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Abstract Compounds bearing phosphorus, sulfur or silicon stereogenic center have a wide range of applications in the fields
of medicine, pesticides, organic synthesis and material science. Efficient construction of these three types of heteroa-
tom-centered chirality has gradually developed as one of the most important frontiers in asymmetric synthetic chemistry. This
paper focuses on the recent development of the asymmetric synthesis via palladium/chiral complexes or using the chiral auxil-
iaries. Strategies such as P—X (X=H, Si or O) bond activation, desymmetrization, and cycloaddition for P-chiral compounds
synthesis are introduced, while the methods for S and Si chiral compounds are somewhat similar. The mechanism of some

representative examples and their potential applications are also included.
Keywords palladium catalysis; P-chirality; S-chirality; Si-chirality; asymmetric catalysis
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Scheme 1 Pd-catalyzed asymmetric P—H functionalization
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Scheme 2 Proposed mechanism of the enantioselectivity enrichment of the racemic P-H compound
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Scheme 12 Pd-catalyzed desymmetrization of P-stereogenic compounds
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Scheme 13  Pd-catalyzed asymmetric cycloaddition of P-stereogenic compounds
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4.

0
I base 1 I
5 _SJ O'Bu
R™>>"co0'Bu R N \
00 o~
56 ~ ~COOBu
Xantphos (10 mol%)
o] Pdadbag (5 mol%) 0
RSO”| ——————————— PN
Arl R™™Ar
57
)
PPh, PPh,
Xantphos
o | Pd,dbas (1 mol%) 0
i N, L*(2mol%) NN
1S~ o ¥ | —R - | —Rr2
R COO'Bu = Cs,CO3 (4.0 equiv.) _
56 58 59
67% ~ 98% yield
@—( . 0~83% ee
F‘e PthP BU2
N
L*

B 14 #/Josiphos {4 TR I 2 B 25 T A 5Bk 5 2440 R
I
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BAE 31%~89%, ee [HAE 70%~99%.

[Pd(allyl)CI], (5 mol%)
SL-J002-1 (5 mol%)  Os

o Br s
S * \ﬂ/ P
Ph " TS CsF (3 equiv.), THF, 40°C

64 65 24h 66
51% ~ 94% yield
thp?\/ PBu, 63% ~92% ee
> Me
SL-J002-1

B 16 SRR IR SRS B 25 5 IO AS R R AR R 40 s
Scheme 16 Pd-catalyzed asymmetric olefination of sulfenate
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Scheme 17 Pd-catalyzed asymmetric C—H olefination of di-
aryl sulfoxides through parallel kinetic resolution and desymme-
trization
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Scheme 18 Pd-catalyzed kinetic resolution of S-stereogenic
imines
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Scheme 19 Pd-catalyzed desymmetrization of silacyclobutanes
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Scheme 20 Pd-catalyzed intermolecular desymmetrization of
silacyclobutanes
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Scheme 21 Proposed mechanism of Pd-catalyzed desymmetri-
zation of silacyclobutanes with alkynes to silicon-stereogenic
silanes based on a density functional theory study
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Scheme 23 Pd-catalyzed aymmetric arylation of silane
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Scheme 24 Study of ligand structure for Pd-catalyzed asym-
metric arylation of silane
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Scheme 25 Pd-catalyzed desymmetrization of silanes

Chin. J. Org. Chem. 2022, 42, 3118~3128

© 2022 Chinese Chemical Society & SIOC, CAS

4 sk

[ =]

ARSORAR AR BRANEE O TR S IR
BEAT T RIE RS, =JouR PO T e R
EAIGENE BRI, AEAEAK PO FER R
13 THBORIHERE, EELPE P—H, P—X BAXIREL
AN P s EXFRATT I, PO A0 LT AR RS
AFRIE I IR0 ek g PO F-PE ) PR PR IX SR T4
R S A SH O TR SRS, fE—ERZ LA P
b PR, BJRFE A RS, HATRIRAT RN
Wryeasia). FENVEEWT U7, PO PR AR T S AN
Si ez b s, MAEREE S A Si L si T
VERERE FEIRAN, PRI & RO, R,
TSV G, AECT P LR L&), S
Si Z“H IR BRI E L HRE.

References

[1] (a) De Clercq, E. Clin. Microbiol. Rev. 2003, 16, 569.
(b) Mellah, M.; Voituriez, A.; Schulz, E. Chem. Rev. 2007, 107,
5133.
(c) Akiyama, T. Chem. Rev. 2007, 107, 5744.
(d) Lamberth, C. Tetrahedron 2010, 66, 7239.
(e) Kazemi, M.; Tahmasbi, A.; Valizadeh, R.; Naserian, A.; Soni, A.
Agric. Sci. Res. J. 2012, 2, 512.
(f) Lu, D.; Salem, G. Coord. Chem. Rev. 2013, 257, 1026.
(g) Yao, Q.; Wang, A.; Pu, J.; Tang, Y. Chin. J. Org. Chem. 2014,
34,292 (in Chinese).
(R, T2k, WHERE, BEB, AAUes, 2014, 34,292.)
(h) Chen, T.; Han, L. Synlett 2015, 26, 1153.
(i) Khan, A.; Foucher, D. Coord. Chem. Rev. 2016, 312, 41.

