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Fig. 1 Schematic representation of the click reactions exploited for the synthesis of polymers: (a) CuAAC

reactions, (b) D-A reactions, (c¢) thiol-ene/yne reactions and (d) nitroxide radical coupling reaction

[47]

(Reproduced by permission of The Royal Society of Chemistry)

CJLARSK, EANE A A 2 3l SO il
PENGE B A W AR O S ok SR T R
M, F R I AR 2 5 ol S B 19 7 9 A T
AR, PN 22 [ A 1 TG 2R 22 B el B 7 568 s o)
IR AW LRIR SCE Rk, X% 4
SR K S A AT RAE AR T B ARSI
JUAFEAR R I 22 a5l RO 7E il 2 ¥R AN 25 M SR G Y
JO7 AR B BEME I, JHG v 22 i e ol D A A 3P
FEAR E SCAN [ 26 Y Y i ol S

1 WaEHREH&EHIMEEREY

1.1 ZEBREYHHEE

Tunca™ 2558 57 CuAAC Fl D-A XU i &M
“C—EREET I % T ABC =M BEERAY
(B 2). Ml E el & 1 oK i o3l & A B &
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fis (PCL), Ff5# 3 MARMLIERGWIRS,
AR Z P A CuBr F1 N, N, N”, N"-J. H 5 —
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CuBr
PMDETA

Anth-PS-N;

'_N“E%

PEG-alkynyl or PCL-alkynyl

DMF
120°C
48h

PMMA-b-PS-b-PEG or PMMA-b-PS-b-PCL

Fig. 2 Synthesis of ABC type linear terpolymers via CuAAC and D-A click reactions using a one-pot

technique ( Adapted with permission from Ref. [49]; Copyright (2007 ) American Chemical Society)
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PMDETA

DMBP-PS-b-PEG

(@)
HYIPIN T |

PBA-MI

O Ph_ OH

54 T g

PtBA-b-PS-b-PEG

Fig. 3 Synthesis of ABC triblock copolymer via consecutive CuAAC and photoinduced D-A reactions

(Adapted with permission from Ref. [50]; Copyright (2011) American Chemical Society)
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TEMPO-PEG or TEMPO-PCL

PtBA-b-PS-b-PEG or PtBA-b-PS-5-PCL

QI+ -0N =+ wOHQP
PS-Br PtBA-N;

TEMPO-PEG-alkynyl

MPUD

%
> SET
Z Cu(0) Cu(1)
%

N=N
N/ O-N
®) QP W
PS-b-PEG-b-PtBA

Fig. 4 Synthesis of ABC type linear terpolymers via CuAAC and ATNRC (a)/SET-NRC (b) in a one-pot

technique ( Adapted with permission from Refs. [38 ] and [52]; Copyright (2008) American Chemical Society

and (2011) Wiley-VCH Verlag GmbH & Co. KGaA)
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Fig. 5 Synthesis of PEtOx-b-G3 via a combination of CuAAC and anthracene-MI D-A
) (Reproduced by permission of The Royal Society of Chemistry)
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Fig. 6 Synthesis of cyclic polymers via CuAAC and
D-A click reactions ( Adapted with permission from
Ref. [ 61 ]; Copyright (2012) Wiley-VCH Verlag
GmbH & Co. KGaA)
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Fig. 7 Synthesis of cyclic polyesters via CuAAC and thiol-ene
reactions' ! ( Reproduced by permission of The Royal Society of

Chemistry )
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Fig. 8 Synthesis of cyclic brushes polymers via CuAAC

c-PHEMA-g-(PS-b-PEO)

and NRC reactions ( Adapted with permission from Ref.
[63]; Copyright (2011) Wiley-VCH Verlag GmbH &
Co. KGaA)
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4, LI CuBr/PMDETA fE R{EfLF, £F 120 C Jx
N 48 h, 153 =B REIERAY 9, H™ R0
PLIL%E) 82% ~88% . ZEENB B @ (GPC) I
RR, ZERARRANEIEREYHRA & ST
(M, =24300) FI%EH 4 F &t 404 (PDI =
1.06).

