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‘- Al your effor wz’be rewarded.

Cbanceya‘vors the prepared mind! byY. Okamoto

Toyonaka, Osaka (1982)
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B The First Helix-sense-selective Polymerization (Asymmetric Polymerization)
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@ Tempa PTrMA @ One-handed Helical Polymers
Y. Okamoto et al.,].Am. Chem. Soc. 1979, 101,4763.

https://www.meirinkanshoten.com/products/detail/433312

£ & & /% BICHEMICAL || CHEMICAL
'l ABSTRACTS | ABSTRACTS

‘; " v " .‘\ l" .‘. :
: L l
C ) ., " “ — b % i ! ! 1 A @ Py DI AL ST BALT) BT IR ol wosne by
: b - LA 18 A TH AMERICAN CHEMICAL SOCIETY A
— : : ‘ .

- : 1 1 . ! : %

2 W@ - ) .

% . ® [ ‘ ™ e o 15}

- - ' Fis ! - J ; é [
’ J ‘i@ Yy , .

AN & 0 01 LS AL
Ui g v\ ) ] .:' r 11,

X 3

S on' ¥
4.4.4-Triphenyl-|-butene e'ls |
PRERY B sirite 1817

https:/lwww.chemistryworld.com/features/200-years-of-gmelins-handbook/3007265.article

First synthesized by Russian chemists



KERKZ (19784 - 1986-3) 1&HLEHL (19881) 12 R
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Y. Okamoto,* E.Yashima, K. Hatada, H.Yuki et al.,, . Polym. Sci. Polym. Chem. Ed. 1984, 22, 1831-1837.
H. Kageyama, N. Kasai,* Y. Okamoto, E.Yashima et al., Makromol. Chem. 1984, 185, 913-932.

H. Kageyama, N. Kasai,* Y. Okamoto, E.Yashima et al., Makromol. Chem. 1984, |85, 933-955.
E.Yashima,*Y. Okamoto,* K. Hatada, H. Kageyama, N. Kasai, Bull. Chem. Soc. Jpn. 1988, 61,2071-2077.
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Y. Okamoto,* E.Yashima, K. Hatada, J. Polym. Sci. Part C: Polym. Lett. 1987, 2
E.Yashima,Y. Okamoto,* K. Hatada, Polym. J. 1987, |9, 897-904.
E.Yashima,Y. Okamoto,* K. Hatada, Macromolecules 1988, 21, 854-855.
Reviews:

Asymmetric Polymerization of Methacrylates — Ema ol
Y. Okamoto* and E.Yashima, Synt. Org. Chem., Jpn. 1987, 45,792-804; Prog. ™ ' =
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B#18 T DEIFFREZEHIL (1984)

Chromatographic Resolution of Perchlorotriphenylamine on
(+)-Poly(triphenylmethyl methacrylate)

Yoshio Okamoto,* Eiji Yashima, Koichi Hatada, and Kurt Mislow*

J. Org. Chem. 1984, 49,557-558, Mr. Chirality

http://www.uchida-draft.com/web_catalog/jogi/06_cave/index.html#banno_menu

https://www.amazon.co.jp/%E3%83%AD%E3%83%83%E3%83%88%E3%83%AA%E3%83%B3%E3%82%B0- o
%E3%83%A9%E3%83%94%E3%83%83%E3%83%89%E3%82%B0%E3%83%A9%E3%83%95IPL-
0-5mm-1903-240-%E6%97%A5%E6%9C%AC%EE%AD%A3%E8%A6%8F %E5%93%81/dp/B00070EB2W?th=1
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B:ain?’fﬂmxiiﬁlﬁ*éﬁib\ﬂﬁlﬂﬂ IEEH—il‘ 'J '\7’? méa!z 1988—1989
B Genetic-Controlled Sequential Polypeptide Synthesis: 1988-1989

AT TCG TAA GGT GCC GCC GCT GGT GCO GGC GAA CGT GCA GGC GCT GGT GCC GGC GAA GCT GCC G
GC ATT CCA CGG CCG CGA CCA CGC CCGCTTCCACGT CCG CGA CCA CGC CCG CTT CCA CGG CCTAG

JyJ:.qJ f}
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-[(AlaGly).GluGlyl,- 1a:x=3;n=36
© X o [( : Y) . Y] Ib:x=4;n =28

lc:x=5n=20
1a.F' plasmid C

Id:x=6;n= 14
2a.Gene of interest
ligates ligates with itself
with itself / \

m

2b.Cells die:
no antibiotic resistance

1b.Colonies turn blue:
LacZ Gene unbroken

= 36 n=28 ye
[Gly[(AlaGly)sGluGly]s]n-

image attributed to “The Science Creative Quarterly” and Jen Philpot

AT TCG TAA GGT GCC GCC GCT GGT GCO GGC GAA CGT GCA GGC GCT GGT GCC GGC GAAGCT GCC G

GCATT CCA CGG CCG CGA CCA CGC CCG CTT CCA CGT CCG CGA CCA CGC CCG CTT CCA CGG CCTAG
BEIGFEZERAWEIOTOIRTIEBEFIFIIRIYANTF R  DavidA. Tirrell et al., Science 1994, 265, 1427

| B BREICE BERILFEEM : 100gDF7 5=V b5, ~¥mg: X-ray TEEIBERE (12/29/1988) |

(1988-1989)
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Smectic ordering in solutions and films of a rod-like polymer owing to monodispersity of chain length

*5‘ Iv
'

BertiMeijer L0 —20|oo PDI = I.2, Sigma Chemical Co.

