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Synthesis of main-chain chiral polymers of organocatalyst and their application
to asymmetric reaction
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We have successfully synthesized mai-chain chiral polymers containing chiral

organocatalyst by the polymerization of chiral organocatalyst with selected linkers. Chiral
organocatalst moiety is quantitatively and regularly introduced into the polymer main chain.
The resulting main-chain chiral polymers were used as polymer-immobilized chiral organocatalysts for
various asymmetric reactions. By optimizing the reaction conditions and polymer structure, the
catalytic activity of the polymeric chial organocatalyst was comparable or even higher than that of
model catalyst. In addition, the polymeric catalyst could be reused several times without loss of
catalytic activity.

-Heck



B X C—19. F—19—1, Z—19.

1. ERBYFIOLE &

SR E G E IRV T B AR il
BT LT A XNV EER A 5 Al X
D HZMCAERTE, FIRROZERUIK LT
BETHDHIZD, AWy T Z2 oS5
OGS TIXAERMICAE RSB NIRAT D Z
Ll ARRERELEMGE T Lo
RETh D Elo, BRI T30 7 il )7
FICBE L CRERFSEGAT D, Ay ik
BEIXPE R D E A R AR ORI & e B R AR
il & UC, IEFE R - RN BIE T D
TBY., TOERMLEHKIE T vt XD
FWIXLT A A NRLEEBORECEM. MG
I A N OEJFIZIN A, BREKAR OB
HETH D,

AR UBEERY ATF LG
(Merrifield LV ¥) ZEO4UE &5y THHIKRIC
HHE it &2 fE A Uiz m o+ B e b i A
By 7Rt (B - P A ATRE 72 R — R
fibfit & U C, MRS IC RV T, BB
Ao TE Iz, WEROE ST EECELEHK Y
TR DA RCTIX, A 1A D 2G5 4y
+ b~ EEN R E BT OMENLIZE <
DOFNEESLTHAELZ V., £i2, BHTIC
& EAL S AU T2 AR oy 1 AR X 2R = 4y - 8H
DT UK MMEEDBELEZ T, fHLT DK
TR X 0 b ZERA NREE A HLY | fihiE:
BROKTABERINIZ LB b,
RSy F A Sl o i M RE 2 (R FF L 7= &
£, AW A & NI GA T 2 &
WTED MR FEORBNRLEEN T
770

Cl o}

Vam

o] cl
o 2
) oh—
OH >
N —_—
HN% EE—
HO CHy 25
HsC

1
T I UBXIILERS TR

(0]
OO
N R
HN
o H32<CH3 o}

CPC
RS FMERARES LESF

1. AHMEHARSSILERFOERK

2. HEOAMN

fEx D7 M T VA A fibiEE
v— (DEVRANLKR— R, UNTA R, A
NR=rul) RTEE, Bruel RTERK
DY I — ()DL % 5y f- T CE e
WZATHO 222k, maorEHFICT IR
X 7 VA I ECE AL A BRI B A L
7= TH RSy TSR A T 22 5 L5 4y -1 (CPC)
OEMREHEE LT (K1), FFZ 1, 20
&, BARISOFESCEMED CPC ARk

CK—19 (Jtm)

AR 7 il pRAT SN s RNl N 3
L. mllLRT CPC 235 b i Bl & HEsT
T %, WIT. CPC T & 2 Ml f) 7 SUG 24T
W, ZOMBEERE (BOSPE, SEIRERIRME, &
SERME) AR L, AR Tl 2 LR %
I SERIEIRME 2 L4 D mEREm oy % 7
IVIRBEDBRFE 2 BHE LT,

3. HFRERDFE
(1) 7T Va7l 2 /3 5E
J < —DERK

FTINAIFZITVT ), TR Y Y
V. vrvarrTadiaAd R, YratrTrad
A R7 IR EDT I U T VEMKS
T A E T ARET )~ — %Ak LT,
(2) B CEHEERA WY 1A AT % Z L
oy DAL

TR T VAR A H 95 AB
A TE)~v—DHCEMEEKGICED, B
L E A A A 0y - R ISR AT &% Z L = 4y
T OBEREIT T2,
(3) HHE D FFIEEHLAT X Z L4y + DA
7 URIX T VA R T Bk L U X
VR F— b, UNTA R, BBral K&K
REDY A —DRISIT LY AL Tl
FAR Z V@ o DB AT > 72,
(4) CPC % F 7= fibf i AR5 RO

myF EHEICHAIAATE X T VS
bt s LT AR RO (Bl 2 Xy =27
VhaA ROHBEIZIE, pr=htrRrFL L
~ R X F )LD Michael SN )&, AL
Ry T7 IR var7ahafl ROEE
\ZIE, BRI OIERFMER S, F 711
SN ) DA, YT AT VT
Koz xYxrd Diels-Alder <
Ji) 21TV, CPC OfiEENERE D RN 21T - 72,
RERISNCBT DA OBERNEE, 7 A
T UA IR, = T AmEIRIZEI L T,
T T VRS F i 2 & QNS HRE Sk O & 4y F [
TEALTAG Ry -l & D Bl - BB 21TV,
CPC ZHWI=AEF GO R a5, 551
7= RA T, CPC D4y FHEd % Fomib L.
it D E 2 B M L& A¥E LIz, £z, #
AT i vERE A 7k CPC D[E|IY - Ff M
ZRRET L7,

