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Scheme 1. Synthesis of cyclic polymers by (a) bimolecular, (b) asym-

metric unimolecular, (c) symmetric unimolecular, (d) ring-expansion
polymerization, and (e) electrostatic self-assembly and covalent fixation
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ARICHIGHEI N, T, BTV 7Y 7 ZE W
H—rrFEa FERICE, 7IVF v EE O Glaser ffi &
RTTERYVNERBOZ VAV H v T LA
ST,
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Scheme 2. Ring-expansion polymerizations by a (a) cyclic ruthenium alkylidene, (b) N-heterocyclic carbene,

and (c) cyclic tin alkoxide.

< cyclooctene 7% & DERIRA V7 4 VO 127w BRILKE
&7 0t A%BA%E L 7= (Scheme 2(a) )05, x5, #
5 N 7= Bk poly (cyclooctene) % /K 4L L T E IR poly-
ethylene # &H L, MO EFHIK polyethylene & £ -
T o= L7c kA, MSEEL Z oD/ d LR E AR T
LD BRVE N R B Y — 2 B &S 72505259,
SHICCOBRT IVF) T VERALTF & & DIV T = A
i, hemuT v R —HBie XU TS
VIRV DBIEKESICHA SN, AFMIC X - T
WAL RN S S T /T YV 2 7 F DEBDE
a7,

S BITHRA, T TE A IV (N-heterocyclic car-
bene (NHC) ) % B#A % & 4 % lactone < lactide O BRIk
KEET 0¥ AHEFE S N7z (Scheme 2(b) )59, T
BEERIL T, ROBRRT VT 4 VO ARy A8
HE LFRRY, EHERRES T O FEHI#E 2 HE
Y, EIHTFEIMIEL IV TEHEL R
I Z D/, NTRERIVARVEIAFNC & BB
IREGTHE AL, jelly-fish (< ) BEGH 77 L0
BHLR-BRESS T, BLURRAVIRTFFO
HBUE SR S 7258,

—F, {EROBRILKERIC k- CHBALI=y F &5
TERIRE T T2 B L 725%1IC, KRGS TS ZHRGFL

784

7ok FRGEFOIGE 7 57 AV P wRET HHESH
F&X N7z (Scheme 2(c) )%, ZDOFHEF, EHFED
Btk poly (chloroethyl vinyl ether) DEFICIGH SN, X
5 1{Z graft-onto {EIC & - TEEE O polystyrene il $8 %
BALT, ARM & iV 5 BEETRBIZ O TRE L BRIRE
GFF ATV P BRBEND . ks, ZOF
o FERACERICIE, A&7 5 tadpole X 8 DF, 7
TFUR /)y P EOREMERIEE L EENA I &
DHER I NIz, O TORIET O A CTHRERIINZ TS
R IRIREE N ER T 5 ML R E L TE
S N6 66

2.3 ESA-CF %

EHE LI, BIRROSIRRES T OMEHERTFE &
LT @maToOMEHMEFERICED BB 2D
&2~ 12 A (Electrostatic Self-Assembly and
Covalent Fixation (ESA-CF))E#BIFRL7-. Z® ESA-
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Scheme 3. The covalent conversion in the ESA-CF process by the ring-
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N-phenyl piperidinium groups, respectively.
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Scheme 4. Construction of a cyclic polymer by the electrostatic self-assembly and covalent fixation
(ESA-CF) process of a N-phenyl piperidinium telechelics and dicarboxylate counterion.
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Scheme 5. Synthesis of monocyclic, multicyclic, and cyclic-linear hybrid polymers by the ESA-CF process.
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Scheme 6. Synthesis of spiro-, bridged-, and fused-multicy-
clic polymers by the ESA-CF process combined with metathesis
condensation.
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Scheme 7. Synthesis of spiro- and bridged-multicyclic polymers by the ESA-CF

process combined with click chemistry.
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Scheme 8. (top) Construction of a polymer catenane by a cooperative hydrogen bonding and electrostatic

self-assembly. (bottom) 8-Shaped polymer cleaved by olefin metathesis.
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Molecular structures of (a) linear and (b) cyclic poly (tetrahydrofuran)s having a perylene functionali-

ty. Frequency histograms of diffusion coefficients and cumulative distribution functions (inset) determined for the

