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Abstract
Convenient procedure for in situ cyclization of hydrazinecarbodithioate potassium salts to 1,3,4-oxadiazole-2(3H)-thio-

nes under normal phase micellar media catalysis promoted by sodium dodecyl sulfate (SDS) as an anionic surfactant is

reported. The main advantage of this procedure is to provide shorter reaction time for the completion of cyclization; sca-

le-up synthesis is possible and the oxadiazoles were obtained in high to excellent yields (87–100%), making the proto-

col an attractive alternative to the available methods.
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1. Introduction

The importance of the 1,3,4-oxadiazole ring is well

established in industrial, agricultural and pharmaceutical

chemistry as demonstrated by the use of its derivatives

as antipyretic, analgesic, antidepressant and antimicro-

bial agents. As an important class of five membered he-

terocycles, 5-substituted-1,3,4-oxadiazole-2(3H)-thio-

nes show a broad spectrum of biological activities. Ear-

lier it was reported that a number of novel quinoline ana-

logs possessing 1,3,4-oxadiazole moiety have been

synthesized and screened for their potential antitumor

activity.1 A series of 1,3,4-oxadiazole-2-thiones with sa-

licylate moiety have been synthesized and evaluated for

their in vitro anticancer activity.2 Jakubkiene et al. have

reported that pyrimidine ring bearing 1,3,4-oxadiazole-

2-thiones and their 3-morpholinomethyl derivatives pos-

sess anti-inflammatory activity in vivo.3 In addition, so-

me 1,3,4-oxadiazole-2(3H)-thiones showed in vitro an-

timycobacterial activity against Mycobacteriumtubercu-
losis H

37
Rv.4 On the other hand, fatty acid based 1,3,4-

oxadiazoles have been synthesized with an objective to

study their corrosion inhibiting properties on N-80 steel

and mild steel in HCl.5

The common synthetic approaches to the 1,3,4-oxa-

diazole-2(3H)-thiones involve cyclization of acylhydrazi-

nes in the presence of carbon disulfide in ethanolic solu-

tion of potassium hydroxide. However, this classical met-

hod of preparation generally requires a long period of ti-

me (9–36 h).6–11 Long chain aliphatic hydrazinecarbodit-

hioate intermediates have to be heated under reflux for a

long time. To the best of my knowledge, however, few stu-

dies have reported alternative synthesis methods for the

preparation of 1,3,4-oxadiazole derivatives.12–15 Shahzad

et al. reported an efficient solvent-free microwave assisted

synthesis of 5-substituted-1,3,4-oxadiazole-2(3H)-thio-

nes.12 They also reported that conversion of aromatic

hydrazides into 1,3,4-oxadiazoles is more convenient

(89–98% yield) but in the case of aliphatic hydrazide con-

version is poor and lower yield is obtained (73%). Joshi

and Karnik13 have reported microwave irradiated prepara-

tion of oxadiazoles from aromatic hydrazides. Beigi et al.

reported a novel practical and efficient catalyst-free met-

hod for the synthesis of 1,3,4-oxadiazoles, which is assi-

sted by DMF as a reaction solvent.14 But one disadvantage

of this method is the use of a toxic solvent. Liu et al. deve-

loped a new strategy for solid-phase synthesis of 1,3,4-

oxadiazoles from resin-bound acylhydrazines, but this

method also requires 8 hours for cyclization.15

Synthesizing new compounds is a common task for

chemists active in preparing various drugs and special in-

dustrial chemicals. However, when large-scale synthesis
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reaction is performed, some changes in reaction kinetics

may occur. In addition low reaction yields, toxicity and

abundant hazardous by-products may occur.On the other

hand, separation and purification steps play an important

role in scale-up of any synthesis.

Therefore, after the evaluation of the disadvantages

of the previously published procedures, an alternative pro-

cedure involving less toxic, readily available surfactant

catalyst, taking place efficiently and quickly in a micellar

media, applicable for the synthesis of long-chain aliphatic

carboxylic acid hydrazide derived mono and (bis-) 1,3,4-

oxadiazole-2(3H)-thiones was developed. Furthermore,

this strategy also provided the opportunity for clean scale-

up synthesis. 

2. Results and Discussion

Fatty acid methyl esters were prepared by sulfuric

acid catalyzed esterification. For the preparation of fatty

acid hydrazides 1a–i, a solution of fatty acid methyl es-

ters in EtOH was mixed with excess of hydrazine hydra-

te (100%) and the reaction mixture was refluxed for ap-

propriate time. It was cooled and the crystalline solid

separated was collected, washed and crystallized from

EtOH.

The conventional method applied for the synthesis

of the previously known 1,3,4-oxadiazole-2(3H)-thiones

2a-i18–27 is shown in Scheme 1. The potassium hydra-

zinecarbodithioates required 24 h for complete cyclization

in the absence of SDS.

The optimized SDS catalyzed reaction conditions

were determined (Table 1).

