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Abstract: A general palladium-catalyzed Hiyama cross-coupling 
reaction of aryl and heteroaryl chlorides with aryl and heteroaryl 
trialkoxysilanes by a Pd(OAc)2/L2 catalytic system is presented. A 
newly developed water addition protocol can dramatically improve 
the product yields.  The conjugation of the Pd/L2 system and the 
water addition protocol can efficiently catalyze a broad range of 
electron-rich, -neutral, -deficient, sterically hindered aryl chlorides 
and heteroaryl chlorides with excellent yields within 3 h and the 
catalyst loading can be down to 0.05 mol% Pd for the first time. 
Hiyama coupling of heteroaryl chlorides with heteroaryl silanes is 
also reported for the first time.  The reaction can be easily scaled up 
200 times (100 mmol) without any degasification and purification of 
reactants; this facilitates the practical application in routine synthesis. 

Palladium-catalyzed cross-coupling reactions have become 
versatile protocols in organic synthesis for construction of 
carbon-carbon or carbon-heteroatom bonds.[ 1 ]  Suzuki,[ 2 ] 
Negishi,[ 3 ] Kumada,[ 4 ] and Stille[ 5 ] reactions are common 
methods for the preparation of biaryls which have numerous 
applications in pharmaceutical, material, and agricultural 
chemistry.[ 6 ]  Hiyama[ 7 ] cross-coupling reaction is one of the 
most attractive methods to produce biaryl compounds because 
organosilicon reagents are of low cost, low toxicity, commercially 
available, easy to prepare and handle and highly stable to a 
variety of reaction conditions.  However, organosilicons are less 
reactive electrophiles owing to their less polarized carbon and 
silicon bonds.   

Aryl(alkoxy)silane is one of the most extensively studied 
organosilicons[ 8 ] in Hiyama coupling since the first report by 
Shibata and coworkers.[9]  Reactive aryl iodides and bromides 
have been predominantly used as electrophiles in the Hiyama 
coupling reactions instead of the relatively cheaper and 
commercially more available aryl chlorides.[ 10]  Since the first 
attempt to use 10 mol% Pd2dba3/John-phos system for the 
Hiyama coupling of PhSi(OMe)3 with 4-chloroacetophenone that 
gave a product yield of 47%[11], the effectiveness of the Hiyama 
coupling of aryl chlorides has not been significantly improved 
compared with other cross-coupling methods. Palladium 
catalytic systems such as Pd/(o-tol)3P[ 12 ], Pd/i-Pr-DPE 
phos[13],Pd/(4-FC6H4)3P[14], Pd/phosphite[15], Pd/phosphonate[16], 
Pd/carbene ligand[17], Pd/diamine ligand[18], Pd/diimine ligand[19], 
Pd/thiourea ligand[ 20 ], Pd/MIDA ligand[ 21 ], ligand free Pd/C 
systems[ 22] and SBA-15-supported Pd nanoparticles[ 23] for the 
Hiyama coupling of aryl(alkoxy)silanes with aryl chlorides have 
been reported.  However, these reports in general have several 

limitations. 1) narrow substrate scope (unreactive/poor results 
for the electron rich aryl chlorides and/or functionalized aryl 
chlorides); 2) limited examples (only a few aryl chlorides are 
demonstrated in some reports); 3) high catalyst loading (3-5 
mol% Pd catalysts are commonly used) and 4) long reaction 
time (10-24 h for conventional heating techniques).  Moreover, in 
some cases, increasing the reaction temperature is not an 
effective means to improve the yields.[16, 18]  

-Lowest catalyst loading (0.05-0.2 mol%Pd)
-Broad substrate scope (42 examples)
-First example of heteroaryl-heteroaryl synthesis
-Solvent free for most of aryl chlorides (32 examples)
-Short reaction time (3 h)
-Solvent-less large scaled synthesis (100 mmol scale)
-Acetic acid or water protocol to minimize side products

-Medium to high catalyst loading (0.5-10 mol%Pd)
-Narrow substrate scope
-Long reaction time (10-24 h)
-Lack of the use of heteroaryl silanes

General limitations of previous works:

This work:
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Figure 1. General limitations of Hiyama-coupling of aryl chlorides by 
conventional heating techniques. 

