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Fig. 1 Illustration of natural RAFT polymerization: sun-
light-photolyzed, opened-to-airandrecyclable- catalyst-aided

RAFT polymerizations (Reprinted with permission from
Ref.[26]; Copyright (2016) American Chemical Society)
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Fig. 2 P20x-HRP cascade catalysis for RAFT polymerization with oxygen tolerance (Reprinted with permission

from Ref [33]; Copyright (2017) John Wiley and Sons)
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polar monomers (the polar-monomer problem)
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Fig.7 The structures of mono- and di-nuclear Co(III) complexes for asymmetric copolymerization of CO, and meso-epoxides
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mechanism during the copolymerization of CO, and meso-epoxides using dinuclear Co(IIl) catalyst (Reprinted with
permission from Ref.[204]; Copyright (2014) America Chemical Society)
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Fig. 9 Formation of crystalline stereocomplexes by mixing the opposite enantiomers
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Fig. 10  The structures of dinuclear Co(III) complexes for asymmetric copolymerization of COS and meso-epoxides
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Enantioselective resolution copolymerization of racemic epoxides and anhydrides for producing stereoregular
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Fig. 15 Polycyclotrimerization of alkynes (Reprinted with
permission from Ref.[236]; Copyright (2002) American
Chemical Society)
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On-surface formation of one-dimensional polyphenylene through Bergman cyclization

(Reprinted with permission from Ref.[239]; Copyright (2013) American Society)
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Fig. 17 Single component polymerization of
diisocyanoacetates toward polyimidazoles (Reprinted with
permission from Ref.[240]; Copyright (2018) American
Chemical Society)

TIEDSREMFR. LM, REENRE RN
—RFEE2M AN E RN S AS Y, Ak
o BN R MR R TR, M RAWIT
RNIBLREWRBEN T HE. SRS
FEAESharpless 42 1« siahifb 227 IR B R
iR, Hod B PR AR S R A BT R
PR SRR ERBEEL . R TR,
SRR, BTN TR AREMAYE
%‘»%@ﬁiﬁz[%z,z%]‘
52,1 HiiRE

HarkE oAk adGRe T 20ES
BB B TR0 T A 244245, g S 2400 -
RV e pfel248290 i R B4 55
5211 BAEPUIERSA

AR AL ] Co(DEAL B - bR il
KA (CuAACP)i & T ATE M = B0 T R(M,, =
3.66 x 104 £ 1,4-37 K6 $H & (1) 28 = (1,4-
regioregular PTAs)%. i1 PUZKEL 2,04 (TPE) & 7t
Mg, Bl &R SR T e R EF S
KIGC(ATE)EPE RS, 2= iR U 41 SR AB ) FRLAR
TIE CuAACPHI & T BA JE L ' 2 14 o ) S
1k-1,4-PTAs(hb-1,4-PTAs)), #5F MR B4 8 i
T A BICuAACPHi & 1 15 B e- M 2 B2 (e-PL) AH LA
2Rk, BARE A FE30 min, BERES T X
IR & FIRTTNERBURE A= T SewiilK- SN ES W sl a
Gue-PLEA TALMEDEENE, I1E Re-PLIEAED)
B VB LE B AR LS, R A IR 2 T -
AH AR F )25 178 4 T SRR GRE 2 1 BR R RS AL
By, ARG IE B A A BICuA ACP—4Rik 4% 1 8
T REW. Z ARG A B T o T 2= F0
m AR, TR TS T REVR & AR
SR 2 IE 1 AT B 3k A T MenschutkinZR 424, [ V.
LR Cu(T) 4k 1) 8 - i i OB, D & i

T —RIUKBEMP RGN IES T REY,
W8T 7N, 12 e 20 MR 2 % B Pl SR s T DA S
PN SR RS T, ol EE . R IG .
B iM%, SRR RP R
95%, RETWIRIEWSR, Yoo, RNk
PR ANES),

FHECT Cu(D A B - i IS £ 1,4- X0
HUAR-1,2,3- =M SRR, 7 AL B - i S OvE
AT LU 45 1,5-0UAR-1,2,3- = M RAARS). T4 1
S5 K 1 A AR A T RE S PR R 1 BRSO
N T I FUIR T A0 i 45 1 AR A SR S T RE R
Wi, A S84 PLCp*Ru(PPhs,),Clik 1 i Bk 4
([Cp*RuCL] ) N fEALF, 4 T hb-1,5-PTAs. #
5 T-Cu(PPhs);Briffb il % 1hb-1,4-PTAs, hb-1,5-
PTAsIIZE I SEHL M, FTLhhb-1,4-PTAstLhb-1,5-
PTAsE A I FILHELE M. T S8 T 280 %
EYRICHERE I ZE R ILAL, AR RAZERE L E
TR 2 i 338 3 7 B 503 Ru (1) %) e A R AT v R
HAF 1, A-SEA R TR =, R R B T — 26T
Y FIRuH,(CO)(PPhs) 5 f# A4 1) B B -b s o 5 A 1l
1, A- TR R T = IR R 2R 2581 (119).

REvhEEEEAFINRE, SomEs
VIRIPERE, WVEMRPEREAR. IR K EitE
&, Hh—ANE R R T R B R
m A (MFCP)2), i A SRR 2H 1) FH i 25
SRR R T REB A S A bR I 1 SR 1AL T Ik 4% T
A UR260-260 - ST HOR B AR [ MFCP,
FEHE T 1,4-XEUAR-1,2,3- M SRR A& & hl ik
4% I E Y. A BRI 28 22 AR A HE— 0
TR H AR R RV S B R S R
PR A ST MFCPPO229 Ry i R MFCPik P
ANFERM I, IR TR T A WL DY
AN T F BRI B ARN) SR
G, FHAET L5-REAR-1,2,3- = B S A AR A
100% 1 2R 47264,

5212 Fi-PUEHRE

SRHE-B s h RA R  EE B b -
Eil-t =8 ARG, RS SmEEY
EZFE.

JEA BRI & 7 —FRh(D) AR A
1b B A1k 2 (20(a)). £ Rh(PPh,);CHFIHE AL T bk
KR FIRR By BAAAAE 1 2- — R L b T IR R N



1102

2019 4

Starting unit S;

S)
o) N
N=N
— Repeat 5 times . —»

N=N

®
AN
o

(@

— Repeat n times ——»

|
HO/"\-./N‘-.

(i)

Fig. 18

N"‘“-/O

0]
wok/wom
(0]

8 N=N
®N\/{§V}‘I-..,_/‘\ )k/w(ox/"- -
/BN D

M, X-S;-XM,

(0] [} |
@l o
\(\)‘\O/\‘_,g\ N~ Y\)\O/“\/N\
r =]
o) e e o
5
]

N=N Q
N0 i N

M X)6-S1-(XM )

Variable side groups

Changable i é g %
terminal —* m
x group
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Fig. 19 Ligand-controlled regiodivergent Ru(II)-catalyzed
azide-alkyne click polymerization (Reprinted with
permission from Ref.[258]; Copyright (2019) American
Chemical Society)

24 hik AT /= 7P 3K (95.2%) 15 B = 4y T E (M, =
3.15 x 10 [ SR M ZE R BE(PVSs), 1 HEX Rk
(1) & ] =8 100%. HAFE =2, PVSSHE/Z
EEA AN e I BRI Y O Sk i 45, ik mT BA
TIPSOk AR T LT & PV Ss A 1R
U ROV I AR BT 5 B Ak 1) 75 & 38

R T, PVSsHIE R GRS MRS (nss0 5 =
1.75 ~ 1.70), AR HAEG 2 U B A 25,

R A SR R 2 T 3 R R L o et
ITiE, TERERMA T LI T RmEAES
(E120(b)). e A A [\ (A WL 1258 6 s B 2%
PEATOIA, 45 R ERTE K IGHER T Rg AT
F(97% ) Hhifill & H B T R(M,, = 3.23 x 10%)FIPVSs.
M H BT 1 4% B PVSs L Za8 5 M 4K (71 15 81%) N
F, XEHRhO)EAAS]FIPVSsH LLER A8 4
FHX. [FIRE, Frf3PVSs it B A m 4ot
e¥i(ngns =173~ 1.70), HE5E&EETIEM, H
7£632.8 nmAb T LI H T A2.0 LA _F2600,

