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Development of core-corona polymer microsphere-supported chiral organocatalyst
for continuous flow system

Haraguchi, Naoki

3,300,000

lonically core-corona polymer microsphere-immobilized chiral organocatalysts

were successfully synthesized by an ion-exchange reaction or a neutralization reaction between
core-corona polymer microspheres having sulfonic acids in the corona moieties and chiral
organocatalysts.
We applied the core-corona polymer microsphere-immobilized chiral organocatalysts for batch-type
asymmetric reactions such as the Michael addition and Diels-Alder reactions. We found that the core
microsphere™s particle size and the corona moiety"s molecular weight greatly affected the reactivity
and stereoselectivity in the reaction. In addition, the polymeric chiral organocatalysts showed
excellent durability in a continuous flow system.

MacMillan Diels-Alder



B X C—19, F—19—1, Z2—19 (Jt@m)

1. WML HDOE R
BRITHR W2 WA TS X o MEARITA AR EEEL ARG T N TRETH LT

W, AREGRIZBIT 270 2{EFICB W THEREZE L TV D, ¥ T VA A2 7o 28

TARZ e L C M © MR, HERD ARG & ik LT, A pi o i, R TR, =¥ —0h

IR DM BN D 7 h, MERD 72\ Bh R BE AN EBTE 5,

FEERZNWL 2D R KGR H A — FRIGHHE SN TE Y, et 2bFax2 5D AE b
FORBETIASERESNTVWDR, 71— G > AT AT KD RS RBNIT S » FHK

Ji & H U CHERNICIR 5T

e " . —_— M = A,
N T R 5RO I\ F R TO—XEHE
1&REE 2BxREH
BT BRI L C o 2 A HE 5 T S

thRER Y
DN

fillle & AL PEZDRICHEN T T B
— e G & il B e T
FEH e E LB O A

Wy AT AOWER, A P
BARICHI 5 k2 L% L

BN FEERAET 5720 ¢

3 L _ VIEES TOERHATE VAl B TENALIETES
T, TV =Y AT 4 vE BB TORENBE VTR DTN, B AR
T I AR —DEEND VvREOEEENSW VERDPFOEEHELN
HEn IR L OREM % 1y FRIFE & 7 1 —ZseE 5 o i
BT AETChH o7,

2. OB/

By il a7 —aa @& Tk A A UG E N L CEE LA F U EERa7—0
OF B2 FHAFETE L H#9 FRiE (lonically Core-Corona polymer microsphere-immobilized
chiral organoCatalyst) (ICCC)DE K %17 5. &IZ, ICCC %y FAFLUSITIGH L. @5 ks
T (2T OF <~ —HEORiE, =
FTEOE ) ~—HAk, mo S, &
ISAF B FB T 2 SO, ARSI
[EUY « Pl FAPELC B2 D BT DUV T, N
HE21%5, ICCC % W=7 r—Auif
B AT, MO, AEPERN S, 3L

fRIE D IR IT L -4 RE

(]}
TN |REEAY

RPN S 7 v — R SO B Jo—RBERERS >
P JLDW/XTAHhTE’ £ ICCC 1T & B HAEHEAL AWM DA

zRE9 (X 2),



3. WHEDHIE

A5 VR Ph
AL ﬂ(o N
T/ R— AN ~

s
L0 ~ RN B
1A e ’wa.an,g BN
- “';‘: ; J"JL-‘ > !T’(j:_’,,(, \Tr\ \so’ g\(o
‘ e e TSP rex N
N

- mas saree " TUN aupren 5
e GO B EAmaT_
staTRp| [3%/ 7= **ﬁ’c” J a7 a7—a0Fm eatmnraEt
R B FHHT &S FHHT Hilt 5 FRE(ICCC)
(c) (cc)
BN FREDEE
WA FEEDREL ‘
X 3.ICCC D&k
(=27 —=awFmao TR T B X 7 VA o 7 o T
0,
S F i (ICCO) DERE] - g< o
BT A L REBRBETRE T O LES / N, Q>~Ph
H oOTms
2

(SI-ATRP) (2 L 0 & b7k 7-£% 0.5-5 um D A
NAEVBERT DAT —an P RESTHT K 4. CCICHAT B % T AL TRELEL]
(CC) & By 1l D FN B F 713 A A 2 2
RISz kv, ICCC 24+ % (X 3),

[Ny FREBIZ L B ICCC 2RV E=RFERIE]

CC (TE A LT= % 7 VA0 TAE(E DIZxhs L7e AR BOE (B2, 1 IE7 AvF OS2 1%
Diels-Alder t~, 8 1 Michael 1) &N w TS TITV., ICCC OfitEt:EDREM 21T 5 o
AFE BT I 1T D OB SEARESRME i oo FE PEIZBI L T ICCC DRz 83 5 LIk
mtERe ICCC DB Z BIe 7, FRICRISTEICKREREELZ 52 5 Z2 6N 5 a0 y1&, fit
B E AR, 2 ) ~— OFBIC OV CEEMICRF 21T 2,