[2] (a) Liu, S.; Li, Y.; Wang, D.; Wei, R.; Miao, Z. Chin. J. Org. Chem.
2018, 38, 341 (in Chinese).
IR, 2R, Ft, 200, MEM, AU, 2018, 38, 341.)
(b) Zhu, R.; Liao, K.; Yu, J.; Zhou, J. Acta Chim. Sinica 2020, 78,
193 (in Chinese).
CRAZX, B2, RE4, RS, 15348, 2020, 78, 341.)

[3] Mikotajczyk, M.; Drabowicz, J.; Kietbasi'nski, P. Chiral Sulfur
Reagents: Applications in Asymmetric and Stereoselective Synthe-
sis, CRC Press, Boca Raton, USA, 1997.

[4] (a) Pope, W.; Peachey, S. J. Chem. Soc. 1900, 1072.
(b) Wojaczynska, E.; Wojaczynski, J. Chem. Rev. 2010, 110, 4303.
(c) Drabowicz, J. Phosphorus, Sulfur Silicon Relat. Elem. 2017,
192, 145.
(d) Han, J.; Soloshonok, V.; Klika, K.; Drabowicz, J.; Wzorek A.
Chem. Soc. Rev. 2018, 47, 1307.
(e) Wojaczynska, E.; Wojaczynski, J. Chem. Rev. 2020, 120, 4578.

[5] (a) Sommer, L.; Frye, C. J. Am. Chem. Soc. 1959, 81, 1013.
(b) Sommer, L.; Frye, C.; Parker, G.; Michael, K. J. 4m. Chem. Soc.
1964, 86, 3271.
(c) Djerourou A.; Blaneo, L. Tetrahedron Lett. 1991, 32, 6325.
(d) Jankowski, P.; Schaumann, E.; Wicha, J.; Zarecki, A.; Adi-
widjaja G.; Asztemborska, M. Chem. Commun. 2000, 2030.

[6] (a) Xu, L.; Li, L.; Lai, G; Jiang, J. Chem. Soc. Rev. 2011, 40, 1777.
(b) Chen, C.; Hartwig, J. Chem. Rev. 2015, 115, 8946.
(c) Boon, L.; Fuku-en, S.; Slootweg, J.; Lammertsma, K.; Ehlers, A.
Top. Catal. 2018, 61, 674.

[71 (a) Cui, Y.; Lin, Y.; Xu, L. Coord. Chem. Rev. 2017, 330, 37.
(b) Diesel J.; Cramer, N. ACS Catal. 2019, 9,9164.

[8] Oshiki, T.; Imamoto, T. J. Am. Chem. Soc. 1992, 114, 3975.

[9]1 Al-Masum, M.; Kumaraswamy, G.; Livinghouse, T. J. Org. Chem.
2000, 65, 4776.

http://sioc-journal.cn/ 3127



BIKE

ik SR

[10]

[11]

[12]

[13]

[14]

[17]

[18]

3128

(a) Moncarz, J.; Brunker, T.; Glueck, D.; Sommer, R.; Rheingold,
A. J. Am. Chem. Soc. 2003, 125, 1180.

(b) Moncarz, J.; Brunker, T.; Jewett, J.; Orchowski, M.; Glueck, D.
Organometallics 2003, 22, 3205.

(a) Blank, N.; Moncarz, J.; Brunker, T.; Scriban, C.; Anderson, B.;
Amir, O.; Glueck, D.; Zakharov, L.; Golen, J.; Incarvito, C.;
Rheingold, A. J. Am. Chem. Soc.2007, 129, 6847.

(b) Huang, Y.; Li, Y.; Leung, P.; Hayashi, T. J. Am. Chem. Soc.2014,
136, 4865.

Dai, Q.; Li, W.; Li, Z.; Zhang, J. J. Am. Chem. Soc. 2019, 141,
20556.

(a) Join, B.; Mimeau, D.; Delacroix, O.; Gaumont, A. Chem. Com-
mun. 2006, 3249.

(b) Dai, Q.; Liu, L.; Qian, Y.; Li, W.; Zhang, J. Angew. Chem., Int.
Ed. 2020, 59, 20645.

(c) Xie, X.; Li, S.; Chen, Q.; Guo, H.; Yang, J.; Zhang, J. Org.
Chem. Front. 2022, 9, 1589.

(d) Brunker, T.; Anderson, B.; Blank, N.; Glueck, D.; Rheingold, A.
Org. Lett. 2007, 9, 1109.

Chan, V.; Bergman, R.; Toste, F. J. Am. Chem. Soc. 2007, 129,
15122.

Lian, Z.; Bhawal, B.; Yu, P.; Morandi, B. Science 2017, 356, 1059.
(a) Anirban Mondal, A.; Thiel, N.; Dorel, R.; Feringa, B. Nat.
Catal. 2022, 5, 10.

