o 55[EISPring-85Eim AT (C K BILFEA I NR—>3 >
S RI |'|= N w HRE ./ #62EISPring-8&imFIBXIO—or>3vy
SRS

=ialEEIE{CAMEDRIF &
AHEREARERRICNADIGA

BT AF BT S AT
BIEEERNSR TS5 — « F—AU—8—

(GR) BEXRFAFFRIBTFHAFRFLESEIR - @BEZPHXFIEAEIEFRIZEHIR

L} f%— Yoichi M. A. YAMADA




PBAR-EHHYIULIODOFER (1979 f5K, =il)
JFEBICERAMOEWVWIZOR DY TY L IORIGORFEICHKINUTE.

H\ IH H\ IH ) ta 9 'j Amm H\ /H H\ IH
C-C X C=C (1-5 mol O/O)J C-C C=C
// W\ . / \ /7 \\ / \
H-c. Cc-Br + B-C, ,C-H - H-C. C=—C, ,C-H
/CZC\ X /C_C\ EE /C:C\ /C_C\
H H H H (ZIAHY) H H H H

- EEmaR, IXRNFRBICEERICERTEIRIEZRA

LH\L. Bil/\5>0 LAEXREICER
(A1 DS ERMN20~100ELHTER)

AIREBERICETTVS (=5—2MF) 0T, B - BRIALEH#HE U< (IREHEE
= SDGSICYZHIUEEHAIEDMRNEE PETT

2hHIEE

sevecornent OLALS @@,

HWRAEZ2EADLHDITOER




ThEDBFEUIC
h AR CARIE

BRI I - EET s

ARRDENE (AMIRDORIGE - IND—) DHELY.
ARDBFIANTES
(KICHEREARICEAITERWN) .



@
CQ Polymeric Imidazole Pd Catalyst

0 J\
E?LN
H + (NH4),PdCl,

n

(2 mol equiv imidazole)

Angew. Chem. Int. Ed. 2011; J. Am. Chem. Soc. 2012; ChemCatChem 2015; Chem Commun. 2018
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MeOH-H,0
80 °C, 30 min

MPPI-Pd
M = Pd(ICl,
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G0 MPPI-Pd

—_ - . - — -
\: N NH),PdCl G~ j:
;\l( =~ \Q/N (W) Pt > < Y = N/\\N--Pd—-N/\I\| — ¢ \|/ >
\n/ MeOH-H,0 HN 1T \Q/ ' — N NH
5~ 80 °C, 30 min :| Cl p
_ Jn L O 5 i | 5 0 dJn
(2 mol equiv imidazole) MPPI-Pd
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o0 Preparation of PVPy-P
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" Na,PdCl 3
+ >
= 2 4 .
] /-PrC2)H /CHZO = | PdCl
° ~
N ° | N i

3 mol equiv 1 mol equiv
molequ) (1 molequl) PVPy-Pd B

Py:Pd=3:18"
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PVPy-Pd
(Py:Pd=3:1)

N\ 5
/ N-Pd-N \
—/ 5 \=

trans-(Py),PdCl,

Structural Elucidat
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XANES spectra

1st derivative of absorption (a.u.)
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energy (eV)
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trans-(4-Mepy),PdCl,

0

distance (A)

FT-EXAFS

Pd foil
Pd black >

8
Pd(PPh,), g

2
PdCI,(PPhy), %

w
PdCl, E

L
(NH,),PdCl,
PdO

fitting parameters;
PVPy-Pd R-factor = 1.6%, R-range = 1.2-2.8 A,

AE = 3.1 eV, AR(N) =-0.02 A, AR(CI) = -0.03 A, AR(C) = -0.01 A,
02(N) = 0.003 A2, g2(Cl) = 0.004 A2, g%(C) = 0.006 A2



0’0 Suzuki-Miyaura Reaction L

PVPy-Pd B

(836 mol ppm Pd)
K5PO,4 (3 mol equiv)
TBAB (1 mol equiv)

(1 mol equiv) (1.2 mol equiv) H,0, 100 °C, 20 h 94% yield
36 mol ppm = 0.0036 mol%

Vie PVPy-Pd B

(78 mol ppm Pd) Me
+ (HO)2B© >
GC' KsPO, (3 mol equiv)
TBAB (1 mol equiv)
(1 mol equiv) (1 mol equiv) H,0, 95 °C, 20 h 820% yield

PVPy-Pd B

_ 10 (78 mol ppm Pd) /©/\
Me—<: :>—Br + B >
|70 _\\ K5PO, (8 mol equiv) Me
TBAB (1 mol equiv)
(1 mol equiv) (1.2 mol equiv) H,0, 95 °C, 20 h 82% vyield
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CODirect Arylation of a Thioph

NC
/ \
MG/Q\H " oa
1 mol equiv 2 mol equiv
NC
/ A\
MG/Q\H T oa
1 mol equiv 2 mol equiv

Me/@\H *

S

()

1 mol equiv 5 mol equiv

Adv. Synth. Catal. 2020

PVPy-Pd (0.1 mol% Pd)

KOACc (2 mol equiv)
TBAB (1 mol equiv)
DMAc, Ar, 140 °C, 20 h

PVPy-Pd (1 mol% Pd)

KOAc (2 mol equiv)
TBAB (1 mol equiv)
DMAc, Ar, 120 °C, 20 h

PVPy-Pd (0.1-1 mol% Pd)

KOACc (2 mol equiv)
TBAB (1 mol equiv)
Ar, 130 °C, 20-65 h

>

NC
/ \
Me S
87% l
NC
[\
Me S
1st run: 82% uv

2" run: 81% (365 nm)

