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Simple and Convenient Protocol for Staining of Organic
Azides on TLC Plates by Ninhydrin.

A New Application of an Old Reagent

by Barbara Cegielska1 and Karol M. Kacprzak1*

1 Department of Chemistry, A. Mickiewicz University,
ul. Grunwaldzka 6, 60-780 Poznañ, Poland

Operationally simple, general and sensitive method for the visualization of organic azides
on TLC plates was developed. The protocol is based on triphenylphosphine-mediated
reduction of azides to the corresponding amines which give contrasting color spots with
ninhydrin.

Opisano prost¹, ogóln¹ i czu³¹ metodê wybarwiania azydków organicznych na p³ytkach
TLC, bazuj¹c¹ na ich redukcji do odpowiednich amin, które w reakcji z ninhydryn¹ daj¹
kontrastowo zabarwione plamy.

SHORT COMMUNICATION
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Organic azides are important class of organic compounds widely exploited
in organic synthesis as versatile intermediates [1] and recently in so called click chemi-
stry (Huisgen 1,3-cycloaddition) [2, 3].

In the course of our project we synthesized a libraries of azidoacids and azido-
peptides via diazotransfer from the corresponding amino compounds and needed there-
fore a reliable and simple test for TLC detection of the progress of these reactions and
assessment of purity of the formed azides. Unfortunately, the lack of an aromatic
chromophore in many of the azides made the UV-detection impractical. Surprisingly,
inspection of the rich literature on TLC staining methods [4] uncovered only a few
protocols for the visualization of the azides published so far. Heckel and Seebach
used molybdato phosphoric acid [5] which due to a rather strong oxidising characte-
ristics shows lack of selectivity and stains most of the functional groups. Very recen-
tly Brase et al. published an alternative method based on in-situ click reaction
between azides (on TLC plate) and the mixture of propargyl alcohol and copper(I)
bromide [6]. Unfortunately, this reagent produces white spots on a slightly yellow
background which may be not sufficiently contrasting and requires further use of the
Seebach reagent for more contrasting staining. For these reasons we turned our atten-
tion to the development of a novel staining method free of the abovementioned limi-
tations. Our two-step protocol involves initial reduction of azides with triphenylphos-
phine (CAUTION: harmful) to the corresponding amines and their further well-known
reaction with ninhydrin leading to the Ruhemann’s purple (Scheme 1) [7]. This rather
obvious sequence was not yet used for staining of azides on TLC plates and a similar
colorimetric test was only recently adopted by Punna and Finn for the detection of
azides on solid support [8].

Scheme 1
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EXPERIMENTAL

Materials and reagents

Silica gel 60 F254 TLC plates (Merck, Fluka) were used. 0.3% solution of ninhydrin (Fluka, analytical
grade) in n-butanol/AcOH (100:3, v/v); 10% triphenylphosphine (Fluka, CAUTION: harmful) in CH2Cl2.
All solvents and reagents were of analytical purity. Azides were prepared according to the published proce-
dures.

General procedure for visualization of azides on TLC plates

A sample of azide was spotted on TLC plate and the plate was developed in chromatographic chamber
using an appropriate mobile phase (Fig. 1). The plates were then dried at 80°C for 5 min and dipped into 10%
solution of PPh3 in CH2Cl2 for 30 s. Excess of reagent was removed by paper towel. After drying at 80°C
for 5 min the plates were dipped into 0.3% solution of ninhydrin in n-butanol/AcOH (100:3, v/v) for 30 s.
After removing the excess of reagent, the color was developed by drying the plates in an oven at 80°C for
5 min (or alternatively by using heat gun).