One of 14 dlive big four academicians in USA
Poly(L-glutamic acid) (PLGA)

B Smectic ordering in solutions and films of a rod-like
helical polymer owing to monodispersity of chain length

S.M.Yu, G. Zhang, D.A. Tirrell et al., Nature 1997, 389, 167.
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B #1 MR SHEASHF 7 IV EEHDRFE & A7 REA1#iS 0D AFEA

B2D NMRIC & SIBIERTE  F 7 ILiknIIE DA
BaAYEa1—9YSa2L—arvicdS5F7IViRBREEOEH
# Computational Studies of Chiral Discrimination Mechanism on Cellulose Trisphenylcarbamate

E.Yashima, M.Yamada, Y. Kaida,Y. Okamoto,* J. Chromatogr.A, 1995, 694, 347-354.

# NMR Studies of Chiral Discrimination Relevant to the Liquid Chromatographic Enantioseparation
by a Cellulose Phenylcarbamate Derivative

E.Yashima, C. Yamamoto,Y. Okamoto,* |. Am. Chem. Soc. 1996, | |8, 4036-4048.

# Structural Analysis of Amylose Tris(3,5-dimethylphenylcarbamate) by NMR Relevant to Its Chiral
Recognition Mechanism in HPLC

C. Yamamoto, E.Yashima,Y. Okamoto,* | Am. Chem. Soc. 2002, |24, 12583-12589.
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B #1 MR SHEASHF 7 IV EEHDRFE & A7 REA1#iS 0D AFEA

B2D NMRIC & SIBIERTE  F 7 ILiknIIE DA
BaAYEa1—9YSa2L—arvicdS5F7IViRBREEOEH
# Computational Studies of Chiral Discrimination Mechanism on Cellulose Trisphenylcarbamate

E.Yashima, M.Yamada, Y. Kaida,Y. Okamoto,* J. Chromatogr.A, 1995, 694, 347-354.

# NMR Studies of Chiral Discrimination Relevant to the Liquid Chromatographic Enantioseparation
by a Cellulose Phenylcarbamate Derivative

E.Yashima, C. Yamamoto,Y. Okamoto,* |. Am. Chem. Soc. 1996, | |8, 4036-4048.

# Structural Analysis of Amylose Tris(3,5-dimethylphenylcarbamate) by NMR Relevant to Its Chiral
Recognition Mechanism in HPLC

C. Yamamoto, E.Yashima,Y. Okamoto,* ]. Am. Chem. Soc. 2002, |24, 12583-12589.

~ W BE

, September 11, 2002, Hamburg

Chirality, 34, 306-316 (2022)Special Issue in honor of the 80th birthday of Prof. Yoshio Okamoto
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@ ()-Sparteine @ No optical activity
Poly((4-carboxyphenyl)acetylene) as a Probe for Chirality Assignment of Amines by Circular Dichroism
E.Yashima, T. Matsushima, andY. Okarrwm,—u—lj\l 1596-11597.
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NERRLFEETE “FAOHIE”, 2011, 64, 334-336.
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BMiREZHD HHEXEIZMAE MEHIHIFEEIN1998~
BEEDITHAREZ21 THRERTES5E: (1998—2001 )

hitps://brh.co.jp/s_library/interview/24/ 55 - KFEMH https:/ameblo.jp/kagaku/image-12357022227-14125640289.html

| ‘ 4 Nature 2000, 408, 764-766.
1*_*0)'1:' Ic & RSOV A E D WS

2L IE SR YIE BYLE 555
(1930 - Nov 21,2003) iR - EWIATLHREV YR
:X;L\%}if\ggzgjﬁigﬁ%%n . "Because I'm right," he responds in Nature.
ZNTWVLY, | "TWWDERIC, [FEXK <) TS EDHR,
SSEERRCBLL SR e R e e
Eﬂ:%@i_ pt ks *Eﬂﬁfﬁ? (ERIER), BR 13 (ZAREEKR), = [RAH (%Ij()

Ritihktz > % —(2004 5/20) FIL B http://www.jst.go.jp/kisoken/presto/sakigakeweb/katati/
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Natta, 1955