Recent breakthroughs such as lowering the catalyst loading 
to 0.5 mol% Pd, shorter reaction time, wider substrate scope 
(steric hindered aryl chlorides) have been achieved by Verkade 
and coworkers’ Pd/ tBu2P-N=P(iBuNCH2CH2)3N catalyst 24, Jin 
and coworkers’ β-diketiminatophosphane Pd complex[19b] and 
Wang and coworkers’ dinuclear NHC/Pd complex[17c].  Yet, 
catalyst loading remains high and the heteroaryl–heteroaryl 
Hiyama coupling had not been reported.  Microwave irradiation 
is found to be an alternative to improve the catalytic activity of 
the Hiyama coupling of aryl chlorides.[25,26]  Despite of the high 
cost, the availability of the microwave instrument and technical 
concerns such as solvent and heat control especially for large 
scale synthesis[27], aryl bromides are still predominantly used in 
current microwave irradiated Hiyama coupling reaction. 
Therefore, development of highly effective catalyst for the 
Hiyama coupling reactions is highly desired.   

We envision that combining a highly active catalyst that can 
facilitate the activation of aryl chlorides and an efficient reaction 
protocol that can minimize the disadvantages of the inferior 
reactivity of organosilicons may provide the key of success to 
tackle the existing limitations and achieve the breakthroughs in 
multiple aspects such as lowering the catalyst loading[ 28 ], 
expanding the substrate scope, and applying the catalysis to 
pilot scale (50-200 mmol[28]) for the palladium-catalyzed Hiyama 
coupling of aryl chlorides.   

In order to investigate the feasibility of palladium-catalyzed 
Hiyama cross-coupling reaction of aryl chlorides, sterically 
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hindered 2-chlorotoluene and phenyltrimethoxysilane were 
chosen as the benchmark substrates.  Indole-scaffolded 
phosphine ligands, which have been developed by our group, 
showed excellent activities towards a broad range of palladium-
catalyzed coupling reactions.[ 29 ]  Among them, the CPCy 
Phendole-phos L1 which is an effective ligand in various 
coupling reactions with aryl chlorides was first attempted in this 
reaction.[30]   

Table 1. Initial screenings of palladium-catalyzed Hiyama cross-coupling 
reaction of 2-chlorotoluene with phenyltrimethoxysilane.[a] 

Me

Me
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L4

Cl Si(OMe)3 0.2 mol%Pd/L
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+
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[a] Reaction condition: 2-Chlorotoluene (0.5 mmol), phenyltrimethoxysilane
(1.0 mmol), Pd source/L = 1:4 and base (1.0 mmol) were stirred for 3 h at 110
oC under nitrogen. [b] Calibrated GC yields were reported using dodecane as
internal standard. [c] Pd source:L = 1:2 

The promising results were obtained using only 0.2 mol% Pd. 
Indolylphosphine ligands that the phosphino group attached to 
the 3-position of indole ring (Table 1, entries 1–3) were highly 
active towards the Hiyama coupling reaction.  The results (Table 
1, entries 1–5) also showed that the Hiyama coupling reaction 
was sensitive to the steric (product yield increased with 
increasing the ortho steric hindrance of the indole bottom ring, 
(L1–L3)) and electronic factors (product yield significantly 
decreased if the phosphino group was at the nitrogen position 

