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LHEEE) OB (DEAEMA) /Y B 51 & F Ak B o 5
4 ,7F 5 DMAEMA B 2R RLRS4T I XTH, F58 T
DEAEMA A5 & &RE& 151 K HLH.

1 SLWES

L1 FE#

DEAEMA , Tk %%, & ¥ & X B kb T AR
ONE EAEME N, NN N N - 3 = 2 5
=& (PMDETA ), Tk %%, B FH % )5 /L T4 R
AL, BN, N -0 B 3 2 — i (TMEDA) |, 43
Brag, BRBHE G AL T A7 BR 2 ], B Eefd 52,27 - Bk
MERE (bPy ), Tl 2%, I 1 ¥ 4 b 2% 3l 55 A R 2
B, HAEEA T CuCly, 0 BT, LR E K 4 b2
w2y w) L, A CuBry , 20 AT 4, IR E R A
ezt A wl, B FeCLy, S T 90, HEREE

K Ak 27 A v, BT, CuSO, , 43 BT 4k, 1+ R
K FEA R, B U A ki (THE) |, 4y
Mral, i E 25 BRA R, .
1.2 DEAEMA B3I ZEHERE

#4631 ( CuCl, .CuBr, .FeCl, 1% CuSO,): Bt {&
(PMDETA . TMEDA 5% bPy) (¥ B /K H [ 5 hy 1: 3.
W — 2 P I HE A FR i 1) DEAEMA i £k 551 1 i
A E] 50 mL [BJE B, IF A b & 2R AR
R bR, % AL BN B G 1 R TR A v A
ST PE T BN, ZEAS [R) B Z0 R, B b B A 2D
et B 5 TR 0 AR TR 10 1O Sk g (THE) i R S5 R HT <
FHE S (GC) BRER PRI AL 5 IR BER 2 3
5 (GPC) BRER R B W) 77 T 1. FRAR R K 20 s 1k
J ) BN A R IO B O R R R G M
W2 A K 28 K IR R ks LCST-#Y A1
O3B A AR R RO T A A
T 24 h IS ARG, BI2h PDEAEMA. H
PRSI 5 L3R 1.

Table 1 Experimental details of catalytic oxidative polymerization of DEAEMA

DEAEMA Catalyst Ligand Feed ratio
Expt T(C)
(mol) Species Dosage ( mol) Species Dosage ( mol) [ Catalyst]: [ Ligand ]: [ DEAEMA ]
1 0.125 CuCl, 62.5 PMDETA 187.5 1:3:2 x10° 45
2 0.125 CuCl, 12.5 PMDETA 37.5 1:3:1 x10* 45
3 0.125 CuCl, 5 PMDETA 15 1:3:2.5 x 10* 45
4 0.125 CuCl, 2.5 PMDETA 7.5 1:3:5 x10* 45
5 0.125 CuCl, 12.5 TMEDA 37.5 1:3:1 x 10* 45
6 0.125 CuCl, 12.5 bPy 37.5 1:3:1 x10* 45
7 0.125 CuBr, 12.5 PMDETA 37.5 1:3:1 x10* 45
8 0.125 FeCly 12.5 PMDETA 37.5 1:3:1 x 10* 45
9 0.125 CuCl, 12.5 PMDETA 37.5 1:3:1 x 10* 30
10 0.125 CuCl, 12.5 PMDETA 37.5 1:3:1 x10* 60
11 0.125 CuSO, 12.5 — — 1:0:1 x10* 30

1.3 %% PDEAEMA %%

¥ — & i DEAEMA (0. 125 mol,23. 125 g) .
AIBN (0. 5 mmol,0. 0821 g) it A 100 mL [5 iK% )i
L JR A 20 mL THF £ 9 3 . # B & T
60 °C 5 I I 7 1 Pk 7 e, v B 19 S 24 h. A
— T LT N F RV A SN R TR
I AR 2R K T A AR AT R
W T HEAR N T4 24 h 13 34 A PDEAEMA.
1.4 MhXAESRIE