J3 A R 28 2 2 VR R 40 A FH R AR 1R TE AL 3
K3PO 5 T B A% B b i) plii B, il 4
T — R 5 K0k 4 2R 7 4 A 1 PVSs
(E20(c))2. {HIHHR 2, BARPSFE @
T e ARV R B A T 0 AT LA AT PVSsH Z/ZE 4



10 31 TN hEE S T A BT S R RS 1103

(a) /©/S\©\ Rh(PPhy);Cl /@/S\Q\
=R= + sy DCE, 1t R g S

O Q

0 =4 =

O—Ar—0O

-
jogpet
HS SH

(¢) =—-R—== + HS—R'-SH

DMF, tt, 24 h

n

E-structure up to 100%

Diphenylami 0 0 °
iphenylamine /©/ \©\
%\ﬂ“\o/\ro)h/\s s}, ]

Z-structure up to 81%

3 eq. K3POy, 100 °C (7 &:/S\RI/S}
n

NMP, 24 h, N,

Z-structure up to 100%

X :
@) =R= + Hs/©/ KQ\SH THF,30°C.2h »[’\/R\/"'“S/Q/ S'J;

Fig. 20

Thiol-yne click polymerization ((a) Reprinted with permission from Ref.[265]; Copyright (2011) American

Chemical Society. (b) Reprinted with permission from Ref.[266]; Copyright (2010) WILEY-VCH Verlag GmbH &Co.
KGaA. (c) Reprinted with permission from Ref.[267]; Copyright (2019) The Royal Society of Chemistry. (d) Reprinted
with permission from Ref.[269]; Copyright (2015) American Chemical Society)
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AR WGECE, A TSR,

i e ERAA AR L PR B B A BLA T 5 ) B R
FUINFR 23 TR LB A S8 AN 25 22 ZE U R 4 ) P
FEIE A BRI v R SLTE PR — 2P R R T e bR A
i BRI R sk o 3 A (B 22(b)). 2R BRARTE &
F e T2 N HEHE2 by kT 7 6 (99%) Hi 1
FESTEWM,, = 6.44 x 109 R IENE. T HiZ %
G R EA R R X Ok R AR B, AR
53 5 NI 100% E- SRR ISR IE. 51N
TPEM R A YR W B AIERH 1, RE/ERA T
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Sequential thiol-ene and thiol-yne click polymerization (Reprinted with permission from Ref.[268]; Copyright

CuCl, 140 °C

—_—
Solvent free

~tnu /‘><‘\ HN R
©/K)Oko O O O%

(b)

o o 3 2 3
R! )\Jr RO R R
S N N
/O 0 H H

Amine-yne click polymerization ((a) Reprinted with permission from Ref.[270]; Copyright (2016) The Royal

Fig. 22

0 0
CHyClL AR~ oA /ngn\
| I

R3 R3

Society of Chemistry. (b) Reprinted with permission from Ref.[271]; Copyright (2017) American Chemical Society)

BB SRR, SE3L T XS HeLad i B A4 ¢
JERARE,
52.14 FIPOEHRE

R R A e S8 K SN (hy droalkoxylation) & 25 i
T C— OB NI B = A ik —. BIEEY)
FREZ ., TR, K%, B aE. 5T
v NG, IR R R R i o TR e )
H IR R AW RA A E HER R L

JE A BRI 28 22 B B R Th 2L T T4 JE
A T T IS B AR R 5 A i R R AR ) R R A
(E123(a)). 7EIREREB(-BuP JEAL T, A1 — 4k
KEPEATEBRE, fl& T —R¥En &
(M, 151154.06 x 109 [ 5 ISR MG E, 7=
1299%. WAk, FRIGEE R A REF I pHBURYE, 1E
P 1 2 A I i R 110 o A T v e 2% A T IR A
€, AT 2R R,

TEREFR L -H S A I BE Al b, A S AN

Z RS BRI e S B ARUR
LS AR R 55 A R A, R 4-
ZHENEE(DMAP) B A RN, H7 T Byl
) T R A (K23 (b)), R A R BAE = Rl
PUCR] AT, T B SZKIRANBUR, AT LA
P TEWM, =3.52 x 10YAY. XA AR EE
BN Gy TN BRI BRI, 7 204 3 99%. itk
4b, A EDFTUHE R BHSRZ AL A R &
NARE R REENEH. ERERNE, R
P 7EpHE AR T3 20 2 st f g, LA TR R
BEfife ik, FE AR WIS 2R R AR AT LA T A Y B
,ﬁl\ {E [248, 249] .

BT R A R R Ak R B DA o &, T
PR o — KRR, B AR R 2 2 R B 48
FENL T TR B T IRTE AL Y BN S AR I R A
KRBL(E23(c)), 193] T HIY T 8 EiL4.76 x
104 R IG T, P2 RILF95%. 338 T RS



10 31 TN hEE S T A BT S R RS 1105

t-BuP, base | 2
= Rl= + —R2— —_— R~ <
(@ ="RI== + HO-R*-OH —prer=r (m\/ \/WO/R\O%
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DMAP
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(©

H()OH
+

DMF
Br——CRP——Br
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Fig. 23 Hydroxy-yne click polymerization ((a) Reprinted with permission from Ref.[248]; Copyright (2017) The Royal
Society of Chemistry. (b) Reprinted with permission from Ref.[249]; Copyright (2017) WILEY-VCH Verlag GmbH & Co.
KGaA. (c) Reprinted with permission from Ref.[272]; Copyright (2019) American Chemical Society)

GER RS RSV IR AR 2 [ B R G
fife e, DRI AT S AT IS e, DR
REMIM D FeR™,

522 HAhZELRA

W 7K BH VR RZH R D Kt S B R T 7 —
AR R A L, 77 2R (94%) Hi il £ T i o
FEM, =4.01 x 10%. FSHrFE$(1.60 ~ 1.80)
(SR BRARIE L. 177 H., S5 AR AT LA [R5 2 F AN R
(AT —Jhe A L TR AR L SR ),

3 ST B R A ok R T f B LG ER R
(Barbier reaction) 7| A 5 7016 BAL U, il 4%
T RIS A ARREEANREY, BFERE—F
HEE . RO KRR =K. HEEEN
T, ORI REAE R TR IR BV 1 A R T 08
A R SO EE A SRR, HE R B ATERF 1,
FEMBIAS B A58 B LEY)(TNT) R AT w]
RS 5 T I AR S R P i 7).

A VAR AL I 15D R A 1 A K
T AR B il 2R & iH PEG-PUSeSe-PEG. 1%
il > T RAR IS A NER, HEA K
P, AT DATE /KIS 3 T8 A e IR, Rk
TSl oy T AR R E M I 1 R
Gb, VFRETF IR P Al B S — Rh e T R

HCT TR AN AR BOE R 77, BPR] R A28
i S5 S R B A TN BRE 7O W A R ) B B
ANRABAR R, HaeS A A TR 2T RE
HAZ SRR SGERMESE B AT Dot R A4 R 277-278],
RIS @B D R AT T R AR S
im0, AV FIERT, LB
R i R TS 27,

Tk, B 5 5 3 75 Suzuki-Miyauraffi
T5C SR A ) 2 AL A SR S 4 7 TR IS T G137 M Rl R
BRI % JE T LAPd,(dba),/P(-Bu); AL AB,
(WL EE N A, BrAB) 4K [ Suzuki-Miyaura
A il T AL (DB) N 100% 18 3 4k A s,
HDBAH i 5 T 1% 4t (1 PA(PPhy ) 1 A1 44 2 I 1) %
() S AL T A W I DB(56%). 1A 't T3 41 £ B
T A B KA S T Suzuki 28 4 [N IR IA]. LA
¥(9,9- - C.%: % ) (PDHFs) Il % N1, A& St
AR INFIATE T S N48 h, T il 4% JPDHFs 5 45 43
FEH2.0 x 10%, 11 R FH B4 B S B 14 minggh
A] DAl £ 5 35 4y 7 ' N 4.0 x 10*f1) PDHFs8!,
FRREAE PR AL F — P LI B S AR R I o
PER AT, 78 DU SRR/ K TR A TR AR R % T
HEEIS D T M, =6 x 105158 (9,9- ¥ H17)),
SR T ARSI AR 2 R A AR ) i 282,
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53 SASBRENZRTES

