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Angew. Chem. Int, Ed. 2010, 49, 8082 - 8091 IR 10ppm (Mg/g)
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PDE 100 pg/day
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/0 I 7% Pd/WA30
>_< —1 B 200
(HO)2 0.05 mLimin f (200 mg)
0 .
(0.25 M) (1.5 eq.) AN () . >_._. Yield: Quant.
+ KOH (2.0 eq.) </ i O O TOF: 5.4 h' (14 h)

+

\_ 1,4-dioxane/H-0 (3:1) J Reacted at 25 °C

T. Yamada, H. Sajiki et al., Catalyst, 2020, 10, 1209.

N o b-Ph

mixed with Celite

M — <)<

Reacted at 80 °C Yield: Quant.
TOF: 25 h' (48 h)

T. Ichitsuka, S. Kobayashi et al., ChemCatChem, 2019, 11, 2427.

(0.5 M) (1.5 eq.) _® f
* THF )
NV Residence time: 2 h Yield: 93% —>46%
Reacted at 40 °C TOF: 47 h' (58 h)

RIK=N H. Matsumoto, M. Sawamura, Y. Miura et al., Ind. Eng. Chem. Res, 2020, 59, 15179.

(0.2 M) (1.2eq.)

+

1,4-dioxane/EtOH (2:1) Y,

N\

b3
9

[ KsPO, T T+ HL0

0.1 mL/min

T PdCly(PhCN)2

Bu
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\ P4VP-Pd

-PrOH/H,0
_ + Napgcl, 2 S—Q Pld_
| 25 °C, 20 h

N
Pd catalyst (U.UU4 [110170)
e P I o i I Qe
R’ KyCO, ' R2
95 °C, 20 h

Reacted in H,O

INZF: 81%~99%  (19441)
TOF (1BFREI=TZ D OFEOERER)  &=K1162 ht

tj‘ m -_ﬁ,l-f\ < ﬁ 3 F‘*" Igltl\» bl‘ Fﬁﬂ%i

A. Ohno, Y. M. A. Yamada et al., Adv. Synth. Catal., 2020, 362, 4687 .
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PdL, PdL, PdLn

BEAZBEREUT

Aggregated

| * PdLn — PdLn

dLn dL

INSSOLD
Shagile

~RIDFRFE

[ R: H, Me, Bu, O-Bu, "Oct, Ph... ]

2. AREREEDTZSHDYTR—

(in situ activation) Kg) %ﬁ‘ PdO particles

A. Ohno, Y. M. A. Yamada et al., Adv. Synth. Catal., 2020, 362, 4687.

S S N
- ® &
U U AU U OV

R FEE

Suzuki-Miyaura coupling

(in situ activation)

XSS g AMEE D ([CHH— NRIEEA
- " | ” , gg\%
SNT SN )
B0 TR

NSO LT JRF
0 NS0 LBE
Sea sand Packing 5.5
B TR () yr—ba
Mixing all the ' O
components
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Column reactor
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/ \ Column size
O—Br + (HQ)ZBQ 10mmID; 10cmL

(18 mmol, 0.3 M) (1.2 mol eq., 0.36 M) Reacted

@ 0.2 mL/min at 70 °C

Polymeric Pd catalyst
(Pd: 2.5 mg)

. @ + Sea Sand

N + THF/EtOH (5:1) )

N
K;PO, (2.0 mol eq., 1.2 M)
+ H,O (30 mL)

J

Screening of catalyst m n
“ “
d Pld
I . e (M0 =1:1)
100 1 Cat. 1 Cat. 2
% 82 83 82
£ cat4 8 » i " Yield: 76%
o 60 69 68 g2 TOF: 116 h"
> 1 41 %6
] 35
40 Cat. 3 32 29 27
. 25 24 25 24 Yield: 30%
20 { Cat. 1 —- ‘ —* TOF: 46 h*
{ Cat. 2
0 @ @ oO—
0 1 2 3 4 5
. .
RIKZN Time (h)
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Column size
10 mmID; 10 cm L

