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B 2,3-"KET M ZAE(DCDPS) 1 2,3- 2K
BE23-_MEFERT M _ZB(DCDTS). &R
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IBHIRSHAKF AXREMREFREHER
] ATRP SUE PRI R % .
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1995 4F , Matyjaszewski fl Wang 76 &5 (KR IE 7%
HEHERERAS ATRP A AN RETH
—/~BL 16 ATRP & &' {5171 % A3 AIBN/CuCl,/
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BPO/CuBr/dNbipy RHE#E B HE R S& R, BPO/
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BPO S5 1K 6 S 4L 9 B A 8, 3% ) 1] ATRP
MILE#ATREG . TBRA-YNS FRELS E
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Teyssi¢ 55 A AIBN £ &k 4k & f# 1L 7] (FeCly/
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BHEAHERAGMPIR,.HET «-C(CH,),(CN)
Mo-ClBEFAREOERSERNHESY, 0 PSt
(M, = 3000 ~ 4000, M_/M, = 1.3 ~ 1.4) F PEMA
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ERL.ERT MARMBEHAHERES . A TRSSH
AF1.36, BRRET.

()FREERROBM R FREEKE
A5 g B . Xia S50 G0 B BUAR RO BE T e AT {41
il dNbipy, & 5 CuBr, 76 B 4% & 9k 4k 70 v B8
THE BHREAERARBERNENHEETH



3W EXRTE - XFERFERPA AN AR EZERMBEFHEAMERESPHNA 283

WHMEER. CuBr,/dNbpy S TUHF RS
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Scheme 2
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BENERNBENNEAGENRERHLS,
MEELTRAEESGEES. # W, AIBN/CuCl/
bipy 31 & {4 % 7E ¥ & i 4L 53 3 B T ( CuCl,/AIBN
10/D)ERT SSWEHEAhERS, BAX MMA
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RO W SR, NEENREhHERREX
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EKEEHRONSRELEEDN MMA HESH
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Iniferter BE K M8k Cl HF BTN, DRAKER
BMEET R—CLBATES A FRENEM,
GESRETE. ETH, RAOBTLTHO
Thermal iniferter 2,3- — B 2,3-—FET M
ZB(DCDPS)#1 2,3- "W E-2,3-“ A ERT =
M Z B (DCDTS)SIASI R F , N E AT ¥4
B AHET RN, ERHH Fe.Cu BEWAEL
EENERT, MRS E& MMA RFERHE ALK S
MEATE#GT THR,FLBETAMRGIERN
B B TAARENER TERM Fe.Cu
LB R 4 ST
2.2.1 S FE(CuCl/bipy) B4k T 89 S 2] ATRP
B @ © 42 B Matyjaszewski 2 Fl AIBN/CuCl,/bipy
EHHEIEEER ERENKIBEHERT
(AIBN/CuCL, = 1/10) A BT St MEH B hEE
& MEE & MMA #1 MA R AT E8.
AP B CuCl,/bipy I HAELER, A&
439 B934 Iniferter DCDTS 0% AIBN, iR R A&
#8339 B 4L FI P BE T (DCDTS/CuCl, = 1/2) BB

TMMAMES Gl B RS IR R YRR
H 3%: MMA/DCDTS/CuCly/bipy = 2000/1/2/6,
[MMA], =9.38 mol/L, 7 85°C5| & MMA ZEE &K
PEBRRPRS, EFRARALETRILRMN.H
In{M],/[IM]MEE R AN E  fEE(RE1),7
PFHAE T REANER RNMBLESH . X&
HEBRERN I —REN, EALBPEHD L
MK AmENRERARES, AHERENS
TRk 2 R A B S R 9 JLERAR /N, T
UEMAH, 4B RTHEERASHRE WAL
B, AARANERAKTERERRTHRA
R BHAEBETEBBHEMIERPNKA
MERESH(P lau =1.90x 107" mol L7';
[P lrua =1.27% 107 mol L' BT R E, HiLE
EEBEEPARRARTHRY Y FREKLE
RSN R M (R RIERE 2), ARG
YN FRTEL 74,700, BB FRSXR
SFRAEE, TR MWA1.18~1.30 Z @ .1
BEAEMNRNRED 75CHhBRRFHE
BB NAE A AT REE D et A4k
MEEEXTIHEMNI BT ENTR A HER
B.RSNSE RNAH —REMERIE, 5T
BT B RV e B i

3.0
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Fig. 1| Time dependence of In{[M])o/[M])and conversion
at 85%C in radical polymerization of MMA

