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Preparation and catalytic properties of
bis(imino)pyridine palladium(ll) complexes as
efficient catalysts for Suzuki cross-coupling

reaction in water

Ping Liu, Wenzhen Zhang and Ren He*

Air-stable bis(imino)pyridine palladium(ll) complexes were synthesized and complex 12 proved to be a highly efficient catalyst
for the Suzuki cross-coupling reaction between aryl bromides and arylboronic acids in air using water as solvent. The coupling
reaction proceeded smoothly under mild conditions to provide biaryls in excellent yields and Pd black was not observed. The
recycling of the catalysts was also investigated, for up to three cycles, and complex 12 still exhibited good activity. Copyright

(© 2009 John Wiley & Sons, Ltd.
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Introduction

Palladium-catalyzed Suzuki cross-coupling reaction has become
one of the most powerful tools for the formation of C-C
bonds in organic synthesis.'-”! For many years, phosphines
have been the most commonly employed ligands for the
reaction. However, these types of ligands are generally either
air/moisture-sensitive or expensive, and easily form Pd black,
which places significant limits on their synthetic applications.
Hence, the development of phosphine-free N-based ligands
is of current interest. N-heterocyclic carbenes,®-2" N,0- or
N,N-bidentate ligands,’?2-2% aryloximes,'3%3" arylimines,’32-3¢!
N-acylamidines,3”) guanidine®® and simple amines?®°-44 have
been used in the Suzuki cross-coupling reaction. and water has
attracted attention as a potential replacement for organic solvents
because of its low cost, nonflammability and low toxicity in the
Suzuki coupling reaction. Although a palladium-catalyzed Suzuki
coupling reaction in water has been developed, most of these sys-
tems require phase-transfer catalysts.*>~>2 In addition, the liquid
crystalline materials containing monofluoro-, difluoro- or trifluoro-
substituted phenyls?>3~>%! are the most interesting for application
in thin-film transistor liquid crystal displays. The long, lath-like
molecular structure of most fluorinated liquid crystalline com-
pounds demanded by thin-film transistor liquid crystal displays
makes cross-coupling reactions very important in synthesis.

In this paper, we describe palladium-catalyzed Suzuki coupling
reactionsinwater usingair-stable bis(imino)pyridine asligandsand
wish to report a general and efficient method for the synthesis of
fluorinated liquid crystalline compounds via Suzuki cross-coupling
reactions.

Experimental
Materials and Instruments

Infrared spectra were obtained as KBr pellets on a Perkin—Elmer
FT-IR 430 spectrometer. "H NMR and '3C NMR spectral data were

recorded on Bruker DPX-400 spectrometers using TMS as internal
standard and CDCl3 or ds-DMSO as solvent. Elemental analyses
(C, H, N) were conducted with a Vario EL Il elemental analyzer. Cl
was analyzed by oxygen flask combustion. El-mass spectra were
measured on an LC/Q-TOF MS (Micromass, UK). Acetonitrile was
dried over CaHj, distilled and stored under nitrogen. Methanol was
dried and distilled from Mg. All other reagents were of analytical-
grade quality purchased commercially and used as received unless
noted otherwise.

Synthesis of ligands 1-6

Bis(imino)pyridine 1-6 were synthesized according to literature
methods.”!

1

White solid, yield 96%. 'H NMR (400 MHz, CDCl3) § (ppm): 7.82
(d,J = 8.0Hz, 2H, Py-Hm), 7.60 (t, J = 8.0 Hz, 1H, Py-Hp), 5.50
(s, 4H, N-H), 2.30 (s, 6H, N=CMe). IR (KBr, cm~"): 1640 (C= N).