(L1 and L4)) of the phosphine ligands and the 2-arylindole 
provided an excellent scaffold (L1 and L5) to affect the Hiyama 
coupling reaction.   Commercially available and well recognized 
ligands such as phosphine ligands L6 (CataCXiumA), L7 (dppf), 
dinitrogen ligand L8 (DABCO), and NHC carbene ligands L9 
(IMes•HCl), L10 (IPr•HCl) were examined.  However, they were 
found to be inactive ligands towards the Pd-catalyzed Hiyama 
coupling reaction.  Commonly used fluoride bases were 
screened (Table 1, entries 1, 11 and 12).  TBAF•3H2O was 
found to be the best base while KF and CsF hardly promoted the 
Hiyama reaction.  Upon surveying the Pd sources (Table 1, 
entries 1, 11 and 12), Pd(OAc)2 afforded the best product yield. 
It was worthy to note that Pd/L2 system gave the best result 
among L1–L10 under solvent-free condition and achieved the 
lowest catalyst loading for this entry so far in Hiyama coupling 
reaction (Table1, entry 2).   

Sterically hindered di-ortho-substituted aryl chlorides were 
found to be extremely difficult substrates in Hiyama coupling 
with aryl(alkoxy)silanes. There was only one report about these 
substrates up to date.[31]  With the promising results in hand, we 
attempted to apply the highly active Pd/L2 system to the Hiyama 
coupling of extremely sterically hindered 1-chloro-2,4,6-
triisopropylbenzene.  To our disappointment, we obtained the 
reduced 1,3,5-triisopropylbenzene as the sole product, with the 
absence of any desired coupling products (Scheme 1).   
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Scheme 1. Deuterium experiment of Hiyama coupling reaction of 1-chloro-
2,4,6-triisopropylbenzene. 

The result of the complete conversion of the extremely 
sterically hindered aryl chloride to the 1,3,5-triisopropylbenzene 
implies that the Pd/L2 system is able to activate the highly 
challenging aryl chlorides.  However, the slow transmetallation 
of the phenyltrimethoxysilane to the sterically congested aryl–
palladium center allows the competing side reaction to consume 
the aryl–palladium species smoothly.   
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Scheme 2. Proposed mechanism for the generation of reduced arenes. 

We proposed that the methoxide anion generated from the 
phenyl(trimethoxy)silane might compete with the transmetalation 
step of the corresponding silane to undergo the ligand 



substitution of chloride anion and following the β-hydride 
elimination and reductive elimination to give the reduced arene 
(Scheme 2).  We synthesized the PhSi(OCD3)3 to perform the 
deuterium experiment and the reduced 1,3,5-
triisopropylbenzene has 99%D at the reduction position, an 
observation that supports our hypothesis (Scheme 1).   

We think that the strategic modification of the reaction 
protocol which supplies proton source to protonate the alkoxy 
anion is an efficient means to suppress the competing side 
reaction and enhance the possibility for the slow transmetallation 
of the aryl(alkoxy)silane to the aryl–palladium species.  Addition 
of 0.25-0.50 equivalent of acetic acid to neutralize the methoxide 
anion was first attempted; this can successfully suppressed the 
generation of 1,3-dimethylbenzene and increased the yield of 
the desired coupling product (Table 2, entries 2–4).  Since a 
certain amount of 1,3-dimethylbenzene was still observable 
(Table 2, entries 2–4) and excess acetic acid reduced the rate of 
reaction (Table 2, entries 4 and 5), we attempted to use water as 
a mild proton source to protonate the methoxide anion 
meanwhile the reaction rate was able to remain intact (Table 2, 
entries 6–9).  The addition of 10 equivalent of water is highly 
sufficient to suppress the formation of 1,3-dimethylbenzene so 
as to greatly improve the yield of desired product by nearly 
double (Table 2, entries 1 and 8).   