Conditions: in bulk, [MMA ], = 9.38 mol L™, [CuCL; ], =
9.3%8 mmol L-', [bipy]p = 28.4 mmol L', [DCDTS], =
4.69 mmel L™'; in toluene, [ MMA ], = 6.25 mol L°',
[CuCl, )y = 6.26 mmol L', {bipyJo = 18.5 mmel L7,
[DCDTS], = 3.13 mmal L™

RTIEW MK R B A B ATRP Bl B Fi 4
Iniferter #1. 38, & {7748 T 3 H 3£ 1 (DCDTS/CuCl,/
bipy/MMA = 1/0/0/2000,85°C), 1 h ¥ {b % 35 3
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Fig. 2 Dependence of ber-average molecular weights and

molecular weight distributions of PMMA on conversion in bulk
polymerization at 85, and the comesponding GPC traces of

Same conditions as Fig. 1

Initiation:

Propagation:

34.7% Y45 TF & 183,400, 7 FRAM 1.62, %
HEHNEARECENF TFREIBHERRCETA
ATRP k#4809 PMMA B, HZXRH TR 5
Bt FEAZEE, BHTLIARXA Cu &R
LA R -5 BN AR Iniferter HLEE .

R T#H—HIEAR S ML, X A'H-NMR
EHFARESOHTRESN EREAFEE
APNFREI Y N DCDTSHEA MG RT,.H#G
BRERASETESINS TREERY TEYE
B, FRTHRAEREREERMR 3 FiRE
K ATRP LM T . EIFRF RS EN
Iniferter DCDTS ] b3 B MR A HE(R),
A H1 25 7] L 88 4 4 A 1k 37l ( CuCl/bipy ) SE4L 5
RERA bty LR LA S ik R B I K 88 A
Al X HMKEAHERS NS LSRR
Ehi , ARABRMSEMEMNIES RS
M (CuCl/bipy) fKIRF FREE S S {K R W S ERIE K,
BEENMNIESRACASWERT, XELR
PHEHmEhE, AENNERLSOEAL
HEMERALEH HENERENZAHENH
I, R TR IW ATRP 38 .

ZHABMPMMAN o ACARF,IMA

CH; CH;3 H;

Hscpg —gocms whs  2RCOC—C.  (RY)
N
R+ + CuClybipy ==——= R—Cl + CuClibipy

k; l + MMA f + MMA

CH; CHx
R—CHy—C- + CuCly/bipy R—CH;—C—C] + CuCl/bipy

H; ‘OOCH;

CH; CH; CH, CH; (I:Hj

R—CH;—C-€£CHy-C—CH; —_ R---(:}.]2....¢..{.(_j].],2 ')ﬁCHz—?'

COOCH;
(s

CuClibipy

+ MMA

O0CH;

OOCH;

Q} COOCH; COOCH;  COOCH;
P
+

+ MMA CuCla/bipy

Scheme 3
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CuCl/bipy 4L, IR & W7 0] ¥ 0 K 4+ F 51 &M 5]
B MMA B8 Bk St 5 % ATRP P13
AT HALEARN. XREHTE&E~Y
PMMA 45 F B M EFIH 16,800 3 3] 92,200,
SFRATMMN 1.30E4F 1.37. AR I FE BIEH
T 7 PPMA #RKWMLHAE QAR AWMEHBA T
FRRMHLEAEE RS . SHM.

A5 BAIEBIR T DCDPS(H &5H MK R,
4) K31 KR | CuCl,/bipy R AR, & 85°C3[
AMMAMEEANBFRES . AEBSITERKL
H(=80%), 8> TH102,600) A SRS
(=1.20) PMMA . (H KRB 5] 2o REAE, B
H A TENMNTERFRSTFERE.RIMNABAN
PMMA 7£ f5 5¢ ATRP fE{L 78 CuCl/bipy FIER T,
MABKBHMMA B B4 S, ERBRATHTE
HE MK AT =M PMMA-b-PSt iR B LB
Y. XBRELERAHEFRKHELRKHET,DCDPS 5
RUEFME HEEEEKT DCDTS 5 REEEM,
BEHEREARE, [P low =4.59x10"" mol L™";
[P T = 2.17x 10" ° mol L™ . 3% 5 DCDPS BY%
#1KF DCDTS #126, X & 1 F DCDPS %
H (MR 4),T0 DCDTS &b A3 FERE X
HREWFEAMTR-KEBOSMA. NAHLKERE
EHETHBRE S ES S hERSD.