[iccec AW 7 v —RERKISIC & 5 HEE —

B FEEL
J A%U)AEE] A S =) Lfgg é
. ¥ g
Ny FRISOFERZEE A2, ICCC &M=~ Q . | FaTERl
— R SUEEAT 5 o A SIS D4R 5] biN JptiR
WD FLHERNT AR 5 | 4 TCCC O filfiet: oo

RERTA 21TV, 7 — i s i@ L 7= ICCC o™~ { H }

/\)\O/\ PrM gr ~o
DIEESY TR BT, 7 0 2L OB & ; %}KNALDiji
T
|

B2 M O 1 A TE ML A O SRR AT B .
5 EREENE
17| SR LA D 7 B — ORI S A T o
5 1(X B) DRt & A5, e

X 5. ICCC T k& % 7 u—= ke ) il



4. HIEERE

D
X 6 (RT3 E /) ~v—, BUEE

N Ny oo LT
)X —=BILY 4= XV é EP OIf °>(° ;( ")\)“i (1\” OJ\ALO s
1Y NORBEAITMBICETL. - :

‘X)w/h*: r N ‘
/\:/:‘/11/7 = U ]\%B'ﬁl‘. ff;ﬁ.@—éﬁ {77 SO;Na ‘/\H
= /) L >~/ ]\ N N
oy B 5y IR (C) B3 B T, ) N
Fro, T —HRRE DR B s K [

—HO C AR LTz,

WIT, C DR DNANT A REL
ZRMGAIE LT A VKRR — b/ ~—BLOat /) ~—?D SIFATRP I LV, 2 vt ot/ <
—HR, 777 NEEBLIOSTRORLDEANVKR VBT —aa FRE S 1k 7-(CC) %
AR LT, BN OWEORMIIH H b OO, v FHITHEFHRY OF )~ —HREB L O 1
s LTz, £72, CCORITRIZC ORI TFRIV OREVVEEZRLEZ END, a7 —av )
#iEaEA3 5 CC OERMITEI LT,

E 512, CC D AIVIR U EREIL & AHESY TR D PRI SIS £ 72134 A 2 ZHSOSIT BN T T
Bl ORI A 38T 5 Z L1 k0 | CC ~DOFEy it o @ b=z m LEE5 &N TE
7o

U EOFREREY | REFIECE Y, a7, 2a i JOE S FABETAL A K8 12 G E S
NieA F U REER a7 — aa J & skl [ E LA # S 1 AtEICCO ARG b s Z L A 6
meipoi,

6. EFEE/<v—

[Ny FREBIZL D ICCC 2 HW=ARFRR]

exo endo

X 7. ICCC Iz & 5 7% Diels-Alder i~
XTNAIEZS VD) U+ a7 —anFESs ki E v, Y AT AT
Ry rm_r 2T OARF Diels-Alder SR EAT-72(® 7)., FHZ. 2 7 EIC IS0
FirRZA L, ant8#Hos & 5,000 FEN G725 ICCC O%A, EREMRINETHR L
7% Diels-Alder fTIMADG BN D721 T2 L s 2 E 7 A L0 @oo - o A3 R
TRTZENHALNE R oT, 2. VT 2= T a ) J— L MY AF Y L —T Uikl A



4 Har—anrEny i rE2HnE7e ety 7T e REAFLE=ALT b ORF
Michael fIIIEIETIE, ¥ T UES TRIBEOT ) ~—E LTAZ 7 YA AT LEHN, 2
T/ IICAF LB VTS AICEROABEEREZ R T 2 LA, R T e U AL O
SRR cis BB AT B RBIRIER R 2 L 2 RV Lk,

[1CCC 2 v e 7 | —RRRIC & 5 XL A0 k]

FTNAILSY

T ot AT D %?5ﬁ§
a7 —auaFEshyf 74<7L
Mok 7% A, v A
LT ILVTE RETY

=N S e SR

O
%}#‘7 = \——.KZ:% Diels- w 3eq. i

MeOH : H,0=95:5
Alder M)t %17 o 7=
X8, 27—t

I\ / \/fA >
WAL Th D 8. ICCC iZ & % 7 n —= A% Diels-Alder i
ICCC 1%, JeAT#tsET

PI%E S BELT b K0 bEVRBEIEEE R D L B, i, Sy FREUET
RS 2 7 L7e ICCC 2% 7 v — B T b i\ e 27 T I 2301 B 70 & 725
oo ICCC 13, /Sy FREISICHT 5 10 FIBL LD YT 5 WERITINTH, £ oh
ﬁ‘fﬁﬁ’é@f&T#&Bﬂiﬁb\: Emb, %b\@ﬁﬁm‘ri%ﬁbfb\é: kﬁiﬂﬂ%i))kiﬁofco