Pino, 1960

B Question:
No information of helical sense (P or M)

helix—relersal

Static Helmll Polymers\’mbﬁlu\

oY 1M/wv\

H
Ciardelli, 1967
Simionescu, Percec, Tang, Masuda, Tabata, Sanda, Aoki,
Kakuchi, Takata, Maeda, Deng, Riguera, Freire,VVan,,,

B StA| Dynamic Helical Polymers

Mark G£

Green, 1988




BBackground of Helical Polymers JEEH Sy VT Helix

B Helix-sense-selective polymerization (asymmetric polymerlz

))-Spartei
H c—c/CH3 %‘”" eme—(H c— CCH " —
= o 2 ﬁ—' Azll

Achiral 0 C.Ho ’

: i .o O 3
@_é_@ Toluene, -78°C @_é_@ : {ﬂ, 4 2019
Asymmetric 9 A JAPAN-PR'ZE
Polymerization . .
@ TrMA PTrMA @ Static Helual Polymers

IHHSEA|

B Polymerization of chiral /achiral monomers via ¢hm|| amplification

20 NV

(R) Co Chiral Amplification (R) | 1 mol% chiral unit
Dynamic¢ Helicul Polymers m

M. M. Green et al. JACS, 1995, [17,418I. M. M. Green et al. JACS, 1989, [ ] ], 6452.

Majority Rule ‘ﬁﬂgl_’,t’_‘ly‘ Sergeants-Soldiers Principle
Review: M. M. Green, et al. Science 1995, 268, 1860. Review: E.Yashima, et al., Chem. Rev.,2016, | |6, 13752-13990.
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BHelical Polymer Synthesis: Helix-Induction and Memory Concept
(BSEARIYTZEFLY)

Achiral Rh catalyst CO,H CO.H CO,H

th g BF4-
:—@—c02H
NaOH or Et:NH

Water, 30°C,< | h

Achiral monomer Dynumu Helical Polymer

B NOT metathesis, but 2,1 -insertion
|BRSEA

B Cis-transoidal structure
R. Noyori et al, | Am. Chem. Soc., 1999, 121,12035.  Cis—transoid structure

Bl One-step synthesis of water-soluble cis-transoidal functional polyacetylenes

— N P

E.Yashima, T. Matsushima,Y. Okamoto, JACS, 1995, [ 17, | 596.
M.A. Saito, E.Yashima, et al. Macromolecules, 2000, 33, 4616.
A.R.A.Palmans, E.W. Meijer, S. E. Denmark, J. Polym. Sci. 2021,59, 1 1 71.

Amplification of Asymmetry | REEIE|
Helix-Inversion |58 A KIS

Memory of the Helicty |5t A 21|
Switchable Chiral Materials |5 IL#7¥l|
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Amines* Sugars™
Amino Alcohols* Diols™
Amino Sugars™

JACS, 1995, 117, 11596
JACS, 1997, 119, 6345

Nature, 1999, 399, 499
JACS, 2003, 25,2516 (gel)

< =(.
® (g i

— Carboxy
) H ' Acids*
Salts* ﬁ

V)

Amino Acids*
Ammonium Salts™

‘ JACS, 2004, 126, 1516
W\ JACS, 2004, |26, 16284

Macromolecules 2006, 39, 537 |

(IR,2R)-5
(R)-3

[#]x 10 {degree cm® dmal™)
O

N — | 23/10 heiix | B
(R)-2 elix
= (_ O °—> B The most sensitive
chirality sensor for free amino acids
300 400 500 ,C—N 8 0
\ iisngin (nm) J/XRD o’ Q_ —) JACS, 2003, 125, 1278
0 (0] JACS, 2007, 129, 3676

| Less than 0.005% ee of alanine can be detected. |

‘ Chem. Rev., 2016, | 16, 13752-13990.




B Helical Polymer Synthesis: Helix-Indudion and Memory
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Left-handed
induced helix

=
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=¢" %%2,,

,CZOH
Dynamic Helical Polymer O’

Polymer lost its induced helicity

EY, T. Matsushima,Y. Okamoto, JACS, 1995, I |7, 1 1596.
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5
3 0 y
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—20-

310 400
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induced helix




B Helical Polymer Synthesis: Helix-Inducion and Memory
(S EABEDFSEECE) /\/\JJ‘“'L

T4

o’

J\A)
%

Nature, 1999, 399, 449.

? \0(‘ b 6 b ‘ ¢ -handed
Y induced helix

Left-handed
induced helix

-
—\ Conformational
HO NH, = dynamic memory
" Yy

TRX JACS, 1995, 117, 1159.
Achiral amines JACS, 1997, 119, 6345,
A R AR DTN @ Nature, 1999,399,499.

JACS, 2004, 126,4329.
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= In"* © Helix induction | SEARE |
H Q (R)_2 | s R |
in DMSO Dr.T. Miyagawa

Achiral amines are essential for the helicity memory

?

