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Abstract 2,5-Bihydrazino-1,3,4-thiadiazole (2) was syn-
thesized by condensation of 2,5-bimercapto-1,3,4-thiadiazole 
(1) with hydrazine hydrate, and compound 2 reacted with 
acyl chloride to give 2,5-biacylhydrazino-1,3,4-thiadiazole 
derivatives (3a–3e). Ring closure of compounds 3a–3e was 
achieved with POCl3 as the cyclization agent giving 3,6-
bisubstituted phenyl-bi-1,2,4-triazolo[3,4-b]-1,3,4-thiadia-
zole derivatives (4a–4e), respectively. The novel compounds 
were identified by elemental analysis, and by infrared (IR), 
1H- nuclear magnetic resonance (NMR), and mass (MS) 
spectrometry. The mechanism of the cyclization is also 
discussed.
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1 Introduction

As heterocycle compounds containing sulfur and nitrogen 
atoms, 1,3,4-thiadiazole derivatives are applied as bactericide 
and herbicide [1,2]. In recent years, their application has 
expanded into the pharmaceutical and petroleum industries 
[3], as additives in the latter. These additives can form a 
protective film over the tender metal surface to diminish the 
corrosion of metal caused by caustic substances in fuel oil, 
since 1,3,4-thiadiazole has antioxidation, anticorrosion, and 
antiwear properties [4]. It is known that triazoles are widely 
used as corrosion retardants for copper and alloy metals [5,6], 
and they even, to a certain extent, protect copper from being 
corroded [7]. We hypothesize that a new molecule containing 

two triazole units fused with one thiadizole unit should 
possess valuable properties of both the triazole and thiadia-
zole. The study on the new molecule will be important for the 
exploration of new corrosion retardants with high efficiency 
and low toxicity [8]. We report herewith the synthesis of these 
new molecules.

As shown in Scheme 1, 2,5-bihydrazino-1,3,4-thiadiazole 
(2) was synthesized by condensation of 2,5-bimercapto-1,3,4-
thiadiazole (1) with hydrazine hydrate, and compound 2 
reacted with acyl chloride to give 2,5-biacylhydrazino-1,3,4-
thiadiazole derivatives (3a–3e). The ring closure of com-
pounds 3a–3e was carried out with POCl3 as the cyclization 
agent giving the target compounds 4a–4e, respectively, 
containing two triazole units fused with one thiadiazole unit. 
The novel compounds (4a–4e) were identified by elemental 
analysis, and by infrared (IR), 1H- nuclear magnetic 
resonance (NMR), and mass (MS) spectrometry.

2 Experimental

Compounds 2 and 3 were synthesized according to the 
literature [9,10].

2.1 3,6-Biphenyl-bi-1,2,4-triazolo[3,4-b]-1,3,4-
thiadiazole (4a)

The reaction of 2,5-bibenzoyl hydrazino-1,3,4-thiadiazole 
(3a, 0.01  mol) with POCl3 (0.03  mol) in anhydro xylene 
(25  mL) was carried out at the temperature of reflux for 5  h. 
This was followed by the condensation of the reaction mix-
ture under diminished pressure, and hydrolysis of the residue 
with water followed by washing of the residue to neutral. 
The residue was recrystallized in ethanol and compound 4a 
was obtained as light yellow solid. Yield: 65.2%; m.p. 178°C 
−179°C. 1H-NMR (DMSO-d6) δ: 7.4–8.1 (m, 10H, PhH); 
IR (KBr) ν: 1610(C=C) cm−1, 1550 (C=C) cm−1; MS m/z (%), 
319 [M

+
, 62], 105 [Ph–N

+
≡N, 18], 77 [Ph+, 15]. Anal. calcd for 

C16H10N6S: C 60.37, H 3.15, N 26.42; found C 60.18, H 3.44, 
N 26.24.
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2.2 3,6-Bi-p-chloro-phenyl-bi-1,2,4-triazolo[3,4-b]-1,3,4-
thiadiazole (4b)

