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Abstract : Carbocationic polymerization is widely applied to prepare polymers from electron-rich monomers.
The reaction is usually uncontrollable due to many side reactions and explosively fast rate of polymerization.
In a living polymerization, however, the reaction is controlled as designed, and many workers reported many
successful cases recently. In this review several ways of living carbocationic polymerization were illustrated,
and they were connected together under a basic principle.
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Fig. 1. Molecular weight - conversion relationship of
different type of polymerization.

% AER Folol o= A= FAF] THAE &
F Atk 9 o2 # living TN = AARHS
ANAF wrgute] EAFI] Wi FHEEA
FTEE dASA FAEh

Yol FEL 1 A} ofF 2y HAZFAE
EF3a o2 3 =7t AAE AR AT 2
HY 2ol o2 7T I 2 living
Z¥ system &} 7% Fo] o}F LA o]Fo|iL
et

%ol FE system & FHWNEY FHHo] 4ol
202 =9 monomer °| ™3} electrophile = %
43} system ©] ™ olefin A1) monomer, heterocyc-
lic Al monomer & aldehyde - F#3t=ul o] &4
}. ol % heterocyclic monomer &, 53| THF[4],
oxazoline[5, 6] €9 living &< & &8 A yd.
a2y B39 A= heterocyclic monomer 2 aldeh-
yde Al monomer(7] &} %2 A 235t FAUE
ExE FAEAES #F37) v,

Olefin Al monomer & ¥°]& FTHAZE JEH
2 2 jisobutene, butadiene, terpene 5°] o™ o]
2 FF ol99 & WHoRe T HA =
RAE0] Bol X Art. AvrAHQ ol F3
scheme & 2] (1) # Zo] FAIHY, o529 F3o
A 2} o] carbon ol AE FolLEL YH car-
bocation ©12}3L 3 Fch, M B8 A E sp? orbital &

o %& o

U3, A28 A 33, 1991

YA A€ carbenium, tetra or pentavalent ¥ Z-& car-
bonium °]2tx #H8l. ] F olefin monomer 2|
2%t #AHE AL F2 carbenium ©l 3, Ei19
A& carbocation o2t W& AHRESTH

(1) ~CH.CH" "X+CH,=CH __| ~CH,CHCH,CH™ "X
| | | |
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Carbocation # I counterion Zt2] 3] el 2
sl ool 29 FeiE TEE W, & FHAN 3ol
I FFEAAE AR EAT 5 Ao 44
a wrgAo] ga2A doh, Fole gujel o3 3
gE deHe 9utgoes A (2) 9 2ol “Winstein
spectrum” ©|&3 F2& A543 Vo Y
ebd 4= Ao 9]. ol o bond order & free carbocation
o o sp? ol A covalent bonding Y™ sp’ 2 HH 1
B2 8 free carbocation ¥l 7+ Ak, A, &
o] & Fgtol] YOIME o9} vl =¥ HAWME S EAE
4 9lom Ztzte] WA wE K3 Folg BT
[10].
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2.1, o2 e =242

ol 32 WA A 2} monomer 7} L3 H
Be 89 FHPolmz g B k. o o
A& 5 & 7)1 A 2 protonic acid =& Lewis acid 7+
2129 Lewis acid & Eo°lt} alcohol 22 3§E0]
Faslt), o] o AL EE Ao AEE F8EE mo-
nomer 9] ¥H&- Aol metM e, old g Fol
ANAY ZFF59 5EHS Fd & Huse] o1,
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AH4-5]E monomer & YWHH O E 4719 category
2 yFo] A 4 glenj[12], (i) aliphatic mono-ole-
fins, (ii) aliphatic dienes, (iii) aromatic olefins, (iv)
H'd group ©] electron donating atom (O, N &) <l
2 20+ monomer 7t LA 0| th. Z category Wl ol A
HWEZHQ monomer £ tFHQ vH-gAL o3
ig= 3

(i) isobutene > butene —2 > cyclohexene > pro-

pene > butene—1

(i) cyclopentadiene > pinenes > isoprene > buta-

diene > chloroprene

(iii) p-methoxystyrene > 1.1— diphenylethylene >

a-methylstyrene > indene > styrene > p-ch-
lorostyrene

(iv) N-vinylcarbazole > vinyl ethers & vinyl sulfi-

des > chlorovinyl ethers.

