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I ntroduction

Transition-metal-catalyzed cross-couplings are recog-
nized to be the most powerful carbon—carbon bond form-
ing reactions.* The palladium-catalyzed coupling of aryl
halides, arylsulfonates with aryl/alkyl metals (such as
M =B, Sn, Zn, Si, Mg) are very often employed in the
synthesis of compounds, the skeletons of which are found
in a wide range of important natural products and ana-
logues of biological interest.>® Before 1990, the insertion
of palladiuminto C—Br and C- bondswaswell exploited.
However, the same reaction with C—Cl bonds proved to be
very difficult. Organochloride compounds are less ex-
pensive than the other organohalides, and would thus be
most interesting partners in cross-coupling reactions. Fu
and co-workers have shown that electron-rich ligands
such astri-tert-butyl phosphine [P(t-Bu),] allow the metal
insertion into C—Cl bonds at or above room temperature.
Subsequent transmetalations with organoboron, organo-
tin, organozinc, organocopper and organosilicon reagents
and fina reductive elimination give the corresponding
products of C—C cross-couplings.* Littke and Fu showed
that arylation of olefins can be catalyzed by the same
Pd/P(t-Bu); system.

Other convenient ligands have been proposed to promote
the palladium oxidative addition of aryl chlorides. Most
common today are bulky, electron-rich chelating bisphos-
phines asthose proposed by Milstein,® bulky and electron-
rich phosphines proposed by Buchwald,® the palladacy-
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clesand N-heterocyclic carbenes proposed by Herrmann,’
as well as the phosphites proposed by Beller.?

Preparation

P(t-Bu); 1 can be easily prepared by a two-step sequence
starting with addition of tert-butylmagnesium chloride to
PCI; (Scheme 1). Chloro-di-tert-butyl phosphine thus ob-
tained is then reacted with 1.2 equiv of tert-butyl lithium
to produce desired product 1.4 The pK, of P(t-Bu); was
found to be 11.4. Thus, P(t-Bu), appears to be one of the
most basic phosphines, leading to a particular behaviour
as ligand in numerous catalyzed reactions.*>?

Et,0, 20 °C < t-BuLi (Pentane)
MgCl + PCly ——— )(_CI — > P(t-Bu)3

34% Benzene, 0 °C 1

50%

Scheme 1

This ligand is available from Strem company as a 10%
solution (w/w) in hexane or in dioxane. Althoughitisalso
available in pure form from other commercia sources, it
is conveniently used as a solution, since only a small
amount of ligand is usually needed and also because it is
most air sensitive in its pure form. The reagent can be
stored at low temperature and must be manipulated in a
glove box or under a nitrogen flow.
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Abstracts

(A) The Buchwald—Hartwig amination of aryl halideswasresalized
for the first time in 1998 using P(t-Bu), as ligand to the palladium
catalyst.® Fu and co-workers extended the scope of P(t-Bu); as
ligand for other types of palladium-catalyzed coupling reactions of
aryl chlorides. These authors reported the reactions of triflates and
aryl chloridesin Suzuki—Miyaura,*® Stille,** Negishi,*?* Hiyama'?®
and other C—C cross-coupling reactions.

Recently, we found that arenesulfonyl chlorides can be used in the
desulfitative Suzuki—-Miyaurat® and Stille** cross-coupling reac-
tions. In these cases, good results were also obtained using P(t-Bu),
as ligand to the palladium catalyst.

1.5 mol% Pd,dbaz
6 mol% P(t-Bu)z
Sl s N

NaOt-Bu, solvent

Ar—X + Ar'—NH, Ar—NHAr' + NaX + HOt-Bu

X =Cl,Br, |
1.5 mol% Pd,dbas
6 mol% P(t-Bu)s

additive, solvent

Ar—X + Ar—m

X =Cl, Br, OTf,

SO,Cl, etc.

M = B(OH),, SnBus,
ZnX, Si(OR)3

Ar—Ar' + MX

(B) Typica reaction conditions for the Sonogashira—Hagihara
cross-coupling of termina acetylenes and aryl bromides require
high temperatures and Cul as a co-catalyst. Using P(t-Bu); ligand,
Fu and Buchwald showed that electron-rich aryl bromides can re-
act already at room temperature.*>® Herrmann and co-workers,*>
as well as chemists of Merck company,*> showed that the use of
Cul can be avoided in these reactions. Aryl chlorides can be react-
ed at higher temperature using the same ligand.*> We have shown
that the desulfitative Sonogashira—Hagihara reactions with arene-
sulfonyl chlorides can be carried out in the presence of Cul, with 3
mol % Pd,(dba); and 10 mol% P(t-Bu),.1®

1.5 mol% Pd,dbas
6 mol% P(t-Bu)s
Ar—X+ H———R! Ar R+ HX
base, solvent

X =Cl, Br, OTf, SO,CI

(C) Littke and Fu have shown the Heck—Mizoroki reactions can
couplearyl chlorideswith mono- or disubstituted olefins giving the
corresponding arylated products with high stereoselectivity. This
requires the use of P(t-Bu); ligand to the palladium and Cy,NMe
as base.'” The Pd/P(t-Bu), system is also agood catalyst in the de-
sulfitative Heck—Mizoroki arylation reactions with arenesulfonyl
chlorides.’®

