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Catalysis. Pincer palladium complexes have been successfully employed in various C-C
bond forming reactions including the Heck reaction, ! Suzuki coupling, 2 Sonogashira
coupling * and a-arylation of ketones.* In connection with our own experience in the
Suzuki coupling, > the obtained PCN and PCP pincer complexes were tested as precatalysts
for this reaction. Coupling reactions of aryl chlorides with phenylboronic acid were first
investigated since aryl chlorides are the most challenging and useful partners based on their
lower reactivity, lower cost and wider availability. Thus, the catalytic properties of PCN
complex 2a with a loading of 1 mol% were first evaluated in the coupling of
4-chlorotoluene with phenylboronic acid under different conditions by varying bases (e.g.
K>CO3, Cs,CO3, KF-2H,0, K3P0O4, KOAc) and solvents (toluene and dioxane) at 60-110
°C. It was disappointing to find that the reactions proceeded very slowly affording the
coupled products in <40% isolated yields after 24 h and palladium black formation was
observed during the reaction (data not shown). Interestingly, complexes 2a-b exhibited
considerable activities in the coupling of an activated aryl chloride such as
4-chloronitrobenzene at temperature as low as 40 °C and no palladium black was generated.
The coupled products could be obtained in 73% or 75% isolated yields in toluene with
K,COs; as the base after 24 h (Table S1, entries 1-2). A non-activated aryl bromide such as

4-bromotoluene also gave a moderate yield under similar reaction conditions (73%, entry
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3). To our knowledge, palladacycles including pincer palladacycles usually show high
activities at 100 °C or higher temperatures for Pd-catalyzed C-C coupling reactions since
high temperature helps the cleavage of stable palladacycles [Pd(II)] to form the
catalytically active Pd(0) species. For example, Dupont’s PCN pincer complex was quite
efficient for the Suzuki coupling of both deactivated and activated aryl chlorides with a
catalyst loading of 1 mol% at 130 °C.*** Additionally, we found that the PCP complex 4b
exhibited very low activity at 40 °C giving the product only in a 9% yield in the case of
4-chloronitrobenzene and the yield could not be improved by prolonging the reaction time
from 24 h to 48 h (entries 4-5). The above results indicated that the newly developed PCN
pincer complexes could be activated at much lower temperatures due to the hemilable
coordination of PCN ligands. Nonetheless, a 100% conversion of 4-chloronitrobenzene
could not be achieved at 40 °C (entry 6). Further studies showed that no palladium black
was formed when the coupling was carried out in DMF even at 140 °C. Reaction of
4-chloronitrobenzene could afford the product in a 98% yield in the presence of 1 mol of
complex 2a with K3PO, as the base in DMF at 100 °C for 24 h (entry 7). Complex 2b also
gave excellent result in the coupling of 4-chloronitrobenzene (entry 8). For 4-chlorotoluene,
the best yield obtained was 70% (48 h) and improving the reaction temperature to 140 °C

could not effectively accelerate the coupling (entries 9-12).

Table S1. Suzuki Reactions of Aryl Halides with Phenylboronic Acid Catalyzed by
PCN Complexes 2a-d, 3 and PCP Complexes 4 “

entry Catalyst aryl halide solvent base t[h] Temp Yield
(mol%) [°’Cl (%)

1 2a (1) 4-chloronitrobenzene toluene K,CO; 24 40 73

2 2b (1) 4-chloronitrobenzene toluene K,COs; 24 40 75

3 2a (1) 4- bromotoluene toluene K,COs; 24 40 73

4 4b (1) 4-chloronitrobenzene  toluene K,CO; 24 40 9

5 4b (1) 4-chloronitrobenzene toluene K,CO; 48 40 12

6 2b (1) 4-chloronitrobenzene toluene K,COs; 48 40 78

7 2a (1) 4-chloronitrobenzene DMF K;PO, 24 100 98

8 2b (1) 4-chloronitrobenzene ~~ DMF K;POs 24 100 >99

9 2a (1) 4-chlorotoluene DMF K;PO, 24 100 56

10 2a (1) 4-chlorotoluene DMF Ks;PO, 24 140 61

11 2b (1) 4-chlorotoluene DMF K;PO, 48 100 70
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12 3(1) 4-chlorotoluene DMF K;POs 24 100 25