2

Yellow solid, yield 90%. "H NMR (400 MHz, CDCl3) § (ppm): 8.07
(d, J = 8.0Hz, 2H, Py—-Hm), 7.67 (t, J = 8.0 Hz, 1H, Py-Hp), 7.53
(s, 2H, N-H), 7.30 (t, J; = 8.4Hz, J, = 7.6 Hz, 4H, Ar-H), 7.20
(d,J = 7.6 Hz, 4H, Ar-H), 6.91 (t, J = 8.4 Hz, 2H, Ar-H), 2.44 (s, 6H,
N=CMe). IR (KBr, cm~'): 1692 (C= N).
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3

Yellow solid, yield 90%. "H NMR (400 MHz, CDCl3) § (ppm): 8.23
(d,J = 7.6Hz, 2H, Py—-Hm), 745 (t, J = 7.6 Hz, 1H, Py-Hp),
7.46-7.27 (m, 10H, Ar-H), 4.80 (s, 4H, CH,), 2.54 (s, 6H, N=CMe).
IR (KBr, cm~"): 1631 (C= N).

4

Yellow solid, yield 81%. "H NMR (400 MHz, CDCl3) § (ppm): 8.41
(d,J = 8.0Hz, 2H, Py—-Hm), 7.89 (t, J = 8.0Hz, 1H, Py-Hp),
7.25-7.19 (m, 4H, Ar-H), 7.04 (t, J = 7.6 Hz, 2H, Ar-H), 6.90
(d, J = 7.6 Hz, 2H, Ar-H), 2.35 (s, 6H, N=CMe), 2.13 (s, 6H, Ar—Me).
IR (KBr, cm~1): 1646 (C= N).

5

Yellow solid, yield 86%. "H NMR (400 MHz, CDCl3) § (ppm): 8.33
(d,J = 7.6Hz, 2H, Py-Hm), 7.86 (t, J = 7.6 Hz, 1H, Py-Hp),
6.96-6.82 (m, 8H, Ar-H), 3.84 (s, 6H, N=CMe), 2.44 (s, 6H, OMe).
IR (KBr, cm~1): 1627 (C= N).

6

Yellow solid, yield 85%. "H NMR (400 MHz, CDC13) § (ppm): 8.49
(d,J = 8.0Hz, 2H, Py—-Hm), 7.92 (t, J = 8.0Hz, 1H, Py-Hp),
7.09-6.95 (m, 6H, Ar-H), 2.24 (s, 6H, N=CMe), 2.06 (s, 12H,
Ar—Me). IR (KBr, cm~1): 1645 (C= N).

Synthesis of Complexes 7-12

A 0.20 mmol aliquot of PdCl,(CH3CN), and 0.20 mmol of ligand
were dissolved in 10 ml of acetonitrile. The solution was stirred at
room temperature for 2 h. Ether (50 ml) was added to the reaction
mixture, and this mixture was placed for an appropriate period of
time, after which it was filtered and the solid was obtained.

7

Yellow solid, yield 90%. Anal. calcd for CygH26ClsN1oPd; - 4H,0: C,
26.72;H,4.24;N,17.31;Cl, 17.53. Found: C, 27.00; H, 4.01; N, 17.71,
Cl,17.30. "H NMR (400 MHz, d¢-DMSO) § (ppm): 8.21 (t, J = 8.0 Hz,
1H, Py-Hp), 7.68 (m, 6H, 2H-Py-Hm and 4H-NH,), 2.26 (s, 6H,
N=CMe). '3C NMR(100 MHz, ds-DMSO) & (ppm): 13.23 (CH3),
122.22 (C), 142.98 (C), 152.90 (C), 155.84 (C=N). IR (KBr, cm™):
1603 (C=N). HRMS (El), m/z: [(M — X)/2]"; calculated: 331.9894;
found, 331.8961.

8

Red solid, yield 89%. Anal. calcd for C43H42Cl3NqoPd; - PACls: C,
41.39; H, 3.47; N, 11.49; Cl, 17.45. Found: C, 39.13; H, 3.28; N,
11.85; Cl, 17.20. "H NMR (400 MHz, ds-DMSO) § (ppm): 9.48 (s, TH,
Py-Hp), 7.94(d, J = 7.6 Hz, 2H, Py—-Hm), 7.73 (s, 2H, N-H), 7.25 (d,
J = 8.0Hz, 4H, Ar-H), 7.19 (t, J; = 7.2 Hz, J, = 8.0 Hz, 4H), 6.76
(t, J; = 6.4Hz, J, = 6.8 Hz, 2H), 2.37 (s, 6H, N=CMe). 3C NMR
(100 MHz, dg-DMSO) 8 (ppm): 10.24 (CH3), 112.48 (C), 116.87 (C),
127.69 (C), 128.54 (C), 140.07 (C), 143.44 (C), 153.72 (C), 155.44
(C=N). IR (KBr, cm™"): 1598 (C=N). HRMS (El), m/z: [(M — X)/2]F;
calculated: 484.0520; found, 483.9798.