K 3+ Bruker 23 &) 4 7= (1) DMX-500 4% #%
JER 3% X T = R W H-NMR %, 3 o
CDCl,, TAEMI# 500 MHz R 3758 & 7. 05T. %

B BB 5] GC-1690 B GC | & PA R % 4k % |
BMERTFKE 30 m, N1£ 0.32 mm, H S H =&
g A A, Ui @ 30 mL/min, £ i A 80°C F+ &
200°C , F}iE# % 10 K/min. % GPC ME R &Y
AR X 4 F 50 F &0 (M, e M, cpe
PDI) ,GPC 3 & {4 Waters 1515 &I = & A6 (@
WAL 2414 RI KGN 2% (717 B H 3 i F£ 4% | Styrage
HR 4e,HR 1 . HR 0.5 &% 4% . Breeze T {E Uk, #E
W 35°C M THF i3 1 mL/min, DB H
PS AR E AT AL HE. B R A W% T THF bR H]
Wyatt Optilab rEX dn/de Jl %€ 1 %€ P76 8 34
it (dn/de) R BE 35°C, &6 I % 1 690 nm. %
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Fig. 1 (a) Kinetic and semilogarithmic plots of the DEAEMA of Expt.
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W 52 7 2ok A v P v Vi B B B R A R AT
TALEKR. B 1(b) 875 T Expt. 2 th PDEAEMA
[ 53 1 5 53 8 4 A B SR b SR 0 AR Ak AE
BARF AL T 1% PDEAEMA H A 8 &5+ &,
HorFit o e se , B8 B LR G R IE.
W& A N B #E 1T, PDEAEMA 1) 73 ¥ & 3% ¥
Tt Ui PDEAEMA B # 22 5 R4 16
71, 5FATIRE A CuCl,/PMDETA {1, DMAEMA
HEl & LB a2m .
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25 (b) M, ¢pe M, cpc and PDI of PDEAEMA at different conversion

of Expt. 2; (¢) The plots of the differential refraction index versus concentration of the PDMAEMA solutions; (d) M y,,,¢-differential weight

fraction profiles of PDEAEMA in Expt. 2 at different conversions

M T(h) Rl nl & i M T M, oo s M, e
Wit 7 LA e A 25 Y o R o ) A R S O
WM, oA BB GENG M oo AT UK ZE P53
ETR R R T AER A ROV S W, R A F P2
TIRIRHE M S 2 5 HET] K T 4R 22 32 w5 70 7 4,
[vi) IS AT A7 £ B 400 40 B A TR A . ol T B B 0 7
0 R T Ao B URR, BT LA M, TE W BB AR
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5 BBl e R 9 7 A, 6 JE 8L A S AT AT dn/de =

0.082 mL/g. & 1(d) /s J2 Expt. 2 g5
b 8.66% Fi1 59. 8% it fif 14 PDEAEMA Ff i K £k
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(a) Kinetic and semilogarithmic plots of the DEAEMA of Expt. 11; (b) GPC elutograms of the PDEAEMA at different conversions

of Expt. 115 (¢) LLS curves of PDEAEMA in Expt. 11 at different conversions; (d) M, y,s-differential weight fraction profiles of

PDEAEMA in Expt. 11 at different conversions
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VG, T2 shie 71 BT R RIS T s &S
DMAEMA A B 5T (4 25 & % 7. Expt. 11 1 R
BWREKZR T4 Mok £ 1) PDMAEMA, 55
FERAEM, R AER TR Cu® 5 5k
DEAEMA | U & A A IR J5E B 77 A 51 %
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Mo F s M 2 A, 255 18 2 (c) 7T
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4.2 2%, B 2 45k R ik PDEAEMA , H 2 fil]
B XL PDEAEMA ()¢ 4 bl 5 B A i UE 471
Zete LI T REW AR FRBUNT B A
[ 48 7 TR B R G W, DL b RO 1 i — 45l
B AR R s R R AR LR 2 Rk GPC I 2
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L B 78, HBA EURRE , 76 CuCl, i fb Y2
LA R ATRP AL AT DL Z W
2.2 BEXHBNRBREREMEIE
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K3 SR T Expt. 1.3 5 4 (% 5 i 8] -% 1k
Rl 2 B A N 2k X Bl 28, W] £ [ CuCl, ] -
[PMDETA]: [DEAEMA] =1:3:5 x10* ~1:3:2 x
107 3¢ 3 Bl PN 349 A 2% A= . Hh P AT UL, CuClL/
PMDETA {671 4 & 1 We B 8 K, W) 4 Ak 8 i 5
KRR, B A R . R, CuCl, £ I
S5 F AN 2 B 2R 3R 17T 2 A R
2.2.2  FCARFN XTI S 5