A mixture of p-chloro-benzoyl chloride (0.01  mol) and 2,5-
bihydrazino-1,3,4-thiadiazole (2, 0.01  mol) in anhydro-
pyridine was stirred for 25  min at 50°C, and then stirred at 
room temperature for 2  h. The resulting mixture was poured 
into ice-water, then filtrated and recrystallized in ethanol to 
give 2,5-bi-p-chlorobenzoylhydrazino-1,3,4-thiadiazole (3b). 
Reaction of 3b (0.01  mol) with POCl3 (0.03  mol) in anhydro 
xylene (25  mL) was carried out at the temperature of reflux 
for 6  h. This was followed by the condensation of the reaction 
mixture under diminished pressure and hydrolysis of the resi-
due with water followed by washing to neutral. The residue 
was recrystallized in ethanol and product 4b was obtained as 
light yellow solid. Yield: 68.2%; m.p. 186–188°C. 1H-NMR 
(DMSO-d6) δ: 7.6–8.3 (m, 8H, PhH); IR (KBr) ν: 1620 (C=C) 
cm−1, 1540(C=C) cm−1; MS m/z (%): 387 [M

+
, 71], 139.5 

[P–ClC6H4–N
+
≡N]. Anal. calcd for C16N6SH8Cl2: C 49.61, 

H 2.0, N 21.71; found C 49.51, H 2.06, N 21.45. 

2.3 3,6-Bi-p-nitrophenyl-bi-1,2,4-triazolo[3,4-b]-1,3,4-
thiadiazole (4c)

Compound 4c was synthesized from 3c as pale yellow 
crystals by the same procedure described in the preparation 
of 4b. Yield: 70.1%; m.p. 189–190°C. 1H-NMR (DMSO-d6) 
δ: 7.5–8.2 (m, 8H, PhH); IR (KBr) ν: 1492(C=N) cm−1, 
1610(C=C) cm−1; MS m/z (%): 408 [M

+
, 56], 150[P–NO2C6H4–

N
+
≡N, 27]. Anal. calcd for C16N8SH8O4: C 47.06, H 1.46, 

N 27.45; found C 47.01, H 1.01, N 27.41.

2.4 3,6-Bi-p-methylphenyl-bi-1,2,4-triazolo[3,4-b]-1,3,4-
thiadiazole (4d)

Compound 4d was synthesized from 3d as pale yellow 
crystals by the same procedure described in the preparation 

of 4b. Yield: 61.2%; m.p. 172–174°C. 1H-NMR (DMSO-d6) 
δ: 2.6 (S, 3H, Me), 7.3–8.1 (m, 8H, Ar–H); IR (KBr) ν: 1481 
(C=N) cm−1, 1603 (C=C) cm−1; MS m/z (%): 346 [M

+
, 42], 119 

[P–CH3C6H4–N
+
≡N, 28]. Anal. calcd for C18N6SH14: C 62.42, 

H 4.05, N 24.28; found C 62.39, H 4.08, N 24.21.

2.5 3,6-Bi-p-methoxylphenyl-bi-1,2,4-triazolo[3,4-b]-
1,3,4-thiadiazole (4e) 

Compound 4e was synthesized from 3e as pale yellow 
crystals by the same procedure described in the preparation 
of 4b. Yield: 57.2%; m.p. 168–170°C. 1H-NMR (DMSO-d6) 
δ: 4.2 (S, 3H, MeO), 7.0–8.1 (m, 8H, Ar-H); IR (KBr) ν: 1547 
(C=N) cm−1, 1671 (C=C) cm−1; MS m/z (%): 378 [M

+
, 74], 

135 [P–MeoC6H4–N
+
≡N, 17], Anal. calcd for C18H14N6O2S: 

C 57.14, H 3.70, N 22.22; found C 57.29, H 3.78, N 22.27.