9

Yellow solid, yield 90%. Anal. calcd for C46H46CloNgPd; - PACly -
CH3CN: C,45.90; H, 3.93; N, 7.81; Cl, 16.94. Found: C, 45.86; H, 3.92;
N, 7.82;Cl,17.00. "HNMR (400 MHz, dg-DMSO): § 8.54 (t,J = 7.6 Hz,
1H, Py—Hp), 8.42 (d, J = 7.6 Hz, 2H, Py—-Hm), 7.53-7.30 (m, 10H,
Ar—H), 5.06 (s, 4H, CH,), 2.62 (s, 6H, N=CMe). '*C NMR(100 MHz,
de-DMSO) § (ppm): 17.45 (CH3), 56.89 (CH,), 127.70 (C), 127.89 (Q),
128.62 (C), 128.97 (C), 135.11 (C), 142.57 (C), 155.43 (C), 184.55
(C=N). IR (KBr, cm™"): 1636 (C=N); HRMS (El); m/z: [(M — X)/2]™,
calculated: 482.0615; found, 481.9999.

10

Yellow SO“d, yleld 86%. Anal. calcd for C46H46C|2N6Pd2 . PdC|4Z C,
45.48; H, 3.82; N, 6.92; Cl, 17.51. Found: C, 44.81; H, 3.66; N, 7.03;
Cl,17.12."H NMR (400 MHz, d¢-DMSO) § (ppm): 8.68 (t, J = 8.4 Hz,
1H, Py-Hp), 8.50 (d, J = 8.4 Hz, 2H, Py-Hm), 7.27-7.08 (m, 8H,
Ar—H), 2.39 (s, 6H, N=CMe), 2.35-2.28 (d, 6H, Ar—Me). 3C NMR
(100 MHz, d-DMSO) § (ppm): 16.88 (CH3), 16.99 (CH3), 17.70 (CHs),
120.45 (C), 125.35 (C), 126.88 (C), 128.67 (C), 128.69 (C), 129.11 (C),
129.49 (Q), 141.75 (C), 142.83 (C), 142.88 (C), 153.73 (C), 153.76 (Q),
183.32 (C=N), 183.44 (C=N). IR (KBr, cm~"): 1625 (C=N); HRMS
(El); m/z: [(M — X)/2]T, calculated: 482.0615; found, 482.0117.

11

Yellow solid, yield 88%. Anal. calcd for C46H46Cl,NgO4Pd; - PdCly -
CH3CN - 2H,0: C, 42.52; H, 3.94; N: 7.23; Cl, 15.69. Found: C, 42.46;
H, 3.97; N, 7.28, Cl, 15.53. "TH NMR (400 MHz, CDCl3) § (ppm):
8.71 (t, J = 6.8 Hz, TH, Py—Hp), 8.42 (d, J = 6.8 Hz, 2H, Py—-Hm),
7.22-6.81 (m, 8H, Ar—H), 3.70 (s, 6H, N=CMe), 2.57 (s, 6H, OMe).
13C NMR(100 MHz, ds-DMSO) § (ppm): 19.16 (CH3), 55.38 (CH3),
113.65 (C), 124.52 (C), 129.34 (C), 137.83 (C), 155.21 (C), 158.58
(C), 183.40 (C=N). IR (KBr, cm™"): 1603 (C=N). HRMS (El), m/z:
[(M — X)/2]%; calculated: 514.0514; found, 514.0362.

