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ooogodg
goood
Pd
Entry Precursor Time /h Yield / % TON
/ 104 mol%

1b Pd(NH3)4Cls 0.4 2.0 64 1,700,000

2b Pd(NH3)+(NOs)2 0.4 2.0 64 1,700,000

3¢ Pd(OAc): 0.7 3.0 25 340,000

4e PdCl, 0.7 3.0 0 0
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ooono
Results of Suzuki-Miyaura reactions catalyzed by 0.4wt%-Pd/USY®?
Ar-Br, Ar-Cl + Ph-B(OH), — Ar-Ph.
E o [l ) o Time
ntry Ar-Br, Cl Pd conc. / mol% Yield / % /h Turnover Number
1° CoHsBr 1.7 x 10°° 89 3 5,300,000
2l CoHsBr 6.6 x 10° 67 3 1,000,000
3™ 4-NH,CeH4Br 7.8 x 107 86 8 1,100,000
4 4-CHOC4H4Br 33 x 10°° 99 0.5 3,000,000
5" 4-CH3CoHaBr 25 x 10° 99 1 4,000,000
b
6" 4-CH3OCsH.Br 17 x 10°° 99 4 6,000,000
7" 4-CHsCOCH4Br 0.9 x 107 99 15 11,000,000
8" 4-CHsCOCeH.CI 7.5 x 107 3 3 40
d
o 4-CH3COCsH,CI 7.5 x 1072 92 1 1,300
[a] The scales of all reagents were changed, while the catalyst weight was fixed at 1.0 mg. [b] Reaction
was carried out in o-xylene under 6%-H. bubbling. [c] Reaction was carried out in o-xylene in an
atmosphere of 6% Hy. [d] Reaction condition: ArCl (2.5 mmol), Ph-B(OH)2 (4 mmol), catalyst (50 mg),
Cs2CO3 (5 mmol), DMF (6 mL), H2O (0.1 ml), 383 K, Ar atmosphere. [e] Mol% with respect to the
bromobenzene derivatives.
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c 80CT6%KENTY T
d 100CT6%KFENTY T
e 110CTE%KFENTY T
f ERTT (e) ZERUIZSHLIZHD
g FRTTo—FLLrZRELLE, (e) ZERIZSIHLELD
h B CERTEA A =T V0 LEGERATREEZ 6 %KBIZSHLEHD
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Curve-fitting analysis of Pd K-edge EXAFS data of Pd/USY*?
Treatment Scatter CN™ R/0.1 nm® AEy | eV D'ﬂ%[gj A
Initial N 3.6 2.02 -2 0.067 0.1
6%-H> O(zeolite) 1.3 2.16 2 0.074
bubbling 0.7
at 383 K Al(zeolite) 1.0 2.61 14 0.044
6%-Hz
exposure at Pd 6.1 2.74 0 0.09 0.4
300 K
Pd foil? Pd (12) (2.74)
O (4) (2.02)
PdOM Pd () (3.14)
Pd (8) (3.42)
[a] Fourier transform range: 25-130 nm~", Fourier filtering range: 0.11-0.32 nm. [b] Coordination
number (error is estimated to be 20%). [c] Bond distance (+ 0.001 nm). [d] Difference in the origin of
photoelectron energy between the reference and the sample. [e] Debye-Waller factor. [f] Residual
factor. [g] Data from X-ray crystallography.

