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Abstract – A novel rearrangement reaction of the morphinan skeleton by using 

zinc iodide was developed. The substrate-specific rearrangement afforded two 

types of novel 5-arylmorphan derivatives, i.e., compounds produced by either a 

1,5-shift of the nitrogen bridge or a 1,3-shift of the nitrogen bridge in a starting 

morphinan derivative. The 5-arylmorphan derivatives showed selective κ opioid 

receptor activities even though many 5-arylmorphan compounds reported 

previously have shown selective μ opioid receptor activities. In addition, other 

related 5-arylmorphan derivatives showed potent dual antagonistic activities 

toward orexin 1 and 2 receptors. 

Since the opioid receptors were clarified to three types (μ, δ, and κ) and drug addiction was recognized to 

be derived from the μ opioid receptor (MOR), we have been studying δ or κ opioid receptor (DOR or 

KOR) type-selective ligands to supply drugs that are effective without addiction. Eventually, nalfurafine, 

the first KOR selective agonist without addiction and aversion, was released to the market as an 

antipruritic drug for kidney dialysis patients in Japan.1 Furthermore, the first DOR selective agonist 

KNT-127 without convulsion and catalepsy was designed and synthesized,2 and it was recently led to 

NC-2800 as an antidepressant/antianxiety drug, which is in the preclinical stage. During the course of our 
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for medicinal chemists working in the field of opioid receptors. In addition, arylmorphans 2 and 11 

showed dual antagonistic activities toward orexin receptors. This first finding encourages us to continue 

to explore more effective orexin ligands. 

ACKNOWLEDGEMENTS 

This work was supported by JSPS KAKENHI Grant Numbers JP16H05098 (H.N. and Y.I.-T.), 

JP18K11014 (Y.I.-T.), and MEXT KAKENHI Grant Number JP17H06049 (Y.I.-T.). 

REFERENCES AND NOTES 

1. (a) H. Nagase, J. Hayakawa, K. Kawamura, K. Kawai, Y. Takezawa, H. Matsuura, C. Tajima, and T. 

Endo, Chem. Pharm. Bull., 1998, 46, 366; (b) K. Kawai, J. Hayakawa, T. Miyamoto, Y. Imamura, S. 

Yamane, H. Wakita, H. Fujii, K. Kawamura, H. Matsuura, N. Izumimoto, R. Kobayashi, T. Endo, 

and H. Nagase, Bioorg. Med. Chem., 2008, 16, 9188; (c) H. Nagase and H. Fujii, Top. Curr. Chem., 

2011, 299, 29. 

2. (a) H. Nagase, T. Nemoto, A. Matsubara, M. Saito, N. Yamamoto, Y. Osa, S. Hirayama, M. 

Nakajima, K. Nakao, H. Mochizuki, and H. Fujii, Bioorg. Med. Chem. Lett., 2010, 20, 6302. 

3. Selected papers: (a) H. Nagase, A. Abe, and P. S. Portoghese, J. Org. Chem., 1989, 54, 4120; (b) H. 

Fujii, S. Imaide, A. Watanabe, T. Nemoto, and H. Nagase, Tetrahedron Lett., 2008, 49, 6293; (c) H. 

Nagase and H. Fujii, Heterocycles, 2012, 85, 1821; (d) N. Kutsumura, T. Okada, S. Imaide, H. Fujii, 

and H. Nagase, Synthesis, 2018, 50, 4263; (e) N. Kutsumura, Y. Koyama, Y. Suzuki, K. Tominaga, 

N. Yamamoto, T. Saitoh, Y. Nagumo, and H. Nagase, Org. Lett., 2018, 20, 1559. 

4. F. Brion, Tetrahedron Lett., 1982, 23, 5299. 

5. K. V. Chuang, R. Navarro, and S. E. Reisman, Angew. Chem. Int. Ed., 2011, 50, 9447. 

6. (a) C. Peyron, D. K. Tighe, A. N. van den Pol, L. de Lecea, H. C. Heller, J. G. Sutcliffe, and T. S. 

Kilduff, J. Neurosci., 1998, 18, 9996; (b) R. M. Chemelli, J. T. Willie, C. M. Sinton, J. K. Elmquist, 

T. Scammell, C. Lee, J. A. Richardson, S. C. Williams, Y. Xiong, Y. Kisanuki, T. E. Fitch, M. 

Nakazato, R. E. Hammer, C. B. Saper, and M. Yanagisawa, Cell, 1999, 98, 437. 

7. (a) H. Nagase, N. Yamamoto, T. Nemoto, K. Yoza, K. Kamiya, S. Hirono, S. Momen, N. Izumimoto, 

K. Hasebe, H. Mochizuki, and H. Fujii, J. Org. Chem., 2008, 73, 8093; (b) B. R. Selfridge, X. Wang, 

Y. Zhang, H. Yin, P. M. Grace, L. R. Watkins, A. E. Jacobson, and K. C. Rice, J. Med. Chem., 2015, 

58, 5038. 

8. Typical Procedure (Table 1, entry 2): A mixture of 1 (3.16 g, 9.36 mmol) and zinc iodide (8.96 g, 

28.1 mmol) in THF (30 mL) was stirred at 60 °C for 13 h. After the addition of sat. NaHCO3 aq. (30 

mL) at 0 °C, the mixture was extracted with EtOAc (200 mL, 100 mL), washed with brine, dried 

140 HETEROCYCLES, Vol. 99, No. 1, 2019



Heterocycles

J. Am. Chem. Soc.

J  J J

J J

J J J

J J

m z

J  J

J J

J J J J

J J

m z

HETEROCYCLES, Vol. 99, No. 1, 2019 141



d

J

J J

d

m z

J

J J J

J J

J J J

J J J

m z

J

J J J

J J

J J J

J J

J

m z

142 HETEROCYCLES, Vol. 99, No. 1, 2019



T T T T T

T

T

T

K

J. Med. Chem.

Bioorg. Med. Chem. Lett.

Bioorg. Med. Chem. Lett.

J. Med. Chem.

J. Med. Chem.

Bioorg. Med. Chem.

J. Med. Chem.

J J  J

HETEROCYCLES, Vol. 99, No. 1, 2019 143



J J

J J J

J J J J

J

m z

J J

J J

J J J

J J

m z

144 HETEROCYCLES, Vol. 99, No. 1, 2019



<<
  /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
  /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 ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages false
  /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 false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages false
  /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 false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /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 <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /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 <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /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.)
    /JPN <>
  >>
  /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 [612.000 792.000]
>> setpagedevice