Z H 5 R N(MCR)S& F8 34 K DA _E = S 473
=5k, NG E, RIS
—R . BIHAT NI, HTHl&E 3N T
M2 205y e N ST V2 AR IE . A S Passerini X
My AMBEE L. Ugi/x M. Biginellie W55, i
TR, B BERR. SR TS
PE. PSR ZFESE S, MCREW 7 TR
KRR ZH 0 RERM(MCP), A E 1551
SEE LMy RAE TS T2 75 R,
53.1 s ERE

FEA BRI # 5T T CuAACPA S HIZ 4 5
RE P Cul = SR AR RS . fit S 2
KR Z H 0 RA T T2 T E77 % (99%)Hh
B3 — R E D TR (M,1%56.46 x 10Y IR WG &
T R(ER4) FEMHFEIMEART, BE=
Hor KB TR IR, USRS FHR
N-TE R RS (E124(b)). 7346, K =2 #ke
Moy, MHOREMBERAKERKGEE, BT
S T BT R A AR P4 o) 5
A (E24(c)); @ W KR A B N &
AJ DASIE IR SR 4 45 A Bt e AN T e 15 L A7) )
AT M = Nk R, ARG A
BRI T e 450 1 R WA kHE24(d)). il 4
MAERR T IRREVAE LM R L iidsi,
EHIRI B RIERE, IR Ry
&R AR, HIUTTH S AER A BT
AR T i 25 b A AR EER RO, 100% 75 46 8 B
P FE AR T A B 5 W B G ). X — R PERE
BT REDIGEN, W] LRI T R &
VIR R R S 8L Rl 28,

FEA R R R T e TR
v B & (K 24(e)) 8 FE 41 (1K1 24(6) B AR 2 25 4%
H G (24 I =85y i G, /ol & 7 5%
TR R ESTI, 5 F2 M| Vo P SR (V- 356 i IS g )88 5
e 3 2R P SRR TG IV Jie 2590, e 1] % 19 3k 2L 5 2
JRF IR A, Ae T4 )8 BT i) R GOk #o
S TR T ER A 1 A7 55
532 HOPESHELERE
Ky ZEMRMEATERBRA T REF
B SIS B TR, SR A X LRt 5
IR KRS 8 SR A IR AR L G 4R

=
==]

1,

TGO A RN 28 22 E I I 7E R Gt R
RLAC PR L T R E S R Ik S 51
SR SIRRPE AR Z H o RE R, LhEns
98% 1= Ml % 1 F B k41700, ZR F Ak
o B IA 80% 1 B W i (18125(a))P0. F34k, etk
LR BRI & R T — SR TR & U 2.

CO R EHHEEMCIRI, RA+EE. L
B BRI SROIREEE 2 S. HA A SR %
FERBHESL T A RAR ML TCO,. i
PR AR 1) 22 493 B 292 (E125(b)). BT il 4% 11
REDHT A KERRE, EEEKERH
EORNRAF IR, T AT S AR b
B, ZREE TR R - st o RS
Ja DRt %R G R AL FH 5 15 (1 4% 1, 50
A, IR T B AR SR I ) 4 B TR R
533 TS 5NN BERE

MR ARFETFELE =MITER, HResk
A T KR =Pz —. Rk, SRR
FH B A B S 5 5L A R 2 A UR R A U 15
WO FH B R AR AR IR AL S PR BT R T eI
R AR ZH S RE, & T
— RGN BA A SR R SRR AR 2. 7R 1% T
PERIEERD I, 2R AR H s A I e D B R
P G, RO SR T IR TR R A
JIg 5 i ) 22 40 43 TR 67204, 19 25 T R NR 3L B O 774
3 R IR AT DURE 5 1 R A M H?, k2 bk
PRI IHE (99.99%).
534 HAhZHNBELRE

Passerini < WAz 2 T8 185 0 55 1 i) 4% 6 15k
JE 10 22 414 SN 281 B VR AR 3T S S LB R T
A7 [ Passerini R A N, JHIT SRS S R
LRI A R 51 02 1 DA EE R B
il 8% T 5K B0 T B SR BRI I (E26)2%),

Biginelli < b & B . B-Fk 5 7R 2 I A R/t
IR 1] 6 3,4- — 2 s W -2 1) = 20 53 )RR (1 27),
Bl 72 ) R PR B R T K P R AL ROF
BiginelliX B TR AWM E L il T — FRINE
AN RS NE AR SR,
HE AR IR Em R NGRS
FNESL H T AR A5 TR, 1SR A OV REE R T
S, HEMT TR

AT R T AT B HEASH
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—N=C=N— B\ X

n cupy |RTNTEENTRso N R N0 pg O N R N O

base /(S\\ ; ,zs\\ H(< 5

© NS 5 © /N E R

NN N R RS )
N30,8—R2—SO,N; RS

©

®

(8)

Fig. 24  Multi-component click polymerization ((a) Reprinted with permission from Ref.[283]; Copyright (2016)
American Chemical Society. (b) Reprinted with permission from Ref.[284]; Copyright (2015) American Chemical Society.
(c) Reprinted with permission from Ref.[285]; Copyright (2016) The Royal Society of Chemistry. (d) Reprinted with
permission from Ref.[286]; Copyright (2018) American Chemical Society. (e) Reprinted with permission from Ref.[287];
Copyright (2017) American Chemical Society. (f) Reprinted with permission from Ref.[288]; Copyright (2018) The Royal
Society of Chemistry. (g) Reprinted with permission from Ref.[289]; Copyright (2019) American Chemical Society)

BRR G OB pk . CEERIR B AE InCLE AL 9100 °C, I 46 2102 hiagh il L 7 2 st il 46 =

T, 140 °CJ2 Ri20 hEI W] 13 5 540 T B4 ST RT AR,
(K287 BT Hhl & REWE R P EHRE HR A bk g
23 4|
(LA = B RIEHE , S8 A T AE K400 ~ 6 REYHIMAES
1600 nm 3t [l Py 0 HE i (468 5L (n = 1.7529 ~ “RINGERY” —IRTE A FREE TR R B

1.6041). HE—DHUEAEALFHONCCL, HERRR — WEE AT MRERT A Baminhaia
AR PR ERACEE AP (B28(b)), SONARFZATCARE(G  BLORNERTE . SCRIIRIRSE. APk 1
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(@) H.__Br Br-_H
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*7 DMSO g Nsp N
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0 0

O
() AgGWO,, C5yC0; {=—p—=—
== +xLax+ L0 ) v

= o—L3-0O
(X=Br. I) DMAc 2 )n
(0)

Fig. 25  Polymerization of green monomer CO, ((a) Reprinted with permission from Ref.[290]; Copyright (2017)
American Chemical Society. (b) Reprinted with permission from Ref.[292]; Copyright (2018) American Chemical Society)

S WE LS T BRI B T
Nt H  CN NC 2 A AT L e o] e o e A
R @ R R 2, LRSS, Ak

PR AL AL RGP0 5 S N, IX AR BRI

l THTZ ML AR, R BN T BOMR

o b o D ERARTHBL HINREW G A TR
{ ! 51\71 Tﬁ)&/ J&. ST 2 E DK, P E B EH AR
n INREME U T SR Tk, JF HHE

Fig. 26 Passerini polymerization (Reprinted with T RIVEE MBI R, A TN IR
permission from Ref.[295]; Copyright (2012) American LU INE RG], GBS TFREMIRING

(Chemical Society) Fa U 72 TAE AT S5 S S 06 1)
1 Biginelli 0.0 6.1 Z£ERE

MO_R_CﬁJHzN ﬁNIEM TR [ 20t £ Staudingerf t “ 43 & LA

N A K, LRI A BB A TR IR R

0 YR 445 S TR A 90 5 S ] — o 5 4 0030

Fig. . 27 Biginelli polymerizz?tion (Reprinted  with FR, HEEER ﬁﬁ;ﬁﬁ;ﬂ\:ﬁ]\%(ﬂ:ﬁﬁ\% BRA
gt;l;rirllts;l;);lcf;;);‘lisféil; [296]; Copyright (2015) The Royal #@j’iﬂ'@i’fﬁﬁ%)@%ﬁﬁ}ﬁ}%