47} category &) BAHQ basicity €M%= (iv) >
(i) > (i) > () ©19 F§ system o SA) wahA
9 monomer £ &4 #x= HWE F U o]
4719 category % living F¥o| B9 AL F=
category (iv) ¢t (iii) ©) monomer E°l W&} o]n
category (i) 9l X1 isobutene Tto] 1 ¢ 7} H.115]o]
et

AHE-EE &l A&l inert 3 oF 311 2F7k po-
lar & 50| o] 20]1 gl e} v <] dielectric
constant & ion ©]Y} polarized species 2] ¢33 %

Holi} solvation & F8o.2 733 nonpolar
|Wl= ¢ = 2~6, T3 polarity o] &9E ¢ = 7~15,
21 polar 3 Evi=e> 159 ¢ A Ao g
e 4 A3 o217 polarity & FIMA] ukLoln}
kg ofF & L v|¥h. &9 polarity 2
ol Wigh FFge 259 WS s FJFHc}
A1 3HA YElY Y, nonpolar 3 fuel e Z§o)
YA A] 9= system ©] &S polar 3 Ho = u}
ol FH FHol dojvke F97) ol Ao, 17
oz guje] Jele Pole FH(EE Lol& 2§
ANM F3 b JFQRE ARAE 71 & 29
%9 sttt 53] living 3ol YolXE Lujel
Aol o}F F23l9 BE A45E $9E nonpo-
lar & ZEo0] go] 201 ut, AT E hexane Y
e =189 (20°C), CCL ¢ &= 224 (20°C), toluene
9 ¢ =238(25°C), 18|31 CH,Cl, 9} & = 9.08 (20

T e

°C) o]H ©]&9] living Yol FH) 2ol WR
Al guEolc}. ©]F CH.,CL 9 2ol %3t polar 3
Bl A living F3o] doUE system & YA
A714 living 8ol 87158 e §vlE B v
FH Zoz v oo E I Y P FHEE
RFE Aol BE living Fol& T I7A 3
A= Byolct.

Dioxane |4 ethyl ether 2] dielectric constant =
HS4o2 §REAE EF3L o] 5 (Fol,
0l EF) oME polar & A2 HFEHE o
A& o]5o] o] o) o}F FL solvent 50]7]
&olth, 8l 9] polarity & T W& wtetA dielec-
tric constant B+ 54 system oA &uio} F
&3 A 2] specific interaction | &3t T st
Hol ] g3t} Fol FHlA ether Al ol
carbocation ]} initiator 2] proton 3} ¥h$-3l] F
W30l interfere Tt} welA Fol ol YolA
hydrocarbon ©]\} haloalkane Al 8-v|*& proton o}
inert & 891 protophobic ]2} ®27|% @}, <
o] 2o ol YutAQ Luje] AgeE FNEH
119 Z FA=H] A

2. 2. Y02 BEte| uixol EM

ol THL U chain TN} 2] initia-
tion, propagation, chain termination ¥+$-52 ¥ &3}
A Ak 2y e ¥gH gE Sy HSo)
A=d ©]EL a) chain transfer ¥g0] o}F @Wo)
dor}y] wFo) dntxgoe B B¥J Ye 3
FA7E AR, b) B A, 3R v
chain termination ©] §17] W 2o Fgo] B Fox
THEEA Ol FoIUA, ¢) initiation ¥Hgo] B-Fs}
e FEolth. Fol& T YuHE scheme &
g Aol 2 g oko] Hof glEwI[13~15] o] AL
AeA AFElste Ba oga g,

2. 2. 1. J4AEr=2

YRHA QA Fol 2 T ML A (3), (4) 2
A2 4 Atk o)9 1= coinitiator, XY £ initiator,
M & monomer, K £ B84, 121 b & A
9 ST AFE Uik dEHQ ¢ 2E 17} Le-
wis acid, XY 7} L7909 BEL ¥+$ system ol
EEER Eo9le o] 9. aau ild ge
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(3) T+XY 2% Y (X"

@ Y@ +M P YM* ()"

