
○野上敏材1,2・伊藤敏幸1,2（1⿃取⼤院⼯学研究科, 2⿃取⼤学⼯学部附属GSCセンター）
○Toshiki Nokami and Toshiyuki Itoh (Tottori University)

Introduction

This Work

3. オキソニウムイオンを経由する1,3-βグルカン合成

AcknowledgementsSummary

2. 電解グリコシル化反応による環状オリゴグルコサミン合成

1. キトオリゴ糖類縁体（TMG-キトトリオマイシン・Myc-LCO）の合成

・混合⽀持電解質による電解グリコシル化反応の⽴体選択性制御法を発明し、
TMG-キトトリオマイシン、Myc-IV(C16:0, S)の全合成を達成した。

・電解グリコシル化反応による、鎖状オリゴ糖の環状オリゴ糖への効率的変換を
実現した。

・グリコシルオキソニウムイオンを経由する液相電解⾃動合成を達成した。

・本研究は新学術領域研究（中分⼦戦略）によるご⽀援を受けて実施されました。
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オリゴ糖の⾃動合成・電解合成 液相電解⾃動合成法 本研究の標的化合物

⽣物機能オリゴ糖中分⼦の液相電解⾃動合成

Yano, K. et al. 
Carbohydr. Res. 2020, 492, 108018.

活性化剤の添加が不要⇒クリーンなワンポット合成
反応速度を電流値で厳密に制御⇒高い再現性あり

繰り返し行うことでワンポットでの糖鎖伸長が可能

電解酸化グリコシル化

Nokami, T. et al. Org. Lett. 2013, 15, 4520.
Nokami, T. et al. Org. Lett. 2015, 15, 1525.

Myc-IV(C16:0, S)の全合成
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化学法（活性化剤：NIS/TfOH）との比較

鎖状オリゴ糖（環化前駆体）の合成 環状オリゴ糖合成 6位水酸基選択的な環化グリコシル化反応

entry R1 R2 Yield (%)

1 MOM Bn 7 > (26 )

2 Lev Bn 12 > (35 )

3 ClAc Bn 0

4 4,6-benzylidene (PhCH) 15 (39)

5 Fmoc Bn 47* (69)
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*including deprotection of Fmoc

 5.16 (t, J = 9.0 Hz,1 H)

 4.38 (dd, J = 8.4.10.8 Hz,4 H)
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1H-NMR スペクトルの比較

Manmode, S. et al. ChemistryOpen 2019, 8, 869.

保護基の比較
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Anodic oxidation 
Temperature (oC)

Glycosylation
Temperature (oC)

yield selectivity (α:β)

-80 -50 67% β only

-60 -60 67% β only

-40 -40 72% β only

-20 -20 53% β only

0 0 45% β only

VT-NMR によるオキソニウムイオンの安定性評価標的化合物 温度の影響

Manmode, S. et al. 
Asian J. Org. Chem. 2018 7, 1802. 

NMR study of dioxalenium ions: Y. Zeng, Z. Wang, D. Whitfield, Huang, X. J. Org. Chem. 2008, 73, 7952 and references therein.

最適化条件での三糖合成

Kato, M. unpublished results.

1,6-脱水糖

オキソニウムイオン
オキソニウムイオン

entry electrolyte(s) (ratio) yield 

1 0.1 M Bu4NOTf / Bu4NNTf2 (100:0) 82% 16:84

2 0.1 M Bu4NOTf / Bu4NNTf2 (75:25) 76% 10:90

3 0.1 M Bu4NOTf / Bu4NNTf2 (50:50) 69% 6:94

4 0.1 M Bu4NOTf / Bu4NNTf2 (25:75) 62% 5:95

5 0.1 M Bu4NOTf / Bu4NNTf2 (0:100) 35% 28:72

6 0.1 M Bu4NOTf / Bu4NBF4 (25:75) 59% 12:88

7 0.1 M Bu4NOTf / Bu4NPF6 (25:75) 39% 8:92

8 0.1 M Bu4NOTf / Bu4NSbF6F5 (25:75) 24% 6:94

9 0.1 M Bu4NOTf / Bu4NB(C6F5)4 (25:75) 65% 4:96

10 0.1 M Bu4NOTf / Bu4NClO4 (25:75) 51% 3:97

11 0.1 M Bu4NOTf / Bu4NOTs (25:75) 0% -

Isoda, Y. et al. ChemElectroChem 2019, 6, 4149.

電解質が立体選択性に与える影響

固相合成法に基づくオリゴ糖の自動合成

電解グリコシル化反応

Other publications

(a) Lubineau, A. et al. Tetrahedron. Lett. 1990, 31, 5761. (b) Amatore, C.; Sinay, P. et
al. J. Chem. Soc. Chem. Commun. 1990, 718. (c) Yoshida, J. et al. Chem. Lett. 1997,
111. (d) Fairbanks, A. J.; Compton, R. G. et al. Org. Biomol. Chem. 2004, 2, 2188.

Review article: Manmode, S. et al. Asian J. Org. Chem. 2018, 7, 1719.

Noyori, R.; Kurimoto, I. J. Org. Chem. 1986, 51, 4320.

(a) Seeberger, P. H. et al. Science 2001, 291, 1523. (b) Seeberger, P. H. et al. Chem. 
Sci. 2012, 3, 1617. (c) Demchenko, A. V. et al. Org. Lett. 2012, 14, 3036.
(d) Codée, J. D. C. et al. Org. Lett. 2012, 14, 3776. (e) Pohl, N. L. et al. Org. Lett.
2015, 17,  2642.

TMG-キトトリオマイシンの全合成

Isoda, Y. et al. Beilstein J. Org. Chem. 2017, 13, 919.

1) 1,3-propanedithiol, Et3N 
2) MeI, i-Pr2NEt
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1) (NH2CH2)2
2) Ac2O,Py
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5) HF-pyridine
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7) NaOMe
8) Pd(OH)2 (20%)

O
BnO

N3

BnO

BnO

O
AcO

AcHN

O

BnO

O
AcO

AcHN

O

BnO

O
AcO

AcHN

O

TBDPSO

OBn

O
BnO

NH

BnO

BnO

O
AcO

AcHN

O

BnO

O
AcO

AcHN

O

BnO

O
AcO

AcHN

O

TBDPSO

O

OBn

O
BnO

NH

BnO

BnO

O
AcO

AcHN

O

BnO

O
AcO

AcHN

O

BnO

O
AcO

AcHN

O

OSO3Na

O

OBn

33% (2 steps)

キトオリゴ糖

キトオリゴ糖類縁体

環状オリゴ糖

二糖合成の課題



<<
  /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