12

Yellow solid, yield 90%. Anal. calcd for CsgHs4Cl;NgPd; - PdCl4 - H, O:
C,46.59; H, 4.38; N, 6.52; Cl, 16.50. Found: C, 46.95; H, 4.37; N, 6.52;
Cl,16.06."HNMR (400 MHz, CDC13) 8 (ppm): 9.08 (t,J = 7.6 Hz, TH,
Py-Hp), 8.97 (d,J = 7.6 Hz, 2H, Py—Hm), 7.18-7.08 (m, 6H, Ar-H),
2.55 (s, 6H, N=CMe), 2.32 (s, 12H, Ar—Me). 3C NMR(100 MHz,
de-DMSO) § (ppm): 17.98 (CH3), 18.06 (CH3), 127.76 (C), 128.08 (C),
129.29 (C), 130.36 (C), 142.58 (C), 142.72 (C), 154.34 (C), 185.16
(C=N). IR (KBr, cm~"): 1625 (C=N). HRMS (EI); m/z: [(M — X)/21%,
calculated: 510.0928; found, 510.0817.

General Procedure for Suzuki Cross-coupling Reaction

A 5 ml flask was charged with 12 (0.0025 mmol), K3PO, - 3H,0
(1.20 mmol) and arylboronic acid (0.75 mmol), water or ethanol
(2 ml), and aryl bromide (0.5 mmol) was added. The reaction was
stirred at 80 °C for the correct time. After the reaction was allowed
to cool to room temperature, the resulting mixture was extracted
with ether (5 x 2 ml). The combined ether extracts were dried
(MgSO,) and the solvent was removed under reduced pressure.
The crude material was flash chromatographed on a short silica gel
column (the products 3n-3s of the water-soluble aryl bromides do
not require to a silica gel column to seperate, only recrystallization
with ethanol).

www.interscience.wiley.com/journal/aoc
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Results and Discussion
Preparations of Complexes 7-12

Bis(imino)pyridine palladium(ll) complexes (7-12) were prepared
by reaction of PdCl,(CH3CN), with 1 equiv. of ligands in acetonitrile
atroomtemperaturefor2 h (Scheme 1). Their structures contained
two [PALCI]™ and two CI~ or one [PdCl4]>~ were confirmed by
elemental analysis, "H NMR, HRMS(EI) and IR spectroscopies. The
proposed coordination pattern was evidenced by 'H NMR spectra
of the ligands; for example, complex 12 exhibited downfield shifts
of the proton signals relative to those for ligand 6, and the change
inthe pyridine proton chemical shift values is obvious. For complex
12 and ligand 6, the para protons of pyridine appear as a triplet at §
9.08 and 7.92 ppm, respectively, and the meta protons of pyridine
protons appear as a multiplet at § 8.97 and 8.48 ppm. IR spectra
of complex 12 show v (C=N) around 1625 cm~', and ligand 6
shows v (C=N) around 1645 cm~', which indicates that the three
nitrogen atoms of bis(imino)pyridine ligand coordinate with Pd(ll).

Catalytic Suzuki Cross-coupling Reactions

Bis(imino)pyridine palladium(ll) complexes (7-12) were stable in
air and diffluent in water. Therefore we carried out the Suzuki
coupling reaction in air using water as solvent.

Effect of Catalyst on Suzuki Cross-coupling Reactions

To examine the efficiency of bis(imino)pyridine palladium(ll)
complexes in the Suzuki cross-coupling reaction, a model coupling
reaction of 4-bromoanisole with phenylboronic acid was initially
tested. The results are summarized in Table 1. These data
show that these bis(imino)pyridines are effective ligands for the
palladium-catalyzed Suzuki cross-coupling reaction. Among the
bis(imino)pyridine palladium(ll) complexes investigated, 7 and 8
showed moderate efficiency, which gave the coupling product in
70-76% yield (entries 1 and 2). Compounds 9-12 showed good
efficiency (>90%); 12 was found to be the best, and gave the
coupling product in 95% yield (entry 6).