Figure 1. TLC plates staining by PPh3/ninhydrin protocol. A: low-molecular weight azides (from left
to right 4, 2, 3 and 17, mobile phase: dichloromethane; B: peptide azides 9, 15, 10, mobile phase
n-BuOH–AcOH–H2O (20:5:5 v/v/v); C: sensitivity test with 2-azidoethanol (2) (0.2, 0.1, 0.05
and 0.025 mg/spot), mobile phase: dichloromethane. The differences of the quality of pictures are
due the different photographic conditions

RESULTS AND DISCUSSION

Initially we tried to develop one pot protocol for staining of azides by using
a mixture of triphenylphosphine (reduction) and ninhydrin (color reaction). This proce-
dure stained the azides, however it produced an intense colored background and
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the results were not reproducible enough. Moreover, the stability of the staining mix-
ture was very limited. For these reasons we decided to separate the reduction and
staining steps. An optimized protocol thus involves the reduction by dipping the TLC
plate into triphenylphosphine solution in dichloromethane and drying at 80°C for
5 min, followed by dipping the plate into a ninhydrin solution and activation for color
reaction at 80°C for a few minutes. This protocol was screened against a variety of
azides ranging from simple low-molecular aliphatic and benzyl azides (1–7) to more
complex azido di- and tripeptides (8–10) as well as azido deriviatives of diverse
natural products (11–14) (Fig. 2).

Figure 2. Azides stained using triphenylphosphine-ninhydrin protocol. (Continuation on the next page)
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Figure 2. (Continuation)

We were pleased to find a positive reaction of all of the azides tested. Depending
on the compound the obtained color varies form yellow to dark violet and is stable for
a few days (getting brighter by ageing) (Fig. 1). Especially noteworthy is an easy
detection of the azido β-cyclodextrin (19) an interesting clickable chiral building
block. The desired azide 19 can be unambiguously distinguish form other sugar by-
products in the course of preparation and purification. This is not easy by using
a standard concentrated H2SO4 as an non-selective staining reagent. This method has
been also routinely applied for convenient monitoring of diazotransfer reaction of
non-aromatic aminoacids and peptides. Using this protocol both amino-compounds
and the corresponding azides have been visualized in one step.

In a separate experiment the sensitivity of this protocol was tested using 2-azido-
ethanol as a reference (Fig. 1). It has been found that as low amount as 0.025 mg/spot
still produces contrasting and visible spot on TLC plate.

In conclusion we have developed a simple, low-cost and general method for the
visualization of organic azides on TLC plates. This short method combines the sensi-
tivity and generality of the ninhydrin reaction with amines which are produce in situ
by the reduction of azides with triphenylphosphine. This new method, we believe,
may be helpful for the azido- and click chemistry-related research.



812 B. Cegielska and K.M. Kacprzak

Acknowledgements

A support by Marie-Curie Fellowship awarded to K.K. (MERG-CT-2007-206943) is kindly acknow-
ledged.

REFERENCES

1. Brase S., Gil C., Knepper K. and Zimmermann V., Angew. Chem. Int. Ed., 44, 5188 (2005).
2. Tornoe C.W., Christensen C. and Meldal M., J. Org. Chem., 67, 3057 (2002).
3. Rostovtsev V.V., Green L.G., Fokin V.V. and Sharpless K.B., Angew. Chem. Int. Ed., 41, 2596

(2002).
4. Thin-Layer Chromatography: Reagents and Detection Methods, [Jork H., Ed.], VCH, Weinheim,

(1994).
5. Heckel A. and Seebach D., Chem. Eur. J., 8, 560 (2002).
6. Schroder T., Gartner M., Grab T. and Brase S., Org. Biomol. Chem., 5, 2767 (2007).
7. Friedman M., J. Agric. Food Chem., 52, 385 (2004).
8. Punna S. and Finn M.G., Synlett, 99 (2004).

Received October 2008
Revised July 2009

Accepted July 2009



<<
  /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 1.5
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /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 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
    /hum
    /SymbolMT
    /TimesNewRomanPS
    /TimesNewRomanPS-Bold
    /TimesNewRomanPS-BoldItalic
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-Italic
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 2400
  /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 2400
  /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 2400
  /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

  /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 <>
    /RUS <>
    /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.)
  >>
  /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


