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ABSTRACT

3% PA(OAC),

— . 3% L.HCH _
Y/<\:/>‘X + RONR's — equiv. TBAF Y@R

dioxane/THF

X =Cl, Br R = Ph, vinyl
R'=Me, nBu

A Pd(OAc),/imidazolium chloride system has been used to mediate the catalytic cross-coupling of aryl halides with organostannanes. The
imidazolium salt IPr-HCI (IPr = 1,3-bis(2,6-diisopropylphenyl) imidazol-2-ylidene) in combination with TBAF ("Bus,NF) was found to be most
effective for the cross-coupling of aryl bromides and electron-deficient aryl chlorides with aryl and vinyl stannanes.

Cross-coupling reactions represent an extremely versatile toolnanes as coupling partners has attracted much attention as a
in organic synthesisThe Stille reactio?,where tin reagents  result of their availability and air- and moisture-stability, as
are employed as a coupling partner with aryl, vinyl or allyl well as compatibility with a variety of functional groups.
halides (or pseudohalides) to form—-C bonds, belongs to  However, the difficulties associated with tin removal from

a larger family of palladium- and nickel-catalyzed reactions. the product and tin toxicity represent major limitations/
These coupling reactions alternatively make use of a variety concerns associated with the Stille reaction.

of transmetalating agents such as organobémyganomag- NucleophilicN-heterocyclic carbengsepresent a versatile

nesium’ organosilicorf, and organozirfereagents. Usually,  ¢|ass of ligands able to mimic tertiary phosphines which are

metal—phosphine complexes are commonly employed aS\idely used in homogeneous cataly&Scheme 1)
ancillary ligands in such systert&’ The use of organostan-
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demanding IPr-HCI (1) (IP= 1,3-bis(2,6-diisopropylphen-  effective additive for Pgdba}/P'Bus catalyzed Stille reac-
yhimidazol-2-ylidene) or IMesHCI (2) (IMes = 1,3-bis- tion'® proved to be less effective (Table 1, entry 2). However,
(2,4,6-trimethylphenyl)imidazol-2-ylidene) mediates the cou-

plings of aryl halides with aminésprganomagnesiuri?, _

organoborort! and organosilicof? reagents. On the basis

of these observations and the fact that organostannanes a%able L. Eff.eCt of Base on Pd(OAg]'.Dr HCI Cata!yzed )
. . - . . ross-Coupling of 4-Chlorotoluene with Phenyl(trimethyl) din
isoelectronic with organosilicon compounds, it was of interest
to examine whether this palladium/imidazolium salt system

Cl SnMe
could catalyze the Stille reaction. We now wish to report © @ ’ PA(OAG), /IPEHCI (1) ‘
the use of Pd(ll)/IPr-HCI and TBAF'BU;NF) as a base in + base, dioxane
the cross-coupling reaction of aryl halides with organostan- 100°C, 12 h ‘
nane reagents. Me

It is well-known that, like silicort? tin is fluorophilic 4 Me
Consequently, the resulting hypervalent organostannate spe=

cies generated in the reaction of the organostannane with
the fluoride anion are more labile with regard to the 1 none <5

entry base yield (%)P

transmetalation reactiofi Kosugi et al. have reporté&tthat 2 Csk zzc
Pd(dba)PPR/TBAF does not catalyze the Stille coupling i Ei)FtBu ;g
of aryl chlorides. In an effort to overcome the limitations of 5 C$,COs 7
the Stille reaction, e.g., slow transmetalation step and removal 6 TBAF 54

of tin byproducts, the use of hypervalent stannate species 7 NaOH 32

was mvestlgated. . a Reaction conditions: 1.0 mmol of aryl chloride, 1.1 mmol of arylstan-
We have found that treatment of 1.1 equiv of J#BSn nane, 2 mmol of TBAF, 3.0 mol % Pd(OAg)3.0 mol % IPr-HCI, 1 mL

with 2 equiv of TBAF resulted in the formation of a of dioxane, 100°C.  GC yields. Yields are average of two rusd(ll)/
: 7 2IPr-HCl ratio was used.
hypervalent fluorostannate anion (Schemé?2).

Scheme 2. Hypervalent Stannate Intermediate

when a Pd/IPr-HCI ratio of 1:2 was used, the reaction of
4-chlorotoluene with MgPhSn led to a 74% vyield of the

Me 'T ia@ cross-coupling product (Table 1, entry 8)Attempts to
@—SnMea TBAF, >Sn——© ! couple other aryl halides using CsF as an additive/base were
Me ,\|,|e unsuccessful. Other bases such asOCs, KOBu, and
al d NaOH proved to be ineffective for the cross-coupling of
4-chlorotoluene with PhSnMdTable 1, entries 4, 5, and
:’Pdr(aéf)z 7). The role of the TBAF additive (base) in these transforma-
‘ tions is 3-fold: the strong base R initially deprotonates
Me the imidazolium chloride to form the free carbene ligand in
Me situ, which coordinates to Pd. It also facilitates the trans-
metalation step by forming the more reactive hypervalent
54% tin species, and finally it helps the removal of tin byproducts

from the reaction mixture.
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Table 2. Effect of the Ligand on Pd(OAg)L-HCI Catalyzed

Cross-Coupling of 4-Chlorotoluene with Phenyl(trimethyl) in

Ci SnMe 3 O
Pd{QAc), (3.0 mol %)
" L.HCI { 3.0 mol %)

© @ TBAF (2 equiv) O

dioxane/THF

Me 100 °C, 12h

Me
entry L yield (%)b

1 none 11
2 IPr (1) 54
3 IMes (2) 26
4 1Ad (3) 64
5 SIPr (4) 8
6 SIMes (5) 20

aReaction conditions: 1.0 mmol of aryl chloride, 1.1 mmol of arylstan-
nane, 2 mmol of TBAF, 3.0 mol % Pd(OAg)3.0 mol % L:HCI, 1 mL of

dioxane, 100°C. ® GC yields. Yields are average of two runs.

