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Chiral Phosphoric Acid Catalyzed Enantioselective Allylation
of Aldehydes with Allyltrichlorosilane
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Easily accessible chiral phosphoric acid 1b has been applied as efficient organocatalyst for the asymmetric al-
lylation of aldehydes with alyltrichlorosilane. In the presence of 20 mol% of 1b, the alylation of a broad range of
aldehydes proceeded smoothly to give the corresponding homoallylic alcohol with up to 87% ee and 97% yield.
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Introduction

The asymmetric alylation of aldehydesis one of the
most straightforward methods for the preparation of
stereogenic homoallylic alcohols.* Activation of alyl
trichlorosilane by a catalytic amount of chiral Lewis
base has been shown to be an efficient asymmetric ally-
lation method. In 1994, the first example of this trans-
formation was reported by Denmark using chiral phos-
phoramide derivatives as the Lewis base catalyst.? Since
then, severa different types of chiral Lewis base cata-
lysts have been developed, including phosphora-
mides,*® formamides,®® N-oxides,>*? and sulfoxides.™
Herein, we report that chiral BINOL-derived phosphoric
acids, a new type of organocatalysts that have recently
emerged as excellent promoters for a number of enanti-
oselective transformations,* could aso effectively
catalyze the asymmetric alylation of aldehydes.

Results and discussion

Initial attempts to evaluate easily available chiral
phosphoric acid 1a as catalyst for the enantioselective
dlylation of benzaldehyde 2a with alyltrichorosilane in
toluene a8 —20 ‘C gave moderate results (76% yield
and 45% ee). We then prepared a series of chiral
(R)-BINOL -phosphoric acid derivatives (Figure 1) and
tested their efficacies in the alylation of 2a with alyl-
trichlorosilane. As shown in Table 1, catalyst 1b bearing
3,3-dimethyl substitutents exhibited the best reactivity
and enantioselectivity, affording 93% yield and 87% ee,
whereas 1d with 3,3-diphenyl substituents had almost
no detectable reactivity (Entry 4). Catalysts 1f—1h with
a partial hydrogenated binaphthyl backbone exhibited
substantially lower reactivity and enantioselectivity than
their counterparts la—1c (Entries 6—8). Catayst 1b
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Figurel Structure of the catalysts.

Table 1 Enantioselective dlylation of benzaldehyde 2a with
alyltrichlorosilane catalyzed by 12

PhCHO + \/\Sidg 20 mol% Catalyst 1 /(:ji/\
. Toluene, -20°Cc PN ~
2a (2.0 equiv.) (R)-3a
Entry Cat. Yield®/% ec“%%
1 la 76 45
2 1b 93 87
3 1c 65 77
4 1d N.R.
5 le 36 67
6 1f 66 32
7 19 44 69
8 1h 25 35

#Unless specified otherwise, reactions were carried out with 2.0
equiv. of alyltrichlorosilane on a 0.1 mmol scale for 48 h. °1so-
lated yield based on benzaldehyde. ¢ Determined by HPLC.
4Product 3a was R configured in all cases, as revealed by com-
parison of the optical rotation with literature data.
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exhibiting the best overall efficacy was then selected for
further studies.

To optimize the reaction conditions, different sol-
vents were examined for the 1b-catalyzed alylation of
2a. When toluene was replaced with either dichloro-
methane, chloroform or dichloroethane, a dramatic de-
crease was observed in both reactivity and enantioselec-
tivity (Table 2, Entries 2—4). Although tetrachlorocar-
bon (CCl,) as solvent can aso afford good enantioselec-
tivity, only 30% yield was obtained in 48 h (Entry 5).
Lowering the reaction temperature from —20 to —40
C had dlightly beneficial effects on enantioselectivity,
but caused unacceptable loss of reactivity (Entry 6).

Table 2 Enantioselective alylation of benzaldehyde 2a with
allyltrichlorosilane catalyzed by 1b under different conditions

S 20 mol% Catalyst 1b OH
PhCHO + >"sicl, -

oa (2.0 equiv.) Solvent, -20 °C Ph/(;;\
Entry T/C Solvent Yied/%  ecf%

1 —20 Toluene 93 87
2 —20 CH.Cl, 76 49
3 —20 CHCl; 52 48
4 —20 CICH,CH,CI 78 23
5 —20 CCly 30 83
6 —40 Toluene K% 88

#Unless specified otherwise, reactions were carried out with 2.0
equiv. of alyltrichlorosilane on a 0.1 mmol scale for 48 h. °1so-
lated yield based on benzaldehyde. © Determined by HPLC.

