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Application Note – Reductive Amination 
 

Introduction 
Reductive aminations (reductive alkylations) involve the formation of a new carbon-nitrogen bond via the 
reaction of a carbonyl group and an amine. The resulting amine products are important features in many 
pharmaceutical drugs and as such, reductive amination is one of the most widely utilised reactions in medicinal 
chemistry. 

 
Using the approach described in this application note, the Synple Chem synthesizer offers an easy and fast 
automated method for the coupling of amines and carbonyl compounds using a reductive amination process. 
 

Cartridge Contents 
The cartridge contains a set of reagents to carry out the reductive amination on a scale of up to 0.5 mmol.  

 
The method can be used for the following transformations: 

• Reductive Amination between an aldehyde and a primary amine 
• Reductive Amination between an aldehyde and a secondary amine 
• Reductive Amination between a ketone and a primary amine 
• Reductive Amination between a ketone and a secondary amine 
• N-Methylation by reductive amination between and aldehyde/ketone and formaldehyde 

 

Reaction Scheme 
 
This section describes the general course of the reductive amination: 
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In a standard reductive amination, the imine is formed and then subsequently reduced. Imine formation can 
occur prior to addition of the reducing agent, or it can also form in the presence of the reducing agent, 
depending on the nature of the reducing agent.  
Commonly employed reducing agents for reductive aminations include NaBH4, NaBH3CN or 
Na(CH3COO)3BH. 
 

Reaction Procedure 

 
1) Imine formation / Reduction 

In the first step the solution is circulated through cartridge compartment 1 (silica supported 
cyanoborohydride) at 2 mL/min at room temperature. After the reduction is complete, compartment 1 is 
rinsed into the vial using CH2Cl2 (5 mL). 
 

Reductive Amination Type Time for reduction step (h) 
Aldehyde + primary amine 2.5 
Aldehyde + secondary amine 3.0 
Ketone + primary amine 2.5 
Ketone + secondary amine 4.0 

 
Note: For the reaction of ketones with secondary amines the reaction mixture is passed through 
compartment 2 (phenylacetic acid) before the start of the reduction. The compartment is then rinsed into the 
vial with CH2Cl2 (2mL).  
 

2) Excess Amine Scavenger (only for aldehydes + primary amines) 
The reaction mixture is passed through compartment 4 (polymer supported benzaldehyde) at 1 mL/min. The 
compartment is then washed with CH2Cl2.   
 

3) SCX purification 
The reaction mixture is loaded into compartment 3 (SCX) at 2 mL/min. The compartment is then washed with 
CH2Cl2 and MeOH.  
 

4) Product release: 
Compartment 3 is washed into the vial with 2.5 M DIPA/MeOH (15mL). The filtrate contains the reductive 
amination product. 
 

 

Substrate Scope 

 
Tolerated functional groups 
A wide range of different functional groups are tolerated. 
At present the reaction has not been fully optimised for aliphatic aldehydes, weakly nucleophilic or very 
hindered amines. The reaction does work but the purity is less than ideal so efforts are on-going to optimise 
these.   
 
N-Methylation 
N-Methylation of an amine can be achieved using 2 equivalents of aqueous formaldehyde solution (30% in 
water) as the carbonyl reaction partner. 
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Trends for aldehyde substrates 
Electron rich aldehydes tend to give higher yields than electron poor aldehydes. 
 
Example substrate scope 
 
Aldehydes + Primary Amines: 

 
 
Aldehydes + Secondary Amines 

 
 
Ketones + Primary Amines 

 
 
Ketones + Secondary Amines 

 
 

Known Chemistry-Limitations 

 
Insoluble starting materials 
The aldehyde, ketones and amines must be soluble in the reaction solvent when the sample is prepared 
initially. Insoluble materials will lead to low or even zero conversion, and in the worst case, lead to blockage 
of the system. 
 
Basic functional groups 
If the aldehyde/ketone contains a basic group a further purification step may be needed, because any 
excess starting material and side products could contaminate the product. 
 
Boc deprotection 
For some cases when Boc containing starting materials are employed, a degree of Boc deprotection can be 
observed. This can be avoided by disabling the SCX purification step. A new method of buffering the SCX is 
in development, which avoids Boc deprotection. 
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For ester or acetal containing substrates some amount of trans-esterification or trans-acetalisation of the 
product to the corresponding methyl-ester or methyl-acetal can be observed during the SCX purification 
step. By disabling this purification step, these byproducts can be avoided. 
 