19844F, iS5 AE Teyssieft (b HIMER N il
ZEMF IR A, E— R ey SIFMREHINEG R T R NER R FLIRA
HAphaitsgm, i, WREBEGMERAHE  RABA=IRBCR &Y. thATE oo 1 ks
S RNFAMEERS YL B ENRAT SRR CAEE-b- R —IRBEREY, H#To
AR, BRI B RIREME AR E.  ARKES, [BEABA=RBIREGY, X
XA T REVIRAN AR B ER 208 REWIRPEREEAT 7R 4R KI5 ABHRECE
PRI . B, SHIMREMEANKE  SWIMHE, ABA=IRBER AW EA E b2
oo MERRE EMEAGETIRAATZIMA  KE, NI RG24 U AT B

@ Ph Ph
N
H 0 x
m= 5O QLD gy M
o H N O-xylene, 140 °C, 20 h ~
S Y
+ - h
®) HNCL S

=-R,= + HCHO + Cucl X
P — / _—
! @—/_%— Toluene, 100 °C, 2 h é\g\ =,

Fig. 28 A’ coupling polymerization catalyzed by InCl; (a) (Reprinted with permission from Ref.[297]; Copyright (2013)
American Chemical Society) and CuCl (b) (Reprinted with permission from Ref.[298]; Copyright (2014) American
Chemical Society) , respectively.
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PERIT L BAA — RS FHAER. 19964, Bk mifi
A 2 3 A A A A N A BELAR K 2
Hl, A0 T e-C B R A AR IS I 72
TEFR, Mmsedl 7 HEIER X B A0,
19994, & A TGRSR oK 2 Koy T51 K
751 2 B 35 PR 0 B o) T 2 2K I TR (NPMLA) Y 5 7
et B LR B (ATRP), fifd T NPMA R ZEH%
HIRCRZE M IR, JERIETE T 7K AR R At J AR BB
RAEYIN E 4T KB, 20064E, B 2 KRG
T I Heck RIS Bl 28 17 7K 1 1) 1E B8 1 SR X 2K
¥ 4J%(BH-PPV), ZEEYT] L5 7 ffar () 4=
MKy FEF eSS, LI REISR
s, FHRA DGR, AT BH-PPV/IE
N IEILIR A EFE R 4R, N T ERIIDNA-
REWM G, WIS T 5 YRS 1H
RAACHITRI . X — B 7045 R I BE 1 & 5+
PRI T AR AR SR T T R 201 201 145,
R A SE R R ) P 370 5 N b 1 i o A 2 S v )
& 1T EMES LI S R R A,
A E R G [FIFE A R A2 Re, 18
o ARG RL B A A 1 R AR AR, (R
AR R R C A R ) R A kAT
PR AN RS, EREA R XIE B A
T ENRECHR, I HREEGWRI BRI
ATERIPL. 3% — TAESEIL T & 24 2% 2 DhRe i Sk
R B AR, RN EARIER TR RS
MEANF ISR NEERE, DhRe SRk S At
Wi S 4 (5] A 986 15 77 T L A AR G 1 8 R 9 104,
20165, 4B A MR A Ik 28 B VN N2 52 Rk
A A7 5 1 4 O SEEIL TR R I U 1 3,4
R0 SR A R AT A=) L AR A B A
Ry, SR B 5 A i R s H 2R AU
FIEHERAWEHE XM R mR. ' MAE
SVELF R, HHIE T 3 m AR I
LB, (A B R A R R0,

7 A AT SR A I 2 A IS
oz —, HE5H 5 PRI T AR 4% 52 50y B0,
EEiE=gs A0 ECE $L// PNES T2 F AT 5B
20174F, SKIEZIRBARE 7 —Fp LRI R 37
SR MV iz A T A8 BAAR G il 91 Pl 45 SRS T
W AERR (110 °C) MR LR ) SR 1 M
Jiiz i it i Diels-Alder s NGR4T, AR 1S S ok

T PR A 3 R AR S B LR Y AR IR AR
(40 °C)'N, i¥iDiels-Alder MANRER 2L, HAEAE
R IRTR 20 e B T RE A IR R G R Ok I W i
5 O A I R A R 4 R T AR
B H SR 20184F, 25 AR 15 AR 4H S5 R
T —Fh— Pk A BT A T i B R 5 .
XA NI PR AR . IRIRI R SR A
ZZHE I E V) 2 100 R A AR SRR 5 IR
I B PR 28 B L 2R DL K TR A B R FEBR SR A 2B
B, RAERR PRI SR AFES 1 H
HNLEARRENIF RS &L, AR 2
RERZ oA REN S FEIS M2
é,d:.: 1;/4] [308] .

JolrF A ESE R e T — Mot O E v 1)
PRI IR N R R AR R B R, H
B P BE I 7B T IR SR 2 AP I, M
8 FRLAA [ A - BT 44 B B (RAF T R & %2 4
e, RS OO E T BLgk
PP HIEAZ Hh D) 32 AN R ) 2R A FION/OFF
RES. BEBCHCE 1T DL R R R R ], T
g —ANEE BN B AT DA i B — O AU R 8
B A SRR DRI, 36 Jo i S A s RN o
A, Ak AT DAR 2R 5 A3 31— R AR 7 51 (1 3
W, X —F B AT DL T A O oAt g i
TeiFAr B e 3 TR0,

20194, E/NEIREAIRE T —FiG ML
RN N TR AV RSB N Ty e S RN = ey
BT 5 B 1 SR e () 7, AR RO R R R B
R B S AT T REAB AR
T ES AR

ITAESR, ROEH TR AN 3T M £
BT REIE, RS EREY A T THIT R
T RGBT R A RO T

ERETREST, 1,1- %R 25 (DPE) M H
FTAEMIARE R AR, R g5 H A AR LR,
20124, 2k M A — F R Rk e 3 AR 1)
DPEfiTAM(DPE-SIH) 5K 445 T =M. 7K
TIREHAT IR, BEFER L TR LR
WiB, eI b, o TARR U I P ) 2R 20
5 DPE-SiHI BRI, 45 3158 & AT AR A FE 2L 3R
Y. RS SR TAE AR, AT ORI 428 il B A 45 )
LR ABICIG 70, SEB0 T S R A S T8 oy
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A B SRS VRIS R 0 2 REZRIZC. [, A
MRS EFERSI—HEE, DR A W e =
SR IRIR IR AR N, 8 RSN R N A K
T RAAF P55 A7 BRURIREE 4.

NRALFP VS5, AR T 4 29
S N3 B, I SR A A AR DA SRS R
TSN S0 e AU SRR e 51 o3 AR B30,

Timing sample method

sec-BuLi

DPE-SiH

St

Samples

Fig. 29  Copolymerization and time sampling apparatus
for St and DPE-SiH (Reprinted with permission from
Ref.[315]; Copyright (2017) John Wiley & Sons Inc)

DPEATAY) b Pty B B 7 RU8E, 252
FLAE 5 T 702 7 R 5 1 s v M DA S SR
T F il 2 5 ) B 43 AR B, 22455 43 3
3PP REAL I DPEAT AR W)oK X 2K £ 0 v 1
BT REIAT B RN, R 2R AR R AR SR
SE ity S L PR30 g 2w H 8L SIS e IR A vy 2
(1150 172 5 052 BIDPEAT A M HUA RIS HE 1 RN )
235 SR W R T A R A o o R P
17, A H P R % 5 o S B R AT Rk, A
B H T M DPEATAE Y 5 2K 206 08 1AL 3R
REMS S RIS I P A 454, filtn, — FEmE St
BABWRETRES, FHK M 5DPE-SiHALE
BHWAT B I, — W 5 B A Rt b 16
71, RO 5 X H a3k B 1) DPERT £ 4
(DPE-(NMey),)3L 5, BREE /-], 4RZ2H
PR L A 73 A1 7 SR G AR i B0, B B
EUR I DPERTAE #(DPE-NMe,) i T2 17— Mt
HFEH, 5ROIEREE NS TR RS
HEATE20), 2o 55 38 YR 1 XS FR XU AR DPE
ATV AR B TRe ), A8 TR HI45M
GING[ERpas 27/l

o PSS FDPERTAYIE— b KB T 1%

FUs & -7 BAE T, WE30FT R,
DPE-Si(O-iPr); BE % & & b 5 75 M R 2K 40 71
FEER K AU S, H2&, ArfsC—Lifdh
(LS - 2 i o S i 1 S D AR AT R B
G, FHC—LigsiE, REIJNKEE: WA
NaODPJ5, C—Lif<> 5NaODPH [JOFINaJ5 T
TERY e SR, T8 451, HE fE
FRA B R — S e, A ATTSE 80 7%
BT SR A R T s ).

