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Abstract―Using a set of computational methods, we have evaluated the basic thermochemical characteristics 
of the ten non-canonical L-amino acids, other than α-acids. 

1 For communication IV, see [1]. 

Many natural amino acids are not expressed by 
standard genetic code. They are so called non-
canonical amino acids; among them there are non-
canonical L-α-amino acids as well as L-amino acids 
with different location of NH2 groups with respect to 
the carboxyl [2]. These compounds are biologically 
active. For example, proteins carnosine and anserine 
contain β-alanine I (Table 1); the same amino is a 
fragment of pantothenic acid (vitamin B5), which in 
turn is a part of coenzyme A [2]. Furthermore, β-
alanine is an important component of bodybuilding 
supplement. γ-Aminobutyric acid II is an inhibitor of 
neurotransmitters in the central nervous system [2] and 
is used in medicine (Aminolon drug) [5]. 

The analysis of published thermochemical data has 
shown that the information on thermochemistry of L-
amino acids other than α-acids is fairly scarce. This 
worked aimed to fill the gap. 

The calculations were performed using the 
Enthalpy [6] software via the additive scheme of 
enthalpies of amino acids formation. The thermo-
chemical parameters related to crystalline state as well 
as to gas phase were evaluated on the basis of the 
previously published group contributions [7–11]. The 
results are listed in Table 1. For all the studied 
compounds, the computed enthalpy of formation was 
in good agreement with the experimental data. 

Following [1, 10–12], the sublimation enthalpy of 
the amino acids was determined as the difference of 

the formation enthalpies related to the gas phase and to 
the crystalline state. In some cases (Table 1) there was 
only partial agreement between the experimental and 
calculated values of the sublimation enthalpy. For 
example, in the case of δ-aminovaleric (III),                    
ε-aminocaproic (IV), and ω-aminocaprylic (VI)                   
acids, the experimental values (143.9, 154.8, and             
169.9 kJ mol–1, respectively) were underestimated by 
the computed values (156.0, 164.8, and 182.1 kJ mol–1, 
respectively). The observed discrepancy was 
apparently due to the fact that the experimental values 
were measured at elevated temperature rather than 
under standard conditions (298 K) [10–12]. In 
particular, the enthalpy of sublimation of III, IV, and 
VI was determined at 394 K, 407 K, and 402 K, 
respectively [3]. Therefore, in the cases of discrepancy, 
the calculated sublimation enthalpy listed in Table 1 
should be regarded as the reliable. 

We further performed ab initio calculations of gas-
phase formation enthalpy of the amino acids. Based on 
the results of previous studies [1, 10–12], the 
B3LYP/6-31G(d) was chosen as a first approximation 
for rapid seeking for the optimal conformations of 
molecules. For the energetically most favorable 
conformation, we calculated ΔH0

form via the B3PW91/
cc-pVQZ method. The results of the calculations are 
listed in Table 2. 

Thus, the approach used in this paper gave reliable 
computed thermochemical parameters of non-
canonical amino acids, for many of them the 
corresponding experimental data was missing. 
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All quantum-chemical calculations were performed 
with GAUSSIAN 98 software [13] in the Kazan 
branch of the Interdepartment Supercomputer Center 
of Russian Academy of Sciences (Kazan Branch) 
(http://wt.knc.ru). 
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Formula 
ΔH0

subl, kJ mol–1 ΔH0
form, kJ mol–1 

experiment calculation 
gas phase Crystal phase 

experiment calculation experiment calculation 
β-Alanine (I) C3H7O2N 133.9а 138.6 –422.6а –420.5 –558.0а –559.1 
γ-Aminobutyric acid (II) C4H9O2N 140.2а 147.3 –439.3а –441.2 –581.0а –588.5 
δ-Aminovaleric acid (III) C5H11O2N 143.9а 156.0 –460.2а –461.9 –604.2а –617.9 
ε-Aminocaproic acid (IV) C6H13O2N 154.8а 164.8 –482.3а –482.6 –637.3а –647.4 
ω-Aminoenanthic acid (V) C7H15O2N – 173.5 – –503.3 –667.4b –676.8 
ω-Aminocaprylic acid (VI) C8H17O2N 169.9а 182.1 –523.0а –524.1 –694.5а –706.2 
ω-Aminopelargonic acid (VII) C9H19O2N – 190.8 – –544.8 –727.8b –735.6 
ω-Aminodecanoic acid (VIII) C10H21O2N – 199.5 – –565.5 – –765.0 
β-Aminoisobutyric acid (IX) C4H9O2N – 138.5 – –449.3 – –587.8 
β-Lysine (X) C6H14O2N2 – 174.5 – –463.6 – –638.1 

Compound  

Comp. no. 
B3LYP/6-31G(d) B3PW91/cc-pVQZ 

I 350.6 411.2 
II 363.0 429.9 
III 376.9 449.3 
IV 389.7 467.7 
V 403.0 486.6 
VI 416.0 505.1 
VII 427.5 522.0 
VIII 442.2 542.5 
IX 362.8 427.2 
X 343.5 441.3 

–ΔH0
form (gas), kJ mol–1 

Table 1. Experimental and computed enthalpies of formation and sublimation non-canonical L-amino acids 

a [3]. b [4].  

Table 2. Ab initio computation of formation enthalpy of 
non-canonical L-amino acids 



<<
  /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 /Warning
  /CompatibilityLevel 1.6
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /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 false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /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 false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /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 false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /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 false
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /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 <>
    /PTB <>
    /SUO <>
    /SVE <>
    /RUS (Pfeps)
    /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 [14400.000 14400.000]
>> setpagedevice