Kl 4 (a) R THEAK N bPy (Expt. 5) 5
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Btz et 2. | 4 (b) BR 2 Expt. 55
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Expt. 2 #H2E{L, PDEAEMA B AH X} 73 1 Y B &
B ) EAT 100 39 B PDL ¥ 5 2, 70 7 4 5%
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T 5 O W A S SR ], M e HEINAS B Y
THOLT M, cpe MoK

65 1.0
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52k \. 10.8
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Fig. 3 Kinetic and semilogarithmic plots of the DEAEMA of

Expt. 1 (square) ,3 (uptriangle) and 4 (circle)

& 4 (b) o U6 B FE AR IR e A6 %8R, DL bPy S it
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WA 5L FF Expt. 6 TSR AW N FEKT
Expt. 5 i3 R G50 F it
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Ak S AL 3R A 2 AR 8 R N B[] -F Ak e il 4k B
AH B 2 X Bt . 5 Expt. 2 #H [, CuBr,/
PMDETA #5449 7T DL PR3 B2 i {6 DEAEMA 1)
B8] %A LE 4, A FeCl,/PMDETA % &4 5] %
DEAEMA 1) H 5] & S AR G 3 B 5018 . X 7] BE A
i CuBr,/PMDETA 2% & ¥ 1 % Ak ik I S5z B 1% 1k
AEAX T FeCl,/PMDETA 45 W) 1Y £ A0 I8 I S0 7%
fLRE B, & 5(b) WR R TE 30°C (Expt. 9)
5 60°C (Expt. 10) N R4 52 B[] -4 £k 58 il £k
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Fig. 4 (a) Kinetic and semilogarithmic plots of the DEAEMA Fig. 5 (a) Kinetic and semilogarithmic plots of the
of Expt. 5 (uptriangle) and 6 (square); (b) M, cpc, M, cpe DEAEMA of Expt. 7 (square) and 8 (circle); (b) Kinetic

and PDI of PDEAEMA at different conversions of Expt. 5

(solid) and 6 (open)
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Scheme 1

and semilogarithmic plots of the DEAEMA of Expt. 9 (square)
and 10 (circle)
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CuSO,-= £ e # A AL IR TR AR & 5] & MMA 5
AR R, CuSO,-= £ i a] f# 1k MMA () e ik
RE 1M CuSO,-= LW 18 [a] 45 2% 41 7 I Jo vk 51
K MMA (A7 80 R G . B AT UL, CuSO, 7] 55U
1) & G SR AR R 3R 7 A 3 1 v 5 R B
BEVARGES = OB ¥R 4S8 i A TR
TRZR. UL Cu®" B # B 9 B AL A R 5 o
TR £h (kS AW ) /B A8 B 1 A 3 A 3R
A A H AN TE A TR R T AR FEAR S G
I KR A i, Cu " B S DEAEMA [ 2,
SA L C, - A, J5 451 & DEAEMA [ &

PN /
R OND 4+ ot
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Plausible redox process of Cu®* and DMAEMA
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Scheme 2 Redox initiation process of Cu®* -catalyzed oxidative polymerization of DEAEMA

