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Importance:

[Seminal Publications'; Reviews?; Modifications & Improvements3; Theoretical Studies]

In 1957, S. Winstein and R. Baird reported that
under basic conditions, appropriately substituted phenols
undergo a facile intramolecular geminal cyclization to
form dienones V|a part|C|pat|on of the neighboring
phenoxide ion (Ar1 -part|C|pat|on) ¢ For example, 4-p-
hydroxyphenyl-1-butyl p-bromobenzenesulfonate was
efficiently converted to spiro[4.5]deca-6,9-dien-8-one
(a—b) upon treatment with a slight excess of potassium
tert-butoxide in anhydrous f-butanol. The highly reactive
spiro[2.5]octa-1,4-diene-3-one (c—d) could be readily
prepared by passing 2-p-hydroxyphenyl-1-ethyl bromide
through basic alumina. A few years later S. Masamune
demonstrated that the bicyclo[3.2.1]octane system (f), a
common structural unit of diterpenes and diterpene
alkaloids, could be accessed also via Ary -part|C|pat|on
from hlghlg substituted phenols (e) under basic
conditions.”™ The first example of an Ar® -participation
(g—h) in which fused phenols were obtained instead of
spirodienones was published by M.S. Newman et al. %
The base-mediated conversion of substituted phenols to
cyclohexadienones or fused phenols with the
concomitant formation of a new carbon-carbon bond is
known as the Winstein-Baird-Masamune (WBM)
alkylative dearomatization.
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The general features of this transformation are: (1)
the reaction can be both intra- and intermolecular,
however, most known examples are intramolecular; (2)
the intramolecular alkylation of phenoxide |ons is
classified by the following general notation: Ar®-n,
where Ar represents the aryl group, a refers to the
position of the participating aryl group involved in the
creation of the ring, while n indicates the size of the ring
being made (usually n=3-6); (3) only a single product
can be obtained in Ary -n cyclizations (A and B),
whereas two regioisomers are possible as a result of
Ar°-n cyclizations (C); ('Q the initially formed dienone
intermediates in  Ar, -n  cyclizations  undergo
spontanaeous tautomerization to afford the more stable
phenol products (when R=H); (5) the necessary
phenoxide intermediate alternatively can be accessed
from trialkylsilyl-protected phenols by treatment with a
fluoride source (F’) in aprotic solvents® or by basic
hydrolysis of phenolic esters and (6) the leaving group X
is usually a halogen or a sulfonate ester, but phenolic
epoxides, aldehydes, ketones, enones and esters have
also been successfully cyclized;”® (7) the dienone
products can readily undergo the dienone-phenol
rearrangement under acidic conditions.
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X =Cl, Br, I, OMs, OTs, OBs, epoxide, aldehyde, ketone, ester; base: KOt-Bu, basic alumina, i-ProNEt, K,CO3, KOH; solvent: t-BuOH, CH,Cl,, THF, i-PrOH

Mechanism:®

Stereoelectronic factors are significant in the cyclization
of phenoxides (see transition states below) Neighboring
group participation is the greatest in Arq ©.3 cyclizations
due to the overlap of the aryl n-system and the high p-
character ring-bonds of the three-membered ring which
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results in a lower free energy of the transition state. The
relative rates of ring-closure in Ar®-n type of cyclizations
are 3 >5>6 >> 4. The relative rates for ring-clousre in
Ar®-n cycllzatlons are: 6 >5.To date there have been
no reports of Ar, ©.3, Ar,®-4 and Ar,°-7 cyclizations.
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Synthetic Applications:

A highly enantioselective route to the core of the novel
antibiotic platencimycin has been developed in the
laboratory of E.J. Corey.* Key steps included a highly
enantioselective, triethylamine-accelerated, conjugate
addition of an alkenyl trifluoroborate (Hayashi reaction)
and an Ar®-5 Winstein-Baird-Masamume alkylative
dearomatization of a TIPS-protected tricyclic phenol
intermediate. The primary alkyl bromide intermediate
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was obtained as a single diastereomer by the addition of
one equivalent of Bry to a 2-propenyl substituted bicyclic
MEM ether. The phenoxide ion was generated by
exposing the TIPS ether to a slight excess of TBAF in
THF under forcing conditions. The formation of a new
carbon-carbon bond between C1 and C5 created a five-
membered ring and delivered the complex tetracyclic
framework of the natural product in high yield.
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Naturally-occurring furocoumarins and their synthetic

derivatives often display exciting physiological
properties. For example, furocoumarins with annellated
carbocycles at their 5,6-positions exhibit

photoantiproliferative and cardiotropic activities and act
as CNS stimulants. Y.L. Garazd and co-workers
prepared dozens of cycloheptane-annelated
furocoumarins by the Ar>-5  WBM alkylative
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cholorcyclohexanone under Williamson ether synthesis
conditions. The resulting oxoethyl coumarin derivative
was heated with excess 1N NaOH solution in
isopropanol that brought about the cyclization. The
initially formed dienone intermediate immediately
tautomerized to form the more stable phenol product.
Finally, treatment with aqueous sulfuric acid afforded the

dearomatizgtion of highly substituted chromen-6-one  desired cycloheptane-annellated furocoumarin
derivatives.” The phenol substrate (prepared by the von  derivative.
e 1. ag. NaOH
HO o (o] cl KZCOQ (5 equiv)
. @ (2.5 equiv) i-PrOH, reflux
= acetone
(o] reflux, 5h 2.°H2804, H,O
69% 83% for 2 steps
. . A-5
highly-substituted 2-chloro- Cycloheptane-annellated
chromene-6-one cyclohexanone oxoethyl coumarin derivative furocoumarin

A completely diastereoselective route was developed by
E.M. Carreira et al. for the synthesis of a densely
functionalized spiro-fused 2,5-cyclohexadienone which
would serve as a key intermediate en route to the
synthesis of diterpene natural product resiniferatoxin.”
The key step was an Ar®-6 WBM alkylative
dearomatization. Sulfonate ester formation at C6 was
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In the laboratory of J.A. Porco, an intermolecular WBM
alkylative dearomatization — intramolecular Michael
addition sequence was developed to access polypreny-
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followed by treatment with KoCO3 in 2-propanol/ethanol
at room temperature to afford the desired
cyclohexadienone as a single disatereomer. A complete
inversion of configuration occurred at C6 while a
quaternary center was created at C1. The careful choice
of base and solvent mixture was critical for the success
of this transformation.
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Resiniferatoxin

lated phloroglucins which feature bicyclo[3.3.1]Jnonane
carbocyclic frameworks. This method was applied for the
total synthesis of (J_r)-clusianone.8
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Ref: Lalic, G., Corey, E. J. An Effective Enantioselective Route to the
Platensimycin Core. Org. Lett. 2007, 9, 4921-4923.

Procedure: To a solution of A (3.77 g, 1.00 equiv, 8.58 mmol) in THF
(60 mL) in a Schlenk flask was added 1M solution of TBAF in THF (10.3
mL, 1.20 equiv, 10.3 mmol) at room temperature. The flask was sealed
and placed in a 130 °C oil bath. After 4 h, the reaction mixture was
cooled to room temperature, diluted with EtOAc, and washed with sat.
aq. NH,Cl and brine. The aqueous phase was extracted with EtOAc, and
the combined organic extracts were dried over MgSO4, filtered, and
concentrated under reduced pressure. The crude product was purified by
column chromatography (10% to 80% EtOAc in hexane) to yield B as a
white amorphous powder (1.53 g, 88% vyield).

