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Combination of 3,5-dimethyl-1-(2-(diphenylphosphino)phenyl)-1H-pyrazole, A, and 3-tert-butyl-5-
methyl-1-(2-(diphenylphosphino)phenyl)-1H-pyrazole, B, with Pd2(dba)3 furnished excellent catalysts
for Stille, Kumada and Hiyama cross-coupling reactions. Effects of solvents, bases and ligand/palladium
ratio on efficiency of coupling reactions were studied. Molecular structures of palladium(II) complexes of
A and B determined by single-crystal X-ray diffraction method revealed a close similarity of ligand ar-
rangement around the metal centre.

� 2010 Elsevier Ltd. All rights reserved.
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Figure 1. Ligands A and B.
1. Introduction

Ligand assisted palladium catalyzed cross-coupling reactions are
among the most frequently employed methods of CeC bond for-
mation in organic synthesis.1 They have been applied to the syn-
thesis of complexnatural products, supramolecular architecture and
processablematerials suchas conductingpolymers,molecularwires
and liquid crystals.1b,2 Themost commonpalladiumprecursors used
for coupling reactions such as Kumada,3 Negishi,4 Stille,5,17a Suzuki,6

Sonogashira,7 Hiyama8 and other related reactions,9,10 are PdCl2, Pd
(OAc)2, Pd2(dba)3 etc., which are commonly stabilized as phosphine
complexes. The donor property of phosphorus in such ligands has
been fine tuned to provide highly reactive complexes that can
readily activate relatively inert aryl chlorides11 and alkyl halides to
widen the scope of coupling reactions.

We earlier demonstrated that pyrazolyl-based phosphine li-
gands (A and B) (Fig. 1) are useful in Suzuki reaction12 and ami-
nation12b of aryl bromides and electron deficient aryl chlorides. In
this paper, we establish that these pyrazolyl tethered phosphine
ligands (A and B) also provide highly active catalysts for Stille,
Kumada and Hiyama cross-coupling reactions. In addition, we un-
dertook the synthesis and crystal structural determination of pal-
ladium complexes derived from ligand A (complex C) and ligand B
(complex D) to understand the reason behind the reactivity dif-
ference between them.
x: þ91 3324732805; e-mail

All rights reserved.
2. Results and discussion

Ligands A and B were synthesized following reported proce-
dure12a and their effectiveness in catalysis in Stille, Kumada and
Hiyama coupling reactions were compared.
2.1. Application of ligand A and B in palladium-catalyzed
Stille cross-coupling reaction

The palladium-catalyzed Stille cross-coupling of aryl halides (or
halide equivalents) with organotin reagents has found wide ap-
plication in natural product synthesis,13 carbohydrate chemistry14

and biological research.15 The popularity is due, in part, to the
ease of handling of organotin reagents and their excellent func-
tional group tolerance. Generally, palladium catalysts with various
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phosphine ligands provide excellent yields and high
efficiency.2c,11a,16,17

It is known that the performance of a palladium catalyzed re-
action is dependent on several factors, e.g., source of palladium,
ligand, base, solvent, temperature, etc.18 We employed the reaction
of 4-bromoanisole (1c) and phenyltributyltin in presence of 1 mol %
of Pd2(dba)3 and ligand (2 mol %) under argon atmosphere at 60 �C
to screen the bases and solvents (Table 1).
Table 1
Palladium-catalyzed Stille cross-coupling reaction of 4-bromoanisole (1c) with
phenyltributyltina

Br OMe SnBu3

Pd source, Ligand A/B
Base, Solvent

60 oC, 10 h, Argon
OMe+

1c

Entry Pd/ligand Pd precursor Ligand Base Solvent Yieldb (%)