Esa

A A THel & 0}& 9] source (protogen)
1} o) w th2 ko] 29 source (cationogen) & 501
z 2% gt E3) living FHIME Y IX)~ 4
52 24 Folof AAHE TP TRES
2488 4 ot 2 AAAR AERE BFT
24 A7 Y (X)) 7F 99 YH & H 7F Eoh A
(3) & preinitiation ¥ ¥H-g-olet B2 XY 7+ 8l
2 A9 Lewis acid A9 7HATME Y (IX)~ ¢
e oleAE WUE F gt oA self-ioniza-
tion ©]2t3 B&th, AlBr; 2& A%t BE T 249
Lewis acid 7} A2 ¥rg-3t31 TiCl & A9-E TiCh
+ CI- ¢ )7} o}, 28 self-ionization < living
Z3 oA A 283 242 13 HA 1 ded
o] AL living 28I A AH-31E coinitiator/initiator
So] o] @ FAL B 4 UL AEE FTHA A

Eo] o}y7] wEolth

2. 2. 2. Propagation BtS

Propagation %

[e]

. -
o2 2 (5) 48 2 4 UL chain transfer £ 2 (6)
AP 2 4 Atk ol 4 (4) 9 initiation ¥ A

Y7 HE 4 9A0E2 H 2 BAFEH. 9714
ko O buy & B HHSEE Aol M, & THE
ngl A %@ 53 4 (6) o w2
mer 9129 chain transfer #3024 1 ¥HE&EE

Xt

o] W32 ol & FHNA 1Y B g oz el
glon} ole] FEo] mehd Lol FAL BAF
9 p¥s} gehch,

(5) HM,*(IX)~+M ' HMM* (IX)"

ktr. M

(6) HMM*(IX)"+M 5 M, +HM*(IX)™

2. 2. 3. Termination 9t
Termination ¥F-8-& 2] (7) 9] spontaneous termi-
nation, 2] (8) 9] combination with counterion ¥+

So]l gdod, 4 (7) 9 ¥3e & L2 chain trans-
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£ A% okl
HEEE H5).

fer to counterion ©]2+1
kt ‘Q}' kts '\\_:'

p
25
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(7) HMM* (X0~ 25 Mo +HY(IX)-

(8) HM,M*(IX)~ ﬁ) HMM(IX)
(9) HM,M*(IX)~+:NR; — HMM"NRs(IX)~

o] wj A (7) 7 (8) X A€ H'(IX)~ v HM,-
MIX & EF A 382 /HAE + denz AQe
o] mlo| A 2] termination ¥H-&-2 fIThil Kok Qo]
ofltt, wWetd FENEE AAAIEHE HF
amine 3FES Yol Fo] TG & AAHN
FE HAo| HEojti(4] 9).

2. 3. Living 0|2
Ao 71ed AA side reac-
tion o] B7) wjEol|, dutRo g AEAFe] FHA
o F2 olg59 it nEAF] F
Fa7t 9% WE butyl rubber & T4
FerE ofF AN Euksg JAse
2
k-89 initiation ¥H&4 X< pro-
S5 %4 HEe] 433 =n o=
ZFghikgo], &ujo] o3t shEl¥, carbocation ol
oste] AWHE Aol B7| HREe|ch. 53] FHA
A% 24E 938te] ¥7tE = initiator £ tertiary
(or benzyl) halide & AH8-¥ 739 initiation efficie-
ncy £ 423 2ol gEA A9 EAFS Al
ojsl= W & Al At o) o3t Hrel= & Ut gle
A4 olth,

2} AHE-E initiator & %ol 23t o Fx
2R Aol g st Yol 4T F FIE 2% Qe
HEHQ o ZE Kennedy 59 inifer 'S &
& dtHie, 17]. ©] BHL p-dicumylbenzene chlo-
ride/BCL 7} 87021412 AF&-59 isobutylene &
%5843 o] initiator 9 p-dicumylbenzene chloride
9} chain transfer ¥F-3-& U2 #AA initiator &} 4B E
27171 WHolth. wepA AHEHE p-dicumylbe-
nzene chloride € initiator ¢ chain transfer agent 2
SAle 283t7] wjFol inifer (initiation-transfer
agent &} <) 2t B o] EE ol & ¥