@)

Living anionic
polymerization
A

Ce
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[ e -~ Locked- =Ny
li )9 (e®) ) unlocked | {@)@ | Locked
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AN~ ALK
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Fig. 30 (a) Locked-unlocked mechanism; (b) DFT
simulations of the locked and unlocked forms (Reprinted
with permission from Ref.[322]; Copyright (2018) John
Wiley & Sons Inc)

WERE Fef T — R E B 2 MO A T R
T A FRRSE T A e T — IR
Retlgrgiemo Fiiks, REH—-1MRA
FAECIZ RN, i B RS GRS
SRHER A T R FIRBUR e R 2> S
7 RV v 0 T AT e A 1 — A b B
s IR T B SRR v 3 TR AT R L
HIATRE 24 R GERIE ST K 20 5 S S iR
TR BT MU AR, KB 205 AL FE
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RGBS AR, BT EREREERE
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HILRG SIEMEA HERE T, S 73R
MR TR s, K15 RS H
BRI BE G I VE = o TN . PSR IR B L
BRI ABA VLB B BT B cis-cisoid i3 ey
RIVRAR LIRPPATAEY), KIAEFEE I RE
IR R, NEUREE . 982 P SR 3,5-RUHUAR
BRI T B cis-cisoidVR TR R I %, 0487+
W S AT 4% cis-cisoid 5 cis-transoid i) % ) AT
AR MEREW) R W cis-cisoid R}, T8
A I R R 7 TRl AR ], T >4 R B cis-transoid 4]
R, ZF W7 A RBT E OCR B R A
n—r M HAERFE T PPARY'E % cis-cisoid iR JiE i)
% B2 (& B cis-cisoid 5 cis-transoid ¥ % 1 7] 1 %
AR, B IRAE A G M AE L AR L R R R sk
PIEH SRR L RS2 RO AT 13 i
5, FRIZ IR Ising Y 45 H e E i P2,
RFBIRBHRRE | —RAET TP RE bk
AT, Regnl K Z MR AETTIERE, B
B ST AR NZ i SR S . W AR R A R B TN
FPERCAR BT RIS IO ) 5 A S B (M e e 4%
PR, BT DAAS B B TP M8 e 2R S RS 30, Ath A ik
R R IR SRR i 2t by KA
S22 b DL AE A ARG KR B 2R T A mT

PLO| R EIEEHER A, fil& T 2MARSHWES
RS BT 20 8 BE I RS FR PR AL P REHE e 5% S
E%[B 1~333]'

6.2 ZUREW

SRS PINIBES 2 i Flory T 19524 B IR
FEH K, 20122804 4X, SE[E DupontZ2 ] ££
SIS R A AR SO IR G,
SHREM T EARMBIEL . EIFREMIE. 45
TR PRI AR P R DA S et 14 S e 1k A i, 793
T RIERBSR I K e, BB YR
AN REAP RIS A AR I (K31, 7R
SR EMIIARZ G RITET, BT ARG B
B, AtByIFE N RO TR, (HAE
FEIXAS I RS P AL By T — AR T (1 1) R
20004F,  FE RS R R dh AL ) — 26 2EBR(A )
A AREFREH IN-28 L FEWR (BB ) FE AN fil

FAAEAL TR B 264 N D& B T SR B . 1R
REEY, N2 OEIRE ER) GG E e —
LG I ST L AB B (R, 2 5 1% )4k
PRIk EE [ N G SR BV, A FIBB K}
EE 9 11 AN 2 R AR it I A B30, A S 5 DA
CpCo(CONHMEAT,  HI RIS FAALE 28 AR )
FAET AT — RYI6E R R I S AR S
K, EAER IR A AR A B B N A
B, 20044, PS5 1 S 3- £ -3 4
THHERFRREH & T BEA SR IIERE
Y, HIEITHRCEIIERES, BT EAWEX
B MEBE CIEE” MPisR 2 E LR
V), KPRV AHARESR T KERERS., B
k=K. HEEEE 400 nmf 2 EEE, K H
R BAHAREP USRI T MR EE, If
PEH T 20 EH AL % TAEFF A T AR
SRS SR Y A A R e, NSRS
VIR 53 7 BB T ITRE 18 A 78 07 [ B35,
20054F, FEAZAESEE R LL6-F2 F JE-1,4- T LE-2-
Ak, @ IR R G B A BT TR
SCEEDE, FERT ST 7RI RAE, X —
A AR AW mT B A 0 AE AR 25 A R R R A
P H B R R 5 AR, T TR AB,
B IR I SR I R B £ T — RIS AR A
REW, FHEd EEmnT CIERBE SRSV E
FIAAFREMPUERL RO, SREMASA
AN ] B 3R S RN G TS R P I D A i A R
VT (R P S0 T 5 7 i N TR 7 e Y6 M ) T i
FE A B BRI B 20064, I AT I K A
PR AR e S d e T T R R A A TR AR
BAREE, SMEEARET U TR
SN IR S JE A (0 S A0 SR J s R Y B g 4
B, REYHILCSTR] LAYERKYE B 15 (19.0
~40.3 °C), YhfE 1 il me R 5EA P e Rl 4.
20074, RSB A48 A OGFR R A FIATRP
G S ERBENE SR EY), RS AR
AR T, X — RIS TR RS A
HA& BRE s ARATTE) TAEAER 17 Bk 7 A4
PAAE, i w] DA i 5 A B F Fh 25 R S xg
PERTRRE, X BARRERMERE B AR TF K
BA R G KA B 3% o ft 35 e 25
B IR IR R S SRR R IN-F ik 2, — i
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Binding with DNA
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W
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4 CH ] CH, -
/\IrO\/\S/S\/\OJ\/\IﬁV\Q\ T o TR,

923 = —CH,CH,COOCH,CH,=S=S=CH,CH,COOCH,CH,—, R’ = CH,CH,

'
H 1
' 1
' 1
' 1
' 1
'

Q CH g ] J !
' 3 CHG '
' o) H;C HC, 5 G A !
1 /\ﬂ/O\/\gswo)J\/ ABB' (2) / HzNR’N; Ko N: e M e !
10 = y J WY NRNH, |
! T>48°C Actived at elevated temperature — }mw"‘ HZC,NR’ ! .N‘”:C ,éP‘ 2 :

¥ CH ;G
. H3C~Q/\/NH2 ch\ # CH; ik 5 ‘TNR’N': L ,
' H,NR” ?lo‘ “oNRN, ¥ HC X * '
! . . J 3 ;
1 1° amine HsC II| o, ’,6 » R RN ).NR’NHI :
© amin (orig s L T Y
E 2° amine (original) /\n/ O~Ng Se™~0 Jl\/\N/\/Nl-12 | Hch b}*wa;CHj ., T;CH3 \NR}N i E
. 1 )

: ABB' (1) H3 Stimuli-sensitive }; h'i Wooo HC '
i ¢ bond , NR'NH. b>‘4R’NH2 '
' H,NRN, J !
' CH; H,C H;C |
: :
L 1

] R R l’(k Rh R R
H N ‘N\/\N/\/@N NS NN Ay Nﬁ\/\N«/ﬁ(N
E ?{ NN Ny 1\?