1 1:1 Pd2(dba)3 A CsF Toluene 86
2 1:1 Pd2(dba)3 B CsF Toluene 90
3 1:1 Pd(OAc)2 B CsF Toluene 69
4 1:1 Pd2(dba)3 B Cs2CO3 Toluene 49
5 1:1 Pd2(dba)3 B K3PO4 Toluene 50
6 1:1 Pd2(dba)3 B CsF 1,4-Dioxan 70
7 1:1 Pd2(dba)3 B CsF THF 55
8 1:2 Pd2(dba)3 B CsF Toluene 71

a 4-bromoanisole (1 mmol), phenyltributyltin (1.2 mmol), Pd2(dba)3 (1 mol %) or
Pd(OAc)2 (2 mol %), ligand A or B (2 or 4 mol %), base (3 mmol), solvent (3 mL), 60 �C,
10 h.

b Isolated yield after flash chromatography (average of two runs).

Table 2
Palladium-catalyzed Stille coupling reaction of aryl halides with tributyltin reagents in t

Entry Ligand Ar1eBr

1 A COCH3Br
1a

2 B 1a

3 A
1b

MeBr

4 B 1b

5 A
1c

OMeBr

6 B 1c

7 A

1d

Br
Me

8 B 1d

9 B
Br

MeO
1e

10 B Br

Me

1f

11 A

1g

Me
Me

Me
Br

12 B 1g
The results of Table 1 show that ligand B is more effective than
ligand A (entries 1 and 2). Hence ligand B was used for subsequent
runs. Toluene is the best choice of solvent (better than 1,4-dioxan
and THFdentries 2, 6 and 7). Since success of the coupling reaction
often depends on the base used,19 a number of baseswere screened.
Among all the bases, CsF was found to be the most effective while
the reaction was run in toluene (entry 2). The other bases such as
Cs2CO3 and K3PO4, were less effective (entries 4 and 5). It was also
found that reactionwith Pd2(dba)3 gave better yields than reactions
that used Pd(OAc)2 (see entries 2 and 3). The yield was best when
the ratio of ligand/Pd was 1:1 (compare entry 2 with entry 8).

The effect of various aryl bromides bearing electron-donating
and electron-withdrawing groups with phenyltributyltin (Table 2:
entries 1e20), 2-(tributylstannyl)pyridine (entry 24) and tributyl
(vinyl)tin (Table 2: entries 25e28) in presence of 1 mol % of
Pd2(dba)3, 2 mol % of ligand A or B and 3 equiv of CsF in toluenewas
investigated. As noted in Table 1, entries in Table 2 also corroborate
that ligand B is a better choice of ligand than ligand A (entries 1e16,
26 and 27). 4-Substituted aryl bromides afforded good to excellent
yield of the desired products (entries 1e5, 13e15 and 25e27). Even
sterically hindered 2-substituted and 2,6-disubstituted aryl bro-
mides gave good yields (entries 7, 8, 9, 11, 12, 17, 18, 19, 20 and 28).
Excellent yields were obtained when heteroaryl bromides were
used as substrates with phenyltributyltin in presence of ligand B
(entries 21e23). Reaction of bromobenzene with 2-(tributyl-
stannyl)pyridine gave the desired cross-coupling product with 78%
yield (entry 24).
he presence of ligand A and Ba

R1 Product Yieldb (%)

ePh
2a

COCH3Ph 90

ePh 2a 98

ePh
2b

MePh 82

ePh 2b 96

ePh
2c

OMePh 86

ePh 2c 90

ePh

2d

Me
Ph 80

ePh 2d 92

ePh

MeO
Ph

2e

82

ePh Ph

Me

2f

96

ePh

2g

Me
Me

Me
Ph 72

ePh 2g 80



Table 2 (continued )

Entry Ligand Ar1eBr R1 Product Yieldb (%)