Fgtol Strategy

H Yol F3

[
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A EX7F oF 15~20 Atol7t He $@AE 9¢
4 S0 telechelic 3 TEA] FH= 715sc)
H Fol2 T SAHFY shte v es}
FdHo 2 wmaETE AU o] FAE FHEAAA
FH @AV Ak 2) (2) o Winstein spectrum <
es] FAIEE 4 (10) B Zo] HEd oy 2%
Z4Ae] e L free ion &8 HE4E Z7)54),

(10) CHHX" == coerrreerns = C-X

Reactivity

-
Side Reaction

Free solvated ion # contact ion pair 2] ¥+&-4 €] H]=
=0l& FFANA oF 10°~10° Axoln Fo|L9] A
T2 o] Axe AHolE /M¥Tkn WolX 1 Y} 2
2t Fol & FHAME FHH data & gloH Lo
I 3 AHEHE S £F59 4o Bo] g
20}, E# chain transfer ¥H-83 2 Bukgn ut
AR 2L Wgow Figttn WolAd, o=
T2 bonding orbital 91 A19] s character 7} 74 %ol
uehA] Hgt AojRcn, fuje] T £HEA
Ao #A 2 &5 AAE B M3 B
ase] i 18~20].

watx Fole FEES Aojstad i) 2%

£ €°l1, b) chain transfer ¥3-3 22 Bulgo
ook 3=l o] F71X) 2%} Winstein spectrum
Bl A= FHEAA L FF7E covalent bond 2o 2
719 B% #Zde] Avd. 22} covalent bond A
Ae wrgAde] gi7) W) ot e Wy Ee] A}
Hed 2 WHoZE (i) activation type; OFF
Z4ol o catalyst & AH83+ carbon-iodine T
2 covalent bond & 7T activation EA dHe
¥, (i) Lewis base ol 2]&t stabilization type ; di-
methyl sulfide Y dioxane 3 Z-S- Lewis base & W2
system ol ¥ ojF o] tRE 9] carbocation & carbon-
sulfur bond Y carbon-oxygen bond E TSI o}
£ %9 carbocation Bt A 844 8k W, (i) coun-
terion exchange type 3 tetrabutylammonium perchlo-
rate 9 £ salt & WA Ho] Fo] AR car-
bon-iodine bond 7} carbon/perchlorate <] ol 2Age
2 @A sk= ¥y, (iv) common ion salt & ¥

o]Fo] o]29 FYE AN IIE WY Fo] U,
°] ¥ F AZHA BEE =¥t s Atk

o]g3 2L ALel oA system o e &
#9] jonic THHAYAEL covalent bond E7 B
A AL T Y BSEEE FPNHFEE v
ste] & Aoz 92A Ak LAE 7 category 9
EHQL oo thdte] Atz e,

2. 3. 1. =0jof| 2§t Activation

ol Fejo) 71 AE A ol F F7FA = HI/L catal-
yst ol 2]§ alkyl vinyl ether 59 8o 2[21] &
Rl whgAe A (11) # 2t} o] b living £
Z7%8 A CI bond A= 784 21T iodine
Zvl (F& activator) & 7}siFojokwt Sjlo] 23
gt 3eE daE ol FEE o}F uln
B A (1) o YL FHAFZ o2 LA
Acka LA ok

(11) ~CH,-CH—1+1, = ~CH2—C|H+ "Il
|

0] ]
f I

R R

Aonomer

Chain Growth

o] i Holg Eold Id4L wS4£%7 mono-
mer 8] FX°)| pseudozeroth order & Ztx gt
ol ©]Z-& monomer 9} iodine 9] charge transfer
complexation o 2|3t} 2 Mg d{22]. a8
& ZvjE AME-31H (o, ZnL) WE £%¥E living
b9l APEHA 11 wrgoz HAr,
Fuj7t glo] FFLET oW, CI bond & F
fraghol oFsty] W&o, d¥9 bond 7t )=
el A% + Aok, T8 Y living TS oA R
B=t. °] 3 pseudocationic TN A vlx7}A]
o|th(23]. ¥ pseudocationic 37 styrene/per-
chloric acid ® Al°I9 styrene ¥ perchloric acid &
THAEE T3t S AP A ¢to)
HAAE A el vholl 23} perchloric acid
AT acetate/BBrs ¢ 2-& ZvjE AL8-3H9 living
dds #3Y 5 g #o24].

