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Synthesis and properties of new ladder polymers with conformational flexibility
and structural symmetry
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The synthesis of ladder polymers is still a bi? challenge in polymer
chemistry, and in particular, there have been no reports on structurally well-defined ladder
polymers with a conformationally flexible main chain. Recently, we have reported the first
successful synthesis of conformationally flexible diazacyclooctane (DACO)-containing ladder polymers
by a post-polymerization reaction of a rigid Troeger’ s base (TB)-containing ladder polymer. The
post-polymerization reaction involves sequential N-alkylation and hydrolysis for the TB base unit,
resulting in a DACO skeleton that can exhibit a ring-flipping motion. The secondary amine group can
readily be functionalized by various acylation or alkylation reagents. Furthermore, reversible
switchin? of the conformational flexibility of the polymer backbone by coordination and elimination
of BPh2CI. In this presentation, we will detail the synthesis, properties and conformational
switching of the DACO-containing flexible ladder polymers.



B X C—19, F-19—1, 2z—19 (Gt#)
Ly El=g=K

:Eﬁjiﬁﬁﬁﬁi%i@ Ej-f*,?;\( ggE @ iﬁeb\stxaiﬁﬁo () fﬁg}%:ﬁﬁ%bf:iﬂ& © ““E‘F'Z’?‘"“‘JV—
SO OK ) < (1o & N T ety
R EHICH - T oAU E
@M%FA%ﬁ¢é7& )
~— (X 1b,c) 1 ZZEDOLFERES
WCHRT 2 EN TR EERST) z
FREZ R T LIS TV D, y
LorL, @ OEEGRGZ VLT
TH—RY~—ZaKLEI L Q > P
LTH, DIESR@mAGFELTL i = fEhER
55 MRS F IRTMSEENE (2R E R | EERIEEA EBL
v ERLZLEHRNETHL M. K1 (a) BEORYT—, (b) REMEST—KRIT—(c) BIE
Carta, et al. Science. 2013, 339, MSH—RYT—OD AL T+ A— 3V EEDELH.
303), INETIZAEREINTZT F
—R)~—DfiEE RS L, 2T 4 —K Y ~—=X Polymers of Intrinsic Microporosity (PIM)
. WIThbar T A—va YEbEIFEACKEZ S VRIE R EEEEE RO O
WThsd (Klc)o b L, MIbIZART LD REHICFRMEELE5 LT X —RY ~—NEHKT
T, AT F A= g UEEN DIRGCICHIR SN DT R RS IREE T R S B
DEIFCEDS (K1b FE), LML, 20X EmIc Rk 7 ¥ —KR ) ~—Oablix7e
<, WtERE S KRB CTH D, — T, éﬁ#ﬁab I%. Polymers of Intrinsic Microporousity & L C
MBNDRY ~—DERNFRIRBEBSUERT WEIZHMOBNTND T X —RY ~v—TCILFEHT
TRV, MWL a7 o A — /a/Qmﬁéﬁﬁ%O%ﬁﬁﬁ%ﬁUV%%%@WOk
BICHEZD2HMIEEZ R LT\, RKIFRETIE, ZOFECIVELNDIHEHRT ¥ —RY
~ — OREERE & WM 2 USRI TR B ae T?”“%Hﬂ%%%?é L AMET S,

2. WMEOHEM

TRE|EZOVRH LIz, PR (TB) EF7 % —HR ) ~—OENEEEGTFES
<. BEFHMEOY Ty r7uts % (DACO) AT X4 —RU ~—DEMiEE ML L,
FEx I EREEZE S DACO EH T ¥4 —R) ~—DEHe. T 0 ORI Z4T\V., 21
FCENEFES T TR OMEIE TH - 7o, BEFHMIEEFFST ¥ —R ) < —OWHEifIE %
RS2,

3. WDk

(1) DACOGAHTH—RI)~—DAK : TBEHEATH—RY ~—I|TkT 5 ENREBSSD
I DOMERR . DACO EH 7 X —R U ~—0 DACO DEZFF FITE A REL B L OFEED
B 51T 9,

@)DMDaﬁ7§ R ~—DWIEATSE - BEREBHHR : DACO &8 7 # — K U ~—DIRIEW
MO E AR BE I 1T 2 Wi &2 USRI AT 5,

4. FREER
) fﬁ]j;fé% DS RN Tamwzfs(ome)z U AN DA
20 IR LT=E DL, TBERAT X — (RILLTLFE S
AU <=—IZxt L, VAT NARRBESLIT — R NH,
N s T I e |
B L7, NaOH KIFIH ZEH &85 & NN .
7 ﬂ“—/l/ﬁ%c:;d‘—gaéi%*ﬁﬁ/‘j fci?kjfi}i FERITIVE/N— Tréger’s base (TB) 8749 —RUv¥—
Jin % A & T DMK R ES D3 2 D) (b) TBHERE R/ OMESHLEE
DACO B#~EEHEIND, ZO—HD 1) meso, wmmm@t