4. HFFERRE
(1) 7 Z Va2 73 5
J 2 —DERK
7 R T VARG 1 AR O B RE AL
FTATT I U T VA Ao — &
EOSIZ LD, K 2 1R TfA2 D7 I R
FIVERy T ) ~— DA RIS L
775
(2) B EMEEE AW 1 AEHEAT % Z L
B DA Rk
o7 U LI —REEZAET S ABR
HEEy 1-fiklfet /) ~— DA A —Heck HEA
W2 XV B CEMEA A Ak AR
FNEDTOERIZEB L (X 3), fF 54



o
HiC
N OH y\NH
HO' H:;/(CHQ — )—O- 4< >—‘
X-R'—0Q, O ch
o]
N OH J—Qo o HsC
8 N R~ N>/\ b
O T A
HC % o

N OH
B O s—Rfs¢zJ
N.
\/ .
Ny oH
O N‘/
N HNS R SNH N-
g%

B2 Z7IUoRELXSZLAEBLSFMET/ I—08

7o /N
N/ O X

N

Pd(OAc),

Et3N
Towr
100°C,2h

H 3. HCERARARS TMERARXSILE
FFDEM

t”“%@mﬁmNMRFTm&&aié
MEIE AT IC HHIO THEEE AT 5HZ
&ﬁﬁﬁ%#&iﬁotoithEC RO
¥)45y 1 81% 3,000~20,000 FLEE T - 7=,
(3) AR T-ARBEALATI X Z L& 0y 7 DA Rk
BEA RS2 Williamson K its, 7L 2—)L
DT AT MU, FA— I — UGS, B
SARO ., =K —Heck S, A A2 38X
fa. BRIRISR E R W, TR T L
Byl Bk L DA LR R — R, U
FA K, /el R BERREDY o H—D
BOSIEWT I H BT L, S
MY R UIEEZ A7 5 A 850 1 AlikE
@ﬂ%7wmﬂ%@Am IR L7z (X 4),
S5 ES 71T 1H, 13C NMR, FT'IR. JiE
7‘5&1 CD Xz X 61‘%3_@%}?75’171/‘ H
ﬁ@@b%L%m“%Eﬁ CHETAXT
LED TSN MR LT,

o
HN:
‘/40»1 AN en

/PJ
HSRsH - /‘N
S0, AN

e
N
CZAS—RLS

O {@Mf@ﬁ

Ny o 7
N N

l4ﬁ%ﬁ?%ﬁﬁﬂi#7wmﬁ?®A&

(4) CPC % F v 7= fil i) R 35 S i

Ot A FfbF = AFx T L& 112 K DB-
—hfhmrAF LU UBYAFILO
Michael 1)

WA F A= FIX TV E ST DAL

WZIEL B A TG, =2 0 "8 bk,
EHEDIAT v T HET LN, ZOIAFIC K

> TH7 2 it e e ﬁ# ERHALMNE
Teolz, FRIZZEALIG., mo T ROG, BEA
%wkﬁmmﬁfAﬁL%7wm“%%%
V72 Michael £ 1 24~48 IEfECE
%K@ﬁb\%%w:%%%ﬁiw%%wi
FUFABIRETHMMEZ 525 2 & A
%#k&oto%7wm“¥%ﬁi7ﬁ/7
—Ya izl yEIRTE, IT/?%%R&
ERTSEDZ &<, SElIHEM A AEE
ol

MeOZC COzMe

X NO, :
©/\/ . MeO,C._COMe NO,

93%, 78% ee

QALK T I FF=v X T L ES I
X B EREE K D I b

ZDORISRITISEEE D BN RE L, =
— T )V REFIC THF H T O ilgtrEge 2R L
77 = /W#7wm“%k//:“y/ﬂ
X T IVES T, = o F AEIR M
FIRETHoT2D, F= /*%¥7wﬂ/v?#
BWINRE R LT, £72. —BikT /) ~—N»
LA LEFIVES LY L ECERKE
W2 Z V& TS @ O ERE 2 R4 2 &
BN E o T2,