Barner-Kowollik' ™ 22 % H-D-A J% %
CuAAC )W B, 43538 13 arm-first fll core-first
PR TR 7 ik il 4 T ARE 0 = BRIB i B R &
Yy, JEXF AT kb4 7oA (18 10) . 7R arm-
first {77 ¥5 T, BEE L H-D-A il 25 T/E BB
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Fig. 9 One-pot synthesis of a three-arm star block copolymer via CuAAC and D-A reactions ( Adapted with
permission from Ref. [69]; Copyright (2008) Wiley-VCH Verlag GmbH & Co. KGaA)



390 [ ¥ 2014 4
=z

S N | ]l\l3 A

€% e N e § s

P L) :

Arm 1% S
. g

)L ) g

e

N H-D-A cycloaddition
N
O _~ -
A~ NN\
WOJ\\J"\’,;LK'vW’ \—{1;‘/1 \§(N

H-D-A cycloaddition

CuAAC

Fig. 10 Synthesis of PCL-b-PS star block copolymers via an arm-first or core-first approach using CuAAC and H-D-A reactions ( Adapted
with permission from Ref. [70]; Copyright (2012) Wiley-VCH Verlag GmbH & Co. KGaA)
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(2) TBAF

Fig. 11  Synthesis of multi-miktoarm block star polymers via CuAAC and D-A reactions

(1)DVB, ATRP

[72]

(Reproduced by permission of The Royal Society of Chemistry)

OH
/\/O\)\/ N;

Thiol-ene lmSH

—~

14

Fig. 12 Synthesis of 3-miktoarm block star polymers via
CuAAC and D-A reactions ( Adapted with permission from
Ref. [73]; Copyright (2011) Wiley-VCH Verlag GmbH
& Co. KGaA)
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YA ) i 1Y) S AL BT R T 21

Monteiro 25" "7 454 NRC J v il CuAAC %
N il & T Z2 R0 LR A W 5O E RS W8 Y
L BRI AW, 2011 4F, Monteiro' 7! 255 i
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Fig. 13 Synthesis of miktoarm star polymers via CuAAC and NMRC reactions ( Adapted with permission from Ref. [74];

Copyright (2010) American Chemical Society)

N ) ¢ ~0
16 17 18

CuBr
PMDETA

|

DMF
20°Cto 110°C

Fig. 14  Synthesis of dendronized star polymers via CuAAC and Anth-MI D-A reactions using a one-

pot technique ( Adapted with permission from Ref. [75]; Copyright (2010) Springer)
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=1:1) NIEH, K LR 3 FLERESYIRS, &
M —8# ki &2 T LL PS-(TEMPO) , S #% 1Y
XA RIEREY. %Ik 5 R P IRICR
CuAAC F1 NRC R Hl M ECRBSWH L, &
W E] A] KR 4648 2 30 min L. R Z2 46, fih
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Fig. 15  Synthesis of biodegradable dendronized polymers via CuAAC and thiol-ene click reactions
(Adapted with permission from Ref. [76 ]; Copyright (2011) American Chemical Society)

IR HE LML RS, I PBA PEG Fl BiJG AR A, Monteiro ™ % 23 1 — Fi e g |
B NN EE N (PNIPAM) 28 —gwedl 4 ARUNH & UIE RS NER ABC B =
M TALRE T B, WE RS %. BERGWITE (K 16). b5 5w

ATRP 5 CuAAC S BLHR 7350 il % T 3B R &

¢-PS-Br c-PMA-Br c-PIBA-Br

(6] O
NRC
CuAAC

hk@» ’

Fig. 16  Synthesis of ABC-tricyclic miktaorm star polymers via CuAAC and NRC click reactions
(Adapted with permission from Ref. [78]; Copyright (2012) American Chemical Society)
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FRRA WA L, BEIURERAYEN =
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R4, B JE, Monteiro 45 3% A AR A ) 75
BRI T ARV MBI R AY HE W Z R
AB, BI=ERILREY.