/ A\
Me S

1 mol% Pd: 75%
0.1 mol% Pd: 67%
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(700M/ 1 kg)

BEFRIE 7 TFL 2 HADZEHH

MPPI-Cu Ph MPPI-Cu (0.25 mol %)
(4.5 mol ppm Cu) -

sodium ascorbate —/
N— (1 atm) (10 mol %)

t-BuOH/H,0 (1:3)
7TFL > so°c as5h

Sodium Asc N_
MPPI-Cu N
(45 mol ppm Cu)

=

Sodium Asc P up to 96% vyield
NaN; (1 mol equiv) N N N~/ (10 examples)

~, . I 1l = e
aRtE EIY - BFIFEEE eFL> o BEEE SREE

tH7tFU R SUVERME
J. Am. Chem. Soc. 2012, Heterocycles 2017, OPR&D 2019
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2.50 Structure of MPPI-Cu’

3 s ¥
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Cu(l) species

5
O sodium ascorbate
N—, HN + CuSO,
4\3 )7 70° C,Ar
N ¢
L dn g
DFT-optimized structure of (B97D/def2-svP)
[Cu'(1-methylimidazole),]*
XANES of MPPI-Cu and
V 4
MPPI-Cu FT-EXAFS of MPPI-Cu’
1.6 5
" — MPPI-CU, 1s4p | OSSR S s kg e = e fei':<perimental
_ —— MPPI-Cu’ transit 4
5 1.2 7 ion
o B k3-weighted C%u K-edge EXAFS
g 11 1A Il 3 | fitting k-rangel: 4-11A1
s fitting R-range: 1.2-2.9 A
5 087 fitting parame:ters;
2 2 R-factor: 3.4 %
@ 0.6 1 Ey: 8995.6 eV
s o AR (N): 0.07 A, AR (C): 0.06 A
‘@ |e9r0 swrs ses0 soss 1 1 02 (N): 0.003 lAZ, 02 (C): 0.012 Az
€ 02 A
2 ¥ .
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RIMEN
Preparation of Convoluted P4VP-NIiCl p
i 2 200
3 J‘P RIKEN CSRS
N molecular % Ty H |
convolution =N Cl) N wWn
N + NiCl,.6H,0 > SNiZt ]
| - aqueous MeOH W | SN 1 SN= 2ClI
N 6 h _ H'O’H N
(methanol) (water)

(2 mol equiv N)
poly(4-vinylpyridine) (P4VP) P4VP-NiCl,

53 wt% vyield
(insoluble)

local structure near Ni of P4VP-NiCl,

The catalyst is insoluble in water, methanol, ethanol, toluene, chloroform, and dioxane. -

ACS Catal. 2020, 10, 14410
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RIKEN
Scope of Aryl lodide in Amidation pgyp-Nicl, (0.1 mol % Ni) poo
RIKEN CSRS
o @— :>(1 5 mol equiv) >_<3
@D = ()
H,N K3POy4 (3 mol equiv)
. 1,4-dioxane
(3 mol equiv)
115 °C, 30 h
I I
: OMe Br Cl
(99%) (89%) (93%) 71% (92%) 4% (84%) (72% (66%)

Fep el @ O & & ﬁ% o

COCH; CO,Et
(81%) (82%) (86%)  (62%) (61%)  (69%)  (88%) 89% (77%)
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Substrate Scope of Amides

Ao

P4VP-NiCl, (0.1 mol % Ni) RIKZN CSRS

O
@—B\ :>(1 .5 mol equiv)

~ L)

(3 mol equiv)

O
0 Y—ArR
— O
K3PO,4 (3 mol equiv)

1,4-dioxane
115 °C, 30 h

30 30 3O 3 o

/,
>‘Q

HZNJ\

(94%) (94% (99%)

O O @)
HZNJJ\/\ HZNJJ\/\/\ HzNJJ\M

(98%) (84%) (87%)

14
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Convoluted Polymeric Nickel-Catalyzed Suzuki-Miyaura Type Coupling po.o
P4VP-NiCl, KN CoR

@ (O i @0

(5 mol equiv) 1,4-dioxane

115 °C, 30 h
00 OO0 O H<H>
(91%) (87%) (84%) (74%) (92%)
(94%) (90%) (68%) (77/)

(72 / ) (63 / ) (trace (89%) (55%)

15
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Synthesis of Phenanthridinone via Lactamization ﬁo‘o
RIKEN CSRS

P4VP-NiCl,

O (0.1 mol % Ni) O
| NH, PhB(OH), (1.5 mol equiv) NH  poly(ADP-ribose)

115 °C, 30 h 97%

Gram Scale Reaction and Synthesis of Biologically Active Molecules

P4VP-NiCl, (0.1 mol % Ni)

O
<: :)—B" }(1.5 mol equiv) O
@) S BBr3
q

0
MeO—@—I + > MeO—@—NH
H2N K4PO,4 (3 mol equiv)

(2.0 g) (3 mol equiv) 1,4-dioxane methacetin
115 °C, 30 h (1.3 g; 89%)
Methacetin Breath Test (MBT)
for liver function

polymerase (PARP)

: >
1,4-dioxane

O

paracetamol
(96%)
pain reliever
fever reducer

16
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674 APPENDIX (CO,Z#RNG)

CSRS
Aalkaline vent@@@p L cidic ocean _
SHOH ®aec - 0o a8 Ni(OH),-Graphene sheet
.@Fn R PITTR -
et o 2e_ ' ~ TEOA‘;LI.:':LL X & . l;-(
Ealtss &0 (2 e ver o (3 (PRESH / . l
TEOA o

' >— > <> >
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| o
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[} » - 4
- gE Y2
|- o 3 g
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Recycle
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