X1, K5 I0R LD ICCC 12 L Bh A — RJENARECh o7 2 L vk . EAM
DEVT B —REFIES AT DO B2 S BRI SN D,




9 7 4 3

Seitaro Koshino, Shusuke Hattori, Shota Hasegawa, Naoki Haraguchi, Takeshi Yamamoto, Michinori 94

Suginome, Yasuhiro Uozumi, and Yujiro Hayashi

Amphiphilic Immobilized Diphenylprolinol Alkyl Ether Catalyst on PS-PEG Resin 2021

Bull. Chem. Soc. Jpn. 790-797
DOl

10.1246/bcsj 20200355

Mithun Kumar Debnath, Wako Oyama, Yuya Ono, Takuya Sugimoto, Rina Watanabe and Naoki Haraguchi 59

Synthesis of Polymer Microsphere-supported Chiral Pyrrolidine Catalysts by Precipitation 2021

Polymerization and Their Application to Asymmetric Michael Addition Reactions

J. Polym. Sci. 1072-1083
DOl

10.1002/pol .20210128

N. Haraguchi, R. Watanabe, S. Itsuno, H. Ochiai, A. Nishiyama 94

Asymmetric transfer hydrogenation of (E)-2-[1,2,6,7-tetrahydro-8H-indeno[5,4-b]furan-8- 2021

ylidene]acetaldehyde using polymer-supported chiral pyrrolidine catalyst

Bull. Chem. Soc. Jpn. 1715-1719
DOl

10.1246/bcsj .20210055

M. W. Ullah, N. Haraguchi, M. A. Ali, M. R. Alam, M. Mahiuddin, S. K. Ahamed 13

Atom Transfer Radical Polymerization of Styrene and Acrylates: Effects of Catalyst, Ligand, 2021

Solvent, and Initiator

J. Sci. Res. 999-1010
DOl

10.3329/jsr.v13i3.53347




Ochiai Hidenori Nishiyama Akira Haraguchi Naoki Itsuno Shinichi 24

Polymer-Supported Chiral Cis-Disubstituted Pyrrolidine Catalysts and Their Application to Batch 2020
and Continuous-Flow Systems

Organic Process Research & Development 2228 2233

DOl
10.1021/acs.oprd.0c00268

Wali Ullah Md. Haraguchi Naoki 7

Asymmetric Diels- Alder Reaction Catalyzed by Facile Recoverable lonically Core- Corona Polymer 2022
Microsphere- Immobilized MacMillan Catalyst

ChemistrySelect 202202568

DOl
10.1002/slct. 202202568

Ullah Md. Wali Haraguchi Naoki Ali Md. Azgar Alam Md. Rabiul Chowdhury Samiul Islam 25

Synthesis of homo- and copolymer containing sulfonic acid via atom transfer radical 2022

polymerization

Designed Monomers and Polymers 261 270
DOl

10.1080/15685551.2022.2126092

27 2 3

Md Ullah, Nguyen Thao, Takuya Sugimoto, Naoki Haraguchi, Shinichi Itsuno

Asymmetric alkylation reaction of glycine derivatives catalyzed by core-corona polymer microsphere-supported cinchonidium
salt

ACS Spring

2021




Mithun Kumar Debnath, Naoki Haraguchi

Development of one-pot multi-step reactions by using polymer microsphere-immobilized chiral prolinol derivative

70
2021
MacMillan Diels-Alder
70
2021
cis
70
2021
FUAAD Ahmad Ariff Hilmi Bin Ahmad, ,
cis
52

2021




LOURDES Daniel Issac, ,

52

2021

Michael

52

2021

JAMES Jason Jonah, ULLAH MD. Wali,

- MacMillan

Diels-Alder

52

2021

52

2021




69

2020

69

2020

69

2020

69

2020




Mithun Kumar Debnath, Naoki Haraguchi

Design of polymer microsphere-immobilized chiral prolinol derivative: application in one-pot acid-base reaction by using
site-isolation

ACS Spring 2021

2021

MacMillan Diels-Alder

70

2021

Mithun Kumar Debnath, Naoki Haraguchi

Development of one-pot multi-step reactions by using polymer microsphere-immobilized chiral prolinol derivative

70

2021

Md Azgar Ali

Synthesis of uniform polymer microsphere-immobilized MacMillan catalyst for continuous flow asymmetric Diels-Alder reaction

5th glowing polymer symposium in KANTO

2022




ALAM MD RABIUL

Synthesis of monodisperse low-crosslinked polymer microspheres with sulfonic acid by precipitation polymerization

53

2022

Md Azgar Ali

71

2022

Md Azgar Ali

MacMillan Diels-Alder

71

2022

Md Azgar Ali

MacMillan Diels-Alder

71

2022




36

2021

Shinichi Itsuno, Naoki Haraguchi

2020

Wiley-VCH

53

Catalysts Immobilized onto Polymers

HP
https://chem.tut.ac.jp/chiral/index.html

https://ww.tut.ac.jp/university/faculty/chem/245.html




Comilla University

McMaster University