Zhang* 4538 1o ¥ 25 19 XA o 2 B ( CuAAC
R SR 0 A RN A T R TR A WSS
P B 22 TG R A 2 ik St (POSS) A% £ 4%
BIEREY. MfilTEkHls T o5/ - MREmZE
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(R 75 15 1 ot ok 8 AU s i B oy K i 7K 1 1 SR
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A—FRYI T RESE AT, ) 4n R 3k | ¥ 3L R e L
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B IRIRAL & W i 7 v 5B WA & Bk
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Y. AR PR iR S il TR e Al 2 S AT AR
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B, RTEE TWA TR, B R R
i & D S5 40 58 LM RCIR AL G 1. s R
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N U R RAG A P AS AL AT L) 32 05 77 S8 0 7= ) 2
JEE T L AT DA A A A o8 38 A AR AR K A
?[Sf_

2010 4F, Kakkar ™' 2245 2 CuAAC [N A0k
M -MT Z [8) ) D-A S0 il 4 1 R K4+ (I
17). MATERS AR T &E 1 4B RN 2

AWK L 24 5 A 1 A ML ORI 2 A B i Ak
RIGUAE A 3 DRIEM /Ny 23 %, FIH A&
O BRI 5 TAECIR Ry, SR, kA%
T3 ¥k 2% 0 A AR K 3 38 W] GE i T 6 D-A
(retro-D-A) Sz b 52 B o3 . %07 AR AR
1) — & B, a0k -MT 2Z [ /9 D-A g &
Lg

ARV 8 R CuAAC H1RE-MI 2 1]
D-A W ARG G, R —EH & T4 5E £ B
SRS 2 AR LR R K ER L B
(OEG) #EBL™ m Kok K4y 7. LLa & il
TG R R DI RE ALY MI 77 AR W R R T e Ak
B AR b S B 7E N, N'-Z 3 O LR W ik
(DCC) RN & A4 G R A% B R AL T, fx
Je B 5 b 1 R R A LS AT e Ak Y G o
— B A R BCIR R . O R R R
REACIR R 73 096 B3R, 8] Ik 5 1 45 4
4 12 2 HA Rl A D Be R AT A A ECIR Ak A 9 4
ML R ATAT I T

o 45 A CuAAC, & H-E & N,
Hawker' "' 25 2520 Post 4 45 7 M RCIR K 23 7. i
finEd&A 2 BRI AHHEN AB, BLFK
H5EA 1 AP 2 MR EER W CD, BlRikZ
(1) 1) 52 B A B B BCIR R 2 7. O s
R PE, AT 1 R A ] B AT A F] — A 7S AR A A
BORR A3 7, AH 2 78 i A8 250 B -0 S bz 2% 5
B 2 0] i 32k B g 1Y) R A

Wong %52 #3687 — Fl CuAAC Fil NMRC
R AR R R PN e {1 v (X | W = 1 D i
A 3 AR R A5 RS A B, fE Cu (0)/
PMDETA fifbF, 5 & W o 43 51 o & A/ 5L A A
WRE 1) AB ARG oF NMRC J hy 153 31 & A
HhH 6 A& A LK —AURR 7 7 GL-[N, g,
MG S A A L AP 2 AN ASER 4 7 Y CD,
PR S 43 22 ] A U S A B A L A
12 /1 i K& AT 0 —ARAIR 4+ G2-[Nit ], # i
K5 AB B HLfRFN CD, B B4 2 8] 1 38 B 2
N, ] RAAS B AR s R BCIR KA. A
A NMRC SR 51 A S8 ACIR K45 19 6 il
ok, HRG DR E LR, [T EBm
P AL 4 i e

McElhanon' ™ 4 7 18 T — R F1) F W5 i =2 B
(CuAAC KM -MT D-A i) il % 7 3 8 &
RS A ECIREIE R G W %7 s el &
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Fig. 17 Synthesis of dendrimers via CuAAC and furan-MI D-A reactions'®®) ( Reproduced by permission of The Royal

Society of Chemistry)

T UE R HEM R KO B Fréchet AU 3R
TP, MRS A 2 AR R A 2 A HR AR
HpAGE 1E CuAAC J I i 4 A A8 BOIR 45 14 1) A
Wy F, WJFEMIRIT T 5 & A TA MDAy FAR
L PR -MT [ D-A R LA AA BA 1075 A5 3
FHE SRS LIE M ECIR R G, BEE A
A, ZIREH LR T kit AB B R A1
75 A& T FEBE A IR B A R BOIR R S
PR 18) . TR & A 2 A 1 A kg
FEPTRT 1A dy Wk i O 40 (9 MT KR AT | ik 25 5
WAAR 55 Bk 5 CuAAC 15 2B A% 4k B9 K 4 1
26, i o R -MI g D-A Sy LA AB
RG 0077 A5 2 FBE S A T ok 5L B9 BCIR 2R
aY 27.