REFERENCES

1. (a) Winstein, S. & Baird, R. Formation of dienones through Ar1-
participation. J. Am. Chem. Soc. 1957, 79, 756-757; (b) Heck, R. &
Winstein, S. Neighboring carbon and hydrogen. XXVII. Ar1-5 aryl
participation and tetralin formation in solvolysis. J. Am. Chem. Soc.
1957, 79, 3105-3113; (c) Baird, R. & Winstein, S. Isolation and
behavior of spiro[2,5]octa-1,4-dien-3-one. J. Am. Chem. Soc. 1957,
79, 4238-4240; (d) Dorling, S. & Harley-Mason, J. Synthesis of
spiro-4,5-deca-6,9-diene-2,8-dione by an Ar 1,5-neighboring group
participation reaction. Chem. Ind. 1959, 15651-1552; (e) Baird, R. &
Winstein, S. Neighboring carbon and hydrogen. LI. Dienones from
Ar1g-3 participation. Isolation and behavior of spiro[2,5]octa-1,4-
dien-3-one. J. Am. Chem. Soc. 1963, 85, 567-578.

2. (a) Krapcho, A. P. Synthesis of Carbocyclic Spiro Compounds Via
Intramolecular Alkylation Routes. Synthesis 1974, 383-419; (b)
Murphy, W. S. & Wattanasin, S. Anionic Cyclization of Phenols.
Chem. Soc. Rev. 1983, 12, 213-250.

3. (a) Newman, M. S. & Mekler, A. B. Synthesis of 7-methyl-2,3,4,5-
tetrahydro-1-benzoxepin and 4-methyl-5,6,7,8-tetrahydronaphthol by
alkaline cyclizations. J. Org. Chem. 1961, 26, 336-338; (b)
Masamune, S. Synthesis of 4a,6-ethano-5,6,7,8-tetrahydro-2(4aH)-
naphthalenone. J. Am. Chem. Soc. 1961, 83, 1009-1010.

4. Lalic, G. & Corey, E. J. An Effective Enantioselective Route to the
Platensimycin Core. Org. Lett. 2007, 9, 4921-4923.

5. (a) Duggan, P. G. & Murphy, W. S. Intramolecular alkylation of
phenols. I. Mechanism of phenoxide cyclization. J. Chem. Soc.,
Perkin Trans. 2 1975, 1054-1056; (b) Duggan, P. G. & Murphy, W.
S. Intramolecular alkylation of phenols. Il. Ortho versus para
alkylation. J. Chem. Soc., Perkin Trans. 2 1975, 1291-1293; (c)
Duggan, P. G. & Murphy, W. S. Intramolecular alkylation of phenols.
Part Ill. Asymmetric induction by a chiral leaving group. J. Chem.
Soc., Perkin Trans. 1 1976, 634-638; (d) Murphy, W. S. &
Wattanasin, S. Intramolecular alkylation of phenols. Part 4. Base-
catalyzed cyclization of phenolic enones. Scope and limitations. J.
Chem. Soc., Perkin Trans. 1 1980, 1555-1566; (e) Murphy, W. S. &
Wattanasin, S. Intramolecular alkylation of phenols. Part 5. A
regiospecific anionic ring closure of phenols via quinone methides.
J. Chem. Soc., Perkin Trans. 1 1980, 1567-1577.

6. Garazd, Y. L., Garazd, M. M., Ogorodniichuk, A. S. & Khilya, V. P.
Modified coumarins. 24. Synthesis of cycloheptane-annellated
tetracyclic furocoumarins. Chem. Nat. Compd. 2006, 42, 656-664.

7. Ritter, T., Zarotti, P. & Carreira, E. M. Diastereoselective phenol
para-alkylation: Access to a cross-conjugated cyclohexadienone en
route to resiniferatoxin. Org. Lett. 2004, 6, 4371-4374.

8. Qi, J. & Porco, J. A, Jr. Rapid Access to Polyprenylated
Phloroglucinols via Alkylative Dearomatization-Annulation: Total
Synthesis of (+-)-Clusianone. J. Am. Chem. Soc. 2007, 129, 12682-
12683.




<<
  /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