Table 2. Water and acid additive effect in Hiyama coupling of ArCl.[a] 

Cl
Me

Me

Si(OMe)3
0.2 mol% Pd(OAc)2/L2
TBAF  3H2O
AcOH or H2O
110 oC, 3 h

Me Me

entry AcOH (equiv.) H2O (equiv.) % yield[b]

1 - -
56[c]

3 0.35 -
74[d]

6 - 2.5 69
7 - 5.0 81
8 - 10 97
9 - 20 49

2

4
5

0.25 -
67

0.50
1.0

-
-

73
22

N
Me

PCy2

L2 MeO

[a] Reaction conditions: 1,3-dimethyl-2-chlorobenzene (0.5 mmol),
phenyltrimethoxysilane (1.0 mmol), Pd(OAc)2/L2 =1:4, TBAF•3H2O (1.0 mmol)
and acetic acid or water additive were stirred at 110 oC for 3 h. [b] Calibrated 
GC yields were reported using dodecane as internal standard. [c] 0.5 mol% 
Pd(OAc)2. [d] Isolated yield.

A range of extremely sterically congested di-ortho-
substituted aryl chlorides were tested.  With the water addition 
protocol, 2-chloro-m-xylene, 2-chloromesitylene, 2-chloro-1,3,5-
triethylbenzene and more electron rich 2,6-dimethyl-4-
chloroanisole were able to give the corresponding coupling 
products in good to excellent yield (Table 3, entries 1–6 and 10). 
The sterically congested 9-chloroanthracene and functionalized 
2-chloro-3-methoxybenzonitrile were also feasible coupling
partners (Table 3, entries 7–8).  It was worthy to note that the
Hiyama coupling of sterically congested aryl chlorides with
heteroaryl(triethoxy)silanes was reported for the first time.  Fair
yield could also be obtained in the tri-ortho-subsitiuted biary
synthesis through Hiyama coupling reaction (Table 3, entry 11).

Table 3. Palladium-catalyzed Hiyama cross-coupling reaction of steric 
hindered aryl chlorides with water addition protocol.[a]

Cl Si(OR)3
Pd(OAc)2/L2
TBAF  3H2O

+

R3

N
Me

PCy2

L2

entry ArCl mol% Pd % yield[b]Ar'Si(OR)3 product

R3 H2O
110 oC, 3 h MeO
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(MeO)3Si
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Me
0.2 971

(MeO)3Si
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Me
Me
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Me

R1R2

R1

R2

10
Cl

Et

1.0 66[f]

(D3CO)3Si

Et

Et Et

Et

Et

2

5

74[c]

70[c]

0.2

0.5

Me

Me

Me

MeCl

Me

Me (MeO)3Si

Me
11 1.0 36[c,f]

Cl

Me

0.2 723

(MeO)3Si
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Me Me

OMe
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Me

0.5 726

(MeO)3Si

Me
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1.0 56[d]7

(MeO)3Si

CN

OMe OMe
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Cl
1.0 58[e]8

(MeO)3Si

OMe

OMe

Cl
1.0 75[d]9

(EtO)3Si

O O

MeO

[a] Reaction condition: ArCl (0.5 mmol), Ar’Si(OR)3 (1.0 mmol), Pd(OAc)2/L2 
=1:4, TBAF•3H2O (1.0 mmol), and 10 equiv. H2O were stirred for 3 h at 110 oC 
under nitrogen. [b] Isolated yields. [c] 0.35 equiv. AcOH was used instead of
H2O. [d] 30 equiv. H2O and toluene (1.0 mL) were added. [e] Toluene (0.5 mL)
was added. [f] NMR yield.

With the highly active Pd/L2 system and the water addition 
protocol in hand, a wide range of electron rich, electron neutral 
and functionalized aryl chlorides were examined.  Sterically 
hindered, electron neutral and electron rich aryl chlorides were 
coupled with phenyl(trimethoxy)silane to give excellent yields 
(Table 4, entries 1–8).  Apart from aryl chlorides, electron-
deficient and -rich aryltrialkoxysilanes were also able to couple 
and gave products in good yields (Table 4, entries 9–16).  It was 
noteworthy that the water addition protocol could be widely 
adopted, efficiently minimized the disadvantages of the inferior 
reactivity of arylalkoxysilanes and greatly improved the desired  