R! 1.5 mol% Pd,dbag RL

427H 6 mol% P(t-Bu)z ‘27}_'
Ar—X + ; 7/ *+HX
H Cy,NMe, dioxane R

R Ar
X = Cl, Br, OTf,

SO,ClI, etc.
R =H, alkyl

(D) Recently, Sakei and co-workers have used 1-aryltriazenes as
electrophilic partnersin cross-coupling reactions. For instance, the
reaction of aryltriazenes and areneboronic acids in the presence of
a catalytic amount of Pd,(dba), and P(t-Bu), give the correspond-
ing biaryls.'% Similarly, the 1-aryltriazenes can be cross-coupled
with aryl- and alkenyltrifluorosilanes under the same conditions.**

2 mol% Pd,dbas
8 mol% P(t-Bu)z
+ Ar—Ar' + N, + M—N

additive, solvent
Ar—M

M = B(OH),, SiF3

References

(1) deMeijere, A.; Diederich, F. Metal-Catalyzed Cross-
Coupling Reactions, 2nd ed., Vol. 1 and 2; Wiley-VCH:
Weinheim, 2004.

(2) Tsuji, J. Palladium Reagentsand Catalysts:, 2nd ed.; Wiley:
Chichester, 2004.

(3) Hassan, J.; Sévignon, M.; Gozzi, C.; Schulz, E.; Lemaire, M.
Chem. Rev. 2002, 102, 1359.

(4) (8 Littke, A. F.; Fu, G. C. Angew. Chem. Int. Ed. 2002, 41,
4176. (b) Brunel, J. M. Mini-Rev. Org. Chem. 2004, 1, 249.
(c) Hoffmann, H.; Schellenbeck, P. Chem. Ber. 1967, 100,
692.

(5) Portnoy, M.; Ben-David, Y.; Rousso, |.; Milstein, D.
Organometallics 1994, 13, 3465.

(6) Buchwald, S.L.; Huang, X.; Zim, D. PCT Int. Appl.
W02004052939, 2004.

(7) Herrmann, W. A. Angew. Chem. Int. Ed. 2002, 41, 1290.

(8) Zapf, A.; Beller, M. Top. Catal. 2002, 19, 101.

(9) Yamamoto, T.; Nishiyama, M.; Koie, Y. Tetrahedron Lett.
1998, 39, 2367.

(10) Littke, A.F.; Dai, C.; Fu, G. C. J. Am. Chem. Soc. 2000, 122,
4020.

(11) Littke, A.F.; Schwarz, L.; Fu, G. C. J. Am. Chem. Soc. 2002,
124, 6343.

Synlett 2005, No. 4, 709-710 © Thieme Stuttgart - New York

(12) (@) Zhou, J.; Fu, G. C. J. Am. Chem. Soc. 2003, 125, 12527.
(b) Denmark, S. E.; Wu, Z. Org. Lett. 1999, 1, 1495 and
references cited therein.

(13) Dubbaka, S. R.; Vogel, P. Org. Lett. 2004, 6, 95.

(14) TFP and P(t-Bu), have shown the same efficiency in a
catalytical system: (a) Dubbaka, S. R.; Vogel, P. J. Am.
Chem. Soc. 2003, 125, 15292. (b) Dubbaka, S. R.;
Steunenberg, P.; Vogel, P. Synlett 2004, 1235.

(15) (@) Hundertmark, T.; Littke, A. F.; Buchwald, S. L.; Fu, G.
C. Org. Lett. 2000, 2, 1729. (b) Bohm, V. P. W.; Herrmann,
W. A. Eur. J. Org. Chem. 2000, 3679. (c) Soheili, A.;
Albaneze-Walker, J.; Murry, J. A.; Dormer, P. G.; Hughes,
D. L. Org. Lett. 2003, 5, 4191. (d) Kéllhofer, A.; Pullmann,
T.; Plenio, H. Angew. Chem. Int. Ed. 2003, 42, 1056.

(16) Dubbaka, S. R.; Vogel, P. Adv. Synth. Catal. 2004, 346,
1793.

(17) Littke, A. F.; Fu, G. C. J. Am. Chem. Soc. 2001, 123, 6989.

(18) Dubbaka, S. R.; Vogel, P. Chem.—Eur. J. 2005, DOI:
10.1002/chem: 20040838.

(19) (a) Sakei, T.; Son, E.-C.; Tamao, K. Org. Lett. 2004, 6, 617.
(b) Sakei, T.; Matsunaga, T.; Son, E.-C.; Tamao, K. Adv.
Synth. Catal. 2004, 346, 1689.

This document was downloaded for personal use only. Unauthorized distribution is strictly prohibited.




<<
  /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
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts 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
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -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
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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 ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