(O e

BR—

o8:1

(18 mmol, 0.3 M) (1.2 mol eq., 0.36 M) ~ 0.2 mL/min Rte7a(c):t%:l i
\«7 a y Polymeric Pd catalyst
\ + THF/EtOH (5:1) / : (Pd: 2.5 mg)
N . @ + Support material
K;PO, (2. leq., 1.2 M 5 equiv. to catalyst
P04 (2.0 moleq., 1.2M) < 0.1 mL/min | Pre-heated at 70 °C (5 equiv yst)
+ H,O (30 mL) ) 7 + Sea Sand
Yen ° P ° P
S A Q O A
SN + SoAL O N
|Jd u - Bu
ks (M = 1:4) Celite 545 Polystyrene Poly(4tBS)
Optimized catalyst SiO, (89~90.5%) (25% cross-linked with DVB) (25% cross-linked with DVB)
100 + Screening of support material
Using poly(4tBS)
85 85
82 83 < S
T T,
=t using PS :
()
2 V\ Optimized Conditions
60 - Poly(4VP-co-4tBS)-Pd
using celite (4VP4tBS = 14) (Pd 25 mg)
\ + Poly(4tBS)
40 . (5 equiv. to catalyst)
0 1 2 3 4 5 + Sea Sand

Time (h)
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{ )-8 + (HOLB ) *7(‘ 23 examples
R’ TN e (* %% TOF: up to 238 h-"

82% 81% 83% 78% Quant. 90%
TOF:132h'  TOF:130h"'  TOF: 133 h-! TOF: 125 h* TOF: 161 h* TOF: 72 h"
O 0 O
s ) AN VAW, s
92% Quant. 89% 95% 77%
TOF: 148 h" TOF: 161 h" TOF: 143 h" TOF: 153 h" TOF: 124 b
-
94% 94% Quant. 91% 95%
\___ TOF: 151 h" TOF: 151 h* TOF: 161 h" TOF: 146 h" TOF: 153 h"
4 o il T
Saas ‘i‘ l ‘Q‘Nl
O O b { Bi% EL
Quant. 90% 59% 51%
\_  TOF:80h- TOF: 72 h" TOF: 47 h-! TOF: 41 h"
O - ._-
HOOC O O Nonsteroidal ant_| mflan‘jmzi_tir‘y ggugs
HOO (NSAIDs) FEXRZ 0O NEFURAES
HOO
97% 87%2 97%2 - __ ST a6 [—
p TOF: 78 h" TOF: 214 h'! TOF: 238 h"! KBTI O—RITHPIAE(C
o

RINEN



L IdIT>7 1T >DKBPER

Column size HO,C

10 mmID; 10cm L
fFosc O )4
O

Br + B
-o>’ C (HO):2 @ reacted Fenbufen
at 70 °C
(43.2 mmol, 0.3 M) (1.2 mol eq., 0.36 M)
Poly(4VP-co-4tBS)-Pd
0.3 mL/min (4VP:4tBS = 1:1) (Pd: 2.5 mg)
K,PO, + H,O S—T
(2.0 mol eq., 0.6 M) (144 mL) N + Poly(4tBS)
heated at 70 °C (284 mg)
K X for one-day usej pre-heated PSasSand
100 1 1 1
100 - W 97 97T 19T 96 g g4 i 95 95 95 g4 | 9 95 95 96
80 A | | |
Day 1 ! Day 2 ! Day 3 ! Day 4
. 60 -
€ | 3% Column reactor was B ‘:g&;r P
E 40 - washed by H,O at 70 °C ——— ~ J 5
> |  after one-day use. I e e | S N
20 | A | 1 2 A ' E
HEfL7-7zv77z>
0

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32

p Reaction time (h)
@
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Kulkarni et al, Ind. Eng. Chem. Res. 2007, 46, 5271-5277

Amberlyst-15
SO,H AcOH * HO-C,H, » AcO-C,H,
80 °C -
20 min up to ~70%

Amberlyst-15 microflow

Fukuyama et al, Bull. Chem. Soc. Jpn. 2017, 90, 607-612

silica gel
o) HO-SAS
+ ' :
C
H (10 mmol) (10 mL) 3 min up to ~99%
HO-SAS
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1. m-JxJ—I)VRIViR > EEARIRDEREFE (PAFR II)

OH OH

N aq. 2 M HxSO,4 lon exchange
(HCHO) —T20°C, 24 1™ >
_ 1) ag. 2.2 M HCI n
SO;Na 2 mol equiv. 2) H20 SO;H
PAFR 11
2. KDFREZITHRWNY FTDOIRFTINE
PAFR I