3 s JOF 4 30 A T R G A, (LA F R A A A T R TR
e £ B E  PDEARMA 037 5 5 5 4 1% 5.
3 3 X AN ) A AR S P 4 8 L (CuX 1% CuS0, /N> T BUME 9 S8 AL I B 5 & g 91 1Y
FeX,,X = Cl 5% Br;CuSO,) f# . DEAEMA [ 4% {£& PR, 72 DL Bl R A A U 4 e P
RAE MBI, & IEBARTEE RBR AR T, R T H Yok DEAEMA {9 2360 C -H &4k C, -
V7 BE 6% L A B 1 3o R AT AR S A AR i Ak F i 2, 5 # 51 % DEAEMA 1 A i 2 R &, B
VR A AR R R S AR 2 R R R R R AE T 21 PDEAEMA , H A1 4 oy 80 1 245 o 9 4 ) B
A LN DEAEMA [ 5| R EARESE 2kt FAMBRSF B, 51 % DEAEMA (#2450 R
TRO S0 45 R R0 70 A AL R i R e &, NI AR B B — g B R N RE R S
PRF PSS AN TR e AR b RO [R) 2 7 3L N R4 PDEAEMA.
it R AR AR K TR R G W o T RIS



1452 R S 2011 4¢

(o Y

18
19
20

21

22

23
24
25
26
27

REFERENCES

Imoto M, Otsu T, Ota T. Makromol Chem 1955 ,16(1) ;10 ~20

Sato T, Takada M ,Otsu T. Makromol Chem 1971148 (3) :239 ~249

Sato T,Kita S, Otsu T. Makromol Chem 1975 ,176(3) :561 ~571

Feng Xinde (V%% ) , Qiu Kunyuan( [ 3155 ) . Chinese Polymer Bulletin ( /& 4% i 4% ) ,2005, (8) :23 ~34

Qiu Kunyuan ( [-#175) . Chinese Polymer Bulletin( 254 T-ilifit) ,2008 , (7) :15 ~ 28

Zhou Qifeng ( i H:JX\) , Hu Hanjie (#7745 ) , Eds. Trans-Century Polymer Science-Polymer Chemistry ( #5 it 22 1) 15 43 + Bl 22 -1 7 71k
). Beijing( 4L %) : Chemical Technology Press( k2% Tll Ht it ) ,2001. 13 ~ 30

Suzuki M. Acc Chem Res,2007,40(7) :609 ~617

Inaki Y, Kimura K, Takemoto K. Makromol Chem,1973,171(1) ;19 ~25

Azuma K, Inaki Y , Takemoto K. Makromole Chem,1973,166(1) ;189 ~ 198

Kimura K ,Inaki Y , Takemoto K. Makromol Chem 1974 ,175(1) :83 ~93

Kimura K, Inaki Y , Takemoto K. Makromol Chem 1975 ,176(8) :2241 ~2249

Shirai H,Inaki Y ,Takemoto K. Makromol Chem 1974175 (7) :2047 ~2053

Inaki Y, Shirai H, Takemoto K. Makromol Chem,1974 ,175(12) :3417 ~3423

Inaki Y, Ishiyama M, Hibino K, Takemoto K. Makromol Chem,1975,176(11) :3135 ~ 3151

Inaki Y, Ishiyama M, Takemoto K. Makromol Chem,1972,160(1) :127 ~134

Gao Qingyu( =57 W) , Yang Gengxu(# H %)) , Cui Yuanchen (4 JGHL) , Zhang Fulian (3K 4% 3% ) , Zhang Juxian( 3§ 2$ %) , Li Fumian( 2548
%) . Acta Polymerica Sinica( 54> T 2%4 ) ,1997,(6) :749 ~ 752

Gao Qingyu( 7 M) , Yang Gengxu ( #% 8 7 ) , Zhang Fulian ( 5K 4% 3% ) , Zhang Juxian ( 5K 26 %) , Li Fumian ( Z5ff 45 ). Acta Polymerica
Sinica( B 40 72241 . 1996, (3) :369 ~ 373

Si Kun( #@7%%) ,Guo Xingiu( ZHFk ) , Qiu Kunyuan( 3175 ) . Acta Polymerica Sinica( 543 F 2% 4R ) ,1995,(4) :508 ~512

Si K,Guo X Q,Qiu K Y. Macromol Reps,1995,32:1149 ~ 1159

Sun Yan( #)3 ) , Zhan Yan ( 23 ) , Zhai Guangqun (% Y6 #E) , Shi Yuanyuan ( £ ), Wang Qiang ( T 3% ) , Kong Lizhi (fL 37 %),
Zhai Guangqun( & GHE) . Acta Polymerica Sinica( 843 724k ) ,2010,(10) ;1218 ~ 1224