N
o

65 °C

b: | Memorized
at 65°C (R)-2

o

Ag/ cm-! M-I

o

==

-10 _ . | Memorized
i at 25°C _ 5 - 1.5
—20 - B 25 °C
c:(—)d: (— -0.5
..(.). .(.)... 1, oo S —
310 400 500 / nm m 0

310 400 500 / nml 150 1125

B Both enantiomeric helices can be produced with a high efficiency from dynamically diastereomeric helical
polyacetylenes induced by a single enantiomer

T. Miyagawa, A. Furuko, K. Maeda, H. Katagiri,Y. Furusho et al., JACS, 2005, [27,5018.
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E5E q=130nm | q = 90 nm

11/5 helix (XRD)
11/5 helix (XRD)
NH O

OC;oH24

Prof. J muki
(Yamagata Univ)

1
» ) n
.
s e b
15T
. , : 3
: 3 2 Dr. S.-1 Sakurai
HE&E pitch= 2.33nm E Eﬁi pltch' 2.3nm E&g (93 %) pltch- 1.28nm
Angew. Chem. Int. Ed. 2006, 45, 1245 Angew. Chem. Int. Ed. 2007, 46, 7606 JACS, 2006, /28,708; JACS, 2008, /30,229
JACS, 2006, /28, 5650 JACS, 2011, /33,108

JACS, 2009, /31,6708;JACS, 2010, /32,5604
JACS, 2011, 33,9156

BoEVBEDREVPEYF, EVOREFD, Y RIEDEEEERICHIH TR

Review: |. Kumaki, S. Sakurai & E.Yashima Chem. Soc. Rev. 2009, 38,737  1#R%& - K - 3RF - E2ZW - Z-QWu + 5K - BEF - IREF
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Stefan Hecht, JACS, 2012, /34,8718-8728 k% - L0 Myongsoo Lee,Yongju Kim, Science, 2012, 337, 1521-1526
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B Chiral porphyrin stacks (Bert Meijer)

& 100- S-Zn
RO OR - -
o o o (MCH,33x 10M) £ ;

Twisted stacking 8 |

—~100- R-Zn
nMcH |10 4
0. mg/imL |5 2
. 0
370 400 450 /nm

| F HeImlch B. Meljer et al. Angew Chem. Int. Ed. 2010

l" e .‘1:
”P“l” |“"| o
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“ 5.6 nm
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M. Mabesoone, A. Markvoort, M. Banno, T. Yamaguchi, F Helmich, H. Naito,A. EY, Palmans, B. Meijer, JACS, 2018, /40,7810.
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B Macromolecular Helicity Indudlon, Helix-Switch & Memory

(RBEHZFITS5FAERTF)
JACS, 2001
—<n JACS, 2004 C’]'
W n H JACS, 20052 ] "
0/ \O B2A -
(" _> | B2 - A - B
- & =0
ﬁg :::: o/c—N Q o jB~OH Dynamic Helix . /p\ jACs. 2002

W8 off OH  Jacs.2009

vv‘ // \EHI =i RE KA IRE - Kl - =5 - BN g
! y y :.
ot

> OH
)l - LA - 2 o) o JACS, 1996
KR - RA \__/ —#

B The most sensitive

chirality sensor for free amino acids
(0.005%ee Ala)

HO,C CO,H 1st Generation J\
50 um N
? 9 ® JACS, 2004, JACS, 2004,
= — Macromolecules 2006 23 h |
n - - AE AT -EA-WER-HT-EE-HWU AR R HE - RF - AL - MT - BE - RE - ED
Chiral filter  Chiral sensing Nature, 1999;JACS, 2004 —
JACS,2000  JACS,2002,2006 (4<-CyY » L cH (|: 03 -
I ———
TR R =S -5 / \/\JV\L = [ |
, o CH,—C——CH,—C
" Ph)J\H (|;=0 CH; “n -
o OCH -
Y (cHano, 3 si-PMMA
N " Angew. 2008; JACS, 20082; 2010;
MeO NO ngew ),l > ’ »
Ph” e Angew. 2013;2017; JACS, 2020
% AP - Rk - BEE - B - IA - B -
Helical array of Ceo Helical polymer organocatalyst &M - &% - BE - il
Angew, 2002;JACS, 2004 211+ &t - CL 201 1:ACS Macro. Lett 2012 BRE - ZTang - H-Y.Hu  refSTIR - 7% - FRE - SR - & - 5|

TE - KE G.Miyake - # - L. =M - i



B Macromolecular Helicity |

(CBEHZEFITH5BTAERF)
—\" H - . Enantioselectivity
" Jd % | L-/D-polylactides-Cso a>5s
1ACS, 2003 c—(N— Q :} B-OH T. Ikai, S. Kawabata et al. JACS, 2020, [42,21913