Table 4. Palladium-catalyzed Hiyama cross-coupling reaction of aryl 
chlorides.[a] 

Cl Si(OR)3

+
R2

N
Me

PCy2

L2

entry ArCl mol% Pd % yield[b]Ar'Si(OR)3 product

R2

R1

"Solventless"

110 oC, 3 h
R1

MeO

7

3

5

Cl

MeO
MeO 0.2 98

0.067 86
Me

Cl
Me

Cl
0.1 92

0.1 99
ClMe

Me4

0.2 97
ClMeO

MeO6

Cl

Me 0.2 802
(MeO)3Si

MeMe Me
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Me
0.2 861

(MeO)3Si
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(MeO)3Si

(MeO)3Si

(MeO)3Si

(MeO)3Si

(MeO)3Si

8
Cl (MeO)3Si

0.2 95
O

O
O

O

9
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Cl
(EtO)3Si

0.2
0.2

65
94[c]

CF3 CF3

Me
Me

11
12

Cl
(EtO)3Si

0.2
0.2

70
98[c]

OMe OMe

Me
Me

Pd(OAc)2/L2
TBAF  3H2O

13
Cl

(EtO)3Si

0.2 96[c]

F F

Me
Me

14
Cl

(EtO)3Si

0.2 99[c]

F F
O

O
O

O

Cl

F3C
F3C17 0.05

(MeO)3Si
93

19
20 Cl

O

Me

0.05
0.05

75
99[c]

O

Me
O

MeO Cl

O
MeO 0.05 5321

22
68[d]
84[e]

23 0.05
0.05

O

MeO
Cl

MeO

O26
27

0.05
0.05

64

86[e]

18 0.05 86
F

Cl
F

16
Cl

MeO

MeO(MeO)3Si

0.2 82

Me

80[f]0.05
24

Me

(MeO)3Si

(MeO)3Si

(MeO)3Si

(MeO)3Si

25

0.05 55[c]

28
29

0.05
0.05

77[c]

47[g]

15
Cl

(EtO)3Si

0.2 99[c]

t-Bu t-Bu

MeO
MeO

31 ClNC NC 0.2 88[h]

30 Cl 0.05 99[h]

Ph

O O

Ph

32
Cl

0.2 73
H2N

H2N

(MeO)3Si

(MeO)3Si

(MeO)3Si

[a] Reaction condition: ArCl (0.5 mmol), Ar’Si(OR)3 (1.0 mmol), Pd(OAc)2/L2 = 
1:4 and TBAF•3H2O (1.0 mmol) were stirred for 3 h at 110 oC under nitrogen. 
[b] Isolated yields. [c] 10 equiv. H2O was added. [d] 0.25 equiv. AcOH was
added. [e] 0.25 equiv. AcOH and toluene (0.5 mL) were added. [f] 0.50 equiv. 
AcOH was added. [g] 10 equiv. H2O and toluene (0.5 mL) were added. [h] 
Toluene (0.5 mL) was added. 

product yields (Table 4, entries 9–12).  The aryl chlorides 
bearing an array of common functional groups such as –CF3, –F, 
–COMe, –CO2Me, –COPh and –CN were compatible and
afforded excellent product yields (Table 4, entries 17–31).  A
free –NH2 group in 3-chloroaniline remained intact under these
optimized reaction conditions (Table 4, entry 32).  During the
study of the Hiyama reaction, we observed lower yield for the
ArCl bearing an ester functional group (Table 4, entries 21 and
26) and corresponding benzoic acid.  The addition of acetic acid
to the reaction mixture was found to be able to neutralize the 
methoxide anion, thus reducing the possibility of alkaline 
hydrolysis of ester group and improving the product yield (Table 
4, entries 21–29).  The catalyst loading could be down to 0.2-
0.05 mol% Pd. To our best knowledge, this is the lowest catalyst 
loading reported in general for the Hiyama coupling of aryl 
chlorides with aryl(trialkoxy)silanes.   