3 Ring closure reaction mechanism with 
POCl3 as the cyclization agent to synthesize 
3,6-bisubstituted phenyl-bi-1,2,4-
triazolo[3,4-b]-1,3,4-thiadiazole derivatives

The ring closure reaction with POCl3 as the cyclization agent 
might be as follows: a tetrahedron intermediate could be 
formed by the addition reaction of POCl3 with the carbonyl 
group of compound 3. Subsequently, as the chloro-phosphate 
proved to be a good leaving group, its cleavage gave a carbo-
nium ion intermediate and consequent electron transfer and 
elimination reaction gave the ring closure product. 

Infrared spectra of compounds 3a–3e and 4a–4e, the ones 
obtained before and after the ring closure, were in accordance 
with our hypothesis: compounds 3a–3e had strong absorp-
tions in their IR spectra at 3190, 3006, and 1627  cm−1, while 
in the IR spectra of 4a–4e those signals vanished, but 
new signals at 1600–1400  cm−1 such as a strong signal at 
1550  cm−1 for C=N vibration appeared. This was attributed 

Scheme 1 Synthesis of 3,6-bisubstituted phenyl-bi-1,2,4-triazolo[3,4-b]-1,3,4- thiadiazole derivatives
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to cycle-skeletal vibrations. Besides, the 1H-NMR spectra of 
4a–4e showed only signals for protons on benzene ring and 
no signals for the ones on nitrogen.

References

 1. Kumar R, Giri S, Nizamaddin R. Efficient detection and signal 
parameter estimation with applications to high dynamic GPS 
(global positioning system) receivers. J Indian Chem Soc, 1988, 
65: 571–575

 2. Andre A K, Alexander J S, paul S. Synthesis and stability of 
2-(1,1-difluoroalkyl) thiophenes and related1,1-difluoroalkyl 
benzenes: Fluorinated building blocks for liquid crystal synthesis. 
J Tetrahedron, 2001, 57(27): 5757–5767

 3. Singh T, Singh R, Verma V K, Nakayama K. Synthesis, magnetic 
and spectral studies of some mixed-ligand chelates of bis(2-
hydroxyacetophenonato) copper(II) with 2- or 3-pyrazoline-5-one 
derivatives. Tribol Int, 1990, 23: 41

 4. Lester A D. Dicocoamine derivatives of 2,5-dimercapto-
1,3,4-thiadiazole. P. US 4617136.1986 [Chem Abstr, 1985, 125: 
180853]

 5. Qian J H, Zhang B Y, Liu L, Jiang G J. Synthesis of 2-Isopropyl-
3-carbethoxy-1,2,3,4-tetrahydroisoquinol-4-one derivatives. Chin 
J Org Chem, 2003, 23(8): 1432–1434 (in Chinese)

 6. Singh T, Kharan C V. Synthesis studies of new thiazolylthiazolidi-
nyl benzothiazoles .Tribol Int, 1993, 26: 245

 7. Bag S K, Chardhaeis R. 2-aminobenzimidazole as corrosion 
inhibitor for 70-30 brass in ammonia. J Indian Chem Soc, 1996, 
31(3): 207–212

 8. Liu L, Qian J H, Zhang B Y. Research on the inhibitor of the silver 
strip corrosion in jet fuel. Chin J Corro Sci Prot Technol, 2004, 
24(6): 376–378 (in Chinese)

 9. Huang H M, Yu H T, Chen P L, Han J, Meng J B. Synthesis of 
2,5-Diaryl-1,3,4-thiadiazoles via Lawesson’s Reagent under 
Microwave Irradiation .Chin J Org Chem, 2004, 24(5): 502–505 
(in Chinese)

10. Qian J H, Zhang B Y, Liu L, Jiang G J. Synthesis of 2-Isopropyl-
1,3-dihydro-4(1H)isoquinolone derivatives. Chin J Org Chem, 
2002, 22: 587–589 (in Chinese)



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /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
  /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

  /SyntheticBoldness 1.000000
  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