(b) Imrie, C.; Modro, T.; Rooyen, P.; Wagener, C.; Wallace, K.;
Hudson, H.; McPartlin, M.; Nasirun, J.; Powroznyk, L. J. Phys.
Org. Chem. 1995, 8, 41.

Deng, H.; Wang, M.; Liang, Y.; Chen, X.; Wang, T.; Wong, J.;
Zhao, Y.; Houk, K.; Shi, Z. Chem 2022, 8, 569.

(a) Du, Z.; Guan, J.; Wu, G;; Xu, P;; Gao, L.; Han, F. J. Am. Chem.
Soc. 2015, 137, 632.

(b) Lin, Z.; Wang, W.; Yan, S.; Duan, W. Angew. Chem., Int. Ed.
2015, 54, 6265.

(c) Liu, L.; Zhang, A.; Wang, Y.; Zhang, F.; Zuo, Z.; Zhao, W.; Feng
C.; Ma, W. Org. Lett. 2015, 17, 2046.

(d) Xu, G; Li, M.; Wang, S.; Tang, W. Org. Chem. Front. 2015, 2,
1342.

(e) Lin, Y.; Ma, W.; Sun, Q.; Cui, Y.; Xu, L. Synlett 2017, 28, 1432.
() Li, Z.; Lin, Z.; Yan, C.; Duan, W. Organometallics 2019, 38,

http://sioc-journal.cn/

[19]

[20]

[21]
[22]
[23]

[24]
[25]

[26]
[27]

[28]

[29]
[30]
[31]

[32]

[33]

© 2022 Chinese Chemical Society & SIOC, CAS

3916.

(a) Kolodiazhnyi, O. Tetrahedron Asymmetry 2012, 23, 1.

(b) Montchamp J. Phosphorus Chemistry I. Asymmetric Synthesis
and Bioactive Compounds, Springer, Cham, 2015.

(a) Leung, P; He, G.; Lang, H.; Liu, A.; Loh, S; Selvaratnam, S.;
Mok, K.; White, A.; Williams, D. Tetrahedron 2000, 56, 7.

(b) Chen, S.; Pullarkat, S.; Li, Y.; Leung, P. Eur. J. Inorg. Chem.
2011, 3111.

(c) He, G; Loh, S.; Vittal, J.; Mok, K.; Leung, P. Organometallics
1998, /7, 3931.

Maitro, G;; Vogel, S.; Prestat, G.; Madec, D.; Poli, G. Org. Lett.
20006, 8, 5951.

Maitro, G.; Vogel, S.; Sadaoui, M.; Prestat, G.; Madec, D.; Poli, G.
Org. Lett. 2007, 9, 5493.

Wang, L.; Chen, M.; Zhang, P.; Li, W.; Zhang, J. J. Am. Chem. Soc.
2018, /40, 3467.

Chen W.; Berritt, S.; Liang, X.; Walsh, P. Org. Lett. 2019, 21, 960.
Zhu, Y.; Li, Y.; Zhang, B.; Zhang, F.; Yang, Y.; Wang, X. Angew.
Chem., Int. Ed. 2018, 57, 5129.

Mukherjee, K.; Grimblat, N.; Sau, S.; Ghosh, K.; Shankar, M.;
Gandon V.; Sahoo, A. Chem. Sci. 2021, 12, 14863.

Shintani, R.; Moriya, K.; Hayashi, T. J. Am. Chem. Soc. 2011, 133,
16440.

(a) Shintani, R.; Moriya, K.; Hayashi, T. Org. Lett. 2012, 14, 2902.
(b) Xie, J.; Xu, Z.; Zhou, H.; Nie, Y.; Cao, J.; Yin, G.; Bouillon, J.;
Xu, L. Sci. China: Chem. 2021, 64, 761.

Zhang, J.; Xu, J.; Zheng, Z.; Xu, Z.; Cui, Y.; Cao, J.; Xu, L. Chem.
Asian J. 2016, 11, 2867.

Shintani, R.; Otomo, H.; Ota, K.; Hayashi, T. J. Am. Chem. Soc.
2012, /34, 7305.

Kurihara, Y.; Nishikawa, M.; Yamanoi Y.; Nishihara, H. Chem.
Commun. 2012, 48, 11564.

(a) Chen, L.; Huang, J.; Xu, Z.; Zheng, Z.; Yang, K.; Cui, Y.; Cao,
J.; Xu, L. RSC Adv. 2016, 6, 67113.

(b) Yang, J.; Xu, Z.; Nie, Y.; Lu, S.; Zhang, J.; Xu, L. J. Org. Chem.
2020, 85, 14360.

Lin, Y.; Ma, W.; Xu, Z.; Zheng, Z.; Cao, J.; Yang, K.; Cui, Y.; Xu,
L. Chem. Asian J. 2019, 14, 2082.

(Cheng, F.)

Chin. J. Org. Chem. 2022, 42, 3118~3128




<<
  /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 600
  /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 600
  /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 <>
    /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.)
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
  >>
  /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