/, ’ ° ° ° )
Jacs,2007 o ) OH “Helix-in-helix" superstrudure with the same handedness
o

B - LA - EBA 0] JACS, 1996
KR - FAR \_/ —

B The most sensitive
chirality sensor for free amino acids

(0.005%ee Ala)

. N. Ousaka, F Mamiya et al.
L-/D-peptides-Ceo acic, 2017, 56,791

‘; - s ‘ A e
» . '
‘\47 N
4

C C78 Cg ©Cg2 Cgy

Co2

&

C Coo

S

J. Kumaki
T. Kawauchi & . Kumaki et al. Angew. 2008; JACS, 20082; 2010; Angew. 2013;2017; JACS, 2020

B Supported by 1.Yarovsky, G. G. Qiao, M. Kamigaito et al. Chem. Sci. 2015, 6, 1370.
B Helicity memory is unique, but will be applicable to other helical systems.




B Macromolecular Helicity Indudlon, Helix-Switch & Memory

(GdlEhZEBIS5TAEDTF)
JACS, 2001
—<|,, JACS, 2004 «]’ ==
W\ JACS, 20052 |
ONI
JACS, 2003 Katsuhlro Maeda
JACS, 2007 P

Thé Power of Hellx-Memory

Reviews: E.Yashima & K. Maeda, Bull. Chem. Soc. Jpn. 2021, 94,2637-2661.
E.Yashima, Proc Jpn.Acad. Ser. B Phys. Bio. Sci. 2023, 99, 438-459.

‘s u‘ﬁ"\’\

JACS, 2004, JACS, 2004, Neo o
Macromolecules 2006 230 helix

JACS,2003

Nature, 1999; JACS, 2004

Nat. Chem. 2014; JACS 2018, JACS 2019; ?CH3

ACIE 2021;JACS 2021;ACIE 20232 JACS 2023 CH; C=O;

° ° ° | |
Switchable enantioseparation CH,—C—CH,—C 98%ee

Ultrasensitive chiral sensor c=0 CH; ’n

2nd Generation OCH; <i-PMMA COH CPL COM ¢ Macdactdl
o . . 2:2010: JACS, 2020;

Static Helix-Memor ACIE 2008; JACS 20082 2010;
ACIE 2013;2017; JACS 2020 3rd Generation [EENSNNPISE

B Helicity memory is unique, but will be applicable to other helical systems.
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5EADHE @ (572> 50 %ee 3
BIERSE
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B2t DEEE R F BlliHD—A MEE DIEhDFEie
OC42H2s5
BEHTOSEASER - STARIEESTABEDRIEZFIALT., BHIEFED R v FolbEL
XN 5LDORFEICTHSETHINHTRTH K.Maeda et al, Nature Chem. 2014, 6, 429-434
P
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BSwitchable Helix-Induction and Static Helicity Memory in Solid State
(RA Y FRIREGERNERTIS5TARDF)

Cholesteric

OC;2Has

P or M-twist
B Helical structure (XRD) and helical sense (P (right) or M-(left)-handed (AFM)) ‘

B The side chains act as a geared molecular brake that prevents racemization of
the helical polymer backbone.
K. Shimomura,T. Ikai, S. Kanoh, K. Maeda (Kanazawa Univ.) et al,, Nature Chem. 2014, 6, 429-434.




BDeIermlnahon of Helmll Structure (XRD & AFM)

Cholesteric LC

—_
1_ .52 nm
—>n

<«—— 4.56 Nnm

(M)-handed helical main=chain structure with
(M)-handed helical arrays of the pendants

Cholesteric LC
% %

T. Ikai,Y. Morita, T. Majima, S. Takeda, R. Ishidate, K. Oki, N. Suzuki, H. Ohtani, H. Aoi, K. Maeda, K. Okoshi & EY, JACS, 2023, |45,24862-24876.



B Unprecedentedly Strong Amplification of Asymmetry (S&S Effect)

— \ I — - e O

‘ ( gy e UE=¢ )rln - Sy (R)O\ ®) Living catalysts
O O 2 O/\Ior T.Taniguchi, T. Nishimura &

OMOM X — (R)-2C unit K.Maeda et al.
MOMO MOMO *2I ACIE, 2020, 59, 8670
O O j\ (R) (®) JACS, 2021,143,3604
el
COOC4H, COOC,H, (R)-2d unit ‘Mn >2x 106 (DP > 3,500)‘
poly(la--co-(R)-2x;) - . . .. . . .
The World’s Best Sergeants-and-Soldiers Effect
poly-1a homopolymer 79% hse >99% hse - .