L5 HMEHIEHREWHE &

Gungor , Hizal F Tunca'®' 45 & % 5 & % Wi
(CuAAC il D-A J I ) —% ikl % 7 ABCDE #
B H BLER S 28 (K 19). flufi] s S5 i
ATRP ROP Fl NMP & 735l & 7R H B
B Y s DN 5 B 68 ik B A W MT T RE 1K Y

PEG-b-PMMA Fige 5L DI REAL 1Y PCL-b-PS, DL R fE
HNEFENLIE R A Y Anth-PIBA-N,, & J5 L
CuBr/PMDETA i fk 7] . DMF Sy % 7], ¥ 3 #h
LI TA Wy 1) i A2 s g i, i ik CuAAC
FIE-MI Z [ Y D-A W —iEE 8 H ALRS
Y.

Dag fil Tunca'™ %3 i CuAAC F1 0k Mg -MI
Z I D-A 2Bk A A T 2% KL (hetero-
graft) SEIEWYy. AT 28 23 DR £ 0 R G S
KN (CMS) ) NMP R 415 8 T ML R Y
(PS) ,-(PCMS) , BifiJi5 75 R £ 45 W9 % o7 38 3 Tk Ak
TER#: A, 83t & /AL A R CMS X7 i 4
JRF, 5 Ja MR ORI R I -MT 22 (B8] /% D-A 2o il
B AR K PMMA-MI fil PEG-alkynyl 32 A %]
EEWmmet -, 5848 RY PS-g-
PMMA-g-PEG.

F LAY 7 122, Tunca™ 2538 35 ROP HINYL
AR (CuAAC Fi D-A ) #l4 T HERA
ZeWE UK 4 (ONB) fE 8 42 PCL Fil PMMA
(5 PBA) Sy MHE i i B 7R A (K 20).
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Fig. 18 Synthesis of linear dendronized polymers via CuAAC and D-A click reactions ( Adapted with permission from

Ref. [94]; Copyright (2011) American Chemical Society)

M ZIE 5 ) P(ONB-Anth)  -b-P(ONB-N,) , #
Je ¥ A Sl AT SR E Y 208 B 5 ) PCL-alkynyl il

“ ) C - MI ) e AL 9 26 E R & ¥ PMMA-MI (3 PtBA-
Anth-PtBA-N, MI) K@ CuAAC FIJE-MI Z[a] i) D-A | W

‘ $3) POBA My 48 125, 1535 i By i 1k
PEG-b-PMMA PCL-b-PS BAEW 29, S IbA 77, Tunca ™ 4538 F

CuAAC Al D-A JZ BB 4 T £45k POBA, L)
LIV Bt AW PS-b-PMMA ( PEG 1 PiBA)
M4 LR A Y.

BT, Durmaz'™ %5 58 5o W 7 B 0 4 T
¢ N MBS AR A ) (1 21). AT el & 7 &

- HHRFLFBE IR ATRP 5l &R 51 K K LIERA,
-—N;Q)O, 6 B 16 B T A A 59 5 A KA

0 BRI LT B A Y a-alkynyl-Anth-w-azide-
PS, B )5 i i 4> F [ ) CuAAC S 15 31 55 I

CuBr/PMDETA
DMF, 120 °C, 48 h

Fig. 19  Synthesis of H-shaped block polymers via CuAAC and

D-A reactions ( Adapted with permission from Ref. [ 95 ]; ﬁﬁﬁ%é@g}zﬂz%%% PS_Anth’ %)ﬁﬁﬁ D-A

Copyright (2009) Wiley-VCH Verlag GmbH & Co. KGaA) B PMMA (PEG 8¢ PtBA)-MI 2 A 2| R &)
o e HOIEE L, 7350 T HUAE R Bk R A

ﬁ%ﬁ:‘i [&] j‘z}E%T E/‘J Grubss 1’%1‘&}!”{%’“3%* F%% Gacal g:FHOO' ;KJEH XX).E\ﬁ__T% H%‘Fﬁﬂ% T ;E\% (53 UEE

I I WP IR R A3 BRI R PONB BEIR gy s sy e 7 e o5 A7 38049 5 2R 3 T 1O B 2 2,
TSI AT BB A BOE MBI i oo o e i (pON) I
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Fig. 20  Synthesis of block brush copolymers via CuAAC and D-A click reactions ( Adapted with permission from
Ref. [97]; Copyright (2011) Wiley-VCH Verlag GmbH & Co. KGaA)