1 O,

| Gl— Q/O_\_F\ /=(_/_ \<) Q/O_\_F\ /=(_/_ O\Q

' G2.8N or CuBr/PMDETA NO, Neg NN NO, NO, NSNS A NO,

] _ . et i

: 3 DMF

i G2 —=

, Ney NN

: <jr N F(—/'D*Q G4-G5

i NO, Ny N A NO,

/__(_/_ N NO.
1 - - "
G4: R= © G5: R= |8 NN ;0
4 -N

Fig. 31 Synthesis and application of branched polymer (Reprinted with permission from Ref.[338]; Copyright (2004)
American Association for the Advancement of Science. Reprinted with permission from Ref.[343]; Copyright (2013)
American Chemical Society. Reprinted with permission from Ref.[352]; Copyright (2010) John Wiley and Sons. Reprinted
with permission from Ref.[353]; Copyright (2015) John Wiley and Sons)

BATISE/RINCR G BRI R G BRMRER T EEE 140 °C, 58] & RS
199ff}_fblﬁ iﬂ&ﬁ%%{%ﬁ/mﬁiﬂkﬁ%ﬂ o, 2 MR E R T48 °CHT HEIJTEEZ[%%
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). BRI R GV EE e, IR
DTDENAEMRIEH N 2R AR, XMES
VIESE RN 250 A% 3 . IS A B AR ) £
GUUEA BRI AR, RN X — TERER
T REWME I NG P] 5 SN ) SR AR
FEHIBP EA 0% DL = B TMEA R — 0 ”
SRR BEEGDA N SR, 38310 5 K i 3R A 1l 2%
T — RPN BABUZ AR P SR & P HypETs,
MR EA RIFZOURE, R
HE T AU 51 N8 S A S8 B W 4 1) i mT AR 47 3
PREEUIZ ) e R, eah, ZREMIEET
FFUESIESS, B IR 87K A S A A 4
BEME, TEAEY) RS A AR I 1 R I s B,
R LS LRI 14 05 BRI R A2 A 0 B R )
AB, A I 8 AL % F2 Suzuki-MiyauraZg & ] %
TESAEEY), @SRRI R R, Bre
FEMM AL RTIE ~ 100%, X —HF 78 B IKOIE
B T SO BB B a5 AT DL ER i A 5 R g i
(] IR 19 A ) 2% 58 A SCA R SCAG SR B et 17—
AN THT B R R 7 72540, 1 92 SR A6 7E Grubbs 28 —AX
TEAFIVER I8 o — )i 2 0 i (ADMET) )
HE R EIAB, B AR G Y TS R E R A,
X H S5 A A AT TR G R SR AE B,
2 AR A5 DRI e v W v P PR P O TR
RIS L7 P AR ) B 0K P s PR AN R R 25 4 0 B
BT RAFTER Gl 4% 1 &8 R SR UK I ) 5
PSR A, BT BRI KRR, RIfE
TEAR B AL 2R (~ 90% )i AN 2 e A Bt e AR 347,
20094F, FA7LER@E I IE B I BEA FIERAL f
Hil g 17— RPN IR S IR (3- £ 2E-3-
AT HHED), FFHT TAFE XS ENERE
VI AL SR B TR AT AR 201 14F, R R
LW AR T A R A TIRAFTIAF, 12 M52
EFFATRAFTH &L, 53] 1 X BL T
BIREK AT B R EY). SR G ISR &
NRDFHRERLFET, AT R L)% % AR RAFT
RE, 193 7T WG MNZE R EEY
EMITERIE AT, I HBEA—E a6l
—DHETT A 2 Fh R T 5 A W PR A A,
HEUIR 5 A W) (dendrimer) & — FREIR 1) AL
REY, EHAMEBRIERMBRRINE, Si#
YAV, AR BN 3 M

Tomalia®5 7E 20t 280 A & MOFIE T HIEE
SCHIBOR K 207 BLREL, XK 73R4 T A
T2 RTE. 20044F,  FKAy S it & T AN A
ARE PIAZ ST ¥ 5 57 B 0IR 207, 9L 1 B
FRBCIR T ARECE I A D H I S e g i
TIAEAL, RBLEAREU LR 7 TR I AR
A OEH IR A VRS, A2 R IE ) BT
A HUAHGPx(F Bt H B ALY B B4 3%
JydseiE i — A AR ATEE— P de R W BCIR 2T
REIHE N, SRV M 2R, 3
BT e ARERBCIR 705X IR 45 £ e 1 1A R 2548
5, AT SEBL R AU B 77 (e 2 H kL
SEACIBEE 1550, 20104, ARG & KB
Weskid, DA A2 RUE T AT BREE R AB, 2 £
RN, ARt RN FT 3, il T8
IREHSAEAR KD T, B EH2NEMH]
3T I GE KR R R Z R BCIRR
G SN AR ) = B AT DA A [ R Ak [
BRAR A €0 P Tm) 5 (R e fEUA VR . e 4k, AT
R BLREERBCR T KOG, Al
FESEIN, A L) 72 00— B 2 M e 2 RO 3%
AAEMTRRE, IR AR, 1Z5Li sl
RERIRAIE T Daltond5 AOELIG T, X357 AU
BOIRGEH — B A2 MG SRR BT 7T R A EL 2
B 20154F,  BUSE AR A EIE L A HGE
il % 1 RS IR A Th RE AL I IR RB ECIR K 707
IR R T IR R T . AT TR S TR
BOR K71 B S P2 Thae, RN it
FE T OKEENVERE . pUMIRIEE R R R R Al
T RIRSR 25, S T KSR RG YT
IED NN AR
FERBCIRZE A W) E A2 L D A BT PR 2R
Jim, o E R AR B TARRKI TR,
BORZR AV R B 1 2L 20004F,  5KA 5%
BOHE T A AR, O A S AT SR ) JE
. RS TR LT LB AR R
. BRI I R 4 SRR AR 7 T4
R K B 4L R BEA R 4t X
T Fp 25K R BCIR 203 AL 2R B i, JF HL
EWECR D T RIABMA VISR, 8T
P FUIETC I A 25 F v] ASE BN B R IR 3R T T
SRR ], X 5 2 % ) 2% K 4 PR R AR
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AL T — R T8, SRS A gk
HL -2 R IR 70 B A B335, 20054,
FYESEG N T 3R R BRI AR S NR I Rk ZE s 1)
B ECIR 207, 8 I 7 DU SR A — S 7R S ok
PR -SRI B AL, 193] 7RSO8, JF
F AL 7 SRV 25 A AN TR RO L3O, 7 Ji5 1 1) AR
W, ARATE A BT A FEARE R DR R R ~
3R, I ER AR AR R R (Cm
RGO MMEE b, B3R B, 78 DY Sk

, SRR T DLSE AR, SIUEIZRH], 4
VAR I SR (EALED R, B ERON, R
IR RAAM B, HBTE N E E R R AR BT,
7 1 A I Suzuki 4 56 N A R T BE NI EE
BT, MFEAMECR S FRIPRE R G, 4
SRR I 1 S R A T R TS LA )
M 2 5, AT A BT AFEAREL, O sl
EERI M SETER BCIR 27, JF BV T 17X 34
TAEIKFN SR A 1) B 22T AAIDNA
giRe ). WA KR, WEDIR S FAETR GV
s DUE I DAK SR, HRSFRIBRERIR 7051
RECEVIASE. BT#Rf . K- BAEH
TP, IXSRHIR TR R AT IDNA L4 fie
71, FH H BRI EOIR 5+ BB O, X —
W FEAAL B T 237 /K1 T DL 45 20 25 4
B, RN BT B ARDNA S BB B R 21
(B AH ELVE FAMLEE, %3 B R R A 1 A B U
%%EE‘BS%.