BiE, EAR Y ~—Z2 2258 %, &5k :&ﬁh
WIRICIRIE S E 5771 TIEIE 100% O

LR THEATT %, SUSHITAKR E DR amg E“
BT 572 OR Y v — ey R
BOT, Pl ZIEF ORI A AR > 7 & ‘L”W“””*m”ﬁ%*%“‘

FFHBEOLIMPTZ D, KISHEITAE ) )
D RSN ANV b < i DY - 2N = R/ AN | 2. DACO 8B ZEEMSF —RII—DERUE.
Wie & AT b bR R < 1T

TH0, HEELHES TH D (K 2c), #5417 DACO G4 7 4 —K Y ~—0 'HNMR
AT RV T, DACO RO —D A F L k#E EO7 v b o BNEARIZEH S 4, DACO
BR2S THNMR DX A LA —L 20 b EVBRKEEZ 2 L, FikRE A E R 2 &
R ST % (F. Ishiwari et al., ACS Macro Lett. 2017), Z D% #1% Mission Accomplished:
Synthesis of ‘Flexible’ Ladder Polymers] & L T Synfacts 32T/~ 74 b & Tz,



if:\ Z® DACO é\ Scheme 1.
HEI7HX—R)~—0DF
BEHALERY = — D
xR om EA B
L. DACO &RD 2 5D
EFE LITEEX R ERE
EROT VX LHEOE
l%ﬁﬁbh&f@@
AR T LAY
Troger sbase (TB) (2%}
L. (I) Table 1 IZ/RL
IHax DT VF LT 1
T REHWEN&IL.
(IN) I X DRI
Ji, BXON D AT
72 8T S AL %

Scheme 2.

Table 1.

ﬁw@ ot

PIM-EA-TB

poly -1R

o

poly-3R

(U]
NaOH aq.

oo =

(|||)
choa

i

poly-2R

Prasliriersiveciivesy

T5 1 BEREEOROG E
W=7 xL7a
FEHWE N-7 v

R-X

Mel n-CgHy;l BnBr

OCgHy7

0C; o

Br\/// Br\)l\

Hi7 B
OCqgH,7

Br. 0t-Bu

(BT DWW THRRET L
7= (Scheme 2), *D#fE
.. Mel. BnBr 8. 7

Reaction (I)

quant.
Reaction (Il) quant.

Reaction (lll) quant.

0% quant. quant. quant. quant. quant.

- quant. quant. quant. 0% quant.

- quant. quant. quant. - quant.

DIV % = SN N =
W 27 78 B
SOGMNFEICHEIT L, 1IR~3R N E&

LS NTZT L FANT A RERWTEIZZ
MICE NS Z & =R LTz (Table 1),
R EOHMT VX NNT A FTIE (D OEFALSE E A EETET,

ns O ~ Jm o-—#HoO
gjib(“\ i’l-CgH17I
A= TAY Y V=

KTz (D ERMERLSETT2000, 1) OGS TEREOZEHEEIIMR I D0, HER
HOBEMERIRE % 5 2 7= (Table 1), R\W\T, TT/VERIZE W TERMIZEUGEFT LT

TIVFINT A NERH,
NERRI L, Z0%ED

TBEAT X —RY~—PIM-EA-TB ZE L LT () — (II) O
— O G E &

FIIZHEST L. DACOBRD > DEEF T FITAF

VEE RUUAVEE T U VEERRD . BVESE S FMEZ O DACO G 7 ¥ —74 U < —poly-3R
155 Z EI1TEBh L7z (Scheme 1, Table 1) (F. Ishiwari, et al., Polym. Chem. 2020, 3=/ E LT

P,

(2) DACO &4 7 X —R I ~—DWt
72« MSHERHY  DACO 2/ T &4 —R Y
~—@ DACO ‘B ¥ DELJEF N & Al if
BB ESE D Z TR, L0
OV I AT RE 2R L B L WS
BT X —R Y <= —0DRIFRIZDRN D
EHIFEE NS (X 3), DACO B % HT
LR FET LA 112, VA ARk
A% BPh,Cl 2L =¥, Z DOEEZEAL
Z NMR 2 X W #fi#& L7z (Fig. 1c), =D
FE 5L BPh,Cl OFENL/BiEEIZ X W . DACO
B B D B JBE F sk M 8 R RIS 28k L 72
ZENHLEME o, DACOGH T X
— R ~—IZBWVTHFEEED BPh,Cl D
Muﬁmﬁh@ TT 5 Z & HE A NMR H]
LOHGNERY, KRY ~—i3FE
%@W iwwm¢5n~%aam@
BT X —R ) ~— & L CHRE
Z LA R LU7- (F. Ishiwari, et al., Polym.