)\k( CuBr, PMDETA o{%
0 o)
a-Alkynyl-anth-w-azide-PS Multi block PS-anth

L

R: PMMA, PEG or PtAB R/&O

Toluene, 110 °C

_ >

2

Z
/\/OQ
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Fig. 21  Synthesis of regular graft polymers via CuAAC and D-A reactions ( Adapted with permission
from Ref. [99]; Copyright (2011) Wiley-VCH Verlag GmbH & Co. KGaA)

iR (TX-A), BE)5 L CuBr/PMDETA i {b5], IERZ MR B A 20k 2+ R G 34,
£ DMF w1 120 °C i 36 h 15 2 &% 2 A b WX HE FRAEW M, T FRE
PERE A R OR & Js PS-TX. YA 2 AR O T, AR e KPR R i 0T DL R HR
han' "' 2 F HI S 548 5 CuAAC 2 I I %% e 3 TR 1 1% 32 30O

TEFWARMNZYRANEIEHE TFREY

(L 22) . Al AR H B a3 e 30 5 4 N ki 31 2 EREREHERIMENREY
5 1,4-T A LN 32 JE17 e 2 ST A Durmaz %5 B ¥ CuAAC D-A iz Jif 1 NRC
REMRB TR SAGEILAFRIEN LI R E Y =R RN AR, — Rk A T Ik B4k
33, BfJE AR IE - A CuAAC W X 3 85 k4T KR . Mbi1E e FH ATRP F1 ROP 435
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CH,COCI

Synthesis of multifunctional main-chain cationic polymers through thiol-ene and CuAAC

reactions ( Adapted with permission from Ref. [ 101]; Copyright (2012) American Chemical Society)

fil& 74 MERIBREY: ML IR PEC
(PEG-MI) 2R 3 73 331 Sy T H 8 460 ik AT H) 4RO 3R O
ZJfi (Anth-PS-N,) (— ¥ g B 5 55 — v o 1R )5
i) PtBA (alkynyl-PtBA-Br) B{# PnBA (alkynyl-
PnBA-Br), LI A& TEMPO IJjj fig /b 6% PCL ( PCL-
TEMPO) , Bfi/GH5 4 FELIE RS WIRG, [ il
i CuAAC D-A J #l NRC J N — f5 ¥ il 46 1
Mk Bk TE R &%) . PEG-b-PS-b-PtBA (PnBA) -b-
PCL (1 23). 5LRIAETTEA HEH, R RO
A LAR KA 5 2 ik BeZ T R G W 196 R

Kempe 45" i FH 3K 1 412 3 1 8 S -B 3R K
Wi (SPAAc) \D-A Jz b I B -4 3 Fh TG 4 & i1k
A iy BN, 2R @AY AL TR (2-REMRIHK) 7
B . 1 ST aE A 2- e ok 14 B8 T 3R 3R 5 1 2
TH B EE | o-F RN EE S A I e i TR 2R
(2-BEms k) , Bl 5 4K UK 3 5 FROIR B SPAAC
FRE, 5 ML B R D-A K2R LA K A5 4k 2 18] 1Y
M S A B Z D REAL Y B (2-WEMEIR) 43T
B, g MI L5 45 5k By 3% 42 09 A [A] B RE A
A LAAS BT T3 a0 gL okt 40 8 08 55 2 A AR
A AN TR 5 ) B BE A 4 Kb R

Br T TRl 2R BLIEREY, = AE R

V7 S W 0 B T o A O B R RN S R G
Wy, Iskin 251"V 454 T CuAAC D-A N FI& 5-
MRl % T ABC RIZE RIERGY (K 24).
AT S A A R RS R T S 2 AT s
TR /N T 35, %4y T IR B B A 0 T 3k
SRAMBEERA. MERKE&E T &ATAEE
R 3 NRIEREW: sikTae iy PS (PS-
SH) & A AR ufi 3 ) PCL (PCL-alkynyl) DL &
MI LifEfL i PEG (PEG-MI) , fiz)5 LA 2 DhRefb /)
Gy F R, MUK I S R -0 BB CuAAC i T
D-A JRHE 3 B A T8 A W B -
25, 18387 ABC RlZ R RIER G 36. %75
LIRREREW R k8 92% Ll L, [F
B3 AR 22 W) 40 F a4 M. 5 024 L, Tunca
AV UR ] CuAAC \D-A JZ AT NRC R il 4 T
SHRBEEEAY.