13 A
1h

CHOBr ePh
2h

CHOPh 85

14 B 1h ePh 2h 92

15 A
1i

CNBr ePh
2i

CNPh 90

16 B 1i ePh 2i 95

17 B

Br

1j

ePh

Ph

2j

90

18 B

Br
Me

1k

ePh

2k

Ph
Me

92

19 B
Br

OHC
1l

ePh

2l

Ph
OHC 86

20 B

1m

Br
Me2HC ePh

Ph
Me2HC

2m

88

21 B NBr
1n

ePh NPh
2n

95

22 B N

Br

1o

ePh N

Ph

2o

92

23 B NBr
1p

ePh NPh
2p

88

24 B Br
1q

N NPh
2n

78

25 B 1a COCH3
2a'

92

26 A 1c OMe
2b'

82

27 B 1c 2b0 88

28 B 1k
Me

2c'

95

a Aryl bromide (1 mmol), tin compound (1.2 mmol), Pd2(dba)3 (1 mol %), ligand A/B (2 mol %), Pd:Ligand A/B 1:1, CsF (3 mmol), Toluene (3 mL), 60 �C, 10 h.
b Isolated yield after flash chromatography (average of two runs).
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2.2. Application of ligand A and B in palladium catalyzed
Kumada cross-coupling reaction

The coupling reaction between an arylmagnesium halide and an
aryl halide, often termed Kumada coupling reaction, first reported
cross-coupling reaction (early 1970s),3a,20 is still a popular choice
for CeC bond formation after 30 years. The reaction enjoys an ob-
vious advantage: since aryltributyltin and boronic acid derivatives
are most commonly prepared from the corresponding Grignard
reagents, it reduces an extra step. However, in view of the greater
reactivity of the Grignard reagents, the other twomethods are often
preferred when chemoselectivity is desired.

The catalytic behaviour of ligand A and B in Kumada cross-
coupling reaction was evaluated. The results are summarized in
Table 3. In all cases the reactions were performed with Pd2(dba)3
(1 mol %), ligand (2 mol %), in toluene as solvent at 55 �C. Ligand B
exhibits a slightly better catalytic activity than ligand A (entries 1
and 2). Increased steric hindrance of the substrates is not a de-
terrent in this reaction. For example, the reactions of 1-bromo-2-
methylnaphthalene (1k) with 4-OMe/C6H4MgBr gave 88% of
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desired product (2t) with ligand B (entry 15) and 4-OMeC6H4Br (1c)
with 2,4,6-Me3C6H2MgBr furnished 85% of the desired product (2v)
with ligand B (entry 24). Reaction of 3-bromopyridine with phenyl
Grignard reagent (entry 9) and 2-pyridyl Grignard reagent with 1c
(entry 25) delivered heterobiaryls 2o and 2y in 94 and 86% yields,
respectively.
Table 3
Palladium-catalyzed Kumada coupling reaction of various aryl bromides with
varying Grignard reagents in the presence of ligand A and Ba

Entry Ligand Ar1eBr Ar2 Product Yieldb

(%)

1 A 1c ePh 2c 90
2 B 1c ePh 2c 99
3 A 1d ePh 2d 87
4 B 1d ePh 2d 98
5 A 1a ePh 2e 83
6 B 1e ePh 2e 90
7 A 1k ePh 2k 87
8 B 1k ePh 2k 92
9 B 1o ePh 2o 94

10 A 1f e4OMeeC6H4 90

11 B If e4OMeeC6H4 2r 99

12 A 1d e4OMeeC6H4

2s

88

13 B 1d e4OMeeC6H4 2s 98

14 A 1k e4OMeeC6H4

2t

80

15 B 1k e4OMeeC6H4 2t 88

16 A 1g e4OMeeC6H4

2v

74

17 B 1g e4OMeeC6H4 2v 80

18 A 1d e2MeeC6H4

2w

86

19 B 1d e2MeeC6H4 2w 98

20 B 1c e2MeeC6H4 2s 93

21 A

1x

e2MeeC6H4

2x

92

22 B 1x e2MeeC6H4 2x 99

23 A 1c e2,4,6-triMeeC6H2 2v 76

24 B 1c e2,4,6-triMeeC6H2 2v 85

25 B 1c
2y

86

a Aryl bromide (1 mmol), Grignard reagent (2 mmol in THF), Pd2(dba)3 (1 mol %),
ligand (2 mol %), Pd/Ligand A/B 1:1, toluene (2 mL), 55 �C, 10 h.