EERE TR AR A AR RN R
HEYRIAE 1 TR R R R A AT PLE
Hil ¥ &, 1 H A I S T AU R
R, g an e -5 SR AR R B 57 3
F51,1- 2K ZJFH(DPE) Z B N N2, 5E
s E RGN BRI B AT

MUE REAIDPE 2P i 44, 1,3-X(1-2K 2
F£)ZK(MDDPE)F11,4-X(1'-7K J%3%) #(PDDPE),
REf 54 HLER R AR IR 7 S . #5848 BN
PDDPES ALK AE— B INEUE, AR
B 7 B T Re A RO IR BB 24 X, AT BHL
IEEE2ANE UG I, DRI A2 e e 346 1)
TEHEEE B, TMMDDPESE %5 5 A s AU
B4, McGratht 245 i, MDDPE-5 A HLAEEK
P I 7 o O S i (THIF) AR 3 2 A Rl B o Bl 000

AT ZE 35 VR A 0 AN [F)Y 751 o B0 RS B A
17 T EONTVEAIWT T, RIAE AR VA R 3 &
B b, IR e B S AU s TR
Y T AE BV 7R 20 DY SR I (THF) B b/
THFIR &V 7 o, A HL4E 5 MDDPELE 55 24 & (1)
THEOLT AR INE™ Y, AR VPR A2
UL A OSBRI A e P SR 2 B —
AN RS B BB 1 S T £ (A L HE
JrRZE L. Rk, T DLE i 42 i SR AR P AT 4k
BL, G R b ) 6 BRI Rl U e e,

A FAMDDPEN RS SE, ] 2537 [ Fe A A
% T ABC-FIABCDAL 2 B BAR KA. R &
Kl4fr7~, JOK 4 0% % V8% (PSLi) 5 MDDPETE
THFAAE FHTHINR, Zabaifl 515 K013k,
RGP R R I T SRR AL, FHE
A5l R13-FC IR, & T RE OM-R A
IR -3 (1,330 C ) =8 BOIRIL IR B,
RN S P A U DPES B 1 BT R
B, ABEEEETIKIMRAARE, FEMDER
R A AR AT R TR SR AT SR
Gb, PR K a-PIEFR LI R IR IR
THERAN4-Z)EEnE, E AR R AT, Al
1184 X T PS-PaMeSt-PIBMA-PAVP I % SR
RErel

MDDPE 5 A WL ) S i, sk br BT £
N—Fh5] KB BAA (initiator monomer: inimer), i
o B 45 & &M FE 3L 5K 5 (self-condensing vinyl
copolymerization: SCVCP)HI 771, il 2% R 51 S
RGP0 B 45 SR AR R G e — it
FEAHG K SR A 51k, HAR Zinimer (3
F)alinimer/Jfii S FEARXS (HL 5. Inimer 7>+ RETH A
RIS A IR, B Re g 51 A DU I Y 51 K
AL B FEIE T, EIBR B R £ AR e 1) AR
FMinimerJfikiE, X EERF NAE I THE
K, NG MBBEIAET F— G HEZT,
MDDPE 1 {138 42 XU i T A2 BEAE AR AE, A
REM B T B35k, BRI BN e vy LRS i€ 77
1, A REARS, BT ROEILE, &
BT S EE = S BRR 0. SR T, %
P A 7 S D)0 AR, RISRAETHF i 4%
inimer, RIS INZE, RETIVIHR A C kL
BEAT SCVCP. 1 B B 4 7£ inimer i) THE VA & -
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MDDPE Macromonomer
PS PI PS PI
d
Isoprene @ U

“seeding”
OAGAG

Polymerization

PCHD

Scheme 4 Synthesis of ABC-type miktoarm star copolymer of styrene, isoprene and 1,3-cyclohexadiene through MDDPE
route (Reprinted with permisson from Ref.[362]; Copyright (2006) American Chemistry Society)

AR, MITERRESA RS, BN
N B A ) 35 K T 8 76 K T DPE 7 25 1 [1)
g R H R DL K TR 20 41 B 8% Sinimer ' DPE
R ) N s 2.

R G E Ak, A 2R S
Yy, XK Ainimer T DPE B T 5| & 7 % )
1) 2 B ARG (H2, % U7 vk mr DL 15
PISPSIRE S LI o, (R FRI
1 7 ¥ 5% 5 MDDPETE 2 Ot 5 THF (118 & 1 i)
R AR BRI R R B AR K A Bl Rk T
(macroinimer), #AJEEE RIS ke, BN
N ZK O AR 347 SCVP, 19 28 XAk PS B
R, TE A L TEA PIEE B SO AR LR Y. fEH
P& TH, 0, 1) S AL 2% A0 71 1 PLEE B b (1) XU 34 4
b, B LS M 6B P8 (PSLiskPILI) 5 2 KB R
N, fe 2k m] DAAS B B A S B 2RI RIR R &
4@[365].

BEJ, FIFRHARCII 7, SRS
F% T PI-PS-P/BMA = JG 8 3 fb 3L J o0, i 2%,
P16 B 74 5 MDDPETE THF YA i 1 & 26 #
B B, A RPT macroinimer, ZR 5 5V 7 1) #i
A KL, FHEH TR R ZIHSCVPIE, AR
A5 T i SIS B4 G HR Y I R AU T R (+-BMAA) Bl
FERIGR — HIZHE ZER(DMAEMA) IR S, W&
AT LS 3 S A 25 0 1 = 240 0 ik B L R A . X Fl
R S AR B 5 1 3 B AE VI 2 5 T R AL
IR,

BE PR TAE 2R FHMDDPE S 41 B +
TR B, A RS A R HLHE (R S BDIR SR S 4
(dendrimer-like polymer)B¢!. SR HUR SV —

B EOIR R &  B R A, HAH 48 AR 5 AR

(generation)Z [H] 1 — Bt SR & W) BEAH HOZEH. DAtk
B o BRI 2 RAT R K T4
PRI G, (RRII SAREE T BROIR 2 F IR
ZRIMER . 20 X KEEER .

5REDRESWERREL, BRERE S
Yy a] DL S SE A R BOE A AR (EAE, BT
RIBAARR, Wik IFAE R, 2 BOCHRE - &K
BOL. MRS R T — Ml il 08 R NS
LG BRI ECIR R G s 4. wos = EISPR,
T Sl 2 B R 2 [flsec-BuLi S MDDPE/E THF
TR N % inimer,  SETHFE B e A Ot
WG LT, (NS RMECIR R &
WG O FE R SRR, S8 5, I 2 fF BE R &
sec-BuLi-5MDDPE & A= XUl 52 . i) 24 X047 5 F-
BEURA, SRR OIFHATERSN S FRE, 19
#—Ra,0- B REEPSLITE I RAYI(GL.0). A
bR B AR B A S A (inimer) 5 GO S i K
ORI, 130U E RERE R 2 B+
BROIGEEREEY, EEEENES TS
inimer 1IN B BA S 2K AR I A B TR &
N, 1T T ARSI ECIR IR 0. %07
R T OREE” BB IR/ R
7, BRSBTS B PR, M
IR S BRI 75, R &
TEMEREE GG B A2, HiEJE
G REMEDIRPSH IS fE, A KEAE TR
EHR AR 2 R BRI A

T BB BE RIS, MO R T — Rk
T FEE ) (¢ grafting-to” ) HRME HIIE AR HIEES,
TG, ER TG BIRE R P 24991
HEHTT), AP 1B UV e 46 e A 48
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Difunctional G1.0

initiator

Scheme 5

E
1 eq. s-BuLi ]
@ @ THF O © O e O

Monoadduct

Diadduct

SNe

(Inimer) _ St

St . e Y
; Inimer N .
Inimer e -
e ... S
G2.0 G2.5 > % .