PO T
0 CN CNO

Diethly 2,3-dicyano-2 , 3-diphenylsuccinate
(DCDPS)

Scheme 4

2.2.2 &% % (FeCl,/PPh, ) i {1k & |2 1] ATRP
EAVEDF T Iniferter ZELE RAELNERT
#5474 . LL DCDPS 3| R}, FeCl,/PPh, BY4E
AP LA, B DCDPS/FeClL,/PPh, ,7E 75C F 3l
EMMA XK AEREARBTHEFMNER
(MM, =1.20~1.29)7% L MJ/JMIERE
B B[R] ¢ B3 FRAUERT, RAE 2 — B 12 K, B 2 17
AZINHAHEREERASBRIRERE,
ERPIMEESH FEARSGNERKTARE
BRPHENERE A EREHTEBRLFHEA
ERPEEHBENEESPN(P- 1, =4.78 x

107 mol L™ ;[P Jpre = 1.49 x 107 mol L™' . A
M#EART ORI FTREFALEGEINELHE
wmm. s TRSLRS FRZAEE —EHNR
ENTESAEREANEARBENRRE
L.2OVIF, HFERM 129 R 1.20, B TR
BT . [ e R I AR S| R R MBI e
AR T BB ARK S 72 PMMA, i X
FFRAHAEAB AR W . [FHE, H-NMR.§ &
HEASRNMBIEWFBRAUHFEB TN
DCOPSHA M CIRF , RATHERESELNERR
M ATRP #L 3 847 0. L1 £ &5 R i 89, Depps/
FeCl,/PPh, R RS E MMA RS REHHAHE
B &ML

DCDPS/FeCl,/PPh, K & B AT F St &S
HEES™ %S && & EAEK(100C) f1 8
EBRW(HOC)PFE S BS, BB THELER
(>80%), B TR(=42000), 4 FRSH
(MM, =1.18 ~ 1.28) Mg EINFE 1L (a-CN, w-
CLYB KB PSt.

HeAh BR/NEMEM T RN L BBk
1% ( Tetraethylthivram disulphide, TD} 4 & 9 F 51 k&
KR TD/FeCl,/PPh, #4T MMA BES Rigx
RERAAHZEREGERUTEANRSIE R, BN
(in situ ) ATRP, B — P HT8 ATRP R 5 B . 7E3X
— R R B, E, NC(S)SCl MK 63 B4 R AL
FYFeClL, BRERAGEB PRI AN . G4
KRR #i B ATRP Pl B #F 17 . MMA B9 {ii ATRP
ARG FR.EGTFESH(MIM, =1.1)H
PMMA .

g ERR R ER BT R S H H Iniferter 7]
A B8 ATRP, i B A {08 B I5) ATRP 8 5] & 2
REFRMAARSEREGRA C—CH,WH
BT TPED WS A, KB T -HHERE «cHA
w-Cl [ -FigE PMMA MBI & . BIT89 k. B 5,
R ATE K 0] 35 4 R A9 # Iniferter 188 R A 38 4
WREE ARSI RAX I ATRP WHLRES( X4
BB BETHVREHERE ., #BAERAL
BEREARNER T BT L LR Rk MMA f
Rk S EEHHERPTNEHAHEE
4 . W TD/FeCl,/PPh, 4k £ 5| % MMA B S HIHLHE

R—B BB IR ATRP.
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NEW TYPE OF REVERSE ATRP PROCESS WITH INITIATING SYSTEM CONSISTING
OF THERMAL INIFERTERS AS THE INITIATOR

QIN Dongqi, QIU Kunyuan
( Department of Polymer Science and Engineering , College of Chemistry and Molecular Engineering . Peking University , Beijing  100871)

Abstract  Atom transfer radical polymerization ( ATRP} is an efficient way for living radical polymerization.
Reverse ATRP was first reporied by Matyjaszewski in 1995 and it is a development and improvement of conventional
ATRP.In this review article, we summarize the progresses of reverse ATRP studies in our research group, especially
the initiating systems consisting of thermal iniferter and metalic complex catalyst, that are the 1,1,2,2-tetraphenyl-
1,2-ethanedio! { TPED)/FeCl,/triphenylphosphine ( PPh, ) ,diethyl 2,3-dicyano-2,3-di( p-tolyl) succinate ( DCDTS)
or diethyl 2, 3-dicyano-2, 3-diphenylsuccinate ( DCDPS )/CuCl,/bipyridine ( bipy ) and DCDPS/FeCl;/PPh; initiating
systems, Using these initating systems, well-defined PMMA and PSit with high molecular weights and quite namrow
molecular weight distributions were successfully synthesized.' H-NMR analysis revealed that the resultant polymers
were end functionalized by e-H[or a-C{CN) (C4H; ) (CO,C,H; )] and w-Cl groups. The polymers with w-Cl
groups can serve as macroinitiators to proceed chain extension reactions with fresh monomer and block
copolymerization with a second monomer. The polymerization mechanisms belong 1o reverse ATRP.

Key words Living radical polymerization, Iniferter, Reverse ATRP, Progress