 
CN addition  
Occasionally the product can contain up to 20% of a CN addition byproduct due to the use of cyano 
borohydride as reducing agent. 
 
Amine salts 
Amine salts do not work directly with this particular method. They currently need to be free-based and 
subjected to a short work-up before setting up the reaction. A new reductive amination method for amine 
salts is in development. 
As an alternative 1.0 equiv. of NEt3 can be added to the reaction mixture before starting the sequence. 
However, this can sometimes lead to a reduction of yield between 5 to 15%. 
 
Aryl Amines 
In most cases, with electron poor aryl amines no products are formed. 
 
 

Reaction Parameter Editing 
 
Editing parameters: 
 
Aldehydes and primary amines / Aldehydes and secondary amines / Ketones and primary amines  

Parameter 1 Reaction time for reduction (seconds)  
Parameter 2 Amount of solvent for elution from “catch & release” resin: 

 
In case of very polar substrates more solvent could be required to wash of 
the last bit of product from the catch & release resin. Therefore, the value can 
be increase. To calculate the input value multiply the volume in mL by 600. 
For example the value 9000 is equivalent to 15 mL (Maximum value 12000) 

 
Ketones and secondary amines 

Parameter 1 Reduction step temperature for cartridge 
Parameter 2 Reduction step temperature for reaction vial 
Parameter 3 Reaction time for reduction (seconds)  
Parameter 4 Amount of solvent for elution from “catch & release” resin: 

 
In case of very polar substrates more solvent could be required to wash of 
the last bit of product from the catch & release resin. Therefore, the value can 
be increase. To calculate the input value multiply the volume in mL by 600. 
For example the value 9000 is equivalent to 15 mL (Maximum value 12000) 

 
Enabling and Disabling parts: 
 
Aldehydes and primary amines 

Part 1: Excess amine scavenging 
The reaction solution is passed through polymer supported benzaldehyde to scavenge any left-over or 
excess amine from the solution. If this is unwanted to recover the left-over amine or because the product 
contains another amine the step can be disabled.  
 
Part 2: Purification step 
The purification step of the sequence can be disabled. In case of very acid sensitive functional groups the 
purification might not be suitable. The machine will then provide the reaction product in solution in the 
reaction vial after the reduction step.  
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Ketones and secondary amines / Ketones and primary amines / Aldehydes and secondary amines 

Part 1: Purification step 
The purification step of the sequence can be disabled. In case of very acid sensitive functional groups the 
purification might not be suitable. The machine will then provide the reaction product in solution in the 
reaction vial after the reduction step.  

 

Sample Preparation 

 
Setup 
 
Components for sample preparation: 

• Vial 
• Aldehyde / Ketone 
• Amine 
• Stirbar 
• 5 mL solvent (see below)  

 
Guide for solvents and ratios for sample preparation: 
 

Aldehyde + primary Amine 
CH2Cl2 : HFIP = 4:1 (5 mL)  
CH2Cl2 can be partially replaced with MeOH for improving solubility 
For best results choose a ratio of Aldehyde:Amine = 1:2 
 

Aldehyde + secondary Amine 
CH2Cl2 : HFIP = 4:1 (5 mL)  
CH2Cl2 can be partially replaced with MeOH for improving solubility 
For best results choose a ratio of Aldehyde:Amine = 2:1 
 

Ketone + primary Amine 
CH2Cl2 : HFIP = 4:1 (5 mL)  
CH2Cl2 can be partially replaced with MeOH for improving solubility 
For best results choose a ratio of Ketone:Amine = 1:1 to 2:1 
 

Ketone + secondary Amine 
Toluene (5 mL)  
Toluene can be partially replaced with MeOH for improving solubility 
For best results choose a ratio of Ketone:Amine = 1:1 to 2:1 

 
Machine Solvents for use with Reductive Amination cartridges 
 
Please connect the following solvents to the color-coded solvent lines: 
  

 S1: Dichloromethane 
 Anhydrous, 150ppm amylene tolerated 

 S2: – 
 S3: MeOH 

 HPLC grade  
 S4: Diispropylamine (175 mL) in MeOH (325 mL) 

 S5: – 
 



<<
  /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 /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 true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (None)
  /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