No Ring Flipping

Ring Flipping
/w9 +@
a Coordination
N - e L .
H n Elimination

DACO-Ladder Polymer Hetera-TB-Ladder Polymer

I} n
Rigid Ladder Polymer

Flexible Ladder Polymer AR R

ALYFVYT

FIex:bIe /
e ~

X 3. DACO 88354 —R)T—D LA ZAEED - hn/Bx

BEICKDECEFZHMERAVF YT
Chem. 2020, FEFRM L L TEHIR),

F AR &

WF5E 331X Polym. Chem. 5t Emerging Investigator 2020 & L CTi#H S 7=,

DACO &7 7 #—R U ~— DY RAT 572012,

RIpDHHABRKRORY ~—2 AL, %

ARV ~—0 CHCI3 B Z AW CTEIEHELNE 2T o7z 2 A, MlER T 4 —KR Y ~—(FHER
T O%PEBIKOa T4 A= a w025 L, R X —FR Y ~—iX, FHEREORM
ZELRWIE LTcary 7 A—varvkblbZ LRI L, £, BIRREIZEBIT S
Ny T RIZHKT 5 COy T ADWE BV BHEBRFEOHIMIEVERTHZ EHRWE L, RS EE
GUFMMET X —R )~ —0NH RS E L CEVEREE A9 D alREME 2 /8 L7 GRoUEE ),
L EARFZE 258 U, it DACO &/ 7 4 — K Y ~— ORI R-CHEE R 2 R e Bk <17
W, FOa=—T R BT LT,



5 4 0
39
2018
4-5
DOl
Ishiwari Fumitaka Takeuchi Nobuhiko Sato Takahiro Yamazaki Hiroshi Osuga Ryota Kondo Junko 6
N. Fukushima Takanori
Rigid-to-Flexible Conformational Transformation: An Efficient Route to Ring-Opening of a 2017
Troeger®"s Base-Containing Ladder Polymer
ACS Macro Letters 775 780
DOl
10.1021/acsmacrolett. 7b00385
71-4
2018
344 344
DOl
11

Ishiwari Fumitaka Ofuchi Momoko Inoue Keiki Sei Yoshihisa Fukushima Takanori

Switching of the conformational flexibility of a diazacyclooctane-containing ladder polymer by
coordination and elimination of a Lewis acid

2020

Polymer Chemistry

236 240

DOl
10.1039/C9PY01104H




Inoue Keiki Ishiwari Fumitaka Fukushima Takanori

Selective synthesis of diazacyclooctane -containing flexible ladder polymers with symmetrically 2020

or unsymmetrically substituted side chains

Polymer Chemistry

DOl
10.1039/D0PY00603C

23 8 1
Tl
67 (2018. 5. 23-25
2018
Troeger
67 (2018. 5. 23-25
2018
29 (2018.9.6-8)

2018




67 (2018.9.12-14)
2018

67 (2018.9.12-14)
2018

67 (2018.9.12-14)
2018

(2018. 7. 10)

2018




30

(2018. 8. 4)

2018
99 (2019.3.16-19)
2019
/
99 (2019.3.16-19)
2019
3 ELSI (2019. 3. 23)

2019




Troeger®s base

66

2017

17

2019

68

2019

68

2019




Keiki Inoue, Fumitaka Ishiwari, Takanori Fukushima

Synthesis and physical properties of diazacyclooctane-containing ladder polymers featuring conformational flexibility

68

2019

Yalun Yin, Fumitaka Ishiwari, Takanori Fukushima

Synthesis and properties of optically active bifacial polyindenofluorene with hydrophilic and hydrophobic side chains

68

2019

Fumitaka Ishiwari, Daiki Abe, Yalun Yin, Akinori Saeki, Takanori Fukushima

Bifacial 1t -conjugated polymers: A new design strategy leading to the extension of the effective conjugation length as well
as the formation of higher-order structure

100

2020

NMR

19-1INMR , NMR , (

2019




2019

2019

Fumitaka Ishiwari

Remarkable effects of tripodal triptycene units that affect self-assembly behavior and physical properties of polymers

2nd G"L"owing Polymer Symposium in KANTO (GPS-K 2019)

2019

2019




http://fuku.res.titech.ac.jp/members/ishiwaripapers.html

HP
https://110hide.wixsite.com/ladder-polymer

http://www.chem.eng.osaka-u.ac.jp/~saeki/cmpc/