b Isolated yield after flash chromatography (average of two runs).
2.3. Application of ligand A and B in palladium-catalyzed
Hiyama cross-coupling reaction

Compared to some of the other organometallic reagents that are
employed in cross-coupling processes, organosilicon compounds
are mild and pose lower toxicity problems. Palladium-catalyzed
Hiyama coupling of organosilicon compounds with organic halides
and sulfonates, thus, evolved as an important and selective method
for producing carbonecarbon bonds.8,21

In order to probe the feasibility of a Hiyama cross-coupling of an
aryl bromide, a series of screening experiments were carried out. 4-
Bromoanisole (1c) and trimethoxy(phenyl)silane were used as the
model substrates, and Pd2dba3 (1 mol %), ligand B (2 mol %) were
used as the initial catalytic system for a prototypical reaction. The
results are summarized in Table 4.
Table 4
Palladium-catalyzed Hiyama cross-coupling reaction of 4-bromoanisole (1c) with
trimethoxy(phenyl)silanea

Entry Pd/ligand Pd precursor Ligand Base Solvent Yieldb (%)

1 1:1 Pd2(dba)3 A TBAF 1,4-Dioxan 72
2 1:1 Pd2(dba)3 B TBAF 1,4-Dioxan 88
3 1:1 Pd(OAc)2 B TBAF 1,4-Dioxan 25
4 1:1 Pd2(dba)3 B KF 1,4-Dioxan 0
5 1:1 Pd2(dba)3 B CsF 1,4-Dioxan 0
6 1:1 Pd2(dba)3 B TBAF Toluene 52
7 1:1 Pd2(dba)3 B TBAF THF 69
8 1:2 Pd2(dba)3 B TBAF 1,4-Dioxan 68

a 4-bromoanisole (1 mmol), phenyltrimethoxysilane, Pd2(dba)3 (1 mol %), or Pd
(OAc)2 (2 mol %), ligand A or B (2 or 4 mol %), base (3 mmol), solvent (3 mL), 55 �C,
10 h.

b Isolated yield after flash chromatography (average of two runs).
Among the commonly used organic solvents we examined, 1,4-
dioxan gave the best results (entries 2, 6 and 7). Since the trans-
metalation of organosilanes proceeds smoothly after the activation
by fluoride anion,22 we initially applied TBAF as the promoter
(entry 2). We next tested other fluoride salts. However, neither CsF
nor KF provided the desired product (entries 4 and 5). Ligand B
proved to be a better ligand than ligand A in this reaction as well
(entries 1 and 2).

The results of Table 4 also demonstrated that Pd(OAc)2 was in-
ferior to Pd2(dba)3 (entries 2 and 3). Best yield was obtained when
the ratio of Pd2(dba)3/ligand (B) was 1:1 (entries 2 and 8).Use of
Pd2(dba)3, (1 mol %), ligand B (2 mol %), 3 equiv of TBAF in 1,4-di-
oxan at 55 �C led to the best results in 10 h.

With this preliminary result in hand, the scope of these Pd-
catalyzed Hiyama coupling reactions of aryl bromides were in-
vestigated under the optimized conditions, [Pd2(dba)3 (1 mol %),
ligand A/B (2 mol %), TBAF (3 equiv), 1,4-dioxan, 55 �C], and the
results are shown in Table 5. The catalyst/ligand A/B system were
suitable for electronically neutral (entries 3, 4, 7 and 8), electroni-
cally deactivated (entries 5, 6, 9 and 10), sterically demanding
(entries 11, 12, 17e20) and heteroaryl substrate (entry 21).