Living G5.0

Continuous synthesis of dendrimer-like star living polystyrene in a divergent process (Reproduced with

permission from Ref.[361]; Copyright (2012) American Chemical Society)

FH. SR, Phsec-BuLii 4L 5] & 5 1% — ¥ (fik
B HR OIRH A& A (P1-p-PSLI), H5 L
REHH AL B PUTEE A, 7T LA 2 2R
PS(G1-star). B &340 DL SE R ] 5 17
AT FIP MBI R N, AR T BHNE
254700055 PS73 T8 AR BLR TR ZR 245,
Fh, BLER B A Y GLgE N A % 5 PlL-b-
PSLighAT 1A AR L S B, S &5 3] T AR
pom-pom™PS. F| 1% 77 15 G MM EIR R &4
I, R R L@ TTIE 5 R TTERR 2R 2 RIE
GYNRE, BRZTTES THE, ST RKE
GREREAEY), AR G T RERILR, T H
W RE PR 1) 4 8 o0 A . AR B RE
MR, FIA EREROTE, B E T ER
RS R IR RGBT, 2 IR A WAEm K
T BT DAY BURR E 1R 570 .
BRI ATE BN L, v AR — &
IR CIF BRI IR R AW, (R
REMEEAR, RIR T RiESE TR RS
BRI, FHEERIEEE, XAlRe s e+
B 2 [A) [P AS IR S RGO (R, FH PR AR R AR oz
Sy, TSR AR R 5 52 2 TR R HIRR
il T R4 5 2 AN AP o ) R ROIR TS
BT IR AL A DLV 14 B8 vy - S A E e
BIEARHG B T WAL APS, ARG R 2- 4

FENERE (P2VP)FI5E H B N A R AL T BR(PABMA) 1)
B ECRILRYY, 43 Bilid - AR A
FAJG > X280 5 A AT UL A0 R 9 535 M 1R 28 WA R
REW, mERT =8 OBKE R FINaOHK
TRETY,

T MDDPEAL & Fl AL (1) 15 AR B b ik 72
T B AT V-RURN Y- S5 R 0 BE IR R A
Y7 4, Hsec-BuLifE THF S 3 i VR &
WV rue/ Virag = 3/ 51 KR CIR A A 0E
PEPS Bt B ¥4 (PSLi), 4R )5 ff H: 5MDDPEX £
MR, ZabRBE, 733K 0 S A DPERY
XUEEE I PS. P PSLisk PILi ft 25 155 5 PS A bifi )
DPEXUEE R A IR B, TR eV 2R 1% 1 3R A
B T8E. kL LIZ B T 5 ROR QIR BRI
15846, JEHDPEs GG, i3 3In A THA R
Y B IS 08 FHE. 2R S
R E B EE AR 2R L AR R R L R
e, MAHERIEPHEDT10%0, %3k
REZIHRGIEHER GRS, BRARAST
EZN2.3 x 10* g/mol, 7 FEA43 i N1.08HI 26T
LR, BESTHEASHITNERE. 29
DL IR VESFIY B 516 3 4 5 1%L R Y R
B, R DA B 43 S A VISR 2 2 1) % 1)
RPREE G,

PLPLIG P £ 25 1 5% 5 PS-co-PCMSIR &, i
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EE R T EEAPIRIR R &Y, PLarFHE
KU FA BN A R A, P 5 PSLiR A%
A, AT AR AN EE S B A P R RIDIR 2R 4
(dendri-graft or graft-on-graft)l’’3l. &tk 2 4b, 16
PP A B A E AL i, B R T I FE 5
e ISR RS P74,

RN EINE s, FREEMRwT
HIE B A OCHED IR. B XX — I, IR AR
FHEAFER T A BRI B T RS, &l
TRV EB R EY). B, AR
Fhaetb Ak na- 27K H 2%-2,2,6,6- P4 FH R IR iE
A H HE(GTEMPO). 1-Z5 0k £ 55-2,3- 14
PITK(EEGE) A P 5645 7K H- K AGE) 73 3l & ik
TN REE . WU B TEMPOR U R Bk, I
X SR K B b ) R R R AT IR B e AL A
1t — 18 1d Grafting From5% Grafting Ontofi K&
B 1 A-g-BB33801 (A-g-B)-b-(A-g-C)-b- (A-g-B)
TGS %5 S = 2 78 1) A-g-[star-(BCD) | 4 382
R R B KR VIR B R Y A-g-B, 0
FIA-g-B, B SE-EB8. A AT TR ] 247 7K H ity B A
(57 B T IF IR A G T8 S A 3R 4 K H i
(HPG), FFHIHHPG ERF2EE R HATAEYE SR
HIIETHPGIIR R G )0s-3871,

TR B T A R T R SRR I AR B T
WERE, MEMT RINE EIREED. i,
AR FH 5 & W id A — C LTS A &)
EEGE X [A] 1) € B B, A R T Rl B — AN R4
FREER— NP FR AR R A1 5 K I 2 5
R TR e A 7K H I TR R S S Nk T TR
AN TV AASIE P FRHE 1 5] R 7). I 5] &7
MDhREMATAE, ZRERI I A AR B T IT 3R
Fa BT H HIEERE S (ATRP)YLIE FIClick
5. Glaserfli NRCF VA 1 & 51
ABCES31 ABCDEY,  A,B,PY,  A,B,,

AB,P%, H-shaped!**+3%1, Dumbbell*%],
UmbrellaP®7, FliDendrimer-like**174 45 4 4 ) &
LY.

6.3 INREE

WIRE &Y A Run LR A, ik
H5HR>FRNLEREMLLL, HEA A
TR T e SR N O MR A = 22 AN S O B
A B 7 I T R AR I R B 25, IR S0 & )

R FH A — B2 = o T ) — AN T AL
2= B AT S IR S O R B T 5T
Bk, S 7 — RYIEEHTAR(E32). 20034F, #4TT
SO T IR ZHRARER, 7E-30 °C. ®Co it 2k
RO T, I RARAER IAS T Al R PR R
GV, X — TAER A A B A W ITEE R
KBS IR R (K33)). 20094, XI/1H 5
LR M B A2 G N FIRR RSP A R
H, AT G B T oot -o- B B TE B SRR
G, FEG TR AR EE UL b, 2R AW UK
W, AW I SRR I YR VR R A R
R, TR TERAS TR REY T L
1) 8 AN RN AT LLIE R AR I N BOAR R &
Yy, IR PE R TR AZ 4P S ) £ AR
RPN TTIE G T AL 58 IR VE b AAE R R TR P
THHTHIBRE, R AR E]10 /LU0
20114E, RFHMEEITATRPAICU(D)AEIL B A -
IR (CuAAC) B Gl T AR IR, Al
RIAE S FEMAURER T, REERIH
bU 28 TV 5% 6 1) 8 i 1) ¢ 5k P55 AN B K 1) 76 e
i, HARAR S 7 5 i 5 0 A S S 2 i)
AT LLA 2 P EE 52 BR(RIR) SR Mg RE . 1% —HIF 0 %F
T IR INREE IR R AP B A = Lo,
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Grafted and comb-shaped polymers
0 HO OH
£ ROP . ROP  HO OH
- HO OH
ROP K* vV VeVwvwvaegw ROPK 1o 3
HO 4HpOH

I ESROTRERS % W * %’%

(A-g-B)-b-(A-g-
A-g-(B-b-C) C)-b-(A-g-B) A-g-B, A-g-[star-(BCD)]  HPG-g-(A-b-B)  HPG-g-A/B
Star-shaped polymers
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, Allyl
0] O i
’l\ I s VAN HO_ | on
A OH e O T Al Allvl
S—C LI "—/\<@ H,N—NH, y y
HO” | "OH
iyl
ABC A,B, ABCD AgBy A-(BC),

Cyclic polymers

[ —_—ee—=—H + H—

Glaser coupling

O )
Homo/Block cycle Eight-shaped

Sun-shaped

00-}%&?% OmO&ﬁ

Tadpole-shaped

Fig. 32 The cyclic polymers synthesized in our group
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Fig. 33  Synthetic strategies for cyclic polymers (Reprinted with permission from Ref.[399]; Copyright (2003) American
Chemical Society. Reprinted with permission from Ref.[400]; Copyright (2009) American Chemical Society. Reprinted
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Abstract Polymer synthetic chemistry is a scientific discipline which mainly studies molecular design,
synthesis and modification of high molecular weight compounds. It provides indispensable materials that
guarantee social progress, improvement of human living standards, and national security. Since the founding of
The People’ s Republic of China 70 years ago, Chinese scholars have made significant contributions to the
development of this field. Important achievements include, but not limited to, the design and synthesis of new
monomers and polymers, development of highly efficient and environmentally benign catalysts and new
polymerization reactions, optimization of key synthetic pathways, and establishment of relationships of new
structures and properties. The research and development of synthetic polymer chemistry in China were reviewed,
and the broad prospects of the development of various polymerization reactions, control of polymer topology as
well as design, synthesis and polymerization of monomers from biomass sources were prospected.
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