Table 5. Palladium-catalyzed Hiyama cross-coupling reaction of heteroaryl 
chlorides and alkenyl chloride with aryltrialkyoxysilanes.[a] 

N
Cl

MeO
NMeO1 0.05

(MeO)3Si
99

N
Cl

Me
NMe2 0.1

(MeO)3Si
97

N

Cl

N
3 0.2

(MeO)3Si
88

N N

0.2
(MeO)3Si

83

Cl
N N5 0.1

(MeO)3Si
81

Cl

6
(EtO)3Si

0.2 63
OMe OMe

N

Cl NSi(OR)3

+

R2

N
Me

PCy2

L2

entry Het-ArCl mol% Pd % yield[b]Ar'Si(OR)3 product

R2

R1

"Solventless"

110 oC, 3 h
R1

MeO

4

Cl

Pd(OAc)2/L2
TBAF 

 
3H2O

[a] Reaction condition: ArCl (0.5 mmol), Ar’Si(OR)3 (1.0 mmol), Pd(OAc)2/L2 
=1:4 and TBAF•3H2O (1.0 mmol) were stirred for 3 h at 110 oC under nitrogen.
[b] Isolated yields.



Apart from electron rich and steric hindered aryl chlorides, 
heteroaryl chlorides are another class of difficult substrates in 
Hiyama coupling reaction.  In general, even with the help of 
microwave irradiation, 0.5-1.0 mol% Pd was still necessary to 
bring about the Hiyama coupling reaction of heteroaryl chlorides 
to obtain good to excellent product yields.  However, using 
Pd/L2 system, a range of heteroaryl chlorides could be smoothly 
coupled with aryltrialkyoxysilanes to afford good to excellent 
yields of the corresponding products under solvent-free 
condition and the catalyst loading could be down to 0.05 mol% 
Pd (Table 5, entries 1–5).  Alkenyl chloride was also a feasible 
coupling partner for the Hiyama coupling reaction (Table 5, entry 
6).   

Heteroaryl–heteroaryl cross-coupling reaction is found to be 
one of the most difficult coupling reactions since both of the 
coupling partners are electron-deficient aromatic compounds. 
The electron-deficient heteroaryl nucleophiles are usually 
unstable and often undergo a transmetallation process at a 
relatively slower rate. With 1 mol% Pd catalyst of the Pd/L2 
system and toluene as solvent[ 32 ],electron-deficient aryl and 
heteroaryl chlorides (Table 6, entries 2–5) were coupled with 
heteroaryl(triethoxy)silanes for the first time in Hiyama coupling 
reaction (Table 6, entries 1–5).   

Table 6. Palladium-catalyzed Hiyama cross-coupling reaction of aryl- or 
hetero- aryl chlorides with heteroaryl trialkyoxysilanes.[a] 

N

Cl

Me

NMe2 1 81

N

Cl

OMe

NMeO3 1 87

Cl
1 1 67

Z

Cl

Z
Z

ZSi(OR)3 Pd(OAc)2/L2
TBAF   3H2O

+

R2

N
Me

PCy2

L2

entry Het-ArCl mol% Pd % yield[b]Het-Ar'Si(OR)3 product

R2

R1

Toluene
110 oC, 3 h

R1

MeO
Z = C, N, O

F3C

F3C

O

O

O
O

(EtO)3Si

O

(EtO)3Si

O

(EtO)3Si

N

Cl

Me

N

Cl

OMe

4

5
N
Me

(EtO)3Si

N
Me

(EtO)3Si N
Me

N

Me

N
Me

N

OMe

1

1

60

54

[a] Reaction condition: ArCl (0.5 mmol), Ar’Si(OR)3 (1.0 mmol), Pd(OAc)2/L2 
=1:4, TBAF•3H2O (1.0 mmol), and 1 mL toluene were stirred for 3 h at 110 oC
under nitrogen. [b] Isolated yields.

