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The unique supply chain on the Valais site of Lonza AG, Switzerland provides good access
to a multitude of basic chemicals - among these is the highly reactive cyanogen chloride,
available in ton quantities.

Research on advanced applications of our basic chemicals prompted us to investigate the
direct electrophilic cyanation of aromatic systems using cyanogen chloride using Lewis-acids
(the so called Friedel-Crafts-Karrer synthesis).
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First mentioned in literature 1884 by C. Friedel and J.M. Crafts
Works best if R = -alkyl or —Oalkyl.
Selectivity follows regular substitution rules for aromatic systems.
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AICI, and CICN - how do they come together ?
Cl\f'\ﬁ:ﬁN/ cl

Cl

CICN + ACz —» [CICN - AICl3]

-—

Questions for Process Development
What is the best solvent for this reaction type?

CS,, most common in literature ~ x

Reaction in substance * for liquid acceptors

Chloro-alkanes and -aryls * for solid acceptors

What is the mechanism of this reaction and how is CICN activated?
Is the [AICI;-CICN] complex stable at higher temperatures?
According to literature, biphenyl does NOT react!

Is selectivity a problem and can isomers be separated easily?

What is the best work-up procedure and are produced nitriles stable?

The applicability of this type of reaction for industrial production of aromatic nitriles is
demonstrated in this presentation. An overview of the investigated systems as well as some
related literature will be given. The reaction was analysed by molecular modelling methods
and a potential mechanism is proposed. Finally, the industrial application is illustrated on the
two examples 2,4-dimethylbenzonitrile and biphenyl-4-carbonitrile.
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Process Development / Final Conditions

R= NH’CI :|

Imag. Frequency: -246 cm-1 7

Yield

Process Starting | oo [ AICL/CICN Process | o oo o[ Work [ 2 Purity | Purificatio | . [ Purity | Amount
Material 1M temperature up nitrile (GC) method (GC) | produced
mol equiv.] [area%] area%] kg]
" - 96%
Z,4—D|mefhyl— m- Xylene | m- Xylene Solvent in 20°C 1 a rel. to 72.0 c 80% 99.0 55 ClCN'A|C|3
benzonitrile excess
CICN +
AICI
Biphenykd. gy onyy | Chioro- 12 80°110°C 2 b | quant. | 754 d 60%| 985 43 .
carbonitrile pheny benzene B d 5 3 ° N 5
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Process
1 AICI, and m-Xylene were pre-mixed. Gaseous CICN was injected. The reaction took place instantaneously.

2

hours.
The process was patented in WO 03037848.

Work-up
a

AICI was suspended in chloro-benzene and gaseous CICN was injected. The suspension was heated to 80°C
and a solution of biphenyl in chlorobenzene was added. After heating to 110°C, the reaction was held for ca. 4

Reaction mixture was poured on HCI conc. Phases separated and organic phase evaporated (wiped film).

9
b Reaction mixture was poured on cold water. Precipitated imminium-chloride removed by filtration.
Phases subsequently separated and and organic phase evaporated (wiped film). .
§ + -
Purification o 4
[ High-vacuum distillation over a high performance column. w Benzene Hg;i\ﬁ)‘
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Reaction Mechanism — single or double AICI, activated ? =
H Cl
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<<
  /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
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -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
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /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 ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




