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Abstract — The electrophilic cyclization of allenyl amides is described. Allenyl
amides were easily prepared from the propargyl aziridines via the [1,5]-hydrogen
shift followed by the conversion of the imine moiety to the amides.
5-lodoalkenyl-2-oxazolines  having a variety of substituents were

diastereoselectively obtained by the reaction of the allenyl amides with iodine.

Oxazolines are an important class of heteroaromatic compounds, and these are components as a structural
fragment of pharmaceutical and agricultural agents."” From this reason, constructive effort has been
devoted toward developing a methodology for the synthesis of substituted oxazolines.>”

Alkynylaziridines are useful synthetic building blocks in organic chemistry, and a variety of reactions
including the opening of the aziridine ring and construction of N-heterocyclic compounds have been
reported.®® Among them, we have recently reported syntheses of substituted pyridines involving
sequential transformations of 3-aziridinylpropiolate esters (Scheme 1).® The sequence comprises a
[1,5]-hydrogen shift of 3-aziridinylpropiolate esters, an intramolecular aza-Baylis-Hillman reaction of the
resulting allenyl imines, and an oxidation to the pyridines. During the course of our planning for further
utilization of alkynylaziridines, we found that the electrophilic cyclization of allenyl amides 2, derived
from alkynylaziridines 1. Herein, we describe an iodine-promoted cyclization of 2, in which the

5-iodoalkenyl-2-oxazolines 3 were produced in a diastereosective manner.

I This paper is dedicated to Professor Tohru Fukuyama on the occasion of his 70th birthday.
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The examinations were started from a synthesis of allenyl amide 2a, which has a cyclohexyl and a propyl
group within the molecule (Scheme 2). When alkynylaziridine 1a was heated in toluene at 110 °C, the
[1,5]-hydrogen shift proceeded to produce the corresponding allenyl imine as a single diastereomer.® The
resulting imine was further treated with benzoyl chloride and 18-crown-6 in aqueous KOH without

purification to afford the allenyl amide 2a in 71% yield in two steps.

(Ph Ph BzCl Ph
H k 18-crown-6 H O:<
N cy = N aq. KOH (3 M) - NH
/\/ toluene Y "“Cy %‘) “Cy
110 °C 4 H
4 days
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Scheme 2

We next investigated the iodine-promoted electrophilic cyclization of allenyl amide 2a (Table 1). When
2a was subjected to the reaction with 2 equiv iodine and 2 equiv K»CO3 in THF at 20 °C for 1 h, the
expected S-iodoalkenyl-2-oxazoline 3a and the stereoisomer 4a were produced in a 7.8 : 1 ratio and 90%
yield (entry 1).” The yield was decreased to 79% in case the reaction was carried out at 0 °C (entry 2). The
experiments using toluene and DMF as the solvent (entries 3 and 4) revealed that 3a was exclusively

obtained in the case of toluene in 93% yield (entry 3).
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Table 1. Initial attempts using 2a

I
. O °N
NH I, (2.0 equiv) Hii. .\WCy : :\C
- 1y, K y
. //, . —_— H /H H
Cy K,CO3 (2.0 equiv) |

)

H 1h
2a 3a 4a
Entry Temp (°C) Solvent 3a:4a Yields (%)
1 20 THF 7.8:1 90
2 0 THF 6.8:1 79
3 20 toluene 3a only 93
4 20 DMF 55:1 71

Having identified a useful set of reaction conditions, we carried out a study using various substituted
allenyl amides 2b—2g (Table 2). When a phenetyl-substituted substrate 2b was exposed to the optimal
conditions, the 5-iodoalkenyl-2-oxazolines 3b and 4b were obtained in a 4 : 1 ratio and 83% yield (entry
1). Substrates 2¢ and 2d having a fert-butyl and a dimethyl acetal group reacted without problems to
afford the corresponding products 3¢ and 3d as the sole products, respectively (entries 2 and 3). The
reaction of 2e which contains a methyl group at the allenyl position proceeded to give the cyclized
product 3e in 95% yield (entry 4). Similarly, substrates 2f and 2g having a tosylamide and a siloxy moiety
successfully converted to the corresponding products 3f and 3g with high diastereoselctivity (entries 5
and 6).