To test the feasibility of scaling up the current reaction 
condition and to magnify the advantages of using conventional 
heating techniques for the routine application, a large scale 
Hiyama cross-coupling reaction was conducted (Scheme 3). 

Notably, without any degasification and purification of the 
reactants, 3-chlorotoluene and phenyltrimethoxysilane was 
directly scaled up 200 times to give the coupling product without 
any diminishing of the yield (Table 4, entry 4 and scheme 3).   

Cl

Me

Si(OMe)3
0.1 mol% Pd(OAc)2
0.4 mol%

 L2

200 mmol TBAF  3H2O
"Solventless"

110 oC, 3 h100 mmol 200 mmol
Me

99%

Scheme 3. Large scale solvent-free Hiyama cross-coupling reaction of 3-
chlorotoluene and phenyltrimethoxysilane. 

In conclusion, the Pd/L2 system is highly efficient towards 
Hiyama cross-coupling reaction.  Aryl and heteroaryl chlorides 
are smoothly coupled with aryltrialkoxysilanes under solvent-free 
condition to give excellent yields within 3 h.  The deuterium 
experiment reveals the possible pathway for the formation of 
reduced arenes.  The newly developed water addition protocol 
can in general dramatically improve the product yield of Hiyama 
coupling not only for sterically hindered aryl chlorides but also 
for arylalkoxysilanes with inferior reactivity.  A wide range of aryl 
chlorides bearing common functional groups such as cyano, 
ketone, ester, and amine were compatible to the mild reaction 
conditions and the catalyst loading can be down to 0.05 mol% 
Pd for the first time.  Particularly noteworthy is that the Hiyama 
coupling of heteroaryl chlorides with heteroaryltrialkoxysilanes is 
reported for the first time.  Under the conventional heating, the 
reaction can be easily scaled up 200 times (100 mmol) without 
any degasification and purification of reactants.  We anticipate 
this highly efficient method can be widely adapted in routine 
synthesis. 

Experimental Section 

General procedure for palladium-catalyzed Hiyama coupling of aryl 
chlorides: Pd(OAc)2 (2.3 mg, 0.010 mmol) with ligand L2 (17.3 mg, 
0.040 mmol) in freshly distilled 10 mL THF (0.2 mol% Pd per 1 mL stock 
solution) were initially prepared with continuously stirring at room 
temperature for 1 min.  Schlenk tube was charged with magnetic stirrer 
bar (4 mm x 10 mm) and was evacuated and backfilled with nitrogen (3 
cycles).  The corresponding volume of stock solution was added by 
syringe to the tube.  The solvent was removed under reduced pressure.  
TBAF•3H2O (0.32 g, 1.0 mmol) and solid aryl chlorides (0.50 mmol) was 
added to the tube which was again evacuated and backfilled with 
nitrogen (3 cycles).  Trimethoxyphenylsilane (0.19 mL, 1.0 mmol) was 
then added to the tube via autopipette and the reaction mixture was 
allowed stir for 1 min.  Liquid aryl chlorides (0.50 mmol) was added to the 
tube via autopipette.  Acetic acid or water and/or toluene (0.50-1.0 mL) 
were then added via autopipette and syringe respectively (if needed, as 
indicated in Table 2 and 4).  The tube was resealed and magnetically 
stirred in a preheated 110 oC oil bath for 3 h.  The reaction was allowed 
to reach room temperature.  Ethyl acetate (~8 mL), water (~2 mL) were 
added.  The organic layers were combined and concentrated. The crude 
products were purified by column chromatography on silica gel (230-400 
mesh).   
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chlorides. A wide range of aryl chlorides and aryl(alkoxy)silanes including sterically 
hindered and heterocyclic substrates can be cross-coupled successfully. The 
catalyst loading can be down to 0.05 mol% Pd for the first time. A new water 
addition protocol is developed which can dramatically improve the desired product 
yields. 
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