2.4. Complexation of ligand A and B with Pd(CH3CN)2Cl2

It was consistently observed that catalytic efficiency was de-
pendent on the ligandused, ligandB beingmore effective than ligand
A. Inorder to examinewhether structural factorswere responsible for
this difference, it was decided to solve crystal structures of two Pd(II)
complexes derived from these ligands, as described below. The cor-
responding Pd(0) complexes were much more air-sensitive and did
not yield stable crystals despite several attempts.



Table 5
Palladium-catalyzed Hiyama coupling reaction of various aryl bromides with tri-
methoxy(phenyl)silane in the presence of ligand A and Ba

Entry Ligand Ar1 Product Yieldb (%)

1 A 1a 2a 85
2 B 1a 2a 92
3 A 1b 2b 76
4 B 1b 2b 85
5 A 1c 2c 72
6 B 1c 2c 88
7 A 1d 2d 72
8 B 1d 2d 88
9 A 1e 2e 65
10 B 1e 2e 82
11 A ig 2g 58
12 B ig 2g 70
13 A 1h 2h 80
14 B 1h 2h 88
15 A 1i 2i 85
16 B 1i 2i 93
17 B 1j 2j 75
18 B 1k 2k 72
19 B 11 21 76
20 B 1m 2m 72
21 B 1o 2o 88

a Aryl bromide (1 mmol), phenyltrimethoxysilane (1.2 mmol), Pd2(dba)3 (1 mol
%), ligand (2 mol %), Pd/Ligand A/B 1:1, TBAF (3 mmol), 1,4-dioxan (3 mL), 55 �C,
10 h.

b Isolated yield after flash chromatography (average of two runs). Figure 2. Thermal ellipsoid plot of complex C with thermal ellipsoid drawn at 50%
probability level.
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The complex (C) was synthesized by the addition of stoichiometric
amountof ligandA toPd(CH3CN)2Cl2, indichloromethane(Scheme1).23

The solution turned intense yellow in about 15min. After removal of all
volatiles under reduced pressure a yellow powder was obtained.
N

PPh2

N

Me R

N

P
Ph2

N

Me R

Pd
Cl

Cl

Pd(CH3CN)2Cl2

A : R = Me C : R = Me
B : R = tBu D : R = tBu

Scheme 1.

Figure 3. a) 1D zig-zag hydrogen bonded network via CeH/Cl interaction in C and (b)
adjacent 1D zig-zag networks shown in different colours first network in capped sticks
(green) and others in spacefill model.
Crystallization was performed in dichloromethane/acetonitrile
mixture (1:1). In case of complex (D), (Scheme 1) chloroform was
used as the solvent instead of dichloromethane. An orange coloured
precipitate was obtained within 15 min. The precipitate was col-
lected by filtration and crystallized from dichloromethane/aceto-
nitrile (1:1). Poor solubility of these complexes in most common
organic solvents didnot allowus to obtain their 1HNMRspectra. The
identity of these palladium complexes were established by single-
crystal X-ray diffraction analysis24 (See Supplementary data).