IMes-HCI was found to be an ineffective ligand for the Stille

reaction (Table 2, entry 3).

Table 3. Pd(OAc)/L-HCI Catalyzed Cross-Coupling of Aryl
Halides with Arylstannanés

X SnR's
N Pd(OACc)2 (3.0 mol %)
| . L.HCI ( 3.0 mol %)
AF TBAF (2 equiv.)
Y dioxane/THF Z
2
entry aryl halide tin reagent L time (h)  yield(%)b<
9 Me@—sr MesPhSn  IPr.HCI 15 90
2 Me—@—Br Ph(n-Bu)sSn  1Ad.HCI 3 91
3 Me(O)C@-Br MesPhSn  IPr.HCI 05 92
4 Me(<3)04<i>43r MesPhSn  IAd.HCI 1 86
Me
./
5 Me~<\:/2-8r MePhSn  IPrHCI 48 86
Me
6 MeO Oer MesPhSn  IPr.HCI 2 92
7 er MesPhSn  |Pr.HCI 48 80
CN
8 Me—@—CI MesPhSn  |Pr.HCI 24 54
9 Me—@»CI Ph(n-Bu)Sn  1Ad.HC! 12 45
10 Me(O)C—@—Cl MesPhSn  IPrHCI 1 o1
11 MeO Om MegPhSn  \Pr.HCI 48 35

aReaction conditions: 1.0 mmol of aryl halide, 1.1 mmol of arylstannane,
2 mmol of TBAF, 3.0 mol % Pd(OAg) 3.0 mol % L-HCI, 1 mL of dioxane,
80 °C for aryl bromides (100C for aryl chlorides)? Isolated yields¢ All

reactions were monitored by GC. Yields are average of two runs.

Org. Lett., Vol. 3, No. 1, 2001

Both Pd(I)/IPFHCI and Pd(I1)/IAdHCI were found to be
effective catalytic systems for the cross-coupling of electron-
neutral and electron-defficient aryl bromides with either
PhSnMg or PhSn{Bu); (Table 3). The electron-rich 4-bro-
moanisole coupled rapidly only with the more reactive
PhSnMe using IPr-HCI as ligand (Table 3, entry 6) leading
to a 92% isolated yield. Ortho-substituted aryl bromides
required longer reaction times when reacted withsRieSn
(Table 3, entries 5 and 7). These results illustrate that,
generally, aryl bromides are the optimal electrophiles in
coupling reactions involving various organostannanes.

A survey of catalytic cross-coupling of aryl chlorides with
arylstannanes using IfHCl as the supporting ligand is
provided in Table 3 (entries-8L1). Similar to reactions
involving organosilicon coupling reagerifsthe catalyst/
ligand system was not found suitable for couplings involving
electron-neutral and electron-rich aryl chlorides (Table 3,
entries 8, 9, and 11). A similar catalytic behavior was
observed for the coupling of aryl halides with vinylstannanes
(Table 4). Unlike aryl bromides that reacted easily with

Table 4. Pd(OAc)/IPr-HCI Catalyzed Cross-Coupling of Aryl
Halides with Vinylstannarfe

X A
Pd(OAc)2 (3.0 mol %)
)+ Xsn(n-Bu); Pr-HCL(3.0mol %) @
A TBAF (2 equiv.) P
Y dioxane/THF Y
entry aryl halide product time (h)  yield(® o)b'°

1 Me(O)C

Br  Me(O)C —@J/ 3 92
Br MeO O_// 48 69
M Me
/

— / —t
3 Me—Q— Br Me-Q—// 48 25

@_B, Me@_—// a8 o8
5 Me(0>0—©—0| Me(O)C—@———// 3 8
7 MQOCI Me@J 12 M

a8 Reaction conditions: 1.0 mmol of aryl halide, 1.1 mmol of vinylstan-
nane, 2 mmol of TBAF, 3.0 mol % Pd(OAg)3.0 mol % IPr-HCI, 1 mL
of dioxane, 8C0C for aryl bromides (100C for aryl chlorides)? GC yields.
¢ All reactions were monitored by GC. Yields are average of two runs.

2 MeO

oQ

)

tributylvinylstannane (Table 4, entries 1 and 4), only the
electron-deficient 4-chloroacetophenone converted to the
coupling product in a moderate yield (Table 4, entry 5). The
results in Tables 3 and 4 suggest that the coupling of aryl
chlorides requires more vigorous conditions and is facilitated
by electron-withdrawing substituents. This observation would
suggest that the oxidative addition of aryl halides (or vinyl
halides) is the rate-determining step of the reaction.
A major difficulty in working up reaction mixtures from
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