Acetic acid fr= A /Lewis acid system & $)9} 2o

Erl

“
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A7z &880 A7R 22A e Z9) F mono-
mer system 5& Table 1] Belslo] ot o714
2 £ 915l living 8] Be] 947 E1¥ mono-
mer 5& 7 ¥H-gAe] & AEe] dFEEoH o=
o]5o] o}-Ax SHPH carbocation & TE7] WE
olth.

HI/I, &7 system ¢ %% monomer 7} §7}5+=
429 transition state = coordination o} ©]& mono-
mer insertion & FElgtal A= A=vll25] A7
A Be =9 el Hi glvh(A 12). Sushd
2] (12) 7} pseudocationic F &A% A ionic FHA

7} ¥l A @ concerted mechanism ©] 7] @WEo]™, ionic

F7A 0l te] uhgo] AYAhE o] A A

ubH el ZAsjo] 7] wolti26]. Te{ut @A o= ca-
rbocation (Winstein spectrum AolA) of &3t F
o] APHE=AE AFeA gHAA UA gk A
AE ZFA 9 tacticity 9 2599 BAZ AT
B39 ¢3bH FZ contact jon pair ol &3t F{ol
AgA o 27].

(12) ~CH2-9H—I+IZ Monomer

A 2] (12) & H]5=% 6—membered concerted
mechanism ©] AAE FHAL d=d o)RE ace-
tate/BCl; ol 9J38l F3§o] R4 5= isobutene 9] %
A o) ti28]. ©] W monomer &) F7}Hek-8-2 2] (13)
A BEAHY, o FHANA t-butyl acetate 7} ini-
tiator £ AME-H UL 4 initiation efficiency < °F
24~51% A=l A E A BAFE conve-
rsion & Avjd #A ) Utk Y EAg Bye

%kt W& Holtk (Mw/Mn : 1.3~20). ©] o 7}A]

A€ cumyl ether/TiCly  ®l7o] ¥ Mw/Mn : 1L
05~1.2 %! polyisobutene ©] ¥oJZci[29].

0|2} Z-& activation °l ¢ & living %0l & % sys-
tem 2 T& "o 93 FolL living T sys-

243, A2@ A3 3, 1991

(13) ar 0
~ CH,-C C-CHs
"
’ 0
C‘[\ Y
Sc” 7 BCl
%
BCl
= X
A Q
I ~ CHz’C A C‘CH3
N 1
CHz\C — 0
4

tem ol ®I3ta] Wo] GHA P EF Beo] A7t
3 Qded I ofE 1) initia_tor/coinitiator-q Kl
glo] ¥l A AHFFL, i) THEAHY life time ©]

the el Helel wLA Atk FEolth Ty

C ZHBAAY lifetime o] e Foleo] B9

2 PzE Holed, SolldAMe F d~4 MY
olH] ¥hate], Fole FHAAME F A F=o
}3ht}, wekA sequential addition F & 3o block
FEFAE 9= AL A 29 monomer & A 12
monomer 7} 100 % F&° Ed3te AIFE & #3
Fddel sl Aol BBtk 100% T 8 ¥
3 84H9 TX+ exponential F4-& TEHA
Ay &3 A g, o|nf life time < initiator
/coinitiator & Z{el wiebA 2o,

2. 3. 2. Lewis Base 0 2|8t Stabilization

o] dejo] YHEAQU <=+ isobutyl vinyl ether/
triflic acid/dimethyl sulfide 2 Z3 system 2 2[30]
2] (14) A3 BEAIEd). o] ¥H-&2] A dimethyl sul-
fide & Lewis base 2 Z8-3}4 3l8] € carbocation 2]
FEE Folv %S ot ol WAE sulfonium
ion ZHA = §EgAJo] gl o5 vl=Fe] 3fe]lH carbo-
cation ol FHWSL Bk, 11 o] F ojeTL
ol W& HEHWEE o]FT}. Dimethyl sulfide o
Aol bulky & sulfide & AF23H steric hindrance
w2l sulfonium ion & Aol AMHL WatA Ii-
ving 5% system & TEA %3l Dimethyl sul-
fide & A8 A LA F3A 9 EAF EEE
1.05~1.1 AXo|i sequential addition 5¥= 75
8t} (Fig. 2). Triflic acid/Me:S o 23 7HA] Hkg
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Fig. 2. Polymerization of isobutyl vinyl ether stabili-
zed by Me,S.