10 mol%

)
o

Oi + MeOH
i

o

(IjCOZMe

THF, 25°C, 24 h ﬁ CO,H
97%, 95% ee
@FTNAIXSYY ) BT IVESST
EHAWEY T AT ATE RE 7 Xy
& x> ® Diels-Alder )i

FTNAIXZY Y URXT LEST
IZAR—=P—FEEDOBENNIMNZ., A IFV)
U AEH () B, S (=—T
EAEIEZATVES), EHEE GtF
FEAFETNIA A URER) 72 EDEVBAF X
IS5 2 B BT SOWTCEERINC A LT,
BIlCA I FEY Y ) v EHEBRILIC T =
JXRVE =TSR AIFEY VT
TRBEANR—Y =TT = A F RS

N
CH
H3C>< m\ :
o/\/v CH3
HyC S0;
" o

n
Ph
I + >
CHO

10 mol% Catalyst

% OHC, Ph
- - +
CH3OH : H,0 = 95: 5 (v/v)

K Ph CHO
0°C,24h (ex0)

73% yield
exo:endo=56:44
ee(ex0)=94%

(endo)  ee(endo)=99%



CVANKRE— A=Y =T F T H L
DAEDLEERT DX T VES T BRIL
T HAKy 1kt & Elal A AR ERE 2 B 5
ZEERRWE L, ZOESFREIET v
T aIZEVENTE, 2O T4
BIRMZICTSEE <, A< &b 5
IO AN TH - 7,

5. ERRERLE
(BFFEAREEE . WFZE 03 M O HERFZE 12
X TR

UEssam ) (G 6 1)

@ Md. Mehadi Hassan, Naoki
Haraguchi, and Shinichi Itsuno. "Highly
active polymeric organocatalyst: Chiral
ionic polymers prepared from 10, 11 -
didehydrogenated cinchonidinium salt" oJ.
Polym. Sci. Part A° Polym. Chem. 2016,
54,621-627 (DOI: 10.1002/pola.27905).

@ Shinichi Itsuno, Tatsuaki Oonami,
Nagisa Takenaka, and Naoki Haraguchi.
"Synthesis of Chiral Polyethers Containing
Imidazolidinone Repeating Units and

Application as Catalyst in Asymmetric
Diels-Alder Reaction" Adv. Synth. Catal.

2015, 357, 3995-4002 (DOI:
10.1002/adsc.201500539).
©) Md. Robiul Islam, Parbhej

Ahamed, Naoki Haraguchi, and Shinichi
Itsuno. "Synthesis of chiral polymers
containing thioetherified cinchonidium
repeating units and their application to
asymmetric catalysis" Tetrahedron-
Asymmetry 2014, 25, 1309-1315 (DOI:
10.1016/j.tetasy.2014.08.013).

@ Shinichi Ttsuno, Yosuke
Hashimoto, Haruki Sugie, and Naoki
Haraguchi. "Synthesis of Chiral Iridium
Complexes Immobilized on Amphiphilic
Polymers and their Application to
Asymmetric Catalysis" J. Polym. Sci. Part
A: Polym. Chem. 2014, 52, 3037-3044 (DOI:
10.1002/pola.27351).

® Md. Masud Parvez, Naoki
Haraguchi, and Shinichi Itsuno. "Synthesis
of Cinchona Alkaloid-derived Chiral
Polymers by Mizoroki-Heck
Polymerization and Their Application to
Asymmetric Catalysis" Macromolecules
2014, 47, 1922-1928 (DOI
10.1021/ma5001018).

® Haruki Sugie, Yosuke Hashimoto,

Naoki Haraguchi, and Shinichi Itsuno.
"Synthesis of polymer-immobilized
TsDPEN ligand and its application in
asymmetric transfer hydrogenation of
cyclic sulfonimine" /. Organomet. Chem.
2014, 751, 711-716 (DOLI:
10.1016/j.jorganichem.2013.09.008).

(Fa¥E) Gr12F)
@ Mohammad Shahid Ullah, Naoki
Haraguchi, and Shinichi Itsuno."Synthesis
of Cinchona  Alkaloid Squaramide
Polymers as Bifunctional Chiral
Organocatalysts for the Enantioselective
Michael Addition of b-Ketoester to
Nitroolefin." The 11th SPSJ International
Polymer Conference (IPC2016), Fukuoka,

Japan
2016/12/13-16
@ Nguyen Thanh Liem, Naoki

Haraguchi, and Shinichi Itsuno. "Synthesis
of main-chain polyesters having MacMillan
catalyst for asymmetric Diels-Alder

reaction" Chirality 2016, Heidelberg,
Germany 2016/7/24-27

©) Naoki Haraguchi. "TONIC MAIN
- CHAIN POLYMER OF CHIRAL
IMIDAZOLIDINONE AND ITS
APPLICATION TO

ASYMMETRICORGANOCATALYSIS"
Polymer and Organic Chemistry (POC16),
Creta, Greece 2016/6/13-16