0.5 mol% O

R'COOH * HOR? ©-5 moP) > Rz T HO

90 °C, 15 h R1)k0’

3. 70—COIARFTIE

R1COOH )
R20H

2

Org. Lett. 22, 160-163 (2020)
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SO;Na
H
(87.0 g)
+

o 120 °C, 42 h‘

HJ\H

(2 mol equiv, 30.0 g)

+
2 M H,S0,
(ag. 220 mL)

2

RINEN

PAFR I1(DS X

PAFR 11

S=8E

11+ 0.8 wt%
Ow F&X: 5
(SUVLVEIRM)
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TG-DTA/MS >tk

~
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9E-11

8E-11
7E-11
— 6E-11

Intens.(A

2E-11

1E-11

0E+00

SE-11
4E-11

3E-11

So,

0 100 200 3(;0 4(I]0 5(I10
‘ \ Better Thermal Stability
[ OH OH |
Nirevewe s
L SO;H i OH OH OH
| p-PAFR m-PAFR

TG-DTA/MS:
Thermogravimetry-
Differential Thermal
Analysis/Mass
Spectrometry
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catalyst
OH O
/T +  MeOH (0.5 mol%) o /T “Me
90 °C, 15 h
neat
3 mmol 2 mol equiv
e
15t use: 86% 10t yse: 84%
80

15t use: 839
5t yse: 61%

IO\EIEU
B [ OH OH | 7
) THEL
20 | | SOzH Jn BFIHEE
p-PAFR
fms Fl A [l 2%

2
o
z®
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~ PAFR Il R 4 OH A
R? OH * Riop (0.5 mol%) . R __ O\R3
90 °C, 45 h :
SO;H
3 mmol 2 mol equiv S PAFR II D

Product (Yield)

/\g/o‘Me /\go\ Et /L\g/o‘Me /\g/o‘Bu

84% 71% 57% 68%
(3 mol equiv of BUOH)

Me
|v|e\/\go\wIe |v|e\/\g/o\Me /\go

74% 61% 35%

(3 mol equiv of the
alcohol)

~
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/ AR Cw 27 BER \
HSA O
N R
R _ OH 2 \Ré,
R3—OH H,O
o / \_ )
] e
\9 USRS /

/ OH ¥ Conditions
- JO—XKE: 25 mL/min
lol- il : 327 mg (1.1 mmol)

- BB 13.5 min
. PAFRIL J _58R: 90 °oC
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catalyst

OH O,
/\g/ + EroH (1.1 mmol) . /\g/ Et
flow reaction

90 °C, 25 KL/min
2 mol equiv

100%
o 76% 76%  74% o0,
O\Q 57%
o, 60%
©
_?, 40%
=
20% |
7 oH ) o
&
f\g\%{ o s"bﬂ
SOsH é“‘}
¢
PAFR II ¥
_ [PAFRII| | a

2
o
z®
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R3-OH >

RQ\KOH * RS
(2 mol equiv)

S

98% 95%
(batch: 89%, 15 h)

/\govi/\/

76%
(batch: 75%)
catalyst: 2.2 mmol
o (3 mol equiv of the alcohol)

RIK=N

(batch: 71%)

PAFR I R
(1.1 mmol)

flow reaction
90 °C, 25 HML/min

Ay

95%
(batch: 77%)

86%
(batch: 68%)

flow rate: 10 uL/min
(3 mol equiv of BuOH)

Me
Me_ _— O.
Me\/TO\Me \/T Me
91% 83%

(batch: 61%)
catalyst: 2.2 mmol
flow rate: 20 uL/min

(batch: 84%)
catalyst: 2.2 mmol
flow rate: 50 uL/min

Batch: catalyst(0.5 mol%) 15h
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PAFR Il
O (2.2 mmol) O
1. +
R'-OH |-|())L R2 flow reaction g R1\Q)L R2
: 90 °C, 20 UL/min
(2 mol equiv)
O O O O
92% 90% 88% 78%
(batch: 82%) (batch: 82%) (batch: 84%) (batch: 81%)
O O
WOJ\CH3 ©/\/\OJ\CH3
88% 77%
(batch: 92%) (batch: 77%)

@

Batch: catalyst (0.5 mol%) 15h
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