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Radical Cation Salts Induced aza-Diels-Alder Reaction: Synthesis of
Hexahydrofuro[3,2-c]- quinoline Derivatives
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Abstract: Aza-Diels-Alder reaction between imines and 2,3-dihydrofuran under radical cation induced conditions was
achieved and series of hexahydrofuro[3,2-c]quinoline derivatives was prepared. The stereoselectivity was affected by the
substituents on imines, which revealed a stepwise mechanism. A radical cation mediated mechanism was proposed to

rationalize the formation of the products.
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INTRODUCTION

Tetrahydroquinoline scaffold is present in various
biologically active alkaloids and many tetrahydroquinoline
derivatives exhibit numerous biological activities, [1-3] in
which furanoquinoline derivatives are an important class of
natural products and exhibit a wide spectrum of biological
activities, such as antiallergic, anti-inflammatory, antipy-
retic, analgesic, antiplatelet, psychotropic and estrogenic
activity. [4-8] Many biologically active alkaloids, such as
teclealbine and flindersiamine, contain furanoquinoline
moieties. The probably most powerful method for the
construction of tetrahydroquinolines is aza-Diels-Alder
reaction between N-arylimines and 2,3-dihydrofuran (DHF),
due to its efficiency and the ready availability of starting
materials. [2, 3, 9-12] Recently, new progress including
domino reaction among anilines and DHF has been achieved
[13-16], but some shortcomings of this methodology also
exist. In most cases, more than stoichiometric amounts of the
catalysts are required and furthermore, most of the imines
are hygrosopic, unstable at high temperatures and are
difficult to purify by distillation or column chromatography.
Therefore, it is necessary to develop more simple, con-
venient and efficient catalysts to synthesize tetrahydro-
quinolines under mild conditions.

Commercially available, stable radical cation salt tris(4-
bromophenyl)aminium  hexachloroantimonate  (TBPA™)
induced reactions have been investigated for more than 20
years, and many valuable reactions initiated by such catalyst
have been discovered in organic chemistry. [17, 18] As part
of our ongoing research program on exploring the synthetic
potentials of such catalyst, [19-25] we recently found that
TBPA™ could efficiently induce aza-Diels—Alder reaction to
accomplish the synthesis of tetrahydroquinolines in good
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yields and with high selectivity. Herein, we wish to report
the synthesis of hexahydrofuro[3,2-c]quinoline derivatives
via this kind of aza-Diels-Alder reaction induced by radical
cation salts.

Our studies began with the reaction of imine 1a and DHF
(2) catalyzed by TBPA™. An anhydrous solution of 1a and 2
in CH,Cl, was added dropwise to a stirred solution of a
catalytic amount of TBPA™ suspended in anhydrous
dichloromethane at ambient temperature. The reaction
completed within 10-15 minutes as detected by TLC, giving
exclusively two diasteroisomers of the tetrahydroquinoline
derivative 3 and 4 in excellent vyield. Column
chromatographic purification (silica gel, hexane/acetone 40:1
to 20:1) gave the pure products, which were fully
characterised. Based on these results, we chose the reaction
of imine la and 2 as a model reaction to optimize the
reaction conditions. The results are summarized in Table 1.
[26] Initially, we added the same equivalent of the reactants
to the reaction solution and the products 3a and 4a were
obtained in 82% yield. Higher yield was obtained when the
ratio of imine: DHF was raised to 2:1 (entry 2). Addition of
more DHF did not improved the yield. We then screened the
solvents. CHCI; and CH3;CN lead to lower yields, probably
due to lower solubility of TBPA™. Lower catalysts load also
decreased the yields of the desired products.

With the optimized reaction conditions in hand, we then
explored the scope of the reaction by varying the substituents
on the aromatic ring of the imines. The results are
summarized in Table 2.

Imines 1 with either electron-withdrawing or electron-
donating substituents were synthesized to test the generality
of this methodology. From Table 1 we can see that all imines
reacted with 2a smoothly giving exclusively the
corresponding tetrahydroquinoline derivatives. But the
stereoselectivity was affected obviously by the substituents
on imines. Electron-withdrawing groups on Ar or electron-
donating groups on Ar?increased the exo selectivity, giving
more trans-products in the products mixture and inverse
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Table1l. Optimization of the Reaction Conditions
0
©\ TBPA+
N/ solvent cis and trans
N
H
la 2 3aand 4a
Entry Solvent Substrate 1a: 2 Time® (h) Yield® (%) cis : trans (%)
1° CH,Cl, 11 0.5 82 >90:10
2° CH,Cl, 2:1 0.5 95 >90:10
3¢ CH,Cl, 31 0.5 95 >90:10
4° CHCl, 2:1 0.5 79 85:15
5¢ CHsCN 2:1 0.5 80 83:17
6¢ CH,Cl, 2:1 0.5 85 >90:10
7° CH,Cl, 2:1 0.5 83 >90:10

*Monitored by TLC. "Detected by crude *HNMR. 5 mol % TBPA™ was added. °2 mol % TBPA* was added. ®1 mol % TBPA" was added.