(2.6 mol%) (0.1 mol%:r=0.001)|[(0.3 mol%: r = 0.003)| | Chiral/achiral = 3/1,000
................................... _ - 2 .
AG.- Helix reversal penalty (F) S 100 . \ e

: =19 -21 kj/mol " 0
2AGh Mismatch penalty (J) Eo 75 - 95% hse >99% hse
=4 -7 kj/mol } (0.5 mol%)| |(1 mol%:r=001)
...................... ST RO ovmer § oo
POYY (70 moI‘Q) Y ¢>f) >0 - poly(la_-co-(R)-2¢,) (—, @)
9 20% hse poly(lai_-co-(R)-2d,) (—, ®)
54% hse 16% hse S 25 - (0.1 mol%: =
(0.033 mol%: [€— (0.01 mol%: | r=0.0001) ‘E@JW*ﬁiamn‘
r = 0.00033) r=00001) | » In toluene at 25 °C
O 1 1 1 1 1

HCaIcuIated using the DP, and feed monomer ratios 0 02 04 06 08 10 2.0 4.0 6I0 8.0 100
based on the Bernoulli trials Content of chiral monomer unit (mol%)

T.Ikai,Y. Morita, T. Majima, S.Takeda, R. Ishidate, K. Oki, N. Suzuki, H. Ohtani, H.Aoi, K. Maeda, K. Okoshi & EY, JACS, 2023, /45, 24862-24876.



B Unprecedentedly Strong Amplification of Asymmetry (S&S Effect)

2 (R) Living catalysis

_ é’s\ O ® g y
& O/\[r ~ (@) T.Taniguchi, T. Nishimura &

( R)-2c0unit K.Maeda et al.

el ACIE, 2020, 59, 8670

j (R) (®) JACS, 2021,/43,3604

\
‘Y (R)-2d unit |Mn > 2 x 10¢ (DP > 3,500)|
HRA E 5EE t-m NN R)-2x,) - . . .. . . .
(Feb. 8th, 1958 —Aug. Ist, 2023) The World’s Best Sergeants-and-Soldiers Effect
poly-1a homopolymer 79% hse >99% hse - .

(2.6 mol%) (0.1 mol%:r = 0.001) || (0.3 mol%: r = 0.003) | | Chiral/achiral = 3/1,000
................................... _ - 2 .
AG.- Helix reversal penalty (F) S 100 . \ e

: =19 -21 kj/mol : T
2AGh Mismatch penalty (J) Eo 75 - 95% hse >99% hse
=4 -7 kj/mol } (0.5 mol%)| |(1 mol%:r=001)
...................... A ovmer 8 oo
POYY (70 moI‘Q) Y ¢>f) >0 poly(la_-co-(R)-2¢,) (—, @)
9 20% hse oly(1ai_-co-(R)-2d,) (—, ®)
54% hse l6%hse | & o5 |01 mol%: —L— =
(0.033 mol%: [€— (0.01 mol%: | r=0.0001) ‘E@JW*ﬁiamn‘
r = 0.00033) r=0000) | ” In toluene at 25 °C
0 ————

HCaIcuIated using the DP, and feed monomer ratios 0 02 04 06 08 10 2.0 4.0 6I0 8.0 100
based on the Bernoulli trials Content of chiral monomer unit (mol%)

T.Ikai,Y. Morita, T. Majima, S.Takeda, R. Ishidate, K. Oki, N. Suzuki, H. Ohtani, H.Aoi, K. Maeda, K. Okoshi & EY, JACS, 2023, /45, 24862-24876.



B Macromolecular Helicity Induction, Helix-Switch & Memory

(RENEFIS5BAERF)

ANV

(] (] CHO
(B Deracemization @/

Xsicl,
0 OH
W, _ —G . @)\/§
/ i h. _I racemic
33 GCNIFal  OCyoHys - COz?:on; 96% ee

(Nature Che.m. 2014; JACS, 20I8;. ACIE, 2023; _//:\CS, 2023) A r/\ '(\ (\ UACS, 2021 ACIE, 2023) | 5 B ol
Switchable enantioseparation | Switchable asymmetric catalysis

One-handed helical polymers with unique chiral functions
can be produced from racemic monomers!!

H =/ \=/ 5% AT
oRte R D o
o~/ X —— o/
/—0 AU Static Helix-Memory /~0
—0 @ O-\</_ —0 @ (R/5)C10H21
achiral o/ Living catalysts racemic o)
— 0 T. Taniguchi, T. Nishimura & R (o) e .
K.Maeda et dl Strong chiral amplification

Catalyfic helix-induction & memory .~ 0 Switchable enantioseparation

Chiral recognition in Water JACS, 2021,143,3604 o
SPTR racemic polymer
T. Ikai, K. Mizumoto, K. Maeda, et dl, ACIE, 2021, 60,22201 by acemic polyme

