3)—H(3)� N(1) (x, –y+1/2, z–1/2) (N�N 2.853(3) Å, H�N 2.08 Å,  
N—H�N angle 149.7�), as shown in Fig. 2.  
 

This work was supported by the National Natural Science Foundation of China (No. 21072089). 
 

 
 

Fig. 2. H-bonded 1D chains of the molecules of compound IV (hydrogen bonds  
are shown by dashed lines, some hydrogen atoms are omitted for clarity) 

 
 




��	
�� ��������� 408 

REFERENCES 

1. Ajani O.O., Obafemi C.A., Nwinyi O.C. et al. // Bioorg. Med. Chem. – 2010. – 18, N 1. – P. 214 – 221. 
2. Dimmock J.R., Vashishtha S.C., Stables J.P. // Eur. J. Med. Chem. – 2000. – 35, N 2. – P. 241 – 248. 
3. Loncle C., Brunel J.M., Vidal N. et al. // Eur. J. Med. Chem. – 2004. – 39, N 12. – P. 1067 – 1071. 
4. Zheng L.W., Wu L.L., Zhao B.X. et al. // Bioorg. Med. Chem. – 2009. – 17, N 5. – P. 1957 – 1962. 
5. Gemma S., Savini L., Altarelli M. et al. // Bioorg. Med. Chem. – 2009. – 17, N 16. – P. 6063 – 6072. 
6. El-Sabbagh O.I., Rady H.M. // Eur. J. Med. Chem. – 2009. – 44, N 9. – P. 3680 – 3686. 
7. Peng S.J. // J. Chem. Crystallogr. – 2011. – 41, N 3. – P. 280 – 285. 
8. Mukherjee S., Chowdhury S., Chattapadhyay A.P. et al. // Inorg. Chim. Acta. – 2011. – 373, N 1. – P. 40 – 46. 
9. Bacchi A., Carcelli M., Pelagatti P. et al. // J. Inorg. Biochem. – 1999. – 75, N 2. – P. 123 – 133. 

10. Horiuchi T., Chiba J., Uoto K. et al. // Bioorg. Med. Chem. Lett. – 2009. – 19, N 2. – P. 305 – 308. 
11. Chimenti F., Bizzarri B., Bolasco A. et al. // Eur. J. Med. Chem. – 2011. – 46, N 1. – P. 378 – 382. 
12. El-Sayed M.A.A., Abdel-Aziz N.A., Abdel-Aziz A.A.M. et al. // Bioorg. Med. Chem. – 2011. – 19, N 11.  

– P. 3416 – 3424. 
13. Easmon J., Heinisch G., Hofmann J. et al. // Eur. J. Med. Chem. – 1997. – 32, N 5. – P. 397 – 408. 
14. Lawrence H.R., Li Z., Yip M.L.R. et al. // Bioorg. Med. Chem. Lett. – 2009. – 19, N 14. – P. 3756 – 3759. 
15. Pervova I.G., Melkozerov S.A., Slepukhin P.A. et al. // Russ. J. Gen. Chem. – 2010. – 80, N 5. – P. 817 – 

823. 
16. Girish S.R., Revankar V.K., Mahale V.B. // Transition. Met. Chem. – 1996. – 21, N 5. – P. 401 – 405. 
17. Sheldrick G.M. SHELXS-97 and SHELXL-97. Programs for Crystal Structure Refinement, Univ. Göttingen, 

Germany, 1997. 
18. Klein C.L., Gray D., Stevens E.D. // Struct. Chem. – 1993. – 4, N 6. – P. 377 – 384. 
 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /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 true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /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 true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /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 true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /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 true
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /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 <>
    /POL <>
    /PTB <>
    /RUM <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /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.)
    /RUS <>
  >>
  /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 [612.000 792.000]
>> setpagedevice