Effect of catalyst loading on Suzuki cross-coupling reactions

It is important to achieve good yields using minimum catalysts in
mild reaction condition. We also examined the effect of catalyst
loading on a convenient coupling between 4-bromoanisole and
phenylboronicacid (Table 2).Highyields (>90%)and a TON of 9000
were obtained even at catalyst loadings as low as 0.0025 mmol%.
These are indications of an effective catalytic system that has
commercial and industrial potential.

7+

| = | -
PdCl;(CH,CN =
; N/ I 2( 3 ]‘2._ | I';l | ,‘(2_
R,N NﬂR CH5CN, rt R,N“—-—-..pld..:-‘N.R
Cl 4z
1-6 T-12

1,7:R=NHy, X = Cl

2, 8: R = NHPh, X = PdCl,

: R = CH.Ph, X = PdCl,

0: R = (2-Me)CgH,, X = PdCl,
1: R = (4-OMe)CgH,, X = PdCl,
2

9
1
1
12: R = (2-Me, 6-Me)CgH3, X = PdCl,

3,
4,
5,
B,

Scheme 1. Synthesis of bis(imino)pyridine palladium(ll) complexes 7-12.

Table 1. Effect of 7-12 on Suzuki cross-coupling reactions®

OMe OMe

712
+ PhB(OH); —————————=
base, H;0, 80°C

Br Fh
Entry Complexes Yield (%)°
1 7 70
2 8 76
3 9 90
4 10 93
5 11 90
6 12 95

@ Reaction conditions: 0.50 mmol 4-bromoanisole, 0.75 mmol phenyl-
boronic acid, 1.2 mmol K3POy4 - 3H,0, 7-12 (0.25 mmol %), 2.0 mI H,0,
80 °C, reaction time 3 h.

b Isolated yields.

Table 2. Effectof catalystloading on Suzuki cross-coupling reactions?
12 (mmol %) Yield (%)° TON
0.25 98 98
0.025 96 960
0.0025 920 9000

@ Reaction conditions: 0.50 mmol 4-bromoanisole, 0.75 mmol phenyl-
boronic acid, 1.2 mmol K3POy4 - 3H,0, 2.0 ml H,0, 80 °C, reaction time
4.5 h.

b Isolated yields.

Table 3. Effect of base on Suzuki cross-coupling reactions?

Entry Base Yield (%)®
1 NEts 0

2 KOACc 10

3 NaOAc 26

4 KOH 90

5 K,COs 96

6 K3PO4 - 3H,0 99

@ Reaction conditions: 0.50 mmol 4-bromoanisole, 0.75 mmol phenyl-
boronic acid, 1.2 mmol base, 12 (0.25 mmol%), 2.0 ml H,0, 80°C,
reaction time 5 h.

b Isolated yields.

Effect of Base on Suzuki Cross-coupling Reactions

The base usually plays an important role in Suzuki cross-coupling
reaction. Thus, different kinds of bases were screened and the
results are summarized in Table 3. K3PO,4 - 3H,0, K;CO3 and KOH
were better among these bases in the Suzuki cross-coupling
reaction (Table 3, entries 4-6), and K3PO4 - 3H,0 was the best one
(99%). When KOAc and NaOAc were used as bases (Table 3, entries
2 and 3), the yield of product was reduced to 10-26%. NEt3 as an
organic base was not efficient (Table 3, entry 1).

Appl. Organometal. Chem. 2009, 23, 135-139

Copyright (© 2009 John Wiley & Sons, Ltd.

www.interscience.wiley.com/journal/aoc




Applied
Organometallic
Chemistry

P.Liu, W. Zhang and R. He

Suzuki Cross-coupling Reaction of Arylbromides and Boronic
Acid

The cross-coupling reactions of various aryl bromides and
arylboronic acids were investigated and representative results
are given in Table 4. The electron-poor aryl bromides, such as
4-bromoacetophenone, reacted with different aryl boronic acids
to give excellent yield at 80 °C for 3-10 h (Table 4, entries 2, 7
and 11). The electron-rich aryl bromide, such as 4-bromoanisole,
also gave good yield at the same temperature for 4-10 h (Table 4,
entries 1,6 and 10). The aryl bromides containing ortho substituent
alsoreacted effectively to prepare the desired sterically demanding
biaryl products at the same condition in moderate to good yields
(Table 4, entries 4 and 13). It is noteworthy that the water-soluble
aryl bromides, such as 4-bromophenol and 4-bromobenzoic acid,
gave good yields for only 1-2.5h (Table 4, entries 15-20), and
we found the products were easily separated from the reaction
system by extaction. The products were then obtained easily by
condensation and recrystallization.