O 0Oo0oooo
O 0Ooo0oo0ooo
OO o0gooao
O Ooo0oooo
O O0Oo0oooao
O O0Oo0ooOooao
O Oo0gooo
O 0Oo0oooo
O O0Oo0oo0ooao
O Oo0gooo
O Oo0goooo
O 0Oo0oooo
O 0Oo0ooOooao
O Ooo0gooo
O 0Ooo0oooo
O 0Oo0oo0ooao
O OoQgooo
O 0Oo0oooo
O 0Oo0oo0ooo
O O oO0oooo
O Ooogoooo
O O0Oo0oooo
O 0Oo0oooao
O OoQgooao
O Ooo0oooo
O 0Ooo0oo0ooo
O O o0gooao
O Ooo0oooo
O O0Oo0oooao
O O0Oo0ooOooao
O Oo0gooo
O 0Oo0oooo
O O0Oo0oo0ooao

Oo0ooogoQgooao
O
O
]
O
O
O
O
O
(]

Oooooooogooao
OooooooooQgoooao
OO0 ooooogogoao
oo ooooogooao
oo oooooQgooao
Ooooooooogooao

[
O

?
O
O
O
O
O
O
O
OJ
O
O
O
O
O
O
O
O
O
O

10

20

30

40

50



s e s [ Y Iy

ey ) R [ e Ry Iy

) e e A A A

e s e e e [ e s Y Iy

17 JP 5757058 B2 2015.7.29

0o
0o
o-0
0o

O Oooo
O Oooo
O 0Oooo
O O oo
O Oooo
O Oooo
O Oooo
O 0Oooo
O O oo
O Oooo
O Oooo
O 0ooo
O Oooo
O
O
[
O
O
OJ
O
O
O
]
O
]
O
O
O
O
O
O
O

O O
O O
O O
O O
O O
O O
O O
O O
O O
O O
[ |
O O
O O
O O
O O
O O
O O
O O
O O
O O
O O
O O
O O
O O
O O
O O
O O
O O
O O
O O

O Oooo
O 0Oooo
O 0o oo
O Oooo
O O0ooo
O 0ooo
O Oooo
O Oooo
O 0Oooo
O Oooo
O Oooo
O 0Oooo
O 0O oo
O Oooo
O Oooo
O O0ooo
O Oooo
O Oooo
O
]
O Oooo
O Oooo
O O0ooo
O Oooo
O Oooo
O 0Oooo

Oo0ooooogQgogao
O Oooo

OooooooogQgoo
Oooo0ooooQgoao
OoooogoQgogao

O Ooooo
O Ooooo
O Ooo0ooo

O Oooo
O Oooo
O 0Oooo
O 0Oooo
O Oooo
O Oooo
O 0ooo
O Oooo
O Oooo
O 0Oooo
O Oooo
O Oooo
O Oooo
O 0ooo
O Oooo
O Oooo
O 0Oooo
O Oooo
O
O
OJ
O
O
O
O
O
O

O 0Oooog
O Oooo
O 0Oooo
O 0Ooog
O Oooo
O 0Oooo

O

O

O

O

O

O

O

O

O

O

O

O

O

O

OJ

O

O

O

O

O

O

OJ

O

O

O

O

O

O

O Oooooodg
DO Oooogoao
O d
[ |
[ |
O d
[ |
[ |
[ |
O O
[ |
[ |
O d
[ |
[ |
O d
O O
[ |
[ |
O d
[ |
[ |
O d
O O
[ |
[ |
O d
[ |
[ |

OooooooogogQgoao
OoOoooooogoQgoao
OO0 oooooggogao
OoooooogQgoao
OooooooogoQgoao
OoOooooooOooOoao
OOo0ooooogQgogoao
OooooooogQgoo
Ooooooooogooao
OOo0oooooggogao
Ooo0ooooogoQgoao
Oooo0oooogoQgoo
OO0 ooooogQgogao
OoooooogQgoao
OooooooogQgoao
OoOooooooogooo
OOo0ooooogoQgogao
Ooo0ooooogQgoao
OooooooogoQgoao
OO0 oooooggogo
Oo0ooooogQgogoao
OooooooogoQgoao
OoOooooooOgooao
OOo0oooooggogao
OooooooogogQgoo

OoDoooo4ogooooogogogooao
OoOoooooogoQgoao

Ooooooo0ooooogogooao
OoooocoooooooQgooao
Oo0DoDooo4gogooooogogogog
Ooooocooooooogogoao