A suitable golden-yellow coloured block shaped crystal of
complex C was grown from acetonitrile/dichloromethane solution
by slow evaporation and used for X-ray single crystal diffraction
data collection. Complex C belonged to centrosymmetric mono-
clinic space group P21/n. The asymmetric unit contains one tetra-
coordinated Pd(II) centre surrounded by two chlorine atoms and
ligand A coordinated to the metal centre via N and P donor atoms.
The metal centre has a distorted square planar geometry [:Cl(1)e
Pd(1)eP(1)¼93.12(2)�; :N(1)ePd(1)eP(1)¼82.09(6)�; :N(1)ePd
(1)eCl(2)¼91.92(6)�; :Cl(1)ePd(1)eCl(2)¼92.93(2)�] (Fig. 2). The
complex C is stabilized by weak hydrogen bonded interaction via
CeH/Cl [C/Cl¼3.563(3)�A; :CeH/Cl¼166.00�] leading to the
formation of a 1D zig-zag hydrogen bonded network (Fig. 3a and b).
Such 1D zig-zag network further interacts with adjacent networks
via CeH/Cl interactions involving CeH of methyl group and aro-
matic CeH with metal coordinated chloride [C/Cl¼3.434�A;
:CeH/Cl¼113.17�].
A suitable thin plate shaped crystal ofDwas used for X-ray single
crystal diffraction data collection. Complex D crystallized in cen-
trosymmetric monoclinic space group P21/c. The asymmetric unit
contains one fully occupied Pd(II) with two chlorine atoms and li-
gandB coordinated to themetal centre via N and P donor atoms. The
metal centre displays a distorted square planar geometry [:Cl(1)e
Pd(1)eCl(2)¼93.52(2)�;:Cl(2)ePd(1)eP(1)¼95.18(2)�;:N(1)ePd
(1)eP(1)¼82.24(6)�; :N(1)ePd(1)eCl(1)¼91.74(6)�] (Fig. 4).



Figure 4. Thermal ellipsoid plot of complex D with thermal ellipsoid drawn at 50%
probability level.

Figure 6. Both adjacent hydrogen bonded layers in spacefill form.
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Weak hydrogen bonding with the metal coordinated chloride
and CeH of aromatic ring via CeH/Cl interactions [C/Cl¼3.497
(3)e3.714(3)�A;:CeH/Cl¼138e169�] was observed. It resulted in
the formation of a 2D hydrogen bonded microporous network
(Fig. 5a and b). The offset packing of such microporous 2D sheets
effectively blocked the micropores in the crystal structure (Fig. 6).

The crystal structures thus reveal considerable similarity in terms
of geometry at the metal centre and orientation of the groups for the
two complexes, C and D. There is almost no distortion in Cl(1)e
PdeCl(2) or NePdeP angles. The only difference is in the distance
between the metal centre and the carbon of the nearest methyl
group. In complex D, the methyl carbon of the tert-butyl group is
closer to the metal centre (3.065�A) than the pyrazole 3-methyl
group in complex C (3.421�A). This would imply that the palladium
centre in complex D is better shielded by the 3-tert-butyl group
while the palladium metal in complex C stands more exposed.

Since distorted square planar arrangement is also expected in the
Pd(0) complex, that is, catalytically active, we believe the structural
factors revealed in these crystal structures are relevant for the Pd(0)
intermediate aswell. In that case, the observed difference is reactivity
between complexes of these two ligands might only have a steric
origin. A sterically demanding ligand environment often accelerates
Figure 5. a) 2D hydrogen bonded network via CeH/Cl interaction and (b) offset packing o
capped sticks (orange)].
the reductive elimination step,whichmight account for the observed
increase in product yield in comparable reaction time.25

ThecomplexDwas testedascatalyst for Stille couplingbetween4-
bromoanisole and phenyltributyltin under the standard condition.
About 50% of 4-bromoanisole was recovered after 10 h, whereas the
yield of product based on consumed starting material was 81%. The
combination of Pd2(dba)3 and the ligandB, on theotherhand, yielded
the same product in 90% yield and no startingmaterial was left at the
end of the reaction (entry 6, Table 2). Taken together, these results
suggest that the rate of reaction catalyzed by complex D was con-
siderably slow, presumably due to slow reduction of Pd(II) to cata-
lytically active Pd(0) species. Yet, a highyield and selectivity based on
consumed substrate in this reaction suggest that the catalytic species,
albeit generated rather slowly, is as efficient. Palladium(II) acetate
undergoes reduction very readily in presence of phosphine, and
hence provides active catalyst almost instantly (see Tables 1 and 4).