13 2a (0.1) 4-bromotoluene DMF K;PO, 24 100 70
14 2b (0.1) 4-bromotoluene DMF K;PO, 24 100 95
15 2¢ (0.1) 4-bromotoluene DMF K;PO, 24 100 45
16 2d (0.1) 4-bromotoluene DMF K;PO, 24 100 94
17 3(0.1) 4-bromotoluene DMF K;PO, 24 100 68
18 4a (0.1) 4-bromotoluene DMF K;PO, 24 100 87
19 4b (0.1) 4-bromotoluene DMF K;PO, 24 100 89
20 2b (0.05)  4-bromotoluene DMF K;PO, 24 140 69
21 2b (0.1) 4-bromoanisole DMF K;POs 24 100 82
22 2b (0.1) 2-bromotoluene DMF K;PO, 24 100 35
23 2b (0.1) 2-bromo-m-xylene DMF K;PO, 24 100 32
24 2b (0.1) 2-bromothiophene DMF K;POs 24 100 98
25 2b (0.1) 3-bromothiophene DMF K;PO, 24 100 18
26 2b (0.1) 2-bromonitrobenzene DMF K;PO, 24 100 98
27 2b (0.1) 4-bromonitrobenzene DMF K;PO, 24 100 99
28 2b (0.05)  4-bromonitrobenzene DMF K;PO, 24 100 70
29 2b (0.05)  2-bromonitrobenzene DMF K;PO, 24 100 64

“ Reaction conditions: aryl halide (0.5 mmol), PhB(OH); (0.6 mmol), catalyst, base (1.0

mmol), solvent (2 mL). b isolated yields.

We have also tested and compared the catalytic activities of our complexes in the
coupling of aryl bromides with K3POy, as the base in DMF at 100 °C for 24 h. Among them,
the PCN complexes 2b and 2d having dicylcohexylphosphinoxy group exhibited much
higher activities than 2a, 2¢ and 3 containing diphenylphosphinoxy group (95, 94, 70, 45
and 68% yields, respectively) in the reaction of 4-bromotoluene with a catalyst loading of
0.1 mol% (entries 13-17). The PCP complexes 4a and 4b displayed lower activity than 2b
and 2d producing the product in 87 and 89% yields, respectively (entries 18-19). As in the
case of 4-chloronitrobenzene, the coupling of 4-bromotoluene could not be effectively
promoted by improving the reaction temperature to 140 °C, either (entry 20). The catalytic
efficiency of the most active complex 2b was then examined for the reactions of various
aryl bromides with phenylboronic acid under the stated conditions. A good yield was
obtained with deactivated 4-bromoanisole (82%, entry 21). The yields decreased markedly
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to around 32% when 2-bromotoluene or 2-bromo-m-xylene was used, indicating that the
present catalytic system was sensitive to the steric hindrance when the reaction was slow
(entries 22-23). 2-bromothiophene could be coupled very efficiently with phenylboronic
acid to afford the desired product in 98% isolated yield (entry 24). However,
3-bromothiophene was found to be a poor coupling partner only giving a 18% yield (entry
25). The activated bromides such as 2- and 4-bromonitrobenzenes gave excellent yields (98
and 99%, entries 26-27) and moderate yields could be obtained with a catalyst loading of

0.05 mol% (65 and 70%, entries 28-29).

General Procedure for the Suzuki Coupling Reaction. Solvents were analytical grade
and used without further purification. In a Schlenk tube a solution of prescribed amount of
catalyst (added in DMF solution when catalyst loadings were 0.05-0.1 mol%), aryl halide
(0.5 mmol), phenylboronic acid (0.6 mmol), base (1.0 mmol) in certain solvent (2.0 mL)
was evacuated and charged with nitrogen. The operation was repeated three times. Then the
reaction mixture was stirred in an oil bath at 40-140 °C for 24-48 h. After cooling, the
reaction mixture was extracted three times with dichloromethane. The combined organic
layers were washed with water, dried (MgSQ,), and evaporated. The products were isolated
by preparative TLC on silica gel plates which were identified by comparison of melting
points with the literature values or by 'H NMR spectra.
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