After having established the optimal reaction condi-
tions, we set out to examine the substrate spectrum of
the present catalyst system. In the presence of 20 mol%
1b, various aldehydes were checked (Table 3)."> Gener-
dly, the aromatic aldehydes with different electronic
natures all underwent smooth asymmetic allylations to
furnish the desired homoallylic alcohol productsin good
to excellent yields with moderate to good enantiosel ec-
tivities. Benzaldehyde 2a gave the highest enantioselec-
tivity (87% ee, Entry 1). The aliphatic adehyde 2n
could aso be alylated to afford the desired product 3n
in good yield, albeit with moderate enantioselectivity
(Entry 14).

To gain some insights into the possible mechanism
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Figure2 A possibletransition structure.

1670  www.cjc.wiley-vch.de

Table 3 Enantioselective alylation of various benzal dehydes 2
with allyltrichlorosilane catalyzed by 1b®

20 mol% Catalyst 1b QH
RCHO + >"sicl, RO
2 (@.0equiy)  Toluene, -20°C (R)-3a

Entry R Yield®/% ec”/%
1 2a CgHs 93 87
2 2b  4-FCgH, 96 82
3 2c 4-BrCgH, 96 78
4 2d  4-CH3CgH4 98 83
5 2e 4-CH3;0CgH, 72 62
6 2f  4-NOsCgH4 84 72
7 29 4-CNCgH,4 95 68
8 2h  3-CHsCeHa 84 65
9 2i 3-CICgH, 74 59
10 2 3-CFsCeHa 68 63
11 2k 2-CICgH,4 95 79
12 2l 2-BrCgH, 98 84
13 2m  2-Naphthyl 75 62
14 2n  Ph(CH,), 88 43

© 2011 SIOC, CAS, Shanghai, & WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim

#Unless specified otherwise, reactions were carried out with 2.0
equiv. of alyltrichlorosilane on a 0.1 mmol scale for 48 h. °Iso-
lated yield based on aldehyde. © Determined by HPLC.

for the present reaction system, the chiral methylphos-
phate 1i was also tested as catalyst and was found to
have no activity towards the model alylation of ben-
zaldehyde 2a, suggesting that the acidic functionality is
crucia for the catalysis. Thus, we proposed a plausible
bicyclic transition structure 4 featuring a hexavalent
silicon species and a hydrogen bond between the phos-
phoric acid and the aldehyde.

Conclusion

In summary, chiral phosphoric acid 1b has been ap-
plied as an efficient organocatalyst for the enantioselec-
tive alylation of aldehydes. This easily prepared cata-
lyst promoted the allylation of a broad range of alde-
hydes in high yield (up to 98%) and good enantioselec-
tivities (up to 87%). The detailed mechanism and the
further application of the present system are under ac-
tive investigation.
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Genera procedure for alylation of aromatic aldehydes with
allyltrichlorosilanes: To a stirred solution of catalyst (20
mol%) and aldehyde (0. 1 mmol) in toluene (1. 0 mL) was
added allyltrichlorosilane (2.0 equiv.) under argon at —20
‘C. After being stirred at the same temperature for 48 h, the
reaction was quenched with saturated agueous NaHCO; so-
lution (1. 0 mL). The mixture was extracted with ethyl ace-
tate. The combined organic phases were washed with brine,
dried over MgSO,, and concentrated under vacuum. The
crude product was purified by column chromatography (sil-
ica gel, hexane/ethyl acetate) to give the desired product.
The ee value was determined by HPLC analyses (for 3c—
39, 3i, 3k, 3I, HPLC condition: AD-H, 1.0 mL/min,
V(i-PrOH) : V(Hexane)=5 : 95; for 3b, HPLC condition:
AD-H, 1.0 mL/min, V(i-PrOH) : V(Hexane)=2 : 98; for 3a,
HPLC condition: OD-H, 1.0 mL/min, V(i-PrOH) :
V(Hexane)=10 : 90; for 3m and 3n, HPLC condition:
OD-H, 1.0 mL/min, V(i-PrOH) : V(Hexane)=5 : 95).

(E1103121 Pan, B.)

www.cjcwiley-vch.de 1671




<<
  /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
  /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