In addition, we can use this new protocol to synthesize liquid
crystal compounds, but considering the solubility of arylbromides,
we select ethanol as the solvent. Rhe products 3t-3w can be
synthesized by this reaction to give excellent yields (>90%) for 3 h
(Table 4, entries 21-24). However, 3x is obtained with only a 60%
yield because the arylbromide is not soluble in ethanol at 80 °C.

Table 5. Recycling of 12°

Cycles (n)/time (h) 0/5h 1/5h 2/10h 3/10h

Yield(%)P 98 9 93 94

@ Reaction conditions: 0.50 mmol 4-bromoanisole, 0.75 mmol phenyl-
boronic acid, 1.2 mmol K3PO, - 3H,0, 12 (0.25 mmol %), 2.0 ml H,0,
80°C.

b|solated yields (average of two runs).

Thus, this method provides a highly efficient and mild method to
prepare biphenyl derivatives used as liquid crystal compounds.

Recycling of Catalyst

Because the Pd black was not observed, the feasibility of recycling
12 was examined taking the coupling of phenylboronic acid with
4-bromoanisole as a model (Table 5, cycles 1-3). After the first
cycle, extraction with ether allowed a separation of the coupling
product from the water layer. The resulting aqueous phase was
reused by the addition of the substrate and base. The reaction
was repeated at 80 °C for the correct time, for up to three cycles;
catalyst 12 still exhibited good activity.

Table 4. Suzuki cross-coupling reaction of arylbromides and boronic acid catalyzed by 122

Ry —/ R; Ri= — Rz

1a-1e 2a-2j 3a-3x

Entry Ry Ra Product Time (H) Yield (%)®
1 H(1a) 4-OMe (2a) 3a 5 29
2 1a 4-COMe (2b) 3b 3 929
3 1a 4-Me (2c¢) 3¢ 5 99
4 1a 2-Me (2d) 3d 5 83
5 1a 4-F (2e) 3e 5 95
6 4-F (1b) 2a 3f 10 91
7 1b 2b 39 10 93
8 1b 2c 3h 10 85
9 1b 2e 3i 10 95
10 4-Me (1¢) 2a 3j 4 96
11 1c 2b 3k 4 95
12 1c 2c 3l 4 98
13 1c 2d 3m 5 91
14 1c 2e 3h 4 97
15 1a 4-COOH (2f) 3n 2.5 92
16 1a 4-OH (29g) 30 2 93
17 1b 2f 3p 25 91
18 1b 29 3q 1 92
19 1c 2f 3r 2.5 920
20 1c 29 3s 1 92
21 1b 4,4'-Propyl-cyclohexyl (2h) 3t 3 96
22 1b 4,4'-Pentyl-cyclohexyl (2i) 3u 3 90
23 3,4-Difluoro (1d) 2i 3v 3 91
24 3,4,5-Trifluoro (1e) 2i 3w 3 20
25 1b 4,4'-Pentyl-bicyclohexyl (2j) 3x 3 60
@ Reaction conditions: 0.50 mmol aryl bromide, 0.75 mmol boronic acid, 1.2 mmol K3PO4 - 3H,0, 12 (0.25 mmol%), 2.0 ml H,O or EtOH, 80 °C.
b Isolated yields.
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Conclusion

In summary, complex 12 was found to be an excellent catalyst
for Suzuki cross-coupling reactions of arylboronic acids and aryl
bromides. These 3N ligands chelating Pd(ll) complexes are air-
and moisture-stable, and easy to prepare. A new catalytic system
provides good conditions for the coupling of aryl bromides in
high yields, and provides a practical procedure for the synthesis of
fluorinated liquid crystals in industry applications.
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