Table 2.  Scope of the Reaction of 1 and 2
TBPA™
(5 mol %)
Q CH,Cl, cis and trans
1 2 3and 4
Entry R! R? Time? (h) Yield® (%) cis : trans
1 H H 0.5 93 >90:10 (3a: 4a)
2 H p-NO, 0.5 85 37:63(3b : 4b)
3 p-OCH, p-NO, 0.5 83 <10:90 (3c : 4c)
4 p-Cl p-NO, 0.5 77 74:26 (3d : 4d)
5 p-Br p-NO, 0.5 75 48:52 (3e : 4e)
6 p-CHs p-NO, 0.5 79 <10:90 (3f : 4f)
7 p-CHs p-CN 0.5 87 48:52 (39 : 4g)
8 H p-F 0.5 90 48:52 (3h : 4h)
9 H p-Cl 0.5 81 >90:10 (3i : 4i)
10 p-Cl H 0.5 80 51:49 (3j : 4j)
11 p-Br H 0.5 84 50:50 (3k : 4K)
12 p-CHs H 0.5 78 31:69 (31 : 4l)

“Observed by TLC. "Isolated yields. “Determined by crude 'HNMR.

electrical property led to lower exo selectivity. However, in
the most cases, the stereoselectivity was about 1:1, which
implied that a stepwise instead of concerted mechanism was
involved in the reaction.

Our previous research have revealed that the oxidation
potential of the dienophile must be lower than that of the
imine in order for the former to be preferentially oxidized

and thus for a successful cation radical aza-Diels—Alder
reaction to take place. This criterion was also supported in
this reaction. Therefore the following radical -cation
mechanism was proposed to rationalize the formation of the
products.

Firstly, DHF was oxidized by TBPA™, producing
cation radical intermediate 2. This radical cation added to an
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imine forming a new cation radical intermediate and
intramolecular addition is followed. After the second
electron transfer with another DHF to propagate the radical
chain reaction and 1,3-H shift, the hexahydrofuro[3,2-
c]quinoline derivatives were produced in a stereoselective
way.

In summary, we have executed a efficient approach
towards the synthesis of hexahydrofuro[3,2-c]quinoline
derivatives induced by cation radical salt. We are currently
focused on promoting this transformation and further
exploring the wuse in construction of more variable
heterocyclic compounds. Further research insight into the
mechanism of this reaction is also underway in this
laboratory.
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Representative Spectral Data of the Products. 3a (syn-): 'H
NMR (400 MHz, CDCls): 6 1.48-1.56 (m, 1H), 2.16-2.26 (m, 1H),
2.75-2.82 (m, 1H), 3.68-3.74 (m, 1H), 3.79-3.85 (m, 2H), 4.69 (d, J
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= 2.8 Hz, 1H), 5.27 (d, J = 8.0 Hz, 1H), 6.60 (d, J = 8.0 Hz, 1H),
6.79-6.83 (m, 1H), 7.06-7.11 (m, 1H), 7.29-7.40 (m, 4H), 7.45-7.47
(m, 2H); *C NMR (100.6 MHz, CDCls): 524.6, 45.8, 57.5, 66.8,
75.9, 114.9,119.1, 122.7, 126.5, 127.6, 128.3, 128.6, 130.1, 142.1,
144.9; EI-MS m/z (relative intensity, %): 251 (74.5%), 206
(100%); ESI-HRMS: m/z Calcd for Ci;Hi;NO+H: 252.1383,
found: 252.1389; 4a (trans-): "H NMR (400 MHz, CDCls): § 1.70-
1.74 (m, 1H), 1.99-2.06 (m, 1H), 2.43-2.47 (m, 1H), 3.81-3.90 (m,
3H), 4.05-4.11 (m, 1H), 4.59 (d, J = 5.2 Hz, 1H), 6.63 (d, J = 8.0
Hz, 1H), 6.81 (dd, J= 1.2, 8.0 Hz, 1H), 7.14 (m, 1H), 7.24-7.44 (m,
6H); *C NMR (100.6 MHz, CDCls): §28.6, 43.7, 57.7, 65.2, 76.0,
114.7, 118.2, 120.1, 128.1, 128.4, 128.7, 1289, 131.2, 1417,
145.4; EI-MS m/z (relative intensity, %): 251 (65.4%), 206
(100%); ESI-HRMS: m/z Caled for Ci;Hi;NO+H: 252.1383,
found: 252.1379.




<<
  /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 1.6
  /CompressObjects /Tags
  /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 true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /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 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

  /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 <>
    /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 [612.000 792.000]
>> setpagedevice




