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TETRAMETHYL-p-PHENYLENEDIAMINE 
[p-Phenylenediamine, N,N,N'N'-tetramethyl] 
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Checked by R. A. Schwartz and K. B. Wiberg. 

1. Procedure 

Caution! Tetramethyl-p-phenylenediamine may induce a painful dermatitis when brought into 
contact with the skin.2 Suitable precautions should be taken to avoid such contact. 

In a 2-l. three-necked flask fitted with a stirrer, thermometer, and pressure-compensated dropping 
funnel are placed 54 g. (0.5 mole) of powdered p-phenylenediamine (Note 1), 310 g. (3.7 mole) of 
sodium bicarbonate, and 250 ml. of water. The temperature of the solution is maintained at 18–22° 
using an ice bath while 320 ml. (3.4 mole) of dimethyl sulfate (Note 2) is added with stirring over a 30- 
to 50-minute period. Carbon dioxide is evolved vigorously and a transient purple color is developed; it 
changes to a brown tinge later on. 

When the addition of dimethyl sulfate is complete, stirring is continued for 1 hour at 20–25°. Then 
the temperature is raised to 60–65° during 10 minutes (Note 3) and is kept at this value until the 
evolution of carbon dioxide ceases. After the addition of 250 ml. of cold water, the reaction flask is 
cooled rapidly in an ice bath and 100 ml. of ethanolamine (Note 4) is added. The resultant crystalline 
slurry is removed from the flask, and the apparatus is rearranged as indicated in (Note 5), using an 
upright condenser between the dropping funnel (Note 6) and the receiving flask. 

To the reaction flask is added 200 ml. of ethanolamine, and it is heated to 140° with stirring. The 
slurry above is added in moderate portions over a 40- to 50-minute period (Note 7). When the heating 
bath is maintained at 230–240°, the addition of the slurry should provide an inner temperature at 120–
140° as the water and oily product distill. After the addition is complete, the dropping funnel is rinsed 
with 100–150 ml. of water. As soon as the inner temperature has reached 160°, 50 ml. of ethanolamine 
is added and the temperature is maintained at 160–170° for 20 minutes. Water (50 ml.) is added through 
the dropping funnel to initiate a rapid steam distillation. Steam distillation is continued by the addition 
of 50-ml. portions of water at an inner temperature of 120–140° and a bath temperature of 230–240° 
until no more oil appears in the distillate (Note 8). 

The oily product solidifies on cooling to about 20°, forming white lumps. After filtration by suction, 
the lumps are crushed, filtered, and washed four times with 50-ml. portions of ice water. Drying over 
silica gel in a vacuum gives 62–72 g. (82–88%) of white glistening scales, m.p. 51°. 

2. Notes



1. A technical grade of p-phenylenediamine was used.
2. Dimethyl sulfate was distilled, b.p. 73–75° (13 mm.). 
3. At this temperature the excess of dimethyl sulfate is destroyed. 
4. Ethanolamine was distilled, b.p. 74–75° (13 mm.). 
5. The apparatus shown in Fig. 1 is suitable for this step. It is essential that the condenser be very 
effective since the steam distillation is very rapid. If vapor is lost from the top of an internal coil 
condenser, cold towels placed on the outside of the condenser will provide additional cooling. 

Fig. 1 

 

6. The dropping funnel should have a stopcock bore as large as possible. 
7. Stirring and addition of only 40–50 ml. of the slurry into the dropping funnel should avoid 
obstruction of the stopcock. The use of a thin metal wire is sometimes helpful. 
8. Transient blue colors in the distillate result from autoxidation. They do not, however, affect the purity 
of the final product. 

3. Discussion 

Tetramethyl-p-phenylenediamine has been obtained in low yield by the reaction of p-
phenylenediamine with various alkylating agents such as methyl iodide,3 methanol in the presence of 
hydrochloric acid at 170–200°,4 or formaldehyde and formic acid.5 In addition it has been prepared by 
methylating p-dimethylaminoaniline using methanol in the presence of hydrochloric acid at 170–200°,6,7 
followed by treatment of the resulting salts with aqueous ammonia at 180–190°.7 In the most recent 
procedure, p-phenylenediamine was alkylated with sodium chloroacetate. Decarboxylation of the p-
phenylenediaminetetraacetic acid at 180° gave 28% of tetramethyl-p-phenylenediamine based on the 
starting diamine.8 

The present procedure9 combines two general methods described earlier.10,11 It is conveniently 
carried out and gives a substantially higher yield than previous methods. Dimethyl sulfate in the 
presence of aqueous sodium bicarbonate selectively methylates aromatic amines under mild conditions 
to give quaternary salts without affecting phenolic hydroxy groups present in the molecule. If the 
quaternization step is sterically hindered, the reaction stops at the tertiary amine stage.10 Heterocyclic 
compounds may also be converted to quaternary salts in high yield, two or more methyl groups being 
introduced in one step.12 The rate of reaction may conveniently be followed by observing the carbon 
dioxide evolution. 

Dealkylation of quaternary ammonium salts using ethanolamine is more convenient than the use of 
aqueous ammonia in sealed tubes at high temperatures.10 Ethanolamine may be replaced by other 



ethanolamines.13 The reaction leads to preferential removal of methyl groups. 

References and Notes 

1. Chemisches Institut der Universität Würzburg, Germany.  
2. Private communication from H. T. Clarke.  
3. A. W. Hofmann, Compt. Rend., 56, 994 (1863); Jahresber. Fortschr. Chem., 422 (1863).  
4. R. Meyer, Ber., 36, 2979 (1903).  
5. J. N. Ashley and W. G. Leeds, J. Chem. Soc., 2706 (1957).  
6. C. Wurster, Ber., 12, 522 (1879).  
7. J. Pinnow, Ber., 32, 1401 (1899).  
8. J. R. Cox, Jr., and B. D. Smith, J. Org. Chem., 29, 488 (1964).  
9. S. Hünig, H. Quast, W. Brenninger, and E. Schmitt, Ber., 102, 2874 (1969).  

10. S. Hünig, Ber., 85, 1056 (1952).  
11. S. Hünig and W. Baron, Ber., 90, 395 (1957).  
12. H. Quast and E. Schmitt, Ber., 101, 4012 (1968).  
13. K. Menzel, Ger. Patent 953170 (1953) [Chem. Abstr., 53, 8071 (1959)].  

Appendix 
Chemical Abstracts Nomenclature (Collective Index Number); 

(Registry Number) 

hydrochloric acid (7647-01-0) 

ammonia (7664-41-7) 

methanol (67-56-1) 

formaldehyde (630-08-0) 

sodium bicarbonate (144-55-8) 

formic acid (64-18-6) 

carbon dioxide (124-38-9) 

dimethyl sulfate (77-78-1) 

sodium chloroacetate (3926-62-3) 

hydroxy (3352-57-6) 

Methyl iodide (74-88-4) 

ethanolamine (141-43-5) 

Tetramethyl-p-phenylenediamine (3102-87-2) 

p-dimethylaminoaniline (99-98-9)



p-phenylenediamine (106-50-3) 

p-Phenylenediamine, N,N,N'N'-tetramethyl (100-22-1) 

p-phenylenediaminetetraacetic acid (1099-02-1) 

Copyright © 1921-2005, Organic Syntheses, Inc. All Rights Reserved



<<
  /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
  /CreateJDFFile false
  /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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /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 <>
    /PTB <>
    /SUO <>
    /SVE <>
    /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