KA - Fft - 1 - Kitzmann - HH ref #E - K& - F8E - Bl




B Macromolecular Helicity Indudlon, Helix-Switch & Memory

(RBEHZFITS5FAERTF)
JACS, 2001 *]'
4 —, jacs.2004 ot
Y JACS,20052 ]
< P
JACS, 2003 Q B-OH R=0 JACS, 20042

OH JACS, 2009

JACS,2007 &/ Q_ _) OH
JACS, 1996

B The most sen5|t|ve
chirality sensor for free amino acids

50 um

JACS, 2004, JACS, 2004,
Macromolecules 2006

JACS,2003

Nature, 1999; JACS, 2004

Nat. Chem. 2014; JACS 2018, JACS 2019; ?CHs
ACIE 20211;JACS 202 1; ACIE 20232 JACS 2023 CHy ¢=0
o [ ] [ ]
Switchable enantioseparation {cnz—ﬁ:—cm—ﬁ:—} B
Ultrasensitive chiral sensor ¢=0 CH; /n I —
2nd Generation OCH; st-PMMA [ COH CPL COM y Maedaetal
o . . 2-2010: JACS, 2020;
Static Helix-Memor ACIE 2008;)AC5 20087 2010;
ACIE 2013;2017; JACS 2020 3rd Generation [EENSNNPISE

B Helicity memory is unique, but will be applicable to other helical systems.
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I 100/0
N 90/10

0 O D N 50,20

AR

AN Y 60//20
I 40/60

S100 Sso Se0 Sa0 S20 rac Rao Rao Rso Rso Rioo

R100
/n, Acc. Chem. Res. 2014, 47,2212

BRREXINLEYY—

S100

THF /Acetone (79/21)

e |
|

R9o R92 R9a R9s R9s Rioo

1ear Response ===l Nonlinear Response
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i A Abs) i
Rt uTR S 0.6 »
- | /
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g E
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K. Maeda, et al,, Sci.Adv. 2021, eabg538|
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ERATO 7017 b (20025E118~20085%3H) fHZSEHM - B

B 5EAB)AF&it LIcEmREDFHR & [RIBDFHRK
B 8 - AR - IHFERIRFEDFHIRZATEEICT SH - BEEIEMEI ORISR

LiER#GL NBHRPL
B-ZESEBARF - BRF - BAFOEIR B 58AFE - SoiEO—fizk
B —ES 3 BIRUSYYPZROS5BARE
B Eﬁwfzgﬁfggﬁg; AI E-E_l- lu B l:‘EEt‘Ii PMMAbaJ SEARIE
B —ESYADFFIEIE B STABEDER - *%F. KRIiE
B KBE—ESTABRF - BRF Eﬁﬁ
B =85 €A ICHRkY 3 RS A AGL
B KkehTD#E - IEHDRE \ B ZREAISETAERF
B ZESEAXHMIR B RXIFYISHABHT
E —ESBAER TR ) B XRDIC& D S5TEABEDRE
7S0—=2A « PPV ~ - B SBAES FORGREDRE
BWEHELEF 1 O
o lu l\'f’l‘ btj'-l\' B BiEQDSTASDFOEIE
s 5 i
RRAKIGBBGL BREERIRG L - 153G/ °C EREEEAWDI.
B AFMIC& 3 5 AISED vy -l Ay
i AR Fv I Raa
B 5HADELDRE B Sz FiERER X O#%iEAzEE
- . - B RecA-DNABIBESEAD
B PMMARFLAIYTL Y 7 ADIBERTE 5 =g D TR

B PMMASiD2:R T8 EDARER - E1fEEEHDHER (Molecular Dance)
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. D-Watson & F- Gy tifeic Double Helices

DNA is a
Rl ht- Hunded
Hﬁe el & its *SIong

BChlrallty of the its (D -deoxyrib@se
B Sequenie;@% e
e » , TN




Synthetic Homo-Double Helices

J.-M. Lehn, A.Rigault, ]. ﬁgel,]. Harrowfield,

B. Chevrier, Dﬁoras, PNKS, 1987

.

@
“h »

A
¥, ’,;!.)

b

. 9
2 @

Qo‘(‘ l

V. Berl, |. Hucg, R. G. Khoury, M.]. Krische,
J.-M Lehn, Nature 2000



B Background of Synthetic Homo-Double Helices

Hydrogen Bonding &
Aromatic Interaction

Metal Coordination

Helicates Aromatic Oligoamides
J.-M. Lehn, A.Rigault, ). Siegel, |. Harrowfield, V. Berl, I. Hug, R. G. Khoury, M. |. Krische,
B. Chevrier, D. Moras, PNAS, 1987 J.-M Lehn, Nature 2000

‘ Chem. Rev., 2016, | 16, 13752-13990.




B%?iﬁ'ﬁ:i =E7tY Eﬁ?r R F ORISR & RRERIFE

- B - LA - BT )

ISIRERICE SHHEN _ES Y

(Angew. 2005; JACS, 2008; Angew. 2010; JACS,20122,2017)
(5553014262, 5549326635, 555128341 5) HAERN=E S5t Y (Angew. 2007)

X-ray Prof.Y.oshio Furusho
(Shiga Univ. Medical Sci.)