A plausible mechanism for the diastereoselective production of 3 is shown in Scheme 3. The observed
diastereoselectivity would be the result of steric factors in the cyclization step. It was expected that the
transition state TS A, leading to the major product 3, would have lower energy because of the absence of

steric repulsion that is present in TS B, which would furnish the minor product 4.'°
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Table 2. Reactions using various allenyl amides 2b—2g*

Entry Substrate Major product 3:4 Yields (%)
Ph Ph
H °:<
| : 3b:4b=4:1 83
N \_-Ph
ﬁ») “~">Ph \\/\2_<
H 2b

X
E 0" >N
2 /\/T\VNH \ﬂ_«\% 3c only 96
ey [— H
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N H.. o
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“Reactions were carried out in the presence of I (2 equiv) and K2CO3 (2 equiv) in toluene at 20 °C.
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In conclusion, the studies described above have resulted in the synthesis of functionalized
5-iodoalkenyl-2-oxazolines by the iodine-promoted electrophilic cyclization of allenyl amides. Allenyl
amides were easily prepared from the propargyl aziridines, and the electrophilic cyclization proceeded in
a diastereosective manner. Since many biologically active molecules containing an oxazoline component

have been reported, our methodology could provide a new protocol for the syntheses of these compounds.

ACKNOWLEDGEMENT
This study was supported in part by a Grant-in-Aid for Scientific Research (C) Grant number 17K08231
from the Japan Society for the Promotion of Science (JSPS).

REFERENCES AND NOTES

1. Review about bioactivity of oxazolines: B. S. Davidson, Chem. Rev., 1993, 93, 1771.

2. Representative paper about pharmaceutical and agricultural agents: (a) Y. Li, C. L1, Y. Zheng, X.
Wei, Q. Ma, P. Wei, Y. Liu, Y. Qin, N. Yang, Y. Sun, Y. Ling, X. Yang, and Q. Wang, J. Agric.
Food Chem., 2014, 62, 3064; (b) X. Yu, Y. Liu, Y. Li, and Q. Wang, J. Agric. Food Chem.,
2015, 63, 9690; (c¢) C. M. Marson, C. J. Matthews, S. J. Atkinson, N. Lamadema, and N. S. B.
Thomas, J. Med. Chem., 2015, 58, 6803; (d) Q. Li, K. W. Woods, A. Claiborne, S. L. Gwaltney,
II, K. J. Barr, G. Liu, L. Gehrke, R. B. Credo, Y. H. Hui, J. Lee, R. B. Warner, P. Kovar, M. A.
Nukkala, N. A. Zielinski, S. K. Tahir, M. Fitzgerald, K. H. Kim, K. Marsh, D. Frost, S-C. Ng, S.
Rosenberg, and H. L. Sham, Bioorg. Med. Chem. Lett., 2002, 12, 465; (e) M. R. Barbachyn, G.
J. Cleek, L. A. Dolak, S. A. Garmon, J. Morris, E. P. Seest, R. C. Thomas, D. S. Toops, W.



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

Watt, D. G. Wishka, C. W. Ford, G. E. Zurenko, J. G. Slatter, J. P. Sams, N. L. Oien, M. J. Zaya,
L. C. Wienkers, and M. A. Wynalda, J. Med. Chem., 2003, 46, 284; (f) B. M. Degnan, C. J.
Hawkins, M. F. Lavin, E. J. MaCaffrey, D. L. Parry, and D. J. Watters, J. Med. Chem., 1989, 32,
1354; (g) H. R. Onishi, B. A. Pelak, L. S. Gerckens, L. L. Silver, F. M. Kahan, M.-H. Chen, A.
A. Patchett, S. M. Galloway, S. A. Hyland, M. S. Anderson, and C. R. H. Raetz, Science, 1996,
274, 980; (h) M. C. Pirrung, L. N. Tumey, A. L. McClerren, and C. R. H. Raetz, J. Am. Chem.
Soc., 2003, 125, 1575.

3. Review about synthesis of oxazolines: (a) M. Reuman and A. 1. Meyers, Tetrahedron, 1985, 41,
837; (b) T. G. Gant and A. 1. Meyers, Tetrahedron, 1994, 50, 2297.

4. Recent paper about synthesis of oxazolines: (a) Y. Nagao, T. Hisanaga, H. Egami, Y. Kawato,
and Y. Hamashima, Chem. Eur. J., 2017, 23, 16758; (b) C.-H. Yang, Z.-Q. Xu, L. Duan, and
Y.-M. Li, Tetrahedron, 2017, 73, 6747; (c) Y. Kawato, A. Kubota, H. Ono, H. Egami, and Y.
Hamashima, Org. Lett., 2015, 17, 1244; (d) Y. Kawato, A. Kubota, H. Ono, H. Egami, and Y.
Hamashima, Org. Lett., 2014, 16, 3616; (e) R. Galeazzi, G. Martelli, G. Mobbili, M. Orena, and
Sa. Rinaldi, Org. Lett., 2004, 6, 2571; (f) A. J. Phillips, Y. Uto, P. Wipf, M. J. Reno, and D. R.
Williams, Org. Lett., 2000, 2, 1165; (g) A. Bigot, J. Blythe, C. Pandya, T. Wagner, and O.
Loiseleur, Org. Lett., 2011, 13, 192; (h) M. C. Pirrung and L. N. Tumey, J. Comb. Chem., 2000,
2, 675; (1) P. Wipf and C. P. Miller, Tetrahedron Lett., 1992, 33, 907; (j) Y. Morino, 1. Hidaka,
Y. Oderaotoshi, M. Komatsu, and S. Minakata, Tetrahedron, 2006, 62, 12247; (k) P. G. M.
Wauts, J. M. Northuis, and T. A. Kwan, J. Org. Chem., 2000, 65, 9223; (1) I. W. Davies, L.
Gerena, N. Lu, R. D. Larsen, and P. J. Reider, J. Org. Chem., 1996, 61, 9629; (m) G.-Q. Liu,
C.-H. Yang, and Y.-M. Li, J. Org. Chem., 2015, 80, 11339.

