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Cinchona alkaloid ester derivatives were adopted to asymmetric dihydroxylation and asymmetric aminohydroxylation reactions in
excellent yields and enantiomeric excesses.

The catalytic asymmetric dihydroxylation (AD) and asym-
metric aminohydroxylation (AA) of olefins using cinchona
alkaloid derivatives as ligands have become a useful and
reliable transformation in organic synthesis.1–5 High regio- and
stereoselectivity for a broad range of substrates are the most
outstanding characteristics of these reactions. To date, many
ligands have been tested and a few superior structural types
have been identified,6–9 and our group had developed ligands
for the AD and AA reactions.10–13

Here, we synthesized a range of analogues using phthaloyl
or pyridyl spacer groups between two chiral moieties14 (the
following alkaloid moieties were used: quinine a and its pseudo-
enantiomer quinidine c and their dihydro analogues hydroquinine
b and hydroquinidine d, which afforded a set of ligands capable
of performing the transformation across a broad range of alkene
substrates by asymmetric AD and AA reactions) (Figure 1).†

The asymmetric AD reaction (Scheme 1) gave good results
for eight substrates furnishing the chiral diol products in good
yields 94–99% (Table 1) with satisfying enantioselectivities.
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Figure 1 The structure of ester derivatives.
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Scheme 1 The AD reactions.

† The synthesis of cinchona alkaloid ester derivatives. Into a solution
of 2 mmol of cinchona alkaloid in 10 ml of anhydrous CH2Cl2, 2 ml of
anhydrous Et3N was added at 0 °C and the mixture was stirred. A solution
of dicarbonyl dichloride (0.2 g, 1 mmol) in CH2Cl2 was slowly added for
10 min using a dropping funnel. After 1 h, the reaction mixture was
warmed to room temperature and stirred for 2 h. Upon completion of the
reaction as indicated by TLC, the mixture was poured into 10 ml of water;
the organic layer was separated and washed with a saturated NH4Cl solu-
tion and then with water. The organic solution was dried by anhydrous
MgSO4 and evaporated in vacuo, followed by purification by flash chro-
matography on silica gel (EtOAc–EtOH–Et3N, 7:3 :0.5).

Typical procedure for the AD reactions.15 A ligand (0.05 mmol), K3Fe(CN)6
(0.99 g, 3 mmol), K2CO3 (0.42 g, 3 mmol) and OsO4 (0.005 mmol) were
dissolved in 10 ml of ButOH–water (1:1, v/v) at room temperature. For
1,2-disubstituted olefins, MeSO3NH2 (0.095 g, 1 mmol) was added. The
solution was cooled to 0 °C and the olefin (1 mmo1) was added. The mix-
ture was stirred at 0 °C usually for 12 h. In the workup, Na2SO3 (0.8 g)
was slowly added, and the suspension was warmed to room temperature
with vigorous stirring. Ethyl acetate (20 ml) was added, and the aqueous
layer was further extracted with ethyl acetate (2×5 ml). If MeSO3NH2 was
used, the combined organic layers were washed with 20 ml of 2 M aqueous
NaOH. Then, the combined organic layers were dried over MgSO4 and
concentrated. The crude product was purified by flash chromatography
on silica gel to afford the diol.

Typical procedure for the AA reactions.16 An aqueous solution of
sodium hydroxide (0.122 g in 7.5 ml of water) was added to a solution
of benzyl carbamate (0.469 g, 3.1 mmo1) in 4 ml of propan-1-ol at room
temperature. Then, tert-butyl hypochlorite (0.35 ml, 3.05 mmol) and a
solution of ligand (0.05 mmol) in 3.5 ml of propan-1-ol were succes-
sively added to the mixture. The solution was sonicated to ensure homo-
geneity. A substrate olefin (1 mmol) and then potassium osmate dihydrate
(0.414 mg, 0.04 mmol) were added to the reaction mixture. The mixture
was stirred at ambient temperature for 5 h and the reaction was controlled
by TLC. Then, propan-1-ol was distilled off from the reaction solution under
reduced pressure and the rest was extracted with diethyl ether (2×15 ml).
The combined organic extract was washed with brine, dried with MgSO4 and
concentrated under reduced pressure to give the crude product, which was
purified by flash chromatography on silica gel to afford the amino alcohols.
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The asymmetric AA reaction (Scheme 2) successfully pro-
ceeded for five substrates furnishing the chiral amino alcohol
products in good yields 94–97% (Table 2) with satisfying enantio-
selectivity and regioselectivity (A:B, > 20 :1). The influences of
different cinchona alkaloids, bridging groups and substrates were
investigated.

Note that, in most cases, the enantioselectivities of the phthaloyl
ester catalysts 1a–d were similar to those of pyridyl ester
derivatives 2a–d. According to Tables 1 and 2, the catalyst
derived from different cinchona alkaloid exhibited parallel asym-
metric induction patterns. It is demonstrated that the vinyl or
ethyl substitution in the structure of cinchona alkaloids had no
influence on the asymmetric induce. The ester derivatives have
the same excellent asymmetric induction as the previously
reported, such as (DHQD)2PHAL17 and (DHQD)2PDZ,18 and
the result suggested average C2 symmetry with respect to an
axis through the plane of the aromatic ring and, therefore, a
preferred anti-arrangement of the two alkaloid units. The two
alkaloid units and aromatic bridging group systems set up a

binding pocket, and an aromatic olefin inside such a pocket would
experience not only parallel stacking but also attractive edge-
to-face interactions, which may lead to even further stabiliza-
tion of the transition state.19 This hypothesis may also account
for the extraordinary enantioselectivities since chirality transfer
based on such effects should be very efficient. This mechanism
demonstrated that the type of aromatic ring was inessential,
and the carbon or nitrogen atom in the bridging group had no
influence on the enantioselectivity.

The catalytic asymmetric reaction of alkenes with osmium
tetroxide or potassium osmate dihydrate in the presence of bis-
cinchona alkaloid derivatives has provided a remarkable tool
by which optically pure diols or amino alcohols can be easily
obtained in high yields and with excellent enantioselectivities.

This work was supported by the National Natural Science
Foundation of China (grant nos. 20972189, 20672141 and
30901883).
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Table 1 The results of asymmetric dihydroxylation.a 

aDetermined by chiral HPLC.

Entry Olefin Yield 
(%)

ee (%)

1a 1b 1c 1d 2a 2b 2c 2d

1 94–96 98 97 98 99 99 97 98 99

2 94–97 97 98 97 99 98 99 98 99

3 95–97 97 99 98 99 98 97 99 98

4 94–98 91 93 92 91 93 94 92 90

5 96–99 92 91 93 94 94 92 92 93

6 94–99 93 94 94 94 95 94 94 95

7 2-Allyloxynaphthalene 96–98 99 98 98 99 97 98 99 98

8 95–98 89 88 90 91 91 89 90 91
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Table 2 The results of asymmetric aminohydroxylation.a 

aDetermined by chiral HPLC.

Entry Olefin Yield 
(%)

ee (%)

1a 1b 1c 1d 2a 2b 2c 2d

1 95–97 81 79 78 80 79 78 85 84

2 p-Chlorostyrene 94–96 84 89 85 79 84 85 87 79
3 2-Vinylnaphthalene 95–97 92 91 89 90 93 93 91 90

4 94–97 > 99 99 > 99 97 98 99 98 99

5 95–96 98 98 99 > 99 98 97 > 99 98

Ph

Ph

O

OEt

Ph

O

OPri

Received: 10th November 2009; Com. 09/3416



<<
  /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