(c) linear and (d) cyclic polymers. The lines on the histograms show calculated theoretical statistical distributions

corresponding to the diffusion of single molecules in a homogeneous environment. The lines on the cumulative dis-

tribution functions show single- and double-exponential fittings.
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3 — B OBBIRIC EF L 7=DIZ*F L (Figure 1 (c)
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53U, Vol. 68, No. 12 (2011)



o F PR Y—{ed  BRESFOFHER T 2B LU FARB U —3p RIS < BRI

(a)

o

COOBu
Cyclization

-~ N\~

(b) Linear/Cyclic (%/%)

B

+100/0 =75/25 +50/50 25/75 ~0/100

100}

0 L " L " " " L
10 20 30 40 50 60 70 80 90

Temperature / °C

Scheme 9. (a) Synthesis and chemical structures of Linear and Cyclic
amphiphilic block copolymers. (b) Temperature-dependent turbidity meas-
urement of micellar solutions of homoassemblies and coassemblies (Linear/
Cyclic=100% /0%, 75% /25%, 50% /50% , 25%/75%, and 0% /100%) . The
total concentration of the copolymers in a solution was 0.50 mg/mL.
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BRECHERTEA I LW I IC 58218, WD
ABA BIE$HIK 7 10 » 7 3L E A 1K (poly (butyl acrylate) -
poly (ethylene oxide ) -poly (butyl acrylate) ) % Bg kb
L%, HEH - R hehoH CMBRIE RO R % s
L7z (Scheme 9(a)) 1. 4% L RE T 21T, BRR
BTV, BEHEOLO & AT BRI (2
F) RIS B 5 (24°C —>74°C) L, 50°C & OBV
EREOHEE &V OIFFICEE L [ P ROy —%h R =%
AE L 7z (Scheme 9(b)). D%V, EEH,HHEAD FRA
V—EWIZ L - T, @OTOMK - LRSS TRER
FUIVIVDBRP Y A AL 52 52 LK
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SDFICEAZED ERANS CREICIEE S & &
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IZH L T 5 (Scheme 9(b) ).
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Scheme 10. Expected mechanisms for the agglomeration of the micelles formed from (a) Linear and (b)

Cyclic amphiphilic block copolymers.
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B & ONELEBEREOR T O S L UERRES
HED BN TV AR L 0 b BRI S IR R Em
T3, 5 TFAr—VCOMUCERE®RO T s 247
L CHEEHINS. 22T, IEIHHEREHEMS
BRI HERAY I PGS, SEEAREE O
HNPHED LN TWBO-2 . x5z, #ERFEAR
CNCEEE LN AV 200G 1MOBRRA ) I~ —I3,
4n+2 "TIC & 5 IE R FHIHESE & 7% 5 O Hiick-
el Ml Y 3¥7x %, 4n BT L HEERNAFEI T 5 non-
Hiickel B 5 & itk % R4 C L BDEGHAVIC TS 1,
EERBGE A B L 2B A ) I~ — &R A KE S h
Tb\%)lZQ)-

IR EMEE A EFPICEA L ZBRES TO RO
U—RROBFEEE B E LT, EREPICT RV
T SR ETRRE S T ORGSR Sh /29,
TINRVE VBN GURRES JUNIE T 5EERE S
FITH L TUVREIREL b5V AEkp 6 Y AEANDE
MALEE ZJIE L7z & 25, BRRES T TR ERE
MEEAKT LT EHREINA. ORI, BREST T
35 FRIOKE A G CAIIH S WESHOEHED H HED
RELmhlzd LI N/,

