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Introduction

In peptide synthesis, piperidine is a common agent 
for Fmoc removal. However, piperidine is a controlled 
substance which requires special handling and cannot 
be used in some countries. Therefore, it would be 
useful to identify alternative deprotection reagents to 
piperidine for Fmoc removal.

It is well known that poly-alanine sequences have a 
high propensity to aggregate after the fi fth residue. 
In this application, (A)10K-OH was synthesized using 
the Tribute’s Intellisynth UV-monitoring and Feedback 
System to compare the effi ciency of Fmoc removal 
by piperidine vs. three alternative bases (pyrrolidine, 
cyclohexylamine, and tert-butylamine) in the last 5 
cycles of the synthesis. It was found that pyrrolidine 
produced a higher purity product with fewer 
deprotection repeats and shorter deprotection times 
per cycle than piperidine, proving it to be a highly 
effi cient, viable alternative to piperidine for Fmoc 
removal.

Method

Peptide Synthesis: (A)5K-OH was synthesized on 
the Prelude® parallel peptide synthesizer (Protein 
Technologies Inc. Tucson, AZ) at the 50 μmol scale in 
4 separate reaction vessels using Fmoc-Lys(Boc)-LL Wang 
resin (0.35 mmol/g). Deprotection was performed with 
20% piperidine in DMF for 2 x 2.5 min, and coupling 
was performed using 1:1:2 0.1 M AA/0.1 M HCTU/ 0.2 
M NMM/DMF (10x excess) for 2 x 5 min. 6 x 30 sec 
washes were performed after the deprotection and 
second coupling steps, while a 1 x 30 sec wash was 
carried out between the fi rst and second couplings. 
Each reaction vessel was then transferred to a Tribute® 
peptide synthesizer with the IntelliSynth UV-monitoring 
and Feedback Control System for the addition of 
5 more alanines to make (A)10K-OH. The UV-Xtnd 
function was used to control the deprotection times 
and repeats to compare the effi ciency of the different 
deprotection reagents. Piperidine, pyrrolidine, 
cyclohexylamine and tert-butylamine were all used at 
a concentration of 20% in DMF for the deprotection 
reaction. Coupling was performed using 1:1:2 0.1M 
AA/0.1M Activator/0.2M NMM in DMF (10x excess) 

for 2 x 5 min. 5 x 30 sec washes were done after the 
deprotection and second coupling steps, while a 1 x 30 
sec wash was carried out between the fi rst and second 
couplings. Cleavage was performed by treating the 
resin with 95:2:2:1 TFA/anisole/water/TIS for 2 hours.

Analysis: Crude peptides were precipitated with 
anhydrous ether, dried overnight, dissolved in water 
and analyzed using a Varian ProStar HPLC, equipped 
with a C18, 300 Å, 5 μm, 250 x 4.6 mm column (Varian 
Microsorb-MV), over 60 minutes with a fl ow rate of 
1 mL/min and using a gradient of 5-95% B where 
Buffer A was 0.1% TFA in water and Buffer B was 
0.1% TFA in acetonitrile. Detection was at 214 nm. 
Mass analysis was performed on a Shimadzu LC/MS in 
the positive ion mode. Separation was performed on 
a C18, 100 Å, 2.6 μm, 50 x 2.1 mm column (Phenomenex 
Kinetex), run for 9 minutes with a fl ow rate of 1 mL/min 
and using a gradient of 5-50% B, where Buffer A was 
0.1% formic acid in water and Buffer B was 0.1% formic 
acid in acetonitrile.

Results/Discussion

HPLC results and UV data for the last fi ve cycles of 
(A)10K-OH synthesized with each deprotection reagent 
are shown in Figure 1. Mass analysis data confi rmed 
the identity of the (A)10K-OH product peak at an elution 
time of ~8.2 minutes (m/z = 856), and the Fmoc-(A)6K-
OH impurity peak (m/z = 794) at an elution time of 
~24.8 minutes (data not shown). Percent purities 
and total deprotection repeats and times are shown 
in Table 1. Pyrrolidine produced the highest purity 
product (46%) with the fewest number of deprotection 
repeats (14 repeats) and shortest total deprotection 
time (14 minutes) even compared to piperidine (41% 
purity, 19 repeats, 29 minutes). Cyclohexylamine and 
tert-butylamine both performed less effi ciently than 
piperidine with product purities of only 24% and 11%, 
respectively, and 35 or more deprotection repeats and 
total deprotection times of 88 minutes or more. Based 
on these results, it appears that pyrrolidine is the only 
viable candidate for replacing piperidine during the 
synthesis of diffi cult peptides like poly-alanines.
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Figure 1: HPLC results and UV data from last fi ve cycles of crude (A)10K-OH synthesized on the Prelude and Tribute with UV-monitoring. 
Fmoc-(A)6K-OH impurity peak is also labeled.
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Conclusion

20% pyrrolidine produced a higher purity product with 
fewer repetitions and shorter deprotection times than 
piperidine. It was the only deprotection reagent in this 
study proven through UV-monitoring data to be as or 
even more effi cient than piperidine. Based on these 
results, pyrrolidine may be an effective substitute for 
piperidine when controlled substances cannot be used.

Deprotection 
Reagents

A10K-OH 
Purity [%]

Fmoc-A6K-OH 
Purity [%]

Total Deprotection 
Repetitions

Total Deprotection 
Time [mins]

Piperidine 40.846 13.911 19 29

Pyrrolidine 46.020 9.033 14 14

Cyclohexylamine 24.432 28.522 35 88

tert -Butylamine 11.877 30.586 40 107

Table 1: HPLC percent purities for product (A)10K-OH and Fmoc-(A)6K-OH peaks and total deprotection repeats and times for the 
deprotection reagents used in this study.



<<
  /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