Dodecanehydrazide 1c was selected as the model

substrate for optimization of the micellar media reaction

conditions. It was found that the SDS plays a crucial role

in the success of the reaction in terms of the rate enhance-

ment. When the reaction was carried out in the absence of

SDS for 2 h and in the presence of SDS for 1 h, the con-

version is incomplete with starting acyl hydrazine 1c still

available in the reaction medium (entries 1 and 2, Table

1). But after heating for additional 1 h in the presence of

SDS, it is found that complete conversion could be obtai-

ned. Finally, it was found that for complete conversion in

the presence of SDS the optimum reaction time is 2 h (en-

try 3, Table 1 and Scheme 2). 

When water was used as a solvent in the presence of

SDS under reflux conditions for 2 h, the reaction medium

was checked by TLC (Thin Layer Chromatography) and

the desired cyclization product was detected but the isola-

tion of the product 2c19, 20, 21 was very difficult due to the

tedious and ineffective vacuum filtration caused by the de-

tergent effect of SDS in water (entry 4, Table 1). One al-

ternative solution to this problem is the extraction of the

product from the aqueous medium by using a suitable or-

ganic solvent, but this is not practical for scale-up synthe-

sis and is also not eco-friendly. Therefore, EtOH was se-

lected as a suitable recrystallization solvent.

In some cases the yields obtained by micelle ca-

talysis were better than those achieved by the conventio-

nal method (Table 2). Typically, surface active com-

pounds have enough solubility in polar organic solvents

Table 1. Optimization of the reaction conditions for the preparation

of compound 2c.19–21

Entry
Catalyst 

Solvent
Time Yield 

(10% mmol/mmol) (h) (%)
1 – EtOH + H

2
O 2 53

2 SDS EtOH + H
2
O 1 64

3 SDS EtOH + H
2
O 2 100

4 SDS H
2
O 2 Not isolated

Scheme 1. Conventional synthesis of oxadiazoles.
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such as lower alcohols. Depending on the alcohol con-

centration the surface tension is varied.16 For example,

the change of critical micelle concentration (cmc) of

SDS in water, depending on the concentration of EtOH

is shown in Figure 1. 

The cmc reaches a minimum at 5% of EtOH (mar-

ked area I), and increases from that point.16 The reason for

this minimum is association of EtOH with the SDS micel-

le. But then solubility of SDS increases with an increase

in the EtOH concentration. Thus at constant temperature

Table 2. Synthesis of higher 5-substituted-1,3,4-oxadiazole-2(3H)-thiones in micellar media.

Entry Product Time [[h]]a Yield [[%]]a,b Time [[h]]c Yield [[%]]b,c

1 2a20,21 24 91 2 92

2 2b19–21 24 100 2 99

3 2c19–21 24 95 2 100

4 2d 24 87 2 87

5 2e19,20 24 82 2 100

6 2f27 24 89 2 99

7 2g27 24 85 2 90

8 2h23 24 80 2 96

9 2i 24 84 2 99

a Conventional method.  b Yield after crystallization.  c Micellar media method.

Scheme 2. Micellar media synthesis of oxadiazoles.
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Figure 1. Cmc value of SDS according to EtOH concentration in water.

Table 3. Structures of the synthesized oxadiazoles.

Entry Substrate 1 Product 2
1 1a 2a

2 1b 2b

3 1c 2c

4 1d 2d

5 1e 2e

6 1f 2f

7 1g 2g

8 1h 2h

9 1i 2i
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minor amounts of EtOH lower the cmc of SDS, but when

EtOH is available in large amounts the value rises.17 In Fi-

gure 1 the area marked II shows concentration of EtOH

where the reaction takes place. 

In comparison with the reported conventional met-

hods for the preparation of oxadiazoles, the present met-

hod was found to be advantageous in terms of scale up as

well as easy isolation of pure products. On the other hand,

this method offers a number of attractive advantages such

as short reaction time, non-hazardous solvents, and cost

effectiveness. The structures of the oxadiazoles prepared

in this study are given in Table 3. The synthesis of 2c19–21

was performed on a multi-gram scale and high yield of the

product was obtained (95%). 1H NMR and 13C NMR data

were in good agreement with the literature.18–27

3. Conclusions

The present approach furnished mono and bis-1,3,4-

oxadiazole-2(3H)-thiones with high yields and is, to the

best of my knowledge, the first economically SDS cataly-

zed route to date to prepare above-mentioned heterocyclic

compounds in a convenient manner. The heterocyclic

compounds could be obtained from readily available rea-

gents and solvents with simple workup, rendering this im-

proved protocol highly amenable to the large-scale

synthesis of 1,3,4-oxadiazole-2(3H)-thiones.