Dedeoglu %[106] F FH CuAAC ., D-A 2 W fi
NRC il 4 T VAR PS 2“3k (LL PEG (5§
PCL) H“ R EsE R G (K 25). fbfile
Jeiil g T E A B A IR E R R S 1 £ T BE A
/INGrF ATRP 51E R, B 51 &R 21 ATRP
R A VLB K i IR R 1 i — 2 & B A B —
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Alkynyl-PtBA-Br FOLATENMED
Alkynyl-PnBA-Br
DMF | Cu(0), CuBr
80°C,36 h | PMDETA

N=N
N
\%O—N

PEG-b-PS-b-PtBA-b-PCL or PEG-b-PS-b-PnBA-b-PCL

Fig. 23 Synthesis of tetrablock quaterpolymers via triple click reactions; CuAAC, D-A reaction and NRC reaction

(‘Adapted with permission from Ref. [ 102 ]; Copyright (2011) Wiley-VCH Verlag GmbH & Co. KGaA)

(1) Thiol-ene W— SH
PS-SH
oo _
0 (2) CUAAC mt N
O 2—\ PCL-alkynyl S ﬁI—N 0 O
% o QIIIII-S_, o
O T, b= g,
(6]

o
N3 — . ,
35 N (3) D-A reaction WN o
o L2
L 36 N-Q32339%
(0]

Fig. 24 Synthesis of ABC type miktoarm star copolymers via triple click reactions!'®! ( Reproduced by permission of The Royal Society of

Chemistry)

NCR

PEG-TEMPO
or PCL-TEMPO

¢-PS-Br ¢-PS-b-PEG (PCL)

Fig. 25 Synthesis of tadpole polymers via triple click reaction strategy; CuAAC, D-A and NRC reactions ( Adapted with permission
from Ref. [ 106 ] ; Copyright (2012) Wiley-VCH Verlag GmbH & Co. KGaA)

NS — B R AEM R LIE RA Y : Anth-PS- TEMPO Jfgfbiy PEG (& PCL) i NRC K
N,, BEJE 5 & A REEH MT g fefe /N 7@ AEIMEDE RS (¢-PS)-b-PEG (PCL).

o3 18] B R Al BN AT B R S 23 5 O A L, L RAALIY Cakir %7 U454 A ] 1Y
MI 262 & %) Anth-PS-MIL, SRJ5iad 7 A 3 Bl f i S R il & 1 4 BOR TR R & 9
1) D-A RAFRIIORBAR LM (e-PS). HJm, - (1B126). B3 FEA KA K Iae /7
PS 35 bR AL 2 IR ACUR H A5 e-PS-Br, 15 DJREMLAY S A UK A M (ONB-Anth) & A7 IR i1
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Fig. 26  Synthesis of heterograft brush copolymers via ROMP and triple click reactions;: CuAAC, D-A reaction and
NRC ( Adapted with permission from Ref. [ 107 ] ; Copyright (2013) Wiley-VCH Verlag GmbH & Co. KGaA)
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Synthesis of Topological Polymers via Multiple Click Reactions

Chao Yi, Qian Han, Xing-quan Xiong"
(Key Laboratory for Functional Materials of Fujian Higher Education, College of Materials Science & Engineering ,
Huagiao University, Xiamen 361021)

Abstract Click reactions, introduced by Sharpless, are a series of reactions with the characteristics of high
efficient, reliable and high selectivity. They are widely used in the synthesis of topological polymers. To date,
the most studied click reactions are Cu (1) catalyzed azide-alkyne cycloaddition ( CuAAC), Diels-Alder
reaction, thiol-ene/yne reaction and nitroxide radical coupling reaction. The combination of multiple click
reactions broadens the synthetic methods of well-defined polymers with various topologies. In this review , the
application of combination of multiple click reactions in the synthesis of well-defined polymers in the last a few
years is briefly summarized ,and the prospects of multiple click reactions in this area are also discussed.

Keywords Click chemistry, Multiple click reactions, Topological polymers, Combination, Living radical

polymerization
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