5. Examples about the synthesis of oxazolines by electrophilic cyclization of allenyl amides: (a) N.
Wang, B. Chen, and S. Ma, Adv. Synth. Catal., 2014, 356, 485; (b) H. Luo, Z. Yang, W. Lin, Y.
Zheng, and S. Ma, Chem. Sci., 2018, 9, 1964.

6. For reviews on ring-opening reactions of aziridines: (a) F. Chemla and F. Ferreira, Curr. Org.
Chem., 2002, 6, 539; (b) X. E. Hu, Tetrahedron, 2004, 60, 2701; (¢) P. Lu, Tetrahedron, 2010,
66, 2549; (d) S. H. Krake and S. C. Bergmeier, Tetrahedron, 2010, 66, 7337; (e) S. Stankovic,
M. D’hooghe, S. Catak, H. Eum, M. Waroquier, V. Van Speybroeck, N. De Kimpe, and H.-J.
Ha, Chem. Soc. Rev., 2012, 41, 643; (f) H. Ohno, Chem. Rev., 2014, 114, 7784; (g) G. Callebaut,
T. Meiresonne, N. De Kimpe, and S. Mangelinckx, Chem. Rev., 2014, 114, 7954; (h) R. Akhtar,
S. A. R. Nagvi, A. F. Zahoor, and S. Saleem Mol. Divers., 2018, 22, 447.

7. For selected examples about the ring opening—cyclization reactions of alkynylaziridines: (a) P.

W. Davies and N. Martin, Org. Lett., 2009, 11, 2293; (b) P. W. Davies and N. Martin, J.



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

Organomet. Chem., 2011, 696, 159; (c) D.-D. Chen, X.-L. Hou, and L.-X. Dai, Tetrahedron
Lett., 2009, 50, 6944; (d) X. Du, X. Xie, and Y. Liu, J. Org. Chem., 2010, 75, 510; (e) A. Blanc,
A. Alix, J.-M. Weibel, and P. Pale, Eur. J. Org. Chem., 2010, 1644; (f) M. Yoshida, M.
Al-Amin, and K. Shishido, Synthesis, 2009, 2454; (g) M. Yoshida, M. Al-Amin, and K.
Shishido, Tetrahedron Lett., 2009, 50, 6268; (h) Z. He and A. K. Yudin, Angew. Chem. Int. Ed.
2010, 49, 1607; (1) M. Yoshida, Y. Maeyama, M. Al-Amin, and K. Shishido, J. Org. Chem.,
2011, 76, 5813; (j) M. Yoshida, S. Easmin, M. Al-Amin, Y. Hirai, and K. Shishido,
Tetrahedron, 2011, 67, 3194; (k) A. Okano, S. Oishi, T. Tanaka, N. Fujii, and H. Ohno, J. Org.
Chem., 2010, 75, 3396; (1) N. Kern, A. Blanc, J.-M. Weibel, and P. Pale, Chem. Commun., 2011,
47, 6665; (m) N. Kern, A. Blanc, S. Miaskiewicz, M. Robinette, J.-M. Weibel, and P. Pale, J.
Org. Chem., 2012, 77, 4323; (n) Z. He, D. Dobrovolsky, P. Trinchera, and A. K. Yudin, Org.
Lertt., 2013, 15, 334; (o) Y.-F. Yang, L.-H. Li, Y.-T. He, J.-Y. Luo, and Y.-M. Liang,
Tetrahedron, 2009, 50, 6268; (p) S.-H. Wan, Y.-C. Lin, L.-K. Liu, and Y.-H. Liu, Chem. Asian
J., 2016, 11, 2889; (q) N. N. Yadav, J. Choi, and H.-J. Ha, Org. Biomol. Chem., 2016, 14, 6426.

8. M. Yoshida, T. Mizuguchi, and K. Namba, Angew. Chem. Int. Ed., 2014, 70, 14450.

9. The stereochemistry of the resulting products 3a and 4a were determined by NOESY correlation
(see supporting information).

10. The reason for the solvent effect that nonpolar solvent such as toluene gave better result is not

clear.




<<
  /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