4. Experimental

4. 1. General
All reagents and solvents were purchased from eit-

her Merck or Sigma-Aldrich and used without further pu-

rification. TLC was performed using silica gel (60 F
254

,

Merck, Darmstadt, Germany) plates. Melting points were

recorded by Büchi melting point B-540 apparatus (Büchi

Labortechnik AG in Flawil, Switzerland). The NMR spec-

tra were measured using Varian Mercury plus spectrome-

ter (400 MHz) (Varian Inc., California, USA) in CDCl
3

using TMS as the internal standard. Chemical shifts (d)

are reported in ppm and J values in Hertz.

4. 2. Typical Experimental Procedures for
the Synthesis of 5-Substituted-1,3,4
-oxadiazole-2(3H)-thiones 

4. 2. 1. Micellar Media Method (2c19–21) 

Potassium hydroxide (0.2 g, 3.6 mmol) was dissol-

ved in 1 mL of water and absolute ethanol (25 mL) was

added. Hydrazide 1c (0.6 g, 2.2 mmol) and SDS (0.06 g,

10% mmol/mmol) were added to the above basic solution.

After the formation of a clear solution, CS
2

(0.3 g, 0.24 m-

L, 3.9 mmol) was added dropwise and the mixture stirred

at reflux for 2 h. The reaction mixture was concentrated

under vacuum, and 10 mL of ice-cooled water was added.

Afterwards, the solution was acidified with cooled 1M

HCl(aq). The obtained solid was filtered under vacuum

and dried at room temperature and ambient pressure for

24 h. It was crystallized from EtOH/H
2
O as a white cry-

stalline solid; yield 0.69 g (100%); mp 83–84°C; IR (KB-

r): 3205, 1620, 1176, 1068 cm–1; 1H NMR (400 MHz,

CDCl
3
): δ 10.93 (s, 1H, -NH), 2.69 (t, J 7.6 Hz, 2H, -CH

2
-

het), 1.74 (quin, J 7.5 Hz, 2H, -CH
2
CH

2
CH

2
-het),

1.43–1.22 (m, 24H, -CH
2
-), 0.87 (t, J 6.4 Hz, 3H, -CH

3
);

13C NMR (100 MHz, CDCl
3
): δ 178.54, 164.90, 31.87,

29.54, 29.52, 29.32, 29.29, 28.99, 28.76, 25.67, 25.53,

22.66, 14.10. Anal. Calcd for C
17

H
32

N
2
OS: C, 65.34; H,

10.32; N, 8.96; S, 10.26. Found: C, 65.15; H, 10.09; N,

8.49; S, 10.28.

4. 2. 2. Scale-up of Micellar Media Method (2c19–21) 

Potassium hydroxide (6.75 g, 120 mmol) was dis-

solved in 25 mL of water and absolute ethanol (400 mL)

was added. Hydrazide 1c (20 g, 73.9 mmol) and SDS

(2.13 g, 10% mmol/mmol) were added to the above basic

solution. After the formation of a clear solution, CS
2

(10

g, 7.9 mL, 131.3 mmol) was added and the mixture stirred

at reflux for 2 h. The reaction mixture was concentrated

under vacuum, and 150 mL of ice-cooled water was ad-

ded. Afterwards, the solution was acidified with cooled

1M HCl(aq). The obtained solid was filtered under va-

cuum and dried at room temperature and ambient pressure

for 24 h. It was crystallized from EtOH/H
2
O as a white

crystalline solid; yield 22 g (95%)

4. 3. 3. Conventional Method (2c19–21) 

Potassium hydroxide (0.2 g, 3.6 mmol) was dissol-

ved in 1 mL of water and absolute ethanol (25 mL) was

added. Hydrazide 1c (0.6 g, 2.2 mmol) was added to the

above basic solution. After the formation of a clear solu-

tion, CS
2

(0.3 g, 0.24 mL, 3.9 mmol) was added dropwise

and the mixture stirred at reflux for 24 h. The reaction

mixture was concentrated under vacuum, and 10 mL of

ice-cooled water was added. Afterwards, the solution was

acidified with cooled 1M HCl(aq). The observed solid

was filtered under vacuum and dried at room temperature

and ambient pressure for 24 h. It was crystallized from Et-

OH/H
2
O as a white crystalline solid; yield 0.66 g (95%). 
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Povzetek
Poro~am o priro~nem postopku in situ ciklizacije kalijevih hidrazinkarboditioatnih soli v 1,3,4-oksadiazol-2(3H)-tione

pod pogoji katalize v micelnem mediju z normalno fazo ob sodelovanju natrijevega dodecil sulfata (SDS) kot anionske-

ga surfaktanta. Glavna prednost tega postopka je skraj{anje reakcijskih ~asov, ki so potrebni za popolno ciklizacijo;

mo`no je tudi izvajanje sintez z ve~jimi koli~inami; ker je oksadiazole mogo~e pripraviti z visokimi do odli~nimi izko-

ristki (87–100%), to {e dodatno pove~a zanimivost predstavljenega protokola kot atraktivne alternative obstoje~im me-

todam.



<<
  /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 /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /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 true
  /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 <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  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 /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