OooooodQgoooao

Oooo0ooood

Oooooocoo0 oo oooo0 oo ooo o0 oo oD o oo o0 oo oDooo0o oo o oo o0ooooogooao
OoOoo0ooood

ooooocooooboooooooboboooobooooboboboooobooo
oooobOooooboooobooooooooooonn

Turnover Number0 O OO O0OO0ODOODOO0OOOOOOOOODDODOOOOOOO
oooobooooooobooooooboooobooooooboooooooooaon
ooooboooooooboooobooooobooboooooboooooooooaon

e s e s e A o B

10

20

30

40

50



(18)

JP 5757058 B2 2015.7.29

oooooooooboooooooooooboobooooboboooobboooobooboo
ooooooooobooooooooooobooooobooooobooooobooo
goooooogd

gbooood
gooo

Results of Suzuki-Miyaura r
catalyzed by 0.4wt%-Pd/USY

Fa]actions between bromobenzene and phenylboronic acid

Pd conc, / Temp. Yield Turnover
Entry Solvent mol %! /K / % Number
1 H.O 75 x 107 373 8 12,000
2 DMAC 75 x 107 383 11 17,000
3 DMF 75 x 107 383 22 36,000
4 1,3,5-trimethylbenze g
7.5 x 107 383 32 49,000
ne
5 ethylbenzene 75 x 107 383 12 19,000
6 o-xylene 1.7 x 107° 383 89 5,300,000
7 toluene 75 x 107 383 59 89,000
8 tridecane 75 x 107 383 5 8,000

[a] The scales of all reagents were changed, while the catalyst weight was fixed at 1.0
mg. Reaction time, 3 h. [b] Mol% with respect to bromobenzene.
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oooo
Curve-fitting ?nalysis of Pd K-edge EXAFS data for Pd loaded on USY calcined at different
temperatures ®
Qrelelfr']gét/'?(n Scatter CN™ R/0.4nm  AE,/ eV D'Q/ni[g -1 R 1%
As-received N 3.6 2.02 -2 0.067 0.1
423 K N 2.6 2.02 7 0.051 0.7
O(zeolite) 1.1 2.21 7 0.090
498 K 0.7
Pd 3.0 2.66 -4 0.092
O(zeolite) 1.3 2.16 2 0.074
573 K 0.7
Al 1.0 2.61 14 0.044
O(zeolite) 2.1 2.25 9 0.073
773 K 2.7
Pd 1.0 2.57 2 0.055

[a] Fourier transform range: 25-130 nm™', Fourier filtering range: 0.17-0.32 nm. [b] Coordination
number (error is estimated to be 20%). [c] Bond distance (+ 0.001 nm). [d] Difference in the origin of
the photoelectron energy between the reference and sample. [e] Debye-Waller factor. [f] Residual

factor.
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Ooooao
Ar-Br + Ar’-B(OH), — Ar-Ar’
Pd Time Yield
Entry Ar-Br Ar’-B(OH), TON
/ mol%"® /h /%
1 [ e ()80 7.7%10° 15 99 13,000,000
2 mgoc{ Hoer (" )-som, 9.2x10° 1.5 99 11,000,000
3 Hel ) ()-8, 9.5x10° 3 9% 11,000,000
4 Hoo{ )er (" )-slom, 1.3x10° 6 89 8,900,000
5w )e {)-Biom, 5.0x10° 18 83 2,400,000
Br
6 NN { )-BOH) 1.3x10™ 1 99 760,000
S P ?
B(OH),
7 { )o S 2.2x10° 1 75 60,000
= e
B(OH),
8 HacocOBr /‘ ~ 4.3x10™ 1 99 230,000
= =
Br B(OH),
9 @ {, 9.2x10™ 1 84 130,000
.
Br B(OH),
10 Ay O - 6.4x107 1 78 20,000
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