3. Conclusion

We have described the utility of pyrazole-derived ligands A and
B in several palladium catalyzed cross-coupling reactions involving
aryl bromides. The ligand B always provided a better yield of
products. However, crystal structure determination of two Pd(II)
complexes C and D featuring these ligands did not present any
obvious structural difference that would account for the differential
reactivity of the two ligands in the catalytic reactions. Nevertheless,
these two ligands were found to be generally useful for the cou-
pling reactions studied, and offer a basis for designing related chiral
motifs for asymmetric CeC bond forming reactions.
f two adjacent 2D hydrogen bonded networks [adjacent layers in spacefill (green) and
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4. Experimental

4.1. General

All chemicals were purchased as reagent grade from commercial
suppliers and used without further purification, unless otherwise
noted. 2-(Tributylstannyl)pyridine was prepared following the lit-
erature procedure.26 Reactions were monitored by thin layer
chromatography (TLC). All 1H NMR (300 MHz), 13C NMR (75 MHz)
spectra were recorded as CDCl3 solution and reported in parts per
million (d). Flash Column chromatography was performed with
silica gel (230e400 mesh).
4.2. General procedure for palladium catalyzed cross-
coupling reaction with ligand A and B

4.2.1. Stille reaction of aryl bromides. A mixture of aryl bromides
1aeq (1 mmol), organotin (1.2 mmol), Pd2(dba)3$CHCl3 (1 mol %),
ligand A/B (2 mol %), CsF (3 equiv) and toluene (3 mL) was added in
a 2-neck round bottom flask. Then the reaction was stirred at 60 �C
under Argon for desired time until complete consumption of
starting material as judged by TLC. After the mixture was filtered
and evaporated, the residue was purified by flash column chro-
matography using either petroleum ether or acetone (2e4%)/pe-
troleum ether.

4.2.2. Kumada reaction of aryl bromides. A round bottom flask was
charged with aryl bromide (1 mmol), Pd2(dba)3$CHCl3 (1 mol %),
ligand A/B (2 mol %), toluene (2 mL), then a THF solution of ArMgBr
(2 mmol) was added dropwise at room temperature with stirring.
The reaction mixture was stirred at 55 �C for the specified period of
time. After the mixture had been cooled to room temperature, the
reaction was quenched with water. The aqueous phase was
extracted with CH2Cl2 and the combined organic layers were dried
with Na2SO4. The Na2SO4 was removed by filtration and the filtrate
was concentrated, the residue was purified by flash column chro-
matography using either petroleum ether or acetone (2e8%)/pe-
troleum ether.

4.2.3. Hiyama reaction of aryl bromides. Amixture of aryl bromides
(1 mmol), trimethoxy(phenyl)silane (1.2 mmol), Pd2(dba)3.CHCl3
(1 mol %), ligand A/B (2 mol %), TBAF (3 equiv) and 1,4-dioxan
(3 mL) was added in a 2-neck round bottom flask. Then the reaction
was stirred at 55 �C under Argon for desired time until complete
consumption of starting material as judged by TLC. After the mix-
ture was filtered and evaporated, the residue was purified by flash
column chromatography using either petroleum ether or acetone
(2e4%)/petroleum ether.
4.3. Synthesis of complex C

A solution of A (71 mg, 0.20 mmol) and PdCl2(CH3CN)2 (51 mg,
0.20 mmol) in dichloromethane (4 mL) was stirred for 15 min at
room temperature, resulting a yellow colour solution. All volatiles
were evaporated under reduced pressure and the residue was
recrystallized from dichloromethane/acetonitrile solvent mixture.
4.4. Synthesis of complex D

A solution of B (80 mg, 0.20 mmol) and PdCl2(CH3CN)2 (51 mg,
0.20 mmol) in chloroform (3 mL) was stirred at room temperature,
resulting in a yellowish-orange coloured precipitate within 15 min.
All volatiles were evaporated under reduced pressure and the
residue was recrystallized from dichloromethane/acetonitrile sol-
vent mixture.
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