(Angew. 2007;
-~ JACS, 2011)
Y. pe DRRZBSEFEME  rm s

WLIE - /K (’I‘%#%524848475)

itHE - 2 - Lk - KA
HENAYO-ESEYESF
(JACS, 2006; JACS, 201 1)

o A * 5 = X-ray
(55F5652317835) & =i - KA - R - B - Min - B - IRE - BIR - R - BH - &76 - #

KBEZESEY z6 1 BREBEDDFRATY VY (Angew. 2006; ﬁEH%EI\?’? K
(JACS, 2006; JACS, 2007; JACS, 2009) Nature Chem. 2010; Angew. 201 3; JACS, 2016, 20 18; Nature Commun. 2019) (Nature Chem. 201 1)

B7EYDESHRAEHNEULICARRETE - ZEFVDF - B FOSEICHIOH TR
BZEZEVERDBEDENFH. PFATIVI, ¥75U7 1 DEREE (IHFT271—7)




B m-Phenylene-Bused Double-Stranded Helical Oligomers and Polymers

B The first complementary double-stranded helix
with a one-handedness

Carboxy Acid Amidines”
Angew. Chem. Int. Ed. 2013, 52, 5275. Angew. Chem. Int. Ed. 2005, 44, 3867

Nature Commun. 2015, 6,7236. m-Phenylene J.Am. Chem. Soc. 2011, 133,3419;2017, /39,7388

B The first boron-based double-stranded helix B The first water-soluble double-stranded helix
with a one-handedness showing spring-like motion = _ = with a one-handedness

Prof.Y. Furuho
(Shiga Univ. Medical Sci.)

Angew. Chem. Int. Ed. 2006, 45, 1 741: Nature Chem. 2010, 2, 444

J.Am. Chem. S0c.2006, /28,7176

J.Am. Chem. Soc. 2016, [38,4852; . Am. Chem. Soc. 2018, 140, 17027 J.Am. Chem. S0c.2009, /31,4710



BHelix is a Spring

Storage energy

Lift up an object

M. Lee, et al,, JACS, 2007, 129, 10994

Temp.-induced supramolecular springs

V. Percec et al., JACS, 2008, /30, 7503
Dendronized helical poly(phenylacetylene)s

It’s an achiral motion...
up-and-down movement

Extension & Contraction Motion

If twisting into one-direction.......

It's a chiral motion !!




B Double-Stranded Boron Helicate: Molecular Spring
(—ARESDEEREZ#FEVWAIENICHRT ISP FRATI VD)

£O)
A unique twist for
mele<u’ar r-achines

o |

lon-triggered eversible extension & contraction motion
coupled with a twisting motion in one direction

Twisting into one-direction, while maintaining its optical activity

K. Miwa,Y. Furusho, EY, Nature Chem. 2010, 2, 444.
N. Ousaka, K. Shimidu, Y. Suzuki, T. Iwata, M. Itakura, D. Taura, H. lida,Y. Furusho, T. Mori, EY, JACS, 2018, /40, 17027.



Optically Active Functional Molecular Springs

Bk - FIR - 77 - Irle - LUA - RS - =H - X Wang . -
e Guest-triggered dual chiral motions e Supramolecular polymer,to be submitted.

H. lida, N. Ousaka et al., ACIE, 2013, 52, 6849: Nat. Commun. 2019

e Photo-responsive molecular-spring
D. Taura, C. Katan et al.,, New J. Chem. 2015, 39, 3259

¢ “[oxed]

e Fluorescence molecular-spring e Molecular-spring with asymmetric catalysis
D. Taura, K. Shimizu, H. lida, N. Ousaka et al, Chem. Commun. 2019 N. Ousaka, H. lida, K. Shimizu, Y. Suzuki, to be submitted.




The First Synthetic Double Helical Asymmetric Catalyst! [§ T Cul'ulysis & 'I'emplul'e

+
Xsicl,
OH
/@M
©/<L Y uco 92 %ee
85 %ee (trans) H. lida, N. Ousaka et al, JACS, 2016, |38, 4852 & unpublished.
Y. Furusho et al, ACIE, 2007, 46, 5885.
O
CHO N
S =N_ . Nz =N. _ .N=
2 /co\ /Co\
CH3;NO, % O O 0 O
t t t
ome OH B U 4a ‘B Y 46
©/‘\/N02 Chiral Achiral
89 %ee 50 %ee

WO - HE - FERIB - X Q\‘O
anti-HH* p Taura N.Ousakaetal, =P ))(( anti*
R 86 %ee JACS,2017,139,7388. ACIE, 2020, 59, 7478. - 2D X 98 %ee
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2016 Japan-USA Seminar on Polymer Synthesis
}JJJRwJ Jba,u Village, June 24-28, 2016

June 24- 28 2016 Niseko
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