BUIR O 4 thE 7T (DNA, %8, X 51C cyclotides'?
EMEEINARYARTF P )ik, —ICEEES Tt
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LBV RS Z EnmobnTnwsb. 22T, &K
BT ChDRRMIER Y T A5 )V OBINKS IR 35
B PR E Y= R AR S 73030 BRI R
J T A5 )l (poly (e-caprolactone) , PCL) D& NIK 45 fif 26
B ESUR PCL S BT L 72 & 2 A, BIRES Tk
SIRIC ko> TETESURICER SN, ZOBRICANTD
G E R TFEERE) BV o I AMKT 5 2 LR
SN ko, ESEOBRRIEN BN T A7 L L
T, poly(valerolactone) = poly (lactide) D& B & Hi s
ﬂtss),sm,no),lsl)'

I LB TOEMRG OB 75BN T /T A4 XM
LD FEM AT = ANCLIH SN D LITER LR
REGFOF Sy 7T 1)) = ZF A (DDS) NDIL
b Bt S, BR&Es 7T, BEERE L
THIfLBBIC NI 2TV 7 5 A— g VELDEIFI SN
LHC EmDERPIESN, Ls - TEHHAIE S
N5 ORAREIHSER SN D, EE, B4 T
EEIHORRE S TRE T, BEERES RS i
L TRANOBEHEMET L, — T &~ DOER
BEIIWAL. COBRRE, 85TF0 [hlob ] gD
{HFr727eDDS <7 U TVt OFREHE LA R L7 D &
FHfiE 5.

4 FdHVYIC

KF T, [p7eb] PO LD LES TEEHICET
LT ENIERED D EBLE T T ADESE, I HICHE
A ZD I [E45F AR Y —1{k2(Topological
Polymer Chemistry) | {CE84 553 5 OPIERE L LU
B I AP LT T L. RhbLaWv [Uh ] RO&ES
T T AV THALTOENS [l (FREY—) |
OHMEICEH L7, BERRE JUSRRESE &S T F
ROV —OFHHER IO A, SHICZORELSE 2
72, BT [leb] 1Ic&ESL bRoY—ghRic k-
TR N A8 - L2 - AWMFENL T LV —7 ZV—B
BE - BMEOBERBIERITHED SN TS, BRIRES T2
T % I WV O@EWEKERICALN A D, EEIK
LR DT & - TS T & 7 BEAF OBREFRE
WKERIRED TEHEATAHI LIk - T, bz e
L7cEEHERELAIH CE 5. F/, HERRZT T
SERRE ST OFIRW G R T 12 X WP e~ & B
T5HE, SHICEFE» DL PR Y- RAMGFS
N5, BT - B L MEREEO 5T, b
ROy =D a7 D W H 2 A A i
FEEL TV 5.

B B MO FoRICEY AR, R LEREAER
TR AR - &9 T EHIO Martin Vacha T,
PR e L OFPIE L L CTEBSNE L 7. APIgEL
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Topological Polymer Chemistry: New Synthesis of Cyclic and Multicyclic Polymers and Topology Effects Thereby
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Recent progress in fopological polymer chemistry has been outlined. First, we focus on recent developments in an “electrostatic self-
assembly and covalent fixation (ESA-CF)” process in conjunction with effective linking/cleaving chemistry including a metathesis process
and an alkyne-azide click reaction. A variety of novel cyclic polymers having specific functional groups and unprecedented multicyclic
macromolecular topologies have been realized by combining intriguing synthetic protocols. By making use of these topological polymers,
unprecedented opportunities have now been realized to provide new insights on fundamental polymer properties either in solution or bulk,
in static or dynamic states, or in self-assemblies. Moreover, unusual properties and functions for polymer materials have now been revealed
based on their cyclic topologies, i.e., topology effects, unattainable either by linear or branched counterparts.
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