@ Naoki Haraguchi, Nagisa
Takenaka, Tatsuaki Onami, and Shinichi
Itsuno. "Synthesis of Main-Chain Polymers
of Chiral Imidazolidinone Salt and Their
Application for Asymmetric
Organocatalysis" Molecular Chirality Asia
2016, Osaka, Japan 2016/4/20-22

® Nor Zawanie, Naoki Haraguchi,
and Shinichi Itsuno. "Synthesis of
Cinchona Alkaloid Polymers Containing
Squaramide Structure and Their
Application to Asymmetric Reaction"
Molecular Chirality Asia 2016, Osaka,
Japan 2016/4/20-22

® Naoki Haraguchi, Yuya Ono,
Kaito Aburaya, Takuma Kobayashi, Wako
Ohyama, and Shinichi Itsuno. "Synthesis
of functional polymer microsphere and its
application to asymmetric organocatalysis"
The 3rd International Conference of Global
Network for Innovative Technology 2016
(IGNITE-20186), Penang, Malaysia
2016/1/27-29

@ Nguyen Thanh Liem, Naoki
Haraguchi, and Shinichi Itsuno. "Synthesis
of main-chain polyester of containing
MacMillan catalyst and its application to
asymmetric Diels-Alder reaction" The 3rd




International  Conference of  Global
Network for Innovative Technology 2016
(IGNITE-2016), Penang, Malaysia
2016/1/27-29
Naoki Haraguchi and Shinichi
Itsuno. "Development of main-chain
polymer of chiral organocatalyst for
asymmetric reaction" Pacifichem2015,
Hawaii Convention Center, Hawaii, USA
2015/12/15-20
© Naoki Haraguchi, Nagisa
Takenaka, Tatsuaki Onami, and Shinichi
Itsuno. "Design of Novel Main-chain
Polymers of Chiral Imidazolidinone and
Their Application to Organocatalysis "
Chirality 2014, InterContinental Hotel
Prague, Prague, Czech Republic
2014/7/27-30
JEREERE. oo E A
TNEES TR L DT Ry RSO
BRIS" [ HHE D FIEIZ o B R 571 R
F eI A A KRIRFF T v
Z— 201641 H 22 H-23 H
@ JO EA "EREEA AT Lm0 T
‘7mz717@Aka§%ﬁ%%"”
46 [F] L F IR F g S A S EA S
—HRY 2015411 H 7TH-8H
@ Naoki Haraguchi. "Development
of polymeric chiral organocatalyst and its
application to asymmetric organocatalysis"
The 95th CSJ Annual Meeting , Nihon
University , Japan 2015/3/26-29
® O B E sy E e R Sy
%ﬁﬁ"il@;@%%‘&"k?%}if;“@f;fﬁ" # 8 /A H
KL F 2 LA FIHEE 74— 7 A
AEART: 201447 A 24 A
@ O ER, N R, gHaEr B
"ZAen )T UEAT DSk
@/\Eﬂh‘: T ARy NROG~DISH" 7566 /A
EDTFRFERAD HRA v 2017 4
5H29H-31H
® JEHEA R FREL RIL
GHEy B E PR EER R T VA
By A D BRSE & REF RIS ~DIH"
64 [olE g Fitime  WALKE: 2015 4F 9 A
15 H-17 H
JEHER R FREL KIL 'ﬂhZ
HEEF B @ R E LA
ikl DB & REBUS~DIGH" 8 Eﬁ
PEIEE S AN A PRI T RTA BT &
ff 201545 H 10 H-11 H
@ SR EC. AR T A o o
L7zmior 112 " 263 [alE 0 Fitins &
IFF K% 2014 429 A 24 A-26 H

fthh 55 {1

() G314
) J?D Lﬁﬂ OHAedy B "S-l
oy F 8 TEAL" G F A D (L F

2016, /L > hL B a—,
208-209.

e/ A,

@ O ER. e EE A TS T
DFHFE" L7 1.5 2015, 66, 539-596.

@ o Ek, ghEE ' "HHED Tkt
OF=7e| oy rEERE" 7 70243
/L 2014, 43, 49-57.

(Z DAth)
R e
http://ens.tut.ac.jp/chiral/

6. AFFERERE

(DaFgeREHE
JFO ER (HARAGUCHI, Naoki)
BRBEINR R « KPR 2R -
Btz
M7eE %5 - 30378260

(2):# 7
FHEE  E— (Itsuno, Shinichi)
BAEHANRI R « KRBT TR - 2
ﬁz_
&5 50158755