Song Jin( K E ) ,Zhai Guangqun( # Y6#E) , Jiang Bibiao (% #4 % ) , Chen Jianhai ( |5 @V ) . Scientia Sinica Chemica ( 77 [E B} 2~ B 48 kb
=) 2010,40(11):1619 ~ 1630

Zhan Yan(JE3#8) ,Ni Canyan({54lH5) , Xia Yougui( Z 4 #) , Chen Huafeng( Bi#E1% ) , Zhai Guangqun ( B EHE) . Acta Polymerica Sinica
(B4 T2241) 2010, (2) :185 ~ 191

Lederer A, Voigt D, Appelhans D, Voit B. Polym Bull,2006,57:329 ~340

Wei J,Lu R, Liu F. Polym Adv Technol,2010, (21) :656 ~ 662

Tang W, Matyjaszewski K. Macromolecules,2006,39 (15) :4953 ~ 4959

Guo Xingiu(ZBH#k) , Qiu Kunyuan( Fe3i70) , Feng Xinde (V5377 ) . Acta Polymerica Sinica( 77 F 244 ) , 1991, (4) :493 ~496

Qiu Kunyuan( =355 ) , Guo Dajie( 35 K$E) , Guo Xinqiu ( Z851 k) , Feng Xinde (15 #7 ). Acta Polymerica Sinica( & 4> T2 #) ,1991,
(1) :84 ~90



12 1] RFES 4 B A AL BT R 2- (N, N- O E ) SE A B A B R R S 1453

SELF-INITIATED OXIDATIVE RADICAL POLYMERIZATION OF
2-(N,N-DIETHYLAMINO ) ETHYL METHACRYLATE
CATALYZED WITH TRANSITION METAL SALTS

SONG Jin, NI Jian, JIANG Bibiao, CHEN Jianhai, ZHAI Guangqun
( College of Materials Science and Engineering, Changzhou University, Changzhou 213164 )

Abstract  Oxidative polymerizations of 2-( N, N-diethylamino ) ethyl methacrylate ( DEAEMA ) as an
intrinsically reducing inimer catalyzed by high-oxidation state transition metals ( CuX,/ligand, FeX,/ligand, X
= Cl or Br,ligand =2,2'-bipyridine , tetramethylethylenediamine , pentamethyldiethylenetriamine , CuSO, ) were
systematically investigated using gas chromatography, gel-peameation chromatography and multi-angle laser
light scattering ( MALLS) to monitor the monomer conversion, molecular weight (MW ) and its distribution
(MWD) of the PDEAEMA | respectively. The results showed that the high-oxidation state transition metals can
steadily catalyze the free radical polymerization of DEAEMA with the reaction temperature ranging from 30°C
to 60°C even in the absence of any chemical initiators,the MW of the PDEAMEA increased gradually with the
conversion , while it maintained a rather broad MWD even from low conversions. The MALLS results showed
that the absolute MW of the PDEAEMA showed an unusual multi-modal distribution. By comparing the CuSO, -
catalyzed redox-initiation ability of lower-MW tertiary amines,it can be concluced that DEAEMA functions as
an intrinsically reducing inimer under the catalysis of high-oxidation state transition metals, which oxidize the
alpha C—H (C_-H) of the amine group of DEAEMA into the C_ - radicals,initiating the conventional radical
polymerization of DEAEMA and giving rise to linear PDEAEMA primary chains. Subsequently, the linear
PDEAEMA chains serve as macro-initiators with high-oxidation state transition metals and initiate the graft
polymerization of DEAEMA | leading to branched PDEAEMA with a certain number of side chains. It was
inferred that self-initiated free radical polymerization of intrinsically reducing inimers under catalysis of high-
oxidation state transition metals can produce long-chain-branched polymer via such a one-pot approach.

Keywords 2-( N, N-diethylamino ) ethyl methacrylate, Intrinsically reducing inimer, Catalytic oxidative

polymerization, Redox initiation