Ae BE ¥e 2x0A living SHAE sl
AA7tA Bag living FR/HsLEE 0°C7F 4
ol

Id
(14) ~CH,-CH* ~OTf+MesS = ~CH2‘(‘iH— +S\_OTf
I

i 0
|
R R
\Monomer
) ~“OTf=CFsS0;~
Chain growth

Dialkyl sulfide ©]|o A}&°] B Lewis base
&2 dioxane, THF, ethyl ether, hindered amine, pho-
sphine, dimethylacetamide, dimethyl sulfoxide %] 3
Table 1 o] 2= o] Ak, FA o] &7 Lewis base ol
93 stabilization P2 activation type A Ko}
S22V ol wolol 3= BHgo Yo 2%
24749 life time YA] activation type BT} ZA
3.

ol F¥AL 7t & FHF ) e AAA Q)
AFrE2e Aozt & £ glon FFHQ Fole
FHEZAANA o5 F& initiation efficiency & 2tE
AES & EAF ol AH8E £ dde Ho] 2A
o]t}31, 32]. ©]R-& Lewis base & &Rl <]3}
TSR ZA2ST g AL /EE

WE& o] H7t FiH o2 F7181, initiation effi-
ciency 7t $718t7] wjiolt,

2. 3. 3. Counterion 2| x|&}

o] Fele) hEHQ ol 4 (15) 9 o] HI/BuN
ClOy/vinyl ether - 3A1©1}H33]. ©] W carbon-iodine
bond € ¢ E<tE Fee FHAToZ WL A
EASE  tetrabutylammonium perchlorate & X &
HELEE do. waky 239 carbocation ]
745 ™ monomer &} ¥H3-3t) FHyrgo] FPQ
o 2y olej g Hejol ¥ living Fole ¢l
W A7 2A FTFEA Rgon @ @ He)
Higlo] 9l& Bojr),

(15) ~CHy-CH-1+BuN* ~Cl0y <= ~CH2-CIH+ ~CI0*+BuN* 1
|

2 0
|
R
/ Monomer
Chain growth

2. 3. 4. Common lon Salt 0f 2|% o|2s)2l9
A x|

o] e JA o] ATHAE ¥UT @A HI ol
©] % vinylcarbazole 3] ogto] 91-& Molri[34].
4 (16) sl A9} 2o} vinylcarbazole ¢ chain end ol
A= carbon/iodine bond & I FEN7} jon AF o2
FF0|2 9 ol FHag BAF Folof @
o @A FEol 17 9 &t A W) PR e
carbon/iodine bond < contact ion pair 7} HE#] o}
UH FR28T v Juz 2981, ofF 1)
Fito] 2] @ carbocation o] FE}E ujo] ZHulee
AYA71A €}, FR o9} Hl&g WL MMA 9
w0l FNA FolE £ UEH(35], o] AgE
lithium chloride & ©]-& PMMA-lithium salt &) 32 &
¥As 3, wEkq PMMA 9 living 38e =2
3= Aojt),

(16) ~CH;- CH* 1 Bu4N+ 1 ~CHyCHI
3- a E
Monomer & Fole %ol o]9j9] g Wyo g
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Table 1. Reported Living Carbocationic Polymerization Systems

Category Monomer Initiation system References
1. Activation type
Vinyl ethers HI/L;, ZnX;, SnX, 21,36
p-Methoxystyrene (X=1, Br, CD
p-t-Buthoxystyrene HOP(0) (Oph)z/Znl; 42
p-Methylstyrene
RCOOH/ZnCl,, EtAICL,
(R=CHs, CF; CCl;, CH,CD 3941
CH;SO;H/ZnCl,
Styrene HC1/SnClL/BuN* ~Cl 37
Isobutene t-Butyl acetate/BCls 28
Dicumy! ether/TiCl, 29
Indene Dicumy! ether/TiCl, 40
II. Stabilization by Lewis base
Vinyl ethers TfOH/R.S 30
EtAICly/Dioxane, Ethyl ether, 38
THF
Isobutene Dicumy! ether/TiCL/DMAc, DMSO 32
II. Counterion exchange
Vinyl ethers HI/Bu,N* =ClO, 33
IV. Common ion effect
N-Vinylcarbazole HI/BwN™ ~1 M
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